Historical introduction
Basic properties of Cosmic Rays

«ETTORE MAJORANA» FOUNDATION AND CENTRE FOR SCIENTIFIC CULTURE

INTERNATIONAL SCHOOL OF COSMIC-RAY ASTROPHYSICS
«MAURICE M. SHAPIRO»

22+ Course: “From cosmic particles to gravitational waves: now and to come”
30 July — 7 August 2022

PRESIDENT AND DIRECTOR OF THE CENTRE: PROFESSOR A. ZICHICHI

DIRECTORS OF THE COURSE: PROFESSORS J.P. WEFEL, T. STANEV, J.R. HORANDEL

Jorg R. Horandel RU Nijmegen, Nikhef, VU Brussel http:/particle.astro.ru.nl



Discovery of Radioactivity

Jorg R. Hérandel, ISCRA Erice 2022 2



Discovery of Radioactivity

Jorg R. Hoérandel, ISCRA Erice 2022 2



Discovery of Radioactivity

Jorg R. Hérandel, ISCRA Erice 2022



Dlscovery of Radloactlwty
r | Nobel Prize

4 P
A
'f - @9

Henri Becquerel Marie & Pierre Curie

Jorg R. Hérandel, ISCRA Erice 2022 2



Physikalische Zeitschrife. 10. Jahrgang. No. 8, (/%09 241

i oo o - s VIV b e, g e . e S . . - g e . e g~ S —

——— "~

- Ein neues Elektrometer fir statische Ladungen.

Dritte Mitteilung?).

Van Th. Walf.

F 1 itteilung  enthalt einige
ol f a new electrometer ‘e: beschriebenen Appa-

‘ S| Hem for static Charges chung seiner Transport-

wn
AN

4 i

4

? /

: v
Ve 2
.:_';;-__5.',;_.'_.
el

o T S

T |
| |r—

LT




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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= ‘3"" redit Alex MacDona '7
‘. &cm S %7~ Detector used by
i : 4 Wilson to
investigate

ionization of air

M‘ E 5 T o ,_
“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 Rontgen
rays or cathode rays, but of enormously
greater penetrating power”

C T R Wilson, Proc Roy Soc A 68 (1901) 151
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Physikalische Zeitschrift. 10. Jahrgang. No. 25. (/20 4) 997

Uber den Ursprung der in der Atmosphire
vorhandenen y-Strahlung.

Von Th. Wulf.

on the origin of
gamma radiation in the
atmosphere

Man kann den Inhaﬁ dieser Arbeit kurz so

znsammenfassen.  Es wird iiber Versuche he-
richtet, welche beweisen, daB an dem Beobach

Tabelle I.

Sirahlung der Wiande von Gebauden.

I | | Sirahimng  cungsort die durchdringende Strahlung “-von
B Material | Alter | ,..-Ifuf;?.;-. primir r.?dioaktiven Substanzen ve.rursacht. wird,
| Ly sekura:  _welche in den oberslen Erdschichten liepen,
i— ——— e m—— D18 €twa .1 m unter der Oberfliche.
A Mans lamate e, il P urach } soJahes | 137 * Wenn em Tell der Strablung aus der At-
Valienburg, Collcg, | mosphare stammt, so ist er doch so klsin, dals
Ifolland-L., o . » . . Ziegelsteine | 15 »7 ° er- sich mit den gebrauchten Mitteln nicht
Loiwen, Colleyr, Eelpien  Zigpelstuine | — 9,0 o
Neanu, Colley N 15l | nachwetsen liel, -
la paix, Belgien . . ., | Zicgelsteine ¢z, 500 U 1 v ’ 1 s v
Wryoerdsrade Rastee] ' e G S,trah
13 (11100 Rt U Ziegelsteine | 2¢a Jaare I 0o g ben

the radiation originates
from the soil

maybe a small contribution

from the atmosphere

Nur in dem alten hollindischen Kasteel Wynands-
rade, vor fast 200 Jahren aus Ziegelsteinen cr-
baut, zeigte sich kein Unterschied in der Strah-
lung im Zimmer und im reien. — Am starksten
war dic Strahlung in Mariz [aach in cinem




~1910

Theodor Wulf

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

J I = ]OG_HL
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- Discovery of Cosmic Rays
Viktor Franz Hess 7. August 1912

Aeronautisches Gelinde it Wiener Prater, von dem aus V, F. Heas in den Fahren [211/12
seine ersten Freiballon-Forschungsfohrten unternommen latte, (Courtesy of Heeresge-

schichtliche Muzeum, Vm,.n,'] Jorg R. Hérandel, ISCRA Erice 2022 8



- Discovery of Cosmic Rays
Viktor Franz Hess 7. August 1912
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achichilicke Mu Hess nn gondola in 1912 prabably in test flight. Tae date and place is nol clesr 4l present.
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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".
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1084  Hess, Durchdringende Strahlung bei sieben Freiballonfahrten. Physik. Zeitschr. XIII, 1912.

Aug der Abteilung fur Geophysik., Meteorologie .
und Erdmagnetismus: on the observation of

ViktorF.Hess(Wien), Ober Beobachtungen - C
der durchdringenden Strahlung bei sieben the penetraiilng It
Freiballonfahrten. radiation dur|ng 7 1

fm Vorjahre habe ich bereits Gelegenheir
gehabl, zwei Ballonfahrten zur Erforschung
der durchdringenden Strahlung zu unterneh.

balloon campaigns
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1084 HeSa, Durchdrmgcndc Snahlung bei smben I‘relballonfahrten Physik. Zeitschr. XIII,

Aus der Abteilung fiur Geophysik. Meteorologie
und Erdmagnetismus:

ViktorF.H CSS(WIED) Uber Beobachtungen
der d >n_Strahlung bei sieben
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Teil der in geschlossenen Gefilen be-
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1084  Hess, Durchdrin.gende Strahlung bei sieben Freiballonfahrten. Physik. Zeitschr. XIII, 1912,

Aus der Abteilung fur Geophysik. Meteorologie
und Erdmagnetismus:

ViktorF.Hess(Wien), Uber Beobachtungen
der Strahlung bei sieben
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der Atmwphare guriickzufithren.
Die E 1 1

obachtunren scheinen am ehesten dur v

die Annahme erklirt werden zu kénnen,
dall eine Strahlung wvon sehr hoher
i>l’)urchdringungskrat‘t von oben her in
‘‘unsere Atmospharc eindringt, und auch
noch in deren untersten Schichten einen
Teil der in geschlossenen Gefilen be-
obachteten Iomisation herveorruft. Die
Intensitit dieser Strahlung scheint zeit
lichen Schwankungen unterworfen zu
sein, welche bel einstiindigen  Ab.
lesungsintervallen noch erkennbar sind.
Da ich im Ballon weder bei Nacht nach bei
einer Sonnenfinsternis eine Verringerung der
Strablung fand, so kann man wohl kaum die
V¥, Hess in 1936-37, on the occasion of Nobel prize. | Sonne als Ursache dieser hypothetischen Strah-
lung ansehen, wenigstens soclanze man nur an
NObel Pl‘lze 1936 einc.direkte y-Strahlung mit geradliniger Iort-
pflanzung denkt.
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Neue Untersuchungen tuber die durchdringende - H
Hesssche Strahlung. Absorptlon In
Von E. Steinke in Kinigsberg i, Pr. th e at m os p h e re

f"?’%—;

Mit 25 Abbildungen. (Eingegangen am 23. Mirz 1928.)

Es wcrder \

Eirengan .
ﬁ;ﬁ;b{ absorption measurements
e - compatible with assumptiom of

«srich jSOtropic flux of cosmic rays

Radiumst

was einel
in Energie theoretisch freiwerdenden Mengen. In groferer Hihe ie Strahlung
wesentlich weiter (mittleres wp =— 0,018 bis 0,025 em~1). Ein fler Teil der

Ionisation wird durch noch erheblich weichere Streustrahlung he| prgernfen, die
bei verschiedenen Absorptionsmedien variiert und dadurch die Me| fingen der Ab-
sorptionskoeffizienten leicht filschen kamn. KEs wird der Nachwe erbracht, dall
die Strahlung auch noch in Eisen merkliche Streustrahlung auslost. —{[Die Richtungs-
und Absorptionsmessungen gestatten eine einwandfreie Trennung |ler Hessschen
von der Umgehung%tmhlung Sie geben fiir die Hichfungsverteilung der ersteren
etwa solche Werte, wie sie sich aus der Annahme einer von allen Seiten aus dem
Kosmos kommenden Strahlung unter Beriicksichtigung der Absorption in den ver-
schieden langen Luitwegen mit Hilfe eines mittleren Absorptionskoeffizienten
errechnen lassen.  Abwelchungen hiervon deuten auf die Inhomogenitat der
Strahlung. — Wit allem Vorbehalt wird der Versuch einer Zerlegung der durch-
dringenden Strahlung in zwei Komponenten durchgefihrt. — Informatorische
Schwankungsmessungen in 2500 m Hohe unter Ausschlufi der Erdstrablung, jedoch
mit fast der gesamten Intensitiit der durchdringenden Strahlung, ergeben von Tag
zn Tag stark wechselnde Schwankungen (Extremdifferenzen 0,8 bis 4,2 %/p), welche
aber im Mittel wm ein Vielfaches kleiner sind als die von anderen Autoren in etwa
gleicher Hiohe gemessenen. — Auf Schwierigkeiten bei der Deutung des Barometer-
effektes wird hingewiesen.

E. Steinke, Z. f. Physik 48 (1928) 647
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E mit Registriervorrichtung R.
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Neue Untersuchungen iiber die durchdringende AbSOI‘ptiOn in

Hesssche Strahlung.

Von E. Steinke in Kénigsberg i. Pr. the atmo sphere
Intensity as function of zenith angle |
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! und 0,05 Lm—l zusammen (§ 12).

E mit Registriervorrichtung R.

E. Steinke, Z. f. Physik 48 (1928) 647 Jérg R. Horandel, ISCRA Erice 2022 11



Neue Untersuchungen tiber die durchdringende AbSOrptiOn in

Hesssche Strahlung.

: Von E. Steinke in Kfﬁnigsherg i. Pr. t h e at mos p h ere
Intensity as functio
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Neue Untersuchungen tuber die durchdringende AbSOrptiOn in

Hesssche Strahlung.

2 Von E. Steinke in K:‘:‘migsherg i. Pr. the atmosphere\
Intensity as functio
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Uber Schwankungen und Barometereffekt B arometr i C

der kosmischen Ultrastrahlung im Meeresniveau.

Von E. Steinke in Konigsberg i. Pr. effeCt

Mit 12 Abbildungen. (Eingegangen am 11. Juni 1930.)

Wihrend des Jahres 1929 wurden 20 MefBreithen mit ins
stunden sufgenommen teils mit allseitig geschlossenem
Dicke, teils mit in der Mitte geiiffinetem Panzer. Das u
material ergab, dall neben zahlreichen Strahlungsschw
teils periodische teils unperiodische Intensitéiss
Schwankungen spiegelbildlich zum Barometerstand (,, Barvrrccorc—o=

anti-correlation with
pressure
-> barometric effect

P i

dische Schwankungen mit der Jahreszeit,

=

vhensolche mit der Taceszelt. unrecel-

mifBige Intensititsiinderungen iiber lingere Zeit
endlich periodische Schwankungen nach Sternzeit. Der
withrend der einzelnen Mefireihen nicht konstant, sonder
kungen, im Mittel ist er aber ungefihr gleich dem Hoh

annual modulation of
cosmic rays

fiir das Auftreten der anderen Schwankungen sind noch nicht geRTarf__Tna sfern__

n Schwankungen beweisen den kosmischen Ursprung 1
und die Existenz besonderer Emissionszentren. /‘LT/\ /4
L

reitlich

siderial modulation of (
cosmic rays

DV'Q'-

.Gn:l:Ow-cbr

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

csc Jeachn @ Hebrrere

Jorg R. Hérandel, ISCRA Erice 2022
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Uber Schwankungen und Barometereffekt
der kosmischen Ultrastrahlung im Meeresniveau.

Von E. Steinke in Koénigsberg i. Pr.

Wihrend m%

stunden av
Dicke, teil:
material e
teils perio
Schwanku
dische Sch
miBige In
endlich pe
wihrend «
kungen, 11
fiir das Av
zeitlichpn

Barometric

effect

______ e crm w1 Tawswt 1O A
. l |
= ( f‘d ] 129 Jff‘ﬁf, sonst 7Zcm fe
ol iy T | 2,05 m V78 lmm/g |
&
= o, r
_Id_J_ I7 132 T N&
950
300
Alisefig 72
17¢m V/.*.‘,,-"/erﬁg 35 % F}‘} |
(%) 5) _pressure
740 750 760 770 ° 780mmilg
Fig. 4. Zusammenhang zwischen Barometerstand und Tonisation

(Jahresmittel der Stundenwerte; die Zahlen geben die Anzahl

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

der Stundenwerte an),

Jorg R. Hoérandel, ISCRA Erice 2022 12



Lake Constance 1928
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Absorption in Lake Constance 1928

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

Jnlensitétsveriauf der

Ultrastrahlung im Wasser ¥
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Absorption in Lake Constance 1928

Jnlensitétsveriauf der
Ultrastrahlung im Wasser

®  Masspunkle im fAlpsee
o Messpundte im Bodensee ohne Schuizhesssl
® Messpunkls im Boedensee mil Schufzfessel

Die Werle ab 30m sind in der oberen Kurve

roch einmal im 13m Mafisfate

der HauplKurvs ge

W PP i
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20 200 %0
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Three pioneers of Cosmic Ray research
Regener demonstrates his balloon electrometer
(Immenstaad/Lake Constance, August 1932).
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derung zu dank

Kolhorster
“ A new electrometer

gebracht Ba

1) Oskar Taussi)
{The First Wald P
vgi. 3¢h , Elsktrotechni
de Elsktrotechnischen V

raqasronautic researe n werk
afercmos, Loodox gl
Maschineabac®, Zeitschrin
tn Wika, He® 4%, o2,

E paogec 28, Auzust rgsg)

Ein neues adenelektrometer,
Von Werner Kaolharster.

Zu Messungen der durchdringenden Strahluag
hatte ch fir meipe neuen Stahlungsapnarata
ein Fadenelektrometer konstruiert!), das chns
die bet derarmtigen [nstrumenten notweadige
Temperaturkowpensation arbeitet, Da es sich
auch for andese elektrostansche Messungen
seiner Vorzipe und allgemeinen Vermendbarksit
halher als geeipnet erwies, so scien hicr einiga
Aogaben (ber die Lostrumente?) gemacht

Prinzip: Als Gegenkraft gegen die elekiro-
statischen  AbstoBungskriifie diens allein de
Bicgungsclastizitit der feimen Quarzfaden, diz
die ‘Form wvertkal stchender, frel  trapender
Schlingen hiben und deren Enden in ainigen
Millimetern Abstand voneinande: an  emen
Melaliblech befestigt sind, das in dea Isolator
cingesctzt wird. Entsprechend der Ein- une
Zweitadenelektrometern kann man Svsieme aif
einar oder zwei kongruentesn Schlingen ver
wenden, die von einem Mikroskop mit Okular
mikrometer am Scheitel der Schlingen wbge
lesen werden, Lidr man das System, so 0K
keine merkbiche Formiénderung der Schlings®
ein, dicse bewegen sich vielmehr in der Horzot

Bdiny zu verdndern. Fine fefpere Anderang
&0t sich durch Verschwenksn der Schneiden
mielen, dic um die lasgese Rechteckseite dreh.
' smabhr oder wemicer den Faden genihert




Kohlhorster - balloon fllght 13. May 1934
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Kohlhorster - balloon flight 13. May 1934

w0 Masuch

Measurements of the cosmic-
ray intensity (Hohenstrahlung)
Wi e up to 12000 m

10D, .: D r. SC h re n k Jérg R. Horandel, ISCRA Erice 2022 19




{Mitteilung aws der Physikalisch-Technischen Reichsanstalt)

Dag Wesen der Hahenstrahlung,
Vou W. Bothe und W. Kolhdester.
Mit B/ Vildungen. (Eingeganmen am 18, Joni 1020.)
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Langn dem Ducchmesser wnd 10 em Tiéings; sie wamn anfangs ans e
sturkeme Messing, spitter sus 1 wm slarkern Zink herpestellt und so den
Euden mil Ebenitstop®en verschlossen, welche die zeptralen Dieilite trugen,
Dieza waren nash dem Vesfahven vou [ziger uad Miller prévaviert.
Die Zehleohre waren mil lrockener, kohlensavre- ond emanativnsizeies
Luft vom 4 hiz 6 o He-Druck gefislll. St wonden dnrek cin Messing-
geatell M gelragen, weleres sn eingerichtet war, dofi Absorbersehichten
bis su 45w Diske zwischen die Zahlrobre gebyacht werden konnten.
Seitlich warea die Hehre durch Dleiklatee B8 peschiluat; diess hatten
Nuter, in welche der Absorber eingriff.  Die Dieke dieser Seitenhlenden
war sbets 5o beweseen, dull vin Strabivnteileken, welchas atwa durch Strenimg
um den Abgorbar hernm ans dem einen Zihirehr in das anders gelsvgen
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absorber thickness

W. Bothe
Nobel Prize 1954

W. Bothe & W. Kolhorster, Z. f. Phys. 56 (1929) 751
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Dreifuichkoinzidenzen der Ultrastrahlung
aus vertikalor Richtung in der Stratosphire *.

1. Mefimethode und Ergebnisse.
Von Georg Plotzer jn Stuligurd,

three-fold coincidences of\

the ultra rays from vertical
direction in the stratosphere/

Wit 11 Ahhildungen.  (Lingegangen om & Jwn L056.)

Mit eimer sslbstaufreichpenden Apperatur werden bei drel Rugiatrierhallons
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Yu l{l mrn II;v’ Mdruck (29 km Hihe 8. NL) gamereen, Die Kurve der Zablruh-

pisTi ek seigt fin Maximum bei 80 nm Iz
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Fig. 1. Grofenverbaltnisse und Aus- G. Pfotzer, Z. f. Phys. 102 (1936) 23
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Dreifichkoinzidengen der Ultrastrahlung
aus vertikaler Richtung in der Stratosphire *.

I Mefimethode und Ergebnisse.
Von Geory Plotzer in Stuligurd,
Min 11 Ahbildwngen.  (Lingegangen om & Jun L056.)
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aus vertikalor Richtung in der Stratosphire *.
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aus vertikalor Richtung in der Stratosphire *. ek

1. Mefimethode und Ergebnisse.
Von Georg Plotzer jn Stuligurd,
Wit 11 Ahhildungen.  (Lingegangen om & Jwn L056.)
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Dreifichkoinzidenzen der Ultrastrahlung

aus vertikaler Richtung in der Stratosphire *.

I Mefimethode und Ergebnisse.
Von Georg Plotser in Stultgur,
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Fig. 1. Aus drel Aunfstfezen gomittolte Kurve dor Vertikalintensitdt der Uli-astrahlung
in der Aunospudre,
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Dreifaichkoinzidenzen der Ultrastrahlung
aus vertikaler Richtung in der Stratosphire *.

1. Mefimethode und Ergebnisse.
Von Georg Plotzer in Stulipurd,

3.6 «D.3:: 7.4 10.1 14.6 km

m S e o
c
E 4 we ¥
<t E5—
=
8B w
O I |
e 3
Q =
O §7wl L2
IG :§ '
o w
o :
Y
O fess 1912
=H= . 50 |

% » W 7 27 Y A
araesiender LurTdmuek

G. Pfotzer, Z. . Phys. 102 (1936) 23

air pressure
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Juiy 8, 1933 NATURE 61

Letters to the Editor

[The Editor does not hold himself responsible for
opinions expressed by his correspondents. Neither
can he undertake to return, nor to correspond with
the writers of, rejected manuscripts intended for this
or any other part of NATURE. No notice is taken
of anonymous communications.)

Latitude Effect of Cosmic Radiation

Ox the expedition organised by the Deutscher und
Oesterreichischer Alpenverein in 1932 to the Andes
of Peru, observations of cosmic rays were made at
several heights up to 6,100m. and during the sea-
voyage. From Bremen to Peru one apparatus worked
during March and April 1932 on board the M.S.
Erfurt of the Norddeutscher Lloyd line. On the
return voyage in January and February 1933, three
apparatuses were in full action from Peru through
the Strait of Magellan to Hamburg on board the
M.S. Isis of the Hamburg-Amerika line. The self-
recording electrometers were con-
structed by Prof. E. Regener on

symmetrical with respeet to either the geomagnetic
or the geographical equator. Considering the accu-
racy of our uninterrupted registration, this result is
quite trustworthy.

From the fact that a latitude effect of 12 per cent
of the radiation exists, it must be concluded that this
part of the radiation consists of corpuscles before
entering the earth’s atmosphere. For the magnitude
of this part of the radiation, reference should be made
to the analysis of the components of cosmic rays by
Regener? and Lenzs.

A more detailed report of these observations and
of the researches in the Andes will be published in
the Zeitschrift fiir Physik.

H. HoERLIN.

Physikalisches Institut
der Technischen Hochschule,
Stuttgart. June 8.
! Regener, E., Z. Phys., 74, 433 ; 1932.
* Regener. B., Phys. Z., 34, 206 ; 1933.
3 Clay, J., Naturwiss., 20, 687 ; 1932,
¢ Compton, A, H., Phys. Rev., 43, 387 ; 1933,
® Lenz, E., Z. Phys. ; in the press.

the same principle as those used for
his researches in Lake Constance'

T
Magallanes
|
|

1 H T T
Geomagretic Equotor Hamburg
i

and in the upper atmosphere®.
The electrometer wire is inside an
ionisation chamber of 16 ecm.

Volts per hour
*

£
n

diameter with ‘deltametal’ walls
of 1 em. thickness. The position

o
L

of the wire is photographed every
half-hour on a fixed photographic

plate.
Instrument No. 1 was filled with
carbon dioxide at 9-7 atmospheres

o>
o

8l

pressure and 16°C. With a radium
capsule, I found the temperature

N LA

effect on ionisation to be ++ 013 per
cent for every + 1° C. difference.
The correction for barometric

-3

—— Jntensity at Sea Level
3

2 T g

pressure was 0:29 per cent per 60
millimetre of mercury. All data

were reduced to 16°C. and 760

mm. pressure. The ionisation due

to radioactivity in the chamber itsclf was allowed |
for as 0-8 volts per hour as found on the bottom
of Lake Constance at a depth of 250 m. Eight
hemispherical shells of iron were fitted round the
chamber, The combined thickness of this iron wall
was 10 cm.

In Fig. 1 are recorded the data of apparatus No. 1,
the iron ease of which was open on the upper side.
The graph shows the intensity of cosmic radiation
in volts per hour for different geomagnetic latitudes
on the voyage from the Strait of Magellan to Ham-
burg. The geographical position of the geomagnetic
north pole was taken to be 78° 32" N. and 69° 08’ W.
Each point of the curve corresponds to an average
of & twenty hours’ registration. The points give a
smooth curve which shows the accuracy of the
recording method employed. The intensity increases
by about 12 per cent when going from the equatorial
region to 55° N. geomagnetic latitude.

Apparatus No. 2 was wholly encased in the iron
shell. Apparatus No. 3 worked without any iron shell.
Every instrument shows substantially the same effect.

In general, the curves agree with the observations
of Clay® and with those of A. H. Compton* made at
about the same time. It is very interesting that the
northern and southern parts of the curve are nol

50
South

0
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effect
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opinions expressed by his correspondents. Neither
can he undertake to return, nor to correspond with
the writers of, rejected manuscripts intended for this
or any other part of NaATURE. No notice is taken
of anonymous communications.)

Latitude Effect of Cosmic Radiation

ON the expedition organised by the Deutscher und
Oesterreichischer Alpenverein in 1932 to the Andes
of Peru, observations of cosmic rays were made at
several heights up to 6,100m. and during the sea-
voyage. From Bremen to Peru one apparatus worked
during March and April 1932 on board the M.S.
Erfurt of the Norddeutscher Lloyd line. On the
return voyage in January and February 1933, three
apparatuses were in full action from Peru through
the Strait of Magellan to Hamburg on board the
M.S. Isis of the Hamburg-Amerika line, The self-
recording electrometers were con-
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racy of our uninterrupted registration, this result is
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of the radiation exists, it must be conclude
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entering the earth’s atmosphere. For the magnitude
of this part of the radiation, reference should be made
to the analysis of the components of cosmic rays by
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A more detailed report of these observations and
of the researches in the Andes will be published in
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Stuttgart. June 8.
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Clay: Latitude Effect LT

RESULTS OF THE DUTCH COSMIC RAY ‘e
EXPEDITION 1933 AN/

II. THE MAGNETIC LATITUDE EFFECT OF COSMIC RAYS &0 2
A MAGNETIC LONGITUDE EFFECT “/ \‘%3

by J. CLAY, P. M. VAN ALPHEN and C. G.'T HOOFT #°}

LNDIAN _OCEALY.

Natuurkundig Laboratorium, Amsterdam 8.7

e
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journey from Holland to Java R e
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intensity variies with latitude Rk \."N\{__,__,J}
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cosmic rays are | \x-

charged particles 0 MAGH. LATITUDE.
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Fig. 1. Records of the variation of Cosmic Radi-
ation with latitude on two different routes under
different shielding with different instruments

3 emmeameerneaneans x  results with instrument D open
(Amsterdam-—Batavia)

(Ly, Lo, Ly, L) results with instrument D, open
(Batavia—Amsterdam)

I” F  Results 1928 and 1929.

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



Compton: World-wide survey of intensity of radiation

Fir. 24. ‘Lhe instrument uscd in this survey is usually shiclded wit
lead znd 5 placed 1o Lhe box when used in mest alrplane fligh:s.
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1931-34 A.H. Compton 12 expeditions - ~100 locations

o Y 1wy e ~ | P . !

Fic. 6. —Compton’s world map of isocosms. Note the parallelism of Uhese lines of equal eosmie-ray intensity and the dotted
curves of geomagnetie Jatitude (50° N. and §8.).
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~1937 East-West Effect of Cosmic-Ray Intensity

A

Fig. 14. The equipment for the E-W experiment.
Rossi and others

higher intensity from the west
mm) cosmic rays are mostly positively charged
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~1930 ,,elementary particles“: charged neutral
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Rutherford (1919) p n (1932) Chadw
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Discovery of new particles in cosmic rays
~1930 — 1950
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MARCH 15, 1931} PHYSTCAL REVIEW VOLUME

The Positive Electron @+

CarL D, AxpersoN, Cadtfvrwia Insistule of Trechnology, Pusudens, Calsfornia
(Received February 28, 1933)
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Nobel Prize 1936
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P.M.S. Blackett
Nobel Prize 1948
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1933 Blackett & Occhialini

10 t electromagnet
30 cm cloud chamber



P.M.S. Blackett
Nobel Prize 1948

pair production |
1933 Blackett & Occhialini | V> et e
L E = mc2
10 t electromagnet
30 cm cloud chamber

Tic. 9. Pair of positive and negatve elecrons praduced by g rays, Chadwick,
hckect, and C'.”Chi.llitl:.. 2(}34)



Electromagnetic Cascades B. Rossi 1933

30
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Thic<ness of leac, em MIT canbs-ny grnp
Fig. 7-1 Shouwer curve. The number of coincidencesa per hour is plotted as a Y 9 et e-

function of the thickness of lead abuve the counters. The experimental arrange-

ment is shown schematically in the inset. The circles are experumental points. +/- 9
(This figure is hased on one appearing in a paper by the author in Zeitschrift e Y
Jir Plysik, vol. 82, p. 151, 1933.)



Discovery of the Muon

1937 Anderson & Neddermeyer: pin cloud chamber
m, ~ 200 m,
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pretation of the band at 4z, and there seems to be no
reason why it should not be interpreted as »s+»s 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

LETTERS TO THE EDITOR 837
h Ky= 2,700,000 AT T=20
t  (Hmes)
\
\
\
\
A\ o BaK
+ weB

fundamentals.
The writer wishes to acknowledge the benefit of discuss-
ing this matter with Professor Barker.
G. B. B. M. SUTHERLAND*
Pembroke Colle;
Cambridge, hngland.
September 15, 1939.
* At present Leyerhulme Research Fellow.
1E. F. Barker, Phys. Rev. 55, 657 (1939)

Magnetic Anisotropy of Nickel at 20°K

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 Kirensky? have
found that in the temperature range from 77° to 350°K
the constant is given by the relation

Ky=Kope (6]
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.

i
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 flask surrounding the crystal through
a straight Dewar tube of stainless steel connected directly
to the bottom of the liquefier. The flask 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

A

ANISOTROPY CONSTANT, Ky IN ERGS/CM3

200 3 200
TEMPERATURE IN DEGREES K

FiG, 1. Amsotropy constant of nickel as dependent on temperature.
Data from 77° to 350°K, inclusive, by Brukhatov and Kirensky. Data

at 77° and 10°K by the authors, ad)usted slightly to fit the former data
t 77°K. Curve calculated from Eq. (1) using K =800,000, a =0.000034

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,

ew York, New York,
September 25, 1939.

1 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. hys. 8, 575 (1937)) from their magnetization
curves for the IIODID and _[1 0] directions. A similar calculation by
L. W. McKeehan (Phys. Rev 52, 18 (1937)) yielded an even higher
value of K, Its value is somewhat uncertain on account of the extra-
polanon of the magnetization curves to saturation.

2N, L. Brukhatov and L. V. Kirensky, (Sovxet Phys. 12, 602 (1937).

’J H Van Vleck, Phys. Rev. 52, 1178 (1937
g O. L. Boothby, using the method described by P. P. Cioffi
and L. Boothby, Phys Rev. 55, 673 (1939).
5 Similar in design to that described by H. J. Williams, Rev. Sci.
Inst. 8, 56 (1937).

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

B. Rossi, N. Hilberry and J.B. Hong, Phys. Rev. 56 (1939) 837
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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: 11.924-0.07 coinc./min. Ibid., under 84
g/cm? graphite: 11.02£0.057 coinc./min. Echo Lake
(3240 m, atmospheric pressure 700 g/cm?) without graphite:
9.740.046 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/cm?. 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 4.30 X105—3.24 X10°

~ =1.06X10° cm. Their mean-free-path for the distintegra-

tion is, therefore, L=1.06X105/log (11/9.7) =8.5 X105 cm.

L is connected with the lifetime 7o by the formula:
cro=ucL/p where u is the mass and p the momentum of
the mesotrons. At sea level the average value of uc/p was

. estimated to be about 0.07.1 Assuming tentatively the same

value in our case, one finds 7o=2X107% 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.

Bruno Rosst
H. Van NorMAN HILBERRY
J. BarToN HoaG
Ryerson Physical Laburatory,
University of Chic
Chicago, lllmol s,
September 30, 1939.

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

" Gamma-Radiation

Richardson! has reported that the decay of N is ac-
companied by a gamma-ray of 280430 kev in addition to
the well-known positron annihilation radiation. This
gamma-ray is estimated to occur in 40 percent of all N
disintegrations which take place.

The same radiation has been reported by Lyman? who
estimates it to occur in 2015 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, 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

THE EDITOR

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 bombarding 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
Jradioactive 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

wvelocxty, will appear on the spectrogram as a group with a
‘sharp upper energy limit foIlowed by a gradual decrease

fless homogeneous energy distribution because their
energies depend greatly upon their directions of emission
ith respect to those of the quanta.
In this experiment the photoelectron spectrum of lead

he experiments of Watase and Itoh.

The data are shown in Fig. 1, which gives the film opacity
hs a function of Hp. Because of differences in source in-
ensities it was necessary to multiply the aluminum ordi-

GAMMA-RADIATION,
pEcAY oF N®

O LEAD RADIATOR
® ALUMINUM RADIATOR

OPACITY

1|

Ll L1 1 |
1200 B0G 2000 2400 2800

F16. 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 K photoelectrons from a gamma-ray of 280 230 kev.

Jorg R. Hérandel, ISCRA Erice 2022



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

B. Rossi, N. Hilberry and J.B. Hong, Phys. Rev. 56 (1939) 837

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: 11.94-0.07 coinc./min. Ibid., under 84
g/cm? graphite: 11.040.057 coinc./min. Echo Lake
(3240 m, atmospheric pressure 700 g/cm?) without graphite:
9.74-0.046 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/cm?. 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 4.30 <105 ~3.24 X105
=1.06X10% cm. Their mean-free-path for the distintegra-
tion is, therefore, L=1.06 X105/log (11/9.7) =8.5 X10% cm.

L is connected with the lifetime 7y by the formula:
cro=ucL/p where p is the mass and p the momentum of
the mesotrons. At sea level the average value of uc/p was
estimated to be about 0.07.! Assuming tentatively the same
value in our case, one finds 7o=2 X107 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.

BrunNo Rossr
H. VAN NormaN HILBERRY
J. Barron Hoaa
Ryerson Physical Laboratory,
University of Chicago,

Chicago, Illinois,
September 30, 1939.

1 B, Rossi, Cosmic Ray Symposium, Chicago, June, 1939; Rev. Mod.
Phys. July—-October (1939).
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Fig. 1. Participants a2t the Cosmic Ray Conference (Symposium on Cosmic Rays, 1932) convened at
the University of Chicago in Lhe swmmer ol 1939, The identification of participants is given by

numbers in the over lay of this photograph as follows:

1. [l Bethe 18. W. Bothe 35. W. Bostick*
2.  D. Froman 19. W. Heisenherg 36. C. Eckart
3.  R. Brode 20. P. Auger 37. A, Code*
4. A_H. Compton 21. R. Serher 38. 1. Stearns (Denver?)
3. E.Teller 22. T. Jchnson 39. J. Hoprield
6 A. Banos, Ir. 23. J. Clay (Holland) 40. L.O. Wollan*
7. G. Groetzinger 24, W.F.G. Swann 41. D. Hughest
8. S, Goudsmit 25. J.C. Street (Harvard) 42, W, Jesse?
9. M.S. Valiarta 26. I, Wheelcr 43. B.Hoag
10. L. Nordheim 27. 8. Neddermever 44, N, Hillberry*
11. LR. Oppenheimer 28. T Merzop (1) 45. F. Shonkat ICS
12. C.D. Anderson 29. M. Pomerantz 46. P.S. Gilrt SR 8
13. S. Forbush 30. W. llarkins (U. ot C.)  47. A.H, Snell i
14. Nielsen (of Duke 1)) 31. H. Reutler 48. I. Schrem»
15, V, Hess 32, MM. Shapiro™ 49. A. Haos”? (Vienna) > RAYS
16. V.C. Wilson 33. M. Schein* 50. E. Dershem*®
17. B. Rossi 34. C. Montgomery (Yale) 51. H. Jones?
AGO

*Then research associate of Compton.
+Then zraduate student of Compton.
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Fig. 1. Participants 2t the Cosmic Ray Conference (Symposium on Cosmic Rays, 1939) convened at \

the University of Chicago in Lhe smnmer ol 1939, The identification of participants is given by

numbers in the over lay of this photograph as follows:

o

et o e O S0 W) N U b U D
o e 7™

w

s

13,
16.
17.

[1. Bethe
D. Froman
R. Brode
A_H. Compton
E. Teller
A. Banos, Ir.
G. Groetzinger
S. Goudsmit
M.S. Vallarta
L. Nordheim
LR. Oppenheimer
C.D. Anderson
S. Forbush
Nielsen (of Duke 11)
V. Hess
V.C. Wilson
B. Rossi

18.
19.
20.
21.
22.
23.
24,
15.
26.
27.
28.
29.
30.
31.
32
I
34.

W. Bothe

W. Heisenherg

P. Auger

R. Serher

T. Jchnson

J. Clay (Holland)
W.F.G. Swann

J.C. Slreet (Harvard)
I, Wheelcr

S. Neddermeyer

T Merzog (7)

M. Pemerantz

W._ larkins (U. of C.)
H. Reutler

MM. Shupiro™

M. Schein*

35.
36,
37.
38.
39.
40.
41.
42,
43,
44,
45.
46.
47.
48.
49.
50.
C. Montgomery (Yale) 51.

REVIEWS OF

MODERN PHYSICS

Aryaimoeren

W, Bustick*

C. Eckart

A, Code*

I. Stearns (Denver?)
J. Hoprield

12.O. Wollan*

D. Hughest

W. Jesse®

B. Hozg

N. Hillberry*

F. Shonkat

P.S. Gillt

A.H, Snell

I. Schrem»

A, Haos? (Vienna)
E. Dershem*®

H. Jonest

Vieiea It 9% o 4

SYMPOSIUM ON COSMIC RAYS

held of

THE UNIVERSITY OF CHICAGO
June, 1939



e, P =
Die Weltranmstrahlung Space radiation
und ihre biologis and its biological effect

von LEUGSTER
und V. F.HESS

- 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
e Kosmischen Strahlen, vor ca, 30 Jabren dunhk HESS snrdeckr. animals_ The bOOk gives phySiCists
und heute schor: phetographize- und meBbar, beeiaflusse-u wischhaltig and biOIO ists as We" as
Wachs turn, Frachtbarkeit und Kreebs, was ELGSTER in langjihngen g ’

| Versuchen an Theren und PHlonzen bowics. Das Buch gibt Dhysikern intereSted Iayman a valuable

und Diologen, sher anch gn?)lfdet?q- Leden ecine wartvolle Zusammen- Summary Of a broad field Of
fassung dor GuBorct vielscitizen l"ufsch'mgsr rgebinissc, ' researCh 1 939
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Kurze Originalmitteilungen.
Fiir die kurzen Originalmitteilungen ist ausschliefilich der Verfasser verantwortlich.

Gekoppelte Hohenstrahlen.

Bei Bestimmungen der Zufallskoinzidenzen hoch auilos
der Zahlrohrverstirkeranordnungen (bis 5° 10~ 7 sec) ergab
sich eine wesentlich groBere Anzahl, als nach den elektri-
schen Konstanten der Anordnung zu erwarten war, ferner
ihre Anzahl abhingig vom gegenseitigen Abstand der Zihl-
rohre; wie z. B. fiir Zihlrohre von 430 qcm wirksamer Ober-
liiche (90 - 4,8) und r = 5° 10— 8 see Tabelle 1 zeigt.

coupled

»,high-altidute rays*

Tabelle 1. Anzahl der zusitzlichen Koinzidenzen je Stunde in Abhingigkeit vom gegenseitigen Ab-

stand der ungepanzerten Zidhlrohre.

Rohrabs;é-ahd in m: 'i |

— - : =
Im Experimentierra T ||I3.3:: 21| 13,3

P T SR L e o S R | 37,5 1 44|

Mit zunchmendem Abstand der Zihlrohre voneinander
pnimmt die Anzahl der Zufallskoinzidenzen zunichst
dauernd ab, bis sich bei iiber 10,0 m Abstand (Beobachtungen
im Experimentierraum) konstante Werte einstellen und
iiberschiissige Koinzidenzen nicht mehr nachweisbar sind.
Wurde ein Bleipanzer (10- 10 - 40 cm?) so zwischen die
Zihlrohre gebracht, daB er den Durchgang ein und desselben
Strahles durch die beiden horizontal liegenden Rohre hin-
derte, so anderte sich wesentlich nichts, wie ja nach der
Richtungsverteilung der Hohenstrahlen zu erwarten ist. Wohl
aber machten sich die zusitzlichen Koinzidenzen nicht mehr
bemerkbar, wenn die Rohre allseitig durch 10cm Blei ge-
schirmt wurden. Dann erhielt man auch bei nahe aneinander-
liegenden Rohren dieselben konstanten Werte fiir = wie bel
iiber 1o m Abstand ungepanzert. Die zusitzlichen Koinzi-
denzen muBten demnach von Strahlen herriihren, die durch
tocm Blei weitgehend absorbiert werden. Bei starker Er-
héhung der Stobzahlen durch radioaktive Bestrahlung
wird der EinfluB der Hohenstrahlen unwirksam. Dann
ergab sich ebenfalls bei kleinerem Zihlrohrabstande (5m)
der Wert des Auflésungsvermégens, der 1. nach den elek-
trischen Daten, 2. nach den Bestimmungen mit allseitigem
Panzer und 3. nach den Messungen iiber 1om Abstand
ungepanzert das wahre Auflésungsvermogen der Anordnung
darstellt.

Nur bei statistisch verteilten und voneinander unabhingi-
gen EinzelsttBen N} und N, der beiden Zihlrohre gilt die
Bezichung K: = 2N, Ny zur Bestimmung des Aufldsungs-
vermigens . Fs miissen also bei ungeschirmten und zu nahe

Al Tahan TTUVT an nehen Pl Mgt »

Kolhorster

discovery of air showers

F*Das zeigen auch folgende versuche
mi 3iachen Koinzidenzapparatur, deren Auflésungs-
vermogen mit einer besonderen Anordnung zu 5 107" sec
bestimmt worden war. Bei Aufstellung der Zahirohre hori-
zontal und radial auf einem Kreise ist dann iiberhaupt keine
meBbare Anzahl von Zufallskoinzidenzen zu erwarten
(héchstens 1o~ * Koi/Std.). Es ergaben sich aber bei Zahl-
rohren von 216 gem wirksamer Fliche

Ungepanzert. . . - . . 2.7 4+ o,4 Koi/Std.

1 Rohr gepanzert. . . . O, -+ 0,1 Koi/Std.

W. Kolhoister et al.. " Naturwiss.

1,3] 13,3 & 1,3'i 9,34 1,2

|E o i 7o

—— |molaatzstes | 0,74 1,3

Strahlen im Schauer. Unter der Decke des Experimentier-
raumes sind diese Sekundirstrahlen iiber eine Fliche von
mindestens 60 qm sicher nachweisbar.

Sollten sie bevorzugt in der Decke ausgeldst werden, so
wiirden nach der Geometrie der Anordnung dabei Strahlen
bis zu 80° aus ihrer urspriinglichen Richtung abgelenkt
worden sein. Indessen ist bei einem Aquivalent der Decke
von nur 1cm Blei und dem Absorptionskoeffizienten der
Strahlen von #p; = 0,12 cI~ 1 anzunehmen, daB die Strahlen
iiberwiegend in der Atmosphire bis zu grofen Hohen iiber
Boden erzeugt werden. Die Decke “wird also mehr absor-
bierende als strahlenauslésende Wirkung haben, so daB im
Freien eine groBere Anzahl von Strahlen unter gleichen Be-
dingungen zu erwarten ist. Dies bestitigen die Messungen
mit der z-fach-Koinzidenzanordnung. Im Freien konnten
die zusitzlichen Koinzidenzen bis auf Abstiinde won iiber
20 m sicher beobachtet werden, so daB gekoppelte Hohen-
strahlen im Freien sogar bis iiber 400 qm Fliche auftreten
(Tabelle 1). Selbst bei 75 m Abstand schien noch ein kleiner
Uberschub vorhanden, der aber erst durch sehr lange Me8-
reihen sichergestellt werden miibte.

Aus dem niedrigen Absorptionskoeffizienten ist zu folgern,
daB selbst Schauerstrahlen, die bis etwa 2 km Hohe iiber
dem Boden entstehen, diesen noch erreichen miissen. Diese
~wiirdenr—darmrtiber—eine sehr groBe Flache verteilt “sein.
Da fur solche Schauer trotz des groBen Strahlenreichtums
die raumliche Dichte der Strahblen in Bodennihe nur auber-
ordentlich gering sein kann, ist es durchaus verstindlich,
wenn sie als zusitzliche Koinzidenzen iiber groBere Abstinde
o T “-ajgen lasse:. Bei den hier ausgefiibrten

is zu 20 m wiirde, die Entstehung
e vorausgesetzt, der Winkel
( als 1° sein.
eit bestehen, den Ursprungsori
nauer zu bestimmen dadurch,
zanordnungen anpeilt. Dies-
jedoch erst diskutiert werden,
1t sein wird.
en Untersuchungen hatte der
. 1938 in einem Vortrage im
er Technischen Hochschule

| 21,5 4= 2,1

trahlenforschung der Universi-
tit Berlin, den 257

B 938.
W. KoLuorsTER. 1. MaTrTHES. E. WEBER.

Neue Messungen der Fluorescenz-Intensitats- Anderungen
griiner Pflanzen.

Ein giinstiges Versuchsobjekt fiir quantitative Messungen

ist die Meeresalge Ulva lactucal. Sie besteht aus blattartigen,

1 Das Versuchsmaterial verdanken wir dem Entgegen-

igur(fi §:r35§3tlin:5h‘eil6]3§ologischen Anstalt auf Helgoland.
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Kurze Originalmitteilungen.

Fiir die kurzen

Gekoppelte Hohenstrahlen.

Bei Bestimmungen der Zufallskoinzidenzen hoch au
der Zahlrohrverstirkeranordnungen (bis 5* 10 -7sec) ergab
sich eine wesentlich groBere Anzahl, als nach den elektri-
schen Konstanten der Anordnung zu erwarten war, lemer
ihre Anzahl abhingig vom gegenseitigen Abstand der Zihl-
rohre; wie z. B. fiir Zihlrohre von 430 qem wirksamer Ober-
ldche (g0 - 4,8) und ¢ = 5+ 10— 98 sec Tabelle 1 zeigt.

Tabelle 1. Anzahl der zusitzlichen Koinzidenzen

stand der ungepanzerten Zidhlrohre.

Originalmitteilungen ist ausschlieBlich der Verfasser verantwortlich.

coupled
»,high-altidute rays*

Ab-

je Stunde in Abhidngigkeit vom gegenseitigen

" Rohrabstand in m:

Im Experimentierraum . . . . . .
Tm-FEelel o . v v i e e

Mit zunehmendem Abstand der Zihlrohre voneinander
pimmt die Anzahl der Zufallskoinzidenzen zunichst
dauernd ab, bis sich bei iiber 10,0 m Abstand (Beobachtungen
im FExperimentierraum) konstante Werte einstellen und
iiberschiissige Koinzidenzen nicht mehr nachweisbar sind.
Wurde ein Bleipanzer (10-10-40 cm?®) so zwis
Zihlrohre gebracht, daB er den Durchgang ein und desselben
Strahles durch die beiden horizontal liegenden Rohre hin-
derte, so inderte sich wesentlich nichts, wie ja nach der
Richtungsverteilung der Hohenstrahlen zu erwarten ist. Wohl
aber machten sich die zusiitzlichen Koinzidenzen nicht mehr
bemerkbar, wenn die Rohre allseitig durch 10cm Blei ge-
schirmt wurden. Dann erhielt man auch bei nahe aneinander-
liegenden Rohren dieselben konstanten Werte fiir = wie bei
iiber to m Abstand ungepangert. Die zusitzlichen Koinzi-
denzen muBten demnach von Strahlen herriihren, die durch
10 cm Blei weitgehend absorbiert werden. Bei starker Er-
héhung der Stobzahlen durch radioaktive Bestrahlung
wird der Einflup der Hohenstrahlen unwirksam. Dann
ergab sich ebenfalls bei kleinerem Zihlrohrabstande (5 m)
der Wert des Auflosungsvermogens, der 1. nach den elek-
trischen Daten, 2. nach den Bestimmungen mit allseitigem
Panzer und 3. nach den Messungen iiber 1om Abstand
ungepanzert das wahre Auflésungsvermogen der Anordnung
darstellt.

Nur bei statistisch verteilten und voneinander unabhangi-
gen EinzelstdBen N, und N, der beiden Zihlrohre gilt die
Bezichung K: — 2N, Ny: zur Bestimmung des Auflosungs-
vermigens r. Rs miissen also bei ungeschirmten und zu nahe

1 T ap wAhen Acs St 7

T ahan
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discovery of air s

F*Das zeigen auch folgende versuche
er 3iachen Koinzidenzapparatur, deren Auflésungs-
vermogen mit einer besonderen Anordnung zu 5° 10~ " sec
bestimmt worden war. Bei Aufstellung der Zihirohre hori-
zontal und radial auf einem Kreise ist dann iiberhaupt keine
meBbare Anzahl von Zufallskoinzidenzen zu erwarten
(héchstens 1o~* Koi/Std.). Es erzaben sich aber bei Zihl-
rohren von 216 gem wirksamer Fliche
Ungepanzert. . . . . « 2.7 St
1 Rohr gepanzert. . . . 0,7

W. KGIKGEetet et al -Na
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Kurze Originalmitteilungen.
Fiir die kurzen Originalmitteilungen ist ausschlieBlich der Verfasser verantwortlich.

Gekoppelte Hohenstrahlen.

Bei Bestimmungen der Zufallskoinzidenzen hoch auilos
der Zahlrohrverstirkeranordnungen (bis 5° 10~ 7 sec) ergab
sich eine wesentlich groBere Anzahl, als nach den elektri-
schen Konstanten der Anordnung zu erwarten war, ferner
ihre Anzahl abhingig vom gegenseitigen Abstand der Zihl-
rohre; wie z. B. fiir Zihlrohre von 430 qem wirksamer Ober-
Jiiche (go - 4,8) und r = 5+ 10~ 8 sec Tabelle x zeigt.

Tabelle 1. Anzahl der zusitzlichen

coupled

»,high-altidute rays*

Koinzidenzen je Stunde in Abhidngigkeit vom gegenseitigen Ab-
stand der ungepanzerten Zidhlrohre.

Im Experimentierraum . . .
Im-Freiem . . "« « aovie s

Mit zunehmendem Abstand der Zihlrohre voneinander
pimmt die Anzahl der Zufallskoinzidenzen zunichst
dauernd ab, bis sich bei iiber 10,0 m Abstand (Beobachtungen
im Experimentierraum) konstante Werte einstellen und
iiberschiissige Koinzidenzen nicht mehr nachweisbar sind.
Wurde ein Bleipanzer (10- 10 - 40 cm?) so zwischen die
Zihlrohre gebracht, daB er den Durchgang ein und desselben
Strahles durch die beiden horizontal liegenden Rohre hin-
derte, so anderte sich wesentlich nichts, wie ja nach der
Richtungsverteilung der Hohenstrahlen zu erwarten ist. Wohl
aber machten sich die zusitzlichen Koinzidenzen nicht mehr
bemerkbar, wenn die Rohre allseitig durch 10cm Blei ge-
schirmt wurden. Dann erhielt man auch bei nahe aneinander-
liegenden Rohren dieselben konstanten Werte fiir  wie bei
iiber to m Abstand ungepangert. Die zusitzlichen Koinzi-
denzen muBten demnach von Strahlen herriihren, die durch
tocm Blei weitgehend absorbiert werden. Bei starker Er-
héhung der Stobzahlen durch radioaktive Bestrahlung
wird der Einflup der Hohenstrahlen unwirksam. Dann
ergab sich ebenfalls bei kleinerem Zihlrohrabstande (5 m)
der Wert des Auflésungsvermigens, der 1. nach den elek-
trischen Daten, 2. nach den Bestimmungen mit allseitigem
Panzer und 3. nach den Messungen iiber 1om Abstand
ungepanzert das wahre Auflésungsvermogen der Anordnung
darstellt.

Nur bei statistisch verteilten und voneinander unabhingi-
gen EinzelstdBen N, und N, der beiden Zihlrohre gilt die
Bezichung K: = 2N, Ny zur Bestimmung des Auflosungs-
vermigens . Fs miissen also bei ungeschirmten und zu nahe
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F*Das zeigen auch folgende versuche
er 3iachen Koinzidenzapparatur, deren Auflésungs-
vermogen mit einer besonderen Anordnung zu 5° 10~ " sec
bestimmt worden war. Bel Aufstellung der Zihirohre hori-
zontal und radial auf einem Kreise ist dann iiberhaupt keine
meBbare Anzahl von Zufallskoinzidenzen zu erwarten
(héchstens 1o~* Koi/Std.). Es erzaben sich aber bei Zihl-
rohren von 216 gem wirksamer Fliche
Ungepanzert. . . . . . 2,7 == 0,4 Koi/
1 Rohr gepanzert. . . . Oy 1 Koi/Std.
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A. The balloons are ussembled va Stage Field st the Undversily of Chicago, Chi-
caey, Hlinvis. In the feceground can be seen the long frame which was required loe
the wide sepuratzon of the cosmic-ray counters.

B, "I'he Jarge cluster of hullaons as it ix about to he relensed.

, The Lallova Lmin ssils into the kv after its relesse. Snspencded below Lhe

balloons is the frame supporbiog the comnlers aml vecording sppeoestus,
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~ 1950 large detector arrays
to measure extensive air showers

Fig. 12-4 Shower digsk approaching detectors (represented by circles on a
hocizontal plone).

B. Rossi
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~ 1950 large detector arrays

to measure extensive air sho

Fig. 12-4 Shower disk approachiog detectors (represented by circles on a

hocizontal plane).
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Fig. 12-3 Lxpermental arrangement used Ty the YIT oosmic-ruy group Lo
eludy aiv showers, Fluorescent plustiv disks {thin nectongles at tap) emit
flaghee of light when stauck by chargred particles, AL W eanter of vach disk is o
photomualtiplicr tabe that cnverts e Hehl into an edectrical pulss; the ainpli-
tude of the pulss iz propartional to the brightnes: of the flash. Pulses tenvel tn
calbude-ray wecilluscopes (draes) Lhrough transmission lines containing deloy
drenita, whicl eggualize tha langlhs of Khe sbectricsl paths, Horizontal swsps
of all cecilloscope soreens [grids) are tiggeeed ol the e Line whenever
lhree or more pubee pass Goough the cotcideacs ciromit simonltoneonsly.
The awplitude: of tae “spikes' [l s, the heights of the vertioal detlections
in the oacillecope teacs) indicala s numbers of particles striking the cor-
responding detaators. The positions of the spikes in the horizantal traces show

the relutive arrival times of the portiels.
Jorg R. Horandel, ISCRA Erice 2022 43



Vorume 10, Numser 4

PHYSICAL REVIEW LETTERS 15 FENRUARY 1963

EVIDENCE FOR A PRIMARY COSMIC-RAY PARTICLE WITH ENERGY 10* evT

John Linslev

Laboratory for Nuclear Science, Massachusctts Institutc of Technalogy, Cambridge, Masaachusetts

(Reecived 10 January 1063)

)
g
o~
/
/
ot
(S

\.\ \\
-‘°'\ -
D ce | O
- e ™ B .
\\
o
o
o o 0
[ ] L *
- T T - T v —
v ¢ 3
XILCMETERS

FIG. 1, Plan of the Volcane Ranch array in Fshruary
1382, The vircles represcnt 3. 3-m® scintillation dee
tectors. The numbers near tha clrclee are the shewer
denaities {particles/m® registered in this avent, No.
2-4504. Pomt “4" 18 the estimated Incutinn of tha
shower core, The ciraular coniours about thet point
ald in verifving the core [neation by inspection.
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OCTOBER 2, 1937

emulsion
chambers at
high-altitude
lab above
Innsbruck
(Austria)

Disintegration Processes by Cosmic Rays with
the Simultaneous Emission of Several Heavy
Particles

O photographic plates which had been exposed
to cosmic radiation on the Hafelekar (2,300 m. above
sea-lovel) near Innsbruck for five months, we found,
apart from the very long tracks (up to 1,200 em. in
length) which have been reported recently in a note
in the Wiener Akademie-Berichte, evidence of several
processes described below.

From a single point within the emulsion several
tracks, somo of them having a considerable length,
take their departure. We observed four cases with
three particles, four with four and ‘stars’ with six,
seven, cight and nine particles, one of cach kind.

The longest track corresponded to a range in air
(15°, 760 mm. Hg) of 176 cm. The ionization pro-
duced by the particles is different in the different
cases. Most of the tracks show much larger mean
grain-distances than «-particles and slow protons.

In Fig. 1 a ‘star’ with eight tracks is reproduced.
On account of the rather steep angles at which some
of the particles cross the emulsion-layer (approxi-
mately 70y thick) it is not possible to have all the
tracks of a ‘star’ in focus simultaneously. Fig. 2
shows a sketch of the same ‘star’. Measurement of
the tracks gives the results in the accompanying
table.

S Length in em. of | Number | Position of the end of
Track | air (15°, 760 mm.) | of grains the track

A 30+0 cm. 13 ‘Within the ecmulsion

I 11-0 ,, 15 4 5 2

i c 4446 ,, 7. Glass

D 62 ,, 11 5

E 70, 22 5

F 2 DN 5 ‘Within the emulsion

(A 136 ,, 87 Surface of the emulsion
o 289 ., 58 Glass

Ceatre of the ‘star’ 25 ¢ under the surface of the emulsion.

We believe that the process in question is a dis-
integration of an atom in the emulsion (probably
Ag or Br) by a cosmic ray. The striking feature

NATURE A4O 585

about it is the simultancous emission of so many
heavy particles with such long ranges, which excludes
any confusion with ‘stars’ duc to radioactive con-
tamination. A similar configuration of tracks by
chance is equally out of question. Brode and others*

Fra. 1.

observed a singlo ecase of a disintegration with three
heavy particles in a Wilson clond chamber. The
phenomenon which Wilkins believes was a shower of
protons is perhaps a similar process, but he did
not observe a centre?,

H

\

TaHICK TINES INDICATE A COMPARATIVELY LARGE

NUMBER OF GRAINS PER UNIT OF LENGTH OF THE

TRACK, AN INTERRUPTED LINE MEANS THAT THE

TRACK IS TOO LONG TO BE REPRODUCED ON THE SAME

. SCALE, THE ARROWS INDICATE THE DIRECTION FROM
THE SURFACE OF THE EMULSION TO THE GLASS.

F1c. 2.

The total energy involved in the process cannot
as yet be caleulated as most of the particles do not
end in the emulsion. :

‘We hopoe to give further details before long in the
Wiener Akademie-Berichte.

M. Braov.
H. WAMBACHER.
Radium Tostitut
. 2 Physik. Institut,
‘Wien.
Aug. 25.
! Brode, R. L., and others, Phys. Rev., 50, 581 (October, 1936).
* Wilkins, Nai. Geog. Soe., Stratosphere Series, No. 2, 37 (1936),
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OCTOBER 2, 1937

emulsion
chambers at
high-altitude
lab above
Innsbruck
(Austria)

Disintegration Processes by Cosmic Rays with
the Simultaneous Emission of Several Heavy
Particles

O photographic plates which had been exposed
to cosmic radiation on the Hafelekar (2,300 m. above
sea-lovel) near Innsbruck for five months, we found,
apart from the very long tracks (up to 1,200 em. in
length) which have been reported recently in a note
in the Wiener Akademie-Berichte, evidence of seve)
processes described below.

From a single point within the emulsion seve
tracks, somo of them having a considerable len,
take their departure. We observed four cases w
three particles, four with four and ‘stars’ with s
seven, cight and nine particles, one of cach kind

The longest track corresponded to a range in
(15°, 760 mm. Hg) of 176 cm. The ionization p
duced by the particles is different in the difford
cases. Most of the tracks show much larger m
grain-distances than «-particles and slow protons

In Fig. 1 a ‘star’ with eight tracks is reproducg
On account of the rather steep angles at which so
of the particles cross the emulsion-layer (appro,
mately 70y thick) it is not possible to have all {
tracks of a ‘star’ in focus simultaneously. Fig
shows a sketch of the same ‘star’. Measurement
the tracks gives the results in the accompanyi
table.

s Tength In em. of | Number | Posilion of the end of
Track | air (15°, 760 mm.) | of grains the track
A 30+0 cm. 113 ‘Within the ecmulsion
I 11-0 ,, 15 4 5 i
i c 446 ,, 7. Glass
5D 62 ,, 11 b4
E 70, 22 5
F 1B 5 ‘Within the emulsion
(A 136 ,, 87 Surface of the emulsion
GH 239 58 Glass

Ceatre of the ‘star’ 25 ¢ under the surface of the emulsion.

We believe that the process in question is a dis-
integration of an atom in the emulsion (probably
Ag or Br) by a cosmic ray. The striking feature

NATURE A40O

585

about it is the simultancous emission of so many

heavy particles with such long ranges, which excludes

any confusion with ‘stars’ duc to radioactive con-

tamination. A similar configuration of tracks by .
chance is equally out of question. Brode and others* F

, VO )

Disintegration Processes by Cosmic Rays wit
the Simultaneous Emission of Several Heavy
Particles '

Fra. 1.

observed a singlo ecase of a disintegration with three
heavy particles in a Wilson clond chamber. The
phenomenon which Wilkins believes was a shower of
protons is perhaps a similar process, but he did
not observe a centre?,

H

Brav.
WAMBACHER.
Radium Tnstitut
u. 2 Physik. Institut,
Wien.

TRACK, AN INTERRUPTED LINE MEANS THAT THE

TRACK IS TOO LONG TO BE REPRODUCED ON THE SAMY,

. SCALE, THE ARROWS INDICATE THE DIRECTION FRQ
THE SURFACE OF THE EMULSION TO THE GLAZ

The total energy involved in the prg
as yet be calculated as most of the p;
end in the emulsion.

‘We hope to give further detai
Wiener Akademie-Berichte.

Before long in the

H. WAMBACHER.
Radium Tostitut
. 2 Physik. Institut,
‘Wien.
Aug. 25.
! Brode, R. L., and others, Phys. Rev., 50, 581 (October, 1936).
* Wilkins, Nai. Geog. Soe., Stratosphere Series, No. 2, 37 (1936),
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OCTOBER 2, 1937

emulsion
chambers at
high-altitude
lab above
Innsbruck
(Austria)

Disintegration Processes by Cosmic Rays with
the Simultaneous Emission of Several Heavy
Particles

O photographic plates which had been exposed
to cosmic radiation on the Hafelekar (2,300 m. above
sea-lovel) near Innsbruck for five months, we found,
apart from the very long tracks (up to 1,200 em. in
length) which have been reported recently in a note
in the Wiener Akademie-Berichte, evidence of several
processes described below.

From a single point within the emulsion several
tracks, somo of them having a considerable length,
take their departure. We observed four cases with
three particles, four with four and ‘stars’ with six,
seven, cight and nine particles, one of cach kind.

The longest track corresponded to a range in air
(15°, 760 mm. Hg) of 176 cm. The ionization pro-
duced by the particles is different in the different
cases. Most of the tracks show much larger mean
grain-distances than «-particles and slow protons.

In Fig. 1 a ‘star’ with eight tracks is reproduced.
On account of the rather steep angles at which some
of the particles cross the emulsion-layer (approxi-
mately 70y thick) it is not possible to have all the
tracks of a ‘star’ in focus simultaneously. Fig. 2
shows a sketch of the same ‘star’. Measurement of
the tracks gives the results in the accompanying
table.

S Length in em. of | Number | Position of the end of
Track | air (15°, 760 mm.) | of grains the track

A 30+0 cm. 13 ‘Within the ecmulsion

I 11-0 ,, 15 4 5 2

i c 4446 ,, 7. Glass

D 62 ,, 11 5

E 70, 22 5

F 2 DN 5 ‘Within the emulsion

(A 136 ,, 87 Surface of the emulsion
o 289 ., 58 Glass

Ceatre of the ‘star’ 25 ¢ under the surface of the emulsion.

We believe that the process in question is a dis-
integration of an atom in the emulsion (probably
Ag or Br) by a cosmic ray. The striking feature

NATURE A4O 585

about it is the simultancous emission of so many
heavy particles with such long ranges, which excludes
any confusion with ‘stars’ duc to radioactive con-
tamination. A similar configuration of tracks by
chance is equally out of question. Brode and others*

Fra. 1.

observed a singlo ecase of a disintegration with three
heavy particles in a Wilson clond chamber. The
phenomenon which Wilkins believes was a shower of
protons is perhaps a similar process, but he did
not observe a centre?,

H

\

TaHICK TINES INDICATE A COMPARATIVELY LARGE

NUMBER OF GRAINS PER UNIT OF LENGTH OF THE

TRACK, AN INTERRUPTED LINE MEANS THAT THE

TRACK IS TOO LONG TO BE REPRODUCED ON THE SAME

. SCALE, THE ARROWS INDICATE THE DIRECTION FROM
THE SURFACE OF THE EMULSION TO THE GLASS.

F1c. 2.

The total energy involved in the process cannot
as yet be caleulated as most of the particles do not
end in the emulsion. :

‘We hopoe to give further details before long in the
Wiener Akademie-Berichte.

M. Braov.
H. WAMBACHER.
Radium Tostitut
. 2 Physik. Institut,
‘Wien.
Aug. 25.
! Brode, R. L., and others, Phys. Rev., 50, 581 (October, 1936).
* Wilkins, Nai. Geog. Soe., Stratosphere Series, No. 2, 37 (1936),
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Tracks of Nuclear Particles in Photographic
Emulsions
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1947 Discovery of the Pion

Fig. 9-4 Photomicrograph of tracks in a nuclear emulsion, showing a =
meson (w) that comes to rest and decays into a x meson (). The x meson in
turn comes to rest and decays into an electron (e). (From R. H. Brown,
U. Camerini, P. Fowler, H. Muirhead, C. F. Powell, and D. M. Ritson,

Nalure, vol. 163, p. 47, 1949.)
C.F. Powell
m_~ 280 m, Nobel Prize 1950

Pion: nuclear interaction
decay 1+ > ut- > et-
m -2 vyy

Jorg R. Horandel, ISCRA Erice 2022 47



End 1940s plastic balloons
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End 1:9405 plastic balloons
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PHYSICAL REVIEW VOLITIME 73, NUMBZR 3 FEERUAHRY 1, 1934

The Cosmic-Ray Counting Rate of a Single Geiger Counter from Ground Level
to 161 Kilometers Altitude

J. A Vaw Avcex axo H, B Tamsa*
Appiied Paysws Labaralary, Jobsx Hoplhine Uniwrsily, Ssheer Spring, Maryland
{Recelved October 16, 1947)

I'he coxnic-ray couating rate of 2 single Griger counter has been measured rém grouad
level to an alticede of 161 kilometers. The equipment was carried ia a V-2 rockeg et geomagnetic
latitude A=41°N. Espcciol care was takea to avoid multiplicative effests from sarrouading
material. A value of e charged primary cosmic-ray flux of j=0.12/:ec. /cm¥/steradian,
averaged over the upgper bemisphere, is impliad by the data abova 55 km. Thia intarpretation
of the councdag rate muet be qualifiad by the as vet unknown contributian from secondaries
which emerge from tha acmasphere and exccuts orbits in the carth’s magnetic ficld.

1. IRTRODUCTIOR They are believed to be reliable but are pro-

ray experiments conducted by this ERo- in enly one flight. A description of this work is
ratory in Fights of V-2 rockets during the past thought to be worthwhile at thie time for several

year and a half, The data presented herein were 350081

obtained during the flight of July 29, 1047, {a) No previcis comparable data ara knowa to ue,

i s _ o} The technique of using high altitude rockets as
* Now at Department of Terreatsial Magnetiam, Car- vedicies for acieatific measurcments is nut as yet very

negie [nstitucion of Washington, Waskingron, D. C, gencrally kaown.

Jorg R. Hérandel, ISCRA Erice 2022
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FPHYSLICAL REVIEW VOLITIME 73, NUMBZR 3 FEERUAHRY 1, 1934

The Cosmic-Ray Counting Rate of a Single Geiger Counter from Ground Level
to 161 Kilometers Altitude
J. A Vaw Avcex axo H, B Tamsa*
Appiied Paysws Labaralary, Jobsx Hoplhine Uniwrsily, Ssheer Spring, Maryland
{Recelved October 16, 1947)

Fiber 2ine

" s " frple
AMN Cappar Living Fiber PMilars G OONN Padir seweille Wall "

LAIRAL el )

LOCAT OM oF PRMMARY Fiux EXFIRIMENT - '

-

\‘J

Fia. 1. Diagram of equipment, crawn to scale and shawing location in V-2 rocket.
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PHYSICAL REVIEW

VOLIIME 73,

NUMBZR 2

FEERUAHRY

L.

1944

The Cosmic-Ray Counting Rate of a Single Geiger Counter from Ground Level
to 161 Kilometers Altitude
J. A Vaw Avcex axo H, B Tamsa*

Appiied Paysws Labaralary, Jobsx Hoplhine Uniwrsily, Ssheer Spring, Maryland
{Recelved October 16, 1947)
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PHYSICAL REVIEW VOLUME 78, NUMBER 6 JUNE 15, 1950

Stars and Heavy Primaries Recorded during a V-2 Rocket Flight

HerMaN Yacopa, HErvasio G. DE CARvVALHO,* AND NATHAN KAPLAN
Laboratory of Physical Biology, Experimental Biology and Medicine Instilute,
Nalional Institules of Health, Bethesda, Maryland

{(Received February 23, 1950)

Plates flown to an altitude of 150.7 km in a V-2 rocket exhibit a differential star population of 50004800
per cc per day and a flux of heavy primaries of about 0.03 per cm? per min. above the stratosphere. The star
intensity is about 3.6 times greater than that recorded by plates exposed in the stratosphere, the increment
being attributable to secondary star forming radiations created by interaction of cosmic-ray primaries with

the massive projectile. The flux of heavy primaries is essentially of the same order of magnitude as reported
for elevations of 28 km.

& .i’.‘ﬁa X ]

o 5 I0OCM

F1c. 1. Cross section of plate holder. A. Aluminum jacket 3 mm
thick. B. Sponge rubber packing. C. Plates assembled with emul-

2100 lﬂ}rcrs adjacent to each other. ID. Rubber Ea_sk.e_t I"16. 3. Nuclear evaporation recorded in one of the rocket plates.

Jorg R. Horandel, ISCRA Erice 2022 51



953 Cosmic-Ray
onference

irth of particle
hysics

articles discovered
In cosmic rays:

1932 e* Anderson
1937 U Anderson/

Neddermeyer

1947 7T Lattes,

Occhialini, Powell

1947 K Rochester,

Butcher, Powell

1951-53 hyperons
=

Jérg R. Hoérandel, ISCRA Erice 2022 52



PHYSICAL REVIEW

VOLUME &8,

NUMBER 2

OCTOBER 15, 1952

Rocket Determination of the Ionization Spectrum of Charged Cosmic Rays at 2 =41°N

G. J. Perrow,* L. R. Davis, C. W. KISSINGER, AND J. D. SHIPMAN, JR.

In a V-

U. S. Naval Research Laboratory, Washington, D. C.

(Received June 30, 1952)

measurement at A=41°N an analysis has been made of the various compenents of the

charged particle radiation on the basis of ionization and absorption in lead. The ionization was determined
by twe proportional counters, the particle paths through which were defined by Geiger counters. With
increasing zenith angle toward the north, the intensity is found to be substantially constant until the earth
ceases to cover the under side of the telescope. The intensity of all particles with range >7 g/cm?® is
0.079::0.005 (cm? sec steradian)~. Of this an intensity 0.0122:0.002 is absorbed in the next 14 g/cm?®. The
jonization measurement is consistent with } of these soft particles being electrons of <~60 Mev, the
remainder being slow protons and alpha-particles. For the particles with greater range an ionization histogram
is plotted, the smaller of the two ionization measurements for a single event being used to improve the
resolution. The particles divide into protons, alpha-particles, and one carbon nucleus, with N;,/Na=5.3£1.0.
Their absorption is exponential with mean free path 440470 g/cm? Pb. Extrapolating to zero thickness, the.
total primary intensity is 0.070:0.005 (cm? sec steradian)™ with 0.05820.005 as protons, 0.01140.002 as
alpha-particles, and 0.0012:0.001 as Z>>2.

total
absorption
(gm/em?)
=

«—60—>

80—

HUMBER WITH RAMGE = X

T =

F16. 1. Diagram of telescope.

“175 MeV

H—l—*— 0 —— 0§

INTEGRAL ABSORPTION CURVE

€8~ 21T seconds

50 ——ae-—TDEF
EEI ) LA T L T oo i
o 50 100 50 200
: RANGE X  (gm/emT)
Zeogl s i
W F1c. 6, Absorption in lead of the total radiation.
|
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Nature 183,430 - 434 (14 February 1959); doi:10.1038/183430a0
Van Allen Belts

Radiation Around the Earth to a Radial Distance of 107,400 km.

THE RADIATION BELTS 173

JAMES A. VAN ALLEN & LOUIS A. FRANK 100

ORBIT OF
PIONEER I

THIN FIBREGLASS CASE

Fic. 69. THE DISTRIBUTION OF INTENSITY IN THE RADIATION BELTS. (6 DEC. 1958).

LEAD SHIELD ON The diagram represents a cross section through a meridian plane. R,(~6400 km)
is the radius of the earth.

G.M. TUBE
G.M. TUBE TYPE 213 (After van Allen and Frank, Nature, 183, 430 (1950)).

TYPE 302

100,000

E [ A 1 r
{ Lo LA '
0 Lf'\\ B | 3
} — o
10000 EpicNeEER 0 f Y,
- | \ & o
r | | PIONEER T¥ (3 MARCH 1959)
' T U Y | I\
i = ! \ =
- o I % | 3
I - I | A
§ 100p—H Sy e s b
2 \ | I
FiG. 71. THE ARRANGEMENT OF RADIATION DETECTORS IN PIONEER IV. o E[FTEARTHS SURFACE P\ E
(After van Allen). = L E:ﬂOOkrr‘; S
10 E t T \\i\,
B | 2] <
PIONEER 11l (6 DEC. 1958)7~+
- i
o-1 |

|
10,000 30,000 50,000 70,000 90,000 110,000
RADIAL DISTANCE FROM CENTRE OF EARTH {km)

Fic. 70. A COMPARISON OF THE INTENSITIES OF RADIATION FOUND WITH NEARLY
IDENTICAL COUNTERS IN Pionger 111 awp Pioneer IV,

The trajectories of the two probes were almost, but not quite, the same. At the peak
of the second belt the readings of the intensity from Pioneer IV were ambiguous and
followed either curve A or curve B. Curve A is more probable,

(Afier van Allen and Frank, Nature 184, 219 (1g60)),

Jorg R. Hérandel, ISCRA Erice 2022

54



John Simpson (Chicago)

Precission
measurements of CR
abundances E;
dE/dx vs. E technique with
/ solid state detectors in Tube
i/ space D4b—

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)

* 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 Si

Preciss
measu
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solid stz
space
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THE ASTROPHYSICAL JOURNAL, 217:859-877, 1977 November 1 Age Of cosm ic rays

@ 1977. The American Astronomical Socicty. All rights reserved. 'rinted in U.S_A.

THE AGE OF THE GALACTIC COSMIC RAYS DERIVED
FROM THE ABUNDANCE OF °Be*

M. Garcia-Muroz, G. M. MasoN, ANn J. A. SimpsonNt

Enrico Fermi Institute, University of Chicago 10Be - 10B + e- (T=2.4 106 a)
Received 1977 March i4; accepred 1977 April 21
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Fia. 1.—Cross section of the IMP-7 and [MP-§ telescopes.

01, B2, and D3 are lithiam-drified silicon detectors of Uncks

neig 730, 1450, and 200 em, rezpectively. D4 san1l.5gem—*

thick CI (T1) scintillator viewed by four photadiodes

I35 s @ sapphire scintillator/Cerenkov radintor of thickness

398 gem™%, and D6 i3 s plaatic scintillation guard counter

viewed by a photomultiplier tube, Astericks denote detectors B B )
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Fia. 1.—Cross section of the IMP-7 and [MP-§ telescopes.
D1, D2, and D3 are lithium-drified s'hcou detectors of Uncks
nesz 750, 1450, and 800 :m, respectively. 14 §s an 11.5 g em-*
thick €Kl (T1y scintillator  viewed ‘our photadiodes
DS = snpphu'e scintillator/Cerenkov udjmor of thickness
398 gem™%, and D6 i3 & plaatic scintillation guard counter
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Camposition of Cosmic-Ray Nuclei at High Energies®

Einar Juliusson, Paler Meyer, and Dietrich Muller
Enrico Feymi Institute and Depariment of Physics, University of Chicago, Chicago, Illinois 60637
(Received 26 May 1872) O

We have measured the charge compoaition of cosmic-ray nuclei from Li to I'e with
energies up to about 100 GeV/nucleon, A balloon-borne counter telescope with gas
Cherenkov counters for coergy determination was used for this experiment, Our first
resuliz ghow that, in contrast to low-energy obscrvations, the relalive abundences

change as a function of energy. e flod that the ratio of the galactic secondary nuclel g/cm2
to primary-source nuclei decreases at energies above about 30 GeV/aucleon.
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Origin of Cosmic Rays?

1927 R.A. Millikan: ,,death cries of atoms* {® E=mc2

1933 Regener: E density in CRs ~ E density of B field in Galaxy

1934 Supernovae

Walter Baade Fritz Zwicky
1949 E. Fermi: acceleration at magnetic clouds

1978 R.D. Blanford, J.P. Ostriker: acceleration at strong shock front
(1st order Fermi acceleration)
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Beyond the boundaries of our Solar System

Science instrument boem Higr goin

“anienna
< TERMINATION
> .\SOLAH APEX SHOCK
PL Y, HELIOPAUSE
. /"I
!.fagne'nmm;_-r S
/, acom lNTCRSTELLAg
WINDS ——
Cameras ard
socotrometer N Radio solope _—
Coemic ray N\ e generators 25
detestor V7 N s — O O
\ X
“Ctar e [ O
1"ac<ars

passage through termination shock ended

Voyager 1: 94 AU, December 2004
Voyager 2: 84 AU, August 2007

February 2012: Voyager 1: 119.7 AU from Sun
Voyager 2: 97.7 AU from Sun
Voyager 2: 20 August 1977 AT =cd=~17h
Voyager 1: 5 September 1977
. Ken9dy Space Center Jérg R. Horandel, ISCRA Erice 2022 59



BN/ Galactic Cosmic Rays
Ay — Sl and the Heliosphere

e

- Pionger 10

Termination
Shock

August 25th, 2012

VOECES RETH LTI |nterstellar Space
September 5th, 1977

" Bow Shnfl:l('

v o, 1 10 20 SO <0 30 GO 70 ©0O 30 CO 71D 120 13C

.t _ | | | | | | | | | \ |

- | = =@ - 0 Mevinue, 26-Day Averages) ]

7 D The heliosphere is a shield that o ]

P - excludes >75% of the Galactic & ]

- _ . . & ]

223 14— Cosmic Rays with >70 MeV f -

= - 4 ]

< - i

— 1— {“"? —

3.! - ﬂ _f‘ Egzv .

(E - & ﬁ‘ ' o

..':9':\ ) !’.« -~

. ‘\%Fo“ ¢ /F Termination shock ;
Mainly >70 MeV protons

~ L L L l L L l L L l L L L L l L L L L L L L L I L L ]

109' > 1820 1250 1990 12850 2000 2000 2010 2070

YFEFAR



Historical introduction
Basic properties of Cosmic Rays

«ETTORE MAJORANA» FOUNDATION AND CENTRE FOR SCIENTIFIC CULTURE

INTERNATIONAL SCHOOL OF COSMIC-RAY ASTROPHYSICS
«MAURICE M. SHAPIRO»

22+ Course: “From cosmic particles to gravitational waves: now and to come”
30 July — 7 August 2022

PRESIDENT AND DIRECTOR OF THE CENTRE: PROFESSOR A. ZICHICHI

DIRECTORS OF THE COURSE: PROFESSORS J.P. WEFEL, T. STANEV, J.R. HORANDEL

Jorg R. Horandel RU Nijmegen, Nikhef, VU Brussel http:/particle.astro.ru.nl



