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Diffuse Supernova Neutrino Background signal in Super-K
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Diffuse Supernova Neutrino Background signal in Super-K

prompt positron
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Isolating the IBD events using positron and neutron coincidence

Tagging positron + neutron:
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Neutral-current quasi-elastic (NCQE) atmospheric backgrounds
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Neutral-current quasi-elastic (NCQE) atmospheric backgrounds

(emitted after
a few ns)
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Neutral-current quasi-elastic (NCQE) atmospheric backgrounds

(emitted after 14
a few ns)
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Neutral-current quasi-elastic (NCQE) atmospheric backgrounds

(emitted after Y t ~ O(ns) O
a few ns)
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Neutral-current quasi-elastic (NCQE) atmospheric backgrounds

(emitted after Y t ~ O(ns) O
a few ns)

\ n
EtOt ~ 0(10 MeV)

Prompt signal

> 58-70 PMT hits

within 200ns t-window
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Neutral-current quasi-elastic (NCQE) atmospheric backgrounds

d ~ 1-3m from
initial vertex

T ~ 200 us @
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Neutral-current quasi-elastic (NCQE) atmospheric backgrounds

Delayed signal
~7 PMT hits

d ~ 1-3m from

initial vertex J
T ~ 200 us @
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Differences of overall NCQE from DSNB IBD signal

n

d ~ 1-3m from N
initial vertex
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NCQE vs DSNB prompt event topology

(emitted after 14
a few ns)
1

NCQE VS DSNB IBD

V EtOt ~ 0(10 MeV)

EtOt ~ 0(10 MeV)

e Multi-ring prompt event wrongly * One-ring prompt event
reconstructed as one ring! correctly reconstructed
as one ring!
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NCQE vs DSNB prompt event topology

IBD (10 MeV)

Source: S. Fujita



NCQE vs DSNB prompt event topology

CCQE-like
CC1m

CC other
NCQE
NC1n

NC other
IBD signal

w
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Events/2.7-degree

(6, = 42° :

(6. small: CCQE)

Cherenkov angle (0.)

(6. large: NCQE)
50

0 80 90
Assume only one true Cherenkov cone! 0. [degree]

Source: Phys. Rev. D 104, 122002 (2021)




Finding, validating, optimizing, and applying new cut for DSNB

Identify potential cut
from MC

Step 1: Let’s get to it!

Check BG distributions

using data
\ Optimize new cut (e.g.,
as function of energy)

Check signal distribution /
using calibration data

p-values for rejecting
BG-only

A. Santos (LLR/Ecole Polytechnique) - Neutrinos - 14 Nov 2023

Produce final energy
spectrum of analysis

Upper limits of DSNB
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IBD versus NCQE 0 -MSG Monte Carlo
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IBD versus NCQE 0 -MSG Monte Carlo
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IBD versus NCQE 0 -MSG (example cut MSG>0.45)

IBD Monte Carlo sample NCQE Monte Carlo sample
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New cut: “multiple scattering goodness” (MSG)

® \ (hit PMT)
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New cut: “multiple scattering goodness” (MSG)

~—\

(PMT hit pair)
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New cut: “multiple scattering goodness” (MSG)

(6. = 42° cone projection)
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l (candidate cone axis,
{ ‘/ unit vector)
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New cut: “multiple scattering goodness” (MSG)

, -~y =
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New cut: “multiple scattering goodness” (MSG)
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New cut: “multiple scattering goodness” (MSG)

\~~ > &
x (6. = 50° cone projection
to define biggest cluster)
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New cut: “multiple scattering goodness” (MSG)

(candidate unit vectors
in cluster)
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New cut: “multiple scattering goodness” (MSG)

(vector sum of
candidates in cluster)
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New cut: “multiple scattering goodness” (MSG)

(vector sum of
candidates in cluster)
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Finding, validating, optimizing, and applying new cut for DSNB

Identify potential cut
from MC
\ Check BG distributions

using data
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Events / bin

MSG distribution (MC-vs-data comparison)
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MSG distribution (MC-vs-data comparison)
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Finding, validating, optimizing, and applying new cut for DSNB

Identify potential cut
from MC

Check BG distributions
using data

Check signal distribution
using calibration data
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LINAC validation for MSG distributions in SK6

} MC 10001 HI' MC
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* SK6 LINAC MSG data/MC discrepancies are
on the order of percent to sub-percent.
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LINAC validation for MSG distributions in SK6
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Finding, validating, optimizing, and applying new cut for DSNB

Identify potential cut
from MC

Check BG distributions
using data

Optimize new cut (e.g.,
as function of energy)

Check signal distribution
using calibration data
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SK6 signal efficiencies after MSG cut optimization

. (ROC curves)
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SK6 signal efficiencies after MSG cut optimization

. (ROC curves)
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IBD Efficiency

SK6 signal efficiencies after MSG cut optimization

. (ROC curves zoomed in)
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IBD Events

SK6 signal efficiencies after MSG cut optimization

(S vs BG event counts from ROC curves) (MSG optimize S/V/S + B) 1
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Finding, validating, optimizing, and applying new cut for DSNB

Identify potential cut
from MC

Check BG distributions
using data

\ Optimize new cut (e.g., Produce final energy
as function of energy) — spectrum of analysis

Check signal distribution /
using calibration data
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Recap: Energy spectrum (552.2 days SK6)

V 0, € [38°,50°] r cor
103 4 NCQE
] Li9
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[16, 24] 0.53 g E A S SIS S S S S S
[24, 30] 0.85 L : +
(30, 40] 0.50 0 . ! ‘
] e
[40, 50] 0.64 : |
] b )
[50, 60] 0.66 i
1071 - I
[60, 70] 0.84 ' - . . . . .
10 20 30 40 50 60 70 80
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Recap: Energy spectrum (552.2 days SK6)
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Recap: Energy spectrum (552.2 days SK6)
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Finding, validating, optimizing, and applying new cut for DSNB

Identify potential cut
from MC

Check BG distributions

using data \
Optimize new cut (e.g., Produce final energy

as function of energy) - spectrum of analysis

Check signal distribution /
using calibration data

p-values for rejecting Upper limits of DSNB
BG-only flux expected/observed
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Events / bin

10?1 A

100 1

1071 A

Results: SK6 final energy spectrum and p-values

SK officialize
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0.41
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0.21
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* We see no significant excess anywhere.

E_+ [MeV] p-value (BG-only)
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Results: SK6 final energy spectrum and upper limits

SK officialize ~on-NCQE SK_off1c1ahze DSNB theory predicions
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e The SK6 expected limit with neutron tagging BDT and MSG cut is within the upper bound of theory predictions.
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Results: SK6 final energy spectrum and upper limits
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— SK6 expected (MSG cut, CL,)
-~ SK6 observed (MSG cut, CLy)

| (SK6 pub. vs this SK6)
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* These results for the SK6 period lower the expected limit by “60% compared to the last published results (new

MSG cut plus BDT neutron tagging).
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Summary of MSG cut study and DSNB analysis results

LKL

Tasks and status SK officialize

MSG sensitivity study on SK4/SK6 MC only for

new cut preparation (SK CM Summer 2023) 10

MSG data/MC LINAC comparison SK6 and
systematics study

MSG data/MC BG comparison SK6

MSG cut optimization by “significance” in bins

¢ [cm-2 sec-1 MeV-1]

DSNB theory predictions
SK6 expected (published)
SK6 observed (published)
— SK6 expected (MSG cut, CL;)
-~ SK6 observed (MSG cut, CLy)

of 2-MeV for SK6 DSNB p-value/upper limits 107!
(today!)
Apply MSG cut for the upcoming DSNB .
analysis including SK-VII! (up next) 10 10 15
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