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SM Higgs Boson 
EWSB accomplished by a single Higgs boson.	


Higgs mass is only free parameter. 
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Quadratic Sensitivity 

A quantum loop is quadratically divergent.  Higgs	

Mass, connected to Higgs vev, is unstable to the	

Highest mass scales in the theory.	
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Statics and Dynamics of Higgs Mass 

Principle: SUSY, Xdim,  
Little Higgs, Compositeness, etc. 

Top squarks, radion, 
T-odd top partners, etc. Gluinos, KK Gravitons, etc. 

SUSY: + 
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Minimal Supersymmetric Standard Model 
Martin, hep-ph/9709356	


If supersymmetry masses heavy (greater than all the	

SM masses), 4 Higgses {H+,H-,A,H} form a heavy, decoupled doublet, 
and h remains a light field, which behaves just as the Standard Model 
Higgs boson.	


Supersymmetry predicts mass of h field to be less than 	

About 135 GeV.  I.e., compatible with data.	

Challenge: Superpartner masses accessible at LHC when mH=126 GeV.	
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Two Higgs Doublets of Supersymmetry	

Supersymmetry requires two Higgs doublets. One to give 
mass to up-like quarks (Hu), and one to give mass to down 
quarks and leptons (Hd).	


8 degrees of freedom. 3 are eaten by longitudinal components 
of the W and Z bosons, leaving 5 physical degrees of 
freedom: H±, A, H, and h.	


As supersymmetry gets heavier (m3/2 >> MZ), a full doublet 
gets heavier together (H±,A,H) while a solitary Higgs boson 
(h) stays light, and behaves just as the SM Higgs boson.	




Heavy Higgs Prospects at the LHC 
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hep-ph/0204087 
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CLIC CDR 
3 TeV, 2 ab-1 
results 

Discovery of HA 
and H+H- nearly 
Ecm/2, and is 
nearly tanβ 
independent.	


Precision 
measurements 
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Higgs boson is very special… 

The |H|2 operator is the only gauge-invariant, 
Lorentz invariant relevant operator in the 
Standard Model. 

Other relevant operators include: 
Neutrino physics. 

Lepton # 
Not in SM. Lorentz spinor Lorentz Tensor 
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New Opportunities with Higgs 
Relevant Operator 

The |H|2 operator gives us a chance to see states 
that we could never have otherwise seen before.   

Generic couplings of Higgs to SM singlets, hidden 
sectors, etc 

(Generic coupling) 

(Possible coupling with extra U(1)hid) 
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Simple, Non-Trivial Hidden World 

Probably simplest theory is a Hidden-Sector 
Abelian Higgs Model. 

A complex scalar charged under U(1)X. The particle 
spectrum is a physical Higgs boson and an X 
gauge field. 
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Lagrangian 
Consider the SM lagrangian plus the following: 
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Canonical Kinetic Terms 
First, we make kinetic terms canonical by 

The covariant derivative is shifted to 
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Higgs Masses and Mixings 
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Collider Searches for Z’ 

Kumar, JW 0606183 

Undetectable 

CLIC study should be done, especially for low MZ' and low η	


14 TeV LHC with 100 fb-1 of data 
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As for the extra Heavy Higgs: 
Two Paths to LHC Discovery 

Within this framework, we studied two ways to find  
Higgs boson at the LHC: 

1)  Narrow Trans-TeV Higgs boson signal 

2)  Heavy Higgs to light Higgs decays (ignore that here) 

Bowen, Cui, JW, '07 
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Narrow Trans-TeV Higgs Boson 

When the mixing is small, the heavy Higgs has 
smaller cross-section (bad), but more narrow (good).  

Investigate Point C example 
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Signal 
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H->WW->jjlν	


H->WW 
(solid) 

WWjj 
(dashed) 

ttjj  
(dotted) 

Between 1.0 & 
1.3 TeV 13 
signal events in 
100 fb-1 vs. 7.7 
bkgd 

Techniques: Atlas & CMS 
TDRs and Iordanidis, 
Zeppenfeld, ‘97 
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Difference from SUSY heavy Higgs boson 

SUSY heavy Higgs has qualitatively different behavior: 

Haber et al. ‘01 

Heavy Higgs decays 
mostly into tops or 
bottoms (or susy 
partners) depending 
on tanβ. 



Results at CLIC 3 TeV 
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Light Higgs accidentally narrow 

Light Higgs boson especially susceptible to new decay modes. 

126 GeV 
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Sources of Invisible Decay Contributions 

Many ideas lead to invisible Higgs decays -- possible 
connections to dark matter.  

Simplest of all is the addition of a real scalar field with Z2. 

S 

S 

H 

Example from Abelian Higgs Model with fermions: 

Joshipura et al. ‘93 ;  
Binoth, van der Bij, ‘97, many others 
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Light Z’ and Higgs Decays 
With tiny kinetic mixing, a very low Z’ mass is possible 
in this framework. The light Higgs, however, could 
couple to it well with impunity. This leads to  

H->Z’Z’ -> 4 leptons signature  

H Z’ 

Z’ 

 l+ 
 l- 

 l’+ 

 l’- 
Gopalakrishna, Jung, JW, ‘08 

x 

x 

Z 

Z 
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Conclusions 

CLIC enables discovery reach and precision measurements 
of supersymmetry's heavy Higgs bosons up to nearly Ecm/2, 
which can be much higher than LHC for Ecm > 1 TeV.  

CLIC enables discovery of mixed-in heavy singlet Higgs 
bosons well beyond the LHC reach in both high mass and 
low mixing angle parameter space. 


