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Interests in solar, supernova, and geo neutrinos
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Solar Neutrino Physics

1. Precise solar neutrino flux and spectrum
measurement of almost all components

- Solar neutrino oscillation !¢ —
* mixing parameters . o F e sensiy
* oscillation upturn
- Test standard solar
model
- New physics
* sterile
* NSI
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Solar Neutrino Physics

2. Discover CNO neutrinos

- Missing CNO fusion evidence from the SUN
- CNO cycle — main fusion process of other massive stars
- A direct probe of solar core metallicity
* Attack solar high/low metallicity problem, resolve
degeneracy, use for standard calibration

* Test homogeneous assumption of primordial star

Primordial
heavy
elements: C,
N, O, Ne, Mg,
S1, S, Ar, Fe
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pressure, and
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Geoneutrinos

Diving power doe |
= |[nitial gravity -
* Nuclear power, U, Th, K
decay ‘ Mantle %&;\ |
'L / »\H:mecmncc]l )
,r""n\‘mntm F‘\
Knowledge: g T
= Global heat measurement Himalaya Mount is moving
A7+3TW northeast 0.5 cm every year
= Theoretical predictions: f V4 -

= Lowrange 10 TW
= Middle rangel5-30 TW
= Highrange 20 TW
= (Geoneutrinos from U, Th:
10-30 TW

= Still consuming initial
gravitational power

= Need more measurement of
mantle neutrinos
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Supernova relic neutrinos

1. Supernova burst neutrino:
1987a supernova neutrinos

were observed R i R
Rate ~a few/century -~ l 2
Shock RS, S 2

2. Diffused supernova
neutrino background
Accumulated background
from far distance and time
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» SRN: A finger print (rate
and spectrum) of star
formation rate and star
evolution mechanism.
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Jinping Laboratory
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Depth and Muon Flux
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Reactor Neutrino Background

IAEA 2015

Closest reactor 1200 km
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An ideal site for low background neutrino EXxp.
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Jinping Neutrino Experiment Proposal
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Jinping Neutrino Experiment Proposal

_____________________________________________________________________________________________________________________________

With 2 kton fiducial mass
for solar neutrino
(equivalently 3 kton for geo
and supernova relic
neutrinos)

1. Discover CNO neutrinos

Solar v oscillation

3. Precise geoneutrino flux
measurement and U/Th
ratio

4. Study SRN

N
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Solar Neutrinos
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Simulation study with Borexino and Jinping assumptions.

O-15 flux precision 10%
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Solar Neutrinos
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electron kinetic energy/MeV

Constrain oscillation upturn
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Geoneutrinos

¥2 [ ndf 55.03 | 57

Reactor 0.9527 + 0.0844

80 u-238 1.04 = 0.08

Th-232 0.7167 = 0.1844

Reactor-Jinping

Geo-238U

F -9
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Geo-232Th

Expected IBD Events

Events /100 keV / 3.0 kton / 1500 days
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Visible Energy / MeV

« U geoneutrino spectrum
* Th geoneutrino spectrum
* Th/U ratio ~ 25%

e (eo-reactor

I Low Q
== Medium Q
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Radiogenic Heat from ***U + #*Th (TW)

Address mantel
contribution
Geoneutrino flux
prediction at Jinping
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SRN with LS Cherenkov Detector

—————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————
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« 15 kton-year for a discovery with Slow LS
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https://dx.doi.org/10.1016/j.physletb.2017.03.071
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R&D Effort
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Slow liquid scintillator

Coincidence > [N Waveforms of top and
1/4 . bottom PMTs in LAB
Top
Coincidence— [N l e e
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Liquid Scmtlllator Cherenkov Detector

—————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

100 == - Simulation

“Cy ) ! €, e X 100%
A

Eleciron kinetic energy [MMeV]

 Distinguish Cherenkov  Directionality (> 5MeV)
and scintillation light « Particle identification

« Reasonable light yield (mainly for electron, muon,
3000 photons/MeV proton, minor effect for

gamma and positron)
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More light
accepted

-8

-200 -150 -100 -50 O 50 100 150 200
x [mm)

2. Use hexagonal opening
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https://arxiv.org/abs/1703.07527

Geometry acceptance and numbers

_____________________________________________________________________________________________________________________________

Efficiency
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90° Cut-off Photo cathode Collection N of PMT (m™)
Coverage efficiency
No reflector 91% 100% 14.73
Modified 100% 97% 11.65
hexagonal
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Low background SST by smelting process

Analyzed by GDMS (1E-9 g/g), HPGe-groud (Bg/KQg),
HPGe-Jinping (mBg/KQ)

C, Si, MgO sand: have a significant radioactivity

S, P: harmful to SST

Mn is not 100% necessary

Settle down on Fe, Cr, Ni (304L), Mo (316L)
Small impact from MgO crucible

a k~ WD P

Our sample has reached a
comparable level of Borexino.

D 29/11/2017 23



A 1-ton prototype at Jinping

_____________________________________________________________________________________________________________________________
''''

1. Measure fast neutron
background

2. Test detection material: water,
LS, and slow LS

3. Allow bkg. facility

4. Reconstruction

Thirty 8" PMTs

'FADC 10 bit 1GSs

' Transparent acrylic vessel
~ => Inside: 1ton for LS

- =>Water outside

'Whole detector: lead

- shielding

D 29/11/2017 24



Design and installation

S, Mises
(Avg: 753%)

2.102
1,927
1,752

H 1.577
- 1.403
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A 1-ton prototype at Jinping

_________________________________________________________________________________________________________________________

Since May 10, 2017, taking data with pure water inside.
'Now taklng data with a liquid scintillator sample.

. N E X9

Jinping Neutrino Exp
One-ton Profotyp
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One-ton prototype at CJPL-I

1. Understand the
detector e

2. More results are
coming

Gain VS Time

DarkNoise(Hz)
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More wild idea about geo neutrino detection
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Volatile elements on the Earh

—————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

Bulk Silicate Earth
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| Elements

(elements not in the core)

Normalized abundances*

*C1 chondrite and Mg normalized

320 310 300 290 280 270
50% Condensation Log T (K) at 10° MPa

0.01

from McDonough & Sun, 1995

= Need more measurement of K40 geoneutrinos to
finish the picture
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Reveal K-40 and mantle geo neutrinos

QO -
\\\\\\\\\\\\

Scattered
Zgy telectron

/
[

9@ ,I

Solar
neutrino
\
\ e FEarth
Geo-
neutrino
arXiv:1709.03743
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Suppression of solar neutrino background

D
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o Mantle
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02 04
cosd
With Te>0.8, solar and geo neutrinos are in
different groups.
Liquid Scintillator Cherenkov Detector may play
an interesting role ArXiv:1709.03743
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Distinguish K-40 neutrinos

_____________________________________________________________________________________________________________________________
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Kinetic energy of scattered electron [MeV
At 0.8 MeV, K-40 dominant, distinguishable structure
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Mantle and crust neutrinos

g 600; — Crust+Mantle otri ;
P : Dlstrlbt_Jtlon
£ 500f-| T Crust determined by
c — v
L] - |~ Mantle crust shell
400~
= ) structure
300
200F- Mantle
: structure,
100 e from
e et ] underneath
-1 08 06 04 02 0 02 04 06 08 1

cose@

Distinguish mantle from crust components by
spectrum fitting.
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1. A~10-ton prototype will be build next
for testing the final plan for PMT, liquid
scintillator, structure etc.

2. More studies on Jinping neutrino physics.
3. kton detector Is In the future

) 29/11/2017



Workshop and research group

2015, 2017 two
International
workshops
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Conclusion

» Basic questions for solar, geo, and supernova relic
neutrino detections are unsolved.

» CJPL is ideal for these studies. Jinping Neutrino
Experiment proposal

» Many R&D efforts: Reflector, low background SST, 1-ton
prototype, liquid Cherenkov scintillator (acrylic strength,
Electro-magnetic function, etc. not mentioned

» More thoughts on SRN and geo neutrinos
» A 10-ton prototype is in plan

More details can be found at http://jinping.hep.tsinghua.edu.cn/
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Thank you for your attention.
Thank for the support.

CJPL-IAC “strongly” support
this “compelling” project.
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Evolution of the Sun — Solar Model

John Bahcall

1. Fueling mechanism:
pp chain
CNO cycle (mainly in high mass stars)

2. Energy transmission:
Radiation (opacity) inner
convection outer

3. Equation: Balance of the gravity,
radiation, and particle pressure

Density (kg/m3)

4. Initial conditions
Abundance of H, He, metal elements
Radius, age, mass ...
Assume: Initial metal fraction =
surface fraction = core fraction
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» The pp Chain

p+e +p—o2H+v,

p+p—H+et+v,

i

!

99.76% I
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84.6% |

0.24%

15.4%

1
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1 (p, )

88 — %Be +e* + v,

pp I11

) 29/11/2017



Helioseismology and conflict

Helioseismology: Solar surface vibration with
T=~5 min, v=~0.5 km/s, A=~100 km

New (better) calculation of
Solar model conflicts with helioseismology
measurement: sound speed differ by ~40%

Primordial >LCNO neutrlnos]
heavy rTemperature,N 4 A

pp, 'Be, pep,

elements: C, > pressure, and >
P 8B, hep

N, O, Ne, Mg, 9 density ) \
S1, S, Ar, Fe >
J

Sound profile ]
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Neutrino oscillation upturn

—————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

Center-High density: '
Mixing angle 614
determined by
electron number
density and neutrino
energy

Oultside:

4 vacuum
mixing angle
012

ARV st s
v P ' NYOL | R LAY "N

L |‘A||‘i YR PR Fe R R R IR U ST R LSSl B8 0 S d |

1 1 |
Pe% — COS4 913(§ —+ 5 COS 29{% COS 2912)

* |f going through the Earth, the survival
______________________ probability will change ~3%
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Basic questions of the Sun

_____________________________________________________________________________________________________________________________
\\\\\\\\\\\

The mechanism of solar evolution

» CNO neutrinos not discovered
1% In the Sun, but major fueling process for high
temperature stars

» CNO neutrinos: a direct probe of the core of the Sun
Study solar metal element fraction, resolve the conflict

» Understand our closest star

Neutrino oscillation

» Solar neutrino oscillation
Transition from vacuum to matter oscillation

» Precise measurement and new physics
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Supernova relic neutrino distribution
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Neutrino energy (MeV)

2. dN/dE" — Neutrino energy
spectrum (Supernova
temperature)

» SRN: A finger print of
star formation rate and
star evolution

3. Other constants: redshift mechanism.
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China Jinping Underground Laboratory
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Design of CJPL-II

Auxiliary
headrace

Traffic | Headrace Drainage s
tunnel § tunnel tunnel

Auxiliary
headrace
tunnel 2

Rock Work 4000 m3 131000m3
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CJPL Current status

Laser scan of
finishing results

% CDEX pit and
~ 1 PandaX pit done
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Neutrino Detection

Solar neutrino detection

The electron is selected
and Its energy Is measured
with liquid scintillator and
IS related to original
neutrino

Geo and SRN neutrino detection

The positron and neutron
are selected and positron
energy IS measured with

liquid scintillator.
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