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Bruno Ro0ssi,1933.
Hintsfor evidenceof extensiveair showers

PierreAuger 1938
FirstclearEvidencdor extensiveair showers

PHYSIQUE NUCLEAIRE. — Grandes gerbes cosmiyues atmosphériques contenant
des corpuscules ultrapénétrants. Note de MM. Presns Avees, Raymoso
Maze ct M™ Taéakse Guiver-Meves, présentée par M. Jean Perrin,

I. De nombreux travaux récents ont montré l'existence dans le rayon-
nement cosmique de deux espéces de corpuscules; d'une part des électrons
des deux signes fortement absorbés parla matiére et qui sont pratiquement
totalement arrétés par un écran de 5 4 10™ de plomb, d'autre part des
corpuscules nouveaux dont la masse est probablement comprise entre 100
et 200 fois celle de 1'électron et dont le pouvoir pénélrant est Lres
supérieur. La question des relations entre ces deux groupes se pose alors
de la facon suivante : les deux types de corpuscules atteignent-ils indépen-

" partie,

3f Nomibre de comptenes........
(}ismncc extréme en metres. .
x Eeran de plomb (em).......
5 (‘.c.v'inc.ideum.:s par heure (flor-
2t L tuites déduites) . ........
18
P.Augeret al.
Rev. ModPhys 11 (1939) 288
L]
0 G..tm o l.m ﬂ:m Ill?m . "l..
-2 =l [+] +
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Fig. 39. — Les principaux vols stratosphériques.
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Nature134 (1934) 325

Intensity of the Cosmic Ultra-Radiation in the
Stratosphere with the Tube-Counter

ON July 24 we succeeded in sending up a Geiger-
Muller tube counter by registering balloons into the
stratosphere to a height of 28 km. The sensitivity of
the tube counter was the same for rays from all
directions. The apparatus was protected against the
low air temperature in the stratosphere in the same
way as previously deseribed! by a case of ‘Cellophane’,
so well that the lowest temperature at the greatest
height was + 17° C. Therefore there was no influence
of the temperature on the counting device. The
indications of pressure, temperature and counting
apparatus were recorded by a photographic plate
every four minutes.

It is remarkable that the curve of impulses
obtained with the tube counter is in shape identically
the same as that obtained by the ionisation chamber ;
especially at heights above 18 km., there is no increase
of the number of impulses. From these results we
may conclude that the specific ionisation power of
the ultra-radiation is practically the same for the
whole region investigated from the surface of the
earth up to 28 km. We found that the specific
ionisation cannot be greater than 103 pairs of ions
per cm.

A more detailed report of the investigations will
be published shortly in Physikalische Zeitschrift.
We wish to thank the Notgemeinschaft der deutschen
Wissenschaft for providing the means that enabled
us to make these investigations.

ERricH REGENER.
GEORG PrOTZER.
Physikalisches Institut der
Technischen Hochschule,
Stuttgart.

1 NATURE, 133, 364, Sept. 3, 1933.
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Nature134 (1934) 325

Intensity of the Cosmic Ultra-Radiation in the
Stratosphere with the Tube-Counter

ON July 24 we succeeded in sending up a Geiger-
Muller tube counter by registering balloons into the
stratosphere to a height of 28 km. The sensitivity of
the tube counter was the same for rays from all
directions. The apparatus was protected against the
low air temperature in the stratosphere in the same
way as previously deseribed! by a case of ‘Cellophane’,
so well that the lowest temperature at the greatest

height was + 17° C. Therefore there was no influence ;
of the temperature on the counting device. The ErlchRegener GeorngOtzer

indications of pressure, temperature and counting (1881—1955) (1909-1981)
apparatus were recorded by a photographic plate 290
every four minutes.

It is remarkable that the curve of impulses ’
obtained with the tube counter is in shape identically T Fea 7 coine - -
the same as that obtained by the ionisation chamber ; freal “,g,ff"; _,%f’afgzﬁj per 4 gf:",ﬁ;ﬁ‘ 71; /\

P

especially at heights above 18 km., there is no increase 200 . /
of the number of impulses. From these results we I Real coincidences per & minutes in verfical direction /
A

may conclude that the specific ionisation power of
the ultra-radiation is practically the same for the
whole region investigated from the surface of the
earth up to 28 km. We found that the specific
ionisation cannot be greater than 103 pairs of ions
per cm.

A more detailed report of the investigations will
be published shortly in Physikalische Zeitschrift. 100
We wish to thank the Notgemeinschaft der deutschen
Wissenschaft for providing the means that enabled /
us to make these investigations. 7ol

ERricH REGENER. /
GEORG PrOTZER. re
Physikalisches Institut der /
Technischen Hochschule, ———
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PHYSICAL REVIEW VOLUME 73, NUMBER 3 FEBRUARY 1, 1948 INFN

The Cosmic-Ray Counting Rate of a Single Geiger Counter from Ground Level
to 161 Kilometers Altitude

J. A. VAN ALLEN AND H. E. TATEL*
Applied Physics Laboratory, Johns Hopkins University, Silver Spring, Maryland
(Received October 16, 1947)
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Observation of Antiprotons™®

OweN CHAMBERLAIN, EMirio SEGrE, CLYDE WIEGAND,
AND THOMAS YPSILANTIS

Radiation Laboratory, Department of Physics, University of
California, Berkeley, California
(Received October 24, 1953)
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Sputnik | Sametime: all-particlekneediscoveredn EAS Tand Pprobes
Oct 4, 1957 experimentG.B Khristianser& G.V.Kulikoy
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84 kg’ 58cm OKT9bP4

215939 km , 9@ninutes

. 20and 40 MHz, T and P da
il Operation4-26 october1957

Decayin 92days 1440orbits

Launchedoy Sputnik 8K71P®cket
267tons, 30 mheight
Totalliftoff thrust 3.9 MNewton

% = 7 - 1 i
§ | .
§ b o .
i 2L b\ w.-)
: s " AR . -4
B ¥

The famous beeping of Sputrlkwas a
PulseDuration Modulation (PDM) signal,

encoding internal pressure as pulse length
and temperature as length between pulses

11457 114511
auncher  Soskhod (2KY ) Launcher Soyuz |7H-08) Laun oher
1963 1566

1857
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Sputnik | Sametime: all-particlekneediscoveredn EAS

Oct 4, 1957 experimentG.B Khristianser& G.V.Kulikoy

Sputnik I First CR detectain space! GeigerMuller

Nov. 3, (above[ I A,li.e.Ré@R NEB, lcabihl Qa (GM)tubes

1957 Anomalouscountingabovea givenaltitude U\-Xray, etc.
(S. NVernoy
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Payloadmass: 500 kg

Two GeigerMuller
10cm longubes

(first transistorgdiodesin spacg
A

S. N. Vernov N.L.Grigorov

Nov.,2, 1957
s 10 = Experiment
g . \. -
E e
- N A \Calculated CR latitudinal
dependence
1 L1 I 1 1 "
40 50 60 65 60

Latitude, degree

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

Nomemoryelements onboard and information
received only above USSR, corresponding to
altitudes in the range of 22te 600 km.

|. De Mitri: Space based cosmic ray measurements 20



- The firstspaceY A & & A 2 y ¥

Sputnik | Sametime: all-particlekneediscoveredn EAS
Oct 4, 1957 experimentG.B Khristianser& G.V.Kulikoy
Sputnik I First CR detectoin space! GeigerMuller
Nov. 3, (above[ I A,{i.e. @R NEB, lcabipl Qa (GM) tubes
1957 Anomalouscountingabovea givenaltitude
(S. NVernoy
Explorer |  Detectorsaturation G-M tubes

Feb. 1, 1958 aboveagivenaltitude !?!
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I ~The Explorer | <z

Launched from Cape Canaveral (now Cape
Kennedy) on 31 January 1958 by the Jupiier
vehicle, a descendant of the GermartA\/2).
Orbit: 3602500 km , 115 minutes

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

It was saturated most of the time.

Van Allen theorized that the instrument may hav
been saturated by very strong radiation from a b
2F OKI NBESR LJ NI AOfSa
magnetic field.

W.H.Pickeringleft) in chargefor“satellite design andperation
J.AvanAllen (center) irchargefor the instrumentsonboard
W. VonBraun(right) inchargefor the launcher
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Sputnik |

Oct 4, 1957

Sputnik I

Nov. 3,

1957
Explorer |
Fe. 1, 1958
Explorer Ill
Mar. 26,
1958
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Sametime: all-particlekneediscoveredn EAS
experiment(G.B Khristianser& G.VKulikoy

First CR detectain space! GeigerMuller
(above[ I A,li.e.RdR NEB, lcabiphl Qa (GM) tubes
Anomalouscountingabovea givenaltitude

(S. NVernoy

Detectorsaturation G-M tubes
abovea givenaltitude !?!

Dectorssaturation G-M tubes
abovea givenaltitude !?!

May 1, 1958: A.+ | Y | HydotSegi€) &
particlestrappedby the geomagnetidield
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GPS Satellites
12,500 miles *

Gbosynchronous Orbit (GSO)
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: Dynamics Observatory

Inner Belt, — : ) 22,000 miles
1,000 — 8,000 miles ' e " / i ;

Low-Earth Orbit (LEO)
International Space Station
230 miles

| CRAND

CosmidRay AlbeddNeutronDecay

Rigidity Filling L Residence
type [MeV /n] mechanisms time [d]

Van Allen P \ 0.1 — 100 n—pe T, | <2.5 10 — 1000
e 0.01 =1

(inner) external belts

Van Allen e ” 1 —10 solar > 2.5 1 =10
(outer) \p / 0.1 -1 wind

SAMPEX | N, 0%, 10 Anomalous 2 10 — 100

Ne'® 10 — 100 CR
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Sputnik | Sametime: all-particlekneediscoveredn EAS
Oct 4, 1957 experimentG.B Khristianser& G.VKulikoy
Sputnik 1l First CR detectain space! GeigerMuller
Nov. 3, 1957 (above[ I A,li.e. @R NEB, lcabiph| Qa (GM)tubes
Anomalouscountingabovea givenaltitude (S.
N.Vernoy
Explorer | Detectorsaturation G-M tubes
Feb. 1, 1958 abovea givenaltitude !?!
Explorer Il Dectorssaturation G-M tubes
Mar. 26, aboveagivenaltitude !?! X
1958 May 1, 1958: A.£ | Yy | HydotSesis) a
particlestrappedby the geomagnetidield
Sputnik Il CRmeasurementsip to about2000km Nalscintillators
May 15, 1958 Van! f f ®eltexplanationfully confirmed Cerenkowlet.
Explorer IV Furtherstudieson Van! f f §/pofésis G-M tubes
Jul 26,1958 (the ARGUS project) Cs(T) and
plasticscint
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A bon voyage kiss from Van Allen to
Explorer4 scientific payload Also visible
Mc llwain on the left and Ludwigon the
right.

)

JaeanAIIen
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JoURNAL oF GEOPHYSICAL RESEARCH VoLUME 66, No. 11 NoVEMBER 1961

Coordinates for Mapping the Distribution of
Magnetically Trapped Particles

Carn E. McILwWAIN Mc llwain L

Depariment of Physics and Astronomy
State University of Iowa
Towa City, Iowa

1/2
B=%(4—3—R) R = L cos’ \

Carl EMcllwainand George Ludwig with the
Explorer IV payload at Cape Canaveral.

60" & 60"
R —— —— —— - 3
ﬂ 150 -106' -50' . loJ “s0 00 150 T
Countrate vs positioralongthe orbit 4 = '
-60° 60"
Geomagneticutoff mapin GV Rigidity= p/Ze > =
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9 Explorer IV and ARGUS

JoUuRNAL OF GEOPEYSICAL RESEARCH Vorumr 64, No. 8 Avuusrt, 1959

Satellite Observations of Electrons
into the Geom i

Outer
Radiation
Belt

Artificially Injected
ield*

JAMES A. VAN ALLEN, CARL E. MCILWAIN, AND
Georce H. Lupwic

GEOGRAPHIC POSITIONS

-106 -7 -aT -T2 -52 - 25 LONGITUDE
. . - +30 +40 +48 +50 LATITUDE
Departﬂsent 0’ Physics .:,, ,:o,, 1401 140 o714 626 ALTITUDE (KM)
State University of Iowa e 0445 0430 o438 0800 0s08
Iowa City, Iowa 000 3
F~ ]

Abstract—Our four radiation detectors in satellite 1958¢ (Explorer IV) easily and
promptly observed the geomagnetically trapped electrons resulting from the three high-
altitude nuclear detonations Argus I, II, and III in August-September 1958. An account !
of over 160 satellite passes through the three Argus “shells” of artificially injected elec-
trons is given herein, and a preliminary appraisal of the geophysical significance of these
experiments is offered. TRUE
COUNTS /SEC. o

I ‘
TS, /SEC. VS. TIME
\ _ TRUE COUNTS,/SE

31 AUGUST 1938
' = UNSHIELDED SEIGER CMTER:
I ===SHIELDED GEIGER COUNTER |

Ll

T T TTITIT

1

F16. 1.—Block diagram of detectors and associated circuiry of Explorer IV.

s I | E—

LI RARL

L1 1 LeLat

N
| ok N 3
L 1 e v '.‘T _ AF‘— R P 3
E ——— R 3
L | - | + \\\ R
DETECTOR B \ . | |
DETECTORS C ,D 0440 0445 0450 0455 0500 0508

GREENWICH MEAN TIME

Fig. 8.—A plot of radiation observations on Auﬁust 31, 1958 showing the decaying Argus I
peak (at 0446 U.T.) and the fresh Argus 1f peak (at 0449 U.T.).

TABLE 2
Data ox Bursts
— Argus I Argus II Argus 111
) g Nominal yield 1 to 2 kilotons 1 to 2 kilotons 1 to 2 kilotons
LOW POWER TRANSMITTER Approximate time of August 27, 1958, August 30, 1958, September 6, 1958,
L ONe FoOT ] - burst 0230 U.T. 0320 U.T. 2210 U.T.
DETECTOR . A Approximate geographic 38°8, 12° W 50°8,8°W 50° 8, 10°' W
ScALE ELECTRONICS , BATTERIES coordinates
® HISH POWER TRANSMITTER Nominal altitude of all bursts —480 km.

ISAPP School , June 2025 |. De Mitri: Space based cosmic ray measurements 30



| OperationARGUS

ARGUS was the designation given to the three high-altitude nuclear

https//st”nlqov/newsllook_backloperat|onarqus test shots conducted by the United States in the South Atlantic Ocean in

August and September 1958. The ARGUS shots were conducted to test the

(LawrenCd_ivermoreN ationaILabweb Site) Christofilos theory, which argued that high—altitude nuclear detonations

would create a radiation belt in the upper regions of the Earth's atmo-
sphere. It was theoriZzed that the radiation belt would have military

Destroy this report when it 1s no longer

If-"»"*.’ needed. Do not return to sender. implications, including degradation of radio and radar transmissions,

damage or destruction of the arming and fuzing mechanisms of ICBM war-
DNA 6039F heads, and endangering the crews of orbiting space vehicles that might
enter the belt.

The tests were conducted in complete secrecy and were not announced

until the following year. The organization conducting these tests was
Task Force 88, a naval organization consisting of nine ships and approxi-
0 P E RAT I O N mately 4,500 men. A few specialists from the other services and the Atomic
Energy Commission and their contractors were with the fleet. Coordinated
ARG U s measurement programs using satellite, rocket, aircraft, and surface sta-
tions were carried out by the services and other government agencies and

1958 12. REPORT DATE contractors throughout the world. The ships of Task Force 88 were the

30 AEI“” 1982 antisubmarine carrier USS Tarawa (CVS-40), the destroyers U353 Bearss (DD-
13. NUMBER OF PAGES

654) and USS Warrington (DD-843), the destroyer escorts USS Courtney (DE-

15, SECURITY CLASS. (of this report) 1021) and USS Hammerberg (DE-1015), the fleet oilers USS_Neosho (AO-143)
UNCLASSIFIED and USS Salamonie (AO-26), the missile trials ship, USS Norton Sound
T5a. DECLASSIFICATION, DOWNGRADING (AVM—1), and the seaplane tender USS Albemarle (AV-5).

N/E"Since UNCLASSIFIED

The low-yield (l1- to 2-KT) devices were lifted to about a 300-mile al-
titude by rockets fired from the Morton Sound. The detonations occurred
at such distances above the Earth that there was no possibility of expo-

sure of task force personnel to ionizing radiation.

Of the 264 radiation-detection film packets distributed to the task
force, 21 had indications of radiation exposure, but the highest exposure

recorded by an individual's packet was 0.010 roentgen (R}, so low as to be
negligible. The highest exposure recorded, 0.025 R, was by a control film
packet. Control film packets were located in radiation-free areas within
United States Atmospheric Nuclear Weapons Tests the ships. Even this reading was so low that it could have been spurious

Nuclear Test Personnel Review or the result of natural background radiation. In any event, both read-
ings were below the accuracy limit of the film, developing system, and
densitometers used.

Prepared by the Defense Nuclear Agency as Executive Agency The results of the ARGUS operation proved the validity of the Christo-
for the Depertment of Defense filos theory. The establishment of an electron shell derived from neutron

and beta decay of fission products and ionization of device materials in

the upper fringe of the atmosphere was demonstrated. The operation not

Ay iz only provided data on military considerations but also produced a great

z mass of geophysical data, pure scientific material of great value.
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JamesVan Allen (center, dark suit), Carl Mc llwain (left),
Georgeludwig(right) and ErnieRay(far right) Iookmg at the
Explorer G-M tube counterdata

SergeMernov
NicholasChristofilos
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Fig. 14. Schematic diagram of the first ionization calorimeter (GriGorov, MurziN

and RarororT [1958]). The shaded areas represent absorber. Layers 1 and 2 are

the rows of counters forming the controlling telescope. Layers H,, H,, H, are

hodoscoped counters, while laysrs I, . . ., VI are the detectors (ionization chambers)
of the calorimeter.
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1970: p andHewith Calorimeteron a balloon INFN

VoLuME 28, NUMBER 15

PHYSICAL REVIEW LETTERS 10 APRIL 1972 Thebeglnlngof a IOngserleSOf

i3, ¢, Freden and R. S. White, J. Geophys. Res. 67,

25 (1962),

2w, W, Macy, R, S. White, R. C, Filz, and E, Hole-

Cosmic-Ray Proton and Helium Spectra above 50 GeV

M. J. Ryan,* J. F. Ormes, and V., K. Balasubrahmanyan

Goddard Space Flight Centev, Greenbelt, Maryland 20771
(Received 25 February 1972)

Z

Differential energy spectra of cosmic-ray protons and He nuclei have been measured

"I, A, Fartey, A, D. Tomassian, and M, Walt, Flys. experimentshy GSFC

Rev, Lett, 25, 47 (1970),

FIG. 2, Examples to show the development of nucle-

onic cascades in the spectrometer, The showers reach
a flat maximum and generally decay away, Though in-
dividual shower curves fluctuate a great deal, most of
this is because of the location of the first interaction.
The area enclosed by the shower curves gives a good
measure of the total energy of the incident particle,
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SC,, SC4, and SC, are wire-grid spark chambers with
core readout to determine the trajectory of the incident
particle and to help in rejecting background events,
The detector system was designed so that a very wide
range of charges and energies could be measured with
a single instrument.
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Artist Rendition of Solar Wind
Created by: K. Endo

' - Photo Courtesy of Prof. Yohsuke Kamide National Geophysical Data Center
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87 At low energies Solarmodulatlons INFN
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