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e Most striking properties

o heaviest fundamental particle known
 Yukawa coupling to Higgs boson ~1
* high relevance to EWK Symmetry
Breaking mechanism
o very short lifetime T~5x102° ps
* inhibits to form bound states
 Unigue way to study quasi free quark

e High production rate at LHC

o probed cross sections from

~800 pb to ~20 fb
« O(100) millions tt produced
in Run 2 and Run 3

o allowing for deep understanding
of the production mechanisms

o increasing number of differential
measurements with high precision,
exploiting new datasets, high-pr regime

e Multiple of interesting SM/top
properties measurements
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Top quark as a probe for the SM
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e Motivation

Spin correlation, ATLAS+CMS combination

o top quarks produced in pairs are almost unpolarized in the SM,

but the spins of the top and antitop are correlated

* information of the top quark’s spin is preserved in its decay products
o spin correlation measurements are all consistent with SM expectatlons

bUt there are some tenSIOnS In a narrow § 045_ ATLASI+CMS Preliminary Vs = 131TeV (Nov! 2025) 4
interval in the tt production threshold region =. - LHctopwa ATLAS 36.1 16"+ GMS 35.9 0"

o study the angles of the top decay products : - N Fr
- A difference in azimuth of charged leptons 3= 5 0 TS MG o T

in their parent top- and antitop-quark = O ATLAS-CONF-2026-001 ' B

rest frames e T 5

0.3— KT ]

e Selection/Analysis Lo e -
o ATLAS: 2015+2016, 36 fb*, eu channel, 0.95 B NNLO (NNPDFS.1,p__ = Hy/d) -
no tt reconstruction - R ML

o CMS: 2016, 36 fb?, ee/eyw/uu channels, 0.2- | | | | .
includes tt reconstruction =, PR B E
o unfolding to parton level e R - !w« """""
o combination done with the Convino package “ 0.95 4. Combmatwnstat@syst ......... N
(Eur. Phys. J. C 77 (2017) 792) w8 w8 @2 BE ER oD
Parton level| A¢(I", I")|[rad]

Tension between data and common MC Powheg+Pythia8 prediction

Better agreement with fixed-order theoret

ical predictions

with higher-order corrections (Phys. Rev. Lett. 123 (2019) 082001)



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2026-001/
https://doi.org/10.1103/PhysRevLett.123.082001
https://doi.org/10.1140/epjc/s10052-017-5345-0

Vo] CKM matrix element in tt decays

e Motivation
o first measurement of |Ve| using on-shell W-boson decays to b and ¢
* previous measurements used B-hadron decays, i.e. probed bound states
o Current world average (PDG 2024) : |Vo| = (41.1£1.2)x1073
« 30 tension between inclusive and exclusive B- hadron decay measurements (PRD 113 (2026) 012008)

¢ Selection/Analysis 5 e ATLAS e =fv",i'f:°" .
o tt events with 1 lepton (e or p) and 4 jets ) ot e, Post . A
o el BOVE o ch) Bl bbe) NG bbbty 1S Lol .

ZqlWVeql? BW* —cq)  B(t—bge) N(tt — bge bl=v) 1000 arXiv:2603.16414 .

o categorisation: # of b- and c- jets L —— _

(3blc most signal like) — . -

o neural net for signal-background

discrimination (jet-parton matching) 3 :zj_///// / %/ 7
o tt-MC sample split into |Ve| on/off “ oss

O |Ve| obtained from normalisation of ft(|Ve|=0n) . %

LN

FTT TN

£ --l- Myl =0.50 vy =150 |
S 160 == My =1.00 —— pyy, =1.19 (bestfit) —
[Ves| = ((50 (stat) ;5(syst)) x10° R e e N us—
Systematic uncertainties dominated g OWWWWW
by tt+b/c/light calibration, modelling of |Ve|=0n, 80 Low Medium High
statistics (3blc, high region) NN output

Result in agreement but not (yet) competitive with B-hadron measurements
Novel approach and first measurement of |V| at the weak scale
using the rare hadronic t - bbc decay at high momentum-transfer


https://doi.org/10.1103/x87q-tld5
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2019-14/

m; measurements : indirect vs direct methods

The top quark mass m;, since it is a free parameter of the SM,
has to be determined experimentally

e Indirect measurements (m?°*) e Direct measurements (m{")

o based on cross-section measurements o extracted from kinematic reconstruction
and perturbative QCD predictions of top-quark decay products

o performed in a well-defined renormali- o data compared to MC templates with
zation scheme (e.g., pole, MS) varying values of m*
 reduced MC modeling dependence * inherently depends on MC modeling of

(unfolding) non-perturbative effects

O precision: O precision:

* O(2 GeV) (inclusive measurements) « O(500 MeV)

* O(1 GeV) (differential measurements)
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Measure top-quark mass m; in different channels, kinematic regimes
and using different experimental techniques



m. from tt+1-jet cross-section
e Indirect measurement of m;
o dependence of differential cross-section on invariant mass of tt+1-jet system

e Selection/Analysis
o tt events with exactly 2 leptons (ep), 2 b-jets and 1 additional jet with pr>50 (60) GeV

e Observable SR S JAEF 12(2025) 023

c - =

= -~ ATLAS =

pole 1 dotiijet, pole . 2mg ‘;’ 3'5§ s=13 TeV, 140 fb” " Unlded daa ]

R(m{™", ps) = N dJ (Mm%, ps) s ps= p— = 3E-ti— ey +jets . TCHEIGHEEtaR =
Oti+jet Ps \/ Stt+jet Q oF - pix"a’et >50 GeV, [p™¥ <25 = NLO QCD, mf**=169 GeV

—~n ~E sl - - - NLO QCD, m**=171 GeV _E

o unfolded at parton-level and compared to & 2= e E
« stable top-quarks predict_io_n (2-3) 1.5E- _— =

» off-shell top-quarks prediction (2-7) . E =
23 05 oo =
0:_....1....1.........1....1....1....|..|.|"'.‘.".'".'f'.'."."'§

g 3 12 | | | | | | | | .

Q‘Q\ _qc) 8 . 1lT'l:"-"'T.”_5"'T“:"-‘”T":.-e..-.-...-..p.-..-.-..-.-,_.-,-.m...-.m.._,_,._,__._=‘=".'-'=“-':.:";":-. .

Fixed order NLO QCD Fixed order NLO QCD = S |
tt+1-jet PP — e*Vel V,bbj+X o .
prov. By M. Worek [arXiv 1509.09242] 06 . s o s S

0 01 02 03 04 05 06 07 08 09 _1

2.3 prediction : m = 170.73 + 0.33 (stat) + 1.36 (syst) "> (scale) + 0.24 (PDF®as) GeV ‘

+0.49

2.7 prediction : my = 171.69 + 0.41 (stat) + 1.68 (syst) "<’ (scale) ' (PDF®as) GeV

Systematic uncertainties dominated by o(JES, Jet Energy Scale)=0.65 GeV
and o(b-tag)= 0.44 GeV, 6(PS-recoil)=0.68 GeV, 6(PS-had)=0.43 GeV (here for 2 - 3)


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-23/
https://arxiv.org/abs/1509.09242

m; at high p+

e Direct measurements from top-quark decays
o extract m; from events with sufficiently energetic {’
hadronically-decaying top

|
|
e Selection/Analysis | P e

o tt events where one top quark decays \ ey m,
leptonically (e or p) in the final state andthe ~ ~~~~~ "~~~
other decays hadronically ESOOO "ATLAS 4 Daa
o hadronically decaying top reconstructed 0 0% Vs=13TeV, 140 fb’ ml;
as a large-radius (R=1.0) jet with pr>355 GeV ejeo00 T Il Background:

7 Uncertainty |

e Observables %5000-
o mean of top-jet mass m; (T3 4000f
» reduced sensitivity on m; shape 3000}

o reduction of JES and recoil syst. uncertainty: .
- inv. mass of jets from W decay m;
- inv. mass of semileptonically decaying

ghvs. Lett. B 867 (2025) 13960

top and closest jet (if exits) my %31_072. /
o to extract my, a simultaneous profile EOQQQW‘//’“W/W//WW‘V%/////
likelihood fit is performed to m,, m; and my § R T B T T &

m, [GeV]

m:= 172.95 £ 0.27 (stat) £ 0.46 (syst) GeV
Leading uncertainties : 6(JES)=0.26 GeV, 6(ISR/FSR)=0.14 GeV - o(recoil) reduced to 0.08 GeV



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2022-24/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2022-24/

o extract m; from events using purely leptonic observable
* reduced sensitivity to Jet Energy Scale 5

e Selection/Analysis

o events where one top quark decays

leptonically (e or p) in the final state and the

b-quark decays into J/v - uu-

JHEP 04 (2026) 099 1
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e Several challenges
o small branching fraction of the signal process
(Ivid [y (— u*u")X)(qq’'b)) ~3.8x107*

Data 12165

tHb— Iy —putu) 7941 +737
Single-top-quark (b — Jhy — ptu”) 964 + 109
it 1411 £ 145
Single-top-quark 164 + 43
1tV + ttH 38+ 8
W+jets 777 £258
Z +jets 468 +138
W+ Jly 78 + 41
diboson 16+ 9
Non-prompt and fake lepton 322+ 99
Signal+background 12180 + 821
Expected background fraction 0.27 £0.01
Data/(Signal+background) 1.00 £0.07

m; using top quark decays with a Jly - p' -

e Direct measurements from top-quark decays

ntaining J/U — pTp

o sensitivity to some signal-process modelings


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-19/

m. using top quark decays with a Jhy - pp-

e Observables
o invariant mass of isolated lepton and J/y system m(fu*w)
o unbinned maximum-likelihood fit performed to extract m;

JHEP 04 (2026) 099 —
> FrTrrr [ [ [ [T [ T [ T T 1 A.TLAS _— stat.;ncertainty
82000 — ATLAS & Bes 3 Direct top-quark mass measurements — total uncertainty
1 T ] ' m,, + total (stat. + syst.) [GeV] Ref.
L ' + fi+single-top m= 169 GeV _] 'top
o 1800 5 ~Vs=13 TeV, 1 40 fb R T ATLAS dilepton 7 TeV, 4.6 fo' —— 173.79+ 1.42 (0.54 + 1.31) 1]
c\n 1600 :— { et — ATLAS lepton-+jets 7 TeV, 4.6 fo™! |-|—<}=:—H 172.33+ 1.28 (0.75+ 1.04) 1]
- C H :
(o= N 777 7 7 ATLAS all-jets 7 TeV, 4.6 fo’! 1 =] 17510+ 1.82(1.3511.21 2
01400 Background ghels e I ( ) [2]
Lﬁ C v ATLAS dilepton 8 TeV, 20.3 fb™! H+H 172.99 + 0.84 (0.41+ 0.74) 18]
- 4 ncertainty
1200 = V7 G KL ATLAS lepton+jets 8 TeV, 20.3 b = 172,08+ 0.91 (0.39+ 0.82) (4]
- 1
1000 ATLAS all-jets 8 TeV, 20.3 fb' =-— 173.72+ 1.15 (0.55+ 1.02) 5]
= h
F ATLAS combined HH 172.71+ 0.48 (0.25+ 0.41) 6]
800 | ;
600 R £ @ ATLAS leptonic inv. mass 13 TeV, 36.1 fb™ E - 174.41+0.81 (0.39+ 0.71) 7]
L =% ATLAS lepton-+jets boosted 13 TeV, 140 fb"! I-H}H 172.95 + 0.53 (0.27 + 0.46) 8]
400 = @2 i
= |
200 ATLAS lepton+J/y (this result) 13 TeV, 140 fo”  [rfpcipf] 172.17 + 1.56 (0.80 + 1.33)
_ J
O = o D N O T (O O | T O A A I T I e | CMS lepton+J/y 8 TeV, 19.7 fb! I . o 1 173.50 + 3.10 (3.00 + 0.90) [9]
I | T T T T T T Y :
1
& ATLAS+CMS Run 1 combined KA 172,52+ 0.33 (0.14  0.30) [6]
= : [1] EPJC 75 (2015) 330  [6] PRL 132 (2024) 261902
© ! [2] EPJC 75 (2015) 158 [7] JHEP 06 (2023) 019
oc ! [3] PLB 761 (2016) 350  [8] PLB 867 (2025) 139608
' [4] EPJC 79 (2019) 290  [9] JHEP 12 (2016) 123
| | 1 | 1 [ 1 | | - | [5] JHEP 09 (2017) ns| |
20 40 60 80 100 120 140 160 '
) [GeV 165 170 175 180 185
m(zutu) [GeV] Myp [GeV]

m:=172.17 £ 0.80 (stat) £ 0.81 (syst) = 1.07 (recoil) GeV

Leading systematic uncertainties : o(PS-had)=0.40 GeV, o(b-frag)=0.15 GeV, o(W/Z+))=0.40 GeV
and o(recoil)=1.07 GeV but reduced 6(JES)=0.07 GeV and c(b-JES)=0.04 GeV !


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-19/

Conclusion

Presented a selection of recent results in top-quark property
measurements using the ATLAS Run 2 datasets

e Top-quark propeties
o ATLAS+CMS combination on spin correlation (ATLAS-CONF-2026-001)
o First measurement of [Vcb| at the weak scale
Veo| = (50., )x102 (arXiv:2603.16414)

e Top-quark mass measurement
o tt+jet in dileptonic decays: pole mass extracted in a well-defined scheme
mi = 170.73 + 1.45 GeV (JHEP 12 (2025) 023)
o tt events with sufficiently energetic hadronically-decaying top
m; = 172.95 + 0.53 GeV (Phys. Lett. B 867 (2025) 139608)
o tt events with J/y - p*u : leptonic method with reduced jet systematics

m,=172.17 + 1.56 GeV (JHEP 04 (2026) 099)

All ATLAS results on top quark physics can be found in:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2026-001/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2019-14/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-23/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2022-24/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-19/

ATLAS

EXPERIMENT

ATLAS results on top quark mass and properties, 11/05/2026, PHENO2026, Pittsburgh, F. Derue (LPNHE Paris)



e Selection/Analysis
o ATLAS: 2015+2016, 36 fb?, eun channel,
no tt reconstruction
 repeated to match CMS binning
o CMS: 2016, 36 fb?, ee/ew/uu channels,
includes tt reconstruction
o unfolding to parton level
o combination done with the Convino package
* ¥ minimization,
o takes systematic uncertainties and correlations
within each experiment into account

« combination of two normalised differential
cross-sections => N-1 degrees of freedom

I | I I I
ATLAS+CMS Preliminary Vs = 13 TeV (Nov. 2025) _
LHCfopWG ATLAS 36.1 fo' + CMS 35.9 fb' 7]

+ ATLAS + CMS combination

ATLAS-CONF-2026-001

0_25__ = NNLO (NNPDF3.1,uR/F =H/4)
B === NLO expanded QCD+Weak (CT10, Moo= M)
r Common MC Powheg+Pythia8
02 | | | |
QE) 1 N O, S, S N T
- O - .
ol R R e R
DR | s s
= [P777757757 7 2 45s8ssssssits
= u ¢ Combination stat.® syst
0.95-"- e I.}.'..A.' .................. o NSRS
0 /6 /3 /2 2n/3 5n/6 o

Parton level| A¢(I", I")|[rad]

Tension between data and common MC Powheg+Pythia8 prediction
Better agreement with fixed-order theoretical predictions with higher-order corrections


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2026-001/

. . arxiv:2603.16414
e Selection/Analysis subm. to JHEP

o tt events with 1 lepton (e or n) and 4 jets
|Vb|2 = B(W+~+c£::») o N(r}-»bi;c bt )
¢ B(W+*—cg) ~ N(tt—bgc bl- o)
o categorisation: # of b- and c- jets
(3blc most signal like)

e Jet-assignment Neural Network

for jet—parton matching

o signal: tt events with correctly
assigned jets

o background: wrong jet assignments
and tt+heavy-flavour

Events

Data / Pred.

Vo] CKM matrix element in tt decays
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Vo] CKM matrix element in tt decays

. . . . arXiv:2603.16414
e Profile likelihood fit subm. to JHEP

o tt MC split into |V on/off samples
* |Vo| extracted from normalization
of tt(]Ver|=0n)
o fit parameters
« scale factor for tt(|Vco|=0n)
« inclusive tt normalizations
« background normalizations (tt+b/c)
* C-jet (c-to-b) tagging (mistagging)
efficiencies
o dominant uncertainties
e tt+b/c/light calibration,
modelling of |V|=0n,
statistics (3blc, high region)

CERN-EP-2026-069

1 ATLAS
1 5 =13 TeV, 140 fo™"
3 Post-it
¢ Data Bl sirgie top
-!EI-'.-_l.- 1 - W+ jets
3 Dr@.-.-_,. p+b D{thers
'-: [Cfwu-e+e 77 Uneanainty

el [ st +light = fiy e

Events

Events Data/ Pred.

Events Data / Pred.

1E . =] Y +

. TNy

naf £ ES £
Low Mediym High Low Medium High Lo Mecium High

MM gutput MM ouipui MM output

Data / Pred.
=]

[Ve| = ((507 (stat) ;o(Syst)) x103
Systematic uncertainties dominated
by tt+b/c/light calibration, modelling of |V|=0n,
statistics (3blc, high region)
Result in agreement but not (yet) competitive with B-hadron measurements
Novel approach and first measurement of |V| at the weak scale
using the rare hadronic t - bbc decay at high momentum-transfer



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2019-14/
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[EMeasuring the Top Quark Mass: Direct vs. Indirect

The top quark mass my, since it is a free parameter of the SM,
has to be determined experimentally

ATL-PHYS-PUB-2025-025
e Indirect measurements (m?*"®) e Direct measurements (m;")

ATLAS+CMS Preliminary Migp SUMmary, Vs = 1.96 —13 TeV  May 2025
ATLAS+CMS Preliminary  my, from cross-section measurements November 2023 LRCIopWe
LHCtopwa LHC comb. (Feb 2024), 7+8 TeV LHctopwa [1]
statistical uncertainty total stat
total stat My, * tot (stat + syst + theo) [GeV] JL dt  Ref. total uncertainty ] iy total (tat £ syst £ recoll) [GeV] '[ Ll Fei
LHC comb. (Feb 2024), 7+8 TeV 172.52 +0.33 (0.14 +0.30) 20! [1]
o(tt) inclusive, NNLO+NNLL World comb. (Mar 2014), 1.9+7 TeV 173.34 +0.76 (0.36 * 0.67) 871" [2]
425 ATLAS, l+jets, 7 TeV 172.33 + 1.27 (0.75 + 1.02) 46t [3]
ATLAS, 7+8 TeV —e— 1729 3§ <20 [1] ATLAS, dilepton, 7 TeV 178.79 + 1.42 (0.54 + 1.31) 460" (3]
! i +1.7 31 ATLAS, all jets, 7 TeV st 1751+ 1.8 (1.4£1.2) 46" [4]
CMS’ 8 TeV 173.8 ;11'89 2 g 4 ATLAS, dilepton, 8 TeV 172.99 + 0.84 (0.41+ 0.74) 20.3fb" [5]
CMS, 13 TeV —h— 169.9 L7 (0.1£1.5 55) 35917 [3] ATLAS, all jets, 8 TeV 17872 +1.15 (0.55 + 1.02) 203107 [6]
+2.0 . ATLAS, l+jets, 8 TeV 172.08 + 0.91 (0.39 + 0.82) 20217, 7]
ATLAS, 13 TeV l — 173.1 25 36.110" 4] ATLAS comb. (Feb 2024) 7+8 TeV 172.71 £ 0.48 (0.25 + 0.41) <2037 [1]
LHC comb., 7+8 TeV ——— 1734 48 <20’ 5] ATLAS, leptonic inv. mass, 13 TeV 174.41£081(039£066£0.25)  3511b" [g)
E— N = ATLAS, dilepton (*), 13 TeV 172.21+0.80 (0.20 £ 0.67 +0.39) 139" [9]
o(tt+1j) differential, NLO ATLAS, boosted, 13 TeV 172.95 £ 0.53 (0.27 + 0.46) 140167 [10]
+2.3 +1.0 ; CMS, l+jets, 7 TeV - 173.49 £ 1.07 (0.43 + 0.98) 491" [11]
r———i— 7 S5+14 61" ; ]
ATLAS, 7 TeV 173.7 +21,12 (1.5+14 +%57) 461 [6] CMS, dilepton, 7 TeV + 1725+ 1.6 (0.4 % 1.5) 491" [12]
ATLAS, 8 TeV e 171.1 50 (0.4 £0.9 %3) 20217 [7] CMS, all jets, 7 TeV 1 173.49 £ 1.39 (0.69 + 1.21) 35" [13]
+1.4 +0.5 CMS, l+jets, 8 TeV 172.35 + 0.51 (0.16 + 0.48) 19.7 o [14]
CMS, 13 TeV - 172.1 55 (1.3 44) 36.3f" (8] CMS, dilepton, 8 TeV i 172.22 7951 (018 0% 19.716" [15]
o(tt) n-differential, NLO CMS, all jets, 8 TeV - 172.32 + 0.64 (0.25 + 0.59) 19.7 16" [13]
(tr) ’ CMS, single top, 8 TeV 172.95£1.22(0.77 0% 19.7 o [16]
ATLAS, n=1,8 TeV Pt 1732+1.6 (0.9 £0.8 £1.2) 202" 9 CMS comb. (Feb 2024), 7+8 TeV 172,52 +0.42 (0.14 +0.39) <1971 (1]
s
’ CMS, all jets, 13 TeV 172.34 £ 0.73 (0.20 **%) 35.910" [17]
- + 1 , s .
CMS, n=3, 13 TeV [ 1705+0.8 385917 [10] CMS, dilepton, 13 TeV 172.33 1’007130 (0.1{[;;:9(;.269) 35.91b" [18]
my,, from top quark decay [1] EPJC 74 (2014) 3109 [5] JHEP 2307 (2023) 213  [9] EPJC 77 (2017) 804 CMS, single top, 13 TeV 17213 S77 (032 70 35.9 ’b“ [19]
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Paras m; from tt+1-jet cross-section

Unfolded distribution (2 - 7

Uncertainty table (2 - 3

~ L0 2 ) LD =]
= E_ATLAS T
g 3,5E 15213 TeV, 140 fb" —— unqomaddaré =
— - S — — S — E 3 ;_{.Hrw s e.“iﬁ & jEIs exlrajel e T _;
Uncertainty source .f'_\.mf'ﬂc [GeV] MC stat. unc. [GeV] 9 5 SZ_Flduc’a' PhaceRRosRy > BH0EY s NLO QGD, m*=169 GeV
— % ~E === NLOQCD, m™=171 GeV
Data statistics 0.33 - e 5 f— S et —f
Detector unc. = =
b-tagging and mistag 0.44 0.06 25 i E
Jets 0.65 0.06 == =
Leptons 0.25 0.06 0.5 A5 ==
Others 0.18 0.06 e S =
T 0 = | | | oley | | | e ...?.._ e
: Modeling unc. Ela .o ' '
MC statistical uncertainty 0.08 = 8|s 121___:'_ . . — i
Backgrounds normalization 0.02 - = Al B )
Single-top modeling 0.03 0.06 0‘ &l |
MC -
my" dependence 0.10 0.09 007 02 03 04 05 06 07 08 09 .1
PS Recoil model 0.68 0.06 Py
Parton shower 0.43 0.14 .
Underlying event 0.39 0.12 Previous measurements (2 — 3 process)
Color reconnection 0.13 0.08
ME+PS matching: phe 0.09 0.06 ATLAS
ME+PS matching: Agamp 0.26 0.06 M direct (LHC Run 1, Phys. Rev. Lett. 132 (2024) 261902)
ME+PS matching: line shape 0.38 0.12 EW fit (Eur. Phys. J. G 78 (2018) 675)
3D NNLO reweight 0.21 0.06
PDF 0.26 0.06 total stat mfm +total [GeV]  Reference
Initial-state radiation 0.24 0.06
Final-state radiation 0.04 0.16 a(tf) inclusive, NNLO+NNLL
Factorization scales 0.09 0.06 LHC 7+8 TeV comb. (CT14) b 1740+ 2.3 JHEP 07 (2023) 213
Renormalization scales 0.03 0.06 CMS, 13 TeV (CT14) H= 173.7 97 epuc 7¢ (2019) 368
Theory unc. ATLAS, 13 TeV (CT14) i 1731 2 Epuc 80 (2020) 528
~Scale variations  40.34-0.28 +0.05 -0.06
PDF @ as 0.24 +0.06 -0.06 o, ) differ;, MNALO .
i 1711 A% EP 11 (2019)
Total 147 144 - ATLAS‘,IH]. 8 TeV (CT10) o 10 .JHFP 11 :2319_ 150
CMS, 1ij, 13 TeV (CT18) - 1721+ 1.4 JHeP 07 (2023) 077
ATLAS, dilepton, 8 TeV (CT14) = 173.6 £ 1.3 EPJC 77 (2017) 804
CMS, 3D diff., 13 TeV (CT14) i 171.1+ 0.8 EpJc 80 (2020) 658
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m; using top quark decays with a Jhy - pu-

JHEP 04 (2026) 099

Source of uncertainty Unc. in my,, [GeV ] Stat. precision [GeV | Maodelling {ff background processes

1@tV + 1tH, diboson 0.02 +0.01
Data and Monte Carlo samples W /Z+jets 0.40 +0.12
Statistical error in data 0.80 W+ Jj 0.04 < +0.005
Statistical error in signal and background model 0.27 +(0.06 Non-prompt and fake lepton 0.15 +0.01
Method 0.06 +0.10 Fake soft-u 0.01 < +0.005
L-uminosity 0.01 < +0.005 Detector response
Pile-up 0.1 +0.02 Isolated leptons 0.08 +0.01
Modelling of # process Soft-p 0.12 +0.01
Matrix element matching 0.14 +0.20 Light jet energy scale 0.07 +0.01
NNLO reweighting 0.01 +0.02 b-jet energy scale 0.04 £0.01
Top-quark decay lineshape 0.07 +0.02 Jet energy r!:.snluticm 0.02 +0.01
Parton shower and hadronisation 0.40 +0.19 Flavour tagging 0.02 < £0.005
b-hadron production fractions 0.04 +0.02 Total systematic uncertainty (excluding recoil) 0.81 +0.15
b-hadron decay BR 0.08 +0.02 Total stat. and syst. uncertainty (excluding recoil) 1.14 +0.15
Initial-state QCD radiation 0.10 +0.07 2 5
Final-state QCD radiation 021 +0.05 Sxoll mpcrtPnty L0 =
Underlying event 0.20 +0.12 Total uncertainty 1.56 +0.18
Colour reconnection 0.04 +0.28
Parton distribution function 0.03 < #0.005
b-quark fragmentation ry, 0.15 +0.04
Modelling of single-top-quark process
Matrix element matching 0.02 +0.11
fn—tW interference 0.15 +0.07
Parton shower and hadronisation 0.09 +0.11
b-hadron production fractions 0.09 +0.07
b-hadron decay BR 0.02 < +0.005
Initial-state QCD radiation 0.05 +0.04
Final-state QCD radiation 0.06 +0.04
Parton distribution function 0.01 < +0.005
b-quark fragmentation ry, 0.05 +0.07

Leading systematic uncertainties : 6(PS-had)=0.40 GeV, c(b-frag)=0.15 GeV, o(W/Z+})=0.40 GeV
and o(recoil)=1.07 GeV but reduced ¢(JES)=0.07 GeV and c(b-JES)=0.04 GeV !
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Recoil modelling in t—. Wb decay

Treatment of recoil in second gluon emission (dipole showers):
o Recoil-to-b (default)

o Recolil-to-W + correction = recoil-to-top Talk by P. Skands

recoil-to-b A recoil-to-W . + Correction factor

sssi ossal 77N
EI%LL " - : __:._ .)L
suppressé;f;diation in
the W hemisphere

o First emission: controlled by Matrix Element Calculation

o Second emission: in dipole showers different possible strategies for the
recoil result in different momentum reassignment between t, W, b
and different coverage of the phase space


https://skands.physics.monash.edu/slides/pdf/25-Top-LHC.pdf
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