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Introduction

• Various BSM theories predict a heavy resonance (X) decaying 

into two Higgs bosons (HH) or one scalar plus one Higgs (SH)
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➢ Additional scalars from 

existence of multiple Higgs 

doublets (2HDM, MSSM)

➢ Spin-2 Kaluza-Klein graviton 

(Randall-Sundrum model) 

➢ SM extension with additional 

two real scalar model (TRSM)

➢ 2 Higgs-doublet + singlet 

(2HDM + s, NMSSM)

X→HH X→SH



Outline

• X→HH

➢ X→HH combination (bb𝜏𝜏, bb𝛾𝛾 and 4b) [PRL 132 (2024) 231801]

➢ VBF X→HH→4b [PLB 858 (2024) 139007]

• X→SH

➢ X→S(→bb) H(→𝛾𝛾) [ATLAS-CONF-2025-009] 

➢ X→S(→WW/ZZ) H(→𝛾𝛾) [JHEP 10 (2024) 104]

➢ X→SH→HHH→6b [PRD 111 (2025) 032006]

3

Disclaimer: due to time constraint, will only cover the results published since 2024.

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.231801
https://www.sciencedirect.com/science/article/pii/S0370269324005653?via%3Dihub
https://cds.cern.ch/record/2937875
https://cds.cern.ch/record/2937875
https://cds.cern.ch/record/2937875
https://cds.cern.ch/record/2937875
https://cds.cern.ch/record/2937875
https://cds.cern.ch/record/2937875
https://cds.cern.ch/record/2937875
https://link.springer.com/article/10.1007/JHEP10(2024)104
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.032006


X→HH
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X→HH Combination (1/3)
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bb𝛾𝛾
dominates

bb𝜏𝜏
dominates

bbbb

dominates

• Combination of bb𝜏𝜏, bb𝛾𝛾 and 

4b channels

• Improved by a factor 2-5 w.r.t

previous Run-2 results (36 fb-1)

• Major updates:

➢ Full Run-2 dataset

➢ Advanced b-tag with DL1r

➢ Optimized Higgs reconstruction

➢ Enhanced bkg. modeling

➢ Extended phase space and 

refined categorization

PRL 132 (2024) 231801

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.231801


X→HH Combination (2/3)
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No statistically significant 

excess found

Largest excess at 1.1 TeV:  

local (global) significance 

is 3.3σ (2.1σ)

CMS not seeing excess in 

the same region

PRL 132 (2024) 231801

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.231801


X→HH Combination (3/3)
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Type-I 2HDM: 270-

810 GeV excluded 

for tanβ=10, cos(β-

⍺)=-0.1

PRL 132 (2024) 231801

Type-I 2HDM
Type-I 2HDM

MSSM MSSM

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.231801


VBF X→HH→4b (1/3)

• First search for X→HH using VBF 

production mode in 1-5 TeV regime

• Signature: two large-R jets tagged by 

Xbb algorithm [Ref.: ATL-PHYS-PUB-2020-019]

• Dominant bkg.: multi-jet, estimated 

with data-driven method
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PLB 858 (2024) 139007

1Pass
2Pass

https://cds.cern.ch/record/2724739
https://cds.cern.ch/record/2724739
https://cds.cern.ch/record/2724739
https://cds.cern.ch/record/2724739
https://cds.cern.ch/record/2724739
https://cds.cern.ch/record/2724739
https://cds.cern.ch/record/2724739
https://cds.cern.ch/record/2724739
https://cds.cern.ch/record/2724739
https://www.sciencedirect.com/science/article/pii/S0370269324005653?via%3Dihub


VBF X→HH→4b (2/3)

• A mass-parameterized BDT (pBDT) trained to separate sig./bkg. and 

used as final discriminant for fitting
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PLB 858 (2024) 139007

mx = 1.5 TeV mx = 1.6 TeV

https://www.sciencedirect.com/science/article/pii/S0370269324005653?via%3Dihub


VBF X→HH→4b (3/3)

• Upper limits set for narrow- and broad-width assumptions respectively
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PLB 858 (2024) 139007

Narrow width Broad width

Obs. (exp.) limits: 0.7-4.6 fb (1.2-3.1 fb) Obs. (exp.) limits: 0.8-2.5 fb (1.3-2.1 fb)

https://www.sciencedirect.com/science/article/pii/S0370269324005653?via%3Dihub


X→SH
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X→S(→bb) H(→𝛾𝛾) (1/3)

• Search performed for 170<mX<1000 GeV, 15<mS<500 GeV using 

full Run-2 and partial Run-3 datasets (199 fb-1)

• 2 SRs: 2 b-tagged for larger mS/mX, 1 b-tagged for smaller mS/mX

• m𝛾𝛾 within 122.5-127.5 GeV for SR

• PNN trained to separate sig. from bkg. (dominated by 𝛾𝛾+jets)
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ATLAS-CONF-2025-009

https://cds.cern.ch/record/2937875
https://cds.cern.ch/record/2937875
https://cds.cern.ch/record/2937875
https://cds.cern.ch/record/2937875
https://cds.cern.ch/record/2937875
https://cds.cern.ch/record/2937875
https://cds.cern.ch/record/2937875


X→S(→bb) H(→𝛾𝛾) (2/3)
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Non-resonant 𝛾𝛾+jets: shapes taken from simulation, normalization 

factors derived independently for Run-2/Run-3 in CRs 

mbb

𝑚𝑏𝑏𝛾𝛾
∗

ATLAS-CONF-2025-009

https://cds.cern.ch/record/2937875
https://cds.cern.ch/record/2937875
https://cds.cern.ch/record/2937875
https://cds.cern.ch/record/2937875
https://cds.cern.ch/record/2937875
https://cds.cern.ch/record/2937875
https://cds.cern.ch/record/2937875


X→S(→bb) H(→𝛾𝛾) (3/3)
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No significant deviation from the SM expectation is observed

15-73% improvement on the sensitivity w.r.t. previous Run-2 result

Driven by Run-3 data, tighter m𝛾𝛾, GN2 b-tagging, updated PNN

Run-2

Local (global) 

significance: 

3.5σ (2.0σ)

JHEP 11 (2024) 047

Run-2+Run-3

ATLAS-CONF-2025-009

https://link.springer.com/article/10.1007/JHEP11(2024)047
https://cds.cern.ch/record/2937875
https://cds.cern.ch/record/2937875
https://cds.cern.ch/record/2937875
https://cds.cern.ch/record/2937875
https://cds.cern.ch/record/2937875
https://cds.cern.ch/record/2937875
https://cds.cern.ch/record/2937875


X→S(→WW/ZZ) H(→𝛾𝛾) (1/2)

• Target: 300<mX<1000 GeV, 

170<mS<500 GeV 

• Four regions are defined 

depending the WW/ZZ decays
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From WW decays

JHEP 10 (2024) 104

https://link.springer.com/article/10.1007/JHEP10(2024)104


X→S(→WW/ZZ) H(→𝛾𝛾) (2/2)

• BDT/cut-based categorization adopted 

• A simultaneous fit to the m𝛾𝛾 distributions in all six SRs

• Obs. (exp.) upper limits: 530–120 fb (800–170 fb) 
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JHEP 10 (2024) 104

https://link.springer.com/article/10.1007/JHEP10(2024)104


X→SH→HHH→6b (1/2)

• TRSM: 325<mX<575 GeV, 200<mS<350 GeV

• Generic: 500<mX<1500 GeV, 275<mS<1000 GeV

• Signature: 6 resolved b-jets, pairing algorithm 

minimizing

• DNN used for sig. vs bkg. separation and as fitting 

discriminant
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PRD 111 (2025) 032006

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.032006


X→SH→HHH→6b (2/2)
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Obs. (exp.) limits for TSRM: 

48-310 fb (46-350 fb)

Obs. (exp.) limits for narrow 

width: 5.7-38 fb (4.7-69 fb)

PRD 111 (2025) 032006

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.032006


Summary

• Presented the latest searches for resonances decaying to HH/SH with 

full Run-2 (and partial Run-3) data

• No sign of new physics observed, stringent limits have been set 

according to relevant models

➢ Previous excess in X→S(→bb) H(→𝛾𝛾) not seen in latest results

• Large amount of Run-3 data will provide us room for more sensitive 

probe, stay tuned!
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Exciting stuff could be 

just around the corner!



Backup
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Taken from Minori 

Fujimoto's talk (same 

for following slides)

https://indico.cern.ch/event/1399335/contributions/6387365/attachments/3064834/5420992/ATLAS_resonant_HH_summary.pdf
https://indico.cern.ch/event/1399335/contributions/6387365/attachments/3064834/5420992/ATLAS_resonant_HH_summary.pdf
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