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Regge limit in the coordinate space.
Light-cone OPE versus OPE in color dipoles.
High-energy scattering and Wilson lines.

Factorization in rapidity: Feynman diagrams in a shock-wave
background.

LO and NLO Impact Factor in QCD in coordinate space.
m NLO BK kernel in Y = 4 SYM and in QCD.
m Conclusions.
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Small- x (Regge) limit in the coordinate space

Regge limit: x; — pxy, X, — pX,, y_ — p'y_, Y. — py— p,pl — o0

an

Regge limit symmetry in a conformal theory: 2-dim conformal Mobius group
9.(2,C).
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Small- x (Regge) limit in the coordinate space

Regge limit: x; — pxy, X, — pX,, y_ — p'y_, Y. — py— p,pl — o0

LLA: as < 1, aglnp ~ 1, = > (asInp)" = BFKL pomeron.
LLA < tree diagrams = the BFKL pomeron is M&bius invariant .

NLO LLA: extra as: S as(asinp)” = NLO BFKL
In a conformal theory (N = 4 SYM) we expect NLO BFKL to be Mdbius invariant.
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Small- x (Regge) limit in the coordinate space

Regge limit: x; — pxy, X, — pX,, y_ — p'y_, Y. — py— p,pl — o0

LLA: as < 1, aglnp ~ 1, = > (asInp)" = BFKL pomeron.
LLA < tree diagrams = the BFKL pomeron is M&bius invariant .

NLO LLA: extra as: S as(asinp)” = NLO BFKL
In a conformal theory (N = 4 SYM) we expect NLO BFKL to be Mdbius invariant.

In QCD, we expect to have running coupling part plus conformal part.
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Light-cone expansion and DGLAP evolution in the NLO
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Light-cone expansion and DGLAP evolution in the NLO

1 e T1 T

. > - >

— —— .

©? - factorization scale (normalization point)

ki > u? - coefficient functions
ki < u? - matrix elements of light-ray operators (normalized at 1)
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Light-cone expansion and DGLAP evolution in the NLO
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©? - factorization scale (normalization point)

ki > u? - coefficient functions
ki < u? - matrix elements of light-ray operators (normalized at 1)

OPE in light-ray operators (Xx—y)2—0

T} = kg [1+ 220002 + O] 67 6 YY) + O )

X,y] = P9l ()" Au(WH(1-WY) _ gauge link
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Light-cone expansion and DGLAP evolution in the NLO
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©? - factorization scale (normalization point)

ki > u? - coefficient functions
ki < u? - matrix elements of light-ray operators (normalized at 1)
Renorm-group equation for light-ray operators = DGLAP evolution of

parton densities (x—y)?=0

#Zdiugwx)[)(» Yju(y) = Krot (X[, Y] (y) + asKnioy (X)X, Y] (y)
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High-energy expansion in color dipoles in the NLO
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High-energy expansion in color dipoles in the NLO
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High-energy expansion in color dipoles in the NLO

7 - rapidity factorization scale

Rapidity Y > 5 - coefficient function (“impact factor”)
Rapidity Y < n - matrix elements of (light-like) Wilson lines with rapidity
divergence cut by n

U = Pexp[ig/ dxT A (X4, X))

4 .
A = [ et~ e, 0
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High-energy expansion in color dipoles in the NLO

The high-energy operator expansion is
T, (Y)} = /d221d222 1.9(z1, ) Tr{UZ Uj"}
+ /dzzleZZdzzo, I (21, 22, 23) [tr{ U7 UL Hr{UZ 017} — Netr{U; U]7}]

In the leading order the impact factor is Mébius invariant
In the NLO one should also expect conf. invariance since Il’j";o is given by tree
diagrams
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High-energy expansion in color dipoles in the NLO

7 - rapidity factorization scale

Evolution equation for color dipoles

itr{UnUTn} _ O dZZ%[tr{U”UT”}tr{U”UT”}
dn Y 22 (X —2)2(y — 2)2 Ty 7

— Netr{UJU{"}] + asKnotr{UU]"} + O(ad)

KnLo="? (Linear part of KnLo = KnLo BrkL)
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DIS at high energy

m At high energies, particles move along straight lines =

the amplitude of v*A — ~*A scattering reduces to the matrix element of
a two-Wilson-line operator (color dipole):
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DIS at high energy

m At high energies, particles move along straight lines =

the amplitude of v*A — ~*A scattering reduces to the matrix element of
a two-Wilson-line operator (color dipole):

A = [ S BTHUR U KYB) +
) =

U(xy) = P9/ ot WA (un+x.) Wilson line
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Propagation in the shock wave: Wilson line (Spectator frame

- Boosted Field /\/I\/

Each path is weighted with the gauge factor Pg9/ &+~ Since the external
field exists only within the infinitely thin wall, quarks and gluons do not have
time to deviate in the transverse direction = we can replace the gauge factor

along the actual path with the one along the straight-line path.

>

y Wilson Line

U, = [oopy + 21, —oopy + 21 ]

[X, Y] _ Peigfol du(x—y)* A, (ux+(1—u)y) pt = api‘ + ﬁplz‘ + p/i

Sept 9-12, 2009 7131

High-Energy OPE at NLO
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Propagation in the shock wave: Wilson line (Spectator frame

- Boosted Field /\/I\/

Each path is weighted with the gauge factor Pé9/ ®.A" | Since the external
field exists only within the infinitely thin wall, quarks and gluons do not have
time to deviate in the transverse direction = we can replace the gauge factor
along the actual path with the one along the straight-line path.
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LO and NLO Impact Factor

0,000 ()} = / 22 110(z1, 2,)Tr{0Z 0]}

+ /d221d222d223 INSO(21, 22, 25)[tr{ U7 OF}tr{ U2 037} — Netr{UZ 017}]

L O Impact Factor diagram: 1-©
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LO and NLO Impact Factor

0,000 ()} = / 22 110(z1, 2,)Tr{0Z 0]}

+ /d221d222d223 INSO(21, 22, 25)[tr{ U7 OF}tr{ U2 037} — Netr{UZ 017}]

L O Impact Factor diagram: |-°
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LO Impact Factor

Conformal vectors:

K= %(&4 P2 +X1) — £<&fy2pz+m
K= %(%*%ZFb*X’\) 2\;/5931 y,p2+)/J
G = \/é(p—sl—o—zipz-q—zu), \/5( +5.p+21)

Here x2=—x2, x?=_x% (similarly fory)
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LO Impact Factor

Conformal vectors:

Vs P VS P
e = X2 p ) - (2 -y
K m( P2 +X1) — 2y*< VP2 +Y1)
VLY R \/§ P
K *R(Z*%m*%\) 2y’ s V'P2+)/J
G = \/é(p—sl+21pz+2u), ﬁ( +B P2+ 21)
Here x2=—x2, x?=_x% (similarly fory)
2 z
02 / da Faartr{Us, Ul g 22

2
X%ay,, [— 25 QK- )+ K (G- &)
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NLO Impact Factor

_ (x=2) (y—2)
SR -
(%
INO(XY: 21,22, 23im) = — 150 x 23 2%3 Zg + conf.
T

The NLO impact factor is not Mobius invariant = the color dipole with the
cutoff » = Ino is not invariant.
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NLO Impact Factor

_ (x—23)3 (y—23)3
z, Za= L TR
Qs
INOX,y; 21,2, 23:m) = — |bf,) > 2%3 Zg + conf.
2522%3

The NLO impact factor is not Mobius invariant = the color dipole with the
cutoff » = Ino is not invariant.
However, if we define a composite operator (a - analog of ;.2 for usual OPE)

Tr{UZ 037} ®" = Tr{Uz 057}

as - - . az
+ /dz 2%32%3 —tr{u"u;g}tr{ oiny - Tr{U”Ui;’}]In?%B—FO(ag)

the impact factor becomes conformal in the NLO.
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Operator expansion in conformal dipoles

T} = [dadz ILS(zl,zz>tr[{UzUi"}J°°“f

/d221d222d2 INNO(z1. 75,74 [—tr{U”UT"}tr{ 01 — tr{07 017)]
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Operator expansion in conformal dipoles

Tl )} = [ Facz 1520 2)el(0F 0 )=

/d221d222d2 INNO(z1. 75,74 [—tr{U”UT"}tr{ 01 — tr{07 017)]

|211|/_oi _|LO OésNC/d3 In 7,73’

Z2 4 conf.
Z375; Z37%5; :

The new NLO impact factor is conformally invariant.
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Operator expansion in conformal dipoles

Tl )} = [ Facz 1520 2)el(0F 0 )=

/d221d222d2 INNO(z1. 75,74 [—tr{U”UT"}tr{ 01 — tr{07 017)]

|211|/_oi _|LO OésNC/d3 In 7,73’

Z2 4 conf.
Z375; Z37%5; :

The new NLO impact factor is conformally invariant.
In conformal A/ = 4 SYM theory (where the 3-function vanishes) one can

construct the composite conformal dipole operator order by order in perturbation
theory.
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Operator expansion in conformal dipoles

T{i. M (y)} = / P2z, 110 (2, 22)tr[{ U7 UL}

/ 22,022, 1N0(21, 25, 25) [—tr{U” O {02007} — tr{0205)]

2% + conf.

(NLO _ |LO OésNC/d3 In z,eas’
" Bal B

The new NLO impact factor is conformally invariant.

In conformal A/ = 4 SYM theory (where the 3-function vanishes) one can
construct the composite conformal dipole operator order by order in perturbation
theory.

When the UV cutoff does not respect the symmetry of a local operator, the
composite local renormalized operator must be corrected by finite counterterms
order by order in perturbaton theory.
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Expansion of F,(x) in color dipoles in the next-to-leading order

1
Fa(xg) ~ /d221d222 19(z1, 2,) (tr{UZ UL, "}) n=In o

(6%
+ ?s/dzzleZZdzZe, INO(z, 227k)(tr{UZUI:}tr{UZaUI?H
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Operator expansion in conformal dipoles in N =4SYM

0= 22Tz} (2= (61 +i02))

(x =y T{OXO)} = / d*zdz ZZ ZZ [TF{U" Uyt
Qg 22 s Yk
T 24 ( / Fudzdz ziaiggégzz
x*y*z2 € (x—z)? (y-z)?*2 .
(l 16(x — )5%2%3%3 { % } o 2C>

x [Tr{T"0Z 0" T"0Z 0f7} — NeTr{U7 Uj7}]

The impact factor is M6bius invariant and does not scale with the
energy.
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Regularization of the rapidity divergence

For light-like Wilson lines loop integrals
are divergent in the longitudinal
direction

"0 00
/ A / dn = >
Jo (@ J—00
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Regularization of the rapidity divergence

For light-like Wilson lines loop integrals
are divergent in the longitudinal
direction

o o} d OO
/ - / dn =
JO & J —o00

Regularization by: slope

U7(xy) = Pexp{ig/ du n, A*(un+ xl)} n = ph +e 21y
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Evolution Equation

d d NS

{00} = dy
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Evolution Equation

d d o
dy {00}

{00} = —n<

To get the evolution equation, consider the dipole with the rapidies up to n; and
integrate over the gluons with rapidity n1 > n > n,. This integral gives the kernel
of the evolution equation (multiplied by the dipole(s) with rapidity up to 7).

In the frame || to 7; the gluons with n < n; are seen as pancake.
055(771 - 7)2) Kevol ®

Particles with different rapidity perceive each other as Wilson lines.
Sept 9-12, 2009 16/31

Chirilli (JLAB-ODU & LPT-Orsay-CPHT-Pol.) High-Energy OPE at NLO



Leading order: BK equation

d_ . . -
%Tr{uxuj} = KoTr{UUj} + ... =

d A . n
%(Tr{uxug}ﬁhockwave = (KLOTr{UxUj/Hshockwave
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Non linear evolution equation: BK equation
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Non linear evolution equation: BK equation

U = Tr{UAUJ} = (UU))™ — (UxUJ)™ + as(n1 — 172) (UxUFULU)) ™
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Non linear evolution equation: BK equation

U = Tr{UAUJ} = (UU))™ — (UxUJ)™ + as(n1 — 172) (UxUFULU)) ™

ti(ey) =1 THOM)0 0.)

d - asNe [ d’z(x—y)? (- 5 . . .
G0 = 57 | Gy g (U )+ (zy) ~ U(y) ~ U 2 (zY) )
Alternative approach: JIMWLK (1997-2000)
LLA for DIS in pQCD = BFKL (LLA: as < 1, agn ~ 1)

LLAfor DISinsQCD = BKegn  (LLA: as< 1, agy ~ 1, a2A/3 ~ 1)
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Conformal invariance of the BK equation

Formally, a light-like Wilson line
[ooPy + X, —oopy + X ] = P9/ & ALK x)

is invariant under inversion (with respect to the point with x~ = 0).
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Conformal invariance of the BK equation

Formally, a light-like Wilson line
[ooPy + X, —oopy + X ] = P9/ & ALK x)

is invariant under inversion (with respect to the point with x~ = 0).
Indeed,

. . +
(x*,x,)? = —x2 = after inversion x; — % and xt — iTL -
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Conformal invariance of the BK equation

Formally, a light-like Wilson line
[ooPy + X, —oopy + X ] = P9/ & ALK x)

is invariant under inversion (with respect to the point with x~ = 0).
Indeed,
(x*,x,)? = —x2 = after inversion x; — % and xt — % =

CIASLETCS 3
[OOp1+XL,—OOp1+XL}—>Pe _2__2_ [ p1+ 27 Oop1+ }
Xy J_

Chirilli (JLAB-ODU & LPT-Orsay-CPHT-Pol.) High-Energy OPE at NLO Sept 9-12, 2009



Conformal invariance of the BK equation

Formally, a light-like Wilson line
[ooPy + X, —oopy + X ] = P9/ & ALK x)

is invariant under inversion (with respect to the point with x~ = 0).
Indeed,
(x*,x,)? = —x2 = after inversion x; — % and xt — % =

ig [+ d% A+<**,*i>
[oop1 4 X1, —oopy + X1 | — Pe A [p1+ 7OOD1+ }
2

Xy J_

= The dipole kernel is invariant under the inversion V(x, ) = U(x, /x4 )

(\S d_Z (x —y)?z

d Tr{VXV } = 7 x —>[Tr{VXV‘ TV} — NeTr{ VW 1]
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Conformal invariance of the BK equation

Formally, a light-like Wilson line
[ooPy + X, —oopy + X ] = P9/ & ALK x)

is invariant under inversion (with respect to the point with x~ = 0).
Indeed,
2 2 i ; X +
(xt,x)* = —x{ = after inversion x; — ﬁ and xt — iTL =
+o0 xt x|
ig [1 2 d A+(—2—7—2—)

[OOp1+XL,—OOp1+XL} — Pe [ p1+ 2 B Oop1+ }
X1 J_

= The dipole kernel is invariant under the inversion V(x, ) = U(x, /x4 )
(\S " d?z (X - 224
7 (x - 2)?
In the leading order we have conformal invariance. What about the
next-to-leading order?

d Tr{VXV } = S[TH{VRVI TV} — NeTr{ ViV }]
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Non linear evolution equation in the NLO

d
%Tr{uXUJ} =

2 VY
/ :—; <a5% + a2KnLo(x, Y, z)) [Tr{UUJ}Tr{UUJ} — NTr{U,UJ}] +

ad / d’z’7 (K4(x, ¥,z Z){Uy, U}, Uz, UJ} + Ke(x, Y, 2.2){Uy, UL, Uz, Uz, U], UJ})

KnLo is the next-to-leading order correction to the dipole kernel and K4 and K6 are the
coefficients in front of the (tree) four- and six-Wilson line operators with arbitrary white
arrangements of color indices.
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Regularization of the rapidity divergence

Regularization by: slope (used in leading order)

U'(x.) = Pexp{ig/ du n, A*(un+ xL)} " = pj +e 2py
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Regularization of the rapidity divergence

Regularization by: slope (used in leading order)

U7(x.) = Pexp{ig/ du n, A*(un+ XJ_)} " = p} +e ?'py

Regularization by: Rigid cut-off (used in NLO)

Ul = Pexp[ig/oodu Py A (upy + xL)]
d*k :
A0 = [ Gt = e A0
K¢ = awpy + Bepy + K|

The rigid cut-off leads to (almost) conformal result
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Definition of the NLO kernel

The NLO kernel is obtained in the same way as the NLO DGLAP kernel:
1. Write down the general form of the operator equation
d

%TF{UXU;} = aSKLoTr{OxUJ} + OngNLoTr{UXU;} + O(ag)
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Definition of the NLO kernel

The NLO kernel is obtained in the same way as the NLO DGLAP kernel:
1. Write down the general form of the operator equation

d_ . - . o
%Tr{uxu;} = asKLoTr{U U]} + a2KnioTr{U, U]} + O(af)

o s -
aZKnLoTH{UU)} = %Tr{uxuj} — asKLoTr{UxU]} + O(ad)
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Definition of the NLO kernel

The NLO kernel is obtained in the same way as the NLO DGLAP kernel:

1. Write down the general form of the operator equation
d

dnTr{UXUj,} = aSKLoTr{OxUJ} + OngNLoTr{UXU;} + O(ag)

wod -
aZKnLoTH{UU)} = %Tr{uxuj} — asKLoTr{UxU]} + O(ad

ag)

2. Calculate the “matrix element” of the r.h.s. in the shock-wave background

(@2KnLoTr{U0]}) = %(Tr{uxow — (asKLoTr{UxU] }) + O(ad)
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Definition of the NLO kerne

The NLO kernel is obtained in the same way as the NLO DGLAP kernel:
1. Write down the general form of the operator equation

d

dnTr{UXUj,} = aSKLoTr{OXU;} + OngNLoTI’{UXU;} + O(ag)

wod -
aZKnLoTH{UU)} = aETT{UXUj}——ogKLoTT{UXU§}+—O( 3

asg)
2. Calculate the “matrix element” of the r.h.s. in the shock-wave background
(@Ko THOU])) = - (TH{OO]}) — {askuoTHO}) +0fad
3. Subtract the LO contribution
H N prescription in the integrals over Feynman parameter v
Typical integral

1 1 1 1. (k—p)3
v |- = S In——2+
.A W*pﬁv+palfw{} pA P
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Diagrams of the NLO gluon contribution

Add an extra gluon to the leading order diagrams
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Diagrams of the NLO gluon contribution

Diagrams with 2 gluons interaction

) < v %)

(1) - (X1 o (i)
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Diagrams of the NLO gluon contribution

Diagrams with 2 gluons interaction

(xvi) xviny (xviily o (XIX)

(XXI) . (£ 0) xxiy )

(xxvI) oo “ oxviny Xx1) < (XXX
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Diagrams of the NLO gluon contribution

Diagrams with 2 gluons interaction

(XXX1) M (XXX 4 (XXX ’ (XXXIV)
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Diagrams of the NLO gluon contribution

"Running coupling" diagrams

A cicld

a - any

(Vi e (Vi
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Diagrams of the NLO gluon contribution

1 — 2 dipole transition diagrams
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Gluon contribution to the NLO kernel

d o
%Tr{UxU;} = 2—7:2 / d’z ([Tr{uxu;}Tr{uzu;} — NeTr{U,UJ}]

X{xz\(2 i a7 (3 XY g 3)]
_1_1achx2fY2|nx_2 - ach(Xfy)zln X? n Y2 }
3 4r  X2y2 Y2 2 X2Y2 T (x—y)2  (x—y)?

2
T f—ﬂ.sz / &z {[Tr{UxUl}Tr{UzUL}{UzUJ} — Tr{UUjU,Uju,Ul }

12ny2 12402 C\W\2(7_ A2 12n/2
(7 —2)] [_2+XY+YX 4x—y)“(z—2) InX Y]
(z—2)4 2(X’2Y2 _ Y’2X2) Y72X2
+ [TH{UUS I TH{UUL Tr{U,Uf} - TH{UULUUfU, U8} — (7 — 2)]
_ v —_v\2 2y12
x [y x=y° (x—y) ]mXY Y
X2Y72(X2Y'2 — X12Y2)  (z—Z)2X2Y"2] 7 Xr2y2

Our result Agrees with NLO BFKL

(Comparing the eigenvalue of the forward kernel)
It respects unitarity
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Gluon contribution to the NLO kernel

d
%Tr{uxuj,} = % / d?z ([Tr{uxui}Tr{UZU;} — NeTr{U,UJ}]

(x—y)2 asNe 11 > o 67 w2
X{ X2Y2 [1 a7 (3 NX=Yt g 3)]
11 agNg X2 — Y2 n X2 agNe (x —y)? In X2 n Y2 }
3 4r X2Y2 Y2 2 X2YZ T (x—y)2  (x—y)?

042
+ 23 / 4 {[Tr{uxU;}TrTr{uzuL}{uzuj} — Tr{UUjU,Uju,Ul }

12\j2 12902 C\WN\2(7_ A2 12\y2
(72— 72)] 1 {_2 XYe+Y X2 4(x2y)(z 7) XzY}
(z—2)* 2(X'9Y2 — Y2X2) Y/eX2
+ [Tr{U U} Tr{UU} }{U»Uf} — Tr{U Ul U,UfU U]} — (Z — 2)]
(x—y)* (x=y)? 7, %¥Y°
X2Y2(X2Y'?2 — X'?Y2) " (z— z’)2X2Y’2} X’ZYZ})

NLO kernel = Running coupling terms + Non-conformal term + Conformal term
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N = 4 SYM diag

s (scalar and gluino loops )
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Evolution equation for color dipoles in N=4

(1. Balitsky and G.A.C. 2009)
d_ o~ .
fTr{ugug’}
= % [on P2 {1 [T om0 2]}
2532%3 4m 2%2 2%2
[Tr{T207 UjrT207 U7} — NeTr{07 0}7}]
ok [Fabu A A5
4t ZgA Z§3254 2%32%4 - 2532%4 214253
x Tr{[T, TP)02 T¥TY 07 + TPT20 [T, T¥]0§7} (07 )% (07 — Ug)*

X

NLO kernel = Non-conformal term + Conformal term.

Non-conformal term is due to the non-invariant cutoff o < o = €7 in the rapidity
of Wilson lines.
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Evolution equation for color dipoles in N=4

(1. Balitsky and G.A.C. 2009)
4 UL
= % [on P2 {1 [T om0 2]}
2532%3 4m 2%2 2%2
x [Tr{T202 0" T202 0f7} — NeTr{UZ Uj7}]
of [dPzd’z 47, {1_’_ o2 } In ZaZ

4t ZgA Z§3254 2%32%4 - 2532%4 214253
x Tr{[T, TP)02 T¥TY 07 + TPT20 [T, T¥]0§7} (07 )% (07 — Ug)*

NLO kernel = Non-conformal term + Conformal term.

Non-conformal term is due to the non-invariant cutoff o < o = €7 in the rapidity
of Wilson lines.

For the conformal composite dipole the result is Mobius invariant
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Evolution equation for composite conformal dipoles in N =

[Tr{U"UT"}]wm — Tr{UZ0}"}

/d2 z 2%3 —Ctr{U”Uia”}tr{U;’aUT”} Tr{07 0}"}] ZZ%B+0( 2)

d [Tr{U" UT”}]""nf

/ d223 1 - O‘ZSC %2} [Tr{Ta02 0J1T20,,087} — NeTr{UZ Uf7}] %"
_ Ys d2 d2 Z%Z 2] 122%4 2%22%4 | 2%3254
4 4/ “ 242%32%4%4{ "2a 2z g “zaz%g}

x Tr{[T3, T?J07 T¥TY 07 + TOT20Y [T, T¥)0{7}[(07)% (01 — (24 — 23)]

Now Mo6bius invariant!
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NLO BFKL equationin N =4 SYM

To find A(x,y; X, ¥') we need the linearized (NLO BFKL) equation. With two-gluon
accuracy

uxy) = 1

On0
R vau O

Conformal dipole operator in the BFKL approximation

Ul (2,22) = Uz, 2)+

L s c/dz Z, 0w (z n o
(21, 23)+U" (22, 28)~U" (22, 22)]
2%32%3 2%3253
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NLO BFKL equationin N =4 SYM

To find A(x,y; X, ¥') we need the linearized (NLO BFKL) equation. With two-gluon
accuracy

uxy) = 1

On0
R vau O

Conformal dipole operator in the BFKL approximation

Ul ((z1,2) = Uz, 22)+ /d2 2%2 azfz UN(21,25)+U" (22, 23) U (21, 22)
wnr (2 : 22" B, w22

NLO BFKL

d -
dn Mconf (Zl 22)

_ 01ch 2 Z% aSNcW .
B /d 25322%3[ 4r 3}[ ont (21, 23) + Ugtyy (22, 23) — Ughyy (21, 22)]
aZNZ [ dPzd?z B,3, 2522%4 Z,%,
+ 2In 1+
CEY R R ¥ ACUE e

2.7
In 2324\ (752
222z "2 ()
3a2N2
+ (;;3(:((3)Ucom(21 ZZ)

Eigenvalues agree with Kotikov and Lipatov (2000)
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NLO evolution of composite “conformal” dipoles in QCD

d N « A A NN
d—[tr{UhU; }]conf = 2_7:2/d223 ([tr{UleT }tr{UZsUEZ} - thr{U21U;f2}]Conf

asNe Z, 7, 67 72
zfzg[ Ty (OINA Z%Z%' 29 3)

&’z { { _2 214’ + 24’ By — 455,25 In 2142253}

z, 2(214%Z; — 24°2Z2,) 24%Z2,

x [tr{0 0] Jtr{ 05,0}, }{0,, U5} — tr{U,, 0] 0,0 U, U]} — (24 — 23)]
Z%zzz 2% (1 %% ) | 2532242}

2%3224 Z,2; By, — Ty 24°Zy

% [tr{U UL {0z U4 1r{U20%} — tr{05, 05,0504, 02,01} - (2 — 2)]}

, [2n

b= l_31Nc - ;%nf
KnLo Bk = Running coupling part + Conformal "non-analytic” (in |) part
+ Conformal analytic (N = 4) part

Linearized KyLo sk reproduces the known result for the forward NLO
BFKL kernel.
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Conclusions

m High-energy operator expansion in color dipoles works at the NLO
level.

m The NLO BK kernel in QCD and A/ = 4 SYM agrees with NLO
BFKL eigenvalues.

m The NLO BK kernel for the evolution of conformal composite
dipoles in A/ = 4 SYM is Mobius invariant in the transverse plane.

m The NLO BK kernel in QCD is a sum of the running-coupling part
and conformal part.
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