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In the third of these reports he describes an
experiment showing that isolated charged
bodies discharge spontaneously without
any technical reasons therefore.
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1785 Charles-Augustin de Coulomb presents <
three reports on electricity and magnetism to
the French Royal Academy of Sciences. . 21
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After dedicated studies by Michael Faraday around
1835, William Crookes observed in 1879 that the
speed of discharge decreased when the pressure was
reduced: the ionization of air was thus the direct
cause. But what was ionizing the air?

The attempts to answer this question paved the road
to the discovery of the comic rays.
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X-rays and Henry Becquerel

Several years later, in 1896, Antoine Henri
Becquerel was fascinated by two things:
natural fluorescence and the new type of
radiation called X-rays.

February 26, 1896, an overcast day
in Paris & that posed a problem for
the French physicist who was
hoping to demonstrate a link
between minerals that glow when
exposed to strong light and the X-
rays.
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Radioactivity:
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0 Becquerel realized that the uranium
rock he had left in the drawer had
imprinted itself on the photographic plate
without exposure to sun light. There was
something very special about that rock.

Working with Marie and Pierre Curie, he
made an entirely new discovery: the
natural radioactivity. His conclusion was
that the crystals alone are emitting
radiation!

The photographic plate is developed by the radiation coming from the Credit: Henri Becquerel
uranium salts; the metal Maltese cross between the ore and the plate was
"“clearly photographedd6.
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Radioactivity measurements: The electroscope:

A charged electroscope promptly discharges at
the presence of radioactive substances. The
discharge rate of an electroscope can be
used to gauge the level of radioactivity.

A new era of research into discharge physics
opened up, this period being strongly —
influenced by the discoveries of the electron .

and the ions. Discharge of an elctroscope in the presence of
radioactive material (Duncan 1902)

Improvement of the electroscope (by Julius Elster and Hans
Geitel) allowed more accurate measurements of the rate of
spontaneous discharge.

They concluded that ionizing agents were coming from outside the vessel and
that part of this radioactivity was highly penetrating: it could ionize the air in an
electroscope shielded by metal walls a few centimetres thick
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The obvious questions concerned the nature of such radiation and whether it
was of terrestrial or extra-terrestrial origin.

The simplest hypothesis was that its origin was related to radioactive materials in the
E ar tctusi &NORMS), which were known to exist following the studies by Marie and
Pierre Curie on natural radioactivity: Uranium, Thorium, Potassium € Radium, Radon

A terrestrial origin was thus a commonplace assumption 1
an experimental proof, however, seemed difficult to
achieve &

In September 1894, Charles Thomas Rees Wilson,
was hiking to the summit of Ben Nevis, the highest
mountain in Scotland. He was fascinated by the
rainbow-like rings encircling the human shadows in
the misty mountain air, called Brocken spectres. He . ixenycimbing biogspot.ber2011/08ibrocken-spectre.hum
returned to the Cavendish laboratory determined to

recreate and study this phenomenon.

danislav.sapundjiev@meteo.be for the RMI conference on lonosphere and Space Weather, 04 http://www.world-nuclear.org/info/ 6
December 2013, RMI, Brussels



Royal

) [ Discovery of Cosmic Rays

RMI Institute

Wil sondébs Cloud Chamber test s

“Wilson designed a glass tank with a piston tightly inside. He

misted the air in the tank with water until it was saturated,

then rapidly pulled out the piston. This expanded and chilled

the air, causing the water vapour to collect around dust

particles and form a small cloud. As long as the piston was

pulled out far enough, clouds would form even if the air

inside the chamber was thoroughly filtered. Wilson

suspected, but couldn't prove, that the water droplets

were forming around el eNature]. cal | vy
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1901 Wilsons makes the suggestion that
this radiation is an extremely-penetrating
extra-terrestrial radiation 1 unfortunately
tests in tunnels covered with a solid rock
showed no reduction in ionization.

129
.Demils of Wilson cloud chamber made from two pﬂm:lt-hutler jars .

The hypothesis for extraterrestrlRogng'aardorlg n
- yW 1
credit: Nature http://scarc.library.oregonstate.edu/o
mekalitems/show/3226
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The situation in 1909:

The spontaneous discharge observed was explained by the existence of background
radiation which iIis present even in = 1Iso0ol a

3 possible sources were suqgqgested:
- the Earthds crust

- the Sun Early balloon experiments:

- the atmosphere lonisation measurements carried out by Karl
Kurtz in the lower atmosphere lend the
conclusion that radiation from an Extra-
Terrestrial Origin(ETO) is not likely and all of
the radiation comes from radioactive
materials in the crust.

Air attenuation:

Calculations on how much the ground
radiation would be attenuated by height
were made but technological difficulties
prevented accurate measurements to verify
the calculations.
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Despite efforts to build a transportable electroscope by the leading meteorological

groups (at the time Vienna), the final construction of such instrument was made by
Father Theodor Wulf.

In his electroscope the two metal leaves
were replaced by two metalized silicon -
glass wires. The separation due to charging
could be very accurately measured by a
microscope. The device was also adapted to
measure discharge due to leaks.

Wulf took his device and performed
measurements of the inherent radioactivity
at various locations: Zermatt, Switzerland
(at the shadow of Matterhorn, in chalk
mines prealt Valkenburg and In the caves Of (Image credit: left: Archiv der Norddeutschen Provinz SJ, Munich) right:
Han-sur-Lesse. For the most part, the Wu | éldetsoscope, from his own drawing. (Image credit: T Wulf 1909 Phys.
measurement Showed that the radiation Zeit. 1 152. T. Wulf, "Uber die in der Atmosphare vorhandene Strahlung von

hoher Durchdringungsfahigkeit,” Phys. Zeit. 10 (1909), 152-157.
was coming from the ground?é¢
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Some intriguing clues suggested otherwise:

- in one of the measurements Wulf placed the electroscope under a meter of water i
this resulted in a slight decrease in the ionization loss which suggests that irradiation
from above must contribute;

- Gockel and Bergwitz did independent measurements from balloons 7 the results were
however ambiguous T one of them measured very small decrease, while the second
large decrease i an ambiguity due to the uncertainty in the height and position of the
ball oons as well as variations as time of

stability in the measurement conditions was missing! ;

Fortunately Wulf lived at half a day travel from one of the
tallest buildings at this time: the Eiffel Tower (one of the
reasons behind building the tower was possibility for
meteorological observations and scientific research)
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1 R C lenen It can be seen that at the top of the tower

o oAl cem sec the radiation rate is slightly lower:

> (O O ST £ . At that time, Wulf knew, the radiation from
28, Mirz | Valkeobury, | 22,5 ) ) _

29. Paris, Boden 17,5 Radium required about 80 m of air to half
0 » w Taliwitcns. s o the intensity (e"*)- Wulf concluded that

i Apal | . . 150 there must be another source of

;: . A o = N 143 radiation (gamma-rays?) higher in the

4 Valkenburg., . . . . . . | 220 atmosphere or a much weaker absorption

in the air.

This is how Wulf provided the first evidence for the existence of the extraterrestrial
radiation

Domenico Pacini simultaneous ground level and marine measurements (under water,

on sea surface) between 1906 i 1910 : He received correlated results that could not be
explained by radiati on agzableicause ofiionizatioh existan t
in the atmosphere, originating from penetrating radiation, independent of the direct

action of radioactive substances in the crust. 0 0 ;
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The situation was resolved in 1911 an 1912 after long series of balloon flights performed
by Victor Hess during which he found that the radiation intensity increased from 1
kilometer upwards, and was several times the ground level intensity at 5 kilometers high.
who confirmed the extra-terrestrial origin of at least part of the radiation causing the
observed ionization.
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Also, he measured the radiation levels in a balloon during a solar
eclipse and found that they did not appreciably decrease; this

suggested that the cosmic rays were mostly coming from a source
other than the sun.
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Cosmic Ray Spectra of Various Experiments

Cosmic Ray Spectra of Various Experiments

% 4 T
S 10 b O L + LEAP-sateflite :'G"-Iu :
- 102 e +£ R o X Proton - satellite a2 B+ 3 Yakuatk - ground array
> % (1 particle/m”-sec) ¥ Yakustk- grownd amay =408 " S F— | T ———
3 i #"Q / & Haverah Park - ground array .‘g % O Akene. grownd sy
."-' 10-1 I e ! Q en0 serund hvey ti1 0.19 | A AGASA - ground array
i A AGASA - ground array E &y i -
hg Q Fly's Eye - air flucresconce "‘E' E %% g i
::‘ 10 : : ‘ * HiR0s1 mono - air fluorescence -;-‘IHNE '%u- * M1m-u.rmm.m
TSRS R i et 0 Red e i = Bae O HitesZ mono - sir flucrescance
HiRos Storeo - alr fluorescence H %g; HiRns hirs - ir prmacesay
10.7 i } ! . Yo & a Auger - hybrid .In.z1_E ..................... g
i i H
.10 : . 3 : Kﬂae i 1u-=z 'm
10 ! __{1 particle/m®-year) =
| T
10.13 1 u-!ﬁ _E .......... ﬁl‘*lﬂ':
= (1 particle/km Ea-year}
107 e
K. R S
107 bl
10%¢
102 3 |:> i
9 ': 107 e {1 part
.25 . : SR LS S - : B W =
L Y A N T S | R . akb
-28 St 1908 TR ERoaidss o aaa RO | H
10 > (B 0 o e ,,, 1um1 1 IIIIII| | | IIIII-I| || IIIIII| L L iilil
10* 10" 10" 10" 10" 10™ 10" 10" 10" 10"® 10" 10*° 10" 10" 10" 10%° 10?'
. Energy (eV) Energy (eV)
Source: http://www.physics.utah.edu/~whanlon/spectrum.html
danislav.sapundjiev@meteo.be for the RMI conference on lonosphere and Space Weather, 04 13

December 2013, RMI, Brussels



‘ Royal _ ‘ @’
Wl \etcoologica Sources of Cosmic Rays: f
nsttute —

The exact origins of cosmic rays is still a matter of debate, though the present
hypothesis is that they are ejected from supernovas and propelled to high
energies by the accompanying shockwave and magnetic field. i

-solar wind - charged par:[icles escaping from the B
surface of the sun: p, e, U, ions (C, N, O, Ne, ¢é)
e Solar Proton Events i Solar Cosmic Rays (SCR)

Galactic and Extra galactic: .
Enrico Fermi in 1949 first pI’OpOSGd a way http://www.antarctic-adventures.de/muoni.html
supernova remnants could accelerate
protons. Now a widely accepted mechanism.
On the other hand, sources like Black Holes,
Neutron stars, Pulsars, Supernovae, Active

. Cygnus X3 Galactic Nuclei, Quasars, and the Big Bang _ Tt
ISR itself are being considered Galactic Cosmic T e MM NASA
Rays (GCR)
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89 % are protons (hydrogen nucler)
9 % alpha particles (ionised He nuclel)
1 % are electrons

0.25 % light nuclei: (Li, Be, B) produced by collisions between the PCR (protons)
and carbon, oxygen in the interstellar space; the produced abundance could be
resulting from passing of the PCRs through 4 cm of water.

medium elements C, N, O, and F which amounts for 10 times their abundance in the
universe and heavier elements with abundance of about 100 times their normal
abundance i this suggests that the part of the PCRs originate in regions greatly
enriched in heavy elements.

The composition depends also on the energy - at higher energies the ratio is
somehow different and the fraction of protons can be as low as 50 %.

PCR are almost totally composed of matter - anti matter amounts for about 0.01 %
In the PCR consistent with the matter-antimatter asymmetry.

picture: http://www.crystalinks.com/antimatter.html
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The primary cosmic rays interacts with the atmosphere with the result the production of
Great number of secondary particles 1 from 2 to several thousands of particles and more ...

| ';'ﬂﬁ%i Collisions of PCR particles in the upper atmosphere

| produce cascades of lighter particles in what is

oy called -~ air showerspBions The ma
|

and Kaons which are short lived and decay to

produce Muons i accounting for more than half of

the radiation at sea level. The remaining particles

being mostly electrons and photons from cascade
v events.
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NUSLEAR T0 ELEGTROMAGNETIC | EROM MESGN TO NUGLEONIC Jf = NUGLEAR Cosmic Ray Group at MIT, he is

INTERACTIONS | coMPONENT DISINTEGRATION also the founder of the X-ray
astronomy, 1954.(credit MIT

Bchematic Diagram of Cosmic Ray Shower museu m)
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