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MSSM

light charged Higgs @ ATLAS

• Charged Higgs also appear in the Higgs triplet, the Little-
Higgs, the left-right symmetric model and NMSSM, but lets 
consider MSSM here only                                              
⇒ 5 Higgs bosons: h, H, A and H±

•MSSM is a Two Higgs-Doublet Model (2HDM) Type II, 
meaning, the up-type fermion mass is provided by the first 
and the down-type fermion mass is provided by the second 
Higgs doubelt 

• However MSSM is more constrained than the SM 
extended with a second Higgs-doublet
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light charged Higgs @ ATLAS

WHY LIGHT?

• light means: mH± < mt + mb                                    
⇒ production via t-decays

• heavy means: mH± ≥ mt + mb                                                  
⇒ production via gluon-gluon or gluon-quark fusion

• these two scenarios have to be distinguished, as also decay 
channels change at the mt-threshold
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Figure 4.5: (a) Cross section for MSSM charged Higgs boson production for 14TeV pp collisions for
different H± masses [42]. (b) Branching ratios of charged Higgs boson decays into cs̄, tb̄, τν in the
MSSMmh-max scenario as calculated by FEYNHIGGS for light and heavyH± [37].

τν coupling. The distinct signature of τ -jets in the final state allows for suppression of the
backgrounds.
The branching ratios of other decays involving lighter Higgs bosons and the W boson are
very small. But again the situation changes for the NMSSM where these decays may be-
come dominant.
At higher masses also the decay channels into chargino-neutralino pairs H+ → χ+

i χ0
j in

the MSSM open up and the branching ratios into Standard Model particles decrease.

4.2.5 Final States with τ Leptons

In the MSSM the decay of light charged Higgs bosons into a charged τ lepton and τ neutrino is
preferred for most of the parameter space (tanβ > 3). This decay mode is therefore of particular
interest for H+ searches. The selection of such final states is complicated since τ leptons are not
directly detectable. Instead they decay weakly with a life time of τ = 290.6 × 10−15 s, corre-
sponding to cτ = 87µm, well before reaching the detector. The observation of τ leptons is only
possible by reconstruction of their visible decay products. A large variety of decay modes, listed
in Table 4.2, has to be taken into account.
A fraction of 35.2% of the τ lepton decays is into leptons while the remaining 64.8% include
hadrons. The hadronic decay products appear as a hadron jet in the detector called τ -jet. Depend-
ing on the number of charged particles in the final state, the hadronic decay modes are divided
into one-prong, three-prong, etc. decays. Because more than 99% off all hadronic decays contain
one or three charged particles an important property of τ -jets is low charged track multiplicity. In
addition, since τ leptons at the LHC are mainly produced in decays of W and Z bosons and also
H± bosons, the decay products are highly energetic and collimated resulting in a distinct shower
shape in the calorimeters. In 72% of all hadronic τ -decays the charged hadrons are accompanied
by π0s which have a very short life time of (8.4 ± 0.6) × 10−17 s and decay with a branching
ratio of 98.8% into two photons. These photons deposit additional energy in the electromagnetic

light charged Higgs @ ATLAS

H± X-SECS @ LHC @ 14 TEV
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Production cross section of charged 
Higgs at the LHC in the mhmax-scenario

after 14 TeV Analysis:
(@ tanß=20)

7 Events(150 GeV)
20 Events(130 GeV)
78 BkgEvents(ttbar)

left per 1 fb-1



light charged Higgs @ ATLAS

LIGHT H± DECAY

• the τ-lepton 
decays ~65% 
hadronically, 
else leptonically
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very small. But again the situation changes for the NMSSM where these decays may be-
come dominant.
At higher masses also the decay channels into chargino-neutralino pairs H+ → χ+
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the MSSM open up and the branching ratios into Standard Model particles decrease.

4.2.5 Final States with τ Leptons

In the MSSM the decay of light charged Higgs bosons into a charged τ lepton and τ neutrino is
preferred for most of the parameter space (tanβ > 3). This decay mode is therefore of particular
interest for H+ searches. The selection of such final states is complicated since τ leptons are not
directly detectable. Instead they decay weakly with a life time of τ = 290.6 × 10−15 s, corre-
sponding to cτ = 87µm, well before reaching the detector. The observation of τ leptons is only
possible by reconstruction of their visible decay products. A large variety of decay modes, listed
in Table 4.2, has to be taken into account.
A fraction of 35.2% of the τ lepton decays is into leptons while the remaining 64.8% include
hadrons. The hadronic decay products appear as a hadron jet in the detector called τ -jet. Depend-
ing on the number of charged particles in the final state, the hadronic decay modes are divided
into one-prong, three-prong, etc. decays. Because more than 99% off all hadronic decays contain
one or three charged particles an important property of τ -jets is low charged track multiplicity. In
addition, since τ leptons at the LHC are mainly produced in decays of W and Z bosons and also
H± bosons, the decay products are highly energetic and collimated resulting in a distinct shower
shape in the calorimeters. In 72% of all hadronic τ -decays the charged hadrons are accompanied
by π0s which have a very short life time of (8.4 ± 0.6) × 10−17 s and decay with a branching
ratio of 98.8% into two photons. These photons deposit additional energy in the electromagnetic

Branching Ratios of the charged Higgs in the MSSM, 
in the so called mhmax-scenario



light charged Higgs @ ATLAS

PROBLEMS

• B-Factory (flavour physics) 
measurements already give strong 
constraints on the charged Higgs 
mass (mH± < 295 GeV)

• Light charged Higgs seems 
excluded for Type II 2HDM

•⇒ if H± realized in nature:        

heavy is favoured
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Summary
constraints on the charged Higgs are currently dominated by indirect 

mesurements;

studying charged Higgs  effects in flavour physics will remain important 
also after direct discovery of H ;

optimal observables have to compromise between theory and experiment 
uncertainties;

new results with full data samples collected at B-factories coming soon;

TYPE II 2HDM

Indirect measurements: 
charged Higgs mass

constraints 



light charged Higgs @ ATLAS

• Use: Trigger , Missing-ET, b-tagging, Tau-Identification
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The τ(had)+lep Channel

what we are looking for irreducible SM - background

4.2 Charged Higgs Boson Production and Decay at the LHC 29

g
t

t̄

b̄

W−

H+

b τ

ντ

ν̄#

#
a)

g
t

t̄

b̄

W−

W+

b τ, q̄′

ντ , q

ν̄#

#
b)

Figure 4.4: (a) Light charged Higgs boson production in decays of top quarks at the LHC and (b)
Standard Model tt̄ production and decay. The latter constitutes the irreducible backgroundwith theW
decay into a τ lepton and the reducible background with theW decay into quarks.

4.2.4 Decays of Charged Higgs Bosons

The decay modes of charged Higgs bosons include qq̄′, τν, Wh/H/A and sparticle final states.
Figure 4.5(b) shows the branching ratios of the most important decay modes into Standard Model
particles as a function of the charged Higgs boson mass for the MSSMmh-max scenario according
to FEYNHIGGS.

• Light Charged Higgs Bosons:
The decay H+ → τν is dominant for tanβ > 3 and therefore the favored search channel
below the threshold for decays into top quarks. The decay H+ → cs̄ has a not-negligible
branching ratio only for tanβ < 3, see Equation (3.15), because the H+ → τν coupling
decreases for low tanβ. In spite of the low branching ratio, this process may be observable
at the LHC due to the clear signature of the reconstructible invariant mass peak.
Due to the mass relation (3.11), the decays H+ → W ∗h/A/H are kinematically sup-
pressed. They can only proceed via off-shell W ∗ bosons and are negligible for the MSSM
charged Higgs boson searches. These channels are, however, important in the NMSSM due
to larger mass splittings. In this case the decay channel with an on-shell W boson opens
and becomes dominant for a large mass range [43].

• Heavy Charged Higgs Bosons:
For heavy charged Higgs bosons, the decay H+ → tb has the highest branching ratio in the
MSSMmh-max scenario. Especially at low tanβ the branching ratio is close to one. In this
decay channel a direct measurement of the mass of the charged Higgs boson is possible, but
the complex jet final state is difficult to reconstruct.
For higher tanβ, the tauonic modeH+ → τν becomes sizable due to the enhanced H+ →

→had+ντ-

• Irreducible background: means that it is kinematically not 
distinguishable from the signal signature



light charged Higgs @ ATLAS

WHAT ARE WE DOING
RIGHT NOW

• Find suited Triggers for this channel (Trigger Studies)

• To Do: Cut so hard, that only the signatures shown on the last 
slide are left (optimized Baseline Cuts)

• Cross check analysis on data

• Soon: Use Toolkit for MultiVariateDataAnalysis (TMVA)    
for further signal-background distinction

• Estimate the remaining SM-Background from data  
(Embedding - technique?)
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light charged Higgs @ ATLAS

OUR GOAL

• Combine different light charged 
Higgs channels and improve 
existing exclusion limits for 
MSSM parameter space with 
first ATLAS - Data                 
(End of 2011 ~ 1 fb-1@ 7 TeV)

• Sensitivity suggests exclusion 
improvement, if systematics are 
under control and small
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Overview The Tevatron Results Summary Indirect Searches Direct Searches

DØ Global Fit
Exclusion
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Overview The Tevatron Results Summary Indirect Searches Direct Searches

DØ Topological Search
Results 2

Limits assume B(t → τντ ) = 1
Use modified frequentist approach
Exclusion regions based on mmax

h scenario FeynHiggs

 [GeV]±Hm
80 100 120 140 160

b)+
 H

!
U

pp
er

 li
m

it 
on

 B
(t 

0
0.05

0.1
0.15

0.2
0.25

0.3
0.35

0.4
0.45

0.5
 1 sd±Expected 

Observed

-1D0 0.9 fb

 [GeV]±Hm
80 100 120 140 160

b)+
 H

!
U

pp
er

 li
m

it 
on

 B
(t 

0
0.05

0.1
0.15

0.2
0.25

0.3
0.35

0.4
0.45

0.5

 [GeV]±Hm
80 100 120 140 160 180

)"
ta

n(

20
40
60
80

100
120
140
160
180
200
220

-1D0 0.9 fb
Theo

ret
ica

lly
 In

ac
ce

ss
ible

Expected

Observed

 [GeV]±Hm
80 100 120 140 160 180

)"
ta

n(

20
40
60
80

100
120
140
160
180
200
220

Phys. Rev. D 80, 051107(R) (2009) DØ

P. Gutierrez (Universities of Oklahoma) Charged Higgs 2010 Uppsala Sept. 27, 2010 15 / 28

current exclusions by DØ

FERMILAB-PUB-09/393-E



light charged Higgs @ ATLAS

THANK YOU FOR YOUR 
ATTENTION !
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DO YOU KNOW ATLAS?
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light charged Higgs @ ATLAS

MHMAX - SCENARIO - 
PARAMETERS
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Table 4.1: Parameters of themh-max scenario.

Name Parameter Value / GeV

Sfermion masses MSUSY 1000
Stop mixing Xt 2000
Higgs mass parameter µ 200
Gaugino masses M2 200
Gluino mass M3 800
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Figure 4.3: Masses of the light CP-even (mh), the heavy CP-even (mH) and charged Higgs bosons
(mH±) as a function of the mass of the CP-odd Higgs boson mA for two values tanβ = 5 and
tanβ = 40. The numbers are evaluated for the mh-max scenario and mt = 171.4GeV using the
software FEYNHIGGS [36, 37].
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4.2 Luminosity and Cross Sections 25
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Figure 4.2: Predictions for Standard Model production cross sections and event rates at a luminosity
of 1034 cm−2s−1 as a function of the center-of-mass energy

√
s. The left part shows the values for

pp̄ collisions around 1.96 TeV at the Tevatron and the right part for pp collisions around 14 TeV at the
LHC [30].
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