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DETERIINATION OF GALACTIC COSMIC RAY LATITUDINAL
GRADIENT USING EARTH BASED DETECTCRS

Badruddin and R.S.Yadav
Space Science Group,Dept. of Phys.,A.M.U.,Aligarh(India)

_ABSTRACT
Using cosmic ray intensity data of Deep River Neutron

monitor and relation between solar wind velocity and helio-
magnetic latitude,an attempt has been made to evaluate quan-
titatively the latitudinal gradient of cosmic ray iantensity
during the periods dominated by a two sector pattern.Assuming
a constant orientation of the heliospheric current sheet on
a time scale of the order of a year,arelationship s determ-
ined between the cosmic ray intensity amd the heliomagnetic
latitude.
I.Introduction. Galactic cosmic ray intensity gradients play
an important role in guiding theoretical models of cosmic ray
trangport in the heliosphere.The behaviour of radial and
latitudinal intensity gradients with time and heliocentric
radial distance is of i1nterest for the overall understanding
of the cosmic ray modulation.Most of the earlier studies of
latitudinal gradients were made with respect to heliographic
equator or the ecliptic plane,However,with the realization
of the importance of heliospheric current sheet,two recent
studies(Badruddin et al.I985;Newkirk & Fisk,1985)have addre-
ssed this problem by assuming the heliospheric current sheet
to be the heliomagnetic equator.

In this extension,of our earlier analysis,we shall @ve
a quantitative relationship for determing the heliomagnetic
latitudinal gradient at IAU during a perrod (I974) dominated
by two sector pattern,

2.Method., We have calculated the heliomagnetic latitude(&)
using the relationship,given by Zhao and Hundhausen(I98I),
between the solar wind velocity and heliomagnetic latitude
both before and after the earth’s crossing of the heliosph-
eric current sheet (sector crossing),assuming the minimum
velocity near the current sheet.Thus knowing the heliomag-
netic latitude on days before and after the sector crossing.
the latitudinal gradient of cosmic ray intensity with respect
to zero latitude is calculated.Since the heliospheric curren.
sheet(sector boundary) is thought to constitute a basic ‘plane’
of symmetry (Smith and Barnes,1983),the distance of the
observations above or below the current sheet was considered
more appropriate to a search for latitude dependence than the
di stance from the solar equator.

3.Results and Discussion, In Fig.I we have shown the average
latitude gradient in I974 with respect to heliomagnetic
equator, which we have assumed to be the heliospheric current
sheet.We have not considered the solar rotations in which
there was any sharp increase or decrease of cosmiC ray
intensity.It can be seen from Fig.I that the cosmic ray




462

SH L.2-13

intensity decreases as the heliomagnetic latitude of the
earth from tiie heliospheric current sheet increases,The
relation between the gradient and the latitude for 1974 can
be expressea as:

Gg (%) =-0.036 |e] for O < lel £ 30

Further, the maximua gradient from -I% to -3% has been found
1n different solar rotations,

The heliomagnetic latitude determined on different days
using Lhe relation between the solar waind velocity and
heliomagnetic latitude(Zhao & Hundhansen,I98I) before and
after the sector crossing and the corresponding gradient in
cosmic ray intensity and solar wind velocity variations are
shown 1n Fig.2. It 15 seen that during this perirod the cosmec
ray gradient closely follows the solar wind velocity which
increases away fron the current sheet.The presence of such a
latituainal gradient of cosmic ray intensity indicate that
some of the laime variations observed at the earth are caused
by the spacial varration of solar wind velocity with respect
to heliomagnetic latitude(current sheet).Hakamada and
ilunakata(I98L4) suggested that solar wind speed depend on the
angular distance from the magnetic neutral line(current sheet)
and does not depend on the heliographic latitude of the Earth.

Roelof et al.(I983) using the data from IMP-8 and the
closely spaced Voyager-I and 2 spacecrafts found heliolatitud-
1nal gradient 1in > 35 ‘iev protons of ~2% -5 per degree 1in
short lived (I0-30 days) structures,and I% -2% per degree 1n
structures rccurring over a few solar rotations.From an
analysis of I1P-8 and Voyager-l and 2 data from 1972 through
carly 1982, Venkatesan et al.(IS84) concluded tnat,when
corrected for radial gracients of 3% per AU, the antensity
difference beilween erther Voyager-I or Voyager-2 and IMP-8
was conslstent with a2 heliolatitudinal gradient 0.00% per
degree forz 70Mev protons.In another study,Decker et al.(I984)
examineu the integral cosmic ray intensities (proton energy
2 704ev) between Voyager-I and Voyager-2 in the 8-I3 AU
helioradial range and over 3- I6 heliolatitude separation
during the first I7 months of the cosmi¢ ray recovery in I98I
~-82.These data are also cosistent with the heliolatitude
gradientwv 0 to-0.4% per degree.They admit that this null
result 1s apparently still at least cosistent vath either
model of F1sk(I976) or Kota and Jokipii (I983),however,due to
non avalLlability of the location of Voyager-I & 2 relative to
the heliospheric current sheet a detailed comparision with
ex1ther the Fisk or Kota & Jokipii model 1s not possible.A
preliminary analysic by Lockwood and Webber(I®84) using the
26 davs average Voyager-I and 2 counting rate gives less then
-0.I% per degree heliolatitudinal gradient during I981-82
period for more than G&60Mev particles.

From neutron monitor observations in I975,Newkirk ana
Lockwood(I98I) found a value of about-0.04% per cegree at
5Gev for latitudinal gradient.The theoretical prediction,
including a warped current sheet yield about -0,06f per degree
(Kota anu Jokipil,1982).For I070-79 period the syummetric
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latitumanal gramieni away from the current sheet 1s estaimated
to be -.06% per degree (Newkirk and Fiek,I985) which 1s not
much different from our estimate of » -.04% per degree for
the year 1974,

L.Conclusion: It has been found that the cosmic ray intensi-
ty decreases as the angular wstance of the earth from the
heliospheric current sheet( heliomagnetic equator)increases.
During I974 (for solar rotations ain which there 1s no
transient decrease of large amplitude) the maxamum(ncgative)
gradient from -I% to -3% has been found in different solar
rotations assuming the heliospheric current sheet to be the
heliomagnetic equator.The relation between the cosmic ray
gradaient and the heliomagnetic latitude can be expressed as:

Ge (%) = =0.36 0] for  0%}el£30°

The presence of such a latitudinal gradient indicates that
some of the time variations of cosmic rays observed at the
earth arc caused by the spacial variation of the solar wind
velocity with respect to current sheet.It may be possible
that 11 1s the heliospheric current sheet and not the helio-
equatorial plane that 1s of physical signifcance when one 1s
calculating the heliolatitudinal gradients of galactic cosmic
ray(Venkatesan et al.,IS84).S1nce tle relation beilween cosmic
ray intensity and the heliomagnetic latituae may vary curing
the course of a solar cycles, aclear picture of heliomagnetic
latatudinal gracrenl wall emerge when tne precise knowledge
of heliosphernc current sheet position during different
epoch 0f sola. activity cycle 1s available .
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Fig.1l shows the average
heliomagnetic latitude
gradient calculated
from Deep River neutron
intensity for 1974.

|
- [}
]
20 :
3-— 1
g o :
s i \ Fig.2 shows the varia-
! tion of heliomagnetic
-20r \ latitude, the cosmic ray
- ! gradient and the solar
-40F- | wind velocity on the
. ! days before and after
o sector crossing for 1974
R o |
-0 850 !
g | BY
&£ -1 00 E .
i )
= '
-'5%5 !
- f
i
700 )
5 I .
}
o Soof :
gL .
5 sool- '
s t |
1
400
rltlllnllll“
17 <6 -4 0 & & M
Days



