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Overview

3 sessions with 17 talks total: a huge ‘thank
you!’ to everyone who prepared & presented

material in WG1!
o  ‘Overview’ talks from MC collaborations
o  Experimental talks from LHC & STAR
o  Contributed talks on a variety of more detailed
subjects.

As MPIl is all plenary talks, we will try to avoid a
rote summary of this material and instead
highlight some common themes or action
items, leaving time for discussion.

We apologise in advance for being selective
with the topics covered — we did what we could
in the time that we had!

Pythia Overview

Jocelyn Bell Burnell Lecture Theatre, Schuster Building, University of Manchester
Sherpa Overview

Jocelyn Bell Burnell Lecture Theatre, Schuster Building, University of Manchester
Herwig Overview

Jocelyn Bell Burnell Lecture Theatre, Schuster Building, University of Manchester
ATLAS Overview

Jocelyn Bell Burnell Lecture Theatre, Schuster Building, University of Manchester
CMS Overveiw

Jocelyn Bell Burnell Lecture Theatre, Schuster Building, University of Manchester
STAR Overview

Jocelyn Bell Burnell Lecture Theatre, Schuster Building, University of Manchester

EPOS4 overview

Jocelyn Bell Burnell Lecture Theatre, Schuster Building, University of Manchester
Probing factorization violation with vector angularities

Jocelyn Bell Burnell Lecture Theatre, Schuster Building, University of Manchester
Tuning Pythia for Forward Physics Experiments

Jocelyn Bell Burnell Lecture Theatre, Schuster Building, University of Manchester
Color Reconnection Effects in J/§ Hadroproduction

Jocelyn Bell Burnell Lecture Theatre, Schuster Building, University of Manchester
ALICE UE/MPI/Hadronization talk

Jocelyn Bell Burnell Lecture Theatre, Schuster Building, University of Manchester
LHCb Overview

Jocelyn Bell Burnell Lecture Theatre, Schuster Building, University of Manchester
Two approaches to hadronization reweighting

Jocelyn Bell Burnell Lecture Theatre, Schuster Building, University of Manchester
Hadronization and Decay of Excited Heavy Hadrons in Herwig 7

Jocelyn Bell Burnell Lecture Theatre, Schuster Building, University of Manchester
Colour Evolution and Infrared Physics

Jocelyn Bell Burnell Lecture Theatre, Schuster Building, University of Manchester
Energy dependence of underlying-event observables with ALICE at the LHC

Jocelyn Bell Burnell Lecture Theatre, Schuster Building, University of Manchester

Angular Correlations of Baryons as a Probe for Colour Reconnection and Hadronization

Jocelyn Bell Burnell Lecture Theatre, Schuster Building, University of Manchester
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Peter Skands, Peter Meinzinger, Stefan Gieseke

General purpose Monte Carlo Generators
[status & updates on hadronization, colour reconnection MPI]

N Ny
Generator " I
Herwig
Hadronization String e Cluster [default] e Cluster [default]
e String e String
[interface to old Pythia 6] [interface to Pythia 8 (P18)]
e MLHAD first tests
?”:ja_i” OP“%(‘S‘ (‘I’efa“'t | F. Kraus : “1 will never include CR” e plain CR
Colour E,°1;Q§$;Zeop’ﬁ3n‘;°”‘m°ve) — now Sherpa has CR:) e bayronic CR
Reconnection | (different settings) e space-time CR
e |Interleaved e Amisic similar to Pythia’s MPI e Eikonal Model
MPI with Parton

Shower e Shrimp? %



Experimental talks

We did not find many new results
targeting UE/MPI understanding since
the last MPI...

o  We hope the contributions about jet
substructure & hadronisation were interesting!

Are there measurements that you would
like to see performed that aren’t being

done?

o Question: Are the most useful observables
being measured?

o Question: other than at meetings like MPI,
how do we ensure there is good
communication between MC teams &
experiments?

ATLAS

Mtop [GeV]

Result 172.21
Statistics 0.20
Method 0.05 £ 0.04
Matrix-element matching 0.40 £+ 0.06
Parton shower and hadronisation 0.05 = 0.05
Initial- and final-state QCD radiation 0.17 £ 0.02
Underlying event 0.02 + 0.10
| Colour reconnection | 0.27 £ 0.07
Parton distribution function 0.03 = 0.00
Single top modelling 0.01 = 0.01
Background normalisation 0.03 £ 0.02
Jet energy scale 0.37 £ 0.02
b-jet energy scale 0.12 £ 0.02
Jet energy resolution 0.13 £ 0.02
Jet vertex tagging 0.01 £ 0.01
b-tagging 0.04 = 0.01
Leptons 0.11 £ 0.02
Pile-up 0.06 £ 0.01
Recoil effect 0.39 £+ 0.09
Total systematic uncertainty (without recoil) | 0.67 £ 0.05
Total systematic uncertainty (with recoil) 0.77 + 0.06
Total uncertainty (without recoil) 0.70 = 0.05
Total uncertainty (with recoil) 0.80 + 0.06




Connecting to colour reconnection
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Many positive comments about junction CR
model this week, including suggestions to
change default Pythia model .

Also in development for H7 — talk to Stefan
Kiebacher! =

o  ATLAS event-wide UE measurement could not really
distinguish CRO and CR1 in ttbar..

o  ALICE measurement of A & D—tagged jet
fragmentation preferred it!

o Seen also in Anna’s talk: can play an important role in
J/p Hadroproduction
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Diquark Colour Reconnection
[See also “Colour evolution and infrared physics” S. Platzer]

Baryon Angular Correlations
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e Baryon production is challenging but important: can have a big impact on
high-pT physics programme when we get it right!

Stefan Kiebacher 6



Event generator accuracy N

Progress in improving the PS accuracy

¢ Assessing the logarithmic accuracy of a shower .
Herwig [1904.11866, 2107.04051], Deductor [2011.04777], Forshaw, Holguin, Platzer [2003.06400] Simon Plaetzer
PanScales [1805.09327, 2002.11114], Alaric [2110.05964], ...

¢ Triple collinear / double soft splittings
Dulat, Hoche, Krauss, Gellersen, Prestel [1705.00982, 1705.00742, 1805.03757, 2110.05964] _
Li & Skands [1611.00013], Loschner, Platzer, Simpson Dore [2112.14454], ... B~

* Matching to fixed-order see Alexander’s talk
NLO; i.e. Frixione & Webber [0204244], Nason [0409146], ...
NNLO; i.e. UNNLOPS [1407.3773], MiNNLOps [1908.06987], Vincia [2108.07133], ...
NNNLO; Prestel [2106.03206], Bertone, Prestel [2202.01082]

e Colour (and spin) correlations see Simon’s talk hi
Forshaw, Holguin, Platzer, Sjédahl [1201.0260, 1808.00332, 1905.08686, 2007.09648, 2011.15087] preiing
Deductor [0706.0017, 1401.6364, 1501.00778, 1902.02105], Herwig [1807.01955], Platzer & Ruffa [2012.15215] vers
PanScales [2011.10054, 2103.16526, 2111.01161], ...

e Electroweak corrections
Vincia [2002.09248, 2108.10786], Pythia [1401.5238], Herwig [2108.10817], ...

C Super-active field of research: I wo 1 o N2 _
taken from Melissa van Bleekveld’s talk at the CERN workshop on parton showers for future colliders. = S




Redefinitions of “bare” operators

UNI

How do we consistently hadronize in light of (improved) shower algorithms? o=} / / Try, [My, Unin] dpmu(ém)
How to do this at subleading N and higher order shower evolution?

Redefinitions of hard and soft factor inverse to each other:

. Q
g
Zn = XT_Ll XnE'S),s)OE?(,LS)TXIL = F';('LS)Zn_SOZL—sF'E),S)T - Z FS)ES”’S_—:)OE&S_—:)TFg)T =0

t=1

dressing of hard process ~ parton shower

Z/aSTr[A +Ag) Sn] do(Q H“ [dpi]é

Simon Plaetzer
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Forward thinking (in space & time)

e Dedicated tuning efforts targeting forward physics (FPF) & other future facilities (Detroit Tune for RHIC
— EIC?). Would be great to implement these as Pythia tunes for more distributed validation!

Forward

tune

Full name Shorthand || Baseline (QCDCR) | Forward Tune | Uncertainty
BeamRemnants : dampPopcorn dpop 1 0
BeamRemnants:hardRemnantBaryon fremn off on
BeamRemnants:aRemnantBaryon Qremn 6 0.36
BeamRemnants:bRemnantBaryon bremn - 1.69
BeamRemnants:primordialKTsoft Osoft 0.9 0.58 0.26..:.1.27
BeamRemnants:primordialKThard Ohard 1.8 1.8
BeamRemnants:halfScaleForKT Qnalf 15 10
BeamRemnants:halfMassForKT Mhalf 1 i
BeamRemnants:primordialKTremnant Crenini 0.4 0.58 0:26%.: 127

TABLE 1. PYTHIAS settings and tuning parameters.

Setting Default New

PDF:pSet 13 17
MultipartonInteractions:ecmRef 7 TeV 200 GeV
MultipartonInteractions:bprofile 3 2

Tuning Parameter Default Range
Detro |t MultipartonInteractions:pTORef 2.28 GeV 0.5-2.5 GeV
MultipartonInteractions:ecmPow 0.215 0.0-0.25
tu ne MultipartonInteractions:coreRadius 0.4 0.1-1.0
MultipartonInteractions:coreFraction 0.5 0.0-1.0
( S TA R ) ColourReconnection:range 1.8 .0-9.0

e Raised multiple times: can/should we improve or change the default Pythia tune?
e Does this actually signal that it's time for another larger-scale tuning effort, taking
into account lessons learned from these more-focussed studies?




MCPLOTS — New LOOk Coming Soon Work in Progress: Korneeva, Karneyeu, PS

Peter
ABOUT PLOTS ~ COMPARISON ~ LHC@HOME
— Skands

Plots by analyses

Preview at mcplots-dev.cern.ch

Choose an analysis v

ALEPH 1996 S3486095 . v o .
ALEPH 1999 S4193508 Select individual RIVET analysis Or process category

ALEPH 2004 S5765862
ALICE 2010 S8624100
ALICE 2010 S8625980
ALICE 2010 S8706239
ALICE 2011 S8909580 -
ALICE 2011 S8945144 k . 1. \ E A ~ o
ALICE 2012 11116147 - ~ O
ALICE 201211181770 A &
ALICE 2014 11300380 SOft QCD (Inelas“c)
ALICE 2015 11357424

ATLAS 2010 CONF 2010 049
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Total o




One more tune!

e Tuning mentioned several times as a

pain point: -~ N T B R B A B R A A N A B A U PR
E | . .

o  Time-consuming =1 e :
o Compute-consuming Q6 =
o Student-consuming e[ '
o elc. o |

e Likely that there is low-hanging E4r .

[ . [l [l :

fruit in this area to improve g i
quality-of-life with new 2+ -
techniques (ML/AI?). '

e Christian mentioned some ol

0 20 40 60 80 100
Number of variations

interesting ideas about

differentiable programming.
o Even “simple” reweightings are
huge improvements, and save
considerable time & compute!



Wouter Waalewijn
Scaling up our understanding 7 = el

e Re-analysis of Run 1 ALICE data to study multiplicity
scaling & MPI effects

o  Great tests for new models: EPOS & PYTHIA —
. . . 0.12] —— MPI; hadronization
consistent with experimental data. i a_o 5 S
~ 25 — T —————rrT : 0.10 1". o | No MPI; no hadronization
& STAR, Full Jet 20-25 GeV/c [n| < 1 ALICE Preliminary | i
< L [ CDF, Track 5-6 GeV/c | < 0.8 A transverse i —
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< 2 | O ATLAS, Track 5-5.5 GeV/c In| < 2 A trans-min 1 2
3] I @ ATLAS, Full Jet 20-30 GeV/c [n| <25 - = 0.06
P C CMS, Charged Jet 17-22 GeV/c n| < 2 A ] 8L
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0. 10° 10*
® For the MPI-sensitive region, within two
sigma systematic uncertainty, the activity \/E (GeV)

e New vector angularity observables

proposed to test factorisation violation and
® For the ISR-FSR-sensitive region, within Feng Fan MPI eﬁeCtS

two sigma systematic uncertainty, the
activity inside rises logarithmically with \/E

inside increases like a power-law with \/E




CMS Preliminary 138 fb™' (13 TeV)

Boostin’ is legit (JSS) R
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e Jets are a multi-faceted probe of s | 3.
many aspects of QCD. S 1op ‘i

o
kS

o Some observables conflate these : jets
are complex!

1 i Nemissions
Njets dIn(kT)dIn(R/A R)

0.2
o Some observables factorise them : Cristian
we’re getting more clever! ) : 5 2 25 3 35 4 °
: . . In(R/A R) Baldenegro
e | JP measurements in high-pT jets U VU T
are sensitive to radiation at the AR ‘
hadronlzatlon Scale (traCkS down ALICE Preliminary Charged-particle jets anti-k; R = 0.4
pp Vs = 13 TeV | <05,20 < p" _ <120 GeV/c
to ~500 MeV) _ 50403503 025 02 015 .1 _
o Could we use this approach to learn g E
about npQCD? < 08 %
e | JP measurements in low-pT jets o5 063
are dominated by hadronization N "
effects anyway — multiple handles . -
on the same physics. 4

ALICE
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ATLAS

Aside: Modelling (Les Houches advert)

e No one in this room is happy with

two-point model comparisons.

o Often no consistency between collaborations
m Somewhat understandable — different
setups available, etc.

e Can we do better?

o
o
>

T . — —
[ Data 2015-2017, Vs =13 TeV ATLAS Preliminary
5: anti-k, R = 0.4, PFlow+JES

=
oM 0.0 [ Total uncertainty, di-jets

o
o

7] Total uncertainty, before precision update, di-jets
= In situ calibration
Flavour generator/shower
 Flavour hadronization
=+ Flavour shower
-+ Pileup components
= - Single particle deconvolution

0.041

0.03

Fractional JES uncertainty

Lo vy

0.02

0.01

LlilIllllllllllllll,-l‘lv

R T fmim e g e r

o Prescriptions, or at least some guidelines, 20 3040 102 2x10? 10°  2x10°
e * [GeV
that are developed with input from the whole Py 16l
community would be significant progress. Flavour generator/shower
o i i i i Pythia8 [1] vs.
DIS_CUSSIOn at LH23 about trymg to prOVIde Sherpa v2.2.5 w/ Lund hadronisation (Pythia 6) [2][3
guidance & move towards at least more
factorised comparisons as a first step... w Flavour hadronization
, . . . . Sherpa v.2.2.11w/ AHADIC cluster hadronisation [2][4] (new tune [S]) vs.
u If youre interested in haVlng mpUt here’ Sherpa v2.2.5 w/ Lund hadronisation (Pythia 6)
get in touch!

==+ Flavour shower
Herwig7 angular parton shower [6][7] vs.
Herwig7 dipole parton shower [6][8] shower models



Flavour

Some measurements of JSS with heavy-hadron ID have
been performed — likely more of these will help provide

new insights on npQCD, improve models.
o  We can reconstruct J/Psi, tag D- and B-mesons and then measure

fragmentation ... what else should be done?
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More Flavour
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Charm fragmentation fractions
differ significantly from LEP, HERA!

... Should include LHC data
in tuning / validation!


https://arxiv.org/abs/2112.08156

https://twiki.cern.ch/twiki/bin/view/LHCPhysic

s/LHCJetSubstructureMeasurements

References of recent measurements

* ATLAS
o JSS Observables in boosted ttbar, I+jets and all-had @ 13 TeV, CONF.7
o Properties of b-quark fragmentation @ 13 TeV 7
o Substructure of large-radius jets @ 5.02 TeV, prelim. 7
o Soft Drop Observables (m, zg, rg; calorimeter- & track-based) @ 13 TeV 7
o Lund jet plane @ 13 TeV 7
o Mass in Z->(bb)*gamma @ 13 TeV7 « CMS
o Fragmentation properties @ 13 TeV 7 o Lund jet plane @ 13 TeV 7
o JSS Observables in multijets & ttbar @ 13 TeV 7 o Jet mass distribution and top quark mass from boosted top quarks @ 13 TeV 7
© g->bb @ 13 TeV7 o Inclusive jet and b-jet shapes in pp and PbPb @ 5.02 TeV 7
o Jetpull @ 13 TeVz o Jet angularities in Z+jet and dijet events @ 13 TeV
o J/psi-in-jet in pp and PbPb @ 5.02 TeV 7
o Jet shapes in ttbar events @ 13 TeV 7

o Jetmass @ 13 TeV7

o Fragmentation properties in photon-jet events @ 5.02 TeV 7
o Fragmentation properties Il @ 5.02 TeV 72

o Fragmentation properties @ 5.02 TeV 7

o Collinear W emission @ 8 TeVZ

o Charged particles inside jets @ 8 TeV 7

o Jet charge @ 8 TeV 7

o Jet mass in V+jets and dijets @ 7 TeV 7
o Color coherence @ 7 TeV 7

o Fragmentation properties Il @ 2.76 TeV 7

o Fragmentation properties | @ 2.76 TeV 7

o Jet shapes in ttbar events @ 7 TeV#

o Jet mass and other observables @ 7 TeV 7

o Jet mass @7 TeV7

o Fragmentation properties @ 7 TeV 7

o Fragmentation properties using track jets @ 7 TeV 7
o Je T

o Medium-induced modifications of jet fragmentation in PbPb @ 5.02 TeV 7
o Groomed jet mass in PbPb and pp @ 5.02 TeV 7

o Splitting function in pp and PbPb @ 5.02 TeV 7

o Jet shapes in PbPb and pp @ 5.02 TeV 7

o Jet fragmentation in PbPb and pp @ 2.76 TeV 7

o Modification of jet shapes in PbPb @ 2.76 TeV 7

o Jet fragmentation in pp and PbPb @ 2.76 TeV 7

e LHCb

o J/psi inside jets @ 13 TeV 7
o Jet fragmentation @ 8 TeV

e ALICE

o Groomed-jet substructure in DO-tagged jets @ 13 TeV (pp)#
o Angle between jet axes @ 5.02 TeV (pp)Z

o Lund jet plane @ 13 TeV (pp)#

o Jet angularities @ 5.02 TeV (pp)#

o Soft Drop zg, theta g @ 5.02 TeV (pp & Pb-Pb)7

o Dead cone in DO-tagged jets @ 13 TeV (pp)c7?

o N-subjettiness @ 2.76 TeV (Pb-Pb)c7

o jt distributions @ 5.02 TeV (pp & p-Pb)c7

ozgandnSD @ 7 TeV (pp) & 2.76 TeV (Pb+Pb)#

o DO-tagged jet fragmentation and cross-sections @ 7 TeV (pp)#
o jt distributions @ 7 TeV (pp) & 5.02 TeV (p-Pb)c7

o Jet fragmentation and cross-sections @ 7 TeV (pp)#

o Jet shapes @ 7 TeV (pp) & 2.76 TeV (Pb+Pb)z

o Jet mass @ 5.02 TeV (p-Pb) & 2.76 TeV (Pb+Pb)¢7

Please use LHC Rivet routines!


https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCJetSubstructureMeasurements
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCJetSubstructureMeasurements

WG1 concluding remarks

e Main themes this year:
o Colour reconnection
m  QCD junction model!
o Improved performance
m  Reweighting, connecting hard &
soft aspects of shower
o New observables
m Vector angularities, JSS
o Old observables
m Correlators, multiplicities
o New tools
m  Angantyr, MCPlots
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