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Pale Blue Dot
a photograph of Earth
taken on 14 Feb 1990, by
Voyager 1 from a
distance of about 6 billion
kilometers



The Blue Marble
a photograph of the
Earth, taken on
7/ Dec 1972 from
Apollo 17 at

a distance of
ke . ~45,000 kilometers




What questions? Structure

L

Composition
Processes
Origin

Evolution




How would you study this apple?




Scientific drilling

Fanland

Kola Superdeep Borehole
12.262 km deep

compare with Earth radius
~06371 km
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THE DEEPEST HOLE



Measurement and analysis of
gravity field, magnetic field

Study of earthquakes and T Geochemical analyses of rock and
propagation of seismic waves T AN meteorite samples

Experiments in minerals at high N Numerical modeling of dynamic
pressure and temperature flow and deformation in the interior

First principles (“ab initio”) Fluid mechanics experiments in
calculations of material properties laboratory

Detection of geoneutrinos,
‘particle geoscience”




Layered Earth

e Compositional layering:
® Core
e mantle

® crust

e [ ayering according to
mechanical properties:

® |nner core
® Quter core
e sublithospheric mantle

¢ |ithosphere




late tectonics, motion in Earth interior

’ theory developed in late 1960s and 19/70s

PHERE

DIVERGEN

plate velocities
~ few cm/year

Tectonic plates World seismicity (earthquakes)
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Numerical modeling of "mantle convection”

Thermal convection:
hot material rises
Computer \ cold material sinks

simulation

Solving equations of

'_ conservation laws

= Teplota using computer
273K 3000K

0 Myr L B

From Hana Cizkova, Katedra geofyziky




Mantle convection, plate tectonics

From BBC documentary film “Earth: The Power Of The Planet” (youtu.be/ryrXAGY1dmE)


http://youtu.be/ryrXAGY1dmE

Energy source for convective motions ?7?




Measuring Earths surface heat flow

Global heat flow measurement sites
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Earth loses
~ 46 TW (terawatts)

Map of global heat flux

From Davies & Davies 2010



Energy source for convective motions ?7?

What feeds Earth surface heat flow ??

k * * fi*fm Basic energy balance:

Surface heat flow

Cooling of the interior

=

Heat sources




“Primordial” heat

Earth started hot
and has been cooling since




Energy sources in Earth's interior?

Long-lived radioactivity
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Chemical composition of the Earth
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~few tens of parts per billion (ppb) of Uranuim

~four times as much Thorium (Th

~few hundred parts per million (ppm) of Potassium

0-30 TW jof radiogenic heating

Could we get a better estimate??



2015 Physics Prize

—_ -

lll: © Johan Jarnestad/The Royal Swedish | .
Academy of Science Takaaki Kajita: "I Gave My Wifea "A Fundamental

2015 Nobel Prize  Kind of Hug!" Discovery in
in PhYSiCS Unbelievable!" “It's ironic, in order to observe the Physics"

sun you have to go kilometers
under ground. That's not what you
would expect." says Arthur B.
McDonald, awarded the 2015
Physics Prize.

The discovery that neutrinos are
not massless makes a difference,
says Professor Olga Botner,

The Nobel Prize in Physics 2015 An interview with Takaaki Kajita
was awarded jointly to Takaaki immediately following the

Kajita and Arthur B. McDonald "for announcement of the Physics Prize.
Hear how he reacted when he got Member of the Nobel Committee
the call that he has been awarded for Physics, when interviewed about

the 2015 Nobel Prize in Physics. the importance of this year's Nobel
* Interview and transcript Prize in Physics

the discovery of neutrino
oscillations, which shows that
neutrinos have mass".

FUNDAMENTAL PHYSICS Neutri vsluni!
FUNDAMENTAL PHYSICS
BREAKTHROUGH eutrrina na vysuuni:

PRIZE
) P—
Kam-Biu Luk and the Yifang Wang and the i(:elc:;faf\:;h%;f(wa and ‘. Atsuto Suzuki and the
| Daya Bay Collaboration Daya Bay Collaboration i KamLAND Collaboration
Collaboration
W,

Yoichiro Suzuki and the
Super K Collaboration

Arthur B. McDonald and
the SNO Collaboration

Takaaki Kajita and the
Super K Collaboration

Veetné kolegt z UCJF na MFF UK, &lenl Daya Bay Collaboration
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What are neutrinos?

Standard Model
of elementary particles

B~ decay

- 5 Proton

— electron antineutrino



What are geoneutrinos?

Electron anti-neutrinos emitted in 3- decays
of naturally occurring radionuclides

51.698 MeV

238U }206 Pb + 8o -

232Th %208 Pb + 6« -

89.3 %

K == 0Ca + e

Decay energy

~20% carried away by antineutrinos
~80% heats the Earth’s interior

Earth essentially transparent to neutrinos.
They fly out at near-light speed along straight path.



Earth, an “antineutrino star”

Emits electron antineutrinos created inside the Earth

VT
\\\ / Some 10

olllifels
N geoneutrinos
™ B flying through
- ving throug
each of us
every
/ second
s ond...
A{/ .




Loos e D>

~ chemical composition | «— «<— | ~radiogenic heating
How much K, Th, U 22 10 or 20 or 30 TW ??



Prediction of geoneutrinos at Earth’s surface

If we could count geoneutrinos...



Geoneutrino-detecting underground physics laboratories
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Cho 2010 Science 10.1126/science.330.6006.904


http://dx.doi.org/10.1126/science.330.6006.904

Detecting (geo)neutrinos

Liquid scintillator detectors:

Large ... ~1000 tons

Underground ... to shield from cosmic rays
Operation ... several years
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Brief (geo)neutrino history

1930: Pauli proposes a new neutral particle to
resolve energy conservation problem in 3~ decay

1956: Reines & Cowan reported the first electron
antineutrino detection (reactor antineutrinos)

s REVIEW ARTICLE -
Antineutrino astronomy and geophysics
Luvrence M. Krass,Sheldon L. Glashow” & David . Schramn 1984: Krauss, Glashow, Schramm:
:l....m,_q,:.’.i':;'.';';:;;::‘.-,“;:'::_'f.':.'.t:ﬁ“r;;.:::‘::t':i;.zfi Antineutrino astronomy and geo,ohysics

Radioactive decays inside the Earth produce antineutrinos that may be detectable ar the surface. Their
flux and spectrum comtain important geophysical informarion. New detectors need 10 be developed,
discriminating berween sources of antinewtrinos, including the cosmic-background. The latter can be
related 10 the frequency of supernovas.

Vol £36.28 Ay 2005 dot 10,9008, satere0 2980 naare

ARTICLES

2005: first reported measurement of

geoneutrinos at KamLAND experiment | gxnerimental investigation of geologically

produced antineutrinos with KamLAND




NATURE VOL. 310 19 JULY 1984

This is what a scientific paper looks like...

REVIEW ARTICLE

Antineutrino astronomy and geophysics

Lawrence M. Krauss’, Sheldon L. Glashow™ & David N. Schramm?*

* Lyman Laboratory of Physics, Harvard University, Cambridge, Massachusetts 02138, USA
T Department of Physics, Boston University, Boston, Massachusetts 02215, USA
1 Department of Physics and Astrophysics, Enrico Fermi Institute, University of Chicago, Chicago, Illinois 60637, USA

Radioactive decays inside the Earth produce antineutrinos that may be detectable at the surface. Their
flux and spectrum contain important geophysical information. New detectors need to be developed,
discriminating between sources of antineutrinos, including the cosmic-background. The latter can be

related to the frequency of supernovas.

IF there are more things in heaven and Earth than are dreamt
of in our natural philosophy, it is partly because electromagnetic
detection alone is inadequate. For sources which are visually
obscured or which emit most of their energy in a form other
than photons, new methods of detection must be developed.
This has spurred the growth of neutrino astronomy, typified by
the detection of neutrinos emitted in the interior of the Sun'-2
but although the usefulness of the weak interactions in probing
astrophysical sources has been recognized, the potential of anti-
neutrino detection has not been widely explored. That is our
objective.

We demonstrate that the Earth is a rich source of antineutrinos
whose detection can provide otherwise inaccessible key informa-
tion on the internal structure and dynamics of the Earth.
Moreover, by a consideration of the antineutrino background
from other sources, we find that there may be a diffuse back-
ground of ~10-MeV antineutrinos from supernovae which, if
detected, could yield information on the energy and frequency
of supernovae.

- - - .

flux, centring on the value 40 TW®'°, were much more accurate,
the question of how much of the heat loss arises from production
and how much from the fact that the Earth is still hot would
remain unresolved. The difficulty is that heating from radioactive
sources known in the surface layers is of the same order of
magnitude as the total heat flux, so that even small abundances
elsewhere would imply that the interior of the Earth is heating,
not cooling.

Table 1 gives data for the lithosphere, which we define as the
surface layer down to ~100 km depth containing the continental
and sub-oceanic plates whose mass of ~2 X 10*° comprises about
1/300 of the Earth’s total mass®. The mean abundances are given
in Table 1 for the chief radioactive isotopes “°K, **%U, ***Th,
87Rb (ref. 11); actual abundances depend crucially on rock type
and region®, generally decreasing from granite to basalts to
dunites, with **U and ?*Th abundanees varying by factors of
5-10. The abundance of *°K is particularly sensitive to rock type
and drops to almost zero in dunites®.

Our first objective is to calculate the spectrum of the anti-



Geoneutrino measurements vs. predictions

KamLAND Borexino
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What selsmlc tomography sees

Detect geoneutrinos
In the ocean?
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http:/geo.mff.cuni.cz

KATEDRA GEOFYZIKY

MATEMATICKO-FYZIKALNI FAKULTA
UNIVERZITA KARLOVA V PRAZE

AKTUALNE

Zajimate se - Geo- .
BRI Seismogramy Rozvrh dynamicky Seismicky Jiné G kalendéf
geofyaliy? Praha viuky seminaF seminaf seminéfe
PRO BUDOUCI BAKALARE
= Podzimni kolo Zadosti o je otevieno do

studentskeé fakultni granty
15. listopadu. Nahlédnéte do nasi nabidky témat:

= Spole¢nost Seismik, s.r.o., vyhlasuje

v oboru teoreticka a uzita geofyzika/seismika.

STANE SE

» 13. 11. seismicky seminaf J. Vackare a kol.

= 20. 11. seismicky seminaf M. Wcista a L. Eisnera
= 25. 11. geodynamicky seminaf M. Dostalika

= 27. 11. seismicky seminaf P. Bulanta a kol.

STALO SE

= Fijen: Tomas Petrasek publikuje ve Vesmiru
» zafiffijen: Julie Novakova bloguje (Casti 1 a 2) z European Planetary Science



http://geo.mff.cuni.cz

Domaci Gkol z geofyziky :)

voda, p = 1000 kg/m3

skala, p = 3000 kg/m?



Katedra geofyziky MFF UK

http://geo.mff.cuni.cz
ondrej.sramek@ mff.cuni.cz
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