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Introduction

In This Talk:

® Rare modes: H-uu, H-Zy.
® Precision measurements of Higgs production and decay rates.
® (P studies via angular observables & EFT fits.

® Searches for di-Higgs production and self-coupling.
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Excellent data-taking efficiency in both Run 2 and Run 3

ATLAS recorded 147 fb™" in Run 2

Already 200+ fb™' in Run 3... and counting...

Run-3: 4 Higgs-physics papers so far (vs 145 in Run-2).

Many analyses ongoing, exploiting higher energy and luminosity.
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ATLAS Run-2 combination ATLAS

EXPERIMENT
ATLAS-CONF-2025-006

® Vs=13TeV, 140 fb™

® Total Higgs signal strength: g =1.023%0056_g 053 = 1.023 + 0.028 (stat)™0026 g o5 (€XP) 29399 036(Sig) £ 0.012 (bQ)
® (Cross sections and BRs: good agreement with SM

[ J

Improved precision: ~10-20% vs previous combination
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ATLAS Run-2 combination ATLAS

EXPERIMENT
ATLAS-CONF-2025-006

® 29 oxBR combinations measured across production and decay modes

® Most channels within 1o of SM; uncertainties 10-40% O LA N et M
Z - ATLAS Preliminary
® Coupling modifiers (k) extracted assuming only SM decays - {5=13Tev ,36.1- 140 1"
Ky e ! my; =125.09 GeV, |y, | <25
® Kuwyz, Kb at 5-12%, K, ~25%, k. weakly constrained - .
K '_-;T Leptons Quarks
. K e ro— NI o | s
ATLAS Prellmlnary FedData (Total Unc.) B Syst. Unc. Bl SM prediction 2 B E.. ‘n_
¥s=13TeV, 36.1-140 fb ", m,, =125.09 GeV, |yH| <25, Psi= 84% % % & i Force carriers Higgs boson
T 1 LI L T 1 T T T T LY LY L T 1 LI LI L K @
o] AN = . ol
ttH I Ifil l Le K | emees S-S,
ggF+bbH F q ' ' K i P Effective x,,k k7, pSM=89%A
l_w_i é .k' g I T Resolved «y,k,,kz,, P, = 82%
VBF HH . M
K —e—— SM prediction
WH . = . 5 4
s | e o - ]
ZH 1 1 | 1 1 1 % | | 1 | l l-EI-| 1 l T | 1 | | I | | Zy...ﬂ....l lllllll |.H.l....I.“.l....lu..l....l
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bb ww T zz 144 uu Zy cc 0.8 1 1.2 1.4 16

6 x B normalized to SM prediction Parameter value
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Run-3 Higgs Physics Prospects ATLAS

EXPERIMENT

EP Newsletter

Selected Key Points (13.6 TeV, ~250 fb™")

Coupling precision: improve by 20-30% in yy, WW, ZZ, t, bb.

2nd gen couplings: H-uu discovery; Higgs-charm benchmark with boosted & charm tagging.

Rare decays: Single-exp. H-Zy observation; ~3.20 evidence H-y*y (nearing combined observation).
Higgs Width (I'y): Investigate H-yy and H-WW, alongside H-ZZ.

Di-Higgs: ~20 combined sensitivity; o(HH) < 2.4xSM (95% CL); ki € [-0.4, 6.3] at 95% CL
(driven by innovative analyses and machine learning techniques).

Indirect BSM search: SMEFT global fits; constrain c.w, ¢ic and CP-violating terms (e.g., Cuw)
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Search for H -» uu decay ATLAS

EXPERIMENT
CERN-EP-2025-149

Test Yukawa sector on 2nd Fermion Generation
® Rare decay, branching ratio ~ 0.02%
® Run-2 observed (expected) signal significance: 2.00 (1.70).

® Using 165 fb' Run-3 data at 13.6 TeV + 139 fb"' Run-2 data at 13 TeV - x2 statistics of previous result.
® Signature: 2 opposite-charge isolated muons.
® 23 event categories by Higgs production mode (ggF, VBF, VH, ttH) + BDT scores within, to enhance S/B.
® Fit discriminant: my,.
E : A1I'LAS‘ I I Y I ¢ Daia g
« 1200F 5136 Tev, 165 10" 7.
I . H — oignal p i
5 1000k |ncTL::i$e, In(1+S/B) weighted ---- Background pdf 3
g 800:
£ 600 f
2 400
200 F
" :
o= OF ’ =}
£3 4F -4 Dimuon invariant mass spectrum in
gg (2)—_ BTSN N + | all the categories observed in Run-3
= LH : . . ; . , ... (error bars represent statistical uncertainties)
110 115 120 125 130 135 140 145 150 155 160

. . m,, [GeV]
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https://cds.cern.ch/record/2937487

Search for H -» uu decay ATLAS

Main Improvements:

EXPERIMENT
CERN-EP-2025-149

® Increased statistics with the inclusion of Run-3 data.
® Huge Drell-Yan sample (5B events) to study BG modeling.
® Precise calibration of physics objects. Best-fit values of the signal-strength parameters
. . . T T T T | T T T T | T T T T | T T T T | T T T T |
® Refined categorization. ATLAS Run2:Vs=13TeV, 140"  Run3:Vs=13.6TeV, 165fb"
® Improved reconstruction (u-vertex refit) H— pp —e— Total Stat. == Syst. |SM Total Stat. Syst.
Run 3 tH categories %} 1.3 +35 (+3.4,+1.1)
Run 3 VH categories | —e—— 31+43 (£41,£13)
Results: Run 3 VBF categories —-— 03409 (£0.9, +0.2)
® Run-3: ,LI =1 _6+0.6_0'5 (stat) +0.2 (SySt) Run 3 2-jet categories 3313 (+1.2,+0.6)
. . Run 3 1-jet categories 13+12 (£1.2,%04)
Observed (expected) significance: 2.86 (1.80) |
Run 3 0-jet categories —E=— 2013 (+1.2,+0.5)
° Run-3 + Run-2: ” = 1.4 + 0.4 (Stat) + 0.1 (Syst) AAAAAA CombmedRunz AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA _ll_ AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 1 2i06(i06’i8$)
Observed (expected) significance: 3.46 (2.50) Combined Run 3 E 1606 (700, +02)
. . . i 1.4 +0.4 (£0.4, £0.1
Evidence for H-pp -- in agreement with SM. forbinedBundsundl WS RRLEDREONE

-10 -5 0 5 10 15
Signal strength
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Search for H - Z(-I1l)y decay

Last unobserved decay to gauge bosons (yy, ZZ*, WIW*)

Rare (loop-suppressed) decay - Branching ratio ~0.15%

ATLAS

EXPERIMENT
CERN-EP-2025-155

® Run 2 observed (expected) signal significance: 2.26 (1.20) - combined with CMS: 3.40 (1.60) — evidence.

Using 165 fb' Run-3 data at 13.6 TeV + 139 fb' Run-2 data at 13 TeV.
Signature: isolated photon + 2 same-flavor, opposite-charge isolated leptons.

13 categories: >3 leptons (VH/ttH), VBF, high/low relative photon pr (ggF domlnated)

BDTs in VBF and pr categories to enhance signal/BG separation.
Fit discriminant: my,.

Run- 3: M= 0.9%07 56 (stat)*%2, (syst)

Observed (expected) significance: 1.4c (1.50)
Run-3 + Run-2: y = 1.3 + 0.5 (stat) + 0.2 (syst)

Observed (expected) significance: 2.56 (1.90)

Most stringest expected sensitivity to date

S. Angelidakis
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Study of H-»ZZ*-4l ATLAS

EXPERIMENT
ATLAS-CONF-2025-002

First detailed Run 3 study of H-4l: production modes, couplings, EFT, CP...
® Based on 56 fb' Run-3 data (2022-23)

® Analysis channels: 4y, 2e2u, 2u2e, 4e

® Measurement of differential fiducial XS vs key observables:|ya|, pra, Njets, M34
® Total XS (acceptance corrected using MC)

> R LR LA RN LR RN LAY AR RARRN RARRE | | | | \
& [ ATLASPreliminary 2 (%% (oo ATLAS Preliminary ~ + obas
0 500 iSerevseon’  WWZ o Hozz a B
4\9 r 4 - Z+jets,t.f ] Vs =13.6 TeV, 56 fb 0 MGS FxFx + XH
e r 74 Uncertainty o
g s E 218 24sf 8 9of
= E E é 1.6;— afF 80F
30 ] & 1.4f 35F Q' 70F
C ] é 12 3F 60F $
o0 N o 1?@.@. - L 25F 50;— ]
L ] 08F ok af |
r ] 06f % 15F 30F
101~ T 04f s 20f- o
Observed & expected sok osb o Fiducial and
(pre-fit) inclusive my, 08 T T O : | | | L E Ly total XS results.
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study of H~ZZ*-4l ATLAS

EXPERIMENT
ATLAS-CONF-2025-002

® Production-mode XS (ggF, VBF, VH, ttH) enabling future precision measurements.
® XS interpreted with universal k;, k; Run 3 + Run 2 combined.
® Differential XS vs. ms, sets limits on CP-even and CP-odd EFT operators.
® No significant deviations from SM observed
® Run 2 + Run 3 combination reduces uncertainties, with central values consistent with Run 2
;' L T T T T T T T T ]
® C  ATLAS Preliminar ¢ Data ! ) 7 LA L N By O S B O L S B EEND B BB B
S ozl Hozz o o e ey ] ATLAS Preliminary
I~ L Vs=136TeV,56fb" = NNLOPS K=1.1, +XH_ ] =—@=— Observed: Stat + Sys
s i L 1w XH=VBF+VH+ttH+bbH+tH _| e *
% O,1j Tglal stat. @ syst. ‘unc'enainty -1 H—)ZZ %4', |y | < 25
kel r —+— Fitted ZZ* Normalisation 7 H A SM Prediction
008 prismIs- 2 | Vs=13.6 TeV, 56 fb i
0'06:_ ..... ‘ , _:
- ] Blfb -B)_ [fb
ooaf I ; E B o1 Baulbl
4 ] ttH 1870 17,085
0.02f~ I E - . -
0:- ------ FITLTLN USRS, 1 T > h#. jotany . VBF+VH % . < 62 154 -+64
& 25F = (95% CL) i
S 2 L 1|y -
T 150 =15 goF - 1330722 1270+ 90
E - 5 ] Y I ]
g L . Inclusive - 1310*2% 1400+ 100
§ 21_+_—*—_+_ 4+7 I|III|III|III|I2I501|III|I
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Study of H-WW*-lvlv ATLAS

EXPERIMENT

CERN-EP-2025-054

Measurements of the ggF and VBF production cross-sections.
® Based on 140 fb' Run-2 data at 13 TeV.
® Signature: 2 opposite-charge leptons + Ermiss.

® |mprovements w.r.t. previous results: Inclusion of same-flavour final state,
improved background rejection (NNs), and method upgrades.

® Analysis channels by (a) Njets: 0, 1, >2 and (b) lepton flavour (SF, DF)

® Discriminant: DNN score.

v ] e s RS p—

s ATLAS — ol ]

. . 18 _ -1 - gos%cl

ggF/VBF Inclusive Cross-Section: S UE=IRHEER . oo
:;:r1.6 H— WW* — ¢uiv + om ]

OggF X BH—>WW" = 124t1132 Pb ? Pase E
wl4 —]

=124 + 0.6 (stat.) + 0.9 (exp. syst.) + 0.3 (sig. theo.)*):S (bkg. theo.) pb, g ]

1:2 —]

over X By_ww- = 0.79"%'8 pb
=0.79 £ 0.11 (stat.)* 007 (exp. syst.)*0-(5 (sig. theo.) + 0.05 (bkg. theo.) pb !

@JllllllllllIl"'l"'l”'l"'l"'l_

. . . . . 08
11% precision improvement w.r.t. previous analysis results.
0.6 —
0.4 A T TP S I T =
10 1 12 13 14 15 16

OggF X Br_sww+[pb]
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https://cds.cern.ch/record/2929823

Study of H-WW*-lvlv

STXS measurements:

® 15 categories - further categorization by my, prn.

® Improvement in precision up to 36%.

CP-sensitive measurements:

® New: Ag; - based categorization in >2-jet events (qqH phase space)

® Interpretation in EFT using dim.-6 operators in the Warsaw basis

® (CP-even (Cww, CHe) and CP-odd (cqw, CHg) effective couplings constrained

ATLAS

Vs =13TeV, 1401b™!
H- WW* = fvbv
AN=1TeV

95% confidence level

ch [x10%]

=== SM prediction
M1 Observed
ke Expected

T 0.005"29)% 0.000°03%

——
}
I L
cHa| — 0.024% 0073
]
1
Crw : I ' "_" -0.7:55  0.055
I
1
i S S 40 40,
CHiiy —_ 0248 0073
1 L 1 I L 1
-3 -2 -1 0 2 3
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ggH O-jet, p? <200 GeV

ggH 1-jet, pf <60 GeV

ggH 1-jet, 60 sp:’ <120 GeV

ggH 1-jet, 120 <p"” <200 GeV

ggH 2-jet, pE’ <200 GeV

ggH, 200 Sp:’ <300 GeV

ggH, p:‘ >300 GeV

EW ggH 1-jet

EW qgqH 2-jet, p: <200 GeV, 350 =m, <700 GeV
EW ggH 2-jet, p: <200 GeV, 700 <m <1000 GeV
EW qgH 2-jet, p: <200 GeV, 1000 =m, < 1500 GeV
EW ggH 2-jet, p:‘ <200 GeV, m; 21500 GeV

EW qqH 2-jet, p: =200 GeV, 350 gmﬂ <1000 GeV
EW ggH 2-jet, p:‘ =200 GeV, 1000 sm < 1500 GeV
EW qqH 2-jet, p: =200 GeV, mﬂ =1500 GeV

ATLAS

EXPERIMENT
CERN-EP-2025-054

N N
ATLAS w4 Total
H= WW*> (viv Y tic unc.
p-value = 39% I SM prediction
Total  (Stat. Syst.) SM unc.
[ 07 H (SE ) som
]| 149 88 (98.%) 1 om
.
= 16 15 (4% ) 1 s
=] 168 4% (1ZM) 1 o
=== 080 TE (9T, 0E) 1 o
== 23 0 (02 L om
f———— 008 (. ) 1 som
P — oor (W NE) 1 sem
078 BE (9 02) 1 o
== 030 R (0 ) oms
U7 (S E) L som
128 U (0T, 0y sowr
176 E2 (W) 1 o
1O (0ELSE) 0 som
080 IR (R TR) ! oos
1 P A 1 1 PR Y 1 | | 1 L L
— 0 1 2 3 4 5 6 7 8


https://cds.cern.ch/record/2929823

VH(-»WW¥*) associated production cross-section ATLAS

EXPERIMENT
CERN-EP-2025-037

Probes Higgs coupling to vector-bosons both at production and decay vertex.

® Based on 140 fb-1 Run-2 data at 13 TeV -- Update from previous result (36.1 fb).
® 4 analysis regions (mutually exclusive) based on lepton multiplicity and charge 2LSS /2LOS / 3L/ 4L.
® Signal regions further defined by kinematic selections
® MVA discriminants optimized per region to separate signal from background
® Measures total and differential WH and ZH production cross section
® Results agree with the Standard Model.
ATL)\SI o S ;I.;mla; | Best-fit values of the
Vs =13 TeV, 140 fb” B statstcal Unc. total WH, ZH, and VH
gm0 | Swesmon | CTOSSSeCtions times
p-value = 73% (1-PO) the H->WW* branching ratio.
Total (Stat., Syst.) SM Unc.
WH 0.48 35 (N3R5, TGk ) | oos
ZH = 16 (55 o) )310-05
v goz 03 (woz oyl corresponds to a 4.5 significance

over the background-only hypothesis
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https://cds.cern.ch/record/2927836

H - WW off-shell production ATLAS

EXPERIMENT
CERN-EP-2025-059

® Based on 140 fb' Run-2 data at 13 TeV.
® Signature: 2 opposite-charge leptons + Ermiss.
® 6 analysis regions by lepton flavor (DF/SF) and N = 0,1,=2 (inc. VBF)
® Selection: 0 b-tagged jets, | me - mz|>15 GeV + lepton angular separation (orthog. to H = ZZ & on-shell H » WW)
® DNN to separate signal (and signal-BG interf.) from background, and define control regions.
® Fit discriminant: Combination of me, and myww — 2 2 A 2 2
/’Ion-she\I_Kprod,on—shell Kdecay,on—shell K Kj,off.shenNK/,on_she” l_H H oft-shel
A > v
Hofsh ||:K2 d,0ff-sh H'Ki ffshell "u Honsta
off-she rog,otrr-sne ecay,ofr-sne
Signal Strength (yield w.r.t. SM): ’ e !
x I S DA A L A i 5
® Observed (expected) Hoft.shen = 0.3*9%,93(1.0%23,1 o) Ny -3 ATLAS , E
® Observed (expected) 95% CL upper limit: 3.4 (4.4) 12 _ f:ﬁjvfjo fb A E
Substantial improvement w.r.t. previous limits of 17.2 (21.3) 10F| Rgg=1, Ryy=1 A,Ajll" £
; R B F ¢ - Expected P E
using 20.3 fb' Run-2 data. 8F b2 Eipected el ]
. . 6 i — Observed e e
Higgs Decay Width: [ ¢ - Observed stat-only A A -
4_—!‘ T LS _}"‘_i,~ L7 — %
® Observed (expected) My = 0.9*34 45 (4.1%33_35) MeV N3 i _________________ ._ E
® Observed (expected) 95% CL upper limit: 13.1 (17.3) MeV of N e e 468%

0 1 2 3 4 5
- SM
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https://cds.cern.ch/record/2929871

Study of CP-violation in WH production

ATLAS

EXPERIMENT
ATL-PHYS-PUB-2025-022

Test CP-violating effects in Higgs-W interactions pW). (Py X Pw)
via angular observable Q.cosé*, sensitive to SMEFT cos§’ = iW)
operator Ouw with Wilson coefficient cyw. P |- [PH X Pwl
® Based on 140 fb' Run-2 data at 13 TeV.
® WH production with W - lv, H - bb
® Events categorized by jet multiplicity (resolved/boosted) and bins Q.cosé*.
® Fit Discriminant: Score of BDT trained separately in each SRand CR. 5 4.5¢ . 3
D 4B ATLAS Preliminary A
4 K s=13TeV, 140 i =
. 35 WH, H— bb, A =1TeV =
E 95%CL intervals: 3
® Signal strength 47, = 0.93"7] = 0.93%) 3 (stat.) "4 13 (syst.) S5 Observed: [-0.62,0.85] 3
) ) — 2.5 - -Expected: [-0.58, 0.59] =
consistent with SM; 4.7c (5.00) observed (expected significance) 2; 3
® Observed (expected) 95% CL limits on the CP-odd coupling: 1.55— —
¢y are [-0.62, 0.85] ([-0.58, 0:59]) computed with A =1 TeVl 1_ / _
0.5 =
competitive with most stringest ATLAS limits to date oF | S | i
- 2.5 0 0.5 1
C -~
HW
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https://cds.cern.ch/record/2932420

Study of CP-violation in H - 77 ATLAS

EXPERIMENT
CERN-EP-2025-127

Probe CP-violating effects in VBF Higgs production using H—tt decays. ATL-PHYS-PUB-2025-031
® Based on 140 fb™ Run-2 data at 13 TeV. IR MM ) .
. . . s . CP-odd
® Optimal Observable (O0) combining Higgs + VBF jet kinematics. 00 = l/\S/I(VI 7
. . SM
® (Constraints set in HISZ (parameter d) and Warsaw (e.g., ) bases.
® Event selection: 3 final states (ThaaThad/ ThadTiep/ TiepTiep) + Ermiss (> 20 GeV) + 2 jets (VBF).
® NN-based discrimination of the SM signal Vs background in each region. !
® Fit Discriminant: OO distribution. - .
ATLAS Preliminary | pA-1TeV Expocted o Observed ]
® No deviation from SM observed. V5 =13 TeV, 130-140 fo-1[ 95% confidence level ]
i Best Fit 95% CL
ATLAS fei  Observed 95% CL interval VBF H - 77 (prod.) - ——— 0.21  [0:23,0.70]
VA= 13TeV, 140 o) Expected 95% CL interval arXiv:2506.19395 | [-0.41, 0.44] ]
VBF H — 1T ! ]
A=y Wil -
BestFit  95% CL interval r Wit Rl
d (lin. + quad.) p— 10 o014 e e Howw' (prcd,):— — 0.20  [-1.00, 0.60]—:
J (|in_ Qn|y) - x 10) 0,011 0.012,0.034] arXiv:2504.07686: [-0.90, 0.90] ]
. Ho yy (prod)|- — 024  [0.53,1.02]|
cyw (lin. + quad.) = 0.2 [0.24.0.83] Phys. Rev. Lett. 131 (20‘;:‘3/) 221202): [-0.94, 0.94] |
e (lin. only) — 0.2 [o2aerg Ho 22" (prod.+decay)l- ; 060  [-0.81,154]-
JHEP 05 (2024) 105 [-1.26, 1.28] ]
2 =] 0 i 3 = 0 i % 3 7

3 i
Parameter value
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Search for HH - bbyy

Targets non-resonant HH production to probe the trilinear self-coupling kx and quartic k..

ATLAS

EXPERIMENT
ATLAS-CONF-2025-005

® Based on 140 fb™' Run 2 data at 13 TeV + 168 fb™ Run 3 data at 13.6 TeV - x2 statistics of previous result.

Sensitive channel near threshold despite low BR (0.26%) due to excellent m,, resolution.

[
® my, resolution enhanced via jet corrections and kinematic fit.
[ ]

Categorization in 2 regions of mys, sensitive to k;(low mass) or kzv(high mass);
further categorised using BDTs optimised for signal purity.

® Simultaneous fit to my, in 14 signal regions (7 per Run); background shapes constrained from sidebands.

Observed signal strength:

pra = 09713 (stat) S (syso)|

No significant excess

95% CL observed limit: puny<3.8;

Expected limit improved by
~2% Vs previous analysis

S. Angelidakis

Limits (K»):
~20% narrower w.r.t. Run2-only

12— e
L ATLAS Preliminary ---- Expected
10| VS=13/13.6TeV, 140/ 168 fb-! — Observed

Observed
68% CL: k) € [-0.4,5.1]
95% CL: k) € [-1.7,6.6]
Expected

68% CL: k) € [-0.6,5.4]
95% CL: k) € [-1.8,6.9]

HH - bbyy, Koy =1

95% CL

68% CL
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10 VS=13/13.6TeV, 140/ 168 fb-!
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HH - bbyy, k=1

Limits (Kav):
~30% narrower w.r.t. Run2-only
T T T
[ ATLAS Preliminary ---- Expected
—— Observed

Observed

68% CL: Kpv € [0.0,2.1]
95% CL: Ky € [-0.5, 2.6]
Expected

68% CL: Koy € [0.1,2.1]
95% CL: Ky € [-0.4,2.6]
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Search for X - SH - bbyy &Ihﬁé

Targets resonant production: Scalar boson X decays to scalar S (=bb) and SM H(-yy).

ATLAS-CONF-2025-009

Uses 140 fb™" Run 2 + 58.6 fb™ Run 3 data -- update of previous (Run-2) ATLAS result. . <

Events categorized by 1 or 2 b-tagged jets; Xs :
multivariate PNN discriminants trained per (mx, ms) hypothesis. kY Y
Signal Regions defined by photon invariant mass (122.5-127.5 GeV) and b-jet multiplicity.g \ﬁig::

Simultaneous binned maximume-likelihood fit on PNN outputs in signal and control regions.
95% CL upper limits on o(X = SH) span 9 fb (low mass) to 0.06 fb (high mass).
No significant deviation from Standard Model observed.

S00F  ATLAS Internal

Sensitivity improved 15-73% vs previous Run 2-only search,
0 . . . &£ v’?:‘\BH:‘:IfSTeV“MOIﬁBSIb-‘
driven by Run-3 data, improved selections, retrained PNNSs. X —+ SH — bbyy

s00l  95% CL observed upper fimit

s [GeV]

107

300
100

200

Observed 95% CL upper 100
limits on X=»HS—bbyy XS as
a function of my and ms.

g 700 500 800 1000

95% CL upper limit on o(X — SH — bbyy)yatey [fb]

<
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Conclusions ATLAS

EXPERIMENT
ATL-PHYS-PUB-2025-018

® Full Run 2 and Run 3 data already improving sensitivity in multiple channels.
® No significant deviations from the Standard Model observed.

® Couplings, CP structure, and rare decays increasing precision.

H.F.R.I. Research Projects

® Analyses such as di-Higgs production are maturing — laying the foundation for HL-LHC.

Vs =14 TeV, S2, 3 ab' per experiment
[ ] Total ATLAS+CMS
o I d i Hi If li — Statistical Projections ESPPU 2026
mprove constraints on Iggs selr-coupling, — Expsfimerisl rojections
—— Theory Uncertainty [%]
4 Tot Stat Exp Th
1.8 07 09 1.3

® HL-LHC will increase data (x10), enabling (e.qg.):

O Coupling precisions at few-percent, >

ovation (H.F.R
y Members & Res

O EFT constraints at the 10-20% level in global fits.

1.6 0.7 06 1.3

1.6 0.7 05 1.3
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Search for H -» uu decay

Ranking of uncertainties according
to impact on the measured signal

strength (Ay) in the combination of

S. Angelidakis

the Run-2 and Run-3 datasets.

Uncertainty source Au
Statistical uncertainty -0.40 +0.41
Systematic uncertainty  -0.12  +0.15
Spurious signal -0.09 +0.09
Theory -0.07  +0.10
Luminosity -0.02  +0.04
Muon -0.02  +0.04
Jets, flavor tagging -0.01  +0.01
Other -0.02  +0.03
Total -0.42  +0.43

ATLAS

EXPERIMENT
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Search for H - Z(-ll)y decay ATLAS

EXPERIMENT

7 7 CERN-EP-2025-155
Z
) t W N
Examples of Feynman diagrams ... ¢ H---- W H---
for H-Zy decay. £ W
w 7
Y v
Ranking of uncertainties according U _ ALl
to impact on the measured signal neertainty source Expected Observed
strength (Ay) in the combination of Statistical uncertainty 0.70 0.64
Systematic uncertaint 0.17 0.17
he Run-2 and Run- . Y y

the Ru and Run-3 datasets Spurious signal (background modelling) 0.11 0.10
QCD scale, PDF+ag, parton shower 0.09 0.06

Branching ratio (H — Zv) 0.08 0.05

Luminosity 0.05 0.03

Photon efficiency 0.05 0.03

Jet 0.04 0.07

Electron and photon energy scale and resolution 0.02 0.02

Electron efficiency 0.02 0.02
Muon 0.02 < 0.01
Trigger 0.02 < 0.01

Total 0.72 0.67

S. Angelidakis 22
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Search for H - Z(-ll)y decay ATLAS

EXPERIMENT
CERN-EP-2025-155

Expected (left) and observed (right) best-fit signal strengths and corresponding uncertainties in each
category of the Run-3 analysis, their combined values, the results of the previous Run-2 analysis, and the
overall combination.

ATLAS Stat. error —@— Total error ATLAS Stat. error —@— Total error
J/5=13TeV, 140 fo=!, /5 = 13.6 TeV, 165 fo-! - Systemor feush J/5=13TeV, 140 fo=!, /5 = 13.6 TeV, 165 fo-! - Systemor feush
Total  Stat. Syst. Total  Stat. Syst.
Run3 Lepton I —— 1 1.0:83 8% 42 Run3 Lepton — e I -6.0¢1 £2 18
Run3 VBFT o 1093 43 83 Run3 VBFT 12113 113 w03
Run3 VBFL —e— 1053 33 @33 Run3 VBFL o -8738 43 %%
Run3 HRelpT-eeT —— 1.0:39 32 43 Run3 HRelpT-eeT e 2531 39 03
Run3 HRelpT-eeL —eo— 10433 3% %3 Run3 HRelpT-eeL |_qp_| 1233 38 3
Run3 HRelpT-ppT —e— 1038 135 33 Run3 HRelpT-puT o 2632 3% 4
Run3 HRelpT-yuL ——— 1048 33 4% Run3 HRelpT-yuL F— 06145 4d 33
Run3 LRelpT-eeT —e—r 1.0:3% 38 04 Run3 LRelpT-eeT |_qp_| 0933 37 19
Run3 LRelpT-eeM ——e—i 1.0:39 37 43 Run3 LRelpT-eeM F—mjemr 15:3%5 B8 43
Run3 LRelpT-eel. I | 1.0:33 23 48 Run3 LRelpT-eeL. I r—— ] -08:35 B35 4%
Run3 LRelpT-yuT —e— 1.0:38 38 9% Run3 LRelpT-yuT ——e— 2333 28 %2
Run3 LRelpT-puM —eo— 10434 33 %3 Run3 LRelpT-puM —o— 88 23 49
Run3 LRelpT-puL — 4 1.0:89 *#3 23 Run3 LRelpT-ppL ———e—— -11.5:8% *3 21
Run2 Comb. (= ] 1.0:33 B8 03 Run2 Comb. o 2043 93 04
Run3 Comb. 1.0:37 37 2 Run3 Comb. 0.9:37 87 132
Run2 +3 Comb. 1.0:38 205 02 Run2 +3 Comb. IFI 1.3:38 @83 43
-20 =T =T 5 0 5 10 15 20 -30 0 0 0 10 20
Signal strength Signal strength
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