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plane, and evolves in the outer heliosphere as a latitudinal
wave of the type depicted in Figure 2. The latitudinal
extent of this wave as specified by the parameter « is
greater at solar maximum than at solar minimum. Itis the
purpose of the rest of this paper to investigate the effects
of this inferred magnetic field structure on cosmic-ray
propagation.
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III. THE COMPUTATIONAL MODEL

Mic transport equation for cosmic rays in the

heliosphere is the Fokker-Planck equation, which has
been discussed{%%:;mber of authors over the past 15

ears (e.g, Parker965; Gleeson and Axford 1967;
ii and Parker 1970). For computational purposes it
nvenient to work in terms of the phase space

\ density f ) = j/P?, where j is the intensity, for which
the steady-state transport equation becomes
of 0
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Here V,, is the safar wind velocity, (¥, is the gradient
and cur ature ift velbcity a age over the nearly
trop1c pltch angle 1str1bu on is the particle
oment r is positio K;; iNthe (symmetric)
dlffusw coefficient.
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FiG. 4—Meridional projection of the drift trajectories (including
convection with the solar wind) for 2 GeV protons with g4 > 0. The
parameters of the current sheet are as in Fig. 2. The tick marks are at §
AU intervals. The arrows will change direction for g4 < 0.
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The drift velocity (¥ ,) is determined by the structure
of the interplanetary magnetic field,

o =E2vx(5) ©)
(e.g., Isenberg and Jokipii 1979). This expression is
readily evaluated for the magnetic-field model discussed
above in § II.

The formal expression for the magnetic vector using
the approximate form of equation (1), which is adequate if
o < 300 is

A . "
B= ﬁ (e,z - l"eq,)
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where S(X) is the Heaviside step function and
I' = rQ, sin 0/V,,. This corresponds to a simple Parker
spiral magnetic field directed in opposite directions above
and below t| ﬁcurrent sheet. As discussed, above, the

curre;

angle’

equation 0 equation (3). One obtains
xA3f peitipn.of seldr cycle.
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where
2Pcwr

“>Expect radial gradient to depend on
[aamgl*éztm ‘nfgduﬁ“ént A<O0 period.

tilt

is the now familiar drift velocity in an Archlmedea spiral
field, N 1 W thy

represents the rapid migration of particles along the
current sheet, normal to the magnetic field. Hence, the
unit vector e is a vector locally parallel to the current
sheet, and normal to the local magnetic field. The drift
trajectories are indicated schematically in Figure 4 for
positive particles in a configuration where 4 > 0. Chax

dapied ey dakipi$-Fhomas, 1981

unchanged.

Previous papers in this series (e.g., Jokipiiand Kopriva
1979; Isenberg and Jokipii 1981) have considered the
solution of equations (2) and (5) for the case « =0 (no
tilt). In this case, all parameters are independent of
azimuth ¢, and one may suppress the azimuth. The
resulting model depends on only two spatial dimensions.
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Gradients of 7.1-17.1 MeV/nuc ACR O in Quter Heliosphere vs Tilt
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Previous History in Inner Heliosphere

Pioneer 10 & 11 launched in early 70’s during A>0 solar minimum

— P10, P11, & IMP 1972-1978: 25+5%/AU for 1-5 AU (Webber et al. 1979) for ~9-24
MeV/nuc O

— Could not infer latitudinal gradient
Previous Ulysses studies (all during A>0)

— Ulysses + SOHO/ERNE 1997 at 10 MeV/nuc: 18+2.4 %/AU and 0.6x0.1
%l/deg

— Other Ulysses studies found positive lat grads from ~1-5 %/deqg.,
similar to what was found in outer heliosphere
Gradient studies have never been done observationally for A<O
period inside 5 AU

« Cummings et al. tilt models inferred ~30-50 %/AU radial gradients inside 5
AU
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Determining radial and latitudinal gradients from Ulysses
and STEREO Oxygen data

In(fu/fs) = g-Ar + geAO + C

Where

A = |Ovy| — 0140

» C accounts for possible normalization factor between 8-21 MeV/nuc
STEREO/LET O and 8-20 MeV/nuc Ulysses COSPIN/LET O

» Assume gradients constant

11
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Summary

e ACR O (8-20 MeV/nuc) gradients in inner heliosphere for A<O:

— Radial gradient from ~1-4 AU: 32 £ 8 %/AU
 Consistent with inferences from multi-S/C studies
— Latitudinal gradient: 0.2 £ 0.2 %/AU

* Previous A>0 studies were in range 1-5%/deg, reasonably consistent
with outer heliosphere studies

* Previous A<O result in outer heliosphere for 30 deg tilt -2%/deqg,
inconsistent with new result for inner heliosphere

— Expected negative latitudinal gradients might show up if tilt drops
significantly below 30 deg.
 Will also be able to explore gradients down to 4 MeV/nuc with
STEREO and Ulysses data and maybe just STEREO A & B near 1
AU

15



The End
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