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' Eastow’ast Aaymmetry in the Flux of Mirroring
- Geomagnetically Trapped Protons

- Harry H. Hackmoan
. Lawrence Radlation Laboratory
University of California
Berkeley, California
and

George H. Nakano

_ Lockheed Missilos and Space Company
' Palo Alto, California

- I Docomber 12, 1962

We repoxt hare on the visual detection of geompgnetically trapped pro-
tons in the_ fegicm of the South Atlantic magnetic anomaly. Protons with
energies 257 MeV were rocorded in electron-insensitive llford ¥+ 2 nuclear
emuleiens during a 65 orbit, oriented. satellite flight recovered on Septernbery
1, 1962, More than 90% of all the particles recorded by the emulsions were
confined éo a wéllmdefined p;ane. We detected, therefors, protons from the
inner radiation belt near their mirror planes in a highly localized region ia
space. We observe an east-west asymmetry in the flux of gecinagnetically
trapped promm. confirming an effect predicted by Lenchek and %ngem.l 2
Using measurements of the ecast~west asymmetry we obtain a value of
| 62.0#5.0 km for the scale height of the atmosphere at 364 km altitude. From
- our data v;fe zlso have démrminec’l the locatioq and approximate area of this
| region over the South Atlantic. | |

Parazéeters of the orbit rolevant to this experiment are inclination,

65.2 deg; apogee, 407 km; and periges, 178 km.
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the ablativo uhield o! tho rocovorabu saction ol the satellite, Three stackes
(Noo. l. 3. md 4) wera odlectad for analysis, The fourth was used for test

At

“ procoaalng and bnekgtound mouurement- o ' S Ly

’rhc projoctcd angular distribution of protons that entered stack 4 with
dlp angle ot ‘15 dog. md camo to rost within 3 mm of the edge of tho emul«

o ' f elon le aho\vn in Flg. la. ‘l‘ha dlatﬂbuuon ie cbaractorlstic of mirroring

KR pamclou. Tho lusert m Flg. ln muatrateu how the mtrror plane interoects

B
. LI

utelma. E_ » 16 in the orbitsl plano.

"?',‘ Y 2

© a unigue location for the mirroring tegionz 39 deg S. ¢} deg W (Fxg, 2)

the plane of emulaloan in thln ntacko-lortuuouoly at 90&1 dog. The normal
to the mlrror pum i ﬁ t.he unit vectos ot the geomgneuc flold, The

o vecwu deaucod trom otacka i, 3, and 4 are ldentical within arrore of meas~

[ .

urement. The wongo values of the direction of coolnes of 3 alcou ¥ .stn

"¢ k coap hs a coord&nate vystem fixad ln the oatellite are coue = ﬁ 668&0 029.

: cosn . 0.51610 056. and CoBp » -0.531&0.02». The vector 1 {5 normal to t.he

onrth'o iurtcco. i, @: , the zonith dh'oetlon. and tha axly of symmotyy oi the

SIE e
B cmocmmm LOGATION
The du'ecuon of cosinee oI ﬁ gWen above am used to evaluate the

m%neuc iuclinatlon.' ) 8 and the ma.g,:»etlc declmanon, D. in the misroring

region: I = 41 922.2 deg and D = 11.123.0 deg w. Conslderm& altitudes,

. magnetic-ﬂald intenaltlea. and L valueo. and using the Jensen and Cain-(1962)

harmonic empmrwh:m3 of tha geomagneuc ﬁold at 400-km altitude, we ueauccc. N

this point the satelute was approaching apogce at an altitude of 364 km Thw

location ia near the centor of ono of the reglons of hlgh counting ratee tho.t

have been observed by countor techniquea.é_ 7 y
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EAST-WEST ASYMMETRY
Briefly, the east~wést aéymmetry arises because, at the polnt of
~observation, protons t;rax;;ling toward the east have guiding centers at higher
~altitudes th#n those traveling toward the west, Because of the diminution of
atmospharic density with altitude, the eastward flux is expected to be larger
thaa the westward ﬂm:.? |
A_aaumin;g' ma}t the unidirectional proton flux j is iaversely propor-
\tional to the atemosphagic .densityj averaged over the circle of gyration,
Lenchek and Singer give fbr‘ﬂw east-west ratio: |
' %@» :afexg: %{coeéﬁ« con E)W)/h:! - (D
wham o is the gyroracﬁus. afcos G)E - 08 QW) is the difference in altitudes
of the guiding centers of {ux jd: mm ai-W' cand h is the scale height of the
atmosphere.. ' - |
.- ’::f'ti‘"'l‘hv;;*":?eaat-viest asymmetry is manifest in Fig., la, wiere the ratio of
the number of protons entering the west (270 deg) edge of stack « t2 the number
entering the cast edge is 2.3040.25. Data on the sast-west effect are swnma-
rized in Table I. - We obtain {rom these data a moeasurement of the scale height

of the atmoéphem
h = 62.045.0 km .

This result is in satisfactory agreement with, measurements of h deduced

from observations of satellite drag. %10

PITCH-ANGLE DISTRIBUTION
We are able to show that 2 Gaussian pitch—angle distribution is expected
at lo& altitudes under the assumptioa that the mirror point density is inveré&y o
proportional to t‘ha etrnospheric density at the mirror point of the guiding center “,

when the ‘atmospﬁe'r’ic density is of the form p &« exp[«r/h}. The varizice of the

derived Caussian is iy
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-acalc , (2 + cos I) o - (?)
. ‘whem r is the dipolar radms and 1 ie the marvn@uc dip. If we take
h = 62.025.0km obtained from the eest-weat asymmetry as the scale haight

" of the atmomplmra. the value o! 34 is 7.3640.30 deg,

calc
For»the observaq pxtch-'angle distributions, Figs. 1(b) and (c), the ©

are neceesanly larger than ¢ primérlly because of variations in the

calc
’ ‘alrection of the maguetic field in the mirroring region. From the pitcnvaw :le
_dmtnbution for protons travmling noxmal to the magnetu: mevridian, i.e., in

the direction .iXB . Fig. -1b, the deviatlon of the magneuc declmation in the
mirrormg regxon is O‘D = 2. 5:#0 9 deg Tha width of the pxtch-augle c'h,,tx ibue
tion observed in the magnetlc merldian. Fig., 1{c), is attributable to a devia-

ation in magnetic incllnation of O‘I = 10.740.2 deg,.

ABSOLUTE PARTICLE i LUX
The wobble" of the magnesxc declination OD ana inclisation o given
above enabl;ea'};a to‘roughly eatimate the sfze of the geographic arca waere the |
mirroriag paﬁtlcles‘ wera datected. The si&aded area in Fig. 2 is delineated by

the isogonic lines 8.6 and 13.6 deg and isoclinic lines 31.2 and 52.6 deg. The

flight tima'lﬁ this re«ioh was 'about 720 sec. Pi'eliminary measurements of the

-,

ener,gy spectrum give an omnidirectional ﬂux N = 2 0"'0 2 X 10% nrgton@, T
| Mev _ at 65 MeV. This ﬁux corresponda to a peak countmg, rate of about
15 cm‘Z-Me'\;"l soc” ! if we assamae that the couating-rate coatours are Gaussin:.
‘I‘he authors wish to tha.m the members of the Lawrence Raéi.,atxoxz Le\‘m
ratory visual-measuremonts group for their assistance in analyaing the emulszion
" data, énd' Dr. Walter H. Barkés fox; his helpful comruents. We alao apareciute

the cooperation of Dr. ‘Alan Andrews, Mz, G. Minalga and Mr. B. Schlaff, «f

the Lockheed Missiles and Space Company... '..-;:7 S
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_}Qbsc;rveé oast-west ratios and calculated scale=heights
giﬁhé’xje at an altitude of 364 km and field B of 0.222 Gauss.

Protoh ensrgy  cosly - cond, - il h
 {MeV), = v B (km)
1.466 § 5.4920.77 62.2 % 6679
. 0.714 T 2.3040.25 ! 59.5 881 1
g i : ‘
! 00620 .'\ 1.57&0516 69-6& 15,0

Averags: 62.0¢ 5.0

¥
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' FICURE LEGENDS _
Fig. 1. (a) Angulax; distribution of stopping protons in stack 4. The insert
illustrates orlentaéion of the min:or and emulsion planes. The unequal
“number of‘protons it;\the t'v;ro peaks is due to an east-west asymmaetry.
"Cbamic-ra'y aec#udaries account for the isotropic background.
(b) Observed pltch;angle distribution of proton flux normal to the
magnetic méridian. {c) Observeod pitch«aﬁgle distribution of proton
flux 1;1 the plane of tk;e magaetic {neridian; & is the angle between the
dirsction of the incidentiproton and the mirror plane. |
Fig, 2. Geographic io;:ation of the mirroring protons. The mean coordinate
| ~ of the re;gion--39 deg S, 41 deg W=-~is shown as an open circle with
accompahyifzg error bars. Isogonic lines are solid, isoclinic lines are
g da.shgd. f‘:aienite trajectories (near apogee) are heavy solid lines with

. arrows. The approximate area of the mirroring region as deduced in

this experiment ias shadad,

=y,

N,/
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed 1in
this report.

As used in the above, '"person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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