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1. Introduction 

In recent years the nonleading effects in DIS have been inten
sively studied in order to check the QCD predictions /1-3/ • The 

present paper is devoted to the palculation of ~~ correction to 
the ratio of cross sections for the longitudinal and transverse 
polarized photon scattering on a hadron 

R ( cc ~ Q.2.) = ~ I ()T 

2. ' 2/2where ~ =- q,. >? and X = pC\- ~ , q, and p being the 
photon and hadron momentum respectively. 

As far as in the parton model R= O ,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 va.L ue s for ::::c > 0.4 • The effect of the next eX. s correc
.tion has been studied in refs. /1-2/ • 'nGere were some variations in 
final results. 

We here present the result of analytical calculation of ~5 

correction to the longitudinal structure function of DIS and discu~s 

its influence on R= crI./ O"'"T • For the analysis or' experimental 
data we apply the scheme-invariant perturbation theory. As will be 
shown below, the account of 
with experimento 

01. s correction improves the agreement 

2. The Formalism 
" 
1. The hadronic part of DIS CrOss-section can be represented 

in the .form 

F = l- q + M")F: (cc f."l~)-(p _(P~)'tr)(rv-(r')'V)~ F.: (x ~') (1)
r" <t r- q 1 i)'1' r' ~2. ~1. ~l 2. ~ ~ 

where Fl (x) G.,I.)( t' = 1,2) are the structure functions. The value of R 
we are interested in is expressed through Fi by 

z) ~ (x> 0...') - z«Et (x) ~t) 'FI- LX> ~t")
R(x ~ = , = 

(2)) 2 ~ Fi (.x.) ~ z..::> - 2:c f"1 (x> ~ 1.) 

where F"a. (x,> ~a.) is called the longitudinal structure function 

@blotlU>·..• t. li ,mcnrryr \ 
1 
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By the opttcal theo r em the tensor F,..w is connected '1i th the
 
amplitude of elastic forward scattering
 

Tr,,(p>'\t)= L~cl~~ eL~l.<r\ T( :J'rll)"]~(C))'P> = ()) 

== er"T L ("X.> ~1.) -+- etr"17. (:>c:> ~ 'L ') ~ 

where 
_J _ [lt <r,...q,v+Pv~..... )Z~ p J.,:JC'l..Je - q - qtq,,,, CÀ r \I - - <r r" T tt:z. + Jr v q.z. • 

Y''' - () r lJ '\.~
 

If we expand the invariunt amplitudes TI. and Tl. in inverse
 
powers of . X
 

T\(	 = I
tl<\ 

(~ )hT~)~ k = 2~ L 
(4) 

n=D 

the moments TI(') ~ coincide (for even n, ) with those of the
 

structure functions ~K
 

(j. n-2 2- k.=2.L (5) 

T~)h = .M.. W• k :: J d-x LX: ~ (x..)~ ) n=-2.rn 
O 

Ou the other hand, the product of currents in eQ.. (3) cnn be expres

. sed through the set of local operators Ori "'flll V/Hh the coeffi 
cient functions C 1'\ ( z.) : 

T ( :J(il')]+(O)) = L 'C",(i.~ 0r""r\1 'l/~..2fn. 
1'\ 

Rence the nons í.ng'le t ( '" S) pa r t s of the moments can be expressed
 
through the pz-cduc t of the coefficient functions C"5 (6J./r~)
 

~>Y\ 
and the matrix element
 

JJ5 7< P1 Ot'> ..r: 1F') = fr"" Fr" A ~ (f'4 ) 
(6) 

NS 'l. /'l~1	 N S. (G(2.. ') = 
It,,,, C ~. ~ ( ~/r l. ') A ~ (r lo ) 

Rereafter we consider only the nonsinglet operators, so we omit NS 

in the fo rmulas , 

2.	 T,he coeffici~nt function obeys the following renormalization
 
group equation
 

2.. 
'V ro	 (7)~h)CI(>'" (~l.> d)= O,(fA~ T f~ 'O~ 

2 

where t"" is an anomal.o us dimension of Ofi" '/"'" • Upon solving 
this equation, we get 

01. 

- ( (" ,Aa' 15'~ (cÓ ) (8)TI( \\ = A", ele,,,, (::1, J.(~'t.)) e:)Cp - J ~(\.(a..') 
01.. l K :2, L' 

J	 ~ 

2

where ~ == ~ /161í '2.. Eq• (8) is valid for any other of PT • 
Let us expand alI the quantities in p~,ers of ~ • We get 

Cz. ... (1. al) = 1 4- B;L ,,",eX ~ ••• 
," )	 I 

(9)
C lo J n (j. J tA ) ==g 1.)'" ol ( 1. + B 1.. '" 01. ~ ••• ") ~ 

~(al) = - f-" o ot '2. - j->A cl.'3_ .,. 

0~ ~ (~').:: cl +' Ô: ol'l. ~'O'VI	 ••. 

With account of eq. (9) we can rewrite eq. (8) as follows 

'., T.,.l~·) = A. l JL~') 1~~~o [ i +d: ( B.,. + ~~ - Q~ ~')] 
2 ~o 2~o CIo) 

1L."'(G.1.)= A~tL~lJ(G..1.)J~~.+i[i.+.~(5L"'+~~ _ ~~-i\] 
, J	 z.r-., 2.~;)"> 

wn.ere a Ll, the coefficients except B L"Yl are known , 

J. As i5 well known, the results of PT calculations dêpend on 
the renormalization scheme applied. To bIiminate the scheme ambigui

/9-11/ .ties, in refs. there has been pz-o pos ed and developed the 
so-called scheme invariant perturbation theory (8IPT). In this 
approaoh any physical Q.uantity is accompanied by its o'1n coupling 
constant. For exampIe, in our case the coupling constant is assooia
ted	 with each type and the number of the moment of structure 
functions. In SIPT the moments of structure functions eq, (lO) arei 
expressed in the form /12/

I 
l 

/~ 
3 



T 2 2lo\ (G(") = A~ L Q.Z.~ (&,' ')1r.:'hf · 

~"\. A r . 1.] '6; 1- t. 
T 1., \'\ (~ J:=' '" L aJ. J 1'\ (~) z.~l) Ül) 

where azJ)o\. and aL,h are determined by the solutions of transcen
dental equatinns, respectively: 

~ .. ~ ~ ti.... " ~ en ~ -C~ B (Mg).. t~ - ~) 
QJo.... ~o, 1\ M$ K~~'" ~~ ~O) 

1. ~1. IJ () Q&. (~B .- y~ ~s. ~~ ~ 
- ot - tN!. Q&.Itl. :. ~o Ü\. l:" - o ~h. (N S) -tJ J.:.. --
a&..tI. ~o 1\ - .X..... 2~o ~:"'2~ Po(V:.l, I\S OI 

As we see, the useof 81PT improves the agreement wi1h experimental 

data. 

J. The results 

1. The diagrams contributing to the longitud~na_ structure 

function are represented in Fig.l. 

[3bC;j~\ /
 
a) b) c) d) e) 

Hfxi~~IA~ 
~ f) 9) h) i ) k) I) 

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

The digrarns have been calculated by the method by "gluing" /4/ 
and the method of uninueness /5-7/ • The details of calculations 

, / ' ' 

can be found in /8 • 
The method of gluing transforms the diagram to the propaeator 

type. For this purpose it is multiplied by the propagator of a spe
cial form containing the traceless product o f momenta '1~' """'j4lA 
and integrated over ~ • Tne resulting diagram has an additional 
loop whereas a coefficient function of a simple st P91e in e::: 4-1> 
defines the coefficient function of the n-th momento 

The method of uniqueness is the raethod to calculate Feynman 
int egrals. 1ney are evaluated in .D '= 4-2 f, d íraens cns , and we areí 

usually interested in the coeffi~ients of negative and some 
positive powers of t 

The total contribution cf the diagrams Ftg.l can be represen

t ed as follows: 

BL.,h (MS ') == (2 CF- CA) L )1 P (h) - 4 k!l (~ ) - -4 s, (.,) + 

+ ~2~(3)- §. \ ~-b: (4kz.(n)-3)t-Õ:(6~l~)-t)1-
5 l 1'\-2 J 

~ .-L)_ ~ (h).2~b\<i C\'\) ( ! + ~ - M:i 5' 1'\+"3 04 3 (r2) 

ill- + fi .L + li _~_ -t<a .-L. ] "+ 
..fS 3 VI ~ Vl+1 5" \.<\+-:!l' 

+ 2. CF I ~~ (n) - S 2. ( h) + S.. (n) ( -fi 4 _.-L\+
h h+1 ) 

+ lli- - .3: ..i. - li .L, -\- .i- - .L; 1- ~ T lS (h) + 
~ b 6 h 6 ""~1 h 'l. (~'H1;;''l.. 3 F" i 

4- ~ h::::2h'\(; h 
.1_ 

k~~ J
where 

It11 h k+1 
~ 

~i(")='L I(.~ kl.· (~).= 2~). :p (\'\): I K&( kj 
k:-1 , \(:-t \< L 1(:'" k 

and 

N~ ~ CA s: lic. y: = -;;:; > 'F;' 1/2. 

for the SU(N) gauge gro up and f quark flavours. 

5 
" 



--

T-he contribution of crossed diagrams doubles the even rnoments 
and cancels the odd ones. 

Eq. (12) has a	 more simple analytical form than that of ref. 
/3/ and coincides wi th i t nwnerically. The cont ributions of indivi
dual di.agrams are given in t he Appendix. 

2. To reconstruct the structure function out of the moments, 
we use the technique ~f Yndurain /13/ • The.idea is. to take ~ 
known moments (we talce n=6) and nwner1cally reconstruct the structu
re function according to the following formulas 

k+~ F ( ~ I(~ k ') = FCx. ~~ \c ) +- b" l X ti ~ te ') .I
~ I'l)k: = N~2 (13) 
JJ-k l 

(}(t~)~ ") (- ') ..M...f C;x:.N~ \c) == ~ L-. tI. (N'-k-.t) ~ 1C+!+2. 
t~o 

H-k e
b (;x:.., \c.) = 1 01-+1 J! C}J-k+-1) ') c.-~ (k-tt){k..e-1).M 

) 2 k', (JJ+2.)a.(JJ"~) 0 t', (J/- k'-l}! k..e 
~b 

In what f ol Lows we use the mornerrt s ..LV\.. k
)

h for even as weLl, as 
for odd values of n • In the leading order for the analytioal 
expression for ..M..):)11 there have been used the va.Lues of TI<'.n 
for even n • In our case this is not so simple because of t".:, (VI) 

having .different analytical resul ts for even and odd values of 11 • 
T-his difficulty Ls removed by the redefinition of t~l~): 

\..-0 . ( \1\ ) na.2.\"Yl 
~ ........ "
 

k~ (\0\) '""'"'> k' ~ l \'\) z: i Lt'L' (V\-t1) -to ~\.: (~-i)] n::.2~...1
1
 
Further on it Ls more useful to r enrí.t e eqs. (10), (11) in the
 

form
 

x~ 

T T (Q~)[I(ll) 1 ~o [- . ( t: ~1)-1 
~,., 2..'" o I{Q~) l . 1-+ (~{Q'- I (Q:)) Bz.Jl ~ 40- 2 ,:11	 _, 

(10a,) 

\L)Y\ '1" T2.)'" ( 6t) tL)", II (G(~) l1 -+ (~J..)\'\- B2 ..",)'J. (~L)] 

r-

o 
lo) s(

T (i:'\~ ') = [a2..,)h ~ Jz.~o T: ( t. -, 
2.),"" ~ Cla..", (Q.~) 2, \-\ Q.~), 

~ o 
" 

to t La L '" (&.'") "\ ~; (lIa)
I! ~~(Q.t.).:: Q~.h (~) L.~ al-:~ (Q,~ )JZ- ~~)h( ~:)
ft 

) 

~ " with aL , ,,, and a~, 1-1 defined e,,!-rlie r. 

I R.102 "l R·lOLi., 
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1- Fig.2.	 Here the dashed, dotted ~d sol1d lines correspond to the 
~.!	 leading order, two-loop MS and two-loop 81FT contributions 

respective~y. The indicas 1 and 2 reflect two different 
values ofA. • 

6	 7
 



.~ 

I:, 
I .
 

e)I - 2. c.t= lz ~ 1 (\f\) (J.. _..L \ + .:i L - ~ .i.. .i- + -"- 1
IAs an Lnput , 1ilce in ref. 111 we use the parametrization - \0\1. (1'\+1~'L.( t n \I'I~1 ) 2 "'" 2.. VI~ 1 

~ L ~ 

of r 2. a t ~ I:> = 5 G-e.\I 
'\/,., .3 11

IF~ (~> Q.~ ) == 2 cc, (1- X-J . ·i. 
f) 

- 2. CF (cS1 (\'\) J 
g)

Be10w the X. and &'l. dependence of RCx.> Q.2.) ir> shown in the d /c - 2.Cr) L ~ $1 (VI ) + ~ ~ - 2:-1 
range l..:: Â n \J\ + 1"1 "l""+ 1 

'2.. L 

2. &- e \l !!:: ex ~ -1 S (;. e.v 
.> 

0I "!> ~ X. k O} 5 
L 

r 
~ . 

h) 1C~ [4 (~3 - ~:2.} ISl(11.) • S..(Il) ~! (li,) -1T(IL) t 6 ~ (3)) + 
V/e have used the f ol.Lowf.ng va1ues of A ~ ( and the cor,responding {~ 

oh L.o ) + J, (' l \(1.. - !.. ) -to 2. St, \ ( 1- - s, -~ ) ... i.- ..l:. .. ;.. ] 
u) tn ) elo) (A(2,~ ) 1 i) ., 01, tl.J "'2. k."~ ult.J 1(.4i h..-2. flt! 1" ....1 n.·3 "
 

.A.:tt"~ = 2.00 ~e-.' (.Al.O = -i5'O ~~V J Àti\s= 1,00 t-\e" /.0 =3D0l'4ev . \
 

c.,,[4( ..1, - ~~3.){ ~1.(h)4-Sl.(~)$-t(\o\) -2i{V\)+ b"'$(3)) + 

.. Lj.$ ..("') (_ -!+~ +"':,') _J>,c",)(1 +~ + ~ - "'.(+~ ')+ 'l- M~' 1~ 
4. Discussion j) 

The account of a next-to-1eading correction and the use of SIPT (í-Ct=-C ) L~ (V.~l- ~~3J) {s~(\-\) + Sl.(\J\)S~(\J\) - 2T("')+b~l:~))A 
improve the agreement with experiment, especia11y for sma11 ~ ! 

to . J\2· ( 4Tbis effect is mo~e visible for 1arge ~ • Al1 the two-100p curves ! + ~ $ -f (Yl ) - ~ 1.- ( \-\ ) (:i ... k~'t. - ~ +~ ) -t 4 k"t. (~ ') + ~ -t (VI) 'i' - k T 1 
lie above those of the leading order contrary to the statement of 
ref. IJI • They cross the experimental points within the error but L + -fO ) 2. 1'i

I

v.+Z ~ -+ &. - ~ Jlie be10Vl the mean values. Large experimental uncertainties make it . )
 

difficu1t the comparison with theoretica1 predictions 50 far. A
 
contribution from higher twist terms probab1y is also important (:Cç - C..') [ 2. N",)- ~ I<~( ... ) - 4 ~,("') t- 12 ~(1) - ~
 , 1\ I-'b:.

\\-'2.in a given energy range IJ,14/. 

( ~ \(1.(\-\)-~) -t- ~ ~ (b~ (l) -1-)t - 2> k' (IA) I ~ 4- oi- _.L 
Appendix. Individual diagram contribution to B.L~~ (~) 'k) " ) 1. \. 2 k M~1 

for h= 2M -~ ..J.-) 's (\-\ ~ -L 1S k+; - b -t ) +3 - s \0'\+1 

wherea) - Ct:- l s ~ (h) ~ 3/2 ] ) 

) 

. T(h) z: 2'" cS(lc) 
b) 2 Cr: L- fih~ + ~ 1~ ;i 

I 
\C~I \c2. 

I 

c) 5" CA Ls, (~) + 4() =1 - J. - -~ ] - 1.,T F Ls (\'l) 1" -19 - i - ..L1 I 
~ ~ ~ O h 11+1 .3 1 6 n V'l't1) References.t 
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Ka3aKoB ,n.H., KoTHKOB A.B. E2-86-715 

TionpasKa K oTHoweHmo ceqeHHH rny6oKoHeynpyroro 
pacceRHHH R = aJ aT B KX)l 

Bhl'IHCJieHa as nonpaBKa K nponoJibHOH CTpyKTypHOH <PYHKUHH rHP. 

Pe3yJI&TaT npuMeHeH .lVIR Haxo~eHHR seJIH'IHHhi R= aL c ucnoJI&3osa-
M M naT HHeM CXeMHQ-HHBapHaHTHOH TeOpHH B03Myi.UeHHH. OKa3aHO, 'ITO y'leT 

HeJIHAHPYWI.Uero BKJia,ll;a ynyqwaeT cornacue c 3KcnepnMeHTOM. 

Pa6oTa BhmonHelia a Jia6opaTopHH TeopeTH'IeCKon ¢lH3HKH OH.fiH. 

llpenpHHI Ofue,ll;HHeHHOrO HHCTHTyY8 .II,D;epHblX HCCJieAOBiliUlH. lly6Ha 1986 

Kazakov D.I., Kotikov A.V. 

Correction to DIS Cross Section Ratio 

R =aL/aT in QCD 

E2-86-715 

The as correction to the longitudinal structure function of DIS is 
calculated within QCD. It is applied to the determination of R =aJa Tin 
the framework of scheme invariant perturbation theory. The account of 
non-leading correction improves the agreement with experimental data. 

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