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ÅVictor Hess ascended to 5000 m in a 

balloon in 1912 

Å... and noticed that his electroscope 

discharged more rapidly as altitude 

increased

ÅNot expected, as background radiation 

was thought to be terrestrial

ÅNPP 1936 (with Carl óe+ô Anderson)

Kolhorster 1914

The discovery of cosmic rays
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The discovery of cosmic rays

My short paper ñDieFrage der durchdring. Strahlung ausserterrestrischen

Ursprungesòis a report of a public conference, and therefore has no claim of

completeness. Since it reported the first balloon measurements, I did not

provide an in-depth explanation of your sea measurements, which are well

known to me. Therefore please excuse me for my unkind omission, that was

truly far from my aim ... - V. Hess [arXiv: 1002.2888v2]

Domenico Pacini 

1878 ï1934

ÅDomenico Pacini in 1911

placed his electroscopes

underwater...

Å... and noticed that his

electroscopes discharged

more slowly as sea depth

increased

ÅHe concluded that ña sizable cause of ionization exists in the

atmosphere, originating from penetrating radiation, independent

of the direct action of radioactive substances in the soilò

[ Il Nuovo Cimento VI/III, 93 (1912) - arXiv: 1002.1810v1 ]
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Cosmic rays production 

FERMI
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Moskalenko & Strong 1998 (GALPROP)

CR Antiparticles: available data before PAMELA

BESS-polar
(long-duration)

òStandardó balloon-
borne experimentsÅlow exposure (~days)

Ý large statistical errors
Åatmospheric secondaries (~5g/cm2)
Ý additional systematic uncertainty @low-
energy

Antiprotons Positrons
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ÅSearch for dark matter annihilation

ÅSearch for antihelium (primordial 
antimatter)

ÅStudy of cosmic-ray propagation (light 
nuclei and isotopes)

ÅStudy of electron spectrum (local sources?)

ÅStudy solar physics and solar modulation

ÅStudy terrestrial magnetosphere

Scientific goals

http://www.noaanews.noaa.gov/stories2005/images/sun-soho011905-1919z2.jpg
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PAMELA apparatus
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GF: 21.5 cm2 sr                

Mass: 470 kg

Size: 130x70x70 cm3

Power Budget: 360W 

Spectrometer
microstrip silicon tracking system+   permanent magnet
It provides:  
- Magnetic rigidity  Ą R = pc/Ze
- Charge sign
- Charge value from dE/dx

+  -

PAMELA detectors

Time-Of-Flight

plastic scintillators + PMT:

- Trigger
-Albedo rejection;
- Mass identification up to 1 GeV;
- Charge identification from dE/dX.

Electromagnetic calorimeter

W/Si sampling (16.3 X0, 0.6 ɛI)

- Discrimination e+ / p,  p-bar / e-

(shower topology)
- Direct E measurement for e-

Neutron detector
3He tubes + polyethylene moderator:

- High-energy e/h discrimination


