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We know that if the baryon asymmetry of the Universe was generated
before the electroweak phase transition, then all states in the SM but
W? had different numbers of particles than antiparticles:
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Many Asymmetric Dark Matter

et two:

Models which relate an
d to existing baryon

in asymmetry and transfer it
to the Dark Matter (which
are in most cases based
on effective operators

Set one:

Models with a large
number of fields neede
engineer an asymmetr
the dark matter

Boucenna, Krauss &
Nardi [1503.01119]
*Dhen & Hambye
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Goals:
1) Can we do it with a minimal s€

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

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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The scenario

Minimal Baryogenesis induced Asymmetric Dark Matter

T ~ 1019 GeV Chemical Equilibrium T ~20TeV T ~160GeV  Annihilation Today Signatures
Baryogenesis B B L L HH pp -t B 5
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The rest of the talk:

complex singlet scalar) + 1
The elements of the model }’fp((iner'{',."ggs ﬂoumet) )_2 Z4

How it avoids issues that are fatal in other scenarios
Early Universe dynamics

Signatures
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Thermal Freeze-out
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- No antiparticles today

- Key requirement for asymmetric dark matter:

(Annihilation cross section larger than for a WIMP (ov) > (av)WIMPJ
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If one wants to make dark matter annihilate efficiently one cannot
use Standard Model portals! ¢¢p — HH is now excluded by LZ!
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We showed that the recent LZ limit (2025) is so strong that it rules
out a singlet complex scalar dark matter in the perturbative regime
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https://arxiv.org/abs/2505.02408

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

does not work: works
L =2¢I*|H| & = Is(H'H')
dp < HH HH < H'H'

_ L : LH'N, Low,, LH'! .
Renormalizable [ - 1N, IH'U,

operators: H : HYN,HH'o HH" HHo¢, HH'H'H" HH" o HH™ ' Hy, |
HH : HHH'H', HH" ¢, HH"™ ',

: > _5 : :
Take A(H'H')’ if s 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! ———r————————

107
| m ~ 6(1) TeV-

Linear scaling with mass Exponential

Boltzmann

Our model works in a sort of freeze-in )
suppression

fashion and the parameter space of
interest is m1, > 700 GeV
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— dominant Asymmetric DM
Our model: Z4 [#]=1 ! y !

|[H'] = — 2 subdominant symmetric DM

~

J

Comments:  usual Z; symmetries for WIMPs have issues: m;¢> +m>¢’
U(1)y local (killed by DD as there is tree level mass mixing)

U(1)y global (killed by star cooling (axion))

This symmetry structure allows for two particle asymmetry portals:

V=Ai(HH)+h.c. V= Aypn¢°H'H +h.c.
e.e. HH < H'H' c.e. HH' — g
H A H A H H H H

J
I 9|~

1 1 ﬂH=_MBl Hu =~ Hp
H/ H/

-
] d8 O

7
inert—doublet Ha = Hu singlet—scalar || S pp /300

H H
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3) How do we ensure that the dark matter annihilates completely
and its abundance is dictated by an asymmetry?

V = ,lqu,‘ ¢ ‘2 ‘ H’ |2 ¢q§ —s '’ This prevents stringent direct

d_etection constraints

b & iqb
ol

Ho or Ao end up being a subcomponent of Dark Matter: Qg 1*=0.12

mH,
( 580GeV)

4) We have a Higgs doublet as DM fraction and it talks with the Z boson:

_|_
— H~ V=2A/2H'H)> +h.c.
~ 300 MeV the same /; interaction
A provides the mass splitting
JE k"V which avoids being ruled out
I My = =2V RE H by direct detection
0
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Relevant processes in the EU

Relevant processes:
H'H < HH, HH + HH, HH<+ HH, HH<++ HH (induced by \s)
¢p < HH', b HH', ¢H < ¢H', ¢H > ¢H'  (induced by Ag2pp)

Boltzmann equations:

H H
dApr _ _ 8 +2((ov(H'H — HH)) + (ov(H'H — H'H)) )Y} |AH' — Yir AH
dz - Hz Y
7/ e I 8 & 24 e Y¢ / Ydfq
P + (5 (ov(pp — HH')) Y + 2 (ov(¢pH — ¢H')) Y5?) [2A¢ + Ve 2 -AH — yea AH }
HI

I i dA¢ = 2L (2(ov(H — FH)) Y + (ou(ép — HAN) YY)

qu qu

Yy Ye
2A¢ + 2 AH — 2 AH]}

dAn __ B dAn . (B — L and Q conservation and all SM interactions active)
dx 79 dx
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Parameter Space
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Some examples

too much freeze-
in + a bit of
damping from H’
thermalization

my, = 200 GeV
107°F  Q,/Qpy=90% @

non — perturbative
(Apr’ > 15)

== ARy freeze-in + a bit
' of damping from
H’ thermalization

A¢2HHI

er abundance

10_6;

GV

107 b

freeze-in (too little)
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Some examples

Thermal
equilibrium of
both rates make
the phi
asymmetry 0!
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F 1 : fromH
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too much freeze-
in + a bit of
damping from H’
thermalization
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Other Benchmarks

gy =200GeVQy/Qpy = 90%
5mH0=450keV
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Parameter Space

o ' o |
my =400GeV M ~50% 45=6x10"° :
my =200GeV fPM~90% 45 =3x107 :
my =100GeV oM ~95%  25=15x10"
Smy, = 450keV

non — perturbative

over abundance
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Parameter Space

™ T T AL L L L L
— .+ Smy =250keV (s=165x107)
10-5F —— Omy,=450keV (45 =3 %107
[ === Omy =1MeV (=66x107)
i _ _ -5 *
e Smy, = 5MeV  Us 3><10/>./
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Parameter Space

The mass is too light and the symmetric annihilations
¢ asymmetry would be too [700 G@V S m¢ 5 30 TGV] non-perturbative
small

LEP [7() GeV < My < 580 GeV] overabundance

Q, h2=0.12, —H
Ho "7( 580GeV)

2

The lighter H’ the more
asymmetric dark matter is

i too much chemical equilibrium and
Z-induced DD [250 keV S 5mHO ,S 5 MGV] the mechanism is not efficient
AO
H,

Jomp, > 250kev

1 m¢ ) Required for the annihilation of
A e > dark matter in the early Universe
¢ 2 TeV T / i /
k ) ¢¢p - HH
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The model allows for the Direct Detection of the two dark matter components

via the various Higgs portal couplings: H, H,
¢ .. Ry

VIH, H',§) € + Ay | 1P| HI” + Ay | @ 1° | H'|?

V(H, H', ) € + iy | H* | H'|* + 4y | H'H'|* I\
N N

3/2
Mg 1
LZ [2025] limit: Aa | < 0.057 — is number density fraction
Al <007 (Fevy 7 4
Interestingly, 4, also controls the charged-neutral mass splitting and tells us:
H™
“ /14"1%1
EW corrections:  ~ 300 MeV < > |my: —my | ~ —— < 700 MeV
0 Amy
Ay/H,

Factor of ~10 expected improvement in DD rates in the upcoming years with
XLZD and PandaX-xT
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Can a Higgs so light be allowed?

. - - LHC@13TeV -D*D~/D*D°

The inert Higgs doublet only interacts 1ot e PP -
electroweakly and its production cross I\ Abbate, Zurita (3008085811 12" VYtV
section at the LHC is not that large: ALK

30 smaller x-sec than the Wino

8 smaller x-sec than the Higgsino

------- i2HDM D*D~

260 460
MDU (GeV)

/ 0\

600 800 1000

It mainly leads to missing energy as the A + readily decays into A, + r*

Most striking signature are disappearing charged tracks
Fake ol

— Signal tracklet "\
— Background tracklet

- = Not reconstructed

ATLAS-
CONF-2021-015
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101 — /HL — LHC

- ] -1
LHC (recast, 36 fb™1) [ ] (myguess,3a™")
Belyaev, Prestel, \\/'
Rojas-Abbate, Zurita
[2008.08581]
100
)
R
H — AO + T[i l:X L
EW—only 70 1}
1077 - -
100 200 300 400 500
my [GeV]
LHC (myguess, 136 fb~!) ATLAS 2201.02472
All i Il me 160 GeV if mass splitting comes only from EW corrections
INna
My > 70 GeV even with only +200 MeV in the mass splitting

HL-LHC sensitivity: my ~ 250 GeV if mass splitting comes only from EW corrections
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Proposed what we think may be the simplest Baryogenesis induced
Asymmetric Dark Matter model

ly t BSM fields: @ (complex singlet scalar) + 1
Only two new BSM fields H' (inert Higgs doublet) o Z4

¢ ¢  H

Multicomponent dark matter i

We can relate the dark matter abundance to the baryon asymmetry
of the Universe, as generated by e.g. Leptogenesis

Signals:

Direct detection for both dark matter components

Collider searches for the H’ (disappearing tracks)

Miguel Escudero Abenza (CERN)



The interaction Lagrangian:

Hierarchy of couplings. Can one find a theoretical reason as to why?

Our model works in a sort of interesting asymmetric freeze-in-ish regime

Having a renormalizable model not only makes it the same is

¢ ¢
simple but allows us to highlight that CP is a good not true for
symmetry. The CP violating effects are tiny because I I symmetric

the couplings are tiny! freeze-in!
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Great thanks to my outstanding collaborators!
Thomas Hambye

Chandan Hati

Thanks for your attention!

Questions, comments and criticism are most welcome
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hemical relations in the SM

€p €p

eﬂr 3
ﬂl - ﬂB 3| ﬂeRa —HBSS 73

Note that this ends up being multiplied by two as we have also the neutrinos!

d, + d,

all components in the doublets have the same chemical potential due
to the fact that muW = 0.
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