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1 Introduction 
The niajor research activity of Task D has been collaboration in experiments 
E791 and E871 at Brookhaven National Laboratory. During the past year, 
the collaboration has published results of the second major run', nearly 
completed analysis of the final data from the experiment and reported 
some of these results in conferences. We now have a substantially better 
understanding of the potential backgrounds and systematic uncertainties 
in the experiment. This understanding is important for both the results to 
be derived from the present data and for future experiments. In addition, 
we have conducted extensive tests for our new experiment at Brookhaven. 
We were approved for these tests by the Brookhaven APC, and will be 
reviewed again at the end of August for final approval for the experiment. 
Our goal is to improve the sensitivity to rare decay modes by a factor of 
20 over our final E791 result. 

In the coming year we will finish the final analysis of all data from the 
experiment, including a consistent reanalysis of all data and preparation of 
a Phys. Rev. D article describing the measurement. Assuming approval of 
E871 by BNL, we will finalize detailed design of the experiment and begin 
prototype testing and construction. 

The personnel in Task D ROW include W. Molzon (Professor), A. Hein- 
son (postdoctoral researcher), C. Mathiazhagan and J. Horvath (graduate 
students), A. Pang and R. Wang (beginning graduate students), and S. 
Martin and R. Hill (undergraduate students). Peter Knibbe (Molzon's last 
Penn student) received his Ph.D. in December 1990. We have interviewed 
a number of candidates for post-doctoral positions and are in the process 
of making offers for two positions. 

In addition to the ongoing efforts on E791 and E871 at BNL, we have 
begun looking at the possibility of mounting a substantially improved ex- 
periment to be performed at the proposed Main Injector at Fermilab. This 
effort would be part of a Main Injector Kaon Facility. Molzon has partici- 
pated in the preparation of a Conceptual Design Report for this experiment 
along with physicists from University of Chicago, Fermilab, University of 
Illinois, and Rutgers University. During the past year effort has gone into 
design calculations for this experiment. 

In this contract renewal request, we will review the current status of 
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lepton flavor violation in K decays, summarize the status of the experiment, 
report in some detail on a number of the specific projects in which personnel 
supported by this contract have been involved, discuss the possibilities for 
future directions of the experiment, and list specific requests to the funding 
agency. 

Z Motivation for and Status of Rare Kaon 
Decay Experiments 

The physics motivation for the experiments which we are performing has 
been extensively discussed in the original proposal to BNL and in pre- 
vious contract renewal requests. To summarize the arguments, we recall 
that the Standard Model well represents the current state of knowledge of 
elementary particles and their interactions. However, it is known to be in- 
complete. It doesn't explain in a fundamental sense the gauge structure of 
the interactions nor the replication of quark and lepton families. A number 
of extensions to the Standard Model have been proposed, some of which 
are motivated at least in part by an attempt to understand the existence of 
more than one type of lepton. Among these are supersymmetry, horizon- 
tal interactions, composite models, technicolor and extended technicolor, 
models with leptoquarks, and others. Many of these allow the possibility 
of interactions which either explicitly violate separate lepton number or 
in which lepton number conservation is violated by mixing mechanisms. 
If seen, separate lepton number violation would indicate the existence of 
some new interaction; if not seen, the limit set would constrain the models 
significantly. Our experiment to search for examples of the decay Ki + pe 
will provide the best test for the existance of some classes of such new 
interactions. 

Two experiments are continuing to improve their sensitivity to the decay 
K: 4 pe . KEK E137 has published2 an analysis of approximately half 
their data collected through July 1989. At the Lepton Photon Symposium 
in Geneva, they reported results3 of the analysis of their full data set. They 
find an upper limit of 9.4 x lo-" at 90% C.L. We have recently published4 
in Physical Review Letters an analysis of our 1988 data, reporting an upper 
limit of 2.2 x 10-l'. In addition, we have reported results' (Appendix 2) 
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I. 

from the 1989 data set at the 25th International Conference on High Energy 
Physics; the combined limit from all analysed data is B ( K i  --+ p e )  < 
6.1 x lo-" at 90% C.L. 

Both experiments have reported limits on the branching fraction for the 
decay K i  ----f e f e -  . This decay, while allowed in the Standard Model, is 
highly suppressed and a measurement of the branching fraction significantly 
above the Standard Model prediction of a few times would be evidence 
for new physics. Our present limit from the 1988 and 1989 data sets is5 
8.5 x 10-l'. KEK E137 has now given results of their final analysis; they 
see one event in the kinematic region in which they expect signal events. 
However, they expect background from the processes KE + e f e - y  and 
A*: + e+e-e+e- at the level of about 0.1 events. Hence, they quote3 an 
upper limit based on the one event of 1.6 x lo-''. 

The experiments discussed above have also reported measurements of 
the branching fraction for the decay K i  -, pp . KEK E137 has measured3 
the branching fraction to be (7.9 f O.S(stat) f O.S(syst)) x Our result 
for the branching fraction is 5.8 f O.G(stat) f O.$(syst)  x lo-' from the 
1988 data set5 and 7.6 & 0.5(stat) f 0.4(syst) x from the 1989 data 
set. When appropriately combined, the result' is (7.0 f 0.5) x lo-'. We 
have also reported6 (Appendix 3) preliminary results of the find data set at 
the Tucson meeting on Intersections between Particle and Nuclear Physics. 
We find B(K: - pp ) = (6.96 f 0.40(stat) f 0 . 2 2 ( s y s t ) )  x lo-', in good 
agreement with the previous result. We discuss the analysis of these data 
and the significance of the measurement below. 

3 Physics Results from E791 
We here discuss the physics results to date from E791, including a brief 
review of the analysis. We will first discuss the 1988 and 1989 results, 
which are in final form, and will then give more details on the find data 
set analysis, which is now being completed. 
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a 
3.1 1988 and 1989 Data Set 
The selection of K i  ---$ p e  and K i  -+ e+e- candidates was relatively 
straightforward in all of the analyses. It utilizied a muon hodoscope follow- 
ing a steel hadron filter and a muon rangefinder to identify muons, and a 
lead glass shower counter and a H2-N2 threshold Cerenkov counter to iden- 
tify electrons. Events with poorly reconstructed particle tracks, pion decays 
and large angle scatters, all of which could result in incorrectly measured 
kinematic quantities, were rejected using kinematic fitting x 2  measures. 
After all selection criteria were imposed, no events consistent with either 
K i  4 p e  or K i  t e+e- decay modes were observed in a region of two 
body invariant mass ( M t z )  and angle of the two body momentum vector 
with respect to the beam direction (e,) which should contain greater than 
95% of such events. The two data sets contained 87 and 289 examples of 
the decay K i  --t pp, . Scatter plots of 8; versus Mpc for candidate events 
for the K i  ---t p e  and K: 4 pp decay modes for the 1989 data set are 
shown in Figure 1. 

The results for the branching fraction and branching fraction limits were 
normalized to a prescaled sample of KE -+ R'R- decays detected without 
regard to particle identification criteria. T.he distribution in the R X  invari- 
ant mass distribution for these events is shown in Figure 2, with the Monte 
Carlo calculated distribution expected for semi-leptonic background super- 
imposed. The absolute normalization of the background agrees to within 
5% of the expected level. To normalize the branching fraction, corrections 
for the relative trigger efficiencies, acceptances and selection criteria effi- 
ciencies are required. The relative trigger efficiencies for the various modes 
were calculated from the data, using a sample of events for which the trigger 
selections were generated but not applied. The relative acceptances were 
calculated with a Monte Carlo simulation of the detector and included the 
effects of pion decay and the slightly different kinematic resolutions for the 
different modes. The efficiencies of the particle identification selection crite- 
ria were measured using kinematically selected pions, electrons and muons. 
A small correction for pion interactions was calculated accounting for the 
known amount of material in the spectrometer, and a similarly small cor- 
rection for electron bremsstrahlung was calculated using the Monte Carlo 
simulation. 
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Figure 1. Plots of 0; vs. M, and M,, for the 1989 data set. 

B 

Many checks of the relative acceptance and selection efficiencies were 
performed. For example, we were able to calculate the absolute normal- 
ization of events which appear to contain two muons or one electron and 
one muon with invariant masses below the kaon mass. These events result 
from fi-; - r p v  and K i  + rev  decays in which the pion subsequently 
decays to a muon. Examples of this decay mode were simulated, using our 
Monte Carlo program to generate semi-leptonic decays, and using the data 
itself to measure the probability that a pion is detected as a muon (either 
because it is misidentified or because the decay occurs in such a way that 
the kink is not detected in the spectrometer). Figure 3 shows the number 
of detected events as a function of the pp and pe invariant mass, with the 
prediction superimposed. 

The prediction falls slightly below the measured rate, with the frac- 
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0.49 0.50 0.51 0.52 

' M, [GeV/c2) 

Figure 2. Plot of M,, for minimum bias events cut at < 
2 mrad*. The solid histogram is the data and the points are 
the Monte Carlo simulation of the distribution for semileptonic 
decays normalized to the region away from the K: -+ X + R -  

peak. 

tional discrepancy increasing with invariant mass. This check gave essen- 
tially identical results for the two data sets. The cause of the disagreement 
is unknown; it could be due in part to somewhat worse resolution in the 
data than the Monte Carlo simulation, which we will discuss below. Events 
which contribute to this background have particularly large momentum 
asymmetry in the decay (with the lepton in the semileptonic decay usually 
having much higher momentum than the pion), and the momenta are typ- 
ically measured to be higher than the actual momenta due to resolution 
effects. We emphasize that an absolute prediction of the background is not 

4 

e 

e 

6 



+i 
it' 

t 1.1 
480 482 484 486 488 490 480 4 W  4a4 486 488 490 

%M (MeV/c*) (UeV/c') 

Figure 3. Plots of the number of candidate K i  -+ pp and 
Ki + pe events versus the two body invariant mass. The 
open circles are the data, the closed circles are the Monte Carlo 
simulations calculated as described in the text, and the solid 
histogram is the distribution in the generated value of the mass, 
without the.effects of resolution. 

necessary in order to correctly measure the A*; - pp branching fraction, 
and is much more sensitive to systematic effects of poor resolution than is 
the measurement of the K i  + pp branching ratio. 

When normalized to the decay K t  --t T+T- , our upper lirnits for the 
decays --+ pe and K i  + e+e- are 8.4 x lo-" and 11.4 x lo-" at 90% 
confidence level, respectively. We estimate the systematic uncertainty in 
the normalization to be 6%; this uncertainty has now been incorporated in 
the quoted upper limits. When combined with the result from 1989, the 
upper limits are 6.1 x lo-" and 8.6 x lo-" for the two decays. 

The branching fraction for K i  --t pp from the 1988 data set was niea- 
sured to be 5.8 f 0.6( stat) f 0.4( syst) x loqg. The result from the inde- 
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pendent 1989 data set is 7.6 * 0.5(stat)  5 0.4(syst) x lo-', about 2 c above 
the previous result. Given the new analysis, we see no error or systematic 
bias in the old result, and ascribe the difference to a statistical fluctuation 
in the number of detected K i  - pp events. 

Additional checks of the result were made. For example, Figure 4 shows 
the variation of the A-i -, pp branching ratio with the value of a number 
of kinematic variables. It is seen that the result is consistent with being 
independent of these variables, as expected. 
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Figure 4. The K! -+ pp branching fraction for all data, and 
as a function of the decay topology (particles initially bend- 
ing towards or away from the spectrometer centerline), the run 
number, the position of the left track in the first chamber plane, 
the K; momentum, and the z vertex position. 
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3.2 1990 Data and Analysis 
3.2.1 Apparatus and Software Upgrades 

We now turn to the analysis of the 1990 data set. Four substantial upgrades 
were made to the experiment subsequent to the 1989 run. 

0 The target mount and target were changed to improve the yield of Kz 
and decrease the neutron contamination in the beam. The target was 
reduced in cross section to 3 x 3  mm2 to decrease the production of 
secondary neutrons and low energy kaons. In addition, the mounting 
fixture was changed to support the target from below, and minimize 
absorption of kaons exiting the target through the support. 

0 The three part vacuum window at the end of the vacuum decay region 
was replaced with a single large circular window. The purpose of this 
change was to minimize interactions of the halo of the beam in the 
large steel flange supporting the center window. The new window 
consisted of a Kevlar/mylar laminate with total thickness of about 
50 mg/cm2. 

0 Two new drift chamber modules were built and installed by the UCI 
group; they had a thinner frame on the edge close to the beam, al- 
lowing the active region to come closer to the beam, and they were 
slightly larger in the horizontal direction. Coupled with the change 
to the vacuum window, this allowed the active region to come 3 cm 
closer to the beam, increasing the acceptance by about 30%. The 
chambers which were replaced were also those which ran least reli- 
ably ai:d showed the most evidence of radiation damage. The old 
chambers were refurbished by cleaning the wires, and were used as 
spares. 

0 The Level 3 trigger algorithm running in a system of 3081/E proces- 
sors was rewritten to make it more robust against extra hits when 
running at high rates. Combined with loosening some of the selection 
criteria (no upper mass cut), the effect was to increase the efficiency 
from about 65% to about 90%. At equal intensity, we were able to 
collect about 25% more data per unit time. In addition, we elimi- 
nated K i  + r ' e e  triggers from the experiment, allowing about 10% 
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higher intensity running before saturating the Level 3 trigger process- 
ing time. 

The analysis has proceeded well. Data were run through the pattern 
recognition program and the kinematic fitting programs. The subsequent 
analysis was done by groups, arranged to work on studies of particle identi- 
fication efficiencies, questions of normalization and acceptances, and back- 
ground studies. 

Early in the analysis it was decided to do the K! --f p e  and I3-i + 

e+e- searches blind, in the sense that events in the kinematic region in 
which we expect to see a signal'(i.e. 492 < Mpe < 504 MeV/c2 and 
tl; < 2 rnrad2) were excluded from data summary tapes which were used 
to understand the data and tune selection criteria. This procedure has a 
number of advantages. First, if we see no events, it makes the interpretation 
of an upper limit unambiguous, since the selection criteria are not tuned 
to exclude specific events which may appear in the signal region. Since 
one could always tune a specific cut or group of cuts to eliminate such an 
event with negligible loss in sensitivity, an analysis procedure which uses 
potential signal to tune selection criteria results in a lower upper limit than 
one would achieve with a blind analysis. A second advantage is that there 
is more motivation for obtaining a deeper understanding of the data. Since 
the goal is to have a background free experiment, we wish to understand 
the sources of potential backgrounds and devise means to reject them, to 
ensure that no background events will be left when we look in the signal 
region. Necessarily, this approach requires more time to fully understand 
pot entia1 backgrounds. 

We first discuss a number of improvements to the analysis tools over 
previous efforts. 

0 The muon rangefinder algorithm has been improved in two ways. A 
better estimate of the range is obtained, principally by improving 
the use of the two views in generating the best range. Second, a 
X'probability is generated from the actual fraction of expected ele- 
ments in the range finder associated with a track. This has resulted 
in improved muon identification and background suppression. 

0 We have improved the pattern recognition and kinematic fitting pack- 
age to better deal with events in which one or two of the ten expected 
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drift chamber hits associated with each view of each track are missing. 

0 We have modified one of the two fitting packages to make the variables 
derived from the fit more physically meaningful, which aids in their 
use in background rejection. 

3.2.2 K i  ---f pp Analysis 

For the K i  -, p p  analysis, the principal improvement in the analysis is 
better understanding of the background subtraction for the K: t pp sig- 
nal and the K i  + T+T- normalization sample and improved control over 
possible systematic uncertainties associated with tracking X2selection cri- 
teria. We have shown that roughly half of the background to K: - pp is 
due to K i  --* r e v  events in which the pion decays and there are accidental 
hits in the muon hodoscope and rangefinder which cause the electron to be 
identified as a muon. We have shown that these events could be eliminated 
with negligible loss in sensitivity by requiring that muon candidates not 
have signals in the electron identification counters consistent with an elec- 
tron. Alternatively, the background can be extrapolated under the signal 
region from the measured level outside it using the known shape. The other 
background contributions are believed to be due to --+ ~ p v  decays in 
which the pion decays and has a badly measured momentum due to pat- 
tern recognition errors. This is discussed in more detail in the section on 
K i  pe . 

A second improvement in the analysis is in the understanding of the 
effect of the X’selection criteria on the relative efficiency for accepting K i  + 

T’T- and IT: + pp events. The distribution in the tracking X’variables 
do not agree between data and Monte Carlo. Because pions can decay in 
the spectrometer and cause a bad x2, they could be affected differently by 
the X’cuts in a way that is not reproduced by the Monte Carlo. We have 
devised a method using the data itself to measure the effect of the X’cuts 
OR muons and pions, and have verified that the correction using the Monte 
Carlo technique is not biased in the relative efficiency. 

Figure 5 shows the K t  ---$ pp 8; vs. M,, distribution for the 1990 run 
with and without the electron veto. Figure 6 shows the distributions in 
M,, and M,,. The pp peak contains about 370 events. Events in the M,, 
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Figure 5.  Plots of distribution in 6; vs M,, for the 1990 data 
set with and without an electron veto on the muons. 

distribution are selected from the minimum bias sample without regard to 
particle identification criteria. Superimposed is the expected background 
distribution for semileptonic events, normalized to the region away from 
the peak. After background subtractions, 349 pp and 32576 mr events 
remain in the two samples. From these numbers and from measured muon 
identification efficiencies, calculated acceptances, and other minor factors, 
we calculate the K! + ,up branching fraction to be (6.96 f0.40(stat) f 
0.22(syst)) x lo-'. This result is preliminary. The systematic uncertainties 
have been estimated as described in reference 6. The largest contributions 
are from the Ki --+ T+T- branching fraction, the correction for nuclear 
interactions of the pions, and the uncertainty in the relative effect of the 
X'cuts on pions and muons. We expect the latter two to decrease with 
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Figure 6. Plots of distributions of M,, and M,, for the 1990 
data set. The pp peak contains about 370 events. 

further study. 
The final result on the K i  -+ pp branching ratio from E791 will be 

based on a sample of about 720 events, with a statistical uncertainty of 
about 4%. We estimate the systematic uncertainty, neglecting that due to 
the uncertainty in the K l  -+ A+X-  branching fraction will be 2-3%. 

3.2.3 K i  -+ pe Analysis 

The --+ pe analysis has focussed on understanding the source of poten- 
tial backgrounds. The signal is expected to be in the interval 6; < lo-' 
mrad2 and 493 < Mw < 503 MeV/c2. We have studied in detail events 
with M,, > 492 MeV/c2 and 6; < 10 x lo-' m a d 2  and have excluded the 
region 8; < 2 x lo-' m a d 2  and 492 < M ,  < 504 MeV/c2. Depending 
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on the selection criteria, a number of events are observed in the regions 
studied. These events have the following characteristics: 

The fraction of events with either 1 or 2 missing hits (of 10 expected) e 
in the x-measuring view of the tracks is significantly larger than in a 
sample of sernileptonic events. 

e The average muon momentum is higher than we would expect from 
true K i  -+ pe events. Often the expected range is longer than the 
maximum range contained in the rangefinder (about 6 GeV/c), and 
hence we do not have good range information. 

e 

Muons with measured momentum above 7 GeV/c (above Cerenkov 
threshold) often do not have a signal in the Cerenkov counter. 

The fraction .of events in which the particles bend away from the 
center of the spectrometer in the first magnet (outbends) is larger 
than expected. 

Based on these observations, we conclude that background in this region 
has a large contribution from events in which one or both of the particle 
momenta are mismeasured due to errors in the position measurement in 
the drift chambers larger than those due to the Gaussian resolution of 
the chambers. This is primarily caused by an incorrect left-right ambiguity 
resolution in a detector plane which has one of the two expected hits rnissing 
or to a pion decay in the spectrometer giving a kink in the track and 
hence a position inconsistent with a single undecaying particle traversing 
the spectrometer. Normally, for one large measurement error, the X’would 
be sufficiently bad that the event would be rejected. For one missing hit, 
the correct left-right ambiguity solution is selected by minimizing the x2, 
and hence we do not get a badly measured position. The problem arises 
when two planes have misses (and hence two ambiguities to resolve) or when 
there is one ambiguity plus a pion decay. In these cases, the ambiguity or 
ambiguities can be resolved incorrectly so as to give a higher momentum 
and hence a higher value for Mpe. 

This conclusion is supported by the observation that muons often don’t 
give a hit in the Cerenkov when they should (because their actual mo- 
mentum is below the apparant momentum), that muons are typically high 
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momentum (so we can’t check the momentum from the spectrometer with 
that deduced from the rangefinder), and that the backgrounds are more of- 
ten outbends (where errors in momentum and angle both tend to increase 
the reconstructed invariant mass). We have also checked this conclusion 
with Monte Carlo studies. Events were generated with M,, near the kaon 
mass, and either forced to have two missing hits in the x view or forced to 
have a pion decay in the spectrometer. Knowing the probability of having 
missing hits and the probability of having a pion decay in the spectormeter 
allowed us to normalize this sample to the experimental sensitivity. Quali- 
tatively, the Monte Carlo prediction for the number of background events 
and their characteristics agreed with the observations. 

Based on these conclusions, we have devised the following cuts to elim- 
inate these generic source of backgrounds: 

0 Eliminate events with two missing hits in the x-measuring view. 

0 Eliminate events in which a muon with momentum above Cerenkov 
threshold does not have a signal in that counter. 

0 Eliminate events in which the expected range is longer than the 
rangefinder and there is one missing hit in the x-view. 

0 Tighten cuts on tracking quality criteria for events with one missing 
hit in the x-view. 

This analysis is not complete, and these selection criteria are still being 
studied and refined. We hope to have a final set of selection criteria before 
the end of August, at which time we will analyse events in the excluded 
mass and 6~ interval. 

Our study of backgrounds has implications for the design of an upgraded 
experiment, which we will discuss in section 4. 

3.3 Phenomenological Implications of K i  + pp Re- 
sult 

The K: .--) pp branching ratio measurement from the 1988 data set was a 
cause for concern, since it is significantly below the previous world average 
of 9.6 x lo-’ for this quantity. It is also slightly below the “unitarity 
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limit" for the branching fraction of 6.9 x This limit follows from 
the fact that the absorptive part of the amplitude for any process is the 
absorptive part of the sum of the amplitudes for all diagrams with physically 
realizable intermediate states. In the case of the decay K i  + pp , the only 
intermediate state which contributes substantially is the 2 photon state. If 
we call A the amplitude for the process K i  + pp , then Im(A) = Im(A,,) 
(the absorptive part of the amplitude due to the two photon intermediate 
state). The decay rate for the process K: + yy is measured7 to be 5.4 x 

and Im(A,,) is easily calculable in QED given this measurement. 
Since IAI2 = (Im(A))2 + (Re(A))2, Im(A,,)2 represents a rigorous lower 
bound on ]AI2. This corresponds to a lower bound on B(K: + pp ) of 
6.8 x lo-'. Our measurement from the 1988 data set is 1.5 0 below this 
bound. The difference could be a statistical fluctuation, evidence for other 
contributions to the absorptive part of the amplitude, or some unknown 
problem which we have missed despite very careful checks of the data and 
analysis. 

We have subsequently measured the branching fraction in two addi- 
tional, independent data sets, and in both cases found a result above the 
unitarity limit, although close to it. The first two measurements have been 
combined in a publication', and the combined value agrees very well with 
the preliminary result of the third data set. Hence, we have shown that the 
branching fraction for the decay K i  -+ p p  is very close to and consistent 
with the unitarity bound. 

A measurement of the K: + pp branching ratio close to the value 
predicted if only the 2 photon intermediate state contributes is of interest 
as it can be used to place limits on Standard Model parameters. The real 
part of the amplitude for K! + p p  is Re(A) = AsD + Re(A,,), where 
A s o  is the amplitude due to loop diagrams containing t-quarks and W and 
Z bosons. The difficulty in using the K t  -+ pp decay rate to constrain 
A ~ D  and hence SM parameters (the top quark mass and Vt, and Vtd)  has 
been in calculating the dispersive part of the 2 photon intermediate state 
amplitude. For example, if Aso and Re(A,,) are of opposite sign (the 
relative sign being unknown), then each contribution could be arbitrarily 
large. Recently, a group' has extracted the dispersive part of the 2 photon 
intermediate state amplitude using measurements of the decay rate for the 
process K i  + 7efe-  . Their conclusion is that ~Re(A,,)~/~Im(A,,)~ is 
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small ( < 0.15). A second group’ has used this result to analyse the short 
distance contributions in terms of the top quark mass, and the parameters 
p ,  77 and A in the Wolfenstein parameterization of the CKM quark mixing 
matrix and the top quark mass. Figure 7 shows the p - 77 plane, with limits 

- 1  -0.75 -0.5 -0.25 0 Q.25 0.15 0.75 1 

P 

Figure 7. The p-7 plane, with limits on the allowed region from 
various measurements. Included is the lower limit on p derived 
from our upper limit on the short distance contribution to the 
decay K i  -+ pp . 

on the allowed region derived from other measurements for one choice-of 
mt and the parameter A in the CKM matrix. 
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4 Preparations for an Upgraded BNL Ex- 

periment 
The consensus of those collaborators who want to continue with this ex- 
perimental program is that, given the probable funding profile for the AGS 
and the probability of being involved in new areas of research in the second 
half of this decade, an upgraded experiment should be able to finish taking 
data by 1995. Based on these assumptions, we have worked during the past 
year on an upgrade which could achieve a factor of twenty improvement in 
sensitivity over E791, remain of modest cost, and complete data taking by 
the end of FY1995. 

The upgrade uses a new spectrometer geometry in which the beam 
of neutrons and undecayed kaons would be absorbed in a sophisticated 
beamstop located in the first analysing magnet. The current second magnet 
would be used in place of the first one, and a second magnet about 15% 
smaller than the current second magnet would be used in place of it. The 
magnetic field integrals in the two magnets would correspond to transverse 
momentum kicks of about 420 and 200 MeV/c in the first and second 
magnet, respectively, and would be of opposite sign. Charged particles 
from two body decays of K i  would be approximately parallel to the beam 
direction after the second magnet; this criterion would be used in the online 
event selection to reject semileptonic events. The principal advantages of 
this idea are potentially lower rates in the lepton identifying counters and 
hence better background rejection, and ease in semi-leptonic background 
rejection at the online level due to the parallelism requirement. This idea 
has evolved into a proposal (E871)l' which was deferred by the AGS PAC 
in September 1990 and will be reconsidered in August 1991 following the 
completion of a number of tests. Below we briefly describe the experiment 
and the tests. More details can be found in the proposal (Appendix 1) and 
in a report describing results of our tests which is in preparation at the 
time of this writing. 

A schematic of the experiment is shown in Figure 8. It includes 6 sta- 
tions of high precision measuring stations around the two magnets. The 
beamstop would be installed in the first magnet; charged particles from K 
decays which we detect would pass on either side of it. Detectors down- 
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Figure 8. Sketch of the proposed beam line, decay volume, and 
spectrometer . 

stream of the beamstop could be brought close to the projected beam line, 
improving the acceptance in this geometry and field configuration. The 
particle identification detectors consist of a new Cerenkov counter and re- 
furbished lead glass shower counter for electron identification and an in- 
strumented steel hadron filter followed by a muon range-stack for muon 
identification and energy determination. The principal gains in acceptance 
come from improvements in the geometric acceptance (primarily due to a 
larger first magnet), increased length in the decay region, and a lower cutoff 
in electron and muon momenta. The latter is made possible by the larger 
transverse dimensions of the front end of the spectrometer and the instru- 
mented hadron filter which should allow muon identification for momenta 
above 1.0 GeV/c. 

It consists 
of tungsten and copper in the interior surrounded first by boron loaded 
polyethylene to degrade and absorb neutrons and then by lead to absorb 
photons produced in the tungsten or as a result of neutron absorption in 
the boron. 

The construction of the beamstop is shown in Figure 9. 
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Figure 9. Sketch of the proposed beam dump to be installed in 
the first analysing magnet. 

During the past year this beamstop was installed and tested with a num- 
ber of variations in the configuration to allow optimisation of the design 
and an understanding of what particles emerge from it and cause signals in 
the detectors. The data is still in an early stage of analysis, but we include 
some early results here. Figure 10 shows comparisons of the hit distribu- 
tions in different detectors (normalized to the kaon intensity) for the E791 
spectrometer and for the beamstop configuration. Table 1 shows the rates 
in the drift chambers and trigger scintillation counters for different con- 
figurations of the spectrometer, including the nominal E791 spectrometer 
layout, the E791 spectrometer but with only the second analysing magnet 
powered, and with the beamstop with only the second analysing magnet 
powered. Table 2 shows rates in some of the downstream counters for the 
second and third configurations of Table 1. We have drawn some pre- 
liminary conclusions from these results, where the increase or decrease in 
quoted rates is given with respect to the E791 spectrometer with only the 
second magnet powered. 

0 Rates in the muon hodoscope decrease by a large factor with the 
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Figure 10. Relative rates for the E791 spectrometer and the 
spectrometer with beamstop installed. 
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Detector 

DCH 1X 
DCH 2X 
DCH 3X 
DCH 4X 
DCH 5X 
TSC 1X 
TSC 2X 

E791 spectrometer E791 spectrometer E871 beamstop 
and field E871 field and field 

87 85 104 
138 111 135 
124 214 440 
114 131 363 
106 I 130 153 
61 86 134 
89 110 51 

! 

Table 2. Rates in downstream detector elements for the first 
and third spectrometer configurations of Table 1. 

Counter bank 
Cerenkov bottom right 
PbG converter right 
PbG back blocks right 
Mu hod0 X right 

0 

Pre-plug Shielded plug 
Hits/V Hits/V 

10.8 12.9 
32.4 8.36 
82.0 23.3 
107 16.9 
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beamstop installed. Tests from 1990 with a plug constructed of lead 
showed that rates in the rangefinder were decreased by a compara- 
ble factor, and it was not operated this past year. The decrease in 
rate is mostly in the inner two slats, where we believe most of the 
rate is coming from charged particles from kaon decays or neutron 
interactions in the few meters just upstream of the hodoscope. 

e Rates in the Cerenkov were roughly the same in the two configura- 
tions. A significant suppression of this rate was achievied by adding 
local shielding of the phototubes on the counters. A large fraction of 
the rate without the shielding is thought to be due to neutron conver- 
sions in boron in the glass followed by the emission of a few hundred 
keV photon, Compton scattering of the photon and production of 
Cerenkov light in the phototube. This was studied by measuring 
rates with various combinations of lead and polyethylene shielding. 
The rate without local shielding was found to be nearly the same for 
tubes viewing the Cerenkov counter and those with light from the 
Cerenkov counter blocked with an opaque mask. In addition, other 
phototubes without boron in the glass had low counting rates, and 
local shielding had no affect on their counting rates. 

0 Rates in the scintillation counters 1.5 and 4.5 meters downstream of 
the beamstop changed by factors of 1.5 and 0.5. In the E871 geometry, 
the scintillation counters will be at least 3.0 meters downstream of 
the beams t op. 

0 Rates in the chambers immediately upstream and downstream of the 
plug increased by factors of roughly 2 and 2.5. The increase in rate is 
mostly in the regions of the chamber away from the beam centerline; 
hence the maximum rate in localized areas of the chamber increased 
by a smaller factor. In the E871 geometry, in addition to chambers 
in these locations, there is a set of chambers 1.5 m upstream of the 
beamstop; we currently have no chamber in that position; a linear 
interpolation using DCH2 and DCH3 would give an increase of a 
factor of roughly 1.6. 

Clearly, these are significant improvements with respect to the rates mea- 
sured with the lead beamstop which were reported in our proposal. Nonethe- 
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less, we would not want to operate the present spectrometer in an environ- 
ment with these rates, and some detector development will be required. 

Additional tests of the effects of the beamstop were made with special- 
ized detectors. These consisted of liquid scintillators to study low energy 
neutrons , photons, and charged particles, a He3 counter to measure thermal 
neutrons, a series of Bonner spheres to measure the spectrum of neutrons, 
a solid state detector for low energy photons, and a test drift chamber to 
measure rates and pulse-heights with different gases. A description of the 
full set of tests is beyond the scope of this report. In section 6 we discuss 
a few of the tests in which UCI personnel were directly involved. 

Some of the preliminary conclusions we have drawn from these tests are: 

0 

e 

a 

0 Neutron interactions directly in the wire chambers are not a signifi- 
cant contribution to the rate. This is based both on the flux measured 
in the specialized detectors and the known interaction probability in 
the 'chambers; on direct measurements with different gases with dif- 
fering amounts of hydrogen, and on shielding studies. 

Rates in the chambers upstream of the beamstop seem to have a sub- 
stantial contribution from relatively low energy photons (in the range 
of 0.5-5.0 MeV). Downstream of the beamstop, there seems to be a 
larger contribution from charged particles, although the momentum 
spectrum .and specific source of these particles is unknown. 

e Local shielding of some of the detectors, particularly the Cerenkov 
counter phototubes, will aid in decreasing the rates. 

We expect that'additional understanding of the rates and potential ways 
of improving them will result from further study of these data. 

There are a number of changes in the spectrometer with respect to the 
proposal relevant to the problems of rates in the tracking chambers and of 
backgrounds. First, the idea of using scintillating fibers in the first track- 
ing station has been dropped. The cost in terms of multiple scattering and 
loss of vertex resolution is too large to manage. We are now planning on 
straw tubes operated either in the vacuum or immediately downstream of 
the window. Tracking stations two through six will consist of either straws 
or conventional drift chambers of a design similar to the E791 chambers 
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built by this group. Stations 2,3, and 4 will have smaller cells (roughly 2.5 
mm maximum drift distance vs. 5.0 mm for the E791 chambers) and will 
use a fast gas (roughly 100 pmlns. vs 50 pm/ns for the present chambers). 
Both changes reduce the probability of an extra track corrupting the mea- 
surement of the track from the decay of interest. The total improvement is 
a factor of 8. 

Our studies of background in E791 also have substantial impact on 
the design of the E871 spectrometer. In particular we now believe there 
is potential background from pat tern recognition errors sometimes com- 
bined with pion decays in the spectrometer. We believe an additional x 
measurement (Le, three rather than two) at each measuring station will 
significantly help this probiem. It will allow us to require at .least two hits 
in each plane, and minimize the chance of incorrect left-right ambiguity res- 
olutions. It is also possible that an additional measuring station between 
the two analysing magnets will help in detecting kinks and resolving am- 
biguities. That possibility is being explored with Monte Carlo calculations 
similar to those described above. 

Some additional studies were done to attempt to measure the low en- 
ergy kaon spectrum. The spectrometer was operated with only the second 
magnet energized. This allowed the detection of low energy kaons, using 
the last three drift chamber planes only. This data is now being analysed 
by Y. Kuang from Wm. and Mary and K. McFarlane from Temple. This 
data also allowed the detection of interactions in the vacuum window and 
in the frames of the drift chambers. Analysis of the data will give us infor- 
mation on the intensity of neutrons and theeir spatial distribution, and on 
the the low intensity halo in the beam, and hopefully will indicate potential 
improvements in the beam. 

Data was also recorded with a beryllium target to understand if the 
neutron to kaon ratio in the beam can be decreased and if the flux of low 
energy kaons (from secondary interactions) can also be decreased. That 
data is still being analysed. 

Finally, we discuss trigger issues. In our proposal we pointed out that, 
because the particles from 2-body KL decays are nearly parallel to the beam 
direction, the trigger rate due to semi-leptonic decays is suppressed. Addi- 
tional suppression comes from eliminating some of the sources of accidental 
triggers in E791; these improvements are not inherent to this geometry. 
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Even though the trigger rate may be managable with the present online 
trigger processors (3081/E computers), we believe it would be advanta- 
geous to replace them for a number of reasons. First, they are old technol- 
ogy which is not supported by a wide user base. Second, we can replace the 
processors with roughly an order of magnitude more computing power for a 
modest cost using commercial UNIX processors. This will allow us to han- 
dle the higher trigger rates which might exist if our calculations are overly 
optimistic. If our calculations are correct, it will allow substantial analysis 
of the data to be done in real-time, speeding the analysis effort. Replacing 
the processors involves at least a change to the data acquisition interface 
(data are now sent directly from the front end to addressable memory in 
the processors). We have begun exploring possibilities for this system at 

The decision to proceed with an experiment with a beamstop in the cen- 
ter of the' spectrometer was taken after considerable discussion of different 
options. Aniong them was a new spectrometer, somewhat larger than E791, 
which could achieve comparable or larger improvements in sensitivity. It 
would have advantages in lower average rates in the tracking chambers, but 
would have higher rates in the particle identification counters. Parts of it 
would be larger than the proposed detectors and hence cost more money. 
The triggering would also not benefit from the parallelism inherent in the 
proposed design, and would hence require more complicated electronics and 
additional computing power. The decision on how to proceed was not ob- 
vious, and it was eventually decided that mounting an experiment within 
the perceived time and budget constraints necessitated the choice made. 

We plan to have sufficient new apparatus ready for an engineering run 
in FY1993. This would involve the modified beamline, the beamstop, the 
upstream end of the tracking spectrometer, and some of the new particle 
identification counters. For this run, we could reuse some of the drift cham- 
bers in the downstream part of the spectrometer. The majority of the data 
taking would follow in Fy1994 and Fy1995. 

ucr. 
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5 Possible Search for H Di-Baryon 
A Princeton group led by Val Fitch has suggested the possibility of a search 
for the H-dibaryon using our apparatus. This particle is a six quark, flavor 
symmetric state. In some models, it is lightly bound and has lifetimes such 
that it would be contained in a neutral beam such as ours. The basic idea of 
the experiment is to diffractively dissociate the dibaryon in an active target 
in the middle of our spectrometer. Some fraction of the time, it would 
dissociate into two lambda particles, which would subsequently decay and 
be detected in the downstream half of our spectrometer. The calculations 
of production cross sections, mass, lifetime, and dissociation probability 
are clearly model dependent and speculative. However, it appears as if 
our detector could explore regions of parameter space which might have 
escaped detection in other experiments. 

This plan has not reached the proposal stage. It is possible that the 
experiment, which would only require 2-4 weeks of running, could be done 
during the upcoming SEB run at BNL in a largely parasitic manner. The 
only new hardware required would be the active dissociation target. The 
drift chambers would be moved slightly to improve acceptance. At the 
present time we are exploring with the Princeton group and the lab man- 
agement the possiblity of doing this experiment. We enclose in as Appendix 
4 a copy of a set of transparencies from a talk to our group by one of the 
proponents. 

Preparations for Fermilab Main Injector 
Kaon Experiment 

During the past year, we have been involved in studies for a major new 
experiment which would be run at the Main Injector proposed to be built 
at Fermilab. These have resulted in a conceptual design report for the ex- 
periment KAMI, Kaons At the Main Injector". The physics motivation 
for this effort and some of the technicd considerations are discussed in the 
reportI2 (Appendix 5 )  of a Snowmass working group led by Molzon and 
Bruce Winstein. Our present understanding of the status of this project is 
that Fermilab has deferred action on specific plans for Main Injector pro- 
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posals. However, a large fraction of the KAMI collaboration (excluding the 
UCI group) has submitted a proposal for an upgraded €'/E experiment to be 
mounted in the new muon hall at Fermilab. This experiment incorporates 
many of the features of the upgrade proposed for KAMI. Final action on 
this proposal is expected in November. 

We have already discussed the physics motivation for the lepton flavor 
violation search. We expect those motivations to be equally compelling 
until these decay modes are found and will likely still be important when 
the main injector is running. 

The precision required on a measurement of E' is now of the order of 
or  below because of the realization that so-called electromagnetic pen- 

guin diagrams will contribute substantially to the direct CP violating decay 
of K i  for top quark mass much above 100 GeV/c2. This diagram tends 
to cancel other contributions, and E' could be arbitrarily close to zero, or 
negative for top quark mass above about 200 GeV/c2. Despite progress 
on the theoretical calculations! it is fair to say that the Standard Model 
predicition is still not clear. NA31 and E731 have now reported results 
of their full data sets at the Lepton Photon C~nferencel~* '~,  and the ex- 
perimental situation is also still not clear. E731 presents a result still 
consistent with zero ( €'/E = (0.60 f 0.69) x ), while NA31 gives a 
final result of e'/€ = (2.3 zk 0.7) x , about 3 standard deviations from 
zero. Hence, from both experimental and theoretical considerations, a high 
precision measurement will be required.The upgraded experiments of both 
these groups may achieve uncertainties in this parameter of 1-2 x loW4 in 
the next 4-5 years, and a yet better experiment may be needed. 

The experimental situation with the decay K i  + roee  has become more 
difficult with the realization that a fundamental background exists due 
to Ki + yefe-  decays with an internal bremstrahlung. The final state 
then consists of two electrons and two photons, and a non-zero fraction 
of the events the two photons will be consistent with a no decay. With 
extraordinairily good photon energy resolution the background is expected 
to be at about the lo-'' level, above the expected level for true K; -, r 0 e e  
decays. Hence, the measurement will require a statistical subtraction of the 
background and require a sensitivity below to give a significant result. 
This sensitivity could probably only be achieved at the Main Injector. 

Another possibility for discovering direct CP violation exists if one can 
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find evidence for the decay - ~ O v s ? .  This decay is purely CP violating, 
and is expected at a level about a factor of six higher than for the decay 
h-g + r 'ee  . It has serious experimental difficulties due to the backgrounds 
from K t  decays with multiple T O  in the final state. Work is ongoing to 
understand these backgrounds, and this experiment would be part of the 
Main Injector program. 

We anticipate that some additional study of the possibilities at the main 
injector will continue, and, depending on the status of the Main Injector 
construction schedule and Fernlilab policy, a proposal may be prepared. 

7 Summary of UCI contributions 
In this section, we discuss in more detail some of the specific contributions 
that UCI personnel have made to the experiment. 

7.1 Semileptonic Branching Fraction Measurements 
As part of his thesis work, C. Mathiaxhagan has worked on extracting 
semileptonic branching fractions from the 1989 data set. This work is 
described in reference 15. 

John Horvath, who will write his thesis on K i  --f pp branching fraction 
and the K: +.pe search has further refined that measurement. This was 
initially undertaken to verify our understanding of the spectrometer, but 
may yield the worlds best measurements of these parameters. Good agree- 
ment between our measurements of these quantities and those published in 
the Particle Data Group indicate our ability to correctly calculate the rela- 
tive acceptance of the detector for different modes, and provides confidence 
in our knowledge of the particle identification efficiencies. 

Semileptonic events were selected by requiring the two-body invariant 
mass, when both daughters were artificially identified as pions, to lie in.the 
range 373 < M, < 485 MeV/c2, well away from the K i  --+ T+T- mass 
peak and the K i  -, ~ + 7 r ~ ~ ~ * ~ ~  kinematic edge. Kinematic cuts were ap- 
plied to remove accidental events, those with pion decay, and those with 
poorly measured kinematic quantities. Also, standard particle identifica- 
tion criteria were applied to identify electrons,pions,and muons. 
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Events satifying the kinematic cuts were classified according to their 
particle identification. All events with at least one electron in the final state 
were counted as KE t rev events. Events with at least one muon and no 
electrons were counted as KE + n p v  events. . The number of h-; -+ r e v  
and A-: + 7rpv events thus obtained is 133,436 and 135,491 respectively. 
These counts were corrected for the measured particle identification and 
misidentification probabilities The overall probability of counting Kg - 
rev and KE --f xpu events as one or the other of these decay modes are 
P ( n e v  --f r e v )  = 363 f .004, P(nev --$ npv ) = .0046 f .0002, P(?rpv 
--f npu) = .956 f .005, P ( ~ p u  -+ re.) = .0006 f .0001. The corrected 
number of K i  + Teu and KI + rpu events in the sample are 154,487 f 
904 and 139,960 f 745, respectively. 

These corrected numbers of events were corrected for the relative ac- 
ceptances of the detectors and the probability of the semileptonic events 
having their invariant mass within the interval allowed. The dependence of 
the two semileptonic acceptances on the kaon form factors were also studied 
and found to be about 0.1% . 

Finally, to get the branching ratios, the number of K’: -+ rSr- events 
was determined‘ from the minimum bias sample and used to normalize the 
result. The resulting branching ratios are B(KE ---t neu ) = .404 f ,008, 
B(h’i -+ n p u  ) = .277 k .006 compared with the Particle Data Group 
values of .387 3.1 ,005 and 2 7 0  k ,004 respectively. The ratio of A-i -+ wpu 
to K t  --f ?rev branching fractions is found to be .686 f .007 compared to 
the PDG value of .702 f .011. The latter uncertainty is smaller for our 
measurement since the uncertainty on the KI 3 x+n- branching fraction 
is not included, and is a large part of the uncertainty in the semileptonic 
branching fraction measurements. 

. 

7.2 Test Data Collection 
The UCI group has continued with its responsibility for operating and 
maintaining the drift chambers and associated front end electronics. The 
drift chambers, being closest to the beamstop, are clearly the most critical 
detectors in terms of being required to deal with the large flux of par- 
ticles originating from kaon decays and from particle production in the 
beamstop. This run was particularly taxing in terms of maintaining the 
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spectrometer because of the many changes to the configuration during the 
run. In addition to the beamstop tests themselves, the spectrometer was 
also used to measure the rate of neutron interactions in the vacuum window 
and the drift chamber frames and to measure the flux of low energy kaons 
(those below 4 GeV/c). These changes required multiple recalibrations and 
realignments, as the chambers used were operated in slightly different lo- 
cations, and were removed and reinstalled numerous times to install and 
modify the beamstop. 

7.3 Fast Gas Tests for E871 
For the ugraded search for .KE ---$ pe in E871, a new, fast drift chamber 
gas is needed. At 5 x 10” protons/spill beam intensity in E791, the rates 
in the drift chambers are above 10 MHz/plane and about 50 p A  of current 
was drawn. These are both limiting factors, affecting chamber aging and 
track reconstruction efficiency. In E871, we need to run the experiment at 
15-20 Tp/spill, which may quadruple the hit rates. We now use Ar-C2H6- 
(ethanol-water) 49-49-2%, which has a drift velocity of 50 ,um/ns. We will 
need smaller cells and a gas with higher drift velocity to cope with the 
higher rates. A potential also exists for decreasing the component of the 
rate in the chambers which comes from the beamstop by using a gas which 
is less sensitive to neutrons and low energy photons. 

It was thought that some of the rate induced in drift chambers by the 
plug is from neutrons. Elastic scattering of relatively slow neutrons off pro- 
tons will give a highly ionizing particle with large signal and potentially 
serious crosstalk problems. We therefore tested gas mixtures without hy- 
drocarbons such as CO2, CF4 and the noble gases. We eventually concluded 
that neutron interactions in the chambers did not contribute significantly 
to the observed rates, and hence gases with hydrocarbons are acceptable 
for use in E871. 

Photons from the plug will also give hits in the drift chambers. The 
inner shell of argon has a binding energy of 3.2 keV, which means that 
atoms which absorb a photon will eject an electron with sufficienct energy 
to generate a signal. If argon is replaced with another noble gas such 
as xenon, or with some other component, it may help to reduce the rate 
expected from photons. 
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Two  of the standard drift chamber gases are not suitable for use in 
E87l. Both 50%-50% Ar-C2H6 (52 p m/ns) and 90%-10% Ar-C02 (46 p 
m/ns) are too slow, where the drift velocities are given in parenthesis for 
operation at lkV/cm and 1 atmosphere pressure. 

Several measurements were made at BNL of the signal amplitudes from 
various gas mixtures. It was hoped that a mixture could be found which had 
sufficient gain to be used in the existing E791 drift chambers and readout 
electronics, in order to test other properties, such as drift velocity, amount 
of noise, resolution and efficiency. Ar-C2H6 has relatively high gain, and 
the E791 system is optimized for this gas.. 

Figure 11 shows the signal charge using an Fe55 source and various 
gas mixtures for two different wire diameters. The preamplifiers start to 
saturate at about 4000 pC, so the curves should not be used above that 
amplitude. In the second plot results are shown with COZ added to prevent 
discharge". The COz  only quenched the discharge with 20% CF4, enabling 
the production of larger signals. In the third plot, we observe that the 
addition of C02 prevents discharge, but still results in relatively low gain. 
Isobutane can achieve higher gain, but high electric fields are required and 
the gain is still not high enough for the present chamber system. Replacing 
the isobutane with ethane seems to raise the gain substantially without 
inordinately high fields, and the drift velocity for CF4-CzH6 is actually 
about 90 prn/ns17 For the upgrade experiment, we will probably need to 
run the effective threshholds about a factor of four lower than in E791, 
where we were limited in threshhold by pickup from the noisy electrical 
environment. 

Future work with fast gases will include more measurements of signal 
gain, coupled with cosmic ray tests to measure drift velocities, efficiencies, 
and resolutions. Some of the work described here is reported in reference 
18. 

7.4 Measurements of Drift Chamber Rates from the 
Beamstop 

Several tests were done using a small test chamber to identify the types of 
particles from the beamstop. The chamber was placed near the beamstop, 
either upstream or downstream of it, and was then surrounded by various 
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Figure 11. The relative signal height for different combinations 
of gas for an Fess source. The amplification system saturates at 
about 4000 pC. The top plot is for 50%-50% Ar-CzHs gas and 
the wire diameters indicated. The second plot shows similar 
results for Ar-CF4 gas in various mixtures with small amounts 
of COZ added. The third plot shows CF4 with either C02, CaH6, 
or isobutane added. 
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layers of lead, borated polyethelene and copper, in turn, and the rates mea- 
sured. There were four different ways to count rates, each giving a key to 
the type of particle causing the signals. Absolute rates were measured by 
counting the number of hits on one wire, and normalizing to a beam re- 
lated parameter, to account for fluctuations in intensity from measurement 
to measurement, and to enable run to run comparisons to be made. To 
count charged particles, coincident pairs of hits on neighboring wires were 
counted, and normalized to the number of hits on one of the two wires. To 
count neutral particles, the chamber was surrounded by four large paddle 
scintillators, and the hits on one wire were counted only when there was no 
hit on any one of the scintillators. This was checked by counting hits on 
one wire, when there were no coincident hits on the two wires on either side 
of the central wire. These rates were then measured for varying thicknesses 
of absorber. 

An absorption curve for lead was made with thicknesses ranging from 
1/8” to 2”. The absorption length corresponds to a mass absorption coef- 
ficient of about .08 cm2/gm, assuming that the rate with 2’’ of lead is due 
to sources other than the beamstop. Figure 12 shows the hit rate vs. lead 
thickness. Additional tests were done with different materials. The top 
plot in figure 13 shows the total absorption coefficient for lead, copper, and 
polyethylene. It was found that 3/16” of Cu absorbed the same fraction of 
photons as 0.108” Pb, upstream of the beamstop. This gives a ratio of mass 
absorption coefficients of copper to lead of 0.73. The middle plot in figure 
13 shows the ratio of copper to lead absorption coefficients vs. energy with 
a band drawn for the measured ratio. The range shown on the plot arises 
from the uncertainty in the exponential fit to the absorption in lead, after 
subtraction of the minimum ionizing background. A 2” block of borated 
polyethylene was found to produce the same reduction in rate as 0.145” 
Pb. This gives a ratio of absorption coefficients of 0.82. The bottom plot 
in figure 13 shows the ratio of absorption coefficients for carbon and lead, 
again with the measured range superimposed. The photon energy range is 
then found to be O.6MeV < E, < 5MeV.  If in fact the rate is coming from 
photons, then the allowed energy range is betweein 0.7 and 5.0 MeV. 

There is some information on whether the rate is from photons or 
charged particles. Upstream of the beamstop, the ratio of coincident pairs 
to single hits was about 40%. This would be about 50% if all the rate was 
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Figure 12 : The normalized rate of hits on a small test chamber 
wire versus the thickness of lead absorber placed between the 
chamber and the beamstop. We assume in this analysis that 
2” of lead stops all particles from the beamstop and that the 
residual rate is due to particles from kaon decays. 
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Figure 13. The upper plot shows the total photon mass absorp- 
tion coefficients for lead, copper and carbon, over six orders of 
magnitude of photon energy. The next plot shows the ratio of 
these absorption coefficients for copper to lead. The find plot 
shows the ratio of coefficients for carbon to lead. 
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from charged particles. Downstream of the beamstop, this ratio rose to 
about 44%. The results from the rates on one wire with no hits in the scin- 
tillators cannot be used directly to assess the proprtion of neutral particles, 
as there was not complete coverage of the active volume of the chamber for 
all directions. However, upstream of the beamstop, about 62% of the hits 
on one wire had no coincident hit in any of the scintillators, whereas down- 
stream of the beamstop, only about 34% of hits on one wire had no hits 
on any scintillators. These two results imply that upstream of the beam- 
stop the rates have a significant photon component, whereas downstream 
of the beamstop, the rate is more'often caused by charged particles. The 
source and momentum distribution of these charged particles is unclear. 
We note that it is diffcult to distinguish between low energy 'electrons and 
photons, since the mechanism for photons contributing to the counting rate 
is Compton scattering and subsequent detection of the low energy electron 
in the chamber. Analysis of these data are continuing. 

7.5 Analysis of Final Data Set 
Our group has taken a large responsibility for the 1990 analysis. Hor- 
vath is responsible for the drift chamber calibration and alignment and has 
contributed to other areas where his expertise on the drift chambers is use- 
ful. He is making substantial contributions to the work on the study of 
normalization questions, particularly normalization questions. He is also 
measuring the semileptonic branching ratios as described above. 

Heinson has measured the efficiency of the online pattern recognition 
codefg for each of the decay modes. She has also worked on understanding 
the sources of rates in the drift chambers2'. She has been able to isolate 
relatively high energy delta rays as the cause of a class of events in which 
many adjacent wires are struck. Her study also showed that most of the rate 
in the chambers is coming from charged particles traversing the detectors, 
and that electronics noise and interference is a relatively small contribution 
to the rate. 

Molzon is coordinating the analysis effort, which involves extensive col- 
laborative efforts with personnel from other institutions. These include 
A. Schwartz (Stanford), who brought together the K i  -+ pp analysis, S. 
Kettell (Temple), who has brought together the K i  --$ pe search, C .  Guss 
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(Temple), who worked on particle identification using the Cerenkov and 
muon hodoscope, A. Yamashita( Texas) who improved the lead glass cal- 
ibration, A. Heinson (UCI), Y. Kuang (Wm. and Mary), who improved 
the muon-rangefinder software, M. Diwan(Stanford), J. Horvath (UCI) ,  M. 
Witkowski (Wm. and Mary), who has worked on better understanding of 
the magnetic field measurements, and J. Belz (Temple), who has modified 
one of the track fitting packages and is working on the K i  -+ e+e- analy- 
sis. These personnel are postdocs and graduate students (the last three). 
Molzon is particularly interested in understanding the backgrounds and has 
done some of the data and Monte Carlo studies to identify specific causes 
of background. Mathiazhagan has also worked with him on this effort2'. 

7.6 C o  Ilab or at ion Leaders hip 
Molzon continues as the co-spokesman for the experiment. He has led the 
analysis effort on the final data set. He will continue as one of the three 
co-spokespersons on E871. 

8 Discussion of Budget Requests 
Finally, we discuss the budget requests for the coming year. 

Heinson has been active in the tests of the fast gases and in conducting 
the beamstop tests, particularly in the operation of the drift chambers 
and analysis of data from that system. Her contract extends through the 
middle of the coming year. We would like to have two research physicists 
or postdocs in the group on a steady state basis. We believe this will be 
necessary to mount the upgraded experiment. We are presently recruiting 
for two Ph.D. personnel, have made offers, and are continuing the search. 
It will be possible to bring two people into the group now and pay the 
salary of one of them from state funds to allow an overlap with Heinson in 
the next 8 months. 

Mathiazhagan will receive his degree sometime early in FY92, while 
Horvath will probably finish towards the end of the contract year. We 
currently have two beginning students working with the experiment who 
have not committed to a thesis project. We would like to have two to three 
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students in the group on average. A new University regulation requires that 
all graduate students have their fees (and in the case of foreign students, 
their tuition) paid as a condition of their employment. We request funds 
for these purposes. We also request continuing support for undergraduate 
students, who have been very productive in the group. 

The new efforts are not yet at the stage where a significant amount of 
capital equipment funds are necessary. We are presently in the process of 
deciding on institutional responsibilites for the new experiment. Our group 
built the drift chambers and electronics for E791, and it might be natural 
to take some role in that area in the upcoming experiment. We ask for a 
relatively modest amount of money for the development of prototype straw 
tubes and small cell drift chambers for the new experiment. We'also want 
to begin developnient of a replacement for the 3081/E processors. We have 
begun some discussions with Silicon Graphics on the possibility of using 
their processors in this regard. We request funds to purchase a workstation 
and the funds for the development of a prototype interface. 

We anticipate that during the coming year and after formal BNL ap- 
proval of our experiment, we will submit a supplemental request for capital 
equipment funds for the construction of detectors for E871. 

We have based our request for travel.money on previous years expe- 
rience, modified somewhat for decreased running at BNL in the coming 
year, but increased personnel and travel for collaborative work on detector 
development. Molzon has found it extremely productive to hold regular 
meetings with personnel from other institutions involved in the analysis 
and that will continue. 

Requests for materials and supplies are also based on previous years 
experince. Some of the expenses of running the experiment will be less 
due to the shorter run. We will be testing chambers with different gases, 
some of which are expensive (CF4). Operational expenses also include 
computer tapes, telephone, mail charges, etc. The computing situation 
at UCI has now stabilized. The high energy computing facility has been 
significantly upgraded, using funds from the University and from the DOE. 
No additional funds are requested for analysis computing support at this 
time. 

Finally, our request includes partial support for sectretarial help and 
for our computer manager. 
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