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I Self-coupling & pair production 2/16

e Self-coupling induced by Higgs potential

1 1
SM after EWSB: Ly = —§m2HH2 — AVH? — ZAH“

Xsec, oyy, at 13.6 TeV and my = 125 GeV

_ +6%

Non-resonant HH production

OVBF = 1.874fh £2.7%

Unique sensitivity tocoupling
= (0(10000) events in ATLAS Run 1-3
Not yet observed
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I New physics searches 3/16

e Effective Field Theory approach

e No dedicated physics model
= Interpretation from non-resonant analysis  kinematics variation

NLO

: " by different coefficients
3 8
' o RS graviton, G — HH
B Q ——
| . e 10° |
i o . o — o
_— w s, 9
o % % 10 g
¢ Resonance search ERN &
H . E -6 S
e MSSM, extra dimension, etc. g 10°f @14TeV LHC Q
= Direct search for additional scalars X,Y: 10° T . | §
X =YY, X=Yh M,y [TeV] &
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https://doi.org/10.1103/PhysRevD.92.116005
https://doi.org/10.1007/JHEP10(2023)086

I Analysis channels x kinematic regions 4/16

Channels ~ . .
T Yy
e Three golden channels
bb
\ Pros. \ Cons. :[:]

bbbb | Largest branch | QCD background R

bbr™ 7" | Sizeable branch & Characteristic signature - o L | o

bbyy Clear signature \ Tiny branch

P 7z 3.1% 1.1% 0.33%

e Additional channels -

e Wider coverage: leptonic channels o

Resolved/boosted b/ X 5-jet S
AR Flavor tagger Leptonic channels |: -l S‘: é
Small-R 0.4 GN2 Golden channels i 2
Large-R 1.0 X, GN2X/GN3X | = .. ie o
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https://doi.org/10.1103/PhysRevLett.133.101801
https://doi.org/10.1103/PhysRevLett.133.101801

I Strategy in ATLAS: datasets 5/16

500:_ATLAS [ LHC Delivered
C Online Luminosity [CJATLAS Recorded

Run 2: 140fb~!
exotic channels, combination
of all channels

Total delivered: 536 fb™

400 Total recorded: 505 fb™

300

ey Pty
200f T in: o Run 3: ~330fb*
expanding dataset coverage

Partial Run 3 — full Run 3.
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https://doi.org/10.1016/j.physletb.2026.140280
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-37/

I Strategy in ATLAS: new tools

Flavor (b-jet, X,;) tagger
e Deep Learning
— Transformer (GN2)
e Light-jet rejection x2
e Further improvement is
expected for full Run 3 analysis

6/16

Run 3 triggers
e Factor 1.5-2 better
efficiencies

e Asymmetric pt thresholds
e New b-jet/T taggers

T 34000

T T T . : : :
80F ATLAS Preliminary 5 5°F ArLas simulation Preliminary R
Vs =13 TeV, pr €(85,110] GeV GN2 33500 8 V5 =13 TeV, Ant 1.0 UFO jets — 2VRD§™
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@ ? Ja000 2 50% H(bb) WP. Muljet Rejection _ - = ATLAS Simiaton
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' @ S IET=
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l See details in Thomas's talk later
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https://indico.ijclab.in2p3.fr/event/12648/timetable/#50-analysis-methods-atlas
https://doi.org/10.1088/1748-0221/20/03/P03002
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2023-07
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-021

Updates with Run 2 data
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I New analysis: X — SH — bbbb 8/16

arXiv:2607.18484
e Mixture of small & large-R jets 2
e Spectrum fit on my
e Data-driven QCD BG modeling
by
e No deviation from SM

"me-300GeV T s 400 GeV "] ATLAS

Y i P
| — | / V/s=13TeV, 126-136 fb™"
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o Largest excess: 1.8 ojou
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https://doi.org/10.48550/arXiv.2607.18484

I HH combination of ATLAS and CMS

Q/16

arXiv:2602.23991

e Run 2 full combination: 126-140fb~! x 2 experiments

o Signal strength g =0.8752 = 0.87)-(stat.) 55 (theory) ™33 (exp.)
e Correlated theory uncertainties
e Common k; treatment

Principal contribu-
tors to sensitivity

L o e 2 e
ATLAS and CMS | ATLAS and CMS — ATLAS Kx bbyy, bbr—TT
LHC Run 2 350 L HO Run 2 E /
s Tol [ LHC Run D boosted bbbb
o ¢ oV g Vs=13TeV —— Combined Kav 0ooste
o o =328 10 r ]
[ All other k fixed to SM 1
25F —— Obs.95%CL  # Bestfit(18,1.0) ] < ‘ ‘ ‘ ‘
cMms- 35 26 36 oF --- Exp.95%CL % SM prediction S s—fZ’éAguTg cms e 4
C [ —— ATLAS bbyy 3
ATLASK ; 29 24 35 Z:An other k fixed to SM - ‘"“‘5/’“““"5"‘“” :
N [ ] fened
Combined~ 25 17 28 3F WJ% E
oF 3
I I }\ [ | 10l L 68%CL
1 2 3 4 5 6 7 8 9 10 11 12 \M
\ | |
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95% CL upper limit on HH signal strength iy

b0
Kx
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https://doi.org/10.48550/arXiv.2602.23991

Run: 435831
Event: 229974012
2022-10-02 05:46:56 CEST

Updates with partial Run 3 data
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I New result: HH — bbT— T+ | 11/16

arXiv:2607.26879

e Run 2 (140fb71) ATLAS 2, o Enbene
+ partia| Run 3 (56 fb_l) /S =13/136 Tev, 140/ 56 ot~ EP- U =D
_ _ HH - bbrr-

® bbThadThad @nd bbTiepThag Channels Obs. Bxp o By

e Full re-analysis of Run 2 r,prhﬂRuns.____ﬁ_r____l_l.e__a.a_@)_

e Modernized method CL S ¢ | e 69
. i T, oaTheg RUN 3} i 9.1 (5.5) (6.4)

e Object tagger: 7~ RNN, b-jet ~ rhadrhadRunZ-__Ej_ s oo en
GN2 Run 3} : +_ 79 43 (51

e MVA (transformer) runzf i 54 @8 @1
categorization: template fit on Combined| 1§ , , .53 (24 (8

0 5 10 15 20 25 30 35

score distributions 959% CL upper miton

Measured signal strength: ppy = 2.6715 = 2.6753(stat.) 5 2(syst.)

Significance (obs./exp.): 2.6/1.2
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https://doi.org/10.48550/arXiv.2607.26879

I New result: HH — bbbt~ 71 (cont.)

Events / 0.35

Pull (stat.)

10"

10k

Mild excess at high score —
LEuuu\ ||K|||\|||K|||\|||Kk‘|||h|||||
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E- ATLAS —e- Data
F Vs=13/13.6TeV, 140/ 56 fp* WMl HHx259
jet-1,,, fakes
jet-,,, fakes (MJ)
tt
[ jet -7, fakes (Top, W)

arXiv:2607.26879

Source of uncertainty

Tunn

e tw
Z+HF
Il Others
o SM Higgs
.
B °
- — °
|| e
= I— — ]
L S ——

574 T \12\5\9\ T ‘ TT T ‘ TTTT ‘ TT T ‘ T \\\ TT ‘ T \A:
[ oeeee p=1

ST ¢
AR TR

-3 -3 25 - -1.5 -1 -05 0

Total

Statistical
Systematic

Experimental uncertainties
Electron and muon
Thad
Emss
Jet
Flavour tagging
Pile-up
Luminosity

Modelling uncertainties
Background template statistical

Other SM Higgs
Z+jets

tw

Top

jet — Tpaq fakes
Others

1.20
091 Stat.
0.76

0.20
0.01
0.13
0.03
0.14
0.04
0.01
0.03

0.71
0.21
0.54
0.02
<0.01
0.25
0.07
0.21
0.12
0.07
0.01
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l[imited

12/16

ID, trigger, energy scale

Energy scale/resolution,
jet-vertex tagger

HHgygr production
unc. by QCD scales
+ top-mass scheme


https://doi.org/10.48550/arXiv.2607.26879

I New result: ZH/ZZ — bbT— T+

e Validation of analysis method

Retrained MVA classifier with

same strategy

= Good consistency with u =1

+0.39

Hzz = 0-64_0.36

pzm = 1.52753%

0.64 £+ 0.28(stat.

1.52 4 0.40(stat.)

+0.25
—0.28

+0.33
—0.28

First evidence of ZH in

bbr—7t channel

(syst.)

(syst.)

Events/0.35

Pull (stat)

Events/0.35

Pull (stat.)

arXiv:2607.26879
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I New channel: ttHH 14,16

JHEP 08 (2026) 020

ATLAS —e— Observed limit

PY Th ree LO d Iag ra mS V5 =13/136TeV, 140/56 fb 1 EﬁZZﬁEZlJ:Lm

£EHH 1L + SSML + bbyy Expected imit +10

: < ’ mwr osm = 0.76/0.86 fb -
I wa WJ\ (13/13.6 TeV) # f .

e Sensitive to BSM ciypy —— . .
e Three channels g (U
e 1L: 1 lepton + 5 b-jet (HH — bbbb) £ "l ATLAS T Gomiinea
e SSML: same-sign dilepton pair(+more) + ot -
2(+more) b-jet s—Obsefved Combine:
o bbyy: 2y + 2(+more) b-jet (H — ) i 2::::2{2233]1

e No excess: setting limits

® (95% CL) \ / 68% CL

(expected, —4.0 < ¢y < 3.5)
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https://doi.org/10.1007/JHEP08(2026)020

Run 3: analysis improvements are as important as luminosity15/1¢

©Overcoming luminosity scal- o pagching 10 range in each channel
ing by method improvements o
e Increase of statistics,

~ bbT_T+ modern tools (Flavor tag, MVA)
£ s 7 o Toward fully exploiting Run 3 dataset
S ————  Additional channels, etc, and
arXiv:2607.268(9 o Further flavor tagging improvement: GN3 series
e L e Harmonization

Integrated Luminosity [fb™]

- R— 10000 ¢ 5000
e - - — < <
HH-bb: Partial Run 2 ATLAS Simulation Preliminary Stat. Unc, 2
V¥ L FulRun2 VS =13.6 TeV, tt events 3

Run 2 Le (14EP 01 (2024) 066) [

¥ Run2 s Partal Run 3 (o coics 20 <pr <250 GeV, |n} <2.5 s

.. Cuminosty-based scaing &=70% 8

3
6000 ~ 3000

=)

4000 <2000

Expected Limit on i, @ 95% C.L

)

,,,,,,,,, e 2000 <1000

50 100 150 200 250 300 350 400 450 500
i 0 -0
Integrated Luminosity (1) oL1d e GNIPlowMuonsVoD  GNGEPCLVOT FTAG-2026-07
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I Summary 16/16

e HH production as a probe of Higgs potential structure
o O(10%) HH events in ATLAS so far
e Flavor tagging

« Significant contribution to breaking scaling law of sensitivities
e DLIr (Run 2) — GN2 (partial Run 3) — ? (Run 3)

o ATLAS+CMS Run 2 full combination = uyy = 0.8732
e 1o range only with Run 2 full statistics

e Partial Run 3 analyses are published gradually
o (New) partial Run 3 (2022-23): uyy =2.6%17
e 1lo range in each channel

. S. lzumiyama (ATLAS) “Self-coupling & pair production” 16 Sep. (Higgs Hunting 2026)



Appendix

. S. lzumiyama (ATLAS) “Self-coupling & pair production” 16 Sep. (Higgs Hunting 2026)



I X — SH — bbbb (arxiv:2607.18484) 18/16
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I X — SH — bbbb (arxiv:2607.18484)

19/16

Fit Gaussian Process

CR SR _ CR

' '
M ' '
L ¢ 8! '
= ] ]
c . '
i 1 '
' '
' 1
' '
1 1 o
' ' reco
my

reco,

Sample from normalizing flow p( X | mi;®)
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T — reco reco Teco reco reco recor
X =(PrssPrists i s Adgy, mg™)
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background
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I X — SH — bbbb (arxiv:2607.18484) 20/16

Relative impact of uncertainties [%]
Resolved Channel Mixed Channel

Uncertainty source

Data statistical uncertainty 24-51 55-74

All systematic uncertainties 49-76 26-45

Experimental 48-76 2645

Detector response 9-15 24-33
Luminosity and pileup <1 <1

Flavor tagging 0-5.4 22-32

Jet reconstruction 0.1-2.7 0.4-2.5
Trigger efficiency 8-9 <1

Background modeling 44-73 1-26

Network retraining and CR stats 36-63 0.1-23

Non-closure and normalization 0-25 0.4-7.2
Theoretical <1 <1
MC statistical <1 <1
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I HH combination, ATLAS+CMS @miv:2602.23001) 21/16
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I HH combination, ATLAS+CMS @mxivi2602.23001) 22/16
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I HH combination, ATLAS+CMS @mxivi2602.23001) 23/16
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bbT T (ariv-2607.26879) 24/16

SR Lo .
STT, DTT, DBT — . [ JrFitcrs
all events [ Isrmi [ ] Other CRs
SR VBF )
T (Thadbb £*4F bb £ bb e*uTbb
ll ‘l Z
m ThadThaa SRS m TiepThaa SRS | | Tenhaa!1 CR ‘ } 7 +HF CR ‘ ’ tF-ey CR ‘ { ‘
my, < 150 GeV my,;, > 150 GeV my, <250 GeV  my,, > 250 GeV
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I bbT T (arXiv:2607.26879)

e Transformer MVA

Transformer MVA (one for each channel)

Binary Aux
My > 350 GeV, main-stream Top parentage

Aux
Higgs parentage

P, i P, i

Lrowa = Lytaictass + 10 Linary + 2 Lawcrop + 5 Liux Higas

Categorisation score
PygF
S =——
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B S. izumiyama (ATLAS)
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