


‘ N()w’ thehigh'ene gy physrcs is mostly the spin physics and most of the experlments
require the knowledge of the polarlzatlon of beams with' hrgh accuracy There are
large spin programs at RHIC and LHC. These programs 1nclude measurements of the
spin correlatlon parameters n the d1ffract1on range of elastic proton proton scattermg

'There isa proposal to use the Coulomb nucleon’ 1nterference (CNI) effects [1] to measure

very exactly and faster the beam polar1zat10n [2, 3, 4] Thls ellect appears. from the

mterference of the i 1magrnary part of the hadron spin- nonﬂlp amplltude and the rcal
jpart‘ of the electromagnetrc spm ﬂlp amplltude determmed hy the charge magnet]c
"moment interaction. The objectrons against this project say that possible unknown
"hadron spin-flip amplitudes can’ give sufficiently large contributions to the CNI ell"ett
A Determmatron of the structure of the hadron scaltermg amphtude is an lmportant
task for both the theory and cxper1ment Perturbatrve Quantum ("'hromodynarmcs
cannot he used in the calculatlon of the real and xmagmary parts of the scattermg
v amplrtude in the dlllractlon range A worse sltuatlon is for the. spin- fllp parts of the
scattermg amplltude in the domam of small momentum transfcrs On the one hand
the usual represcntatmn says that the spin-flip amplitude is dymg at superlngh
‘ nmgu‘s an(l on lho oth(‘r hand we have different non- -perturbative models whlch loa(l
to a non- (lymg spin- lllp amplllu(l(‘ at suporlngh ene rgl(‘s [5,6). "

" Note lhat the lnl('rl'(‘r(‘n(‘(' of the hadronic and ele ctromagnotlc amplltudes may

give an lmportant contrlbutmn not only at very small momentum transfers but also in

the range of the (llllrachon mlmmum [7). But for that one should know the: phase of -

“the mtorfcrcncc of the C oulomb an(l hadron amplltudc at suflic1ently large momentum
transfcrs too. | o, i
Unl'ortunalely, we practically, have no experimental data on the measurement of
the spin correlation parameters at very small momentum transfers except the unrque
v cxperlment (8] but thh large errors. . After the first paper [9] a number of papers
‘ appeared whrch consrder these questlons and try to estrmate a possrble contrlbutlon of

the hadron spin-flip amphtude to the CNI eﬂ'ect [10 11, 12). Thrs problem was a central

point at the Workshop on p0lar1meters and was discussed at the Spm Conference [13]
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But the question remains unclear as we have-\ very dlfferent. conclus1ons
On t.he one hand, our dlfﬁculty is ln most part deﬁned by the lack of experlmental
dat.a at h1gh energles and small transfer momenta We should exam1ne the ava11able~
B experrmental data at dlfferent energies and in d1fferent domarns of momentum transfers
In most analyses the experlmental data at pr, = 45 5 GeV/c a.nd thh 0 06 < 1t <
0.5 GeV? and the -data at pr, = 200 GeV/c with 0. 003 < It] <-0. 05 are used These
4exper1mental data overlap on the axis of momentum transfers but are measured at
d1fferent energles In most analyses th1s energy difference 1 is not consrdered Of course,
" we have plenty of experlmental data in the doma1n of small momentum transfers at

low energies 3 < pL < 12 GeV/c But at these energres we have many contr1butlons

to the hadron spin-flip amplitiides coming ’from.dlfferent reglons exchange. V‘Nlow‘we

cannot exactly calculate all contributions and ﬁnd their energy dependences ‘But great |

iamount of the experlment.al mat.erral allows us to make full phenomenologlcal analyses
: ,, and obta1n the size and form of the dlfferent parts. of the hadron scatterlng amplitude
. at one low energy The dlfﬁculty is that we do not know the, energy dependence of
‘.such amplitudes and 1nd1v1dual contrrbutlons of the asymptotrc non- dylng spin-flip
:‘,amphtudes R k',‘ [P e / L
Now we do not know exactly, also from a theoret1cal v1ewp01nt the dependence
| of t.he drfferent parts of the scatter1ng ampl1tude on s and t. So, usually we take the
* - suppositions that the i imaginary and real parts of the spm -nonflip amphtude have the
,‘ ‘\‘exponentlal behavror with the same slope, and the i 1mag1nary and real parts of the
’ sspln ﬁ1p amphtudes, without the kinematic factor \/ﬁ have the same behavror with ¢
g 1n the exammed domaln of momentum transfers For example, in 19, 12] the spin-flip
amplltude was chosen in the form

F}v={/—_t/mp(b+ia)FN.‘ S

That. is not so in respect to t.het dependence shown in Ref [1 1] where they multlply

‘ the exponentlal form by t.he spec1al funct1on dependent on t. Moreover, we take mostly
the energy mdependence of the ratlo of the spln ﬂrp parts to the spm nonﬂ1p parts of

t.he scat.termg amplltude All this i is our theoretrcal uncertamty
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In this paper we show t.hat t.hese supposmons are mostly wrong and we have t.o‘
1ntroduce dlfferent dependences on s and t in the sp1n nonﬂxp parts and spin-flip parts
of the hadron scattermg amphtude We treat of & poss1b111ty of estlmatlng the size of
the hadron spin- ﬂ1p ampl1tude from the available experxmental data, the influence of
the hadron | spin-flip amplitude on t.he CNI effect and a posslblhty of estlmatlng this
contribution from the experlmental data o measurement of the ana.lyzmg power in

the nucleon nucleon elast.lc scatterlng

The dlfferentlal cross sectlons measured 'in an experiment are desr‘rlbed by the

square of the scatterlng amphtude
o/ =50+ (14 ¢) FnR(s,0) T2+ o) B Imba(s, ), (2

where F, = T2aG?/|t| is the Coulomb amplitude; a is the fine-structure constant and
G?(t) is the proton electromagnetlc form factor squared; Re F'h(s t)and Im Fh(s t) are
the real and imaginary parts of the nuclear amphtude p(s t) = Re F(s t)/Im Fl(s,t).

Just this formula is ‘used to fit experlmental data to evaluate the ratio of the real to

imaginary part of the forward spln nonflip amplitude p(s, t).

Numerous discussions of the value of p. measured by the UA4 [14] and UA4/2 [15]
Collaboratlons at \fs = 540 GeV have revealed the ambiguity in the definition of this
parameter {16], which in most part is connected W1th t.he dependence of the form of

the real and imaginary parts of the scattering amplitude on ¢. As a result, 1t has been '

shown that we have some trouble in the definition of t.he total cross sectlons and the

'

value of the real part of the scatterlng amplltude Of course, we should develop new

'experlmental and theoretical methods to obtain exact values of the hadron differential

cross sections and the 'structure of the hadron spin-nonflip amplitude [17, 18].

The ma_]orlty of t.heoretlcal models descrlbe the hadron scattermg at small angles »

; wrth the use’ of the e1konal approx1matlon where the amplltude of p[rscatterlng is

M(s,'t) = Mo(s, 1) ¥ "M(s, t)(01 +oz) n+M2(s t)(01 “fi)(oz - R)

+ t)(ol Q)(Uz q)+M4(s t)(al (es- 1) ®
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In the eikonal.representation, if the terms are taken into account to the first order

in" spip-dependent eikonal phases, one can write .

Mo(s, 1) /pdpJo (pa)(1 — &9, My (s,1) = t/p dpi( pq)e "“"’x: ( )

Mals )= Mo(a,0) = Mulo ) = & [dpdo(pn)e ™ Pinle) (@

whmc the eikonal function x(p) is the sum of the spin- -independent central term xc and

1

spin- oxl)lt - x1s and spin- spm terms xss. [19]

Usmg ordinary relatrons (see for example [20] we can obtain the hehcxty amph-
tudes for small scattering angles : :

¥y

‘»1'5(.§,t) = /l[o(s ,£) +A[2(s t) f4(s t) = 0, Fs(s,t) = le(s t) ({,))

3

Fuls,t) ;' M;,(s 't')_“Mz(s‘t)‘ Fg(s t)—2Mg(s z)

lor the (lectromagnotlc llell(']ty amplltudcs one takes the usual one- photon approx-
lmatlons (see [21]) with the’ Coulomb hadron phase [7] calculated for lhe whole dif-
~ fraction range. As a r('sult, the total helicity amplltud(‘s can be written as Fi(s,t) =
Fi(s, I) + Fi(t)expid: ’l‘ll(‘ diflerential cross s('ctions‘hn(l spin’ (:orr(‘lhtioh parameters

are . h oo ’ . s

O = w(IRP+IBE 4 1B + B HABD.®)
o Fot Fa+ Fac FOFS ‘ ()
ANd_ = —47r1m[(F1+ Fg + F;;— 14)1‘5l . Vel

*In this paper, we suppose that we “know the differential cross sectmns ol the elasnc

nucleon scattermg suﬂimently well. W1th the usual high energy approxrmatlon for the .

splral amphtudes at very small momentum transfers we suppose that Fy = Fjy and we
can neglect the contrrbutlons of Fg and Fj.
At the’ present moment we have, as ha.s been noted above, that in soime models

the hadron asymptotical spin-flip amphtude is not dymg at superhigh energy But

e em

‘most part of the experimental data of the analyzing power at'small ¢ lie-at low ener

gies. Hence, we should take the low ‘energy spin'amplitudes and-build the continuous -

transition to the asymptotic amplitudes.

As asymptotic amplitudes let us take those calculated-in Ref: [6]: In [22] on'the
basis of sum rules it has been shown that the main contribition to a hadron mteractxon
at large distances comes from the’ tr1angle didgram with the 27 -meson exchangé inithe
t-channel.” As a result! the hadron amplitude can be represented as'a sum of ceritral’

and peripheral parts of the interaction: +
T(st)ocT(st)+T(s o, T (5

where Ti(s,t) descrlbes the interaction between the central parts. ol hadrons cand
T,(s,t) is the sum of. contrxbutrons of .diagrams corresponding.to the inte ractions ol
the central part of one hadron on the meson cloud of the other, The ('ontnl)utlon ol

these diagrams to the scattering amplitude w1th an N(A-isobar) in the lnl(‘rm( (lml(

state looks like [6]

dhw

o) JrrNN A
If\‘/l(X)( 1) = i(.,—wl))/(ﬂlllww(“t onal(k —’I)»(/ onial( I’—(I) q l

s \’(fl P,k )
lf/ = My +idl(k~q)? — @2 +id[(p = q)2 = 2 i =

O
Here Ajand)y aré the helicities of nucleons; I,,N is tlle‘7rN‘sr'a,ttermg~amplitudé;"l"is
a matrix element of the numerator of l,l](‘Vl‘(‘l;rv.‘i(‘lll.ﬂllt)ll of the diagram; (,b‘yar{e,.vertex'.
functions chosen in the dipole form withw'the pararncters Angay:

Fva)
(8% N(a) ~ 12)2.

The model with the N and A contnbutlon provides a self-consrstent plcture of the -

ona) (P ¢* « MN(A)) = (10)

(llll'(‘r(‘nllal cross sections and spm phenomena of dlﬂerent hadron processes at hxgh
(‘n(rgxes R(‘ally, parameters in the amplltude determmed from, for example elastic
pp-scattering,-allow one to-obtain a wide range -of results for elastic meson-nucleon
scattering and-charge-exchange reaction«7r‘lp ~ 7%n-at high energies. 5 et e

It is essentlal that the model predicts large polarization effects for all: consxdered

reactions at-high ‘and. superhigh-energies [6]." The predictions are-in good: agreernent -



with the experimental data in the energy region,aya'rlable for experiment. Also note
that just the effect of large distances determines a large ‘Value of the spin-flip amplitude
~of the charge-exchange reaction [23]. ‘ »

The model takes.into account the s - u crossing diagrams in the scatterlng

amplltude, which leads to the asymptotic equality of the proton-proton and proton- .

‘antiproton cross sections as s — 00. An impottant praperty of this model is that it
‘ can;be applied to the proton-antiproton scattering at sufﬁbiently low energies.. Thus,
the behavior of the proton-proton and proton-antiproton differenti.al cross sections at
pL = 40 GeV and pp = 1850 GeV acqulres a natural explanation [24]. - Our results
weakly depend.onthe model for the sp1n nonﬂrp amplltude leferent models must
: grve the same differential cross sections in a'wide ‘tange-of momentum transfers and
' energie‘s'."Moreover,‘ they must describe the energy dependence of p(s). Basically, only
th'e'beha‘\t(i(')r of the real part of spin-nonﬂip amplitudes in the range of the diffraction
:“mjinimum”rnay depend on the model and leads ‘to different predictions.
~As a low energy amplitude let us take the one obtained in Ref. [19] where the full
analysis of experimental data has been cartied out and the: full set of the helrcrty spin
amphtudes and-their e1konals of the proton proton scattermg at pL = 6 GeV/c has
been extracted. SaLE L
S Let;us takethe'elkonal of the spin-nonflip amplitudes in the form similar:to the
3 form and size obtained in [19] at pr.= 6 GeV/c: . |
1 —ex=(®)" ='::h1é"c’b_,2:—. hzlé:'yc’b2 -the‘cab’ -
s (hqe™% — hse ™0 4 hge™0) (11)
‘and for the hadron sp1n flip amplltude o

Xz,(b) h:,[l +be#(!)(b—bo)]_ T e ‘(1‘2)

where hi,ci; by, and bo are the parameters obtained in Ref. [19].. As we knovy - these
amphtudes reproduce the analyzing power at. pL= 6 GeV/c. In fact, these amplitudes

are-a sum of:terms falling, constant and probable growing with energy..But this form

has no energy dependence of the parametets which change the form of these amphtudes ~

¥

with increasing energy in both the sp1n-nonﬂ1p and spin-flip parts To take the energy.
dependence of some part of the amphtude (11 12), let us multrply (12) by the fallmg
term $1/s and to take into account the change of the form of (12) with energy, let us’

-

1ntroduce the energy dependence mto the parameter [T u,
, u(s) = haflog s1/log ), Wy

where o and sy correspond to the values of Ref [19] The amplitude of the dynamical
model (DM) also includes the falling; constant and the increasing terms, but: it is not
suitable to describe the'low-energy data Sothis‘is-not a simple task to sew thCSe
two amplitudes, low energy phenomenologrcal and high energy model amphtudes To
obtain the smooth transform to our model representatlon, let us multrply amphtudes
(11, 12) by the function fsrdft quickly decreasing with energy, multiply our model
amplitudes by the factor f"f i, R v

o
gt
Lo

fs:,f(s)‘;ezp(~[s"f/s1:?), fstf(s)—l——exp( [‘s"f/sii), om

i

7! ()—exp( [~1 ) atie) =1~ eanl- [—1 L f (15)

and multlply the falllng term of the DM amphtudes by an’ addltlonal functlon :
1= e:z:p( [\/sf /ﬂ

In this case, we e obtain that the analyzmg power at pr, = 6 GeV/c is descnbed only .
by thc amplitudes obtained-in Ref 9] and at superhlgh energies only" by the:DM
amphtude In the domain of approxrmately 6< pL < 200 GeV/c the analyzing power
has both the contrlbutlons The parameters s"f and st were chosen to obtaln the

descrrptlon of experlmental data AN of elastrc proton proton scattermg avarlable in’

5

th1s energy range (pL < 6 GeV/c and |t| < 1 GeV2) ‘

sH=44 GeVZf,' sl =64 GeV2i =
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Fig.1: The ana.lyzmg power An-of pp-scattering calculated at a) pr.= 6 G'eV/c,
b) at p, = 11.75 GeV/c ( the full line is our calculations; the experimental data Ref. B
(25, 26, 27)) i
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Fig.2: The analyzing power Ay of pp-sc‘a.ttering calculated at a) pr = 10 GeV/c; -

b) at p, = 17.5 GeV/c; c) at pp, = 45.5 GeV/c; d) at pg = 200 GeV/c (the full line is
‘our calculations, dashed line is the calculation without the contributions of the hadron

spin-flip amplitude; the experimental data Ref. [28, 29, 8, 30])

. The ca.lcula.ted a.na.lyzmg power at p;, = 6 G'cV/c is shown in Fig.1 a.. Of course, in_
the orlglnal phenomenologlcal analysis made in [19] six parts of the amplitudes with
the exchange spin'were used “but it-can be seen that a good description of experlmental
data on the analyzing power can be rea.ched only w1th one hadron spin-flip a.mplltude 7

. The experlmenta.l data at pr = ll 75 GeV/c serlously dlffer from those a.t L=

6 GeV/c but our ca.lcula.trons reproduce them: suﬁicnently well (Fxg lb) In Flgs 2(a. h)

, we show our ca.lcula.tlons and experlmenta.l data at pL = 10 GeV/c and 17.5 GeV/ec.

From these ﬁgures we notice that our energy dependence was chosen correctly a.nd we
may hope that further we will obta.m correct va.lues of the analyzmg power

- Really, our ca.lcula.tlons at pL =455 GeV/c show the satlsfa.ctory descnptlon of the
experimental data (see Flg. ‘2c). At this energy both of our parts of the a.mplltu.(le give

important contributions.. The contributions to the analyzing power of the amplitudes

-(11,.12) are approximately twice as large as the contributions of the model amplitudes.

From Fig. 2c we can see.that in the region |¢]. ~ 0.2 GeV? the contributions from the ‘
hadron spm -flip amplitudes are most important.

At last, Fig. “2d shows our calculatlons at pp, = 200 C'eV/r ‘At this r‘ncrgy, the
contributions of the phenomenologlcal amplitudes are already very small and can “he '

compared with the contributions of the model amplltudcs only at |{]'= 0.5 GeV2 where:

" both the rontnhutxons are very small.

Finally, we describe the experimental data at py, = 45.5 GeV/c and pL'= 200 GeV/c : -
by the 'diffméxd amplitudes and our descriptions have different forms’ that aré clearly
seen from the comparison’ of Fig. 2c and Fig.2d.” "The chosen énergy dependence’of
the hadron spin-dependent arnplitude a.llowé us; to describe all available experimental

material. Ilence, we can try to continue our’ calculatlons and extend them to hlgher,‘

‘énergies. The contributions. of the hadron spln -flip amplitudes to the a.nalyzmg power '

of the Coulomb-nucleon mterference at different points of transfer momenta are shown -
in Figs. 3(a,b).” The full line shows the contribution at the points ‘of the maximum of
the CNI. It can be seen that practically after p;, = 200 GeV/c its relative contribution ’

is approximately a constant ~ 3%. The most important relative contribution is at

i



|t| ~°0.2 GeV? where it is very large up to /3= 100 GeV -and has’a heavy energy

dependence -
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Fig.3: a) The‘additibna.l contributions of the hadron spin-flip a.mpiitudes to the
CNT effect; = | | ot L
b) the relative contributions of the hadron'spin-flip amplitudes to the CNI effect
(otir ‘calculations at tmaz, [t] = 0.001 GeV?,/|t] = 0.01 GeV?, |t = 0:1'GeV? are shown
by thefflill,'dotidashed,' long-dashed and dashed lines tespectively)

- It is very importa.n{t' to note that we obtain the different energy dependences of the
additional contributions A A to the pure CNI effect at the different points of momen-
tum transfers. The contribution at [t| =01 GeV? has a clear 'downfa._lkl; with growing
Vs but in the range of maximum of the CNI effect we have the\edditiona;‘l contribu-
tions whieh are nearly independent of energy. So, we cannot make the,conclus:ioh:about
aeher'gy dependence of AAy at the place of maximum of CNI, measdring—the energy
‘,dependence of the analyzing power at other points of the transfer momentum. But this
Ai;s one_of the central points of many other analyses of the CNI effect:

.- Now. let us examine the ratio of the real and imaginary parts of the,spir_i-ﬁib .ampli-

‘tude; without the kinematic factor y/}t],.to the separate parts of the hadron spin-nonflip

-amplitude (see Figs. 4(a,b) and ;5(:a,b)). It is clear that this ratio can.be regarded as

: "‘a constant only up to‘ltl < 0.1 GeV?. Moreover, this ratio has a:very strong energy
dependence.‘ ey -

So, at low. energies the ratio of real parts of the hadron.spin-flip to spin:nonflip
amplitude has a "zero” at |t| ~ 0.5 GeV2. Then, this "zero” goes out to larger transfer

momenta but at higher energies it returns to the region of small momentum transfers.
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Fig.4: a.) The ratlo, ‘without kmematlc factor. \/ﬁ “of the real part of the spin-flip,
to the real pa.rt of spm-nonﬂlp amphtude b) The ratlo, without kmema.txc factor ¢,

of the i imaginary pa.rt of the spm ﬁlp to thei 1mag1nary part of spm-nonﬂlp amplitudes
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- Flg 5 The ra.txo of the rea.l pa.rts of a) the spm-ﬂlp, wlthout kmematlc factor \/I— ,

and b) spm nonﬂlp to the i 1mag1nary pa.rt of the spm nonfhp a.mphtude .
‘at \/_ 4. 93 9 3, 19, 4 a.nd 50 GeV are shown by the short-dashed da.shed full and

dot da.shed lmes respectlvely -

Hence, we cannot’ carry ‘sut our ‘analysis of experimental data at dlfferent energles

a.nd different regions of momentum transfers ‘using the same form of the hadron spm-

" flip “amplitude. 'Note'tha.t we obtain that the imaginary part of the hadron spm»fhp'
amplitiide; without the kinematic factor \/It—l < is smaller tha.n" the imaginary part of '

the spm-nonﬂlp a.mphtude But thls kind of Tratio for the real parts is not so far-from

umty.
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Now let us examme what _we can obtam lf we take the e).penmental data on the
po]arrzatlon AN only at one energy [8] 7
Let us take a representation for the hadron spin—ﬂio amplitude in the form

R fhs_\/—(k2p+zk1)1mfh, - . (16)

-~

Here, the coeﬂiaents k1 and k2 are the ratio of the real and i 1mag1nary parts of the
spin- ﬂlp and spin- nonﬂlp amplltudes w1thout the kinematic factor y/]t|. Hence, if we
have k1 = k2, the phase between fh and fhs is zero and the interference between

these two/amp]ituil('s\is zero. These coefficients are related to R and I in the paper [9]

. - \
as

‘I = [111fl15/l171.fh, :f-l R Refh5/Imfh1 = pk2 ’ (17)

lf we take the experimental pomts at’ 4 and t of the experlment [8] In pairs we
can cdlcu]at(' the valucs k1;; and A’z] guch a calculatlon shows that pract!cally in all
cases.we have [k2] >> [k1] and |42 ~.1. Il we throw off the first and the Jast. p_omts,

which-have the maximal crrors, and calculate the average of K1 and k2, we obtain
k1 ~0.1, k’z ~13.

I]m means thdt 1f\\( (hop th( l\lll("l]ld“( factor \/ﬂ the lmagluar) part ()fspm ﬂlp
ampl\tude is m)all( r thau th( nnagluary part ()f tll( hd(lron spm n()nﬂlp dmphtu(l( l)ut
thc xeal _part is the same ()l‘(l(‘l as th( leal part of spul n()nﬂlp amphtud( It ((nu(ul(s
qualltatlvely w1th our mod(‘l (‘alculatlon At s intere stmg thdt |f we (al(ulal( our
coefﬁclents k1l and &2 with two different values p; = 0. 01 aud p; = 0. 0). we ()])ldlll
‘approx1mate1y double growth of &2 in the second case. F11is means that the real part
of:the hadron spin-flip amplitude keeps.the same size in_both cases. . e

In fact, this conclusion is made from the analysls of Ref. [9].,If we recalculate their
.va]ues R to our k2, we obtain k2, changing near unity for all its variants; and  the
mlddle of all vana.nts is k2 = 1, 04 . Of course, these evaluations are, very rough_as
errors of the experiment [8] are very large. But we think that it may be a valuable

: ‘lIldlCa.tIOIl of the relative structure of the spin-flip amplitude.

12

It is obvious from our’tana.‘lysis that théu e;(aniining of the‘contributions of th'e"hnvdr'onf
spin-flip amplitudes i in the CNI effect should take 1nto account the energy dependence
of all parts of the hadron scattering amplltude and ltS dependence on momentum trans-
fers. Our descriptions of all available experlmental data give ahout 3:5% the predlctlons
for RHIC energies for the contributions of the hadron SplIl flip amphtude to, the max-
imum of the CNI effect But, of course, t.hls estlmatxon has a very large theoretical
1ndeﬁn1teness Wthh is connected w1th other p0581ble contrlhutlons from other sourcess

of the ha.dron spm ﬁlp at’ hlgh energles However, this’ estlmatxon shows ‘that these ,

‘contnbutlons may be sufficiently small and we can use thls effect to measure the beam

polarization.» More accura.te,estirnationé._can be made only after a new experiment~in .
this domain of transfer momenta at energies \/3 = =40+ 50 GeV. L
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