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@ Motivation
@ LO equation for baryon Wilson loop (with R. Gerasimov)

@ NLO equation (with |. Balitsky)

e NLO quasi-conformal equation

e Linearization

@ Results and discussion
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Dipole picture ?

1
o (5, QP) = / r / XV (F, X, Q)2 o, S).

oap(r /db (1 —U12(b r,s))

where Ui, obeys the Balitsky-Kovchegov evolution equation
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Previous work

@ M. Praszalowicz and A. Rostworowski, 1998 - Proton wave
function with one and two gluon emissions was studied.
Indication that new color structures, not only dipoles and
three-quark singlets (like proton) appear.

@ Y. Hatta, E. lancu, K. ltakura and L. McLerran, 2005 -
Odderon in the color glass condensate was studied. Linear
evolution equation for 3-quark Wilson line (its C-odd part)
was obtained in the coordiante representation. It was
shown that this equation is equivalent to the BKP equation
in the momentum representation.

@ J. Bartels and L. Motyka, 2008 - Wave function, impact
factor were studied. Gluon radiation was diagonalized into
the evolution of 2-quark, 3-quark, and 4-quark states in
C-even and C-odd states obeying the BKP equations with
nonlinear terms.
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Shock wave formalism

LO I. Balitsky 1996, NLO I. Balitsky and G. Chirilli 2006-2013
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Color field of a fast moving particle A~ ~ §(z)A"(z,)
A"(z, ) contains slow components with rapidities < 7

Quark propagator in such an external field G(x. y) ~ U"(z,)

DIS matrix element contains a Wilson loop = color dipole
operator Uy, = tr(U"(z1 1)U (22.)).
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Baryon Wilson loop

B123 = €ilj/h/€,'jhU(21)::/ U(zz)j/ U(23)Z/ = U1 . U2 . U3.

@ Bjo3 is gauge invariant since under a gauge rotation the
Wilson lines change

U(Z), — VX)LU )R VY)E, Ve Su@).
o MU U/j-, uh = ¢lih,
o ejne’/ MU Uy = 2(UNY. ee T (UN(UTY, = 20,

o Ui~ Ui Ug = (UU)) - (L)) - (UkU)).

° Bi=U U- U= 2tr(U/-U,.T), i.e. quark-diquark and
quark-antiquark systems are described by the same
operator.

A.V. Grabovsky Higher Fock states in CGC



LO Evolution equation for a 3-quark Wilson loop

as3 Z2
1]23: > /d [ 12 (—Blag + = (B1443324+B12744B;’14 B314B314))

+(1 <—>3)—|—(2<—>3)].
agrees with JIMWLK results (A. Kovner M. Lublinsky Y. Mulian)
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Quark-diquark limit

Bl,, = Uy - Us - Up = 2tr(Uy U}), i.e. quark-diquark and
quark-antiquark systems are described by the same operator.
The evolution equation should go into the dipole
Balitsky-Kovchegov evolution equation as Z,z — 0

81‘/’( U1 U;[) Qg 21‘22 t t +
N .
Gy = | 9% 7222 {tr(U1 U tr(UsUS) — Netr(Us US)

Indeed this is the case

88?1722 0533 / — |: Z 7.2
= dZy | 5525 (—Blyp+
on 472 Z2Z2

—

+ 2(B{14Booy + B3syB1y — BoauBsyy)) +(122)+ (2« 2)} :

(e2]
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C-even case

We build C-even and C-odd operators with

il il N i =\h
Blys = /1 ejUnt (21); UM (Z)) U (Za)yy = U - U} - U]

Biys = By + Blss — 12

- _— RN 7]
123 ) B123 - B123 - B

123

1 .
Bios = §(B1+33 + B3y + Bipo) + Bl

where szs works from the 4-gluon exchange. In SU(3)
B,','j = 2tr(U,U,T)

— By, splits into 3 LO C-even BK Green functions and one
NLO contribution. cf. Bartels and Motyka 2007 ?
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OBios _ 053 [ o Z5 [, ~ -
= dZ45555 |Bios + Brag — Bias
on 472 Z2Z2 [
_ _ _ _ 1 _ _ _
—Bioy— 443+B424+B144+ﬁ (B144B324 + B34 Bs14 — B3yaBz1a)
1 _ _ _
T 15 (BiaaBss + B4y Bats — 33443314)] +(2¢3)+(1+3).

The linear part of this result coincides with the linear result of
Hatta, lancu, ltakura, McLerran 2005, which they proved to
coincide with the BKP equation.
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NLO corrections

NLO evolution of 2 Wilson lines with open indices from Balitsky
and Chirilli 2013

0B ) [
e L= as(“z ) /dro [(BmoBszo + BoooBato — BaooB210 — 6Bi23)
on 8w

-2 22 -2 =2
2 3as Io1 1 1 UP M2

“Nrzrg Al "7z ) \mz 7)) e
01702 02 02 01 01102 H

22 22 22 22
« r. r; 1 r; r.
S in&B e | S8 - = Bi0oBs20 — B20oBs1o
2 215 |F2re2 272
™ Ly Ty Mofso  T3ol20

s 1
*# <9B123 -3 [2 (B10oBs2o + B2ooBi3o) — 530051201) } +(1<3)+2« 3)}
10720
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NLO corrections

_8%./"?0"3‘ [(Lie (U ) - (U1 ' U ) - s
YL [(Uouﬂuz) : (U1 UOTU4> Us+1r (UOUﬂ) (u1 Uo*uz) Us- Us
*2[51445234 + Bo4aBi3s — BsaaBios] + %Bms}

+(Miz — Mz — Moz + Mgs) [(U0U4TU3) . (UzUoTU1) Uy
+ (U1 UOTUZ) : (U3U4TU0) : U4] + (all 5 permutations 1 <3 2 < 3)} + (0 ¢ 4)]

2 , . .
_asr /dFodﬁt 1(U1 Uo"Us + UsUp"Uy) - Uz - Us — 151231‘1’(U0‘ Us)
1674 3 9
1 1
+HUiU" o) - Us - Uy + 68123 - 1(50133002 + Boo1 Bo2s — Bo12Boos)

+ (162) + 0o} LE+(163)+ (2o 3)

1 (11 2n p? 67 w 10n
B'nﬁ_(?_ss)'”<4e2w<1>+9 3 93

This equation has correct dipole limit.
Remains to compare with JIMWLK results (A. Kovner M. Lublinsky Y. Mulian
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NLO corrections

Pomeron contribution Li2(0 <+ 4) = Ly

1 it (1 1 Fi2® oo’ Fia® + 01 Pod®
L12:[—(7£(7+7)+%7M)

10121242 — 0221142 8 10121242 0221142 loa 4rp4*
TS ( 1 1 )}m(%‘%z% 1
84 \ 1022114 19121242 1421022 2ro4*
2 2202 | 2222 2 222 = 22 2
q _ 1 {I’oz M4~ + o1 124" — roa™ 2 (foz 4 )_1}
= .

12 — = = = = =3 = =
o4 2(f022f142 — fo12f242) 0121242

2-point contribution to odderon L12(0 «» 4) = —Ly2

7.2 2.2 22z 2
[, = N2 I2 1 1 10124
2= o =55 57 22 3 2 32 27 5 T 2% 22 5= .
8 [ 10121002114%1242 101210421247 02210471142 1421o2?

New structures

— - 2 - 22 2
My — Iz Iz _ 1 _ 1 Io1°fo2
16 [ 10127002 T14%1242  T0121042F24?  T022T04?T142 fa?Pos? )

_ 1 ﬁ22f232_f142f232_f032ﬁ22 Fis® | To2?
410121542 \ T002T242  T042Tos? 10021042 Toa? '

13
M

242
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NLO corrections: quasi-conformal kernel

To construct composite conformal operators we will use the
model (I. Balitsky and G. Chirilli 2009, A. Kovner M. Lublinsky
Y. Mulian 2014)

ocont — 0 4+ 1@
20 ’mn rr?n n rn?na ’
N 52,27 52;2 0 5372

lm/n /mln /mln

where a is an arbitrary constant. For the conformal 3QWL
operator we have the following ansatz

r. ar.
conf __ 12 12
Brzs _8123+ /d [r 2r.2 <r2F2>
41742 41742

B144Bzo4 + B244B314 — B344B214)) + (1 <+ 3) + (2 <+ 3)

1
x(=Bizs + &

If we put 1> = r3, then

conf 3 Fé ar12 1
B122 = B122+ df4_, In ( Bioo+—= B1448224)
2 272 227
4 41742 R 75 6
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Quasi-conformal kernel

~ n¢ part does not change

(Knio ® Bfgg'y = —

2
oy [ andr ({15 (Ui Le) - (Uith' L) - e
+L5 [(U0U4TU2) . (U1 UoTU4) -Us + tr (U0U4T) (U1 UoTUz) -Us - Uy
3 1
—2[51445234 + B24aBizs — B34a Biaa] + 53123}
+M [(UOUJUS) : (UzUoTU1) ~Us + (U1 UoTU2) . (U3U4on) : U4]
+ns(...) + (all 5 permutations 1 <> 2 «» 3)} (0« 4))
2 r w2
e[ (5[0 (3) (e 52) - e ()]
8 2 [ \ros Tz Toi 05703 H
3
X <*(B1005230 + BoooBi3o — BsooBz1o) — 93123) +(1+3)+ (2« 3))
[ T® | o (TR’Tio® fo® | o (Th2Tao®
Booz B S| — — = T
32 S/dro( oot | 03?1022 n (f’132f202 Fo12Fo22 : M32r202

+ (all 5 permutations 1 <> 2 <> 3)) .

l\)

Remains to compare with JIMWLK results (A. Kovner M. Lublinsky Y. Mulian)
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Quasi-conformal kernel

= 2 = 22 2 2 2 = 2= 2
c 2 lo2" 4 2 fo1" 24
Lo =L+ — 57 57 2 In( = 2o |t e e s In{ = 5= 5 |
410121042124 roa2ri2 410221042114 04?112
- 2 - 2= 2 - 2 - 2= 2
7C _ 7 N2 fo2" a4 N2 01" 24
Lo =L+ _,2_.2_,2|n == 5 | — _.2_,2_,2"1 = %= 5 |
41012104224 oa®ri2 41022104214 04?2
- 2 - 22 2= 4 - 2 = 4= 42 42 2
MS = r2 (fm 2" I34 ) 2 (fos loa 2 24 )
12 = > o= oo > = 52 > 5o 5o > o= Ao oo
1670221042 1142 Toa* 11421242 1670127042124 0121028 F142134*
23 (fm 103" 24 " I34 ) 23 (f’oz 103" 4 )
1670221042342 022 Fo4* Fi4* a3* 1670321042 1242 01412421342
- 2 = 42 22 2 - 2 = 4= 22 2
r3 (I’oz r4"I34 ) r3 (foz r14" 134 )
167032 10421142 Fo012 1032 r24* 1670121042 T34 To12ro3?ra4*
- 2= 2 = 22 2= 4 - 2= 2 - 22 22 2
ra™ 2 ( Io1" 103" 24 ) 3=z (I’oz r2"I34 )
8101210221042 342 F0221042 1122 134 810121022242 342 101212321242
- 2= 2 - 22 22 22 2
N4"re3 fo1"fo4" 123" I24
8101210421242 T342 T024T1421342 ’

All these functions are conformally invariant
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Linearization

In the 3-gluon approximation

3 9as

(Knio®Bigs'y = /dfodf4 (LS4 LG+L5— f(L?2+L73+L33))(Bo44+3004—12)

2n oo
_gjwi/drodm {(2Bots — Boot — Buaa) (L% + L% — 2L%,) + (1 < 3) + (1 <+ 2)}

27aS

5 C(3)(8 — d23 — 613 — 621)(Bi2s — 6)
6940654 /d rodry (Fo(Boso — Boaa) + {Fiao + (0 <> 4)} Biao + (all 5 perm.1 < 2 + 3)

902
6473

90} To7 1 1 ris <r12>}
d S5 — 55 | — =55 In| ==
16 3/ r0< { < ) (rog fof foiTos i
X (Bioo + Baso + Bzoo + Bizo — Bsoo — Bzio — Bi2z — 6) + (1 <> 3) + (2 <+ 3)).

Here §; = 1,if 7; = I and &; = 0 otherwise.
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Linearization

z 2 Z 2 z 2 22 2 = 2 22 2
Eion — N2 __Ihs _ 2r3 In2 lo2" 3 i 23 In2 fo3™ 2
107 \Br2he?  Tor2ha?  ToeToa? For2los? ) | 2hp?log?  \ Toe?hha?
01“ 02 01°/03 02°103 0123 02“03 02°I13
z 2 z 2 2 2
r2 r3 3
=5 T T | T(2¢3),
lo1°02° 101°/03°  102°/03

2 2 2 2 2 27 2 2 2 2 2 2 27 2

= 2r2 I3 2 ( foz" 2 r3 2 2 ( 2" 113
F23O = = 52 5 57 27 2 In = 57 5 +| = 57 5 7 27 o In = 52 5
o102 21022103 l2“rs 01103 1102 fo1°r23

ST
—5123/(_. 27 5% 27 30 F 27 2> + (2 + 3).
lo1°ro2“ Io1°ro3“  lo2°/03

+375123/(

8o — Iz s Rs”  2nsTh”  2msThe”  2hsTrs

B'loa® | Tor'ha® | Toa'ha®  Tor'Toetha? | Torthatfoa?  Tor2hoalfoat
is the square of the area of the triangle with the corners at ry » 5 after the
inversion.

o dx a(1 — x) + bx
/(a,b,c)—/o a(1_X)+bx—cx(1—x)m( ex(1—x) )

is symmetric w.r.t. interchange of its arguments function.
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Linearization

= 2 - 2 - 2= 2= 4 = 2 - 2= 2= 2
Fo— r2 ( 24 (fm lo2" 134 ) rs (fm r13" 24 )
0= =5 5= S 555 5o — 55 S5 5o
21142124 \ 10221042 F142 242 F03* Fo12 132 I032r22M42
274? T012T022Faa®
o =552 5 ) ) — (0 4).
o3 loa ro3“roa“ri2
F. 2 lo2"loa" 12" 134
140 = 5 5= 5= 5 == o2 4
l2“ro4“ 14 103" 4= 24
- 2= 2 - 2= 22 2 - 2= 2 - 2= 2= 2
. o123 (fm 24" I34 ) . 3" r2 (foz r4"r23 )
F02° 1032 1042 1142 F042 1142 232 0221032 F14% 1242 032112224
2 2 2 22 2 2 22 2 2 22 22 4
P23 | (foz Fa4 > Fo2" 113 ( o1 102" Fa4 )
T032F042 24 042 r2g? F012103° 104% 242 0321042 F13% 1242

All the functions F are conformally invariant.
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Linearization

In the 3-gluon approximation
3g 1
Birs = é(Bre,s + B3yq + Bagp)-
Therefore for model of the composite operator we use

B+conf 3g 1(B+conf + B+conf + B+conf)

128 — 5\Pra3 211 320
and
3g 1 / . ’
(Knio ® Bizg™) = 5 (Kno @ (B + BSS™ + BLZ™)).

This equality imposes the following constraints
0= {Fi40+ (0 + 4)} + (all 5 permutations 1 <> 2 «» 3),

0= /dfor:23o7

ar; ~ 1z 1z
0= 74 ({Fa0 + (0 < 4)} + (2 <> 3)) + Fro0 + §F230|1<—>3 + §F230|1<->2-

They are satisfied.
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Linearized C-odd exchange

OB 5, Bas (u? . _ _ _ _
éila = 2755 ) / dro [(51 00" + Byp™" + By + By

—conf —conf —conf
_BSOO - 8210 - B123 )

22 =2 -2 =2

2 3as 101 1 1 N2 N2
“N\zere 2 P\ 72 ) (72 72 ) ~7er2 M 22

0102 02 02 01 0102 H

2702
472

W

T(1o3)+2e 3)] + 2195 (3)(3 — 25 — S13 — 021) B

a2n R _ _ _
_24572/dr0dr4 (2854 — Bagr — Braa) (L% + L% —2L%) + (1 < 3) + (1 ¢ 2)}

_9af [ (ir Bioo + FasoBiag + (1 4+ 3) + (1 <—>2))
64713 0 100P100 230 D230
2
_%/dﬁ)da (2FoBgso + {F1a0 + (0 <> 4)} Byyo + (all 5 perm. 1 <+ 2 «» 3)) .
T
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Linearized C-odd exchange for a dipole

The BK equation for the C-odd part of the color dipole operator
Bi,, = 2tr(U; UJ) — 2tr(U] U,) in the 3-gluon approximation

reads
—conf 2
0By, 3 3as (/‘ ) /d,—,’O(B—conf 4 Bgconf _ B—conf)
an 212 100 220 122
=2 22 =2 =2
o [ 2 _3asﬁ n(fot) (1) _ _hz <r12>]>
Z272 22 72 T 72 Z272 ~2
foilos 47 liz2) \fo2  'oi lo17o2 p

90[2 - 42 7C p— _
azn,« i _ _ _ — — _
- 1257T4/dr0dr4{(28014 - Boo1 - B144) - (28024 — Poo2 — ‘9244)} L?z

This equation contains the nondipole 3QWL operators in its
quark part.
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@ LO and NLO evolution equation for 3QWL.
@ Quasi-conformal equation for composite 3SQWL operator.
@ Linearized quasi-conformal equation in 3-g approximation.

@ Linearized equation for a dipole depending on 3QW.Ls in
3-g approximation.
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Discussion

Baryon Wilson loop is a natural SU(3) model for low-x
proton Green function — phenomenology.

3QWL operator is the basic operator describing C-odd
exchange.

The evolution equation for the C-odd part of the 3SQWL
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 By, = B~ (Fi, 7, ) , which vanishes as rj = 1j = .
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 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 (Fadin Fiore AG Papa).

Thank you for your attention
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In the quark-diquark limit r3 — 1>

(M [(UoUs ) - (Uel'Uh ) - Us + (Ui Uo" L) - (UsUsT i) - U]
+ (all 5 permutations 1 <+ 2 «» 3)} + (0« 4)
- 2L% [tr (uo"‘ U4) (tr (Ug'i' UoUsT U1> +ir (Uz'" Us Uy' Uo>>
+otr (UOTU1> tr (Uz" U4> tr (Uﬂ Uo) —(0 & 4)] :
{l?g (UOUJUZ) : (U1 Uo*u4) - Us + (all 5 permutations 1 < 2 <+ 3)}+(0 o 4)
YA [tr (Uﬂuo) (tr (UJU1 UJU4) +ir (UOTU4U2*U1)) —(0& 4)] :

LS {(U0U4TU2) : (U1 UOTU4) Us+1r (Uouﬂ) (U1 UOTUZ) Us-Us + 153123

—%[51448234 + Bo4aBi3s — BaaaBios] + (all 5 permutations 1 «» 2 «» 3)} +(0 «+ 4)
— 4L102 [tf (UzTU1) — 3tr (UOTU1) tr (UzTU()) + tr (UOTU1> tr (UQTU4> tr <U4TU0)

—tr (L' Ui Us o U Us) + (0 > 4)] .
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we get the dipole result

<KNLO®B$ggf> = *%i/dfoda ({(1162 + L102) tr (UOTU1) tr (UzTU4) tr (UJUO)
+L102 [tf (UQTU1) 3tr (U()TU1) tr (UTU()) —tr (UOTU1 UIU0U2TU4)]} + (0 <~ 4))
Sas/doﬂ {In(r°‘> (7_l) R n (iﬁ)]

s/ \Tos  Tof 05705 2

x (1 (W't ) tr (L' th) —3tr (') ).

This is twice the gluon part of the BK kernel.
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