~1930 ,,elementary particles”: charged neutral

Rutherford (1919) p n (1932) Cha dw

Thomson  (1897) € Y (1905/26) Einstein

Discovery of new particles in cosmic rays
~1930 — 1950
birth of elementary particle physics
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MARCH 15, 1931 PHYSTCAL REVIEW VOLUMIE 43
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Nobel Prize 1936

The Positive Electron €+

Caru D, AxpersoN, Cadtfvrwia Insistule of Trechnology, Pusudens, Calsfornia
{Received February 28, 1933)

Fic, 00 A 63 mdihan valt pesitean (ifa=2 1 X F ganaeen ) passne chrongh o 6 mm bad olars
ane ging s a 25 million ved! pesitran (Me =38 100 gnuze-on), The I th < Chin btier gach
is ot leaar ren times greater than 1ae possilde leagis of & peatca path of (his curvature,
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P.M.S. Blackett
Nobel Prize 1948

46

B vair production &
1933 Blackett & Occhialini | v e+ e

E = mc2
10 t electromagnet
30 cm cloud chamber

p Pk 1 . ) s o
Tic. 9. Pair of positive and  negsive elecrens praduced by gamans rays, i Chadwricl,
Blckeot, and Oochialing, 1634)



Electromagnetic Cascades B. Rossi 1933
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0 ] Flg, -5 Aslwwer devvoplng through o number of brass plotes 123 cm thlck
0 1 ? 3 4 s é plawd servss s ddond charrbor The shower @as iritated in the top plate by
g ou siident bgh-cuer gy dectva or plwcton, The photograph was taken by the
Thic<ness of leac, em MIT casmbs-ny grnp
Fig. 7-1 Shower curve. The number of coincidenees per hour is plotted as a Y — et e-

function of the thickness of lead abuye the countsrs, The experimental arrange-

ment is shown schematically in the inset. The circles are experumental puints. +/- 9

('T'his fignre is hased on one appearing in a paper by the author in Zeitschrifi e Y

Sfir Physik, vol. 82, p. 151, 1933.) Jorg R. Horandel, APP 202021 49



Discovery of the Muon

1937 Anderson & Neddermeyer:
m, ~ 200 m,

1939 B. Rossi: life time

g in cloud chamber
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P. Auger
Jungfrauj

Muasmarvag Cossae Rays 1y THE Swis3 ALps

The auther {=72) and his collubwrator, P. Fhrenfest, set up their apparatus

in the Jungfranjock .

-

P. Auger et al., Comptes renduz 206 (1938) 1721

k 1-i6 T 3y

- 1
\‘5&‘.“ R‘wm‘v \'.‘59“- ”\Qo\dtv

Guest book research station Jungfraujoch (E.

Jorg R. Horandel, APP 2020/21
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Kurze Originalmitteilungen.

Fiir die kurzen Originalmitteilungen ist ausschlieflich

der Verfasser verantwortlich.

Gekoppelte Héhenstrahlen.

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 Zahl-
rohre; wie z. B. fiir Zdhlrohre von 430 gcm wirksamer Ober-
liche (9o - 4,8) und r = 5+ 10~ 8 sec Tabelle 1 zeigt.

Tabelle 1. Anzahl der zusitzlichen

coupled

»,high-altidute rays*

Koinzidenzen je Stunde in Abhingigkeit vom gegenseitigen Ab-
stand der ungepanzerten Zihlrohre.

_'Rot;'abstand inA m

Im Experimentierraum. . SR
R T R TR PR A [ D

Mit zunehmendem Abstand der Zihlrohre voneinander
nimmt die Anzahl der Zufallskoinzidenzen zundchst
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, da 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 zusitzlichen Koinzidenzen nicht mehr
bemerkbar, wenn die Rohre allseitig durch 10 cm Blei ge-
schirmt wurden. Dann erhielt man auch bei nahe aneinander-
liegenden Rohren dieselben konstanten Werte fiir z wie bei
iiber 1o m Abstand ungepanzert. Die zusitzlichen Koinzi-
denzen muBten demnach von Strahlen herriihren, die durch
1o cm Blei weitgehend absorbiert werden. Bei starker Er-
hohung der StoBzahlen durch radioaktive Bestrahlung
wird der EinfluB der Hohenstrahlen unwirksam. Dann
ergab sich ebenfalls bei kleinerem Zihlrohrabstande (5 m)
der Wert des Auflésungsvermogens, der I. 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
Beziehung K: = 2N; N,z zur Bestimmung des Auflosungs-

vermégens ¢. Es miissen also bei ungeschirmten und zu nahe

“han RS ap nehen A--

Kolhorster

discovery of air s

o 2 R D
P Das zeigen auch folgende Versuche
er 3iachen Koinzidenzapparatur, deren Auflosungs-
vermdgen mit einer besonderen Anordnung zu 5° 10~" sec
bestimmt worden war. Bei Aufstellung der Zihlrohre hori-
zontal und radial auf einem Kreise ist dann iiberhaupt keine
meBbare Anzahl von -Zufallskoinzidenzen zu erwarten
(hdchstens 10 4 Koi/Std.). Es ergaben sich aber bei Zahl-
rohren von. 216 gem wirksamer Fliche
Ungepanzert. . . . . . 2,7 -+ 0,4 Koi/Std.
r Rohr gepanzert. . . 0,7 -+ o,1 Koi/Std.

W. Kohoester et af, Naturwi

UrwISS.

1,2 [ 3,75

S BEee % : B 7
. '\I;m:z,x 13,3k L,3| 13X L3 | 931 1.2 | 0,4 £ 0,8 |
2,1\ —

~witrdenr—danmm ttber eine 3

howers i

10,0+ 2,2 | 2,5+ 1.5 | 07 1,3

Strahlen im Schauer. Unter der Decke des Experimentier-
raumes sind diese Sekundarstrahlen iiber eine Fliache von

mindestens 60 qm sicher naeh b
i : g
Soliten sie bevorzugt in
wiirden nach der Geometri

bis zu 80° aus ihrer ursj —
worden sein. Indessen ist L
von nur 1cm Blei und dj .
Strahlen von #p; = 0,12 cIM -

iiberwiegend in der Atmos]
Boden erzeugt werden. D
bierende als strahlenausls
Freien eine groBere Anzahl
dingungen zu erwarten ist.
mit der 2-fach-Koinzidenz
die zusitzlichen Koinziden
20 m sicher beobachtet we
strahlen im Freien sogar b
(Tabelle 1). Selbst bei 75
UberschuB vorhanden, der
reihen sichergestellt werde

Aus dem niedrigen Abso|
daB selbst Schauerstrahlen
dem Boden entstehen, dies

Da fiir solche Schauer tro,
die raumliche Dichte der §
ordentlich gering sein kan
wenn sie als zusatzliche Ko

1

’ e ~aisen

4

Coincidence rate [1/h]
o

2

tit Berlin, den Z5MAUENS
W. KoLHORS

Neue Messungen der Fluoj
griine
Ein giinstiges Versuchsobjekt fiir quantitative Messungen

0 10 20 30 40 50 60 70 80

Distance d [m]

i‘si(iic Mefresalge Ulva lactucal. Sie besteht aus FttAtxﬁ:ger et al., Comptes l'endllZ 206 (1 93 8) 1 72 1

e
1 Das Versuchsmaterial verdanken wir dem Entgege

ioGIn'(‘ri 635 atliéh‘eilgiologischen Anstalt auf Helgoland.
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Extensive Air Shower

Proton 1015 eV: oP
on ground
106 particles \
80% photons ®
18% electr./positr. %
1.7% muons o/ \,\>‘ Ly
0.3% hadrons Y/ j P+ N
A// Y \ H
e+
e- /1 ‘\\‘]-[+
Y e e+
Y / p’/l no\
e+ o y J m y+
/ @ \
e+ " VAR
e ) \ n @
/ / \
Y v PO,
Sy P e
e+ e @
electromagnetic hadronic muonhic

shower component
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~ 1950 large detector arrays

to measure extensive air sho
s \

/i

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

horizontal plune).

B. Rossi

e ————
—~
7 1 LU
-4 S
1Ll
Delay Pryzeseis

Sween | :

Fig. 12-3 Lxpadmental arcangement nsed Ty the YT ooemic-ray group to
sludy siv ehowers, Fluomescent plustio disks {(thin neatongls at tap) emit
flaghes of light when stauck by chargred particles. AL W eanter of vach disk is o
photomultiplicy tabe that cwiverts (e Lkl inte an edecteical pulss; the anpli-
tude of the pulss iz proportional to the brightnes: of the llash. Pulses travel tn
Galbvde-ray wcilluscopes (drcdes) Lhrough transenission lines containing deloy
crtnitz, whicls eggualize tha langhhs of Lhe sleclrizsl paths, Horiaontal swissps
of all ceeilloscope soreens (grids) are tiageeesd ol the amoe Liine wheaever
lhroe or mom pules pass Woough the cotoeideacs ciremit simoltoneonsky.
The awplitudes of ae “spikes' [l is, the heights of the vectioal detlections
in the oacillecape transs) indicala s numbers of particles striking the cor-
responding detzotars. The positions of the spikes in the horizental traces show
the relutive arrival times of the porticls.
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Vorume 10, Numser 4 PHYSICAL REVIEW LETTERS 15 FENRUIARY 1963

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

Laboratory for Nuclear Science, Massachusctts Institute of Teechnnlogy, Cambridge, Masaachusetrs
(Reecived 10 January 1063)
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FIG. 1. Plan of the Volcaze Ranch array i Fshruary

1082, The wircles represent 3. 5-m® scintillation de-
tectore. The numbers near tha circleg are the shower
densities {particles/ ™ registered in this avent, No.
2-4%14. Pomt 4" 15 the estimated Jocution of e
shower cove, The ciraular aoniours nbout thet point
ald In verifving the core [neation by inspection.
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1943

The
University
of Chicago

v Sy 2

iy
b

BaLwooxy Fozcer or Janowny, 1846, Coxnueren oy THE Avruor. Somsan,
vvo Rososivait #ok THE MEasCEEvEAT o EXTENSIVE (00
AUCER ) SHOWERR TN TIR S100rosp iRy

4. The balloons are gssembded va Stagge Field vt the Undversily of Chicago, € hi-
cagy, Ulinvis. In the Zccegronnd can be soen the long frame which was required foe
the wide sopuration of the cosmic-ray counters.

B, "I'he Javge cluster of Tullaoas as it ix aboat 1o be released.

O, The Tallova Lmin sails nto the skv after its relesse. Snspended below Lhe

balloons s the frame supporbiog the connlers ] cecording appeostas, Jorg R. Horandel, APP 2020/21
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Fig. 1. Participants 27 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 photagraph as follows:

| [1. Bethe 18. W. Bothe 35. W. Bustick*

2. D. Froman 19. W. Heisenherp 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

f A Banos, Ir. 23, J. Clay (Holland) 40. [.O. Wollan*

7. G. Groetzinger 24. W.F.G. Swann 41. D. Hughest

8. S, Goudsmit 25. J.C. Street (Hurvard) 42, W, Jesse®

9.  M.S. Veliarta 26. 1. Wheelcr 43, B.Hozg

10. L. Nordheim 27. 8. Neddermever 44, N, Hillberry*

1. 1LR. Oppenheimer 28. T Merzop (N 45. F. Shonkat ICS
12. C.D. Anderson 29. M. Pcmerantz 46. PS. Gilt AT - o
13. §. Forbush 30. W llackins (U. ot C.}  47. A.H. Snell e,
14. Nielsen (of Duka 1)) 31. H. Reutler 48 J. Schrem»

13, 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 Comptan.
+Then *mdunte student of Compton.
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Die Weltraumstrahlung
und ihre biologische Wirkung

von LEUGSTER
und V.F.HESS

MIT 56 FICUREN
UND: TABELLEN

e Kosmischen Strablen, vor ca. 30 Jahren durnk HESS snrdecke,
und heute echor. photographize- und meBbar, becinflussen wachhaliig

Wachstunn, Frachtharkeir und Krobs, was ELGSTER in lang)ihngen

Versuchen an Theren und Plonzen bowics. Das Buch gibt Physikern
und Biologen, aber anch 8ebllde(e¢}fl.nicn pine wertvolle Zusammoen-

fassung dar GuBsrst vickcitizen Fogs hungsergebnisse,
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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

Ox photographic plates which had been exposed
to cosmic radiation on the Hafelekar (2,300 m. above
sea-lovel) near Tnnsbruck 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 sevel
processes deseribed below.

From a single point within the emulsion seve
tracks, somo of them having a considerable len,
take their departure. We observed four cases
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 reproducy
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.

: 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 cmulsion
I 11-0 ,, 15 i o 3%
{ c 146 ,, 7 Glass
=D 68", 11 S
B 70, 22 2
F 2 5y 5 ‘Within the emulsion
o 136 ,, 87 Surface of the emulsion
T 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 A40

585

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

Disintegration Processes by Cosmic as Wit
the Simultaneous Emission of Several Heavy
Particles

Fre. 1.
observed a singlo ease 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 cenfre?,

dem oplreren Ausan,

H

Brav.
WAMBACHER.
Radiam Tnstitut
. 2 Physik. Institut,
Wien.
Aug. 25.

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 GLAgZ

The total energy involved in the prg
as yet be caleulated as most of the pg
end in the emulsion.

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

Pefore long in the

M. Bracv.
H. WAMBACHER.
Radiam 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),

% “Sution i Utmarshlcsforschung” aif dem Hafolskar toi Innebreck (2300), 19530, sor



JANUARY, 1941 REVIEWS OF MODERN PHYSICS VOLUME 13

Tracks of Nuclear Particles in Photographic
Emulsions

MAURICE M. SHAPIRO
Ryerson Laboratory, University of Chicago, Chicago, Illinois

CONTENTS
I. Early history of the direct photographic method.............. ... ... .. ... ... .. 58
II. Nature of the photographic technique—its advantages and limitations. . .. ......... 61
I11. Contributions of the photographic method in the field of cosmicrays........... ... 63

IV. Contributions of the photographic method to other problems in nuclear physics.. ... 68




1947 Discovery of the Pion

Fig. 9-4 Photomicrograph of tracks in a nuclear emulsion, showing a =
meson (#) that comes to rest and decays into a g meson (u). The x meson in
turn comes to rest and decays into an electron (¢). (From R. H. Brown,
U. Camermmi, 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 V-
decay ™ > “+/- > e+- N |
m -2 vyy
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End 1940s plastic balloons
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PHYSLCAL REVIEW VOLIIME 73, NUMBZR 3 FERRUARY 1, 1938
The Cosmic-Ray Counting Rate of a Single Geiger Counter from Ground Level
to 161 Kilometers Altitude

J. A Vax Avcxy asp H, F. Tara*
Appiied Faysws Labaralary, Jobsy Hopline Uniwrsily, Ssheer Spring, Maryland
{Recelved October 16, 1947)
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lon pairs [1/sec cm3]
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80 F ® Hess 1912 N ntenSIty
70 E [0 Kolhorster 1913/14 -
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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 YAGODA, HERvVASIO G. DE CARVALHO,* AND NATHAN KAPLAN
Laboratory of Physical Biology, Experimental Biology and Medicine Institute,
National Institutes 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.

:vr:‘: cgé'
O
32 a1 C
S Ate
IRAEI
D
| s J
N/ \n/
L 1 1 1 1 l 1 1 1 1 ‘]
0 5 IOCM

F16. 1. Cross section of plate holder. A. Aluminum jacket 3 mm
thick. B. Sponge rubber packing. C. Plates assembled with emul-
sion layers adjacent to each other. D. Rubber gasket.

I"16. 3. Nuclear evaporation recorded in one of the rocket plates,
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1953 Cosmic-Ray
Conference

birth of particle
physics

particles discovered
In cosmic rays:

1932 e+ Anderson
1937 Y Anderson/

Neddermeyer

1947 7T Lattes,

Occhialini, Powell

1947 K Rochester,

Butcher, Powell

1951-53 hyperons
=
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PHYSICAL REVIEW

VOLUME 88, NUMBER 2

G. J. PErLow,* L. R. Davis, C. W. KISSINGER, AND J. D. SHipMAN, JR.
U. S. Naval Research Laboratory, Washington, D. C.

(Received June 30, 1952)

Ina V- measurement at A=41°N an analysis has been made of the various components of the
charged particle radiation on the basis of ionization and absorption in lead. The ionization was determined
by two 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
0.0794-0.005 (cm? sec steradian)~1. 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 Meyv, 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 0.058:0.005 as protons, 0.011+:0.002 as
alpha-particles, and 0.0014:0.001 as Z >2.

OCTOBER 15,

1952

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

GEOMAGNETIC
AXIS

ORBIT OF
PIONEER I

THIN FIBREGLASS CASE

100
Fig. 69. THE DISTRIBUTION OF INTENSITY IN THE RADIATION BELTS. (6 DEC. 1958).
G.M. TUBE [ LEAD SHIELD ON The diagram represents a cross section through a meridian plane. R.(~6400 km)
) ke is the radius of the earth.
TYPE 302 G.M. TUBE TYPE 213 (After van Allen and Frank, Nature, 183, 430 (1959)).
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FiG. 70. A COMPARISON OF THE INTENSITIES OF RADIATION FOUND WITH NEARLY
IDENTICAL COUNTERS IN ProNeer III anp 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,

(After van Allen and Frank, Nature 184, 219 (1960)),
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Formation of the chemical composition

Relative abundance of elements at Earth

S 10°} @® Simpson O ARIEL 6 4 SKYLAB
I 105 Y Fowler #  TIGER
4 — HEAQ?Z ¢ Trek MIR
10 = UHCHE A Tueller + Israel
10 3 —&— sol. syst.

Relative abundance of elements (Si

llllllll

20 30 40

o O o o o o
R R A

Nuclear charge number Z
abundance of elements in CRs and solar system mostly similar

but few differences, e.g. Li, Be, B —> important to understand propagation of
cosmic rays in Galaxy —> column density of traversed matter

primary cosmic rays generated at source e.d. p, He, Fe
spallation products —> secondary cosmic rays, e.g. Li, Be, B

Jorg R. Hérandel, APP 2020/21
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Age of cosmic rays

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

M. Garcia-Muroz, G. M. MasoN, ANn J. A. Simpsont
Enrico Fermi Institute, University of Chicago
Received 1977 March i4; accepred 1977 April 21
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VOruM® 29, NUMBER 7 PHYSICAL REVIEW LETTERS 14 Avousy 1972 Path Iength
of cosmic rays

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
encrgics up to ghout 100 GeV/nucleon, A balloon-borne counter telescope with gas
Cherenkov counters for cnergy determination was used for this experiment, Our first
rescliz show that, in contrast to low-energy obscrvations, the relalive sbundences

change ss a function of energy. We fiod 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

9)
oy —> Y
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

Scienca instrument baem ,’1'?,;:?;
; <3 . TERMINATION

SOLAR APEX SHOCK
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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
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By Galactic Cosmic Rays
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