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A pbrief CMS Tunes chronology

In CMS we developed a set of tunes based on UE in Pythia8.

The (six) tunes differ by PDF order, ag evolution and are extracted by

fitting simultaneously charged-particle multiplicity and trans- verse
momentum densities at various hadron collision energies

The idea was to obtain a tune for the official MC production that was
tested over a variety of different final states, from soft to hard physics

One of the six tunes was selected as the main “official” one for CMS
Run2 MC production

A huge paper containing the validation of the tune, methodology and cross
checks was prepared (arxiv:903.12179 under EPJC review)



https://arxiv.org/abs/1903.12179
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initial/final state radiation (PS)

strong coupling, regularization
upper scale...

hadronization modelling

length of fragmentation string,
strange baryon suppresion...

beam remnants (primordial kT)

width of the gaussian of the primordial
KT in the proton...
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CMS Tunes: The C

PYTHIA8 parameter

CP1

CP2

PDF Set NNPDF3.1 LO NNPDF3.1 LO
ag(my) 0.130 0.130
SpaceShower:rapidityOrder off off
MultipartonInteractions:EcmRef [GeV] 7000 7000
agSR(mZ) value/order 0.1365/LO 0.130/LO
a:>R(my ) value/order 0.1365/LO 0.130/LO
aM(my, ) value /order 0.130/LO 0.130/LO
ay=(my) value/order 0.130/LO 0.130/LO
MultipartonInteractions:pTORef [GeV] 2.4 2.3
MultipartonInteractions:ecmPow 0.15 0.14
MultipartonInteractions:coreRadius 0.54 0.38
MultipartonInteractions:coreFraction 0.68 0.33
ColorReconnection:range 2.63 2.32
x?/dof 0.89 0.54
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CP Tunes = CMS Pythia Tunes

aTHe Leading Orderu }*

DX Family

Fixed Inputs

Fitted parameters



CMS Tunes: The C

PYTHIA8 parameter

CP3

CP4

DX Family

CP5

PDF Set NNPDF3.1 NLO NNPDF3.1 NNLO NNPDEF3.1 NNLO
wg(my) 0.118 0.118 0.118 [2
SpaceShower:rapidityOrder off off on )
MultipartonInteractions:EcmRef [GeV] 7000 7000 7000 8
aPR(my) value/order 0.118/NLO 0.118/NLO 0.118/NLO 5
aE>R(my) value/order 0.118/NLO 0.118/NLO 0.118/NLO §1<J
a1 (m,) value/order 0.118/NLO 0.118/NLO 0.118/NLO T
gﬂz(nzz) value/order 0.118/NLO 0.118/NLO 0.118/NLO
MultipartonInteractions:pTORef [GeV] 1.52 1.48 1.41
MultipartonInteractions:ecmPow 0.02 0.02 0.03 0
MultipartonInteractions:coreRadius 0.54 0.60 0.76 O
MultipartonInteractions:coreFraction 0.39 0.30 0.63 ko)
ColorReconnection:range 4.73 5.61 5.18 &
x2/dof 0.76 0.80 1.04 g
Q.
O
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=
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CP Tunes =

CMS Pythia Tunes



Sensitivity on higher orders in V+jets topologies
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Sensitivity on higher orders in V+jets topologies

Toward p7'™ density vs pr(pup)
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CP tunes in high pr jets & EW bosons final states

_ : : : for each CPn tune
Benchmark matrix elements used in V+jets in CMS PDF: NNPDF3.1 @NNLO

MadGraph5_aMC@NLO + Pythia8 ag = 0.118

LO-Mode KT-MLM merging scheme | NLO-Mode FxFx merging scheme
0,1,2,3 partons - up to 2 partons NLO

UE in DY Leading object Observables

direction

|Ad| < 60° charged particle density

charged pT sum

Toward

60° < |Ad| < 120° Transverse ¥, Transverse 60° < |Ad| = 120° as a function of

. | Away T Z boson properties

|Ad| < 120°



—\V bosons final states

CP tunes in high pr jets &

Towards region

Toward charged-particle density, \/s = 13 TeV
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CP tunes in high pr jets & EW bosons final states

Transverse charged-particle density /s = 13TeV Transverse charged p7"™ density /5 = 13 TeV
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Away charged-particle density /s = 13 TeV
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CP tunes in high pr jets & EW bosons final states

phase space

/-events: leptons pT > 20 GeV and |y| < 2.4 and the dilepton mass lies
in a +20 GeV window around 91 GeV.

W-events: leptons pT > 20 GeV and |y| < 2.4 and MT > 50 GeV

AR, ] 4
Jets anti-kT04 clustered with pT > 30 GeV and |y| < 2.4 l,))>0

observables data VS MG5aMC@NLO+P8CPn both MLM&FxFXx

* Jet Multiplicity (inclusive, >=Nj & exclusive =Nj)

kT-MLM predictions of the jet multiplicity have little sensitivity to the UE and PS tunes

* pl balance Z-jet
bal __ J
sensitive to the UE and PS tunes pr = pr(Z) + ZpTl

jets

* /Z boson momentum (for Z+>=1))

Interesting to see the effect of the tune especially at low momentum



Jet-Z balance

Jet-Z balance
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2 tunes in high pr jets & EVW bosons final states
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C

2 tunes in high pr jets &

Z momentum in Z+jets

FxFx always better than MLM independently of the tunes
below 10 GeV is the nightmare for CP tunes both in FxFx and MLM
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Conclusions on tuning over V+Jets

® CP2, CP4, and CP5 tunes provide similar descriptions of the UE observables
with a reasonable agreement with the data.

@® In general, the CP2 tune performs better in describing variables such as pT

bal and pT (2).

@® For the jet multiplicity, the CP2 and CP4 tunes are equally good in describing
the measurement, whereas CP5 tends to undershoot the PS dominated

region with at least five jets.

Future improvements:  —————— e

Jet multiplicity in W+Jets

Angular-differential cross sections
Explore comparisons&tuning with other generators: Geneva, Sherpa, Herwig...



