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dication of a sterile'neutrino (Am2~1eV?2) ?
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 Anomalies, which cannot be explained by standard neutrino
oscillations for ~20 years are shown;

Experiments Neutrino source significance | E(MeV),L(m)
LSND u Decay-At-Rest v, D v, 3.80 40,30
v
MiniBOONE n Decay-In-Flight Vi 2 v 50 800,600
Vp, 2 Ve 2.80 We aim to
. have a direct
combined 4.70 test for this
Ga (calibration) e capture Vo 2V, 2.70 <3,10
Reactors Beta decay v, D v, 3.00 3,10-100

- Excess or deficit do really exist?

- Note: JSNS2 uses the same neutrino source (u), target (H)
and detection principle (IBD) as the LSND > even if this
1s not due to the oscillation, we can catch this directly:
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v 400MeV (= e outh 10 North

wons _ Low duty factor beam
(short pulse + small
repetition rate)
gives very nice S/N ratio.
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Currently ~0.6MW beam was
utilized for users
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1st data taking:
2020/June/ (5-15)
- Most of this
talk is
dedicated
using this data

2nd data taking:
2021/Jan/12-
(half of year)
- We are taking
data now.

__MLF building (bird’s view)

JSNS2 (E56) setup
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Detedtor @3 floor =,

“ (2 = ) - Hg target = Neutron

........
R

50t (Gd-loaded + unloaded)

liquid scintillator detector

(4.6m diameter x 4.0m height)
120 10” PMTs

3GeV pulsed proton
beam

Searching for neutrino oscillation : v, > v, with baseline of 24m.

no new beamline, no new buildings are needed =2

already started.




# of expected events (1MW x 3 years x 1 detector (17tons))

background v, from p- Dominant BKG
12(:(Ve,e-)12|\]g_s. 3
Beam fast neutrons <2 (90%CL UL)
~_We are investigating now!!

Fast neutrons (cosmic) ~0
Accidental 20

signal 87 Am2=2.5, sin220=0.003

62 Am2=1.2, sin226=0.003

Accidental BKG is calculated by;R acc = ZRprompt X ZRdelay XAy XN spil

— 2R 2R

prompt’ delay
- AVTX ’

— N (#spills / years) = 4.5 x 108

are probability of accidental BKG for prompt and delayed.
BKG rejection factor of 50.



Background activities-around beam timing
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Total Charge

First 30min
data
-> 46524 spills

Beam on-bunch

T ']"act1v1t1es
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Data w/o beam (cosmic ray induced BKG)

« J-PARC has a day for the beam
~ maintenance / week. (i.e. : no beam in the

= ' | ‘ ' *— Total Event Rate o Left plot shows the preliminary plots for

= . the background components taken by self-
f Cosmic Muon trlgger (2020/6/10)

€ Cosmic muon -> nGd : Cosmic ray u: ~2.3kHz (all energy range. Including
.Q . : >100MeV)

g Michel e . « Michel e : ~85Hz (20-60MeV)

« Fast neutrons: ~3.6Hz (20-60MeV)
e Cosmic gamma: ~58Hz. (20-60MeV)

Fast n - De]ayed ' e Cosmic gamma: ~100Hz (7-12MeV)

: (notel: uncertainties for all components are 20%
Cosmic Gamma level)
(note2: these numbers have no fiducial volume cuts.

.......................................................................................................................................................................................... BKG in the Catcher region are included in addition to
1nc}uced Backgrqund si;udy target region. (target 20ms3 vs catcher 12.2m3))

........... attheJSNS?"(HyoungKu) (note3: fast neutrons and gammas rays are induced
by cosmic muons)
10—2 : ; : . (noted: the efficiency to tag the cosmic muons in the
' : e veto: better than 99%)

Fast n - Prompt

« Time window to select IBD is powerful to
reject these. (9us = ~10-5 reduction for IBD
prompt, 100us = 10-4 reduction for IBD

0 10 20 30 40 50 60 70 80 90 100 delaved)

Reconstruction Energy [MeV]



PSD capability for

*detail in -> “PMT Waveforms for Pulse Shape
Discrimination in JSNS2” (Sanghoon)

Fast Neutrons are severe background
because it is “correlated” BKG.

Cosmic ray muons

Concrete, Iron, £Atc

Gd loaded LS

gamma

Recoil proton; 20-60MeV

Captur¢

S

(mimics 1BD l

V [arbit.]

V [arbit.]

Averaged Digital Sum Averaged Digital Sum (Head)

20.0046
BN — Michel Electron E L
I{ \ >0,0044: J_,J_,_'_r’f ﬁﬂ-‘_LLLL
10°° | G —— Fast Neutron C 1‘-\_\_‘_\1
f b 0.00421- ;rr 1
104 J 0.0045 J—H—lr T ﬂﬂxLLHI—LLLLLH iy
\\ 0.0038 - errrrr —LLL —LIILL‘
NN74 5T IHL Ry
\/ T A Y
E 0.0036 I'R
100 50 0 50 100 50 200 250 300 350 S T &
time [ns] time [ns]
Averaged Digital Sum (Rising Edge) Averaged Digital Sum (Tail)
0.003 prF = 025x10°
0.0025f J > 0.2 f
0.0025 :JrJlJ 0.15 f \\\\\
0.00155 Il_yf—'{lj 041f \
oorf ”IffAverage Waveform (Data)
Om%E (ﬁijﬁ;r Difference of IBD prompt jf;ﬁ;
' ;jij;ji*F Region (20<E<60MeV)
920] 1 I—18l l I—16 -14 —12I I I—1|0l l I—ISI I I—gl : _O'O#J—OI = l1&0I — I200l I |250] — I300I I'I I350
time [ns] time [ns]
We are trying various methods to distinguish
these waveforms.

we are studying the difference of waveforms
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Recionstructed vertex Z
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Number of Events

Vertex/Energy reconstruction performance

- Rec.Z vs truelZ
. (Cf data)
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AVTx (prompt-delayed)
Fast n data

-_— Fast n BKG
Uncorr. BKG
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0

500

1000 1500 2000 2500 3000 3500 4000 4500 50
AVertex(prompt-delayed) [mm]

Vtx Resolution (Cf)

« Top-left: almost no
bias for vertex
reconstruction for z-
direction.

« We are checking the

bias for the R
direction carefully.

Bottom-left: no
obvious bias for
energy

. Top-right: A, for
prompt — delayed in

data 92+3mm fast neutrons. Spatial
e 8+ 2mm correlation is seen
well.
E Resolution « Bottom-right: energy
(Cf) and vertx resolutions
data 5.1+0.1% comparison.
MC 5.3+0.2%



JSNS2-]
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. 2nd detector location (outside of MLF)
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Baseline is ~48m.
No detector buildings.

MLF approved to use
this space for the
detector (2020/Dec-15)




Merit of 2 detector configuration
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JSNS2-1| sensitivity

ng after current JSNS2

102

T4

2 f = j,/' MLF 90%C.L
<10 = o o “; — ¥ MLF 36
NQ - e — JSNSTe0%ClL [ - - [ ] LsND90%CL
% N o A [ ] LSND 99%C.L “E = i .-~ | [ LsND 99%cC.L
o~ - 2 ,: [ LsND 90%cC.L 4 B OPERA2019(NH) 90%C.L
E ~ SO OPERA(2013) 90%C.L 10 :
< AQ B A R : -
8 5 R R =
- L . N
C Global Yau* -
- fit indicated region B
10—1 E_ ------------------------------------------------- E
N > Current JSNS? i
B cannot cover : | | |
*2 | 1 |I|I||i 1 1 lllllli 1 1 |||||li 1 11 1 1111 10_2_4 I I II[III_3 I : BE— 2 : : B 1 : : S
10 10 10 10 10

- - - 1
107 107 102 107" 1 2
sin®20 sin"26

Shaded region can be searched.

Covers the almost whole LSND region with 3o C.L.



,Tlmescale of JSNSZ/JSNSZ-II

- 10-12 - - 10-12 - - 10-12 - - 10-12

runnin
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Data )
taking

JSNS2-IT



Summary

O JSNS2 aims to test the LSND anomaly directly.

uses the same neutrino source (muon), target (H) and detection principle (IBD),
but much smaller accidental background due to Gd-loaded LS and low duty factor J-

PARC MLF beam.

O We started data taking from 2020-June.
Preliminary number of BKG, energy resolutions (@ Cf peak), A, dist. are almost
as expected.
We are finalizing numbers.

O Physics Run was resumed with the beam from Jan-12 even under
COVID-19. - New trigger implementation (for sterile neutrino search)

O JSNS2-II using two detectors is newly proposed.

The sensitivity for the sterile neutrino search (especially, in the low Am2
region) will be improved a lot.

With seeing the performance of the 1lst detector, the 2nd detector conceptual design
must be the similar as the 1st detector.

MLF approved the space, Fire Law part has no issues.

Daya-Bay finished the experiment, thus they donated the GdLS / LS for JSNS2-II.
The stainless steel tank and acrylic vessel are being discussed with the same
companies as the 1lst detector.

Aim to start the JSNS2-IT from 2023.
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« Large amount of parent u+ in Hg target 2 v, are produced.

« If sterile v exist, v, - v, oscillation occurs with 24m.

« Oscillated v, is detected by Inverse Beta Decay (IBD): v, +p =2 et +n w/ well

established detector technique

o 5t e s . 2 24 m

Mercury ta rget >

- positron

Prompt 1<T <10ps 20<E<60MeV
Delayed Tp<Td<100us 7<E<12MeV

inside liquid scintillator

Prompt signal

Scintillation light

delayed

Thermalized

& cagtured
<T>~30us

Scintillation light
Gd (~ 8MeV In total) 3




Timing and Energy

Timing and Energy are friends of JSNS2
>Timing: Ultra-pure v from u+ Decay-

at-Rest
> v from ;t and K -> removed with timing
> Beam Fast neutrons -> removed w/ time
> Cosmic ray BKG -> reduced by 9us time

window.

>Energy: signals / BKG separation by

energy.
> v from u has well-known spectrum.
> Energy reconstruction is very easy at the
IBD. (Ev ~ Evis + 0.8MeV)
> v from u- is high suppressed.

Arditrary

Aroitrary

#v/1 On_s/ POT
o

540 ns

80 ns

—
<
n

— —
e e
o RS

—
<
[=2]

107

"Ndxt beam is 40ms later

M. Harada et al, arXiv:1310.1437
S. Ajimura et al. arXiv:1705.08629

p timing

|Sdecﬂngrnuondecay
e~74%) >

v total
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Am?=0.5eV?
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Energy Spectrum and Sensitivity (by MC simulation)
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JSNS?2 vs—LSND

Cpgens < S L ) 2 v . =

JSNS?2

LSND

Target Mass

17 tons

167 tons

Baseline

24 meters

30 meters

Beam energy

3 GeV (larger # m+ but also
)

0.8 GeVv

Beam Duty Factor

0.8/40000 (by Synchrotron)

1/14 (by Linac)

Stopping u-/u+

1.7 x 10-3

6.5 x 10-4

Liquid Scintillator

Gd-loaded + large scint.
light

Small #scinti. Light (to see
Cherenkov), no Gd

Delayed signal

Etot~8MeV, At~30us

Etot~2.2MeV, At~200us

AE/E

2.4% @ 45MeV

7% @ 45MeV

Fast neutron
rejection

Pulse Shape Discrimination

Cherenkov

# of IBD signal




New Trigger scheme for sterile v search

OWill be tested after PAC.
OTrigger rate 1s below the band width.

E5 (5MeV thresh. for IBD delayed)

—> >
Inner PMT
Charge Ssm E1l8 (18MeV thresh. for IBD prompt)
>

Linear Fan in/fout  Discri.

> > FADC Trigger board
Beam scheduled
trigger(NIM) > v >
. ~lus delay no delay
Discri. 9 us width | > 100 us width |
Gate gen. Coin. l Gate gen. Coin. l

FADC Trigger board FADC Trigger board 21
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Conceptual design of the 2nd detector

O JSNS2-II1 already started to negotiate with Fire Department to discuss Japanese Fire Law.
- currently, no show stoppers.

O The stainless steel tank and acrylic vessel can be made by the same companies as the 1st
detector. (already making the drawings)

O Daya-Bay already approved to donate the GdLS for the target region and LS for the cather
region. > Now, how to transport is being discussed.

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
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Cable through roof
flange

Outer s.s. tank

~9.5m
Acrylic vessel
(GdLS 35t) Oil/water
separator < ~8?
—om 15cm

Spill
tank

Iron plates + 15cm height

~/.om



