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Experimental tests of the LSND anomaly

® Recent experimental efforts to investigate the short-baseline anomalies are shown.

Experiments

Neutrino source

Signal

Detection

MicroBooNE, ICARUS

(BNB/NuMI)

VpV, = U, U, (ICARUS)

LSND / e _ _ IBD (n-H) (LSND)
JSNS? H Decay-At-Rest v, — U, LSND@3.80) | |Bp (n-Gd)(JSNS?)
MiniBooNE / n Decay-In-Flight v, — VUV, (MicroBooNE)

LArTPC

e MicroBooNE and ICARUS search for anomalies using 1t Decay-In-Flight beams and LArTPC,
which are mainly motivated from MiniBooNE,

whereas JSNS? directly tests the antineutrino channel (IJﬂ -> 1), identical to the LSND signal.

e Therefore, JSNS? provides complementary information to MicroBooNE and ICARUS
by testing the LSND channel with a different neutrino source and detection technique,
allowing comparisons between neutrino and antineutrino channels.

® Also, other physics topics : please refer to
https://conference-indico.kek.jp/event/361/contributions/7915/attachments/5280/8546/01-NPN _MH.pdf
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Direct test of LSND anomaly

LSND JSNS2/JSNS2-II
Target Mass 167 tons 17 tons (Near) , 32tons (Far)
Baseline 30 m 24 m (Near) , 48m (Far)

Beam Energy

0.8 GeV proton

3 GeV proton

#u/p

0.079

0.48 +- 0.17 (*)

Beam duty factor

1/14 (by Linac)

8/40000 (by Synchrotron)

Energy
Resolution

7% @ 45MeV

3% @ 53MeV

Liquid scintillator

Scintillation light

Gd-loaded Scintillation light
+ DIN is added

Delayed signal

E ~ 2.2MeV, At ~ 200ps

E ~ 8MeV, At ~ 30pus

LSND (Phys. Rev. D 64 (2001) 112007)
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(*) Phys. Rev. D 112,
032012 (2025)

o JSNS2 / JSNS2-|| use the

same neutrino source (y), target (H)
and the detection principle (IBD)

as the LSND.

=> Direct test of the LSND anomaly

e Advantages over LSND :
=> Larger #u / proton
(due to 3GeV proton beam)
=> short-pulsed beam
(much lower duty factor)
=> (Gd-loaded liquid scintillator
(suppress the accidental bkg.)
=> DIN + 500 MHz FADC DAQ
(enhanced PSD capability)




MLF building (bird’s view) Near detector

e /
4615
Near detector @ 3F [ 'Hg target = neutron

| (24m from Hg target) and neutrino source

Materials ant Life -
poml Science Experimental #&&
Facility (MLF)

e T e

Nucl. Instrum. Methods A 1014 165742 (2021)

3GeV Short - 17tons Gd-LS+DIN for target
pulsed beam -9610" PMIs for the Inner Detector

P Far detector outside of MLF
TMW beam (Design)-= (48m from Hg target)

aChleved in 2024 R 32tons Gd-LS for target /
172 10”’ Inner PMTs
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. . ar Data taking
gives excellent S/N ratio. —> Commissioning (2025 Nov-)  presentation
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How to detect v/, -> 1/, signal

H

IBD selections

Timing Enerc

H

® U ->U,during 24m baseline. Prompt |1.7 or 2<Tpeam<10us| 20~60 MeV
Delayed ATp-d <100pus 7~12 MeV

® Detection by coincidence of IBD (Inverse Beta Decay)
=> Prompt : e+ signal
=> Delayed : gammas from neutron capture on gadolinium (Gd)

e TEET T TEE I I IS I I G G G G G SIS SIS T SR G SR G SR G S e Seey

d "\ /° N\
: el : ( e’ ; (EB+)
: O T | | p O___——> gammas [>: Prompt signal
e o Pair annihilation
; e e A ' (20~60MeV)
: ------ > | Gd :
| . oscillation | \ |
| : 24 m Or else | |
[
: | : ' (r1"(35(j
| , | \ |
I Thermalized
: Ve : : At ~26 1S & captured I Captu re)
| ' \ gammas Delayed signal
. Mercury target / \ )

. ) . ) (~8MeV)

B e T SR
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+ Spatial correlation cut

AVTXp-d < 60cm
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Latest result from the search for an excess of v, events in JSNS2
<Papers so far regarding this search>

e Correlated background :
Eur. Phys. J. C (2022) 82: 331 (arXiv:2111.07482 [hep-ex])
® Pulse Shape Discrimination (PSD) :
PTEP 2025 023H02 (2025) (arXiv:2404.03679 [physics.ins-det])
e Accidental background :
Eur. Phys. J. C 84, 409 (2024) (arXiv:2308.02722 [hep-€eXx])
e 3D calibration :
Nucl. Instrum. Meth. A 1072 (2025) 170216 (arXiv:2404.04153 [hep-€eX])
e Muon tagging with flash ADC waveform baselines :
2025 JINST 20 P09002 (arXiv:2502.16384 [physics.ins-det])
e First JSNS2 measurement of the electron neutrino flux using CNgs reaction
Phys. Rev. D 112, 032012 (2025) (arXiv:2412.18509 [hep-eXx])

e First results from the search for an excess of v/, events in JSNS?2 ;

Phys. Rev. D 113, 112011 (2026) (arXiv:2602.06274 [hep-ex])
=> 2022 Physics run (0.82x1022 POT)

e 2022 + 2024 Physics run (1.95x1022 POT) results will be shown In this talk !!
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Energy side-bands for validation of backgrounds

: : T < 17 al 2022 + 2024 Physics run
* Blind analysis to search v, -> 1, signal, (1.95x102 POT)
w/ the energy side-bands.

S Side-
e Background Prediction : < band 1
data-driven control samples :q_'; (Edu)
o
e Background reduction : % ----------------------------------------------------------
Pulse Shape Discrimination (PSD) & § Side- Signal Side-
Multi-variated Likelihood method (LLK) g | |band3 i o o, | band4
2 (Epl) 5 9 . (Epu)
- AL (Expected IBD : (Expected IBD '
"3 Bkg. Prediction S |, [signal 004 events); signal ~Sevents) i .
o Side-
Purely data-driven = . band 2
Physics data with criteria : control sample o . (Ed
* Energy (Ep, Eq) -> right plot 5; i (Ed)
+ 1.7 or 2us < ATbeamp < 10ps * Fast neutrons (Cosmogenic) @ et D |
« ATpq < 100ps => obtained at Toeam> 1ms T ; signal ~0.15 events) ;
* AVIXp-d < 60cm - Accidental background 12 100
=> obtained with specific Energy of IBD prompt candidate (MeV)

calibration runs
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Observation vs Bkg. Prediction at side-bands (w/o PSD, w/o LLK)

2022 + 2024 Physics run

(1.95x1022 POT) AVTX p-d
S Obs : 7 (Spatlal Correlatlon)
E Pred [Ty _lg ................................ Epu ...... regIOn .....
) e :

6.4+0.8 |
A S R ' | My (example)
S Obs * 338 Obs : 1299 % fu | .
® Pred : :Signal region Pred : 5 S— - I
8 |329.6+16.5: 1398280 5 R N
e N i RN
E Pred (S S.t errors _ 0 — — ]Oi()() - HO‘O - 'IEOO{)I | 'I.ESO'O —‘%ﬁﬂ"li(ur)([)l [ 135%)0
2 215 9T11.9 | or%lly) AVTXp d < 60cm
oS (Accidental 95% rejection)

12 20 60 100
Energy of IBD prompt candidate (MeV)

e Good consistency for Observation vs Background Prediction
for all side-bands regions

e Cosmogenic fast neutrons dominated _ .
—> PSD (~1/300 reduction)

e Accidental / Neutrons further reduction
—> LLK (~1/6, ~1/3 reduction)

Dongha Lee 9

JSNS2 Preliminary

Background Prediction

(Epu) : |
« Cosmogenic Neutron :

1391.9x80
« Accidental : 6.2x0.1

JSNS2? detector is located
above ground

=> severe

cosmogenic backgrounds

=> “How to reduce Bkg.”
IS a key.

=> ~1/1000 reduction
IS necessary




Backgrounds Control : Pulse Shape Discrimination (PSD)

o Fast neutrons Cosmic ray muons
=> Mimic the coincidence ST
of IBD signals

PMT waveform

- neutron
- positron

e PSD

=> using the difference of
PMT waveforms between
e-like and n-like.

M. A—

—
-

h_PSDn_Sig1 PSD score h_PSDn_Sigi
Entries 4164

e PSD uses Data-driven

[ : : : Mean 484.9
250 — .................. ................... S SR ...... Std Dev 677.6

likelihood method

(Control sample :

Michel electron / Fast neutron)
=> use Full information of
waveform height.

=> Each 96 PMT

OWﬂ Separathn pOWGF 0 5.0 160 150 260 250 360 350 460 {150[ | 0= _2(;00 '—15io'0' l—llti){)::)' '—'5136' | .(i).. 500 | ll.oio{.). '1'51:)6 Z%m.
time [ns
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Backgrounds Control :

Prompt Timing

?0.45: :
= o4 | lemplates (1) Signal
‘50352_ ....................... .......... Templates (2) ACC|
; 0_3§_ ....................................... .......... Temp|ates (3) Neutron
Eozsé_ ............................. BD S|gna| “+ deCay-at-reSt
nE_ 02;_ ............................. VS ACC', NeUtron ﬂat
0.15 ;_ ....................... ....................... ...................... S
015_(3) ....................... ...................... ....................... .............................................
0.05 ;_ ............................................................... ............................................. .............................................
0:....|....|....illl.ill..m...i....
2 3 4 5 6 7 8 9 10

ATbe:am-n [u S]

— .

= | p— IBD signal

1 X S o e — 8

0 .

E 0.8 F— et Accidental Bkg.
lg 0.7 it Cosmogenic neutron Bkg. |
o

> 0.6E

©

o

o

o

OIII::I |||4

0 500 1000 1500 2000

Dongha Lee

2500

3000 3500
AVTXIO q [mm]

o o
(= = —
(00 - N

o

Probability density [1/4us]

—— IBD signal
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Cosmogenic neutron Bkg.

500
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1000 1500 2000

Multi-variated Likelihood method (LLK)

e |[BD Signal vs Neutron vs Acci.
=> Different shapes for
[Energy, Timing, Vertex]
e Data-driven templates,
=> binned Likelihood scores

Likelihood L; = | | prob, ,i-tn bir

n
=> | . IBD Signal / Neutron / Acci.
=> n : [Energy, Timing, Vertex]
=> Log-Likelihood ratio is used.

e By selecting Signal-like events,
=> factor of a few reduction
for Neutron & Accidental Bkgs.
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LLK appheatlon (S|de band Epl) ;
Slde band

PSD and LLK check at side-bands

25

_IBD S|gnal 90% eff
-neutron >99%
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............................................................

......................................................
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15[
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2022 + 2024 Physics run
: (1.95x1022 POT)
| JSNS2 Preliminary
cases Eau Eai Eou Ep
obs. pred. |obs. pred. obs. pred. obs. pred.

w/o PSD w/o LLK| 7 6.4+0.8/203 215.9+£11.9(1299 1398.1 + 79.5|338 329.6 +16.5_

w/o PSD w/ LLK | — - 47 55.3+1.4 | 387 410.1+23.0} 91 92.8+x5.1
w/ PSD w/o LLK | - - [8 130403, 11 127409 [I1I""72£02""

w/ PSD w/ LLK | — — “2°719=%x0.T7| 2 3.21+0.3 2 1.1 £0.1

e Observation vs Bkg. Prediction (side-band regions)
-> (Good consistency for all cases
(examples for PSD/LLK applications are shown in this page)

; 20A ]
) Side-
% . band 1
19 (IBD signal : (Edu)
1D Log- leellhood ratio D2 ,7009
50 1 O ;--------r----rw--------------------1 -------------------
s/ Side-band| _ o Epﬁ . § |Side- | gong | Side-
N _sele_eted AAAAAAAAAAAAAAAAAAA Lo | Neuronrace 18 -band 3 . - band 4
sof-. (| DR I . (E |) i Region (Epu)
| — ' IBDsignal60%eff. g &P L (E .
20;— ------------------------------------------------------------------------------------------------------- _' ------------- neutron 70% rej : O 7 -------- '-'r'-"-'-'-' ----- : """"""""""
S+ 1| = acci.85% rej . % + Side- :
5_ ............. .................. + e .................. ................. — .................. ................. ‘ . : : band 2 i BD o |
R M M v o , P ) (Ed) 10000
I like n-like , & s ’ P >
Slgna i 12 20 60 100
Energy of IBD prompt candidate (MeV)
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Event selection IBD signal efficiency

e Signal efficiency : estimated using both Data and MC

Requirement

2022 Physics run (%) 2024 Physics run (%)

—Prompt Candidate—

20 < E, <60 MeV 100.0 100.0
1.7 or 2 < ATveam—p < 10 ps 46.540.5 55.040.4 ——pp-
PSD 87.21+9.1 89.4+7.0
—Delayed Candidate-
7T< Eq <12 MeV 75.3£0.9 75.3£0.9
Beam neutron rejection 94.1+0.1 93.4+0.1
—IBD paired Candidate—
AT,—q < 100 ps 96.613% 96.613 %
AVTX,_4 <60 cm 83.4+10.0 83.4+10.0
Background rejection likelihood 70.5%x1.5 70.3x1.5
—Muon and Michel electron rejections—
Muon rejection 92.810.5 93.6x0.5
Michel electron rejections (veto layer) 97.040.03 96.510.1
Michel electron rejections (baseline) 86.1t1.4 83.1£1.9
Chimney passing muon rejections 98.7%0.1 95.2£0.1
Cumulative total efficiency 12.57%55 14.0+1.9
JSNS2 Preliminary

Dongha Lee
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Neutrino Timing

40/ e -
400 ! : 5 5 !
350
300F
250
2001
150}
100

50/

e Signal efficiency

=> already improved
through a trigger upgrade.
=> 2022 run :

2”3 < ATbeam—p < 10”3

=> Since mid-2024 :

1 7|JS < ATbeam-p < 10”5
=> “47 -> 55% efficiency”.
=> Further improvements
in the future.



Unblind Results in signal region (w/o PSD w/o LLK)

® Observation vs Bkg. Prediction (signal region)
=> (Good consistency (syst. errors only)

EM
wt
D
o,
~-

D
Q

cases Observation Prediction - -
w/o PSD w/o LLK 2195 2160.3 +- 128.6 - Neutron
- Accidental
w/o PSD w/ LLK 102
w/ PSD w/o LLK =
w/ PSD w/ LLK ]

10

PSD application

¢ Observation 1
—— Neutron Exp.
— Accl Exp.

v, from @

— vt | 10|
10—2_||||i|||i||||i||||i|||i| ||||
0 500 1000 1500 2000 2500 3000 3500
AVtxp_d ‘mm
"""" mm o JSNS2 Preliminary Background Prediction :
- 2022 + 2024 Physics run » Cosmogenic
0 2000 10000 1000 2000 3000 4000 (1.95x1022 POT) N :
eutron : 2132*+126

PSD score

» Accidental : 24.8x0.2
Dongha Lee 14 (Expected IBD signal ~ 3)



Unblind Results in signal region (w/ PSD)

2022 + 2024 Physics run

e Observation vs Bkg. Prediction (signal region)

(syst. errors only)

cases Observation

Prediction

w/o PSD w/o LLK 2195

2160.3 +- 128.6

w/o PSD w/ LLK
w/ PSD w/o LLK
w/ PSD w/ LLK

606
30

626.9 +- 37.0
26.3 +- 1.6

PSD appllcatlon

Events

* Observation
—— Neutron Exp.
—— Acci. Exp.

v, from p
— "C(v,.e)"N,
—— Total Exp. ‘

0500 1000 1500 2060 2500 3000

-3000 -2000 1000 O

IBD signal 88% eff.
neutron 99.7%
rejection

“1000 2000 3000 4000

PSD score

— |
Selected (e-like)

Prompt Tlmlng

-
N
|

-
=
|

Events [1/2us]
I
"
£

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

o
|

¢ Observation
.| —— Neutron Exp.
— Acci. Exp.

| v, from p

o — DC(ve,e')mNg_S_
-------- “| — Total Exp.

||7IIIEB.!IIIQIII

ATbeam-p

10
[us]

e

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

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

102

Events [1/100mm]

—
o

# Observation

................ —— Neutron Exp.

— Accit. Exp.
V. from W

—— Total Exp.

12 12
— "C(vee) Ny

—t

T I| IIIIIIH] IIIIII|T| IIIIIIII| | IIIII[|'|

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

107"

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

|
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e
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1072

................................................................
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600
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Events [1/10us]

10"

10°

Events [1/500mm]

(1.95x1022 POT)
JSNS2 Preliminary

AT _p-d

T TTT
—
o
po—
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¢ Observation

—— Acci. Exp.
V. from @

—— Total Exp.

—— Neutron Exp.

K =
—— C(v,.e)"N,,.

2

0

100

AT, 4 [us]

Prompt Vertex Z

® Obqen ation
—— Neutron Exp.

Acci. Exp.

V. from @

I IEC{_Ve,E-__)IENg.s.
—— Total Exp.

.

............
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Unblind Results in signal region (w/ PSD and LLK)

e Observation vs Bkg. Prediction (signal region) 2022 + 2024 Physics run
(1.95x1022 POT)

(syst. errors only) o
cases Observation Prediction Zggf;oz-l‘l-(fz)_l_‘los JSNSZ Prellmlnary

w/o PSD w/o LLK 2195 2160.3 +- 128.6 =4

w/o PSD w/ LLK 606 626.9 +- 37.0 CNgs 0.20x0.06

w/ PSD w/o LLK 30 6.3 +- 1.6 Intrinsic Bkg (v, from p )

w/ PSD w/ LLK 2.0x1.0 v, -> U, oscillation contour

90% CL exclusion limit derived from
2D Log-Likelihood ratio score distribution ~ the QbserVatiO (black line).

11BD signal 70% eff. 0.4
neutron 70% rej '

—10?
o
acci. 85% rej. |- 1035 O .

0.3

_______________________ 2 . |

s
III|III

LL Ksignal - L LKneutron

1 s 2
0.2 -
0.15 I
_4| | = ISNS®90% C.L. exclusion
0.1 10 = T E
............................................................................................................... N LSND 90% C.L.
0.05 -
LSND 99% C.L.
. AT S T A TR SR SR N L1 i
§6 _4 _2 0 LL2K LﬁK B 0 0—20—4 ] | I | I1II0—3 ] | I | I1II0_2 | 1 11 1I;—1 ] | I T | IlI1
Dongha Lee h signal accidental y, . sin229

(CLs method)



Direct comparison with the LSND excess

2022 + 2024 Physics run

22 JSNS2 Preliminary
D snvs2 ‘ 018D | VT.I5NS?2|" €J5Ns? (1-95x10% POT)
NJSNS2 = D N X NLSND Observed Prediction
LSND ‘ GIBD ) T,LSND ) €LSND events events
Total 8 8.9 +- 1.6
Expected number of events from the LSND anomaly
* : JSNS2 Bkg. 6.1 +- 1.0
item LSND JSNS?
T T T LSND excess 58413
v flux (#V/Cm ) 1.26x10 1.29x 10 (scaled) O += 1.
23 22
(POT 1.81x10 1.95%10% ) e LSND 7/, excess is normalized
(##'/P 0.079 0.484+0.17 ) to compare with JSNS2 data set
(baseline 30 m 24 m )
e Bkg only expectation (No LSND excess) :
Ny 7 4% 1030 7 48 % 1029 p-value (N>=8 | Bkg. = 6.1) = 0.27 (0.60)
® Bkg + LSND excess expectation :
efficiency (%) 42.04+3.0 12.94+1.3 P (N<=8 | Bkg. + LSND = 8.9) = 0.47 (0.10)
N,y 87.9+23.1 2.8+1.3
® The observation is consistent with
» Fiducial volume : R < 140cm, |Z| < 100cm both the Bkg.-only and Bkg.+LSND

Dongha Lee 17 expectations, so far.



Future prospects

e Compared to LSND, JSNS2: ~10 times larger #v/proton (3GeV proton beam)
fiducial 10 times smaller / detection efficiency 3 times smaller.

® Possible Improvements in the future
- JSNS2 Fiducial volume : (We didn’t use the full volume so far)

=> extend by 1.7 times maximally w/ further analysis
4 4 4 ~comparable

to LSND / POT

- Detection efficiency : a few 10% improve
=> [rigger improvements . ~20% increment (already achieved in 2024)
=> Bkg. Reduction loosened cuts : ~10% w/ further analysis

- Already accumulated ~3 times more data than the current 2022+2024.
Also, JSNS2 phase 1 => ~6 times of the current 2022+2024.

- A new far detector
=> Model-independent test of the LSND excess. (LSND signal uncertainty reduction)

=> Different baseline (Near 24m & Far 48m) : Higher sensitivity at low Am?2 region. (oscillation hypothesis)
=> Reduction of common systematic uncertainties,
cosmogenic (veto layer) & beam-related (1/4 times) Bkgs.
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Future prospects
e POT accumulation up-to full JSSNS2 phase 1 POT (~1.2x1023 POT)

=> Prospects of Asimov significance (Poisson stat. hypothesis test)

o 7

A

- in this talk

----------------------------------

No improvement

Fiducial, efficiency improve

No LSND (Bkg. Only) case,
=> significance for rejecting the Bkg.+LSND hypothesis

Dongha Lee
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(If Bkg.+LSND is true,
significance for rejecting
the Bkg.-only hypothesis)

(Mean value only)




Future prospects

e Also ...
TS e B R N [Machine-learning-based analysis]
5 w0 | ., arXivi1705.08629 (TDR
s — sesonat” A0 5 05.08629 (TDR Detector observables
== TR efforts  Machine-learning
T T T e aen (Boosted Decision Trees (BDT) /
[Spectral fit] w/ further statistics, Convolutional Neural Networks (CNN) ...)
prompt energy fitting
(oscillation hypothesis) ‘
for IBD signhal vs Backgrounds Improved sensitivity
e - | [Flux uncertainty reduction]
- i & o8 v,>1,IBDsignal |nsufficient information of the p + Hg -> 77~
24m => large uncertainty (~50%) for
Prot 12 _)12
cam Cllg,€)1*Nos Intrinsic Bkg. &, from u~ at current. External

=> Other ex-situ measurements meas.

fortheratesof p+ Hg -> 7~
=> uncertainty reduce to ~10%.
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Summary

e 2022 + 2024 Physics run (1.95x1022 POT) results are shown.
® Energy side-bands for validation of backgrounds were performed carefully.
® In signal region,

=> PSD : 90% IBD signal efficiency & > 99.5% Neutron rejection.

=> LLK : 70% IBD signal efficiency & 70% Neutron rejection & 85% Accidental rejection.
® Direct comparison with LSND excess.

=> Observation : 8 events

=> Bkg. Only : 6.1+-1.0, Bkg+LSND : 8.9 +- 1.6
® Future prospects

=> 3 times more data are accumulated and under-study now.

=> 6 times more data (JSNS2 phase 1) is expected.

=> Fiducial extension (~1.7times), Efficiency improve (~1.5times).

=> Model-independent test of the LSND excess.

=> Spectral fit / Machine-learning / (#~ production rate) Flux uncertainty reduction.
=> Far detector is under commissioning phase and will be used for analysis.
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Latest status of Far Detector ; commlssmnlng now

Construction is completed,
and now in Commission Phase !!

® Tank construction (2021-2022)
e PMT/acrylic target vessel (2023-2024)
e | S fl”lng (Aug 2024) JINST 18 T12001 (2023)

e DAQ/trigger development (2025-)
=> POT accumulation (Nov. 2025-)
e 3D 252Cf calibration (2025)

=> (X,y,z) = (R=60,120cm,Z=0)

=> first results look good.

e PMT calibration for T o |
the JSNSQ_” far deteCtOr %uppm [Level stabilizer scheme] [ ird view of level sta ||zrsystem]

with an embedded LED system e gt
JINST 20 T10003 (2025) on.

- with LED system
* Level stabilizer system (2026-)

e | evel stabilizer system (2026-)



Unblind Results in signal region (w/ PSD)

® Observation vs Bkg. Prediction (signal region)

cases Observation Prediction
w/o PSD w/o LLK 2195 2160.3 +- 128.6
w/o PSD w/ LLK 606 626.9 +- 37.0
w/ PSD w/o LLK 30 26.3 +- 1.6

w/ PSD w/ LLK

Neutron 6.710.6
Acci 16.4=x0.1

CNgs 0.3520.07

Intrinsic Bkg (&, from ™)
2.8+1.5

25

2022 + 2024 Physics run
(1.95x1022 POT)
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2022+2024 Physics run Observation events (in signal region, after PSD)
as the function of # of accumulated spills / accumulated POT

Observed Events

| | ] | ] | | ] | ] :I | | | ] | ] | | ]
0 50 100 ' 150 200 250
# of spills / 10°

Observed Eventis

0 | | | | 50 | | | : | ]00 | | | | l 50 | | | | 200
POT / 10%
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2022+2024 Physics run Observation events (in signal region, after PSD+LLK)
as the function of # of accumulated spills / accumulated POT

8 é ______________________________ ;2();&2!mmmé ________________ 22(1254i ____________________________ émmwmmmmmmme ...................... .
7 ? i ? - %
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&
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b
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1
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1 I ] ] ] ] ] ] 1 ] ] I ] I ] ]
0 50 : 100 150 200

POT / 10*"
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Spill difference between the events

h interval h_interval
— Entries 7
102

Mean 3.829e+07

Std Dev 3.304e+07 Toy MC

(Average event rate =
1 event per 3.46 x 1077 spills)
(2022+2024 2.77x10/8 spills
M | ......................... .......................... N R / 8events )

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

10

-------------------------------------------

10"

2022+2024 physics run
: Observed data 8 events’
........................... .......................... ...................... Intervals

1072

-
- I
-
=N
-

10—3|||i||||||i|||i|||i|||i|||><]0ﬁ
60 &0 100 120

Spill difference between events
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(1D) Likelihood score comparison for obs vs exp ; Signal region

Observed events

Expectation events

Total

30

26.3 +- 1.6

nue bar from mu-

2.9 +-1.5

CNgs

0.35 +- 0.07

Neutrons

6.67 +- 0.6

Accidental

16.4 +- 0.1

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

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

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

,_ ....................... ,. ...................... . ...................... .., ......... Nﬁl]tr(}l] EKP.

..........

# Observation

— Accl. Exp.

v, from
— “Cv,.e)"N,
—— Total Exp. ‘

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

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

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

signal-like

4 6 g
LLKSiE,I'ml - LLKu

ceidental

accl-like

X-axis projection
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Unblind Results in signal region (w/ PSD)

e Observation vs prediction (Bkg.) (signal region) 2022 Physics run
-> Good consistency for all cases (0.82x1022 POT)

cases observation prediction L
7
6
5
4
3
2
1

w/o PSD w/o LLK 1079  1063.0£25.7 Prompt Timing Al_p-d

w/o PSD w/ LLK 304 315.8+48.0 " Newron B
w/ PSD w/o LLK 10 11.2+0.7
w/ PSD w/ LLK 2 2.3+0.4

¢ Observation

() .................. .................. Neutron Exp.

- E Neutron Exp.
. | —— Acci. Exp. (b) : : :

102 ............................. ............................. ....... — Acci. Exp.

Events [1/2us]

NS S S S S 5 B A
' ' ' ' — PC(vee) Ny |
| —— Total Exp. “

vV, from w 5
- - IZC(Ve’e-)lzNg.s.
0 [ R S ———— T — - —— Total Exp.

Events [1/10us]

/

PSD application

¢ Observation
Neutron Exp.

.............. + Vv, from w

h4 o AVTX_p-d Prompt Vertex Z]

Events

200

150

¢ Observation

= 5 | 5 ¢ Observation
10° = S ........................ ________________________ ______________________ Neutron Exp.

___________________________________________ ( d) Neutron Exp.

i — Acci. Exp.

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

100

—— Acct. Exp.

V. from w

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

2 T T —_— V. from w ;_
10 = 5 : : 12 _Mlz i
— : : : C(Ve’e ) Ng-s-
10 I ________________________ ________________________ ______________________ —— Total Exp.

— PC(vee) Ny, | 5 5
R —— Total Exp. R N — S

Events [1/500mm]

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

Events [1/100mm]

50
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Unblind Results In S|gnal region (w/ PSD and LLK)

® Observation vs prediction (Bkg.) (signal region)
-> Good consistency for all cases

Cases

observation prediction

w/o PSD w/o LLK 1079  1063.0+25.7
w/o PSD w/ LLK 304 315.848.0
w/ PSD w/o LLK 10 11.240.7

w/ PSD w/ LLK 2

2.3

-0.4

2D Log-Likelihood ratio score distribution

2022 Physics run

Neutron 0.610.2 (0.82x1022 POT)

Acci 1.00£0.01
CNgs 0.08+£0.02
Intrinsic Bkg (v, from p ™)

0.6x0.3

v, -> U, oscillation contour

90% CL exclusion limit derived from
the observation (black line).

c 6 12
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= 016 £ f A0
E 0.14 > “Amnmnanuune
- < 10F Ot
= Y S S = = \\\\\\\\\\\\\\\\\\
x ~0.12 : ' .UM
= i \\\\\\\\\%&\\\\%&\\\x&
0 — 0.1 LA LI A
| SRR = AMTMHITaaG AN .\x\E\\
0.08 - \
_2 e ESS—— 0.06 : \
) T S
—4 e e N A A 0.04 10 = JSNS? 90% C.L. exclusion
vs Pred (plxels) 0.02 i LSND 90% L.
_6 | | 0 - LSND 99% C L. :
—6 —4 —2 0 2 4 6 10—2 L] L1111l L1 ||||||i
I'I'Ksignal - LLK ccidental 1 0—4 1 0—3 1 0—2 1 0—1 1
2
sin“20
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e The number of 1™ can be estimated by CNgs

-> Normalization of IBD

CNgs

ut - e ++

® 12C(ve,e)12Ng.s.
-> reaction of p .

12 12
Nes. = C+” +‘delayed

-> CNgs is useful for
understanding

the Total number of v, (=™ /p)

Dongha Lee

IBD/sterile

| Mércufy
target

- positron
~—_—

muon
1+)

4

—

neutrino

N

.Anti-muon _

32

le24am. o

(Ve)

Motivation to measure 12C(ve,e)12Ng.s.

Lifetime ~16ms
Max = 16.8MeV
Qval = 17.3MeV

Liquid scintillator

- Prompt signal
Q val \
electron

-Electron neutrino-17 . 3M€V

| e
, ’ a Delaye
signal

Carbon & positron
. ‘

Nitrogen (Ng.s.)

N\
O

Electron

neutrino
Carbon




Selection criteria of 12C(ve,e7)12Ng s.

<Event Selection>

- Energy wPromptEl T LT S Delayed E
Prompt : 20<EpcaoMev | = (ME) RS Y Mj_.jjj;jjj?;;;;;;;;;g;;;;;jjjjjjjjjjjjj;j;j;j;;;;

Delayed : 10<Eq<18MeV ooal ........................................ ............................................. = 2

_— 0.1

Timing ot . NS U S = :
Prompt : 2<Toeam<10pSs

0.01 S SRR W NS WO - 0.06

0.04

0,005 S R S S -
L ? ] 0.02

1 1 | l O | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L1 1 1 1 1
40 50 0 2 4 6 8 10 12 14 16 18 20
Energy [MeV] Energy [MeV]

- Prompt vs Delayed

Timing :

0.2<ATp-d <12ms (2021)
<25ms (2022) x10°

Spatial correlation : oF Prompt Timing 100 @ AVTXp-d  — cngsnoy

AVTXp-d < 20cm 600;__ (MC) L msse Background

500 [—

- Muon/Michel e veto 400\
- Fiducial cut : 0
R < 140cm, |Z| < 100cm 200

100 — (b)

10
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Observed events of 12C(ve,e7)12Ng s.

e 2021 & 2022 physics data 3 [ .
(22)(1 022 PO_D phy 10 E - Observation
- ««se Background
e Clear excess is seen 2 |
in the signal region g 107}
=> Observed : 79 events -
=> Bkg :42.2 +- 4.8 S
=> CNgs signal : £ 10|
36.8 +- 8.9 (stat.) +- 4.8 (syst.) 2
e p-value : 2.9 x 107-7 L
3 3.5
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Variables of 12C(ve,e7)12Ng.s. Events

e All distributions for
selected variables
seem to be
reasonable.

Dongha Lee

Number of events

Number of events
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30(

25

30¢

20}

25f-

(a)

(C)

} Observation

[ ] cNgs (me)

B Background

|

30 35 40
E, (MeV)

Prompt Timing

ATbeam-p @QS)

Number of events

Number of events

Delayed E

30(

15

30¢
25}

| ATp-d

20

b

11 12

(d)

2022 data

10}

5000

13 14 15 16 17 18
E, (MeV)

30,

2021 data

00 5000 10000 15000 20000 25000
AT, 4 (ns)

10000
AT 4 (1s)

15000 20000 25000



Observed
Event rate

\

o9
N ™

O
»

Number of v, (u*/p)

0.5

0.4

0.3f

0.1

0.2t

of

Interpretation to Number of v,

Total number of v, (=™ /p)

NCNg.S. —

Selection Number of Carbons

Efficiency

- \ ......................... — Stat. Error |
; —— Stat. + Syst. Error

T e A L i i L i B R i L A i e e — —
B I e S A A A o
R L L L R R A A A A A L L -
P ._.-" s ',.-" s ',.-" s ',.-" - .'-'_.- A ',.-" - .'-._.- A "_,.-" - ..-._.- ~ b "_,.-" Py "_,.-" Py Py Py P ._.-" P ._.-"

..-:’-"/ I - ..-._,.-' - - ..-._,.-' - - ..-._,.-' - P / - P / o P / Py .._,:.-._,- o .._,.-' - .._,.-' - - .._,.-' & - .._,.-' o - ..-._,-" .
-~ - -~ - -~ - r' - - - -~ - -~ -~ -~ -~

o /._.- - /._.. - /._ _./.;:/., {:’/( v/'{/ / /,. r / r - r /.- P e r -

- - - - - - - - - -
- - - - - - - - - - - - - - - - -
P _,-"‘Jf,!"f.e’ L /{-"‘.-".-.-"{.-' A,,fﬁ- ,/;"',',J-‘. A.-".-.-"‘. Rl L Pty i Pt

ffffffff T B A A

- P - P R L L A A A P P R - R - -
r o ___.-" ey P Py Py r Py p .-._.-"_,.-" r .-._.-"_,.-" r .-._.-"_,.-" p P P P
- - r e r e r e r e ey e ey P A P P P P - r . - -

Prediction from Geant4 (QGSP-BERT)

Dongha Lee

e 2.2x1022 POT

e ¢ =588+-0.21%
® Cross section (LSND+KARMEN) = (9.1 +- 0.7) x 10-42 cm?2
e Number of C = (4.68 +- 0.94) x 1022 (<- Fiducial error 20%)

Total number of v, (=u™/p) =
0.483 +- 0.117 (stat.)+- 0.123 (syst.)

vs 0.344 (FLUKA), 0.268 (QGSP-BERT)

e This 4" /p can be directly used for
Normalization of IBD signals.
(already used in arXiv:2602.06274 [hep-ex])

e This measured u™/p from
*CNgs measurement” is
40% larger than FLUKA (assumed in TDR)
(consistent within 10, though )
-> Better results compared to the
previous sensitivities by using FLUKA.

* For cross section,
36 the combined value of LSND (Phys. Rev. C 64:065501 (2001))
+KARMEN (Prog. Part. Nucl. Phys. 40, 183 (1998)) is used.



