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Indirect evidences of DM

Dark matter

wikipedia.org Extended 
rotation curve of M33

NASA: bullet cluster

Large scale structure:
astro-ph/0504097

Hubble Space Telescope

CMB
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http://arxiv.org/abs/astro-ph/0504097
https://en.wikipedia.org/wiki/Hubble_Space_Telescope


  

We consider neutrino couples to scalar DM      through a 
fermionic mediator      : 

The neutrino-DM scattering via u-channel diagram:

Scalar DM-neutrino interactions

P.Y.Tseng, Y.M.Yeh: 2412.08537

C.Boehm, P.Fayet: Nucl.Phys.B 683 (2004) 219-263
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In cosmology, it effects the free streaming of cosmic 
neutrino and thus modifies the small scale structure in 
matter power spectrum. 

Boosted DM.

Attenuate neutrino flux.

Imprint in neutrino oscillation.

…

Phenomenology from DM-neutrino

C.Doring, S.Vogl: JCAP 07 (2024) 015.
J.M.Cline et.al: PRL 130 (2023) no.9, 091402.
J.M.Cline et.al: JCAP 06 (2023) 004.

M.Reynoso, O.A.Sampayo: Astropart.Phys.82(2016)10-20.
E.J.Chun: 2112.05057.

A.Das, M.Sen: PRD 104 (2021) no.7 075029.
Y.Jho, J.C.Park, S.C.Park, P.Y.Tseng: 2101.11262.
Y.H.Lin, M.R.Wu: PRL133(2024)11,111004.
K.Agashe et.al: JCAP 10 (2014) 062.

G.Mangono et.al: PRD 74 (2006) 043517.
D.C.Hooper, M.Lucca, PRD 105 (2022) no 10, 103504.
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J.F.Beacom: Ann.Rev.Nucl.Part.Sci. 60 (2010) 439-462.

 Diffuse supernova neutrino background (DSNB) stems from 
core-collapse supernovae.

DSNB and DUNE
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J.F.Beacom, M.R.Vagins: Phys.Rev.Lett. 93 171101,2004.



J.F.Beacom: Ann.Rev.Nucl.Part.Sci. 60 (2010) 439-462.

 Diffuse supernova neutrino background (DSNB) stems from 
core-collapse supernovae (CCSN).

 It is modeled by the neutrino distribution from a supernova, 
then covolute with the rate of CCSN:

 The rate of CCSN relates to the SFR (star formation rate)

DSNB and DUNE

Neutrino flux without DM attenuation
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 DSNB is attenuated due to neutrino-DM scattering:

 Where the transmittance      is associated with the optical 
depth                  and the scattering rate                . 

DSNB and DUNE

Neutrino flux with DM attenuation

C.Doring, S.Vogl: JCAP 07 (2024) 015
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 Event excess from Super-Kamiokande in DSNB energy 
range.

DSNB and SuperK/HyperK/DUNE
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Super-Kamiokande Collaboration: arXiv:2109.11174, 
A.D.Santos: arXiv: 2501.08876,
M.Harada, Proceedings of Nautrino 2024(2024).



 Event rate at SuperK/HyperK/DUNE detectors, we 
considered charged current between neutrino and liquid 
argon

 Assuming 359kton-yr/3.8Mton-yrs/400kton-yrs exposures, 
the event number is given by

 Including the background and data from SuperK, we obtain  
     sensitivity via using the Poisson likelihood:

DSNB and SuperK/HyperK/DUNE
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 DM-neutrino interaction attenuates DSNB at 
SuperK/HyperK/DUNE detectors:

DSNB and SuperK/HyperK/DUNE

Where m_F ~ m_phi

P.Y.Tseng, Y.M.Yeh: 2412.08537
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 DM-neutrino interaction attenuates DSNB at 
SuperK/HyperK/DUNE detectors:

DSNB and SuperK/HyperK/DUNE

Where m_F ~ m_phi

P.Y.Tseng, Y.M.Yeh: 2412.08537

Dashed curves indicate 
the systematic uncertainties 
from SFR parameters
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TeV neutrino from active galactic nuclei (AGN), NGC 1068 
[1.5 TeV, 15 TeV] and TXS 0506+056 [40 TeV, 4000 TeV]. 

AGN and IceCube

C.Doring, S.Vogl: JCAP 07 (2024) 015.IceCube Collaboration: Science 378 no. 6619 (2022) 538-543.
IceCube Collaboration: Science 361 no. 6398 (2018) 147-151.
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AGN is powered by supermassive black hole.

Neutrinos stems from high energy pions which are 
generated in the corona region surround the supermassive 
black hole:

AGN and IceCube

C.Blanco, D.Hooper, T.Linden, E.Pinetti: 2307.03259.K.Murase, F.W.Stecker: 2202.03381.

B~6 kG

1.Magnetic field reconnection
2.Plasma turbulence
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AGN is powered by supermassive black hole.

Neutrinos stems from high energy pions which are 
generated in the corona region surround the supermassive 
black hole:

AGN and IceCube

C.Chen, A.R.Pullen: 2110.04460
K.Murase, F.W.Stecker: 2202.03381.

1.Magnetic field reconnection
2.Plasma turbulence

For TXS 0506+056: 
prediction of lepto-hadronic model
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AGN is powered by supermassive black hole at the center.

Near center,                  , DM spike may form where the 
inner radius is about four times the Schwarzschild radius. 

However, the DM self annihilation saturates the maximal 
density:

AGN and IceCube

J.M.Cline, M.Puel, JCAP 06 (2023) 004.
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AGN is powered by supermassive black hole at the center.

Near center,                  , DM spike may form where the 
inner radius is about four times the Schwarzschild radius. 

However, the DM self annihilation saturates the maximal 
density:

AGN and IceCube
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DM spike substantially enhances the attenuation. 

The optical depth for NGC1068 is obtained by performing 
the integral:

AGN and IceCube

Interesting kinematic region
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DM spike substantially enhances the attenuation. 

The optical depth for NGC1068 is obtained by performing 
the integral:

For distance TXS 0506+056, we used the comoving 
distance:  

AGN and IceCube
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DM spike substantially enhances the attenuation. 

Constraint on neutrino-DM interaction from IceCube event 
suppression:

For NGC, IC observed          excess events. For TXS, data is 
consistent with 2 predicted event, and thus 90% CL is 
equivalent to requiring event number > 0.1.

AGN and IceCube

IceCube collaboration: 2211.09972.
A.M.Cline, et.al: 2209.02713
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DM spike substantially enhances the attenuation. 

Constraint on neutrino-DM interaction from IceCube event 
suppression:

AGN and IceCube
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DM spike substantially enhances the attenuation. 
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suppression:

AGN and IceCube
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P.Y.Tseng, Y.M.Yeh: 2412.08537

Stronger constraint 
from higher-energy source TXS, 
But larger statistic uncertainty. 



  

DM spike substantially enhances the attenuation. 

Constraint on neutrino-DM interaction from IceCube event 
suppression:

AGN and IceCube

Ignore DM self-annihilation
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The constraints become weaker for lighter mediator, since 
the cross section is no longer proportional to the neutrino 
energy.

AGN and IceCube

NGC 1068 TXS 0506+056
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Summary

We consider a sub-GeV scalar DM couples to neutrino 
through a heavy fermionic mediator.

In certain kinematic region, neutrino-DM cross section is 
proportional to neutrino energy.

DSNB and AGN, later provides distant neutrino source 
above TeV energy scale. Neutrino-DM interaction manifests 
via attenuating these neutrino fluxes from model predictions 
or DUNE/IceCube data.
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Website: https://indico.phys.sinica.edu.tw/event/301/



  

Thank you for your attention!



  

Back up



  

Astrophysical Sky surveys are ideal for observing 
microlensing. Ex. Subaru-HSC (observing M31 for 7 hrs).

Milky Way Destined for Head-On Collision | NASA 

FB halos surround MW 
and M31. FBs and stars 
have relative velocity of 
250 km/s.

M31 image from Subaru-HSC 

Microlensing
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Supporting evidence from Bullet cluster: picture of the two 
galaxies collided and pass through each other.

NASA: bullet cluster

Indirect evidences of DM



  

Supporting evidence from Bullet cluster: picture of the two 
galaxies collided and pass through each other.

NASA: bullet cluster

X-ray

Gravity 
lensing

Indirect evidences of DM



  

Supporting evidence from Bullet cluster: picture of the two 
galaxies collided and pass through each other.

NASA: bullet cluster

GAS

DM

DM

Indirect evidences of DM

GAS



  

Indirect evidences of DM: CMB

Expand the temperature by spherical harmonic functions:

Planck Collaboration

DM provides gravitational force can enhance 
the 1st and 3rd peaks, but weak the 2nd peak.



  

DM Search



  

DM search: direct detection

DM direct detection.

We can detect more DM signal in summer than in winter.



  

DM search: direct detection

DM direct detection.

Experimentalists put a detector underground shielding the 
background, mostly come from cosmic ray.  



  

XENON1T detector:

DM search: direct detection

DM



  

DM search: direct detection

Supersymmetry theory predicts the WIMP (weakly 
interactive massive particle) around O(100) GeV to 1 TeV.

It is constrained from direct detection searches.

P. Cushman et. al.:1310.8327v2Towards Dark Matter Discovery 2018



  

DM search: direct detection

DAMA/LIBRA (NaI) annul modulation signal.

DAMA/LIBRA: arXiv:0804.2741

But it can be explained 
without DM. 
(arXiv:1407.1052) 
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