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Vector Dark Matter

Next minimal thing one could think of...
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In the literature...

\> Studied in combination with the Higgs portal
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Vector Dark Matter
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Next minimal thing one could think of...

Let’s consider the minimal case and suppress

SU3).®SU(2)L, U 1)y @SU(2)x the Higgs portal

Besides...

+ extra scalar ¢ that would break the new symmetry We introduce a dim-6 operator that induce
& J kinetic mixing

In the literature...
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Vector Dark Matter
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Let’s consider the minimal case and suppress
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Besides...

+ extra scalar ¢ that would break the new symmetry J We introduce a dim-6 operator that induce

& kinetic mixing

In summary

N> After the SSB of the new group, we are left with a custodial global symmetry

— The three gauge bosons form a triplet representation with degenerate mass 4
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Next minimal thing one could think of...

Let’s consider the minimal case and suppress

SU3).®SU(2)L, U 1)y @SU(2)x the Higgs portal

Besides...

+ extra scalar ¢ that would break the new symmetry J We introduce a dim-6 operator that induce

& kinetic mixing

In summary

N> After the SSB of the new group, we are left with a custodial global symmetry ;5 Lq%(vg{
™m _—
— The three gauge bosons form a triplet representation with degenerate mass X 4
\> The neutral gauge boson will act as the dark photon mediator
Coxn = —(dlog)x2 B 5 —_€ x3 puv _ ¥
KM= 7207 @) 2eo T 0 ST AR
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/W \ Here...

Next minimal thing one could think of...

Let’s consider the minimal case and suppress

SU3).®SU(2)L, U 1)y @SU(2)x the Higgs portal

Besides...

+ extra scalar ¢ that would break the new symmetry J We introduce a dim-6 operator that induce

k kinetic mixing

In summary

N> The charged states le = (X; F ZX;%)/\/Q are stable and represent the Vector Dark Matter candidates

24




Vector Dark Matter

/W \ Here...

Next minimal thing one could think of...

Let’s consider the minimal case and suppress

SU3).®SU(2)L, U 1)y @SU(2)x the Higgs portal

Besides...

+ extra scalar ¢ that would break the new symmetry J We introduce a dim-6 operator that induce

k kinetic mixing

In summary

N> The charged states le = (X; F ng)/\/i are stable and represent the Vector Dark Matter candidates

> From the dim-6 operator we also get a direct coupling to the photon

derivative coupling

1 a a v €gx _ _
Lxm = p(nga $) X1, B" O B0, (X, X7 — XTX,)

Cw

vector DM with a photon portal -




To compute the relic density, one needs to solve the Boltzmann equation considering all relevant number-changing
processes
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To compute the relic density, one needs to solve the Boltzmann equation considering all relevant number-changing
processes
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To compute the relic density, one needs to solve the Boltzmann equation considering all relevant number-changing

processes

nx +3Hny =2 (vﬁiﬂ?eﬁ“

where

Kinetic mixing
channel
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To compute the relic density, one needs to solve the Boltzmann equation considering all relevant number-changing
processes
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To compute the relic density, one needs to solve the Boltzmann equation considering all relevant number-changing
processes

2
. T nx n
nx +3Hnx =2 (’y)lg?etlc + ’Yi?crk + 2—q Yxxx + Yxxzp, + ’YZDZDZD) [1 o efl( 2]
Ny (nx)
where

X Zp X 70 4D X
3 —» 2 SIMP
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(Strongly Interacting
Massive Particle)
X X Zp Zp Zn X

30




To compute the relic density, one needs to solve the Boltzmann equation considering all relevant number-changing
processes
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Dark Matter Production Mechanisms [“LF'R-Z-F“"C“a"“”-”‘ge”"]
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Phenomenology
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Conclusions

e We consider a scenario with Vector Dark Matter
candidates by

\> extending the SM by extra gauge SU(2)y

> including dim-6 operator that induces Kinetic Mixing

* The correct relic density can be obtained via:
\> Freeze-out: dark sector annihilations dominate
\> Freeze-in: UV-dependent scenario

\> Mass splitting case: larger mediator-to-DM
mass ratio shifts the channels dominance

 Dark photon phenomenology probes the DM
states!

35



BACKUP




Introduction and Motivations

How can we search for light particle BSM signals?

DARK
Standard PORTAL Light
Model < > Dark Sector

\> we cannot reproduce the correct thermal abundance if we couple directly to the Weak interactions....

Lee-Weinberg bound

m, 2, 2GeV

N> So, how can we explore sub-GeV dark sectors?

* including new light dark sector mediator states that will act as portals between the dark sector and the SM!
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ReD-DelLiVeR (Relic Density with DelLiVeR)

update of the previous python package DEL IVER (Decays of Light Vectors Revised), which can be used to
compute decay rates and branching ratios for user-defined U(1), charges,

key feature: includes a complete set of hadronic decays (20 channels)

channel resonances ALF, P. Reimitz, R.Z. Funchal [JHEP 04 (2022)119]
my p, P w, ¢
/ /!

nmmw PP P
channel resonances W — Ty o, 0, p"
Ty p,w,w’,w",¢ WTTT W
T 0. b / hadronic
3m p, P w,w W ¢ ¢, el mode
4 p, 00" p" Lk g
KK Plcassg sy Py nw W', w" H
KK P, p,7p”7 ¢a ¢I7¢” n¢ ¢I’ ¢”

pp/nn o H TN L

o ¢, ¢"

K*(892)K~ p’, ¢

67I' plll

38




ReD-DelLiVeR (Relic Density with DelLiVeR)

update of the previous python package DEL IVER (Decays of Light Vectors Revised), which can be used to
compute decay rates and branching ratios for user-defined U(1), charges,

key feature: includes a complete set of hadronic decays (20 channels)

new version:
* inclusion of DM candidates

simplified DM models
inelastic DM

e computation of relic density and rates

cln
]

BL model tutorial + inelastic DM A= 0.1

10-2 —_N ¥ yeh
1074 1
10-°
10-8 1
-10 N
10771 m; =1.00GeV '
10-12 - o= 6.38 x 1074 \\\
ap=0.10 \
10—11 R=3 ‘\‘
0h?=0.12 \
1% - -
10° 10! 102
X=my/T
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ReD-DelLiVeR (Relic Density with DelLiVeR)

update of the previous python package DEL IVER (Decays of Light Vectors Revised), which can be used to
compute decay rates and branching ratios for user-defined U(1), charges,

key feature: includes a complete set of hadronic decays (20 channels)

new version:
simplified DM models

* inclusion of DM candidates inelastic DM

e computation of relic density and rates

r/H

1013 4
10‘.0 4

107 4

10‘1

10‘. J
10721

10-3 1

10-8

BL model tutorial + inelastic DM A= 0.1

— 12-ff
22-11

— 2-1ff

(2f=1F)ecn

102
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ReD-DelLiVeR (Relic Density with DelLiVeR)

update of the previous python package DEL IVER (Decays of Light Vectors Revised), which can be used to
compute decay rates and branching ratios for user-defined U(1), charges,

key feature: includes a complete set of hadronic decays (20 channels)
B model + Majorana DM

new version: 107 5 — ReD-DeLiVeR

simplified DM models :  Batell etal.
] [arXiv:2111.10343]

* inclusion of DM candidates inelastic DM

e computation of relic density and rates

* computation of thermal targets

1072 107! 10° 10!

mZO [GeV]

specially for B-coupled models, it is very important to
compute correctly the hadronic contributions
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ReD-DelLiVeR (Relic Density with DelLiVeR)

update of the previous python package DEL IVER (Decays of Light Vectors Revised), which can be used to
compute decay rates and branching ratios for user-defined U(1), charges,

key feature: includes a complete set of hadronic decays (20 channels)
B model + Majorana DM

new version: 107 5 — ReD-DeLiVeR
) ) ) simplified DM models ] Batell etal.
* inclusion of DM candidates inelzstic DM ] == larXiv:i2111.10343]

e computation of relic density and rates
* computation of thermal targets

publicly available on GitHub together with a Tutoriall

https://github.com/anafoguel/ReD-DeliVeR

1072 107! 10° 10!

ReD-DeLiVeR mz,[GeV]
by Ana Luisa Foguel, Peter Reimitz, and Renata Zukanovich Funchal specially for B-coupled models, it is very important to
compute correctly the hadronic contributions
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3 Alternative scenario: Mass splitting

N> To check the effects of different channels we allow for a mass splitting between the mediator R =
and the DM states

\> This scenario can be achieved if, for example, the dark scalar belongs to a higher multiplet representation
Check: arXiv:2012.11377
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Bounds

arXiv:2406.01705
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Reopening the window on charged dark matter
Leonid Chuzhoy, Edward W. Kolb arXiv:0809.0436

ABSTRACT: We reexamine the limits on charged dark matter particles. We show that
if their mass and charge fall in the range 100(gx/e)? < mx < 10%(gx/e) TeV, then
magnetic fields prevent particles in the halo from entering the galactic disk, while those
initially trapped inside are accelerated through the Fermi mechanism and ejected within

about 0.1 — 1 Gyrs. Consequently, previous constraints on charged dark matter based on

q/e

107°

1077

102

107"

107"

1071°¢

10—17 L

arXiv:1908.05275

Charged Dark Matter Bounds

SN1987A XenonlT

nuclear
Xenonl0/100

electron

Stellar Cooling

Freeze-In Production
. oq,ﬁ\
S

10°° 107* 107* 1072 100" 10° 10" 10> 10°
m [GeV/c?]

DM-ISM interactions change disk angular momentum ?

~_apparently, only for “true” milli-charges...

arXiv:2112.11476
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Introduction and Motivations

How can we search for light particle BSM signals?

Standard PORTAL Light
Model < > Dark Sector

Suppose we have particles y and y in the dark sector

N> natural possibility: couple to the gauge bosons of

Remember!
mi r'y
X However... <O"U> L —r >
£
which means that lowering 2
the DM mass decreases the E
7 thermal-average cross section 8

>
T ~m, T time
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Introduction and Motivations

How can we search for light particle BSM signals?

Standard PORTAL Light
Model < > Dark Sector

Suppose we have particles y and y in the dark sector

N> natural possibility: couple to the gauge bosons of

X However... <O"U> L —r

which means that lowering
the DM mass decreases the
— thermal-average cross section

-

Lee-Weinberg bound

m, 2, 2GeV
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rate/H

mDM=10 GeV , eps= 5.5e-15, gDM= 1e-05, R=1, Trh = 1999999 GeV
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rate/H
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UV-completion

More detaills will be given shortly.

The effective operators in Eq. (6) can be induced by in-
tegrating out certain scalar(s) crossing the dark and SM
sectors. For example, an [SU(2) i |-doublet scalar with
U(1)y charge can mediate the SU(2)y x U(1)y, mixing,
an [SU (2) y|-doublet and [SU(2), |-triplet scalar without
U(1), charge can mediate the SU(2), x SU(2),; mixing,
while an [SU (2) yx x SU (2) ;. ]-bidoublet scalar with U(1),
charge or an [SU(2) ,|-doublet and [SU(2) ;]-triplet with
U(1), charge can mediate both of the SU(2), x U(1)y
and SU(2) x SU(2), mixing. It should be noted these
crossing scalars are also non-trivial under the U(1)p
global symmetry to forbid some unexpected couplings.
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