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Indirect – deviations from SM

HFLAV

https://hflav-eos.web.cern.ch/hflav-eos/osc/PDG_2024/
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Indirect – deviations from SM

Direct – look for new particles

1805.09820

HFLAV

http://arxiv.org/abs/1805.09820
https://hflav-eos.web.cern.ch/hflav-eos/osc/PDG_2024/
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2405.13778

https://arxiv.org/abs/2405.13778
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Why Exotic Higgs 
decays?

2405.13778

https://arxiv.org/abs/2405.13778
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1312.4992

https://arxiv.org/abs/1312.4992


This talk
● H → aa → 2b2τ [ATLAS/CMS] Prompt
● H → aa → 2b2μ [CMS] Prompt
● H → aa → 4μ [CMS] Prompt + displaced 
● H → aa → 4b [CMS] Prompt
● H → aa → 4γ [ATLAS] Prompt + displaced
● H → χχ (χ → 2b) [LHCb] Displaced
● H → χχ (χ → eμv) [LHCb] Displaced
● H → χχ (χ → μ2q) [LHCb] Displaced
● H → Za (a→2γ) [ATLAS] Prompt
● Prospects with LHCb MS for H → aa → 4τ
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Other results not covered here:
● H → aa → 4μ [ATLAS]
● H → aa → 4e [ATLAS]
● H → aa → 2e2μ [ATLAS]
● H → aa → 4τ [CMS]
● H → aa → 2μ2τ [CMS]
● H → aa → 2g2γ [ATLAS]
● H → Za (a→2γ) [CMS] Prompt

Backup:
● H → χχ → 4q [ATLAS[1,2]/CMS[1,2]] Displaced

https://arxiv.org/abs/2407.01335
https://arxiv.org/abs/2402.13358
https://arxiv.org/abs/2402.13358
https://arxiv.org/abs/2407.20425
https://arxiv.org/abs/2403.10341
https://arxiv.org/abs/2312.03306
https://arxiv.org/abs/1705.07332
https://arxiv.org/abs/2012.02696
https://arxiv.org/abs/2110.07293
https://arxiv.org/abs/2312.01942
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.092001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.092001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.092001
https://www.arxiv.org/abs/1701.02032
http://www.arxiv.org/abs/1701.02032
https://www.arxiv.org/abs/1803.11145
https://arxiv.org/abs/2311.00130
https://arxiv.org/abs/2407.09183
https://arxiv.org/abs/2403.15332
https://arxiv.org/abs/2402.01898
https://cds.cern.ch/record/2893044


H → aa → 2b2τ [2407.01335]

● Run 2 data (140 fb-1), search 
in 12 < m(a) < 60 GeV.

● Low mass region: bb as a 
single fat jet (B).

● High mass region: b-jets are 
well resolved.

● New algorithm (DeXTer) to 
classify fat jets by 
reconstructing SVs in the jet.
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https://arxiv.org/abs/2407.01335
https://cds.cern.ch/record/2825434/files/ATL-PHYS-PUB-2022-042.pdf


H → aa → 2b2τ [2407.01335]
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https://arxiv.org/abs/2407.01335


H → aa → 2b2τ [2407.01335]
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Limits down to 2.2% − 3.9% at 95% CL.

https://arxiv.org/abs/2407.01335


H → aa → 2b2μ/τ [2402.13358]
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LO
NLO

https://arxiv.org/abs/2402.13358


H → aa → 2b2μ/τ [2402.13358]
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https://arxiv.org/abs/2402.13358


H → aa → 2b2μ/τ [2402.13358]

18
Limits down to 0.6% at 95% C.L.

BR = 16% from 2207.00043 (CMS Run 2 results)

https://arxiv.org/abs/2402.13358
https://www.arxiv.org/abs/2207.00043
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● Prompt: 
2017+2018+2016

● Displaced: 
2017+2018

● Limits provided for 
various models

H → aa → 4μ [2407.20425]

https://www.arxiv.org/abs/1812.00380
https://arxiv.org/abs/2407.20425
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H → aa → 4μ [2407.20425]

https://arxiv.org/abs/2407.20425
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H → aa → 4μ [2407.20425]

https://arxiv.org/abs/2407.20425
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H → aa → 4b [2403.10341]
Higgs in association with V
m(a) = 60 GeV hypothesis in plots

https://arxiv.org/abs/2403.10341
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H → aa → 4b [2403.10341]
Higgs in association with V
m(a) = 60 GeV hypothesis in plots

https://arxiv.org/abs/2403.10341
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H → aa → 4b [2403.10341]
Higgs in association with V
m(a) = 60 GeV hypothesis in plots

Limits down to 0.36 at 95% CL.

https://arxiv.org/abs/2403.10341


H → aa → 4γ [2312.03306]

Prompt and displaced search
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https://arxiv.org/abs/2312.03306


H → aa → 4γ [2312.03306]
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https://arxiv.org/abs/2312.03306


H → aa → 4γ [2312.03306]
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Limits down to 1E-5 at 95% CL.

https://arxiv.org/abs/2312.03306
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H → χχ (χ → bb) [1705.07332]
H → χχ (χ → eμv)  [2012.02696]

H → χχ (χ → μ2q) [2110.07293]

https://arxiv.org/abs/1705.07332
https://arxiv.org/abs/2012.02696
https://arxiv.org/abs/2110.07293


H → Za (a→2γ) [2312.01942]
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https://arxiv.org/abs/2312.01942


H → Za (a→2γ) [2312.01942]
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Limits down to 0.08% at 95% CL.

https://arxiv.org/abs/2312.01942
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Prospects with LHCb MS

LHCb-TDR-4

https://cds.cern.ch/record/000504326
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Prospects with LHCb MS

LHCb-TDR-4

LHCb-FIGURE-2024-015

https://cds.cern.ch/record/000504326
https://cds.cern.ch/record/2899695/


Intermezzo
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Higgs to invisible (HL-LHC) limit
arXiv:1902.00134

ATLAS (3 ab-1)
ATL-PHYS-PUB-2019-002
Phys. Rev. D 99, 052005

https://arxiv.org/abs/1902.00134
https://cds.cern.ch/record/2654518/files/ATL-PHYS-PUB-2019-002.pdf
https://doi.org/10.1103/PhysRevD.99.052005


Summary

Exotic Higgs decays are a natural and expected signature for BSM.
We should keep the good pace → keep searching.
SM measurements are also crucial → keep constraining.
Not only in the ATLAS, CMS and LHCb → dedicated detectors, future colliders.
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Summary

Exotic Higgs decays are a natural and expected signature for BSM.
We should keep the good pace → keep searching.
SM measurements are also crucial → keep constraining.
Not only in the ATLAS, CMS and LHCb → dedicated detectors, future colliders.
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Thanks.
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Backup.
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H → aa → 2b2τ [2407.01335]
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https://arxiv.org/abs/2407.01335


H → aa → 2b2τ [2407.01335]
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CR, SR1, SR2 to increase S/B

pNN = parametrised NN

https://arxiv.org/abs/2407.01335


H → aa → 2b2τ [2407.01335]
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Statistical analysis in nine categories

https://arxiv.org/abs/2407.01335


H → aa → 2b2μ/τ [2402.13358]
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https://arxiv.org/abs/2402.13358


H → aa → 2b2μ/τ [2402.13358]
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https://arxiv.org/abs/2402.13358


H → aa → 2b2μ/τ [2402.13358]
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https://arxiv.org/abs/2402.13358
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H → aa → 4μ [2407.20425]

https://arxiv.org/abs/2407.20425
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H → aa → 4μ [2407.20425]

https://arxiv.org/abs/2407.20425
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H → aa → 4μ [2407.20425]

https://arxiv.org/abs/2407.20425
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H → aa → 4μ [2407.20425]

https://arxiv.org/abs/2407.20425
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H → aa → 4b [2403.10341]

https://arxiv.org/abs/2403.10341
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H → aa → 4b [2403.10341]

https://arxiv.org/abs/2403.10341
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H → aa → 4b [2403.10341]

https://arxiv.org/abs/2403.10341


H → χχ → 4q [2407.09183]

56

● LLP decaying in the hadronic calorimeter.
● Use of calRatio – HCAL to ECAL energy deposit ratio.

W associated

https://arxiv.org/abs/2407.09183


H → χχ → 4q [2407.09183]
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● LLP decaying in the hadronic calorimeter.
● Use of calRatio – HCAL to ECAL energy deposit ratio.

Z associated

https://arxiv.org/abs/2407.09183


H → χχ → 4q [2407.09183]
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● LLP decaying in the hadronic calorimeter.
● Use of calRatio – HCAL to ECAL energy deposit ratio.

Z associated

https://arxiv.org/abs/2407.09183


H → χχ → 4q [2403.15332]
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● LLP decaying in the inner detector.
● Use of displaced vertices, limits in various models.

https://arxiv.org/abs/2403.15332
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H → χχ → 4q [2402.01898]

Search for LLPs using clusters in the MS

https://arxiv.org/abs/2402.01898
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H → χχ → 4q [2402.01898]

Search for LLPs using clusters in the MS

Limits down to 2E-3 at 95% CL.

https://arxiv.org/abs/2402.01898
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H → χχ → 4q [2402.01898]

Search for LLPs using clusters in the MS

Limits down to 2E-3 at 95% CL.

https://arxiv.org/abs/2402.01898
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H → χχ → 4q [CMS-PAS-EXO-23-013]

Novel techniques in trigger, reconstruction and machine learning → 
sensible improvement w.r.t. previous results!

https://cds.cern.ch/record/2893044
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A COmpact Detector for EXotics at LHCb: CODEX-b

73

CODEX-b is a 10x10x10 m cube, with hundreds of 
Resistive Plate Chamber (RPC) detectors assembled 

in triplets and mounted in mechanical frames.
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LHCb

CODEX-b

Located 25 m away from the IP8 (LHCb).
Zero-background: UXA wall + shield veto.

No civil work needed → will make use of existing facilities in the UXA85 cavern. 

Relatively cheap detector, O(10) M€



75https://indico.cern.ch/event/1340162/contributions/5809466

https://indico.cern.ch/event/1340162/contributions/5809466
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https://indico.cern.ch/event/1340162/contributions/5809466

https://indico.cern.ch/event/1340162/contributions/5809466


Associated production with a Z boson

138 fb-1 of Run 2 CMS data, search in 1 < m(a) < 30 GeV.

Signal simulated samples: 

● ggF H→aZ→γγll @ LO (incl. leptonic τ decays),
● Steps of 1 (5) GeV in m(a) of 1-10 (10-30) GeV,
● Other production modes negligible after selection.

Background simulated samples: DY Z+jets @ LO, jets are misidentified as γ.

Leading μ(e) with pT>20(25) GeV, isolation with FSR recovery to exclude leptons 
from hadronic decays. Photons are required to have pT>10 GeV.

Za candidates require 95<m(llγγ)<180 GeV and ΔR(l,γ)>0.4.
77

H→aZ, a→γγ, Z→ee/μμ

arXiv:2311.00130

https://arxiv.org/abs/2311.00130


Associated production with a Z boson

Signal-to-background separation with BDT 
uniform in m(llγγ), trained with pT, isolations, 
angular separations and calorimetry variables. 

Unbinned ML fit to 95<m(llγγ)<180 GeV:

● Signal: n Gaussians (n<5) from MC,
● Background: Gaussian with falling 

spectrum function (turn-on-peak) of 
various functional forms.

Dominant systematic uncertainties: photon 
and electron energy resolutions.
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arXiv:2311.00130

m(a) = 1  GeV

Event categorization as a 
function of the BDT output:

https://arxiv.org/abs/2311.00130


Associated production with a Z boson

UL@95% CL on ZH eff. coupling with B(a→γγ)=1, and on production x-sections:

SM compatible, excess for m(a)=3 GeV of 2.6 (1.3)σ local (global) significance.
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arXiv:2311.00130

https://arxiv.org/abs/2311.00130

