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“Standard” searches

e Precise comparison of Higgs rates in
allowed SM final states to exclude non-

SM scenarios

e |t requires a lot more data than the actual
dataset (20fb-1), it can easily take years to

reach
'CMS

some conclusion
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Recent observation of a Higgs-like
boson with a mass near 125 GeV/c?

The fundamental question: Is this
the actual SM Higgs boson particle?
Two approaches

“Exotic” searches

e Exotic Higgs decays based on well
motivated extensions to the SM

e Searches can be sensitive even with
the actual dataset (20fb-1)

e If signal is not observed strong limits
can be set on that signature
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First scenario: Light Higgs Boson (NMSSM)

e NMSSM: well motivated extension of MSSM
e NMSSM Higgs sector:

e 3 CP-even states (h1,2,3)

e 2 CP-odd states (a1,2)

e 2 charged Higgs states
e SM-like Higgs boson can be either the lightest or the 2nd-lightest CP-even scalar (h

or hy) o

e hi>decaying to a new light boson a1

e Previous searches with same signature |
in DO (limited by Tevatron Higgs production) ~0.100 |
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The new light boson a1 couples weakly to
SM particles with a substantial Br to

e muons if:
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.103.061801

Second scenario: Dark-SUSY

e Dark-SUSY models motivated by the excess in

o Femizi | I positron spectra observed by satellite
T PAMELA 2009 + - experiments
- —&8— AMS 2007
-(.f—’g —+— HEAT 2004 ++ | _ _ o
s I % % ___,% | | * One explanation is the annihilation of WIMPs,
g 4 ¢ % ot ; with dark-photon as the mediator.
- [ %%*+%"i—4f [ 1| ¢ In MSSM Dark photon production from the
- - decay of the lightest visible supersymmetric
L - L - particles (LVSPs)
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FIG. 5: Positron fraction measured by the Fermi LAT and by | o If the nggs boson has a substantial Br

other experiments [10, 14, 35]. The Fermi statistical uncer-
tainty is shown with error bars and the total (statistical plus ]’L —> 7’2,1 ’)’Ll

systematic uncertainty) is shown as a shaded band.
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CMS muon identification

 Muons are a common signature for new physics
searches (including the Higgs boson)

e Hardly interact with matter, Muon chambers
located at the edge of the experiment

Iron return yoke interspersed

with Muon chambers
4m 5m 6m

e Three type of gaseous detector technology:
RPCs, CSCs, DTs

Charged Hadron (e.g. Pion)
Photon

2011 Run, L=1.1f"| 5
CMS \s=7 TeV
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m e CMS has excellent capabilities for the
B, - reconstruction of low mass dimuon

B low P, double muon
high p_ double muon

resonances (such as the J/Psi particle)

e New light bosons (if they exist) will appear
as a resonance in the dimuon mass
spectrum (in events with 2 dimuons)

'CMS
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Analysis selection

Initial selection

e Trigger: HLT_Mu17_Mu8

e At least one primary vertex
e With at least 4 tracks
e Global Z coordinate within 24cm w.r.t. beam spot

e Muon candidates:
* At least 4 candidates: Reconstructed by CMS Particle Flow (PF) algorithm

e Clustering of nearby muons into pairs of opposite charge dimuons
e Based on vertex probability and mass consistency

e Events with exactly 2 dimuons
e Not limit on number of unpaired muons (orphans)
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Dimuon requirements

CMS Prelim. 2012 Vs=8TeV L, =2065fb"
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Signal Region: Dimuon masses

S 3.5

Q

O,

- e Dimuon masses within 5 resolutions
2,2.5_ My — My, | < 50

 Signal events located in the diagonal

 SM background spread all around the 2D space

e Off-diagonal can be used as a control region for Bkg
extrapolation

v’ Study of detector resolution measured using low-mass SM
resonances in data decaying to pair of muons — w, o, J/¥, U’
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Standard Model Backgrounds

The background contribution from SM to a signature
with two light dimuons after final selections:

°bb:

e Both b-quarks decay to dimuons + X via double semileptonic
decays + resonances (eg. p,$,J/psi)

e Data-driven technique to estimate the shape and contribution
into the signal region

* Prompt double J/Psi:

e Estimation using MC simulation and normalized with data

° pp->4p
e Estimated using MC simulation (COMPHEP)
e Expected number of events In signal region < 0.15+0.03
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bb background modeling

 Background enriched sample: CMS Prelim. 2012 {s=8TeV L, =20.65fb"

e Exactly 1 dimuon + 1 orphan muon iy N

e Sample heavily dominated by bb events

1D invariant mass depends on the muon
pT composition of the dimuon: with one
high-pT muon (N17,8), or with two high
pT muons (N17,17)

e 2D distribution after convolution of 1D

GeV/ ¢? x 0.025 GeV/ ¢?)

Shape(17,8) hape(17,17)

CMS Prelim. 2012 1s=8TeV L, =2065fb"
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Validation of bbbar shape
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Prompt J/psi and EW backgrounds

CMS Prelim. 2012 Vs=8TeV L, =20.65fb"
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y Event Yield

CMS Prelim. 2012 Vs=8TeV L, =20.65fb"
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» After complete event selection only one event
survived in data (20fb-1)

e Consistent with SM expectation (3.8+2.1 events)
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Model independent limit

CMS Prelnm 2012 \s=8TeV L= 20. 65 fio!  Limit on the production rate
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Exclusion limits: NMSSM

* As a function of the Higgs boson mass e As a function of the light boson mass

CMS Prelim. 2012 Vs=8TeV L, =20.65fb" CMS Prelim. 2012 Vs=8TeV L, =20.65fb"
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Exclusion limits: Dark-SUSY

e As a function of the Higgs boson mass
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Conclusions

‘/ A search for non-SM Higgs boson decays to pairs of new light
bosons was presented.

v A final state with two low mass dimuons was considered

v After the events selection one event was observed (20.65fb-! of data)
consistent with SM expectation

v’ Two benchmark scenarios were explored: NMSSM and Dark-SUSY

v’ Results are applicable to a broad spectrum of non-SM scenarios
predicting the same signature

v Stronger limits compared with the previous version (2011 dataset)
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Improvements w.r.t. 2011 data

e NMSSM scenario e Dark-SUSY scenario
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- Clustering Muons into Dimuons

v Group oppositely charged muons into dimuons:
* if their pairwise invariant mass mJuu <5 GeV and

e either the fit of two muon tracks for a common vertex

has the probability Pdvertex > 1%

= this vertex is not required to match any primary vertex of the event or any
vertex of another dimuon

* or two muon tracks satisfy AR(«7+ ,47—) < 0.01

= compensates for reduced efficiency of common vertex probability
requirement for dimuons with very low mass (7242 ~2mds), in which
muons tracks are nearly parallel to each other

v' Any muon may be shared between several dimuons

v’ Select events with exactly two dimuons not sharing any
common muons
* no restriction on number of ungrouped (“orphan”) muons

CMS, | Phenomenology 2014 symposium, University of Pittsburgh TEXAS A&M
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formance of the PF Muons

v’ Stage 1: analysis requires at least 4 muons with p;>8 GeV
* At least one of them must have p;>17 GeV and be in the barrel

v’ Stage 2: form dimuons, apply isolations on dimuons and
require the two dimuon masses to be compatible

v’ Compare ratio ay.,/aen=(reco level efficiency for steps
1+2) / (generator level efficiency for step 1 only)

* [tisimportant to keep this ratio flat to make results interpretable

elfull |algen (%)

m_h (GeV) m_a (GeV) PF muon ID private muon ID
125 0.25 66.41+0.4 74.31+0.3
125 2 69.31+0.7 72.61+0.3
125 3.5 68.21+0.7 72.710.3

v PF “loose” muons and “private” tracker muons has similar
performance

——Yuriy Pakhotin (Texas A&M) Higgs Approval Session [, 9 July 2013 44 —
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