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Figure 1: Dipole picture. The Wilson Figure 2: Dipole picture with a proton
line operator is a color dipole. instead of a photon. The Wilson line op-
erator is a 3QWL.

1. Introduction

This talk is based on [1]. It presents the development of the Wilson line approach to the high
energy scattering proposed in [2] to the case of the Fock state of 3 quarks with baryon quantum
numbers. This state is known as 3-quark Wilson loop (3QWL)

Biys = &'1" &, U, U3 Uty = Uy - Uy - Us, (1.1)

where

= ig [T 2 by (rT F)dr — d* —ipzy,—
U= U (7,1m) = Pelé =< bnr7dr bn:/ 2;;46) Pb= (p)@(e" — ph). (1.2)

(

and by, is the external shock wave field built from only slow gluons. Here 7 is the rapidity divide
separating the slow gluons in the shock wave and the fast ones in the impact factors; 7| » 3 and 7 4
are the transverse coordinates of the quarks and gluons correspondingly.

Such an operator naturally appears in the high energy operator product expansion [2] if one
treats the proton as a projectile instead of a photon (see figures 1,2). For the photon the relevant
Wilson line operator is the color dipole obeying the Balitsky-Kovchegov equation [2, 3]. The next
to leading order (NLO) of this equation was derived in [4], [5]. The leading order (LO) linear
evolution equation for 3QWL was studied in the C-odd case and proved equivalent to the C-odd
Bartels-Kwiecinski-Praszalowicz (BKP) equation [6] in [7] and its nonlinear evolution equation
was derived within Wilson line approach in [8]. The connected contribution to the kernel of the
equation was calculated in [9]. In the momentum representation the evolution of this operator was
first studied in [10], and the nonlinear equation was worked out in [11]. In the C-odd case the linear
NLO evolution equation for the odderon Green function was obtained in [12].

The building blocks for the kernels presented here are the next to leading order (NLO) hierar-
chy of the evolution equations for Wilson lines obtained in [13] (see also [14]) and the connected
contribution from [9].
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2. Evolution equations for the 3QWL

The NLO evolution equation for the 3QWL operator reads
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Here the functions L12,Z12,M12,M213 are defined in (A.2-A.5), L?z is defined in (A.1); 7;j = 7 — 7;.
The notation (i <+ j) stands for the permutation. It means that we have to change 7; <> 7; and

U; <+ U;. As a result performing (1 <> 3), we change Bioo — B3oo, B30 — Bi2o, etc. The MS
renormalization scale p? is related to scale fi> through

11 2ny u? 67 w* 10ny 11 2ny
In =AM (A ) 2 =2 22
p (3 33>n<4e2w<1>>+9 3793 P=(3733 22)

One can see that this evolution equation contains nonconformal terms not related to renor-
malization. As in the dipole case one can cancel them rewriting the evolution equation in terms
of composite conformal operators [5] (see also [14]). The evolution equation for the composite

3QWL operator B‘lggf
22
n r ar
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Here the functions LS,, L$,, M§, are defined in (A.6-A.8).
The equation for composite 3QWL operator B2/ (2.3) linearized in the 3-gluon approxima-

tion has the form
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Here 9;; = 1, if 7; = 7; and §;; = 0 otherwise; the functions Fy and Fj4 are defined in (A.9) and
(A.10); Fioo and F>3¢ are defined in (A.11-A.12). This equation goes into the BK equation for the
color dipole Biy = Ztr(U 1 U; ) in the 3-gluon approximation which reads
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As is clear from the last line, the evolution of the color dipole in the 3-gluon approximation depends
on the 3QWL operators which have nondipole structure.

3. Conclusion

In this talk I have presented the results of [1] for the NLO evolution equation for the 3 quark
Wilson loop operator &/"¢;;,U! l.,Uzjj,U;’h,. As for the NLO BK, this evolution equation (2.1)
has nonconformal contributions which can be eliminated if one writes the equation for composite
3QWL operator (2.3). This operator obeys the NLO evolution equation with the quasi-conformal
kernel (2.4). The linearized quasi-conformal equation in the 3-gluon approximation is given in
(2.5). All the results have correct dipole limits when the coordinates of the two quarks coincide.
As a byproduct the latter equation gives the 3-gluon approximation of the BK equation, which
contains non-dipole 3QWL operators (2.6).

The 3QWL operator may have many phenomenological applications. First, it is a natural
SU(3) model for a baryon Green function in the Regge limit. Also, it is the irreducible operator
describing C-odd (odderon) exchange. Moreover, even the NLO evolution equation for the dipole
C-odd Green function in the 3-gluon approximation (2.6) in QCD can not be written without the
introduction of the 3QWL operator.

The evolution equation for the C-odd part of the 3QWL operator is the generalization of the
BKP equation for odderon exchange to the saturation regime. However, it is valid for the colorless
object, i.e. for the function Bl.;k = B~ (7,7}, 7x) , which vanishes as 7; = 7; = . The linear approx-
imation of the equation for the C-odd part of the 3QWL should be equivalent to the NLO BKP for
odderon exchange acting in the space of such functions. One may try to restore the full NLO BKP
kernel from our result via the technique similar to the one developed for the 2-point operators in
[15].

The result for the evolution of the 3QWL operator was also presented in [16]. However, the
equivalence of this result and (2.1) has not been proved yet.
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A. Building blocks for the kernels

N o S 5 25 2
g I [ P2 F1a” +Fo1774” — FoaF12 F02 T14
Ly, =2+ 22 27 27D -5 ) Ly (A.1)
o4 2(Foo?t14% — F01%7242) 7017724
Lo — 1 At 1 . 1 +7122_?0227142+7012?242
12 — = 2= 2_—» 2= 2 8 = 2= 9 = 2= 92 =) 4—» 4
F01°T24% — T02°F14 Fo1°T24=  T02°T14 o4 Fo4
- 2 S5 25 2
712 1 1 701724 1
+ = 2 (—» 22 2 I 22 2 ln > 22 9 + - 4 (AZ)
8Foa” \ T2 T14~  To1°724 F147T02 274



Higher Fock states in CGC A. V. Grabovsky

Fo12Fon? 142 Foa®  T012Toa’Toa®  Foo?T04’Tia F14%Fon

= 2 = 2 2 23 2
Mo, = 12 12 B 1 B 1 1  Tor 7oz (A4)
12 — 16 > 22 22 22 ) = 22 22 D = 2= 2= 2 = 2= 2 . .
Fo1°T027 1477247 T01°T04°T24” T2 T04°T14 147724

2 222 2 22 2 = 22 2 o 2 —_

13 1 F12°73° T4 3 Fo3TT12° | T3 702

My =G5 3\7 5.7 702 72 )M Ea) (A3)
Fo1°T34% \T02°To4”  Toa"Tos™  Too°Toa”  Toa o4

2 2 725 2 22 7 22 2

C 2 1027 r14 2 1017124

L12 :L12+4—» 2= 2= 21[1 <—» 2= 2 +4—» 2= 2= 21n = 2= 92 | (A6)
r0177047724 ro471r12 F027Tr047714 ro47712

sc 5 712 FooF14 712 7017724
L12:L12+ = 22 2= 21n S 22 2 )T 42 2 o= 21n = 22 2 |- (A7)
4701°T04"T24 F04°T12 4702“F04"T14 To4~T12

B = 2 = 2 1 1 2 2= 2
Mzzrg[ e . an(m‘mg). (A.3)

Y — 7132 _ <f012i022f344> _ 7122 _ <i034f044i124f242>
1670270477142 \ F034714°724> 1670127047242 \ 701270207 14%734%

n Fa3” In (701 70327246?342) n F23” In (702270327144>
1670227047342 \Fop?Foa*F1aras? ) 167032F0a724?  \ Fo14724%7342

5 2 2 4= 22 2 - 2 > 4= 22 2
ri3 (1’02 r147r34 > I3 <r02 47134 )
2

1670327042714 7127032724 1670127042342 \ To1%7032724*
o3 Fi2? ) ( Fo1°To3°Fas™ > P23 F2? (70227122?342>
8701270227042 7347 022 Toa>F122 7342 8701270227247 734> 2
F14%Fas” I (7012704272327242>
2

87012F04>T24% T34 Foa*P142T34>
- 2 5 2 = 22 2o 4 - 2 - 29 22 2
A 12 < 24 1n<r01 02734 > 713 ln<r01 F13°Fo4 )
0= 5= —m s — = s
2714%T24% \ F02%To4? F14%T24%To3* Fo1%703> Fo3 71227147
2734° Fo1°T02 224>
In ) ) =0 4). (A.9)

0327042 703°Foa*F12

12 027704 7127734
Fiao = 3

T2 Foa?T14 Fo3 714 Faa?
S 29 2 2 29 24 2 S 22 2 S 29 24 2
7017723 I <r01 24 T34 )_ 73 12 (Foz F14°723 )
F032T042 142 F042T14%7232 F022F03° 142242 F032712% 7242
- 2 5 29 2 - 22 2 - 29 2o 4
3 702134 702713 i 017702 134
2 2 2

042724 Fo42T232 70127032 F04> o4 F032F042F13° 24

7012723274

_l’_

(A.8)

Fo2?

2 (A.10)

703
= 2 =2 2 = 2 2 25 2 = 2 2 25 2
~ 712 713 273 2 To2°T13 723 2 [ T3 12
Fl()O: = 22 2 = 22 2 = 2= ) ln = 22 2 +2—» 2= 21n = 2= 9
Fo1°Fo2°  To1°T03°  Fo2 703 F01°723 702703 F02°713
- 2 2
F12

+§1231<q e e B e
Fo12To2? Fo1%T3% Fon?Tos

= 2 = 2 2 2= 2 = 2 = 2 2 2= 2
= 2r12 23 2 [ F037T12 r3 r2 2 [ 7027113
F230 - ) - 2—» 22 2 ln ) + > 2 2 I 2= 2 ln = 2= 2
ro17°ro2 027703 ro2=ri3 ro17°ro3 ro1°ro2 ro1°123

- 2 -
ri3 23

2>+@H$. (A.11)

2 2 2 2 2 2
5 12 13 23
7S123I (—» 22 292 2=t 20> Do 2) +(2<_> 3) (A12)
Fo17T02” Fo1°T03” T02°703
S 4 S 4 — S5 22 2 S 25 2 S 29 2
G (T2 r13 r3t  2R3TFipT 2037t 2F1377s (A13)
123 — = 42 4 = 42 4 = 42 4 S 42 22 D = 22 4= D = 22 2= 4 . .
For*Fo2™  To1%703"  To2*To3t  Fo1*Toa"Fo3”  Fo1ro2To3”  To17T02°To3



Higher Fock states in CGC A. V. Grabovsky

e dx N a(l—x)+bx
I(a,b,c)—/o a(l—x)—l—bx—cx(l—x)l ( cx(1—x) > (A14)
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