Top modelling uncertainties
IN run 2 analyses

Emyr Clement, Steffen Henkelmann
on behalf of ATLAS & CMS
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Introduction

* Modelling uncertainties typically dominant or important source in top
measurements

* Prescriptions for dealing with modelling uncertainties under constant
scrutiny and development

= Better understanding of modelling results in improved precision in our measurements

= Also important for searches where top is a background in tails of distributions

* Compare prescriptions used in run 2 analyses from ATLAS and CMS

= Examples of analyses using newest prescription

= Also cover single top, tt+V



Current baseline for top pair production

* Powheg+Pythia8 for both CMS and

ATLAS
= Baseline for all systematic variations e Other generator combinations
= 2-point/parameter variation systematic = MG5 aMC@NLO
approach
= Herwig++/Herwig/
= Sherpa+OpenLoops+CS
* ATLAS
= A4 Pythia tune
= haamp = 1.5 me * Factorisation approach modelling
= ATL-PHYS-PUB-2016-020 uncertainties
= Each source gets its own variation
* CMS = Source by source comparison in the
= CUETP8M2T4 top specific Pythia tune following slides
Ll hdamp - |.58 M¢

= TOP-16-021


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2016-020/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-16-021/index.html

Current status

Source ATLAS CMS
.. Simultaneous URrF, hdamp, @SR Individually vary urF, hdamp,
Radiation/scale variations ISR scale, FSR scale
Shower/ L . .
Hadronisation/ Pythia8 vs Herwig7 Variations in modelling of b jets,

: Pythiaé vs Herwig++ in JES
Fragmentation

Powheg vs MG5+aMC@NLO (FxFx)

(only in some analyses)

ME Generator | Powhegvs MG5 aMC@NLO

CUET2P8M2T4 variations,

Non_Pertu bative Al4 tune variations CR model variations




Radiation/scale/ME-PS Uncertainties

e Down
= UFR X 2
- hdamp - |.5 mt

= Var3c down (0.1 15)

Al4Tune CUETP8M2T4 Tune
(S Vars3hc as'SR T g |527| ) as'SR = 0.1108
. aceShower:alphaSvalue -
Nomlnal P hd = Em hdamp = |.581 M¢
amp . t
. NNPDF3.0 NLO (as=0.118) in ME,
NNPDF3.0 NLO in ME, LO (CYS=O-|30) in PS
23 LO in PS
Simultaneous variation of parameters ISR scale varied by 0.5/2
(TimeShower::renormMultFac)
« Up
= urr X 0.5 FSR scale varied by 1/4/2 and /2
= heamp = 3 M (SpaceShower::renormMultFac)
Uncertainty = Var3c up (0.140)
. . Envelope of independent and simultaneous
variations variations of ug, ur by 0.5/2

o Val‘)’ hdamp by ~40%
= Corresponds to | to 2.2 m

= Uncertainty in tuned value




Radiation/scale/ME-PS Uncertainties

—e— ATLAS Preliminary, /s = 13 TeV
Powheg+Pythia8, hy =1.5-m,, A14
----- MR =0.5, hy =3.0-my, Var3c up
=== g =2.0,hy=1.5-m, Var3c down

1/6 - do/dN;g
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= TOP-16-021 - —— CUETP8M1 i B
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- ss=== CUETP8M1T4%0a5R - o4
r-TT hdump up N =
=== hgamp down C ’
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https://cds.cern.ch/record/2261938/
https://cds.cern.ch/record/2261938/
https://cds.cern.ch/record/2235192

Hadronisation, ME generator, b jet modelling

ATLAS

 Hadronisation/PS

= Replace Powheg+Pythia8 with
Powheg+Herwig/

= Similar comparison performed in deriving

JES and corresponding uncertainties ATL-
PHYS-PUB-2015_042

* ME generator

= Replace Powheg+Pythia8 with
MG5 aMC@NLO+Pythia8

e See ATL-PHYS-PUB-2016-020 for
more details

= Swapping Pythia8 for Herwig/ changes top
and tt kinematics - better top pr modelling

CMS

* Flavour response/Hadronisation

= Vary |ES for each jet flavour, from comparisons
between Pythiaé and Herwig++

= Comparison here only affects JES

= Plans to consider Herwig/

* ME generator

= Replace Powheg+Pythia8 with MG5 aMC@NLO
(FxFx) + Pythia8

= Only in some analyses

* B jet modelling
= Vary x, = p7(B hadron) / pr(bjet)

= Reweight branching fraction of semileptonic b
hadrons to PDG values

* Top pr

= Reweight top pr to that observed in data


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2015-042/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2015-042/
https://cds.cern.ch/record/2216168/

Hadronisation, ME generator, b jet modelling

ATLAS
® Had r‘onisation/PS Particle level, absolute cross-section
= Replace Powheg+Pythia8 with a E TE —e— ATLAS Data, /s = 8 TeV
Powheg+Herwig7 o - Powheg+Py6, hyamp = Migp
A §£10_1 i Powheg+Py8, hyamp = 1.5-myq,
= Similar comparison performed in deriving ° /o = Powheg+H7, Nyamp = 1.5 Mygp
JES and corresponding uncertainties ATL- L -
PHYS-PUB-2015_042 1078
1072 ;—
* ME generator :
= Replace Powheg+Pythia8 with 07 e L | Ll
MG5_aMC@NLO+Pythia8 s 15E -
S 11E :
9 1.0 B f
» See ATL-PHYS-PUB-2016-020 for & ©9°
. W CE
more detalls 0'702_ | | T RN R N N NN ST S A R |

= Swapping Pythia8 for Herwig/ changes top
and tt kinematics - better top pr modelling

400 600 800 1000
pi"2d [GeV]


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2015-042/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2015-042/
https://cds.cern.ch/record/2216168/

Colour Reconnection, MPIl, UE uncertainties

ATLAS

* Variations in Al4 tune
= ATL-PHYS-PUB-2014-021

= Var | (MPI+CR), corresponds to varying:

= BeamRemnants:reconnectRange

= Multipartoninteractions:alphaSvalue

= Effort in improving : ATL-PHYS-
PUB-2017-008

CMS

* Compare nominal simulation with
alternative models of CR

= Turn ERD on - allows top decay products
to be involved in colour reconnection

= ‘QCD inspired’ model - string formation
beyond leading color

= ‘Gluon move’ - gluons can be moved to
different strings

* Variations of tuned UE
parameters in CUETP8M2T4

= TOP-16-021
= Multipartoninteractions:pTORef

= Multipartoninteractions:expPow

= ColourReconnection:range


https://cds.cern.ch/record/1966419
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-008/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-008/
https://cds.cern.ch/record/2235192

CMS Preliminary Supplementary ~ 281 nb~! (13 TeV)
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CMS :Uncertainties in top mass s | et
5 08 : —
2" :
* Top mass measurement with run 2 data g 06| .
> - —e— Data .
= TOP-17-007 Z o4l —— Pythia v8.226 CUETPSM2T4 |
E B —+— Pythia v8.226 QCD inspired
= |72.25 + 0.08 (stat + JSF) + 0.62 (syst) GeV . —O— Pythia v8.226 gluon move -
: . o B
 Dominant uncertainties 145 | | | =
..g 1.2 =©ﬁ;
= Colour reconnection 0 Iok . e —
g 09 = —~
= Modelling of hadronization (Flavour dependent =98 E =
JEC, b-jet modelling) SeE L .1, 1 1 T

5 10 15 20

= ME generator, FSR PS scale 1 1GeV]
CMS Preliminary Supplementary — 85.6 nb~! (13 TeV)
= 9 E| T | T T | T 1T ’ T T ‘ T T | T T | T T | T |E
e Alternative CR models tuned to 13 TeV S 8- =
= - =
UE data <7 g
32 -
N . - —e— Data .
* Fit to charged partlcle 3 - Pytthia v8.226 CUETP8M2Tj4 E
3 —+— Pythia v8.226 QCD inspired =
= multiplicity and average pt sum vs leading 2 - —o— Pythia v8.226 gluon move E
charged particle pr in transMIN and transMAX = =
regions 1-(3);“{““{“”{“!IIHHIHHIHHIHIE
= multiplicity vs pseudorapidity s E
R e
S o8 E
Z:Z ;I L1 | I | I | | I L1 11 | L1 11 I | | L1 II_E

o U

-1.5 -1 -0.5 ) 0.5 1 1.5

=


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-17-007/

CMS : Effect of CR on top mass measurement

* Use tuned CR models to provide better understood uncertainty

= Run | method - compare same UE tune with and without CR effects

= Uncertainties in CR dominant, and larger compared to run |...

= ...but better justified

2D approach | 1D approach Hybrid
sm2D  §JSF2P 5m 1D smY°  SJSFhYP
(GeV) (GeV) (GeV)
"QCD inspired”’ (both ERDon) | -0.11  -0.001 -0.19 -0.13  -0.001
”gluon move”’ (both ERD on) +0.34 -0.001 +0.23 +0.31 -0.001
def. ERD off to def. ERD on -0.22  +0.008 +0.42 -0.03  +0.005



CMS :Uncertainties in differential cross sections

* Differential cross sections in |+jets at parton and particle level
= TOP-16-014 TOP-17-002

= Modelling uncertainties in theory predictions typically cover any difference wrt data

35.8 fb™ (13 TeV)
> - CMS e/u+jets e Data ‘
o 1 == Preliminary particle level gys @ stat 35 8 fb" (13 TeV)
o S tat : ,
= - "o *;n}._ﬂ( + POWHEG P8 2 016F CMS e/u+jets Combined
=2 F % o # SHERPA G5 k= - Preliminary particle level ot
Sla 107! & - &, - - - POWHEG H++ £ ok — Jet energy
© S &k ... MG5 P8 [FxFx] L T —— Luminosity
B Sk = — —— b tagging
S 0.12F
u - ak: O - Lepton
10—2 :_ :Iﬁ*-. 'é 0.1 :_ T :]l
- sk ik < - — ldamp
- Y 0.08F — Tune
B = E ISR scale
3 | 0.06 — —— Color rec.
- 10 _ | | | | petayhrseiseny - — ; FSR scale
S|l& 1.4 0.04 — '— Others
O|® B L
<10 B 1
o T <=
1 r ll i * T T 0 e [ W )
r '['"- Ll-l- S R I T ol =y 0O 100 200 300 400 500 600 700 800
08 & P,(t) [GeV]



https://cds.cern.ch/record/2273459/?ln=en
https://cds.cern.ch/record/2284596

CMS :Uncertainties in differential cross sections

= TOP-16-014TOP-17-002

= Modelling uncertainties in theory predictions typically cover any difference wrt data

359 fb~" (13 TeV)

- cMs
~ Preliminary

T
e,

t

- POWHEG + PYTHIAS
——= Shower Scales Down
——— Shower Scales Up 1

! I
1 + jets combined

Unfolded data 4

Reweighted top pt
- hgamp Up
- hdamp dOWﬂ T

[ Stat.

—

* Differential cross sections in |+jets at parton and particle level

POWHEG + PYTHIAS8

POWHEG + PYTHIAS8
including simulation theory uncertainties

x>/ ndf p-value x?/ndf p-value
Njets  25/6 0.87 24/6 0.88
py 10/7 0.19 6.6 /7 0.48
2 3 /17 <001 16/17 0.49
Hry 35/13 <001 82/13 0.83
St 26 / 13 0015  10/13 0.7
pxiss  72/6 0.3 47 /6 0.58
Al 1167/62 <001 479/62 0.91

Stat. @ Syst. 7

|
500

|
1000

|
1500


https://cds.cern.ch/record/2273459/?ln=en
https://cds.cern.ch/record/2284596

ATLAS : Uncertainties in differential cross sections

* Similar message from ATLAS
= TOPQ-2016-01

= Baseline simulation was Powheg+Pythiaé

= Hadronisation systematic assessed with Herwig++

%- 102§_IA1'_LAé T 1 '.- IDatIa ! 3 50_|||llllllllll||lllllIlIlllIllIllllllllllllllllll_
0, - _ | PWG+PY6 h,__=m o~ u L .
‘\31 10 = ;i;;lfe;ev’ szt . PWG+PY6 hjam =2rtn1 radHi > 40 -_A TLAS Fiducial phase-space _7
= = U e PWG+PY6 h,.__=m, radL = s 1 _ -
B = Fiducial phase-space PWG:PYS hijE:Ttsr?n t ° c - (s = 13 TeV, 3.2 b Absolute cross-section .
= S [ PWG+H7 hy,, =1.5m, & 30 Resolved —
E — gy 0000 aaeeea. PWG+H++ hdampzmt e — —
= - e L aMC@NLO+H++ 8 - -
°© jor el aMC@NLO+PY8 c 20 —
© = Stat. unc. = - e 7]
— Stat.+Syst. unc. —_— ~ Do -
1 0_2 = ' y CU 1 O __ . — ;';‘;';';';‘é';'-";'4‘-"i‘é'-"-";'4';';';';';';';';';';';';';‘;'-";';;
= S e T R T e N
- = O S
E_ % - 1 FOTE S o
< = L —10f e —— =
o — - . ]
2 = —201~ -
o L _
S u N
3 30 Stat.+Syst. Unc. Stat. Unc. —]
3 - —— Flavour Tagging e JES/JER B
a —40— Backgrounds -..--- |FSR, PDF, MC Stat. —
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38 0 100 200 300 400 500 600 700 800 900 1000
Pt t,had
& P [GeV]


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2016-01/

ATLAS : Uncertainties in differential cross sections

* Measurement in di-boosted hadronic channel

= Uses most recent uncertainty prescription

= Including comparison to latest generators

':_‘ tlilvltlliitvlttlillttllvttlllltt
> ATLAS Preliminary ¢ Data
B 107" 5=13TeV,36.1 fo" — FUWICG+FY0
— . e o __ _____ eeeee POWHEG+H7
S Fiducial phase space ..... MGS5_aMC@NLO+Py8
© s Sherpa 2.2.1
e 1072 Stat. Unc.
b 0 Stat. @ Syst. Unc.
©
E‘:

Prediction
Data

800

900 1000 1100 1200

P’ (GeV)

[GeV ']

P!

it
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ATLAS Preliminary ¢ Daa
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e weees POWHEG+H7
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Stat. Unc.

Stat. ® Syst. Unc.
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ATLAS - Colour flow

. _ _ _ . 1.6 :_II T T l 17T 171 I T T T I I.I 1 I.I T T 1T1 I T T1 T T T T T 11 LI L] T Il_:
ATLAS-CONF-2017-069 2o - ATLAS Preliminary -
. it - /s=13TeV, 36.1fb" ]
= Uses most recent uncertainty S 19¢ Vs - Data .
. & - Statistical Unc. .
prescription S 14 Total Unc. —
: . : : . —|L - —— Powheg+Pythia8 -
= Modelling uncertainties dominant in this 13 —~ Powheg+Pythiab — —
measurement 3 —= aMC@NLO+Pythia8 7
1.2 = % —— Powheg+Herwig/7  —
C . —— Sherpa n
1.1 — —
W W - —— -
A0p (V.53 [%] o (01" 17') 1 -
0.0-0.21 0.21-0.48 0.48-0.78 0.78—1.0 - 3 L
Hadronisation O°63 0°22 0'27 0'09 0.9 ;I T R N NI I AN AT AN A AT A ﬁ 11 |t
Generator 0.37 0.24 0.50 0.06 1.05 _* ........... |
Colour Reconnection 0.11 0.26 0.03 0.53 Slo ¥
b-Tagging 0.35 0.12 0.20 031 EB i n X .
Non-Closure 0.25 0.07 0.08 030 B 1, o © —
ISR/ FSR 0.32 0.12 0.15 001 ol W e
Other 0.25 0.20 0.11 0.18 | T A—
JER 0.12 0.13 0.21 0.03 O 0.1 0.2 0.3 04 0.5 0.6 07 0.8 0.9
JES 0.13 0.06 0.13 0.07 Charged particle 0 rad]/x
Tracks 0.09 0.04 0.05 0.07 gedp p (i1, ") [rad]/
Syst. 0.97 0.52 0.68 0.72
Stat. 0.22 0.18 0.17 0.26

Total 0.99 0.55 0.71 0.76



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-069/

Single top (tW)

* Both ATLAS & CMS using Powheg (v1)
= CMS then simulated PS with Pythia 8, ATLAS with Pythia6

= Duplicate Removal (DR) to treat interference with tt

= Both migrating to Powheg (v2) + Pythia8

ATLAS
CMS

« TOPQ-2015-16

« TOP-17-018

* Modelling uncertainties

= Vary LR, and radiation in Perugia tune ° Modelllng uncertainties

= Compare DR with DS = 1R, ISR/FSR scale variations

= Compare DR with DS

= ME generator uncertainty

=Powheg+Herwig++ vs . _
MG5 aMC@NLO+Herwig++ = Modelling of tt background

= PS/Hadronisation = ncluding CR, UE, hgamp variations
=Swap Pythiaé with Herwig++
= Modelling of tt background


https://arxiv.org/abs/1612.07231
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-17-018/index.html

Single top (tW)

* Not easy to compare side by side in

one slide

= See Sergio’s talk tomorrow for a more detailed

comparison of these measurements

Source Aoy, /0w %]
Jet energy scale 21

Jet energy resolution 8.6
E™'sS soft terms 5.3
b-tagging 4.3
Luminosity 2.3
Lepton efficiency, energy scale and resolution 1.3

NLO matrix element generator
Parton shower and hadronisation
itial-/final-state radiation

Diagram removal/subtraction

Source Uncertainty (%)
Trigger efficiencies 2.7
Muon efficiencies 3.1
Electron efficiencies 3.2
Jet energy scale 3.2
Jet energy resolution 1.8
b tagging efficiency 14
Mistagging rate 0.2
Pileup 3.3

tt ur and g scale
tW ur and pur scale
Underlying event
ME/PS matching

Initial state radiation
Final state radiation
Color reconnection
PDF

DR-DS

VV normalization

Total systematic uncertainty 30
Data statistics 10
Total uncertainty 31

Drell-Yan normalization 1.1
Non-W/Z leptons normalization 1.6
ttV normalization 0.1
MC statistics 1.6
Full phase space extrapolation 29
Total systematic 95
(excluding integrated luminosity) '
Integrated luminosity 3.3
Statistical 2.8
Total 10.5




tt-tVV interference

* Both ATLAS & CMS § 700 ATLAS Simuaton — Wi DR, Powheg+Py6
compare Duplicate S eoof — m 82}P2322Li§+HPPé
Removal (DR) with ék o N —— — Wi, DR2, aMC@NLO+HPP >
Duplicate Subtraction (DS) & , F — __ ts=13TeV -

= - — — -

to derive uncertainty LN — E
= New treatment available in 2005;‘= —— E
MG5_aMC@NLO (DR2), = — :
explored by ATLAS in ATL- 100 —— —
PHYS-PUB-2016-020 | T S D D S D T www
e

* Also, both working on § 83: = =
production of WWbb 204 o s

2 20 40 60 80 100 120 140 160 180 200 220 240
= Currently dilepton (emu) only i

Leading jet P, [GeV]


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2016-020/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2016-020/

Single top (t-channel and tZ)

ATLAS CMS
e t-channel * t-channel
= TOP-16-003
= TOPQ-201>-015 = MG5_aMC@NLO+Pythia8
= Powheg (vl) + Pythiaé = Similar uncertainty treatment, and include
= Migrating to Powheg (v2) + Pythia8 comparisons to generators
= Nominal vs Powheg+Pythia8
o t7 = Nominal vs MG5 aMC@NLO+Herwig++
= ATLAS-CONF-2017-052 o t7
= MG5 aMC@NLO+Pythiab = TOP-16-020
=0 = MG5_aMC@NLO+Pythiab
=NLO
* Follow similar uncertainty = urrx 0.5/2 in ME and PS

prescription as for tW
e See Lidia’s talk tomorrow for

comparison of tZ measurements

= Modelling of PS a dominant source of
uncertainty


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2015-15/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-052/
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-16-003/index.html
https://cds.cern.ch/record/2284830

tt+V

ATLAS

« TOPQ-2015-22

* MG5 aMC@NLO + Pythia8

= O, Al4 tune

e Uncertainties

= Simultaneous LEr variations

= A4 variations (Var3c and Varl)
= Compare to Sherpa+CS

= Measurement limited by statistical

CMS

* TOP-17-005

 MG5 aMC@NLO + Pythia8
= NLO

 Uncertainties

= UFR variations only

= Found to result in small uncertainty

Impact on ttZ cross-section

uncertainties
Uncertainty Otz Ouw
Luminosity 2.6% 3.1%
Reconstructed objects 8.3% 9.3%
Backgrounds from simulation 53% 3.1%
Fake leptons and charge misID  3.0% 19%
Signal modelling 2.3%  4.2%
Total systematic 11%  22%
Statistical 31%  48%
Total 32%  53%

Source Uncertainty range | Impact on ttW cross-section
Luminosity 2.5% 4% 3%
Jet Energy Scale/Resolution 2-5% 3% 3%
Trigger 2-4% 4-5% 5%
B tagging 1-5% 2-5% 4-5%
PU modeling 1% 1% 1%
Lepton ID, efficiency 2-7% 3% 6-7%
Ur/ ur scale choice 1% <1% 1%
PDF choice 1% <1% 1%
Nonprompt background 30% 4% < 2%
WZ cross section 10-20% <1% 2%
ZZ cross section 20% - 1%
Charge misidentification 20% 3% -
Rare SM background 50% 2% 2%
ttX background 10-15% 4% 3%
Stat. unc. for nonprompt 5-50% 4% 2%
Stat. unc. rare SM processes 20-100% 1% <1%
- 14% 12%

Total systematic



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2015-22/
https://cds.cern.ch/record/2264544

Summary

* ATLAS & CMS have similar baseline Powheg+Pythia8 setup for run 2 tt analyses

= Similar tuned parameters

* Comparison of uncertainties in top modelling by ATLAS & CMS
* Improved determination of CR uncertainty for CMS top mass measurement

* ATLAS typically includes more comparisons with other NLO+PS setups to derive uncertainties

= Backed up by several notes demonstrating differences between the various predictions

* CMS typically includes a more detailed breakdown of uncertainties for tt analyses

= Related to b-jet response, CR, UE

= top pt modelling

* Single top and tt+V measurements

= Modelling uncertainties not so dominant in tt+V measurements

= Talks tomorrow on tWV and tZ measurements

* Several measurements implementing latest prescriptions

= Also including comparison with latest ME/PS generators
= Sherpa, MG5_ aMC@NLO, Herwig7



BACKUP



CMS :Tuned parameters

of CR models

Parameters CUETP8M2T4 QCD inspired gluon move
MultipartonInteractions:pTORef 2.20 2.17 2.30
MultipartonInteractions:expPow 1.60 1.31 1.35
MultipartonInteractions:ecmRef 7000 7000* 7000*
MultipartonInteractions:ecmPow 0.25 0.25* 0.25*

ColourReconnection:range 6.59 - -
ColourReconnection:junctionCorrection - 0.12 (1.20) -
ColourReconnection:timeDilationPar - 15.9 (0.18) -
ColourReconnection:m0 - 1.2 (0.3) -
ColourReconnection:m2lambda - - 1.9 (1.0)
ColourReconnection:fracGluon - - 1.0* (1.0)
ColourReconnection:dLambdaCut - - 0.0* (0.0)
PDF set NNPDEF30_LO [JHEP 04 (2015)] NNPDF30_LO NNPDF30_LO
SpaceShower:alphaSvalue 0.1108* 0.1108* 0.1108*
Goodness of fit/dof 1.89 [CMS-PAS-TOP-16-021] 1.06 1.69

* = value kept fixed in the fit




