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Conclusions



Can the neutrinos help to understand
the Earth chemical composition, the
Earth history ?

e What are the extreme alternative Earth
models?

 We found:
1.Bulk silicate Earth model (BSE)

2.Hydridc Earth or Primordial Hydrogen rich
planet (HE)



Earth structure

Crust: 7-10 km at ocean
bottom and 30-60 km at

/ continents, p=~3-3.5 g/cm3

Upper mantle: ~660-670 km,
p=~3.5-4 g/cm3

Lower mantle: ~2900 km,
p=~5 g/cm3

Outer core, ~5140 km,
p=~10-11 g/cm3

Inner core, ~6371 km, p=~12-
13 g/cm3, t = 6000°C

At site http://igppweb.ucsd.edu/~gabi/ data for 2° x 2° were available. (Now 1°x1°)

"Neutrino Physics and Astrophysics”,
Valday, Russia, Jan 27 - Feb 2, 2014




Seismology

—
X

—
=

o

Velocity (km/sec), density (g/cm3)

P — primary, longitudinal waves
S —secondary, transverse/shear waves



Bulk Silicate Earth (BSE)

Basic idea:
Earth chemical composition =
meteorite chemical composition =

Asteroid Belt (AB) chemical
composition



Bulk Silicate Earth (BSE)

Chondritic ratio:
R(Th/U) g = my, /my =3,9
There are no any U, Th, K in Lower mantle
and Core
Core - Fe

BSE introduced the problem: The calculated
radiogenic heat 20 TW is not enough to
explain the experimentally measured one
47TW



The asteroid belt (shown in white) is located
between the orbits of Mars and Jupiter.

"Trojans’
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Hydridic Earth (HE) model
( primordially Hydrogen-Rich Planet)

was born 40 years ago and does not killed up to now

e Basic idea:

Planet chemical composition depends on
distance from the Sun.

Earth chemical composition # Asteroid Belt
(AB) chemical composition.



Hydridic Earth (HE)

* R(Th/U) p\g=my, /m; =17

Leonid Bezrukov. Geoneutrino and Hydridic Earth model.
Preprint INR 1378/2014. arXiv:1308.4163

* There are U, Th, K in Lower mantle and Core
* Core - FeH,,

 HE model introduced the opposite problem: The
calculated radiogenic heat 700 TW is larger than
the experimentally measured one 47 TW.
HE model can propose the explanation.



Separation of chemical elements in
solar system was originated by

magnetic field of Protosun

o ° .::-%933




Ratio of Earth crust

chemical element abundances

to Sun

chemical element abundances

versus
first ionization potential
of these elements
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Hydridic Earth
[napnaHaa 3emnA

Hydridic Earth model can explain the hydrogen degassation
of the Earth.
The Earth hydrogen degassation — the hydrogen starts from

surface of the Earth core and goes to the cosmos space through
the long chain of processes.

MeTtannorngpmngHaa Tteopua ctpoeHna 3emsan B. H. JlapuHa
No3B0/In/1a 06 BACHUTHL AAB/IEHME BOAOPOAHON Aerasaumm 3eman.

1. TapuH B.H. T'MnoTte3a M3HavanbHO ruapuaHon 3emnm (Hosas
rnobanbHasa KoHuenuua). M., «Hegpa», 1975, 101 c., (AH CCCP.
MwuHuctepctBo reonornm CCCP. UMTIP3).

2. NNapuH B.H. TnnoTtes3a n3Ha4yasnbHO rmapunaHon 3emnun. 2-e nsa,.,
nepepab. n gon.. - M., Hegpa. 1980, 216 ¢

3. NapwuH B.H. Hawa 3emna (npoucxoxaeHue, cOCTas, CTPOEHUE U
pPa3sBUTUE M3HAYaNbHO ruapuaHon 3emnan). M. «Arap» 2005, 248 c.

4. Larin,V. N., ed. C. Warren Hunt. Hydridic Earth: the New
Geology of Our Primordially Hydrogen-Rich Planet. Polar
Publishing, Calgary, Alberta, Canada, 1993.




1. B.H.NlapuH, K.U.LUmynosuu. Freoxumumnueckne mogenu 3emnmn. C6opHuk
«Mopgenn mexaHUKM cNNOWHDbIX cpen». HoBocnbupck. 1963

NcxoaHbin cocTaB 3emnn (B cBeTe MarHUTHOM cenapauum)

Koadpdpuumenr
HeA0CTaum
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Predicted overall initial composition of the Earth. Major elements are typed in bold

(mass fraction larger than 0.1%).
Chemical differentiation of planets: a core issue. Herve Toulhoat, Valerie Beaumont, Viacheslav Zgonnik,
Nikolay Larin, Vladimir N. Larin. Aug 2012. 15 pp. e-Print: arXiv:1208.2909 [astro-ph.EP]

Element wt% mol% | Element wt% mol % | Element wt% mol %

H 1.830E+01 87.43 Mg 1.389E+01 2.75 Sc 3.601E-03 <0.01
He 1.856E-05 <0.01 Al 8.769E+00 1.57 Ti 2.100E-01 0.02
B 4.220E-05 <0.01 Si 9.028E+00 1.55 V 2.329E-02 <0.01
C 7.550E-01 0.30 P 5.715E-03 <0.01 Cr 1.046E+00 0.10
N 5.562E-03 <0.01 S 3.793E-01 0.06 Mn 4.518E-01 0.04
(0 1.391E-01 0.04 Ci 4.210E-04 <0.01 Fe 1.942E+01 1.67
F 1.260E-07 <0.01 Ar 1.883E-04 <0.01 Co 6.153E-02 0.01
Ne 2.67/5E-06 <0.01 K 3.760E+00 0.46 Ni 1.627E+00 0.13
Na 1.341E+01 2.81 Ca 8.792E+00 1.06

Balance 1,00E+02 100



http://hydrogen-future.com/

“Mukpocelicmuyeckoe 30HOuUposaHue” (Poccniickoe “know how”, aBTop
A.B.lop6aTnKOB) BbISBMNO Y “BOAOPOAHbIX aHOManMin” noasoasiwmne KaHanbl,
yxoadAwme rnyboKo B 3eMHY0 KOPY 1 B MaHTUMHbIE TOPU30HTbI NaHEeTbl. TakKum
obpa3om, yCTaHOBIEHO - NAoWaAHble GHOMAIUU MOOMNOY8EeHHO20 8000pP00a
NUTAOTCA U3 PACNONIOKEHHbIX HA rNyOUHE BepPTUKaAbHbIX TPYO600bpa3HbIX 30H —
cBoeobpas3Hbix “600opodo-nposodos”.



Geochemical model of primordial
Earth (following to Vladimir Larin)

* Geosphere Depthrange,km  Composition

* Quter core 0-100 MgHo,1; SiHo,1; FeHo,1
+MgHn; SiHn; FeHn (n = 10)
e Core 100 - 3730 MgHn; SiHn; FeHn

(n=10)



Geochemical model of modern Earth (following to
Vladimir Larin)

Geosphere Depth range, km Composition

Lithosphere 0-150 CaO;MgO;
Al203; SiO2;Na20; Fe203;H20
Asthenosphere 150 Thin layer of Metalsphere with
high hydrogen concentration
Metal sphere 150 - 2900 Mg2Si:Si:FeSi=6:3:1
Outer core 2900 - 5000 MgHo,1; SiHo,1; FeHo,

+|\/|an; SiHn; FeHn (n = 10)
Inernal core 5000 - 6371 MgHn; SiHn; FeHn (n = 10)



Geoneutrinos
Next step of geoneutrino research

238, 235U, #32Th, *°K decays in the Earth body
are the source of geoneutrinos.

238) - 206ph + 8a + 6e + 6VER + 51,7 MeV
232Th - 208pp + 6a. + 4e + 4VER + 42,8 MeV
VK > *°Ca+e+VvER+1.32 MeV



Geoneutrino flux features.

e Geoneutrino fluxes are less than Solar
neutrino fluxes on the Earth.

e Geoneutrino flux on the Earth
surface depends on U, Th, K
concentrations in the Earth and also
on U, Th, K distribution into the Earth
Interior.



First measurements of geoneutrino.

Borexino detector
Kamland detector

Sudbury detector — will be in operation in
near future.

All obtained results consistence with both
extreme models of Earth.



Borexino detector

Borexino Detector

External water tank ——. | tainless Steel Sphere
Nylon Outer Vessel

ylon Inner Vessel
Fiducial volume

Rope

Internal
PMTs

Steel plates
for extra
shielding



Calculated dependence of counting rate of geoneutrino inverse beta decay
reactions in 1 kt scintillation detector per year versus energy release in the first
flash after neutrino reaction in detector. Blue curve - geoneutrino from U decay,
red curve - geoneutrino from Th decay, black curve - calculated background
from reactors for Gran-Sasso location
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Conclusion

* We propose to investigate the Th/U
signal ratio from observed geoneutrino
energy spectrum.

 We obtained that the exposition not less
than 25 ktRlyear is necessary to

distinguish between extreme cases: BSE
model and HE model.

L.Bezrukov, V.Sinev arXiv: 1405.3161v1



JUNO plan: a large LS detector
2020 year

~ Muon detector

. Water seal

- ~15000 20” PMTs

_ coverage: ~80%

~ Steel Tank

6kt MO

j‘__i--f,?_:%ZOkt water

- 1500 20” VETO PMTs

__________
_____



LENA detector layout

Liquid Scintillator
ca. 69kt LAB

Concrete Tank
r=16m, h =100m

PMT support structure
radius: 14m

32,000 12-PMTs
Winston cones
optical coverage: 30%

Optical shield

s

Active volume
ca. 50kt of LAB

Michael Wurm  (UHH)

20

Electronics Hall
dome of 15m height

™ Top Muon Veto

gas/solid scint. panels
vertical muon tracking

" Water Cherenkov Veto

2000 PMTs, Dr > 2m
fast neutron shield
inclined muons

" Egg-Shaped Cavern

about 105 m3

Rock Overburden
at least 4000 mwe



40K decay scheme

40K

% B, 89.25%, E <1.311 MeV

€, 10.55%, E = 0.044 MeV

v, E = 1.460 MeV

¥ &, 0.2%, E = 1.504 MeV

4°Ar 40Ca

"Neutrino Physics and Astrophysics”,
Valday, Russia, Jan 27 - Feb 2, 2014
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Antineutrino and neutrino spectra of 4°K

1E+2
V, 10.55%
10 o
Vv, 89.25% 0.2%
— Ve

o /
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1E-4
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Energy, MeV



Borexino
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Recoil electrons spectrum from 4°K in
BOREXINO v, +e >V, +e

10° g—
i MC (346x 109)
108 ¥

+ pp-v(133.0)

10* :
: 3"“.‘3@0 (656.0) 0
10° : { 7Be-v (460) K (1-4)

i/ ®Kr(35.0)

Counts / (1 keV x 147 days x 75.5ton)
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e
~ ——
10 =~ '{ pep-v (3.2) \\__
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Conclusion

 We showed that the effect from 4°K
geoneutrinos can achieve value of 10% from
’Be solar neutrinos effect

* Borexino could estimate the upper limit on
the total potassium abundance in the Earth

V.Sinev, L.Bezrukov, at al. arXiv: 1405.3140v2



Neutrino Earth tomography
by atmospheric neutrino

Matter effect is proportional to electron density:
Z

Ne ~ Z p

BSE model:

Core — Fe

~ = 0,464
A
=12,5g/cm?

pcore



Predicted overall initial composition of the Earth. Major elements are typed in bold

(mass fraction larger than 0.1%).

Chemical differentiation of planets: a core issue. Herve Toulhoat, Valerie Beaumont, Viacheslav Zgonnik,
Nikolay Larin, Vladimir N. Larin. Aug 2012. 15 pp. e-Print: arXiv:1208.2909 [astro-ph.EP]

Element wt% mol% | Element wt% mol % | Element wt% mol %

H 1.830E+01 87.43 Mg 1.389E+01 2.75 Sc 3.601E-03 <0.01
He 1.856E-05 <0.01 Al 8.769E+00 1.57 Ti 2.100E-01 0.02
B 4.220E-05 <0.01 Si 9.028E+00 1.55 V 2.329E-02 <0.01
C 7.550E-01 0.30 P 5.715E-03 <0.01 Cr 1.046E+00 0.10
N 5.562E-03 <0.01 S 3.793E-01 0.06 Mn 4.518E-01 0.04
(0 1.391E-01 0.04 Ci 4.210E-04 <0.01 Fe 1.942E+01 1.67
F 1.260E-07 <0.01 Ar 1.883E-04 <0.01 Co 6.153E-02 0.01
Ne 2.67/5E-06 <0.01 K 3.760E+00 0.46 Ni 1.627E+00 0.13
Na 1.341E+01 2.81 Ca 8.792E+00 1.06

Balance 1,00E+02 100



Geochemical model of modern Earth (following to
Vladimir Larin)

Geosphere

Lithosphere
Asthenosphere

Metalsphere
External core

Inernal core

Depth range, km Composition

0-150

150

150 - 2900
2900 - 5000

5000 - 6371

CaO;MgO;
Al203; SiO2;Na20; Fe203;H20

Thin layer of Metalsphere with
high hydrogen concentration

MgaSi:Si:FeSi=6:3:1

MgHo,1; SiHo,1; FeHo,

+MgHn; SiHn; FeHn (n = 10)
Man,' SiHn,‘ FeHn (n = 10)



deplh, bm
o — : , . . . |
Fig.  Eanhdensity profile: density verss Earth depth. Dotted Ang is standard grifibe. Sobid lin
profile proposed by Hydridic Easth model of WV, Lasin [ 2],




Seismology

—
X

—
=

o

Velocity (km/sec), density (g/cm3)

P — primary, longitudinal waves
S —secondary, transverse/shear waves



Speed of sound in solids

* The sound velocities of two types of acoustic

waves propagating in a homogeneous 3-
dimensional solid are :

K+
V,= >
N

where p — density, K— bulk modulus or coefficient
of stiffness, G — shear modulus.



Earth core composition

e G=0inliquid.
 Kand G depend on pressure, chemical
composition, phase of material, temperature.

e There are no information about K and G for
conditions of the Earth core >

— there are no correct information about
density, chemical composition, phase of
material, temperature in the Earth core.



Neutirno Earth tomography

Matter effect is proportional to electron density:

Z
Ne ~ Z p

BSE model: HE model:

Core - Fe Inner Core - FeH,,
2 20,464 2 20,545

A A

Peore = 12,5 g/cm? Peore = 24 g/cm?

External Core
=12 g/cm?

pcore
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arXive: 1401.2046v1 Letter of Intent
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Figure 25: The impact of a changed core composition on the muon-neutrino survival probabhilities is
demonstrated by comparing the left most figure (pure iron core) and the middle figure (iron mixed
with lighter elements). Signature of a pure iron Earth core with respect to a model assuming the same
composition for mantle and core are shown on the right. The true neutrino energy and direction are
shown for one year of data with 35% electron neutrino contamination.



arXive: 1401.2046v1 Letter of Intent
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The range Z/A=0.55-1.0
is predicted by HE model



conclusion

* PINGU and Geoneutrino detector of next
generation (LENA type) should give us the
important information for Earth sciences.



Pe3ynbTaTbl M3y4eHUA 3INEeKTPUYECKOro
nona 3emnau 8 AN PAH

* HabnroaeHna snekTpnuyeckoro npmnu3emHoro
nona Ha bakcaHCKON HEUTPUHHON

obcepsaTtopumn NAN PAH (BHO). Mpnbop ana
HabntoaeHn bbin co3aaH ak. AnekcaHapom
HYynaKkoBbiMm.

 HabntoaeHma 3a 3INeKTPUYECKMM NoJsiIeM B
o3epe bankKan.
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YHuBepcanbHbIN MIHCTPYMEHT AN U3BMEPEHUS NPU3EMHOIO
ANEeKTPOCTaTUYECKOro Nonst atMocdepbl U ANEKTPUYECKOro Toka

AO0XOA

N3mepeHune
3NEeKTPOCTAaTUYECKOTrO U
MeaNEeHHO MeHAKWeroca nons
B Anana3oHe oT -40 KB/m oo
+40 KB/m c TouyHOCTbIO ~ 10
B/m.

JNEeKTPUYECKUIN TOK A0 AA
n3mepseTca B AnanasoHe oT -
50 HA/mZ go +50 HA/M2 ¢
TouyHOCTbO ~ 10 NA/Mm2.

NHCTpyMeHT no3sonaet
N3MepATb HE TO/IbKO rPO30BoE
none, Ho u ¢oHoBoe (none
XOPOLLUEN NOroApbl) e AUHbIM
METOA0M.
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CyTOYHbIN X0, YHUTAaPHOW BapuaLMmM HaNpsaKEeHHOCTU No cpeaHemy FpUHBUYECKOMY
BpeMeHu (c. r. B.) 3/IeKTPUYECKOro Nona Haj okeaHamu (1),
B NoNApHbIX 06nacTax (2) u cyTOYHbIN Xo4, NAoWaan, 3aHATOM rpo3amum (3).
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[MpnsemHoe anekTpuyeckoe none (bHO) xopowen noroasbl 19, 20, 21,
22, 23, 27 ceHTa0ps 2007 roga. Bpema mectHoe. YcpeagHeHue 20 c.
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GEOPHISYCAL MOORING

Electrode 2 connects to plus (+) terminal of voltmeter

Buoy ——()
Buoy \(

Synthetic rope ~ .
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Surface — bottom electric potential difference
22 — 30 August 2008 year.

U, bottom -
surface, mV
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Foreshocks

M\J Earthquake 6.4

magnitude on the Richter
scale




BbIBObl

[MonyyeHHble AaHHble MOTYT ObITb MOHATbLI, €CK
npeanonoKuTb, YTO ra3bl, BbiIXxoAsALlMe U3 Heap 3eMnu —
3apAXKeHbl.

Ha BHO 1 Ha BarKane 311 ra3sbl HecCyT NONOXKUTENIbHbIN
3apag ( +).
NonoXXuntenbHO 3apAXKeHHble MOHbI B XOpOLYIo noroay

NOAHMMAIOTCA BBEPX HarpeTbiMm BO34YyXOM. ITOT npouecc
MOXeT 3apAaXKaTb aTmocdepHbI KOHAEHcaTop.

3TOT MEXaHU3M NO3BOSIET MOHATb CYTOUYHbIN X0/,
YHUTAaPHOM BapuaLum HanpsaXeHHOCTU Mo cpeaHeMy
[PUHBUYCKOMY BPEMEHU INEKTPUYECKOTO MOA XOpoLlen
noro/pbl HaJ OKeaHaMMu.,



Global map of the flow of heat, in mMWm-2, from Earth's interior
to the surface. Higher heat flows are observed at the locations of
mid-ocean ridges, and oceanic crust has relatively higher heat

flows than continental crust.




JKcnepumeHTanbHble GaKTbl

* 3MepeHHbIN 3/IEKTPUYECKUMN TOK pa3paaa
3€MHOro KOHAZEHCaTopa 3a CHeT MOHU3ALUUN
Bo3ayxa — 1800 a. ToK pa3paga
MHULUMNPYETCA KOCMUYECKUMU NYHaAMU U
CYLLECTBYET MNOBCEMECTHO.

* Tok 3apAAa 3eMHOro KOHAEeHcaTopa A0NXKeH
6biTb .., = 1800 a. Ecnu He 3apsaKaTb
3eMHOMW KOHAEeHCcaTop OH pa3pAaUnTcA yepes
nonvaca.



Earth electrical currents
in the HE model




Earth electrical currents
in the HE model




ToKun B 3emne

Inner core Outer core Metal sphere
MgH, MgH<<& Mg+H Mg+ H->Mg +e +p

[loBblweHMe T 3a cyeT pacnaaoB PaaNOaKTUBHbIX
M30TONOB NPUBOAUT Ha FrPaHULUe Aapa 3eMn K
NosABAEHUNIO CBOOOAHbIX 3N1EKTPOHOB M MPOTOHOB.

Pa3HaA ckopocTb andpdysum € n P npnusoguT K
NPOCTPAaHCTBEHHOMY pa3aeneHuto 3apagos B Metal
sphere 1 K NOABNEHUIO 3/IEKTPOHHOIO MU NPOTOHHOIO
TOKa B HanpaB/ieHUU NO paanycy 3emnu B Bepx. B
HACTOALWMN MOMEHT Mbl UMeeM U3ObITOK 06 bEMHOIO
3IEKTPOHHOrOo 3apAaa B Tene 3eM/un.



OKKNnro3us

OKKnto3msa (nosgHenat. occlusio — 3anunpaHue, ckpbiBaHue, oT naT. occludo —
3anunpato, 3aKpbiBato), NOrNoLeHne BelecTBa U3 ra3oBomn cpeabl TBEPAbIMU
Tenamm nnm pacnnasamu. MNpu O. ra3bl NOrNOLWAOTCA HE MOBEPXHOCTHLIM C/IOEM, A
Bcem ob6bémom nornotutena. B atom cmbicne O. noaobHa abcopbumnm —
PACTBOPEHMUIO ra30B B XKMAKocTax. Hambonee xapaktepHa O. ra3oB meTannamu,
Hanpumep Boaopoaa metannamu VI rpynnbl nepmoanyeckom cuctembl
31eMeHTOB. TaK, Npn KOMHaTHOM TemnepaTtype 1 06bém npuamna nornowaeTt
6onee 800, a nannagmsa — 6onee 700 06vEMOB Boaopoaa. OKKNOAMPOBAHHbIN
ras gaéTt c meTannamm TBEPAbIA PACcTBOP; MHOMAA YacTb NOr/IOWEHHOrO rasa
0bpasyeT C HUMN XMMUYECKMe coeaMHEHUA (Tnapuabl, HATPUAbLI 1 Ap.).




Proton exchange membrane fuel cell
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Hydrogen analyser CHA (SocTrade)
from 400 ppm
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INeKTPOoHbI, AndPyHAUpPYOLWME Mo pagnycy 3emam oT A4pa K Kope co
ckopocTblo ~0,1 mm-c! 06pasyloT MarHUTHoe noJsie, HanpasaeHHoe OT
IOXKHOTO reorpadpuryeckoro nositoca K CeEBepPHOMY NoJoCy.
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OTKNIOHEHUEe ycpeaAHEHHOro BeKTopa B oT ocu BpaweHus
3emnn moxKeT bbiTb 06yc/10BN1EHO HEOAHOPOAHOCTbIO
TemnepaTyp B Tesne 3emnu.



Global map of the flow of heat, in mMWm-2, from Earth's interior
to the surface. Higher heat flows are observed at the locations of
mid-ocean ridges, and oceanic crust has relatively higher heat

flows than continental crust.




[1aHHble EBponenckon muccmm Swarm.
3 cNyTHMKa 3anyweHbl 22 HoA6.2013
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[lycTb Mbl namepaem HaNPAXXeHHOCTb
MarHUTHOro NoaA Ha noakce 3emMnu
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(Hago cpaBHUTb C BEANYMHOM HANPAXKEHHOCTU NONA
Ha NoJitoce 3emnum
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HE moaenb 06bACHAET BE/IMYMHBI MAarHUTHbIX MOJIEN NAAHET.
Mapc v JlyHa yXXe notepann sogopoa U He UMerT MarHUTHOTo
nonAa. BeHepa meaneHHO BpallaeTcA.
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BbiBOAbI

B pamkax HE moaenu:
ChopmynnpoBaHa naea moaenm sneKTpu4ecKoro
nona 3emnu M NNaHer.

ChopmynmnpoBaHa naea moaenm MarHUTHOro NOAS
3emMaun M naaHer.

[lpoaeMOHCTPUPOBAHA CBA3b 3/IEKTPUYECKOTO U
MarHMTHOro rnosaeun 3emaun c SHeproBblaeNEeHUEM B
3emne.

MoryT 6bITb 06 bACHEHbI CYTOYHbIN X0, YHUTAPHOM
BapuauuM HaNPAKEHHOCTMN SNEKTPUYECKOro noas
XopoLlen Nnoroabl Hag, OKeaHaMmn WU
nepenosItoCOBKa MarHUTHOIO NOAA 3eMAu.



Dparema

Cucrema

Oraen

Apye

Tunepaona
NonApHMOCTS
Bpoma,

MNH. NET

KARHO30ACKAR

Yaroepruyman

Heorewosan

NMnsouen

ANwepoHCKHA

A /9B B NBE KA

KMMMEPHAC KK

Moutwyecwin

MaoTHyecxui

Capmarcuni

KoHKCKuk

Cpeareasnatcxkan (NA)

Kaparavcrwi

Yo KpaKcKuA

Tapxancrmi

Kouaxypcrwi

Cakapayneckuh

KanxalCxKui

- 25



Surface heat flux

Bore-hole measurements

Heat Flow

Global Heat Flow Data (Pollack ef al)

ternational Workshop on Prospects of Particle Physics, Valday, January 2014 Livia Ludhova




Earth's energy imbalance

Atmos. Chem. Phys., 11, 13421-13449, 2011
www.atmos-chem-phys.net/11/13421/2011/

e J. Hansen'?, M. Sato!2, P. Kharecha'?, and K. von Schuckmann?
INASA Goddard Institute for Space Studies, New York, NY 10025, USA
2Columbia University Earth Institute, New York, NY 10027, USA
3Centre National de la Recherche Scientifique, LOCEAN Paris, hosted by
Ifremer, Brest, France

* Improving observations of ocean heat content show that Earth is
absorbing more energy from the Sun than it is radiating to space as heat,

even during the recent solar minimum. The inferred planetary
energy imbalance is 0.58 + 0.15 W m~ during the 6-yr period
2005-2010

* 0,58Wm=2-51-10*m?=3-10“W=300£76 TW



MpumepHo 90% M36bITOYHOrO Tenna 3emnA HakanMBaeT B
OKeaHax. [loTomy MMeHHO OKeaHu4YecKkne uccnenoBaHuUA
ABNAIOTCA peLllalowmMmm Ana yTOUHEHUA moaenen rpagyLumx
nepemeH KammaTta (boto Argo Project).




Argo Project

[nobanbHbIM 0xBaT ceTn ByMKoB npoekTa Argo.
Ha aaHHbIN momeHT B MMPOBOM OKeaHe
nnasaet 3476 annapaToB 3TOMN CUCTEMbI
MOHUTOPUHra. OamH 13 Taknx byes bbin
NOKas3aH Ha npeablayLwem CHUMKE .
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* A graph of the sun's total solar irradiance shows that in
recent years irradiance dipped to the lowest levels recorded
during the satellite era. The resulting reduction in the
amount of solar energy available to affect Earth's climate
was about .25 watts per square meter, less than half of
Earth's total energy imbalance.



il
H = PCp / T[z}dz - water density, Cp- sea water specific heat capacity,

h2 h2 - bottom depth, h1 - top depth, T(z)- temperature profile.
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http://upload.wikimedia.org/wikipedia/commons/b/bb
/1000 Year Temperature_Comparison.png

Reconstructed Temperature

0.6
o
0.4 Medieval 2004 *
—~ Warm
& 0.2 Period
> \
= "\of o
N A '
E 0.2 "rf 0 (i 1“ ﬁ\‘\ \ ﬂ‘\f'ﬁ .- -'?'.‘ﬁ ’
o \ ey ‘,f'f& WAl YN t*
§ 04 o A\ RAERAN A
5 V| i VY
S-06 ‘ , ik
- .08 \

1} Little Ice Age
1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000




Photo of the Apollo 15 CDR setting up a deep drill. Drilling and extraction on
the moon was very difficult and must have caused significant heating. Unless dark drill
segments were immediately placed in the shade they would have been substantially
heated. NASA photo AS15-87-11847.




Moon photo in infrared




Conclusion

* We introduce the new problem: where and
how the Earth radiogenic heat is lost?

 We support the idea that the Earth heat flux
can be not stable.

* The precision measurements of the heat flux
during long period are highly important to
investigate the heat flux stability.



