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(J-PARC Sterile Neutrino Search at J-PARC Spallation Neutron Source)
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Indication of a sterile neutrino (Am?*~1eV?)

« Anomalies, which cannot be explained by standard neutrino oscillations for
~20 years are shown

Experiments Neutrino source Signal Significance E(MeV) L(m)
LSND u Decay-At-Rest Uy = Ve 3.80 40 30
Uy = Ve
MiniBooNE m Decay-In-Flight - - 4.80 800 600
Uy = Ve
BEST e capture Ve = Uy 4.20 <3 10
Reactors Beta decay Vo = Uy 3.00 3 10-100

« JSNS? uses the same neutrino source (u), target (H), and detection principle (IBD) as

the LSND

- Even if the excess is not due to the oscillation, JSNS? can catch this directly

- two advantages : short-pulsed beam and used the gadolinium(Gd)-loaded liquid scintillator(GdLS)
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J-PARC facility
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Low duty factor beam
(short-pulses + low repetition rate)
Gives an excellent signal to noise ratio

1 MW (design)
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Materials and fe
Science Experimental

0.6-0.7MW (2021)

Facity MLF) 59 0.7-0.8MW (2022)
& 0.84MW (2023)
’ 0.88-0.95MW (2024)
@ MLF
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JSN 82 d etector Nucl. Instrum. Methods A 1014 165742 (2021)

Stainless Steel Tank

Liquid Level .
Stabilization Tank L

Hg target = neutron
and neutrino source

b Liquid Volume
3GeV short pulsed beam Target GdLS + DIN (10%) 17 tons
e gamma-catcher Pure LS 31 tons

and veto

96, 10-inch PMTs for the inner detector
e 24,10 inch PMTs for the veto
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Operation

0.65 - 0.95 MW
y  Houry POT 0.7-0.8MW —08AMW- i
« Data taking d L~ | |
. . . o
- Commissioning (2020) 3
- Four long term physics run
(2021 — 2024)
1MW beam power (design)
- achieve 950kW at MLF ¢ -
* 4.85 x 10%% POT so far : . — Cumulative POT |
- 42.5% of approved POT | / |
' i 42.5% of
| ; approved POT
| - atend of 2024 run
20011 'f:lnl'-’l:ml - ::\"‘3;"0{ - ;\.-\;ll-"‘- - ’L-:rk'-LT'm. - *;:J‘tl"-r-"‘l - ;_xlbfluﬂ'll - ;Aml'u'ﬂ‘-l o

ChangDong Shin Neutrino Oscillation Workshop (NOW 2024)



Production and detection

* If sterile v exist, v, 2 7, oscillation occurs with 24m.

Timing Energy

« Coincidence of Inverse Beta Decay (IBD)

- Positron annihilation Prompt 1.5<T,<10us |20 <E <60MeV

- Neutron capture on Gd Delayed AT, 4 <100 ps 7<E<12MeV
/’ __________ \\ !f __________________________ \\\
1 / e+ \
| |
gammas P t si |
: O Pair annihilation > [>I rompt slgna
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:oscillation
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Expected energy spectrum and sensitivity

* 7, follows decay-at-rest v, energy distribution sin’20 = 3.0 x 1072 87

Am? = 2.5eV?
Signal (Best fit values of MLF)

sin®20 = 3.0 x 102

* Will cover the LSND allowed region at 90%C.L. W L ot

- 3 years with 1MW e c

3
background | beam-associated fast n <2
Cosmic-induced fast n negligible
Total accidental events 20
. — é._'102 E
° 1OE Total sin?20 = 3.0 x 1073 o E —— JSNS*90%C.L
= = — — —— 5 F ] LsNDgs%C.L
% 355 ] %e ;:gm :1!‘ oscillation Am2 = 1.23V2 %‘ L [ LSND 90%C.L
5 30| “Clu,eIN,. ~ (LSND best fit) S E— = e oPERAZ®IS 030
- - | —— Accidentals ; : -
25— S— TR e el o T e = - |
20; STm— S a— {i _ l o) EE—
10:_ B - + i —_,—J_J_\_ 10_1:_ _________________________________________________________________ .
o i :’E . i
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Pulse shape discrimination
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Pulse Shape Discrimination (PSD)

« Fast neutrons can mimic IBD signals from electron anti-neutrino.
- correlated background
- difficult to remove from IBD signals

 PSD can separate the IBD signals and fast neutrons.

ChangDong Shin

Cosmic ray muons

Gd loaded LS i
1 1
I 1
i | - neutron
capturg i | - positron
_ gammgs i ]
ized i i .
: ' Tail : 100nsec
i 3
: !
e

Total : 140nsec

| A, S ——

Recoil proton; 20-60MeV

[ {mimics IBD prompt)
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« Alog-likelihood method has been developed

to improve the PSD performance.

« The full information of waveform height are used for the PSD.
- control sample : Michel electron (ME) and fast neutron (FN)

- each PMT has its own PDF and separation

average waveform (one PMT)
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CNgs measurement
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CNgs measurement
CNgs IBD/Sterile

+ +
- —
* No m or K production rates measurements H A

with Hg - p (3GeV) reaction so far. —, prompt

* Provides a normalization of IBD signals.

delayed
Primary Delayed

Sterile Neutrino Analysis Signal Signal

/ o a - a ‘

T T
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Event selection

Observed events  20<g<40wmev

10°

CNgs candidate 10<Es<i8Mev 7
0.2 <At < 12ms (2021) -

79 events 25ms (2022)
Background rate AVTX < 20cm g

42.2 + 6.5(stat. ) + 1.7(syst.)

| Signal Region

area normalized
(Ayrx > 0.4 m region)

== Signal Selection
== Background Only
Selection

b Ly vy b b P Ty ML
1 1.5 2 2.5 3 3.5

e The accidental event is dominant ! Pata(Stat.Erron) ==
B Background Estimate
background. — MG Simulated CNgs

- estimated by normalization
from high AVTX region

| ——— H—

- All distributions for selected T |
variables seem to be reasonable. m;-t i
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CNgs results
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Observed Neutrino Flux Selection Efficiency
Event Rate Cross Section

N @, POT l 7{
Nenes = TGG C
rr

Number of Carbons

Detection efficiency
- 0.0588 £ 0.0021

Cross section
- LSND + KARMEN
9.1+ 0.7 x 10~%2¢cm?

Statistical error 1Is dominated
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KDAR neutrino measurement
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Kaon Decay-At-Rest neutrino measurement

(KDAR neutrino: 236 MeV mono-energetic)
« Afew cross-section measurements at low energies.

 The mono-energetic KDAR neutrino events in the JSNS? detector

* Nuclear effects in mono-energetic neutrino interactions on carbon

JSNS2 Flux
MicioBooNE, PRL 123, 131801 (2018) - i -
E, =236 MeV* Ti’rose.oizood ot 0 &i?ﬁ?ﬁg?;;lﬂg = 107 g
— T2K, PRO 96, 052001 (2017 gl 339 {1956) E
S 1.6 NENERVA, PRD 85, 072008 (z017) D COHS, 2P S35, 3 (VMF) % =
Q + TIK PROD 93, 072002 (2016) 4 BNL PRD 25, 617 (1942) L 4o —\
0] # TIK(CH),PRD90,052010(2014) m GGM-SPS, PL 1048, 235 (1961) o E . =]
A ArgoNeuT, PRD B9, 112003 (2014) % ANL, PRO 19, 2521 (1979) o E KDAR neutrino
~ AT PRI 0RO G o zm e o ¢ b v
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; r B GGM-PS, PL84B (1979) 10 L
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KDAR signal measurement

» A double coincidence
- prompt : muon and proton
- delayed :electron from muon decay
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KDAR Results (shape only measurement)

« KDAR candidates : 621 events Prompt Delayed

Energy 20-150 MeV 20-60 MeV

* True visible energy was estimated with Iterative Bayes
(D, AgOStlﬂ') Unf0|dlng Timing Beam cézr)l(tlzfgg?/vindows At <10ps
- provide better understanding of the low energy interaction

Fiducial Volume:
Position R<1400mm AVertex< 300mm
-1000mm < z < 500mm

> 140 > -
= T = 04 |
Te) ~ _ Central Value [Stat. Error]
2 100 . —I— Data o 2
% — @) 4).35 -
3 B <[5 C
100— Best Fit Background -0 03 Syst. Error
80— 0.25 —
- + 02F
60— 3
- 0.15—
40— E
L 01—
F +L'u.|tL " M
| l W = | ‘ | il
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JSNS2-I|
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JSNS?-|l (Second phase of JSNS?)

« New far detector
- AlImost identical to the near detector
- fiducial 32 tonnes and 48 m location

 Two detectors with two different baseline
- a solid conclusion on LSND anomaly

* The final phase of the detector
construction

21
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Sensitivity of JISNS?-11

« Each background simulation was done based on the JSNS? data.

 The sensitivity becomes better in the low Am? region.
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Detector construction (1)

SUS tank PMT install (inner tank)
(Mar. 2022) (Aug. 2023)

Acrylic vessel
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Detector construction (2)
PMT install (veto)

LS filling
(Aug. 2024)

——

—

pJSNSTu
MORIMATSY

S ARIRSXRN

« We will have an LED test soon.
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Summary

There have been four long physics runs (2021~2024) in JSNS?.

The analysis for the sterile neutrino search is ongoing.

We obtained other physics results
- CNgs measurement

- KDAR measurement (shape only)
- Detector Is working well!

We are facing the final phase of detector construction of JISNS?-|
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Backup
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Blind analysis
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Blind analysis for sterile neutrino search

s energy side-bands
= .
) ~ Side bandl |
» Energy side-bands should be 2 (dominated
. S by accidental
understood before opening the 5 BKG) |

_ _ S| ——— e

Slgnal I‘egIOn © Side band3 Side band4
> (dominated . . (dominated
_ _ _ 'E by neutron signal - by neutron
» The rates in the side-band regions D R - BKG)

_ ! ] E— T —
will be pred_lcted by the control . (dontnated |
samples driven by data > by neutron

c 'BKG) = near
E ‘signal region
20 60

Energy of IBD prompt candidate (MeV)
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Observed | Estimated

Si d e' b an d #4 Accidentals - 71.6+1.2

\ Fast ; 1178+4.4
60 < Eprompt < 100 MeV EUtrons
Total 1224135.0 | 1250+4.6
7 < Edelayed < 12 M@V 10* —— Prompt Energy 1'e—— Delayed Energy
* All background estimates are data driven Em_ I e e ey JJF g
. . H 11 . L TR 1) ‘_'J_L_,—L\ rj —I o0 F—IJ— 1 I [] 10%_,_.I l_l_‘;_f—| T
* Accidental rates are estimated via “spill-shift” I :L%&*ﬁ*
method T
- Prompt-delayed pairs from different beam | R DU L1 X R OO 11001 16 [ O I O I 0 O
S p | I I S 3 v 0 constted Engfgy[Me\l%O ’ s ’ 1 pcconstmeted Encrg)'[Me\"l]-
- At 10 AVertex
« Cosmic fast neutron rate is estimated by wzé_.im, ﬁT:’L_; R R o ipf”‘fﬁmi
looking in late time window (>1ms after N TR, I%Tm
beam) S e SN I ; ff—"ﬁ%qh
15_ .................................................................... ........................................... 1§ = 1 ITl__l:
° Observed data IS CO”S'Stent Wlth estlmatlon 104;_ ............................................ ) S N 10 i ‘\H
10-2(; I (j[] B T 10'20_' 500 1000 1500 2000 2500 "3&:@9; [mz;?n
12 AT, [us] pd
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New far detector

« Almost identical to the existing near
detector
- 37m?3 Gd-LS for the neutrino target
- 150m3 no Gd-loaded LS for the veto
and gamma catcher.
- 228 PMTs will be used

* The detector Is placed outside of bundlng m

=» Electronics in the “roof space”
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