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Talks In the parallel sessions

(WG 6) Tuesday, 04:00 PM: “Gain calibration using dark hits in off-time region
of regular data at JSNS2 experiment”

(WG 1) Thursday, 05:28 PM: “Status of the KDAR neutrino search with JSNS2
experiment”
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JSNS2 / JSNS2-|]1 Collaboration

(J-PARC Sterile Neutrino Search at J-PARC Spallation Neutron Source)

Collaboration meeting @ J-PARC (2020/Feb)
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Indication of a sterile neutrino (Am? ~ 1¢V?)
(Direct test of the LSND)

Experiments (Neutrino source, signal, significance, energy, baseline)

« LSND (u Decay-At-Rest, DM — v, , 3.8 0,40 MeV, 30 m)

« MiniBooNE (7 Decay-In-Flight, Vy = Vp, Uy = v, , 4.8 o (combined), 800 MeV, 600 m)

» BEST (e capture, v, —> v, ~4 0, <3 MeV, 10 m)

» Reactors (Beta decay, v, — v, , significance varies, 1-8 MeV, 10 - 100 m)

JSNS? uses the same neutrino source (i), target (H), and detection principle (IBD) as the LSND
* Even if the excess is not due to the oscillation, JSNS2 can catch this directly.
Two advantages: short-pulsed beam and use of the gadolinium(Gd)-loaded liquid scintillator

Jungsic Park (KNU) NuFACT 2022 slide 4



J-PARC Facility

"J-PARC Facility |
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Low duty factor beam
(short-pulses + low repetition rate)
Gives an excellent signal to noise ratio
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JSNS? detector and data taking

17 tons target, Gd-LS + 10% DIN
120, 10-inch PMTs

2

Near detector o .. ST
(24 m from Hg target) {8 ‘o - Commissioning (2020)

h J 1 ’ H e Calibration
4’,’% [ A = e Beam data with 25 us window
,,% ' .

Hg(neutron) target

/ Eur. Phys. J. C (2022) 82:331
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s
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Sterile neutrino

(Production and detection)

Timing Energy

prompt | 1.5 <T,<10pus| 20<E<60 MeV

A double coincidence between
* The positron annihilation and

delayed ATp-4<100 ps 7/<E<12 MeV

et \
Q__——-b gammas : Prompt signal
Pair annihilation I\

-:+
= |
|

Gd

oscillation
24 m

Thermalized \
' At ~26 T & captured
, \ gammas Delayed signal
. Mercury target ) \ )
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Events/4MeV
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Expected visible energy and sensitivity

(FrOm JSNS?2 TDR, arXiv:1 705.08629) $in?20 = 3.0 x 103 87
Am? = 2.5eV?
Signal (Best fit values of MLF)
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Event _{ 1.0 MeV
o

Commissioning run
(Eur. Phys. J. C (2022) 82:331)

* June/5-15, 2020

-
o

. Integrated POT: 8.9 x 10"
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Observed correlated event candidates
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| _ S e AR 410 ¢ 59 £ 8 events / 8 M spills
10 - T ""Si ____ 1+ Cosmic-induced fast neutrons are the dominant background
p o A g T » Correlated background: 55.9 = 4.3

* Two independent groups are working on it.
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Analysis using 2021 data set



Pulse Shape Discrimination (PSD)

(2-dimensional likelihood method)

* |t has been developed based on the real data of JSNS2.
* 10% DIN (2000 L) has been added for improving the PSD power.
 Based on the charge ratio of each FADC bin (208 bins in total) divided by the peak of each waveform.

* Using control samples of Michel electrons (ME) and Fast neutrons (FN)
Example of waveforms

PSD evaluation score: Z Q}Oﬁl%[ln(LME) — In(Lgy)]
PMT

where L = H [P bin(thio)]’ thio — Qbin/ Qpeak

bin 10—2

a.u.

—ME

—FN
107!

* Note that there are two types of ME for considering afterpulse.

p—
<
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Pulse Shape Discrimination (PSD)

(2-dimensional likelihood method)
ME efficiency: 91.4 = 0.5 %

: FN rejection: 95.4 = 0.3 %

reference point

* ME
* FN
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Pulse Shape Discrimination (PSD)

(Convolutional Neural Network, CNN)

Treated time-series data from a PMT with image data

Data: Training (37.5%), validation (12,5%) and evaluation (50 %)

Two independent efforts show consistent FN-rejection result
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Roadmap

(sterile neutrino search)

Estimation of the *
background

JSNS2? is here

* Sensitivity

Blind analysis

* Reduction * Energy side-bands * Uncertainties
e Fvent selection (and timing side-band) e Flux
* Compare single rate » Consistency check * Energy scale
with TDR » self-trigger / beam trigger * Others
» Coincidence  PSD
* Energy and timing * More sophisticated
* Delta vertex method
* Fiducial * fJoward a signal region
* More sophisticated
method
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Cosmic muon identification

* Michel electron induced by cosmic muon and muon itself are one of the backgrounds.

* Tag muons passing through the detector & stopping at the detector using veto information.

JSNS2 equips 24 Veto PMTs

e 12 PMTs on top /12 PMTs on bottom
e 6 PMTs among 12 face radial direction
* Other half face vertical direction

» Muon candidate rate [Hz]: 1487.8 £ 0.6
» Michel candidate rate [Hz]: 110.1 = 0.2 (> 10 MeV)
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Prompt candidate after ME rejection

Single rate of the sterile prompt ;. ..~ = -
(Backg round estimation effort) 10_;’%_ ...................................

* External particle rejection with Veto PMTs 10_ ...................................

e ME rejection: 10 //tS vetoing after 3 StOpping-muon 10°° ;_ ......................

* Fiducial cut 10_60_' N 1130' "o _ 80 90 100

flux [MeV]

 Decomposition have been performed component rate [Hz]

* To estimate each component - * cosmic fast neutron (green) 3.9+0.7
 correlated / accidental — | michel electron (cyan) 13.3+0.3
« Spectrum is obtained 8D pa.iring (coincidence) cosmic gamma (violet) 9.3+40.6
would highly suppress them
from each control sample. —— | stopping muon (gray) 0.010.02
_ : total (black 26.840.1
. Reference (JSNS2 TDR): 3.8 X 10~ per spill ( )
rate per spill (2.144+0.010)x10-4
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Toward the sterile neutrino search
(For the blind analysis)

energy side-bands

* Side-bands are defined by energies 2
: Side bandl |
» The rates in the side-band regions can be & t‘);"';‘zziggztal
predicted by other data S BKG) |
» self-trigger: cosmic-induced neutron o 12 cide bands | | cide bandd
: : o ide ban g . Side ban
* beam-trigger: accidental % (dominated | . ) . (dominated
o by neutron >18Nnd . by neutron
: : : T g ;
+ After application of PSD, all of side-band N — A
regions will be accidental dominated. = Slde band2
a . (dominated :
| | - by neutron
« JSNS? has been studying each side-band & BKG) = near
< :signal region
| 0 60
e All side-bands should be understood Energy of IBD prompt candidate (MeV)

thoroughly before opening the signal region slide 18



« WG 1, Thursday, 05:28 PM:

« “Status of the KDAR neutrino search with JSNS2 experiment”

Kaon Decay-At-Rest (KDAR) Neutrino

(Toward first KDAR precise measurement)



Kaon Decay-At-Rest neutrino measurement
(KDAR neutrino: 236 MeV mono-energetic)

* Neutrino interaction models are a crucial part of neutrino physics, but poorly known at low energies.
* The JSNS2 detector has the unique ability to measure the mono-energetic KDAR neutrino.

* Note that horn focused beam can not make a decay-at-rest neutrino.
JSNS2? Flux

MicroBooNE, PRL 123, 131801 (2019) i i _
E, =236 MeV* T PAD 08, 013008 12018) O CCFR (1997 Seligman Thesis) S 10°e
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14| A ArgoNeuT, PRD 89, 112003 (2014) ¢ ANL, PRD 19, 2521 (1979) o = KDAR neutrino
o | % SciBooNE, PRD 83, 012005 (2011) oS pr s BT —YV
‘é L e MINOS, PRD 81, 072002 (2010) B GGM-PS, PL 848 (1979) = u
12 I I o NOMAD, PLB 660, 19 (2008) Y IHEP-ITEP, SINP 30, 527 (1979) -
o L & NuTeV, PRD 74, 012008 (2006) %X SKAT, PL 81B, 255 (1979) —V
(o0} a -6
& 1E 1 10 €
o - - V
F = —
~— 08 :- 1077 W
I.I.|> -1
~ I )
o 0-6 L I 10—8
(&) L
© 04f ! 9
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0.2f ! Vo N - u*X 3
| 107 [ |
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Probing the nucleus with KDAR neutrinos

 KDAR neutrinos: a known-energy, weak-interaction-only probe of the nucleus,
right at the transition between neutrino-nucleus and neutrino-nucleon

scattering

Neutrino-Nucleon
Interactions

e—————————-

K™ — u*v, [BR = 63.6 %)]
E =236 MeVif K" is at rest

Number of Events

KDAR
Neutrino

@® Proton /V

12
@® Neutron C Energy Transferred to Nucleus (w) slide 21




PRC 103 064603 (2021)

30

Nlllance - - - -
NuWro - - - -
GENIE
29 Martini — - — h

Why 1t is important

Singh
CRPA

* The transition region between neutrino-nucleus and
neutrino-nucleon scattering is very hard to model
 Models and generators strongly disagree.

do/dT, (1/GeV)

1
o

Relevant for:

* _Long baseline exps and modeling of neutrino-nucleus interactions
in the 100s-of-MeV region.

« Understanding MiniBooNE low-energy excess. MiniBooNE, PRL 120 141802 (2018)

T,, (MeV)

* Supernova neutrinos. Fg 0.03: MiniBooNE allowed (1o)
» Solar dark matter annihilation signatures. 85 "®F — crea
» Future oscillation searches with KDAR 02l
(muon disappearance and electron appearance) ook D{

0.01F
Only previous KDAR measurement (MiniBooNE)

[3.9 o first observation of KDAR neutrinos] :
Jungsic Park (KNU) NuFACT 2022 % % a0 e B0 00 720

T, (MeV)

0.005 :— \




KDAR signal measurement in JSNS2

A double coincidence between

* The initial neutrino interaction products and the subsequent muon decay.
KDAR Event Signature

JSNS? Detector

T W g
KDAR K* - u™ + v, * .
<) =
Prompt v, +'“C X + p= |5 -
l—l A .
Delayed u= - e + v, + v, :> . N L
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Template of background energy

KDAR event selection

Arbitrary
Arbitrary
a
|
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I
S
s

Sonnasnny
G
i

0.8 I————

................ 27 NN
i

3

3 s s

= %

5 Z

s S
i

i

SR

S

R

Used data: 2.256 X 10° spill
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C i | i -

|
0 50 100 150 200 250
Reco E /MeV KDAR Prompt E /MeV

< >
140 - 250 MeV

o Identify muon and remove proceeding 10 us events
« Beam-timing cut (150 ns each Visible energy spectrum w/ background

o Delayed candidate: 20 - 60 MeV — 2,80;_....‘_"': :igTAPfOZ‘Pt ll .

> 160 | L2 ccidental] |.......
¢ Delta T < 10 //tS 140 i_ BKG [Correlated] )
o Delta vertex: < 300 mm 120 ;_ Al BP?G E . )
» Applied the Fiducial cut SN NN W N IS Y S
° Magnitude: area normalization b/w 140 - 250 MeV o B s

0 20 40 60 80 100 120 140
Reconstruction Energy /MeV



First clear KDAR signal

(Toward first precise KDAR measurement)

« KDAR peak is clearly seen
* High purity (95%) KDAR signal
 Background: 5.2 %

 Note that the systematics on the energy scale
are not included yet.

Correlated/ BKG

Accidental (# of events)
1 Correlated 36.6 - 34.8 | 5.0+5.1%
2 Accidental 1.5 + 0.1 0.2 + 0.01%

KDAR Signal : 730 events 38.1 + 38.4

5.2 —

5.3%

Events /bin /10 MeV

—
&)

250

n
-
o

100

50

0

No Systematics on the energy scale I

KDAR Prompt visible energy

ae e s dhene e Lo seaen e e anennee
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----------------------------------------------------------------------------------------------
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|
0 20 40 60 80 100 120 140
Reconstruction Energy /MeV
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Toward the second phase
(JSNS2-]I)



JSNS2-||

(arXiv:2012.10807)

 Second phase of the JSNS2 experiment with two detectors

Acrylic vesse
(GdLS 35t)

 near (1/ tons, 120 10-inch PMTs, 24 m),
o far (32 tons, 220 10-inch PMTs, 48 m) detector

* Improve the sensitivity especially in the low Am? region
 J-PARC/KEK grants the stage 2 (2/2) approval

e The stainless steel tank has been constructed

* A lot of progress about PMTs ‘_ ’




PMTs

190 PMTs arrived at J-PARC on June 27 in 2022 (from Paris)
o JSNS2-|I appreciates to Double-Chooz experiment
* Dismantling the DC PMT jigs structure has been finished.

e Dead PMTs checks have been done




Events/dMeV

Sensitivity for the JSSNS2-|I

(Based on the simulation)

* Each background simulation was done based on the JSNS2 data

50 —
45—
40—

35—

.................................

.................................

Coverlng LSND by 3 S|gma

— .- Total

= V, from ¥, oscillation
Ve from w
—— Accidentals

——— Cosmic neutron

Slmulatlon of the far detector

sin?20 = 3.0 x 1072

Am? = 1.2eV?
(LSND best fit)

>

50 55 60
Energy[MeV

4
1
o

%]

o - . [—— MLF 80%C.L
< - i | —— MLF 36
:3 - LSND 90%C.L
NE‘ i , LSND 99%C.L
<1 10 3 ETTrre OPERA2013(NH) 90%C.L
e
10 'k 2
=JSNS 3 years +
FJSNS2-1 5 years
10—2 L ||||||| L ||||||| L ||+|+'|‘|+|.i T
10° 10° 102 10~ 1

sinZ20



JSNS2-1I: Schedule

(Even under the COVID-19, the overall schedule was well followed from 2021’s plan)

2021

2024

Acrylic
Vessel

Data taking

Donation

DC dismantle/ shipping

Delivery
Pre-cali

________________________ N

Delivery

Delivery was delayed to the end of June,
but it does not affect the overall schedule

Data taking




Summary

 JSNS2 is working toward first precise KDAR measurement
* Clearly see the high purity KDAR signal
* There have been 1st (2021) and 2nd (2022, ongoing) long physics runs in JSNS2.
* Analyses are ongoing with the data.
* Has been developing two separate PSD tools
» Sterile neutrino search is on-going according to the roadmap
 Based on the JSNS? data, JSNS2-ll has been granted.
 Even under the COVID-19, the overall schedule was well followed from 2021’s plan.

 JSNS2-|| expects to start data taking at around the end of 2023.
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250

KDAR lid O S N S — |
s | : : s :
Summary S I e o | No Systematics on the energy scale
E 200 : : o—TTTTOTD oSO ... SSVSOOOE NOVIRURIORROIS- SOOI
ﬁ | KDAR Prompt visible energy
§ ! ;
RIS o D B e SUUUUN S SRR S
 JSNS2 clearly observes a high purity (95%) -
. 100 __ .................. ﬁ ........ .........
KDAR signal! - : | | : ; ;
e This Signal will provide the first preCiSiOn 50 i A S . o e e o e
measurement of KDAR neutrinos! e T .
_ITMIIIM‘ l“l | I L1 1 | L1 1 | L1 1 I L1 1 I L1 1 |
» Working towards finalizing visible energy 0 A0 B constiuction Energy MeV

(Tﬂ + Z Tp) spectrum measurement and detailed model comparison.

* Will elucidate the difficult to model neutrino-nucleon to neutrino-nucleus transition region,
highly relevant across many aspects of neutrino physics
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Dedicated sterile trigger

(Conditional and sequential of beam and self trigger)
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Electronics upgrade
(Under developing)

 The goal is to provide excellent efficiency
and resolution over a wide energy range

« FPGA based trigger

 Hosted by an ATCA shelf

e A combined test has been done

FONTUS : Trigger Board

EnerFy Sum

(Serial 5Gbps)
Trigger Info
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JSNS2 vs. LSND

LSND JSNS?2 Advantage of JSNS2
Detector Mass 167 Tons 17 Tons
Baseline 30 m 24 m
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' Allows for KDAR
. measurement /

Beam Kinetic Energy 0.8 GeV 3.0 GeV 10 times higher pion
e L production

Beam Power 0.8 MW 1.0 MW (designed) More intense beam

Capture Nucleus

300 times less steady-
state background for BID

Shorter capture time,
higher signal to ratio




