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Introduction - meole from tt+jet A v

First ATLAS measurement (Run1-7TeV):

‘Determination of the top-quark pole mass using tt+i-jet collected L
with the ATLAS experiment in 7 1eV pp collisions”

JHEP 10 (2015) 121 ’”Fgg Y§27

ATLAS measurement (Run 1 - 8 TeV): ;%3;_ 165GV — M 1725GeV =+ 1765 GeV -
‘Measurement of the top-quark mass in tt+1-jet events collected " 5o (JHEP 05 (4032) 148)
with the ATLAS detector in pp collisions at = 8 TeV” c

JHEP 11 (2019) 150 't -
CMS measurement (Run 2 - 13 TeV): ol —
‘Measurement of the top quark pole mass using tt+jet events in the _ 3 1'55_ I ' ' ' ' E
dilepton final state at = 13 TeV” :4% é) 10 *._'-——~—————————-...._._,‘__\s ............................ .
JHEP 07 (2023) 077 >l f N
Recent: ATLAS measurement (Run 2 - 13 TeV): EHO'S-B 02 0.4 06 08 1.0
‘Measurement of the top quark pole mass in dileptonic tt+1-jet | P | % -
even.ts at =13 TeV with the ATLAS experiment” | - 340GeV [ Hci%’; Zetgsg)tr'ggﬁiﬁéz\xﬁgiﬂfi j
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Introduction - mole from tt+jet

o First ATLAS measurement (Run1-7 TeV): N.B. Plot needs an update
“Determination Olc the t0,0—C]UGI’/? pole Mass US/I”IQ tf+1_18t Collected CJ(I:_}O(.)%W(IEVIS Preliminary  my,, from cross-section measurements November 2023
with the ATLAS experiment in 7 TeV pp collisions” ol ST metotEassne eV Lot R
JHEP 10 (2015) 121 o(tt) inclusive, NNLO+NNLL

ATLAS, 7+8 TeV ——e— 1729 %9 201" [1]
CMS, 7+8 TeV —oe—1 173.8 54 <197 [2]
CMS, 13 TeV —— 169.9 57 (01+15 HZ)  s59m' 1
e ATLAS measurement (Runi- 8 TeV): ATLAS, 13 TeV e 173.1 20 B1H7
; , — , ‘I_HC_CE[nb:, 7+87T97Vw e o B 173-4 T.21,A'08 - <200 [5]
Measurement of the top-quark mass in tt+i-jet events collected ott+1]) differential, NLO
: : . " ATLAS, 7 TeV H—e—H 1737 57 (15214 55) 460" (8
with the ATLAS detector in pp collisions at = 8 TeV | ATLAS, 8 Tev — 1711 204409 %) o
| CMS, 13 TeV - —e—| 1721 15 (1.3 _+Qo_f) 3631 [8)
JHEP 11 ( 2 O 1 9 ) 1 5 O o(tt) n-differential, NLO 7
_ . ATLAS, n=1, 8 TeV et 1732+1.6(0.9+08+1.2) 202t [
e CMS measurement (Run 2 - 13 TeV), _ Sy . bl B
‘Measurement of the top quark pole mass using tt+et events in the | m-"on e v LT L
i . CMS' 7+8 Tev Comb' [1 1] [3] EPJC 79 (2019) 368 [7] JHEP 11 (2019) 150 [11] PRD 93 (2016) 072004
dllepton ﬁnal State at _ 13 Te\/ ATLA|S, 7+8 TeV C(lme. [12] | [4] EF|JJC8O(2020>528 | [B]JHEP()TZ()EI%;JTT [12]EP~J079|2()19290
JHE P O 7 ( 2 O 2 3 ) O 7 7 55] | | I160I ] | I165I | | 11 7()I | | I‘I 75I | | I‘I 80I | | I‘I 85I | | I‘I 90I | |
My, [GEV]

e Recent: ATLAS measurement (Run 2 - 13 TeV):

‘Measurement of the top quark pole mass in dileptonic tt+1-jet

events at =13 TeV with the ATLAS experiment”
arxiv:2507.02632



Why should we combine them?

e Three of the most precise measurements of mypole N.B. Plot needs an update
PS La rgely UNCo rre[ated uncel’taiﬂties G—Téﬁ)%\*/\(l:(laws Preliminary = my,, from cross-section measurements November 2023
- 8 VS 1 3 Te\/ total: Si[a"[: : My, * tot (stat + syst + theo) [GeV] JL dt Ref.
o(tt) inclusive, NNLO+NNLL
: : ATLAS, 7+8 TeV — 1729 5% <0f6! (1]
= Dilepton vs. lepton+jets channel A T1n Ty s oo e
o~ " - : : : : : CMS, 13 TeV —— 169.9 57 (0.1+1.5 1 2) 9t
e ‘Simple’ to reinterpret: 1D differential distribution ATLAS. 13 TeV N | 1731 20 B
LHC comb., 7+8 TeV — 173.4 50 <20’ [5]
e | ess affected by tt threshold o(ti+1]) differential, NLO
ATLAS, 7 TeV H—s—+ 1737 57 (1.5£14 55) 46" [g
[ - RN - 7 = | —Fl.2 A1 . N _1
e Profit from the fact that authors are still around! ATLAS, 8 TeV e 715G (0408 55) 20z’ 1
CMS, 13 TeV 7 —c—r 7 1721 43 (1.3 -Qi) 36.3 b7 _[8]
: m " ‘ - , o(tt) n-differential, NLO
® ATLAS 7/8Tev \X/Ith Ol'd theor predlCtIOﬂ ATLAS, n=1,8 TeV ] 173.2+1.6(0.9+£0.8+1.2) 202" [9
. . . . CMS, n=3, 13 TeV | 170.5+0.8 35.9fb"  [10]
= New predictions using dynamical scale JHEP 05 (2022) 146 o from tem meimsts e
cms, 0127 LHG 13 TeV PDF: CT18 S(‘tll(‘:( Hr )20) 658
. . - ‘ R32 m, = 172.5 GeV Jo) 072004
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https://arxiv.org/abs/2202.07975
https://indico.cern.ch/event/1501204/contributions/6561357/attachments/3139567/5572304/Bayu_Top_2025.pdf

36.3fb (13 TeV)
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How can we combine them? WAL _;
B - _c;= 4_ % tt+jet NLO ABMP16NLO m, = 172.93 GeV ~
% 3 N ti+jet NLO CT18NLO m, = 172.13 GeV
blz: _ Stat. ® syst. uncertainty —E
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. A ;
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Combining the differential cross sections

e Same problems here: binning, p definition, CME, ..

CMS results on HEPData

e But, we can correlate the uncertainties and get three ‘combined” = T
L g R 1 (A R R ”ii;*;g j*.. "
distributions e
» Means introducing 4+8+7 POls in the combination = e e w0 e s
=  Needs ideally a full uncertainty breakdown == " . @ s
e CMS cross section based on likelihood unfolding: . o
= Has nuisance parameters with correlations (constraints/pulls)
= Provides the full covariance matrix, pulls, constraints, impacts, ATLAS covariance
correlations, prefit and post fit on HEPData (link) | M50 2 eel ews oey ems v m
e ATLAS result based on classical unfolding: 0TS Lo | 84 s a2 815 w0 s 483 im0

= Auxiliary material only provides total nhormalised cov. matrix

s Recently: ATLAS provided updated breakdown



https://www.hepdata.net/record/ins2106483

Combining the differential cross sections

o ATLAS providec

the 8 and 13 TeV results consistent format:

ATLAS also on HEPData

All uncertainties and their impacts on the absolute cross section

With the full covaria
— We can how com

nce matrix for the stat. uncertainty
oine the CMS +ATLAS absolute cross section directly!

e Consistent 8 + 13 TeV predictions

e We use Convino (Eur. Phys. J. C (2017) 77: 792)
Approximates the full like
Can deal with externalised uncertainties (ATLAS) or

D

D

MH-

=4

 HC, CT18 done

S

\X/, ABMP, NNPDF31 planned PDFs

+ unhcertainties/mass variations

Ihood

nuisance parameters (CMS)

Was also used as a cross-check for the
Run 1 mass combination (wrt. BLUE)

IIIIIIII

A method and tool for combining differential or inclusive measurements
obtained with simultaneously constrained uncertainties

Jan Kieseler CERN, 1211 Geneva 23, jan.kieseler@cern.ch
August 2, 2018


https://github.com/jkiesele/Convino/
https://www.hepdata.net/record/ins2942410?version=1

L ooking at some impacts: no correlation setup

CMS bins ATLAS bins
—p & — S — ~ : — —
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e As expected, no cross-impacts

ATLAS uncertainties, grouped



L ooking at some impacts: JES correlation setup
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X-axls: relative impact in % (max. Is 207%

e JES and tt modeling impact the other measurement, although only
JES correlated by hand




| ooking at some impacts: JES+modeling correlation setup

CMS bins ATLAS bins
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X-axis: relative impact in % (max. is 20%)

e JES and tt modeling impact the other measurement, although only

ATLAS uncertainties, grouped JES correlated by hand

e D jet efficiency and MC stat play a minor role, too
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| ooking at some impacts: JES+modeling+ttojet correlation setup

CMS_pi Ieup?

CMS m et;

CMS_lumi f
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ATLAS uncertainties, grouped

CMS 0p0 to 0p3 CMS 0p3 to 0p45 CMS 0p45 to Op7

CMS 0p7 to 1p0 ATLAS 0p0 to 0p25 ATLAS 0p25 to 0p325 ATLAS 0p325 to 0p425 ATLAS 0p425 to 0p525 ATLAS 0p525 to Op675 ATLAS 0p675 to 0p725 ATLAS 0p725 to Op775 ATLAS 0p775 to 1p0

/

~tt model
b jetleff, —

/

~ JES

- = . . | - .
: - .~ MC stat,

norm ttojet

JES

JES and tt modeling impact the other measurement, although only JES
correlated by hand

b jet efficiency and MC stat play a minor role, too

Explicitly correlated ttojet makes no difference, entered already before (:Z 5



Technical mplementation - fitting setup

e Flexible setup in place: repository here
s Fit "Individual” measurements or combined 8+13 TeV
Cross sections
s Consistent correlation of PDF uncertainties between
centre-of-mass energies
s Correlated/uncorrelated variation of ME scales
= Freezing PDFs, different minimisers, ..

e Using consistent NLO tt+) calculations (Thanks to Andrej!)
= Powheg FO, alphaS = 0.118, scale = ET/2
s Effectively smoothing theory prediction via polynomial
interpolation of x-sec vs mass in each rho bin

e NB: Forall results shown, | use the CT18NLO PDF set
e More to come soon (predictions for 8 TeV are running..)

O
—h
o

O
o
o8

0.06

0.04

Parton-level cross section (normalised)

0.02

ATLAS+CMS Work in Progress 8+13 TeV
L L B L e B B B L B

Thanks mostly to Matteo!

e  Original |
Interpolated

166

172 174 176 178
Top quark mass [GeV]

168 170


https://github.com/TTJMass/MassCombination

Cross-check: CMS 13 TeV

|

36.3fb" (13 TeV
O_ 6 IIIIIIIIIIIIIIIIII'Illl]IllllIIIIIIIIIIII(IIIIIII_)
1\3‘_, - CMS E Data i
2 5 ]
-+ - / .
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S af . .
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=  3F . ]
O i Stat. ® syst. uncertainty
& i
T~ 2—_ ((((((((((((((((( _
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O 01 02 03 04 05 06 0.7 08 09 1
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Published result

E— = S ==

CT18 NLO (scale = HT/R)

mP'® = 172.13 + 1.34 (fit) 1930 (scale) GeV

— = — = = _ ——————

Jsing the

the combi

HEPData public info in the same setup as used for

nation

But, profiling the PDFs as in mt running paper

m¢ = 172.08 * 1.29 (exp) * 0.41 (PDF) GeV

Scale uncertainty = +0.32 -0.43 GeV

Good closure and consistent results (within 50 MeV!

includes PDFs + mpole post-fit uncertainty
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ATLAS+CMS Work in Progress 8+13 TeV
L e B O I

ATLAS+CMS Work in Progress 8+13 TeV
I e B I e

c
- CT18NLO: x2../ndf=2.6/2 (p = 0.27) B GEJ Measurement |
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ATLAS+CMS Work in Progress 8+13 TeV
L e A

ATLAS reinterpretation .

< 13
e — - CT18NLO: x2,/ndf=8.2/6 (p = 0.22) -
, e x2 scan |
e Results not directly comparable: oL Quadratic fit (within + 1 s.d.) -
= Different theory prediction (dyn. scale)
= Different fit setup (PDF and systematics in the chi2 fit) o Jae
= Mi=172.23 * 1.19 (exp) * 0.27 (PDF) GeV ‘ T
= Scale uncertainty = +0.11 -0.02 GeV or .
= Changes reproducible with original analysis setup and new ;
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Combination results vi: CMS - ATLAS 8 TeV

Mt = 172.25 + 0.87 (exp) + 0.28 (PDF) GeV

— 0.91 (exp+PDF) GeV

Correlated scale uncertainty = +0.18 -0.19 GeV

Uncorrelated scale uncertainty = +0.14 -0.18 GeV

— more than 20% improvement wrt. most precise input (ATLAS)
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ATLAS+CMS Work in Progress 8+13 TeV
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- ° CT18NLO: x2../ndf=11.1/9 (p = 0.27)
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Quadratic fit (within + 1 s.d.) o
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171 172 173 174
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Combination results vi1: dependence on tt+0jet corr. assumptions

ATLAS+CMS Work in Progress  8+13 TeV ATLAS+CMS Work in Progress  8+13 TeV
[r— F | | | | | | | | | | | | I | | | | | | | | | I | | | | | | | | | | | | 1 | | B | | | I | | | | I | | | | I | | | | | | | | | I | | | | I | | | | I | | | |
= 1.0001 - = 0.00 -
O, O,
E ED
= £ 0.01} N
5 5 |
S 0.995- - O
> o -0.02 |
= 8 . i
v _
® 0.990- - 003k N
- - i
)
Q_ I
I ! 0.04}- N
0.985|- -
.05} -
0.980r- —— PDF4LHC21 \ 0061 —— PDF4LHC21 ]
=~ CT18NLO - - =~ CT18NLO :
] ] | | | ] ] | | | ] | | I ] | | | | ] | | ] | | | | ] | | | ] ] | | | ] | | | I | | | | I | | | | I | | | | | | | | | | | | | | | | | | | l | | |
0.75 -050 -0.25 0.00 025 050 0.75 075 050 -025 000 025 050 0.75
Correlation coefficient Correlation coefficient

e Negligible effect for 8 TeV combination (focusing on dominant ME uncertainty)
e 060 MeV effect on central value, uncertainty changes less than 2%
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Combination results vi1: post-fit correlations

Mild correlations:

Maximum effect is 8%
— Results should be stable wrt.

changes in the correlation scheme
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ATLAS 8
ATLAS 87
ATLAS 87

ATLAS+CMS Work in Progress
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Consistency check: one parameter per experiment

e TwoO separate mass parameters fit smultaneously to ATLAS and

CMS, taking correlations into account

e Correlation includes experimental (tt+0j, JES, modelling) and PDFs

e Mass values compatible within uncertainties

| Mt AT

MS=172.19 1-1.28 (exp) £ 0.40 (PD

— e _

) GeV

AS =172.47 £ 1.16 (exp) + 0.24 (PDF) GeV
Correlation = 12.1 7%
Difference = -0.3+1.7 GeV
RatIO O 998 t O OlO

p=0.27 (2 POI) VS, 0.60 (1 POI)

14

13

12

11

ATLAS+CMS Work in Progress 8+13 TeV
L B B S L L BB BB R

141

121

11_| I R B

CT18NLO: ¥2, /ndf=11.1/8 (p = 0.20) -

e ¥2scan

Quadratic fit (within + 1 s.d.)

ATLAS

v ooost®
o<

] ] | ] ] ]
174

175

mP°® [GeV]

CT18NLO X2, /ndf 111/8 (p = 020)

e ¥2scan
Quadratic fit (within + 1 s.d.)

CMS

Cea
55555
 o-9Sv

mP°® [GeV]

1 71 1 72 173 1 74 175
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Everything in one plot

Standalone CMS

%

mP'® ATLAS [G

Contour from the 2D fit

ATLAS+CMS Work in Progress 8+13 TeV
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The new player in the game..

Uncertainty source

AmfO e |GeV]

MC stat. unc. [GeV]

R(p ) / bin width

Theory

S

Data

- N L L L L I L L L I L B B
3.5 ;_VAL l;g'?l_ev 140 fb1 —&— Unfolded data _;
33 1‘7 ; e_ u n jetS Total uncertainty _f

= p:X"a’et 50 GeV, [n™"¥ <25 NLO QCD, m?°°=169 GeV —
2'55_ e === NLOQCD, m°=171 GeV =
2 R - —
1.5 R —
1= —
0.5 . T —
Of_:...:....:....:....:....:....:....:....f.'.".'.";".'.-.é
12 =
1-.;T'.l-...-'..T..'_a—..'f-..-..._.l.T'.:.—...?...-.l*..f..ﬁlmlm'. ........ .-._.-'_'"L""-"é"'_ v t e st
o8~ s A .
0.6 =
0 01 02 03 04 05 06 07 08 0.9 ,01

S

New uncertainties bring a challenge
Large impact
No experience Iin previous combinations
Precedent for LHCTopWG?

| PS Rec011 model
| Parton shower

Data statistics 0.33 -
Detector unc.

b-tagging and mistag 0.44 0.06

Jets 0.65 0.06

Leptons 0.25 0.06

Others 0.18 0.06
Modeling unc.

MC statistical uncertainty 0.08 -

Backgrounds normalization 0.02 -

Single top modeling 0.03 0.06

nMC dependence 0.10

0.68

{

Und erlying event 039
Color reconnection 0.13 0.08
ME+PS matching: ph'lrd 0.09 0.06
ME+PS matching: hmmo 0.26 i 0.06
ME+PS matching: line shape 0.38
3D NNLO reweight 0.21 .
PDF 0.26 0.06
Initial-state radiation 0.24 0.06
Final-state radiation 0.04 0.16
Factorization scales 0.09 0.06
Renormalization scales 0.03 0.06
Theory unc.
Scale variations +0.34 -0.28 +0.05 -0.06
PDF & ag 0.24 +0.06 -0.06
Total +1.47 -1.44 - (;0:5




The new player in the game..

Systematic effect Run 1 naming Run 2 naming Correlation (Strong scenario) Correlation (Weak scenario)
b-tagging efficiency ATLAS eff b* ATLAS eff b* 0% 0%
Electron energy scale ATLAS scale_e* ATLAS scale_e* 0% 0%
Electron energy resolution ATLAS res_e* ATLAS res_e* 0% 0%
® N ee d S Electron identif. efficiency ATLAS _eff e* ATLAS eff e* 0% 0%
Muon energy scale ATLAS scale_m* ATLAS scale_m* 0% 0%
: . Muon energy resolution ATLAS res_m* ATLAS res_m* 0% 0%
d ISCUSSION Muon iden;gi}f’. efficiency ATLAS eff m* ATLAS eff m* 0% 0%
Emiss gcale ATLAS scale_met* ATLAS scale_met* 0% 0%
ET"*° resolution ATLAS res_met* ATLAS res_met* 0% 0%

MC normalization ATLAS norm_* ATLAS. norm.* 100% for tW, Z+jets 100% for tW, Z+jets
0% for others 0% for others

® D O wWe nave an y Non-prompt leptons ATLAS fake j* ATLAS fake_jnorm 0% 0%
o Pileup-jet tagger ATLAS eff j jvf ATLAS eff j jvt 100% 0%
a d d Itl oNa l_ ATLAS scale_j_Stat* ATLAS scale_j_NPStatistical* 0% 0%
ATLAS scale_j Model* ATLAS scale_j NPModelling* 100% 0%
g Ul d ance fO r ATLAS scale_j_Det* ATLAS scale_j NPDetector* 100% é‘j/j E;tllj:\zd( t[(?sféﬁzee;cm] 0%
ATLAS scale_j_Mix* ATLAS scale j NPMixed* 100% 0%

AT I_AS / C M S 13 ATLAS scale_j_Det* ATLAS scale_j NPDetector* 100% for [Mix1,NPMixed] 0%

0% otherwise

Jet energy scale 100% for modelling

Tev ATLAS scale_j Etalntercalibration* ATLAS scale_j_Etalntercalibration* 0% otherwise 0%

ATLAS scale_j_ PunchThrough ATLAS scale_j_ PunchThroughMC16 100% 0%

. ATLAS scale_ j_SinglePart ATLAS scale j_SingleParticleHighPt 100% 0%

corre [at I0ONS ? ATLAS scale_j_Pileup* ATLAS scale_j_Pileup* 100% 0%

ATLAS scale b* ATLAS scale_FlavorResponse 0% 0%

—) : . ATLAS scale_j_Flavor* o o,

b eSt eStI m ate ATLAS scale_j_flavor ATLAS scale j PerJet* 0% 0%

: : . 100% for [np0, EffectiveNP1]

* * 0,

a n d S C a n ’P Jet energy resolution ATLAS res j. ATLAS res j- 0% otherwise 0%
Parton shower ATLAS modelling_ttbar_PartonShower ATLAS modelling_ttbar_Herwig 100% 100%

Underlying event ATLAS modelling_ttbar_UnderlyingEvent ATLAS modelling_ttbar_A14Var1Up 100% 0%

Color reconnection ATLAS modelling_ttbar_ColorReconnection ATLAS modelling_ttbar ATLCR2 100% 0%

ATLAS modelling_ttbar_isrmuRfacl.0fsrmuRfac0.5
Initial- and final-state radiation ATLAS modelling_ttbar_Radiation ATLAS modelling_ttbar_hdamp3mt 0% (50% maybe possible, as for CMS) 0%
ATLAS modelling_ttbar_Var3cUp
ATLAS modelling_ttbar_TtbarNNLOReweight
Powheg ME&matching ATLAS modelling_ttbar MatrixElement ) 0% 0%

ATLAS modelling_ttbar muR2.0muF1.0
ATLAS modelling_ttbar_PtHard1

. ATLAS modelling_ttbar_lineshape o o
Top-quark decay modelling - ATLAS mo dellging_ttbar_Trecp 0% 0%

ATLAS modelling_ttbar mTopMC 0 0
Others i ATLAS modelling_singletop.DSvsDR 0% 0%

Proton PDF ATLAS pdf[0-52] ATLAS _pdf_909[01-30] 0% 0%



ATLAS reinterpretation - v2

e Now here the situation is different wrt. 8 TeV:
= Same theory prediction

e Different fit setup (PDF and systematics in the chi2 fit)

o mMt=171.42 + 148 (exp) + 0.64 (PDF) GeV

e Scale uncertainty = +0.31 -0.38 GeV

ATLAS+CMS Work in Progress 8+13 TeV
L L B B L L L BB B

Al

< 6.51 ¢ CT18NLO: x2, /ndf=2.4/5 (p = 0.79) g
. O: X2 scan . -
s Quadratic fit (within + 1 s.d.) o
55F ¢ .. -
50 . ¢
4.5 . . -
4.0t . . -

ATLAS+CMS Work in Progress

8+13 TeV  3f
| I I I | | B y ]
Measurement | 3o J 7

Best-fit NLO

2.9 :_ \%%:;;:;;s""a —:
_l | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | ]

68 169 170 171 172 173 174
mP°® [GeV]

e 1.41
e Total exp. uncertainty 5% larger = |
1.48 Vs. 1.40 N3
e Twice PDF and scale unc.? %1_0
How estimated? o |
The paper is not really clear here S os
Let's discuss! _
0.6
0.4

Published result I

- mP°(CT18 [95]) = 170.94 + 0.33 (stat.) + 1.36 (syst.) *237 (s

L

= e ———— ===

L L | L L L | _
0.8 1.0

Parton-level p
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ATLAS reinterpretation - v2

|

IL

Now here the situation is different wrt. 8 TeV:

= Same theory prediction

Different fit setup (PDF and systematics in the chi2 fit)

Mt = 171.42 + 1.48 (exp) £ 0.64 (PDF) GeV
Scale uncertainty = +0.31 -0.38 GeV

Total exp. uncertainty 5% larger
1.48 VS. 1.40

Twice PDF and scale unc.?

How estimated?

The paper is not really clear here
Let's discuss!

Published result

pOle(CTlS [95]) = 170 94 + 0. 33 (stat.) £ 1. 36 (syst ) +g 32§

—
N

Cross section / measurement
o

o
o

0.6

0.4

—
~
1 1

ATLAS+CMS wor

S

R(p ) / bin width

[ --&— |nfolded data _:
— {s=13 TeV, 140 fb™ =
— ¢ t et ,U+ + ]etS Total uncertainty .
[ traiet —_
= p:x WS 50 GeV, I <25 NLO QCD, m™°=169 GeV —
— TG ., ~ -~ Noaco, m®°=171 GeV =
I p—— -

1 1 1 1

(scale) + O 28 (PDF ® afs) GeV |

Disagreement, worrying?
pp->tt), po=Hr

LHG13-TeV-PDF:-CT18-Seale:—Hr
tt+ > 1 jet my = 172.5 GeV

PRELIMINARY

0 250 1500 750 )(]l()()
m(tt) [GeV]
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Insert: NNLO p from yesterday

Absolute
— ma— | o T
_8_ 1000~ _ :kffo —
‘a‘ i ® CMS data (JHEP 07 (2023) 077) -
Q 800 B B CMS data (138 fb~') L
S I
O

600}
400}

200}

theory / data

N.B. This is read from the digitised .png image, so the real picture is slightly different

1/odo/dp

—h
N
&)

theory / data

—h

—

~
=)

O
»

O
~

0.2

O
o

o
o

Q

Normalised

my=172.5 GeV, p! > 30 GeV

| | I |
= NLO
== NNLO
® CMS data (JHEP 07 (2023) 077) |

B CMS data (138 fb") .




Insert: NNLO p from yesterday

ratio to NLO

LHC 13 TeV PDF4LHC21 40 puo = Hr /2
soft-jet phase space, m; = 172.5 GeV

We can get theory
nuisance parameters..?
See arXiv:2412.14910



https://arxiv.org/abs/2412.14910

ATLAS 8 - ATLAS 13 combination - uncorrelated

e mt=172.06+ 0.91 (exp) £ 0.34 (PDF) GeV

e Scale uncertainty = +0.14 -0.12 GeV

e Seems largely driven by the 8 TeV result

Cross section / measurement

1.2

1.1

0.9

0.8

ATLAS+CMS Work in Progress 8+13 TeV
L A A
I Measurement |
Best-fit NLO
— | J I | | | J | | | | J | | ! | | J J J | —
0.0 0.2 0.4 0.6 0.8 1.0

Parton-level p

—_
N

Cross section / measurement
o

o
o

0.6

0.4

ATLAS+CMS Work in Progress 8+13 TeV
L

—h
N
|

Al
< | CT18NLO: Y2, /ndf=10.2/12 (p = 0.60)
. e ¥?scan .
14__ Quadratic fit (within + 1 s.d.) .
13 . tS
, 121~ ) . _
ATLAS+CMS Work in Progress 8+13 TeV ! .
T T T T T T ] i .
n Measurement _| . o ¢
Best-fit NLO i - / 1
i 11+ . o‘ —
T 10_| | | | | | | | | | T'I‘ | | | | | | | | |_
- —— — — - 170 171 172 173 174
i pole
m; - [GeV]
_l | | | | | | | | | | | | | | | | | | | |_
0.0 0.2 0.4 0.6 0.8 1.0

Parton-level p
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ATLAS 8 - ATLAS 13 combination - with correlations

Correlated tt modeling Correlated JES Correlated tt modeling+JES

mt = 172.05 + 0.86 (exp) + 0.24 (PDF) GeV 0=+0.9 mt = 172.12 + 0.82 (exp) £ 0.22 (PDF) GeV

Scale + 0.08 Mt = 1/2.12 0.88 (exp) fﬁ 0.33 (PDF)GeV Scale + 0.08
0=+0.5 u Scale + 0.12

ATLAS+CMS Work in Progress 8+13 TeV ATLAS+CMS Work in Progress 8+13 TeV ATLAS+CMS Work in Progress 8+13 TeV
(o L L L L L L L L L LB L LB a\ T — T ] (o Y L L L L I I L L L LB

< CT18NLO anm/ndf 10. 2/12(p 060) _ < L CT18NLO szmn/ndf 10.1/12 (p = 060) - < | e CT18NLO xrzn,n/ndf 101/12(p 060)
14 e Y2Zscan - . e 2 scan . b . e 2 scan )
i Quadratic fit (within = 1 s.d.) ¢ 14 Quadratic fit (within £ 1 s.d.) n i Quadratic fit (within £ 1 s.d.) ]
. " 13l © E ’ :
12__ ° ¢ __ 12__ .. : __ 12__ ° ° __
11 — 11__ ] 11+ —
1oﬁ|||.T==|||f 10_—....|....~T-75...|... |—_ 10_—. ..... ||T==s|||—

170.5 171.0 171.5 172.0 1725 173.0 173.5 171 172 173 174 170.5 171.0 1715 172.0 1725 173.0 173.5



ATLAS 8 - ATLAS 13 combination - with correlations

Correlated tt modeling Correlated JES Correlated tt modeling+JES
mt = 172.05 * 0.86 (exp) + 0.24 (PDF) GeV 0=+0.Q mt = 172.12 + 0.82 (exp) + 0.22 (PDF) GeV
Scale + 0.08 Mt = 1/2.12 0.88 (exp) + 0.33 (PDF) GeV Scale + 0.08
P=+0.5 Scale + 0.12
ATLAS+CMS Work in Progress _8+13 TeV ATLAS+CMS Work in Progress 8413 TeV ATLAS+CMS Workin Progress _ 8+13 TeV
< | e CT18NLO: 2, /ndf=10.2/12 (p = 0.60) 1 < ¥ . CT18NLO: ¥2, /ndf=10.1/12 (p = 0.60) 1 < t . CT18NLO: 2, /ndf=10.1/12 (p = 0.60) 1
141 e ¥
. X
: Correlation assumptions affect the uncertainties more than the central value.
=T Needs dedicated scans per nuisance?
12:— . . ) 1ol ) : | 121 . . ]
1oﬁ|||~.T==5|||f 10_—....|....GT-75...|... |—_ 10—|||‘T==c|||—

170.5 171.0 1715 1720 1725 173.0 173.5 171 172 173 174 170.5 171.0 1715 1720 1725 173.0 173.5
mP°€ [GeV] mP°® [GeV] mP°® [GeV] (;: i



ATLAS 8 - ATLAS 13 combination - with correlations

13 TeV JES and tt large effect on 8 TeV results - ~107%

— R ko TrseTo e sac_oiac T e T e E— . T ATLAS13TeV p €[0.0, 0.25] ATLAS13TeV p €[0.25, 0.4] ATLAS13TeV p €[04, 0.5] ATLAS13TeV p€[0.5, 0.6] ATLAS13TeV p€[0.6, 0.7] ATLAS13TeV p €[0.7, 0.8] ATLAS13TeV p [0.8, 1.0]

| ATLAS 13TeV_pdf
"“_AS_1 3TeV_modelling_singletop
| ATLAS_13TeV_modelling_ttbar
| ATLAS 13TeV_norm

ATLAS_13TeV_eff_jb
ATLAS_13TeV_res_jt
ATLAS_13TeV_scale_j}

ATLAS_13TeV_scale_mf
ATLAS_13TeV_eff_ef
ATLAS_13TeV_scale_ef
ATLAS_13TeV_eff bl
ATLAS_8TeV_fake jI
ATLAS_8TeV_norm_bkg
ATLAS 8TeV scale e
ATLAS 8TeV_scale met
ATLAS_8TeV_eff m
ATLAS 8TeV _scale m
ATLAS_8TeV_fake
ATLAS 8TeV scale b
ATLAS 8TeV eff b
ATLAS_8TeV_modeling_tt
ATLAS_8TeV_pdf
ATLAS 8TeV_res_j
ATLAS 8TeV eff j
ATLAS 8TeV scale j

ATLAS 8 TeV uncertainties, grouped 8 TeV JES and tt each 7% effect on 13 TeV,

last bins
ATLAS 13 TeV uncertainties, grouped 2



ATLAS 8 - ATLAS 13 combination - with correlations

e Explainable by post-fit correlation
matrix
= Upto-23/ + 206 percent correlations
=  Mostly between first bins:

— Driving normalization?

— Same crossing structure as in 8

TeV data alone

If we fit 2 POls:

Correlation = -16.8 %
Difference =04 + 2.1 GeV
Ratlo 1 003 + 0.012

> > > > > > >

> > > > > > > >

“my 8 TeV- 172,29 * 1.15 (exp) + 0.22 (PDF) GeV
Mt 13 TeV = 171.84 * 1.46 (exp) £ 0.62 (PDF) GeV
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eVMnZ
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1-0.52 (2 POI) vs. 0.60 (1 POI)

Due to norm. crossing?
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Combining CMS + ATLAS 13

Mt = 171.86 + 0.97 (exp) + 0.44 (PDF) GeV

Uncorrelated

Scale + ~0.30

5_|

min

X2 scan

Quadratic fit (within £ 1 s.d.)

) ~

/ndf =5.2/8 (p = 0.74)

ATLAS+CMS Work in Progress 8+13 TeV
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174

mP°€ [GeV]

5.0k

Correlated JES*modeling

pP=*0.5

Mt = 171.87 £ 0.91 (exp) = 0.42 (PDF) GeV

Scale + ~0.30

ATLAS+CMS Work in Progress 8+13 TeV
L D e e

CT18NLO: x2, /ndf=5.2/8 (p = 0.74)
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- ~
:--:‘

| L]

| | | | | | | | | | |
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Correlated JES*modeling+ttojet
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Scale + ~0.30

Mt = 171.87 £ 0.91 (exp) + 0.42 (PDF) GeV
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Combining CMS + ATLAS 13

100
ATLAS+CMS Work in Progress 30
— . ||||||| 11 11 11T 11 1T 1T |i
CMS 13TeV bin 1 B0 2 81 1 2 2 0 1 2 6—:
CMS 13TeV bin 2 EELRRLLIL: 1 3 2 0 1 1 0=
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Combining CMS + ATLAS 13

CMS13TeV p €[0.0, 0.3] CMS13TeV p €[0.3, 0.45] CMS13TeV p €[0.45, 0.7] CMS13TeV p[0.7, 1.0]
T T T T T T T T T T T T T T T T T T T T T T T T T T T T

ATLAS13TeV p €[0.0, 0.25]
ApolleVpellT, Uaol

CMS uncertainties affect flat 275 on last ATLAS bins

ATLAS13TeV p €[0.25, 0.4] ATLAS13TeV p[0.4, 0.5]
; . . T ; - T T . : T ; r T

CMS_pileup}

CMS_met}

CMS_lumif

CMS_eff trig
CMS_modelling_ttbarf
CMS_eff_jf
CMS_modelling_bkg}
CMS_eff_b}

CMS_eff_ef
CMS_scale_ef
CMS_res_jf

CMS_scale_j}
CMS_eff_mf
CMS_scale_m}
CMS_modelling_ttbar_pdff
CMS_norm_bkg}
CMS_norm_ttOjetf
CMS_MC_stat}
ATLAS_13TeV_pdft
'LAS_13TeV_modeIIing_singIeﬁop
ATLAS 1 3TeV_modeIIing_ttt%ar
ATLAS 13TeV_norm
ATLAS 1 3TeV_piIeJLp
ATLAS_13TeV_fakg_]
ATLAS 13TeV_scale
ATLAS_13TeV_ly

ATLAS 13TeV_scalg
ATLAS 13TeV_eff
ATLAS 13TeV_scale h
ATLAS 13TeV_efj
ATLAS 13TeV_scal : |
ATLAS 13TeV ef

ATLAS13TeV p €[0.5, 0.6] ATLAS13TeV p 0.6, 0.7] ATLAS13TeV p 0.7, 0.8] ATLAS13TeV p €[0.8, 1.0]
L Aslsevpello, DAl L Aslsevpello, DAl _ S5 T

Mild impact from tt modelling - 2 % in the last bin
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ATLAS 13 TeV uncertainties, grouped .



ATLAS+CMS Work in Progress 8+13 TeV
5L L B L B

CT18NLO: x2. /ndf=15.4/15 (p = 0.42)

min

Grand combination - no correlations (yet) %

Cross section / measurement

ol ° éizcc;?gtic fit (within + 1 s.d.) .
e (Good overall agreement - "
e mt=17212* 0.75 (exp) £ 0.31 (PDF) GeV I T
e Scale uncertainty = +0.16 -0.17 GeV _ o
171 . ’ -

e \ersion with correlations unstable, coming from TBD :
= [rials with Convino take 1-2 days per setup..
=  Need separate configs..

i ¢ i
[\)
16} : -
\]
i ¢ o i

III|IIII|IIII|IIII|IIII|IIII|IIII
i7nk 1710 1715 172.0 1725 173.0

mP°® [GeV]

ATLAS+CMS Work in Progress 8+13 TeV ATLAS+CMS Work in Progress 8+13 TeV ATLAS+CMS Work in Progress 8+13 TeV
T T T T T T T ] T T T T T T T T 5 s B B LS B

Melasurement ] é 1.4 Measurement _ E 1.100f~ Measurement _
1 2; Best-fit NLO i % Best-fit NLO - % - Best-fit NLO i p=o48 (3 PO') VS, 042 (1 PO')
: 7 §1'2_ N §1050_ — ’—,m |
I | .050} 1 .
| E s | | Correlations
11k - I 2 1.025[ = . o
: = g 101 — 1 8 | | A8/A13: 3.2 7%
: — 1.000}- e
N — _ O | | O | z A8/C13: 1.8%
0r — 0.8 - 0.975|- 1 | , o
» j j : : A13/C13: 8.7 7%
i ] ! 0.950} -
0.9} - 0.6 = i 1 |
: : - 0.925| 1 L
08; | = 0.4 T T R K T S N N S SR R N T S S R S T ; 0.9001 T R N KN N S SR K S SN S NN SR S S R S T T E
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et's put It In comparison ATLAS+CMS S

Y

[JHEP 07 (2023) 213]

WO[" k in P[‘Ogre ss CMS 7+8 TeV comb. m{"® = 172.52 = 0.42 GeV

B CMS 7+8 TeV comb. stat. uncertainty

i 7P u | I i h r I - [PRL 132 (2024) 261902]
| | CMS 13 TeV, NLO ® ABMP16

e Input measurements as published —__ CMIS 13 TeV, NLO @ CT+8

ATLAS 8 TeV, NLO ® CT10

H ATLA 13 [O\X/er \X/rt. mean \D' ATLAS 13 TeV, NLO ® CT18

ATLAS 13 TeV, NLO ® ABMP16

mi™®=172.93+1.26 (fit) """ (scale) GeV WHEP 07 (2023) 077]
mi™*=172.13 = 1.34 (fit) "> (scale) GeV [JHEP 07 (2023) 077]

mf®® = 171.10 = 0.40 (stat) = 0.90 (sys) izzz (theo) GeV  [JHEP 11 (2019) 150]

mP* =170.94 = 0.33 (stat) = 1.36 (sys) = 0.28 (PDF) "> (soale)@s\Viz6a2)

m{*® = 172.76 = 0.33 (stat) = 1.36 (sys) = 0.24 (PDF) "% (scalep@ieV2632)

: : New results
e Reinterpretations standalone T Reinterpretations

s  CMS results closes within 50 MeV | GhtS - ot oot 5 Tew NLO & GT18

! | CMS - extr. corr 0.5 13 TeV, NLO ® CT18

e ATLAS 8 TeV result moves by 1.1 GeV towards\ CMS - ext.cor 0.9 13 TeV, NLO © T8

ATLAS 8 TeV, NLO ® CT18

CMS reSUl_t ATLAS 13 TeV, NLO ® CT18

m  ~107% more precise | combinatians

. | A8 A13-no corr. 8+13 TeV, NLO ® CT18
d : ﬂ-‘ b ' | A8 A13 - model 8+13 TeV, NLO ® CT18

¢ ATI—AS 13 | erent' See above A8 A13 - JES 8+13 TeV, NLO ® CT18

| | A8 A13-corr. 8+13 TeV, NLO ® CT18

A8 C13 - no corr. 8+13 TeV, NLO ® CT18

A8 C13 - JES 8+13 TeV, NLO ® CT18

o COmbiﬂatiOﬂS: _ A8 C13 - JES+model 8+13 TeV, NLO ® CT18
. . . A8 C13 - JES+model+ti+0jet 8+13 TeV, NLO ® CT18
_ Very compatlble although different IﬂpUtS / A13013-nocorr.8+13T:ev, NLO ® CT18 )
A13 C13 - corr. 8413 TeV, NLO ® CT18

u Driveﬂ by CMS / ATLAS 8 Tev? A13 C13 - corr.+tt+0jet 8+13 TeV, NLO ® CT18
. A8+13913: no corr. 78+13 TeV, NLO ® CT18
s  Converging on ~172.1w/ 0.7 GeV unc?

m"© = 172.08 = 1.29 (exp) + 0.41 (PDF) 2‘3‘2 (scale) GeV  [This note]

0.43

m\° =172.09 = 1.29 (exp) = 0.41 (PDF) io'sz (scale) GeV [This note]

0.44

m\'® =172.16 + 1.30 (exp) = 0.40 (PDF) to'm (scale) GeV [This note]

+ 0.39 (PDF) 2;‘; (scale) GeV  [This note]

mM° = 172.24 + 1.30 (exp

m}'® =172.23 + 1.19 (exp) = 0.27 (PDF) "™ (scale) GeV [This note]

0.38

)
)
)
)
)
)+ 0.64 (PDF) "

m\'° =171.42 + 1.48 (exp (scale) GeV [This note]

m"® = 172.06 = 0.91 (exp) + 0.34 (PDF) ‘;1‘2‘ (scale) GeV  [This note]

m}' = 172.05 = 0.86 (exp) = 0.23 (PDF) = 0.08 (scale) GeV [This note]

3

m}'® =172.12 + 0.88 (exp) = 0.32 (PDF) "> (scale) GeV [This note]

my'® =172.12 = 0.82 (exp) = 0.22 (PDF) = 0.08 (scale) GeV [This note]

0.19

mM° = 172.25 + 0.88 (exp) = 0.28 (PDF) im (scale) GeV [This note]

0.19

m\'® = 172.25 + 0.87 (exp) = 0.28 (PDF) to'm (scale) GeV [This note]

0.18

)=
)=
)=
)=
)=
)=
my'® = 172.33 = 0.89 (exp) = 0.27 (PDF) '~ (scale) GeV [This note]
)=
)=
)=
)=
)=

mM° = 172.25 + 0.89 (exp) + 0.26 (PDF) = 0.17 (scale) GeV [This note]

thC =172.25 + 0.89 (exp) = 0.26 (PDF) + 0.17 (scale) GeV [This note]
m\'°® = 171.87 + 0.91 (exp) + 0.42 (PDF) = 0.30 (scale) GeV [This note]

mM° = 171.87 = 0.91 (exp) = 0.42 (PDF) igzz (scale) GeV [This note]

m}'® =172.12 + 0.75 (exp) = 0.31 (PDF) """ (scale) GeV [This note]

——




Conclusions and outlook

o \X/e have a gOOd base“ne Setup ready Available on the CMS information server CMS AN-25-003
= Any CMS + single ATLAS combination is solid
s Well documented in AN

CMS Draft Analysis Note

The content of this note is intended for CMS internal use and distribution only

2025/01/29
. . . . Archive Hash: untracked
e Correlations to be studied In detall. Archive Date: 2025,/01/29
m ATLAS — ATLAS
s CMS — ATLAS 13 TeV LHC combination of the ATLAS and CMS top quark pole

mass measurements using tt+jet events

— Especially "new"” uncertainties

Matteo Defranchis!, Davide Melini?, Andrej Saibel?, Marcel Vos?, Juan Fuster?, Sebastian
Wuchterl!, and Katerina Lipka®

e We need a solution for Convino/flexibility? 2 IFIC (0V/CH0) Yalencinr Soutt

3 DESY

o |etsfollow-up and get NNLO quickly :)
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Revisiting the ATLAS 8 TeV result

e Revisited the 8 TeV published result implementing systematic uncs in a global

covariance matrix
e Results:

- Stat-only fit: 171.1 +- 0.45 (stat) GeV

- Stat+syst fit: 172.1 +- 1.16 (stat+exp syst) GeV

e Published result used a stat-only covariance matrix (l.e. expected same central
evaluated systematic uncertainties with a different

value as stat-only fit) anc

approach (fitted mass va

ues), o

otaining:

m  Published value; 171.1 +- 1.0 (s

at+exp syst) GeV -

Change in central value is

~? possible as the bins

weighting in the chiz
minimization changes when
systematics are included

‘o Total exp unc re-
- produced with a

"~ N.B.In addition a smoothing procedure was implemented to redljce stat.
| Fluctuations in the systematic shapes

> | same fit type

150/200MeV precision.
‘o Same central value for




ATLAS tt+et. re-visiting the 8TeV result

e Comparison of breakdown of uncertainties:
= Breakdowns obtained with different methods:;
— Original 8TeV analysis: unfold and fit alternative distribution, compare
mTsyst with ref,
— Updated approach: do not add syst effect in the covariance matrix and get
difference in uncertainty on mlop
s Systematic uncs from alternative MC samples had associated statistical uncs
up to 200MeV (per mlop extracted).

Description Re-obtained value |GeV] | Ret. | 7] value |GeV]

m™e 172.11 ( 171.09 stat-only fit) 171.1

Total experimental uncertainty 1.20 0.9
Statistical uncertainty 0.45 0.4

Shower and hadronization uncertainty 0.32 0.4
Color reconnection uncertainty 0.2 0.4
Underlying event uncertainty 0.2 0.3

Signal Monte Carlo generator uncertainty 0.32 0.2
Proton PDF uncertainty 0.25 0.2

Initial- and final-state radiation uncertainty 0.47 0.2
Background uncertainty 0.07 <(.1

Jet energy and efficiency uncertainty 0.6 0.4
b-tagging efficiency and mistag uncertainty 0.13 0.1
Leptons and ET™ uncertainty 0.04 0.1




' 0 ' g B < 09—
ATLAS tt+et: re-visiting the 8TeV result L I
- - - 0.4 -
< E p<:xtrajet>50 GeV, mextrajet|<2.5 Reco-level | E
0.3 :_ Unfolded-level ::: :: _:
e New smoothing procedure: 0.2 -
»  Smoothing (dashed lines) applied to the shifts on the unfolded observable £ E
due to systematic effects 0_+—+— ........ . E
»  Mitigates the effect of statistical fluctuations SN A 1
y 2 3 4 5 6 7
R O ATAS Srmutaton mamd T . Smoothing does nothing .
» - Vs=8 TeV, 20.1fb" PowhegPythia_Tune2012/0CR ] . . | 'o\—o' Tl ',J\' ™ 'élmu | ln'r; 'rhl LI T l T
o 04 s - for some systematic Shifts [\ % [ Servzmin oo
E P 700 Gev. n e [#iter 15] : T —— —~ - ~ — < 0.4 exrset £ oV o 2 5 Reco-level e
0.3 Unfolded-level ] 1‘ . - Pl ev, e o o
E evres Unfoldedlevel fer 'S L f |1' SmOOth I ng Cl_e an S | 0.3 E— ldod:level[ i .
v 1 |statistical fluctuations | ot -
- { |In other cases 01
- ;/ ‘ x \ S
-0t = Simuetionloternal 1 1 R L T A L B e T T T TS
V. 20.1 10" rovneaTya TunesaEme ] :"’ E Vs=8 TeV, 20.1 fb” PowhegHerwig_r4540 E 1 2 3 4 S 6 7 )
exuael extrajet Reco-level B < 0.4 . ] # bin
E P, >50 GeV, n |<2.5 I E - p:xtrajet>50 GeV. mextrajet|<2' 5 Reco-level | i
o o s 2Dy 031 R
0.2 - 0of -
0.1 - o E
O g = - * -
F 4= : °F :
R T - ; .
o R N R R N A )
# bin 4r%[id



Correlation assumptions: JES

e How do we decide on the correlations?
= Work was ~already done: Run 1 direct top quark mass combination
= — Fully applicable for JES and modeling
e Looking at TOPLHC NOTE: link Implement it one to one:

Description Components, CMS Components, ATLAS Corr. range # Obvious ones fzom “)‘e JES Rapping
: ATLAS scale_ b = (0.75 CMS_scale_j_flavorBottom
. . [11] Z-:]et balance stat./meth. terms (pr), ATLAS_scale_j_flavorresponse = (0.9) CMS_scale_j_flavorGluon
1a. Statistical in situ terms AbSOIHteStat’ SlngleplonHCAL’ [13] y-jet balance stat. /meth. terms (PT), 0% ATLAS_scale_j_EtalIntercalibrationModel = (0.75) C(MS_scale_j_relativeFSR
RelativeStat[FSR][EC2][HF] [10] multi-jet balance stat./meth. terms (pr), CMS_scale_j_absoluteMPFBias = (@0.25) ATLAS_scale_j_Mix1
n-intercalibration statistical term (PTJ]) CMS_scale_j_absoluteMPFBias = (0.25) ATLAS_scale_j_Mix2
5 5 . CMS_scale_j_absoluteMPFBias = (0.25) ATLAS_scale_j_Mix3
o Abso%uteScale, SlngleplonECAL’ Z-_]et balance det. term, CMS_scale_j_absoluteMPFBias = (0.25) ATLAS_scale_j_Mix4
1b. Detector in situ terms RelativeJER[ECI1][EC2][HF], v-jet balance det. term, 0% CMS_scale_j_absoluteMPFBias = (0.25) ATLAS_scale j Modell
RelativePt[BB][EC1][EC2][HF] [2] correlated Z/y-jet balance det. terms (pr) CMS_scale_j_absoluteMPFBias = (0.25) ATLAS_scale_j_Model2
[7] Z-jet balance model + mixed terms (pr), CMS_scale_j_absoluteMPFBias = (0.25) ATLAS_scale_j_Model3

CMS_scale_j_absoluteMPFBias

(0.25) ATLAS_scale_j_Modeld

[4] y-jet balance model + mixed terms (pt),

2. Absolute balance modeling | AbsoluteMPFBias [2] correlated Z/y-jet balance terms (py), 0-50%
[5] multi-jet balance model + mixed terms (prt)

3. Relative balance modeling | RelativeFSR n-intercalibration modeling (pt,n) 50-100%

4. g-jet fragmentation FlavorPureGluon Flavor response (pt,n) 100%

S. b-jet fragmentation FlavorPureBottom b-jet response (pr) 50-100%

6. Other fragmentation types | FlavorPureQuark, FlavorPureCharm Flavor composition (pT,n) 0%

7. Pileup PileupDataMC, Npy offset (pr,n,Npv), (i) offset (pr,n,{u)), 0%
PileupPt[Ref][BB][EC1][EC2][HF] prt term (pt,n,Npv,{(1t)), p topology (pt,n)

8. High-pr Fragmentation High-pr (p1) 0%

9. Single-experiment terms TimeEta, TimePt Fast simulation closure (pr.), 0%

punch-thr ou gh (PT 17, N, segments )

Table 4: The range of correlation coefficients to be used for each individual ATLAS and CMS JES uncertainty source and component grouping when combining
measurements between the experiments. The variables used to parametrize each ATLAS uncertainty component are listed in parentheses. If more than one
ATLAS uncertainty component matches a given classification, the corresponding number is listed at the start in square brackets. The variable named Nsegments
is the number of segments in the muon system behind the jet, as described in Ref. [10]. 41
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Correlation assumptions: tt modeling

e Checking the analysis note of the Run 1 combination: link

e | HC Had: CMS b fragmentation and ATLAS Herwig vs Pythia

LHC HAD This term includes uncertainties associated with hadronisation. As discussed
in Section 3, there are significant differences between ATLAS and CMS in the way
the uncertainty is evaluated. The category is therefore treated as partially correlated
(0.5).

e | HC Rad: ATLAS envelope of scales, hdamp, ISR/FSR
CMS split of the same uncertainties

LHC RAD This term includes uncertainties in the amount of extra QCD radiation in tt

events. As the nominal MC setups are different between ATLAS and CMS, the cate-
gory is treated as partially correlated (0.5).

e Colorreconnection and UE: ATLAS sum, CMS breakdown

Color reconnection and underlying event For both these categories, ATLAS and CMS rely
on simulated event samples. The nominal tunes differ between the experiments and
the variations, while similar as discussed in Section 3 are not identical, and hence

these categories are assumed to be partially correlated between ATLAS and CMS.

Implement it similarly:

# Other ones taken from the Run 1 mass combination

CMS_modelling_ttbar_bfrag = (0.50) ATLAS_modelling_ttbar_ShowerHadronization
CMS_modelling_ttbar_bfragPythiaDefault = (0.50) ATLAS_modelling_ttbar_ShowerHadronization
CMS_modelling_ttbar_bfragPeterson = (0.50) ATLAS_modelling_ttbar_ShowerHadronization
CMS_modelling_ttbar_erdOn = (0.50) ATLAS_modelling_ttbar_ColorReconnection
CMS_modelling_ttbar_tuneQCD = (0.50) ATLAS_modelling_ttbar_ColorReconnection

CMS_modelling_ttbar_tuneGluon = (0.50) ATLAS_modelling_ttbar_ColorReconnection
CMS

modelling_ttbar_hdamp = (0.50) ATLAS_modelling_ttbar_Radiation
CMS_modelling_ttbar_isr = (0.50) ATLAS_modelling_ttbar_Radiation
CMS_modelling_ttbar_fsr = (0.50) ATLAS_modelling_ttbar_Radiation
CMS_modelling_ttbar_tune = (0.50) ATLAS_modelling_ttbar_UnderlyingEvent
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Correlation assumptions

e Numbers taken from final table Uncertainty category | p | Scanrange /% S0m/
[MeV] [MeV]
- LHCJES 1 0 — — —
»  Correlation scans need to be done LHCJES 2 B 0025 8 :
LHC JES 3 05 [+025,+0.75] 1 <1
LHC b-JES 0.85  [+0.5,+1] 26 5
LHC g-JES 085 [+0.5,+1] 2 <1
LHC 1-JES 0 [-025+025 1 <1
CMS JES 1 — — _ _
JER 0 [-025+025] 5 1
Leptons 0 [-0.25,+40.25] 2 2
b tagging 0.5 [+0.25,40.75] 1 1
piiss 0 [-0.25,+0.25] <1 <1
Pileup 085  [+0.5,+1] 2 <1
Trigger 0 [-025,4+0.25] <1 <1
ME generator 05 [+0.25,4+0.75] <1 4
LHC radiation 0.5 [+0.25,+0.75] 7 1
LHC hadronization | 0.5 [+0.25,+0.75] 1 <1
CMS B hadron BR — — — —
Color reconnection 0.5 [+0.25,+0.75] 3 1
Underlying event 0.5 [+0.25,40.75 1 <1
PDF 0.85  [+0.5,+1] 1 <1
Top quark py — — — —
Background (data) 0 [-0.25,+0.25] 8 2
Background (MC) 085 [+0.5,+1] 2 <1
Method 0 — —_ —_
Other 0 — — —_
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Correlation assumptions What matters?

B _ Uncertainty Source CM S Aatlfﬂ.et [%] Aatzfﬂ'et [%] Aa?fﬂ.et [%] Aafhjet [%]
| le Experimental
Mass scheme , mP° [GeV] my(m;) [GeV P
AT I_AS ¢ [ ] t( t) [ ] Muon identification 1.8 1.5 1.5 14
Value — , . 171.1 162.9 Ig‘{uon eng;gy tc,fciale'and resolution gg (l)g (1)2; g&l')
o 4o . ectron 1dentification . . . .
Statistical uncertainty 0.4 0.5 Electron energy scale and resolution 0.9 1.0 0.9 1.5
Simulation uncertainties Jetenergy scale 2L 2L — —
— Jet energy resolution 0.6 0.5 0.5 0.4
Shower and hadronisation 0.4 0.3 Jet identification 1.1 0.8 0.8 13
Colour reconnection 0.4 0.4 piiss 0.2 0.3 0.4 0.8
Underlying event 0.3 0.2 glet lde“ftfllf‘Fatlon }'g (1); (1)';’ }g
. rigger emcienc . . . .
Signal Monte Carlo generator 0.2 0.2 Total &8 Y 40 31 31 47
Proton PDF 0.2 0.2 .
. o Background normalization
Initial- and final-state radiation 0.2 0.2 tE+0 jet 79 20 17 0.7
Monte Carlo statistics 0.2 0.2 Z+ets 2.4 1.9 1.7 2.6
Background <0.1 <0.1 Totsallngle top quark g'? g'g g'z g;
Detector response uncertainties ' ' ' '
Jet energy scale (including b-jets) 0.4 0.4 Modeling
. ' ' Z+jets ME scale 0.7 0.4 0.2 0.3
Jet energy resolution 0.2 0.2 Single top quark ME/FSR/ISR scales 1.2 0.6 0.4 0.1
Missing transverse momentum 0.1 0.1 tt PDF 0.1 0.1 0.1 0.6
b-tagging efficiency and mistag 0.1 0.1 :; i\glg Z“C::i: }g g'g g'g (1)'2
Jet reconstruction efficiency <0.1 <0.1 tt FSR scale 13 0.8 0.6 1.7
Lepton <0.1 <0.1 tt top quark p 2.0 1.3 0.1 1.2
Method uncertainties b fragmentahon. 0.9 0.7 0.8 0.8
- - Color reconnection 0.5 0.6 0.2 0.7
Unfolding modelling 0.2 0.2 tt matching scale 0.6 0.5 0.6 <0.1
Fit parameterisation 0.2 0.2 Underlying-event tune 0.2 0.5 0.2 0.5
Total experimental systematic 0.9 1.0 Total 3.2 1.9 1.8 3.1
.. Integrated luminosity 1.2 1.4 1.3 1.2
Theory PDF®a; 0.2 0.4 Finite size of simulated samples 2.0 1.4 1.3 2.2
Total uncertainty (+1.2, -1.1)  (+2.3, —1.6) I . 10 v 24
Total 5.2 3.6 3.3 6.1
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Correlation assumptions What matters?

Uncertainty Source Aatlfﬂ.et [%] AUtzf+jet [%] Aa?fﬂ.et [%] Aa&ﬂ.et [%]
Experimental
e Numbers taken from final table Muon identification | 1.8 1.5 1.5 1.4
Muon energy scale and resolution 0.7 0.2 0.3 0.5
- Electron identification 2.0 1.7 1.7 2.1
u CO rre l.at| OoNn SCans neecC tO be d one Electron energy scale and resolution 0.9 1.0 0.9 1.5
Jet energy scale 2.6 2.0 22 3.6
Jet energy resolution 0.6 0.5 0.5 0.4
Jet identification 1.1 0.8 0.8 1.3
: , ppiss 0.2 0.3 0.4 0.8
e Our expectations are: b jet identification 10 07 06 12
_ ’ . Trigger efficiency 1.8 1.2 1.1 1.8
= [hey shouldnt really matter, besides maybe Total 40 3.1 3.1 47
. . Background normalization
— b-JES (also Run 1 combination) tE+0 et 22 20 17 0.7
Z+jets 24 1.9 1.7 2.6
— ttoJet normalization as it has a Lo e foP quark o g iy g
large impact for the CMS absolute s 07 v 02 0
Single top quark ME/FSR/ISR scales 1.2 0.6 0.4 0.1
measurement tt PDF 0.1 0.1 0.1 0.6
tt ME scale 1.0 0.5 0.6 0.4
tt ISR scale 1.2 0.8 0.6 1.6
tt FSR scale 1.3 0.8 0.6 1.7
tt top quark py 2.0 13 0.1 1.2
b fragmentation 0.9 0.7 0.8 0.8
Color reconnection 0.5 0.6 0.2 0.7
tt matching scale 0.6 0.5 0.6 <0.1
Underlying-event tune 0.2 0.5 0.2 0.5
Total 3.2 1.9 1.8 3.1
Integrated luminosity 1.2 1.4 1.3 1.2
mMC 1.7 1.0 0.4 2.3
Finite size of simulated samples 2.0 1.4 1.3 2.2
Total systematic 5.0 3.4 3.2 5.6
Statistical 1.6 1.0 0.8 24
Total 5.2 3.6 3.3 6.1
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