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Does the Earth Shine?

1) The Sun shines with Heat and Neutrinos:

Heat flux: 1.4 kW m−2 (from nuclear reaction)

Neutrinos: 3.6x1010 cm2 s-1 (at the Earth)

2)The Earth shines with Heat and Antineutrinos:

Heat flux: (60-90) mW m−2 (different contributions)

Antineutrinos: 2x106 cm2 s-1 (at the surface)

Terrestrial heat flux: ~45 TW

 radiogenic heat: correlated with the neutrino flux

 non-radiogenic heat
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Mantle cooling

(18 TW)

Crust R*

(7 ± 1 TW)
(Rudnick and Gao ’03;

Huang et al ‘13)

Mantle R*

(13 ± 4 TW)

Core

(~9 TW)
-

(4-15 TW)

Surface heat flow: 46 ± 3 (47 ± 1) TW

(0.4 TW) Tidal dissipation

Chemical differentiation

*R radiogenic heat
(after McDonough & Sun ’95)

total R*

20 ± 4

From McDonough
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Geo-neutrino production from HPEs

Fiorentini et al.Phys. Rep. 2017

HPEs: Heat producing elements

Dominate isotopes:

U238, Th232, K40

In Liquid Scintillator with free

protons, only U238, Th232 are

observable.
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U and Th contributions: chondritic ratio

the ratio of chondritic meteorites (球粒陨石)
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Observation of geo-neutrinos 

First observed in 2005 by KamLAND, then in 2010 by Borexino

KamLAND, Japan (1kt) Borexino, Italy (0.6kt)

~1 event/30 days ~1 event/70 days
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TNU: one event per 1032 free protons (a kiloton) per year

Current experimental status
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Spectral information: U v.s. Th

Spectral information helps in the U & 

Th seperation.

1506.046101303.4667
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Connecting measurements to predictions

To extract useful geological/geophysical/geochemical
information of the Earth, one need to connect 
measurements to predictions.
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Activity and number of produced geo-neutrinos Volume of source unit

Distance between source unit and detector

Abundance and density of the source unit

Survival probability function

Earth structure (

and L) and 

chemical 

composition (a)
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Constructing a 3-D reference model of the Earth

Assigning chemical and physical 
states to Earth volume units
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The BSE paradigm: Bulk Silicate Earth 

Mantle layers:

Continental Lithospheric Mantle (LM)岩石圈地幔

depleted mantle (DM) and enriched mantle (EM) 

BSE= Primitive Mantle = 
Modern Mantle + Crust:
the source of HPEs

Crust layers: 
continental v.s. oceanic
a) sediment + upper crust 
(UC) + middle crust (MC) 
+lower crust (LC)

b) sediment + oceanic crust (OC)

Y. Huang et. al. 2013
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Defining Crustal Thickness: 3 models

 Refraction and Reflection seismic waves: CRUST 2.0

 Surface seismic waves: CUB 2.0

 Gravitational potential field and gradiometer: GEMMA

Y. Huang et. al. 2013
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Abundance and Density

Crust density from CRUST 2.0, Mantle density from PREM

Abundance of Sed, UC: Direct Sampling

Abundance of MC, LC, LM: Seismic data + Lab measurement

Made of felsic (长英质) fraction and mafic (镁铁质) fraction

𝑭𝒗 = 𝑭𝒗 𝒍𝒂𝒃 + 2∗(P−0.6) × 𝟏𝟎−𝟒 −4∗(T-25) × 𝟏𝟎−𝟒

𝑭𝒎 = 𝑭𝒎 𝒍𝒂𝒃 + 2∗(P−0.6) × 𝟏𝟎−𝟒 −4*(T-25) × 𝟏𝟎−𝟒

𝒇 +𝒎 = 𝟏
𝑭𝒗 × 𝒇 + 𝑭𝒎 ×𝒎 = 𝑽𝒄
𝒂 = 𝒇 × 𝒂𝒇 +𝒎× 𝒂𝒎
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Mantle contribution: very uncertain

continental Lithospheric Mantle (LM):
the base of the continental crust, (as deep as 200 km)

the same treatment as the crust
depleted mantle (DM) and enriched mantle (EM): 
homogeneous structure

very different mantle predictions 
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Predicted Global geo-neutrino flux
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Model testing

Current measurements (KamLAND and Borexino) versus 
different predictions

Still cannot distinguish models

1303.4667 1506.04610
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Experimental site of JUNO
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JUNO detector: 20 kt (versus 1 kt of KamLAND, 0.6kt of BX)
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Predicted geo-neutrino flux at JUNO

Strati et al. (2015) 
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Strati et al. (2015) 

Cumulative geo-neutrino signal 
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An independent calculation: R. Han, J.C. He & Y.F. Li
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Signal and background: Yellow book & Han et al. (2015) 
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Physics Potential: Han et al. (2015) 

With 10 years:

Total uncertainty reach 5% (2 TNU)

U: 15% and Th: 30% assuming with a free Th/U ratio
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Extracting the mantle contribution

Comparison of the global reference model (18% crust) and a 
benchmark accuracy of the local model (8% crust)
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Refinement with local data: mandatory 

T2  produces 10.8+2.1
-1.8 TNU, corresponding to 27% of the total 

geo-neutrino signal. 

Characterized by a thick UC, which gives 7.6+1.5
-1.4 TNU, a refined 

geophysical and geochemical model of the UC of this Tile is highly 
desired. 

Need help from our geo scientists!
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Open questions about natural radioactivity in the Earth 

From Fabio Mantovani
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Future prospective

Geo-neutrino measurement:

Directionality: 
a limitation of current LS detectors  Li6/B10 doped 

Site:
ocean-based detector to minimize the crustal signal

Geoscience:
Using all available geological/geophysical/geochemical 
data, heat flux data, and geo-neutrino data

A reference earth model a standard earth model
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Thank you



30

Backup
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Earth’s thermal evolution: role of K, Th & U 

Arevalo, McDonough, Luong (2009) 
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Models for understand Th & U in the Modern Mantle

Inputs

- Bulk Sil. Earth

- Cont. Crust

- Depleted Mantle

Data

vs

Models

BSE Models

Geo-nu

data


