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Abstract

Data from an ‘e‘lec:fcxm spectrameter on the synchronous orbit satellite
l'A’I’S—-l and data from an electron spactroneter and ion chanber on the elliptical
orbit satellite OGO~IIT can be used to experimentally test drift shell splitting
in the non-dipcla‘r distorted magnetosphere as proposed by Roederer., Quiet day
pitch a.ﬁgle distxibutions obtained by M“%-l at 6.6/“\‘?. qualitatively 60nf:i.m "
the shell splitt:.mg by shmvmg that near nocn the pitch angle distribution is
nearly ismmww whereas near midmght the pitch angle dis txibut fon is peaked
tosvard s.mall angles (parallel to the fn.eld) . qung the Mead mdel magnetic
fn.eld for calculatinq the drift *ahralls for elec:tmns of pn.Lc:h angle o= 65" |
and o = 90°, as well as the measured pitch anqle distributicn and maamxra«:‘i ra&ial
| gradmn’c Tor el.ectmns at local noon, the pitch angle. dmtmbuta.an can be
calculated aza a funct ‘icm of local time ;Eor the ATS-1 orb:.to The agreement
 between calculatad an(d measured flm«:es; is s:.atmfactozy not only :ln the -
predictmg the propec noon to. mdm.ght agymmetry ( 25 to 1 for 500-J.OOO kev-
elec’crms on February 15, 196 7) but also in c:om'ec'tly pmdmting the p:),i:ch
“angle dxstrn.bution as a function of local t:n,mn (1sotr0pic at noon but non-
iqoi;z:qm.c, wﬁh a 3 to 1 ratao ba,tween o = 65° and o = 90"” at mxdmght)

j Hmemr, in ane crase (15 E‘ebzhaary 1967) an asyvrmwy ig ohsm'wd about lmalﬂ |
'mdm.ght with mindrnm comt rai.:a at: 2200 LT, mpre&enmng @ depam:ure frcm |

t:hra wmnetm.c Mad model. ”

U

S par e BN e e stV STIES BRI b T IE Y £k T et L P ik s LY D g0 +81 < ot g vared A vt < e e it s T ael e . S L B P I



Introduction

Data from an electron spectraveter on the synchronous orbit aatéllite
(Lezniak et al., 19F8; mé;xiak and Winckler, 1968) and data from an electron
spectremeter and ion chambex on the elliptic orbit satellite 0GO-ITI
(Kane, 1967; ,Pfiﬁ:&er, 1968; Pfitzer and Wincklerx, 1968) can be used to test
‘experinentally the drift shell splitting of trapped electrans in the, distorted
dipolar field of the magnsawsphere. Northmp and Teller (1960) point:ed out that
in aazsés where the magnetic field lacks axial szmmatry‘, gradients of B occur
in the azimuthal d).recticm which };.}roduoe radial drift motions of trapped
‘part;a.c“leg and that this radial drift will vary with the equatorial pitch angle
of paxta.c,les found at a given point in the magnetic field., Thus, even wit;h
the mxservatwn of the first and second adiabatic invaridnw of motion,
part.!.c,lea which after drifting around the earth return to tbm:: point of origin
nevertheless at intermediate points will be found on different drift Sh%lla B
depending on piﬁah anglee.' | This is in ccntraét: to a mgnetmp%re described
by a pure dlpole field, where all partmlas which :mita.ally stam. dL the same

po:mt mnmn on the sm ﬁJ‘lf‘&‘; shell mdcpend@nt of pn.tch zanglee or energy.

drift shells of part:mles having dlfferent pn.tch angles axe almost. J.dent:i.cal,

| ‘a fac*t ocmf:ainesd in the Mr:rlw«iin Irparameter approxmatim wh.xc:h is useful

fcr mappmq partmle flmces at such 1ow I values. Hmezvrer , in thc» v:.cimty
of the ATS-1 orbit (6.6 R ) the dlsmrf.lmh of the magnetic fleld can be

: qtn.te ume dm w aurrents on the magnetosphem boundamry zmd cmrre:nts in

the tail. Thaoretic,al .,-,tudier: of the motwn of trappe.d particlas in the
distamad d::.pcslar iwld have been c:armed out by Honess (.1.96”5) ’ r'alrfmld (1%4)
| and Mead (1966) . This work has been extended by Roedarer (1967) who has used
. the Mead m1 magnetm fmlc‘i (Mead, 1964 Willians and Mead, 1965; Mead, 1966)




which has given reasonably good Quantn.tativa agreements with experiwental
measuraments of the magnetic fiesld. Roedarer has followed the drift motion
of particles in the model distorted magnetosphexe including the effects of
Chapman-Ferraro campression and a tail field parameter.

Roederar pred:i:cteﬂ among other things that “equatorial pitch angles
texic’i to align along field lines on the night side of the magnetosphere and
perpendicularly to the field on the day side", "Quiet day" piﬁch angle
distributions of energetic electrons which have been determined on ATS-1
frem a knowledge of thé spectwometer lock direction and the measured B field
at the saﬁellite. actually quamtativeiy confirym this prediction by showing
that near noon the piﬁch angle distﬁbut::i.qﬁ is almost isotropic whereas neaxr
midnight the p.iﬁclx angiea dimkibutibn ie strongly peaked toward smaller angles
‘ '(nrom paté,llel to the field). A quantitative comparison has now been made
and is reported herewith,

Prwezdum and Resums

‘We have obmmmd fmn Dr. Juan Roedemx a cmputer program which vses
the Mead model. magnetic field and traces th{e drift shells for parmcles
ha .:L._;!’ a specified nit:ch angle at a given lor;'amm in the maqnewsphereo
Using t.h:ns wmputer pmgram as well as the radial distribution of trapped
- electrons measuted by passes of OB0-I1I, the pitch angle distribution as a
func:tion of local time has been calculated and ccx@amd to the electron pitch
ang]g distributions measured by A'I’S«J. on the gmgmphic. and gecmagnatic.
equamra The input p;xx.m.uaters for the computer program are:

1, The ‘stand off distance, Ryo wheve the earth's “fiel‘d te::xhinates fai:

the sub-solar point, medsumd in eam radii,

2. The stmnqth c)f me mﬁ.l field, By, measured m v's, :

‘3. The location of the uammteu | -
a4 'I‘he local pimh angle' of the partwle at +he eamlln.‘teo |




- J‘; &%

one of the output parameters of the program is |B|, the Msad model total magnetic

field, at. the location of the satellite. Although R, can be da;/qamined

from the cutoff of the 50 keV electyon flux as measured by CGO-III, the tail

field, By is not available. But zince the total magnetic field l(é\\{ “ is measured

by ATS-1 as a function of local time, the parameters R, and B, can be adju&stefi

5o that the model field gives a least squares best £it to this measured

magnatic field. We have choseh two quiet days when the necessary data and-

parameters are available. The values which give the bé.,st £it for |B] vs. local

time on the 15th of February, 1967 are Ry = 9,0 and B‘l’ = 20y as well as |

Rg= 9.3 and By, = 18y, similarly, Rg = 9.5 and By = 10y or Ry = 9.0 and

Bp = 14y give least squares beét; fits to the observed |B| values on the

7th of February, 19;37. A pass of OGO-wJ;II on February 15, 196'7 gives

8.5 « R < 9.3 in sat; isfactory agreement with the above mdirectly determined

values, Figures 4 and 5 (lower graphs) show the xmsured and caleulated IB}

_ We note that the am:eement is qu:.te goed except thz—zﬁ partwularly on

Fé\bmary 15, 1967 (I‘:Lgure .;) a dxsaqreetmm. arises tecause the rneas sured field

is not symwtmc ;about local midnight, an efmct with which the Mpad model

cannot cope, This is discussed further below, |
Using R, = 9 ana By = 20y ve can now use t:he program 4o c:alc:*ulato the

rdrifh shells of elechrcms which pass l"hrough Lhe ATS~1, satell:.te at v = 6.6 R,

, and various ’mcal tjmes, and fc::sr electrons havmg pitch angleg o = 90° and

o = 65° (i.e:. um extremes of tha p:ztch anerle range normally cowz.ed by the |

spectranster on quiet. days) R Fn.gure 1 shcwc; an example when the satellite

,'m located at local tire (LT) = - 30°, In th:xss example partml% having

{ = 90° at 6.6 R, and LT = 30° cross the noon mr:i.dm.m (LT = 180") at ”

7o 97 R, wlth o = 90° and part:.icle hm"'lg o = 65° at 6.6 R and LT = 30" |

crose. the Hocn meridian at 7.42 R w:.t:h a = 73“ L ‘, S




The 0C0~IIT 50-120 keV electron channel covers approximately the same
energy window as the ATS-1 50-150 keV electron channel and the 0G0-IIY ion
chamber (which in the outer radiation belt xesponds almost entirely to electrons
gbove 600 keV (Kane, 1967)) corvesponds msof{ably well to the ATS-1
' 500-1000 keV electron chamel. Since during the period December, 1966
to February, 1867 iﬂbound passes of 0GO~IIT are within 30° of the noon
meridian and also near the equatorial plane, the trapped electron radial
digtributions can be determined .n the vicinity of the ATS-L orbit., Figure 2
shows such distributions for the two selected days. For the February 7
caleulations an 0B0~IIT pass at 2100 UT February 6, 1967 was available; howmver,
for the February 15, 1967 case no suitable Oéb-:[II data wag available within |
two days of the calculation, An average gradient was arpived at by using
the nearest four radiation belt passes a,w:l 15 represented on Fn,gure 2 as the
estimated gradient, '

We have available alsca the pitch -angle distributions as measured by
ATS-1 at the noon meridian at 6.6 Rg {Figure 3), We must now make the
assmpuon that “the piteh ang:le func't:mn measwured by ATS-1 at 6.6 R and
L'l" 180° is val ILd in 'thc, appmx:zmm.e range 6.6 R o 8 R . ’Iha*t is,

f(a,r') = gla) » h(r) at LT = 180°

whem g(a) is the measmd m:tr'h angle func“tn.on at LT = 180° (Figure 3) and

h(r*) is the radial dep«:»ndence at LT = 180° mwa&ux'ed by ch()wlf L (LE‘:Lp,Lwc 2),

‘The abcve assx.mxptn cn should not be 'mmawnable f or such a small r@gmn of .

space. It is now possible using the pitch angle function gia) at LT = 180"

i;he radial fumc:tion‘h(‘r)‘ at LT = 1800 and théz?: Ro‘e.devéb Mead model' dmft

program to calculatp th? p: tc:h angle fmmomon evemwhom in the A'I‘S«-l cvrb::.t.
| Fox' a dn.stmbutmn of loc'al ‘t:mes in the ATS~1, Ql'b.i.‘t the drift %hﬂl

‘ for- electrons M'vmg pu.tch an,gle o = 90° and o = 6.‘:" weme calculaued.

sl » L : ’ O




The patch angles @, wnd a, 08 weil @5 the wnterzepts ry and ry of or=h ok
these draft shells at local poon were noted and hin,) and hix, wes dawmmnﬁm&i
from Figure 2. The rates ﬁ‘“i’“l” and»izaz,xz were thus determined at
noon. These divectional electron fluxes are the snes that intercept the:y
ATS~) orbit at the specified local time where they have ¢ » 907 and o = 551
Figures 4 and 5 show the galculated flux vs. local time curves for alacﬁxcns 
of 50~150 keV and 500-1000 keV havirxy pateh angles of o = 90° and o = 65°
and for comparison the cbserved values
We have found that the difference between the observed and calculated

electron fluxes 18 a much stronger function of the Mead parameters, R, and
&T than the corresponding comparison between abserved wnd caloulated magnetic
field;dtwangéhs. Thus, although R 9,5 @nd By = 10 as well as R, =~ 9.0
and B ='14, both gave equally good representations ~f the measured magnatiw
fmeid data foxr February 7, 1967, thavﬁs 2z 9,0 and BT = 14 parameters £it the
paxtmcle data much better., Similarly, for Februacy 15, 1967, RbfwrQ,B and
B = 18 and R = 9,0 and ED = 20 give the same best f£1f results t§ the |
magnetis field data, buﬁ‘ﬁha,R = 9,0 and‘BT = 20 parameters pmbﬂ@ce a mach
hetter agresment w&th the particle data.

| To indicate huw atrpngty the calculated pamema& fluxes d@pﬁnﬂ on the
inpat.;munﬂmatars of the Mead model we chose two sets of paxameters for

Febroary 15, 1967 (R, = 9.5, B = 18 and R, = 8.9, By = 25; which cause the

0l1
caleuwd atpa magnetic field strengths to differ by 5% fxam the 1east squaxe best

- fit magnetic field strengths (see Figure 5). In this figure we nmta that

although the difference in the calsulated magnetie field Mtxengths 1$ only
5%;_thé electron flux curves differ frem the best fit curves by almmmt

a factor of 2. | | o ,ﬁ
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biscussion

| The accuracy with which a corparison like the above can be made is
chviously limited by the availabrlaity of a simultanecus pass of CGO-III on
the chosen quicet day as seen on ATS~l. However, since between najor magnetic
storms the outer zone readjusts slowly with a decay congtant of four ox five
days (Parks and Wincklsr, 1968), we regaxd the deseribed procedure for
cbtaining the radial trapped electron distributions as satisfactory. We have
chserved that usually the radial gradient of 50 keVv e;aetxons is much flatter
near 6.6 RQ than that for 500 keV. ‘mmskﬁ.s reflecmd directly in Figures 4 and
5 by the small difference between the o = 65% and o = 90° pitch-angle curves
in ‘-thca night sector for 50 keV electrons.

We note that when Ry and By, are correctly chosen (best agreement to both
| the magnetic field data and particle data)l the agreoment baetmen the caleulated
and measured electron fluxes (Figures 4 and 5) is satisfactory not enly in
the amount of the diurnal variation but also in the mlmtn.ve count rates
of the o = 65° and o = 90° celectxons‘, even when the nob‘nw o mdm.gm: flux
ratios vary as much as 25:1, fThus, fhe ohserved quiet day pitch angle
distributions along the ATS-1 orbit are quantitatively explained hy the concept
of shell splitting. - .

"'ihe princinal discmpan:ﬁy hetween the t:alculated and observed vaiues
is ‘fctdhd on February 18, 1967 (Figure 5] whexe the cbsexved values (both
rnlec:tmhfa and maqnet:‘i ¢ field) are asymmtr,i.c: about local mﬁ;dnight: with a
- mininum da.splac:ed westward from the Mead model minimum by sbout 30°. We
may regard the I‘ebmary l 1967 uase as an ex&reme exanple of a steady s rate
distorted magnetosphere. this is an, wnt.za..,t; to Februaxy 7, 1967 (Figure 4)
where hoth the‘ éiswrtion and the asymuetry ave 1633*30 We noiﬁe that the
| d.xscmpanc:y in the ele«::tmn £lux canpaxa.scxn 1s of the same oxder as the

discrepancy in m magnetic field cmtparmcmn 'mem:.fore » we ¢onclude that

L e G T L pE g, TV ) Lt e, g enn - e T Re e



a more accurate model of the magnetic field for February 15,1967 would bring
the electron fluxes into agreement.

The obsorved asymmetyy iz too large to k@ accounted for by the golar wind
aberration wxle (=27°). Any asymmetry introduced by the interaction of the
golar wind with the tilted magnetic dipole (the Mead model assumes that the
dipole is perpendicular to the solar wind) cunnot at present be accuritely
estimated. However, since February 15, 1967 is only 24 doys from the equinox,
the 30° asymmetry probably éaxmc:t be accounted for hy the tilted dipole,

The cbsexrved asymmetry can probably be caused by either an asymwetric ring
current or by convective flow in the magr. .tosphere.

The obvious next step for "quiet day" particle motion studies is to
inclwde the préaper electric fields and asymmetric mametospherie shapes into
the calculations., These calouwlations may then fomn the basis for understanding
c.rmntit;ativaly the energizing ard distribution of trapped electrons during
disturbed periods.
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Figure 1

Figure 2:

Figure. 3:

- “Mead rodel. (a magne tie di stwbanop ppeventzs compam son after

D P DR T VL e ee

“the ATS-1 electror spectrgmit

._ EN . R . ) E “‘ ’ iy ‘ ‘ ?
- to directicnal electron @lux (eloctrons-em “-gec '*-‘}c;,;\] lMWW 5,

- 1310 uT).

¢ coun‘t rba tes at a = 65" and o 90° wa.th 'the c:alaulaied c:oumc

Fipure Captions

Equatorial intersecti on of drift shells for particles having
pitchiangles of o = 65° and o = 90° at the location of the
satellite ave shown when the satellite is poss;i.tioned at 6.6 Pe’

0° latitude and 30° local time. The Mead model parameters For

this example are R = 9.0 and By, = 207,

h(r), the observed electron distributions for the FPebruary ? 1967

“and the Febpruary 15, 1987 calcula't;a.ons are shown. The 50~120 keV

distributions are obtained “M:xv* ‘the | f)»l?ﬂ kaV enevgy charnel

“of the 0GO-IIT electron specmvometer and the >300 kev
- dis t:mbutmns ave obta:med from the ClGO-III mxx chambex‘. The

Febmar'y 7, 1967 clla‘t.mbut:;ons wer'e ob't:a:med a few houms prior

to the start of the A’I‘S~1 obsevvatn.on‘ howevep ’che February 15,

1967 dn.qtmbut.n.ons are es t1m*t:ad from ”ch@ neamst im::o OGO-«III

- radmatmn beli‘ traversals.

CE(a), thc« pn.fc:h angle - mmx‘mmnom at Woc&l noon nmsmd by

-1y

multiply 'the 50-150 keV charnel. by 450 and the 500~1000 JwV
chamnel by 40.3. o

o

- Lower: . ’I‘he comparn sor of the magr,m tic i’ mld on Febmax'y 7, 1%7
as meauumd by mg\etomtem on AI‘S~1 (c,ourvtesy of . Paul (‘olemn
and ﬁavn.d Cumnings of UCLA) and the best Fit curve fmm the

t: i . , / .

” ’Unper' k 'I‘he cxmpamsons between “tho measxmad dwect:.onal elec.tmn :

>

Te, convert avnmge count:s/ sample RN
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- 10 -

" pates obtained from the 0GO~IIT radial gradient and drift shells

baged on the Mead model. To convert average counts/sample to
"2.see okeV  mster™)
miltiply the 50-150 keV channel by 450 and the 500~1000 keV

directional electron flux (elea"lmws-cm

channel by 40.3. |

Lower: The comparisons between the mgnetnf* 5? L‘éld on February 15,
1987 as measured by magnetome Lers on ATS-1 (cmmt.esy of Paul Coleman "
and David Cummings of UCLA) and severa.l Mead model calculatn.ons, '

The s .id line represents the best fit; in the dashed curves a

5% error (from the best £it) has been introduced.

Upper: The comparisons between the measured directional céum:

_rates at o = 65° and = 90° with the caloulated count rates '

| obtamed from the 0GO-LII r'ad;x m gmda.em and dm £t shells

based on the Mead moclelo The aa{él:xd vwﬂvec:. mpmsent the ‘best
\

model paame ters are changed such that a 5% error is introduced

into the beo't. fn.t magne’c:.c field r"cmapcumsc::nno To 'cohverf'tf average
w2 _ponL

f counts/ nmylw to d:z.*%‘,u...wml eleciron flux (el ectrons-cm “-gec -

w1

KeV ™ L-ster™) multiply the 50-150 heV hannel by ,uuo and the

| ,/“500—1000 keV c:harmel by 40, aa
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