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m DIS from nucleus at high energy and Wilson lines.

m Evolution equation for color dipoles.

m Leading order: BK equation.

m Non linear evolution equation in the NLO.

m Argument of coupling constant in the BK equation.

m NLO kernel.

m N = 4: study of 2-dim conformal invariance at high energies
m NLO kernel in N/ = 4.

m Conclusions and outlook.
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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):
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Evolution Equation

|
To get the evolution equation, consider the dipole with the rapidies up
to 1 and integrate over the gluons with rapidities ;1 > 1 > 7. This
integral gives the kernel of the evolution equation (multiplied by the
dipole(s) with rapidities up to 7).
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Spectator frame: propagation in the shock-wave background
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Spectator frame: propagation in the shock-wave background

- Boosted Field /\/I\/

Each path is weighted with the gauge factor Pe9./ A" Quarks and gluons
do not have time to deviate in the transverse space = we can replace the
gauge factor along the actual path with the one along the straight-line path.
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Wilson Line
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Spectator frame: propagation in the shock-wave background

- Boosted Field /\/I\/

Each path is weighted with the gauge factor Pe9./ A" Quarks and gluons
do not have time to deviate in the transverse space = we can replace the
gauge factor along the actual path with the one along the straight-line path.

Wilson Line

[ x — z free propagation]x
[U%(z,) - instantaneous interaction with the 1 < 1, shock wave] x
[z— y: free propagation]
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Leading order: BK equation

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

d A . n
%(Tr{uxug}ﬁhockwave = (KLOTr{UxUj/Dshockwave

U3 = Tr{tPULPU]} = (UU))™ — (UU))™ + ol — n2) (U UJURU)) ™

=- Evolution equation is non-linear
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Non linear evolution equation

iy = 1= L Tr{00)U ()
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Non linear evolution equation

ti(xy) = 1= L0000 1))

BK equation

asNe [ d%z (x —y)?
[

2n2 | (x—2)2(y—2)2 {Z;{(X’ 2) +U(zy) —Uxy) —UXx DUz Y)}

d -
%u()gy) -

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

= e [(2E YV fixa + ey - Uy (22}

X—2%y—2?

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?
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Why NLO correction?

m To determine the argument of the coupling constant.

m To get the region of application of the leading order evolution
equation.
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Why NLO correction?

m To determine the argument of the coupling constant.

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

m To check conformal invariance (in A'=4 SYM)
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Non-linear evolution equation in the NLO

d

%Tr{UXUJ} =
d*z (x—y)?
/ o2 <as(x ~22z—yP + adKnio(x ¥, 2) | [Tr{UUS}Tr{UUJ} — NeTr{UU]}] +

o? / d?zd?Z (K4<x, ¥,2Z){Uyx, U}, Uz, UJ} + Ke(x, Y, 2. Z){Uy, UL, Uz, Uz, U], u;}>

KnLo is the next-to-leading order correction to the dipole kernel and K4 and Kg 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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Regularizing the rapidity divergence

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

go.o] d geel
/ R / dn =
Jo (@ J—o0
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Regularizing the rapidity divergence

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

/ % = / ’d// =
Jo (@ J—o0
Regularization by: slope || velocity

o0
U7(x,) = Pe(p{ig/ dun,, A“(un+xl)} Nn=p;+e"p
—00
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Regularizing the rapidity divergence

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

/ % = / dn =
Jo (@ J—o0
Regularization by: slope || velocity

o0
U7(x,) = Pe(p{ig/ dun,, A’L(un+xl)} n=p1+ep
—00

Regularization by: rigid cut-off
o0
Uy = Pexp[ig/ du p‘l‘AZ(up1+xL)]

4 .
AU = [ gmya(@ =l A,
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Regularizing the rapidity divergence

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

el | X
/ ol / dn =
Jo (@ J—o0

Regularization by: slope || velocity
o0
U'(x.) = Pe(p{ig/ dun,, A’L(un+xl)} n=p1+ep
—0o0

Regularization by: rigid cut-off

joo]
Ul = Pexp[lg/_oodu PrA (P +XL)] Leads to (almost)
conformal NLO kernel

4 .
AU = [ gmya(@ =l A,

|. Balitsky (JLAB & ODU) Next-to-leading order evolution of color dipoles  CA QCD 2008 May 16, 2008 13/42



Definition of the NLO kernel

In general

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

- d _ .. -
aZKnLoTr{0U]} = %m{uxug} — asKLoTr{U0{} + O(al)
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Definition of the NLO kernel

In general

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

N d I I
aZKnLoTr{0U]} = %m{uxug} — asKLoTr{U0{} + O(al)
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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Definition of the NLO kernel

In general

d_ oo . R

5. U]} = asKioTr{U:U]} aZKnLoTr{UxUJ} + O(ad)
1
2 500 = Y 0,0 3,01 3
aSKNLoTr{UXUy} = %<Tr{UXUy} — asKLoTr{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 {l} B im(kfp)2

-1
dv =
/0 (k—p2v+pi(1-vlv p? p?
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Argument of coupling constant

d
d(y)

7]
e fan ST i) + UGy~ ixy) ~ Hix 200z}
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Argument of coupling constant

d
d(y)

7]
e fan ST i) + UGy~ ixy) ~ Hix 200z}

Renormalon-based approach: summation of quark bubbles
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Argument of coupling constant

d
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7]
e fan ST i) + UGy~ ixy) ~ Hix 200z}
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Argument of coupling constant

Bubble chain sum:

as((X —y)? () J.0 U, U
% THOU]} — % / oz [Tr{0xU}}Tr{0,0f} — NeTr{0,0}}]

<[+ el ) el 9]+

X2Y2 X2
I.B.; Yu. Kovchegov and H. Weigert (2006)
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Argument of coupling constant

Bubble chain sum:

as((X —y)? () J.0 U, U
% THOU]} — % / oz [Tr{0xU}}Tr{0,0f} — NeTr{0,0}}]

<[+ el ) el 9]+

X2Y2 X2
I.B.; Yu. Kovchegov and H. Weigert (2006)

When the sizes of the dipoles are very different the kernel reduces to:

as((x=y)?) (x=y)?

272 X2Y2 ‘X_ y| < ‘X_ Z‘: |y_ Z‘
XZ

—“;,522(2 X -2 < [x=yl,ly -7
s(Y)?

as()) ly—2 < [x—y],|x—7
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Argument of coupling constant

Bubble chain sum:

as((X —y)? () J.0 U, U
%TF{UXOJ} _ %/dzz [TI‘{UXUI}TI’{UZUJ} — NcTr{UxU;}]

<[+ el ) el 9]+

X2Y2 X2
I.B.; Yu. Kovchegov and H. Weigert (2006)

When the sizes of the dipoles are very different the kernel reduces to:

as((x=y)?) (x=y)?

Zﬂz x2Y2 ‘X - y| << ‘X - Z‘? |y - Z‘
XZ

—O‘iﬁziz) X—2z < [x=y],ly—2
s(Y)?

as()) ly—2 < [x—y],|x—7

= the argument of the coupling constant is given by the size of the
smallest dipole.
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part of the NLO BK kernel: diagrams

W “ )

) RO (i - V) - o)

|. Balitsky (JLAB & ODU) Next-to-leading order evolution of color dipoles ~ CA QCD 2008 May 16, 2!



Diagrams with 2 gluons interaction

(xvin v

(Xx1) - (XXIt) B Xy

OV XxVIl) vy (XXIX) " xxx)

|. Balitsky (JLAB & ODU) Next-to-leading order evolution of color dipoles  CA QCD 2008 May 16, 2008 18/42



Diagrams with 2 gluons interaction

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

[
% 0

v

|. Balitsky (JLAB & ODU) Next-to-leading order evolution of color dipoles  CA QCD 2008 May 16, 2008 20/ 42



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

d
%Tr{UXU}} = 20‘—7:2 / d’z ([Tr{uxu;}Tr{uzu;} — NTr{U, U/ }]

(X_y)z aSNC 11 2 2 67 71'2
{ X2Y2 [1 27 (3 XY g ?ﬂ
11achx2—Y2|nx2 asNe (x—y)2In X2 In Y2 }
3 47 X2yz Y2 27 X2Y2Z T (x—y)2 T (x—y)2

[0
+ 4—7:2 / d?Z {[Tr{uxug}Tr{uZU;}{uz,u;} ~ Tr{UU}u,Uju,Ul

gy L[ XY a2 X
(Z - 2’)4 2(X/2y2 _ Y/2X2) v2x2
+ [Tr{UXU}Tr{U,U] }{U, UJ} — TrH{UUL U,UjU, U} — (7 — 2)]

(x=y* (x=y? 71, X2Y?
X2Y12(X2Y'2 — X12Y2) © (z—Z)2X2Yr2] T Xr2y?
d Jina)
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Gluon contribution to the NLO kernel

d «
%Tr{uxuj,} = 2—7:2 / d?’z ([Tr{uxui}Tr{UZUJ} — NTr{UU/ }]

(x—y)? asNg 11 >, 67 w2
{ X2Y2 [l 27 (3 XY g ?)}
110{5ch2—\(2|nx2 asNe (x—y)2In X2 In Y2 }
3 47 X2qyz Y2 27 X2Y2 T (x—y)2 T (x—y)2

o
+ 4—7:2 / d?Z {[Tr{uxug}Tr{UZU;}{uz,u;} ~ Tr{UU}u,Uju,Ul

- (Z - Z)]; [ B X'2y? + Y2X2 _ A(x — y)Z(Z_ 21)2 n X/ZYZ}
(z—2)* 2(X/2Y2 — Y/ZXZ) V2x2
+ [Tr{U U} Tr{UU] U, Uf} — Tr{uu}uuju, Ul — (Z — 2)]

(x=y* (x=y)? 7, X2YZ\\
X2Y2(X2Y2 — X12Y2) - (z—Z)2X2yr2] T xey2S)
< JinSvat)

Running coupling part
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Gluon contribution to the NLO kernel

d
%Tr{uxuj,} = % / d?’z ([Tr{uxui}Tr{UZUJ} — NTr{U U/ }]

(X_y)z aSNC 11 2 2 67 7T2
% { X2Y2 [l 27 (3 XY g ?ﬂ
11 agNg X2 — Y2 Inx2 asNe (X —y)? In X? In Y2 }
3 47 X2yz Y2 2 X2Y2 T (x—y)2 " (x—y)?

[0
+ 4—7:2 / d?Z {[Tr{uxug}Tr{UZU;}{uz,u;} ~ Tr{UU}u,Uju,Ul

([ g XEPEYE A YRz 2 XV
(z-2)* 2(X/2Y2 — Y/ZXZ) Y72X2
+ [Tr{UxU}Tr{U,U] }{U, UJ} — TrH{UULUUjU, U} — (7 — 2)]

(x—y)* (x=y)? 7, XYZ\y
X2Y2(X2Y2 - X12Y2) - (z—Z)2X2yr2] T xey2S)
d Jina)

Running coupling part + Non-conformal part
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Gluon contribution to the NLO kernel

d «
%Tr{uxuj,} = 2—7:2 / d?z ([Tr{uxu;}Tr{UZUJ} — NTr{U U }]

(X_y)z OZSNC 11 2 2 67 71'2
{ X2Y2 [l a7 (3 XY g 3)}
11achx2—Y2|nx2 asNe (x—y)2In X2 In Y2 }
3 47 X2qyz Y2 27 X2Y2 T (x—y)2 T (x—y)2

« + ¥ I . &
+ 4—7:2/d2z {[Tr{UXUZ‘}Tr{UZu;}{uz,u;,} — Tr{UUjU,UjU,U] }

g L[ XY A yRz- 2 XN
(Z — Z’)4 2(x/2y2 _ Y/2x2) lexz
+ [TH{UUNTHUL} U U]} - THUULUUJU UL - ( — 2)

(x—y)* (x=y? 7,,X°Y% _

8 [XZY/Z(XZY’Z —X?Y2)  (z— 2’)2X2Y/2} " X2va }) -
Running coupling part + Non-conformal part + Conformal
"non-analytic" part
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Gluon contribution to the NLO kernel

d «
%Tr{uxuj} = ﬁ / d?z ([Tr{uxui}Tr{uzug} — NeTr{UyU }]

(X—y)z aSNC 11 2 2 67 71'2
X{ X2Y?2 [1 ar (3 XYt g 3)}
11 agNg X2 — Y2 Inx2 asNe (X — y)? In X2 n Y2 }
3 4r  X2y2 Y2 27 X2Y2 T (x—y)2 T (x—y)2

«
+ 4—7:2/de {[Tr{UXU;}Tr{Uzu;}{Uzu;} — Tr{UUjuzUju,Ul )]

¢ b { o XAV YR —Ax—yPz-2)7 x’zvz}
(z— 2’)4 z(x/ZYz _ Y/2x2) Y722
+ [Tr{U U} Tr{UU] HU,Uf} — Tr{Uu)uUju U} — (Z — 2)]

4 2

2
(x—) (x—) } DG4 1) -
X2Y2(X2Y72 — X12Y2) - (z—Z)2X2yr2] T xey2 S/

Running coupling part + Non-conformal part + Conformal
"non-analytic" part + "conformal-analytic" (N = 4) part
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Gluon contribution to the NLO kernel

d
%Tr{uxu;} = % / d’z ([Tr{uxu;}Tr{uzuj} — NeTr{U,UJ}]

(x=y?r,  aNe 11 o, , 67 2
X{ X2Y2 [1+ 4r (3 NX= Yt g 3)}

11asNeX2— Y2 X2 agNc (X — y)2 X2 Y2 }

——=——In_; n In
3 4r X2¥2 Y2 2 X3Y2 T (x—y)2  (x—y)?

«
+ 4—7:2 / d?Z {[Tr{uxug}Tr{uZU;}{uz,u}} ~ Tr{UUju,Uju,Ul}

1 [ o X2Y2 4+ Y'2X2 — 4(x — y)*(z - 2)? X’ZYZ}
(z—2)4 2(X12Y2 — Y12X2) Y/2x2
+ [Tr{U U} Tr{UU} }{U»Uf} — Tr{UU)U,UjU U} — (Z — 2)]

(x—y)* (x=y)? 7, X2Y?yy | alNZ o
XZY’Z(XZY’Z _ X’ZYZ) (Zf z)zxzy/z} In X/2Y2 }) + 472 C(S)TI’{UXU;} -

—(Z — 2)]

Our result + Extra term =- Agrees with NLO BFKL
(Comparing the eigenvalue of the forward kernel)
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Gluon contribution to the NLO kernel

d
%Tr{uxug} = % / d2z([Tr{uxu;}Tr{uzu;}—NCTr{uXug}]

(x—y)? asNg 11 5, 67 7
X{ X2Y2 [1+ 2r (3 NX=Y)m +3_€)}
_Eachxz—YZInx_z_ oéch(x—y)ZIn X2 n Y2 }
3 4r  X2yz Y2 2r  X2Y2 T (x—y)2  (x—y)?

«
+ 4 / d?Z {[Tr{uxul}Tr{Uzu;}{uzuj} — Tr{UUjU,Uju,Ul }

1 { o X2Y2 £ Y'2X2 — A(x — y)2(z— Z)? x’zvz}
(z— 21)4 2(X’2Y2 _ Y’2X2) Y722
+ [Tr{U U} Tr{UU] U, Ul } - Tr{uu}uuju, Ul — (2 — 2)]

(x—y)* (x=y)2 7, XYy | adNZ T
% [)(ZY/Z(XZY/Z _ X/ZYZ) (z— Z’)ZXZY’Z} In X2z }) + 122 C(3)Tr{Uny}

- (Z — 2)]

2N 2
However, the term ?ﬁ'\ic (3)TrUXU§, contradicts the requirement d%UXUJ =0at

U=1(oratx=y).
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N=4SYM:
study of 2-dim conformal invariancein the | planeat high energies
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Conformal invariance of the BK equation

Formally, a light-like Wilson line
. [e.e]
[oopy + X1, —oop1 + X1 ] = Pexp {lg/ dxt A+(x+,xl)}
—0o

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
. [e.e]
[oop1 4 X1, —oopy + X1 | = Pexp {Ig/ dx* A+(x+,xL)}
—0o
is invariant under inversion (with respect to the point with x~ = 0).

Indeed,
(x*,x,)? = —x2 = after the inversion x; — x, /x% and x* — x* /x%
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Conformal invariance of the BK equation

Formally, a light-like Wilson line
. [e.e]
[oop1 4 X1, —oopy + X1 | = Pexp {Ig/ dx* A+(X+7XJ_)}
—0o
is invariant under inversion (with respect to the point with x~ = 0).

Indeed,
(x*,x1)2 = —x2 = after the inversion x; — x, /% and x* — x*/x¢ =

[0 Xt xt xi X1 X1
[cop1+X1, —ocop1+X.] — PeXp{'Q/_Oodg M(g:g)} = [Oolerg,*OOlerg}

|. Balitsky (JLAB & ODU) Next-to-leading order evolution of color dipoles  CA QCD 2008 May 16, 2008 30/42



Conformal invariance of the BK equation

Formally, a light-like Wilson line
. [e.e]
[oop1 4 X1, —oopy + X1 | = Pexp {Ig/ dx* A+(X+7XJ_)}
—0o
is invariant under inversion (with respect to the point with x~ = 0).

Indeed,
(x*,x1)2 = —x2 = after the inversion x; — x, /% and x* — x*/x¢ =

[ Xt xt xi X1 X1
[cop1+X1, —ocop1+X.] — PeXp{'Q/_Oodg M(g:g)} = [Oolerg,*OOlerg}

=The dipole kernel is invariant under the inversion V(x,) = U(x, /X3 )

d i Os '’z (x—y)? 7 ,i, 7;7
d—]/Tr{VxVy} 22 —mm{vxvz FTr{VzVy } — NeTr{VyVj }]
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Conformal invariance of the BK equation

SL (2,C) for Wilson lines

S = 12(K1+ iK?), &=

[%0,5:] = £Ss,
[S—v U(Zv 7)] = ZZBZU(L 2), [Sv O(Zv 7)] = 20(272)7 [SF7 U(sz)} = _820(272)

z=2+i2,z=2+i72, U(z))=U(z2)
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Conformal invariance of the BK equation

SL (2,C) for Wilson lines

z=2+i2,z=2+i72, U(z))=U(z2)
Conformal invariance of the evolution kernel

asNe
272

:ﬁn[s,muxu;}] = 2% [dzKxy. 208 THUUTHUUG)

1o} 1o} 0
2 7 . _ =
= [x 8x+y23y+2282]K(x’y72) 0
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Conformal invariance of the BK equation

SL (2,C) for Wilson lines
§ = lz(K1+ iK?), &=

[S)v ASi] = iAS:b

z=2+i2,z=2+i72, U(z))=U(z2)
Conformal invariance of the evolution kernel

asN .
257720 / dzK(x,Y, 29[S, Tr{UUJ} Tr{UxUj}]

d -
%[&,Tr{uxuj}} =

1o} 1o} 0
2 7 . _ =
= [x 8x+y23y+2282]K(x’y72) 0

In the leading order - OK. In the NLO - ?
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N = 4 diagrams (scalar and gluino loops)
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Evolution equationin N =4

d
%Tr{UXUJ} = 20‘—7:2 / d?z ([Tr{uxu;}Tr{uzu;} — NeTr{UyxUj }]

—_y)? _y)2 2 2
o {(x y) [17 aserC} _asNe (x—y) In X In Y }
X2Y2 12 2r X2Y2 T (x—y)2 T (x—y)?

167r2/dzz' [Tr{UU}}Tr{U,U] }{U, U]} — Tr{uuju,Ufuul

~Tr{UU}UUfU,Uf} — (Z — 2)]
(x=y)* (x=¥)° 7., XY
) [XZY’Z(XZY’z - X2Y2)  (z— 2’)2X2Y’2} " X’2Y2)
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Evolution equationin N =4

d «
%Tr{uxu;ﬂ} - 2—7:2 / d?z ([Tr{uxug}Tr{uzug} — NeTr{ULUJ}]

—v)? —_ )2 2 2
y { (x—vy) {1 B asﬂNc] _asNe (x—y) In X In Y }
X2Y2 12 2r  X2Y2 T (x—y)2  (x—y)?

167T2 / d?Z [Tr{U U} Tr{UU}} Tr{U, U]} — Tr{UUjU,UjUUL}

~Tr{UU} UUfU,Uf} — (Z — 2)]
_ v\ _v\2 XZYI2
X[ 2(>< y) L (x=y ]m )
X2Y! (XZY’Z _ X/Zyz) (Z _ Z’)ZXZY’Z X’2Y2

Non-conformal part
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Evolution equationin N =4

d a
%Tr{UXU)T,} - 2—7:2 / d?z ([Tr{UXU;}Tr{UZUJ} — NeTr{UUj}]

—vy)? _v)? 2 2
o { (x—y) {1 B asﬂNc] ~asNe (x—y) In X In Y }
X2Y2 12 2r X2Y2 T (x—y)2  (x—y)?

/ d?Z [Tr{UU}}Tr{UU H{U, U]} — Tr{uuju,uju,ul}

(&7

t 1602

~Tr{UU} UUfU,Uf} — (Z — 2)]

(x—y)* (x=y? 7,,%°Y?
: [x2Y/2(x2Y/2 —X2Y2)  (z— z)2x2Y/2} " X’2Y2)

Non-conformal part + Conformal analytic part

|. Balitsky (JLAB & ODU) Next-to-leading order evolution of color dipoles  CA QCD 2008 May 16, 2008 35/42



Evolution equationin N =4

d Qg 2
%Tr{UXUj,} = 3> / ¢’z ([Tr{UXU;}Tr{UZuT} — NeTH{UUJ}]

(x —y)? asNe asNe (x — y)? X2 Y2
X{ X2Y2 1+ 2 17 ™)) - 2r  XoY? Ir'(x—y)2|n(x—y)2}

/ d?Z [Tr{U U} Tr{U U} Tr{U, U]} — Tr{u,uju,UjuuL}

* 1612
~Tr{UU} UUfU, U]} — (Z — 2)]

(x—y)* (x—y)? X2Y2\ a2NZ .
. [XZY’Z(XZY'Z — X2Y2) " (z— z)ZXZYIZ] '”x'2vz) T2 ST} =

Our result + Extra term = Agrees with NLO BFKL in A/ = 4
(Lipatov and Kotikov, 2004)

(Comparing the forward kernel)
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Linearized forward evolution kernel

d - agNe Oéch 2
g - e [d S M[_§
—mn”ﬂ)mébwﬂm—§<wﬂ Nerx2) W)

UX) = (21— ET{u,Ul}
2

F(x,z) = ()(2;22))2[|nx_2|nw+2u2(§) 72Li2(7%>}

Z (R+22)H

_ 2 1 oo 2
— (1_ x— L5 22) [/ / x )2 —222 symmetric under X < z
0 1
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Linearized forward evolution kernel

d - asNe
) = /dz
_2|n(x;2) |n§])[<zz(z)>_

UX) = (21— ET{u,Ul}

)

F(x,2) = —[In

(x—22(x+22L 2

2

X XA(x—2* .
'“@rzT+'4

_<1_(xx_22)2 / / (x— z2u)2 u>2<—222

To compare with NLO BFKL we rewrite the evol. eqn. in terms of V(x)

(-3

1. ach
UM + SR W)}

)2 5]
symmetric under X < z

= 0%U(X)

2

. Balitsky (JLAB & ODU)

Z{(x_lz)z(“ai:lc{_%
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Forward NLO BFKL kernel

d?q d?
qzq q,‘j Da(q)Ps(d) /

a—ioo

a+ioo d s
Ast) = = (

= qq,) G.(0,q)

da(Q), Pe(d)): impact factors
G, (q,q): the partial wave of the forward reggeized gluon scattering amplitude

WG, (q.q) = 6@ (q-q) + / 42K (g, )G (p. )

/ d?pK (g, P)f (p) = 4asNc / ¢ {5 _1p)2 (1- =) rw)

2 asNe 2 N2 /12 ag 2
e @+ (- e Fan) e+ )

w w
To write the evolution equation we need (qq,) — (q%)

kS (q.o) = K(q.q ,_/dsz(q, >In§ (p.q) + O(a2)
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Comparison of the dipole evolution and NLO BFKL

asNe 2
/ d?pK® (g, p)f (p) = 4osNc / dzp{(q _1p)2 (1_ i\lz )[f(p)_zq_pzf(q)]
Q 2In % In@p* A 2N2
+ (- S F@R) | )+ 2B )
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Comparison of the dipole evolution and NLO BFKL

1 Ne ?
[k @ptp) = dasN: [ { oy (1- S5 )l6(p) — 551 @)
asNg /1 2In ?FZ In % 3a2N?
i (" T TR )+ S0
In the coordinate space
2, evol B Oéch 2, asNg w2
/dK (%, 2)f /d (1+==[-5-
- 2 SNC 3a2N?
2n & g i —D[f()—ﬁf( X)] + 0‘4ﬂ F(x.,z)}f(z)+ S 7oC(3) ()
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Comparison of the dipole evolution and NLO BFKL

1 Ne ?
[k @ptp) = dasN: [ { oy (1- S5 )l6(p) — 551 @)
asNg /1 2In ?FZ In % 3a2N?
i (" T TR )+ S0
In the coordinate space
2, evol B Oéch 2, asNg w2
/dK (%, 2)f /d (1+==[-5-
- 2 SNC 3a2N?
2n & g i —D[f()—ﬁf( X)] + 0‘4ﬂ F(x.,z)}f(z)+ S 7oC(3) ()

while we have
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Comparison of the dipole evolution and NLO BFKL

1 Ne ?
[k @ptp) = dasN: [ { oy (1- S5 )l6(p) — 551 @)
asNg /1 2In ?FZ In % 3a2N?
i (" T TR )+ S0
In the coordinate space
2, evol B Oéch 2, asNg w2
/dK (%, 2)f /d (1+==[-5-
- 2 SNC 3a2N?
2n & g i —D[f()—ﬁf( X)] + 0‘4ﬂ F(x.,z)}f(z)+ S 7oC(3) ()

while we have

d - Ctch 1 (XSNC ™
d77<v( ) = 2 /dzz{(x—z)z(lJr Ar [7?

—2)? . .
2 XZZ) |n§])[<wz)> = (V00 +

= Same kernel up to g == ((3)f (x) term
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Conclusions

m The NLO kernel for the evolution of the color dipole consists of
three parts: the running-coupling part proportional to 5-function,
the conformal part describing 1 — 3 dipoles transition and the
non-conformal term.

m The result agrees with the forward NLO BFKL kernel up to a term
proportional o2¢(3) times the original dipole.

m For the creation of dipoles in the small-x evolution, the coupling
constant is determined by the size of the smallest dipole.

= With rigid |a| < o cutoff, the NLO-BK and the NLO-BFKL for
N = 4is (almost) conformally invariant in the transverse plane.
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Outlook: two problems

Problem #1.:

’ o
(T} oo = 575 [ €2 (THUULTHUU))

{(Xfy)2 {17 aSnNC] B asNe (Xfy)2 X2 Y2 }

| |
X2Y2 12 2 xev2 Mx—y2 " (x—y)2

+

12;2 / d?Z [Tr{UU}}Tr{UU} }{U, U]} — Tr{UUfU, U}
~Tr{UxULUUfU, U]} - (Z — 2)]

(x=y* (x=y? 7, X*Y?
) [XZY’Z(XZY/Z - X2Y2)  (z- z’)ZXZY’Z] " X7z

+cx Tr{UxU§}>
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Outlook: two problems

Problem #1.:

’ o
(T} oo = 575 [ €2 (THUULTHUU))

{(Xfy)2 {17 aSnNC] B asNe (Xfy)2 X2 Y2 }

| |
X2Y2 12 2 xev2 Mx—y2 " (x—y)2

+

12;2 / d?Z [Tr{UU}}Tr{UU} }{U, U]} — Tr{UUfU, U}
~Tr{UxULUUfU, U]} - (Z — 2)]

(x=y* (x=y? 7, X*Y?
) [XZY’Z(XZY/Z - X2Y2)  (z- z’)ZXZY’Z] " X7z

+cx Tr{UxU§}>
To get c we set U, = 1 (no shock wave) then

(Tr{uuj}) =1
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Outlook: two problems

Problem #1.:

’ (07
(T} oo = 575 [ €2 (THUULTHUU))

{(Xfy)2 {17 aSnNC] B asNe (Xfy)2 X2 Y2 }

| |
X2Y2 12 2 xev2 Mx—y2 " (x—y)2

+

12;2 / d?Z [Tr{UU}}Tr{UU} }{U, U]} — Tr{UUfU, U}
~Tr{UxULUUfU, U]} - (Z — 2)]

(x=y* (x=y? 7, X*Y?
) [XZY’Z(XZY/Z - X2Y2)  (z- z’)ZXZY’Z] " X7z

+cx Tr{UxU§}>
To get c we set U, = 1 (no shock wave) then

(Tr{uuj}) =1
We checked this with gauge/scalar links at infinity

T{U U]} = im Tr{[Lps + X0, —Lpy + X, ][~Lp1 + X1, —LpL + V1]
X [=Lp1 4y, Lpr + Yu][Lpy + Yo, Lp1 + X1 ]}
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Outlook: two problems

Problem #2: Confor mal invariance of the N/ = 4 evolution kernel

Conformal Non—-Conformal
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Outlook: two problems

Problem #2: Confor mal invariance of the N/ = 4 evolution kernel

Conformal Non—-Conformal

The high-energy evolution may still be conformal in the proper (effective action?)
language symmetric with respect to projectile—target
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Outlook: two problems

Problem #2: Confor mal invariance of the N/ = 4 evolution kernel

Conformal Non—-Conformal

The high-energy evolution may still be conformal in the proper (effective action?)
language symmetric with respect to projectile—target

The projectile—target symmetric forward NLO BFKL kernel is “conformal” under
the inversion x — x/x?.
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Outlook: two problems

Problem #2: Confor mal invariance of the N/ = 4 evolution kernel

Conformal Non—-Conformal

The high-energy evolution may still be conformal in the proper (effective action?)
language symmetric with respect to projectile—target

The projectile—target symmetric forward NLO BFKL kernel is “conformal” under
the inversion x — x/x?.

This indicates that the non-forward NLO BFKL, properly symmetrized, may be
conformally invariant.
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