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Recent experimental developmentsRecent experimental developments

Recent discovery of a Higgs boson with mass ~125 GeV at the LHC

Numerous experimental data show that neutrinos have mass and mix

The latest measurements have confirmed that the neutrino mixing parameter 
sinθ13  is not negligibly small

Astronomical observations imply that about a quarter of the total cosmic 
energy density is attributable to matter that is dark (nonluminous and 
nonabsorbing). 

Any realistic model of new physics needs to take into account all of these 
data.

One of the simplest scenarios that can accommodate them is the 
scotogenic model

DAYA-BAY, 2012
RENO, 2012
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Ingredients of scotogenic modelIngredients of scotogenic model

Beyond the standard model (SM), there are new particles

one scalar doublet, η

three singlet fermions, Nk

Both η and Nk are odd under an exactly conserved Z2 symmetry

but SM particles are even under Z2.

Being Z2 odd, the lightest one of the new particles is stable and 
can serve as a dark matter (DM) candidate.

We shall choose N1 to be the DM.

Neutrino mass is generated radiatively at the one-loop level.

Ma, 2006
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Interactions of new scalarsInteractions of new scalars
Ma, 2006

Deshpande & Ma, 1978
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Masses of new scalarsMasses of new scalars
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This is needed in order to satisfy both 

neutrino mass and relic density constraints
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Interactions of new scalarsInteractions of new scalars
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Interactions of new singlet fermionsInteractions of new singlet fermions

 .

  

.       
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Radiative neutrino masses                              Radiative neutrino masses                              

 . 

  .      

Ma, 2006
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PMNS neutrino mixing matrixPMNS neutrino mixing matrix

 . 

   .  

Conventional parametrization (PDG)
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Some simple forms of USome simple forms of U

      .   

    .

    .   

Suematsu, Toma, Yoshida, 2009

He & Zee, 2011

Gonzalez-Garcia et al., 2012
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Good choice of UGood choice of U

   .   

   .    

  . 

Ho & JT, 2013

Gonzalez-Garcia et al., 2012



J Tandean 14 Aug 2013 13

Neutrino mNeutrino mass eigenvaluesass eigenvalues

Diagonalization equation

Eigenvalues
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Neutrino mNeutrino mass diagonalization conditionsass diagonalization conditions

The vanishing of the off-diagonal elements of                                                         implies

These equations turn out to be exactly solvable for  Yek  and  Yμk  in terms of   Yk = Yτk   
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Solutions for Yukawa couplingsSolutions for Yukawa couplings

There is more than one set of the solutions. 

   . 

 

 

 

In total there are 27 possible sets of solutions

3 sets can each give only 1 nonzero ν mass

18 sets can each give 2 nonzero ν masses 

6 sets can each give 3 nonzero ν masses 
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Sample solutionsSample solutions

One of the solution sets that each yield 2 nonzero masses (set I)

Hereafter we employ one of the solution sets that each yield 3 nonzero masses 
(set II) 
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Some numbersSome numbers

    .    

For solution sets I & II

Gonzalez-Garcia et al., 2012
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Mass constraintsMass constraints

     .   

   .

Rodejohan, 2012
KamLAND-Zen, 2013

Gonzalez-Garcia et al., 2012
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Constraints from loop induced transitions                               Constraints from loop induced transitions                               

Radiative decay

Lepton anomalous magnetic moment

Ma & Raidal, 2001

MEG, 2013
PDG, 2012

Aoyama et al., 2012



J Tandean 14 Aug 2013 20

Dark matter constraintsDark matter constraints

Since N1 has been chosen to be the lightest of the new particles and serve as 
cold dark matter, it needs to account for the observed relic abundance, which 
therefore imposes bounds on Yl1 and hence Y1.

N1 annihilation diagrams

Annihilation cross-section (if the final leptons are massless)

Relic data (PDG)
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Dark matter constraints on Dark matter constraints on YY11

Illustrations of the relic constraints on |Y1|

Direct search constraints are still too weak. Since N1 can scatter off a nucleon 
mainly via its one-loop Z-mediated axial-vector interactions with quarks, the 
process is characterized by a spin-dependent cross-section that is relatively 
suppressed and in this case still orders of magnitude below the strictest limit to 
date, measured by XENON100 (2013).
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Scotogenic exotic decays of Higgs boson                                                                                         Scotogenic exotic decays of Higgs boson                                                                                         

   

  

             .

    .
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Scotogenic exotic decays of Higgs boson Scotogenic exotic decays of Higgs boson 

Examples of branching ratio of scotogenic exotic decays of a 125.5-GeV Higgs 
boson with couplings satisfying the various constraints.

LHC data allow the branching ratio of nonstandard decays                                
of the Higgs into invisible or undetected final-states to be                                   
as high as 19%-22% at 95% CL.

This restriction is not yet strong for the scenario considered.                   

Cheung, Lee, Tseng, 2013
Falkowski, Riva, Urbano, 2013

Giordano et al., 2013
Ellis & You, 2013
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Scotogenic effects on  Scotogenic effects on  hh    γγ  γγ  and  hand  h    γγZZ

Scotogenic contributions

Decay rates including SM contributions



J Tandean 14 Aug 2013 25

Scotogenic effects on  Scotogenic effects on  hh    γγγγ    and  hand  h    γγZZ

   .   

The scotogenic effects on the γγ and γZ modes are positively correlated.

There does not appear to be a clear correlation between BSPH and the 

scotogenic effects on the γγ and γZ modes.

The γγ predictions are compatible with one or more of the LHC data

Future data on the γZ channel will provide supplementary information.

Talk by A. De Roeck
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ConclusionsConclusions

We have explored for the scotogenic model of radiative neutrino mass 
some implications of the recent discovery of a Higgs boson at the LHC 
and experimental determination of sinθ13  that is not very small.

Employing a 2-parameter neutrino-mixing matrix consistent with the 
latest data, we derive simple solutions for the Yukawa couplings of the 
nonstandard particles in the model.

Such solutions are applicable to some other models of radiative neutrino mass.

Taking into account various constraints, we use the solutions to consider 
Higgs decays into final states containing the new particles.

Within the allowed parameter space the rates of such decays can be significant 
and are already bounded by the latest Higgs data.

We also look at how these exotic channels may correlate with the 
scotogenic effects on Higgs decays into γγ and γZ.

Upcoming Higgs data can then be expected to reveal hints of the new 
particles or impose further restrictions on the model. 
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