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INTRODUCTION.

: Large vrolatlon of the Elhs Jaﬂ'e parton sum rulem for the spm dependent ~

‘proton structure function gf (a‘) observed recently by the EI\’IC(“' has led

- to the "spin crisis’ (see[3]) Almost zero value of helicity carried by quarks =
.. inside the proton determmed from an analysis of the resultsr21 means that,
~ contrary to naive expectatlon the helicity carried by sea quarks is'so large -

that it almost completely compenSates for the hehcrty of valence quarks.

. The anomalous large helicity of sea quarks has turned out extremely dif- "~
L ﬁcult to explam within the l\nown parametnzatrons of the drstnbutrons :

. of sea quarks[ 1,

A solutlon was suggested in our workl®l w here 1t was. noted that in- -
~troduc1ng a new Regge trajectory with a high mtercept ‘a(0) = 1 caused
by the Adler-Bell- Jackiw’ (ABJ) auomalv[6] and the: Kogut- Susskmd pole = . =

m (called further. anomalon”) prondes at least - qualltatne e:\planatlon .

‘ of the experlmental data on the structure’ funct\ous of sea quarl\s N

7 In the present work we discuss in detail the hature of this trajectory

: and show that this trajectory defines not only the behavror of the spin-.

, dependent sea quark structure functions in the region of small z but also

.. some pecullarltles of pp— and pp— mteractrons at hlgh enerﬂres
STRUCTURE FUNCTIONS OF SEA QUARI\S IV TIIE RAI\G

The EMC has measured the proton structure functron gl(:t Within the

\-
- parton:model this functlon 1s expressed via the quark dlstrrbutlons over

R hehcrty vnthln a proton

RECREI (o) - o r)l

. where'q+ (:r:) is the probablllty that a quark ofa ﬂavour i has the hellcm
parallel (antlparallel) to the helicity of the proton.- I‘he thﬂrals of the.
drfference of the dnstrlbutnon functions:

ag —/ dz {q+<r —q_(r)] ,fe ERORE

i i

are connected w1th the matrix elements of the axial vector current be-'
tween the baryon octet states which can be measured in the nucleon-and
’ hyperon B—decays and also in the elastic scattering of a neutrino off a

proton. Joint analysis of these data produces the magnitude of the hehc—
ity carried by quarks[2]

AY = Au +Ad +As =012+ 0.24. ' 2)

'So, under generally accepted assumptions. about SU(3) f breakmg, one

can estlmate the helicity of sea quarks[2]

A= Au' + AP +As =-095% 0.6 023 _(3‘)

At the same t1me it is known that the momentum fraction of the proton

carrled by sea quarks is. small[8]

p = /dz S(gh(o) + ¢.2) ~ 0078 (4) |

B The difference of an order between the magnitudes of the 1ntegrals Eq (3) ‘
: a.nd Eq. (4) may be treated as a quantitative measure of the so-called

spm crisis” :
“In work[5] within the nonperturbatlve QCD based on the model of -

- :the QCD vacuum- as an instanton 11qu1d[9] the dependence of the dis- _

tribution functions of sea quarks inside the proton has been considered.
Here we present a more detailed than inl® 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-«,

: batlve theory (NCPT)'in the system of infinite momentum (see[1 1). The
- distribution functions are connected with the hght cone proton wave func-
: ‘tlon expanded over free quark and. gluon Fock states (3¢, 3947, 3qg, o)
.. by the relation(11] ‘

wn@) Y [l 6o —2) [ Yibsom) By )

" where W(n)(kyi, %) is the contribution of an n-particle component of the

Fock state , z; = (k® + k%);/(po + p3) is the fractional (light-cone) mo-
mentum of the proton carried by the i—th parton (3.7, z; = 1) and k Li '

" is its transverse momentum (E.~1 =0).
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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

\I’n(kliaxi) & F(kli,xi) l (6)

1 2 m? + kii ',
2P [M Z T

=1
where m; are the quark masses, M, is the proton mass, P — oo is the
proton momentum in the infinite momentum frame, I'(ky;, z;) 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 initial and intermediate states Eg — En.

Asz — 1, the contribution of a five-quark state ¥y (k,;, z;) dommates ‘
~.in the sea quark distributions. The diagrams correspondlng to this con-
tribution within the instanton model of the QCD vacuum are presented -,

© . in Flg 1.

== ]- '{ o™

Fig. 1 The instanton contribution to the ﬁve-qua.rk component of the e

nucleon wave function (+ (-) - instanton (anti-instanton))

Instanton »vertices are defined by the ’t Hooft effective,interaction[m]:

ins 47&'2pc d4k1 d4k2 d* k3 dt ks
Lef; . {Z / (27)12
' i#7
n=4 r RaeRs
enlor. S 1 ki ) il ok Bn(bdaselk) M
n=1 i
. 3, 3 ava
: [1 + -(1 - Za;wafw)A ¥ ] + (R © L)}

where the couphng constant is obtained by factorlzatlon of the N f——fermlon"

’t Hooft Lagrangian within the instanton liquid modell13], qrr = [(1 :!:

4

~75)/2lq, i,j— quark flavours, p. =~ 2 Gev™! is an average size of an in-

stanton in the QCD vacuum®, )

It should be stressed that the vertex, Eq. (7) differs pr1nc1pally 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 N;— fermion vertex the helicity.
change is equal to 2N;. 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 SU;(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 that i in fact Eq. (7) is obtained from the Furier-transform of the
zero fermion modes of quarks in the instanton field being in the orlgln[9]
Lorenz invariance leads to a trivial change in- Eq. (7): pDN Ik,, | —
En#m lk ,

Thus, every 1nsta.nton vertex in Fig. 1 produces the factor exp[ pc(E' —
Eo)] where Eo (En) is the energy sum of incoming (outgoing) fermion
lines, respectively. This ‘factor obviously takes into account that the life
time of an instanton conﬁguratlon in Euclidian time is of an order of
T 1/p.. : :

So it follows that within the model of instanton vacuum the vertex
function I'(z;, k1) in' Eq. (6) produced from the diagrams of Fig. 1 has

the exponential form . ‘
2, 1.2
Pc m; + ki, 2
(),

n=1

I‘(:z:,,kJ_,) x exp{— 5P

In the 1ntegral Eq (5), the reglon

5
Zm +kJ"~Mp2
1=1 ,'m"-'

domlna.tes So one can put

qf/p(-'b‘) o« A / [dod) 6z — 2,)

(-37)

5

(8)



“where m 1g = y/mE+ kD, is the transverse mass of g-quark inside the
proton. ST S ,
In addition, since the instanton vertex, Eq. (7), changes the quark
helicity by 2Ny, then the total angular momentum conservation requires
nonzero angular momentum of quarks in the intermediate state in Fig.
1. Then, it:is obvious that the angular momentum prOJectl_on shoul»d
be equal to.the helicity change at -an instanton. This allows ones to
estimate possible transverse momentum in a- ﬁve-quark conﬁguratlon by

the relation: ' T : ‘_ -
‘ pck.l."‘“2Nf o B ¢)

Sofor p. ~ 2 Gev™! » Ny = - 2 one obtains k_,_ ~ 2 Gev which is essentlally ‘
larger than average momentum of the valence quark 1ns1de the proton :

- ky = 0.35 Gev. )
Thus; the only ﬁve-quark conﬁguratlon of the proton Fock state sat-
- isfies both the angular momentum and momentum conservatlon ‘which
contains at least two quarks with large transverse momentum For this

configuration from Eq, (8) one can easﬂy obtaln the asymptotics of the o

dlstrlbutlon functlons

| «{ ¢ —z)f mi, << M,
q"" (1—z)® .m? >> M2,

So for the quark sea from light u—, d—, s5— quarks there are two reglmes ,' -

Eq. (10), and for heavy c—, b—, t— quarks there is one:

q:c—»l O( (1 - $)3

Note that in fact the hardness of the sea,is caused by kinematicali”
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 > N . N
show ( see f. i. (1)) that the minimum exists at mz—*" ES ";“ & const,

i. e. the quark with larger transverse mass has larger value of z. This:

o

(10) ;.

condition means that all quarks in an n—particle state have the same

. rapidity, and thus in this conﬁguratlon 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 z — 1) of
distributions as that of a valence quark has.

6

. The hard component of the quark sea produces very interesting con-
sequences. Indeed, the experiments on charm production in the hadron
interactions!!4] 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 off nucleilld also unamblguously indicate
the hardness and similarity of spectra of all cumulativé particles. So i in
work(16] it was noted that to explain the results!19! it i 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. s

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 z-dependence as r — 1 of the sea inside the proton

, q+($)z-+1 = P(2)(1 —2)" + Mi(=)(1 - )+ Ny(a)(1 - )%,
@’ (T)gm1 = P(:c)(l - :c)" + 2N1(:c)(1 ~z)° + 2N2(1:)(1 - :c)3

(11a)
(11b)

where the first terms of these relations describe the contribution of a
‘quark sea due to a perturbative gluon (n 7 within the quark- counting
rule (see [17])) P(z), Ni(z), Ny(z) — const as z — 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

' he11C1ty of the valence quark off which the former is produced. Similarly,

in our model it could be the substantlal breakdown of SU(2); in the sea .
quark distribution functions as z — 1: di(z) =~ 2a(z) (1 is the mstanton
part of Eq. (11a) and Eq. (11b)). Recently, the direct experimental
evidence of the d sea excess has appearedlls] *):

| / iz (d(z) — #(z)) = 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

.commumcatlon)



In fact, the negative helicity of sea quarks and SU(2);—breakdown of
‘the sea-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 T — 0 all quark and gluon conﬁguratlons of the proton wave

functlon are valuable and behavior of the distribution functions'in this

region is specified by the Regge asymptotics. Usually one assumes (see
[17]) that the Pomeron exchange with intercept:a,(0) = 1 dominates in
the sum of the. d1str1but10ns ¢* (z) = ¢} (z)+ ¢>(z), and hence: ‘

hmq (:c) x 1/:1: (12)¥

wherea.s ‘the dlfference Ag® (z) —-,q+(:1:) — ¢’ (z) is spec1ﬁed by the Al-
meson’ tra._]ectory with'«a Ax =~ 0, and therefore -

. hm Ag’(z) const.

In f@ct Eq. (13), ‘which has been’ used in the analysis of experlmental
data by the EMC[2] is derived from the selection rule ‘

o(-1)'G = -

for the Regge trajectories contrlbutlng to the structure function gp (:c)[17]
(o is signature). The well-known A;—trajectory withI=1,0=-1,G=
—1 satisfies this selection rule. However, it is obvious that this trajec—
tory cannot contribute to the isosinglet anomalous combmatlon AX(z) =
Au(z) + Ad(:v) + As(z). In accordance with the rule, (14) the
‘only Regge singularity capable to contribute to AX is that w1th quantum
numbersI—O c==-1,G=1,C=1.

" In ¥ it was noted that to explam the difference of an order between‘

the momentum fraction carried by sea quarks, Eq. (4) , and their he11c1ty
, Eq. (3), it is necessary to suppose the singular behavior at small = of
the flavour singlet spin-dependent distribution function of sea quarks. We
remind that earlier!9 an attempt was made to explain-the EMC effect
by anomalous dependence of the structure functlon asz—0

G (2)s—0 = C/(z1n’z). (15)

8

aﬁ

(14) .

The .assumption, (15) , with C = 0.135 essentlally enhanced the
value of the quark hellaty extracted from the EMC data »

AX =~ 0.5,

which matches the EMC data with the predictions of the constituent
quark model AY, = 1 (AX =~ 0.65 in the bag model). In(19 the beha.v10r,
Eq. (15) , was connected with the contribution of the Pomeron-Pomeron
cut P ®@ P. However, in 201 it was argued that the P ® P-cut cannot
contributé to g¥(z) due to the selection rule, Eq. (14). '
In DI we have suggested a new Regge trajectory with a high intercept
a(0) ~ 1 which allows us to obtain the singularity of the distribution
functions as £ — 0. There it was also pointed out that the trajectory was
probably related with the Kogut Susskind: ghost in QCD[7] The pole in
the correlator of the pseudo-vectors
Ay (0. A7 —

as - .
K= g Cusra

1
ggfabcAgA; )7

o / < Ky(2)K(0) >gm0 = LN (16)
was introduced in the“work[7] in order to resolve the puzzle of the 'anbme-
lously large mass of the n’-meson (U (1)—problem). Further, it has been
shown 21, 22] 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 coordlnate )

Q= ‘/d":c 0.K,,

which is the topological charge of the large gauge transformation. At an
instanton (anti-instanton ) the topological charge change is AQ = 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:

L Wyee = Z eiqopo7
Q
where 6 is the quasimomentum of the ”8-vacuum”[21: 221,

9



- This problem is completely ‘similar to the problem of calculatlng the
Green function of ‘an eléctron in the periodic lattice (see 2 ]) It is well
known that here the gapless excitation appears w1th the Green function
of a free electron on the periodic lattlce ' '

R 1
/ it i < TX(t)X(O) >|Wo—» i

wm*’

where m* 1s the effective mass of an electron determined by the barrier

penetrability. Thus, the pole of Eq. -(16) also corresponds to free motion
of the system but now along the variable of the topological charge.

_Further, if we put a quark inside the ”§—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 topologlcal,
7 charge density: :

;8,55 =2N;8,K, = 2Nf G’“ G’Z,,, :
where the terms proportional to-the quark current masses are omitted.
~ From Eq. (17) it is'easy to shew that the change of the axial charge is

_ connected with variation of the topological charge by the relatio

AQs= '—2NfA"Q'"’

Therefore the free motlon along @ means unconservation of the quark

‘helicity in the "8—vacuum”. For example ‘at an instanton AQ =1 and
the helicity change is:

A%, = AQ5 _j—sz

Thus, in order to ﬁnd an average value of the quark helicity inside the
proton one should take into account the interaction of quarks w1th the

ghost pole. . X : :

This problem was con51dered by Vene21ano[25] who W1th1n the effective
QCD Lagrangian approach derived the Goldberger- -Treiman relation for
the singlet axial-vector coupling constant

G = Az =07 +G%,

10
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nl23, 24] ‘

as)

-(19).

rom e e

- bers o = -1, P =41, C = -1, 1=

where the first term of the right part is the contributionrzof a direct inter-
action of the 7-meson with the proton and the second is the contribution
of the interaction via the Kogut-Susskind pole (Fig 2). Note that to ex-
plain the EMC result, Eq. (2) , one needs a large negative contribution
of the ghost to the d1vergence[25]. GZ" R~ —G’A ~ —1.

3 : - k~ | :;A}::‘;i a § I(ﬂ B : |
P P i P

b)

=3

a)

Fig. 2 The contribution to the divergence of axial-vector current of a)
direct interaction of 7'—meson, b) via the Kogut-Susskind pole

Further, the Kogut-Susskind pole cannot contribute to the structure func-
tion g} (z) as it causes the flip of the 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 worksl2!: 22], it was argued that. the Kogut-Susskind pole effec-
tively takes into account the contribution of heavy gluonic states to
the correlator of hadron currents. Hence we suppose that this pole is
reggezred and its trajectory ( anomalon” ) contains gluonic states with
odd spin. It is easy to see that the’ anomalon has the quantum num-
0. The intercept of the new
trajectory should obviously be equal to unity, aA(O) =1,ast — 0 we
have the massless pseudo-vector pole, Eq. (16). /

From this it is easy to obtain z- dependence of the contribution of
the "anomalon” to the structure function g{(z). Namely, the A ® A-cut
corresponds to the diagram of Fig 3 and its contribution is

95(2)zm0 = —af(zln?x). (20)
The minus signuin, Eq. (20) has the principle meaning since it leads
to lowering of the quark helicity inside the proton. Joining Eq. (11a),

11~



Eq. (11b) and Eq. (20) we obtam the expression for the singlet dlstrlbu-
thIl functlons of sea quarks over the. hehc1ty inside the proton -

'f

| (21a)

—(1 = -’13)7 +
(1 — )"+

e q.;(ar)’ = +ca ~x>31?

¢’(x) = [B(l 2f+C(1—2)%, (21b)
where the first terms of these relatlons describe the Pomeron contribution
as ¢ — 0 and the quark sea due to a perturbatlve gluon as z — 1 and the
“second terms describe the contribution of the A ® A-cut as'z — 0 (Flg

3) and instantons as ¢ — 1 (Fig. 1).

Flg 3 The Kogut Sussklnd pole contrlbutlon to the Compton effect off
the proton :

It should be noted that the powers of 1/:1: and (1- m) in Eq (21a) and

_ Eq (21b) reﬂect only the asymptotlcs asz— 0, 1. In the intermediate
region it is obv10usly necessary to take into account more comphcated
conﬁguratlons of the proton wave function.

From Eq. (2la) and Eq. (21b) we obtain the contrlbutlon of the ABJ i

~ aniomaly to the spin- dependent dlstrlbutlon function in the form -

o gf(x) =~ (1 — 2+ Cu(1 - 2)7] (22)
- and to the proton momentum o |
| Ap = / d:r [Bl(l - :r)5 + Cy(1— :r)3] } (23)

12.
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_ Unfortunately, the EMC data at low z : .z < 0.05 have large errors; so
it is. 1mposs1b1e to determlne the constants B and Cy separately from the
datal?l. In this case we do the following. It is obvious that the anomaly
dominates at small z and essentially affects the value of the 1ntegral of

(x)

L= [ 4o @) )

I thé anomaly were absent then the Ellis-Jaffe "sumru:le y{ould be correct!3l: -
Peomxons (9
whlch corresponds to the quark hehc1ty e
A CAE 20604 0.12. (2)

‘Recently, the work(26] has appeared where the‘ estimation was derived :

2Ny

1IN, —2N; (27)

AEKZ _

In 1261 the circumstance 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 instantons). Then, the magnitude of the
proton axial charge should not depend on'the manner of regularization of
the Dirac vacuum. By using this 1ndependence and some natural assump-
tions in[261 the model mdependent value Eq. (27) has been der1ved For
Ny =3 one has *" : : )

AXKZ = (28)

which does not agree even in sign neither with Eq. (26) nor with the
EMC:number, Eq. (2).’ We think that this discrepancy is due to 1ncorrect
extrapolation of the EMC data into the small = region. o

In order to overcome this difficulty one should obv10usly take mto
account the anomaly contribution , Eq:'(22). In addition, its 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' V
of the integral , Eq. (24) , equal to

—0.22,

IXZ ~0.086 (29)

13



corresponds to Eq. (28). Then, from the difference of Eq. (25) ‘and
Eq (29) we find the contribution of the anomaly to the 1ntegra.l Eq. (24),

p

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

0 151

a(z 406251 — )27 (31)

Here, the first terrn is the contrlbutlon of the a.norna.ly; the second, which
is regular over z , was determined from the fit of the EMC data in ac-
cordance with Eq. (31). ThlS term corresponds to the valence qua.rk
contribution to 91 Y (z). N

0.0
gh(z)

-2.0

valence quarks
- total
/ == =—— — anomaly

‘—R8.0 asal As s pstal —— ‘,““" N
- 0.001 0 01 : 0.1

" Fig. 4 Spin-dependent structure function gi(z). 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 % i is the contribution of the perturbative sea). Here, we
sh_ould stress that as z — 0 only the anomaly contribution.to Eq. (31)
allows us to match two numbers Eq. (28) and Eq..(4). :

DThe parainetrization with the asymptotlc form as z — 1 (1 —z)3 gives essentially
the same behavior. ‘

14

T4 ~ —0.089. o 30)

‘Thus, -the analysis of the distribution functlons of sea qua.rks per-
formed within the nonperturbative QCD points out the necess1ty of intro- .
ducing new Regge trajectory related with the Adler-Bell- Jackiw anoma.ly
and the Kogut Susskmd 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 to explam the EMC
data it is necessary to introduce new Regge trajectory with the inter-
cept aA(O) & 1. It is natural that this trajectory should manifest itself in
the processes of hadron-hadron sca.ttermg at high energies too. Now, the
necessity of introducing the Regge trajectory with a high 1ntercept addi-
tional to the Pomeron is intensively dlscussed[27 281, Th1s 1is prlmarlly?
connected with the necessity to explain the form of dlfferentla.l cross ' sec-.
tions of elastic pp— and pp— interactions at high transfers l t|>1 Gev.
Namely, the experiment points out two salient facts: absence of a second
diffractive minimum in pp interactions and existence of the shoulder in PP
interactions at ISR energies and, second, 1ndependence of the dlfferentla.l*
cross section of energy at | £|> 2 Gev?. :

Usually, these facts are explained by the contrlbutlon of the Odderon
trajectory 28] with quantum numbers ¢ = —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 1n[28] _then it increases with energy the difference of the to-
tal cross sections a“" ok Therefore, one needs an additional mecha-
nism to sup2press the Odderon contribution as ¢ — 0. However, a direct.
calculatlon[ 9 of the three-gluon exchange does not prov1de this suppres-
sion'and, moreover, it produces the sign of the real part of the Odderon
a.mphtude at t = 0 which does not agree with that needed to explain a
large ma.gmtude of the real part of the forward a.mphtude of pp scattering ..
measured by the UA4 Collaboration{301. Second, at large t the radiation f
corrections induce an essentlal dependence of the elastic pp and PP.Cross .
section on energy /s [ 1] which is also not supported by experiment..

Usmg the ”anomalon we arrive at a more 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 ot — oy — 0 as /s — oo. Further, we expect
a very small slope o/, of the "anomalon”. It i 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
ay/ap R (pe/Reons)? = 1071, If as usual o = 0.2 — 0.3 , then we have
oy = 0.02 — 0.03. Therefore, we can neglet the slope of the "anomalon”.
_ Thus, the "anomalon” contribution to the amplitude of pp (pp) scat-
tering may be written as
Ta(t5) = F (), @
where the up (down) sign corresponds to pp (pp) scatterlng The residue
in Eq. (32) should be related to the distribution of the axial charge inside
the proton and therefore ‘ .

WO CEOP L, @

where M2 ~ 1.4 Gev?132, -
The Pomeron amphtude corresponds to the expresslon

Tp(t s) =

where the Pomeron res1due is related w1th the electroma.gnetlc form factor
of a nucleon[27] :

7P(t) o [Gem (1)) o< 1/[1 = /M), ; (35)
where M ~ 0.71 Gev?: :

At la.rge t the "anomalon” becomes dommant over the Pomeron (4 M 2>
M), which results in the observed cha.nge in the slope of the elastic cross
sections of pp and ; pp scattering at | ¢ |~ 1 Gev?.
sence of diffraction minima connected with multi- Pomeron exchanges is
explained by the fact that they remain under the la.rge contrlbutlon of
the "anomalon” at | ¢ |> 2 Gev?.

Owing to the absence of the double—spm flip amphtude of Pomeron
it does not interfere with the "anomalon”, and therefore, the differential
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Z*rP(t)( )‘”’(') exp[—z—(aP(t) - 1)] (34)

et gnpe AT 5 s e 2

Therefore the a.b->

cross sectlons of pp— and pp— 1nteractlons are
o da :

. » dt 16

In Fig. 5 ﬁts of the tota.l a.nd dlﬂ'erentla.l cross sectlons at hlgh energles ]
with the Pomeron and ’ "anomalon” tra,_]ectorles are presented. As we
see, there is a satisfactory agreement with experiment in the regions |
t |< 1 Gev? and | t [> 2 Gev®. Note here that a small slope of
the "anomalon” tra,_]ectory, a AR 0 is needed for explalnlng the energy
mdependence ‘of ‘elastic cross sections of ; pp— and pp-—- 1nteract10ns at
[t|>2 G’ev2 ‘Essential deﬂectlon is seen only in the region of the dip in
pp at ISR energles but it seems to be of a very comphca.ted na.ture due to
seconda.ry Reggeons and their cut- oﬂ's[27] a.nd its’ dynamlcs 1s a sub Ject

of our forthcommg study

“TPFHTAH (36) "

B

. dao
‘df-t)
w !
. GeV* ‘
10 7% -
- 52.8GeV
10
10 ~®
10 -12

D00 - 2.00 4.0 V9.00 8.00 . 10.00

Flg 5 Ela.stlc pp and pp sca.tterln a.t 52. 8 GeV 546 GeV 1800 GeV
Da,ta. for \/_ = 1800 GeV are from[ ). The parameters are: e
ap_.108 ap—03 MP_097 G’eVz, vp(0) = 21.8; .-
aA—-l aA-O MA=108 GeV?, 7,4(0)-057

In fact, at high energies two parts of structure functions of sea quarks,
Eq. (21a) and Eq. (21b), correspond to two regions of transfers in the
pp— and pp— interactions. At | ¢ |[< 1 Geev? the Pomeron dominates but
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at | ¢ |> 2 Gev? the ”anomalon does The dommance of the’ anomalon
at large transfers is clear since its contribution to the structure functions,
Eq. (21a) and Eq. (21b), corresponds to the Fock state with large transfer
momentum, Eq. (9) S [

CONCLUSION.

Within the 1nstanton liquid model of the QCD vacuum the parametnza—
tion of the distribution functions of sea quarks 1n51de the proton is derived.
It should be stressed that the instanton mechanlsm of resolution of spin
crisis” differs entirely from the perturbatlve explanatlonlggl based on the
_contribution of the ABJ- anomaly on polarized gluons Within the pertur-
bative mechanism a very large value of the angular momentum AG = 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 intrinsic problems[3 34,
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 g7(z) is probably zerol34l, Second, isotopic dependence of the
anornaly[35] excludes its interpretation as the contribution of gluons to the
* proton spin. Note also that the perturbative gluon contribution to gf(z)
would mean also the Pomeron contribution , Eq. (21a) and Eq. (21b),
to this structure function , whrch is in drsagreement 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 2N ¢ 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 orlentatlon of rotation of the quark anthuark cloud
within a constituent quark. However, the total angular momentum car-
ried by a quark is unchanged, and this is the reason for the good results
of the constituent quark model in the description of static properties of
hadrons. ' o

" The a_nalysis of the “sbin-dependent distributiohs of sea quarks indi--

cates the necessity of introducing a new Regge trajectory related with the

18

Kogut-Susskind pole. The specific features of dynamics of pp—and pp—
interactions at large transfers and high energies also require a trajectory .
additional to the Pomeron which does not die out with growing energy.

" Note that probably there exists a direct experimental confirmation of
the "anomalon”.?) For instance, the OMEGA Collaboratlon[36] has ob-
served that the dlﬂ’erentlal cross section of reaction yp — bi(1*7,1235)p
at E, =40+ 70 Gev is almost energy mdependent 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 ¢ about twice as small as
the slope of the diffractive cone in elastic gp scatterlng ‘at_these. energles
which has been observed in experlment ¢ : ]

From our pomt of view ‘the "anomalon” is also needed in order to -
explain anornalously larée polarlzatlon fenomena in hadron- hadron _pro-
cesses at large transfers®7 . Thus, e.g;, the three-anomalon vertex (3A)
leads to the amphtude w1th single flip of helicity ®s which does not die
out with growing energy. Within the ‘perturbative QCD this amplitude
behaves as m//s where m is the’ quark current mass and therefore the
perturbative QCD in principlé cannot explain the anomaly in the scat-
tering of polarlzed particles at high energles[37] , ST

~ To provide a complete answer to the question of. the ex1stence of the
new trajectory, experlmental efforts should be made along the following, A
directions: first, precision measurement of the DIS spin-dependent proton
structure function ¢ (a:) in the region of small z; second, the measurement
of the differential cross section of yp — b1(1+ 1235)p at E > 70 Gev
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HopOXOB A, E., H Op.
CprKTypHme @yHKuHH/MOpCKHX ‘KBapKOB,
- momoc KoryTa—Cyccxnnna ¥ [MHaMpKa pp-~
H pp-BsaumoneHCTBHn IPH BHICOKHX SHeprisx

E2-91-375 .

HOKasaHO, 4TO aHOManbHoe nonenenne CHHH—BaBHCHMOH
CTPYKTYDPHOMH. GYHKUHUH gp(x) ompenesisieTCs BKJIaAOM B. 3Ty
CTPYKTYPHYIO ‘dyHKIHIO mpu X > 0 HoBoi TPAeKTODHH Penme,
CBﬂsaHHOH c nonmcom KoryTa—Cyccquna OTmequo, 4To BKJang,
HOBOIX, TpaEKTOpHH B npoueccax ppP- H pp—BsaumoneHCTBnﬁ no—
3BOJIfIET onHCHnTb HeKoTOpHe OCOGEHHOCTH 9THX peaxuuu S
npu BbICOKMX SHeDFHHX S ; : ~

; PaGOTa anonHeHa B HaoopaTopuu TeopeTuqecxon @Hsuxnf"
OHHH B SR , : SR

- I’“‘Ipenp}n{r‘OG'penunéi:noro imlcrﬂryra AQlePHBIX nconenonaﬂuﬁ.-ﬂyGHa 1991 |

Dorokhov A E Kochelev N I Zubov Yu A
Structure Functlons of Sea Quarks,
Kogut -Susskind Pole and ‘Dynamics of. PP
and pp Interactlons at ngh Energles

E2-91-375

It ‘is shown- that anomalous behaV1or of the sp1n depen-
dent proton structure functlon gp(x) is deflned by the-
contr1but10n to this structure functlon as x > 0 of a new
~Regge trajectory caused by Kogut Sussklnd pole. It-is
p01nted out: that manlfestatlon of ‘a new traJectory in ppf

“‘and pp- 1nteract10ns allows us to explaln some pecullarl—
“ties of’ these reactlons at h1gh energ1es.

: The 1nvest1gat10n has been performed at the Laboratory ‘
: of Theoret1ca1 Phy51cs, JINR.n,‘w ViR : .
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