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“Established three-flavor mixing framework”
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Hidden Sector : sterile particles as SM singlets

The particles interact to our SM world through Gravity.

o [] = o

Also, they may interact through...

Neutrino Portal /[ ¢ Sterile neutrino
Vector Portal F:VX A Dark Photon
) 1 e : : :
Axion Portal —FWF“ S Axino-like particle
JS

Higgs Portal | J7|% S~ Higgs invisible decay




= |f mixing between V; and v, (like v, to v, )

— chance for neutrino oscillation with Am? ~1 eV?
. X?
: Vv

§ . o 4

= Sterile neutrinos v, , which interact with
the gravity only, may be indirectly
observed by neutrino oscillation

because of a possible mixing due to
X.

F. Suekane



Anomalies that cannot be explained by standard neutrino

oscillations, but tension with null results in disappearance

signal
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- Needs repeat of the LSND measurement using an identical
neutrino beam (DAR) and the same detection method (IBD)

with better sensitivity.
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Beam Excess
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Saw an excess of:

87.9 £ 22.4 + 6.0 events.
With an oscillation probability of

(0.264 + 0.067 + 0.045)%.

3.8 o evidence for oscillation.
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[ ~541m 200 MeV < E < 3GeV
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Purpose: check LSND signal with different L&E, but the same L/E
~30 excess in the Low energy range: unidentified backgrounds?

Oscillation search is not conclusive. = no near detector!



Data / Prediction
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Null results on 7/, disappearance
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Next generatlon sterile experiments are almost ready

THE BOREXINO DETECTOR AND

Experiment Reactor Overburden Detection Segmentation Optical Particle ID
j [Nrh revs Power/Fuel (mwe) Material Readout Capability
DANSS 3000 MW ~50 Inhomogeneous | 20, ~5mm WLS fibers. Topology only
(Russia) LEU fuel PS & Gd sheets
NEOS 2800 MW ~20 Homogeneous nane Direct double | recoil PSD anly
:——— . {South Korea) LEU fuel Gd-daped LS ended PMT
nulLat 40 MW few Homogeneous Quasi-3D, 5¢cm, | Direct PMT Topology, recoil
= (UsA) 22U fuel *Li doped PS 3-axis Opt, Latt & capture PSD
Under the
tlear Neutrinod 100 Mw ~10 Homogeneous 2D, ~10cm Direct single Topology anly
—_ {Russia) 21 fuel Gd-doped LS ended PMT
001300 kG
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mine
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SBN Program at Fermilab

3 LArTPCs in the Booster Neutrino Beamline

arXiv:1503.01520, January 2014
110 m, 112 t

600 m, 470t 470 m. 86
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SBND (first data in 2019)
MicroBooNE (first data in late-2015)
ICARUS (first data in 2018)



L ' (Reactor/p/Source Exp.)
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Direct test of the LSND with better sensitivity
- Muon antineutrino beam from muon Decay At Rest (DAR)

Narrow (~9 us) pulsed (every 40 ms) neutrino beam at J-
PARC MLF :

(vs. continuous beam used by LSND)

- Pure muon decay at rest

- Narrow timing window for cosmic ray rejection

- No decay-in-flight source

- No beam induced fast neutrons

Improved detector :
- Gd doped LS
-> significant reduction of backgrounds by a tighter (~1/6)
time coincidence and a higher (2.2 - 8 MeV) delayed

energy
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MLF building (bird’s view)

>
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Hg target = Neutron
§ and Neutrino source

ed liquid scintillator /

al 50tons/detector)
ater X 4.0m height)
)3PMTs

3GeV pulsed proton
beam

Searching for neutrino osullatlon v, —> v, with baseline of 24m.
no new beamline, no new buildings are needed — quick start-up



= World-class high intensity neutron source driven by

high power proton beam

Mercury target
and retracted

- beam energy: 3 GeV
- design beam power: 1 MW

3
:
o water Mercury pipe \ l-.
connection system i I 5 -
Mereury g L J -
I channel
Target vessal Material: §S 316LN
Triple-wall ed structure) D
Satety hull .
(Doubleawalled) &
ury vessel
(Single-walled)
Mercury container wall
Proton beam Beam window
(Wall thickness: 2.5mm) : _ , : .
p+Hg—nan +X e
-3
. N v ~1.7x10
7" (stop) > ' +v Ve/ V.
stop U u
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(1) High energy (~GeV) protons hit a dense target material and
produce .

(2) w* stops in the material and decays producing v, and p*.

(3) u* stops in the material and decays producing v, and v, .

(4) v'sfrom - and p are highly suppressed. Vv, / v, ~1.7x 107

p beam Timing of the v production

V.V

l

1] ! 1

[ 12ns 26ns 51118

>

K* g

JL

! !

| |
beam  <100ns <9IuS




* The energy spectra of the neutrinos are perfectly known.
* The neutrino—nucleus cross section is known to a few %

* The time structure of the neutrino is perfectly known.
* u*-origin and hadron-origin v can be separately obtained
* Monochromatic v, can be obtained

* Neutrinos are free. Can perform experiments as parasite.



Timing and Energy are good friends of JSNS?2

» Timing: Ultra-pure v from p* Decay-at-Rest
» v from m 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 p- is high suppressed. v, /¥, ~1.7x107

beamllpulses 20ms | JSNS? case
: 1 1 : 1 1
I N ali,_ R
I « [ .
1! 1 ! 1
1 ! | ! I
YA YAy
lus 9us Lus 9us

Beam mask Event gate
g Open 9us event gate for every 40ms of beam pulse

= Cosmicray BKG is suppressed to
1/4,400x1/2 (by analysis)



JSNS?Z case 40ms(25Hz)
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= t>1 us after arrival of a beam

-> choose neutrinos from p decay

-> suppress beam backgrounds

, from w decay
(Background)

v /v, ~1.7x107

N = +
V.V, from u* decay
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| |
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* Large amount of parent u+ in Hg target 2> v, are produced.

* If sterile v exist, v, —> v, oscillation is happened with 24m.

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

established detector technique

" Mercury target | 24 m
3GeV - positron I
e
pulsed . _ muon,
proton
beam

|v ve
I

Ve

......... ]

Prompt 1<T,<10us 20<E<60MeV

Delayed T,<T4<100us 7<E<12MeV

|

|

I ) at-Rest)- oscillation
! 6—& O
I 7

I

I

.

inside liquid scintillator
(E resolution = 15%/sqrt(E))

Prompt signal

~ Scintillation light

proton

delayed

Thermalized

& captured
<T>~30us

Scintillation light
(~ 8MeV In total) o




IBD event selection

----------------
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- Signal events can be distinguished from the dominant background (from
another neutrino process) by using the difference of energy distributions

+ Most of the parameter region indicated by LSND exp. can be explored with

more than 5o significance in 5 years with TMW beam power _ _ JSNS? best sensitivity
- _:’-' - | . 3\
L e BT WA
T !
# [l
i U
L e TR & (et AU EER
of- g b
s L T S
2 24m, 3years (TDR) e
{;10 = E JSNS790%C.L. 102 .
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History and Plan of JSNS? I

Sep 2013: Submitted a proposal to J-PARC PAC
Apr-Jul 2014: BG rate measurement at MLF 3'd floor
Dec 2014: Submitted a status report on BG results
Jan 2015: Stage-1 approval from J-PARC PAC

Jun 2016: Funding approval for the first detection
construction

Jan 2017: Participation of Korean group

May 2017: Submitted a TDR to J-PARC PAC to request
stage-2 approval

Nov 2017: Submitted a revised TDR to the PAC for
stage-2 approval

Jan 2018: SUS tank under construction

Early 2019: Will start data-taking
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JSNS? physics:
Cross section measurements with
monoenergetic muon neutrinos

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

E /
é— —v, * Use this neutrino as a probe of the nucleus
: v, and as a standard candle for xsec and
E — Ve energy reconstruction near 236 MeV.
- —Ve
* For the first time ever:

* 1. probe the nucleus with a known-
energy, weak-interaction-only particle.

* 2. measure w (energy transfer) with
o R T T AR TR e 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 (50 ton)[1.875 x 10** POT (5 years) 24 m 152000
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R fkmlA Neutrino-cooling & v-A interactions are important in

10> Neutrino-driven wind : ..
 (t~10s) core-cooling by v-emission
% M v-heating on shock wave

v-process of nucleosynthesis
efficiency of neutrino detectors

Reaction rates are to be known

""’"H:}d"‘ with accuracy better than ~10%!
PNS 1.4 "
n,p 'g,n, Be,
Janka (2004) O
6("°C(ve,6)"*Ng ) (1042 cm?)
KARMEN (PLB332, 251 9.1£0.5%0.8 (10.4%)
(1994))

LSND (PRC64, 065501 (2001)) 8.9£0.3%+0.9 (10.7%)
JSNS? (arxiv:1601.01046)  (~3%(stat.) expected in 5yrs)



Thanks for your attention!



