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The SM problems &

* |s 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? (
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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?




We want to find a physical observable that help us to
discriminate between both models.

Inert doublet model
VS

Scotogenic Model




The inert doublet model
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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 Z> symmetry or a stabilizing symmetry. The new
symmetry acts in the new particles of the model as follows

n o — -0
SM — SM (1)

The scalar potential is
V. = migTe+ minTn+ M(670)" + Xa(n'n)’ + As (o) (nn)

A (2)
+ A(e'm)(n'e) + S [(6'n)" + (n'e)’],

where m? m? and A\_s are reals.

Expanding the fields around the vacuum, we will get
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(1) G. C. Branco et all. 10.1016/j.physrep.2012.02.002
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The mass terms of the physical states are

m(bz = 2)\1V2,
2 2 )\3 2
A3 Ay + As
mi = me G ()
A Ay — A
mI2 _ m%_|_23V2_|_<42 5> 2

In addition, the parameters of our model have the next constrains

AMp > 0
A3 > — VA
A3+ A — [As] > —V/ A
A+ X5 < O
A <0



The scotogenic model
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The Scotogenic model (1) introduce a new Z> 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

1. n=(2,1/2).

2. Ni ~ (1,0), that will have a Majorana mass term given by
—INIM;NE, with Mj; a matrix.

3. The Yukawa coupling Ly,rawa O —h,-j-NgﬁleL + h.c. (with 7 = ioon*).

(1) Ernest Ma. 10.1103/PhysRevD.73.077301



https://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E73%252E077301&v=dfe13634

The neutrino masses will be given by the new term
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Radiative seesaw mechanism



Breaking of Z2

We found the RGEs (1) for the Scotogenic model, where the most important for us is
Dm5 = 6X;m5+2(2X3 + A\y)ms 4+ m5 2T, — g(g$ + 393)] (8)
—  4Tr(MyM3hhT),

where T, = Tr(hTh).

The last equation shows that the parameter m35 could acquire negative values. If that
happens the Zo symmetry will be broken (2). Taking in account some considerations we
realized and study of the Z> breaking considering different mass values for N and 7 :

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
iIntroduced.

2 - Firstly we considered [Mi, M2, M3] = [900, 1500, 5000] GeV.

(1) A. Merle, M. Platscher. 10.1103/PhysRevD.92.095002
(2) A. Merle, M. Platscher. 10.1007/JHEP11(2015)148



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 03(-

The steps were:

- We calculated the values of the coupling h with a parametrization (1) at the scale
of 5000 GeV.

h=+vA RV Ut (9)

m?2 m?2 m?2 m?
) : p) log 2R A2 I p) log 2I
mg — My, My, m; — My, My,

- The parameters g1, gz, 93, Ye, Yu, Ya, A1 and mj were evolved from 90 GeV scale up
to 5000 GeV scale where we save their values.

M,

Ni= (47)?

- 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.

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



https://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1007%2FJHEP01%25282014%2529160&v=cde88483
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Figure: Plot for m, = 200 GeV Figure: Plot for m, = 800 GeV



Changing the mass values for the fermions N and fixing the mass m, = 800 GeV, we have

Figure: Plot when [Mq,Mz,/\/b] = [1500,2000,5000] [GeV] Figure: Plot when [M1, M, M3] = [3000, 4000, 5000] [GeV]



FInding the observable ®
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(1) Sylbain Blunier. et all. 10.1103/PhysRevD.95.075038


https://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E95%252E075038&v=f6300607
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Numero Leptonico (L)
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The SM “problems' &

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






