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Overview

* Importance of top modelling

* Modelling top production "%
e Modelling in ATLAS & CMS *‘.0',./
e, b ool
* Testing the models :,‘.--‘f"—"_(,.’
— Measurement of top quark pair & .'.'.-.-"" \

differential and double-differential "% CHY
distributions and cross sections in ’ .
tt events

— Studying the underlying event

— Extraction and validation of new
tunes from underlying-event
measurements

* Looking to the future
— A common MC setup
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Importance of top modelling

Reduce the uncertainties in our measurements:

e Toreduce the uncertainty further must improve the

systematical component

Search for rare processes in less understood regions and
extreme phase space: Exotics searches for resonance to

ttbar decay
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ATLAS+CMS Preliminary
LHCtopWG
World comb. (Mar 2014) [2]

stat total stat

My SUmmary,is = 7-13 TeV  May 2019

total uncertainty My = total (stat= syst) Vs Ref
LHC comb. (Sep 2013) LHctopwa 173.29+ 0.95 (0.35= 0.88) 7TeV [1]
World comb. (Mar 2014) 173.34+ 0.76 (0.36 = 0.67) 1.96-7 TeV [2]
ATLAS, l+jets 172.33 1.27 (0.75+ 1.02) 7TeV (3]
ATLAS, dilepton 173.79= 1.41 (0.54 1.30) 7TeV (3]
ATLAS, all jets 17512 1.8 (1.4 1.2) 7TeV [4]
ATLAS, single top 172.2+ 2.1 (0.7= 2.0) 8TeV [5]
ATLAS, dilepton 172,99 0.85 (0.41= 0.74) 8TeV [6]
ATLAS, all jets 173.72= 1.15 (0.5 1.01) 8TeV 7]
ATLAS, I+jets 172.08= 0.91 (0.39= 0.82) 8TeV [8]
ATLAS comb. (Oct 2018) 172.69+ 0.48 (0.25 = 0.41) 748 TeV [8]
CMS, I+jets 173.49 = 1.06 (0.43= 0.97) 7TeV [9]
CMS, dilepton 172,50 1.52 (0.43x 1.46) 7TeV [10]
CMS, all jets 17349 1.41 (0.69= 1.23) 7TeV [11]
CMS, l+jets 172.35= 0.51 (0.16= 0.48) 8TeV [12]
CMS, dilepton 172,82 1.23 (0.19= 1.22) 8TeV [12]
i -1 j 32+ 0.64 (0.252 0.
e+jetS, 1t tag 26 fb (1 3 TeV) CMS, a}l jets 172,322 0.64 (0.25: 0.59) 8TeV [12]
T T | T T | T T | T T | T T | T T | T T CMS, single top 172,95+ 1.22 (0.77+ 0.95) 8TeV [13]
L 4 CMS comb. (Sep 2015) 172,44 0.48 (0.13= 0.47) 748 TeV [12]
C M S ¢ Data CMS, l+jets 172.252 063 (0.08= 0.62) 13TeV [14]
| Other - CMS, dilepton 172.33+ 0.70 (0.14+ 0.69) 13 TeV [15]
F - E CMS, all jets
F et ]
e Z' 2.0 TeV, 1% width ]
| i [T R R |
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JHEP 07 (2017) 001, https://arxiv.org/abs/1704.03366
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Modelling top production

Tuning for tt simulation Measuring jet substructure observables
ATL-PHYS-PUB-2018-009 Phys. Rev. D 98, 092014 (2018)
ATL-PHYS-PUB-2017-007
CMS-PAS-TOP-16-021 AT
matching scales \ :,/’ heavy quark g n :
\ \/ fragmentafion™ _L——==7"%)\
\ . N 2 \
Colour reconnection models \\ y )y

ATL-PHYS-PUB-2017-008 b

Eur. Phys. J. C 78 (2018) 891 e St N
/9‘" e NS
soft non-perturbative Qco & § 0dd \ parton shower
\~\ ///, :\;\‘.~‘t>;_.‘\£:‘lusters \ v ‘. > evolution scales
Study of underlying event Q 7/ N7 From LHCTOPWG June 2017
Eur. Phys. J. C 79 (2019) 123 &Y/ &~

Interference effects

Top specific tunes Phys. Rev. Lett. 121 (2018) 152002

JHEP 06 (2018) 002
CMS-PAS-TOP-16-021 Links given in backup

TOP 2019 Beijing, China 4



Modelling tf in ATLAS & CMS

CMS DP-2019/011, http://cdsweb.cern.ch/record/2678959

Both experiments use POWHEG-BoxV2 with default scales pg = pe = V(m2 + p;2) and
slightly different settings:

Showering + hadronization

Setting Name Setting description CMS default ATLAS default
o Pyth|a8 v2.30 (settings in qmass top-quark mass [GeV] 172.5 172.5
backu ) twidth top-quark width [GeV] 1.31 192
P hdamp first emission damping parameter [GeV] 237.8775 258.75
° WInass W+ mass [GeV] 80.4 80.3999
ATLAS EVt.G en for decay wwidth W width [GeV] 2.141 2.085
of HF particles with . P— V] r o
mass -quark mass [Ge : .
custom decay tables cmass c-quark mass [GeV] 1.5 1.55
. smass s-quark mass [GeV] 0.2 0.5
* CMS Pythla for all decays dmass d-quark mass [GeV] 0.1 0.32
umass u-quark mass [GeV] 0.1 0.32
* Own dedicated tunes taumass r mass [GeV] 1777 1.777
ATLAS Al4 mumass p mass [GeV] 0.1057 0.1057
CMS CP emass e mass [GeV] 0.00051 0.00051
elbranchin W-boson electronic branching fraction 0.108 0.1082
° Different PDF sets sin2cabibbo quark mixing angle 0.051 0.051

ATLAS NNPDF 2.3 Leading Order
CMS NNPDF 3.1 Next-to-Next-to Leading Order
Use different values and orders of running o
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Modelling tt in ATLAS & CMS Tunes

ATL-PHYS-PUB-2014-021, https://cds.cern.ch/record/1966419 Submitted to EPJC, https://arxiv.org/abs/1903.12179
ATLAS Pythia8 A14 tunes @ 8TeV CMS Pythia8 CP tunes @ 13 TeV
Parameter Definition Sampling range Parameter description Name in PYTHIA8 Range considered
SigmaProcess:alphaSvalue The agvalue at scale Qz = M% 0.12 - 0.15 MPI threshold [GeV], pTORef, at \/g = \/% MultipartonInteractions:pTORef 1.0-3.0
SpaceShower :pTORe£ ISR pr cutoff 075 — 25 Exponent of. Vs depe?denf:e, € ML.lltipart onInteréctions :ecmPow . 0.0-0.3
SpaceShower: pTmaxFudge Mult. factor on max ISR evolution scalel 05 — 15 Matter fraction contained in the core MultipartonInteractions:coreFraction 0.1-0.95
SpaceShower:pTdampFudge Factorisation/renorm scale damping 10 — 1.5 Radius of the core MultipartonInteractions:coreRadius 0.1-0.8
SpaceShower: alphaSvalue ISR as 0.10 - 0.15 Range of color reconnection probability ColorReconnection:range 1.0-9.0
TimeShower:alphaSvalue FSR as 0.10 - 0.15
BeamRemnants: primordialKThard Hard interaction primordial k 1.5 - 2.0
MultipartonInteractions:pT6Ref MPI pr cutoff 1.5 - 3.0 N N PDF3 . 1 LO/N LO/N N I—O P D F sets d nd as for M E d nd
MultipartonInteractions:alphaSvalue § MPI ag 0.10 - 0.15 S h ower as | n p uts
BeamRemnants: reconnectRange CR strength 1.0 - 100 .
Extracted by varying 5 parameters
Fitting UE observables at 1.96, 7 & 13 TeV, min bias at
CTEQ, MSTW, NNPDF, HERA LO PDF sets 196 %7TeV ! !
Extracted by varying 10 parameters ' :
o y vary g. P CP1 & CP2 LO tune in backup
Fitting UE and min bias at 7 TeV

PYTHIAS8 parameter CP3 CP4 CP5
PDF Set NNPDF3.1 NLO NNPDEF3.1 NNLO ENNPDF3.1 NNLO
Param CTEQ MSTW NNPDF HERA ws(my) 0118 0118 0.118
. . A/ y ) y SpaceShower:rapidityOrder off off on
SigmaProcess:alphaSvalue 0.144 0.140 0.140 0.141 Mo Ltipartoninteractions:EemRef [GeV] 2000 2000 7000
P
SpaceShower : pTORe£ 1.30 1.62 1.56 1.61 a$®(mz) value/order 0.118/NLO 0.118/NLO 0.118/NLO
FSR
. C 99 C q ag®(mz) value/order 0.118/NLO 0.118/NLO 0.118/NLO
SpaceShower :pTmaxFudge (l)' :T (l)‘ l); (l)'()) l (l)‘ l) 3 M (1) value/order 0.118/NLO 0.118/NLO 0.118/NLO
SpaceShower : pTdampFudge L e AV . agAE(mZ) value/order 0.118/NLO 0.118/NLO 0.118/NLO
SpaceShower: alphaSvalue 0.125 0.129 0.127  0.128 MultipartonInteractions:pTORef [GeV] 1.52 1.48 141
. . " 20 " MultipartonInteractions:ecmPow 0.02 0.02 0.03
TimeShower:alphaSvalue 0.126 0.129 0.127 0.130 MultipartonInteractions:coreRadius 0.54 0.60 0.76
BeamRemnants :primordialKThard 1.72 1.82 1.88 1.83 MultipartonInteractions:coreFraction 0.39 0.30 0.63
. . ColorReconnection:range 4.73 5.61 518
MultipartonInteractions:pTORef 1.98 2.22 2.09 2.14 x2/dof 0.76 0.80 1.04
MultipartonInteractions:alphaSvalue § 0.118 0.127 0.126 0.123
BeamRemnants : reconnectRange 208 187 171 178 | *Hadronization and beam remnants fixed to Monash tune
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Testing the models

T I T T T I T T T I T T T I T T T I T T T
Tevatron combined 1.96 TeV (L < 8.8 fb™) P
CMS dilepton,+jets 5.02 TeV (L= 27.4 po) ~ ATLAS+CMS Preliminary = Sept 2019
m ATLASep7TeV (L=461") LHCtop WG
e CMSeu7TeV(L=51b")
m ATLASeu8TeV (L=20.21")
e CMSeu8TeV(L=19.7fb")
v LHC combined en 8 TeV (L = 5.3-20.3 fb™) LHCtopWG
m ATLAS ep* 13 TeV (L =36.1 fb™)
v CMSeu13TeV (L=2359fb")
¢ CMS t+e/u* 13 TeV (L=35.9 fb™)
O ATLAS l4jets* 13TeV (L=139f0) == [ T T T T T
A CMS l+jets 13 TeV (L=2.2 b7

O CMS all-jets* 13 TeV (L=2.531b™) 900k 4 h
5 * Preliminary * ¢
800 +l

NNLO+NNLL (pp) 700
NNLO+NNLL (pp) b o v
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 13 Vs[Tev]
NNPDF3.0, m = 1725 GeV, a,(M,) = 0.118 = 0.001

I 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 1
2 4 6 8 10 12 14
Vs [TeV]

° Lepton differential distributions in Submitted to EPJC, https: / /arxiv.org/abs/1908.07305

dile pto n events and le pto n + jEtS ATLAS CONF-2019-041 , http://cdsweb.cern.ch/record/2686255
(ATLAS)

o —

Large tt cross section at LHC allowing:

10°

— detailed studies of the properties
of top quark production and
decay

Inclusive tt cross section [pb]

— precision tests of the models 0

Eur. Phys. J. C 79 (2019) 123, https://arxiv.org/abs/1807.02810

e Study of underlying-event and
EXtraCtion Of tuneS (CMS) Submitted to EPJC, https://arxiv.org/abs/1903.12179
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Differential distributions & cross sections

ATLAS CONF-2019-041, http://cdsweb.cern.ch/record/2686255

Submitted to EPJC, https://arxiv.org/abs/1908.07305

Detailed information

in Véronique’s talk

Dilepton
Matrix element§] PDF Parton shower/tune JComments 1 -
1 § PowHEG NNPDF3.0 PytHiAa8 Al4 hgamp = %m, CMS Lepton + Jets CUETP8M2 tt” Tune
PowHEG CTI10 PyTH1A6 P2012 hgamp = my
POWHEG NNPDF3.0 Herwic7 H7UE hgamp = 3my POWHEGHPYTHIA 8
POWHEG NNPDF3.0 PyTtHIAS Al4 top quarlz pr reweighted to [87] FSR-down Nominal FSR-up POWHEG+HERWIG 7 SHERPA 2 DIrE 2
2| Pownec NNPDF3.0 || Pytuia8 Al4v3cDo Jhgamp = 3m;, 2pr R (RadDn) f1 production NLO NLU NLO iy NED oy
= 1 t/W decay NLO NLO NLO NLO LO LO
POWHEG NNPDF3.0 Pytaia8 Al4v3cUp Jhgamp = 3m;, 5 upr (RadUp) Decay emission LO LO LO LO LL nLL
PowHEG NNPDEF3.0 PyTHiAS Al4 hdamp = %m,. Z[IF.R Shower accuracy LL LL LL LL LL nLL
POWHEG NNPDF3.0 PyTHIA8 Al4 Raamp = 3my. 5 HER a'>R (my) 0.1224 0.1365 0.1543 0.1262 0.118 0.1201
3 8 PowHEG NNPDF3.0 PyTtHIAS Al4 hdamp = %m' [T"\'ululinn ()nc-l('mp ()|1c-|£)0p ()nc-limp 'I‘wo-lfmp 'I‘v\:()-lm'lp 'I‘wn-l:xvp
POWHEG PDFALHCI5 | Pytuia8 Al4 haamp = 34 Scheme MS M M3 M CMW M
POWHEG CTl14 PyTHIA8 Al4 Rdamp = 5m;
POWHEG MMHT Pytuia8 Al4 Rgamp = 3m, Phys. Rev. D. 98 (2018) 092014 https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.092014
4§ AMC@NLO NNPDF3.0 PytHia8 Al4
AMC@NLO CTI0 PytHia8 Al4 H
AMC@MLO HERAPDF2 0] Pytuia Al4 Le pton + Jets Channels
| — |
Physics process Generator PDF set for Parton shower Tune Cross-section
hard process normalisation
tt signal PowHEG-Box v2 NNPDF3.0NLO PyTHIA 8.186 Al4 NNLO +NNLL
tt PS syst. PowHEG-Box v2 NNPDF3.0NLO Herwia7.0.1 H7-UE-MMHT NNLO +NNLL
tt generator syst. SHERPA 2.2.1 NNPDF3.0NNLO SHERPA SHERPA NNLO +4+NNLL
tt rad. syst. POWHEG-BoX v2 NNPDF3.0NLO PyTHIA 8.186 Var3cDown/Var3cUp NNLO +NNLL
Single top: t-channel PowHEG-Box v1 CT10f4 PyTHIA 6.428 Perugia2012 NLO
Single top: t-channel syst. PowHEG-Box v1 CT10f4 PyTHIA 6.428 Perugia2012 radHi/radLo NLO
Single top: s-channel PowHEG-Box v1 CT10 PyTHIA 6.428 Perugia2012 NLO
Single top: tW channel PowHEG-Box v1 CT10 PyTHIA 6.428 Perugia2012 NLO +NNLL
Single top: tW channel syst. PowHEG-Box v1 CT10 PYTHIA 6.428 Perugia2012 radHi/radLo NLO +NNLL
Single top: tW channel DS PowHEG-Box v1 CT10 PyTHIA 6.428 Perugia2012 NLO +NNLL
t+ X MADGRAPHS NNPDF2.3LO PyTHIA 8.186 Al4 NLO
W(— Lv)+ jets SHERPA 2.2.1 NNPDF3.0NNLO SHERPA SHERPA NNLO
Z(— £0)+ jets SHERPA 2.2.1 NNPDF3.0NNLO SHERPA SHERPA NNLO
WW WZ,ZZ SHERPA 2.1.1 NNPDF3.0NNLO SHERPA SHERPA NLO
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Differential distributions

ATLAS CONF-2019-041, http://cdsweb.cern.ch/record/2686255 A L

* Single differential: good g T T Suasf T L]
24 Y E o 3 S Preliminary E
. (&) F Vs=13TeV, 36.1 fo! —i———a—— A E O 1.1FVs=13Tev,36.1 10" g 2 E
agreement in general St 2 oo e
Mg ™= i (BB e Raeeaae = | S racr s ssosa aeens bosammd e scososd boaos E
but not in all regi Sl 30 I
= E 0.95F E
u n O I n a regl O n S 0'955 -®- Powheg+PY8 E 0 95 -®- Powheg+PY8 E
0.9F * Powheg+PY6 E “E = powheg+PY6 E
F = Powheg+HW7 -©- Powheg+PY8 p, rew ] 0.85;— —& Powheg+HW7 “© Powheg+PY8 p_rew —;
. - S48 — : g |
Both single lepton and g L g5
. . LEJ 1 .1; ;FT_ZTE$ g 1 .1?
dilepton are softer in L S - 105 — _
IRCLE T — — I el ;
d ata th a n I n a I | POWh eg 0'95? -®- Powheg+PY8 RadDn _; o 95? ~®- Powheg+PY8 RadDn _g
. . 0.9F -©- Powheg+PY8 RadUp E 0'97 -©- Powheg+PY8 RadUp E
b a s e d p re d I Ct I O n S 55 &~ Powheg+PY8 u__ x2 -A- Powheg+PY8 W X0.5 ] 0. 85— & Powheg+PY8 u__ x2 -A- Powheg+PY8 W, X0.5 —;
(3 1.1? :92457 : a 1_1; #:5:;
° R i h 1 =1.05F 3 =3 E
eweighting top p; - ; : L g
e [pesonorpasanaoonseg pomooos E e S e At S Fooog
shows im provement. R E 09 o ooubegirve _5
0.9F Powheg+PY8 PDF4LHC15 E 0.9 3 Powheg+PY8 PDFALHC15 E
0 855 —&— Powheg+PY8 CT14 -©- Powheg+PY8 MMHT ] 0.85;— —& Powheg+PY8 CT14  -©- Powheg+PY8 MMHT —;
s T5RE— : : : : = s H ‘ ‘ ‘ ‘ ‘ e
« MG5_aMC@NLO + & I :
- (6] E ] o E
i =1.05¢ N R — =1.05p —
Pythia agree better NS T (I S
E B L3 =
. . E E——— 3 0.95F E
especially when using P9 < awamown T ook + swcenoiee
.9F  aMC@NLO+PY8 CT10 E E aMC@NLO+PY8 CT10 ;
0 855— -+ aMC@NLO+PY8 HERAPDF2.0 E 0.85F =+ aMC@NLO+PY8 HERAPDF2.0 E
H E RA P D F 2 . O . 50 100 150 200 250 300 50900 150 200 250 300 350 400
Lepton p'T [GeV] Dilepton p +p [GeV]
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Differential distributions

ATLAS CONF-2019-041, http://cdsweb.cern.ch/record/2686255

Double differential: similar

. ‘§ 0.05
agreement as seen with g
single differentials s 0%
3 0.03
. o
Differences are more o
pronounced at high me" for

A

Distributions generally well
described by NLO matrix-
element generators
Powheg and aMC@NLO
interfaced to Pythia or
Herwig

0.01f

L B B
— ATLAS Preliminary
— total

statistics

tt modelling
leptons

jets

— background

Dilepton Aq;eu [rad]

5 0.6 s
g ATLAS Preliminary ]
~ <] _
- 0 \s =13 TeV, 36.1 fb ]
s e Data2015-16 B
k) total uncertainty e -
e} — Powheg+PY8

4 9
2 0 - Powheg+PY8 RadDn
= Powheg+PY8 RadUp

0.3 " aMC@NLO+PY8 r=e-

Uncertainties as small as 0.6 %
for normalised distributions in
some parts of the fiducial
region

MC / data

2 25 3
Dilepton A¢™ [rad]
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MC / data MC / data MC / data

MC / data

L ATLAS Preliminary
[ Vs=13TeV, 36.1 1b"

L —a— -~ Powheg+PY8 -
F Powheg+PY6 ]
[ -©- Powheg+PY8 p rew & Powheg+HW7

—a——e—
SR S T i =
:; - -®- Powheg+PY8 RadDn é

-©- Powheg+PY8 RadUp
-A- Powheg+PY8 W x0.5 —& Powheg+PY8 Mo x2
, , , , :

3 —0—:@;
C —— ]
SRS TP Yo S ST
TSRS f
r =8 -®- Powheg+PY8 m

F ¢ Powheg+PY8 PDF4LHC15 ]
[ -© Powheg+PY8 MMHT —& Powheg+PY8 CT14

& aMC@NLO+PY8 .
aMC@NLO+PY8 CT10

" aMC@NLO+PY8 HERAPDF2.4

0 05 1

15 2 55 3
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Differential cross sections

Submitted to EPJC, https://arxiv.org/abs/1908.07305

Top cross section measured in the fiducial phase-space in resolved and boosted
topologies

ATLAS

/s =13TeV, 36.1 fb™
Fiducial phase-space
Resolved

*: normalised to NNLO+NNLL (M. Czakon and A. Mitov, Comput. Phys. Commun. 185 (2014) 2930)

Stat. unc.
Stat.+Syst. unc.

Nominal
° POWHEG+Pythia8*
hyamp=1.5m; , NNPDF 3.0 NLO, A4
Alternative additional radiation
o POWHEG+Pythia8 Rad. up*

Ngamp=3M, , 1.=0.5 11_=0.5, NNPDF 3.0 NLO, A14 Var3cUp

. POWHEG+Pythia8 Rad. down*

hdamp=1 .5m,, ”r=2 pn=2, NNPDF 3.0 NLO, A14 Var3cDown

Alternative ME/PS
y POWHEG+Herwig7*

hgamp=1.5m, , NNPDF 3.0 NLO, H7UE

a Sherpa 2.2.1*

NNPDF 3.0 NNLO

llHH‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘HH'\H

80 85 90 95 100105 110115120 125 130 135
Inclusive fiducial cross-section [pb]

Cross section scaled
to same NNLO+NNLL

value for each
generator

Differences due to

different acceptance
predictions from each
model

Several NLO+PS
predictions
overestimate the
measurement in
boosted topology

TOP 2019 Beijing, China

ATLAS

Vs =13TeV, 36.1 fb"
Fiducial phase-space
Boosted

*: normalised to NNLO+NNLL (M. Czakon and A. Mitov, Comput. Phys. Commun. 185 (2014) 2930)

Stat. unc.
Stat.+Syst. unc.

Nominal
° POWHEG+Pythia8*
heamp=1.5M, , NNPDF 3.0 NLO, A14
Alternative additional radiation
s POWHEG+Pythia8 Rad. up*

Ngamp=3M; , 1,=0.5 11_=0.5, NNPDF 3.0 NLO, A14 Var3cUp

= POWHEG+Pythia8 Rad. down*
hdamp=1 .5m,, pF=2 ‘“R=2’ NNPDF 3.0 NLO, A14 Var3cDown
Alternative ME/PS
v POWHEG+Herwig7*

Ngamp=1-5m, , NNPDF 3.0 NLO, H7UE

A Sherpa 2.2.1*
NNPDF 3.0 NNLO

H‘HHI_HH‘H\\‘HH‘\H\‘H\\‘HH‘\H\‘HH‘HH‘HH‘HH'H

1.71819 2 212223242526272829 3

Inclusive fiducial cross-section [pb]
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Differential cross sections

Submitted to EPJC, https://arxiv.org/abs/1908.07305 A L
EXPERIMENT

* MC predictions generally good.
 Measured differential cross-sections discriminate between MC predictions

L S S S S S S B S — T T T

s 1= = > = = — T T T T T T T T T
3 E ATLAS e Data 3 8 C ATLAS e Data ] % SE s i 3
= E (s=13TeV,36.1 fb" PWG+PY8 3 = 107l 15=13Tev,36.1 10" PWG+PY8 1 o 10FAmLAS * (x10),200 <m’ [GeV]< 400 2
. 10" Resoved - PWG+PY8 Rad. Up - - E  Resolved + PWG+PY8 Rad. Up E O 10°EVs=13TeV,36.116' o (x10°), 400 <m' [GeV]<550 3
g EHesol PWG+PY8 Rad. Down £ Foo v PWG+PY8 Rad. Down i 5L Resolved i F
g F  Fiducial phase-space . Sherpa 3 <. I Fiducial phase-space . Sherpa - = 10 g nesol * (x40, 550 < [GeV]= 700 %
<. . WG 4 ) 102 = PWGHHT = W 10°E Fiducial phase-space , . -
3 Stat. unc. 3 - E Stat. unc. 3 S 10° E e%e 8 (x10%), 700 <m' [GeV]< 1000 3
& Stat.+Syst. unc. 3 £ Stat.+Syst. unc. § hd 4 (x10%, 1000 < m' [GeV]= zoooé
= - E e
5 E gooog — PWG+PY8 J
7 :%- ©F & E
E E E gae 5
F ] e B E
. E =
10° = E E
E & ‘ = E L E
§ 1. = 5 Eg FEEEo =
2le E T FremTTmITIIsITeeeeeere e e e e e e e = s E E
kL ] = & ;
ol osf E . 2 E
C g c 4 —A— -
g 4 B s T T T T T T T T T <3 5 E N E
Bl M ------------------------------------ E k= E -
o5 1 = IS | I
(=} E El o0
IS 0.8F & 0 500 1000
0 200 400 600 800 1000 250 500 1000 1500 2000 t had
t,had i p. [GeV]
p, " [GeV] m' [GeV] T
ATLAS —— PWG+PY8 Stat + Syst
V5=13TeV, 36.1 5" Stat Only Data
EZSO‘YTdh ----- PWG+PY8 Rad. Up  ----- PWG+PY8 Rad. Down
iducial phase-space . L
e, ® . . . . Normalised cross-section PWGH7 Sherpa
Sensitivity relevant for tuning and improving Jord 1 T | |
5|8 ramran
& o

the description of the tf final state, hence
reducing the systematic uncertainties related
to top-quark modelling.

i 4 i 4
m_ . m_ . m_ . m_ .
405:104,055]] -2 (0.55,07)] 05 10.7,1.0] { {4052 (1.0,20)
\

. .
0.5 0 0.5 0 0.5 0 0.5
p?"ad [Tev]
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. CMS,
Underlying event

Eur. Phys. J. C 79 (2019) 123, https://arxiv.org/abs/1807.02810

First measurement of UE activity in tt dilepton events

CMS Simulation tt — (evb)(uvb) (13 TeV)

UE contribution isolated from:

* charged particles associated with decay
products

* pileup interactions

¢ [rad]

Test universality of UE at different energy scale
* Upto2m,
 Measure properties and unfold to particle level

¢ > 200 diStributionS StUdied A Néutral : () Cﬁarged : ‘ :Lepton

—4H A PUcharged () Charged fromb

* Measurements indicate it should be valid at 0
even higher scales "

Particles of p; > 900 MeV
Marker area proportional to particle p;
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CMS
Underlying event

Eur. Phys. J. C 79 (2019) 123, https: //arxiv.org/abs/1807.02810

35.9 b7 (13 TeV)

Compare data to several MC simulations £ 2fcus g
L : o | ISR up
* Variations of Powheg+Pythia8 demonstrate + || FeR Ly
ey s = 1.5 e FSR down
sensitivity to FSR/ISR scales, UE tune etc > ) s UEwp
©
< {x
~— 1=
Data favours lower value of a "R(M,) k
L }i\x
.
L Sx
L X
* Changing ME generator has little effect ol L e L.,
1 2 3 4 5678910 3 20
« Sherpa and Herwig simulations show different P [GeV]
. . CMS 35.9 b (13 TeV) PWAPYE
behaviour to Powheg+Pythia8 g0 Lt
. . . \g‘ 1 ,4. 3 S SN SSURRRRRE SRRRERNRNARREANY Egg agwn
* Contribution of MPI essential goﬁ Neowndief ‘TX%“‘ % R
* CR more subtle effect gL —roon
IR
I‘E 0.5 J A Rope
Vv Rope (no CR)
§ 15 ¢ Sherpa
% 1 =5 VQ'O L@ '\? Y\? \V\@\'\Q ‘\'\\\\\\\\Q\\\\\\\\\\\\Q\\ ’:;5;?::0
F 05 Y PW+HW?

1 2 3 4 5 6 78910 20
P, (GeV]

TOP 2019 Beijing, China 14



CP Pythia8 tunes

Submitted to EPJC, https://arxiv.org/abs/1903.12179 Et 1;
Z” 1.6

e All tunes describe UE and min bias S
data well at lower energies and -
improve the description at 13 TeV. o8

* For the first time NNLO PDF set in y
shower performs equally as well as 5

LO PDF a8

- Qo0.95

* Tested with multijet, W/Z and tt i

events

TransMIN charged p$*™ density, /s = 13 TeV

o
B
\

(1/ Nevents) dpF™ /dy d¢ [GeV]

=}

N

\
"A_,,

. E
— CP1 ]
—— CP2 =
—— CMS Data

[}
\HLL}_\\\\\\\\\\\\\\\\\\\\

<

M
8
M

10 15

pr[GeV]

0.4

0.2

SD-enhanced selection, /s = 13 TeV
—+ CP1

T T T T T T T T T T T TTTprTT
[T ﬁl\ [T

:\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\
-2  -15 -1 -05 o 0.5 1 1.5 2

TransMIN charged p§'™ density, /s = 13 TeV
T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T

{:l; —— CP3 7
—— CP4 b
—— CP5 -]
—«— CMS Data ]

‘HHMJ\H‘HH‘H‘\\AH\‘\‘\\\‘\\\‘\\\‘\\\‘\\\*
\

5 10 15 20
pax[GeV]
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CP Pythia8 tunes

Submitted to EPJC, https://arxiv.org/abs/1903.12179

Comparisons using observables in top quark production:

Different generators:
* POWHEG
e MG5 aMC@NLO

CMS,

20% of data

Similar description for each tune, with both generators
Within ~10% -

with CUETP8M1, CP2, CP4 & CP5 tunes

tt system invariant mass, /s = 13 TeV

- —\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\
L 003 | —/— POWHEG+PYTHIA8 CUETP8M1
g —— POWHEG+PYTHIAS CP2
Zo.0025 —— POWHEG+PYTHIAS CP4

POWHEG+PYTHIAS CP5

0.002 —e— CMS Data

‘JUHHH‘HH‘HLJ\H‘HH‘HH[ HH‘HH‘HH‘
i
LLT

MC/Data

600 800

1000 1200 1400 1600 1800 2000

m(tt)[GeV]

Top quark pr, v/s = 13TeV

N

—/— POWHEG+PYTHIAS8 CUETP8M1
—o— POWHEG+PYTHIAS CP2
—— POWHEG+PYTHIAS8 CP4

POWHEG+PYTHIAS8 CP5
—e— CMS Data

1H1}HH}11H}HH‘HH‘HH‘HH‘W
;-‘?'JEE';J;:TE: ==
E\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\
0 100 200 300 400 500 600 700
pr(t)[GeV]

I CP5 used as default for CMS 2017/18 MC production
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Top quark pr, /s = 13 TeV

Ll

Ee= —— MG5.aMC+PYTHIAS [FxFx] CUETP8M |
—0— MG5.aMC+PYTHIAS [ExFx] CP2
—— MG5.aMC+PYTHIAS [FxFx] CP4
== MG5_.aMC+PYTHIAS [FxFx] CP5
—e— CMS Data
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Looking to the future - a common MC setup

CMS DP-2019/011, http://cdsweb.cern.ch/record/2678959

Motivation: understand similarities and differences and develop ability to run CMS MC in

ATLAS software and vice versa

Common MC sample crucial for future comparisons and combinations, understanding the

systematic uncertainties and saving computing resources

First steps: Using nominal samples from both experiments: Powheg-Box + Pythia 8 (slides 5&6)
Run each experiment’s settings in the other experiment’s framework

Mass distribution for W bosons

o
o o
] o
w1 W

1/ do/dmy [GeV ']
o
2
I

o
o
R
Ul

\

0.01 | —

—— CMS PowHEG ® CMS PyTHIA
ATLAS PowHEG ® CMS PyTHIA

—— ATLAS PowHEG ® ATLAS PyTHIA
CMS PowHEG ® ATLAS PyrHIA

1/cdo/dm, [GeV ']

ATLAS+CMS Simulation Preliminary
V5 =13 TeV
PowHEG-Box+PyTHIA8

oy
-
Rines o> SO

Ratio to CMS settings
"
i=}

Ll_\_r TLA wﬂﬁfﬁ"ﬁlﬂﬁ

o
o
=y

0.005

o

=
o)
G

o
N
G

Ratio to CMS settings
o =
© o

TTTTTTTT R

Mass distribution for reconstructed top after myy cut

0.02

L —— CMS PowHEG ® CMS PyYTHIA
ATLAS PowHEG ® CMS PyTHIA

0.015 B —— ATLAS PownEG ® ATLAS PyTHIA
r CMS PowHEG ® ATLAS PyTHIA

ATLAS+CMS Simulation Preliminary
Vs TeV

PowHEG-Box+PyTHIAS

e

Experiments able to run each others
nominal samples

General agreement but O(5%)
differences in tails or strongly peaked
regions

‘Mix and match’ to investigate
differences

ATLAS powheg settings with CMS
shower and hadronization and vice
versa

Shows differences are driven by
Pythia and EvtGen settings

I Next steps: comparisons using ATLAS & CMS data from existing Rivet Routines
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Conclusion

* Why is top modelling important?

Reduce uncertainty in our measurements

Search for rare processes in less well understood regions and extreme phase
space

* Testing the models

Good agreement between data and MC for many observables

Significant improvements in description of UE measurements at Vs =13 TeV
have been observed by both experiments

Tunes based on higher-order PDF sets are able to give a reliable description of
MB and UE measurements

Continued optimisation with data provides a better description of the tf final
state and a reduction of the systematic uncertainties related to top-quark
modelling

* Working towards a common MC setup for ATLAS & CMS

Thank you
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Modelling top production

- links to previous studies

Tuning for tt simulation
ATL-PHYS-PUB-2018-009 https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-009/

ATL-PHYS-PUB-2017-007 https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-007/
CMS-PAS-TOP-16-021 https://cds.cern.ch/record/2235192

Colour reconnection models
ATL-PHYS-PUB-2017-008 https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-008/

Eur. Phys. J. C 78 (2018) 891 https. //link.springer.com/article/10.1140/epjc/s10052-018 63329

Study of underlying event
Eur. Phys. J.C79 (2019) 123 https://link.springer.com/article/10.1140/epjc/s10052-019-6620-z

Measuring jet substructure observables
Phys. Rev. D. 98 (2018) 092014 https://iournals.aps.org/prd/abstract/10.1103/PhysRevD.98.092014

Interference effects
Phys. Rev. Lett. 121 (2018) 15200 https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2017-05/

Top specific tunes
JHEP 06 (2018) 002 https://link.springer.com/article/10.1007/JHEPO6(2018)002
CMS-PAS-TOP-16-021 https://cds.cern.ch/record/2235192
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Modelling tf in ATLAS & CMS

CMSDP-2019/011 , http://cdsweb.cern.ch/record/2678959

Showering + hadronization

Pythia8 v2.30

ATLAS EvtGen for decay
of HF particles with
custom decay tables

CMS Pythia for all decays

Own dedicated tunes
— ATLAS - Al4
— CMS - CP5

Different PDF sets

Setting Name

Setting description

CMS default

ATLAS default

PyTHIA 8 default

POWHEG Parameters for matching to POWHEG matrix element calculations
pTdef Flag for hardness criterion (POWHEG vs PYTHIA ) 1 2 0
emitted Flag for defining emissions 0 0 0
pTemt Flag for which partons are used to define POWHEG hardness criteria 0 0 0
pThard Flag for how to calculate POWHEG hardness criteria 0 0 0
vetoCount How many emissions vetoed showers checks after first allowed emission 100 3 3
nFinal Number of outgoing particles for born level process 2 2 2
veto Flag for vetoed or unvetoed showers 1 1 0
MPIveto Flag for applying veto to Multi Parton Interactions NA 0 0
TimeShower Final State Radiation Parameters
mMaxGamma Maximum invariant mass for y — ff 1.0 NA 10
alphaSorder Order of running for a 2 NA 1
alphaSvalue Value of oy at Z mass scale 0.118 0.127 0.1365
pTmaxMatch Flag for setting maximum shower scale algorithm 2 2 1
SpaceShower Initial State Radiation Parameters
alphaSorder Order of running for ag 2 NA 1
alphaSvalue Value of a, at Z mass scale 0.118 0.127 0.1365
pTmaxMatch Flag for setting maximum shower scale algorithm 2 2 0
rapidityOrder Force emissions to be ordered in rapidity on on on
rapidtyOrderMPI Force emissions in secondary scatterings to be ordered in rapidity NA on on
pTORef Reference pr scale for regularizing soft QCD emissions NA 1.56 2
pTmaxFudge Multiplication factor for pTMaxMatch in some instances NA 0.91 1
pTdampFudge Multiplication factor for pTDamping scale for high-ps emissions NA 1.05 1
MPI Multi-Parton Interaction Parameters
alphaSorder Order of running for ag 2 NA 1
alphaSvalue Value of a, at Z mass scale 0.118 0.126 0.130
ecmPow Exponent control kinematic dependence of pT0 0.03344 NA 0.215
bprofile impact parameter profile choice flag for hadron beams 2 NA 3
coreRadius Inner radius of core when using bprofile = 2 0.7634 NA 0.4
coreFraction Matter content fraction of core when using bprofile = 2 0.63 NA 0.5
pTOref Reference prp scale for regularizing soft QCD emissions 1.41 2.09 2.28
BeamRemnants
primordialK Thard Parameter controlling k7 of beam remnant initiators NA 1.88 1.8
ColourReconnection
range Parameter controlling colour reconnection probability 5.176 1.71 1.8
ParticleDecays Particle Decay Settings
limitTau0 Only decay particles with lifetimes below 79 maa on on off
tau0Max T0.maz 10 10 10
allowPhotonRadiation Allow photon radiation in decays to lepton pairs on NA off

TOP 2019 Beijing, China
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Differential distributions

ATLAS CONF-2019-041, http://cdsweb.cern.ch/record/2686255

£

ATL

EXPERIMENT

Top quark pole mass results for various PDF sets derived from the tf cross-section
measurement at Vs = 13 TeV. The uncertainties include PDF+a,, QCD scale and
experimental sources. The PDF4LHC result spans the uncertainties of the CT10, MSTW and
NNPDF2.3 PDF sets (left).

PDF set m™* [GeV]
CTi4 173.175
CT10 172.1759
MSTW 172.373
NNPDF2.3 | 173477
PDF4LHC | 172.173)

Uncertainty source

AmP®* [GeV)

Experimental
PDF+(IS
QCD scales

1.0

Total uncertainty

Uncertainties on the top quark pole mass extracted from the tf production cross-section
measurement at Vs = 13 TeV, using the CT14 PDF set (right).
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The inclusive cross-section has also been combined with previous measurements
at Vs =7 and 8 TeV to determine ratios of tf cross-sections, and double ratios of tf

and Z cross-sections, at different energies, which are found to be compatible with
predictions using a range of PDF sets.

/s values [TeV] Measured cross-section ratio NNLO+NNLL prediction
13/7 4.54+0.08 £0.10+0.12(0.18) 4.69 +£0.16
13/8 3.42+0.03 +0.07 +0.10 (0.12) 3.28+0.08
8/7 1.33 +0.02 + 0.02 + 0.04 (0.05) 1.43 +0.01
Vs values (TeV) 1t/ Z cross-section double ratio CT14 prediction
13/7 2.617 +0.049 +0.060 + 0.007 (0.078)  2.691*)0e
13/8 2.212 +0.024 +0.049 + 0.006 (0.055)  2.124*)-0%0
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Differential cross sections

ATLAS TOPQ-2018-15, https://arxiv.org/abs/1908.07305 AT AS
EXPERIMENT

M
Monte Carlo predictions generally good although not always able to describe the measured
single- or double-differential cross sections in the entire fiducial phase-space.

t,had

3 1 atias e Daa = > 0'E L
g E %T:?gTeV 36.1 o PWG+PY8 E For dOUbIe_ E 10 % ATLAS * (x10%,00<N1<07 E
R e . 3 differential cross R 1 A
%F E  Fiducial phase-space ;:;?:YB e Bown ] . . i 102;Fiducial phase-space (x10°), 1.3 <ly1=20
= 10t e PWG+H? < sections tensions 5 e — PWG+PY8 :
© = Stat. unc. E “E 10 E —— 3
£ otk saemee 1 petween MCand data & Fe
3 E o E * E
oL 1 areseenand overall = F :
E E! ST R — E
- 3 they are better = b 3
10° . .
: : = described using 109k B
T = Powheg+Pythia8 in 0 4
30 = i B —
£ T | | resolved topology and e A R- =4
T i  Powheg+Herwig7 in m [GeV]
E S 1 E—--—--*-""'“J_l'-'ﬂ —E ATLAS —— PWG+PY8 Stat + Syst
S osf 1 boosted topology fosTsin Gaowy  — oun
350 500 1000 1500 2000 Fiducial phase-space . PWG::\;B Rad. Up o ::\S:Ys Rad. Down
p:,—had [GeV] .5 iy Nom:alisec? cross:—secﬁ'on
Mismodelling observed in single- = roppeet -
differential cross sections where Sifooswicor  Jlorswhers [issiczo
overestimation is made in tails of some e

distributions
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CP Pythia8 tunes

Submitted to Eur. Phys. J. C, https://arxiv.org/abs/1903.12179

CMS Pythia8 (CP) tunes at 13 TeV
e 2 L0 tunes CP1 and CP2

CMS

PYTHIAS parameter CP1 CP2
PDF Set NNPDEF3.1 LO NNPDEF3.1 LO
ag(my) 0.130 0.130
paceShower: rapldltyérder ofr ofr
MultipartonInteractions:EcmRef [GeV] 7000 7000
ucISSR(mZ) value/order 0.1365/LO 0.130/LO
atR (my) value/order 0.1365/LO 0.130/LO
leg/m(mz) value/order 0.130/LO 0.130/LO
aME(myz) value/order 0.130/L.O 0.130/L.O
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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. CMS
CP Pythia8 tunes

Submitted to EPJC, https://arxiv.org/abs/1903.12179

Comparison to double parton scattering observables, measured in final states at 7 TeV
with either:

* Four jets e Two b jets and two other jets
Normalized AS in pp— 4j in || < 4.7, /s =7 TeV Normalized AS in pp— 2b+2j+X, /s =7 TeV
C W L
S | —— CUETPSM1 = < | —— CUETP8SMI ==
3 —— CP2 ' N — CP2
v 11— —— CP4 = ,% 1 E —— CP4 =
s CP5 . = f CP5 e
© L[ —— CMS Data 5 [ —— CMSData
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CP2 LO tune describes the central values better CP4 better describe the DPS-sensitive
the other tunes observables than CP5

 Due to different rapidity orderin
e Due to different values for amount of PIGItY &

simulated MPI
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CP Pythia8 tunes

Submitted to EPJC, https://arxiv.org/abs/1903.12179

Jet multiplicity

e MG5 &MC@NLO

— Well described for all tunes

* Powheg

— Well described for CP5

— CP4 same configuration but no
rapidity ordering for ISR

— Rapidity ordering included in

CUETP8M2T4

e CP5 as default for CMS 2017/18

MC production
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