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I. Introduction and General Summary 

Substantial progress has been made in several areas during the year. 

The large rr-nucleon experiment (13 GeV/c) has reached approximately the 

half-way mark in measuring, with the 360,000 picture n+d run completely 

finished, about 240,000 pictures of the total (750,000) TT+P run remaining 

to be measured, and the TT p exposure (500,000) currently under way at SLAC. 

Analysis of this data is steadily producing results related primarily to 

the high mass boson spectrum and multi-Regge production models. 

The 9 GeV/c K+d bubble chamber experiment (400,000 pictures) is 

essentially finished - at least until we take another exposure,which is a 

possibility under consideration. Primary results from this experiment are 

the observation and analysis of a new resonance, the K (1760), the observation 

of a new higher enhancement at 2150 MeV/c2 ( 5 standard deviations) and an 

analysis of the s-wave amplitude in the Kn system from below the K (890) up 

to about 1600 MeV/c2. 

The running of our; collaborative neutral meson experiment at ANL with 

groups from Iowa State and ANL has been successfully completed. One paper 

has been published and several are currently being prepared. An extension of 

this experiment is being explored. 

The pp run with the ARGO spectrometer at BNL (AGS #396) is coming to a 

close this Spring. Purdue has collaborated actively in this work by the 

participation of three faculty members, a research associate and a graduate 

student. It is now clear that ARGO is a working experimental system,and 
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analysis of the pp data is beginning to get under way. 

Construction of the 30" hybrid bubble chamber facility at NAL has pro

gressed well with Purdue staff contributing importantly to the development. 

All major components are installed and tested, and it seems clear we will 

be ready to go when beam is available. 

Our SMP system has had a productive year, turning out about 170,000 

events. This number would be even larger except for the fact that a good 

part of the time was spent measuring 80" DBC K+d film which was of a quality 

difficult to measure on semi-automatic digitizers. Due to a shortage of 

personnel we have largely used our system in the Scan-Measure mode (no pre-

scan) and found this to be a reasonably efficient procedure. Our collaboration 

with Professor Wen Yen at Purdue-Indiana University in Indianapolis has con

tinued successfully into its fourth year. Essentially all of the scanning 

for the 9 GeV/c K+d experiment has been done there, and by our collaborators 

at Davis College in California. The support for the scanning work at 

Indianapolis has come from our Federal Work-Study funds and University 

contributions. 

The POLLY system is nearly completed and is being tested and debugged. 

We were first able to produce slice scans in March and look forward to putting 

it into production at any early date. 

: NOTICE 1 
This report was prepared as an account of work 
sponsored by the United States Government. Neither 
the United States nor the United States Atomic Energy 
Commission, nor any of their employees, nor any of 
their contractors, subcontractors, or their employees, 
makes any warranty, express or implied, or assumes any 
legal liability or responsibility for the accuracy, com
pleteness or usefulness of any information, apparatus, 
product or process disclosed, or represents that its use 
would not infringe privately owned rights. 
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II. Summary of the 13 GeV/c TT'P Experiment 

A. Introduction 

Data taking for the 13 GeV/c rr+p experiment has been completed, the last 

of three exposures of 230,000 (May 1968), 250,000 (Oct. 1970) and 275,000 

pictures was taken in February 1972. Measurements on the second set of 

pictures (250,000) were begun in May of 1971 and will have been completed by 

June 1972, at which time processing of the last set of pictures will be 

initiated. The first half of a 500,000 picture exposure of TT"P at 13 GeV/c is 

scheduled for May 1972. All of the film will have been taken in the SLAC 82

inch hydrogenfilled bubble chamber; in addition, 360,000 pictures have been 

taken with a deuterium fill. The deuterium exposure has been scanned and 

measured. 

The film is scanned and measured simultaneously online (SMP mode), a 

procedure begun in May 1971 and now practiced routinely. Operators scan and 

measure 2 and 4 prong topologies and record 6,8,10,12 .. prong events, all 

records are temporarily stored on a disc and later transfered to a permanent 

tape. This feature will greatly facilitate subsequent measurements of the 

relatively rare higher prong topologies. Fitting the data to event type 

hypothesis (by SQUAW) is now carried out online by a resident foreground job 

arrangement in which the fitting programs are entered in the absence of external 

batch jobs; thus, the data measured is processed automatically and is available 

for physics analysis almost immediately. These changes have been in operation 

several months and have effected an increased efficiency and quality of data 

reduction. 

B. Four Prongs 

1. Four Body States 

We have continued the accumulation of data in the TT+TT TT+P, K+K ff+p and 

ppn
+
p channels. Preliminary data in thereactions n+P ♦ K+K rr+P has shown 
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strong A++ and K (890) signals, and an enhancement at ¥.*¥. threshold 

corresponding to a bound state below threshold. There were no other 

strong features observed and the data were well described by a double

exchange mechanism. The PPTT+P data exhibited a A+ signal, weak signals 

possibly associated with NN(2l90) and p(2290) states and further evidence 

against the existence of a ppp. resonance reported by a low energy experi

ment. These channels are of special interest in being coupled to the 

ffTT elastic scattering process (assuming onepion exchange) where the effects 

of a twobody threshold are strongly reflected. We are actively pursuing 

this problem. 

The reaction TT+P "♦ (TT+TTTT+)P for low 3Trmass values is dominated by 

diffractive A production; A ~ TO and A ~ rrf. We analyzed the A region 
1 3 1 

2 
in terms of a spinparity decomposition of the 3TT state, confirming a 

P P 
dominant J = 1+ coherent state and showing the sharp (incoherent) J = 2+ 

A resonance. The experimental results were compared with a particular 

doubleRegge exchange prediction. A precise, high statistic spinparity 

analysis program is presently being constructed and will provide more 

detailed information in both the A and A3 region. 
3 

A discussion of helicity conservation was given based on the reaction 
j . * * 

rr
+
p » rr N (1700) where the N (l700)is a diffractively produced low mass 

(TT
+
TT p) state. This work incorporated data previously published and a 

collaboration with the Notre Dame group who had compatible data. The 

angular distributions are consistent with tchannel helicity conservation 

rather than the schannel, as conjectured by some theoretical considerations. 

Conservation of schannel helicity was also investigated in the 

diffractive processes xr+d t A d .and TT+P *A3p, involving both our hydrogen 
4 

and deuterium data. Theoretical suggestions indicated that the A could 
conserve schannel helicity even if the A did not. Our results demonstrate 

l 
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A study of TT"TT" scattering in the reaction TT+TT A+ has been carried 

out and preliminary results are being written. This is an advantageous 

approach to pion dynamics at high energies due to the lack of a zero 

at t = 0 from the baryon vertex and the consequent smaller absorption 

effects; however, .large statistics are required. The results confirm 

a rapidly rising 1 = 0 swave phase shift below and through the KK threshold 

associated with a rapid decrease in the elasticity. Work on this project 

will be given high priority during the acquisition of additional data. 

A dual diffractive model involving the Veneziano B function was 

applied to the reaction rr+d » dTT+TT+TT giving reasonable agreement with 

various angular and mass spectra, although the energy dependence was not 

in good agreement. 

Evidence was found for the coherent production of high mass meson 

states in the 1.6  1.9 GeV range. These states were observed in 

TT
+
d > dTT+TT+TT~ and rr+d ♦ d3Tr+2TT~; the spin and parity of the A (3rr) state 

was shown to be in the 2 , 3+ series with a dominant fTT decay. 

2. Five Body States 

Analysis of the channel rr+P "* TT+TT TT+TT p is being pursued; the data 

exhibits conspicuous A+ , Tl and tu signals and several less well re

solved but very interesting enhancements in the higher mass boson tegions. 

Some preliminary results are being prepared for presentation. 

C. Two Prongs 

The reaction rr+p ■♦ TT A+ was analyzed in terms of Ml pexchange (Stodolsky

Sakauri) which provides an excellent description of the data except for very 

small fourmomentum transfers; it was pointed out that this deviation is evident 

at several energies. Consideration of the observe.d dip in da/dt was made in 

the context of an schannel cut contribution and/or the inclusion of a wrong 
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signature nonsense zero (WSNZ); the data was best described by a 'weak* 

schannel cut and a tchannel WSNZ. 

Interference effects between Regge exchanges and Pomeranchuk contributions 
g 

were demonstrated by applying a dual exchangedegenerate model to the 

diffractive regions in the reactions TT+P ♦ TT+(TT p) , TT+P > n+(ir+n) and 

TT
+
n ♦ TT+(TT p) (from our 13 GeV deuterium data). The diffractive amplitudes 

of these channels can be described by P + R(f), P + R(f) + R(p), and 

P + R(f)  R(p) where P ~ Pomeranchuk exchange and R(f) ~ Regge exchange of 

f trajectory. The various spectra and relative cross sections were well 

described. 

D. Six Prongs 

Work has continued on the reactions TT+P ♦ 3TT+2TT P and n+p ♦ 3TT+2TT TT p; 

the latter require considerable attention for unambiguous data. These events 

are being examined for evidence of multiparticle decays of boson resonances, 

for cut contributions (TT+P * TT+TT+TT TT A+ ) to ,the pole dominate (n+p » TT+TT"A++) 

as well as being studied for their dynamical production mechanisms. 

E. MultiProngs 9,10,12,.... 

These events, which decrease rapidly with prong number, are currently 

being scanned and will be measured later. Hopefully, they will contribute 

to the understanding of highly inelastic amplitudes about which very little 

is known; they will also be necessary for inclusive type studies. 
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III. 9 GeV/c K+d Experiment 

In 1969 and 1970, 370,000 K+d exposures were taken in the BNL 80" 

bubble chamber. All of the Vee events with four or less prongs and all the 

three and four prongs have been measured. Certain sub-classes of two prongs 

and about a third of all the five and six prongs which are candidates for 

charge exchange scattering off the neutron have also been measured. 

The Q region of KTTTT mass, especially in the coherent final state dK+TT+rr , 
9 has been reported on in Phys. Rev. Letters and was also the subject of a 

Ph.D. thesis. Evidence for the coherent production of more than one state 

in the Q region was found. In the framework of SU this means that the two 

1+ mesons belonging to separate octets are mixed. 
* 11 

The charge exchange produced K (890) was studied in terms of conventional 

absorption analysis and the Reggeized TT-A2 model. The asymmetry in the decay 

angular distribution is interpreted as S-P wave interference. The cross 

sections for the charge exchange production of K (890) from K+tt and K p were 

compared at high energy and found to be very similar. 
12 A new state, the KN(l760), was found in the Kn and KTTTT mass spectra. 

This state appears to be the strange analogue of the g-meson. We have now 

increased the data and will shortly confirm this state as well as present 

five standard deviation evidence for the existence of another state, the 

K^(2100). Evidence that the K^(l760) has spin three and negative parity will 

also be presented. New decay modes for these states (K + p and AN, etc.) are 

being investigated in the reactions K+n -» pK TT+TT"TT , K+n -* PK+TT+TT~TT~, and 

K+N -» NNA. The charge exchange production of K 's has also been the subject 
13 1A 

of a Ph.D. thesis, and was also reported on at the Philadelphia Conference. 

Using the analysis program written by the University of Illinois, we have 

analyzed the charge exchange produced KTT mass spectrum in terms of s, p and d 

partial waves. We find strong s-wave in the mass region above the K (890) and 
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below the K (1420) without assuming that the exchange mechanism is pion exchange. 

We conclude that there is an s-wave enhancement of mass about 1.3 GeV/c2 and 

width 300 MeV. 5 

Further topics under investigation include a study of the prr low mass 

enhancement in the reaction K+n -* pn K+ and a study of the final states 

involving the production of a A or A. 

Invited talks were given at the 1971 Bologna Conference and the 1971 

Amsterdam Conference and a contributed paper was presented at the 1972 

Washington APS Meeting. 
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IV. 4.5 GeV/c K~d Experiment 

In the past year we have continued the analysis of the Vee events in 

400,000 pictures taken in the Argonne 30-inch deuterium-filled bubble 

chamber. Summary articles on the one-and two-prong Vees were previously 
17 18 published. ' During the current year a long article on the three-and 

—o 19 
four-prong plus K channel has appeared and an article on the three- and 

20 four-prong plus A channel has been submitted for publication. This latter 
21 publication is primarily the result of an earlier Ph.D. thesis. Currently, 

we are investigating A production and polarization in K n -» A + anything 

and K production in K n -» K + anything. The study of polarization in in

clusive reactions is a relatively new field. It is proposed to analyze the 

three- and four-prong events in collaboration with the Brussels group. These 

events were scanned by us and would be used to test the Brussels POLLY. A 

test roll, optical constants, and miscellaneous programs have been supplied 

to Brussels. 
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V. The NonStrange Boson Spectrum Near 960 MeV/c3 

In search for a possible confirmation of the M(953) meson claimed by 

BNLPurdue (Phys. Rev. Letters 25, 1635 (1970), we are investigating effects 

related to a 96o MeV/c2 signal in the TT+TT T] mass spectrum from the reactions 

TT+d ♦ pp TT+ffTl at 2.7 and 3.1 GeV/c (W. J. Miller, Thesis, "Many Body Final 

States from r+d Interactions near 3 GeV/c", Purdue. Unpublished). Both the 

M(953) and the T]'(958) mesons have such a decay mode, as well as about 30% 

branching ratios for decay into TT+TT y. The only significant distinction 

between the two mesons lies in the TT+TT" spectrum from the TT+TT"y decay 

the 7]1 shows 100% p whereas the M shows 0% p . In either case we expect about 

60 events to appear in the 2.7 GeV/c reaction ft+d » pp TT+TT y. The data shows 

a three to four standard deviation signal (Figure 1) at about 960 MeV/c2 in 

the unfitted (n+TT neutrals) spectrum for events which make a relatively poor 

oneconstraint fit to the missing TT hypothesis (consistent with y misfitted 

as a TT )• The dipion spectrum from only those events lying in the 960 MeV 

peak region is shown in Figure 2, and has no sign of a p signal. This is 

consistent with its being the M(953) meson, but the statistics are poor. A 

study is underway to fit events to the oneconstraint missing y hypothesis. 

Genuine decays of a narrow meson into TT+TT Y should give a sharp signal, due 

to the improved mass resolution from fitting, and improve the signal to noise 

ratio. We thus may hope for a more conclusive confirmation of the M(953). 
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VI. ArgonneIowa StatePurdue Neutral Meson Spectrometer 

A group including Professors R. C. Lamb, F. C. Peterson, and Mr. 

R. W. jacobel from Iowa State University, Dr. E. W. Hoffman at Argonne and 

Professor A. F. Garfinkel from Purdue have completed the running of E 238 

at the Argonne ZGS. In this scintillation counter experiment, neutral 

mesons M created in the reaction TT p » M n were observed in the missing 

mass mode by measuring the momentum of the neutron. The neutrons were 

detected by a set of 20 plastic scintillators at angles of one to five degrees 

with respect to the beam. The charged particle decay products of the M were 

detected by an array of 35 scintillation counters subtending a solid angle 

of nearly 4rr steradians around the hydrogen target. 

Approximately 10 million events were taken for neutral mesons in a 

mass range between 900 and 2500 MeV/c2. In addition, approximately 5 million 

events were taken on the reactions p + p * n + A++ and TT + P "♦ n + M++ 

in a search for narrow deltas and exotic mesons. 

The initial analysis has concentrated on the low mass M data. A paper 

entitled "Observation of Three Narrow Neutral Mesons in the Vicinity of 950 

MeV" was published in Phys. Rev. Letters 28, 520 (1972) and discussed at the 

Philadelphia meson conference. In addition to further structure in the low 

mass region we see evidence for narrow neutral mesons in the R and T region. 

Papers on the results are being prepared. 



Purdue University COO1428305 
Contract AT(111)1428 Task A 

14

VII. Progress Report on Purdue's Contribution to the ARGO Spectrometer System: 

July  August, 1971: Gutay and Miller spent one month each at BNL eval

uating the technical feasibility of using the ARGO spectrometer system for the 

study of high mass boson resonances. 

The two studies were devoted to two problems: the acceptance calculations 

and resolutions. We arrived at the firm conclusion that double arm triggers 

have both the resolution and the counting rates to study the npX final state. 

Single arm triggers have large counting rates, but the resolution is acceptable 

only in certain momentum and angular range above the g mass. 

On conclusion of our studies we submitted a proposal to BNL with the title 

"Study of the Production and Decay Amplitudes of Boson Resonances in the Reaction 

TT + P ■♦ TTNX". It was accepted and it is referenced as AGS Experiment 550. 

September, 1971  January, 1972: Gutay and Stanfield worked full time at 

BNL. Stanfield was primarily responsible for bringing into operation the 

chambers and the alignment of the spectrometer. He also designed and supervised 

the construction of spare chambers. Gutay was responsible for the operation of 

the gas system for the wire planes, and the helium system for the whole experiment. 

In addition, he was partially responsible for the cabling and testing of the 

electronics of the HMS spectrometer system. 

The deployment of the new alignment system, and floor coordinates and 

recalibration of the magnets were partially Purdue responsibility. 

By the time the AGS was ready to supply a beam, the spectrometer was 

operational. From the results of the 1971 run it became clear that to recon

struct the forwardgoing track we needed an extra cylindrical chamber. The 

machining for this was done at Purdue, and the assembling at BNL. 

February and April, 1972: During the running periods, Stanfield and Dixon 

were responsible for running the midnight shift. 

June, 1972: The last running period for the pp experiment will be carried 

out. Stanfield, Dixon and Gutay will participate in the running. 
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VIII. NAL Approved Experiment 2-1: T^P Interactions in the 30-inch Hybrid 

Bubble Chamber 

During the past year with our collaborators in Experiment 2-1 we have 

brought the necessary hardware and computer programs to a state very near 

readiness. We await delivery of beam by NAL to the 30-inch bubble chamber area, 

and we await the prior running of the approved 'bare' exposures in the bubble 
i 

chamber alone. However, the experiment 2-1 collaboration is ready at short 

notice to take data with the downstream Wide Gap Optical spark Chambers (WGOC) 

simultaneously with the 'bare' running. NAL has promised us the use of any 

bare film for which WGOC data also exists, six months after the film is taken. 

During the past year Purude has done Monte Carlo beam transport studies 

with reference to: muon contamination; use of the 110-foot long gas Cerenkov 

counter to determine and tag TT vs. K vs. Proton components in the beam; decay 

in flight of tagged K (the Cerenkov counter is 1600 feet upstream from the 

bubble chamber); and beam focus at the bubble chamber with reference to a de

flection trigger to fire the WGOC when an interaction takes place in the bubble 

chamber. 

Estimates were made of K and p fractions in the negative beam and were 

the basis of a separate proposal to NAL to run the 30-inch hybrid system at 

a later date, triggering the bubble chamber flash only when a K~ or a p interacts. 

Studies were made of the feasibility of running TT+ at interestingly high 

momenta. According to theoretical models and experimental extrapolations there 

is a severe tradeoff: for low proton contamination in the beam, the momentum 

must be a small fraction of the accelerator energy. Alternatively, one can 

produce a TT+ beam via an intermediate TT beam. This requires very large fluxes 

of primary protons, approaching full NAL design intensity. The decision to run 

TT+ or TT awaits early studies of actual beam yields and proton energy at NAL. 

Design studies were made for a fast kicker magnet to limit the flux of 

particles into the bubble chamber. A source of free ferrite bricks was located 
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to build the magnet structure. W. Walker of Duke University, and NAL personnel, 

did the final design work. The kicker was constructed at the University of 

Wisconsin Physical Sciences Laboratory. 

With A. Erwin of the University of Wisconsin we did extensive design studies 

of possible Cerenkov counters good in the multi-hundred GeV range, both threshold 

and differential counters. With the possibility in mind of building such a 

counter, we concluded that a single differential Cerenkov counter, 110 feet long, 

already being built by S. Pruss and J. Lach at NAL for the 30-inch beam line, is 

probably adequate to above 200 GeV. This will be the only Cerenkov counter 

in the beam until the need for a second one is clearly demonstrated. 

We have designed for this Cerenkov counter a laser optical interference 

densitometer, to measure digitally the index of refraction of the Helium gas 

filling (and of any impurities) to high accuracy. This has been built by A. 

Erwin at the University of Wisconsin. Logic circuitry has been designed to 

determine rr/K/Proton particle identity and the electronic ldgic modules have 

been acquired by Purdue and the University of Wisconsin. Purdue has acquired 

a fast air-cored coaxial cable to take particle mass identification signals 

1600 feet downstream to the bubble chamber to serve in the event trigger for 

the WGOC. 

We have participated in testing of the prototype WGOC module at ANL, and 

in the testing and determination of optical constants of the final WGOC system 

at NAL. 

The spatial reconstruction program for the WGOC photographs has been written 

and is being tested at Purdue, together with programs to rapidly determine all 

necessary optical constants of the system from fiducial measurements. 

Computer programs to correctly match tracks in alternate stereoscopic views, 

and to put together the bubble chamber and spark chamber measurements into an optimal 

overall determination- or momenta and angles are designed and are now being 

implemented. Scanning capability for 3-strip 35 mm.film format is being acquired 

via recently located BNL surplus .equipment, 
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IX. Operational Measuring and Computing System 

The SMP on-line measuring system for bubble chamber film continues to 

process events at a rate very little changed over the last two years. This 

year the rate has been about 3400 events/week (3900 events/week during the 

last quarter). Underneath this apparent invariance several changes have taken 

place. Most important, for budgetary reasons, the measuring staff has been 

reduced to five operators per shift. This is just sufficient to man the five 

SMP's. Now it is no longer possible to operate the microscopes on a regular 

basis, although they are used occasionally for calibration and during un

scheduled maintenance of SMP's. It is also no longer possible to man the SMP's 

during meal and break times. Consequently, scheduled measuring is now 350 man-

hours/week, as compard to 630 man-hours/week as recently as 1969. As part of 

the economy effort, prescanning has all but been eliminated; we are using the 

SMP's in the classic mode for which they were designed: integrated scanning 

and measuring on-line. This change, too, is in the direction of reducing total 

measuring rate. However, the measuring rate has held up despite these changes, 

for the following reasons: 

1. Secular improvements in hardware and software have significantly de

creased the failure rate in fiducial reconstruction, track filtering,and 

geometrical reconstruction. 

2. There has been better film-quality control during bubble chamber runs. 

Part of this has been thanks to the National Laboratories (the excellent co

operation of the staff of the SLAC 82" chamber is noted especially) and part 

has been because of our construction of a portable SMP periscope assembly a 

few years ago, which permits illumination and track-growth to be optimized for 

SMP's during the run. 

3. High event -densities in the recent SLAC runs have reduced the 

inefficiencies inherent in integrated scanning-and-measuring operation. 
4. The gradual attrition of our measuring staff has temporarily left 
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us with a high average quality and experience-level in our measuring personnel. 

Figure 3 shows the measuring rate and cumulative total for the calendar year 

1971. 

Very few significant changes have been made in the computer system itself 

during the past year. We continue to operate the 360/44 in the spooled multi-

programmed mode described in earlier reports, running under 44MFT. The senior 

systems programmer who developed 44MFT and many of the other most valuable 

systems features of our installation, Mr. William J. Franklin, resigned during 

the year, leaving the system in an advanced and stable condition. 

During the year we made a thorough study of the expected software and 

hardware demands on our system when POLLY begins to operate. The results of 

this study are included in the accompanying proposal. 

Modifications to job-control on the 360/44 made it possible to implement 

an "idletime" way of running SQUAW, the event kinematic reconstruction program. 

In any interstices between background-level jobs SQUAW now processes events 

from the current measuring file of geometrically reconstructed events. At the 

end of each SQUAWed event the spool input queue is checked. If the queue is 

empty, SQUAW processes the next event; if there is a background job waiting, 

SQUAW exits and the job runs. SQUAW output files are copied from disk to tape 

about one a day, and, on a 24-hour basis, SQUAW keeps up with measuring. This 

change has provided more efficient computer usage by plugging holes between 

background jobs. Motivation for this change, made by a graduate student, came 

from a lack of fondness for the previous method of SQUAWing events, which was 

to have a weekly 8-10 hour SQUAW run by graduate students on the Saturday 

morning owl shift. 
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X. The POLLY System 

The Purdue POLLY is being assembled and tested and should be in operation 

soon. The status of component systems is as follows: 

1. The CRT system has been installed and is being tested. One CRT tube 

did not meet specifications for flatness of the face plate and was returned to 

Ferranti. A second tube has been installed and aligned. A test program is in 

progress to determine spot-size, resolution, and the magnitude of dynamic 

correction required for focus and astigmatism. 

2. The optical system has been constructed and is being assembled. It 

will be tested as soon as the CRT parameters have been determined. 

3. The film handling system has been built and tested except for the 

capstan drive. Because of the large range of film speed required, we decided 

to build a d.c. servo system rather than use a stepper motor. The error signal 

will be derived from a frame counter and from an angle encoder on the capstan 

shaft. We plan a film position resolution of about 1 mm. with respect to the 

frame marker. 

4. The optical display is being assembled. The display will be on a 

horizontal scanning surface and the image will be moved with respect to a fixed 

cursor by moving mirrors. The stepper motors and drivers for moving the mirrors 

have been tested. 

5. The CRT display is in usable condition, although some work remains 

to be done. At present it refreshes from the memory of the Supernova computer. 

It will also be refreshed from a dynamic shift register which is being con

structed. Points and alpha-numeric characters can be displayed. A vector 

generator is under construction. 

6. Operator Communication: a track-ball position encoder and an angle 

encoder have been constructed and tested. These devices provide operator control 

information to the computer and will be mostly used for moving the optical image 



Purdue University COO-1428-305 
Contract AT(11-1)-1428 Task A 

-20-

and the CRT cursor. 

An alpha-numeric keyboard has been installed for operator input messages. 

A lighted function keyboard will be provided so the operator can control the 

measuring process efficiently. Computer messages to the operator will normally 

be on the display CRT. 

7. The data connection between the Supernova and the 360/40 has been 

completed and tested and is used routinely to load programs into the Supernova 

and to get diagnostic core dumps. 

8. The digital slice scan controller is being built and testing will 

begin in a few weeks. This system was designed to utilize the fast semi

conductor memory now available to increase the speed and flexibility of the 

slice scan generation and data collection. The controller is a programmed 

processor using 64-bit random access memory chips to store both commands and 

data. The basic cycle to load two operands from memory, execute and store 

the results, requires 400 nsec, including the instruction fetch. The operands 

are either two 24-bit words, three 16-bit words or two quasi-floating point 

words. During the sweep line of the slice scan, no memory access is required 

and the spot on the CRT can be stepped every 100 nsec. At 1 micron least 

count this allows a sweep speed of 10 microns per sec. 

The controller is completely flexible in scanning strategy and data 

collection. The only fixed routine is the scan-line, which is a straight line 

of programmed origin, slope and length. The programmer is provided with counters 

which can be set, incremented and tested, with flags reflecting the state of the 

hardware which can be tested, and with an arithmetic unit for modifying counters 

or memory. 
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XI. Publications: June 1, 1971 - May 31, 1972 

1. Production of K+K~ and pp Pairs in Four-body Reactions at 13.1 GeV/c; 

J. A. Gaidos, T. A. Mulera, C. R. Ezell, J. W. Lamsa, R. B. Willmann, 

Nuclear Physics B32, (1971) 10, August 15, 1971. 

2. Spin Parity Analysis of the Low Mass 3n System in the Reaction n+p -» 

TT+TT+TT"P at 13.1 GeV/c; J. W. Lamsa, C. R. Ezell, J. A. Gaidos, R. B. 

Willmann, Nuclear Physics B, 1972 (accepted). 

3. Test of Helicity Conservation and Spin-Parity Analysis of the N (1700); 

J. W. Lamsa, R. B. Willmann, C. R. Ezell, J. A. Gaidos, P. T. Go, N. N. 

Biswas, N. M. Cason, V. P. Kenney, W. D. Shephard, P. H. Smith, Nuclear 

Physics B37, (1972) 364, February 15, 1972. 

4. Nonconservation of s-Channel Helicity in A Production at 13 GeV/c; K. 
3 

Paler, T. A.. Mulera, D. H. Miller, R..C. Badewitz,. B. R. Barton, Jr., . 

C. R. Ezell, J. A. Gaidos, T. R. Palfrey, Jr., J. Tebes, R. B. Willmann, 

Lettere al Nuovo Cimento 2_, (1971) 1063, November 13, 1971. 

5. Application of a Dual Diffractive Model to the Reaction n+d -» dTT+TT+rr" at 

13 GeV/c; K. Paler, R. C. Badewitz, H. R. Barton, Jr., D. H. Miller, 

T. R. Palfrey, Jr., J. Tebes, Nuclear Physics B33, (1971) 13, October 1, 1971. 

6. Coherent Production of High Mass Meson States in rr+d Collisions at 13 GeV/c; 

K. Paler, R. C. Badewitz, H. R. Barton, Jr., D. H. Miller, T. R. Palfrey, Jr., 

J. Tebes, Physical Review Letters 2£, (1971) 1675, June 28, 1971. 

7. Study of A++ Production in the Reaction fT+p -»TT+TT0p at 13.1 GeV/c; J. H. 

Scharenguivel, L. J. Gutay, J. A. Gaidos, S. L. Kramer, S. Lichtman, D. H. 

Miller, K. V. Vasavada, Nuclear Physics B36, (1972) 263, January 15, 1972. 

8. Diffractive TTTT Scattering in TTN -* TTTN at 13.1 GeV/c; J. A. Gaidos, L. J. 

Gutay, S. L. Kramer, H. R. Barton, Jr., D. H. Miller, J. Tebes, Nuclear 

Physics B39, (1972) 7, April 1, 1972. 
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9. Evidence for Splitting in the Q Region of K^TTTT" Mass; D. D. Carmony, 

A. F. Garfinkel, R. F. Holland, H. W. Clopp, D. Cords, F. J. Loeffler, 

L. K. Rangan, R. L. Lander, D. E. Pellett, P. M. Yager. Phys. Rev. 

Letters 26, 1505-1508 (1971). 

10. K (890) Production in the Charge Exchange Reaction K+n -»' K+TT"P at 9.0 

GeV/c; D. D. Carmony, D. Cords, H. W. Clopp, A. F. Garfinkel, R. F. 

Holland, F. J. Loeffler, H. B. Mathis, L. K. Rangari, J. Erwin, R. L. 

Lander, D. E. Pellett, P. M. Yager, F. T. Meiere, W. L. Yen, Phys. Rev. 

D4, 1974-1978 (1971). 

11. Observation of a New 1̂ ,(1760) Resonance in the KTT and KTTTT Systems; 

D. D. Carmony, D. Cords, H. W. Clopp, A. F. Garfinkel, R. F. Holland, 

F. J. Loeffler, H. B. Mathis, L. K. Rangan, J. Erwin, R. L. Lander, 

D. E. Pellett, P. M. Yager, F. T. Meiere, W. L. Yen, Phys. Rev. Letters 

27, 1160-1163 (1971). 

12. Final States with Three Charged Particles and a Visible K° from K~d 

Interactions at 4.5 GeV/c; D. D. Carmony, W. L. Yen, A. C. Ammann, 

A. F. Garfinkel, L. J. Gutay, D. H. Miller, K. Paler. Nucl. Phys. 

B35, 317-331 (1971). 

13. Use of the 12 Ft. Chamber with H-Ne Mixtures; D. D. Carmony. Zero 

Gradient Synchrotron Workshops ANL/HEP-7208 pp 966-970. 

14. Observation of Three Narrow Neutral Mesons in the Vicinity of 950 MeV; 

D. L. Cheshire, R. W. Jacobel, R. C. Lamb, F. C. Peterson, E. W. 

Hoffman, A. F. Garfinkel, Phys. Rev. Letters 28, 520 (1972). 

15. Summary of Recent Experimental Work; R. B. Willmann. Fourth Hawaii 

Topical Conference in Particle Physics, August, 1971 pp. 77. Edited by 

P. Dobson. 
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16. Study of the Reaction n"p -» n + Missing Mass at 2.4 GeV/c; D. L. Cheshire, 

R. W. Jacobel, R. C. Lamb, F. C. Peterson, E. W. Hoffman, A. F. Garfinkel, 

Proceedings of the Third International Conference on Experimental Meson 

Spectroscopy 1972 (to be published). 

17. Some Experimental Results in TTTT Interactions 1969-1971; L. J. Gutay. 

Zero Gradient Synchrotron Workshops ANL/HEP-7208, 1971 Vol.1. 

18. The Purdue POLLY-Status Report; R. L. Mcllwain, A. C. Ammann, R. E. 

Buten, F. J. Loeffler, D. F. Olive, T. R. Palfrey, Jr., L. K. Rangan, 

M. W. Shrimplin. Proceedings of the Colloquium on POLLY and POLLY-like 

Devices, Argonne National Laboratory, Jan. 1972. 

19. A Microprogrammed POLLY Controller; R. L. Mcllwain. Proceedings of 

the Colloquium on POLLY and POLLY-like Devices, Argonne National 

Laboratory, Jan. 1972. 

20. Review of Strange Bosons; V. E. Barnes. Zero Gradient Synchrotron 

Workshops, ANL/HEP-7208, 1971 Vol. II. 
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