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Standard Model

Elementary 
particles:
 quarks 
 & 
 leptons

Fundamental 
interactions and 
the theories 
(electroweak and 
QCD) that describe 
the interactions

The only missing piece in the Standard Model is the Higgs 
boson, which is responsible for giving mass to the particles 
that should have mass.
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What we know about Higgs? 

Theory: 
Higgs mass is unknown

Experiments:
LEP(1989-2000) @ CERN -> 
        

Tevatron @ Fermilab ->
         

LHC @ CERN ->
  

 

 the lower bound of Higgs mass 114.4 GeV

One mass point Mh = 170 GeV excluded

Both ATLAS and CMS have simulation data, 
and wait for the restart of LHC. 

In this project, I used official simulation sample 
from ATLAS collaboration.
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Experiment search for Higgs

Higgs production at LHC and decay modes

 

 

Higgs production cross section and its decay branching 
ratio are functions of Higgs mass.
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SM Higgs -> γγ 
Signal and Background

:

 

                                                          

Signal processes

                                    Background processes
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SM Higgs -> γγ 
Signal Cross section (14 TeV, p-p collider) and backgrounds
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The cross section is evaluated by Higlu + pphtt, and the branching 
ratio is evaluated by HDecay
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SM Higgs -> γγ

 

 

Reconstruction the invariant mass of γγ <-> MHiggs = Mγγ

We have the signal and background in SM case,  which we will use to 
study the MSSM Higgs discovery potential after some efforts .
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Signal 
A Gaussian distribution

(fast simulation)

PTγ1>40 GeV, PTγ2>25 GeV
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MSSM Higgs sector
Minimal Supersymmetric Standard Model is the minimal extension to 
the Standard Model that realizes the Supersymmetry. 

In MSSM, there are five Higgs bosons:
two CP-even Higgs bosons, one CP-odd Higgs boson and two charged 
Higgs bosons, and hence there are four Higgs masses: 
Mh : mass of the light CP-even Higgs boson
MH : mass of the heavy CP-even Higgs boson
MA : mass of the CP-odd Higgs boson
Mc : mass of the two charged Higgs bosons 

Another parameter tanβ, the ratio of two neutral Higgs field vacuum 
expectation values, is introduced.

At the tree-level, only MA and tanβ are free parameters. 
=>
In Standard Model, we study the discovery potential along Mh axis. 
In MSSM, we study the discovery potential on the MA-tanβ plane. 
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Light CP-even Higgs Mass

On the MA-tanβ plane,  
The mass of light CP-even Higgs has an upper bound:

 

The exact value of the upper bound depends on several MSSM 
parameters. (so there is an upper bound of the upper bound!)

Rounghly, the upper bound is around 135 GeV.

Therefore, the possible mass of light CP-even Higgs is in the best 
discovery range of the Higgs -> Gamma Gamma.
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Light CP-even Higgs Mass
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FeynHiggs is used to evaluate the mass of Higgs
A point at the MΑ-tanβ corresponds to the mass of a light CP-even Higgs 

and its production cross section and branching ratios.

Mh = Mh(MA, tanβ)
σ = σ(Mh) = σ(Mh (MA, tanβ)), BR = BR(Mh) = BR(Mh (MA, tanβ))
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Higgs -> γγ, from SM to MSSM

The cross section and BR of light CP-even Higgs are different from those 
of SM Higgs. But, its shares the background with the SM Higgs.

In order to obtain  the MSSM signal , we rescale the SM signal by 
multiplying a factor:

and use the rescaled signal as the MSSM signal

σ and BR are evaluated on the MA-tanβ plane, using some programs 
from phenomenologists. 

cross section: Higlu+pphtt, FeynHiggs
branching ratio: HDecay, FeynHiggs

Nsig(MSSM) = δ Nsig(SM)

 δ= σBR(MSSM)/σBR (SM)
the ratio is evaluated under the condition 

that SM Higgs and light cp-even higgs share the same mass 
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SM cross section modification
We only have the SM simulation data at 120 GeV, but on the MA-tanβ 
plane, the light cp-even Higgs has different mass values, which means 
we need signals at other mass values. We have to add a modification 
factor to the SM signal (at 120 GeV) when its corresponding mass is not 
120 GeV. The factor is  , which I evaluated by Higlu and HDecay. 

α= σBR(Mh)/σBR (120GeV)
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Cut efficiency modification
The Nsig(MSSM) is before any cuts. Now we assume that the cut efficiency of 
MSSM case is the same as that of SM.
The cut efficiency is defined by:

 

λ= Nevent(after cuts)/Nevent(before cuts)
Modification factor:

χ=λ(mh) /λ (120)
Standard Model
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MSSM signal 

 

λ= Nevent(after cuts)/Nevent(before cuts)

χ=λ(mh) /λ (120)
cut efficiency modification

α= σBR(Mh)/σBR (120GeV)
cross section modification

 δ (Mh) = σBR(MSSM)/σBR (SM)
the ratio is evaluated under the condition 

that SM Higgs and light cp-even higgs share the same mass
SM->MSSM modification

Nsig(MSSM) = δαχ Nsig(SM)
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Conclusion

A method that use the SM Higgs -> γγ data to study the light cp-even 
Higgs -> γγ is developed and a significance map is presented.

Based on this method, we can study light cp-even Higgs -> γγ discovery 
potential in other benchmark scenarios.
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Backup:
Cuts for the SM Higgs -> γγ analysis

Cross sections after cuts
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Backup:
Background
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