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Usual motivation to measure mTpole, or other
theoretically “well” defined masses:

Meta-stability

- direct measurements may be affected by
additional uncertainty due to theoretical
interpretation of the mass parameter, difficult to
evaluate (sometimes 500MeV added to measured unc).
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Introduction

The top-quark pole mass (mT) can be inferred from cross section
measurements:

- possible to define theoretical uncertainties in a defined scheme
- requires fixed-order (FO) >LO QCD prediction of observable Maco
- observables choice limited to the calculations available
- no linear power corrections if observable is inclusive
- non-perturbative corrections of order O(AQCD/Q) that arise
from the long-distance, low-momentum behavior of QCD
- renormalon unc (~100MeV on mT) if pole mass scheme
- fully leptonic observables not affected
- need unfolding/correction for detector effects

- comparison to theory has to happen in same phase space definition 4§ _ﬁ
- unfolding/correction often based on MC 2 e -
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Introduction - mtop from xsec
Possible analyses depend on the theory calculations available at (=)NLO QCD

Inclusive ttbar xsection measurement  Differential-1D ttbar xsec measurement

- cleanest to compute theoretically: - 1/m(ttj) invariant mass showed
- NNLO+NNLL FO QCD, no enhanced sensitivity to Mtop
renormalons, no power - presence of extrajet gets some
corrections sensitivity gain
- not-so-great dependence on mT - available at NLO QCD

- large theo PDF uncs - other observables maybe possible

Multi-differential ttbar xsec meas
- scan phase space in more detail
looking for enhanced sensitivity
- xsec vs m(tt), pT(top), ..
- available NNLO QCD in MATRIX

Combinations of different observables
- power to correlate and reduce uncs
- take advantage of concept: “Using
maximal information should take to
maximal precision”

Today: two new mTpole determinations by ATLAS (arXiv:2509.15066 ; arXiv:2507.02632)
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Inclusive ttbar xsec

ATLAS measured ttbar cross-section with 1.3% exp precision (~55% improvement)

x10°

T
ATLAS

® Data

- Select ttbar—eu+X decays, as the cleanest G = ;
. . = Diboson 3
channel with less jets ':;;‘;;‘*’:;‘,‘;:ij
. mgn . ===~ Powheg+P E
- Standard definitions for electron, muons and jets . (m"gwj"&—
- overlap removal ensures no overlap ' :
- b-tagging using DL1r algorithm (70%eff WP) . . E
- Require ==1 electron and ==1 muon §rgfmsamen o
- passing lepton triggers Sook . L e,
- pT(el)>27GeV, pT(mu)>27.3GeV Noag
- lower values (20GeV,21GeV) used  Event counts N N>
for 2015 data Data 576725 314961
- if AO(leps) or Ag¢(leps) less than 0.15 Wi single top 591003200 10200 + 1800
reject event Z(— 1T — ep)Hets 2650+ 110 204 +8
- same electric charge leps used for Diboson 1320 +270 5413
mis-identified Ieptons bkg estimation: Misidentified leptons 3410+910 1250 + 730
- 1 b_jet and 2 b_jets Categories (N’], N2) Total background 66500 = 3300 11700 + 2000 5




Inclusive ttbar xsec
Selected events N1 and N2 satisfy

bkg
N, = L(Tn |€¢p~5h(l N beh) . N &

o efficiency for a jet to be b-tagged
efficiency for a #t event to pass the

opposite-charge eu selection

(product of acceptance and

reconstruction efficiencies) b-tagging correlation factor (evaluated in MC):
probability to reconstruct and b-tag two b-quark jets
simultaneously - vs - independently

: b fid
For the nominal MC sample used (MiNNLO+Pythia8): €, ~0.89% Can replace @rz€ey With 0,5 Gey

, Wwhere G_ is reco eff (acceptance
(50%reco), € ~54% C ~1.009 effects from fiducial cuts included in

fiducial xsec)

solve N1,N2 equations to get xsec (and €, ) for ttbar contribution



Group  Uncertainty source Aéep/€ep AGep[Gey ACh[Cp  Acii|ori A‘T,ti;d/(fgd

Cross-section results e

Data statistics

1t mod. 17 matrix element matching 0.01 0.02 0.02 0,01 0.00

QCD scale variation 0.29 0.07 0.02 0.09

17 hadronisation 0.23 0.06 0.06 0.00

Initial/final state radiation 0.04 0.03 0.09 0.16 0.17

11 heavy-flavour production 0.00 0.00 0.17 0 0.17

Parton distribution functions 0.47 0.05 B 0.08

Simulation statistics 0.07 0.04 0.05 0.05 0.04

. . . Lept. Electron energy scale 0.04 0.04 0.00 0.05 0.05

- Electron energy resolution 0.01 0.01 0.00 0.01 0.01

Ieadlng u nce rtal ntleS from - Electron identification 0.12 0.12 - 0.14 0.14
H H 0 Electron charge mis-id 0.05 0.05 - 0.06 0.06

- |Um|nOS|ty (O .89 A)) Hicotron ieolation 0.10 0.10 : 0.11 0.11
. . Muon momentum scale 0.01 0.01 0.00 0.02 0.02

= tO p eve n tS m Od el | I n g . P D FS a n d Muon momentum resolution 0.00 0.00 0.00 0.00 0.00
. . R Muon identification 0.13 0.13 - 0.14 0.14
single-top xsec norm in particular, at Muon isolation 012 o0n S R E B E
Lepton trigger 0.10 0.10 0.00 0.11 0.11

O 4 O _O 47 % ) Jet/b  Jetenergy scale ) : 0.05 0.02 0.02
Jet energy resolution - - 0.03 0.06 0.06

Pileup jet veto - - 0.00 0.02 0.02

b-tagging efficiency - - 0.01 0.13 0.13

b-tag mistagging - - 0.02 0,0 0.02

Bkg. Single-top cross-section - - B 0.40

Single-top/r7 interference E - B 0.28

Single-top modelling - - - 0.30

(Tll- - 829.3 e l .3 + 8 .0 + 7 .3 + l .9 pb, and Z-+jets extrapolation N _ N B 0.02
fid Diboson cross-sections - - - 0.01 0.01
o; = 1404+£0.02+0.10+0.12 + 0.03 pb, Diboson modelling - - - 0.05 0.05
Misidentified leptons - - - 0.18 0.18

(Ttﬁfdno.r =12.03+0.02+0.10+0.11 £0.03 pb Analysis systematics 0.66 0.29 0.22 0.97 0.74

" L/Ep Integrated luminosity - - B 0.89 0.89

Beam energy - - - % 0.23

Total uncertainty 0.66 0.29 022 (134) 119




Cross-section results

10° iowgom
ATLAS

® en + b-tagged jets
4 [+ b-tagged jets
v [ +jets

= combined

| T |

Vs=13.6 TeV, 29 fb
Vs=13TeV, 140 fb
Vs=8TeV,20.2fb"
Vs=7TeV,46fb"
Vs=5.02TeV, 0.26 fb"__|

|

leading uncertainties from:

- luminosity (0.89%)

- top events modelling: PDFs and
single-top xsec norm in particular, at
0.40-0.47%)

Inclusive tt cross-section o S [pb]
|
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#== NNLO+NNLL (pp)
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
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Top mass extraction

Negligible dependence of the measured
xsec on the assumed top mass value

- equivalent to a +-120MeV unc for
+-1GeV mass variation

Mpole extracted from NNLO prediction §
using Top++, NNPDF3.1_noTop K
PDF set NNPDF3.1_notop CT14
1.52 1.84
Result [GeV] 172197 7¢, 173.0075
Experimental 0.55 0.55
O( .50
PDF+as * .89 MY
O( :
QCD scales e i

T

o(tt) [pb]

] 1[7]]1‘[]11
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Theory uncertainties

dominate: equally important
contributions from PDF and

QCD scales 10
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... the paper is not only about top mass! : & Tt e .
< ott - eu .
In the paper also measurements of eebb g Sp oeubb -
inclusive cross-section and differenial ‘£ PC_eS
xsecs measurements (1D,2D differential in T E
leptons variables). t E
1 =
10—‘E_I I | | | L | | | | | | | | FER !l'q.II_LA;sI U [ l'_E %-.“bls"“%H“1l5““21““2I5“”(;
S — e » | {5=13 TeV, 140 fb"g ol el
Ir e . E ° . E b c.’ . E L4 tf—)Gl:l 1
102 ' ' i |~ eubb —=
= - - T 1 Not covered here but
10° = : : i ° = T
= ' o] 3 havealook atitin
0 E ' = arXiv:2509.15066
== ' ! , =1
[ m®™ < 80 GeV ' 80 <m™ <120 GeV 1120 <m’™" <200 GeV 'm®* >200 GeV ..o
L (I U TN S G T M I N P R T Y D SR SO e
0 1 2 0 1 2 0 1 2 0 1 2
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https://arxiv.org/abs/2509.15066

[hep-ex] 3 Jul 2025

EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH (CERN)

&) @)

ATLAS et 7

EXPERIMENT P‘C’G
Submitted to: JHEP CERN-EP-2025-135

4th July 2025
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ATLAS experiment

The ATLAS Collaboration
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Normalised differential tt+1j xsec
The single 1D distribution which showed best potential to measured mTop is the

normalized differential cross-section of tt+1j events T
é 0.14F 5-13Tev _:25
| do,; 1-i 5o &"’0_12;— ::?:T/tc::os':o —:zogg
R(m7™. ps) = = g T :
Tti+1-jet (.'1[)g m g En

- extra jet brings increased sensitivity to mTop, wrt a
similarly defined ttbar-only observable —
- normalization brings reduction of theo uncs e el 3

0 01 02 03 0.4 05 06 0.7 0.8 09
P, [parton level]

New ATLAS result follows experimental strategy used for 8TeV publication [1]
(unfold single variable) but:
- use dileptonic final states
- tests compatibility of mass extraction using stable top-quarks or decayed
top-quarks FO calculations
- required unfolding to different phase spaces


https://atlas-glance.cern.ch/atlas/analysis/analyses/details?ref_code=ANA-TOPQ-2018-23

Introduction - theory predictions available
tt+1jet NLO QCD calculations employed

t

» Fixed-Order NLO QCD /7 + 1-jet » FONLOQCD pp —'e*v,u, bbj + X
e provided by “ttbarj” in e provided by authors of [1509.09242]
Powheg-Box-v2 [1110.5251] e scale Cgoices suggested
e 2->3 process, top-quarks are “stable” Scale TT: HT = PT oo+ T, + DTy, + DTy, + DT, + PSS

e scale choices and other parameters _ _
StUdIed (fOF 13 TeV |n [2202 07975] o 2->7 process, dlagrams with no tOpS,
single-top, off-shell top-quarks

ET Z\/pTlJ’m included. Full off-shell and top-quark
width effects also included. 14



https://arxiv.org/abs/1110.5251
https://arxiv.org/abs/2202.07975
https://arxiv.org/abs/1509.09242

Event selection

Select dilepton+jets final states with opposite
charge leptons:

- single lepton trigger, emu opposite charge

- significant MET (>30GeV)

- ==2 b-jets >30GeV, lead light jet pT>50/60GeV

- m(lb) <200 GeV region only

- Combination of two tt-system reco methods,

gives 98% efficiency, 95% ttbar purity:

- Loose method:

not reconstructing individual tops
unphysical solutions for ~25% events
phi-weighting method ():

- ¢ method:

used for events failing loose method reco

throw random values to neutrino phi and

minimize reconstructed top/antitop mass
differences

resolution (reco-true)/true for B
observable in the 2->3 process. T

S

S s R RS LS RARA RARES RARAY RARRS Ranan
g ATLAS Simulation —— Loose Method =]
0 # B ]
5 o018 Vs=13Tev,140f" & Method -
o tt— e*u* + jets _ -
e 0.16 peT""""e‘>50 GeV, [ <25 Loose +¢ Method —

------ Truth neutrinos

o.oaf—
0.06f—
0.04
0.02-
o 100
B 2
3|2 1.8
=" 16
1.4
1.2
1 + + + t 4 + + + +
0 01 02 03 04 05 06 07 08 09 1
psﬂle
pr v >50GeV  pr o > 60 GeV
tr 103000 + 7000 86000 + 6000
Single top 1840 + 100 1470 + 80
Diboson 53+ 27 48+ 23
Z+jets 55+ 28 48+ 24
ttV +ttH 590+ 80 530+ 70
Fake leptons 750 + 380 640 = 320
Total MC 106000 + 7000 89000 + 6000
Data 102215 85366

Data/MC 0.96 0.96 15




Unfolding

Reco-to-truth correction using Iterative Bayesian Unfolding (IBU)

updated approach for systematics
- now implemented in covariance matrix

IBU internal parameter (number of iterations) set to lowest
value which minimize bias on the MC used to define the

correction

- dependence on the assumed mTop value in the MC minimized
- residual mMC dependence included in systematic covariance matrix

Observed deviation
from linearity tests
is covered by
residual mMC syst
uncertainty

250

Events / bin width

200
150F

100

><1()3

T T T T T T T
ATLAS e Data
tt
300—{‘ 13 TeV, 140 fb’' E Single top =
E P2 > 50 GeV -V H 1
Z+jets =
Diboson e
fo=] Fake Iepto S ]
ainty 3
50 3
ob
2
j 5
a . . . .
9

Data / MC
oo =
O

01 02 03 04 05 06 07 08 09

IBU

E ATLAS

- m© [GeV]

it
t

o —

-t
TTT

I
- ATLAS Simulation
[ (s=13 TeV, 140 b’

[ py!> 50 GeV, ™™ < 2.5 Nominal

[t

a8 AT N i ] IO P Tl I G e i O (2 e AT A O 1 Logiaiix

e e
—+— Statesyst.unc. ]

R(p,) / bin width

“E {s=13TeV, 140 fb™ 3
:_n_). ex#: + jets Total uncertainty _:

E p7" >50 GeV, ™| <25 e NLO QCD, mf*-169 GeV 3
—— o NOQOD, m*.171Gev o

[ 17— e'u” +jets —— Stat. only unc.

—_

T Ill;lllllllllllllllllll”

[ ¥ (mi- 172569V)—
68% CLfitunc. |

== Unfolded data

B

[ram——

Data

Theory

AET———— |

________

169 170 171 172 173 174 175 176
me [GeV]

01 02 03 04 05 06 07 08 09 _1

16



2->3 vs 2->7 unfolded results

N =0/ S | == o P b R N R RS TR SRS FLAEAD) T ]
T 35 _—?—Tﬁgiev 140 fb” —e— Unfolded data =
z 3 C 17 - e - _;_ iets : Total uncertainty _-:-
8 § p7 ™ > 50 GeV, |n]““"*°“1 <25 e NLO QCD, mf*=169 GeV
u e B s o~ Noaco. m=171 GeV
% 2 :— mmn®mone _:
1.5 ;— s —;
13 E
0.5 B —
SRS S =
E. 0 :T 1 L 1 + 5 1 1 L l- R —.T-‘ g
< -
= L
’-'E Q 1_;- ............. i ..................
0.8
0.6 )
0 0.1

Theory

R(p ) / bin width

S

Data

3.5

3E-1

- ATLAS

IIIHIIIIHIIIIIIIIIIII

T
)
i
i
H

¢
!
1
i
]
i

* it
bace, pe""a‘e1 > 60 GeV

= {s=13 TeV, 140 fb‘

== Unfolded data

Total uncertainty

.

NLO QCD, m?**=169 GeV

NLO QCD, mf®*=171 GeV
o s rn

e Yo

Elll]lllllllllllllllIIlllllllllllllll

L U L

2->3 has larger experimental uncertainties (due to “more” unfolding/correction)
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2->3 vs 2->7 theoretical templates
___next-to-most sensitive bin

G L LA LN L Ry
= - a P ] | N L . e s AL BB
Q% O.QT?_TL?gTSi:T/‘IUIation [0.70 <p_< 0.80 ] QE"‘ 0-65:_ATLAS Simulation [ 0.70< p_<0.80 ] .
- Vs=13Te 7 i ] = - s 3
& o gb P> 50 Gov i pr-itist @NLOGGD] @ oeb B Tg(;/G v }  pp— bbe‘u"vT+jet @ NLO QCD]
O T u O[C _
o : 2nd degree pol. fit ] E:, - Py > e i el E
o - 0.55F —
- . 0.5 e
0.45E -
3 E 0.4 =
- ‘\ . 0.351- E
:1 1 | 1 1 } i | 1 L 1 I L 1 1 | 1 1 L | 1 1 | | 1 1 ! l: E | I | | | I E
166 168 170 172 174 1 0.3= I169 — '170' — ] — '172' — '173 — '174: =
rn?ole [GeV]

Slightly different pT cut choice, but in genexal two balanci
- 2->3 has larger experimental uncertainties (due to“more” unfolding/correction)
- 2->7 theo has reduced sensitivity to mTpole (feature of theo calculation)

Which effect is the most important?



Top pole mass extraction

For 2->3 measurement (PDF4LHC21)

mP'® = 170.73 + 0.33 (stat.) + 1.36 (syst.)@%ﬁ‘é (scale)\

For 2->7 measurement (PDF4LHC21)

m‘,’Ole =171.69 + 0.41 (stat.) + 1.68(syst]) +‘f o

(scale)

)

+ 0.24 (PDF & a;) GeV.

) 09 (PDF & a) GeV .

Theoretical uncertainties estimated fitting different theoretical truth distributions with

nominal template (diagonal covariance matrix)

- scale uncertainties for 2->7 result are larger than 2->3 approach
- kind of expected as more finale state objects and cuts
- also reduced R(mTop) sensitivity enhances this effect

19



Different PDFs for 2->3 result

Compared result obtained with different PDFs

ml:OIC(CTlg [95]) = 170.94 + 0.33 (stat.) + 1.36 (syst.) 937 (scale) +0.28 (PDF & a5) GeV,
mf°(MSHT20 [97]) = 171.03 + 0.33 (stat.) = 1.36 (syst.) *33} (scale) *333 (PDF & ay) GeV,
mP' (NNPDF30 [43]) = 170.70 + 0.33 (stat.)  1.36 (syst.) +0-3% (scale) +0.22 (PDF & a;) GeV,

mP*(ABMP16 [96]) = 172.76 4 0.33 (stat.) + 1.36 (syst.) *933 (scale) = 0.24 (PDF & a;) GeV.
known fact that the assumptions in the ABMP PDF fits are different (already observed

by CMS in its ttj preliminary result).
Nominal result given with PDF4LHC21 values
Stability of result against extrajet pTcut, year also tested and confirmed.

Cross-checked validity of tt+singletop MC stack against bb4l in 2->7 approach

20



Uncertainty source Am; " [GeV] MC stat. unc. [GeV]

. Data statistics 0.33 -
Uncertainty breakdown e
b-tagging and mistag - 0.06
Jets 0.06
Leptons 0.25 0.06
Others 0.18 0.06
r m Iin 1 n r n - in Modeling unc.
ttba Ode g’ Jet ene gy d d b tagg g MC statistical uncertainty 0.08 -
are the largest systematic uncertainties: Backgrounds normalization 0.02 y
Single-top modeling 0.03 0.06
B L ) mMC dependence 0.10 0.09
- (wrt 8Tev) top radiation recoil and PS Recoil model /0,68 0.06
Parton shower 0.43 0.14
tOp Mass Shape Underlying event 0.39, 0.12
Color reconnection 0.13 0.08
. g : ME+PS matching: phd 0.09 0.06
Theoretical uncertainties contribute to MEEPS NI B oase oot e
ME+PS matching: line shape 0.38 0.12
arou nd O 4/0 ’ 5 Gev 3D NNLO reweight 0.21 0.06
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 -



https://doi.org/10.1007/JHEP11(2019)150

Conclusions

Presented two new ATLAS
measurements of the top-quark pole
mass from inclusive ttbar xsec and
differential ttj xsec.

Both results come with a similar
associated total uncertainty

mPole(NNPDF)=172.8 +1.5-1.7 GeV
mPolePbF4LHC21)=170.7 +1.5-1.4 GeV

ATLAS

M direct (LHC Run 1, »0/77
EW fit (Eur. Phys. J. C

C

6‘
total stat G/)) ,‘otal [GeV] Reference
¢4

o(tt) inclusive, NNLO+NNLL

_;0(9/7

2 -

Lett. 132 (2024) 261902)
75)

Cx
0
174.0 £ 25 ~07 (2023) 213

LHC 7+8 TeV comb. (CT14) Ho—i
CMS, 13 TeV (CT14) | 173.7 37 Edo~ n19) 368
ATLAS, 13 TeV (CT14) il 173.1 ¢ *2 ° EPIC U 528

[ATLAS emu+jets 13TeV (CT18) 173. 00+1’ 5 ) -
o, 1) differ., N(N)LO arXiv:2509.15066
ATLAS, ij, 8 TeV (CT10) e 171.1 58 JHEP 11 (2019) 150
CMS, ttj, 13 TeV (CT18) e 1721+ 1.4 JHEP 07 (2023) 077
ATLAS, dilepton, 8 TeV (CT14) k= 173.6 £ 1.3 EPJC 77 (2017) 804
CMS, 3D diff., 13 TeV (CT14) il 171.1+£ 0.8 EPJC 80 (2020) 658
This analvsis arXiv:2507.02632
ATLAS, ttj, 13 TeV (CT18)  F= 1709+1.5 ]

J | | l | | |

140

160

180
m, [GeV]


https://arxiv.org/abs/2507.02632
https://arxiv.org/abs/2509.15066

Back-up
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Theory developments

Many mTpole measurements have sensitivity from ttbar
production threshold:
- inclusion of “Toponium” bound states modelling start
to become relevant

Reduction of theory uncertainties:
- ‘“adequate” renormalization scheme choice
- MSbar for inclusive xsec halved scale uncs wrt
pole scheme (then mMSbar->mPole converted)
- next order QCD corrections
- NNLO already used in ~all tt-based meas
- N°LO out of reach for the moment
- some hope for NNLO in ttj (work ongoing)

do / dM [pb/GeV]

0 1 1 1 1 1 1 1
335 340 345 350 355 360 365 370 375 380

color-octet

[+ color-singlet
3 LHC Vs = 14 TeV
1

M [GeV]

fa

+
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https://arxiv.org/abs/2412.13876

Cross-section results :
systematics breakdown

leading uncertainties from:

- luminosity (0.89%)

- top events modelling: PDFs and
single-top xsec norm in particular, at
0.40-0.47%)

o = 8293+13+80+7.3+19pb, and
o = 14.04+0.02+0.10 £0.12 + 0.03 pb,

1

ofid = 12.03+0.02+0.10+0.11 £0.03pb

1r.no-t

Group  Uncertainty source Aeepl€ep AGep[Gey ACp[Ch  Acyifoui A(rl’i,-d /0',"-,-d
(%) (90) (%e) (%) (%)
Data statistics 0.16 0.16
tf mod. 17 matrix element matching 0.01 0.02 0.02 0,01 0.00
QCD scale variation 0.29 0.07 0.02 0.09
17 hadronisation 0.23 0.06 0.06 0.00
Initial/final state radiation 0.04 0.03 0.09 0.16 0.17
11 heavy-flavour production 0.00 0.00 0.17 0 0.17
Parton distribution functions 0.47 0.05 B 0.08
Simulation statistics 0.07 0.04 0.05 0.05 0.04
Lept. Electron energy scale 0.04 0.04 0.00 0.05 0.05
Electron energy resolution 0.01 0.01 0.00 0.01 0.01
Electron identification 0.12 0.12 - 0.14 0.14
Electron charge mis-id 0.05 0.05 - 0.06 0.06
Electron isolation 0.10 0.10 - 0.11 0.11
Muon momentum scale 0.01 0.01 0.00 0.02 0.02
Muon momentum resolution 0.00 0.00 0.00 0.00 0.00
Muon identification 0.13 0.13 - 0.14 0.14
Muon isolation 0.12 0.12 B 0.13 0.13
Lepton trigger 0.10 0.10 0.00 0.11 0.11
Jet/b Jet energy scale - - 0.05 0.02 0.02
Jet energy resolution - - 0.03 0.06 0.06
Pileup jet veto - - 0.00 0.02 0.02
b-tagging efficiency - - 0.01 0.13 0.13
b-tag mistagging - - 0.02 0,02 0.02
Bkg. Single-top cross-section - - B 0.40
Single-top/r7 interference E - 0.28
Single-top modelling - - 0.30
Z+jets extrapolation - - - i 0.02
Diboson cross-sections - - - 0.01 0.01
Diboson modelling - - - 0.05 0.05
Misidentified leptons - - 0.18 0.18
Analysis systematics 0.66 0.29 0.22 0.97 0.74
L/Ep Integrated luminosity - - 0.89 0.89
Beam energy - - - g 0.23
Total uncertainty 0.66 0.29 022 (134) 119
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Inclusive ttbar xsec: Non-prompt lepton estimation

SAAAILSSALLELAL LAAnA LILALSRsA WASLIWLS LAATS WASASLA ALSLELALAS WA AL SRS 48 W waster ARAS LA SAAALIA WWALSASLILA LEWLLOLA WA LA LAs WAL At v

the SS sample. The misidentified-lepton background N' mis~id § in lepton kinematic bin i with j b-tagged

jets was estimated from the number of SS events in ddld, N".d 55 after subtracting the number of SS

i,prompt,SS

events with two prompt leptons N estimated using simulation, and then scaling by the ratio Rj. of

misidentified-lepton events in the opposite charge-sign (OS) and SS samples in simulation:

(.mis—id ] i.d.SS [ .prompt,SS
N}ml\ i N R'~(N'. _inp( p )‘

Ni.mis—id.OS.sim

i o1 J
R}' == Ni‘.mis—id.SS.sim 3 ()

This method relies on simulation to predict the ratio of OS to SS misidentified-lepton events, and the
prompt SS contribution, but not the absolute number of misidentified-lepton events N fmis=id - \Which is
calculated using the SS event counts in data. The same formalism was used with a smgle bm i for the
inclusive cross-section measurement.

26



S

Parton-level p

Mpole from ttj: Unfolding factors
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Mpole ttj: breakdown of 2->7
result

Same leading detector uncertainties as
the 2->3 result

Slightly different kind of leading
modeling systematic uncertainties

Generally larger systematics impact
since reduced sensitivity from
theoretical calculations

Uncertainty source AmP°" [GeV]

MC stat. unc. [GeV]

Data statistics 041 -
Detector unc.
MC statistical uncertainty 0.12 -
b-tagging and mistag % 0.08
Jets () 0.08
Leptons 0.28 0.08
Others 0.19 -
Modeling unc.
Backgrounds normalization 0.07 -
Single-top modeling 0.11 0.08
mMC dependence 0.30 0.12
PS recoil model () 0.08
Parton Shower @ 0.19
Underlying event 016 0.15
Color reconnection -0.25 0.1
ME+PS matching: pl‘r‘“d 0.08
ME+PS matching: /igamp (0.74) 0.08
ME+PS matching: line shape 0- 0.15
3D NNLO reweight 0.11 0.08
PDF 0.57 -
Initial-state radiation 0.14 0.08
Final-state radiation 0.12 0.22
Factorization scales -0.14 0.08
Renormalization scales 0.11 0.08
Theory unc.
Scale variations +0.66 -1.34 +0.05 -0.1
PDF & ag +0.49 -0.46 +0.06 -0.06

Total +1.92 -2.24




Toponium-like effects to tt1jet threshold

ttf mpole measurement gets its
sensitivity to top mass from the ttbar
threshold region.

No consensus on how to apply
toponium-like corrections to ttj
production

The presence of the extra-jet dilutes
the threshold events and hence the
impact of these to the top-quark mass
is small (covered by QCD NLO theo
unc)
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