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@ Introduction

o Underlying event

e Tuning MC generators
@ Current tuning efforts:

General tunes
Energy dependence
Soft and hard multiparton interactions

]
]
"]
o Parton shower and matched generators
©® Tune uncertainties

Q@ Gluon- and quark-induced
processes

© Summary and conclusions

o ) KEEP
Much more not covered in this presentation: CALM
@ heavy-flavour fragmentation AND
@ estimation of uncertainties of non-perturbative corrections CARRY
A TUNE

@ parton correlations for description of UE and DPS observables
ATL-PHYS-PUB-2012-003, EPJ C75 (2015), arXiv 1510.07436
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The underlying event at the LHC

Parton Shower
(initial and final
state radiation)

Hadronisation
modelling

Beam remnants,

ordial k Multiple parton
primordial k.

ORT [een interactions
SIS (Underlying Event)

From Frank Siegert
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The underlying event at the LHC

Parton Shower
Hadronisation (initial and final
modelling — state radiation)

Beam remnants,

. . Multiple parton
primordial k;

interactions
(Underlying Event)
From Frank Siegert
A hard pp-collision at the LHC can be interpreted as a hard scattering between
partons, accompanied by the underlying event (UE) consisting of:
@ Initial and final state radiation @ Beam Remnants
@ Multiple Parton Interactions (MPI) @ Hadronization

In general the UE is a softer contribution but... some MPIs can be even hard!

Double Parton Scattering (DPS)

OAB = 2042l | = [oer ~ 15-20 mb|

Oeff
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How do we deal with that?

Montecarlo event generators (PYTHIA, HERWIG, SHERPA..)

Primordial kr

Parton shower

Hadronization

Parameters need to be adjusted (tuned) to describe data

e.g.

e.g.

e.g.

p[')r = p;gf : (E/Eref)e
Proton matter distribution profile
Colour reconnection

. Width of the gaussian used for modelling the

parton primordial k1 inside the proton

Strong coupling value
Regularization cut-off
Upper scale

Length of fragmentation strings
Strange baryon suppression

How does one tune all these?
@ Choice of parameter ranges and sensitive observables
@ Predictions for different parameter choices and interpolation of the MC response
@ Data-MC difference and minimisation over parameter space

Paolo Gunnellini
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Why do we actually tune?

Not only for fun! 11

A °

@ Correct description of the data
o Pile-up simulation
o Evaluation of detector effects and unfolding
o Estimation of background (in MC-driven approach)
o Models are not "allowed” to fail

@ Good physics predictions

o Correct evaluation of physics effects
o Models are "allowed” to fail

A The danger is overtuning!

ATLAS-CMS MC Workshop



Some " official” tunes from the authors..

e PYTHIA 8 Monash Tune - PDF: NNPDF2.3LO (ErJ c74 (2014) 8)
o HERWIG++ UE-EE-5C - PDF: CTEQG6L1 (JHEP 1310 (2013) 113)

PYTHIA 8 Monash HERWIG++ UE-EE-5C
MPI UE pp(p) data at various /s UE pp(p) data at various /s
Value of measured o
Primordial kt pT spectrum of lepton pair pT1 spectrum of Z boson
from Z decays in hadronic collisions in hadronic collisions
Parton shower Event shapes in pp interactions Jet multiplicity, jet rates and
(taken from previous tune) shapes at various colliders
Hadronization Particle multiplicities in hadronic Particle production at
Z decays in ete™ collisions various colliders

General approach is a "factorized” tuning procedure with only some of
the components investigated

Many other tunes available focussing on one or more
components, different features or observables!
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Can they be refined?

How well do they describe observables at different energy?

|"Transverse" Charged Particle Density: dNIdr|d¢| |"Transverse" Charged Particle Density: dNqud¢|
24 12
©MS Preliminary CDF Preliminary
T | clomcear TeV | I et 900GeV|
1 erator Level Theory "TransMAX" H enerator Level Theory "TransMAX" - =
= 1 = . - == e
i ] E
S PY8 Tune 4C (solid lines) 3
% Tune 72* (dashed lines) D
Bl g TN e 1 1Y
2 H “TransMIN"
£ p—— u ¥ 5 pEEALE & 8 . B .
r (Charged Particles (jn|<0.8, PT>0.5 GeVic) r r
Charged Particles (Inl<0.8, PT>0.5 GeV/c)
0.0 0.0 t + t t
0 5 10 15 20 25 30 [] 4 8 12 16 20
PTmax (GeVic) From Rick Field PTmax (GeVic)

— Nep and p$™ as a function of the leading charged particle
@ TRANS MIN: sensitive to MPI PTmax Direction
@ TRANS MAX: sensitive to MPI and PS Leading Object
@ TRANS DIF: sensitive to PS
@ TRANS AVE: sensitive to MPI and PS

[ Toward-side” Jet

Jet#s

PURPOSE: Tuning MPI and colour
reconnection parameters
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Results of the energy-dependence tuning

Charged particle mult. in the MAX reg. © 0.9 (left) and 7 (right) TeV

TransMAX charged-particle density /3 = 900 GeV TransMAX charged-particle density /3 = 7TeV
B LA s e e e B B o I
sop = I id New tunes!
57 S
Z o6 E < LE
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ST N S with various PDFs
o bbb 9 Bt

S | ———r— : gf’x ——— Better constrain of the
=T TN TN TN TR TN o6E | | | = energy extrapolation
2 4 6 8 10 12 14 6m“ [(..evio 5 10 15 20 p‘“"‘f(;evl i
TransMAX charged-particle density /& _bbocev TransMAX charged-particle density /5 = 7Tev CR chan ges with the
B i s e e e B e o )
o TLE choice of the PDF
= o6f = aap
sk o Coram N3 S Rising part and
5 o4 £ —— HERWIG++ Tune UE-EE-5 3 o8 E; —— HERWIG++ Tune UE-EE-5C B
Epe: — CUrtgp: = — CUtipss: E plateaux region are
o Ebrer bbb [ ST T well predicted
14 14 -
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Tune performance at the new

energy

T
af-ng, 2 1 p, >500MeV, | n|<25 E
ATLAS Preliminary (s = 13 TeV

35F B

== Data

— PYTHIA 8 A2

o.8f B

-25-2-15-1-050 05 1 15 2 25
n

Transverse region

(s=13Tev
p,>05GeV, hl<2.5

plet> 1 Gev

LRI

EPOS
PYTHIA 8 A2

=+ DATA (uncorrected)
- PYTHIA 8 Al4
- HERWIG++ EES

T T ]
ATLAS Preliminary

—— PYTHIA 8 Monash

MC/Data

olo Gunnellini

=
s
=
5
=z
©

pb s = 13 TeV inelastic

-= data
--- PYTHIAB CUETP8S1
----- EPOS LHC

281 nb” (13 Tev)

=
E| — pyniae + cuerpen

Hewg + CUETHS1

1[an8(89] (GeV)

Tp

cms

Preiminary

transMIN

MS MC Workshop

Vs =13 TeV

TOP:
dN/dn
ATLAS-CONF-2015-028
PLB751 (2015)

BOTTOM:

CMS-FSQ-15-007

None of the
tunes reproduce
the data
perfectly!

Is the energy
dependence of
the MPI to be
improved in the
generators?

Py = P - (E/Eer)*
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What about other observables?

ANen/ddy

MC/data

Min. Bias observables v’
Charged-particle multiplicity, /s = 7 TeV

7E T T T

—e— ALICE data
—— CUETP6S1
—— CUETP851-CTEQ6L1

—— CUETP8S1-HERAPDF1.5LO
—— CUETpsM:

08
06

1 05 o 05

Incl. jet cross sections

olo Gunnellini

Forward region

Z-boson observables

MS MC Workshop

UE vs p’.ﬁt

DPS observables
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What about other observables?

Min. Bias observables v’
Charged-particle multiplicity, /s = 7 TeV

Forward region v/

Charged-particle multiplicity, /s = 7 TeV
T T

= 7F T T T 1= T T E|
I e N E
Z Z 3
5 =
4 2
—— TOTEM data
—— CUETP&S: =
—— ALICE data —— CUETP8S1-CTEQ6L1
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—— CUETP851-CTEQ6L1 —— CUETPSM1 =
1 —— CUETP8$1-HERAPDF1.5LO . E
S
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512 st 3
I°) 9
S 08 So —_——
f e N B B © P N EE ERTE B
- o5 o o5 1 54 54 58 62 6.4
U I

Incl. jet cross sections
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Z-boson observables

MS MC Workshop

UE vs p’.ﬁt

DPS observables
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What about other observables?

Min. Bias observables v/ Forward region v/ UE vs pf_,?f v

Charged-particle multiplicity, /s = 7 TeV Charged-particle multiplicity, /s = 7 TeV TransAVE Ny, density, /5 = 2.76 TeV
SO T T T T s e e R et
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5 hd | El
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s e
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Incl. jet cross sections Z-boson observables DPS observables
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What about other observables?

Min. Bias observables v/ Forward region v/ UE vs p/ﬁf v
Charged-particle multiplicity, /5 = 7 TeV TransAVE N, density, v/5 = 2.76 TeV

T T T | [T e

Charged-particle multiplicity, /s = 7 TeV
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What about other observables?

Min. Bias observables v/ Forward region v/ UE vs p/ﬁf v

Charged-particle multiplicity, /s = 7 TeV Charged-particle multiplicity, /s = 7 TeV TransAVE Ny, density, 2.76 TeV
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What about other observables?

Min. Bias observables v/ Forward region v/ UE vs pf_,?f v

Charged-particle multiplicity, /s = 7 TeV Charged-particle multiplicity, /s = 7 TeV TransAVE Ny, density, 276 TeV
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Further look at UE/DPS comparisons (arxiv 1512.00815)

Tune name | oer value (mb) Dedicated tune to DPS-sensitive
CUETP8M1 | 26.079% observables in four-jet final state
CUETHppS1 | 15. 2+° s

’CDPSTP8S2 — e = 19.0"47 mb

TransAVE Ny, density, /s = 7 TeV Normalized AS in pp— 4j, /s =7 TeV
D R R R R e R o e B A R S B .
< 4
= C | =
Fgl,zj — <
< F 1 % 1L —— cMSdata —
= 'F = & | — CuEmsma E
G osl = S | —— CUETHppS: ]
0.6 |- — [ 1
C | 107" — —
0-4 — = F E
oalf —«— ATLAS data E . ]
g —— CDPSTP8S2-4] ]
o B+ A L e e
19 E F \ \ \ \ \ I
S 12 — —
=] 1: o = PR S——
SO ] =
1®) = h, ]
= 08 — —
0-6—‘mHmHm‘wm\m\m\m\m\m? P AN AT BN OAIN NN b
2 4 6 8 10 . 0.5 1 1.5 2 25 3
pT (leaémg track) [GeV] ‘AS

Indication for need of a refinement of the current MP| model?
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Parton shower and MPI tuning

TUNING OF PYTHIA 8 TO OBSERVABLES MEASURED IN DIFFERENT PROCESSES

Study of the interplay between MPI and parton shower
Various PDF sets investigated

O bse rva bleS SigmaProcess:alphaSvalue The asvalue at scale Q2 = M;
Track jet properties SpaceShower:pToRef ISR pr cutoff
SpaceShower: pTmaxFudge Mult. factor on max ISR evelution scale

‘Jet Sh apes SpaceShower: pTdampFudge Factorisation/renorm scale damping
DUet decorrelations SpaceShower:alphasvalue ISR as

.. TimeShower:alphaSvalue FSR ag
M u ltU ets BeanRemmants: primordialKThard Hard interaction primordial k.
Z bOSOﬂ PT MultipartonInteractions:pToRef MPI pr cutoft
tf ga p a nd _]et Sh a peS MultipartonInteractions:alphasvalue MPlag

. . BeanRemmants: reconnectRange CR strength

Track-jet and jet UE

Extremely important for:
@ testing the universality of the parton shower in leptonic and hadronic collisions

@ testing the performance of UE simulation for different hard scattering processes
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Parton shower and MPI tuning

Significant improvement of description of observables in:
Drell-Yan (left), top-antitop (center) and jet substructure (right) sectors

Cambridge-Aachen jets, R = 12,300 GeV < p

< 400 GeV

Z py “dressed” muons Gap fraction vs. Qy for veto region: [y < 0.8
= 10 a8
ATLAS Simulation | % F 5 ATLAS Simulation
T eE ESH
o0 b b
E ATLAS Simulation E
09 —e— ATLAS Data E o
—e— ATLAS Data E —— AU2 CTEQéL1 B .
10 —— AU2 CTEQ6L1 085 —— Monash ATLAS Data
—— Monash TE —— A14-CTEQ o8 AUz CTEQ6L1
10 —— ALCTEQ o8k Ay MSTW o6 —— Monash
A1g-MSTW —— A14-NNPDF — AuCTEQ
—— AL-NNPDF C AufHERA = ALg-MSTW
~ - Aug-HERA 02 T AurNNPDE
) ) - -~ AugHERA
. o
T ;
Each [ —
S B =
1 10" 10° 50 100 150 200 250 04 0.6 o, 1 12
N-subjettiness T3,

Zpr Qo ?f:tv]
e s values are similar for all PDF used
e quite high for the hard processes

o lower for initial- and final-state radiation

o significantly lower than Monash tune for ISR and FSR
e damped shower needed to describe gap fraction in tt

events and p% simultaneously

Paolo Gunnellini ATLAS-CMS MC Workshop
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Tuning higher-order ME matched to parton showers

OBSERVABLES: gap fraction, jet shapes and jet multiplicity in tt events

GENERATORS: PYTHIA 8 standalone, MADGRAPH_aMC®@NLO and
POWHEG + PYTHIA 8

Different steps of tuning:
@ tuning of ISR and FSR separately, then simultaneous tune to
account for their interplay
@ application of tune for the matched generators
@ tune of the matched MADGRAPH_aMC®@NLO + PYTHIA 8

(Some of the) Outcomes

@ Significant improvement in the description of tt observables
@ Parameters of simultaneous ISR-FSR tune do not differ much from
the separate tunes

@ Tune of matched MADGRAPH-+PYTHIA 8 has similar parameters
to standalone PYTHIA 8
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Tune uncertainties

Nominal tune uncertainty: Set of (MANY) eigentunes obtained from Professor
— How to reduce the numbers of eigentunes?

ATLAS strategy

Only the pair of eigentunes showing the
maximal variation for the considered

observables is considered for the

uncertainty — procedure repeated for

different observables

Transverse ¥ pf' vs. pf in |y| = 25, excl dijet aven

=

—e— ATLAS Dala

A13-NNPDF

ATLAS Simulation

E - == A13NNPDF+VAR3
A1s-NNPDF£V:

MC/Data

P lGev]

Fundamental question: how can one cover all (most of) physics effects?

CMS strategy

Fit of the upper and the lower part of the
UE predictions at 13 TeV obtained with
full set of eigentunes — The new pair of

tunes is assigned as uncertainty

energy density

Ratio

Paolo Gunnellini ATLAS-CMS MC Workshop

CMS Internal, transMin region, Leading Track

CUETPSS1
—— CUETP$S1-Up
—— CUETP8S1-Down

P T A ST i
5 10 15

I —
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Quark- and gluon-induced processes

0O 1.8f
Different UE activity B gl OumLeadnaier  CMS 87TV
expected for different 7 gL e
o ana < L
initial states due to 5 12f +.4
q 2l ST vettetety H
quark and gluon colour L et T
factors S

0.6

Measurement in ,
0.4F charged particles
"I (p,>0.5Gevic, n| < 2.0, 60° < jAg} < 120°)

hadronic, Drell-Yan and I
0.2\\\‘\\\‘\\\‘\\\‘\\\

—_ g
tt events 0 20 40 60 80 100
p'fé‘“‘"g  or pi* [GeVic]

22 b (13 Tev)

) Transverse N, density vs pr(ji) % Feums prel‘mmw + overal 3 At the current Stage’

S B B A 0 1= - E A

L o F E available tunes are

2 'F [T —— iipowneg + Pyihias | .

Lop 3 oo describing well UE
N3 ) ER 3 activity induced by
o  MGHCUETPSM: £ 3 . e
b T yeummecnas 3 T e - different initial states

E — —— PH+CUETP8S1-HERAPDF1.5LO F , =
T BUT..there might be
sl 3 E BEE ..

i = = i PEEEE

JusE 3 gt i \ more!

[ S R R L3 S Joms “ éc[ ,“ Tl | arXiv 1512.00815, CMS-TOP-15-017
¢ = * ” ;u”i’mo GV = 0. 5 10 ! 15‘ ﬁ T + 5
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Quark- and gluon-induced processes

Striking comparison between UE activity in quark- and
gluon-induced processes at the same scale can make use of
Drell-Yan and Higgs production

Charged particle

Measurement of the inclusive e e
multiplicity in the

boson ,
pT transverse region
= 18
% ; — Higgs § [
o B ---- Drell-Yan g Mg V=TTV
= q02 . ~, 16 ---DrelYan  Gharged particies
~ b s=7TeV 25
ke o 115 < M < 135 GeV 5 T 60°< |A0] < 120°p, > 0.5 GeV, fn| <20
g Inl <20 Z 14l
T = L
L [
- 12
100 L [
.
. 08~
104 b | IR BRI R \I--‘--\--\-\--\- F
0 50 100 150 200 250 ok bbb b oo b b
p (GeV) % 10 20 30 40 50 60 70 80 90 100
i\ P, (GeV)
Possibility of further different features (correlations, scale dependence..) between
quarks and gluons! PRD 88, 097501
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Summary and Conclusions

MC

Watch out the

tuning is necessary for any kind of physics studies

Huge effort from theorists and experiments in achieving a good understanding of
the tools and the best description of the data

Tunes able to describe a wide range of measurements and well performing in
matched MC event generators

Some corners of the phase space are still not well reproduced

Open issue related to tune uncertainties

Global tuning effort?

overtune!

(what might be a possible sign of overtuning?)
- —
Allow the models to fail!
ATLAS-CMS MC Workshop Januray 2016 24
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Summary and Conclusions

MC

Watch out the

(what

tuning is necessary for any kind of physics studies

Huge effort from theorists and experiments in achieving a good understanding of
the tools and the best description of the data

Tunes able to describe a wide range of measurements and well performing in
matched MC event generators

Some corners of the phase space are still not well reproduced

Open issue related to tune uncertainties

Global tuning effort?

overtune!

might be a possible sign of overtuning?)

Allow the models to fail!
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Validation plots (I): MB

dN/dn at fwd and centr. region at 7,8 TeV and fwd energy flow in MB events

Charged particle [y at 7 TeV, track p. > 40MeV, for Ny > 1 Energy flow in MB events, /s = 7 TeV
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Validation plots (II): UE

Charged particle multiplicity and p7r sum measured by CMS in the transverse region as
a function of the leading track jet pr at 900, 2760 and 7000 GeV
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Validation plots (lI1): Jets

Inclusive jet cross sections measured by CMS in rapidity bins
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Interface with NLO matrix element (I); Jets

Inclusive jet cross sections measured by CMS in rapidity bins
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Interface with NLO and higher-order matrix elements (Il

Charged particle multiplicity and pr sum in TransMAX and TransMIN at 7 TeV

TransMAX charged particle density /5 = 7TeV. TransMAX charged particle density /5 = 7TeV.
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Interface with NLO and LO matrix elements (I11): Drell-Yan

Charged particle multiplicity and pr sum in Drell-Yan events
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1/ de/dly|(Z)

MC/data

Z-boson pr and n at 7 TeV

Z boson y with dressed leptons Z boson pr with dressed leptons Z boson y with dressed leptons
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@ The new (standalone) tunes describe UE, MB observables but they have
troubles in jet cross sections and Drell-Yan UE data
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@ Higher order LO matrix elements and NLO calculations interfaced with the
new tunes describe all the previous observables without need of retuning!
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