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Introduction Why low mass?

Why low mass? / Motivation

Is the 125 GeV new scalar really the SM Higgs Boson? Is it the lightest?

Some BSM theories predict modified and extended Higgs sectors, possibly with additional
low-mass (<125 GeV) scalars / pseudoscalars.

General 2HDM :
2 Higgs doublets→ 5 Higgs bosons : h, H, a, H±

4 types, main parameters : tanβ, α
compatible with a 125 GeV SM-like scalar (h or H) + a light Higgs Boson (a or h)

MSSM :
simplest supersymmetric model (2HDM type II)
low-mass (pseudo) scalars disfavoured within this model

NMSSM :
2 Higgs doublets + 1 singlet→ 7 Higgs bosons : h1, h2, h3, a1, a2, H±

solves the "µ-problem" of the MSSM
compatible with a 125 GeV SM-like scalar (h1 or h2) + a mostly "singlet-like" light
Higgs Boson (a1 or h1)
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Introduction Why low mass?

CMS Searches for low-mass neutral Higgs bosons

Direct Production
This Talk

Pair Production
Exotic Decays of the

Higgs Boson
(talk by M. Cepeda 20’ ago)
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Direct production h→ γγ

h→ γγ

NMSSM : σ × BR(h1 → γγ) up to 3.5 higher compared to the SM prediction for this mass range.
Extension of the standard h125 → γγ analysis to the low invariant mass region.

Same object identification as the h125GeV analysis: (PhotonID, DiphotonID, VertexID)
The modeling of the Z background (misidentified electrons) is an important feature of this search.
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CMS-HIG-14-037

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-14-037/index.html


Direct production h→ γγ

h→ γγ

The same multivariate event classifier as in
the h125 analysis is built to discriminate
signal from background.

It incorporates the kinematic properties of the
diphoton system, a per-event estimate of the
diphoton mass resolution, and the photon
identification BDT output value.

In this analysis, events are separated into 4
classes based on the classifier score; events
having a score below a minimum value are
rejected.

Background model : diphoton continuum + Z
peak contamination (electron veto to reduce it)
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CMS-HIG-14-037
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Direct production h→ γγ

h→ γγ

Exclude scalars with
σ × BR(h→ γγ) from
0.8 - 3 times the SM.

New trigger dedicated to
this analysis in run-II
down to mγγ = 55 GeV.
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CMS-HIG-14-037

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-14-037/index.html


Direct production bbA with A→ ττ

bbA with A→ ττ

Search for a light pseudoscalar Higgs boson
decaying to a pair of τ leptons produced in
association with a bb̄ pair.

Three final states: µτh, eτh and eµ are used
(τh represent the hadronic τ decay).

The µµ and ee final states are discarded→
small branching fractions and large
backgrounds. τh τh not considered because of
inefficiencies due to the trigger threshold.

Pseudoscalar boson masses between 25 and
80 GeV are probed.
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CMS-HIG-14-033

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-14-033/index.html


Direct production bbA with A→ ττ

bbA with A→ ττ

This analysis is similar to the MSSM analysis
(Drell-Yan background).

Range : [25,80] GeV

µτh, eτh and eµ channels

Exclusion of 2HDM type II, wrong-sign
Yukawa coupling, high tanβ
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CMS-HIG-14-033

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-14-033/index.html


Direct production h + X → bb̄ + X

h + X → bb̄ + X
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CMS-HIG-14-030

NMSSM scenarios : "NMSSM (P4)" : high
BR(h1 → bb̄), M∼

q ,
∼
g
∼ 1 TeV ; "decoupled

squarks" : M1 < M2 < M3 < 1 TeV

h1 produced in supersymmetric colored cascades

X = high hadronic activity + high MET

Range : [30,100] GeV

Signal : h1 resonance + non-resonant SUSY. We
look for a ’bump’ or a ’normalization’ excess.

Large contribution from SUSY decays in this
search.

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-14-030/index.html


Direct production h + X → bb̄ + X

h + X → bb̄ + X : Exclusion limits

Model independent, resonance only Normalization excess
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CMS-HIG-14-030

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-14-030/index.html


Conclusions

Conclusions

Comprehensive low-mass higgs searches have
been performed in CMS with the LHC run I
data.

Low-pT object trigger and reconstruction are
challenging.

Both direct (this talk) and pair production
have been considered.

No evidence for new particle production
has been found
2HDM and NMSSM interpretations→
parameter space regions excluded and
benchmark scenarios ruled out.

Improvements like new triggers, final states,
and production modes are under development.

The run-II data will complete the overall
picture of these low mass analysis. Stay tuned.
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Backup

BACKUP
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LEP excess @ 98 GeV

https://arxiv.org/pdf/hep-ex/0306033v1.pdf
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h→ γγ : Systematics
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bbA with A→ ττ , a + bb̄→ ττ + bb̄ : Systematics
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τ decay
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h + X → bb̄ + X : Systematics
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h + X → bb̄ + X : Exclusion limits

Exclusion Limits (decoupled squarks)
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h125 → aa/hh→ 4τ (CMS-HIG-14-019) : (m1,m2)
distribution
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(m1,m2) distribution binning
definition

(m1,m2) distribution bins content

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-14-019/index.html


h125 → aa/hh→ 4τ (CMS-HIG-14-019) : Systematics
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-14-019/index.html


h125 → aa/hh→ 4τ (CMS-HIG-14-022) : Background control regions
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Low MT High MT

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-14-022/index.html


h125 → aa/hh→ 4τ (CMS-HIG-14-022) : Signal vs
background
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-14-022/index.html


h125 → aa/hh→ 4τ (CMS-HIG-14-022) : Exclusion
limits
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h125 → aa/hh→ 4τ (CMS-HIG-14-022) : Systematics
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-14-022/index.html


h125 → aa/γDγD → 4µ : Exclusion limits
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h125 → aa→ µµττ : Event selection cuts
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h125 → aa→ µµττ : Data vs MC
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h125 → aa→ µµττ : Signal and background model
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h125 → aa→ µµττ : Exclusion limits
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h125 → aa→ µµττ : Systematics
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h125 → aa→ µµττ : 2HDM+S type 4 ("flipped") interpretation
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h125 → aa comparison : 2HDM+S type 4 ("flipped") interpretation
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ATLAS results : h→ γγ
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Phys. Rev. Lett. 113, 171801



ATLAS results : h125 → aa→ 4γ
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arXiv:1509.05051



ATLAS results : h125 → µµττ
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Phys.Rev.D92 (2015) 052002



Backup some plots on Pair production h125 → aa/hh→ 4τ

h125 → aa/hh→ 4τ
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Highly-boosted pairs of τ

Same-sign µ from τ

2 complementary analyses

CMS-HIG-14-019
Range [4,8] GeV

Pair of τ ⇒ 1 µ + 1 track

CMS-HIG-14-022
Range [5,15] GeV

Pair of τ ⇒ 1 µ + 1 τh

2 categories based on the presence of
MET : ggh/vbf and VH enriched

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-14-019/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-14-022/index.html


Backup some plots on Pair production h125 → aa/γDγD → 4µ

h125 → aa/γDγD → 4µ
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CMS-HIG-13-010

NMSSM and Dark
SUSY scenarios

Dark SUSY : additional
U(1)D symmetry, Higgs
boson decays to "dark"
neutralinos and photons

Search for events in
(mµµ1,mµµ2) space,
with 0.25<mµµ<3.55

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-13-010/index.html


Backup some plots on Pair production h125 → aa→ µµbb̄

h125 → aa→ µµbb̄
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CMS-HIG-14-041

NMSSM : BR(h1 → a1a1 → µµbb̄) up to ∼ 2.10−3

Range [25,65] GeV

Fit in mµµ distribution

Exclude pseudoscalars with BR(h→ a1a1 → µµbb̄) above 10−3

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-14-041/index.html


Backup some plots on Pair production h125 → aa→ µµττ

h125 → aa→ µµττ
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CMS-HIG-15-001

General 2HDM+S scenarios (type III at high tanβ
and type IV at low tanβ)

Range [25,65] GeV

5 ττ decay channels : ee, µτh, eτh, eµ, τhτh

Fit in mµµ distribution

Limits set for general 2HDM+S, and for type III
and IV (good sensitivity)

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-15-001/index.html


Backup some plots on Pair production h125 → aa comparison

h125 → aa comparison
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CMS-HIG-15-001

Comparison of 4τ , 4µ, µµττ channels

General 2HDM+S framework⇒, using

Γ(a→ µµ)

Γ(a→ ττ)
=

m2
µ

√
1− (2mµ/ma)2

m2
τ

√
1− (2mτ/ma)2

Very little background in this search.

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-15-001/index.html
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