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1. Introduction

In recent years the nonleading effects in DIS have been inten-—
sively studied in order to check the QACD predictions /1-3/ . The
present paper 1s devoted to the calculation of ds correction to
the ratio of cross sections for the longitudinal and transverse

polarized photon scattering on a hadron
2
R(x,Q") = 0i/g.

where Qa= - C{f> 0 ang = 2pq, /Qz ’ 4 and P Dbeing the
photon and hadron momentum respectively.

As far as in the parton model R=0 , the observed nonzero
value of R is due to quark interactions and is described in QCD,
However, in the leading order the QCD predictions deviate from experi-
mental values for °Q > 0.4 . The effect of the next odg correc—
-tion has been studied in refs. - There were some variations in
final results.

We here present the result of analytical calculation of odg
correction to the longitudinal structure function of DIS and discuss

!

its influence on R = ‘-"l-/g‘_r . For the analysis of experimental
data we apply the scheme-invariant perturbation theory. As will be
shown below, the account of ols correction improves the agreement
with experiment.

2. The Formalism

1. The hadronic part of DIS cress—section can be represented
in the form

- Caper BB EH-6, “"““f)u’ RReO®

2, .
where Fy(x,R (¢ =1,2) are the structure functioms. The value of R
we are interested in is expressed through FL' by

R, gty = 2@ 2R loe>  Flna®
, 2x Fy (x, QD T 2x F (&% (2)
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where Fl_(x,a )is called the longitudinal structure function .
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By the optical theorem the tensor ¥, is connected with the

r‘\V
amplitude of elastic forward scattering
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If we expand the invariant amplitudes T, and Tz in inverse

powers of 2C "
);)(i)h’rk‘n ‘ k=2, L ' €))

the moments Tlc,y\ coincide (for even h ) with those of the
structure functions ¥Fyg !

1 o2 2 k=2,L (5
w= M‘K,h: gd,xm FK(x>Q ) , h=2m
o

On the other hand, the product of currents in eq. (3) can be expres—
.sed through the set of local operators O/,.l/u“ wilth the coeffi-

cient functions C o, (Z) !

T ( J@>T o) =

Hence the nomsinglet { NS)parts of the moments can be exprefsed
through the product of the coefficient functions S“ (Q/f“>
and the matrix element

<Pl Opu ol PO = e P AT

2, Cul@ Oppep r 209"

(6)
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Hereafter we consider only the nonsinglet operators, so we omit NS

NECRE

in the formulas,

2. The coefficient function obeys the following renormalization
s
group equation

_ 7. a\=p (
(poap * fpag = 020CG (904020

where X'M is an anomalous dimension of O/“" L A . Upon solving

this equation, we get -
. o ,
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where o = g/461r . Eq. (8) 1s valid for any other of PT ,

Let us expand all the quantities in powers of ol . We get

Cl,h (i,oI): L Bz,hd Fooe

Cin (4,a)= £, d (4+ Brndv), €))

PO = — pea’-p,d L,

A .2
Fntdd = ¥ea + [ a4+
With account of eq. (9) we can rewrite eq. (8) as follows

Tl @)= An [ (] Sl 10 3(8, 0 + ? K;@P 626)
[ ° ( 0)
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a s

where all the coefficients except Bl)n are known.

3« As is well known, the results of PT calculations depend on
the renormalization scheme applied. To eliminate the scheme amblgui-
ties, in refs. /9-11 there has been proposed and developed the
so-called scheme invariant perturbation theory (SIPT), In this
approach any physical quantity 1s accompanied by its own coupling
constant. For example, in our case the coupling constant 1s assocla-—
ted with each type and the number of the moment of structure
functions. In SIPT the moments of structure functions eq. (10) are
expressed in the form




v
TZ,N(Q2)= AL az,h(Qz>1 /ZF"

R M
Tl.,n (QLB = Aw [_ a‘L,n(QL)] 2po G

where az,n and OL",. are determined by the solutions of transcen-

dental equatinns, respectively:
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As we see, the use of SIPT improves the agreement wiia experimental
data.
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3., The results

1. The diagrams contributing to the ldngitudina. structure

function are represented in Fig.l.
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Here the solid, wary and dotted lines denote the quark, gluon
and photon, respectively.

The digrams have been calculated by the method by %gluing" /4/
and the method of uniqueness . The details of calculations
can be found in 8 .

The method of gluing transforms the diagram to the propagator
type. For this purpose it is multiplied by the propagator of a spe-
cial form containing the traceless product of momenta ?f‘""'/“"
and integrated over . The resulting diagram has an additional
loop whereas a coefficlent function of a simplest pole in €= 4-D
defines the coefficient function of the n-th moment.

The method of uniqueness 1s the method to calculate Feynman
integrals. They are evaluated in D = 4-2& dimensiodns, and we are
usually interested in the coefficlents of negative and some
positive powers of g .

The total contribution of the diagrams Fig.l
ted as follows?

By, (R8Y= (2C=Co)[ & P(n)- 4Ky(n)- 4S, () +

can be represen—
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for the SU(N) gauge grow and 4 quark flavours.



The contribution of crossed diagrams doubles the even moments
and cancels the odd ones.

Eq. (12) has a more simple analytical form than that of ref.
/3/ and coincides with i1t numerically. The contributions of indivi-
dual diagrams are given in the Appendix.

2. To reconstruct the structure function out of the moments,
we use the technique of Yndurain /13 . The idea is to take N
known moments (we talke N=6) and numerically reconstruct the structu-—
re function according to the following formulas

= ket F ol )= Fxpe)+ Sk
xn)k = N+2 > (- )Qk) ( Nak> ( Né )) (13)
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In what follows we use the moments VL k,n for
for odd values of N

expression for -M-k,h
for even n

even as well as
. In the leading order for the analytical

there have been used the values of TK‘.V\
. In our case this is not so simple

having different analytical results for even and odd values of h
This difficulty is removed by the redefinition of K;(nd:

| ~ Ko (wd
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because of Kg(nd

.
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Further on it is more useful to rewrite egs. (10), (11) in the

- ﬁ A4 o8\’
T T @) 5™ [ (@ a)(Bn & - B2

(10a)
-TL,»\"' Tz,v\(d') éL,“a(Qlﬁ, i+ (Bl-m" Bl,“)a (QL)} .

,f!—e.:;

Iw
2 a?._,h[Qz> '_;
T, (&) = [“’—a“ (Q:ﬂ*—k N

<]
k3 Tn
z T g a L,v\( ] b} (11a)
{ = Z.r>o 2
Lh(Q >-— aL,h(Q) Lwn 2 T «
’ : AL nl(Qy) R Q,
with az,n and az,h defined earlier.
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Fig.2. Here the dashed, dotted and golid lines correspond to the

leading order, two-loop MS and two-loop SIPT contributions

respectively. The indices 1 and 2 reflect two different
values of . .

7 .




£ /1/

As an input, like in ref.

of 'F-_z at Q;’: 5 G—e_\yt
2 Aa 3
Fz Cm>&b)= 222 (4“3’:—5

z 2
Below the OC and & dependence of R (>, K j is shown in the
range

we use the parametrization

<z z
2 Gev £ ] & 15 Gev 03 £ x2 0,9

2

We have used the following values of _l\ ( and the corresponding

AL.\) )
(2>
.A.u-)- 200 Mev (.A.(::, = 450 Mev), J\‘&)g: 400 mev (AL0=5OONW)_

4, Discussion

The account of a next-—to-leading correction and the use of SIPT
improve the agreement with experiment, especially for small 2C .
This effect is more visible for large _/\_ . A1l the two-loop curves
lie above those of the leading order contrary to the statement of
ref, 3/ . They cross the experimental points within the error but
lie below the mean values. Large experimental uncertainties make it
difficult the comparison with theoretical predictions so far. A
contribution from higher twist terms probadbly is also important
in a given energy range /3,14

-

Appendix. Individual diagram contribution to &L,v\ (R)
for h= 2m
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TMonpaBKa K OTHOLIEHHIO CeYeHHIl IIyGOKOHeyIpyroro
pacceAaHusa R =aL/ o, B KX

BbluucneHa a, MonpaBKa K MPOOOJIbHOM CTPYKTYpHOli dyHkuuu I'HP.
[ef
PesynbTaT IpUMeHeH UIA HaXOXXIEHHA BEJMYHHEI R=;L- C HCIONb30Ba-

HHEM CXEMHO-MHBapHaHTHOH TeopuH Bo3MylleHuH. [loka3saHo, uTo yuer
HEeNMUAUPYIOIEro BKIaja yayuulaeT corjgacie ¢ 3KCrIepuMeHTOM.

Pa6ora BomonneHa B Jlaboparopuu Teopernueckoii ¢usuxu OHUAH.
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Correction to DIS Cross Section Ratio
R =0, /opin QCD

The ag correction to the longitudinal structure function of DIS _is
calculated within QCD. It is applied to the determination of R =0/0 rin

the framework of scheme invariant perturbation theory. Th.e account of
non-leading correction improves the agreement with experimental data.

The investigation has been performed at the Laboratory of Theore-
tical Physics, JINR. v
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