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I. DEFINITIONS

SEP

→ protons (10s keV – GeV), electrons (keV) and heavy ions (MeV) with solar origin

→ follow in time solar activity and show velocity dispersion trends

Solar energetic particles (SEPs)

www.solarmonitor.org server.sepserver.eu



Solar origin: flares and coronal mass ejections
I. DEFINITIONS

SOLAR ORIGIN

https://cdaw.gsfc.nasa.gov/CME_list/daily_plots/sephtx/2014_02/sephtx_20140225.png

Association criteria:

→ Strongest flare-CME pair prior the SEP 
onset

→ SEP profile shape

Western origin: fast rising

East origin: slowly rising



Longitudinal variation SEP profile: Earth’s perspective
II. OBSERVATIONS

WHAT IS KNOWN

Lario & Simnett (2004)

ACE & IMP-8 



II. OBSERVATIONS

WHAT IS KNOWN

Paassilta et al. (2018) 

Longitudinal variation SEP profile: Earth & STEREO view

Western origin: fast rising

East origin: slowly rising, long durations, lower intensities



II. OBSERVATIONS

WHAT IS KNOWN
Solar cycle variation

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

SEP yearly distribution 

follow in time the 

distribution of solar 

eruptive phenomena 

(flares and CMEs)

Decreasing trend: 

all SEPs (25%, small SEPs –

65 %, large SEPs), 

all flares (33%, c-class to 

44%, X-class) and 

all CMEs (33% increase for 

slow CMEs, but 46% drop 

for faster than 1000 km/s) 

in SC24 compared to 

SC23.



II. OBSERVATIONS

WHAT IS KNOWN
70-to-30 % dominance of western origin events

Miteva et al. (2018), Wind/EPACT catalog



II. OBSERVATIONS

WHAT IS KNOWN
Southern (SC23) to northern (SC24) hemisphere asymmetry

Miteva et al. (2018), Wind/EPACT catalog
for strong SEPs: SC23 – southern; SC24 – northern 

Chandra et al. (2013)
SC23 rise – southern source region

SC24 rise – northern

Garcia (1990): SC20, SC21
Joshi & Joshi (2004): SC21, SC22 (north), SC23 (south)



Multi-spacecraft observations
II. OBSERVATIONS

Dalla et al. (2003)

Desai & Giacalone (2016) 



Multi-spacecraft observations
II. OBSERVATIONS

a) Flare 

injection into 

narrow 

region

b) CME 

injection into 

IP space 

over broad 

region near 

the Sun

c) CME 

injection 

near the Sun 

with cross-

field diffusion 

or CME/IP 

structures 

interactions

 55–105 keV

electron 

anisotropies 

at 21 large 

SEPs

Desai & Giacalone (2016) 



III. OPEN ?SSolar origin: impulsive vs. gradual SEP classification

Desai & Giacalone (2016) 



Solar origin: impulsive vs. gradual SEP classification
III. OPEN ?S

Reames (1999, 2013) & Cliver (2009)

(III) (III)

Plateau-like

distribution

of SEPs

Cane et al. 

(2010)



Ion charge, composition, abundances
III. OPEN ?S

Desai & Giacalone (2016) 



Energy dependence and solar origin
III. OPEN ?S

Dierckxsens et al. (2015) as a function of energy!



III. OPEN ?S

Desai & Giacalone (2016) 



 Empirical models

e.g. 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)

 Physics based models

e.g. 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)

 Mixed models

e.g. COMESEP(Crosby et al. 2015)

 Recycled models

e.g. HESPERIA project, book

 Neural network models

(not a complete list)

IV. FORECASTING

https://ccmc.gsfc.nasa.gov/challenges/sep.php



NOAA preliminary listing (1976–present): https://umbra.nascom.nasa.gov/SEP/ 

SEPEM reference event list (1973–2013): http://dev.sepem.oma.be/help/event_ref.html 

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

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

SEPserver event catalogs (several, 1997–2012/2015): http://server.sepserver.eu/ 

Solar proton events (1970–2008): http://www.wdcb.ru/stp/online_data.en.html#ref113

SRTI-BAS proton events (1996–2018): http://newserver.stil.bas.bg/SEPcatalog

Online
V. CATALOGS

PROTONS



NRIAG electron catalog (1997–2018): 

http://www.nriag.sci.eg/aceepam-electron-event-catalog-2/

Online
V. CATALOGS

ELECTRONS

 for direct comparison with EM emission

http://www.nriag.sci.eg/aceepam-electron-event-catalog-2/


Bulgaria–Austria bilateral collaboration project
VI. NEW PROJECTS:

FLARE EMISSIONS

planned

new, under completion

new, under completion

standard, completed

Benz (2002) 



Bulgaria–Austria bilateral collaboration project
VI. NEW PROJECTS:

FLARE EMISSIONS

17–22 MeV proton events (http://newserver.stil.bas.bg/SEPcatalog/) in 1996–2017: ~660 
events
Flare association: ~400 events
 RHESSI coverage of onset-to-peak (http://sprg.ssl.berkeley.edu/~tohban/browser/): 
70 events; 
(background-subtracted) analysis of 70 events also done in: 
 GOES SXR 
(incl. derivative)
 SDO/AIA 
(1600 Å)
 RSTN 
(15.4 GHz)
 EVE coverage
(2010-2018)
 RSTN coverage
(1996-2018)

Benz (2002) 



Title: Development of a physics-based prototype model chain for 

SEP acceleration and transport forecasting for the inner heliosphere

PI: Kamen Kozarev

Duration: 2019-2020

 Coronal shocks: CASHeW model (Kozarev et al 2017)

 Diffusive shock-acceleration due to CMEs

 Heliospheric transport: EPREM code (Schwadron et al. 2010, 2015, Kozarev et al. 2010, 2013)

 2D coronal plasma maps (Zucca et al. 2014)

 Database of typical parameters to be used in the forecasting

 Validation

ESA’s project
VI. NEW PROJECTS:

FORECASTING



Radiation hazard (RAD instrument/Curiosity rover)

≤ 1 Sv during 

astronaut’s 

career 

Desai & Giacalone (2016) 



Radiation hazard (Liulin-MO/ExoMars Trace Gas Orbiter)

≤ 1 Sv during 

astronaut’s 

career 

Semkova et al. (2018), Icarus

“Data show that during the cruise to Mars and back (6 months in each direction), taken 

during the declining of solar activity, the crewmembers of future manned flights to Mars 

will accumulate at least 60% of the total dose limit for the cosmonaut's career in 

case their shielding conditions are close to the average shielding of Liulin-MO detectors –

about 10 g cm−2.”

http://www.esa.int



Parker Probe Plus
VII. NEW MISSIONS

PPP

Image credit: NASA
https://www.youtube.com/watch?v=UQ-E1icMpVw

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.



Solar Orbiter
VII. NEW MISSIONS

SO

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



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

SPACE WEATHER 

PRESENTATIONS


