Berkeley

UNIVERSITY OF CALIFORNIA

UCLA =

BERKELEY LAB

Dijet production in DIS
at one-loop in the CGC

International Workshop on Deep Inelastic Scattering
and Related Subjects

Santiago de Compostela
May 3rd, 2022

Farid Salazar

Paul Caucal, FS, and Raju Venugopalan. 2108.06347 [JHEP 11 (2021) 222]

+ some work in progress
PC, FS, Bjorn Schenke, and RV



https://arxiv.org/abs/2108.06347
https://link.springer.com/article/10.1007/JHEP11(2021)222

Outline

e Motivation

Saturation Physics at NLO. Why inclusive dijets in DIS? Review of Leading Order

e One-loop corrections to dijet production in DIS

Framework. NLO Amplitudes. Cancellation of divergences. JIMWLK factorization

e Back-to-back limit

Sudakov suppression. The need for kinematic constraint

e Summary & Outlook



Satu ration phySiCS at N LO see Bowen Xiao’s plenary talk

10* : - ‘ ‘
o e pPb, 20 <y <25 e pPb, 25 <y < 3.0 e pPb, 3.0 <y <35 e pPb, 3.5 <y <4.0 e pPb,40<y<43
° HERA data 2o [=LO =10 \ |=LO =10 L |=LO
KOBK fit e
QS
1.4p - ResumBK fit E
g 10!
C:]a 0
3 10 ;
1 2 B El(} 1L L 1 S - - i ‘.i"-=.= ]
. ® lael2q TN =0 +pt) O VAW =5.02TeV T A% € [10,40] GeV?™ *SS LHCb
102 i : ; - ; t i
T%“ e pp, 20 <y <25 *pp, 25 <y <30 e pp,3.0<y<3.5 * pp, 3.5 <y<4.0 e pp,40<y<45
> 10t One-loop One-loop One-loop One-loop One-loop
< 1.0F 3! | | *
. =10
o E,
&‘10*1
Q'g:m*‘l
0.8 T e
® 1074 F i ) ) ) ) ) i .
1.2 L4 Rppb, 2.0 < y< 2.5 L4 Rppb, 2.5 < y < 3.0 L4 Rppb, 3.0< y < 3.5 L4 Rppb, 35< y< 4.0 L4 Rppb, 4.0 < y < 4.3
O . 6 B = Resummed = Resummed =5 Resummed == Resummed =m Resummed
O' 4 1 T N N B B | 1
107° 1074
1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7
pr(GeV] pr [GeV] pr [GeV] pr[GeV] pr [GeV]

Beuf, Lappi, Hanninen, Méntysaari (PRD 2020) Shi, Wang, Wei, Xiao (2021)

Many developments presented at this very conference!

Structure functions with massive quarks Single inclusive jet production in pA

(see Tuomas Lappi’s talk) (see Hao-yu Liu’s talk)

Exclusive vector meson production in DIS JIMWLK with massive quarks

(see Jani Penttala’s talk) (see Lin Dai’s talk)

Dihadron production in DI5 This talk: Inclusive dijet in DIS

(see Jamal Jalilian-Marian’s talk)




Why inclusive dijet production in DIS?

Complementary process to fully inclusive Q" Ag
Study dependence on kinematic variables, correlations, etc !

Kharzeev, Levin, McLerran (Nuc.Phys. A 2005) Marquet (Nuc.Phys. A 2007) k1

L / . .
Qv(TlL,Yy;Yy,,x)) Simplest observable featuring the quadrupole.
1 Validity of JIMWLK factorization beyond the dipole
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0.1 . ) ) — Zheng, Aschenauer, Lee, Xiao (PRD 2014)
0.05 & £ 3
N T .~ See also Cyrille Marquet’s talk and Sanjin Benic’s talk
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Jets are better proxies of hard partons (than hadrons)
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Leading order

Anatomy of the cross-section
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MLO,ij,O'l 09 X ﬁ‘/(wl)‘/Jr (yJ_) o ]1] 7;)6/01,02 (Qa Zly L | — yj_j
qq interaction with nucleus y* splitting to gg

Unpolarized differential cross-section:

do A tA—eq+X
d?kq d?ko dnidne

x /dSXJ_ e_ili-'(wJ-_w,J_)e_ikaJ—'(yJ__y/J_)

X (ELO(mJ_ayJJ ylwl»y)@A(a?L — Y, T, - yl)

Sro(@y,y;¥1@)) =1-5P(@1,y)) - SV, + 5P (@, y vl 2l)

N Ai el
dipoles quadrupole
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Leading order

Kinematic and genuine power corrections to the TMD limit

Mdntysaari, Mueller, FS, Schenke (PRL 2020) Momentum imbalance azimuthal
Boussarie, Mdntysaari, FS, Schenke (JHEP 2021) anisotropies
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Anisotropies modified in ITMD and CGC




One-loop corrections

General remarks

e Covariant PT (in light-cone gauge) with effective Feynman rules
for eikonal multiple scattering

90099999900 BRR0000 - TH(1, 1) = —(2m)5(1" — I'7) (20 ) g sgn(l”)

% /dQZLei(lllL)-z@ZEH(l) (ZJ_j

Adjoint Wilson line

e Separate regular and instantaneous pieces in the Dirac-Lorentz structures

Inspired from spinor-helicity techniques and LCPT
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L Di from Guill Beuf
e Regularization schemes iagrams from Guillaume Beu

Dimensional regularization for transverse integrals d2 gl dl_
+ sharp cut-off Ay in longitudinal momentum B

+Small R cone algorithm Similar regularization procedure:

Boussarie, Grabovsky, Szymanowski, Wallon (JHEP 2016)
7 Roy, Venugopalan (PRD 2019)



One-loop corrections

Amplitudes
R
v* 7
2« <«
R1 SE2
2 »
v ¥

| | < <« ——4—

R2 V2

Avala, Hentschinski, Jalilian-Marian, Tejeda-Yeomans
(Nuc.Phys. B 2017)

Altinoluk, Boussarie, Marquet, Taels (JHEP 2020)
with LCPT and Q? =0

Z—> > >
,Y* ,Y* < : ’7* \AC::
<
V1 V3

SE1

Beuf (PRD 2016) with LCPT
Hénninen, Lappi, and Paatelainen (Annals Phys. 2017) with LCPT

Boussarie, Grabovsky, Szymanowski, Wallon (JHEP 2016) for exclusive dijets

Caucal, FS, Venugopalan (JHEP 2021) Taels, Altinoluk, Marquet, Beuf (2022) with LCPT and Q% = 0
Computed all diagrams within covariant PT for

inclusive dijets 8



One-loop corrections
Example I: Vertex with gluon crossing SW

* q Cvi,ii(TL, Y 21)
Y = [tV(@ )V (z)taV (z)V (y1) - Cr,,

V1

A _ eerq —i(kyy @ +ko, - A
M1 ij.o100 = e Rt PRt YOy (21, Y15 21N 60 (Tays Tay)
n Li,Y,,21

Perturbative factor:

_ as [dzy _iZag,

Vl1,0102 2
Zg Zg Zg Zg Trx " Tzy

29 (1422 1= 29

{( )( +)[ 221 2<Z2+zg>] P22 }

This contribution is UV finite!

X3 = 29(21 — zg)riy t+2g(21 — 2g)72, + zgzgriy

Caucal, FS, Venugopalan (JHEP 2021) 9



One-loop corrections

Example ll: Self energy with gluon crossing SW

CSEl,z’j (ilua Y., ZJ_)
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/)/*
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UV pole
Caucal, FS, Venugopalan (JHEP 2021) 10
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One-loop corrections

Cancellation of UV divergences

Real contributions
are UV finite

+ g q

e UV finite diagrams

o UV divergent diagrams

et B e Gudl Bl i

SE3 + q < q

El + g q +q<<q

uv dwergent piece

Sum of these contributions:
Mir = Mya + (Msg1,uv + Mgsg2 + Mgsis + ¢ < 7) < Contributions zicr)l[jé){s]rznal to LO color

eefq i . :
_ :Tq / e tkiL @itk Y, ) o [V(wL)VT(yL)—JILjNﬁo,e,alag(racy)

J_ayJ_
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IR pole

Caucal, FS, Venugopalan (JHEP 2021) 11



One-loop corrections

Cancellation of IR and collinear divergences

IR divergences manifest as double logs In? (zo) in our calculation (our regularization scheme)

e )
Double logs 1n“(zg) cancel as in
o v Beuf (PRD 2016)
< < «—8

V2 +q<<q SE2 +qg<q

@

Double logs also occur in V3xLO and R2xR2’ (and c.c.) by examining singular part of Zg

dU\A/:J,xLo 1 OzemefN
,slow — o(1 — _ dI1 Rz\ . r
:>“" Posdndhosin __(n)? (=21 22) [ AMoRo (rays o)
053 2f dZ
/ Y=g El Yy ))—Hn(Pirmy)-l—QVE] EnLos(®l, Yy, 2, Y))
122

do’fA{2><R2’,slow _ aemG%NC
d2k1J_d771d2k2J_d772 (27‘(’)

v “f dz
/ —e Eln( le2)—|—ln (P3r2)) ‘|—2’YE] EnLo3 (1, Y 1,2, Y))

5(1 — 21— 22) /dHLORﬁo(T‘mya 'raz’y’)

Sum V3xLO + R2xR2’ is free of double logs

Caucal, FS, Venugopalan (JHEP 2021) 12



One-loop corrections

Slow gluon limit and JIMWLK factorization

dzg
donto =Idog In ) Q dO’NLQ — dao@(Zf — Zg)] + O(ZO)

Slow gluon piece

impact factor

/ dod1o Qlem € fN \ 7 \
— — — Za Loyl —_—
X A2 </d Z] {%(2ny - 2D332Dzy + DzyQy’x’,mz + Da:zQy’a:’,zy - Qxy,y’x’ - Da:yDy’x’)
r2,.,
+ 1“2 :),3']?2 (2Dy/x/ - QDU/ZDZQU/ + sz’Qxy,y/z + Dy’zQazy,zx’ - wavy/xl - nyDy/fL’/)
za:r2zy
+ W(Dzw’Q:ry,y’z + D:czQy/a:’,zy - Qa:y,y’az’ - Da:z’Dy’y)
2;2 zx'
+ ) 3{:2 ( y/zQxy,z:C/ + DzyQy’a:’,xz — Qxy,y’a:’ — Dwx/Dy’y)
zy" zy’
2
+ %(Dwm/Dy/y + nyDy/x/ — sz/Qxy,y’z — DzyQy’w’,azz)
,’,,2
\ +r2 :f y2y (Dwm/Dy/y + Daijy’x/ — Dy/zQ{Ey,zm/ — szQy/x/7zy)}> J
zx'' z v

k JIMWLK LL Hamiltonian acting on LO color structure HITMWLK <ELO(.’IJJ_, Y., ylwl))Y J

Evolution of quadrupole can be found in
Dominguez, Mueller, Munier, and Xiao (Phys.Lett.B 2011)

Caucal, FS, Venugopalan (JHEP 2021)

Small-x evolution of dipole and quadrupole!
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One-loop corrections

Cancellation of soft and collinear divergences

e Implement a jet algorithm* (small cone) Phase space for collinear [~/ dzg . [d* °Cgg1 1
excluding slow gluon divergence non-slow gluon s

Collinearity variable:

VA
_~q
ng‘L — Z— (ng_ —_——

J

Small-cone condition:

ngaJ- < ngal’max o R2p?m1n
e Collinear divergence cancels against IR divergence left
in virtual contributions
Collinear pole
da%{ZXRQ,dijet,in—cone _ asCF dUﬁO,a v § —In @ 2
d2k1J_dT]1d2k2J_d772 A d2k1J_d771d2k32J_d772 4 i £

2 3 R?p? 1 3 z
1n2 —n? _ m(22) -2 J1 - _(1_1 (ﬂ))
+1In”(271) — In"(2¢) c +(n<zf ;) o e —|—4—|—2 n{ =5

Collinear poles from R2 X R2 and R2’ X R2’ cancel against IR pole of virtual contributions (see Slide 21)!

It is possible to show that ln2(zf) cancel with the out-cone contribution.

See Taels, Altinoluk, Marquet, Beuf (2022) for an explicit cancellation.
Caucal, FS, Venugopalan (JHEP 2021) 14



Back-to-back limit
Origin of Sudakov double logs

In the back-to-back limit we expect the appearance of double and single
Sudakov logarithms

ki1 =ki1 +kay

i P, =2ki) —21kay
v -
% .|
ki,

— resummation
do ~ H(PJ_, Q7 Zl) /d2bJ_d2b/_L€—ikJ_-(bJ_—b/J_)G—SsUd(bJ_—b/J_,PJ_) .TG(bJ_, bl) ZC)

Gl—SSud(bJ_—le_,PJ_)+..)

-

.. P2 (b, — b )2
04 1n2( J_(L bJ_))_F“.

2
47 5

one-loop contribution

Sudakov factor Ssua(bl — b, P ) = Mueller, Xiao, Yuan (PRD 2013)

Single logs depend on jet algorithm... Computed in collinear factorization see Sun, Yuan, Yuan (PRD 2015)

15



Back-to-back limit

Where is the Sudakov in our computation?

C . _ . Caucal, Schenke, FS, Venugopalan (2022)
In the back-to-back limit (in-cone+out-cone contribution):

doRaxra _ Cem€} N
dQPJ_koJ_dTlldT]Q (27’(’)6

; 2 1 P? Ab; P? Ab’
x 2 Cr {—ln (2_1) (— +ln(67E7m2Abi)) +[ In” (*)]#—[IH(R) In (l—2bl> + (9(1)}
™ 20 3 + G 6

Combining with a, N, piAbi
R2’ x R2’, R2 x R2’ and R2’ x R2 5
4 5

Single log

5(1 - ZQ)HL(PJ_) /deJ_delJ_e—iku_(bJ_—b,J_)SWW(bJ_7 b/J_)

Double log but with opposite sign!

Imposing kinematic constraint —  Sudakov with correct sign

Recently, beautifully explained in Taels, Altinoluk, Marquet, Beuf (2022) for photo-production.

Need also ordering in k; (kinematically constrained evolution)
16



Summary

e Systematic analysis of one-loop corrections to semi-inclusive
dijet production in DIS within the CGC

e Proved LL JIMWLK high energy factorization of rapidity
divergence, and isolated impact factor

e Need of kinematic constraints in the back-to-back limit
to reproduce Sudakov double log

17



Outlook

e Connection to RHIC and LHC physics via UPCs
(photo-production limit)

See Taels, Altinoluk, Marquet, Beuf (2022) for photo-production

e Semi-inclusive dihadron production (more suitable for EIC?)

See Jamal Jalilian-Marian’s talk

e Massive quarks: heavy quark and quarkonia production

Combine with results from Tuomas Lappi’s talk?

e Alternative way to distinguish soft/rapidity divergences
using SCET

See Hao-Yu Liu’s talk for jet production in pA

e Numerical predictions for dijets at NLO

18
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Anatomy of nuclear matter in the high-energy limit

Gluon dominance at low-x
(1) 2)

o Ao G

%
X

%

Yy yv

o0 0 O

l At «1/AE l

momentum Artwork: T. Ullrich

Emergence of an energy and nuclear specie dependent momentum scale
Multiple scattering (higher twist effects)

2 1/3..— A
Non-linear evolution equations (BK/JIMWLK) Qs ox A

Review of gluon saturation. Morreale, FS (Universe 2021) 20



One-loop corrections

Connection to LCPT: an example

I
b=l 2 /1

Cvo,ij (L, Y))
=Cp [V(e)V(y,) - 1],

li —q

lh —q—1

V2

A _eerq _i(k Tk
MVQ,ij,0102 o T / ey CV2 2] (wJ—7 yJ_)NVQ ,0102 (’I"my)
T,y

Perturbative factor

N r - / / _)5(k_ _ l1_>N€}2’0_102 (l17 l2)eilll'rxy
V2,0102 :cy =g 12 l2 + 26 l1 — lz) + ie] [(ll — [y — q)2 + ie] [(ll _ q)2 + ie] [l% i ie]

Dirac-Lorentz structure

N\>/\'2,0102 (l17 ZQ) — (2(]_)2

21

[@(klm)flw“(ll —La)¢(q, N (L1 — ]2 — ﬁ)v”(ll — g)’y_’v(kg,ag)] I1,,(l2)



One-loop corrections

Connection to LCPT: an example

Perturbative factor

N _)6<k_ o ll—)N\)/\'270.10.2 <l17 l2)eil1J—'rCDy
V2,010, (Tow) = 9 / /l2 (13 + i€ | ll—l2 ’ '
)

)2 +ie] [(lh — Iz = q)* +ie] [(ly — q)? + ie] [I5 + ie]

Dirac-Lorentz structure (DLS

1
N\/>2,0102 (l17 l2) — (2q_)2

Useful decomposition (dissecting Dirac-Lorentz structure)

akr, o)y Iy (I = T2) (@, (L = To = @77 (I — @)v " v(ke, 02)] T (12)

NV2 — NVQ,reg + l%NVQ,ginst + (ll — ZQ)QNVQ,qinst + (ll _ 12 — Q)QNVQ,qinst

NV2 — NVQ,reg + NV2,ginst + NVZ,qinst + NVZ,cjinst

After contour integration /" and /5 one obtains
light-cone energy denominators in LCPT

Diagram A’ Diagram B’ o 0 0 v
Tg, A
¢ 0 , 0 __%a% 2 e + g
§Q C%%% g\ 1 TS 1 §§
7 7 1 1
I ' 1 ' zt = —o00 EDy EDso zt =0 zt = —o00 EDg ED1o zt =0 " = =00 EDa o

N o oo EDy  EDy  EDyp o e EDy  EDy  EDo o Diagram 3 Diagram 2’ Diagram 1’
Diagrams from Beuf (2016) These perturbative factors have been computed in

Beuf (2016,2017), Hanninen, Lappi, and Paatelainen (2017)
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Review of Leading order
Anatomy of the amplitude

l €Ir | 0

& k k B
q g : k? — (2z:;__7zlq 7k1_L)

q'u — <_—_7q_7OJ_> 7*

@yJ_ < k:u — ( ng_ ZQQ_ sz_)

ap % ko — ,

LO
dil 0 | .
/ (27)4 u(ky,01)TY(k1,01)S7 (1) (—ieerd(q, N) S" (I — @) Tl — q, —k2)v(ka, 02)

*Loop integration variable [ since both quark and anti-quark receive momentum from shock-wave.

Dissecting amplitude

Color correlator Perturbative factor!
2\ eerq . i
MLO,’ij,O'lo'Q — ;_ / oL oz HL EV(',I;J— VT yJ_ - ]]‘ I 0102 wJ— o yJ_)
Tl,Y |
N (rs) = —iCoq7) [0 T Mo D0 =1
T) @m0l - q) +ze>

with Dirac/Lorentz structure:

NO>'\10'2 (l) — (2q_)2 [ﬂ(k1701)7_l¢(Q7 A)(ﬁ _ l)’}/_?}(kg,gg)]
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Leading order
Anatomy of the amplitude

e Evaluate Dirac/Lorentz structure with basic gamma matrix manipulations

Noian() = =2Q(2122)* %65, 0y Novoy (1) = L~ €1 [2267, — 2105, ] 80y~

0102 0102

o Evaluate loop integral d*/

d2l [ f } et TLN, 1)@ i)
A J— + — 0102
1(2q~ di di

o Compute [~ integral using eikonal delta function 6(k; — [7)

\ . B d2lJ_ iy T ATA :
Ny (r) = i) | et e )Udﬁ(mie)((l—q)“iﬁg

e Compute [T via contour integration using residues

e ] T B
e B 2T 2120Q2 + 17

o Compute I, with 2D Fourier transform

N2 (1) = —2(2122)* 2 QKo (Qv/z1227 1 )0, 0

1T €
N2ZE (1) = 2(2122)%/? 2000, — 210, ] %Tf K1(Qv/z1227 1 )06, ,—0,

where K, and K, are Bessel functions (exponential decaying like)
24




Leading order

Anatomy of the cross-section

l %:Ll > k1
) q
~
Yy,
2 <« ko
[ —q
— LO

A
MLO,’ij,alag

eerq -
fq / 6—Z(k1J_'€BJ_—|—k2J_'yL) ﬁV(CBL)VT (yJ_) — ][] 7;)6[3\1702 (Q, 1y L | — yJ_)

T

1Y |
qq interaction with nucleus y* splitting to gg
Unpolarized differential cross-section:

_ 8 —iktl ‘\ L —:c’) —ikz ( — /)
Phy | A2k dnydis — (27T)6 /d X e L(el—=] ), 1 (LY,

x(Ero(@ry iy @)y R @ —y 2 —y))

Sro(@y,y;¥1@)) =1-5P(@1,y)) - SV, + 5P (@, y vl 2l)

N Ai -~
dipoles quadrupole

25



One-loop corrections

Real gluon emission after SW

k1
g L Cr2,ija(W1, Y, )
y* J = [tav(wJ_)VT(yJ_) — ta]ij
R < ko
R2
MRZ ija,c102 eequ /au,ZZTSTLmLHﬂzL.yL+kQLZL)CR2»’Ua(wLa yL)NRz v (Twys Tzz)

Perturbative factor:

=0, )
NféggliQ(rwyarzx) —6(2122) /2 QKO(Qwa) o1, GI?”“% eVt [2102, zl—l—zg 2

r2

A
A==x1,\ 3/9 A A\ ZQrwx €] . I n 5
NR2,016, (Twys Tz0) 2[2(2’122) 12 2205, — 2105, X K1(QXwz)00,,~0 ﬂ”“ EL |21 (71 + 29)

wa 21

21T + 2921

w | =
21 + 2y

. . op e _ . . _ 2 L 2

Ayala, Hentschinski, Jalilian-Marian, Tejeda-Yeomans (2017) wa = 29 (Zl + Zg)rwy

with spinor-helicity techniques
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One-loop corrections
Self energy with gluon before SW

k1

P> p—p—
q W
7*
<+«—3 ko
SE2

Csg2,ij(TL, Y )
=Cp [V(e)V(y,) - 1],

A _ €€fq_ —i(k1L x| +ka -y A
MGE2.ij.0100 = / e~ L thaivl) Copo i (21, Y | JNSE2.0,00 (Tay)
£r

n 1Y |

Perturbative factor:

= 053 Zl 3 2 1
NS>\E2(30102 (rxy) — % { <—21H <%) + 5) g + 5 In
UV pol

2
T (% + 3 — % —EDQ (Z)J) + 0(5)}-/\/’[)4\5,2,0102

Beuf (2016,2017), Hanninen, T. Lappi, and R. Paatelainen (2017)
Loop corrections light-cone photon wave-function
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One-loop corrections
Self energy with gluon after SW

> — F
1 W Csrs,ij (T 1,y )
! =Cr [V(z1)VT(yL) - 1],
% < ks
SE3

)\ _ eefq_ —’l:(k]_L'wJ_—FkﬁzJ_'y ) )\
MSEQ,ij,alag — - / € - CSE3,z’j(wJ_a ?JL)NSE:a,ol@ (Ta:y)
T,y

Perturbative factor:
UV pole

A Qg \ 2 2 p 3

IR pole

Self-energy contribution vanishes exactly in dim reg (IR and UV pole cancel each other out)
turns UV divergences into IR (massless quarks)
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One-loop corrections
Vertex with gluon before SW

> K—p— k1
q Cv2,ij(€1,Y,)
7 = Cr [V(x)VT(y,) - 1],
<+—3—<4— ko
V2

A __eefq —ilk Kk
MV27'I;j70'10'2 o T / ke ) CV2 2] (:BJJ yJ_)NVQ ,0102 (’l"my)
Tl,Y,

Perturbative factor®: double logs

UV pole

58t = (0 () [ (5) 0 (2) -8 o () o (o (2) -5
(2111(2) 2)111(7;1) (2111( > 2)111(22)—;—54_(9( )}Nmm@(rxy)

*includes both regular and gluon instantaneous contribution

Beuf (2016,2017), Hanninen, T. Lappi, and R. Paatelainen (2017)
Loop corrections light-cone photon wave-function
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One-loop corrections
Vertex with gluon after SW

q Cvs,ij(T1,y,)

V3

A _eefq —i(kqy - kol - . A
MVS,ij,Ulag — . / e (k1L o +k21 -y, ) CVS,’LJ ({BJ_, yJ_)NVB,Jlag (ra:y)
T1,Y,

Perturbative factor®:

as [ dz,

NG5 10 (Tay) = == [ —22(2122) 2 (21 — 2) (22 + 2) QKo (Q\/(Zl — 2g)(22 + Zg)rwy) Oy, 05

<1

2 Contains a double log
4 A Z 29 Z
N 9 _ _“g iz k1L Tay v l1=22)P, . A
[ 521 + 22 2212’2] e *1 Jo |7 Yo Zl 1,Av3 IHQ(ZO)

z z z 29 . <
9 _ 29 4 79 ] iz kL ey 7 (rxy, (1 — —g) PLaA\/B) } + (¢ q)

<1

*includes both regular and gluon instantaneous contribution
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One-loop corrections
Rapidity (slow gluon) divergences and JIMWLK factorization

<f
donLO slow = In | — | Hymmwrk doro
<0
+
kg
q+ = Tp; P—l—
Gluon emissions NLO
(perturbative) Impact factor
A}_ = :CfP+
Gluon emissions
(perturbative)
logarithmically ey
enhanced
Renormalized
sources
""""""""""""""""""""""""" Jee e (via JIMWLK) T
Ay = z0q ABL = o P
Sources
(non-perturbative)
A ,
Pa Pa
P~ T T Pt

2
Slow gluon radiation doNrLo,slow X @ In (—f> can be large in resummed by redefining

distribution of sources: <0
Waolpal = Wa, [04]
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