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General Information

e Luminosity of 140 fb~*LHC Run 2
Js =13 TeV

» Separation of signal from
background on the 2SS + 1t
channel using machine learning

e Signal: tbH* 17 masses
(250 GeV — 3000 GeV)

« Background: ttH, ttW, ttZ and others

* Motivation: Sensitivity
Improvement

17/07/2026



Model Inputs

« 370 features avallable,
24 features used In training

* Directly measured features
* p, — Transverse momentum, etc

 Derived features
« HT — Sum of the transverse momenta of all objects, etc
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Methodology

* Old method: two separate mass regions (low-scale and high-scale).

* Low-Scale: 250, 300, 350,400 GeV ; High-Scale: 500-3000GeV (13
datasets).

* Currently: Parameterized Neural Network (PNN) with mass as extra
parameter, trained on all 17 masses.

« Expected limit on cross-section is obtained by performing a Profile-
likelihood fit on the signal probabillity distribution for each hypothesized
mass point.
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Data Processing

* Train: 80%, Validation: 10%, Test: 10%.

« Each event is normalized after ML model is applied, to
obtain the number of expected events in the detector.

* For illustration, signal events are scaled to 0.1 pb to
have the same order of magnitude as the background.
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Expected Limit at 95% CL

Expected cross-section limit [pb]

« Limit type: ASYMPTOTIC
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Conclusions

* Analysis for release 22.

» Separation of tbH* events from background.
 Evaluation of PNN.

* Expected limits at 95% CL on cross-section.
« Completed whole analysis chain.

Next:

» Test Transformer architecture as PNN, compare performance with
current PNN.

* Include systematics, when new simulated data become available.
i
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General Information

* Production of expected upper-limit of cross-section

* Recall: Analysis was completed with release 21
iIncluding systematics

* Redoing analysis with release 22, expecting higher
sensitivity
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Expected Limit at 95% CL

« Sensitivity of the analysis under the background-only hypothesis (no real signal assumed)
» Represents the smallest signal cross-section that could be excluded, on average, if the
experiment were repeated many times
L(data |p, 0 (1))
L(data |7, 0)
 u — the signal strengith (parameter of interest);
u = 0 background-only, u =1nominal signal

* 6 — nuisance parameters (systematic uncertainties: jet energy scale, luminosity,
background normalizations, étc.)

- Profile likelihood ratio

* dy=—-2In

* {1, — values that maximize the likelihood unconditionally

. @(u) — nuisance parameters that maximize the likelihood for a fixed u

« Asimov data - This dataset represents the median, background-only outcome of the
experiment and is generated by TREXFitter to estimate the expected upper limit on u

ATLAS /"{f?g

EXPERIMENT



13

Object Definitions

WP: wpSet0

Electron: el_select TightLH Loose VarRad NOSYS && el AmbiguityType == 0 && abs(el _eta) <= 2.5

Muon: mu_select_ Medium_Noniso NOSYS && mu_select Loose Tight VarRad NOSYS && abs(mu_eta) <= 2.5
Tau:

Jet: abs(jet_eta) < 2.5

FastFrames: Exactly 2 Leptons, 1 Tau, At least 1 Jet, Leading Lepton p; > 25GeV, Subleading Lepton p; > 10GeV

TREXFitter: Same-Sign Condition on Leptons, At least 1 b-jet (nbJets77 > 0), At least 4 jets — 2ISS114j1b

R
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ODbject Definitions

 Electron:

« el select TightLH Loose VarRad NOSYS
» TightLH — strict rule for identifying real electrons vs. fakes; picks fewer but cleaner electrons.

» Loose — how strict the isolation check is; "Loose" allows a bit more nearby activity around the
electron.

« VarRad — the isolation cone size shrinks for higher-energy particles instead of staying fixed.
* el AmbiguityType == 0 — real electron, not a photon that converted.

e Muon:

* mu_select Medium_Nonlso NOSYS

 Medium — a mid-strength rule for identifying real muons; less strict than "Tight," so it keeps
more muons but with a bit more chance of fakes.

* Nonlso — no isolation cut applied here
* mu_select Loose_Tight VarRad NOSYS
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Physics Objects Definitions

Electrons

pT > 10 GeV
leta| < 2.47 (with calo crack region vetoed)
ID WP: TightLH, ISO: Loose_VarRad
Electron tracks

o dOsig < 10 (recommended is < 5)

o Az0sinB < 0.5

Jets

AntiKt4EMPFlowdJets

pT > 20 GeV

leta| < 4.9 (Note that forward jets are included)
NNJVT FixedEffPt WP (always required for central jets)
fJVT Loose WP (not applied)
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Muons

pT >10 GeV, || < 2.5

dOsig < 10 (recommended is < 3)
Az0Osin® < 0.5

ID: Loose, ISO: Loose_VarRad

Taus

¢ Multiple ID choices:
o ID WP: Baseline with RNN score cut at 0.01 with e-veto
o ID WP: LooseRNN with e-veto
o |D WP: Baseline with GNTau score cut at 0.01 with e-veto
o ID WP: GNTau with e-veto
* |eta| < 2.5 (with veto for crack regions)

e pT > 20 GeV S ¢
ATLAS /‘%f?
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Input Features

WVariable

Description

sumPsbtag

bjet_1_pt
taus_RNNJetScoreSigTrans_ &

lep_desig_ 1

tau_pt_ 6

be®_pt

DeltaR_bO®_bl
top_reco_mass_10bo®

InvMass_tau _min_ SSlepton
lep d®sig ®

min_DeltaR_tau®_ SSlepton
dEta_maxMjj_frwdjet

HT
mT_wvis_h_ MET

M1l1®1
MLepMet

jet_pt_0

meff event

DeltaR_LO®_11

HT_leptons

lep_pt_©0
reco_Hplus_visH_hadW_mass

minDeltaR_LJ_®
Mt_tau®_ MET

Sum of GIN2v(01 b-tag scores at 65, 70, 77, and 85 Ye
efficiency WPs

Sub-leading b-jet pr

Leading + RININ jet score transformed to signal signific-
ance

Transverse impact parameter significance dg /o, of the
sub-leading lepton

Leading = pT

Leading b-jet pr

AR between leading and sub-leading b-jets
Reconstructed top-quark mass from leading lepton and
b-jet

Invariant mass of the leading T and the lepton closest to
it in AR

Transverse impact parameter significance do /o, of the
leading lepton

Minimum AR between leading T and same-sign lepton
|Ar7] between the forward jet (largest |17]) and the jet
forming the highest invariant mass pair with it

Scalar sum of pr of all objects

Transverse mass of the wvisible Higgs system (sub-
leading lepton and leading hadronic ) with E!Fi'""‘
Invariant mass of the leading lepton pair

Invariant mass of the leading lepton and Elllli""‘ four-
momentum summ

Leading jet pr

Effective mass of all jets, leptons, . and E%‘i”""'

AR between leading and sub-leading leptons

Scalar sum of lepton pT

Leading lepton pr

Reconstructed H ™+ mass from the visible Higgs candidate
(sub-leading lepton + leading 7v) and the non-b-tagged
jet pair closest to mrw

Minimum AR between leading lepton and any jet
Transverse mass of leading + and E.'If'i"“

log_mass

Logarithm of the hypothesised H™* mass In(mg+), ap-
pended as a constant column per event
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Signal MC simulation

DSID H* Mass (GeV) | DSID H™ Mass (GeV)
512185 250 567613 900
512186 3000 567614 1000
512187 800 567615 1200
567607 300 567616 1400
567608 350 567617 1600
567609 400 567618 1800
567610 500 567619 2000
567611 600 567620 2500
567612 700

R
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Background samples

Sample Name DSIDs Sample Name DSIDs
tt 410470 tZ 410560
threeTop 304014 tWww 410081
Z-jets 700322, 700324, 700325, 700335, | fourTop 412043
700336, 700337 Wtz 410408
ttWz 500463
W-jets 700338, 700339, 700340, 700349, | ttHH 500460
700341, ..., 700348 (12 total) ttWH 500461
tty 500800, 504554
\'AY 700589, 700591, 700592, 700593, | Vv 700398, 700399, 700400,
700594, 700603, 700604, 700605 700401, ..., 700404 (7 total)
SingleTop 410659, 410644, 410645
VH 346645, 346646 ttzZ 500462
ttZ 410276, 410277, 410278 tH 545796
ttw 700168
ttH 346343, 346344, 346345
17/07/2026
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CRs

* CRs are defined for fake leptons using reconstructed variables.

 Truth variables used to re-classify simulated data into prompt and
non-prompt samples.

« Simultaneous CR+SR fit to real data (SR blinded) is performed to
obtain Norm Factors for fakes.

« Expected limit on cross-section is obtained by performing a Profile-
likelihood fit on the signal probabillity distribution for each hypothesized
mass point.

OATLAS f’{??é

EXPERIMENT



CRs Definition

CRs <4 jets & SR > 3 jets

Region Name Key Selection Criteria

Fit Variable

FakeE1SS_CR
* Two same-sign light leptons.

e < 3jets, > 0 b-jets.

¢ High-quality tau candidate
(quality > 0.5).

¢ Exactly one lepton is an electron that
fails its quality selection (< 0.5),
while the other light lepton passes its
quality selection (> 0.8).

FakeMuSS_CR
¢ Two same-sign light leptons.

e < 3jets, > 0 b-jets.

¢ High-quality tau candidate
(quality > 0.6).

¢ Exactly one lepton is a muon that
fails its quality selection (< 0.5),
while the other light lepton passes its
quality selection (> 0.8).

17/07/2026

Leading Lepton p

Leading Lepton p,

FakeLepTauSS_CR

FakeTauOS_CR

20

Tau p
Two same-sign light leptons.
< 3 jets, > 0 b-jets.
Both light leptons must be
high-quality (> 0.8).
The tau candidate must fail its
quality selection (< 0.45).

Tau 7
Two opposite-sign light leptons.
< 3 jets.
Both light leptons must be
high-quality (> 0.8).
The tau candidate must fail its
quality selection (< 0.45).
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Control Region (muon)
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Control Region (tau eta)

R R R N T @ ARARERARERRARRR RN RN TR RN RN RS AR RRR RARRS
E - ATLAS work n progress §-¢-l 5Flun|2 Data 2846350 S 25000 [~ ATLASworkinprogress |4~ Run2Data 284635.0
& A0000F s i - ] i - s=13TeV, 140 b "l tbH" 41.0
E {s=13TeV, 1400 "/l i...  tbH 41.0 - B , . 0
35000 [ tbH" 800 GeV ‘I | Fakee 47.9 3 - tbH™ 800 GeV ‘I : Fakee 20.4 -
- 210817 < 4 ’ : Fake mu 1005 1 20000 I— 210817 < 4f ‘Il :Fake mu 126.4 _|
30000 — Pre-Fit : Doéhl,e Fake 44.3 B Post-Fit ;-D(}liltﬂ:e Fake 28.6 ]
- MlFakel~Tau 26144 B ‘MlFakels Tau  1688.5
25000 Fake Tay 408314.9 15000 Fake Tau 253606.6
= 40022.4 7 - 24858.2 -
20000 [— 4229.3 B 42301
= 7 7 B ]
15000 — - 10000 — —
10000
5000
5000
: 0
£ 225 b 0
a - £ 225
S VO e S s
S 075weeececececscecceccsccscssccsooce = o ?'5 9000000000000 00000-¢
L L L L Q -

—02.5 -2 -15 -1 05 0 05 1 156 2 25
Taun

—02.5 -2 -15 -1 -05 0 0.5 1 156 2 25
Taun

et
17/07/2026 ATLAS /t?

EXPERIMENT



Use of Machine Learning

« Signal kinematics depend strongly on m+.

» Training separate classifiers per mass point/region is expensive and does not interpolate
between points.

. {\/Iod?I: parametric approach implemented with XGBoost (gradient-boosted decision
rees).

* Mass hypothesis 8 = logmy+ is added as extra parameter.
« Standard classifier learns f(x); parametric classifier learns f(x, 8).

 Training: each background event duplicated across all 17 mass hygotheses, weighted by
l:1)/1\4,,,%155 tg preserve total background weight; global reweighting balances signal vs.
ackground.

 Validation: each background event assigned one randomly-drawn mass hypothesis (no
duplication), avoiding inflated/correlated validation samples that could bias early stopping

* Inference: no duplication — trained model scores each event independently under every
mass hypothesis by appendl_n? the corresponding log my+ value, producing one score
per mass point per-event (written as separate ml_pro XXX branches).
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