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Update on the parameter space for the dark matter with extended scalar sector
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We discuss extensions to the Standard Model that increase only the scalar sector with a singlet and doublet fields. We consider the currer
values and limits for the Dark Matter (DM) observable in order to constraint the model parameters. We also take into account the latest data
related to the physics of the Higgs. We find an update allowed regions for the masses of the DM patrticle for each extended model in this
work.
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1. Introduction with the information of the SM extension [4]. ThdranHep
package can produce output files with such information.

One of the current challenges in physics is to answer thehese files will be useful to load into specialized packages to

question, what is the Dark Matter (DM) from the point of humerically calculate physics quantities such as decay widths

view of particle physics? The observations related to DMor scattering cross sections. In particular, we stQghy, and

are obtained through rotation velocity for Galaxies and Clusg; scattering cross section, themicrOMEGAs package is

ter, Cosmic Microwave BaCkgrOUnd and Gravitational LenS'one of the most versatile package to numerica”y obtain DM

ing [1]. The Planck collaboration reports the most recentglic density and scattering cross sections [5].
and precise value for the abundance of non-baryonic matter,

Qparh? = 0.120 £ 0.001 [2]. .
For the Standard Model (SM), which establishes the par-2' DM in extended scalar sectors

ticle physics of ordinary matter in the universe, it does not¢ 41 the field content of the SM, there is only one scalar
cpntain a candidate for _DM._ One of the most prqmising Cansia|d which is doublet unde$U (2), group. One reason why
d|da.tes for the DM particle is a Weakly Inte_ractmg Mass“_’ethere is only one doublet is for simplicity, however, there are
Particle (WIMP). WIMPs, such as Scalar fields, can be i+, yeoretical or even experimental reasons to assume the ex-
cluded in the SM to F"aY the role of DM can@dates [11. . istence of more scalar fields that extend the standard model.
The.search for DM is ba}sed on three' different d?tECtlonrhe simplest proposals have been of interest for years, with
depending on the process involved. Indirect detection CONthe model with two doublets being one of the most stud-

sists of the annihilation of DM to produce ordinary matter, joq (6_g]. This section presents two extensions to the scalar
W,h'le if there is a collision k_)etween DM with ord|nary ma.tter. sector, one including a singlet field [9] and another including
itis known as direct detection. The third possible detection is, 4quplet field [10-12].

to collide ordinary matter to produce DM, collider detection.
We focus on the DM relic density and nucleon-DM scat-2 1. Singlet scalar field
tering cross section, that is, indirect and direct detection re-
spectively. The DM relic density, denoted @g,,,, can be  We follow closely the work developed by McDonald to
computed using the concept of freeze-out in the context opresent the scalar sector that adds a singlet scalar field [9,13].
Big Bang cosmology. Freeze-out refers to the moment in thén this model, the scalar sector of the SM is extended by in-
early universe when the interactions between DM particlesluding a complex scalar fielfl that it is singlet under SU(2)
and other particles in the universe became inefficient, leadingroup. The Lagrangian that extends the SM scalar sector with
to a freeze in the DM abundance. the singlet scalar field is written as follows:
The Spin Independent (Sl) scattering cross section for . .
DM is a direct detection process in which DM interacts with Ls =(0,5) 0"S — psS"S
ordinary matter, in the case of experiments the ordinary mat- 1 1 t o2
teris th)(/E! nuclei of the atoms in thF:a detectors. Currentlz, col- T As (S S) (q) (I)) 1 (S S) ’ @)
laborations that carry out this type of experiments only reporivherejs, As andn are free parameters, while tideis the
a limit for the Sl scattering cross section [3]. SM doublet field. The expression for tite mass is a re-
We implement High Energy Physics (HEP) computing lationship betweenis and Ag, which is given bymg =
packages in order to numerically obtain thg; and Sl scat-  us + (1/2)Asv?, wherev is the Vacuum Expectation Value,
tering cross sectio.anHep package is used to write a code v = 246 GeV. It is more convenient to rewritég in terms
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of mg rather tharug, as is usually done. To guarantee the

stability of the S field, which is considered the candidate for ) 5 A3+ Ay —As)0?

DM, a Z, discrete symmetry is introduced, such that fhe my = p; + 5 ) (5)

is transformed as its negative (referred to as odd) and the rest \op?

of the SM field is transformed as trivial (referred to as even). m2. = 3+ 3V (6)

If the Lg is invariant undetZ, symmetry, then the particle 2

associated t field is stable. It is important to note that, ~ The neutral scalar H is considered as the candidate for DM.

is also gauge invariant and renormalizable. The model presents free parameters, which arg:theand
A1,...5. Itis more convenient to select the free parameter set

asmp,, My, M, Mg+, A2, A, Wheredr, = A3+ g+ A5 is

2.2 Doublet scalar field the couplings for the interaction betwekmand H.

Let us consider a scalar sector that is extended by includ-

ing a second scalar doublet field with hypercharge 1, denoted. Dark matter detection

as ®, meanwhile the first doublet is written d@s. Unlike

the scalar sector with a singlet scalar field, the scalar sectorhe search for DM is based on three types depending on the
with two doublets presents not only a more complete potenProcess involved. Indirect detection consists of the annihila-
tial but also in the Yukawa sector both doublets can partiction of DM to produce ordinary matter, while if there is a col-
ipate. Within the simple modification of introducing a field lision between DM with ordinary matter it is known as direct
into an appropriate representation for $1(2) , group pro- detection. The third possple detecthn is to collide ordinary
vides a more complete model from the perspective of physicdnatter to produce DM, collider detection.

For instance, a new source of CP violation may arise in e focus on the DM relic density and nucleon-DM scat-
the scalar sector [14, 15]. In the literature, extended scaldering cross section, that is, indirect and direct detection re-
sector models that incorporate an additional doublet scalatPectively. The DM relic density, denoted 8% ,,, can be
field are commonly referred to as Two Higgs doublet Mod-computed using the concept of freeze-out in the context of
els (2HDMs) [7]. The different types of models with two Big Bang cosmology. Freeze-out refers to the moment in the
doublets are classified based on the way the doublets are ifarly universe when the interactions between DM particles
troduced into the Yukawa couplings. As in the singlet scala@nd other particles in the universe became inefficient, lead-
model, Z, symmetry is introduced to control the couplings ing to a freeze in the DM abundance. The relic density can
of the scalar fields. Only nowZ, symmetry is introduced be calculated by considering the annihilation and expansion
to suppress flavor neutral changing currents. Moreover, thiBrocesses of DM particles.

suppression combined with a vacuum expectation value equal 1he Spin Independent (SI) scattering cross section for
to zero for the second doublet will provide a consistent modePM is a direct detection process in which DM interacts with
for DM. In the specific case under last assumption, the secon@ ordinary matter, in the case of experiments it is with nu-
doublet is considered as the source of the DM candidate, thigei the atoms of the detectors. Currently, collaborations that
model is known as the Inert Doublet Model (IDM) [10-12]. Carry out this type of experiments only report a limit for the

The IDM requires & discrete symmetry to achieve sta- S Scattering cross section [3]. _
bility of the DM candidate, such that, — —®, while all To calculate both thép,, and Sl scattering cross sec-

SM fields and®, are transformed as even. The scalar potenion numerically, we implement specialized computing pack-
tial invariant undeiZ, discrete symmetry is given by ages to accomplish this task. ThanHep package is used
to write a code with the information of the SM extension [4].

Vo= p1|®1]% + pa|®a]? + A1 |@1]" + Ao @[t LanHep packageT can produce output files yvith such iqfor—
mation. These files will be useful to load into specialized

+ As|®1 2| ®o|? + Ay |®T Dy packages to numerically calculate physics quantities such as

A\ decay widths or scattering cross sections. In particular, we

+ 75(<I>§<I>2)2 + h.c.|. (2) studyQpas and Sl scattering cross section associated, then

the microMegas package is one of the most versatile package

After the spontaneous breaking of the electroweak symmetr);,0 numerically obtain DM quantities [5]

the model yields two neutral scalafs, H), a neutral pseu-
doscalar A), and a charged scal@f *), each possessingthe 4. Numerical results

following masses: _ _ _
We obtain the2p, and Sl scattering cross section for both

the models2.1! and2.2! sections. The results are obtained

m2 = \ o2, 3) by performing a routine in thiMicrOMEGAs package [5]
based on the models generated bylthkaHEP package [4].
s o (Ag+ A4 Xs)0? For the S as DM, the relic density and the S| scattering
my = pu; + (4) . S :
2 ’ cross section are shown in Figs. 1 and 2, respectively.
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FIGURE 4. Sl independent scattering cross section as function of

FIGURE 1. Relic density as function of DM mass for singlet scalar
DM mass for IDM.

sector. The horizontal red line is the reported valug2 + 0.001
(3.

5. Conclusions

g 107 ® As=0.001

c

2 10 ffz:” A brief review of models with an additional Singlet or Dou-

§ o blet fields in SM scalar sector is presented. We study these

8 10°® extensions in order to incorporate scalar fields to play the role

2 of DM.

107 | In this work, the most current measured values for the

[S]

$ i mass of the Higgs boson afity; are considered, while in

2 107 the case of direct observation there are only limits for Sl scat-

B 10-14/ tering cross section [3]. For the Singlet scalar as DM, we ob-
0 200 400 600 800 1000 tain that the allowed mass decreases as the quartic coupling

Mom [GeV] increases, for instaneepy; ~ 40 GeV for A\g = 0.1 mean-

while mpyr = 60 GeV for A\g = 0.001, see Fig. 1. In the

case of IDM the Fig. 3 shows allowed masses from a few GeV

to 100 GeV for the reported by Planck collaboration [3].
The latest reported limit for Sl scattering cross section is

FIGURE 2. Sl independent scattering cross section as function of
DM mass for singlet scalar sector.

* MAs0STEV.Mye=05TeV. A =107 given by Xenon 1T [3]. For the Singlet as DM, the viable
1000 e ] scenario occurs ats = 0.001, while scenarios with larger
e As values require the mass to be above the value accepted
ooz | by Qpas. Inthe case of IDM, the viable scenario is obtained
G% 0.1 whenm = 1TeV,my+ = 1 TeVand\; = 0.001. A study

that simultaneously considers the Singlet and Doublet fields
can be reviewed in [16].

Finally, it is important to mention that one of the objec-
tives of this work has been to train one of the authors to use
public generic High Energy Physics packages as part of his
undergraduate formation.
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FIGURE 3. Relic density as function of DM mass for IDM. Hori-
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