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Figure 1.2 - The HELCATS WP structure and study logic 

 



https://cdaw.gsfc.nasa.gov/CME_list/


http://www.sidc.be/cactus/hi/






https://www.helcats-fp7.eu/
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Geosciences Union (EGU) assembly in Vienna (24-28 April 2017), with the final Annual Open meeting being a 
formal session of the EGU meeting on April 24, the final bi-annual Steering Committee closed meeting being 
held on April 25. Also, on April 28, also at the EGU Assembly, the final HELCATS Project Review took place 
with the Steering Committee, the Project Officer (now Andrej Rozkov) and the reviewer (Professor Brigitte 
Schmieder). Again, minutes for all of the listed meetings are posted in the HELCATS website Wiki.  

Table 3.1.1:  Schedule and locations of the planned and actual principal meetings of the HELCATS project 

Planned 
Month 
(date) 

Meeting/Review Planned Location Actual Location (date) 

1  (May 2014) Kick off meeting RAL (STFC) [UK] RAL (STFC), Harwell, UK   

(May 14-15, 2014) 

6  (Nov 2014) First bi-annual project 
team meeting 

ROB [Belgium] ROB, Brussels, Belgium 

(Nov 5-6, 2014) 

12  (May 2015) Second bi-annual project 
team meeting and first 
Annual Open Workshop 

RGOE [Germany] RGOE, Göttingen, Germany 

(May 18-22, 2015) 

 18  (Nov 2015)  Third bi-annual project 
team meeting 

UH [Finland] UH, Helsinki, Finland 

(November 3-4, 2015) 

24  (May 2016) Fourth bi-annual project 
team meeting and second 
Annual Open Workshop 

UPS (Toulouse) Albena, Bulgaria 

(June 7-8, 2016)  

*Hosted by UPS. Held in association with 
SCOSTEP, VarSITI meeting to increase 

exposure of project to community 

30  (Nov 2016) Fifth bi-annual project 
team meeting 

TCD [Ireland] TCD, Dublin, Ireland 

36  (May 2017) Sixth bi-annual project 
team meeting and final 
Annual Open Workshop 

IMPERIAL [UK] Vienna, Austria 

(April 24-25, 2017) 

* Hosted by IMPERIAL. Held in association 
with 2017 EGU Assembly, to maximise 

exposure to scientific community  

36 (Apr 2017) HELCATS Final Review STFC [UK] Vienna, Austria 

(April 28, 2017) 

On total, six bi-annual project team meetings were planned, and held, throughout the project, and three 
Annual Open Workshops were planned and completed. The bi-annual project team meetings reviewed all 
actions, deliverables and progress, and covered any technical and managerial issues as required. These were 
closed meetings for the Steering Committee (the Project Reviewer attended the second, third, fourth and 
sixth bi-annual meetings). The Annual Open Workshops were open to anyone; good attendance of groups 
beyond the HELCATS team was evident at the first Workshop, in Göttingen, but to increase the exposure of 
the project to the wider community, the second Workshop was incorporated within the VarSITI meeting in 
Bulgaria. This succeeded in delivering a number of major HELCATS talks to a large community. The same 
approach was agreed by the Steering Committee for the final Workshop, which, as noted, was held in 
association with the EGU assembly in Vienna. This strategy has given HELCATS excellent exposure, especially 



https://www.helcats-fp7.eu/
https://www.helcats-fp7.eu/
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coincided with the 18 month cost statement and the related stage payment. Thus, it was agreed with the 
Project Officer that the subsequent Annual report (action D1.6) could be upgraded to a definitive publication 
describing the HELCATS project but also providing links to the catalogues and other project facilities, to be 
published in the professional literature. This was agreed, and a statement to that effect was uplinked as the 
formal D1.6 deliverable (hence the asterisk). Thus, the HELCATS definitive paper is in production; the plan 
was to deliver this on completion of the work to ensure that the catalogues were complete and links and 
references up to date. Thus, the submission was to be after April 2017 and it anticipated in May/June 2017. 

Deliverable D1.8 is, in fact, the current report, whch we listed as a formal deliverable of the project. 
Deliverable D1.9 is a final report for public consumption which is drafted and will be released along with this 
report. 

 
WP1 CONCLUSIONS: 

The activities of WP1 have been implemented according to the original proposal very much as planned, and 
this has given the project a clear working structure that has allowed the required cataloguing, modelling and 
assessment activities to perform, also as planned, without too much administrative activity. Completion of the 
proposed regular meetings and telecons, and of most deliverables, means that the team is now placing the 
emphasis on the legacy of the project and the exploitation of the results. This will be enhanced by the 
publication of the definitive HELCATS paper, the final public report (D1.9) and the consolidation of the website 
at the end of the project. We note also that many of the activities, such as the cataloguing of STEREO/HI 
transients in the heliosphere will continue, on the HELCATS website, under the auspices of the STEREO/HI Post 
Launch Support project, led by the STFC group.   
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Due to the difficulty in tracking the smaller CMEs in this way, the poor events were not included in this 
modelling and the final catalogue of CME kinematic properties contains 776 CMEs for STEREO-A and 654 for 
STEREO-B. Figure 3.2.6 shows an example of the catalogue as it is available on the HELCATS website at 
https://www.helcats-fp7.eu/catalogues/wp3_cat.html (alternatively use the PRODUCTS tab and select the 
WP2 or WP3 catalogues). Again, the user can filter CMEs based on the properties contained in the catalogue, 
or download the full data-set in a variety of formats. The original time/elongation data are also available for 
download, should users wish to apply their own models. Additionally, each CME in this catalogue possesses 
its own event page, a web page that is accessed by clicking the any row in the table shown in Figure 3.2.6. 
This page contains images, videos and diagrams relating to the CME, as well as a listing of the observational 
and kinematic properties. 
 

 
Figure 3.2.6 - HELCATS catalogue of CME kinematic properties based on geometric modelling. 

 

 
Figure 3.2.7 - CME observed by both STEREO-A and -B. 

https://www.helcats-fp7.eu/catalogues/wp3_cat.html
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As part of task 2.3, CMEs were identified that are observable by both STEREO spacecraft, as shown in Figure 
3.2.7. Here the top row displays HI-1A data and the bottom row HI-1B data for the same times, which clearly 
corresponds to the same CME. A list of these CMEs was compiled from the entire HI data-set, which contains 
273 events. The distribution of these CMEs throughout the mission is shown in Figure 3.2.8. 
 

 
Figure 3.2.8 - The unshaded region shows the total CME rate from the observational catalogue. The darker 

regions show the number of CMEs determined to be observable by both spacecraft. The lighter shaded region 
shows CMEs that were excluded from the stereoscopic mode. 

 
Figure 3.2.9 - Method of determining CME position using stereoscopic modelling. In each case there are two 

solutions, one of which is usually unphysical (blue circle in (a) and (b)). 
 



http://sidc.oma.be/cactus/
http://www.ukssdc.ac.uk/solar/stereo/documentation/HI_processing.html
http://www.ukssdc.ac.uk/solar/stereo/documentation/HI_processing_L2_data.html#HI_L2
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following figures. Note that this is the CME that eventually caused the failure of the Galaxy 15 satellite. 

A conversion to polar coordinates is needed in order to be able to apply the Hough transform (Jähne 1997) to 
the images. This transform is the kernel of CACTus, as it is used to detect features moving outwards (CMEs) in 
the FOV. HI images are originally in HPC (Helioprojective-Cartesian) coordinates; in this system the position of 
any point in the images is given by its latitude and longitude. The first step consists of converting them into 
HPR (Helioprojective-Radial) coordinates, which provide position angle and elongation, these quantities are 
needed in order to apply our technique. This conversion is done with the Solarsoft routine wcs_conv_hpc_hpr. 
In these coordinate systems, observations are projected against the celestial sphere. Therefore, physical 
distances are represented by angles. Finally, a conversion of the elongation angle into projected distance is 
carried out. A detailed explanation of the coordinate systems is given in Thomson (2006). 

In a polar image, the X-axis represents the angle from solar north (2° binned to a single pixel, binning is done 
by averaging the original pixels) and the Y-axis shows the projected distance from the Sun (10000 km/pixel), as 
shown in Figure 3.2.11. 

 
Figure 3.2.11 - Example of an image converted to polar coordinates. 
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Figure 3.2.16 - The automated CME catalogue constructed for STEREO-HI. 

 

The catalogue is available online, and is obtainable through the PRODUCTS tab on the HELCATS website. 
Clicking on any particular CME entry will reveal associated plots and movies. In the future, we plan a fine-
tuning of the code in order to remove narrow detections and only consider events with a width larger than 
20°. Furthermore, false detections will be removed based on their speed profile. 

In conclusion, this task, and the associated deliverable, have shown how the automatic identification of CMEs 
in HI data was made possible by an adaptation of the CACTus technique, and a catalogue containing all the 
CMEs detected during the STEREO mission was built and is available to the wider community. This work has 
now been published by Pant et al. (2016). 

We note that a real time version of CASCTusCAT is being run by ROB and can be accessed at 
http://www.sidc.be/cactus/hi/.  

WP2 TASK 2.3: COMPARISON OF CME CATALOGUES (TASK LEAD: UGOE, CONTRIBUTORS: STFC, ROB) 

This task involves the comparison of CME catalogues. In the first element, a comparison between the manual 
and automated catalogues of CMEs in the heliosphere, from tasks 2.1 and 2.2, is performed. A second 
element, comparisons are made between the heliospheric CME catalogues of tasks 2.1 and 2.2 with coronal 
CME coronagraph catalogues. 

Comparison of the manual and automated HI CME catalogues 

In Table 3.2.3 the number of heliospheric CME events identified and listed in both the manual and automatic 

http://www.sidc.be/cactus/hi/






http://www.affects-fp7.eu/cme-database/database.php
http://www.affects-fp7.eu/cme-database/database.php
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Figure 3.2.24 - White-light coronagraph images of the CME observed on December 16, 2009 with modelled GCS 

wireframe in green. Left: COR2 B. Right: COR2 A. STEREO A and B were separated by 130° in longitude. 

 

WP2 TASK 2.4: SCIENTIFIC MANAGEMENT (TASK LEAD: STFC) 

Whereas WP1 covers the administrative management of the HELCATS project, WP2, through task 2.4 
included an element for the scientific and technical management. Thus, whereas WP1 included 
aspects such as the oversight of the meeting and teleconference structure, the WP2 effort 
coordinated the scientific and technical discussion between the WP leaders and the wider team. 
Throughout the project activities this focused on the teleconference discussions, the kick-off and six 
monthly meetings and the technical details of the report writing; it also covered the regular 
technical communication with the WP teams on a range of issues as the project progresses. Thus, 
this WP ran in parallel with the logistical management of the project and continued throughout the 
HELCATS project. It was coordinated by the Scientific and Technical Managers, Dr Jackie Davies and 
Dr Chris Perry, respectively. The activities relating to this coordination are noted in the minutes of 
the monthly minutes and the bi-annual and annual meetings, and these are lodged in the project 
private Wiki area of the project website. 

WP2 CONCLUSIONS:   
 
The activities of WP2 were to construct the basic catalogues of heliospheric CMEs from both manual (HICAT 
catalogue) and automated (CACTusCAT catalogue) procedures from the STEREO/HI data, to then assess and 
compare these two catalogues and, to compare them to coronal CME catalogue data. An additional element 
was the scientific and technical management of the HELCATS project. All of the activities and goals that were 
set out for this WP were achieved. The catalogues are on line and available to the public, and prepared in such 
a way as to be a valuable resource for the future of heliospheric research. The manual and automated 
catalogues were shown to be largely consistent, underlining the success in applying the CACTus approach to HI 
data. The comparisons to coronagraph data (KINCAT) demonstrated a clear capability to exploit the HELCATS 
facilities to make detailed comparisons of CMEs in the heliosphere and in the corona. The distributions of 
relevant paramaters were basically consistent, especially when taking into account observational and 
geometrical considerations. 

 

 





https://www.helcats-fp7.eu/catalogues/wp3_cat.html


https://www.helcats-fp7.eu/catalogues/wp3_cat.html
https://www.helcats-fp7.eu/catalogues/event_page.html?id=HCME_A__20070509_01
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L-S Indicator that CME extends beyond the southern edge of the feld-of-view (> for 
sc A, < for sc B, blank if edge within FOV). 

PA-S [deg] The most southern position angle of the CME span. 

Quality A measure of "good", "fair" or "poor", that indicates the quality of the CME 
observation and confidence that the eruption is by definition a CME. It is 
recommended that Poor events are not used for CME based studies. 

PA-fit [deg] The position angle used in the time-elongation fitting 

FP Speed [kms-1] CME speed using on Fixed-Phi fitting 

FP Speed Err [kms-1] Uncertainty in Speed using Fixed-Phi fitting 

FP Phi [deg] Spacecraft-Sun-CME angle phi in degrees using Fixed-Phi fitting 

FP Phi Err [deg] Uncertainty in phi using Fixed-Phi fitting 

FP HEEQ Long [deg] CME HEEQ Longitude using on Fixed-Phi fitting 

FP HEEQ Lat [deg] CME HEEQ Latitude using on Fixed-Phi fitting 

FP Carr Long [deg] CME Carrington Longitude using Fixed-Phi fitting 

FP Launch [UTC] CME Launch time (r=0) using Fixed-Phi fitting 

SSE Speed [kms-1] CME speed using on Self-Similar Expansion fitting 

SSE Speed Err [kms-1] Uncertainty in speed using Self-Similar Expansion fitting 

SSE Phi [deg] Spacecraft-Sun-CME angle phi in degrees using Self-Similar Expansion fitting 

SSE Phi Err [deg] Uncertainty in phi using Self-Similar Expansion fitting 

SSE HEEQ Long [deg] CME HEEQ Longitude using on Self-Similar Expansion fitting 

SSE HEEQ Lat [deg] CME HEEQ Latitude using on Self-Similar Expansion fitting 

SSE Carr Long [deg] CME Carrington Longitude using Self-Similar Expansion fitting 

SSE Launch [UTC] CME Launch time (r=0) using Self-Similar Expansion fitting 

HM Speed [kms-1] CME speed using on Harmonic-Mean fitting 

HM Speed Err [kms-1] Uncertainty in speed using Harmonic-Mean fitting 

HM Phi [deg] Spacecraft-Sun-CME angle phi in degrees using Harmonic-Mean fitting 

HM Phi Err [deg] Uncertainty in phi using Harmonic-Mean fitting 

HM HEEQ Long [deg] CME HEEQ Longitude using on Harmonic-Mean fitting 

HM Carr Long [deg] CME Carrington Longitude using Harmonic-Mean fitting 

HM HEEQ Lat [deg] CME HEEQ Latitude using on Harmonic-Mean fitting 

FP Launch [UTC] CME Launch time (r=0) using Harmonic-Mean fitting 
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Figure 3.3.1 - The HELCATS kinematic properties catalogue generated as part of the WP3 activities. Clicking on 
an individual row will bring up the corresponding even information page for that event. 
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Figure 3.3.2 - HELCATS CME Event information page. 

The time-elongation profiles are the manually selected points from the J-maps that were used as input to the 
geometric fitting and determination of the CME kinematic properties.  

The profiles for all currently identified events are contained in separate files that have then been collected in a 
single compressed tar archive (.tar.gz file). This can be downloaded from the WP3 catalogue page or directly 
at https://www.helcats-fp7.eu/catalogues/data/tracks/HCME_WP3_V03_TE_PROFILES.tar.gz  

Each event is named according to the event ID and the position angle used for the fitting 
(HCME_[A|B]__yyyymmdd_nn_PAxxx.dat where nn is the event number within the day and xxx is the position 
angle in degrees with leading zeros where necessary). 
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Fig. 3.3.6 - Top: Derived COR2 CME mass distribution in bins of 1015 g. Bottom: CME mass vs. speed 

distribution. 
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Figure 3.3.7 - The KINCAT database at http://www.affects-fp7.eu/helcats-database/database.php providing 
information on dynamical modelling results, GCS-movie, COR2 synoptic movies and position of the STEREO 

spacecraft at times of the CME events. 

 
Figure 3.3.8 -  GCS modelling with SOHO/LASCO C3 (blue) and STEREO COR 2 A (red) & COR 2 B (green) for the 

13 March 2012 CME event. 
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WP3 TASK 3.3: Inverse modelling of STEREO/HI CMEs (TASK LEAD: UGOE, CONTRIBUTOR: TCD)  

In order to compare CME properties, such as speeds, masses, angular widths, derived from GCS-modelling or 
from in-situ analysis in WP4, the photospheric SR of the individual events must be identified and analysed. The 
following sections describe how the SRs have been determined and how the LOWCAT database has been 
established. In the next step the KINCAT events of HICAT were identified. Finally, those events were analysed 
with the SMART code. 

The LOWCAT catalogue 

In parallel with the comparisons of white-light imaging and in-situ observations, work has been undertaken to 
examine the solar surface activity associated with coronal mass ejection (CME) launch. Studying the source of 
solar eruptions is key to improving space weather forecasting efforts, an area that is currently limited (Zheng 
et al, 2013). To that end, an automatic algorithm has been developed that uses back-propagation to identify 
flare events and active regions sources correlated with the CME event list created in WP2.  

Assuming constant radial velocity and constant CME width, a simple ballistic propagation model is used to 
search for candidates. First the algorithm identifies a time window during which a STEREO/HI (Eyles et al, 
2009) observed CME might have been observed by COR2. Here the initial distance can be taken as 12 RS final 
distance 2 RS and a typical range of CME speeds as defined by Yurchyshyn et al (2005) is used to constrain the 
search. The CACTUS database (Robbrecht et al, 2004), which contains events identified by an automated 
method developed at ROB, is searched for CME events occurring during this time window. The algorithm 
selects a COR2-observed CME with the closest angular width to the HI-observed CME, constrained by the north 
and south position angles.  

Ballistic propagation is again used to define a time window of possible associated flares, using the identified 
COR2 CME event speeds where available. Here, the initial distance is taken as 2 RS and final distance can be set 
as high as 0.5 RS to take into account the non-constant speed of the initial CME phase. The algorithm searches 
for flare events in the SolarSoft Latest Events Archive1, the NOAA/SWPC Edited Solar Event Lists2, and the 
RHESSI flare list3. The results are constrained by solar hemispheric location, and if multiple flares are found 
within the search window the closest flare to the time window start is selected. The algorithm also limits the 
output to flares of GOES B-class magnitude and above, and for the RHESSI event list it allows only confirmed 
flare detections with a high-quality level defined in the flare list flags4.  

Finally, the algorithm associates any identified flare events with corresponding SWPC-numbered active 
regions. The flare peak location is used to search for nearby active regions on the solar disk if no number has 
been listed in the flare database. Properties of the active regions are obtained from the SWPC Solar Region 
Summaries, including the Modified Mount Wilson (Kunzel, 1965) and McIntosh (McIntosh, 1990) 
classifications. The Solar Monitor Active Region Tracker algorithm (SMART; Higgins et al, 2011) is also run on 
regions using SOHO/MDI (Scherrer et al, 1995) and SDO/HMI (Scherrer et al, 2012) line-of-sight magnetograms 
depending on the date of the observations (HMI data being available from mid 2010). SMART calculates more 
complex magnetic properties related to the polarity inversion line (PIL), including PIL length, bipole separation, 
R value (amount of total flux near a PIL; Schrijver, 2007) and WLSG (the sum of the gradient along a PIL; 
Falconer et al, 2008). A full list of active region information outputted by the algorithm is listed in Table 3.3.2. 

The algorithm has been run for version 4 of the HELCATS WP 2 HICAT catalogue, which contains over 2,000 
events from 2007 to 2017. It is worth noting that much of the data available in the catalogue was from a 
period of deep solar minimum during which there were considerably less active regions, and the algorithm also 
flags limb events since magnetic field analysis of these regions would not be as accurate. However, the 
algorithm still identifies ~35% of the CME events in the WP2 HI list to be associated with flare events, and 
~85% of those flare events are then associated with active region properties. Figure 3.3.9 shows an example of 
the results, specifically for the HCME_B__20120305_01 event , which has been previously studied by 
Magdelenic (2014). The algorithm identified a CME from the CACTUS database at starting at 2016-03-05 02:54 
UT (see Figure 3.3.9b), which matches well with the expected launch times from the fixed-phi (02:06 UT), self-  
                                                                 
1 http://www.lmsal.com/solarsoft/latest_events_archive.html 
2 ftp://ftp.swpc.noaa.gov/pub/warehouse 
3 http://hesperia.gsfc.nasa.gov/hessidata/dbase/hessi_flare_list.txt 
4 http://sprg.ssl.berkeley.edu/~jimm/hessi/hsi_flare_list.html 
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similar expansion (02:18 UT), and harmonic mean models (02:25 UT). The algorithm associated this COR2 
event with a GOES X1.1 flare from the Latest Events Archive (Figure 3.3.9c) starting at 2012-03-05 02:30UT, 
from NOAA Region 11429 (SMART identified Region 5 in Figure 3.3.9d). 

The resulting 'LOWCAT' catalogue is freely available online at figshare.com (doi: 
10.6084/m9.figshare.4970222.v1; see Figure 3.3.10), which is also linked from the HELCATS website. The 
algorithm has also been run for the Framework Package 7 AFFECTS project KINCAT catalogue, which contains a 
more limited number of manually identified events. The algorithm will be described in detail in an upcoming 
paper by Murray et al (manuscript in preparation, 2017). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3.9 - Example of results obtained by the automatic back-propagation method for the 
HCME_B__20120305_01 event: (a) STEREO/SECCHI HI-1B running difference image of CME at 2012-03-05 

17:29 UT (subtracted image: 2012-03-05 16:49 UT), (b) STEREO/SECCHI COR2-B difference image at 2012-03-
05 06:24 UT taken from the CACTUS database, (c) Flare locator image at 2012-03-05 04:03 UT taken from the 
Latest Events Archive, (d) Image showing SMART detections on HMI magnetogram at 2012-03-05 04:34 UT. 
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Figure 3.3.11 - Top panel: GOES proton channels >10, >50 and >100 MeV. Middle panel: CME height time 
profiles observed with SOHO LASCO for KINCAT event no. 49 (dark green line at 4 pm on 14th December 2010). 

Bottom panel: GOES soft X-ray measurements, with the corresponding C2.3 flare labelled. Source: 
https://cdaw.gsfc.nasa.gov/CME_list/ 

Analysis of solar photospheric CME source regions with SMART 

For 44 out of the 54 KINCAT events (not all events were available to analyse due to limb position or lack of 
active region association), the source region magnetic properties were obtained by TCD using the SMART 
algorithm. 

 
Figure 3.3.12 -  SMART detections for a HMI line-of-sight magnetogram on 2011 June 21 04:10 UTC (left). The 

zoomed-in region (right; green box on left) shows detection number 3, which corresponds to NOAA/SWPC 
active region number 11236, and was the source of a C-class flare on 2011 June 21 as listed in the KINCAT 

database. The dark blue line indicates the detection boundary, and light blue line the PIL. 

For the case of the KINCAT database, SMART was used to analyse the solar surface magnetic field of the source 
regions associated with the flare events.  

https://cdaw.gsfc.nasa.gov/CME_list/





































































































































































































































































