First multi-spacecraft observations of ICMEs propagating from Earth (orbit) to Mars
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The interplanetary propagation of Coronal Mass Ejections (CMEs) is a We applied the method to 18 ICMEs observed at Earth or the STEREO spacecraft A more simple model for the -
phenomenon currently studied by numerous researchers. With the Cu- and Mars close to their oppositions between 2012 and 2016. Some difficult cases propagation of ICMEs is the
RIOSITY rover of NASA's Mars Science Laboratory (MSL) mission, whose where ICMEs interact with each other and/or with CIRs were not included as they Drag-Based Model (DBM) [4]. I
Radiation Assessment Detector (RAD) in- can cause problems with the cross-correlation method. The travel time could The advantage of the DBM over ST
strument [2] is continuously measuring GCR be calculated with an estimated standard deviation of between 0.2and 0.5d for ENLIL is that it can be run very <
particles on the surface of Mars (at approx- most events. quickly as itis not based on nu-
imately 1.5AU) since its landing in 2012, an- | } Ay N o 5 30 merical MHD simulations - the
other device capable of capturing Forbush ° 25 drag equations can be solved P ——
decreases is available. £° 10 ° 0o analytically. S

: : Opposition 2 4- 2 o % o 15 5 : : Figure 6: DBM simulation result
Close to times where Mars and either Earth +APmax - = 08 o .o | We ran a DBM simulation for ¢ o 5014-02-15 ICME.
or the STEREO A or B spacecraft form a Figure 1: Opposition phases 27 0.6 - ° o - one of the ICMEs (the one arriv-
straight line with the Sun (such as in Fig- e ° — — . ing at Earth on 2014-02-15) as a comparison to the results

ure 1), we can observe the same ICMEs at both locations using in situ data T Vi V= v [ kms from both the in situ measurements and the ENLIL simula-
(RAD at Mars, Neutron monitors at Earth, HET at STEREO). tion, using default values for the drag parameter I" and the

Figure 4: Histogram of ICME speed changes between 1AU and Mars and comparison to the , , , ,
solar wind speed w. The predicted travel time of 1.8d Is a

These multi-spacecraft observations of ICMEs during ambient solar wind speed. vy, is the 7-day mean value of the solar wind speed measured at the . .

the opposition phases allow us to determine their ACE spacecraft, v is the mean speed of the ICME between Earth and Mars (calculated from the llt.tle ShOrter’Fhan the (2.01 + 0.25) d predicted by ENLIL, but
travel times between Earth orbit and Mars. The result- cross;-correlatmn resu .t? an.d Viau 1S the maximum solar wind speed measured a.t 1AU d.urlng the still agrees with the measured Topre) = (2.14 -+ 0.37) d.

, passing of the ICME, which i1s assumed to be the ICME speed at 1AU. The colors in the right plot

Ing speeds can be compared to speed measurements also show the longitudinal separation of Earth (or STEREO) and Mars.

/| | at1AU to investigate deceleration or acceleration.
When the two observers are not perfectly aligned, the We found that on average, ICMEs decelerate during their propagation between _
Ax,\ shape of the ICME will influence the derived travel 1AU .and 1.5AU (_Y/V1 AU — 0.82 0-05) and ICMEs th.at a.re fast Compared to the [1] Johan L. Freiherr von Forstner et al. “Multi-spacecraft observations of ICMEs prop-
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To determine the travel time of ICMEs between 1AU and Mars, we use We compared the travel times between 1AU and Mars
a method based on the cross- suer oo waes woes  \With results from WSA-ENLIL+Cone simulations. The same
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correlation function (fx g)(7) between g Earth cross-correlation method was used to derive travel times

the measurements of Forbush de- %280 - ) . _using magnetic field data obtained from the ENLIL sim- _
creases at Earth or STEREO (f) and _ “3;8: Mars " . + ulation. On average, ENLIL predicts a faster propagation RAD is supported by NASA (HEOMD) under JPL subcontract #1273039 to Southwest Research Institute
Mars (g) using a +1sol (solar day on gzim D fitered 'j‘fi;} & ¥ from 1AU to Mars, but the accuracy of the ENLIL results Q170 0 the Chriotian Zfbfeﬁ’fssupna}ﬁ;ﬁ;‘ S numbers SOEMoson, soqiaon, and

MarS) WindOW around the ICME onset = extrapol. ICME " < A s al.SO seems to Vary depending on the ICME Speed. We acknowledge the NMDB database.(v.vww.nmdb.eu), founded under the European Urlion.’s FP7 pro-
time at Earth E . ' gramme(.contr.act no. 213007)f9r providing data. The data fr9m Sout.h Pole neutror! monitor is provided

. %0‘ ~ / \ : ggzssﬁt 1 ) For example, the 2015-12-25 event at STEREO B agrees 22;2§3léfllver5|tyofDelawareWlthsupportfromthe U.S. National Science Foundation under grant ANT-
The value of the time [ag ~ where ( N g Flgure 5 Th.e - well Wlth travel timeS of (1.11 L 0.26) d (COrre[ation) and Simulation results have been provided by the Community Coordinat?d Modeling Center at Goddard

. . . O TFeb16 Feb1 ) Space Flight Center through their archive of real-time simulations (http://ccmc. b
g) assumes a maximum 1Is considered . - " GlF ’ i‘ Gcats £ th 2016-08-02 event in the (1.20 T 0.21) d (ENL”_) On the contrary, for the 2016-08-02 gsfc.nasa.gov/missionsupport). The CCMC is a multi-agency partnership between p;l§ Fyld -
: : Igure 3: Example of an application of the : : : : : ) NASA, AFMC, AFOSR, AFRL, AFWA, NOAA, NSF and ONR. ENLIL with Cone Model was de- i onamis

to be the ICME's travel time T betvyeen cross-correlation method. Disturbance ENLIL simulation. event at Earth, the travel time predicted by ENLIL Is ap veloped by b. Odatreil at the University of Colorado at Boulder |
1AU apd Ma.ars.. We. fit the pe.ak with a and ICME end times are marked in yellow . | p.roximately one day shorter than t.h.e result of the cc?rre— \tNhee t:g;';;?: ACE SWEPAM instrument team and the ACE Science Center for providing onhe s f adcion
Gaussian distribution to estimate the as derived by Richardson and Cane [3] lation method. This mlght have been caused by the collision of the CME with a We acknowledge the STEREO PLASTIC team (NASA Contract NAS5-00132) for the use of @ ®
error of T. (R./C.) and extrapolated to Mars assuming CIR, whose influence could have been underestimated by ENLIL. the solar wind plasma data. e

a constant speed.
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