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In the next-to-leading order, we discuss the low-z evolution equation
for the baryon Wilson loop operator, which is a natural model for the Green
function describing proton scattering in the Regge limit.
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1. Introduction

The description of the proton scattering in the framework of kp-factoriza-
tion can be addressed within the high energy operator expansion developed
in [1]. In that paper, this method was applied to derive the full leading
order (LO) hierarchy of the low-z evolution equations for Wilson lines with
arbitrary indices and to the most important case of the color dipole. In the
next-to-leading order (NLO), the evolution equation for the color dipole was
derived in [2-4] and the connected evolution of the 3 Wilson lines was found
in [5]. Finally, the full NLO hierarchy of the low-z evolution equations was
written in [6] and the JIMWLK Hamiltonian equivalent to it in [7].

In this framework, the amplitude in the Regge limit can be written as
a convolution of the impact factors and the matrix elements of the Wilson
line operators. The impact factors consist of the wavefunctions of the in-
coming and outgoing particles, which describe their splitting into the quarks
and gluons propagating through the shockwave formed by the other parti-
cle. The Wilson lines describe this propagation. For the virtual photon or
meson scattering, the relevant Wilson line operator is a color dipole. In the
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proton case assuming SU(3) symmetry, it is the baryon or 3-quark Wilson
loop (3QWL) &!9'M¢;;, UL, U 5, UL . Its leading order (LO) linear evolution
equation was studied in the C7 odd case within the JIMWLK formalism and
proved equivalent to the C-odd BKP equation [8, 9] in [10] and its nonlinear
evolution equation was derived within Wilson line approach [1] in [11]. The
connected contribution to the kernel of the equation was calculated in [5].
In the momentum representation, the evolution of this operator was first
studied in [12], and the nonlinear equation was worked out in [13]. In the
C-odd case, the linear NLO evolution equation for the odderon Green func-
tion was obtained in [14]. Here in (7) and (16), the NLO evolution equation
for the 3QWL operator is presented. These results are based on the study
in progress [15].

We use the following notation. We introduce the light cone vectors n;
and ng

ni =(1,0,0,1),  ng=3(1,0,0,-1), nf=ny; =mna=1, (1)
and for any vector p, we have
pk=p'k,=p k™ +p kT —pk=pik_ +p_ky —pk. (2)
We define the 3QWL operator as
Bigg = " ey ULy U Uy = Uy - Uy - Us,, (3)
where the Wilson line
Ui = U (1) = Peid /23 by (rFiydrt (4)

and b, is the external shock wave field built from only slow gluons

4
b, = / (;lﬂ]))4e_ipzb_(p)0 (e” —p+) . (5)

The parameter 7 separates the slow gluons entering the Wilson lines from
the fast ones in the impact factors. The field

b (r) = b_(r"',f')ng =6(rT)b (7) nk . (6)

We denote 771, 72, 73 as the coordinates of the quarks within the 3QWL, and
70,74 as the coordinates of the gluons. Hereafter we set N, = 3 explicitly.
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2. NLO evolution equation for the 3QWL

Taking the LO equation from [11] (2.35) and using the results of [4, 6]

and [5], we can write the NLO evolution equation for 3QWL operator [15]
as

OBias  as (17)

o 32 /dfo [(31003320 + B200B310 — B3ooB210 — 6B123)

y 73 —30‘%1 T L1\ 7 | 7
rgrg ar o\r2) \Gg T w2) e U\
01702 02 02 01 01702 K

22 =2 =9 -9

« T T 1 T T

_S g0y 10{ [ 13 32

™ To1  Toy 2

2

Ti2

—5 o5~ =555 | (B1ooBs20— B2ooBs10) —
10730

T30720

=)
oaZng [
_ainy /drgdm H(
1
2
Y | drodry {1 (VU0 - (thUotUy) - U
— g | drodry 12 (UoUs'Us ) - (U1U'Uy ) - Us
1
4[Bl443234+3244Bl34_B3443124]+23123]+(M13_M12_M23+M2)

10720
1
X (93123—(31003320+B2003130)+233003120> }-1-(1 = 3)+(2 < 3)]
1 1
g (UonTU4 + U4U0TU1> - Uy - U3—§B;[23t1" (UOTU4>
1
+ (U1U0TU2) U3 - Uy + 63123 — 1(30133002 + Boo1 Bo2s — Bo12Boo3)
+(1+2)+ 0D, 4+ (14 3)+ (24 3)]
L [(UOU4T UQ) : (UlUgT U4) Us + tr (UOU4T ) (U1U0T Ug) Us- U,
x [ (U0U4TU3) : (UQUOTU1> Uy + (UonTUQ) : (U3U4TUO) -U4]
+(all 5 permutations 1 <+ 2 < 3)} + (0« 4)} .

(7)
Here,
I | (770127?242)[7?122 ( 1 1 >+ 1
12=1In| 5—2 = 555 S 55 —— -
427022 ) | 87042 \ 70227142 70127242 70127242 — 0227142
S 4 S 2 o 95 9, o 925 9
o (T2 1 n 1 +T12  T27T14” + 7017724 n 1
8 \ 7272 " o2m 2 = A7 a o 47
017724 T02°T'14 To4 To4 T04
(8)
S 9 S 9o 9 S 9. 9
i n2” (7”01 T94 ) [ T12°T04 1 1 }
12= 25 =55 55 55 55 5 T S 55 5 S 55
87042 427022 ) | T012T02%714%T24%  T012T24%  T022714°

(9)
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S 05 9 | 5 95 9 o 925 9 S 0 9
q 1 | 7roo*ria® + T01°T24% — Toa“T12 T02°T14
L12 = 3 4 - 95 9 > 95 9 ln > 95 9 _1 9 (10)
T04 2(70227142% — T0127242) 7012724
Y M2t (7‘01 702 > [ T12°T04 1 1 ]
12 — = = = = = v vy I vy - = vy )
167042 427242 ) | T0127022714%T24%  T012724% 70227142
(11)
S 25 95 9 o 25 9 = 925 9 o 9
1 7022\ [71227232704 T14%7T23 T03°T12 T13
M2:4—»2—» ln 2 > 92 95 9 S5 9= 9 o 95 9 > o -
70427342 T24 T01°T02°T24 701724 T01°T02 T01

(12)

The MS renormalization scale u? is related to scale i? through
1 11 2ny (1 67 w 10ny
h— =(——-—-—=|n|—F=|+—-————— 13
Fln 25 <3 33>n<4e2w<1>)+9 5 93 19
11 2ny
= I . 14
5 ( Lo ) (14)
The evolution equation for the composite 3QWL operator B‘fggf

o o
T ar
12 12
cont — Biog + - = | APy | =5 In | =525 (—3123
8 TATH T41742

1
+6(B1443324+Bz443314—B3443214)) +(1<3)+2 <« 3)} (15)

reads [15]

8Bconf a N2
617723 = S8STQ )/d [((31003320 + BagoBs10 — BsooBa1o) — 6B123) """

=9 2 =92 72
T 3« T 1 1 T
x(ﬂli — Sﬂ[ln <4021> (HQ -= ) — 52> 1n < }22>D+(1 & 3)
7“017"02 4m 702 To2  To1 7°017“02 H

2 =)
Qg 7“32 9 [ 7327710
263 } ~ % [ dry ( BosB In

92 5 ((T12°730° .
—= 5= ( 5o 2)] +(all5permutat10ns1<—>2HS)>
017702 7134720
a2n 1
16 4 /dTOdT4 H(S (UlU()TU4—|-U4U0TU1> -Usy - U3—§B123t1' (UOTU4>

1 1
+ (UIUOTUQ) Uz - Uy + 6B123 — 1(30133002 + Boo1Bo2s — Boi12Boos)
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+(1<—>2))+(0<—>4)}L(f2+(1<—>3)+(2<—>3)}

Oé2

8 Q4
+LS, [(UOU4T U2> - (UlUgTU4) Us +tr (UOU4T> (U1UOT U2> Uz - Uy

dodFy ({LIC2 (UOUﬂUg) : (UlUOTU4) Us

3 1
—1[31443234 + B4y B134 — B34aBi24] + 23123]
+MS, [(UOUJ U3) - (U2U0T U1> Uy + (UonTUg) : (U3U4T Uo) -U4}
+ (all 5 permutations 1 <> 2 3)} + (0 < 4)) . (16)

Here, the composite Operator ((3100B320—|—32003310 —ngoleg) —6Blgg)conf
is defined according to model

100
Oconf:0+ i 7 (17)
2 an 7?7727,77, FTT2L77, 1 'F,%na
F2p2 P22 M\ G252
m 1n m 1n m 1n
S 9 S 9o 2
10 Lot 712 Too™Ta” 92 _In 70127242
2= M2 s 25 2 2w 02 ) g2 2w 25
01°T04°T24 T04°T12 T0227042 7142 70427122
(18)
S 9
o T12 Fo2°714° 22 701274
Liy=Lit 5o 772 ) " 1222 m 27
T01°T04°T24 70427122 702270427142 70427122
(19)
S 9
e T12 1 70127022734 n 7132 . Foo 1427542
127 1627 27 2 O\ oA 25 167 2727 T\ 722
T02°T04°T14 7"03 7“14 7”24 ?"01 7“04 7342 7“01 7“03 ?”24
L 9
. 793 ) 7011703 272497542 n _In 0227032714
167 27 27 2 27 472 42 167 2 27 4= 22
702 7“04 734 T022T04 71447234 7’03 70427242 701472427342
- 4= 4= 2
132 1n<7“02 14734 > N 12 ln(rog Foa 1ot oa )
1670327047142 T0127032724% ) 1670127042724 T0127025714%7344
S 9o 2 S 2o 2 4 S 9o 2
T03"T12 < 0177037724 ) 7237712
8701270227042 7342 T022704%7 1227342 8701270227242 7342
S 95 25 9 ) S 92 25 94 9
o I [ To2"T127 34 714723 T01°T04“T23°T24 (20)
n—»2—»2—;2 8—»2—»2—»2—»2 > 4= 22 2 .
T01°723%T24 T01°T04°T24°734 T024714°T34

This equation has the correct dipole limit [4] and it matches the BFKL
kernel [16].
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3. Conclusion

We presented the NLO evolution equation for the 3-quark Wilson loop
operator 79" ¢, U, U, j,Uélh, based on the study in progress [15]. Kernel of
this equation (7) has nonconformal terms not related to renormalization. We
found composite 3QWL operator (15) obeying the NLO evolution equation
with quasi-conformal kernel (16). Our results have correct dipole limit.

The 3QWL operator is a natural SU(3) model for a baryon Green func-
tion in the Regge limit. It is also the irreducible operator describing C-odd
exchange. The evolution equation for the C-odd part of the 3QWL opera-
tor is the generalization of the BKP equation for odderon exchange to the
saturation regime. However, it is valid for the colorless object. The linear
approximation 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
functions describing colorless objects. 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 [17].
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