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Search for CP Violation in Hyperon Decays

Piotr Zyla?*

aLawrence Berkeley National Laboratory, Bldg. 50R-6040, Berkeley, CA 94720-8165

Direct CP violation in nonleptonic hyperon decays can be established by comparing the decays of hyperons
and anti-hyperons. For = decay to Ax followed by A to pm, the proton distribution in the rest frame of Lambda
is governed by the product of the decay parameters azaa. The asymmetry Aza, proportional to the difference of
azap of the hyperon and anti-hyperon decays, vanishes if CP is conserved. We report on an analysis of a fraction
of 1997 and 1999 data collected by the HyperCP (E871) collaboration during the fixed-target runs at Fermilab.
The preliminary measurement of the asymmetry is Aza = [—7£12(stat) £6.2(sys)] x 107*%, an order of magnitude

better than the present limit.

1. INTRODUCTION

The phenomenon of CP violation is believed to
be one of the necessary conditions for the creation
of asymmetry between matter and anti-matter in
the observed Universe [1]. The Standard Model
predictions are insufficient to quantitatively de-
scribe the observation. It is thus important to
study CP violation in a variety of systems. CP
violation has been observed in the decays of neu-
tral K and B systems. The HyperCP experiment
was designed to probe direct CP symmetry in a
sequence of hyperon decays: = — An, A — pm.
This is a complimentary measurement to €'/e in
the neutral K system, the only observation of di-
rect CP violation.

2. PHENOMENOLOGY OF NONLEP-
TONIC HYPERON DECAYS

The nonleptonic weak decay of A to pw is par-
ity violating. The total angular momentum of the
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initial state is given by the spin 1/2 of the A. In
the final state we have a p with spin 1/2 | a 7 with
spin 0 and the pm orbital angular momentum.
The conservation of angular momentum allows for
parity-violating S wave and parity-conserving P
wave of the final state orbital angular momentum
to contribute to the decay amplitude. Assume
that the A’s are polarized and P, is the polariza-
tion vector, the distribution of protons in the A
rest frame is linear in the cosine of the angle § be-
tween the direction of proton momentum and Py .
The slope is given by the product of magnitude
of polarization and the ay decay parameter:
dN, N

deos(®) 7(1 + apsPacos(9)). (1)

The decay parameter ap is proportional to the
real part of the interference between the S and P
waves of the final state:

_ 2Re(S*P)

= TS+ P @

and so is a measure of the parity violation in the

decay. The unpolarized Z’s produce A’s with lon-

gitudinal polarization Pz given by the a=z decay

parameter, Pz = az. The slope of the proton dis-

tribution in the A’s helicity frame is then given

by the product apaz of the decay parameters,
dN, Ny

dcos(0) = 7(1 + apazcos()). (3)




The CP operation transforms the 2= — A%7~
and A° — pr— decays to the CP-conjugate de-
cays, 2% = A%t and A° — prt. It transforms
the decay parameters a, to -az and ag to -as.
One can form the asymmetries,

Ay =oaton  , _o=toes (4)
QA — Of az — Qg

and

AaAzw%AE+AA, (5)

azop + agoaf

that measure direct CP violation. They are equal
to zero for CP conserving decays.

3. THEORETICAL EXPECTATIONS
AND EXPERIMENTAL RESULTS

The theoretical predictions for A=, Ax are sum-
marized in the Ref. [2]. Calculations in the
framework of the Standard Model lead to small
asymmetries, ~ 1075 level, and give only order
of magnitude estimates. The measurements of
direct CP violation in hyperon decays are com-
plementary to €' /e measurements of direct CP
violation in the neutral K system. While CP
asymmetries Ay and Az are sensitive to both
parity-violating and parity-conserving final state
contributions the €' /e is sensitive only to parity-
violating part. That raises possibility of large
SUSY contributions to Ax up to 10~2 [3] while
preserving the measured value of €'/e.

The most precise experimental measurements
of hyperon asymmetries were performed by the
PS185 collaboration at LEAR [4], Ay = —0.013+
0.022, and E756 at FNAL [5], Azp = 0.012 £+
0.014. The results are consistent with no obser-
vation of CP violation with the best precision at
the 1072 level.

4. THE HYPERCP EXPERIMENT

The HyperCP, FNAL ES871, experiment was
designed to probe Azp at the 10~ level in the
decay sequence = — Aw, A — pr. It collected
data with a simple and fast spectrometer, Fig-
ure 1. The 800 GeV proton beam scattered off
a copper target. A chunk of a secondary beam

Figure 1. Schematic of the HyperCP spectrome-
ter.
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particles was selected by a 6-meter long collima-
tor embedded in a 1.67 Tesla dipole magnet. The
charged particles were bent about 19.5 mRadians
upwards and had momenta between 120 and 250
GeV/c at the collimator exit. They next entered
a 13-meters long vacuum pipe. Charged decay
products were tracked by four Multiwire Propor-
tional Chambers (MWPC), four planes each, with
a distance between wires from 1 to 1.25 mm. The
4-meter long dipole magnet with the 1.4 GeV/c
momentum kick in the horizontal direction was
used to measure particle momenta. It was fol-
lowed by another set of four MWPCs, four planes
each, with a wire distance from 1.5 to 2 mm.
The main trigger consisted of two hodoscopes,
one for particles with positive and one with neg-
ative charge, and a hadronic calorimeter. The
trigger required one hit per hodoscope in coinci-
dence with a minimum energy deposition in the
calorimeter. The calorimeter energy requirement
suppressed particles coming from secondary inter-
actions with spectrometer material and muons.
The trigger elements were followed by two muon
identification systems, not used in this analysis.
To collect data with a secondary beam of oppo-
site charge we changed the direction of the mag-
netic field in both the collimator and momentum
analyzing magnets. That kept the geometry of



the spectrometer CP invariant. We also changed
the length of the target to assure similar rates
of secondary beam in the spectrometer for both
charge polarities of the beam. The polarities were
changed every several hours during the run to
minimize the effect of slow systematic changes in
the spectrometer.

The HyperCP collected data during the 1997
and 1999 fixed target runs at FNAL. The fully
reconstructed ~ 2.5 x 10 2~ and =t decays al-
low for a measurement of Az) with ~ 2 x 10~%
statistical precision.

5. ANALYSIS AND RESULTS

The positive and negative secondary beams of
Z’s were both produced by protons interacting
with the copper target. The momentum spectra
at the exit of the collimator are slightly different,
leading to a difference in geometric acceptance.
That would give rise to an asymmetry if the ac-
ceptance is not corrected for. We have developed
two techniques to address this effect: a hybrid
Monte Carlo (HMC) method [6] and a weighting
method.

The HMC method is a Monte Carlo that pre-
serves the maximum possible information from
real events. For each real input event 10 HMC
events are created. They use all the measured
quantities of the input event except for the proton
angular distribution in the A helicity frame: the
HMC cos(#) is generated uniformly. Every HMC
event is subject to codes simulating multiple scat-
tering, earth magnetic field, digitization, detec-
tor and trigger with measured efficiencies and the
same reconstruction, apertures, and selection pro-
cess as the input event. The cos(f) distribution
of the accepted HMC events is adjusted with the
weights that depend on the value of aza, treated
as a parameter to fit the cos(f) distribution of
the real input events. This procedure relies heav-
ily on the reconstructed information of the real
event, e.g. the momentum of the = at the exit of
the collimator, and naturally takes into account
the production difference between the Z~ and =+
beams. The HMC method was tested with Monte
Carlo generated sample with the PDG value of
azap = —0.2927(+0.0070) [7]. The obtained re-

sult, —0.2953 £+ 0.0029, was consistent with the
input.

We have analyzed, using the HMC method, a
sample of randomly selected = decays from the
full data set. It consisted of about 15 x 108 Z—
and 30x10% E* input events. The measured value
of a=zap as a function of run number is shown in
Figure 2. The runs below 3600 are the 1997 data

Figure 2. A measured value of azay as a function
of run number.
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and above 3600 are the 1999 data samples. The
error bars are statistical only. The best fit value
to all data is azapy = —0.2880+0.0004(stat), with
x2 of 26 per 19 degrees of freedom, and is con-
sistent with the PDG average. Figure 3 shows
the cos(d) distributions of the HMC events be-
fore and after weighting. The comparison of real
events and the HMC distributions is shown in the
insert.

The potential sources of the bias of the asym-
metry measurement are the differences between
the running conditions between positive and neg-
ative polarities of the beam of Zs. Listed in Ta-
ble 1 are the differences in: beam polarization,
the beam rate in the spectrometer, the back-
grounds included in the analyzed sample and the
shape of momentum dependent interaction be-
tween p(n~) and p(nt) with the material of the



Figure 3. HMC cos() distributions. Solid line
shows the accepted HMC events. Dashed line
is the same distribution after weighting with the
best fit value of aza. The insert shows the ratio
of input to HMC cos(6) distributions.
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spectrometer. The uncertainties in the measure-
ment of the efficiencies of the wire chambers and
trigger elements were propagated to the uncer-
tainty of the asymmetry. The total systematic
uncertainty was obtained by combining the listed
uncertainties in quadrature.

Based on the measured values of azaj and
agay with the HMC method we obtained a pre-
liminary CP asymmetry

Azp = [-7 £ 12(stat) + 6.2(sys)] x 107, (6)

It is consistent with no CP violation.

Another way to correct for the difference in
the acceptance of =~ and =1 hyperon beams is
to weight the events to match the minimal set
of kinematic and geometric characteristics of the
beam. It was verified with MC samples that the
method removes the bias due to production differ-
ences while preserving the input CP asymmetry
of the MC data. The analysis with the weighting
method is in progress.

Table 1
Summary of systematic uncertainties of the mea-
sured value of Azjx.

Study dAza (107%)
Polarization 0.4
Rate dependence 34
Background 2.4
Hodo. Eff. 1.7
Cal. Eff. 1.8
PWC Eff. 2.7
B Field 2.2
Interaction diff. 0.5
Total 6.2

6. SUMMARY

Based on a representative sample of the full
HyperCP data set we measured a preliminary CP
asymmetry,

Azp = [T £ 12(stat) + 6.2(sys)] x 107, (7)

The value of asymmetry is consistent with zero at
the 1073 level. The total systematic uncertainty
is limited by the sample statistics, and is expected
to reduce for the full data set.
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