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| cannot cover all experiments (e.g.; T2K-ND280
searches; arXiv:1410.8811 [hep-ex]) since there are a
lot of on-going efforts.

Also vu—=>vu disappearance was discussed in Yasuda-
san’s talk and will be discussed later for more details.

(by E.Richard)



Physics (sterile neutrino search)

e Anomalies, which cannot be explained by standard neutrino
oscillations for 15 years are shown;

LSND 1t Decay-At-Rest v, v, 3.80 40, 30
MiniBooNE 7 Decay-In-Flight vV, 2V, 3.4c 800, 600
v, >V, 2.80
combined 3.80
Ga (calibration) e capture Ve 2V, 2.76 <3,10
Reactors Beta decay Vo2V, 3.0 3, 10-100

e Excess or deficit does really exist?

e The new oscillation between active and inactive (sterile)
neutrinos? (Am?~1.0 eV?)?
 One of the hottest topics in the neutrino community;
» About quarter of the Neutrino2014 talks mentioned sterile v,
» P5 (US) endorsed the short baseline neutrino experiment for sterile
» A lot of experiments are on-going (especially, using reactors).



Neutrino oscillations with Am?~1eV? region

Ve Ue1 Ue2 Ue3 Ue4 ° \Z _
Matrix elements,
\Y U U U U ® V which are considered
1 2 3 4
H K K H K 2 in 3x3 mixing
— framework.
V’E o U’C1 U’C2 UT3 Ur4 ° V3
Vs Us1 Usz Us3 Us4 ° V4
L o . . . o L
E UE_IULL_I exl ud
=13
Small mixiture with active v's U U ~0.1 Us4 ~1 m, ~1eVs> m, ;4
= —42 (lJ;4Uu4UEIUul) sin” (s —mp)L ~ 4:‘U ?| 4| sin? ﬂk Py = ve) = ,
a5 4E | i 4 E $in220 - Sin2(1.27-Am -L)
> (M3 -m?)L Ann; L ~
=_4E (Ued 54 el 5|}5m 44 54‘ Enz

=13 3 | (3+1) model
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e |CARUS / OPERA experiments had new results in 2014 for
appearance channel.

e SK/MINOS had new results in v, disappearance channel.

* Daya-Bay had latest results on v, disappearance in the last
summer

Discrepancy between v and others?

— Due to issue on theoretical model (3+1) ?

— Confirming or refuting the anomalies with various E/L is first thing to do
for experimentalists.
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NuSTORM (neutrinos from STORed Muons)

A low-energy muon storage (P ,=3.8 GeV/c) ring based on existing technology to:
e Address the large Am? neutrino oscillations

* Provide beams for precision v, and v, cross section measurements

* Provide an accelerator technology test bed (v-Factory & p-Collider)

* Provide a neutrino Detector Test Facility

e Proposal: arXiv:1308.6822 Technologically limited Schedule: 5-7 years
* Project Definition Report: arXiv:1309.1389

Target

Neutrino Be? Muon Decay Ring o The nuSTORM facility

fe— 226m—

Table 1: Decay ring specifications

| Parameter | Specification | Unit |
Central momentum P, 3.8 | GeV/e
Momentum acceptance + 10%
Circumference 480 | m
Straight length 185 | m =
Arc length 50 | m
Arc cell DBA
Ring Tunes (v, 7)) 9.72,7.87
Number of dipoles 16
Number of quadrupoles 128
Number of sextupoles 12

i, MEEPSTIVR—RZEZIToNGEMNST=T=8 . FNALTITO A REME XXX
75<7%Y  CERNTODRIREMZEZRT DA L oT=,


http://arxiv.org/abs/1308.6822
http://arxiv.org/abs/1309.1389

Liquid scintillator detector

Many experiments for sterile neutrino

search use liquid scintillator.
- Explaining the detection principle at first

Identify neutrinos with detecting
e+ and gammas from n capture

Inverse Beta Decay

on Gd (H). (coincidence)
=>Can reduce accidental BKG %
(Gd~8MeV ys, capture time i_a Vo + P e’ +n
gamma Prompt signal

~ several tens ps; Gd case).
gamma

05|trons

Anti
Prompt E ;. +0.8MeV ~ Ev ; neutrmos e'e°"°“‘
e <afew MeV (for beta source) Delayed signal
e 2~3MeV (forreactor) proton
e ~40MeV (for muon DAR)
neutron

Gd

Severest BKG is fast neutrons from
cosmic ray or reactor or acc. Beam. Detection Principle

- Creating prompt + delayed correlated BKG.
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Recent status

o Sterile neutrino is one of the most interesting topics
in the neutrino community.

— A quarter of the presentations in Neutrino 2014
conference mentioned the sterile neutrino.

— PS5 (Particle Panel) endorsed the short baseline neutrino
experiments to search for sterile neutrinos.

Presentation and Discussion of P5 Report by S.Ritz (on 22-May-2014)

- Recommendation 15: Select ahd_perfunn in the short term a set

of small-scale short-baseline experiments that can conclusively
address experimental hints of bhvsics bevond the three-

neutrino paradigm.

Based on the P5 report, neutrino physics during intermediate span (5-10years) were
discussed at BNL Feb 4-6 (WINP 2015)
https://indico.bnl.gov/conferenceDisplay.py?confld=918

Very interesting topics are discussed. Please see if you are interested.


https://indico.bnl.gov/conferenceDisplay.py?confId=918
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Appearance

600us 120Hz
target+beam stop

configuration
DIF, n bkg.

800 MeV proton beam from
LANSCE accelerator 0

' Water target

wer beamstop

A

Beam Excess

LSND Detector
T2 U+ VU
n=> e+ ve+vp

Improvements;
o NILRRKEEE
o Gd)\bz e

, - absorbed before decay into v’s
there should not be ve at the level of 7x104

Signal : ve p—e*n np—d y(2.2MeV)

LSND v, — v, Signal

17.5 ‘ ® Beam Excess
15 s
; B pv,en
125 ,
- o other
10f
7.5}

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

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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Status of excess of vu =2 ve or vu =2 ve

Antineutrino
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. {:900/0)
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arXiv:1307.4699 [hep-ex].

LSND and MiniBooNE see the excess of the events.
3 generation model cannot explain oscillation with Am?2>~1.0eV? region.
Z measurements conclude 3 active v = sterile
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v, disappearance in reactor and p—source

o The Reactar Antineutrino Anomaly

°
» (bserved/predicted averaged event ratio R=0.927-H5.023 (3.0 <>
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e The Gallium Neutrino Anaraly

Raghavar's idea
51Cr (27.7 days)

= Test of sdar neutrino detectars

GALLEX and
= E= MeV

= 4 calibration runs

=~ Ma EC

~~n

1000 10000 100000
Reactor — Detectar Distance (m)

SACE (v.'s)
427 keV v (9.0%)

Basdline range = few m 432 keV'v (0.9%)

320 keV y

Vv, enitters

sy

747 keV v (81.6%)
752 keV v (8.5%)

Chris Polly, Thierry Lasserre
NEUTRINO2012
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v, 2 Vv, disappearance

Many talks will be presented later, so
| just show the prospects briefly.



cea Testing the New Oscillation
Hypothesis

Direct test of a new oscillation pattern inE & L

Am2>0.1, 5in220>0.05 > L .. = [1-10] m

0 1 10 12 10° 10° L (m)

No oscil
Det1 |
Det2 |

e Relative shape distortion in identical detector
modules 12 3 4 5 6 7
e Complemented by rate info. | David Lhuillier’s NISKNS STy (HE)
talk at Neutrino2014




Candidate detectors Picking up_typlcalexperlments.
Not covering all (sorry!)

i Exdsting large liquid scintillato
T ot e e oD
» Lnderground location; Daya-Bay) ' .
= Large mass, ultra-pure detectors; Future large liquid scintlliator Expenments with

o ; iments (SNO+, LENS, JUNO
» Capability to measure E and L (oscillometry); mrm ! bon ath )

radioactive sources

Barbara Caccianiga’s
| talk at Neutrino 2014

_=s-nﬁ""" Hj ———

- {Gran ‘mq Ital

Many interesting and exciting results
are coming in near future. (2015")
Many talks will be also coming

e " _—
**SOLID@BR2, Belgiunt_
A Posseidon@PIK, Gatchina,™ 2y delay
Nucifer@Osiris, *‘: * & Neutgi 04@sS-3, Dimitrovgrad

Prospect@HF%i-?RNL Saclay , % a —
N Stereo@ILL '
. . N | ereo e .
Korean project
Experiments with ™ Grenoble ¢
reactors ' ‘
DANSS@KNPP CARR site, Beijing
David Lhuillier’s B Udomlya '\ (Not funded) g 38
talk | |

at Neutrino2014




Several papers and ideas

Setup

Technique Detector Sources Reaction Activity Reference
Will b d 510 V4e DVe i JHEPOS({2013)038, H H ’
2|01e65t:':‘e”-‘ - > e | = | Barbara Caccianiga’s
e e wct | mron- | ]k at Neutrino 2014
8L (IS P g2x10™ ur.ti_l::‘!,it:.:i;!sf-;. . . .
Large Liquia | KamLAND S i el s * Need ~10MCi level radio active source
S;::_:&izr 14Ce(CeLAND) V#petsn 100kCI arXiv:1312.0896 51Cr’ 144Ce_144pr are considered.
Daya-Bay 14 (Cp 14py ;+p—)e++n S00KCi ar XiV:1109.6036 Typica”y EV < a feW Mev
LENS scr vt SSntse [ 10MC mwtetis | o Need to transport the source to detector
JUNO SLi (ISODAR) VipSet+n 8‘2’“‘;:‘: 2 arXiV:1310.3857 Pth M target L D e pt h
Radiochemical BEST sy vi'Ga >71Gete 3MCi arXiV:1204.5379 ( M W) (to n S) ( m ) ( m.w.e. )
On-going
Bolometers Richochet YAr v+N SvaN SMCi i gy Nucrfer (FR A) 70 0.8 7 13
Poseidon (RU) 100 ~3 5-8 ~15
Startin 17
e Need PID to reject fast neutrons Jo1s Otéreo (FRA) >7 175 88112 18
from reactors. PSD (Pulse Shape ;galr;'” Neutrino 4 (RU) 100 1.5 6-12 ~10
Discrimination) helps. p——
* Need sufficient shield. 2015 Hanaro (KO) 30-2800 ~1 6 few
* Need to see “Oscillation pattern rr:n;(')f;tector DANSS (RU) 3000 09 97-12.2 50
Whit
gpd.ztle-: t.a;:? Ie’from was submitted Prospect (USA) 85 1&10 7-18 few
avi ut Ie.r S Aim to operate ~ 2-10
talk at Neutrino In 2015 Nulat (USA)  20-1500 1 2.5-8 '
2014 >t SoLid (UK) 45-80 2.9  6-8 10




Am? (eV?)

10 |

Sensitivities (arXiv; 1310.4340)

| = |
. Q |
—— SOX { NE . —— US SBL Reactor
Ce-LAND | g | Stereo
Daya Bay { DANSS
Source 2 /
\ N 1]
e TS "-»..,_\_\_“ I
'h\-h_\_\__\__\_:-—_:-__
-l
10 |
95% CL | 95% CL
: L il
10 . 9 10 10
sin 29*

They can achieve the sensitivity with short time scales.
(typically < a few years for 95% C.L.)



Il SOX: the potential full '*4Ce and 5'Cr program

Gioacchino Ranucci’s talk @ WINP 2014
®* Misson:ted the exigence of low L/E

ve and/or ve-anomalies by placing
well known artificial sourcesclose to

or inside Borexino

®* CrSOX
* SICr source in pit beneath detector
* 8.25m from center
® Activity 10 MCi (or two exposuresat 5M Ci)

® CeSOX Firgt to be accomplished
* MWCe-"“4Prspurcein in pit beneath detector
* 8.25m from center
* Activity 100-150 kCi

* SOX-C
* WCe- 4Py or 5'Cr source in the center

* Would imply afull refurbishment of the
detector (suited dso for a possible future Double
Beta Decay exp. with Xenon)

BNL February, 5 2015

SICr
CrSOX

tunnel

e

CeSOX

INFH




Nucifer @ OSIRIS

BXIZon-goingZENUCIFERDEEE T %

Simple design for reactor monitoring studies h '

= 850! Gd-loaded LS

= Compact core
(60x60x60 cm?3)

= Short baseline: 7m

= 10 mwe overburden

= ~300 detected v/day
expected

i

—> Some sensitivity to Sterile v ' >

But challenging reactor background

D. Lhuillier’s talk in neutrino2014
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Nucifer @ OSIRIS

* Need further y attenuation to reach v/Acc ~ 1.
_~ New data taking next week with extra 4 cm of
lead on reactor side.

— 70 MW
—— Reactor OFF

_—
N
I
—
&z
©
14

3
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= Rejection of cosmic background with PSD

v spectra _
No reactor induced fast n @ 7m from core.
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D. Lhuillier’s talk in neutrino2014 >



v, 2 V. appearance

Accelerator based neutrino
experiments.



v, 2 V. appearance

 LSND / MiniBooNE have significant excess -> to be checked

— 1 Decay-At-Rest source ; J-PARC E56 @MLF and OscSNS (white

paper was submitted)
* Better pulsed beam than LSND (u* 2 e*+v 4V, ; Vv, 2 V,)
e Better liquid scintillator detector than KARMEN / LSND (PID / Gd loaded )

e Direct test for LSND anomaly (same detector material + uDAR)

— Conventional horn focused beam;
* LAr; MicroBooNE, ICARUS,LAr1-ND -> triple LAr@FNAL (r* > p*+v,; v, 2> v, /

reversed horn polarity)

— Better detector (BKG rejection, e ID, v energy reconstruction) than MiniBooNE —>
reduced #BKG and systematics on BKG

— Triple detectors = flux uncertainty can be reduced.
— same beam condition as the MiniBooNE

e WC; VvPRISM 50m tall x 10-12m diameter WC @1km (T2K beamline)
— IsoDAR/DAEdALUS ; 10mA level very powerful cyclotron.

— New type of beam + Fe+scintillator detector; nuSTORM
e Using neutrinos from STORed Muons. (u* =2 e*+v e+V_u)



SBN Pl‘ﬂg ram Lavﬂtﬂ Peter Wilson’s talk @ WINP workshop
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SBN e Appearance Sensitivity
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SBN wyu Disappearance Sensitivity Peter Wilson’stalk @ WINP workshop
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water—Cherenkov
detector at 1 km in the
J-PARC beam

Range of off—axis angles

= Range of neutrino spectra

0.9% ¥ e contamination near peak
= Short-baseline V ¢ appearance

measurement

Unique capability to see oscillation
pattern in observed off—axis angle as
well as reconstructed energy

Short Baseline Osc. Prob. and vPRISM Fluxes

.......... P, ., (sir20, =3e-3AME~1.2 eV?)
00,=1.0" v Fiux
0025 v, Flux
00,=4.0° v, Flux

ey
4.0° Off-axis Flux

1 15 2 25 3 is
E, (GeV)

e —
2.5° Off-axis Flux

= No syst.
= Flux syst.
= All syst.
MiniBooNE

1.0° Off-axis Flux |

3 is
E, (GeV)
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Sterile neutrino search m. Harada et al, arxiv:1310.1437 [physics.ins-det]

@MLF (proposal in 2013) "™
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Prospects; RCS/MLF beam

e Current beam power is 300kW.

e 1MW trial during the very short period was succeeded.(F
>() http://j-parc.jp/ja/topics/2015/Pulse150206.html

e The beam power will be slowly increased. Next immediate
step is 300 = 400kW.

I-_-‘“,---.9:"| BRERER T T T
S sf =
Xt
v 7k .
s : 1S JLRET=Y | 25HEEREF D
= ]
=2 i E - 8.41x1013 1010 kW
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Detector

50 tons Gd-loaded liquid
scintillator.

 Well established technique.

e Strength of tank / endurance
for earthquakes were
calculated.

e Some of Double Chooz / Daya-
Bay collaborators joined E56.

* Will be located at MLF 3
floor : the maintenance area
— need to avoid interference

| Timefrombeam | __Energy

Prompt signal 1<T,<10ps 20<E<60MeV
Delayed signal T,<T4<100ps 6<E<12MeV




J-PARC E56; Achievements so far

2013 Feb-May; A background 2014BU1301 experiment (@MLF 3™ floor)
measurement on the 15 floor -

2013 Sep; A proposal was MLF (top view) |
submitted to the J-PARC PAC \

— The PAC recommended to
measure the background at the
detector candidate site (37 floor =
of MLF) ‘_ SGeVpb;eam

2014 Apr-Jul; We measured Pkt >170m
the BKG rate at 3" floor. (MLF Bt
2014BU1301 test experiment). _ 200
-> Small beam/cosmic BKGs to £ 1sof
perform E56 experiment. B 160}
arXiv:1502.02255 [physics.ins-det] 5 140F

2014-Dec; A status report were '

. 100
submitted to J-PARC PAC. We o
obtained the stage-1 approval 0l
from the PAC. Ly
http://j- P ar- i B,
parc.jp/researcher/Hadron/en/pac_1412 T e e e
/J-PARC-PAC-19-final_141205.pdf 0 2000 4000 6000

Enerev vs Hit Time Time [ns]



J-PARC E56 Timescale

e 2015;
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OscSNS (arXiv:1307.7097) || Lyear sensitiviy
10;-- (VM -> Ve)
= — LSND & KARMEN
« Use Spallation Neutron Source Timing structure llowed
- 1 3
(SNS) at ORNL S ol e
F 50CL
o ~1GeV protons on Hg target - Vi S S S !
(1.4MW)
10° Eonfidence Level Curves for v, — ¥, Oscillations (3 years)
o Free source of neutrinos "E,Dz: s sensitivity
o Well understood flux of
neutrinos 10f
L LSND & KARMEN
0 500 1000 1500 2000 :
Time, nsec 07k
Front-End Systems Accumulator Ring
(Lawrence Berkeley) (Brookhaven) 205 tubes per end cap

\ - b rirost H capture is used.
= : . 5 {Oak Ridge)

. (Gd is not used)

# 3 ﬁ-.
Linac ~ /%
(Los Alamos and Sl
Jefferson)

Instrument Systems |
(Argonne and Oak Ridge)

Hamamatsu R5912 assumed
60 rows (6°) of 54 each PMTs located
14" (.356m) center to center. Tube
center located 3.4m radially from
Veto barrier detector tank center line (3240 tubes)




IsoDAR / DAESALUS

lon source

Superconducting

rng cyclotron
(DAESALUS)

J.Spitz’s talk @ WINP2015

Target/dump

Injector cyclotron
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Nucifer, STEREO,
etc

§, >

PROSPECT
SOX, etc
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Ton-scale detector,
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PSD for delayed n
signal (double PSD)
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Summary
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Conventional beam + LAr TPC

FICTRRS ICARUS arXiv:1307.4699 [hep-ex].
e LArTPC can see all of TN P, L N

14 | 14

charged particle tracks. |
' mmr HALL ] kst o 8
* Clear electron, n° and 4 p=_1:

Si ngle 'Y PI D Ca n be B0 cml L '.-.?-r.- :E-rbz .:Ignc?:raﬁ?:nﬂt-::l-e - 3Eq.m::lr I ..: 2

Figure 1. Expernmente]l metures of the fint of the teo eventt wnth 2 clear electron
f d tigrature found in the edditinnel temple of 904 neutnino interechone. The
pe I O rm e . evolution of the ectusl dEldx from a gingle track o en e.m. thower for the
electron thower & thown elonp the indvadue] wireg. The event hat 2 ol
enerpy of =27 GeV end en electron of 63 £ 1.5 GeW wth 2 trenveme
momentum ol 3.5 £ 0.8 GeWe.
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CMB and Neff

They first calculate the whole radiation energy density from the thermal
fluctuation . (p_rel)

Subtracting the energy density of the photons from the whole energy
density. (p_rel - p_photon)

Then the Neff is calculated by dividing the energy density by the neutrino
energy density of 1 generation

Neff = (p_rel - p_photon)/p_nu,thermal

Here we assume neutrinos are in thermal equilibrium to calculate the
energy density of the neutrinos for one generation.

If neutrinos are in thermal equilibrium, the energy density of neutrinos
are related to that of photon with the equation;

(p_nu=0.22*Neff*p_photon)

Sterile neutrinos may or may not be in thermal equilibrium via neutrino
oscillations (depending on the model), so Neff could not prove the
number of generations of sterile neutrinos. (E.g.; see
http://arxiv.org/pdf/1303.5368v2.pdf for further details)



http://ejje.weblio.jp/content/thermal+equilibrium
http://arxiv.org/pdf/1303.5368v2.pdf

MLF mercury target and Intrinsic v, BKG
estimation

Be !

H | | =

£ Mercury target
3GeV ] “‘F-'-!"_-_‘ ]
proton H - For beam pipe -

+Fe

Target n-absorb u capture suppression x m/mt
LSND H20 96% 88% 5x103 0.13
J-PARC E56 Hg(+Fe+Be)  99% ~80% 1.7x103 x 1.

We will assume ~ 1.7x1073 Intrinsic background hereafter.



	ステライルニュートリノ探索の実験的レビュー 
	Physics (sterile neutrino search)
	スライド番号 3
	Status as of 2014
	典型的ニュートリノ源・検出器
	ニュートリノ源
	 nuSTORM (neutrinos from STORed Muons) 
	Liquid scintillator detector
	LAr TPC
	Recent status
	最近の傾向・動向
	スライド番号 12
	MiniBooNEからのimprovements
	Status of excess of  nm  ne or nm  ne 
	スライド番号 15
	ne  ne disappearance 
	Testing the New Oscillation Hypothesis
	スライド番号 18
	Setup
	Sensitivities (arXiv; 1310.4340)
	スライド番号 21
	Nucifer @ OSIRIS
	Nucifer @ OSIRIS
	nm  ne appearance 
	nm  ne appearance 
	スライド番号 26
	スライド番号 27
	スライド番号 28
	スライド番号 29
	NuPRISM
	スライド番号 31
	Sterile neutrino search �@MLF (proposal in 2013)
	Prospects; RCS/MLF beam
	Detector
	J-PARC E56; Achievements so far
	J-PARC E56 Timescale
	OscSNS (arXiv:1307.7097)
	IsoDAR / DAEdALUS 
	スライド番号 39
	Summary
	backup
	Conventional beam + LAr TPC
	CMB and Neff
	MLF mercury target and Intrinsic ne  BKG  estimation

