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Top mass measurements: current status

ATLAS+CMS Preliminary Mo, SUMMary, Vs=7-13TeV September 2017
LHCtopWG
World Comb. Mar 2014, [7]
stat total stat
total uncertainty Migp £ total (stat £ syst) 5 Ref
ATLAS, l+jets () ———t 172.31+ 1.55 (0.75 + 1.35) 7Tev [1
ATLAS, dilepton (*) =t 173.09 + 1.63 (0.64 + 1.50) 7Tev [2)
CMS, I+jets L uml 173.49 + 1.06 (0.43 + 0.97) 7Tev (3]
CMS, dilepton = 172.50 + 1.52 (0.43 + 1.46) 7Tev 4]
CMS, all jets == 173.49 + 1.41 (0.69 + 1.23) 7TeV [5)
LHC comb. (Sep 2013) tHctopwe = 173.29 +0.95 (0.35 +0.88) 7Tev [6]
H H World comb. (Mar 2014) H 173.34 +0.76 (0.36 + 0.67) 1.96-7 TeV [7]
L] Red uci ng the uncertal nty ATLAS, l+jets H—— 172.33 +1.27 (0.75 + 1.02) 7TeV [8]
H H o ATLAS, dilepton —f—— 173.79 + 1.41 (0.54 + 1.30) 7Tev (8]
fu rth er req uires im prOVI n g th € ATLAS, all jets FH——=— 1751+ 18 (1.4£1.2) 7Tev [9]
systematlcal com ponent ATLAS, single top ——t——t 172.2+2.1 (0.7 £ 2.0) 8TeV [10]
ATLAS, dilepton - 172.99 + 0.85 (0.41% 0.74) 8Tev [11]
ATLAS, all jets —E—— 173.72 +1.15 (0.55 + 1.01) 8Tev [12]
m Here we focus on the ATLAS, I+jets [R——— 172,08 + 0.91 (0.38 + 0.82) 8Tev [13]
K K ATLAS comb. (ﬁfgé"jj) HH 172,51+ 0.50 (0.27 +0.42) 748 TeV [13
modelling systematics cms, 4jets ‘ ot 17235 4051 (016 + 0.48) oTev 14
CMS, dilepton —tef 172.82 +1.23 (019 + 1.22) 8Tev [14]
CMS, all jets HeH 172.32 + 0.64 (0.25 + 0.59) 8Tev [14]
CMS, single top H— 172.95 + 1.22 (0.7 + 0.95) 87TeV [15]
CMS comb. (Sep 2015) e 172.44 +0.48 (0.13 +0.47) 748 Tev [14]
CMS, I+jets i 172.250.63 (0.08 £ 0.62) v
| o
(*) Superseded by results !
shown below the line Cone 2613102 {iz oz s
I Il Il Il ‘ Il Il ‘ Il Il Il ‘ Il Il I Il
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Top mass measurements methods

Standard (direct) Alternative (indirect)

m Template (ATLAS) m Inclusive cross section
m Differential cross sections

m Ideogram (CMS) m Leptonic observables, J/V, ...
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Modelling uncertainty estimation

(@S, |
ATLAS =
Matrix Compare POWHEG vs MC@GNLO Compare POWHEG vs MC@NLO
Element (not included in the latest analyses)
Parton Compare HERWIG vs PYTHIA JEC flavor: HERWIG vs PYTHIA (in JES only);
Shower b jet modelling: vary the fragmentation functions +
B%/B* branching
Scales, ISF/FSR: comparing PYTHIA with two tunes | ME/PS matching: vary hg,mp value in PYTHIA,;
radiation | with different hg.m, (Perugia Radlo/RadHi | ugr/ur scales: vary the scales by factors of 0.5,2 (in ME
tunes) and ISR) or 1/+/2,+/2 (in FSR);
Early resonance decays: ERD on/off in PYTHIAS8
CR Vary the Colour Reconnection Strength in | Compare the default PYTHIA model to “QCD inspired”
PYTHIA (Perugia tune with/w.o loCR) and “gluon move” models
Underlying| Vary the number of Multi Parton Interactions in | Vary the tuned Underlying Event parameters in
event PYTHIA (Perugia tune with/w.o mpiHi) CUETP8M2T4
PDF Compare CT10 vs MSTW2008 vs NNPDF or | Using NNPDF replicas or CT10 or CT14 eigenvector vari-

eigenvector variations or using CTEQ and CT10
reweighted to MSTW2008 and NNPDF

ations
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Standard (direct)

m Template (ATLAS)

m |deogram (CMS)

. Top reconstruction using a kinematic fit

(in most analyses)

Likelihood fit of one or several parameters using

templates/ideograms (1D or 2D fit)

. Templates/ideograms are built using MC with
several input myop values (and other parameters

if used)

. External constrain (from the jet energy scale
uncertainty) could be added in the fit (“hybrid”

method)

tetiana.moskalets@cer

ATLAS+CMS Preliminary
LHCtopWG
World comb. (Mar 2014) [2]
stat
total uncertainty

Mip SUMmary, Vs = 7-13 Tev

total stat

My + total (stat £ syst)

September 2018

LHC comb. (Sep 2013) LHctopwe  F—Ha4—| 173.29 +0.95 (0.35 * 0.88) 77ev 1]
World comb. (Mar 2014) H*H 173.34 +0.76 (0.36 + 0.67)
ATLAS, I+jets H——t 172.33 + 1.27 (0.75 + 1.02)
ATLAS, dilepton ——— 173.79 + 1.41 (0.54 + 1.30)
ATLAS, all jets H——=——175.1+ 1.8 (1.4 £ 1.2)
ATLAS, single top —t—— 1722 +2.1(0.7 £2.0)
ATLAS, dilepton e 172.99 + 0.85 (0.41+ 0.74) aTev 6]
ATLAS, all jets e 173.72 + 1.15 (0.55 + 1.01) 8Tev [7]
ATLAS, IHjets e 172.08 + 0.91 (0.38 + 0.82) 8Tev )
ATLAS comb. (ﬁfzé‘);]l) HrH 172,51 + 0.50 (0.27 + 0.42) 7+8Tev (8
CMS, I+jets et 173.49 £ 1.06 (0.43 + 0.97)
CMs, dilepton i 172,50 + 1.52 (0.43 + 1.46)
CMS, all jets e 173.49 £ 1.41 (0.69 + 1.23) Tev [11]
CMS, I+jets He 172.35 + 0.51 (0.16 + 0.48) 8Tev [12]
CMs, dilepton o 172.82 +1.23 (0.19 + 1.22)
cMs, alljets e 172.32 £ 0.64 (0.25 + 0.59)
CMSs, single top H—— 172.95 + 1.22 (0.77 + 0.95)
CMS comb. (Sep 2015) e 172.44 +0.48 (0.13 £ 0.47)
CMS, I+jets e 172.25 + 0.63 (0.08 + 0.62)
CMS, all jets e 172.34 £ 0.79 (0.20 + 0.76)
i .
; .

I 1 1 1 1 l 1 1 1 l 1 1 1 1 l 1 1 1

165 170 175 180
My, [GeV]

e top mass measurements
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All-hadronic channel

m Total uncertainty 1.15 GeV

m Hadronisation gives the largest
contribution to the modelling uncertainty
(0.64 GeV ~» 56% of the total
uncertainty)

Source of uncertainty H Amyop, [GeV]
Monte Carlo generator 0.18 £0.21
Hadronisation modelling 0.64 £0.15
Parton distribution functions 0.04 £ 0.00
Initial /final-state radiation 0.104+0.28
Underlying event 0.13+£0.16
Colour reconnection 0.12+£0.16
Total systematic uncertainty 1.01
Total statistical uncertainty 0.55
Total uncertainty H 1.15

tetiana.moskalets@cer

% 13 TeV CENSPASTORTE

Dominant modelling uncertainties:

m Total uncertainty: 0.83 GeV (2D), 1.04 GeV (1D), 0.72 GeV (hyb.)

m Colour reconnection (~0.4 GeV, ~50% of the total)

JEC flavor (0.3-0.35 GeV, ~30-40% of the total)

m ME/PS matching for 2D /hybrid (0.2-0.3 GeV, 30-40% of the tot.)
m ERD for 1D ( 0.38 GeV, ~40% of the total)

om®  §SF° smiP om™® gjsEb

[GeV] 1%] [GeV] [GeV] %]
Modeling uncertainties
JEC flavor (linear sum) —0.35 +01  —031 —034 00
b jet modeling (quad. sum) 0.09 00 009 0.09 0.0
PDF 001 00 001 001 00
Ren. and fact. scales 005 00 0.04 0.04 00
ME/PS matching 40324020 —03 —005+0.14 40.24+0.18 —0.2
ISR PS scale £017£017 —02 +0.13£012 +012+0.14 —01
FSR PS scale +0.224£0.12 —02 +0.11+0.08 +0.184+0.11 —0.1
Top quark pr +0.03 00 +0.02 +0.03 00
Underlying event 0162019 03 —0.07+0.14 +0.10£017 —0.2
Early resonance decays +0.02+028 +04 [ £0.384019 +0.13+£024 +03
CR modeling (max. shift) 0414029 —04 —043+020 0364025 —03
Total systematic 081 09 103 070 07
Statistical (expected) 021 0.2 0.16 0.20 0.1
Total (expected) 083 09 104 072 07

Systematics in the top mass measurements
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https://link.springer.com/article/10.1007/JHEP09(2017)118
https://cds.cern.ch/record/2628540

Lepton+jets channel

8 TeV, combination with
7 TeV measurements CHERICIENENED m Total uncertainty: 0.6 GeV (1D/2D), 0.51 GeV (hyb.)

m Total uncertainty for the BDT selection — 0.91 GeV Dominant modelling uncertainties:
m JEC flavour (~0.3 GeV, ~ 50% of the total)

Dominant modelling for the BDT selection:
m pRr/pF scales (~0.1-0.2 GeV, ~ 20-40% of the total)

m Colour reconnection (0.19 GeV, 21% of the total)

. 0 5mP (GeV) gsF | omiv (Gev) | omb™ (Gev)
m Signal MC generator (0.16 GeV, 18% of the total) : :
.. Q Modeling of hadronization
m Hadronisation (0.15 GeV, 18% of the total) JEC: Flavor-dependent
~ light quarks (u d's) +0.11 —0.002 —0.02 +0.05
‘ Vs =17TeV ‘ Vs =8 TeV ‘ —charm +0.03 <0.001 —0.01 +0.01
[ Event selection | Standard | Standard | BDT | :zﬁ::i\m :82§ ig%; ;8;3; :g:gg
: : b jet modeling
~b fra ati 0.06 0.001 0.0 0.01
Signal Monte Carlo generator 022 £ 021 | 0.50 £ 0.17 | 0.16 & 0.17 Zemmaoptonic b hadron decays 016 o001 o 016
Hadronization 0.18 £ 0.12 | 0.05 + 0.10 | 0.15 + 0.10 Modeling of perturbative QCD
Initial- and final-state QCD radiation | 0.32 £ 0.06 | 0.28 £ 0.11 | 0.08 + 0.11 PDF 0.09 0.001 0.06 0.04
Underlying event 0.15 + 0.07 | 0.08 + 0.15 | 0.08 & 0.15 Ren. and fact. scales +017+£0.08 —0.004+0.001 024006 —0.090.07
- . | . . . . . ME-PS matching threshold +0.11+£0.09 —0.002+0.001 —0.07+0.06 -+0.03+0.07
Colour reconnection 0.11 £ 0.07 | 0.37 £ 0.15 | 0.19 + 0.15 ME generator —0.07 4011  —0.001+0.001 —0.16+007 —0.12+0.08
Parton distribution function 0.25 £ 0.00 | 0.08 £ 0.00 | 0.09 & 0.00 Top quark pr +0.16 —0.003 —0.11 +0.02
: : Modeling of soft QCD
= - - 4 Underlying event F015+015 —0002+0001 +0.07 =009 +0.08%0.11
| Total systematic uncertainty | 1.04 £0.08 | 1.07 + 0.10 | 0.82 & 0.06 | Color reconnection modeling  +0.11+0.13  —0.002+0.001 —0.09%008 +0.01 £0.09
| Total | 1.28+0.08 [ 1.13 +0.10 [ 0.91 + 0.06 | Total systematic 059 0.007 0.62 048
Statistical 0.20 0.002 012 016
Total 062 0.007 063 051
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https://link.springer.com/article/10.1140/epjc/s10052-019-6757-9
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.072004

Lepton+jets channel =

75 T GENNE—— 13T

m Total uncertainty: 0.6 GeV (1D/2D), 0.51 GeV (hyb.)

Dominant modelling uncertainties:

m JEC flavour (~0.3 GeV, ~ 50% of the total)
m ugr/uE scales (~0.1-0.2 GeV, ~ 20-40% of the total)

5miP (GeV) SISE | omiP (Gev) | oml® (Gev)
Modeling of
JEC: Flavor-dependent
~light quarks (u d s) 4011 ~0.002 4005
- charm +003 <0001 —001 4001
~ bottom —032 <0.001 —031 ~0.32
~ gluon —022 +0.003 4005 ~0.08
b jet modeling
—b fragmentation +0.06 —0.001 —0.06
— Semileptonic b hadron decays —0.16 <0.001 —0.15
Modeling of perturbative QCD
PDF 0.09 0.001 0.06 0.04
Ren. and fact. scales 40174008 —0.004+0001 —024+006 —0.09%0.07
ME-PS matching threshold 4011009 —0.002+0001 —0.07+£006 -+0.03+0.07
ME generator 0.07+011 ~0.001£0001 —016+0.07 —0.12+ 008
Top quark pr +0.16 ~0.003 —011 +0.02
Modeling of soft OCD
Underlying event 70152015 —0.002 20001 4007009 1008011
Color reconnection modeling  +011+0.13 —0.002+0001 _—0.09+0.08 _+0.01 % 0.09
Total systematic 0.59 0.007 0.62 0.48
Statistical 020 0.002 012 0.16
Total 0.62 0.007 0.63 0.51

m Total unc.: 0.7 GeV (2D), 1 GeV (1D), 0.5 GeV (hyb.)

Dominant modelling uncertainties:
m JEC flavor (~0.4 GeV, ~60% of the total)
m CR (~0.3 GeV, ~50% of the total)
m ERD for 1D (0.42 GeV, ~40% of the total)

smzP> SJSF2> smiP om™® sjsEhe

[GeV] 1%] [GeV] [GeV] %]
Modeling uncertainties
JEC Flavor (linear sum) 042 01 031 0.39 <01
bjet modeling (quad. sum) 013 01 0.09 012 <01
PDF 0.02 <01 0.02 0.02 <01
Ren. and fact. scales 0.02 0.1 0.02 0.01 <0.1
ME/PS matching ~0.08 +0.1 +0.03 ~0.05 +0.1
ME generator +019+£014  +01  +029+008 +022+0.11  +0.1
ISR PS scale F0.07+£009  +01  +010£005 +0.06+0.07 <01
FSR PS scale +024+£006 04 —022+004 +0.13+005 —03
Top quark pr +0.02 —0.1 —0.06 —0.01 ~01
Underlying event —0.10+£008 +0.1 +0.01+£005 —0.07+0.07 +0.1
Early resonance decays 0224009 +0.8 +042+005 —0.03+0.07 105
Color reconnection +0.34+£0.09 01 +023+£006 +031+£008 0.1
Total systematic 0.72 1.0 1.09 0.62 0.8
Statistical (expected) 0.09 0.1 0.06 0.08 01
Total (expected) 0.72 1.0 1.09 0.62 0.8

e top mass measurements
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.072004
http://dx.doi.org/10.1140/epjc/s10052-018-6332-9

Dilepton channel

8 TeV: combination with 7 TeV
measurements IBEEHGHE0I0IEE0)

m Total uncertainty at 8 TeV — 0.84 GeV

m Total unc.: 1.3 GeV (2D/MAOQOS), 1 GeV (1D/hyb.)

Dominant modelling uncertainties:
Matching scale (Igﬁg GeV for 2D, ~45% of total)
m Hard scat. scale (~0.3 GeV, ~20-40% of the total)
m Underlying event tunes (~45% for 2D)

Dominant modelling uncertainties at 8 TeV:
m ISR/FSR (0.23 GeV, 27% of the total)
m Hadronisation (0.22 GeV, 26% of the total)

V5 =7 TeV /5 =8 TeV
mf(,tjets [GeV] | mill [GeV] | m{i [GeV] SMP SJSFP sMID 5M£‘Y" SMMAOS
Results 172.33 173.79 172.99
Statistics 0.75 0.5 041 [GeV] [GeV] [GeV]  [GeV]
Method 0.11 £ 0.10 | 0.09 % 0.07 | 0.05 £ 0.07 f
Signal Monte Carlo generator 0.22 £ 0.21 | 0.26 £ 0.16 | 0.09 £+ 0.15 q ~0.36 +0.007 +0.31 +0.21 +033
Hard scatt 1
Hadronisation 0.18 4 0.12 | 053 £ 0.09 | 0.22 + 0.09 arcscatierilp seate ® o0 o cod o 008
Initial- and final-state QCD radiation 0.32 £ 0.06 | 0.47 £ 0.05 | 0.23 £ 0.07 Matching scale ® B e o 4
Underlying event 0.15 £ 0.07 | 0.05 £ 0.05 | 0.10 £ 0.14 q 4056 40007  +0.08 4011 40.09
Jolour reconnection 0.11 £ 0.07 | 0.14 £ 0.05 | 0.03 % 0.14 Underlyingeventtunes @ To3¢  Towy  oos om0
» istri q i : 0.06 +0.001 +0.15 0.13 +0.16
Parton distribution function 0.25 4+ 0.00 | 0.11 £+ 0.00 | 0.05 + 0.00 Color reconnection l"‘(m 3001 313 ‘U 5 016
H H 0.18 —0.004 —0.19 —0.13 +0.11
: : ME Generator 08 0002 o7 oo Z0.07
| Total systematic uncertainty | 1034031 [ 1.31£023 | 0.74 £ 0.29 PDFs 4014 40001 4017 4017 +0.17
[ Total [ 127£033 | LAl £024 | 084 =029 | 01 000l 016 015 016
Total +1.31 +0.015 +0.91 +0.89 +1.27
1.25 0.014 —0.95 —0.93 1.02
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https://www.sciencedirect.com/science/article/pii/S0370269316304622
http://dx.doi.org/10.1103/PhysRevD.96.032002

Quick summary on the modelling uncertainties in direct methods

m Hadronisation/JEC flavour is most significant in all-hadronic channel, similar or less in
lepton+jets, small in dilepton

m Colour reconnection: large contribution in all-hadronic/lepton+jets, small in dilepton

m The uncertainties related to the scales (ug,1tF,hdamp) become important in
dilepton/lepton—+jets channel
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Top-quark pole mass measurements March 2018
DO o(tt), 1.96 TeV +5.20
PLB 703 (2011) 422 —_— 167.50™>7 4 70 GeV
MSTWO08 approx. NNLO

i i DO oftt), 1.96 TeV '
m Inclusive cross section DO olth, 196 TeV 15 ° 160.50#390 . Gov

Diff al . MSTW08 NNLO

| ITferential cross sections DO oftt), 1.96 TeV .

PRD 5(34,) 092004 (2016) —e—— 17280340 5 5 Gev
MSTW08 NNLO

Alternative (indirect)

m Leptonic observables, J/V, ...

ATLAS oftt), 7+8 TeV +2.50
EPJC 74 (2014) 3109 —@— 172.9077°7 5 59 GeV

. . ATLAS tt+j shape, 7 TeV 173.70%228 _  Gev
ATLAS‘ o mp° JHEP 10 (2015) 121 —— -2.11Ge
=u Stat. Uncertainty =
CMS o(tt), 7+8 TeV +1.70
— Full Uncertainty JHEP 08 (2616) 029 —@— 173.80 :
NNPDF3.0

DO inclusive o) e 172833Gev CMS of(tt) 13 TeV +2.70
éHEP 09 (2017) 051 —— 170.60 2.70 GeV
T14

1.80 GeV

ATLAS inclusive o(tt) ° 172.9 2.6 GeV

CMS tt+j shape, 8 TeV ° 169.90+4-52 GeV
CMS inclusive of(tf) ° 173.8 + 1.8 GeV TOP-13-006 (2016) -3.66

173.7 £ 2.2 GeV World combination N
ATLAS, CDF, CMS, DO
arXiv:1403.4427, standard measurements

ATLAS leptonic (8 dist.) ® 1732+ 1.6 GeV I

‘ ‘ ‘ 150 160 170 180
170 175 180 m, [GeV]
m® [GeV]

I 0.76
ATLAS differential o(tt+1j) N 173.34 %010 76 GeV
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Inclusive cross section

Determine the mqf”e by comparing the oi’%"us""e measurement with the theoretically-predicted cross section vs top mass

7-8 TeV, eu t
eV, ey events % 13 TeV, dilepton
_ @

m Total uncertainty 2.6 GeV m Total uncertainty ~0.7 GeV
Dominant modelling uncertainties:

m Dominant modelling: tt modelling and QCD scale

(0.8-1 GeV, 30-40% of the total) m tt ME scale (0.18 GeV, 26% of total)
Uncertainty breakdown for o,z: m Colour reconnection (0.17 GeV, 24% of total)
Uncertainty Acyi/o (%) m ISR scale, ME/PS matching (0.16 GeV, 23% of tot.)
NG 7TeV  8TeV Source Uncertainty [GeV]
Data statistics 1.69 0.71 tEME scale 0.18
tW ME scale 0.02
tt modelling and QCD scale 1.46 126 g{giﬁﬁm g(ff;
Parton distribution functions ~ 1.04 1.13 PDF 8 0.05
Background modelling 0.83 0.83 I 0.09
Lepton efficiencies 0.87 0.88 ;‘;E/‘i;’;‘::;:ghm g'(l)‘é
Jets and b-tagging 0.58 0.82 UE tune 8 0.03
Misidentified leptons 0.41 0.34 tEISR scale 0.16
tW ISR scale 0.02
Analysis systematics (o47) 2.27 2.26 tt FSR scale 0.07
W FSR scale 0.02
Integrated luminosity 1.98 3.10 Eg“;‘k f'gémcnfﬂ“(‘“ g(l);
S . adron .
LHC beam energy 1.79 1.72 Colour reconnection 017
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https://link.springer.com/article/10.1140/epjc/s10052-014-3109-7
https://cds.cern.ch/record/2639182

, dilepton channe| (ICHISIASITORSISG0E)

m Top mass is extracted from the inverse of the invariant ) . _ .
mass of the tE+jet system m Top mass is extracted from the normalised tt-+jet

invariant mass + normalised differential cross section

m Total uncertainty t22213 GeV

m Total uncertainty fé% GeV

SRLULERBTRE LIS T S m Dominant modelling uncertainty: pg/uF scales (2

m ISR/FSR (0.72 GeV, ~30% of the total) GeV, 80-90% of the total)
m PDF (0.54 GeV, ~25% of the total) Source | Am(Gev]
t
Description Value % _ B 13
(GeV] ]e; Parton Matching ol
mpere 173.71 Q” Scale +2.0
Statistical uncertainty 1.50 0.9 ME/Showering +8§
H Color Reconnection <01
Signal MC generator 0.28 0.2 Underlying Event +0.1
Hadronization 0.33 0.2
ISR/FSR 0.72 0.4 PDF +0.1
Colour reconnection 0.14 i 0.1 :
Underlying event 0.25 0.1 oY)
Proton PDF (experimental) 0.54 0.3 Total syst. 23
Background 0.20 0.1 Stat. 110
Total experimental systematic uncertainty 1.44 0.8
= — — Total unc. +22
[ Total uncertainty [(#2.29, —2.14) [ (+1.3, —1.2) | 25
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https://link.springer.com/article/10.1007/JHEP10(2015)121
https://cds.cern.ch/record/2153653

8 TeV, dilepton channel, lepton differential 13 TeV, dilepton channel, 2D/3D tt

LIS distributions CIERICHAE0INIETD ? differential cross section (CEIXNI00R0525D

m Single lepton and dilepton kinematic differential distributions m Normalised 2D/3D differential cross section
[ ] Combineddc:it o_f;)thfa NLO fixed-order predictions to all the m Simultaneous fit of PDF, as and mfo/e @
measured distributions NLO+PS predictions is performed
m Total uncertainty 2—4 GeV m Total uncertainty 0.8 GeV
Largest modelling contributions: m Dominant modelling uncertainty comes from

les (0.3 GeV, 38% of the total
m Parton distribution functions — dominant for all except p?r“ e/ scales ( 2o Efd @i i el

L !
. for pl, me#, pe + pl: 1-2 GeV, 30-40% of total Parameter Variation as(mz)  mb®° [GeV]
. for E€ + EM: 3.4 GeV, 85% of total Fit uncertainty
.. 2 e 0,
m QCD radiation — dominant for p7** (1.4 GeV, 67% of total) Total A =1 +0.0016 +0.7
m tt generator for p’T, p3" (0.7-0.8 GeV, 30-40% of total) Model uncertainty
Template % pL mer 5+ ok E° + E* T t 1 40.0002 +0.1
X2/ Naot 8.1/8 75)7 13.9/10 8.0/6 12.5/8 ota —0.0004 -01
my [GeV] 1684423 173.0+21 170.6+4.2 1694420 166.9+4.0 PDF parametrisation uncertainty
Data statistics +1.0 +0.9 +2.0 £0.9 +1.3 : 00008 :
Expt. systematic +1.6 +1.0 +3.1 +1.6 +1.5 Total —0.0001 —0.1
PDF uncertainty +1.0 +0.2 +1.6 +0.6 +34 Scale uncertamty
tf generator +0.4 +1.4 +1.4 +0.4 +1.1 : :
QCD radiation +0.7 +0.8 +0.5 +0.2 +£0.2 Total 3001 e
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https://link.springer.com/article/10.1140/epjc/s10052-017-5349-9
https://arxiv.org/abs/1904.05237

Quick summary on the modelling uncertainties in indirect methods

m The uncertainties related to the various scales are large for all the methods in both
ATLAS and CMS

. As in the standard methods in the corresponding channels

PDF uncertainty is relatively large in ATLAS in all the methods

Hadronisation modelling: not significant anymore comparing to the standard methods

m Colour reconnection modelling: not significant except in CMS in the inclusive cross
section method
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How to reduce the modelling?

m Use the recent generator versions

m Compute the modelling systematics within one generator using a well-defined variation
scheme (instead of taking the difference between 2 generators)

m Update and improve the generator tunes

m Do the dedicated measurements to constrain the modelling systematics through tuning

m Go from NLO to NNLO where possible (e.g. in the decays for the leptonic obersvables)

m Try leptonic observables

m Try 2D/3D differential distributions
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