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Abstract. Experimental data on geoneutrinos allow to admit that masses of U, Th and K
in the Earth can be up to my = 1.7 - 107 kg, my, = 6.7 - 10'7 kg and myg /mpa ~ 2%.
These values correspond to intrinsic Earth heat flux in ~300 TW. The most part of this
flux goes up in rift zones as a heated gases. Argo Project results and the measurements of
the Moon intrinsic heat flux support the existence of such a big flux. So large of U, Th,
K abundances were predicted by Adjusted Hydridic Earth model.

Introduction

The connection of geoneutrinos and Earth thermal flux was known for a long time. Detecting of
geoneutrinos on the surface can give the exact value of radiogenic part of all heat produced inside
the Earth [1]. Thermal flux is obtained by measuring the temperature gradient in the crust. The most
exact value 47 + 2 TW is obtained by the averaging of experimentally measured points. This method
includes only part of the energy passing through the crust by conductivity way and does not take
into account other possible ways of energy transfer. For example, the formation of gases could take
some heat and decrease the conductivity termal flux. Gas may pass the crust and release the energy
somewhere in the ocean.

We considered a number of possible Earth thermal flux values and concluded that value of order
300 TW is preferable. This value may be easily explained if to admit the abudances of potassium
and uranium with thorium in larger amounts inside of the Earth core. We proposed here the Adjusted
Hydridic Earth model which can explain as the value of thermal flux in 300 TW and also the measured
number of events in ongoing geoneutrino experiments.

1 Earth models
The Bulk Silicat Earth (BSE) model [2] gives:
mpse(U) = 0.81 - 10'kg,
mpse(Th) = 3.16 - 10" kg,
mase(*°K) = 0.58 - 10'7kg. (1)
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Table 1. Geochemical model of modern Hydridic Earth

Geosphere Depth range, km  Composition
Lithosphere  0-150 Ca0, MgO, Al,03, Si0,, Na,O,
FeO, HQO
Astenosphere 150 Thin layer of Metalsphere
with high hydrogen concentration
Metalsphere 150 -2900 Mg,Si:Si:FeSi=6:3:1
External core 2900 - 5000 MgHy 1, SiHy 1, FeHy
+MgH,, SiH,, FeH,, (n = 7)
Inernal core 5000 - 6371 MgH,, SiH,,, FeH, (n = 7)

This amount distributed only in the Crust and Upper Mantle in framework of BSE model.

There is an alternative Earth model [3], [4] named Hydridic Earth (HE) model which predicts the
primordial chemical elements composition of the Earth.

Vladimir Larin [3] used the idea that the separation of the chemical elements in the solar system
(chemical differentiation) was originated from the magnetic field of the Protosun. He found the law:

Xu

X
(X_Si)P/cmet = (X_Z)Sun . F(RPlanet’ EIP(M)) (2)

where X, is the mass fraction in the planet mass of the chemical element with atomic number

M, E;p(M) is the ionization potential of the chemical element with atomic number M in eV, Rpjyper 1S
the Planet distance to the Sun. In the work [4] the function F was proposed for the Earth in the form:

F(Rearn, Erp(M)) = 12100 - ¢~ 11337 Eie(M) 3)
We obtained from (2) and (3):

myp(U) = 3.18 - 10'kg,
my(Th) = 1.05 - 10'%kg,
mye(PK) = 2.63 - 10kg. 4)

by using experimental data of (’;—Z) sun from [5] for the Sun and the data for E£;p from [6]. Function
F from (3) is the theoretical one and can be adjusted.

The 18.3% of the Earth primordial mass is predicted to be Hydrogen [4]. The inner Earth would
have been and still could be hydrogen rich. The most part of primordial hydrogen have escaped to
atmosphere and space through the degassing of the mantle. Model suggests that large amounts of
hydrogen are still located in the core.

Hydridic Earth model predicts huge amount of “°K in the Earth.

2 Experimentally measured uranium and thorium geoneutrinos

Geoneutrinos were detected with two experimental setups for the moment. They are: Borexino de-
tector [7] constructed for the "Be solar neutrinos registartion placed in Gran Sasso Laboratory and
KamLAND detector [8] for testing neutrino oscillation parameters in solar region placed in Kamioka
Observatory. Both detectors discovered geoneutrino flux that are in accordance with predicted values.
Prediction is based on BSE model. On figure 1 antineutrino spectra are shown for three main isotopes
emitting geoneutrinos. It is seen that only part of spectrum can be detected for 233U and 23?Th using



EPJ Web of Conferences 125, 02004 (2016) DOI: 10.1051/epjcont/201612502004
QUARKS-2016

?102? _zasU
[7) - _232Th
T -
% = 40K
4

10

1

10'1?

I c L e L

l )
1000 1500 2000 2500 3000 3500
Antineutrino energy, keV

|
500

Figure 1. Antineutrino spectra from 233U, 232Th and “°K per decay. On X axis the antineutrino energy and on Y
axis the number of neutrinos emitted per keV energy bin in one decay are shown.

Table 2. Counting rates of Borexino and KamLAND

Detector Tneas, days N, Neyent R, TNU*
Borexino 2056 (0.977+0.05)x 103 2377300 435
KamLAND 2991 (5.98 +0.13) x 10°! 116*2 23.7

*TNU = 1 event per 10°? protons per year

the inverse beta-decay reaction on proton. This reaction has a threshold 1.8 MeV. *°K spectrum is
totally under this threshold.

Counting rates of geoneutrinos are shown in table 2. From the table one can see that counting
rate of geoneutrinos is extremely low for both detectors. It does not contradict to any Earth model,
better to say it agrees with all possible models. To check models and distinguish between them one
needs to accumulate sufficient statistics (4000-5000 events). Easily to estimate that Borexino needs
to be operatable at least 1000 years to achieve this statistics. The only one way for investigation of
geoneutrino fluxes is to develope a special detector having target mass no less than 10 kt and low
background.

3 Earth thermal flux

Thermal flux of the Earth is known for a long time. It is considered that the flux is produced by
decays of long lived radioactive elements such as 23¥U, 2>2Th and “°K. According to BSE model (1)
the total radiogenic thermal flux is about 15 TW. Other part of the flux is considered to be produced
by a number of not radioactive reasons [2]. Let consider the possible values of thermal flux that are
known today.
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3.1 Conductive part of heat flux

The value of Earth thermal flux was measured by installing of thermosensors in the drilled holes all
over the world in cotinental and ocean crust [9]. The data were averaged and some methods of data
interpolation were used. As a result the value 47 + 2 TW was obtained. It is nesessary to stress that
this value was changing from 30 to 47 TW during 2000-2010 years with changing of the interpolation
methods.

This method does not account the possible ways of thermal transmission other than thermocon-
ductivity.

3.2 Heat transfer in oceans

Energy imbalance in oceans was observed by use of monitoring temperature profile down to 2 km
of depth in a numerous points. It is so called the ARGO project[10]. By monitoring of temperature
during 6 years and using about 4000 special devices floating in different parts of world ocean they
found that the accumulated energy in 2 km layer of ocean corresponds to ~5x10%2]. This fact can be
interpreted that ocean was heated this period mostly by intrinsic Earth source of heat. The value of
thermal flux from this source must be 300 TW.

3.3 Earth thermal flux recalculated from the measured one on the Moon

Interpretation of surface heat flow is considerably less ambiguous on the Moon becauce is thought
to be directly related to the abundance of radioactive elements. If the Moon and the Earth consisted
of the same elements the thermal flux of the Earth is proportionally larger than the one of the Moon
with coefficient of masses ratio. For the moment we know three measurements of Moon thermal flux:
measurements by Apollo 15 and 17 missions [11], registering of radio waves from the Moon of 10 cm
and 20 cm wavelengths [12] and measuring of surface temperature at the permanent dark places on
Moon surface on the Moon south pole region [13], [14]. According Apollo measurements the Earth
flux is appeared 43-65 TW. Second method gives the value about 170 TW. Third method gives the
largest value 420 TW.

4 Potassium abundance problem

BSE model does not give the large value of potassium abundance in total Earth mass. It is considered
that all potassium is concentrated in the crust. Potassium abundance in the crust is about 2% in weight.
But the absence of potassium inside of Earth is based on the fact that meteorites have low abundance
of potassium. In reality we have no information about potassium abundance inside the Earth below
the crust. If its abundance in the Earth is about the same as in the crust the thermal flux could be much
more larger than predicted BSE model. The only way to obtain information on the potassium inside
the Earth is to measure antineutrino and possibly neutrino fluxes from “°K which content in natural
potassium is 1.17x1074,

Calculated heat flux from °K is ten times larger than one from 2*8U and ?*>Th in sum in case of its
abundance on the level of 2% all over the Earth. From previous section where we discussed possible
values of thermal flux we showed that Earth termal flux might be up to 300 TW.

Thermal flux from *°K can be nondirectly checked by registering antineutrino and neutrino fluxes
produced by “°K. In [15],[16] the spectrum of recoiled electrons from “°K was compared with spectra
from other neutrino sources in Borexino detector.
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Figure 2. Area of “°K spectrum and solar neutrino spectra (pep and CNO). Main background spectra are also
shown. On X axis the energy released per single event in the detector and on Y axis the event number per 1000
keV energy range per day in one ton of a target are shown. Numbers show the count rate per day from a source.

5 Adjusted Hydridc Earth model.

Can we explain the results of geoneutrino flux measurements and the value of heat flux derived
from Argo experiment in the frame of HE model?

We propose the following adjusted HE (AHE) model. We took the function F from (3) about
twice less in the region of small E;p. It gives us m uz(U) = 1.7 - 10'7 kg, myye(Th) = 6.7 - 10'7 kg,
mae(*K) = 1.2- 10" kg.

The equation relating masses and heat production is

H=m. 2o Crdese o (5)

where N,,— Avogadro number, A— atomic number, E,.cq5.— €nergy release in decay chain in
MeV, 7 = t1),/In2— mean lifetime of isotope, @— the conversion factor 1 MeV = 1.602 - 10713 J.

6- 1023[ » 47.7[MeV]
238 & 17 645.109-3.15- 107[s]

HU) = 1.7- 10”[g] -1.602 - 10713[1]

=16.1 TW, (6)

6-10% 40.4[MeV]

. -1.602 - 10713[J
732 & 1 503100315 1078] 1]

H(Th) = 10.5 - 10*°[g]

=18.0 TW, (7)
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Table 3. Number of events in modern detectors for 14z - year exposition

Site Experimental Calculated

count rate one

Borexino 435+12.5 38.1

KamLand 23.67 + 5.61 31.8

6-10% 0,89 -0.598[MeV]
H™K)=1.2-10% .= -1.602-1078[1] =
K eIt 1 T3 10 3.05 - 107]3] 1]

270 TW. (8)
H = H(U) + H(Th) + H(*’K) = 304 TW. )

This heat value is produced mostly by °K decay and is consistent with Argo experiment results
[10].

The experimental signal of the geoneutrino detectors depends not only on m(U) and m(Th) but
also on the distribution of U and Th in the Earth’s interior. The calculations show that decays in the
crust matter surrounding of the detector give the main contribution to the experimental signal [2]. The
Hydridic Earth model predicts the existence of the Earth hydrogen degassation process. Hydrogen
appears on the surface of the Earth core and goes up to the cosmic space through the long chain of
processes. During this way the hydrogen flow purifies the metallic mantel volume up to lithosphere.
So U and Th must locate in the present-day Earth mostly in the core and the lithosphere. The Internal
core of present-day Earth still could be primordial and could have the primordial U and Th densities.
The existence in the present day Earth core of the large amount of U and Th is natural in the frame of
the Hydridic Earth model.

We took for the crust U and Th distribution according to BSE model and for mantel and core the
concentrations of U and Th were chosen to satisfy the observed counting rates (Borexino and Kam-
LAND). The results of calculation of geoneutrino detector counting rate for Borexino and KamLAND
in the frame of AHE model are given in Table 3.

We demonstrated that Borexino and KamLAND results and Argo experiment result can be under-
stood in the frame AHE model.

Conclusion

1. We found that the total Earth thermal flux might be larger than one measured using the tem-
perature gradient.

2. We proposed Adjusted Hydridic Earth model with myyg(U) = 1.7 - 10"7 kg, m gp(Th) =
6.7 - 10" kg, mz(**K) = 1.2 - 10" kg. This model can explain the observed geoneutrino fluxes and
the high thermal flux.

3. The detector with a target 10 kt is needed to accumulate at least 4000—5000 geoneutrino
events in 10—20 years of operation time. Directional analysis could clarify the question: Has the
core some radioactivity or not? Extra pure scintillator allows to measure “°K spectrum and estimate
the potassium amount in the whole Earth. This will make understandable the total Earth thermal
flux. For better separation of “°K spectrum and neutrinos from CNO cycle it is very desirable to have
independent measurement of CNO neutrinos.
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