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INTRODUCTION. 

Large violation of the Ellis-j affe parton sum rule[lJ for the spin-dependent 
proton structure function gf(x) observed' recently b)' the EMC[2l .has led 
to the "spin crisis"(seel31). Almost zero value of helicity carried by quarks 
inside the proton determined from an analysis of the results[2] means that, 
contrary to naive expectation, the helicity carried by sea quarks is so large 
that it almost complet_ely compensates for the helicity of valence quarks. 
The anomalous large helicity of sea quarks has turned out extremely dif­
ficult to explain within the known parametrizations of the distributions 
of sea qu~rksl41. · · . 

A ~olution was suggested in our workl5I wh~r~ it was noted that in­
troducing a n'ew Regge trajectory with a high intercept o(O) ~ 1 caused 
by the Adler-Bell-Jackiv/ (ABJ) anomalyl6J and thc·Kogut-Susskind pole 
[71 ( called further "anom~lon") provides at least ·qt1ali tative explanation 
of the experimental data on the stru~ture functions of sea quarks. .. . 

In the pr~sent work we discuss in detail the iiat~re of this trajectory -
and ;how that this trajectory defines not only the behavior of the spin­
dependent se_a quark stru~ture functions in the regio~ of small x but also 
some p~culiarities of pp- and pp- interactions at high energies. 

STRUCTURE FUNCTIONS OF SEA QUARKS IN THE RANGE 
X-+ 1. 

The EMC has measured the proton structure function gf(x ). Within the 
I 

parton · model this function is 'expressed via the quark distributions over 
helicity within a proton : 

1" 2 ' • gf(x) = 2 L e; [q~(x) - q~(x)], 
i 

where q~(-/x) is the probability that a quark of a flavour i has thehelicity 
parallel (antiparallel) to the helicity of the proton. The integrals of the 
difference of the distribution functions: · 

t:-:4 = {1 dx [q~(x) - q~(x)] lo · (!) 
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are connected· with the matrix elements of the axial vector current be­
tween the baryon octet states which can be measured in the nucleon-and 

· hyperon ,8-'decays and also in the elastic scattering of a neutrino ~ff a 
proton. Joint analysis of these data produces the magnitude of the helic-
ity carried by quarks[2l: -

6-~ = 6-u + 6-d + 6-s = 0.12 ± 0.24. (2) 

So, under generally accepted assumptions about SU(3)1 breaking, one 

can estimate the helicity of sea quarks[2l: 

6_~ 8 = 6.u8 + 6.d8 +-6.s8 = -0.95 ± 0.16 ± 0.23 · (3) 

At the same time, it is known that the momentum fraction of the proton 
carried by sea quarks is smaJ1[8l: . . · . · 

p8 = L 11 

dx x(q~(x) + q~(;)) ~ 0.074 (4) 
q 

\' 

The difference of an order between the magnitudes of the integrals, Eq. (3) 
and Eq. (4), may be treated as a quantitative measure ofthe so-called 
"spin crisis".· · · · · . · ·· 
· ... In work[5l, within the nonperturbative QCD b~ed on the model of 

. the QCD vacuum as an instanton liquid19J the x dependence of the dis­
tribution functions of sea quarks inside the proton has been considered. 
Here we present a mor~ detailed t.han in15J derivation of basic relations and 
also point .out some new moments concerning the- distribution functions 
of sea quarks inside the proton. 

To find expressions of distributions, one uses the noncovariant pertur~ 
bative 'theory (NCPT)'in the system of infinite momentum (see[10l). The 
distribution functions are connected with the light cone proton wave func­
tion expanded over free quark and gluon Fock states (3q, 3qqq, 3qg, ... ) 
by the relation[ll] · 

QJ/p(x) (XL j[dk~d[dxi] b'(x ~ Xq)· I W(n)(k.1i, Xi) 12, (5) 
n 

where W(n)(k.1i, Xi) is the contribution of an n-particle component of the 
Fock state , Xi = (k0 + k3 );/(Po + p3 ) is the fractional (light-cone) mo­
mentum of the proton carried by the i-th parton o:::~1 Xi= 1) anq k.1i 
is its transverse momentum (E~1 k.1i = 0). 

i;(., '!I.:,,-~~~; ', \'ul3? ~:·!C1~"£YT 
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Within the NCPT at every vertex the momentum is conserved but the 
energy is not. Therefore, the contribution of an n-particle Fock state is 

'1tn(k.1i,xi) ex _2_ [M
2 

_ ~ ~-f +_kt]·' 

2P p ~ x, 
i=l 

f(k.Li, Xi) (6) 

where mi are the quark masses, Mp is the proton inass, P -+ oo is the 
proton momentum in the i_nfinite momentum frame, f(k.1i, xi) is a vertex 
function defined by the dynamics of the n-particle state production from 
the initial three-quark proton wave function, and the denominator is the 

· energy difference of the i~itial and intermediate states E0 - EN. 
As x-+ l, the contribution of a five-quark state '115(k.1i, Xi) dominates 

in the sea quark distributions. The diagrams corresponding to this con­
tribution within the instanton model of the QCD vacuum are presented 

. in Fig. 1. 

p p p p 

Fig. 1 The instanton contribution to the five-quark component of the · 
nucleon wave function ( + (-) - inst an ton ( anti-instanton)) 

Instanton vertices are defined by the 't Hooft effective interaction[12l: 

r_inst = 47r2p~ {~ 1· d4k1 d4k2 d4k3 d4k4 c5(4)(k k - k - k ) 
eff 3 .LJ . (27r)t2· 1 + 2 3 4 

i#j 
n=4 

exp[-Pc E I kn I] ifin(k1)qiL(ka)if;n(k2)q;L(k4) (7) 
n=l 

· (1 + 
3
3
2

(1 ·- ¾u~vutJ,\f..\J] +(RH L)}, 

where the coupling constant is obtained _by factorization of the Ni-fermion 
't Hooft Lagrangian within the instanton liquid model[13l, qn,L = [(1 ± , 

4 

., 

I 

/Ys)/2)q, i,j- quark flavours, Pc ~ 2 Gev-1 is an average size of an in­
stanton in the QCD vacuum!9l. 

It should be stressed that the vertex, Eq. (7), differs principally from 
the perturbative quark-quark vertex caused by the one-gluon exchange. 
First, opposite to the quark-gluon vertex. the instanton-induced vertex 
flips the quark helicity, so that for the N1-·fermion vertex the helicity 
change is equal to 2N1. Second, the vertex, Eq. (7), is nonzero only in 
the case of quarks of different flavours. Thus, the quark sea produced by 
instantons inside the proton should not be exactly SU1(2)-symmetrical. 
Third, in Eq. (7) the exponential factor depending on an instanton size 
provides a natural cut-off parameter over the transverse momentum of 
intermediate state quarks (see Fig. 1). The last is easily proved if we 
remind thatih fact Eq. (7) is obtained from the Furier-transform of the 
zero fermion ~odes of quarks in the inst an ton field being in_ the origin[9J. 
Lorenz· invariance leads to a trivial change in Eq. (7): I:!=t I kn I -+ 

Ln#m I kn - km I • 
Thus, every instanton vertex in Fig. 1 produces. the factor exp[-Pc(En­

Eci)], where E0 (En) is the energy sum of incoming (outgoing) fermion 
lines, respectively. This .fact~r obviously t~kes into account that the life 
time of an instanton configuration in Euclidian time is of an order of 
T ~ l/Pc• 

So it follows that within the model of instanton vacuum the vertex 
function f(xi, k.1i) in Eq. (6) produced f~om the diagrams of Fig. 1 has 
the exponential form 

· Pc m- + .1· 2 

( 
2 k2 ) 

r(xi,k.1i)exexp{-2P 'Xi '-Mp}. 

In the integral, Eq; (5), the region 

s 2 k2 
~mi+ .Li ~M2 
L- x· P 
i=l . I . 

dominates. So one can put: 

(x) ex A! [dxi] c5(x - Xq) 
qf/p ( 5 2 ) 

2
' 

. 2 I: m.Li M- -
P x· 

i=l I 

(8) 
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I. 
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where m.Lq 

proton.· 

Jm~_+ kiq is the tran.sverse mass of q-quark inside the 
' 

In addition, since the instanton vertex, Eq. (7), changes the quark 
helicity by 2Nj, then the total angular momentum conservation requires 
nonzero angular momentum of q~arks in the intermediate state in Fig. 
1. Then, it is obvious that the angular momentum projection should 
be equal to the helicity change at -an instanton. This allows ones fo' 
estimate. possible transverse momentum -in a five-quark configuration by· 
the r,elation: 

Pck.t ~ 2N1. (9) 

So'for Pc ~ 2 Gev-1, N1 :::== 2 one obtains k.t ~ 2 Gev which _is essentiaHy 
larger than average ~omenttim of the valence quark inside th~ profon 
k.t ~ 0.35 Gev. · · _ · _ . ·. . _ 

Thus; the only five-quark ·ccmfiguration of the proton Fock state· sat~ 
isfies both the angular momentum and momentum conservation. which 
contains at least two quarks with large transverse momentum. For this 
configuration from' Eq. (8) one can easily obtain the asymptotics of the 
distribution functions: · · · ' 

- s { (L- x)5 m~.1. << M;, 
qx-+1 ex (1-x)3 -m2. >> M2 

. q.1. P' 
(10) 

So for the quark sea from light u-, d.:._, s- quarks there are two regimes, 
Eq. (10), and for heavy c-, b-, t- quarks there is one: 

q;'.":".~cx (1-x)t 

Note that in fact the hardness of the sea, is caused by kinematicaV · 
reasons. The matter is that the dominant contribution to Eq. (8) is due 
to the configuration for which the denominator is minimal. It is easy to 

2 2 

show ( see f. i. £111) that the minimum exists at :t. ~ :.1._; ~ const, 
.• 3 ' 

i. e. the quark with larger transverse mass has larger value of x. This: 
condition means that all quarks in an n-particle state have the same 
rapidity, and thus in this con:fjguration a proton does .not "decompose". 
Thus, we have got a hard nonperturbative sea inside the proton which 
for large transverse mass of a sea quark has the same form ( as x -+ 1) of 
distributions as that of a valence quark has. 

6 

The har.d component of the quark sea produces very interesting con­
sequences. Indeed, the experiments on charm production in the hadron 
interactionsl141 produce the hard spectrum of charmed particles. At the 
same time, this spectrum is. practically independent of the type of a 
hadron into which the charm is. fragmented. The experiments on cu­
mulative particle production o·ff nucleil151 also unambiguously indicate 
the hardness and similarity of spectra of all cumulative particles. So in 
workl161 it was noted that to explain the resultsl151 it is necessary to sup~ · 
pose the distribution of a quark sea in nuclei of the same hardness as the 
distribution function of valence quarks in nuclei. 

In our approach, these effects are easily explained by the fact that a 
quark with a large transverse mass provides a dominant contribution to 
the momentum of a hadron produced. Therefore, the spectra of secondary 
particles are almost completely defined by the structure functions of a 

hard quark and are independent of the fragmentation process. Thus, we 
find the form of x-dependence as x -+ 1 of the sea inside the proton 

qt(x)x-1 = P(x)(l - xt + N1(x)(l - x)5 + N2(x)(l - x)3 , (lla) 

q~(x)x-1 = P(x)(l - xt + 2N1(x)(I - x)5 + 2N2(x)(l - x)3 , (llb) 

where the first terms of these relations describe the contribution of a 
quark sea due to a perturbative gluon ( n ~ 1 within the quark-counting 
rule (see [l71)), P(x), N1(x), N2 (x)-+ const as x -+.1. 

The difference between the coefficients in Eq. (lla) _ and Eq. (llb) 
comes from the fact that the sea quark helicity is antiparallel to the 
helicity of the valence quark off which the former is produced. Similarly, 
in our model it could be the substantial breakdown of SU(2)1 in the sea 
quark distribution functions as x-+ 1: d1(x) ~.2u1(x) (I is the instanton 
part of Eq. (lla) and Eq. (11b)). Recently, the direct experimental 
evidence of the d sea excess has appeared[l81 •>: 

. . 

11 . 

0 
dx (d(x) - u(x)) = 0.140 ± 0.024. 

*)This result is apparently to be considered as a preliminary one because nuclear 
effects inside the deuteron can be essential (L.P. Kaptari, A.Yu. Umnikov private 
communication) 
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In fact, the negative helicity of sea quarks and SU(2)1-breakdown of 
.the se~·is caused by the properties of zero fermion modes in the instanton 
field from which the Lagrangian, Eq. (7), is constructed. 

STRUCTURE FUNCTIONS OF SEA QUARKS IN THE RANGE 
X - 0 AND THE KOGUT-SUSSKIND POLE. 

As x . - 0 all quark and gluon configurations of the proton wave 
function are valuable and behavior of the distribution functions· in this· 
region is specified by the Regge asymptotics. Usually one assumes (see 
[l 71) that the Pomeron exchange with intercept o:P(0) ~ 1 dominates ·in 
the.sum of the distributions qs (x) = qt(x)+ q~(x), and hence: 

lim q8 (x) ex: 1/x, 
x-o. 

. (12) 

whereas the difference ~qs (x) = q}(x) - q~(x) is specified by the Ai-: 
meson trajectory with ·0:..41 ~ 0, and therefore 

· lim~q8(x) ex: const . . . x-o (13) 

In fact, Eq. (13); which has been used in the analysis of experimental 
data by the EMCl21, is derived from the selection rule 

u(-1)1G = -1 (14) 

for the Regge trajectories contributing to th~ structure function gf( x )!171 
(u is signature). The well-known A 1-trajectory with/= 1, u = -1, G = 
-'-l satisfies this selection rule. However, it is obvious that this trajec­
tory cannot contribute to the isosinglet ana'malous combination ~E(x) = 
~u(x)+ Lid(x) + ~s(x). In accordance with the rule, Eq. (14), the 

·only Regge singularity capable to contribute to ~Eis that with quanturp. 
numbers·/= 0, a~ -1, G = 1, C = 1. ' . · 

In !51 it ~as noted that to explain the difference of an. order between 
the momentum fraction carried by sea quarks, Eq. ( 4) , and their helicity 
, Eq. (3), it is necessary to suppose the singular behavior at small x of 
the flavour singlet spin-dependent distribution function of sea quarks. We 
remind that earlier119J an attempt was made to explain ·the EMC effect 
by anomalous dependence of the structure function as x - 0 

gf(x)x-o ..:..+ C/(x ln2 x). (15) 

8 

J, ·1 

,·1 

The assumption, Eq. (15) , with C = 0.135 essentially enhanced the 
value of the quark helicity extracted from the EMC data 

~E ~ 0.5, 

which matches the EMC data with the predictions of the constituent 
quark model ~E ~ 1 (~E ~ 0.65 i~ the bag model). Inl191 the behavior, 
Eq. (15) , was connected with the contribution of the Pomeron-Pomeron 
cut P ® P. However, in !20J it was argued that the P ® P-cut cannot 
contribute to gf(x) due to the selection rule, Eq. (14). .' 

In 151 we have suggested a new Regge trajectory with a high inter:cept 
o:(0) ~ 1 which allows us to obtain the singularity of the distribution 
functions as x - 0. There it was also pointed out that the trajectory was 
probably related with the Ko.gut-Susskind ghost in QCDl71; The pole in 
the correlator of the pseudo-vectors 

I<µ= :; lµpaaA;(oaA: - ~9/abcA~A~), 

· J iqx < I<µ(x)I<v(0) ·>q-o '--+ g,,.; ,\4 

. q 
(16) 

was introduced in the workl71 in order to resolve the puzzle of the anoma­
lously large mass of the 77'-meson (UA(l)-problem). Further, it has been 
shown 121, 221 that this pole is due to the nonperturbative properties of 
the QCD vacuum, namely, with the periodical structure of the QCD 
vacuum over a collective coordinate 

Q = j d4x oµI<µ, 

which is the topological charge of the large gauge transformation. At an 
instanton (anti-instanton) the topological charge change is ~Q = 1 (-1). 
Thus, there are many energy degenerate states with different values of the 
topological charge Q separated by penetrable ( due to instantons) wells. 
The vacuum state is the superposition of the states with definite Q: 

~ iQ0 '¥vac = ~ e '¥Q, 
Q 

where 0 is the quasimomentum of the "0-vacuum"[21, 22J. 

9 



··This problem•is completely•similar to the problem of calcul_ating the 
Green function of an electron in the periodic lattice (see [221). It is' well 
known that here the gapless excitation appears with the Green function 
of a free electron on the periodic lattice: 

j dt •'"'i < TX(t)~(O) >I-•- - ~,~., 

where m* is the effective mass of. an electron determined by the barrier 
penetrability. Thus, the pole of Eq. (16) also corresponds to free motion 
of th~ system but now along the. variable of the topological. charge . 

. Further, if we put a quark inside the "0-vacuum", it naturally would 
not have definite .helicity. This follows from that the divergence of the 
axial-vector current is related through the ABJ anomaly. to the topological. 
charge density: 

8vji = 2N18vf(v = 2N1 ;; ~:J1iv, (17) 

where the terms proportional to the quark current masses are omitted. 
From Eq. (17) it is easy to shpw that the change of the axial charge is 

con~_ected ~ith yariation of the. topological,charge by the relation[23, 24]: 

b.Q~ = -2N1~Q. (18). 

Therefore, the free motion along Q mearis • uncons~rvation of the quark· 
helicity in the "0-vacuum". For example, 'at an instanton b.Q = 1 and 
the helicity change is: 

b.Eq = b.Q5 .= -2N1. 

Thus, in order to find an average value of the quark helicity inside the 
proton one should take into account the interaction of quarks with the 
ghost pole. . . . . · · ; · · 

This problem was considered by Veneziano[251 who within the effective 
QCD Lagrangian approach derived the Goldberger-Treiman relation for 
the singlet axial-vector coupling constant· 

G<1> _ A~ _ G11' + GT/~ 
A - ~Lo:' - . A . A , (19) . 
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where the first term of the right part is the contribution of a direct inter­
action of the 17'-meson with the proton arid the second is the contribution 
of the interaction via the Kogut-Susskind pole (Fig 2). Note th~t to ex­
plain the EMC result, Eq. (2) , one needs a large negative contribution 

of the ghost to the divergence[251: G~~ ~ -Gt ~ -1. 

I 

·~ I<, 
I 
I 17' 
I j;;. I -·: 

p I ' p p 

a) b) 

Fig. 2 The contribution to thedivergence of axial-vector current of a) 
direct interaction of 17' -meson, b) via the Kogut-Susskind pole 

p 

Further, the Kogut-Susskind pole cannot contribute to the structure func­
tion gf(x) as it causes the flip of th'e chirality of the proton. However, 
the double-pole exchange can contribute to the Compton amplitude of 
the forward scattering off the nucleon, as. in Fig 3, which is produced by 
quadrating the diagram of Fig 2b. 

In works[2l, 221, it was argued that. the Kogut-Susskind pole effec­
tively takes into account the contribuqon of heavy gluonic. states to 
the correlator of hadron currents. Hence, we suppose that this pole is 
r~ggezied and its trajectory ("anom~on") contain~ ·gluonic states with 
odd spin: It is easy to see that the "anomalon" has the quantum num­
bers u = -1, P = +1, C = -1, J = 0. The intercept of the new 
traj~ctory should obviously be equal to unity, aA(O) = 1, as t -+ 0 we 
have the massless pseudo-vector pole, Eq. (i6). 

From this it is easy to obtain x:.dependencc of the contribution of 
the "anomalon" to the structure function gf(x).. Namely, the A 0 A-cut 
corresponds to the diagram of Fig 3 and its contribution is 

Yi (x)x-o-+ -a/(x ln2 x). (20) 

The minus sign in Eq. (20) has the principle meaning since it leads 
to lowering of the quark helicity inside the proton. Joining Eq. (11a), 

11. 
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Eq. (11b) and Eq. (20) we obtain the expression for the singlet distribu­
tion· fu~ctions <?f sea. quarks over the. helicity inside the proton 

. ' ~ . -, , 

C: 

. - q+(x) 

q~(x) 

A • - · · 1 
= ~(1-:-x)7 +. 2 [B(l-x}5+C(l .,-x)3

], 
x xln x 

Ap (1...:. x)7 + '\ [B(l - x)5 + C(l - x)3], 
x xln x 

(21 b) . 

. (21a) · J' 

where the first terms of these relations describe the Pomeron contribution ;j· 
as x-+ 0 ·and the quark sea due to a perturbative gluon as x -+ 1 and the ;i 

·· second terriif? describe the contribution of the A 0 A-cut as x -+ 0 (Fig. '·· 
3)- and_instantons as x-+ 1 (Fig. 1). 

,* 

p ct' ':h p 

Fig. 3 The Kogut-Susskind pole contribution to the Compton effect off 
the proton 

~i 

It should be noted that the po~~rs,pf 1/x a;nd (1 - x).in Eq. (2la)aqd 
Eq. (21b) 'reflect only the asympt~tics as x -+ 0, 1: In t_he intermediate 
-r~gion it is ob~iously riecessary t~ -take into account more compli<:ated 
configurations of the prot~n ~ave function. 

From Eq. (2ia) and Eq. (21 b) we obtain the contribution of the ABJ 
atiorilaly to the spin-dependent distribution .function in the form 

1 . . . 
gf(x) ~ - 2 [B1(l...., x)5 + C1(l - x)3

] 
- -·• xln x - · 

(22) 

and to the proton momentum 

1
1 . 3 . 

.6.~~ = 
0 

dx ln2 x[B1(l-:- x)5 + C1(l - x)3]. (23) 
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_ Unfort1;mately, t~e EMC data at.low x : x < 0.05 have large errors; so 
it is impossible to determine the constants B1 and C1 separately from the 
dataJ21. In this case we do the following. It is obvious that the anomaly 
dominates at small x and essentially affects the value of the integral of 
gf(x): 

Iv~ _11 J.x,gf (x). (24) 

If the anomaly were absent, then the Ellis-Jaffe sum rule would be correct[31: · 
. - ' . . } ' . • . t .' 

- . . 
JEJ = 0.175 ± 0.018 / 

p - ;•,.;• _,,-
(25) 

which corresponds to the _quark helicity: 
, .EJ 1 . . • 

.6.'E = 0.60 ± 0.12. (26) 

Recently, the work[26J has appe~red where the estimation was derived : 

2N1 ·_ 
A"KZ - - 2N 

L.J,.L, - 11Nc - f 
(27) 

In [261 the circuin~t~nce has been used that the change of the axial charge 
is related with the motion of the Dirac sea levels in the field of nonpertur­
bative fluctuations (for example instai;itons). Then, the magnitude of the 
proton axial charge should not depend on·the manner of regularization of 
the Dirac vacuum. By using this indep~ndence anci°some natural assump­
tions.in[26J the model independent value, Eq. (27), has been derived. For 
N1•= 3 one has · 

.6.~KZ = -0.22, (28) 

which does not agree even in sign neither with Eq. (26) nor with the 
EMC numb"er, Eq. (2). 'We think that this discrepancy is due to incorrect 
extrapolation of the EMC data· into the small x region. _ 

In order to overcome this difficulty one should. obviously take into· 
account the anomaly contribution, Eq:'(22). In addition;· it~ contribution 
to the integral, Eq.(24), should be such that the value, Eq.·(28), of the 
quark helicity be reproduced. Further, it is easy to show that the value 
of the integral , Eq. (24) , equal to 

.. ; 

JKZ ~ 0.086 p 

13 
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corresponds to Eq. (28). Then, from the difference of Eq; (25) and 
Eq. (29) we find the contribution of the anomaly to the integral, Eq. (24)', 

1: ~ -0.089. (30) . 

In Fig 4 we present our prediction of gf(x) satisfying Eq. (22), Eq. (29), 
and Eq. (30) with the parametrization t): 

. p( ) . 0.151 ( . S . 
. 91 X = - 1 2 1 - X) + 0.625(1 - X )

2
·
57 

• 
X n X 

(31) 

He.re, the first term is the cont~ibutioii of the anomaly; the second, which 
is regular over x , was determined from the -fit of the EMC data in ac­
cordance with Eq. (31 ). This term corresponds to the valence quark 
contribution to gi'(x). 

0.0 

gP1(xJ 

-2.0 

-4.0 

. - ---- - --,-f- .- .- -:- - -. 
,,,,.. 

valence quarks 
total 

- anomaly 

•-a,o [!"'I I 11"'1 I, 

0.001 0.01 
;,: 

0.1 

Fig. 4 Spin-dependent structure function gf(x). Continues line is the 
fit of EMC data by Eq. (31). 

Under the parametrization, Eq. (31), the contribution of the anomaly 
to the proton momentum, Eq. (23) , is equal to 2.7 % which is smaller 
than half a value of the proton momentum carried by sea quarks, Eq. (4) 
, (the rest 4.7 % is the contribution of the perturbative sea). Here, we 
should stress that as x -:-+ 0 only the anomaly contribution to Eq. (31) 
allows u~ to match two numbers· Eq. (28) and Eq. (4). 

t)The parametrization with the asymptotic form as x -+ 1 (1- x )3 gives essentially 
the same behavior. 
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Thus; the analysis of the .distribution run:ctions of sea quarks per: 
formed within the nonperturbati~e QCD points out 'the necessity pf intro~ . 
ducing new Regge trajectory related with the Adler-Bell-Jackiw anomaly 
and the Kogut-Susskind pole ("anomalon") in the QCD. . 

ANOMALON AND DYNAMICS OF PP- AND PP- INTERAC­
TIONS AT HIGH ENERGIES. 

In the previous section we _have shown that fo ~xplain the EMC 
data it is necessary to introduce new Regge t_raject'ory with the inter­
cept aA(O) ~ 1. It is natural that this trajectory should manifest itself in 
the processes of hadron-hadron scattering ~t high energies too. Now, the 
necessity of introducing the ·Regge trajectory with a high intercept addi­
tional to the Pomeron is intensively disc~ssedt27, 281. This is primarily 
connected with the nec~ssity to explain the.form of different'i~l cross s~c­
tions of elastic pp- and pp- interactions at high transfers j' {I~ ·1 Gev2 • 

Namely, the experiment points out two salient facts: absence of a s·econd 
diffractive minimum in pp interactions and existence of the shoulder in pp 
interactions at ISR energies and, second, independence of the differential' 
cross section of energy at I t . I~ 2 G ev~. 

Usually, these facts are explained by the contribution of the Odderon 
trajectory t281 with quantm;n numbers u =· -1, P = -1, C = :-1. Within 
perturbative QCD the Odderon resembles the three-gluon exchange be­
tween hadrons. However, there arise some problems if the Odderon is 
applied to the data. First, if the Odderon intercept becomes higher than · 
unity as inl281, then_ it increases with energy the difference of the to­
tal cross sections u;~t - u;~t. Therefore, one needs an additional mecha­
nism to sup~ress the Odderon contribution as t -+ 0. However, a direct. 
calculation[ 91 of the three-gluon exchange does not pr~vid~ this suppres­
sion and, moreove~, it produces the sign of the' real part .of the Odderon 
amplitude at t == 0 which does not agree with that needed to explain a 
large magnitude of the real part of the forward amplitude of pp scattering. 
measured by the UA4 Collaborationl30J. Second, at large t the radiation 
corrections induce an essential dependence of the elastic pp and PP. cross 
section on energy y'sl311, which is also not supported by experime~t .. 

Using the "anomalo.n" we arrive at a mor,e natural. explanation of 

15 



these data. First, due to the double-spin flip helicity amplitude induced 
by "anomalon" the latter does not contribute to the total cross sections 
and thus the difference u;;t - u;';/ - 0 as vs - oo. Further, we expect 
': very small slope aA of the "anomalon". It is connected with that this 
slope is defined by the size of an instanton while the slope of the Pomeron 
is related to the confinement radius. Thus, we have simple estimation 
aAf a'p :::::: (Pel Reon/ )2 

:::::: 10-1
• If as usual a'p = 0.2 - 0.3 , then we have 

aA = 0.02 - 0.03. Therefore, we can neglet the slope of the "anomalon". 
Thus, the "anomalon" contribution to the amplitude ofpp (pp) scat­

tering may be written as 

. s 
TA(t,s) = =F 'YA(t)(--:), 

So 
(32) 

where the up (down) sign corresponds to PP (pp) scattering. The residue 
in Eq. (32) should be related to the distribution of the axial charge inside 
the proton · and therefore, · · 

. 'YA(t) oc {G~=0 (t)] 2 oc 1/[1 - t/Ml]4, 

where M] :::::: 1.4 Gev~l32]_ 
The Pomeron amplitude corresponds to the expression: 

(33) 

Tp(t,s) = i,p(t)( ~ )°p(t) exp[-i~
2 

(ap(t) - 1)] (34) 
So . 

where th~ Pomeron residue is related with the electromagnetic form factor 
of a nucleon1271: · 

'YP(t) OC [Gem(t)l2 
OC 1/[1 :-- tf M:]4, (35) 

where M;:::::: 0.71 Gev2 : 

At large t the "anomalon" becomes dominant over the Pomeron (Ml > 
M;), which results in the observed change in the slope of the elastic cross 
sections of pp and pp scattering at· 1 t I::::: 1 Gev2 • · Therefore, the ab­
sence of diffraction minima connected with multi-Pomeron. exchanges is 
explained by the fact that they remain under the large contribution of 
the "anomalon" at I t I~ 2 Gev2 • ' 

Owing to the absence of the double-spin flip amplitude of Pomeron 
it does not interfere with the "anomalon", and therefore, the differential 
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cross sections of pp_- and pp- interactions are 

~: = 16~s2[1 Tp.12 +I TA 12]. - · (36) 

In Fig. 5 fits of the total and differential cross sections at high energies _ 
with the Pomeron and "anomalon" trajectories are presented. As we 
see, there is a satisfactory agre~ment with experiment in the regions I 
t I::; 1 Gev2 and I t I~ 2 Gev2

• Note here that a srrall slope of 
the·" anomalon" trajectory, aA _::::::· o,· is needed for' explaining th~ '.energy 
independence·. bf. elastic. cross . sbctio~s of pp- and" pp-'. interactions. a'.t 
It I~ 2 Gev~: Ess~ritia1 defl~ction is seen <;mly in the region.of the' dip iii 
pp at ISR energies but it- seems to be of a very complicated nature due to 
secondary Reggeons and their c11t-offsl271; ~nd its• dynamics is a subject 
of our' forthcoming study. 

da 

·d,(-t) 
µ.b 1 

cev" 

10 -e 

2.00 

·, '1'' 

4.00 f}.00 
-t (~V-) 

8.00 10.00 . 

Fig. 5 Elastic pp and pp scatterin§i at 52.8 Ge V, 546 Ge V, · 1800 Ge V. 
Data for vs ~-1800 GeV are from13 1 •. The parameters ar_e: 
Op= i:os, Op= 0.3, M'j, = o.~7 GeV2, ,p(O) ;-:-: 21.8;. · . 
G'A = l! QA= 0, Ml= LOS GeV2

, {'A(O) = 0.57. 

Iri fact, at high eriergies two parts of structurefunctions of sea qu~rks, 
Eq. (21a) and Eq. (21b ), correspond to two regions of transfers in the 
pp- and pp- interactions. At It 1::; 1 Gev2 the Pomeron dominates but 

' . . 
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at It I~ 2 Gev2 the "anomalon" does. The dominance of the "anomalon" 
at large transfers is clear si:Oce its contribution to the structure functions, 
Eq. {21a) and Eq. (21b), corresponds to the Fock state with large transfer 
momentum, Eq. {9). 

CONCLUSION .. 

Within the instanton liquid model of the QCD vacuum the parametriza­
tion of the distribution functions of sea quarks inside the proton is derived. 
It should be stressed that the instanton mechanism of resolution of "spin 
crisis~ differs entirely from the perturbative explanation.!331 b~sed on the 
contribution of the ABJ-anomaly on polarized gluons. Within the pertur­
bative mechanism a very large value of the angular momentum !::..G ~ 5 
carried by gluons is required, which is in turn difficult to understand 
within the well-working constituent three-quark model of the proton. 
In addition, in this approach there are serious intiinsic problems!3, 341. 
First, the answer is very sensitive to the manner of regularization ·of the 
ABJ-anomaly and the contribution of perturbative gluons to the first 
moment of gi'(x) is probably zero!341. Second, isotopic dependence of the 

anomaly!35l excludes its interpretation as the contribution of gluons to the 
proton spin. Note also that the perturbative gluon contribution to gf (x) 
would mean also the Pomeron contribution , Eq. (21a) and Eq. (21b)., 
to this structure function , which is in disagreement with the selection 
rule, Eq. {14). 

In our approach there is a natural way to generate negative helicity 
of sea quarks. Namely, the quark helicity is flipped in the field of strong ' 
vacuum fluctuation - instanton: In this case, a quark-antiquark pair with 
a large relative angular momentum arises to compensate for the changes 
of helicity by 2N1 since the spins of sea and valence quarks are oppo­
site to the spin of the original quark. Thus, our. mechanism leads to a 
completely definite orientation of rotation of the quark-antiquark cloud 
within a constituent qu~rk. Ho~ever, the total angular momentum car- . 
ried by a quark is unchanged, and 'this is the reasoI]. for the good results I 
of the constituent quark II1odel in the description of static properties of I 
hadrons. , 

' The analysis of the spin-dependent distributions of sea quarks indi­
cates the necessity of introducing a new Regge trajectory related with the 
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Kogut-Susskind pole. The specific features of dynami"cs of pp- and pp­

interactions at large transfers and high energies also require a trajectory 
additional to the J:>omeron which does not die out with growing energy. 

Note that probably there exists a 9.irect experimental confirmation of 
the "anomalon". l) For instance, the OMEGA Collaboration!36l has ob­
served that the differential cross section of reaction 1p-:-+ b1(1+:-, 1235)p 
at E'"Y ~ 40 + 70 Gev i~ almost energy independent although in· quantum 
numbers the Pomeron cannot produce the contribution in this reaction. 
On the other.hand, the "anomalon" can result in the constancy of the 
cross section in energy and in the slope over t about twice as small as 

the slope of the diffractive corie in elastic ~p scattering ·at .these energies, 
which has been observed· in experiment !3 I. · 

From our point of .view "the "anomalon" is als9 needed in order to 
explain an_omalously lar~e- polarization fenomena inhadron~hadro,n pro­
cesses. at .large transfers! .. 71. Thus, e.g., the three-anomalon vertex (3A) 
leads to the amplitude with single flip of helicity <P5 which does not die 
out with growing energy. Within the perturbative QCD Hiis ampl_itude 
behaves as m/ vs where m .is the' quark current mass and therefore the 
perturbative QCD iri principle cannot explain the anomaly in the scat-
tering of polarized particles at high energies!3?!. ·. 

To pro~ide a coiiiplete answer t~ the question :of .the existence of the 
new trajectory, experimental efforts should be made along the following 
directions: first, precision measurement of the DIS spin-dependent protori 
structure function gf(x)_in the region of small x; second, the II1easurement 
of the differential cross section of 'YP ~ b1(l +-' 1235)p at E~ > 70 Gev. 
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aopOXOB A~E., HAP, 
CTpyKiypHhle qiyHK~HH MOPCKHX KBapKoB, / 
rro.i11oc KoryTa-CyccKHHAa H AHHaMHKa pp-·' 
H PP-B3aHMOgeucTBHH IlPH BhlCOKHX 3HeprHHX 

E2-9 l-375 

IIoka3aHo, · t!TO aHOMaJibHoe IlOBegeHHe CIIHH-3aBHCHMOH 
CTPYKTypHoii: qiyHK~HH g;(x) orrpegenHeTCH BKJiaAoM B 3TY 
CTPYKTYPHYW qiyHK~HW IlPH x - 0 HOBOH TpaeKTOPHH.Peg~e,· 
CBH3aHHOH C IlOJIWCOM Kory-ra-CyCCKHHga. 0TMeqeirn, 4TO BKJia.z?; 
HoBoii:. TpaeKTOPHH B npo~eccax pp- H PP--B3aHMogericTBHH rro...: 
3BOJIHeT 06'hHCHHTb HeKoTOpb!e OC06eHHOCTH 3THX peaK~HH 
IlPH BhlCOKHX 3HeprHHX, 

P a6oTa BhlilOJIHeHa B _J1a6opaTOPHH TeopeTHti:ecKOH · qJH3HKH 
ornrn:. 

IlpenpHHT_061,emrnamoro mtcmTyTa nAepHhIX uccne,o;oeam1ii. lly6Ha 1991 

Dorokhov A_.E., Kochelev N. I., Zubov Yu.A. 
Structure Functions of Sea Quarks · 

~ - ' - , 
Kogut -Susskif!~ Pole and Dynamics of. pp-
and pp~Interactions at High Energies · 

E2~91-375 

It is shown that anomalous behavior of the spin-depen-
dent __ proton structu,re ·function g~(x) is defined by the 

,contribution .to this structure functionas x ➔ 0 of a new 
Regge trajectory caused by Kogut-Susskindpole. It is 
point~d out that manifestation of a new trajectory in'pp'­
and pp-interactions allows us to explain some peculiari­
ties of.these_ reactions at high energies. 
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