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Instantons and polarized structure functions
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The contribution of the quark-quark and quark-gluon interactions induced by instantons to the valence quark
and proton spin-dependent structure functignéx,Q?) is estimated within the instanton liquid model for a
QCD vacuum. It is shown that this interaction leads to a rather large violation of the Ellis-Jaffe sum rule.
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I. INTRODUCTION o i -
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One of the solutions of the famous “spin crisi¢8ee the d

recent review1]), is the assumption of a large positive gluon 2 2 — 5 dp .

polarization inside a nucledi2]. xexp (2700 Vbw 568y —do(p)do+ R-L, (1)
Indeed, one of the next leading ord®LO) analyses of p

the polarized deep inelastic scatteri(i@S) world data on where p is the instanton size;* are the matrices of the

g1(x,Q?), which was performed to extract the polarized par- :
ton densities in a nucleon, has shown some indication for gu(;)c subgrolup of the §U(3)color g'roup,do'(p) Is the
positive value of gluon polarizatiof8]. However, another density of the instantonglo stands fqr integration over the
NLO fit leads to the conclusion that this result may be seninstanton orientation in color spackdo=1, U is the orien-
sitive to the input shapes of the polarized parton distributiortation matrix of the instantory,,,, is the numerical 't Hooft
at a low normalization point4]. symbol ando ., =[ v, ,7,]/2.

The different calculations of the gluon polarization inside  From Eq.(1) one can obtain an effective quark-quark 't
a nucleon have been performéxke[5]) and a contradiction Hooft interaction[12] which in the framework of instanton
between different approaches has been found, not only in théguid model read$9,15|
absolute value of the gluon polarization but even in its sign.
For example it has been shown recep@ythat the instanton
model for nonperturbative effects in Q{B,10] rules out a
positive value of gluon polarization. Therefore, it is possible
that the gluon solution of the “spin crisi_s” is not vigble. X E {ER(kl)qiL(kZ)q_jR(kS)QjL(k4)

Another way to resolve the proton spin problem is to take i#]
into account the quark depolarization induced by nonpertur-
bative vacuum fluctuations of the gluon fields, so-called in-
stantong6,7]. The instantons describe the sub-barrier transi- 5 212 2 . o
tions between different classical QCD vacuum states thaghere F(ki k3 ,ks,kz,pc) is the form factor, which is re-
have different values of quark heliciti€s1]. Therefore, tak- |atéd to the Fourier transformation of the quark zero modes
ing into account the quark interaction with instantons gives 4N the instanton field, and.~1.6 GeV is an average instan-

direct way to obtain the magnitude of quark helicity noncon-ton Size in the vacuum, j =u,d,s.
servation in QCD. Recently, it was shown that from E{l) a new type of

In this article we estimate the contribution from quark- nonpgrturba‘give quark-gluon interaction can be obtained.
quark[12] and quark-gluon interactiof.3] induced by in- This interaction has the form of anomalous chromomagnetic

uark-gluon interactiofl3
stantons to the valence quark and protafx,Q?) structure q g h13]

2 2
T Pc

3

L2 =F(K2,k2,k2,K2,pc)

X[1+3(1- 3,0l )P+ (R-LT

functions. 9
ALp=~ipa2 - —00,ut"qG,,, )
4 My
II. QUARK-QUARK AND QUARK-GLUON INTERACTION .
INDUCED BY INSTANTONS wherem} =2m2p%(0|qq|0)/3 is a quark mass in the instan-
ton vacuum.

The instanton model for QCD vacuum is widely used now
in the description of the nonperturbative effects in strong
interaction(see review$9,10]). The existence of instantons
leads to a nonperturbative quark-quark and quark-gluon in-
teraction through the QCD vacuum, which has the following o= — ,
form [12,14]: 2as

The value of the quark anomalous chromomagnetic mo-
ment in the liquid instanton model is

for

4

0556-2821/98/5(P)/55394)/$15.00 57 5539 © 1998 The American Physical Society



5540 N. I. KOCHELEV 57

—|

qr I qr

(a) () FIG. 2. The instanton contributions to proton structure function

) _— ... .. from the anomalous chromomagnetic interaction.
FIG. 1. The instanton contribution to the quark distribution

functions:(a) the contribution to the sea quark distribution function;
(b) the_contribution to the valence quark distribution function. The
label I(1) denotes instantofantiinstantoin

where

d
4 . . , F(Z):Zd_“o(Z)Ko(Z)_|1(Z)K1(Z)], 9
wheref=n.m?p is the so-called packing fraction of instan- z

tons in vacuum. The value of; is connected with the value

— N2
of the gluon condensate by the formula andx=Q"/2p-q.

The graph which is responsible for the contribution from
ne=(0|asG3%,G2,|0)/167~7.5 104 Ge\®. (5) the quark-gluon chromomagnetic interacti@) to structure
functions is presented in Fig. 2.
The following estimate for the value of the anomalous quark The calculation of the contribution of the diagram in Fig.
chromomagnetic moment has been obtained gg=1.6 2 leads to the result
GeV lin [13]:

ma=—0.2. (6) 97%(x,Q*) = -

The principal difference between the instanton induced

e_c24 |/~La|p§fQ2(lx)/4x

8 (1-x)Jo

interaction Eq(1), Eq. (2) and the perturbative quark-gluon  di2 F2(kpc/2) (10

vertex is the large quark helicity flip at instanton vertex, L >

namely A3 = —2N;. Therefore, this interaction can be re- 1— 4xk;

sponsible for a rather strong violation of Ellis-Jaffe sum rule (1-x)Q?

[16] for the first moment of the spin-dependent structure

function gf(x,Q?). where k?=kZ/(1-x), and the relation agu3/m??p?

=37| u,|/8 [8] has been used.

[II. INSTANTON CONTRIBUTION TO VALENCE QUARK The very interesting feature of instanton contributi¢8ls

AND PROTON STRUCTURE FUNCTIONS and (10) is their specificQ? dependence. At smal?

The graphs which give the contribution to the structure™ 1/p they are proportional tQ and forQ®s1/p they are

; ; . 2 - i
functions from the quark-quark interacti¢®) are presented Cconstant. Therefor®” dependence of the instanton contri-
in Fig. 1. bution to polarized structure functiorshould be different

We calculate the contribution of this interaction to the from 10g(Q*/A?) evolution of the perturbative gluon correc-
valence quark spin-dependent structure funciigiix Q?) tions to DIS structure functions. The fundamental reason for

by using the projection of the imaginary part of the forwardthis, feat.ure is the quark spin flip induced by !nstanton vertex,

Compton scattering amplitude,,, : which gives the extra powers &f to the matrix element for
wy the forward Compton scattering amplitude. As a resulQ%t

i€,,,eP’q7IMmT,, =0 the instanton contribution tg,(x,Q?) is zera

p-q , () In the largeQ? limit and smallx the contribution tayf(x)
from the quark-quark interactiofFig. 1(b)] has the anoma-
wherep is the momentum of the valence quark in nucleon.lous 142 behavior. This behavior comes from the pointlike
The straightforward calculation of the contribution of the instinton verteXx1),(2) which leads to very fast growth of

g(]:I_(XvQZ) =

diagram given by Fig. (b)* leads to the result the qq cross section induced by instantons by increasing the
24 B energyS=(p—Kk)?2. At high S the contribution of instantons
g%(x,Q%) = %J'Q (1=x)/4x sz should be small because the perturbative QCD should work
1A% 128 o L ~K/(1-%) in this region. The imaginary part of the lower part of the

diagram Fig. 1b) is proportional to a sum of the imaginary

[T +kFKA(1=x)] _(|klp lan; -

W dke— L F2 |, (8 parts of the correlators of the pseudoscglan ysq and sca
x2k* 2 ) lar j=qq currents 6= /S) [see the structure of Lagrangian

)],

The calculation has shown that the contribution of the diagram in
Fig. 1(a) is very small and therefore can be neglected. The terms
which are proportional to the product of the color matdxn Eq.

(2) have 1N, suppression factor and give a very small contributionthat have been analyzed in QCD sum rule approach, taking
as well. into account the direct instanton contributiph7,9]. There-

(9)=i [ deeolTico.iO}l0), a1
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fore, the threshold value for the ener8y for the cutoff of or
the instanton contribution should approximately equal the
value of the duality interval in the QCD sum rule for the % [
nonet of the pseudoscalar and scalar mesons, whi is r
~2 Ge\? [17]. 05 ¢
The final formula for the contribution from quark-quark
interactiong{(x) in the Bjorken limitQ?—« can be written
in the following form:

0.75 |

2 4 g

€,0c (o * r
1(x,Q%) = qcf dSJ el
9:(x.Q") 128 Jo S¥1-x C

SxS—k3(1-X)] F2<@
k* 2

X dk?

o (12 s

Because of a cutoff i, the 1k divergence is absent now
and the instanton contribution to the first momengefx) is
finite.

In the same limit the contribution tg7(x), due to quark- s b . . .ovon o 0 inn L .
gluon chromomagnetic interaction, reads 10” 107 107 107 1
X
el o .
9‘1‘(X)=—quual- (13 FIG. 3. The contribution to proton spin-dependent structure

function gf(x) due to quark-quark instanton induced interaction.

The sign of both contributions isegativeand comes from  the g{(x) structure function, which comes from the quark-

the negativequark polarization induced by instantons inside gluon chromomagnetic interaction induced by instantons, is
the proton. shown.

To calculate the contribution to proton structure function, This contribution is also negative and has a hardeie-
the simple convolution model for structure function has beerpendence than the contribution from the quark-quark inter-

used: action. Therefore by taking into account the quark-gluon
g chromomagnetic interaction induced by instantons we can
Piv) — 9y ol % explain the decrease of thgg(x) structure function at the
93(x) % fx y 91 y)AqV(y)’ (14 large Bjorken variable.

The contribution to the first moment of; from this in-
where Aqy(y) are the initial valence quark polarizations, teraction is
which were taken in the form

0
Auy(x)=371-x)3 Ady(x)=—131-x)3 (15 !

and normalized to the experimental data on the weak deca./ |-
coupling constants of hyperons

gi=Auy—Ady=1.25 gi=Au,+Ady=06. (16) 42 |

In Fig. 3 the result of the calculation of the contribution
from the quark-quark interaction induced by the instanton to .
gh(x) in the region of the Bjorken variablg>0.0001 is
presented.

It should be mentioned that this contribution is negative
and rather large, especially in the lowregion. The contri- ~
bution to the first moment of? is

1 -0.5 B
sl ipnvgt:J dxg?%(x)= —0.007. (17) i
0
This value is approximately one fourth of the observed vio- %% 5 1(;3 — 1(;2 — 1(;1 -,
lation of the Ellis-Jaffe sum rulEl8]. The remaining part of N

the violation can be related to the contribution from the
anomalous quark-gluon interaction induced by instantons. FIG. 4. The contribution to the proton spin-dependent structure
In Fig. 4 the result of the calculation of the contribution to functiongf(x) due to the quark-gluon chromomagnetic interaction.
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IV. SUMMARY

1
6Iipn'§t:f dxg)9(x)=—0.019. (18 _ )
0 In summary, the instanton induced quark-quark and

o ) ) D quark-gluon interaction leads tdarge negativecontribution
The total contribution from both interactions Bl 19 the proton spin-dependent structure functigf{x,Q?).

=—0.026. One can compare this number with the moderrys contribution allows us to explain the observed violation
experimental data on the value of the violation of the Ellis-f ine Ellis-Jaffe sum rule.

Jaffe sum rulesl 8, ;= —0.02——0.04[18].

Thus, by taking into account the accuracy of the available
experimental data and some ambiguities in the extrapolations ACKNOWLEDGMENTS
of theg,(x) to very lowx region in the current experiments,
we can conclude that the instanton model gives a rather good The author is thankful to M. Anselmino, J. Bhlein, A.
description of the Ellis-Jaffe sum rule violation for protons. E. Dorokhov, A. V. Efremov, R. L. Jaffe, E. Leader, E.
The prediction of the instanton model for the neutgn  Reya, and T. Morii for helpful discussions. This work was
structure function is very sensitive to the details of the vio-supported in part by the Heisenberg-Landau program and by
lation of the SUW6) symmetry for the valence quark distribu- the Russian Foundation for Fundamental Rese@R#FR
tion function and will be discussed elsewhere. 96-02-18096.
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