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 Brief overview of Sterile neutrino dark matter

 Future MeV gamma-ray observatories, especially COSI

 Detecting the sterile neutrino dark matter at COSI



Sterile neutrino dark matter

〇 Standard Model (SM) + 2 Right-handed neutrinos
We can describe neutrino masses/mixings via the seesaw mech.

  We can describe the baryon asymmetry of U. via Leptogenesis.

〇 Adding one more Right-handed neutrino
It can be a dark matter if its Yukawa int. is sufficiently small. 

〇 The model promoting U(1)B–L to a gauge one in the SM
A R-neutrino is introduced in each generation to cancel the anomaly.

L = LSM + L(K)[N, Z’, Φ] + L(B–L)[SM] + L(Y)[N, Φ] + L(Y)[L, N, H] + V[Φ, H].
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This setup allows us to create the sterile
neutrino dark matter in the early Univ.

Freeze-in via SM+SM  Z’  N+N

It is consistent with Seesaw & Leptogenesis!



〇 Detection of Sterile neutrino dark matter
Indirect detection via dark matter decay seems prominent.
Decay channels:

The radiative decay mode is the most powerful for detection. 
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Sterile neutrino dark matter

N  ννν, γν
N  e–e+ν

N  others

Sensitivity of photon signals Fundamental photon interactions 

DM mass
1 keV 1 MeV 1 GeV 1 TeV

TG limit



Future MeV gamma-ray observatories

= Small Explorer (SMEX) Satellite of
NASA (Planned launch in 2027).

Detecting γ-rays in the 0.2-5 MeV energy range.
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Although the sensitivity of COSI is not much better than that of past 
ones, its success would pave the way for more sensitive successors!!



Line γ

Future MeV gamma-ray observatories

= Small Explorer (SMEX) Satellite of
NASA (Planned launch in 2027).

Detecting γ-rays in the 0.2-5 MeV energy range.
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Large FoV & Excellent energy resolution

Although the sensitivity of COSI is not much better than that of past 
ones, its success would pave the way for more sensitive successors!!



Future MeV gamma-ray observatories
4/6

Each event is recorded in a Compton
data space (θa , φa , ψ), with Eγ info.

1 keV 1 MeV
Eγ

1 GeV 1 TeV



Future MeV gamma-ray observatories
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Each event is recorded in a Compton
data space (θa , φa , ψ), with Eγ info.

1 keV 1 MeV
Eγ

1 GeV 1 TeV

RoI: Galactic center region with a radius of 10 degrees. Sensitivity

Θ: Mixing angle
between N & ν

Expected COSI sensitivity



Future MeV gamma-ray observatories
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Each event is recorded in a Compton
data space (θa , φa , ψ), with Eγ info.

RoI: Regions outside Galactic bulge;

〇 Another interesting MeV gamma-ray signal
N  e –e +ν  e + is captured & forms Ps  511 keV!

511 keV gamma was already observed.

Expected COSI sensitivity

Θ: Mixing angle
between N & ν

Higher mass region or two lines!

Expected DM signal morphology



Summary

The detection of sterile neutrino dark matter at future MeV gamma-
ray observatories has been discussed, with a particular focus on COSI.

 Sterile neutrino dark matter, namely the lightest right-handed 
neutrino, is one of the most popular dark matter candidates 
described within the minimal framework for neutrino mass and 
mixing generation, as well as for explaining the BAU.

 Observing the photon signal from the process, 𝑁𝑁 → 𝛾𝛾𝜈𝜈, is the most 
prominent way to detect dark matter; however, the sensitivity in 
the MeV mass range is not as good as in other mass regions.

 Future MeV gamma-ray observatories, COSI and its successors, will 
address this issue and probe new parameter regions of the dark 
matter. In the MeV mass range, dark matter can also decay into an 
electron pair and a neutrino, producing a 511 keV photon signal 
from positronium decay, which covers higher masses than the N 
γν channel. Furthermore, detecting both monochromatic signals 
would be a smoking-gun signature of sterile neutrino dark matter.
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