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See yesterday talks (WG4), and
Safura’s talk earlier today

Parton Branching (PB) method
* Evolution of TMDs (and collinear PDFs) ol Do ota 10 00w

Resummation of soft gluons at LL and NLL A" e RO 0700 0ol

Solution valid at LO, NLO and NNLO

Determination of TMDs from the fully exclusive solution

Backward evolution fully determines the TMD

shower nation of TMDs from

=mmp CcoONsistently treats perturbative and non-perturbative
transverse momentum effects

gluon, PB-NLO-HERAI+II-2018-set1, x = 0.01

Implemented in the CASCADE
generator
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TMDplotter 2.2.2
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https://doi.org/10.1103/PhysRevD.99.074008
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%202101.10221

PB-TMDs in high mass DY production

DY pt spectrum

e Combined with MC@NLO ABM et al. [PRD 100, 074027 (2019)]
o ABM et al. [EPJC 80, 598 (2020)]

* Excellent description of DY pT spectrum

* Non-perturbative TMD effects not significant at high pT

* Missing contributions at high pT
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PB-TMDs to low mass DY production

DY pt spectrum

e Combined with MC@NLO ABM et al. [PRD 100, 074027 (2019)]
o ABM et al. [EPJC 80, 598 (2020)]

* Excellent description of DY pT spectrum

* First simultaneous description of both low and high-mass DY pT spectrum

* No more low pPT CriSiS Bacchetta et al. [PRD 100 (2019) 014018]; ABM et al. [EPJC 80, 598 (2020)]
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PB-TMDs to DY production

* Description of the pT spectrum over a wide DY mass range
* Valuable non-perturbative information

R209: Drell-Yan /s = 62 GeV
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Glance at TMD factorization

At small kt:

do 210, (Q)
dQ%dydq% 9 sQ?

Wf1f2 (371:332: Q:QT):

Wi = [Cv(Q) /0 dbbTo(bar) Y €2 fo, (11,5 Q, Q%) fo, (22,5 Q, Q7).
q

Notice the dependence on two scales of the parton distributions

Taking the Hankel (Fourier) transform of the xsec:

21 g (Q)
9 sQ?

¥(y, Q;b) =

Cy Q)P €2 fo, (21,6, Q, Q%) fon (22, 1; Q, Q).
q

DESY. A. Bermudez Martinez et al. Page 6



Glance at TMD factorization

Evolving the parton densities to fixed scales:

21 a2 (Q)
9 sQ?

‘C ( ) ‘182‘&(1);@_}(#03(:0)) IY: %fm (331, b: HO CO')fQQ (3523 b: Mo s CO)}

q

¥(y, Q;b) =

Notice the following points:
* The Q dependence of the parton densities transferred to a residual
exponential factor

* Ratios of the xsec for different Qs do not depend on the collinear

parton densities
* Non-perturbative component of those ratios would then live only in the
exponential

Ab;Q — (po, %)) = /P (’YF(# C)— d” 49 b, p df)
/

Collins-Soper kernel
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CS kernel

SElf-CO ntained Object A. Vladimirov, [Phys. Rev. Lett. 125, 192002]
Perturbative sensitivity at small b

Non-perturbative sensitivity at small b

EXxisting lattice calculations
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- - Pavial9
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o
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Let’s dive into the new method, applied in MC (PB-TMDs) and
extendable to real data!!
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.192002

ABM and A. Vladimirov [in preparation]

CS kernel from Parton Branching

Main formula

1 52 Qz

2_2 - Q2 Z(Ql, Q2) {A(bEQl_)QQ) ‘

Simulation/
Measurement

R209: Drell-Yan /5 = 62 GeV

P A Analytically Get CS kernel

—— MCatNLO PB-NLO-2018-Setz (scale)

: from here
T - CS determination process
gt ey 1 ’ DY pT in narrow bins of Q={Q1, Q2}
g N FECE * Choose {s, y} such that x’s coincide
> 08— L -3 . . . .
g o LLTIE * Very fine binning in pT
’ 1. # |4 p',»(G:V)
Butin b space! Get the Fourier transform
DESY.
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ABM and A. Vladimirov [in preparation]

CS kernel from Parton Branching

Hankel/Fourier transform of the xsec
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CS determination process
DY pT in narrow bins of Q={Q1, Q2}

* Choose {s, y} such that x’s coincide
* Very fine binning in pT
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ABM and A. Vladimirov [in preparation]

CS kernel from Parton Branching

Determine CS kernel
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Ideally

Different Q’s must coincide

* Different processes must coincide

Should not depend on y range

Should not depend on collinear PDF input
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ABM and A. Vladimirov [in preparation]

CS kernel from Parton Branching

Determine CS kernel
PB-NLO-HERAI+11-2018-set2, |y| <4.0

i -—=- pp. |y| < 4.0, [12.0,16.0] GeV
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Different Q’s must coincide

Different processes must coincide
Should not depend on y range

Should not depend on collinear PDF input
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ABM and A. Vladimirov [in preparation]

CS kernel from Parton Branching

Determine CS kernel
pp,[12.0,16.0] GeV

- < 2.0
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Ideally

Different Q’s must coincide

* Different processes must coincide
Should not depend on y range

Should not depend on collinear PDF input
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ABM and A. Vladimirov [in preparation]

CS kernel from Parton Branching

Determine CS kernel
pp. |y| < 4.0, [12.0, 16.0] GeV
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DESY.

bIGev—11

Ideally

Different Q’s must coincide
Different processes must coincide
Should not depend on y range
Should not depend on collinear PDF input

A. Bermuldez Martinez et al.

PB passed!!
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ABM and A. Vladimirov [in preparation]

CS kernel from Parton Branching

Uncertainty sources

Statistical propagation

Propagation of statistical uncertainty
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ABM an_d A. Vladimirov [in preparation]
CS kernel from Parton Branching

Determine CS kernel
- CASCADE

—_— SV19
| ==== SVI17
----- Pavial9
------ Pavial7

e Regensburg
o MIThermite

% MITBernstein
v  LPCy

A LPCys3

6

* There is a general agreement in shape between MC, Lattice, SV19 at
large b
* MC shape consistent with perturbative calculation at low b
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Conclusions

CASCADE generator (PB-TMDs) consistent with TMD factorization
Method to determine CS kernel from MC

First determination of CS kernel from MC

MC shape consistent with perturbative calculations at small b

MC shape consistent with lattice calculations at large b

Prove of concept — to be used with real measurements
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