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ATLAS: Status of SM Higgs searches, 4/7/2012 

mγγ spectrum fit, for each category, with 
Crystal Ball + Gaussian for signal plus  
background model optimised (with MC)  
to minimize biases 
Max deviation of background model from  
expected background distribution taken  
as systematic uncertainty 

Total after selections: 59059 events 

Main systematic uncertainties 
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Figure 3: The diphoton invariant mass distribution with each event weighted by the S/(S+ B)
value of its category. The lines represent the fitted background and signal, and the coloured
bands represent the ±1 and ±2 standard deviation uncertainties on the background estimate.
The inset shows the central part of the unweighted invariant mass distribution.

A Higgs boson was discovored,  
but…�

Introduction 



No indication  
of SUSY ($ BSM)�



Observed Higgs Mass 126 GeV�

Severe constraints on  
MSSM parameter space 

(MSSM + light sparticles)�

MSSM 
+ 

heavy sparticles�
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Dirac Gaugino 
scenario 



Dirac Gaugino Scenario�

Gauge sector: N=2 extension  
                         � adj. chiral superfields added 
 
 

 

Matter sector: N=1 �

Φa=SU 3( ),SU 2( ),U 1( ) = ϕa ,ψ a ,Fa( )

Dirac gaugino masses from�

if                                 in hidden U(1) �

Fox, Nelson & Weiner (2012)�

  
L = d 2θ 2Wα

0Wa
αΦa

Λ∫ =
D0

Λ
λaψ a +…

 
D0 ≠ 0⊂ Wα

0 = θαD
0



Once gaugino masses are generated at tree level,  
 

sfermion masses are generated by RGE effects�

Sfermion masses @1-loop�

Flavor blind � No SUSY flavor & CP problems�

(a = SU(3)C,  
SU(2)L, U(1)Y)�

Dirac gauginos�

Sfermions�
� 4π/g�

LHC bounds relaxed 
 

(gluino/squark  
production suppressed)�

Kribs & Martin (2012)�
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A New Mechanism 
of D-term  

Dynamical SUSY Breaking 
Itoyama & NM (2012,2013)�



SUSY U(N) gauge theory  
 �������������������������     with adjoint chiral supermultiplets�

Gauge kinetic function� Superpotential�
 

L = d 4θK Φa ,Φa ,V( )∫
     + d 2θ Im 1

2
Fab Φa( )W aαWα

b + d 2θW Φa( ) + h.c.∫⎡⎣ ⎤
⎦∫

Kahler potential�
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d 2θFab Φ( )W aαWα
b∫ ⊃Fa0c Φ( )ψ cλ aD0 +Fab0 Φ( )F0λ aλ b

d 2θW Φ( )∫ ⊃ − 1
2
∂a∂bW Φ( )ψ aψ b

Dirac gaugino mass�

Fermion mass terms�



Fermion mass terms�
Mixed Majorana-Dirac type masses�
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d 2θFab Φ( )W aαWα
b∫ ⊃Fa0c Φ( )ψ cλ aD0 +Fab0 Φ( )F0λ aλ b

d 2θW Φ( )∫ ⊃ − 1
2
∂a∂bW Φ( )ψ aψ b

Dirac mass�

<F>=0 assumed�
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D ≠ 0& ∂a∂aW ≠ 0if�

Gaugino(m�) becomes massive  
by nonzero <D> 

 

� SUSY is broken�

 
D ≡ − 2

4
F0aaD

0



D-term equation of motion:�

Dirac bilinears condensation�

The value of <D0> will be determined 
 

by the gap equation�

 
D0 = − 1

2 2
g00 F0cdψ

dλ c +F0cdψ
dλ c( )



Potential analysis�

Work in the region where <F0> << <D0> and perturbative�

∂V D,ϕ,ϕ ,F = F = 0( )
∂D

= 0

∂V D,ϕ,ϕ ,F = F = 0( )
∂ϕ

= 0
D*,ϕ*,ϕ*( )
Stationary  

values�� gap equation�

F*,F*( )

3 constant  
background fields:�  ϕ ≡ϕ 0, D ≡ D0, F ≡ F0

 

∂V D = D* F,F( ),ϕ =ϕ* F,F( ),ϕ =ϕ* F,F( ),F,F( )
∂F

D,ϕ ,ϕ ,F fixed

= 0



D-term effective potential@1-loop�

 
λ ±( ) = 1

2
1± 1+ Δ0

2( ), Δ0 ≈
′′′F

′′W
D0 C2: constants�

1-loop part = CW potential 
gauge + adjoint chiral superfield contributions �
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Tree�



Gap equation�

Itoyama & NM (2012)�
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Trivial solution Δ0=0 is NOT lifted�
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Δ0*,ϕ* =ϕ*( )                 determined as the intersection point  
of two real curves in the                    plane   �Δ0*,ϕ =ϕ( )

ϕ Λ

Δ0

Solution of  
the gap eq.  
∂V/∂D=0�

∂V/∂φ=0�



                    E � 0 in SUSY 
 

� Trivial solution Δ0=0 is NOT lifted 
 

� Our SUSY breaking vac. is a local min.�

Δ0=0�
1 2 3 4 5

5

10

15
V(φ)�

φ�
 ! 0 ≠ 0



Metastability of our false vacuum�
<D> = 0 vacuum is not lifted  

� check if our vacuum <D>    0 is sufficiently long-lived� ≠

Decay rate of  
our vacuum�

1 2 3 4 5

5

10

15V(φ)�

φ�

Coleman & De Luccia(1980)�
Δφ � Δ0Λ (Λ: cutoff scale)�

ΔV � (mφ ΛΔ0)2� our vac.�

Long-lived 
 for mφ << Δ�Λ�
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Numerical samples of solutions for the gap equation  
& the stationary condition for φ�



Higgs Mass 
via D-term Effects�

Itoyama & NM (2013)�



 

LHiggs = d 4θ Hu
†e−gYV1−g2V2−2qugV0Hu + Hd

†egYV1−g2V2−2qdgV0Hd⎡⎣ ⎤⎦∫
          + d 2θµHuHd∫( )− BµHuHd + h.c.⎡

⎣
⎤
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Higgs Lagrangian�

Hu,d with U(1) charges qu,d assumed 
 
µ-term
�
qu + qd = 0�

<V0> = θ� <D0> �
additional Higgs mass@tree 
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Higgs mass�

Minimization conditions�



A plot for 126 GeV Higgs�



Summary�
!  Dirac gaugino scenario is  
       one of the interesting alternatives 
!  A new dynamical mechanism of 
                 D-term DSB proposed  
 

!  126 GeV Higgs mass possible  
         via D-term tree level effects  

Work in progress 
(w/ Itoyama & Shindou)�

Possibility of 126 GeV Higgs mass  
                  via top-stop loop effects�


