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ABSTRACT
rs
The charge conjugation symmetry of the reaction ﬁp->ff+¥ wis
check21 at 7§=5.u GeV. The measurement was mnid= with a1 Ioubla
arm spectrometer, with each arm +triggered 1independently. Rach
spectrometer arm had an accaptaace of 15 millisteradians aad
o o . 0 p)
subtended an angular range of 16 &3 20 1in the lab, 77 tr 91
in the pion center of mass system, (CMS). The asynnetry
+ - + - o
(N -N ) /(N +N ) was determined at 99 CMS sver a Pr ranags o>f .5
to 2.7 GeV/c. Corrections were male for target enpty, f3c pions
in the incident beam, and for particlas misidentifizatior 11 the
spactromatar. The resnlting asynmetry was .0084+, 0090
consistent with zero, Tha2 asymm2try introduced by diffar»ntial
25ian absorcption ia the spectrometer was astimated to b2 ,J)21.
Tn the Pt regions of .48 to .67, .67 to 1.00, and 1.00 t» 2.7
eV /c, the asymmetries were ,0037+,0115, .0178+4.0145, ani
-.0025+,0311, respectively. The corresponding linits 921 the

amplitude ratio V=Re(T-nonconserving amplitude)/(C-cons=arving

amplitnde) are one half of the asymmetry limits.
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CHAPTER I

THEORY AND BACKGROUND

R) TINTRODUCTION

Since the discovery of CP violation in K 4descays, <1>, mnuch
theoratical and experimental effort has been applied to find the
source of the effect <2>, Whila much is known of TP violation in
the KD Aecay, no other axamples of tha effect have been founi,
The transverse momentum transfar to =2ach pion in the Ko 1ecay is
approximately .2 6GeV/c; it 1is noteworthy that all bat two
experimental tests of C, CP, or T invariance to date have b2a=2n at
low average momentum transfers, <3>. 2Jne may corjectira that
violation of discrete symmetries is a short distanca phensmnenon,
which would become mor2 eviiant at hijh transvers2 nonaatinm, Pt.
In particular, CP violation may have its roots in a Pt 12panilant
C vinlating interaction. We note that for thes r=2action fn-> +¥
the transverse momentum transfer, Pf, to> an exiting pioa is
proportional to the q2 of the reaction. The oxact m2thod »f
zalzulating the qz is highly model dependent; for a genaral ii=ea
ve will take the q2 from the incident P to an exiting pion at QGO
oHS. Here q2=m 2+mh2-{39 . and qicp . Models »>f q2 d2pendent

4 t t
symm2trcy breaking have ba2ea propossed, for exainplz Trisamia anid

Pais <i>,

The experimnent dAescribhed here was part of a zratinuiagy



pragram to investigate C-invariance at high momentum transfer.
In the following subsections we will discuss the carrent state of

C, P, and T tests as thay apply to our experiment.

B) LIMTTS ON C, P, AND T CONSERVATION

opT invariance is nearly universally accepted as a
fundamental synnetry of nature. Theoretically, this is sopportai
by th2 generality of the CPT theorem. Fxperimentally, the bast
support comnaes from the limit on the mass difference of Ko ani io,
which CPT predicts to be zaro. This limit c¢an be inferrc=21 from
the value ofzf+- and the mass dif ference of the K and KS. A
rough 2stimate yields (HKo-H_ﬁ_o)/MK L I ¢ 10-17,<5>.

The first discovery of any of C, P, or T violatioar was that
of parity non-conservation in weak decays <f>. When it bdecam=
known that only left handed neutrinos and right hani=A
antineutrinos exist, <7>, a vislation »>f both = a2d P was
inoli=i. CP conservation was than postulated t> be fualan=atal
to weak processes. The discovery of the KL decay to two pions,
with 2 branching ratio of approximately 2 X 10-3, showed the
existence of a CP violating interactisn. With CPFr it implied a 7
violatingy effect. The origin of this CP violation is at oresent

not known.

At this date the only known violations of Z, P, or T sccur



in th2 weak interactions; howéier, theories have been proposed
which attribute CP violation to the weak, electromagneticz, ani
strony interactions <2>.

Parity conservation has been checked to a high dejree »of
accuracy in the strong and electromagnetic interaztions throujh
measurements of net ~irzular polarization »o2f ganna rays from
nuclear transitions. Gamma ray ciccunlar poslarizations of -(6+1)
X 10-6 havz been measured <8>, consistent with weak intsraztion
effects. Thus, if the CP violating force residas in the strong
or electromagnetic interactions, tha effect must violat> T a1d T,

In the electromagnetic interaction, C-symmetry has bea2n
tested by examining the decaysl{-)ﬂfrffﬁ. The check has bean for
an asymmetry between the energy spectra of the;r’ and the nf.
When the data from the three pions were plotted on 2 NDalitz plot,
a +/- asymmetry of 1.5+#.5% was found, <9>. This does aot incluie
systematic errors, which may he of the same order <10>. 92n=2 my
conclude that C-invariance holis in e2lectromagnetic interactioas
to> at least the 1% level. The 1linits on the electric 3Jipole
nonent of the neutron also furnish an indirect test >f C-symmetry
in electromagnetic interactions. Pollowing Peckias <11>, w¥2
estimate an electric dipole moment of charjge times a leagth tines
a T(P) violation parameter, f£. The charge is the unit =21l=ctrdn
charjye. Since an electric 4ipole moment would violate both T ani

P, we can choose a weak interaction length, 64, where 3 is the
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fermi coupling constant and where M is chosen as ths nuclean
mass, set eqmal to 1. &M is then 10 "/M. In this system of
units #=c=1., Taking 1/M to be the neutron compton w#wavel=agth of
2 x 10-1& “m, we estimate that the EDM¥ f x 10-19 e-zm, whare f
is the violation parameter. The current 1limit on th2 n=2utron
electric dipole moment is (.8+1.1) x 10-2u e-cm <12>, This
implias that PT is conserved to the level of f=10- r AN with
CPT, C must have the same linit.

In the strong interaction, T invariance has been shown t5 be
correct to better than .3% through the study of detiiled balan-2
experiments,<13>, In particular, the anqgular d4=spenience »of the
differential cross sections in the reactions and inversss

24 25
1+ My€>p+ Mg

24 27
~r+t Mgé>p+ AL

d+160€>m+1un
have been compared to produce this limit,

The current linits on C-noninvariance in the strong
interaction will be discussed in subsection B) of this <chapter.
The next two subsections will discuss respectively the notivation

for the tests described in this thesis and the parameters which

are measured.
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C)y THF MILLI-STRONG MODEL OP CP VIOLATION

Tf the origin of CP violation 1lies with the strony
interaction, it must be a3 small part of the major strong
interaction effects. Various forms of such a model have bheen
proposed in the literature, and will be summarized below.

Prentki and Veltman <14> have suggested a sourze €for C ani T
vislation in the semi-strong intaractions, thasa which violate
S3. These interactions conserve isospin, as is s22an through the
enrress of the isospin multiplet classification of particlas and
through the chargs indaspeni=nce of nuclear forces. The 1i1thors
nake an estimate of the size of the effect bhased >n +he mass
splitting of isospin multiplests. The multiplet splittiags are
first order i1 the coupling constant "f" »of the SO3 or=2aking
forces, while electromagnetic splittingys of charged ani uxchargei
baryons are first order in« . SU3 splittings are oa the srder of
75 t5 150 MeV and electromagnetic splittings are on the order of
1 to 6 MeV. An estimate of 25 to 100 times A is thus ohtain=d
for f, yielding C violating contributions of ap to 10% ia the
strong interaction.

Lee and Wolfenstein <15> consider the cp vinlating
Hamiltonian as a combination of two parts, Hq+HP. Heore G
signifies that the interaction is governed by the usual Fermi

coupling constant, and P represents the coupling coastant of the



new part. HC satisfies AS#+2 and is invariant unlar CP aad T Hp
¥ iy

Joes not conserve TP, If HF taken alone satisfies AS=D ani does

not contain leptonic operators, then FP/G can be as large as 10

while bheing consistent with the K =-»2T amplitude. Thus

4

(uﬁ)-1Fmp2=(ﬂ+-)=2 10 . As in the moiel of Prentki and
Veltman, € and T are not conserved, P is conserved. If Hp is
chosen to satisfy AT=0 then it may be considered as a smll C or
T violating part of the strong interaction, otherwise it can be
thonght of as a totally new force. Th2 mn12l predicts that both
the strong and the weak 1interactions will have T ani T
noninvarient amplitudes on the order »5f the RL->2F branzhing
ratio, i.e., about .1%, The KL->2n’and other CP or T vinlating
veak srocesses would then proc232 through an Hgi term, ra23uicing
an intermediate state, The awnthors also consider aa HF with
AS=+1 or 4S=+2, vielding a hamiltonian for weak proacesses aad for
superweak procasses, respectively,

L. B, 2%kunt*, <16>, has also sujygasted a milli-strong nodel,
wvhich is P conserving ani CP nonconserving with 4Y=0. The
coupling constant is =10-3 that of the strong interacztisn, ani is
also 310} that of the weak interaction. In this schame the
R =327 mole 1is a three st2p process, involvingy the milli-stroag

L
interaction ¥, the 4eak interaction W, and the strong iataraction



K - i - i =» 21
IJ 1 2
=p=-1 cp=-1 CP=+1 CP=+1
C=+1 C=-1 C=+1 C=+1
p=-1 P=+1 P=+1 P=+4+1
Y=+1 v=0 v=0 ¥=0

The AY=0, non-leptonic interaction should 1lead to C and <P
violating effects in all strong interactions, at the level of the
ratio of the X to S coupling constants, i.e., =.1%., Th2 author
states that the combined S, W, and X interactions with AY=0 would

-23
vyield a neutron electric dipole moment on the order of 1) to

-24
10 e-cm, which 1is almost ruled out by current resnlts. The
current upper limit on the neutron electric 4dipole nonent is
-24
(.4+1,. 110 e-cm,<12>,
In summary, the various milli-strong mnodels opredict a

C-violating effect in the strong interactions on the oriar »f

.1%. TIf the violation of Adiscrate symmetries is a short listance
2

phenomenon, the effect could be larger at high q .
The next subsection will discuss the paramneters by which a

strona component of a C-violating effect could be detected,
D) C AND P IN PP SYSTEMS

We shall linit the discussion of C-vinlation in the strony

interaction t> pp systems, which will be shown to be eigenstates



2f CP and CR, wher2 R is a rotation »>f 1800. Pais first
discussed the effects of C, P, and CP non-invariance 1in
particle-antiparticle interactions <17>. Following his papar we
examin2 the reactions pp->1+X and ﬁp*5T+X, whare 1 and 1 are
particle and antiparticle. In the CMS, we consider the e2ffact >f
the charge c¢onjugation operator C on the initial state of

B ’ >.
lp(r1) p(rz)

Clﬁ(r1) :P(r2)> = (_1)1"‘5‘?“:1) 15(52)>
raas, in g=2a2ral, th> iaitial state is 1>t 11 =2ig=2astata >E 2.
The operation R, a rotation of 180o about an axis perpeniicular
t> tae pPp lire, =an h2 chose2a to interchanje r1 . 2121 r , Th=
initial state is an eigenstate of CR, and similarly, it 4is an
aijyenstate of CTP.

Turning oor attention to the final state particles, T tak=s
a particle into its antiparticla, and we can chosse the axis of R
to be perpendicular to the (p,1) plane, so that €f3r r© in that
plane, R takes r to -r. As s=22n in Pig. 1 ¢, @ is traasformed
into 77/-8. If we denote the probability of findiny a particle of
type 1 and energy E at angle 8 as #(1,8,8), then
W(1,8,8)=F(1,E,7-8). The result also holds for CP. W= have
tacitly assumed that an unpolarised beam 1is incident on an

unpolarised target, where many interactions average over spin

states.



W2 now consider final state correlations in reactions with
three or more particles Jetect21 in the final state: pp->1+2+X
and 59-&745+x. He choose the axis for the rotation R to bhe
secpendiculac to the (p,1) plan2, and lat Z be the azinath of 2
relative to the (P,1) plans. As seen in Fig. 1 b, PR y

W(‘/Euel ;5\/51)91)‘¢) = WU/ E'le' )2y 6')/9)) - }
CR yields, Piqg. 1 c: _
WC’,e_c,QI}),EJ,QJ}(Z‘): W(IIE,/]T—E‘UJ/E}) e,y - %)
and CP yields, Fig. 1 41: . -
. you T - [ - T~ - -+
w(l, €,e,; 2, 61,93,‘¢)‘ W (T, €, 9’/2’5‘177’9’/7’&)

Thus, charge symmetry violating effects mayv be separataj from P

ialis

and CP violating effects. Bubble chamber experimeats have bheen
ione to check both the 8 and the 8 dependence. Ihese expariments
have been conductad at lower energies than the experiment
reported here, which, however tests only the asymmetry at 900
CHsS.

The next subsection will discuss the 1linits inposed on

C-violatingy strong effects by the bubble chamber experiments.

E) PRRVTONS RESULTS

All previous results on charge symmetry in ©Dp 1interaztions
have ba2en obtained from bubble ~hamber data, and all bat on2 have
been at significantly lower energieass. One »of thas 2arliest
results was obtained by a group from Columbia Wniversity, usiag

the Brookhaven 30" huabble chamber <¢18>. They investigated the



+ +
reactions for stopping ﬁ's,-{§E1.9 GeV, ﬁp-anf+x ind Dp->K"+X.

The average pion multiplicity for Pp-»>n at rest is four, <195,

yielding an average Pt par pisn of =.,27 3seV/c. Tha Llinits

+ + -

obtain=21 on the charge asymmetry (N‘—N‘)/(N +N )} are 1% for pions
and 3% for kaons. These limits were obtained by forming the ¥

of the difference in the plus and minus charge distributisas for

various dynanical variables,

N

2 B+ -2 + =

X =B(N -N) /(N _+N ).
11'1 1 1

Here NR is the number of bins and N, is the ninbher of eveats in
; i
2

each bin. A X of NB was expected for no C violating =effect.

For each distribution, the X2 waere consistent with no = violating

effect, The variance of the X2 is J2K Thus the ancertainty in
B.

the asymmetry is i(f?ﬁB/N), where N is the total namhar >f

counts.

A collaboration at CERN used a ¢.4' GeV/c p beam,Ys=2.1 G2V
to study both K and 7 final states <20>. The average pion
mueltiplicity at this energy is five, <19>, yieldiny a an averaqe
Pf per pion of =.27 GeV/c. They ware able to neasure hoth 8 aad
¢' in the multiparticle final states, and could thus teast

saparately CP, T, 313 P symnmetries.

10



Their results for the ratio of the relevant nonconserving +»

conserving amplitudes are:

-2
Vo= (4+1.0)10
cp ,
Vo= (.4+1.0)10
c

-2
v o= (.1£1.0)10
p

These limits are obtained from the asymmnetry (V-W)/(¥+W) as
follows: Let (X be the nonconserving amplitud= anA 1et,@ he the
conserving amplitude, then
2 2 2 *
N=\+A| = pntg +2Re(pf)
2 2 2 *
W=14-¢1 =44 -2%e(pg )
Porming the asymmetry, we find:
* 2 2
(N-T) / (N+W) = (2Re (#2 )) /(x +£ )= (2Rex) /=27
Where we have takenﬁ§=1. The statistical limits o2n Red/Z are
thus 1/&2 N+RT.
A recent paper by a bubble chamber group at Arjyonne National
Laboratory <21> presented results of pp at 2.32 GeV/7Z, VELZ.S
+ + - - + -+ -
GeV. They studied Pp->w w7 m and Pp->k K 77 , and as s22n in
Fig. 2 , their results are also consistent with no C violating
effect being present.
A Dubna collaboration, <22>, has recently reported resnlts
in pp at 22.4 GeV/c. This experiment was intended primarilv to
x
study the charge asymmetry as a function of y , the rapildity in

the CMS. This author has replotted the data as a function of CMS

angle, Pig. 3 . Prom the figure, there is a distizt leadingy



particle effect which increasass with Pt. This author thaa fit
the data to straight lines using a least squares routina. The

0
asymm2tries at 90 CMS thus determined were:

P RANGE ASYMMETRY
0.-3>.5 .050+.010
.5-31. .0384.020
1.->1.5 ~.020+.080

In interpretting these asymmetries, we must bear in mind that the
experimenters were not concerned with producing an asymmetry
result, and d4id not considar the systematic errors from this
point of view. One notices that the asymmetry is largest at
small momentun transfer, where systematic effects would be
expected to be largest. If we ignore the lowest P* bin, w2 may
conclude that these data are consistent with no C-violating
effect being present.

The following suhsection will outline the apparatas
reqnirements for a new test of C-violation in th2 strong

interactions.

F) REJDUTREMENTS OF A NPW TEST

As seen in subsection D)} of this chapter, to test for

Z-invariance 1in the strong interactions, it is enoungh to measurs

+ - + - )
the asymmetry (N -N )/(N +N ) at 90 in the CHS. The reaction

12



of ﬁp->ﬂ;+x required an antiproton bheam incident on 1 liqaiil
hydrogen target. The heam was to be of as high an =2n2rcay as
possible to provide the largsst Pt's of exiting particles. As
seen in Fig. 6, the antiproton flux 1is a strongyly dependent
function of beam enargy. The incident momneatum was thos
restriczted by the requirement of a high event rate,
Compatability with a search for charmed mesons using tha same
apparatus resulted in the spectrometer arms heing set at g18° to
the beam 1line, for which QOO is obtained with a 19 GeV/~ bean,
The 4Aata rate proved to he too low at this =2nergy, s> a 15 3eV¥/c
beam was used, placing 900 CMS 2n the oater edge of the
spectrometer arm apertures.

The design of the spectrometer was determined to proviiz an
sptimum data sample for the asymmetry measurement. The basic
reqguirements vere (N effactive particle and momnentan
identification, anl1 (2) effective ellimination of systamatic
backgyrounds., These will be discussed separately helow.

Momentum analysis of the charged resaction prodacts required
a majnetic field for the bendling of particle trajectories, and
wire chamhers for measuring the tradectories. A Brookhavan
standard beam 1line dipole maqnet was chosen, with a Tap nine
inches across ind pole faces measuring eightaen 1iazhes by
thirty-six 1inches deep. The magnet current was set for a

transverse momentum impulse of =450 MeV/c proviling maximum

13



momentum resolution in the range 1-»5 GeV/c. The wire chambers
were chosen to be Arift chambers, providing the highest accaracy
in track resolution now available.

Therenkov counters were required to provide information on
the/S=v/c of the particles. When both & and@ the momentim are
known, the particle mass may bhe deduced, yielling a particle
identification. Por this purpose, a new desiqgar differential
water Cherenkov counter was employed to separate protons, kaons,
and pions, augmented by a threshold Cherenkov counter to aiil in
separating out pions above 3 GaV/c.

In order to collect data rapidly, the entire =sxperinent was
automated. Scintillation counters were used to quickly select
avents and trigger the data recording. The scintillators also
provided a start signal for the drift timers. T> furcther
maximize the data rate, all elements of the spectrometer were
designed to be as compact as possible, maximizing the s0liil angle
for the acceptance of reaction prodncts.

The spectrometer was designed for easy removal of systematic
arrors. The possible sources of systematic ercors which were
identified were (1) the asymmetry resulting from the diff=rent
traiectories follow=2d by the positive and negative particles, and
(?2) asymmetries due to the polarization of the incident' beamn.
The first was easily removed by requiring that the magnot

polarity be reversihle, with data taking at both polaritias. The

14



second regnired that the data be taksn alony twd> directions,
o
separated by 180 in the CTMS scattering plane. For practical

reasons an arrangement of two separate spectrometer arms was
chosen. The magnets were positioned for vertizal bending in

ordier to decouple measurements of production angle and momnentam,

The next chapter will discuss the apparatus in more ietail.

15



CHAPTER TI

APPARATUS
A) INTRODHOCTION

The Brookhaven National TLaboratsry Alternatiag 3radient
Synchrotron provided the experiment with a beam of aegative
particles at a momentum of 14.8+.2 GeV/c, see Fig. h o,
Cherenkov counters in the beam 1line w2re used t2 identify
antiprotons. The beam was incident on a liyuid hydrogen tarqget,
and the reaction products were analysed in each arm of 1 donble
arm spectrometer. The two identical spectrometer arms were set

0
at +18 to the beam 1line, see Pig. 5 . This configaration

permitted the sasy removal of systemnatic effects arising from the
apparatus and from beam polarization. The spectroneter mnagnets
vere Brookhaven standard beam line dipoles, 18D36's, enlarged to
3 gap of 9" wide, and measuring 18" vertically by 36" deep. They
were run at anJB'dl of about .45 GeV/c. Pach spectrometar arm
was equipped with scintillation counters, which pravided the Aata
trigger, with drift chambers and multiwire proportional chanbers
which indicated particle track positions, and with Cherenkov

counters for particle identification. The apparatas will be

discussed section by seztion in more detail below.

16



B) BFAM AND TARGET
1) BEAM LINE

The particle source was the High Energy Unseparatel Ream at
the Brookhaven Alternating Gradient Synchrotron. Fig. 4
schenatically represents the beam 1line, The extracted oproton
beam of 28 GeV/c was incident on a heavimet target, neasuriag 4"
in tha beam direction. It was 100 mils wide, by 49 mils high,
and presented =177 gm/cm2 to the beam. Secondary particles were
accepted at zero degrees, There were approximitely 2 ¥ 1012
protons per pulse on the target, with aboat 107 secondarias
accepted hy the bheam line. At 15 GeV/¢c nearly 3 X 10& of the
seconlaries were antiprotons, approximately 105 were kaons, ani
the rest were pions, see Pig. 6 . The zero degqgree production
angle minimized secondary beam polarization. Particle prodaction
at this target was monitor21 by a scintillation couater telescope
at 900 to the beam direction. Three vertically fozassing
quadrupoles were followed by tvo horizontally focussing
quadrupoles and by 13 pair of dipole magnets. Between the dipolses
was 3 lead and brass collimator, C1 on the diagram, which was
five interaction lengths thick. The collimitor coull h2 g2t to
five different averturas and a besam pluaz; the largest aperture

accommd>dated the entire beam. The pair of dipoles was followed

by a pipe twelve inches in diameter passing through approximatoly

17



650" of iron. This was follow2ad by a mdomeatumn s=2lecting
collinator, C2, with four adiustable Jjaws, each made »>f four
interaction lengths of steel, The collimator was set to accept a
momentum bite of 43% about the central momentun value. The heamn
line was optically symmetric about the momentum slit, containing
two more bending Aipoles and two more pairs of auadrupoles, the
pair furthest downstream focussing vertically. The magnets were
followed by a twelve inch hole through another 120" of iron, ani
by a halo apsorber, c3, consisting of a 5"X7" hol2 through
approximately five interaction 1lengths >f heavinet aad copper.
The hydrogen target was centered approximataly 300" from the last
quadropole,

The momentum was initially set at 19.0 GeV/c, which wounld
have centered the spectrometer aperture on 900 cHs, faorQS=1
particles. The antiproton flux at this energy proveil to b2 too
low for efficient data collection. A beam momentum of 15.0 GeV/c
was accepted as a compromise value, placing 000 CMS at the osuter
adge of the spectromater acceptance, but iacreasing the
antiproton flux. A heam line optics program usinjy published bean
line data was employed to s=t ths quadrupole curr=2iats to provide
1 nearly parallel beam at the target. PFinal tuning of the 1last
bending magnet ani of the quadrupoles was 1one with the beam .,
The magnets were tnned to maximize the rate of coincidence counts

betwaan the left and right arms, maintainingy roughly eqnal ratess
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in each arm. This corresponded to centering the heam on target,
with the maximum beam current hitting the target. Throughout the
Jata takiny the bean liie magnet currents were mnonitor21 ani
stabilised +o Dbetter than 1% by a computer control systam <23>.
Tests of the beam momentum yielled a value 2f 14.8+.2 GeV/c; sSee
Appendix B.

The beam was defined furthar through the us2 of twd
threshold Cherenkov counters, BC1 and BC2 in Pig. 4 , position=4
downstream of the momentum slit. The first contained <czarbon
dioxide at 1.5 psi above vacuum, for detecting pions; the saconi
contained Preon 12 at atmospheric pressure for detectiny kaons,
24>, The signals from these counters were used to veto the
trigger in the case of a negative pion or kaon impiaging on the
target.

Two plastic scintillation veto counters, V1 and V2, were
positioned just upstream of the target. The first had a1 2"¥3n
aperture, positioned about 30" nupstream of the target, and the
second had a 2" diameter circular aperture, positionel Sast
upstream of the target box and centered on the 2 1/2" 3iametar

hydrogen flask.
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2) BEAM CHERENKOV COUNTER

Antiprotons in the beam were signalel by a differential
Therenkov counter which usad carbon dioxide at high pressnre as
the raliator <25>; see Pig. 7 . The phototubes were RCA 8575's,
monnted against quartz windows with an optical coanpling zompouni.
They were run at positive high voltage to protect the
photocathodes from damage due to 1leakage currents iato the
surrounding steel. An inner and outer ring of six phototubes
msach accepted 1light through one inch wide concentric apertares;
see Fig, B a. PFor the purposes of this experiment only the
auter ring was used, stopped down to a 1/8" wide annular slit, as
shown 1in Fig. 8 h. The phototube signals were s2nt into
discriminators and thence to a "voter" coincidence anit, Parina
1ata taking this unit was set to respond on five ont of six of
the phototube signals, providing a 90% increase in rate over six
ount of six operation.

An antiproton was signaled by an output from the "voter"
coincidence unit in anticoincidence with the outpauts from the
kaon and pion thrashold Charenkov counters, and with th2 halo
scintillation counters. While monitoring this signal, the gas
pressure in the differential counter was varied to proince the
curve shown in Figq. 9 . The antiproton peak appeared at 230 psi

above vacuum, with a half-width of 5 psi, and a 3% flat



background. Throughout the data taking, the counter pressare and
axterior temperature were monitored, and the pressura was

periodically adjusted to maximize the rate.

3y HYDROGEN TARGRT

The tarqet flask, Pig. 10 , was a cylinder 9" 1loag by 2
1/2" in Adiameter made of 10 mil mylar. To preserve right-left
symmetry the overlap seam of the cylinder was centered on the
vertical axis. The end caps were hemispherically pressed from 10
mil mylar. To minimize the amount of material insiie ths target
volum2 a collar made of low density plastic was machined to holi
the flask from the outside. This method elliminated metal
bushings and fill 1lines insid2 the flask 1itself. The only
projections into the flask were level sensing resistors extandiag
about one quarter inch inside at the top and bottom. Ths entire
flask was covered with 10 layers of one quacrter =nil allanminized
mylar "super insulation'.

The target flask was centered in an aluminum "clam shell"
vacuum box. A 3 1/2" diameter =2ntrance window was provilel, as
vas 3 4" yide exit window extending beyond the horizontal and the
vertical acceptance of the spectrometer. The windows w=2r= of 7
mil mylar.

The flask was kept full by gravity feed from an 2levatad
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raservdyir, as shown in Fig. 11 . 1A bleeder valve on the =2rxhaust
line was adjusted to produce just enough back onressare to
compensate for the =2levation of the reservoir; maintaining a
constant level of 1liquid hydrogen. When the tarjyet was full,
both the wupper and 1lower resistors indicated a lowerad
resistence., The target was ~mptied by closing the exhaust valva.
This permitted the bhoil-off gas to expel the liquid back toward
the reservoir. Wwhen the 1lowar resistor indicated aa empty
targat, the fill 1line was closed. Remote indicators signialle?
the conditions of the top and bottom resistors at all tinmes. A
bottle of pure hydrogen gas was attached t> the exhauast line and
praoviiad a means of warming and purging the system in the savent
of a freeze-up.

Tontaminations of oxygen and nitrogen accasionally cansed
partial blockage of the exhaust line. The boil-off gas pressure
would increase, reducing the liquid level until the pressurs was
sufficient to break through thes blockage. The liquid lev=2l wonl?
then return to normal. Prom the observed time that the 1liguid
was 1low, and from the observad purjge time, it was astinated that
the l2vel was decreased by 1/2" at worst, an effect which
occurred much 1less than one tenth of the time, Since the
fiducial vertical h2ight of the tarjet was taken to he o0ae inch
above center, this occassionally cut down into the top one

quarter inch of the fiducial volume. The effect wis sufficiantly
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small that no corrections were made for it.

C) SPECTROMETER

1) SCINTILLATION CODNTEPS AND TRIGGER

In each spectrometer arm plastic scintillation conatars were
placed in front of the first wire chambers, and behind the 1last
and next to last wire chamhers, as s2en in FPig. 5 . The
positions of the counters are tabulated in Table 1 . The froat
md>st coanter position, S1, contained a pair of AdAetectors. Ths
nain counter was 4%¥5" and 1/8" thick, with the seco>ndl bheing
1u¥5" and 1/8Y" thick. The counnters were suspended side by siie
with their longest axis vertical. The narrow countar was on the
beam line side of each arm, anl both counters taken together were
~enterad on the arm axis. The counters covered the speactromneter
acceptance aperture. The purpose of the separate narrow counter
vas to permit a software veto of beam halo particles, if that had
proven to be a significant background.

The scintillators at the second counter positiosn, S2,
covered the active raqion of th2 praceding wire =zhimhar. Thaga
connters were 1/8" +thick, each 30" lony and 12" wiia2. Two of
them were hung vertically in each arm, with a small horizontal
overlap so that the overall width would not sxcade that of the

wire chamber. The light was viewed by phototubes at both ends of



sach counter.

The final hodoscope at position S3 covered the active
chamber area horizontally, but limited the speoctrometer
acceptance vertically. This 1limit set a lower hound of
approximately 1 GeV/c for particles detected by the spectrom2ter,
The scintillator array consist=zd of three counters, 1/4" thick,
each measuring 16" horizontally and 18" vertically, supported on=
above another. The entire assenbly was centered on the
spectrometer aperture.

The signals from all phototubes at each position were
summed, and a coincidence made of the three stations, sSeparately
for =2ach arm. A signal from either arm in coincidenca with a
signal indicating an antiproton incident on the target was the
trigger for read ont of counter and chamber Adata,

The signals from each phototube were delayed, and taqgged in
a CAMAC modunle during a 20 ns window following the trigger. The
trigger 1logic, CAMAC units, and all other data processing
hardware were housed in an air conditioned office trailer

adjacent to the spectrometer.
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2) MUON PTLTER

Directly behind the 1last hodoscopes were the mion filter
telascopes. These are shown in Pig. 5 . The first section was
a tower of three cast iron buoy anchors, each 4'Y4' acrnss and 5
tall, resting on a one foot high pad of concrete shielding
blocks. This was followed by a layar of scintillation counters,
at position s#, and by a second iron tower, resting on th=2 floor.
A final layer of scintillation counters, at S5, was placsai
against this tower, coverina the geometric accaptance aperture.
The one foot offset of the towers with respect to one anather
staggered the stacking spaces and small hollow reqions of the two
towers. Muons of >2.8 GeV/c penetrated both iron towers, muons

of >1.4 ReV/c penetrated the first,

3) SPECTROMETRR MAGNETS

The spectrometer magnats were twd Brookhaven 18D3f heam
dipoles, positioned on end for vertical beniing. The gap was o"
vide, with pole faces measnring 18" high by 36" deep. This
geometrv permitted a compact spectrometer arm, 1increasing the
geometric acceptance. Data were taken with the magnets in two
polarity configqurations: A, with the magnetic fields pointing

away from the beam 1line in both arms, and B, with both fielA

AN
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vectors pointing toward the beam line. Fiq. 5 shows the A
polarity configuration. The magnet polarities were sensed
automatically, and were recorded as a bit pattern along with all
other event data on magnetic tape. Magnet polarity was switched
typically three times every twenty four hours, with both targst
full and target empty data taken at each polarity.

The field of the 18D36 magnets is highly uniform, s> that a
12tail=2d point by point field nap was unnecessary. TVnsteal, tha
neasurement was made in terms of.gﬁ.dl parallel to the aperture
axis. The field was measured using a ten foot 1loag flip coil
mounted on a wooden form. The form width, averaged over
measurements taken every foot, was 1.988", The coil consistzd of
three turns of #36 gauge copper wire. The measuriaq apparatas is
described in Appendix A, and is illustrated in Pig. 12 .

Pollowing preliminary checks, to set the cuarrent for the
desired central jBf dl, measurements were made with the coil
parallel to the magnet axis; centered on the points of a sn=2 inch
grid. The bottom one-half of the magnet 1in the left arm was
napped at each point on the qrid, while the apper half was
measured at two inch intervals up to the final ¢two 1inchas near
the coils, which were again measured at one inch intervals. The
entire volume of the magnet in the right arm was measur2d in the
same manner 3as the top half of the magnet in the laft arm,

Again, this was possible bercause the field was nnifrm to bhetter
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than . 1% over the central region.
Plux return plates of 3" steel were mounted parallel to the

t was verifi=»d1 that

peda

ends of the magnets. Using a Hall probe,
the field strength fell rapidly outside the flux return plates.
Thus, the ten foot 1long <£flip was sufficient to inclade all
significant fringe fields.

Por each measurement, the initial reading of the intagrating
DVM was recorded, and the value with the coil flipped 190o about
its longitudinal axis was recorded. The coil was then flippel
back 180o to its original position, and the final value recorded.
By dividing the difference of the first and last measurements hy
two, the drift of the DVM at the time of field measurema2nt was
determined and subtracted. Sinca these neasurements were
repeatable to an accuracy of better than .01%, the madority »of
the points were measured with only one flip cycle.

During the field measuraments the current from the power
supply to the magnet was deternined by measuring the wvoltage
across a shunt resistor with a sensitivity of ImV/40 ampns. The
magnets were designated D05 in the left arm, and D0 in the right
arm. During the measurements, DNS was at 56.25 mv =» 22572 amps,
and D0OA was at 56.00 mV =» 2240 amps. This yvields a traasverse
momentum impulse, Pt' for the magnets of 438,25 Mev/c foar D05,
and 438.54 Mev/c for DO6. During data taking, thase weare

increased to 2318 and 2310 amps, for Pt's of 851,75 MeV¥/c and
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452.24 MeV/c. Pive months after the experiment was completed, a
calibration check was done with an incident beam momentum of
¥*5GeV/c. The reaction pp--)np'rr+ was used, destecting the p and n:.
The known mass of the neutron yields a Pt impulse for ths magn=t
of #u43+3 MeV/c. Taking into account possible drifts of the powar
supply current reading systems, the Pt's of 451,75 anl 452,214
MeV/c were used, with uncertainties of +5 MeV/c. This resalts in
uncertainties in the momentum bin widths of +1%.

Over the active magnet aperture, the maximum Adepartures from
the central field integral were +1%, found in the vicinity of the
moils. Software corrections to deviations from the central P of
the magnet were correspondingly made in the uppe~ and lower one
quarter of the nagaat. The central region was left onzorrastal;
here the mximum variations from the central valne were +.1%,
near the pole faces, ses Fig. 13 .

The corrections were calculatel hy astimating the pd>int of
intersection of the track with the midplane of the magnet ani
then averaging the corrections in the volume traversedq by the
track about that point. Since the two inch wide c2il already
provided an averaging of the fi=21ld and since horizontally the

tracks were within that volume only vertical averaging was jons.
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4) THRESHOLD CHFRENKOV COUNTER

The spectrometer threshold Cherenkov counters were i2sign=24
to fit inside of the magnets, as shown in PFig. 5 . The main
body »of each counter was made of G-10 and molded fiberglass,
eliminating the eddy-current vibrational problemns of aa earlier
aluminnm counter. The counter volume was viewel by two
rhototubes mounted at a right angle to the beam directinsn, one
receiving 1ight primarily from the top half of the cotnter, and
the other receiving light primarily from the bottom. Spherically
shaped mirrors were used to direct the Cherenkov 1light into an
air core 1light gquide of aluminized glass. The nirrors and
phototuhes were mounted in an aluminum housing outside >2f th2
magnet gap. The magnetic fringe field inside of the tube shielis
was measured to be negligible. The entrance and exit windows to
the counter were made of ten layers of one quarter mil alaminized
mylar. Preon 12 at atmosph2ric pressure was used as the

raliator, haviny a pion Cherenkov threshold of 3 GeV/c.

I

5) WATER CHERENKOV COUNTER

The radiator volume for the water Cherenkov zounter, <26>,
wvas one and one-half inches thick, twelve inches in diameter, ani

wvas filled with distilled water. The outer face was mnade of
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one-eighth inch ultraviolet transmitting lucite. Both ianer ani
outer faces were molded to a spherical shaps, with a radius of
curvature of 37 1/8"; see PFig. 14 . Cherenkov 1light was
collected and focussed with an aluminum, free standing spharical
mirror, having a radius of curvature of 17", This system was
chasen for compactness. The radiator meniscus was obtically
Jesigned to compensate for the angqular Aivergence of inzident
particles. The annular ring of Cherenkov light was focussed two
inches behind a conical mask. The openings i1 the mask were
outlined by curves given hy:

R = ((R1+Ro)/2) + ((31—90)/-"—) arcsin( 8d,4r -1, R1=9.5":

R0=7.5".
Four of the openings pointed inward and four pointed nutward.
These rosette sections were separated by one inch gaps, 1llowing
for structural support, and permitting thas installation >f 1light
buckets. The liqht burkets were made of aluminized mylar anA
followad roughly the parameters described by Winston <27>. The
phototuhes were B885uU's, capable of resolving a single
photoelectron. Bases for th2 phototubes were desigaed with Zener
diodes to stabilize the dynode voltages and to prevent thes gain
from changing at high rates. As with the heam Chere=nkov =ounter,
the phototubes were run at positive high voltage with the
photocathode at ground to avoid 1leakage currents throogh the

glass which could destroy the photocathode. To prevent a base
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line offset of the phototubs output, which was AC coipled,
clipping lines were attached, which produced a reflected pulse
after approximately sixty nanoseconds.

The phototuba pulses were stored in CAMAC ADC's (analog to
digital converters), after being delayed. Pulses t> the ADI's
vere accepted Auring a twenty nanosecond window proviled by the
trigger. From the height and width o°f the palse height
distribution, it was deduced that there wers betwesn thirteen and
twenty photoelectrons collectad per event, or about two per
phototube. The data were read out via CAMAC and written on
magnetic tape.

The phototube voltages ware adjusted for a 29 mV pulse fronm
onz priotoelectror, neasured at the ADZ input. A sanplz »>f Jata
from the first few runs was usa2l to 12termine the pedestal width,
To provide a reference for detz2rmining differences and drifts in
the phototube jain, the pulse height data wvere fit to a Poisson
distribution. The original fit was made to two paramaters: the
number of photoelectrons, which gave the width of the
1istribntison, and the number of ADC counts per photoelectron,
which took 4into account the phototube gain. During track
reconstruction for each 3data tape, punched cards were prodnced
giviny the pulse height spectrum for each of the phototubes for
high anerqgy pions. These data were selected with the

reguiraments of (1) a signal from the threshold countar, (2)
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momentum greater than 3.2 Gev/c, and (3) a track passing thronjh
the water counter radiator within two inches of the center. When
2 gtatistically significant sample was obtained, the spectra were
compared with the spectra of the previons sample, 2and i€
necessary, the gain correction parameter was chaaged. Durinq
subseguent analysis steps these correction parameters were used
to subtract pedestals and to adjust the pulse heights for the
variations in phototube gain. The sum of pulse heights in the
inner ring, 1I¥, in the outer ring, 0UT, and in both rinys, SUM,
were formed. The RATTO = (OUT-TN) /{OUT+IN) was also calculated
for each event , and corrected a small amount for the angle of
the track.

The counter was designed to produce signals from particles
vith 3 =.95 toﬂg=1.0. Pions were first seen at .42 Gev/c, Yions
at 1.5 Gev/c, and protons at 2.8 Gev/c. As can be seen from Fij.

15 , the pion/proton separation in terms of RATIO was very good.
This graph was obhtained by monté-carlo calenlations, whith were
also used to determine thez?)’dependence of RATIO. Por a given
hypothesis of particle type, the RATIO for a pion, kaon, or
proton of a given/Zf was found to be equal to thes PRATTD for a 3
GeV/c pion minus 1.8/4

RATIO (T, k,p) =RATTO (IT,3Gev/c) - 1.8/y.
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f) WIRE CHAMBERS

Particle tracks were sampled at four locations, using two
sets of chambers in front of the magnet, and two sets in hack of
the magnet; see FPig. %5 . The chamber positions and active areas
are summarized in Tables 2 and 3 . The front mnost ~hambers
were proportional wire chambers, (PWC's), with 1/8" wire spacing
<28>. The remaining stations used drift chambers with on=2 1inch
Arift regions. We used PWC's in the front to reduce the problens
of multiple hits on a wire during the drift time window of 500
ns.

The PWC's consisted of an X and a Y plane, X neasaring the
horizontal position, and Y measuring the vertical positiosn. The
wires were held at ground potential and were positionel between
aluminum €o0il planes at positive high voltage. Fach wire was
equipped with an amplifier and a discriminator. The siqgnals were
transported to latches in th2 instrument trailer via 1005 ribbon
zables. The signals were Aelayed approximately 152 ns to permit
1 triqgger test on the scintillation counter signals. When a good
trigger was detected, an enable signal 20 ns wide was applied to
the CAMAC 1latch mnodules, and all wires firing within that timne
window were recorded.

The dArift chamber stations in positions two anl1 thra2

consisted of X anl Y planes: the final station consisted only of
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aY plane. Fach plana was formed of twd> anits Jdisplaced
perpendicular to the wire direction by one 1inch, providing
information for determining on which side of the sense wires the
track occurred; s2e TFTig. 16 a. PRach such unit was composed of
three planes of wires. The outer ground planes were made of 2
mil copper-berillium wire with 1/16"™ spacing. One half inch
inward from either ground plans wers the drift (-HV) 21211 sense
wires (+HV). ©PFach Arift or sense position was actually a pair of
wires Aisplaced perpendicular to the central plane hy +1/16"; sce
Pig. 16 h. The pairs were directly connected and functioned
alectronically as a single wire. The combination of drift wires,
sense wires, and ground planes shaped an electric £fiell for
drifting the electrons from a particle track toward the sense
wires. During chamber Adevelopment we had experienced low chamber
afficiencies for %tricks near the drift wires when singl> s2ns2
and field wires vwere usei; see ¥Pig. 17 . The chdice of two
vires at each position helpel to provide a more uniformly linear
alactric field in the drift reqion, and yielded 100% chambeor
efficiency at both ends of the drift region; see Rig. 18 .,

The drift wires wer2 mad2 of 7 mil copper-berilliun vwire,
vhile the sense vwires were made of .R mil gold plated tungsten
wire. The small diameter of the sense wires oprovilded a hizh
electric field near the wires., When an electron from a narticle

track drifted into this vicinity, collisions with the chanber gas
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molecules yielded an avalanchs of electrons at the wire, with a
resulting c«loud of positive ions expanding away from the wira.
Signals on the wires were typically 20 mV high and 50 ns 1lonj,
when the wires wesre terminated through a 500 pf capacitor and
5005,

Fach wire of the dArift chambar was counled to an anolifier,
haviny a gqain of 200, and then to a discriminator. The
jiscriminator threshold was 150 millivolts, and it produc21 an
ontput pulse approximately 20 ns long. The circuit is given in
Pig. 19 . The discriminator signals were channellsd to a 1line
Ariviny amplifier, and were transported to the instrament trailer
by shielded twisted pair wires. The length of this cable Aelayed
the signals suffici=2ntly for th2 scintillation counter trigger to
he formed. The trigger signal was used to start the mastar clock
on the drift timing unit. FEach sense wire had its own clock.

The timing uanit worked on a vernier principle, nsing a
master clock frequency of 21 MHz ani a vernier clock frequeacy of
24 MHz. Fach master clock 1interval was Adivided into eight
sub~intervals by the vernier; see Pig. 20 . The timing
resolution was thus fns. The drift rate »of 500 ns/inch then
yielded a spacial resolution of 305/)12 microns. The vernier
clock was started by an input signal from a chamber wire. Tha
number of vernier cycles before a coincidence with a master clock

signal was stored in a register on the tining board, aloag with
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the total number of master cycles from the scintillator trigqger.
This data was read out wire by wire after each event, <29%.

The initially used gas mixture was 80% ethylene ani 20%
argon. Due to leaks in the chambers, oxygen was present in the
gas. Tonisation of the ethylenz in the presence of oxygea caused
it to polymerize on the wires, and in some cases to form Tarbon
filaments. The chambers were cleaned and a new gas maixture of
82% arqgon, 8% methana2, 8% isobutane, and 2% nethylal vapor was
employed. The chamhers were run for 1000 hoars with this
mixture, and showed no deteriorati‘on in performance. PFig, 21
inlicates the litearity of dArift velocity with distainz2 fram  ti2
sense wire for both gas mixtures., A continanous gas flow rate »>f
eight cubic feet per hour through all twenty eight chanbers in
parallel was maintained at all times., Bubblers were used on the
chamber exhaust lines to maintain a small positive opressare
inside the chambers.

High wvaltage efficiency plateaus were measured for all
chambers using an on line computer. The efficiency was estimat=43
from the ratio of events with two hits per chamber, (assumed to>
be adjacent wires), to events with one hit. Recall that adjacent
wires vere contained in separate chambers, Pig. 16, so that each
wire functioned independently of its neighbors. The stated ratio
is E2/®1 = 62/26(1~B), where € is the efficiency of a single

vire; e=2E /(F +F ).
2 1 2
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7)Y READOUT

The data were rvead out and written on magnetic tane as
illustrated in Fiq. 22 . The data flow was through CAYAZ,. The
CAMAC crate contained a fixed data unit, which provided four data
words unique to the file of magnetic tape being written.
Tncluded were a start of event word, (alternating 2's and 1's), 2a
run number, a1 trigger typse numbar, and indicators of naga=t
polarity and beam energy. Three 16 bit pattern units r=coriefd
signals from the scintillation counters, and included foar bits
»f measured magnet polarity data. Cherenkov countsr pulse height
Aata was vrecorded in three eight-input ADC's. Six quad scalers
were used to record various signal rates. The PWC 1latchzas wers
fitted in CAMAC modules, as was a special read out nodole for the
drift timers.

The scintillation counter trigger signal was used to gata
the ADC's, pattern bits, PWC latches, and the drift timer.
?ollowing the signal gate the trigger was vetoed by a dead time
signal for 3ms while the data were read into a baffer memory
nnit, <30>, The unit terminated read out upon detection of an
end of event word which consistad of eight 1's followed hy eight
0's. A read out from the buffer memory to magnetic tane was
initiated at the end of each beam spill, or after 32 events haqd

heen accumalated.
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The first 500 words of each beam spill were also sent to an
HP 2116 computer for a rough on line analysis, <31>. The on line
program displayed wire chamher data and Cherenkov pulse height
information for one event from every beam spill. The chamber
"wire on" positions were displayed on a storage scope, permitting
1 quick eyeball estimate of track detection efficiency. “hambar
andl phototube data were also accumulateﬂ in histogram form to
yield information on wire ani tube response frejueacies, 21 drift
times, and on Therenkov counter pulse heights. These features
were 1invaluable for setting up, debugging, and monitoring the

apparatus.
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Chapter III

DATA ANALYSIS

B) INTRODUCTION

6
nuring data taking, a total of 2 ¥ 19 triggers were

recorded, representing approximatsly 5 X 10q antiprotons o2n
target. The data filled approximately 80 magnetic tape reels,
wvhich were processed on the Brookhaven CDC 7600 computer.

The data analysis was carried out in four successive steps.
A first pass analysis found tracks in the chambers. A second
pass compnted particle momenta and other particle identificatinn
parameters from the basic Cherenkov and ¢track information, and
placed some rough cuts on the event quality. The thirl pass
produced plots of numbhers of svents versus event parameters with
cuts on other parameters such as particle type, charje, Cherenkov
signals, momentum, and angle of track. The data as binned in
plots of the momentum distributions were then used to 3z2tarmin=

the charge asymmetry with corrections for systanatic effects.

These steps will be discussed in more detail below.

B) PRTMARY ANALYSTS -~ TRACK FINDING

The first pass analysis program, <32>, began by assigning
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spacial coordinates to the chamber wires which had carried a
signal. The program then 1initiated a search for tracks,
beginning in the back of the spectrometer. Fig, 23 summarizes
the track search routine. Because each plane consisted of two
displaced sections, slopes of the track conld he determined when
hoth sectisons vielded signals. This was accomplished as follows.
For tracks normal to the chambers let t1+t2 = tr be the mean
total drift time. Prom Pig. 16 b, it is sean that tracks at an
angle 8 with respect to the normal vyield t1+t> = t:-At =

tc-sina/vo, where vo is th2 1rift velocity in inchas/as, axd
whare the spacing hetween planes is one inch. Thus © <can he
Jetermined. Using the chamher points and slopes , tracks were
proiected forward along "roais™ of a width reflecting th2
uncertainty in the track direction. The intersection of a "roali"®
with successive chambers indicated "windows" for farthar trazk
points. Track positions found within windows were us2d4 ¢t»o
extrapolate a road to the next chamber, the process coatinaning
until all chambers had heen examined. If a track was found 1in
the chambers behind the magnet, it was proijected to the =2nter >Ff
the maqnet, and that point used as a constraint on rozds in the
front. A further constraint on tracks in the front was an
intersection with the target volume. Tn this first pass, any

avant with a track ia the back half of the spectromatar (shambars

three and four) was saved, even if no matching track was found in
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the front.

The program compiled detailed distributions of drift times,
and produced a plot of wire activity versas wire namber. Track
finding efficiencies and track distributions within roads were
also compiled. This 1information was used to assure that the
apparatus, in particular the Arift timer, was working properly,
and that the track finding parameters were correct. 1A nodified
version of this program was used to monitor the first 1000 events
of one data tape every day.

An outpnt tap2 was produc=2d by the primacy proJrain w#hizha
contained all the original information for each recoastructai
event, plus the track fitting information. The output fron four
Aata tapes could be contained on a single secondary tape. The
ratio of (events out)/(events in) for this step varied bhetwean
35% and 4n%,

Refore production analysis was begun, data taken with tho
spectrometer magnets turned off, and at low beam 1intensity, was
used to provide a sample of straight tracks. These were used to
deternine small offsets of the chamber positions fron the
surveyed values <33>. The final position values were used in the

track reconstruction, and are listed in Table 2 .

41



C) SFTCONDARY ANALYSIS

The secondary analysis program, <34>, first placed zuts on

the track fit parameters. These cuts are summarized 1in Table
4 . They included conditions on the number of track points, on

the gquality of the fit, and a reguirement 3ﬁ the presance of
track points in the front of the spectrometer. For events
passing these tests, the vpattern bit data were decoded ¢to
indicate which scintillation counters had given a signal. The
ADC data ware adjusted for phototube gain variations, and the ADC
pedestals were subtracted to provide the true Cherenkov <aounter
pulse heights. The water Cherenkov variables were computedi.
These were the sum of all inner ring phototnhe signals, TN, of
all outer ring phototube signals, 27T, of all phototuhe signals,
SUM, and the RATIO = {OOUT-TN) /(OUT+IN). Assuming a magnet Dt > €
.45 3ev/c for all tracks, and using the magnet polarity bits, the
particle charge was deternin=1,

Tracks were then chazked Ffor —correlatisns with the
scintillation coannter hodoscopes. Rejections from this test are
11so listed in Table -84-. The events were classified by inzoming
particle (antiproton or not), and by the presence of a mnon, as
detected by the muon filter hodoscopes. Por this proqgran, the

ratio of (events out)/(events in) varied hetween S50% and 70%.



D}y TRRTTIARY ANALYSIS

The tertiary analysis program consisted of a particle
identification section and a se2ction which produced plots of the
Aata, binned according to event characteristics.

The primary 1instrument used in particle identificatinn was
the water radiator differential Cherenkov counter. To establish
the 1identification cuts on the RATIO siqnal, a data sanple
ronsisting almost entirely of pions was used. This s2lection
requir2ad (1) that the threshold counter he "on", i.e. >3.0 ADC
counts, (2) that the momentum be between 3.2 and 5.0 GeV/z, and
(3) that the charge be negative. Since the spectrometer acceapted

+
p primarily from the backward hemnisphere in the CMS, ani since

+

for p within the chosen momentum range, the spectromeatar
acceptance was peaked in the backward direction, the antiproton
contamination of this sample was much less than the correspondiag
proton contamination to a positive charge sample. The RATIO
signal was histogramed for this data, and is nearly gaussian; as
is seen in Pig. 24 ., The canter and standard deviation of the
A1istribution wvere determined for =each arm separately. Por a
Jiven hypothesis of particle mass, the measured momentum was usad
to qiveéj’. Honté-carlo calculations show that knowiag the
center of the RATIO distribution for thase high energy pions,

#=1), the center of the RATTO distribution for the given
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should be C = 97-1.845 « To be identified by this criteria, the
measured RATIO was required to lie within one standard daviation
of the hypothesised central value. The approximation was mails
that the standard deviation of the RATIO distribution was
unchanged withgy .

The same cuts as above, but without the charge requirement,
were used to select a data sample for histograming +he water
counter SiIM, This distribution is a rouah gaussian with a loaq
tail, as is seen in Pig. 25 . The primary source of the tail
was multiple particles simultaneously traversing the radiator; a
second source included particles directly hitting the phototnhes.
Delta rays formed a negligible contribution to this effect. A
lower cut of roughly one standard deviation was selszted to
remove protons, and an upper cut of approximately three 3standarad
deviations was selected to remove most multinarticle events.
These cuts will be referred to as the "one particle” cuts.

The sum of the outer phototubes »only, JUT, was also
histogrammed for all particles of momentum bhetween 2.2 and 2.5
GeV/c. A clear peak is seen for pions, and a pile up n2ar zerd
represents protons. An upper OUT cutoff for protons was thus
astablished; see Pig. 26 .

Particles were identified as protons if they passed oa3e »f
two tests; as ountlined in Table 5 . Tn the first tast, tho

momentum was required to be less than 2.8 GeV/c, and the outer
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ring of the Cherenkov counter was reguired to have less than 15
(17) counts in the right (left) arm. Tn the second test, the
momentum was required to be greater than 2.8 GeV/c, the threshold
zountsar waé required to be off, (less than 3.5 counts), and the
vater counter RATIO was required to match that expected for a
proton of the given momentum. Por protons, most of thas events
had almost no light in the outer ring, for RATID=-1,

Particles were identified as kaons if thevy wer2 withia the
cuts on the SUM as determined for single particles, and if the
RATTO was correct for a kaon of the given momentum; se2 Table

5 .

Particles wer2 identified as pions if they passel esithar >f
two tests; see Table 5 . In the Ffirst test, the threshold
counter wis required to he "on", the momentum was required to be
greater than 2.8 GeV/c, the S5UM of the water counter phototubes
was required to be within the one particle cuts, and the osuter
ring of the water counter was required to have more than 15 (17)
counts. In the second test, the momentum was required to he less
than 3.5 GeV/c, the RATI0O was required to €all within one
standard deviation of the adjusted pion peak, the SMM was
reguired to be within the one particle cuts, and ajain the ounter
ring signal was requirel to b= above the proton cutoff.

Under this schene, an event could be classified in ap >

three ways; see Pig. 27 . Approximately 60% of the events were
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unclassifiable in any category, due to ambiguous water coaater or
momentum data. The classification scheme was established so as
to maximize the number of actual pions, and to minimize the
proton contamination of the pion sample. Prom the diaqram, there
is a small overlap in identification of pions and pratons. Since
these avents had a substantial outer ring signal, most »>f the
particles were probably real pions. They vwere made amhiguous by
having a momentum between 2.8 and 3.5 GeV/c, where the threshold
counter was just becoming sensitive.

Trhe kaons posed a more difficult problem. Of the avents
classified as kaons, only 2.4% were not also classifiedl as pions
or protons. To estimate kaon productiosn, we used data available
from pp interactions. Since in pp 1interactions at 1least two
haryons must be produced in the final state, data from pp->pp+k+X
at 19 3eV/c should conpare well with pPp->k+X at 15 Ge¥l/z, IJTsina
the data presented in Particle Spectra, <35>, for 19.2 3eV/c
incident protons with a 2 GeV/c secondary particle at 180 in the
lab, we find the production ratio 7;/P*=1, in agreenent with ouar
pp data, and n:/k’=10. The particle 1identification program
vields a I;/k- ratio of 2.2 for our data, so that osaly abont 1/5
2f the so-called kaons actually were kasns. Pron our ohserved
W/k overlap, this implies a 6% kaon contamination of the pion
signal. A kaon contamination of 6% would rejuire2 a ~harge

asymmatry of 17% to produce a 1% effect in the pion data. Since




the kaon CMS angle spanned 900 symmetrically, there were no
acceptance effects in charge asymmetry. We expect Fhat any kaon
asymmetry would contribute 1lass than .1% to the fiaal rasult,
which is well below our statistical limits. The kaon
contribution to the proton signal was nearly identical to that of
the pion sample, and could be 1ignored for the sam2 reasons.
Thus, any event unigquely labled a kaon was thrown out of the
sample, and those which were ambiquous wer= taken as pioas or as
protons.

Following particlas identification, the data sampl=a was
further refined and binned. Fvents were selected which had a
single identified pion track in at least one arm, anl which
intersected th2 vartical dimension of the target #ithin dn2 inca
of tha target center. These 2avents were sorted accoriiang to
anjle of track intersection with the beam line, accordiny %o the
Pt of the particle, accordiny to the =zharge of the pion,
according to the arm giving ¢the signal, accoriing to nagnet
polarity, and according to the target state, (full or empty).
The angular bins ranged from 15.10 to 17.20, 17.2o to 18.80, and
18.8o to 21.80 in the laboratory, or 'centerei on ronahly eoo,
euo, and 880 in the €Ms, assuming a pion/Z=1. The nt bins rangad
from .48 to .67, from .67 to 1.0, and from 1.0 to 2.7 GeV/c., The

uppermast limit is the 1limit for the production of a single ninn

pair. About .8% of the svents at this stajye showed 11physizmal
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momenta, i.e. greater than 8.% GeV/c, or 2.7 GeV/= Pt, and vere
removad from the sample. For each magnet polarity of each arm,
the data was thus presented in 18 bins in Pt, A, pion charg=, and
for =2ach of target full and emnpty. The data so binnel warsa
recoried on tape for further analysis, A typical momentum
distribution is shown in Fig. 28 .

Data with protons identified in the spectromneter acws and
Aata obtained with a pion trigger on the incident heam were

sorted and recorded in the same manner.



CHAPTER IV

CHARGE ASYMMETRY AND CORRECTTONS

A) INTRODNZTION

For each of the 3f data bins in Pt, angle (®), mnagnset
polarity (A,B), ani arm (L,R), the charae asymmetry

+ -
+N )} was calculateld for the target full data. These

v -
(N =N ) /(N
uncorrected values are shown in Table 6 . The format for this
table is the same as for successive tables, and will ba
summarized below. The first column lists the magnet polarity, A
oar R. The second column indicates the spectrometer arm bhin, R or
L. Tae third column iadicates the C#S anyle bin, 1 =2nt2r21 >3n
800, 2 on Ruo, and 3 on 880 CMS. The fourth colunn gives the
1ata counts for positively charged particles, from a full target.
The fifth column qives the data counts for negatively ~hargai
particles from a2 full target. Columns six and sevea preseat the
jata counts for positively and negatively charged particles from
an empty target. Columns eight and nine present the results and
statistical errors of the normalized subtraction of targest empty
data from target full data for plus and minus charges, which 1is

described in the next subsection, and is not applicable to this

particular table. The tenth <column, labled DELTA, gives the
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charge asymmetry; in terms of columns it is (8-9)/(8+3). The
arrors are statistical. The final column 1is the algabraic
average Sf DELTA over A and B polarities far each angle bia, for
example the first entry is the average of DELTA from rows 1 and
7.

Corrections wera male for target empty, for protons in the
spectrometer which were misidentified as pions, for pions in the
incident bheam which were misidentified as antiprotons, and for
differential pion absorption in the spectroneter arms.
Systematic asymmetries resulting from the apparatus and beam
polarization were removed., Pinally, the asymmetries €from the
three angular bins were used to determine the asymmetry at 900

CMS. These procedures Will be discussed in more detail balow.

3) TORRTTI ONS
1) TARGET FMPTY

Data were taker hoth with the lijuid hydrogen targat Ffall
and emptv, with triggers recorded in the ratios o>f 3:1. This
comhination was established to maximise the total annher of
target full triggers for a given run time while %eeping the
target empty contribaution to the statistical error small. The
contribution to the statistical error increases as th2 anoint of

tarqet empty data decreases. The antiproton flax outsiie of
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deadtimes, i.e., the 7. (P®) flux, wvas recorded for all runas. Thsa
ratio of total p.(TM for full target to total p. (OT) for =mpty
target at sach magnet polarity was calculated. These ratios wer=
nsed to normalize the number of target empty triggers t5 the
.(M flux on target full, requiring a factor of 1.7 for A
polarity, and 1.5 for B polarity. The normalized distrihution
was then subtractad from th2 target full lata for ea~ch data
categary separately, removing contributions from the target

flask, holder, super insulation, and vacuum windows. Th= targat

empty asymmetries are tahulated in Table 7 ,

2) PARTICLFE MISTDENTIFTCATION

The next major contamination of the signal was from ovrotoas
of less than 3.5 GeV/c which were misidentified as pions, iue to
the simultaneous presence of adiitional particles in th2 water
connter. This was a severe problem because of the wide angular
acceptance of protons in the CMS. Pions were accepted in the CMS

0 o . o) o)
angular range of 77 to 92 , kaons in the range of R2 t> 103,
L3 o o o.- —
and protons in the range of 86 to 129 , wvhere 7 i3 ia the D
Adirection. The lovwer limits were set by a 5 35eV/c particle at
° - : o
16 in the lab, 311 th2 upper limits by a 2 5eV/c parti~l2 at 20
in the 1ab. Sinca antiprotons from elastizc szatteriag

predominated in the forward hemisphere, and bprotons i1 the
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backward hemisphere, the acceptance asymmetry resulted in a larqge
charge asymmetry for protons, The proton asymmetries were as
large as 57% at 1 GeV/c and 29% at 3 GeV/c. The chirge asymmatry
far pcotons in the spectrometar, with target ewnty =drrectioa, is
shown in Table B8 .,

To estimate the mnl tiparticle background, 1 track
intersecting the target within one inch of center was reaquired in
the L(R) arm, with no track in the back chambers of the other
arm, P(L), bhut with a water counter RATIO appropriate for 3 pinn
in that arm. These "opposite arm" particles were probhably low
momentum pions which were swept away by the magaet. 311 events
were required to have a track in at least one arm, bnt only .7%
of the events had r=construct=2d1 tracks in both arns, Thus the
~ontamination of the Mopposite arm" signal by real donble arm
events was negligible. The SUM of all water counter phototube
signals was histoqramed for "opposite arm" events and the nuomber
of events within the "one particle cuts" was determined; seo2 Pif7.

290 . These events had satisfied all criteria for a pion of less

nilar

Ty

than 3.5 GeV/c except for the presence of a track. A s
plot was made of the water counter RATIOs for such events , whar»
the cut was on the water counter SUM, and the namber of events
with the proper pion RATTO w2r2 addesd up from the histogran; see
rig. 30 . Results for the ¢two approaches , for eithar arm,

agreed to within 1%, ¥or tha R (L) arm, this numher >5f 2vaats was
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divided hy the numhar of events with reconstructed tracks ia the
L{R) arm to yield a fraction of events with ons particle in each
arm, one of which left no track in tha rear chambers, hut which
jave a pion like siqgnal from the water counter. This fraction is
taken to be .09,

We note that the probability of having a recoastracted track
in the L(R) arm, plus a particle in the 7 (L) arm water counter
which appeared to be a pion, is not equal to the probahility that
both asccurred in the same arm. Our concern, however, is #ith the
contamination of the proton signal by slow pions in the sane arn.
To correct for the reduction in ‘Treconstruction efficiency when
thare were two particles in an arm, and to correct for kinematic
effects, plots of number of events versus the STM were male of
?(Ly, reaguiring a track in L(R), with no sther cuts. For cvents
with a track in the right arm the namber of events within the
"one particle cuts"™ in the left arm was 31604, see *ig. 31 .
Por avents with a track in the left arm the number of events
within the ‘'"one ©particle cunts" in the right arm was 35218, A
second set of SUM histograms was maie of R(L), regairing onlvy 2
track in R(L). Here a distinct central pion psak was s22n, with
a lony tail due to two particles. The events in this tail were
takan t> be "two particle" evants. Tn the right arm th> numbar
of "two particle events" is 23596; see ®ig. 32 . Tn the 1left

arm it is 30922. We have chosen the last twenty bins, excluding
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the overflow bin, for the width of the tail, corresponding to the
width of the one particle cut, This results in an overlap of the
tvo ragions by three bins. This is acceptable since the choice
of bonndary is uncertain and since an equal number of bhins is the
only reasonable way of comparing the two rejions; i. e, following
a scenaris where the two particle region is a displacement by a
constant SUM of a portion of +the one particle region. This
vields a suppression of .75 for tracks in the right arm and of
.87 for tracks in the left arm. The averagqe of hoth arms {is
approximately .8. This is taken to be the observed suporession
of twd particle events with both particles in the same arm,
compared to each in a separate arm.

The suppression of "two particle events" fcon two arms to
one was calculated on a separate data sample from that us29 1in
calculating the ratio of spurious pion events for the following
reasons: (1) the opposite arm data used in calculating the
spurions pion signal gave a clean sample of non-tracks which
produced pion like water signals, and (2) the suppression factor,
which was the crudest part of the estimate, could he determnined
independently over all pairs of particles, rather than »var the
subsample of those that had pion signals in the water ~ounter.
This 1latter subsample had the preselection of a pion-like water
counter signal, so that in the "sams arm" plot, the event would

most likely consist of a real pion, providing most of the light,
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and some second particle,perhaps also a pion, 1adding a smaller
fraction of the light. Thus, the sample wonld be enriched with
actual pions even outside the "one particls" cuts. The uncut
sample reflected only the change in "two simultaneons particle®
probability from two arms to one, for any true particlr track
accompanied by a slow pion.

The procedure described above provided a rough estimate of
the fraction of tracks which were accompanied by slow pions. Por
high energy pions accompanied by a slow pion, the water counter
RATIO remained unchanged; how2ver, some events vwere renoved from
the sample due to a large SUM in the water counter. Unless there
is a sizable correlation between the electric charges of the fast
and slow pions, this would not result in a charge asymnnetric

affect, anl so was ignored. There is a known correlation of like
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charged pairs of pions tending to have smaller opening angles

than unlike charged pairs, <36>, but there is no evidence of an
averall charge asymmetry in this effect.

For protons accompanied by a slow pion the probahility of
the =2vent appearing as a high enerqgy pion varied with proton
enerqgy. As the momentum increased from 1.5 to 3.0 tha proton
left an increasing amount of light in the water counter. The
more light it ‘1eft, the less the slow pion contribnted to the
total signal, and the less was the chance of misidentification.

Above a momentum of 3 GeV/c, the threshold couater ideatified



trua oions and removed almost all of tha proton hackgrouni.

In an attempt to arrive at the contamination fractions
quantitatively, SUM plots were made with cuts reqgairing that th2
track extrapolate to within one inch of the center of the target,
and that the RATIO was hetween -1.2 and -.75, (most light in the
inner ring, and outside the pion cut). The S"M plots were made
for six momentum intervals: 1.2 to 1.5, 1.5 to 1.8, 1.8 to 2.1,

2.1 to 2.4, 2.4 to 2.7, and 2.7 to 3.0 GeV/c. The Aistributions
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showed a substantial proton peak which hecane centered at highar

SUM values as the average particle energy increased. Below 2.1
GeV/c, the SUM for the particles under the peak was negliaibla,
so that any proton in this range, when accompaaied by 1 slow
pion, would appear to be a pion; see Fia, 33 . Since the SnM
increased with proton momentum, the range of SIMs for a seconAd
particle waich couli b2 addel to a track particle 121 still »2
count2d as 1 qood pion hecama2 shifted Aownward, dne t5 th=a npp=ar
SUM cut. Because of the shape of the second particls S0
Aistribution, this had the effect of reducing the number of
accepted second particles. The magnitude of the reduction was
estimated from the shift in the central position of th= proton
SUM p=ak. In the range 2.1 to 2.4 GeV/c, this was tha only
reducing effect; see Fig. 38 and 35 . In the range 2.4 to 2.7
fev/c, see Fig. 36 , the proton SUM distribution was bhecoming

broadsr, and the proton’was contribnting a larger fraction of the



total light. As in the range of 2.1 to 2.4 GeV/c the STM shift
resulted in a2 reduced number of spurious pisn siqnals. The width
of the proton SHM distribution also became important in this
range because of the spreading of the combined proton oplus slow
pion SfMs outside of the SUUM cuts. The lower 1/3 of th> proton
SOM distribution when combined with the lower 1/3 »>f the slow
pion Aistribution, still had too low a SUM to b2 counted as a
pion. The upper 1/3 of the proton distribution, when <~nmnbined
with ¢the upper 1/3 of the slow pion distrihution, had to> high a
SM. Those events consisting of a proton in the upper 1/3 and a
slow pion in the lower 1/3 had more than osne-half of tha 1lijat
from the proton, and would be rejected hv the 1ow RATIO. Only
the comhination of a proton in the lower 1/3 and a1 slow pion in
the uppor 1/3 would get through the pion cuts, as would any
combination of a proton and a slow pion both from the midil= 1/3.
Thus the total fraction surviving the pion cuts was 1/3 + (1/4 x
273y = 1/2. In the range 2.7 to 3.0 GeV/c, see Fij. 37 , the
distribution of proton SiMs was broader and centered higher. The
same considerations applied as before, with some adiitions.
One-half of those protons in the middle 1/3 had enoagh 1light to
dominate over the 1light of the slow pion, reduciag that
contrihutiosn through the RATIO cut. Most of the protons had a
ST¥ in the upper 1/3, where all combinations were r=+jacted by

their proton dominated low RATTD., This effect was estinated to
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reduce the number of spurious pion signals by 1/2. Thus, (1/3 x
1/2 + /46 x 1/3) ¥ 1/2 = 1/6 survived the pion cuts.

The three redncing factors described above for each momentnm
interval were multionlied +to produce the ofarall pcoton
contamination €fractions. These correction factors wer~ aiven
systematic errors of +80% of their values, due to 1incertainties
in the estimating technique. The resulting fractions »f protons
which can give a pion signal ars then:

P (3eV/c)  FRACTTON

.
<2.1 .07
2.1->2.4 .07
2.4-3»2.7 .03
2.7->3.0 N1
3.0->3.4 .00

As a first order correction, the corraction fractions
multiplied the numher of protons measured in each momentum range,
anl the result was snbtracted from the namber of pions iar that
range. This was done for e2azh hin in angle, Dt, naqnet polaritv,
and target PULL or EMPTY. The Jata so corrected was asa2d to

+ - ¢ -
calcilate th2 charge asymmetry A =(N -N ) /(N #N ) see Tabla 9 .,
The computer code which generat=24 this table incorporated the

correction described above in calculating DELTA, using the data

tabulated in table 8.



3) PTONS IN INCTDENT BEAM

To correct for any asymmnetry due to pions in the incident
beam a small fraction of the Aata were taken at lower intensity,
withount the antiproton raguirament in the trigger. Siace there
were approximately 300 pions for every antiproton in the bean,
this was essentially a trigger on negative pions. A prassure
2urva of the Co? Cherenkov counter indicated a pion contaninatinn
of the antiproton signal at the 3% level; see Tijg. a . The
entira 3analysis was carried ont an the pion inzii=2nt Jata 2xacztly
as for the P incident data. The asymmetries ohtained ar~ shown

in Table 10 .

C) PINAL ASYMMETRY

The asymmetries, with target ampty and proton
misidentification corrections, wa2re averaged over A and B8
polarities, removing exactly any systematic up-down asynmnetries
in the apparatus, Tn the 1laft arm, the switzh fron A to R
polarity produced, on the average, a change in the value of the
asymmetries of .04, Tn the right arm, the average change was

<27,

The resulting asymmetries reprasented eighteen bins, sortod
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according to 1left or right arm, angular bin, and Pt ranjye; sae
Table 9 . ®dithin each Pt range, the asymmetries were fit to a
straight 1line and extrapolated to 900 in the CMS., To calcalate
the CMS angles, the incident beam momentum was taken to be 14,8
GeV/c. A systematic uncertainty of +.2% was assigned to the
final asymmetry results based on an uncertainty of +.2 3eV/c in
the beam momentum. Within each P* bin, thelaveraqe pioa nonentum
within that bin was determined and used to calculate the average
CMS angle for each of the three laboratory angle bins,

The xz per degree of freedom of the fits were bhettar than
1.5/D0F in 1311 cases, and averaged to .U4/DOF, A linear
axtrapolation to 900 is reasonable, since the measnr=24 pion
spectra are nearly flat in this anyular region. Thus, necar 903,
we expect /A to be a nearly flat, 1linear, and an »5dd functinn
crossing zero near qoo CHSs., The data of th=2 dabna groap,
<22>,Piq. 2 , bears this out.

The measurements from cach arm vere essentially iniep=andent,
and were averaged for each momentum range. Since the arms ware
nlaced symmetrically about the h=am axis, this averane r=movaA
beam pnlarization effects.

The pion incident data was independently extrapolated to 900
after subtraction of target ampty and proton hackgrounds. The KZ

per degree of freedom for the fits averaqged to 1.1/D0OF, anl was

as bad as 2.8/DOF in one instance, opresunablv die to poor
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statistics. The resunlting asymmetries were averaged over rcight
and left arms. This result was divided by 33.3 and subtracteAd
from the antiproton incident asymmetries to produce the final
results; see Table 11 .

The resulting asymmetrias for the Pt bins .48 to .57, .67 to
1.0, and 1.0 to 2.7 GeV/c are .0037+.0115, .0178+.0145, and
-.0N25+.0311, Tha 2rrors ar2 entirely statistizal. Ta»
systematic errors produced in the pi subtraction are of ths sane
orier as the statistical errors and are +.014 for the .5 to .5
GeV/c hin, +.009 for the .Hf to 1. GeV/c bin, and 0.0 for the 1.
to 2.7 Gev/c bin. Tn all cases, our results ar= consistent with
zers charge asymnetrv. The asymmetries from the threes bins may
he consilered as three independent neasurements over thes momentunm
range .5 to 2.7 GeV/c. The asymmetries may thus bhe combined by

weighting according to the statistics of each:

2 2
=(¥X (8 /5 T
B ayepary= (K (877 N/XQO/0 )

2
= 18V /7
Toverall o775 )
When the data from all three bins are combined, the asymmetry is

. 0084+.,0099 ., In Appeadix D the effect of mwnattar in tar2

-

+
spectrometer on the differential absorption of 7~ is addrassed.

A spurious asymmetry of .0021 was estimated, which 1is probably
qood to within a factor of ¢two. Because this limit is well
within our statistical error, anl bacause of the unicertaiaty in

the magnitude 5f the limit, we leave it stated s=parately.

61



CHAPTER V
CONCLUSIONS

As shown in a previous section, the ratio »f Re(C-vinlating)
to (C-conserving) amplitudes is dust 1/2 of tha asymmetry . 1Tn
terms of amplitudes, our limits in the respective Pt biis are
+.0058, +.0073, and +.0156, or +.005 overall. While thes2 limits
are of the same order as those of previous C symmetry tests, this
experiment has investigated exclusively high Pt avents.

A comparision of the slopes of the data when plotted in
asymmetry versus CMS anqgle was made with the Dubna results. The
Nubna Adata was obtained from a plot of asymmetry versus rapidity
in tha CM5, y*, €22>, ani ra2plotted as asynnetry versus 217le  in

the °MS, see Fig. 2 « For the three Pt intervals whizh were

nsed, the fitted slopes were:

Dt (GeV/c) Slope: Asymmetry/Deqgree
N.0->»0.5 .0036+.0012
N.5=-3>1.0 .0083+.0018

1.0-31.5 .0105+.0009
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The fitted slopes given by this experiment, see Fiq., 38 , are:

Pt (GeV/cC) Slope: Asymmetry/Degree
«H=>.6 .0056+.0021
.6=31, .0047+,.0006
1.->2.7 .0063+,0065

While the Dubna data shows a distinct increase of 3lope with P,

i.e. an 1increasing front-back charge asymmetrv in the CMS, this
experiment shows such a trend only weakly. As seen in Fig.
38 , the data points for the different Pt ragions fall within
aach others error bars, as do the pdints from sucecessive aagularv
bins. Moreover, the angular range of thas Dubna data is wider,
permitting a finer discrimination of slope. Thus, the lack of a
clearly defined slope trend in nur data is nnderstandable.
In conclusion, the resnlts of this exporiment are coasistent

+
with no C-violating amplitude in Pp=>,+¥ to the level of 5%

Rl 4

over the Pt range .5->2.7 GeV/c. This result is consistent with

those obtained at 1lower P , and with the expectations of the
milli-strong model, which predizts an effect on the aordar of .1%

at low P .
t
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APPENDIYX A
MAGNET MEASUREMENTS

Puring the flip coil magnet measurements, the coil voltaqge

was ampli fied and inteqrat2d by an operatishal anplifier

’

integrator, as shown schematically in Pig. 12 . Here, V1=-GV
o

where 3=Rf/R is the gain.
0

Then v_=-1/rc(v at
2 i
= v =-1/9cft-sv ) at
2 0

=>V =G/RC§V dt.
2 o

For the setup used, R=100kxn, C=8,f, G=5. From Faraday's law,
g==1/cc Advr/4t. Integrating, we find €t=-%/c, wher= 2 is tho
alectromotive force induced in a loop while cuttiny through an
am>unt of magnetic flux, P, in time t. Thus statvolt-secoads is
equal to ~-1/c gaus-cmzz converting statvolts to millivolts, aqans
to kilogaus, the relation of units hecomes kiloqaus—cn2=100 Y
mV-sec. Thus ¢(kqans-cm2)=102RC/G (mV-sec) 1is the change in
flux through the loop.

To geth~dl for the line along the center nf the flip rcoil,

field as seen by the coil, (2) by the numher of turns on the

coil, which is three, and (3) hy the average width of the co2il
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form, 1.9881,

ThusjBoﬂl {kqaus-in)=207.91 X mV-sec. From the ILorent? forc2 lawvw
F=q/c V¥XB, we find that AP=q/c d% X B , and integrating, p=q/c
Bl, so that P (Gev/c)= (1/1313.22)38»(11 (kgaus-in).  Sunnarisina

these results, Pt=.1%83 X {(mV-sec).
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APPENDIX B
BEAM MOMENTUM

The magnets in the heam line were adijusted for a 15.0 GeV/c
beam. A number of ralibration checks were made usingy a1 U48DU8Y
magnet in the beam 1line, as shown in Fig. 39 . At 223+1/2¢
downstream from the magnet center, a horizontally moveable
scintillation counter, 174" wide, and 6" in the vertical
direction, was mounted to d=termine the bean position. This
counter was placed 1in coincidence with the b=am pion threshold
counter, and normalized to tha 900 heam monitor at the prodaction
taryet. Th2 scan was majde in 1/4" intervals. A nagnet current
2f 1710 anperes was chosen to produce a beam offset of one half
the scanner travel, thus allowing room to map the edges of the
beam. This produced a measnred deflection of 3.96" at the
scanner.

A partable Hall prohbe was used to verify the 1linecarity of
the cantral field as a function of magnet cuncrent, batwzan A00
and 2999 amps. A previonus field map of the magnet, <37,
provided a calibration measurement of Pt along the central axis,
at 3007 amps, and verified the linearitvy of the field with
current 3000 amps; see Pig. N0 . Osing fB-dl over a line 70"

from the magnet center, the Pt of the magnet was givan as
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442.9 MeV/cC. Since we had tha majynet positioned at aa angle »>f
150 t> the beam line, the Pt was 1increased to approximately
442.9/cos15 = U458.5 MeV/c. Scaling this by 1710/3000, the
sperating Pt under our conditions was 261.6 MeV/c. This implied
a beam momentum of 183,73 GeV/c.

An alternative calibration at 3000 amps was also provided ,
<{37>. Tsing a computer model of the magnet, the "t vas
integrated along a track at 150 through th= magnet center. This
vielded a Pt of 451.8 MaV/c, which implies a hecan momeartun »of
14,5 GeV/c.

Since the magnet had been moved and connected t5 a n2w pow2r
supply between the previous calibration and our usa2, an
iniependent measure of‘SB~d1 was attempted using a ten foot 1long
flip coil. The computer control for the magnet pow2r was not
operating when this test was male, so that the maagnet cirreat was
monitored at the power supply in terms of millivolts across a
shunt resistor, which gave 40 amps/mV. Measurements were made at
47.93 +.1 =V, 42,75+ .05 mV, and 75.0+ .05 mV., At the last two
values, Hall probe measurements were made for comparison with the
previously compiled data. These measurements revealed a 17.9 mV
>ffseat on the shunt voltage, which required a ~~orrection
coefficient varying with maagnet current. The first two

measurements,with their respective correction factors,yvield Pt's

of 262.1 MeV/c and 265.5 MeV/c, and thus heam momanta of 14,75
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1)

and 14.95 GeV/c.

Pinally, the high pressure Cherenkov counter was used to
estimate the beam momentum., The efficiency € of the RCA 8575
phototubes was plotted as a function of freguency, and 1ivii=j
into sight frequency intervals of width b . At the center of

i
each interval, the index of rafraction n_ of CO? Was calcnlated
i )
from an emnirical dispersion relation <38>, normalized to the
0
shserv2d 1index at 5460 &, <39>. The average index of refraction

-3
was ohtained by evaluating ¥n e b /Pe b =180 = (7.25 +.0510 .,
itii ii
This wvalue, combined with the c0s8=.998783+,.,003033, of the
1iffarential Chereakov ring, yields a beam momentan of 14,8¢,2
7eV/c.
The beam momentum as finally used in the data analysis was

14.8+ .2 GeV/c. Superimposed upon this is a +3% monentum spread

1llow=21 by the central momentum slit collimator.



APPENDIX C

BEAM PROFILE MONTTOR

A MAPC, similar ¢to those wused 1in the front of the
spectrometer, with both ¥ and ¥ modules, was set up downstrsam of
the target to monitor beam position and size, see Pig. 5 .
Wires were grouped together for an effective 3/8" resnlution.
Rach group of three wires was attached to an intearatorr
csonsisting of a 22M>5L resistor and a 500pF capacitor., This in
turn was connected to an M0S switch. The <circnit 1is given in
Fig. u1 . The integrator accumulated charge from the wires,
vhich was read out when a scanner closed the M0S switch. Tha
scanning device consisted of a series of shift registers. As the
one "on" bit was saquentially shifted along, it operated the MOS
switzh attached to that register output. The outputs of a2ll the
M0S switches vwere summed together, amplified, and sent out osver a
50s. cable to be displayed as a beam profile histoaran on an

oscilloscope.
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APPENDIX D
DTPPTRENTIAL PTON ABSORBTION

Checks were made on the contribhution to the asymmetry of the
differential absorption of 11'+ and n: by nuciear mnatter ia the
spectrometer. The Aifference of the ﬂf and n: cross sactions on
protons were averaged over the momentum spectrum of pioas to
vieldlg - + = 3.9+.9 mb/proton <40>.

(r-m . _ . _

Tt is known that G(gp)=7inan)y; g(orn)=(M p). PIC the
isotopically pure nuclear states, (I=0), of carbon, oxygd=sn, 2and
nitrogen, the nuclear interaction effects cancel; however,
coulomb effects and the interfarence of the coulonb aﬁd strong
interaction do yield differential absorptions for these nuclei.

The apparatus contains 1.01 qram/cm2 of excess protons,
mainly from liquid hydrogen and water, and .031 gram/cnz of
axcess nentrons from fluorine, aluminum, chlorine, and argon.
Shielding of these neutrons by other nucleons effectively redacad
the neutron density by about a factor of three, for an affective
Aifference of 1.01 - .031/3 = 1.0 gram/cm2 of excess protons ovar
neutrons.

We define # as the differential probability of a [T being

+

absorbed in the spectrometer with raspest to afnf .

_ 23 -27 -7
Then # = 1.0 x 6,022 x 10 x 3.9 ¥ 10 = {2.35+#.54) x 10
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Tf we split & up between an attenuation of jT and an enhancement

+ + .
of M cross sections, then the measured N c¢an be repr2santed as
+ - -
N (1+44/2), anl ¥ as N (1-¢/2) . Dropping the subscript
true true

“true", we find that the asymmetry

+ - + -
S= N (14872) = N (1-g/2)) /(N (1+8/2) +N (1-d/2))

x (N+-N-)/(N++N-) + gr2 = § + g/2.

true -3 ‘
Sy that AS= @/2 = (1.17+.27) x 10 is the contributionr to the
asymmetry.

The coulomh interaction introduces a second order affect,
decreasing the ﬂ'*D cross section with respect to the ﬂrn Craiss
sectiosn anl increasing the]Tfp cross section with respert to that
of nfn. For our detector, the average 7 of the nurclei was =7,
the total mass was 8.58 qram/cmz, anil the average pion momentanm
vas 2.71 GeV/c. As shown in <#1>, this yields an asynnetry of
(5.45+.02) x 10 .

The interference of éoulomb and strong forces for 3 pinon
within the ngéleus vields a charge asymmetry which may be
estimated using optical model calculatisns, as showa ian <81>,
The asymmetry was estimated to be (4.87%#.B88) x 10-u, <h2>,

The total <contribution to the charge asymmetry from
differential Trt ahsorption in the spectroneter arns was thus

2.10+.52 x 10 . We emphasise that this is an a2stinate, and may

be off by as much as a factor of twvo.

73



74

FOOTNOTES
<1> Christenson, J.$ Cronin, 1.3 Fitch, V.; Turlay, P.: Phys.
Rev. Lett. 13, 138, (1964).
<2> Kleinknecht, K.; Ann. Rev. Nuzl. Sci., 26,1, (1976) A

review article with an extensive bibliography.
<3> rthe exceptions were (1) a test of T invariance in parti:uiar
electromanetic channals at SLAC ani CEAs Roct, S.; =2t. al.:
Phys. Rev. Lett., 24, 748, (1970) Chen, J. .3 et. al.; DPhys,
Rev. Lett., 21, 1279, (1968) and (2) a t2st of Z invariance at

>roceedings of the Third European

— - - —— i

Dubna, Boos, R. G.: et, al.:

Sympasium an Nucleon-Antinucleon Interactions,ti1, (1976),

- Pergamon Press, Oxford.

<4> pPais, A.:; Trieman, S. R.; Phys Lett,, 298, 308, (1969).

<5> This astimate neglects phase information, which wonld yield
an aven lower limit.

<6> Wu, C. S.; &ambler, F; Hayward, PR. W.; FHAoppes, D. D.,
Hudson, R. P.; Phys. Rev., 105, 1413, (1957).

<7> 3>ldhaber, M.; et. al.; Phys., Rev,, 103, 1115, (1958),

<8> Lobashov, V. M.: V¥Wazarenko, V. A.: Saenko, Le P.3
smotritsky, L. M.; Kharekevitch, G. I.; Phys. Lett., 253,

104, (1967).



75

<9> Gormley, M. E.: 2%, al.; Phiys. Rev. Lett., 21, 402, (1968)
<10> Perkins, D. H.; Introdnction to High Energy Physizs, 117,
(1972) Addison-Wesley,

<11> IhiAd.,120.

<12> Dress, W. B.; Miller, P. D.; Ramsey, N. P.: Phys. Rev.
D7, 3147, (1973). Ramsey, N., P.3; Bull. Am. Phys. Soc., 21,

61, (1976).

<{13> Weitkamp,¥.G.: et. al.; Phys. Rev.,

Y
1

S, 1233, (1968),
Von Witsch, W.3; et. al.; Phys. Rev., 169, 923, (1968),
Thornton, S. T.; et. al.; Phys. Rev. Lett., 21, 447, (1968).

<14> Prentki, J.; Veltman, M.; Phys. Lett., 15, 88, (1965).

<15> Lee, T. D.; Wolfenstein, %.; Phys. Rev. 1388, 1490, (1965).
<16> Okun', 1. B.;: Soviet Journal of Nuclear Physics, 1, 679,
(1965) .

<17> Pais, A.; Phys. Rev. Lett, 3, 242, (1959). Pais, A
Treiman, S. B.; Phys. Rev,, 187, 2076, (1969).

<18> Baltay,C.; et. al.; 15, 591, (19658).

<€19> Kitagaki, T.3 et. al.:  Symposium on Antinucleoan-Nuclesa

Interactions, CERN 74-18, 269, (1974).

<20> Dobrzynski, L.8 et. al.; 22, 105, (1966).



<21> Chen, C. K.; et al.; Argonne Lahoratory pra2-print,
ANL-HRP-PR-77-22, (1977).
<22> Boés, F. G.: et. al.; Proceedings of the Third Furopzan
Symposium on Nucleon
Pergamon Press, Oxford.
<23> ™he magnet control system was designed and maintained under
o & direction of nNarek Lowenstein, BNL.
<24> These counters ware used courtasy of the Weisberg gqroup at
the Iniversity of Pennsylvania.
<25> The heam Cherenkov connter was used courtesy of Ted Kyzia,
BNL.
<26> ®Pitch, V. L.; A Broaj-Band Focusing Chersnkov Counter.
Intarnal report, Princeton University.
<2?7> Rinterherger, H.; Winston, R.; Rev. Sci. Inst., 237, 1094,
(1966) .
<28> The proportional wire chambers were used courtesy of A
J. S. Smith, Princeton.
<29> The time digitizer was desiqned by Marius Tsailas, and
built at Princeton by Marius Tsailas, Ann David, Dick Rahorman,
and others.

<30> The digital readout interfaces was designed and huilt hv

Carl Ropp, at Princeton.

76



<31> The on-line program was created hy Victor Bearqg, Princeton.

<32> The primary analysis program was created prinipally by

Victor Rearg.

<33> The straight through analysis was done by Mike Witherell,
<34> The s=2condary analysis program was produced mainly hy
Victor RBearqg and Rosanna Redqge.

<35> Grate; Hagedorn:; Ranft; Particle Speztra, CRRN pnbhlication,

(1970) .
<36> Goldhabher, G.; ~t. al., Phys. Rev, Lett., 3, 181, (1959) .
Soldhaber, G.; et. al.; Phys. Rev., 122, 300, (19360).
<37> The magnet measuremnents were provii=d by the ®nales group
of Carnegie Mellon Mniversity.

<318> Cuthhertson, C.: Cuthbertson, ".:; Proc. Roval Soz.,, 97,

———

152, (1920).

<39> Haye, F. R.; et. al.; Argonne National Laboratory Raport,
ANL6916, Chemistry, (1964).
<40> H8hler, G.; et. al.; 7. Physik, 180, 430, (1964).
<41> The differential absorption problem in this apparatus is
analagous to that analysed by Rohert Webbh in his dn-toral
thesis: Webb, R.; Princeton University Technical Report #3, u8,
{1972).

<42> A modified version of a computer program written by Robert

Webb for another spestrometar was used to comnpute this resnlt.

77



FIGITRY CAPTIONS

-1- A) Coordinates for pPp->1+#2+X

B) Action of PR on Dp->1+42+X
C) Action of CR on Pp->142+X

D) Action of CP on pPp->142+X

+

- +
-2~ CMS angular distribotions for 7y and 7 in Pp-> /1

2.32 GeV/c.

-3- C¥S charge asvnmetry in Pp->anvything at 22.8 GeV/c.

-8~ Schematic representation of the 14.8 GeV/c heam line at BNL.

-5- dlan view of the dAouble arm spectrometer.

Inseparated beam at RNL.

-7- The high pressure carbon dioxide differential

counter,
-8- A) Light buckets for the beam Cherenkov coanter
B) Aperture mask for the beam Cherenkov counter.
-9- pressure curve of the beam Cherenkov counter.
-10- The 1liqnid hydrogen target flask and vacuum box,
side views.
-11- Schematic representation of the 1liquid hydrogen

system.

-6~ A plot of /7, ¥, anl P fluxes 1in the High

Fnerqy

Charenkov

and and

filling
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-12- Schematic representation of the flip coil voltage
integrator.

-13- Measured deviations of tha 18n36 field fron the cantral
valne, in units of .01%.

-14- Sectional view of the water differential Cherenkov :annter;

with a view of the rosette light mask.

-15=- Honté—Carlo plot of the particle separation in the water
Cherenkov counter, based on the RATIO parameter,

-16- 1) Sectional view of a drift chamber plane, demonstrating
the offset of the two structural units

B) Sectional view of a dArift chamber plane, with the Anublai
sense and drift wires, demonstrating the definition of track
slope,

-17- nrift chamher efficiency with single Arift and sens= wiress,
using ethylene as the chamber gas. WNotice that the efficiency
at the drift wire does not plateau at 1009%,

-18- Drift chamber efficiency with doubled drift and sense
wires. Notice that the efficiency at the Arift wire plateaus
much =zarlier than in the single wire case, and reaches 100%.

-19- The circuit for the amplifier/discriminator card at each
sense wire.

-20- A denoastration of the functiosning of the veraizr =1lo:-k,
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-21- Drift time versus distance plots for ethylena and
argon-isobutane- methane-methvlal.

-22- The data read-ont and recnrding system.

~23- The track search routine of the primary analvsis pragram.

=28~ A typical plot used in Adetermining the center and width of
the RATIO distribution for pions. The data are from tha left
arm, requiring a threshold Charenkov signal of mnore thaa 3.5
counts, a particle momentum of greater than 3.5 GeVU/2, and a
particle of negative charge.

-25- A sample plot used in detarmining the center and width of
the SUM for a single particle. The data are from the left arnm,
requiring a threshold Cherenkov signal of more than 3.5 counts,
and a particle momentum of greater than 3.5 GeV/c.

-26=- A typical plot used in setting the proton limits in the 07T
narameter, The data are from the right arm, with a requirement
that the particle momentum be in the range of 2.2 to 2.5 GeV/c.

-27- A typical distrihution of particle ildantifications.
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-28- A typical Pt distribution. The cuts reguired a positive
pion in the right arm, with a track intersectiny the target
vertically within one inch of canter, and regiired thit th=
angle 2f the track be hetween 17.23 and 18.83 in th2 1lah,
falling in the central angular hin; centered at abont Buo c“S.,

~29- A typical plot of the water counter SUM from the right arm,
for "opposite arm" avents, requiring that a particle track in
the left arm intersected the target vertically within on= inzh
of center, and that the RATTIO was in the pion regqion, i.e., =-.7
tn -.05, The data plotted correspond to 103,67F events in the
left arm. The events within the one particle 1limits are
shaded.

-30- A sample data plot of the water countar RATID from the left
arm for "spposite arm" events, requiring that a particle track
in the right arm intersected the target vertically within one
inch of center, and that the SNM was within the one particle
limits. The data plotted correspond to 97,732 events in the
riyat arm. The 2ve1ts which fall within the pion RATT) limits
are shaded.

-31- An exanple ploat of the water SUM for "oppositos arn” event;,
with no cuts on the data. Events within the one particla

linits are shaded.
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-32- A typical plot of the water counter SUM for tracks in the
right arm, with no cuts on the data. Fvents ouatside of the

single particle limits are shaded.

32

-33- A plot of the water counter SOM for the right arm. Cuts

restricted the momentum to the ranage 1.8 to 2.1 5eV/c, rednired
a track in the right arm to intersect the target vertically
within one 1inch of center, anAi required a water counter FATTO
suitable for a proton, i.e., -1.2 to -.75.

-34- This is the same plot as seen in Fig. -29-, partitiosned to
demonstrate the effect of the proton momentum on the range of
"opposite arm"™ slow pions which were combinable with a proton.

-35- A plot of the water counter STUM for the right arm. Cats
restricted the momentum to the range 2.1 to 2.8 GeV/c, reguired
a track in the right arm to intersect the target vertically
vitain one iach of zeater, and rejuired a water count=ar PATID
suitable for a proton, 1i.a., -1.2 to -.75. Notice that the

proton peak has moved out from zero> and is broadening.



-36~ A plot of the watar countar STM for the right arm. Cuts
restricted the momentum to the range 2.4 to 2.7 32V/c, required
a track in the right arm to intersect the target vertically
within one inch of center, and required a water counter RATID
suitahle for a proton, i.e., =1,2 to -.75, Notice that the
proton Aistribution is becoming hroader than in the previous
figure.

-37- A plot of *the water counter SUM for the riqﬂt arm. Cats
restricted the momentum to the range 2.7 to 3.0 GoV/c, rejuired
a track in the right arm to intersect the target vertically
within one inch of center, and required a water countar RATTD
suitable for a proton, i.e., -1.2 to -.75.

~38~ A plot of the final data points.

-39- Plan view of the spectrometer with the UADUB magnet and
scintillator scanner in the bheam line, as used for m2asuring
the beam momentum,

-40- A plot of Hall probe voltage versus magnet current, (givan
in mvV shunt, with 80 Amps/mV), for the U48DUB magnet.

-41- The circuit for the beam scanner read-out.
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TABLF CAPTIONS

-1- Locations of the scintillation counter stations. The center
line of the magnet in each arm is the origin, ani is 109.5"
from the center of the target.
-2- Locations of the wire chamhers in each arm. The center line
2f the magnet is the origin.
-3~ Active areas of the wire chambers.
-4- Secondary analysis cuts and rejection rates.
-5~ sSummary of particle identification criteria.
-6~ Pion charge asymmetries and data with no corrections;
antiproton incident on target.
-7- Pion charge asymme tries and data for target ompty;
antiproton incident on target.
-8~ Pi chairge asymmetries ani data for antiproton 1inciiaat on
target; with tarqgest empty correction.
~-9- Pion charge asymmetries and data for negative pions inzident
on target; with target empty and proton misidentifi~ation

corrections.
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-10~- Pion charge asymmaetries and data for antiprotan incidant on

targast; with target empty and proton misidentificatinn

corrections.
0

extrapolated to 29 M5

-11=- The charge asymmetries

demonstrating the pion incident background snbtraction, ani

summarising the results,
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LOCATIONS of WIRE CHAMBERS Table 2

99,39 | -86.28 | ~84.37 | -83.26 | -87.56 | -86.41 | —84.53 | 83,33
-80.75 | -80.75 | -81.25 | -81.25 | -81.25 | -81.25 | -81.75 | -81.75
-34.57 | -33.50 | -37.63 | -36.54 | -35.28 | -34.20 [ -37.53 | -36.41
62.84 | 43.83 | 46.06 | 47.02 | 42.74 43\(3\ 45.95 | 46,96

83.69 86.38 1~-83.75 86.37

ACTIVE AREA of WIRE CHAMBERS Teble 3
1 6" X 6"
2 7" X 14"
3 10" X 36"
4 16" X 54"
LOCATIONS of SCINTILATORS
sl _94“
52 50"
S3 90"
S4 138" Table 1
§5 186"




SECONDARY ANALYSIS CUTS

Table

R L
Counters 3% .004%
Number of
Hits, X 10.9% 9.6%
1.5 to 6.5
Number of
Hits, Y 2.2% 2.3%
4,5 to 8.5
Standard Dev.
of Track Fit, X 047 .ZZ
0. to .125
Standard Dev.
of Track Fit, Y 4% )4
0. to .150
Required Track
in Front, Y 6.2% 6.2%
Required Track .9 1.3%

in Chlamber 3X



Proton

_Kaon

Pion

1)

2)

1)

1)

2)

PARTICLE IDENTIFICATION CRITERIA

Momentum less than 2.8 GeV/c
OUT less than 15

Momentum greater than 2.8 GeV/c
Threshold counter less than 3.5 counts

Correct RATIO

SUM greater than 60 (70)

.SUM less than 160 (170)

Correct RATIO

Threshold counter greater than 3.5 counts
Momentum greater than 2.8 GeV/c

SUM greater than 60 (70)

SUM less than 160 (170)

OUT greater than 15 (17)

Momentum less than 3.5 GeV/c
SUM greater than 60 (70)

SUM less than 160 (170)
Correct RATIO

ouT gréater than 15 (17)

Table 5
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CHARGE ASYMMETRIES Table 11

Pt Bin (GeV/c)

.48 to .67 .67 to 1.0 1.0 to 2.7
n ? Incident
R .0001 + .0148 .0343 + .0187 .0280 + .0390
L .0023 + .0171 -.0111 + .0216 -.0315 + .0468
(R+L) /2 .0012 + .0113 .0116 + .0143 -.0018 + .0305
. Pion Incident
| R .0497 + .0870 ~.2033 + .1009 .0195 + .2230
L | ~.2186 + .0914 ~.2095 + :1110 .0279 + .3506
(R¥L) /2 ~.0845 + .0631 ~.2064 + .0750 .0237 + .2077
(R+L) /66 ~.0025 + .0021 ~.0062 + .0023 .0007 + .0062
' ? Incident
1 Minus ©.0037 + .0115 .0178 + .0145 -.0025 + .0311
Plon Incident
n Systematic
{ Error + .014 + .009 + 0.0
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