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PART 0: BSM——WHO SHOULD YOU 
REALLY BELIEVE?



ADVERTISEMENT FOR THIS MEETING 



PART I: WIMP DARK MATTER HIDDEN 
BEHIND ITS COMPANION

These connections for typical WIMP DM is easily broken for a richer dark 
sector, for instance, including a mediator 𝑍′ to open DM + DM → 𝑍′𝑍′ . 
Our proposal is based on the variant of semi-annihilating DM 
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𝑍3 SYMMETRIC DM-COMPANION MODEL

◆The simplest DM-companion model is based on 𝑍3

⚫ A Dirac fermion Ψ as DM, with the companion, a complex singlet 𝑆, 

⚫ DM freeze-out: DM-DM semi-annihilates 
into the companion plus Higgs boson

They have identical 𝑍3 charge and the 
companion opens a symmetric portal to 
SM. In this model, they are both stable, 
but not in the latter extension

J. Guo, Z. Kang and P. Zhang, PLB (2022)
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NO DM-nucleon 
scattering!



FUNS WITH 𝑍3 DARK MATTER MODELS

◆Also deeply hidden in the sky? (scalar DM example)

⚫ Cosmic ray signal via on/off shell Higgs bosons: 𝑆1𝑆1 → 𝑆2 → 𝑆1ℎ + ℎ

J. Guo, & Z. Kang , 2405.14309, PLB

➢ Similar to the single Higgs 
signal from the conventional 
semi-annihilation model

➢ The 14&6-year FRMI-LAT data 
cannot yield meaningful 
constraint in the heavy region

➢ CTA can cover the whole  
space

➢ in the deep coannihilation 
region, this signal rate may be 
highly suppressed

https://arxiv.org/abs/2405.14309


PART II: MATTER ASYMMETRY COME FROM 
THE DM-COMPANION SECTOR 

Adding a lepton portal
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SEMI & ASYMMETRIC-ANNIHILATING DARK MATTER

◆Maximally asymmetric visible world

⚫ asymmetry to save the world

⚫ B violation

◆Origin of asymmetry in BSM & Sakharov’s 3 conditions (1967) 

⚫ a tiny asymmetry at 𝑇 ≳ 38 MeV to prevent 

over-annihilation: 
𝑛𝑞−𝑛ഥ𝑞

𝑛𝛾
~10−10

Were in a symmetric early universe, the nucleon-antinucleon 
large annihilation rate would lead to negligible matter fraction

⚫ C & CP violation

⚫ out-of-equilibrium (decay, freeze-out, 
first order phase transition)



SEMI & ASYMMETRIC-ANNIHILATING DARK MATTER

⚫ dark matter number (not self-conjugate by 𝑍𝑁≥3) & its violation (𝑆3 term) 

⚫ CP violation: readily & safely present in the dark sector 

◆Natural dark Sakharov’s 3 conditions in semi-annihilation models

Connect to dark matter? 
idea traced back to 

asymmetric dark matter 

➢ Asymmetry first generated in the dark 
matter, carrying generalized B/L number

➢ Translated to the visible sector via 
proper operators, e.g., DM2

➢ Related to but different than the models 
where DM directly annihilates into L/B 
to produce matter asymmetry

⚫ WIMP freeze out from the plasma departures from equilibrium  

SL Chen, ZK Liu, Z. Kang and P. Zhang, 2405.05694 JHEP

https://arxiv.org/abs/2405.05694


TRANSFER TO THE VISIBLE SECTOR

◆A lepton portal extension to the DM-companion model

⚫ an extra doublet scalar companion 𝜂

⚫ 𝑆 − 𝜂0 mixture→neutrino+DM, transferring DM asymmetry to leptons  

This portal generalizes lepton number to the dark sector 

A ``derivation” to the two-loop 
neutrino mass model by E. Ma

⚫ Further transfers to baryon asymmetry? Depends on DM mass! see later

SL Chen, ZK Liu, Z. Kang and P. Zhang, 2405.05694 JHEP

https://arxiv.org/abs/2405.05694


SEMI & ASYMMETRIC-ANNIHILATING DARK MATTER

◆Non-zero CP-violation parameter thanks to thermal motion  

⚫ tree-loop interference

⚫ Zero CP violation in the static limit: initial & loop particles are the same

⚫ way out: Thermal average consistently defined below

A resonant pole is needed 
for multi-TeV scale DM

SL Chen, ZK Liu, Z. Kang and P. Zhang, 2405.05694 JHEP

https://arxiv.org/abs/2405.05694


SEMI & ASYMMETRIC-ANNIHILATING DARK MATTER

◆Non-zero CP-violation parameter thanks to thermal motion  

⚫ nonrelativistic suppression is mild, 
~𝒪 0.001 − 𝒪(0.01)

⚫ Resonant enhancement ~𝒪(10)
from the coupling part is reasonable

This coupling can be very 
small due to DM annihilation 
with resonant enhancement

SL Chen, ZK Liu, Z. Kang and P. Zhang, 2405.05694 JHEP

https://arxiv.org/abs/2405.05694


TRANSFER TO THE VISIBLE SECTOR

◆Boltzmann equations

⚫ evolution of companion asymmetry Δ𝑆1
= 𝑌𝑆1

− 𝑌𝑆1
∗

SL Chen, ZK Liu, Z. Kang and P. Zhang, 2405.05694 JHEP

Source term from CP-
violating  𝑁1𝑁1 → 𝑆1 + ℎ

Wash-out from inverse decay of S1 → 𝑁1 + ҧ𝜈, and one 
can suppress this one by a small decay width, producing  
lepton asymmetry maximally at the same time

Wash-out from 
inverse scattering

https://arxiv.org/abs/2405.05694


TRANSFER TO THE VISIBLE SECTOR

◆Asymmetry evolution samples 

SL Chen, ZK Liu, Z. Kang and P. Zhang, 2405.05694 JHEP

在此处键入公式。

https://arxiv.org/abs/2405.05694


TRANSFER TO THE VISIBLE SECTOR

◆Results

⚫ matter asymmetry versus thermally averaged CP violation parameter 

Relic density is problematic, and 
we are trying to relax this issue 
by more careful analysis on the 
role of companion

SL Chen, ZK Liu, Z. Kang and P. Zhang, 2405.05694 JHEPing

ISSUE: DM freeze-out 

typically at 𝑇𝐷 ∼
𝑚DM

30
>

𝑇sphaleron~100GeV ⇒

𝑚DM > 3TeV

https://arxiv.org/abs/2405.05694


DM & MATTER ASYMMETRY: NOT NEW

◆WIMPy baryogenesis for conventional WIMP

◆Not-conventional DM 
freeze-out, e.g., conversion-
driven freeze-out, freeze-in 



CONCLUSION & OUTLOOK

◆DM having a companion both under Z𝑁≥3 can maintain the WIMP 
miracle without giving rise to large DM-nucleon scattering 

◆Semi-annihilation DM naturally being asymmetric DM & seeding 
matter asymmetry 

◆a part of two-loop neutrino model, 
and we are working to reproduce 
neutrino mass & mixing
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