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Amnoonacuo omd ROSSI.

ticularly suitable as a radiation meter was the instrument designed
by Wulf in 1909. He replaced the gold leaves with two very thin
metal wires held under tension by a light quartz fiber (Fig. 1-3).
When charged, the two wires would repel each other, and the
separation could be measured by means of a microscope. In 1910
Waulf carried one of his electroscopes to the top of the Eiffel Tower;
in 1912 Gockel used a similar instrument in a balloon ascent.
Neither found what they had expected. The rate of discharge did
not decrease with altitude, or at least did not decrease as fast as
they had anticipated.



Amoocmooua omd ROSSI.

At six o'clock on the morning of August 7, 1912, a balloon ascended
from a field near the town of Aussig, in Austria. In the gondola of
the balloon were three men: a navigator, a meteorologist, and a
physicist. During the next 214 hours, the balloon rose to an
altitude of 13,000 feet while drifting rapidly northward. For
another hour it floated between 13,000 and 16,000 feet. At noon the
balloon touched down near the German town of Pieskow, 30 miles
east of Berlin and some 125 miles from Aussig.

The physicist and leader of the flight was Victor F. Hess. He
had taken with him three electroscopes of the kind then being used
to detect and measure the radiation emitted by radium and other
radioactive substances. While his companions took care of the
navigation and measured altitude and temperature, Hess watched
his instruments and recorded their readings. A few months later,
after a careful study of the data, he presented to the scientific
community a conclusion of far-reaching significance. In the



Amoonacuo omd ROSSI.

As the balloon began its ascent through the atmosphere, Hess
found that the ionization became somewhat weaker at first, as
indicated by a slower rate of electroscope discharge. Unquestion-
ably, there was a radiation emanating from the earth’s crust. But
above 2,000 feet the trend reversed itself and the ionization began
to increase gradually with altitude, as though the balloon were
moving toward the source of the ionizing radiation instead of away
from it. Indeed, at 16,000 feet the electroscopes were discharging
about four fimes fasler than they had at ground level. It was in
order to explain this unexpected increase that Hess postulated a
radiation falling upon the earth from somewhere beyond the
atmosphere.

His assumption was certainly a bold one, and many years were
to pass before it became generally accepted. First of all, other
experimenters had to check the findings reported by Hess. When
they did, they found that the increase of radiation strength with
altitude continued well above 16,000 feet. Especially noteworthy
were the daring balloon flights carried out by W. Kohlhorster of
Germany between 1913 and 1919. In his flights he reached a maxi-
mum altitude of about 28,000 feet, where he found an ionizing
radiation considerably stronger than that detected by Hess.
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Fig. 1-5 Intensity of cosmic rays as a function of atmospheric depth, as
measured by Regener and his group with balloon-borne electroscopes. The
atmospheric depth plotted on the horizontal axis is the mass per unit area of
the air layer above the electroscope. The vertical scale gives the number of ion
pairs produced per second by cosmice rays in 1 em? of air at standard tempera-
ture and pressure. In these units, the cosmic-ray intensity at sea level is about 2.
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Now, absorption measurements in the atmosphere and under
water by Hess, Kohlhorster, Millikan, Regener, and others had
shown the cosmic radiation to be more penetrating than any other
(see Figs. 1-5 and 1-6). It was thus natural to think that cosmic
rays were of greater energy than the most energetic photons found
among v rays. Some physicists, willing to trust the theory of the
Compton effect in a range of energies where it had not yet been
tested experimentally, estimated the energies of the hypothetical
cosmic-ray photons from the shape of their absorption curve.
Cosmic rays, they concluded, were a mixture of photons with
energies ranging from 20 or 30 to several hundred MeV. This esti-
mate was the basis of a most provocative suggestion put forward by
Millikan in 1928. According to Millikan, cosmic rays were born of
the energy released during the synthesis of heavier elements from
primordial hydrogen spread throughout the universe.

AOYw ™G SLELGOVTIKOTN TG TWV AKTIVWYV, VTIEBECAV OTL EMPOKELTO YIX
AKTIVEG Y LEYAANG eVEPYELXG. ‘OUWG OL EVEPYELEG IOV ATIALTOVVTAV, 1) TAV
TOAU UEYOAVTEPEG ATIO AVTEG IOV £V TTAPATNPNOEL OTIG TTUPNVIKEG
avTIOpAoCELG.
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Millikan noted that the actual absorption curve of cosmic rays
did not correspond to any single curve thus computed. However,
it could be represented by the sum of the absorption curves of three
groups of photons with mean free paths of 300, 1,250, and 2,500
g/cm? Using Dirac’s theory of the Compton effect (Klein and
Nishina had not yet published theirs), Millikan arrived at energies
of about 26, 110, and 220 MeV for the three respective groups of
photons. He therefore concluded that cosmic radiation was for the
most part a mixture of photons with those energies.

While searching for clues to the origin of the photons, which
appeared to come in equal numbers from every region of the sky,
Millikan was led to the following speculation: Interstellar space is
filled with very dilute hydrogen gas. Conceivably, out of this gas
the atoms of the heavier elements might continuously evolve by a
spontaneous process of fusion. Once in a while, for example, four
hydrogen atoms might meet and fuse to form a helium atom.

O Millikan vteBeoe OTL TpoEPYOVTAV ATTO CUVTNEN TPWTOVIWY 0 Papelg
TTUPNVEG GTOV SLACTPLKO XWPO. ZUVTOUA OLWE SLaPevLoONKe ATt TIG
TAPATNPNOELS TTOV aKoAoVBNoav. TNV cLVEXT] KAUTUAT ATOppO@NONG TNV
EPUNVEVOE oV ATOTEAEGUA TNG okESaon G Compton 6TV atHOCPALPA
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ITpwrot aviyvevtég Geiger Muller 1929

The answer to the needs of cosmic-ray physicists came in 1929
with the invention, by Geiger and one of his students, W. Miiller,

In their experiments, Bothe and Kohlhorster had set up two
G-M counters, each connected to an electroscope, in order to
observe cosmic rays. They noticed that the counters, when placed
one above the other a small distance apart (Fig. 3-3), often dis-

Fig. 3-2 The Geiger-Miiller counter: metal tube T; glass insulators G; thin
wire W; tube for evacuating and filling the tube E. Electrical connections are
similar to those shown in Fig. 3-1.



OAALOC 1OVIGUOV GE LayVNTIKO TEST0, DTTOAOYIGUOC OPUNG.

signiticant observations were those made in 1929 by the Hussian
physicist D. Skobeltzyn. Working with a cloud chamber placed in
a magnetic field, Skobeltzyn had photographed the tracks of un-
usually energetic negative particles passing through the chamber.
The curvatures of the tracks (Chap. 5) indicated particle energies
much greater than those of ordinary g rays. Skobeltzyn suggested
that the tracks were probably left by electrons recoiling from
Compton collisions with the hypothetical cosmic-ray photons.

Skobeltzyn also pointed out the occasional appearance, in his
pictures of high-energy particles, of two and in one case, three
tracks in the same picture. It was possible to explain the multiple
tracks by assuming that a recoil electron had undergone one or
more collisions somewhere near the cloud chamber and in these
collisions had ejected secondary particles of sufficient energy to
penetrate the chamber wall.

O D. Skobeltzyn, tomof0£tnoe evav BaAapo Loviopov péoa o€ LoxYvpo
LOY VI TLIKO TTESL0 KOl UTTOPOVOE VX VTIOAOYLZEL TNV OPUT) TWV CWUATISLWV.
[Tapatnpnoe TPoxLES IOV lxav opun} peyaAlTepn amd 15 MeV mov dev
LUTTopovoav va TpoEpyovTal amo dtaomaoels . Emiong mapatnpnoe
TOAAQTIAEG TPOXLEG.
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Aviyvevon moAhamAmv Tpoyimv ROSSI.ATO TIC TPUTAEG GUUTTMOELS
GUUTEPAVE OTL TAPAYETUL OEVTEPOYEVEC COUATION UEGO GTOV

ATOPPOPNTY).

Fig. 4-3 Triangular array of G-M
counters used in the first experiment
demonstrating the production of sec-
ondary particles by cosmic rays. At least
two charged particles emerging simulta-
neously from the lead are needed to
produce a coincidence. One of them
may be a primary particle, but the other
must have been produced in the lead. (If
the upper section of the lead shielding is
removed, the coincidence rate falls
nearly to zero.)

Lead
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ITpwrot katarovicpoi Blackett Occhialini

ZuvSudoTnKe 0 BAAANOG LOVIGUOV e TOUG aviyveuTes G.M. Ot
QVLYVEVTEG TOTTOOETOUVTAV TTAVW KAl KATW amo tov 8dAapo. O
Oadapog ektovwvovtav otav ot G.M. Bplokovtav oe cuumtwon
OnAadn otav éva popTilopevo cwpatidio Sieoyile tov BdAapo. H
TEXVIKN oUTY) aUEnoe Tov aplOpd amo evELAPEPOVOES PWTOYPUPLEG.

T mm————m mm= = e e wm ey T ommar p amee s msepye ————— R R T R W

The 1933 paper in which Blackett and Occhialini described
their first observations with the counter-controlled chamber
marked another milestone in the history of cosmic-ray research. I
shall come back to it in a later chapter. Here I wish to mention
only one result. A number of pictures showed the tracks of many
particles that clearly resulted from the interaction of a single high-
energy cosmic ray somewhere in the vicinity of the chamber
(Fig. 4-5). These groups of particles, or showers, were unquestion-
ably the cause of the coincidences between counters out of line that
I had observed previously.



>oinvec Geiger-Muller, Kdkioua
2 OUTTOONG

66 o B. ROSSI AND N. NERESON
B A A,
G=100
* _ C |
T3 Ts T, T | Ts
g _—_5‘_ /_—-_: —-=
€ (7 diL{ ——- dp| { === o 3
y, =y = S |\
—| 9 — — o< &
o 8 lto') [=] g O
g o o HS u
(12 el
-Ve=-100 ' ! i Vs =100
V=300

FiG. t. “Time pircuit." Ty, Ty, Ty, Ty are 6]7 tubes. Resistances are measured
in 10 ohms, capacities in uuf, potentials in volts.



The discovery of the positron

Even before the discovery of showers, Carl D. Anderson, in
Millikan’s laboratory at the California Institute of Technology,
had started an experimental program that, together with the one
begun a little later by Blackett and Occhialini, was to provide a
partial answer to our questions. The major result of this work was
the discovery of the posilive electron, or positron, and of the strange
circumstances attending its birth and its disappearance.

In his experiments Anderson used a cloud chamber placed in
the field of a powerful electromagnet. At a maximum field strength
of 24,000 gauss he was able to measure the magnetic deflection of
tracks whose radius of curvature was as great as 7 meters and
whose magnetic rigidity was therefore roughly 1.7 X 107 gauss-cm
(that is, 24,000 gauss X 700 cm). The corresponding kinetic ener-
gies — about 5 BeV for particles with the mass of an electron and
about 4 BeV for particles with the mass of a proton (Fig. 5-3) —
were several hundred times greater than any energy that previous
instruments had been capable of measuring. It soon became appar-
ent that the particles of the local cosmic radiation had a wide
range of energies extending well beyond 1 BeV. In addition, about
half their trajectories bent to the right and half to the left. As-
suming the direction of travel to be downward in every case,
Anderson concluded that positively and negatively charged par-
ticles were about equally abundant in the local cosmic radiation.



AVOKOADWELS COLOTIONMV

1932 Anderson «ou Millikan
[ToGitpovio.

1933 o Ochialini
Kotoovicuot, et e,

1936 Anderson kot
Neddermeyer uiovio.




AvoaxkaAvm moditpoviov, ploviov

Nolttpovio

To 1929 o Anderson, mapatnpPnoe eva BETIKO CWHUATLO UE PLIKpN pala. Tnv idla emoxn ot
Ochiallini & Blachett xpnolpomnolwvtog To MPWTo KUKAWUA CUUTTTWOoNG, TPlyyopov Tov
BAaAapo Kol TNV KApepa povov otav ot dUo geiger eixav onua, SnAadn otav eva
dopTiopEvo cwpatidlo, Slamepvouoe toug dUo petpntec. Me to TPOTO AUTO,
erBeBatwbBnke n UTAPEN TwW BETIKWV «NAeKTPOVIWVY» KoL to 1932 o Aderson avakolvwoe
OTL TIPOKELTAL YLOL TO AVTIOWHATIOL0 Twv NAekTpoviou ou npoBAemne n Bswpia tou Dirac
(1929). Ot Ochiallini & Blachett mapatipnoav tn dnuovpyia touv {evyouc molltpoviou
nAektpoviov cuudpwva pe tn Bewpia Tou Dirac.

Movio

To 1936 ot Anderson & Neddermayer avakaAuvav éva véo cwpatidlo, pue pala
eVOLAUEDN TOU NAEKTPOVIOU KOIL TOU TTPWTOVIOU, TO OTIOLO OVOULAOTNKE LECOTPOVLO.
A€yetal otL o Anderson avadwvnoe: «AUTO TO CWHATLOLO TTOLOG TO TTAPAYVELAE;».
ApXLKA UTEEBECOV OTL TIPOKELTAL YLat TO cwpatidlo ou poBAse o Yukawa, yia va
EPUNVEVCEL TNV EAKTLKN SUVAUN AVAUECO 0T VOUKAEOvVLA. ZUvTopa amodeixOnke
OTL N urtoBeon Ntav Adboc. To cwpatidto tou Yukawa avakaAldpOnke to 1947 sival
TO TILOVLO EVW TO UECOTPOVLO GHUEPA OVOULALETAL HLOVLO.



Epunveia tov KOGUKOV 0KTIVOV

Interpretation of Cosmic-Ray Phenomena, Bruno Rossl,
Reviews of Modern Physics vol. 20, n 3, 1948.



AVOKOAADYEIC GOUOTIONMV

1947 Blackett K* , K-
,KOA

1947 Powell

QOPTIGUEVA TIOVIOL T
KO 7T

1947 Occhialini Conversi
A10CoTaG™ TOVIOU.
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®uip (nuclear emulsion).
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The  2Zoporiow wov Ppibnkav pe emulsion

stack

In 1947, n*and n- were discovered
by Powell.

In 1947, K*and K- were
discovered.

In 1953, 2* was discovered by A.

Bonetti.

In 1958, Anti A" was discovered

by Baldo Ceolin.

In 2001, v_ was discovered by

DONut collabration.
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Bpapeio Nobel

The Nobel Prize in Physics 1936
eVictor E. Hess

eCarl D. Anderson (molltpovio)
The Nobel Prize in Physics 1950

Cecil Powell (T16v10)

eThe Nobel Prize in Physics 1954
eMax Born
eWalther Bothe (kUkAwpo cOUTWOTNG)



https://www.nobelprize.org/prizes/physics/1936/hess/facts/
https://www.nobelprize.org/prizes/physics/1936/anderson/facts/
https://www.nobelprize.org/prizes/physics/1936/anderson/facts/
https://www.nobelprize.org/prizes/physics/1950/powell/facts/
https://www.nobelprize.org/prizes/physics/1950/powell/facts/
https://www.nobelprize.org/prizes/physics/1954/born/facts/
https://www.nobelprize.org/prizes/physics/1954/bothe/facts/

Newtepeg avaKaAOWYELC
e ATtO TO 1958 avarmtuxBnkov ot ETUTAXUVTEC Kol N cwpatdlakn duoLKn

YLVETOL O€ TIELPAUOATO ETLTAXUVTWV.

eMeta 1o 1980, avabeppaivetol To evOLODEPOV OTLC KOOULKEC OKTIVEG e
TN otpodr oTa TELPALATO VETPLVWV Kol OKTIVWV Yy TIOAU HeyAANG EVEPYELQL.

eTo evlladEPoV TWV KOOULKWVY OKTIVWV LETATOTILOTNKE OTOV TIPOCOHLOPLOUO
NG MPOEAELONC, TNG EMLTAXUVONC KAL TNV KOOUOAOYLKA palvopeva

2NUOVTLKEC avokaAUWPELC oTo eSO TWV KOOULKWY OLKTLVWV:
elyavtiot katatwviopoi (Extencive Air Showers).
eHALOKQ VETpivAL.
eNetpiva amo tov unepkawvodavr) SN1987.

e TAAOQVTWOELC ATULOODALPLKWYV VETPLVWV.
TaAOVTWOELG NALOKWY VETPLVWV.
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Awotoun aviyvevt) BESS

Incoming particle

JET —

Fig. 1. Cross-sectional view of the BESS-Polar spectrometer.

TOF scintillator hodoscope
Supeconductive coill
IDC inner drift chamber

MTOF middle time of flight
(hodoscope)

ACC aerogel cerencov counter



Aopvpopika Ilepapata
AvViyveLTNG OKTIVOV
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Fig. 1. A sketch of the PAMELA telescope. The method of diserimination
between particle and antiparticle with the magnetic spectrometer is
Hlustrated. The main dircction of the magnetic ficld B inside the spectrom-
cter is also shown.



1he PAMELA apparatus, shown in Fig. 1, 18 composed
of several sub-detectors: TOF system, anticoincidence sys-
tem (CARD, CAS, CAT), magnetic spectrometer with
microstrip silicon tracking system, W/Si electromagnetic
imaging calorimeter, shower-tail-catcher scintillator (S4)
and neutron detector.
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Iepapata Netpivov
SUPER KAMIOKANDE

(c) Kamioka Observatory, ICRR(Institute for Cosmic Ray Research), The University of Tokyo

SUPERKAMIOKAMNDE  msTiTUTE FOR COSMIC RAY RESEARCH UNIVERSITY OF TOKYO PIKKEN SEKKE!



i ..I
Ul ALk
ity
| 1A 14 L
I
|

' LAY E"IJIE | 1450 m
Illll.llﬁ I'I. '.ll'.\l"t\ll'.b'u" 1 |\ |

W' A |

Happy Valentine’s Day!

from IceCube Neutrino Obsevatory



HAextpouetpo Wulf, mov ypnoponoinoce o Hess




MeTpr|ceLg otV «YOVOOAD TOV
AEPOGTATOV !

FIGURE 2. Dr. M. Schrenk (left) with a breathing apparatus in the balloon gondola and V. Masuch,
reading an electrometer (righr), preparing for their balloon launch on May 13th, 1934 [10].



0 Badapog vepwong, epevpednke amo tov C.T.R Wilson yvpw oto 1910
KOL XPNOLULOTIOLOVVTAV YL TNV UEAETT] TWV TTUPNVIKWV aKTIVooAlwv. O
DaAapog vepwong NTav pla evélageépovoa kKataokeun : ‘Hrav evag
OAAAUOG UE YUAALVA TOLYWUATA KAL TO ECWTEPLKO YEULLOV KEKOPETUEVOL
atuoi aAkoOANG. Me éva €ufoAo TpokaAoVTAV VTIOTILEDT) E
amotéAeopa v adtafatikny Po&n twv atuwv. Ot atuoi ot
Oeppokpacio au T TPEMEL va VYPOTIOINB0oUV dAAG Yia va cuufel
VYPOTIO(N 0T, TTPETEL VX VTIAPXOVV «KEVTPO» OTIOVU GUYKEVTPWVOVTAL TA
atopo kat oxnuatiovral otayovidia. To opTiopéva cwuatidla Tov
dtaoyi(ovv Tov BdAapo Snuovpyolv (VYT LOVTWVY KATA U1KOG TNG
Stadpouns toug. Ta Lovta AettovpyoVVv cav KEVTPA VYPOTIOINONG KAL 1
TPOXLA TOL cwpatidiov ep@aviletal ocav ypapun amo otayovidia. Mia
KAUEPX OVYXPOVIOUEVT LE TO EUBOAO, pwToypa@ilel Tov OdAauo. H
TTUKVOTN T TWV LYVWV ELVAL AVAAOYTN TOU LOVIGUOV TIOV EXEL TIPOKAAETEL
TO OCWUATISLO KoL 000G EEAPTATAL ATIO TN TAYXVTNTA TOU CWUATLSL0V.
0 BaAapog TomoBetovvtay péca o€ LoryvnTiko medio Kat atmod v
KAUTUAWOT TNG TPOXLAG VTToAoYileTaL 1| opur) ToL cwpatidiov. O

oLVOVACUOG TWV UETPNOEWV UAG SiveL TN uala TOV CWUATOG..




Emulsions VS Photographic films

* Main ditferences with respect to standard photographic films:

1. The ratio of silver halide to gelatine ~ 8x larger in nuclear emulsions / N

2. Emulsions are ~ 10 up to 100 times thicker
3. Developed silver grains are smaller and more uniform
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