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WDM receives velocity kick
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Cosmological signatures in:
- Lyman-α forest [arXiv:2210.06117]

- CMB and BAO [arXiv:2203.07440]

- Weak lensing shear data [arXiv:2307.03222]

- DM halo evolution [arXiv:2201.11740]

singles out parameter space of 
interest:

τ ~ 1018 s ~ 100 Gyrs
ε ~ 10-2

→ cosmological lifetimes
→ still open window to address S8

independent of M
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Starting point: “DR” only has to couple sufficiently weakly to the SM 
Can DM decay instead into neutrinos?

→ Minimal approach: as few ingredients as possible
- 2 new fermionic particles N1 and N2 as DM
- SM neutrinos as “DR”
- effective interaction

How can such a model be realized theoretically? 

What we want:
decay into neutrinos

τ ~ 1018 s

What we need:
decay into e+/e-/γ
τ > 1026-1030 s

Challenge
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Recognizing DCDM

after EW symmetry-breaking:

DCDM
M

WDM
m~M

“DR”

= 1/τ

3-body decay

after EW symmetry-breaking:

decay width:

Λ only dependent on model 
parameters (ε, τ) plus DM mass M:

WHAT WE WANTED!
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Did we solve the challenge?

Generation of charged particles:
- via W boson
- phase-space suppressed
- BR ~ 10-24 (εM/0.01 GeV)4

Generation of gammas:
- from e+/e- loop
- from Higgs to top/W loop into 2γ 
- BR ~ (εM)8 ~ O(10-23)

both suppressed by over 20 orders of 
magnitude

YES!
but undetectable
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<Eν> = Mε /2measure neutrino flux from DM 
decay in the galactic center:

compare predicted and measured 
flux in each energy bin:

experiments with low neutrino energy:
- Borexino (1.8-16.8 MeV) [arXiv:1909.02422]

- KamLAND (8.3-30.8 MeV) [arXiv:2108.08527]

- SK (9.3-200 MeV) [arXiv:2109.11174, arXiv:1711.05283]

- JUNO (2.75-100 MeV) [ arXiv:2206.06755]

neutrino 
spectrum

density integral 
over line-of-sight

9 / 15



QMDM20.03.2024

Neutrino constraints
M=1GeV

10 / 15



QMDM20.03.2024

Neutrino constraints
M=1GeV

Eν~10MeV
10 / 15



QMDM20.03.2024

Neutrino constraints
M=1GeV M=0.3GeV

Eν~10MeV Eν~3MeV
10 / 15



QMDM20.03.2024

Dark Matter Production

effective interaction can also produce DM via 
neutrinos after EW symmetry-breaking:

11 / 15



QMDM20.03.2024

Dark Matter Production

effective interaction can also produce DM via 
neutrinos after EW symmetry-breaking:

[Hall et al., arXiv:0911.1120]

11 / 15



QMDM20.03.2024

for typical scales Λ~Ο(TeV): freeze-in

→ strong dependence on reheating
    temperature Trh

    requirement: Trh < TEW ~ 160 GeV

Dark Matter Production

effective interaction can also produce DM via 
neutrinos after EW symmetry-breaking:

[Hall et al., arXiv:0911.1120]

11 / 15



QMDM20.03.2024

for typical scales Λ~Ο(TeV): freeze-in

→ strong dependence on reheating
    temperature Trh

    requirement: Trh < TEW ~ 160 GeV

Dark Matter Production

effective interaction can also produce DM via 
neutrinos after EW symmetry-breaking:

[Hall et al., arXiv:0911.1120]

11 / 15



QMDM20.03.2024

for typical scales Λ~Ο(TeV): freeze-in

→ strong dependence on reheating
    temperature Trh

    requirement: Trh < TEW ~ 160 GeV

Dark Matter Production

effective interaction can also produce DM via 
neutrinos after EW symmetry-breaking:

→ 50% N1 and 50% N2

[Hall et al., arXiv:0911.1120]
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Freeze-in Constraints
M=1GeV M=0.3GeV

underproduction compatible with freeze-in
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● achieved decay into neutrinos on cosmological timescales while 
suppressing other visible particle production

● combined complementary constraints from cosmology, neutrino 
experiments, and freeze-in production 

● identified window in parameter space where all constraints and a lower S8 

are satisfied for M ≾ 1 GeV

● parameter space of interest testable in the future by e.g. JUNO and weak 
lensing data

Summary

Thank you!
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Low-mass regime

M=1MeV1) neutrino-DM scattering

 
- high-energy sources needed
- limits from blazar TXS-0506+056 with 
  Eν~290TeV  measured by IceCube

2) invisible Higgs decay
- needs BR < 12%
- small effect only
  relevant at very small M, ε and τ 
- however: EFT becomes invalid
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effective scale Λ is dependent on 
model parameters:

for small ε and τ, coupling can 
become strong enough to cause 
thermalization at T=M 
→ freeze-out solution

however: outside of reach of EFT
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