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W, Z, γ,

u, c, t, d, s, b, 

e, μ, τ , 

νe, νμ, ντ

???

Is it Higgs boson?

Unitarity violation 

WL

WL

WL

WL

(> 1 TeV )
~

1TeV

Non-linear σ model (low energy effective theory)

The limit of validity exists;

Global : SU(2)L×SU(2)R → SU(2)C

Gauge : SU(2)L×U(1)Y → U(1)EM

What we know

@      TeV scale, an important discovery exists!< 
~ 
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Hierarchy probrem

 The Higgs mass:

mh
2 / 2 = - m2 + δmh

2

δmh
2 ~  (yt

2/16π2) Λ2

~  (yt
2/16π2) MPl

2
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Supersymmetry

 One of the solution to the hierarchy problem.

(Quadratic div. terms of the Higgs mass are canceled.)

 Light Higgs

 GUT

+ R-parity

→ consistent with EWPM !

What will appear at the LHC?Introduction

Gauge coupling unification is also a plausible 

possibility. So, hereafter, we consider scenario 

which valid up to GUT scale perturbatively.
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MSSM Higgs mass

Loop: + Δmh
2

LEP bound

~(mh > 114.4 GeV)
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in a slightly heavy Higgs mass case??
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What is the SUSY Higgs prediction?

 Non-anomalous discrete R-symmetry case
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Discrete R-symmetry

Discrete R-sym. can forbid the SUSY-invariant mass term:

 Smallness of μ term:

Higher dim. Supergravity (e.g. superstring)

R-symmetry                discrete subgroup ZNR

When the R-sym. is linked to SUSY, the μ ~ m3/2 ~ 1TeV.

Electroweak scale μ term is naturally explained.

compactification
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 Cosmological constant
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( as we will discuss later )
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EW scale μ term

Minimal SUSY SU(5) GUT

(ZNR charge of Grassmann coordinate θ = α)

Additional contribution from extra matter is needed.

Yukawa & Majorana mass term 

Anomaly cancellation condition conflict

Discrete R-symmetry
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 Introduce vector-like matter as the extra matter

 The mass is generated through Giudice-Masiero mechanism

m  ~   1 TeV,

--- To realize a non-anomalous 
discrete R-symmetry ---

N= 4 or 20,     ex. N=4, 

 Requiring the perturbativity of gauge coupling constants up to 
GUT scale,

Anomaly cancellation condition:

Consistent !!

EW scale μ term:

Discrete R-symmetry
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 We introduce 10 + 10bar because it may couple to the 
up-type Higgs & change the lightest Higgs boson physics. 

New terms

Extra matter mass generated 
by Giudice-Masiero ~ 1TeV
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Below MSUSY, there are only SM-like Higgs doublet HSM

extra matter 

contribution

Stop loop

contribution
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Below MSUSY, there are only SM-like Higgs doublet HSM

~
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Numerical result:
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< Higgs mass >

Numerical result:

There are the allowed 
parameter even in 
small A term region!

Higgs mass can be heavier 
than MSSM case!

Unlike NMSSM, tanbeta
can be take a large 
value!

Discrete R-symmetry
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Considering non-anomalous discrete R-symmetry, 

Higgs physics become change. 

Furthermore,  if LHC will

report an unguessed Higgs

signal, can SUSY also

explain the signal?

Next question:

SUSY can also explain 

these signal 

In NMSSM + vector-like matter!



What is the SUSY Higgs prediction?

M. Asano, T. Moroi, N. Yokozaki

arXiv:1107.4523 

 Possibility of Mimicked Higgs signal



 Singlet behave like a SM Higgs at LHC 

for wide range of the singlet mass.

 The σsignal/σSM could take on a wide range of values.

NMSSM + vector like matter

Even if heavy Higgs like signal will appear at LHC,

Low-energy SUSY is not immediately excluded.

Mimicked Higgs signal
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How SM Higgs is mimicked

SM Higgs

production decay
g

g

t…
H H

W, Z

W, Z

Now, the most efficient production process is the 

gluon fusion which induced by the top-loop diagram.

Basic idea
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How SM Higgs is mimicked

SM Higgs

production decay
g

g

t…
H H

W, Z

W, Z

WW, ZZ decay

channel have

good sensitivity

except

light Higss mass region.  

ZZWW

γγ

Basic idea



Singlet +

vector-like matter

g

g

ψ
S S

×

ψ

W, Z γ

W, Z γ
S

H

W, Z

W, Z

How SM Higgs is mimicked

SM Higgs

production decay
g

g

t…
H H

W, Z

W, Z

 Procudtion:

vector-like matter loop.

 Decay:

mixing of S & H

Basic idea



Singlet +

vector-like matter

g

g

ψ
S

The singlet can behave like a SM Higgs!

S
×

H

W, Z

W, Z

How SM Higgs is mimicked

SM Higgs

production decay
g

g

t…
H H

W, Z

W, Z

Basic idea

The ratio of the cross section, pp → Higgs →VV:

=
Γ(S→gg) Br(S→VV)

Γ(H→gg) Br(H→VV)

S



How SM Higgs is mimicked 

at the LHC

more detail …
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more detailHow SM Higgs is mimicked

Motivated by NMSSM,
Vector-like matter 

mass:

Simplest setup

We introduce the gauge singlet superfield: S

N5-pairs of vector-like chiral multiplets: 

mu parameter in 
MSSM:

Parameters:

mh1 ,  h1~Hu
mh2 ,  h2~S
mh3 ,  h3~Hd
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at the LHC

Numerical results
Parameters:
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Results

Excluded by LEP Higgs search

The SM-Higgs-like signal at the LHC can be mimicked by 
the singlet scalar for wide range of the singlet mass.

(the RVV take also on a wide range of values.)



 It is possible that the singlet may behave as SM Higgs

for wide range of the singlet mass.

(e.g.  NMSSM + vector-like matter)

 Lightest neutral Higgs will also discovered.

 vector-like matter exists.

When Higgs signals are discovered at LHC,

can we identify that it is really Higgs discovery?

(If it is heavy, is low-energy SUSY immediately excluded?)

Mimicked Higgs signal

Answer is No. SUSY is not excluded immediately.



 Introduction 

 Why Higgs?

 Why low-energy Supersymmetry?

 What is MSSM Higgs prediction?

In this talk, 

 What is the SUSY Higgs prediction?

 Non-anomalous discrete R-symmetry case

 Possibility of Mimicked Higgs signal

 Summary

 Higgs sector has fruitful information of SUSY models

 Various Higgs signals can be also explained by SUSY



Higgs mass and the physics is very important 
information of the identification of the model 
in various SUSY models.

summary

Various Higgs signal may appear at the LHC even if the 
TeV new physics is low-energy supersymmetry.

Full understanding of the relation between 
model and Higgs LHC signal is important.



Thank you!
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