indian J. Phys. T1B (5), 607-612 (1997)

IJP I

— an intemational journal

Association of conductivity and geomagnetic activity
in the plasma sheet of geomagnetotail

PR Prince!, S Bindu!, G Renuka', M S Sindhu! and C Venugopal 2

‘Depanment of Physics, University of Kerala, Kanavattom,
T\nvandrum-695 581, India

2School of Pure and Apphed Physics, M G University,
Kottayam-686 562, India

Recerved 19 December 1996, accepted 21 May 1997

Abstract : Wc have computed the specific conductivity o of the plasma sheet for the
selected 22 substorin events occurred in the maximum solar activity year and found out the
vanations of the above with plasma f-parameter (ratio of pl p to mag p )
and geomagnetic acuvity indices The dependence of the correlation coefficient R, between
planetary index X p» and sunspot number y on the specific conductivity of the plasma sheet was
studied The effect of Storm index D on specific conductivity was found that as the Dy, level
mcreases, specitic conductivaty falls and this reveals an anti correlation between the storm index
and the geomagnetic activity in the plasma sheet
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. Introduction

the plasma sheet in the geomagnetotail is the site of the dynamo that drives auroral
currents, which in turn produces geomagnetic variations measured by the auroral electrojet
indices [1]. The energy for the dynamo 1s provided by the solar wind generated Poynting
flux through the lobe. The poynting flux 1s absorbed in the plasma sheet and transformed
Into mechanical or thermal energy through dynamic and thermodynamic processes
respectively. This cnergy is partially precipitated imto the ionosphere and partially injected
Into the ring current. The Poynting flux through the lobe consists of two parts : one is
related to convection fields, and the other to fast mode waves propagating through the lobe.
The rates at which these forms of energy flux are absorbed depend on different
characteristics of the plasma sheet [2]. The convective poynting flux from the lobe can exist
only if there is an earthward convection in the plasma sheel, ie., the rate at which it is
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absorbed. Because it crosses the separatrix between open lobe and closed field lines, jig
existence requires an electric field on the separatrix and thus involves magner;
reconnection [3]. Enhanced absorption requires enhanced reconnection and conduction
the plasma sheet.

The rate at which the energy flux absorbed in the plasma sheet depends on 1
temperature and the thickness of the plasma sheet boundary layer. The auroral electrope
index AE correlates well with the temperature of the plasma sheet [4). This correlation
suggests that thermodynamics of the plasma sheet is important as well as its dynamics
The present paper incorporates the thermodynamics and geomagnetic activity in the
plasma sheet.

2. Data |

Gepmagnetic and solar activity indices have been used to study the dependence between
plasma sheet parameters and geomagnetic activity.

1. The plasma B-parameter and plasma sheet temperature T for the 22 isolated substorm
events occurred in the maximum solar activity years (1978 and 1979) from the
GEOS-2 observations have been collected [5].

2. AE, Dy and sunspot numbers correspond to the selected substorm events.

The AE index was derived from the horizontal component of the gcomagnele
variations observed in the 10-13 observatories along the auroral zone in the northern
hemisphere and was supplicd by the World Data Centre C, for gcomagnetism The
equatorial Dy, indices and sunspot numbers were taken from the IAGA Bulletin and
NSSDC Interplanetary medium data book, respectively.

The relationship between solar and gcomagnetic activity was reported and was
shown that the variation of solar plasma through the sunspot cycle changes the size of the
magnetospherc and its inieraction with the magnctosphere varies with the effectivencss of
feeding solar plasma into the magnetosphere [6].

We have selected 22 substorm events from the maximum solar activity years 1978
and 1979, since during solar maximum the energy input into the magnetosphere 1s
maximum. So it will bc an apt period to study the magnciospheric phenomena hke
substorms and hence plasma sheet behaviour.

3. Method

(a) Plasma sheet heating :

Consider the perturbation displacement of a particle in the z-direction through the plasma
sheet along a closed field line with antisunward propagating ULF waves having wave
vector k with components (., k,, k) and frequency . The ULF waves perturb a field linc
with a parallel wave number k; and excite oscillations of this ficld line at its own resonancc
frequency @y. If @= w,, oscillations will grow to a very high amphitude and a resonance
layer develops between the lobe and neutral sheet
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The energy dissipation rate Q integrated over the resonance layer and the wave
remperature T, arc given by [7] as

Q= 4n4apP, /u(,[(T/TW—l)2 +”2k2AZJ] M

and T = 2m, (0 /k})[(k, k) [ (1+2/B)): o)

where 7'is the temperature of the plasma sheet; Py, is related (o the amplitude of magneuc
Nuctuations in the lobe ~10-4 - 10-2 nT2 Hz 8], Az is the scale length of the gradient of the
Altven speed in the resonance layer where the absorption of ULF waves occur and m, and 8
are the average ion mass and plasma B-paramcter in the plasma sheet, respectively

As the heating rate of the plasma sheet 1s never zero, a steady state of the plasma
(emperatuie can be reached only when the length of the plasma sheet is balanced by the loss
thiough convection or through heat conduction into the 1onosphere. So the heating rate has

amasimum value e T=T,

W

Lq. (1) mdicates the possibility of chaos When a parcel of plasma convects through
the heaung layer, the amount of heating is determined by the temperature of the plasma
sheet. Once the plasma parcel has traversed, the temperature of the heating layer increases
(I < T,yordecreases (7> T,). Thus the next parcel of plasma will be heated by different
amount Afler one more traversal, the plasma sheet temperature changes again and the
heating rate also changes and so on.

() Conducrvary in the plasma sheer

I'he physics of the entropy change described by Ref. | 7], invokes the heating mechanism of
the thermal catastrophe model of substorms. This model was developed specifically in
iesponse to the observation that the plasma sheet temperature 1s posiuvely correlated with
AL magmtude. Under appropriate conditions, Alfvén waves are absorbed in the resonance
layer near the edge of the plasma sheel. This gives rise (0 a stepwise merease in thermal
encrgy within the layer The Poynting flux entering the plasma sheet is of the order of
10!~ 10" erg em- 257!, and the degree and duration of heating process then depends on the
conduction speeds within the plasma sheet This model has the advantage of allowing the
resonance layer o be extended in the x-direction, thus permitting the energization at several
locations, while being restricted in the z-dircction. The study on the conductivity in the
plasina sheet will give the main aspects of substorm encrgy dissipation comparable with the
1onosphere.

In Sweet-Parker's reconnection model [9], the velocity V with which the magnetic
ficlds are diffusing into each other at the reconnection region is given by V = /Lo, where L
s the half length of the current sheet and & is the specific conductivity of the plasma sheet
particles and was determined to be varying with plasma sheet temperature T as

o =2 x 1074732 3)

Using egs. (1) and (2), the plasma sheet temperature T for the selected 22 substorm cvents
2
were computed. For computing T, we used @ = 20 kHz, K, = k- B/|Bl, k, = y(k* - k}).
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Az = 500 km and P = 0.005 nT? Hz and all other parameters used arc as given in Ref.
[10]. The o values during the selected events were also calculated using the computeq
values of T and the variation of @ with plasma sheet parameters and geomagnetic activity
was studied.

4. Results and discussions

Figure 1 represents the variation of ¢ with plasma f-parameter during the selected substorm
events. From Figure 1, 1t 1s clear that as plasma B-parameter increases, O also increases and
reaches maximum at a particular value of S, and then begin to decrcase. The wave
temperature of the wave propagating through the resonance layer of the plasma sheet
increases with the increase of plasma B-paramcter and reaches maximum at a particular
value of B, and then begins to decrease [11]. Due to the association of temperature and
specific conductivity in the plasma sheet during gcomagnetic activity, the natﬁrc of
variation of specific conductivity resembles that of temperature with plasma fB-parametgr

The heating of the plasma 1n the plasma sheet is balanced by the loss through convection or
through heat conduction 1nto the ionosphere. The degree and duration of heating process in
the plasma sheet depends on the convection speeds within the plasma sheet, which allows
the convection of particles and energization of particles at different regions of the plasma
sheet [12]. As plasma B-parameter increases, the convection or conduction rate also
increases and the temperature and specific conductivity decreases and thus plasma sheet
heating decreases. :
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Figure 1. Vanation of o with pl. Py

Figure 2 is the graphical representation of the variation of specific conductivity gin
the plasma sheet with AE index. From Figure 2, we observe that as the auroral clectrojet
index increases, the specific conductivity also increases and reaches a maximum value
(AE = 240 nT) followed by a decrease of higher values of AE. This effect can be explained
as follows. The energy flux absorption in the plasma sheet depends on its temperature [12)
During high activity times, the temperature of the plasma sheet increases and hence the
specific conductivity. As the specific conductivity increases, the rate of absorption incrcases
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and then reaches a maximum value at some critical temperature and then begins to

decrease. Thus a thermal catastrophe can occur during which the plasma sheet specific
conductivity increases rapidly.
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Figure 2. Vanation of g with AE index.

The study on the vaniation of the correlation coefficient R,, between the planetary
_index K, and sunspot number y with o during the selected substorm events is shown in
Figure 3 From Figure 3, we observe that the positive correlations are more prominent than
negative correlations i.e. sunspot number and K|, index have great influence on plasma sheet
thermodynamics. This study agrees well with that of [13] which reveals the correlation
between plasma sheet parameters and sunspot number.
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Figure 3. Variation of R, with & Figure 4. Vanation of g with D index

Earlier studies showed that solar activity has considerable effect on AE and D, and
which inturn affects the plasma sheet paramcters. Here we cheched the nature of variation
of oin the plasma sheet daring substorm events with D, indcx. Figure 4 revcals that as
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D, levels increase, the specific conductivity of the plasma sheet decreases. This may he
due to the fact that when D, level increases, the ring current intensity begins to grow and
the energy input from the solar wind increases. Thus there is a decrease of temperature 1
the plasma sheet and so the specific conductivity.

5. Conclusion

Theoretical understanding of the production and absorption of energy in plasma and its
conversion into random thermal motions is still in a primitive stage, partly because of ity
non-linear nature and partly due to the difficulty in disentangle heating effects from
confinement effects in experiments. Particle diffusion in high temperature plasma lies at the
heart of plasma confinement problems. The current work is an effort to study plasma
heating processes which excite instabilities.
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