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Objetives

@ Explore 4 cases of the relation between My, M, and other free
parameters such as p and tang, considering consistencies with
HiggsBounds & HiggsSignals in MicrOMEGAs.

o Calculate the masses of the first neutralinos (LSP) and
charginos exploring the dependence of free parameters.

@ Explore the neutralino couplings to Z° boson and analyze the

Oann -
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Evidence for DM
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Figure: Rotation curve of NGC 3198 galaxy.
[Rubin, 1983 & Van Albada et al., 1985]
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Clusters & Large Structures

Figure: Bullet cluster Chandra

Figure: CL0024-+1654 cluster [ESA  Observatory
Hubble, 1996] [ESA Hubble, 2012]
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Cosmological Scale

Figure: Cosmic Microwave
_ Backgroynd Figure: CDM simulation

[Penzias and Wilson, 1965 [University of Zurich]
Hinshaw, 2013]
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Higgs Mechanism

Scalar complex doublet:

(T _ 1 (1 +id
¢_<¢°>_ﬂ<¢3+i¢4> : (1)

such that
V(®) = —p2dTd + \(dTd)? (2)
where
0 —u2
(o= | = v=4/—— =24666GeV. (3)
V2 A
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Supersymmetry

New hidden symmetry between bosons and fermions.

Single particle states are contained in Supermultiplets with
equal DOF:
np = ng . (4)

Chiral & Vector supermultiplets.

It Doubles (at least) number of particles.
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SUSY Higgs

Higgs must reside in a Chiral supermultiplet.

@ In SM exists “miraculously” gauge anomaly cancellation
including:
T[T3Y]=Tr[Y3]=0.

Higgs superpartner Y = +1/2 or Y = —1/2.
Can be avoided introducing two Higgs Supermultiplets.
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SUSY Higgs

+ 0
Hu:<l;1‘(’)>, and Hd:<//::>, (6)

@ where the conjugate of H, plays the role of the SM Higgs
field Langacker, 2017.

@ Both fields acquire VEVs
ve=(hy) and  vg=(h]), (7)
@ Introducing

tanf = ‘\:—: . (8)

Edgard Elias Torres Rodriguez, Dr. Melina Gémez Bock Lightest Neutralino as a Dark Matter Candidate



Objetives

Evidence

Standard Model
Supersymmetry

MSSM

Results

Conclusions & Work to be done
References

Higgs Sector

After EWSB, five Higgs states remaining:
e h (CP-even)
o H (CP-even)
o H* (Charged)
e A (Pseudoscalar)
where
2b

sin(283) ’

Ma = Mg, + Mg, +2lu* =
M7 = M3 + Miy
My = % (Mf\ + M3 ¥ \/(Mf\ + M2)2 + 4M2 M3 sin2(25)> :
(9)
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Soft SUSY breaking

1 . .
LM = — 2 (BB + MoWW + Mo+ c.c.)

— (EAUOHU — dA4OHy — A IHy + c.c.

N—
—

—

o
~

— Q'm3{Q — ['mfL — tm3if - dm:f;czlT — em2&f

— M3, H;Hy — M3 HiHg — (ubH Hg + c.c.) .
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Neutralinos

@ MSSM candidate for DM called neutralino.
o Mixing of (A9, h3) and (B°, W°).
@ In interaction basis, its mass matrix is given by:

My 0 —Mzsinfy cosf Mz sin Oy sinf

x My Mgzcosfy cosB —MzcosBy sinf
Mpy =

* * 0 —u

* * * 0

(11)
@ Diagonalized by

ONMpNOf = diag(m;((l), Mgg, Mg, m>~<2) (12)
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Charginos

o Mixing of (A, h;) and (W+, W™).

@ In interaction basis, its mass matrix is given by:

B M, V2 My cosf3
Me = (ﬁ My sing I ) (13)

@ Diagonalized by
Oc MO = diag(mg,, me) (14)

[Kuroda, 2005]
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Results

@ 2M; ~ My : Mostly bino-like neutralino

e My ~ M, : Gaugino/higgsino-like neutralino

o M; <« My : Purely bino-like neutrlino

e M; > M, : Purely wino-like neutralino
[Djouadi et al., 2022]
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2My ~ M,

Masses of the 1st Neutralino for the case 2My ~ M, Mass of the 1st Neutralino for the case 2My ~ M,
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2My ~ M,

Mass of the 2nd Neutralino and 1st Chargino for 2M; ~ M; Mass of the 2nd Neutralino and 1st Chargino for 2M; ~ M;
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Masses of the 1st Neutralino for the case My ~ M2

- Masses of the 1st Neutralino for the case M1 ~ M
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Masses of the 1st Neutralino for the case My ~ M;
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My ~ M,

Mass of the 2nd Neutralino and 1st Chargino for M; ~ Mz
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M; < M,

Masses of the 1st Neutralino for the case My < M, Masses of the 1st Neutralino for the case My < M,
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Masses of the 1st Neutralino for the case M1 < Mz
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M; < M,

Mass of the 2nd Neutralino and 1st Chargino for M1 < Mz
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Masses of the 1st Neutralino for the case M1 > M,
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Values
M (GeV) M, (GeV) tang p (GeV)
2M; ~ My | [150, 210] | [300, 450] | [5, 60] | [100, 500]
My ~ My [150, 350] [150, 350] [5, 60] | [100, 700]
My < M, | [35,45] | [1200, 1450] | [5, 60] | [1000, 2500]
My > M, | [1200, 1300] | [170,210] | [5, 60] | [100, 1450]
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Table: Values for the free parameters.
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Conclusiones

@ 4 possible scenarios with a consistent Higgs sector.
@ To consider values of relic density, oann and nucleon scatering.
e Calculate contribution Channels to Qh2.

@ Lastly, see dependence with M, and stop sector.
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