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https://arxiv.org/abs/2607.27276v1

Physics Motivation: top-Yukawa coupling at tree level ATLAS

@ Measuring the ttH cross-section provides a direct probe of the
top-Higgs coupling y; (071 o y7)

o Fewer theoretical assumptions than indirect top-quark loop-based
measurements

tHgb (Kkt) tHgb (k) tWH (k¢) tWH (k)

0

o Different tH production modes: — ‘
tHgb+tWH (tHb neglected) B

o tH diagrams feature interference
between the Higgs couplings to
top-quarks and W-bosons

:
A

T T T
L ATLAS Simulation Vs=13Tev, 139"

—ttH inc
10
r —tHjbinc. -

—tWH inc.

e H — 77 (fully hadronic) channel:
unambiguous Higgs boson candidate,
very low contamination from other
Higgs boson decay modes

Prediction normalized to SM
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Phys. Rev. Lett. 125 (2020) 061802
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.061802

Overview: H — 77 analyses ATLAS

o H — 77 Run 2 Legacy analysis (JHEP03(2025)010):
o Inclusive ttH and Simplified Template Cross-Section (STXS) measurement
o ttH Multilepton analysis (arXiv:2510.23755):
o targeting TiepThad and TiepTiep topologies
@ Several Run 2 tH leptonic analyses (arXiv:2607.27708) showed mild excesses, motivating
an independent measurement in the fully hadronic channel

JHEP03(2025)010 arXiv:2607.27708
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Novelties of this measurement: event selection ATLAS

o First simultaneous ttH and tH measurement in the TAUP-2026-01
H — 77 fully hadronic channel 5 F ATLAS Simulation Preliminary 3
3,10t V5=13.6 Tev -&- RNN Loose ID  _J
-1 £ P  nule T
@ Run 2 + Run 3 dataset: 140fb™" at /s =13 TeV + P e+ e il state taussedumo ]
10°

[ TP, >15GeV, 1-prong --@- RNN Tight ID
E —+— GNTau Tight ID

161fb1 at /s = 13.6 TeV (2022-2024)

o First ATLAS analysis to use GNTau; all details about
GNTau in Sudev's talk

1
2.5
2

Requirement Selection .
Leptons Ne=N,=0, N, =2 % - s
Thad PT Leading,Subleading > 40,30 GeV g Lo —

! 20 30 40 50 60 10° 2x10°
Charge Opposite sign _ eanddate pr (6eV]
b-tagging GN2v01 ©70% @ Require two Thay passing Medium
Emiss > 20 GeV GNTau ID, veto on electrons or
Leading jet pr > 70 GeV, |n| < 3.2 muons
AR(7,7) 0.6 < AR <25, |An| <15 @ Improved

efficiency working point

@ At least 5 jets and 1 b-jet:
relaxed to gain tHgb acceptance

Collinear approx. 0.1 <x; <1.4,01<x<1.4
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https://indico.ijclab.in2p3.fr/event/12648/timetable/?view=standard#64-advances-in-hadronic-tau-re
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/TAUP-2026-01/

Analysis strategy for event categorisation

ATLAS

EXPERIMENT

e Multiclass BDT (TMVA), 4 classes: ttH , tH, Z(— 77), it
o Events assigned to the class with the highest score = 6 SRs + 2 CRs, mutually exclusive
@ SRs split by the invariant di-7 mass (MMC)
o ttH window further split in three pt/ STXS bins (NN regression of JHEP 03 (2025) 010)

BDTyy > BDTz

M €[100,150]

Pl <200

Pl €[200,300]

had-had

BDT; > BDTyim

me € [100,150]

pH >300

me; € [100,150]

= {i}sﬁs = BDTu > BDT
- m, € [100,150]

BDTy > BDTz .
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Multiclass BDT: input variables ATLAS

Group  Variable @ 29 variables: di-7 system, jet and b-jet

2  of the 5 leading jets kinematics, and reconstructed-top observables

'g Scalar sum of all jets pr

& . L T i .. .

g W-candidate dijet invariant mass o ttH vs tH : same visible final state = the

B Top-quark-candidate three-jet invariant mass . .

. 2 il a2 jad a2 separation comes from the forward jet and
Ratio of the pr of et pairs (pS"2/pe™Y, pis3 plet2, plettplei2) p J
Minimum AR between two jets from the b—Jet Content

ét Minimum AR between a b-tagged jet and a T

5 lan@, )l
AR > [T T 2 — g

(t,7) = Dgl%glésksvmmam ::w B £0.25 S Simuation ::::1 3
e L + Zo1t =] *Z.t ]

- pr(r7) s F & 1 3 o2 [

g Sub-leading 7 pr N L - = ] ]

& Leadi 5 02 ‘ J4 Sous N E

o eading 7 7 £ F =+ - 1 g0 ¢ s .
Di-7 invariant mass (m>C) 2 r = 4 2 *4 * E

. . N 0.1 - - + ]

g Missing transverse momentum E7"** r ——— = 4 y— . 1

o T [ —— e, 4

B Smallest Ag(r, Es*) r - T e ]

o N N AR AU B Al IR B B S|
Number of light (non-b-tagged) jets Qg TTTFELITTTITTTTIITTTT o g T R T T
ioht iets wi ; g 1 —— —— g 14 e
Number of light jets with the same 7 sign ¢ o5 | ‘ fﬁii 14 0.5F | B e =

= b-jets multiplicity 005 I 15 2 3s 200 400 600 800

g 7 of the leading b-jet AR, T) HJTE'S [GeV]

= pr of the leading b-jet

Largest An between any light-jet and b-jet pair Two of the most discriminating inputs
Maximum A7 between the visible Higgs decay products and any b-jet

Largest invariant mass of any pair of light jets
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Multiclass BDT: output scores ATLAS

@ Fit the BDT score instead of the
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Signal regions

ATLAS

EXPERIMENT

T T T T T T T
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Combined
profile-likelihood fit

over all SR and CR bins

ey and gy measured

simultaneously

Signal overlaid x5

(ttH) and x50 (tH)
to be visible, gives an
estimate for the S/B in

this channel
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Results: inclusive signal strength measurement

ATLAS

EXPERIMENT

e ttH signal strength: s;7y = 1.5

+0.71
1 —0.62 —

o Observed (expected) significance of 2.60 (1.80)

o tH signal strength: iy = —0.4

+5.6

—51 —

@ Good compatibility with the SM predictions
o Correlation -34% between the POls

I
ATLAS &H/tH, H qr‘n Vs= 13136 Tev, 1407161 1o
HTotal Vsyst. Py = 84%
Tot. ( Stat. Syst.)
-
+0.71 , +0.54 +0.46
ttH §1 15156, (051 -03s
44|
tH 04—51 (%9 53
| EE——| I R I R
-5 0 5 10 15 20

Morvan Vincent

Signal strength (u)
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+0.54
1.517 %,

(stat.)

~0.37735(stat.) *

+0.46
—0.35

(syst.)

30

20

10

r ATLAS == Expected 68% CL]
L - -1 —— Expected 95% CL ]
r |{§ 13/13.6 TeV, 140/161 fb* Obearved 68% L ]
[ tHAH, Hott —— Observed 95% CL
- -+ Bestfit -
+ X SM -
T IR FETE FEEEE RS R PR e
-3 -2 -1 1 2 3 4 5
N

=
I
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Results: STXS measurement ATLAS

@ STXS cross-section measurements for three p1’3’ bins in and Run 3
o Good compatibility with the SM predictions

o The fiducial (|yn| < 2.5) cross-section is mesured independently per Run since it is

defined at a specific /s value

T H T B
ATLAS  tiH/tH, H- T, s = 13/13.6 TeV, 140/161 fb™
HTotal ESystA \Theory P, =52%, Iyl <25

Tot. (Stat. Syst.)

+1.59 4124 +0.99
319 T (% lo7a )

ttH
[pp — ttH

SM

tiH (Run2)

p'/<200 GeV/

- +1.26 4120 +040
ttH, -0.29 (o1 “os0 )

200<p;'<300 cev(RUN2) 103
- +2.30 4192 +128
‘th:>3uuGev(RU"'2) 218 T (as o )
N e = P s T 277 e N
‘th:quu cev(RUN3) 234 5% (O los)
- +151 4139 4059
“Hzoo<p:<3noeev(R“"3) 042 55 (G2 ose )
- +2.12 +2.00 +0.70
"Hp:XADO cev(RUN3) 093 577 (es  -oes )
Lo b b 1
-5 0 5 10 15 20
meas SM
(oxB)""**/(oxB)
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Summary ATLAS

o First simultaneous measurement of ttH and tH production in the H — 77 fully hadronic
channel, with 140fb™! (Run 2) 4 161fb~! (Run 3) arXiv:2607.27276

@ First ATLAS analysis using the GNTau identification algorithm, combined with a
multiclass-BDT event categorisation

@ Measured signal strengths:

HttH = 1-51i8;§§ (2.60 observed)
HtH = —0-41_?,:?

o ttH also measured differentially in pH (STXS), all results consistent with the SM

o Still limited by data statistics in every bin = the full Run 3 dataset will translate almost
directly into precision

Morvan Vincent Higgs Hunting 2026 September 16, 2026 1 /21
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BACKUP

ATLAS

EXPERIMENT




Novelties of this measurement: event selection ATLAS
Require t . Requirement Selection
® Require two 744 passing Leptons N, — N, — 0, Ny, —2
Medium GNTau ID, veto on Thad PT Leading,Subleading > 40,30 GeV
electrons or muons
o Leading jet with Charge Opposite sign
b-tagging GN2v01 ©70%

pr > 70 GeV and |n| < 3.2:

keeps the trigger on its ErTmss. . > 20 Gev
o Leading jet pr > 70 GeV, |n| < 3.2
efficiency plateau AR(r,7) 0.6 < AR < 2.5, |An| < 1.5
@ Improved Collinear approx. 0.1<x3<1.4,01<x <14

efficiency working point

@ At least 5 jets and 1 b-jet: relaxed with respect to the previous analysis (5j2b or 6j1b) to
gain tHqb acceptance

@ 4 jets + 1 b-jet was also studied: more tHgb, but considerably more Z — 77 and tt as
well
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Background estimation

ATLA

EXPER

IMENT

Z(— 77) and ti: irreducible,
normalised in BDT-score control
regions (free-floating NFs,
separately per Run)

Misidentified-7: data-driven
fake-factor (FF) method
@ FFs from W+jets CRs

(1€ + 17hag-vis), binned in

(pT,m). per Run
Validated in same-sign 77
regions: prediction agrees with
data within 10%

Post-fit normalisation factors
consistent with unity and
compatible between Run 2 and
Run 3

Morvan Vincent

" T
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Uncertainties: grouped impact and ranking ATLAS

@ Statistically limited: the data sample size dominates for both p;zy and gy
@ Leading systematics on pz4: signal theory (0.22) and MC sample size (y: 0.21)
o Leading experimental source: jet energy scale and resolution (0.17)

HttH HtH

A Ay
. Unc. componenton i 015 0.1 005 0 005 0.1 0.5 Unc. component on y: -2 -1 0 1 2
Source of uncertainty MiH  MeH Woteo” Bofpott rrrrrrrrreprrerrere ey M po, 0,008 e
wl p = linear correlation coef| ATLAS wl p = linear correlation coef| ATLAS
Jet and E{_ﬂiss 0.17 1.5 — Nuis. Param. Pull | 'S =13/13.6 TeV, 140/161 fb™ —__ Nuis. Param. Pull | YS=13/13.6 TeV, 140/161 fb*
Background sample size 021 2.0 ey s oz | ook Normaizaion | [N s
¥ (run2ttHpt200SR bin 6) I % bin 8) | i
Thad-vis 0.09 0.7 ¥ (run3UtHPL200SR bin 7) o — Y (un2tHWindowSR bin 7) [ e
. FF Composition Run2 JET nintercalib Modelling
Flavour tagging 001 0.1 Theory i1 PS Run3 JET Pileup Offsetu E

Misidentified Thad 0.11 04 QCDScale tiH mu Run3 True t,,, TES InsituFit —

Theory tiH ME Run2
0.3 JESUNC VertexingAlg

Z(t7) theoretical uncertainty ~ 0.01 ¥ (un2WindowSR bin )
tt Theoretical uncertainty 0.06 0.6 e h TES Detectr

QCDScale tiH mu Run2

Signal theoretical uncertainty  0.22 2.0 QeDScale H PTV120 Rur3 :

JET Flavor Response

Jetnintercalib NonClosure Run3

i

JET Flavor Composition

Theory i h,,,, Run2

it

JET JESUnc Noise PreRec
JET JER EffectiveNP 5 +
JET JER EffectiveNP 8

QCDScale tH Run2

s s True 1,,,, TES Model Closure — Theory T PS Run2
Total systematic uncertainty 0.38 3.4 002005 o) Loy ooy 1P 2 |
Data sample size 0.52 3.8 JET intercaly Modeling Theory  ME Run2

QCDScale tiH PTV200 Rund + ¥ (run2tHWindowSR bin 6) —

Total 0.65 5.2 ¥ (run2tHWindowSR bin 7) L True ,,, TES Detector 2

JET Insitu NonClosure Run2 — ¥ (run3tHWindowSR bin 7) —

JET JER EffectiveNP 1 — JET JER EffectiveNP 1 —q—o——
contindiadiediodin oo ettt oo,
5 1 15 2

-2 -15 -1 -05 0 05 1 15 2 -2 -15 -1 05 0 05
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ATLAS

EXPERIMENT

Backup: observed vs expected significance

@ Observed 2.60 vs expected 1.80; best fit p;zy = 1.51, i.e. ~ 0.80 above the SM

@ 95% CL intervals:

o [i:5y: observed [—0.09, 3.85], expected [—0.50, 3.11]
o Ly observed [—14.34, 18.00], expected [—12.17, 20.38]

@ Expected sensitivity: piiy = Looir%%? fien = 1.041&;..%

@ Global compatibility of the 2-POlI fit with the SM: 84%

6

—=—- Exp.95%CL:[-12.17,2038] |

Morvan Vincent
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Improvements in ttH and tH separation

ATLAS

EXPERIMENT

Same visible final state = separation relies on the
forward jet and the b-jet content:

Number of light (non-b-tagged) jets
Number of light jets with the same 7 sign
b-jets multiplicity

7 of the leading b-jet

pr of the leading b-jet

ttH vs. tH

Largest An between any light-jet and b-jet pair
Maximum Az between the visible Higgs decay products and any b-jet
Largest invariant mass of any pair of light jets

= dedicated tH signal region, with ggH the
dominant signal contamination

@ ggH dominates through its much larger
cross-section, despite its tiny acceptance

@ Run-3 effects further enhance ggH with the
forward-jet simulation issue increases the
acceptance by ~ 2 — 3 times in this high jet

multiplicity

ttH and tH are maximized in their respective
signal regions

Morvan Vincent
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ATLAS

EXPERIMENT

Backup: event yields vs log;y(S/B)

Morvan Vincent
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Backup: multiclass BDT input variables ATLAS
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Backup: multiclass BDT scores, Run 2

ATLAS

EXPERIMENT

Morvan Vincent

Multiclass BDT Z(11) score
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Backup: GN2 b-tagging

ATLAS

EXPERIMENT

GN2: GNN-based b-tagging,
improved efficiency and rejection
with respect to the previous
algorithm

T-jet rejection increased by about a
factor five

The GNTau architecture is inspired
by GN2

This analysis uses the GN2v01 70%
efficiency working point
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