
Solar energetic particles 

and space weather

ROSITSA MITEVA

rmiteva@space.bas.bg

Space Research and Technology Institute – Bulgarian Academy of Sciences

The International Workshop “Eruptive energy release processes on the Sun and stars: origins and effects”, 10–12 October 2018, Irkutsk, Russia



Contents (observer’s perspective)

 Particle observations in the heliosphere: trends, SC/longitudinal/latitudinal-

dependencies; instrumental effects 

 Solar origin associations: procedures and subjectivities

 Catalogs: protons and electrons

Χ Detectors, theory, numerical simulations: acceleration, escape, transport, 
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Solar energetic particles (SEPs): In situ observations

www.solarmonitor.org

http://www.gpo.gov/fdsys/pkg/GAOREPORTS-
GAO-07-1099T/pdf/GAOREPORTS-GAO-07-
1099T.pdf



Solar energetic particles (SEPs): Data sources & plotting 

https://cdaweb.sci.gsfc.nasa.gov/

http://server.sepserver.eu/



SEPs: Catalogs (Earth's perspective): online and papers

Online catalogs Published catalogs

NOAA preliminary listing (1976–present), p>10 MeV
https://umbra.nascom.nasa.gov/SEP/

Cane et al. (2010): p>25 MeV, IMP-8, 1996–2006 

Miteva et al. (2013): GOES, SOHO, ACE, 1996–2006

SEPEM reference list (1973–2013), p~7.23–10.45 MeV
http://dev.sepem.oma.be/help/event_ref.html

Dierckxsens et al. (2015), p>10, 60 MeV, GOES, 1997–2006 

Papaioannou et al. (2016), p>10, 30, 60, 100 MeV, GOES, 

1984–2013

ERNE major proton events (1996–1999), 12–100 MeV
https://srl.utu.fi/erne_data/events/proton/HED/eventlist.html

SOHO/ERNE particles events (1996–2007)
https://srl.utu.fi/SEPCatalog/index.php

SEPServer event catalogs (misc) p, e
http://server.sepserver.eu/

Vainio et al. (2013), misc lists

Paassilta et al. (2017), p~68 MeV, SOHO/ERNE, 1997–2016

Solar proton events (1980–2008), misc
http://www.wdcb.ru/stp/online_data.en.html#ref113

Kühl et al. (2017), >500 MeV, SOHO/EPHIN,

1997–2016

Proton event catalogs at SRTI-BAS (1996–2018)
http://newserver.stil.bas.bg/SEPcatalog/

Miteva et al. (2018), p~25, 50 MeV, 

Wind/EPACT, 1996–2016 

Miteva et al. (preliminary results on SOHO/ERNE)



SEPs: Longitudinal effects (ecliptic, near-Earth)

Lario & Simnett (2004)

ACE & IMP-8 



SEPs: Multi-spacecraft observations

e.g. Paassilta et al. (2018): 2009–2016 (SOHO/ERNE, ACE/EPAM, STEREO/SEPT)

 55% of near-Earth events are seen also by STEREO

 max-intensity for western events

 rise times and release delays are not a simple 

function of connection longitude



SEPs: Catalogs (STEREO; Ulysses)

http://server.sepserver.eu/

 STEREO: 2007 – 2012

Papaioannou et al. (2014): 

2007–2012 

(SEPServer STEREO catalog) 

 Paassilta et al. (2018): 

2009–2016 

(SOHO/ERNE, ACE/EPAM, 

STEREO/SEPT)

 Ulysses: 1998 – 2006

http://server.sepserver.eu/



SEPs: Latitudinal effects (historical remark)

Zhang et al. (2003): 14 July 2000 Bastille event

high-latitudes
vs. ecliptic:

 Later onsets

 Lower intensities

 Cross-field 

diffusion?

 Inner heliosphere

particle reservoir

during solar max: 
Maclennan and 
Lanzerottii (2003)



SEPs: Latitudinal effects (historical remark)

Dalla et al. (2003)

 No correlation

with longitude – Φ

 Correlation 

with latitude – θ



SEPs: Solar cycle effects

Miteva et al. (Sun&Geosphere 2017), http://newserver.stil.bas.bg/SUNGEO/



SEPs: Instrumental effects

 Data gaps – instrument black-out, safe mode, data transfer, etc.

ex. SOHO loss

 Sensitivity – background level at quiet times

ex. changing background level during solar cycles

 Pile up, contamination – counting two particles as one or at different energy

 Saturation → to use multi-instrument cross-correlation proxies?

ex. 11% (12/112) of SEPServer proton events

Miteva et al. (JASTP in press)



SEPs: (failed) Classification

Reames (1999, 2013) & Cliver (2009)

(III) (III)

Plateau-like

distribution

of SEPs
Cane et al. (2010)



SEPs: Solar origin – flares and CMEs (procedure)

 Subjectivity issues (observer’s issue): set of criteria for temporal and spatial association of the eruption

 Multiple eruptive phenomena (physics issue)

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



SEPs: Solar origin – Bulgarian–Russian project

http://newserver.stil.bas.bg/SEPorigin/



SEPs: Statistical studies – Pearson correlations 

@ given energy channel!

List of SEPs: peak flux

List of solar flares: class List of CMEs: speed



SEPs: Statistical studies – Pearson correlations 

Dierckxsens et al. (2015)

List of SEPs: peak flux

List of solar flares: class List of CMEs: speed

as function of energy!



SEPs: Solar origin – flares and CMEs

 Subjectivity issues (observer’s issue): set of criteria for temporal and spatial association of the eruption

Comparative analysis between solar origin associations: 

Differences

 SOHO/ERNE study vs. NOAA proton listing: 13% - for flares, 15% - for CMEs

 SOHO/ERNE study vs. Papaioannou et al. (2016): 11% - for flares, 15% - for CMEs
→ leads to statistical significant differences: lower correlations with flares compared to CMEs

 SOHO/ERNE study vs. Paassilta et al. (2016): 1% - for flares, 4% - for CMEs

 SOHO/ERNE study vs. Miteva et al. (2018): 3% - for flares, 4% - for CMEs
→ no significant differences for larger event samples and instruments other than GOES

Miteva (2018, preprint)



SEPs: Statistical studies – new approaches

Trottet et al. (Sol. Phys. 2015)

Partial correlation analysis

correlation between two variables (e.g. SEP flux and SXF class/CME speed) after removing the 

influence of control variable (CME speed/SXR class, respectively)
→ values always smaller than Pearson correlation coefficients

→ CME speed and SXR fluence (not SXR class) are the independent variables

→ microwave fluence has negligible effect

→ analysis extended in Miteva et al. (2018)

Papaioannou et al. (Sol. Phys. 2018)

(weighted) Principal component analysis

Technique to reduce the number of variables – transforms input parameters 

(width of CMEs, velocity of CMEs, log flare class, flare longitude, flare duration, flare rise time)

into a set of orthogonal components

PC1: velocity of CMEs, width of CMEs, log flare class

PC2: flare duration, flare rise time



SEPs: relationship to other solar phenomena

 EUV waves

 Prominences

Eruptive prominences

 Radio burst types II, III, IV

(1996–2016)

 Flares
Radio emission flux

Hard X-ray flare flux

EUV flare flux

 CME

Speed and energy
Miteva et al. (Sol. Phys. 2014)

 Catalog of EUV waves in relationship to SEP origin phenomena 

(1997–2006)

87% of SEPs are accompanied by EUV waves

10% of EUV waves have SEP signatures

 Detailed analysis of eastern EUV waves as origin of SEP events
→ Arrival of protons could be due to EUV wave acceleration

reaching the footpoints of the connection line
→ Arrival of electrons is earlier and not related to EUV wave 

arrival; electron distributions are isotropic or weakly anisotropic

 SEP-related EUV waves and other solar phenomena

88% are related to signatures of shock wave (type II radio burst)



SEPs: relationship to other solar phenomena

 EUV waves

 Prominences

Eruptive prominences

 Radio burst types II, III, IV

(1996–2016)

 Flares
Radio emission flux

Hard X-ray flare flux

EUV flare flux

 CME

Speed and energy
Tsvetkov et al. (JSWSC 2018)http://www.newserver.stil.bas.bg/SEPorigin/



SEPs: relationship to other solar phenomena

 EUV waves

 Prominences

Eruptive prominences

 Radio burst types II, III, IV

(1996–2016)

 Flares
Radio emission flux

Hard X-ray flare flux

EUV flare flux

 CME

Speed and energy
Tsvetkov et al. (JSWSC 2018)http://www.newserver.stil.bas.bg/SEPorigin/



SEPs: relationship to other solar phenomena

 EUV waves

 Prominences

Eruptive prominences

 Radio burst types II, III, IV

(1996–2016)

 Flares
Radio emission flux

Hard X-ray flare flux

EUV flare flux

 CME

Speed and energy

no data

catalog

Miteva et al. (JSWSC 2018)



SEPs: relationship to other solar phenomena

 EUV waves

 Prominences

Eruptive prominences

 Radio burst types II, III, IV

(1996–2016)

 Flares
Radio emission flux

Hard X-ray flare flux

EUV flare flux

 CME

Speed and energy

Miteva et al. (Sun&Geosphere 2018)

Upcoming results from:

Kashapova, Zhdanov and Meshalkina
under the SEP origin project

Solar flare contribution to SEPs

• type III dm & dm−m ↔ DH, type II:   3% (13/431) 

m-type III, type II: 13% (58/431)
• Upper limit: ∼16%

CME contribution to SEPs

• DH−km type II, dm & dm−m type III: 9% (38/431)

m-type II, dm-m type III: 26% (111/431)
• Upper limit: ∼35%

Mixed contribution to SEPs
∼32% (139/431)

No data in m–km: ∼17% (72/431)

t [UT]



SEPs: relationship to other 

solar phenomena

 EUV waves

 Prominences

Eruptive prominences

 Radio burst types II, III, IV

(1996–2016)

 Flares (emission from γ to radio waves)
Radio emission flux

Hard X-ray flare flux

EUV flare flux

 CME

Speed and energy

Miteva et al.
(Proceeding,
in press)



SEPs: relationship to other 

solar phenomena

 EUV waves

 Prominences

Eruptive prominences

 Radio burst types II, III, IV

(1996–2016)

 Flares 
Radio emission flux

Hard X-ray flare flux

EUV flare flux

 CME

Speed and energy

Miteva et al.
(Proceeding,
in press)



SEPs: relationship to other solar phenomena

 EUV waves

 Prominences

Eruptive prominences

 Radio burst types II, III, IV

(1996–2016)

 Flares
Radio emission flux

Hard X-ray flare flux

EUV flare flux

 CME

Speed and energy

SOHO/LASCO CME catalog: https://cdaw.gsfc.nasa.gov/CME_list/

projected speeds

Richardson et al. (2015)
using CME projected speeds from different catalogs:

consistent statistical results

De-projected speeds 
e.g. HELCATS (part of solar cycle 24)

New CME parameters
e.g. CME energy: consistent results as for projected speeds
Miteva et al. (2018, preprint)



SEPs: Space weather

 stability of spacecraft

 snow-effect on CCD

 solar cell degradation

 sensor background noise,

ionizations

 single event effects in

Electronics

 airline operation effects:

GPS navigation and 

communications

 increased radiation doses

e.g.

DiGregorio et al. (2008)
Kress et al. (2010)
Jones et al. (2005)



SEPs: Forecasting tools (user’s perspective)

 Physics based models

SOLPENCO (Aran et al. 2006)

EMMREM (Schwadron et al. 2010)

SEPMOD (Luhmann et al. 2010)

PREDICCS (Schwadron et al. 2012)

SOLPENCO2 (Crosby et al. 2015)

 Empirical models

REleASE (Posner 2007)

PPS (Kahler et al. 2007)

PROTONS (Balch 2008)

Laurenza et al. (2009); 

ESPERTA 

UMASEP 

(Nunez et al. 2011–2018)

FORSPEF 
(Papaioannou et al. 2018)

Zucca et al. (2018)

 Mixed models

COMESEP

(Crosby et al. 2015)

 Recycled models

e.g. HESPERIA project

 Neural network models

e.g. Irina Myagkova’s talk
Validation

Probability Of Detection = Hits/(Hits + Missed) (aim: ↗↗)

False Alarm Rate = False hits/(Hits + False hits) (↘↘)

Percent Correct = (Hits + True negatives)/Total number of forecasts (↗↗)

Heidke Skill Score, Warning Time…



SEPs: Future missions – Parker Solar Probe (launched 12-Aug-2018) 

http://parkersolarprobe.jhuapl.edu

https://www.nasa.gov/content/goddard/parker-solar-probe
→close-up (~9 sol. radii) observations

SWEAP

The Solar Wind Electrons Alphas and Protons 

investigation gathers observations using two 

complementary instruments: the Solar Probe Cup, or 

SPC, and the Solar Probe Analyzers, or SPAN. 

The instruments count the most abundant particles in 

the solar wind – electrons, protons and helium ions –

and measure such properties as velocity, density, 

and temperature to improve our understanding of 

the solar wind and coronal plasma. Image credit: NASA
https://www.youtube.com/watch?v=UQ-E1icMpVw



SEPs: Future missions – Solar orbiter (scheduled Feb-2020)

http://sci.esa.int/solar-orbiter/
→close-up (0.28 AU) and high-latitude (33°/sol. eq.) observations

EPD: Energetic Particle Detector
Principal Investigator: Javier Rodríguez-Pacheco, 

University of Alcala, Spain

Collaborating countries 

(hardware): Spain, Germany, USA, ESA

EPD will measure the composition, timing and 

distribution functions of suprathermal and 

energetic particles. 

Scientific topics: 

sources, acceleration mechanisms, and 

transport processes of these particles.
Image credit: ESA
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http://newserver.stil.bas.bg/SEPorigin/

more info @


