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Background

« In PDF if two scales are involved (DY, low p;),

parton transverse momenta become important —»
Transverse Momentum Dependent parton densities >V‘““<

(TMD) are needed .
TMD can be obtained from parton branching (PB) — forward
evolution — and initial state radiation (ISR) — backward
evolution

Sudakov form factor:
u dzul
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Background

Two sets of PB branching sets

PDF2ISR method: modify the default depend on the scaling of a;
(SimpleSpaceShower) in PYTHIAS to [PB-NLO—Seﬂ as = as(u); u: evolution scale ]

follow the same kinematic PB-NLO-Set2  a, = a,(p); ps = (1 — 2)u:
constraints as in the parton transverse momentum
evolution

Tests were performed using a toy model: p + g — B:
B: colourless boson used to calculate the
kinematics and for easy identification in the event
record, non-physical

p: parton that does not develop a parton shower
g: develops a parton shower

« Transverse kinetics: k; , = p;p
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Default setting in Pythia8 and PB method

PB-TMD and effective TMD from PYTHIAS

u — evolution scale

Angular-ordered, g2 = (1 — z)%u?

Ordering

Phase space

Splitting Functions LO

as NLO treatment

gluonx 001 p,—10GeV
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E PB-NLO-set1 -qs=f 000001
=  TMD-Pythia8-CUET-noKt
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TMDplotter 2.2.4

0<Z<Zdyn

pr-ordered, q2 = pu

PDG parametrisation
gluon X= 0.01, k= 100 GeV

0<z<zy=

NLO

QCDNUM numeric

F’B NLO—saﬁ-qs U 00001
TMD-Pythia8-CUET-noKt

TMDplotter 2.2.4

1-107°

Initial tries to introduce PDF
ina PS and get a TMD
produced bad agreement

Method to extract TMDs from PS ISR:
H. Jung, S. Steel, S. Taheri Monfared,
Y. Zhou arxiv:2112.11248
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https://arxiv.org/abs/2112.11248

PDF2ISR: tuning phase space

Default setting in Pythia8 and PB method

Ordering Angular-ordered, g2 = (1 — z)%u?
Phase space 0<z<zy~1-107°
Splitting Functions LO NLO
a, treatment
gluon x=0.01, u=10 GeV gluon x=0.01, p= 100 GeV
> 1:’;? mgﬁhf:;zﬁg%;f;:g:;ﬁsem o 2 110}_ - it | * PDFand TMD combined with
EA g PYTHIA8 parton shower

machinery: PDF2ISR
1+ Verygood agreement,
3 PDF2IsR successfully
reproduces PB-method
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1&2;
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PDF2ISR: tuning phase space

Default setting in Pythia8 and PB method

Ordering Angular-ordered, g2 = (1 — z)%u?
Phase space 0<z<zy~1-107°
Splitting Functions LO/NLO NLO
a, treatment
[ down, x =001, p=10 GeV J (gluon, x=0.07, n=10GeV o _ _
3 T mens ;;nﬁ%ﬂzzfxg:;?':;*Lsr;"fos.,.t? 3 T w1 * NLO splitting functions in PDF
%' 10? R NS RrE S NS %; 10} mn?ym.aapsmm#masmed 0130NL05p|rE evolution but LO Spllttln g
N ; ; function in PS (blue):
o ; ; disagreement for quarks;
i 3. £ gluons are fine
; 18 1% + NLO splitting function applied
w0f 15 18 consistently (violet): good
i ———————— i — agreement
' y : * 0.1% branchings with negative
weights: ignored for now
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PDF2ISR: tuning a, evolution

Default setting in Pythia8 and PB method

Ordering Angular-ordered, g2 = (1 — z)%u?
Phase space 0<z<zy~1-107°
Splitting Functions NLO
as NLO treatment PDG param. - QCDNuM numeric
= At NLO by default
0s o NLOQCDNuN]  PyTHIA8: PDG evolution
K o, NLO Pythiad (parametrization)
«  PB: QCDNuM numerical

o
~

- IIH|IIIIIIIIIII

integration
» Introducing NLO splitting function

in PS requires reweighting
S. Mrenna, P. Skands arxiv:1605.08352
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https://www.arxiv.org/abs/1605.08352

PDF2ISR: tuning a, evolution

Default setting in Pythia8 and PB method

Ordering Angular-ordered, g2 = (1 — z)%u?
Phase space 0<z<zy~1-107°

Splitting Functions NLO

as; NLO treatment QCDNUM numeric

gluon, x=0.01, p =100 GeV

down, x=0.01, p =100 GeV
b | Ty TorrTTT R | T E

T 10 = 10T A E .
S — EETEEm., 1 f oo — BSR4 * Blue: consistent a; treatment
% ERE 1+ Violet: Pythia8 ag treatment
il L) i+ Remarkable agreement for
10°F i w0k quarks
M 1. OF .+ Gluon differences: different
10 T 100 S R FE
. E NI 5 frame definitions when
oE 1¢ w0k g generating transverse moment
[ ‘ : . - (can be treated as systematic
: ' uncertainty)
i 0.5
10°
k; [GeV]
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PDF2ISR: tests on DY dataset

. _ D. Suboti¢, H. Jung, N. Raicevic, talk, QCD at the Extremes
« Using the same phase space as in https://indico.cern.ch/event/1539849

the recent CMS DY measurement
» All processes, except for ISR are
switched off
» Good agreement
between PB and
Pythia-PB (PDF2ISR)

Eur. Phys. J. C 83 (2023) 628

do
dpr ||

50 76 106 170 350 1000
mge [GeV]

CMS, 13 TeV, Z/9" = 77,50 < my < 76 GeV CMS, 13 TV, Z/ 7" — i iy < 106 GeV CMS, 13 TV, Z/9° ¢ myg < 170 GeV CMS, 13 TV, Z/" + ¢ My < 350 GeV ) CMS, 13TV, Z/7" —+ 1 g < 1000 GeV
5 R B 24 AL | Ty o I Ty 1 _'_H ! T w0k . LI ] =, T
K] 1 . B 1 3 — ~—— + 3 . — PB 1 3 ._l—aﬁ_‘_‘_‘_ Pl ] W '
s ™ — PYTHIAPB § S %' N \ nmu 1 3 T —— PyTHIAB = — - = PYTHIAPB 1 X == e i nmmu
& | K- 1 S0 = = = e |
< b 1< @ g™ ] 2° — 1 S o2l | <
- 1 = F 1 £ 1 E F ] T 17
£ i L | £ — | 5 { £ —_—
N w13 | 3
{ 71 1073 L] { E ]
= | |
| 1 ‘
| P —_—
e (——
R B rarrer=| 10
4 4 14
| 13 1
| 3 12 —'—
z _,v'_'_‘_'_h i —h > s — ep  —————1} - | 1 L ickhl il
k-] — | + ! s
k] ‘ 2 — t i 2 T 3 of Bt = I ,_'_| T — f
83
!
10* 108 10 10% 10% 10 102 103 1 10" 102 103 1 10! 10% 10
pr{€e) [Gev] priif) [GeV] pr(tf) [GeV] prite) [Gev] priff) [Gev]

ris.potrebko@cern.ch


https://indico.cern.ch/event/1539849/contributions/6637177/
https://indico.cern.ch/event/1539849/contributions/6637177/
https://indico.cern.ch/event/1539849
https://indico.cern.ch/event/1539849
https://link-springer-com.ezproxy.cern.ch/article/10.1140/epjc/s10052-023-11631-7

PDF2ISR: DY dataset, comparison with data

D. Suboti¢, H. Jung, N. Raicevic, talk, QCD at the Extremes
* FSR turned on https://indico.cern.ch/event/1539849

* Intrinsic k; width g, = 1.04 GeV

» Good description except for high
pr(Ll), missing higher orders

. The plots are cut at high p; with
disagreements: p;(Il) < 100 GeV
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Summary

* PDF2IsrR method: forward evolution (PB TMD) and backward (PYTHIA8
PS) can provide consistent results provided the same conditions are
applied: angular ordering, kinematic limits, and the scale choice in a;

« Have to use consistent splitting functions in the PDF and parton
shower

» Definition of the frame of reference in k; matters (worse agreement
for gluon x)

« Can be extended to NNLO
 Validated also on DY data
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