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Abstrwt

A parity -norrconservation experiment in the scattering of longitl]dinallv- polariz~d protons at an
incident proton momntum of 6 GeV/c is cxaminecl. This experiment indicat?s a sharp rise with
mergy of the total cross section correlated with proton helicity that was unexpected. This enrrKy
dependence is due to the strong part of thr interaction and may incticate the role of a diquark
component in the nucleon. New expt iirucnts at higher ●nergies are newted to confirm SIICIIa modrl,
Future experinlents can benefit frorm an analysis of sources of systelnatic ●rror that have b~en
encountered in the experiment discussed here.

I Introduction

The firgt experiments [1] to search for parity nonconserv~tion in proton sc~ttering at higher erlergio~

used double-scattering or triple-scattering geollletrirs. ‘llhi~ technique WM IiIllited to R precisi[,[l i,i’
- 10-3. A new generation of experirnentg he~rm in 1972 with m proposrd to n~enaure the h~liritv

dependence of the transmission of 1.5- GeV/c longlt{l~li nally-pol-ized protons through nn ~tn~){jlnrize(l

target [2]. An interference between the strong rmlplit~ld~ rmcl the parity. nonconserving w~nk wlll)lit II(IP

is expected to produce a longitudinal asymmetry ,11, = (w+ --~-)i(~+. +a. ) at thelevelof 107, wtler~

v+ (c. ) is the total croon section for positiv~ (negative) helicity protons.

Each experiment in the current genemt ion has tnk~n several yems to r~nrh the r~q~lirwi lIuv~l ~~f
preci$imt. When a 6-GeV/c polarized beam beI-RUIe availnhl~ at th~ Argonne ZGS, Rn exi~eriill-l~t

was ~tarted in 1974 and ended when the ZGS WM closed in 1979, This experiment, trrgcther with

experiments at 13.6 MeV [3], 15 MeV [4], 45 MeV [5], and ROOMeV [fl] ~nmple the ●mgy flel~erl(lenc~
of Ar,. A common theme of all these experiments is the idw~titlcation nnd s~lppresairm of ~OIIr.-P~~,f

nystemmtic error. ThirI paper will discuss the Z(;S exp~rinler~t in d~t~il. ‘1’he lwmons l~nrne(l t’r(,lll

previous experiments cnn be applied to futur~ Fxpt’rilnents at c{mlparnble (Jr higher wlergies.

2 Theoretical and Experimental Background

When compnring experimental duets of AL with th~oret icnl predict i{m~, th~re iq n c~tr~t.rnst tjetw-~u t I]e

situntirm at low +mwgi~fi nnd at high ert~rgi~~ Meit<llrelllont~ [3 fi] of Al, iit lo,~, lb, RII{~,lfi hlP\’ ,111

hydrogen yield results in rerwmahle agrwkt with t Ilofwtical prwlictiom I)mu-f on n tl~~n{)rl--x(.l~nllge

Incrrlel [71 and n hybrid qunrk model [8], (Se~ pi~ I )

on the other hand, the experiment [9] with t; ( ;eV /(t i)r~)t{)nfion n 1{10 target hmn rq)r~rt-(1 R vnltl~

of ,4[, - (265 i ({0) x 10 7, which in IIiur-h Inrg*r thnn rxpected frolrl [mlrlllnt.i(~nm tIIIUle i]ri{)r tII I lIm
. .

“Work ,Iipportd by th~ [1.!3. I)cpartnlrnt of I?n?rgv
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Figure 1: Measured values of AL versus energy. The solid curve is R generic me,on-exchmrge crdctllat ion

and the dashed curve is the model of Ref. [14].

experiment [19], Later crdcuiations using meson exchange [11], the multi-peripheral nlotlel ~1I!, (~r

heavy boson exchange [13] have confirmed the prediction c~fAL = 1.0 x 10-7.
Later a calculation was reported that considers the effects of parity nonconservntion rit thp qll.ark

level. This calculation included both the scattering contribution and the wnve-function p~rt [I I

The interaction takes place in the nucleon betwwn one quark ~nd a vector diqurtrk. The r-~l!it~ ~r~

dominated by the wave function part with AL -= +( 0.7 – ‘2.7) x 10-e. Although thi~ modd is IUXIIPCrPIl
to he valid only at high energy and the uncertainty is large, the result is very encouraging

This and most other calculations have hwm for proton proton scattering an(l hnve not v,,n<t(]t,r*,,i

nucleru effects and the role of the neutrons. A (;lallbm model cdculmtion [15] predicts that ttl~ct~~rt

for p-p sc@tering should be a factor of 1,7 larger thitn t Ilnt nlessured on wnt.er.

The experitnents d 1.5 GeV/c (800 M-V) are fit m energy intermwii~te to thnt of th~ l)r~vl,!tq

measuretnents. The result for polarized protons on an l.l{l trirgst [6] is AL = ( 2.4 + I, 1) x I () : l’tll~

result can be compared with a surprisingly large range of VRIUMan~ong p~~hlishwi predicti~~!l~ t{,r rtl-

as,ymnletry at 1.5 GeV/c. [16] The variation is mnin]y due to the use of ditierent prArMl~Ptrizntll>n! !f

the strong uucleon-nu:leon interaction.
PJ(J theoretical ~ppro~ch ~e~cribes the energy (leperl(l~nc- ~~f p-n~lclw}n sc~ttering mt Rll ener~l~~

The mewm-exchmnge ripproach can explmin experilllpntni rmldts nt -nergi~s i~p to 1.5 ( ;-v’ ,. 1,111
~lnderestimates the 6- GeV/c rermlt. The Q(:D npprww-h is consistent with the 1.5- WI(I ‘; f ;PJ’ I
Iwidtn, but ifl not qpiicmhi? nt iow mcrgies. ‘rtlpq@~X\]_rinlents wcr~ ori~inaiiy mvisionwl n< N *tIIl\

of the wmk interaction betwmn nuciwns, hut thP In(wt. difftcllit parts of the prr}hie~tl ffw th~(~rl<!< :{r*

the str[mg. interaction nspectu. The in(iicntion thmt th? !lit~llnrk rI)IIIp(~nPIIt (If the n~lciw~ll i< itlllll,,t,~tlt

i~ ~ .=ry intriguing. An experiment nt higher w,ergy fnn r~lnfirlll th? m~rgy (iqml~ienm of ,,1[ Itrpllll t~ I
hy this (tl[j(iei.

3 Experimental Method



The ZGS experiment utilized the transmission techruque. TWO independent ~letpctor svsrPII19 IIIPa
sured the nun~her of protons upstreanl and downs trealll of the target ft~reach bean) pIIlsc, ‘[h~ (i~t~i-t,)r

currents were integrated, as the required beain intensities prohibited counting individual }Jr(>tt)[ls. F,, r

the scintillation counter system , the transinission for one pulse of protony Irolll the Z.G!j wa.q lll~asllr~,i
as 21 = T/I where T and I me the sigx, als from the downstream and upstr~arn counter~, re!ppcti~~lv

The second s~-stem used three identical ionization chambers For each pulw, the signal froth the ~l{~wrl

stream chrmlber D was subtracted from the upstream chamber, [’, aild rlorlrializrd to the ]Ilt,[lit,,r

chamber, M (1OC~ted upstream). Thus, 1 – 22 = ((1 - L?)/,11.

Because each successive beam pulse had opposite helicity, the fractional change in trrmgtl]lssi(}[t for
each pair of puIse9 is

<s Az/2z= (z, - z-)/(z+ +Z. ) {11

where Z+ ( Z_ ) is the transmission (from either detector sjqt~r~~ ) for the po~it ive (n~gat iv~) IIolirit v

pulse.

Fluctuations in AZ resulki from statistical uncertainties in the me~sllrmnmts of Z anil l’rf)ll~
changes in Z due, for exainple, to randonl f]tictilations in bearll properties. The (Iepen(lerlrm {~f z tIII
beam motion and inter.sity fluctuations was remove(i by defining a corrected trrmsmissicm, 7’. If)r Prtrh
pulse given by

z’= z- Cl,(r-ro)z - (l*(y – yo)z – f13((i2)//) (2)

Her@ (z - ro) snd (y – yo) rme horizontal md v~rtical ~leviations (If the t~e~r~}frol~~ the ~yril:ll~trv ~xi~
of the experill~ent (given hy ro, ye). A n~easure of the time strllct\ir~ of the herwII within a }~eRIII1)1}1<0

is given h.y the square of the lnstrmt~leous t)~ml) intensity, (iz), nr)rlllalizi=tl to the h-~111 il~t~rl~ity f,~r

the whole pulse, 1. The coefficients a, were ({etprll~llle[l fr~)m a Iinenr regression wlalvsis to lllilli)lllz~
fluctuations in Z’,

An average (~’) was crdc~il~ted for eRch run ‘lhe unrertminty in ((’) was {leterrllin~(l frt~lll r[lls

I>i=wkgrounci ]jrocesses such aq residurd transverse [Jt)lariznt.i(>n that

correlated with, helicity, yielding
((’)’ ((’) ~; 7,(ft(Ali:)
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Figure 2: Schematic diagram ~f the beam line and apparatils
are described in the text.

4 ZGS Experiment

4.1 Polarized proton beam and tnrget



symmetry axis of the experiment where contributions from beam- matt~r effectq wpra minill~iz~(l. Iho

beam was focused at the collimator, the smallest apertllre in tho beai~] line, to ~zlinill~ize ttl~ noise ~lIIP

to bemn motion. There were a total of -- 9 X 1013 protons on target,

The polarimeters monitored wattering asymmetries thro(lghout the exp~ritnent and the r-ql~it~ arP
incorporated into the correction terms in Eq. (3). Three types of calihratiori runs were taken to l]l~aqllr~

the sensitivity coefficients y, for the correction temls in Eq. (3) Ad(ieri-abmrher rlln~ to [Ileasllre rlIP
beam- mat+e-r interaction effects were taken with 1, 2, and 5 CIII of Lucite placed ah{,ut 2 III lipstr~altl

from the center of B2, which increased (A R2U) by a factor of ten to -- 3.5 x 10-2. E?ea[:)p~rtirdly

biocked runs to measure the polarization distribution in the beam were taken with either the tr,l),
bottom, left, or right half of the beam renloved with a coitimator.

4.4 Analysis and results

The signal from each phototube fur each puke was (jbta]ned bv quhtracting eiectrnnic off~et~Rn(i,iark

current as memured in the appropriate gating interwds. The ciatra selpction proce(iure eliltlinate(i al}~)llt

10% of the data from beam pulses with poor hewn ql]alit. v,

A regression mrdysis was employed to reduce the dfects of !wnm propertim ~m the lll~a~llr~fi
tr~slx~ission. The evaluation of the coefficients in Eq. (2) was base~i on an auaiysis usin~ pr~l~rizflti(,ll
ind~pen(ient combinations of the variabies. I’he next stage of the mniysis corrected for known heiicitv

cnrreimted qi~~ntities based on Eq. (3). For Psch rlln, including calibration runs, the vrdIIe~ of (i’ ,
(A R{), anfi ( P,AR{} were found. The codlicients were ~i~tern~ined with a ~2 IIlinimizatioll l)r{jr~(illr~
appiied to these vaiues, ‘1’hc 10% of the rum that. contrihllte a I 2 ., s t(l the fit were r-j~ct~fi ‘i’ilP
resllit is ((’)’ = ( --2,92 -+-(),8(.)) x 10 ‘6 for the scintillatt~rs rmd ((’)’ – ( 4.!M -k (),!l!l) Y 10 a fllr til~ i~~n

chambers, A weighted average gives

A:, - (2, !;5 + !! !;!! !- (: :1!;) ‘f 1[) “ (!1)



5 Discussion

Erich version of the experiment benefited from the earlier ones. The experience gained from these Px-

ptmments may &O be applied t u future experiments. klost iinruediately this applies tfi the experill]~nt

underway at 230 MeV at TRIUMI?. Other possibilities for future experiments include Saclav at 3 (;ei’,
J3NL or KAON at energies up to 30 GeV, and Fermilab or RHI(~ at 200 GeV or higher.

The fist measurement [18] at the ZGS found AL = (5.0 + 9.0) x 10-6 using a Be target, [t

was founcl that the dominant contribution to the fluct. uatic}ns in the memurements of Z was du~ to

nonuniformities in the target coupled with random motion of the beam. This lead to the use of a water
target with flat and parwel end windows in subsequent runs. In the seconc! version of this experilllellt

[19], AL waz found to be (--15.0+ 2.4) x 10- 6. This value of AL was attributed to the prod!lction ,)f

polarized hyperons in the target. The result of the final experiment [20] using the T’ cletwtor whirh
reproduces the geometry of the detectors wit bout the spect rometw, does not confirm the lzrge nqq~t iVP

asymmetry for the value of AL but finds AL( ~’) = (3.9 + 0.7’2) x 10-8 after d] correct ions, ‘[’he thir([

experiment [21] included a collimator and spectrometer t.r] elinlinmte hyperon decay products. A large

transverse scattering asymmetry due to the beam-Inatter interaction was discovered (six tirllw ~r~~t~r
thm the present experiment), The result was ( -26.3 + 7.5) x 10--O. 1( is probnble that bealll-lll~tt~r

interaction waz responsible for the large negative result in the wont{ and third versions.

in the final version the contribution from bew~-mat ter interact ion was reduced hv evacuating the

beam line where possible, adding helium elsewher~, and enlarging th~ aperture ftt the entrnnc( to

the experimental area just ~lpetrerm~ of E12. Even w), the largest systwlatic crrrrpction tr) AI in t hi~

experiment comes from the hearn-matt er int ●rmt if~n. ‘~he ~orrectiorr to AL, wit}l the i>ennl carefllllv

positioned on the symmetry axis, is I 2 K 1.0“. ‘1’rmnsporting a longitudinnllv polariz*d l!~arll to th+=

experiment~ area wo~d eliminate this contribution t{) AL. Otherwise beam halo can be R verv ~lliitl~

and time-dependent source of systematic error,
An attractive featwre of the ZGS experiment was the ability to make two simultantmls in(le~)~rl(t~i]t

mc~surenle:lts of AL. Two detector systems with (hfferent propertie~ increrm th~ cnnfid~llr ill the

final result hy tiding in the understanding O{ fy.ltwnntic and rand!m~ hrwk~rrmnds Thig ~xp~riill~ut

ll~ensl~red Al, with rm accnrncy of better rhrm 6 Y I() 7 in ~hout ~ six week p-riod of (Iatn Inking

The ●rror irr rr-rughly three times greater than ●xperted frorli the statistical fluctuation~ of” th- l~enll)

nhw)rption in the trwget.

With benm inttmaitim d-mv~ 5 x 10n proton~ /pIIls~, the noise frwtrw incr~nmi rnpi{lly, l)rwltt(lirlu

n rnt>rr?precise llleasur~ment of AL in a r$msollnb]e RI Il(Jllrlt :Jf tizne with these {ietertf~rs. ‘1’11*Oxtrn

}iuctt:mtimrr in the trrmnmitrsion merumrmuent in ~wh det~*ctf)r ~ystem me IIncorrelnteri RII(I tli~rmf’(,r~

~lid not originate from a common mum. ‘[’he (It)[llinrmt w)llrr~ f~fn~}ise for the ion rharll}>~r< WJ+SIIIIe

to spm.liation in tile piace8 [Wj. Ehmm tllotion (furirl~ the spill, 60 Hz nnd Kr*nter, Contrihlltwl l{, t 11+1

noim for the scintillation countero. ‘1’oilllpr{)ve the rl{)ise fmtfw, ~ regression nnnlvsis rel]li~vlrlR 11*11111

lI~otiIwr fr(m; the transmission and m dmtawlerti(~n l)roce(l~lr~, (Iurirlg the spill, C(IIIIIII)* n( (.l)l:!l)li<ll~ll

bv electronically dlvirling the beruII spill into IIIIrdl ttliiesegllimts.‘[’he~~in ilrifts III”1111(II l-t~, !Ilr

syqtrtns were random and negligible.

[(m chntnhm ]mrf{mm well it) intenw henm~ Illlt Irintillnti(m c(!llntmn II{) IIf)t hecnllv II!’rnllinll,)ll

~{nn~tkgeto the plastic <cintillnt(m. ‘i’lie use of Iitllllfl Icllltillat{)r insten~i ~Jfpln~tic Irintillnttlr i? n l)I)**IIIl@

s(d~ltitvl tc) this llr(~t~lmtll. Alternaliv@ly, an *’xl)~r\til@llt thmt Ill@nnllr@mImlj’ th~ scntt~r-tl i}~nlll Ir,>lll

the tnrget with scinti]lati(m cf~(lnters Ami thm trnullllltte~i 1)-nt:l with itm chntllhers rI~IIltl lltiliz~ IIIKI)

I)ennlirltensitiefi.
‘1’he rrwlibility of SUCIIexperiltlmtfi (Iepwl(ls 1111I lIe l~lent ifirrati{>flnnd st.tltl,v t~fnll w)~lrees (II’~ystr!ti

ntic mrr~lr grenter thnn ni)l)roxlillnt~ly half of” thm ll~slrr,l ~tnti~(i(al ncrlir~cv. ‘I’hiq in 1~11-n~v tn~k n,

t hme in II{}gh)bal t?3t tc~II?terliliile t he l~relell( ~ III”,~~vlt~tllnllc r<)ntril)liti~~lt t,) AI, ‘1’ller~f’or~, ,nr-till



consideration should I_e given to detector systems tliat monitor beam properties and the mnrl~iq llqe~l

to ~ln~e Correction should b experimentally tested Aiso, classes of qv~ten~~tics mnv he stll,ii~~l with

unpolarized beam. The ZGS experiment had only .?.simple reverwd of spin between pulses. A rpverqd

pattern of + – - + can remove linear Aiftg. I-n addition, there should he a cuethod of r~vmsing th~
proton spin external to the source. This helps to separate spin related svste]]latics f’ronl those dIIe to

other beam properties.

‘The method used in these experiments to measure residual transverse po]~rization c:>ntrih[ltimnq to

Ar, could be repeated in a more sensitive measurement of AL. A position feecih~ck loop controlling the

current in an upstream bending magnet is necessary to minimize beam motion and maintain t}:e beaII~
position on the symmetry axis to minimize effects of residurd transverse polarization. The corr~latinn
of polarization with phase space should be measured at apertures that intercept scattered hea~~l WI(1

can be determined by passing a thin scatterer through the beam and menstuing the resulting transverse

scat tering asymmetry 123].

Calibration rum shomld be repeated frequently during the experiment to compensate for changinq

conditions. In 9pite of the similarities of the sources of systematic error in the existing experil~lellt~,
each accelerator is different and hrus its own potential Ior gurprise.

6 Conclusions

The existing meatmrernents of AL indicate a strong ~nerqy dependence t.)f the amplitude for tll- i[lter
ference between the strong and nonleptonic weak interactions. New n~emllreltlents nt higher energi~~

are needed to confirm this energy dependence and validate the quark-model predictions, l’h~q~ Ex-
periments are very difficult, but with adequate beam intensity and quality, the iensons of l)ravi~~tl~

experiments should guide new efforts to a successful conclusion.
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