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INTRODUCTION

%k MC event generators are ubiquitous in LHC physics

Unfolding, Bkg. subtraction,

Selection Optimisation Extrapolatlon Interpretatlons

Need high accuracy predlctlons
Need good modelling of the data, and and well-defined uncertainties
uncertainties not in tensions with it (as small as possible t00)




INTRODUCTION

%k MC event generators are ubiquitous in LHC physics

Unfolding, Bkg. subtraction,

Selection Optimisation _EthrapoIatlon, Interpretations

T

Need high accuracy predictions,
Need good modelling of the data, and and well-defined uncertainties
uncertainties not in tensions with it (as small as possible t00)
%k And MC modelling uncertainties already a limiting factor for

most measurement and searches involving top-quarks

Modeling uncertainties

JEC flavor (linear sum) —0.35 +0.1 —-0.31 —0.34 0.0

- light quarks (uds) +0.10 —01  —-0.01 +0.07 —0.1 Source Unc. on m, [GeV] Stat. precision [GeV]
— charm +0.03 0.0 -0.01 +0.02 0.0

- bottom —0.29 0.0 -0.29 —0.29 0.0 Data statistics 0.40

—gluon —0.19 +0.2  +0.03 -0.13 +0.2 - .

b jet modeling (quad. sum) 0.09 0.0 0.09 0.09 0.0 Slgnal and background model statistics 0.16

—b frag. Bowler-Lund -0.07 0.0 -0.07 -0.07 0.0 Monte Carlo generator 0.04 +0.07
—b frag. Peterson —0.05 0.0 —-0.04 —0.05 0.0 Parton sh d hadronisati 0.07 0.07
— semileptonic b hadron decays —0.03 0.0 —0.03 ~0.03 0.0 arton shower and hadronisation . +.
PDF 0.01 0.0 0.01 0.01 0.0 Initial-state QCD radiation 0.17 +0.07
Ren. and fact. scales 0.05 0.0 0.04 0.04 0.0 Parton shower ag SR 0.09 +0.04
ME/PS matching 40324020 —03 —0.05+0.14 +024+0.18 —0.2 b-quark fragmentation 0.19 +0.02
ISR PS scale +017:|:017 —-0.2 +013:l:012 +012:i:014 —-0.1 HF_hadron prOduction fI‘aCtionS 011 :tOOl
FSR PS scale +022+0.12 -0.2 +0.114+0.08 +0.18+0.11 —-0.1 HF-hadron d delli 0.39 0.01
Top quark pr +0.03 00 +0.02 +0.03 0.0 -hadron decay modelling : £V
Underlying event +0.164+0.19 —03 —0.07+0.14 +0.10+0.17 —0.2 Underlying event <0.01 +0.02
Early resonance decays +0.02+0.28 +04 +0.38+0.19 +0.13+0.24 +0.3 Colour reconnection < 0.01 +0.02
CR modeling (max. shift) +041+£029 —-04 —-043+0.20 -0364+025 —0.3 Choice of PDFs 0.06 +0.01
- “gluon move” (ERD on) +0.414+029 —-04 +0.10+0.20 +0.324+0.25 —-0.3

—“QCD inspired” (ERD on) —0.32+029 —01 —0434+0.20 —0.36+£025 —0.1 Total systematic uncertainty 0.67 +0.04
Total systematic 0.81 0.9 1.03 0.70 0.7 Total uncertainty 0.78 +0.03
Statistical (expected) 0.21 0.2 0.16 0.20 0.1

Total (expected) 0.83 0.9 1.04 0.72 0.7

Submitted to PRD ATLAS-CONF-2019-046
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INTRODUCTION

%k MC event generators are ubiquitous in LHC physics

Unfolding, Bkg. subtraction, Extrapolation, Interpretations

Selection Optimisation R —
Need high accuracy predictions,
Need good modelling of the data, and and well-defined uncertainties
uncertainties not in tensions with it (as small as possible t00)

%k And MC modelling uncertainties already a limiting factor for
most measurement and searches involving top-quarks

Modeling uncertainties
Ctlavor (Iinear sum) —0.55 +0.1 —=0.51 —0.54 0.0

- light quarks (uds) +0.10 —-0.1 -0.01 +0.07 —-0.1 Source Unc. onm, [GeV] Stat. precision [GeV]
— charm +0.03 0.0 -0.01 +0.02 0.0
—bottom —0.29 00 —-0.29 —-0.29 0.0 Data statistics 0.40
luon —0.19 +0.2  40.03 —0.13 +0.2 : —

b jet modeling (quad. sum) 0.09 00 009 0.09 0.0 Signal and background model statistics 0.16
—b frag. Bowler-Lund -0.07 0.0 -0.07 -0.07 0.0 Monte Carlo generator 0.04 +0.07
- b frag. Peterson —005 00 —004 —005 00 Parton shower and hadronisation 0.07 +0.07
— semileptonic b hadron decays —0.03 0.0 -0.03 —0.03 0.0 ’ )
PDF 0.01 0.0 0.01 0.01 0.0 Initial-state QCD radiation 0.17 +0.07
Ren. and fact. scales 0.05 0.0 0.04 0.04 0.0 Parton shower afSR 0.09 +0.04
ISR PS scale +017:|:017 —-0.2 +013:l:012 +012:i:014 —-0.1 HF'hadron prOduction fI‘aCtionS 011 i001
FSR PS scale +0.22+0.12 -0.2 +40.11+£0.08 +0.184+0.11 —-0.1 .
Top quark pr +0.03 0.0 +0.02 +0.03 0.0 HE-hadron decay modelling 0.39 £0.01
Underlying event +0.164+0.19 —03 —0.07+0.14 +0.10+0.17 —0.2 Underlying event <0.01 +0.02
Earlv resonance decavs 0024028 104 10334019 +t013+024 103 Colour reconnection < 0.01 +0.02
CR modeling (max. shift) +041+029 —-04 —-043+0.20 —0.36£0.25 —-0.3 Choice of PDFs 0.06 +0.01
- “gluon move” (ERD on) +0.414+029 —-04 +0.10+0.20 +0.324+0.25 —-0.3
- “QCD inspired” (ERD on) —-032+029 —-01 —-0434+0.20 —0.36+0.25 —-0.1 Total systematic uncertainty 0.67 +0.04

otal systematic 0.81 0.9 1.03 0.70 0.7 Total uncertainty 0.78 +0.03
Statistical (expected) 0.21 0.2 0.16 0.20 0.1
Total (expected) 0.83 0.9 1.04 0.72 0.7

Need a long-term strategy to reduce them




DUTLINE

2k This presentation will focus on modelling of ttbar production

2 (Complex coloured multiscale problem, probing
all the different aspects of a Monte Carlo event generator

2 But conclusions mostly apply to other processes involving tops
where we already use the same uncertainties prescriptions

2k | will discuss the nominal generator configurations
used by the ATLAS and CMS Collaborations

%k Compare the different modelling uncertainty prescriptions,
(some) of their known limitations and new relevant studies

2 In particular the outcome of several discussions
in the TOPLHCWG and some recent ATLAS studies

%k And finally discuss proposed avenues for reducing
modelling uncertainties in future analyses
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SIMULATING TOP-QUARK PAIR PRODUCTION
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[Figure from M. Seidel]

NLO Matrix Elements for ttbar production in the Narrow Width Approximation
LO+Matrix Element Corrections for the top decay

Soft/collinear radiation from the parton shower at LL accuracy
Phenomenological models of hadronization and underlying event 6



NLO MATRIX-ELEMENTS

%k Both ATLAS and CMS use the HVQ program in PowhegBoxV?2
which implements top quark pair production at NLOPS



NLO MATRIX-ELEMENTS

3%k Both ATLAS and CMS use the HVQ program in PowhegBoxV?2
which implements top quark pair production at NLOPS

35.9fb' (13 TeV)
T T T T | T E

;\/\ | allrtilceI elveI

?  Qeales set to Up = Up = \/ mt2 + p% F)El?cl‘;‘fillnc. E
Powheg+Pythia8

2 Slightly different choices of hgamp:

ATLAS hdamp :1 .5mt
CMS hdamp :1 58mt
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NLO MATRIX-ELEMENTS

sk Both ATLAS and CMS use the HVQ program in PowhegBoxV?2
which implements top quark pair production at NLOPS

< 1 l | N 3

_ _ 2 2 > . Particle level g

Scales set to Up = Up = \/ m; + pr 3 101E Alljet channel ~+—Dea
O ]

] Powheg+Pythia8

Slightly different choices of hgamp:

ATLAS hdamp =1.5m
CMS hdamp :1 58mt

ATLAS ® Data
s =13 TeV, 36.1 fo' PWG+PY8
All-had resolved — '+ PWG+PY8 Up

) S == PWG+PY8 Down
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Eur. Phys. J. C 79 (2019) 1028

CMS 35.9 fo (13 TeV)

500 400 600 800 1000 1200
. p" (GeV)
Submittedto PRD ' T

3k Alternative samples with MC@NLO

matching used
? MG5_aMC@N
MG5_aMC@N

for systematic studies

_O NLO/FxFx in CMS

O NLO and Sherpa

MEPS@NLO in ATLAS
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-15
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-15

INTERFACED TO PARTON SHOWERS

Parameter CNMS ATLAS
POWHEG
vetoCount 100 3
pTdef 1 2
pThard 0 ()
pTemt 0 ()
emitted. 0 ()
MPIveto ‘ 0 ‘ ()
SpaceShower
alphaSorder 2 | 1
alphaSvalue (0.118 0.127
rapidityOrder off on
pTORef 2.0 1.56
TimeShower
alphaSorder 2 1
alphaSvalue 0.118 0.127
MultipartonInteractions
alphaSvalue 0.118 0.126
alphaSorder 2 ]
pTORef 1.44 2.09
ecmPow 0.03344 0.215
bProfile 2 3
coreRadius (.7634
corelFraction 0.63
ColourReconnection
range | 5176 | 1.77

%k Powheg parton-level events are interfaced
to Pythia8 for parton showering including
effects from MPI, CR and hadronization

2  Pythia emissions at scales higher than the
Powheg radiation are vetoed

sk Different choice of Pythia8 settings/tunes

2  ATLAS tune of shower and MPI
to 7 TeV UE/jets/Z/ttbar data - A14

2  CMS tune of shower and MPI
to 13 TeV UE measurements - CP5

sk Outstanding agreement with data, well
beyond expectations for an NLOPS
generator (thanks to years of tuning)

sk But also plenty of regions with large
mismodellings
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INTERFACED TO PARTON SHOWERS

Parameter CNMS ATLAS

POWHEG |
vetoCount 100 3
pTdef 1 2 | ‘/
pThard 0 () |
pTemt 0 0
| emitted. () (0 |
\ MPlIlveto 0 ()
SpaceShower
alphaSorder 2 1 = 10
alphaSvalue 0.118 0.127 %
rapidityOrder off on g
pTORef 2.0 1.56 s
TimeShower
alphaSorder 2 1 107!
alphaSvalue 0.118 0.127
MultipartonInteractions
alphaSvalue 0.118 | 0.126 "
alphaSorder 2 ] § o
pTORef 1.44 2.09 N
ecmPow 0.03344 | 0.215 g o6
bProfile 2 3 0-2
coreRadius (.7634 -
coreFraction 0.63 -

ColourReconnection
range 5.176 1.77

NLOPS matching
parameters

vetoed showers and main31,
but exact settings do differ

tt cross-section vs. jet multiplicity for jets above 25 GeV

ATLAS Data, /s =7 TeV
—e— JHEP o1 (2015) 020
= CT10, Old setup
= NNPDF3.0, New setup

L

I I I I [ I |III|IIIIYII

T

|II|||||||||||||l|||||||||||||||||I_II

1| I | I I | I N | I I | | I | I I | 11

3 4 5 6 7 8
Niets (jet pr > 25 GeV)

ATL-PHYS-PUB-2016-004


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2016-004/fig_06a.png
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2016-004/fig_06a.png

INTERFACED TO PARTON SHOWERS

Parameter CMS ATLAS
POWHEG Perturbative shower
vetoCount 100 3
pTdef 1 2 parameters
pThard 0 () — —
y Temt () () / :
D e 0 0 { Shower scales, evolution, and IR cut-off,
MPlveto 0 0 as well as ordering of emissions
SpaceShower
El]l)ll&l‘g()l.(l(‘l. 2 l 'E;__a 1§\|JI|||J||||J||||\||||\||||\||||\|||||||||||\||||\||||\||||\|||||||I§
alphaSvalue 0.118 0.127 09 =
rapidityOrder off on 8?;: Powheg+Pythias, h, = 5 e :g
pTORef 2 () 1.56 eE Mg = 0.5, hg = 3.0, Ve Uup oevee E
_— | 6F MpF =2.0,hg=15V3cdn -muu -
TimeShower 0.5 =
21][)]1&18()1‘(1(‘1‘ 2 l ‘ 8:5 ATLASPreIImlnary E
alphaSvalue (.118 0.127 ) ool VE=13TeV 321 E
T O —— 2 15 < |y| < 2.1 E
MultipartonInteractions S T T e
alphaSvalue 0113 0126 : 102?% HH|HH|HH|HH|HH|HH|HH|H%I‘|HH|HH|%'{H|HH|%'{H|E
alphaSorder 2 ] o l' irgigmen -
pTORef 1.44 2.09 TR i
ecmPow 0.03344 | 0.215 0555 e
bProfile 2 3 09740 60 80 100 120 140 160 180 200 220 240 260 280 300
coreRadius ().7634 - Q, [GeV]
coreFraction .63 -
ColourReconnection ATL-PHYS-PUB-2018-009
range 5.176 1.77



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-009/fig_03d.png
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INTERFACED TO PARTON SHOWERS

Parameter CNMS ATLAS
POWHEG
vetoCount 100 3 MPI and CR
pTdef l 2 parameters
pThard 0 () . .
pTemt 0 ()
emitted. 0 0 UE and CR tune parameters
MPlveto . 0 ‘ ()

SpaceShower TransMIN charged-particle density, /s = 13 TeV
alphaSorder 2 1 T 0 et
alphaSvalue (.118 0.127 S =
rapidityOrder off on g 08 |~
pTORef 20 | 156 sk

TimeShower 2 f — &L X unc
alphaSorder 2 1 = — EII\DESI]JDEaFanC'
alphaSvalue 0.118 0.127 02

" MultipartonInteractions )
alphaSvalue 0.118 0.126 13
alphaSorder 2 1 §1E
pTORef 1.44 2.09 % o
ecmPow 0.03344 | 0.215 06
| bProfile 2 3 ’ 0 B pr%‘%X[GeV]
- coreRadius (.7634 - ‘
" coreFraction 0.63 - |
| ColourReconnection | Eur. Phys. J. C 80 (2020) 4
L5176 | L7T )

range

=
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AND UNCERTAINTIES

Systematic ATLAS CMS
Nominal PowhegPythia8
- PDFALHC recommendations
NLO matching Powheg vs MC@NLO MC@NLO as cross-check but

Fragmentation/
Hadronisation

ttbar/Wt interference

reweights top prto NNLO

/-point variations of Ur > Up
PS,ISR

+ independent variations of Agamps #p

L PS,FSR
Variations of Hp

Tune variations (A14/CP5)
+ different CR models

Variations of rg parameter in Pythia8
(CMS also compares to Peterson fragmentation)

| Pythia6 vs Herwig++
(only impact on jet response)

................................................................................................................................................................................

DR vs DS in Powheg



hdamp CHOICE

%k In Powheg matching we have additionally an ambiguity in the
amount of real radiation to exponentiate, which is regulated by

the factor hc%amp/ (hgamp + p7), with Ngamp @ tunable parameter

determined using ttbar data (Njets, prior, priet!)

* CMS obtains gy, = 1.58J_r8'gg , ATLAS uses hgyp, = 1.3

with an uncertainty from a symmetrised hdamp = 3.0 variation

CMS Preliminary 2.3 fb~! (13 TeV)

| | \ \ \ 7
Data —¢— ]

ol &
Z
-O"O

- - -
% - =t . —®— Powheg v2 hzmp =0 P B
9. ‘ Tl —e— Powheg v2 hiamy = 1581, !""""‘""""""'L___.____ Pow+Py8, hy = 1.5, A14 —— -
JZ == e —e— Powheg v2 hdamp = 0.91M10p B MR,F = 05, hd = 30, V3c UP iesssss .
=& == Powheg v2 hgamp = 2.2Mm4,p — URE = 2.0, hd = 15, V3cdn ----
= 10 31— :
—— —=e&— (CMS Data
107" =
B ATLASPreliminary | o
10 —
Vs=13TeV, 32" B
: |||||||| Lo v buaaa baiaay N T 10_2 — | | =
1.1 & @) - -
o5 R g 12E e s
915 1.0 E —= : = Eocco-=c oo PP W : =
5% 0.95 SS= = L‘_‘—o—‘ R TTIT T =
0.9 £ . 08  mmmeeeeeen L =
0.85 = c =
0.8 EL L 11 I Ll 11 I L1 I L1 11 I 111 I [ I L1 I [ 0.6 :_ | | | | | _:
b) o 100 200 300 400 500 600 700 800 0 1 2 3 > 4

t)|GeV
pr(t)[GeV] Number of additional jets

TOP-16-021-pas ATL-PHYS-PUB-2018-009
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Ratio to Data

uncertainty/PWG+PY8

Ngamp UNCGERTAINTIES

*  hgamy variation affects the py(17) at intermediate values

0O 100 200 300 400 500 600 700

P ATLAS uses a one-sided /g, variation symmetrised

» CMS a two sided variation from the tune

2  Only minor differences between the two approaches

—ATLAS Preliminary pp — tt, l+jets
- s = 13 TeV, 36 fb™', normalised, Powheg+Pythia8

p‘T’had [GeV]

800 900 1000

Ratio to Data

uncertainty/PWG+PY8

1.8
1.6
1.4
1.2

- ATLAS Preliminary pp — tt, l+jets

- (s = 13 TeV, 36 fb™', normalised, Powheg+Pythia8
Data[EPJC79(2019)1028]

—— hyamp=0.75m,

tt
p' [GeV]

ATL-PHYS-PUB-2020-023



NLO GENERATOR UNCERTAINTY

*k Important to validate the nominal prediction with independent
samples using different codes and different algorithms

%k This is done by comparing to MC@NLO matched samples

2 In ATLAS often included as an additional “matching” uncertainty

sk Comparison often gives a large uncertainty (or is the dominant one)

CMS 35.9fb™ (13 TeV)
] F T I I [ I I [ I I | I I I [ I I [ I I | | I I I | I T4 E 1 15__ IIIIIIIIIIIIIIIIIIIII -
> 1oL Dilepton, parton level | 3 F .
B Ec®ooy ] = 1 .05 E
2 - : s S :
4L _ [ R S e N B E
C g T 0.95F =
Ol 14—~ - ~® Powheg+PY8 .
Sl = i j 0.9F Powheg+PY8 PDFALHC15 =
HQ_I_1O 1 + Dat e 0 855 —4— Powheg+PY8 CT14 -©- Powheg+PY8 MMHT ]
B = aa = - I R R S RS R T —1
© - —— POWHEGV2 + PYTHIAS . % 1 .15:— """""""""""""" -
[ --POWHEGV2 + HERWIG++  ___ 1 © Lt E
- --MG5_aMC@NLO + PYTHIA8 [FxFx] ¢ : o F
..... T T S T T S L S R = 1.05F o ' -
- N _A —— I -
St t® S t N C - .
- 19 ays ......................................................... J=memmmm ] 1’_-“,-1;3‘:"‘:-*:_#11'—' "l_";"l'; """"" | """" i
o|l8 Tt Stat [ S 0.95E A ;
218 i . Rt ] TTF ® aMC@NLO+PYS !
= 1 === e ] 0.9F ™ amc@NLO+PY8CT10 E
B i 0 855— &~ aMC@NLO+PY8 HERAPDF2.0 E
0 100 200 300 400 500 50 100 150 200 250 30
p! (tt r.f.) (GeV] Lepton p,. [GeV]
JHEP 02 (2019) 149 Eur. Phys. J. C 80 (2020) 528 |7
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NLO GENERATOR UNCERTAINTY

%k Some differences in the Pythia8 settings used to shower
mg5_aMC events, to be consistent with the MC subtraction

Matrix-Element corrections (MEC) to the top decay are used when
showering Powheg events, but not in mg5_aMC@NLO

—_
o

d‘,{,ﬁb [pb/GeV]

—
<

1072

1073

NLO+PS/PWG+PY8

E NNNNNNNNNNNNNNNNNNNN ‘ T 1T ‘ NNNNNNNNN
ATLAS Generator Level *
V/s=13 TeV, pp— tt, l+jets
—+— PWG+PY8 3
—+— MG5_.aMC@NLO+H7.1 -
—+— PWG+PY8(MEC off)
MG5_ al\/IC@NLO+PY8 *

—t— PWG+H7.1

E [ ‘ T ‘ L ‘ [ I N N N —— (.
! decay ambiguities . 3 *
; e it |-|-m.|.:

3 ISt s |\/|EC on/off

0 50 100 150 200 250 300 350 400

Mip[GeV]

ATL-PHYS-PUB-2020-023

2 An event-wide global recoil is used for the Pythia8 FSR emissions

Huge effect when considering
top decay sensitive observables

Disabling MEC to the decay in
Powheg restores agreement
with mgb_aMC@NLO

H7 adds MEC in MC@NLO
matching, unclear if this adds
some double-counting
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NLO GENERATOR UNCERTAINTY

%k Considered two ways to factorise the effect of MEC in the
decay from the Powheg/mg5_aMC@NLO comparison

2  ME(PY?) - Switch off the decay MEC in PowhegPythia

2 ME(H7) - Interface both codes to H7.1 (which adds decay MEC for
both codes)

2k Reduced differences with respect to the old recipe,

""""""""""""""""""""""""""""""" 1 _' T I T T T I T T T I T T T I T T T I T T T I T T T I T T T I T T '_ T T I T T T T I T T T T I T T T T I T T T T I T T T T :
- ATLAS Prellmlnary pp — tt, All-had . - ATLAS Preliminary pp — tt, l+jets ] 1_7_ATLAS Prellmlnary pp — tt, Dilepton 3
185 =13 TeV, 36 fb™, absolute = 1.8{s = 13 TeV, 36 fb™, absolute E 16EVs =13 TeV, 36 fb™, absolute 3
16 - Data[arXiv:2006.09274] PWG+PY8 S 1.6 Data[EPJC79(2019)1028] PWG+PY8 - 15E Data[EPJC80(2020)528] == MG5_aMC@NLO+H7.1 3
EERLECEE PWG+PY8(MEC off) MG5_aMC@NLO+PY8* == MG5_aMC@NLO+H7.1 MG5_aMC@NLO+PY8* ] 1.4F PWG+PY8 ——— PWG+H7.1 =
1.4 - MG5_aMC@NLO+H7.1 —— PWG+H7.1 ] 1-4:_ ——— PWG+H7.1  eeeeee PWG+PY8(MEC off) 13E MG5_aMC@NLO+PY8* ------ PWG+PY8(MEC off) 3
1 2 :_ """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" _i B —i 1 2 ;_ .................................................................................................................................... _;
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E -;_-ﬁ_“!“ — P E'L'JFJ ‘-Hr ------------------------------------------- : : V : V V : : : .‘;
0.8 :_-‘—!_.l---_--_----_1 ]
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uncertainty/PWG+PY8

SHOWER UNCERTAINTIES

3k Parton shower perturbative uncertainties are obtained through
variations of the scale at which the emission is evaluated (o)

Available in all generators as “on-the-fly” weights and usually
including an O(aSZ) compensation term to preserve the soft gluon limit

Typically separated into independent

and FSR variations

Usually small, but in exclusive phase-spaces can be larger than ME
uncertainties (i.e. when looking at radiation in decay)
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TO CORRELATE SCALES OR NOT?

% ATLAS used to correlate the ISR variations (uy™, Agamps pr- 1)

2 Seen to provide coverage of differential ttbar cross-sections data

Several studies (see LesHouches17) also suggest this approach
%k What is the impact of correlating or not ME and PS scales?

2k Almost no difference for pr(ttbar) while at high jet multiplicities
correlating the scales gives a smaller MHOU (aggressive?)

2.4 ATLAS Preliminary pp — tt, l+jets = - ATLAS Preliminary pp — tt, I+jets
2.2F(s = 13 TeV, 36 fb™', normalised, Powheg+Pythia8— 1.6 = 13 TeV, 36 b, normalised, Powheg+Pythia8™
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PARTON SHOWER RECOILS

3k Besides variations of uy many other ambiguities enter the
construction of a parton shower

2 Ordering variable, recoils, treatment of splittings in the
non-singular region, phase-space mapping, a, evolution, ...

2 Cannot be reweighted, and require dedicated MC runs

sk Started to look at Pythia8 variations in ATLAS study
2 ISR:dipoleRecoil - pass from a global to a local recoil for ISR

2 ISR:rapidityOrdering - force rapidity ordering of ISR emissions

2 FSR:globalRecoil - pass from a local to a global recoil for FSR

2k Important step towards constructing a full uncertainty band
on a generator prediction using “in-house™ variations
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PARTON SHOWER RECOILS

sk Effect of the recoil well within the quoted uncertainties

Ratio to Data 1/cdo/d ptf [1/GeV]

uncertainty/PWG+PY8

T

Hints of a better description of data with dipole recoils
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PS UNCERTAINTIES - THE FUTURE?Y

%k Pythia8 has recently introduced the possibility of including
“decorrelated shower variations” as on-the-fly weights

P

Independent iy variations for each splitting kernel

Variations of the DGLAP splittings in the non-singular region

3k Would allow to propagate (and constrain) the decorrelated pip
variations as nuisance parameters in likelihood fits

0.03

0.02 -

0.01 A

Variation [%]

-0.01 A
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Pythla8 pp — ff T APKemels  —— bobg

PDF g—-9g
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M OAAAL A

With no MEC, uncertainty dominated

-0.03

by variations of the non-singular terms
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100
piP [GeV]

2 Avoids spurious constraints

like having a b-quark from
top decays constraints the
scale of an ISR gluon

sk Strong interest by both
collaborations in exploiting
this approach
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do /d pt [pb/GeV]

Ratio to Data

uncertainty/Sherpa

T

SHERPA NLO-MERGED TTBAR

10 ATLAS Preliminary pp — tt, l+jets
JE (s=13TeV, 36 fo! Sherpa 2.2.8
17 F 5 o ystomaics —-woew, 3 3k Sherpa2.2.8 MEPS@NLO ttbar sample
¢  Data[EPJC79(2019)1028]
" ttbar+0,1jet@NLO+2,3,4jet@LO
e T Including NLO EW.irt corr. as weights
107° ,

%k Very good description of data, with no
visible impact (yet) of NLO EW effects

o = -
a alhw

© 0o
® ©

| 2k Construct a perturbative uncertainty band
considering the following variations

/-point variations of ME+PS scales

» Merging scale variations Qcut [20, 50] GeV
» Shower starting scale variations [0.5,2.0]

Variation of the shower recolls

:u PRI T S T S S T | |-|-|‘|-I-|-|-u|-rl--.-I-.-.a..-.l.——_u_l_u_u_—
0 100 200 300 400 500 600 700 800
P [GeV]
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DO WE UNDERSTAND PERTURBATIVE
UNCERTAINTIES 7

2k We can now compare the Sherpa and Powheg predictions

Adjusted the Powheg uncertainty band to contain similar variations

2k Sherpa uncertainty consistently larger than PowhegPythia8

o
2>

Ratio to Data

uncertainty/nom.

Would expect NLO-merging to significantly decrease uncertainties

Missing uncertainties in PowhegPythia8 or Sherpa too conservative?
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LUE AND CR UNCERTAINTIES

2k CR reconnection significant uncertainty for mass measurements

2 Special role in top as decay width comparable to hadronization

P Non-perturbative reshuffling of hadrons momenta, effects of O(Aqcp)

%k New models have recently been implemented in Pythia8

MPI-model: default simple model, with a single “range” parameter
Gluon-move: very flexible, up to 1GeV effect on Miop
QCD-inspired: more realistic, small effects at LEP (and in top?)

Yy V V ¥V

And for each option for the top decay products can reconnect

sk Both ATLAS and CMS now consider comparisons of some of these
models in addition to parameter variations of the MPI-lbased one

2 Spread of Pythia8 models resulted in ~0.4 GeV uncertainty
iN the CMS 13 TeV direct mass measurement in the all had. channel
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LUE AND CR MEASUREMENTS

3k CMS measured of charged particle multiplicities in ttbar
at 13 TeV, sensitive to FSR, MPI and CR

In general, overproduction of Nch by all generators

Hard to disentangle MPI| and CR effects, as interpretation is
dominated by variations in the FSR shower scales

sk Still, important (and only) input to test MPI universality
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CMS Py8 TUNES AND TTBAR

sk CMS tune(s) of shower and MPI in Pythia8 to 13 TeV UE data
2 Explore different PS a¢ and PDF order (LO, NLO, NNLO)

2  After tuning all options provide a similar description of UE data

Jet multiplicity in tt events, /s = 13 TeV Jet multiplicity in tt events, /s = 13 TeV
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Eur. Phys. J. C 80 (2020) 4
sk Compared to measurements of ttbar production
2 Nominal CP5 tune best in the shower dominated region
2 But small differences when merging additional NLO MEs (FxFx)
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CMS HY7 TUNES VvS TTBAR

%k New CMS tune(s) of s

nower/ MP| parameters in H7

2 Toallow “tuned comparison” of Pythia/Herwig MPI models
P Use NNLO PDFs and ag = 0.118 in the shower
2 Varying them in the MPI model, LO PDFs favoured by data
SoftTune CH1 CH2 CH3
wg(my) 0.1262 0.118 0.118 0.118
pg PDFset MMHT2014LO NNPDF3.1NNLO NNPDF3.1NNLO NNPDF3.1 NNLO
atP (my) 0.135 0.118 0.118 0.118
vpy FDFset MMHT2014LO NNPDF3.1NNLO ~ NNPDF3.1LO NNPDF3.1 LO
asPF (my) 0.135 0.118 0.118 0.130
priD 3.502 2.322 3.138 3.040
b 0.416 0.157 0.120 0.136
2 1.402 1.532 1.174 1.284
Preco 0.5 0.4002 0.479 0.471
x°/ Ny (fit) - 4.15 1.54 1.71
X%/ Niins 12.5 5.11 1.50 1.67

GEN-19-001-pas
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CMS HY7 TUNES vS TTBAR

%k Results compared to ttbar measurements (Powheg+H7)

1/N dN/dAJ (N)

MC /Data

2 Very good description of ttbar kinematics

2 Overprediction of charged particle multiplicities in ttbar
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HADRONIZATION

2k No explicit hadronization uncertainties, rely on authors tunes
and the usual Pythia/Herwig sandwich to cover them

P

M

M

IX a change in shower (ordering variable, recoils),
Pl and hadronization model, as well as the tune

2k Important source of uncertainties in most mass measurements

P

IN

CMS consider only impact on the jet flavour response

2  ATLAS evaluates them both in the jet response and in the analysis,
as old 7 TeV studies indicate jet response effect not sufficient
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BOTTOM FRAGMENTATION

k Heavy-quark fragmentation described in Pythia by the Lund-
Bowler string, introducing a mass suppression parameter, rq

2 Both ATLAS and CMS tuned this parameter to LEP/SLD data

2 Uncertainty from eigentunes, CMS in addition compares to the
Peterson fragmentation function
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2 B-fragmentation in top decays might be different from Z->bb,
iNn-situ test in ttbar decays crucial!


https://indico.cern.ch/event/827858/contributions/3481141/attachments/1870432/3077610/psuncertainties_mseidel.pdf
https://indico.cern.ch/event/827858/contributions/3481141/attachments/1870432/3077610/psuncertainties_mseidel.pdf
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-15-014
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-15-014

BOTTOM FRAGMENTATION

%k Heavy-quark fragmentation described in Pythia by the Lund-Bowler
string, introducing a mass suppression parameter, s

2 Both ATLAS and CMS tuned this parameter to LEP/SLD data

2 Uncertainty from eigentunes, CMS in addition compares to the
Peterson fragmentation function

2z New ATLAS measurement of fragmentation observables in ttbar,
models consistent with data at this level of precision
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SUMMARY

% Reducing modelling systematics crucial to reduce uncertainties

iNn top precision measurements (mass, cross-section, width, ...)

%k Experiments still rely on “old” NLOPS generators, but we have
seen significant theory improvements in the last years

N\
N\
N\

Y V VvV ¥V

3k Vet

| O-merging ttbar production with MEPS@NLO, FxFx
| O top decay in Powheg, H7.1

| O finite width (and W1t interference) effects in Powheg

igher accuracy showers and better models of MPI,CR

no single tool can seamlessly incorporate them all

3k Ambiguities in MC predictions likely to dominate top
measurements also in the future

2 Development of better models is essential

2  Need deeper understanding of theory uncertainties and “correlations”
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ATLAS A14 EIGENTUNES

%k Systematic variations (for A14-NNPDF23) are obtained
using the eigentunes approach of Professor

z Two variations per parameter (up/down), obtained by varying AXQ
by a fixed amount until data uncertainties are covered

sk 20 variations unmanageable, reduced to three by hand

2> \/ar‘] for UE (MPl) Param + variation — variation

: . VAR1: MPI+CR (UE activity and incl jet sh )
> \ar2 for jet substructure (FSR) e e

BeamRemnants: reconnectRange 1.73 1.69
>, - - MultipartonInteractions:alphaSvalue 0.131 0.121
Z  Three different Var3 to cover jet :
. . VAR2: ISR/FSR (jet shapes and substructure)
production (ISR), analysis and P —— L0 150
phySICS process dependent Sl')aceShower:pTdampFudge 1.04 1.08
TimeShower:alphaSvalue 0.139 0.111
N (p; spectrum, Z— ee (bare) VAR3a: ISR/FSR (tf gap)
":; O :%"zwe‘. MultipartonInteractions:alphaSvalue 0.125 0.127
- SpaceShower :pTORef 1.67 1.51
! = ATLAS Simulation SpaceShower : pTdampFudge 1.36 0.93
- —e— ATLAS Data SpaceShower : pTmaxFudge 0.98 0.88
10 A14-NNPDF TimeShower:alphaSvalue 0.136 0.124
= ——— A14-NNPDF+VAR1
- A14-NNPDF+VAR2 : 3 3
. i A NNPDELVAR g VAR3b: ISR/FSR (jet 3/2 ratio)
=~~~ A14-NNPDF+VAR3b SpaceShower:alphaSvalue 0.129 0.126
-~ ANNPDEEVARse SpaceShower : pTdampFudge 1.04 1.07
SpaceShower : pTmaxFudge 1.00 0.83
TimeShower:alphaSvalue 0.114 0.138
VAR3c: ISR (¢f gap, dijet decorrelation and Z-boson pr)
SpaceShower :alphaSvalue 0.140 0.115
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DECAY TABLES

%k ATLAS using EvtGen-1.6 to decay heavy-flavour hadrons
in all generators but for Sherpa

Reduce differences in HF-tagging efficiency across generators

Generally no dedicated uncertainty used

%k CMS considering an envelope of Pythia8 and PDG values

Production fraction

0.6
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0.3
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0.1

for leptonic B-hadron decays

N ATLAS Simulation Preliminary —
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-007/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-007/
https://indico.cern.ch/event/827858/contributions/3481141/attachments/1870432/3077610/psuncertainties_mseidel.pdf
https://indico.cern.ch/event/827858/contributions/3481141/attachments/1870432/3077610/psuncertainties_mseidel.pdf

B-RAGMENTATION MEASUREMENT
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