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Araki, 1994 The time evolution of the lonosphere system at the Northern hemisphere is shown in Figure 5. The Field Aligned Currents (FACs), the perturbation FACs, the N component of the magnetic perturbation, the Joule heating profile due to perturbations, ion el PN N JrPa \\x:\ AL AROE During the negative Pl phase, the magnetosphere started ex-
temperature profile at 227km with ion convection flow vectors and the Hall conductance profiles are shown for the period between 1437 UT to 1447 UT. The panels a,b,c,d and f were results from the IE/RIM module and they are shown in MLT coordinates. st e " panding. Sunward flows ocured on the dayside and two vor-
The panel-e shows the results in geographic coordinates from GITM which are driven by using the solutions from IE/RIM module. N 4 s - A tices, a clockwise rotating vortex associated with a down-

ward FAC at dawn, and a counter clockwise rotating vortex
associated with an upward FAC at dusk formed.
Negative Ml Phase:

The changes in the solar wind dynamic pressure can perturb the geospace
system significantly. Traditionally studied with ground magnetometers, the dy-
namic pressure enhancement signatures are named as positive Sls (SI*) and the
pressure drop signatures are named as negative Sls (SI)).The response of the
geospace system to dynamic pressure drops are not as commonly studied as the
enhancement events. Araki and Nagano [1988] were the first to examine ground

magnetometer response to presssure decrement events. They suggested that " t (1 437 UT) t+1min. t+2min. t+3min. t+4min. in. t+6min. During the negative MI phase, another pair of vortices
the ground magnetometer signatures for SI's should be opposite to the ones de- :

rived for compression events shown in Figure 1 [Araki, 1994]. Figure 1: The Sl signal at different locations recorded by ground mag- Negatlve PI Negatlve IV" At == il ) = | e e formEd with oppC.)SIte Ser.\SES of rOtatlon.tO the .negatlve P
netometers [Araki, 1994]. \ ’ 7 w vortices. A clockwise rotating vortex associated with a down-

The SI" studies gained further significance when Sato et al. [2001] r 6 § | ” f | . - / W ' ward FAC formed on the dusk and a counter clockwise rotat-
showed that expansion events can trigger substorms. Consequent TN "“/'"’; CON TN _. g o SN o SN AT o el ing vortex associated with an upward FAC formed on the
modeling studies have showed the relaxation events consisted of a NN INS TN e / et ' f 4§ | % dawn.

two step response equivalent to the Preliminary Impulse (PI) and P a el e | (AN AN (KN WS S T | e (s s N lo PPt ) X mowr The values extracted from the simulation along the Themis-D
the Main Impulse (M) in compression events. Observations of R, N [ ASSEZre o o S £ Wy N Sy e W2 N o mA/m*AZ] [N L] RN =4 track showed a similar clockwise rotating vortex at the same
magnetospheric flows indicated magnetospheric vortices gave rise T 3 RN B\ N NN b\ i\ = B\ \—— ‘ | “\\ (e \ | location. However, the location of Themis-D corresponded to
to MI" signatures, which had opposite sense of rotations to those - N - 7 o | / 7/ 0s “ *%' — s “ A B R RO P the coarser grid on the simulation domain. Therefore the vir-
formed during compression as shown in Figure 2. However the Y R ) T s e 4 e tual satellite results showed a larger vortex.

exact source for the Pl signature is still not well understood.
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Negative MI Vortex Signature in Themis-D and Virtual Satellite
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The aim of this study is to understand the response of the geo-
space system to negative impulse events by answering the follow-
Ing questions:

- What are the sources for the negative Pl and Ml signatures?

- How do these perturbations affect the lonosphere-Thermosphere

System? Figure 2: The magnetospheric vortices and their ionospheric counterparts that form during
a negative pressure impulse event [Zhao et al,, 2016].

- How do the negative pressure impu| se events compare to posi- _ _ | N ) AT AR Y 14:30 14§ 35 14§40 14§45 14§ 50 14§ 55 15:00

— Themis-D Vrasu
——  Themis-D Vycsu ||

2.METHODOLOGY

To understand the global geospace system response, the University of Michigan Space
Weather Modeling Framework (SWMF) has been used. The model was driven with solar .
wind plasma and Interplanetary Magnetic Field (IMF) measurements obtained from sl 3
OMNI Database. Three modules are used to specify the global magnetosphere which are | | | | | 3 3

Global Magnetosphere (GM), Inner Magnetosphere (IM) and lonospheric Electrodynam-
ics modules. We used Rice Convection Model (RCM) for IM and Ridley lonosphere
Model (RIM) for IE modules. The high resolution output from the IE module was later
used to drive the Global lonosphere Thermosphere Model (GITM). The IE driver has

plotted and colored based on the direction of the FAC they map to on the top of the ionosphere. sure pulse.
1°(latitude)x1°(longitude) spatial resolution and 10 s temporal resolution. We also

included 600 virtual ground magnetometers at each hemisphere to study the mag- 6 i CO N C LU S I O N S AN D F UTU RE WO RK

netic signatures of the event on the ground. ) . . . . . . ' We studied the 11 June 2017 SI- event to understand how the expansion affects the coupled M-I-T system. We used the
SW Pa rameters ot OMNI . Figure 4: The values of IMF B,, IMF _ ionospheric electrodynamic potential and auroral power derived from the self-consistent global MHD model (BATS-R-US)

B,, solar wind velocity V,, solar wind

density N., solar wind dynamic pres- e to drive the I-T model (GITM). Our major findings are listed below:
P d -H index bet ' . .

rpa ey i | | - The expansion of the geospace system created a two step response: Negative Pl and Ml phases.

11 June 2017 event. The vertical ‘ | - An upward FAC on dusk and a downward FAC on dawn formed during the negative Pl phase with peaks around 0.1 p

green line shows the arrival of nega-

tive pressure pulse at 14237 UT. The Figure 3: A diagram showing the different models and A/m2

measurements are taken from OMN|  their coupling used in this study. . . .

Database. - A downward FAC on dusk and an upward FAC on dawn formed during the negative Ml phase that had slightly smaller
amplitudes compared to negative Pl FACs.
- Perturbation FACs that formed during the expansion were weaker compared to the ones formed during compression.

- Ground magnetic perturbation at lower latitudes showed a stepwise decrement due to the expansion of the magneto-

sphere system.
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Figure 7: The magnetospheric flow profiles at 1440 UT (a) and 1442 UT (b) are shown. The flow vectors Figure 8: The V, (blue) andV, (red) values obtained from the virtual satellite (upper panel) and the The-
are colored based on the velocity. The magnetic field lines that map to the center of the flow vortices are mis-D satellite (bottom panel) are shown. The green line marks 1437 UT, the arrival of the negative pres-
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The 11 June 2017 event was simulated to study the
negative pressure impulse event. The OMNI observa-
tions are shown in Figure 4. The negative pressure

impulse arrives at 1437 UT. At the time of event: - The vortices that were created during the expansion phase did not modify the ion convection patterns strongly.

-IMF B, turns from positive to negative. -The ion temperature enhancement was around 400 K, which is lower compared to that of a compression event which can
- IMF B_ is positive but turns southward for a brief exceed 1000 K [Ozturk et al., 2018].

: period around 1440 UT.

{ — Densit - The dynamic pressure drops from 9 nPa to 3 nPa.
H=3 % This drop was mainly due to the solar wind density
drop from 42 cc to 14 cc.

- The solar wind velocity was slightly enhanced
during this period.

- Sym-H index did not show a significant response to
pressure drop before 1440 UT.
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- The brief southward turning of the IMF B, proved to be a much more significant source of perturbation for the ion convec-
tion patterns.

- The thermospheric temperature enhancement during expansion was below 10K on the dayside region near 11 LT.

We will further investigate the effects of solar wind and IMF drivers through idealized simulations to comparetively under-
stand their effects on the M-I-T system.
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Figure 9: A schematic rep-
X :
1 resentation of the magne-
tospheric sources that give
rise to PI- and MI- signa-
tures at the ground mag-
netometers are shown at
the beginning of PI- phase
1500 m/s (a), the beginning of MI-
—> phase, and late MI- phase
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for the vortex and the
upward (downward) FAC
associated with it. The
orange arrows show the
solar wind velocity vectors,
the green arrows show
mangetospheric flow vec-
tors.

We compared the virtual magnetometers results of the N component with the HOP magnetometer at Hopen Island
[lat=76°N , lon=25°E ] and RAN magnetometer at Rankine Inlet [lat=62°N , lon=92°W ]. The HOP magnetometer was at
ne dusk sector [16.5 MLT, 74° latitude] and the RAN magnetometer was at the dawn sector [8 MLT, 72° latitude] during
the event.

The dusk magnetometer recorded a peak while the dawn magnetometer recorded a dip during the negative Pl phase.
Consequently, the dusk magnetometer recorded a dip while the dawn magnetometer recorded a peak during the neg-
ative M| phase. The virtual magnetometers recorded similar trends despite the lower magnitudes.

The SI" produced opposite Pl and Ml signatures to that of a SI* event indicating there were two pairs of perturbation
currents with opposite directions to those formed during a compression event.
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