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● Higgs width is ~4.1 MeV and extremely small compared 
with detector resolution

● The most accurate measurements on Higgs width are 
ΓH=3.2+2.4-1.7 (CMS), ΓH=4.5+3.3-2.5 (ATLAS)

● Hence, model dependent searches for Higgs rare and 
exotic decays are very interesting (today’s topic)

https://www.nature.com/articles/s41567-022-01682-0
https://arxiv.org/abs/2304.01532


Outline
Rare decays (SM Higgs boson) 
● H → μμ
● H → llγ: H → Zγ, H → γ*γ
● H → meson +  γ
● H → invisible

Exotic decays (SM-like Higgs boson in the BSM)
● H → aa, H → Za 
● H → long-live particles
● H → eμ, e𝝉, μ𝝉 (Lepton Flavor Violation)

~30 papers with full Run 2 data (backup), only a few publications highlighted in this talk
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Evidence of H → Zγ
● Br(H→Zγ) ~1.5 x 10-3, loop involved in the decay, sensitive to BSM 
● To reduce the background, leptonic decays of the Z (Z→ee or μμ) are considered by ATLAS/CMS 

with Z+γ and Z+jets as main backgrounds:  several categories are defined based on production 
mode (ggF, VBF, VH and ttH) and fits the m(llγ) spectrum.

● ATLAS+CMS combined result found evidence of H → Zγ: <μ> = 2.2±0.7, compatibility with SM: 1.9σ
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ATLAS (6 cat. for 
VBF + ggF)

PLB 809 (2020) 135754 sig. = 2.2 (1.2) σ

CMS (8 cat., for 
VH, VBF and ggF)

JHEP 05 (2023) 233 sig. = 2.7 (1.2) σ

ATLAS+CMS PRL 132 (2024) 021803 sig. = 3.4 (1.6) σ
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https://arxiv.org/abs/2005.05382
https://arxiv.org/abs/2204.12945
https://arxiv.org/abs/2309.03501


Evidence of H → μμ
● Br(H→μμ)~2.2 x 10-4, important study of Higgs coupling to 2nd gen particles
● Very clean final state, but large Drell-Yan background overwhelming the small but clean signal: 

several categories are defined based on production mode (ggF, VBF, VH and ttH).
● Both ATLAS and CMS perform simultaneous fit m(µµ) in all SR: 

○ CMS: 3.0 (2.5) σ with better m(μμ) res., ATLAS 2.0 (1.7) σ
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 PLB 812 (2021) 135980JHEP 01 (2021) 248
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https://arxiv.org/abs/2007.07830
https://link.springer.com/article/10.1007/JHEP01(2021)148


Evidence of H → γ*γ
● Br(H→γ*γ) ~1.1 x 10-4, similar eeγ / μμγ final state as H→Zγ but low di-lepton mass (<30 GeV)
● Given the low invariant mass, the lepton pair might be reconstructed as merged cluster: 

specific algorithm developed for electrons
● S+B fits on m(llγ) spectrum, significance is 3.2 (2.1) σ, <μ> = 1.5 ± 0.5
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PLB 819 (2021) 136412
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https://www.sciencedirect.com/science/article/pii/S037026932100352X?via=ihub


H → invisible

● Br (H → invisible) ~ 10-4, however it’ll be enhanced with various Higgs exotic decays with WIMP
● Events are triggered by the leptons from VH, ttH, or high missing ET, and divided into categories with 

different production modes, fits are performed on the transverse mass or hadronic recoil distributions 
● Br(inv) < 0.11, CMS: Br(inv) < 0.15, limits are also set on the cross-section of WIMP
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EPJC 83 (2023) 933
PLB 842 (2023) 137963
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https://arxiv.org/abs/2303.01214
https://arxiv.org/abs/2301.10731


H → meson + γ
● Br (H → meson + γ)  ~ 10-19 (K*) , ~10 -9 (ϒ(NS)), ~10 -5 - 10 -6 (ρ, ω, ..)
● ATLAS/CMS performed several searches of very rare H → meson + γ
● The mesons are identified by its decay products, and S+B fits are performed on m(Mγ)
● ATLAS and CMS set limits on H →meson + γ Br
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CMS: PLB 862 (2025) 139296ATL-PHYS-PUB-2023-004
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https://arxiv.org/abs/2410.18289
https://cds.cern.ch/record/2851888


H → aa, za
● Light (pseudo-)scalars that couple to H can enable new decay 

modes,and appear in many well-motivated extensions of the SM, 
ATLAS and CMS performed various searches for H → aa/Za → 
XXYY with 2HDM + S assumptions. 

● Limits are set on the branching ratios of Br(H→aa/Za→XXYY).
● A few new channels with 𝝉-had candidates are published, e.g. 

𝝉𝝉γγ, 𝝉𝝉bb, 𝝉𝝉𝝉𝝉
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𝝉𝝉bb
EPJC 84 (2024) 493 𝝉𝝉𝝉𝝉 

arxiv:2503.05463 (PLB) 

𝝉𝝉γγ
arxiv:2412.14046

Newer γγγγ result 
ATL-PHYS-PUB-2025-007

ATL-PHYS-PUB-2025-011
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https://arxiv.org/abs/2402.13358
https://arxiv.org/abs/2503.05463
https://arxiv.org/abs/2412.14046
https://cds.cern.ch/record/2927184/files/ATL-PHYS-PUB-2025-007.pdf
https://cds.cern.ch/record/2927370/


H → eμ
● Lepton flavor violation (LFV) predicts H → eμ, e𝝉, μ𝝉 
● CMS searches for H → eμ PRD 108 (2023) 072004 , and optimized ggF/VBF categories to 

select signal over diboson, ttbar and single-top
● Limits set on Yukawa couplings and Br < 4.4 10-5
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https://arxiv.org/abs/2305.18106


H → e𝝉, μ𝝉
● ATLAS searches for H → e𝝉, μ𝝉 JHEP 07 (2023) 166 over Z, top, and mis-ID backgrounds, 

and split events into categories targeting different production modes
● Limits are set on Br and Yukawa couplings, result is compatible with SM by 2.5σ
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https://arxiv.org/abs/2302.05225


H → long-live particles
● H → long-live particles in SUSY, resulting in non-pointing / delayed final state objects
● ATLAS collects photon pointing and timing with ATLAS EM calorimeter
● CMS uses jet tagging info. to identify delayed (non-pointing) jets
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H → long-live particles
● Both ATLAS and CMS searches found no excess beyond SM. 
● Limits are set on the Br of Higgs exotic decays, the sensitivities are higher with certain 

lifetime (decay length) of the SUSY particles

PRD 108(2023)032016
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JHEP 03 (2022) 160
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032016
https://arxiv.org/abs/2110.13218


Conclusion
● ATLAS and CMS have conducted a comprehensive study of rare and exotic Higgs 

decays at LHC with full Run 2 datasets

● We have found evidence for H→μμ, H→Zγ, and H→γ*γ, while setting limits on 
many other channels, covering various phase spaces

● All searches found no evidence beyond SM,  however, some results have ~2σ 
incompatibility with SM, further investigation during Run 3 and in future analyses 
may provide hints of new physics.
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Backup
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Incomplete list of full-Run2 papers
Rare decays (SM) 

● H →μμ: JHEP 01 (2021) 148 (CMS), PLB 812 (2021) 135980 (ATLAS)
● H → Zγ:  PRL 132 (2024) 021803 (ATLAS+CMS) 
● H → γ*γ: PLB 819 (2021) 136412 (ATLAS)
● H → meson+γ : Phys. Lett. B 862 (2025) 139296 (CMS), PLB 855 (2024) 138762 (ATLAS D*y), PLB 847 

(2023) 138292 (ATLAS K* / omega y), EPJC 83 (2023) 781 (J/psi y), 
● H → invisible: Eur. Phys. J. C 83 (2023) 933 (CMS, ttH, VH), Phys. Rev. D 105 (2022) 092007 (CMS, 

VBF), PLB 842 (2023) 137963 (ATLAS combination), PLB 829 (2022) 137066 (ATLAS ZH)
Exotic decays (BSM)

● H → aa, H → Za: JHEP06(2024)097 (CMS 4b), EPJC 84(2024)493 (CMS llbb), PLB 852(2024)138582 
(CMS llyy) , Phys. Rev. Lett. 131 (2023) 101801 (CMS 4y), EPJC 84 (2024) 493 (CMS, mumubb, 
tautaubb), arxiv:2503.05463 (ATLAS 4-tau), arxiv:2412.14046 (ATLAS tautauyy), arxiv:2411.16361 
(ATLAS llj), PRD 110 (2024) 052013 (ATLAS bbtautau), EPJC 84 (2024) 742 (ATLAS 4y), PLB 848 (2024) 
138536 (ATLAS Zyy), PRD 102, 112006 (2020) (ATLAS 4b),  arxiv:2503.17254 (ATLAS ttX,X-bb)

● H → long-live particles: PRD 108(2023)032016 (ATLAS), JHEP 03 (2022) 160 (CMS)
● H LFV: JHEP 07 (2023) 166 (ATLAS), PRD 108 (2023) 072004 (CMS)
Shuo Han
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Landscape of Higgs property measurements
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Higgs couplings Differential cross-section
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Width and Mass

Rare decays
Exotic decays (New Phys.)
-> Today’s topic
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