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Question at end of 19" century

Does air ionize spontaneously ?






Solution ?

Discovery of radioactivity
by Becquerel in 1896
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On the leakage of Electricity through dust-free air. By C. T"’B'f
WiLson, M.A., Sidney Sussex College. EAE T

[Read 26 November 1900.]

Elster and Geitel have shown than an electrified body gradually
loses its charge when freely exposed in the open air or in a room."
Their results are in ement with previous experiments of Linss,
They conclude from their experiments that free ions exist in the
atmosphere. The,experiments deseribed in this paper prove that
ionisation can be detected in a small closed vessel containing
dust-free air not exposed to any known lonising agents. To



The rate of leak is to a first approximation Proporuonar wo-
the pressure ; at a pressure of 43 millims. the leakage 1s about one-:
~ fourteenth of that at atmospheric pressure. WA

~If we take the value found by Prof. J. J. Thomson for the:
charge carried by each ion, 65 X 10-* E.U., we can take the experi-
ments as indicating that 20 ions of either sign are produced per
cocond in each c.c. of air at atmospheric pressure. R
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Many investigations of
“ background” radiation

C. T. R. Wilson
Elster and Geital
Rutherford

A.S. Eve
Schrodinger
Pacini
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jation pénétrante sur la mer'

dans l'eau de la mer et dans I'air ne nous permettent

pas de nous expliquer les valeurs élevées trouvdes par

I'expérience pour la radiation pénétrante sur mer!,

ni sur le continent (expériences de Gockel en hal‘loh_‘ .
et de Wulf sur la Tour Eiffel®) & une hauteur suffi-

sanfe pour qu'on puisse négliger l'action directe des

substances actives contenues dans le sol. Dailleurs
les résultats précédents semblent montrer qu'une

partie appréciable de la radialion pénetrante pré-

e

sente dans 'air, particuliérement celle quiest sujetle -
& des oscillations notables, a une origine indépen- -

dante de Uaction direcle des substances actives con-

teniues dans les couches supérieures de la croile
terresire. ' '

[Manuserit recu le 2 Avril 1911]. .
' [Traduit par 1. Brocn].

1. A. S. Eve, Terr. Magn. and Atm. Elect., £910. - b.

Pacixi, Nuove Cimento, (1910) 449. ©
9. A. Gocker, Phys. Zelschr., (1910) 280. =
3. Th. Wour, Phys. Zeilschr., (1910) 811. 8



Fig. 1-3 The electroscope that was
developed by Wulf in 1909 and was
used in many of the early experi-
ments on cosmic rays.
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Viktor Hess

Institut far
Radiumforschung,
Vienna

Preceded by Swiss
balloonist Gockel
who rose to 1000 m




First balloon flights of Viktor Hess
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Aeronautisches Gelinde im Wiener Prater, von dem aus V. F. Hess in den Jahren 191112
seine ersten I'-EE,Ltl..'lliﬂn-rﬂrsLhungsEahilEn unternommen hatte. (Courtesy of Heeresge-
schichtliche Museum, Vienna)
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Aus der Abteilung fiir Greophysik, Meteorologie
und Erdmagnetismus:

ViktorF.Hess(Wien), Uber Beobachtungen
der durchdringenden Strahlung bei sieben
Freiballonfahrten.

Im Vorjahre habe ich bereits Gelegenheit
gehabt, zwei Ballonfahrten zur Erforschung
der durchdringenden Strahlung zu unterneh-
men; iiber die erste Fahrt wurde schon auf
der Naturforscherversammlung in Karlsruhe
von mir berichtetl). Bei beiden Fahrten er-
gab sich keine wesentliche Anderung der Strah-
lung gegeniiber der am Erdboden beobach-
teten bis zu 1100 m Hohe. Auch Gockel2)
hatte bei zwei Ballonfahrten nicht die erwar-
tete Abnahme der Strahlung mit der Hohe fin-
den koénnen. Es wurde daraus der SchluB ge-
zogen, daB auBer der y-Strahlung der radio-
aktiven Substanzen der Erdrinde noch eine
andere Quelle der durchdingenden Strahlung
vorhanden sein musse.



7. Fahrt (7. August 1912)

Ballon:  Bohmen® (1680 cbm Wasserstoff). Fiihrer: Hauptmann W. Hoffory.
Meteorolog. Beobachter: E. Wolf. Luftelektr. Beobachter: V. F. Hess.
e —
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Dr. Werner Kolhorster im Jahre 1912,



Ber.  dedsche Phys Gos 14 719 (1914)

1914, W. Kolhirster, Messungen dor durckdringenden Strablungen uew. 719

Messungen der durchdringenden
Strahlungen bis in Hbhen von 9300 m;

von W. Kelhirster,

(Vorgetragen in der Sitsung vom 10. Juli 1914.)
(Vgl. oben, B. 681.)

( Aerophysikaliseher Forschungsfonds Halle o 8, Abhandlung 14.)

Im vergangenen Sumuwer habe ich auf drei Freiballonfshrion
gu Hihen von 4100, 4300 und 6300 m Messungen der durch-
dringenden Strahlungen mit einem Apparate nach WULF meiner
Konstruktion (1) ausgefihrt und dariiber an verschiedenen Stellen
perichtett). Danach nimmt die durchdringenda Strahlung mit
wachsender Erhebung fiber dem Erdboden bis auf 700 m zunichst
ab, darsufhin erst langsam, dann schoeller zu. Schon in ungefihr
1600 m werden die gleichen Ionenzahlen wie am Erdboden ge-
tunden. Von 4000 m an wird der Anstieg betriichtlich, so dal in
groBeren Hohen eine verhiilinismiiliig sehr starke Zunshme der
Tonisierungsstiitke zu erwarten ist, was auch bei der Fahrt his
zu 6300 m bestitigt werden konnte, Der zu den Messungen be-
nutzte Apparat ist im Gegensats zu dem frither, besonders von
Heas®) auf Ballonfahrten verwendeten WuLrschen I[nstrament?)
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ROBERT A, MILLIEAN



In the early 1920’s the existence of hohenstrahlung was questioned.

Of’rs and M{”Ikﬂn P;’H" v -:?:_3 T18 (:"?J.‘U

62. The source of the penetrating radiation found in the earth’s m:phuﬁ-
RusseLy M. Otis and R. A. MLLigaN, California Imﬁtut?uf Tuchndﬂ:?.—ftglummm
following Kolhorster's 1923 conclusions, a penetrating rﬁduunn nf cosmic l:l"lﬂ:l:l Mﬂtﬂ'
produces 2 ions/cc/sec. at sea level and has an absnrpuog coefficient per -::mﬂ b i
of 2.5%10-%, we find that this radiation would produce wﬁfmfum. on top . .
Peak (14100 ft). Inside our completely enclosing lead shield, 5 cm thﬁqﬂh;ﬂ
produce 7.8 ions/cc/sec. The ionization in our apparatus contributed by p e
the lead shield was found to be at least 7 ions/cc/sec., s0 t'tlmt':f t]r.tt were no local
radiation on Pike's Peak, the lowest obtainable value of the ionization in Our shielded
vessel should have been 14.8 ions/cc/sec. We ub,:r:md as low as 11. ?_f_-:d-m
therefore, that there exists no such penetrating radiation as we have assu Second,

— -

-we found as a result of a snow-storm on the mountain as large a pt.rtti:ttﬂiircl'il::;fi
(about 10 per cent) in the ionization inside our 5 cm lead shield as nutzilde it. i ;{ P
pret this result also as meaning that the whole of ifhe penetrating ra mtmn_rn Jislcis
origin. How such quantities of radioactive material get into the upper ai ye
unknown.

r



S G H.,HHW  Phys Zed. 28 449 (1929)
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These facts, combined with the further observa-
tion made both before and at this time, that within
the limits of our observational error the rays came
in equally from all directions of the sky, and supple-
mented finally by the facts that the observed
absorption coefficient and total cosmic ray ionisa-
Upon further tion at the altitude of Muir Lake predict satis-

experlmentatlon ! factorily “t-hﬁ I'Eﬁ-ulj[ﬁ uhtt;tined in the 1 5"'1 km.
- balloon flight,, all this constitutes pretty unambiguous i
Millikan completely evidence that the high altitude rays do not originate in
reverses his conclusions! our atmosphere, very certwinly not in the lower nine-
tenthas of it, and justifies the designaiion ‘ cosmic rays,’ _

" the most descriptive and the most appropriate
name vet suggested for that portion of the pene-
trating rays which come in from above. We shall
discuss just how unambiguous the evidence is at this
. moment after having presented our new results.
| These represent two groups of experiments, one
carried out in Bolivia in the High Andes at altitudes
up to 15,400 ft. (4620 m.) in the fall of 1926, and the
other in Arrowhead Lake and Gem Lake, California,
in the summer of 1927.




Hese
Not pleased ol Millikan

P]"&i Loy A1 159 (l"l.lé)

Zu der eingangs zitierten Verdffentlichung
von A. Millikan mochte ich vorerst bemerken,
dal er die Geschichte der Entdeckung der Hohen-
| strahlung 1n einer Weise darstellt, die MiBverstind-
nisse hervorrufen konnte?).

el L el

1}' Physik. Zeitschr, 13, 1084, 1912; Wien, Ber. 1la,

121, 2001, 1972,

z) Physik. Zeitschr, 14, 610, 1913; Wien. Ber, lla,
132, 1053, 1913.

3) Die neuerliche Feststellung der Existenz und der
hohen Durchdringungskraft der Hohenstrahlung durch
Millikan und seine Mitarbeiter wurde von amerikanischen
naturwissenschaftlichen Zeitschriften wie ,Science", . Sci-
entific Monthly** zum Anlall genommen, um fiir die Hohen-
strahlung die Bezeichnung  Millikan-Strahlen® vorzu-
schlagen. Da es sich hier nur um die Bestitigung und
Erweiterung der LErgebnisse der von Gockel, von mir
. und vonKolhdrster 1910bis 1913 ausgefiihrten Strahlungs-
messungen im Ballon handelt, ist diese Benennung als
irrefiihrend und unberechtigt abzulehnen.

Hess: Physik. Zeitschr. 27, 159, (1926)

As concerns the publication of Millikan,

cited above, | would like to remark that he

tells a story of the discovery of hohenstrahlung
that could be easily misunderstood.

The recent determination by Millikan and his
colleagues of the high penetrating power of
hohenstrahlung has been an occasion for
American scientific journals such as “Science”
and “Scientific Monthly” to introduce the term
“Millikan Rays”. Millikan’s work is only a
confirmation and extension of the results
obtained by Gockel, by myself , and by
Kolhorster from 1910 to 1913 using balloon
borne measurements of the rays. To refuse
to acknowledge our work is an error and
unjustified.



Milliken believed that the cosmic radiation consisted
of gamma rays,

but:

new experiments and new detection techniques
showed that fore the most part the cosmic radiation
consisted of charged particles.
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L. ARRANGEMENT AND METHOD OF EVALUATION

In:FIwrnH shown the errangement which, with a fow modifica-
tions, was used for all experiments on the high-nltitude radiation. Bath
the counters Zy, Zy, hnd inner dinmetors § cm, and length 10 om; they
were originally made of brass 1 mm thick, but later of 1 mm thick zing,
and were closed at the ends by ebonite plugs which supported the central
wires, They were prepared by the method of Geiger and Miller, The
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Bruno Rossi and Enrico Fermi in the 1930s. The two scientists wrote together in 1933 a paper
showing that it was impossible to detect the east-west effect at the latitude of Florence because of
the atmospheric absorption. It was thus absolutely necessary to carry out measurements at low
enough geomagnetic latitudes and at high enough altitudes above sea level.



B. Russic
Zeit. § Physk 82 151 (/933)

®

A dramatic result
by Bruno Rossi i
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Arthur Compton
influenced by Rossi
organized a world

wide survey of the
dependence of cosmic
Intensity on geomagnetic
latitude.

Fig, %, Comptim with the apecisl mniasion chamber which
b designed mnid med for his world-wide cosmic-rey surny
dginmp 1911=-1], which proved thal cosmiic s are
chorged pariicles



GEOGRAPHIC STUDY OF COEMIC RAYS 389

Fic. 1. Map showing location of our major stations for observing cosmmc rays.
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| El;eNam Pork Times

VOL. 120041.... No. 27.370. December 31.1 932

MILLIKAN RETORTS
HOTLY TO COMPTON
I¥ COSHIC RAY CLASH| -

Debate of Rival Theorists
Brings Drama to Session
of Nation's Scientists.

THEIR DATA AT VARIANCE

New Findings of His Ex-Pupil
Lead to Thrust by Milllkan
at 'Less Cautious' Work.




William Lawrence |With drama,

New York Times

December 1932

In an atmosphere surcharged
in which the human
element was by no means lacking,
the two protagonists presented
their views with the vehemence and
fervor of those theoretical debates
of bigone days when learned men
clashed over the number of angels
that could dance on the point of a
needle. Dr. Millikan particularly
sprinkled his talk with remarks di-
rectly aimed at his antagonist’s
scientific acumen. There was ob-
vious coolness between the two
men when they met after the debate

wWas over.



In 1927 Skobelzyn in Leningrad found on occasion
high energy particles in his study of Compton
scattering with a cloud chamber.

Zeit. f Physik 43 354 (1927)

Fig. 4. H = 1700, Ho = 24500.
w [ MV/.
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}r:'ﬂr'.f . N . red. 139, Pl 22,

1933

Blackett and Occhialini expand
the cloud chamber when a
Geiger counter array detects

a cosmic ray. Half the photos
contain cosmic ray events —
many as showers of particles.

In these showers there are equal
numbers of negative and positive
particles

o H = Q000 qavss






MARCH 15, 1933

PHYSICAL REVIEW

VOLUME 43

Pe 49

The Positive Electron
Cant D. Axperson, California Inutdtute of Techmology, Pasadena, California

{Received February 28, 1933)

Out of a group of 1300 photographs pf cosmic.ray tracks
in a vertical Wilson chamber 15 were of positive
particles which could not have a mass as great as that of
the proton. From an examination of the energy-loss and
ionization prodwced it is concluded that the charge is less
than twice, and is probably exactly equal to, that of the
proton. If these particles carry unit positive charge the

t--J"'-l'..r

curvatures and ionizations produced nqi‘q- :
less than twenty times the electron mass é.;nd-
will be called pogitrons. Because :
associated with other tracks it is concluded thal they m

be secondary particles ejected from atomic nuelei.

N August 2, 1932, during the course of

photographing cosmic-ray tracks produced
in a vertical Wilson chamber (magnetic field of
15,000 gauss) designed in the summer of 1930
by Professor R. A. Millikan and the writer, the
tracks shown in Fig. 1 were obtained, which
seemed to be interpretable anly on the basis of
the existence in this case of a particle carrying a
positive charge but having a mass of the same
order of magnitude as that normally possessed
by a free negative electron. Later study of the

photograph by a whole group of men of the

electrons happened to produce two tracks so
placed as to give the impression of a single
particle shooting through the lead plate. This
assumption was dismissed on a probability basis,
since a sharp track of this order of curvature
under the expenimental conditions prevailing
occurred in the chamber only once in some 500
exposures, and since there was practically no
chance at all that two such tracks should line up
in this way. We also discarded as completely
untenable the assumption of an electron of 20
million volts entering the lead on one side and



Shared with Carl
Anderson for the
discovery of the
positive electron
in the cosmic rays

“For your discovery of cosmic radiation”

V.F. Hess in 193637, on the occasion of Nobel prize.



PHYSIQUE NUCLEAIRE. — Les grandes gerbes cosmiques de U atmosphere.
Note (*) de MM. Pigure Avees ct Rocaxn Maze, présentée par M. Jean
Perrin.

1. Nous avons montré {*) Pexistence de gerbes de rayons cosmiques
produites dans 'atmosphére et dont les branches peuvent étre distantes de
plusieurs métres. Nous avons pu élendre cette étude jusqu’i des distances
de plusieurs dizaines de métres et mettre ainsi en évidence les effets de
corpuscules de trés haute énergie dans leur traversée de I'atmosphére.

Discovery of extensive
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4 | Decoherence curve at the Jungfraujoch
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Cosmic Ray Conference
University of Chicago July 1939
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PIY¥SICAL REVIEW VOLUME 75, NUMBER & APRIL 15, 1w490

On the Origin of the Cosmic Radiation

Enrico FErmr
Tustitute for Nuclear Studies, Unversity of Chicago, Chicago, Ilinois

(Received January 3, 1949)

A theory of the origin of cosmic radiation is proposed according to which cosmic ravs are origina ted
and accelerated primarily in the interstellar space of the galaxy by collisions against mMoving mag-
metic fields. One of the features of the theory is that'it vields naturally an inverse power law for the
spectral distribution of the cosmic rays. The chief difficulty is that it fails to explain in a straight-
forward way the heavy nuclei observed in the primary radiation. '



By 1952 a large number of new particles
had been discovered Iin the cosmic radiation



PRt Coforence 1952
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Appendix VI THE UNSTABLE "ELEMENTARY" PARTICLES OR MEGALOMORPHS
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CONGRES INTERNATIONAL SUR LE RAYONNEMENT COSMIQUE
BAGNERES-DE-BIGORRE, 6-12 Juillet 1953 Photo ALIX

Organized by Louis Leprince-Ringuet and Patrick Blackett



SEANCE DU SAMEDI — APRES - KIDI

Président de Séance : B. ROSSI

J - 1 TEXTE DE LA CONFERENCE DU PROF. B. ROSSI

A LA SEANCE DE CLOTURE

Before concluding my remerks there is one point which I would
l1ike to mske which was masde already in the course of the conference:
it is the very close similerity, between the mssses of %wo of the
best established g rticles, I mesn thé charged tau~partlold with a
mass of $70 and O¥-particle with g messs of 971. This looks hardly
like sn accident, 'and on the other hend it is very dlfflcult to' see
how the S°~partlcle could be the neutral counterpsrt of the tsu-.
partlcle. o :




|

cosmiques et c'est Powell lui-méme qui, dans son discours de cldture a dit :
f "Messieurs, maintenant nous sommes envahis, nous sommes sumberegés

L. Lepn}ncq,- /ﬁngw_‘é
J cA %35'%‘*‘ [Colloz'ull # 8) V l'L 3 (/??"1)

Au Pic du Midi c'était Ch. Pevrou, B. Grégoryv, A. Lagarrigue, R. Armenteros,
F. Muller puis A. Astier. Ont participé nor seulement les frangais mais aussi
des étrangers comme Ronald Rao de Princeotn, Tinlot de Rochester, Destaebler de
Mit et aussi B. Le Fretter, en partie. Vous savez ce qui a été étudié au Pic.
Le congrés de Bagnéres de Bigorre en 105 , Je dirals, a sonné le glas des rayons

ce sont les
accélérateurs" ectivement, la plupart des laboratoires de rayons cosmiques
dont le ndtre, ici 3 1'Ecole Polvtechnique, puis au Collége de France, se sont o-
rientés vers les grands accélérateurs de particules et je voudrais vous dire aussi
gie le mot hypéron a été annoncé pour la premiére fois au congrés de Bagnéres. Il
y avait B. Rossi, E. Amaldi, C. Powell. Et on s'est demandé comment appeler ces
nouvelles particules qui s'arrétaient, qui étaient lourdes et qui donnaient un mé-
son. Alors on a proposé divers noms. Et je dois dire que c'est ma Principale con-
tribution a la physique, j'ai prononcé le mot hypéron : le mot hypéron n'a pas été
bien accueilli par Rossi. Rossi a dit "oh, hypéron, piperone, Ga va pas". Et au
.contraire Powell était 1a et a dit "oh hypéron (prononcer haiperon) mervelous".
;Et on a dopté le mot hypéron. Et il a 3 Bagnéres de Bigorre 1'avenue de 1'hypéron:
Ec'est peut etre le seul endroit au monde ol une particule fondamentale a donné un
jhom 3 une avenue.




1953 after Bagneres de Bigorre

Subatomic physics -accelerators

Cosmic Rays —space’

* but on the surface for the highest energies !



Sub-atomic physics today!
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LHC Cooldown Status




High Energy Cosmic Rays today 3000 km?

—
it}
"
o I
P
-

Cssssnsns -I_n

-.P 'T'_ :""- !::-.l-q.. l-'i'!' = : Purer ol
Malargue @ 5}_‘ L=
| WS ZERE

12

I]'lII”“

S
At
Al
i
1)
|
|



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	 
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Diapo 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51

