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Neutrino masses are very different from other fermion masses. 

neutrino-specific mechanism to generate their masses ? 

Neutrino-specific mass term 

Majorana mass : 

(possible only for    ) 

Only the SM Higgs boson has vev. etc. 

to be compensated 

by scalar fields 

Introduction 
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Type-I Seesaw 

Good for experimental search 

Far from experimental reach 

Why small ? Radiatively generated? 

SM + 
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Our Model 

Fermion Boson 

No VEV 

Broken 

by 

Gauge Group : 

Not 

is forbidden 
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“Red particles” 

The lightest “red particle” is stable (dark matter). 

charges and dark matter 

Unbroken global U(1)       as an accidental symmetry  

SM particles +       : 

Integer or 1/3 

DM 

: 

: Half-integer (Interactions :                  etc.) 
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Mass of Dirac fermion 

Assumed to be DM 

Majorana mass of  

: 

: 

: Dirac mass term of  

(forbidden at tree level) 

L# 
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“Radiative Type-I Seesaw” with DM 
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Eaten by     boson 

Eaten by     boson 

Eaten by        boson 

Scalar Mass Eigenstates 



10/16 Example Set of Parameter Values 

DM 

Just an example 

DM 



11/16 

Hiroaki SUGIYAMA 

(Univ. of Toyama, Japan) 

based on ‘S. Kanemura, T. Nabeshima, HS, PRD85, 033004(2012)’ 

‘S. Kanemura, T. Nabeshima, HS, arXiv:1207.7061’ 

Contents  Introduction 
 Our Model  - “Radiative Type-I Seesaw” - 

 Summary 
 Phenomenology (      )  

Univ. of Toyama 



12/16 

Phenomenology  -       at LHC - 

for 

Very heavy ILC 
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Phenomenology  -       at ILC - 

for 

missing 

DM 
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Kinematical Cuts 
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Example 

after cuts 
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Summary 

Unbroken global Stability of DM 

symmetry 

Radiative Type-I Seesaw 

signal :  

@14TeV LHC (light      ) 

@  1TeV ILC (heavy     ) 

w/ 

TeV-scale 

Symmetry breaking 

Charge assignments 
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backup 
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“Radiative Type-I Seesaw” with Dark Matter 

can be fermionic dark matter 

Some conserved charge (U(1), Z2, etc.) ? 

Closed pass (loop) 

: Forbidden 

: Allowed 

breaks some symmetry 

(New VEV ?) 



19/16 A New VEV and New Fermion Masses 

Fermion masses in the SM 

Fermion masses beyond the SM 

Majorana mass of 

Mass of 

Dirac mass term of  
TeV-scale Type-I seesaw 

Radiative geneartion 
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Pairs of particle and antiparticle 

The lightest “red particle” is stable (dark matter). 

charges and dark matter 

Unbroken global U(1) 

Nontrivial interactions of “red particles” 

(Conservation of # of “red particles”) DM 



21/16 Heavier Fermions for Anomaly Cancelation 

Right-handed 

Left-handed 

SM gauge singlet fermion 
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DM (MEG :                         at 90% CL) 

Lepton Flavor Violation 
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Phenomenology - Dark Matter - 

DM relic abundance 

Not sufficient annihilation 

Large mixing 

Sufficient Annihilation 

looks like 

Maximal            mixing 

WMAP 

Model 
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DM Relic Abundance 

Model 
Model 

Marginal 

DM - Nucleon Cross Section 

(Scalar med. : Negligible) 

Sensitivity in XENON 1T (2017?) : 

WMAP WMAP 
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Phenomenology - Dark Matter at ILC- 

missing missing 

DM – lepton interaction 

DM might contribute 

to neutrino mass generation mechanism 

Compare         with           in XENON 1T 
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Kinematical Cuts 
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with 
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Around  
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XENON 100 (2012) 

XENON 1T (2017) 

DM - Nucleon Cross Section 


