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Preface 

1994 to October 31,1995 under Contract Number DE-FG05-88ER40459. The experimental work 
described in this report is in electromagnetic and heavy-ion nuclear physics. The effort in 
electromagnetic nuclear physics is in preparation far the research program at the Continuous 
Electron Beam Accelerator Facility (CEBAF) and is focussed on the construction and use of the 
CEBAF Large Acceptance Spectrometer (CLAS). The heavy-ion experiments were performed at 
the Argonne National Laboratory ATLAS facility and S U N Y ,  Stony Brook 

The physics interests driving our efforts at CEBAF are in the study of the structure, 
interactions, and nuclear-medium modifications of mesons and baryons. This year, an extension 
of our experiment to measwe the magnetic form factor of the neutron (E-94-01? W. IC Brooks 
and M. F. Vineyard, spokespersons) was approved by the CEBAF Program Advisory Committee 
Nine (PAC9) for beam at 6 GeV. We also submitted updates to PAC9 on our experiments to 

measure inclusive q photoproduction in nuclei (E-93-008; M. E Vineyard, spokesperson) and 

Summarized in this report is the progress achieved during the period from November 1, 

electroproduction of the A, h*(1520), and fo(975) (E-89-043; L. Dennis, H. Funsten, and G. P. 
_Gilfoyle, spokespersons). In addition to these experiments, we collaborated on a proposal to 

measure rare radiative decays of the 6 meson (E-94016; A. Dzierba, spokesperson) which was 

also approved by PAC9. 

chamber gas system, drift-chamber software, and controls software. Major has been leading the 
effort in the construction of the gas system. In the last year, the Hall B gas shed was constructed 
and the installation of the gas system components built at the University of Richmond has begun. 
Gilfoyle spent his sabbatical during the 1994-1995 academic year at CEBAF. He developed drift 
chamber analysis and calibration algorithms for the nosecone prototype drift chamber that will be 
applied to the CLAS. He also demonstrated that a laser can be used to monitor the drift velocity in 
the CLAS drift chambers. He is serving as the coordinator of the drift chamber software effort. 

Vineyard is serving as cooTdinator of the y3 Running Period for the CLAS Collaboration and as 

chair of the Hall B Controls Group. He is also responsible for the development of the drift- 
chamber gas system controls. 

Over the last six years, our efforts in low-energy heavy-ion physics have decreased due to 
the change in focus to electromagnetic nuclear physics at CEBAF. Most of the heavy-ion work is 
completed and there are no new experiments planned. Included in this report are two papers 
resulting from collaborations on heavy-ion experiments. 

Our contributions to the construction of the CLAS include the development of the drift- 

As always, undergmduate students are involved in all phases of our work. Six students 
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participated in this research in the last year. In addition, numerous coIlaborators are associated 
with this work. The Principal Investigators would like to express their sincere appreciation for the 
hospitality and support they have received from all of their oollaborators. 

M. F. Vineyard, G. P. Gilfoyle, and R. W. Major 
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THE NEUTRON MAGNETIC FORM FACTOR FROM PRECISION 
MEASUREMENTS OF THE RATIO OF QUASIELASTIC ELECTRON-NEUTRON 

TO ELECTRON-PROTON SCATTERING IN DEUTERIUM 

6 GEV EXTENSION.TO EXPERIMENT 94017 

W. K.  Brooks, CEBAF; M. F. Vineyard, U. Richmond 

1. Introduction 
The approved measurement of the neutron magnetic form factor in Hall B may be 

significantly extended with the availability of a 6 GeV beam. This extension requests 
15 days of new beam time at 6 GeV in addition to the previously approved time at 2.4 
and 4.0 GeV. The experimental method is the same, as is the physics motivation for 
the measurement of this fundamental quantity. However, as will be described below, 
the relevance of the measurement to QCD calculations is expected to be much greater 
at the higher momentum transfers which are accessible with a 6 GeV beam. 
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Figure I: The current published values 
5 f  GM, at high Q2 plotted together with 
the expected data from the CLAS with 
a 6 GeV beam. 
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Figure 2: Proton data at high Q2. The 
data is observed to form a plateau in the 
range Q2 = 5-8 GeV2. 

Elastic form factors for the nucleons at high momentum transfer have been mea- 
sured with good precision only at SLAC'. The published data from the inclusive 
measurements of Ref. 1 extend to Q2 = 8.83 GeV2 for the proton, but only to Q2 = 
4.0 GeV2 for the neutron. 

The primary impact of the proposed measurement would be to nearly double the 
Q2 range over which G M ~  is known. This may be seen in Fig. 1, where the highest 
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point shown is at Q2 = 7.5 GeV2. Moreover, this exclusive measurement of the 
D(e,e’p) and D(e,e’n) reactions accrues significantly less model dependence and has 
systematic errors very different in origin from those of an inclusivemeasurement. This 
provides the opportunity for a valuable comparison of the results of the two methods 
in the region of overlap. 

The range of momentum transfer under discussion has a special significance in 
relationship to QCD. It has been observed that the proton magnetic form factor falls 
off with a Q-4 behavior beginning at about 5-10 GeV’, as seen in a plateau forming 
in this region in Fig. 2. A functional dependence of this type is predicted by quark 
dimensional scaling, but this level of interaction was expected to occur only at much 
higher momentum transfer. On the other hand, estimates of nonperturbative, soft 
contributions indicate that the soft terms are comparable to the data in magnitude2. 
This has fueled a great deal of controversy over the validity of perturbative QC!D 
at such relatively low momentum transfer. Fig. 1 demonstrates that the current 
measurements for the neutron do not contribute to an understanding of this issue. 
The SLAC measurements are consistent with the dipole expression for the form factor, 
but also would be consistent with an early onset of purely Q-4 scaling, and do not 
extend into the plateau region. The measurements proposed here would provide the 
first reliable measurement for the neutron of the Lymptotic value of this plateau, a 
quantity which is intimately tied to QCD. 

3. Technical Feasibility 

3.1. Measurement Method 
The method of measurement is the same as described in proposal 94-017, and 

is summarized here. Data is taken simultaneously on separated hydrogen and deu- 
terium targets. The proton target provides calibration data for the neutron detect:ion 
efficiency, and in addition allows precise calibrations of several other important quim- 
tities (such as the neutron angle measurement) simultaneous to taking the deuteron 
data. The data from electron-proton and electron-neutron scattering in deuterium 
are treated in an identical way insofar as possible. The ratio of e-n scattering to e-p 
scattering in deuterium is measured directly; then the magnetic form factor of the 
neutron is extracted using the proton form factors, which are known more accurately. 
In computing this ratio, and by calibrating the neutron detection efficiency simullta- 
neously, most of the systematic errors in the measurement are significantly reduced 
or eliminated. 

3.2. Acceptance 
The primary consequence of higher beam energy for this measurement is the 

increase in the acceptance at high Q2. The acceptance for quasielastic scattering is 
shown in Fig. 3 and for the calibration reaction in Fig. 4 at an incident beam energy 
of 6 GeV. While for the lower Qz measurement the existence of the two large-angle 
calorimeter modules was important (ref. Fig. 5 from the proposal), as may be seen 
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in these figures their contribution to the acceptance is small at high Q2. There is no 
overlap between the acceptance for the approved 2.4 GeV beam time and the proposed 
6 GeV data, however, the intermediate region is fully covered by the acceptance with 
the approved 4 GeV beam. 
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Figure 3: 
quasielastic scattering in deuterium. 
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Figure 4: The CLAS acceptance for sin- 
gle charged pion production from hydro- 
gen with the electron and the pion de- 
tected. 

3.3. Constraints on the Data 
In total, four cuts on the deuteron data are planned. First; a fiducial cut on the 

electron angles eliminates detector edge effects. Second, a cut on the angle between 
the virtual photon and the detected nucleon eliminates most of the data not associated 
with quasielastic scattering. Third, a cut on the missing mass spectrum calculated 
from the electron kinematics further removes events coming from resonant and non- 
resonant processes at higher mass. Finally, a cut on the number of detected particles 
will eliminate final states including one or more pions with fairly high efficiency, 
further suppressing unwanted reactions. 

At lower values of Q2 this procedure is extremely effective at isolating quasielastic 
events. At higher Q2 some background remains, as can be seen in Fig. 22 of proposal 
94-017 (which does not have the multiparticle cut mentioned last) and in Fig. 5. This 
produces one of the larger contributions to the final systematic error. 
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One comment on this method made by PAC 8 was that m y  momentum cuts may 
not treat the proton and neutron data identically. This comment is quite relevant to 
the lower-Q2 data, since the lowest-momentum protons begin to approach the intrinsic 
limits of uniform reconstruction efficiency of the spectrometer; in addition, the quality 
of the neutron momentum measurement varies greatly over the momentum range of 
interest. Because the CLAS is a non-focusing spectrometer, there is not a definite 
maximum momentum for detecting charged particles. For the high-Q2 measurements 
proposed here, no explicit momentum cut is needed since essentially all data will lbe 
well within the intrinsic momentum limits of the spectrometer. The momenta of the 
detected nucleons will be equal to that of elastically scattered nucleons, smeared by 
the longitudinal component of the Fermi momentum. Since the spread in the latter is 
only of order one hundred MeV, it is expected that the number of particles removed 
by the intrinsic reconstruction limits of the spectrometer will be vanishingly small. 

3.4. Sources of Error 
Of the several sources of systematic error inherent in the experimental method, 

four can be significant at higher momentum transfer. These include the knowledge 
of the neutron detection efficiency; the ratio of the solid angle of the nucleons, which 
is limited by the measured neutron angle; the accuracy with which the proton form 
factors are known; and the extent to which inelastic reactions are suppressed. Other 
errors, discussed in the original proposal, are expected to be small, such as the the- 
oretical correction for charge exchange reactions; studies of such effects are currently 
in progress3. 

3.4.1. Neutron Detection Efficiency 
At high neutron momentum the detection efficiency of the electromagnetic shower 

calorimeter saturates at a plateau value which will be well determined by the high 
rate reaction ep+en?r+ reaction at lower Q2. At high Q2 the rate will be considerably 
lower and the statistical error in a few hundred MeV momentum bin is expected to 
be in the 5-10% range. The extrapolation to the quasielastic energy (ref. Fig 10 
from proposal) is essentially linear and would be well-determined over several GeYl in 
neutron momentum; a 4% error in this extrapolation has been assumed to be possible. 

3.4.2. Solid Angle Ratio of Nucleons 
The solid angle ratio error is determined by the neutron angular measurement 

error..At high Q2 the cut on the data must be placed in a region where very little of 
the quasielastic data is removed (ref. Fig. 17 of proposal), because the distribution 
in 6, is extremely narrow around zero degrees (a x 0.78" for Q2=6 GeV2). With 
a relatively loose cut of 2.0" in this angle it is expected that the systematic error 
due to this cut is at the percent level. The consequence of this, however, is that 
the discrimination against inelastic processes is less effective, and in practice wme 
optimization of these two effects will be necessary. 



3.4.3. Inelastic Background Suppression 
The missing mass spectrum at high Q2 has been simulated in order to  determine 

the efficacy of the cuts mentioned above. The simulation was constrained by measured 
data4 at high Q2. Fig. 5 shows the result of this study for the neutron spectrum. It 
may be seen that only about 10% of the inelastic events remain under the quasielastic 
peak after all cuts have been made; for the proton data this number is expected to 
be 4%. This background can be modeled and tested in a number of ways against 
the measured CLAS data. It is anticipated that the error in the ratio due to the 
uncertainty in subtracting this background can be limited to 3.5% at Q2=6 GeV2, 
increasing to 5% at Q2=7.5 GeV*. 
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Figure 5: The missing mass spectrum 
as calculated from electron kinematics 
for Q2=6 GeV2 and a beam energy 
of 6 GeV. Events have been removed 
which had a detectable third particle in 
the final state (“multiparticle cut”) and 
which had an angle between the neutron 
and the virtual photon of greater than 
2 degrees. 
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Figure 6: The raw missing mass spec- 
trum for the indicated beam energy 
and momentum transfer from the Monte 
Carlo simulation, showing the contri- 
bution from quasielastiL and inelastic 
events. This simulation reproduces a 
measured spectrum at the same momen- 
tum transfer(see text). 

3.4.4. Proton Form Factors 
At high momentum transfer the uncertainty in the proton magnetic form factor 
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enters in a nearly 1:l ratio with the resulting error in the extracted neutron magnetic 
form factor. The sensitivity of GM, to uncertainty in the proton electric form factor 
is only about 3% of that of the magnetic form factor, and is therefore relatively smdl 
even though the point-to-point errors on GE, rabge’ from 15 - 25 % out to Qa = 7 
GeV2. 

The proton magnetic form factor has been measured out to Q2=8.83 GeV2 in 
experiment NE11’. A cumulative error of 1% in the value of G M ~  has been assumed 
in the errors here, as reported in Ref. 1. Further measurements of these quantities 
are likely to be performed in the near future ‘. 

It is to be emphasized that the fundamental quantity being measured is the ratio 
of quasielastic e-n to e-p scattering. The error due to the present accuracy of the 
proton form factors discussed here does not contribute to the errors on the ratio 
measurement. The ratio is the most accurately measured quantity, and is of interest 
in its own right. For example, it is insensitive to quark wave functions in most quark 
models, and may therefore be used to determine parameters within those models 
independent of uncertainties in the wave functions. 

4. Comparison to Previous Measurements 
The published SLAC measurements of GM. at Q2 up to 4.0 GeV2 were performed 

essentially by subtracting the normalized proton and target endcap contributions from 
the deuterium inclusive spectrum to obtain the neutron spectrum. The quasielastic 
and background contributions are then extracted from this spectrum by fitting to 
predictions of a variety of relativistic models. This procedure becomes increasingly 
less accurate at higher Q2 because the quasielastic peak becomes increasingly indis- 
tinguishable from the background as may be seen in Fig. 6. After subtraction of 
the smeared proton data from such a spectrum, the resulting neutron spectrum. is 
essentially featureless and the fitting procedure becomes significantly less constrained 
than at lower Q2. In addition, the sensitivity to model uncertainties can only be 
estimated by trying different models. The method proposed in this extension clearly 
has much less model dependence and in general very different systematic errors from 
the previous measurements. Consistency between the two methods in the region 
of overlap would be compelling evidence that the neutron magnetic form factor is 
well-determined. 

5. References 
1. SLAC Publication SLAC-PUB-6462 (March 1994), SLAC-PUB-6235 (May 

2. A. Radyushkin, “Nonperturbative QCD and Elastic Processes at CEBAF En- 

3. B. Keister, F. Gross, private communication. 
4. S. Rock et. al, Phys Rev. D 46, 24 (1992). 
5. G. Petratos, “Elastic Form Factors at Higher CEBAF Energies”, Workshop on 

CEBAF ut Higher Energies, 263 (1994). 

1993). 

ergies,” CEBAF Theory Preprint CEBAF-TH-94-15, 1994. 
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Summary of the 73 Running Period 
for the 

CLAS Collaboration 

M. F. Vzneyard, University of Richmond 
for the 

7 9  Experiment Group 

[December 15, 19941 

The CLAS Collaboration has developed a run plan to maximize the scientific output of 
Hall B by exploiting the capability of the CLAS to simultaneously obtain data for exper- 
iments with similar running conditions. A number of experiment combinations have been 
identified which can run simultaneously with minor compromises. One of these combina- 
tions, which has been identified as the "73" running period, includes the following approved 
experiments : 

0 E-91-014: Quasi-Free Strangeness Production in Nuclei, C. E. Hyde-Wright, Spokesper- 
son 

0 E-93-008: Inclusive q Photoproduction in Nuclei, M. F. Vineyard, Spokesperson 

0 E-93-044: Photoreactions on ' H e ,  B. L. Berman, P. Corvisiero, and G. Audit, Spokesper- 
sons 

While these experiments have multiple physics goals, there is one motivation that is 
common to all three: the study of the formation and propagation of nucleon resonances in 
nuclear matter. One experiment (E-91-014) will study this phenomenon through the pho- 
toproduction of kaons. Another (E-93-008) will use 7 meson photoproduction to investigate 
the ,911 and PI1 resonances. The third experiment (E-93-044) will study the D13 and Fls 
resonances through the exclusive NK and NKK channels. 

The other scientific motivations of the three experiments are diverse and address a num- 
ber of important physics issues. The strangeness production experiment (E-91-014) will 
investigate kaon-nucleus and hyperon-nucleus interactions and photon coupling to corre- 
lated nucleon-nucleon pairs in the nucleus. Experiment E-93-008 will provide information 
on the 7-nucleon interaction. The study of photoreactions on 3 H e  (E-93-044) will investigate 
the three-body effects in the NNN breakup channel and the ANN component of the 3 H e  
wave function. 

It is important to point out that these experiments are integral components of the Hall B 
physics program. There are significant connections between these studies and photoproduc- 
tion experiments on other targets and electroproduction measurements that address topics 
that are related to those outlined above. 
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The basic running conditions of the three experiments are the same, and all the spokespcer- 
sons agree that the details of the running period can be worked out with only minor compro- 
mises. The spokespersons also agree that it is important that the running period be broken 
up into several periods, as proposed for the early stages of Hall B operation, and that the 
first running period of these experiments be as early as possible. This will allow us to gdn 
a better understanding of the Hall B equipment and to optimize the running conditions for 
the later periods, which will result in higher quality measurements. 

The collaborations of the 73 experiment group are responsible for many significant rsnd 
critical elements of the Hall B instrumentation, as detailed in the individual updates. These 
include two substantial contributions from outside the United States: the cryogenic target 
system from Saclay and the large-angle calorimeters from our Italian collaborators. Other 
components include the region-2 drift chambers, the pair spectrometer, the photon collima- 
tion system, the drift-chamber gas system, the focal-plane detector array for the tagger, rsnd 
software. 
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I Update of Experiment 91-014 in H d  B 

Quasi-Free Strangeness Production in Nuclei 
C .E. Hyde- Wright (spokesperson) 

Old Dominion University, Norfolk VA 23529-0116 
for the real photon group 

Strangeness production is a few percent of the total photo-absorption cross section. How- 
ever, because of the relatively large mean free path of Kaons and Lambdas in nuclei (due to 
the absense o€ a one-pion-exchange potential), strangeness production is an attractive way 
to study photo-absorption in nuclei. In addition to information on the kaon-nucleus 'and 
hyperon-nucleus optical potentials, this experiment will shed new light on two inter-relsted 
questions: How do nucleon resonance states propagate in nuclei, and how does a photon 
couple to a correlated nucleon-nucleon (NN) pair in the nucleus? 

All six amplitudes: p ( 7 ,  Kf)A, p ( 7 ,  K')C" p ( 7 ,  K O ) P  4 7 ,  K")A, n(7, Ko)C", and 
n(7, K + ) C + ,  contribute to the total cross sections for photo-production of strangeness in 
nuclei. However, most of the existing photo-kaon data are for the p ( 7 ,  K + )  channels. We 
have published a semiphenomenological analysis of E photo-production, including indepen- 
dent constraints on Ku production and strangeness production on neutrons.[ 11 

There are also new theoretical results for photokaon production in the quark moldel, 
using the 3P0 qij production model.[2] This approach provides a semi-microscopic basis for 
separating the total amplitude into Born and resonance terms. This separation is important 
because it is likely that the Born and resonance terms will be affected differently by the 
nuclear medium. There is some new evidence that nucleon resonances are strongly damped 
in nuclei. For example, the total photo-absorption cross section per nucleon in Be arid C 
shows a 30% suppression in the region of the SI1 and Ol3 resonances.[3] This is not a purely 
fermi-motion effect, as illustrated by the fact that the photo-absorption in the A-region 
scales with A. We note further that since the total ( 7 , K )  amplitude is the result of partial 
cancelation of several diagrams, damping the resonance terms may actually increase the total 
cross section in nuclei. 

Semi-exclusive events, of the type * " Z ( y , K Y )  at large missing momentum offer the 
prospect of new information on N N  correlations. We have a reasonably quantitative un- 
derstanding of NN correlations in A 5 4 nuclei and nuclear matter. On the theoreticd 
side, we have exact or near exact calculations of the ground states of these systems. On 
the experimental side, we have precision measurements, including elastic and quasi-ellastic 
electron scattering data on light systems that confirm the role of correlations. However, the 
electromagnetic coupling to a correlated pair remains a major challenge for our field. The 
longitudinal/transverse anomaly observed in both quasi-free (e, e') and (e, e'p) reactions is 
indicative that a high momentum N N  pair is not necessarily made of two static nucleons. 
We expect that strangeness production at large missing momentum will be dominated by 
strangeness production on a correlated pair. In contrast to (e, e'p) data, which have focussed 
on the elastic (7 + NN 3 NN) structure of N N  pairs, our data will explore the inelastic 
structure (e.g. 7 + N N  -+ NN')  of the NN pairs in nuclei. 

Although our experiment was proposed with unpolarized beams, we are prepared to run 
with either unpolarized or longitudinally polarized beams. The weak decays of the hyperons 
are self analysing (e,@;. A --+ p + T- ) .  With polarized beams we will be able to meitsure 

12 

- 



polarization observables such as the spin transfer coefficient from the photon to the A. Since 
the A-nucleus spin-orbit interaction is known to be small, spin-dependent effects in the h- 
nucleus find state interaction should also be small. Thus modifications of spin observables 
should be dominated by effects of the initial production vertex. 

On the equipment side, members of this collaboration are responsible for significant 
elements of the CLAS and associated equipment. One of us (C.E. H.-W.) has recently 
joined the Old Dominion University group building the region-2 drift chambers, and has 
taken responsibility for the electronics. C.E. 33.-W., in collaboration with members of the 
U.VA. group is also designing the Pair-Spectrometer to monitor the tagged photon flux. C.E. 
H.-W. and D.S. at U.W. are designing the collimation system for the tagged photon beam. 

References 
[ 11 “Constraints on Coupling Constants through Charged E Photoproduction”, T. Mart, 

C. Bennhold, and C.E. Hyde-Wright, submitted for publication, Aug. 1994. 

12) “Photoproduction of Kaons in a Semirelativistic Quark Model” A. Kumar and D.S. 
Onley, BAPS 39 (1994) 1421. 

[3] “Behavior of the Be and C total pho‘onuclear cross section in the nucleon resonance 
region”, M. Anghinolfi, et al., Phys Rtv C47 (1333) R922. - 
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Update for Experiment 93-008 

Inclusive q Photoproduction in Nuclei 

M. F. Vineyard (Spokesperson) 
University of Richmond, Richmond, VA 231 73 

[December 15, 19941 

Through the study of the excitation, propagation, and decay of nucleon resonances in 
the nuclear environment one ultimately expects to understand how the strong interaction 
is affected by baryon structure. Over the last twenty years, a wealth of information on 
the A(1232) and its dynamics within the nuclear medium has been obtained through pion 
studies. However, very little is known about medium properties of the higher energy excited 
states of the nucleon. This is primarily due to the fact that the dominance of the A and 
the overlapping of higher resonances prevents studying one specific state by n-production 
experiments. The meson, on the other hand, couples only with isospin-1/2 N* resonances 
since it is an isoscalar particle, and therefore provides an excellent way to isolate these res- 
onances. In this experiment, inclusive measurements of the photoproduction of 7 mesons in 
nuclei will be performed to investigate medium modifications of the Sl1(1535) and PI1(1710) 
resonances which are the only nucleon resonances of mass less than 2 GeV with significant 
7 decay branches. 

These measurements will also provide information on the 7-nucleon interaction. Due to 
the lack of q beams, very little is known about the interaction of q mesons with nucleons. 
In this experiment, final-state interactions of the q meson propagating through the nucleus 
will be used to investigate the 7N interaction. The study of q interactions with nucleons 
and nuclei can provide significant tests our understanding of meson interactions which has 
been developed through pion studies. Also a comparative study of the response of 9 and 7’ 
mesons in the nuclear medium may provide insight into the mixing in these two mesons and 
the structure of the 7’. 

Recently, Carrasco [l] calculated inclusive q photoproduction cross sections through the 
excitation of the SI1( 1535) resonance with a model that includes nuclear-medium modifi- 
cations of the decay width, Fermi motion, Pauli blocking, and final-state interactions. The 
results indicate that the inclusive cross sections are sensitive to both nuclear-medium modi- 
fications and final-state interactions at energies around the Sit( 1535). 

Since the experiment was approved by PAC6 in the summer of 1993, we have performed 
simulations to investigate the CLAS acceptance for the recoil nucleons in coincidence with the 
7 mesons assuming quasi-free photoproduction. The angle-summed acceptance at an incident 
photon energy of 0.8 GeV is 2% for either (proton + 27) or (neutron + 27) coincidences, 
and increases to 7% and 4% at 1.5 GeV for (proton + 27) and (neutron + 27) detection, 
respectively. Detection of the recoil nucleons will allow the reconstruction of the invariant 
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mass squared s = (p,., + p N ) 2  of the system which should provide an independent measure of 
the in-medium mass and width of the resonances. It will also enable the use of the misfiling 
mass from the recoil baryon kinematics, in addition to the invariant mass from the 27 decay, 
to improve the identification. 

Two 7 photoproduction experiments have been performed recently at other laboratories. 
Measurements were made at MAMI on ' H ,  2 H ,  "C, " C a ,  93Z~, and mtPb targets over the 
photon energy range from 600 to 790 MeV 121. The preliminary results of these measurements 
indicate that the data is of high quality, however, the energy range covered is only from 
threshold to just below the peak of the SI1(1535) resonance. The other experiment was 
performed at Bonn on ' H ,  2H, and '*N targets from threshold to 1.15 GeV. The preliminary 
results for the energy dependence of the inclusive cross sections measured in this experiment 
show a depletion and broadening of the SIl(1535) resonance in the nuclear medium [3]. A 
comparison of their 14iV results with Carrasco's calculation for l60 shows good agreement 
up to 900 MeV which is the high energy limit of the calculation. The CEBAF experiment 
discussed here will complement these measurements and extend them to higher energies and 
more targets. The extended energy range will allow the investigation of the contributions to 
the cross section from the SI'( 1535) and Pll( 1710) resonances, and non-resonant production. 
The measurements will be made on ' H ,  3 H e ,  'He, and "C targets enabling the study of 
the evolution of medium effects with target mass. 

The members of this experiment collaboration are making various important contribu- 
tions to the experimental equipment in Ball B. The University of Richmond group is respon- 
sible for the construction of the drift-chamber gas system and the associated control system. 
The group is also working on the development of drift-chamber and data-acquisition software. 

[l] R. C. Carrasco, Phys. Rev. C48, 2333 (1993). 
[2] H. Stroeher, private communication. 
[3] M. Breuer et  al., Bonn preprint. 
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Update for Experiment 93-044: Photoreactions on 3He 

B.L. Berman, P. Corvisiero, and G. Audit, Co-Spokespersons 

December, 2994 

This experiment will use real photons to study three different physical phenomena 
in 3He: the fom.ation and propagation of nucleon resonances in nuclear matter, three+ 
body-force effects in the NNN breakup channel of %e, and the ANN component of the 
3He nuclear wave function. The physics we shall uncover in each of these three areas 
remains at least as interesting as when we proposed them last year. With the Hall43 
Photon Tagger and the CLAS, each of these phenomena will be studied in exclusive 
reaction channels. 

Recent total photoabsorption data on various nuclei for photon energies fiom 0.2 
to 1.2 GeV show strong suppression of the cross section (- 35%) in the region of the D 13 
and F15 resonances, compared with data on the fiee proton and the loosely-bound 
deuteron. The A resonance, by contrast, shows only broadening effects. Because 3He is 
intermediate in nuclear density and binding between the deuteron and heavier nuclei, it 
constitutes the ideal case for studying the effect of the nuclear medium on the propagation 
of these resonances. We shall study the degree of suppression of the D13 and F15 
resonances in 3He by detecting the exclusive Na and Nxlr channels. 

Recently, we have been studying the contribution of final-state interactions to 
resonance damping, by calculating the mean fiee path of pions in 3He and simulating thie 
FSI arising both fiom pion scattering and nucleon scattering. In the naive model that we 
have employed thus far, these effects appear to be very small (as one might expect in GLS 

small a nucleus as 3He)7 especially in the pion angular distributions, as shown at thle 
energies of the peaks of the D13 and F15 resonances in Fig. 1. A more sophisticated 
theoretical approach is currently being worked out in collaboration with Dr. S. Simda 
(INFN Sanita, Rome), and we expect to have more accurate theoretical estimates soon. 

The nature of the interaction of two nucleons in the presence of a third is one of 
the Iindamental unsolved problems of nuclear physics. In 3He, the two-body JW forcx 
dominates the wave fbnction at low energies (and hence long distances) to such an extent 
that the very existence of a three-body component is still a subject of debate. We shadl 
look for manifestations of the three-body force at the higher photon energies available ;at 
CEBAF (up to 1.5 GeV, corresponding to a reduced photon wavelength of nearly 0.1 fin). 
The main difficulty of this measurement will be tc distinguish the effects of true three-body 
forces from effects of sequential two-body processes. One likely signature is the "star" 
cofiguration in the NNN channel, when the three nucleons are emitted 120" apart with 
equal momenta in the center-or-mass frame. Additionally, the pIane of any two nucleon 
momenta need not include the direction of the incident photon. In this way, the 
background fiom two-body processes is minimized. 
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Our recent work on the NNN channel explores the effects of using circularly 
polarized photons, which should be available by the time the CLAS is commissioned. In 
our previous studies, reported in our original proposal, we found enhanced three-body 
effects for the neutron azimuthal angle cp near 30' for a photon energy of 800 MeV, but 
we performed these calculations only for star coplanar kinematics, shown in Fig. 2, where 
there can be no polarization effects. Now, we have extended these calculations at cp = 30" 
to all out-of-plane angles 9, and we find a striking enhancement of three-body effects near 
t9 = 50" in the predicted polarization, as shown in Fig. 3. Even though the cross section 
for these kinematics is only about 15% of that at t3 = 0", as can be seen in the lower part 
of Fig. 3, the counting rate might still be sufficient to measure this effect unambiguously. 
Clearly, we need to flesh out these calculations with a more complete mapping, as a 
hnction of t9,cp, and E,, but these preliminary results are striking, and certainly intriguing. 
Although at this time we have not investigated the implications of these calculations well 
enough to change the parameters of our experiment, it does appear that if circularly 
polarized photons are available (at essentially no cost in intensity or running time), it 
would behoove us to take full advantage of their availability. 

The third objective of this experiment is to look for the small A-isok u part of the 
nuclear wave knction. The 3He wave knction is dominated by the NNN configuration; 
however, the contribution of the ANN contipration has been calculated to be between a 
few tenths and several percent, and contributes to the high-momentum tail of the 
momentum distribution. The clearest signature of such a configwation is the direct 
knockout of a delta. To minimize background from the much more probable A- 
production events, we shall look for A* knockout events (A photoproduction fkom 
nucleons will contribute directly only to A0 and A+ production). These events will be 
identified by a missing-mass reconstruction analysis of p?r+ events in the CLAS. 

In our proposal, we presented calculations for E, = 500 MeV. Recently, we have 
performed new calculations for E, = 900 MeV, including both polar and azimuthal 
angular distributions of the ?r+ from A* decay. It appears &om a first look that we can 
obtain more information from these distributions which would help to identi5 the elusive 
A-knockout events. More detailed calculations are underway. 

Meanwhile, we are making good progress on our various contributions to the Hall- 
B facilities and equipment. Construction of the focal-plane detector array for the Photon 
Tagger is proceeding on schedule at GW, construction of the cryogenic-liquid target 
system is proceeding on schedule at Saclay, construction of the large-angle sector of the 
shower-counter array is proceeding on schedule at Genoa and Frascati, and we now have 
1000 liters of 3He gas, scheduled to undergo final purification (at Los Alamos) in 1995 so 
that it will be ready to be shipped to CEBAF in mid-1996. We look forward to very 
fruitfiil experimental measurements in the near fiiture. 

19 



0 

a) D,, resonance 

-oa -0.6 -0.4 -0.2 o 0.2 0.4 0.6 0.8 

cos e,, 
r 

- 1600 - 

c 
b a 

- 200 4001 b) FI5 resonance 

full 0: 
open 0 :  

*: 

Fermi motion 
Fermi motion + 0.2 damping 
(resonance m l i t u d q  = O.S*full amditude) 
Fermi motion + FSI 

Figure 1 .  C.M. angular distribution of the no for the  reaction 
3 He(y,rrop)pn : a)  at W= 1520 MeV (peak of D I 3  resonance); 
b) at W=1688 MeV (,.eak of F,, resonance). 

20 



1.50 
0 

I 

4 
0 
# 

cu I .25 

\ 

0 
\ 1 .oo > 
Q, r 
\ 
P a 0.75 

k 
CY - 
W 

B 
n 

4 

0.50 C 
-d 

a 
\ 
b 
a 0.25 

z 

0.00 

He(y,2p)n, E, = 0.8 GeV 3 

0 50 100 150 
Azimuthal Angle g5 (degrees) 

Figure 2. Star Coplanar Kinematics (0 -0") .  



E 
0 
3 
6 
N 
L 
lu 

0 
4. 
C 
0 

.C 

d 

z 
0 
r! a 

a 

2 
# 

C a 

W 
\ 
b 
W 

z 

0.4 

0.2 

- 

0.0 

- \ / 
- L l  

-0 .2  - - 
- 
- 

1 1 1 1  I I I I  1 1 1 1  1 1 1 1  1 1 1 1  1 1 1 1  

0 25 50 75 100 125 150 
Out-of-plane Angle R (degrees) 

i .50 

1.25 

1 .oo 

0.75 

0.50 

0.25 

0.00 
0 25 50 75 100 125 150 

Out-of -plant Angle 6 (degrees) 

Figure 3. Star Out-of-Plane Kinematics at $=30°. 

22 



BEAM REQUIREMENTS LIST 

%e beam energies, L, available are: EBepm = N x E,,, where N = I, 2,3,4, or 5. For 1995, Emc= 800 MeV i.e., available E,, are 
00,1600,2400,3200, and 4000 MeV. Starting in 1996, in an evolutionary way (and not necessarily in the order given) the following 
.dditional values of Lmc wil l  become available: Ebac = 400,500,600,700,900, 1000, 1100, and 1200 MeV The sequence and 
iming of the available resultant energies, 
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HAZARD IDENTIFICATION CHECKLAST 
The Hall B 8 3  Running Per iod  
E-91-014, E-93-008, E-93-044 

(For CEBM Uxr Luwn oface w only.) 
CEBAF Proposal No.: 

Check all items for which there is an anticipated need. 

Cryogenics 
beamline magnets 
analysis magnets 

X target 
type: Liqu id  H e  
flow rate: 9 

capacity: 120 cm4 

Pressure Vessels 
inside diameter 
operating pressure 
window material 
window thickness 

Vacuum Vessels 
inside diameter 
operating pressure 
vilindow material 
window thickness 

~ 

Lasers 
type: 
wattage: 
class: 

Installation: 
permanent 
temporary 

Use: 
calibration 
alignment 

Electrical Equipment 
cryo/electrical devices 
capacitor banks 
hrgh voltage 
exposed equipment 

~ ~ 

Flammable Gas or Liquids 
type: 
flow rate: 
capacity: 

Drift Chambers 
type: 
flow rate: 
capacity: 

Radioactive Sources 
permanent installation 
temporary use 

type: 
strength: 

Hazardous Materials 
- cyanide plating materials 
- scintillation oil (from) 
- PCBS 
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- TMAE 

- photographic developers 
- other (list below) 

TEA -, 

1 2 / 1 5 / 9 4  Date: .-- 

R a d i ~ / H a z a r d 0 u s 1 w ~  
List any radioactive or hazadorousl 
toxic materials planned for use: 

_____ ~~ 

Other Target Materials 
- Beryllium(Be) 
- Lithium (ti) 

- Lead (Pb) 
- Tungsten (W) 

Uranium (U) 
- Other listbelow) A- 

car on 

- Mercwy(Hg) 

6 

L a r g e M e c h S t n t c t u r e ! ~ ~  
lifting devices 
motion controllers 
scaffolding or 
elevated platforms 

General: 

Experiment Class: 

X Base Equipment 
Tmp. Mod. to 13ase Equip. 
Permanent Mad. to 
Base Equipment 
Major New Apparatus 

Other: 
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LAB RESOURCES REQUIREMENTS LlST 
Hall B 8 3  Running Period 
E-91-014, E-93-008, E-93-044 CEBM Proposal No.: 

(ForCEBAFUserLiarronOBBceuseo~.~ 

List below significant resources -both equipment and human - that you are requestingfrom 
CEBAF in support of mounting and executing the proposed experiment. Do not include items 
that will be routinely supplied to all running experiments, such as the base equipment for the 
hall and technical support for routine operation, installation, and maintenance. 

Major lnstallutions (either your equip. or new 
equip. requested from CEBAF) 

Major Equipment 
Magnets 

Power Supplies 

Targets 

Detectors 
~ ~~ ~ ~ 

New Support Structures: 

Data  AcquisitiodRedwtbn 
Computing Resources: 

Electronics 

Computer 
Hardware 

Other 

Mew Software: 
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Update of Experiment 89-043, 
Measurements of the Electroproduction of the A, A’(1520) and fo(9’75) 

via the K+.lr-p and K+K- p Final States 

L. Dennis (Florida State Univ.), 
H. F’unsten (College of William and Mary), 

and 
G. Gilfoyle (Univ. of Richmond) 

Abstract 
This is an update on the measurement of the angular decay distribution, W(O,#)@), of 

electroproduced fo(975) and A*(1520) . It summarizes the evolution of the motivations and 
calculations since the experiment was first approved, considerations for including fo(975) --t 

T+T- decay, and work on the CLAS detector. 
Introduction 

This proposal, to measure the angular decay distribution, W(O, 4, @), of electroproduced 
fo(975) and A*(1520) , was submitted as part of the original N* program. It was compatible 
with N* 4 Gel/ running. The experiment requires the multiparticle CLAS detection capabilities. 
This capability permits, by measuring the angular decay distribution, W(O,@, @), a ”self analyz- 
ing” spin polarization measurement of a decaying final state hadron. Additionally, electro’pro- 
duction permits use of spin components of the incident virtual photon. Hence electroproduction 
amplitudes can be determined by measurements of these spin dependencies. 
A*( 1520) Electroproduction 

W(O,4, @) measurements can indicate not only the predominant production diagram but 
also the spin of an exchanged or intermediate state: 

For t - channel exchange processes the W(O, #, C P )  dependence for K+(494), (J=O), exchange 
will differ from that for K+*(892), (J=l), exchange. E. g. a transverse helicity component 
of yv in the outgoing K+ Gottfried Jackson frame will produce only transverse K+*(892) 

- amplitude and no K + (494). (This is similar to pion electroproduction). The A*(11520) 
helicity components can be determined from W(O,#, @)by use of a A*(1520) Gottfried 
Jackson frame analysis. 

For s channel processes, the h*(1520) helicity components in the A*(1520) helicity frame are 
just those of the (non strange) s channel N* resonance. These, in turn, are determined by 
the (yv p N* ) helicity couplings which therefore determine W(O,#) a). 

W(B,q5, C P )  calculations for A*(1520) :+ electroproduction using both unpolarized and polarized 
incident electrons are being undertaken with Kent State University and in connection with 
Hall B Experiment 91-024, Search fo r  “Missing” Resonances. 
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fo(975) Electroproduction 
At the time this proposal was presented to the PAC, the fo(975) Jpc = O++ meson was an 

egnima. It’s mass was considerably below that expected for a member of the 3P0 O++ nonet. 
Suggestions had been made that it was a qqqq configuration [4] or a K+K- molecule [3]. 

Since this proposal was approved there has been experimental data in CERN pion, proton, 
and LEAR pp reactions indicating that the fo(975) may indeed be an exotic and not a member 
of the 3P0 -O++ nonet. Several O++ resonances have been identified in the mass region from 
1300 - 1600 MeV, the mass range expected for the 3P0 nonet [l] . These results indicate that 
not only the fo(975) but also the ~ ( 9 8 0 )  may indeed be exotic. 

It was suggested, when this experiment was approved by 1989 PAC, that additional obser- 
vation of the fo(975) 4 7rT+7rT- decay, (branching ratio M 80 %), be made. Such measurements 
avoid the contribution of the overlapping ~ ( 9 8 0 )  which is present in K+K- but not in 7rIT+7r- 
final states and avoid threshold effects which are present in the K+K- final states. We are 
now doing calculations for these final states. We have had discussions with theorists L.Lesniak, 
R.Kaminski, and A.Szczepaniak who emphasized the need for data from both decay channels. 
From considerations of coupling constants and G parity, t - channel p exchange may be a pre- 
dominant diagram in fo(975) electroproduction. They are carrying out calculations on this. 

The fo(975) overlaps in mass two strongly electroproduced vector mesons having the same 
same pseudoscalar final states as the fo(975) , ( p(770) for 7rT+7r- final states, 4(1020) for 
K+K- final states). Since both the p(770) and $(1020) are diffractively produced, their heIicity 
amplitudes are approximately known. The fo(975) electroproduction production amplitudes can 
be then obtained from the W(0, #, @) interference terms. Over the last half year, code has been 
written to calculate W(O,$,@) for such interfering mesons. The code was used for fo(975) / 
4(1020) interference with a fo(975) / 4(1020) production cross section ratio of 0.1 [2, 51 Using 
the code, a Monte Carlo simulation of W(0,&, @) for 3,000 events (corresponding to one Q2, W 
bin for 20 days of approved beam time) has been performed and the results fitted with MINUIT. 
W(0,4,  @) multipoles yielded a precision in the transverse fo(975) electroproduction amplitude 
relative to that of the $41020) of M 5%. Relative transverse phase angle precision was M 0.2 
rad. W(0,4 ,@)  can also be measured in the mass region near the p(770) or 441020) centroid, 
yielding W(O,$, @) multipoles characteristic of direct VM electroproduction . This will serve 
as a check for the above assumed difiactive behavior of the VM electroproduction amplitudes. 
(For p(770) production, there is a Drell a + ~ -  pair production amplitude in addition to VMD). 

- 

Work at CLAS 
All three spokespersons for the experiment have been involved in the CLAS construction 

project. Gilfoyle is contributing to the software development for the CLAS drift chambers. He 
has assumed responsibility for coordinating the activities directed at analyzing and calibrating 
the drift chamber data. He has developed a tracking package for use with the latest drift cham- 
ber prototype and is investigating on-line monitoring algorithms and calibrations schemes. He 
and three other collaborators have submitted an abstract entitled ‘Calibration Strategies for 
the CLAS Drift Chamber System’ to the Vienna ’95 Wire Chamber Conference. F’unsten and 
his group at William and Mary have been involved the tests of the electromagnetic calorimeter 
prototype and software for the EGN calorimeter event reconstruction. Dennis has been involved 
with software development for CLAS since 1987 and this has been his primary research activity 
since 1989. Also working with Dennis at FSU on CLAS software, are P. Dragovitsch (a research 
scientist in the Supercomputing Computations &search Institute), G .  Riccardi (a faculty mem- 
ber in Computer Science), X. Zhao (a post doc) and 6 graduates students (5  in computer science 
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and 1 in physics). He has worked on identifying and obtaining the necessary computing resources 
for CLAS experiments, developed a distributed CLAS Monte Carlo simulation , worked 'on a 
distributed event analysis shell and a distributed experiments database. 

References 
[l] Review of Particle Properties, Phys. Rev. D50(1994) p. 1478 
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Abstract 
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The 9 meson provides a laboratory Ax probing the nature 0, scalar and pseudoscalar mesons. These 
studies can be accomplished by analyzing the decays 4 - L(975)y 4 x"lr"y , 4 - ao(9sO)y - xoqy 

and 9 + q'y . The branching ratios of these as yet unobserved modes are expected to be of order 10" to 
IOd. Indeed, experiments are planned to study these decays in e+e- collisions at DA@NE and 

VEPP2M. Experiments which study #s in flight, such as in photoproduction, have a distinct advan- 
tage over those which study 4's produced at rest The problems, in the latter, of detecting and mea- 

suring the very-low-energy radiated photon in association with states whose masses axe close to that of 
the 9 are much less severe when the #, and therefore the radiated photon, are boosted. We propose to 
install a lead glass calorimeter in the tagged photon beam in Hall B to study decays of the # into all- 
photon final states to measw these radiative decays. In a 3Oday run, with a 4 GeV photon beam of 

intensity 5 x 10' /sec we expect to achieve a branching ratio sensitivity of about 1 0 ~  . 

April, 1994 Page 3 

31 



CE6AF qiRadiutive Decay Physics 
~ ~~~ 

0. Organization b. Radiafive Decays of the # 
sBcfia1 - P a p 4  

Discussion of physics 

SecfionZ-Page 6 

mentation 
Description of the experimental setup and imple- 

section3-Page 9 
Acceptance calculations 

Sedion 4 -Page 26 
Backgrounds 

Section5-Page 17 
Yields and conclusions 

Appendix - P a p  18 
Performance of the lead glass detector 

1. Physics Motivation 

The vector mesons provide a splendid laboratory for 
the study of fundamental physics. Witness the 
factories W i g  contemplated, planned or under 
construction to collide electrons and positrons at nns 
energies near or at the mass of the $ ($ - fadory), 
the J/q ( z / h - j i d m y ~  andthe Y 
(B - fkhy). These projects are justified by the 
wealth of physics already uncovered by studying the 
decays of these vector mesons. Trying to understand 
thedecaysofthe $ 1edtotheOZtrule. Decaysof 
the J / q  and Y and their radialexcitations have 
already provided important information about light- 
quark and heavyquark spectroscopy and tests of the 
standard model. Prominent among the decays are 
the radiative decays of these states. Photoproduction 
of the p, w, 4, and J/ty hasalsopvidedinsight 
into the quark structam of matter and the nature of 
the coupling of the photon (Im = 2-1 to vectors 
(Ipc = I-). The suppression and /or enhancement of 
the $ and ] / q  are being suggested as possible 
signatures for the onset of the quark-gluon plasma in 
relativistic heavy-ion collisions. 

There is still physics to be uncovered in the study of 
radiative decays of the $. It is interesting that 
although there are a number of mesons which are 
energetically accessible through the radiative decay 
of the 9, only fiao radiative modes have Seen 
observed. The decay 4 - q y  OCCUIS with a bmch- 
ing ratio of 1.3 $6 and Cp * x"y has a branching ratio 
about a factor of 10 smaller. This already is an 
interesting result which points to the ss' content of 
the 7 .  

The paucity of other observed modes is due in some 
cases to conservation principles; for example the 
decays $ -+ py and $ - oy are C-violating. For 
decays which are otherwise allowed, the kinematics 
of the decay, to a large extent, explains why some 
decays have not yet been observed. Before discuss- 
ing explicit decays of the #, a review of the decay 
kinematics is in order. Consider the decay # - Xy 
in the rest frame of the $. The enegy of the photon, 
E,, is given by 

2 mi - m, 

zm, E, = 

I f m , - m ,  then E, -m,-m,. Aswewillseebelow, 
many of the interesting decays cornpond to masses, 
m,, which are of order 1 GeV. In these cases, the 
radiated photon has just several tens of MeV of 
energy, which makes experimental detection diffi- 
cult A way to circumvent this problem is to produce 
boosted 9's . For example, in the photopduction 
process yp + #p, the # is produced in the very 
forward direction with essentially the beam momen- 
tum. The boost factor for the radiated photon can be 
as high as 2 . L  /me. For atagged photonbeamat 
initial CEBAF energies, this factor is as high as 8. 

The small values of E, also damp rates for 
$--scalm+y and @-pseudoscalm+y sincethese 
proceed through electric and magnetic dipole 
transitions respectively and involve E: in the final 
rate, apart from any matrix element contributions. 
To appreciate the effect of this strong dependence on 
E,, consider the expected ratio of the branching 
ratios of $ - q'y relative to # - 7 y  ignoring any 
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difference in the quark or gluon content of the final 
state mesons: 

We will now consider a number of # radiative decay 
modes. 

These are decays of the # into a scalar meson state 
and a photon and therefore their rates suffer from the 
€I" dampening. The first of these scalar states is an 
isovedor and the second is an isoscalar. They are 
nearly degenerate in mass. For completeness their 
properties are: 

a, : ZG = 1- Jpc  = 0" m = 980 MeV r = 57 MeV 
5: I G = O +  Jpc=O++ m=975 MeV r=47 MeV 

The isoscalarstate decays into 3cn while the 
isovector state decays into rpr . Both states also 

- decay into KK . The question of the interpretation of 
these states as qij states is an intriguing one and has 
attracted much theoretical attention [I]. For example 
the masses and widths are inconsistent for a P-wave 
4 nonet The pmximity of these states to the IG? 
threshold complicates the picture. Moreover the 'Po 
8 nonet is ovesubscribed adding to the real 
possibility that these may be non - @ states, for 
example q + j ~  or E molecules. 

The authors of ref [2] show how a measurement of 
the ratio of branching ratios of # radiative decays 
can provide information on the makeup of these 
scalar states. IXI the conventiod 'pO qij picture 
we expect ($ - soy)/($ + i y )  = 0 because of OZI 
suppression. The E m o u e  vs +j@ pictures 
can be distinguished by the electric dipole nature of 
these decays (which probes the electric charges of the 
constituents weighted by the distance from the 
overall m) through the relative phases in I = 0 and 
I = 1 wavefundions and through the relative spatial 
distributions Of quarks and antiquarks. TO 
rize: 

E moim.de.- 

u f a  

The measurements of the branching ratios discussed 
above is important information for CP studies at a 
$-factory. The decay sequence #-+ K°F * KlK; 
occurs because the spin of the # requires the anti- 
symmetric K;Ki. This means that CP-studies can be 
performed at a # - facfaty by tagging the K," which 
thereby tags the K; . However, the presence of the 
radiative decay 

will complicate or possibly destroy CP studies at a 
e+e- $ - f..f..y if the branching ratio is higher than 
lo4 since at a #- fadory [3] the radiated photon, 
which has at most m+ - 2- m, = 30 MeV of ene%y, 
will escape detection. The measurement of the 
radiative decays into scaiars will provide information 
on this potentially insidious backgmund to CP 
studies. At the current measured limits (which do 
not provide the guarantee that 8 physics can be 
done at a Qt - $dory), we wil l  observe a few tens of 
thousands of decays into scalar states. Ref [Z] 
includes a discussion of how the expliat rate for 
$ - K,"K,Oy can by extracted from a measuzpment of 
$ -+ aolsoy and $ --+ qzoy. 
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This decay mode is strongly damped because of the 
mass of the q' relative to the #. The measurement 
of this branching ratio is important in providing 
informationonthegluonicand SZ content ofthe q' 
~ 5 1 .  

These modes have already been observed and are 
well measured. Although the proposed experiment 
will not contribute new information about these 
modes, a measurement of these decays and their 
ratio will be an h p r t a n t  monitor in this proposed 
experiment As we show in Section 4, we expect to 
see about 150,OOO #-, ~ry decays. 

These d e s  are C-violating but the current limits on 
themare very imprecise and of order several percent 
The sensitivity of the proposed experiment is such 
that the limit on # - wy should be improved by 3 to 
4 orders of magnitude. 

h. otherphysics 

i) # -, amo is an isospin violating decay which has 
not been observed. From the measured branching 
ratio of # 4 pn" we expect the branching ratio for 
the isospinviolaling decay to be of order 1o-P. We 
will search for this mode in this proposed experi- 
ment 

z?) Rudiutivedecuysofthe p and o. Inaphotopre 
duction experiment, we expect a rich sample of 
p mrd o. Thhexperimentprovidesanopportunity 
to improve the measurement of the branching ratios 
of p - d y  and o - q y  . The isospin-violating 
decay a, qz" has not been observed. 

iii) PIoducfion m d  O b s e 7 v h  ofthe C(1480). The 
C(1480) has been observed by only one p u p  [I] as 
a ~ b r "  resonance with a likely 3" assignment of I--. 

Its OZI-violating branching ratio of @ : am makes it 
unlikely that it is a + state [l]. It has been pointed1 
out [6] that a photoproduction experiment is ideally 
suited for studying such a state. Under the assump 
tion of vector-dominance and pion exchange, if the 
C(l480) is a diquark-diquark state with hidden 
strangeness, the expected cross section for 
yp-, Cp-, Mop  at4GeVisabout 0.1 pb. 

References: 

[l ] See the discussion of these states and other 
candidates in the Review of Particle Properties 
(1992). 

[2] F. Close, N. Isgur and S. Kumano, Nucl. Phys. 
B389 (1993) 513 

[3] G. Barbiellini et d, Particle World, 1 (1990) 138. 
.. . 

[4] F. Len,  Nucl. Phys B279 (1987) 119. This paper 
also discusses the s t r u c t u ~  of the f,. 

[5] J. L. Rosner, Phys Rev D27 (1983) 1101. 

[6] B. K~peliovich and E. P d d  preprint WHET-- 
271 and private communication with the authors. 

2. lRrperimental Setup and Implementation 

a. Introddim 

The proposal is to install a 25 x 25 element lead 
glass detector (LGD) in the Hall B tagged photon 
beam in front of the CLAS detector. A similar 
detector is shown in fig 2.1 and the placement in HEnU 
B is shown in fig 2.2. The proposal assumes 
5 x  IO' tagged 4 GeV photonslseu:. Thebeamwill 
be incident on a l-in thick Be target which will be 
followed by a dmged particle veto (CPV) down- 
stream of the target The CPV will be used to veto an 
the presence of charged particles in the final state. 
The array will be large enough to match the trans- 
verse dimensions of the lead glass array but will not 
intercept recoil protons from the # production 
reaction. yp - &I. The kinematics of the recoil 
proton is shown in the distribution of fig 2.3 

It may be that the optimal place for the ch-ed 
particle veto is just upstream of the LGD. This is 
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PbO Stack 
18x 18 

wall to 

fig2.1: Schemafic ofthe lead glass detector 

proposed to &e lomted in Hall B infimt of chmgedpmticIe 
UzeCLASdefeCtor veto CQuder m*th 

ahamhole 

4 GeV / 

I Be tm& 

Fig22 Proposed installation of the &&or in Hall B 
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Fig23: Diredion (ungle with respecf to 
beam) and momentum ofthe recoil proton 

in #phofopraductia raf 4 GeV. 

b e i i  studied. The lead glass detector and the B V  
will have holes for passage of the non-interacting 
photon beam. A 4un diameter vacuum pipe will be 
used between the target and the LGD to minimize 
material presented to the non-interacting photon 
beam between the target and LGD. 

b. MGlassCalorimete~ 

The lead glass stack is very similar to the array 
described in ref [I] of the Appendix which summa- 
rizes the performance of anarray used in a test runat 
Brookhaven in 1992. The glass blocks are 4 cm by 4 
cm in transverse dimensions and 41 cm long. The 
glass has a radiation length of 3 cm and an interac- 
tion length of 22 cm. Russian phototubes are used 
and a computercontrolled high voltage system 
employing Cockcroft-Wdbn bases is employed. A 
plexiglass sheet, situated at the front face of the glass, 
is used to distribute light from a laser to each of the 
blocks. The monitoring system is used during the 
run to look for gain changes and at setup time to 
check out cabling and overall system performance. 

The monitoring system, glass, phototubes and bases 
are enclosed in a light-tight box which sits atop a 
computercontrolled transporter. The transporter is 
used to position each block of the array in an electron 
or photon beam for calibration purposes. The box is 
also air-conditioned. The weight of the detector 
including transporter is appmximately 3 tons. 

The energy resolution of the detector can be param- 
eterized as 

Ene%y sharing is used to determine photon positioins 
with = 5 m. 

c. Dafa Acquisition mad Trigping 

The standard CEBAF data acquisition system, 
CODA, together with the slow conimls system will 
be used to ac- data and control the experiment 
A Level 1 trigger will be obtained by either discrimi- 
nating an analog signal of the summed output of the 
LGD or using an array of wavelength shifter strips 
along back of the lead glass stack (between the 
phototubes) to integrate light The total hadmnic 
production rate is about 150 KHz, the tagged rate 
between 2 and 4 GeV is 18 KHz, for a tagged photon 
rateof 5-20' y'slsec. 

The signals from the detector are digitized by a 
custom-built ADC system which has 32 channels per 
FASTBUS module. The 12-bit A X  s can present 
their results to a trigger processor in 4 p sec. A 
noise-subtraction technique insures goad noise 
immunity and there axe also two levels of disrrimi- 
~ t e d  output well before the 12-bit digital output. 
The reset time of the ADCis200 11s. 

A trigger processor finds photon clusters and com- 
putes energies and positions (or equivalently the 
photon %vectors). The processor can be used to fomn 
a trigger based on these results (e.g. total energy, 
number of photons, total effective mass, di-photon 
effective masses). The trigger processor can be 
invoked at a rate of 18 KHz for a dead time of less 
than a few percent. 

d. Zmplementution mad Responsibilities 

Table 2.1 summarizes the institutional responsibili- 
ties for the construction of this experiment This 
division of responsibilities is tentative and of course! 
subject to funding at the various institutions. 

- - 
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Institution 

Lead glass, phototubes, bases, ADC's, transporter, 

U. of Notre Dame C h g e d  particle veto, splitters and summers for the fast 

u. of v i  
College of William and Mary 

Monitoring system for calorimeter 

Triaer electronics 

Table 21: Tentative InsfifufionaI Responsibilifies 

In order to optimize the experimental geometry and 
to estimate the general features of the acceptance for 
various decay modes of the $ we generated Monte 
Carlo events of the reaction yp - k at an incident 
beam momentum of 4 GeV. Th@ experimentally 
observed momentum transfer distribution from 
incoming beam to outgoing $ of eq (3.1) was used. 
For the decays $ - (spin 0)y , the decay angular 
distribution of eq (3.2) was used in the rest frame of 
the $. 

other blocks are instrumented. We define the 
fiducial volume as shown in fig 3.1. An event is 
accepted if all photons from a decay enter the 
fiducial volume. Our experience with a prototype 
lead glass calorimeter (see the reference given in the 
Appendix) gives us confidence that photons which 
strike the detector at least 6 cm from the center of the 
detector canbe reconstructed. We require the 
minimum separation between any two photons in 
the fiducial volume be 6 cm. Finally we considered 
two minimum photon energy requirements : 150 
MeV and 250 MeV. In analyzing data from a 
pmtotype calorimeter, we have detennined that A' 
reconstruction is possible with a minimum photon 
energy requirement of 200 MeV. 

In fig. 3.2 we consider the decay 
# - uJ98O)y - q z ' y  4 5 y .  The distribution in 
enezgy of the highest and lowest energy photon in 
the event is shown in figs 3.2 (a) and @). In fig 32 (c) 
the distribution in angle, with respect to the beam 
direciion, of the lowest energy photon is shown, In 
fig 3.3 (d) a scatter plot of angle vs energy of the 
radiative photon is shown. Only accepted events are 
plotted and the minimum energy requirement was 
250 MeV. 

The schematic of fig 3.1 shows the front face of a 
25 x 2.5 lead glass array. We assume the central 
block is removed for passage of the beam. All the 

April, 1994 

37 

Page 9 



CEBAF#Wiufive Decay Physics 

In fig 3.3 we show the variation of acceptance (ii 
percent) with the target to d@ector distance. Four 
decays are considered: 9 * z o y  - 3 y ,  
@ - ~y - 3y ,  4 4 L(975)y *xonOy -.c 5 y  and 
# - a,, ( 9 8 0 ) ~  - q z o y  - 5y. The acceptance for the 
first two decays is quite good. It will be important to 
use these welldekmined decays and their observed 
ratio as a monitor of this experiment In fig 3.4 we 
compare the acceptance for the decays 
# 4 f,(975)y - xOzoy * Sy and 
# - a, (98O)u - way -+ 5y for two different values 
of the minimum energy requirement 

b. Undetsfmuling the Reconstnccfion of 9 Decays with 
a Hybrid Monte Carlo 

In order to estimate reconstruction effiaenaes with 
the proposed experimental layout, a hybrid Monte 
Carlo simulation was perfomed. The four-vectors of 
the decay products fmm the all-photon decays of the 
p, o and @ (see Table 3.1) were generated as 
described above with a taxget-twietector distance of 
100 cm and data using a similar prototype lead-glass 
detector (P2 - see the Appendix) were used to 
simdate the response of the detector proposed for 
this experiment. 

In fig 3.5 we show the acceptance for 
4 - ao(980)y - q z " y  - 5y as a function of the total 
photon energy folding in the Bethe-Heitler distribu- 
tion for bremsstrahlung photons from a 4 GeV 
electron beam. We assume that the production cross- 
section for the @ is independent of energy in this 
regime. We assume a target-to-detector distance of 
ZOO nn and the same requirements used for the 
acceptance curves in fig 3.3. Acceptances for 41 
decays are summarked in Table 5.1. (of Section 5). 

4 l m  w 

Well reconstructed z - p  4 xenon events with an 
incident 25 GeVlc z- beam were selecied from the 
P2 data sample. Events were required to have no 
photons near the hole and a total deposited energy 
p a t e r  than 10 GeV . The photon momenta were 
determined using the xo mass as a constraint Photoin 
showers were selected from these events. It was 
required that a selected photon be more than 15 cm 
from its nearest neighbor. The energies deposited in 
the blocks of the reconstruc&d cluster were written 
to a file for later use. These showers were indexed by 
energy (in * 300 MeV bins) and by the ream- 
structed photon impact point within the central 
block on Z cm x 1 cm bins). 

Fig 3.1: A Schemafic ofthefr..tf... 
#a25 x 25 element lead glass stack. 

All modules are a s s d  to be instnc- 
mented. T h e u ~ b h k s d e f n e  
fheyucial oolumeforphoeon rem-  

s f n c c f i a .  

I 

i" 
In Orderfofmr event to haaxpied, all 

volume, the minimum sq?aration 
between any fioo photons is 6 cm mrd 
eaJtphotonhastoexceedE,wM 
cmr be either 150 MeVm2SO MeV. 

photons have to lie in thepucitJ 

Each ofthe bloJrs hasfransvms 
dimensions of4 cm x 4  cm. 
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Fig3.5: Acceptance@ the 9 + a,y nrodefoldkrgin the bremsstrahl- 
ung spedfum jbr the tagged photons m'th 4 GeV electrons 

DecayMode Branching Ratio 

9-w 0.013 x 0389 
(9 w )  x ('I+ w )  1 

(4 nor 1 1 

4 +nay 0.00.7.3 

I P+W I 3.8*104 x 0.389 I 
I (P  - w )  X ('I + w ) 36 

J All unknown branching ratios were taken to be 10" 
J W e  assume 1 /2 for the unknown branching ratios: a, - v"; f, - nono 

Table3.1 MixofdeurymodesusedforfheMonteCatlostudyofaccepfmrceand 
patternrecognition 
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The photons were tracked to the detector and the 
struck block was detemined. The coordinate of the 
photon impact in this block was determined. These 
coordinates, along with the generatd energy, 
determined the index in the file of showers. A 
shower was read from this file and the block energies 
were scaled by a factor (E-  /€-), maintaining 
the fluctuations in total shower energy. These block 
energies were added to a 25 x 25 array simulating 
the detector so as to simulate any shower overlaps. 
Energy corresponding to the hole or an area outside 
the detector was discarded. 

Photons with an e n e w  less than 1 GeV were treated 
as aspecialcase. It was found fromthe P2datathat 
these low energy showers had a significant probabil- 
ity of consisting of a single block. The probabiity 
that a shower be a single block (as a function of 
energy) was determined from the P2 data. The 
requested (Monte-Carlo) energy was used to deter- 
mine this probability and a random number gener- 
ated to determine if a single block shower should be 
generated. If a single block shower was required a 
special file was read to give the energy deposition in 
this single block Everywhere above I GeV, the 
probability of a single block shower is less than 1%. 

Once the list of energy depositions was determined, 
the photon clusters were reconstructed using a 
cluster finding algorithms developed for the experi- 
ment described in the Appendix. The algorithm 

- 

proceeds as follows: 

I) Scan the list of blocks for the l q e s t  depositied 
energy. 
2) Tag this block and its 8 nearest neighbors as 
belonging to this shower. 
3) Iterate until no untagged block with an energy 
greater than350MeVcun be found. 
4) Associate all untagged blocks with showers if they 
are within the second generation of blocks around 
the central block. Tag these blocks. 
5) Search for untagged, isolated blocks with an 
energy greater than ZOO MeV. 
6) Associate any neighboring blocks with these 
showers. 

The method has been extensively tested with P2 data. 
The algorithm was constructed as it was to fmt find 
higher energy, isolated showers and then find very 
low energy showers. This choice of algorithm is a 
compromise between two competing effects: Loss of 
low energy showers due to too high an energy cutoff 
in the first level search and creation of artificial 
showers due to too low an energy cutoff. This 

compromise was funed for the P2 data and will have 
to be retuned for the proposed experiment. 

Once the showers have been found, the photon 
impact positions are calculated using a linear energy 
weighting method to find the center of gravity. The 
photon momentum vector can be constructed using 
the photon energy and position information and 
assuming that the photon originated in the target. 
For these studies, a vertex in the center of a lxlxl an 
target is assumed. The photon 4vectors are deter- 
mined and passed to the hypothesis sorfer. 

Several methods for hypothesis sorting have been 
investigated. For low multiplicity events (less than 
about 4) the sorter simply defines a window about 
then"and7massIfayy pairisfoundwithan 
effective mass in this window, the pair is tagged as 
having the appropriate parent. For higher multiplic- 
ity events (greater than about 4) a x2 method is used 
to evaluate the probability of a hypothesis. If parents 
can be found, the photon energies are fitted using the 
parent masses as constraints. The parents 4vectors 
are calculated and the effective masses of combina- 
tions of massive particles and photons are evaluated. 
Cuts are applied to these masses to select candidates 
for specific decay modes. This hypothesis-sorting is 
being refined for the p2 data run and has not been 
tuned for the proposed experiment 

The hybrid Monte-Carlo has been used to estimate 
the acceptance and reconstruction efficiency for the 
final states of interest. An event is defined to be 
accepted if the number of reconstructed showers is 
exactly equal to the number of generated photons. It 
is further required that no more than 1OOMeV be 
deposited in the 8 blocks surrounding the hole and 
that no more than 100 MeV be deposited in the outer 
two layers of blocks around the detector edges. Table 
3.2 gives these calculated acceptances. The compari- 
son of items in Tables 5.1 and 3.2 give some idea of 
the effect of cluster-finding on acceptance since it is 
only included in the latter. It is interesting to note 
that the acceptances for the particular decays of 

@ --+ aO(98O)y -P qd"' + Sy ) are quite similar in the 
two studies even though the software and LGD 
response was optimized for a 15 GeV n beam, not 
for the CEBAF energies of this proposal. 

interest ($ + f,(975)y - xOdy 4 5y and 

Reconstruction efficiency is more difficult to estimate 
since it depends strongly the behavior of the hypoth- 
esis sorter but by requiring that the number of 
reconstructed clusters equals the number of gener- 
ated photons assumptions on the minimum achiev- 
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DecayMode Acceptance (%) 

Q-w 8 

Q - X"Y 11 
# + %Y 3 

Q+LY 5 

4 + V'Y 14 
$+mO 2 

w -+ x"y 17 
O+VY 23 

P -e JfY 32 

P'VY 28 
I 

able photon separation are removed. The require- 
ment of minimal energy deposition in hole and edge 
blocks removes the artificial assumptions about the 
size of the fiducial area of the detector. Based on our 
studies so far, the reconstruction effiaency for 
4 - L(975)y 4 aod'y - Sy is better than 50 %. 

The d y  effective mass from a, -.+nay events is 
shown in fig 3.6. A Gaussian fit yields a mass and cr 
of 0.78 GeV and 59 MeV respectively. The q y  
effective mass from Q - qy events is shown in fig 3. 
7. A Gaussian fit yields a mass and 0 of 1.02 GeV 
and 56 MeV respectively. The x'n" effective mass 
for reconstructed events simulating 
# -c L(975)y -.+ xoltoy - 5 y  is shown in fig 3.8. The 
f. - J Z " ~  is clearly seen. 

. .  

- W - R o y  45000 - 
1 fit: M-0.78 GeV 

0 - 5 9  MeV 9000 0 
- 

35000 - 
- 

30000 - 
- 

2 5 0 0 0  - 
- 

20000 - 
- - 

15000 - - 
10D00 - - 

5000 - 
- 

n 1 
" 0  0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 

M ,  G V )  

Fig3.6: Reconstructed o mass 
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$@?7Y 
fit: M = 1.02 GeV 

0 = 56 MeV 

. . -.. 

Eg3.Z h s t r u c f e d  #mass 
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c ProspecfsforthePIoposedExperiment 

The above shows that even without any retuning of 
the software used for the P2 testrun, we canexpect 
to nxonstruct showem and full events to yield 
reasonable acceptances and widths after event 
reconstruction. We expect improvements over the 
estimates from the hybrid Monte Carlo studies since 
there is an inherent quantization of shower positions 
in the method which leads to degrading of mius 
resolutions. We expect other improvements due to 
the following 

1. the phototube and ADC gains will be optimized 
for lower energies (ii. the proposed experiment at 4 
GeV rather that the P2 test at 15 GeV) 

2. optimization of a calibration for the appropriate 
energies and based especially on the high-rate 
radiative process: a, 4 z o y  . 

4. Backgrounds 

Hadronic backgrounds are not expeded to pose a 
problem sine the estimated rate into the detector 
should be tens of KHz at most 

The events of interest consist of multi-photon decays 
of the and o. Most of the trigger rate cornpond- 
ing to all-neutral, multi-photon final states with a 
total energy exceeding some threshold will be due to 
yp -zap. The total rate for this process produced by 
photons above 2 GeV is 6.5 KHz. The trigger 
processor will have tobe invoked to remove these 
events by employing a total effedive mass requk- 
ment 

e. El&oma@k Background 

The electromagnetic backgrounds for this experiment 
come from at least two sou~ces. A 2 an Be %et 
presents about 6% of a radiation length so about 6% 
of the inadent beamcanbe to interact The 
mapr process at high energy is pair production. All 
pairs are produced at small angles and would exit 
the dowIlstrem end of the -et inside of the 
downstreamvacuum pipe. The produced pairs have 
a 6% chance on average of re-scattering in the target 
This gives rise to a 0.4% background. In general 
only one of the particles in the pair will scatter and so 
the event would be below trkger threshold. This 

background scales as the square of the target thick- 
ness so the si@ to noise could be optimized at the 
expense of a loss in event rate. The presence of re- 
scattered pairs makes it essential that the vacuum 
pipe be extended downstream of the target to at least 
the end of the detector (as described in Section 2). 

The second source of background comes from the 
large number of photons with energies well below 
those of interest for 9 production. Photons with 
energies below the tagger threshold are still present 
in the beam and pass through the target While they 
will never produce triggerable energy depositions 
they do contribute to the radiation exposure of the 
detector and the general noise. 

GEANT was used to simulate electromagnetic 
processes with an incident photon spectrum given by 
the Bethe-Heitler formula. A tagged photon rate 
between2GeVand4GeVof 5-107/secwasas- 
sumed, which means a total photon rate for photons 
from 10 MeV to 4 GeV of 6 .lo8 /sec The e n e w  
deposited per area per second as a function of radius 
from the center of the LGD is shown in fig 4.1. The 
width of the ADC gate is 250 tzs. 

The results are that for blocks at 6 cm radius (i.e. the 
innermost layer) we expect an average of 2.4 MeV 
per block per A X  gak, from beam-induced back- 
ground. The average hit energy that produces this is 
10-15 MeV. Thus the average of 2.4 MeV means 
(Poisson-distributed) that many blocks have nothing 
but about 20 % have a 10-15 MeV photon. Since a mil 
shower is spread over several blocks, one must add 
up over (typically) 9 blocks to get the photon energy. 
Thus thee is a pedestal to the ADC signals of order 
25 MeV. This is negligible compared to the resolu- 
tion of the lead-glass. The same calculation at 20 
cm radius (near the middle of the detector) gives an 
order-of-magnitude lower average energy, Le. 
completely negligible. 

- 

There will, however, be some high-energy showers 
(due to photons and electron-positron pairs) p m  
d u d  by the beam Using the same assumptions as 
above, 4% of the time there will be a hit somewhere 
in the detector above 150 MeV, and 0.1 % of the time 
a hit above 250 MeV. This is potentially serious, on 
first glance, however a large fraction will be cut by 
the charged-veto. It may be necessary to use TDC 
information from the lead glass, since these photons 
will be uncomlated in time with the real events, and 
the A X  gate is wide compared to the inherent tixnle 
resolution of the detector. 

-- -- 
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fM 5-10' y l s e c  

S. Yields and Conclusions 

The expected yields in a 30 day run axe shown in 
Table 5.1 along with the assumptions made. These 
yields indicate that the goals of this experiment are 
readily achieved. Comparable levels of sensitivity 
wiU not be achieved until the DAGN'E +f..t..y is 
built at Frascati and the KLOE detector is in opera- 
tion which might happen in mid-1996. The sensitiv- 
ity of our proposed experiment exceeds by a factor of 
10 the sensitivity of 1 O4 which could be achieved 
by the experiment operating at vEpp2u The data 
a~ collected but not yet analyzed. There are plans to 
install a neutral detector in W P 2 M  sometime in the 
f u t w  [l]. The proposed experiment at CEBAF 
representsan?alopportunitytomakeanimportant 
contribution to this physics. It is competitive in time 
and will be done with verydiffeRnt systematics, 
avoiding the.delicacy of the low-energy photons at a 
stationary q5 factory. 

[I] Private communication with Prof. Julia Thomp- 
son (University of Pitisburgh) 

TableofExpectedYields 

Assumptions: 1-in Be target, 0, = 0.5 pb for 4 GeV photons at 5 x 10' fagged photms/sec 
Yield: 2 5  million @'s/day For llccepfrmce estimates the minimum photon atergy is 150 MeV 

BR(%) BR in all Number sf 

lo4 
photons photons 

0.13 13 3 ZOY 
w 1 -3 52 3 

9'Y J 
O V J  1 5  43 4 

0.04 0.09 3 

0.001 0.09 5 mo JJ 
a v  +nxov J 0.10 10 5 

L y  + x o n o y  J I 030 I 2o i 5  

AccepfanceAccepfance 
(96) times BR 

lo4 

35 4.5 

35 18.2 
30 0.03 

20 8.6 
10 0.01 
7 1 

10 2 

Yield of 
Events m 30 

Days 

38.000 

150,000 
250 

75,000 
75 

5,300 

15.000 

J the measured limit is used JJ tw limit has been measured, a predidion is used 

For the rj'y mode the prediction is about 15 % of the w e n t  measured fimit 

'f?KfiUm*ngBRareused: q+2y (39 %); f - 2 ~  (2.2 76); o - n o y + 3 y  (8.5 %) 

Table 5.1: Expected yields jvr a 4 GeV Tagged Phofon Bern 
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Appedizc Performanceofa 
Prototype Lead Glass Calorimeter (P21 

S i  we propose the use of a lead glass calorimeter 
to analyze multi-photon final states, we include here 
a brief description of the performance of a pmtotype 
lead glass calorimeter which also was used to collect 
data on multi-photon final states. This proiotype 
was built and tested by the Indiana Univesity and 
University of Notre Dame physicists who are aIso 
members of the collaboration submitting this letter. 
In 1992 data were taken with a 18 x 18 lead glass 
array very similar to the calorimeter being proposed 
in this letter of inkni [l]. This detector was used in a 
beam of 25 GeV a- witha 1-in thi&Be tafget. The 
targetwassurroundedintheforwarddirectionwith 
a scintillator veto system to define an all-neutral 
trigger, i.e, charged beam particle in and no charged 
particles in the forward direction. Data were col- 

m. At 4 m, the photons from the most energetic 
IC' 's are separated by at least 8 cm at the lead glass 
detector face, allowing for excellent a' mnstruc- 
tion. Data were taken with the 2 rn geometry to 
challenge the patkern recognition softwatp (this was, 
after all, a test run) and to increase the acceptance for 
high mass meson states. 

l e d d  with tatget-toLGD ~epamtions Of 2 m and 4 

Since it is essential to complete the physics program 
outlined in this letter in a timely way, it is important 
io note that the calorimeter was calibrated inless 
than 12 hours of beam time by moving each module 
into an electron beam for three complete scans. 
Within 12 hours of initial data-taking the no and q 
decays into Zy were observed (see fig (a) on the next 
page). The data suxmmmed intheplotsofthe 
facing page were taken in two weeks of running. 
Many of the distributions shown were available as 
the data wen? collected. The software was able to 
analyze final states with up to 6 photons in the final 
State. 

Fis (a) and (b) surmJbarize data collected with a 4 m 
iargei-Metector distance. The remaining plots 
suIIunarize data collected at the 2 m geometry. Fig 
(a) shows a plot of the 2y ef€ective mass distribution 
fortwoclusterevents. The a'and q massresolu- 
tions are 10 MeV and 21 MeV respectively. Fig (b) 
shows the Z'R' effective mass distribution for 4- 
cluster events in which there was a successful 
constrajned fit to R'Z' + 4y. The K: is observed in 
this plot In this and subsequent plots, the presence 
of a ~t' or q implies a successful constrained fit 

Fig (c) shows a plot of the Zy effective mass distri- 
bution for twduster events collected at the 2 m 
geometry. Thez" l q  ratio is decreased relative to the 
distribution shown for the 4 rn geometry since in 
some cases the Zy from no's coalesce at the detec- 
tor face and are not identified as two separate 
cluste~~. This coalescence explains the observation of 
the w inthisplot Inthiscase, the Itohmthe . 
decay w -z xoy is detected as a single cluster. Note 
that the 17' -2y is also observed. In (d) the lt'y 
mass distribution is plotted for three-cluster events. 
Note the pmsence of the peaks corresponding to the 
w and the f,(1275). The laiter is seen in the x'n" 
effective mass distribution of fig (e). The reason it is 
also seen in fig (d) is again due to merging of the Zy 
from one of the so's. The decays of the a0(980) and. 
+(13W) into 771;" ake observed in the plot of fig (0. 
Fivecluster events which satisfy constrained fits to 
R'Z'Y are summarized in figs (g) and Q. In fig (g;) 
the w is observed in the ROY effective mass distri- 
bution (2 entries /event). In the plot of fig (h) the 
awro mass distribution is shown for events which 
contribute to the peak of fig (g) with the constrained 
fit to w - a o y  . The b,(2235) - am' is observed. hi 
figs (i) and 0, six-clusier events which reconstruct to 
aoaoao and rpr'a" respectively are suLIunatlzed . . The 
q and qf areobsewed. 

[l] Nucl Ins& & Meth, A332 (1993) 419 
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PR-94-016 - Hall B Updae 

Section 1 - IntmduMon 

This is an update to PR-94-016, a proposal to measure rare radiative decays of the # meson to study the 
structure of daughter states as well as to probe symmetry violations. 

In this update we do not review the physics goals of the experiment. 
We refer to the original proposal for a detailed discussion of the phpics goals. 

This update focuses on the issue of whether hadronic processes and electromagnetic backgrounds in Hall B 
could present a problem in achieving the required sensitivities. Section 2 describes the detailed Monte Carlo 
studies recently performed to address these issues. The conclusion is that these backgrounds do not present a 
problem. 

Section 3 summahes some recent experimental issues including (1) a possible beam pipe to reduce back- 
grounds; (2) the charged particle veto wall design; (3) a description of a first-level trigger and tests; (4) a 
proposed overall trigger scheme; (5) the integration with the Hall B data acquisition system; (6) R & D on 
the high-voltage s y s m  (7) a calibration technique and (8) the plans for the detecbr housing. 

In summary, the physics motivation remains as strong as ever. Monte Carlo studies as well as recent 
progress on analysis of real data from an AGS experiment at BNL reassure us that we will meet our goals. 
Progress is being made on various experimental fronts (hardware and software) as well. 

Section 2 - Monte  CcVLo Bac@rvund Studies 

The issue is whether or not we will be able to measure the relevant branching ratios of the # meson at the 
required sensitivity in the presence of known hadronic backgrounds and in the presence of electromagnetic 
bacwounds which can be expected in the tagged photon beam in Hall B. In order to answer this question 
we have simulated the response of the detector to photons produced from (1) the signal events (radiative 9 
decays); (2) hadronic processes (yielding photons from multiple zD and q mesons); and (3) electromagnetic 
background processes expeded in the Hall B tagged photon environment A sample of such events were 
generated (physics plus random baclcgrounds) and the lead glass detector (LGD) analysis code from 
Brookhaven AGS Experiment E852 was used to extract the signal. Ow conclusion from these studies is that 
the hadronic and electromagnetic backgrounds do not prevent us from measuring the signal decays at the 
required sensitivity. 

The most compute-intensive part of this Monte-Carlo simulation is the estimation of a simulated LGD signal 
due to a photon striking the lead glass array. Existing soware packages (for example GE,ANT) are capable of 
generating a simulation of the production, subsequent decay and energy deposition in lead glass of arbitrary 
dasses of events. Since the purpose of the study is to determine if ramsignals can be observed in the pres- 
ence of far more copious backgrounds it is required that large numbers of complicated background events be 
generated. This requires that an alternative and highly efficient detector simulation method be employed. 

G E M  was used to generate photon energy deposition maps for a large number of photons. These maps 
were stored in a look-up table and used by another program that generatEd photon 4vectors as specified by a 
either a hadronic production mechanrs m and a subsequent decay tree or random electromagnetic processes. 

The photon energy maps s tod  in the look-up tables were generated by using GEANT to generate one 
photon per square centimeter in the detector. Each square centimeter was iUuminated by 60 photons between 
0.1 GeV and 6 GeV. GEANT was used to generate the eledromagnetic showers due to these photons and the 
total path length of the electrons and positrons from this shower was calculated for each block in the array. 

-2 
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These length were then multiplied by a numerical kctor to allow us to interpret them as energy del+tions. 
This method simulates the mecharus - m that generates the signals in a lead glass calorimeter. The anumnt of 
Cerenkov light p r o d d  per cartimefer ofelechwrlposifron path length is a constant, pmvided that @ = . I .  This 
simulation technique is indeed highly efficient and has been used extensively in BNL. E852 where it m d y  
simulates the detector response for well known hadronic processes with multiple combinations of R" and 
mesons. 

Assuming a I/-€, spectrum for photons, €7 = 6 GeV and 5 xZ07 phofons/sac in the 
range 4.5 < E, 6.0 GeV, the totd hadronic production rate is = I50 H3z. In this experiment we nrill trigger 
only on events with no charged forward parlides into the LGD. The hadronic rate for processes yiellding only 
photons in the forward direction is s 100 KHz and is dominated by yn --+ zon and yp --+ z a p  which1 accounts 
for = 75 KHz . Sice we have an effective mass trigger processor (which has been demonstrated to work in 
BNL E852) we expect to reject the great majority of single zo events in the trigger. Our d-line mass remlu- 
tion of cr = 10 MeV at the no mass is more that adequate to reject this background. 

The major contributor to other hadronic processes yielding forward photons are the production of the vector 
IZL~S~IIS: p,  w and 9. The photoproduction cross sections are in the ratio: 

a(yp --+ pp) : ~ ( y p  --+ pp): a(yp 4 pp) -36 : 4  : 1 

This ratio, convolved with the fraction of p,  w and @ decays into ail photons, yields the following 
N ( p  --+ photons) : N(w - phofons) : N(# 4 photons) = 3.8 : 34 : I .  

Since our trigger will require that the energy deposited in the detector be a large fraction of the tagged 
photon energy, the trigser rate will be dominated by neutral decays of vector mesons other than ihe 9. 
Table 1 gives the expected number of neutral events produced. The unknown branching ratios for $1 -c f.y 
and 9 --+ any were chosen so that 2OOO events would be generated by the Monte-Carlo program. Tlle photon 
4vectors were generated using conservation of energy and momentum in a sequential decay tree. The 
angular distributions used to populate the decay phase space tookinto account the polarization of @he initial 
state vector mesons. Rat angular distributions were used for the spinless daughters of the primary meson. 
The 4vector of the primary meson was calculated assuming an incident photon beam illuminating ii 
I x 1 x 1 cm3 target The momentum-transferquared (t ) from incident photon to outgoing meson was 

dN r e q u i d  to follow the distribution: - a 
more than 5 5  GeV (from a 6 GeV photon beam) be deposited in the detector. 

The fraction satisfying the trigger was calculated by requiring 4 

2.4 Random Ek&romagnetic Backputad 

In addition to the backgrounds discussed above, we have considered backgrounds associated with random 
photon interactions occuring in coinadence (or nearly so) with interesting events. The expected rak for these 
random coincedences was calculated as follows: 

Z07 beam photons were generated with a bremhstrulung momentum distribution 
these photons were tracked through the materids expected to be encounted by the beam 
GEANT was used to simulate the interactions of these photons 

It was determined that 5 x IO5  or 5 % of these photons interacted and produced one or more secon.dary 
pase3 
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particles that struck the active area of the detector. The total photon beam rate was normalized such that the 
tagged rate for photons between 4.5 and 6.0 GeV was 5 x 20'. The incident photon momentum spectrum 
was integrated between 0.075 and 6.0 GeV to obtain a total beam photon rate of 7.6 x 10' /set. We do not 
consider photons with energy lower than 75 MeV since it is unlikely that we will configure the analysis 
algorithms to be sensitive to photons with energy significantly smaller than = 150 MeV. The number of 
interactions (yeilding energy deposition in the detector) per trigger is then determined as the product of the 
total beam rate, the fraction of this yeilding energy deposition in the glass and the length of the event gate. 
We antiapate using a gate of 250 n m d  so the random event rate is then 9.5 per trigger. To simulate 
this effect, we chose a random number from a poisson distribution with a mean of 9.5 and superimposed 
this number of random events on interesting events generated as above. The energy deposited in each block 
of the array was determined with the methods described above. 

The analysis proceeds in three steps: 

Reconstruction of the photon 4vedors from the energies deposikl in the detector 
Assigning photons to massive parents and evaluating effective mass distributions of various combina- 
tions photons and massive parent particles 
&traction of branching ratios of the Q from these effective mass distributions 

Photons deposit energy in several blocks. The first step in reconstruction of the photon 4vectors is the 
pattern recognition problem of determining the impact point and energy of the photons from these clustes. 
The algorithms for this have been developed for BNL E852 and extensively tested on data from that experi- 
ment- Once these parameters are known, the vector part is determined geometrically by assuming the photon 
originated in the center of the target 

The photons are assigned to massive parents by evaluating the xz of the relevant hypotheses for all combina- 
tions of photon assignments. Ambiguities are resolved with u priori knowledge of the relative probabdites of 
the final state topologies assumed in the hypothesis testing. 

2.6 Analysis Mefhod Applied to BNL E852 

One of the best tests of the analysis technique is to see it applied to real data. Figs 21 through 2.6 show mass 
spectra from multi-photon final states produced in n-p interactions 18 GeV fran u sample of 1.7M triggers. In 
Fig 2.1, the o + n'y is observed in the %photon sample. In Figs 2.2 and 23, distributions from the 4photon 
sample are shown. The + nod, f,(1275) + nono, ~ ~ ( 9 8 0 )  4 x'q and q(1320) --+ noq are observed. Fig 2.4 
shows the z'y mass spec&um from 5-photon events which reconstruct to lc'z'y . The radiative a + n a y  
decay is observed in this complicated topology. Finally, in the &photon sample (Figs 2.5 and 2.6) the 
7 + n'z'n', 7' - qn'n' and fi(lZs0, + qz'z' decays are observed. Since one of the goals of this Hall B 
experiment is to measure the decays 9 + f=/ and Q + uoy , it is interesting to note that the a, is clearly seen in 
Fig 23 and the f. manifests itself as a dip at about 1.0 GeV in the plot of Fig 22. This effect has been seen in 
other experiments and is due to the nene phase shift going through 180' at the f.. In summary, the ex- 
amples of Figs 2.1 through 2.6 illustrate that: 

Techniques to analyze multi-photon events exist and have been extensively tested with data 
Different decay chains can be reconstructed from events with identical photon multiplicity 
Signals can be extracted from events occurring at the level of = 204 

- 4  
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2.7 Andy& ofthe Monte Gzrb Events 

Because of the large numbers of o and p decays, the analysis required that the photon system have a total 
effective mass within 60 MeV of the # mass. (= 2a of the 4 - q y  Monte-Carlo effective mass distribution) 
Decay modes of the Q are then identified by the presence of resonances in the effective mass distributions of 
the daughter particles of the supposed Q. For example, Fig. 2.7 shows the xono effective mass from n'x'y 
evenk and Rg. 2.8 shows the x'q effective mass from x'qy events. The fitted functions superposed on these 
figures are the shapes expected from # 3 f=/ and # - a,y. .These functions were generated by fitting the 
effective mass distributions obfained from a Monte-Carlo that generated only Q 3 i y  or Q -P a,y evenk. 
There is a single parameter in each of these functions that is interpreted as the number of events produced. 
All acceptance corrections and combi~toric effects are included in these functions. Since 2OOO Monte-Carlo 
evenk were generated for each of these modes it is expected that 2OOO events be observed after acceptance 
corrections. The result is there were 2500 250 events due to Q - fd/ and 2130 * 285 events due to # 3 u,y . 
The overall result is that the geometrical acceptance convoluted with reconstruction efficiency in sorting out 
the signal from the sea of background events is of order 10 I for these decays. 

Work is in progress in understanding the effect of adding random noise from electromagnetic backgrounds to 
the Monte Carlo signal events. Siice we add an average of 95 random noise events per trigger, we have been 
able to analyze only 10 I of the Monte Carlo sample at this writing. The preliminary result from the analysis 
of the Q + f.u and Q 3 aoy . decays is that the electromagnetic noise is not a problem. The random noise does 
not effect the ability to reconstruct the 9 - n'y and Q --+ q y  d-ys as can be seen in Figs. 2.9 and 2.10. 
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fig 2.10: The q y  efedive mass spedrum 
fiom # - q y  Monte Carlo events glenerafed 
with an average of 9.5 raf?&m noke events 
pertriggeE 

To reduce interactions of the primary beam that could limit the detector's sensitivity we are studying the 
possibility of installing a Be beam pipe downstream of the lzuget to at least the back end of the cahrimeter. 
This pipe should be made of Be to reduce conversions. This vacuum pipe would be linked to one of more 
conventional material downstream of the calorimeter to propagate the remains of the photon beam to a 
dump. 

3.2 VefoWall 

The charged-particle veto counter will consist of 24 pieces of Pilot U or NE102A plastic scintillator, a single 
phototube will view each piece of santillator from one end, and the phototube base will be optimizd for fast 
timing. The layout shown in Fig. 3.1 was designed on the basis of the criteria that the count rates in the 
scintillators should be as well-matched as practical, and that the rate not exceed approximately I M.& in any 
p i a  The rates for this design procedure were obtained from Monte-Carlo estimates of the charged-particle 
background in the experiment at an incident bremstraahlung flux usefur flux of 5 x IO' photonslsc?c between 
4.5 and 6 GeV. Only the electromagnetic rate was considered since the hadronic backgmund is nec:ligibly 
small. The calculated rates for each of the pieces under these conditions is given in Fig. 3.1; it can be seen 
that the design criteria are met The thickness of the scintillator pieces shown in Fi. 3.1 will be 4mm, based 
on considerations of structural stability and sufficient light output for minimum ionizing particles it0 ensure 
efficient charged-particle rejection. The edges of each piece will suffer from lightcollection problems, so the 
pieces will overlap by some amount at their edges. In addition, some consideration is b e i i  giving to dupli- 
cating the central pieces and overlapping them fully to further increase the rejection probability. 

The first level trigger we intend to use is based on a set of thin wave-shifting plastic strips located behind the 
lead glass blocks. These strips are excited by the Cerenkov radiation produced by showers in the leisd glass 
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4 I 
3 I 

FZg 3.9: Chargedpattide veto wall 
segmentation. The estimated rates per 
element are: 

1:  8 . 9 x 1 O 5 / ~  
2 : 5.4 x IO5 / sec 
3: 7.3x105/sec 
4 :  2 . 6 x l O 6 / s ~  
5: 1 . o x 1 0 5 / ~  

blocks but are insensitive to charged particles, giving us the ability to select events with electromagnetic 
interactions in the array. This pre-trigger will consist of 25 02% type NE 174 wave-length shifting plastic 

behind the back face of the lead glass blocks. These strips exit the sides of the light tight enclosure holding the 
readout phototubes and are ganged together to illuminate several RCA8575 phototubes. The output of these 
tubes is discriminated and logical functions of these signals is used to determine the pre-trigger state. We 
have tested this idea with a small prototype (5 x 5 blocks) detector using cosmic ray muons as the signal 
source. While these muons do not generate electromagnetic showers in lead glass, they do generate Cerenkov 
light In the test setup the signals are small  but discernible and have given us confidence that the system is 
workable. 

strips. These strips will be located between the phototubes used for the readout of the array and inmedm * tely 

The trigger system relies on a simple fast trigger to strobe the lead glass ADC units and a second level trigger 
based on a trigger processor to analyze the data from the lead glass and makes a decision in about 2.0 gs 
after the ADCs finish their 4.0 ps acquisition and conversion cycle. 

The total particle flux hitting the lead glass is expeded to be on the order of 50 MHZ but the ADCs cannot 
handle data faster than about 0.5 MHz. The fast trigger selects the good events and identifies them to the 
ADC system. The three possible components of the fast trigger in order of usefulness are the signals from the 
lead glass array (described above), the signals from the photon tagger and the signals from the veto counters. 

In case the lead glass signals alone do not provide a trigger which is restrictive enough, the other soulces of 
triggerinformationcanbeused. 

The signals from the photon tagger run at the full tagged photon rate of nominally 50 MHZ.  We would share 
the electronics that is being set up for the CLAS experiment where signals from all the timing counters are 
combined by a master OR circuit. The resulting signal has better timing properties than the signals from the 
wave shifter bars. The random rate, from tube noise or neutron interactions, and the rate from untagged 
photom would be reduced by about a factor of 5 by using the agger signal. The difficulty is that there is a 
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longer delay in this signal. A convenient way of using this signal is therefore to exploit the fast clear capabil- 
ity of the ADCs. The ADCs would be strobed as above at rates up to 0.5 MHz. A coincidence of the strobe 
with the tagger signal would veto a fast clear which would otherwise occur about 300 ns after the strobe. 

The veto counters are important for identifying electrons and other charged particles which hit the lead glass. 
Putting them in the trigger would reduce the trigger rate by removing electron triggers and also mi~nimum 
ionizing charged particles that produce a large enough pulse height in the lead glass to simulate electrons. 
These counters would however only be used if absolutely necessary. Poor performance of these counters 
could cause unknown losses of events, and the high rate would accidentally veto good events. If used in the 
trigger, the signals from the separate sections of the veto countels would veto signals from corresponding 
sections of the lead glass array to reduce accidental vetos. The signals from the d&rent sections would then 
be combined to form the ADC strobe. 

The second level trigger employs a trigger pmcessor similar to the one used in experiment E452 at the AGS 
at Brookhaven National Laboratory. It analyzes the data from the lead glass and calculates approximately the 
total energy, the multipliaty, the invariant mass and the square of the momentum transfer. Triggers can be 
accepted or rejected based on the results of these calculations. This is a very powerful method for rejecting 
unwanted events before they are transferred to the data acquisition system. Typically it can be set to accept 
only high mass states. We expect that the final trigger rate will be within a factor of two of the true physics 
rate. 

Fii 3.2 shows a trigger logic diagram which is somewhat conceptual but also has considerable detail. The 
PMSIGNAL from the wave shifter bars goes to a discriminator which generates the ADCGATE. A coina- 
dence between the TAGGER and the discriminated PMSIGNAL causes the tagger and veto TDCs tc~ be 
strobed and the lead glass data to be processed in the trigger processor, whereas, no coincidence causes the 
ADCs to be cleared. A busy line holds off any further gates until current activity is completed. 

TRIGGER CONCEPT 

Fig 3.2 Tentative trigger design 
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3.5 lnfegrdh ofthe LGD wifh CEBAF Hall B DAQ 

Hall B has adopted the EPICS (Experimental Physics and Industrial Control System) system for its slow 
controls. This system appears to have all of the capabilities that we will need to (1) set voltages, (2) read out 
voltages periodically, (3) insert periodic monitoring (laser) events into the data stream, and (4) mad out 
other monitoring systems, such as temperature and humidity. 

A robust DAQ system is currently b e i i  developed for CEBAF called CODA (CEBAF On-line Data Acquisi- 
tion) which will be used by Hall €5, and by this experiment as well. The Hall B Collaboration is working with 
the Contmls Group to integrate EPICS and CODA, and there is no reason to move to a custom DAQ system, 
since the needs of this experiment fall well within the capabilities of CODA. 

The need for access to data on-line for analysis is very important for the calibration of the LGD, and for the 
smooth running of the experiment There is a mecharus m in place for sampling data for the CODA data 
stream, and this will be more than adequate for our needs. 

The CLAS detector will generate an immense amount of data (up to 2OMB/sac). This @e data rate requires 
special tape handling facilities, with very fast, very expensive, high capacity tape drives. This experiment 
will only generate a fraction of that data rate, on the order of lMB/sec Thus the CLAS tape writing system is 
overkill, and in fact may impede the analysis of data since the raw tapes will not be in a format that most 
institutions can use. Either a program to immedra . tely transfer data from CLAS tapes to a lower capaaty 
standard @AT, 8mm, DLC, etc.) is needed, or the data needs to be written to the lower capacity drives 
initially. Which system is preferable is not clear at this time. 

3.6 High Voltup System R 6 D 

A Codcamft-Walton voltage multiplier is in use in BNL E852 to power the Russian FEU 84-3 phototubes. 
This system dissipates far less power than the usud resistor divider string and also eliminates the need for an 
extra high-voltage cable for each channel. Our experience with the system now in use led us to propose a 
number of improvements. An R&D program is underway before building the 625 bases needed for this 
experiment. 

The operating voltage is set digitally over a serial data bus. The base will also include a pulser which has an 
amplitude proportional to the high voltage setting as a read back mechants - n The system under design 
provides a maximum photocathode voltage of 2047 d t s  and a maximum anode current of 250 pmps, has 
a minimum power consumption (at idle) of 50 mW and a maximum power consumption of 150 mW and 
has an input voltage of 14 to 18 volts. 

3.7 Calibrdicm Technique 

We intend to calibrate the lead glass array with electron-positron pairs produced by tagged photons incident 
on a thin radiator positioned = 8 m upstream of the front face of the de-r. Since the angle of these par- 
ticles (to the photon beam) is very small we will require a magnet to obtain a complete illumination of the 
detector. We discuss below the assumptions that lead to a speci6cation of the magnet we will need. 

We assume that the radiator will be located as close as possible to the photon exit flange of the tagger. (this 
location is inside the alcove containing the tagger) We also assume that the calibration magnet will not be 
supported by the floor of the Level 1 platform but will be supported by an independent stand upstream of the 
most upstream limit of Level 1. We take the center of the magnetic aperture to be four feet upstream of the 
upstream limit of Level 1. We take the front face of the detector to be located 2 O f t .  upstream of the down- 
stream limit of the Level 1 platform. This determines the magnet center to lead glass face distance as 24 ft. 
To calibrate the detector we must illuminate it with electrons @ositrons) with an energy approximating the 
typical photon energy we will encounter in our experiment We take this energy to be I GeV. Since we must 
illuminate the entire detector, the largest distance from the beam centerlii to which electrons must be 
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transporkd is the distance from the detector center to a detector comer or 71 cm This implies &e bend angle 
b r  1 GeV particles is 96.8 m. Sine 

(with B in Tesla, Z in metem and p in GeV/c) and p LP 1 GeV, the field integral is determined to be 0.322 
T&-meters. We point out that this is the minimum required field integral. 

We must be able to rotate this magnet through 180' to fully illuminate the detector. We request a computer 
controllable rotating fixture to accomplish this. We also request the magnet and an appropriate conpter 
contmllable power supply. 

3.8 TheDefeczorHouSing 

A schematic of the detector is shown in Fig. 3.3. The outside dimensions are 120 in (long) by 96 in (wide) by 
115 in (high). The center of the glass stack is about 7 f t  from the floor. A darkroom area (accessed via a 
revolving door) will allow one person at a time to work on the glass wall and phototubes in a humidity and 
temperature controlled environment, The box will be lifted at the corners. Reinforcing rods will rann down 
the coner strwtural tubes and attach under the platform frame. This will maintain as much of the load in 
compression as possible while relieving unecessary stress from the welded frame holding the glass. The glass 
stack will weigh about 3800 pounds while the entire detector will weigh not exceed l2,OOO pounds. We 
anticipate using the rails for the CLM Region 1 insertion fixture to move our detector into position. 

I COVER 

Fig. 33: LGD Housing 

58 Page I1 



CLAS Drift Chamber Gas System Progress 
Anderson, Christo, Major, Mestayer, Vineyard, Wines, Woods 

Background and Constraints 
Experience with the small prototype gas system built at Richmond and tested over the past two 
years at CEBAF has contributed usefully to design and fabrication of the full scale system now 
nearing completion for the CLAS detector. The system design is based on several sets of 

requirements centered on capacity and gas quality. Two volume changes per day (of 2000 ft3 each) 
are to be pmvided. Purge capacity is to be several times this rate. Two mixes must be furnished: 
Argon/Ethane for drift chamber Regions I and ID and HeliumEthane for Region II. Gas recycling 
is used in order to minimize gas costs, reduce chamber ageing, and maintain optimum response. 
Twenty percent of throughput is exhausted and repaaced by fiesh gas while maintaining both mix 
ratios and 50/50% by volume. Region I is not recycled, due to its small volume (3% of the total). 
Drift chamber pressure will be maintained at 1 Torr (1 mm Hg) above atmospheric by signals from 
a differential pressure transducer located at the chamber. Control of gas gain and dE/dx is 
maintained by keeping mix ratios within 1% of nominal and by using filters, molecular sieves, and 
catalytic traps to keep moisture and Oxygen contents in the delivered mixes to within 50 ppm and 
20 ppm respectively. In addition, chamber-ageing molecular species such as H+3 are removed by 

sieves. Clarity of equipment layout, ease of use and maintenance, and safety of personnel as well 
as mechanical and electrical integrity of the drift chambers are all of high Priority. An OSP 
(Operating & Safety Procedures) document in its advanced stages details each of these areas. A 
copy of the OSP is included in this report. 

Present Status 
A 600 ft2 metal gas shed of our design has been constructed outdoors, approximately 200 ft from 

the outer wall of Hall B. Divided into a 20 x 20 ft equipment bay and a 10 x 20 ft instrument 
/control mom, this building was completed in May 1995. Beginning in July 1995, gas mixing and 
controlling hardware built at Richmond is being installed and tested. Six of seven main panels 
housing valves, regulators, housing valves, regulators, filters and assOciated plumbing were fitted 
at Richmond, but not finally assembled. One-half inch electropolished stainless tubing and all 
valves and other fixtures were transported to CEBAF and cleaned there by chemical and ultrasonic 
methods before final assembly on site. 

Hardware assembly is 75% complete as of mid-November 1995. Concrete: pads for 
storage and buffer tanks adjoin the gas shed on either side. Installation of nine gas lines for 
delivery, recirculation, exhaust and service gas (Nitrogen, Helium) has begun. These link the gas 
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shed with the experimental hall and run above ground for ready access. Finally, work on the alert 
and alarm subsystems is underway at Richmond. Hardwired alarm circuitry has been 
breadboarded and we are consulting with CEBAF engineers to finalize and fabricate the necessary 
components. M. Vineyard is guiding development of EPICS-based computer monitoring of the 
system. 

Internal and external safety reviews have been held at CEBAF during the past 8 months, 
and an external design review was conducted on October 16-17, with physicists and engineen; 
from Cornell (B. Heltsley) and Fennilab (H. Carter, D. Mizicko). That %view was positive and 
fruitful, several significant changes and a number of secondary modifications being suggested, 
The most important of these dealt with improving control stability by moving flow controllers from 
the exhaust legs into the recirculation loops. Others have to do largely with ease of operation, 
dependability, safety and maintenance. The following listing itemizes the review panel’s 
suggestions. All changes will be implemented, with the possible exception of those preceded by a 
question mark (?), which we are still considering none represents a fundamental design alteration. 
Italics designate those items of greatest consequence. A few suggestions are not listed because 
they are already an integral part of the system design, unnoticed by the reviewers. 

1. 
2. 
3 .  
4 .  
5. 
6 .  
7 .  
8 .  
9 .  

Move additive bubblers into hall for better temperature stability. 
Add Mass Flow Controller (MFC) qfter pressure regulator from b@er tanks. 
Change range of regulator qfter buer mnks,from 15 to SO psig. 
Add 50 psig relief valve in lines after check valve, before filters. 
Change Mass Flow Transducer &ET) to MFC after filters, lines to hall. 
Add restricting orifice on lines out of shed to hall. 
Add pressure regulator before heat exchangers leading to drift chamber manifold. 
Add relief bubblers before chamber. 
Add Oxygen and moisture sensors at chamber exits. 

1 0. Add manual valve in recircuiation loop r e m ,  to isolate loop during purge. 
1 1. Change MFC to MFT at exhaust and &Back Pressure Regulator (2Spsig) &erpump. 
12. (?) Insulate outside gas delivery lines & use set temperature heat tape. 
13. Size all bubblers for maximum possible flows. 
14. Add solenoid (motorized?) valve to chamber bypass to stop recirculation loop. 
1 5. Simulate chamber properties (impedance) in bpass h p  wladjustable orifice and a b@w 

16. Use separate exhaust lines for high and low flow, and dilute exhaust with inert gas to 

17. (?) Add temperature control on supply to mixing MFC. 

volume to damp pressure oscillations. 

eliminateflammability. Use fan to scavenge low flow exhaust. 
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18. Re-size molecular sieves (larger), and add particulate filters after each. 
19. Establish hall exhaust plan. 
2 0. Carry out Failure Mode & Effect Analysis (FMEA) on all components. 
2 1 Prepare operational readiness review. 

Manpower is sufficient to achieve the immediate goal of ‘first flow’ by early spring 
with chamber flow by June. Earlier chamber flow is possible, without recirculation, if optimistic 
predictions for its need come to pass. Using a sabbatical leave, Major (Faculty, UR) will spend 
full time on gas system completion, alarm installation and testing from January through August 
1996. Anderson (Graduate student, UR) will continue work during the summer,and Wines 
(Engineer, CEBAF) has 80% of her time allotted to the project through 1995 and 1996. 
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Foreword 
This document is both a design and an operating manual for the CLAS drift chamber gas 

system. It describes the systems used and outlines the procedures necessary to operate them. 
Overviews of related systems such as the residual gas analyzer (RGA) and chamber electronics are 
also given. Lists of persons authorized to operate the system and access the equipment are given in 
Appendix A. This system is described in CEBAF Drawing No. 66280E00579 (8 sheets), located 
in Appendix €3. 

Our goal is to build a gas system which mixes, monitors, and recirculates the gas mixture 
while filtering out impurities. The system is designed for continuous operation under computer 
monitoring while allowing easy access for manual tasks like system maintenance and inspection of 
newly-delivered gas. Above all, we are building a system which is safe for both humans and drift 
chambers. 

The designers of this system have drawn upon the direct experiences of over 15 groups 
who have operated gas systems for drift chambers at laboratories around the world (see 
bibliography before the appendices). Of particular interest were the gas systems for the CLEO 
detector at Cornell University, the CDF detector at Fermilab, the Neutrino Oscillation Experiment 
at LAMPF, the Axial Field Spectrometer at CERN, HELIOS at CERN and the ALEPH TPC 
system at CERN. These systems, like our own, recirculate the major portion of their gas. A 
valuable source of technical and engineering expertise has come from visits to view the CLEO and 
CDF gas systems. 

In addition to the documents presented here and the references cited, there is a file 
containing all of the manufacturer’s manuals for the equipment used in the gas system at the control 
panel. The appendices in this document should contain all relevant information that might be 
needed by the operator of the gas system or drift chambers to avoid having to “chase down” data or 
information in case of an emergency. Any qualified operator is familiar with this document and 
knows where to find any necessary information in it. 
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Section 1 Drift Chamber Gas Specifications 
Hall B at CEBAF will house a large acceptance particle detector (CLAS) based upon a six- 

coil toroidal magnet. Tracking of charged particles is accomplished by the three types of drift. 
chambers in the CLAS detector. “Region I” chambers surround the target in a region of low 
magnetic field. The “Region 11” chambers are somewhat larger and are situated between the 
toroidal magnet coils in a region of high field, while “Region III” chambers are large devices 
located radially outward of the magnet. The spectrometer is characterized by long flight paths and 
high B. dl. The design goals of better than 0.5% momentum measurement and angle resolutions 
of = 1 mrad can be achieved if the drift chamber spatial resolution (per layer) is 200pm or better. 
Achieving this accuracy requires constraints placed on the gas mixture within the chambers. ‘These 
constraints are discussed in the following subsections. 

1.1 Choice of Gas 

The tracking system requirements of low multiple scattering, ability to handle high data 
rates, requirements for good spatial resolution and desire for modest dWdx capability restrict the 
choices of gas for the chamber. A 5050 mixture by volume (57:43 by mass) of argon and ethane 
is the preferred choice for the Region III chambers. It gives high drift velocities, good spatial 
resolution, good dWdx properties and is a very well studied gas mixture. 

For the Region 11 chambers we plan to use a 5050 mix by volume (12:88 by mass) of 
helium and ethane. Its main advantage is that it introduces less multiple scattering to the particle 
trajectories. For Region 11, the drift occurs in a high magnetic field where the differences in drift 
velocity between argon and helium mixtures is small (IEEE TNS 39 (1992) p. 690). 

are several trade-offs. First, the background rates in Region I may be significantly higher thztn in 
other regions. This would seem to require a short drift time (i.e. a fast gas). However, we must 
keep in mind that helium has a much lower X-ray absorption cross section than does argon. 
Presently, the system is designed to provide an argon-ethane mixture. 

region to fine tune gas properties. 

The Region I chambers can use either the argon-ethane or the helium-ethane mixture. There 

For small controlled injections of additives, we have provided additive bubblers for each 

1.2 Mix Ratio Accuracy 

The CLAS drift chambers will be used to do precision tracking of particle trajectories as 
well as to make accurate measurements of the ionization energy loss to determine the mass of the 
particle. To achieve 200pm resolution per wire on particle position we have set a goal of keeping 
individual sources of systematic errors in measurements of position below 5 0 p .  A measurement 
done by Atac, et al. (NIM A249 (1986) p. 265) on a prototype of the CDF central tracking 
chamber (CTC) indicated that for a 5050 by volume argordethane mixture, a change in the argon 
fraction of 0.0055 (i.e. 0.50 changes to 0.5055) would change the inferred position of the track by 
25p.m at the & n level. Our design goal is for 5 0 p  uncertainty therefore we can accept changes 
which are twice this large. This means that the argon fraction could be 0.50 & 0.01 and still keep 
us within our tolerance. 

similar average drift distance to the CDF CTC chambers are in a region of no magnetic field, while 
Region 11 which is in a similar magnetic field environment to the CDF CTC has a much smaller 

This is likely to be a conservative estimate, since our Region 111 chambers which have 
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average drift distance. 

1.3 Contaminant Levels 

To insure a long lifetime for the chambers, it is important to keep impurity levels in the gas 
as low as possible. We have extensively read the literature on chamber aging (see bibliography), 
in particular the collection of papers from a wire aging conference (NIM A300 (1991) p 436-479). 
There are four sources of impurities: outgassing from wetted materials, leaks of air into the 
chambers, preexisting impurities in delivered gas (especially ethane), and ions and radicals 
produced from the gas components themselves during the avalanche process. Removal of 
contaminants is discussed in section 2.6. 

1.3.1 System Leaks 

Air leaks bring oxygen, nitrogen and water vapor into the chamber. The presence of 
oxygen in the chambers is harmful because it is electronegative. Oxygen atoms will readily attach 
themselves to drifting free electrons, thus preventing them from reaching the anode wire and hence 
reducing the signal. The fraction of electrons which are lost depends on the total time of drift and 
the relative fraction of oxygen molecules present in the gas. A test of a DO muon chamber which 
had a total drift time of loo0 ns revealed that 3200 ppm of 0 2  caused a 45% change in pulse height 
(NIM A300 (1991) p 436-479). If we wish to keep this change to 1% (consistent with our 
expected 9% resolution on dWdx) we conclude that the 0 2  content of the gas must be kept below 
50 - 70 ppm to keep high efficiency for long drift paths. The majority of system leaks will be 
present in the chambers. Because we are continuously removing oxygen, controlling the oxygen 
content is accomplished by adjusting the gas flow rate through the chambers (process loop flow 
rate). For this reason, the oxygen content will ultimately determine our process loop flow rate. 

Nitrogen and water vapor can also change the drift velocity of the gas mixture, but their 
presence is not necessarily harmful. There are no clear limits to the allowable concentrations of 
these two substances, but we will monitor them. We have provided for removal of water vapor 
but nitrogen is not easily removed. We address non-removable contaminants in section 1.3.5. 

1.3.2 Contaminants in Raw Gas Supply 
The contaminants which may be present in delivered gas are of more concern because they 

may permanently damage the chambers by producing harmful deposits on the wires. Delivered gas 
may contain contaminants from the last shipment the gas transport vessel was used for. Even after 
a vessel is evacuated, some of the gas may remain in the walls of the vessel. Over time, this gas 
will detach itself from the walls. The list of possible harmful impurities introduced through this 
process is long but the RGA should screen out all of them. 

(H2.9. Trace amounts of H2S are present in ethane when the ethane is extracted from natural gas. 
Even after filtering, some H2S may remain in the delivered gas. Even with concentrations as small 
as 1 ppm, H2S is extremely harmful to drift chambers and some of our filter elements. Detecting 
the presence of H2S and other impurities in raw gas supplies is accomplished using the RGA (see 
section 2-11). 

One of the most common impurities found in our raw gas supplies is hydrogen sulfide 



1.3.3 Outgassing of Wetted Materials 

As mentioned earlier, we are very concerned with exactly what is in our gas mixture. 
Materials that the gas has contact with or wetted materials are an important concern because some 
materials outgas impurities depending upon their compostition. For this reason, we have resbrkted 
materials with which the gas has contact in the gas system to the following: stainless steel, Viton, 
polyimide, Teflon (restricted to low radiation environment), tantalum, mineral oil, borosilicate 
glass, standard glass, fdter materials (see appendix I for specifications) and possibly water and 
alcohol. We may use copper or nylon in some places. The chamber materials themselves which 
contact the gas include stainless steel, aluminum, plastic (Noryl), gold, epoxy (Shell Epon), 
carbon fiber and fiberglass (Stesalit 441 1-W). We have avoided the use of silicon based grease 
and oil due to the extensive deposits they can produce on drift chamber wires. For a list of 
preferred materials, see appendix C (NIM A300 (1991) p. 436-479). 

1.3 -4 Avalanche Process 
Some of the molecules produced in the avalanche process accelerate the "aging" process 

within drift chambers. One of the more common impurities produced through this process is 
ethylene (C2H4). Ethylene can be produced by the breakdown of ethane in the avalanche process. 
Other contaminants are also produced as a result of the avalanche process and we will monitor the 
exhaust from each region to determine the level of contamination (see RGA section 2.11). In 
general, the level of contamination which is harmful is not known precisely, but is estimated to be 
in the few ppm range. Because some of these molecules are not easily removed, their 
concentration will determine our exhaust flow rate. See the next section for details. 

1.3.5 Non-Removable Contaminants 
Suppose some contaminant which is not easily removable ( eg  nitrogen) is produced 

within or leaks into the chamber at some constant rate, R. If 100% of the gas is recirculated then 
the contaminant level will build up with time to a high level. If, however, some flowrate, Fe.&, is 
exhausted, then the contaminant fraction, f, will reach an equilibrium value. Equilibrium is 
reached when the rate of increase of the component, R, is equal to the rate of exhaust of the 
component, Rd. The rate of exhaust of the component is equal to its fractional presence in the 
gas times the exhaust flow rate. 

R = f x Fexh 

where R is the production or leak rate of the contaminant, f is the fraction of the gas which is the 
contaminant and Fed is the exhaust flow rate. So, 

The equilibrium contaminant fraction is the ratio of the production or leak rate divided by the 
exhaust rate. 

day, and the exhaust fraction is 20%, then the exhaust flow rate is 800 cu.ft. per day. If the N2 
leak rate is 1 cu.ft. per day then the N2 fraction will stabilize at 1/800. For this reason, the 
presence of N2 and other non-removable contaminants will determine our exhaust flow rate. As a 

For example, if the flow rate is two volume exchanges per day, or roughly 4000 cu.fit. per 
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conservative estimate, we have projected this flow rate to be about two volume exchanges per day. 
The formula for the time dependence of the contaminant fraction is 

VO = chamber volume 

1.4 Environmental Variables 

There are many parameters that can affect the behavior of the gas mixture. The 
environmental variables which create the most significant effects are pressure, temperature and 
humidity. The pressure and temperature of the gas in the chambers is directly related to the density 
of the gas. These must be closely monitored at all times. Deviations in either of these two 
parameters will affect the gas gain and drift velocity. Steps taken to control these variables are 
described in section 2.8 Temperature and section 2.9 Pressure. Humidity of the hall also becomes 
a factor because as humidity rises, the current drawn off the endplates increases. To avoid this 
affect, the endplates of the chambers will be sealed and dry nitrogen will flow across them to keep 
the humidity low and relatively constant. 

Section 2 CLAS Gas System Design 

2.1 Gas System Overview 

System reliability and ease of maintenance are of primary importance. In designing a 
robust system, many considerations were taken. The gas system is designed to be computer- 
independent, although there will be extensive computer monitoring of the system and some 
computer control of operating parameters (if desired). Uninteruptable power supplies will provide 
a stable power source for the electronics. Most of the active instruments within the system will be 
able to be isolated and removed for repair without interrupting gas supply to the chambers. All 
electronic flow meters and controllers will have manual units in parallel with them in case the 
electronic units fail or require servicing. Large buffer volumes are provided to store mixed gas in 
case major alterations need to be made to the mixing leg of the system. In normal operation, these 
buffer volumes are being simultaneously filled by the mixing system and withdrawn into the 
chamber recirculation (process) loop containing the drift chambers. However, the buffer volumes 
are large enough to supply the chambers with gas for a period of two days (or 10 days with 
recirculation and a 20% exhaust rate) without being reffled thereby allowing time for maintenance. 
Redundant raw gas supplies for argon, helium and ethane will be provided. One tank will be in 
use, the other awaiting certification. Each tank will contain a two week supply of gas (10 weeks 
with recirculation) to give us time to inspect its quality and await a new shipment if the test results 
are unsatisfactory. 

requirements. There will be some number of technicians whose primary duties will be the 
maintenance and repair of the CLAS detector. The drift chamber project can reasonably expect to 
use roughly half of this manpower. Electrical, mechanical and gas-related maintenance will all 
require their share of labor, leaving the gas system with 1/6 or less of the allotted Hall B technical 

The gas system is also designed to be as automated as possible to reduce man-power 
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manpower. Therefore, the gas system should be designed to be as automated as possible with the 
collaborating physicists assuming a large share of the work of monitoring the performance and 
long-tern stability of the system. 

2.2 System Layout 

The details of the design are presented in the eight drawings which accompany this 
document. They can be found in CEBAF Drawing No. 66280E00579 or appendix B. There are 
four major areas of the gas system: 

1. the parking lot storage area where the raw gas tanks are located, 

2. the gas shed and buffer tank area where the gas is mixed, filtered, monitored 
and delivered, 

3. the hall where the chambers and manifolds and some monitors are located, and 

4. the counting house where a dedicated terminal monitors the system. 

2.3 General Description of Gas Flow 

The basic gas system operation consists of the following: mix, filter, monitor and 
recirculate the gas. When raw gas arrives on site, it is analyzed using the RGA. Once accepted, it 
is cleared for use with the CLAS drift chambers. During steady state operation, a pair of fresh 
gases are precisely mixed to achieve the correct relative fraction. The newly mixed gas is stored in 
large buffer volumes that supply the process loop which contains the CLAS drift chambers. As the 
mixed gas enters the loop, it is first fdtered to achieve the highest purity. An adjustable orifice then 
drops the pressure and controls the flow. For fine tuning the gas mixture, additive bubblers are 
provided next as an option. Directly following these bubblers, oxygen and water content, 
temperature, pressure and flow rate are monitored before the gas leaves the shed en route to tlhe 
hall. As gas enters the hall, it passes through heat exchangers to dampen large temperature 
fluctuations. The gas then enters the chambers where it serves its purpose. At the chamber exit 
manifold, the gas passes by safety bubblers. Downstream of the manifold, the gas temperature 
and differential pressure with respect to atmosphere are monitored. This pressure reading is 
transmitted back to the shed where it controls a proportioning solenoid valve and pump in series. 
This pump and “throttle valve” pull gas out of the hall while controlling the pressure of the 
chambers. Once back at high pressure again in the shed, continuous oxygen and water transducers 
monitor contaminant levels. Finally, a fraction of the gas is exhausted and the rest reenters the 
cycle above the filters. 

2.4 Gas Storage 

The CLAS drift chambers will constitute a total volume of about 2000 ft3 and require a 
steady state flow rate of two volume changes per day in order to keep unfiitered contaminants 
down to an acceptable level. Regions I and III use a 5050 mixture of argon and ethane and 
account for 3% and 75% of the total volume, respectively. Region II uses a 5050 helium-ethane 
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mixture and comprises 22% of the total volume. To meet our design specifications of redundant 
two week supplies (10 week supplies with recirculation and a 20% exhaust rate), we will require 
two gas storage volumes of 28,000 fi3 for ethane, 21,900 ft3 for argon and 6200 ft3 for helium. 

The mixed gas buffer volumes will contain chamber-ready gas at relatively high pressure. 
To keep enough gas for two days of running at two volume exchanges per day (10 days with 
recirculation), we determined the buffer volumes for each mix. The argodethane buffers will be 
6000 gallons at 140 psig. The helidethane buffers will be 2000 gallons also at 140 psig. 

known. We do have an idea of their approximate dimensions and ample space is provided on 
concrete pads constructed for their occupancy. 

The raw and mixed gas supply tanks have not yet been ordered so "real" tank sizes are not 

2.5 Gas Mixing 

In order to achieve the goal of particle position accuracy to within 50pn as mentioned in 
section 1.2, the mix ratio must be maintained to within f. 1%. This implies our flow controllers for 
mixing must be accurate to better than one part in 50. We have chosen MKS electronic flow 
controllers which maintain 2 0.5% accuracy. For measuring the mix directly and continuously, we 
have chosen a Panametrics thermal conductivity meter which measures the percent ethane in the 
mixture to better than 2 0.5% assuming calibration every two weeks. This unit will be used for 
fine tuning of the flow controllers as well as a means of alerting the on-duty technician to 
unacceptable mix ratio fluctuations. 

located in the gas shed. Future modifications may allow the sample to be taken from other 
locations to track the mix ratio as the gas moves through the system. 

is given in section 2.9. 

The thermal conductivity meter will receive its sample directly from the mixing buffer 

Information explaining exactly how the mix ratio is maintained by the mass flow controllers 

2.6 Contaminant Filtering 

We will filter the raw gas for impurities. In particular, we wish to remove long-chain 
hydrocarbons, ethylene and possibly hydrogen sulfide from the delivered ethane. These will be 
filtered according to Balston model molecular seives at the inlet to mixing process (see appendix I 
for specifications). The argon and helium are expected to be clean. We will c o n f i i  this using the 
RGA before supplying the drift chambers with the gas. 

The process loop will also be filtered to remove some ions or radicals produced in the 
avalanche process as well as oxygen and water vapor introduced through leaks and any outgassing 
products. Our filtering system in the process loop consists of a 0.1 micron Balston molecular 
seive with 99.99% efficiency, a DeOxo catalytic converter and another 0.1 micron molecular seive 
all in series. The first filter will serve two purposes in that it removes most of the water from the 
gas stream (i.e. 99.99% of water per pass of water) and also protects the DeOxo catalytic converter 
from harmful impurities. The DeOxo catalytic converter requires a nominal flow of hydrogen gas 
and in turn, converts oxygen to water and binds un-bound carbon atoms (e.g. ethylene to ethane). 
The third filter is used to remove water the DeOxo unit just produced. The differential pressure 
across the Balston filters will be measured by Balston differential pressure indicators. When the 
differential pressure across a filter reaches 7 psi, the filter element requires replacement. Further 
information on these filters can be found in section 3.2 and appendix I. 

given leak rate, however, one can determine the equilibrium concentration of nitrogen. This 
Nitrogen, another common impurity found in drift chambers, is not easily removed. For a 
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equation can be found in section 1.3.5. For more precise concentration analysis of nitrogen imd 
other contaminants, consult section 2.11 RGA. 

2.7 Contaminant Monitoring 

Our system provides for constant monitoring of water and oxygen content both upstream 
and downstream of each region. Upstream of the chamber, we have water transducers that 
measure gas dew points from -1 10 OC to 20 OC and oxygen transducers that detect concentrations 
from 0- lo00 ppm. Water transducers downstream of the chambers are identical but the oxygen 
transducers are different in that they can measure up to loo00 ppm. Downstream oxygen and 
water transducer readings will have some lag time in measuring chamber contamination due to the 
distance between the hall and the gas shed where the transducers are located. Regions I and 111 
travel to and from the shed in 1/2” tubing while Region III flows through 1” tubing. Given this 
information and each region’s flow rate, the mean gas velocities of Region I, II and III are 
calculated to be 1.4, 10.4, and 8.9 ft/sec respectively (see appendix C for equations and 
calculations). These velocities yield lag times between the chamber and the transducer of about X 
minutes (these will be calculated when a specific distance is determined after construction). 
Readings of both oxygen and water content are displayed on the Panametrics series 1 unit located 
in the electronics room of the gas shed. Complete descriptions of these instruments can be found 
in section 3.2. 

Precise monitoring of water, oxygen and other impurities is accomplished using the RGA. 
Presently, the RGA can obtain direct samples of fresh gas or exhaust from any of the three 
regions. For further information on the RGA, see section 2.1 1. 

2.8 Gas Temperature Monitoring 

Gas stream temperature will be monitored before leaving the gas shed for the hall by i3 
thermocouple mounted within each region’s upstream hygrometer (water transducer). The g;as 
must then travel outside and will certainly be affected by the ambient temperature. To dampen this 
effect, heat exchangers are located at the gas inlet to the hall. They adjust gas temperature to ,the 
hall temperature which remains relatively constam Gas temperature will also be monitored i n  the 
hall at the outlet of each region and transmitted back to the shed. 

2.9 Pressure and Flow Control 

- The gas system has two independent pressure control loops. The basic pressure control 
loops are the mix loop (between mixing buffer pressure and the mix mass flow controllers) and the 
chamber loop (between chamber pressure and the respective proportioning solenoid valve or 
throttle valve). For both of these loops, the flow rates can vary significantly so long as the 
pressure is held constant. 

mixture. Mixing buffer pressure is measured directly by a 0-15K torr absolute pressure 
transducer. During steady state operation, these mixing buffers should be maintained at about 140 
psig (8000 torr). Maintaining 140 psig was determined by the fact that the electronic flow 
controllers have a maximum pressure rating of 150 psig. As gas flows into the process or 
recirculation loop, pressure drops in the mixing buffer. This pressure drop is transmitted back to 
the mix flow controllers, telling them to allow more flow. They maintain their mix ratio by holding 

In the mix loop, mixing buffer pressure determines the flow rate of each gas for a given 
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a masterklave relationship between each other. That is, as one flow controller increases or 
decreases its flow (master), the other will follow proportionately (slave). Maintaining two volume 
changes a day determines the average flow rates for each gas. Without recirculation, argon and 
ethane will both flow at about 30 slpm each while helium and ethane flow at about 9 slpm each. 
With recirculation and a 20% bleed rate, the flow rates for each mixture wiU decrease to about 6 
slpm and 1.7 slpm respectively. 

the action of the throttle valve. For example, if the chamber pressure is too high, the valve will 
open more allowing more flow out of the chamber thus lowering the pressure. Differential 
chamber pressure will be monitored by a 0-1 torr differential pressure transducer. This pressure 
will be transmitted back to the gas shed and maintained at approximately 0.1 in of water (= 0.2 
torr). In order for gas flow rates to be maintained while keeping a small overpressure in the 
chambers, it is necessary to have a pump pulling gas out of the chambers. For this reason, a pump 
is located directly downstream of each throttle valve. As a safety precaution, overpressure and 
underpressure bubblers installed on the region manifold itself provides a fail-safe mechanism to 
prevent damage to the chambers. 

It is also important to control flow rates in portions of-the gas system. The process loop 
flow rate and the exhaust flow rate are the two most important. As mentioned in section 1.3.5, we 
require at least two volume exchanges per day through the process loop to keep contaminant levels 
at an acceptable level. This process loop flow rate is determined by two controllable orifices. 
During steady state operation, the proportioning solenoid valve makes small changes continuously 
that only slightly affect this flow rate. The second adjustable orifice is manual and is set at start-up 
to sustain the required flow. This flow is monitored on either electronic or manual flow meters 
directly downstream of the manual orifice. During normal operation, these transducers will 
measure average flow rates for Regions I, I1 and I11 of 2.4, 17.3, and 59.0 slpm respectively. 

The other important flow rate is the exhaust flow rate from the process loop. We intend to 
exhaust 20% of Region 11 and III’s process loop flow rates and 100% of Region I due to its 
relatively small volume. Given a process loop flow rate of two volume exchanges per day, Region 
111 should exhaust about 12 slpm and Region II about 3.5 slpm. We will accomplish this through 
the use of mass flow controllers. They have the benefit of exhausting the same amount of gas 
regardless of the exhaust pressure from the pump as well as doubling as a safety relief valve if 
particular chamber parameters get out of hand (see Alarm System section 2.18 for automatic 
responses). 

Redundant manual flow meters and controllers are installed in parallel with every electronic 
flow meter and controller in case servicing or calibration is required for the electronic units. These 
manual units serve another purpose in that they contain dual ranges to allow for purging of the 
system at five volume changes daily. Other system parts ( e g  proportioning solenoid valve, 
pump, etc.) have also been ordered around the idea of having five volume exchanges per day as an 
upper limit for purge rates using either the standard mix or strictly argon and helium. For these 
rates and the equations they were gotten from, see appendix C. Also see section 3.3 (manual flow 
meters) for calculating corresponding air flow rates for a given gas, pressure and temperature. 

In the chamber loop, differential chamber pressure with respect to atmosphere determines 

2.10 Pressure Monitoring 

Pressure is monitored at various points in the system for safety reasons concerning 
personnel and instrumentation. Some pressure indicators are in the form of transmitters that are 
wired into the alarm system and others are manual gauges that are used when adjusting a pressure 
regulator, turning a pump on or determining the condition of a filter. 

Pressure transmitters integrated into the alarm system measure the gas pressure as it exits 
the shed (delivery pressure) and differential pressure across each region. If either of these 
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pressures stray from a set range, the system will react to protect system components; most 
importantly the chambers. For a list of the specific automatic system responses, consult section 
2.18. The troubleshooting section 3.10 provides a list of suggested operator responses. 

2.11 Residual Gas Analysis 

Bulk gases must be analyzed before being put into use. Sample lines are run from each 
storage vessel to the gas shed then into a valve switching bank on the Residual Gas Analyzer 
(RGA). In addition, gases can be sampled from different points in the gas system. Currently, 
samples can be taken directly from the exhaust lines of each region. The RGA system for the 
CLAS gas system is made up of a number of components including a mass spectrometer with 
associated power supplies and controls, a sampling chamber, an atmospheric pressure sampling 
valve, vacuum pumping system, ion pump, gages, bake out circuitry and manifolds with UHV 
valves for sampling and calibration (see appendix B for a detailed schematic and the RGA’s 
placement within the gas system). All seals are metal, all tubing and vessels are stainless steel and 
every part of the system (except electronics and cables) can be baked out to over 1oooC. This is an 
analytical grade system. As such, only authorized gas system operators may use it. It must not be 
disassembled unless ultra-high vacuum procedures are followed. Damage to the open probe ?will 
occur if the system is not properly evacuated for example. 

Compaq PC using menu driven Spectrasoft II Software. Used in this way, it is possible to scan 
the spectra as torr or amps in both analog and bar chart format, use a spectrum de-convolutio~i 

- feature, store and process data off line, leak check, self calibrate and automatically compare data to 
a stored spectrum library. 

The entire RGA system is self contained and mounted on a cart so that installation and 
servicing are made easier. It is located in the electronics room of the gas shed with tubing and 
connectors penetrating the dividing wall between the electronics room and the mixing room. 

The mass spectrometer can be controlled from it’s own console or through the dedicated 

2.12 Calibration Chambers 

We plan to have a calibration chamber in series with the actual chambers in order to monitor 
the drift velocity and gas gain of the gas mixture under changing environmental conditions, e.g. 
changing pressure and temperature. Because we will likely have two kinds of gas mixtures, we 
will need two such chambers. The simplest system, which will be adequate, is to have two single- 
wire chambers illuminated with an 55Fe source and running self-triggered for the gain calibration, 
and to have two multi-wire chambers triggered by a cosmic ray telescope for the time calibration. 
A dedicated chamber with laser-illuminated cathode wires is another possibility to measure the 
maximum drift time. These chambers will be located in the gas-mixing room of the gas shed. 

2.13 Fast-Aging Chamber 

In the gas stream we would like to monitor the gain of a so-called fast-aging chamber, that 
is, one which is run at high gain and with a high radiation flux in order to have advance warning of 
aging problems. This could probably be a single-cell chamber irradiated with an 55Fe source and 
instrumented with an ADC to monitor the gain. We will need a chamber for each gas mixture 
used. 
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2.14 Computer Interface 

As mentioned in section 2.1, computer monitoring and control will b used but not required 
to run the gas system. There will be two levels of control. The basic flow control loops and alarm 
systems will be hardwired at one level. At a higher level, the computer control system can be used 
to change parameters which can be down-loaded into the hardware controllers. When integrated, 
the computer control will be able to correct for drifting parameters before the hardwire alarms 
actuate. The specifics of the computer monitoring and control are not yet available, but when they 
are, they will be integrated into this manual. 

2.15 Safety Overview 

Our philosophy has been to maintain an integrated approach to design that ensures 
compatibility between the purpose of the experimental equipment and the necessary requirements 
of safety. As much as possible, we have taken preventative measures to make the overall operating 
environment safer by designing our drift chamber components to make their functions compatible 
with minimizing gas leaks and maintaining chemical purity. We have taken seriously, the CERN 
warning that “the most important condition necessary to ensure safety of flammable gas systems is 
familiarity of the designer with the physical and chemical behavior of the gasses he [she] plans to 
use...”. We have taken this a step further to ensure the protection of the experimental equipment 
by integrating multiple and redundant alarms that will bypass a region for any out of range variable 
such as pressure, temperature and contaminants. The specifics of these alarms are found in section 
2.18. The system also allows for individual regions to tailor their gas mixture to suit the 
conditions that they operate in. To extend the lifetime of the equipment, we have taken measures to 
ensure the cleanliness of the system components by the use of electro-polished stainless steel 
tubing where possible and use filters for known contaminants. 

CEBAF, being a young laboratory, has not yet developed standards designed specifically 
to address the storage and use of gases for physics experiments in particular. In lieu of this, CLAS 
has adopted the “CERN Flammable Gas Safety Manual” (1981) and the Fermilab Engineering 
Standard, “Storage and Use of Flammable Gases at Physics Experiments” (1988) as the primary 
sources for the safety considerations used to design the drift chamber gas mixing system at this 
time. The CERN manual, “parent” manual to the Fermilab document, has been an invaluable tool 
in the design of our gas system and both are included in appendix H, For brevity, however, we 
will cite the Fermilab document which has been a useful filter. 

Safety issues regarding the hall or gas shed concern primarily three areas: fire or 
explosion, oxygen deficiency and electrocution. In the design of the gas shed, we propose to keep 
the electronics in a separate room from the gas mixing area, with separate entrances, in order to 
avoid having to keep all of the electronics explosion proof. A lighted display board at the entrance 
to the gas shed will display important conditions within the shed such as ODH and FGH status. 
We will also have flammable gas and ODH monitoring in the hall at both high and low locations. 
These and other issues are discussed extensively in section 2.18. 

2.16 Zone Classifications 

In determining the risk classification of Hall B’s gas system, we divided the gas system 
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into four zones: 1) Hall B, 2) gas storage pads, 3) electronics room in shed and 4) gas mixing 
room in shed. The guidelines we followed to determine the risks involved in each zone are found 
in the Fermilab Engineering Standard, “Storage and Use of Flammable Gases at Physics 
Experiments.” This document can be found in appendix H. According to this document, we 
determined the hall to be a risk class 11, the storage areas to be a risk class III, and both the rxlixing 
room and the electronics room of the gas shed to be a risk class 0. Calculations done to arrive at 
these classifications will be provided in appendix H. All implications and safety guidelines for 
each risk class are given in the Fermilab document under “Requirements for Flammable Gas 
Installations.” In the design of this gas system, we have followed these guidelines as closely as 
possible. 

2.17 Shed Design and Location 

A rough size estimate yielded an overall size of 20’x 30’ for the building, divided into a 
1O’x 20’ electronics room and a 20’x 20’ gas mixing room (for other specifications see appendix 
I). Safety issues regarding the gas shed concern primarily two areas: fire or explosion and oxygen 
deficiency. In the design of the gas shed, the electronics are in a separate room from the gas mixing 
area, with separate entrances, in order to keep the amount of explosion-proof equipment to a 
minimum. Flammable gas and ODH monitoring in the gas mixing room is continuous. Should 
either of these alarms trip, a series of actions will occur to ensure the ethane will not reach the 
lower explosive limit &EL). Given the volume of the room (4000 scf) and the maximum 
incoming flow of ethane ( < 7 scfm), the two explosion proof exhaust fans will readily exhaust the 
ethane (each fan capacity = 300 scfm) before it reaches the explosive limit, In addition to the: fans 
evacuating the room, all supply lines have normally closed solenoid valves on them that will close 
in an emergency. For a complete list of system responses, see section 2.20. 

There are nine gas lines between the hall and the gas shed; input and exhaust for each of the 
three regions, one general purpose exhaust line from the hall, and two inputs to the hall of nitrogen 
(or dry air) and helium for utility purposes such as flowing over the electronics and filling helium 
bags. There are also some electrical lines following the same path as the gas lines: lines from the 
television monitors viewing the bubblers and lines from pressure and temperature transducers. 

Tube trailers and Dewars for the un-mixed gas are located on a concrete slab above thie 
trailer entrance to Hall C. The mixed gas buffer volumes are located on the opposite side of ithe gas 
mixing shed. The location of the gas shed is chosen to minimize the length of piping needed 
between the shed and hall, especially of the large diameter, low pressure part of the system. A 
scaled drawing of the gas shed and gas storage pad location with respect to the halls is provided in 
appendix B. 

Space for a Freon cleaning and recirculating system, a nitrogen system, a cryogenics target g,as 
system have all been mentioned as candidates to share room in the gas shed. The operators of 
these systems should at least be familiar with the workings of any of the systems as well as ai list of 
operators to call in case of an emergency. 

Groups other than the drift chamber group may wish to use space in the gas mixing shed. 

2.18 Alarm System 
The monitoring equipment that we are using has alarm limits which give signals that i U e  

used to bypass or shut down portions of the gas system. In the event of a failure due to any of a 
number of conditions, the chamber is bypassed automatically with motorized ball valves 
immediately before and after the chamber. Redundant normally closed solenoid valves are located 
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directly at the exit of the gas shed. These valves are necessary in the case of a power loss. These 
safety controls are hard wired and under no software control. Redundant software control is a 
means to backup the “fm-ware” and allow for remote operation of the system. A list of automatic 
system reactions (columns) to a number of possible alarms (rows) is given here: 

Automatic 

Alarms 

Overpressure in a region 

Underpressure in a region 

Change in differential pressure across a region 

Delivery overpressure 

Delivery underpressure 

SOppm < -0 level upstream < 200ppm 

KO level upstream > 2OOppm 

€&O level downstream > lOOOppm 

50D~rn < 0, level u~stream < 2ooD~m 

0, level upstream > 2OOppm 

0, level downstream > 1 OOOppm 

High temperature upstream 

Low temuerature  stream 

High temperature downstream 

Low temperature downstream 

Altered mix ratio 

High mixing buffer pressure 

Low mixing b&er pressure 

Oxv~en Deficiencv Hazard (ODH) 

Flammable Gas Warning 

Flammable Gas Hazard (FGH) 

R = red light Y = yellow light B = blue light A = audio alarm and red flashing light 
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For many of the chamber parameter alarms (e-g. differential pressure, impurity levels, etc.), there 
are alarm activation / deactivation switches. There are also alarm ovemde switches that wil l  for 
instance, bypass the chambers with actuated valves. These switches are integrated because they 
are necessary during commissioning (see sections 3.5 and 3.6) and are also used by system 
operators to troubleshoot parts of the system. If for some reason, an alarm should trigger, there is 
a list provided in the troubleshooting section 3.9 which describes actions one should take. kt the 
instance of an emergency, a "panic button" is provided in both moms of the gas shed. Depmsing 
this button creates the same system response as a FGH or ODH alarm would. 

protect the drift chambers from catastrophic atmospheric pressure changes. Overpressure bubblers 
allow system gas to escape to exhaust should the chamber pressure exceed our limits. 
Underpressure bubblers allow air to bleed into the system in the event of a severe atmospheric 
pressure rise or malfunctioning pump throttle valve to prevent implosion of gas chamber walls. 
Safety concerning bubblers is discussed in the next section. Viewing of these bubblers is done 
through closed circuit television cameras placed in the hall. Monitors for these cameras will be 
located in the gas shed and the counting house. 

In addition to the hard wire alarms and software control, there are fail-safe bubblers that 

2.19 Safety Bubblers 

As mentioned in the last section, there are underpressure and overpressure bubblers 
supplied for each region. Low impedance at the output of these bubblers is important in order for 
them to serve their purpose. The overpressure presents a problem because if an emergency 
situation arises and this bubbler is used, ethane flows freely into the hall. A plume of ethane is 
created which becomes a fire hazard. If this plume is shielded from sparks, however, the hazard is 
eliminated. Ethane plume behavior was studied by engineers at Fermilab. Their results are 
documented in appendix C. Based on their findings, we concluded we will need plume shields of 
lengths 0.7, 1.1 and 2.4 meters for Regions I, II and III respectively. In addition to plume 
shields, there will be ODH units, flammable gas hazard detectors and dedicated video cameras 
trained on the bubblers. The camera images will be transmitted via closed circuit TV back to the 
gas shed and counting house. 

- 

Section 3 Gas System Operating Procedure 

3.1 Training 

Only authorized personnel may operate and/or service the CLAS gas system. Tal 
receive authorization, one must meet several criteria: 

a) Display a strong understanding of how to use this manual to find any necessary 
information. 

b) Read MSDSs for all the gases used in the system to become aware of the hazards. 

c) Become familiar with the instnunentation associated with the system by having read the 
manuals and used the equipment. 
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d) Become familiar with and use the “CLAS Gas System Logbook.” This includes the 
drift chamber and associated electronics. 

e) Log one month of work on the gas system supervised by an authorized person. 

f) Receive authorization verification from Steve Christ0 or Wayne Major after having 
completed the above criteria. 

A list of authorized personnel is provided in appendix A of this document. To begin the 
authorization process, see any of the people listed here. 

3.2 Instrumentation Operation 

This section contains operating instructions and other important information specific to this 
gas system. For a more detailed and complete list of specifications, see appendix L 

Valves 

proportioning solenoid valve which should be horizontal. 
The valves mentioned here can have any orientation with respect to gravity except the 

Ball Valves - Ball valve positions are adjusted using a plastic handle mounted on the ball 
controlling stem. Two port ball valves are simply odoff valves. Turning the handle 
perpendicular to the gas flow, closes the valve. Three or more port ball valves can produce 
a variety of flow paths depending upon how the ball is drilled out. Labels will be located 
on the panels around these valves. Directing the arrow on the valve handle towards a 
particular label will adjust the flow path according to the label. Be careful when adjusting 
three port valves. Usually there are corresponding three port valves downstream that must 
be adjusted in accordance with its upstream partner. There is also a port diagram inscribed 
on every three or more port valve body located on the bottom of the valve. The shaded 
areas denote flow paths between ports for a given handle position. 

Needle Valves - Needle valves adjust the flow in a gas stream by adjusting the constriction 
within the valve. Adjustments are made using the knob attached to the valve regulating 
stem. These knobs can be either plastic or metal and some knobs display a vernier scale 
along them. These valves are to be used as shut-off valves. Ball valves perform this 
function. Turning the knob clockwise constricts the flow while counter-clockwise motion 
allows more flow. Information useful in determining the necessary flow coefficient for a 
given pressure and required flow rate is provided in section 3.3 and appendix C. These 
equations can also be helpful when ordering pressure regulators. 

Actuated~alves - These valves are used in our gas system to bypass a region. They are 
simply three port ball valves with electronic actuators (motors) controlling their position. 
Their position is determined by a relay which interprets alarm signals from various 
electronic instruments. The valve also has the capacity to return an electrical signal that 
denotes its position. The wiring configuration is as follows: 

red - 
black - 
white - 
orange - 



PrODOrtiO ning Solenoid Valves - These valves are used to control the pressure in the crlrift 
chambers. They accomplish this by throttling the pump that pulls gas out of the hall. 
These valves receive a current signal related to the pressure error signal from the chambers. 
As differential pressure increases, the current supplied to the valve increases causing a 
valve plunger to rise. This action allows more flow through the valve which decreases 
pressure in the chambers. This component is controlled via an MKS 146B pressure control 
unit. For more information, this item is described later in this section. 

Solenoid Valves - All solenoid valves in our system are normally closed valves meaning 
when no power is supplied to them, they close. These valves are located on all suppliy 
lines to the gas shed. Like the actuated valves, their power is supplied through a relay 
integrated into the alarm system. We have not ordered these valves as of yet so there is no 
available wiring diagram or other specifications. 

Pressure Regulators 
Pressure regulators are used to control downstream (outlet) pressure. They do re,gulate 

the flow, only the pressure. They accomplish this with an active diaphragm that adjusts with 
atmospheric pressure. A knob on the regulator adjusts the pressure applied to this diaphragm. All 
pressure adjusting knobs on regulators should have increase or decrease arrow labels on them. If 
for some reason one does not, turning the handle clockwise will increase the outlet pressure and 
counter-clockwise will decease the pressure. Note: If when decreasing the pressure, the outlet 
pressure does not register the decrease, then there is little or no flow through the regulator. The 
downstream pressure must have a place to vent to in order for the pressure to drop. Currently in 
OLE system we have Go and Fairchild model in line pressure regulators. 

Manual Flow Meters and Controllers (Rotameters) 

flow controllers regulate the flow with the use of a needle valve. Both manual controllers and 
meters measure what is flowing through them with a graduated glass tube and a float. Where: the 
float is suspended along the glass tube corresponds to a particular flow rate. Because of this., it is 
important to have these rotameters mounted vertically. Many of our rotameters contain two floats 
for dual ranges. Tube readings are taken from the middle of the spherical floats and from the top 
of the conical shaped float. When determining what a particular reading means, consult the 
calibration charts given in the next section. Remember, these charts are calculated at standard 
temperature and pressure for a specific gas. When determining the flow rates for other gases at 
various temperatures and pressures, the formula given in the calibration section 5.2 for rotameters 
is helpful. 

Rotameters are used throughout the system to backup comparable electronic units. Manual 

Mass Flow Controllers and Transducers (MFCs and MFTs) 
An MFC is actually an MFT and a proportioning solenoid valve in series. The 

proportioning solenoid valve regulates the amount of flow based on the error signal produced by 
the MFT. The MFT is different from a manual flow meter in that the MFT measures mass flow 
rates whereas the flow meter measures volume flow rates. Both electronic and manual units 
display a volume flow rate but the manual unit flow readings will change with varying pressure 
whereas the electronic units will not. Flow rate settings for MFCs are programmed into the MKS 
647A flow control unit. Actual flow rate readings from MFCs and ~ v D T s  are also displayed on 
this unit. Similar to the manual units, the electronic units require correction factors for different 
gases. A list of these is given in the calibration section along with a formula for calculating 
correction factors for other gases. Further information on the electronics unit can be found under 
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the subsection MKS 647A. 

Thermal Conductivity Meter (TM02-TC) 
This meter measures the percent ethane in either argon or helium. This unit has two 

identical sampling chambers each containing a thermocouple. One chamber requires a reference 
gas supply (Le. argon or helium) of 25-50 sccm while the other chamber receives 50-2000 Sccm of 
sample gas. The flow meters and pressure regulators that supply this unit are located on the lower 
half of the mixing cabinet. The difference in resistance between the two thermocouples 
corresponds to a percent ethane content which is displayed on the Panametrics Series 1 unit. The 
TMO2-TC unit is not very flow sensitive or temperature (ambient) sensitive. Changing the flow 
rates will only affect the response time of the meter. See appendix I for details. 

DeOxo Catalytic Converter 
The DeOxo catalytic converter performs the function of bonding hydrogen atoms to oxygen 

atoms to create water. It also has the side benefit of binding unbound carbon atoms (e.g. ethylene 
-> ethane). To accomplish these tasks, a small supply of hydrogen is required. The amount of 
hydrogen required depends upon the concentration of oxygen in the system. For example, if there 
is lo00 ppm of oxygen flowing through the process Ioop which has a rate of 30 slpm, then the 
necessary hydrogen flow rate is 0.06 slpm or twice the 0 2  flow rate (i.e. 2H2 + 0 2  => 2H20). 
There are hydrogen flow meters supplied for each mix. They are located on the gas filtering 
cabinets. 

Balston Molecular Sieves 
We have three types of Balston model filter elements in our gas system used to remove 

different types of impurities. All Balston filters have differential pressure gauges across them. 
These gauges measure the difference in pressure between the inlet and outlet of the filter. This 
pressure is displayed by a rising globe in a sealed glass tube with pressure markings along it. 
When the differential pressure reaches 7 psid, the filter element needs to be changed. Flow data 
through each filter is given in appendix J. 

Filter Element Changing Procedures: 

These will be filled in when there is more information available. 

Hydrocarbon Filter Element - This molecular sieve is contained in the Balston model 31S6 
filter housing. It is used to remove trace hydrocarbons from the raw ethane supply. 

C&l- This filter is also contained in a Balston model 
31S6 filter housing. It removes hydrogen sulfide, sulfur, hydrochloric acid, chlorine, and 
other toxic chemicals. This filter is on the ethane raw gas supply inlet in series with the 
hydrocarbon filter. 

0.1 micron Filter Element - These filters are contained in Balston model 85 filter housings. 
They remove particulate matter greater than 0.1 micron in diameter with 99.99% efficiency. 
They’re main purpose is to remove water vapor from the gas stream. Two are located in 
each mix process loop. Within each process loop, the two filters sandwich the DeOxo 
catalytic converter. The first one is used to protect the DeOxo filter from impurities and the 
second removes the water the DeOxo unit produces. 

Pumps 
For Region I, II and III we have Metal Bellows model MB-41, MB-302 and MB-602 



pumps respectively. These are oil-free pumps. They are used to pull gas out of the chambers and 
back into the shed at relatively higher pressure. This outlet pressure cannot exceed 40 psig. For 
this reason, safety poppet valves are connected to exhaust directly downstream of the pump. Flow 
vs. outlet pressure data is given in appendix I. 

Transducers 

Oxygen Transducers - For each region's inlet and exhaust, we have continuous oxygen 
analyzers. As gas exits the shed for the hall, we have Delta F oxygen transducers that 
measure oxygen content in three ranges: 0-10,0-100 and 0-lo00 ppm. We have sinlilar 
units at the exhaust of each regions pump. The only distinction between this set of 
transducers and the others is they have different ranges: 0-100,O- 10oO and 0- loo001 ppm. 
All of these transducers require a sample flow rate of 1 scfh at a positive gauge pressiure of 
about 1 psig. For this reason, 10 psig poppet valves are placed in line with exhaust to 
prevent overpressurizing the sensor. All of the transducer readings are displayed on &e 
Panametrics Series 1 unit. These transducers require an electrolyte liquid to function 
properly. The electrolytic resevoir is mounted directly on top of the transducer. The fluid 
level should be kept between Min and Max within the resevoir. Use gloves when hiidling 
this fluid; it is corrosive and should not come in contact with your skin. 

Water Transducers - Like the oxygen transducers, there are water transducers 
(hygrometers) for each region's inlet and exhaust. They all measure gas dew points from 
2oOC to - 11OOC. These units require a sample flow rate of 2 scfh at any positive gauge 
pressure less than 5000 psig. They're signals are also transmitted to the Panametrics Series 
1 unit. This unit will display this signal in either OC dew point or ppm. 

Temperature Transducers - Gas stream temperature is monitored before it leaves the shed 
then directly at the exhaust of each region while the gas is still in the hall. The upstream 
transducers are thermocouples mounted in the hygrometers. Their signals are also seint 
back to the Panametrics Series 1 unit. The downstream transducers have not been ordered 
yet but we intend to obtain transmitters with 4 - 20 mA outputs which are compatible with 
the Panametrics unit. 

Pressure Transducers - We have MKS 122A absolute pressure transducers (0-15K torr) on 
each mixing buffer. These send error signals back to the MKS 647A unit and then to the 
flow controllers which maintain buffer pressure. There are MKS 223B differential 
pressure transducers on Region I1 and Region III chamber supply lines. They measure 
differential pressure with respect to atmosphere from 0- lo00 torr and are used mainly for 
safety purposes. There are also MKS 223B 0- 1 torr differential pressure transducers used 
to measure pressure drop across each region and pressure of the chambers with respect to 
atmosphere. The transducers that measure differential pressure between chamber pressure 
and atmosphere transmit their signal to the MKS 146B pressure control unit that controls 
the proportioning solenoid valve. All of the pressure transducers mentioned above will be 
able to be isolated with the turn of a ball valve. 

- 

Pressure Gauges 

system. For the most part, they are used to monitor pressures near regulators. There are some 
located at the outlet from each pump. These gauges are filled with glycerin to dampen the effkct of 
pump oscillations and increase gauge lifetime. At commissioning, all pressure gauges must be 
isolated from evacuated parts of the system. Failure to isolate them will permanently damage their 

We have chosen Wika model pressure gauges for measuring pressures throughout the 
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performance. 

Leak Detectors 
Our oxygen and water transducers will be an excellent early warning to even small leaks in 

the system. For locating these leaks, however, we will need transportable leak detectors. These 
are described in this section as well as leak detectors used to find large leaks in an enclosed region. 

Portable Flammable Gas Le ak Detectors - The TIF-8OOO is a portable flammable gas 
detector that is sensitive to 20 ppm of ethane. It is a simple device which is easy to use. 
For operation, procede as follows: 

1. Make sure batteries are charged. The detector should be plugged into the recharger 
when not in use. 
2. Turn switch on and allow to warm up at least two full minutes. 
3. Turn sensitivity knob clockwise until rapid ticking occurs, then turn down till the rapid 
ticking just subsides and you hear a tick about every 1/2 second. 
4. Wave over all seams and joints on the detectors and the gas system as close to the 
surface as possible. A leak is indicated by an audible increase in the ticking rate. 

Portable Non-flammable Gas Le ak Detector - The GOW-MAC 21-250 is a portable non- 
flammable gas detector. If you suspect a possible flammable gas leak, do use this 
instrument. It is a potential spark hazard. This instrument is to be used on ethane-free 
portions of the gas system. This detector works by pumping a sample through a tube and 
over a heated wire in a Wheatstone Bridge circuit then comparing the sample to the 
reference or ambient air over another arm in the circuit. 

Operating procedures are as follows: 

1. Select "Line" or "Battery" mode of operation. The Battery mode will only work if the 
detector has been charging in the "Charge" On mode. 
2. Allow to warm up at least two minutes. 
3. Choose "Low" sensitivity to start. 
4. To avoid having to look at the meter, select "Audio" on. 
5. Proceed as with the TIF-8OOO. A leak is indicated by a buzzing sound. 

Area Flammable Gas Leak Detectors - On the floor of the end station, directly under the 
drift chambers and in the gas mixing shed are two Astro 5600DG infra-red gas detector 
heads which are inter-locked with the gas mixing system. They are adjusted to give an 
alarm when the concentration of flammable gas reaches 20% of the Lower Explosive Limit 
(LEL). No further adjustment is necessary. Only very large leaks will be detected by this 
device. 
They are solid state IR transmitters using discrete, narrow-band optical interference fdters 
to provide separate signal and reference wavelengths. They continuously compare the 
signal and reference beams after passing through the sample gas. The difference is given 
as an analogue signal proportional to the % LEL in the sample. In our case, the sample is 
ambient air. This detector is self-correcting for temperature. Calibration should only be 
done by the factory. 

Oxvyen Deficiency Hazard (ODH) Detectors - The lab-wide standard ODH monitor is used 
on the floor of the hall and in the gas shed. This would be used primarily to detect a large 
leak of non-flammable gas. The detectors are set to give an alarm at 18% oxygen (ambient 
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air is 20.9%). It is safe to say that only a very large leak would cause this detector to 
alarm. 

Panametrics Series 1 Unit 

pressure. It will display ethane concentration for both mixes, as well as temperature and 
oxygedwater content upstream and downstream of each region. To accomplish this, 17 of the 18 
signal inputs will be in use. For further information on this instrument will be available when it is 
received along with the manual. 

This unit will interpret all signals from all transducers in the system other than flow and 

MKS 647A Flow Control Unit 

pressure signal from the corresponding mixing buffer. There are two of these units (one for each 
mix). This unit will control buffer pressure by changing flow on the mix MFCs while maintaining 
the proper mix ratio. Due to the complexity of this instrument, consult the manual provided by 
MKS for further information. A copy will be located in the fde cabinet of the gas electronics room. 

This controller will readout all flow rates from MFCs and MFTs. It will also receive it 

P 

MKS 146B Pressure Control Unit 
These units read out all pressure transducers as well as controlling a given region’s 

pressure. There are three of these controllers (one for each region). Each one receives a 
differential pressure signal from a region. This unit in turn sends a current signal to the 
corresponding proportioning solenoid valve to throttle the pump accordingly. Like the other MKS 
controller, further information will be provided in the manufacturers manual. It too can be found 
in the electronics room. 

Residual Gas Analyzer (RGA) System Components 

Mass Spectrometer 
CLAS’s Mass Spectrometer is a UTI Instruments DetecTorr II. It has eight decades of 
dynamic range with an open source probe, For increased sensitivity it is equipped with a 
Faraday cup as well as a 16 stage electron multiplier. The mass range is 1-200 AMU. AU 
components except the power supplies and cables are able to withstand a 300 OC bake out 
temperature. The probe is mounted to the sample chamber via a 4.5 inch Conflat flange. 
The quadrupole rods are 3/8 inch stainless steel and filaments are thoriated iridium. IJnder 
no circumstance should these be touched except by gloved hands in a clean room. 

Atmospheric Pressure Sampling Valve 
Since mass spectrometers typically will not operate above 10-4 torr, a special valve must be 
used to reduce the pressure of the sample gas before entering the sample chamber. A, 
simple small orifice would not give a true sample since it would differentiate the gas. The 
solution is a two stage pressure reduction system. Our valve is also manufactured by UTI 
instruments and consists of two sapphire orifices with differential pumping between them. 
The pressure range is from 0.2 to 2 atmospheres for the sample gas. There is a vent line to 
purge the valve. It is capable of withstanding 300 OC bake out temperatures. 

Vacuum Pumping Station 
We have employed a Balzers TSU 180H Turbo-Molecular Pump Station for the main 
pumping power of the system. It consists of 180 literdsec turbo-molecular pump, power 
supply, controller, dry diaphragm backing pump (3 cubic metershour) and heater jacket. 
The system is oil-less (hydrocarbon free) and is equipped with air cooling and venting 
valve. The working range of the pump station is lo00 to less than 10-10 mbar. The turbo- 
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molecular pump can be baked out to 100 OC. 

Ion Pump 
The ion pump on the system is a Perkin Elmer UHV model rated at 20 litedsec. The base 
pressure is 10-11 torr or better. It includes a Digipak ion pump controller which will not 
allow the unit to operate above 10-6 torr. It is an air cooled unit. 

Gauges 
There are two vacuum gauges on the system with over-lapping ranges. The first is a 
typical, Granville-Phillips Convectron convection gauge with a range of 1200 torr to 10-3 
torr. The second gauge is a Nude Ion Gauge with a range of 10-3 to 10-9 torr. This gauge 
features Resistance heating degas at up to 400 OC, thoriated iridium filament and a 
controller with two set points for process control. 

Bake-out Circuitry 
Bake out is accomplished with resistance heating strips controlled by a Variac. There is a 
four channel digital thermometer mounted on the cart with probes on critical components. 
Bake out should be done after every sampling session and before each vendor bulk gas 
qualification test. Do not exceed the recommended bake out temperature of each 
component. Make sure all sampling valves and calibration gas bottles are closed and all 
lines have been purged with nitrogen. Bake out with a stream of nitrogen flowing through 
the system at all times. 

S ampling/C alibr ation Manifolds 
Sample gas enters the inlet manifold through an isolation valve then passes through a 
adjustable leak valve, through another isolation valve, then on through the differential 
pressure sampling valve before entering the sample chamber. This stretch of valves and 
tubing is the inlet manifold. There are four valves on the inlet manifold that are adjustable 
leak valves for allowing calibration gas standards to be sampled. A fifth adjustable leak 
valve is on the manifold which is used for Ieaking and purging the system with nitrogen 
when necessary. All of these valves have sapphire seats. No hydrocarbons are used as 
they are rated for UHV. The manifold can be baked out to 300 OC. Before baking out, 
however, remove all calibration gas bottles making sure the isolation valves are closed. 

Drift Chamber High Voltage 

endplates, are biased with a maximum of 2000, -1500 and 1000 VDC on the Sense, Field and 
Guard wires respectively. All connectors are 5kV S H V  type at the supplies. The connections at 
the drift chamber end are soldered on to the High Voltage Translator Boards (HW) which are 
covered by lexan sealed around all the edges of the covering. Dry nitrogen is flowed over the 
boards to keep humidity to a minimum and to prevent foreign matter from entering. 

The current is limited by the supplies to 1 m-amp and then further limited by procedure to 
0.8 pamp/96 channels of readout. A switch on the supply is set on the front panel (Trip Hold) 
which will not allow the power supply to try and reset itself. Current sensed by the supply above 
0.8 p-amp causes the supply to turn off and stay off till someone intercedes. Should a failure 
occur, all voltages must be reset to 0 and the problem corrected before attempting to re-establish 
voltage to the chamber. This can only be done by authorized personnel (see appendix A). Failure 
to establish the voltages correctly can result in permanent damage to the drift chamber. The Bertan 
375X supplies have a locking feature which is used to prevent the voltages from being accidentally 
changed. These locks must be engaged once the voltages are set. They are located on the 
potentiometers used to adjust the voltages. 

The high voltage supply boards and signal translator boards, located on the drift chamber’s 



Under no circumstance should the high voltage be operable before the gas system is in its 
steady state mode of operation. 

Photomultiplier High Voltage 
The voltage supplied to photo-multiplier tubes used in the TOF, Cherenkov Counters and 

Calorimeters range from -1600 to -2100 VDC, provided by a LeCroy Hv4032A power supply. 
The current is limited to 3 mA by the supply. All connections are via 5kV S H V  connectors. 'The 
bases are all sealed. Any service performed on the bases or scintillators requires the voltage to be 
turned off by the key on the front panel of the supply and the key must then be removed. This can 
only be done by authorized personnel (see appendix A). 

The relatively high current supplied required by these tubes create a potential spark hazard. 
Make sure the area flammable gas leak detectors are in place and working. Advise operators riot to 
operate these high voltage systems unless the gas safety systems are operating. 

Pre-Amp Low Voltage 

with current limited to 3 amps by each supply and 0.1 amps by procedure. The front panel oft the 
power supply has been modified by the company to prevent tampering with the voltage settings. 
In other words, it is not possible to raise the voltage casually. Polarized connectors are used to 
prevent accidental reverse polarization of the leads. The chamber end of the leads are also covered 
with lexan in the dry nitrogen volume covering the end plates. No one may tamper with the cables 
or the connectors. 

The potential for sparks being created in this system is high. Do not operate the low 
voltage power supplies unless the dry air is being supplied to the endplates. For a list of pre-amp 
low voltage operators, see appendix A. 

The Hewlett Packard 6651A low voltage power supplies for the pre-amps operate at 6VDC 

3.3 RGA Operating Procedures 

3.4 Calibration Procedures 

These procedures will be completed when the equipment arrives and we've had a chance to 
read the manuals and work with the instruments. The following instruments will have detailed 
calibration procedures: 

Thermal Conductivity Meter 
Manual and Electronic Flow Meters 
Proportioning Solenoid Valve 
Oxygen Transducer 
Water Transducer 
Pressure Transducer 
Temperature Transducer 

Calibration charts of these instruments will be provided in appendix J. 

3.5 Changing Gas Supply 
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When new gas arrives on site, it will first be connected to the RGA gas delivery line. After 
certification using the RGA, the mixing system will be disabled and this tank will be connected to 
the mixing input line. After assuring that the input pressure regulator is reading properly, the 
mixing system will be restarted. 

Gas supply changing will proceed in the following order: 

1) Close mix mass flow controllers (MFCs) and turn off pressure feedback. 

2) Set mixture path selector valve to close. 

3) Close supply regulator for gas to be changed. 

4) Disconnect old gas supply and hook up new one. 

5) Slowly reopen pressure regulator until downstream pressure gauge registers a slight 
increase in pressure (do not exceed 150 psig). 

6) Make sure needle valve in line from mixture path selector valve is closed. 

7) Set mixture path selector valve to exhaust. 

8) Turn mix MFCs back on along with the pressure feedback control. 

9) Slowly crack needle valve until-sufficient flow is registered on both mix MFCs. 

10) Make sure mix ratio is acceptable. 

11) Set mixture path selector valve to mixed gas buffers. 

12) Close needle valve that leads to exhaust. 

3.6 Pre-Commissioning System Checks 

Before turning any system on or off, check the “CLAS Drift Chamber Operations” and 
“CLAS Gas System” logbooks. They are located in the file cabinet in the electronics room of the 
gas shed. You must check these logbooks to see if anyone has been working on the gas system 
since the last shut down. Begin with the Pre-Commissioning System Checks whenever the system 
has tieen off or shut down due to an alarm. High voltage to the drift chamber should be off 
already. If not, turn it off at this time. 

checks must be completed and approved by an authorized Hall B gas system operator before 
starting commissioning procedures. 

These checks are intended to ensure personnel and chamber safety. This list of system 

1) The physical integrity of the gas system must be verified prior to system startup. Check 
for obvious breaks in the line or signs of construction. All welded tubing between gas 
shed and hall must be helium leak checked and approved. 

2) Oxygen Deficiency Hazard (ODH), Flammable Gas Hazard (FGH) and fire alarms must 



be tested and wired into alarm circuitry. These alarms are never to be disconnected. 

3) Be sure the gas cylinders and storage tanks are not empty. Should one have to be 
changed, be sure to ground the flammable gas bottles then check for leaks. Explosion 
proof wrenches are provided near the bottle racks. Under no circumstance should you use 
a non-explosion proof wrench to change a gas bottle or tighten gas fittings. 

4) Inspect al l  power and high voltage supply cables prior to operating any power supplies. 
All power cords and high voltage cables wil l  be maintained in a manner as to prevent 
damaging the insulation and connectors. Make sure all controllers, computers and 
associated electronics are on Uninteruptable Power Supply (UPS). 

5 )  The safety barrier and high voltage signs must be in place prior to turning on any c l r i f t  
chamber sub-system. The signs must read “Authorized Personnel Only” and be locabal on 
the boundary rope at least one arm’s length from any controls affecting the drift chamber 
operations. 

6) The alarm system for chamber and gas system parameters must be tested (e.g. 
differential chamber pressure, oxygedwater levels, delivery pressure, etc.) for the correct 
response. 

7) Shed and hall exhaust fans must be tested. Shed fans should be left on during 
commissioning. 

8) All exhaust lines in gas shed from transducers, bleeds, etc. must be checked for 
integrity (i.e. no restriction of flow, all transducer lines must pass through mineral oil filled 
exhaust bubblers, system evacuation pump must be disconnected). 

9) The various manual switches (e.g. kill switch, alarm activation / deactivation switches, 
alarm override switches) must be checked for integrity. 

10) The oxygen transducer at chamber exhaust must show less than 200 ppm oxygen 
concentration prior to turning on wire chamber high voltage supplies. 

3.7 Commissioning Procedures 

The following is a step by step procedure for commissioning the CLAS gas system. In 
general, the procedure consists of taking the necessary personnel and equipment safety 
precautions, flowing gas through to purge the system and starting recirculation for steady state 
operation. Only authorized personnel are allowed to carry out this procedure. An authorized 
personnel list is provided in appendix A. This procedure is not to be initiated until all pre- 
commission checks have been completed and approved. The following steps must be followed in 
order. Read each step carefullv and completely before carrying it out. 

System Purge - Flow Through 

1) Set the bubbler level in the manifold-mounted safety bubblers for the region (in hall). 

2) Bypass the region using the switch for the actuated valves. 
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3) Calibrate the RGA and check the purity of the raw gas supply (see section 3.3 
Calibration Procedures). 

4) Evacuate the mixed gas buffers and mixing buffer using system evacuation pump. Be 
sure to close off all pressure gauges before evacuating. 

5) Pressurize lines leading up to mass flow controllers (MFCs). Do 
before satisfying next step. 

exceed 10 psig 

6) Calibrate flow controllers by measuring mix ratio. AU gas will be exhausted during this 
process until proper mix ratio is achieved. 

7) Begin backfilling buffer supplies and initiate pressure control of buffers using working 
gases. Supply pressure behind MFCs must be raised manually and gradually using the 
supply regulators. Do not exceed 10 psid across the MFCs when adjusting the supply 
pressure. 

8) Purge the filtering system using nitrogen. 

9) Make sure the process loop adjustable orifice is closed, the recirculation supply valve is 
closed and the filters are bypassed. 

10) Set the outlet pressure of the buffer supply regulator to 25 psig. 

11) Make sure the three-port exhaust valve directly downstream of the pump is in the 
exhaust position and the exhaust needle valve is at least three full turns open. 

12) Make sure the proportioning solenoid valve is receiving its pressure signal and it is in 
control mode. 

13) Turn pump on. 

14) Slowlv open process loop adjustable orifice until desired flow rate is reached. Note: 
As you open this orifice, check the region delivery pressure to ensure it does not exceed 6 
psig. 

15) Make sure all upstream all upstream and downstream water and oxygen transducers 
are receiving the required flow. 

16) Leak check entire system. 

17) Wait for system to reach operating conditions (ie. chamber pressure, purge flow - 5 
volumes per day, acceptable contaminant levels). 

18) Make sure alarm system is on (except for downstream contaminant level alarms). 

19) Reset actuated valves for the region so that the chambers are no longer bypassed. 

20) Leak check drift chambers and local plumbing. 
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21) Allow system to reach equilibrium again. 

22) Reduce buffer supply regulator output pressure to 15 psig. 

23) Reduce flow using process loop adjustable orifice to nominal flow rate (2 volume 
exchanges per day). 

24) Adjust valves so that filtering system is no longer bypassed. Turn off nitrogen flow. 

25) Once again, allow system to reach operating conditions. You are now ready to begin 
recirculation. 

Steady State - Recirculation 

26) Open exhaust mass flow controller (MFC). 

27) Switch three-port valve downstream of pump from exhaust to recirculation. 

28) Open recirculation supply valve and close recirculation regulator (toward decrease). 

29) Set desired exhaust flow rate on exhaust MFC (20% of process loop flow rate) and 
allow it to control (i.e. reset switch used to open it). Adjust flow rate as necessary to 
control non-filterable contaminant levels. 

30) Turn recirculation pressure regulator handle towards increase until a small increase is 
registered on filter supply pressure gauge. 

3 1) Leak check recirculation leg of gas system. 

3.8 Steady State Operation 

In normal operation, CLAS physicists who are on shift will be responsible for completing a 
gas system checklist once every 8 hours. Any drifts of operating parameters will be noted, and if 
beyond pre-set software limits, the appropriate person responsible for the gas system will be 
notified. This checking of parameters will not replace the alarm responses (see section 2-18),, but 
is intended as an early warning of changes in the system. 

3.9 Gas Leak Detection 

Ethane is a flammable gas and as such there can be no smoking, open flames, or any 
operation in the room which generates sparks in case a leak develops. The system is checked on a 
weekly basis for large unintentional leaks by devices listed later in this section. 

Aside from the obvious flammability consideration for the ethane mixtures, we must also 
be concerned with the possibility of gas releases which might generate an oxygen deficiency lnazard 
(ODH). Argon and ethane are odorless, tasteless and colorless, hence special detectors must be 
used to determine their presence. In addition, we have in place a method for detecting oxygen 
levels in the gas stream before and after the chamber which is the most effective way to detect leaks 
in the chamber itself. The following is a list of leak detection devices and techniques used in our 
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gas system. This list only describes the relevant application. For operation procedures and 
specifications, see section 3.2 and appendix I. 

Hand Held Flammable Gas Leak Detectors: 
All gas system plumbing and all drift chambers in CLAS which are using ethane must be checked 
using the hand held TIF 8000 flammable g d C 0  detectors before they are put into service and 
whenever maintenance allows access. For the non-flammable gases, use the Gow-Mac 21-250 gas 
leak detector. Do not use the Gow-Mac 21-250 if you suspect a flammable gas leak! 

Area Flammable Gas Leak Detectors: 
On the floor of the end station, directly under the drift chambers and in the gas mixing shed are two 
Astro 5600DG infra-red gas detector heads which are interlocked with the gas mixing alarm 
system. They are adjusted to give an alarm when the concentration of flammable gas reaches 20% 
of the lower explosive limit (LEL). Only very large leaks will be detected by this device. 

ODH Monitors: 
The lab-wide standard ODH monitor is used on the floor of the hall and in the gas shed. This 
would be used primarily to detect a large leak of non-flammable gas. The detectors are set to give 
an alarm at 18% oxygen (ambient air is 20%). Again, only a very large leak would cause this 
detector to alarm. 

Electrolytic Oxygen Cells: 
Delta F oxygen transducers are provided at the exit from and return lines to the shed for each 
region. These transducers detect up to 1000 and loo00 ppm of oxygen respectively. The supply 
alaim threshold is set at 200 ppm and the return threshold is at lo00 ppm. Monitoring of in-line 
oxygen levels is continuous and system response to a severe chamber leak is less than five 
minutes. 

Operator Response 

Hand Held Leak Detector 

down till it only ticks over a small area. Patch as necessary. 
Should you detect a leak (repid ticking sound), try to pinpoint it by turning the sensitivity 

Area Flammable Gas Leak De tector 

Evacuated the building at once! The system must be manually reset but only after the cause of the 
alarm is found. Related systems (HV, Low Voltage and PMT Voltages will also be shut down by 
this alarm). Call the Shift Supervisor to procede. Do not attempt to reenter the building until the 
panel on the entrance registers an acceptable flammable gas level. 

Should the area LEL exceed 20% these detectors will cause the gas system to shut down. 

Oxvgen Deficiencv Hazard Detector 
ODH alarms are controlled by the CEBAF general EH&S staff. The CLAS gas system 

uses a line borrowed from them to turn off the gas system if it should sound. If you hear it you 
should take action according to the safety training you have received through EH&S. Be familiar 
with the area exits and evacuate at once! Do not attempt to access the area till the all clear signal is 
given. The gas system will have to be manually reset to start it back up. You must fist find the 
cause of the ODH alarm and correct it before going back on line. Call the Shift Supervisor to 
procede. 
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3.10 Troubleshooting 

Only authorized personnel may work on the gas system. All CEBAF lock and tag and 
ODH procedures must be followed when repair or maintenance operations are in progress. Notify 
Bert Manzlak or Charles Hightower, the physics safety personnel before servicing any flammable 
gas lines. 

An authorized person must be aware of system parameters. The following list of 
parameters could trigger an alarm if any of these should stray from a set range. To avoid this, a list 
of operator responses to these and other situations is also provided in this section. 
Possible Automatic Alarm Triggers 

Over and under pressure in a region 
Large differential pressure change across region 
High and low delivery pressure 
High and low mixing buffer pressure 
Excessive water vapor content at the inlet and the exhaust of each region 
Excessive oxygen content at the inlet and the exhaust of each region 
High and low gas temperature at delivery and exhaust of each region 
Altered mix ratio 
Flammable Gas Hazard (FGH) in the hall or the shed 
Oxygen Deficiency Hazard (ODH) in the hall or the shed 

Conditions Reauiring ODerator ResDonse 

No gas flow registered at mixture electronic flow controller 

-- Make sure there is gas in the storage vessel by checking the high pressure side gauge on 
the regulator closest to the vessel. 
-- Check for a sufficient differential pressure on high and low sides of the mass flow 
controller (MFC) - 
-- Make sure the MFC is working by switching over to the manual flowmeters to see if they 
register flow. 
-- Check to see if any alarms have been set that would have caused the system to shut down 
and remain off. 

Gas flows but pressure is not building in the system 

10,OOO cu.ft. Even at a flow rate of 15 cu.ft./min., it would take about 11 hours to back-fii it 
beginning with evacuated lines and buffer vessels. 

Remember that the entire system, including the drift chambers, has a volume of over 

-- Make sure no lights indicating deactivated solenoids are illuminated 
-- Check for broken lines or a ruptured gas window on a chamber. Use a leak detector (see 
section 3.8) or the built in trace oxygen transducer measuring the exhaust from each region. 
-- If you suspect the chamber, bypass it using the actuated valve bypass switch and see if 
the rest of the system charges up. 
-- Check poppet safety valves to make sure they are seated. 
-- Check diaphragms on regulators. 
-- Check safety pressure readings (i-e. differential pressure across region, delivery 
pressure, etc.) 
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Trace oxygen transducer shows high levels of 0 2  

-- S e e  section 3.8, Gas Leak Detection. 
-- Make sure oxygen calibration standards are not flowing into the system from the RGA or 
the calibration input for the trace oxygen transducer. 
-- Check service record for the DeOxo fdter. It may have to be regenerated or replaced. 

Hygrometer showing high levels of water 

-- If the high water level is associated with high oxygen levels then check for leaks of air 
into the system. 
-- Check new plumbing for moisture. It may be necessary to flow heated nitrogen or heat 
lines while flowing gas to remove it. 
-- Replace plastic tubing, whenever possible, with stainless steel. 
-- Check service record of water fdters and traps; they may have to be regenerated or 
replaced. 

Temperature too high 

-- Make sure heat exchangers in hall are not bypassed. 
--Check exhaust and recirculation pumps to be sure they are not overheating. 
-- Check the temperature of the DeOxo filters. Since they work by chemical reaction, it is 
normal for heat to be given off. Too high of temperatures indicate too much oxygen in the 
line for them to handle. Bypass them until the source of oxygen is cut off or depleted. 

Pressure is oscillating 

-- Check the proportioning solenoid valve for proper operation. 
-- Make sure buffer volumes are not being bypassed. 
-- Make sure buffer volumes are not filled with condensates (water, alcohol, oil, etc.). 
There is a pet cock on the bottom of each vessel. 
-- Check the MFC’s for proper operation. Bypass them and use the manual flow meters if 
necessary. 
-- Make sure the solenoid valves at the chamber entrance and exhaust are operating properly 
and that they are not receiving any of the alarm signals that might close them. Normally, if 
it is an alarm signal that is the cause, it would have to be reset by hand. 

Differential pressure across chambers is too high 

-- Check for leak in one of the chambers. Proceed to find the leaky chamber by first 
turning off each region, one at a time till the pressure is normal. Once you’ve determined 
which region the problems in, begin isolating the chambers, at first three at a time, then one 
at a time within the three that are suspect. Turn off the inlet and exhaust of the leaking 
chamber to isolate it until it can be removed for repair. 
-- Make sure the proportioning solenoid valves behind the pumps are working properly. 
-- Check the exhaust lines for leaks. 

Flow controller display unit screen blank 

-- If power light is on, one must hit the “ESC” button four times and then press the up 
arrow to illuminate the screen. 

93 



Alarm activatioddeactivation switches 

-- Use these only when chamber is bypassed or when commissioning system. 
-- Switches are provided for downstream oxygen and water transducers, differential 
pressure across each region, delivery pressure, actuated valves and differential line 
pressure with respect to atmosphere in the hall. 

Kill Switch 

-- Do not be afraid to use this switch! If you feel the system is in a runaway status or has 
the potential to damage the chambers in some other way, press the button! 
-- The kill switch should also be used in the event of a sudden evacuation due to a FGH, 
ODH or other emergency situation. 
-- Pressing this button will result in the following system responses: 

a) All chambers will be bypassed. 
b) All pumps will shut down (psv's also). 
c) Supply flow controllers close. 
d) Bleed flow controller opens. 
e) Audio alarm actuates. 
f )  Exhaust fans actuate. 
g)  All solenoid valves close. 
h) All high voltage to chambers is shut off. 

3.1 1 Shut Down Procedures 

Like the commissioning procedures, these procedures must be performed by authorized 
personnel. These procedures must also be done in order for safety of personnel and the gas 
system components. 

1) Bypass the region using the switch for the actuated valves. 

2) Close mix mass flow controllers (MFCs) and turn off pressure feedback. 

3) Switch three-port valve downstream of pump to exhaust. Note: Make sure exhaust 
needle valve is at least three turns open. 

4) Close the exhaust MFC, the recirculation supply valve and the recirculation supply 
pressure regulator (toward decrease). 

5) Close mixed gas buffer supply. 

6) Close buffer supply pressure regulator. 

7) When filter supply pressure falls below 10 psig, turn off pump. 

8) Close the proportioning solenoid valve. 
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1 9) Bypass filters and then purge them with nitrogen. 

10) Close process loop adjustable orifice. 

3.12 Repair/Alterations 

Any repair or alterations done to the gas system must be done by an authorized person. 
Before beginning the task, that person must receive approval of the work hdshe intends to do from 
Steve Christo, Wayne Major, the CLAS physicist on shift and either Bert ManAak or Charles 
High tower. 
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ABSTRACT 
The CEBAF Large Acceptance Spectrometer (CLAS) is a superconducting toroidal magnet with a large volume of 
drift chambers for charged particle tracking. The performance of these chambers depends on accurate monitoring and 
control of the mixture, flow rate, pressure, temperature, and contaminant levels of the gas. To meet these 
requirements, a control system is beiig developed with EPICS. ?he interhce hardware consists of VME ADCs ilnd 
three RS-232 low-level hardware controllers. The RS-232 instruments include MKS 647A mass flow controllers to 
control and monitor the gas mixture and flow, MXS 146B pressure gauge controllers to measure pressures, and a 
Panametrics hygrometer to monitor temperatures and the concentrations of oxygen, water vapor, and ethaue. Many 
of the parameters are available as analog signals which will be monitored with XYCOM VME analog input c a r d s  
and configured for alarms and data logging. The RS-232 interfaces will be used for remote control of the hardware 
and verification of the analog readings. Information will be passed quickly and efficiently to and from the user 
through a graphical user interface. A discussion of the requirements and design of the system is presented. 

INTRODUCTION 
The primary i n s m e n t  in Hall B at the Continuous Electron Beam Accelerator Facility (CEBAF) is the CEBAF 
Large Acceptance Spectrometer (CLAS) shown in FIG. 1. This device is a toroidal multi-gap magnetic spectrometer 
and is described in detail in the Conceptual Design Report on CEBAF Basic Experimental Equipment [l]. The 
magnetic field is generated by six iron-free superconducting coils. The particle detection system consists of drift 
chambers to determine the tmjectories of charged particles, Cerenkov detectors for tbe identification of electrons, 
scintillation counters for time-of-flight measurements, and electromagnetic calorimeters to identify electrons and to 
detect photons and neutrons. The six segments will be instrumented individually to form six independent 
spectrometers. Commissioning of the CLAS will begin in the fall of 1996. 

Tracking of charged particles is accomplished by three regions of drift chambers that are located at different radial 
positions from the target. The inner chambers, called “Region r‘, surround the target in a region of low magnetic 
field. The “Region 11” chamben are somewhat larger and are situated between the toroidal magnet coils in a region 
of high field, while “Region 111” chambers are large devices located radially outward of the magnet. Achieving the 
design goals of better than 0.5% momentum measurement and angle resolutions of = 1 mrad requires constraints 
placed on the gas mixture within the chambers. These constraints are discussed in detail in the User Manual and 
Operation and Safety procedures (OSP) for the Hall B Drift Chamber Gas System [2] and require control andor 
monitoring of the flow rates, mixture, pressures, temperatures, and contaminant levels of the gas. 

There will be two levels of control in the gas system. The basic flow control loops and alarm system will be 
hardwired at one level. At a higher level, the system described in this paper will control and monitor the gas system 
in such a way as to allow: 

- 

Safe operation of the gas system. 
Remote monitoring of signals. 
Remote control of system elements. 
Ease of use via a graphical user interface (GUI). 
Detection of anomalous operational modes, alerting the users of such situations and, where possible, 

Archiving operational parameters for future restoration and analysis. 
Automation to handle the processing of very large numbers of signals. 

executing automatic procedures to ensure personnel and hardware protection. 
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The drift chamber gas system controls has been identified as one of the highest priority components of the Hall B 
control system [3,4]. 

;IG. 1. Exploded view of the CLAS showing the magnet and the various detector components. 

THE DRIFT-CHAMBER GAS SYSTEM 
The gas system has been designed to meet the stringent requirements outlined in the User Manual and OSP for the 
Hall B Drift Chamber Gas System [2]. A schematic of the system is shown in FIG. 2. The basic gas system 
operation consists of mixing, fdtering, monitoring, and recirculating (Regions II and In) the gas. When raw gas 
arrives on site, it is analyzed using a residual gas analyzer (RGA). Once accepted, it is cleared for use with the 
CLAS drift chambers. During steady state operation, a pair of fresh gases are precisely mixed to achieve the correct 
relative fraction. The newly mixed gas is stored in large buffer volumes that supply the process loop that contains 
the CLAS drift chambers. The pressure and percent ethane of the gas in the buffer tanks are continuously monitored. 
As the mixed gas enters the loop, it is first filtered to remove contaminants. An adjustable orifice then drops the 
pressure and controls the flow. For fine tuning the gas mixture, additive bubblers are then provided as an option. 
Directly following rite bubblers, oxygen and water content, temperame and flow rate are monitored before the gas 
leaves the shed for the hall. As the gas enters the hall, it passes through heat exchangers to dampen tern- 
fluctuations. The gas then enters the chambers where it serves its purpose. At the chamber exit manifolds, the gas 
passes by safety bubblers. Downstream of the manifolds, the gas temperature and differential pressu~e with respect 
to atmosphere are monitored. This pressure reading is transmitted back to the shed where it controls a proportioning 
solenoid valve in front of a pump. The pump and “throttle valve” pull gas out of the hall while controlling the 
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pressure in the chambers. Once back at high pressure again in the shed, oxygen and water moniton continuoustly 
monitor contaminant levels. Finally, a fraction of the gas is exhausted and the rest reenters the cycle above the 
fiiters (Regions 11 and m). 

FIG. 2. Prototype of the main window of the graphical user interface for the CLAS drift-chamber gas system 
controls. A schematic of the gas system is shown with digital displays to present the analog information. 

The various sensors are powered and monitored with three different hardware controllers that have local readout and 
programming capabilities. The flow controllers and transducers are operated with two MKS W7A mass flow 
controllers. Pressure sensors are controlled with three MKS 146B pressure gauge controllers. A Panametrics 
hygrometer is used to monitor temperatures and the concentrations of oxygen, water, and ethane. All of these 
instruments have RS-232 intefices for remote control and monitoring. Analog signals are also available for many 
of the parameters. The instruments have programmable alarms that produce signals that are used to bypass or shut 
down portions of the gas system. In the event of a failure due to any of a numbex of conditions, the chamber is 
bypassed automatically with electronically actuated valves immediately before and after the chambers. These safety 
features are hardwired and under no softwm control. 'Ihe computer control system is needed to monitor parameters 
and alert the operator of abnormal conditions so that they may be corrected to avoid hard- activated shut downs. 
The system is also needed for m o t e  control of the hardware and archiving of parameters for analysis. 

THE CONTROL SYSTEM 
The control system is being developed within the framework of the Experimental Physics and Indusaial Contrctl 
System (EPICS) [5]. A schematic of the control system hardware is shown in FIG. 3. The operator interface (OPI) 
is a Hwelett Packard workstation with an X-windows GUI. The input/output controller (100 is a Motorola MV 
162 single board computer running the VxWorks operating system and mounted in a VME crate. The crate also 
contains two XYCOM XVME-560 analog input cards and a Green Spring IP-octal232 industry pack. 
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FIG. 3. A schematic of the control system hardware 
showing the operator interface (OPI), the input/output 
controller (IOC), and the low-level hardware controllers. 

c)perator/GUI 

a- 

;IG. 4. A schematic of the RS-232 software interfac 

Communication between the OPI and the IOC is 
accomplished through ethemet with the EPICS network 
communication software calledchaunel Access. The 
system includes RS-232 interfaux to the two mass 
flow controllers (MFC), the three pressure controllers 
(PC), and the hygrometer (HYG). 

Analog signals 
The analog signals from the gas system 
instrumentation will be continuously monitored with 
the VME ADCs operating in the 32-channel differential 
input mode. Device and driver support routines for the 
XYCOM XVME-560 have been obtained from the SSC 
and are running on our EPICS development system 
after some modifications. All of the analog signals are 
being configured for data logging and many for alarms. 

RS-232 Interfaces 
Remote control of the hardware and verification of the 
analog mdings will be accomplished through the RS- 
232 interfaces. Ibe Rs-232 device support software 
has been written and tested for the flow and pressure 
controllers. The device support for the Panametrics 
hygrometer will be developed in the near fuhm. An 
overview of the RS-232 software interface is illustrated 
in FIG. 4. Standard EPICS analog output records are 
used to send coxnmands to the device support. 
Commands without special parameters use a common 
analog output record, while those with special 
parameters each have their own analog output record. 
The device support is split into synchronous and 
asynchronous parts. This is necessary because EPICS 
is a synchronous system that cannot wait for a slow 
asynchronous device to process commands andrespond. 
The synchronous device support is essentially a 
simulated synchronous device. It utilizes two Tx pipes, 
which are standard data structures in the VxWorks 
environment; one to send commands and one to receive 
responses. These pipes communicate with the 
asynchronous device support, which is essentially an 
infinite loop that continuously checks the output pipe 
for a command. The asychronous device support is 
spawned as a task in VxWorks, and it is what actually 
communicates with the device. Once a command is 
found, it is converted into an ASCII string of a format 
acceptable to the device. The asynchronous support 
then waits for a response from the device. Once it is 
received, the response is placed in the other of the Tx 
pipes, where it can then be removed by the synchronous 
device support. Having been removed, the response is 
placed in a standard EPICS suing input record. If any 



errors are encountered, the device support will instead place an appropriate error string into the record. Once in dhis 
record, theresponse can thenbe accessed by the GUI. 

Graphkal User Interjface 
The GUI is being developed using an EPICS tool called the Motif Edit and Display Manager (MEDM). The main 
screen of the GUI will consist of a schematic of the gas system with the analog information presented in digital 
displays. A prototype of this window is shown in FIG. 1. Along the bottom of the main screen wil l  be a memu to 
bring up windows for the different Rs-232 instruments. These lower level scxeens include buttons, which are 
connected to the analog output records and send commands, and text displays connected to the string input for 
the responses. Examples of these screens are shown in FIGS. 5 and 6. 
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FIG. 6. The command subscreen for the mass flow 
controller. 

r41 
r51 

SUMMARY 
A control system is b e i g  developed with EPICS for 
the drift-chamber gas system for the CLAS detector at 
CEBAF. ?he gas paramem will be continuously 
monitored and co~igured for alarms and data logging. 
Remote control of system elements will be 
accomplished through RS-232 interfaces to low-level 
hardware controllers. Infomation willbe passed 
efficiently to and from the operator via a GUI. The 
design of the system is nearly complete. Device 
support software has been written and tested for all the 
hardware except the Panametrics hygrometer, and 
prototype GUI screens have been developed. Future 
work includes device suppt development for the 
hygrometer, implementation of valve status 
monitoring, and integration with other components of 
the Hall B control system. 
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controls/epics-homehtml. - 
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Software Requirements for the 
CLAS Drift-Chamber Gas System Controls 

Michael F. Vineyard 

Draft: 11/8/95 

1.0 Abstract 
The CEBAF Large Acceptance Spectrometer (CLAS) is a superconducting toroidal magnet with a 
large volume of drift chambers for charged particle tracking. The performance of these chambers 
depends on accurate monitoring and control of the mixture, flow rate, pressure, temperature, and 
contaminant levels of the gas. To meet these requirements, a control system is being developed 
with EPICS. The interface hardware consists of VME ADcs and three RS-232 low-level 
hardware controllers. The gas mixture and flow is controlled and monitored with the MKS 647A 
Multigas Controller. Pressures are measured with the MKS 146B Vacuum Gauge Measurement 
and Control System. The Panametrics Moisture Image Series 1 is used to monitor temperatures 
and the concentrations of oxygen, water vapor, and ethane. Many parameters will also be 
monitored with XYCOM VME analog input cards and configured for alarms and data logging. A 
discussion of the requirements and design of the system is presented. 

1.1 References 
[ 11 Conceptual Design Report, Basic Experimental Equipment, CEBAF, April, 1990. 
[2] User Manual and OSP for the Hall B Drift Chamber Gas System, S. Christo,W. Major, IM. 

[3] Hall B Slow Controls System Requirements Document Overview (SRD), D. Barker and 

[4] Commissioning the Hall B Experimental Equipment, Draft, June, 1995. 

2.0 Overview 

Mestayer, R. Wines, and Pete Woods, Working Draft, June, 1995. 

the Hall B Controls Group, Draft, June, 1995 
(http://www.urich.edu/-vineyard/SFtD.book-l .html). 

2.1 Objectives 
The primary instrument in Hall B is the CEBAF Large Acceptance Spectrometer (CLAS). This 
device is a toroidal multi-gap magnetic spectrometer and is described in detail in the C0nceptu.d 
Design Report [ 11. The magnetic field is generated by six iron-free superconducting coils. The 
particle detection system consists of drift chambers to determine the trajectories of charged 
particles, Cerenkov detectors for the identification of electrons, scintillation counters for time-of- 
flight measurements, and electromagnetic calorimeters to identify electrons and to detect photons 
and neutrons. The six segments will be instrumented individually to form six independent 
spectrometers. 

Tracking of charged particles is accomplished by three regions of drift chambers that are locaited at 
different radial positions from the target. The inner chambers, called “Region I”, surround the 
target in a region of low magnetic field. The “Region Il” chambers are somewhat larger and ;are 
situated between the toroidal magnet coils in a region of high field, while “Region IIl” chamkters 
are large devices located radially outward of the magnet. Achieving the design goals of bemr than 
0.5% momentum measurement and angle resolutions of = 1 mrad requires constraints placed on 
the gas mixture within the chambers. These constraints are discussed in detail in the User Mimual 
and OSP for the Hall B Drift Chamber Gas System [2] and quire control andor monitoring of the 
flow rates, mixture, pressures, temperatures, and contaminant levels of the gas. 

There will be two levels of control in the gas system. The basic flow control loops and almt 
system will be hardwired at one level. At a higher level, the proposed software will control and 

102 

http://www.urich.edu/-vineyard/SFtD.book-l


monitor the gas system in such a way as to allow: 
Safe operation of the gas system. 
Remote monitoring of signals. 
Remote control of system elements. 
Ease of use via graphical user interfaces (CUI). 
Detection of anomalous operational modes, alerting the users of such situations and, 
where possible, executing automatic procedures to ensure personnel and hardware 
protection. 
Archiving operational parameters for future restoration and analysis. 
Automation to handle the processing of very large numbers of signals. 

The drift chamber gas system controls has been identified as one of the highest priority 
components of the Hall B control system [3,4]. 

2.2 Existing Methods and Procedures 
The gas system has been designed to meet the stringent requirements outlined in the User Manual 
and OSP for the Hall B Drift Chamber Gas System [2]. A schematic of the system is shown in 
Fig. 1. The basic gas system operation consists of mixing, filtering, monitoring, and recirculating 
(Regions II and III) the gas. When raw gas arrives on site, it is analyzed using a residual gas 
analyzer (RGA). Once accepted, it is cleared for use with the CLAS drift chambers. During 
steady state operation, a pair of fresh gases are precisely mixed to achieve the correct relative 
fraction. The newly mixed gas is stored in large buffer volumes that supply the process loop that 
contains the CLAS drift chambers. The pressure and percent ethane of the gas in the buffer tanks 
are continuously monitored. As the mixed gas enters the loop, it is first filtered to remove 
contaminants. An adjustable orifice then drops the pressure and controls the flow. For fine tuning 
the gas mixture, additive bubblers are then provided as an option. Directly following the bubblers, 
oxygen and water content, temperature and flow rate are monitored before the gas leaves the shed 
for the hall. As the gas enters the hall, it passes through heat exchangers to dampen temperature 
fluctuations. The gas then enters the chambers where it serves its purpose. At the chamber exit 
manifolds, the gas passes by safety bubblers. Downstream of the manifolds, the gas temperature 
and differential pressure with respect to atmosphere are monitored. This pressure reading is 
transmitted back to the shed where it controls a proportioning solenoid valve in front of a pump. 
The pump and "throttle valve" pull gas out of the hall while controlling the pressure in the 
chambers. Once back at high pressure again in the shed, oxygen and water monitors continuously 
monitor contaminant levels. Finally, a fraction of the gas is exhausted and the rest reenters the 
cycle above the filters (Regions II and ID). 

The various sensors are powered and monitored with three different hardware controllers that have 
local readout and programming capabilities. The flow controllers are operated with two MKS 
647A Multigas Controllers. Pressures are handled with three MKS 146B Vacuum Gauge 
Measurement and Control Systems. The Panametrics Moisture Image Series 1 is used to monitor 
temperatures and the concentrations of oxygen, water, and ethane. All of these instruments have 
RS-232 interfaces for remote control and monitoring. Analog signals are also available for all of 
the parameters. The instruments have programmable alarms that produce signals that are used to 
bypass or shut down portions of the gas system. In the event of a failure due to any of a number 
of conditions, the chamber is bypassed automatically with electronically actuated valves 
immediately before and after the chambers. These safety features are hardwired and under no 
software control. The proposed computer control system is needed to monitor parameters and alert 
the operator of abnormal conditions so that they may be corrected to avoid hardware activated shut 
downs. The system is also needed for remote control of the hardware and archiving of parameters 
for analysis. 

103 



Fig. 1. PrototvDe of the main window of the graohical user interface for the CLAS drift- 
Y I  

c h k b e r  gas &item controls. A schematic of the gas system is shown with digital displays to 
present the analog information. 

2.3 Proposed Methods and Procedures 
The proposed control system will be developed with EPICS. The analog signals from the gas 
system instrumentation will be continuously monitored with VME ADCs. Many of the signals will 
be configured for alarms and some for data logging. Remote control of the hardware and 
verification of the analog readings will be accomplished through RS-232 interfaces. The 
information will be passed quickly and efficiently to and from the operator through GUIs running 
in an X-windows environment. 

The gas system controls must be integrated with the Hall B control system described in the Hall B 
Slow Controls System Requirements Document Overview (SRD) [3]. As outlined in the SRD, the 
control system will also be required to interface with CODA, the BOS master database, and die 
calibration system. In addition, there is a requirement that a formal protocol be established to' allow 
Hall B and MCC EPICS systems to communicate in a safe manner. 

2.4 Support Software 
The system will make use of XYCOM XVME-560 and 566 analog input cards to monitor the. 
analog signals. Device and driver support routines for the 560 have been obtained from the SSC 
and are running on our EPICS development system after some modifications. Support software 
for the 566 has already been developed and comes with EPICS release 3.12. However, we have 
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not yet tested these routines on our system. 

Fig. 2. Overview of device support 
developed for the RS-232 instruments. 

2.5 Summary of Impacts 

The RS-232 device support software has been 
written and tested for the flow and pressure 
controllers. An overview of this device support 
for the mass flow controller (MFC) is illustrated 
in Fig. 2. The EPICS record support 
communicates with the device support via the 
two files devA0MFC.c and devSiMFC.c. These 
files contain the device support entry tables and 
functions that call the device support. The device 
support is split into synchronous and 
asynchronous parts. This is because EPICS is a 
synchronous system that cannot wait for a slow 
asynchronous device to process commands and 
respond. The synchronous device support is 
essentially a simulated synchronous device. It 
consists of the file devMFC.c which merely 
conbins functions that format data to interface 
with two Tx pipes on the input/output controller 
(IOC). The pipes accept a command or response 
in one end and hold it until it is read at the other 
end. These pipes are created by a function 
contained in devMFCInit.c. This file also 
contains code that spawns the asynchronous 
device support as a task in VxWorks. The 
asynchronous device support, contained in the 
file devMFCAsyn.c, is an infinte loop that 
continuously checks the pipe for a command. If 
a command is found, the asynchronous device 
support converts it into an ascii string acceptable 
by the MFC. The string is then sent over an RS- 
232 cable to the device. The asynchronous loop 
also waits for the device to respond. When the 
response is received, it is put into another pipe 
which is then read by the synchronous device 
support. The response is then placed into a 
string record, where it can be accessed by a 
GUI. 

2.5.1 Hardware Impacts 
The drift chamber gas control system will use a single IOC located in the Hall B gas shed. The 
IOC will consist of a VME crate with a Motorola mv162 single board computer. The analog 
signals will be read with two XYCOM XVME analog input cards operating in the 32-channel 
differential input mode. Industrial VME cards will be used to extend the number of RS-232 ports 
to six. An ethernet port will be needed in the gas shed to provide access to the Hall B local area 
network (LAN). An X-window terminal will also be needed in the gas shed for development and 
monitoring of the system. In addition, a Hewlett Packard (HP) Series 90oO UNIX system will be 
needed to run EPICS. 

2.5.2 Software Impacts 
The mv162 CPU will run the VxWorks real-time operating system. Access will be needed to the 
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Hall B EPICS system including all the associated toolkits for development. 

2.5.3 Operational Impacts 
The implementation of the proposed control system will provide continuous monitoring of the 
operational parameters, allowing safer operation of the gas system. The software will also enable 
remote control of system elements and archiving of parameters. 

Since the gas system is designed to operate without the controls and has hardwired saftey features, 
a failure of the control system should not be disastrous. Should the IOC crash, the hardware can 
be reset and the system should recover in a matter of minutes. If the UNIX components fail, they 
can be restarted quickly. 

2.5.4 Developmental Impacts 
The early development of the gas control system will be performed at the University of Richmond 
(UR), while the final stages of the work will be done in the Hall B gas shed. The work will be 
performed by M. F. Vineyard and his undergraduate students. The hardware resources needed foe 
the development include a VME crate, a Motorola mv162 CPU, a XYCOM ADC, an HP UNIX 
system, an X-window terminal, and an ethernet LAN. The software resources include a VxWorks 
license and access to the Hall B EPICS development system. 

3.0 Requirements 

3.1 Functions 
The functions required of the software are: 

Monitor the flow rates of the component gases into the buffer volumes and raise alarms if the 

Monitor the pressures in the buffer volumes and raise alarms if the values wander out of the 

Monitor the % ethane in the buffer volumes and raise alarms if it deviates from the preset value 

Monitor the flow rates into the three regions of drift chambers and the exhaust rates for Regions 

Monitor and log the oxygen concentrations before and after each region and raise if upstream 

Monitor and log the water concentrations before and after each region and raise if upstream levels 

Monitor and log the temperatures before and after each region and raise alarms if values wander 

Monitor and log absolute pressures of uptream of Regions II and III. 
Monitor the differential pressure drop across each region. 
Monitor and log the differential pressure of the chambers with respect to atmoshere and raise 
alarms if these values wander out of the desired range. 
Turn gas flows odoff, change flow setpoints, and verify flow rates through RS-232 interface to 
MKS 647A Multigas Controllers. 
Venfj pressure readings and change hardware alarm setpoints through RS-232 interface to MKS 
146B Pressure Gauge Controllers. 
Verify temperatures and concentrations of oxygen, water, and ethane through RS-232 interface 
to the Panametrics Moisture Image Series 1. 

values deviate from preset values. 

desired range. 

(50 f 1 %). 

11 and III. 

levels exceed 150 ppm or downstream levels exceed 1500 ppm. 

exceed 150 ppm or downstream levels exceed 1500 ppm. 

out of desired range. 

3.2 Performance 

3.2.1 Accuracy 
Describe any data accuracy requirements imposed on the software such as: "The RMS error shall 
be less that 200 microns of the desired position" 
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3.2.2 Validation 
Redundant infomation will be available for nearly all of the parameters of the system. The flow 
rates, pressures, temperatures, and concentrations of water, oxygen, and ethane will be 
continuously monitored via analog signals. Many of these signals will also be configured for 
alarms and archiving. The operator will be able to check these data at any time by using the RS- 
232 interface to the appropriate hardware controller. 

3.2.3 Timing 
Non-real-time response (i.e. the response of the operator interface) should be in the 0-5 second 
range. Any longer may cause the operator to think that the command was not issued or accepted. 
For commands that by their nature will take a long time to completion, some indication that the 
command is being performed must be presented to the user. Real-time response must be within the 
time period dictated by the particular hardware used. 

The OPIAOC network must not be the bottle neck in the data transfer link. 

3.2.4 Flexibility 
Describe the capability for adapting to changes in requirements, such as: 
- Changes in modes of operation 
- Operating environment 
- Interfaces with other software 
- Accuracy and validation timing 
- Planned changes or improvement 

Explain how the proposed software will be structured in such a way that future changes can easily 
be accommodated. 

3.3 Inputs-Outputs Interfaces 

3.3.1 User Interfaces 
The main screen of the GUI will consist of a schematic of the gas system with the analog 
information presented in digital displays. A prototype of this window is shown in Fig. 1. Along 
the bottom of the main screen will be buttons to bring up windows for the different RS-232 
instruments. Commands will be sent to the instruments with the use of buttons and responses will 
be displayed in write boxes. 

The only control in the system will be through the RS-232 interfaces to the low-level hardware 
controllers. The control parameters will be gas odoff, flow setpoints, pressure hardware alarm 
enablddisable, and pressure hardware alarm trip points. 

3.3.2 Software Interfaces 
The proposed software will interface with the low-level hardware controllers such that the operator 
can communicate with the controllers in an efficient fashion. These interfaces will make use of 
RS-232 connections and are described in section 2.4. 

The control system will also interface with Run Control (RC), the BOS master database, and the 
calibration system. The communication with RC may be accomplished using either script input to 
RC, or simulated user input to the RC OPI. EPICS data may be inserted into the event stream in 
BOS format using the daInsertEvent() utility, and may be savedrestored from the BOS master 
database using EPICS Channel Access utlities. These interfaces may also be developed using 
CDEV. 

3.3.3 System Services Interface 
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The scanning intervals and alarm limits for the signals are listed in Table 1. AU of the analog 
signals will be configured for data logging at an interval of 10 minutes. 

Table 1. The scanning intervals and alarm limits for the analog signals. If no alarm limits are 
= 

Signal HIGHAlarm LOW- LOLDAlann 
Limit Limit Limit 

Scanning HIHIAlarm 
Interval Limit 
(sed 

Ar flow urn) 12 16.3 6.2 1 5 9  15.7 
Eth 1 flow (Urn) 16.3 6.2 15.9 15.7 

2.1 I 1.9 11.8 

1.80 

55 R3 input flow w m )  
R3 exh flow (Urn) 
AdEth buffer pres (psi) 
He flow (Urn) 

59 57 
12.4 11.6 
145 135 
1.75 1.65 
1.75 1.65 

11.4 
130 

-- 1.60 
1.60 P 1.80 

17.5 I 16.5 116.2 
3.5 13.3 13.2 R2 exh flow (Um) 2 3.6 

He/Eth buffer pres (psi) 2 150 145 I135 I130 
R1 output difpres (Torr) 1 2 

0.02 l o  l o  

R2 output difpres (Torr) I 2 
R2 I/o difpres (Torr) I 2 10.05 0.02 l o  
R2 input pres (Torr) 

R3 input pres (Torr) 1 2 
10 R1 input 0 2  (ppm) 5 20 

R1 input H 2 0  (pprn) 5 200 
R1 input temp (C) 10 30 
%EthinAl- 2 51.0 
R3 input 0 2  (ppm) 5 20 
R3 input H 2 0  (ppm) 5 200 

R2 input 0 2  (ppm) 5 20 
R3 input temp (C) 10 30 
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-- 100 

27 23 20 
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R2 input H20 (ppm) I 5 1200 
_ _ _ _ _ _ ~  ~ ~ ~ 

R2 input temp (C) 10 30 
%EthinHe 2 51.0 
R l  output 0 2  (ppm) 5 100 
R1 output H20 (ppm) 5 1200 

20 

~ 1100 

49.0 

RI output temp IC) I 10 I32C 28 C 1 2 2 c  19 c 
80 I 

R3 output H20 (ppm) 5 1200 
R3 output temp (C) 10 32 C 19 c 

R2 output H20 (ppm) I 5 11200 
19 c 

3.3.4 Hardware Interfaces 
The IOC for the gas system controls will be located in the Hall B gas shed. The XYCOM XVME 
analog input cards will reside in slots 1 and 2 of the VME crate and will be operated in the 32- 
channel differential-input mode. The slot and channel assignments and names of the analog signals 
are given in Table 2. 

Table 2. The low-level hardware controller and channel assignments, the ADC slot and channel 
assignments. and the names for the analog simals. 

Signal Name Parameter Hardware 
Controller Channel 

Ar flow IMFC-1 1 I1 l o  dc-ar-flow 

Eth 1 flow I 2 I 11 dc-ethl-flow 
dc-r lin-flow 
dc-r3in-flow 

R1 input flow I 3 I 12 
4 I 13 R3 input flow 

R3 exh flow 
Ar/Eth buffer pres 
He flow MFC - 2 

5 I 14 dc-r3exh-flow 
dc-buf 1-pres 
dc-he-flo w 

Pres input I 15 
1 I 16 

Eth 2 flow I 2 I 1 7  dc-eth2-flow 

R2 input flow I 3 I I 8  
4 I 19 R2 exh flow 

HeEth buffer pres 
R1 output difpres 
R1 UO dif pres 
R1 input pres 

PC - 1 
Pres input I 110 dc-bm-pres 

1 I 111 dcrlout-pres 
dc-r lio-pres 
dc-r lin-pres 

2 I I 12 
3 I I13 
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dc-r2ou t-pres 14 R2 output difpres Pc - 2 1 
R2 I/O dif pres 2 15 

R2 input pres I 1 3  I 16 dc-r2in_pres 
17 

R3UOdifpres I 12 18 
R3 input pres 1 3  I 19 

R1 input 0 2  I Panaametrics I 12 0 dc-r lin-02 

R1 input H20 I I I -- dc-r lin-h20 
dc-r lin-temp 
dc-areth-eth 
dc-r3in-o2 

-- 
-- 

R1 input temp 
%EthinAr 
R3 input 0 2  4 

R3 input €320 1 I I 5 

R3 input temp I I I 6 

R2 input 0 2  I I I 7 dc~2in-02 

R2 input H20 I I I 8 
9 
10 

- dc-1-2in-ternp 
dc-heeth-eth 

- R2 input temp 
% Eth in He 

R1 output 0 2  I I I 11 dc-rlout-02 
12 R1 output H20 

R1 output temp 
R3 output 0 2  

13 dc-rlout-temp 
dc-r3out-o2 

-- 
14 
15 R3 output H20 

R3 output temp 
R2 output 0 2  

16 
17 

R2 outputH20 1 I 18 
 outputt temp I I I 19 

The communication with the RS-232 low-level flow and pressure controllers will use two standard 
EPICS records for each device. The commands will be handled with analog output records and the 
responses with string input records. The Panametrics Moisture Monitor 1 does not provide 
information on a specific channel, but rather responds with a report on the status of all the 
channels, and the details of this interface have yet to be worked out. The RS-232 port assipments 
and signal names are listed in Table 3. 

Table 3. The port assignments and signal names for the RS-232 interfaces to the low-level 
hardware controllers. 
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1 Parameter I RS-232 Port I SignalName 
'MF-1 command 

l MFC- 1 response 
MFC-2 command 
MFC-2 response 
E - 1  Command 

1 dc-mfc l c o m  
1 dc-mfcl-res 
2 dc-mfc2-com 
2 dc-mfc2-res 
3 dc-pc 1-corn 

1 dc-pcl-corn 

PC-3 command I dc-pc3-com 
~ PC-3 response 5 dc-pc3-res 
IPanametrics command 6 dc-pana-com 
Panametrics response 6 

I 

3.4 Exception Handling 

when such conditions are detected. Discuss the recovery and restart techniques. 
- Specify the possible failures of the hardware or software and desired response of the software 



Hall B Slow Controls System Requirements Document Overview 
D. Barker, M. F. Vineyard, and the Hall B Controls Group 

Draft 8/16/95 

1. Introduction 
The CEBAF experimental Hall B will use the Experimental Physics and Industrial Control System 
(EPICS) for its slow controls. The EPICS system was developed by Los Alamos and Argonne 
national laboratories and is rapidly becoming the standard control system for US government 
accelerator laboratories. The CEBAF electron accelerator is controlled by EPICS. 

This document presents Hall B's Top Level Controls Requirements. It is outside the scope of this 
document to present detailed requirements for the many system subcomponents, these will be 
raised in separate Detailed Requirement Documents (DRD). Rather, this document will address the 
more general aspects of Hall B controls, concentrating on providing a definitive list of all Hall B 
components which require remote control and monitoring. 

1.1 EPICS 
EPICS is a distributed control system comprising of real time and non real time components linked 
together by an internet communications channel. The real time components run on VME single 
board computers under the VxWorks real time operating system. These computers are called h e  
EPICS Input Output Controllers (IOC). Other components run on UNIX host computers. 

The heart of the control system is the application EPICS database. This is generated on a UNlX 
development system and is downloaded onto the IOC during boot up. The database defines alll 
aspects of signal processing and is constructed by linking together EPICS database records. 
EPICS is delivered with a core library of record types which allow the user to construct a database 
to perform hardware I/O, and to process the signals within the database. Certain applications may 
wish to construct application specific record types for cases where the default set is inappropriate 
or inefficient. The requirements listed in the document may necessitate Hall B specific record 
types- 

The database records interface to the hardware through device support and driver support levels. 
EPICS is delivered with a set of generic device support routines, however by their nature hardware: 
interfaces tend to be application specific. It is expected that Hall B will require a customized set of 
device and driver support for all its hardware interfaces. 

A typical EPICS system comprises: 
e Core IOC system. 
e Application IOC Database. 

e 

e 

0 Sequencer running on IOC for state based applications. 

X Windows based Graphical User Interface (GUI) running on UNIX host. 
Back Up and Restore utility running on UNIX host. 

Channel Access internet based communications channel. 
Database development system on UNIX host. 

0 

0 

e Alarm Handler utility running on UNIX host. 

2. Overview of Hall B 
The Hall B endstation can be divided into three main systems, these are: 

e The CEBAF Large Acceptance Spectrometer (CLAS). 
0 The Photon Tagger. 
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e The Target and Beam Line systems. 
The following figure shows the placement of these items within endstation B (CLAS is shown 
partially exploded). 

These sub-systems are now presented in more detail. 

2.1 CLAS 
Below is an exploded view of the CEBAF Large Acceptance Spectrometer. 
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CLAS comprises of many sub-components and detector systems, these are: 
0 Superconducting toroidal magnet. 
0 Mini-toroid magnet. 
0 Three layers of Drift Chambers. 
0 Cerenkov Chambers. 
0 Scintillation detectors. 
0 Electromagnetic Calorimeters. 

2.2 Photon Tagger 
The photon tagger system comprises of a target (radiator), a dipole magnet and a scintillator 
detector array. When energized, the magnet deflects the incident electron beam downward into a 
beam dump. The tagged photon beam exits the magnet through an exit channel along the same axis 
as the incident electron beam. 

When de-energized, the electron beam passes through the magnet via the exit channel. 

2.3 Target Chamber and Beam Line 
The Hall B target chamber will allow the experimenter to introduce a variety of target types into the 
electrodphoton beam. These targets include solid, liquid, gas, cryogenic and polarized targets. 

The beam line components allow the transport and focusing of the electron beam onto the target. 
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The target may be the photon tagger radiator or the CLAS target. The beam line elements also allow 
monitoring of the beam to determine its quality and quantity. 

The generic beam line components comprise: 
e Lambertson Beam Separator 
e Beam Position Monitors (BPM) 
e Dipole magnets 
e Sextupole magnets 
e Unser current monitors 
e - Viewers 
e Vacuum system 
e Beam Dump 
e Beam current measurement 

e 

e 

e 

e 

0 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

In more detail, as viewed from the accelerator towards the target., the Hall B specific items include: 
Quadrupole Stands (2) 

- quadrupole magnet 
- steering coils 
- vacuum pump 
- beam position monitor 

Raster magnets for the Moller Polarimeter Foil (4) 
Moller Polarimeter 

iron foil 
- small magnet 
- 2 quadrupole magnets 
- electron detectors 

Quadrupole Stands (2 - same as above) 
Photon Radiators 

- crystal radiator 
- thin foil radiator 

Photon Beam Collimator 
Sweep Magnet(s) 
Raster Magnets for the CLAS Target (4) 
Tagger Dump Beamline 

--Toroid 
Targets (at least three separate systems) 

- Two beam position monitors 

- cryogenic targets for photon beams 
gas and solid targets for electron beams 
polarized target for photon beams 

- 
- 

Beam Bucket Identifier for Photon Beams 

Pair Spectrometer for Relative Photon Flux Normalization 
- six scintillators with phototubes 

- beam position monitor 
- veto counter 
- radiator 
- start counter 
- dipole magnet 
- scintillators 

Total Absorption Counter for Absolute Photon Flux Normalization 
Faraday Cup for Electron Beam Current Measurements 

3. Control System Requirements 
The Hall B control system is required to control and monitor endstation B's systems in such a way 
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as to allow: 

0 

0 

0 

0 

0 

0 

Safe operation of the Endstation. 
Remote monitoring of signals. 
Remote control of system elements. 
Ease of use via Graphical User Interfaces (CUI). 
Detection of anomalous operational modes, alerting the users of such situation1,s 
and, where possible, executing automatic procedures to ensure personnel and 
machine protection. 
Archiving operational parameters for future restoration and analysis. 
Automation to handle the processing of very large numbers of signals. 

3.1 Safety 
All safety critical parts of the system will use hardware interlocks to prevent damage. Damage by 
an intense CW beam will be prevented by shutting the electron beam off at the source using the 
Fast Shut Down (FSD) system. The FSD electronics has a bypass option, therefore EPICS may be 
required to ensure that all FSD's and other software readable interlock systems are operating 
correctly before allowing beam to be delivered to the hall. Hardware interlocks are a reliable if' 
drastic way of preventing damage. Where ever possible, EPICS is required to monitor events 
which will eventually cause an interlock to operate and if possible warn the user of this. This 
design is based on the "prevention is better than a cure" creed. 

If EPICS detects that the system is in a state which will lead to a failure, it will alert the users via an 
alarm. The alarm system is required to alert the user in an unambiguous way, but at the same lime 
must take care not to swamp the user with an "alarm storm", which may cause the user to lose an 
important alarm amongst lesser alarms. 

3.2 Security 
A safe system is required to be a secure system. An insecure system is unsafe because: 

0 Untrained CEBAF personnel or visiting personnel may obtain control of sensitive 

Knowledgeable off-site personnel may operate the system in an unsafe manner. 
Off site hackers may crash, lock out, initiate dangerous commands, cause data. 

subsystems they know nothing about. This includes the accelerator and other Ihalls. 

loss, etc. 

0 

0 

Hall B requires that the control system may only be monitored and controlled by a select group of 
users operating from a select group of hosts. 

UNIX accounts will be password protected. UNIX files will be protected using UNIX file access. 

VxWorks accounts will be password protected. IOC's will be protected from the network using 
bridges and/or gateways. 

3.3 Performance 
Non-Real Time response (i-e. operator response from the Workstation) should be in the 0-5 
second region. Any longer may cause the operator to think that the command was not issued or 
accepted. For commands which by their nature will take a long time to completion, some indication 
that the command is being performed must be presented to the user. 

Real-Time response must be within the time period dictated by the particular hardware used. 

3.4 Reliability 
The IOC's should not crash throughout the duration of an experiment. The longest anticipated 
experimental run time is approximately two months. The UNIX components can be less robust 
than this, but ideally they should also be reliable over this time frame. 
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4. Hall B System Detailed Requirements 
This section gives a overview of the requirements for each Hall B component. These requirements 
are not exhaustive, and are intended only to give an impression of the size and complexity of the 
required controls system. This data will be used as part of the decision to allocate hardware, 
software and personnel resources. Each sub-system has been assigned a priority level for EPICS 
controls. Priority levels range between 1 (the highest) to 3 (the lowest). Sub-systems marked 
priority level 1 must be under EPICS control for first beam to Hall B. 

4.1 CEBAF Large Acceptance Spectrometer 

4.1.1 High Voltage Supplies 
The High Voltage Supply system is such a major control sub-system that it warrants its own 
requirements section. The high voltage supply monitor and control system is generic to several 
detector systems, these are; drift chambers, scintillation detectors (CLAS and Tagger), 
Calorimeters and Cerenkov Counters. 
Purpose: 
Inputs: 

To apply high voltages to the wire chambers. 
Command to adjust HV set points, switch HV odoff, set ramp rates, set current 
trip points, set alarm limits, save HV settings, restore previously saved setting, and 
request output. 
Current status of all HV channels. 
LeCroy 1458 HV System. 
2500 HV channels. 
1 

Outputs: 

priority: 

Hardware: 
Number: 

4.1.2 Crate Power Supplies 
Purpose: 

Inputs: None. 
Outputs: 

Hardware: 

Number: Approximately 100 crates. 
Priority: 

Monitor status of power supplies on front-end board (FEB), FASTBUS, VME and 
CAMAC crates and NIM bins. 

One “TI., signal per FEB (3 l), FASTBUS (1 l), and VME crate. To be determined 
for CAMAC crates and NIM bins. 
Vicor Modular Power Supplies for W E  crates. To be determined for FASTBUS 
and CAMAC crates and NIM bins. 

1 for monitoring status; 3 for more specific information. 

4.1.3 CLAS Drift Chambers 

4.1.3.1 
Purpose: 
Inputs: 

Low Voltage Power Supplies 
To supply low voltage DC power for chamber mounted preamps. 
Commands to turn voltages on and off, and request status and values of voltage and 
current via GPIB interface. 
The status and values of voltage and current. 
Hewlett Packard 665 1A Power Supply with GPIB interface. 

Outputs: 
Hardware: 
Number: 18 power supplies. 
Priority: 3 

4.1.3.2 Front-End Board (FEB) Parameters 
Purpose: 
Inputs: 
Outputs: 
Hardware: 
Number: 

To control and monitor FEB parameters (may be handled in Run Control). 
Thresholds, pulse widths, calibrations, etc. 
Thresholds, pulse widths, calibrations, etc. 
Motorola 162167 single board computers to control FEB crates. 
Thirty one crates times 12 boards per crate times 96 channels per board divided by 
16 channels per group yields 2232 channels. 
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priority: 1 (See note about Run Control). 

4.1.3.3 
Purpose: 
Inputs: 

Outputs: 
Hardware: 
Number: At least 9 channels. 

Gas Flow Control and Monitoring 
To control and monitor gas flow. 
Commands to set gas flow parameters, switch gas odoff, and request output via 
RS-232 interface. 
Status, flow rates, and pressures. (Both RS-232 and analog outputs.) 
MKS 647A Multi Gas Flow Controller with RS-232 interface. 

Pri0litY: 1 

4.1.3.4 Water, Oxygen, Ethane and Temperature Monitoring 
Purpose: 

Inputs: 
Outputs: 

Hardware: 
Number: 

To monitor water, oxygen, and ethane levels in the gas and the temperature of the 
gas. 
Command to request output via RS-232 interface. 
Oxygen and water concentrations, temperatures, and pressures. (Both RS-232 and 
analog outputs.) 
Panametrics Moisture Monitor Series 3 with RS-232 interface. 
At least 5 channels each. 

Priority: 1 

4.1.3.5 Pressure Measurement and Control 
Purpose: To monitor and control gas pressure. 
Inputs: Commands to request output via RS-232 interface. 
Outputs: Pressures. (Both RS-232 and analog outputs). 
Hardware: MKS 146A Vacuum Gauge Measurement and Control System with RS-232 

interface. 
Number: At least 10 channels. 
Priority: 1 

4.1.3.6 Residual Gas Analyzer 
Purpose: 
Inputs: TBD 
Outputs: TBD 
Hardware: PC Controller system. 
Number: One. 
Priority: 1 

To provide detailed analysis of gas. 

4.1.3.7 Valve Status Monitoring 
Purpose: 
Inputs: TBD 
Outputs: TBD 
Hardware: TBD 
Number: TBD 
Priority: 1 

To monitor status of all valves in the gas system. 

4.1.3.8 Calibration System 
Purpose: TBD 
Inputs: TBD 
Outputs: TBD 
Hardware: TBD 
Number: TBD 
Priority: 1 
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4.1.4 Scintillator Detectors (Time of Flight System) 

4.1.4.1 Low-Level Discriminator 
Purpose: 

Inputs: 

Outputs: 
the 
Hardware: 
Number: 

Leading edge discrimination of signal from photomultiplier (man be handled by 
Run Control). 
Commands to set and read low level threshold and width. Commands to enable any 
combination of channels. 
Value of the low level threshold and width, it is common to 16 channels. Map of 
enabled channel (16 bit word). 
LeCroy 2313 16-channellOO MHZ CAMAC unit. 
576 channels / 16 = 36 boards. 

Priority: 1 

4.1.4.2 High-Level Discriminator 
Purpose: 

Inputs: 
OUtpUts: 

Hardware: 
Number: 

Generate inputs for CLAS level 1 trigger and inhibit signal for low-level 
discriminators. 
Commands to set threshold and width, both are common for 16 scintillators. 
Value of the low-level threshold and width, it is common to 16 channels. Map of 
the enabled channel (16 bit word). 
TOF pretrigger board (VPI design). 
576 channels / 16 = 18 boards. 

priority: 1 

4.1.5 Forward and Large Angle Calorimeters 
There are two types of calorimeters that amcurrently under construction for the CLAS detector. 
The forward calorimeters which consist of 6 triangular shaped modules that cover angles up to 45" 
and the large angle calorimeters (Genova-Frascatti) which consist of 2 rectangular shaped modules 
that will be placed at larger angles. The operation of both sets of detectors is similar. The 
components that require slow controls are the photomultiplier tube voltages, the calibration 
system, and readout electronics. The forward calorimeters consist of 216 photomultiplier tubes per 
module. The large angle calorimeters consist or 256 photomultiplier tubes per module. 

4.1.5.1 High Voltage 
There are approximately 1320 photomultiplier tube HV channels required for the forward 
calorimeter. These will be powered via a LeCroy 1458 mainframes with 1461 HV cards. The HV 
system used by the forward calorimeter is identical to the TOF HV system. A high voltage system 
for the large angle calorimeter (520 photomultiplier HV channels) has not been chosen. It will be 
either a LeCroy or a CAEN system. 

The HV slow control system should allow individual as well as group voltage settings, ramp 
rates,-current trip points and alm limits. You must be able to store and retrieve complete or 
partial sets of these values. A HV failure system should be in place which signals voltage and 
current failures or out of tolerance conditions. A display system capable of portraying quickly the 
overall status of several channels is important. There should be a security system which would 
allow someone to change a subset of channels while restricting other channels. 

4.1 S.2 Electronics 
The calorimeter trigger and readout electronics consists of CAMAC discriminators (LeCroy 2213, 
4413 with lower crosstalk ), fastbus ADC's (LeCroy 1881m, 13 bit 50 fC/count), fastbus TDC's 
( LeCroy 1872A, 12 bit, 50 ps /count), splitters, and trigger module. The signal splitting will be 
performed by a special W A  designed splitter and the trigger will be generated by a W A  designed 
trigger module. The fastbus and CAMAC modules have functions or parameters that can be 
computer controlled. The discriminator threshold can be controlled and monitored and 
combinations of channels can be fired via CAMAC. Both the TDC's and the ADC's, used in 
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conjunction with an 18 10 CAT module, have a self test feature that is controlled via fastbus. 'The 
ADC's also have a set of SDR parameters that can be set through fastbus. There are therefore 
several functions which might fall under the slow controls system and these are: monitoring 
fastbus and CAMAC crate voltages, setting various parameters in the modules (eg discriminamr 
thresholds), and initiating special features (eg self-calibration). (The role of the slow controls for 
electronic module computer controlled parameter adjustment is still under discussion.) 

4.1.5.3 Calibration 
The calorimeters will be calibrated by combining a variety of data. There is a laser calibration 
system that can inject light into individual photomultiplier tubes. There will be designated 
calibration rum that will record data specifically for calibration. For example, there are plans for 
performing a run with no magnetic field and a minimum ionizing particle trigger. Also, certain 
events recorded under normal operation will be monitored for calibration. 

4.1.5.4 Laser Calibration 
The slow controls system will be used to setup and hitiate a laser calibration. The data acquisition 
software would then via a calibration trigger record the data. The laser calibration system will be 
able to pulse groups of photomultiplier tubes by positioning a mask over the calibration light 
source. The location of the mask will be controlled using stepper motors. The diagram in figure 
EGNl below shows the current plans for implementing stepper motor control for the forward 
calorimeter. The components shown are from Semix corporation. A list of the components is 
given in the table EGNl. An RS232 interface would be used to address intelligent controller:;. 
The system should be able to pass simple commands to the controllers as well as download 
programs. 

A similar scheme will probably be used for the large angle calorimeter. 
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~~~~ 

SEMIX INC: RS-232 interface 
SYSTEM REQUIREhiIENTs 

Quantity Component 

1 
Link Master 
{R C- 002) 

3 
Generate Master 
{RC- 23 1 {HA]] 

4 
I (0  Master 
(RC-207) 

6 
Mocrostep Drivers 
{RD-021 Ma) 

7 Standard Stepper 
Drivers 

(RD-122) 

Description 

Convert the computers RS-232 signal to cunent loop fbr 
the 110 master cwtrallers; can accomodate up to eight 
controllers 

Each controls two microstep driver% it has encoder input 
capability for closed loop operation, a built in pulse gen- 
erator, and is EEPROM programmable. 

Each controls tw o standard stepper drivers: it has Iimit 
switch inputs, home position function, and is program- 
able {EEPROM, SRAM, and PROM). 

Drives the motor for slit mtatiw; it has four manually 
selectable microstep settings {full step, ID step, 1[4 step 
and 1B step) - up to 3,200 steps hev using a 0,9*lstep. 
Maximum motor current rating (for microstepping) is 1,0 
Afphase. 

Drives the lionear actuating table motor: it has n built in 
oscillator (30 pps - 70 pps), highnow speed selection. 
Maximum motor current rating 1.3 Afphase. 

Table EGN1. 
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Figure EGNl. Layout of the calibration stepper motor controls. 

4.1.5.5 Calibration General 
The method that will be used to coordinate calibration data has not been determined. There will 
probably be processes that will need to pass and receive data from epics to control the laser 
calibration as well as receive calibration data from CODA We are considering the possibility of 
having a special process which could communicate with epics to control laser calibrations and with 
coda to get the various types of calibration data. 

4.1.6 Cerenkov Counters 
The Cerenkov detectors will cover the forward and the large angle regions of CLAS. They are gas 
threshold Cerenkov detectors roughly 1 meter in depth. A sophisticated set of reflecting surfaces 
will transfer the Cerenkov radiation to large diameter photomultiplier tubes mounted in the coil 
shadow regions of CLAS. The systems that require slow controls are the H V  and calibration of the 
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photomultiplier tubes, the readout electronics and the gas handling system. There are 216 
photomultiplier tubes. A review of the requirements for the forward Cerenkov detectors is 
currently underway at RPL 

4.1.6.1 Gas System 
Purpose: The gas in the Cerenkov counters will be recycled. Monitoring systems similar to 

those described under the Drift Chamber section 4.1.3 will be used to monitor and 
control the gas flow, the gas mixture, and the gas temperature and pressure. Freon 
is the proposed gas for the Cerenkov detectors. Special monitors will be required 
to insure that there are no gas leaks. 

Inputs: TBD 
Outputs: TBD 
Interface: TBD 
Hardware: TBD 
Number: TBD 
Priority: 1 

4.1.6.2 Calibration 
The photomultiplier tubes will require calibration. 

4.1.6.3 Electronics 
The readout electronics may require some slow controls similar to the calorimeters. Power supplies 
for the crates should be monitored. 

4.1;7 Superconducting Toroidal Magnet 
Purpose: The superconducting toroidal magnet will have its own control system developed 

by Oxford Instruments. The Hall B system will obtain information from this system 
to monitor the status, current and magnetic fields. 

Inputs: TBD 
Outputs: TBD 
Interface: TBD 
Hardware: TBD 
Number: TBD 
Priority: 1 

4.1.8 Mini-toroid Magnet 
Purpose: To turn magnet power supply odoff and to monitor the status and current of the 

magnet. 
Inputs: TBD 
Outputs: TBD 
Interface: TBD 
Hardware: TBD 
Number: TBD 
Priority: 1 

4.2 Photon Tagger 

4.2.1 Tagger Magnet Power Supply 
Purpose: 

Inputs: 
Outputs: 
Interface: GPIB, CAMAC, W E ?  

To energize the dipole magnet: enable the primary electron beam to be deflected into 
the beam dump and the scattered electrons to be detected by the tagger scintillator 
hodoscope. 
LOCAUREMOTE commands to turn supply ON/OFF/SET/READ. 
Status of currentholtage i.e., target value and actual reading. 
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Hardware: Type of supply? 
Number: Number of channels? 
Priority: 1 

4.2.2 Tagger Magnetic Field Monitoring 
Purpose: 
Inputs: 
Outputs: 
Interface: GPIT3, CAMAC, VME? 
Hardware: 
Number: Number of channels? 
Priority: 2 

To monitor magnetic field of the tagger magnet via probe. 
LOCALREMOTE commands to turn probe supply ON/OFF/SET/READ 
IN/OUT/(xy) position of calibration probe. Magnetic field readings. 

- Type of supply and stepping motor? 

4.2.3 Tagger Hodoscope Calibration and Monitoring 
Purpose: 
Inputs: 
Outputs: 
Interface: GPIB, CAMAC, VME? 
Hardware: TBD 
Number: Number of channels (384+104)? 

Control Xenon-Flasher Calibration system and PMT Selector. 
LOCAUREMOTE commands to turn Flasher ON/OFF and select PMT. 
Monitor output of individual PMT.. 

Priority: 1 

4.2.4 Thin Foil Radiator 
Purpose: 
Inputs: TBD 
outputs: TBD 
Interface: TBD 
Hardware: Harp type stepper motor. 
Number: TBD 
Priority: 1 

To move and monitor the position of the thin foil radiator. 

4.3 Target and Beam Line Systems 

4.3.1 Target 

4.3.1.1 Cryogenic 
Purpose: 

Inputs: TBD 
outputs: TBD 
Interface: TBD 
Hardware: TBD 
Number: TBD 
Priority: 2 

4.3.1.2 Gas and Solid 
Purpose: 

Inputs: TBD 
Outputs: TBD 
Interface: TBD 
Hardware: TBD 
Number: TJ3D 

The cryogenic and polarized targets will probably have their own control systems 
that will have been thoroughly tested elsewhere. The Hall B control systems only 
need to accept and display information from them. 

The gas and solid targets are less complex. There probably will be two stepping 
motors and several pressures and temperatures to monitor. 
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Priority: 1 

4.3.2 Beam Line Instrumentation 

4.3.2.1 Quadrupole Stands (2) 
These devices will be standard CEBAF equipment so the control procedures should be well 
established. 
Quadrupole Magnet - C m n t ,  water pressure and temperature. 
Steering Coils - Current, temperature. 
Vacuum Pump - Pressure 
Beam Position Monitor - One stepping motor, current (for HAFWSUPERHARP) 
All are at priority level 1. 

4.3.2.2 Raster Magnets 
Purpose: Monitor current and status of magnet power supplies. 
Inputs: TBD 
Outputs: TBD 
Interface: TBD 
Hardware: TBD 
Number: TBD 
Priority: 1 

4.3.2.3 Moller Polarimeter 
Iron foil - stepping motor, magnetic field 
Small magnet - current 
2 quadrupole magnets - currents, water pressure and temperature 
Electron detectors - 2 phototube high voltages 
All at priority level 2. 

4.3.2.4 Photon Radiators 
Crystal radiator three stepping motors (priority level 2). 

4.3.2.5 Photon Beam Collimator 
Purpose: 

Interface: TBD 
Hardware: TBD 
Number: TBD 

To move the collimator in and out. 
Inputs: TBD 
Outputs: TBD 

priority: 1 

4.3.2.6 Sweep Magnet@) 
Purpose: Monitor current, water pressure and temperature 
Inputs: TBD 
Outputs: TBD 
Interface: TBD 
Hardware: TBD 
Number: TBD 
Priority: 1 

4.3.2.7 Pair Spectrometer for Relative Photon Flux Normalization 
Beam position monitor - same as Harp 
Veto counter - phototube voltage 
Radiator - same controls as Harp 
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Start counter - phototube voltage 
Dipole magnet - current, water pressure and temperature 
Scintillators - six to twelve phototube voltages 
Priority: 1. 

4.3.2.8 Total Absorption Counter for Absolute Photon Flux Normalization 
Stepping motor to position lead glass block 
Discriminator threshold. 
Both at priority level 1, 

4.3.2.9 Faraday Cup for Electron Beam Current Measurements 
Purpose: 
Priority 1 

Measure electron beam current and monitor water pressure and temperature. 

4.3.3 Beam-Dump Airflow and Temperature Monitoring 
Purpose: 
Inputs: 
Outputs: 
Interface: Analog, GPIB, RS-232?. 
Hardware: Type of flow meter? 
Number: Number of channels? 

Control airflow and monitor temperature of beam dump. 
LOCAL commands to turn airflow ON/OFF. REMOTE read and ON only. 
Monitor temperature and flow rate? 

Priority: 2 

4.3.4 
Purpose: 
Inputs: 
Outputs: 
Interface: CAMAC 
Hardware: 
Number: 6 channels 

Coherent B remss trahlung Radi ator/Goniometer Control 
Precision control of three angles of a diamond crystal radiator. 
LOCALREMOTE commands to drive stepping motors ON/OFF/SET/READ. 
3 crystal angles and radiator (x,y,z) position. 

Multi-axes goniometer, (dc) stepping motors and power supply. 

Priority: 2 

5. EPICS Control System Development and Management 

5.1 Application Development 

5.1.1 Hardware 
An EPICS Application Development System will require the following minimum of hardwan:: 
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5.1.1.1 Off CEBAF Site Hardware 
Off site developers will most probably operate with the bare minimum hardware resources for 
EPICS development. They will probably create simple databases for the control of a specific piece 
of Hall B hardware. It may be possible for Hall B to loan some hardware to the remote sites for the 
purposes of controls development. If so, it is anticipated that the division between Hall B owned 
and off-site owned resources will be (software is included for completeness): 

Hall B Loaned: VME chassis, VME CPU board., GNU development, EPICS system. 
Supplied by Remote Site: UNIX system, VxWorks license (run time and possibly 
development), Motif 1.2. 

EPICS is currently available for Sun Microsystems and Hewlett Packard Series 9OOO UNM 
systems. Currently no other system is supported. 

CEBAF supports HP EPICS at the moment, but may be able to support Sun (OS 4.0) if so 
required ( involves acquiring a Sun Workstation at CEBAF). 

5.1.1.2 On CEBAF Site Hardware 
Developers who are fortunate to be able to work on CEBAF resources will have access to Hall B's 
development system. This will include local access to the Capfast Schematic editor (or its 
successor) essential for complex database creation, to Hall B's VME systems (mv162 and mv167), 
and to associated systems (CAMAC, LeCroy High Voltage). 

5.1.2 Toolkits 
The toolkits used for EPICS development will change as new products are brought on line. At the 
time of writing, it is anticipated that the development path will vary depending upon the complexity 
of the control system. 

For simple systems (small databases with simple record interconnection, and requiring minimal 
EPICS system changes) it is anticipated that text based toolkits will suffice. To this end, DCT for 
database generation, and MEDM for controls screens may be used. These toolkits can be used at 
remote sites with minimal third party software needed (Motif). 

More complex systems will require EPICS record, device and driver support modifications, and 
schematic editors for database creation. This will require more costly third party software (Capfast, 
VxWorks development license) and will probably be performed at CEBAF. 

5.1.3 Training 
To bring the Hall B Controls Developers up to speed, a training program is required. This program 
will include training on the following subjects: 

VxWorks Real Time Programming. 
Networking. 
EPICS for Application Developers. 
EPICS for System Developers. 

5.2 VxWorks Development 
VxWorks kernel development may be required. This requires a VxWorks development license, 
therefore most VxWorks development will be performed at CEBAF. 

5.3 EPICS Management 
EPICS is a rapidly developing system, becoming even more with new collaboration partners. Hall 
B requires that their EPICS system is updated to take full advantage of new features. The update 
procedure will be a combination of EPICS version updates, and incorporation of externally 
developed toolkits, records and device support. 
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6. Control System Resources Requirements 

6.1 IOC Requirements 
One VME system (chassis plus at least one CPU), is required per development system. 

6.1.1 CPU Resources 
The CPU processing speed and floating point support must be sufficient for the EPICS database 
which is required to run on the IOC. CPU resources should ideally be such that the system is less 
that 50% utilized at any one time. 

6.1.2 Memory Resources 
An EPICS IOC uses memory for the following: 

0 Downloading the core EPICS system. 

Downloading sequencer and subroutine object code. 
Allocating memory to waveform records and device support during initialization. 
Allocating memory for Channel Access connections to clients. 

0 Downloading the database. 
0 

0 

0 

Of all the above, only the last one is non-deterministic. As more clients connect, more memory is 
used until no further connections are possible. 

Hall B requires that memory requirements per IOC be absolutely defined. This will allow for a 
precise allocation of the large EPICS system over many IOC’s. 

6.1.3 VME Resources 
TBD - 

6.2 UNIX Requirements 

6.2.1 CPU Resources 
The UNIX system should have sufficient CPU resources to allow for the timely update and 
processing of the Window based Control Screens. 

6.2.2 File System Resources 
The Disc system must be large enough to accommodate EPICS, the application development 
directories, and any new tookits. 

6.2.3 X Window Workstations Resources 
The X Window Servers must have sufficient real estate, and color maps to display the EPICS 
control windows. 

6.3 Network Requirements 

6.3.1 Bandwidth and Latency 
The OPI/IOC network must not be the bottle neck in the data transfer link. 

6.3.2 Network Elements 
EPICS requires broadcast connection between OPI and IOC. Therefore, and network elements 
introduced between these elements must allow for broadcast transmission. 

6.4 Personnel Resources 

6.4.1 EPICS Management 
EPICS Version Management will be performed by the Hall B Software Development Team. 
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6.4.2 EPICS System Development 
EPICS system development will be performed by a subset of the Hall B EPICS development 
team. This is because system development requires greater training and experience of the 
programmers, and possible access to costly third party development systems. 

6.4.3 Application Development 
Most Hall B EPICS developers will be application developers. They will create EPICS databases 
using existing support systems using a minimum of third party software. 

7. Integration with other Systems 

7.1 EPICS with Low Level Controllers 
Hall B EPICS systems developers will ensure that the EPICS Device and Driver Support will 
integrate with the Low Level Controls they communicate with. These controllers include; Magnet 
Power Supplies, Beam Target systems, LeCroy Mainframes, etc. 

7.2 Hall B EPICS with other EPICS systems 

7.2.1 MCC EPICS 
There is a requirement that a formal protocol be established to allow Hall B/MCC EPICS systems 
to communicate in a safe manner. 

7.2.2 Hall A and Hall C EPICS 
TBD 

7.3 Hall B EPICS and CODA 
The following is a requirement from the Hall B Software Working Group (SWG) for the EPICS to 
Data Acquisition interface. The main database will probably be in the BOS format. This will be the 
master database for all Hall B data. In this context, data acquisition covers CODA, the BOS system 
and the Calibration System. 
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The following diagram shows the currently supported EPICS-CODA interface. 
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The EPICS to Data Acquisition interface can be broken down to the following: 

7.3.1 EPICS to Run Control 
This may be accomplished using either script input to RC, or simulated user input to the RC OPI. 

7.3.2 EPICS to Data Stream 
EPICS data may be inserted into the event stream in BOS format using the daInsertEvent0 utility. 

7.3.3 EPICS to BOS Master Database 
EPICS data may be savedrestored from the BOS datastream using EPICS Channel Access 
Utilities. 

7.3.4 New Code Needed for the EPICS-Data Acquisition Requirements 
In the EPICS-Data Acquisition requirements diagram on the previous page, those subsystems 
which will be built by Hall B personnel are shown with a dotted outline. Likewise, the subsystem 
interfaces which require building are also shown with a dotted line. 

7.4 Hall B IOC's with other VME Systems 
Each EPICS IOC VME CPU board is required to be able to operate in a non-invasive manner with 
any other VME boards attached to the back plane. 

7.5 EPICS and other Users of the Network 
Hall B EPICS is required to share the ethernet LAN with any other systems attached to it. 

7.6 EPICS Application Windows with other Window Based Systems 
EPICS windows are required to share X Windows Server Resources with any other GUI systems 
co-currently running. 

8. Hall B Standards 



8.1 Control System Development Standards 
The development of Hall B control applications will be a widely distributed process with a diverse 
team of people contributing to the system. The applications need to be functionally consistent to 
make it easy for the final user to work with the system. The applications also need to be consistent 
in development method for ease in automating system build procedures. Finally, consistency in the 
development method and styles will facilitate the maintenance and further development of syskm 
components by people other than the creator. 

These needs point to a requirement for system development standards. The standards should 
consist of a set of documents describing coding schemes, system design philosophies, and in-line 
documentation requirements. Where desirable, a set of templates should be created for application 
development and/or documentation. 

8.1.1 Database Creation Standards 
A document is required which describes standards in the physical design of databases. With the 
flexibility of EPICS, it is possible to accomplish the same functional result with a variety of 
combinations of records and/or sequencer routines. Guidelines need to be created for standard 
functions. It would be useful to develop a database 'cookbook' which illustrates these standards. 
The standards should also address documentation requirements for applications. 

8.1.2 Naming Conventions 
Naming conventions should be adopted for a variety of system components. 

Must importantly, a convention should be adopted for the naming of process variables. This 
convention needs to be developed in cooperation with the CEBAF Machine Control Group and the 
other experimental halls. This convention should guarantee unique naming of process variables 
within Hall B and within the general CEBAF environment. 

If a bank management system, such as BOS, is used for storing slow control information, a 
naming convention needs to be adopted for these banks. 

Finally, a naming convention needs to be adopted for c variables which are used globally. 

8.1.3 C Coding Standards 
Coding standards are required to help make C code more uniformly readable and manageable in the 
distributed development environment. A template for in-line documentation and routine structure 
should be provided. 

It is proposed to adopt the CLAS C coding standards, reference [1,4]. 

8.1.4 State Notation Coding Standards 
Use C standards for embedded C code, SNL standards TBD. 

8.1.5 Graphical User Interface Standards 
The goal of a standardized GUI is to provide a consistent "look and feel" amongst a collection of 
applications. Learning a generalized set of operating rules will allow the user to successfully 
navigate new applications in a shorter period of time. 

Distributed development for Hall B applications will require a standards document. It will &io be 
useful to develop a set of templates and widgets for device control. 

Issues that should be addressed in a GUI standards document include: color conventions, a 
consistent set of widgets for control of similar and standards for window manipulation and 
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transitions between windows. 

One possible GUI Standard is that produced by the Mitre Corporation, reference [2]. This details a 
list of guidelines, which should be followed to produce a logically structured GUI. 

8.1.6 EPICS Client Software Standards 
There will be a need to write EPICS client s o h a r e  which will communicate with the IOCs directly 
using channel access. An example of such client software is calibration routines which will need to 
access both the CODA data stream and EPICS process variables. 

A consistent interface should be used for most clients. In the case of simple routines which access 
a limited subset of process variables and do not post many monitors, it is proposed that we use a 
library of routines which simplify the use of channel access. Two examples of this are Simple 
Channel Access (LBL) and EZ Channel Access (ANL). More complicated clients will probably 
require the use of the standard channel access library. 

A document should be provided which describes the standard interface to EPICS for the typical 
user, and a template program should be provided. 

8.1.7 Password Protection Standards 
TBD 

8.2 Code Configuration Management 
Propose CVS/RCS with GUI. 

8.3 Documentation 

8.3.1 Detailed Requirements Document (DRD) 
It is proposed to adopt the MCC Requirements Standards, reference [2]. 

8.3.2 Architectural Design Document (ADD) 
TBD 

8.3.3 Detailed Design Documents (DDD) 
TBD 

8.3.4 System Test Documents (STD) 
TBD 

8.3.5 User Guides 
TBD 

9. Delivery Time Scales and Task Priorities 
15th March 1996. Drift Chamber Gas Controls System. 

10. References 
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[4] Wind River C Coding Standards. VxWork Programmers Guide, Appendix C. 

91-008. 
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Abstract 
We brieily describe the drift chamber system for the 

CLAS detector at CEBAF, concentrating on the method 
which will be used to calibrate the drift velocity function. 
We identify key features of the function which should a p  
ply to any smd-ceII drift chamber geometry in which the 
cathode and anode surfaces are wires. Using these ideas, 
we describe a simple method to compensate for variations 
in the drift velocity function due to environmental changes. 
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I CLAS Drift Chamber Overview 
One of the experimental halls at CEBAF will house a large 
acceptance particle detector (CLAS)[lJ based upon a six- 
coil toroidal magnet. The drift chambers have an unusual 
geometry and have been an interesting challenge to de- 
sign, build and instrument. They were described at the 
1992 Wire Chamber Conference [2] and will only be briefiy 
reviewed in this article. 

There are three types of drift chamber in the CLAS de- 
tector. “Region l” chambers surround the target in a re- 
gion of low magnetic field. The “Region 2” chambers are 
somewhat larger and are situated between the magnet coils 
in a region of high field, while the “Region 3” chambers are 
large devices located radially outward of the magnet. 

A full-sized prototype of the Region 1 six-sector assem- 
bly has been constructed. Figure 1 displays the assembled 
structure as it will appear when installed. The height of 
the assembly is approximately 2 meters, with the longest 
wire being 70 cm. In order to minimize the amount of 
material which particles must traverse, we designed the 
chambers to have compressional members (“posts”) which 
are removable. Individual chambers are strung with the 
post compression balancing the wire tension. Once all six 
chambers are strung, they are placed into the six-sector as- 
sembly and connected to neighboring chambers via short 
“struts”. The posts are then removed, and the wire ten- 

Figure 1:’Region 1 &sector assembly. 

sion is borne by tension in the chamber-&hrnber struts. 
The assembly of the structure verified the practicality of 
the design concept. Each of the individual chambers in the 
assembly was strung with thick wires which mimicked the 
final tension of the strung chamber. After remaval of the 
posts the tensions in the wires changed by less than 20%, 
verifying the tension-transfer design. 

The Region 2 chambers are located between the coils of 
the toroidal magnet in the high-field region. To avoid large 
eddy-current forces during a possible magnet quench, the 
Region 2 endplates are made of a non-conducting fiber- 
glass composite. In order t3 insure that the chrmbers are 
fully efficient for all charged tracks which do not hit the 
toroid coils, the thickness of endplate and electronics was 
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point target, cosmic ray runs, etc.) we will ,Itermine 
the position and orientation of the 18 separate drift 
chambers (3 in each sector). 

0 Event Time Calibrations: Using a pulser system, we 
will pulse the on-chamber preamplifiers to check for 
dead wires as well as for changes in electronic delays, 
timewalk, etc.. 

0 Drift Velocity Calibration: the drift velocity function 
can change with changing environmental conditions, 
e.g. pressure, temperature, gas mixture. A combina- 
tion of internal consistency checks based upon track 
fitting and a laser pulsing system will allow us to mea- 
sure key parameters of the drift velocity function. 

We will discuss only the drift velocity calibration procedure 
in the remainder of this article. 
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Figure 2: Region 2: View of cut through end-plate and 
cryostat. 

kept as small as possible. Figure 2 shows a cut through 
the endplate and toroidal coil showing details of the wire 
ailkment and chamber-to-coil attachment. Note that the 
wires touch metal feedthroughs on their inner radii. The 
feedthroughs fit directly into precision holes drilled into 
the fiberglass endplate body. This scheme is simple, inex- 
pensive and provides sufficient accuracy in wire placement 
(e 50pm). We have verified that a prototype chamber 
with this type of feedthrough operates normally. Note also 
in Figure 2 the spring attachment between endplate and 
magnet cryostat. These springs transfer the wire tension 
load from the endplates to the cryostat, while allowing m e  
tion of the cryostat of up to 3 mm without over-stressing 
the wires. 

There has been substantial progress on the construction 
of the large Region 3 chambers. Two of the six chambers 
have been completely strung. A prototype chamber con- 
taining 192 sense wires has been operational since March, 
1994. We plan to run the prototype chamber continu- 
ously until turn-on of the CLAS detector in September 
1996, thus providing an early warning if any operational 
problems develop. We have also used the prototype to 
establish operating conditions and to develop calibration 
procedures, which we now discuss. 

I I1 Calibration Strategies 
The various calibrations planned for the CLAS drift cham- 
bers include the following: 

0 Geometrical Surveys: Using a combination of opti- 
cal surveys and dedicated calibration runs (e.g. B=O. 

II-A Experimental Setup 
This study was done with the Region 3 prototype cham- 
ber in a cosmic-ray telescope. The prototype contains 192 
sense wires, instead of the 2304 sense wires of an actual 
chamber, but in other aspects of construction and on-board 
instrumentation, is the same. The chamber has a hexag- 
onal wire arrangement, with sense wires grouped into two 
six-layer superlayers. We fit cosmic ray tracks by minimiz- 
ing the residual between the calculated distance-of-dosest- 
approach (D) of the track to a wire with the distance from 
the wire as calculated from its time (T) alone. In Figure 3 
we plot D vs. T for wires from one particular layer which 
was exduded from the track fit. The resulting scatterplot 
is the familiar drift velocity function. 

11-B General Properties of the D vs. T 
Correlation 

On Figure 3 we have indicated the maximum possible drift 
distance (Dmaz) as well as the corresponding time, Tmar. 
Shown as different symbols are data points from tracks 
with entrance angle of 25 - 30°, and those with angle of 
0 - 5'. Clearly, there is a track angle dependence to the D 
- T correlation. However, note that the two data samples 
seem to be characterized by the game value of Tmaz. 

To understand this effect physically, we present in Figure 
4 a plot of isochrones for the cell in question, calculated 
using the program, GARFIELD [3]. Near the wire, the 
isochrones are circular, indicating that the D - T function 
is independent of track angle. Further from the wire the 
isochrones become non-circular, showing track angle de- 
pendence. Near the outer edges of the cell the isochrones 
become hyperboloid. This implies that the first-arriving 
ions from tracks which are near the periphery of the cell 
come from the hiGh-field region near the field wire regard- 
less of the location of the point at which the r m c k  is closest 
to the wire. This is the reason that the game value of T,,, 
applies to tracks of any angle. For example. the two tracks 
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shown (at 0" and 30') have different distances of closest 
approach but give the same value for the time of the first 
arriving drift electron. 

Looking again at Figure 3, we note two other features of 
the data. First, the slope at small values of time is approx- 
imately equal to the slope at maximum time (Tmaz)(4] . 
Second, an inflection point (which corresponds to a mini- 
mum in the drift velocity) occurs at a distance of = 0.615 
of the maximum distance. 

These constraints led us to a polynomial expression for 
the D vs. T function with only three adjustable param- 
eters, VO (the saturated drift velocity), T,,,,, (the time 
smearing for tracks near the wires due to discrete ioniza- 
tion), and Tma, (the maximum drift time). The quantities 
Vo and T,,,,, are roughly constant, thus when some oper- 
ating condition varies (like atmospheric pressure), we can 
characterize the change in the drift velocity with one pa- 
rameter, Tmoz. 

II-C Derivation of the Function 
We now investigate the functional form for the dependence 
of D on time. The function also depends on 6 ,  the track 
entrance angle. For brevity, we derive the function for the 
case of 0 = 30°, i.e. where the track is perpendicular to a 
line joining sense and field wire. 

For simplicity, we assumed a simple three-power form, 
the first term of which is h e a r .  

T T 
Tmaz Tmoz 

D = Vo T + b - ((-)" -I- C -  ( -),) 

where Vi is the value for the saturated drift velocity near 
T=O, and T,,, is the maximum drift time. 

Time-To-Distance Relationship 

Figure 3: D(cm) vs. T(ns) for wires not used in fit. 
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Figure 4: Drift Lines and Drift Isochrones (100 ns con- 
tours): Region 3 Cell. 

The first constraint is that the drift velocity near the 
sense wire (T=O) is equal to the drift velocity near the 
field wire (T=Tma,). Even though the field wire's local 
electric field at some particular distance is half that for 
the sense wire, the local drift velocities are approximately 
equal because this is in the high electric field region where 
drift velocities saturate. Therefore: 

or 

Thus, 
vo = Vo+b.(n+c.m) 

c = -n/m 
The second constraint is that the drift velocity reaches a 

minimum at the point of minimum electric field strength. 
Along a h e  from sense to field wire, we determined that 
the electric field reaches a minimum at approximately 
0.615 of the distance from sense to field wire, using the 
GARFIELD program. The number 0.615 is chlaracteris- 
tic of an infinite grid of hexagonal cells which our cham- 
bers approximate. It does not depend on cell size or volt- 
age. In terms of drift time, this inflection point occurs at 
T R 0.605 . T&, for our particular running conditions. 
The value 0.605 is not a geometrical constant but is ap- 
proximately constant for our choice of operating voltage. 
Therefore, 

d2D -(T = 0.60.5 . T,,,) = 0 dF 
so  

R - (n - 1) .0.605" = c . rn . (rn - 1) .0.60dm 
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Substituting c = -n/m yields 

( n  - 1) - (0.605)n = (m - 1) . (0.605)m 

Graphically we determined that the equation 

n = 2.85 - 0.65 1 ( rn - 3)O.' 

describes the solution set. Using this relation between n 
and m, we were able to fit the D vs. T data to the func- 
tional form to obtain n=2 and m=4.5 as the exponents 
which best fit the data. To obtain good agreement with 
data, it was also necessary to add an asymmetric time 
smearing for small times due to the finite ion deposition 
density along the track. 

We then k e d  the values of n and m at 2 and 4.5 re- 
spectively, and assumed that chages to the drift velocity 
function could be characterized by a changing value of VO 
orb. By assuming that the maximum drift distance, Dmu, 
occurs at time, Tmat, we are able to express b as follows: 

Dmar - VO * Tmar b =  
1 - n / m  

So we have parameterized the drift distance in terms of two 
fundamental parameters, Vo, the saturated drift velocity, 
and T,,, the maximum drift time. 
Our calibration stragtegy relies on assuming that 

changes to the drift velocity correlation can be adequately 
described as a change to a single parameter, Tmar, which 
we must determine and periodically update in a calibration 
file. 

11-D Measuring T m u  
We plan to use three methods to measure Tmaz. The first 
is to allow T,, to be an adjustable parameter in a fit 
of the D vs. T data. The second is to fit the large-time 
edge of the drift-time histogram. The third is to measure 
T m a  in a separate test chamber (at the same pressure, gas 
mixture and voltage as the actual chambers) by shiniig an 
UV laser onto field wire surfaces[S]. The ionization from 
the wire surface far exceeds the laser's ionization of the gas 
itself, so the recorded time spectrum is a direct measure of 

The first method is biased because the current value of 
D depends upon the parameters of the correlation function 
used to calculate D from T. This procedure is thus inher- 
ently an iterative one. The second and third methods yield 
values for Tma+ which do not depend upon track-fitting. 
However, the second method (fitting the trailing edge of 
the drift time histogram) wil l  require a substantial amount 
of analysis to convert raw TDC readings into actual drift 
times because we will have a common-stop system with a 
trigger formation time jitter on the order of 40 ns. We have 
studied the laser calibration method and find that it yields 
results which are consistent with the other two methods, 
and has the advantage that it can be done independently 
of the data analysis. 

Tmas - 

Figure 5: Raw Time Histogram: Cosmic Ray Run with 
Laser Peaks Superimposed. 

Using a small one-cell test chamber we have obtained 
the time spectrum for pulses in which the electrons were 
p h o t e t t e d  from a field wire surface. Figure 5 is a time 
histogram from a cosmic-ray run on the one-cell chamber. 
Superimposed upon the continuous distribution of times 
obtained from the cosmic rays are two sharp peaks. The 
first is the time recorded from a diode situated near the 
chamber which was illuminated by the laser light and cor- 
responds to the time at which the laser struck the wire. 
The second peak corresponds to electrons emitted from 
the field wires. The diode gives a prompt signal, so we 
have added one time offset to the two laser peaks in order 
to align the diode peak with the leading edge of the cosmic 
ray distribution. Note that the time difference between the 
peaks is the same as the over-all time spread of cosmic-ray 
events, indicating that the laser pulsing method correctly 
measures the parameter Tmar. 

lI-E Environmental Compensation 
Changing environmental conditions affect the drift veloc- 
ity, and thus the parameter Tma,. As an example, Figure 
6 shows the change in the fitted value of Tm,, (trailing 
edge method) versus elapsed time for a Cday data run. 
Notice that after 4000 minutes the value of Tm,, begins to 
change significantly. Our strategy for maintaining the drift 
velocity calibration is straightforward: measure Tmaz and 
update its value in the calibration file. Figure 7 shows our 
results. We show the average residual between tracks and 
individual hits plotted versus the distance of the track froin 
the wire. The open circles represent the residual distribu- 
tion for the large-elapsed-time portion of the run, using a 
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Figure 6: Fitted value of Tmor versus Time of Day. 
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Figure 7: Resolution versus D (before and after correction 
for changing Tma). 

D-T function which gave good resolution (= 200pm) for 
the early part of the run. The resolution had cleariy dete- 
riorated. The solid circles represent the residuals obtained 
when the D-T function was corrected for the changing val- 
ues of T,,, shown in Figure 6. 
This is our primary result: by measuring and adjusting a 

single parameter (Tmoz:) we are able to keep the drift cham- 
bers calibrated in spite of changing environmental condi- 
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1. Introduction 

The CEBAF Large Acceptance Spectrometer (CLAS) is designed to have a momen- 
tum resolution in the range Sp/p  M 0.5- 1.0% and an angular resolution of about 1.0 mrad. 
In order to achieve these goals the drift chambers must measure tracks with a spatial res- 
olution of 200 prn[l]. The chambers must be calibrated accurately and that calibration 
must be maintained in the face of variations in running conditions like the atmospheric 
pressure and temperature of the hall. We have developed techniques for calibrating, mon- 
itoring and compensating for variations in the drift velocity of the drift chamber gas due 
to these changing operating conditions. 

The outline of this CLAS Note is as follows. The experimental apparatus is described 
first and the form of the relationship between the measured drift time and the distance-of- 
closest-approach of a straight track to a sense wire is presented. Algorithms for determining 
the maximum drift time, an essential parameter in our characterization of the chamber 
response, are presented plus a technique for measuring directly the maximum drift time. 
Finally, the result of compensating for changing conditions is presented. 

2. Experimental Details 

This study was performed with the Region-3, 'nose cone', prototype chamber in a 
cosmic-ray telescope (see Figure 1 for a schematic drawing). The prototype reproduces 
the most-forward-angle portion of the Region 3 drift chambers and contains 192 sense 

* 
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wires, instead of the 2304 sense wires of an actual chamber, but in other aspects of con- 
struction and on-board instrumentation is the same. The chamber has a hexagonal wire 
arrangement, with sense wires grouped into two six-layer superlayers. For the work de- 
scribed here a 5050 mixture of Argon-Ethane was used. The chamber was operated with 
sense, field, and guard wires set at +1800 V, -900 V ,  and +643 V ,  respectively. The 
leakage currents for the sense, field, and guards wires were all in the range 8 - 1.5 nA 
during the entire run. 

The sense wires were amplified in two stages with a gain of 20 rnV/pA. The amplified 
signal was discriminated with a Philips 706 module with a threshold set to 10 mV. Sub- 
sequent analysis of the data (to be presented in a later CLAS Note) leads us to estimate 
that this threshold corresponds to a minimum detectable signal of three electrons. The 
discriminator output provided a stop to one of the channels of a LeCroy 2228 TDC module. 

Cosmic rays were detected in the chamber with a telescope consisting of two pairs of 
plastic scintillators placed above and below the chamber. Time jitter occurred in the start 
signal with a range of 1 - 2 ns. This effect was due to variation for different tracks of 
the propagation time in the scintillator and the time-of-flight of the cosmic ray between 
the chamber and the scintillators. Data acquisition was done with an array of CAMAC 
modules and the computer code TRACK [2] running on a MicroVax computer. We fit 
cosmic ray tracks by minimizing the residual between the calculated distance-of-cl.osest- 
approach (D) of the fitted track to a wire with the distance from the wire as generated 
from its drift time (T) alone. In Figure 2 we plot D versus T for wires from one par2,icular 
layer which was excluded from the track fit. The resulting scatterplot is the familiax drift 
velocity function. 

We will show below that the maximum drift time is one of the important parameters 
that characterizes the drift velocity function. To make a direct measurement of the max- 
imum drift time we used an ultra-violet laser to induce photeemission of electrons from 
a field wire 131. The apparatus for the test is shown in Figure 3. The photon source was 
an LN203C nitrogen laser from Laser Photonics delivering 100 pJ/pulse of peak power 
in 600 p s  pulses up to a rate of 50 Hz. The rate is adjustable and the laser was usually 
run at 1 Hz. The nominal wavelength is 337.1 f 0.1 nm. This laser employed a thyratron 
to generate pulses instead of a spark gap used in lasers in previous studies [3,4]. It emits 
RF noise that can overwhelm the amplified signal from the sense wire that provides the 
stop signal for the TDC. We were able to reduce this noise below the 10 mV discriminator 
threshold on the amplified sense-wire signal by several methods. An aluminum box was 
built to hold the laser with an isolation transformer in the wall of the box and a shielded 
cable providing power. The bottom and side walls were welded to prevent F S  leakage. 
Long (about 4 inch) tubes were used as attenuating waveguides at each gas and light port 
to reduce RF leakage. Standard BNC feedthroughs were used to extract a timing signal 
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from the enclosed laser for monitoring purposes. An RF gasket was attached to the rim of 
the box where an aluminum lid covered the box. Placing a single lead brick on the lid to 
hold it firmly in place significantly reduced the RF leakage. 

The drift chamber for this part of our investigation was a single cell prototype with 
a single sense wire, six field wires in a hexagonal arrangement to mimic the CLAS design, 
and six more guard wires for field shaping. A photodiode placed about 14 cm from the 
struck wire was used to provide a fast (rise time 5 1 ns), reference signal as a start for 
the time-to-digital converter [4]. A quartz lens was used to focus the beam to a spot of 
dimensions about lmm x lmm or less. 

We observed a large (pulse height 2 200mV) signal at the output of the sense-wire 
signal amplification when the laser beam was directed at a field wire in the single-cell 
prototype. In fact, the drift chamber signal was so large it saturated a VPI post-amplifier 
that is similar to the ones that will be used in the CLAS. We also directed the laser beam 
through a mylar window in the side of the nose cone prototype and observed similar behav- 
ior when the beam struck a field wire in that chamber. The signals from the photodiode 
and the drift chamber were collected with the same data acquisition system that was used 
with the nose cone prototype. 

3. The D-T Correlation 

In Figure 2 we have indicated the maximum possible drift distance (Dmaz) as well as 
the corresponding maximum drift time, Tma,. Shown as different symbols are data points 
from tracks with an entrance angle of 25" - 30" and those with an entrance angle of 0" - 5". 
Clearly, there is a track angle dependence to the D-T correlation. However, note that the 
two data samples are characterized by the same value of Tma,. 

To understand this effect physically, we present in Figure 4 a plot of isochrones for 
the cell in question, calculated using the program, GARFIELD [5]. Near the wire, the 
isochrones are circular, meaning the D - T function is independent of track angle. Further 
from the wire the isochrones become non-circular, showing track angle dependence. Near 
the outer edges of the cell the isochrones become hyperboloid. This implies that the first- 
arriving ions from tracks which are near the periphery of the cell come from the high-field 
region near the field wire regardless of the location of the point at which the track is 
closest to the wire. This is the reason that the same value of Tmaz applies to tracks of 
any angle. For example, the two tracks shown (at 0" and 30") have different distances of 
closest approach but give the same value for the time of the first arriving drift electron. 

Looking again at Figure 2, we note two other features of the data. First, the slope at 
small values of time is approximately equal to the slope at the maximum drift time (Tmaz). 
Second, an inflection point (which corresponds to a minimum in the drift velocity) occurs 
at a distance of m0.615 of the maximum distance. The precise location of the inflection 
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point was obtained from our GARFIELD simulation discussed below. 
These observations led us to a polynomial expression for the D vs. T function for 

a particular entrance angle 8 with only three adjustable parameters, Vi (the saturated 
drift velocity), Ts,ea, (the time smearing for tracks near the wires due to discrete ion- 
ization), and T,az (the maximum drift time). The quantities Vo and TSmea, are roughly 
constant, thus when some operating condition varies (like drift chamber gas pressure), we 
can characterize the change in the drift velocity with one parameter, Tmaz. 

We now investigate the functional form for the dependence of D on drift time. We 
first derive the function for the case of 8 = 30°, i.e. where the track is perpendicular to a 
line joining sense and field wire. For simplicity, we assume a simple three-power form, the 
first term of which is linear. 

T T 
Tmaz Tmaz 

D = vo - T + b * ((-)" + c - (-)") 

The quantity VO is the value for the saturated drift velocity near T = 0, and T'a, is the 
maximum drift time. 
- The first constraint is that the drift velocity near the sense wire (T = 0) is equal to 

the-drift velocity near the field wire (T = Tma,). Even though the field wire's local ellectric 
field at some particular distance is half that for the sense wire, the local drift velocities are 
approximately equal because this is in the high electric field region where drift velocities 
saturate. Therefore 

dD dD 
dT dT 
-(T = 0) = -(T = Tmaz) 

or 
Vi = Vi + b + (n + c - m) 

Thus, 
c = -n/m 

The second constraint is that the drift velocity reaches a minimum at the point of min.imum 
electric field strength. Along a line from sense to field wire, we determined that the electric 
field reaches a minimum at approximately 0.615 of the distance fiom sense to field. wire, 
using the GARFIELD program. The number 0.615 is characteristic of an infinite ,qid of 
hexagonal cells which our chambers approximate. It does not depend on cell size or voltage. 
In terms of drift time, this inflection point occurs at 2" x 0.605 - T,,,, for our particular 
running conditions. The value 0.605 is not a geometrical constant but is approximately 
const ant for our choice of operating volt age. Therefore, 

d2D 
dT2 -(T = 0.605 * T,,,) = 0 
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so 
n -  (n - 1) - 0.605" = c -  m (m - 1) + 0.605" 

Substituting c = -n/m yields 

(n - 1) - (0.605)" = (m - 1) (0.605)m 

Graphically we determined that the equation 

n = 2.85 - 0.65 (m - 3)0.7 

describes the solution set. Using this relation between n and m, we were able to fit the 
D - T data to the functional form to obtain n = 2 and m = 4.5 as the exponents which 
best fit the data. To obtain good agreement with data, it was also necessary to add an 
asymmetric time smearing for small times due to the finite ion deposition density along 
the track. 

We then fixed the values of n and rn at 2 and 4.5 respectively, and assumed that 
changes to the drift velocity function could be characterized by a changing value of Vo or 
b. By noting that the maximum drift distance, Omax, occurs at time, Tmax, we are able 
to express b as follows 

Dmax - VO . T'ax b =  
1 - n/m 

The dependence on the entrance angle of the track is incorporated in Dmax, the distance 
from the sense wire to the perimeter of the cell along a line perpendicular to the track. In 
other words, 

Dmax = Dcell * COS(~O" - 8) 

where Dcell is the distance from the sense wire to a field wire. So, we have parameterized 
the drift distance in terms of two fundamental parameters, Vi, the saturated drift velocity, 
and Tmax,  the maximum drift time. 

We note here that we also explored the use of an arbitrary polynomial to characterize 
the D - T function. After trying several different forms we settled on the function 

where 8 is the entrance angle of the track. Analysis of our data with this function produced 
essentially the same distribution of residuals as the previous function. 

Our calibration strategy will rely on assuming that changes to the drift velocity corre- 
lation can be adequately described as a change to a single parameter, T m a x ,  which we must 
determine and periodically update in a calibration file. We will present our implementation 
of this strategy below, but first we discuss methods to determine Tma,. 
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4. Measuring T,, 

We have explored several techniques to determine the maximum drift time, but first 
we must precisely define T,,,. One naively expects T,,, to be the drift time for tracks 
whose distance of closest approach lies near the field wire, the farthest geometric point 
from the sense wire. However, recall the discussion above explaining why tracks with 
different entrance angles near the periphery of the cell will generate the same drift time. 
The topology of the isochrones in this region is complex; they shift from a hexagonal shape 
to a hyperboloid one over a small distance. In turn, the discrete nature of the ionization 
produced by a track means that clusters will be generated, on average, every 300 pm. 
Hence, two identical tracks can produce ion clusters that lie on different isochrones. The 
topology of the isochrones leads to a ‘smearing’ of drift times at large distances from the 
sense wire. A typical drift time spectrum for a single layer is shown in Figure 5. Notioe that 
at large times the edge is not sharp, but drops to zero over a range of about 100 ns. We 
have defined the maximum drift time, T,,,, its the midpoint of the region of the dropoff. 

We now discuss several methods for determining the maximum drift time from our 
data. In the region of the large-time edge, the slope of the data should pass through a 
maximum at T,,,. One can calculate this slope from one bin to the next and locate the 
maximum. However, this method suffers from inadequate statistics in the region of interest. 
The number of counts is dropping rapidly and one must take the difference between two 
small numbers. This procedure has a large uncertainty that makes it unusable. 

We fit the drift distance versus drift time spectrum (the D - T distribution) with 
the functional form discussed above. This method is biased because it depends on the 
track-fitting algorithm. The current value of the distance-of-closest-approach (0) depends 
upon the parameters of the correlation function used to calculate D from the drift time T. 
This procedure is thus inherently an iterative and time-consuming one. 

We also fit the large-time edge of the drift time spectrum with a function of the form 

where NO is a normalization factor, T is the drift time, and a is the width of the drop 
off region. One must choose a low-time cutoff to avoid ‘distorting’ the fit with the large 
peak in the drift time spectrum at small times (the cutoff is about 260 ns in Figure 5) .  
Nevertheless, the fit results are insensitive to the choice of this cut-off over a wide time 
range (200-400 ns for Figure 5) and are consistent with the fits to the D - T distribution. 
Hence, this method is robust and accurate and has a distinct advantage over the previous 
method because it is independent of track fitting. It does not depend on the particular 
form of the function used to calculate the distance-of-closest-approach. However, the large- 
time-edge fit relies on collecting an accurate drift time spectrum. In the CLAS (as opposed 
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to the nose cone prototype) the drift time measurement will require a substantial amount 
of analysis to convert raw TDC readings into drift times because the CLAS will have a 
common-stop system with a trigger formation time jitter of about 40 ns. Hence, fitting 
the large-time-edge of the drift time spectrum is a promising technique, but it relies on an 
‘analyzed’ quantity. 

Finally, we measured the maximum drift time in a separate test chamber held at the 
same voltage, pressure, and gas mixture as the nose cone prototype drift chamber. The 
results are shown in Figure 6. It is a time histogram from a cosmic-ray run on the one-cell 
chamber. Superimposed upon the continuous distribution of drift times obtained from 
the cosmic rays are two sharp peaks. The first is the time recorded from the photodiode 
placed about 14 cm from the field wire illuminated by the laser light and corresponds to the 
time at which the laser struck the wire (within M 300 p s ) .  The second peak corresponds 
to electrons emitted from the field wires. The photodiode gives a prompt signal, so we 
have added one time offset to the two laser peaks in order to align the diode peak with 
the leading edge of the cosmic ray distribution. The ionization from the wire surface far 
exceeds the laser’s ionization of the gas itself so the difference between the two sharp peaks 
is a direct measure of TmaX, the time interval for an electron emitted from a field wire to 
reach the sense wire. Note that the time difference between the peaks is the same as the 
over-all time spread of cosmic-ray events, indicating that the laser-induced, photo-emission 
method correctly measures the parameter T,,,. This laser calibration method is consistent 
with the other methods and has the advantage that it can be done independently of any 
data analysis. 

5. Environmental Compensation 

We mentioned above that our strategy for maintaining the drift velocity calibration 
depended on the maximum drift time. To test this idea we collected data over a long (4- 
day) period during which the atmospheric temperature and pressure varied significantly. 
We determined the maximum drift time, T,,,, as a function of the elapsed time of the run, 
Telapsed, using the fit to the large-time edge of the drift time spectrum described above. 
The results are shown in the upper panel of Figure 7. Notice that the maximum drift time 
is constant for the first two days or so of the run and then begins to increase significantly 
(from M 490 ns to M 560 ns) for Teiapsed > 4600 min. We then optimized the parameters 
of the drift distance - drift time (D - T) function during these first two days of the run 
when Tmax was stable. During this time period (Telapsed < 4600 min) the resolution in 
the central region of the cell between the sense and field wires was about 190 pm. This 
calibration of the D - T function made for the early part of the run was used throughout 
the rest of the run. The spatial resolution of the nose cone prototype as a function of 
the elapsed time was determined from the width of a Gaussian fit to the residual of the 
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excluded layer. The result is shown in the lower panel of Figure 7. For early times the 
resolution stays near its optimized value of about 200 pm, but for Telapsed > 4600 mi:n the 
resolution deteriorates rapidly implying the need to update the calibration of the 1;) - T 
function. More importantly, this deterioration is precisely correlated with the change in 
T,,, shown in the upper panel. 

What caused these effects? Because the chamber has a flexible gas bag and operates 
at atmospheric pressure, we suspected changes in atmospheric pressure were the dominant 
cause of changes to the drift velocity and of the degraded resolution. To test this idea, 
we recorded the pressure inside the chamber during the same 4day run. The results are 
shown in the upper panel of Figure 8. For comparison we reproduce the time-dependence 
of the resolution shown in Figure 7. During the early part of the run the pressure changes 
significantly when the resolution is stable (recall from Figure 7 that the maximumi drift 
time is also constant during this period). For Telapsed > 4600 min the pressure drops 
and then increases again while the resolution deteriorates. The time dependence of the 
atmospheric pressure and the resolution are only imperfectly correlated. This imperfect ion 
points to the effect of other additional factors like temperature or gas mixture as sources 
of changes in the drift velocity. Nevertheless, the precise correlation of the resolution with 
the maximum drift time supports our strategy of monitoring Tma, and compensatirig for 
changes in this parameter. 

We implemented our strategy by measuring T,,, from the fit to the large-time edge 
of the drift time spectrum and updating its value in a calibration file. Figure 9 shows 
our results. We display the average residual between tracks and individual hits plotted 
versus the distance of the track fkom the wire. The open circles represent the residual 
distribution for the large-elapsed-time portion of the run, using a D - T function which 
gave good resolution ( x  200 pm) for the early part of the run. The resolution had cllearly 
deteriorated. The solid circles represent the residuals during the same time period obtained 
when the D - T function was corrected for the changing values of T,,, shown in Figure 
7. The minimum in the central region of the cell has returned to about 200 p m .  This is 
our primary result: by measuring and adjusting a single parameter (T,,,) we are able to 
keep the drift chambers calibrated in spite of changing environmental conditions. 

6. Conclusions 

We have discovered that the maximum drift time is a useful parameter that can 
describe the response of the CLAS drift chambers. It is tightly correlated with changes 
in the resolution of the nose cone prototype due to changing operating conditions. We 
have developed a technique to measure T,,, using the measured drift-time spectrum and 
to directly measure T,,, by shining a W laser on a field wire and determining the drift 
time of the emitted electrons. Finally, we have demonstrated that one can maintain the 
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calibration of the drift chambers by updating the value of T,,, in a calibration file. 
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Figure Captions 
1. A schematic drawing of the nose cone prototype. 
2. Distance-of-closest-approach (D) versus drift time (T). The light points are for tracks 

with entrance angles in the range - 6 = 25" - 30". The dark crosses are for tracks with 
entrance angles in the range 6 = 0" - 5". The maximum distances-of-closest-approach 
for these two angular ranges are indicated by the mows. The dashed line represents 
the maximum drift time, T,,,, derived from a fit to the large-time edge of the drift 
time spectrum. 

3. A schematic drawing of the apparatus used to measure the maximum drift time. 
4. Drift Lines and Drift Isochrones (100 11s contours): Region 3 Cell. 
5. Drift time spectrum from a Region 3 cell. 
6.  Results of laser measurement of the maximum drift time. The narrow peak at small 

time is the reference signal from the photodiode. The narrow peak at large time is 
from the single-cell drift chamber. The histogram is cosmic ray data collected during 
the course of one day. 

7. Time dependence of the maximum drift time and the resolution in the nose cone 
prototype. 

8. Time dependence of the gas pressure in the nose cone prototype and the resolution of 
the drift chamber. 

9. The dependence of the resolution on the distance-of-closest-approach (D) before and 
after correction for changing T,,,. 
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Introduction 
When a charged particle traverses a drift chamber it leaves behind a trail of ion 

pairs. The electrons drift to the anode wire and produce a charge avalanche. The 
density of ionization pairs is sparse; for example, in a 50:50 argon ethane mixture a 
minimum ionizing track produces on average one primary ionization event pair every 
350 p m .  The ions are not spaced evenly but follow a Poisson distribution. This 
“clumpiness” of ionization has several consequences: 

0 the drift time of tracks close to the sense wire is shifted to larger times, 

0 the drift time of tracks close to the field wires is also shifted to larger times, 

0 the spatial resolution for hits near the sense or field wires deteriorates, and 

0 the efficiency of such tracks in producing hits is reduced. 

Using formulas for the ionization density dong a track we calculate the functional 
dependences of these effects. Armed with these functions, we describe methods to 
correct the data for these effects (on the average) and to determine the expected addi- 
tional resolution. We closely follow two s0urces:Principles of Operation of Mul- 
tiwire Proportional and Drift Chambers, F. Sauli, (1977) and Optimierung 
der Ortsauflosung der Zylindrischen Driftkammer des Detektor ARGUS, 
G. Harder, (1984). Sauli’s work is known as the “bible” for drift chamber operation, 
while the second is a thesis by a student at ARGUS which contains many useful 
studjes of their drift chamber. 

1 Ionization along a Track 
The density of ionization along a track segment of length dy is proportional to the 
segment length, k dy, where k = 28m-’  is characteristic of argon-ethane (50:50), 
currently being used in the ‘hose-cone” prototype chamber. Note that this “k” is the 
number of primary ionization events per track length. In argon-ethane, an ionization 
event consists of 2.5 ion pairs on average. The distribution is sharply peaked at one 
ion, falling as 1/n2 where n is the number of ion pairs in one ionization event. Thus 
a minimum ionizing particle traversing one cm of argon-ethane will leave behind 28 
clusters of ions and a total of 70 ion pairs. To simplify the calculations, we will assume 
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that the wire “fires” when at least “j” ion clusters reach the sense wire, where j is a 
small number (3 or 4). This threshold depends upon the overall gas and electronics 
gain as well as the discriminator threshold. See the appendix for further discussion. 

2 Spatial Distribution of Ion Clusters along a Track 
We now define Pl(y) - dy to be the probability that the first ion pair along a track 
occur within the segment (y)y + dy)  or within (-3, -y - dy), relative to the point 
of closest approach of the track to the wire. See Figure 1. To derive the form of PI, 
consider the function P(y) which is the probability that there is no ion within f y 
of the origin. The differential equation which defines P ( g )  is the following: 

P ( g  + dg) = P ( y )  - (1 - k - 2 - dg) 

In other words, the probability of no ion being within y+dy of the origin is the 
probability of no ion being within y of the origin times the probability that no ion is 
produced within (y,y+dy) or within (-y,-y-dy). So, 

P(y + dy) = P(y) - 2kP(y)dy 

The solution is 

= - 2 k P .  d P  - 
dY 

P(y) = e-2‘ey. 

Now, Pl(y)dy is the probability that the first ion along a track occurs in the interval 
(Y>Y+dY) or (-Y,-Y-dY). 

so, 
Pl(Y)dY = P(Y) - 2kdy 

Pl(y) = 2ke -2‘ey . 
The probability that two ions occur within a segment from -y to y is the integral 

over the product Pl(g1) Pl(g - g1) where y1 is intermediate between 0 and y. So, 

~ 2 ( y )  = J” [21~e-2‘~11 [21~e-2k(~-~1)1dyl 
0 

and 
2 -2ky P2(Y) = y ( 2 k )  e 

and following Sauli, 

is the probability that j clusters occurs within the segment -y to y. 
The average value of y for which j clusters are contained within -y to y is thus 

in f ty 
< y > =  

* 
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Pathoftrack A 
Y 

Figure 1: Finite deposition of ions along a track. 

The solution to  this integral is 

j 
2k 

< y >= - = j - 179pm 

for k = 2 8 m - l .  

3 Effect upon Observed Time (and Distance) of 
Hits 

Discrete ionization shifts the apparent time of a hit to larger values. Referring again 
to Figure 1, suppose a track is at a distance, b, from a wire. Also suppose that there 
is no hit at this distance of closest approach but that the first hit occws at distance 
y along the track. Then the observed distance of the track from the wire, D, is the 
quadratic sum of b and y, 

So, knowing the ideal track impact parameter, b, and average ionization displacement 
< y > we can calculate the observed distance, D. We must invert this procedure; that 
is, given the observed distance, D, what is the average correction, SD, averaged over 
all contributing values of impact parameter. It’s not as easy as saying that 

D =  Je. 
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As an example, what do you do when D is smaller than < y >? 
We begin to answer this question by calculating three quantities of interest: 

1. the shape of the leading edge of the observed time distribution for all tracks 

2. the shape of the time distribution for tracks close to a wire 

3. the average shift in the observed time as a function of the observed time. 

The first two distributions will be compared with our data to estimate the threshold 
parameter, j. The third distribution is our best estimate of the average time shift 
as a function of the observed time, and will be subtracted from the observed time 
to yield the corrected time. 

3.1 Leading Edge of the Observed Time Distribution 
The shift of the distance of closest approach will reveal itself in changes to the observed 
time distribution of hits from a wire. The larger the shift (i.e. for larger j) the less 
steep is the leading edge of the distribution, and the more it is shifted to positive 
times. 
- If the hit threshold requires j primary ionization pairs then the probability distri- 

bution for the distance y of the hit position is given by p3(y). What is the resulting 
probability distribution for the observed (apparent) distance of closest approach, D? 

Refer to figure 2. Here we have sketched the solution. Assume that tracks are along 
the y direction (the solution is valid for any angle). Suppose that the distribution 
of incident tracks is uniform in x. How many tracks are observed to be at distance, 
D, from the wire? For instance, if a track were at x=O it could still appear to be at 
distance, D, if its ‘jth’ hit were at distance D from the wire. Here we are assuming 
that a ‘hit’ occurs only after the arrival of j electrons. 

The number of events observed at distance, D, is thus given by the following 
integral: 

N(D)dD = /“(D - d# - dD)pj(y)Ptro~k(z) 

where F&k(z) is the probability distribution for tracks occuring at some distance z 
from the wire and is assumed to be constant, and Pj(y) is defined in section 2. 

We have done the integral numerically and present the solution in figure 3 for 
different assumptions on the hit threshold (j = 1, 2, 3 or 4). As the threshold, j, 
increases there are three effects: first, the slope of the leading edge decreases, second, 
the straight-line extrapolation point is shifted to larger times, and third, the overshoot 
increases. 

We can use the leading edge slope as a measure of the effective threshold, j ,  and use 
this measure of j to estimate the shift in To from the straight line extrapolation point. 
Referring again to figure 3, we see that the data distribution (the solid histogram) 
slightly favors the j=3 solution. We point out that this data were taken with the “nose- 
cone” prototype at 2700 V, with 75’ of signal cable, with electronic amplification of 
22 mV/pA, and with a discriminator threshold of -lOmV. In future work, we will 

0 
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Figure 2: One example of an event at apparent distance D; the probability of an event 
observed at D is the integral over all such cases. 

change the gas amplification and check whether the threshold parameter, j, changes 
accordingly. 

3.2 Observed Time Distribution for Zero-Impact Parameter 
Tracks 

The expected distribution in times for hits from tracks very close to the wire is quite 
sensitive to the threshold parameter, j. The expected function form is simply 

with y transformed to time by the saturated drift velocity, V, = 56pm/ns.  In Figure 
4 we plot Pj(g) for j=1,2,3,4 over a histogram of raw times collected for the case 
when the fitted track was within 200pm of the wire position, once again for 2700 V 
data. The j=3 curve again seems to best fit the data. Also, the mean time of 9.5 ns 
is consistent with < t ime  >=< y > /& = 3 * 179pm/56pm/ns = 9.6ns. 

3.3 Calculated Time Shift as Function of Observed Time 
Refer again to figure 2 where the ideal impact parameter, b, is shifted to the obsreved 
distance, D, by adding the clusterization distance y in quadrature. We don’t know y 
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Figure 3: Expected time distribution for different thresholds. Data from a 2700 V 
run is shown as the histogram. 

on an event-by-event basis but our best estimate of its'average value is < y >= j - 2k. 
We also know its expected probability distribution, Pj(y). Therefore, we can calculate 
the average value for the shift in distance, SD with this formula 

< SD >= l T ( ( b  - D) - @)Pj(y) 
as a function of observed distance, D. 

In Figure 5 we plot the results of this calculation. The four dotted curves are the 
values of the correction SD plotted versus the observed distance, D. We then correct 
the observed distance by simply subtracting this value, SD. 

4 Effect of Discrete Ionization upon Resolution 
Near the Wire 

We have now corrected the observed time for the average shift. After this correction, 
what is the expected standard deviation on the observed distance of closest approach; 
i.e. what is the resolution? A solution to this problem is given in Harder's thesis. He 
obtains the RMS deviation of the hit position from 0 by using the formal definition 
for the standard deviation, 0, 

2(y) =< y >2 - < y2 > 

where 
j < y >= y * Pj(y)dy = / 
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Figure 4: Expected time distribution of different threshold values, j. The data 
(hatched histogram) are the drift times for wires for which the track was within 
200pm. 

and 
jo' + 1) 
4k2 

< y2 >= 1 y2 - Pj(y)dy = 

so 
j a"y) = - 
4k2 

He then derives the standard deviation on the observed distance D using this forrnula 

a"D) = 2(y) - (-)2 d D  = j 3  
4k2 * ( j 2  + 4kW) ay 

, where b is the actual distance of closest approach. 
In Figure 6 ,  we plot the expected resolution versus distance of closest approach for 

j=1,2,3,4 as calculated from the formula above. Note, this is the expected resolution 
after correcting for the average time shift. 

5 Effect for Tracks Far from the Wire 
Clusterization effects can worsen resolution and shift observed times to larger values 
for tracks near the field wires, that is, near the outer edges of the cell. In fact, the 
effects are more severe here than near the sense wire. Near the sense wire the effects 
are purely one of distance; for example, a track which is 50pm from a sense wire 
deposits its closest ion(s) at a distance of 150pm from the sense wire. This effect is 
greatest at 0 distance, resulting in a maximum time shift of the order of 5 - 10 ns. 

163 



CLAS-NoteLkaft 

Figure 5: The calculated shift in distance, 6D as a function of observed distance, 
D for j=1,2,3,4. Also shown is the functional form . 5 ( j / k ) 3 D / ( ( j / k ) 3  + D3)  which 
approximates the j=3 curve. 

However, near the field wires the electric field lines diverge. This means that ions 
which are deposited near one another can take widely divergent paths (with widely 
different transit times) from their point of deposition to the sense wire. For this 
reason, we do not correct for the average time shift for such tracks. We feel a more 
prudent approach is to not use these hits or to weight them appropriately less. 

6 Effect on Cell Efficiency 
nacks near the sense wire have on average the largest track length and total deposited 
charge, but have small pulse heights because the collected ions are spread out in time. 
Ions which are spaced 350pm apart on average are spaced 6 ns apart in time. If the 
characteristic pulse formation time was about 6 ns (3 ns rise-time and 3 ns fall-time) 
then such a track would appear as a long (500 ns) train of 6 ns pulses with pulse height 
corresponding to 2 primary ionizations. In fact, the charge deposition is randomly 
spaced and the characteristic time for pulse formation is closer to 10 - 20 ns; however, 
at some voltage we expect a fall in hit efficiency for tracks very near the wire. 

The situation is similar but worse for tracks near the cell edge, e.g. for “corner 
clippers”. Here the track length is short and the arriving ions are well spread out in 
time. We definitely expect a drop in efficiency near the cell edge where a decrease 
in track length can not be compensated by a proportional drop in discriminator 
threshold. 

164 



CLAS- Note-Drdt 

Figure 6: Expected resolution versus distance due to clusterization; for different 
thresholds. 

7 Appendix: Variation of j with Voltage 
The parameter j is the number of primary ionization events which are required to 
“fire” the discriminator on a particular wire. Since most ionization clusters ( M  70%) 
consist of a single ion pair, j is the number of electrons required to initiate an avalanche 
which will produce a voltage signal above threshold. Thus, j depends on the gas gain. 
For example, j will change from a value of 4 to a value of 2 if the gas gain doubles. 
For our chambers this amounts to a voltage change of about 100 volts. 
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Spatial Resolution of the Nose Cone 
Prototype Drift Chamber 

G .P. Gilfoyle" , %Levya, and M. Mest ayer 

Wniversity of Richmond, Richmond, VA, USA 
kEBAF, Newport News, VA, USA 

1. Introduction 

The CEBAF Large Acceptance Spectrometer (CLAS) is designed to have a momeintumi 
resolution in the range Sp/p  M 0.5 - 1.0% and an angular resolution of about 1.0 mrtad[l]. 
Three regions of drift chambers will provide the information necessary to reconstruct the 
trajectories of the scattered particles. To reach the desired momentum resolution the dis- 
tance of closest approach of a track to a sense wire must be determined within a resolution 
of about 200 pm.  A prototype of the CLAS drift chambers (referred to here as the nose 
cone prototype) has been built to serveas a test platform for the construction and opera- 
tion of the full detector and to act as an early warning of aging problems. In this CLAS 
Note we discuss some of the techniques we have developed to measure the spatial resoliution 
of the nose cone prototype and present OUT results. 

The outline of this Note is as follows. The nose cone prototype is described first. We 
then discuss two methods for measuring the spatial resolution of the detector and the 
contribution made by our fitting procedure in determining the resolution. At the same 
time we present our results for the resolution of the nose cone prototype. 

2. The Nose Cone Prototype 

This study was performed with the Region-3, 'nose cone', prototype chamber in a 
cosmic-ray telescope (see Figure 1 below for a schematic drawing). The prototype repro- 
duces-the most-forward-angle portion of the Region 3 drift chambers and contains 192 
sense wires, instead of the 2304 sense wires of an actual chamber, but in other aspects 
of construction and on-board instrumentation is the same. The chamber has a hexagonal 
wire arrangement, with sense wires grouped into two six-layer superlayers. For the work 
described here a 5050 mixture of Argon-Ethane was used. The chamber was operated 
with sense, field, and guard wires set at + M O O  V, -900 V, and +643 V, respectively. 
The leakage currents for the sense, field, and guards wires were all in the range 8 - I5 nA 
during the entire run. 

The sense wires were amplified in two stages with a gain of 20 mV/pA. The amplified 
signal was discriminated with a Philips 706 module with a threshold set to 10 rnV. Sub- 
sequent analysis of the data (to be presented in a later CLAS Note) leads us to estimate 
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that this threshold corresponds to a minimum detectable signal of three electrons. The 
discriminator output provided a stop to one of the channels of a LeCroy 2228 TDC module. 

Plastic Scintillator Trigger 
. 

Bow section of 
Region III drift 
chamber 

Axial 
Sense Wires 

stereo 
0 O O . . O O . ~  Sensewires 

0 . .  

4 Plastic Scintillator Trigger 

Figure 1 Schematic drawing of the nose cone prototype 
drift chamber. 

Cosmic rays were detected in the chamber with a telescope consisting of two pairs of 
plastic scintillators placed above and below the chamber. Time jitter occurred in the start 
signal with a range of 1 - 2 ns. This effect was due to variation for different tracks of 
the propagation time in the scintillator and the time-of-flight of the cosmic ray between 
the chamber and the scintillators. Data acquisition was done with an array of CAMAC 
modules and the computer code TRACK[l] running on a MicroVax computer. We fit 
cosmic ray tracks by minimizing the residual between the calculated distance-of-closest- 
approach (D) of the fitted track to a wire with the distance from the wire as generated 
from its drift time (2") alone. 

3. The x2 Probability Distribution Function 

The average resolution for all wires in the chamber can be determined from the dis- 
tribution of x2 from tracks produced by cosmic rays. When a cosmic ray passed through 
each super-layer in the prototype it left behind a trail of ionized gas molecules in the drift 
chamber and creates a burst of light in the plastic scintillators. A start signal for the time- 
to-digital converter (TDC) was formed from a coincidence between the two scintillator 
signals. In the drift chamber the ions near each sense wire drift into the positive-voltage 
sense wires and produce a signal used as a stop for a time-to-digital converter (TDC). 
These measured drift times were then converted into distance-of-closest-approach using a 
functional form described elsewhere[3]. The position of the track at each sense-wire layer - 
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is then fitted with a straight line by minimizing the unnormalized xi defined as 

where the sum is over the six wires in each superlayer, the xi are the measured track 
positions extracted from the drift time and the pi are the fitted track positions. We use 
the term unnormalized to describe this quantity since one typically divides each term in 
Equation 1 by the variance of the measurement, at. In our case this variance is unlsnown 
and it is the quantity we want to measure. 

We expect the measured track positions (the q ' s )  to be independent Gaussian- 
distributed variables so the properly normalized x2 probability distribution function. (pdf) 
for n degrees of freedom is 

where 

Since ai is the quantity missing from the unnormalized x2 defined in Equation 1 we expect 
the probability distribution function of xi to be 

where we have made the change of variable 

2 2  y = x u = o z  . (4) 

We have assumed the spatial resolution is the same for each wire so ai = IY, a constant. 

A histogram of the unnormalized x2 for the data set collected during a four-day period 
starting on September 14, 1995 is shown in Figure 2. The distribution shows a sharp peak 
at about 0.001 m2 and drops off sharply. It reveals an excess of tracks with large x$ 
(outliers) due to noise and S-rays. We have fit the distribution with Equation 3 in the 
region 0 5 xz 5 0.004 m2 which encompasses 90% of the real tracks. The solid line shows 
the fit. We find a resolution of IY = 229 f 2 pm for the resolution. 
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Figure 2. The distribution of the unnormalized x2 for the 
September 14, 1995 run. 

There are several advantages to determining the resolution in this manner. The his- 
togram of x$ is simple to extract and the fit results are easy to interpret. The sharpness 
of the peak in the distribution provides an excellent indicator of the resolution of the drift 
chamber and would be a useful monitoring tool. The distribution also reveals the region 
of 'good' tracks and where the data are dominated by 'outliers'. The main disadvantage of 
the x$ probability distribution is that it characterizes the entire track. One must examine 
different observables to monitor other aspects of detector performance like the resolution 
as a function of D or the rate of cross-talk. 

4. The Excluded Layer Residual 

An alternative measure of the drift chamber resolution is the excluded layer residual. 
One of the six layers in the super layer is left out of the least-squares fit to the remaining 
five layers and the difference between the distance-of-closest-approach extracted horn the 
drift time is subtracted from the distance-of-closest-approach to the wire determined from 
the fitted line. The width of this distribution can then be determined by calculating the 
root-mean-square deviation or by fitting the residual distribution with a Gaussian curve. 
The results of such a fit are shown in Figure 3 for the data set discussed above. The layer 
excluded form the fit is the third layer in the superlayer. The range of the fit is restricted 
to the region within 500 pm of the origin. This restriction will exclude wires that have 
largemagnitude residuals ('outliers') that are due to noise or &rays. The range of the fit 
still encompasses over 97% of the 'good' hits. 
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Figure 3. The distribution of the residual in the excluded 
layer for the September 14, 1995 run. 

.The width of this distribution contains contributions from the true spatial resolution 
and a second component due to the extrapolation of the fit from the remaining layers so 

The estimated variance of the fit contribution of an interpolated (or extrapolated) value 
of D at point x is [4] 

2 1 (D - Dtrue)2 = - + 2L (. - 2) 
31 F 

where 
F = SISxx - S; 

and 

( 5 )  

The ai in Equations 6-7 is the spatial resolution of each layer which we have treated m 
a constant. We have assumed that this value is constant for all wires and used the value 
of 229 f 2 p m  we found in our analysis of the xi probability distribution function. The 
dependence of the variance on position is displayed in Figure 4. The curve is from Equation 
5 and the open circles represent the wire positions in the axial superlayer. We typically 
exclude layer three from the fit with this method which has a standard deviation of 109 p m  
that is added in quadrature to the spatial resolution. 
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Figure 4. The variance associated with the straight-line fit 
to the cosmic rays tracks in the nose cone proto- 
type. The open circles represent the fit variance 
at the positions of the wires in each superlayer. 
The origin is placed at the position of the fist 
layer in the superlayer. 

We find that the width of the excluded layer residual (that cont aim the components of 
the spatial and fit resolutions) in the region within 500 p m  of the origin is 220 p m  so the 
true spatial resolution is 190 p m .  We note here that this result differs from the resolution 
determined from the x2 probability function by about 15%. However, the spatial resolution 
determined from the excluded layer residual is sensitive to the choice of fitting region and 
includes hits from large-x: that are avoided in x: pdf. The resolution extracted from the 
xz p.d.f. is also sensitive to the choice of the cutoff described in Section 3. 

We have also explored the dependence of the excluded layer resolution on the distance- 
of-closest-approach. The distribution of the excluded layer residual was generated for a 
range of D and the distribution fitted to determine the width. Our results are shown 
in Figure 5. The resolution is poor near the sense wire where discrete ionization effects 
are large and also near the field wire (large 0) for the same reason. The solid curve in 
the Figure 5 is a calculation of the expected resolution without including the effects of 
the discrete ionization. The contributions to this resolution are from diffusion which for 
argon-ethane can be parameterized by [l] 

Odif fusion = d 6  (9) 

where d = 0.01 cm-li2. The other contributions to the resolution are 63 p m  from jitter in 
the To calibration, 75 p m  from machining imperfections, and 50 p m  from the uncertainty 
of the propagation time of the light in the plastic scintillator. These contributions were 
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added in quadrature to  obtain the curve in Figure 5. We note that in the central region 
of the cell we are close to the limit we expect for the spatial resolution. 
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cr: 
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Figure 5. The resolution as a function of distance of closest 
approach. 
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Data Definitions for the 
CLAS Drift Chambers 
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1. Introduction 

The CLAS is a large, complex detector with many different sub-components including 
more than 34,000 sense wires in its drift chambers. A typical event will contain over 5,000 
bytes of data collected at a rate of about 1500 events per second. The analysis software 
is appropriately complicated. In this CLAS-Note we describe how the signals produced 
by the passage of a scattered particle through the CLAS propagate through the system. 
We will use this sequence to show how one determines the drift time from the measured 
times in the time-to-digital-converters (TDC’s) of the drift chambers. The drift time is 
an essential component in the reconstruction of the trajectory of the scattered particle. 
Finally, we describe some of the responsibilities of the drift chamber software group and 
define the data structures necessary for analysis and monitoring of the drift chambers. 

2. Time Components of a CLAS Event 

In a typical CLAS event a charged particle produced at the target passes through 
thirty-four layers of drift chamber sense wires, laying out a line of charge in each drift 
chamber cell the track passes through. This charge slowly migrates towards the positive- 
voltage sense wire. The scattered particle passes through a plastic scintillator producing a 
prompt signal that provides the earliest warning that an event has occurred. This signal is 
used to stop the scintillator counter TDC after a start signal arrives from the Level 1 (Ll) 
trigger. At forward angles the scattered particle also passes through a Cerenkov counter 
and enters a large calorimeter. These devices are used to identify electrons and measure 
high-energy photons. At some time after the passage of the scattered particle the ions 
produced in the drift chambers will reach their respective sense wires and produce a start 
signal for the TDC’s.A stop for the drift chamber TDC’s is provided later by the Level 1 
trigger. Notice that in this sequence the actual arrival time of the beam at the target is 
unknown and the drift time is only indirectly related to the time measured in the TDC’s. 

We now describe the components of a CLAS event as shown in Figure 1. The sequence 
of steps in the scintillator is shown in the time lines starting at the top and moving down. 
The sequence of steps in a typical drift chamber cell is shown starting from the bottom 
and going up. In the center of the figure the signals associated with the Level 1 trigger in 
the data acquisition system are included [l]. Each step in the sequence is labeled on the 
right. Time differences between steps that will be the same from one event to the next 
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are marked with solid arrow-heads. Time differences that are different for each event are 
marked with open arrow-heads. 

Time Seauence of an Event in CLAS 
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Figure 1. Schematic drawing of the time components of a 
CLAS event. 

For the scintillator the initial time difference is the flight time of the scattered p8article 
&om the target to the scintillator. Once the scattered particle passes through the scintil- 
lator the burst of photons propagates down the scintillator to reach the photo-multiplier 
tubes. The signal then propagates through a long cable and eventually provides (a stop 
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signal for the scintillator TDC. The start for that TDC had been provided earlier by the 
Level 1 (Ll) trigger. This trigger signal has a 20 11s time jitter in it so the scintillator TDC 
signal is not by itself an accurate measure of the timing. 

In the drift chamber, after the scattered particle passes through the drift cell the ions 
drift into the sense wire. The current pulse produced on the sense wire propagates down 
the long sense wires to the pre-amplifier. After processing at the pre-amplifier the signal 
passes through long cables to a post-ampliier and then to the start of the drift chamber 
TDC’s. The stop for the drift chamber TDC’s comes from the Level 1 trigger and is 
some fixed time difference after its start. Hence, it suffers from the same 20 ns time jitter 
mentioned above. 

We now describe how to extract the drift time from these components. The times 
measured by the scintillator and drift chamber TDC’s are labeled as Tsc and TDC, re- 
spectively. The time difference TfdI is the time between the arrival of the beam and the 
arrival of the Level 1 trigger stop. It is not measured, but it provides a useful tool to 
calculate the drift time. An expression for Tfull can be written in terms of the components 
of the scintillator time steps of Figure 1 by starting from the top of the figure and going 
down. 

Tf ull = Tf ISC + TpopSC -k TdelaySC - TSC -k TAL1 (1) 
The pieces of Equation 1 are Tflsc, theAight time of the scattered particle to the scintilla- 
tor, Tprqsc, the propagation time along the scintillator, Thluy,c, the cable and electronic 
delay for the signal to reach the TDC stop, Tsc, the measured time in the scintillator TDC, 
and TALI, the fixed time delay between the start and the stop from the Level 1 trigger. 
The quantities TfIsc and Tflsc are obtained from the track reconstruction. The quan- 
tities Thlaysc and TALI are fixed calibration constants. Similarly, one can start at the 
bottom of Figure 1 and go up to find an expression for Tfuli. 

The pieces of Equation 2 are T f l D c ,  the time-of-flight of the scattered particle to a drift 
chamber cell, Tdrift (the quantity we are interested in determining), the drift time in the 
cell, TprOp~c,  the time for the signal to propagate along the wire, TdeluyDC, the time for the 
signal to go from the pre-amplifier to the drift chamber TDC start, and TDC, the measured 
time from the drift chamber TDC. The quantities T f l D c  and T p r s p ~ c  are obtained- from 
the track reconstruction. The quantity TdeluyDC is a fixed calibration constant. One can 
then subtract Equation 1 from Equation 2 and solve for TdTift to obtain the following 
result. 

T d r i f t  = TflSC+TpopSC + TdelaySC - TSC $- TAL1- 

T f  IDC - T ~ o p D C  - TdetayDC - TDC 
(3) 

3. Drift Chamber Data Definitions 

One of the topics we want to address in this CLAS-Note is the responsibility of differ- 
ent detector groups in the analysis. Equation 3 explicitly lists the components of the drift 
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time analysis and provides guidance for assigning that responsibility. The measured time 
from the drift chamber TDC is TDC. It is the drift chamber software group’s responsibility 
to provide the calibration constants that will be used to determine T’c from the TDC, 
reading. The quantity Thlasr~c is a fixed delay from event-to-event. It is one of the cali- 
bration constants that will be determined during commissioning and is the responsibility 
of the drift chamber group. The remaining components of the drift time calculation are 
the products of the reconstruction packages or they are the responsibility of the scintillator 
grOUP- 

We are now in a position to define the data structures or BOS banks that will be 
provided by the drift chamber group to the analysis. We also list here banks that will be 
needed for monitoring of the performance of CLAS. The table below lists the components 
of the banks with a short description and describes the format of each bank. 

Table 1. Drift Chamber BOS Banks 

DRAW 
ID-WIRE: 
TDCBAW-CHAN: 

Wire number in CLAS format (integer). 
TDC value in channels (integer). 

Format: 

DTIM 
ID-WIRE: 

TIME-0: 

Format: 

DTRK 
ID-TRACK: 
R-TGT: 

T-TGT: 

P: 
M: 
Q: 

Each row of the bank represents a hit in the event. 

Wire number in CLAS format (same as DRAW). A pointer to 
DRAW.ID-WIRE could be used here (integer). 
Initial result of calculation of drift time. Its value is determined by 
converting DRAW.TDC_RAW-CHAN to nanoseconds and correcting 
for cable delays and any other time correction that is fixed from event- 
to-event for a particular wire (real). 
Each row represents a hit in the event. 

Label for a track. 
Three-component vector going from the origin to the the point of 
closest approach of the track to the origin (three real numbers:). 
Three-component vector pointing in the direction of the track #at the 
position in space where the track is closest to the origin, i.e., it is 
the track direction at the end point of the vector FLTGT (three real 
numbers). 
Momentum of the track (real). 
Mass of the particle (real). 
Charge of the particle (real). 

* 
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CHISQ: 
NHITS: 
Format: 

DLYR 
ID-TRACK: 
R-LAYER 

TLAYER 

S: 

DELTA-Y: 

x2 of track (red). 
Number of wire hits used to reconstruct the track (integer). 
Each row represents a single track in the event. 

Label for a track (same as DTRK.ID,TRACK). 
Three-component vector going from the origin to the point where 
the track intersects a sense-wire layer. For the Oth layer this would 
correspond to the x,y components at the target where z=O (three real 
numbers). 
Three-component vector pointing in the direction of the track at the 
position in space where the track intersects a sense-wire layer, i.e., it 
is the track direction at the end point of the vector RLAYER (three 
real numbers). 
Path length of track to the point where the track intersects the sense- 
wire layer (real). 
Position of track along the wire (real). 

ID-WIRE: 

DRIFT-TIME: 

Wire number in CLAS format (same as DRAW). A pointer t o  
DRAW.ID-WIRE could be used here (integer). 
Final result of full, drift-time analysis (real). See Equation 3. 

DOCDIT:  Distance-of-closest-approach determined from the reconstructed track 
(real). 

DOCANEAS: Distance-of-closest-approach determined from the drift time stored in 
DLYR.DRIFT-TIME (real). 

SIGMAMEAS: Uncertainty in measured distance-of-closest-approach stored as 
DLYR.DOCA_MEAS (real). 

STATUS: 

Format: 

Represents status of wire in fit, e.9. if the wire was excluded or not 
(integer). 
The information from each layer (from RLAYER to STATUS) forms 
want we describe as a layer segment. This segment will be repeated 
for each of the 34 layers in the CLAS drift chambers plus a zeroth layer 
representing the target. In other words, row in the BOS bank will 
consist of a track identification number followed by 35 layer segments 
consisting of ten fields in each segment. Each row will represent a 
single track. 
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Abstract 

Previous work has examined light particle correlations from O+Al reactions 

over a range of energies within a framework of statistical emission from a com- 

posite source. The source of these light particles was assumed to be an excited 

composite nucleus because the excitation energy of the source was not so high 

that exotic processes such as fragmentation or pre-equilibrium emission were 

significant. In this report we examine correlation functions between light 

charged particles emitted from reactions of S+Al at 105 MeV and 215 MeV. 

As in previous work. the proton-proton and proton-deuteron correlations are 

well described by the results of Monte Carlo simulations based on statistical 

emission. In this report we will also compare the results of alpha-alpha and 

deuteron-alpha correlations to the predictions of models which include the 

emission of heavier unstable particles (such as 8Be and 6Li*) from the excited 

source. The results presented here can serve as additional validation of the 

correlation technique and also as tests of the statistical model. 
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Measurements of correlation functions involving particles emitted from heavy-ion ool- 

lisions give insight into properties of the source of the particles. At higher energies (tens 

of MeV/nucleon) the measurements are applied to understanding the non-equilibrium and 

fragmentation phenomena that occur [1,2]. At lower energies (below 20 MeV/nucleon), the 

work has conhfmed the validity of assuming statistical emission. The lower energy works 

have also strengthened the assumption that the particle-particle interactions can be modelled 

with three-body trajectory methods [3-lo]. 

The lower energy measurements typically have focused on proton-proton (p-p) and 

proton-deuteron (p-d) correlations. While other correlation functions have been measured, 

the presence of strong particle-unbound resonant states in the various two particle systeims 

makes it difficult to relate the measured correlations back to properties of the source. For ex- 

ample, the shape of the a-a correlation function is determined by the lifetime of the emitter 

of the two a! particles and by the number of *Be that are emitted from the composite source 

[5,7]. In this report, we present measured correlations between two LCP's that can arise 

from particle-unbound states ('Be and 6Li*) to determine the fraction of unstable particles 

that would be needed to give the observed correlation function. These results are compared 

to the predictions of the statistical model, which agree with the results for p-p correlations. 

A beam of 32S was accelerated to 215 MeV and 105 MeV with the superconducting linear 

accelerator at Stony Brook. The target was a 0.4 mg/cm2 foil of natural aluminum. The 

particles were detected in NaI detectors arranged in a hexagonal close-packed configuration 

with the center of the array located at 45" in the laboratory. (This large angle serves to 

suppress the yield of particles from direct reactions which are focused forward.) The angular 

separation between nearest neighbors was 4-62". Particle identification was based on both 

pulse shape discrimination and time of fight, the latter made possible by the good time 

structure of the beam from the Stony Brook linear accelerator. The detector calibrations 

were based on discrete lines from reactions (such as 1sO+12C and 32S+ZrH2) and from the 

breakup kinematics of unstable particles (6Li* and 'Be). 

In previous work on the O+Al systems [3-61 the compound nucleus had between 65 MeV 
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and 170 MeV of excitation energy over a range of beam energies from 80 MeV to 250 MeV. 

For that system, at all energies, good agreement between a Monte Carlo trajectory calcu- 

lation (described below) and the p-p and p-d correlation functions was observed suggesting 

that the behavior, including lifetime and cooling effects, predicted by the statistical model is 

reasonable even at the highest excitation energies (early steps). The S+A1 systems presented 

here have excitation energies similar to the two lower energies studied for O+Al but as there 

are more nucleons in the composite system there is a lower average excitation energy per 

nucleon. At 215 MeV the total excitation energy is approximately 110 MeV and for a beam 

energy of 105 MeV the total excitation is approximately 61 MeV. At these excitation ener- 

gies, the Monte Carlo simulations should reproduce the p-p and p-d correlation functions, 

as they did for the O+Al systems. The choice of a lower energy system was intentional to 

remain in the regime where the assumptions of the statistical model should still hold, while 

also examining the unstable particle emission which has not often been considered within 

the context of the Statistical model. 

The correlation functions for various particle combinations from the two beam energies 

are shown in Fig. 1 for S+A1. In all cases, the correlation functions were formed with an 

event-mixing approach [8]. The correlations involving deuterons from reactions at a beam 

energy of 105 MeV are missing because of insufficient statistics. As expected, at the higher 

beam energy more pronounced correlation effects are seen. The correlations involving a-a. 

d-a, and p-a channels also show the usual positive correlations which may be interpret.ed as 

corresponding to breakup of the particle unstable states of 'Be, 6Li*, and 'He. 

As in previous work, we have modeled the p-p and p-d correlation results with a Monte 

Carlo three-body trajectory simulation [9,10] (the solid curves in Fig. 1). The particular 

implementation of the trajectory simulation was a computer code, MENEKA [lo]. The 

options in MENEKA were chosen so that the calculation took as it.s starting point the 

emission probabilities, lifetimes, and energy distributions (step by step) from a Monte Carlo 

statistical emission calculation. For the results presented here these parameters were based 

on a Monte Carlo version of the code CASCADE [ll]. At 215 MeV, the first step lifetime 
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was taken to be 4.4 x seconds and subsequent steps were progressively longer, reaching 

2.4 x seconds for step six, as the emitter cooled. For 105 MeV the lifetimes ranged 

from 1.6 x seconds over the five steps of the decay chain. The calculated 

correlations include the effects of the energy resolution of the detectors, the effects of the 

to 1.3 x 

actual detector positions, and the effects of the finite solid angle of the detectors. The 

calculation also forms the correlation function with the same event-mixing scheme that was 

applied to the data. The simulation randomly picks the various properties (step, energy, 

direction, etc.) of two emitted particles. No normalization has been made between the 

model correlation results and the correlation functions determined from the data. Unlike the 

simulations done in Ref. [4,9], this simulation code includes recoil of the emitter. Again, as for 

the O+Al work, the p-p data are well reproduced by the model, indicating that the statistical 

emission of Light-Charged-Particles (LCPs) from a composite system is a reasonable model 

of the source of the light particles. The p-d results are somewhat ambiguous but are based 

on less than 10,000 small angle events and the discrepancy is confined to the lowest bin 

which may suffer from threshold effects. 

The remaining correlations, those which could result from the decay of particle unstable 

nuclei, are not necessarily reliable sources of information about the emitting source. Because 

the breakup energies for 'He 'Be, and 6Li* are relatively small, the close packed detector 

geometry has very good efficiency for detecting the fragments of such unstable particle 

breakup. Thus even if the cross section for the production of such particles is small they 

can be detected in significant numbers. These events yield highly correlated particle 

which influence each other, not because of their spatial or temporal proximity as they move 

to the detectors, but because they are the decay products of a composite particle and so 

cause positive correlations. 

If one were to naively apply the approaches suggested to understand the results at very 

high excitation energies [1,2], one would be forced into a situation of simultaneously needing 

long lifetimes for the p-p and p-d correlations and very short lifetimes (or small space-time 

sizes) to explain the remaining results [5,'i]. This requires rather radical assumptions about 
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the decay process. For example, this approach would require that a proton and deuteron 

in the decay chain follow the statistical model, but that the ar particles do not if there is 

also a deuteron later in the decay chain. This seems impossible to justify. Similarly, it may 

be incorrect to assume that the observed correlations are due entirely to the breakup of 

unstable particles. However, the trajectory simulations allow one to model the likelihood 

that two independent particles are ever close enough to interact via the strong force and so 

possibly contribute to an observed positive correlation. Based on MENEKA simulations, 

at most a few percent of the independently emitted and detected particles are calculated 

to be close enough in space (less than 5fm apart) at any time during their travel to the 

detectors to have possibly resulted in a positive correlation. When the relative momenta of 

particle pairs is also considered, essentially no independent pairs which could contribute to 

the positive correlation are predicted. Thus, the idea that these correlations functions are 

really reflecting the production cross section for these unstable particles is more appropriate 

to these systems. 

By including a component of unstable particle emission in the trajectory simulations and 

by comparing to data, one can extract a measure of unstable particle emission. This measure 

is essentially the number of the unstable particles emitted into 47~ relative to the number 

of events with two independent particles (adjusted to correctly account for multiplicity). 

The simulation includes detector resolution and geometry as part of the calculations. This 

fraction then can be compared to model predictions. 

Fig. 2 shows the results of varying the amount of unstable particle emission in MENEKA, 

compared to the actual data for the a-(Y channel at 215 MeV. This provides an idea of the 

uncertainties associated with the unstable particle yields. The details of the decay chain for 

MENEKA were taken from CASCADE Ell] (although to achieve the quality of fit seen in Fig. 

2 the barriers and temperatures predicted by CASCADE needed to be slightly lowered). This 

figure demonstrates the sensitivity of the technique and that the fraction of unstable IhIF’s 

relative to true two particle emission can be well determined. Table I lists the determined 

fractions column 3. The 5He channel was not included because the broad width of the state 
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made reliable extraction of the fraction impossible. Also shown in Table I are results from 

two statistical model calculations. .In the statistical model calculation using MODGAN [12], 

20 particles were included as allowed decays. All particles of mass 4 and less were included 

along with the ground states of particles with mass from 5 to 14 and a special particle to 

model the excited state of 6Li. All the decay probabilities in the statistical model code ilre 

determined from Hill-Wheel= transmission coefficients and a Fermi-gas density of states. 

The angular momentum of the compound system was set by the fusion cross section with 

the assumption of a triangular distribution of entrance channel spin. 

Calculations were also made with the code GEMINI [13]. This statistical decay model 

code uses the transition-state formalism to predict IMF emission probabilities and, while 

not optimized for the system under study in this work, can confirm the general nature of 

the IMF emission. The results presented in Table I generally agree with the results from 

MODGAN, although the GEMINI calculations were based on a smaller spin range (due to 

the sensitivity to  the angular momentum dependent barriers for IMF production). 

- 

The results for the extracted haction of unstable IMF to two-particle yields from the data 

and the calculations are shown in Table I. A comparison of the results to the calculations 

shows several interesting things. First, even with very simple assumptions regarding the 

coefficients and level densities, there is agreement between the data and the calculation at 

the higher energy- However, the calculation consistently overpredicts the amount of these 

heavier unstable particles. Secondly, in spite of the possibility that the unstable particles 

could also originate from non-equilibrated sources, the measured yields are lower than the 

predictions. 

- 

It may be that the observed systematic overprediction of the IMF yield is an artifact 

of the model calculation. The transmission coefficients and level densities for the variclus 

channels. incorrectly assumed to be given by a Fermi gas model, have been parameterized 

rather than individually optimized. It is also well known that the results of statistical model 

calculations can be changed significantly if one makes modest changes the parameters. IN0 

attempt was made to optimize the calculations presented here because of the limited number 
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of comparison points. 

In summary, we have shown that for the mass symmetric reaction 32S+27Al, the p-p 

correlations are in excellent agreement with lifetime predictions based on an assumption 

of statistical equilibrium. This conclusion has also been reached in [5,7] for more mass 

asymmetric reactions. In addition it appears that the yields of certain unstable IMFs can 

be accommodated within the framework of a statistical model. 

This work was supported by the National Science Foundation. 
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FIG. 1. Correlation functions for pairs of particles emitted from the S+M system. The solid 

lines are the predicted correlations based on an assumption of statistical emission. The p-d imd 

d-cr results at 105 MeV are not included due to low statistics. 
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FIG. 2. Relative momentum spectrum for particle pairs associated with unstable particles 

emitted from S+Al composite system. The solid line and dashed line are the model predictions 

from MENEKA with unstable emission included. All calculations were normalized to the data at 

the peak. 
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TABLES 
TABLE I. Comparison of the fraction of unstable emission to two-particle emission determined 

from data and predicted by calculation. 

Energy Channel Measured MODGAN GEMINI 

215 

105 

a-a 

d-a 

a-a 

2.2% 

3.1% 

.12% 

3.8% 

4.5% 

1.35% 

3.6% 

3.3% 
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Computing Facilities 

Gilfoyle, Rubin, and Vineyard 

The University of Richmond Physics Department has a computer system dedicated to the 
research needs of its faculty and students. The system is built around two Hewlett-Packard Unix 
machines, an HP 7W75 and an HP 712/80 (see Figure 1). These systems are supported by 9.0 
Gbyte of disk storage, an eight millimeter tape drive, and a CD-ROM reader. An older system that 
is still in use consists of a VAXstation 3100 and a VAXstation 3200. The Vaxes are supported by 
1.0 Gbyte of disk storage, a 9-track, 1/2-inch tape drive, and a smaller TK-50 tape drive. The 
Vaxes are no longer a significant part of our DOE-supported research program so their 
maintenance contracts will no longer be maintained by this grant. A terminal server provides 
connections to all faculty offices (five), to student terminals (four), and an LN03+ laser printer. All 
of the computers in the Department in the Department are part of a campus-wide ethernet network 
that also provides access to Internet at T1 speeds. One of the HP computers and the Vaxes are in 
an air-conditioned room in the Department for easy student and faculty access. The entire system 
is managed by two faculty members (Gilfoyle and Rubin). 

As part of its teaching facilities the Department has an array of Macintosh computers with 
software packages for mathematical analysis and data acquisition plus two PostScript laser 
printers. Two of these computers are located in faculty offices and are part of the ethernet network. 
Another five are located in a teaching laboratory and have also been connected to the ethernet 
network. Although primarily for teaching use these machines are a resource for faculty and 
student research. We have used some of the software like Mathematica and MacX for the analysis 
of the projects described in this report. 

In the last year the University has installed new high-speed, on-campus network 
connections throughout the Department’s laboratories and offices. We have also acquired two new 
NCD X-terminals with funds for a third approved. These new terminals have been purchased with 
University support. 



T1 Internet 
Connection 
I 

Laserwriter IIg n 
r 1 I NCD X-terminalk 

Fig. I 

Macintosh/ 71 
&I&, Macintosh/ Macintosh/ 

I 

NCD X-terminal L 
I VaxStation 3 100 I TK50Tape 

1 - I 

Delni Terminal Server -- 
VaxStation 3200 
9” Tape Drive 

Schematic view of the University of Richmond Physics Department computer system. 
The system is solely for the Department to satisfy its research needs. 
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Contract Related Activities 

Refereed Pub lications 

M. D. Mestayer, F. J. Barbosa, P. Bonneau, E. Burtin, S. Christo, G. Doolittle, S. Dytman,G. 
P. Gilfoyle, C. E. Hyde-Wright, A. Klein, M. V. Kossov, S. E. Kuhn, R. Magahiz, R 
Miskimen, L. Y. Murphy, J. E. O’Meara, T. D. Pyron, L. Qin, B. A. Raue, R. A. Schumacher, 
W. Tuzel, L. B. Weinstein, and A. Yegneswaran, “Construction Update and Drift Velocity 
Calibration for the CLAS Drift Chamber’’. Talk presented at the 1995 Vienna Wire Chamber 
Conference, February 13-17,1995, and proceedings to appear in rJuclear Instrume ntatlon and 
Methods. 

M. F. Vineyard, T. J. Carroll,* and M. N. Lack,* “Drift-Chamber Gas System Controls 
Development of the CEBAF Large Acceptance Spectrometer”. Poster presented and paper to 
appear in the proceedings of the International Conference on Accelerator and Large Experimental 
Physics Control Systems, Chicago, IL, October 29 - November 3,1995. 

Brian M. McKeever,* “A Study of the Feasibility of Performing an q’ Photoproduction 
Experiment at CEBAF”, The Journal of Undergraduate Research in Physics, Vol. 13, Num. 1 , l O  
(1 994). - 

E.Burtin, G.P.Gilfoyle, M.V.Kossov, M.D.Mestayer, and L.Murphy, “Drift Velocity Calibration 
of the CLAS Drift Chambers’’, CLAS-Note-95-022. 

Invited Talk 

G.P.Gilfoyle, “The Nature and Structure of Matter”, Science Museum of Virginia, Richmond, 
VA, January 22,1995. 

M. F. Vineyard, ‘‘Exploring the Magnetic Structure of the Neutron.” Talk presented at the 
University of Richmond Lunchtime Forum Series, March 3,1995. 

Talks and h s e  nations at Col laboran ‘on Meetings 
- 

G.P.Gilfoyle, “Recent Drift Chamber Software Developments and Prospects”, Talk presented at 
the CEBAF CLAS Software Working Group Meeting, October, 1994. 

G.P.Gilfoyle, “Recent Drift Chamber Software Developments and Prospects”, Talk presented at 
the CEBAF CLAS Collaboration Meeting, November* 1994. 

E.Burtin, G.P.Gilfoyle, M.Mestayer, and L.Murphy, ‘‘Drift Velocity Calibration”, Talk presented 
at the CEBAF CLAS Collaboration Meeting, March, 1995. 
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G.P.Gilfoyle and M.Mestayer, ‘%ff=ts of Discrete Ionization in the Nose Cone Promtype?’, ’Talk 
presented at the CEBAF CLAS Collaboration Meeting, June, 1995. 

G.P.Gilfoyle, “Data Definitions for the Drift Chambers”, Talk presented at the CEBAF UA!P 
Collaboration Meeting, June, 1995. 

E.Burtin, G.P.Gilfoyle, M.Mestayer, and L.Murphy, “Laser Calibration of the CLAS Drfit 
Chambers”, Talk presented at the CEBAF CLAS Collaboration Meeting, November, 1995. 

M. F. Vineyard, “Slow Controls Working Group Report”. Talk presented at the CEBAF Hall B 
Collaboration Meeting, Newport News, VA, November 5,1994. 

M. F. Vineyard, “Slow Controls Working Group Report”. Talk presented at the CEBAF Hall B 
Collaboration Meeting, Newport News, VA, March 11,1995. 

M. E Vineyard, “Overview of Controls Work in Progress”. Talk presented at the CEBAF Hill B 
Slow Controls Working Group Meeting, University of Richmond, VA, June 19,1995. 

M. E Vineyard, “Slow Controls Working Group Report”. Talk presented at the a B A F  Hall1 B 
Collaboration Meeting, University of Richmond, VA, June 20,1995. 

T. J. Carroll,” M. N. L,ack,* and M. F. Vineyard, “Development of an EPICS Control System for 
the Hall B Gas System”. Talk and poster presented at the CEBAF Hall B Collaboration Meeihg, 
University of Richmond, VA, June 20,1995. 

*Undergraduate Student Author 
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