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Diffuse Supernova Neutrino Background (DSNB)

DSNB neutrino flux
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O(10MeV)

• DSNB: Neutrinos from all previous core-collapse SNe


➡ Isotropic signal, quasi-thermal spectrum


• Not discovered yet, in the reach of upcoming neutrino 
detectors


• Galactic supernova are rare (~ few per century)


• ~99% of the energy from SN is released as neutrinos
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DSNB searches

SuperK Collaboration arXiv: 2109.11174

• Detection


➡ Water Cherenkov detectors (SuperK, HyperK)


➡ Liquid argon (DUNE) and scintillator (JUNO)

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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Bell, Dolan & SR
arXiv: 2005.01950 

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



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

next 5
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Atmospheric Neutrinos


• Charged current interactions

⌫` +N ! `+N 0

Background for DSNB searches

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

• Flux predictions at Kamioka site


➡  HKKM11: 100 MeV - 10TeV


➡  FLUKA: 13 MeV —100 MeV

Honda et al. arXiv:1102.2688

Battistoni et al., 

Astropart. Phys. 23 (2005) 526
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• Invisible Muons


• Muon induced spallation

E⌫ . 80MeV

<latexit sha1_base64="9saHPzB7dB4YfahHL5mOPfZz5NM=">AAACBXicbVDLSgNBEJyNrxhfqx71MBgEDxJ2JWKOQRG8CBHMA7IhzE46yZCZ2WVmVghLLl78FS8eFPHqP3jzb5w8DppY0FBUddPdFcacaeN5305maXlldS27ntvY3NrecXf3ajpKFIUqjXikGiHRwJmEqmGGQyNWQETIoR4OrsZ+/QGUZpG8N8MYWoL0JOsySoyV2u7hdTuQScBBa80ELnnBKU4DJfAt1EZtN+8VvAnwIvFnJI9mqLTdr6AT0USANJQTrZu+F5tWSpRhlMMoFyQaYkIHpAdNSyURoFvp5IsRPrZKB3cjZUsaPFF/T6REaD0Uoe0UxPT1vDcW//OaiemWWimTcWJA0umibsKxifA4EtxhCqjhQ0sIVczeimmfKEKNDS5nQ/DnX14ktbOCXyyc3xXz5ctZHFl0gI7QCfLRBSqjG1RBVUTRI3pGr+jNeXJenHfnY9qacWYz++gPnM8f8jWXlQ==</latexit>

E⌫ . 16MeV
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visible

invisible

e+

Ekin . 50MeV
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µ+

Michel spectrum
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Neutron tagging - Gadolinium

With Gd neutron tagging

Without Gd 
neutron tagging

• Invisible muons from HyperK design report
 • Background at HyperK
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Differential neutrino 
spectrum 

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

 Tracking the GC
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Galactic coordinates
Horizontal coordinates @ HyperK
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Enhancement due 
to DM clustering

Differential neutrino 
spectrum
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Beacom, Bell & Mack astro-ph/0608090

• Isotropic signal

• Assumptions


➡DM density profile


➡DM clustering factor (halo mass function)

Clustering factors
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Horiuchi, Beacom & Dwek,  arXiv: 0812.3157

<latexit sha1_base64="STpNm9bqPAFJkhhPQ0C1E536iJk="></latexit>

d�⌫̄e

dE⌫̄e

=
c

H0

Z zmax

0

RCCSN (z)p
⌦m(1 + z)3 + ⌦⇤

dN⌫̄e

dE
0
⌫̄e

(E
0

⌫̄e
)dz

• Core-collapse SN rate

• Neutrino spectrum per SN

• Main assumptions


➡Star Formation Rate (SFR)


➡Effective neutrino temperature

Effective neutrino 
temperature

• DSNB flux 


➡ obtained by redshifting neutrino spectrum from single SN according to the SN rate
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RCCSN (z) = SFR(z)⇥NS fraction
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• Parameters for DSNB physics


➡SFR: continuous broken power law


➡Effective  temperature for  emission: 
Fermi-Dirac distribution

SFR
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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


Bell, Dolan & SR
arXiv: 2005.01950 

HyperK

✓Validated against atmo.  events @ SuperKν
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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 without neutron tagging            right model ruled out at 90% 

Lower SFR

Upper SFR

Bell, Dolan & SR, arXiv: 2205.14123
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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



Is there a way to reliably 
disentangle DSNB and DM signals? 

next 17
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On-off analysis @ HyperK?

Not 
accessible

• IBD offers weak directionality, nearly isotropic positron-neutron offset


➡Reconstruction of the anti-neutrino direction is not possible.
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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.


• Using a dedicated simulation of the HyperK detector, we have shown that this could occur.


• 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!


