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Abstract 

We propose to measure the branching ratio for the decay K~ -+ 1I"°e+e-. This 
branching ratio is needed to calculate the indirect CP violating contribution to K! -+ 

1I"°e+ e-, in order to extract the direct CP violation from a measurement of the latter 
decay. We will bring a proton beam to the E799 detector in the MC beam line, strike 
a target at the entrance of a hyperon magnet to form a K~ beam, and use the same 
detection apparatus as E799 (whose aim is to measure the K! branching ratio). We 
expect to achieve a single event sensitivity of about 1 X 10-11• The theoretical estimates 
for this branching ratio are between 5 X 10-10 and 5 X 10-9 , so we should see between 
50 and 500 events. 

An important secondary objective of this experiment would be to collect a large 
number of 311"0 and 11"+11"-11"0 decays near the target, and measure the CP violation 
parameters 11000 and 11+-0' We could collect about 120 M decays of each type, and 
reach a sensitivity of 611 '" 10-3 • 

* Scientific Spokesperson: Gordon Thomson (201)932-4566; FNAL::THOMSON. 
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1 Introduction 

Our collaboration has embarked on a program of experiments 1 to find direct OP violation 
in the decay Kl - 1["°e+e-. This decay has contributions from indirect OP violating and 
OP conserving amplitudes as well, which must be understood before the direct OP violating 
amplitude can be determined. The OP conserving amplitude arises from a two photon 
intermediate state, while the CP violating amplitudes come from a one photon exchange 
diagram. Since KL ......, K2 + €K1 , the CP violating amplitude has two contributions, the 
indirect CP violating amplitude coming from the small Kl mixture in the K L , and the direct 
coming from the K2 part. Since the Ks is dominantly K 1 , the K~ - 1["°e+e- decay can be 
used to determine the indirect CP violating part of the KL decay. This is what we propose 
to do. We are submitting a letter of intent, not a proposal, because we have not had enough 
time to perform Monte Carlo studies of the experiment, in order to optimize the detector 
and learn about possible backgrounds. 

The standard model predicts that all of these amplitudes are about the same size, and 
that e!1f'ee/€ '" 1, making this decay mode a good place in which to search for direct CP 
violation. If studies of CP violation in the 21[" decay modes prove to be inconclusive, then 
the 1["°e+e- decay mode will become even more important. 

Recently, a background in the 1["°e+e- channel has been found2 that must be dealt with. 
This is KL - ", with an internal conversion and bremsstrahlung to give "e+e-. With 
a new electromagnetic calorimeter and by making judicious cuts, one can reduce this back
ground to the few x 10-11 level, where it would not seriously compromise a high statistics 
KL measurement. 

Seeing a few events does not pin down direct CP violation in this rare decay mode, 
background or no background. To do this a more sensitive experiment must be done, perhaps 
at the Main Injector. An experiment sensitive at the 10-14 level has been discussed in P804. 
This experiment could achieve a 60" measurement of the direct CP violating contribution to 
the KL decay. This expected accuracy places a constraint on how well we must measure the 
Ks decay. A single event sensitivity of 1 x 10-11 would match that of the Main Injector KL 
experiment. 

It is worth mentioning that the Ks experiment is much easier at the Tevatron than at 
the Main Injector. The energy of the kaon beam grows linearly with proton energy, but the 
shielding required to contain the showers of the beam protons grows only logarithmically, so 
at the higher energy, decays at shorter proper times are visible, and more Ks decays can be 
collected. 

Being sensitive to 1011 Ks decays, the experiment will have unprecedented sensitivity to 
other interesting physics. Foremost on the list must be 1]000 and 1]+-0' Here we will collect 
more than 100 M events of both types. We will also be able to search for CP violation in the 
decay Ks - 1["+1["-" investigate the short proper time behavior of the semileptonic charge 
asymmetry, and search for other rare Ks decays. 

lSee the proposals for E799 by T. B8.lker et al., and P804 by W. Molzon et al. 

2H. B. Greenlee, Yale preprint YAUG-A-90/3, submitted to Physical Review D. 
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2 Theoretical Predictions 

The most interesting of the three amplitudes that contribute to the decay KL -+ 7\"°e+e- is 
the one coming from direct CP violation. To extract it, one must subtract the branching 
ratios of the other sources. All are expected to be about the same size. If you measure BshMt , 
the branching ratio for Ks -+ 7\"°e+e-, the predicted KL branching ratio from indirect CP 
violation is Bindif'eet = B ShMt x 1€12 X TL/TS = B ShMt x 0.0030. To extract the CP conserving 
part of the KL branching ratio, since it comes from a two photon exchange diagram, one 
measures the branching ratio for KL -+ 7\"0",(",(, where the two ",('s do not add up to a 7\"0. Then 
a theoretical estimate of the contribution can be made. The 7\"0",(",( branching ratio has been 
measured by the NA31 group at CERN, and in E799 we hope to measure it even better. 

Gilman and Wise3 , in 1980, predicted that the Ks branching ratio would be between 1.5 
and 3 x10-9 j Gilman's student, Claudio Dib, quotes 2 X 10-9 in his recent Ph.D. thesis4 • 

Ecker, Pich, and DeRafael5 used chiral perturbation theory, and by normalizing to the 
measured branching ratio for K+ -+ 7\"+e+e-, they come to two solutions, 5 x 10-10 and 
5 x 10-9

• All authors stress the model-dependence of their calculations, and say that a 
measurement of the Ks branching ratio must be made. 

3 The Experiment 

Since one cannot regenerate enough Ks's from the Meson Center KL beam, we must trans
port primary protons to a new target just in front of the decay region of E799, strike that 
target, and have a magnetic collimator to define the Ks beam and absorb the primary 
protons. The detection apparatus of E799 would be used for the Ks measurement. 

A beam of 1 X 1010 protons/pulse would be transported through the existing dump and 
brought to the Ks target. Since the MC beam runs in a stable manner for intensities greater 
than about 1 X 1011 protons/pulse, at least that number of protons must be brought through 
the switchyard. After that point, the proton beam intensity must be reduced to 1 X 1010. 
A pinhole collimator could be used (a diffracted beam from a target could be used also). 
Magnets would be needed to control the angle at which the protons hit the Ks target. We 
choose 1 x 1010 protons/pulse to hit the Ks target because shielding for more than this 
intensity would be quite expensive. 

An important element of the experiment is the magnet that forms the Ks beam and 
absorbs the protons. Following previous experiments at Fermilab that have studied Ks's, 
we would use a hyperon magnet. This is a magnet generating a high field, with a collimator 
inside that is designed to transmit a well defined neutral beam, and stop and absorb all 
charged particles. The hyperon magnet in the Proton Center beam has a 35 kGauss field, 
and is 7.2 m long. The best magnet for this application would have a similar field and be 
5 m long. The 2 m saved is worth 20% more accepted Ks decays. To make an intense KL 
beam, one typically strikes the target at 3 - 5 mrad. For this experiment, 1 mrad would be 

3F.J. Gilman and M.B. Wise, Phys. Rev D21, 3150 (1980). 

4C.O. Dib, Ph.D. Thesis, Stanford University, 1990 (unpublished). 

5G. Ecker, A. Pich, and E. deRafael, Nucl. Phys. B291, 692 (1987). 
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better, because more kaons go into the beam solid angle, and their spectrum is stiffer. The 
rates are not particularly high so neutrons are not a problem. The collimator would have a 
solid angle of 5 JLster. Fig. 1 shows a plan view of the collimator in the hyperon magnet. 

The detector, shown in Figure 2, would be the same as in E799. It consists of a Vee 
spectrometer of four drift chambers, two in front of, and two behind the 100D40 magnet. 
Three transition radiation detectors would help identify electrons, and an electromagnetic 
calorimeter would catch photons and also help identify electrons. To identify events that 
could be possible backgrounds, photon veto counters are placed around the decay region, and 
just outside the active area ofthe spectrometer. Trigger processors to pick out clusters in the 
calorimeter and to process tracking information from the drift chambers will be important 
in the trigger. These are being built for E799. The track processor will do a good job of 
identifying A -+ yrr- decays. 

The biggest addition to the apparatus will be a new electromagnetic calorimeter. Our 
aim is to reduce our resolution in 7r0 mass from 4 MeV / c2 to 0.8 MeV / c2 • It may be that the 
only detector that can be bought for a reasonable price would be made of undoped Cesium 
Iodide. The better resolution is necessary for a new ~ / € experiment and for KL -+ 7r°e+e-, 
and will greatly aid the present proposal. 

We have calculated the neutron and muon fluxes, and the rates of K s , A0 , and KL decays 
expected at a targeting angle of 1 mrad. We used the Malensek parameterization6 for the 
kaon flux, and the Skubic parameterizationT for the A's. In Skubic et al., kaon fluxes were 
also measured, and for the range :z: > 0.2, where Skubic had data, both parameterizations 
agree. For the neutron flux, we used a measurement of the neutron invariant cross section 
by Edwards et al.8 at Pt = 0, scaled by the Pt dependence of ISR data. Table 1 gives 
the results of this rate calculation. The overall rates in the Ks experiment are similar to 
what is expected in E799. The largest single contribution is from A decays. Because the 
protons from A -+ yrr- are tightly collimated in a cone around the beam, they could cause 
inefficiencies in the drift chambers due to space charge buildup. We calculated the rate/cm 
of wire to be ~ 10 kHz, which is well below 20 kHz, the point where this effect becomes 
important. We are also building new drift chamber preamplifiers to allow us to reduce the 
drift chamber high voltage, and have fewer positive ions form near the sense wires, making 
us less sensitive to this effect. The expected neutron flux is well below E799 also. 

In the KL experiment, the muon flux from the target is quite high. In the Ks experiment 
we use two orders of magnitude fewer protons per pulse, so the muon flux might not be 
as serious. We performed a calculation of this muon flux using CASIM, a hadronic shower 
program that tracks muons that come from decays or direct production. In the context 
of planning the main injector kaon beam, we recently tested this program by trying to 
calculate the muon flux that was observed in E613, a beam dump experiment in the Meson 
Lab. CASIM's results were consistently a factor of two higher than the measured muon 
fluxes. The result of the calculation for the Ks experiment was that a flux of about 100 
kHz/sq. ft. would be observed in the first photon veto counter ring, about 7m downstream 

eA.J. Malensek, Fermilab FN-341 (1981). 

1p. Skubic et al., Phys. Rev. D18, 3115 (1978). 

sR.T. Edwards et al, Phys. Rev. D18, 76 (1978) 
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Source 
Total decays 677 kHz 
K~ decays 285 kHz 
Kl decays 11 kHz 
AO decays 381 kHz 
7r+7r-7r0 1.4 kHz 
37r° 2.4 kHz 
7rev 4.2 kHz 
neutron flux 11 MHz 

Table 1: Calculated Rates 

of the target. The main muon lobes were just outside these counters. The highest flux in 
these lobes was 500 kHz/sq. ft. The muons were traveling away from the beam, and the flux 
became progressively smaller at locations further downstream. In the first drift chamber, 
the flux was about 1 kHz. These are acceptable rates. If the field in the hyperon magnet 
is horizontal, these muons can be directed up and down, and will not pose any radiation 
hazard. 

We performed a Monte Carlo calculation of the acceptance of the apparatus. Because 
the Ks decays emphasize the high momentum end of the kaon spectrum, the acceptance 
is better than in E799, with 20% of decays above 50 GeV/c being accepted. The result is 
57,000 accepted Ks decays/second. If we multiply by 20 sec/pulse, 60 pulses/hr, and 800 
hr/experiment, we have 0.55 X 1011 kaons, or a single event sensitivity of 1.8 x 10-11 . 

We are looking into the backgrounds that might be present in the Ks experiment. The 
'''t''Ye+e- background that is a problem for the KL experiment is not a problem for the Ks. In 
the E799 proposal several sources were considered, and we have calculated how these might 
change with a Ks beam. Most are not a problem with either beam, but the case of a 27r° 
decay, with a double internal conversion (double Dalitz decay) is quite different in the two 
cases because the 27r° branching ratio is a factor of 300 larger. We are now doing more 
Monte Carlo work to study this background. 

The other type of background that is different in the two beams is those involving random 
;'s hitting the electromagnetic calorimeter. The two worst of these are KL -+ e+e-; and 
KL -+ 7rev, with random ;'s hitting the calorimeter. Our studies involve determining the 
probability that random gammas hit the calorimeter by looking at the data from E621, 
which ran at the same proton intensity, but with 1/10 the beam solid angle of what we are 
proposing here. We are using the same technique that was used in E799, of throwing Monte 
Carlo events for the processes listed above, and overlaying random gammas from the data, 
to count the events that might be confused with the signal. This process has been begun, 
but is not yet completed. 

Two of us (G.T. and Y.Z.) were members ofthe Rutgers, Michigan, Minnesota collabora
tion that performed E621. This experiment sampled a large number of neutral kaon decays 
between 9 and 25 m from the production target. It has a sensitivity to Ks -+ 7r°e+e- in 
the 10-9 range. About 1/7 of the E621 data has been examined, and one good event has 
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Item Factor Single Event Sensitivity 
Data Set 3 3 x 10-8 

All E621 7 4 x 10-9 

Acceptance 6 7 x 10-10 

Solid Angle 10 7 x 10-11 

p<120 1.2 5 x 10-11 

Shorter H.M. 1.2 4 x 10-11 

Running Time 1.33 3 x 10-11 

Malensek loS x 10-11 

Table 2: Projections from E621 to the Present Experiment 

been found. In this part of the data, the single event sensitivity is 3 x 10-8 
• Figure 3 shows 

a scatter plot from the E621 data, where all cuts have been made except the E/p cut to 
choose electrons. K."·3 events, and K-,r2,1["1[",)" and semileptonic decays (with random gammas 
that add up to a 11"0) can be seen in the figure. Figure 4 is the same data after applying an 
E/p cut (O.S< E/p <1.2), and is much cleaner. When all cuts are made, one signal event 
remains, and 1 event shows up in the Ke3 area. We are currently calculating the probability 
that the one signal event is a Ke3 . In E621 we tried to sweep charged particles off the glass, 
so most of the time we have only one particle hitting the glass, and only one E/p to evalu
ate. In addition we didn't have transition radiation detectors or an excellent electromagnetic 
calorimeter. In the experiment we are proposing here, the situation would be many orders 
of magnitude better, and this background would be absent. 

We can calculate the improvement that the present experiment would have over our ex
perience in E621. Table 2 shows the various factors that go into the calculation. Also shown 
is the result of the calculation for the present experiment using the beam intensity param
eterization of Malensek. There is a factor of 1.9 discrepancy between the two calculations, 
which is probably an acceptable uncertainty. We believe the Malensek calculation is better 
because in E621 there were normalization uncertainties of about a factor of 2 that were 
never solved (fewer Ks and A decays were found than calculated), which contradicted the 
ES group's experience, gained from previous hyperon experiments. 

4 11000 and 11+-0, and other physics 
We would also collect a large sample of 31["0 and 1["+1["-1["0 decays in this experiment. This 
would let us search for CP violation in Ks decay by looking for interference between the Ks 
and KL amplitudes in the proper time region 0.3rs < t < 5rs. We would measure 11000 and 
11+-0, which are expected to be approximately equal to 11+-. The size of the interference is 
about 0.3% of the KL decay rate, so very good statistics and control of systematic errors 
would be needed for the measurement. 

Experiment 621 collected 2 M 1["+1["-1["0 events near the production target, and no ex
periment has collected more than a few hundred 31["0 decays near the target. We could 
collect 100 M events of each decay mode. This would allow us to determine 11000 and 11+-0 

6 




to a statistical accuracy of about 111+-1/3 (The current limit in the Particle Data Group 
compilation9 is 11000 < 0.30). The systematic errors would be dominated by our ability to 
calculate the acceptance of the detector. Our group has a lot of experience in studying 311"° 
decays. In E731, KL -+ 311"° decays were used to study the systematic errors in the Monte 
Carlo calculation of the acceptance for the 211"0 mode. In the present experiment, we would 
use the known time distribution of the 211"° decays as a handle on the acceptance of the 311"° 
mode. This is a somewhat harder task. The important parameter is how the acceptance 
error varies with the z of the kaon decay. This parameter is held under control very well in 
E731, although in the present proposal we may not be able to do quite as well. 

Because the contribution to 311"° decays from direct CP violation (called E~OO) does not 
violate the AI = 1/2 rule, it could be larger by a factor of 25 than in the case of 211" decays. 
In other words, E'ooo might equal E/10. To understand the acceptance at this level, a double 
beam experiment must be performed. It is possible to modify the Meson Center beam line 
to make two neutral beams, where one is a pure KL beam and the other is a short, mixed 
KL and Ks beam. One would use the pure KL beam to measure the acceptance of the 
apparatus, and the mixed beam to search for the interference that signals CP violation. A 
double beam experiment would require a much larger investment in beam time, mostly in 
setting up and understanding the double beam. Although we are not proposing to do a 
double beam experiment now, with a modest upgrade at some time in the future, we could 
also make these measurements. 

Nancy Grossman, a graduate student on E621 from the University of Minnesota, has 
recently written her Ph.D. thesis on 1/7 of the E621 data. Her result, which will soon be 
published, is that Im(11+-0) = 0.02 ± 0.02 ± 0.01, where the first error is statistical and 
the second systematic. She used several constraints in deriving this result. She used the 
double beam geometry, a normalization constraint from Kd's collected simultaneously with 
the K1t3 's, and the fact that the real part of 11+-0 is known to be equal to the real part of f. 
Figure 5 shows the results of several 11+-0 experiments, including E621. The Particle Data 
Group upper limit is 111+-01 < 0.35 for experiments before E621. 

Another decay mode that would be interesting to investigate would be KS,L -+ 11"+11"-1'. 
The branching ratio (for k* > 50 MeV, where k* is the l' ray momentum in the center of 
mass) is 1.8 x10-3 

• Two processes contribute to this decay, inner bremsstrahlung from the 
(CP conserving) 11"+11"- decay, and direct emission from the decay vertex. Direct emission 
has never been seen in Ks decay, although both processes have been seen in the KL case. A 
CP violation parameter derived from the inner bremsstrahlung branching ratios for Ks and 
KL is consistent with 111+-1, as might be expected. It would be interesting to measure the 
direct emission branching ratio for the Ks, and look for interference between Ks and KL. 

The charge asymmetry in semileptonic decays has never been measured in the proper 
time region, t< 2.7rs. Here the asymmetry is quite large, and at t=O it equals D, the 
dilution factor, which is the difference over the sum of the number of KO and -go decays. We 
are sensitive at t=0.3rs, and can measure D this way. We will also have data out to about 
15rs, will be able to see the interference between Ks and KL, and in the high proper time 

8M. Aguilar-Benites et aI., Phys. Lett. B204, 1 (1988). 
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region search for CPT violation. One of the best experiments that measured the semileptonic 
charge asymmetry in the interference region was by Gjesdal10 • We could collect about 16 
times as many semileptonic decays as that experiment. 

In the Stable Particle Summary Table of the Particle Data Group's compilation, there 
are 10 decays listed for the KL that either violate separate lepton number conservation, or 
test flavor changing neutral currents, and only 2 for the Ks (and those are upper limits). 
We can search for many of these decays also. 

Conclusions 

This is a letter of intent for an experiment to measure the branching ratio for the decay 
K~ -+ ?r°e+e-. We would reach a single event sensitivity of 1 x 10-11 

• Our group plans to 
perform the K2 experiment, and to measure the ?roil branching ratio to determine the CP 
conserving contribution to the KL decay. To complete the determination of the direct CP 
violating component, we must measure the Ks branching ratio. 

In addition we would measure 1'/000 for the first time. This would be very interesting as 
a study of CP violation, and also CPT conservation, because the largest uncertainty in the 
Bell-Steinberger relation comes from 1'/000. 

lOS. Gjesdal et aI., Phys. Lett. 52B, 113(1974) 
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