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Outline

» What can JUNO geo-neutrino help geoscience
Improve the crust models with particle physics point of view New Method
Estimate the radioactive heat from U+Th by JUNO geo-v T T
Measure Th/U ratio through JUNO geo-v — —
Evaluate mantle structure using JUNO geo-v Eew TOOli

Discuss other potential geo-scientific goal
»How can build community between particle physicists and geo scientist

Experience from SNO+ in Canada

Experience from KamLAND in Japan
Start from the local refined geology model(3D/4D model)




What is Geo-v and JUNO ability
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» 1.8 MeV Energy Threshold
» 20 kton LS target
» 3% Energy Resolution
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The Existing Geo-v Experiments
KamLAND, Japan (1kt) Boreo, Italy (0.6kt)
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Geoneutrinos reveal Earth’s inner sec

» 408/y is a huge number, better than
all the existing experiments.
» Even with this small number 25,

Ngeo = 116+28 (8.9y) Ngeo =237 +6.5 (5-7)’) The paper is the cover ofnatuﬂe.




How precise ofJUNO (Geo-v measurement
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Within the first year of running, JUNO will
cord more geo-neutrino events than all other

detectors will have.

Reactor neutrino is the main background for
geo-neutrino in JUNO. But still with 10 years
data, we can reach high precision.

< ° .4.8% uncertainty



How we estimate Geo-v in JUNO ?

Geo-v flux on the Earth surface + JUNO detect ability

Geo-v flux

Geo-information + Particle physics/detector
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Huang et al (2013) G-cubed arXiv:1301.0365



Geo-v signal on Earth Surface

Geoneutrino signal in TNU

Activity and number of produced geoneutrinos Volume of source unit
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Survival probability function
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Abundance and density of the source unit

Distance between source unit and detector

Earth structure (p and L) and chemical composition (a)




The Earth Structure Models and Chemical
Composition Models

Earth Structure Models (p and L) Chemical composition Model (o)
Crustal Thickness at 2x2 degrees k]

70 Layers a8y 22T
OC Sediment  1.73 + 5% 1.73 + 5% Plank,2014

O oCcCrust  007430% 021 430% White and Klein, 2014

5 Sediment 1.73 1+ 5% 1.73 £ 5% Plank,2014
Upper Crust 2.7 £ 21% 10.5 + 10% Rudnick and Gao,2003,2014

40 Middle Crust 1.3 4 31% 6.5+ 8% Rudnick and Gao,2003,2014
Lower Crust (0020 4 30% 1.2 4+ 30% Rudnick and Gao,2003,2014

0 LM (33130) x 107*  (150*277) x 10~* Huang,2013
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More details see Ondrej’s talk in the afternoon
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-neutrino st i th |
Global Models : Crust2.0 Crustl.0 Lithol.0 Geo-neutrino study can improve the models

Chinese Local Models: SUN YS et.al and Huang et.al  Analysis Method is one of the contribution
From ZHAO Liang to geo-science



JUNO Geo-v contribution to geo-science(l)

| Improve the quality of geo physical/chemical models! |

*  Weird points in Lithol.0 * Huang’s model: thickness is * High uncertainties of
Thickness is negative. an integer, very rough model. chemical composition model
latitude longitUde thi zQE_E%?li:’__gglf:??ljz(_jl_}g(_]_%?_?? ____________________ Layers z';'f" 'Hiﬁ

14.5 #5.ON\70.0E 17 0 OC Sedimont 173 £ 5% 173 4 5%

14.5 Vp Vs Poisson Density Depth OC Crust 0.07 + 3085 021

1.8 5. 009 2. 892 0. 25 2.502 2.0 Sediment 1.73 + 5% 1.73

o 5. 566 3.214 0.25 2.613 6.0 s - Py .

e 5 5. 748 3,319 0. 25 2,650 13.0 Upper Crust 2.7+ 21% o

2.5 6. 206 3.583 0.25 2.762  28.0

. _ . Jincheng combine Lithol.0 to fix this Yufei and Jincheng collected
Ondrej/B ecf’fl are working on this Geophysical model into a Lithology more samples around JUNO
see Ondrej s talk distribution model. to reduce the uncertainties

See Yufeis talk




JUNO Geo-v flux with different models

20
18
16| : : _ _ :
14 it —a— LITHO 1.0

b)| - ......... .......... i i e
T SV T L T T T T

Signal(U+Th) [TNU]
Signal(U+Th) [TNU]

o B O oo

[}

e o e A .
Layer: SedCC_UC_MC_LC 0O 05 1 15 2 25 3 35 4 45 5
Layer: SedCC UC MC LC

551 =] (78]
= Lh =

O“IIEI]IIII|f|i||IIIII!III|IIEI1

i

Accumulative Signal [TNU]

=

- Before revising for Huang's model

¥

 After revising for Huang's model

ool e e g g Ty g g Ve e opp g T g oy
5 10 15 20 25 30 35 40
Depth[km)]

=




JUNO Geo-v contribution to geo-science(ll)

| Constrain the range of radiogenic heat contribution |
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JUNO Geo-v contribution to geo-science(lll)

» The difference between kpp and Ky, indicates

, _ See GUO Meng s poster
that U6+ recycled back into mantle sometime
during the Earth’s history Kmeas Keb
> the BSE xp;, dictates that Th and U were excluded MORB | 288 | 298 s | ™2 | 38477 oo
from the core. 22 neehgs | 3.960M,4 | me2e | 401N,
» The small difference between ccKpb and MMKpb CC | moas | 418927, | n-oas | 409010,
- . bo P (both 5
indicates that U .rec':ychng was a relatively recent = v | B || | B
process or that limited recycling followed

atmospheric oxygenation at 2.4Ga and evolved

slowly with time. JUNO Geo-v provide a new way to do Th/U ratio!




The potential of Th/U ratio at JUNO
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For ten years of running, accuracy of 35% and 20% For ten year of running, accuracy of 30% and 15%
respectively can be obtained at DY B reactor shape respectively can be obtained at 1% reactor shape uncertainty

The uncertainty of Th/U ratio 1s around 26%
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JUNO Geo-v contribution to geo-science(lV)
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uniform mantle  enriched layer one enriched pile two enriched piles

Is the mantle compositionally layered or
have large structures?

Sramek et.al Earth and Planetary Science Letters 361 (2013) 356—-366

Different Geological
models
Y-axis data is strictly
from physics
Total fl
X-axis data is strictly ?TaNUl;X
from geology
Intercept is mantle
contribution
2,4and 10 TNU ?
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KamLAND Data

w Enomoto et al.,
2007

Huang et al.,
2013

Fiorentini
etal.,
2013

intercept is the estimated
( mantle contribution

0 10 20 30 40
Crustal contribution to flux (TNU)

JUNO Geo-v apply a new way to see deep the Earth ---Mantle

14



The potential of Mantle measurement at JUNO

R(Mantle)=R(total, exp.)-R(Crust, pred.)

e At lsigma range mantle: 9 == 2TNU
* To separate the mantle and curst
18% crust uncertainty:
confidence level at 2sigma
8% crust uncertainty:
confidence level at 3.7sigma

ATy * Refined local model is very important
10 15 20 25
U+Th(Mantle)/ TNU

Comparison of the global reference model(18% crust) and
a benchmark accuracy of the local model (8% curst) "



TNU

From geo-neutrino to geo-science

Geoneutrino prediction from
Sramek et al. 2016 doi:10.1038/srep33034
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See Beda s talk
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Cosmochemical

Geochemical

» Using geo-neutrino to solve the geo-problem 1s not far from us!
* What else can help in geo-science, we can work together to see the possibility!

Geodynamical
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Experience from SNO+ in Canada

| RLY

® Rock sample
11 - Gneissic tonalite suite
I 15 - Cartier Granite
B -
SNOLAB Sl
* N 1eb -
- HS, Volcanic rocks
18a-
19b -
19¢ -
20a -
20b -
20c-

HS; Mafic dikes
HS, McKim Fm.
HS. Matinenda Fm.

HS, Mississage Fm.
HS. Pecors Fm.
HS, Ramsay Lake Fm
HS, Serpent Fm.

HS. Espanoia Fm.
HS, Bruce Fm.

21 - HS, Cobalt group

4

[ Greenstone belt rocks
U777) Paragneiss
[ Tonalite gneiss

I 21c - HS, Lorrain Fm.
[ 21d - Hs, Gowganda Fm.

22 - Felsic intrusive rocks

23d - Nipissing mafic silis

| - 27 - Carb-alkalic intrusive suite
I 28a - WG, Chelmsford Fm
I 280 - WG, Onwatin Fm_

Geology: for sample collection
Geochemistry : ICPMS/HPGe
+ Physics  abundance analysis

UWRF GF :
gasioe . 1 1 Grenville
Southwestern Abitibi Subprovince | Cobalt | Province
WL EEL AZ Lec | plate gy i

Lower Crust

Granite, granodiorite
Granulite-facies rocks
I East Bull Lake intrusive suite

Huronian Supergroup
Sudbury structure

Seismology+Geo-physics:

Cross section, seismic data

Give the map with error
Modeling the TMC, TLC and MD

Inputs o B DT
Depth-controlling points points [ e £ ,‘*‘

obtained by 15 refraction Top of MC (IMC) 343 |t ! )‘@

lines, 3 reflection lines and =% 5 o
data from 32 seismographic c e
stations e e e —

ORDINARY KRIGING: a stochastic estimator that considers the spatial continuity of
input variables and infers the values in unobserved locations providing the result in term

Output

+ Estimated maps of TMC,
TLC and MD depth with a 1
km * 1 km resolution. b=
* Maps provides the
Normalized Estimation
Errors (NEE).

All: interpolation
geophysical model to
Lithology distribution

Local 3D models17



Experience from KamLAND in Japan

Dataset Used for Local Tomography in Japan Developing a quantitative method for translating a
geophysical model (tomography model) into

a lithology distribution model
Dataset for Local Tomography

130°E 135°E 140°E 145°E
1 1 i |

, o=t Direct Pand S waves samples

v 71 almost all crust in Japan.

Hokkaido

The method can take
« local features in Japan and

Large number of data (> 15 yrs) . uncertainties in geophysical models

have been accumulated.

Chugoku into account.

Comparison with Conventional Geological Approach

our model
|
77,730 events 768 stations : il
3r2491949 P-Wave data geological insight + reflection survey

§Dep<h1km]o
T i T

2,273,571 S-wave data

red: event, blue: station

DRZ: BR M. PRZ: . SSP : Seto Subsurface Prism. SM: ZHIIE REMW
CSG: BLRM. NSG m . 556 MBEE RS,
MAC: #RRF F LB, DUZ: Fa—T Ly 22 - EHS. Ito and Sato (2010)




The need of refined local(south China)model
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Private Advisory Organ -> Working Group ) ) ) ) _
Build the geo-science and particle physics Community
Lessons from KamLAND (Janpan) Geology
N. Takeuchi (seismology) W. Mcdonough (geochemistry) Sei
M. Yamano (heat flow) M. Fabio (physics) CISINO
T. lizuka (geochemisty) H. lwamori (petrology) Heat ﬂOW
H. Tanaka (physics) + others Geochem1§try
H. Watanabe (physics) Geophysics
A. Taketa (physics) Petrology

Y. Shirahata (physics) .
S. Enomoto (physics) PhYSICS .....................



High Quality
JUNO Geo-

New Field
Interdisciplinary

Innovations

New tools to
solve geo-
problem
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New method to
improve the
models
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