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@ Definitions
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@ Shock wave formalism

@ Our results
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Introduce the light cone vectors ny and n»

1

m =(1,0,0,1), n2—§(100 1), nf=n, =nmnp=1

For any p define p*
1 _
p*=m&=509+f), p~ =pn =p° - p?,
p? =2p*p” - p?
The scalar products:

p=pni+pn+p, (pk)=p'k,=p k +p k" - pk.
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Wilson line describing interaction with external field made of
slow gluons with p* < "

. %) _ - 4 .
Ul = pei9 - oz bi(20) = / (Zw,))“e’pzb (p)6(e"—p").
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Dipole picture ?
2 2
§> Q> Nygp

1
oy (6, @) = [ APV (1 PP oap(t ). oap(r.s) =2 [ db(i — - F(b.r.s)
c

r =rq — rp —dipole size, b = %(n -+ rg) — impact parameter, F = tr(U; UZT), — dipole Green function,
U = Ul.77 — Wilson lines, describing fast moving quarks interacting with the target.

n — rapidity divide, gluons with p™ > € belong to photon wavefunction, gluons with p* < e belong to Wilson

lines, describing the field of the target.
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tr(Us Ug) obeys the LO Balitsky-Kovchegov evolution equation

61‘/’(U1 UT) Qg - 2’ 2 t t t
TZ = o [ dz 1%124% [tr(u1 UDtr(Us US) — Notr(Us UJ)] .

LO equation was obtained in 1996-99, NLO — in 2007-2010
(Balitsky and Chirilli).
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For a fast moving particle with the velocity —3 and the field
strength tensor F(x™, x—, X) in its rest frame, in the observer’s
frame the field will look like

. . N 1 .
'yt y .Y)=AF (Ayﬂxy J) =y F (),

s 5
in the Regge limit A — 400, A = /125.
Therefore the natural choice for the gauge is b"* = 0,
b~ is the solution of the equations
ob~
oy!

=5(y")F (7). i.e

b (y)=6o(y")B (),
It is the shock-wave field.
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Propagator in the shock wave background

Choose the gluon field A in the gauge An, = 0 as a sum of
external classical b and quantum A.

A=A+b, b"(x)=3(x")B(Z)n.

The A-b interaction lagrangian has only one vertex

g 9
. I racb c B a Y
L 2f (b7)°gT Aaax—Aﬁ .

The free propagator G5”(x*, p*, p) =

_ _d(g“/ (p+a pJ_)

52,0+
opr € (B(P") ~ 0(-x (P g

pins +pin  npngp?
p+ (p+)?
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Propagator in the shock-wave background
TOOO0000" + @mgm + @W +oee

@ b does not depend on x—, hence the conservation of p*,
520t _\t
P ) . .
@ b~ d(x"), hence e 20" — 1in every internal vertex,
® g'"dv,,g" = g\?, hence no dependence on p —

conservation of X in every internal vertex

Sum the diagrams

Propagator in the shock-wave background:

' U, T
G (XYl w0y- = 21A1(x) [ d20(2")F ¥ (2) Z5F 1 (2) A% 9).
9z~

where the interaction with b is through Wilson line
Us = Peig f;r dztb~ (z*,f).
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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.
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LO Evolution equation for a baryon Wilson loop

1
X {245 (tau;mtb) UZUP+(162)+(1638)

241242

o ((2U) - (Ut) + (U ) - (12U52) ) - U
241242

+(1H3)+(2H3)}.
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Evolution equation for Baryon Green function

Using SU(3) identities

1 1
b b
Ve = 2ir(Ust?U}), (8 = oo 2N, i

the evolution equation reads

0B, _as - Cy
- _27T2/dz4 [{ﬂ+(1 o2)+( <—>3)}

241
22
{z:%z}z Cio+(13)+(2« 3)” .

where
Cy=tr (U?UT> Bjog — 3B{ss,

Cro = 2Blp, — (WRUJ1 U] + UJUJT L) - U] - U5,
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Evolution equation for baryon Green function

Then we can use the SU(3) identity
(LeULUs + UrUUp ) - Us - Us = —Blpgt

’
+§(B?44Bgz4 + B44B14 — B34 B214)

to rearrange the equation in the closed way
0B
oot [z 2 (g
on Z] 42

~(Bi44Bios + B344Bs14 — BigsB3yy)) +(1 < 3)+ (2« 3)} .

1
6

In the large N limit (B{,4B354) — (Bi44)(Bios)-
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SU(3) identity

Using U; - U; - Uy = (U,-U,T) : (U,-U,T) : (UkU,T), one can rewrite the
identity as

~ (LUjU U} + U UG, U]) - E - (UsU))

= (U1U)) - (LpU)) - (UsU)
—tr(Uy U)(UsUj) - (UpU)) - E — tr(Up Uj)(Us U) - (Us U)) - E
+r(UsU})(LeU)) - (Us U)) - E.

and prove it expanding the Levi-Civita symbols as

s sh
| @
I

58 o

/

A.V. Grabovsky Low x evolution equation for proton Green function



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]

A.V. Grabovsky Low x evolution equation for proton Green function



NLO corrections: under check now

0B 2 -
o 20) [ oy [(BrooBao + BanBaro — BrooBo — 661)

=2 =2 =2 =2

x{ fz  3asii [In(rm) ( T 1 )_ rs In(rm)}}
7272 =2 ¥2 T 72 7272 ~2
foilos 47 3 lo2 f2 1o To1 102 H

22 22 =2 =2

as o, o [1 N3 I32

——In=3In=3 5 |7222 7272 (B1ooBsz0 — BzooBs1o)
L R £ fofo  T30l20

[ 1
*# (95123 -3 [2 (B10oBs2o0 + B2ooBi3o) — 530031201) } +(1<3)+2« 3)}
10720

A.V. Grabovsky Low x evolution equation for proton Green function



NLO corrections: under check now

—g—i/dﬁ)da [{Lg (UOUJUQ) : (U1 UOTU4) Us
Liz [(UoUs'Uz) - (UrUo'Us) - Us + tr (Lo Us™) (Ui L) - U - Us
—2[51443234 + BoasBias — BaaaBiaa] + %3123}
+(Mrs — Mz — Mg + M) [(UoUsUs) - (UeUo™Ur ) - Ui

+ (U1 uofug) : (usuﬂuo) : U4] + (all 5 permutations 1 <> 2 <> 3)} + (0 «» 4)] .
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NLO corrections: under check now

= 4 22 zozo2 o222

L |1 (_h2 #—&—# 4 he T ha” + ot Fag

12 = | 2 20,2 _ 7,27, ,2 8 \72h,2 | 7,272 2
01°724% — I02° 114 01°124 02°114

Tos 4rpst
Fi2? 1 1 To12Foa? 1
tesl s w23 ) T =2
8104 lo2<r4 lo1< o4 Na<ro2 2ro4
2 2 2 2 2 22 2
L= ro { P _ 1 B 1 } In (fm I24 )
8 [ 10121002114%1242 101210421247 102210421142 142Fo2?
= 2 = 2 2 22 2
My — Iz { Iz _ 1 _ 1 ] n <fo1 Io2 )
16 | 1121022142242 1012104224 02210421142 F1421242
2 22 2 2 22 2 2 22 2 = 2
2" re3 r4"r23 ro3™ 2 r3
M, _,2_,2_.2_,2—_.2_,2_,2_,2—_,2_,2_,2_.2—5-_.
ro1<r2“ 124134 19110412434 101102104 I34

0121042134

1 Foe?
x—1In f—z .
4 F24?
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@ The nonlinear LO low-x evolution equation (closed in color
space) for a Baryon Green function.

@ NLO evolution equation under check now.

@ Transformation of the NLO equation to the quasi-conformal
form.

Work in progress and plans
@ Checking.
@ Solution of the equation.

Thank you for your attention
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