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WG1: Minimum Bias, Underlying Event and Monte Carlo generators

• Monday (2 sessions) & Friday (1 session)
• 11 talks (10 WG1 + 1 shared WG1/WG4)
• Monte Carlo news and updates: PYTHIA8, HERWIG7, Geneva
• Experimental results & comparisons to MC: ALICE, ATLAS, CMS, LHCb, STAR (RHIC), 

H1 (HERA)

• Speakers: Simon Platzer, Smita Chakraborty, Matthew Kelsey, Marius Utheim, Chiara 
Oppedisano, Yuri Kulchitsky, Julian Alexander Boelhauve, Saptaparna Bhattacharya, 
Ben Nachman, Alessandro Gavardi, Mikel Mendizabal

Lisbon, 11-15 October 2021
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Herwig 7 Overview

Hard partonic scattering:
NLO QCD routinely

Jet evolution — parton branching:
NLL sometimes, mostly unclear

Multi-parton interactions
Hadronization

dσ ∼ L× dσH(Q)× PS(Q → µ)×MPI×Had(µ → Λ)× ...
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[Plätzer, Gieseke – EPJ C72 (2012) 2187]
[Plätzer — JHEP 1308 (2013) 114]

[Bellm, Gieseke, Plätzer — EPJ C78 (2018) 244]

[Gieseke, Stephens, Webber – JHEP 0312 (2003) 045]
[Plätzer, Gieseke – JHEP 1101 (2011) 024]

[Bellm, Nail, Plätzer, Schichtel, Siodmok – EPJ C76 (2016) 665]

[Herwig collaboration – Eur.Phys.J. C76 (2016) 665]

Eikonal MPI
Cluster Hadronization

See Jo’s talk on Thursday on double parton scattering.

Better understanding of showers, colour reconnection and 
hadronization connects to MPI modelling. 

Colour reconnection
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Colour reconnection

We know about the impact of multi-parton interactions, but what is the uncertainty? 

(see Simon Platzer’s talk)
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High and low energy hadronic interactions
Hadronic rescattering

Angantyr
Parton showers

Hadronic rescattering

I Pythia o↵ers a full
spacetime picture,
both for MPIs and
hadronization

I Dynamic sized
time-steps with
interleaved decays of
short-lived particles

I Geometric collision
criterion. Interaction
occurs at the time
when particles pass
each other in their
rest frame

Marius Utheim Pythia 8: soft QCD model, news and updates
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High and low energy hadronic interactions
Hadronic rescattering

Angantyr
Parton showers

Using rescattering in Pythia

I HadronLevel:Rescattering = on

I To get correct multiplicity in pp collisions at 13 TeV, we use
MultipartonInteractions:pT0Ref = 2.345

I Gives some significant e↵ects, in particular a substantial
amount of collective flow in Angantyr [arXiv:2103.09665]

I Can also be used for studies of specific resonances, such as
exotic hadrons [arXiv:2108.03479], deuterons, f2(1270),
etc., as alternative to coalescence models

I Simple to use, but relatively basic. For more sophisticated
modelling, consider using e.g. the SMASH framework

I Open for future developments, but no specific features are
currently in the works.

Marius Utheim Pythia 8: soft QCD model, news and updates

(see Marius Utheimr’s talk)
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v2{2} in Pb-Pb with shoving & rescattering

Data

Angantyr
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At ÔsNN =5.02 TeV, (left) v2{2} vs. centrality with only string shoving g = 0.5†, (right) v2{2} vs
ÈNchÍ with only rescattering‡ (See talk by Marius Utheim on Monday afternoon)

†
Bierlich, et. al., J. High Energ. Phys. 2021, 270 (2021),

‡
Bierlich, et. al., Eur.Phys.J.A 57 (2021) 7, 227.

Smita Chakraborty (Lund Univ.) String interactions in PYTHIA8 MPI@LHC, 11th October, 2021 6 / 14

(see Smita Chakraborty’s talk)
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High and low energy hadronic interactions
Hadronic rescattering

Angantyr
Parton showers

Pythia parton shower models

Starting from version 8.301, Pythia o↵ers three built-in parton
showers. Select which one by using the PartonShowers:model
setting:

1. Pythia default

2. Vincia [arXiv:2003.00702]

3. Dire [arXiv:1506.05057]

Marius Utheim Pythia 8: soft QCD model, news and updates

Future: NNLO + Parton Shower matching is 
on the todo-list for both Vincia
[arXiv:2108.07133] and Dire 
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M. Kelsey 12th MPI@LHC  Oct. 11-15, 2021

Underling Event @ 200 GeV

14

UE@ √s=200GeV

M. Kelsey 12th MPI@LHC  Oct. 11-15, 2021

Underling Event @ 13 TeV

15

UE@ √s=13TeV

(see Matthew Kelsey’s talk)



WG1 talks: Minimum Bias, Underlying Event and Monte Carlo generators

Lisbon, 11-15 October 2021(see C. Oppedisano’s talk)



WG1 talks: Minimum Bias, Underlying Event and Monte Carlo generators

Lisbon, 11-15 October 2021(see C. Oppedisano’s talk)
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run 3: plans

11/10/2021 Yuri Kulchitsky, JINR 21

❑ The typical variables used to study the soft phenomena using MB samples are  usually tuned in event generators 
using these MB measurements, because there is a variability in modelling since non-perturbative QCD is used.
❖ These variables for new collision energy will be measurement in Run 3

❑ The MB/UE results from Run 2 are exploited for Run 3:
➢ The Pythia 8 A3 tune is suitable for inclusive QCD modelling for Run 3 and it uses the ATLAS Run 2 charged-

particle distribution & inelastic cross section results in addition to the Run 1 used for construction of MB tunes

ATL-PHYS-PUB-2016-017

The Pythia 8 A3, A2 & Monash tune predictions compared with ATLAS charged particle distributions at 13 TeV
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Saptaparna Bhattacharya

Skeletal Outline

MPI@LHC, 2021

The LHC as a precision machine


Examples of analyses from the top and diboson final states


The underlying event description and color reconnection modeling


Color reconnection tunes 


Performance of the color reconnection tunes in PYTHIA8


Studies of double parton scattering


Going beyond DGLAP

 2

Focused on recent results where possible 
Emphasis on exploration of novel regions of phase space 

Saptaparna Bhattacharya

Performance of the tune

MPI@LHC, 2021

Charged particle density in the transMAX region with CMS (left) and CDF (right) data

Similar behavior seen at √s = 13 TeV and with ATLAS data

Tunes perform well, inconsistencies seen in final states with charmed baryons (Λ) 

 12

CMS Data
CP5

CP5-CR1

CP5-CR2

0

0.5

1

1.5

2

2.5

3

TransMAX charged psum
T density

√

s = 7 TeV

(1
/

N
ev

en
ts
)

d
psu

m
T

/
dη

dφ
[G

eV
]

5 10 15 20 25
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
1.4

pmax
T [GeV]

M
C

/
D

at
a

CMS
Preliminary

,

CDF Data
CP5

CP5-CR1

CP5-CR2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

TransMAX charged psum
T density,

√

s = 1.96 TeV

(1
/

N
ev

en
ts
)

d
psu

m
T

/
dη

dφ
[G

eV
]

2 4 6 8 10 12 14 16 18 20
0.8

0.85
0.9

0.95
1.0

1.05
1.1

1.15

pmax
T [GeV]

M
C

/
D

at
a

CMS
Preliminary

GEN-17-002

Saptaparna Bhattacharya

Double Parton Scattering: 4 jet production

MPI@LHC, 2021  16

Data shows preference for pT ordered 
parton shower description (studies 
performed in GEN-17-001 in agreement)

CMS  (13 TeV)-142 nb
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Minimal combined azimuthal angular range of three 
jets (2 out of 3 jets likely to be back-to-back)
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Discussion:

1. Monte Carlo models and tunes

2. Minimum bias measurements (Run 3)

3. The underlying event (Run 3)


