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Ourlandscape(s)



Space-Balloonvs Ground based
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Requirements:
Calorimetryvs Spectrometry
Largeacceptances
<20% resolutions

Output:
Fullyexplorethe sub-PeVregion
Individualspectra

Limitations:
Surface/weight limited
Hard to reachthe all-particleknee
Needhigh technology

Requirements:
Multi-Hybridapproach

Operate at (not too) high altitude
Largesurfaces/ samplings

Output:
Reachthe highestenergies

Detectsmallanisotropies

Limitations:
Poormass resolution

Intrinsicallylimited by systematics
Largemodeldependence

Direct
measurements

Indirect
measurements



Discoveryand first measurements
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Many studiesάŀǘ groundέ

7ISAPP School , June 2025 I. De Mitri:  Space based cosmic ray measurements

Bruno Rossi,1933. 
Hintsfor evidenceof extensiveair showers

Pierre Auger, 1938
First clearEvidencefor extensiveair showers

P. Augeret al.
Rev. Mod. Phys. 11 (1939) 288



EXPLORER II ς11 Nov1935 ς22000 m
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Nature 134 (1934) 325

Erich Regener
(1881-1955)

Georg Pfotzer
(1909-1981)

Higherand higherΧΧΧΧΦΦ
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Nature 136 (1935) 718

Nature 134 (1934) 325

Erich Regener
(1881-1955)

Georg Pfotzer
(1909-1981)

Higherand higherΧΧΧΧΦΦ



ISAPP School , June 2025 11I. De Mitri:  Space based cosmic ray measurements

A 10 TeVproton initiated Extensiveair Shower



The Karman ƭƛƴŜΧ
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10000 km

700 km

100 km

80 km

50 km

12 km

Theodorevon Karman writingƴƻǘŜǎΧ
.. on a wing(1940).

A conventionalboundaryline
aboveǿƘƛŎƘΧyouΩǊŜ ƛƴ space.

AboveKL the aerodynamiclift is
too weak.
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.ŜȅƻƴŘ ǘƘŜ YŀǊƳŀƴ ƭƛƴŜΧ
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A V-2 rocket launch from White Sands, New Mexico
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Start ofǘƘŜ άI9tέ ŜǊŀΧ

ISAPP School , June 2025 I. De Mitri:  Space based cosmic ray measurements 16

Precisionparticlephysics
measurementscan now bedone
with man madeaccelerators



The first spaceƳƛǎǎƛƻƴǎ Χ

USSR USA Notes Detectors

Sputnik I
Oct. 4, 1957

Sametime: all-particlekneediscoveredin EAS 
experiment(G.B. Khristiansen& G.V. Kulikov)

Tand P probes
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The Sputnik 1
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84 kg, 58cm 
215-939 km , 96 minutes
20 and 40 MHz, T and P data 
Operation4-26 october1957
Decayin 92 days, 1440 orbits

Launchedby Sputnik 8K71PS rocket
267 tons , 30 m height
Total liftoff thrust 3.9 MNewton

The famous beeping of Sputnik-1 was a 
Pulse-Duration Modulation (PDM) signal, 
encoding internal pressure as pulse length 
and temperature as length between pulses



The first spaceƳƛǎǎƛƻƴǎ Χ

USSR USA Notes Detectors

Sputnik I
Oct. 4, 1957

Sametime: all-particlekneediscoveredin EAS 
experiment(G.B. Khristiansen& G.V. Kulikov)

Sputnik II
Nov. 3, 
1957

First CR detectorin space!
(above[ŀƛƪŀΩǎ,  i.e. YǳŘǊƧŀǾƪŀΩǎ, cabin)
Anomalouscountingabovea givenaltitude
(S. N. Vernov)

Geiger-Muller
(G-M) tubes, 
UV-X ray , etc.

ISAPP School , June 2025 I. De Mitri:  Space based cosmic ray measurements 19



Sputnik II: november3, 1957

UV-Xray
detector

TwoGeiger-Muller
10cm long tubes

(first transistors/diodesin space)

Observed anomaly where we know now that 
fluctuating outer radiation belt approaches Earth.

No memoryelements onboard and information 
received only above USSR, corresponding to 
altitudes in the range of 225 to 600 km.

Payloadmass: 500 kg
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The first spaceƳƛǎǎƛƻƴǎ Χ

USSR USA Notes Detectors

Sputnik I
Oct. 4, 1957

Sametime: all-particlekneediscoveredin EAS 
experiment(G.B. Khristiansen& G.V. Kulikov)

Sputnik II
Nov. 3, 
1957

First CR detectorin space!
(above[ŀƛƪŀΩǎ,  i.e. YǳŘǊƧŀǾƪŀΩǎ, cabin)
Anomalouscountingabovea givenaltitude
(S. N. Vernov)

Geiger-Muller
(G-M) tubes

Explorer I
Feb. 1, 1958

Detectorsaturation
abovea givenaltitude !?!

G-M tubes
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The Explorer I
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W.H.Pickering(left) in chargefor satellite design and operation
J.A.vanAllen (center) in chargefor the instrumentsonboard
W. Von Braun(right) in chargefor the launcher

G-M tube to measure electrons (> 3MeV) and 
protons (> 30 MeV). 

It was saturated most of the time. 
Van Allen theorized that the instrument may have 
been saturated by very strong radiation from a belt 
ƻŦ ŎƘŀǊƎŜŘ ǇŀǊǘƛŎƭŜǎ ǘǊŀǇǇŜŘ ƛƴ ǎǇŀŎŜ ōȅ 9ŀǊǘƘΩǎ 
magnetic field. 

Launched from Cape Canaveral (now Cape 
Kennedy) on 31 January 1958 by the Jupiter-C 
vehicle, a descendant of the German A-4 (V-2).
Orbit: 360-2500 km , 115 minutes



The first spaceƳƛǎǎƛƻƴǎ Χ

USSR USA Notes Detectors

Sputnik I
Oct. 4, 1957

Sametime: all-particlekneediscoveredin EAS 
experiment(G.B. Khristiansen& G.V. Kulikov)

Sputnik II
Nov. 3, 
1957

First CR detectorin space!
(above[ŀƛƪŀΩǎ,  i.e. YǳŘǊƧŀǾƪŀΩǎ, cabin)
Anomalouscountingabovea givenaltitude
(S. N. Vernov)

Geiger-Muller
(G-M) tubes

Explorer I
Fe. 1, 1958

Detectorsaturation
abovea givenaltitude !?!

G-M tubes

Explorer III
Mar. 26, 
1958

Dectorssaturation
abovea givenaltitude !?!
May 1, 1958: J.A. ±ŀƴ !ƭƭŜƴΩǎ hypothesis:  
particlestrappedby the geomagneticfield

G-M tubes
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The vanAllen belts
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A gyration
Bbouncing
Cdrift

CRAND
CosmicRay Albedo NeutronDecay



The vanAllen belts
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A gyration
Bbouncing
Cdrift

CRAND
CosmicRay Albedo NeutronDecay

CSES/Limadou
Zirè/ NUSES



The first spaceƳƛǎǎƛƻƴǎ Χ

USSR USA Notes Detectors

Sputnik I
Oct. 4, 1957

Sametime: all-particlekneediscoveredin EAS 
experiment(G.B. Khristiansen& G.V. Kulikov)

Sputnik II
Nov. 3, 1957

First CR detectorin space!
(above[ŀƛƪŀΩǎ,  i.e. YǳŘǊƧŀǾƪŀΩǎ, cabin)
Anomalouscountingabovea givenaltitude (S. 
N. Vernov)

Geiger-Muller
(G-M) tubes

Explorer I
Feb. 1, 1958

Detectorsaturation
abovea givenaltitude !?!

G-M tubes

Explorer III
Mar. 26, 
1958

Dectorssaturation
abovea givenaltitude !?!
May 1, 1958: J.A. ±ŀƴ !ƭƭŜƴΩǎ hypothesis:  
particlestrappedby the geomagneticfield

G-M tubes

Sputnik III
May 15, 1958

CR measurementsup to about2000km
Van!ƭƭŜƴΩǎ(belts) explanationfully confirmed

NaIscintillators
Cerenkovdet.

Explorer IV
Jul. 26,1958

Furtherstudieson Van !ƭƭŜƴΩǎ hypothesis
(the ARGUS project)

G-M tubes, 
CsI(Tl)  and 
plasticscint.
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Sputnik III: may15, 1958

Payloadmass: 1300 kg
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2ŜǊŜƴƪƻǾcounter NaIscintillatorcounters Siliconsolarbattery
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A bon voyage kiss from Van Allen to
Explorer 4 scientific payload. Also visible
Mc Ilwain on the left and Ludwigon the
right.

мфруΥ9ȄǇƭƻǊŜǊ LΣόLLύΣLLL ŀƴŘΧ L±

JamesVanAllen



Radiationbelts , geomagneticŎǳǘƻŦŦΧ
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Carl E. McIlwainand George Ludwig with the 
Explorer IV payload at Cape Canaveral.

Countrate vs position alongthe orbit

Geomagneticcutoff mapin GV (Rigidity= p/Ze)

Mc Ilwain L



J. Van Allen
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Explorer IV and ARGUS



OperationARGUS
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https://st.llnl.gov/news/look-back/operation-argus
(Lawrence LivermoreNational Labweb site)

https://st.llnl.gov/news/look-back/operation-argus


Lot of (different) efforts in fewȅŜŀǊǎΧ
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JamesVan Allen (center, dark suit), Carl Mc Ilwain (left),
GeorgeLudwig(right)andErnieRay(far right) lookingat the
ExplorerI G-M tube counterdata

SergeiVernov

Nicholas Christofilos



In the meantimeΧ мфрп-ртΥ ¢ƘŜ ŦƛǊǎǘ άionizationέ calorimeter

First samplesof what we now callάsamplingcalorimetersέ όbΦ [Φ Grigorovet al.) 

1957: Testsat high altitude EAS 
arraysin Pamir.

Usedƛƴ ǘƘŜ мфслΩǎ ƛƴ large
scale calorimetricexperiments
in space
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1965-68. The Proton satellites

Fourheavy satellites of the Proton series.
Proton-4 carriedwasthe IK-15 calorimeter

SEZ-14 (an acronymof russian
words Spectra, Energy, and
Charge,up to 1014 eV) : 7 tons

IK-15 (an acronym of russian
words Ionization Calorimeter
up to 1015 eV) : 12.5 tons
Geometric factor 10 times
largerthan SEZ-14

All particle
Spectrumby
Proton 1-4
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1970: p and Hewith Calorimeteron a balloon

The beginingof a long seriesof
experimentsby GSFC
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ThenŀŦǘŜǊΧ
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Manyother experimentsfollowed:

JACEE and RUNJOB (emulsionchamberinstruments)

SOKOL(calorimeterand Cerenkovdet. on satellite)

CRN (TRD and gas Cerenkov, on Spacelab and SpaceShuttle)

TRACER (TRD baseddetector on balloon)

CAPRICE(ImagingSi-W calorimeteretc., on ballon)

ATIC (balloon born calorimeter)

CREAM (balloon born calorimeter)

ΧΧ..

In the meantime, homogeneous
calorimeterswere usedfor
gamma rays(and electronsύ ΧΦ

Fromthe 
PDG
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The solarcycle
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Sunspotnumberand Neutron monitors

39ISAPP School , June 2025 I. De Mitri:  Space based cosmic ray measurements



At low energies: Solarmodulations
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PAMELA

AMS


