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Why measure top quark mass

M,, [GeV]

https://project-dfitter.web.cern.ch/Standard Model/

> Free Standard Model (SM) parameter
> Input to the SM prediction of the top Yukawa coupling
> Affects the dynamics of elementary particles via loop diagrams
>
precision measurements of m: provide information
for global fits of electroweak parameters
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W/0 new physics up to the Planck scale, the electroweak

Important parameter to assess the SM consistency at the electroweak scale and probe possible extensions
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HL-LHC physics projections arXiv:2504.00672


https://arxiv.org/pdf/2504.00672

How to measure top quark mass

Direct measurements

~ 8000————————————
© | ATLAS
> Reconstruct the top quark from the decay products O 7000 5 = 13 TeV, 140 fo” é;’at& |
. . . e . . N - Post-Fit ]
» Compare the distribution of reconstructed m, (or a sensitive observable) to its MC prediction €3 6000¢ g ;Backgroundé
) ] ] o o - ’ 7 Uncertainty |
> Ambiguity exists in identifying the measured mass as pole mass / |
* Recent Run2 result: top quark mass using boosted #f events PLB 867 (2025) 139608 - h
- First ATLAS result with boosted top quarks 1000} |
- Most precise top quark mass measurement from ATLAS in a single channel ol 7
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2022-24/
https://arxiv.org/abs/2507.02632

Top quark pole mass in dilepton ¢z + 1jet events

Extract the top quark mass from the normalised cross-section

1 do7+1-jet , 2m
: b ,with pg = 0

le
R(Ps;mfo ) =
Oti+1-jet dps VS t+1-jet

e 1e + 1u of opposite charge
o 2 b-tagged jets

 Additional jet with pp > 50 (60) GeV |< to match the theory preo’/ct/on
' we are comparing to
o E7™ > 30 GeV
e my < 200 GeV . avoid the region difficult to model,

reduce the tt/tW interference uncertainty

Reconstruct the ¢f system using a combination of 2 methods:

> Loose kinematic reconstruction EPJC 80 (2020) 658
- Reconstruct vv system as a whole

> ¢h-weighting reconstruction PRD 79 (2009) 072005
- (v, ,) is scanned with 100 random values from a uniform distribution

- Minimise )(q% = (myl-b — mlle)/ (myl_b mallB)

T. Moskalets
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arXiv:2507.02632

extra jet enhances sensitivity to m,

o
N

ATLAS Simulation —— Loose Method
_ -1

\(_5 =13 'I;eV., 140f0”° & Method

tt — e*u” + Jets

p:_xtrajet > 50 GeV, |,nethaiet| <25 e Loose + (I) Method

Resolution P

- Truth neutrinos
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o 01 02 03 04 05 06 07 08 09 1

resolution of the p¢ observable for
the different reconstruction methods
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https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-18-004/
https://arxiv.org/abs/0901.3773
https://arxiv.org/abs/2507.02632

Top quark pole mass in dilepton ¢z + 1jet events

Correct the data to parton level —» compare to fixed-order NLO QCD predictions

> [terative Bayesian Unfolding:

do-t‘z’+1-jet

dpog

dO-tf+1-jet
dpoq

-1
(Ps)g:gon = Munf ® [ (Ps)g::a ‘ facc] ‘ feﬂ

Two final states considered:
» Stable top quarks —# compare to the calculation for pp — tf + 1jet
JHEP 05 (2022) 146

2—3 pProcess

» Leptons, v, jets (before hadr) —# compare to the calculation for pp — bbltvl™ij
" JHEP 11 (2016) 098

.. t
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+ Single- and non-resonant diagrams
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unfolded pg distribution
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https://arxiv.org/abs/2507.02632
https://link.springer.com/article/10.1007/JHEP05(2022)146
https://link.springer.com/article/10.1007/JHEP11(2016)098

Top quark pole mass in dilepton ¢z + 1jet events

> Extracting the top quark pole mass using the least-squares method:

- Statistical & systematic uncertainties: included in the covariance

matrix

- Theory uncertainties: change in mtpole when varying theory

predictions

» 2—3 approach (main result):

mP*® = 170.73 + 0.33 (stat.) + 1.36 (syst.

0-58 (scale

+0.24 (PDF + ) GeV

> Precision comparable to other complementary measurements

> Dominant systematic uncertainties:

- Experimental: b-tagging, jet-response calibration
- Modelling: parton shower choice and recoil model

T. Moskalets

/
PDF set here (CT18) is different from
the one in the main result (PDF4LHC21)

Top quark mass and properties with ATLAS

arXiv:2507.02632

ATLAS

M direct (LHC Run 1, Phys. Rev. Lett. 132 (2024) 261902)
EW fit (Eur. Phys. J. C 78 (2018) 675)

- pole

total stat My +total [GeV]  Reference

o(tf) inclusive, NNLO+NNLL

LHC 7+8 TeV comb. (CT14) 174.0 = 2.3

JHEP 07 (2023) 213

CMS, 13 TeV (CT14) 173.7 T21_'19 EPJC 79 (2019) 368
ATLAS, 13 TeV (CT14) 173.1 %7 EPJC 80 (2020) 528
o(tt, ttj) differ., N(N)LO
ATLAS, tij, 8 TeV (CT10) 1711 55 JHEP 11 (2019) 150
CMS, tij, 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) 171.1+ 0.8 EPJC 80 (2020) 658
| This analysis
| ATLAS, tij, 13 TeV (CT18) 170.9 = 1.5
B | I | | | | I [ | I | I | | I I
140 160 180 200
m, [GeV]

EPS-HEP 2025 7


https://arxiv.org/abs/2507.02632

Top quark mass using boosted 7 events

vV
> Boosted top quark regime
- Simplifies the reconstruction of hadronically decaying top quarks
- May offer the possibility to connect to hadron-level calculations where m, is pu
unambiguously defined [arXiv:2004.12915] [arXiv:2309.00547]
» Targeting tf events in the lepton+jets channel
> Reconstruct hadronically decaying top quark using a large-R jet (top-jet) > 17345 AqlTLASI -
- Top-jet formed by reclustering R = 0.4 jets % 173.21— o 13TeV. 140 E
- At least 2 small-R jets, where at least 1 is b-tagged E 173~ ¢ ) o —
- Pseudo-data points 7]
172.8 Linear fit —
[ M, =172.45 + 0.46(m - 172.5) N
» Top quark mass is obtained from a profile-likelihood fit to three observables: 172.60 B
1. 71, average top-jet mass 17241 E
- linearly dependent on the top quark mass ————> 172.2|— —
2. m;: iInvariant mass of the 2 leading light jets inside the top-jet 1723— _f
- sensitive to the jet energy scale 171.8F f
3. my;: invariant mass of the semi-leptonic top and the closest jet T T D T D
o .. — 1.0004 -
- sensitive to the radiation from the b-quark from the top decay “ 1.0002] -
> Using additional variables m;; and m,; to control the systematic uncertainties 2 0_999;:: { ; ! { % -
oC 09996~ , . -

171 1715 172 1725 173 1735 174
m, [GeV]
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https://arxiv.org/abs/2004.12915
https://arxiv.org/abs/2309.00547
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2022-24/

PLB 867 (2025) 139608

Top quark mass using boosted ¢ events
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JES modelling 1 variation — -1o
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Jet energy scale (JES) uncertainties:
» Measurement relies on jets —# JES uncertainties dominate
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> Need an observable sensitive to changes in JES but not in m,
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III|IIIl|IIII|IIII|IIII|IIII|IIII| [

= Reconstruct the W boson mass, m..
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Recoil uncertainty:
> Alternative Pythia model for the radiation off the b-quark (red histogram on the plot) —_
- Increased wide-angle radiation vV
- More events with extra jet close to semi-leptonic top
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e
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> Need an observable sensitive to recoil effects but not to m,

= Reconstruct the invariant mass of the leptonic top

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

Top quark mass using boosted ¢ events

> Profile likelihood fit: 71, and signal strength floating Esooo
» Inclusion of m; and my; improves the total unc. from 1.7 to 0.51 GeV '{55000
- JES uncertainty reduced from 1.4 to 0.26 GeV §4ooo

- ISR/FSR uncertainty reduced from 0.82 to 0.14 GeV 3000

» Extracted mass: = 172.95 + 0.27 (stat) £ 0.46 (syst) GeV
> Dominant systematic uncertainties: JES, ff modelling :131-072:
Uncertainty on m [GeV] %"iig

—0.3 —0.2 01 02 03

ATLAS - -p(e m)>0
(s = 13 TeV, 140 fo -p(e m)<O

———=
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— =
— e
—
o
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| E—
— e

-0.1 0

Final-state radiation

JES pileup p-topology

CR2

JES heavy flavour generator/shower

JES mixed 1
Parton shower and hadronisation, m;

JES pileup N,
JES pileup p dependence

JES modelling 2

Underlying event
JES modelling 1

Fit closure

Recoil
Parton shower and hadronlsatlon m

JES pileup u

CR1
JES n-intercalibration modelling
Parton shower and hadronisation, m

JES n-intercalibration 2018 data
JES mixed 2

5
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=

T
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the most precise
ATLAS measurement
In a single channel
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............ R e e 91500_.,..,] ——— 11—
ATLAS ¢ Data S | ATLAS ¢ Data
L (s=13TeV, 140 fb’ [t g1 1400F |5 =13 TeV, 140 fb" [t
' Post-Fit .Background " Post-Fit B Background
[ Uncertainty 1200+f Uncertainty -
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goof
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ATLAS

Direct top quark mass measurements R

———i—

Tevatron comb., 1.8+1.96 TeV, < 9.7 fb’

LHC comb., 7+8 TeV, <20 fb™

F—t——f—|

ATLAS, leptonic inv. mass, 13 TeV, 36.1 fb™
CMS, I+jets, 13 TeV, 36.3 fb™
CMS, |+jets boosted, 13 TeV, 138 fb

(this resutt), 13 TeV, 140 fb" ¢

kATLAS, l+jets boosted

Total uncertainty

l+jets boosted

m, * total (stat. + syst.) [GeV]
174.30 £ 0.65 (0.35 + 0.54)
172.52 + 0.33 (0.14 + 0.30)
174.41+ 0.81 (0.39 £ 0.71)
171.77 £ 0.37

173.06 =+ 0.84 (0.24 + 0.80)

172.95 + 0.53 (0.27 + 0.46)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2022-24/
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Lepton flavour universality (LFU) in top-quark decay

IIIIIIII|IIIIIIII|IIII|IIII

+..
: ATLAS
> LFU: equality of ¢, i, T couplings to electroweak bosons B(W—spv) _T:E_ (5 = 13 TeV. 140 fo"
4
> Violation of LFU would be a direct evidence of the new physics BW—ev) EPJC 84 (2024) 993 f’
‘ J \‘ :
» Tested in 7, 7, K decays to ~0.1% level and in real W decays to % level s B
v
» 13 TeV tt events provide a big sample of 1t > WbWb — [ublub B(W—1v) —a—
—i
- LFU can be tested by measuring R&,/b = B(W - Lv))/B(W = Lv,) B(W—ev) *-e—
-'-J.gh?sl.:G 34 (2007) 2457, PRL 68 (1992) 3:;98 ik JHEP 05 (2025) 038
DO :
> Two recent ATLAS Run2 measurements: - EEEEE
' T /6 ' Phys. Rept. 532 (2013) 119
- R‘%e JHEP 05 (2025) 038 first ATLAS Ry, measurement using +LHCh i ——
top decays as a source of W bosons BW-1) |~ ATLAS ot
B(W Nat. Phys. 17202007 —o—
— Rﬁ//e EPJC 84 (2024) 993  most precise R"A’//e measurement to date (W=uv) -@-Pgmg_njoﬂ;zz)?
-e-PII':D DS %g?orgogme) %30001 .
Both analyses select 2 opposite-charge leptons and 1 or 2 b-tagged jets N TS N N

0.8 0.9 1 1.1 1.2
B(W— v)/B(W—I'V')
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https://atlas-glance.cern.ch/atlas/analysis/papers/details.php?ref_code=TOPQ-2023-10
https://atlas-glance.cern.ch/atlas/analysis/papers/details.php?ref_code=TOPQ-2023-28
https://atlas-glance.cern.ch/atlas/analysis/papers/details.php?ref_code=TOPQ-2023-10
https://atlas-glance.cern.ch/atlas/analysis/papers/details.php?ref_code=TOPQ-2023-28

e/T universality in top decays

>

>

T. Moskalets

Mesure R, = I'(W — 70 )/I'(W — ev)

Consider T — evi decays — electrons in both final states (W — v and W — ev)
= Many uncertainties cancel in R,

Tag-and-probe method:
- tag: electron or muon with pp > 27 GeV separate pe and

- probe: electron with pr > 7 GeV, fitting its pr and | d, | < ee channels

calibration

Electrons from 7 decays, compared to the prompt ones, have
- lower pr  «—— energy loss to neutrinos

- larger | dy| <

non-zero T lifetime
Calibrate d, of prompt electrons using Z — ee events

d,, for electrons from 7 decays taken from simulation + apply a resolution correction

Top quark mass and properties with ATLAS
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Data / Pred.

Events /0.01 mm

Data / Pred.

JHEP 05 (2025) 038

ATLAS ¢ Data

\s=13TeV, 140 b [ ]Prompt e (tf or Wi)

Before d, calibration [llz— e (tf or Wt)

ue, 20<pT(e)<250 GeV [ |Fake e ]

Pre-Fit [T]Prompt e (not from tf or Wt) |
[efrom Z — t*r- '

7~ Uncertainty

11 o> ®
| i s
0.9¢
0.8 e T e
0O 005 01 015 0.2 025 03 035 04 045 05
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10'F  ATLAS ¢ Data
[ Vs=13TeV,140fb" [CJPrompt e (tf or Wt)
10°F  Atter d, calibraton ~ [llz— e ({ or W)
10° ue, 20<pT(e)<250 GeV [ |Fake e ]
- ® Pre-Fit [C]Prompt e (not from tf or Wt) :
10° [lefrom Z — t*1- '
~~Uncertainty
10°
10°
10 ‘ Nl-
1 ;
10—1 i_ gggggggg -
1.1}
1, A A A A7
0.9} ¢ ¢
0.8 . : - ' . : . : '
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https://atlas-glance.cern.ch/atlas/analysis/papers/details.php?ref_code=TOPQ-2023-10

e/T universality in top decays

Backgrounds

» Z — ee: removed by applying a Z-mass window veto in the signal region

» Non-resonant e e”

: estimate from a control region w/o Z-mass window veto

> Fake electrons: get correction factors from a same-sign control region

10*F

Events / GeV

1035'

102

10F

- rrrrrrrr
| ATLAS

s =13 TeV, 140 fb
Same-sign events
ee and ue channels
Post-Fit

mf ,,, - rll—-l._

E; 1.15¢ * /+ $
R ";"’ 44 “§ 7?/?/“//1/ i /y
ot e

¢ Data
Prompt e

B Hadron — e
Photon — e
I Charge misidentification e
[] Other contributions ]
72 Uncertainty

20 250
p_(e) [GeV]

SS events with correction factors applied

T. Moskalets

Events / 0.01 mm
2,

Data / Pred.

ATLAS
s =13 TeV, 140 fb’
Nominal sample

ee, 10<pT(e)<20 GeV
Post-Fit

S Al Reer L i

¢ Data
[ ]Prompt e (tf or Wt)
Wl e (tt or Wt)

[ ]Fake e _
Prompt e (not from tf or Wt)3
e from Z — 7t ]
72 Uncertainty

N f

0 0.05 0.1

0.15 0.2 025 03 035 04 045 05
|dg(€)] [mm]

fitted do distribution in one of the pr bins

Top quark mass and properties with ATLAS

JHEP 05 (2025) 03

I

Results
ATLAS —&— CMS
\/g — 13 TeV. 140 fb-1 Phys. Rev. D 105 (2022) 072008
—s— |EP

Phys. Rept. 532 (2013) 119

—e— PDG average
Phys. Rev. D 110 (2024) 030001

e ——

P

ATLAS - this result

Statistical Uncert.
[ ] Systematic Uncert.
—e— Total Uncertainty

®

1.1 |
B(W— 1v)/B(W— ev)

> Profile likelihood fit to p(e) and | dy(e) |

R:je =0.975 = 0.012 (stat) + 0.020 (syst)

» Dominant uncertainties:

tt modelling, d,, calibration, background
evaluation, electron reconstruction

EPS-HEP 2025



https://atlas-glance.cern.ch/atlas/analysis/papers/details.php?ref_code=TOPQ-2023-10

e/u universality Iin top decays

ule
W

- Derive from a comparison of the #f cross-section in ee, uu and ey channels

» Measure Ry, = T(W — uv )/ (W — ev)

EPJC 84 (2024) 993

by-product measurements:

» Reduce the ¢/u ID uncertainties by simultaneously measuring Ré‘”/ °«_ ['(Z - up)/T'(Z — ee)

_ A ple _ pule uulee
Parameter-of-interest becomes RWZ RW /\/ RZ

> Reduce physics modelling uncertainties by weighting muons vs (pr, |77])

- Kinematic acceptance in ee/uu events becomes almost the same T— %
S
» Jet/b-tagging efficiency determined from data separately for ee/uu/eu events g

» Dedicated in-situ lepton isolation efficiency measurements for Z — [l and tt

» Normalisations factors for Z + 1b and Z + 2b determined from the fit

T. Moskalets
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O Oz,

L I B I LI IR I R IR L
14000~ ATLAS Simulation  __ \s=13 TeV, 140 fo™'—
12000 . -
10000 —

8000 —
6000 —
4000 *fi—ee -

5 it up N

2000H — tt —» up (weighted) -

:l I 11 | IIIIIII | 111 1 | I 111 I 111 I | I .| I 111 i.u | I .| I 1 1 1 I:

Q% S 05 0 05 1 15 2 25
Lepton n
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https://atlas-glance.cern.ch/atlas/analysis/papers/details.php?ref_code=TOPQ-2023-28

e/u universality in top decays

> e A A 7 > T | | | SRR

3 - ATLAS ® Data 1 & ~ ATLAS ® Data _

Z _ 1 [ tt < ¢ L Vs=13TeV, 140 fb" it _

= 10* = Vs=13TeV, 140 b —— — o 10| Vs=13Te — =

= = ee, 2b mm Z+jets = c = 1, 2b mm Z+jets =

o n —] Diboson _ o - 1 Diboson -

L B Bl Mis-ID lepton . o sl Bl Mis-ID lepton .

10° & Systematic unc. 3 o 10" & Systematic unc. 3

- o ® 5 £ ' ¢ ]

® 1 o ]

B _ o - -

results of the L ee 1 = L _

fit to data - - -
10 10

E 1.05;_. — . ............................. —i E 1.05;_ ° ' 7

PO i 5 S e g :

o E ) = © - ® =

A 0.95F - o 095y S

40 ' 60 ' 80 ' 100 ' 120 ' 140 ' 160 ' 180 200 40 60 80 100 120 140 160 180 200

Mee [GeV] m [GeV]

REe = 0.9990 £ 0.0022(stat) =+ 0.0036(syst)
RAM°¢ = 0.9913 £ 0.0002(stat) = 0.0045(syst)

» Take Ré‘”/ °© = 1.0009 %= 0.0028 from LEP/SLD [PDG 2022] for the final result:

Rb¢ = Rgvfg\/Rgﬁ{jet = 0.9995 + 0.0022(stat) =+ 0.0036(syst) £ 0.0014(ext)

ule

» The most precise R measurement to date

v Uncertainty is smaller than that of the previous world average

T. Moskalets
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I

EPJC 84 (2024) 99

3

()] >—<1O | | —

= - ATLAS ® Data :

% 500; Vs=13 TeV, 140 fb" E t/t/t e

3 - eu mm Z+jets -

= 400F L ] Diboson —

e B Bl Mis-ID lepton _

g B Systematic unc. _
300 =
200 eu . .
100 —

N

= 1.02F | | E

E 1[rmss—— @ @ =

S 09sE | E

1 2
Nb-tag
I I | | | | | | | | I | I | I | | I | |
ATLAS
LEP2 : -
ete >WW, /s=183-207 GeV :
ATLAS e
pp—W, Vs=7 TeV, 4.6 fo” :
LHCDb : N
pp—W, Vs=8 TeV, 2 fb’ :
cMS -
pp—tt, Vs=13 TeV, 36 fb” :
PDG average ,_,,_,
- ATLAS (this result)
pett Vs=13 TeV, 140 fo :
| | I |
O 92 O 94 0.96 0.98 1 1.02
B(W—-uv)/B(W—ev)

EPS-HEP 2025


https://doi.org/10.1093/ptep/ptac097
https://atlas-glance.cern.ch/atlas/analysis/papers/details.php?ref_code=TOPQ-2023-28

Conclusions

> Top quark measurements continue providing useful input to assess the SM consistency
» |Latest top quark mass measurements are in good agreement with the previous results
> No sign of violation of lepton flavour universality
> Various ways to reach higher precision

- Use improved theoretical predictions

- Introduce additional variables sensitive to systematic variations
- ODbiject calibration using auxiliary measurements

» So far, talking about Run 2 results — stay tuned for Run 3 measurements!
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Top quark pole mass in dilepton ¢z + 1jet events

EPJC 60 (2009) 375
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https://link.springer.com/article/10.1140/epjc/s10052-009-0892-7

Top quark pole mass in dilepton ¢f + 1jet events: unfolding
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Top quark pole mass in dilepton ¢z + 1jet events: linearity

unfolding to 2—3
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Top quark pole mass In dilepton #f + 1jet events: uncertainty breakdown

Uncertainty source AmP*° [GeV] MC stat. unc. [GeV] Uncertainty source AmP? [GeV] MC stat. unc. [GeV]
Data statistics 0.33 - Data statistics 0.41 -

Detector unc. Detector unc.
b-tagging and mistag 0.44 0.06 MC statistical uncertainty 0.12 -
Jets 0.65 0.06 b-tagging and mistag 0.47 0.08
Leptons 0.25 0.06 Jets 0.91 0.08
Others 0.18 0.06 Leptons 0.28 0.08

Modeling unc. Others 0.19 -
MC statistical uncertainty 0.08 - Modeling unc.
Backgrounds normalization 0.02 - Backgrounds normalization 0.07 -
Single-top modeling 0.03 0.06 Single-top modeling 0.11 0.08
mMC dependence 0.10 0.09 mMC dependence 0.30 0.12
PS Recoil model 0.68 0.06 PS recoil model 0.21 0.08
Parton shower 0.43 0.14 Parton Shower 0.87 0.19
Underlying event 0.39 0.12 Underlying event 0.16 0.15
Color reconnection 0.13 0.08 Color reconnection -0.25 0.1
ME+PS matching: ph 0.09 0.06 ME-+PS matching: phar 0.05 0.08
ME+PS matching: /gamp 0.26 0.06 ME+PS matching: hgamp 0.74 0.08
ME+PS matching: line shape 0.38 0.12 ME+PS matching: line shape 0.17 0.15
3D NNLO reweight 0.21 0.06 3D NNLO reweight 0.11 0.08
PDF 0.26 0.06 PDF 0.57 -
Initial-state radiation 0.24 0.06 Initial-state radiation 0.14 0.08
Final-state radiation 0.04 0.16 Final-state radiation 0.12 0.22
Factorization scales 0.09 0.06 Factorization scales -0.14 0.08
Renormalization scales 0.03 0.06 Renormalization scales 0.11 0.08

Theory unc. Theory unc.
Scale variations +0.34 -0.28 +0.05 -0.06 Scale variations +0.66 -1.34 +0.05 -0.1
PDF & as 0.24 +0.06 -0.06 PDF & ag +0.49 -0.46 +0.06 -0.06
Total +1.47 -1.44 - Total +1.92 -2.24 -
fit to 2—3 predictions fit to 2—7 predictions
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Top quark mass using boosted ¢ events
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Top quark mass and properties with ATLAS

Source Uncertainty [GeV]
JES + (0.29
Radiation (ISR and FSR) + 0.17
Colour reconnection (CR1 and CR2) + 0.15
JES heavy flavour + 0.14
Parton shower and hadronisation model + 0.14
JER + 0.10
MC statistics + 0.08
Underlying event + 0.08
Recoil + 0.07
Fit closure + 0.07
Background modelling + 0.05
Matrix element matching (p2™ = 1) + 0.04
b-tagging + 0.04
Higher-order corrections + 0.02
E‘T‘rliSS + 0.02
Pileup + 0.01
JVT + 0.01
PDF + 0.01
Leptons + 0.01
Luminosity < 0.01
Total statistical + 0.27
Total systematic + 0.46
Total + 0.53
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e/7 universality in top decays: fitted distributions
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e/T universality in top decays

Uncertainty breakdown
____________________________________________________________________________________ Object selection Uncertainty group o(Rz/e)
- In|<1.370r1.52 < |n| < 2.47 ) —
electrons  probe: 7 < pr < 250 GeV Modelling of ¢z and Wt 0.011
e tag:pr>27Gev. do calibration 0.006
muons . pr>27.3GeV,|n|<2.5 Background estimation 0.005
b-tagged jets or > 25 GeV, |n| < 2.5, b-tagging DL1r 70% E;Lectron reconstruction, identification, and i1solation 0.005
"""""""""""""""""""""""""""""""""""""""""" e Electron energy scale 0.003
S — cventselection o Electron energy resolution 0.002
_________ Dilepton flavour  ee,ep Jet energy resolution 0.004
Dllepton inv. mass . my > 15 GeV, |Mee — Mz| > 5 GeV Jet energy scale 0.003
b-tagged jet mult. | 1or2 Jet b-tagging o . . _ . 0.002
| Muon reconstruction, identification, and 1solation 0.001
Other sources 0.002
M J val £ P in the oliff b Variation of kg, and k(u/e) 0.003
asured valles © in the difierent pr bins Finite size of simulated samples 0.003
pr bin R+ /e B(W — 1tv; > ev,v:Vy) 0.002
7<pr<10GeV  1.13£0.11 (stat) + 0.07 (syst) Total systematical uncertainty 0.020
10 < pT <20GeV  0.93 £0.04 (stat) + 0.02 (syst) Data statistical uncertainty 0012
20 < pt <250 GeV  0.98 +0.04 (stat) = 0.02 (syst) .

Total uncertainty 0.024
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e/u universality Iin top decays

Object selection

Electrons pr > 27.3GeV, |n| < 1.37 0or 1.52 < |n| < 2.47
Muons pt > 27.3GeV, [n| < 2.5

b-tagged jets pt > 30.0GeV, |n| < 2.5, b-tagging DL 1r 70%
Event selection tt — CCbbvv Z — L
Dilepton flavour (£+£7) ee, e, U ee, U

Dilepton invariant mass mee > 30GeV 66 GeV < mygy < 116 GeV
b-tagged jet multiplicity 1 or?2 -

Summary of the fitted distributions

Event selection Variable | Bins | Event count
eu+l or 2 b-tagged jets | Np_ag 2 Nf“’ N;u
ee+1 b-tagged jet mee 6 Nie,em
ee+2 b-tagged jets meg 6 N sem
uu+1 b-tagged jet mee 6 N fﬁ,
uu+2 b-tagged jets mee 6 Nfﬁ,

Z — ee or uu channel 2 N?%e, Ng“

T. Moskalets

Uncertainty breakadown
Uncertainty [%] OiF  Oz_pe R{;,/Ze R¥ fee
Data statistics 0.13  0.01 0.22 0.02
tt modelling 1.68 0.03 | 0.10 0.00
Top-quark pt modelling 142  0.00 | 0.06 0.00
Parton distribution functions 0.67  0.68 0.15 0.03
Single-top modelling 0.65 0.00 | 0.05 0.00
Single-top/tt interference 054 0.00 | 0.09 0.00
Z(+jets) modelling 0.06 0.73 0.13 0.20
Diboson modelling 0.05 0.04 0.01 0.00
Electron energy scale/resolution 0.05 0.06 | 0.10 0.11
Electron identification 0.10  0.07 0.04 0.13
Electron charge misidentification | 0.06  0.06 | 0.01 0.13
Electron isolation 0.09 0.02 0.08 0.04
Muon momentum scale/resolution | 0.04  0.02 0.06 0.04
Muon 1dentification 0.18  0.12 0.11 0.23
Muon isolation 0.09 0.01 0.07 0.01
Lepton trigger 0.09 0.12 0.01 0.23
Jet energy scale/resolution 0.08 0.00 0.03 0.00
b-tagging efficiency/mistag 0.14 0.00 | 0.00 0.00
Misidentified leptons 0.17  0.02 0.15 0.05
Simulation statistics 0.04  0.00 0.06 0.00
Integrated luminosity 0.93  0.83 0.00 0.00
Beam energy 0.23  0.09 0.00 0.00
Total uncertainty 2.66 1.32 0.42 0.45
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