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Heat flux in the Earth

a. Mantle cooling is fixed.
b. Lower mantle heat production is variable 
and adjusted to balance the other
 terms in the budget.
c. Mantle cooling is adjusted to balance 
the budget.

BSE model
Energy drive mantle 
convection

Hotspot/Geodynamo
K,Th/U in the core?
Age of the core?

MORB
≈7TW

Jaupart et al,2007

Introduction
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Geo-neutrinos

ØU,Th and 40K in the Earth release heat together with anti-neutrinos in a 
well fixed ratio:

Ø A fraction of geo-neutrinos from U 
and Th(not from 40K)are above threshold for inverse beta 

ØDifferent components can 
be distinguished by energy spectra

Geo-neutrinos: anti-neutrinos from the Earth
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Geoneutrino results of KamLAND and Borexino
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Sramek et.al, 2013

Mantle geoneutrino flux 



江门中微子实验 (JUNO)

地下 700 m

2万吨

• 测量中微子质量顺序成为国际焦点
• 2008年提出设想，2013年立项
• 总经费约20亿，2020年建成
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.),(.)exp,()( predCrustalRtotalRMantleR 
With 1.3,5,and 10 years of data, the precision of the geo-neutrino measurement 
with  a fixed chondritic Th/U ratio is 13%, 8%, 6% and 5%, respectively.

Methods to estimate flux from mantle

 Han et.al ,Chinese 
Physics C(3),29-36



Geoneutrino Flux on Earth Surface

Survival probability function

    Usman  et.al, 2015 
Fiorentini et.al, 2007
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Constructing a 3-D 
reference model Earth

assigning chemical 
and physical states to 
Earth voxels
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K
（*10-2）

Th
（*10-6）

U
（*10-6）

Ref.

Sediment 1.83±7% 8.10±7% 1.73±5% Plank,2014

Upper Continental Crust 2.32±8% 10.5±10% 2.7±21% Rudnick&Gao,2014

Middle Continental 
Crust

1.91±14% 6.5±8% 1.3±31% Rudnick&Gao,2014

Lower Continental Crust 0.51±30% 1.2±30% 0.2±30% Rudnick&Gao,2014

Oceanic Crust (7.16±30%)
*10-4

(0.21±30%)
*10-2

(0.07±30%) 
*10-2

White&Klein,2014

Abundance of HPE in each layer of crust
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3 global models

1. water             
2. ice               
3. upper sediments  
4. middle sediments  
5. lower sediments   
6. upper crust
7. middle crust
8. lower crust

CRUST 2.0

1. water             
2. ice               
3. upper sediments  
4. middle sediments  
5. lower sediments   
6. upper crust
7. middle crust
8. lower crust
9. lithospheric mantle (lid)
10. asthenospheric mantle

LITHO 1.0

1×1 degree

2×2 degree

CRUST 1.0

1. water             
2. ice               
3. soft sediments  
4. hard sediments  
5. upper crust
6. middle crust
7. lower crust



Expect geo-flux with 3 Earth’s global models

1. Results of LITHO 1.0 is 7% larger than 
CRUST2.0
2. In the future , we will move to LITHO 1.0 

  Layer S(U) S(Th) S(U+Th)

CRUST 2.0 Sed CC 0.95 0.31 1.26

UC 15.83 4.27 20.10

MC 6.34 2.20 8.55

LC 0.86 0.36 1.21

CRUST 1.0 Sed CC 0.49 0.16 0.65

UC 15.38 4.15 19.52

MC 5.92 2.05 7.97

LC 0.81 0.34 1.14

LITHO 1.0 Sed CC 0.56 0.42 0.98

UC 16.83 4.55 21.37

MC 6.99 2.42 9.45

LC 1.12 0.47 1.59

S_tot_crust2.0=31.12TNU
S_tot_crust1.0=29.28TNU
S_tot_litho1.0=33.39TNU
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Chinese local models--SunYs and Huang

70-130E,20-55N
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Expect geo-flux with SunYS 
models--CRUST 2.0 at same area

Expect geo-flux with Huang’s 
models--CRUST 2.0 at same time

Results of SunYS is 4.4% 
larger than CRUST2.0
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UC’s contribution more than 60%, we should be focus more on

  S(U+Th)[TNU]

Sed CC
contribution 1.26 4.06%

UC
contribution 20.10 64.59%

MC
Contribution 8.55 27.45%

LC
contribution 1.21 3.90%
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  S(U+Th)[TNU]

Local
contribution 21.26 68.30%

Far Field Crust 9.86 31.70%

Crust geo-
neutrinos 31.12  

          Local 660km contribution
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Within 220km ,contribution 
more than 75%

Within 220km ,contribution 
more than 80%

Within 220km ,contribution 
more than 70%

Within 220km ,contribution 
more than 70%

Each 110km area contribution from detector to 660km
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Summary
1.  Results of LITHO 1.0 is 7% larger than CRUST2.0. In the future , we will 

move to LITHO 1.0 .
2. Chinese local geological work is essential, include crustal structure and 

composition.
3. In its 660km range contribute more than 65%, should be focus on.Upper 

Crust contribute  should be focus on. 



Thanks！

E-mail:hejincheng@ncepu.edu.cn
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