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MAGDAS/CPMN

(MAGnetic Data Acqusition System/Circum-pan Pacific Magnetometer Network)
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Transmission of a polar electric field
[e.g. Kikuchi and Araki, 1979]
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DpZ2 variation (fluctuation of ionospheric
convection by IMF change: Nishida, 1968a)

+ Good correlation between IMF BZ and ground H-component

- Equatorial enhancement of DP2

ATSUHIRO NISHIDA
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Dp2 type current system?

April 20, 1993
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Latitudinal profiles of DP2 Pedersen circuit model

[Kikuchi et al., 1996] [Kikuchi et al., 1996]
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LT distribution of DP2 amplitudes:
Deviation of DP2 component from background EEJ

DP2 amplitude

background EEJ

- Decide starting point and end point of DP2.
 Draw a line from the starting point to the end point
 Measure the value from straight line to peak of DP2



Local time vs DP2 amplitude (case study)
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MAGDAS/CPMN
D ata S et (MAGnetic Data Acqusition System/Circum-pan Pacific Magnetometer Network)
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Amplitude [nT]

LT-distribution of DP2 amplitude (statistic
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DP2 amp. [nT]

Comparison with B and o
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— This difference peak between DP2 and Con. indicates that
electric field produces DP2 peak at morning side
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3 D multi-fluid Ohm’s law
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Ohm’s law Maxwell eq
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radiation of EM-field by electromotive force
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Numerically investigate, how the dawn-dusk conductivity terminator and dip-equator modify

the Dp2 current system

R1-type FAC located in the night-region vV, (ZV (I)) ]//
no R2-FAC / \

input conductance input FAC
vertical geomagnetic field

calculated potential

neglect geometrical effect

auroral conductance

day-side and night side regions are divided by the terminator (sharp
conductivity gradient) region

anomalous enhancement of zonal conductivity along the dip-equator

Upward FAC enhancemant



How to approach to this problem?

distribution of electric field is determined by

® distribution of potential source ® polarization field at the conductivity edge

— consider two-cell type convection accompanied by — consider polarization effect at dawn-dusk conductivity

the R1-current system terminator and dip-equator

Coupling to the AEJ variation?
equipotential line

shadow | sunlit

B

%'3
X
N

+ ' é - -
'E|:+ EEJ(Cowling current) -

Secondary Hall current /
l (terminator current?) '

dawn-side terminator
dusk-side terminator

Primary Hall Primary Pedersen Secondary Hall

i h =wre ) = * Hall current flow along the convection cell produces the polarization charge at the
* if equipotential-lines of convection cell can cross the magnetic dip equator,
h AyatE d Pt . hell I d dawn-dusk terminator, and this polarization field generates the secondary Hall current
el e_y surrour'1 tintee el Blar el el el e ), S0 el Al inl £ A le along the terminator, which possibly produces accumulated charge at the dip-equator
electric field drives the downward Hall current

- global Hall current flows from polar to equatorial region induces positive

P ) e * resultant eastward electric filed may drives the EE] variation in the calssical manner
polarization charge at the bottom dip-equator and upward polarization fields ehhances

the EEJ by the Cowling effect



Modification of Potential structure by
the polarization charge

trace of zero potential

' f'l' polarization charge induced by Pedersen current
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total ionospheric current
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Hall part Pedersen part




Current in the case Current additionally
of no Hall effect excited by the Hall effect




* the curl free Hall current flow along the equi-

potential line is connected to the -curl-free
Pedersen current, which converging into the




Discussion

Existing models for low- and mid- latitude P12

Cavity resonance, BBF driven

-®'These models cannot explain east-west polarization.
-»There has been no report that one of the nodes of the cavity mode
resonance 1S located around dawn sector.

plasmapause

\ periodic fast wave
< AVAVAY RN
- i\rmulsive G periodic BBF
compressional disturbance breaking

Cavity resonance BBF driven



SCW oscillations

-2-Since D-component Pi 2s are induced by an oscillating pair of
FACs around the midnight, phase change around the dawn
terminator 1s not expected.

Westward
Up FAC Electrojet Down FAC

%
Nl "+

Magnetic Field
due to FAC

> f T \ <« Predicted Pi2

Azimuth

[Lester et al., 1983]

Existing models iIs not the case.



PiI 2 current system

dusk dawn
FACs of: SCW

@o—%@
AN \/ \[/

magnetlc perturbatlon

caused by SCW /

magnetic equ:ator

magnetic perturbation
caused by equatorial ciurrent

The results imply the existence of global current system for P1
2 pulsations similar to the current systems for DP 2 [Kikuchi

et al., 1996] or Pc 5 [Motoba et al., 2002]. We will verity the
current system 1n the future study.



New conceptual model

Connection between SCW and meridional ionospheric current

‘AC of SCW D-component magnetic field Sep. 8, 2011
0 w ™ T T w

g

magnetic “ |

perturbation

meridional current

~= Hoe 2104 2106 Q‘XOSUT:?J;L%mf:{m: 2114 2116 2118
Because the magnetic perturbation due to the
FAC cancel out the magnetic perturbation
due to the meridional 10nospheric current, the
position where both perturbations are
comparable behaves like a node.



Theoretical interpretation

FAC of SCW

FAC of SCW

: : @ O Terminator
primary Hall Cur/rie/nt ®<_® _) Cowllng

primary Pedersen current —— @

magnetic equator ; @

Auroral Cowling @
g secondary
@ all current

—>

Equatrial Cowling

Connection of secondary Hall current among

auroral, terminator and equatorial region
(Global Cowling Channel [Yoshikawa et al., 2013])



Conclusion

e (Connection between northern and southern convection causes penetration of Hall current
from polar to equatorial 1onosphere that induces Hall polarization charge and resultant
Cowling current flows along the dip-equator .

® The Hall current flows along the convection cell closed in each hemisphere induces positive
polarization charge at the dawn-dusk conductivity terminators, which drive the equatorward
Cowling current along dawn-side terminator and poleward Cowing current along dusk-side
terminator. (in totally poleward dusk-side Cowling current seems to cancel out by the equatorward
primary Hall current )
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