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Motivation

Direct measurements:

Y relies on Higgs coupling to other particles

e Yukawa coupling strength o« mass ot fermions . .
PHNS S * Obtained results are very precise

* Heavy mass of top-quark => largest Yukawa coupling strength  Indirect measurements:

Y, independent of Higgs coupling to other

* Deviation from measured top-Yukawa coupling from SM |
particles

prediction => new phenomenon beyond the SM

» Sensitive to BSM physics in the loops

Direct methods: Other methods: I

ttH production tH production off-shell H: tttt production H in loop: tf production #
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Analysis strategy

Impact of top-Yukawa coupling in tt production threshold

e tt production influenced by electroweak (EW) loop corrections
including virtual Higgs exchange

e Particularly enhanced in tt production threshold (m ~ 2my)

g . 009909099900000099. > |. t
A H Interaction of this loop diagram
| with the Born level diagram has
| ] a cross-section proportional to
g . 000009099900000099. < @ t N/ 2
GS‘Yt
q t

* Sensitivity not competitive with direct measurements
e However, sensitive to BSM loop contributions
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Ratio: (EW correction) / (LO QCD) for my; at parton level

e Measurement in tt in events with single lepton

e Extract Y via template morphing profile-likelihood
fit using reconstructed my; distribution templates
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Structure of the analysis

Evaluation and analysis of the
electroweak corrections

l

Implement electroweak corrections in
the tt MC samples

l

Object and event selection
Neutrino reconstruction, tt reconstruction

Inclusion of systematic uncertainties,
backgrounds, and fit to data

Parton level

Parton level,
Detector level

Detector level

Detector level

KI — SM

8t

Measurement of the top-Yukawa coupling from #f production in the

lepton+jets final state using ppcollisions at \/E = 13 TeV with the ATLAS
detector: arXiv:2509.16039
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The top-Yukawa coupling modifier,

is referred to as Y, in this paper |
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Electroweak corrections (l) £ 1 ;
Calculation from HATHOR - Cvieo -
0.6 e Y, = -

] Yy =2 i

e Using HATHOR (HAdronic Top & Heavy quarks crOss section 0'4;_ iiﬁ:j _

. 0.2
calculatoR)- v2.1-b3 to evaluate electroweak corrections
| et tees== S = T
https://www.physik.hu-berlin.de/de/pep/tools/hathor.html S | -
° ° ° ° _O'Z}I | | | | | | | | | | | | | | | | | | I | | I——
e Program for the calculation of inclusive cross-sections for the 350 400 450 500 550
. . . me" [GeV
production of top quarks in hadron-hadron scattering j
E 8 _l I I I I | I I I I | I I I I I I I I _I I ]
S 5.5 L HATHOR v2.1-b3 qq — 1t
e Sub-package inside HATHOR: calculates the LO electroweak =P T :
corrections corresponding to the Born level (LO QCD) cross-section for 0.8 B
i = Y;=0 i
different Y, values 0.6~ —= Y3 B
B ——Y;=2 i
e Separate corrections for quark- and gluon-induced processes o4 +¥t=2 E
| N X T '[= :
0.2, = > -
. 00gy _ OQCD+EW ~ 2QCD RN :
Ratio: — for my; at parton level e b ae s -
0QCD 0QCD I B SS S~
_0.2/ L o . T
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Electroweak corrections (ll)
Reweighting of the POWHEG+PYTHIA8 samples

[

e Electroweak corrections are parametrised as
R (m;, cos 0*,Y))

e Functional form of R obtained by fitting a grid of
points of R

e Dependence exactly quadraticin Y,

e Multiplicative approach used to incorporate electroweak

corrections

e Nominal POWHEG+PYTHIA8 sample reweighted to

obtain templates for different Y, values
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Event selection and reconstruction (l)

e FEvent selection: e The tf final state fully reconstructed
e Number of jets > 4: pr > 25 GeV, || < 2.5 e Neutrino p, reconstruction:
* Number of b-jets > 2 (DL1r 70% WP) e Exploits constraints on my,
e Exactly one electron/ muon in the final state e Quadratic equation obtained
* Electron channel: e 2 real solutions: select the one yielding m,
e pr>25(27) GeV for 2015 (2016-2018) closer to 172.5 GeV
o EMS > 30 GeV, My, > 30 GeV e No real solution: scale the EM®
e Muon channel: magnitude and ¢ to yield a real solution
e pp>25(27) GeV for 2015 (2016-2018)  Jet-to-parton association study in MC helps

. mitigate the events with incorrect jet
o« EMS 4 MT > 60 GeV 9 | e 4
assignments by introducing additional selection

windows
My, € [100,250] GeV
where MVTV = \/ (E%liSS + ET,Z)2 = (ﬁ?iss + I_5T,l)2 o m‘l}[?dronic e [40, 120] GeV
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Event selection and reconstruction (ll)

Reconstructed m;

ATLAS Simulation
Vs=13 TeV, =4j,=2b
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S 0'065 - 100 <m, m <250 GeV - I
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m,; resolution with versus without the additional selection Reconstructed versus generated m,; correlation
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N - R L e l s N S O O I O -
o - ?_ TLAS Simulation PR > 4 o ATLAS Simulation E
g2 - 13 TeV 21 52 - .
Fit strategy o RN _
&:U 1.15:— J —: E 1 15:_ etjets _:
1B 1:m, €[200,300] GeV| .-~ i | Bin 13: m_ €[760,860] GeV ]
A - 1.1F =
e Fitting reconstructed m,; distribution o5t - E . osh o Template yields -
o e+jets & Il,t+jetS SRS 1;_ . e Template yields_é 1;_ ©..... oo Fit function _;
o - ‘,o" ----- Fit function - . O . -
e m,;dependence: quadraticin ¥, 095 ER E
ETNT 0.9F . 3 o -
 Non-parabolic likelihood e o9 :
=l L1 1 L1 | [ L1 1 L1 1 L1 | L1 1 1 L | | | o | | |
. 4 2 0 2 4 6 8 10 4 2 0 2 4 6 8
e Parameter of interest: Y? v?
. 3
e Exactly linear dependence o 250210 s
) S ATLAS Slmulatlon
e Extrapolate the templates to negative Y/ values D ogol 's=13TeV,140f" e Y2 = -4
>4j,=2b Y2 = _1q
2 =

e+jets

(unphysical, but helps with fit stability)

e Profile Likelihood Fit using morphing method in TRExFitter

* Template morphing:

e each bin is parametrised as a function of Y?

® a3 continuous interpolation is obtainea

e Systematic and statistical uncertainties taken into account

as Nuisance Parameters in the fit
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Backgrounds and systematic uncertainties

e Backgrounds (yield: 6.5% of the prediction):
e Monte Carlo driven: tW, W+jets, Z+jets, ttX, toponium
e Data-driven: take leptons (using matrix method)
e Systematics:
e Instrumental:
Luminosity, pile-up, , Jet energy
resolution (JER), Jet Vertex Tagger (JVT), b-tagging, MET

soft term, lepton energy scale, lepton energy resolution,

lepton trigger, identification, isolation efficiency

e Background modelling:
Single-top: u., pe scales, var3c, FSR, tW DS vs DR
Toponium, W+jets: u., e scales

e Background normalisation:
1.9 (3.8) % for t(s)-channel single-top, 3.6% for tW, 5% for

W+jets, 100% for toponium, take leptons, Z+jets, VV, ttX

Signal modelling:

var3c variation

FSR

FSR: u, scale of ™" varied by x2 and x0.5

ME: p%ard varied from O (hominal)
PS+hadronisation: POWHEG+HE
PDF variation: 30 EV from PDF4L

Line-shape: POWHEG+PYTHIA8
to POWHEG+MADSPIN+PYTHIAS

NNLO QCD reweignting

to ’
RWIG 7.2.1

HC15

reweighted

Additive versus multiplicative EW correction

Normalisation: fi'g %
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Pre-fit modelling

m,; distribution

(7))
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Post-fit modelling

m,; distribution
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Results (l)

Observed and expected Y?

ATLAS Vs = 13 TeV, 140 fb™"

j 2 5_‘|1||JII1 I S L R L B o |_

s [ Combinedfi :

. E

95% CLg upper limit on Y L — Observed -

Region  Expected Y2, Observed Y2 5 i -
5 P L U Expected Observed VOETZAZTAZT e Expected B
" 2.1 +2.2 N -
' Hets 1020 1321 <23 <24 BN -
" +iets 1.0718 1.1+19 <21 <22 NG 5
: ' 1.8 ' 1.9 N 2 Ry A 68% CL -
Combined  1.07y¢ 1377 <21 <21 I : :
N IR I I .

11 0 1 2 3 4 S
Y2

t

e Observed Y? =13+ 1.7, Expected Y? = 1.0+ 1.6

e Upper limit on Y7 is obtained considering only the physical region of Y7 > 0

e 95% ClLg upper limiton Y, < 2.1
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Results (ll)

Impact of uncertainties #y?

Unc. component on Y?:
P t 0.6 104 10.2 0] 0.2 04 0.6

. . up up _pd dn —————
e Impact on the uncertainty on Yt2 dominated by -&PC_)|O/&NP o By [T T T T
w/%= linear correlation coef. | ATLAS
. — -1

Uncertainty category Impact on! ? — NP shift Is =13 ITeV’ 14()' b

l'Pmodelling +1.2 tf p
. tTh
Background modelling +0.6 o
_ tt top mass
Jet energy resolution +0.4 JES pileup p_term
" -tagging scale factor +0.3 T PDE variation 5
Others +0.3 tro,
o | tT PS & had. ($ 5j)
Statistical unce_rtalnty | +0.4 JES pileup offset NPV
+
Total systematic uncertainty +1.7 T NNLO OCD
tf p:ard
e Upper limit on Y, is comparable to the other b-tag b-jets EV 1 , ,
_ _ . W N S N R N S R
indirect measurement, using tftt, with ¥, < 1.9 12 115 11105 0 05 1 15 2

(obs.) and Y, < 1.7 (exp.) (EPJC 83 (2023) 496) (" o)
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Results (ll)

Impact of uncertainties #y?

Unc. component on Y?:
P Oy - 06 104 102 0 02 04 06

hd o Up up — dn dn | | | | | | | | | | | | | | | | | |
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. — -1
Uncertainty category Impact on! ? — NP shift Is =13 ITeV’ 14()' b
l'Pmodelling +1.2 (o
. tt h
Background modelling +0.6 _ b 2R
_ tt top mass
Jet energy resolution +0.4 JES pileup p_term
" -tagging scale factor +0.3 (F PDE variation &
Others +0.3 e
o | tt PS & had. ($ 5))
Statistical unce_rtalnty | +0.4 JES pileup offset NPV
Total systematic uncertainty +1.7 T NNLO OCD
tf p:ard
e Upper limit on Y, is comparable to the other b-tag b-jets EV 1 , ,
_ _ . W N S N R N S R
indirect measurement, using tftt, with ¥, < 1.9 12 115 11105 0 05 1 15 2

(obs.) and Y, < 1.7 (exp.) (EPJC 83 (2023) 496) (" o)
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Summary

e First ATLAS analysis to obtain Y, exploiting this approach

e Electroweak corrections to the Born-level QCD cross-section sensitive to Y,

e m,;templates obtained for different Y, values

e Profile likelihood fit performed using full Run-2 data in bins of m,;, taking the statistical and systematic
uncertainties into account

e Observed Y? = 1.3+ 1.7, 95% CL upper limit of Y, < 2.1

e Impact on the obtained Y? dominated by ## modelling uncertainties, as well as jet energy scale
systematics

e Measurement is complementary to other ¥, measurement approaches used so far

95%0 CLg upper limit on Y

: 2 2
Region Expected Y= Observed Y7, Expected Observed

Uncertainty categor Impact on Y?>
T T ? ‘ | +jets 1.0755 1.3751 <23 < 2.4
Statistical uncertainty +0.4 — o s
Total systematic uncertainty 1.7 tiets 1.0/7 117, <21 <22
Combined 1.0/7% 1.3/%7 <21 <21
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Bound-state effects

Used toponium sample information

7)) = 3
S = ATLAS . -
0 8L 4 _.@ Data tt __
: . ¢ . . © 1075 {s=13TeV, 140 ™ (= Toponium | [ Single-top =
e Simplified model by Fabio Maltoni et al: oL 4 =2 BEW+jets MERZ+jets
. = e+jets Fake leptons [] Other =
arXiv:2401.08751 Joo L Preit 72 Uncertainty _
e M=2m —2GeV,I =2.8GeV - =
— L J "—/—/—/—/—/—;“'—/—/—/—/—;‘E
* No electroweak corrections evaluated on toponium 10°E E
° ° ° 3 s
e Added as a background with 100% normalisation 19 =
2 IE
uncertainty 19 =
. C L. 10 E
e Modelling uncertainties include scale variations =
S
. . . . D
e Negligible impact on the Y7 uncertainty g 1
]
= 09
O 08"
200 300 400 500 600 700 800 900 1000
m, [GeV]
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Additive versus multiplicative EW correction

Uncertainty evaluation and impact
e Difference between the additive and

multiplicative approach included as a

(1 + CS)(l + Cw) =1+c,+c, + cscy systematic uncertainty
S—— e N e Evaluated in a simplitied way: by applying
Multiplicatri]ve Additive Extra term not the EW corrections to the Born cross-section
approac resent in the . . :
PP approach ad%itive approach assuming that the Born cross-section ditters

from the full cross-section by a tfactor of 0.75

Plot 10(b): arXiv.1007.0075v3 (ratio is exactly 0.75)

e Multiplicative approach considered in the

: e Dependent on the value of ¥,
analysis; more accurate because

e Evaluated at Y, =1 for the fit (uncertainty is
< 1%)

e Assuming the uncertainty due to additive

e QCD corrections are dominantly collinear;

radiation mostly originates from the initial state

e EW corrections occur at a much higher scale;

. . | Y, =2 in the fit, the limit Y
almost entirely affect the final state correction at 1, n the Tit, the limit on I

increases by 6%
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Comparison with CMS results

PRD 100 (2019) 072007

e CMS analysis uses 2D my; vs |Ayt"c|

®* 3 regions: =3j, =4, =J]

e Partial reconstruction in the 3j events gives

additional events in the threshold region

e Simultaneous PL tit, template morphing in Yt

e Our analysis gives better limits than =3j and

>5j regions in CMS analysis
e =4jand combined CMS fit give better limits
* Yt < 1.67 (CMS) vs 2.1 (ATLAS)
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35.8 fb™* (13 TeV)

0
= . CMS e/u+jets, ! 3jets ¢ Data tt = Singlet [ V+jets IQCD multijet E@Fit unc.
& 30000 — (Channels combined) —_PrefitY, =1 --Prefity, =2
| 3 jets 4 jets I'5jets
| 0-06 0.6-1.2 >1.2 - 0.6 0.6-1.2 >1.2 0-0.6 0.6-1.2 >1.2
20000 — | I I I I I
10000
N 1.05
S
=
o2 1 £
L ]

i i i i i i i i M, [Ge
Channel Best btY; 95% CL upper limit
Expected Observed Expected Observed
3 jets 1.0G 9SS 1.62793 <217 <2.59
4 jets 1.0¢ 339 0.87 932  <1.88 <1.77
" 5 jets 1.0¢ 933 1.27793>  <2.03 <2.23
Combined 1.00 932 1.07 933  <1.62 <1.67

700-2000

S

Yield ratio
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Systematics in CMS vs ATLAS

Maximum impact on *yields* in distribution, not on Y, (!)

Uncertainty tt Singlet V+jets QCD multijet .

Integrated luminosity 2 5% 25%  2.5% 2.5% Difference w.r.t. to ATLAS:

Pileup 0D1% 0D1% N N _

Lepton identiPcation/trigger 1.9% 1.9% 1.9% N * No 11 ||ne—shape Orp%ard

= 57! e N h e No PYTHIA vs HERWIG for PS+had
JER 0P0.6% N N N

b tag scale factor 3% 3% 2D3% N * Top mass 1 GeV vs 0.5 GeV variation
b mistag scale factor 0.5% 1% 3D6% N

Background normalization N 15% 30% 30% e Smaller hdamp variation (2.4mt VS 3mt)
QCD multijet CR debnition N N N 0D60% .

Factorization and renormalization scales 0D6% 2D5%  0D15% N * No TOPOﬂlum treatment

PDF 0.5D1.5% 0.501.5% N N

| s(mz) in PDFs 1% 1.5% N N : :

Top quark mass 1D5% N N N Normallzatlon-only

Top quark pr modeling 0D0.5% N N N

Parton shower

-NLO shower matching 1.5D5% N N N

-ISR 2Db3% N N N

-FSR 0D9% 0D12% N N

-Color reconnection 0D3% N N N

-b jet fragmentation 0D3% 0D5% N N

-b hadron branching fraction 3% 2.5D3% N N

Weak correction "ocp"w 0D0.2% Y; =2) N N N
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