


. Here we present the calculatlon of the hadron1c part of the photon structure
. ‘function (PhSF) by taking into account the nonlocal quark: condensate and follow- -

- “ing the method. suggested by’ Gorsky et al [1] :We also compare our results w1th» :

experiments.and provide a: brlef d1scuss1on

+The approach to calculate ‘the hadromc part of the PhSF Fg(z P2 Qz) in photon -_'b': o

S photon DIS (Q* > P?)in the reglon of moderate values of z.and Q* has been proposed - -

in [1].: Th1s approach:is: based on'the operator product expansion (OPE) techmque"r o

for ‘a 4-current correlator with’ account of the non-zero:vacuum condensate: (VC) of
¥ gluon fields ( (GG’)) The athors of th1s paper have managed to reproduce rather well

“the: ex1st1ng experlmental datai in the region 0.3 < z< 0.7 for different. values of Qs

i ,(Qz =4.3,5.3, 9 2,23.0 GeVz) w1thout mtroducmg new phenomenologlcal pa- -

7',arameters As fo VC of quark fields, it was asserted that ‘their contribution’ (through ST
the' operators of the lowest d1mens1on, ie. :qdq:)is proportlonal to the §(1'= z) and~ .~
‘thus, could be’ dropped ‘out_of the cons1derat10n of the reglon 0.3.< z<0. 7. (The
~ contributions of quark VCs to'PhSF in’this region ‘are possible. also- from diagrams -~ -
S with rad1at1ve correctlons to the usual box dlagrams wh1ch are of order as\and for e

' thxs reason.aren’t consxdered )

. However, the use of the nonlocal quark condensate [2], wh1ch is equ1valent to the. R
summatlon of' an- ‘infinite set " of condensates of higher. d1mens1orLs, leads to .the result],i Ca
W1th new propertles We show that nonlocal quark ‘VCs giverise to a smooth (over -7
) contrxbutlon to PhSF. It is interesting to_ note, that essentlal dlagrams are new.

The magnltude of the: correspondlng contribution to PhSF (A (qqug) is of the same ' .

order as the one from gluon VC (A(GG)Fg) and is- determmed by the: characterlstlc ;
length of the quark vacuum correlatxons 1 / ,\ AL -
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~effect. depends on the decay rate of vacuum: correlatlons at’ large distances: -e. g ., the o
" . Gauss:decay of quark VC ((q(z)q(O))' ~ exp(— 722) for: 2| = oo) does ‘violate. the
e factorlzatlon, but the exponentlal one (~ exp(—~|z|)) doesn’t. At thé same ‘time,.

s "related wrth the nonlocality. of VCs: the drstrrbutron concentrated near the border of::

N The latter estlmate in (l) doesn’t depend on the cdncrete form of a condensate d1s- S the contrlbutlons °f the IOWCSt thSt i.el neglect terms lll\e PZ/Q2 exp( QZ/(AZ‘T))
.. - tribution function [2] and reflects the essentrally nonperturbative character of | th1s e Then denotlng : S e e S R T
Sl f contrrbutlon Numerlcal values are: A(‘”)Fz =-0. 35 whereas A(GG)F; ~ =0. 15 i in - l : e AR
" the central reglon of z for the standard values A x04GeV? (M = (gD Vgg) =~ -~
“0.4-0.6 GeVz) [3] Careful analysrs shows the substantral 1mprovernent of agreement P Sl
:'w1th experlment in all the region.0.2 < z < 0.8 just: for these standard values of cor-' 2 we obtam
< “relation. length 1//\ For larger values /\2 ~1.2GeV?, Wthh are typical of instanton: o ) Ry
hquld models 4], the quark VC’s contrlbutron is'of no 1mportance as compared w1th e
" the gluon‘one. It’s clear however, ‘that the value of A, couldn’t bé much less than the
7 'standard’ value because of the. explosmn “of A("")Fz for Ay — 00 One ‘can conclude.
" that the PhSF is rather sensitive to the parameters of condensate structure therefore
- the extractron of F, with high precision from experiments on. photon- photon 1nterac- S
‘ tlons provrdes the possibility of lndependent evaluatlon of the length of correlat1ons
in the nonperturbatlve QCD vacuum. SR ' e
' We also establish the breakdown of factorlzatlon theorem [5] for the d1scont1nu1t1es
“(i:e.:-imaginary _ parts," Dzsc) of dlagrams ‘with- nonlocal VC on the cut lme ThlS
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4 our. conclusion about, the necessrty to.take into’account §- functlon d1str1but10ns isn t~ L

'some area couldn’t be used properly for treating local problems in the center of the
< area. In thls case the appearance of ‘a- border-concentrated dlstrlbutlon like® the 5~‘_.,_
functlon from the OPE srgnals about. the deﬁcrency of that expansmn Our method
that uses another type of dlstrlbut1ons .avoids this problem. . : » o

"2, The. nonlocal VC seems to be: introduced  for the! ﬁrst t1me in [6] and the _

o exponentlal decay’i in coordinate representatlon was obtained in- lattlce calculatrons
“[7]. The nonlocal VC was successfully ernployed to explam du‘ferent dynamrcal hadron

‘ propertles in exclusrve processes: [8] +We:use'a 6-shaped: Ansatz for the’ d1str1but10n

: functlons f(o) of nonlocal scalar (M(z)) and vector (M (z)) quark VCs [9]\ SN

Frgure 1 Dragrams w1th nonlocal VCs essentlal forvPhSF F‘;( z) To the left there is o
i the dlagram with scalar VCs;" in the mlddle the mrtlal dlagram w1th vector VC to.f o
the rlght 1ts factorlzed forrn RS , S ,

LA

A/ e /4 fv(a) da, ;
17 = (a =4%),

It should be noted that the methods used for calculatmg these contrlbutlons are. o
‘~.~d1ﬂ'erent for the scalar VCs the Cutkosl\y s approach was applled (1t 1s equlvalent

where A= 2/817ra,(qq) and scales A2 /\2/2 and AV = av/\ /2 aren’thalways 5 :
equal, (\/Ez}qq)ll3 0. 23 GeV: We select ‘the value ay = 0 7 that 1s cons1stent
~with the Taylor expansron of. the VC in the lowest orders [2].x. R

" Letus, consider dragrams of fig.1’ (crossed graphs are also understood the contrrbu- :
) tron of dlagram 1A is rnarked by 1ndex S and that of lB by V) and take 1nto account

' we sed the factor1zat1on of large and small d1stance contrlbutlons d1rectly - the L
Dzsc of dlagram is determlned the by coeﬂ'icrent functlon of the, process (e at short,\‘.v‘ :
drstances) This drfference is explamed by. the followmg ‘The exact calculatlon of the ..o
1magmary part of dlagram 1B with the. nonlocal vector VC w1th the 6 - Ansatz form ,

: 3) glves the exact zZero. Th]S is-a sxmple consequcnce of the more general L

e




. is weak sensitive to-the concrete ch01ce of Ansatz (we could use:the’ Ansatz h,Ra ).in*

.77 of [1].- By this method, ‘the PhSF is represented via d1spersron relatlons in" p? in" Y

e .
o
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If the wetght f(a) of some Ime of a dzagram in a- space is. concentrated on the- boundeaKl
support then the contnbutwn to Dzsc of lhzs dlagmm from lhe cul thmugh thzs Ime is zero. ,': é:

st Th1s can be proved by dlrect calculatlons in the case of- “box dlagrams The d1str1— o B
" bution- f#°}(a) (4) we use satisfies conditions of this proposltlon Meanwhlle there is ’ﬁ fo'j4
“~a whole’ class of Ansatzes h (a) for wh1ch the nonlocal VCs : S N
< 0.3
e decay in the large |z[ lmut exponentlally (~ exp( 'ylzl - \H; S

o ~ : i Ryg
T ¢ have the unbounded support in a space, e. g SN 0'?;
0.1

) 1m1tate the 5 shaped Ansatz for large values of the para eter n;’

: The 1mag1nary part of d1agram lB for these Ansatzes isn t zero But th1s quantrty is’
2 essentlally Ansatz- dependent For this reason we use the factorlzatlon method, wh1ch

" all the- calculatlons but it would produce substantlally compllcated expresslons and
2 numerlcally not rather d1fferent results) fo
a7 We see, that the nonlocal ‘quark- VCs: glves smooth (over :L') contrlbutlons in. all
‘j"",the reg10n 0 <z-<1and the parameter of nonlocahty is, located i in the denommators
“-‘of a common factors which i isa: s1gna1 of nonperturbatlvness of these correctlons We ;

"also want to empha512e that in the limit P2 -0 only contr' llthl'lS to F are smgular«
.f:whereas those related to Ff are ‘regular. oL ERERE S R :
ERER: ) For treatmg SF Jof . ‘a real photon 1t s necessary - reallze in’ some way an
Jextrapolatlon of the result obtained for P? > Ajop to the region P2 '5.0. First

~of all, we should remember that in: thlS limit- phys1€al SF. FT. and Fz c01nc1de, and -
; ‘phys1cal FE oo (for. detalls see [1]) So, we'll consider further only ‘the transverse
o part of PhSF ie. FTo Then, we can’ extrapolate to P2 =0 out results for nonlocal
-~ "quark vC contrlbutlons w1thout any problem Note that we don’t- pretend to descrlbe
" . the region of large p? > 7‘1 in'(5)-(8),. because this asymptotlc regime is determmed
by the unknown detalls of distribution function f(«)'in large a region. For. treating ;
' ._singularities like I/P4 (from the gluon*VC) and log(Qz/P2) (from the. perturbatlve e ,'fj~
- part) ‘which-appear in OPE, calculatlons in QCD we ‘used. the: method and model

g e

- Flgure 2 Companson of the theoretlcal model predlctlons w1th experlmental data
'for Q=43 GeV?, Q? = - 5. 3 GeV2 and Q*=9.2GeV? from [11] and for Q2 = 23.0
- GeV? from [12] Solxd line -"our results; dashed - results of [1] and the lowest da.shed
(long dashes) hadronlc part contrrbutlon rEea ! . -

e S mmin

- terms of the contributions.of physrcal states (vector meson’ (p) + contlnuum) and the-
parameters of the model are chosen so that they correctly reproduce all the. terms of
OPE calculatlons ’ : ' PR ~ e e

3We are grateful to O Teryaev for stlmulatmg dlscussron on thls pomt



e Then for the real PhSF we obtam Sl S , o “ o

F,(z)_z{ 1+6zz+[z +52]10g(

FRIR Cnorrn.
8x% il _5 3273 A p4 . ‘_2 28w
9A6( [z +3 ] LA s (@) l.;: 2mi [T s 27 4x2(
where po 1 5GeV is the standard value of contlnuum threshold in- the QCD sum

N rule calculatrons of. the p-meson propertles and m, is the p-meson mass. The- quark?' o
-" contribution’ to hadronic part.is shown'in’ the ﬁrst term of the second line in: (9) To 7oy L
‘compare the new result (9) with experimental data [11];7[12), we “should include the ™~

" evolution of the quark VC with Q* : (qq)*(w* ~  GeV?) = (7q)? (Q’) (qg( (@) ) -

The” quark} S

.-~ terms lead to the growth of the. hadronic part in the central region of . and “happily ~ 7
5 / “works to the better agreement w1th the’ experrment ‘as represented in. Fig. 2. More- .

> over, in the reglon of z > 0.8 there is a weak tendency, due to quark. vC correctlons o

“ to the lower growth of the curve. The best agreement thh data is achleved for thef T

(qg(aG) )(@?) following usual one loop evolutlon formulae (e.g. [13])

valueole—Of) 06GeV2 gt CUTeN

Nevertheless, the experlmental €rrors. should be reduced few tlmes for comparmgg» :
: experlment with. theory curve carefully Further theoretlcal progress may be rea.ched e

“in the three ways ‘

T resonances

in' the regron z ~ 0 2
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l To 1mprove the hadronlc model of PhSF (see [l]) by 1ntroduc1ng new vector 8 :
Thls step can’ 1mprove the behav1or of the. theoretlcal curve at. S o

,3.: At T~ 0 i.e. near the s1ngular1ty in t channel the OPE series d1verges [1] o
But it may be “corrected by reformatron of OPE in. the way of cancellatlon of T
the “long dlstance COIltI‘lbllthl’l followmg the approach 1n [16] N

z2pj et

P

- latlon length of gluon condensate [14] [15] It w1ll correct the theoretlcal curvet " e
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