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/.. 
§ 1. Introduotion 

A continued quantitative test of quantum chromodynamica (QCD) 
stimulatea the calculation of radiativa corrections of higher orders. 
This in turn leads to the appearance of new methods of calculation/1-J( 
In recent yeara in a number of papera/4-7/ a new method of calcula­
tion of massless Feynman ~iagrama has been developed. It was called 
the method of uniqueness. Ita poasibilities have been demonstrated 
qy fiveloop calculations in the <..p4 modele The difference of gauge 
theories consists in the presance of derivatives (or momenta) on the 
line~ of diagrams. For instance, when calculating the momenta of 
structure functions of deep-inelaatic lepton-hadron scattering (DIS) 
there appear the diagrama with ~ derivatives (momenta) for the 
n. -th moment/8 / . In this paper the method of uniqueness ia genera­
lized to the diagrams conted.ní.ng propagators wi th an arbitrary num­
ber of momenta on the lines. As usual, the object of calculation ia 
the coefficient funotion dep endd.ng on E =(4-IJ)/2 ,where D ia 
the space-time dimensiono The point of interest ia the coefficienta 
of negativa power and few coefficients of positive power of é . 

The paper is organized 88 follows. In sect.2 we preaent,the maln 
formulae ,and the methoda used. In aect. J thea8 formulae are applied 
to calculate some typical diagrama needed for further work. In aeet. 
4 one of the diagrama contributing to' ot s -corroction to the longi­
tudin~ structure function of DIB ia calculated. At the end we give 
the total reBul t for the ot s -correction. 

'I 

i 2. Main Formule.e 

All the calculationa are performed in the coordinate represen­
tation. The lines of.graphe are 8asociated with powers of the type 
lj(x.'L)d. ol b'eing called the index of the line; the e.rr~w witht 

M\_. subscript r correapon~ to a vector X I ,th~. black arrow cor­,•. responds to derivative y~ X".=: Õ,... , two arrowa (black arrow8}with 
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aubscript n.. correspond to the product of n , vectors X~I.", X fi., 

(derivatives ~" •.•"j'I" ). rr the subscript is in brakets (ft.), 

this meane a trace1ess product of n vectors (derivativas) 
11 ~" 

IA Xt'" IA. I J k. ,n:c'
a.' ':OI
õ ;;;,---x. l:cL)d. '~ : ~ = d:x:. lx'l.)d. '~ ": ix:,= (:&'l. )" (1)
r 

Consider now the ca1cu1ation rulea. 

1. Contribution of a simp1e 100p with some vectora on the 1ine8 
is an ordinary product 

m
n e-m 

(2 )0 ­ c:J..+ f> 
f'> 

2. The chaina are integrated as follows. If there are ~ veo­
tors with "b1ind" eubscripts X~~ ••• X J4 .. , then we will neg1ect 
the terms 9i4'"Ji.J" • In the case of "marked" vectora Xflx~ •• 
it is necessary to know alI the structures. The integration formula8 
are the fo1Iow1ng: 

11.. 0,\1. 11,... 

d. .-~ = Ao (ol, r) · ) ~ + . .. , 
where	 r

A~'1I'\(d. = a>-\l.J.)a... (r;YJrb == r()1-t~-d.) _ D 
t.	 ,~) n (y') J ((,.,(cl.). ,X1-ch·fJ-~,

(.o(..~u,rn-i u- l	 r (ot ') U r 

r t\. A-4 l "r\	 t!: qfriA"J 11. .,	 . )) . o(·)~) • ~ 2. (j 1 • ~'" , 
• ol ~ 

o k~1	 J4 11.. 11. "fiff ").,. "'~d.~~-o	 ::=I~ A '(doJP». > ') • + - q A o--~t ... , 
• rA ~ 'ti I r' 2. 4 1 ~-i 

fi""' ~ 2,1'\. ~v"" ....\1 4,1\+1 11­• )) • )) .. = A (01. d~)' );) ».... + i a I A~ (01)/l)) n . _ 
rJo. f> o r 2. <l (- r- i-

A /l4N 2)~ \J li-i. ) v 2 ~ 
1t-'2.-n..Sql I f A.. LoI)~). '> ) • + n.t n-:« ctrr· q fl.A) ......~~ -- --~ .. " q	 ~- i. Jt <J Q 2­ r-1. 

fi	 v)\,.. .,"r\t1 f" V "t. 4 A, t1+1 

•	 : I) U, = Ao (~l")· »V');) - 2. Ao4 (oI)~),
 
~
 

(J)"'" rr v "_i] .It. .2,'" vr.. ~ L\--f[a. ~ ")~ . t- tl '\ ') » + - A., q • > ~).
 
<1 ~-i (J 

4. 

~-~ 2.. <J r-1
 
2. '" ",-2­

~~') q~l'\~vr~ A) - H ~ ••• ., 
~	 Q ~ Z. II (-1­

2 

;...0/ ... o 11+l. 
'" -'I) 11+1 l""V '" 

I	 )~')7 • := A o) Cci/~) 
r + 2: A'1 (al)~) ~ ---r--~~ 

(}..	 \-' 

I'- t"M v 1t-1 J h( \.\ "'::> t-H'1 vr L 1~ ~ ..,-1­
-+ 2 S I'l. ~ ,-4 T'Vf,'!,. +- ----íj- ~ ~ A).. (d,~). ,) • + ... ,• I	 I 

(J) 

where the symmetrizer ~ ia defined as 

lI~ ~ rr- i x. = ±( ~ rf~ x ~ 4- 8Vr- x r) . 
The result of integration for a larger number of marked vectors is
 
straightforward.
 

K.	 l"\I\ o o l1+-m.. ~. .. ~ . Ao' (oi/i") -- -,-------,.-------­
lk	 r- ~ 

In the laet chain there could be the product of marked derivatives
 
becauae the at ructur-ea- do not appear ,
'" 8"'1'/ 

3. Differentiating the ident1ty connect1ng the unique vertex
 
( Z,ri ~ =:.D ) wi th unique triangle ( L011.: =])/2) (aee , e. g., ref. /6/)
 
we get
 

h-t cl o/+(!-+~= .D I~ CWl ~À~'/.DO 

A~(~)Q)m=o "'''i'';~ (4a)~ 
l)z- tl..
 

It we look for the vectors, then
 

k	 
~ 

k.	 ~ 

d+("f=J:> ) • C~ A:-~;~) 1-	 (4b) 

t\O=or- l	 b/z.-~ 

4. Integrating by parts with account o~ Ôr(~-~)~= ~ we get the
 
following equation for the vertex with an, arbitrary index
 

~ 4-t> ir ) ""	 (~c1.-~ 0/,)l&n :" 
IM k (J)-2cl-~-rTn+l'l\t~)=~ ~ k - M k +rn i~~' 

""' .... Ic •~~	 Ih" l ~+i ~ V (5)r>	 ~ 
Repeating thia operation (~ + k ) times we come to 
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' ol r( k+'f) r(nlt--l) r(D-2.d.- ~-Ó-th+s.-te) 

rC"S+"') rCEH)11~ l(' = r(D-2c11'-y+k+M -t I1+1) 
S=1:) t=o ~ l"> ~ 

fi;, 

(6a) 

+ 

"'" k r (I) - 2 ~ - f.>-ó-t\-l toS+ ~ )
r( k+-1) r(\o\o\+1) 1 L} 

rCS+'1) rt e+--1)r( D-2")'- j->-r-+K+M+\o\-\-I\) ( 5=0 ~ 

+- ô 

r (})- 2.~ - (\- f+"'... .e ')í (D-U -j\-a-t n ...t+~ • .,)
ii \-(.~'H) r(IM.-!>·H) r(l>-lJ-r--O ..... h .... ..e+J+1) ~
 
';>=0 '!=-o 

...-~"J: ".... I< rr 1'I-'2..l-/\-Y -4-\'\"'5.) r ( l)-2.cl-j\-Q+'t1+S-t ko\'1)LL .- -~. ~.
r(~+1) 

I 

\-(\.(--lH) r(D- 2J-f-ó-FI'l~ft'S..1) ~ ,lo:.
s~ €=,;, '1 

2. Z.
Integrating by parta and taking into aCCOWlt rot" ('X.-~) =2]) we geit, 
as compared to eq.(5), a more useful in some cases equation: 

c\ . ol +-~+ a-.llh.. (:b- ~- r}:-~-~t Y\ H~ -+ k) = f..'o 
\VI l<: 

.-1 +~'\-1f -1>/2.l+r--+o- lh ~ r-- ~ 
-:1, 

4 

&
cl. . -s, d.+-f'>+o-llh ~
l ~""
~... "= + . ~ ',..- + 

. -1 t- ~-\~-j)h.. I k:. 

~ r~'\	 I'" G 

]	 r"r'" . }tICr..X·'+_1 4,-"	 a-I.."~ 

r 
11:...,\ + ~ 2. h 'm ~ ...... Ic + 2n k (J "" Ic·\ 

4 (~t-(>-tõ"-tlh) ,. t	 f\ ~ ~	 ~ ft
to 2mk~tt"r\(~t._1 n ()\--1) t>" "' ... _ l. '+ k(Ic.-,,) C/'kftl(-I ~ d-Ir.....,	 ~tA -: 

....1 /C-a + a...	 (J.... ....t~ (lo r	 ~ r ~ ~ 

+ \'\0\ (_-,,) «: ....1. 
'H 

l( 

] 
(7)~I' r . 

5. While calculating the moments of structure functions one 
deals with traceleas products of vectora. The use of traceless pro­
ducts xef"";U") enables us to ignore the terms "" i~"/!/ becauae 
they are easily reconatructed trom the general form of traceleaa pro­
ducta. Hance during the integration one has to look for the coeffici ­

j f ent of the main term . X/4'.· . x· ", (soe 2.). The formula0 for the 
tracelesB produots follow from their connection with Gegenbauer po­
lynomia.ls 

x.. P,... ;C}41t =	 ~ [i1 r( n-.p +~) 2-
2p 

.! {'I'~.. ~ r'r-'~'r,(8a) 
sLp=o r(h- 2p+!) r(h- p +1>12) (r .. 1"') (x'L'} ,p t 1 X Z

:c (r" .. ,f ..) ( ~--1) z-2.p YI\. k 4 j.1 '1. d}4~r-1 f-41-r (8b)r "'-p + ~	 qJ' • .• •~L	 ­
) \ r-fn+~-1) (]	 p

F"'O rC"-2p+-1 P·I\ z, }I~r+1 .rr~V1í:X:\..). 
,.. X .. ..A.J I...:::
 

For the product of vectora one haa
 

.... I r(-1- 'i.) -I-i:." I. 'I. 1.)"'Z.V.~·"f"") ~,f"'ftM,) 'l. C ()(.i!),--X'~ , (9)
2. X = 2t\ r ()1+1-t) V1 

-4-t, 
"hera C",,(~9)is the Gagenbauer polynomial. 

Wíth the help of eqs. (8)-(9) one can obtain the following equa­
litiea 

(fi• .. ' M )'\f_r J (JJ.c ... }A••:) &. ~1-~ +D ~r", X / H-'1 

<r ­ x =	 2. y.- 2. -+ DIz.d.=c,.,. 
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x/-l'" x(,l.i,· ..)J.,-~ _ 2. ( n>: +1>/2) ~~ "'jt"')X , 
~-3 +J:> 

~ fh+ 1 ()I"")i -+ ... ) (~X. ) ';X(}Ir' .~ IA ) I't 11-~ 7-1> 
(f X =	 Li (H-1-t~)("-2 +~/;L)' 

(10)
(~, .. ' .)4..-... ) 1­. ~r ..	 (IX X ~ 

-x:}4"+1 X ~~ .. '~"~1 ) n..+.1> -2. Ú-t.4 ...,/-i") lo
X. X 

2 (h-' -1-1>12.) 
)I, .,.4.. 

The tirst three eqs. are valid being multiplied by X ••• x:
 
Equation (9)'leads also to
 

x ()-4, ... ;;"~ ) r (1-1-1+J>h.) li.. L ex ~ S% -1­

CX1..Y" = 2 ~ rt ~ -1') ,'»4 ;t-rl [ec.- t ')~Jt>/~ -1. 1 •(11) 

-1:0=0 

For the vertex oontain1ng the traceless product of J1, vectors this
 
givea
 

!	 
~ 

r(k-1 -tJ)/"J fi A- ~ \.	 x == 
("-) 

2' r (D-2 -{) i.' "Itr.. o' .,<"~ ~ I' > t. o 
o d. ~ j 

-\;­

Int,grating by parta in the r.h.s••• have 

Ô'~ h (])-2.ã-.l-f!'+lI.-i+~2)= (a-fl+1.-lIA.Jl Ih) ir-i. 
( 12ft)~	 ~ 

l.'\ -r r (~) ­~~1 ~~-1 t:1­
cl","" ~ d- t-H .f"') ~t1 . 

( 12b)f~-" J~~l +(Y\) 
. (b-2~-ti-~):= aL ()\") .- (\OI)~P	 ~~d,	 ~ 

Ii+-\ (> r~". I \!-~ \ k. k-~+D ('\~~1 -----=-- 1\_	 

'; 

+ -2. )\-'1+ !Jh. .:i ~+t'L~-~j 
6 I 

6. To calculate complicated diagrama, it is often convenient to 
use functiona1 relations analogous to those of ref./7/. This sometimes 
simplifies the calculations. For example. 

<Ti> ~ - ~I 2(r-> _A 1Z~\= 
i ~. ~ 2E. ~ ~J

A ~-1 ., ..\ 

~	 
(13a) 

~+~1
à ~-1 

For integer ol = K, we get	 I:_~ IC'-~H 

-~ i L2(6 - ~,)-~ ;: ­

K.' •• S,,- 2f. ".1 P. ~ (13b)CD®
- f!' fQ-~"''\ 

- ~ ~ +' 2~ 1~ ~ ~-'\ j.
 
For another typical diagram we have (ro~ even ~ )


WJ \'\0\21> -Lt-2~ ~ 
~_ ~ = 2. _ \'\ IH - "c( - ~+D-2-2cl~ (14a)(E> (~IH·1)-2-'2.cl 2. 2. 

and for integer ~. K
 
W
/J'0 _ k r (Ii-n-2)r(i+f- f- ) (D"

~-0)	 nt. +
r( i +b-2-k)r('t tI-i) I 

' - ' ~ (14b) 
)I:.

)" ('0+1 rn~~])-~-\(t-~)f1~ ... ~-"-k) lf;§(!o l\ "1­@+	 i.-.J to) '" . n \!-~ -
,1;
 

(\=-t r(:i.~])·2-\l.)r(t+~-"-I<-+~) 1. 
2
 

f	 ). Bdmplelll of the Diagrea Bva1uation 

We demonstrate the effic1enoy of the propoaed method calculating 
a number of typical diagrama taken trom prac~~cal calculations. We 
prooeed in X. - space , Any diagram of p -spaoe oan be transtormed 
into ;C -spaoe e1ther via the Pourier transform 

j .]) c'px... ~I ~... J) ])-2V li A- _" e.f_ . ao (v)-'11 

tlp e ? "e = "JT ~ Z c,.,).(:>t.. "-'7" (x')');
,~~~~	 ~ 

or considering the dual diagrame The last way is preferable due to the 
absence of any multipliers and changes of in~oea. The dual diagram 
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arises from the initial one replacing alI fi: by X,' with the 
diagram - integral correspondence as in X - space. <tI> == li + 1::1)1I} 1t(1.-"fi": ) ~ 1<2.(~) ~o: 6'i(~)J+O{t» 

1. We start with the already discussed diagrams (13), (14). The 
first diagram arisca in alI complicated diagrams giving contrib~tion 

to the nonsinglet atructure function of DIS (soe sect. 4). The second (19) 
one appears in the nonplanar case. 

To evaluate t~e first diagram, one can expand over the upper ver­
tex (eq.(5» or lower vertex (eq. (6». However, for our purposes it 
is more useful to apply eq. (13b) for K = 1. We have 

<B> = @ -AL 2 l<C;> -~)- ~J= 
'" k k k' lO'" (O" 0)"1 \=I C~ A:' l~;1)Ao: (~)H-t)-2.11. 2A:(~)2.) Ao)(~)()-Ao (-1)iTi))- (15)­

k=o _ A:I"'(-1I~) A:I "l( 1+'i j 2) J 
Using now the expansion of I -functions 

2. 't. lorc \,\+{t-Clt:.) = .i + ~ (\-\) ~t. + [.sol (h) - 52.("")] a E + 
\0\ '. r ( ! ta. l..) o( Z. 3:!>
 

3
+LcS... ( \o'\ ) -3S2.(\-\)~-t(\-\) -\:2.cSl.(Y\)] ct3~ +- •.• 
\Xl • (16)) ~> ~ ~1 

r(.H-o.t.')=exp l -Ôo.t.+~ h cQJ~j, 

where .5iC",) =i 1/1<''" 1("'')== cS",(~) ia the Riemannian 
l(D1 J 

~ -function and r is the Euler constante 'ie finally gat 

~ = -~-~ S~(h')T S2.(h')~-1("') 2T (\-1)+ b1(:!t)1+0l~), 
~ \HiL 

wnere T(",,) = L11 

~f(k). (17 )k.... ka. 

For tha second diagram we procead in the sama w~y. Applying 
eq. (14b) for k = 1 we come to 

\'lt-2D-' ~ 2.<g)= ~= n+t>-LI ~ h+-\)-I.I 
2. 

~ 2. A0)11 • 11 _ VI-+2tl-'. "l "'- I<: °I k o lo-\.:. ..~_~ o «,.)A: (2,,,~)(18) --~ L-.-.. C
h 

t-) Ao (~)~)Ao) (-l,-1) 

10("0 

Using eq.(16) we find 

8 

I h 1c:+1 

where 1(... (VI ) = L ~ . 
k=1 1" 

'I 2. When calculating ~IS atructure functions by the technique of 
Ilgl uing ,,/ 8/ one comes to diagrama of the type 

(20)I~ (e) = l",..Zv ~ 
~t~\. 

where the lim.it 

=- ,t''-'1A (t+-3 H. (~+-1) I.., (-e)IJól (21)
1-'1-3 

gives the desired contribution. Here also the kinematics of DIS should 
ba takan into account, which means that Z2 = O, i.e.,one neglects the 
proton mesa. 

The complexityof calculations i8 due to the presonce of a large 
number of various structures of r and V which should be contracted 
with ~~~v o To avoid this and to reduce the diagram (20) to the 
calculated one (17), wa use the following trick. Differentiating (20) 

ri th respe,ct to (J./Ji: ..... and summing over 1'.' •.. p.. ,we get
tt'.) 

d. \\0. lo-i ~ 
(d2- .)T",(l) = Zri!v~ +2Y1Z:r~ + h(\o\-1.)~!,;,,1.' 

I"' ,-tt.~ hf.\ r J,+t\. 

The first two diagrams equal zero due ~o the kinematic restrictions 
~2 = O), and the third one with the help of eq.(10) is reduced to 

(v.+"Il-\. j( ..... +})-Lj):Z=-0 - 2. 

~(\o\.-i) ( .. -l)(d1~.) ~:r~ io 
~ 

~-t"~-L ') (\.1"~-~)~ i+.tt 

This diagram can be eaBily calculated because alI vectors are now un­~ der the traceleas product. We have 

'S 
~ 
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C"1+b-!. )("It-b-~)"", (') (1'1-1..) h-I 

Ú
t. •_J )'"I te" 2 ..0 ~ C'" -oi ) .J,.) "\..) ) • ... 

ir,' '" ./ --- t t-i-2.. )c., ... ~-~) "-2. -'f+((H)<á. 

where I>.... (e) ia the coefficient :f'unction of the diagram ~ 
~!L 

Rence the coéfficient funotion of interest with account of Ki­

nematios ia reduced to the diagram considered before:
 
~ t..ú J-4't1 C"')


I", re) -= :D.. z.(e) 2r Ev_ Uh. 
1 + (~H)l 

Taking now the lim1t (21) and putting ê • o we finally arrive at 

r",.::- ,]),,-2­

where :D", ia given by eq. (17). 

J. To demonstrate the efficiency of eq.(7) as compared to eq.(S), 
W8 consider the diagram, which ia complicated not only because of its 
topologioal structure but due tothe poles in E 

fi
"'-

TrAnstorming the lower vortex we come to cumbersome sums which should 
be expanded over E • However, these problema can be separated with 
th. help oi eq.(7). Applying the latter to the lower vertex we have 

• t'\ <3>~" W"@'-1Cf) J#-~l. ( ) - -L t -, - -' " 
.-- D- 5' - "!>_D/z. 2 

~ 3-~2. 1. Z. 1. Lo (22) 

.... "I@1'"CU ~-<l>- ....(})-4) _A 

'3-~h. 1 1- 1 

Comparing these two expreasions wo find the following representation 
of the in!tial cliagrem 

@ 2. ®~-1 (E)1. (')--b) (1-b)
" 2. ~~ "+ .= -- 'Z. "I' - 'l, (,-b 

~-~ . (2J)1. 2. 1. • 

.• ( (~J) ~ - <i:> + (H)<]5) 

The reaulting diagram is now e8sily calculated. The only complicated 
diagram in the r.h.s. is mul tiplied by 4-J:;J = 2 E. and contribut­
es only to O (f) terma, 

4.. As an example demonstrating the uaefuJ.ness of eq. (G) we con­
sider the integral 

i c~ (_~k,"1 ~ • 

L '" k+" ~ 
K~o ~-kr ~ Applying eq.(G) we havef. . ""~::: r{~-K~-i) ~\( N ..... +1-2.\~ \ ~ ... 

'--.L/ r(t\-k"''2.-~i) L rf""''''1) t~ ~M + 
"Z.

"'_\( ..... -0 2. 
lA-k-1 

~-­ ~~;~"'j = rr~-k~") ~2. t ") r(~t-1-'2.\) 
+~ ~ r(",-\(+"2-1L) ~ r(lo4.\+l,) 

2. l, 

I ". r I'\-\c.."'~ll " -'" ~"'-"" <bf''''''''''''1~-lr\ (24)
I ...~. _ ....1.. ("- ~.~ - "'.." + ( )LV'fI ~W\-,,~L~z. ~ ~ z r[\I\4-\c"1 'j 

_ r 1'IoI:-i] J == ----i-- ~.-L r S (",d)- ~~("'-+1) 1-~oi("""'1)1 ~,\(1(+1)"'~,,("-\()) 
L ~_ k"t -t t:.+-1 L i '\ \. 

Ic Jc. J J-. rrlol-p 1) t 
?, ("..) "'. (k-Io:) .. 6 (:; ,(~H)-l1..(k-k '>) j -2~(k~\~ (p••)" r(''') J. 

5. ÀS an oxample oi calculation by the uniqueness relation we 
consid.r the integral 

I = .t'wt (~+~) t-(k+-t) ~ • (25&) 
'" t.. -~ ~ 

We hav• 

o'" ~" 1-1~I 

_ A' (Z-lt (t+~h) Ao' (2-H)(t+l)l) " '" ~.1h ... 
- [ o I ,&-J 1 ''2-.) L.<8B9I r .. ',0 j 1

LPo (-1- l i. ) ~ 
=: 

o'" o'" lJA1) 1 {2-2.t.. 1 ({+l)l) Ao 1 (2-111 ~+2.){.)I -i-t. 

Rence 
~ ~l ~L 

r(J\-\) \ r(....l -+t- ') 01 :t~ = -2((\\+1) --r:{;) j r(u2-t.) .. ; ::l .(-1. .c-t.:j - ~ ~ o "'" o ,,~­
'= -2t,.(" H )1 ~~-l)J r("'·2 + t) ') C:C-).... A~ (.c-t) -i-t) A./ (1-l .-l) :::::.

lO 
l,.rl-t) rf".}-t.) L l 

.....,.,0 
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'Z i. + l-O" r(~~2H.') We are interested in the contribution
(25b)= - E ""+ 2. r (IA+ 2-,- ) 

I L L . I. . ( L. L)t< R I = ~ ;.errA..) Jc I La~ .. (e)- ~T (e) l((hH) (27),I 4. Deep-Inelastio soatter1ng: ci. -Correction to the Long1tudinal \0\+2. t \0'\+2..r'T", J:5 
GI=2.J~ -t-C4. " Btructure Punction 

In thie section we preeent the diagrame contributing to the 
two-loo correction to the longitudinal etructure function of DIS 
(••• the figure). 
\. I \ I \ • \ I 

\ / \ / \ / \ I 

~~~~
 
\ I \ I \ ;'

\' I \ /
\ / \ / 

~~ ~)z =\
 
" '/" / \ / 

~~~ 
Here the Bolid, wavy and dotted linee mean quark, gluon and photon, 

reapectively. 
• To illuetrate the uaefulneeB of the method of uniquenees, we 

coneider one of comp11cated diagrama (No. 8). To get the longitudi­
nal part, we mult1ply the d1agram by'a projector P~P/!ql, where p 
and ~ are quark and photon momenta. We are interested in the co­
coefficient funct10n of n -th momento To find it, we use the tech­
nique of "gluingn/8/. For thiB PUrpOS8 we mult1ply the raault by 
ct/",,···t"')1 Ú\1.)~ where d..:::. 3 + -lr.. and integrate over ~ • As a re­
eult, wa have 

I"~. (O = 2. (H» 2> r~ Kr { 6" P'6 , ~ti '6 ..) (~ (26) 

oJ.~ 

<la ~.,h. 
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where AI, means the integral wi th a count er-t erm 'instead of a diver­
t' gent aubgzaph, 

t Evaluating the trace and paaaing to a dual diagram, we obtain'in 
\ 

I" ~ -space: ~ 

I~U)~ 2(2-1» C; &~rzv \ Ll~-t)~ -' ~ 1 ~ ~v ~ 
,.. .1. _ (28a) 

-- (~-'i) (lO) +.i (-i+t) ~ + 2 (-I E.) ~~ I~~",
vd. 2 ~ tA QV 
+t~ - ~("'+'i.) ~ "t" t (~-i) r..) - ,..(>\) 1 
~ 2 ~~ ~. ~.M~ 

-+~Q-t)~ -- (-1-t)~ - (.(-t.)~ r (-I-H) ~(..
L o; tA 01. .... 

.. ~ -2'i-~+t~_ -«-q~ n~~ a'~ ~ ~jj 
In eq. (28a) in the first square bracket all the diagrama are aimple, 
and in the ae cond one they are more difficul t , Calculation of one of 
them haa been done in aect. J. The others are evaluatedin the sarne 
way; the result ia 

.3tI L =: (2-D ) 2 CFLl _ i + ~f..i- _ ...L)L ~ (\.0\-2)+ 
l'\ (1'\- i ) €o . ~ \. "" I1H:!> (28b) 

~ -12)
1- Sz.(I1-2.)';)",(~-z.) - 2T(h-2.)+ 6'2(~)] + ~2..("-2.) (- '" T' 1-'+1 

-2~1(V.-2.)(i-l- -:- -'--- s- )-~ -+-~- _ J.. + ~ Joi­
\ri '1 '" VI+1 2.. l1-i ~ V\ +1 

The contribution of the diagram with a counterterm ia 

k ~T~ == k <í-I>i) 2.Cr'- ~p(p Or !-ÓT rv-~ i: 6T)~r pÓcr- ) • 
1_ _ o 

(28c)
.--.-.-....(I'l ') 

(2_ i:J) ~ c 1. ( .. ) 

-- F l. .) ).,. • = 
L. "... I" 

=. (b-'Z)gC: Li + t (2 CS-1(....-7) +- .i., + .::L -t-...::f...- oI-'2.)J
Q---1)'t.~ 1-\,.-1 V\ l.1'\-1 
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§ 5. ConolusionEventially, _e find the following contribution of the given dia­

gram to the ooefficient function 

I	 1.. 2"1 C1. -[ 2 ...LK'R	 I ~ _F J; 1- - )l ;)3(h') + ~'l.(t'\)Si("') (28d) We have demonstrated possibilities of the method of uniqueness 
VI1'2. ~ +'\ ) t \. 1'1 t- !> h ~ 2. for	 the evaluation of Feynman di~grams in QCD. Though the formulae 

_	 2.. T (V\) -k" -6 ~ (3) j + 4 ~ 2 (~) l VI~2.. - ~ ') + 2.. S -1 (VI) • 

. ll\ ,...L: - 2- '\ 1+ .i _ ~ -+ ~ 1	 l' 
'vl-t'",	 + \11+ 2 11\+-3» 2 V\+'1 ",+~ j . 

The	 total contribution of all the diagrama, fig. 5, can be repreaented 

in	 the form 

(L ( ~~ ~ s ') = ~ 1; Cr / .i + r (_~o _ ~"'\ (~ (Q 1­d s. 
VI r) 4-.r \1\+ 1 ~ ~nr L I 2.) r: 

-	 ~lnr -+ r) + R~ (~)n, 
where 

R~ (~ ) == (2 Cr: - CA') [ ~ 1<2. (h') cS., (h) - 2. Q (V\') + 4 I< :!> (h') ­

_ ~ S 1 ('"') ..r -12. <' ( "3) - ~ ~ - C;~ ( ~ 1<1. (n ) - 3) - 1(i>: ( ~ 1(3)­
L "'-2;.J 

~	 A ) 2?> 2.15" -	 - - ~'i(I/l)' - - - +-	 ~) _ o. k' C"'') ( i + J.. __A S V\-t~ ~ -1~co s» 2. l V\ \1\+1 

.H	 ~ J.i J- A3 J- ] 2 CF Ls ~ (\-\) - ~L(V\) ++.f-	 ~ ~ -I- 3 11\+ 1 - 5'" h+~ 

"f1 ~...L ..f _J-]
~ .s~(~) I 11 _ 1. _..i-) + li - 6" ~ - 6 "" t-1 ..... ;;l &+-1.r

\	 6 VI h+'1 :!> b 
~	 ~+-1

.-L.1-	 ~ ("')= L c-\ cS/k)ST ( $1(\-\)+ -l~ 
h 1-1+1 ),F 6	 to(a"'~' 

Tbis result has a simpler analytical form than that of ref. I'1/ and
 
ooincides wi t h it numerically. The numerical difference with the c81­

/10/	 . /11/
culations of ref. correaponda to that mentioned in ref. •
 
Not~ that t~e use of the method of uniquencesa enables us to find the
 
result witbout computer. Physical applications of eq.(29) will be
 
discussed iP a separate publication.
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are more cumberaome aa compared to scalar theories, all calculationa
 
of complicated diagrama are reduced to a number of atepa and all in­

tegrations are performed algor1thmically without a direct integral
 
evaluation or expansion in an infinite serias. These features deter­

mine the advantages and wi-de possibilities of the method of unique­
ness.
 

The	 authors are grateful to S.G. Gorishny for useful discuBsiona .. 
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0pHHHM8eTCA nOAnHCK8 Ha npenpHHTW H COo6~eHHA 06oeAHHeHHOrO HHCTHTyT< 
AAepHWX HCCneAOBaHHH. 

YcTaHOBneHa cneAy~aA CTOHMOCTb noAnHCKH Ha 12 MeCA~ea Ha H3A8HHA 0Hf 
BKn04BA nepecwnKy, no OTAenbHWM TeMaT~4eCKHM KaTeropHRM: 

HH.QEKC TEHATHKA 

1. 3KcnepHMeHTanbH8A .H3HK8 BWCOKHX 3HeprHH 

2; TeopeTH4eCK8A .H3HK8 BWCOKHX 3HePrHH 

3. 3KCnepHMeHTanbH8A HeHTPOHH8A .H3HK8 

4. TeopeTH4eCKaA •H3HKa HH3KHX 3HeprHH 

5. HaTeMaTHKa 

6. ~AePH8A cneKTpOCKOnHA H PBAHOXHMHA 

7. ~3HKa TA*enwx HOHOB 

8. KpHoreHHKa 

9. YcKopHTem• 

UeHa noAnHCI<H 
Ha roA 

10 p. 80 KOn. 

17 p. 80 1<on. 

4 p. 80 KOn. 

8 p. 80 KOn. 

4 p. 80 KOn. 

4 p. 80 KOn. 

2 p. 85 Kon. 

~ p. 85 KOn. 

7 p. 80 Kon. 

10. AaTo~~THsa~HA o6pa6oTKH 3KcnepHMeHTanbHWX 
ABHHWX 7 p. 80 Kon. 

11. 8W4HCnHTefibHBR MaTeMBTHKB H TeXHHKB 

12. XHMHA 

13. TexHHKa ~H3H4eCKoro 3KcnepHMeHTa 

14. HccneAOB8HHA TBePAWX Ten H MHAKOCTeH 
RAePHWMH MeTOABMH 

15. 

16. 

17. 

18. 

19. 

3KcnepHMeHTBnbHBA ~H311KB AAePHWX pe&K~HH 
npH HHSKHX 3HeprHAX 

,II03HMeTpHA H ~H3HK8 38~HTW 

TeopHA KOHAeHcHpoaaHHoro cocTo~HHA 

HcnonbsoaaHHe pesynbTaToa H MeTOAOB 
~YHA8MeHT8nbHWX ~3H4eCKHX HccneA088HHH 
B CMe*HWX o6nacTRX HBYKH H TeXHHKM 

6H~H3HKa 

6 p. 80 KOn. 

p • 70 KOn. 

8 p. 80 Kon. 

p. 70 KOn. 

p. 50 KOn. 

p. 90 Kon. 

6 p. 80 KOn. 

2 p. 35 KOn. 

1 p. 20 KOn. 

00AnHCK8 MOMeT 6WTb ~opMneHa C nc6oro MeCA~a TeK~ero rOAB. 

no BCeM BonpocaM ~OpMneHHR noAnHCKH cneAyeT o6pa~aTbCR 8 H3ABTenbCKHH 

OTAen OHR~no 8Apecy: 101000 MocKaa, rnaan04T8MnT, n/A 79. 

Ka3aKoB A.H., KoTHKOB A.B. E2-86-204 

MeToA YHHKaiThHocTeH: MHororreTneBwe BwqHcneHHH B KXA 

MeTOA YHHKanhHOCTeH pacrrpocTpaHeH Ha AHarpaMMbl c rrpoH3BOnb­
HblM qHCnOM ITpOH3BOAHb!X /HnH HMITynbCOB/ Ha nHHHHX, IlonyqeH PHA 
!l>opMyn, YA06Hb!X MH BbJqHcneHHH B KanH6posoqHWX TeopHHX. IlpHBo 
AHTCH ITpHMepbl Bb!qHcneHHH MHororreTneBbiX AHarpaMM, BCTpeqaiO~X 

cn B KXU. MeTOA rrpHMeHHeTCH K BbJqHcneHHIO a 8 -rrorrpaBKH K rrpo­
AOnhHOH CTPYKTypHOH lPYHKUHH rny60KOHeyrrpyroro pacceHHHH nerrTO 
HOB Ha aApOHaX, 

Pa6oTa BbiiTOnHeHa B J1a6opaTOpHH TeopeTHqecKOH cPH3HKH mum. 

llpenpHHT Ofue~HHeHHoro HHCTHTyra .ll,ll.epHbiX Hccn~oaaHHii. lly6Ha 1986 

Kazakov D.I., Kotikov A.V. EZ-86-204 

The Method of Uniqueness: Multiloop Calculations 'in QCD 

The method of uniqueness is generalized to diagrams with 
an arbitrary number of derivatives (or momenta) on the lines. 
A number of useful formulae is obtained which can be used for 
calculations in gauge theories. Some examples of multiloop 
calculations in QCD are given, The method is applied to the 
calculation of a 8 -correction to the longitudinal structure 
function of deep-inelastic lepton-hadron scattering. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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