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“Measurement of the top quark mass using a profile likelihood approach with the
lepton+jets final states in proton-proton collisions at vs=13 TeV"
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tt lepton+jets
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https://arxiv.org/abs/2302.01967

Event selection

e Exactly one muon/electron

o 2b-jets

— correct assignment challenging

e 2light quark jets from W

— boosted W's introduce complications
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arXiv:2302.01967 (submitted to EPJC)
tt lepton+jets
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Kinematic fit

O

o

best event hypothesis chosen from ¥?
minimization

CMS

based on parton-object resolution functions

constraints

m,," = 80.4 GeV
mthadr - mtlept

P ot = exp(-x%/2) > 0.2 used as a default cut
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arXiv:2302.01967 (submitted to EPJC) CMS

Profiled maximum-likelihood fit

36.3fb™ 13 TeV

363fb (13TeV) 363fb (13 TeV)

A.u.

CMS . Data Post- ml 68% CL[I 95% CL CMS < pata—Post- ml 68% CL[] 95% CL

=]
Mc . . _ . . . <
e m, " from profiled maximume-likelihood fit <, 1 *"" [ e 7

using 5 observables [ ] e My gy MM A
e Nuisance parameters for syst. uncertainties

e Possible to constrain systematics with 021 ]
data 36.3 b (13 TeV) = = | | |
cC FrrrrprrrrJfrrrrprrrrprorrr 1111y $ ' l £ 1.02 ! ! !
o CMS %t’ +jets 1D <Am>= 0.63 GeV 3 8 1.01
5 0.7 = Simul NN/ +jets 2D <Am> = 0.51 Ge\H % &093
o [ Simulation []]]]]]]]]{’ +jets 3D <Am> = 0.46 GeV SO AR £ 0.98! ‘ ‘ .
S 0.6F P! +jets 4D <Am> = 0.40 Ge\] a 150 200 250 300 350
% : £S5/ +jets 5D <Am> = 0.37 GeV m™"[GeV] Template Bins
- 0.5 =
o) - ] .
N o 4F 3 mM — form, » parametrized
© E 1 .
e F . mWreco — I|ght quark JES
5 0.3 -
o - E reco — b1 b2 ql q2
0.21- . mlbred =m, "/ mM™ — for lep syst.
0.1E 4 m, e (Pgof <0.2) — for full statistics
0E B \ NN ———F E
03 04 . 0.6 0.7
TOP2023 - Mikael Myllyméki Amt [GeV] 7127


https://arxiv.org/abs/2302.01967

Impacts
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arXiv:2302.01967 (submitted to EPJC)

— treated fully decorrelated

e gFSR~-150

— related to m,"*°° peak

e Previous result

arXiv:1805.01428
— mt=‘l 72.25%0.63 GeV
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- b FSR scale
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Impacts
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https://arxiv.org/abs/1805.01428
https://arxiv.org/abs/2302.01967

“Measurement of the differential tt production cross section as a function of the jet
mass and extraction of the top quark mass in hadronic decays of boosted top quarks”

boosted top

Eur. Phys. J. C 83 (2023) 560 CMS,
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https://link.springer.com/article/10.1140/epjc/s10052-023-11587-8

tt lepton+jets channel

Eur. Phys. J. C 83 (2023) 560
boosted top
138 fb™" 13 TeV

CMS

b V
e XCone jet reconstruction arxiv:1508.01516 \/\Y/V\/‘<
- - ®
o R=12p,>400GeV,N_, =3 q \ e/l
e Differential cross section as a function of jet mass m, w b
e No analytical calculations in perturbative QCD yet a
o here used to determine m M® with Powheg 138 fb! (13 TeV)
o offers sensitivity to different systematic uncertainties > e et
o possible for the m ° in future © - CMS — ttiotal 1
o | [ H _ _
t = 25000: Simulation — ti fully merged |
o) - _ ]
- - ‘ 1l38f‘b“ (13TeV) - N | |1:‘38|ﬂ|3"‘(?3|‘|"e‘\/? g so000k [l 7 tt not merged
© At 20000 [ ata I
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2 mWaies 2 16000 mwjee 15000 ]
5] I Other SM o : I Other SM I
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https://arxiv.org/abs/1508.01516
https://link.springer.com/article/10.1140/epjc/s10052-023-11587-8

Calibrations

e Jet mass calibration
o invariant mass of two XCone subjets — hadronic W decay

o JMS in simulation calibrated using m,, peak
f'EC jet energy scale
fXCone _, XCone jet correction

36.3 fb" (13 TeV)

Eur. Phys. J. C 83 (2023) 560
boosted top
138 fb™" 13 TeV

CMS

CMS 138fb '(13TeV)
o) 2 L
S 5
< 152—1 + Best fit 600
b B - 68% CL
1 —95%CL 500
0.5F
[ 400 N
of 00y,
05} 300
—1f
E 200
1.5}
[ | TR SRR SR Loy oa by
257951050 05 1 15 2 100
£ JEC

fitted to data using the N-subjettiness ratio T,
sensitive to angular distribution of the energy density inside jets

:' F T T T | T T T T T T | T T T | T T T
« | CMS R
I Data
0.1 t _ ) $ i
L —tt 3 _
T 17 T .
[ =g “ | e FSRcalibration
: e 1 o
O L 1 - L 1 | 1 L L | 1 1 L | 1 1 f
N © FSR
°
©
o

frsr = 0.97 £ 0.07 (0.33 £ 0.02) for 2016 (2017+2018)
o ™m3) = 0.137330- 0017 for 2016

32 af R (mZ) = 0.141670 0913 for 201742018
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_ a*(m,?) in CP5 tune not optimal for the modelling of jet
I substructure observables in tt production
] energy scale p in FSR simulation multiplied by a factor f_.

= T3/T2
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https://link.springer.com/article/10.1140/epjc/s10052-023-11587-8

Eur, Phys. J. C 83 (2023) 560 CMS

Re S u Its boosted top

138 fb™1 13 TeVv

138 b (13 TeV)
et (1o 1oV

—— 0.04———— S
e X2 fit for normalised differential cross section to extract m, ,_% " CMS % Data ]
o not sensitive to uncertainties in the normalisation ol m;=169.5 GaV -
. . . . . . o L Ve — m,=172.5GeV |
e Validated using simulations with different m, 5 F 0 T - 1755 GeV |
> x3 improvement in precision compared to previous result o b = - : B
o uncertainty comparable to direct measurements arXiv:1911.03800 I S ]
Different leading uncertainties : -
Source Uncertainty [GeV] 0.01 o N
® my=173.06 & 0.24 (stat) £ 0.61 (exp) Jet energy resolution 0.38 - e ]
Jet mass scale 0.37 r =
4+ 0.47 (mode]) 4+ (0.23 (theo) GeV Jet mass scale b flavour 0.26 ol v v
®eoo 15 (LA L T T T T T T A
Choice of m; 0.41 g o B : ] -
Colour reconnection 0.17 2 8 1 o : ! i
eee l_ 05 i N BRI BT S “E P R R
Underlying event tune 0.13 120 140 160 180 200 220
FSR 0.11 m ., [GeV]
Uy, g scales 0.10 J

Dominant uncertainties

- Choice of m

— t

mt-1 73.06 £ 0.84 GeV - Jet energy resolution

- Jet mass scale
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https://arxiv.org/abs/1911.03800
https://link.springer.com/article/10.1140/epjc/s10052-023-11587-8

“Measurement of the top-quark mass using a leptonic invariant mass in pp collisions at
vs=13 TeV with the ATLAS detector”

soft muon tagging

JHEP 06 (2023) 019
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https://link.springer.com/article/10.1007/JHEP06(2023)019

Soft muon tagging

e m attt lepton+jets channel
o  ufrom the semileptonic decay of b-hadron

e Offers measurement with different systematics
o less sensitive to:

jet energy calibration and resolution
top-quark production modelling
o  sensitive to b-fragmentation modelling

> ARAARRARSNRSASssnaaseasasnaxseanaanansanssannasss BEREN L B
8 7000: ATLAS ¢ Data {1 2 - ATLAS ¢ Data 1
z r Vs=13TeV,36.1 0" [C]tt (smT from b/c) 7 %10000; /s =13 TeV, 36.1 1" [t (smT from b/c) _|
£ 6000/~ OS selection Wiisurfomw) = I OS selection W (7 (smTfrom W) -
2 [ Pre-Fit [ 7 (smT fake) [ Pre-Fit [ ti (smT fake)
H 5000(— W Single top 4 8000 [l Single top _
r [C]Other backgrounds [[JOther backgrounds-|
40001 77 Uncertainty 72 Uncertainty
£ ) ] 6000— =
3000 | 3
= 4000+ al
2000~ E
C | 2 — Al
1000— - 000
i 0: . g 07 + = = e + i
2 E 13 E x&ndf = 28.2/26 zZprob = 0.35 E
& qasp 4 &1 s 00 3
= W e 2 R e A & 2 < X829 o 00222096/
s E Gz s 1 = EY Ll i
g 0.855— _§ g 0.85; _E
0‘70 10 20 30 40 50 60 70 80 90 100 0'7—3 -2 -1 1 2 3
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v

b jet /

e b-jets identified using the displaced jet tagging

and the soft muon tagging
SMT tight muon dR < 0.4 of selected jet candidate

o

o

SMT muon and primary lepton dR < 2
— both from the same top-decay

e Similar method previously

o

o

CDF measurement arXiv:0906.5371
J/W by CMS: arXiv:1608.03560
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https://link.springer.com/article/10.1007/JHEP06(2023)019
https://arxiv.org/abs/0906.5371
https://arxiv.org/abs/1608.03560

b-quark modelling

Lund-Bowler parameterisation in Pythia8 used
b-quark fragmentation in the ATLAS A14 tune improved by fitting r,
Data from ALEPH, DELPHI and OPAL at LEP and SLD at SLC
r, from binned X2 test on the experimental xg distribution

o using stat. and syst. uncertainties of each experiment

rp = 1.05+£0.02

e Production fractions and branching ratios for b/c hadrons
rescaled to world averages

Hadron PDG Pownec+PyTHIA8  Scale Factor
B 0.404 +0.006 0.429 0.941 £0.014
Bt 0.404 + 0.006 0.429 0.942 +0.014
B(S) 0.103 +0.005 0.095 1.088 + 0.052
b-baryon 0.088 +0.012 0.047 1.87 £0.26

D* 0.226 +0.008 0.290 0.780 + 0.027
DY 0.564 +£0.015 0.553 1.020 = 0.027
Dg 0.080 + 0.005 0.093 0.857 £ 0.054
c-baryon  0.109 + 0.009 0.038 290 +0.24

JHEP 06 (2023) 019
soft muon tagging
36.1fb™ 13 Tev

ATLAS

EXPERIMENT

— a 2
f2) = > (1= 2)% exp(=bm7/z)
1+brbmb
74
xg =2pp - pz/m>
B = 4PpB - pz/m,
T T

SLD (r,=1.092 + 0.030) —e—

OPAL (r,=1.023+ 0.019) —ot

DELPHI (r,=1.094 + 0.090) B B A—

ALEPH (r,=1.070 + 0.035) - —

0.7 0!8 OEQ ‘; 1‘.1 1.2
Ty

Hadronic PDG PowHEG Scale
Decay Mode PyTHIA8+EVvTGEN Factor
b—pu 0.1095 90020 0.106 1.082 +50L
b—-r 0.0042 £0.0004  0.0064 0.661 +0.062
b—c—pu 0.0802+0.0019 0.085 0.946 +0.022
b—c—pu 0016 +£0.003 0.018 0.89 +0.17
c—opu 0.082 +0.005  0.084 0.976 +0.059

TOP2023 - Mikael Myllymaki
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https://link.springer.com/article/10.1007/JHEP06(2023)019
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Res u Its soft muon tagging A@AS

36.1fb ' 13 TeV EXPERIMENT

Pre-fit iérnpact on m{:é Am, [GeV]
0 = 6+A0 6=6-A6 -03-02-01 0 01 02 03
H SHENN BEALELEEIN BULELNL BN LBE LN BLUNLNUELEY BUNLE E -fit i N ERTETERC EEEETER EECE] TERD ] PEEEPEeTS
e m,extracted fromm, in [15,80] GeV  Zuoool amas | eoms O eesemao8 T s | atLas
. . . © r s=13TeV,36.1 1" (]t (smT from b/c) —e— Nuis. Param. Pull | ¥§=13TeV, 36.1 fb”!
e Binned-template profile likelihood fit 212000 0s selection B 7 (v from W) ] He e :
. . e . L%’ [ Post-Fit [t (SMT fake) ] BR b0
with syst. uncertainties as nuisance 100001 M Single top - a BR b =
r [[JOther bgckgrounds: ttISR-h, (ST from b/c) .
pa I'ameters 8000k 7 Uncertainty b . (b; i; : = 1:
- B +jets norm. cCT i ——0——
e Gluon recoil-to-top added as an 6000L E S rom ’ -
unce r'ta i n'ty 4000: 5 ET'® soft trackJr:;o(l;J:;odr;l(l?rze:; | | |
o based on particle level simulation C 1 7 biag (60) :
. 2000 5 = {1 ISR-yu_ (SMT from b/c)
@) nO dedlcated tune yet JES (pile-up, p topology)
—> possible over-estimation Eng, '(;'/ i N W My = — -
o  +0.25 GeV additional uncertainty %097 ;:# ARG ; VR4 b orod. . (bary:fj) . -
i i i e E L L L L L L é i SMT from —_—
outside of the profile likelihood fit 0,955 1SR s rom 1) . ;
My Gev] it PDSFZ
. Pile-up ————
m, = 174.41 + 0.39 (stat.) = 0.66 (syst.) = 0.25 (recoil) GeV
(8-6,)/A8
world comb. Dominant uncertainties
R - BR b—c—p
m,=174.41 + 0.81 GeV N | _BRbop
170 175 - Recoil effect
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Res u Its soft muon tagging A@AS

36.1fb ' 13 TeV EXPERIMENT

recoilToColoured:

Pre-fit impact on m;: Am, [GeV]
in 8.160 from 2012-01-23 0=08+a0 | 16=846 -03-02-01 0 0102 03
. it im nm; [T T T
e m,extracted fromm, in[15, 80] GeV o R B0~ 0rAD 0o 0-00 | ATLAS
. . N T S < - L —e— Nuis. Param. Pu {s=13TeV, 36.1 o
e Binned-template profile likelihood fit }—L Nuis. P BR: .
. N . W N
with syst. uncertainties as nuisance b . (SMTf;";; 2
parameters on: e | —]
+jets norm. for) | T —
e Gluonrecoil-to-top added as an - R I —
uncertainty . e
o based on particle level simulation TOpFliserTOO:: Omtr?we'gx " Ao |
-, (SMT from b/c
(@] nO dedlcated tune yet T—— raglo (g " ) (g " ) JES (pile-up, p topology) ; ;
—> possible over-estimation on omcanon o (ot —— ]
o £0.25 GeV additional uncertainty : W o . -
outside of the profile likelihood fit (Sketch by T. Sjostrand) lomerton 1) )
tf PDF 2 \d
. Pile-up =
m; = 174.41 + 0.39 (stat.) + 0.66 (syst.) = 0.25 (recoil) GeV TR T
(6-6,)/A0
world comb. Dominant uncertainties
R - BR b—c—p
m,=174.41 £ 0.81 GeV | . CTE “BR bop
170 175 - Recoil effect
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https://link.springer.com/article/10.1007/JHEP06(2023)019

“Measurement of the top-quark mass in tt — dilepton events with the ATLAS experiment
using the template method in 13 TeV pp collision data”

tt dilepton

ATLAS-CONF-2022-058
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-058/

Event selection suscurzes - (5)

139 fb™ ' 13 TeV EXPERIMENT

Vv
e Pair of opposite sign charged leptons + two b-jets b e/u
e DNN to identify the best Ib-pairing
o input variables: ® W
invariant mass, p;, n of each Ib-pair W
AR between lepton and b-tagged jet of each pair
individual p; and n for leptons and b-jets and the invariant e/u

mass of the pair of b-jets

o  purity further increased using DNNHigh cut v
S A B e e VLA B ey B o T T T g
& 35000 —* Data Diboson ATLAS Preliminary —]| < 80000 E-* Data Diboson ATLAS Preliminary T
CCt - X - El= e FL It - X - =
Ly 30000 E-Single top M NP/fake leptons fs=13 TeV, 13910 = 2} M Single top [l NP/fake leptons fs=13 TeV, 139 1o =
£ El Zdets g Unc. ~dilepton-- E § 70000 =5 Z4jets 2 Unc. ~-dilepton-- =
2 25000 E = * 60000 - =
. = B 50000 [ 5
events passing - E - -
. C . 40000 —
preselection: 16000 £~ E sto0E-
10000 . =
B 20000 —
50001 i 10000 =
E e e——__ 1 H Fetes
o 12 o 12
= 11 s 11
3 1 ove gy 3 1
T 09 Bade ok £ 5% = 09
o 08 o 08
50 100 150 200 250 300 350 400 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
o of (Ib)-pair with largest P, [GeV] DNNHigh
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-058/

Optimised selection Sy

139 fb™ ' 13 TeV EXPERIMENT

e Ib-pair with largest p.. for measurement e ~10% more events in simulation
o  must be the leading b-jet o pyg, >160 GeV selection
e Reduces signal modelling and jet systematics — p; spectrum softer for data than for MC
DNN >0.65 o missing NNLO top p corrections
High : . . e .
e p.,>160GeV e Signal reweighting based on NNLO calculation as

a function of Prtop pmand m, at parton level
o Am,=+0.10£0.01 GeV observed
o  covered by scale-variation uncertainties

1]

——T
e Data Diboson

> C LA pmy F T T T T 3
& 16000 D ATLASPreliminary S 18000~ e Data Diboson ATLASPreliminary —|
E [t X 3 4] = ] X -~ 13
2 14000 M Single top [ NP/fake leptons @_1? TeV, 130.0f - % 16000[— M Single top [ NP/fake leptons @71? TeV, 139.0fb —
2 E Zijets 888 Unc. ~dilepton-- 31 ] F Zijets £ Unc. —dilepton-- 3
§ 12000} { w 14000:— -
i F ] 12000 —
. 10000 - - 7
events passing - 3 10000 =
fmi 8000F] E 8000 3
optimised q 3 : -
6000 7 s000F- E
selection: 4000 = s0o0E- E
2000 = 2000(— =
C | | — - ]
1.2 o 1.2
g 5 s 11+
3 113 3 0 91— .........
8 : g ooF
8 818 o 08
150 200 250 300 350 200 06 065 07 075 08 08 09
P, of (Ib)-pair with largest P, [GeV] DNNyg1
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-058/

R e S u It S ATLAS—CONF—é((JﬁZIZe;)(igi @

139 fb™ ' 13 TeV EXPERIMENT

L L e e

ATLAS Preliminary ¢ data, dilepton Miop [GeV]

5 - -
= u ]
g 3000} =13 TeV, 139 fb" aars0800ey _: Result 172.21
. e B o Moo= 172212080 GeV | atistics 2
[ J Unblnned ML ﬂt tO data *% 2500i V él . j i/ll:lh:)ds 0.05 + 802
High o r Gl Matrix-element matching 0.40 + 0.06
© 50 GeV < mlb 9" < 140 GeV - - ] Pa:lon sho:v]c:u::l‘haulrr:)nisation 0.05 + 0.05
. . . 2000 — | Initial- and final-state QCD radiation 0.17 + 0.02
e Samples of tf and single-top with different - ] | Do lcaenat Noociid
F ] Colour reconnection 0.27 £ 0.07
m, generated — no background template s ] | Parton distrbution function 0.03 £ 0.00
. . = 3 Single top modelling 0.01 + 0.01
[ ) ReCOll'tO'top SI'ghtIy |arger than for SMT 1000L _: Background normalisation 0.03 + 0.02
T T e Jet energy scale 0.37 + 0.02
ana|YSIS - E b-jet energy scale 0.12 + 0.02
. LRI? 1'0“? Jet energy rcso.lulion 0.13 + 0.02
e Off-shell and non-resonant effects studied &oss’ e et
o bb4l generator in Powheg 50 60 70 80 80 100 {0 20 H}géf[)e 8 napist. 0.1+ 002
My e ile-u i X

o Am,=-0.28+0.13 GeV observed 035+ 009
O Sma“er than mOde”ing unc — not Total systematic uncertainty (without recoil) | 0.67 + 0.05
. Total systematic uncertainty (with recoil) 0.77 + 0.06
ConSIdeI’ed Total uncertainty (without recoil) 0.70 = 0.05
Total uncertainty (with recoil) 0.80 + 0.06

. . . dilepton ;
e Without recoil effect 17% improvement Mg = 17221 + 0.20(stat) + 0.67 (syst) + 0.39 (recoil) GeV

compared to 8 TeV result
world comb. Dominant uncertainties
—ai— : - Matrix-element matching

170 175 - Jet energy scale
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“Measurement of the top quark pole mass using tt+jet events in the dilepton final state in
proton-proton collisions at vs = 13 TeV”

tt+1j pole mass

JHEP 07 (2023) 077 CMS,
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https://link.springer.com/article/10.1007/JHEP07(2023)077

tt+1jet in dilepton channel

3

JHEP 07 (2023) 077
tt+1j pole mass
36.3fb™" 13 TeV

CMS

36.3fb" (13 TeV)

e Normalised differential cross section measured at

e m,scaling constant = 170 GeV
e high sensitivity expected close to the production threshold

Tp]
detector level and unfolded using maximum likelihood S 18- CMS
method with profiled nuisance parameters P 16;_
e As a function of p c M
Zm 0 o 2
p — 10F
- 8-
Mt +iet o

_IIII|IIIIIIIII|IIIIIIIIIlIIIIlIIIIIIIIIlIIIIIIIII

{ Data [ tt+0 jet
Bl fi+jet, 0<p<0.3 [ Z+jets
B tt+jet, 0.3 < p < 0.45 [ Single top

B tt+jet, 0.45 < p < 0.7 [ tt (not dileptonic)

[ tt+jet, 0.7 < p I Other

7/, Total uncertainty

etuF

Njet >2

GGG GG

III'I'|IIII|IIII|!III‘I\I\|\I\I‘I\Illlllllllllllln"

Npjer > 0

v b b b P a B

0.5

Data / Pred.

p>0.65 jet %
b
jbe/u
W
W @
3 Uﬁf \
b
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https://link.springer.com/article/10.1007/JHEP07(2023)077

JHEP 07 (2023) 077 CMS

p reconstruction

36.3fb™1 13 Tev

1o x10°
3 F S
. = - C S QN
e Regression NN < 0.9 Simutation S
o target variable is parton-level p 0.8 S
o  ~100 variables from which 10 most relevant selected c ] P
e Event classifier developed using the same interface as for 0.7¢ 430 E
. . . . . = B o
regression NN with three output classes tt+jet, Z+jets, tt+0jets 06 125 3
CMS 36.3 b (13 TeV) 0.5 ;* *; ©
ﬂ T +l 7[ T I T T T I T ; AI I T T 17T I LI I_I T 1T T T L I L L I T 1T T T I L L L I T : : —20 5
G10')  Z=gTESgT  Z-gTEsgT - B : s €
S 107 =¥=N=R=-F=¥=¥=R=} =X=F=R=K=F=-¥=X-} =R=N=X=K=J-} = 0'3? = =)
as 5 IUS \.ng UJ8 Wgwg kUg lUg \.lJ lUg \Ugwg UJS lUg (Ug kug IU8 Lug«ug IU8 UJg UJE lUg Wg = 1 O Z
g 10 SEEEEEEY SRR EIEE SIEEE 3 £ 0.2F
5 10° AR Do Pt oM s Re Ry : .
Z 10t I I i ' 0.1 S
10° 05"
10? 00102030405060708091
5 10 p
0105 reco
o
~ 1B . . .
S0 e Event categories based on jet and b-jet
o aa'a re) ) a'a'o re) ) a o) o ) . e el
0O =5 % & =" 5 B B ® & ;— & multiplicities
Post-fit . .
I Data B tiejet, 0.45<p <07 [ Zijets @ Other e RNN = relative signal response of the NN
B fi+jet, 0<p<0.3 [ tt+jet, 0.7 < p I Single top 7y Total uncertainty .
B ff+jet, 0.3 < p<0.45 tH+0 jet @ ti (not dileptonic) classifier
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Results

36.3 fb" (13 TeV)

JHEP 07 (2023) 077

CMS

tt+1j pole mass
36.3fb™" 13 TeV

36.3 b (13 TeV,

) a RS NS RAR R A AR RARRN RARAS ARARN RRRA) RRAS R R AR AR AR AR RARR) EARAN RARAY RAARY R
e mp from ¥ fit of the normalized T, °lcms e omomsse | 2 CMS E
. . . Z o o m‘= : o ] 20 e ABMP16NLO %2, /ndof=3.0/3 -
differential cross section at NLO, - S S v et VI B R
s 3L FPOWAPYT.m<1725Gev 1  F oo CT18NLO x2 /ndof=3.1/3 7
where mMC as a free parameter 29 UMbt BT & Sl £
e No assumptions on the relationship - 2 | 1 »
between mM© > m Pole 3 R SR T
AT T A N E ,"'," ]
) ) @ g G 8- . . 3
e Ingood agreement with mP"® ti+jet s 6F N A5
measurement by ATLAS at 8 TeV % 1 : 4 E
arXiv:1905.02302 O 08E bbbl L] 2;\ NN :
1o Here PDF uncertainties by Comparing 0 0102 03 04 05 06 0.7 08 09 1 0168 169 170 171 172 173 174 123;76 177
fits with full covariance matrix P [GeV]
N - |
Tlr;/c";’:::eultnigfa‘::ii:;‘:ltr:f; ABMP16NLO:  mP"® = 172.93 £ 1.26 (fit) 03} (scale) GeV
1
CT18NLO: mpo© = 172.13 + 1.34 (fit) 7030 (scale) GeV
Dominant uncertainties
f——— CMS 7+8 TeV comb. - Jet energy scale

pole_ L

m, =172.93 + 1.36 GeV | | | | ATLAS 7+8 TeV comb. - Background normalisation
170 175 - Electron identification
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Summary

e Measurements by CMS and ATLAS with increasing
precision and understanding of systematics

e Measurements with different strategies and systematics

essential for cross-checking

e Modelling and uncertainties:
o recoil effect

o final state radiation — udsc-FSR / b-FSR correlation

o  b-quark fragmentation
o  top-quark modelling

e Top mass interpretation problem

CMS

ATLAS+CMS Preliminary Myep SUMMary, {s=7-13TeV June 2023
LHCiopWG

World comb. (Mar 2014) [2]

stat total stat

total uncertainty
LHC comb. (Sep 2013) Lhotopwe %
World comb. (Mar 2014)
ATLAS, l+jets
ATLAS, dilepton
ATLAS, all jets
ATLAS, single top
ATLAS, dilepton
ATLAS, all jets
ATLAS, l+jets
ATLAS comb. (Oct 2018)
ATLAS, leptonic invariant mass
ATLAS, dilepton (*)
CMS, l+jets.
CMS, dilepton
CMS, all jets
CMS, l+jets.
CMS, dilepton
CMS, all jets
CMS, single top
CMS comb. (Sep 2015)
CMS, l+jets

%Ii%i%ifili¥1li iixf{.zj

My, £ total (stat £ syst £ recol)
173.20 +0.95 (0.35  0.88)
173.34 +0.76 (0.36 + 0.67)
17233 4127 (0.75+ 1.02)
173.79 +1.41 (0.54 £ 1.30)
e 1751 18(1.4 1 12)

— 1722+2.1 (0.7 £2.0)

}“fi

- 172.99 + 0.85 (0.41+ 0.74)
———| 173.72 £ 1.15 (0.55 £ 1.01)
172.08 + 0.91 (0.39 + 0.82)
172.69 + 0.48 (0.25 + 0.41)
He 17441+ 081 (0.39 +0.66 +0.25)
17221+ 0.80 (0.20 + 0.67 + 0.39)
] 173.49 £1.06 (043 £ 0.97)
B 172,50 £ 1.52 (0.43 + 1.46)
o 173.49 £ 1.41 (0.69 + 1.23)
172.35 + 0.51 (0.16 + 0.48)
i 172,82 £ 1.23 (0.19 £ 1.22)
172.32 £ 0.64 (0.25 + 0.59)
= 172.95 +1.22 (0.7 + 0.95)
172.44 +0.48 (0.13 £ 0.47)
172.25 £ 0.63 (0.08 £ 0.62)

CMS, dilepton 172.33 £ 0.70 (0.14 + 0.69)
CMS, all jets 172.34 + 0.73 (0.20  0.70)
CMS, single top 172.13 £ 0.77 (0.32 + 0.70)
CMS, l+jets 171.77 £0.37
CMS, boosted o 172.76 + 0.81 (0.22 + 0.78)

* Preliminary NS

co b P e ey T
165 170 175 180 185
My, [GeV]

arXiv:2302.01967 tt lepton+jets

Eur. Phys. J. C 83 (2023) 560

JHEP 06 (2023) 019

ATLAS-CONF-2022-058

JHEP 07 (2023) 077
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boosted top
soft muon tagging
tt dilepton

tt+1j pole mass

m,=171.77 £ 0.37 GeV
m,=173.06 + 0.84 GeV
m,=174.41 £ 0.81 GeV
m,=172.21 £ 0.80 GeV

m,=172.93 * 1.36 GeV

bJEC, qFSR, bFSR

Choice of mt, JER, JMS
BR b—c—y, BR b—y, Recoil effect
ME matching, Recoil effect, Jet energy scale

Jet energy scale, BKG normalisation, Electron ID
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