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1. The present understanding of the pomeron sp1n-structure is 
very poor. The pomeron seems to possess the nonzero sp1n-flip 
part, because the polarization measurements•-• 1n the energy 
interval 40+200 GeV 1nd1cate some flattening of the polarization 
decrease at high energy. 

The Born approximation 1n Qc!J"""•, although being slightly 
beyond the well justified perturbative QCD doma1n, is known to 
reproduce correctly an order or magnitude of the non-flip part of 
the elastic scattering amplitude at moderate energies. It is 
natural to wonder what is the sp1n-flip part w1th1n the same 
approach. 

If the nucleon wave !unction (WF) is taken 1n the 
nonrelativistic approximation with symmetric spatial and 
SU(6)-symmetric sp1n-isosp1n parts, the pomeron sp1n-!lip 
vanishes8

• whether relativistic corrections can produce nonzero 
sp1n-flip, is still an open issue. 

In this note we draw one's attention to the fact that 
sp1n-!lip term appears, if the nucleon WF conta1ns dynamically 
enhanced compact diquark""'•. Numerical estimations are also 
presented. Besides, the model-1ndependent method for the 
measurement of the pomeron. sp1n-flip is proposed. 

2. The amplitude of elastic hadron-nucleon scattering is 
written 1n the two-gluon exchange approximation as• 

2 d2 q . 
T
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where 

R,,N= (!Jih,Niexp[i(<i,+<l;.Jp,J- exp[iij,p,-iq2 p,)i!Jih,N); (2) 

a. is the QCD coupling; ID,. N 's are the hadron or nucleon WF' s 1n 
the c.m. frame; p. is the quark impact parameter; m is effective 

' g gluon mass 1ntroduced for the phenomenological treatment or the 
confinement. 

The vertex function R, (ii, ,q;.) can be represented 1n the form 

(3) 

Here x,. is two-component nucleon operator; crY is PaUli matrix. 
It is worth noting that the presence or the nonzero sp1n-flip 

part 1n the function R,(<i;.<f.J doesn't contradict the helicity 
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conservation in the quark-gluon vertex9 because the nucleon 
helicity should not co1ncide with the sum of quark helici ties". 
Indeed, the quark helicity is def1ned with respect to its momentum 
direction which doesn't coincide with the nucleon one. 

To compute the amplitudes 'Nand bN from eq.(2) one has to 
use nucleon WF' s defined 1n c .m. frame, as was done in paper'!:> on 
analysis of the sp1n structure of the reggeon-amplitudes. It is 
much more convenient to compute B,. (ij, ,q

2
) in the Breit frame, 

where the nonrelativistic nucleon WF can be used. One should take 
1nto account that 1n this frame qq-scattering amplitude in 
one-gluon exchange approximation doesn't conserve the quark 
helicity. If B,. (ij, ,q;,) is calculated 1n the leading approximation 
at s~. it can be represented 1n the Breit-frame in the form (3) 
by means of the following substitution 1n formula (2) 

a'q 
exp(i(j,P;> ~ exp(i<i,P;> (1 - i 2m:") (4) 

where a; is the Pauli-matrix, acting upon the quark j; m is the 
y q 

quark mass which is supposed to be equal to nt,./3 1n the 
nonrelativistic approach. 

Sp1n amplitudes aN and liN, written in the Breit frame (see 
eq. (3)) turn into the functions aN and bN after the Lorenz 
transformation to the c.m. frame. The latter pair is connected 
with the former by the relations (up to terms of the order of 
Q'/16~): 

a= a 
bN = ON + a.N 

(5) 

The compact diquark can be introduced into the nucleon WF as 
followsu-.t•: 

(6) 

Here A is normalization factor; ~~c> is the colour part of the 
nucleon WF; 1W'•k> is the spin-isospin WF of 3-quark system, 

'" containning diquark with S=T=O built of the quarks q; and q,. The 
corresponding space part 1 W:.;•> is taken below as a product of 
the diquark WF and the WF describing the quark-diquark relative 
motion. Both are taken in the oscillatory form. 

The expressions for the functions aN and liN obtained with the 
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WF (6) are too cumbersome to be presented here, they can be found 
in Ref.'0

• The non-flip and spin-flip amplitudes are computed 
using formula ( 1 ) where the product R,)\, iS changed by a)i.., or by 
(8N+0N)8h respectively. 
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F1g.1. Anomalous magnetic inoment of the pomeron comput<:>d in 
the two-gluon exchange approximation vs diquark radius. r 

0 . 

Numerical results for the Q'-dependence of the pomeron 
anomalous magnetic moment lfu>(Q') (2m_IIQI)~,(Q')/T~,(Q'), is 
presented in flg.1 vs diquark mean radius r

0
• The charge radius of 

the proton was fixed by the value rP=0.8 fm. Gluon mass m
9 

was 
chosen 0.17 GeV in order to adjust the diffraction slope of the 
elastic pp-scattering. As the expression for Mw is infra-red 
stable, the result also slightly depends on m

9
• Note, that in the 

case of spatially symmetric WF of nucleon, the diquark mean radius 
is about 0.7 fm. In this case spin-flip disappears due to 
cancellation of ON and aN 1n eq.4. 

The salient feature of the curves in flg.1 is a change of the 
sign at small values of Q'. This comes from an interplay of the 
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Lorenz transformations which are connected with a small parameter 
- the quark mass squared. This narrow minimUJil can be filled by 
some other contributions even up to the positive value of 
polarization. Rough estimation of the anomalous colour-magnetic 
moment of constituent quarks adds'"7 to Mw a value of about 0.15. 
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Fig.2. t-dependence of pp-elastic polarization in the 

Coulomb-Nuclear interference region vs pomeron anomalous magnetic 

moment, MIP, 

The consideration of the pion-cloud influence on the 
pomeron-nucleon residue also provides an additional contr1bution18 

of about 0.1 . Thus the order of magni Wde of Mw is known, · whereas 
its sign at Q'=O is doubtful. 

In the pioneering paper" by Low, who used the QCD Born 
approximation and MIT bag model for the nucleon WF, a considerable 
pomeron spin-flip IMwl ~ 1 was argued. However, the transformation 
given by eq. (4) was missed there, resulting in a grossly 
overestimated spin-flip. Cancellation of oN and aN mentioned 
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above, proves the statement that large helicity-flip in the 
Breit-frame doesn't mean a strong pomeron spin-flip. 

3. There are some problems with the pomeron spin-flip 
measurement. It weakly interferes with non-flip part at high 
energies because of .a small relative phase-shift. Its contribution 
to the elastic scattering polarization at intermediate energies is 
ma·sked by reggeons having high large spin~ flip. The isovector part 
of the l.atter can b.e excluded taking a sum of polarizations 
measured in 'lt"p and 'lt-p elastic scatteringe. The rest is connected 
with f -reggeon-pomeron interference. One can estimate" with 
plausible assumptions the upper limit on· the pomeron spin-flip 
using experimental data•• at 6 and 10 GeV/c (higher energy data 
are .still too crude): MW ~ 0.05+0.1. This result is consistent 
with our theoretical estimations. 

It is desirable to have a model-independent method for 
measurement of the pomeron spin-flip at high energies. 
Collaboration E-704 at Fermilab invest1getes20 the Coulomb-Nuclear 
interference effect in the polarized pp-scattering. It has been 
predicted long agq" that polarization should achieve a maximum of 
about 4.5% at small value of lti"' 3 10-'(GeV/c)2

, it pomeron 
amplitude is purely nonflip. Note, however, that finite spin-flip 
part of the pomeron, changes this conclusion. F1g.2 shows the 
cf-dependence of polarization in pp elastic scattering in the 
Coulomb-Nuclear interference region vs value of MW· Experiment 
E-704 is now in progress and 1t is planned to achieve an accuracy 
sufficient for pomeron spin-flip resolution. 
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