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ABSTRACT

Sumultaneous magnetic field and charged particle measurements from the Voy-
ager spacecraft at heliographic latitude separations from 10° to 21° are used to
determune the latitude gradient of the galactic cosmie ray flux with respect to the
interplanetary current sheet By comparing the ratio of cosmuc ray flux at Voy-
ager 1 to that at Voyager 2 during periods when both spacecraft are first north
and then south of the interplanetary current sheet, we find an estimate of the
latitudinal gradient with respect to the current sheet of approximately -0 15 +
0.05 %/deg under restricted interplanetary conditions

1. Introduction. Organization of cosmic ray flux about the heliographic equator
should result from symmetries in the interplanetary magnetic field produced by the
sun's rotation However, if particle drifts are important 1n cosmuc ray transport, the
cosmic ray flux should be organized with respect to the interplanetary current
sheet, This symmetrizing property of the current sheet has been demonstrated 1n a
three-dimensional model of cosmic ray transport including particle drifts [Kota and
Jokipu, 1983] At 1 AU, gradients with respect to the current sheet Gs of up to ~
-0 33 %/deg have been 1dentified for cosmic ray protons with energies >100 MeV 1n
various integral energy ranges [Newkirk et al , 1984, Newkirk and Fisk, 1985
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The near-sun current sheet extends up to ~80° north
N and south S of the equator and produces an inter- Fig 1 Schematic rep-
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four sectors during the period of this study configuration
[Hoeksema, 1984]

We determine Gy using spacecraft trajectory information, the ratio of cosmic
ray flux, and observations of the current sheet (magnetic field sector boundaries) at
Voyager 1 (V1) and Voyager 2 (V2), separated in latitude by 10° to 21° Such a
differential measurement has significantly smaller non-latitudinal intensity varia-
tions than a single-point measurement such as the type employed by Newkirk et al
and Newkirk and Fisk The cosmic ray flux at an observation point in the helio-
sphere 1s ] = 7, exp(G,(r-K,))exp(Gg(®-0,)), where G. 1s the radial gradient, Gg 1s
the colatitude gradient with respect to the current sheet, R, 1s the radius of the
boundary of the heliosphere, 7, 1s the cosmic ray flux at R,, assumed constant, Og
1s the colatitude of the current sheet, and r and @ are the radius and colatitude of
the observation point Heliographic colatitudes ©® from 0° to 180° correspond to
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heliographic latitudes from 90°N to 90°S Time series of simultanecus cbservatiens
at two points in 1nterplanetary space well separated 1n latitude allow estimates of Gg
to be obtained for each interval in the series These individual estimates of Gg =
(Inl" -G, (7,-72))/(8,-8;), where the subscripts 1 and 2 refer to V1 and V2, respec-
twvely, and I'1s the ratio of the flux at Vi to that at V2, are independent of variations
1n the separation of the observation points Statistically weighted averages cf

<Gg>nn(ss) = %:)W&U)Get(j)/ %)wel(;) and <Gq,>=[2w9, Go. ~2We, Ge;]/(zweﬁ
1 1 1 P} 1
Y wes). where 1()) runs from 1 to nyv(nss), the number of observations when both

sjpacecraft, are north (NN) or both south (SS) of the current sheet The first charac-
ter of the two character identifier represents the magnetic field region for V1, the
second for V2 Data for NS and SN configurations are also collected and are used
independently, and in combination with the NN and SS data, to estimate G

2. Data Selection.

Thus study covers the period from day 240, 1981 unti day 190, 1983, while the V1-V2
separation increased from 1 9to 47 AU 1n radial distance from the sun and from 10°
to 21° 1n latitude V1 traveled from 11 to 17 AU and from 6°N to 20°N V1-VR lengi-
tude separation was <16° Daily samples of counting rates of protons with energies
>75 MeV and a median energy ~1 1 GeV measured by the nearly identical High
Energy Telescopes of the Voyager Cosmic Ray Subsystem [Stone et al, 1977], and T
the ratio of V1 to V2 counting rate samples are plotted in Figure 2 Calendar days
for the NN and SS data sets are highlighted in the upper panel by underscoring We
have compared measurements taken at both spacecraft on the same day under the
assumptions that convective effects are unimportant on the average, consistent with
long-interval average observations [Venkatesan et al, 1983], and that local varia-
tions 1n the cosmuc ray intensity, after eliminating solar flare transient effects, are
due to variations in the distance to the current sheet [Newkirk and Fisk, 1985]
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The counting rates of >75 MeV and ~1 MeV protons were used to eliminate
periods possibly contaminated by solar flare particles and Forbush decreases Pro-
ton energy spectra and elemental abundance measurements at lower energles were
also used for this purpose Hourly averages of the interplanetary magnetic field
azimuth and elevation angles (Figure 3) measured by the Voyager Magnetic Field
Experiment were used to determune the less active magnetic field periods, sector
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polarities, and transition regions between sectors Time blocks of data were
identified when V1 and V2 were mn regions of magnet.c field pointing generally
toward or away from the sun along the expected field direction, which 1s generally
perpendicular to the radial direction in the olter solar system and parallel to the
equatorial plane near the equator The munmimum sector length used herein 1s & )
days, so that V1 and V2 were most likely in field regions asscciated w:th plasma flows
from the sun's polar coronal holes This produced Data Set (DS) I Then days with a
poorly defined transition region at either end of the magnetic sector and days with
azimuthal turbulence were eliminated in order to produce DS II Finally, days with
elevation angles pointing away from the equatorial region and days with elevation
angle turbulence were collected into subset DS Ilb When the elevation angle
changes by a large amount in less than a day or two as in DS IIb, 1t 1s hkely to
represent a dynamucal effect such as the passage of transient material or perhaps
reconnection at a sector boundary, either of which could alter the cosmuc ray gra-
dient Those quietest days remaining are subset DS Ila
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3. Observations and Discussion. Determination of <G> requires knowledge of the
value of G,, which can be estimated from NS and SN data sets, since the latitude
gradients, which have opposite signs in the two hemuspheres should average to zero
Averaged over NS and SN, <G, >nssy = R 21 £ 0 11 %/AU, consistent with radial gra-
dients reported by [Venkatesan et al, 1983] G, can also be deterruned by averag-
ing the NN and SS data sets, assuming that Gg 1s negligible This results in <Gr>nnss
=229 + 0 13 %/AU, consistent with <G.>,s sy, and suggesting that the best estimate
1s the average over all 152 days of data which yields <G.> =225 + 008 %/AU Note
that an uncertainty of 0 1 %/AU in the assumed G, introduces an error of only 001
%/deg 1n the derived <Gyz>

<Gg> and <Gg> have been calculated both without restrictions on spacecraft
position (unrestricted average), and with restrictions on spacecraft position with
respect to the current sheet based upon time to or from the closest sector boun-
dary crossing (restricted average) Requiring V2 to be closer to the current sheet
than V1 for NN data and V1 closer than V2 for SS data (see e g, Figure 1), should
enhance the measured <Gg>
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Table 1 <Gg> and <Gy> (# days of observation
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DS <GG>NN <G@>55 <G15>
(%/deg) (%/deg) (%/deg)

I 002 £+003(52) -002+004 (R2) 002 £ 003 (74)

. 003£004(29) -001=004(18) 002 =003 (48)

la -002+005(21) -006+003 (6) -001 « 004 (27)

IIb 014009 (B) 001+£005(13) 06 =005{21)

restricted average

DS <Ge>mn <G8>sS <Gg>
(%/deg) (%/des (%/deg)

1 -0 12 £ 004 {21) 009+007 (7) -0114+003{28)

I -018+005(10) 012 +009 (5) -016 +004 (15)

Ila -018 +005(10) -006+008 (1) -015+005(11)

b ~emeemmmeeee (0) 020+009 (4) -020+009 (4)

Table 1 Lists values of <Gg> and <Gg> for both posi-
tional criteria (the lower case subscript 1s for the space-
craft closer to the current sheet) using G, = 225 %Z/AU
for the radial gradient correction Note that the unres-
tricted <G> displays no observable gradient, while the
restricted <Gs> 1s statistically significant and 1s approxi-
mately -0 15 + 005 %/deg Since differences between DS
Ila and DS IIb are statistically insignificant, we have no
evidence that field elevation turbulence affected our
measurements Figure 4 shows the separation of the Nn
and sS subsets for DS II with the restricted average Note
that, even with such a small data set, a separation of
means and modes of the Nn and sS distributions, attribut-
able to a small, negative latitude gradient, 1s ewident
Further studies are requred to determine whether such
gradients are typical of other time periods
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