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Neutrino anomalies

« 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 = Vg 3.80 40 30
Uy = Ve
MiniBooNE m Decay-In-Flight - - 4.70 800 600
Uy = Ve
BEST e capture Ve = Uy 4.20 <3 10
Reactors Beta decay Uy = Uy 3.00 3 10-100

« JSNS?-1/ll uses the same neutrino source (u), target (H), and detection principle (IBD)
as the LSND

- two advantages : short-pulsed beam and used the gadolinium(Gd)-loaded liquid scintillator(GdLS)
- Two different baselines can provide a test of the LSND anomaly regardless of the oscillation.
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JSNS- detector (Near)

40ms

Short pulse and small repetition rate

ChangDong Shin

Nucl. Instrum. Methods A 1014 165742 (2021)

Stainless Steel Tank

Liquid Level ~
Stabilization Tank ﬂ
1]

Hg target = neutron
and neutrino source

D Liquid Volume

3GeV short pulsed beam

.
Ny

Target GdLS + DIN (10%) 17 tons

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

* 0.95 MW operation at MLF in
2024,

 5.977 x 10%2POT has been
delivered.
- ~50% of approved POT of JSNS?

« Some physics results based on
partial data have already been
published.

- The analysis Is ongoing with
data from additional physics runs.
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Detection principle

* If sterile v exist, v, 2 ¥, oscillation occurs with 24m, 48m.

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

pem Mercury target g et e Inside the detector S ~
! i : : Prompt signal

g (;) % E NP gammas :,
| ? . Betpoettn | h
| ; i Prompt t

Arbitrary

(inverse beta decay) 10 20 30 40 50 60 70

Energy (MeV)

/’_"_ % - 24, 48m - i !
‘l‘l ) """ ’E<Vu> """""""" "(vekj | ’Q |
i . ] . o 4 i Delayed signal
l i Oscillation? | AW O |
‘ i n |
i é Neutron \/1/1
Ve i ! thermalization

& capture E g
Energy (MeV)
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Background in JSNS2

c Accidental Background

Uncorrelated prompt-delayed coincidence

Prompt-like Delayed-like
(e*-like) (n capture on Gd)
beam y

% Y (~25%)

U + % Y cosmogenic y

* (“'25%)

residual
beam neutron
(~50%)

cosmogenic y

Suppression

e Coincidence cut
e Likelihood (LLK) selection

y s J
- P ~
~ 95%
rejection
- J
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9 Cosmogenic Neutron
Background

Dominant correlated background
Mimics IBD signature

cosmic ray
‘\ vecoil n capture
\\ proton oG
neutron (delayed)

(prompt)

%%,@ -——-+Q---——->0

e Pulse Shape Discrimination (PSD)

e Likelihood (LLK) selection

S S

W

>99%

-
reduction by PSD

L + few x by LLK

— -
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e Beam-Intrinsic v, Background

Produced in n~ / p~ decay chain
Same IBD signature as signal

®—®—7.

\

: I' e
v 4 |
Vi Ve e

e Estimated by MC

¥

Irreducible

Cannot be rejected
(event-by-event)
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Analysis Framework

Background rejection

IBD coincidence

* ldentify prompt-delayed
coincidences

* Suppress random
coincidences

Pulse Shape
Discrimination

» Separate neutron-like
from gamma-like events

* Reject neutron-induced
backgrounds

Likelihood

* Energy
* Timing
* Vertex

s R
Physics

Analysis
\ Y

Blind Analysis

Side-band studies

Side- Signal Side-
band window band
|—1 m * Use energy regions outside the

ChangDong Shin

Enétigy signal window

Consistency

* Check data-MC agreement in side-
band regions

cJe

Finalize analysis

» Develop and validate the analysis without
accessing the signal window

In-situ neutrino flux
measurement

Constrain v, flux
uncertainty
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12C(ve, e‘)lZN

Mercury target

u* decay at rest

0

g.s.

« CNgs serves as a data-driven constraint on

the v, yield from u +/p

- provides an in-situ measurement of the v, flux

IBD

- Constrain the IBD normalization
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measurement

—

Liquid scintillator (detector)

V, interaction on '2C
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vV Q’ N electron
2] —" -
5 ¢ @ + @ (prompt)
12C(Ve, e-) lzNg.s.
e’) Ve
positron
12c (delayed)
\_
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2C(v,, e)”N, ;. measurement

. Dy POT
= €O
:?::U?:._ _Stat Error - . . .
5 al: — Stat. + Syst Error « Efficiency (¢) = 5.88+0.21%
S 0.6
5L  Cross section (¢) = (9.1 +£0.7) x 10742 cm?
0.5 | (LSND+KAREMEN)
i Predlctlcm frc:m FLUKA
0-4:— |  # of carbon (N;) = (4.68 + 0.94) x 10%°
S; //f ,,,,,,
z + #of ve(u"/p, y,)
02t Prediction frDm Geant4 (QGSP-BERT) =0.483 + 0.117 (stat.) + 0.123 (syst.)
o-——— ] ! S » Direct input to the IBD normalization

PHYSICAL REVIEW D 112, 032012 (2025)
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Energy side-bands

* Define energy side-bands

=% ENERGY SIDE-BANDS

. A | |
* Predict event rates from ; ;
data-driven control samples j  Deilgics o
| accidental BKG :
- Fast neutron v T —— 4 ___________________
* Toeam > 1MS !

- Accidental background

: dedicated calibration runs neutron BKG neutron BKG

Dominated by SIGNAL Dominated by

~N

b o -

* Validate PSD and likelihood methods

SIDE BAND 2

neutron BKG

Energy of IBD delayed candidate (MeV)
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Energy of IBD prompt candidate (MeV)
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Pulse Shape Discrimination (PSD)

 Fast neutrons can mimic IBD events and are the dominant correlated

backgrounds.

* Michel electrons (ME) and fast neutrons (FN) are used as control samples for
PSD development.

Cosmic ray muons

Concrete, Iron, etc.

/
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/
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PSD application
PSD on side-band 3

oAl : £ & ENERGY SIDE-BANDS L - -
* Log-likelihood ratio classifies g e n like e like

! |
events as neutron-like and -
electron-like events. ]{S'GNAL )
3
- PSD templates provide a fsppre
reasonable description of FN 20 ......... -l ;
and accidental control sample. WS N I O — _

- Good agreement between =
observation and data-driven 55— ............... .................. + ............................ ................................... ....................
prediction in energy side-bands. T — ——

2000
FSD score
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Likelihood (Tlmlng/energy/vertex)
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2000

Signal MC
Neutron Control sample (Data)

Accidental Control sample (Data)

Neutron
- cosmogenic

Accidental

- prompt : cosmogenic

- delayed : beam neutrons
+ cosmogenic

Cosmogenic backgrounds
- no correlation with beam timing
- Downward-going
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Likelihood application

 Side-bands are used to evaluate the likelihood performance.

« Signal-like events are selected in the red-box region.

 The likelihood selection retains 68% of signal events while

rejecting 74% of neutron and 84% of accidental backgrounds.

- Signal Sample

LLKsignal - LLKneutron

| ]
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Energy side-band validation

- Data-driven background predictions are compared |~ EEHENEIIT =
with observations at each analysis stage. 3
. L . Vs N
« Agreement is preserved after PSD and likelihood selections. - ! siena |
J
« These results validate the analysis method before opening the N e |
signal region. : | \
Energ?yoof IBD prompt candidatéeo(MeV) .
2022 Physics run
Cases Side-band 1 Side-band 2 Side-band 3 Side-band 4
Obs. Pred. Obs. Pred. Obs. Pred. Obs. Pred.
w/o PSD  w/o LLK 3 3.5+0.7 91 106.3+2.7 703 711.7+16 191 184.6+5.2
w/o PSD  w/ LLK 25 27.440.8 240 213.61+4.8 49 50+1.5
w/ PSD  w/o LLK 2 5.1+0.3 5 54+0.3 6 3.3+0.2
w/ PSD  w/ LLK 0 0.940.1 1 1.240.2 0 0.5+0.08

ChangDong Shin

K-Neutrino Symposium 2026
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Signal region validation

« PSD performance:
~87% signal efficiency
@ ~99.7% neutron rejection

After PSD

[y
(=]
[}
T

Prompt timing AT prompt-delayed
: : : : i & Observation E : ; i
Neutron Exp.
— Acci. Exp.
v, from p
— o),
—— Total Exp.

& Observation
- i i Neutron Exp.
- (b) : — Acci. Exp.

7. from ji
— v )N,
—— Total Exp.

[y
(=]
B
Ty

Events [1/2us]
Events [1/10us]

 Good agreement between observation B8 S N U N S R I -
and prediction is observed for both the 3 1?
PSD score and likelihood variables. S e — :

0 20 40 60 80 100

& Observation

prompt

Events

: : : Meutron Exp.
—— Acci. Exp. . Edelayed Vertexz
............. + G‘__ from !-’L . 10 : :

- JIC[VI\:”:-][:NE,.-..
—— Total Exp.

200
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7| — Acci. Exp.
v, from
e Py e )N,
: Taotal Exp. ]
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- (d) —— Acci. Exp.
v, from 1 : i -
o PO N | ]
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150
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Neutron rejection > ~99% 17
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Event selection efficiency

2022 Physics data

Requirement Relative Efficiency (%)
~Prompt Candidate-  Fiducial volume
20 < E, < 60 MeV 100.0 _
2 < ATheam—p < 10 i 16.5505 : R<140cm and |Z|<100cm
PSD 87.2+9.1

 Signal efficiency is evaluated using both

~Delayed Candidate— ' '
elayed Candidate data and Monte Carlo simulation.

7T< Eq <12 MeV 75.3£0.9
Beam neutron rejection 94.1£0.1

« The cumulative efficiency is 12.4% after all
~IBD paired Candidate—

AT, 4 < 100 ps 96.6+3-4 selections.
AVTXp—a < 60 cm 83.44+10.0
Background rejection likelihood 70.5x1.5 —— ¢ 55 0+0.4% (2024 da’[a)
~Muon and Michel electron rejections—
Muon rejection 92.8x0.5
Michel electron rejections (veto layer) 97.0+0.03
Michel electron rejections (baseline) 86.1+1.4
Chimney passing muon rejections 98.7£0.1
Cumulative total efficiency 1‘2.4t§:é

Total efficiency of 2024 data : 13.6%
ChangDong Shin K-Neutrino Symposium 2026
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Un-blinding signal region 2022 +2024 Physics data

* Recently we performed analysis using 2024 data.

POT : (2022) 0.8x1072, (2024) 1.4x102? e L

] X ) 0. X ) 1. Total 8 8.9+1.6
. : : ) JSNS total BKG. 6.1+1.0

« The observation is consistent with both the background- LSND excess 28413

only and background-plus-LSND expectations within (scale)
uncertainties.

.E-_'102 =
o -
>
g O 2
P or e E ol
x B -
=4 0.35 -
| 0.3 -
5 - ! | e
— N —0.25 =
0.2
0.15 10 ' JSNS' 90% C.L. exclusion | ™S8 -
- LSND 90% C.L. 3
Ob ti i :
° servation i \ND 99% C
LLK Signal region 0.05 ) - ESND B CL i
_6_ ‘ l A i A ‘ ‘ : l ‘ A ‘ ‘ . l ‘ l ‘ ' ‘ l l 0 1010_4 1 I 1 III.IIIﬂl_:3 [1 1 Illl‘1llﬂ_2 | 1 'III1”“—1 | | | IIIII1
-6 -4 -2 0 2 4 6 sin®26
LLKslgml & LLK.ccldental
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JSNS?-|l (Second phase of JSNS?)

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

« We filled liquid scintillator on Aug. 2024.

 Now we are having commission phase.

LED calibration Cf source data
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Toward higher sensitivity

Near Detector

/ N il Ny
More accumulated data Improved CNGs measurement Analysis improvements
Current dataset /
2 X 14 .
2.2 x 19%2.pOT -1 | Fiducial volume
(from current result)
(2022 + 2024) ______________________________ (up to x 1.7)
) Current result
E 8 'years of operation e Total number of v, (= u*/p)
with 1 MW 0.48 + 0.17
/ v, from u* uncertainty (‘(‘3 Efficiency
23
-ll 3.04 x 102 POT ,.,1.0%
L P (can be improved) N
/ 7 A
@ Improvement of Sensitivity J
: .
Far Detector e Reduction of common systematic uncertainties
: Near detector Far detector )
L i i ¢ Model-independent test of the LSND anomaly
- (Ho) e Higher sensitivity with two different baselines,
24 m 48 m especially in the low Am? region
e

ChangDong Shin
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Summary

« JSNS2-|I continues to accumulate physics data, and the far detector is currently
under commissioning.

« ADblind analysis framework has been established using
- data-driven background
- PSD
- likelihood

 In the signal region, 8 events are observed, consistent with the expectation of
8.911.6 events using the 2022+2024 dataset.

« The sensitivity is expected to improve substantially in the coming years.
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Thank you for your attention

ChangDong Shin K-Neutrino Symposium 2026
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Direct test of LSND anomaly

LSND

/ v, — V., appearance \

87.9 + 23.1 excess events

3.80 significance

L=30m

&

>
>

800 MeV
proton beam

n+ l‘+ G e d Vu
- — >

Water target 1+ decay-at-rest

/ JSNS? \
v Same neutrino source (¢ DAR)

v' Same oscillation channel

(‘_/p =7 1_’e)
v' Same detection channel (IBD)
v" Similar L/E (~30 m / 30 MeV)

u* decay-at-rest

3 GeV (DAR)

proton beam

Hg target

(DAR)

\ LSND detect)

ChangDong Shin

o

Other experiments provide
important constraints
on sterile neutrinos.

They use different neutrino
sources and different detection
technologies.

The LSND anomaly remains
unresolved.

JSNS? reproduces the essential
conditions of LSND.
- with improved technologies

Most direct and model-independent
test of the LSND anomaly

K-Neutrino Symposium 2026
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2C(v,, e)”N, ;. measurement

o E prompt E delayed
"g 10° = QObservation % 30; o 30¢
o i Background s . (a) } observation g
5 25( ] o 25
g «=ee Backgroun 5 - SNgs (MC) s 25] (b)
5 g _F 9 8 F
2 - : 2 20~ I Background 2 20
C R |
Z - Clear excess <
| o

5

kN 80 25 30 35 a0 Y0 11 12 13 14 15 16 17 18
O 05 1 15 2 25 3/_\\ 35 4 E, (MeV) E, (MeV)
m - -
xpa (M) “ Prompt timing " AT prompt-delayed
8 o (c) 36 (d) 2021 data
Observed 79 > L > f
£ 20" £ 200 <
Background 42.2+4.8 2 2 o
5t °0'2022 data .
CNgS 368i89(8tat)i48(8yst) 10:_ 10:_ © sopo 10000 15000 20%?_“?.2?00

« 2021 and 2022 physics data

3 4 5 6 7 8 9 1( 5000 10000 15000 20000 25000
ATbeam—p (”’S) 26ATn-d (115}
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Comparison with LSND excess

Neutrino flux at detector # of target efficiency

N _' 0 '@VT lszvsz] '[E]SNS%
J

2022 Physics data

SNS2 = X Nipsnp
Crsvp 0 Nrpsnp * €Lsnp

« Using the LSND excess as a normalization Expected number of events from the LSND anomaly

refereglce, the prected signal in the 2022 cy— ISND KARMEN JSNG?
o | (POT 1.81x10%  6.05x10%*  0.82x10%?)
* The uncertainty is dommaﬁed by the muon (#u/p 0.079  0.0448+0.0030 0.48+0.17 )

production measurement in JSNS? and the (baseline 30 m 17.7 m 24 m )

LSND measurement.

Nr 7.4x10%°  4.5x10%°  7.48x10%

« The current statistics are insufficient o o ton

for a conclusive test of the LSND anomaly. efficiency (%) 42.0+£3.0  19.1+£1.45  12.575,

Neve 87.9423.1 12.6x£3.3 1.14+0.5

ChangDong Shin K-Neutrino Symposium 2026
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Un-blinding signal region 2022 Physics data

« Observation is consistent with the background arxiv:2602.06274v1 (Accepted in PRD)

prediction in all analysis stages. cases observation prediction
w/o PSD w/o LLK 1079 1063.0£25.7
T b d : ] h h w/o PSD w/LLK 304 315.8+8.0
WO events are observed, consistent with the W/ PSD  wio LLK 10 11.240.7
expected background of 2.3+0.4 events. W/ PSD Wi LLK ) 23404
—10%E
CRE
> 0
o E, Ol
5! < 105—
IE, -
< 1
""""" 107 = JSNS?90% C.L. exclusion-
S B S e Observation E :ILSND%:/DC:'L'
LLK Signal region , [ ] LSTM%C-L- | t
_E N ._1 N ._l L R B BT 0 10_4 10—3 10—2 10—1 1
° * 2 ’ LEKsignaI - Ij-KaccidentaIIE Sil‘l229
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