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PROTEC-1-2014 ‘Space Weather’ 

High Energy Solar Particle 
Events Forecasting and Analysis   

 Solar energetic particles (SEPs) are of prime astrophysical interest, but are      
also a space weather hazard motivating the development of predictive capabilities.  

The project is funded through the European Union’s HORIZON 2020 research 
and Innovation Programme (Contract No 637324) and coordinated by the National 
Observatory of Athens in Greece (Project Coordinator: Dr. Olga Malandraki) .  

It will combine data and knowledge from 9 European partners and several 
collaborating parties from US and Russia. 
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WP8 

 The HESPERIA ‘High Energy Solar Particle Events Forecasting and Analysis’ project will:  

 produce two novel forecasting tools based upon proven concepts (UMASEP, REleASE).  

 advance our understanding of the physical mechanisms that result into high-energy solar particle 
events (SEPs) exploiting novel datasets (FERMI/LAT/GBM; PAMELA; AMS)  
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Facts & Figures: 

 The project has just started on May 1, 2015 and will last 24 months.  

  

The most significant milestones are planned as follows: 

o The first forecasting results published via the Consortium Server in May 2016  
o The results on the SEP simulation modelling for Fermi/LAT events as well as the 

inversion software for GLE events will be posted online in October 2016. 
o The web-based front-end of the four SEP prediction tools will be released in the 

HESPERIA Server in April 2017 

 

A scientific Workshop, open to the community, on SEP event analysis will be organised 
in  Paris in Fall 2016 

 In addition the consortium will provide educational and outreach material on solar 
eruptions and space environment on its website 
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Hesperia Overall Objectives 

National Observatory of Athens 
(NOA) 

1. To develop two novel SEP forecasting systems based                

upon proven  concepts (UMASEP, REleASE) 
 

2. To develop SEP forecasting tools searching for electromagnetic 
proxies of the gamma-ray emission in order to predict large SEP 
events 
 

3. To perform systematic exploitation of the novel high-energy  

gamma-ray observations of the FERMI mission together with  

in situ SEP measurements near 1 AU  
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Hesperia Overall Objectives  

National Observatory of Athens 
(NOA) 

4. To provide for the first time publicly available 

software to invert neutron monitor observations of  

relativistic SEPs to physical parameters that can be  

compared with the space-borne measurements at lower energies.  
 

5. To perform examination of currently unexploited tools (e.g. Radio 
emission) 

 

6. To design recommendation for future SEP forecasting systems. 
 

 All results will be openly accessible to the public through the  

dedicated web interface of HESPERIA   
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          FR                 FR                  FR Ulysses @~ 5 AU near 
the ecliptic plane  

 
The more intense and 
longer duration CIR 

MeV/n ion 
enhancements 

typically associated 
with the REVERSE 

SHOCK 
 

Malandraki et al. 
2008, Ann. Geophys.  
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STEREO-B  &  STEREO-A  
CIR observations in August 2008 

 
Shock fronts of CIRs:  

Main source of energetic  
particle enhancements  

observed at 1 AU  
 

Observations also showed  
evidence for particle  

acceleration in the vicinity of the 
s/c @ 1 AU 

 
Gomez-Herrero, Malandraki,   

et al. 2011, JASTP 

FS  STEREO-B     STEREO-A 
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In this work:  
 

• We explore the role of local CIR-associated 
particle acceleration in the formation of time-

intensity profiles of suprathermal particle fluxes 
 

• We investigate whether the bounding of the 
Heliospheric Current Sheet (HCS)- associated 

magnetic islands by the HCS from one side and the 
CIR front from the other side (which also contains 

local current sheets) may produce significant 
particle acceleration  
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Coordinates of STEREO 

A, B are given in the 

figure; Ulysses was at 

1.4AU, ~10 deg. above 

the ecliptic plane 

Analysis of the CME- and coronal 

hole-originating CIRs interaction with 

the HCS on 25 August – 2 

September, 2007 from five(!) 

spacecraft (STEREO A and B, 

Wind/ACE and Ulysses). 

The sequence of the HCS crossings 

was as follows: 

STEREO-B – WIND/ACE – STEREO A - 

Ulysses 

STEREO A: one ICME http://www-

ssc.igpp.ucla.edu/~jlan/STEREO/Level3/

STEREO_Level3_ICME.xls, but WIND 

and STEREO B observed a sequence of 

CIRs. Ulysses registered CIRs, with a 

shock ahead. 



The energetic particle flux 

increases observed by the 

STEREO pair looked 

different. These were not 

SEP events due to flares 

or ICMEs, but flux 

enhancements related to 

CIRs. As we will show 

later, CIRs originated from 

(1) long-lived low-latitude 

coronal hole, and (2) a  

weak CME that did not hit 

the Earth directly.  

 

The interesting aspect of 

this event is that the 

energetic particle flux 

enhancements were 

observed both before the 

first CIR’s approach and 

between two CIRs. 

CIR1 

CIR1 



STEREO B observed 

two consecutive CIRs. 

Signatures of the HCS 

crossing are seen one 

day before CIR1, but the 

Wu et al. work ignored 

this earlier HCS 

observations. 

Z. Wu  et al. 

Observations of 

energetic particles 

between a pair of 

corotating interaction 

regions. The 

Astrophysical 

Journal, 781:17 

(13pp), 2014 

STEREO-B – WIND/ACE – 

- STEREO A - Ulysses 



STEREO B 

Wu et al. 

STEREO A 

Energetic particle flux increases observed between CIR1 and CIR2. Additionally, there 

were unexplained smaller-scale flux enhancements before CIR1. 



Interpretation by Wu et al. is classic:  

there were two couples of forward/reverse shocks in the  U-shape system of CIRs with 

the curved-inward IMF lines. Particles are accelerated by reflection from the shocks.  

Problem of the interpretation: the rarefaction region corresponds to the high-speed 

solar wind stream that does not allow such a configuration of the IMF lines. The high-

speed streams make IMF lines more radial, and the quasi-local lines‟ bending would 

be swept out from such a U-shape configuration. 



-shaped cavities, where magnetic 

islands (observed in situ) are confined 

by walls of CIRs and the crumpled 

HCS 

Our interpretation: 

1) According to STEL 

observations, there were 

several nabla-shaped 

cavities formed by the 

sequence of streams from 

coronal holes and CMEs. 

This led to plasma 

confinement between the 

heliospheric current 

sheet (HCS) and current 

sheets belonging to 

CIRs. Details will be shown 

later. 

2) The HCS and strong local 

current sheets together 

with magnetic islands 

localized inside the  -

shaped cavities played a 

significant role in particle 

acceleration, which was 

local.  



CIR1+CSs HCS 

plasma Magnetic field 

STEREO B 

HCS CIR1+CSs 

The HCS crossing occurred on 24 August 2007 (see the clock angle behaviour in the “Magnetic 

field” plot). Then, within several hours, a CIR1 filled with magnetic islands and small-scale current 

sheets arrived. 



STEREO B – the HCS crossing before CIR1 

HCS 

The HCS crossing occurred before the CIR1 

leading front crossing. The detailed picture of 

the ion energetic spectrum (the upper panel) 

shows  the energetic particle flux increase 

started from the moment of  HCS crossing (the 

yellow stripe). The most expressed variations of 

flux occurred not between the HCS and the 

CIR‟s leading edge seen from plasma data (the 

left edge of the red stripe), but between the 

CIR- associated current sheet (the vertical 

black line no.1) and the heliospheric current 

sheet. Subsequent crossings of other current 

sheets  (2-4) inside CIR1 are related to 

energetic particle flux increases as well, 

because current sheets at the leading edge of 

CIRs are as strong as the HCS due to 

compression and the IMF enhancement. 

The difference between the way of particle 

acceleration at shocks and current sheets can 

easily explain observations. A shock accelerates 

particles predominantly in the direction of its 

propagation, but not backward. It works like a 

wall, pushing off particles in front of it. The 

reconnecting current sheet accelerates particles 

in both directions respective to its midplane. 

That is why the accelerated particles are 

observed in a wide area around the CIR‟s main 

current sheet at the leading edge and related to 

the location of other current sheets. Magnetic 

islands locked in between CIR’s current 

sheet and the HCS trap and additionally 

accelerate ions. The same occurs between 

current sheets behind the CIR‟s leading edge if 

there are magnetic islands between two current 

sheets (see the next figure).  

CIR1 

1    2    3        4 



STEREO B – magnetic islands before CIR1 

HCS CIR1 

1    2    3        4 

N and B anticorrelate in the 

area in between the HCS and 

CIR1. Most impressive 

magnetic islands (green and 

purple stripes) corresponding 

to the maximum of E (upper 

fig. on the right) are analyzed 

with 0.03 sec resolution in the 

next figure. 



According to 0.03 sec 

resolution data (29641 

points), 2 magnetic 

islands having width 

from 10 to 30 minutes 

are clearly separated. 

Rotation occurs mainly 

in Bn-Br and Bt-Br 

planes, in Bn-Bt the 

polarization is 

predominately linear. 

STEREO B – magnetic islands between the HCS and CIR1  

B vector rotation in the  Bn-Br plane during the whole period from the HCS to CIR1  

1-min resolution 



STEREO B: IMF properties during the ion flux increase between current sheets no.2 and 3  

2             3                     

Current sheets 2 and 3 are indicated as yellow stripes. Strong anti-correlation between B and N together with 

the IMF vector rotation mainly in the ecliptic plane are signatures of magnetic islands. Two magnetic 

islands with L~106 km between the current sheets 2&3 are revealed by the observations. 

magnetic island  magnetic island  
50384 points 



Particle acceleration may occur inside magnetically confined 

structures (closed areas between current sheets with strong 

surrounding magnetic field). This may be an area between an 

ICME and the heliospheric current sheet  

(Khabarova et al., 2015),  

Preprint @ http://arxiv.org/abs/1504.06616 

 between a CIR and the HCS, as well as between two strong 

current sheets of any origin. 

HCS 

CS inside CIR 

Preliminary conclusion 

http://arxiv.org/abs/1504.06616


STEREO-B – WIND/ACE – 

- STEREO A - Ulysses 

HCS 

1   2  3   4 

25 Aug.2007, 00:00 – 12:30 There is a 

vast area 

filled with 

magnetic 

islands in 

between the 

HCS and the 

first CS which 

belongs to the 

CIR1. 

The ion flux 

increase is 

observed in 

this area. The 

maximum is 

related  rather 

to the CS1 

than to the 

CIR1 shock. 



STEREO-B – WIND/ACE – 

- STEREO A - Ulysses 

STEREO A observations of energetic particle flux enhancement before the CIR1 arrival  

CIR1 

CIR1 

STA detected CIR1 later than 

STB, but the ion flux increase 

preceding CIR1 was seen even 

clearer and lasted longer.  

It was due to anti-sunward 

ions, which came first (see the 

next figure). That could not be 

if they were streaming sunward 

from the CIR1 forward shock.  

Sunward accelerated ions were 

detected many hours later.  



STEREO-B – WIND/ACE – 

- STEREO A - Ulysses 

STEREO A observations of energetic particle flux enhancement before the CIR1 arrival  

There was approx. one day delay between detection 

of accelerated anti-sunward and sunward ions . 





Classic view of the HCS 

V-shape cavities, where magnetic islands 

(observed in situ) are confined by walls of 

CIRs and the crumpled HCS 



Long-lived low latitude coronal holes 



The V-shape cavities are consequences of stream interaction. Most 

streams flow from low-latitude coronal holes and sometimes face weak 

ICMEs. The streams of both kinds have different shapes, different 

speeds and different ways of propagation from the Sun to 1 AU. ICMEs 

propagate nearly radially and look like expanding balls, but the 

streams from coronal holes look like expanding corotating tubes. As a 

result, V-shape structures can be formed. 

 

Next two slides shows SMEI measurements of the solar wind density in the 

visible light. SMEI was designed to observe ICMEs, but, in fact, it can show 

merely borders of ICMEs or flows from coronal holes (which are SIRs/CIRs), 

no more. It cannot „look inside‟ ICMEs until they have crossed Earth‟s orbit.  

 

Anyway, it is not bad for us, because we want to know where CIRs were. 

CIRs from coronal holes are stable and conic-like, but ICMEs, even after 

weak CMEs, move faster, and they produce ball-like “CIR-shells”. Actually, 

an ICME can move slower than a coronal hole flow, but since the latter has 

a permanent source at the Sun, the entire picture looks like the ICME 

moving on the background of a stable slowly rotating stream.  

Density structure is partially responsible for what we see in blue velocity 

pictures. On the other hand, velocity determines the IMF shape, so the 

whole picture of the event is in our hands. 
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4 days, but 

the coronal 

hole flow is 
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Velocity/ IMF Density 

An illustration how interacting streams form V-shape cavities 

http://smei.ucsd.edu/new_smei/smei_images/day.php?year=2007&month=8&day=25&type=smei3drecons


DISCUSSION - CONCLUSIONS 
 

 Using multi-s/c observations, we have presented evidence 

for significant LOCAL particle acceleration associated  

with CIRs in August 2007 

 

Our new paradigm: Particle acceleration occurs inside 

magnetically confined structures (closed areas between 

current sheets with strong surrounding magnetic field)  

 i.e. in numerous small-scale magnetic islands 

observed between the HCS and the CIR, also containing 

local Current Sheets.   

 

 The new paradigm can well account for local low energy 

particle enhancements up to 1 MeV associated with CIRs. 

 

 In recent theoretical work (Zank et al. 2014, ApJ): 

Particle Energization by reconnection related processes of 

Magnetic Island Merging and Contraction 
 

 


