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tty studies probe t- vertex, coupling is electromagnetic

my ~ 173 GeV close to vewsg = 246 GeV, v\fﬁ is ~ 1. Any new physics
motivated from EWSB may affect t-.

The dipole moment of the top quark can receive anomalous couplings. The presence
of anomalous couplings can affect the cross-section of ti+.

Part-1: Cross-section measurement of ¢t~y production process using ATLAS data
and its comparison to the Standard Model prediction.

Part-2: Interpretation of results in the context of Effective Field Theory.
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leptonic decay

hadronic decay
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Data: ATLAS between 2015-2018 (Run-2) at 13 TeV and 139 fb~!

Monte Carlo (MC) Samples:
Signal: 2 — 3 (¢ty) at NLO QCD (MadGraph5.aMC@NLO and Pythia8)
Background: tty-decay, tt, tW~, Z~, W+, Zjets, Wiets, single top quark, dibosons

Groups: lep-fakes, h-fake, e-fake, Wty, Prompt-y (W, Z, t, wt, tt, tty-decay, others) arxiv:2403.00452
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Fiducial region is defined by kinematics requirements for particles in MC and data.

Particles Conditions
1 photon pr > 20 GeV, |n| < 1.37 or 1.52 < || < 2.37
muon ‘ electron
pr > 25 GeV
1 lepton Trigger pr > 25,27,28 GeV in (2015 and 2016), (2017), and (2018) data resp.
Inl <2.5 [n| < 1.37 or 1.52 < |n| < 2.47
- Im(e,y) —91.19 GeV| > 5 GeV
at-least 4 jets i = 720 C2V, [l <29
at least one b quark
AR(~, lepton) > 1.0

Binish (Uni. Siegen) tty and EFT at ATLAS 24.11.2025 7



Analysis Strategy: Profile Likelihood Unfolding
Folding: 3. NPred — S ﬁ ; eiMjiNiparticle
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Absolute differential cross-section measurement is done as a function of pr(~) and |n(7)|

FSP ATLAS "
Erforschung von UNIVERSITAT
Universum und Materie SIEGEN

Binish (Uni. Siegen) tty and EFT at ATLAS 24.11.2025 8



I eSU |tS d X Erforschung von
~ h
pT( Y ) Universum und M
B L o o T B I LA o S N B L I o A s o e L HANn  wea  o
——  Data20152018 ——  Data2015-2018
V5 =13 TeV, 139 fo - thy-prod 5 =13 TeV, 139 fo! - tiy-prod
18000 Hiakes 4 180001 Hiakes 9
ty Efakes ty Efakes
Pre-Fit lep-fakes Post-Fit lop-fakes.
16000 ] Prompt-y W q 16000 - Prompt-y W -
— Prompt-y Z — Prompt-yZ
Prompt-y t Prompt-yt
14000 - Prompt-y others 1 14000 - Prompt-y others. q
— Prompt-y wt — Prompt-y wt
H — Prompt-y ff o — Prompt-y ff
Pre fit Prons v ] Post fit pronss vy ]
| Wiy - Wiy
Total Total
10000 iz Uncertainty 9 10000| Uncertainty 4
2 2
2 2
' 8000 ' 8000 q
6000 6000 4
4000 4000 4
2000 2000 .
4 g g g
g g
-4 «
5125 51250 Bl
g g
8 8
&
o7sf 1 o07sf B
o . . . . . . . . . o . . . . . . . . .
50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400 450

150 500 500
P, [GeV] P, ) [GeV]
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Bin 1: pr(y) 20-35 [GeV] Bin 1: 0 < [n(y)| < 0.2

Pre-fitimpacton u:

_16= 0+A0 6= 0-A0
Post-fitimpacton w:
0= 0+A0 1 0= 0-A0

—— Nuis. Param. Pull

Au
-03 0201 0 01 02

0.3

tty_decay_norm
JET_Flavor_Composition
Hfakes_sys
Prompt_Wy_norm
JET_Pileup_RhoTopology
Prompt_Zy_norm
JET_Flavor_Response
Efakes_sys

lumi

photonSF_ID
tty_decay_H7
photonSF_efflso
Jet_Etalntercalibration_Modelling
JET_Modelling1
Wty_norm
JET_Pileup_OffsetNPV

s=13Tev, 139 1™  pr(7)

T
Pre-fit impact on pu:
Expected impact when each

uncertainty is varied by +10

Post-fit impact on p:
Impact on 4 in data when each
uncertainty is varied by data-driven

constraints (post-fit covariance)

e —
—
——
——

.
—=
e
o
———
+
+
+
+
+
+
1 | 1 1
-5 -4 05 0 05 1 15 2

(6-0,)/00

Pre-fitimpacton p:

[]6e= B+AB[ |86= 6-A0
Postfitimpacton p:
o= B+AB 6= 6-A0

— Nuis. Param. Pull

o
-0.15-0.1-0.05 0 0.05 0.1 0.15

tty_decay_norm
JET_Flavor_Composition
JET_Pileup_RhoTopology
Prompt_Wy_norm
tty_decay_H7
Efakes_sys

Hfakes_sys

lumi
JET_Flavor_Response
MET_SoftTrk_ResoPerp
MET_SoftTrk_ResoPara
Prompt_Zy_norm
Wty_norm
photonSF_efflso
JET_JER_2

JET_JER_4

(s=13TeV, 139 fo*  [n(7)]

i

! Lol il 1
-2 -15 -1-05 0 05 1 15 2

(8-6,)/06

tty_decay norm and jets related uncertainties dominate
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Interpretation strategy: Extract the EFT operators coefficients using O%T
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Interpretation: Background Eroschungvon |
Leojr= Loy + 30 1Ad4 TEFTEWUFOd—6)
Ow

Interpretation strategy: Extract the EFT operators coefficients using C?p%
Samples: 2—3 (tty) NLO QCD using MadGraph5 and Pythia8
SM_EFT = (0, 0, 0)
(C¢B, 0, 0), (0, Ctc, 0), (0, 0, Crwy), where Cy g = +4.6, Cyq = £0.4, Cypy = £1.8 (arXiv:1901.05965)
(5CtB, 0,0), (0, 5Ciq, 0), (0, 0, 3Cew)
(CtB, Cia, 0), (0, Cp, Ciw), (Cia, 0, Crw)

Binish (Uni. Siegen) tty and EFT at ATLAS 24.11.2025 14
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Max relative effect:

103% with -4.6, 102% with +4.6

Max relative effect: Max relative effect:

12% with -0.4, 13% with +0.4 2% with -1.8, 5% with +1.8

d EFT at ATLAS
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[-0.82, 1.02], best fit = 0.1 [-0.24, 0.14], best fit = -0.05 [-0.46, 0.97], best fit = 0.29

Best fit values agree with 0 within 1o, hint at no observation of new physics
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Best fit values agree with 0 within 1o, hint at no observation of new physics
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p.(Y) 13 TeV, 139 fb™'
Wilson coefficient 68.3% CI (exp.) 68.3% CI (obs.) Best-fit Ce Y E— 53% Gl (o)
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EFT operator coefficients limits are constrained in data
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Presented differential cross-section as a function of pr(v) and |n(v)]
Systematic uncertainty related to t{y_decay normalization and jets flavour are
dominating.
Results are in agreement with the SM prediction within uncertainties.
Presented interpretation in the context of EFT using measurement in pp(7)
Quantitative variation effect on tt cross-section

Variations in C}p show larger impact
Variations in Cy¢ show normalisation effect

Coefficients limits are extracted:

No hint of new physics, limits are constrained in data
Extracted limits in 1D fit are constrained than 2D fit

Binish (Uni. Siegen) tty and EFT at ATLAS 24.11.2025 20
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Analysis Strategy: Unfolding
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Measurement in data # Standard Model Prediction

directly
P . . fid
1) Reconstruction inefficiency: Fraction of events are not reconstructed correction: (¢) = N}f;"
total

2) Migration effect: Events misreconstructed in wrong reconstruction level bins correction: (M)

. ) ) . . . . . . N’V‘E_CO
3) Out-of-fiducial contamination: Events outside of the fiducial region get reconstructed correction: (1- fout) = 1- N‘f“i
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R pred 1 particle
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Analysis Strategy: Profile Likelihood Unfolding

£ = TPV

d
NP0 ) pred _ pypred Npmd,7 0 = Nuisance parameters
J ( ) ’ (Exberiment5ibnditibk&4nd theoretical modelpassumptions)

& (O O S UNIVERSITAT
SIEGEN

Universum und Materie
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Analysis Strategy: Profile Likelihood Unfolding

L = Hj P(Nsoilzsj N]pred(e)> , N;’red = N;;rge,? + N&i?j, 0 = Nuisance parameters
o b pred pred NP .
L= Hj P (N:igs,j | - Nsig,j (9) + kagjj(e, k)) ] g = N;§§ , k= scaling factors
e O FSP ATLAS "
UNIVERSITAT
€2 Q) geimm,,., Ul
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Analysis Strategy: Profile Likelihood Unfolding

d
L = Hj P(N;)il:g,sj N]Pre (9)) , N;red = N;’i;e‘; + Né’izdj, 6 = Nuisance parameters
o b pred pred NIE .
= Hj P (N;)igs,j | wj - Nsig,j (0) s kagyj(O,k)> ] By = NPrge"i’ k = scaling factors
s1g,]

£ =TT, P(NeES; s - Nig(0) + NEe: 0,k)) x [[,G(0] 6,1)

pred
T = s o —oH
95 =Hj" 7L

Absolute differential cross-section measurement is done as a function of pr(~) and |n(7)|
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DY = —ie |y (i (k) + 15F T4 () + G (0 + D) (i3 (k) + 15554 (k%))
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Step 1: Parameterization-1D
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Fit results are used in posterior probability calculation to extract EFT operator coefficients limit
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Constraint and pulls: pr() and |n(7)| g |

Nuisance Parameter (NP) Pull + Uncertainty

tty-decay norm 0.003 4+ 0.967
pr(7y) Prompt W~-norm —0.007 £ 0.965
h-fake 0.007 £ 0.976
e-fake 0.001 £ 0.987
Wty-norm —0.003 £+ 0.987
Nuisance Parameter (NP) Pull + Uncertainty
tty-decay norm 0.002 + 0.968
In(7)| Prompt W~-norm —0.005 £+ 0.968
h-fake 0.003 £ 0.975
e-fake 0.002 £+ 0.988
Wt~y-norm 0.002 £ 0.987
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