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Dark Matter as one of the main problems in physics
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Dark Matter properties

o L=

What if DM is a fundamental particle?
It is NON-luminous
Very weak selft-interaction
It does NOT interact strongly with ordinary matter
NON-relativistic
It's LONG-lived
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We need to extend the SM

MATEél ISCURA

Figure: SM content with... DM?
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DarkBS

DarkBS (Sierra: Stub: Vicente, 2015), will be our election for the
extention.
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DarkBS

It has...
Fields | SU(3)c x SU(2). x U(1)y x U(1),
Qu/r (3,2.3,2)
Lir (1,2,-1,2)
¢ (1,1,0,2)
X (1,1,0,-1)

Table: New content of particles from DarkBS
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DarkBS

The LHCb reported in 2014 an anomali in processes involving
b — s transitions (LHCb Collab., PRL 113 (2014) 151601)
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DarkBS

a solution to the b — s anomalies
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DarkBS

The potential is extended by the following terms:

V= Vs +V(®, ¢, %) + V(¥ x),
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DarkBS

The potential is extended by the following terms:
V= Vsy +V(®,6,x) + V(P,x),
where Vs correspond to the SM potential. Besides,
V(@ 6,x) = Aog|®*[6] + Aoy | ®[*|x|?
and
V(6,x) = Mo + 2210/ + m2lxl? + Xl 4

et /\¢>x|¢’2|X|2 + ( pox? + h.c.).
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DarkBS

If we assume:
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DarkBS

If we assume:

4

A <¢> =

@) =25

Ve
V2
Implies that...

» ¢ breaks spontaneously U(1), — Zo, giving mass to the
boson Z/, mzr = 2ng¢.
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DarkBS

If we assume:
v

A <¢> =

@) =25

Ve
V2
Implies that...

» ¢ breaks spontaneously U(1), — Zo, giving mass to the
boson Z/, mzr = 2ng¢.

Also y is a scalar field, neutral and stable.
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and now... we make phenomenology!
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Detection Methods

SM

DD

SM
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A little bit of Numerical Analysis
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A little bit of Numerical Analysis

To simulate the experiments we need several computational tools
for high energy physics:

% SARAH (arXiv:0806.0538 [hep-ph])
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A little bit of Numerical Analysis

To simulate the experiments we need several computational tools
for high energy physics:

* SARAH (arXiv:0806.0538 [hep-ph])

% SPheno (arXiv:hep-ph/0301101, arXiv:1104.1573)
* MicrOmegas (arXiv:2312.14894 [hep-ph])

% DDCalc (arXiv:1705.07920, arXiv:1808.10465)

% Diver (arXiv:1705.07959)
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A little bit of Numerical Analysis

To simulate the experiments we need several computational tools
for high energy physics:

* % % % % %

SARAH (arXiv:0806.0538 [hep-ph])

SPheno (arXiv:hep-ph/0301101, arXiv:1104.1573)
MicrOmegas (arXiv:2312.14894 [hep-ph])
DDCalc (arXiv:1705.07920, arXiv:1808.10465)
Diver (arXiv:1705.07959)

MadGraph (arXiv:1405.0301 [hep-ph])
MadAnalysis (arXiv:1206.1599 [hep-ph])
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For some observables it is necessary to first calculate the likelihood
function (LF),

AXP = X2 = Xinin = —210g (L) L max)-

The sweep for the parameter space was divided into two parts:
1. conditions of unitarity and stability of the vacuum.

2. construct the functions x? for each observable i.
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Constraints for Relic Density

The relic density measured by the Planck satellite;
Qh? = 0.120 + 0.001 (arXiv:1807.06209 [astro-ph.CO])
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Figure: Abundance with respect to

Figure: DM abundance the LF of DD
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Constraints for Direct Detection
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Figure: Likelihood profile with respect to the DD + PLANCK LF.
Comparison with limits from several DD experiments is included.
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LHC Constraints
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Figure: Likelihood profile relative to the DD + PLANCK + LHC LF. The
LHC LF takes into account searches for the Z’ boson.
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Conclusions

» DarkBS contains a DM candidate on the WIMP scale; x.
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> Without any experiments capable of detecting this
candidate... there will be future problems.
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|Gacias!
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