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Pion and muon decay-at-rest
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Why are these neutrinos special? :
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e Known energy shape! 0.000 E

e |BD xsec (for nuebar app) is well known. Neutrino Energy (MeV)
e |BD events (for nuebar app) are easy to reco/ID.

e Background is low.



The Liquid Scintillator Neutrino Detector anomaly
Antineutrinos from an accelerator seem to appear!

17 .5 u ® Beam Excess

B8 p,—V,e)n

4
$)
L

- L_) p(v,,.e')n
12.5
other

- V’-'(\‘{-K‘
- Seteseese
10 F oS
- sl A
N e
- 020! 1%e%e%e%e% Po%
- ";-j.' 55 *' ':-'-r
s o7 e el e % AR
--_.v: L ! ‘,-‘.,- ., ) "
5 208 P48 oy 9eePeg 9Te)
. ol %o 0% %% 1%
o ¥ Sretereses ineed
Soesseeess iwted
- X X X X LS D
wposs ORI

Beam Excess

0.4 0.6 0.8 1 1.2 1.4
L/E, (meters/MeV)

AmLSND > (. 2€V2

LSND observed 7, — 7. at 3.80
significance with a characteristic
oscillation frequency of Am2~1 eVz,

That's odd. There are two
characteristic oscillation frequencies
in the three neutrino picture and
they are precisely measured.

(> Amirm > Amgo)



Basically, the anomalies seem to indicate that there
may be a new characteristic oscillation frequency
mode (indicative of a new neutrino state).

Experiment name Type Oscillation Significance
P yp channel 9
Low energy muon to electron
. . 3.80
accelerator (antineutrino)
High(er) energy | muon to electron
. . 2.80
accelerator (antineutrino)
High(er) energy | muon to electron
. 3.40
accelerator (neutrino)
. electron 1.4-3.00
Beta decay disappearance -
. . (varies)
(antineutrino)
Source ’ electronn ) 6
(electron capture) isappearance '
(neutrino)

(Important: there are also various null results in this “high-frequency oscillation” parameter space!)



The JSNS2 strategy

- Primary goal: Test LSND in a cost effective and timely way, w/ an existing beam/building.

 LSND is THE experiment that drives the high—Am2 anomalies. J-PARC’s MLF and ORNL's
SNS are the best (only) places to directly study the LSND anomaly.

- Other physics:

- Collect a large sample (~50k) of monoenergetic 236 MeV muon neutrinos from KDAR;
nuclear probe and xsec measurements.

« Highly relevant for current/future long baseline programs and all experiments that rely
on a model of the neutrino-nucleus interaction. J-PARC MLF is the best place in the
world to do this measurement.

- Measure supernova neutrino xsec’s.

- Perform R&D for future liquid scintillator detectors.



The JSNS2 strategy

- Primary goal: Test LSND in a cost effective and timely way, w/ an existing beam/building.

. . . . 2 .
. ND 1 experiment that arives the hian-Am anomalle -PAH

JSNS?

'S |V and ORNI’

Obtained Stage 1 (of 2) approval from PAC in 2015;
Secured funding for first 17 ton detector module in 2016;
Submitted TDR to J-PARC PAC (seeking Stage 2 approval) in 2017;

Construction has begun! We expect first data in late-2018.

vieasure supernova neutrino xsec's.

- Perform R&D for future liquid scintillator detectors.
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MLF building (bird’s view)
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JSNS?2 beam timing

Flux (arbitrary units)
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JSNS? detection principle

e Target volume is Gd-loaded liquid scintillator | "

e Phase 0: 17 tons w/ 193 8” PMTs m—‘@”ﬁ'ﬁl‘ o
Ea b ANE "l

e Future phase: multi-detector (34 tons)

e Energy resolution ~15%/sqrt(E in MeV)

Uy —Ue, Uetp—e +n

SN

omot sianal delayed signal
Prompt SI9 (n-capture)

S e rombeam | newy

Prompt signal 1<T,<10us 20<E<60MeV
Delayed signal T <T;<100ps 7<E<12MeV
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(3 years of running)
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JSNS2 Phase-0 (now under construction)
expected sensitivity

17t, SMWyr, JSNS® 90%C.L.

S 10% g intrinsic v, x0.5
o ~ intrinsic v, x1.0
% B intrinsic v, x1.5
ag - LSND 90%C.L.
2 10 LSND 99%C.L. |
— SBL+IceCube(*) 90%C.L.
: SBL+IlceCube(*) 99%C.L.
B SBL+IceCube(*) best fit
- (*PRL 117, 221801 (2016))
1 R = e PR P TP PP PP PR e e e e aeeeeeeeeaaeaeaaaaan
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100 107 1072 10” 1
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(5 years of running)
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JSNS?2 physics: KDAR

236 MeV v, from K+ — utv, (BR=63.6%) decay at rest
Neutrino flux (over 4m) at JPARC-MLF P
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JSNS?2 physics: KDAR

236 MeV v, from K+ — utv, (BR=63.6%) decay at rest
Neutrino flux (over 4m) at JPARC-MLF P

107 /
10° —v, * Use this neutrino as a probe of the nucleus
v and as a standard candle for xsec and
10 — Ve energy reconstruction near 236 MeV.
_ve
10° b
_ e, + For the first time ever:

10 * 1. probe the nucleus with a known-
o7 energy, weak-interaction-only particle.
i ' * 2. measure w (energy transfer) with

| ‘ ||
104:)01 | 6.1 | 6.1 ui‘ HLH ‘Hdm neutrinos as a test of the underlying
E, (GeV) nuclear model.

Event rate expectation

Detector (source) Target (mass) Exposure Distance from source|236 MeV v, CC events
JSNS* (JPARC-MLF)|Gd-LS (17 ton)[1.125 x 10> POT (3 years) 24 m 30-60k
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Conclusion

» J-PARC Sterile Neutrino Search at the J-PARC Spallation Neutron
Source (JSNS?;17 tons of Gd-doped liquid scintillator in Phase-0)

« Excellent sensitivity to a sterile neutrino above 2 eV,
e Expect ~50k monoenergetic numu (KDAR) events at 236 MeV.

e First data in late-2018.

MLF 3rd floor @ PARC ~
(JSNS? will sit here) "




Backup
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Complementarity to SBN (and others)

JSNS? has completely different systematics, energy,
background, reconstruction issues, etc. compared to SBN,
reactor, and source experiments.

« The current situation at high-Am?# clearly calls for multiple
probes (neutrinos, antineutrinos, appearance,
disappearance).

JSNS? represents a direct test of LSND.

JSNS? will use anti-neutrinos. A 3+1 sterile neutrino model is
CP-invariant—»but nature might not be.

Similar timeline—healthy competition!



Signal and background
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Background
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(mimics IBD prompt)
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How to mitigate background?

(separating prompt IBD signal e+ and background n-induced proton)

Cerenkov light

observed Cherenkov Scintillation

- N B Y -
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JSNS? will use PSD to
mitigate fast neutrons

LAB+3g/l ppo+bis-msb
(tabletop, Cf252 measurement)

— Gammas

— Neutrons

| | ]_I i IJ | |

—

0.15 0.2 0.25 0.3 0.35 0.4

0.45

0.5

Tail Q / Total Q

For factor of 100 neutron rejection,

/3% efficient.

LAB+3g/l ppo+bis-msb
(full-size detector expectation)
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[ : ] Neut:rino signa:ls (MC sarinples)
Neutrino signals (Fit result)
[ Fast neutrons (MC samples)

I e 0 =; TSRS SRS S e Fast neutrons (Fit result)

| i = Wl B g Lo N

~0.11 012 013 0.14 0.15 016 017 018 0.19
TailQ/TotalQ

For factor of 100 neutron rejection,
99% efficient.



L SND and JSNS2 comparison
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LSND

JSNS?

Advantage of JSNS27?

167 ton
(liguid scintillator)

17 ton in Phase-0
(liquid scintillator)

30m 24 m ]
0.8 GeV 3 GeV Higher energy enables KDAR
measurements
0.056 MW 1.0 MW (eventually) Higher

600 ps,120Hz

80 ns (x2), 25 Hz

A factor of 300 less steady
state background for IBD

H (2.2 MeV)

Gd (~8 MeV)

Higher S:N and a factor of 6
shorter neutron capture time




Ve INtrinsic background shape
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M. Harada et al, arXiv:1310.1437 [physics.ins-det]
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1 MW (design goal)
demonstrated at JPARC-MLF!

Result of the RCS 1-MW trial

Number of particles [particles/pulse]

8.32x 1013
7.71x 1013
7.24 x 1013
6.70 x 1013
6.17 x 1013
5.66 x 1013

2014/12/27

: 999 kW-eq
: 926 kW-eq
: 869 kW-eq
: 804 kW-eq
: 741 kW-eq
: 679 kW-eq

Please note:
this was a short test!

RCS/MLF is now slowly increasing the
beam power from 300 kW (current) to
maybe ~500 kKW in this JFY.

2014412 B 278 FHij7831%
1\ FH=UD R F%1:8.32x1013
(~1MW)

E—LHNERED !

0 \II\|\\\\|IIII‘I\\\|\I\I‘\\II|I\I\|III
5 75 10 125 15 17.5

Time (ms)
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s background at MLF ok?

* Direct measurements have been made w/ 500 kg
of plastic scintillator and smaller ~10 kg detectors
with various levels of shielding and at various
positions relative to the source.

e Beam fast neutrons (n+p (or C) -> X+m; ©-> p -> e)

e Accidentals

 Prompt; gammas or neutrons from cosmics.

 Delayed; gammas or neutrons from beam. ~is5m| |

Selection criteria for IBD

S e frombeam | Enersy

Prompt signal 1<T<10ps 20<E<60MeV
Delayed signal T<100us 6<E<12MeV

JSNS? Collaboration, arXiv:1502.02255




s background at MLF ok?

p bunch

* Fast neutron background is OK
for IBD at 24 m baseline.

 Some additional lead shielding
IS required for accidental
gammas.

Selection criteria for IBD

S e romboam | nergy

Prompt signal 1<T<10ps 20<E<60MeV
Delayed signal T<100us 6<E<12MeV

JSNS? Collaboration, arXiv:1502.02255
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SBN sensitivity (for comparison)
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= i T600, 6.6e+20 POT (600m)
- ‘.~ MicroBooNE, 1.32e+21 POT (470m)
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oL r 2
- v mode, CC Events
- Reconstructed Energy
— i 80% v, Efficiency
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) Ve Only Fit
SN 1 |
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& - —3sCL
< - ---56 CL
- 50
10 ' mmLsnD 90% cL
~ ] LSND99%CL
- LSND Best Fit
N Global Best Fit (arXiv:1303.3011) S e
| 2% Global Fit 90% CL (arXiv:1303.3011) .
+ Global Best Fit (arXiv:1308.5288)
-z Global Fit 90% CL (arXiv:1308.5288)
10—2 | | IIIIIII | | IIIIIII | | Illllll | | I
107 107 1072 107" 1
- 2
3 years of running, Sin“2 Q¢

including shutdowns, etc. D. Schmitz, Neutrino 2016 talk



