
Towards Probing the Diffuse Supernova

Neutrino Background in All Flavors

Anna M. Suliga

Phys.Rev.D 105 (2022)

with J. F. Beacom, and I. Tamborra

N3AS-PFC Fellow

University of California, Berkeley

University of Wisconsin-Madison

Dark Matter and Neutrino Forum,

INPAC/TDLI of Shanghai Jiao Tong University

Feb. 22/23, 2022



Neutrinos and core-collapse
supernovae



Why are neutrinos important for a core-collapse supernova?
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Neutrinos:

• ∼ 1058 of them emitted from a single core collapse

• only they (+ GW) can reveal the deep interior conditions

• only they (+ GW) are emitted from the collapse to a black hole

Earth image: Kurzgesagt

https://kurzgesagt.org/


Why core-collapse supernovae are good physics probes?

Advantages
• extreme physical conditions not accessible on Earth:

very high densities, long baselines etc.
• within our reach to detect (SK, JUNO, XENON, PandaX...)

What can we learn with a variety of detectors?

• explosion mechanism

• yields of heavy elements

• compact object formation

• neutrino mixing

• non-standard physics
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H. Duan et al. (2010),
I. Tamborra & S. Shalgar (2020)...
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S. Curtis et al. (2018)...

M. Warren et al. (2019),
S. Li, J. F. Beacom et al. (2020)...

A. de Gouvêa et al. (2019),
Suliga et al. (2020)...

https://ui.adsabs.harvard.edu/abs/1985ApJ...295...14B/abstract
https://arxiv.org/pdf/1011.3409.pdf
https://arxiv.org/abs/1001.2799
https://arxiv.org/abs/2011.01948
https://ui.adsabs.harvard.edu/abs/1994ApJ...433..229W/abstract
https://arxiv.org/abs/2011.01948
https://arxiv.org/abs/1912.03328
https://inspirehep.net/literature/1811107
https://arxiv.org/abs/1910.01127
https://inspirehep.net/literature/1792755


Why focus only on a single rare
event?



Single event vs. multiple events

3 / 20

Single galactic SN event
• rare event

• precise infromation about one star

Multiple SN events (larger distances)
• cumulation of events

• uncovering any surprises

Images: Kurzgesagt

https://kurzgesagt.org/


Diffuse supernova neutrino background
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The DSNB is sensitive to:

• RSN, fBH−SN

• neutrino mass ordering

• equation of state

• mass accretion rate in BH-SN

• non-standard physics redshift0

Guseinov (1967), Totani et al. (2009), Ando, Sato (2004), Lunardini (2009), Beacom (2010),
Lunardini, Tamborra (2012), Møller, Suliga et al. (2018), Kresse et al. (2020)...

https://inspirehep.net/literature/399909
https://inspirehep.net/literature/660930
https://inspirehep.net/literature/810340
https://arxiv.org/abs/1004.3311
https://inspirehep.net/literature/1116373
https://inspirehep.net/literature/1667039
https://arxiv.org/abs/2010.04728


Astrophysical uncertainties



The fraction of black-hole-forming progenitors
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Fraction of black-hole-forming progenitors influences the highly
energetic part of the DSNB, above ∼ 15 MeV.

Ertl et al. 2015, Sukhbold et al.2015, Adams et al. 2016, Heger et al. 2001,
Kochanek et al. 2001, Basinger et al. 2020, ...

https://arxiv.org/abs/1503.07522
https://arxiv.org/abs/1510.04643
https://arxiv.org/abs/1610.02402
https://arxiv.org/abs/astro-ph/0112059v1
https://arxiv.org/abs/0802.0456
https://inspirehep.net/literature/1809753


The fraction of black-hole-forming progenitors
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Fraction of black-hole-forming progenitors influences the highly
energetic part of the DSNB, above ∼ 15 MeV.

Lunardini (2009), Keehn, Lunardini (2010), Lunardini, Tamborra (2012), Priya, Lunardini
(2017), Møller, Suliga et al. (2018), Nakazato et al. (2018) Kresse et al. (2020), ...

https://inspirehep.net/literature/810340
https://arxiv.org/abs/1012.1274
https://inspirehep.net/literature/1116373
https://arxiv.org/abs/1705.02122
https://arxiv.org/abs/1705.02122
https://inspirehep.net/literature/1667039
https://arxiv.org/pdf/1503.01236.pdf
https://arxiv.org/abs/2010.04728


Cosmological supernovae rate
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The supernovae rate influences the normalization of the DSNB.
Ando, Sato (2004), Beacom (2010), Horiuchi et al. (2011), Møller, Suliga et al. (2018),
Nakazato et al. (2018), ...

https://inspirehep.net/literature/660930
https://arxiv.org/abs/1004.3311
https://iopscience.iop.org/article/10.1088/0004-637X/738/2/154
https://inspirehep.net/literature/1667039
https://arxiv.org/pdf/1503.01236.pdf


Expected 1σ uncertainty: fraction of BH forming progenitors
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• The high uncertainty comes from
fBH−SN–mass accretion rate
degeneracy

• DUNE is sensitive to neutrinos→
helps to reduce the uncertainty

Møller, Suliga, Tamborra, Denton (2018)

https://inspirehep.net/literature/1667039


Expected 1σ uncertainty: local supernova rate
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• The high uncertainty comes from
fBH−SN–mass accretion rate
degeneracy

• DUNE is sensitive to neutrinos→
helps to reduce the uncertainty

• Relative error of 20%-33%
independent of the mass
ordering.

Møller, Suliga, Tamborra, Denton (2018)

https://inspirehep.net/literature/1667039


BSM scenarios affecting DSNB



Neutrino decay

Active neutrinos are massive and masses are not identical

• SM decays are loop supressed

• lifetimes� age of the Universe

If neutrinos have interactions BSM they can decay faster

9 / 20Figure credit: Abdullahi, Denton (2020)

https://arxiv.org/pdf/2005.07200.pdf


Neutrino decay: impact on DSNB

10 / 20

de Gouvêa et al. (2020)

Exact detector features depend on

• Mass ordering

• Dirac vs Majorana nature

• details of the BSM model
Ando et al. 2003, Ando et al. 2003, Fogli et al. 2004, de Gouvêa et al. 2020

https://arxiv.org/pdf/2007.13748.pdf
https://arxiv.org/abs/hep-ph/0307169
https://arxiv.org/abs/hep-ph/0307169
https://inspirehep.net/literature/643509
https://arxiv.org/pdf/2007.13748.pdf


Secret neutrino interactions: impact on DSNB

11 / 20

Reno et al. (2018)

DSNB interactions with

• cosmic relic neutrinos
Goldberg et al. (2005), Baker et al. (2007), Reno et al. (2018)

• dark matter Farzan, Palomares-Ruiz (2014)

result in spectral features in DSNB

https://arxiv.org/pdf/1803.04541.pdf
https://arxiv.org/abs/hep-ph/0505221
https://inspirehep.net/literature/722439
https://arxiv.org/pdf/1803.04541.pdf
https://arxiv.org/abs/1401.7019


Current limits on the DSNB



Diffuse supernova neutrino background: current limits
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Abe et al. (2021)

DSNB limits:

• ν̄e ≈ 3 cm−2 s−1 for Eν > 17.3 MeV Giampaolo et al. (2021), SK collab. (2021)

soon detected by SK (Gd) Beacom, Vagins (2004) and JUNO JUNO collab. (2021)

• νe ≈ 19 cm−2 s−1 for Eν ε [22.9, 36.9 MeV] Mastbaum et al. (2020)

possibly detectable by DUNE Zhu et al. (2019)

https://arxiv.org/pdf/2108.08527.pdf
https://zenodo.org/record/4704606
https://arxiv.org/abs/2109.11174
https://arxiv.org/abs/hep-ph/0309300
https://www.sciencedirect.com/science/article/pii/S0146641021000880?via%3Dihub
https://arxiv.org/abs/2007.08018
https://inspirehep.net/literature/1704306


Can we detect the x-flavor DSNB?



Can we detect the x-flavor DSNB? Maybe
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Vitagliano et al. (2019), Honda et al. (2011), Newstead et al. (2020)

• Favor-blind channel: potential detection window ∼ 18− 30 MeV

• Current limit: νx ≈ 750 cm−2 s−1 for Eν > 19.3 MeV Lunardini, Peres (2008)

DSNB modeling:
Møller, Suliga,
Tamborra, Denton
(2018)

https://arxiv.org/abs/1910.11878
https://arxiv.org/abs/1102.2688
https://arxiv.org/abs/2002.08566
https://arxiv.org/pdf/0805.4225.pdf
https://inspirehep.net/literature/1667039
https://inspirehep.net/literature/1667039
https://inspirehep.net/literature/1667039


Maybe: Coherent elastic neutrino-nucleus scatterings (CEνNS)

14 / 20

νν

ν + T(A,Z)→ ν + T(A,Z)

0 20 40 60 80 100
Eν [MeV]

10−42

10−41

10−40

10−39

10−38

10−37

10−36

σ
i

[c
m

2 ]

ν + Xe

ν + Pb

IBD

Cross section

dσSM
dEr

=
G2

FmT
4π Q2

w

(
1− mTEr

2E2
ν

)
F2(Q), Qw =

[
N − Z(1− 4 sin2 θW)

]
• coherently enhanced by the square of the neutron number

• flavor insensitive

• coherent up to ∼ 50 MeV
Freedman (1974)

https://inspirehep.net/literature/85292


Current and future CEνNS detectors
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RES-NOVA

Pattavina et al. 2020
Menget al. 2021

Aalbers al. 2016

PandaX-4T, PandaX-xT

fiducial volumes: few - hundreds ton
target materials: Xe, Pb
thresholds: O(1) keV
efficiency: ∼ 80-100%

Scattering rate

XENONnT, DARWIN

dRνN

dErdt
= NT ε(Er)

∫
dEν

dσνN

dEr
ψ(Eν , t) Θ(Emax

r − Er), Emax
r =

2E2
ν

mT + 2Eν

https://arxiv.org/abs/2004.06936
https://arxiv.org/abs/2107.13438
https://arxiv.org/abs/1606.07001


Event rate in the xenon-based detector
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• The potential energy window displayed by the bare fluxes disapears

• Reason: Low energy recolis are most probable for all neutrino energies

• Detection of the x-flavor DSNB seems out of reach, BUT...



Can we improve the limits on the
x-flavor DSNB?



YES: Scaled event rate in the xenon-based detector
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• Potential for an imporevement by & 1− 2 orders of magnitude



Sensitivity bounds on the x-flavor
DSNB



Sensitivity bounds on the normalization of the x-flavor DSNB
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• XENON1T, PandaX-4T: limits comparable to the SK νx DSNB limit

• Constant energy window: limits can improve O(10%) for wider
windows at small exposures and narrower windows at large exposures



Sensitivity bounds on the x-flavor DSNB
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• Simple DSNB: all supernovae emit the same Fermi-Dirac νx spectrum

• Potential handle on the normalization and mean energy of the SN νx

• 1000 ton yr: limits comparable with current SK limit on ν̄e DSNB



Conclusions



Conclusions
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Diffuse supernova neutrino background

• ν̄e: soon to be detected by SK + Gd, JUNO

• νe: posssibly detectable by DUNE

• νx:
◦ XENON1T, PandaX-4T yield similar limits to the one from SK
◦ CEνNS detectors can improve the existing limits & 100

Improved limits on the x-flavor DSNB

• help us to rule out potential non-standard scenarios

• bring us closer to understaning the supernova physics

Thank you for the attention!
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