
Ⅰ. Motivation 

•Mixed complex scalar model 
• One of models realizing WIMP and ADM scenarios 
• GeV-mass WIMP is allowed due to an additional fermion 

=> It is needed to distinguish between  
     GeV-mass WIMP and ADM scenarios!

Ⅱ．Mixed complex scalar WIMP scenarios

Particle contents

Scalar potential

Yukawa 
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New global symmetry
SU(3)C SU(2)L U(1)Y U(1)X

Left-handed lepton Li 1 2 �1/2 +1
Right-handed lepton ei 1 1 �1 +1
SM Higgs doublet H 1 2 +1/2 0

Inert scalar doublet ⌘ 1 2 +1/2 �1
Inert scalar singlet s 1 1 0 �1
Majorana fermion  1 1 0 0
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Interactions of the WIMP �1

Parameter set

Relic density of DM                                                  Planck(2015) 
Direct and indirect detections   

Collider experiments 
・Charged scalar mass　　　                                   ATLAS(2014) 
・Invisible decay 
                       　　　　                                      ATLAS(2015) 
・Future prospect of inv. decay search at ILC250 
　 

Ishikawa (LCWS14)

Experimental limits

BR(h !inv.)< 0.29 (95% CL) for m�1 < mh/2

m⌘± > 93.1 GeV (95% CL)

Ⅲ．Numerical analysis Results

BR(h ! inv.) < 0.69% (95%CL)

•WIMP scenarios in the model with a Majorana fermion 
• We have found that there are some parameter regions 
consistent with experimental limits  
• Allowed regions can be tested through future 
colliders and direct detections

Examples of dark matter (DM) scenarios
・Weakly Interacting Massive Particle (WIMP)
　Freeze-out from thermal equilibrium→
・Asymmetric Dark Matter (ADM)
　Relation between relic densities of DM and baryon
                                                   →

 →                 is required
Complex scalar DM models can realize both WIMP and 
ADM scenarios in same DM mass regions
                               .

mWIMP ⇠ O(1) TeV

mADM ⇠ 5mB ⇠ O(1) GeV

Examples of GeV-mass WIMP: Mixed sneutrino models

Final goal：Distinction between 
                    GeV-mass WIMP and ADM scenarios
This poster：Testability of WIMP scenarios 
                       in non-SUSY effective theory 
                       of the mixed sneutrino models

M. Kakizaki, E.-K. Park, J.-h. Park, A. Santa, PLB 749, 44 (2015), etc.

WIMP scenarios
An annihilation mode via a Majorana fermion
contributes to the relic density
→GeV-mass WIMP is allowed

L ⇠ (LSM + L⌫R)⇥ SUSY + LSUSY

Ⅳ. Summary

→Dominant ann. mode of GeV-mass WIMP

Non-SUSY effective theory of mixed sneutrino models

+
Y

2
sin ✓� [⌫̄(1� �5) �

⇤
1 + h.c.] + · · ·

⌦h2 = 0.1197± 0.0044 (95% CL)
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Higgs pole (                      )                        m�1 ⇠ mh
2GeV-mass WIMP case The allowed

region can be
tested by

Higgs boson 
invisible decay 

searches at 
future colliders!

The consistent 
region can be 

reached at future 
direct detections!

The mass 
relation can be 
distinguished 
through future 

direct 
detections!

Heavy WIMP case 1 (                 )m�1 ⌧ m�2 Heavy WIMP case 2 (                 )m�1 ⇡ m�2
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Parameter Scan bound / Reference value

Y 1

m�1
[10 MeV, 1.5 TeV]

m�2
[100 GeV, 16.5 TeV]

sin ✓� [0.001, 1]
m [10 MeV, 1.01 TeV]
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We referred to the mixed 
sneutrino models for   
M. Kakizaki, E.-K. Park, J.-h. Park,  
A. Santa, PLB 749, 44 (2015)
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