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The SM problems

• Is there a theory that describes all the fundamental forces?

• Why are there 3 generations of quarks and leptons with different scales of mass? 

• Why Higgs mass is so small? 

• What is dark matter? 

• How the neutrinos acquire mass?



This is not a work about finding a solution to the 
SM questions



The SM problems

• Does exist a theory that describes all the fundamental forces?
• Why are there 3 generations of quarks and leptons with different scales of mass? 

• Why Higgs mass is so small? 

• What is dark matter? 

• How the neutrinos acquire mass?



Inert doublet model

Scotogenic Model
vs

Why?

We want to find a physical observable that help us to 
discriminate between both models.
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The inert doublet model



We can extend the SM adding two doublets charged under SU(2). The name of this model is 
THDM (1). The Inert doublet model adds a Z2 symmetry or a stabilizing symmetry. The new 
symmetry acts in the new particles of the model as follows 

The scalar potential is 

where              and          are reals.
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Expanding the fields around the vacuum, we will get

G. C. Branco et all. 10.1016/j.physrep.2012.02.002(1)
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The mass terms of the physical states are
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In addition, the parameters of our model have the next constrains
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Modelo Escotogénico
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The scotogenic model



The Scotogenic model (1) introduce a new Z2 symmetry, the same that was introduced 
in the Inert Doublet model and will act over the fields like

The model will generate neutrino masses at one loop. Comparing the model with the  
SM, the new fields/tems that will appear in the Lagrangian are
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Figure 1: Tree-level and radiative seesaw mechanisms.

exists no such study in the literature with the focus put on the neutrino sector in radiative
models, and we aim to start this enterprise by a study devoted to the RGEs of the Ma-

model. Naturally, this could be extended to other radiative models for neutrino masses,
such as the Zee-Babu model [25, 26] or the Aoki-Kanemura-Seto model [27, 28]. In par-

ticular the interplay between the scalar and the lepton sectors has the potential to reveal
interesting new effects, as we will already see in this study.

However, we want to stress that several studies are already available which investigate

e.g. limiting cases of our framework or subsets (or generalizations of subsets) of certain
sectors of the Ma-model. A particular example for such a case would be the investigations

of the RGEs of a general Two Higgs Doublet Model (THDM). Whenever applicable in
this paper, we will refer to the corresponding works treating these related frameworks.

This paper is organized as follows: In Sec. 2, we review Ma’s scotogenic model and
discuss the different effective theories arising when subsequently integrating out the heavy
neutrino fields. Next, in Sec. 3, we discuss in detail the matching conditions at the

boundaries between the respective theories, which in our case have to be consistently
imposed at 1-loop level. Our main results, the explicit RGEs at 1-loop level are presented

in Sec. 4. After that, we present a numerical exemplifying study (in a slightly simplified
framework) in Sec. 5, in order to illustrate how to use our results. We finally conclude in

Sec. 6.

2 Ma’s scotogenic model

The so-called scotogenic model has been discussed by Ma [24], and in the following we will
therefore call it Ma-model for simplicity. In this section, we will first review this model,

and then discuss some of its low-energy limits, which we will also use in our calculations
later on.
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The neutrino masses will be given by the new term

Radiative seesaw mechanism

(7)



We found the RGEs (1) for the Scotogenic model, where the most important for us is

Breaking of Z2
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where                   

The last equation shows that the parameter    could acquire negative values. If that 
happens the Z2 symmetry will be broken (2). Taking in account some considerations we 
realized and study of the Z2 breaking considering different mass values for N and    :
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1.- The mass of the light neutrinos, the vev and the mixing angles will not change 
so much in the different scales of energy, where the fermionic fields N are 
introduced.                     
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2.- Firstly we considered                                                   GeV.  

A. Merle, M. Platscher. 10.1007/JHEP11(2015)148(2)

A. Merle, M. Platscher. 10.1103/PhysRevD.92.095002(1)

(8)

https://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1007%2FJHEP11%25282015%2529148&v=b2fcf544
https://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E92%252E095002&v=ccb7578f


Numerical analysis
The steps were:
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- We calculated the values of the coupling h with a parametrization (1) at the scale 
of 5000 GeV.

- The parameters g1, g2, g3, Ye, Yu, Yd,     and       were evolved from 90 GeV scale up 
to 5000 GeV scale where we save their values.

р �Ðßß�ÈÐã ÂÐã Ü�ß�È�êßÐã ¨ͮϗ ¨ͯϗ ¨Ͱ ā w�ϗ wïϗ w�ϗ λͮ ā Èͯ
ͮ � Ͳͭͭͭ #�p ā

¨ï�ß��ÈÐã ãï ú�ÂÐßϜ
р `ÐÈ�ÈÐã êÐ��ã Â�ã V#� ��Â ÈÐ��ÂÐ ā � Ü�ßê°ß �� ÂÐã Ͳͭͭͭ #�p
�úÐÂï�°ÐÉ�ÈÐã Éï�ãêßÐã Ü�ß�È�êßÐã � �ã��Â�ã Èï�Ð È�ã �Âê�ã
�� �É�ß¨²� ā ê�È�°�É ß��ÐÉãêßï²ÈÐã ãï �úÐÂï�°ÑÉ � Â�ã �ã��Â�ã
��¼�ã �ãê� Ͷͭ #�pϜ

Figure: SÂÐê §Ðß ¨ͮϗ ¨ͯϗ ¨Ͱ

ͮͰ

р �Ðßß�ÈÐã ÂÐã Ü�ß�È�êßÐã ¨ͮϗ ¨ͯϗ ¨Ͱ ā w�ϗ wïϗ w�ϗ λͮ ā Èͯ
ͮ � Ͳͭͭͭ #�p ā

¨ï�ß��ÈÐã ãï ú�ÂÐßϜ
р `ÐÈ�ÈÐã êÐ��ã Â�ã V#� ��Â ÈÐ��ÂÐ ā � Ü�ßê°ß �� ÂÐã Ͳͭͭͭ #�p
�úÐÂï�°ÐÉ�ÈÐã Éï�ãêßÐã Ü�ß�È�êßÐã � �ã��Â�ã Èï�Ð È�ã �Âê�ã
�� �É�ß¨²� ā ê�È�°�É ß��ÐÉãêßï²ÈÐã ãï �úÐÂï�°ÑÉ � Â�ã �ã��Â�ã
��¼�ã �ãê� Ͷͭ #�pϜ

Figure: SÂÐê §Ðß ¨ͮϗ ¨ͯϗ ¨Ͱ

ͮͰ

- Having all the RGEs of the model, we evolved it from 5000 GeV to GUT scale and we 
go back from 5000 GeV to 90 GeV.

T. Toma, A. Vicente. 10.1007/JHEP01(2014)160(1)

(9)

https://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1007%2FJHEP01%25282014%2529160&v=cde88483


Figura 1: Plot for g1, g2, g3

We will take all the parameters and we will made a plot when we down in the scale of energy and

decouple the heavy fermionic fields MN .

We will run our RGEs to higher energies scales ir order to see where the simetry is broken.

7



Results

Figure: SÂÐê §Ðß Èͯ = ͯͭͭ #�p

ͮͱ

Figure: SÂÐê §Ðß Èͯ = ͵ͭͭ #�p

ͮͳ



Figure: SÂÐê û�É [@ͮ,@ͯ,@Ͱ] = [Ͳͭͭͭ, ͯͭͭͭ, ͮͲͭͭ] ϭ#�pϮ

ͮ͵

Figure: SÂÐê û�É [@ͮ,@ͯ,@Ͱ] = [Ͳͭͭͭ, ͱͭͭͭ, Ͱͭͭͭ] ϭ#�pϮ

ͮͶ

Changing the mass values for the fermions N and fixing the mass                        we have
p�ß°�É�Ð ÂÐã ú�ÂÐß�ã �� Â� È�ã� �� ÂÐã A ā đ¼�É�Ð Â� �Â Ü�ß�È�êßÐ ��
È�ã� Èͯ = ͵ͭͭ #�pϗ ê�É�ÈÐã

Figure: SÂÐê û�É [@ͮ,@ͯ,@Ͱ] = [Ͳͭͭͭ, ͮͲͭͭ, Ͷͭͭ] ϭ#�pϮ

ͮʹ

Figure: SÂÐê û�É [@ͮ,@ͯ,@Ͱ] = [ͮͲͭͭ, ͯͭͭͭ, Ͳͭͭͭ] ϭ#�pϮ

ͮ͵

Figure: SÂÐê û�É [@ͮ,@ͯ,@Ͱ] = [Ͱͭͭͭ, ͱͭͭͭ, Ͳͭͭͭ] ϭ#�pϮ

ͮͶ



Finding the observableObservables

γ
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�+ η+

η∗+

|

�̄

�+ η+

η∗+

A°

�̄

�+





η+

η+∗

ͯͮ

+ÈÜÂ�È�Éê�ÈÐã ÂÐã ÈÐ��ÂÐã �É @��¨ß�Ü �ÐÉ �Â §²É �� �É�ÐÉêß�ß
Â�ã ß�ãÜ��ê°ú�ã ã���°ÐÉ�ã �đ����ãϜ :Ðã ú�ÂÐß�ã ïê°Â°Ć��Ðã §ï�ßÐÉ
λͮ = ͭ.ͯͳϗ λͯ = ͭ.ͮϗ λͰ = ͭ.ͮϗ λͱ = −ͭ.ͮϗ λͱ = −ͮͭ−Ͷϗ
ÈV = ͵ͭͰ.ʹʹͲͲͶͭͲͲͱ #�pϗ È+ = ͵ͭͰ.ʹʹͲͲͶͭͲͶͮ #�p ā
È+ = ͵ͭͭ.ͶͱͲͲͳͳͮͶ #�pϜ ���È�ã Ü�ß� �Â ��ãÐ ��Â ÈÐ��ÂÐ
�ã�ÐêÐ¨�É°�Ð ïã�ÈÐã [@ͮ,@ͯ,@Ͱ] = [Ͷͭͭ, ͮͲͭͭ, Ͳͭͭͭ]#�pϗ
ͮͮ = ͭ.ͭͯͮͱͶϗ ͯͮ = −ͭ.ͭͳͯͰʹ ā Ͱͮ = ͭ.ͭ͵ͯͶͲϜ

:� ã���°ÑÉ �đ��Ć Ð�ê�É°�� Ü�ß� σ�+�⇒η+η− Ü�ß� ���� ÈÐ��ÂÐ §ï� ��

σ+�@ = ͭ.ͭͭͮͶͯͯ [Ü�]

σZ�ÐêÐ = ͭ.ͭͭͮ͵ͭͶ [Ü�]

ͯͯ



El Modelo Estándar de la física de partículas

�ã ðê°Â ��đÉ°ß Â� proporción del canal ° ϯÐ �ß�É�°É¨ ß�ê°Ðϰ �ÐÈÐ

V(°Ё�ã°ÈÐ ÈÐ�Ð �� ����°È°�ÉêÐ) = Γ°
ΓêÐê

ϯͯϰ

Ϝ
@Aͮ,@Aͯ = [͵Ͳͭ, ͮͭͭͭͭ]#�p
@AͰ = ͮͭͭͭͭ #�pϜ
Èͯ = ͵ͭͭ #�pϜ
ÈV = ʹͶͶ,ͶͶ #�pϜ
È+ = ͵ͭͭ,ͭͭ #�pϜ
È+ = ͵ͭͮ,͵͵ #�pϜ
Èͯ

νͮ = [ͭ, ͭ,ͭͭͮ] �pϜ
λͮ = ͭ,ͯͳ
λͯ = [ͭ, ͭ,Ͳ]Ϝ
λͰ = ͭ,ͮϜ
λͱ = −ͭ,ͮϜ
λͲ = ͮͭ−ͶϜ

��
Ͱї

||
Ͱї

τ+τ−

ͳї

¨¨

Ͷї

q+q−

ͯͮї

��

Ͳʹї

Branching ratios del Higgs del SM
Sß°É�°Ü�Â�ã ÈÐ�Ðã Ü�ß� È х ͮͯͲ #�pϜ
:Ðã ��È�ã Ð�ïÜ�É < ͮїϜ �Éêß� �ÂÂÐã

γγ : ͯ× ͮͭ−ͮ%

ℓ+ℓ−ℓ+ℓ− : ͮ× ͮͭ−ͯ%

Ͳ

Sylbain Blunier. et all. 10.1103/PhysRevD.95.075038(1)

https://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E95%252E075038&v=f6300607


Thanks!
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The SM “problems"

• Does exist a theory that describes all the fundamental forces?



Gravity?


