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Introduction

Based on multi viewpoint
imagery for half a dozen
events previous studies
have revealed a connection
between,
the spatial and temporal
evolution of coronal/IP
shock waves and the
longitudinal spread and
timing of SEP events.

Rouillard et al. 2012, 2016; Kouloumvakos et al. 2014; Lario et al. 2014, 2017;
Kozarev & Schwadron 2016; Kwon & Vourlidas 2017, 2018;

Statistical Studies:
SEPs + CME properties

- Correlations of CME parameters cannot
capture the complexity of shock waves.
- Projection effects
- Magnetic connectivity
> Detailed 3D Shock wave modeling +
Calculation of critical parameters

Kahler & Vourlidas (2012)

Richardson et al. (2015)

Missing a big part, of the
SEP acceleration during the
Shock expansion from the
corona to 1AU
Reames (2012)

Ipeak

SUN

CME

Shock Parameters in 3D
& Magnetic Connectivity

Shock Wave

+ shock parameters from in-situ

Shock properties and Solar Energetic Particles
Our purpose is to study the potential role of shock waves as accelerators of SEPs.
Analysed 33 multi-s/c
SEP events (Passilita et al. 2017)
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Shock Waves Modeling in a Nutshell:
Coronal
Observations
MHD
Simulations
Magnetic
Connections

Temporal
Evolution

Multi-instrumental reconstruction of coronal shock waves
Coronal
Observations

Critical Shock Wave Parameters

+

MHD
Simulations

Rouillard et al. (2016)

Accounting for Magnetic Connectivity
Magnetic
Connections
Temporal
Evolution
Plotnikov et al (2017)

- Shock
parameters are
registered to FL.
- Statistics from
“CR-maps”
- Evolution of the
Shock
parameters to
selected regions

Shock 3D Speed vs SEP Peak Intesity
Shock Speed:
- Our CCs: ~65%
Improvement when we
consider the 3D evolution of
the shock speed at the
well connected FLs

Traditionally

CME

Shock 3D
speed Appex

CME

SUN

SUN

CME

Shock
Wave

SUN

Shock Wave

Shock 3D speed
& Connectivity

- Tradditional CCs: ~55%

Shock MA vs SEP Peak Intesity
SUN

Ip vs Mach Numbers
Improvement of the CCs
compared to those of
the Shock speed.
- CCs: ~70-75%
This result supports the conclusions drawn
by previous studies of selected events (e.g.
Rouillard et al. 2016), namely, that efficient
particle acceleration likely occurs in regions
of high Mach numbers.

CME

Shock Wave

Shock 3D properties and Solar Energetic Particles
Shock Properties at very
Distant Connected points
At very distant connected footpoints
(ΔΦ ~120o) a magnetic connection to
supercritical shock regions is possible.
Shock waves can be supercritical
over a wide spatial extent (and for a
long time).
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For ∆Φ<120 super-critical shocks are
measured in all but eight cases.
However, for higher ∆Φ values (>120) we find
only four instances of super-critical shocks.

Shock 3D properties and Solar Energetic Particles
Shock Properties at very
Distant Connected points
Super-criticality is reached
between 1.2–6 Rs. The shock
waves reach their maximum
strength, at heights well bellow
20 Rs.
It is unclear if there is a
dependence of Ip with the
connection height.

Shock 3D properties and Solar Energetic Particles
Shock Waves Evolution
and SEPs Release Times
Good connection of the spatial
and temporal evolution of the
shock waves and the release
time of the SEP events.

DT Median around:
-11 minutes for VDA
-23 minutes forTSA
The best timmings are
registered for ΔΦ<70o
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Concluding Remarks:
The results of our study can be summarized as
follows:

1) A good correlation of Ip vs. V sh has been found when
considering 3D-fittings and magnetic connections. The
correlation coefficients (CC) are better (~65%) than the CCs of
CMEs or the shock speed at the appex (tradditionally).

The spatial and temporal evolution of
critical coronal shock wave parameters,
like MA, are related with the characteristics
of the observed SEPs insitu.

2) The best correlation was found between Ip vs. M A , the
maximum CC was found in the 40-60 MeV energy range
(CC~75%). Ip~MA^2

Efficient particle acceleration likely occurs
in shock regions of high Mach numbers.
Shock waves can be supercritical over a
wide spatial extent and for a long time.

3) Lower but good correlations were found between Ip vs.
shock compression ratios, with CC~55-60%.
4) At very distant connected footpoints (ΔΦ ~120o) a magnetic
connection to supercritical shock regions is possible.
5) The first acceleration and release of the SEPs are observed
in a narrow region between 2 and ~6 Rs.
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