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SEVENTH FRAMEWORK
PROGRAMME

SEPServer: Data Services and
Analysis Tools for SEP Events and
Related EM Emissions

v’ The project is funded through the 7t Framework Programme of the EU
(Contract No 262773) and coordinated by the University of Helsinki.

v'It will combine data and knowledge from 11 European partners and several
collaborating parties from Europe and US.
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v' The SEPServer project will produce a new tool, which greatly facilitates the investigation of solar
energetic particles (SEPs) and their origin. This will be an Internet server providing:

ohigh-quality SEP data
Orelated electromagnetic (EM) observations and state-of-the-art analysis methods

Oa comprehensive catalogue of the observed SEP events

will provide educational and outreach material on solar eruptions and space environment on its website.
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\/The prOJect started in December 2010 and will last 36 months. The most significant
milestones are planned as follows:

OThe prototype server populated with the first data sets has been running since October
2011

OThe 15t catalogue of SEP events has been published on the project website in February 2012
OThe server will be released in November 2013 during a dedicated Splinter at ESWW10

v’ The consortium will also analyse the data using the data-driven methods and numerical-
simulation based inversion methods to be developed during the project.

v'A scientific Workshop, access by invitation, on SEP event analysis has been organised in Paris
from 19-22 March 2013

(http://www.sepserver.eu/sepserver/news/Dissemination/SE PServer_workshop 201 3.html)

v/ In addition the consortium will provide educational and outreach material on solar
eruptions and space environment on its website
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v SEPServer will provide public access to a number of SEP datasets that have been previously either
unavailable or available only through the Pl team. SEP experiments to be included in the database come from a
number of European and American missions:

OSOHO: COSTEP, ERNE (electrons 44 keV — 9 MeV, ions 1 — 100 MeV/n)

OACE: SIS, EPAM (electrons 40 — 310 keV, ions 0.05 — 100 MeV/n)

OWind: 3DP (electrons 30 — 500 keV, protons 0.07 — 7 MeV)

OSTEREO: SEPT and LET (electrons 30 — 400 keV, ions 0.07 — 30 MeV/n)

OHelios: E6 (electrons 0.3 — 2 MeV, ions 2 — 50 MeV/n)

oUlysses: COSPIN/KET and LET, HI-SCALE (electrons 30 keV — GeV, ions 50 keV — 2 GeV/n)

SEPServer will also provide streamlined access to the data from ground-based Neutron monitors.

v'In addition to energetic particle data, SEPServer will provide access to a comprehensive set of
electromagnetic emissions related to the SEP events. These include:

oSpectrographic radio observations from AIP/Tremsdorf, ARTEMIS, Nancay Decameter Array and
Wind/WAVES.

ORadio imaging observations from Nancay Radioheliograph

OMicrowave observations from the University of Bern

OX-ray and gamma-ray observations from INTEGRAL, RHESSI, GRANAT/Phebus, Compton/BATSE

All datasets will be accompanied with reports on the assessment of their quality
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ABSTRACT

SEPServer is a three-year collaborative project funded by the seventh framework programme (FP7-SPACE) of the European
Union. The objective of the project is to provide access to state-of-the-ant observations and analysis tools for the scientific com-
munity on solar energetic particle (SEP) events and related elec ic (EM) emissi The project will eventually lead w
better understanding of the particle acceleration and transport processes at the Sun and in the inner heliosphere. These processes
lead to SEP events that form one of the key elements of space weather. In this paper we present the first results from the systematic
analysis work performed on the following datasets: SOHG/ERNE, SOHO/EPHIN, ACE/EPAM. Wind/WAVES and GOES X-rays.
A catalogue of SEP events at 1 AU, with complete coverage over solar cycle 23, based on high-energy (~68-MeV) protons from
SOHO/ERNE and electron recordings of the events by SOHG/EPHIN and ACE/EPAM are presented. A total of 115 energetic par-
ticle events have been identified and analysed using velocity dispersion analysis (VDA) for protons and time-shifting analysis
(TSA) for electrons and protons in order to infer the SEP release times at the Sun. EM observations during the times of the
SEP event onset have been gmhe-red and compared to the release time estimates of particles. Data from those events that occurred
during the European day-time, i.e.. those that also have observations from ground-based observatories included in SEPServer, are
listed and a preliminary analysis of their associations is presented. We find that VDA results for protons can be a useful tool for the
analysis of proton release mm:s. bnl if the derived proton path length is out of a range of 1 AU <y < 3 AU, the result of the
Ivsis may be comyp dicated by the anti-c lation of the derived path length and release time delay from the asso-
ciated X-ray flare. The average palh length derived from VDA is about 1.9 times the nominal length of the spiral magnetic field
line. This implies that the path length of first-arriving MeV to deka-MeV protons is affected by interplanetary scattering. TSA of
near-relativistic electrons results in a release time that shows significant scatter with respect to the EM emissions but with a trend of
being delayed more with increasing distance between the flare and the nominal footpoint of the Earth-connected field line.

Key words. SEP — radiation — flares — radio emissions (dynamic) — projects
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# MeV/Poisson | (116 ) (32 MeV) me | Time | (AU) | Sy | (de)
CUSUM) MeV/Fit) MeV/Fit)
~120 MeV &
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SEPServer solar energetic particle event catalogue in and out of the ecliptic; a
Ulysses COSPIN/KET, COSPIN/LET and HISCALE particle data driven study

B. HEBER!, N. AGUEDAZ, D. HEYNDERICKX", K.-L. KLEIN?, O. E. MALANDRAKI®, A.

33ND INTERNATIONAL COSMIC RAY CONFERENCE, RI10 DE JANEIRO 2013
THE ASTROPARTICLE PHYSICS CONFERENCE
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The secondSEPServer
event catalogue

+ PAPAIOANNOU?, B. SANAHUJAZ, AND R. VaINIO®
d -I d I ° ! Christian-Albrechts-Universitéit zu Kiel, Germany, >Departament d'Astronomia i Meteorologia, Universitat de Barcelona, Barcelona,
eta I e a n a yS|S O n a Spain, *DH Consultancy BVBA, Leuven, Belgium, *LESIA-Observatoire de Paris, CNRS, UPMC Univ Paris, *Institute of Astronomy,

Astrophysics, Space Applications and Remote Sensing, National Observatory of Athens, Greece, ®Department of Physics, University of
Helsinki, Finland

case study

\ j heber@physik.uni-kiel.de

Abstract: SEPServer is a three-year collaborative project funded by the seventh framework
programme (FP7-SPACE) of the European Union. The objective of the project is to provide,
among other things, access to state-of-the-art observations and analysis tools for the scientific
community on solar energetic particle (SEP) events. The study of SEPs at different latitudes
and under different conditions provides useful information about energetic particle propagation
and acceleration, and is one of the focus areas of the project. The Ulysses mission, launched
in 1990, explored the three dimensional heliosphere during different solar activity conditions
until the spacecraft was finally switched off on June 30, 2009. The mission has been the only
one that allowed us to study the characteristics of SEPs at low and high latitudes. In this work,
the Cosmic Ray and Solar Particle Investigation (COSPIN) Kiel Electron Telescope (KET)
data of 38 to 125 MeV has been used to identify a number of 40 events SEPs observed in and
out of the ecliptic plane over solar cycle 23. Using electron observations from the Heliosphere
Instrument for Spectra, Composition and Anisotropy at Low Energies (HISCALE) and proton
intensities from the COSPIN Low-Energy Telescope (LET), different characteristics of these
events have been determined and compared with simulation based analysis and remote sensing
data from radio and optical observation. The event catalogue presented in this paper will be
available to the community for further analysis through http://server.sepserver.cu.

33" |CRC Proc., 2013

Keywords: Solar energetic particles, Analysis tool, Latitudinal distribution

1 Introduction

SEPServer (www.sepserver.cu) is a collaborative
project of eleven European partners funded by
the European Union’s Seventh Framework Pro-
gra.mm& The project was launched in December

010 and will run for three years. The main objec-
tive of the project is to develop an Internet server
facilitine access to snlar eneroetic narticle (SEPY

community in form of event catalogs. The results
are available online (server.sepserver.eu) in a re-
usable form and the community is encouraged to
make use of the results in further studies.
The first SEPServer event catalogue [22] is
based on SOHO/ERNE observations of ~68 MeV
roton intensities and contains 115 SEP events
rom 1996-2010 observed at L1. The focus of the
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Event catalogue: -:‘ISEPSEI'VEI' HELIOS-A Catzlogue "J’
Solar R
SEP Observations Comments
SEPServer HELIOS-A obssrvations N RME)
Catalogue Integral Protons | Protons (P37) Electrons (E2)
(ps1) '@/ (7] (7]
Event o P P P P e € Start | Peak R
# onset onset onset onset onset onset time T (AU)
20 40 20 40 20 4g
0= 28.07.1975 | 2:05 2:06 2:06 2:06 2:05 2:05
1 05.08.1977 | 20:50 | 20:51 | 20:50 | 20:55 | 19:48 | 20:51 0.784
2 08.09.1977 0.761 onset in data gap
3 19.09,1977 | 11:28 | 11:29 | 11:29 | 11:28 | 11:27 | 11:28 | 9:03 13:20 | 0.646
4 24.09.1977 | 6:15 6:15 6:15 6:15 6:15 6:15 0.59
5 22.11.1977 | 10:25 | 10:25 | 10:25 | 10:25 | 10:25 | 10:25 | 9:46 10:43 | 0.631
6 01.01.1978 | 21:54 | 21:54 | 21:54 | 21:55 | 21:53 | 21:55 0.966
double peak
7 13.02.1978 | 2:06 2:06 19:48 | 2:06 2:05 2:06 0.953
structure
8 08.04.1978 | 1:04 2:06 2:06 2:06 20:50 | 2:06 nisya) (220 neeon
DOY 97
9 11.04.1978 | 14:37 | 14:37 | 14:37 | 14:37 | 14:36 | 14:36 | 13:42 | 14:21 | 0,474 | G0UDIe PRk
structure
10 28.04.1978 | 13:33 | 13:33 | 13:34 | 13:3a | 13133 | 13:34 | 13:12 | 13:55 | o.eay | Muitiple peak
structure
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2 08,09.1577 0.761 | onset in data gap up Window with mors
2 3 19001977 | a1:za [ 11:29 | na:ze | aa:ee | na:zy | 1a:ee | w03 | 13:20 | 0s4s , o ) “’_"'
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[ 28071975 | 2:05 2006 2106 210G 2105 2105
1 05091977 | 20:50 | Z0:51 20:50 | Z0:55 | 1949 | 20:51 0784
2 OB.09.1877 0.761 | onsetin data gap
3 19.09.1977 | 11:28 11:29 10:29 | 10:29 | 10:27 | 11:28 | 03 13:20 | D646
4 24091977 | 6215 'HE] [ [HE] 615 [ 0.59
5 22212977 | 1025 | 10:25 | 1025 | 10:25 | pme2S | 125 | 46 10:43 | D631
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oo e e ructure
Onsettime using 2 ¢ Onsettime using4 o sotin deta gep/ |
uble paak structure
16 18081979 | 1530 15:38 15:39 | 15:39 | 1538 | 15:38 10:48 | 14:06 | 0,985 | double peak structure
17 08.09.197% S e e
18 01.05.1980 | 19:48 | 19:48 | 19:48 | 19:49 | 19:48 | 19:48 0.595 | double peak structure
19 Z6.05.1980 | 17:42 17:42 15:37 | 1539 | 15:36 | 15:38 13:04 | 14:19 | 0,31 ml P
20 21.06.19680 | 1:04 104 il 104 f:04 i:04 0,545 | double peak structure
21 06.07.1%80 | 0:02 [ F 1:02 102 0:02 o2 0714
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Pitch-Angle Distributions (PADs)
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v' PADs were calculated for all E’s channels of ACE/EPAM. Moderate
anisotropic characteristics was revealed and sector 7 of E'4 was
directed along the magnetic field.
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Onset Time Determination

Instrument Channel Onset time Sector
- ACE/EPAM E'4 (0.175-0.312 MeV) 14:33 7
Iy +n-o _
o Instrument Channel Onset time
SOHO/EPHIN Electrons (0.25-0.70 MeV) 14:27

v’ Onset times for ACE/EPAM and SOHO/EPHIN have been determined based on
the criterion of > I+30 or >I+40

Velocity Dispersion Analysis (VDA)

Electrons —Wind/3DP

1 Protons —SOHO/ERNE
fom scn!ll-E_:l = o + .33 [[1_.:'-':::'[[1]-'1} - 'i'_ll.E_] 5 Z::z_ ) ' /' ] 0.62
+ 0,80} N
v' Wind/3DP and SOHO/ERNE onset 2°" .
times have been determined by the E:: ezeazn E"“"g' :“u:uz
Poisson-CUSUM method. VDA has been 0.60 058 b = 14T T2 min

Q 5 10 15 20 19 1,5 20 25 340 35
Invarse Velocity [8-1] Inverse Velacity [8-1]

applied to these results.
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Anticipated Release Time Determination

v’ The SOHO/ERNE VDA presents, based on onset times determined by the Poisson-
CUSSUM method, a path length of 2.84 AU and an Anticipated release time of 14:31 * 15
min based on onset times determined by eye, a path length of 2.32 AU and an Anticipated

release time of 14:40 £ 17 min

v' The Wind/3DP VDA presents an anticipated release time 14:11 * 2 min when the path
length is considered to be 1.2 AU

Instrument Path length (AU) Release time
(UT)
Wind/3DP 1.2 14:11+ 2 min
Electrons (0.025-0.65
MeV)
SOHO/ERNE 2.84 14:31 £ 15 min

Protons (1.58-67.30 MeV) 2.32 14:40 + 17 min
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Modeling results
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Numerical Methods Applied

Monte Carlo (MC) Finite Differences (FD)
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Comparative analysis
. Scientific Analysis within SEPServer — New Perspectives
and DDA Of various in Solar Energetic Particle Research: The Case Study

datasets available via of the 13 July 2005 Event
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Abstract Solar energetic particle (SEP) events are a key ingredient of solar=terrestrial

physics both for fundamental research and space weather applications. Multi-satellite ob-

SO I ar P hyS .y 28 1, 3 3 3'3 5 2, 20 1 2 servations are an important and incompletely exploited tool for studying the acceleration
. and the coronal and interplanetary propagation of the particles. While STEREQ uses for

Ma Iandrak’ et al_’ 2012 this diagnostic two identical sets of instrumentation, there are many earlier observations

carried out with different spacecraft. It is the aim of the SEPServer project to make these
data and analysis tools available to a broad user community. The consortium will carry out
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SEPServer
Meeting in Athens

18-20 September 2013

Program Participants Contact

News

S

The website of the SEPServer

Progress Meeting has been
launched. SEVENTH FRAMEWORK
PROGRAMME

+ nveuor 20, 01 v'Overview of the
The st of the confimed  SEPServer Progress Meeting Proiect from the WP

Participants  as  well the
preliminary  4genda of the ATHENS, MARCH 11, 2013

SEPServer Progress Meeting Rosted by A. Rapaioannoy leaders

hawve been uploaded. SEPServer Progress Meeting will be hosted by the Mational

Observatory of athens and it will take place in athens from 18-20
Relevant info September, 2013, The organization of the meeting is undertaken by

 MAReH 11 201a 0.E. Malandraki and the Heliophysics Research Group. /2 O+ representatives
Information on the Yenue SEPServer project aims to facilitate the coordinated exploitation of the from 14 lnstitutes

of the Meeting have been various datasets by developing a server providing:

uploaded. ) -
1. Access to directional fluxes and compositional data of SEPs and

* MARCH 11, 2013 EM solar emissions J14 SCientific

2. hssessment reports

Information on transport Y ical Modeling Result P t tl f
and accommadation have N resen a lons rom

4, Scientific analysis results an all the catalogued SEP events

- -
SEPServer is a collaborative project that brings together experts from Young SClentlStS

eleven European Universities and institutes, Further info can be found
v'1 Public Talk

been uploaded today.

hera.

This project has been receiving funding from the Buropean Commission
FP7 Project SEPServer (2627730,

v'3 Talks from the
el ? SED B, Besad o o e emplki A dVi S OI‘y B oar d
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