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32 QUARK MASSES
1)

The top quark

e Heaviest elementary particle: 100
o same mass scale as W, Z and Higgs bosons
m connection to EW Symmetry Breaking ?
o Yukawa coupling y, ~ 1

e~ Q
p
down | 2
strange
charm |°
bottom (&
top
i
g

e Copious production at the LHC:
o strong pair production: tt
o EW single production:
t-, s- and Wt-channels
o associated production:
tt+y/W/Z/H, tt+bb, tt+tt...

— g ¢ g t
+ + j::g?www\<
——— g i g i

e Decays (before hadronising):
W o almost exclusively to Wh




Top precision physics

e Top (strong) production cross-section & mass measurements:
o entering high-precision regime = LHC turning to top precision factory

e Essential to control better and better sources of systematic uncertainties:

o experimental effects:
m jetenergyscale

= Db-tagging - e >arXiv:2212.09379
m lepton selection efficiencies . Improved luminosity determination at ATLAS:
m |uminosity... ///ﬂ Run 2, 13 TeV lumi error: 0.83% !

o theory modellingg TTTTTTTTTTTTTTTTTmmmmmmmmooommmmmmmmmmooooommmommmooooes
tt production kinematics
top-quark decay
parton-shower evolution
(b-)quark fragmentation
colour reconnection...

V% '/&‘—

Disclaimer:

selection of some of the most recent results
by = ATLAS and  cMms



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/DAPR-2021-01/

tt cross section in ey events @13 TeV

Events

MC/Data

600

500

400

300

]

e Full Run 2 pp data, ep dilepton channel
o inclusive cross-section (total and fiducial)
+ differential vs. a number lepton kinematic variables

x10° |
C e Data
[ ATLAS O
1t
[ ey opposite sign mm Single top
- = Mis-ID leptons
T va_ -1 mn Z > T+ jets
— Vs=13TeV, 140 b i

1 Stat @ Syst error

2|3
Number of b-tagged jets

o
-
Ny

N
>TOPQ-2018-26 ./

vk Elwer Py e
%F 102:5 m—-- Powheg+Herwig7.1.3 | Stat C-Bliyj:ar.ljr g:
5 F A B AR
. 3 s ' 3
e b-tag counting method: < F -
o  minimize jet & e Example double-differential &
. = distribution .
b-tagging syst. : E
i bt oty i i b
Ny = L0,;G,, 26,1 —i€,C) + Ny e
Né' _ LU:;GZ,:(GJ;DZC;; > Né,bkg Dommanﬁ sy;tematlcs.
T e |uminosity 0.9%
| effective bjet ! e Wtbkg. 0.6%
| sefecton efckeny | e toppTrew.0.6%
e electron isolation 0.5%

o(tt) = 829 + 1 (stat) £ 13 (syst) £ 8 (lumi) + 2 (beam) pb [1.8%]
theory (NNLO+NNLL): 832 20 (scale)*??_, (mt) **>_,. (PDF+a,) pb
CMS: 791 £ 1 (stat) £ 21 (syst) + 14 (lumi) pb [3.1%] (CMS-TOP-20-001)



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-26/

Early tT cross-section @13.6 TeV (Run 3)

Inputs = yields in 1¢ and 2€ with different N/*t and N8
Profile likelihood fit to calibrate in situ b-tagging, jets and lepton SFs
Initial version (Sep '22 - CMS-PAS-TOP-22-012) — 7% precision already (6% luminosity uncertainty)

Events / bin

Data / pred.

0.8

ee (1b) [ee (2b) [ pu(1b) |up (2b)|ew (Ob)| ew (1b) |ep (2b) |e+jets (1b)|e+jets (2b) | p+jets (1b) [ u+jets (2b)
Y%
E / - 4 % 7 5 Y, 9/
v XA Aﬁ /) % /’Qé////‘ NI % A Aév /]
YUY A L A 147 ‘+ 9, 4% Ve %
tH '
0-6 1 1 i1

o improved in publication version

1.21 b (13.6 TeV)

Prefit

¢ Data mmtt Single t

Wijets
mQCD mmZ+jets mmDiboson

Uncertainty

e s ey i ey e by s by by sy
randandrandandradrandandotsondocodocodovrnd
Number of jets

o(tt) =

Events / bin

»

Data / fit

v > CMS-TOP-22-012

CMS 1.21 6" (13.6 TeV)
Postfit
¢ Data mmt Single t W-jets
mQCD mmZ+jets mmDiboson gzUncertainty

e+jets (1b) | e+jets (2b) [ u+jets (1b) | p+jets (2b)

‘,{i y 3 v, »

s
v

4
¥

e ey ey i ey e by by s by sy
randandrandandradrandandotsondocodocodovrnd

Number of jets

882 £ 23 (stat+syst) £ 20 (lumi) pb [3.5%]

theory: 921*#___ (scale+PDF) pb
o AR O\


https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-22-012/

Updated tt cross section @15.6 TeV ——

e Simultaneous measurement of tt from ey and Z from ee & p:
o inratio R=0, /o, luminosity uncertainty cancelled

ATLAS Preliminary
. Vs=13.6TeV, 11.3fb"
e b-tag counting method, 11 fb™! of Run 3 data: a0 e e
o  superseding ATLAS-CONF-2022-070 (Nov '22): BN it stat. uncertainfy
m  1.2fb7, 10% luminosity uncertainty Data 2022
) . L PREARCE! .
(+ partially lepton-related systematics) + PDF sensitivity e R
010" . . .
Fof SRR o Bsiowon) O =850 241D | S o
10°F Pre-Fit //Uncertainty x (SySt+|Um|) pb CT18, ¢ oy e P
[3.5%] | gn, e
theory: 92432 (scale+PDF) pb M;SHI%%W _—
NNPREAS,
Main systematics on o(tt): ATLASpdt21 N
e |uminosity 2.3% ABUEIS . |l B
31,05 ' ' ' ° Iepton reco. 1.8% 0.8 09 10 17 T2 13 T4 15
50.9;%//%{%//%/%%//{%///%%%‘%////%% e ttPS&had. 1.1% 2 0%
§ 09 Su 75 Su 25 %2y s g, o pile—up 1.1% pr:ecision



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-006/

tt and tt+jets fully differential cross-section @13 TeV

138 fb (13 TeV)

e Full Run 2 pp data, dilepton channel

o single, double and triple differential o

o parton and particle level
o as a function of number of additional
jets and kinematics

e Comparison with NLO and NNLO predictions A

CMS Preliminary dllepto pamcle level 138 b (13 TeV)
H::? TTTTTTTTITTTTITTTTITTT T TN FATTTTTTd TTTTTTT T 77T
\; B40 < m(tf) 1400 < m(th) [500 < m(tf) [650 < m(tf) [340 < m(tf) |400 < m(tf) [500 < m(tf) [650 < m(tl) [340 < m(tf) [400 < m(tf) [500 < m(tf) [650 < m({f)
o) <400 GeV | <500 GeV | <650 GeV k 1500 GeV | < 400 GeV | < 500 GeV | < 650 GeV k 1500 GeV | < 400 GeV | < 500 GeV | < 650 GeV k 1500 GeV
B 01 5 Lo< me) ?0 <p, th } o< pT(m 0< pT(tb 40< pT(t?) 40< pT(!i) 40< pT(t?) 40< pT(!?) 20< pT(tT) 20< pT(tf) 20< pT(lf) 20< pT(t?)
- <40GeV [B<40 Gov| <40Gev| <40 Gev <120 Gev [ < 120 Gev | < 120 Gev [ < 120 Gev | < 500 Gev | < 500 Gev | < 500 Gev | < 500 Gev
O
= [
0.1 d T b
+ “ to .
S
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y(tt)
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x10° CMS Prellm/naql

Dllepton

Top quarks / 20 GeV

¢ Data
EEtisignal  EEZ+jets

Emttother  []Minor bg
[ Single t

E T T T T T | T T T
" epton,(parton level ® Data, dof=6 I
PRt

e > CMS-PAS-TOP-20-006

CMS Preliminary 138 b (13 TeV)

® Data, dof=47

o POW+PYT, x2=114
o FXFX+PYT, x2=119
A POW+HER, x?=174

Total unc.

- Stat unc.

pp— O NNPDF31 NLO, x2=16 E
e sl A CT14NLO, x2=18 ]
400 500 v ABMP16 NLO, y2=15 -
py(t) [GeV]‘ e o MMHT2014 NLO, y2=16 |
; 10° & HERA20 NLO, 27 |
- = Total unc. 3
- E OlAezos =
C [ stat unc. ]
» . i
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L oL vo ol ¢ o
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-006/index.html

tt cross-section summary
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Points from ATLAS

and CMS being
updated

| IIIIII| |
+ P ODOe<{HA<ONAONO e

Tevatron combined 1.96 TeV (L < 8.8 fo'') B
ATLAS combined dilepton, l+jets* 5.02 TeV (L = 257 pb )
GMS combined ey, I+jets 5.2 TeV (L = 27.4-302 pb™)
ATLASep7TeV (L=4.6b")
CMSeu7TeV(L=51fb") ;
LHC combined* en 7 TeV (L = 5 fo™)
ATLAS ep 8 TeV (L =20.21p")
G ot 68 Tev L= 20 )

combined* e =
ATLAS ep* 13 TeV (L = 139 gbg) LHCtopWG
CMSepn 13 TeV (L=35.9 y
CMS t+e/u 13 TeV (L =35.9fb)
ATLAS .I+tjets 13 TeV (L=1391h")
CMS l+jets 13 TeV (L o) |
CMS all-jets* 13 TeV (L = 2.53 fb
ATLAS all-jets 13 TeV (L

LHCtop WG

LHCtopWG

=
all @
=<

ATLAS+CMS Preliminary
November 202

CMS dilepton,l+jets* 13.6 T.
Preliminary

900F

800F
NNLO+NNLL (pp)

700Ff

New point from
ATLAS added
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Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
NNPDF3.0,m_ = 172.5 GeV, ay(M,) = 0.118 + 0.001
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(not yet including latest W mass measurements)
;‘ C T T T T I T T T T ‘ T T T T | : : T T T +I T T T T ‘ T IL
I 0 - ua rk m a SS 8 g g [ ST onasen oL comtours | ey
= 80.5 — [l Fitw/oM, and m measurements i - 62046 GeV —
E; Fit wio My, m and M, measurements |1 — o =046 ©0.50,,, GeV

[ Direct M,, and m, measurements

> arXiv:1803.01853 J e

80.45
e m,+m, +m, measurements — over-constraints to SM fits

o measurements can be compared to EW fit predictions
to probe validity of SM 80.35

Illl\ll\l\l

80.4

M,, comb. + 1o
M,, =80.379 +0.013 GeV

o m,important to determine SM vacuum stability 8035_ L
> PRD 97 (2018) 056006 80.25 i_w??ge
140‘( - I150 160 170 - I1£|30I I I -
H n n . m, [GeV]
e Direct/standard m," measurements: _
- 5 . . . . ~
Msiestabilipys o  extraction from total or partial invariant mass >

of top decay products

o relying on jets, parton showers (LO),
non-perturbative effects
= measuring "mM¢"

pole

e Indirect measurements from cross-sections (inclusive or differential)
o inawell-defined renormalization scheme, e.g. m Pole
theor. meas.
o (a, m, PDF, y, p, ...) vs. O

122 124 126 128

myzole
R EEEEEE—mE——m——————


https://arxiv.org/pdf/1803.01853.pdf
https://arxiv.org/abs/1707.08124

m(t) in £+jets channel with profile likelihood e

e Kinematic fit in each event to extract m ™
e Simultaneous fit of 5 observables with profile likelihood — in-situ constraint of systematics
e Unpreceded precision result:
m,=171.77 £ 0.37 GeV CMS 65167 (1976

m, = 171.77 + 0.37 GeV Pre-fitimpacts [ 8+46 [J 8-40
36.3 fb (13 TeV)
P S Sy (NP | —=—Pull Post-fit impacts B 8+A% @ 8-A9 [[] MC stat.
. I JEC flavor botiom || P e T 089 T o9
- CMS . pata—Post- nt 68% CL[ ] 95% CL| ‘womszdensal  —e— : .
g—qg p—a— : : ;047 i0.14
36.3 fl I e+ jets FSR PS scale X—Xg : Pt iooe| : 013
:' 3000 L L L 0 .4 L 'I _| BG QCD multijet .—.—~ 0.50 50_12
) = mreco  mreco mreco/mfit Rreco CR: gluon move Do i037 i0.11
< CMS e Data—Post- flt. 68% ( r w My |P9°f<0 2 My /my bg 1 CR: QCD inspired —— i 040 i0.09
S F 41  Early resonance decays : —— i 033 0.09
[ & +jets o __ BGWiels —— i o i0.08
F 0.2 | JEC abs. MPF bias | ! O a— i 094 § _
L , “ ~ Ongeflyifigevent " B i 052 —
2000 I — _ _ _ ME/PSmatching | _ P i 052 :
JEC rel. sample | | -—-—- 0.92
I | BUES Bowler-Lund cenvral | | e i ost .
| AR Statistical uncertainty | _ i : -
1 i I” JEG abs. scale | ! — i 098 :
1000 w102 | | ‘ e R ﬂ
i [ TR R I N —— " 7 ™ THIES Peterson | | P e 045 _
DO_ 1 ! JEGrel. FSR | 1 - : io097 H :
O 99 . 1 JEC flavor light quarks | ! io0.97 5 N | 5 50_04
= E : . bTagoing misfag scale | _ —_— i o088 : : : : :0.03
“ 1 K 1 0.98 i L L 11 bJES semilep. B decays | | B — ioo0ee| : : : : {0.03
T Sl @ Y——— 11—l bIESsemilep Bk gL : : i : : : : : :
| * | | (m] Pileup 2 ——— ;086 H A : - H : :0.03
8 1.0541 I . _FSRPS scale g—gg | e P05 § i | ] i i i0.03
o 1 Template BInS ' JEC pileup data/MC : »—-—- 0.96 : 50_03
| *% l 'FoR P scale gaq | —— i o094 i i0.03
E 0.95 T T | o1l " "bJES Bowler-Lund [ - i 085 : :0.03
8 1 | 1 1 1 1 | 1 1 1 | 1 1 1 1 e [l 1 Il _2 _1 0 1 2 _0 3 —O 2 _0 1 O 0.1 0 2 0 3

150 200 250 300 350 (60,140 Am, [Gev]
mtfit [GeV] Jet Energy Scale still dominant uncertainties
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-20-008/index.html

m(t) in dilepton channel with template fit “gmmmrr

p,* selected —

Partial m, reconstruction: g ATLAS Proiminary  § camciepon ]
; « 3000~ f5=13TeV, 139 fb" -

(@) m(eb) with DNN = B m,=17221+080 Gev ]
for £-b pairing § 2500 s E

. . i i

o £-b with highest .

1500

\\Illl\\\llll\‘llllll\l

Selection optimized to
minimize systematics:
o DNNWeh> Q.65

e
o
o
o

i 1.05
eb 5 1 .
© pT > 160 GEV §0.95 4 ?
o selected £-b 50 60 70 80 90 100 110 120 130 140
b ma?" [GeV]
has max p;

Unbinned likelihood fit, calibrated with MC simulation

Improving w.r.t. Run 1:
m =172.21+0.70 GeV +0.39 GeV
(recoil scheme in top decay)

Mtop [GGV]

Result 172.21

Statistics 0.20

Method 0.05 £ 0.04

| Matrix-element matching 0.40 4 0.06
‘Parton shower and hadronisation | 0.05 £ 0.05
Initial- and final-state QCD radiation 0.17 £ 0.02

Underlying event 0.02 £ 0.10

Colour reconnection 0.27 + 0.07

Parton distribution function 0.03 £ 0.00

Single top modelling 0.01 + 0.01

Background normalisation 0.03 £ 0.02

| Jet energy scale | 0.37 4 0.02
_b_-j_e_t_e_nergy scale 0.12 £ 0.02
Jet energy resolution 0.13 £ 0.02

Jet vertex tagging 0.01 =+ 0.01

b-tagging 0.04 £ 0.01

Leptons 0.11 £ 0.02

Pile-up 0.06 £+ 0.01

Recoileffect. [ 03940.09
Total systematic uncertainty (without recoil) | 0.67 £ 0.05

Total systematic uncertainty (with recoil) 0.77 &+ 0.06

Total uncertainty (without recoil) 0.70 £+ 0.05

Total uncertainty (with recoil) 0.80 £ 0.06

y/2 '/&.ﬁ



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

m(t) from boosted tt

e Extracting top mass from mass of
large-R jet with p. > 400 GeV

Potential to measure m tpo’e

using analytical predictions for M €.9.:

. . > PRD 100, 074021 (2019
o unfolding to particle-level, then extract m, —
o jet mass calibrated using W—jj
o FSR reduced by studying angular 0.04 (o138 {0 (13 TeV)
relations of the jet substructure ._@ - CMS 4 Data -
m,=172.76 + 0.81 GeV — Ml 77, = 169.5.GeV
o 2 0.03- — m,=1725GeV ]
138 fo" (13 TeV) ) S [ flb"|(1l3TeIV) U% L my = 1755 GeV
: S — T T LI B — ™] > I 1 ~— L l -
3 004} cms | | pY > 300 Gev 1 © ' CMS ] © 0.02— T [e— 8 a
: LT [ 4 bata T ]
0.03} . 01 _ - L il ' 4 :
L —tt stn=ZE > 0'01__ ]
0.02 TR L n B ]
| T | o] lifeent ] Y ;
0.01 _'"' e 1 I ol | N |
| . - 15_‘ T T T T T T 1]
el \ | o (& B
12F 12- T EERE §8 1‘- .
2 .1 ' o ’ LT . 056 v v v vy T
< T 1 e ] 120 140 160 180 200 220
o ° o
08 = 05F . T R R uj mjet [GeV:I

m,, [GeV] ' ' o,
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-012/index.html
https://arxiv.org/abs/1708.02586

Pre-fit impact on m;: Am, [GeV]
[ 16=0+A0 | 16=0-A0 —03-02-01 0 0.1 02 03

m(t) with soft muon tagging

Post-fit impact on m:
mo=0+AD pno=0Ad | ATLAS

Nuis. Param. Pull | Vs =13TeV, 36.1 b
Non-standard techni . > arXiv:2209.00583 - huis. Faram. Fu , :
prompt-lepton - soft-muon invariant mass, m, : | BRbou|
v | ic ob bl H (FISR-h,,, _ (SMT from b/c)
o purely eptonlc opbservanie T
m reduced systematics from jets Z+jets norm. (6b/c)
. . cL. SMT-fake norm.
o modelling of b-hadron production & decay critical R oo
> L L L B ] b—frag. retuned to LEP data E:_niss soft track resolution (para.)
14000~ ATLAS ¢ Data 7 )
© L (s=13TeV,36.1 o[ Jff (sMTfrom t > b) . I JES (modelling 1)
£12000(— OS selection [ tt (smT from t — b — ¢) — S 350 e'e > bbis=m, 3 b-tag (b 0)
Q L Pre-Fit Wit (suTfromt — b — T) g E ata 3 _
Lu10000_ : [ 18 (:ml frgm b/c, other)c ] z 35 lil{.ﬁg SY:HIA& Atar, E ttISRyu_ (SMT from b/c)
[JBackground ] T 250 L ATLAS Pymng, A14 E JES (pile-up, p topology)
8000: 7. Uncertainty _: 2; - ATLAS Herwic7.1.3 E’T"iss soft track scale
- ] "o s : Muon identification eff. (syst.)
o E N . JER
4000 _: § . : ........ b-prod. frac. (baryons)
] 8 ”‘3 {T ISR (SMT from W)
2000 1 $ ;E o i ff aFoR
g % ' ' ' ' _ : 8:%1 02 03 04 0. %g:atz;u;ce::im ; { PDF 2 . .
;hj 1.155_ O—E 3 . . X .5 0. A .8 0.9 XB1 Pi|e—up : — E
‘\g 1WWWWW%/}% IIIIIIIIIIIIIIlIIIIIIII|IIII|IIIIIIIII
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076 - ‘ ‘ ' 3 ) -0.)/A0
e +0.25 GeV from recoil scheme °
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2017-17/

Indirect m(t) from tt+1j

e Jet emission in tf sensitive to m,
e Quantity p o< 1\m(tf+1jet) used to extract top pole mass 36.3 b (13 TeV)
- . . Q_ -_IIII|IIII|IIII|II\I|IIII|IIII‘IIIIlIIIIlIIIIlIII\_—
e Dilepton tf+1jet selection S cMS i Data
e Profile-likelihood unfolding o f et NLOm, = 176.5GeV' 3
I bini | . o- 4|~ ABMP16NLO ti+jet NLO m, = 169.5 GeV 7
o allows combining several categories g | Bt NLOM, = 1725 GeV |
e Comparison with NLO predictions: 8 3F e i POW.+PYT. m, = 1725 GeV ]
m pole — 172.94 + 1.37 GeV b-é r Stat. @ syst. uncertainty
. 94 £ 1. b
CMS 36.3 b (13 TeV) -
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Pre-fit
I Data B ti+jet, 045<p<0.7 I Z+jets [ Other
B tt+jet, 0 <p<0.3 [ ti+jet, 0.7 < p [ Single top 77 Total uncertainty
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-008/index.html

Top Mass Summary

ATLAS+CMS Preliminary Myep from cross-section measurements
LHCtopWG June 2022
total oiat My + tot (stat + syst + theo) Ref.
o(tt) inclusive, NNLO+NNLL
ATLAS, 748 TeV 172.9 73 (1
CMS, 7+8 TeV 173.8 54 2
CMS, 13 TeV —— 169.9 57 (0.1+1.5 4'Z) )
ATLAS, 13 TeV 1731 22 “
LHC comb., 7+8 TeV LHCtopWG 173:4 38 5]
o(tt+1]) differential, NLO
ATLAS, 7 TeV 173.7 57 (15£1.4 55) (6]
CMS, 8 TeV (%) 169.9 57 (1.1 57 6 )
ATLAS, 8 TeV 1711 5% (0.4 £0.9 57) 8l
P CMS 18TeV () ey 17294 o]
“o(tl) n-differential,NLO
ATLAS, n=1, 8 TeV 173.2+1.6(09+0.8+1.2) [10]
CMS, n=3, 13 TeV 170.5+0.8 [11]
my,, from top quark decay [1]EPJC 74 (2014)3109 (6] JHEP 10 (2015) 121 [11] EPJC 80 (2020) 658
[21JHEP 08 (2016) 029 [7] BMS PAS-TOP-13-006 (12] PRD 93 (2016) 072004
CMS, 748 TeV comb. [10] e G e
ATLAS, 7+8 TeV comb. [11] (5] arXiv:2205.13830 [10] EPJC 77 (2017) 804 * preliminary
IIII||III|IIII|III|II|I|IIII|IIII|III
155 160 165 170 175 180 185 190
My, [GeV]

ATLAS+CMS Preliminary

LHCtopWG

stat
total uncertainty

LHC comb. (Sep 2013) LHCtopwG

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, T+jets
CMS, dilepton
CMS, all jets
CMS, l+jets
CMS, dilepton
CMS, all jets
CMS, single top
CMS comb. (Sep 2015)
CMS, l+jets
CMS, dilepton
CMS, all jets

CMS, T+jets ()
CMS, boosted (*)

* Preliminary

Miep SUMMary, s =7-13 TeV

World comb. (Mar 2014) [2]

total stat

Mgy + total (stat + syst)
173.29 + 0.95 (0.35 + 0.88)
173.34 + 0.76 (0.36 + 0.67)
172.33 £ 1.27 (0.75 +1.02)
173.79 + 1.41 (0.54 + 1.30)
175.1+£1.8(1.4 £1.2)
1722 +2.1 (0.7 £ 2.0)
172.99 + 0.85 (0.41 + 0.74)
173.72 £ 1.15(0.55 + 1.01)
172.08 + 0.91 (0.39 +0.82)
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172.25 + 0.63 (0.08 + 0.62)
172.33 +0.70 (0.14 + 0.69)
172.34 +0.73 (0.20 + 0.70)
17213 +0.77 (0.32 + 0.70)
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Conclusions

e Top cross-section & mass measurements in CMS & ATLAS reaching unpreceded performance:
o more and more precise measurements using advanced analysis and statistical methods
o overall good agreement with SM predictions... until now...

e Analysis of Run 2 data not yet finished:
o full 13 TeV data potentials still to be fully exploited

e First Run 3 measurements:
o ttone of the first processes rediscovered at the new centre-of-mass energy

o early measurements essential to test full functionality of the detectors
and re-warming-up the collaborations
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Source of uncertainty Ao /68 %) Acy/ou (%)

ATLAS tt Run 2 Data statistics 0.15 0.15
MC statistics 0.04 0.04

Matrix element 0.12 0.16
hgamp variation 0.01 0.01
Parton shower 0.08 0.22
tt + heavy flavour 0.34 0.34
Top pr reweighting 0.19 0.58
Parton distribution functions 0.04 0.43
Initial-state radiation 0.11 0.37
Final-state radiation 0.29 0.35
Electron energy scale 0.10 0.10
Electron efficiency 0.37 0.37
Electron isolation (in situ) 0.51 0.51
Muon momentum scale 0.13 0.13
Muon reconstruction efficiency 0.35 0.35
Muon isolation (in situ) 0.33 0.33
Lepton trigger efficiency 0.05 0.05
Vertex association efficiency 0.03 0.03
Jet energy scale & resolution 0.10 0.10
b-tagging efficiency 0.07 0.07
tt/Wt interference 0.37 0.37
Wt cross-section 0.52 0.52
Diboson background 0.34 0.34
ttV and ttH 0.03 0.03
Z + jets background 0.05 0.05
Misidentified leptons 0.32 0.32
Beam energy 0.23 0.23
Luminosity 0.93 0.93
Total uncertainty 1.6 1.8
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ATLAS tt Run 2

—_ _l T T T I T T T T | T T T T I I T T T I T T T T I T T T T I T Ll 10_1 :l—l I T T T T I T T T T [ T T T T I T T T T I T T T T I T T T J—_
§ o5 ATLAS | j % = ATLAS e Data E
= -  Vs=13TeV, 140 fb” !__"_]: . 9 E Vs=13TeV, 140 fo’' - - aMC@NLO+Her7.1.3
F - Bl T Re. --- Powheg+Herwig7.0.4
3 0'45: M Dﬁtg NLO+Het7 1.3 “H‘- . el e --- Powheg+Pythia8
o - aMC@ e, = - B 102 Lo --- Powheg+Herwig7.1.3 5
(o) — --- Powheg+Herwig7.0.4 Y - gl = i ; 3
= 04— ... powheg+Pythia8 ‘o — © g o aMC@NLO+Pythia8 3
= C .- Powheg+Herwig7.1.3 -JH . T = ! -+ Powheg+Pythias (rew.) ]
0.35— aMC@NLO+Pythia8 | ] ~ Anengpsnn mm Stat error -
- N i Stat @ Syst
L -.. Powheg+Pythia8 (rew.) ] 103 = | al yst error _
— == Staterror 3 = e 3
0.3~ Stat @ Syst error . ] — | -
: T : : | :
— i - B Lvnas ron s, om0 7]
0.25— . — amm—m—
L — 4 ]
5 T - - E 3
0.2f ' ] - b I
l_ _I 1 I 1 1 1 1 I 1 1 | 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 T 1 1 1 I_
m 1 m 1 1 I 1 ! 1 T I 1 1 1 1 | I T 1 1 I I I T 1 l__L_J__I__L_{__I__L_],_J__
g 1.05 cD*Es' 1.2- O o
g 1 . g 1 ST e T ST
0.95F B 7
0.8_I 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1]
0 50 100 150 200 250 300 350

Lepton P, [GeV]




CMS & ATLAS ttRun 3 -

Category Uncert. [%]

CMS o ot Rz
Source Uncertainty (%) tt tf parton shower/hadronisation 1.1  0.01 1.0
Lepton ID efficiencies 1.6 tf scale variations 02 <0.01 0.2
. .. Top quark pt reweighting 0.6 0.02 0.5
Eggger efficiency 8:; Z Z scale variations 0.2 0.5 0.3
) o ) Bkg. Single top modelling 04 0.01 0.4

b tagging efficiency 1.1 Diboson modelling 0.1 006 <001
Pileup rew?ighting 0.5 Mis-Id leptons 0.5 0.1 0.5
ME scale, tt 0.6 Lept. Electron reconstruction 1.0 1.1 0.5
ME scale, backgrounds 0.1 Muon reconstruction 1.5 1.2 0.8
ME/PS matching 0.1 Lepton trigger 0.4 0.7 0.8
PS scales 03 Jets/tagging  Jet reconstruction 04 0.1 0.3
PDF and ag 0.3 Flavour tagging 0.2 0.01 0.2
Single t background 1.0 PDFs 04 02 0.4

Z+jets background 0.3 Pileup Lt L1 <001
Wets background 0.0 Luminosity 23 22 0.3
Diboson background 0.5 Systematic Uncertainty 3.5 3.0 2.0
QCD multijet background 0.3 Statistical Uncertainty 0.5 0.03 0.5
Statistical uncertainty 0.5 Total Uncertainty 3.5 30 2.0

Combined uncertainty 2.6
Integrated luminosity 2.3




ATLAS tt Run 3

Pre-fit impact on p :
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