Status and prospects on light sterile "
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Sterile neutrinos
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A Sterile neutrinos could give an insight for the
guestions beyond the standard model
(E.g.: PLB 631, 151 (2005))
A No strong, electro - magnetic, weak interactions.

A Introduced to explain both results of LSND and LEP
experiments.

Observed by mainly neutrino oscillations
Could be n; (Majorana) or new particle
Oscillated by the beyond PMNS matrix.

LSND, MiniBooNE, reactors, Ga experiments indicate the
existence.
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A Sterile  neutrino could be one of the Dark Matter
candidate?



-ation of a sterile neutrino (Am2~ | eVZ)
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A Anomalles WhICh cannot be explamed by standard
neutrino oscillations for ~20 years are shown;

cview) L

LSND m Decay- At - Rest n, A n, 3.8s 40,30
MiniBooNE p Decay- In - Flight n,A ng 45s 800,600
n, A n, 2.8s
combined 4.7 s
Ga (calibration) e capture n, A n, 2.7s <3,10
Reactors Beta decay n, A n, 3.0s 3,10 - 100

A Excess or deficit do really exist?

A The new oscillation between active and inactive
(sterile) neutrinos? 3
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A Anomalles which cannot be explamed by standard
neutrino oscillations for ~20 years are shown;

cview) L

LSND m Decay- At - Rest n, A n, 3.8s 40,30
MiniBooNE p Decay- In - Flight n,A ng 45s 800,600
_ n, A n, 2.8s
Recently, MicroBooNE has new results _
combined 4.7 s
Ga (calibration) e capture n, A n, 2.7s <3,10
/ Reactors Beta decay n, A n, 3.0s 3,10 - 100

Recently, BEST experiment has new results

A Excess or deficit do really exist?

A The new oscillation between active and inactive
(sterile) neutrinos? 4



StandardViodel

Neutrino Oscillationand SterileNeutrinos
(left plot)

Note: flavor changing is due to
different mass eigenstates.

¢

A NeutrinoOscillation Neutrino flavor (electron, muon, tau, (sterile)) is changed as a function
of n flight length and energy.

A Mu Tau type oscillation was firstly found on 1998, T.Kajitagot Nobel Prize in 2015.
ACKSNE FFNB YlIyé SELISNAYSY(a
(The flavor changing includes smail weak interactive sterilaeutrinos(ng) or not?)
;
.
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GKAOK Ay@Saiad
Thereare someprior experiments which have indication¥arious theories predict.

1/3 of presentations in the large international conferences touch the topic.
If existence is confirmed, this is large discovery.



Appearance

LSND v_,— v, Signal 1998 at LANL
800 MeV proton beam from "
LANSCE accelerator “ 600ms 120Hz & 175 o Boam £
target+beam stog 5 oom Excess
. . I B pN,—V e
@ Vot taroe configuration s B
g -

N
PA M + nNm
my e +ne+n m

Copperbeamstop | D|F, n bkg. 125} o
10} l
LSND Detector :

S %
N A e S
N i hara s

——

0.4 06 08 1 1.2 14
L/E, (meters/MeV)

Saw an excess of:
87.9N 2 2 6.@ e/elits.

With an ocillation probability of

p-, - absorbed before decay into nd s (0. 2604 0BB0Z5)%N
there should not be ne at the level of 7x10-4 3.8s evidence for oillation.

Signal :nepYen npVYd( MeVp




MiniBooNEesults
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Mineral oil
_ ' Decay region irt ~ Ineral Ol
(antineutrino mode) " ~50m Dirt ~500m Cherenkaov

A Significant low energy events excess is observeds(.5

A They claimed that this excess is due to the same
phenomena as LSND experiment.

A Concerns are

i Systematic uncertainties (neutrino interactions, backgroi

understandings)

I Especially, unknown single gamma production events m

cause this.

I Same persons are overlapped between LSND and MB.
A MicroBooNHs checking the neutrino interaction mode.

See next page.
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< Predicted, no eLEE (x =0.0)
— Predicted, w/ eLEE (x=1.0)

MICI’OBOONE reSUItS N ® MicroBooNE Observed

They put the 170t
LAr detector at the

neighborhood site
of MiniBooNE

A They checked

E S
43 —e— BNB data, by
a0E [ Ohers, 100 NC225
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electron signals |
but they observed no S|m|Iar low energy
excess as the  MiniBooNE (right plot).

A Their statement: "we disfavor generic
nue interaction as the primary
contributor of the excess witha 1
sigma (2 sigma) upper limit on the
inclusive  nue CC contribution to the
excess of 22% (51%)".

A MiniBooNE and MicroBooNE need to check
their results each other. (although LAr
detector has much better electron PID
capability)

Also all significant modes have deficit of oo N
number of events compared to expectation? Reconsiructed £, (MeV)

25 f
0
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Ew

Events Observed / Predicted (no eLEE)

A In any case, they will check further, 0.0
so we are looking forward to seeing the '

results. lellp 1el\ip0n 1e0lpOn leX
CCQE



Indicationof new oscillation?

S 107 = — With sterilen

= - (new oscillation in short baseline)
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Neutrino flight length (m)
A Masseigenstate of n, ismuchheavier than other#y short baselineosc

A The standard oscillation model cannot expla®ND/MBndications.
A Redshows the case which has a neutrino oscillation with s%erile neutrinos



n, disappearance in reactor and b- source

_ _ Chris Polly, Thierry Lasserre
e The Reactor Antineutrino Anomaly| NEUTRINO2012
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Reactor anomaly /-BEST experiment

A Daya Bay experiment
(reactor + liquid
scintillator detector)
pointed out that
neutrino flux from
has smaller flux than
the prediction,
especially.

A BEST experiment

A A 3.414MCi>Crn, source

was placed at the center of
two nested Ga volumes

4 They observed 204%
deficit of then, rates.

A They claimed that the result:
are consistent with the
previous measurements.
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FIG. 2. (Top) Comparison of the extracted U and * Pu spectra
and the comesponding Huber-Mueller mode] predictions with the
normalization factors 0.92 and .99, mspectively. The ermor bars
in the data points are the square root of the diagonal terms of the
covariance matrix of the extracted spectra. The emor bands are: the
uncertainties from the Huber-Mueller model. (Middle) Ratio of the
extracted spectra to the predicted spectra. The H9py data points anc
displaced for visual clanty of emror bars, (Bottom) Local significance
of the shape deviations for the extracted 50 and **¥Pu spectra
compared to the model predictions.
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Dm?>0.1, sid2g>0.05 A L= [1-10] m
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Experiment Reactor Overburden Detection Segmentation Optical Particle ID
Power/Fuel (mwe) Material Readout Capability

DANSS 3000 MW ~50 Inhomogeneous | 20D, *Smm WLS fibers. Topology only
(Russia) LEU fuel PS & Gd sheets
'NEOS 2800 MW ~20 *ﬁomogeneous none Direct double | recoil PSD only
(South Korea) LEU fuel Gd-daped LS ended PMT
nuLat 40 MWV few Homogeneous Quasi-3D, 5¢m, | Direct PMT Topology, recoll
(USA) “50 fuel "Li doped PS 3-axis Opt. Latt & capture PSD
Neutrinod T 100MW | ~10 | Homogeneous | 2D,~10cm Direct single | Topology only
(Russia) 50 fuel Gd-doped LS ended PMT
PROSPECT 85 MW few Homogeneous 2D, 15cm Direct double | Topology, recoil
(USA) U fuel ‘u-doped LS ended PMT & capture PSD
Solid 72 MW ~10 Inhomogeneous | Quasi-3D, Sem | WLS fibers topology,
(UK Fr Bel US) U fuel "LiZnS & PS multiplex capture PSD
Chandler 72 MW ~10 Inhomogeneous | Quasi-3D, 5¢m, | Direct PMT/ topology,
(Usa) 50 fuel ®LiZnS & PS 2-axis Opt. Latt | WLS Scint, capture PSD
Stereo 57 MW ~15 : Homogeneous 4 .ID, 25cm | Direct single recoil PSD
(France) 220 fuel Gd-doped LS ended PMT

L (m)
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As mentioned, Neutrino
claimed the oscillation.

| PROSPECTS
L (Neutrino 2020)
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current knowledge for sterile neutrino oscillation(?)

n, disappearance n.A n, appearance
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A SimilarDm? are suggested. (but need to investigate the mixing angle further with more
global pictures.)

A Also note that there is no,,A n_disappearance hints for sterile oscillation (tension)



Current situation / what experimentalists should «

A 3+1 oscillation model cannot explain all phenomena from
various experiments.

AlfnA n,andn A n,anomalies are confirmed, and timeA n
bounds are not refuted, we absolutely need new physics mode
to explain everything.

A Or experimental data is something wrong?? This part is being
and will be examined by experimentalists.

I MicroBooNHrunning) / SBNDSBND+MicroBooNE+ICARWE Mink
BooNEanomaly. A MicroBooNEhas results, but further
iInvestigation will be done.

i JSN&for the LSND experiment for LSND anomaly checks
I Many reactor experiments are egoing, thus they can check further.




SBN Program Layout t SGSNJ 2Afaz2yQa GFrf1 X 2Lbt &

MicroBooNE

MiniBooNE (existing) - : Near Detector
170t LAr Larl-ND

180t LAr

7 Pewr Wilson | Fermilab SBN Program 2/14N5



Liquid Argon TPC

A Principle
I Quasifree electrons from ionized tracks are
drifted.
A Charge (MIP#1fC/mm (~5500e/mm)
A drift velocity = 2mms @ 1kV/cm

I Position information from2Dx(y) anode and
timing A 3D tracking w/ Imnmesol

I No amplification fronLAr(different from Gas\r)

A Features
I LAris cheap and high density material
i LArTPC has high tracking efficiency
I Low energy threshold
I PID by locallHdx (each wire or strip)
i Full sampling and homogeneous calorimeter

A Advantages for physics
T Multi-track meas-> exclusivaneas

I Calorimetric energy measurement. (elastic events
selection is unneeded.)

I Good efp0 separation

File: physicsoc
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SBN e Appearance Sensrtwrty Peter Wilson’stalk @ WINP workshop

~ LARI-ND, 6.60+20 POT (100m) -,
TOOL Signali{ v 0430V Lok’ 2 =001y ERK o,
0 Sratistical Uncerainty Onky - v,
ol WTEFRINAL kg

1 15 2 25
Reconstructed Energy (GeV)

£ MicroBooNE, 1.32e+21 POT (470m) W, o,
M magnat ( A’ v 0.43 oV ¥, se’ 20, = 0.013) =:. .Y,

L Sististical Uncerisingy Ondy o.ve. ..}
E iMTERmaL 5 NC Singie 1
E v, cCc |
8 om0 & Dwr
- Coemica

— Sigrwl

) 1.5 2 25
Reconstructed Energy (GeV)

L. ¢ e00, 6:6e:20 o aoom) i
sece. Shgral ( un’ w04 @V ¥ ot 20 vo0ry) WMAC v,

1 1.5 2
Reconstructed Energy (GeV)

g Pewer Wilson | Fermilab SBN Frogram

Am? (eV?)

10°

FTTrTn

10

I lllllll | Sl lllllll

10°'

| lllllll

T600, 6.60420 POT (600m)
MicroBooNE, 1.32e+21 POT (470m)
LAr1-ND, 6.6e+20 POT (100m)

INTERNAL

v mode, CC Events
Reconstructed Energy

80% v, Efficiency

Stat., X-Sec., Flux, Cosmics, Dirt
v, Only Fit

—80% CL
—3a CL
---5a CL

@ LSND 80% CL
] LSND 99% CL
4 LSND Best Fit
+ Global Best Fit (arXiv:1303.3011)
444 Global Fit 90% CL (arXiv:1303.3011)
o Giobal Best Fit (arXiv:1308.5288)
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ICARUS RUN 0: May 30 - June 27

» Goals of the ICARUS RUN

v

Certify the readiness of the detector for physics quality data with TPC and PMT and operate as primary
BNB user in stable mode and with minimal downtime;

Verify the possibility to run the detector in remote mode, with a limited on-site presence :
They are taking data

Test DAQ with different triggers for both BNB and NuMI beam and prepare the infrastructure for next run (if the plan is as it is

on fall. shown in this page.)

Accumulate a good quality data samples to tune the reconstruction of neutrino and cosmic candidates,

perform dedicated detector and trigger efficiency s Maurizio Bonesi’s talk
@ NUFACT2021
Change-over with BEGIN Summer
ANNIE from swing shift Shutdown: Return to o
BEGINNING OF RUN 0 commissioning mode BRSSO, o listine: cecame

located at center of the TPC (red
arrow and circles):

Track signal well recognized at

1.5 m distance from TPC wires 2 ¥ Track 1 m candidate crossing the
< cathode and exiting through top wall
HE S L=565m;
2 Tr::le 4 upward ¥ Track 2 downward going stopping
E‘lm. o proton candidate L=10 cm;
) Track b Overlapp ¥ Track 3 (visible in the zoom)
e 2 24 i ed 3

downward going stopping proton
cosmic p candidate L= 2 cm.

24/7 continued run with checklist
shifts and on-call experts.

Zoom views of vertex: more details

‘% ?iqlndirecﬂont : coLL h irect'ibn: vINEg
BNB Stable operation 5 s 4 2t
?‘:_ " : 3 £ /J s 1 Y
27/21 at e G
05/31/21 mausm
00:003% Fermilab

M. Bonesini Nufact 21
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-ation of a sterile neutrino (Am2~ | eVZ)
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A Anomalles WhICh cannot be explamed by standard neutrlno
oscillations for ~20 years are shown;

Experiments Neutrino source | significance E(MeV),L(m)
LSND m Decay- At- Rest n.,A n, 3.8s 40,30
MiniBooNE p Decay- In - Flight n,A ng 45s 800,600
n, A n, 2.8s
combined 4.7 s
Ga (calibration) e capture ne A n, 2.7s <3,10
Reactors Beta decay n, A n, 3.0s 3,10 - 100
We aim t_o
A Excess or deficit do really exist? e
A Note: JSNS 2 uses the same neutrino source ( m, target (H)
and detection principle (IBD) as the LSND A even if this

IS not due to the oscillation, we can catch this directly

21
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ISouth*td North\

100ns Low duty factor beam
"N (short pulse + small
repetition rate)
gives very nice S/N ratio.

Matérals and Life
Science Experimental
FaC|I|ty (I\/ILF)

_ ¥ >0.9MWbeamwas
v @I; Hadron hall utilizedfor users from
- Jun25 to 27in 2020.

=  (CY2007 Beams

| === JFY2008 Beams
| = JEY2009 Beams

> Birddos eye photo i1n Januarayg, of 20
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JSNS?(-11) experiments : Search for sterile neutrinos

a[ C 0 dzA f R)\ya 00 ANRQE OASG0 e (JSNSZ) 1|\/|Wx3years
: S v | — & A Commissioning run in 2020.

- A The first long physics

. mL - run (2021) was finished

Hg target = Neutron |8 (for ~0.5 years)

sne] NEUe Selies Nt Inst. MedUA A Smooth data taking.

(JSN§ 1014 (2021) 165742 A Beam power is 600 - 700kW.
17t GdLSiducial (target) A Extensive calibration /

detector (4.6mdia. x Data analyses are on -
A0mMKSAIKUZ MHDN going

3GeV pulsed (JSNSZ- ||); 1MW x 5 years

outsideof M(} E proton beam A Proposed in 2020.
(48m from\t‘arget) /7/7) Searchlng for neutrino oscillatiom> A n, with (arXiv:2012.10807)

ey baseline of 24m (JSRASand 48m (JSI"%LS)

A One new detector : 32

e Current JSNS 2 S f JST,Sf:”:M tons fiducial in 48m

s = == N el baseline.

";i>f':f - G A Improved the sensitivity,
I » ; especially in low Dn#.
i G -Covers the :

10 fit illdibd.tdéd region - 1°_1§global tlndlcatk ~ A Staqe - 1 Status was
 Demeca veo®ow regonnicey. Ny granied by ) - PARC/IKEK




15t Detector construction (20172020)

A The detector construction was ll!m
finished 2026Feb. !‘i%‘\_ y

A Stainless steel tank was produced|
Japanese company (202D18: B
Morimatsu)  ainsT 14 (2019) no.09, Tog001 -~

A Acrylic tank was produced by Tai
company (2018019: Nakano)

A M N é t arXiv:2005.01599 (also accepted by JINST :

A ~53% is reused from RENO.
A ~30% is newly purchased.
A ~17% is reused from Doub{&hooz

A 35 ton of pure liquid scintillator was%

ENO site (201! sinsT 14 (2019) no.09, TO9010

A 17 tonsGdloaded liquid scintillator ‘L'
was donated byayaBay (2019). | 3

A Electronics and DAQ Syste anxiv:2006.00670 — b _.__ﬂ_! ,_‘..l ’ Y

A FADCs are donated by QQapan. ' = . qm. g = l‘
A Front End Elec. are donated by DC. 1} IW‘ o 480\ WH Hﬁh

roduced b%’ZKorean collaborators at \""\? g o

—— — l

A HV are reused from DC. ESESL
A Elec. upgrade will be done (See backip) = S
A New Fast LED calibration system &

Very efficient experiment using reused or
donated materials from various experiments
We do appreciat®ayaBay, RENO and DC.

See also posters #353; 355, 44



Beam power /

~B600KW (1/12 ~ 4/5)
~700kW (4/5 ~ 6/23)

1.52 x 10 22 POT (delivered)

1.45x 10 22 POT (JSNS
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Analysis of commissioning run data
(taken in 2020 June)

A 2020 June data : We have 25us time window data triggered by the accelerator
scheduled timing. (~ 3 days: 8052903 beam spills)
A We analyzed data to estimate the number of background.

Beam on-bunch T

(]
=
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L
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25us time window data

A Selection criteria
BB RNBNNMMNIS LY O CEET MANS BN AN S I Energy and timing are shown in
o rIBD T the bottom table.
| ed: Muon veto are
i EReray applied.( &, >99%)
o e D, (Prompt - delayed)<60cm

Event /1.0 MeV
Event /0.2 MeV

A Observed 59¢ 8 events.

E 55.9 ¢ 2.7 events are expected
- from neutrons induced by

2 cosmic rays.

Prompt Evis /MeV Delayed Evis /MeV & Estimated by self - trigger data
(during beam off time)
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PR | R = E rays are dominated

T = ;b4 A Beam induced background is
TR TREN G (A much smaller background than
gl T neutrons.
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Fast Neutrons are severe background
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Pulse Shape Discrimination separates
the IBD signals and fast neutrons.
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A DIN was dissolved into Gd - LS as mentioned.
A We are trying a few methods to distinguish
these waveforms.
A Likelihood / machine learning methods are under
development. 29



“Pulse Shape Discrimination

Convolutional Neural Network
= Fast Neutron

Note:
© Central region Only
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A Self -trigger data provide the control samples for Michel e and neutrons

A They are used for the training sample and to make scores.

A Impurities of control samples are under investigation, however the current
point is to see the nice separation power. (more than 90% of rejection power,

and additional improvements will be expected as well) %



JSNS2-|1 : 2"¢ detector location (outside of MLF)
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A Baseline is ~48m.

A Twice fiducial mass
comparedto 1 st detector.

A No detector buildings.

A MLF approved to use
this space.



