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Theoretical introduction

The minimal supersymmetric standard model (MSSM) contains
two Higgs doublets, giving rise to five physical states:

* a light neutral CP-even state (h),

 a heavy neutral CP-even state (H), mo

 a neutral CP-odd state (A),

* and a pair of charged states (H*,H).

For m, ™ scenario, the model can be described by two free
parameters: m, and tan :
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Motivations

m, ™2 scenario tanf = 10

Charged Higgs BR Neutral Higgs BR

| 'm ™ tanp =10

BR(h -=bb} |-
BR(h =cc) | |

— BR( E
BR{
BR{
BR{

—— BR(
BR(

— BR(h-=gg) |

For light charged higgs the decay in For the neutral higgs the decay in

the

is dominant. the dominates but the
gives a better control of
QCD bkg, and the pp channel
benefits of the fully recontructed
final state.
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CMS

Analyzes

» Search for light H*=->tv

 Search for $°->bb
 Search for p°->t'tT

* Search for p'->ptu
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Particles identification

Particle Flow tecnique:

* particle-based description of the full event
 combines the informations from all sub-detectors

(Tracker, ECAL, HCAL, Muon systems)

* reconstructs:
e All final-state particles (et, pt, y, charged/neutral hadrons)

e PF higher-level objects (jet, b-tagging, t-jet, E, M)

* improves the resolution of the jet/E,mss
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Hypothesis:
1. low Higgs mass
H+ production in top decays
kinematic acceptance M, < m, + m, (2160 GeV)
2.MSSM Signal contribution
pp - HbHb
pp - HbWb
3.BR(H2>wv) =1
Dominant for tan3 > 5

m,,. = 100 GeV/c?

H* decay
—H —>cs
—H > v

H - t'b

Branching Ratio

— Hi N WtAO
H — W’

3 mutually exclusive final states
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Charged Higgs: fully hadronic channel

Trigger: isolated t-jet + large E™ss == 2.3fblatVs=7TeV

Selection:
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Charged Higgs: fully hadronic channel

Trigger: isolated t-jet + large E™'sS == 2.3fblatVvs=7TeV

Selection:
isolated t-jet
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Charged Higgs: fully hadronic channel

Trigger: isolated t-jet + large E,™s — 2.3fblatvs=7TeV

Selection:
isolated t-jet

4 high-p, jets with at least 1 b-tagged jet

Main backgrounds:

multijet

W+jet>tv+jet
SM decay of ttbar
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Main backgrounds:

multijet

W+jet>tv+jet
SM decay of ttbar
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Selection:
isolated t-jet

4 high-p, jets with at least 1 b-tagged jet
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Charged Higgs: semi-leptonic channel

Trigger: electron +2jet == 2.2fb! & singlemuon —3 2. fb?! atvs=7TeV

Selection:

12
LHC on the March — IHEP, Protvino 20-22 November 2012



Charged Higgs: semi-leptonic channel

Trigger: electron +2jet == 2.2fb! & singlemuon —3 2. fb?! atvs=7TeV

Selection:
2 high-p, jets with at least 1 b-tagged jet
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Charged Higgs: semi-leptonic channel

Trigger: electron +2jet == 2.2fb! & singlemuon —3 2. fb?! atvs=7TeV

Selection:
2 high-p, jets with at least 1 b-tagged jet

isolated t-jet
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Charged Higgs: semi-leptonic channel

Trigger: electron +2jet == 2.2fb! & singlemuon —3 2. fb?! atvs=7TeV

Selection:
2 high-p, jets with at least 1 b-tagged jet

isolated t-jet

miss
large E,
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Charged Higgs: semi-leptonic channel

Trigger: electron +2jet == 2.2fb! & singlemuon —3 2. fb?! atvs=7TeV

Selection:
2 high-p, jets with at least 1 b-tagged jet

isolated t-jet

miss
large E,

i5=7TeV L=2.0f" CMS . . (3=7TeV L=22f" CMS . . )
. rerr ey e o e . o fl Main backgrounds:

B{t—H'b)=0.05 2908 B{t—H'b)=0.05

el ol B | “ wim N 'y |
miskdenified | p— misdenified ©

W+jet>tv+jet
SM decay of ttbar

DY—>tt
tW
5 5 WW,ZZ,WZ
o | o
E 11 08 E ) y+E™®  Dlag ] 08
Selection step o Selection step DY% lJ.lJ./ee 16
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Charged Higgs: leptonic channel

Trigger: single electron + single muon =3 2.2fb?! atvs=7TeV

Selection:
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Charged Higgs: leptonic channel

Trigger: single electron + single muon =3 2.2fb?! atvs=7TeV

Selection:
2 isolated high-p, leptons
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w Wil

Selection:
2 isolated high-p, lepton

2 high-p, jets

(s=7Tev L=23f" CMS
m,. = 120 GaV « ey data
B(t—H'b)=0.05

Main backgrounds: 0 | - Diboson

< stat & syst. uncert.

SM decay of ttbar

2 leptons M>12 GeV = 2 jets os
Selection step
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Sources of systematic uncertainty for the effiency:

* o top

* t-fake events from data driven background extimation
* t-jet id & lepton + t misidentification rate

* b-tagging efficiency and misidentification rate
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Charged Higgs: results

From the combination of the 3 analysis

W L=23f7 CMS

il :h, and & Tinal statas

== (Mosorved
Expected median £1a | pE200 GeV

Expucted median -7 a

95% CL limit for B(t—H’b)
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For the MSSM scenario m, ™
Limit on the BR(t> H*b) Exclusion limit in the (m,,tanB) plane
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Neutral Higgs : ®°->bb

Production mechanism: Decay:
associated production with at least one b bb

two analyzes are performed

Selection:

hadronic b-decay: semileptonic b-decay:

4.8 fb'1 in collision at Vs = 7 TeV

4.0 fb1 in collision at Vs = 7 TeV

at least 3 b-tagged leading jets

at least 3 b-tagged leading jets
not-isolated p used to reconstruct

one of the leading jet
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Upper 95% CL limit on ¢ x BR(H— bb) [pb]

Neutral Higgs: ®°->bb

From the combination of the 2 analysis

S preliminary 2 Tys CMS 2.7-4.8 fb™ ys=7 TeV
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. MSSM m -max
. u=-200GeV

105

100 150 200 250 300 350 00 150 200 250 300 350

m, [GeV/c?] m, [GeV/c’]

—

For the MSSM m, ™M2* scenario
Limit on the o(pp=>b®) x BR(®->bb) Exclusion limit in the (m,,tanf) plane
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Production mechanism: Decay modes:

o

associated production

b-tag Category in the analysis T /u+u-
gluon fusion .

No b-tag Category in the analysis

—

Opp > @+ x [PD]
Gpp —h+X [ph]
%
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CMS

Neutral Higgs: ®%->t't

Trigger selection: combination of e/p/t =3 4.9 fb! atvs=7TeV
12.1 fb! at Vs =8 TeV

Selection:

isolated t-jet & isolated high-p, lepton
[to reject multijet bkg]

isolated e & isolated u

E,™ss in direction of visible t-decay [to reject W+jets bkg ]
2 high-p, jets

events are split in 2 categories

v N\

with at least one b-tagged jet with no b-tagged jet
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Neutral Higgs: ®%->t't

CMS Preliminary, s = 7-8 TeV, L = 17 fb"' T T, , CMS Preliminary, ys = 7-8 TeV, L= 17 fb" 1,7},

10x¢(160 GeV) — 11, tanp=8
—&— observed
C—Jz-w
B 7 ee
B clectroweak
| —
/] acb

10xp(160 GeV)—11, tanp=8
—®— observed
] Zote
B clectroweak
tt
 — N elels)

bkg. uncertainty

bkg. uncertainty

200 300 400 500
m.. [GeV]

Main background: irreducible Z>tt
QCD (jet-misidentifications)
W + jets .
Mass resolution is = 15 - 20%

26
LHC on the March — IHEP, Protvino 20-22 November 2012



CMS Preliminary, ys =7-8 TeV, L =17 fb'Te Ty,

10x0(160 GeV)—1r, tanpf=8
—8— observed N
 — AN
) Z-up
I electroweak [ electroweak
/] aco /] acp

bkg. uncertainty <g. uncertainty

Sources of systematic uncertainty for the efficiency:

* T-jet id/misidentification rate

* Jet/MEt energy scale

* b-tagging efficiency and misidentification rate

* uncertainty in lepton reconstruction, identification and isolation efficiencies
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Neutral Higgs: @%->t'tr

Limit obtained by scanning tan(pB) for each m,
by combining the four channels

CMS Preliminary, /s =748 TeV,L=17 fb!

.:E_ED

95% CL Excluded Regions

= 45 [ ] Observed

Expactad
'q'n = 1o axpacted
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35 LEP

30
25
20
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600 800
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CMS

Neutral Higgs: @°>u*y

* Small BR(p°>up)

* Full reconstruction of the final state

* Muons reconstructed very efficiently in CMS

* Very good mass resolution (almost
comparable to Higgs width)

tanp =50

150 200 250 300 350 400 450 500
m,.[GeV/c?]

/

150 200 250 300 350 400 450 500
m,.[GeV/c?]
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Trigger selection: isolated muon

Selection:
2 isolated & high p, muons
E,™ss veto [to reject ttbar bkg ]
2 high-p, jets
split the events in 2 categories
with one b-tagged jet with no
[to reject DY bkg ] b-tagged jet
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Neutral Higgs: @°>u*w

5fb~!atvVvs =7 TeV

CMS Freliminary 2011 Cat.l
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Mass resolution at Z-peak is = 3% .



Data driven approach for the MC is used only for the
background evaluation signal expectation

CMS Preliminary 2011 \[s=7TeV
m,=140GeV/c® tanf=50 Ccat.1

, unbinned fit

IL= 4.96fb
Y /ndf: 0.65
P(¥’): >0.99
A: -0.009 + 0.001 [(GeV/e®)']
0.022 + 0.004
: 1.000 + 0.004

0 0
100 150 200 250 300 350 400 450 500 550
m,. [GeV/c?]

Candidates/2 [GeV/c?]

HLT & p Rec. Eff. [%] 0. Systen1aﬁcs
2t 1) [%] for the efficiency

JES (Cat.2) [%]

JES (Cat.3) [%]

100 120 140 160 180 200 220 240 260 280 300
M,.,-[GeV/c?]

m 40 and ta

(not for o = B.R. vs. 1 4)
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Neutral Higgs: @°->u*y

LI N
CMS Preliminary 2011 Cat.l

M. =1TeV  m™ Scena:glio
Run201l |L= 4.96fb

——e— observed limit

Exclusion limit in the (m,, tanB) plane: v expected linit
...} expected limit = lo
for each m,, the minimum value of tanf3 ] expected Limit + 20

that excludes a signal at 95% CL is chosen.

CMS Preliminary 2011 Cat.l
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C.L. oxB.R.

250 300
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=
o
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From the limit on the ratio Oy55\/Osm
is obtained the limit on the oy, X B.R.
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Summary

1. Search, on 2.3 fb™! of data collected at CMS in pp collision at Vs = 7 TeV a LHC, for light
charged Higgs in t & bH* that decays in H* = tv

*  Limit on the BR(t>H * b) within 3%

Set upper limit at 95% CL the mass range [80,160] GeV starting from tanf =18

2. Search, on 4.8 fb™1 at Vs =7 TeV, for neutral Higgs ® - bb

Search, on 4.9 fb™1 at vs = 7 TeV and 12.1 fb™1 at Vs = 8 TeV, for neutral Higgs ® - t'T

Search, on 5. fb™! at Vs = 7 TeV, for neutral Higgs ® > u*u

L B B
obs CMS Preliminary 2011 Cat.l
exp (68%) M, =1TeV rn:“scenaj;lio
—— exp (95%) Run201l |L= 4.96fb
exp (semileptonic) —— observed limit

exp (hadronic) expected limit
: i } expected limit = 1o

} expected limit = 20

o=
__t__

T MSSM ﬁ'
) : MSSM m, -max
 u=-200GeV

250 300 350
m, [GeV/c?]

¢09t+t- 250 300

m,. [GeV/c’]
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Summary

1. Search, on 2.3 fb™! of data collected at CMS in pp collision at Vs = 7 TeV a LHC, for light
charged Higgs in t & bH* that decays in H* = tv

*  Limit on the BR(t>H * b) within 3%
Set upper limit at 95% CL the mass range [80,160] GeV starting from tanf =18
2. Search, on 4.8 fb™1 at Vs =7 TeV, for neutral Higgs ® - bb
Search, on 4.9 fb™1 at vs = 7 TeV and 12.1 fb™1 at Vs = 8 TeV, for neutral Higgs ® - t'T
Search, on 5. fb™! at Vs = 7 TeV, for neutral Higgs ® > u*u

[ T T T T 7
— obs CMS Preliminary 2011 Cat.l
exp (68%) M5, =1TeV  m, ™ scenario
—— exp (95%) Run2011 [L= 4.96fb
........ exp (sem“eptonic) —=— observed limit

L wrrennns exp (hadronic) |- BV e expected limit
T : } expected limit = 1o
e } expected limit = 20

o=
__t__

. _ aog::
MSSM ﬁ' ..........................
B : MSSM m, -max

= 200 GeV .

250 300 350
m, [GeV/c?]

P>t T
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CMS
|

Back-up
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CMS

References

1. Search for a light charged Higgs boson in top quark decays in pp collisions at Vs = 7TeV

2. Search for a Higgs boson produced in association with b quarks and decaying into a b-
quark pair

4. Search for SuperSymmetric Higgs boson states decaying into bb and produced in
association with b-quarks in events collected by semi-leptonic triggers in pp collisions
at at Vs = 7TeV

3. Search for MSSM Neutral Higgs Bosons Decaying to Tau Pairs in pp Collisions

4. Search for Neutral MSSM Higgs Bosons in the p*p final state with the CMS experiment
in pp Collisions at sv=7TeV
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The MC di-muon invariant mass distribution, for each signal hypothesis (mA, tan B), is fitted by:

Feig=a-Fgwpo+b-Fgwpo +(1 —a—b)- Egw 40

Each F is a convolution of Breigt-Wigner (BW) and Gaussian functions,
and contains 2 free parameters (mass and width) computed in the fit.

CMS Preliminary 2011

IR T he data di-muon invariant mass distribution is fitted by
: F= *1 - fBrn"F:_c_'.'rrm:ll:'!.} : "F:'l!:_t_'.' + .-rErn"I:_c_'.'rrm:Lr! ) E.II.'_-!_'.'
e S where the background is described by:
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Neutral Higgs: ®%->t't

Cross section pp at LHC at 8 TeV

Gipp — ¢ + X) [pb]
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The Higgs bosons
masses in the MSSM
m, M3 scenario.
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Decay mode Resonance | Mass (MeV/c*) | Branching fraction (%)
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— b~ %, - 770 26.0%
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i Chargead Higgs: tully hadronic channel
Trigger: isolated t-jet + large E,™ - 2.3 fbtin collision at vs =7 TeV
Selection:
* t-jet (p,>40 GeV & |n|<2.1) isolated [ to reject QCD multijet events ]
* R_> 0.7 [ based on t-polarization to reject W—=>1tv events ]
*at least 3 jet (high-p, & |n|<2.4) with at least 1 b-tagged jet S
* large E,™=s
* AD (T, E,™5 )<160° [ to reject QCD multijet events ]
* Isolated e/p veto

s=7TeV L=23f" CMS

Me=120GeV  # Tyishs duta Bkg extraction:
B{t=Hb)=005 ) T Rijets (from data) .
B EwK-+HI « (from data) = mllltlet — from Data —
I EWK T no.t (simul)
. ":::2'-::-::- stat. & syst. uncerl

by selecting events passing all Selection criteria except
T-id and weighting selected events by
jet—=> t-jet fake-rates measured in control region

¢ EWK + tt with T — from Data —
by selecting events with p instead of t-jet
and replacing reconstructed muonsby simulated t

L=

—
0 . ha

Data/Bkgnd
="

btag A< 160
Selection step

* EWK + tt with no T — from simulation —
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B Charged Higgs: semi-leptonic channel

Trigger: electron +2jet == 2.2 fb* in collision at ¥s =7 TeV
single muon 3 2. fbin collision at Vs = 7 TeV

Selection:

* isolated (cone 0.3) high-p, e/p

* t-jet (p>20 GeV & |n|<2.4)

* opposite charge for lepton/t-jet

» at least 2jet (high-p, & |n|<2.4) with at least 1 b-tagged jet
* large E,™sS

* isolated further e/p veto

{s=7TeV L=2.0fb" CMS {s=7TeV L=221" CMS

m, = 120 GV i, = 120 GeV L
. Al e =~ 2 Pl PR i Bkg extraction:
g process with misidentified t-jet
— from Data —
W+jets and ttbar are dominant

processes with t-jet
— from simulation —

ﬂ-
-ﬂﬁl_'.l."Jl?G

Drata/Bkond
=]

Selection step



m, M3 scenario

3.1.1 M""-scenario

For this scenario the main mvolved parameters for the MSSM Higgs sector
are the followings:

M, = 1743 GeV
| TeV
p = =200 GeV
M, 200 GeV
M; 0.8 Mgirsy
X, V6 Msu sy
Ay A,

.
where M, 1s the top mass, M5 1s the S fE_. gaugino mass parameter, M is
the gluino mass and Ay i1s the trilinear Higgs-bottom coupling. The other
symbols have been mtroduced in section 1.3.1. The parameters p and Ma
have been chosen close to their experimental lower bounds.

The main property of this scenario is that it maximizes the Higgs-boson
mass as a function of tan 3 for fixed M; and Mgygy (M < 135 GeV).
Therefore it’s the most conservative scenario to derive bounds on tan 3.
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