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Outline 

* The Scotogenic model

* neutrino mass generation and 
Dark Matter 

* Constraints from low energy and 
dark matter data



The scotogenic model is a possible extension of the 

standard model (SM), which allows to generate neutrino 

masses while providing viable dark matter candidates.



* One scalar doublet, 𝛈

* three singlet majorana fermions, 𝑵𝒌

* both 𝛈 and 𝑵𝒌 are odd under an exactly conserved 𝒁𝟐 symmetry.

*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. 

* Many options for the DM candidate have been explored:

# fermionic dark matter:
- 𝑵𝟏 being the DM           

- 𝑵𝟏 and 𝑵𝟐 are nearly degenerate and play the role of DM

# scalar dark matter:  the real component of the new scalar doublet

we shall choose 𝑵𝟏 to be the DM.

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

Particle contenet-

DM candidates



 INTERACTIONS OF NEW SCALARS

The interaction of the scalar particles with each other and the SM gauge 
bosons, W𝜌 and B𝜌, are described by 
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After electroweak symmetry breaking 
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Η+

1

2
(𝑆 + 𝑖𝒫)

𝜐 is the vacuum expectation value (VEV) of Φ. The VEV of 𝜂 is zero due to 
the 𝑍2 symmetry     



The new singlet fermions Nk are permitted to have Majorana masses 

and interact with other particles according to



 Radiative Neutrino mass 

generation



These expressions for m1;2;3 would permit cancellations among the terms in
with larger Yk than would the masses. Numerically, we adopt for definiteness



 The data on W and Z widths and the null results of 

direct searches for new particles at LEP imply that the 
inert scalar particles masses should satisfy

80 GeV ≤ 𝑚𝒮 and 100 GeV ≤ 𝑚𝑝



Fermionic Dark Matter: Scenario 

One:  only one candidate 

 N1 serve as cold DM,  important constraints can be 

imposed on     







(𝑚0 , 𝑚𝐻) = (190,190)

(𝑚0 , 𝑚𝐻) = (180,180)

(𝑚0 , 𝑚𝐻) = (170,170)

(𝑚0 , 𝑚𝐻) = (120,70)

(𝑚0 , 𝑚𝐻) = (70, 80)

(𝑚0 , 𝑚𝐻) = (60,80)



(𝑀1 , 𝑚𝐻) = (20,80)

(𝑀1 , 𝑚𝐻) = (40, 100)

(𝑀1 , 𝑚𝐻) = (30,90)

(𝑀1 , 𝑚𝑜) = (20,60)

(𝑀1 , 𝑚𝑜) = (40, 120)

(𝑀1 , 𝑚𝑜) = (30,100)



Satisfying both constraints at the same time may be so difficult 

for cold dark matter scenario.





Scenario 2: Two Nearly Degenerate Right-handed 

Fermions 
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* Using the results of the 2020 global fit, we found that the given set 

of benchmarks listed in table 1 does not satisfy the constraints from 

and

for the Dark matter and new scalar masses considered in that 

scenario.  

* Possibility to find viable parameter space still possible for large 

Dark matter and  new scalar masses. However, this turns to not be 

interesting phenomenologically. 




