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Announcing the 22nd course: 

 
21st century Astroparticle Physics has seen many exciting discoveries by international 
collaborations: From the Nobel Prize winning observation of gravitational waves and 
neutrino oscillations, images of the black hole at the centre of M87 (100 years after the 
confirmation of General Relativity), observation of particles of over 1020 eV and high-
energy astrophysical neutrinos, discovery of 60Fe in cosmic rays as well as terrestrial and 
lunar samples, possibly indicative that the Earth passed through a supernova remnant, 
structures in high-energy electron spectra, increasing positron to electron ratios at 100’s of 
GeV, limits on Dark Matter, and many other observations that are constraining and guiding 
theoretical interpretations. How did these advances come about? How do they fit together 
into a better understanding of our high-energy Universe? What are the exciting prospects 
for new discoveries and new understandings through new technology and with re-usable 
rockets reducing the cost of satellites? These are some of the questions that will be 
explored during the 22nd biennial course (44th year) of The International School of Cosmic 
Ray Astrophysics at Erice. 
Through lectures by experts in the field, chosen in the School tradition for their science 
(several previous lecturers have won a Nobel Prize) and communication abilities, the 
recent history, results, and technology will be explored. The School provides many 
opportunities for informal discussions between participants with beginners and experts 
dining together and talking informally, in the relaxed ambiance of Erice, Italy. From such 
interactions, life-long friendships are made, new ideas emerge, and collaborations form. 
Most of the senior researchers in this field have attended a previous School. Non-scientific 
questions, e.g. how do I obtain a position or a grant, can also be explored with senior 
researchers. The School also offers opportunities for the participants to present their own 
research in order to obtain feedback and to gain experience presenting their work to 
international audiences of kindred spirits. 

 
Topics include: Neutrino Astronomy, Gravitational Wave Astronomy, the highest-energy 
particles, acceleration and interactions of high-energy radiation, balloon, satellite, and 
ground based measurements of cosmic rays and gamma rays, propagation of high-energy 
radiation through the Universe, and new space- or ground-based experiments of the near 
future. 
 
Please register at http://agenda.astro.ru.nl/event/12/ 
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Discovery of Radioactivity

Henri Becquerel Marie & Pierre Curie

Nobel Prize 
1903
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a new electrometer 
for static charges
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Sir J.J.Thomson
Nobel Prize 1906

Conduction of electricity through gases (1928):

It would be one of the romances of science if these 
obscure and prosaic minute leakages of electricity from 
well-insulated bodies should be the means by which the 
most fundamental problems in the evolution of the cosmos 
came to be investigated.
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Detector used by 
Wilson to 
investigate 
ionization of air 

“the continuous production of ions in dust-free 
air could be explained as being due to 
radiation from sources outside our 
atmosphere, possibly radiation like Röntgen 
rays or cathode rays, but of enormously 
greater penetrating power” 

5

Credit Alex MacDonald

C T R Wilson, Proc Roy Soc A 68 (1901) 151 
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on the origin of 
gamma radiation in the 

atmosphere

the radiation originates 
from the soil

maybe a small contribution 
from the atmosphere
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~1910

I = I0e
�µL

1909: Soddy & Russel:
attenuation of gamma rays 
follows an exponential law

Theodor Wulf



Jörg R. Hörandel, ISCRA Erice 2022 8

Discovery of Cosmic Rays
Viktor Franz Hess           7. August 1912
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FIGURE 1. Left: Electrometer after Th. Wulf [5]. Right: Two grandsons of V.F. Hess revealing a plaque
to commemorate the discovery of cosmic rays on August 7th, 2012, close to the presumed landing site
of V.F. Hess in Pieskow close to Berlin. It reads: "To commemorate the discovery of cosmic rays. On
7 August 1912 landed the Austrian physicist Victor F. Hess with a hydrogen balloon close to Pieskow.
On the journey from Lower-Bohemia he reached an altitude of 5300 m and he proved the existence of
a penetrating, ionizing radiation from outer space. For the discovery of cosmic rays V.F. Hess has been
awarded the Nobel Prize in Physics in 1936. The participants of the symposium ’100 years cosmic rays’,
Bad Saarow-Pieskow, 7 August 2012".

origin of the gamma radiation in the atmosphere" [7] he describes a survey, conducted in
Germany, the Netherlands, and Belgium, where he measured the intensity of the radia-
tion in various places. He finds an anti-correlation between the radiation intensity and the
ambient air pressure. His explanation sounds today rather exotic: one observes less ra-
diation at higher pressure, since the radioactive air is pressed back into the soil/ground.1
He summarizes his article [7]: "The contents of this article is best summarized as fol-
lows. We report on experiments, which prove that the penetrating radiation is caused
by radioactive substances, which are located in the upper layers of soil up to a depth
of about 1 m. If a fraction of the radiation originates in the atmosphere, it has to be so
small, that it can not be detected with the present apparatus."

To prove this theory, Wulf carried an electrometer to the top of the Eiffel tower in
Paris ("Observations on the radiation of high penetration power on the Eiffel tower") [8].
However, his measurements were not conclusive. At 300 m above ground he observed
less radiation, but the radiation level did not vanish completely, as expected for a purely
terrestrial origin.

1 From a present point of view, in which the pressure effect is explained due to a variation of the absorber
column density in the atmosphere, one may wonder that observing a pressure dependency has not led to
the conclusion that the radiation penetrates the atmosphere from above.

53

Downloaded 12 Feb 2013 to 217.83.179.81. Redistribution subject to AIP license or copyright; see http://proceedings.aip.org/about/rights_permissions
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on the observation of 
the penetrating 

radiation during 7 
balloon campaigns

hydrogen!

altitude intensity
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radiation with high 
penetration power 
impinges onto the 
atmopshere from 

above

no change during 
solar eclipse

hence, Sun can be 
excluded as origin
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radiation with high 
penetration power 
impinges onto the 
atmopshere from 

above

no change during 
solar eclipse

hence, Sun can be 
excluded as origin

Nobel Prize 1936
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Absorption in 
the atmosphere

E. Steinke, Z. f. Physik 48 (1928) 647

absorption measurements 
compatible with assumptiom of 

isotropic flux of cosmic rays
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absorption measurements 
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Intensity as function of zenith angle
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Barometric 
effect

E. Steinke, Z. f. Physik 64 (1930) 48

siderial modulation of 
cosmic rays

anti-correlation with 
pressure

-> barometric effect

annual modulation of 
cosmic rays
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Barometric 
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E. Steinke, Z. f. Physik 64 (1930) 48

siderial modulation of 
cosmic rays

anti-correlation with 
pressure

-> barometric effect

annual modulation of 
cosmic rays

pressure

in
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ity
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E. Regener Phys. Z. 34 (1933) 306

Absorption in Lake Constance 1928
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Ionization chamber with electrometer read-out
automatic each hour, up to 8 days

E. Regener Phys. Z. 34 (1933) 306

Absorption in Lake Constance 1928
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Absorption in Lake Constance 1928

equivalent depth (of water)
from top of the atmosphere E. Regener Phys. Z. 34 (1933) 306
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Absorption in Lake Constance 1928

equivalent depth (of water)
from top of the atmosphere E. Regener Phys. Z. 34 (1933) 306

low-radiation 
underground 
laboratories
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Three pioneers of Cosmic Ray research  
Regener demonstrates his balloon electrometer  

(Immenstaad/Lake Constance, August 1932).

Hess Steinke Regener
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Kolhörster
A new electrometer
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Kohlhörster - balloon flight 13. May 1934

10000 m3

~111000 ft3

26.3 m

2 layers cotton 
fabric with 

rubber layer in 
between

gondola
2.3 m x 1.8 m

hydrogen!
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Kohlhörster - balloon flight 13. May 1934

Dr. Schrenk

Masuch

Measurements of the cosmic-
ray intensity (Höhenstrahlung) 
up to 12000 m



Jörg R. Hörandel, ISCRA Erice 2022 20
W. Bothe & W. Kolhörster, Z. f. Phys. 56 (1929) 751

W. Bothe
Nobel Prize 1954

coincidence technique

GM tube

absorber

absorber thickness

the nature of the „high-
altitude radiation“

co
in

c.
/m

in
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three-fold coincidences of 
the ultra rays from vertical 

direction in the stratosphere

G. Pfotzer, Z. f. Phys. 102 (1936) 23
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14.6 km10.17.45.33.6

Hess 1912         

Pfotzer maximum
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Latitude 
effect
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© 1933 Nature Publishing Group

Latitude 
effect
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MAGNETIC LATITUDE AND LONGITUDE EFFECT OF COSMIC RAYS 831 

f i l l ed  w i t h  a r g o n  of 45 a t m .  e n c l o s e d  in  a n  a r m o u r  of 8 cm.  i ron .  T h e  
e l e c t r o d e  w a s  c o n n e c t e d  w i t h  a L i n d e m a n n e l e c t r o m e t e r .  T h e  

t 

eL~ 

L 
Itil]IAH OIEAH. 

-~P£tY.  

1,9 ° o c~. ~, \ \ • 

~SCM P ~ ~  

, , , , .  /,6o ~,~ 
50UTH. 

~.,m MAG/Y. IAT/TU~E. 
~o SO 90 30 20  to 0 tO 20 30 ~o 

Fig.  I. Records  of the  va r ia t ion  of Cosmic Radi -  
a t ion  with l a t i t ude  on two different  routes  under  

different  shielding with different  ins t ruments  
× .................. × resul ts  wi th  i n s t r umen t  D open 

( A m s t e r d a m - - B a t a v i a )  
(Lj, L 2, L 3, L.l) resul ts  wi th  in s t rumen t  D 1 open 

( B a t a v i a - - A m s t e r d a m )  
l -  1= Resul ts  1928 and 1929. 

c o m p e n s a t i o n  c h a r g e  on  t h e  e l e c t r o d e  w a s  g i v e n  b y  a c o n s t a n t  
c a p a c i t y  w i t h  a n  i n c r e a s i n g  v o l t a g e ,  g i v e n  b y  a p o t e n t i o m e t e r  of 
200 000 o h m ,  t u r n e d  b y  a c lock ,  d u r i n g  a n  hour .  T h e  s a m e  c lock  

R E S U L T S  OF T H E  D U T C H  COSMIC R A Y  
E X P E D I T I O N  1933 

n .  THE MAGNETIC LATITUDE EFFECT OF COSMIC RAYS 
A MAGNETIC LONGITUDE EFFECT 

by J. CLAY, P. M. VAN ALPHEN and C. G. 'T HOOFT 
Natuurkundig Laboratorium, Amsterdam 

S u m m a r y  

T h r e e  d i f f e r e n t  m e t h o d s  for  r e c o r d i n g  t h e  c o s m i c  r a d i a t i o n  c o n t i n u -  
o u s l y  a re  d e s c r i b e d .  T h e  t h i r d  h a d  a n  a c c u r a c y ,  s u c h  t h a t  t h e  m e a n  
d i f f e r e n c e  o v e r  2 4  h o u r s  f r o m  t h e  m e a n  v a l u e  w a s  0, 18°,'o a t  t h e  a e q u a t o r  
a n d  0,50°,~ a t  50 ° la t .  

T h e  r e s u l t s  were  g i v e n  for  t w o  r o u t e s  on t h e  n o r t h e r n  a n d  t w o  ove r  t h e  
s o u t h e r n  h e m i s p h e r e  w i t h  d i f f e r e n t  s h i e l d i n g .  F r o m  t h i s  r e s u l t s  a "longi- 
tude e//ecl" w a s  f o u n d  w h i c h  is c a u s e d  b y  t h e  e x c e n t r i c i t y  of t h e  e a r t h ' s  
m a g n e t i s m .  

T h e  d i f f e r e n c e s  of t h e  i o n i s a t i o n  v a l u e s  a t  d i f f e r e n t  l o c a t i o n s  on  t h e  
e a r t h  c a n  be  e x p l a i n e d  q u a l i t a t i v e l y  a n d  q u a n t i t a t i v e l y  as  f a r  as  t h e  
m a g n e t i c  p a r t i c u l a r i t i e s  of t h e  e a r t h  a re  k n o w n .  

1. The accurate results, obtained by hour recording of the radi- 
ation of cosmic rays between Amsterdam and Batavia in 1932 1) 
showed that there was an asymmetry of the intensities on both sides 
of the magnetic aequator of which we did not know the origin. Per- 
haps it was accidental, perhaps the magnetic co6rdinates were not 
well chosen, as could be expected since the point of magnetic latitude 
zero from calculation by use of the reduced magnetic poles did 
not agree with the value of maximum horizontal force. 

The expedition of September 1933 gave us the occasion for ob- 
taining definite information. 

1) J. C l a y  andH.  P. B e r l a g e .  DieNaturwissenschaften°O,p. 687,1932. 
J. C 1 a y. Proc. Roy. Ac. te Amsterdam 35, p. 1282, 1932. 

journey from Holland to Java
intensity variies with latitude

cosmic rays are 
charged particles

J. Clay et al., Physica 1 (1934) 376; 2 (1935) 183

Clay: Latitude Effect 
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~1930 

Compton: World-wide survey of intensity of radiation
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1931-34 A.H. Compton 12 expeditions ! ~100 locations

cosmic rays are charged particles
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1931-34 A.H. Compton 12 expeditions ! ~100 locations

cosmic rays are charged particles
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~1937 East-West Effect of Cosmic-Ray Intensity

higher intensity from the west
cosmic rays are mostly positively charged

Rossi and others
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~1930 „elementary particles“:

(1932)

(1897) (1905/26)

p n
e- γ

charged neutral

(1919) Chadwick

Einstein

Rutherford

Thomson
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~1930 „elementary particles“:

(1932)

(1897) (1905/26)

p n
e- γ

charged neutral

(1919) Chadwick

Discovery of new particles in cosmic rays
~1930 – 1950

birth of elementary particle physics

cloud chamber
C.T.R. Wilson
Nobel Prize 1927

Einstein

Rutherford

Thomson
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Nobel Prize 1936

6 mm Pb

B=1,5 T

e+

e+
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P.M.S. Blackett
Nobel Prize 1948

10 t electromagnet
30 cm cloud chamber

1933 Blackett & Occhialini
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P.M.S. Blackett
Nobel Prize 1948

10 t electromagnet
30 cm cloud chamber

pair production
γ! e+  e-

E = mc2

γ

1933 Blackett & Occhialini
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Electromagnetic Cascades B. Rossi 1933

γ ! e+ e-

e+/- ! γ
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Discovery of the Muon

1937 Anderson & Neddermeyer:     µ in cloud chamber
mµ ~ 200 me
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1939 B. Rossi: life time

Chicago

Denver

Echo Lake

Mt. Evans

life time τ ~ 2 µs µ ! e + ...

Discovery of the Muon

1937 Anderson & Neddermeyer:     µ in cloud chamber
mµ ~ 200 me
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1939 B. Rossi: life time

Chicago

Denver

Echo Lake

Mt. Evans

life time τ ~ 2 µs µ ! e + ...

Discovery of the Muon

1937 Anderson & Neddermeyer:     µ in cloud chamber
mµ ~ 200 me

PDG: ⌧ = 2.197 µs
µ� ! e�⌫̄e⌫µ
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pretation of the band at 4y, and there seems to be no
reason why it should not be interpreted as v3+v4. An
examination of the behavior of this band at low tempera-
tures would perhaps be the best method of checking its
assignment as a sum, rather than a difference, of two
fundamentals.
The writer wishes to acknowledge the benefit of discuss-

ing this matter with Professor Barker.
G. B.B.M. SUTHERLANDO

Pembroke College.
Cambridge, England,
September 15, 1939.

+ At present Leverhulme Research Fellow.
1 E.F. Barker, Phys. Rev. 55, 657 {1939).
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The only experiments on ferromagnetic anisotropy that
have been carried out below the temperature of liquid
nitrogen are those of Honda, Masumoto and Shirakawa'
on nickel in liquid hydrogen. Their results indicate a large
increase in the anisotropy as the temperature is lowered
from 77' to 20'K, the constant K& changing by a factor of
about 5. On the other hand, Brukhatov and Kirensky2 have
found that in the temperature range from 77. to 350'K,
the constant is given by the relation

Ai =Roe-+~'
which predicts an increase of but 20 percent in going from
77' to 20'K. Accordingly we have undertaken, with the
kind cooperation of Drs, H. A. Boorse and S. L. Quimby
of Columbia University, to measure again the anisotropy
constants at 77' and 20'K, using this time the more
accurate method of torques.

The ratio of the constants was found to be about 1.2
(accuracy about 10 percent), as compared with the ratio 5
derived from the data of Honda, Masumoto and Shirakawa
and 1.21 from the equation of Brukhatov and Kirensky.
Our. absolute values at 77'K and above are very close to
those of Brukhatov and Kirensky. Thus our work extends
the validity of this equation to lower temperatures (see
Fig. 1) and shows that there is no unusual behavior in the
ferromagnetic anisotropy at these low temperatures. This
clarifies the theoretical situation since Van Vleck' in his
discussion of the wave-mechanical theory of anisotropy,
has not been able to find any basis for a difference in
variation with temperature of the constants for iron and
for nickel.
The crystal of nickel used was grown' in pure hydrogen

from high purity nickel kindly supplied by Mr. E. Wise
of the International Nickel Company. It was cut in the
form of a disk with planes parallel to (100) and edges
rounded to a semi-circle. The thickness was 0.29 cm, the
largest diameter 1.38 cm. The liquid hydrogen was intro-
duced into the Dewar Aask surrounding the crystal through
a straight Dewar tube of stainless steel connected directly
to the bottom of the liquefier. The Bask and crystal and
torsion-measuring apparatus were then removed to the
electromagnet for measurement of the torque when the
field was inclined at various angles to $011), the direction
of easiest magnetization in the (100) plane. The highest
field used was about 4000 oersteds. This was not sufficient
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FIG. 1.Anisotropy constant of nickel as dependent on temperature.
Data from 77 to 350 K, inclusive, by Brukhatov and Kirensky. Data
at 77' and 20 K by the authors, adjusted slightly to fit the former data
at 77'K. Curve calculated from Eq. (1) using Z =800,000, a =0.000034.

The Disintegration of Mesotrons
In order to test the hypothesis of the spontaneous decay

of mesotrons we have compared the absorption of the
mesotron component of cosmic radiation in air and in
carbon.
The mesotrons were detected by the coincidences of

three Geiger-Miiller tubes arranged in a vertical plane. The
counters were shielded with 10 cm of lead on each side to
prevent coincidences from the air showers. Also, 12.7 cm
of lead was placed between the counters in order to cut off
the soft component.
The absorption in air was measured by counting coin-

cidences at different heights from Chicago up to the top of
Mt. Evans, Colorado, (4300 m). The absorption in carbon

to permit observation of the torque at saturation, but was
so near this point that the ratio of the constants at 77'
and 20'K could be determined with some accuracy.
Saturation was later observed at 77'K in a field of about
5000 oersteds.
We wish to express our appreciation to Dr. Boorse and

Dr. Quimby and others of the Cryogenic Laboratory of
Columbia University, for supplying the liquid hydrogen.

H. J. WILLIAMS
R. M. BozoRTH

Bell Telephone Laboratories,
New York, New York,
September 25, 1939.

~ K.Honda, H. Masumoto and Y.Shirakawa, Sci. Rep. Tohoku Imp.
Univ. 24, 391 (1935).The anisotropy constant was derived by one of
us (R. M. B., J. App. Phys. 8, 575 (1937)) from their magnetization
curves for the [100] and [110] directions. A similar calculation .by
L, W. McKeehan (Phys. Rev, 52, 18 (1937)) yielded an even higher
value of ZI. Its value is somewhat uncertain on account of the extra-
polation of the magnetization curves to saturation.

~ N. L. Brukhatov and L. V. Kirensky, Soviet Phys. 12, 602 (1937).
3 J.H. Van Vleck, Phys. Rev. 52, 1178 (1937).
4 By Mr. O. L. Boothby, using the method described by P. P. Cioffi

and O. L. Boothby, Phys. Rev. 55, 673 (1939).
Similar in design to that described by H. J. Williams, Rev. Sci.

Inst. 8, 56 (1937).
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was measured by putting layers of graphite above the
counters.
It was consistently found that the mass absorption in air

was considerably larger than that in carbon. One set of
measurements, for instance, gave the following results:
Mt. Evans (4300 m, atmospheric pressure 618 g/cm')
without graphite: 11.9&0.07 coinc. /min. Ibid. , under 84
g/cms graphite: 11.0~0.057 coinc. /min. Echo Lake
(3240 m, atmospheric pressure 700 g/cm') without graphite:
9.7&0.046 coinc. /min.
Thus the additional air layer of 82 g/cm' between Mt.

Evans and Echo Lake reduced the intensity of the meso-
trons by more than twice as much as did the graphite screen
of 84 g/cd. It is obvious that this large difference cannot
be ascribed to the difference in stopping power of air and
carbon. We see, therefore, definite evidence for the dis-
integration of the mesotrons.
The above results show that 1.3 mesotrons out of 11 dis-

integrate while traveling a distance of 4.30X10 —3.24 X10
=1.06X105 cm. Their mean-free-path for the distintegra-
tion is, therefore, L=1.06X10'/log (11/9.7) =8.5 X10' cm.
L is connected with the lifetime ro by the formula:

c~o=pcL/p where p is the mass and p the momentum of
the mesotrons. At sea level the average value of pc/p was
estimated to be about 0,07.' Assuming tentatively the same
value in our case, one finds so=2 X10 ' sec.
A fuller account of these experiments will be published

later. The writers acknowledge with thanks the helpful
discussions and support given to this work by Professor
A. H. Compton. They also wish to express their apprecia-
tion for the facilities made available in Colorado by Dr.
Joyce Stearns, as well as for the assistance of Mr. O. E.
Polk and Mr. W. Bostick.

BgUNo Rossr
H. VAN NQRMAN HD BERRY
J, BARToN HQAG

Ryerson Physical Laboratory,
University of Chicago,
Chicago, Illinois,
September 30, 1939.

~ B, Rossi, Cosmic Ray Symposium, Chicago, June, 1939; Rev. Mod.
Phys. July-October (1939).

from lead and aluminum foils of equivalent thickness. The
magnetic spectrograph used was of the usual semi-circular
focusing type, constructed largely of lead. The slit jaws
and other parts nearest the radioactive source were faced
with graphite in order to minimize the background. The
radioactive sources were produced by bombardirig 0.5 mm
thick graphite plates with 4.3-Mev deuterons. Eastman
"No Screen" x-ray film was used, and was developed for
eight minutes in D19 developer at 66'F.
The Pb and Al foils were placed in contact with the

radioactive sources. A particular gamma-ray will eject
both photoelectrons and recoil electrons from lead, but
only recoil electrons from aluminum because of the different
Z dependence of the two effects. The photoelectrons from a
particular gamma-ray, having an initially homogeneous
velocity, will appear on the spectrogram as a group with a
sharp upper energy limit followed by a gradual decrease
in intensity toward lower energies because of a straggling
in the emitting foil. The recoil electrons ejected by the
same gamma-ray under these conditions will have a much
less homogeneous energy distribution because their
energies depend greatly upon their directions of emission
with respect to those of the quanta.
In this experiment the photoelectron spectrum of lead

irradiated by N" gamma-radiation was isolated from the
recoil spectrum as well as from the instrumental back-
ground. This was done by successive exposures with lead
and aluminum secondary emitters, the latter distribution
being subtracted from the former. The relative photo-
electron intensities due to any gamma-rays present may
thus be directly compared without making any estimates
of the contribution of recoil electrons as was necessary in
the experiments of Watase and Itoh.
The data are shown in Fig. 1, which gives the film opacity

as a function of Hp. Because of differences in source in-
tensities it was necessary to multiply the aluminum ordi-

6AMMA-RADIATION,
DECAY OF N

Magnetic Spectrograph Investigation of¹'
Ga1nma-Radiation
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Richardson' has reported that the decay of N~3 is ac-
companied by a gamma-ray of 280&30 kev in addition to
the well-known positron annihilation radiation. This
gamma-ray is estimated to occur in 40 percent of all N'3
disintegrations which take place.
The same radiation has been reported by Lyman' who

estimates it to occur in 20&15 percent of all disintegra-
tions; and by Watase and Itoh' who estimate it to occur in
20 percent of all disintegrations. The estimates of Richard-
son and of Watase and Itoh are uncertain by a factor of
two. In view of the general interest in N'3, it has seemed
desirable to make further observations on this radiation,
using a method which is free from statistical errors.
The N" gamma-ray spectrum was explored by measuring

the energy and intensity of the secondary electrons ejected
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.Fio. 1. Photometric measurements of films exposed to secondary
electron spectra from lead and aluminum irradiated by N» gamma-
radiation. The lowermost curve is the difference between the Pb and
Al data. The vertical arrows indicate the Hp region corresponding to
lead Z photoelectrons from a gamma-ray of 280&30 kev.

B. Rossi, N. Hilberry and J.B. Hong, Phys. Rev. 56 (1939) 837
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pretation of the band at 4y, and there seems to be no
reason why it should not be interpreted as v3+v4. An
examination of the behavior of this band at low tempera-
tures would perhaps be the best method of checking its
assignment as a sum, rather than a difference, of two
fundamentals.
The writer wishes to acknowledge the benefit of discuss-

ing this matter with Professor Barker.
G. B.B.M. SUTHERLANDO

Pembroke College.
Cambridge, England,
September 15, 1939.

+ At present Leverhulme Research Fellow.
1 E.F. Barker, Phys. Rev. 55, 657 {1939).
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The only experiments on ferromagnetic anisotropy that
have been carried out below the temperature of liquid
nitrogen are those of Honda, Masumoto and Shirakawa'
on nickel in liquid hydrogen. Their results indicate a large
increase in the anisotropy as the temperature is lowered
from 77' to 20'K, the constant K& changing by a factor of
about 5. On the other hand, Brukhatov and Kirensky2 have
found that in the temperature range from 77. to 350'K,
the constant is given by the relation

Ai =Roe-+~'
which predicts an increase of but 20 percent in going from
77' to 20'K. Accordingly we have undertaken, with the
kind cooperation of Drs, H. A. Boorse and S. L. Quimby
of Columbia University, to measure again the anisotropy
constants at 77' and 20'K, using this time the more
accurate method of torques.

The ratio of the constants was found to be about 1.2
(accuracy about 10 percent), as compared with the ratio 5
derived from the data of Honda, Masumoto and Shirakawa
and 1.21 from the equation of Brukhatov and Kirensky.
Our. absolute values at 77'K and above are very close to
those of Brukhatov and Kirensky. Thus our work extends
the validity of this equation to lower temperatures (see
Fig. 1) and shows that there is no unusual behavior in the
ferromagnetic anisotropy at these low temperatures. This
clarifies the theoretical situation since Van Vleck' in his
discussion of the wave-mechanical theory of anisotropy,
has not been able to find any basis for a difference in
variation with temperature of the constants for iron and
for nickel.
The crystal of nickel used was grown' in pure hydrogen

from high purity nickel kindly supplied by Mr. E. Wise
of the International Nickel Company. It was cut in the
form of a disk with planes parallel to (100) and edges
rounded to a semi-circle. The thickness was 0.29 cm, the
largest diameter 1.38 cm. The liquid hydrogen was intro-
duced into the Dewar Aask surrounding the crystal through
a straight Dewar tube of stainless steel connected directly
to the bottom of the liquefier. The Bask and crystal and
torsion-measuring apparatus were then removed to the
electromagnet for measurement of the torque when the
field was inclined at various angles to $011), the direction
of easiest magnetization in the (100) plane. The highest
field used was about 4000 oersteds. This was not sufficient
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FIG. 1.Anisotropy constant of nickel as dependent on temperature.
Data from 77 to 350 K, inclusive, by Brukhatov and Kirensky. Data
at 77' and 20 K by the authors, adjusted slightly to fit the former data
at 77'K. Curve calculated from Eq. (1) using Z =800,000, a =0.000034.

The Disintegration of Mesotrons
In order to test the hypothesis of the spontaneous decay

of mesotrons we have compared the absorption of the
mesotron component of cosmic radiation in air and in
carbon.
The mesotrons were detected by the coincidences of

three Geiger-Miiller tubes arranged in a vertical plane. The
counters were shielded with 10 cm of lead on each side to
prevent coincidences from the air showers. Also, 12.7 cm
of lead was placed between the counters in order to cut off
the soft component.
The absorption in air was measured by counting coin-

cidences at different heights from Chicago up to the top of
Mt. Evans, Colorado, (4300 m). The absorption in carbon

to permit observation of the torque at saturation, but was
so near this point that the ratio of the constants at 77'
and 20'K could be determined with some accuracy.
Saturation was later observed at 77'K in a field of about
5000 oersteds.
We wish to express our appreciation to Dr. Boorse and

Dr. Quimby and others of the Cryogenic Laboratory of
Columbia University, for supplying the liquid hydrogen.

H. J. WILLIAMS
R. M. BozoRTH

Bell Telephone Laboratories,
New York, New York,
September 25, 1939.

~ K.Honda, H. Masumoto and Y.Shirakawa, Sci. Rep. Tohoku Imp.
Univ. 24, 391 (1935).The anisotropy constant was derived by one of
us (R. M. B., J. App. Phys. 8, 575 (1937)) from their magnetization
curves for the [100] and [110] directions. A similar calculation .by
L, W. McKeehan (Phys. Rev, 52, 18 (1937)) yielded an even higher
value of ZI. Its value is somewhat uncertain on account of the extra-
polation of the magnetization curves to saturation.

~ N. L. Brukhatov and L. V. Kirensky, Soviet Phys. 12, 602 (1937).
3 J.H. Van Vleck, Phys. Rev. 52, 1178 (1937).
4 By Mr. O. L. Boothby, using the method described by P. P. Cioffi

and O. L. Boothby, Phys. Rev. 55, 673 (1939).
Similar in design to that described by H. J. Williams, Rev. Sci.

Inst. 8, 56 (1937).
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was measured by putting layers of graphite above the
counters.
It was consistently found that the mass absorption in air

was considerably larger than that in carbon. One set of
measurements, for instance, gave the following results:
Mt. Evans (4300 m, atmospheric pressure 618 g/cm')
without graphite: 11.9&0.07 coinc. /min. Ibid. , under 84
g/cms graphite: 11.0~0.057 coinc. /min. Echo Lake
(3240 m, atmospheric pressure 700 g/cm') without graphite:
9.7&0.046 coinc. /min.
Thus the additional air layer of 82 g/cm' between Mt.

Evans and Echo Lake reduced the intensity of the meso-
trons by more than twice as much as did the graphite screen
of 84 g/cd. It is obvious that this large difference cannot
be ascribed to the difference in stopping power of air and
carbon. We see, therefore, definite evidence for the dis-
integration of the mesotrons.
The above results show that 1.3 mesotrons out of 11 dis-

integrate while traveling a distance of 4.30X10 —3.24 X10
=1.06X105 cm. Their mean-free-path for the distintegra-
tion is, therefore, L=1.06X10'/log (11/9.7) =8.5 X10' cm.
L is connected with the lifetime ro by the formula:

c~o=pcL/p where p is the mass and p the momentum of
the mesotrons. At sea level the average value of pc/p was
estimated to be about 0,07.' Assuming tentatively the same
value in our case, one finds so=2 X10 ' sec.
A fuller account of these experiments will be published

later. The writers acknowledge with thanks the helpful
discussions and support given to this work by Professor
A. H. Compton. They also wish to express their apprecia-
tion for the facilities made available in Colorado by Dr.
Joyce Stearns, as well as for the assistance of Mr. O. E.
Polk and Mr. W. Bostick.
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Ryerson Physical Laboratory,
University of Chicago,
Chicago, Illinois,
September 30, 1939.

~ B, Rossi, Cosmic Ray Symposium, Chicago, June, 1939; Rev. Mod.
Phys. July-October (1939).

from lead and aluminum foils of equivalent thickness. The
magnetic spectrograph used was of the usual semi-circular
focusing type, constructed largely of lead. The slit jaws
and other parts nearest the radioactive source were faced
with graphite in order to minimize the background. The
radioactive sources were produced by bombardirig 0.5 mm
thick graphite plates with 4.3-Mev deuterons. Eastman
"No Screen" x-ray film was used, and was developed for
eight minutes in D19 developer at 66'F.
The Pb and Al foils were placed in contact with the

radioactive sources. A particular gamma-ray will eject
both photoelectrons and recoil electrons from lead, but
only recoil electrons from aluminum because of the different
Z dependence of the two effects. The photoelectrons from a
particular gamma-ray, having an initially homogeneous
velocity, will appear on the spectrogram as a group with a
sharp upper energy limit followed by a gradual decrease
in intensity toward lower energies because of a straggling
in the emitting foil. The recoil electrons ejected by the
same gamma-ray under these conditions will have a much
less homogeneous energy distribution because their
energies depend greatly upon their directions of emission
with respect to those of the quanta.
In this experiment the photoelectron spectrum of lead

irradiated by N" gamma-radiation was isolated from the
recoil spectrum as well as from the instrumental back-
ground. This was done by successive exposures with lead
and aluminum secondary emitters, the latter distribution
being subtracted from the former. The relative photo-
electron intensities due to any gamma-rays present may
thus be directly compared without making any estimates
of the contribution of recoil electrons as was necessary in
the experiments of Watase and Itoh.
The data are shown in Fig. 1, which gives the film opacity

as a function of Hp. Because of differences in source in-
tensities it was necessary to multiply the aluminum ordi-
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Richardson' has reported that the decay of N~3 is ac-
companied by a gamma-ray of 280&30 kev in addition to
the well-known positron annihilation radiation. This
gamma-ray is estimated to occur in 40 percent of all N'3
disintegrations which take place.
The same radiation has been reported by Lyman' who

estimates it to occur in 20&15 percent of all disintegra-
tions; and by Watase and Itoh' who estimate it to occur in
20 percent of all disintegrations. The estimates of Richard-
son and of Watase and Itoh are uncertain by a factor of
two. In view of the general interest in N'3, it has seemed
desirable to make further observations on this radiation,
using a method which is free from statistical errors.
The N" gamma-ray spectrum was explored by measuring

the energy and intensity of the secondary electrons ejected
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.Fio. 1. Photometric measurements of films exposed to secondary
electron spectra from lead and aluminum irradiated by N» gamma-
radiation. The lowermost curve is the difference between the Pb and
Al data. The vertical arrows indicate the Hp region corresponding to
lead Z photoelectrons from a gamma-ray of 280&30 kev.

B. Rossi, N. Hilberry and J.B. Hong, Phys. Rev. 56 (1939) 837
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Space radiation
and its biological effect

The cosmic rays, discovered ca. 30 
years ago by Hess are today 
measurable. They influence the 
growth, fertility and cancer. 
Eugster has demonstrated this 
with experiments using plants and 
animals. The book gives physicists 
and biologists, as well as 
interested layman a valuable 
summary of a broad field of 
research.
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Extensive Air Shower
Proton 1015 eV:
on ground
106 particles
 80% photons
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0.3% hadrons

π0 np π+
π-

electromagnetic hadronic muonic
shower component

γ
γ µ-

e-

µ+

µ-

e+
e-

e- e+γ

e+
e- γ

e+

γ

e+ e- γ

e-

π+

p
π-

p n
π-

π-

p
n

n

p



Jörg R. Hörandel, ISCRA Erice 2022 41

Extensive Air Shower
Proton 1015 eV:
on ground
106 particles
 80% photons
 18% electr./positr.
1.7% muons
0.3% hadrons

π0 np π+
π-

electromagnetic hadronic muonic
shower component

γ
γ µ-

e-

µ+

µ-

e+
e-

e- e+γ

e+
e- γ

e+

γ

e+ e- γ

e-

π+

p
π-

p n
π-

π-

p
n

n

p



Jörg R. Hörandel, ISCRA Erice 2022 42

P. Auger

1943
The 
University 
of Chicago



Jörg R. Hörandel, ISCRA Erice 2022 42

P. Auger

1943
The 
University 
of Chicago

1942



Jörg R. Hörandel, ISCRA Erice 2022 43

~ 1950 large detector arrays
to measure extensive air showers

B. Rossi
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I. EARLY HISTORY OF THE DIRECT
PHOTOGRAPHIC METHOD

A N alpha-particle striking a photographic
plate at glancing incidence alters the grains

of silver bromide in its path. After development
of the plate, microscopic investigation reveals
each alpha-track as a minute trail of discrete
silver grains. The discovery of this efkct by
M. Reinganum (R1)' in 1911 probably stemmed
from the researches of 0. MOgge on pleochroic
halos, from the photographic investigations of
S. Kinoshita, and from certain cloud-chamber
experiments of C. T. R. %'ilson.
In 1909, while studying the radioactive prop-

erties of various minerals, Mugge (M6) strewed
some tiny crystals of zircon over a moist photo-
graphic plate. After twenty-6ve days the plate
was developed and examined under a microscope.
Black spots were observed where the zircon
particles had fallen, and emerging from these
spots were rows of black dots. MOgge correctly
attributed this phenomenon to the radioactivity
of the mineral. He did not, however, identify
the radiation producing the series of dots as
alpha-particles.
Working in Rutherford's laboratory in 1910,

Kinoshita (K1) showed that a halide grain is
rendered developable when struck by a single
alpha-particIe. This observation was based upon
photometric density studies, and upon micro-
scopic counts of the number of silver grains on a
' A letter and a number, e.g. (Ri), refer to an original

paper. A list of references is given at the end of this
monograph.

plate previously exposed to a suitable radioactive
source. Kinoshita suggested that the photo-
graphic action of an alpha-particle is due to the
ionization of silver halide molecules in the grains.
That Kinoshita failed to detect tracks as such
may be ascribed to the fact that in his experi-
ments alpha-rays were incident upon the plate
at small angles with the normal, rather than at
glancing angles. The projection of each track,
viewed microscopically, would thus appear as a
single dot.
Reinganum's attempt to produce such tracks

in a photographic emulsion may have been
inspired by a discovery of C. T. R. Wilson
(W13). Early in 1911 Wilson had succeeded in
making visible by photographic means the paths
of single alpha-particles in his cloud chamber.
In 1912 W. Michl (M5) confirmed and ex-

tended Reinganum's 6ndings. He measured the
track length and number of grains per track for
alpha-particles of diferent range, and concluded
that both quantities are linear functions of the
air range of the alphas used. The average track
of a polonium alpha-particle, consisting of eight
grains, was found to be 23 microns long. From
this value the range in air was computed to be
3.8 cm, in good agreement with the Geiger value,
3.77 cm. Reinganum had reported a number of
deflections in his tracks which he had attributed
to scattering. Michl contended that most of these
bent or curved tracks—which were more nu-
merous near the edges of his own plates—can be
explained by the particular way in which the
emulsion contracts upon drying.
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1947 Discovery of the Pion

C.F. Powell
Nobel Prize 1950

Pion: nuclear interaction
decay   π+/- ! μ+/- ! e+/-

  π0   ! γγ

mπ ~ 280 me



Jörg R. Hörandel, ISCRA Erice 2022 48

1941 protons (M. Schein)

End 1940s plastic balloons
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1941 protons (M. Schein)
1948 heavy nuclei (Brandt & Peters)

End 1940s plastic balloons



Jörg R. Hörandel, ISCRA Erice 2022 49



Jörg R. Hörandel, ISCRA Erice 2022 49



Jörg R. Hörandel, ISCRA Erice 2022 49
50 km 150 km

co
un

tin
g 

ra
te



Jörg R. Hörandel, ISCRA Erice 2022 50

2.1 The Discovery of Cosmic Rays 5

Fig. 2.2. V.F. Hess in his balloon gon-
dola
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Fig. 2.3. Measured intensity of ioniza-
tion as function of altitude obtained by
Hess [6] and Kolhörster [7]. The units for
the ordinate are ion pairs generated in
1 cm3 air at standard pressure and tem-
perature per second. The value measured
at ground level has been subtracted [8].
For comparison, also the values obtained
by Pfotzer [9] are shown, normalized to
the values by Kolhörster

intensity should have been reduced by a factor of two every 80 m. During
the years 1909 to 1911 K. Bergwitz and A. Gockel extended the measure-
ments to larger altitudes by means of balloons. They reached altitudes up to
4500 m. The expected decrease of intensity, assuming the Earth’s crust as
the source could not be confirmed, but the experiments were not conclusive
due to instrumental insufficiencies.

From April to August 1912 V.F. Hess conducted seven ascends in balloons
carrying electrometers, see Fig. 2.2. Some of them were hermetically sealed
and were kept at constant pressure of the launch site, others were open to
the outside and consequently had ambient pressure during the flights [6]. The
decisive flight has been conducted on August 7th, 1912. At 6:12 a 1680 m3

hydrogen-filled balloon named ”Böhmen” (Bohemia) launched from Aussig in
Austria and ascended to a maximum altitude of 5350 m. The balloon landed
at 12:15 close to Pieskow 50 km east of Berlin. During the first 200 m of
the ascent Hess recorded a depression of the ionization and a strong increase
at higher altitudes. At 5300 m the intensity was about 270% of the ground-
level value. The results are shown in Fig. 2.3. Hess concluded in his report
[6]: ”The results of my observations are explained best by the assumption
that a radiation of very great penetrating power enters our atmosphere from
above. The penetration power is large enough to cause ionization in closed
volumes even in the lowest layers. Neither at night nor during a solar eclipse
a reduction of the radiation has been observed. Consequently, most likely,
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Fig. 2.5. Left : Counter telescope used by Pfotzer, consisting of nine Geiger-Müller
tubes arranged in three layers and operated in threefold coincidence [9]. Right :
Counting rate as function of altitude as obtained by Pfotzer with the sketched
apparatus (left scale) and van Allen using a single G-M tube on a V-2 rocket [17]
(right scale)

10 m water equivalent of atmosphere but also to reach even larger absorber
depths up to 250 m.

In the early 1930ies E. Regener and G. Pfotzer developed in Stuttgart
devices with automatic read-out to record the intensity variations at high
altitudes, both, ionization chambers and the newly available Geiger-Müller
tubes have been used as detection devices [14, 15, 16]. In a typical apparatus a
single Geiger-Müller tube was connected to an automatic counter, which was
capable to record impulses up to 100 Hz [16]. The number of impulses, the
temperature, and the pressure were recorded on a photographic plate every
4 min. The photographic plate was rotated with an electromagnet after each
exposure, this mechanism allowed up to 75 registrations. The apparatus was
enclosed in a protective gondola made from cellophane and aluminum foil.
Having a total weight of 6 kg the instrument was carried by 4 rubber balloons
up to about 30 km. The radiation intensities obtained were in agreement with
values measured with an ionization chamber (read out with an electrometer)
and they concluded that the specific ionization is independent of altitude.

The development of a vacuum tube coincidence circuit by B. Rossi in
1930 [18] allowed to construct telescopes with fast coincidences. The resolv-
ing time was of the order of 0.01 s in the early experiments by Bothe and
Kolhörster. With vacuum-tube circuits of increasing sophistication the re-
solving time has been reduced eventually to considerably less than 1 µs. In
1935 G. Pfotzer used nine Geiger-Müller tubes operated in three-fold coinci-
dence, i.e. a cosmic radiation telescope with automated read-out up to alti-
tudes of 30 km. A photograph of the apparatus is shown in Fig. 2.4, Fig. 2.5
(left) illustrates the telescope schematically. A maximum of the intensity at
80 mm Hg (∼ 100 g/cm2) or about 18 km has been found [9], the so called
”Pfotzer maximum”. At higher altitudes the coincidence rate decreases to

Intensity 
vs. height
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depths up to 250 m.

In the early 1930ies E. Regener and G. Pfotzer developed in Stuttgart
devices with automatic read-out to record the intensity variations at high
altitudes, both, ionization chambers and the newly available Geiger-Müller
tubes have been used as detection devices [14, 15, 16]. In a typical apparatus a
single Geiger-Müller tube was connected to an automatic counter, which was
capable to record impulses up to 100 Hz [16]. The number of impulses, the
temperature, and the pressure were recorded on a photographic plate every
4 min. The photographic plate was rotated with an electromagnet after each
exposure, this mechanism allowed up to 75 registrations. The apparatus was
enclosed in a protective gondola made from cellophane and aluminum foil.
Having a total weight of 6 kg the instrument was carried by 4 rubber balloons
up to about 30 km. The radiation intensities obtained were in agreement with
values measured with an ionization chamber (read out with an electrometer)
and they concluded that the specific ionization is independent of altitude.

The development of a vacuum tube coincidence circuit by B. Rossi in
1930 [18] allowed to construct telescopes with fast coincidences. The resolv-
ing time was of the order of 0.01 s in the early experiments by Bothe and
Kolhörster. With vacuum-tube circuits of increasing sophistication the re-
solving time has been reduced eventually to considerably less than 1 µs. In
1935 G. Pfotzer used nine Geiger-Müller tubes operated in three-fold coinci-
dence, i.e. a cosmic radiation telescope with automated read-out up to alti-
tudes of 30 km. A photograph of the apparatus is shown in Fig. 2.4, Fig. 2.5
(left) illustrates the telescope schematically. A maximum of the intensity at
80 mm Hg (∼ 100 g/cm2) or about 18 km has been found [9], the so called
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~GeV energies 
initiate cascades in 
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• 1932  e+  Anderson
• 1937  µ   Anderson/  

                           Neddermeyer
• 1947       Lattes,  

                    Occhialini, Powell
• 1947 K   Rochester,  

                       Butcher, Powell
• 1951-53 hyperons

⇤

⇡

⌅ ⌃

1953 Cosmic-Ray 
Conference
birth of particle 
physics

particles discovered 
in cosmic rays:
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75 MeV 450 MeV
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Van Allen Belts
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John Simpson (Chicago)

1958 PIONEER 2
1959 EXPLORER 6
subsequently, more than 20 other space missions                      
including:  IMP1-8; OGO 1,3,5  - Earth orbit 
                   PIONEER 5,6,7 - Solar orbit; 
                   PIONEER 10,11 - out of Solar System
                   ULYSSES  - out of ecliptic plane (Jupiter flyby) 

Precission 
measurements of CR 
abundances
dE/dx vs. E technique with 
solid state detectors in 
space

• Elemental composition of cosmic rays
• Isotopic composition
• Measurement of anomalous cosmic rays
• Particles and fields in the Heliosphere
• Planetary magnetospheres
• Solar modulation to outer Heliosphere
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John Simpson (Chicago)

1958 PIONEER 2
1959 EXPLORER 6
subsequently, more than 20 other space missions                      
including:  IMP1-8; OGO 1,3,5  - Earth orbit 
                   PIONEER 5,6,7 - Solar orbit; 
                   PIONEER 10,11 - out of Solar System
                   ULYSSES  - out of ecliptic plane (Jupiter flyby) 

Precission 
measurements of CR 
abundances
dE/dx vs. E technique with 
solid state detectors in 
space

• Elemental composition of cosmic rays
• Isotopic composition
• Measurement of anomalous cosmic rays
• Particles and fields in the Heliosphere
• Planetary magnetospheres
• Solar modulation to outer Heliosphere

solid circles: 
   70-280 MeV/n 
open circles:  
    1 -2 GeV/n 
open diamonds: 
    solar system

abundance compilation 
J. Simpson 
(1983)
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Age of cosmic rays

10Be ! 10B + e-   (τ=2.4 106 a)

10Be



Jörg R. Hörandel, ISCRA Erice 2022 56

Age of cosmic rays

10Be ! 10B + e-   (τ=2.4 106 a)

10Be 10B

e-



Jörg R. Hörandel, ISCRA Erice 2022 56

Age of cosmic rays

10Be ! 10B + e-   (τ=2.4 106 a)

10Be 10B

e-



Jörg R. Hörandel, ISCRA Erice 2022 56

Age of cosmic rays

10Be ! 10B + e-   (τ=2.4 106 a)

cosmic
rays

calibration

τ = 17*106 a

10Be 10B

e-
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Path length
of cosmic rays

spallation

C  !  B + n + p

g/cm2
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10 g/cm2

5 g/cm2

Λ(E) ~ E-0.6 + Λ0

B/C-ratio

Path length
of cosmic rays

spallation

C  !  B + n + p

g/cm2
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Origin of Cosmic Rays?
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Walter Baade Fritz Zwicky

1934 Supernovae

Origin of Cosmic Rays?
1927 R.A. Millikan: „death cries of atoms“ E=mc2 γ
1933 Regener: E density in CRs ~ E density of B field in Galaxy
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Walter Baade Fritz Zwicky

1934 Supernovae

Origin of Cosmic Rays?
1927 R.A. Millikan: „death cries of atoms“ E=mc2 γ

1949 E. Fermi: acceleration at magnetic clouds

1933 Regener: E density in CRs ~ E density of B field in Galaxy
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Walter Baade Fritz Zwicky

1934 Supernovae

Origin of Cosmic Rays?
1927 R.A. Millikan: „death cries of atoms“ E=mc2 γ

1978 R.D. Blanford, J.P. Ostriker: acceleration at strong shock front
(1st order Fermi acceleration)

1949 E. Fermi: acceleration at magnetic clouds

1933 Regener: E density in CRs ~ E density of B field in Galaxy
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Beyond the boundaries of our Solar System

Voyager 2: 20 August 1977
Voyager 1: 5 September 1977
Kenedy Space Center

Voyager
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Beyond the boundaries of our Solar System

Voyager 2: 20 August 1977
Voyager 1: 5 September 1977
Kenedy Space Center

Voyager

�T = c d ⇡ 17 h

February 2012: Voyager 1: 119.7 AU from Sun
                           Voyager 2:  97.7 AU from Sun

passage through termination shock ended
Voyager 1: 94 AU, December 2004
Voyager 2: 84 AU, August 2007
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The heliosphere is a shield that 
excludes >75% of the Galactic 
Cosmic Rays with >70 MeV

Mainly >70 MeV protons Termination shock

August 25th, 2012
Interstellar Space

Galactic Cosmic Rays 
and the Heliosphere

Voyager 1, launched
September 5th, 1977
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Basic properties of Cosmic Rays
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Announcing the 22nd course: 

 
21st century Astroparticle Physics has seen many exciting discoveries by international 
collaborations: From the Nobel Prize winning observation of gravitational waves and 
neutrino oscillations, images of the black hole at the centre of M87 (100 years after the 
confirmation of General Relativity), observation of particles of over 1020 eV and high-
energy astrophysical neutrinos, discovery of 60Fe in cosmic rays as well as terrestrial and 
lunar samples, possibly indicative that the Earth passed through a supernova remnant, 
structures in high-energy electron spectra, increasing positron to electron ratios at 100’s of 
GeV, limits on Dark Matter, and many other observations that are constraining and guiding 
theoretical interpretations. How did these advances come about? How do they fit together 
into a better understanding of our high-energy Universe? What are the exciting prospects 
for new discoveries and new understandings through new technology and with re-usable 
rockets reducing the cost of satellites? These are some of the questions that will be 
explored during the 22nd biennial course (44th year) of The International School of Cosmic 
Ray Astrophysics at Erice. 
Through lectures by experts in the field, chosen in the School tradition for their science 
(several previous lecturers have won a Nobel Prize) and communication abilities, the 
recent history, results, and technology will be explored. The School provides many 
opportunities for informal discussions between participants with beginners and experts 
dining together and talking informally, in the relaxed ambiance of Erice, Italy. From such 
interactions, life-long friendships are made, new ideas emerge, and collaborations form. 
Most of the senior researchers in this field have attended a previous School. Non-scientific 
questions, e.g. how do I obtain a position or a grant, can also be explored with senior 
researchers. The School also offers opportunities for the participants to present their own 
research in order to obtain feedback and to gain experience presenting their work to 
international audiences of kindred spirits. 

 
Topics include: Neutrino Astronomy, Gravitational Wave Astronomy, the highest-energy 
particles, acceleration and interactions of high-energy radiation, balloon, satellite, and 
ground based measurements of cosmic rays and gamma rays, propagation of high-energy 
radiation through the Universe, and new space- or ground-based experiments of the near 
future. 
 
Please register at http://agenda.astro.ru.nl/event/12/ 


