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Regge limit in the coordinate space

“BFKL” representation of 4-point correlation function in /' = 4
SYM.

Light-ray operators.

m “DGLAP” representation of 4-point correlation function.
Anomalous dimensions from DGAP vs BFKL representations.
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Gluon operators of leading twist
08 = F, V"R
Anomalous dimension (in gluodynamics)
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Gluon operators of leading twist
08 = F, V"R

Anomalous dimension (in gluodynamics)

4 4 4 4 11
=N [ — - — ——+ —— 4+ 1)+ C — =] +0(c?
BFKL gives ~(ja;) at the non-physical point j — 1
. agNe
v = {Abo BFKL (- I)BEILO BFKL | } (WUS_C]))
w=j—1—0correspondsto F*,V*"'F% - some non-local operator.
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Gluon operators of leading twist
08 = F, V"R
Anomalous dimension (in gluodynamics)

4 4 4 4 11
SN T A+ 1)+ C) 0(a?

BFKL gives ~(jay) at the non-physical point j — 1

sNe  \n
v = {A,EO BFKL | (;j _ 1)gNLO BFKL+.“}(W€;5_CI))

w=j—1—0correspondsto F*,V*"'F% - some non-local operator.

Q: which one? A: gluon light-ray (LR) operator
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Conformal four-point amplitude in \V = 4 SYM

4-point correlation function (CF)

Alx,y, 2 y) = [(x =y (¢ = Y ) PPENZ(O(X) O(n)O()OK))
O = ¢{¢f - Konishi operator (v - anomalous dimension)

In a conformal theory the amplitude is a function of two conformal ratios

A = F(R,R)
R= QoW P =y
(x =Xy =y)* (x =¥ —y)?
At large N,
A(x,y,%,y") = A(g*Ne) g’N. = A — ‘t Hooft coupling
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Regge limit in the coordinate space

Regge limit: xy — pxi, X\ — X, y- — ply_, ¥y — ply—

p,p — oc

Full 4-dim conformal group: A = F(R,r)

NG DG e o Y o 0 i A
(=22 —=y)? =)=V

I C 5 ) RC b il e )i it Wi

(x =22y =¥ =92 (¥ = ¥)?

(= y)ixpy_ +xy (x—y)]
y

T ay (= )3 Xy (e —y)3 ]
(x_x,)zl( —y’)lx+x+y y
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4-dim conformal group versus SL(2, C)

/

Regge limit: x; — pxy, X!, — pxX,y_ — ply_, ¥ — ply—_

p,p — 00

X+ s X1

X_, X1

Regge limit symmetry: 2-dim conformal group SL(2, C) formed from
P1,P>,M" D, K, and K, which leave the plane (0,0,z, ) invariant.
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Pomeron in a conformal theory

Alx,yix'y) =T %/dvﬂ(N(A,z/))F(A,u)Q(r, V) RROW)/2
o L. Cornalba (2007)
f+(w) = <=1 - signature factor
Q(ryy) = 227;2, cosh/): g

- solution of the eqn (O, + v + 1)Q(r,v) =0

The dynamics is described by:
R(A\, v) - pomeron intercept,
and

F(\,v) - “pomeron residue”.
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Pomeron in the conformal theory

Alx,yxy) =T % / dv f (RO V) F(\, 0)Q(r, v)REO)/2

Pomeron intercept:

R(v,\) = 4—22 [x(v) + T);rzé(y)] +0(\3)

x(v) =2(1) = (5 +iv) — (5 —iv) = =S) (=5 +iv) +cc. - BFKL intercept,

2 1 1 5 1 1
o(v) = —§C(3)+7T2 In 2—5—7(—51(—7+il/)+253(—7+i1/)+7r“5_1(—7+iy)—4S_2_1(—7+iu)+clc.
2 3 2 2 2 ’ 2
- NLO BFKL intercept Si(x) - harmonic sums Lipatov, Kotikov (2000)
“Pomeron residue” F(v, \):
F(r,\) = NFy(v) + N°Fi(v) + ...

Fo(v) = Zsinhrv Cornalba, Costa, Penedones (2007)

" 4ucosh?® mv

Fi(v) = see below G. Chirilli and 1.B. (2009)
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NLO Amplitude in A'=4 SYM theory: factorization in rapidity

[(x =)’ (& =¥V PHHT{O)O()O)OK)})
== /dZZIJ_dZZ2J_d2ZIIJ_dzZIZJ_IFUO (.X, YiZ1, ZZ) [DD}GOJJO (Zl 5y %25 le 9 Z/Z)IFbU (xlv y/; Z/1 ) Z/Z)

i

a = 55 bo = (j,:yy,)z & impact factors do not scale with energy
= all energy dependence is contained in [DD]%* (ayby = R)
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NLO Amplitude in N'=4 SYM theory: factorization in rapidity

0 0 I T S
rrIIrrgoiiiil TIpIzzzgIIiIc
” Yg<Y<Yp —> {PoTT + Emvémﬂ +...
TRV ® mnnEIn
cal > <F

[(x = ¥)*(x" = ¥’ PTHT{O) O () O O()})
= /d211Ldzzudzz’udzz’uIF“O(X,Y;Zl,Zz)[DD]“°’b°(Zl,Zz;Zﬁvzé)IFbo ',y 21, 2)

Dipole-dipole scattering X(v) =2C — () — (1 — )
) 2 L
2102 20 210220 2
- LT =D 0 A roxty >
D) = F(1+7)F(2—7){1 472 ['y(l—ﬁ/) 3}+0(A )}
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NLO Amplitude in N'=4 SYM theory: factorization in rapidity

[(x = )2 (" =) PHT{O(x)O(y)O(x)O(Y)})
= / d*z11d’0 1 d*2) ) dP2h TR (x,y;21,22)[DD] ™ (21, 225 24, 25)IF™ (¥, 5 21, 25)

Result : (G.A. Chirilliand I.B.)
N? 47402 N, 172 272 8
R e R
) NZ? — 1 cosh® mv 2 cosh’my 1+402 (a;)
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Light-cone OPE in Cornalba’s formula

i tanh v

3 (00O (0) O(x3)O(xa)) = i/dy

—FW)Q(r )RR (X))

N(v) - pomeron intercept, f; (w) = (¢/™ — 1)/ sin7w - signature factor

v sin2v r
Qr,v) = s5— p’ coshpzi
27 sinh p 2
i 2
In the double limit  (Regge) + (x;, — 0)
2 2
R = “13%24 X1y X2, X3 X4
— 2 2 2 2
X12X34 X2, X34,
2 2 2 \2
p x12+(x37x]4L fx47x13L)
x1+x2+x3—x4—x%2Lx%4L
Arv) = g (=)
21
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Light-cone limit of Cornalba’s formula

Cornalba’s formula as x?,, — 0

[x%2x§4] +7K/d)C2+dX37 <O(L1 +x2+,x1J_)O(X2+,x2J_)O(L2 +.X37,)C2J_)O()C377X3J_)>

_iag , ! tanh v/ %3, | X3, auvy \ 3+ L2 auvv\ R()/2
= mLiLy | dudv | dv 5 > =) > I+
8 0 veosh? v \ [xiy | v + X7,V Y21 X341

e[ i
R(§)

(‘_’V)FHT cos € B<2 —{+ N(zf)) ( Xip1 ¥ )757T (LiL )1+N(5)
- - - 1Ly
(= %) sin’ urs [x%u" + xﬁv}HN(f) [x%ﬂv + x%4v]2

s
| —
-

X

= “BFKL’ representation of the amplitude in the (Regge) + (x3, — 0) limit

16 May 2013 11/24
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Light-ray operators and parton densities

Gluon light-ray (LR) operator of twist 2
FO O+ x ), e ]PF (g +x0)

Forward matrix element - gluon parton density
1
2 AP O FE ) =" 252 [ dsy 3uDy (50, 1) cos(pi)
Evolution equation (in gluodynamics)

d i
TFH (W X)W x ] PR (e 4 x)

s .
= / dz;/ dzy K(Xy,xp3 2y, 245 a0 FO (2 +x0) [y 24 ]PF (zy +x1)
X4 X4
“Forward” LR operator

F(Ly,x1) = /dx+ FO(Ly 4oy +x0)[Ly 4y, ]PF (xy +x1)
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Light-ray operators and parton densities

Expansion in local operators

o0

Ln 2 )
F(Ly,x)) Z (’)g (xy,x1), OF = FOV"2F%

n
n=2

Evolution equation for F(Ly,x, )
2 d :
i TMF(L+,XL) = / du Kgq(u, o) F(uLy, x )
0

1! d
= Ylas) = 2/ du " Kgq(u, i) ,ud—(’)ﬁ = —u(as)O8
0 H

uKg, - DGLAP kernel

1 1 . .
— Lr — ﬁcé(ﬁ)> + higher orders in «;
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Light-ray operators

+ iv)

N —

Conformal LR operator (j =

> dv, 3 iy
[p//(LA“\l) :/ 7”(L+) 51 }—lur,',,('\l)

oo &T0 2

J

Fl(x.) = /'}/L, L7FH (L, x))
J0
Evolution equation for “forward” conformal light-ray operators
d ! :
> PR = [ Ko d )
0

= 7;(ay) is an analytical continuation of -, («)

CAQCD 16 May 2013
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Supermultiplet of twist-2 operators

SU, singlet operators. (Korchemsky et al)
n—1 n(n—1
Su(@ = 010+ " Lore + " Lo
n l 1 ”(n + l) Ui
S(z) = Oy(z) — ﬂox(z) T 03(2)
" n+2 . n+1)n+2) .,
S(z) = O42) = —7-0A(2) L‘%gi%@

Q
>3
—
2
Il

MV"I\(z) + descendants
O4(z) = ¢“'V"¢"'(z) + descendants

All operators have the same anomalous dimension
(o) = 22N [p(n — 1) + C] + ...

™
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Supermultiplet of LR operators

Giluino and scalar LR operators

A(Ly,x)) /(l.\"+ MLy +xq +x1) [, 4+ xy X PN () +x)

Alxy) = / dL, L7A(Ly x))

0
D(Ly,x) = /(/.\"Jr ¢ (L 4 xp + x4+ xg, xy 10 bt (xy 4 x1)
Bi(x) = / dL, L7 ' ®(Ly x))

JO

SU, singlet LR operators.
Jj—1 jG—=1)
Sy(xs) = Filen) + 5 M) + 0 8i(x0)
1 JG+1)
Soi(x1) = Filer) = 57 M) == 8(x1)

Sy0) = File) ~ L2 n ) + CHIUE D

All operators have the same anomalous dimension
(o) = OGN (= 1) + C] + ...

Uy

CAQCD 16 May 2013 16/24
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Three-point CF of LR operator and two locals

Three-point correlation function of local operators (O = ¢¢¢¢ - Konishi
operator)

_ eall + (=D fzi0_ 213 \" /1 2224\ 57(mas)
(23 XS 0)0() = Y 2 (2t ()
2122813823 2 43 2122713

=

.\‘%37(//,2.)(%37)7" dxi (Sta(x1,x1,)O(x2_,x2, )O(x3_,x3,))

call + (=1 T(1 +2n+ ) ( X35 )|+% <X%2 " X3 >*‘*”*“'”

21 4n-+ %d,,,) X)_X3_—

Xy X3_

CF of light-ray operator and two local operators

X33, (1x3y ) (S1i(x1, ) O(xa, x2, )O(x3_,x3,))

= —Zm'cj[l +e™] T(1+2j + ) ( x%u 1+% (x%h + x%h>liv.f
x33l 214+ %fyj) X)—X3— X x
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Three-point CF of LR operator and two locals

Proof: compare conformal Ward identities for [dx_Sy,(x4,x1) and Sy;(xy)

0 0
i[D,/derS],,(er,xJ_)} :/dx+(x+ o, +n+2+xt o l)Sl,, =(n+ l)/dx+Sl,,(x+,xJ_)

Vs
. / 0 / 1 9 /
iD, ®(xp,x ), ,x1)] = [2+x+a—+ fl + X; l}@(er,xL)(I)(er,xl)
X+ 8
0
= i[D, ®;(x1)] = [j+ 1+ (x—x0)i" pw J@( 1)
Similarly
! .
= i[K,/derfb(xJ_)V"_(I)(xL)} = 4[n+§(xfxo),-lax%]/dx+ X @(x )V D(x))
VS

l[K,/dX+/ dS+ (x_,_)*"*l(I’(x_,_ + % +Xl)¢'()€+ — % —‘y—XL)]
0

1
= 4[j+§(xfxo)l 8l /dx+/ dsy (sq) 71 ®(x, +7+xL)<I>(x+77+xL)
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Light-cone OPE

CF of light-ray operator and two local operators “in forward kinematics”

x%sL(szgsl)W/dxs, (85 (x1, )O(L— +x3_,x0,)O(x3_,x3, ))

Ve ap)[l 4 @ (auy o gy 3G
= du 3 2 14 ( 2 2 3 2)
0 [, iy @ \[xhy ut gy
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Light-cone OPE

CF of light-ray operator and two local operators “in forward kinematics”

x%sL(szgsl)W/dxs, (85 (x1, )O(L— +x3_,x0,)O(x3_,x3, ))

Ve ap)[l 4 @ (auy o gy 3G
= du 3 2 14 ( 2 2 3 2)
0 [, iy @ \[xhy ut gy

Limit X3, = A—0

A2(2A2) / drs_ (S} (x1 )O(L- +x3_,%,)0(xs_,x3,))

T4+ %) eyl + e

= - . — :U'A v o)
TR 2T (2, )i, ) e M)
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Light-cone OPE

Light-ray operators in (+) and (-) directions:
O (Ly,x1) = /dxl+ MLy +xp x4, ]9 (x4 x0)
B (x,) = /0 TdLe L7 (L)
O (L_,x,) = /dxl (L +x_ +x)x +Fx,x P (x +xy)
3 (x,) = ./OoodL_ L7 'L x)

B o(v—1v")a(j, ay)
0, V(8 120

CF of two LRs : <S/‘ vy (x1 )S/T .y (x3,))
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“DGLAP” represenation of 4-point CFs

= Light-cone OPE
X%ZL (ILLZX%ZL )’Yk/dxH, O(Ll + x2+ y X1 )O(X2+ ) 'XZJ_)

%+ioo L . )
- / dj c(j, o) [1 + €L (423 10§ ()
2

—ioco
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“DGLAP” represenation of 4-point CFs

= Light-cone OPE
X%ZL (ILLZ'X%ZL)’YK/dxH, O(Ll +x2+’le)O(x2+7x2J_)
5 Fico
N / dj c(j, a,)[1 + ™I (1Pt ) IS (kL)

= “DGLAP” result (at x3, — 0)

=t (i, 1Mk/ﬂbfz dxs_ (O(Li +x2,,x1,)O(x2, 20, )O(Ly + x4_,x3, )O(x4_, X4, ))
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“DGLAP” represenation of 4-point CFs

= Light-cone OPE
X%ZL (ILLZX%ZL )’Yk/dxH, O(Ll + x2+ y X1 )O(X2+ ) -XZJ_)
5 Fico
B / dj c(j, ) [1+ ™I (1Pt )0 SF ()
= “DGLAP” result (at x3, — 0)

=t (i, 1Mk/ﬂbfz dxs_ (O(Li +x2,,x1,)O(x2, 20, )O(Ly + x4_,x3, )O(x4_, X4, ))

§ico o -
= /l dj C(j, o) [1 + €™, (23, )20 (SE (32, JO(Ly + x4_, x5, ) O, xa, )

27!00
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“DGLAP” represenation of 4-point CFs

= Light-cone OPE
X%ZL (ILLZ'X%ZL)’YK/dxH, O(Ll +x2+’le)O(x2+7x2J_)
5 Fico
- / dj c(j, a,)[1 + ™I (1Pt ) IS (kL)
= “DGLAP” result (at x3, — 0)
('t H‘”/dxz dxs_ (O(Li +x2,,x1,)O(x2, 20, )O(Ly + x4_,x3, )O(x4_, X4, ))

§ico o -
= /l dj C(j, o) [1 + €™, (23, )20 (SE (32, JO(Ly + x4_, x5, ) O, xa, )

1 +tico 1 1 im (L LoV x2 32 Sy G,ay) . .
:/ dj C(i,as)/ dv [[ ] »([ e 2)2 (py 20
1 0 X

2 2 514+ \[,2 2
Xy, v+ iy V' N s, v+ Xy, V]
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DGLAP vs BFKL for 4-point CFs

“DGLAP” result (leading twist)

u’4(p4x%2x§4)1*”"/dx2+de (O(L1 +x2,,%1, )02y, 2, )JO(Lo + x4, %3, )O(Xa_, Xa,))

ltico i) j Iy,
- /z+ dj C(I}as)/ldv [[1+€ N(LaLa) ( T, )zw )
1 0

) > 2 o1\ 2 2 o
j—ico X, vty V' N [x v+ xy V)

()i Tarlies)

1. Balitsky (JLAB & ODU)

NLO BFKL and anomalous dimer
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DGLAP vs BFKL for 4-point CFs

“DGLAP” result (leading twist)

(,u4x22x2 )1+7k/dx2+d'x3— <0(L1 +x2+7le)O(x2+7x2L)O(L2 +x477x3¢)0(x477x‘u)>

3-+ico 1 i) j 2.2 Lo(iaos
_ /z dj C(i,as)/ dv [[1 +e™|(LiLyY ( X12X34 )27(” )(‘—,V)H%W(i,af)

) 1+ 2
j—ico Xy, vy, T\ gy v+ gy Y

wo

BFKL result (R(¢, o) = 2L (€) + ... - pomeron intercept)
[¥2,x3, % /dxz dxs_ (O(Ly +x2,,%11)O0(x2, , %21 )O(La + x3_, %21 )O(x3_,x31))

I tico 1
:’a /dv/ de £(R(6)) £=-+iv
1—ico “

x (#)! =+ cos me B(2-¢+ %) ( X Xy )_5_¥
(= %) sin® 1&gy v+ g )2

L L) HR©)
by v+ g0 (L)
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DGLAP vs BFKL for 4-point CFs

“DGLAP” result (leading twist)

(,u4x22x2 )1+7k/dx2+d'x3— <0(L1 +x2+7le)O(x2+7x2L)O(L2 +x477x3¢)0(x477x‘u)>

3-+ico 1 i) j 2.2 Lo(iaos
_ /z dj C(i,as)/ dv [[1 +e™|(LiLyY ( X12X34 )27(” )(‘—,V)H%W(i,af)

) 1+ 2
j—ico Xy, vy, T\ gy v+ gy Y

wo

BFKL result (R(¢, o) = 2L (€) + ... - pomeron intercept)
[¥2,x3, % /dxz dxs_ (O(Ly +x2,,%11)O0(x2, , %21 )O(La + x3_, %21 )O(x3_,x31))

I tico 1
:’a /dv/ de £(R(6)) £=-+iv
1—ico “

B s eI
(€~ Dsin'ne [y v+ AP @

x%zﬂ‘%u ) —E 5 14R(8)
- (LiLy)
[x%uv + x%4v]2

We compare these results around £ ~j — 1 ~ 0
= 1+ N(£~ O‘.\‘) :f and ’Y(jv a.\‘) = 725 - N(&)

2 « . v
RO-2ON(E) = 2 B2 B 04 (- D)
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N, . asNe
N = —2m + [0+~ 1)](m

is an anomalous dimension of light-ray operator FV/~2F(x )

))34—...
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Conclusions and Outlook

Conclusions:

m NLO BFKL gives anomalous dimensions of light-ray operators
F.V* 'F,"atw — 0 (in all orders in «)

I. Balitsky (JLAB & ODU) NLO BFKL and anomalous dimer -ra CAQCD 16M



Conclusions and Outlook

Conclusions:
m NLO BFKL gives anomalous dimensions of light-ray operators
F.V* 'F,"atw — 0 (in all orders in «)
Qutlook (joint project with V. Kazakov and E. Sobko):
m 3-point CF of (FV“' =1 F(x;, ) FV“>"'F(xy, ) FV“ ~'F(x3,))
at wy,wy, w3 — 0
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