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The Idea

We know that if the baryon asymmetry of the Universe was generated
before the electroweak phase transition, then all particles in the SM
but W= had different numbers of particles than antiparticles:
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We know that if the baryon asymmetry of the Universe was generated
before the electroweak phase transition, then all particles in the SM
but W* had different numbers of particles than antiparticles:
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Can dark matter be asymmetric?

typical scenario asymmetric DM Dark Matter today Original Refs.
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The Issue & the Goals

Asymmetric Dark Matter has been studied in depth but most
models in the literature are either effective or rather convoluted
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Asymmetric Dark Matter has been studied in depth but most
models in the literature are either effective or rather convoluted

1) Can we do it with a minimal set of ingredients?

2) Link the Dark Matter abundance to the baryon asymmetry of the
Universe

The Higgs has an asymmetry (2) and since
Why scalars? it is a scalar it can allow for renormalizable
interactions (1)!
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Asymmetric Dark Matter has been studied in depth but most
models in the literature are either effective or rather convoluted

1) Can we do it with a minimal set of ingredients?

2) Link the Dark Matter abundance to the baryon asymmetry of the
Universe

The Higgs has an asymmetry (2) and since
Why scalars? it is a scalar it can allow for renormalizable
interactions (1)!

Why could this be interesting?

Use something that we know should be there (from e.g.
Thermal Leptogenesis) and employ mechanisms that we know
operate in the early Universe (thermal freeze-out)
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Early Universe evolution in the presence of asymmetries

Minimal ingredients for an Asymmetric Dark Matter model

A minimal realization with only two new fields BSM

Z, symmetry
scalar singlet dark matter
new dark Higgs doublet

Its phenomenology In 2 slides
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Thermal Freeze-out
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Thermal Freeze-out

proton-antiproton 100 . 1010
freeze-out abundance dlctated solely
—4] by the primordial asymmetry
10 106
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Q
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—24
107500

- No antiparticles today

- Key requirement for dark matter:

Annihilation cross section larger than for a WIMP (6v) > (cv)" ™"
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Asymmetry Transfer

One needs to connect the Standard Model asymmetries to the dark sector
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Asymmetry Transfer

One needs to connect the Standard Model asymmetries to the dark sector

does not work:
L =1¢’|H|
dp — HH
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Asymmetry Transfer

One needs to connect the Standard Model asymmetries to the dark sector

does not work: works
Z =A¢I’|H| & = Js(H'H'Y’
d¢p < HH HH < H'H'
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Asymmetry Transfer

One needs to connect the Standard Model asymmetries to the dark sector

does not work: works
F=Al¢I°|H|? & = As(H'H'Y’
d¢p < HH HH < H'H'
Renormalizable I} ijﬁ;ﬁdwz

operators: H . HyyN,HH ¢, HH'A, HH ¢¢, HH'H'H" , HH'A¢ , HH'AA' , HpyY
HH : HHH'H", HHA¢, HHAA'
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Asymmetry Transfer

One needs to connect the Standard Model asymmetries to the dark sector

does not work: works
L =A¢|*|H|? L = As(H'H')?
dd - HH HH < H'H’
_ L : LH'N, L¢ypy, LH'S,
Renormalizable ;| . x5y,
operators: H : Hy;N,HH'¢, HH'A,HH'¢¢', HH'H'"H" , HH'A¢ , HH' AN, HY ,

HH : HHH'H', HHA¢, HHAA',

Take A(H'H')’

if As 2 107 then there is a thermal dark Higgs
Asymmetry
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Take a dark matter particle that couples in a non-self conjugated way
to the Higgs and remains in thermal equilibrium with it until 75y,

10! —————————————

10%
< i m ~ O(1)TeV:
G i

10 fr-mmm e e R
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Linear scaling with mass Exponential

Boltzmann
suppression
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Defining steps for a Model

1) Define a good enough symmetry in the Dark Sector (note that
usual Z2 symmetries for WIMPs will not actually work) m;¢* +m3¢’
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2) Find a least one particle coupled under both the DS and the SM
and write down a non-self conjugated portal to the SM
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1) Define a good enough symmetry in the Dark Sector (note that
usual Z2 symmetries for WIMPs will not actually work) mj¢* +m3¢’

Our model: [DM: [p] = i] < = AppH H' + ﬂs(HTH/)z
Z4 |H]=-1 (L) giobel (lled by star cooiing (aomy
2) Find a least one particle coupled under both the DS and the SM
and write down a non-self conjugated portal to the SM

Our model: (H'H’") New dark Higgs doublet H’

3) For the dark matter to have an asymmetry dominated by the
symmetric component one needs to a strong enough symmetric

depletion portal

Ourmodel: % = A,|¢|*|H|*> The good old Higgs portal
Previous studies: ¢¢p - HH

Cohen & Zurek [0909.2035] Ibe, Matsumoto & Yanagida [1110.5452] Servant & Tullin
[1304.3464] Boucenna, Krauss & Nardi [1503.01119] Dhen & Hambye [1503.03444]
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Relevant processes in the EU
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Parameter Space
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Deep into thermal equilibrium
Z = AMppH'H' + As(H H')?

1074E

10*5;
Resulting asymmetry arises from small
departures from thermal equilibrium

107%¢

10775

_8- 1 1 1 1
10°° 107 10° 10°° 107

Preliminary X=my/T

Miguel Escudero Abenza (CERN)



Symmetric Annihilations

HIggS Portal Coupling : A|¢|2|H|2
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Symmetric Annihilations
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Summary & Conclusions & Outlook

© Developed a new model that connects the dark matter
abundance to the baryon asymmetry of the Universe (as
originated e.g. from Leptogenesis)
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asymmetry transfer H’
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symmetric depletion via | @ | | H|
The parameter space:
m¢ > 6TeV /IP > 3 and probably fully excluded by LZ

If so, back to the blackboard and maybe use
annihilations into other light dark sector states

Miguel Escudero Abenza (CERN)



Developed a new model that connects the dark matter
abundance to the baryon asymmetry of the Universe (as
originated e.g. from Leptogenesis)

The model: Z, symmetry
dark matter ¢ My > 2my
asymmetry transfer H’

symmetric depletion via | ¢ | H|?

The parameter space:
m¢ > 6TeV /IP > 3 and probably fully excluded by LZ

If so, back to the blackboard and maybe use
annihilations into other light dark sector states

Thank Youl!
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