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WHAT IS THE ROLE OF (CME-DRIVEN) SHOCKS FOR SOLAR ENERGETIC ELECTRON EVENTS?

✦ Radio type II bursts prove the acceleration of electrons of a few keV 


✦ shocks at 1 AU are largely ineffective in accelerating ~100 keV 
electrons (Tsurutani & Lin 1985, Lario et al. 2003, Dresing et al. 2016, 
Yang et al. 2019)
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The role of (coronal) CME-driven shocks for solar energetic (≳100 keV) 
electrons is still debated

➤ How about the role of the shock close to the Sun?

✦ Only rare cases of interplanetary shock spikes at higher energies observed: 
E.g., Ulysses (Simnett 2003), Voyager (Sarris & Krimigis 1985), PSP (Mitchell 
et al. 2021)


✦ Shock acceleration modeling (e.g. Guo & Giacalone, 2015, Trotta & Burgess, 
2019) suggests that ≳ 100 keV can only be reached under special 
conditions (e.g., high Mach-number shock, large amplitude magnetic 
fluctuations)
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FIGURE 2. Examples of white light shocks with the ’double front’ morphology in LASCO images.
Right panel: The October 28, 2003 halo CME showing the shock and driver. Middle panels: Other
examples of the “double front” morphology. Right panels: The same event can appear as a normal 3-part
CME (top) or a “double front” (bottom) depending on the contrast (see text for discussion).

models [12] but have not been recognized in the images until now. This morphology
is clearly associated with wide (partial or full halo) and fast CMEs, and with so-called
3-part structure CMEs. It appears then that the latter nomenclature is clearly a misnomer
resulting from lower contrast of past observations (right panels of Fig. 2). The implica-
tions of this discovery and a detailed study of these events with comparisons to models
will be discussed in an upcoming paper [26].

EXTRACTION OF THE SHOCK PHYSICAL PARAMETERS

The above morphologies are just two of the most easily recognized signatures of shock
in the images. Shock fronts exhibit much more variability in the images. They can be
continuous or appear over a small range of position angles. Sometimes they are detected
ahead of the CME nose and sometimes not. Many times, no such fronts are seen ahead
of fast CMEs but they can been seen in their flanks. Other times there is no evidence
for a faint front anywhere around the image. In the majority of these cases, though, the
CMEs propagate in the wake of another CME which disturbs the environment. Generally
speaking almost all fast CMEs exhibit a faint front somewhere ahead of the main event.
When such front is detected, we can extract some physical parameters from it, such as
density compression ratio, speed, and even direction, as was shown by [17] (Fig. 3).

Compression Ratios

To derive a density compression ratio, we first estimate the density at the shock
and the preevent density. The latter is usually determined by the inversion of partial

Vourlidas & Ontiveros (2009) 

Lario 2005

mailto:nina.dresing@utu.fi


Nina Dresing       nina.dresing@utu.f

GLOBAL SHOCK MODELING
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Kouloumvakos et al., 2019

Kouloumvakos et al., 2019

➤ 3D structure of the shock wave is triangulated from images taken by STEREO and 
the SOHO (Rouillard et al. 2016)


➤ Global 3D MHD coronal model (PSI/MAST model; Lionello et al. 2009; Riley et al. 
2011) is used to obtain the 3D distribution of basic shock parameters (e.g., Mach 
numbers, compression ratios, ΘBn) along the shock front


➤ This allows to infer the corresponding shock parameter at the magnetic 
connection point of each spacecraft
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CORRELATING ELECTRONS WITH SHOCK PARAMETERS
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➤ Strong correlation with the Alfvénic 
Mach number for MeV electrons and 
protons


➤ Weaker correlation with <100 keV 
electrons


➤ No clear difference between MeV 
electrons and protons

➤ No correlation with shock 
geometry (𝚹Bn)


➤ No clear difference between 
electrons and protons
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TESTING THE RELATION WITH SHOCK - BIG FLARE SYNDROME?
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➤ Large eruptions often have both, strong flares and fast/wide CMEs


➤ Difficult to separate flare and shock contribution

➤ However, in our sample the electron peak intensities don’t 
correlate with the flare class
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TESTING THE RELATION WITH SHOCK: POSITION OF THE FOOTPOINT MATTERS!
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➤ Correlation of  STEREO 
A (B) peak intensities 
with shock parameters at 
the magnetic footpoint of 
STEREO A (B)
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TESTING THE RELATION WITH SHOCK: POSITION OF THE FOOTPOINT MATTERS!
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➤ The correlation disappears if 
we swap STEREO A and B: 
correlation of peak 
intensities of STEREO A (B) 
with shock parameters at 
STEREO B (A) footpoint

➤ Correlation of  STEREO 
A (B) peak intensities 
with shock parameters at 
the magnetic footpoint of 
STEREO A (B)
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SUMMARY
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Kouloumvakos et al. (2019)Dresing et al. (2022) ApJL 925 L21, doi: 10.3847/2041-8213/ac4ca7

➤ We compared electron peak intensities (STEREO, cycle 24) with modeled shock parameters at the magnetic 
footprint of the spacecraft (33 events, Kouloumvakos+(2019))


➤ We find a strong correlation between ~1 MeV electron peak intensities and the shock Mach number of 
0.69


➤ No significant differences between 1 MeV electrons and 60-100 MeV protons, which suggests a similar 
acceleration region (and mechanism?!) at the shock 


➤ Correlation of < 100 keV electrons with various shock parameters is always weaker and might represent a 
mixture of flare and shock acceleration
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➤ We compared electron peak intensities (STEREO, cycle 24) with modeled shock 
parameters at the magnetic footprint of the spacecraft (33 events, 
Kouloumvakos+(2019))


➤ We find a strong correlation between ~1 MeV electron peak intensities and the 
shock Mach number of 0.69


➤ No significant differences between 1 MeV electrons and 60-100 MeV protons, 
which suggests a similar acceleration region (and mechanism?!) at the shock 


➤ Correlation of < 100 keV electrons with various shock parameters is always weaker and 
might represent a mixture of flare and shock acceleration


