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Motivation / Sterile Neutrino Searches

Carsten Rott - JSNS2 3 KPS Fall Meeting - Oct 23-25,2019



et

__Neutrino A

NnoMmalles
PRL 121, 221801 (2018)
Experiments | Neutrino source ' Significance E(LA?;\;)’ hd: T Ceec 3
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Extension of neutrino V. mixing:matEix

x JI% % JI¥* The neutrino mixing matrix can
Ve) el e2 “e3 ed Vl) .

x JI% JI* J[%* be extended to introduce
Vi) nl Yp2 Y3 Ypa V2) : .
Ve * UE UE U* Va) sterile neutrinos.

T — Tl 2 3 4 " Th .
e theoretical framework

VS) U S*l U S*f) US*3 U 5*4 = S V4)

predicts variations in the
standard neutrino oscillation

probabilities
For 3(v )+1(v,) & m,>> m, 5 case,
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-> v, might be detectable via neutrino v oscillations effects
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lmportance of

® |[ntense international
efforts to search for
sterile neutrinos

® Reactor neutrino

experiments

Neutrino Telescopes
- Atmospheric
Neutrino
Measurements

Short baseline
neutrino
experiments
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Global data cannot be explained by addition of sterile neutrinos
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The J-PARC Facility and the JSNS? Experiment
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J-PARC Sterile Neutrino Search
at J«PARC Spallation Neutron Source
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-PARC Facility (KEK/

100ns

-~ - -

L

Rapld Cycle Synchrotron (RCS)
& Energy : 3 GeV

_.I?..__. Repetition : 25 Hz

' Beam Power 1 MW (design)

P’-

Beam Power [kKW)

0.5~0.9MW
/e operations
Materials and Life Science T planned in

Experimental Facility (MLF) | e < 2020
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MLF building (bird’s view)

Detedtor @Q’d floor 7~ e
(24 FO arg Hg target = Neutron

’ ' and Neutrino source

A

50t of Liquid scintillator
(including 17t Gd loaded)

(4.6m diameter x
4.0m height)

3GeV proton beam
(design power 1MW)

Searching for neutrino oscillation : v, 2 v, with baseline of 24m.

no new beamline, no new buildings are needed =2 quick start-up
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® Precisely known neutrino
spectrum

® High intensity neutrino flux

Mercury pipe
connection system

Merory energy[MeV]

Target vessel Material: $S 316LN >
(Triple-walled structurs) & i,\\‘\, " g
P v })

Safety hull
{(Double-walled)

Spectrum for each neutrino flavor precisely
known and with specific time structure

"~ “Mercury containerwall

Proton beam < Beam window

Wal iciness:2mm) Jnique for Material and Life Science
Experimental Facility at J-PARC
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ptHg—» n*t + X
n*(stop) » u* +v,

ook for this neutrino

Oscillation l

L put(stop) - et + ve

E,=0~53MeV

* Oscillated v, is detected by Inverse Beta Decay (IBD): V,

established detector technique

© Mercury target .. 24 m
. I
- positron :
ulsed |, muon .
i (Decay | illati
proton ) -at-R St) osciiation
beam ‘
- e -
» L TU vy

BDrteria | Timing | Energy
Prompt 1<T <10ps 20<E<60MeV

Delayed T,<T;<100ps 7<E<12MeV

.+p—2et+n w/well

Inside liquid scintillator

(E resolution = 15%/sqrt(E))

Prompt signal

Scintillation light
delayed
eutron -
Thermalized
& captured Scintillation light
<T>~30us (~8MeVIntotal)

* Large number of parent p+ in Hg
target — production of v,

e Search for vy—ve oscillations at a
24m baseline length

Process similar to
LSND
e Direct and
ultimate test
for LSND

Much better beam

characteristics

and Gd loaded LS

e Significantly
improved S/N

e Reduced
systematics
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Science Objectives
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Sensitivity with 3 years
physics run

riNo, SENSIEIVIEY,

Events/4MeV

— Total

[ V. from v, oscillation
Vv, from p”

— "2C(v,,e)N

Accidentals

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

TTT IIII|IIII TTTTTTTTI

III|IIII|IIII

o

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

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

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

107"

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

[ IIIIII|

—— JSNS? 90%C.L

[ ] LSND99%C.L

L [ LsND 90%C.L
SNS2 |- OPERA(2013) 90%C.L
ploring '
'=§i¢n
. 0:0/0 )

1 ' '

| |

3 | H
O . 5 B S S

] ' '

107 10°° o, 1
sin“20

10 20 30

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

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

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

Energy (MeV)

Efforts underway to
obtain funding for a
second detector
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_________Science_ at [SINS?

® Discovery potential !
® Sterile neutrino search

® Discovery or resolve long standing anomaly

® Beyond the Standard Model Searches

® Guaranteed science

SZ

A.Aguilar et al. (LSND Collaboration) Phys.
Rev.D 64, 112007 (2001)

Example: Pseudo-Dirac Dark Matter -
J. Jordan et al. 1806.05185

® Cross section measurements with neutrinos with a few 10 MeV from muon decay
at rest and with monochromatic 236MeV from kaon decay at rest (KDAR).

® important for
® Supernova explosion
® Nuclear reaction cross sections

® Dark Matter Searches

v-A interactions are important in
core-cooling by v-emission
v-heating on shock wave

v-process of nucleosynthesis
efficiency of neutrino detectors

Neutrino-cooling &
Neutrino-driven wind
(t~10s)

Veus 'vuu

Reaction rates are to be known

Core collapsing supernova
explosions (Type-Il SNe).

12C(I/e,e_)12N
Example:

C. Rott, J. Siegal-Gaskins, J.F. Beacom,
Phys.Rev. D88 (2013) 055005

KARMEN (PLB332, 251
(1994))

LSND (PRce4, 065501 (2001))
JSNS? (arxiv:1601.01046)

1s) (1042 cm?)
9.1+0.5+0.8 (10.4%)

8.9+0.3%+0.9 (10.7%)
(~3%(stat.) expected in Syrs)

& with accuracy better than ~10%!
e 3 Min Mg
ol -
Janka (2004) %
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JSNS? Experimental Status

Carsten Rott - JSNS2 |6 KPS Fall Meeting - Oct 23-25,2019



Stainless Steel Tank Construction

® Stainless steel tank construction at
J-PARC (Dec 2017 - Jan 2018)

® Welding and water leak test
completed in Feb 2018

| , -type angles and stainless
{W? plates were welded on the
l tank to install PMTs and
acrylic talk

~
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llation VVoEIK

® |nstallation work has been
going since March 2018

-}
Sealing materialftest for ' -~
the top lid completed July 24,2018
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Inner tank work
Spring/Summer 2018
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lation work inside of the Stainless steelstak

PMT installation

r‘a

Cleaning with pure water and ethanol

Ultra-sonic cleaning of components
and ethanol

Completed installation of PMT
support structure

Installation of optical separators

PMT installations

PMT |n supporf
stru re

Blackbodrd
installation.
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fabricationlicleaning

Installation drill
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Installed
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_____Liquid Scintillater

LS was produced during Fall 2018 in Korea and was
delivered to Japan

Quantity: 21 batches in total (37000 L)

Storage: 2 ISO tanks

Man-power: 4 peoples per day (6x 1/2 weeks shift)

Schedule Activities

ST=Tomm RN S RRElOR ES B Refurbishment and cleaning
Sep. 28, 2018 ISO tank arrived at RENO site

Oct. 1 -22,2018 LS production (6 shift periods)
Shipping of ISO tanks to Japan
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LS from Korea
(unloaded)

Gd loaded LS
(donated from Daya-Bay)

[We thanks the DB group:]

June 2019 Empty ISO-tank was sent to China

ISO-tank filled with Gd-LS by Daya-Bay

June/July 2019 team members

July 2019 |ISO-tank left Huanpu

the Gd-LS has arrived in Japan. Now at
our storage yard (Kawasaki)

Aug 2019
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PM s / calibration /[electronies

JSNS?2 uses 10” PMTs from RENO & Double CHOOZ spares
+ newly purchased PMTs

-5

Assembly of magnetic shield

A
2 o e Success to take
- " data 8bit 500MHz =
"2 FADCs
Donation from Tl

| Laboratory at Kitasato-U. | [PMT calibration ‘Electronics preparation\ ]

/

b

Light tight box

14bits CS-ADC
MultiHit-TDC

.....

7 196 ch of

. HV svstem < Amplification modules signal/HV

4 Spliitel 4 with analog sum > separator
=PMTs mostly in hand and securing more =Upgrade with Michigan JSNS2 (500MHz, 14bit electronics)
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Online DQM framework is ready

« Analyzes online FADC data into
Hit map / Waveform /3D display

« Stores data files in 12 TB disk
+ Copies to KEKCC (not connected)

DQM PC

DAQ
PC

KEKCC

Almost ready

ality

|
| Browser Eve
Eve  Files
(= WincowManager

()@ Viewers
| |3 Scenes

| v v
Style ‘ Guides  Clipping | Exiras
[ GLViewer [TGLSAViewer]

| Update behavicur
" Ignore sizes
¥ Reseton update
Update Scene

Camera Home

l NYNITO L ICRIZ
. \_/ - - = - - — »
Eve Main Window - o x|
Viewer 1
Hide Viewer 1 Actions

Max HQ draw time 5000 5
Max LQ draw fime: 100 2
Clear color [} |-
Light sources:
[~ Tep [ Botom
W Lett v Right
¥ Front v Specular Command
Command (local) =
Point-size scale: | 1.0 = |
| Lino-wictn scale: 10 $|C v
L I ™ T

PMT charge map

PMT timing map

* B

PMT charge map

Charge (high) [ADC)

Charge (low] [ADC)

PMT timing map

llaw) [nz]
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Overall schedullé

Eager to start the experiment in early 2020
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® The neutrino sector has proven numerous times to
hold surprises

® Global neutrino data is inconclusive on the
existence of sterile neutrinos

® During the past two decades, sterile neutrino
searches wear driven by the LSND anomaly and
results obtained in the follow up experiments

® The JSNS? experiment is a direct and ultimate test of
the long standing LSND anomaly

® The same neutrino source, target material and
almost identical baseline length will be used

® Detector preparations nearly completed
® |-PARC beam power approaching design value

® |SNS? will start in early 2020 to search for sterile
neutrinos

® Rich physics program associated with JSNS? besides
the sterile neutrino search

nclusions

Technical Design Report (TDR):
Searching for a Sterile Neutrino at J-PARC MLF
(E56, JSNS?)

S. Ajimura®, M. K. Cheoun?, J. H. Choi®, H. Furuta®, M. Harada®, S. Hasegawa®,

Y. Hino*, T. Hiraiwa!, E. Iwai®, S. Iwata”, J. S. Jang®, H. I. Jang®, H. K. Jeon'?,

S. H. Jeon'®, K. K. Joo', J. R. Jordan®, S. K. Kang'?, T. Kawasaki”, Y. Kasugai®,
E. J. Kim®, J. Y. Kim'?, S. B. Kim*, W. Kim'®, K. Kuwata®, E. Kwon', I. T. Lim'?,

T. Maruyama*'®, S. Meigo®, S. Monjushiro’®, D. H. Moon'!, T. Nakano', M. Niiyama'?|

K. Nishikawa'®, M. Nomachi', M. Y. Pac®, J. S. Park'®, S.J.M. Peeters'®, H. Ray'?,
C. Rott!?, K. Sakai®, S. Sakamoto®, H. Seo', S. H. Seo'*, A. Shibata”. T. Shimal,
J. Spitz®, 1. Stancu®, F. Suekane®, Y. Sugaya’, K. Suzuya®, M. Taira'®, T. Torizawa’,

J. Waterfield'®, R. White'®, M. Yeh?!, and I. Yu'®

! Research Center for Nuclear Physics, Osaka University, Osaka, JAPAN
",I)rpurtnn'n! of Physics, Soongsil University, Seoul 06978, KOREA
3[)t'pdrfmrnl of Radiology, Dongshin University, Chonnam 58245, KOREA
4 Rescarch Center for Neutrino Science, Tohoku University, Sendai, Miyagi, JAPAN
5J-PARC Center, JAEA, Tokai, Ibaraki JAPAN
6l"71i:'r'rsify of Michigan, Ann Arbor, MI, 48109, USA
Tl)rpar\'mrnt of Physics, Kitasato University, Sagamihara 252-0373, Kanagawa, JAPAN
8(,‘uung]u Institute of Science and Technology, Gwangju, 61005, KOREA
gl)rpur{mrnf of Fire Safety, Seoyeong University, Guwangju 61268, KOREA
lol)rpur!mrnt of Physics, Sungkyunkwan University, Suwon 16419, KOREA
“I)(parfmt'nf of Physics, Chonnam National University, Gwangju, 61186, KOREA
12 School of Liberal Arts, Seoul National University of Science and Technology, Seoul, 139-743. KOREA
13 Division of Science Education, Physics major, Chonbuk National University, Jeonju, 54896, KOREA
1 Department of Physics and Astronomy, Seoul Nafional University, Scoul 08826, KOREA
lsl)murtmrnl of Physics, Kyungpook National University, Dacgu 41566, KOREA
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171)1‘;mrfmrnl of Physics, Kyoto University, Kyoto, JAPAN
lBI)v'parfmr'n! of Physics and Astronomy, University of Susser, Brighton, UK
19 University of Florida, Gainesville, FL, 32611, USA
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February 13, 2018

For details please see the
JSNS2 TDR: arXiv:1705.08629

*Spokesperson:(takasumi.maruyamafikek.jp)

R
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http://arxiv.org/abs/arXiv:1705.08629
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Phys. Rev. D 98, 075020 (2018) ; .
Pseudo-Dirac Darlk
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Dark Photon Models

J. Alexander et al. (2016) arXiv:1608.08632 [hep-ph].
M. Battaglieri et al., (2017), arXiv:1707.04591 [hep-ph]

10°

AtLEEek

WY W . .

® Dark photon models can be tested with JSNS2
® [SND and future JSNS2 measurements can
severely constrain/test the viable parameter
space dipole dark matter which could explain
the 3.5 keV excess
' Dipole ModeL m = l§MeV, A'=3.5 keV
wof | JsNs?
[ \ Relic
\ Density
350 “-‘
— | \ Perseus
S \
FE, 3007 \\
Q| N
S | AN
< 250} e

150..I 1 1 1 1 1 1 P | 1 1
1000 2000

AJcrs [GeV]

Dipole Models:

F. D’Eramo, K. Hambleton, S. Profumo, and T. Stefaniak,
Phys. Rev. D93, 103011 (2016), arXiv:1603.04859
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LSND v_— v, Signal 1998 at LANL

800 MeV proton beam from
LANSCE gccelerator “ 600ps 120Hz : R
target+beam stop ’ e
. . e R
[ Water target configuration
wer beamstop DIF, n bkg.
7 LSND Detector
T=>UL+VH
L= e+ Ve + V[
v
Ve ) )
<%, P, / 04 06 08 1 1.2 1.4
- g o ¥ LE, (meters/iMeV)
‘ Saw an excess of:
87.9 £22.4 £ 6.0 events.

With an oscillation probability of

-, W absorbed before decay into v's IS-Z05 0.80: = 8.945)3%.

there should not be ve at the level of 7x104 3.8 = evidence for oscillation.

Signal : ve p—e*n np—d y(2.2MeV)

Takasumi Maruyama @ DBD2018
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JSNS2 / LSND comparisoli

N0 LT R 0 LSND
I
Beam Stop
JSNS? Detector NN _Ovebuden
55550 1 R ]
B 2dm WL
V] ;);)5);)3.
LSND Detector Water Plug Electronics
and Veto System Caboose
- >
Target Trolley MLF 1%t Floor 30m

® Same neutrino signal (muon decay at rest)

® Same detection mechanism (Inverse beta decay (IDB))

® Similar baseline (24m vs 30m)

® |Low beam backgrounds (detector location / short pulses)

® Much better S/N (pulsed beam, neutron tagging via Gd, PSD)
® Better energy resolution. (Scintillator vs Ch.-level light)

® High statistics
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INS2 /[ LSIND. comparisex

JSNS?*(1st phase) LSND
Target Mass. 17t 167t
Baseline 24m 30m

Beam energy

Beam power

Beam Duty Factor
Stopping p,— l,l,+ X :-3 6.5x10*
Delayed signal 8MeV, Af ~ 30us |2.2MeV, A7~ 200us

Liquid Scintillator Gd Loaded + L%l:flfblksogmti.

Cosmic fast n rejection Pulse Shape Discri. Cherenkov

V , signal events (<in278Z 0 003 15/year

3%@IMeV | 7% @d5MeV
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