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ICMEs with interplanetary shocks and large tangential magnetic fields

tend to cause anomalously large magnetic fields in the magnetic barrier.

7) Position of the Ion Composition Boundary (ICB)

5) Position of the bow shock
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The purpose of this study is to investigate the interaction

between the plasma environment of Venus and Interplanetary

Coronal Mass Ejections (ICMEs) when the magnetic field

magnitude of the Venusian magnetic barrier is anomalously

large. We analyze the ICMEs that cause these unusually high

magnetic field intensities in the induced magnetosphere and

we discuss the plasma properties of the magnetic barrier, the

position of the bow shock and the ion composition boundary

during these events.

The bow shock crossings for the 42 cases are

presented in Figure 3. The green marks show the bow

shock crossings (including the multiple bow shock

crossings as well) on the day when the ICME arrived

at Venus, the red dots represent the bow shock

location during the following day, the rest of the days

are marked with blue dots. We have sorted the events

into two groups by differentiating cases where there was

no magnetic cloud (left panel) observed by VEX (36

cases) and cases where there was a clear signature of

a magnetic cloud passage at Venus (right panel). During

the 36 ICME sheath cases the bow shock remained

unchanged, while in the 6 magnetic cloud events we

observed a largely expanded bow shock even at

distances above 10 Venus radii.

For the event selection the entire Venus Express dataset was used from April 2006 to November 2014. The peak

magnetic field of the magnetic barrier was obtained for each orbit. The magnetic barrier was identified in the dayside

. Nearly 2600 orbits were investigated and it was found thatmagnetosheath as the region with the highest magnetic field

the average of the peak values is approximately 42 nT. We were interested in the cases when the peak of the magnetic

field was significantly higher than this value and we selected the events with >65 nT peak value, resulting in the

identification of 152 events of interest. Further investigation was required to confirm that the anomalous magnetic field

intensities are due to ICMEs and to distinguish them from other space weather phenomena. Based on the STEREO

and SOHO coronagraph images it was possible to confirm that the in-situ observations are related to ICME passages and

out of the 152 events with high peak field 42 could be clearly related to ICME passages. In this study we analyzed these

42 events. 
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The position of the ICB is investigated in Figure 6. Three examples

are presented, during these events the solar wind dynamic

pressure was the highest among all the observed cases. The red

and blue dots show the position of the in and outbound ICB

crossings in the 10 day intervals. The position of the ICB during

the ICME is marked with „0.”. It can be seen that on the nightside

the altitude of the ICB decreased while on dayside it remained

unchanged. 

The size of the magnetic barrier was not affected by the ICME. Its

upper and inner boundaries (the dayside ion composition boundary)

were not affected by the ICME. We conclude that the anomalously large

magnetic field intensities are not related to the shrinking of the altitude

of the magnetic barrier. We suggest that the anomalously strong

magnetic field is rather the result of the very intense magnetic field in

the ICME sheath region which suddenly piles up in front of the obstacle.

The altitude of the nightside ion composition boundary decreased which

is attributed to the increased solar wind dynamic pressure.

Data was sourced from the European Space Agency's Planetary Science Archive. Part of the data analysis
was done with the AMDA science analysis system provided by the Centre de Données de la Physique des
Plasmas (IRAP, Université Paul Sabatier, Toulouse) supported by CNRS and CNES. The authors thank the
VEX ASPERA-4 and MAG teams for making their data available in the PSA and AMDA systems. The authors
also thank the STEREO and SOHO teams for providing their data. 
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In Figure 2 20-minutes averages of the solar wind parameters are presented which were obtained before inbound bow

shock crossing in the analyzed 42 cases. Ten day periods are presented which are centered on the day when the

ICME arrived at Venus (day 0). The data points on each day are marked with blue circles while the median and

average value of each bin (each day) are in green and red, respectively. Panel A,B,C show that the solar wind

velocity, density and temperature increased during the ICME. The radial and tangential components of the

The average proton density and proton temperature of the magnetic barrier are presented in Figure 4. This figure has

the same format as Figure 2. The average values are based on the measurements made between the upper

boundary of the magnetic barrier and the ion composition boundary. The upper boundary is defined as the altitude

where the solar wind dynamic pressure and the magnetic pressure in the induced magnetosphere are equal

[Zhang et al., 2008]. It can be seen that the proton density was

Figure 3.

Figure 4.Figure 5.
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increased while the proton temperature was close to its average

during the ICME passages (day 0). The altitude of the upper

boundary of the magnetic barrier is shown in Figure 5. The green

marks show the position of the upper boundary during ICME

passages while the blue dots show the rest of the days. It can be

seen that the altitude of the upper boundary did not correlate with

the ICMEs.

Interplanetary Magnetic Field (IMF) are investigated separately:

panel D and E show that the tangential component (panel D) of

the IMF increased significantly on day 0 and remained unusually

large on day 1 as well. The radial component (panel E) was

above average in only a few cases on day 0. We also note that

83% of the ICMEs drove interplanetary shocks. 

Figure 2.

A statistical study was prepared on the elapsed time between in and

outbound ICB crossing in Figure 7. It has the same format as Figure

2. In order to make the different orbits easily comparable, the

elapsed time was normalized to the time measured during the

ICME passages. In this way it can be seen that VEX spent nearly

50% less time in the ionosphere during ICME passages compared to

the average days.

Figure 6.

Figure 7.

One of the 42 investigated cases is shown in details in Figure

1. This event was observed on 5 November 2011. Panel A

shows the magnetic field measurements on the day when the

ICME arrived and during the following one. Panel B shows

the heavy ion spectrogram, proton spectrogram and the

magnetic field measurements on 5 November on smaller

timescale. The interaction between the magnetic cloud

and the induced magnetosphere was observed (panel A). The

pattern of the magnetic field is very special and similar

magnetic structures were observed in only six out of 42 events.   

E
/Q

 [
e
V

]
E

/Q
 [
e
V

]

110

110

210

210

310

310

410

410

05/07:00 05/07:30 05/08:00
-200

-100

0

100

200

B
total

B
x

B
y

B
z

L
o
g
 c

o
u
n
ts

L
o
g
 c

o
u
n
ts

1
10

210

310

410

5
10

110

2
10

3
10

4
10

5
10

B
 [
n

T
]

V
S

O

B

H
e

a
vy

 io
n

P
ro

to
n

IC
B

Magnetosheath Magnetic barrier

Magnetotail current sheet crossing 

Pick-up ions

B
X

B
Y

B
Z

In
te

rp
la

n
e

ta
ry

 s
h

o
ck

B
o

w
 s

h
o

ck

Bow shock at
its nominal position

Figure 1.

The effect of the ICME sheath region and the magnetic cloud on the

bow shock were distinguished from each other. Anomalously distant

bow shock crossings occurred only during magnetic cloud passages.

This is explained by the decreased magnetosonic Mach number during

those periods. During the ICME sheath region passage the position

of the bow shock remained unchanged.

Bow shock

-200

-150

-100

-50

0

50

100

150

200

B
V

S
O

 [
n

T
]

0

50

100

150

200

250

B
to

ta
l [

n
T

]

B
o
w

 s
h
o
c
k

B
o
w

 s
h
o
c
k

05/00:00 05/08:00 05/16:00 06/00:00 06/08:00 06/16:00 06/00:00

A

B
X

B
Y

B
Z

In
te

rp
la

n
e
ta

ry
 s

h
o
c
k

B
o
w

 s
h
o
c
k

B
o
w

 s
h
o
c
k

Multiple bow
shock crossings

Bow shock at
its nominal position

Magnetic cloud-magnetotail
interaction

Ion Composition
Boundary (ICB)

Outstanding  Student
Poster Contest

This poster participates in

OSP

est.

 

2002


	Oldal 1

