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Observables in high-statistics measurements of the reactiopp— AA
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Associated strangeness production has been studied ippgheAA—p#*p7~ reaction at the CERN
antiproton facility LEAR using the experimental setup of PS185. Results from two high-statistics measure-
ments at incident antiproton momenta of 1.642 and 1.918 GeX# reported. Approximately 40 000 recon-
structed events at each momentum have allowed us to measure the total and differential cross sections, the spin
polarizations, the spin correlations, and the singlet fractions oAthepair. Since the decays of both theand
the A were simultaneously observed in the same detector, we are able to provide upper lirGi2 and
CPT violation phenomena in the weak interacti$80556-28186)03910-9

PACS numbds): 25.43+t, 11.30.Er, 13.75.Cs, 14.20.Jn

|. INTRODUCTION from the threshold forAA production(1.4356 GeW), to
momenta close to the upper limit of the LEAR facilitg.0

GeVic). For AA production, the latter value corresponds to
an excess kinetic energye€ vs—my—m,) of 199 MeV.

In a systematic study over several yefts 7] the PS185
collaboration at the Low-Energy Antiproton Ring at CERN

(LEAR/CERN) has been investigating antihyperon-hyperon 4 ,
(YY) production and decay via the reactipp—YY. The We have measured precise values for the total and differen-

focus of this work is to explore the physics of strange quarlglal cross sections at each incident momentum. In most cases
production and the role of thequark in the configuration of (excepting those C_|0383t to th_resbohda have als_o been able
the emerging hyperons. Our experiments build on severdP measure the Spin polarizations and corrglatlon_s of the_out-
earlier studie§8—17 that used incident momenta ranging 999 hyperons. It is hoped that this additional information
from 1.5 to 6 GeMé. The principal advantages of the recent @P0ut the basic amplitudes will be of significant help in con-
PS185 studies lie in their momentum resolution and consestraining theoretical models of strange quark production.
quent ability to approach the reaction threshold very closely, At each momentum studied, the crucial role played by
their generally high statistics, and the measurement of aftrong annihilation inpp reactions is readily apparent. In-
almost complete set of spin observables. The high quality ofleed, the reaction cross sections for the two-body hyperon
the resulting data set is due in large measure to the extraofinal states are very small compared to those for annihilation
dinary qualities of the LEAR/CERN accelerator complex. into_pionic final states. For example, the total cross section
Our studies, involving production of the and> hyper-  for AA production is observed to rise steeply from threshold
ons, have taken place at several incident momenta, rangirtg excess energies around 50 MeYy(-1.6 GeVt) as
phase space increases, followed by a slow increase from 60
ub to about 100ub at 2 GeVe. This value is about 1000
“Deceased. times smaller than what is observed for pion production.

0556-2813/96/541)/187710)/$10.00 54 1877 © 1996 The American Physical Society



1878 P. D. BARNESet al. 54

Similarly, our measured differential cross sections and polar-
izations [1-5] display features that are characteristic of
strong interaction dynamidsl3,14. These matters are dis-
cussed further below.

In the lower-momentum range, PS185 data very close to
threshold have been publishggi5]. Data taking has recently
been extended in that region to explore an unexpected struc-
ture in the total cross section behavioreatl MeV excita-
tion energy[5]. In the intermediate- and higher-momentum
range, additional data are presently being analyBedders
[1], Dennert[1], Sachq1], and Taylog1]).

The reaction dynamics of thpp— AA transition have
been studied in many theoretical papgt5—423. These de-
scriptions have been of three general typ@s:the strange-
ness production originates from thechannel exchange of
K mesons[15-21]; (2) the process originates from the
s-channel annihilation of au pair and the subsequent pro-
duction of anss pair that is accompanied by four “specta-
tor” quarks[22—37 (other work has focused on quark de-
scriptions via quark counting rulgs33]), and (3) model-
independent analyses of the low-momentum data that are 0
based on a partial-wave amplitude decomposifid#—36.

Since only a few partial waves contribute here, it may be
possible to learn more about the underlying reaction mecha-
nism. Additional work[37—39 has also been done in the '
threshold region to study the possible anomgdy in the S
total cross section data mentioned above. ’

The typical collision distances are expected to be short
due to the large momentum transfer necessary to create the
final state hyperons. This leads to the expectation that quark : :
effects might be important, even thoughmeson exchanges VD scintilator NE 104 S2-1  S2=2  S$2-3  S2-4  S2-5

S1A S1B S3-1 83-2 83-3 S3-4 $3~5

describe the experimental data very well. However, given the Light guide o
strongly absorbing nature of these reactions, we expect that &2 Teeteel! =
initial- and final-state interactions will be of major signifi- ;5 1 overview of the PS185 detector systé®). segmented

cance, and may, barring a deeper understanding of absorRe iral trigger target, (2) multiwire proportional chambers
tive processes, cloud our ability to learn more about the deguwpc's), (3) multiwire drift chambersSMWDC'’s), (4) scintilla-
ta|Ie_d nature of the production process. In order to deal Withor hodoscope, ands) solenoid “baryon indentifier” with drift

a mixture of strongly coupled and weakly coupled channelghambers. The lower part of the figure shows a detail of the seg-
acting in the same problem, coupled-channel techniquegented target.

have been use@0-47 to interpret the data.

In this paper we present two high-statistics measurementstate spin observabld43]. The experimental setup, shown
of the pp—>AA:p7-r+p7-r‘ process. The data set at 1.642 in Fig. 1, is described in detail iL—4]. It is designed around
GeV/c incidentp momentum lies just below the opening of a nonmagnetic decay spectrometer consisting of a segmented
the pp— A3 %+c.c. channel. The other set, taken at 1.91gtarget neutral trigger system, a set of MWPC and MWDC
GeVr, lies above the thresholds for tp—3*3* chan-  racking detectgrs, a fast SC|Ut_|”at,|,0” detectimiggen hodo-
nels. Measured values for the3°+c.c. (Tayloe [1]) and scope, and a _baryon !dentlﬂe_zr. The latter consists of a
el . A 0.09 T magnetic solenoid that incorporates three drift cham-
373" (Geyer[1]) cross sections at these momenta will be

d ) o i ber planes that are used to distinguish hyperons from antihy-
presented in a forthcoming publication. They will augmentperon vertices.

the earlierAX®+c.c. data{6] published by PS185. For the data reported here, the target consisted of several
small individual CH, elements, each having a diameter of
Il. DETECTION AND DATA ANALYSIS 2.5 mm and a length of 2.5 mm. Either three or four target

A. Detector elements were used, depending on the conditions desired for

] ] . . the run in question. Each target element was “sandwiched”
The PS185 experiment is designed for high-acceptancgetween, and surrounded by, an array of small scintillators in
measurements of th@p— AA reaction from very near order to provide precise information about the incident mo-
threshold to 2 Ge\d over the entire 4 solid angle. The mentum and the position of the reaction point, as well as a
charged weak decay modep— AA—pm pm~ provides signature for the neutral-particle final state. A puf€ target
the signature that is used to determine events by kinematicell allowed study of background events arising from carbon
fitting. It also permits a statistical determination of the final-in the CH, target.
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B. Data analysis and 350 000 generated events at 1.642 and at 1.918dGeV/
The analysis is based on reconstructing events with twéeSpectively. _ . _

V's from the delayed decays of ®A pair. The decays lead (6) Fﬁ\ally,.the branchlng ratio for charged partlcle decay
to the charged particle paifs=* and pm~, respectively. of the AA pair was taken into account by using the factor
Two-dimensional tracks are fitted to hits in the MWPC and(0'641t 0.005} [44].
MWDC planes and then matched between the two detectors
to form three-dimensional tracks. Candidatés are con- IV. SPIN OBSERVABLES
structed from two three-dimensional tracks that intersect at a S

int d ¢ ‘ the 1 ¢ and which Hicientl pin observables are a crucial part of the physics we want
point downstream from the target and which are sufficiently, . — . . .
) . : ; . inth AA r ion. Th nsity matrix formal-
coplanar with the interaction point. Candidate tWaevents {o study in thepp— eactio € density matrix forma

ism in the helicity basi$14,16,43 is a particularly clear and
are formed if there are tw@'’s with vertices consistent with y J 3 b y

ki . full ki i fit i : elegant way to follow the development of the spin states as
two-body kinematics. A full kinematic fit is performed to o raaction progresses.

determine if the data agree with tp— AA—p7tpm” It is well known that the density matriy, for a collection
hypothesis. EacV is assigned to & or aA based on the of uncorrelated spin particles, can be written ag
sagitta of the decay tracks in the magnetic field of the:%(H&_ls), wherel is the 2x2 unit matrix, & are the

“baryon identifier.” Because we have a kinematically over- . , - . .
o~ Pauli spin matrices, an® is the average spin polarization

constrained situation, we are able to obtaift & sample that L X
. . vector of the sample. Because the initial antiproton beam and
is quite free of background. . Lo ;

the hydrogen target each consists of spiparticles which
are assumed to be uncorrelated, the spins in the irpial
system can be represented by the following outer product of

In order to evaluate the total and differential cross sec2X2 density matrices:
tions, several corrections had to be performed on the data. L L.
These are described briefly below. Fuller accounts may be pﬁ:%(l +o- P);@%(I +0-P)p. @
found in Refs[1-7].

(1) Since eactp in the beam is registered individually, a So by constructiopy, is a separable 4 4 matrixﬂﬁ) spin
correction is made for approximately 0.7% loss of beam fluxspace. When the initial polarizations are zero, gipedensity
in each target cell, due to nuclear interactions other than theatrix is 31, wherel is the unit matrix in 4<4 space.
channel of interest, and for straggling. In addition, the To obtain the final-state density matpx, from pgp, we
knockout of & electrons causes a trigger inefficiency, requir-operate with the strong interaction transition mafias fol-
ing a correction of approximately 5% for a GHell and 2%  lows:
for a 2C cell. These numbers are calculated estimates and
are about the same for the two momenta 1.642 and 1.918 pE\:T(HDpﬁ)TT(GD. 2
GeVrlc. o

(2) There is also a correction arising due pp— AA Here 6 is the scattering angle in the center-of-momentum
reactions from protons bound in tHéC of the CH, cells. It ~ frame. Since the final state consists of spiparticles, the
is determined by reconstructing events from the special carpp— AA T matrices will also be & 4. All of the physics of
bon cell that was installed for this purpose. This backgroundhe transition is contained in tHg #) matrices, and it is here
was of order(5-10% and was determined with statistical that models of the underlying process can be used to make
errors of 10% or better. It was subtracted for each angulapredictions to compare with experiment. In general, after the

Ill. EVALUATION OF THE CROSS SECTION

bin individually at each momentum value. transition indicated by Eq2), the resulting density matrix
(3) Corrections due to uncertainties in track fitting werewill no longer be separable.
addressed using g° criterion. The kinematic fitting proce- As usual in the density matrix formalism, the observables

dure used generally required thet<5. Since that value is of the experiment are calculated by taking the trace of the
somewhat arbitrary, a Monte Carlo simulation was used t@roduct of the density matrix and the matrix representing the
determine an appropriate correction at each momentum Seperator of interest. For example, in tp_«pHA_A case we
ting. The values of this correction were (5:1.0)% at 1.642  have for the differential cross sectiotio/dQ= (trpys/
GeV/c and (65’_' 11)% at 1.918 Ge\WW. A Monte Carlo trpﬁ) and for the Spin observables

procedure was necessary because the errors are non-

Gaussian in nature. _
~ r(ppp-oy®ly)

(4) Corrections in the range of (1#6).8)%, due to pos- Pj=————, 3
sible reactions of the decay particles in the detector material, trpaa
were made using known reaction cross sections and detector
density distributions. r(pan- oTm® o)

(5) Corrections due to the experimental acceptance, which Cop=—"—"—, efc. 4
range from 56% for forward or backward production to 29% oA

at center-of-mass production angles of 90°, included effects o ) )

from on-line triggering, reconstruction efficiency, and Herey is the direction perpendicular to_the reaction plane,
baryon number identification. These were calculated frorri/=p;>< px/|p;>< pal, and we denote thd polarization in
Monte Carlo simulations of the experiment using 389 142they direction using the notatioRy-
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T Pi=(ox®l,) and Cin=(om®ay). (7)

=2l

The number of independent spin observables is reduced
substantially because of parity?] conservation and charge
conjugation C) symmetry. Parity requires that all compo-
nents of polarizatioinduced by the strong interaction, and
lying in the reaction planemust vanish. That is, for an un-
polarized initial state, we have,= P,=Pyx=P-=0. C par-
ity adds the requirement th&;=P, . P andC also impose

z strong restrictions on the correlation coefficients,
A/ Cxy=Cyx=C7y=Cy;=0 due toP, and C5=Cy; due to
— C. However, if we instead begin with a polarized target, as
we plan to do in forthcoming measuremed$] of the de-
%, polarization,these statements will be modified.
Writing out the final-state angular distribution in full us-
FIG. 2. Definition of the coordinates in thEp and AA center-  ing Egs.(5) and(6), we have
of-momentum system and in the and A rest frames.

J"OI

~ 1 _ _
W(costy ki Kp) = —=—| 1+ aP,costy + aPycosty+ aa

The final-stateAA density matrixpy, can be expressed 167
in terms of any complete set of44 matrices. Fortunately,
in the spin on spin3 case, this set of matrices can be cho- XE CrnCOImCOY, |, (8)
sen[16] to be the matrices corresponding to the usually ob- mn

served experimental quantities of interest, viz., - -
with k;-andk, being the direction cosines of the outgoing

L L products of the hyperon decays defined in the hyperon rest
IZ®Iy o PRl + 1, ®o- Py frame(see Fig. 2 CP invariance requires thai=— . The
reported value ofr is 0.642+0.013[44].
Using the angular distribution given in E@), and taking
. (5) the angular acceptance into account, the polarizations and the
spin correlation coefficients obtained by observiigvents
(i.e., the expectation valugsan be expressgd6] in terms
Here theCy,;;, are the spin correlation coefficients of the of measured values of the direction cosines. For the polar-
AA pair, with the fn,n) indices denoting the axes of the ization, averaging Eq8) over N measurements yields

AA rest mass coordinate system as defined in Fig. 2. The

paa=:Z(6y)

—+ Z Cinom® o,
mn

quantityZ( 6) is proportional to the differential cross section. % £,C0 o<
Because of the self-analyzing weak decay of they- 31 &K y
peron[43] and the high intensity of the LEAR beam, all of S VI E— 9
these quantities are experimentally observable in PS185 in a @ E L
statistically significant sample and therefore the spin situa- k=1
tion in the exit hyperon channel is known. The angular dis- ] o
tribution of the weak decay products can be obtained byvhile for the correlation coefficient we have
calculating the density matrix for the final stdtE6] using N
the T matrices for the weak decays: 9 E gkcosﬁkmeosﬁﬁ
k=1
Ppmt; w‘:Twa\TT . (6) Cmn=— (10
p p w ax 2 gk

— K
Since eachA and A decay is independent,, is an outer

product of 2x2 matrices, one for each partidl&6]. Here {\ is the acceptance correction factor for the detector
The two different present-day dynamical approaches, théor each evenk. For sufficiently large statistichl the stan-
s-channel quark-gluon model and thet-channel dard deviation inCyy, is Uﬁ~(3/a2\/ﬁ).
K-exchange process, are equally successful at describing the Special attention was paid to understanding and correct-
experiments. There seems to be little in the present data fog for systematic experimental uncertainti€&iolkowski
distinguish between them, especially with respect to thé1]). For this reason 350 000 Monte Carlo events were gen-
cross section information. However, the polarization anderated using isotropic distributions for the reaction products
spin correlation measurements of the final-state hyper-  in the center-of-momentum frame and in the rest frames of
ons are much more sensitive to model input, and so we lookhe A and A. This is tantamount to assuming unpolarized
to them for ways to distinguish between calculations. Ashyperon decays. The Monte Carlo sample was analyzed by
outlined above, these quantities are quantum-mechanical etaking the full detector response into account using the same
pectation values of operators constructed from the Pauli maanalysis program as for the real data. We found that the
trices, e.g., spatial distributions of the decay antiprotons show a loss of
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V. RESULTS

A. Cross sections

For the 1.642 Ge\d data, approximately 7210 anti-
protons were incident on target, giving an integrated lumi-
; 1 nosity of £=5.1 nb'!, whereas at 1.918 GeV/ approxi-
ST cos®g ' <1 cosBx ' <1 coseg mately 5.4< 10'° incident antiprotons produced a luminosity
10 <cosf <033 033 <coséi <033 0.33 < cosd < 1.0 of £=3.2 nb’’. At the lower momentum, 43 430 recon-
structed events gave a total cross section of
FIG. 3. Projection of the unit vector endpoint onto thé pro- ~ Ttot— 64.1+0.4+ 1.6 ub, while for the higher momentum

duction plane for the decgyin the A rest frame. The ranges for the 36 977 events led tar,=88.0+0.7+1.9 ub. The errors
cosine of the scattering angle, from left to right, drel.0 to quoted are statistical and systematic, respectively. The dif-

—0.33, (—0.33 to 0.33, and (0.33 to 1.0. Fainter regions corre- ferential cross sections and polarizations are shown in Figs.
spond to inefficiencies. 4(a) and 4c) as a function of center-of-momentum &Qs

. _ _ _and in Figs. 4b) and 4d) as a function of theeduced four-
events(see Fig. 3 in the region where the acceptance is momentum transfer squarett t

small (—1.0<cos9,=-0.33). An equivalent situation oc-
curs for theA decay, where an acceptance close to zero is
observed for large center-of-mass angles. These losses are
explained by the low momenta of the mesons from the
A decays, which either were not recorded in the detector + %\/(s—4m§)(s—4mi)coa9; (12)
system and/or which were rejected by the requirements of
the analysis program. In the case where the acceptance factphe differential cross sections shown in Figa}on a loga-
{ is zero in Egs(9) and(10), the correction is undefined.  rithmic scale reveal in general the typical behavior for the
In order to overcome these deficiencies, symmetry relapn . AA reaction as was already observed at lower mo-
tions from theCPT theorem were used to generate threementa: A strong forward rise is followed by a rather flat
additional combinations of klnem_atlc_ variables 'Fhat give risegistribution. Such a forward-peaked angular distribution is
to the same result for the polarization and splnAcorreIatloqypicm for peripheral processes and for simple absorptive
observables. For an arbitrary set of vectkgsandky, (1)  models[13,14 the slope parameter of 3-D.5(GeV/c) 2 as
CP invariance allows the interchange &fandA, a symme-  extracted from Fig. éb)corresponds to an absorption radius
try with respect to the reaction plan@) C andP invariance  of 1.2+0.1 fm. Similar values were deduced for the measure-
provide a reflection symmetry about tyeandy axes; and ments[48—5(Q in the threshold region.
(3) T invariance allows the exchange- —r. At lower incident momentum the slope change from
If the measured pattern is replaced event by event by angteeply rising to rather flat angular distributions occurs at
one of the equivalent transformed patterns, the resulting pa” =—0.2 (GeVk)?. For the rather high momenta discussed
larization observables will be unchanged. Therefore thénere, this change of slope occurs at a more negative value of
event sample can be “extended” to a sample which is 4t’, especially for the 1.918 GeWHata, as can be seen in Fig.
times larger and, more importantly, one that allows eachi(b). For the 1.642 Ge\/ data the slope change is rather
event to sample four different parts of the detector. Whilesmooth with an indication of a break at’'=-0.2
this greatly improves our understanding of the systematics ofGeV/c)?, and a clear turnover to a flat distribution shifted to
the experiment, it of coursdoes notenhance the statistical a value oft’=—0.35 (GeVkt)?. For the 1.918 Ge\¢/ data
accuracy. significant flattening is not observed unti’=-0.60
If the acceptance function is uniform, those four events(GeV/c)?, again with a rather smooth change of the slope
contribute with equal weight to the determination of the spintowards the steep rise at small scattering angles. In this
correlation coefficients. Thus, a smooth, effective acceptancaodel a comparison of the two measured cross sections im-
function can be constructed which nowhere drops to zeroplies a larger absorption radius for the 1.918 GeWata.
and which consequently provides sufficient information to |t is interesting to note the apparent dip in the differential
determine the differential spin correlation coefficientscross section at back angles, especially for the higher-
Cxx:Cyy,C7z, and Cy;=C in the entire center-of- momentum data at 1.918 GeV/If real, this observation
momentum space. could indicate new reaction mechanisms and/or nucleon
In an additional investigation, amcorrelated samplef  structures. For example, in a meson- or baryon-exchange
events was obtained from the data themselves. To do this, glicture, such features have been interpreted in terms of
analyzedA,A, events were ordered according to their pro-u-channel baryon exchangdd7]. In quark descriptions,
duction kinematics, and then recombined with nearest neighsuch oscillations can be obtained from models in which spa-
bors to make hypothetical events, ej,A - 1. This leads to  tially extended “diquarks’[28] are taken as elementary con-
an event sample which is by construction uncorrelated, alstituents of baryons in addition to the pointlike quarks of the
lowing us to measure the experimental acceptance functiogonstituent scattering model. However, a word of caution is
¢ directly. The two methods—the Monte Carlo simulation Necessary since it could be that the backward increase is due
and the recombination procedure—agree rather W@l  Very simply to a wrong baryon number identification be-
olkowski [1]). Differences indicate where there are poorly tween A and A. A permutation in 4% of the cases could
understood detector efficiencies. produce the backward increase that is observed. Although we

S
t’=—t(0:o)+m,§+m§—§
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Polarization
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are confident of our analysis, we do not wish to place stronglane(i.e., they direction to be nonzergassuming an un-
emphasis on the physics interpretation given the small mampolarized initial state In addition, because the reaction

gin fo

rerror.

plane is undefined a#,=0 and 7, the polarization must

Regarding the reaction dynamics, it is obvious that atvanish there. In Fig. 4 the polarizations averaged avand
higher beam momentum contributions from higher partialA are shown both as a function of &g Fig. 4(c)] and as a
waves will be observed. This is seen in the slope of thdunction of the reduced square of the momentum transfer
differential cross section as well as by the comparison of théFig. 4(d)]. The open circles are the data at 1.642 Qeie
Legendre polynomial coefficients, extracted to fit the experi-solid circles are the data at 1.918 GeVflhe 1.642 GeW
mental data and compared to each other in Table I. It shouldata exhibit polarization characteristics similar to those ob-

be noted that the appearance of the coeffickents closely

served previously at lower beam momeita-4]. Py>0

linked to the back-angle structure discussed in the abovever the range from’ =0 tot’=—0.2 (GeVk)?; it crosses

parag

raph.

B. Polarization

zero at that point and remains negative with decreasing
until the minimum value otf’ is reached. The 1.918 Gea¥/
data illustrate somewhat different behavior in that the initial
sign change occurs at a much smaller valuet'f-0.08

Because the antihyperon-hyperon pair is produced in aGeV/c)?] (ziolkowski[1]). And while at 1.642 Ge\df only
strong interaction process, parity conservation allows onlyyne zero crossing is observed, the 1.918 @eddta show a

the polarization component perpendicular to the reactioecond one at

90° center-of-momentum angle or
t’=—0.65 (GeVk)?. This value is rather close to the point

TABLE |. Coefficients resulting from Legendre polynomial fits at which the shape change of the differential cross section
to the pp— AA differential cross sections obtained at 1.642 andoccurs. At larger reduced squared momentum transfers

|t'|>1.1 (GeVk)? (equivalent to—0.7<cosf;<—1.0) the

polarization is consistent with zero.

C. Spin correlations and singlet fraction

1.918 GeVe.
1.642 GeVt 1.918 GeVt

Coefficient Value=* error Value=* error
A 5.097+ 0.035 7.033+ 0.053
A lAg 1.238+ 0.018 1.775+ 0.023
Ay lA, 1.195+ 0.022 1.919+ 0.031
AslA, 0.738+ 0.024 1.659+ 0.035
ALlA, 0.028 = 0.027 1.374+ 0.037
Ag/Ag —0.041+ 0.029 0.826x 0.036
Ag/Ag —0.065+ 0.031 0.622+ 0.035
A7 /A, —0.094+ 0.029 0.337+= 0.029
AglAg —0.009+ 0.028 0.118+ 0.023

In Fig. 5@ the differential spin correlation coefficient
distributions are shown. The errors are dominated by statis-
tics and thus they increase at large angles where the differ-
ential cross section is small. As for the case of the polariza-
tion, the reaction plane is undefined at €ps =1, and so it
is expected thatCy,=C,;=0 and Cy;=—Cy; at those
angles. The data in Fig.(& are consistent with these state-
ments.

The coefficientCy,, is positive for angleg/,=<90° with a

maximum value close to unity at c@g=0.3. While the
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FIG. 5. Spin correlations. Open circles: data at 1.642 @eV/ {3 | |
Solid circles: data at 1.918 Ged//Panel(a) shows the data as a
function of co®. Panel(b) shows it as a function of reduced four- 1 i
momentum transfer squaret -0.5 — T
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t' [GeV?]

1.918 GeV¢ data show negative spin correlation values for
scattering angle®,=90°, the values for the 1.642 GaV/ FIG. 6. Singlet fractions. Open circles: data at 1.642 @eV/
spin correlations decrease to values around zero. Less prgolid circles: data at 1.918 Ged//Panel(a) shows the data as a
nounced structures are observed for the other correlation céinction of cog. Panel(b) shows it as a function of reduced four-
efficients. Figure B) shows the spin correlations as a func- momentum transfer squarad. The unweighted statistical value
tion of the reduced momentum transfér would be 1/4.

The three diagonal elements of the spin correlation matrix

are combined to form the singlet fraction ] o . =
high statistics above thep—3°3° thresholds and could

.. reflect a coupling to these channels.
Se=3(1—(0r-04))=3(1+Cx—Cyy+Cx), (12 It will be interesting to see whether the observed nonzero
value for (S¢) at 1.918 GeM is confirmed by additional
measurements taken by the PS185 collaboration around the
where the coordinate system is the one as given in Fig. 2050 and 3*3 " thresholds. The trend of the data as the
The expected value fd8: when there is no spin correlation absolute value of the momentum transfer increases seems to
is 1/4. This is determined by simple statistical weighting ofpe away from pure triplet production, and possibly toward
the three triplet and one singlet magnetic substates. the statistically expected mixture.
The differential singlet fraction is shown in Fig. 6. Aver-
aging over angle yield§S-)= —0.003+0.015 for the 1.642 o
GeVk data and(S)=0.058+0.016 for the 1.918 Gel!/ D. Test for CP violation
data. CP violation has only been observed in neutral kaon sys-
The data at the lower momentum lead (8-) values tems. Though several models can accd&it—55 for CP
which are consistent with zero; this indicates a pure tripletviolation, the effects seen in the current weak interaction data
production of thess strange quark pair. In the 1.918 are still not adequate to distinguish among these models. As
GeV/lc data a slightly positive value is observed with 8.5 described in[7] we evaluate the asymmetry paramefer
confidence interval. This measurement is the first one witldefined as
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FIG. 7. Angular distributions of the raticA={(a+ a))/
{(a—a)). The top panel shows data at 1.642 Ge¥hd the bot-
tom one shows data at 1.918 GeV/

Summing the present results with earlier published mea-
surements of the PS185 experiméiutaling 95 832 evenjs
leads to an asymmetry parameter @)=0.013+0.022.
While this result represents the best measurement to date of
_ CP violation outside the neutral kaon system, it is still an

A ata (13 order of magnitude away from providing a stringent test of
- theoretical models. However, there remains still a consider-
ably larger set of PS185 data that have not been included
using the present data. He‘jeamja_are the decay param- here, which when analyzed will reduce the error on the
eters for the nonleptonid and A weak decays. A nonzero CP-violation limit further.
value of A would indicate a direcCP violation. Owing to

the weak decay\—p= " the angular distribution of the
from the A decay is

E. Test of theCPT theorem

_ According to quantum field theory, th@PT invariance
1(6p)=1o(1+ aPy=costy), (14 theorem applies very generally to particle interactions.
CPT invariance requires equal rest masses and lifetimes for
with 65 being defined in the rest frame between the decay particle and its antiparticle. The decay length of the hyper-
p direction and they axis (see Fig. 2 Adapting the ons is proportional to the product of momentum and lifetime
“method of weighted sums’[56] for a sample olN decay- 7 The lifetime distribution follows a simple exponential law:
ing A particles leads to the expression

dN =N —tir 1
> cos?';— dt o (A7)
— k=1
aPy=x——. (15
> coLek- Thus with the present experimental setup the lifetime distri-
k=1 P butions of bothA and A could be extracted for a given

momentum in the same experiment. Figure 8 shows the re-

Invariance of the strong force undef parity requires gyits for the 1.642 Ge¢/ data (Fischer[1]). The lifetime
Py{cost)=P,(co), allowing a determination oA from the  ygjues we extract are

experimental data using E(L3).
In Fig. 7 the differential values of are presented for
both momenta, the upper data from 1.642 Gedhd the TA=258.44.7+5.3 ps,
lower from 1.918 GeM. Large error bargor missing val-
ueg arise due to small values of the respective polarizations TA=265.2£4.3£5.3 ps, (18
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with statistical and systematical uncertainties, respectivelyinfluence the reaction dynamics. Because of the vanishing of
shown in order. Using extensive Monte Carlo simulationsthe experimentally measured singlet fraction, most of the
these results have been corrected for the specific features gliark model applications calculate treechannel vector
our detector. (3s,) and/or scalar{P,) exchange only, and result neces-

In order to reduce the Monte Carlo corrections on thesarily in Sc=0 triplet ss pair production. Following Alberg
lifetime measurements when comparing theand A life- et al.[24] a pseudoscalas-channel exchange could proceed
times, we applied momentum- and decay-point-dependenfia the exchange of an intermediateor 7', since these
cuts. Thus, the detector acceptance is assumed to be equaliesons possess strong strange—antistrange-quark flavor con-
certain regions for the hyperon decay products. This specigbnt. Then the pseudoscalar contribution is weak due to small
sampling leads to a ratio coupling constants and high spin multiplicities. Qualita-

tively, the present small value ¢5¢) is in agreement with
—r these considerations.
———=(—1.8t6.6+5.6)x10 3. (19 In a t-channel meson exchange pictyfb,18,19 inter-
(r+7)2 ferences between th¢, K*, andK** meson exchanges are
needed in order to enhance the strong tensor component and

Details are presented by Fischdd. This evaluation is an {0 cancel partially the central potential components. Calcula-

order-of-magnitude more precise than the only other mealions result in a singlet fractio(Sg) of only a few percent,
suremen{57] reported to date. whereas a decrease l§f~K* interference would lead to an

increasingSg contribution. According td41] a large tensor

(/'—/"=2) transition inpp—AA is expected due to the

strong tensor force of thik —K* exchange. This is one rea-
VI. DISCUSSION son why the PS185 collaboration will measure the depolar-

_ _ _ o ] ization in the pp— AA reaction employing a frozen spin
Differential cross sections, polarizations, and spin correygrget[5g].

lations have been presented at incident antiproton momenta ag expected with the present accuraGp-violation ef-
of 1.642 and 1.918 Gev/ for the reactionpp—AA  fects in the weak interaction have not been observed in either
—p7 ' p7 . There are about 40 000 reconstructed events irxperiment presented here. Summing the present results with
each sample. earlier published measurements of PS18falling 95 832
The angular distributions shown in Fig. 4 indicate eventy leads to an asymmetry parameter of
that the slope of the data at small angles is significantly A)=0.013+0.022. This value is essentially consistent with
steeper for the 1.918 Getvdata than for the 1.642 Ge¥/  zero. However, the PS185 experiment is still about an order
data. This would seem to indicate a larger interactionof magnitude away from providing enough statistics to test
range at the higher momentum. In both cases, as in afresent theoretical models. Similarly, for tlePT test, the
previous measurements of PS185, the forward peaking diifetimes of bothA and A are found to be identical at the
solves at larger angles into an almost flat, featureless distrig-3 |eyel.
bution. In the near future, the PS185 Collaboration will publish

The differential polarizations at the two momenta exhibitda,[a for theA A channel at several other incident momenta

structurtes tga': Eijr_e ?'SF'nCt fro:jnd_te_zachl otger,Athe h'gh?r' d for other hyperon reaction channels. We expect that
][nom(ter? ugjﬁ a at' 'Tp aying ant.a ! |ho_n:; no et.' IS SUggestefiase data will extend our general understanding of this in-
rom the differential cross sections, higher partial wave Con'teresting set of reactions.

tributions and their coherent interference are probably re-
sponsible for the change of the pattern from that observed at
lower beam momenta. The influence of a coupled-channel
effect on the structure should be further investigated in high-
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