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Motivation

Create comprehensive
Solar Energetic Particle Event lists
[Catalogues] based on STEREO recordings

| SEP event (optimally) should provide:

* the event characteristic parameters (year, month, day, onset and peak time)
* information on the s/c, the species and the energy channels used

description of an SEP requires:

* reports on parameters of the solar activity that can be associated with each SEP event

* the solar source associated with an SEP event
* observational data accompanying the source activity

11th Hellenic Astronomical Athens
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Solar Terrestrial Relations Observatory-STEREO

//:: SWAVES SECCHI
e ' IMPACT %

4o I/ ,

S/WAVES ANTENMAS

7 MULTI-LAYER
= INSULATION

PLASTIC INSTRUMENTS

IMPACT
INSTRUMENTS

CORONAGRAPH

HELIOSPHERIC IMAGER
HIGH GAIN AMTENNA

EXTREME UV IMAGER

STEREQ AHEAD

http://stereo.gsfc.nasa.gov/launch.shtml Luhman et al., 2008

http://www.solarstormwatch.com/mission_briefing/the_stereo_spacecraft
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Instrumentation

srfrereo ~impectrt \

In-situ Measurements of Particles and CME
Transients (IMPACT)

Low Energy Telescope (LET) Solar Electron Proton Telescope
(SEPT)

e-: 0.065-0.43 MeV
ions: 0.084-6.5 MeV

p: 1.8-10 (15) MeV
He: 4-10 (15) MeV/n
heavy ions

SEPT-N/S %

52° and 52.8° view cones;
four directions

Two 133° x 29° view cones

Mewaldt et al., 2008 Miieller-Mellin et al., 2008



Compilation of the STEREO catalogues

Criteria

* Selection of events using STEREO/LET
protons with 6 MeV < E <10 MeV:

Increases above background

No other intensity threshold applied
Cross-check with CIRs & ICMMIEs

Cross-check with electrons (SEPT)

Cross-check with HET recordings (40-100 MeV)

O O O O O

Papaioannou et al., in preparation, 2013
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Compilation of the STEREO catalogues

A. Increases above background

-2

105_' T T l_E

il STA

STEREO_A/IMPACT_LET H Intensity
6.0-10.0 MeV
[cm‘z s'sr' Mev')
—
o
A
LLLLL m——— T
]
|

100k =
10°F =
.%“
= STB
5 10°F -
2 3
=
o < -
E g w: 10-4 =
h 6 5
B -
10-5 =il | 1 L | B
2007-01-01 2008-01-01 2008-12-31 2010-01-01
00:00:00 08:00:00 16:00:00 00:00:00
11t Hellenic Astronomical Athens

Conference 09.09.2013



Compilation of the STEREO catalogues

B. Cross-check with CIRs/ICMEs

SOLAR FLARE

& —SBp—1
FIELD LINES ——

http://www-ssc.igpp.ucla.edu/~jlan/STEREO/Level3/STEREO Level3_ pdf
http://www-ssc.igpp.ucla.edu/~jlan/STEREO/Level3/STEREO_Level3_S!R.pdf
http://www-ssc.igpp.ucla.edu/~jlan/STEREO/Level3/STEREO_Level3_ pdf

11th Hellenic Astronomical Athens
Conference 09.09.2013




Compilation of the STEREO catalogues

C. Cross-check with electrons (SEPT)
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Compilation of the STEREO catalogues

D. Cross-check with HET recordings (40-100 MeV)

SEP Proton Event on 03.11.2011
recorded from 1.8-100 MeV

| ! SEP events that extend to
g high energies
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Compilation of the STEREO catalogues

Ride the wave of Solar Cycle 24
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Time-Shifting Analysis (TSA)

Calculating the path travelled by the particles

v'Calculation of the nominal Parker (or Archimedean) spiral

Parker L(itgy) = E(FS;’C) —Z(Ro)
IMF
2 7
a r I- r =
Z2(r) = =Inj—+ /1 +=|+ -1/l +—=
2 a a- a a-

a =1y /Qo 21Q7 =2447d

Vainio et al., 2013
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Time-Shifting Analysis (TSA)

Propagation of the particles

O : pitch-angle

* Scatter-free propagation )
i

v'For the first arriving particles we assume a=0° and p=1. It = cosa

min B
frei(E) = fonse(E) = 8.33 === L5 "(E)

* NR Electrons

v'Onset time for STEREO/SEPT
@ 65-105 keV

v'Velocity of SEPT electrons, based on
mean energy 82.6 keV: 0.53c

Malandraki et al., 2012

11th Hellenic Astronomical Athens
Conference 09.09.2013



STEREO/LET Catalogues Sample

Travel Release
No Date Longitude (0) Latitude (o) Vsw (Km/s) R (AU) L(AU) time (sec) Time (UT)
10 17.01.2010 64.68 -7.057 450 0.964979  1.1212  1192.766 5:06
11 08.02.2010 65.28 -5.695 490 0.963003 1.10352 1173.957 8:16
12 12.02.2010 65.388 -5.331 510 0.962602 1.09592 1165.872  11:16
13 14.02.2010 65.435 -5.161 470 0.962424 1.11233  1183.33 6:50
14 15.02.2010 65.457 -5.083 410 0.962344 1.14534 1218.447 2:41
15 02.03.2010 65.901 -3.395 360 0.960809 1.18519 1260.84 15:24
16 12.06.2010 73.473 7.717 460 0.956905 1.11592 1187.149 1:53
17 23.06.2010 74.741 7.345 530 0.95749 1.0883 1157.766 1:07
18 14.08.2010 79.955 4.112 390 0.962079 1.15981  1233.84 10:40

A A A

1

1

1

Event Characteristics

f

]

Parker Spiral TSA (SEPT)
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STEREO/LET Catalogues

Items presented in the Catalogues
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STEREO/LET Catalogues

Release of the Catalogues

Available through:

server.sepserver.eu

All of the Items of
the Catalogues will
be tabulated for
easy access and
will also be
to the
SEPServer
for direct
exploitation and
further  scientific
analysis per event

central

will constitute the 5t (STA)
and 6th (STB) Catalogues of the SEPServer Project

Home

vent catalogue:

Login

Username:

Password:

Log in |

Event catalogues

Event catalogue selection

Event catalogue: |-- select a catalogue -- ;l
— select a catalogue —
=FP=erver HELIOS-A Catalogue

=r HELIOS-B Catalogue
=r SOHO/ERNE Catalogue
+ =r ULYSSES/KET Catalogue

SEPServer STEREO-A Catalogue
SEPServer STEREO-B Catalogue

Planned release date:
15 October 2013

see Malandraki et al, 2013 this conference

Context help

On this page, the event
catalogue can be
consulted.

The event information
iz presented by means
of pop-up windows
which can be opened
by clicking on the
varicus column items
for each event.

Information on the
column contents is
made wvisible when
howvering the mouse
pointer over the
column headers in the
last row of the table
header (e.q. 'Date’).
Clicking on the @
icons will open a pop-
up window with more
detailed information.

Some entries provide a
double or triple action:
Click, Ctrl+Click
and/or shift+Click,
which will present
different information.

Contact and
feedback

If you have guestions,
comments or other
feedback, please send
a message to
info@sepserver.eu.

11th Hellenic Astronomical
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STEREO/LET Catalogues

Validation
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A View to Future Ongoing Work

Exploitation of the Catalogues

Analysis of specific case studies

%%\\lﬁv‘ [multi-spacecraft events]

Apply velocity dispersion analysis (VDA) in
SW related events

Assess the data methods used in the
analysis

11th Hellenic Astronomical Athens
Conference 09.09.2013



Exploitation of the STEREO Catalogues I.

Analysis of case studies:

Tracking AR1429 from the E - W

Longitudinal Separation —
STA & STB = 133°

Longitudinal Separation —
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Klein et al, in preparation, 2013
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Exploitation of the STEREO Catalogues I.

Multi-spacecraft -

Event Date Ref. Interpretation Other events

03.04.2010 Rouillard et al., 2011 Shock Evolution 21.03.2011 Rouillard et al., 2012

17.01.2010 Dresing et al., 2012 Perpendicular Diffusion 17.05.2012 Heber et al., 2013

Wiedenbeck et al., 2013 Cross-Field Transport Reames, 2013

07.02.2010 Wiedenbeck et al., 2011 Tan et al., 2013

v'A lot of new information leads to new knowledge and to new [old] questions on
the source, acceleration and propagation of SEPs ©

v" Thorough examination of single case studies, in view of Multi-spacecraft
measurements within STEREO era will hopefully shed light to these questions !

Malandraki, 2013

Athens
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Exploitation of the STEREO Catalogues /I.

Applying Velocity Dispersion Analysis (VDA):

. Velocity Dispersion Analysis (VDA) ~ 30 % of the STEREO/LET events present signatures in
600 A - HET energies (i.e. up to 100 MeV)
Esoo .- -
£ 400 A - [mm] _1
fa - - fonser (E) 8.33—(5) 7" (E)
g _aT i [AUI
1 A
oz _ A total of 20+ channels from the combined usage of LET and
0 2 4 6 1/1:[-1 o o2 ou 16 HET will lead to a detailed SRT range per event
lsta " Zmmat| TSTATmEis | st =mmm | STB EEEE
I
| | -.I
| U
. I\ \
| . J.
Y ||.|I 4 T i_v.l.‘f |_|,|',1 IT'-|.|-|1
P Ill-_ ,J___ .JI[: |
I ( Ir .Illlll' | _I.' *l |
2011, DOY80 ' 2011, DOY155 1 | 2010,DOY219

I 2011, DOY149 & 165
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Exploitation of the STEREO Catalogues //l.

Assessment of the Data Analysis Methods:

—&— He: 20.8-28.0 MeV/n

By 30 points

—_— Prgis)son-CUSUM a bove h

—h

Count / Poisson-CUSUM

5:00 6:00 7:00 8:00
Time [UT], 4th of November 1997

Onset at the first point of
3" consecutive the series of consecutive
point above Th points exceeding the pre-
determined threshold




Exploitation of the STEREO Catalogues //l.

Application / Example:

e -
1x10° = " _@
» f'”\"'ll g
- L, ol '. ]
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Exploitation of the STEREO Catalogues //l.

Application / Example:
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Exploitation of the STEREO Catalogues //l.
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Exploitation of the STEREO Catalogues //l.

Comparison of the Poisson CUSUM to the c method:

STEREO A STEREO B
20 + I »—ml—x . 20 | ' ' .
* *
i "
E I e
*
E 3
15 ¢ = B 15 L .
* E 3 *
* *
=} e :
E e % ki "
g 10 r * E 10 + + "
i % & *
E *
Ed E 3
* * E L
5 * * 5 ®
HE——x *
* ¥ sigma 1 —+— ¥ X sigma 1 ——+—
** sigma 2 ——— ¥ sigma 2 —e—
0 * CUSUM —s— . ¥ CUSUM +—s—
0 5 10 15 20 25 0 ] 10 15 20 25
Onset/h Onset/h
Preliminary results Herbst et al, in preparation, 2013
11t Hellenic Astronomical Athens
09.09.2013
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Summary

Two SEP lists have been compiled

STEREO A / LET (SEPT)
STEREO B / LET (SEPT)

Time-shifting analysis (TSA)
STA & STB: SEPT electrons

Different methods of analysis have been applied
Poisson-CUSUM & n o: STEREO/SEPT / STEREQ/LET

Solar Associations

Wind/WAVES, STEREO/WAVES, ARTEMIS, NRH, CMEs
(LASCO and STEREQ), SXRs, HXRs

Multi-spacecraft studies
Series of March 2012 SEP events

Further Exploitation of the results through SEPServer
project is in progress (i.e. VDA analysis for SW related
events / Assessment of Data Methods)

11t Hellenic Astronomical
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STEREOQ
(BEehind)
“g",

Fab. 2011 A\ i3
3 4 e
_ L 2011 ﬁ

Fi

_ Orbit
o direction

Acknowledgments The research leading to these results has received funding from the
European Union’s Seventh Framework Programme (FP7/2007-2013) under grant
agreement n° 262773 (SEPServer)

11th Hellenic Astronomical Athens
Conference 09.09.2013



Backup slides

11th Hellenic Astronomical Athens
Conference 09.09.2013



STEREO Orbit

(B) 1.00-1.08 AU

(A) 0.94-0.98 AU

Ahead @ +22°/year
1yr

Sie Earth

Behind @ -22°/year

1yr

Syr. 3yr
?' 4_yr. i

Geocentric Solar Ecliptic Coordinates
Fixed Earth-Sun Line
(Ecliptic Plane Projection)

Heliocentric Inertial Coordinates
(Ecliptic Plane Projection)

Kaiser et al., 2008 Bucik et al., 2013
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STEREO Orbit

STA, EARTH & STB in 2007 STA, EARTH & STB in 2011 STA, EARTH & STB in 2013

(Beginning of the Mission) (Beyond the Sun!) ( Today September 2013)
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STEREO Orbit
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The Multi-spacecraft Approach — STEREO era
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The Multi-spacecraft Approach — STEREO era
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The Multi-spacecraft Approach — STEREO era
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3He Intensity

The Multi-spacecraft Approach — STEREO era
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