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Ea.st•West Asymmetry ln the .Flux of l\41rwol'1ng 
Oeomagnetic:a.lly Trapped Protons* 

•\ It 

'. 

- Harry H. Heckman 

. Lawrence Ra.ciiation Laboratory 
UniversitY o£ California 
Berkel~y. California 

•. 

George H. Nakano 

Lockheed. Mbailes and Space Company 
Palo Alto, California 

We repori hf)l'e on Ule visual detection of geomf!.gneUcally trapped pl"o· 

tons in the regio.u of the South Atlantic magnetic anomaly. Protons with 

energies ~57 MeV were :recorded in electron-insen!:ilitive U£ord ·K· 2 nuclear 

emulsions during a 45 orbit, oriented. sat0llite flight recovered on Scptembs1' 

1, 1962. More than 90o/o of all the p3.rticles recorded by th~ emulsions were 

confined to a w~ll ... definod plane • .\'•l(J) detected, therefore, protons from the 

inner radiation belt nea:~o• their mirror planes in a highly locali~ed region in 

space. We observe an east-west asymmetry in the !lux of g0omagnetically 

. -~ . 12 
trapped protons, conurming an effect pre~ct.ed by Lenchek and Singer. ' 

Using measurements of the east-west asymm.e~~V we obtain a value of 

62.0:.t5.0 km for ~a scale height of ~e a.trn.osphere at 364 km nltitlade. E'rom 

our data we also have determinod the location and approximate area of this 

regio11 over the South .Atlantic. 

Parameters o£ the orbit rele-Vant to this eltpedment are inclin..,.tion, 

65.2 dog; apogee, 4~7 km; and perigee, 178 km. 

.. 



UCRL·l0587 Rev ·· 
' 

'' 

'~ ~of •' • \ I 'f · olon la .h~ 1ft Flg~ · _la. ~he: ~et:rlbudon le cba'zoacterlatlc of mll'rosolns 
',' ' l 

~-:::,·,: > · .. • pai"Ucl~e. : ·~. loee111A Fls.:.1a W"at~atea bow tbe mba-or plan.e lntereectu 

. .'. t _(. .. . . tho plane: .ol ~~\&lalo~.· 1A t.bi.·· ~~-·~~~o~&ouely at ... tO•l ua. The norlnal 
•<. ~. I > ~ ; • i I 1 

to tbo nil~ro• ,~&n.·s~ 1· th~ .ul~ vec~r of tho ,.~m:aanetlc 'tiold. . Tb'e .a· . . , . 
' ' ' ' I 

· ... ·::. ,;· .: ..... ,: vec~r·i dechac:e~ II'O.m ·o\A~ka·l~·.s •. ~ocf4 .Are ldenUcal within ·error a of ~eaa· 
• •I .. 

.. ;.·1 

'''•. 
f ..•. •f 

urom~Dt/' The ~voraae v&lue•.ol tbe dll'ocUon ol coalnca ot ! •!coec +i~oa, 
. \ .. . ;· . ;.t . . ' ·• 

+!, coa~.Jn a ·c~orcUute uyatem liucli.D tho aatoUUo arc C4JGC • 0.66Sa0.02-J, 
·'• .,. : ,· .. - ' ,. ·' ' I "' 

· ... · coa, ··O.Il6ttO.OJ6~··an4 co1~ n •O.J3?•0.02o. The vector 1 lu ,vJrfnu1-to tho 
"' 

~-

' . ~ . ~ . 
.-.-, 

' . 

'. '"·~· 
'0 

......... . .. 
' ·.~·-~' 

:;_·} 
" :-t-·~: 
. ~ >: .. ,·. 

J t t • I· 

";. ~~/·., 
~ ·f ~ 

. ' .. 

' I ;. J • -

,I ~ _; ' y I (~' "t j 
. /_ . " 

~- l . 

.'· · ·. . , ,· CiZCQMPHIC LOci.. TION :· . . '... ,. . 

. , ' 

The· direction o~·cos1nea ot .! · gl\te" ab~ve ·~,r~ ~sed to e-vaiuate the 
- .-••••• • .·- .- '•. ·:· "I' 

' region: 1• 41.94-Z.2 deg and D • ll.J.:t:3_.~ dca W. Considering altitudes, 

· magnetic-.£1elc11ntena1Uea, and L v~ue••' and using the Jenaon a.nd Cain (1.962) 
3 . . . .. -... 

, ·harmonic expansion of the geomaanetic field at 400·km altitude, we deduced 
,_ 

. ~ ... 
a unique location for the mirro:l'ina region:· 39 cleg .. S •. 41 cleg W (Fig. 2).' -. Jl.t 

this point the satelUte waa approaching a~ gee at an' ~titu~e of .364 km. This 
~ ,• ~·· >'.r~·. ~~ .... --:_··.:·; r 

location ls near the c:entor of one of the 'reslons:of high counting raies that. 
. . . . . : . ·-'·: ' · ........ >~··~ \.~>-.. ,... :··...; r-·;}-·.-. ~ .. -~ .:~. . 

have bee~ oluerved by countor.tecbrdq~a 4 ;-:-7. -:·~~:~'/,~;~:?,.:_;·;';::.,> ';,".: .:· ·. '·::·)>,; · -• 
. - ·_ . . .. . . - . .. -. ·; .• ~ .·: ·~ :;:·(·:·:;/r·-··- -.< .. ~:·· ·' . ··~<" ... : • ). ~ ::. t~ 
·~· "':"'i. ~·;· · •• f· . ';'''··;'-

-~k ., .,.·4.~ .... ··t,·-~-·~;.:r . .-·t, 
t . ~l ~~ • • ; , "/ "" .• r" 

'II! ·- ~: . ··, .. 
<\:• .'t~~. !. 

.. 

'• 
'' 



I\ 
' . 

'• 

,\( 
i . . 

. \ \ : 
.~ '~ 

i 
\ 

'' 

UCRL-10587 Rev 

EAST-WEST ASYMMETRY 

Briefly. the east .. west 4>.4\yxrc.netry arises becauso, a.t the point oi 
~ ... " 

observation, protons traveling toward the east have guiding center$ ttt higher 

altitudea than thozo traveling toward tb~ west. Becu.use o! the diminutio!l of 

atrnosphoric density with altitude, the eastward flwt is expected to be larg~.r 

than the westward flw.t. S 
.... 

Assuming that the unidh•ectional proton .O.wc j is inv~rsely propor-. 
. -

tional to the atomospheriC .density averaged OVClr the circle o£ gyrati0:\ 1 

Lenchek and. Singer give !or. tbo east•woot ratio:. 

. ( l) 

where!. is the gyror:acUus. !,(C00 ~E • CQS <1W) h the difference in altitudes 
. . ' 

ol th~ guiding c::ent"';rs of fiux .J..E nnd lw• nnd h iG the acale height o! the 

atmosphere.·. 

:~i·Th~:;ea.st-woet aaymmetxy is mani£est in .Fig. la, wlwrG tlHll :ratio o£ 

the number o£.protone entering the west (2.70 deg) edge o! stack •,. t .. ') the nu1~1.ber 

entering the east edge is 2.30:!:0.25. Data on the Ga.st-wost effect ;no swnn:.a-

rh:ed in Ts.blo I. · We obtain from these data a n~easw.•ement of the GcZ~le height 

o£ the atmosphere 

h ::: 6Z.O:t:5.0 km • 

This result is in satisfactory agreement w.i.th': mcasu.rem.ents of h deducecl 

from observa.tions of eatellite drag. 9. 10 

PlTCz.I .. ANGLE DXSTRIBUT!ON 

\V e are able to ahov>~ that a Gaussian pitch-angle distribution ia expected 

at low altitudes under the assumption that the mirror point density is inversely 

propartional to tha atmospheric den4:l.tty at the mirror point oi the guiding center 
11 

; 

when the atmoepherlc donaity is of tho !or1n p « ex? [ .. r/h]. 'rhe varlaace •Ji tho 

deriv:ed Gaussian is 



·,.""""· .· 

2 .. · 3h : . . 2. '. 
a · !#: - (2 + cos I) .: • · calc 4r . 

(Z) 

. where .r is the dipolar radiU,s and l ·is the magnetic dJ.p. If we take 

h = b2.0~5.0lun o!)tained irom the eaat~weet asymmetry as the scale height 

of the atmoapb.ero, the vd~ of acalc ls ·7.36ll·0.30 deg. 

For the observed pitch•angle distributions~ Figs. l(b) and (c). the a 

are necessarily larger 'than ac:alc' primarUy because o£ va:datlons in the 

direction ol the magtletio field.ln the mirroring region. From the pitch ... angle 
". 

distribution for protono ~raveling no:nnal to the magnetic meridian, 1. e., in ..... 
the direction J_X]! •· Fig •. lb{ the deviation of the magnetic declination i.n the 

mirroring region is a0 = Z.5:t:0~9deg. Th~ ~idtb.of the pitch~angle dist:s:ibu~ 

tion observed in the magnetic meridian, Fig. l(c), ls attributable to a devia .. 

ation in_rnagnetie inclination of .a1 :: 10.7-d:O.Z deg. 

ABSOLUTE PARTICLE FLUX . ' 

. ' 

Tho "wobbl~" o£ the nagnetic declinatit~n ·a0 an<i inclin.c.:.tion IJ'I given 

above enables us .. to roughly estimate the siee o£ the geographic «.1.rca where the 
; • I' 

1nirroring particles were detected. The shaded area in Fig. Z is <lellncatod by 

the isogonic lines 8.6 and 13.6 deg and isoclinic lines 31.2. and 52.6 ueg. 'A'he 

flight tln'la· in this region wae ·about 720 sec. Preliminary measurements of the . 
.' ., '· . . 4 -i.' 

energy spectrum &ive an omnidirectional flux N = Z.0:::0.2X 10 protoa~ ern ~ 
' . 1 .· . . ,., ' : . 
Mev· at 6S MeV. ·This ilwc co1·responda to.,n peak coW'lting rato of about 

... z· · -1 . -1 · 
15 em MeV, sec _if we a.seurne that the couJ&ting-l'ate contours are G<.u.t:.:>f.:i<:: . .:< • 

.. 
The authors wish to thank th~ members o! the Lawrenc~ Radiation LP.\b1)· .. 

ratory visu.al-measurernoD:ts group f.or their assistanca hl analyzing t.'le em.ul~;i.o:l 

· data, and. Dr. \·.alter H. Barkas for his helpful comr.nents. We alao appreciate V 
the cooperation of Dr. ·Alan Andrews,, ~i'. _G. Mi.nalga a~icl Mr. D. Schlaff, cf 

the Lockheed Missiles and Space Company.". ,,.· < · · 
.... 
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FIGURE LEGENDS 

Fig. 1~ (a) Angular distribution of stopping ·protons in stack 4. The insert 

illustrates c:>rientation o£ the mh·ror at1d emulsion planes. The unequal 

~number of protono in,the tWo peaks is due to an east-west asymmetry. 

Cosmic-ray secondaries account £or the isotropic background. 

(b) Observed pitch.·angle distribution of proton £lux normal to the 

magnetic meridian. (c) Observed pitch-angle distribution of proton 

; flux in tho plane of the magnetic meridian; 6 is the angle between the 

direction o£ the incident proton and the mirro~ plane. 

Fig. 2.. Geographic location of the mirroring protons. The mean coordinate 

of the region·-39 deg S,_ 41 deg W ·-is shown as an open circle with 
J 

accompanying error bars. Isogonic lines are solid, isoclinic lines are 

dashed. Satellite trajectories (near apogee) are heavy aolid lines with 

arrows. The approximate a1·ea of the mirroring region as deduced in 
' 

this experiment is shaded. 

/ 
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