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Why are neutrinos important for a core-collapse supernova?

Neutrinos:

® ~ 10°® 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
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Why core-collapse supernovae are good physics probes?

Advantages

® extreme physical conditions not accessible on Earth:

very high densities, long baselines etc.
e 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 flavor evolution

non-standard physics

Bethe & Wilson (1985),
Fischer et al. (2011)...

Woosley et al. (1994),
Surman & McLaughlin (2003)...

Warren et al. (2019),
Li, Beacom et al. (2020)...

Balantekin & Fuller (2013),
Tamborra & Shalgar (2020)...

McLaughlin et al. (1999),
de Gouvéa et al. (2019) ... 2/13
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https://arxiv.org/abs/2011.01948
https://ui.adsabs.harvard.edu/abs/1994ApJ...433..229W/abstract
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https://arxiv.org/abs/astro-ph/9902106
https://arxiv.org/abs/1910.01127

Why focus only on a single rare event?

Single galactic SN event

® rare event

® precise infromation about one star

Multiple SN events (larger distances)

® accumulation of events

¢ will detect in coming years

Images: Kurzgesagt 5,43
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Diffuse supernova neutrino background (DSNB)

cosmological fraction of black-
supernovae rate hole-forming
progenitors
& RSN(Z M )
®, (F)=— dM/dz—’ _snF, _sn(E', M _snF, _sN(E' M
v (E) Ho/ (1t )7 + s [fec—snFys,co—sn(E', M) + fer_snFyy su-sn(E', M)]
fraction of neutron- neutrino flux from
star-forming a single star
progenitors

The DSNB is sensitive to:

® RsN, fBH-SN

neutrino flavor evolution

equation of state

® mass accretion rate in BH-SN

0 redshift

¢ non-standard physics >

Guseinov (1967), Totani et al. (2009), Ando, Sato (2004), Lunardini (2009), Beacom (2010),..
Recent reviews: Kresse et al. (2020), AMS (2022), Ando et al. (2023), ... 4/13


https://inspirehep.net/literature/399909
https://inspirehep.net/literature/660930
https://inspirehep.net/literature/810340
https://arxiv.org/abs/1004.3311
https://arxiv.org/abs/2010.04728
https://arxiv.org/abs/2207.09632
https://inspirehep.net/literature/2672628

Diffuse supernova neutrino background: current limits

SK collab. (2021)
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—=e— KamLAND (This work)
- Borexino(2020)
—=— Super-K |I1,112012)
—=— Super-K IV(2015)
—— Super-K 1V(2021)
—— SRN (Kaplinghat+00)
-~ SRN (Horiuchi+09, 6MeV)
- SRN (Nakazato+15, maxIH)

- - -~ SRN (Nakazato+15, minNH)

DSNB limits:

Neutrino Energy (MeV)

SK with 0.01 Gd: ~same limits
with ~ 5x shorter exposure
SK collab. (2023)

e i, ~27cm 2s ! forE, > 17.3 MeV SK collab. (2021), SK collab. (2023)
soon detected by SK (Gd) Beacom, Vagins (2004) and JUNO JUNO collab. (2021)

® 1, ~19cm 2s7! for E, € [22.9,36.9 MeV] SNO collab. (2020)
possibly detectable by DUNE Meller, AMS, Tamborra, Denton (2018), Zhu et al. (2019)

e v, ~ 750 cm 25! for E, > 19.3 MeV SK Lunardini, Pestes (2008)
much better limits with DARWIN Strigari (2009), AMS, Beacom, Tamborra (2021%/13
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https://arxiv.org/abs/2305.05135
https://arxiv.org/abs/hep-ph/0309300
https://www.sciencedirect.com/science/article/pii/S0146641021000880?via%3Dihub
https://arxiv.org/abs/2007.08018
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https://inspirehep.net/literature/1704306
https://arxiv.org/pdf/0805.4225.pdf
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Astrophysical uncertainties affecting the DSNB

® Neutrino Flux from an ”Average Supernova”
Lunardini (2009), Lunardini & Tamborra (2012), Horiuchi et al. (2018), Kresse et al.
(2018), ...

¢ Cosmological Supernovae Rate
Beacom (2010)Horiuchi et al. (2011), Ando et al. (2023), ..., ...

e Initial Mass Function
Ziegler, Edwards, AMS, Tamborra, Horiuchi, Ando, Freese (2022)

® Fraction of Black-Hole-Forming Progenitors
Lunardini (2009), Lien et al. (2010), Keehn & Lunardini (2012), Priya & Lunardini (2017)
Moller, AMS, Tamborra, Denton (2018), Horiuchi et al. (2018), Kresse et al. (2018), ...

® Binary Interactions
Horiuchi, Kinugawa, Takiwaki, Takahashi (2021)

Non exhaustive list of references
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https://inspirehep.net/literature/889192
https://arxiv.org/abs/2306.16076
https://arxiv.org/abs/2205.07845
https://arxiv.org/abs/0901.0568
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Astrophysical uncertainties affecting the DSNB

Kresse et al. (2020)
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® models with the extreme combinations of parameters are disfavoured

® large emission from black-hole-forming collapses and their fraction
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Neutrino Flux from an ”Average Supernova”

AMS (2022)
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What types of new physics can be
probed with DSNB given the
astrophysical uncertainties?




KeV-mass sterile neutrino self-interactions

E, ~ 10 MeV E, <10 MeV

QA DSNB QQ Resonant interaction

- ‘ > for sterile neutrinos
) —)
L = 8&€bbbbb

e relic steriles e
Ex ~ keV Ex 2 keV

8? S 778? 2

o(E)) === = —zEl,cS(ER —E,), where Eg = m¢/2ms

CAm (s — mé)2 + méfé my

¢ sterile component in the DSNB v; interacts with
the mostly sterile relic background of N;
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Modeling secret neutrino interactions in DSNB

Modified DSNB flux

3 Zmax . ,
6nlEr) = 3ol 7 = P Renta) P (B,14 2)

Probability of interaction
Pi(Ey,z) = e T2

FR(ZR)

(1 + z)H(zr) Oz )

Ti(Ev,z) = TRO(z — 2r) =
where zg = ER/E, — 1,
interaction rate T'g(zg) = |Uy;|*n,, (zr)oR,

and sterile neutrino number density 1, (zg) = n,, (1 + zg)*

smilar studies for active neutrino self-interactions and eV-mass sterile neutrinos:
Goldberg et al. (2005), Baker et al. (2007), Farzan, Palomares-Ruiz (2014), Reno et al. (2018), Creque-Sarbinowski et al. (2021) 10/13
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Secret neutrino interactions: DSNB
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e Sterile neutrino self-interactions may result in features in DSNB
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Sensitivity limits

gs +— 1 cem?g™!

- .160

ms [keV]

*Overalap with the TRISTAN experiment paramater space

*Reduction of the astrophysical uncertainties helps but not by a lot

12/13



Conclusions

Diffuse supernova neutrino background may soon be detected

Flux encodes infformation about whole supernova population

Sterile neutrino self-interactions can imprint dips in the flux

Testable parameter space overalaps with TRISTAN

Dips in the DSNB may point to rich dark sector

Thank you for the attention!
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The fraction of black-hole-forming progenitors

IMF o M-2:35

0.5p

0.0
fBH-sN = 0.09

BH-SN

fpH-sN = 0-21

fBH-sN = 0-41

8 21 34 47 60 3 86 99 112 125

progenitor mass [M)]
Fraction of black-hole-forming progenitors influences the highly
energetic part of the DSNB, above ~ 15 MeV.
C. Lunardini (2009) )

Ertl et al. 2015, Sukhbold et al.2015, Adams et al. 2016, Heger et al. 2001,
Kochanek et al. 2001, Basinger et al. 2020, ...
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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), Moller, AMS 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
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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), Mgller, AMS, Tamborra, Denton
(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://inspirehep.net/literature/1667039
https://arxiv.org/pdf/1503.01236.pdf

Expected 10 uncertainty: fraction of BH forming progenitors

_NO_ . . 10

e ® The high uncertainty comes from
HK (Gd)+JUNO 4

HK (Gd)+JUNO+DUNE ] fBH*SN_maSS aCCI‘etiOH rate

F~~—~————————-— degeneracy

1 ® DUNE is sensitive to neutrinos —
ot ] 1 helps to reduce the uncertainty

”‘”,U 0.1 0.2 0.3 0.4 0.5 0.0 0.1 0.2 0.3 0.4 0.5
Sor-sx fon-sx

Moller, AMS, Tamborra, Denton (2018)


https://inspirehep.net/literature/1667039

Expected 10 uncertainty: local supernova rate

_NO_

10

Afa-sy

— HK (Gd)
HK (Gd)+JUNO
HK (Gd)+JUNO+DUNE

”'\5.(] 0.1 0.2 0.3 0.4 0.5 0.0 0.1 0.2 0.3 0.4 0.5

Sor-sx

® Relative error of 20%-33%
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Varying Initial Mass Function
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Binary interactions

Majority of massive stars have stellar companions
and experience binary interactions Sana et al. 2012, Zapartas et al. 2020

Mass transfer Mergers

Images: iflscience, Wiki


https://www.science.org/doi/10.1126/science.1223344
https://www.aanda.org/articles/aa/abs/2021/01/aa37744-20/aa37744-20.html
https://en.wikipedia.org/wiki/VFTS_352

Binary interactions

Majority of massive stars have stellar companions
and experience binary interactions Sana et al. 2012, Zapartas et al. 2020

Mass transfer Mergers

Effects on the stellar population Horiuchi et al. 2021

® change in mass due to mass transfer
¢ reduced progenitor counts

® increased progenitor counts Images: iflscience, Wiki
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Binary interactions: impact on DSNB
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® enhancement < 75% compared to estimate w/o binary considerations
® core mass increases due to rotational effects

® more studies needed
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Limits from the SN 1987A
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AMS, Beacom, Tamborra (2022)
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