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CCSNe and

Neutrinos



Core-collapse supernova (CCSN)

Infalling material
bounces off core,
pressure shock
wave

Neutrinos revive
shock, cooling
protoneutron star
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>8 M, Iron fused
In core, radiation
pressure decreases
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~1.4 M core collapses,
e +p-on+tvy,,
neutron degeneracy

[1] Burrows and Vartanyan 2021









Neutrinos from CCSNe

- 0(10) MeV neutrinos
emitted over ~10s
- Approx thermal emission

 Accretion — higher energy
neutrinos

* PNS cooling — lower
energy neutrinos

- > 50% of energy
liberated 1n cooling phase

[1] Bollig+ 2021
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Early accretion phase

Late cooling phase




CCSNe give rise to the DSNB

N >>1: Burst N~1:Mini-Burst N<<1:DSNB

Rate ~0.01/yr Rate ~ 1/yr Rate ~ 108/yr

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

John Beacom, The Ohio State Universit Neutrino Platform Pheno Week, CERN, March 2023




DSNB Modeling
Ingredients



DSNB modeling ingredients
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DSNB modeling ingredients

dN 1+ R dt
dE’( Z)Rec dz

Factor of ~10 in overall flux predictions
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[3] Abe+ 2011




Updating neutrino emission modeling
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[1] Ekanger+ 2022, Impact of late-time neutrino emission on the DSNB
[2] Ekanger+ 2023, DSNB with up-to-date SFR measurements and long-term multi-D SN simulations




Updating rate of core collapse
szNtdea\,fdzc%(Hz)E d

dz
- Directly measuring difficult, rely on indicators of star formation rate: SFRD o R
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[1] Ekanger+ 2023, DSNB with up-to-date SFR measurements and long-term multi-D SN simulations



Updating rate of core collapse
szNtdea\,fdzc%(Hz)E d

dz
- Directly measuring difficult, rely on indicators of star formation rate: SFRD o R
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[1] Ekanger+ 2023, DSNB with up-to-date SFR measurements and long-term multi-D SN simulations




Detecting the DSNB

dN dt
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- Super Kamiokande (SK), e 0, W
water Cherenkov « ~ , g

LA Ly
¢
Fireetion

-IBD:v, +p-oet +n
 *Gadolinium upgrade (SK-Gd)

+~3yr,~5cm?s1




Detection Prospects
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Recent limits
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[1] Ando, Ekanger+ 2023, Diffuse neutrino background from past CCSNe



Projecting DSNB detection

[1]
- SK-Gd and JUNO : :
Currently I‘unning 5_‘ ----------------------------------
- Large uncertainties f 4+ ]
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rate vy |
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[1] Ekanger+ 2023, DSNB with up-to-date SFR measurements and long-term multi-D SN simulations



Additional neutrino experiments

JUNO: HK:
-Running -Scaled-up SK
-Backgrounds -SK techniques
-Gd?
DUNE:
-CI'OSS section Sanford Underground
-Backgrounds Ressarch Facility Fermilab

800_“’"‘\95
<1300 kilomete! onstezzz

rs)
e

= s BT s
Vij, Vv




Summary
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Summary The Center
for Neutrino

Physics

- Diffuse signal of ~10 MeV neutrinos from SNe —
DSNB

- Updated DSNB modeling

- Simulations and analytic techniques — neutrino
emission

- Star formation rate measurements — core collapse rate

- Detection on the horizon with current and future
detectors
* SK-Gd + JUNO - 2030s, also HK, DUNE




Backup Slides
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Correlation method for late phase

« Correlation with long term 1D simulations
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etector stats and SFRD database

- SK-Gd (22.5 kton, 9.3 — 31.3 MeV)

Ordering Fiducial SFRD err LP err BH err

R, NO 3T oR w4
w10 285 fm tpw con
6 NO sl ol fw aw
em®s™] 10 410 R w0

- JUNO, HK, DUNE

Ordering Mass FE, R, o
[kton] [MeV] [yr™' [em?® 57
JUNO NO (10) 17 12-30 2.07 (1.65) 217 (1.73)
HK NO (I0) 187 20-30 7.70 (6.10)  4.10 (3.20)

HK-CGd NO (10) 187 10-30 27.60 (22.00) 36.50 (29.10) SFRD database
DUNE NO (I0) 40 16-40 5.70 (5.30) 1.81 (1.73)




Error plots
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Detection rate equation

dN dt
R, =Ntdea\,jdch(1+z)Rcc e

where E' = E(1 + z) and |dz/dt| = Hp(1l + z)
:]3 + ﬂ_ﬂl]lfi_

(1 +

To aceount for neutrino emission from both suecessful
and failed supernovae, we compute the total flux as the
s1imn:
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= == =
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f
where subscripts s and f indicate successful and failed
supernova, respectively. We also consider the Mikheyev-
Smirnov-Wolfenstein (MSW) effect for neutrino oscilla-

tions:
ohs d -
dﬁ . dE i, (NU} {5]
dE .. ::—E.“ sin® 0o + ::—"—L,i“ cos® fha (10),
d_o“h” - ::T'f_iﬁ cos? fha + :if_Ev, sin” 5 (NO), M
dE s, %, (10),

where NO and 10 are the normal and inverted mass or-
- - ¥ .
derings, respectively, cos™ 65 = 0.7, and sin’ B2 = 0.3




SFRD binning

- Simple and weighted averages

e Simple

e Weighted

00 05 10 15

[1] Ekanger+ 2023, DSNB with up-to-date SFR measurements and long-term multi-D SN simulations
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SK-Gd upgrade
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