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tfoduction

There is encugh experizental infcrrmaticn availatle riow so that -
a reasoneble picture can be fcrmed of the electrons in the oyter belt.
From Explorer XII we now kncw there are tyricelly ~207 electrons/bmz-sec
in the energy region 4O Kev ~ 1 Mev in the outer beltl/. This is a
considerably lower flux than earlier estirates hed given. The flux
does nct vary ruch with positicn in the_suter helt from 25,000 kn td
65,000 km and alcc that flux does nst vayy much with tire., Tire varia-
tions of x2 or x% in in‘:.ensi-ty ere seen in the 100 Kev energy rerge
' oc"asionally ranginz Up to XJ or x7 during August and Septerker, 1H61E /
These variations m.ght te due only tc ché;éés in the magnetic field and
the associated effects crn particles rather than changes in the particle
population. The large time variaticné in flux seen on several eaflieé
experiments are seen crly in the high energy (E > 1.6 Mev) group of
electrons on Explcrer XIX. Very likely the 1aré;-t1me variatiors on

several earlier experirents involved the high energy electrons also.

At the tiuea ef megnetic steorms the 100 Kev flux changes as much as

x7, but returns to roughly Uhn prﬁ-'ton: flax in & few days at thke end of
the s tornr-/ A1) of these features seen to indicate a population of 8
particleg that has a quite lcrng lifetime. L
It is very impgrtant tc a ccrplete understanding of the rsdistion
belt to know the lifetime of the trapped particles. b%hen dealing with
a steady state pcpulation, the cnly wey to easily dé:éraine rarticle
lifetimes is bty reacuring the locs rate from the belt. Kncwing the

total population of the belt then yields the average lifetirma,

1
—/Rss:er; Q'Bricn, VYan Allen and Frarx, Progres of AGU Mceting,
April 25-28, 1962, Atstrast I (10) .

-2-/J. A. Van Allen, private cormunicaticn .
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ta frcm Experizentc on Dicscverer Satellites

We have now information thas tears on the lifetime of the electrons

in the 100 Kev = 1 Mov cnergy range. Several instrumernts have recently

been flown on Discovercr catellitese These vehicles crtit at a few
hurdred kilometers altitude at en incliraticen of ~82°%, 5o the earth

1s quite well covered by ceasurements from these satellites. The

instruments that have beern flcun are: (1) @ thin CsI scinti—ﬂatﬁcif':‘f'

covercd by 2 mils cf Be. This ccunted electrcas of Ec > 100 Kev and

protons above about 3 v, (2) a ’.hi;'.;”plast.ic scincillator that _gp}:lgxted.

electrens of E_ > 2 Mov and protone of Ep > 19 Mev, and (3) a ten channel

- R ] / ~
megnetic electron SP?CtrOthPZ_A.that counted electrons frem 80 Kev - -

to 1.25 Mev. -

The count rates of the C3I delectir are shewn in Figure 1 scr the

Southern Hemisphere. Three types of featurec are seeh here. First, . _____

of f the ccast cf Bra:zil a high ccunt rate is ckserved which is relsted

to the loss -of particles from the inner rediasticn be.{-tﬂ.“ In this r:egion
‘the earth's surface megnetic field is weak, so that the inner belt
paz;t.icles come closest to the earth here. Secondly, irregular pulsés
of particles are seen In the aurcral zimes. Frem the electron speciro-

meter we know thet these particles are electreons of Ee < 200 Kev and

-?-/L. G. Munn, S. D. Bloom, ard H. I. West, Jr., "Electron Spectrum
from 90-120 Kev ac Cbiained on Discoverer Sstellites 29 and 31."
Report to COSPAR Cunference, Washingten, D. C., April 1962
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g8 ccnsiderable fraction of them come essentially d_.rectly dcun thc field
lincs. That is, the clectrons are not trapped and drifting dewn in
altitude, tut rather, they are on their way to earth in cne single
tounce. Q )

The third group of particles is the most interesting. About ldb- '
or 15 subaurcral in the Scuth Atlantic we sce a large pepulation of

- rartioler "'hm'e rarticlec are nct uniquely identificd sas ele»trons,

so they are almoct certeinly clestrens. These particles show a smootl;
spacial distritution, snd their pepuletiorn is quite consistent from pass
to pass. They are the leokzgce trom the cuter radiation telt being lost
in the Capetcm Ancx::l;r-] . m":}-m»/ "‘xom.d a ro].l 'ﬂ“dulation uhen one of

..he Di..c'*vcx\:r vehizles tuzbled indicatirg they are probably --

~———n

ra“ped particles. Thece particles wern clowly teing lost in an orderly

vay, quite diffﬁnm Srom aurcral particles which are lost in squirts.
The plactic ceintillator chows quite similar behevior in the

(‘? : Scﬁthern ﬁeiﬁiéﬁ:em {(Firure 2). The lozzes frea the imner telt off

Brazil and the locc from the cuter bolt off Cép«:tcun are quite apparent.

The aurcral cpikes ere, however, not ceen dicat.ing thet the auroral

particles are belcw the threchold of thi.. detector.

In the Northern Hemicphere the Discoverer results are quite

ifferert. Aurcrel pulces are scen by the CcI detector ’(rigu!.e 3) but —-
3 on o o 0T v

l‘-/A. J. Descler, J.ournal of Geophysical Research, 6%, T13 (1959)
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the cther fea:ux;cs wre ncte The seintillater count rate (see Figure L)
doeg not show any high count rate regicns as in the s&;th Atlantic. T
Ccunt rate ccatocurs for the high co.:.-:t. rate regicns in the Scuth Atlantic
are shown cn Ij:_gur-_e 5 ..nd‘;j;x_m 6 for the twe detectors.

These features of the radiaticn belts were first seen on low
eltitude Scviet satell::e 2‘-—6-/. Vernev, et al. cbserved both the high
intensity region off Brac:l <hut they identifled as mestly prcteons and
related tc the inner belt 2/ end also s high intensity regicn in the South

"Atlm.:tlc- métl;; electrens ml_atei tc the cuter mdigticn belt §/. .

culation of the Less Rute

From these low altitude measurerments on the cuter bels electrens, .

we can calculate the rate of loss of particles froam the rsi‘ation belt.

i = L T T R i

Ir V;‘il—;\'é _s<tea“d,-y -smt.;te in the r:;ciiation belt," t_hex-xﬂt—heﬂ situation

depicted in Figure 7 occurs. Parti:;'l::-s'are continually injected into

1 the “elt. If, as !s camonly fcho_ughi._,mmdial diffusion is a slcw process,
then the part!cles are lést frco tf.e Belﬁ_ dcwn Into tke atmcsphere sas '
shown in F:éum 7. This lcss rate can be descrited in terms of a

drifting of particles dcwn into the loss cones and eventually striking

the earth.

2/S. N. Vernov, I. A, Savenke, P, I. Shavrin, N. F. Pisarenko, "The
Discovery of an Internal Radiution Belt at an Altitude of 320 km in the
Regicn of the Scuth Atlantic Magnetic Anomaly,” Deklady Akademii Nauk SSSR,
140, 1041 (1961)

§/s. u. Verncv, I. A. Sevenko, P. I Shavrin, V. E. Kestercv, N. F.
Pisarenko, "The External Radiation Belt about the Earth at an Altitude of
320 Kilemeters," Doklady Akademii Nauk SSSR, 140, 787 (1961)
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In this calculation of the loss rate, we must assume that coulombd

" scattering is the dcminant loss process. We have measured the particle

flux & at altitude h. From this we can get the net motion of éarticles

~--  downwards, the drift flux, D, by
p-Gjv
vhere v is the particle’s velocity and U is a downwerd drift velocity.

The d}ift velocity U describes the process cf particles graduzlly leak-

ing out the loss ccne &s the result of coulcrd scattering. This is,

~ ‘of course, an average ccnlept ard any one particle does not smoothly ..
nove downwards In al:titude. The first attempts to describe this loss

processl‘-—/ introduced the concep.. of the velocity of lovering of

mirror p"ims, . La’ﬂr it wvas shcvn that this descrfpticn of the process

was incoxplet 2/ and a seccnd term Y was needed which would describe

10/

the diffusion of the particles. M:Dconald has sheuwn~ that for the case
of the exponcntial &tmosphere the tii:s terms can te written as

. S & -
U-w+¥~w5ifip \h[(é)l o

» vhere H = scale height or t.ho at mospherc and p = air density.

1/Christcﬁlos, "“Trapping and Lifetime of Charged Particles in e
the Gecragretic Field, UCRL Report 5407

§/Welch and Whitsker, J-urnzl cf Gecrhysical Research, 64, 909 (1959)

2/3. C. Wentw-orih, Thecis, "Lifetimes of Gecmagnetically Trapped
Particles D:termined by Coulsrd Scuttering,” Ph. D., University of Maryland,

1960

1-9/ v, M:Dmé.ld, private ccmnmunication
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If the electrcn flux € varies inversely with alr density P then
Y = 0. We kncw that this situation is roughly true for protons, but
there is no .good data on electrcns to evaluate Y. Fcr lack of better
information we will také W= Y_a.nd U = 2W. It would be quite .'-;u-rbris% )
ing if the altitude dependence of # were such that Y » W, but we must )
wait for firal information cn thise. -
Using the value of U = 1.5 x 10%cm/sec fcr E = 200 Kev for %00 km
altitude, we can obta‘n D as » function of pcsition from the CsT detector

data. From D we can determine the tgtal lcss rate L from the radiation

ekt by T LT T st s el

B "
= ? Daa
To get L we integrate D along two lines of constent integrel Iinvarient
I, one in the northern Hemisrhere and one in tie Southern Berdsphere.
This sums up the loss from one "lunoid” of the belt (see Figure 8).

A lunoic is a f*gure of revoluticn whese cross section is a lune, the

negion between two ne*ghboring field llnﬁs, 235 shown . in Flgure 8.- He e

will take two strips 1 cm wide around the earth in crder to evaluate L. -
The volum of the lunoid whose baze 15 1 cm wide for ro = 2.8 Te 13

= l 4 x 102°cm®. L evaluated this way is 2.5 x 107 elactrcno/sec tmd>
fhe volume loss rate is ¢ = L/V = 1.5 x 10 -13 elec*rcns/cz:’-sec. e s

The only contribution to the irtegral to get L is frcm the regicn of

6
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South Atlantic. For a steady state situation the volume loss rate

4 = s, the source strength, that is populating the radiation belt.

The source strergth s calculatcd—-u/ for neutron decey is about ~10" 13

elec/cm®-sec for the outer belt. This value of s looks irerj similar

to the calculsted value of £ which indicates that the neutron decay -

source seems adequate in strength tc produce the outef beit electrons.
We can also get fram this the average residencé time < of an

electron in the rediation belt by acsuming steadvy state and using

L = @/t where Q is the total nurber of electrons in the lunoid

_ 7107 elec/crR-sec "y o 3-__7 ‘ 17 ne
Q= 33105 enface). 1ok % 10%° em® = 0.7 x 107 electrons

We get for 1 = Q/L = 0.7 x 10*7/2.5 x 107 = 3 x 10° sec. This time -

fe)
1s about the same as the estimates of liretim:.;-J:‘—}L—l—!", for outes

belt electrons, based on coulomb scattering.

It is somevhat surprisirng that the locs rate is as small as it
scems to bew as the result cof this' calculaticn. We night expect, on -

the basis of other experiments, that polar-cap neutrons would

—l-yHess, Canfield, and Lirgenfelter, Journal of Geophysizal Research,

66, 665 (1961)
—1-2-/P. Je. Kellog, Muovo Cirento, 11, 1&8“6.959)

-l—S-/V:ntvcrth, M:D.neld end Singer, Physics of Fluids, 2, 499 (1959)

( -l—!i/Hcss ‘and Killeen, Jeournal of Geophycizal Research, 66, 3671
1961)
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substantially increase the galactic cosmic ray produced reutron source
strength. If this were the case, the source strength would be

increased sbove the value of s = 10 13, ' L

Comparison of other Experiments with the Discéverer Results

One other experiment measures the outer belt electron loss rate

¢irectly and can be compared with our>é;iédiation. The count rate

of the 213 GM counter on the Injun satellite= dete;mines .he

15/ ST o

electron loss rate of electrons of energy E > 40 Kev. The anguiar . -

distribut;on of the particles observed by this counter over Korth._

America is gcmﬂtimes so wide that the particles are cobviocusly being

lost directly into +he etmosphere. The-loss rate from these cbservas
tirns is much larger unn the valuz calculated here. The average

residence time - of an elect:on according to the njggg_ggglyg}g_igwﬁ

aboutl 10‘ seconds. The loss of electrons as cbserved.cn Injin must
__Dbe considered to be the resull of a Ezgéstrophic process; that 1is,
the electron mirror altitude is changed by a large amount in a

single bounce period. This must be due to some process other than

coulomd scattering.

32/5. J. 0'Brien, "Direct Observations of Dumping of Electrons,”
SUT 62-2
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This comparison of Injun and Discoverer results seems inéqnsistent,
but with the help of the electron spectrometer experiment 2/ on Discoverer
we can understand both experiments.

The spec%romééeé‘detects three different and distinct spectra of
electrons. e

Spectrum (A) i? a very sharply falling off function of energy. The
intensity decreases a factor of e with increase in‘about 5 Kev and is only
present below 195 Kev. This cpectrum is seen ‘almost world wide at some

tincu and other times is no. seen at_all. Fluxe: greater than 106 elec/

caP-sec~ster are seen in a 28 Kev wide channel centered at 9% Kev at some

times,

Spectrum (B) e-folds with a change of energy of from 9) to 40 Kev

end goes up to about 200 Xev. It is scen prominently in the auroral

- zone- and shows large time fluctuatxonu. A group of particles of 90 < E

~ 245 Kev, with similar energy spectrum, with ccnsidersbly lower intensity

is seen in the inner belt loss zone off Brazil and is scen some in the

~outer belt loss zone off Capetown.

Spectrum (C) usually has a maximum intens:ty at about 600 Kev and
goes up beyond 1.2 Mev. At 200 Kev it is down abcut x2 from maximum
intensity. This spectrum is always seen ;;‘th; inner belt loss zone off
Brazil and with lower intensity in the outer belt loss zone off Capetown.
The fact that the spectrometer has lower intensitles of the (C) 'pectrum

in the outer belt loss zone than off Brazil’ zay be due to tho fact

" that the looP directicn of the spectrometer




iz cleeer to the direction of the field line. If the angular dictri-

turicn i pencuke zhaped, it would be seen less neer the direction -

Iy she t1cld line. The (C) spectrum is elso seen in certain small

-] . wrene of the Pezific Ozcan. It chews a cmooth speclgl veristion

-nd ic quit: ccrotant in time. The intensity et cne plece ncrrmally

- -

’ : - sonstunt to & frctor of x2 for long periods.”

i i The fasr thzt there are three different cpoctra of electrons

appar~ntly producad by diffcrert processcs, helps explain other

experiments, The Injun nxpfrlran*—il that observed cetastrophic

| : e

dumping over liorth America is quite ccacistent ir bpacial extent,

1 time veriaticnc end energy and flux with the spectrum (A) of

L
‘ 2lectrons ccen cn Dzsuoverrr The fact that thege electrons are

N _ mect a1l or -~ - 100 K.v means thut the CeI detector or Diszoverer

will not-sce these particles. L

" Thc (C) sprctrum cbserved on Discovere:r locks quite likc the

’ ", 1
xnu*libr um elnctron energy Spectrum eXpe dzél—izl-ig/ from

— 7 pounren g-deecsy, €xcept thet it extends tc higher cnergiesc. This

populaticn of particles shows emooth spacial variaticns and roll

modulat icn indicuting the particlcs ere trappﬂd,and the flux is quite

’ -

}6(P J. Ke 1l~pg, Jeurnal of Gecrhysicel Recearch, €5, 2705 (1960)

LA Lenchek, Singer and dunkuvth, Jeurnal of Gocrhysical
Recearch, 66, 4027 (1961)

-——

¥
. 28/ .
22/4nss ond Polirier, Jsurnal of Geeohysical R»o: arch, tc be

put.1iched

7
-

- N’:‘-qu e~ -

10




et w—— - .

S gmve e g peye .ﬁ .

B
B R L g e I

Ve

constant in time. All of these facts and also the fact that this

spectrun is seen essentially only in the magnetic field anomolies in ]
the Scuth Atlantic strongly indicates that thece particles are being
lost by coulcrb scattering. If other processes vere responsible for

the particle loss then there would be no reeson fcr the measured

flux to be largest in the South Atlantic. The fact that the fluxes of

the (C) spectrun are concentrated in tho Scuth Atlantic means that
the atmocphere controls the loss proczess. The particles' oirror

points come clcrest 4o the earth in this_region and the particles

encounter the densestAatnosphere here. This shous coulcrb scattering

is the dominent loss process.
We can experimentally put a lcwer limit cn the (C) spectrum

particle lifetime frceo the Discoverer data. The particle flux other

than in the South Atlantic is ¢ < 5 elec/e=P-sec. Assuming thet
this fiux of particles is all being catastrophically lost as the o

’

Injun particles were and therefcre D = 5, then we get

; . - PR e = T . ‘7
L= 2 X 1_01,0 elec/sec.‘, L= 10 10 eleC/cm:’-sec o - - é xx];o

= % x 107 sec. The (C) spectrum electrcn lifetimes are, theref;)x-—e-,

longer than .4 x 10”7 sec and probably ruch lorger because the assump-

tions here are quite extreme.

Conclusions

The follcwing points have cume out of this analysis:

11
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(1) There are three ceparate grcups of electrons cbserved
on the Disccv;rer flights.

(2) The (A) spsctrum fallc off ,harplj with erergy and dces
not extend ebove 125 Kev. It chcws large time f1u~tuat cns: The = -
Injun experimert that cbcerved direct dumpirg was jquite likely o
seeing this flux of partizles. "The cwurce of these particles is not
understood.

3) The (B) zpectium is the cpectrum of eurorel electrons.

A simflar spectrum alco appéai: cam: in the pasticles lost froa the
‘radfation belts indicating tlLet ccoe of the electrons of E < 200
Kev in the radietion belt have been gccelerated by aurcral processes.

(4) Most of the elecirons in the radieticn béltrgfé éf tﬁe -

() spectrum type which locke rather like e neutron £-decay spectrum

except extending to higker enecrglec. These particles are lost frcm

the radiation velt *y coulordb Scattering. .-

(5) The averege recidence time of an electren in the outer
radistion belt is calculated on the tesis of coulomk scattering to-.-
be 3 x 10° seconds ard ic zeecured to k2 cons ebly lenger than
% x 107 sec. The analysis here is uncertain to x2 or more in
two or th;ee élaces, but the results are prcbably good to a factor
of X5. - ' o

(6) The data cn the (C) spectrum electrons ccﬁ:erning their »rergy
spectrum, loss rate and lifetire ere all consistent with these partiglg§_

being the recult of neutron decay. Thece particles constitute mst

of the inner and outer redistion telt electrens.

12
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Figure 7 - The steady state picture of the radiation belt. Particles are injected into the belt at a rate s which
must equal the loss rate /.




Figure 1 - Count rates of the Csl detector on Discoverer 31 in the Southern Hemisphere. The height of the strip

gives the logarithm to the base 10 of the count rate at different positions. The highest count rate is above 10%
counts/cm?-sec
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DISCOVERER 31
COUNTING RATE OF PLASTIC
SCINTILLATOR PARTICLES /em?/sec
&> /5 Mev £e >2 Mev

Figure 5 - Count rate contours for the Csl detector on Discoverer 31 for the Southern Hemisphere
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Figure 8 - A lunoid of the radiation belt. This is a volume whose cross section is the region between two neighbor-
ing field lines. The lines on the earth at the base of the lunoid are lines of constant integral invarient which
represent the loci of the loss zones for the particles in the lunoid.




