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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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Formally, » means the operator expansion in Wilson lines

|. Balitsky (JLAB & ODU) Photon impact factor and ky-factorizationinthene  Low-x Workshop 27 June 2012



Light-cone expansion and DGLAP evolution in the NLO

kf <“2 i 3

— 1 . - T - >
— J,,,/— _— .

©? - 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

‘\ k? >p2?
[ . oM & + ® +
—_— 3
—\i i 7\/— — PP — . e

©? - factorization scale (normalization point)

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

OPE in light-ray operators (x—y)> -0

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

{X, y} = Peigfoldu (X*Y)”A//(UXJr(l*U)y) . gauge ||nk
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Light-cone expansion and DGLAP evolution in the NLO

‘\ k? >p2?
[ . oM & + ® +
—
—\/ - \/_ —_— L — —_—

©? - 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)2=0

#Zdiuzﬂj(x)[)(» Y (y) = Kiot (X)X, Yo (Y) + asKniot (X)X, Yo (y)
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Four steps of an OPE

m Factorize an amplitude into a product of coefficient functions and
matrix elements of relevant operators.

m Find the evolution equations of the operators with respect to
factorization scale.

m Solve these evolution equations.

m Convolute the solution with the initial conditions for the evolution
and get the amplitude
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DIS at high energy: relevant operators

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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U(x) = Pexp[ig/ dun“A,(un+x,) Wilson line
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Rapidity factorization

Y <n

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

The high-energy operator expansion is

T{,.X).(Y)} = /d221d222 1L9(z1, 22, %, y) Tr{UZ UL}
+ NLO contribution
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High-energy expansion in color dipoles

7 - rapidity factorization scale

Evolution equation for color dipoles

s [ 22 (x—y)?
2n2 |~ “(x—2%(y - 22
— Netr{UJU{"}] + asKnotr{UU]"} + O(ad)

d
%tr{ugu;n} - [tr{ugu;n}tr{ugu;n}

(Linear part of KnyLo = KnLo BFkL)
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Evolution equation for color dipoles

ti(xy) = 1= L0000 1))

BK equation

asNe [ d%z (x —y)?
B /(X—Z)Z(y—Z)

3 {2 +U(zy) - Uxy) - Ux2U@Y)}

I. B. (1996), Yu. Kovchegov (1999)
Alternative approach: JIMWLK (1997-2000)
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Non-linear evolution equation

iy = 1= L0000 ()

BK equation

d - asNe [ Az (x—y)? - . . . .
%M(X7y) T or2 /(X— Z)Z(y_ )2 {U(X, Z) +Z/{(Za y) - u(xﬂ y) - U(X, Z)U(L y)}
I. B. (1996), Yu. Kovchegov (1999)
Alternative approach: JIMWLK (1997-2000)
LLA for DIS in pQCD = BFKL (LLA: as < 1, asn ~ 1)
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Non-linear evolution equation

ti(xy) =1 TrO)0!(0.)

BK equation

asNe [ d?z (x —y)?
C 2n /(x—z)Z(y—z)Z

{2 +d@y) -ty -tx Uz y)}

I. B. (1996), Yu. Kovchegov (1999)
Alternative approach: JIMWLK (1997-2000)

LLA for DIS in pQCD = BFKL (LLA: as < 1, aen ~ 1)

LLAfor DISin sQCD = BKeqn  (LLA: as < 1,an ~ 1, aAl/3 ~ 1)
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Why NLO correction?

m To check that high-energy OPE works at the NLO level.

m To check conformal invariance of the NLO BK equation(in N'=4
SYM)

m To determine the argument of the coupling constant of the BK
equation(in QCD).

m To get the region of application of the leading order evolution
equation.

|. Balitsky (JLAB & ODU) Photon impact factor and ky-factorization in the ne Low-x Workshop 27 June 2012 13/41



Expansion of the amplitude in color dipoles in the NLO

The high-energy operator expansion is O =Tr{z?}
T{OXO(y)} = /dzzldzzz 1“O(z1, ) Tr{UZ U}"}
+ /d221d222d223 INSO(zy, 25, k)[NicTr{T”UZUL"T“UgUZZ”} — Tr{U70}"}]

In the leading order - conf. invariant impact factor

XYL x—2z3 (y-2z)3

= ot Z = - CCP, 2007
m2Z2Z3 Xy Y+

Lo
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NLO impact factor (in N =4 SYM

INLO(

A .
X7Y§21722723§77) = _ILOX_ 2%3 |:an23 E"'C

The NLO impact factor is not Mébius invariant = the color dipole with the
cutoff n is not invariant

However, if we define a composite operator (a - analog of ;2 for usual OPE)

[Tr{UnUTn}]“’“f — Tr{UZ0}"}

d?z3 [Tr{T"07 O} T"0Z 017} — NcTr{07 U17}] 02 O(X?)
/ 253253 e "2

the impact factor becomes conformal in the NLO.
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Operator expansion in conformal dipoles in N =4SYM

Conformal composite dipole
[Tr{mmn}}c"“f — Tr{Uz0}"}
0 0()?)

+ 5 A / 2%3 2%3 [Tr{T"07 07T 02017} — NeTr{UZ Uf7}] @
High-energy OPE:
T{OXOW)} = / 202, 1-0(zy, 25) Tr {07 01}
+ /d221d222d223 INSO(zy, 25, @)[NicTr{T”UQlUg’T”UQSUg’} — Tr{070{1}]
I-© and INLO are Mébius invariant.

We think that one can construct the composite conformal dipole operator order
by order in perturbation theory.

Analogy: when the UV cutoff does not respect the symmetry of a local
operator, the composite local renormalized operator in must be

corrected by finite counterterms order by order in perturbaton theory.
27 June 2012 16/41
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NLO BK equationin N =4 SYM

Define

Uort (21, 22)

. <Ne [ z ae?1z2
= U"(z1,2) + Qs ;/dZZ 2 1In 2 [Tr{T207 07 T20,, 057} — NeTr{U7 Uj7}]
4ne ZsZ  Zisde

such that 42 (z,2) = 0.

dn“*conf

=-The evolution rewritten in terms of a is Mobius invariant
d g (i eonf
Zad— [Tr{UZ U] }}

O/SNC e

2
/d2 ZEZ% 1— ym E} [Tr{T207 0J7T20,,057} — NeTr{0Z,0§7}] %"
3723

& 22,92 n 122§4 2522%4 nzisz&
- 4rt /d o 242%32%4222«14{2| 4,2, [ Z35, — zﬁz%Jl 2%4253}

x Tr{[T2 7707 T¥TY 07 4 TOT2UZ [T, XU} [(U)™ (UZ)™ — (24 — 2)]
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NLO Amplitude in  N'=4 SYM theory

(x=*X =Y)(T{OX O (y)O(X)O' (y)})
— /dzzudzzudzz’udzz’ﬂlFaO(x, Y; 21,2)[DD]*™ (2, 2: 7, Z)IF* (X, Y'; 7, Z,)

Result : (G.A. Chirilli and 1.B.)
N2 4n%a?2 asN 2n? w2 8
F _ c s siNe | ~__9° O(a?
) ch — 1 cosh? v { ™ [ cosh? v * 2 1+4V2} * (QS)}
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NLO high-energy OPE in QCD

Ef - o i
Syt i

DIS structure function F»(x): photon impact factor + evolution of color dipoles+
initial conditions for the small-x evolution

Photon impact factor in the LO
= d Z d Z
YT ER I} = [T 10t 2030
2
R? 9?

19z, 2) =
dh (k- Ca) (K - C2) DXy I
1 p . 1 m

/5 (~§7Xp2+x )~ N o~

KGR G2) — %nz(cl Q)]

R =

— VP +Yl1)

K2((1 - )

P o P
G = (Gramta) R= )&
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Photon Impact Factor at NLO I.B.and G. A. C.

Composite “conformal” dipole [tr{UzlfJiz}]ao - same as in A/ = 4 case.

(X — YA TP (y)y ()}
d221d222

_ 7 {If’c’)(zl,zz)[l—i— =21 1tr{ 020}, }a,

2 aS 2%2 Cl C3)(C1 43) _ v 1%
/d 4r? 2532%3 n 3)2(C1- ¢2) 2C)|LO+ " }

xhwuhukﬁqukuk}—wawonogﬂ%}

<|2>;uz<21, 2, 23) =

o5 R2 (k- C2) 0?2 [ B (k- Cl)z
1678 (h . Ql)(h - (2) (k- (3) OXHOY (1 C3)

L)) (5 G)(s-GE)(GC) R2(Gr - C)z)}

(C2-¢3) ((1-G) (G2 Ca) G- Ca
(k-G & f(r-C)(-G) rAG1-C3) _
HCRSE T y"{ (2 G)  2(¢G) } e QZ)}
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Photon Impact Factor at NLO

. B. and G. A. C.

With two-gluon (NLO BFKL) accuracy
1

) - - Pt - Iﬂlﬁ g ~
Ly O 0 ) — GO [t

«
- (’)X“ ayu 21112 Z/{aﬁ(zl’ Zz) [Z(I‘;g(l + ?S) + I{T%O}

3 ) _ rapB _ rarB
T8 (x,y:21,22) — T\’Zg” (G1-G) —C1'6 —63'G
S (X Y;7,2) = R

(k- Q) (k- C2)

o asN 0+ G
INLﬂO(X7y§ZI:ZZ) = = CRZ{M

: 272 2InR  InR
= AT [aLiz2(1- ) InR

"3 ti Rt R
1 101 1 2Cc
—4InR+ﬁ—2+2(Inﬁ+§—2)(Inﬁ+20)—4C—ﬁ}
INR  2C InR 1
+(,““1 ul-«z)[

2 3 /'.“/V. )\
(k- C1)? R R 21—72_%}_72@ 2z )
G+ R MR 3 s o
+] PR @[ 2R~ TR 273*2*20*73]
9*%(C1- &) 2n? )
9T a@) rem iR
Qg - R)

11 1 1 2 3
~2(Inz+ =+ 2R23)(InR+2C)+6InR+2+]}

R 2R?
5 tensor structures (CCP, 2009)
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Photon Impact Factor at NLO

Reminder
e B e - )

G = (%+Zﬂp‘2‘+zﬁ), G = p;

DIS photon impact factor is a linear combination of the following tensor basis

KHPKY

W w
7" =g ' =—

K

WO R G R

5= k-G K2
WG RPGE o _ GGG
° G-

v = +
4 2 2
(k-C)? (k- C2)
Cornalba, Costa, Penedones (2010)
Photon impact factor and ky -factorization in the ne Low-x Workshop
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Mellin representation of the LO impact factor

d Zld V)

) (22 22) - ZB(1L- 70 +2)PE )
BT -
1214+9)2—7)  20+7)2-7) 81+y)(2-7)
_ 7(1—7)D4 _ Di”’+DSV} ( i )”
16(1+27)3—2y)(1+)(2-9) 8 (K o)

where

(D1 + Do) = —2A%x*Tyt k204 0y K

Dy = — ATyt o (Ink?)d} Ink?

D5 = 4yA2xFyt[(04 Ink?)dY In(k - Co) + (8% Ink?)DX In(x - Co) — (94 InK?)dy Ink?|
v 1 L YV L 12

DY = 4y(1+2y)A%XTy"[ - 3K Ink? — 9 (Ink?)3y Ink?

(04 InkA)Y In(k - Co) + (85 InK2)I In(x - Co) — 202 In(k: - o), In(k - Co)]

B(a,b) = Lrb, C = —¢(1) is the Euler constant, and ¢'(a) = % InT'(a)
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Mellin representation of the photon impact factor

Pudz, . ¥ Ne T(y+1T(2-n)
T['Lo(zleZ) +nio (&, 22) (Z%ozgo) = 476A4 A2ty t
"y'yDl{ asNe 17 w2 1 1 X~
X 1+ {——. - ——,+————,}}
[ 3 40 13 sty VT 2T Ty
ach 7T2 7T2 3 1 X
O
+ 2 + A 3 Sinz . X~ 47:)/ + 2X'y + 27:}/
D3 OésNC 7T2 772 1 1 X X
T
2{ T 13 a2 5T T2
4yD4 { asNe [wz 2 1 4 3 Xy
SO S SN S SRR V1 |
43+ 477) 4 13 day, T2 222 29
D]_ + DZ _ asNC 772 772 1
- 2 {1 [— LAY SV
> @I\ I+~ |3 S Xyt 5
47 +3 1+ 2vy X” W( K2 >7I‘2(7) B
292 +37) 2+ (2x- )2/ T(29) B
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Mellin representation of the impact factor for polarized DI S

Contribution of spin 2 in t-channel:

‘d221d222, . . Z12 \7tl/ 710 \7+1 o
1#(21,20) + 157~ (21, 2)) - =B2-y)I'(B—-y)TI(2+1
/ A (Ifo(z1, 22) + 130z 2,,(210220) <210220) ( IN¢ )T ( )
asNe wr R T ANl o 6x(2,7) N (5 .
x 1+ S {a @4 ) + 42— 9) - 80) Do) HEr4ox2)

6C 6 2 - 29 oS | .
@y (”?)(2*7)” ((/w'fﬁ’o)z) (()/Xlxx; </\-\-(<>o<,>> (‘)fy/xx.yY‘ (x\-(a:))

X(27) =24(1) = (2 =7) = ¢(1+7) X=X=2,Y=y-2
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NLO kernel

In general

}:(1,SKLoTr{UXU)T,} : (1§KNLOTI’{UXU§} - O((\g)
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NLO kernel

In general

}:(1,SKLoTr{UXU)T,} : (1§KNLOTI’{UXU;} - O((\g)

- d_ . . -
a2KnLoTr{UU]} = %Tr{uxug} — aKLoT{U, U} + O(ad)
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NLO kernel

In general

d__ oo o .
d—I/Tr{Uxu;} = asKLoTr{UUJ} + aZKnoTr{U U]} + O(ag)

N d N N
a2KnLoTr{UU]} = %Tr{UXUJ} — aKLoT{U, U} + O(ad)
We calculate the “matrix element” of the r.h.s. in the shock-wave background

(02KnLoTr{U0]}) = %(Tr{oxom — (asKLoTr{Ux0]}) + O(ad)
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NLO kernel

In general

d_ oo . R

5. U]} = asKioTr{U:U]} aZKnLoTr{UxUJ} + O(ad)
1
2 3,00 = 910,00 3,01 3
aSKNLoTr{UXUy} = %Tr{UXUy} — asKLoTT{UXUy} + O(Oés)

We calculate the “matrix element” of the r.h.s. in the shock-wave background

(02KnLoTr{U0]}) = %(Tr{oxom — (asKLoTr{Ux0]}) + O(ad)

Subtraction of the (LO) contribution (with the rigid rapidity cutoff)

1 o .
= M . prescription in the integrals over Feynman parameter v

Typical integral

1 {1}7 B pizln(kgzp)z

-1
dv -
/0 (k—=p)Fv+pi(l-v)lv
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part of the NLO BK kernel: diagrams

W “ )

) RO (i - V) - o)
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Diagrams for 1 —3 dipoles transition

?Q’ (XXXT) ‘ (XXXt - Oy o (XXXIV)
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"Running coupling” diagrams

[
% 0
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1 — 2 dipole transition diagrams

|. Balitsky (JLAB & ODU) Photon impact factor and ky-factorization in the ne Low-x Workshop 27 June 2012 31/41



NLO evolution of composite “conformal” dipoles in QCD

l. B. and G. Chirilli

(0%

o / d?z ([tr{uzlug}tr{ukug} — Netr{Uz U]}
— By, Zy 2

Z, { aSNC(bI 22 Jrb a3~ Zsn4s | O 67 1)}

2%3253 Zfszﬁs 253 3
ﬁ { { _9 25°Z5 + %4753 — 4752 In 223 253}
Zy 2(225°Z5 — 254253) 2,75,
x [tr{Uz U] }tr{Uz U] }{Uz U]} — tr{U, U] U, U], U, UL} — (2 — )]
2%222 {2| 2%222 (1 Z%22234 ) In 2%3254 }
2%3254 23°75, Z35, — 25°25; 25°Z,
x [ir{U UL Hr{Ug UL Hr{U5 UL} — 1r{U5 UL U ULUR UL — (2 — 20)]}
b= l@lNc - §nf

KnLo Bk = Running coupling part + Conformal "non-analytic” (in |) part
+ Conformal analytic (N = 4) part

a— [tr{UZIU P =

Linearized KyLo sk reproduces the known result for the forward NLO
BFKL kernel.
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kt-factorization in the NLO

With two-gluon (one-dipole) accuracy

[atx @™ [ a2z ) palT {0+ 25,2} pa) = [ P (a, ko) (paltd(ku)lpe)

(peltd (K)|ps + Ope) = 2m3(8){(peltd (K)Ipa))
(palt/(K)Ipe) = /dzze’i(k’z)*((PB\U(Z)\PB>>7 U@ = 1*Nich{UzU$}
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kt-factorization in the NLO

With two-gluon (one-dipole) accuracy

[atx @™ [ a2z ) palT {0+ 25,2} pa) = [ P (a, ko) (paltd(ku)lpe)

(peltd (K)|ps + Ope) = 2m3(8){(peltd (K)Ipa))
(palt/(K)Ipe) = /dzze’i(k’z)*((PB\U(Z)\PB>>7 U@ = 1*Nich{UzU3}

B

32/ m (1413 cosh? 7w &
) o b+ (2 e20) 12+ o]

o w Gul wo L PN, PEP
P =9 P P 7q2(q q~pz>( q~pz>
Fip)(v) = Pip)(v) + x4, P(v),
V() = () +26(2—7) — 20(4— 2y) = ¥(2+7), 1

iv

NI =
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kt-factorization in the NLO

3y 25 1 1 7 10
P =F 7 1 = = _
W) = PO e Y Y g " 3 " may) 3aT 02
3x 1 7 X X+ (14 3y)
Dy(v) = F Xy 4= 2l 7
o) = FO+ 355 277 22+37) 1+ 2+37y
2 22 X~y — 2
= _ o 2l
() =35 e oy +
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Evolution equation for color dipole in momentum representa

= 9%,
)= [dz e*'(k 91 V,(2) (sometimes called “unintegrated gluon TMD”)

()

2aiva(k) - ”2;’\;0 / (kdz—kkll)z{(zv(k/) l'(‘,zzva(k))

+ Zib[(zv(k’) Va(k))( Ky (%7 B %2) B t?\‘r:)
) Z(Va(w) it k2 w) - Va(k>p i T(zk/)z)]}

2N\ 2 2N2
aSNE [ o, 1 NG asNg
+ 23 /d K {— K72 In 2 + F(kK) + @(k, k')] Va(K) +3 >3 ¢(3)Va(k)

3k K2Z—2k2K% 2 2 KR-K? K2
FlloK) = ( + N3> 16k2k2 (_ PR F)
N (R + K2 3K4 4+ 3K* — 2kK? AT [ dt 1+t
- [3+ (H N_é) (1 T Taek? 16k4k' (koK) ﬂ/ oo 1t
(k2 _ k/2) { N k_2 . k2k/2(k _ k/)4
(k _ k’)z(k+ k/)z k’2 (k2 k’2)4

o K? 2 w2k
+2L'2(_k_)_2“2<_%>]_(1_ (k(k’)z(k+k’)2 / / = k’u)2 k

Agrees with NLO BFKL

Bk K) =
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Relation to NLO BFKL

Wilson line has extra g for each gluon = L(k) = gz—%k)l)(k)

d
2&1£l La(k)

_ Oés(kzz)Nc/dzk/{ [(Va(k/) (k, k’)Va(k)} (l+ aSNC(67 72 10n )) B

o h 4t Y9 3 ON.

k—K)2 K2k —K)2
boas[ Va() | (k=K)?  KkVa(K) ,n(k—k’)z}

In (k— K)2 n K k’z(k— k)2 k2
aNer  IN2(k2/K?) , agNe
+ 4 [_ (k— k)2 + FkK) +(I)(k’k)] ['a(k/)} +3 272 (3)Lalk)

The kernel is exactly K(q, p) of the NLO equation for correlation function of two
reggeized gluons

wG,(0,q) =@ (q— o) + / d’p K(a,p)G..(p. )

This is somewhat surprising since the evolution of the composite (in
N = 4 SYM - conformal) dipole with respect to a gives the evolution of
forward reggeized gluon scattering amplitude with respect to rapidity n
(of which w is the Mellin transform).

|. Balitsky (JLAB & ODU) Photon impact factor and ky-factorization in the ne Low-x Workshop 27 June 2012



Conclusions

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

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

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

The NLO BK kernel agrees with NLO BFKL equation.
NLO photon impact factor is calculated

The NLO kg-factorization formula for the contribution of the BFKL
pomeron to structure functions of DIS is derived.
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Outlook: relation to conformal light-ray operators

Gluon parton density D(xg, 122) is proportional to matrix element of the
light-ray operator

O, 12) = / dr &9 Tr{G,;(Ae™)[Ae", 0]G4i(0)[0, Ae* ]}
Conformal light-ray operator O; (j - conformal spin in SL(2, R) group)
o = / dA A Tr{G,i(Aet)[\eT, 0]G i (0)[0, \eT]}*
Anomalous dimension q
nap O = les)o,
At j = n~, is an anomalous dimension of the local twist-2 operator

G+i (D+>n726i+
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Outlook: relation to conformal light-ray operators

Gluon parton density D(xg, 122) is proportional to matrix element of the
light-ray operator

O, 12) = / dr &9 Tr{G,;(Ae™)[Ae", 0]G4i(0)[0, Ae* ]}
Conformal light-ray operator O; (j - conformal spin in SL(2, R) group)
o = / dA A Tr{G,i(Aet)[\eT, 0]G i (0)[0, \eT]}*
Anomalous dimension q
nap O = les)o,
Atj = n~, is an anomalous dimension of the local twist-2 operator
G+i (D+>n—ZG_+

Expansion of conformal dipoles in conformal light-ray operators - ?
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Outlook: relation to conformal light-ray operators

In the leading order relation this expansion is trivial: x5 is the normalization
point of gluon light-ray operator and xg = e~ ":

. _ 2t g P -1
L L e A =S =Ty
310 B
+|oo dw 2
— n Yo K
A = Ve

This should be compared to LO rapidity evolution of color dipole
W1y, = w(v) - pomeron intercept)

. +Ioo
Tr{& UXaIUO}n = = / Zd’YI ew'y("] 7]0) /d2 l 'yu Zl)
1 s

—ico
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Outlook: relation to conformal light-ray operators

In the leading order relation this expansion is trivial: x5 is the normalization
point of gluon light-ray operator and xg = e~ ":

_ 2y 2t g (-1 2
Tr{&U,d'Ug}" Dy ot +004) = / 2—;%@@2)’”‘0{‘
2 B

1 _ico

- 7%7ioo 27T| w 1M w
This should be compared to LO rapidity evolution of color dipole
W1y, = w(v) - pomeron intercept)

. 3Hoo g
Tr{&.Uxa'Uo}" — — ﬁ . Z_;eww(??—no) (Xi'uZ)—’Y/dZZ (Zi)l—’yu(zl)no
3—ioco
=
« « «
w = wmag) &y = fwag > Y022 By Dy

BFKL gives the anomalous dimensions in all orders as w — 0 which
corresponds to the the non-physical point j = n = 1 for ~, of local operators
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Outlook: relation to conformal light-ray operators

In the NLO the expansion of conformal dipoles in conformal light-ray
operators is not straightforward due to mismatch of UV and rapidity
regularizations.

. 1 -
(as, ) =w(as,v+§w) = 7 = 7(@,as)

w(as,7y) is the pomeron intercept which enters stands in the formula for the
amplitude in terms of conformal ratios.
@(as, y) determines anomalous dimensions of conformal light-ray operators.

The difficulty is probably due to the fact that conformal dipoles are invariant
under SL(2, C) and light-ray operators under SL(2, R)

Gluon TMDs may serve as a bridge between these two approaches
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Outlook: rapidity evolution of gluon TMD’s. N = 4 for simplicity.

Gluon TMD (without subtractions) :  D(xa, 7, k1, u?) ~ /dzkl gz
X /dUdvei(ufv)XB%l[*'X-U}zG+i(Zw + ups) [, —oc];[—00, UoG4i (V1) [U, —oc]o)”
Two evolutions: 7 and ©? = double logs.
At xg = 0 we get the “dipole gluon TMD” (U; = UiTiaiU)
D(xg,7,K1) = gz—leV"<k> = / dky € (Tr{Ui(2,)Ui(01)})"
_ / Pk, / V([ e, UG 1 (21 + Upa) U, —ocls[—o00, UoGai (VP [U, —oc])”

No n dependence (dipole amplitudes are UV finite) = rapidity evolution only.

Evolution of gluon TMD probably depends on the interplay between xg and n
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