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| NTRO DUCTIO N Jet/hadron production in YA collisions at small x
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dipole TMD gluon distribution
f(l)(x kT)

Dipole scattering off a color field of nucleus within the Color Glass Condensate (CGC)

[F. Dominguez, C. Marquet, B-W. Xiao, F. Yuan, 2011]
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Weizsacker-Williams TMD gluon distribution
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|NTRODUCT|ON TMD gluon distributions
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Generic operator definition (w\‘zo\wizd)
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4] Gauge links %Cl’ %Cz depend on the color structure of the
4 hard process. They are build from two basic Wilson lines:

[C. Bomhof, P. Mulders, F. Pijlman, 2004]
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INTRODUCTION

All possible operators

FW ~ (PITr| P (&) 21 @ 2| | P)
Trg/ 0

FO ~ (P Te| P (&) - ) %] | )

c

g(q?g) ~ (P|Tr [ﬁi— (5) o/ +11 fri— (0) %[D]%[H] | P)

Tr%[l:l]’r
g ()
Fog S

Te| P (&) 21 F- ) % | p)

\_

(DiroLe)

—WILLIAMS

Nc
FE ~ (PITe| P (&) 20| e[ F= @) 200 | P)
géZ)N (P|Tr Fi- (5) g+t fri= (0)%[+]_ | P) (umzsma&)
F) ~ (P|Tr F’ (&) %1 (0) %H_ | P)
FO) ~ (P|Tr i (&) 2/ Olig+1t friz (0)%[D]%[+]] P)
Teo/ D Tro/OF ¢ N
FQ ~ (Pl —— Tr[F" (&) % i- (0)%“1] P)
Tr'0 r . N
FO ~ (P Tr [F" (&) 2T+ B (0) %[H] P)
Loop

[M. Bury, PK, K. Kutak, 2018]/
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TMD gluon distributions
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TMD gluon distribution for the following
process:
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Two independent color flows:
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Gluon TMD for any multiparticle process
is given by a linear combination of these
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FRAMEWORK

Small-x improved TMD Factorization (ITMD?)

Factorization for P, > Q.

avereat

pr of jus soXuretion

scole
e resummation of kinematic twists

» only leading genuine twist (no hard MPIs)
 no linearly polarized gluons (assume Q2/P% < 1)
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[PK, K. Kutak, C. Marquet, E. Petreska, S. Sapeta, A. van Hameren, 2015] N
[A. van Hameren, PK, K. Kutak, C. Marquet, E. Petreska, S. Sapeta, 2016]
[PK, K. Kutak, S. Sapeta, A. Stasto, M. Strikman, 2017]
[T. Altinoluk, R. Boussarie, PK, 2019]

set. oh%0: [T Altinoluk, R. Boussarie, 2019]
[H. Fujii, C. Marquet, K. Wanatabe, 2020]
[T. Altinoluk, C. Marquet, P. Taels, 2021]
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TMD Of-‘——SL\l—LL rodriX Ao onks

Implemented in KaTie Monte Carlo
[A. van Hameren] j

Related studies for dijet/dihadron at EIC

[L. Zheng, E.C. Aschenauer, J.H. Lee, B-W. Xiao, 2014]

Back-to-back regime using MV model + Sudakov

~

Full CGC calculations (no Sudakov)

[A. Dumitru, V. Skokov, 2018]
[H. Mantysaari, N. Mueller, F. Salazar, B. Schenke, 2019]

[F. Salazar, B. Schenke, 2020]
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F RAM EWO 24,4 Obtaining the Weizsacker-Williams TMD
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1. Data driven dipole TMD
Balitsky-Kovchegov type equation with kinematic constraint,
DGLAP correction and running coupling:
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[J. Kwiecinski, A. Martin, A. Stasto, 1997]
[K. Kutak, J. Kwiecinski, 2003]
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/ 2. Weizsacker-Williams TMD with Sudakov resummation

At large N. limit and Gaussian approximation:
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R E S U LTS The Weizsacker-Williams TMD with Sudakov resummation
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RESULTS Kinematic setup

/Cuts

« CM energy:v/s = 90GeV (for e-p and e-Pb)
* inelasticity: 0.1 < v < 0.85
o virtuality: 0% > 1 GeV?

Symmetric vs asymmetric rapidity window
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jet transverse momenta: py; > py, > 3GeV (Breit frame)
jet radius: AR > 1 (Breit frame)

symmetric rapidity: —4 < y;k,ygk <4 (CM frame)
asymmetric rapidity: —4 <yF,yF < -1

VS = 90 GeV
PT1 > P12 > 3 GeV
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RESULTS Kinematic setup
(B

jorken x vs Gluon x,

asymmetric

VS = 90 GeV vS = 90 GeV
P11 > P12 > 3 GeV PT1 > P12 > 3 GeV
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RESULTS Azimuthal correlations

Azimuthal angle between jet plane and electron A®(J, + J,,¢7)
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*Sudakov-model: resummation done by reweighting
MC generated events via the probablility of survival

given by the Sudakov factor. ¢ Sehuvrahon &4', e'g,l-s - W J‘D IS 7/

[A. van Hameren, PK, K. Kutak, S. Sapeta, 2014] sufrvq_ SS;ov\.




RESULTS Azimuthal correlations

/Azimuthal angle between the jets A®(J,, J,)
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SUMMARY

-~

New data-driven calculation for the Weizsacker-Williams TMD gluon distribution with the
Sudakov resummation.

New calculation of dijet production in the small-x region at EIC within ITMD* approach,
in particular for azimuthal correlations:

* between dijet plane and electron
* between the jets

Various rapidity windows and frames have been studied.

Small p; of jets seems to be required to access gluon x < 107,
Asymmetric rapidity window is important to focus on the small gluon x.
Sudakov resummation changes results significantly.

Saturation effects are up to 15% for p; > 3 GeV.

Next natural step: full NLO computation...

~
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BACKUP Limiting cases of CGC in dilute-dense collisions

CGC powi~o,  TMD

Aile —clense GENERALIZED
three scales: leading twist
Qs > AQCD — saturation scale [F. Dominguez, C. Marquet, B. Xiao, F. Yuan, 2011]

[C. Marquet, E. Petreska, C. Roiesnel, 2016]

[C. Marquet, C. Roiesnel, P. Taels, 2018]

[T. Altinoluk, R. Boussarie, C. Marquet, P. Taels, 2019]
[T. Altinoluk, R. Boussarie, C. Marquet, P. Taels, 2020]

k. — jet transverse momentum imbalance

P, — jet average transverse momentum

Py~ k> QO
| TMD
|| l MPKOVED”
DILUTE THD &octonrirobion
Kt < FACTORIZATION

all kinematic twists

BEKL nwomics
dﬂ W

[S. Catani, M. Ciafaloni, F. Hautmann, 1991]
[M. Deak, F. Hautmann, H. Jung, K. Kutak, 2009]

[E. lancu, J. Leidet, 2013]
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[PK, K. Kutak, C. Marquet, E. Petreska, S. Sapeta, A. van Hameren, 2015]
[A. van Hameren, PK, K. Kutak, C. Marquet, E. Petreska, S. Sapeta, 2016]
[T. Altinoluk, R. Boussarie, PK, 2019]




BAC KUP TMD gluon distributions: small-x limit
g 2

Small-x limit of TMD gluon distributions

J détd*e;

(271-)3})_ eixP_§+_ikT- Er <P | Tr [ﬁi— <§+, é - 5— — 0> %Clﬁi— (O) CZ[CZ |P>

Dependence on x is only via the small-x evolution equations:
« BFKL (Balitsky-Fadin-Kuraev-Lipatov). « BK (Balitsky-Kovchegov) and modifications
e JIMWLK (Balitsky-Jalilian-Marian-lancu-McLerran-Weigert-Leonidov-Kovner)

Correspondence to CGC

Intensively studied:

. [D. Kharzeey, Y. Kovchegov, K. Tuchin, 2003]
Example' [B. Xiao, F. Yuan, 2010]

’ ) [F. Dominguez, C. Marquet, B. Xiao, F. Yuan, 2011]
d“xrd - [A. Metz, J. Zhou, 2011]
ré Ot k%e_l kr(Xr=y7) <TI' [U(?T) UT(7T)] >x [E. Akcakaya, A. Schafer, J. Zhou, 2012]
(272')4 [C. Marquet, E. Petreska, C. Roiesnel, 2016]
f [I. Balitsky, A. Tarasov, 2015, 2016]

[D. Boer, P. Mulders, J. Zhou, Y. Zhou, 2017]
AVERAGE OVER [C. Marquet, C. Roiesnel, P. Taels, 2018]

oo CGC COLOR SOURCES [Y. Kovchegoy, D. Pitonyak, M. Sievert, 2017,2018]
(x*, %7) t“}

()
‘/rqg

. ) _ [T. Altinoluk, R. Boussarie, 2019]
_ +
U(x7) = P exp {lg J_ dx™ A, (Z - <tl-12> [R. Boussarie, Y. Mehtar-Tani, 2020]
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BACKUP

Dijet correlations in pA collisions in ITMD

Measurement of dijet azimuthal correlations

inpt+p and p+Pb. a1 A, Phys. Rev. €100 (2019)

\/E — 502 TeV rapidity: 2.7 < y;,y, < 4.5
1 dN
C12 _ 12
N, dA¢

We study an interplay of
saturation and Sudakov resummation

vs the shape of C,.

Good description of the broadening effects

\_ %
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proton
lead

28 <pt1.p712 < 35 GeV

proton
lead

35<pr1<45 GeV, 28<py,<35 GeV

proton
lead

35 <pPT11.PT2 < 45 GeV

proton
lead

28 <pt1.p12 < 35 GeV

proton
lead

35<pr1<45 GeV, 28<py,<35 GeV

proton
lead

35 <pPT1.PT2 < 45 GeV

A. Van Hameren, P. Kotko, K. Kutak, S. Sapeta, Phys. Lett. B795 (2019) 511




BACKUP KaTie Monte Carlo
KATIE https://bitbucket.org/hameren/katie

parton level event generator, like ALPGEN, HELAC, MADGRAPH, etc.

arbitrary processes within the standard model (including effective Higgs-gluon coupling)
with several final-state particles.

0, 1, or 2 off-shell intial states.
produces (partially un)weighted event files, for example in the LHEF format.

requires LHAPDF. TMD PDFs can be provided as files containing rectangular grids,
or with TMDIib.

a calculation is steered by a single input file.

employs an optimization stage in which the pre-samplers for all channels are optimized.
during the generation stage several event files can be created in parallel.

event files can be processed further by parton-shower program like CASCADE.

(evaluation of ) matrix elements now separately available, including C++ interface.

A. van Hameren, EIC yellow report seminar |




