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Current status of sterile neutrino
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M. Dentler et. al., JHEP 1808 (2018) 010 Best fit values:

Sin2(2614) =~ 0035, Am421_1 = 1.29 eVZ
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SBL sterile neutrino experiments

Only disappearance channel

Reactor experiments Radioactive source experiments

Name L/E, Energy Mass, Neutrino emitters: 37Ar, 51Cr
resolution, Antineutrino emitters: 144Ce-144Pr, 106Ru-
[Yo@1 MeV] 106Rh, 90Sr-90Y, 8Li (IsoDAR)
NEOS 3.1-139 5 1 Name L/E, Energy Mass,
DANSS 1.25-6.7 34 0.9 [m/MeV] resolution, | [kt]
. [Y%0@1 MeV]

Neutrino-4 0.75-6.1 16 1.5 158 - 6.8 5 0.272
Stereo 1.13-6.1 9-10 1.7 S F— _ 1
SoLid LrE=5 |13 1.6 BEST 0.53, 1.07 - 0.05
PROSPECT 0.88-5 4.5 4 P 0.77-21 3 20
JUNO IsoDAR 0.18-21 3 20
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3+1 neutrino mixing

The simplest mixing scheme 3 active flavors plus 1 sterile flavor

Disappearance probability: L [m]
Neutrino oscillometry S, ) )
L. .. sin“(2014) = 4|Ua4| -(1- |Ua4| )
* Allows to observe the oscillation curve inside detector
as a function of L or L/E variables
e Suitable for fast oscillations such as eV-scale neutrinos

* Requires liquid scintillator detector

+ High intensity radioactive neutrino or antineutrino | Y - Propose using radioactive source
emitters and short baseline setup:

®<E> around 2 MeV
&L :3-20m
D: & Sensitive to Am?,; ~ 0.1-10 eV?
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LSc detectors in China
Dava Lay JUNO

w20 kton of LSc. Itis
" under construction

| now. It will be the
largest LSc detector in
the world. Main goals
are mass hierarchy
and precise
measurements of
oscillation parameters.
It has a proposal with
the same source and
activity ~100 kCi.
arXiv:1507.05613

8x20 ton of LSc+Gd s -
be |t's almost finished il ~S A~
4 | working. Main result
| is precise
| measuring of 0,3.
" It was proposed for
radioactive source
experiment with 0.5
MCi 144Ce-144Pr.

arXiv:1109.6036

1500111101 11

Proposal of new LSc detector

What else? JI“D'“Q for low energy neutrino physics
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Jinping laboratory location

cosmic muon flux

Ideal location for low .
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Jinping neutrino detector

Spherical detector

0)5% 02210) IS,

West end e Jinping Mountain <4— Eastend
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< Two possible detector shapes: cylinder or sphere
«Slow liquid scintillator as a target material

> Total mass 2-3 kt

» ~2400 m overburden - very low background
500 p.e./MeV or energy resolution ~5%@1 MeV
“*Vertex resolution ~10 cm

i\ o
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Antineutrino radioactive source

Well known isotopes chain 144Ce-144Pr Antineutrino energy spectrum

Source parameters: 285d :
. . . 144 i
« Compact size (like a point p- T 7 mn 013 keV [ | e
r -
; H
1/2 = . 1% L m E Y
« Initial activity: 50-100 kCi ' 2185keV -1 ¢ »
: B-<2996 keV ' 0.7% e Pr
« Exposure tl_mei 450 days 97.99% g - C
« Gamma shielding: Tungsten kv 102l

0 05 LO: 15 2080 25 3.0
Antineutrino energy, MeV

« Antineutrino energy 1.8 — 3 MeV .
« Two options of source location l44Ng
(center and outside)

Other proposals using 144Ce-144Pr with very short baseline setup:

« Borexino: SOX-expenment,_ 50-100 kCI,.1.5 year, 4.2_5 m between source and inner edge (SOX] JHEP 1308 (2013) 038

« KamLAND: CeLAND-experiment, 75 kCi, 1.5 year, distance to the edge is 3 m [CeLAND] arXiv:1309.6805

« JUNO: 100KkCi, 1.5 year, distance to the edge is 2.3 m [JUNO] J.Phys. G43 (2016) no.3, 030401
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Layout of the experiment

position Il position |

0)5% 02210) IS,

Used assumptions:

IBD detection channel
450 days exposure time
Total background ~100 events
Position |

- Activity 50 kCi

- Inner cut 1 m

- Outer cut 0.7 m

- Expected event rate 72k
Position I

- Activity 100 kCi

- Outer cut 0.7 m

- Expected event rate 37k
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Comparison with SOX setup

I VI VST Only SOX project with antineutrino

Detector Jinping
Target material Slow liquid
scintillator
Target mass 2 kton
Source 144Ce-144Pr
Initial activity 50-100 kCi
Baseline 3.7m-18.7m
Exposure time 450 days
Accidental background Negligible
Energy resolution 4.5-5%
Position resolution 10 cm
Total non oscillation 38k

event rate

0)5% 02210) IS,

BoreXino
Liquid scintillator

270 ton
144Ce-144Pr
50-100 kCi
4.7/75m—-12.25m
1.5 years
Negligible

5%
15 cm
10k

source was very close to realization.
It had problems with source
production and the project was

closed.

A, [eVF]

107

10
- — rate-only

| — rate+shape

“Ce - 100kCi - 1.5y - 4.25m, 95% CL

[~ == rateonly, o, = 1%

— shape-only

- anomalies, 99% CL
1 I

= shape only, o, =inf.
|- = rate + shape, 0, =1% |:] anomalies, 95% CL
x  Best Fit, PRD 88 073008 (2013)

|

102

107"

sin’(26, )
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Event rate calculation

dN(L,Ey) = @(L) - psp - o18p(Ev) - P(L, Ey) S(E,,)dVdE

nnnnnnnnnnnnnn

Ag-(1-e™T)
@(L) = m- ok ]
( ) 4 Lz A [ ] % 3005— -
= 2001 Exposure: 450 days E
A, — initial activity [Bq] i f | Soueeausite -
A — decay constant [s™1] R B T A s

osclllatlon curves

Prp — density of free protons [m~3]

opp(E,) - IBD cross-section [m?]
P(L, E,) - probability function

S(E,) - shape of antineutrino spectrum
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Systematic uncertainties

Neutrino flux Neutrifr;o interaction Detection process
I [ ] [ ~ oo ..
Mostly comes from BD, e. [clEncs00t R TEE
. . Spill in/out effects resolution 5%@1 MeV

energy resolution
Energy-scale might
change the spectrum

Definition of sensitivity

obs pre, 2 2
2 (Nz o N ) ¥ pre
X = E Npre(l_I_Npre b) +J_2 Ni _(1+@)Siz

o — nuisance parameter for flux
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The expected sensitivity to sterile
neutrino parameters

current bes
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Influence of detector parameters to

o () ()
sensitivity
Distance between
source and edge Energy resolution Position resolution
“<90f E 48f o .
80F 47 B eedeeeienas
70k 47 6f
505 4?.4;
505 4?.25
- 47k
40; 46.8F
30 46.6F
20E _ 46.4F
0 1 2 3 4 5 6 7 8 9 10 0 2 _ 4 6 8 10 12 14 0 2 4 B8 8 10 12 14 16 18 20

d, m Energy resolution@1MeV, % Position resolution, cm

Fixed parameters: sin®(20,,) ~ 0.1; Am%, = 1 eV?
Source should be as much closer as possible. Energy resolution should be minimal!
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Precise measurements

of oscillation parameters

=EMass

300F-
250;
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Entries 10000
Mean 0.003953
Std Dev 0.06477
%2/ ndf 177.4/102
Constant 326.3
Mean 0.004439
Sigma 0.05989
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Mean
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Mean
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—0.0009233
0.04616
322.8/96
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—0.0009444
0.03878
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50F
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Entries

Mean
Std Dev

Mean
Sigma

10000
0.00161
0.008531

¥2/ndf 71.79/72
Constant

3741
0.001645
0.008478

300F

250}
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50

—8.08 —0.06

Position i

J 11 1 I 11 1
0.02 0.04 0.06 0.08
Entries 10000
Mean 0.001849
- Anale Std Dev  0.01107
C g ¥2/ndf 93.11/88
- Constant 288.8
Mean 0.00183
Sigma 0.01095

—0.04 002 O 0.02 0.04 0.06 0.08

Current best fit value:
Sin2(2614) =~ 0035, Amil = 1.29 eVZ

Relative error

Sinz (2914) 242%
4.6%

31.3%
3%

2
Amy4
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SUMMARY

* Advantages in comparison with conventional reactor experiments

° Cover larger region of L/E variable

°  Well known spectrum shape of antineutrinos

° High statistics
One main difficulty is the source production
Current work has shown that Jinping has a good potential for
implementing neutrino oscillometry measurements with radioactive
source

It can cover reactor anomaly region with 90% C.L

NG NG
% &0

NG
%°
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