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Introduction

Cosmological framework

Experimental evidence

What is dark matter?

Neutral, non-relativistic (cold) and
weakly interacting matter, which it
is needed, to explain astrophysical
observations based on the effects
of gravitational force.
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Introduction

Cosmological framework

Experimental evidence

What is dark matter?

Neutral, non-relativistic (cold) and
weakly interacting matter, which it
is needed, to explain astrophysical
observations based on the effects
of gravitational force.

Figure: Bullet Cluster. Credits : X-ray : NASA / CXC/ CfA
/ M.Markevitch et al. ; Lensing Map : NASA /
STScl; ESO WFI; Magellan / U.Arizona/ D.Clowe
et al. Optical : NASA/STScl; Magellan / U.Arizona
/ D.Clowe et al.;

POSGR
Figure: Coma Cluster. Credits: X-ray: NASA/CXC/M- Cien
PE/J.Sanders et al, Optical: SDSS
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Introduction

Cosmological framework

Motivation

Lack of experimental evidence in the search for dark matter

Introduce complex scalar fields motivated in particle physics to the cosmologi-
cal model of dark matter.
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The model
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The model

Dark matter cosmological model

m Non-interacting

= Reproduce the structure of the
m V(ol) = 1?1912 + o?|¢* Universe

m Galactic halos

= Rotational velocity profiles

m Ultralight scalar field

m m, > 10=2"eV
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The model
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Scalars fields in the particle physics

Scalar fields in the particle physics

= Higgs-like
= Axion-like
Higgs-like
= Goldstone boson = SM scalar extension
m U(1) SSB, fa = stable and inert doublet
m m, «+ radiative corrections of QCD - by ST\ 4 (O + iy
u ma ~ eV (107G h= <|>00 =2 \ 05 + vy
= Non-perturbative physics scale A, = DMC — ¢
= Va(®a) = A4 [1 - cos (%2)] = Vh(®p) = mi(®}0n) + (0] 0)?
atra) —"a fa = my ~ GeV
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The model
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Transition from quantum field theory to classical theory.

Quantum field
theory

Classical
theory

Real quantum
fields

Complex
classical fields

1

Avoid wave
oscillation
induced to
space-time
structure
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The model
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Two complex scalar fields model

We coupled to gravity the general model with two complex scalar fields,

ot
S:/d“X\/fg <1671-GR+L¢1’¢2)' (1)

Where,
2Ly 0, = —VHOIV 01 — VHOIV 0o — V(1 D). (2

The variation with respect to the fields ¢4 and , gives the following equations of
motion:

Od; — ———d; =0
d|o4|? 3)

O¢ fﬂtb =0

27 dlb2 2T
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The model
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A two complex scalar fields model

In the homogeneous case, (FL + kK = 0),

8rG
H? = @[Pr(l‘) + (1) + oa(E) + po,y,0,]; (4)
px corresponds to the energy density associated to the energy momentum tensor of
X = r, b, A components and,

1 1 1
Poy &y = 272\3@1 P+ @Ié’r‘bzl2 + 5 V(®1, ®2). ®)

1 1 1
Poy 0, = 55101017 + 5 5[0 — SV (@4, @), (6)

We need to solve the system of differential equations (3) y (4)

We consider,
V(®q, d2) = Vi(dq) + Vo(P2), )
then

1 > 1
ooy =P1tp2 P = 55 0T+ 5 5 Vi(®1)

= = oo, 1V¢()p(‘11§41¥
Poy,0, = P1 + P2 /’2—@‘ 1o Jr@ o ( 2}’(‘, GR/TDC
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The model
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Potentials
= Higgs-like
. t ﬁ + 2 - ot . i by + idy
Vh(q)h) = m%(cbhq)h) + 2 (q)hq)h) ) q)h = ((DO) - \/é ¢3 o I¢4 .

mp = 100GeV, A, =1.

m Axion-like
V. (4) ) = 1 m2<1>2 —1 —g d>4
a\¥a 2 ara 12 faz al-

Ma ~ 6 x peV (1012,:5”), fa.qur = 1019GeV and f, pank = 1019GeV.

m Ultralight scalar field (Classical),
V(I19l) = 1?82 + o |g]*.
m=57x10"1Vy X\ = —5.40 x 10~ 7°.

POSGR/TD
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We assume that the potentials are valid during all the evolution of the UM%
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Results
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Time evolution of energy density

Initial conditi

ma=1,

= Q;, constrained by
observations.

[ ] QDMO =p1+p,ata=1.

p1(a=1) = kQpm, pcrits
pla=1)=(1—k) QDMOPcrit~

Possible double scalar field
models

= Model | = Classical + Higgs
= Model Il = Axion + Higgs
m Model Il = Classical + Axién

a Eréndira Gutiérrez Luna IF UNAM
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Figure: Time evolution of energy density. The solid lines correspond
to the classical positive self-interaction fiducial cosmology. The
dashed lines are the reference CDM Universe, which happens
to coincide in this plot to the Higgs arﬁﬁo (GUT, Planck)

cases.
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Results
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Time evolution of equations of state

107 —— Classical (fiducial)
\ ---- Higgs, CDM
0.8 1 ‘| —-—- Axion - Planck scale, f, = 10*GeV
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Figure: Time evolution of equations of state. The positive self-interaction classical field undeﬁoe‘tl }%5@; h
negative self-interaction case undergoes two and the Higgs field remains indistinguis! é%ﬁe(ﬁr DM,
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Results
[e]e] lelele}

Cosmological evolution of the two complex scalar fields model
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Figure: Evolution of the density parameters of the Universe. All solid lines correspond to the scaUN M
D‘tbp al eI

model with two components and the dashed lines represent the rest of the density cotriblt “D
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Results
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Effective number of neutrino species (Neg)
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Figure: Constraints from zoq and N,g within 1o for the two scalar field Model I. The crosshatche
the values of the scalar field parameters not allowed by the z. constrain. The greenéﬁ
the allowed regions from the Neg constrain, at a,, /, and anuc respectively. Theired
consistent with both the z. and N,g, throughout BBN, constraints.
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Results
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Conclusion

Constraints from Effective number
of neutrino species

Models with two scalar fields are

viable. In particular the Classical
Classical Vi + Higgs model produces a cos-
Higgs-like = ACDM | X mological model that remains con-
Axion-like X sistent with constraints satisfied by
L the single classical scalar field, we

can consider up to 58% of Qpy to
be a Higgs-like field if the remain-

ing 42% is the classical one.

\.

Axion + Higgs X
Higgs + Classical | /
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Results
0O0000e

THANK YOU :)

* e . 3"

-

Ciencids Fisicas R e

ia Eréndira Gutiérre IF UNAM XXXVI Annual Meeting of i I\t ptember 30, 2022



	Introduction
	Cosmological framework

	The model
	Results

