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- What 1s the DSNB?

- DSNB ingredients
1. Detection thru IBD
2. Supernova neutrino emission
3. Core-collapse rate

- Predicted rates of the DSNB at Super-K
- PyDSNB public code
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Supernova neutrinos

SIN1987A: only detection so far of supernova neutrinos 10°8 neutrinos of ~10 MeV
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From https://higgstan.com/
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Diffuse Supernova Neutrino Background
(DSNB)

N >> 1 : Burst N~ 1: Mini-Burst N<<1:DSNB
- Isotropic,
diffuse
background of
all supernova
neutrinos

- Guaranteed
signal

Rate ~0.01/yr Rate ~ 1/yr Rate ~ 10%/yr

high statistics, object identity, cosmic rate,
all flavors burst variety average emission

John Beacom, The Ohio State University Neutrino Platform Pheno Week, CERN, March 2023
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DSNB Ingredients and Uncertainty

dN
dE’

dt
dz

Rv — Nt f dE OIBD j dzc (1 + Z)RCC

[1] Abe et al. (2021)

[2] Ekanger et al. (2022)
arXiv:2206.05299

[3] Madau & Dickinson (2014)
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DSNB Ingredients and Uncertainty

dN dt
dE’ dz

Rv — Nt f dE OIBD dzc

Super-Kamiokande
Cherenkov detector thru IBD

[1] Abe et al. (2021)

[2] Ekanger et al. (2022)
arXiv:2206.05299

[3] Madau & Dickinson (2014)
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DSNB Ingredients and Uncertainty

dt
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Rv — NtdeO'IBDdeCdE, (1+Z)RCC
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*Various models

[1] Abe et al. (2021) Ve Energy [MeV]

[2] Ekanger et al. (2022)
arXiv:2206.05299

[3] Madau & Dickinson (2014)
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DSNB Ingredients and Uncertainty

dt
dz

dN
Rv — NtdeO'IBDdeCdE, (1+Z)RCC
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[1] Abe et al. (2021)

[2] Ekanger et al. (2022)
arXiv:2206.05299

[3] Madau & Dickinson (2014)
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DSNB Ingredients and Uncertainty

Nt dE OIBD

[1] Abe et al. (2021)
[2] Ekanger et al. (2022)
arXiv:2206.05299

[3] Madau & Dickinson (2014)
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DSNB Ingredients and Uncertainty
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Neutrino Emission

M~
[ ]mfﬂ LreoN| MainSignal | latelime , - Spectrum from time-integrated
g signal
1074 % - Early signal:
- 3 - High luminosity, high mean energy from
— 1077 % accretion
I e
50 g : :
5 10°1 g - Late signal:
= 2 - After shock revival, PNS cools
] 10% = Eu . .
E 5 * Luminosity and mean energy decrease
£ U - > 50% of energy liberated
10 4 =
/ - SN1987A only case of SN neutrinos
10% .

12 0 10! 10 1 102 10° — Look to simulations

Epost—bounce [s]
[1] Li et al. (2021)
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Late-time Neutrino Emission

- Early phase 1s well [1]

simulated 1in 3D 10.3]

- > 50% of energy liberated 10-22

occurs > 1 s

— ek
o ©°
o o =

- Late phase neutrino — 100ms

ve Mean Energy [MeV]

emission depends on: 9. _

. . r - ZUOmS 1

1. Shock revival time I~ 98| ]

. Z — 300ms

2. Final PNS mass
1.5 1.6 1.7 1.8 1.9

Final PNS Mass [Mg]

[1] Ekanger et al. (2022), arXiv:2206.05299

Ekanger, Pheno 2023 ; DSNB ingredients: Neutrino emission




Late-time Neutrino Emission

2] [3]
14 T
: : . [1] > 13l
- Estimate late phase with analytic I
model ? 12
* Tuned to match available data (< 1 s) “é 11} -=- 9Mo Pre-revival
- Use red function after black sim data = | — 9Ms Post-revival
> r
- — Analytic :
- Can do for 3D, but doesn’t match ob e
well ol *
oy 2D
. . = L e ]
- Works for 2D, more data 1s available 5 1o
o
s
= 11L ==+ 9Mg Pre-revival
% — 9Mg Post-revival
I_\_‘}‘ 10—
. — Analytic
[1] Suwa et al. (2021) gl ‘ S S R
[2] Burrows et al. (2019) 0.1 0.5 1 S 10
[3] Ekanger et al. (2022), arXiv:2206.05299 Post-bounce Time [s] [4]

[4] Nagakura et al. (2021)
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Star Formation Rate

Most important for DSNB!

- Proxy for core collapse
rate, RCC

- Measured thru IR, UV, Ha

* Others include optical, radio, y,
other emission lines

0.1

- Collect recent measurements
- Reduce uncertainty

P (M@ Yr_l Mpo_s)

- Data driven estimates

0.01

0 0.2 0.4 0.6 0.8
log(1+z)

[1] Hopkins and Beacom (2006)
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Star Formation Rate

[1]
1F . .
e - Data agrees well across indicators
= 0.100} - Some “other emission” outliers
> | - Still investigating
= 0010} g A E
: « UV .+ OtherUVOIR 1 .
E I « IR 4 O’[heremission': ® B].n data
[j|_|;j|[j|‘|g » Radio 3
e - Average bins two ways
«'; — Weighted (SFRD) of ;, j ¢ Slmple and Welghted average
= 0100, TS - Good agreement
o ' 3
< _
‘5‘ 0.010¢
o
%)
0.001¢ :
125 220

[1] Ekanger et al. (in prep)
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DSNB Rate at Super-Kamiokande

Weighted-average neutrino
spectrum
(16 successful SNe + failed)

- 9Mg Pre-revival

. =—— 9Mg Post-revival

-
o
T

Ve Mean Energy [MeV]

—— Analytic

05 1 s o ~0.5 — 2 events/yr
Post-bounce Time [s] depending on NO/IO,

binning, late phase

— (SFRD)
— Weighted (SFRD)

SFRD [Mo yr™' Mpc™)

Core collapse rate
inferred from updated
star formation rate
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;E 1% —a— SK-IV (2021)
FR e skdwm (2012) - Publicly available code to model
D u —e— KamLAND (2021)
@E i —e— Borexino (2020) DSNB
g - Theoretical Predictions .
= 10°F -~ T ~—— (FD + BH) g COH’Lan soon
E - "'-.-_.__._ (N13 + BH)
- —— +8H) 26% BH : :
2 . e - Choices when modeling:
g 10 - T T - Neutrino emission
- - Initial mass function
=  Failed SNe fraction
1§_ - Other inputs
- s - SK disfavoring some models
1L —
) 10 | | | | = * Blue, orange, green from PyDSNB
[ ] 5 [ I | 10 | I I | 15 I | | 20 i N | 25 i | 30 |

v, Energy [MeV]
[1] Ando et al. (in prep)
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Summary

[1]

- Neutrino emission modeling
1mproving
* Including late phase

SK-Gd
JUNO

- total

S/NS+B

(7]
T T T T T T 1711

- Star formation rate uncertainty
decreasing

- We estimate ~0.5 — 2 events/yr

- Significant detection in the next ~10
years

- SK-Gd, JUNO, others like HK 1

- Public PyDSNB code available soon ¥ A——

1 L 1 1 1
2020 2022 2024 2026 2028

III|IIII|IIIITIIII|IIII]

T T T I T R AT T TR S BT
2030 2032

year

[1] Li et al. (2022)
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Thank you!

14



Backup
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Supernovae and Neutrinos

Infalling material
bounces off core,
pressure shock

wave

Neutrinos revive
shock, cooling
protoneutron star

[1]

8 M_, Iron fused in

core of progenitor,

radiation pressure
decreases

1%

~1.4 M core collapses,
e +p->n+vy,
neutron degeneracy

[1] Burrows et al. (2021)
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Detection

- Detectable at SK thru IBD "

*Vo+p-oet+n ©

- Gadolinium upgrade (SK-Gd) ve Ps / \@Gd

T o,

- Hyper-K is successor of SK % v

~10 times bigger volume - ﬂ

. L. \ — ~ 8 MeV

-JUNO 1s a scintillator AT~30s

detector Vertices within 50cm
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Some equations

. SFRD - CCR ﬁli}i b(M)dM
RCC — P Max
fo 1a1, M(M)dM

Jans, ©(M)dM

AT
: mj U (M)dM

- Progenitor-weighted Neutrino spectrum dN Z
dE

fi(E)
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BH forming case — failed SNe

40 M, Model 75 M, Model
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Neutrino interactions

Reaction References
ver = ve* Mezzacappa and Bruenn (1993a), Cernohorsky (1994)
vA = vA Horowitz (1997), Bruenn and Mezzacappa (1997)
vN = vN Bruenn (1985), Mezzacappa and Bruenn (1993b), Bur-

rows and Sawyer (1998), Horowitz (2002), Carter and
Prakash (2002), Reddy et al. (1999)
ven = e p —»—, Burrows and Sawyer (1999)
vep = €' m —»—, Burrows and Sawyer (1999)
ve A = e A Bruenn (1985), Mezzacappa and Bruenn (1993b), Lan-
ganke et al. (2003)
v = e et Bruenn (1985), Pons et al. (1998)
vb NN = NN Hannestad and Raffelt (1998)
vA = vA*? Langanke et al. (2008)
VprPur — Velle Buras et al. (2003a)

g£=>3 £=71

VyrVe = VurU, Burasetal (2003a)
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