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Abstract
The Large Angle Spectrometric Coronagraph (LASCO), onboard the Solar and 
Heliospheric  Observatory (SOHO) provided us observations from two different datasets, 
extending for the two Solar Cycles 23 and 24 (31 July 1996 - 31 March 2014) that 
allow one to compare some properties (speed, acceleration, polar angle, angular width, 
and mass) of Coronal Mass Ejection (CMEs) during the Solar Cycle 23 and 24. The 
Coordinated Data Analysis Workshops (CDAW) Data Center datasets uses manual 
identification for the detection of the CMEs, while the Computer Aided CME Tracking 
software (CACTus) datasets uses an automatical detection algorithm. Some important 
results that emerges from this analysis, for both dataset, are that there are many CMEs 
during the maximum of Solar Cycle 24 than during the maximum of Solar Cycle 23, 
although the photospheric level and magnetic activity of the Sun during Cycle 24 was 
weaker than during Cycle 23. Peaks of CMEs observed by CACTus are of the same order 
of magnitude with respect to the two cycles, but the distribution of CMEs observed by 
CACTus exhibits a  long lasting peak during the Solar Cycle 24. The discrepancy between 
the CACTus and CDAW results may be due to an observer bias giving origin to different 
definition of CMEs in CDAW catalog. In order to investigate on the correlation between 
Flares and CMEs, during the Solar Cycles 23 and 24 we used the Geostationary 
Operational Environmental Satellite (GOES) datasets that contain observations of 
19.811 flares of C-, M-, and X-class and found 11,441 flares temporally correlated 
with CMEs for CDAW and 9120 for CACTus in this period. We also found some 
characteristics between the mean CMEs velocity and acceleration of the CMEs associated 
with flares and the CMEs not associated with flares. The most important results of our 
statistical analysis is a log-log relationship between the flux of the flares integrated from 
the start to end in the 0.1 – 0.8 nm range and the CME mass, valid not only when we 
consider the released by the flare during the whole events, but also considering the flux 
emitted at the peak of the corresponding flares and the mass ejected by the CMEs.



Coronal Mass Ejections (CMEs)

Left: Example of a CME showing the bright front (or leading edge), the cavity 
and the core.

Center: Non-Halo  CME observed on January 30, 2008. The white lines indicate 
the angular width of the CME.

Right: Halo CME (CME with angular width 0f 360° = no spoke-like structure) 
occurered on July 14, 2000.



Flare dataset
Geostationary Operational Environmental Satellite (GOES) observations : 
19811C, M, and X-class flares from July 31, 1996, to March 31, 2014

For each flare we considered:
• Its flare class: C, M or X 
• Start, Peak and End time
• Integrated  flare flux from the beginning to the end
• Solar disk location (when available)



CME Datasets
Coordinated Data Analysis Workshops (CDAW) Data Center  
• Manual  identification
• Events: 22876 
• Polar angle (PA), linear velocity, acceleration, width, mass and 
energy

Computer Aided CME Tracking software (CACTus) 
• Automatical identification 
• Events: 15515
• Polar angle (PA), linear velocity, width

For  both datasets we considered events occurred from 31 July 1996 to 31 March 2014.

PA = the mean angle between the two outer 
edges of the CME width measured 
counterclockwise from Solar North in degrees on 
the plane of the sky.
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Statistical analysis on selected CME’s 
parameters

The mean velocity reflects the solar-activity cycles (Qiu and Yurchyshyn, 
2005) 

Peak of the acceleration during the minimum of Solar Cycle 

The slower CMEs shows high positive acceleration

The narrowest CMEs are the slower 

Mean velocity Mean acceleration Mean angular width

Compagnino, A., Rmano, P., & Zuccarello, F. 2017, SoPh, 
292, 5



The fastest CMEs (velocities > 1000 km/s ) occur during the maximum of the 
solar cycle
 Few CMEs with velocities  600 ≥
km/s

Statistical analysis on selected CME’s 
parameters
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The majority of the CMEs is characterized by an angular width lower than 100  . ◦
More narrow CMEs in CACTus dataset (width < 40 ) (Yashiro, Michalek, and ◦
Gopalswamy, 2008).

Statistical analysis on selected CME’s 
parameters
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Both datasets show two peaks centered around the PA that correspond to low 
latitudes, i.e. where the ARs form and the CMEs seem to start.
The latitude distribution of CMEs follows the latitude distribution of the closed-
magnetic-field regions in the corona (Hundhausen, 1993).

Statistical analysis on selected CME’s 
parametersPolar Angle
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Correlation between Flares and CMEs

We note that the probability of finding CMEs associated with flares decreases 
when the time window is narrower 

A time window of 10 – 80 minutes is clear evidence that in many cases the flare 
occurs before the first observation of the CME in the coronagraph, and taking 
into account that the temporal resolution of LASCO is about 30 minutes, there 
are a number of cases in which the flare most likely precedes the CME initiation 
and may be the first manifestation of the initiation process.

CDAW CACTus



Correlation between Flares and CMEs

CT - FTstart=  2h CT - FTstart =  1h CT - FTstart=  0.5h

     Xclass flares
     Mclass flares
      Cclass flares
            All class flares

When we consider only the flares associated with CMEs in a 30 minute time 
window,
we find a distribution of the flares less consistent with the solar cycle.



Temporal criterion: ∆t < 2h 
Spatial criteria: 
-known location of the source region on the solar disk (50%, 10879 flares);
-Flares occurred in the top-left quadrant of the solar disk are associate with 
CMEs characterized by a polar angle between 0  and 89◦ ◦, flares in the 
bottom-left quadrant with CMEs observed with a polar angle between 90° and 
179°, etc.

This spatial criteria correspond to the assumption that most CMEs propagate 
nearly radially, according to the standard CME–flare model (see Lin and 
Forbes, 2000).

Correlation between Flares and CMEs

 The 1277 CME-flare pairs were binned into 13 equal sets of 100 pairs each, 
and computed the mean of the flare flux and mass  in each group. 
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Test the goodness of the relationship 
Linear fit and chi-square test  = 0.07. 
 Spearman coefficient = 0.82  
p-value = 0.85 
Linear Pearson correlation coefficient = 0.87.
ALL THESE QUANTITIES INDICATE GOOD 
CORRELATION!

Differences with the relationship found by Aarnio 
et al. (2011):

•a more extended dataset (826 vs 1277 events)
•flux of the flares integrated from their start to 
end in the 0.1 – 0.8 nm range (peak flux of the 
flares)
•different  association criteria for flares and CMEs 
(spatial cut)

However, the log–log relationship is valid both considering the peak of the flare 
flux and considering the flux released during the whole event.

Correlation between CMEs mass and integrated flare 
flux



Conclusions

• Most of CMEs and flares detected in the CDAW dataset (59.57 %) is 
characterized by a difference in time between 10 and 80 minutes.

• The number of events registered during the peak of activity of the solar cycle 
24 was higher than the number of events occurred during the previous cycle, 
although the solar cycle 24 was weaker in terms of the Wolf number.

The level of coronal activity does not reflect the photospheric activity

Statistically the flare trigger precedes the CME observation (CSHKP model)

• A log-log relationship links the flare flux and the CME mass:

Log (mCME) = 12.33 + 0.23 Log ( φ f  )

The stronger the associated flare is, the more massive the CME is.



flarefluxCMEenergy log)04.033.0()12.040.23(log ±+±=

Test the goodness of the relationship 
Linear fit and chi-square test  = 0..10 
 Spearman coefficient = 0.89 
p-value = 0.91
Linear Pearson correlation coefficient = 0.90.
ALL THESE QUANTITIES INDICATE GOOD 
CORRELATION!

Analysis carried out also by Youssef 
(2012) :776 Flare-CME pair
Relation between flare flux and CMEs 
energy 

Correlation between CMEs mass and flare energy is a first step to shed 
light on some open questions: how  the energy is stored and which 
fraction of energy is released during the solar eruption, what is the 
source of the CME mass and how they are accelerated.
 The research carried out in this  Paper is a first step in order to 
understand the flare and CME relationship  and it surely deserves further 
investigations.

Future prospects
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