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Introduction
● Small velocities of DM in galactic scales lead to non-perturbative effects from QFT ->

 DM annihilation and self-scattering can be enhanced by the Sommerfeld Effect.
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● We propose a model of two-component dark matter which provide a mechanism for the Sommerfeld 
Enhancement through a resonance in the u-channel.



Introduction

● It is possible to enhance DM cross sections considering two-component DM with a 2:1 mass 
ratio (self-resonant dark matter).

(work by HM Lee, SS Kim and B Zhu arXiv:2108.06278v2)

● Observables: self-scattering (galactic scale data), nuclear recoil (direct detection), cosmic particles 
(indirect detection).

● Our proposal: study a SRDM model stabilized by a Z4 symmetry and its detection limits.
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Z4 symmetric SRDM

● Setup:

 (U(1)’ symmetry is broken into Z4 by the VEV of the dark Higgs)

● The real and imaginary component of 𝟇2 are decoupled because of the induced mass splitting (𝟇1 
and the lightest 𝟇2 component will be the DM particle):
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Z4 symmetric SRDM

● For the Z4 model, two ladder diagrams contribute for the SE:
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● This defines two Bethe-Salpeter 
functions (conversion between 
states).



Defining the position-space wave-function from the Fourier transf., one obtains coupled Schrodinger-like 
equations:

● Fitting of small-scale data:
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(Done by Hyun Min Lee and 
Seong-Sik Kim)

Z4 symmetric SRDM



The u-channel resonance enhances processes with initial states ɸ1 and ɸ2. This can be 
seen through the following ladder diagram:
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Z4 symmetric SRDM: u-channel resonance



Abundance benchmarks
The abundance of species are set by 

● 1) DM annihilation to SM/DS, 
● 2) DM inelastic scattering and 
● 3) DM semi annihilation.

Recasting:
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Abundance benchmarks

BM1 BM2
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Abundance benchmarks

BM3 BM4
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Abundance benchmarks: multi-GeV dark matter

We are using the limits from the CMB recombination to constrain the SE factor times branching 
ratio to e+e-:
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Abundance benchmarks: (sub-) GeV 



Boosted Dark Matter
Dark mediators DM and the SM: production through 
semi-annihilation of DM -> boost for the final states
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Y

Boosted dark matter particles can travel through the 
galaxy and be detected by direct detection or neutrinos 
experiments! 

ɸ2

ɸ1

ɸ1



Nucleus-boosted DM scattering
● Considering the relativistic nucleus-DM scattering, the DM wavelength can be of the 

size or smaller than the nucleus size -> both coherent and incoherent scattering 
can be present! 
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Nucleus-boosted DM scattering
● The differential event rate will be given by

● We have to consider that a given recoil energy is produced minimum DM kinetic energy 
given by

● Reciprocally, a given DM energy can produce, at most, a given recoil energy:
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DD for boosted DM: Recoil energy
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DD for boosted DM: Limits
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DD for boosted DM: Recoil energy

19



● The Z4 model provides a viable candidate of SRDM to explain Galaxy scale 
data.

● DM abundance can be provided by the thermal freeze-out in both GeV and 
multi-GeV (WIMP) limits.

● This model implies in a boosted DM components in addition to the halo DM 
and is constrained by current (XENONnT) and future experiments (DARWIN, 
DUNE).
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Conclusions and next steps



Backup
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Beam dump Experiments
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arXiv:1803.05466v3



Lower limits: Earth’s internal structure attenuation effect
If the proton-DM cross-section is too high, the boosted DM particles will scatter and lose 
kinetic energy below the detection threshold through their propagation inside Earth’s 
internal structure, where the dense rock implies a high nuclear density.
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Interaction with the dark sector



Z4 Self-Resonant DM: Semi-annihilation diagrams
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Interaction with the SM sector


