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We present model ampUtades lor pp-pp elutic KaUeriD, ia tb. intermediate 1wcl 

Kat&eria, kinematic resime: m: <I , 1< I, aad apply tbem to tbe calcaJatioa of apia 

ob~"'. ha thit ...poD, the e-clepeadeDt Laadahof ampUtud.. have a IipilC&llt 

coatribation to the apia oblervab". BeDdt, aoa-couerviD& .recta lIlay Uo ~ a 

major role ia thit resime. Spec:Ulc QeD motivated predictJou for the spia ob.tenablea 

C&D be tested at polari:&ed protOD beam f'adJ1tles. A propam iI .agelted for _lie 

polarized proton Kanerio, aperiments in thil kiaematic resioa, wblda CIa be ued to 

ceat che (oundatiollJ 01 udalive QeD. 
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Nasoya, Japaa, November 9-14. 1992. Work ••pported b, the U.S. Depart.ment. 01 EllerIY. Divilioa 01 Dip 
Eaer" Ph,liQl. Coa&rad W·31·1(Jt..ENG·38. 

~ 1{(- //C/)-('I'- ,7); -V~ • 
I 11111mll.1111 

o llbD DD22&2~ 1 
L Introduction 

Ia recent papers. , we preaented model amplituda rOl' elutic PI' .... PI' aca.tteriDlt 

whida were baaed on ideu from perturb&tive QCD. These amplitudes were CODItructed to 

Iddreu a let of pheaomea.olosical questioDlJ.J concerniq the appliCAtion or perlurbative 

QeD to exdusive proceues at ea.usies and aca.tteriDc ansles where data lhow dramatic 

structure in Ipin ohlenabJes. The helicity-coueniDl amplituda couilt of two pari.: (1) 

QIM amplitudes" which coincide with ua -efective amplitude- approximation to a clua of 

diagama invo1vinl quark interdauce between the nudeoDi. and (2) Laodshof' amplitudes, 

whida correspond to independent quark tc&ttermp involWaI three-sluon exch ..... in either 

the t or u channel. Withba each t)'pe or mechanillD, the relative normaJiz&tion or the different 

helicity amplitudes is determined by simple combinatoric arpmea.u. However. the model 

contaiDS ua unknown DOnDaIiza&ion factor which, in principle, can be calcuJated~ Present 

data imply that it is important to 10 beyond the specification of -ieadiul-twist- amplitudes' 

uad include the poIIibility or helicity non-COIUIerViq elects uaocia.ted with the Landahof 

m.ecb.uai1lD. Ia our model, theM CODIideratiODI are incorporated naturally. 

Thedramatic atructure in ANN at Pw S 12 GeVIe can be described by IA interference 

between the Laodahof amplitudes uad the QIM ~plitud.. There ia evidence that &here 

exists a mematic rqime where the amplituda for elutic tc&tt.erin, ue dominated by the 

Landsho' mechanism." To test the premi .. of our model, we wiD examine its predictioDl 

ror spin o~bles at hi,hu enerp.. Althoulh there is a steep power law decrease of the 

aou aectioU with eDeI'g at fixed uagle, larle polarized beam luminooties may make it 

pc.ible to do elutic apin meuurem.ents in the lupl' I, small ansle resion, m: <I t 1< .., 
which interpolates between the· Reece and the lUle aDgle lCat.t.erinl repme. The DIe or 

Siberiua snakes to preserve polarization in hilh enerlY accelerators makes it possible to 

obtain hish lumiDOIity polarized beams in pp colliden such u Ferm.ilab, aBle, UNK and 

the SSC.· Measuremenu of elutic scatterinl spin observables at lu,e I t I lAd lIIlall 

angles U1iq thae facilities can provide a wide ranee of ialormation concerninl the elutic 

acatterinl mechanism lAd the poIIible application or exdUlive QeD. The phenomenology 

of Donnacbie and Landshoft' indicates that this kinematic region is dominated by the 

Landsbol' mechlAism. This contention is supported by the estimates of Botti' and is built 

in to our orieina! model amplitudes' • which we extend to bilh enerpes here. 
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U. Formulation or the Helidly Amplituda 

It i.I coaveoieot to reformulate our model' 10 t.bat. it emphuiaea the domin&ace of the 

Laacbbof cootributiou. We c:Iehe the kioema.Uc rep. of iDte.nat in terma of the variable 

, Ii {(2m: - 1)/..). Ia ,_ resioo. ' ..... till 29•• For Ute LudaboI" ampU'udel, .t, we UIiIuae 

tbat \he coatributiou iDvoIvlDI L(u) can be oealect.ed betaue of the Suc:lhUw IIIP,,,
of the -b&ckward 1C&l~ coatn"butiou. The QIM ampUtu-' I', can be aimpliW'" 

UM iD the IID&I1 aaale resime by ~ .......correcliau 01 O(~). 'Nt pw. 

If :.: L(.)(tra: - .)-a(1 +2(1 - ,11 
If:.: L('Xtra: - .)-a(1- ,)(2 +(1- ,)II 
If:.:o 

If :.: iQ(•.,}.t...(SI(!a(I~ ;;"1+O(~) (1) 

If ~ iQ(.,,}.t...[1T'~11~~;vtl +O(~) 

10 __!IV.a ,....(1....+11(1 - ,)11+ 0(5) 
t - 4""'·"" ..n;"'.)1 •• 

The relative aonnaJiuUoa ofthe LaacIUof aad QIU uapIit........ to ..cIe&aminecl 

pbaomenalo&icaDy. Rae, we de60e the ratio., aonnalb.tlon fadon u ClI{'. ,).... 
10 t.ba& we caa write the ovenlI Wd".COIIII&"fiDa ampUtudill in the ... , ....&ic 
rep.·u 

I, • L(')(2m: - I)-:S(3 - 4, +~0(',,) +...J 

.:s - L(I}(2nt: - ,)-4(3 - s., +'i14 
0 ("'}+...J (2) 

... • L(I)(2nt: - ,,-:s(_ ~0(',,) +.0 .J. 

Note tbat. the .bape of t.be difereot.ial croll aectioo win depeod OD L(e) but t.bat. t.bia function 

DOW appean U aa overall fldor, which win caacel ill Ute calculuioD of t.he spin uJIlImehieI 

we c:ouider here. 10 writiq t.hcte amplituda, we UIW1Ie t.lau QU, ,,) aad L(') are well 

2 

behaved 10 Utal a(•• 'I) .... 0 U , .... O. We have sy.tem.&ticaDy JIeIleded t.erma of 0(,') aad 

0(09), .hich we bave oumericaDy sbowu. to be aeclisible iD Ucla kioemat\c repo.. 

It ia importaat to CODIidc Weir., aoa-c:ouervia& amp~tuda ia order to have a c0m

plete trea.bDeD' of spiD obtervableI aad to addn:a the experimeDtal evicleDce Uaat the polar

iu.toD P doll no' vaaith. W.IMOCiu. helicitJ aoa~ with h&droaic c:orredioItI 

to UJlDpto&ic c:oUioeu.i'y of the coaati'ueolI. We do DOt bow, .. priori. ,he form of the DOll

c:ouervia& ampU'udei. nUl,..malreaa ...uhued OD paritJ aad lime revenaI iDvtdaace 

... " .... " 01 the form: (aecIectiD& 11- daauel CGD\ribuUoDl) I •• /(e)[I. +la + I..] 

aad I, _ 1/('''" .... Ie') it a complex factor meuuriq \he depe 01 heIicit.J ... 
~ 

1'Ia-. our model II deIDecl ., CODIIicIe.riac 'wo '''' ., ........ corndiaaa to die 

aimple LudlW...·niem Qaark WercIaanp (QIM) CIDIIedIau an ueodated wl&fa die 

parameter 0('.,) and ....WcitJ'-8i, corndiaaa witla /(0. The ceIaU". --.,a(t,,) 

aad I(e) cIepeacl GIl coaapBcated anbowD cfJaamica iDw.hina'" iIaterpI&T 01 0DIIIt"-t 
aad .a". fuactiaa ....W'IIi4 ... DO& well tmdentoo4. fa ..01 the palllDIe CDlDplaitJ 
01 \lUI iaterplaJ', It II Importaa& to ....... experiIDeIaUI llapaL The ........... ., apia 

....... ia t.be lID..........CD ...., inItndlw.. 

m. Specllcatlon of tile SpIa O......b... 

m~ol.~~.~~~~~u 

1 . 
" - in I. I' +III I' +I tal' +lit I' +411.1' 

tIP - -1",[(11 +It+ la - It)tiJ 

"AN" - Re(I.li - l:sl: + 21"11] 
(3)

1
"Au. - i[- II, I' - I It " + tl:s ~ +11.11] 

"A" - Re[t.l; +1:sI;) 

".4"" - Ref(., +It - .a + •• ,.iJ· 

We wisb to examioe tbe depeodeDce of tbae obaenablea OIl 0(1,,), which delenDiDel tbe 

tel.Uve .t.ractla of tbe QIM amplituda &ad I(C)• • hieb meuureI ,be coot.ribut.ioa of t.he 
beliat.y IlOD-c:.ouerviD, ampUtudeL 

s 
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The Land.hofF Dominant Kinematic Resion 

We firat consider the region where -t i. fixed a.nd , i. large enough 10 that 0_ 0 

and " ~I/I>I a I. Here, the spin amplitudes reflect the structure of the Landshotf multiple 

K&ttering mechanism. The amplitudes I, and .3 are approximately. -independent. The 

helidty non-coDMrVing amplitudes I, should be small compa.red with ., and .3, but. should 

also be ,-independent, while I. will vanish as a - O. The amplitude .2 involves two heHaty 

non-conserving ·vertices· and should be further suppressed. In this limit., we CAD write the 

spin obserYClbles in the form: 

P ~ -4(/m!) 

ANN ~ 91112 -2(/m 1)2 ~ 9A•• 

1 1 2 (4) 
ALL ~ --" - -"3 2 

2 
As£ ~ 3''' (Re I). 

From our model assumptions, P, ANN and Ass should be almost independent of". In this 

limit, these observables depend only on the magnitude of the helicity-ftip form factor, I(t). 

In contrast, ALL is not sensitive to the effects of heliaty non-conserving conectioDl and has . 

a well defined functional dependence on ", which reflects the spin structure of the individual 

quark scatterings in the La.ndshoff mechanism. Figure 1 shows the I dependence of ANN, P 

and ASL. Observe that simultaneoUi measurements of P and ASL could be used to determine 

1m / and ~ I. Then, since ANN and Ass are insensitive to the ratio Im(/)/Re(J), their 

measurements would then be nontrivial checks of the underlying assumptioDl. The existence 

of this pure "hard-scattering" regime where -Regge" effects are negligible provides a good 

region to check the effects of the independent scattering mechanism proposed by LandshofF 

and allows us to explore the form of the helicity·ftip mechanism. 

The Interference Region 

There is also a possible "interference" region where "t 0 and I are all small and 

of comparable magnitude. The spin observables can all have considerable structure in this 

regioD. Expanding the amplitudes by keeping terms which are bilinear in the small variables, 

" 


we have 

51
P ~9(Re !)(lm 0) - 4(lm!) 

119 51 765 85
ANN ~-I a 12 +-Re 0- -(Re a)2 - -,,(Re 0) +91 I 12 -2(lm 1)2

72 36 144 36 

119 2 17 153 2 13 1 2 1 
ALL =:::: - -I a I --& a +-(Re a) - -,,(Reo) - -" --" 72 12 32 8 2 3 (5) 

3 
+ 8" (Re I + 1m I) 

Ass ~ - ANN - 4(lm 1)2 +91 I 12 


2 

ASL ~3,,(Re n· 

Since these obeervables involve two unknown functions, a(t,,,) and I(t), we will only attempt 

to point out some regularities which CAD help us understand the dynamics. The sum ANN + 

Ass does not depend on the QIM amplitudes to this order in 0, so that this is a good measure 

of the existence of a helicity non-conserving structure. In contrast, ALL has little dependence 

on I, but is sensitive to the La.ndahofF-QIM interference. In addition, since moat of the a 

dependence cancels in the sum: ANN + ALL, this quantity serves as a cross check to the 

assumptions about the helicity non-conserving nature of the amplitudes in this region. The 

individual asymmetries ANN, ALL and Ass are all in1luenced by both the Landshoff/QIM 

interference and the helicity non-coo.aerving tenn in this region. By making simultaneous 

measurements of the asymmetries, their dependence on these parameters can be investigated. 

Figure 2 shows the dependence of ANN on a. Figure 3 shows the I dependence of ANN+ ALL, 

which is insensitive to the imaginary part of /. The sensitivity of ASL to Re(f) for given 

, theoretically makes it & good candidate for studying Re(f), but its small values may be 

experimentally prohibitive to take advantage of this fact. The polarization P can potentially 

be large and its sign should provide a good indication of the sign and magnitude of let), as 

shown in figure 4. It is desirable to measure P with good precision in this region to detennine 

the effects of both the interference term and the helicity non-conserving amplitudes. Clearly, 

our model indicates that both the QIM/LandshofF interference tenn and the belicity non

conserving effects can be studied thoroughly by experiments in this kinematic region. Thus, 

it is particularly valuable to make simulta.neous measurements of all the spin observables. 
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The Hadronic Helicity ConsemDI ReSiOD 

If we explore mea.su.remeatl of spin obaervables for Ye!Y larp • at &xed &Dele ('I). 

there is a pouibillty of re.achmg large eaough -t to o.eet the helicity-8ip eJl'ecta. Th.UI 

may be the appropriate kinematic limit to check the speculatioa of Ralaton &Dd Pb:e· that 

hadroaic helicit.y conservat.ioa need not be a property of Landahotr-type amplit.udea. The 

illterlereace term a is usumed dominant. over" and I ill this resion. We keep terms linear 

ill I, but. neglect. t.he , t.mnI. The correspondinC spin observables CAD be writ.ten u 

51 
P - 9(& n(lm a) - 4(lm n 

119 51 765 2
ANN- -10 12 +-&0--(&0)

72 36 U4 (6) 

Au. - A" - -ANN 

A,£-O. 

In this region, aa the QIM·LADdahof ioterfe.rence becomes more domiD.&Dt., t.he observabla 

ANN, Au. aad A,s become approximately equal in magnit.ude and sensit.ive to the ftlue 

of a. In particular, figure 5 shoWl the sensitivity of ANN to the ratio Im(a)/&(a}. The. 

polarizat.ion P is likely smaU, due to itl dependenCe on /, but. if it is detect.able, it could be 

highly sensitive to 1m(a). Thus measurements of the asymmetries to a high precision could 

give complete information about the interference of the Landahotl and QIM amplitudes in 

this region .. 

IV. Conclu.ioD 

By investigating QIM-type ampUtudes and hadromc heUcity*8.ip as "corrections" to a 

wdshoff independent quark scattering mechanism, we have studied what could be learned 

by elastic scattering measurements involving polarized protons at large 1t 1aad small I tl. I. 
Even if current data on ANN are explained by a low energy mechanism,ao newly proposed 

experimentsU C&ll provide access to a domaio of exclusive QCD. Figure 6 shows the poaible 

kinematic regions accessible by experiments at Ferm.ilab, UNK, RHIC (Brookhaven) aad the 

SSC. The lower energy accelerators can concentrate on the fixed 1t I~ 5 GeVIc (Laadshoff) 

and fixed small aagle (,,) with larger I t I regions, while the larger energy experimeou can 

investigate the regions discussed above at all I t I. A comprehensive experimental program 

involving polarized beams at various accelerators, caa measure all of the elastic pp uym· 

6 

metries in these kinematic rqiou. Such a prop-am would s~ed light 00 the appliciabilit.y 

of QCD to exclusive proceaes ADd would make it pouible to study heliaty non-conserving 

dynamics aad quark-ioterchaage dynamics in a meaningful way. 
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Figure 1. The observables ANN (solid), P (dashes) and Ast. (dot-dash) as a 
funct.ion of I / 12 in t.lae Landsholf Region. In each case, t.he t.hree curves, upper 
to lower, correspond to t.he rat.io Im(f)/& (f) =0.1, 0.5 and 1.0 respectively. 
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Figure 2. The asymmetry ANN as a function of I 0 12 in tbe interference region. 
The t.hree curves, lower to upper, correspond to tbe values of lm(o)/Re(o) to 
be 0.1, 0.5 and 1.0 respectively. It. is assumed here that. I / 12==10 12== ,,2 for all 
filures in this region. 
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Fi&ure 3. The linear combination, AN" +ALl. is shown as a function of I f 12 in 
the interference region. The three curves, upper to lower, correspond to values 
of Im(J)JRe(J) to be 0.1,0.5 and 1.0 respectively. 
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Figure 4. The polarization P plotted as a function of Re(J) in the interference 
region. The three curves correspond to Im(J)J Re(/) = 0.1, (solid) 0.5, (dashes) 
and 1.0 (dot-dashed). 
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a=Q(l)/[L(l)s(l-71)] Figure 6. A -'•.t plot or the experimental recionl dilculHd in the text. The 

Figure 5. The asymmetry ANN ploUed as a function of Q iD the badroDic helieit,. specific relioDa are labeled: L•• fixed I CIt large Ij L, • fixed I cI. very larce Ii I 
conserving region. The three curves correspond to lhe ralioslm(o)/ Re(o) - 0.1. _I cIand .. 01 moderale valuesj He - fixed angle (q) wilh I t I and .. laree. 

(solid) 0.5. (da.shes) and 1.0 (dol.dasbed). 
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