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The purpose of this study is to investigate the interaction | For the event selection the entire Venus Express dataset was used from April 2006 to November 2014. The peak | One of the 42 investigated cases is shown in details in Figure Esa 0

between the plasma environment of Venus and Interplanetary | magnetic field of the magnetic barrier was obtained for each orbit. The magnetic barrier was identified in the dayside | 1. This event was observed on 5 November 2011. Panel A = |
Coronal Mass Ejections (ICMEs) when the magnetic field | magnetosheath as the region with the highest magnetic field. Nearly 2600 orbits were investigated and it was found that | shows the magnetic field measurements on the day when the 100 | j | — X
magnitude of the Venusian magnetic barrier is anomalously | the average of the peak values is approximately 42 nT. We were interested in the cases when the peak of the magnetic | ICME arrived and during the following one. Panel B shows 150 |- Magnetlcinﬁfr:%}irgﬁgnemtaﬂ —BZ 1

large. We analyze the ICMEs that cause these unusually high | field was significantly higher than this value and we selected the events with >65 nT peak value, resulting in the | the heavy ion spectrogram, proton spectrogram and the -220500“ : T i E— ! E— - - ! - !

magnetic field intensities in the induced magnetosphere and | identification of 152 events of interest. Further investigation was required to confirm that the anomalous magnetic field | magnetic field measurements on 5 November on smaller E E E E E

we discuss the plasma properties of the magnetic barrier, the | intensities are due to ICMEs and to distinguish them from other space weather phenomena. Based on the STEREO | timescale. The interaction between the magnetic cloud el % % % oI Bow % %

position of the bow shock and the ion composition boundary § and SOHO coronagraph images it was possible to confirm that the in-situ observations are related to ICME passages and | and the induced magnetosphere was observed (panel A). The — 150 f% m' " |shock crossings | | © ]
during these events. out of the 152 events with high peak field 42 could be clearly related to ICME passages. In this study we analyzed these | pattern of the magnetic field is very special and similar igmo Ef / o Egynvizgloggsai]’:ion

42 events. magnetic structures were observed in only six out of 42 events.
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In Figure 2 20-minutes averages of the solar wind parameters are presented which were obtained before inbound bow | The average proton density and proton temperature of the magnetic barrier are presented in Figure 4. This figure has -i > 10" = §
shock crossing in the analyzed 42 cases. Ten day periods are presented which are centered on the day when the Jthe same format as Figure 2. The average values are based on the measurements made between the upper > G 102 = == O
ICME arrived at Venus (day 0). The data points on each day are marked with blue circles while the median and |houndary of the magnetic barrier and the ion composition boundary. The upper boundary is defined as the altitude :Cll:J L] 101_; Pick-up ions s
average value of each bin (each day) are in green and red, respectively. Panel A,B,C show that the solar wind fwhere the solar wind dynamic pressure and the magnetic pressure in the induced magnetosphere are equal J S
velocity, density and temperature increased during the ICME. The radial and tangential components of theJ[zhang et al., 2008]. It can be seen that the proton density was mgmo H104—§ "
Interplanetary Magnetic Field (IMF) are investigated separately: 5. A | increased while the proton temperature was close to its average = 80 ° § E 10° = %
panel D and E show that the tangential component (panel D) of ¢ - ° during the ICME passages (day 0). The altitude of the upper % _ . DC% e 102_; O
the IMF increased significantly on day 0 and remained unusually § ol R boundary of the magnetic barrier is shown in Figure 5. The green ¢ o L 101_§ o
large on day 1 as well. The radial component (panel E) was § o e | marks show the position of the upper boundary during ICME g %° e ¢ o ¥ e s = | , | . , | | ,
above average in only a few cases on day 0. We also note that 5 0" o e ¢ g ¢ passages while the blue dots show the rest of the days. It can be $ 20 , d 1 i ! O R 20| Magnetosheath - _* Magnetic barrier ]
83% of the ICMEs drove interplanetary shocks. 5 40 © $ o i ' ' o ! o seen that the altitude of the upper boundary did not correlate with z Al $ § & ' | ' ' i | -
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.y L T 7 Number of the day Figure 5. Figure 4. tend to cause anomalously large magnetic fields in the magnetic barrier.
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50, D o E The effect of the ICME sheath region and the magnetic cloud on the

40 o —_— i ° bow shock were distinguished from each other. Anomalously distant
= L. : : :
= 30 ¢ c 3 o . : o © . The position of the ICB is investigated in Figure 6. Three examples -. 2 bow shock crossings occurred only during magnetic cloud passages.
Z;)“ o e . 310- : .« 8 8 . : ; ° o are presented, during these events the solar wind dynamic §_, \( This is explained by the decreased magnetosonic Mach number during
5 20 ! . l 0 ! ° o g I l ' l ~ l ! . l ' pressure was the highest among all the observed cases. The red % those periods. During the ICME sheath region passage the position
“0 R 8 ' ' ' ' <9 g ' and blue dots show the position of the in and outbound ICB 2 of the bow shock remained unchanged.

' U § e ' ¥ ¥ ¥V l ' l I ' l ' - crossings in the 10 day intervals. The position of the ICB during $os
a3 4 0 1 2 3 4 5 4 3 2 40 1 2 3 4 5 the ICME is marked with ,0.”. It can be seen that on the nightside & - - -
Number of the day Number of the day ” « q, 5 2 ; . 1 The size of the magnetic barrier was not affected by the ICME. Its

the altitude of the ICB decreased while on dayside it remained
unchanged.
A statistical study was prepared on the elapsed time between in and

XVSO [Venus Radius]

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

| outbound ICB crossing in Figure 7. It has the same format as Figure _ |
The bow shock crossings for the 42 cases are 4o 12, 2. In order to make the different orbits easily comparable, the 3 of the magnetic barrier. We suggest that the anomalously strong
presented in Figure 3. The green marks show the bow r— » elapsed time was normalized to the time measured during the s'° magnetic field is rather the result of the very intense magnetic field in
shock crossings (including the multiple bow shock & 44! S 10" ICME passages. In this way it can be seen that VEX spent nearly £ 1 the ICME sheath reqi hich suddenlv oil 1 front of the obstacl
crossings as well) on the day when the ICME arrived "(55 ® 50% less time in the ionosphere during ICME passages compared to & © Sheath region Whith SUGdenty pies Up i ront oT Ine obstacie.
at Venus, the red dots represent the bow shock ; 8| ; 8 the average days. _ = | | o 3 |
location during the following day, the rest of the days = = o 5 Figure 7. 9, 4 5 a n '1 The altitude of the nightside ion composition boundary decreased which
are marked with blue dots. We have sorted the events & g L 6 <5 o Xvso [Venus Radius] is attributed to the increased solar wind dynamic pressure.
into two groups by differentiating cases where there was '5' '5' § O 4® o o
no magnetic cloud (left panel) observed by VEX (36 ¢p N 4 S@ e ° ° o ® ° ° L
cases) and cases where there was a clear signature of Z Z Géé ] ° ° ° ° o 3 References.
a magnetic cloud passage at Venus (right panel). During %) 2] %) ] 'f;é Zk. ¢ e . i 21'5 boundary at venus. Somitted G JGR. e Pow shock, magnetio bamer and fon compositon
the 36 |CME Sheath cases the bOW ShOCk remained D: D: %_-uc:-; ! i . ‘ ' I l o ! g 1 rznri]r?irr]r?l;rl;\.,-Il;iaer:ee’][g’ryzggg’érp])i;igcle\gecri]grsl’ci),(%gs;gg??%%eﬁCﬁeld observations of the magnetic barrier at solar
unchanged, while in the 6 magnetic cloud events we oL— | oL— , m% 1{ l ! ' p ' ' ' i t 505 S:T:t:::iiirlzztirom R
observed a largely expanded bow shock even at -4 -2 0 2 -4 -2 0 2 o o 5 was done with the AMDA science analysis system provided by the Centre de Données de la Physique des
distances above 10 Venus radii. X\ qo [VENUS radius] X\ qo [Venus radius] 0, & 5 4 R ; . 5& © o ; 5 ¥ . '1 VEX ASPERALA and MAG toams for making theircata avalable i the PSA and AMDA systams. Th authors

Figure 3 Number of the day XVSO [Venus Radius] also thank the STEREO and SOHO teams for providing their data.
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