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INtroaduction

Diffuse Supernova Neutrino Background (DSNB)

» DSNB: Neutrinos from all previous core-collapse SNe
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INtroaduction

| DSNB searches
* Detection SuperK-IV, upper limit on the DSNB
=) \Water Cherenkov detectors (SuperK, HyperK)
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INtroaduction

* HyperK should be able to probe thermal annihilation cross-sections for DM of mass ~ 20 - 40 MeV

for annihilation into neutrinos.
Yx — v, 20 yrs, 90% CL
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AN

Can neutrinos from DM annihilation

contribute a significant background @ :
to DSNB searches?
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Background for DSNB searches

Atmospheric Neutrinos | Cherenkov light

Neutrino
J — )
Charged
particle
In water
Photosensors

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

 Flux predictions at Kamioka site * Charged current interactions

= HKKM11: 100 MeV - 10TeV  Honda et al. arXiv:1102.2688 vg+ N =+ N’

) FLUKA: 13 MeV —100 MeV  Battistoni et al..
Astropart. Phys. 23 (2005) 526
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Background for DSNB searches

* |nvisible Muons
FE, < 80MeV
~ HyperK
Pﬂ 300_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_
Invisible 250
_|_‘ Ve

N
-
-

o

Ul

o
IIIIIIIIIIIIIIIIIIIIIIIIIIII

*

L4
[ ]
[ ] ]
| [
\J LJ

ﬁ’ ’0

. ®

Y

Ekin < 50 MeV 1,1[/7—1—

Events/2MeV /0.187Mton/10years

100
Michel spectrum
visible >0 :
O....I....I....I....I....I....I....I....:
10 15 20 25 30 35 40 45 50

Ekin (MGV)

* Muon induced spallation £, < 16 MeV

NEUTRINOS FROM DM ANNIHILATION VS. THE DSNB Sandra Robles (Fermilab)



Background for DSNB searches

* |nvisible muons from HyperK design report o Background at HyperK

Neutron tagging - Gadolinium

Without Gd
neutron tagging
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DM Signal

Primary contribution: Neutrinos from DM annihilation in the Galactic halo
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DM Signal

Secondary contribution: Neutrinos from extragalactic DM annihilation

* |sotropic signal Enhancement due
to DM clustering

2 2 a 9 103 s -
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- Press-Schechter -
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= DM density profile 5 : 10 & 20

= DM clustering factor (halo mass function) E,(MeV)
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DSNB flux

o DSNB flux

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

* Neutrino spectrum per SN
dNy,

o T17 7E17
dElje f( e e)

APy, c F— Rccsn(?) dNp, (E/ \dz
[ Mwm'no dbp,  Ho Jo VOm(1+2)3 +Qy dE;, ™

» Core-collapse SN rate / * Main assumptions

=) Star Formation Rate (SFR)

Rcesn(z) = SFR(z) x NS fraction ) Effective neutrino temperature

Horiuchi, Beacom & Dwek, arXiv: 0812.3157
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DSNB flux
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! | o By, =100 MeV
Detect mulation <
cleClor sSimuiatio
104
_ 7 I SKI-IVuy, +7, .
* GENIE neutrino Monte Carlo event generator T 00k §SKHVy, 17,
= ——HKKM11 v, + 7, (W/ 0sc.) N\
- & 10 F —HKKM11 v, + 7, (w/ osc.) AN
Andreopoulus et al. arXiv:1510.05494 . HKKM L o 45, (w0J ose.) N 75

- - -HKKM11 v, + 7, (wo/ osc.)

o ROOT geometry package - detector geometry 16 1500 3000 4500 étf?b _275_?0 '_19'000 10500
E, (GeV) ®; (GeV " 'm “s “sr )
Atmospheric V 4D flux
O, (Ey, 2, a) HKKM11: arXiv:1102.2688

Bell, Dolan & SR
arXiv: 2005.01950
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DSNB and DM events @ HyperK

Analysis window: 16 - 30 MeV

TD@ =6 MeV
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Bell, Dolan & SR, arXiv: 2205.14123
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—xpected signal and background @ HyperK

DSNB + DM without neutron tagging == right model ruled out at 90%
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—xpected signal and background @ HyperK

DSNB + DM with Gd n-tagging == wrong SFR or wrong T, at 95% CL

m, =21 MeV

Ul
o

: DSNB
/22| mmm Lower SFR T, =4MeV

: Upper SFR T;, =4MeV
Lower SFR T, =6MeV

- Spallation

D
-

W
o

Invisible u
with neutron tagging

Thermal DM
(Galactic halo

Extragalactic min.

N
-
IIIIIIIIIII

-
-

Atmospheric 7, Extragalactic max.

Events/2MeV /0.188 Mton/10 yrs

....I[...I....I....

15 20 25 DM effects are maximal for
Eyin (MeV) DM of mass 20 - 25 MeV

-
-
W
-

Bell, Dolan & SR, arXiv: 2205.14123

NEUTRINOS FROM DM ANNIHILATION VS. THE DSNB Sandra Robles (Fermilab)



Is there a way to reliably
disentangle DSNB and DM signals?
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On-off analysis @ HyperK?

* |BD offers weak directionality, nearly isotropic positron-neutron offset
= Reconstruction of the anti-neutrino direction is not possible.
15 =6MeV, m, =20 MeV
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Summary

» 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

NEUTRINOS FROM DM ANNIHILATION VS. THE DSNB Sandra Robles (Fermilab)



Thank youl!
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