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Diffuse Supernova Neutrino Background (DSNB)

DSNB neutrino flux
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O(10MeV)

• DSNB: Neutrinos from all previous SNe in the Universe


➡ Isotropic signal, quasi-thermal spectrum


➡Not discovered yet


➡ In the reach of upcoming neutrino detectors


• Galactic supernovae are rare (~ few per century)
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DSNB searches

SuperK Collaboration arXiv: 2109.11174

SuperK-IV, upper limit on the DSNB
• Water Cherenkov detectors


➡Channel: Inverse beta decay (IBD)

⌫̄e + p ! e+ + n
SN

Detector

Cherenkov light
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DM profiles


‣ Isothermal


‣ NFW


‣ Moore


• HyperK should be able to probe thermal annihilation cross-sections for DM of mass ~ 20 - 40 MeV 
for annihilation into neutrinos.


Introduction

DSNB
DSNB analysis window

@HyperK: 16-30 MeV

Bell, Dolan & SR
arXiv: 2005.01950 

https://arxiv.org/abs/2005.01950


Can neutrinos from DM annihilation 
contribute a significant background 
to DSNB searches? 

next 5
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• Invisible Muons


• Muon induced spallation

E⌫ . 80MeV
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E⌫ . 16MeV

<latexit sha1_base64="m8mmx+mSVDvCMkaRWT6qaiRM9XQ=">AAACBXicbVDJSgNBEO2JW4zbqEc9NAbBg4QZicsxKIIXIYJZIBNCT6eSNOnuGbp7hDDk4sVf8eJBEa/+gzf/xs5y0MQHBY/3qqiqF8acaeN5305mYXFpeSW7mltb39jccrd3qjpKFIUKjXik6iHRwJmEimGGQz1WQETIoRb2r0Z+7QGUZpG8N4MYmoJ0JeswSoyVWu7+dSuQScBBa80E9s+CY5wGSuBbqA5bbt4reGPgeeJPSR5NUW65X0E7ookAaSgnWjd8LzbNlCjDKIdhLkg0xIT2SRcalkoiQDfT8RdDfGiVNu5EypY0eKz+nkiJ0HogQtspiOnpWW8k/uc1EtO5aKZMxokBSSeLOgnHJsKjSHCbKaCGDywhVDF7K6Y9ogg1NricDcGffXmeVE8KfrFwelfMly6ncWTRHjpAR8hH56iEblAZVRBFj+gZvaI358l5cd6dj0lrxpnO7KI/cD5/APCel5Q=</latexit>

visible

invisible

e+

Ekin . 50MeV
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µ+

• Atmospheric neutrinos


➡  
⌫` +N ! `+N 0

DSNB analysis 
window

Without Gd 
neutron tagging

With Gd neutron tagging
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Differential 
neutrino spectrum 

DM particles producing 
νs along the l.o.s.

J-factor horizontal coord. @ HyperK
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�� ! ⌫⌫̄• Primary contribution: Neutrinos from DM annihilation in the Galactic halo

• Secondary contribution: Neutrinos from extragalactic DM annihilation (isotropic)

<latexit sha1_base64="ZxB1mpbVQyigPqgeTnKu0fBDqVw="></latexit>
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dE⌫
J(z, a)
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Horiuchi, Beacom & Dwek,  arXiv: 0812.3157

• DSNB flux 


➡ obtained by redshifting neutrino spectrum from single SN according to the SN rate

• Parameters for DSNB physics


➡SFR: continuous broken power law


➡Effective  temperature for  emission: 
Fermi-Dirac distribution

SFR

<latexit sha1_base64="2kM3KKrVKYCxe6ZLxoSGPJ0uVYE="></latexit>

d�⌫̄e

dE⌫̄e

= f(SFR, T⌫̄e)
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• GENIE neutrino Monte Carlo event generator 

 Andreopoulus et al. arXiv:1510.05494   


• ROOT geometry package - detector geometry

✓ Water


✓ Stainless steel


✓ Concrete


✓ Standard rock


Inner DetectorOuter Detector

✓Kinematics


✓Vertex of the 
interaction


�⌫(E⌫ , z, a)
Atmospheric     4D flux


HKKM11: arXiv:1102.2688
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✓Tracking 
leptons & pions


✓Smearing


HyperK

✓Validated against atmo.  events @ SuperKν

Bell, Dolan & SR
arXiv: 2005.01950 

https://arxiv.org/abs/2005.01950
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Bell, Dolan & SR, arXiv: 2205.14123Lower SFR

Upper SFR

HyperK

Analysis window: 16 - 30 MeV
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DSNB + DM with Gd n-tagging              wrong SFR or wrong  at 95% CLTν

Bell, Dolan & SR, arXiv: 2205.14123

DM effects are maximal for 
DM of mass 20 - 25 MeV
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• Pollution from neutrinos from light DM annihilation 


➡ could lead to incorrect inferences about the astrophysics behind the DSNB and potentially 
missing a DM signal.


• Unfortunately, it will be hard to discriminate between both signals due to the lack of angular 
information.


• Conclusions should hold for other experiments sensitive to the DSNB (JUNO and DUNE).

Image credit: ICRR (Institute for Cosmic Ray Research), The University of Tokyo
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Thank you!


