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Figure 3.. Multiple bow shock crossing identification on March 9,

06:00 09:30 13:00 2001 between 08:30 and 11:00 onboard spacecraft 1. The fields are : : :
Time(UT) from top to bottom: the magnetic field magnitude, solar wind ion EGU General Assembly 2012, V|enna, AUStna, 22-21 Aprll 2012
Figure 1.: Radiation belt crossing event from 06:00 to 13:00 plasma speed; CIS ion, WHISPER electron and EFW density | o _ |
on September 23, 2001 on board Cluster SC4. The vertical calculated from spacecraft potential by empirical density form and Abstact Three boundary layers, the bqv_v shock, the neutral sheet and the outer rim of the outgr radiation belt were detected autorr_]at_lcally by our glgorlthm develqped
solid and dashed lines are the determined edges of the EFW wake indicator bit. The inward crossings were indicated with as a part of the Boundary Layer Identification Code (BLIC) Cluster Active Archive (CAA) project. The neutral sheet and the radiation belt positions are determined
radiation belt based on the measured differential fluxes of the red vertical lines, the outward crossings are green. All physical from magnetic field and energized electron measurements, respectively, working properly onboard all Cluster spacecraft. For bow shock identification we use
Channel 6. guantity were one minute median filtered before searching. magnetometer data and, when available, ion plasma instrument data. In addition, WHISPER electron density, EFW spacecraft potential measurements and wake
Indicator auxiliary data are also used so the events can be identified by all Cluster probes in highly redundant way, as the magnetometer and these instruments are
Crossing the bow shock makes a sharp gradient in the magnetic field, still operational in all spacecraft. The software tool could later be modified to analyze the measurements of other satellites.

After long debate a very simple definition was the solar wind ion velocity, ion and electron density measured by the

given for radiation belt crossings by the FGM (Fluxgate Magnetometer, Balogh et al., 2001), CIS HIA (Cluster Here we focus on the algorithms however these results could be used for further scientific analysis as well as development of bow shock, radiation belt and neutral

instrumental team of Cluster lonspectrometry  lon Spectrometer Hot lon Analyser, Reme et al., 2001), WHISPER sheet models; or statistical studies.

(Pl: lannis Dandouras). The spacecraft is in (Whisper of High frequency and Sounder for Probing Electron density by
the omnidirectional suprathermal electron Gustafsson et al., 2001). This jump is detected by the software in the

measurements of in the highest (>244 keV) magnetic field magnitude, CIS HIA ion density and WHISPER electron

chanel of the RAPID (Research with Adaptive density. The CIS ion speed drops but technically it can also be bow shock
Particle Imaging Detectors; Wilken et al, 2001) considered as a jump. Using the empirical density formula diati hel
instrument. Is greater than 100 (cm? sr s keV) Nery=200(V, )185 radiation belt

(Figure 1). The data of the Chanel 6 was one neutral sheet

minute median filtered to avoid false
Identification of fluctuations.

where ngq, IS the calculated density and V.. is the EFW spacecraft
potential (Gustafsson et al., 2001) the jumps of EFW potential can be
detected. The jump of the condition is identified by the rate and the .
difference of smoothed (averaged or median) quantity. Al 20 .

measurements are one-minute median filtered to decrease the noise
and eliminate the false Iidentification of fluctuations. A transition is
considered only if the last intersection is at least one minute far.

Maximum and minimum value of the quantity can be given. I B I
Neutral sheet The wake identification bit EFW can be used for identifying whether the 101 . - - |

spacecraft is in the solar wind (See CAA EFW User Guide). By the way
Magnetic Field Vector spin resolution (GSE) C1 September 2001 this bit can provide false identification so the detected crossing can be
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o R '@% accepted only if the crossing can be seen in the magnetic
7 ()]
nT), measurements too.
] In optimal case we get different time series of magnetic field magnitude, _ T .
L , CIS HIA plasma ion velocity and density, WHISPER density, EFW D:'-'-'
RN \";’ 4 d empirical formula and EFW wake indicator bit. The magnetic field is —
\J | compared individually against each of the four other quantities, and from t
each pair, the common results are kept. Finally the four different time NO .
| j series are unified (Figure 3). T ;
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the first and last crossings were plotted. Their identification were based on FGM measurements and Cluster position data from 2001 to 2006.
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