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Why search for exotic Higgs decays?

e The Higgs boson discovered in 2012 is so far consistent with CMS 138 fo~! (13 TeV)

Standard Model (SM) predictions S RO Gy T O ool 21
— 95% CL (stat @ syst) Bl B, Bynget float., off-shell inc.

e Current Higgs coupling measurements still allow sizable e
branching fractions to beyond-the-Standard-Model (BSM) decays - Teasoocs
(~10-20% at 95% CL) o Fiooosoes
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e Many well-motivated BSM scenarios predict extended Higgs ll:g: =
sectors . V| I

e Exotic Higgs decays provide a powerful probe of hidden or . B |
weakly coupled sectors | Bunce ; ol
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Extended Higgs sector beyond the SM

Extended Higgs sector models predict additional scalar and pseudoscalar Higgs bosons
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Heavy neutral Higgs bosons with masses above 125 GeV are also possible

Two Real Singlet Model (TRSM) extends the SM scalar sector by two real scalar singlets
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H — ¢,6,—SM fermions

Two Higgs Doublet Model (2HDM) adds a second higgs doublet
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o  Type Il : minimal supersymmetry model (MSSM) i i

Extend 2HDM to add additional singlet field: (2HDM + S)
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Extended Higgs sector beyond the SM

Branching of “a” boson to SM particles depends on:
mass of the “a” boson
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Today’s Focus

e This talk presents three recent CMS analyses targeting asymmetric scalar decays / boosted
low-mass pseudoscalars / heavy Higgs interpretations

e Using 138 fb™' CMS Run 2 (2016-2018) data at Vs = 13 TeV

Ny Search for a light pseudoscalar Higgs boson in boosted puTr final states
H — aa — uyurr CMS PAS SUS-23-005

Ny Search for light pseudoscalar boson pairs in boosted 41 and 2u27 final states
H—aa, — 4r, 2u2r  10.1007/JHEP04(2026)132

Ny Search for Higgs boson decays into two neutral scalars with unequal masses
H— ¢,¢, > 2r2b , 2t4b  CMS PAS NPS-25-003



https://cds.cern.ch/record/2957066?ln=en
https://link.springer.com/article/10.1007/JHEP04(2026)132
https://cds.cern.ch/record/2957185/files/SUS-23-005-pas.pdf

H—-aa— HUTT - Motivation CMS PAS SUS-23-005

g T\, large branching fraction
a

Th
H ~ - , u 64.8%
g a =) .
M clean signature
17{1%
e Higgs production mechanisms: ggF (dominate), VBF " -
e 125 GeV Higgs boson and heavier Higgs (Motivated in 2HDM+S) e Th
17.8%17.4% 64.8%
e Final states include:
o  Full-leptonic di-tau decay: H — aa — uuue
. o _ GeV) m, search GeV) Generated m, [step size] (GeV
o  Semi-leptonic di-tau decay: H — aa — uuur, , uuer, mH1(25e ) m Searcs_gf;‘lge( o) Generate 3.’:, 4[_32?’[15]126]( o)
o Full-hadronic di-tau decay: H — aa — uur, 7, 250 3.6-25 5-20 [5]
500 3.6-30 5-20 [5]
- - i 750 3.6-35 10-30 [5]
e Both 1-prong and 3-prongs 7, decays are considered 1500 3650 {56 [10]

e Boosted di-tau topology


https://cds.cern.ch/record/2957185/files/SUS-23-005-pas.pdf

H — aa — uurr - Reconstruction of boosted 7

e Modified Hadron-plus-strips (HPS) Algorithm
developed for reconstruction of 7, and 7,
e Jets are cleaned by removing u/e momentum.
e Send lepton-subtracted jets to HPS to
reconstruct 7,
e Re-define 7, isolation and keep 7, ( p;> 10 GeV)
e Signal efficiency is significantly improved
1CMS Simulation Preliminary (13 TeV)
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https://iopscience.iop.org/article/10.1088/1748-0221/13/10/P10005
https://cds.cern.ch/record/2957185/files/SUS-23-005-pas.pdf

H — aa — uutt - Analysis Strategy

Background modeled using a data-driven
approach with signal and sideband regions

Control regions used to constrain resonance
background modeling

2D un-binned likelihood fit: m _( wurr) vs. m( wu)
m( ) is split into following regions:

3 - 8 GeV: low mass

8 - 12 GeV: intermediate mass

12 - 30 GeV: high mass

30 - 50 GeV: high mass extension for H1000

o O O O

Different m _( uurr) ranges are applied for
different final states to optimize modeling

Events /0.1 GeV
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H — aa — uurr - Results CMS PAS SUS-23-005
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e No significant excess from the full Run2 data —iEe G ] A
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e Atlow and high m_ sub-ranges, observed upper limit
improves by about 2 times compared to previous published
H H 102 102
analysis using 2016 only
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e This analysis is the first to search for H—aa up tom =1 TeV &0 n. &

e Type-ll & Type-lll interpretations: strongest constraint from
3.6 GeV to 9 GeV attanf > 2
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https://link.springer.com/article/10.1007/JHEP08(2020)139
https://link.springer.com/article/10.1007/JHEP08(2020)139
https://cds.cern.ch/record/2957185/files/SUS-23-005-pas.pdf

H — a.a, — 47, 2u27 - Motivation

Analysis targets H(125)—a,a, decay, witha,—z 7, |

Search for low-mass pseudoscalars: m_ = 4-15 GeV

Motivated from extended Higgs sector models: 2HDM+S /
NMSSM

Highly boosted a: bosons:
o collimated decay products
o Non-isolated leptons in final states

H—’a1a1—’#ﬂfﬂf1-pmng also included due to similar topology

10.1007/JHEP04(2026)132

well-separated 7 (2)
i . a’l
same-sigh muons .

\ £ P

Lorentz-boosted /a; states

Identified as tracks close to muons
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https://link.springer.com/article/10.1007/JHEP04(2026)132

H — a.a, — 4r, 2u27 - Analysis Strategy

e Select same-sign muons with large angular separation
e Require muons to be accompanied by only one oppositely charged nearby track
e Reconstruct invariant mass of the two muon-track systems, m, and m,

e Extract signal using 2D (m,, m,) distribution

CMS 138 b (13 TeV)
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https://link.springer.com/article/10.1007/JHEP04(2026)132

H— a.a, — 47, 2u27 - Results

10.1007/JHEP04(2026)132

2-4x better observed limits compared to the previously published results

Results interpreted in 2HD+S models

Sharp features arise from mixing with quarkonium state

Type |l: strong constraints obtained for mass up to 9 GeV

Type lll: strongest sensitivity obtained across all mass points
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https://www.sciencedirect.com/science/article/pii/S0370269319308093?via=ihub
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H— ¢,9, — 272b, 274b - Motivation

[ J
e Motivated by extended scalar sector models: TRSM
e Two scenarios considered:
+ /
Non-cascade 7 q F*
Hodig2 — 272b L ¢ Vo4 L .

-------
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m, : 20 - 80 GeV

b q
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Ho¢pid: -3¢ >204b | > N D S b
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o ' Tbb ! if

m, : 30 - 110 GeV

First CMS search for asymmetric exotic decays : H(125) — ¢1¢: (m¢' # m¢a)

CMS PAS NPS-25-003
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H— ¢.¢, — 272b , 274b - Analysis Strategy

CMS PAS NPS-25-003
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H— ¢.¢, — 272b , 274b - Results

CMS PAS NPS-25-003

e No significant deviation from the SM expectation observed

138 fo' (13 TeV)

CMS Preliminary

e First CMS limits on H decays to asymmetric scalar pairs

Combined

e Upper limits set on o, x B(H—¢:¢.— 274b / 272b)

e Best sensitivity achieved for non-cascade mass hypotheses
(30,40) GeV

m, [GeV]

o limits on the branching fraction reaching ~ 1%

e Provides complementary coverage beyond conventional
H—aa searches

Observed 95% CL upper limits
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Summary and Outlook

?  The 125 GeV Higgs boson may be part of an extended Higgs | umiPublicResults
sector “TOMS  — o

50

v Three complementary CMS searches for exotic Higgs decays
presented

00

Total integrated luminosity (fo™")

v Dedicated techniques developed for boosted and collimated final
states

o > S
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v No significant excess over the SM expectation observed (yet)

v Exciting times ahead of us with LHC Run 3 data _cms 136 Tev
. g . | Di-t, trigger: tau leg performance
o New r, based triggers deployed g T
:
. g . . . T o8 o E—— ]
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unlock challenging final states .
0.4~ —&— Run 2022 (34.7 fb™)
v Exotic Higgs decays remain a promising portal to BSM physics af :,‘:; '::::;’f;;’:;\‘;"’
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95% CL on B(H— aa)

Summary of 2HDM+S searches at 13 TeV (Run 2)
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/Summary2HDMSRun2

H — aa — uyurr CMS PAS SUS-23-005

Validation Validation
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= Signal Sideband
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https://cds.cern.ch/record/2957185/files/SUS-23-005-pas.pdf

H — aa — purr - Reconstruction of boosted 7,7,

CMS PAS SUS-23-0005

Global Jet

Neutral Hadron| |Charged Hadron| |Photon

vy ¥ 3 3

DeepDiTau neural net

8 layers with 256 nodes each

+ 3 3

ThTh SCOre Light jet score

b-jet score
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H— a,a, — 4v, 2u2v - Analysis Strategy 10.1007/JHEP04(2026)132
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H— ¢,9, — 272b, 274b

CMS PAS NPS-25-003

Definitions of signal and control regions using BDT discriminator score.

Table 1 Overview of the

benchmark scenarios:

second column denotes the
Higgs mass eigenstate that we
identify with the observed Higgs
boson, &125, the third column
names the targeted decay mode
of the resonantly produced
Higgs state, and the fourth
column lists possible relevant
successive decays of the

resulting Higgs states

SR1 SR2 SR3 SR4 CR
uty, 1b  [0.99,1] [0.98,0.99) [0.95,0.98) [0.80,0.95) [0,0.80)
Uth, 2b  [0.99,1] [0.84,0.99) — — [0,0.80)
ety 1b  [0.99,1] [0.98,0.99) [0.95,0.98) [0.80,0.95) [0,0.80)
ety,2b [0.99,1] [0.80,0.99) — — [0,0.80)
eu,1b  [0.99,1] [0.97,0.99) [0.90,0.97) — [0,0.80)
eu,2b  [0.99,1] [0.90,0.99) — — [0,0.80)
The Benchmark scenario h15 candidate Target signature Possible successive decays TRS M B PS
BP1 h3 hi2s = hihy hy — hihy if My > 2M,
BP2 hy h3 — hihis -
BP3 h h3 — hiyshy hy — hiashigs if My > 250 GeV
BP4 h3 hy — hihy -
BP5 hy h3 — hihy -
BP6 h h3 — hahy hy — hiashios ifMp > 250 GeV
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