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Introduction

Collinear factorisation theorem successful for most observables
cxH®hHhRao

If two scales scales are involved, e.g.: DY pT — need to be resummed

These can be resumed via TMDs, SCET or Parton Showers

P1

P2
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Parton Showers

Parton showers make use of DGLAP equation to resum:
® |n terms of real splitting functions and Sudakov form factor

14 d2 / Zmax
Ajp = exp — Z/ ’fL / dz P,-’f,(z, as(,uQ))
b Hi—1

H Sz,

® We can study exclusive individual effects of each emission
For the initial state shower — Backard evolution:

12 d2 / Zmax f(X “/)
AZY = exp— E / K / dz PR(z, as(p?)) 2
b p b s /.L, b( (/LL )) fb(beﬂl)

Zmin
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Parton Showers

Most common parton showers: Herwig, Pythia, Sherpa... only resum at LL
® PanScales NLL resummation and NNLL in some observables

However, the relation between the PDF used in the calculation and the parton shower are
overlooked:

® The emission phase space
® Ordering of the emissions
e QCD order
In this work we implement the Parton-Branching method into Pythia8:
® PB method allows for extraction of PDFs and TMDs
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Parton Branching method
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Forward evolution

foM Z/dzPabzas fb(* %)

To solve the DGLAP evolution equations iteratively, we rewrite the evolution equations in

terms of the Sudakov form factor:

© d2 / Zmax
A = exp— Z/ / dz zP5(z, as(p?))

Zmin

which represents the probability of no emission

Zmax

A = Bl () + 3 [ L) [ g 2pia)

To avoid the (1/(1-z)) pole for z — 1 we introduce zmx =1 —€ ek 1

However, we do not have any information on the transverse momentum
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The Parton Branching method

In the Parton Branching (PB) method we go further:
® At every splitting we compute the momentum of the emitted and propagating partons
® Generating a TMD with its corresponding evolution equation

N
0 ﬂ“? Aa(ﬂ%)

Zmax ~ X
Xy dz PR (13, 21)Ap | = 3, ko ) Ap(pd) +
p Ix Z1

A ) = A i, k)85 (%) + [
n

f I I

a,x

Cpr_,C Ml

M1
b, xo H2
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Parton branching and angular ordering

In the PB method the emissions follow the angular ordering condition: 6; < ;41

qL,i+1 gluon, x = 0.01, p = 100 GeV
it j) o R S
2 7,+1 %’ 10! : —— PENLOHERALII206.cot2 5
q.,i 10,2% _
ﬂ’; 10‘3; _
Wi ‘0’4; 7
10’5;
PB-setl qi’, =(1-2)%2 Oés(‘ﬁ_,,') 10_% 7
PBset2 | g3, =(1-2)%2 | a(ud) 107 -

(A. Bermudez et al., 2019)
Each TMD will have its corresponding PDF
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Backwards evolution in PS
In Initial State Radiation (ISR), in the PS follows a backwards evolution (BE), from the

hard scale, pf, down to the starting scale ug:

o= / i (i 1) (5, 1) (X, 1 1 )

/ max dz P,-ﬁ(z7 as(uz))

Zmin

" d2 ’

AR —ep-> [0 N
b Juioa M

1

“ 2 7 filx:. 1
AiW:eXP—Z/ dlﬁ 1)
b YHi-1

fo (X, p1')

/ dz P,-'Z(Z,as(u2))

Zmin
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PDF2ISR
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Comparison between TMDs and Parton Showers: PS2TMD

Method to extract TMDs from PS ISR (H. Jung, S. Steel, S. Taheri Monfared, Y. Zhou, 2021):
® Introduce PDF in a PS — get a TMD
Can we introduce PB-PDF into Pythia8 and get the correct PB-TMD?

gluon, x=0.01, p=10GeV gluon, x=0.01, p=100GeV
=z 10°F T T T E g 10Cp T T T ]
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10C: - i =
15[ T T T ™ ™
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0.5kl I L ! | =
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From Pyhtia8 to PDF2ISR

Pythia8 PB method
: 2_ 2 _ 2 — 2 2
Ordering % —qj_i—(lfz)Q qJ_, (1-2)%uw
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From Pyhtia8 to PDF2ISR: phase space

Pythia8 PB method
Ordering w=q3,=(01-2)@? qi,- =(1-2)%2
Phase space 0<z< zdyn 0<z<1-10°
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Forward and backward evolution comparison

Pythia8 (PDF2ISR .
i ythias ( ISR) , B methodz . ® Good agreement in g, and z
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From Pyhtia8 to PDF2ISR: o, treatment
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Implementation of NLO splitting functions: veto agorithm

(S. Mrenna and P. Skands, 2016) (L. Lonnblad, 2013)

NLO splitting functions negative — No probabilistic interpretation

LO splitting functions for emission generation

!

pNLO NLO (1
Reweighting to NLO: ry0 = (z) ag™ (k)

PNLO(Z) ag,

N
rveo < 0.5 rveo > 0.5
Accept emission Reject emission
\ 4
Wey = Wey X Wey = Wey X (2—r)
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From Pyhtia8 to PDF2ISR: LO — NLO

We use PB-setl PDF/TMDs

Pythia8 PB method
Ordering qJ_, =(1-2)%? qi; =(1-2)%2
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(S. Mrenna and P. Skands, 2016) (L. Lénnblad, 2013)
Extra veto aglorithm using NLO/LO ratios
=100 GeV
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Conclusion

We have constructed a ISR consistent with the collinear distribution at LO and NLO:
® Correct treatment of kinemactics
® Implementation of NLO splitting functions via veto algorithm

This method is universal:
® Can be applied to any Parton Shower and any PDF

Once the details of the PDF evolution are known

® Can be extended to NNLO
Resummation accuracy:
¢ Naively we could think we resum up to partial NNLL (see Ola’s talk yesterday)

® The discrepancy at large k7, however, can spoil this accouracy
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Emission probability and resolvability

PB-Setl: u¢=1.3 GeV?, go=1 GeV, £ =107

In PS a resolution parameter is introduced, zgy,: 100 ] Qemmeee
® z <z, resolvable radiation 1 N T
® Zmax > Z > Z4yn: non-resolvable radiation .
© 107t
Using the angular ordering condition, zi, =1 — qo/u: <
5
s >
A*(po, 1) = Dobs(10; 1: o) Anon—obs(Ho, 1 Gos€) &
t?) q-qg Z
For the evolution in PS A,on_ops is not taken into
. . — D2
account, leaving non-resolvable emissions out - 18,40
1073 4 e AN (2, 12, €, Go)

10!
u? [Gev?]
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Forward Backward evolution comparison: z

31.6<4'< 100 GeV
gluon ~— PDF2ISRgg 2, =099 «,=03
— updlevolv 9g 2, =0.99 ¢,=0.3

1/NdN/dz

31.6<4' <100 GeV

o ~— PDF2ISRgg 2, 099 ©,0.13
luon "

9 — updfevolv gg 2, =0.99 «,=0.13

1NdN/dz

g 3
T i

3
T

ratio

ratio
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Forward Backward evolution comparison: qt
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Forward Backward

evolution comparison:

1NNk,
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NLO/LO gluon

gluon, x =0.01, u=10GeV gluon, x=0.01, u=100GeV
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