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1. INTRODUCTION 

The light-cone expansion is а clear scherne to treat light
cone dorninated scattering processes. The rnost popular forrn of 
the light-cone expansion represents the considered ope rator 
product as an infinite surn of local operators. This expansion 
has sorne unwanted aspects that restrict its applicability. 

- After Fourier transform the scattering arnplitude is re
presented as an infinite surn which converges for а r est
ricted class of processes only. For exarnple, for forwa rd 
scattering only after Mellin transforrn а useful repre sen
tatioh of the scattering arnplitude can Ье given. 

- It is not an operator identity , it is defined on а dense 
subset for the Fock space only. 

Moreover Ьу an application to nonforward scattering proces
ses the usual local f orrn of the light-cone expans ion leads to 
cornplicated sets of renorrnalization group equations wl1ich a re 
no t easy to deal with. А diagonalization procedure leads t o the 
so-called conforrna l light-cone expansions ' 1 ' . 

It is however ver y rernarkaЬle that ther e exi s t ver s i on s o f 
li ght-cone expansions which are operator identities (in per
turbation theory) and repre sent the scattering in а closed fo rrn 
Ьу integral relations ' 2/ _ As an especially interesting version 
of this type of expansions we propose а "conf orrna l" nonlocal 
li ght-cone expansion which l eads directl y t o diagona l anornalou s 
dirnensions and represents the scattering arnplitude as an integ
r a l rel a tion known frorn surnrnation techniques. 

Starting with an irnportant identity proved Ьу S.A.Anikin 
and O.I.Zavialov we discuss shortly different forrns of the 
li ght-cone expansion and its relations and applicability pro
perties. 

2. DIFFERENT FORМS OF ТНЕ LIGHT-CONE EXPANSION 

А serious froof of the light-cone expansion has been given 
firstly in 12, -' . One of the rnain results there is the proof of 
the identity 

1 а а 
R(j(x)j(O) S) = Sr :1n R(j(x)j(O)S) + Q (х) 

1 + :nl a(S , -1) 

© Объединен ный институт ядерных 
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with the following notation: The symbol Т for the time order
ing is omitted everywhere, j(~ are scalar currents, Sr denotes 
the renormalized, S the unrenormalized S -matrix. R symbolizes 
the usual R-operation and ЗR3 is а special subtraction operator 
which acts on functionals containing external operators. Let 

R(j(x)j(O)S) =; ~ fdq 1dq 2 ... dqeFe (х, q;):ф(q 1 ) ••• ф(qe): 
е 

ф(q i )- scalar field operator, 

then 

ЗR 3 R (j(x) j(O)S) = 

[ а] a - f , x -prop Х 
= ~ М f dq 1 ... dqoF (-д ,aq.) : ф(q 1 ) ••• ф(qо): 

е = 0 а t а 1 t 

whereby Ма denotes the Taylor operator 

а а д k :1. 
м f(a) = r (-д ) - f(a) 1 
а k = O а k! а=О 

and 

Ха х + ТJ fa 
'Х 2 х2а2 

Са = ~[v'1-~· - 1] .,.,z ( х.,.,) . 

- 2 2 ? у, .,., .,., 2 -2 
х = ((.,., х) - х .,., - ) - ? + х -( .,.,. хн2- , .,., f- о, х ' = -о. 

.,., - 1J 

(2. 2) 

(2. З) 

(2. 4) 

The importance of the relation (2.1) consists in the elimina-
. . Qa( ) . h Ь h 2 О ( ) а- 2d- 1 t1on of the rem1nder х wh1c е aves for х _, as х , 

where d is the canonical dimension of the current j(x). 
If we restrict ourselves to the minimal light-cone expansion 

(lowest twist), then we have to choose а = 2 and ЗRRj(x)j(O)S 
t akes the form 

1 х- prop 2 • ( ) ф ( ) 
ЗRR(j(x) j(O)S) = fdq 1dq 22'F (х ,xqi,qiqi=llij) . ф ql q2 

llij- subtraction points of m. 

Inserting this expression into eq. (2. 1) we obtain as basic 
relation 

1 1 х - pr op 
R(j(x)j(O) S) = Sr 171fi <sr -1) fdq 1dq 22F (x2 ,xq ; •ll ;j) :ф(q 1 ) ф(q 2 ) : 

+ Q(x) ' 
t 2 . 5 ) 

2 

which we will exploit later on. Of course this relation is in 
this form nonapplicaБle because the operator written in brackets 
is too complicated. Different forms of the light-cone expansion 
may Ье found Ьу applying different representations of the coeffi
cient function Fx-p~P(x2 ,iq.,jl .. ). Hereby it is essential that 
this function is an entire adal;tic function of the variaЬles 
xq; as it follows from its a-representation. 

а) Local Light-Cone Expansion 

The standard local light-cone expansion appears if the coef
ficient function is simply expanded in а Taylor series: 

- n 1 П? 

1 2 - 2 (х q1) 
"F2 (х , xq . , ll .. ) = r F (х , ll .. ) -:т-

" 1 1) n1•"2 "1"2 1) П- 1 -

<х q?) -
nz ~- (2. б) 

After insertion of this series into the identity we get 

R(j(x)j(O)S) = n~n 2 F "1 n2 (х
2 , ll ij )R(On 1n 2S) + Q (2. 7) 

_ n 1 _ п-2 -1 -1 
Qn n = fdqldq2(Xql) (xq2) (nl!) (n2 !) :ф(ql)ф(q2) 

1 2 (2. 8) 

Thereby we have used/ 2/ 

1 -
Sr ----- О(х) = R(O(x), S). 

1+ЗR(sr-1) 
(2. 9) 

.,, 

Eq. (2. 7) represents the standard lig_ht-cone expansion. During 
its derivation we have to interchange the summations and int'eg
rations ' - to get nice local operators, but this is just the 
point that produces difficulties and restricts the physical 
applicaЬility. - The anomalous dimensions of the local operators 
can Ье formally defined Ьу / 4/ 

i(ROn 1 n2S)=-,'l ,<r , , + 8п 1 п( 0 п 2 п2·2у2)оп)п2' п) •"2 nln2nl "2 
(2. 10) 

with :iii=(jl_a__ЗR) where _j__ acts on the ll-dependence introduced . ар др 

Ьу ЗR itself. 
The properties of the anomalous dimensions Y(n) (п ') are well 

known. 
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Ь) Nonlocal Light-Cone Expansion 

Th,is f~·rm of the light-cone expansion was introduced in 
ref. / 2/ . It exploits the .analyticity properties of the function 
F2 (х

2 , xq., Jl .. ) through Fourier transforms 
J. IJ 

1 
1 i к 1"Xq 1 + iк 2xq2 2 - 2 ) 2F2 (x ,xqi•Jlij )= fdк 1 dк 2 F(x ,к 1 ,к 2 е 
о 

(2. 11) 

This leads to the following light-cone expansion 

R (j (х) j(O) S ) 
l 2 -

- f dк 1 dк 2 F(x ,кl'к 2 )R(O(к 1 ,кz)S)+Q, 
о ' 

(2. 12) 

i к 1 xq 1 + i к 2 xq 2 
О(кl'к 2 )= fdq 1dq 2e :ф(q 1 )ф(q 2 ) (2. 1 3) 

which represents а true. operator identity, The anomalo,цs dimen
sions of the operators are defined Ьу 

- . 
т R (О (к 1 , к 2 )S) =-fdк '1 dк 2 ( у(к 1 , к 2 , к l, к 2) + 2 у2 8(к 1- к{ )8(к 2 - к~ ))О( к l ,к2). 

(2. 14) 
This light-cone expansion is in some sense an integral or 'summed 
up representation of the standard light-cone expansi~ш. Both 
expansions, as well as their anomalous dimensions are essen
tially connected Ьу Mellin transforms. А common feature of both 
expansions is the nondiagonality of their anomalous dimensions, 
which makes these expansions not very handaЫe for honforward 
processes. For forward processef? all .r~sults obtained with the 
standard light-cone expanэion or ladder suщmation.s .can .Ье imme
diately obtained also here. It is sufficient to. reщar~ that . 
the anomalous dimensions for forward ~cattering are dir;.ep tly 
connected .with the Altarelli-Parisi kernel / 5/ . The general anoma
lous dimensions у (кi , к() satisfy two invariance relat i~цs 

у (к1 , к 2 , к;, к2) = у(к 1 -Л, к 2 -Л, кi -Л, к 2 -Л), 

у( к 1' к 2 , к/ , к2) = 4 у (Лк 1, Лк 2 , Лк J., Лк 2.) , 
л: 

which will Ье proved in the Appendix. 

с) Local Conformal Light-Cone Expansion 

(2.15а) 

(2.15Ь) 

То apply li.ght-cone expansions to nonforward scattering pro
cesses it is important to have diagona1 anomalous dimensions. 

4 
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1 

Exploiting the ideas of conformal invariance of asympto ti c phy
sical processes one is led to the local conf orma l li ght ~cone 
expansionl ll . For this purpose we e xpand ,F2(x2 ,xq i ,_Jl ij ) i n terms 
of Gegenbauer polynomials: For this reason we introduce as new 

-
variaЬle t=~. q+= q 2±q 1 .If the moment a qi are time-like 

xq+ -

9r light-like, then it holds - 1 ::; t ::; + 1. But this subspace is 
sufficient for an expansion 

1 2 - - 2 2 n + 111 а Х q_ 
-
2

F
2

(x ,xq ,txq ,Jl .. )= ~ F (х •Jl)(xq) С 11 ( -_- ) , (2. i 6) 
+ + IJ п, m nm . + xq + 

whereby 

1 а 

Fnm 
1 

=--; 
(xq+) 

1 д 111 +1 2 а-2 cn (t) 1 2 - . -(-) f dt(l- t ) -- -F
2

(x , r, txq ) 1 , (2.17) 
m! д r .. _ 1 ."а 2 , , + ' r=O 

. . 11 

note 

+ 1 а-~ 
2 2 а а f dt(l - t ) cn (t) сn '(t) = ."~·.а nn '· (2. 18) 

-1 

It · is important to note: whereas the expansion ha s been derived 
for а subspace onl y , however due to the holomorphy properties 

? - - • • • of F2(x-, xq+~xqjth~s expans~on converges ~n the full s pace also . 
The intrinsic proЬlem of all local li ght-cone e xpansion s appea rs 
also here; we have to interchang~ an infinite su~ wi th inte gral s . 
Doing this we get 

R (j (х) j (0) S) = ~ F11 m ( x 2 ,,l2 )R ( O~mS ) , (2. 19) 
n, rn 

o~ m = fd4 qld 4 q 2 (xq +)n +mc"~ ( ~q~ ): ф~q,) ф (q 2) : (2 ~20) 
xq+ 

The anomal ous d~mensions are formaly de f ined Ьу eq . . ( 2.10). It . ' • . . ' ' ' . . :J . 
has been fi lюwn that the y for scalar field s with а = - ar e di a -

2 g onal, a t least at the .one loop l ~vel. 

d ) Nonlocal ~onfor~al ' Light ~Cone Expansion 

Let us now соте to 
li ght-cone expansion! 
th~ deriva~ion of the 

the nonlocal version of the conformal 
In our opinion the most importarit step 
conformal 11ght-c~ne expansion is the 

for 

introduction of the vari dЬle t 
xq_ . . . 

= --- • Cho os~ng the most tr~v~al 
xq + 
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representat'ion of -}F2 (x2 ,xq+, xqjnamely 

1 2- - +оо +оо С · 2 XQ iк;q+ 
2F2 (x , xq+, xq_) = J dt J dк F (х , t, к)В(t--::--=) е 
. xq+ 

(2.21) 

we get 

R (j(x) j(O) S) = 
+оо + оо С 2 
f dt fdкF {х ,t,к)R(O(t,к)S) (2. 22) 

witb 

xq iкх~ 
O(t, к)= Jdq1 dq2 B(t --::-=)е : ф(q 1 )ф(q2 ) 

xq+ 
{2.23) 

as nonlocal conformal operator. In the following we will discuss 
this expansion~ 

First some remarks concerning the integration region. The 
а -representation for the coefficient functions F 

2 
(х2, xq., Jl .. 

~an Ье written as / 2/ 1 
'J 

2 - 2) F 2 (х , xq i , J1 · = 2 
-i(B 1 (a)X'q 1 + в 2 (а)хq 2 ) 

! f da 1 • ~. da L G (а k, х ) е .(2. 24) 
graph s 

Here we have used а sho-rt notation which exhiЬits in an explicit 
form the important dependence on the variaЬl·es х qj only. The 
coefficients satisfy the following conditions (see Appendix) 

О ::; В i (а) ::; 1, в 1 +В 2 =1, (2.25) 

so that 

? ' i - . -
F2(x-,xq . ,p2)=fda d а( · 2) -тxq+--2'-xq+t(BR-BI) 

1 , ... ·aL · а,х · е "' 

А Fourier transform with respect to the variaЬles xq+' 

dxa - 2 -iкК.Ч+ • 1 
J-2~F2 (x2,xqi, 11 )е produces theB-funct1onB(к- 2 (1+(B2-в 1 }t) 

h 1 d h . . 2к-1 . h t at еа s to t е restr1ct1on - 1 < -- < + 1 1n contrast to t е 
- t -

restriction О < к . < 1 for the к-variab1es of the usual nonlocal 
expansion (2. IZ). 1 

-

Let us now study the operators (2.23). Representing the 8-
function Ьу the Fourier integral and introducing the Fourier 
transform of the field operator ф(х) = fdqф(q)expiqx we obtain 

6 

~ 

1 - - - -O(t, к) = 2; JdЛ dq 1dq 2 ехр i (к xq+ -Л ( х q _ - xq+t )) .xq : ф (q 
1
) ф (q 

2
) : 

= -
2
L ~JdЛ: ф(х(к + Л(t + 1))ф'Щк + Л(t- 1)): 
тт д1к 

(2.26) 

These operators have а structure similar t o the usual nonlo
cal operators (22.13): ф(к1 x)rp (к2х) : and are simply related to 
them Ьу the just derived equation. 

Consider now the anomalous dimensions o f these operator s . 
We will show here that these anomalous dimensions are diagonal 
in the variaЬles к, i.e., у(к, t, к', t') = В( к- к') у (t, t'). То ·show 
this, we need the a-representation for the coefficient func
tions Н of the renormalized operators 

R(O(к,t)S)= ~ _!:_fdp 1 ... dp Н(к,t;х,р 1 ..... р ):ф(р 1 ). ... ф(рs ): 
s=O S! s ,., . 

We use the a-representation of Н again in а reduced f orm that 
exhiЬits the essential dependence on the variaЬle xqi expli
citly. After the application of the modified subtraction ope
rator ~ we get 

mR(O(к, t)S) = ~ fda 1 ... da 1• f ~ D(a ,11 2 ) JJ-:- Jdq 1 dq 2 :ф(q 1 )ф(q 2): 
l'l' " rhs Zтт r IA 

(2 .27) 

explix(A(t + 1) +к) В laqa + ix(Л(t- 1) н) 82а qa 1 

Reordering the exponential 

1 1 - 1 ixq+ • 2 ((к+(t+1)(В 11 + 8 12)+(к+(t-l)A)(B 21 + 8
22

)) 

- 1 
+ ixq_ 2((к+(t+1)A)(B 12 -8и)+(к + (t-1)Л)(В 2 2 . -8 21 )) 

and taking into account (Appendix) 

в 12 + в 22 = 1• в 11 + в 21 = 1• о < в .. < 1 
- 1j -

(2. 28) 

we obtain 

;iiR(O(к. t)S) ~ f-da fdal ... dar_D(a,J.L 2 )-LJdqldq 2 : ф(ql)ф(q2):. 
gr aph s 2тт . д1к 

.- 1 
-expixq + l(к + At) + '2A(B 11 + В 12 -8 21 -8 22 ) + 

+ ~ tA(812- 811- В22 + В21 ) ! : . 
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After the substitution Л' = Лхq+ and an explicit integration this 
expre ss i on takes the form 

mR( O (к ,t) S) = fdt'dк' ~ fda 1 ... daLD(a,J.L 2) 
g r a ph s · 

8(t + ...l ( в 11 +В 12 - В 2 1 - В2 ~ + lt.'(B 12 - В ll- В 22- В2 1 )· 8 (к - к ' ) · 
2 2 ' 

- xq 
• f dq 1 dq 2 expixq+к' . · a (t'- -::::-=): ф (q 1 )ф(q 2 ) 

xq :+-

Ву compari son with the definition of the anoma lous dimension 
we r eceive the result 

у (к, t ,к', t') = - ~ 
graph s 

2 ) 1 f da 1 ... daLD (a,J.L 8(t + (B 11 + В 1 2 -В21 - В2 ~- + 
2 

+ ~ t'(B 12 + 13 2 1 -В 11 -В 22 )).8(к- к '), 

So we have shown that these operators have diagonal anoma l ous 
dimensions in a ll orders of perturbation theory. Because of the 
d i r ec t connec tion of anornalous dirnensions with Z-factors or 
the subtraction rnechanisrn we have shown that the set of nonlo
ca l conformal opera tors is closed Ьу renorrnalization (onl y ope
r a t o r s of thi s t ype rnix with thernselves during the renorrnal i za
ti on procedure). 

Le t us add he re· sorne rernarks concerning support restr i ctions 
i n the t-vari aЬle. For this reason we elirninate not necessary 
quantit i e s as 

8 21 = l - 13 11• B z2= 1 - 8 12 • 

so tha t the a r gurnent of the о function in eq. (Z.ЗO)gives the r es t
rict i on t = 1 - Вн(l- t ' ) -В 1 2 ( 1 + t'). If we assume 1 t'l ::; 1 then 
because of О ::; B1J (1-t ') + BJ 2(1+t') .5- 1-t'+1 + t' s; 2 it f ol-
l ows 1 t 1 ::; l.Thi s is an irnportant restriction for later applica -
tion s . 

ОЕ cour se , the l oca l conforrnal light-cone expans ion and the 
corres ponding nonl oca l li gt•t-cone expansion are directly con
nected . Fo r exarnpl e а st anda rd representation of the 8 - f unc t ion 

о ( t - х q --- -) 

х q + 

1 -
L ( и 1 1 (1 - t~ )а - -2Са (t) С а ( xq_ 
n '1 11 n n _ 

xq+ 

t n the i nterva l (- 1, +1) (whic h is howeve r va lid fo r entire ana
lyti c f unction on the cornp l e te t - ax i s ) and а power se r i es expan-

8 
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ston o f t he exponent i al ехр i к х q+ = L (iк х q+) n (n !) -l substi tut ed 
i nto the express i on fo r the nonlocaf con fo r rna l expansion 

2 - x q 
R(j (x) j(O)S ) = f dt dk Fc (х , t, к) R f dq 1ctq 2 8(t - -=-= ) 

xq+ 
iк х q + 

е :ф(q 1 )ф(q 2 ) : S + Q 

give 

a - l С )m c a(t) 
R( j(x)j(O)S ) = L f dt( l- t2

) 2 fdk-~ _ n __ F c(x2 , t, к ) 
n, m rn ! '1 ~ 

- а x q_ _ rп 

R J dq 1 dq 2 Сn ( --- )( Х q +) : ф ( q 1 ) ф ( q 2) : S , 
xq + 

t ha t i s а ver s i on o f t he l ocal conforrna l ligh t-cone expans ion . 

3 . AP PLICATION OF Т НЕ NONLOCAL CONFOR}~L 
L IGНТ-CONE EXPANSION 

We clairn tha t the nonloca l confo rrna l light-cone expansion i s 
the c l ea r es t scherne t o handie non f or wa rd s ca t te r ing pr oces se s . 
We wi ll illustra t e thi s wit h the sirnp l est no nfo r ward scat t e r i ng 
proces s: the rne son product ion Ь у t wo vi rtua l pho t ons in а cer
t a in k i nerna tica l r egion. Th i~ proce ss was a l r eady trea ted Ь у di f
fe r ent techni ques as d i a gr arn s urnrnation or l oca l conforrna l l ight
cone expans i ons / 6/ . We denot e the rnornen t a of the t wo i ncomi ng 
photons Ьу q 1 and q2, t he out go int rne son rnornen turn Ьу k. It' l i es 
i n the spirit of t he fo r egoi ng c on s i de ra t ions tha t we di scuss 
he r e а sca l a r rnode l o f t his p r oce s s . Into t he expre s s ion for the 
sca t te ri ng arnpl i tude 

~ iQx Х · Х 
T(Q, k) -Jtl хе . < 0 1 Rj (-i )j ( 

2
JSi k > , Q ·" -L ( q ? - q 1) ~ 2 ч 

2 -

we insert t he nonl uca l Li ght -cone e xparts i on (2 . 22) wi t h the 
resul t 

- ~ iQ х ry T - f rl хе f dtLiк F (x - ,t, к ) . 

- Х. r ; к'' '+ 
• < О 1 R f dp 1 dp~ 8 (t - -:::-= ) е ф (р 1) ф ( р2 ) : S 1 k > . 

xp t-

(З . 1) 

As f ir s t s t ep of the inves t i ga tion of t h i s expr es sion we hnve 
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to study the matrix elernents of the nonlocal operator 

- хр iк хр 
< О 1 R f dp 1 dp 28 (t --::::--= ) е + : ф (р 1 )ф (р2 ) : 1 k > 

хр+ 

2 2 iк;k 
= х (t, k , 11 ) е • 

(3. 2) 

Here we have exploited: tra nslation invariance and hornogeneity 
properties w:ith respect to х _, Л х .An essential question is sup
port restrict i on of х with respect to the variaЬle t. So we 
have to study the coefficient functions of the renorrnalized 
operator Q ( к, Q again. ~he short version of their a-represen
tation we write sirnilar to eq . (2.27) 

R(О (к , t)S) = ~ 
р 

d Л - д ~ f -- fda 1 ... daLD(a, q iq . )-"7-fdq
1 
... dqp 

;.:r a pl1" 277 J д1к 

expr(X(A(t. + l ) + к) B 1 q + x(A(t -l)+к)B ~ q ) : ф(q 1 ) ... ф (qр) :. 
а а ~а а 

То perforrn the А -in tegra ti on we col lect all А dependent terms 

dA - _ 
f- ехр i А (t . ~ q х + (В 

1 
- В 

2 
) х q ) • 

2 77 n и и а и 

Elirninating tl1e variaЫes В 2и Ьу В Za = 1 -B1aand introducing 
Л' = Л~ q х as new integr a ti on variaЬle we have 

и 

f dЛ' 
277 

ехр i А' (t- 1 + 2 В ~ -~ ! . 
~а -

~ q . .х 
- {i 

Let us assurne tlшt tl1e ou t going rneson i s represented Ьу 
а state of the Fock space(surn of products of creation operators 
integrated with suitaЬle weight functions). In th is case all 
rnornenta qa are tirne-like <1r light-like Q", .; v + witll ~Qи = k. 
The argurnent o f the a ppearing о -function lead s t o 

1 
t = 1-2B zaXQa---- S 

~ xq f1 
{3 . 

because of 

~ x qa 
xqa а 

- < - --о < в ?а --_- -
~ х q {3 - ~ ~xq{3 
{3 

1 . 

So we hav e proved the irnportant result / t / ::; 1. 
Returning to t Ье T- arnplitud e we insert eq . (3. 2) f o r the 

matrix elernent into eq . (3 . 1) , s o that 

10 

4 iQx+iк; k с 2 2 2 2 
Т- ffd хе F (х ,t,к,ll )x(t,k • 11 )dtdк 

- с 2 2 ? 2, 
fdtdкF ((Q+k) ,t,к,11 )x(t,k-,11; (3. 3) 

- fdt G(Q 2 , (, t, 11 2)x( t, k2 , 11 2 ). 
.g2 

( = -2Qk 

Х represents the rnatrix elernent of the nonl ocal operator and 
satisfies а renorrnalization group equation with the anomalous 
dirnension y (~t1 

d +1 
11~ x(t,k2 ,1l 2 )= f ctt' y(t,t')x (t',k2 ,1l 2 ) . (3. 4) 

- 1 

1f we 
it is 
which 

restrict ourselves to tЪе light-like approximation,then 
possiЬle to choose 112 = Q2 and x(t, k2 •11 2) _, x(t, k2 . Q2) 
satisfies now the evolution equation 

Q 2 ~ x(t, k2 • Q 2) = 2-1 {
1 

.dt'y(t, t') x(t'. k2 • Q2 ). 
dQ - 1 

(3. 5) 

whereas the T-arnplitude itself reads 

+l 2 • 2 2 2 2 
т- fdtG(Q ,(,t.J1 = Q )x(t,k ,Q ). (З .б) 

- l 

With our choice of the subtraction point it is possiЬle to choose 

for the function G the Born approxirnation 
q~~p2 

~\_;1-~PI 
'( ,1- 'q(2 )-1 1 p2-p l 2х -l р 2 -р1 х! 

(е +е 
e iQx F (x2 xq) _ 1 ~(q2-qt)x 

' . -е 
1 х 2 

or 

iQx 2 1 iQx t t ) 
е F(x ,t,к)- х 2 е (о(2 -к)+о{ 2 +к) 

so that 

1 " t ~ t 2 2 Т - Jdtdк ----2 (и( -- к)+й (-- г к))х(t,k ,Q) 
(Q+kк) 2 2 

~ 1 1 2 2 f dt -- ( - + - ) х (t, k • Q ) • 
Q2 ~ + t ((-t) 

в h . . d . . 16 / ut t ~s 1s the standar expres s1on known f r orn llterature · 

ll 



We underline however that our treatment Ьу the non local light
cone expansion can Ье easily generalized to more complicated 
proces ses . 

The authors are indebted to J.Ho~ejsi for useful discussions. 

APPENDIX 

Invariance· Properties of the Nonlocal Anomalous Dimension.s 
(Relations between the Coefficients of the a-Representation) 

Here we will prove the invariance properties (2.15) of the 
nqnl~ cal anomalous dimens i on s у . ( к . к ').In their definition (2.14) 
we introduce the coefficient f unctions Н of the renormalized 
oper ato r 0(~ 1 ,к 2 ).Аs next we use their a-representation and 
apply the subtraction operato r 1. In this way we get · 

i ~ ' в . х р _ ry 1 1 а а 

:JnH(x, p 1 ... ps ) = consto s~ ~ J du 1 ... da
1
.D(a, ,,-)е 

1-( Гар\1 s • , 

' After Fourier transform with respect to xpi we can read off 
the explicit expres sion fo r the anomalous dimens ion s 

2 2 
)' ( ~ . ~ ') + 2 у~ () <~ - /) = (; (4 ~) ~ 

- f!Г apl • s 

Jda 1 ••• du
1 
D(a,/1 ~ ) 11 8(~· -~к . В. (а)) 

- · р = 1 Р 1 ' 'Р 

Also he r e it is important that ~В . (~ = 1. This fo llows f rom 
.. '· ·· i 'Р : .; · • ' 7 · 9 -·> ~, 9-26 / 
tl1e explicit,. repr.esentation of these coefficients ' -· ' · 

В . . ( а) = D - \ (и) 
'Р 

~ IP 
р р 
р 

i 1 D r · 

Hereby РР .deno tes all pa tl1s witl1in the cons :ldered gr aph go ing 
from the ver tex Р t o the vertex О corresponding t o the opera
tor О ( ~). The symbol l РР : i 1 has th e follo\vin g values 

[Р :i] = J 1 ~f the pa th РР contains tl1e ~ine i _ 
Р • L О 1f the path РР does not co.nt a1n the l1ne i. 

The interesting quantit y reads now 

~В- (a) = D-
1

(a) ~ ~[Р : i]DP 
i 'Р Р i р 

р 

"<' [ ] 1(. 3 20 1 -.;' • Because of Т РР : i = 1 ' · and Р Dp = D we arr1ve a t 

f Bip = 1 . From this relation it fol~ows 

12 

:: 

у ( к i + а , к: + а) = у (к i , к ; ) 

because of 

о( к~+ а ~ (к . + а) В . ) = д ( к' - I. к . В . ) • 
i 1 'Р Р i 1 'Р 

The relation у (Л к i , Л к i) = л-2 у ( к;, к() is an immediate consequence 
of the structure of the a-representation that contains к-de
pending terms only in the form of o-functions. 
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Бордаг М., Гейер Б., Робашик Д. 

Почему nрименяются различн~~ виды оnераторного разложения? 
Е2-8З-301 

Пок.тзано, что различные виды оnераторного разложения на световом кону
се nолучаются из оnераторно го тождества, доказанного С.А . Аникиным и 

О . И . Завьяловым. Предлагается нелокальное конформное оnератарное разложение, 
которое nрименяется к случаю рассеяния не вnеред. Показано, что аномальные 
разм е рности соотве т с твующи х оnе раторов диагональны для всех nорядков теории 
во змуще ни я. Из ~того следу е т с ущес твование nростых ура анений эволюции . 
Для nрос тоты в се рассмотре ния проведсны на основе скалярной теории nоля. 

Работа выполне н а в Лабо рат ории т е оретической физики ОИЯИ. 

Сообще ние Объедин~нно r о и н с т и т у т а яде .р~ных нсс ледоRаний . Дубна 1983 

Bordag М., Ge yer В., Robaschi k О . 

Wh y Different Forms o f the Light-Cone Expan s ion? 
. Е2-83-301 

Di ffer e nt types of 1 ight-conc ex pan s ions are traced back to an ope гa
tor id e ntity p roved Ьу S .A.Anikin and O.I.Zavialov. As а new t ype of light
cone expansion, а nonlocal confo rma l one, i s proposed and ap p l ied to а non
forward scatterinq process . lt i s s h0\1 П that the .anomal ous dimen.sions of 
the corresponding 1 ight-cone ope r a tors are diagonal in one of the two 
parameters to al 1 order s of perturbation theory. Th is l ead s t o one-parame t e r 
evolution equations. For s impl ic ity all considerations her e are ba ~ed оп 
scalar field theory . 

The investigation ha s been pe rformed at the Laborator y o f Th eoretical 
Phy s ic s , JltiR. 

Commun icat ion of the Joint ln s t i tu te for Nucl ear Research. Dubna 1983 ". 


