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Neutrino ---- From a CONCEPT
to REALITY
to a PROBE
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1931 Pauli proposed to neutrino

1956 Cowan and Reines neutrino observed 1995 Nobel

1962 Muon neutrino 1988 Nobel
1962 R. Davis Solar neutrino and problem

i 2003 Nobel
1980 Atmosphere neutrino problem and
super nova neutrino
2001 Solar neutrino oscillation and matter 2015 Nobel
effect
2012 Daya Bay LICIEEZEI00 e13 2012 Science breakthrough

2013 Ultra-high cosmic neutrino 2013 phys. World breakthrough

Daya Bay (JUNO) is leading our
neutrino research in China
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Jinping Neutrino Experiment
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China JinPing Laboratory

Tomsk,

ourg Novosibirsk"

Krasnojarsk

rkutsk

Astana Barnaul

Ulaanbaatar,

Taraz_Bishkek .
» .

Urumgqi

Xining,
Xi'an_
Jinping
Laboratory

|
Guiyang,

*Kanpur

chi® Nanning,

‘Akola .
Nan® Hanoi

Pune,

Mysore* Coimbatore
Thanh Pho Ho"

Chi Minh

Melaka® =

Clannaaca

Flight: Beijing
Car: Xichang - Jinping (2 hours)

April 17, 2016

Tianjin

¥ * Osal
9 Zhengzhou Shanghai
Y 'E.

 Harbin
Vladivostok
JBeijing
: ,Gayang

Taipei,
LHong
Kong

Manila

Bacolod’ *Cebu
City City

Town

Sanyaylzu

Takayizu
Town

Town

Wulaxi
Town H&aiZ3ngzu
Town
Qingna
Town
Yanda
Town
Nanhe
Town

g Maidigou

A o}
.-Wei.z.p,nk;
jown Yinchang

Town

Dapomgengguzu

\/(c wn

s

Ivfu an
Mianning
County

Huilong
Town
Houshan
Town

Xianfeng
Town

Shaba
Town

Yuehua
Town

Minsheng ey

T(,‘ wn

Xiangshu;
,
Town

Liar;;gshan Yizu

Yuexi
County

Nanqing

Town

Shug
Tow

Xide
County

Zeyue
Town
Yiluo
Town

Rekeyida
Town

Xiéhang - A
Airport

Town

Aut.\Prefecture

63

20km

- Xichang (Stop by Chengdu)




Depth and Muon Flux
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Allication of germanium detector in fundamental Canada
research
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IAEA 2015

Closest reactor 1200 km
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Ideal for Low Background Exp
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Homestake X WIPP
A Soudan ¥V Kamioka
Boulby oo Gran_Sasso
¢ Modane == Sudbury
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107 10°
Reactor Neutrino Rate (cm™s™)




CJPL Phase II

Traffic
tunnel
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Auxiliary
headrace

2 tunnel 1
Headrace Drainage

tunnel tunnel

Auxiliary Experiment
headrace tunnel
tunnel 2

Each hall > 12X 12X 130 m3
(Minimal dimension is more important than total space)
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Jinping Neutrino Experiment
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Neutrino Detector Concept
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For solar neutrino:

Effective volume
1000 ton/det, total
2000 ton

For geo-neutrino
and supernova:
Effective volume
1500 ton/det, total
3000 ton

12



April 17, 2016

Solar Neutrino Physics
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Neutrino Physics

| ”Solar Physicé

Andrew Hime *
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New physics

Frontiers of neutrino and solar

physics

Los Alamos Science No. 25, 1997
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Standard Solar Model

1. Fueling mechanism:
pp chain
CNO cycle

2. Energy transmission:
Radiation
convection

Neutrmos

3. Balance of the gravity, radiation,
and particle pressure ’. %photons

4. Initial conditions
Abundance of H, He, metal elements
Radius, age, mass ...

Temperature (mllloons of K)
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Neutrino Generation: pp chain

2 + ]
ptp —» fH+e +u,

99.?6%U U 0.24%

H+p —> He+y

83.30% ||| § 1670%

*He + *He —>» %He + 2p He +4He —>» "Be +y

ppl 99,889, U

Be+e —» 7Li+ v,

U

Li+p —» 2%He

NATURE 512, 378 ppll

April 17, 2016

vU 0.129,

‘Be+p —>» "B+y

U

;B—> 2%He+e" +,

pplll




Neutrino generation: CNO Cycle

pp-chain

John Bahcall

T (10" K)

pp chain: Main process
for the Sun

CNO cycle: Main process for
high temperature stars
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Solar neutrino spectrum
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Solar Neutrino Oscillation and Propagation

Center-High

density: " :
Mixi Y M Outside:
ixing angle 615
: ' vacuum
determined by e ..
, y MiXing
electron number e lo 0
density and | | jensieicy
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* If going through the Earth, the

survival probability will change ~3%
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Solar Neutrino Detection

Neutrino-electron scattering
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—F17 - 015

N13  -- B8
Be7_862 -- Be7_384
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Current Detection Issues  Borexino Exp.

? Be7 flux measurement .
CaaAssdedll 1. Cosmi-ray
*°Bi: 40.6 = 2.6 cpd/100 tons :

haietereblll @ muon induced
; 11C, 10C

2, 210Bj

3. External y

Counts / (10 keV x day x 100 tons)

1000 1200 1400 1600

2.68 £ 0.17
0.23 £ 0.09
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\
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Current Status of Solar Neutrino Measurement

Question 1. CNO. hep are not detected
pep with a poor precision

=

0.9 Prediction - Upturn

0.8 Width - MSW uncertainty
0.7

0.6

0.5

0.4 — Current status
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0.3 pp - BX
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0.2

Solar v, Survial Probability

—— pep - BX
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Question 2. MSW effect is loosely constrained

Solar v, survival probability 8B —v upturn, p. pe Jolanda PRD 83 (2011)

Frieland arXiv:

1207.6642

neurineerergy (Me¥)

New physics:
non-standard interaction, sterile neutrino etc.

Expect high precision solar mixing measurement,
April 17,2016 ’3



Challenge of Helioseismology

Question 3. New (better) calculation of
Solar model is conflicting with
helioseismology measurement

_ . CNO neutrinos ‘
Primordial heavy

elements: _.
G N, __ Pressure, | pp, 'Be, pep, 2B,

0, NE‘,. ME, Si,. S, : der|5it‘3‘.r .. ., hE'.[}
Ar, Fe -

Sound speed
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Summary for Solar Neutrino Physics
1. MNS+MSW

* Matter effect, upturn

* New physics: sterile neutrino, non-
standard interaction, etc.

» Matter effect on Earth

* Improve solar Am?;, measurement

2. Solar Model

« CNO. hep are not detected, pep with a poor
precision

« Metallicity problem
e Solar neutrino luminosity

April 17, 2016
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Preliminary study for Jinping
Consider radioactive background as Borexino but
with Jinping overburden

Jinping GS98-500PE/MeV fit
Simulation sample
Signal
) Background
S
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Statistical Sensitivity Scan
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Key systematic uncertainy

Based on the experience of Daya Bay and
Borexino experiments

Effective volume 1%

* Energy scale uncertainty induced flux
uncertainty 1%

» Total systematic uncertainty 1.5%

April 17, 2016 )8
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Comparison

Current status

Current status
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Jinping Prediction
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Discovery of CNO
Metallicity problem: 7.6 ¢ (no theory uncertainty)
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Jinping Prediction

Electron spectrum
clear upturn signature

1 10
Electron Kinetic Energy [MeV]
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Geo-neutrino and SRN
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Summary

1. Experiment improvement
2000 ton (Borexino ~100 ton)

e 11C, 10C (200 times less than Borexino)
* Low background PMT

« Total systematic 1.5%

2. Expectation for Neutrino and Solar physics
* Precision measurement of Solar neutrino flux
* Discover CNO neutrino
* Precision test of MNS+MSW, upturn
* Study solar metallicity problem

3. Geo-science
4. SRN studies (Hanyu)

April 17, 2016
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Thank you.

More detail can be found in arXiv:1602.01733

Z!



