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Now, the high energy physics is mostly the spin physics and most of the experiments 

require the knowledge of the pola~ization of beamswith high a~curacy. There' arc 

large spin programs at RHICand LH<:f. These pr~grams include measurements ofthe 
. . 

spin correlation parameters in the diffraction range of elastic proton-proton scatteririg. 

Th~re is~ proposal to u~e,the c6ulomb-nucl~n int~rf~rence (CNI) effects (1] td rricas~~c 
very exactly arid fastef the beam polarization [2, 3, 4]. This effect appe~rs froin the 

interference of the imaginary part of the hadron spin-n'onfiip arriplitude and th~ r~al . 
part' of the elect~omagnetic spin-flip amplitude detenhi~ed by the charge-magnetic ' 

moment interaction. The obj~ctions against this project say that possible unknown 

, hadron spin-flip amplitudes can give sufficiently large contributi~;;;, to the CNJ effect. 

Determination of the structure of the. hadron scattering amplitude is an iniportiUJt. 

task for b~th the theory an·d. experiment. Perturbativc Quant.~m Chroniodyna~Jics 
carinot be us~d in the calculation of the real and imaginary parts of the sciltt~ring 

' -· 
amplitude in the diffraCtion range. A ~orsc situation is for the. spin-flip parts of the 

. . . . 
scattering amplitude i;1 the domain of small momentum transfers. On the one hind, 

the usual representation says 
t-hat the spin-flip amplitude is dying at superhigh 

c;nPrgif's, and ~n the 'otlwr hand we havf' different ncm-J)erturhat.ive m<?dels which lead . 
to il Jion-~lying spin-flip amplitudP at supcrhigh (~IJergiPs [fi, 6]. 

Note that tlw int.PrfPrPucc of the hadroi1ic and dPctromagnctic amplitud~s may 

give ail import~nt c~ntrihution not only at very sm~.ll momentum transfcrsbut also in 

thf' range of HlP diffr~ct.i6u minimum (7]. fhlt for that one should know the phase of . 

I hP inff'rfPrcnce of tlw Coulomb and hadron amplitude at sufficiently large momentum 
t ransfPrs too. 

Unfortunately, we practically. have no experimental data on the measurement of 

the spin correlation parameters at very 1>mall momentum transfers except the unique 

experiment (8] but with large errors· .. After the first paper (9] a number of ;apers 

appeared \Vhich 'consider the~e questions and try to estimate a possible cont~ibution of 

the hadron spin~ flip amplitude to the CNI effect [10, 11, 12]. This problem was a cen.tral 

point at the Workshop,on polarimeters and was discussed at the Spin Conference [13]. 

h\tJ~d!t:[.iNA t;'u'::if!'ll 
U~if!iWX IK~Jt~ltt~·· 

· &H&ntron~KA 
'.. ,_.,-



/, 

' . 
But the question remains unclear as we h~ve·very differ.ent conclusions. 

On the one hand, our difficulty is in most part defined by the lack of experimental 
' '.· ' . -·· .. '-.-,. ; ,,·. . ··;.: ··''; ·_; ,"' 

data at high energies and small transfer momenta. We should examine the available • 
~. . ; - - ' ' . . '\· .. ' ; '' . . . 

experimental data at different energies and in different domains ;f momentum transfers. 
. ' . : ' ~ . . ~ ' . . . ~. ' . 

In most analyses the experimental data at PL.= 45.5 GeVfc and with 0.06 < JtJ < . ' .. - ' . . .' ' : 

0.5 GeV2 and the data at PL.= 200 GeVfc with 0.003 < JtJ <·0.05 are used. These . ' ·,;_, . ·'. 

experimental data overlap on the axis of momentum transf~rs but are measured at 

different energies. In most analyses this energy difference is not considered. Of course, 
! . ) ' ., 

~e have pl~nty of experimental data in the domain of small momentum transfers at 
' ' ' . . ' ., ~ 

low energies 3 < PL< 12 GeVfc. But at theseen~rgies we have many co~tri_buti?ns 

to the hadron spin-flip amplitudes coming from different regions exchange. Now we 
·- ' ' . . . . .• . ' 

cannot exactly calculate all contributions and find their energy dependences. But great 
' '· .. . . ' 

amount of the experimental material allows us to make full phenomenologi_cal analyses 

and obtain the siz~and form ofthe different partsofth~ hadron scattering amplitude 

at one low e;ergy. The difficulty is that we do not know the energy dependence of 
. ' . ' ,. . ~ -' ' . ' 

. such amplitudes and individual contributions of the asymptotic non-dying spin-flip 

·.amplitudes. 
'. '·· 

Now we do not know exactly, also from a theoretical viewpoint, the dependence 
•' • . , ,. . ·., "r • ·. '! '' ",; ,• ·.• ' '\'', 

of the differe~t parts of the scattering aJ?plitude on s and t. So, ~sually we take the 

suppositions that the imaginary and real parts of the spin-nonflip amplitude have the . . . ' . ' . . 
.exponential behavior with the same slope, and the imaginary and real part~ of the 

spin-flip a.mplitudes, without the kir;tematic factor y'itl, h~ye the same pehavior with t 

in. the examined domain ?f momentum transfers. For example, in [9, 12] the spin-flip 

amplitude was chosen in the form 

FJ' = \1-ifmp(b + ia)F~. (1) 

. That is not s,o in respect to ~he t dependence shown in Ref. [11], where they ~ultiply 
' . . . . ' 

the exponential form by the special function dependent on t. Moreover, we take mostly 
,_ '· - . ' . - ' ;, '. ' 

the energy independence of the ratio of the spin-flip parts· to the spin-nonflip parts of 

t~e scatt~ring ~mplitude. ~ll this is our th~oretical unce~ta~~ty. . . . . , 

·~--.._.~..,_._.-.,...c . .., ·-~•~UJ>~-.,_ 
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In this paper we show that. these suppositions are mostly wrong and we have to 

introduce different dependences on s and t in the spin-nonflip parts and spin-flip p~rts 
• r • - ~ : ~ ' " • • ' • ~ 

of the hadron scattering amplitude. We, treat of a possibility of estimating the size of 

the hadron spin-flip amplitude from the available experimental data, the influence of 

the hadron spin-flip amplitude on th~ CNI effect and a possibility of estimating this 

contribution from the experimental dat.a on· measurement of the, analyzing power in 

the nucleon-nucleon elastic scattering. 

The differential cross sections measured· in an experirrie'rit ·are' described ·by the 

square ofthe s~attering a,mplitud~ 

dufdt = 7r(F;(t)+ (1 + l) lmFf(s,t) =t=2(p+acp) Fc(t) ImFh(s,t)), · (2) 

where Fe= =t=2aG
2 /ltJ is the Coulomb amplitude; a is the fine-structure constant and 

G
2
(t) is the proton electromagneticform factor squared; Re Fh(s, t) and /m Fh(s, t) are 

' ' 

the real and imaginary parts ofthe nuclear amplitude. p(s, t)'= Re F(s, t)f Im F(s, t). 

Just this formula is used to fit exp~~imerital data to evaluatethe ratio of the real to 

imaginary part of the forward spin-nonflip ?mplitude p(s, t) . 
. . . ' 

Numerous discussions of the value of p f!leasured by the UA4 [14] and UA4/2 [15] 
,• < O < "<' •[•, I •i"• ' •" ' ' • ; • • 

Collaborations at Vs = 540 GeV have revealed the ambiguityin the definition of this ' • • 'I •' •<' ( -·,, • ' • • 

parameter [16], which in most part is connected 'Yith the dependence of the .form of 

the real and imaginary parts of the scattering amplitude on t. As a result, it has been 

shown that we have some trouble in the definition of the total cross sections and the 

value of the real part ~f the scattering amplitude. Of course, we should develop new 

experimental 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 majority of theoreticaJ,models des~ribe the hadron scattering at small angles 

with the use of the eikonal approximation where the amplitude of pp-scattering is . . . ' ' . ·' \ ~ ' . . ' . '~,. 

M(s, t) = Mo(s, t) + 'Mt(s, t)(ut + u2) · n'+ M2(s, t)(ut · n)(u2 >n) 

+ M3(s, t)(u1 · q)(u2 · q) + M~(s, t)(ui ·l)(0:2 ·I), (3) 
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with 

I 

' i '·--·, ' ·,· { ' 

. p+p . p-pl 
1=--, q=--, 

Jp+p'J'' Jp-piJ 
n = p X p/ 

Jp·x p/j" 

In the eikonal. representation, if the terms are taken into account to the first order 

in' spiQ.-dependent eikonal phases, one can write 

i 1 pd~Jo(pq)(l- e-xc(Pl), Mt(s,t)~ i JldpJt(pq)e-xc(P)XIs(P), Mo(s,t)= 

M2(s,t) = M3(s,t) = Af4(s,t) = i r~dpJo(pq)e-xc(Plx •• (p), '' (4) 

\~here the eikonal function x(ji) is the sum of the spin-ind~pendent central term Xc arid 

spin-orbit - XIs and spin-spin terms Xss (19]. 
'. i • • 

Using ordinary relations (see, for example, (20]) we can obtain the helicity ampli-

tudes for small scattering 'angles 

F1(,q,f) 

1·\(.q, t) 

. ,Mo(s, t)~ M2(s, t), F2(s, t) = 2M:i(s, t), 

Mo(~, t) + ~f2(s,t),, !4(~, t) = 0, F5{s, t) r= iM1{s, t). (5) 

For th<~ <'lectromagnd.ic lj('licity amplitudes, one takes the usual one-photon· approx

im~tions {sPe (21]) with the Coulomb-hadron pha.Se [7) calculated for the whole dif

fraction range. As a result, the total h'clicity am'plitudcs can he .written as F;(s, t) ,; 

f'j.( .<, t) + F/:( t )crpicf>. Tlw differt-nt.ial cross sections ·iwd spin correlation parat'rwt<·rs 

are 

du 

dt 27r(JFtl2 + IFW + IF3l 2 + 1Fd2 +IJI·;~I 2 ).' 

du 
Aw;u = -'111"/m((Ft + F2 + F3- 1·4)F5]. 

(G) 

(7) 

In this paper, we suppose that we know the differential cross sections of the clastic 

nucleon s~~ttering sufficiently welL With the usual high ene~gy approxi~1~tion fo; the 

spiral an;tplitudes at very small momentum transfers we suppose that F1 = F3 a;td we 

can neglect the contributions of F2 and F4 • 

At the present moment we have, as has been noted above, that in some models 

the hadron asymptotical spin-flip amplitude is not dying at superhigh ene;gy. But 
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'most part of the experimental data of the analyzing power at small t lie ·at low en~r-· 

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 calc'ulated·in Ref. (6), In (22) on tht: 

basis of sum rules it has been shown tqat the main contribution to a hadron interaction 

at large distances comes from th~ triangle diagram with the 21r -mesor{ exchangi~ in:tlw 

t-channel. As a result; the hadron amplitude can be represented as· a sum of ("etltral 

and. peripheral part's of th~ interaction: • 

.T(s, t) ex Tc(s, t) + Tp(s, t), (8) 

where Tc(s, t) describes the .interaction. between. the central parts of hadrons! and 

TP( s, t) is the sum of. contributio~s of diagrams corresppnding. to the interacti<~tl.~ of 

the central part of one hadron on the meson cloud of the other~ The contribution of 
1_ I • • ·; " ' • "',' '' • 

these diagrams t~ the scattering amplitude wHit an N{~:isobar) in tlw inte~nwdiatP 
state looks like (6) 

2 • ' ' 

r •.l,.i, ' . 9KNN(A) 1 14 ., , • .! 2 .. . . 2) 
7N(A)(s,l) = i( 21r)4 a 'I~KN(,q,l)cpN(A)((h:~q),q )'PN(A)[(p-q),q 

1'·1•·12 (i7 n k ) 
X •r• ' (9) 

[q
2

- M~(A) + ic][(k- q) 2 -11 2 + i(]((p- q) 2 -Jt2 + i() · 

I IPr<' ..\ 1 mul..\:1 arc' thi· lu•licit it's ofnudrons; T,N is th<' 1r N ·scattPring 'amplitudc~;T 'is 

a matrix <'l<'lll<'nt. of til(' llliiiJ('rator of th<'T<'Jlr<'s<·ntaticm nf the diagram; cp:arc vertex 

fund ions chos<'n in til(' dipol<: form with'the paraiT!etcrs f3N(A): 

(12 2 'f2 f'Jfv(A) 
'PN(A) • q ex 1l N(A)) =( · a2 _ /2)-

• I'N(A) 
(10) 

Til(' mod<'l with tlw N and ~ contribution provides a self-consistent picture of the 

diff<'wntial cross sections and spin phenomena of different hadron 'processes at high 
. • . '.··' l \ \, .. 

<'nergie~. Really, parameters in the amplitude determined from, for example, elastic 

pp-scattcring,' allow one to· obtain a wide range of results for elastic meson-nucleon 

scattering and ·charge-exchange reaction ,1r-p ~ 1r?n at high energies. .! 

It is essential that the model predicts large polarization effects for all'considered 

reactions at high 'and super high energies (6). The predictions are in good· agreement 
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with the experimental data in the energy region available fo10 experiment. Also note 

that just the effect of la:r;ge distances determines a large yalue of thespin-fiip .amplitude 

of the charge-exchange reaction (23]. 

· The model takes into account . the s --+. .u crossing diagrams in the scattering 

amplitude, which leads to the asymptotic equality of the proton-proton and proton

'aritiproton cross sections as s --t oo. /m important property of this model is that it 

can. be applied to the proton-antiproton scattering at sufficiently .low energies .. Thus, 

the behavior of the proton-proton and proton-antiproton differential cross sections ~t 

PL = 40 GeV and PL = 1850 GeV acquires a natural explanation (24]. Our results 

weakly depend.on the model for the spin-nonfiip amplitude. Different ~odels must 

give the same diffe'rential cross seCtions in a wide'range·of momentum transfers and 

en'ergies.' Moreover, they must describe the energy depen~ence of p(s ). Basically, only 

the behavior of the real part of spin-nonfiip amplitudes in the range of the diffraction 

minimum'may depend on the m~del and leads to diffd:ent predictions~ 

As a low energy amplitude let us take the one obtained in Ref. [19] where the full 

analysis of experimental data.has been carried out and the full set of the helicity spin 
i ~ > >;, ' I • • 

amplitudes and their eikonals of the proton:proton scattering at PL-= 6 GeVfc has 
', . ;· . 

be~n extracted. 

L~t:us take the eikonal of the spin~nonfiip amplitudes in the,forJl.l similar·to the 

form and size obtained in (19] at PL•==. 6 GeVfc: 

1- eX<(bJ = 'hte-clb, - h2e·.;.c,b, + h3e-c•b, 

+i (h-t~-c,b, - hs~-c.b, + h6e-C•b,) (11) 

and for the hadron spin-flip amplitude 

XI~( b)·= h,,[1'+ ·b·-~JL(•)(b:_bol.:.l, (12) 

where h;,c;, h,, and~ are the parameters obtained in ,Ref. [19]. As we know,, these 

amplitudes reproduce the analyzing power at.pL = 6 GeVfc . . Jn fact, these amplitudes 

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

has no energy dependence of the parameters which change the form of these amplitudes 

_/. 
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with increasing· energy in both the spin-nonfiip and spin-fiir> parts. To take the e~ergy, 

dependence of some part of the amplitude (U, 12), let us multiply (12) by the falling 
~ • < '. • '. • ' 

term stfs and to take .into account the change of the form of (12f with eriergy, let us· 

introduce the energy d~pe~~~~ce into the p~rameter J1 --t ~.: . .. ' ' . 

J.L(s) = J.LotJogstflogs), (13) 

where flo and s1 ~orrespond to the values of Ref.' (19]. The amplitude of the dynamical 

mod~i (DM) also includes the falling; ·const'ant and the increasing terms, but it is not 

suitable to describe the'low-energy data; So 'this :is not a simple task to sew these 

two amplitudes, low energy phenomenological and high energy model amplitU:'des. ·To 

obtain the smooth transform to our model representation, let u~ ~U:Itiply amplitudes 

(11, 12) by the function fs~J·f1 quickly decreasing with energy, multiply our model 

amplitudes by the factor Jt",!-f': '·, 

Js;!(s) = exp(-[~nf /s] 2
), fs1f(s) = 1- e~p(-:-[snf /s] 2

), (14) 

sf' . 
fs!~(s) = exp(-[-]2

), s . 

fl sfl 
fs1h(s) = 1- exp(-[-]2

), 
s 

(15) 

and multiply the falling term of the DM amplitudes by an additional function 

1 _:_ exp(-[Vsfl/JS]) 

In this case, we obtain that the analyzing power at PL = 6 GeVfc is described only 

by the amplitudes obtained in Ref. · [19] and at superhigh energies only by'the DM 

ampiitude. In the domain of approximateiy 6 '5.'PL '5. 200 GeVfc the analyzing power 

has both the contributions. The parameters snf a~d sf1 were chosen to obtain the 

.de~c;iption of e~~erimental data A:V' of elasti~ ~roton-proton ;cattering available in' 

this energy;~n~e· (PL ~ 6 Ge~fc and it! ~-·.i G:~2 ) . . ' - ~ . . ~ .. 

· snf.= 44 GeV2 , • · sf1 = 64 GeV2
•· · 

•·; 7 
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Fig.l: The analyzing power AN of pp-scattering calculated at a)·PL = 6 GeVfc; 

_b) at PL = 11.75 GeVfc ( the full line is our calculations; the experimental data Ref. 

(25, 26, 27]) 
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Fig.2: The analyzing power AN of pp-scattering calculated at a) PL = 10 GeV/c; 

b) at PL = 17.5 GeVfc; c) at PL = 45.5 GeVfc; d) at PL = 200 GeVfc (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)) 
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T~e calculated analyzing power at PL = 6 Ge~/c is shown in'Fig.1 a. Of :<;ourse, ~n 

the original phenomenological analysis made in (19) sjx parts of the amplitudes with 

the exchange spin were used,·but it can be seen that a good description of experimental 

data on the analyzing power can be reached only with one hadron spin-flip amplitude . 

. The experimental data at PL = 11.75 GeVfc seriously differ from those a\PL = 
6 GeVfc.but our calculations reproduce themsuffkiently well (Fig. 1b)._.Jn Figs. 2(a,b) 

, we show our calculations and experimental data at PL = 10 GeVfc.and 17.5 GeVfc .• 

From these.figures we notice that our energy dependimce was chosen correctly and we 

may hope that further we will obtain correct values of the an~lyzing power.· 

Really, our calculations at PL = 45.5 GeY/c showthe sati-sfactory description of.the 

experimental data (see Fig. 2c). At this energy both of our parts of the amplitude give 

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

(11, 12) are approximately twice a~ large as the contributions ?f the model amplitudes. 

From Fig. 2c we can see .that in. the region It!:=::: 0.2 Gelf2 the mntributions from the 

hadron spin-flip amplitudes are most important. 

At last, Fig. 2d shows our calCulations at PI, = 200 GiN/c. ·At·this eriergy, Uw 

contributio~s· of the phenomenol~gical amplitudes are already very· small 'and. can' he 

compared with the c~ntributions of the model amplitudes only at It I·= 0..') GeV2 where 

. both the contributions are very sinall. 

Finally, we describe the experimental data at PI,= 4.') . .'j GcVfc an'd PL = 200 GeVfc 

hy tlw different amplitud<'s a.nd our descriptions have different fonns that are clearly 

s<'rn from the comparis!m of Fig. 2c and Fig. 2d. · 'The chosen energy dependence· of 

the hadron spin-dependent ampljtude allows us. to describe all available experimental 

material. Hence·, we can try to continue our calculations and extend them to. higher 

Pnergies. The contributions-a~ the hadron spin-flip amplitudes to the analyzing power 

of the Coulomb-nucleon interference at different points or' 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 PL = 200 GeVfc its relative contribution 

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

9 



It I ~ 0.2 GeV2 where it is very large up to ...fi = 100 GeV ·and ha.sa h~avy e~ergy 

··dependence. 

i l.Ol·---., • l 
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~ , ______ . ..:.-- -·-·-·-·-·-· 

1.5 2 l '" 5 l 4- 5 s 7 10 1.5 2 100 
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b) 

Fig.3: a) The additional contributions of the hadron spin'-flip· amphtudes to the 

CNieffect; · 

b) the relative contributions of the hadron spin~flip ami_>litudes to the CNI effect 

(our'~alculations at tmax, ltl = 0.001 GeV2 ,'Itl = 0.01 GeV2
, ltl = 0:1 GeV2 are shown 

by theftill, dot;dashed, long~dashed and dashed lines respeCtively) 

It is very important. io note that we obtain the different energy dependences of the 

additional contributions .6.AN tp the pure ,CNI effect at the different points of m9men· 

him transfers. The contribution atltl =0:1 GeV~. has a clear downfall with ~rowing 

.jS but in the range of maximum of the CNI effect .we have the ,additional contribu

tions which are nearly independent of energy. So, we cannot make theconclu~io11,about 

.energy dependence of t..AN at the. place of maximum of CNI, measuring -the energy 

dependence of the analyzing power at other points of ~he transfer momentum. But this 

. is one of_the central points of many other analys«;s of the CNI effect. · 

. ' Now let us examine the ratio of the real and imaginary parts of the spin-flip ampli

t,ude; without. the kinematic fact~r Jiti,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 Ill :::; 0.1 Ge V 2• Moreover, this, ratio has a:yery strong energy 

dependence. 

'.. So, at low energies the ratio of real parts of the hadron spin-flip to _spin;nonflip 

amplitude has a "zero" at ltl ~ 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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............ I 

- I • b -- 234 ·1. 23 ' 
-0.05 2 l • o.01 °:.:1 ( GeV2) 
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-·-·-·-··-
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: ·'· ,· ; , c;;; I 

;to.1o 
.......... (. 
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-0.30 

-0.40 ~----------~------------·· 
\. 

2 ' • -0.50 2 > • 0.01 
2 3 

• , 0 ·1-t (GeVl) o,oo1 b) 

Fig.S: ;The iatio ~f the real parts ~f ~)the s~i~-flip, withotit kinemati~fictor 'Jiti, 
• i • .' • ) ~ ;, ! ' · > ~ < 1 : i : < ; •: , ~ ', ' ' ·~ ; : ~· I' i ;• 1 • 

and b) spin;nonflip to the imaginary part of the spin-nonflip amplitude 

at ..fS ~ 4.93, 9.3, 1'9:4 and 50 GeV are sho~n by the short-dashed, dashed, full and 

d~t-da5hed; lines, iespec~ively . , 
.. ' ' ~ ' . ' ; ' ,· 

·Hence, we cannot carry out our analysis ~f experimental data at different energies 
•' 

and different regions of momentum transfers using the same form of the hadron_sp!n-

. flip''amplitude. Not~ that ~e obtain that the imaginary part of the hadron spin-flip· 

amplitude; without the kinematic factor Jiti; is smaller than the imaginary .part of. 

the spin-noiiflip amplitude. But this kind o(ratio for- the real parts is _not so fadrom 

unity. 
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Now let us examhte what_we_c~n obtain if we take the experimental data on the 

polariz~tion AN only at one energy [8]; 

Let us take a representation for the ha_dron spin-flip amplitude in the form 

fhs = /itl(k2p + ikl)Imfht. (16) 

llew, the coefficients k1 and k2 are the ratio of the real and imaginary parts of the 

spin-flip and spin~nonflip amplitudes without the kinematic factor vftl. Hence, if we 
j 

have· /d = k2, the phase between fht and fh 5 is zero and the interference between 

tlws<> two amplitud<>s is zero. These coefficients are related to Rand I in the paper [9] 
as 

I= lmfhr./ lmfht = H, R = Refhs/ Imfht = pk2 . (17) 

If WI' filkl' thP <>Xp<>rinwntal points at· l; and lj of the experiment [8] in pairs we 

Ciln cillculilt!' tlw Vilhws ~-Iii_ and k2ij. Such ~ calculation shows that practically in all 

cas<>s W<' !Ia\'<' jk2j > > jk II and 1~·21 ~ 1. If we thr~w off the first and the last points, 

which haw thP milximill errors, and calculatP the average of ki and k2, we obtain 

ki~O.I. f2~1.:1. 

This mmns th11tif we· drop tlwkiuPIIliltic factor Jill, thP im11ginary p11rt of spin-flip 
• • • • ' > ' • F" - ~ '< ;, 

ilmplit.ud<> is sntiliiPr ,than t lw imngiunry part of tlw hildron spiu-nonflip illllplitudc-, hut 
.. , ' ' . ' ~ 

the reaipartis thP sanw ordPr ns thP rPal pnrt of spiu-uouflip amplitude•. It miucidc•s 
' • • ! ; • ~ 

qualitatively with our model cnkulation. It. is intc·n·sting !hilt- if \\'<' cakulat<> our 
. , 

coefficients k1 and /.:2 with two different values p1 = 0.0-1 aud p2 = 0.02. W<' ;Jhtilin 

approximately double growth of k2 in the second case. This menns thilt tlw n·al p11rt 

of the hadron spfn-flip amplitudekeeps_ the same size in both cases~ 

In fact, this conclusion i~ mitde from the analysis of. Ref. [9]: ,If we recakulate their 

·values R. to our k2, we obtain k2ak changing near uni_ty for, all its _variants i'nd_ the 

middle of all variants is l.:'iak = 1.04. Of course, 'these .evaluations are_ very rough ils 
. '· -"' . '• ,, . . -

errors of the experiment [8] are very large. But we think that it may be a valuable 

indication of the relative structure of the spin-flip amplitude. 

/. 
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It is obvious from our analysis th~t the ~xamining of the 'contributions of the·h~drori 

spin-flip amplitudes in the CN_I effect should take into account the energy dependence . ' - . ' . ' ' . . , . . . . . . . ''" \ ~ ~ ' ' -:-. : ' . ' 

of all parts of the hadron scattering amplitude and its dependence on momentum trans

fers. Our descriptions of all available experimental dat~ give ~boui 3:5% the'pr~di~tions 

for RHIC energies for the contributions of the hadron spin-flip amplitude to. the max-
• ' I ~ • 7 • ' < • ' • ' 

imum of the CNI effect. But, of course, .this estimation has a very large theoretical 
' . "· . .~ .' . ' .; : ' ' ' :, ' -< · . , ' i i • , '- · ~ ' ' : ':' ·~ ' '·' l I ( ' 

indefiniteness which is connected with other possible contributions from other sources 

of the had~on~pin-flip: a:t' high eri~rgi~s: Howe~~r, this estimation shows tha:t these 

'contributi~ns may be sufficiently small and we can use thls effect to rit~a'.sure the beam 

polarization. 'More accurate. estimations. can be ll1'!:de only after a ne~ experiment oin , 

this domain of transfer momenta at energies ..jS = 4(}.;.- 50 GeV. 
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