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- Overview: Nuclear Physics and Radioactivity

- Earth’s Interior : a view from Solid Earth Physics to Nuclear Physics

- Nuclear Physics for probing Earth’s Interior and Earthquake prediction

Outline

Wolfango Plastino - Overview of Nuclear Techniques for Probing Earth's Interior and Earthquake Prediction

Trieste - ITALY, October 5th 2011

Advanced School on Understanding and Prediction of Earthquakes
 and other Extreme Events in Complex Systems



arth structure 
P-waves 

S-waves 

Wolfango Plastino - Overview of Nuclear Techniques for Probing Earth's Interior and Earthquake Prediction

Trieste - ITALY, October 5th 2011

Advanced School on Understanding and Prediction of Earthquakes
 and other Extreme Events in Complex Systems



Wolfango Plastino - Overview of Nuclear Techniques for Probing Earth's Interior and Earthquake Prediction

Trieste - ITALY, October 5th 2011

Advanced School on Understanding and Prediction of Earthquakes
 and other Extreme Events in Complex Systems



Wolfango Plastino - Overview of Nuclear Techniques for Probing Earth's Interior and Earthquake Prediction

Trieste - ITALY, October 5th 2011

Advanced School on Understanding and Prediction of Earthquakes
 and other Extreme Events in Complex Systems

Memoria est thesaurus omnium rerum et custos

Marcus Tullius Cicero, De oratore (1, 5, 18)

The Big…Family

          Wilhelm Konrad Röntgen 
          X Rays (Nobel Prize in Physics 1901)

Antoine Henri Becquerel – Pierre Curie – Marie Skłodowska Curie 
Radioactivity (Nobel Prize in Physics 1903) 

Joseph John Thomson
Electron (Nobel Prize in Physics 1906)

Ernst Rutherford
α and β Particles (Nobel Prize in Chemistry 1908)
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          Frederick Soddy
          Isotopes (Nobel Prize in Chemistry 1921)

Albert Einstein 
Theory of Relativity

      Niels Bohr
      Structure of atoms (Nobel Prize in Physics 1922)

          Werner Heisenberg
Quantum Mechanics (Nobel Prize in Physics 1932)

Max Born
Quantum Mechanics (Nobel Prize in Physics 1954)

Erwin Rudolf Josef Alexander Schrödinger
Quantum Mechanics (Nobel Prize in Physics 1933)
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Ernest  Orlando Lawrence
Cyclotron (Nobel Prize in Physics 1939)

John Douglas Cockcroft - Ernest Thomas Sinton Walton
Transmutation of atomic nuclei (Nobel Prize in Physics 1951)

James Cadwick
Neutron (Nobel Prize in Physics 1935)

Enrico Fermi
Neutron irradiation and nuclear reactions (Nobel Prize in Physics 1938)

Hans Albrecht Bethe
Theory of nuclear reactions (Nobel Prize in Physics 1967)

...to be continued



Wolfango Plastino - Overview of Nuclear Techniques for Probing Earth's Interior and Earthquake Prediction

Trieste - ITALY, October 5th 2011

Advanced School on Understanding and Prediction of Earthquakes
 and other Extreme Events in Complex Systems



Wolfango Plastino - Overview of Nuclear Techniques for Probing Earth's Interior and Earthquake Prediction

Trieste - ITALY, October 5th 2011

Advanced School on Understanding and Prediction of Earthquakes
 and other Extreme Events in Complex Systems

gl
uo

n
ph

ot
on

 c
W

 &
 ZLe
pt

on
s

u
up

c
charm

t
top

d
down

s
strange

b
bottom

e
electron

n
muon

x
tauon

on
muon

neutrino

ox
tau

neutrino

Q
ua

rk
s

St
ro

ng
El

ec
tr

o
m

ag
ne

tic
W

ea
k

M
ed

ia
to

rs

In
te

ra
ct

io
ns

oe
electron
neutrino

Atom

Nucleus

Proton

Neutron

Electrons
QuarksQ k



Wolfango Plastino - Overview of Nuclear Techniques for Probing Earth's Interior and Earthquake Prediction

Trieste - ITALY, October 5th 2011

Advanced School on Understanding and Prediction of Earthquakes
 and other Extreme Events in Complex Systems

X
A

Z

A        =  number of protons + number of neutrons

Z        =  number of protons

A – Z =  number of neutrons

Number of neutrons = Mass Number – Atomic Number
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Gamma Decay 

...to be continued
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N(t) = N0 e-t/τ

  T1/2 = τ ln 2
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© J. Eikenberg, Paul Scherrer Institute
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...to be continued
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6

19 TW 
radiogenic 
heat

“Energetics of the Earth and the 
missing heat source mistery” *

30 – 44 TW 
heat flow

?

  Heat flow from the Earth is the equivalent of 
some 10000 nuclear power plants 

HEarth = ( 30 - 44 )TW 

  The BSE canonical model, based on 
cosmochemical arguments, predicts a radiogenic 
heat production ~ 19 TW:
~ 9 TW estimated from radioactivity in the 
(continental) crust
~ 10 TW supposed from radioactivity in the 
mantle
~ 0 TW assumed from the core

  Unorthodox or even heretical models have 
been advanced…

* D. L. Anderson (2005),Technical Report, www.MantlePlume.org
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Astrophysical
Accelerators
                    Soon ?

Nuclear Reactors
(power stations, ships)
and Nuclear Weapons

Particle Accelerator

Earth’s Atmosphere
(Cosmic Rays)

Sun

Supernovae
(star collapse)
                SN 1987A

Earth’s Crust
(Natural  

Radioactivity)

Big Bang
(here 330 ν/cm3)

Indirect Evidence

Where do Neutrinos come from?

© BOREXINO
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A fraction of geo-neutrinos from U and Th (not from 40K) are above threshold for inverse β on 
protons

Earth emits (mainly) antineutrinos (106 cm-2 s-1) whereas Sun shines in neutrinos

© BOREXINO
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Geo-neutrino signal and 
radiogenic heat from the 
Earth

The graph is site dependent:

  the “slope” is universal 

  the intercept depends on the site 
(crust effect)

  the width depends on the site (crust 
effect)

    region allowed by BSE: 
signal between 31 and 43 TNU

    

Fiorentini et al. (2005)

     region containing all 
models consistent with 
geochemical and geophysical 
data

       

U and Th measured in the 
crust implies a signal at least of 
24 TNU

Earth energetics implies 
the signal does not exceed 62 
TNU 1 TNU = one event per 1032 free protons per year© BOREXINO
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...to be continued
© BOREXINO
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            Borexino at Gran Sasso

•  Signal, mainly generated from the crust, is 

comparable to reactor background.

•  From BSE expect 5 – 7 events/year*

•  In about two years should get 3σ evidence 

of geo-neutrinos.

•  A 300-ton liquid scintillator underground 

detector, running since may 2007.

* For 80% eff. and 300 tons C9H12 fiducial mass
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Borexino collaboration - European Physical Journal C 47 21 (2006) - 
arXiv:hep-ex/0602027
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SNO+ at Sudbury

•  80% of the signal comes from the continental 

crust.

•  From BSE expect 28 – 38 events/year*

•  It should be capable of measuring U+Th 

content of the crust.

•  A 1000-ton liquid scintillator underground 

detector, obtained by replacing D2O in SNO. 

•  The SNO collaboration has planned to fill 

the detector with LS in 2009

* assuming 80% eff. and 1 kTon CH2 fiducial mass
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Chen, M. C., 2006, Earth Moon Planets 99, 221.
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Hanohano at Hawaii

•  Project of a 10 kiloton movable 

deep-ocean LS detector

•  ~ 70% of the signal comes from the mantle

•  From BSE expect 60 – 100 events/year*

•  It should be capable of measuring U+Th 

content of the mantle

* assuming 80% eff. and 10 kTon CH2 fiducial mass
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J. G. Learned  et al. – ``XII-th International Workshop on Neutrino 
Telescope'', Venice, 2007
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LENA at Pyhasalmi
•  Project of a 50 kiloton underground liquid 

scintillator detector in Finland

•  80% of the signal comes from the crust

•  From BSE expect 800 – 1200 events/year*

•  LS is loaded with 0.1% Gd which provides:

•  better neutron identification

•  moderate directional information

* For 2.5 1033 free protons and assuming 80% eff. 
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K. A. Hochmuth et al. - Astropart.Phys. 27 (2007) - arXiv:hep-ph/
0509136 ; Teresa Marrodan @ Taup 2007
K A H h h l A Ph 27 (2007) Xi h h/
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© UNESCO/IAEA
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...the best result around 
the world
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© Rockwell San Diego Univ.
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Ulomov, V.I., Mavashev, B.Z., 1967. A precursor of a strong tectonic earthquake. Doklady Akademii Sciences SSSR, Earth Sciences Sections 176, 9–11.

Natura non facit saltus



Radium decay involves the release of the excess 
energy which is shared between the α particle 
which forms (98.1%), and the new radon atom

The emanating power of rocks is defined as the 
ratio between the amount of radon escaping 
from the solid matrix and that produced by 
radioactive decay

© United States Geological Survey
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© W. Aeschbach-Hertig, University of Heidelberg
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...to be continued




