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Core Collapse Supernova

matter creates dense
neutron core plus
neutrinos

-------------------- +e +
p+re-n+v
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Core collapse: Infalling At limit, core cannot Core remains,
compress further. neutrinos are thermally
Infalling matter produced in outgoing

rebounds & heats shockwave

silicon

2024/05/16

T Ry
: Type-la |
- ——

thermonuclear
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Supernovae

/N

no hydrogen hydrogen

/ N\

no silicon

/ N\

helium no helium

core-collapse



Phys. Rev. D 107 (2023) 112012
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What can we learn from DSNB?

e Spectrum and flux
* Average temperature and luminosity
* Typical supernovae dynamics

* Rate of core-collapse supernovae

* Universe's history and evolution -
Line-of-sight — New SNe & particle physics effects!
integral in redshift  Neutrino emission spectrum
dt

00 [ o DL |2

DSNB Flux (ACDM) Cosmology
— Cosmological effects!

dz

CC SNe rate
— Cosmology and star formation!
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DSNB Detection

2024/05/16

KamLAND
1 kton LS

Super-Kamiokande
22.5 kton water
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DSNB Iin Water

« Inverse Beta Decay Signal: IBD positron Also called the primary event
Vo+p—-on+e” (+ neutron capture gamma).

2024/05/16 Searching for DSNB, Linyan WAN 6




DSNB Backgrounds

DSNB search is a rare signal search:
~ a few events / year / 20 kton

Backgrounds:

* Reactor neutrinos

* Spallation backgrounds
* Atmospheric neutrinos
* Accidental coincidence

2024/05/16 Searching for DSNB, Linyan WAN



DSNB Backgrounds: Reactor Neutrinos

* Irreducible backgrounds
* Set the energy threshold
[ True positron kinetic energy Of the DSNB Sea rCh

103 ! Equivalent electron kinetic energy .
window

Phys.Rev.D 104 (2021) 12, 122002

10!
>

100

—
DSNB search

= window
10! “+— 1 T T T
0 2 4 6 8

Energy [MeV]

Number of events per year/0.5 MeV
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DSNB Backgrounds: Spallation

« Cosmic-ray muon rate is ~2 Hz at SK. | e
* Some muons break oxygen nuclei and 101 4 o

produce radioactive isotopes. —— e e 1
* Some isotopes decay with neutron emission. I N I E Y I

8He: 0.23 X 10~ u~tg7tem?
90:1.9 x 10~ u g 1cm?

Half-life [sec]

[E < ~15 MeV]

/ N Be y, ; true I1}§B 12&,‘ .14B
) neutron 1072 e e B

(oL N a =
— B @ ' '

8 10 12 14 16 18 20 22

Phys. Rev. C 89, 045801 End-point energy [MeV]
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Spallation Cut

e Events close to muon track in time, transverse
distance (/;), and longitudinal distance ([;) are
more likely to be spallation products.

* Large energy depositing muons are more likely to

produce spallation.

* Clustered low energy events (in time and position)
are more likely to be from the same spallation.

These efforts reject >95% spallation background.

2024/05/16
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DSNB Backgrounds: Atmospheric Neutrinos

Cosimic ray

Air nucleus

2024/05/16
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/
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DSNB Backgrounds: v, Charged Current

Flux unconstrained

Ve CC [E > ~20 MeV]

N

b

'E+

* J|rreducible IBD
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DSNB Backgrounds: v, Charged Current

Analysis ongoing

v, CC [E < ~50 MeV]

 Mis-identified muon;
* Decay electron from
invisible muon

2024/05/16
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DSNB Backgrounds: Atmospheric Neutrinos

L. Wan et. al, Phys. Rev. D 99, 032005 (2019)

NC(QE) [E < ~20 MeV]

e Gamma mis-identified
as electron
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DSNB Backgrounds: Accidental Coincidence

Accidental coincidence = an electron-like event + a fake neutron

Sources of the electron-like event include:
* All DSNB backgrounds
* Spallation products w/o neutron

e Solar neutrinos ]
Estimated from

Fake neutrons are formed by: dummy trigger data

e PMT dark hits
* Radioactivity

2024/05/16 Searching for DSNB, Linyan WAN
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DSNB Final Sample w/ Neutrons and Efficiency

100 -
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= 8 _
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1] — : 2 .
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SK-Ga

Neutron COptures on Gd vs. Concentration

© | CormT T L Thermal
@ 100% ..1..?.?..?9.?%..?...‘:'.99_4?.... neutron
s _ (uItlmafe goal) capture
o i | Cross
n i section
) o/ | .. 4__0___t_Q_n__s____%__:fZ_5_% ________________________________________________
S 80% |- | (happening now!) (barns)
4% ! 1] Gd =49700
O 60% | 1_3___2_§_t0_ns__gf_ _______________ ____________________________________________________________________ i
Gd,(SO,);*8H,0 S =0.53
| in 50 ktons water
40% | > ~50%capture” /| | | || H=033
on gadolinium
(SK-VI status O =0.0002
ol /38 38 8 _
° | 2=
~— ™ o
. 5 o o o
0% il -

0. 0001% 0 001%
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0.01% 0.1% 1%
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2 e - 6. Cherenkov angle cut 7. neutron tag (final) - € 6 -
100 —————————————————————————— - = ]
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DSNB Limit

SK-VI: 22.5 kton x 552 days

SK-1V: 22.5 kton x 2970 days

2024/05/16

SK-VI Observed (This work)
SK-VI| Expected (This work)
SK-1V Observed

SK-IV Expected

KamLAND Observed
Modern DSNB Predictions
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2023 ApJL 951 L27
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KamLAND(-Zen)

2022 ApJ 925 14

3.2 kton Water

Stainless-steel

Spherical tank | kton Liquid S
\
o o
Buffer Oil |49 A0 5| !
N O Y/ o 7 ) B 2 A Y >\ | |
. ol N \ » |
1325 17-inch PMTs < Z X » £
554 20-inch PMTs T ol ']
N WA T < & .
o\ e T
140 20-inch PMTs '« O/ (Xenon loaded
\ N3 | liquid scintillator)
Kevlar rope |
|
¥
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KamLAND

2022 ApJ 925 14

* Fast neutron from n scatter + n capture 10 e ———
 Atmospheric CC: subdominant B ~mosphercNeutrino CC
« Atmospheric NC: additional n scatter B Aumosshericheiatng NG
) o 5 B  Accidental Coincidence
* Spallation & Reactor: similar to SK 2 B scataton Products
.\g 5 4l B Reactor AntiNeutrino
L%’ O BG(best)+SolarAntiNeutrino (90% C.L U.L)
p Observed .

Efficiency: 92% (73%)

10 15 20 25 30
Prompt Energy (MeV)
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DSNB Limit

SK-VI: 22.5 kton x 552 days
SK-1V: 22.5 kton x 2970 days

KamLAND: 1 kton x 4529 days

2024/05/16

———

10° = s
E mlEas |:|

10 = =", T

SK-VI Observed (This work)
SK-VI| Expected (This work)
SK-1V Observed

SK-IV Expected

KamLAND Observed
Modern DSNB Predictions

v, Flux Upper Limit [cm? sec’ MeV'
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2023 ApJL 951 L27
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DSNB Future Detection

Hyper-K

170 kton
T H20
{1 DUNE
Bl | (40'kton
R LAKTPC

%) ) 17 kton module
19 m 66 m (10 kton active volume)
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JUNO

 Atmospheric NC: gamma rejected via LSD

e Spallation & Reactor: excluded from ROI

Efficiency: ~75%

JCAP 10 (2022) 033

—10*
> FV1
- — DSNB
E. @ Reactor V
7 I Li/ "He
=~ [] Fast neutron

0 Atm-v CC
B Atm-v NC w/ '!'C
@ Atm-v NC w/o ''C

Events in 14.7 kt x 10

12 14 16 18 20 22 24 26 28
Prompt Energy [MeV |
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DSNB Limit

JCAP 10 (2022) 033
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DUNE? A Discussion

* Signature:
electron/positron + de-excitation y
V. /V, separation via de-excitation y energy?

* Solar neurinos: if no v, /v, separation
* Atmospheric NC: y /e separation?
* Atmospheric CC: low energy v,

Events / 400 kton-years
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107

Dan Pershey, CoSSURF 2024
DUNE Preliminary
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