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Since 1977 [1] the deep inel,;.sti~ electron scattering from a photon target has become a 
new subject of the intensive theoretical studies in the framework of QCD1

. Much progress 
. has been ?-chieved in .this direction [3]. As ~as firstly advocated by 1 Witten the non~ 

polarized stru~ture function F2 (x) can be calculated using the perturbative QCD alone. 
At that ·time there was· considerable optimism that this process was an excellent test 
for·the perturbativ~ QCD. and might provide an acc~rate measurement· of a,.' By now 
the optimism has waned ca"nsiderably. This happens because Witten's suggestion is true 
only for the asymptotically large probe-photon momentum transferred squared ~he;e a 
"contact"_-type term due to the phot~n operators iri th~ framework of OPE turns out to . 
be dominant. A.t smaller values of Q2 the hadronic component become' sizable, the photon 
admits considerable contribution that comes fro~ the nonperturbative region.· Due to this 
contamination the hope of pure extraction of Aqcv from this reaction in .real experiment . 
fails owing to the large u~certainty in the theoretical prediction for this part. Till recently 

· .the only estirriatioris for the latter have been obtained from the Vector Meson Dominance 
Models [3]. · . . · · . , ' 

. The first QCD based ca1culation of the hadronic part has been initiated by Balitsky 
(4]. However, o11ly a:rew first moments rather tha~ i~dependence of the structure fun~tion 

. were fouu'd in his paper .. Recen\Jy a new approach to calculation of tlie photon structure 
- . . . . 'I . ' . . '.. . 

function in QCD has been developed [5]: It enables one to evaluate the structure function . . 
in' the region of intermediat~ X. and Was SUCC~ssfully applied 'to tne case of spi~ averaged .\ -. 
scattering. . . . . . . .. . . . . .. . 

In recent times the polarized photon structure functions have attracted a lot of atten
ti~n~ In ref (6] OPE and the r~no:rrlalization group analysis was extended to the polarized. 
sector, ,vhile refs. [7] deal with the first ~oment of the spin dependent structure function 
gJ (X), an'd its ~ensitivity to the: chiral symmetry realization. Jn these papers, as in the 
Witte~'s @e the hadronic comp~nent'was completely disregarded. . · .·. . ' .. 

• Iri. the present investig~tion we COI~ce~tr~te on~the calculation of t,he poladzed st~ur;tute 
function gJ ( x) following the method mentioned above .. We shall start with the considera
tion.~fthe structure functio~ when the target photon vi;tuality is large arid spacelike but 
'-p2 ·~ Q2 and. apply the OPE to the discontinuity of the forward photon-photon s~at
tering amplitude~ which results in' the ~xpansion in the inverse powers of t"atget~ph~ton 
virtu~lity p2 • To obtain the correct analyti(al properties i~ the photon off-shellness, we 
adopt_. a. certain model for the structure function and . the hadronic spectrum. Compar-

'ing the' two representati~ns of the ~a~e quantity ..;,e c~rl".fix una~biguously all unknown 
parameters.' . ·<.' 

· .. The sensiti~ity to the' QCD radiativ~ corrections is poor until very large Q2 1s attained 
· m~c;h larger than it( n~w available. Thus, we restrict ourselves to the lowest. order graphs; . 
'and to the consideration of light quarks only. 

To start 'with we consider the four-point co~~elation function 

;~v,a{J := 41raemi3I £i4xd~y~4zeiqx+ip(y~zl(OIT{jl'(x)j~(O)ja(Y~j{J(z) }IO}, . {1) · 

. wh'er~ j" = EqQq~q'Y"~q.is t~e .~lectro~agnetic ~uark ~~m!nt. This ~~plitude is origi-. 
nated from the T-product of-two electromagneticcurrerlts between the photon states a11d 

·• 1 For. t~e first discussion of the photon stru~tu:e functions in the context of the I gauge ~heori~ s~~ the 
paper by Ahmed·an'd Ross [2] and references given therein., · . · 
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Figure .1: · P~rturbative diagrams fa; the ~nit operator in the openitoi expa_nsion. 

appli~~tion of the Lehman~-,Syrtianzik~Zi~II_Ie_frri<l:n~ recl~ction formula. J'he __ discon~in~~ 
ity across the branch· cut on the real axis 1n the -comp,lex plane of w = l, where. x Is 
the usual Bjorken variable, gives' us the structure function 'we are. interested in .. In orde~ 
to find the' polarized' spin structure function, we, isolitte it as. a coefficient- in front 'of an 
appropriate tensor st~ucture, namely . ' '. ' ·. . 

iJ~T,.v,?~~-9<:; =(· i)• E~v;uq>,s:gj(x; Q2
))_. _ _' 

7r • . ' pq : '· . ' ',. 

·, 
(2) I 

where Su ,;_ i~:~~-yufat{Jp;y ami 'ta is a photon pol~fiz~tion vector .. More p;eci~el;, fm th'c 
_purposes of this paper it is en'ough to pick out the antisyinmetric tensor• (g .. ~g~p- g~~g,;a ). 

, As a first step we have to find the contribution of the unit operator~ This.result is wei!: 
·Known 'since the "photon-photon fusion'5 proce~s .was' calculated even before the advent of , 
QCD (SJ. !Iowever, to reproduce unambiguously ~h~ spectral densities in the di~pcrsion . 
representation for the structure function, which require some intermediate result, such a
calculation has to be.performed over again. We restriCt ourselv'cs to thesc~ling app;oxi
mation; i.e. to taking into account the first nonvanishing term in the expansion in powers 
of p2 /Q2

, ther'~fore limiting t'o the leading twi'st-2 ~ontribution. The result is . · 

gj(;, Q\ P2 )pert ::,_f.' 

~ ~;· N,N1 (Q:) { ( 2 ~ 3x+ (x' '_ (,' - x)']t' J:'~ (P"(~::)') ;- ( 1 -. x)} 

= a:m ~cfJ(9.:)[x2 -(1~ ~);J(lh (_~
2

x2) c- 2).. . (3)' 
' \ . . ' . ' . .. .. 

where (Q!) ~ ~I EqQ: is' ~n ave!age of. the f~ur.th powersof.thc quarkchargcs; This· 
result is twice· that represented by. diagrams in. fig.l due to the. clockwise and counter
clockwise directions of the internal quark lines, each term in the curve brackets correspo~ds 
to the graph (a) and. (b); respectively. The first line of this equation will be_ used in'thc 
foi!owing to fix the param'eters ofthe hadronic spcctr'um., ''.· · . · ,- . · · 

From ail power corrections up to dimension eight we calculate only one .due to the 
gluon candensate(2LG2

). This can be elucidated by th~fa:cts that ·the lowest diinen~iol1 
' 1r ' . . ' _. ,_. .., .. : . . 

quark condensate (!/>!/>) carinot appear due to chiral invarianccas it is accompanied by the 
.. light quark mass which we set e(pial to zero in ali' calculations .. Th~ _contribution of the 

three-gluon condensate (g3 JG3
) is usually small. Di111en~ion six .~our'quark condensate 

,· 
'2 

--·, 

J 
r 

i 
\ 

I' 

\ 
' ,, 

\, I' 

•J 

. (b) ·(a) (l) 

Figure 2:: Ghwn condensate contribution to the imaginary part of the forward yy
'scattcrillg a,fnplitude. 

: ca'fl be omitted because its contribution is proportioi1al. to the delta function·....::_ 8( 1 - x) 
· and turns out to be beyond the scope of the method. Of course, this singular ~oi1tribution. 
· can be' si~can;dover the whole region ofthe' momentum· fr.dction from zero to. unity by 

introducing the co-iiccpt of non local quark· con,dcnsate. But as~will be discussed at the 
.. I . . . • . ' . . ' . . . . . 

end of the paper it can be neglected too. · · : . _ . · 
· . To simplify the calculation of the leading power corn:ctioll, it is con\'enient. to use 

- . , -·. . , . . r . .· . . -· - . 
fixed-point gaugefor the l>ackgroundglui:nl field (.r- .z· 0 ),,B~(.r)"" 0. \Yc chose the fixed 
point in the~vcrtex of 'the hard photon CIJJissioll :r0 . = 0. The quark propagat(>r in this 
gauge up to the order 0( G2 ) looks)ike (9]. · . . 

'·· · .. , 1 ___ .. ".. . ~ ----. . . ....... _ '•\ _· .. ' . . 

S( ·) - ·J· ~ -ik(x-!i) { l_ +' · G" t" !., · · ~ C" t" . ('·" ...: }a !C) . : x,,y .~ (27r)4~ :. ·k2 g o/3 !,_:4/,1"15 + 29 'nl1 )/" k2 - k·l . , 

. . ~{g2G2) (112 /C+·t/C(ky)2 -2tf(ky))}_· 
3225 · /,_:·1 · _kG . · /,_-·1 • . 

(·I) 
,· '··' . ·. '·l . ' . . . f 

. A non-zero contributioncomes in the lcadi11g twist fr(JIIJ ·the diagrams Hcpict<•d o11 
. fig.2 and cad1 term in the curve brack~~ts ,correspo11ds to the diagrams (a).(b) and (c), 

respe~tiv:ly: ' ~ ;~ ,· , -~ : ' ' · . · '-, . . . . ' . · . 
1 

· : • ·• . 

g 1 (x;(J ,]I ki;-G2) ·. I 

·a·. - ·• ·J 1r
2 

n .{·(8 I 4 ')' (8 1.) · '(_·II)}· . 
. ~NcNJ(Q~)12N·1(~G2) :-l2- ;-l·':"' + :-l--:2·· ·+ ;-l- ... 

1T.. c p 1r \ x \ .r . \ .1 _ \ .r 
•. · . • . • . ' 2 • . • . . 

=· o,m NcNJ(Ct).J...:.!!...ot•c;2)}_. · " • (5) 
. 7r q !JNc ]14 1l. . :r-2 

. ~ . . - . .. ' ' ' . ' ' } . 

Collecting all contributjons we obtai11 tlwOfollowing st.ructure fundi<i11 for. tlw off-sh<'ll 
polarized target. 'photon: · · - · 
. ! ..... . . . ' . 2 .- 2 

gj(x,Q,p) . . 

,~:.,~miv~N1 (Ct) {f:t2 ~(I.:... i)2] (~~~ (. (~2 ~·):--'- ~)· +~ 1!' 2 (~'u2)}_}. (G) 
'' ·.' 'Tr. ., ·,~. ·, ;· . .,-; ,. ' . ~p2.r2 . - !li\c 1"'.-;r .rl 

· ·O-Ir thc_-other hand we 'can lise the <inalit.ical:propert.i<'s in p2 [10] 'mul rt·pn•sent tlw. 
v structure func!.iot'l via dispt•rsion rclation . .with resp<'ct ~~) p2 in t erms.of tlw physical st att's,/ 

>I 

', "~( .Q2' 2) -____ ,G·(·._) +.1·,-x, d._,2(it(.!:,p'2) + 1''' .. ,,2 ·1_.,, d ,2 (.'t(.r,p;2.p~2) (-) 
9t X, ., J1 - '0 ;r Jl 2 2 ( flt Jl2 1 2 . 1 2 . . , I 

· .·· .. ·; · ," .:. · , o - · (p' -: 1' ) , n u . . (]1 1 - p2 )(p2 - ]12 

:l_ 
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For functions G; we accept the technique ~tandard for the QCD sum rules, .','r~sonan~e' 
plus continuum" ~odcl: ._ · · · · · · · .. 

' . 2 . (i) ·. 2 . . . (2) . . 2 . . 
G,(x,p') ~ G, (x)fi(p' - m;) + G1 (x)O(p' ;-:- p0

2 ), _ . .. . . 

·a· ( ,2 .;2)· a<'>c· )fi(. ,2 ·. 2-)fi( ,2 · ·2)· · ci2J(. )B( 12 2)·0·( ·,2· · 2) . 
. 2 x,~, ,pz = 2 x P1 - mP P2 - mP + 2 iJ: P1 - J1o · P2 :-Po , 

. . . (8) 

\ ~vhere P5 = 1.5GeV2. is a.thresh~ldvalue forth~ \·ect~r mesonchannel and m; = Q.6GeV2 · 

.is a p-meson mass squared. ," ' . ' · ·. _' . · · ' . _ ' .. · · · . ·. . ,' · 
. · Requiring that at ~p2~ oo cq.(7)_m'ust coin_cjde with the hare quark' looP,, _we obtain: 

G&(x) =-a,~ NcNI(Q:)[x 2
-,- (1 ~ x)2J, 

, I 7r ' • • . . .. 

G\2)(x)= 0, ' ~. - ,- ' . ·
1 

G{2)( ) aem N. N. (Q4)[ .2 · ·( 1 ·)2] 1 ;{j( .,·; ·. I;)·(}. (.Q2/ '2 /2) '' · ( · )\ 
2· x = -.-. c 1 q x · :-: - x P1. . P1 ·-· Pz · x .- p, . J . 9 

• .. 7f .. . . '.. '.. . ' . ' ' 

Substituting ;hem back int~ the dispersiofi ~~la~ion · (7); and 'e;;~nding ·.in. the Inverse 
powers of p2 we can compare the resulting expr~ssion w!th QCD c~ICulated gi(l, Q_2,p2 ) 

(6) and fix the rerpaining unkno~n'functionspPl(x) and.G~')(x};narriely: '.· ~-
~ . I. • .. ,. • •. ' ~ ' 

c\'>(x):= 0,; , . , . _ ... ' \• '. . .,. . · .. I, 

G~1)(x) = aem Ncfvi(_Q_ !)P~~ r~[xJ ~-(1 :- x)2) +~ i:t.-c2)\}_'. 
1 · , 7r . , . . . · · 2 · · · · , . · 9Nc Po · 11', X 

' .' '.:... .. ' ' ' '• '" . . 
(10) 

Finally,'we 'collectall ~unctions and make i~teg~~tio~- in eq.(7) keeping the lea:di~i 
· twist-2 contribution, We comet~ the polarized virtual structure funct-ion which posse~ses · 

. the correct analytical properties i~the pho,ton ~quared mass ~ndaccount~ f~r the hadronic .•. 
. ·., ' . . . . ·.·· ' . '• '. '·' . 

part: · . · ·' . . ; ~ .. ' 

-,(' Q-2- z)·. __ .acrt.·N·N-·(Q4)·. >·. 
g1 x, ,p .-- c. I <i : ·••. 

:• '/ . . .. 11' . . . ·_• , '. , ' ' (. . .• · • I 

{:__[x 2 ::.(l-x)2]f[x2 ~(1-x)2] HC2·(·~~- ;)}~-~ /~ ~)]: 
_ . . . __ •. , .-. . _.· . . •. Po ._. P_. : . Po P , 
1 Po4 

· [' :2 •· · .. 2 : ,8 1r
2 a.· 2 .1]·} 

+2 ( z- 2)2 [x :(I--: x) ]·-:i;·9N· --:;j(-G )72 ·. 
. P .. mP. _· . · .. ·. c Po, .n: . x -

'(11) ' 

. NO\v we make some 'cc;~nments about the introduction 6( the non local qua,rk ~onde~
sates . Such an' attempt was n'iade in ref. .[11] for the;spin ave~aged ·si~uctu~e function 
F2(x). But there arc two shortcornings in' this paper. First,,the authors claim that 'the 
contribution due to the quark condensate imp~oves considc~ably the des.cription-'of exper~ 
jmental data, though, there is a numerical error in their answer:' the coefficient in front of . 
the n~nlo'cal vector quark con~len~ate is th~ee. tim~s smaller. The second fact is con~ected: 
with improper -t~eatment of nonlocal objects·. The diagr9-rri with a ~onlocal sdlar co~
densate used in their paper does not ~~ist. Ti1is ~an be seen from the following fact's .. As. 
was shown ·long ago in loffe's pa.per [12] the virtuality ~f th~ active quark lines in the box 
on whichthe hard /;quantum is scattered is of an order of k~."' xp2 or. for the_transverse 
component o.f the quark momenttim kl ...:. ~(I -; )p2• This statement isvalid only for the 
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· F)gure3:.Real photon asym~~tryat Q2 ;,·10GeV2 ; Thesolidcurve corresp@ds tothe 
full spin dependent sti)-lcture function giveri by ·eq. (11), while long- and short7dashed 
lines correspond to the continuum and hadronic contributions to the latter. · ·. · ' 

. , .. ' . . . 'f. 

imagi~ary 'part of T"v;c>13 ~heri the propagat~rs · ~orresponding to t~e horiz~ntallines are 
on{therriass~shell[13]. The u~e ,of OPE. in the target-phqton· virtuality can be justified i_f . 

. -,-p2 -;;p R;o~l• where Rconl is the confinement ,radius,. So, the virtuality of tJ:ie quark lin~, 
is large in. the region of. intermediate x where·_this 'method can' be· used, and there is no·. 
reason t6 suhstitute the perturbative propagator by some fu~ctio~ tha".t simul~tes large 

. ' distance propagation. In the limit X -4 0 the OPE series diverges as well as for X -:-+ 1 
. [13]. . - . . - .. - \ ·. ... . .·_ . ' . . . . .. i '·.. • . ' .· ' . 

· · · . Of course, 'one can convince oneselfthat from the yievvpoint of the operator, pr'oduct 
. ~xpansio~ the nonlocal quark ~o'ndeiisate. corresponds to summing up' an infinite sub~~t 

rif higher-~i~ensiorilocal condensates::But it is o~ly. acertain subset.thatis summed up 
. . while ailihe other p~wer corrections are ignored at the same time, in spite o{the fact that_. 

, there is n~ reason to negl~ct them. There_fore, this cann~t resolve the proble~ of OPE. 
convergence for the problem. in :qu~sti~n .. Moreover, the diagram. of this. type becomes 
disconnected in the localliinit. Due to th~ fact that the.contributi~n of nonlocal quark
condensate has no immerical ~nh:ancefoent,we 'disregard .the latter in our analysis. . 

Eqhation(ll) is our main result_ . _ , ·' . . . . . .. 
. · In fig.3 ~e represent the result of cal~ulatio~ of the real target-photon asymmetry in 

the c~ntral region of the Bjork~n variable 1 
• • '· • ·• • • • '. , ,' ,· • · . . . . . . . . ' ' 

, ·I N(x,Q'i) = 2xgj_(x,Q2,0) 
· _ fi(x,Q2) 

(12) 

forth~ Q2 = ~OGeV2 , where [5] 

'FJ(x, Q2
) ~Oem NcNI(Qi}_{-1 -t 6x(l ~~ ~) + [{1-:- x? + x2]/n ( ~l 

2
) 

.: . • _11' '·. . . . . •. , . , . • . . X Po 

.· 1 Po4 [ ·_ . - 2 2 8 7r2 a;· 2 1]} _, +-:-- ,;· [(1-x) +x ]---4 (-G )2- . 
· .. . 2 Tt. P · · . · . 9Nc Po _11' X 

{13) 

5. 


