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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
* reports on the importance of the SEP event

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 identified by the active region number
and the coordinates of the flare on the solar disk
* observational data accompanying the source activity (i.e. soft X-rays, hard X-ray
bursts in different energy ranges, solar radio emissions, radio bursts )
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Solar Terrestrial Relations Observatory-STEREO
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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

srereo =~ IimpectT

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

52° and 52.8° view cones;
four directions

Two 133° x 29° view cones

Luhman et al.,
2008

Mewaldt et al., 2008 Miieller-Mellin et al., 2008
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Compilation of the STEREO catalogues

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

O Increases above background
O No other intensity threshold applied
O Cross-check with electrons (SEPT)
e Cross-check with CIRs/SIRs /ICMEs/Shocks
Papaioannou et al., 2013a;b
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Compilation of the STEREO catalogues

A. Increases above background

10'F ' ' ' - Procedure
|  STEREO-B -
T LET (p) 6-10 MeV ] o All
1 enhancements
| above the
quiet time
T background
1 have been
_ | tabulated
10*f STEREO-A .
I LET (p) 6-10 MeV Background
10 -
; e2x107°
10° . )
particles [cm2
10°F L Lhuh 1 sris!MeV1]
10°k : =
2008-01-01 2010-01-01 2012-01-01
00:00:00 00:00:00 00:00:00
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Compilation of the STEREO catalogues

B. Cross-check with electrons (SEPT)

L STEREO-A { .7l STEREO-B

| SEPT (e) 65-75 keV | F SEPT (e) 65-75 keV 1
> °or 103'; 1
o 10°F 4
= . 102i- 1
o 10°F 1
@ f
AT S 1 °F E
= E
’E , : . 10,
R - , - F 7
£ s
¢} LET(p)6-10 MeV 1 ok )
- | I
1k 4 1w LET (p) 6-10 MeV a
10%F ]
10*F ]
10°k \ . ) 10°k i
2008-01-01 2010-01-01 20120101 2005-01-01 20100101 2012.01-01
00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00

e A parallel scanning of the near-relativistic SEPT electrons

Elect . . .
ectrons for the same time period (i.e. 2007-2012) has been
performed
Papaioannou et al., 2013b
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Compilation of the STEREO catalogues

C1. Cross-check with CIRs/SIRs

* Two dominant solar wind speeds:
— Fast: = 700 km s-1
— Slow: = 350 km s-1
e Interactions between these form CIRs
e Seen as enhancements in SEP
measurements

Overview of a CIR

N\ e Prevalent during solar minimum

STEREO-A

*L LET (p) 1.8-3.6 MeV m

T mﬁMMh "l' I HW billro

T sTEREO-B

+[LET (p) 1.8-3.6 MeV ]

IAIIW /\WWMm i) 1} 'ﬁum
figure adapted by Gosling & Pizzo, 1999 [Papaioannou, 2012] 2006-06.05 2008.08-12
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Compilation of the STEREO catalogues

C2. Cross-check with ICMEs/Shocks

i n'-. T T T T T T T T T T

Signatures of ICMEs . gz

(Magnetic field) 05}

Electron Heat Flux

\_/‘/ 3

A z
" * Smooth rotation e o
Shock - —>309 é‘ 05
asma Counterstreamin . H =2
Sheat N e ‘ » Strength of the magnetic fields  os} ”
ea 8 By o0 MO n
—>10nT T oo A [ M
Tusafent * Presence of MCs ’é £ sof '
s —~ 30% of ICMEs s 2 wf
Earth § 0:

Fit (5 min data)

2000+
d O Fits (10 min data}

= Need to know the IP conditions through
which particles propagated
Details: N. Agueda, this Splinter

V [km/s]

1000 ]
D P

T T T T T N T T T N 1
00 12 00
July 25, 2012

STEREO-A
LET (p) 6-10 MeV

10°F
NS 10°F

http://www-ssc.igpp.ucla.edu/~jlan/STEREO/Level3/STEREO Level3_ .pdf wk
http://www-ssc.igpp.ucla.edu/~jlan/STEREO/Level3/STEREO_Level3_5/-.pdf i
http://www-ssc.igpp.ucla.edu/~jlan/STEREO/Level3/STEREO_Level3_ pdf
Zurbuchen & Richardson., 2006 Russel et al., 2013 “Wooo  ‘woa  oooos oo waso oo
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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

oL
H—"
B
v'For the first arriving particles we assume a=0° and p=1. = cosa
L=
min
— —1
IFE:](E) — f{}nset(E) — 8.33 — L)S (E)
AU
°* NR Electrons * LET Protons
v'Onset time for STEREQ/SEPT v'Onset time for STEREO/LET
@ 55-85 keV @ 6-10 MeV
v'Velocity of SEPT electrons, based on v'Velocity of LET protons based on
mean energy 68.4 keV: 0.47c mean energy 7.75 MeV : 0.12c¢

Malandraki et al., 2012
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STEREO/LET Catalogues

STEREO-A Sample

'(f 3%

LET/(p)

~t nale fimae
e Onset; peakitime;
Exent Event catalogues y J

DEed vaive
catalogues Event catalogue selection "J‘"J*S 2z
Login
Username: Event catalogue: | SEPServer STEREOQ-A Catalogue ;l
Password:

Onset; peak time,
peak value

t

Log in

Solar data

19.05.2007 2.25E-02 .
s Start & stop time
1 23.05.2007 | 10:25 | (DOY 1.32E-02
144)

05.04.2008 | 20:20  21:00 | 1.50E-03

Position data
Radial distance
(AU), Long.; Lat.

11.12.2008 | 11:50 | 13:30 | 1.90E-03

05.05.2009 | 10:30 | 13:30 | 7.40E-03

2
5
4 02.05.2009 | - = =
&
6

03.11.2009 | 5:20 8:20 2.60E-03

7 05.11.2009 | 5:00 13:00 | 3.00E-D4
8 22.12.2009 | 8:20 15:50 | 4.20E-03
17.01.2010 | 7:40 15:00 | 5.03E-D2

10 08.02.2010 | - = =

Papaioannou et al., 2013b
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Why are STEREO Catalogues Useful ?

Exploitation of the Catalogues

[1] [2]

Make use of the Catalogues for
the identification of single multi-
spacecraft events

Take advantage of the bulk of
the events in the Catalogues to
derive statistical results

Use the whole sample or make
subsets of SEP events for
statistical analysis

Analyze specific case studies

© Explore the limitations, test the theories and verify the
particle origin, acceleration and transport processes at
the Sun and in the inner heliosphere.
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The Multi-spacecraft Approach — STEREO era

SEPServer STEREO Catalogues

10°F ; ; . = ) - : :
' : ,F s ,"’ . I\’
[ STA LET (p) 6-10 MeV ] 8 £ . | -
i 1 c cal i | : ‘ —7
100 = - -E © M ‘ _.-“\" i : ,J
(8] | Y N PR 1
X 1 m v B TeMercury gy A
10% | = = o o) - N P
(%) £ o5k B . ~ / e s
' | g5 T N S ==T
or j - 6 . “.. 132° apart
o R , - - I el @t ]
11004 - 4 t = o bCD 1.0 _\\\ [ § 1
A <L -E . i
o ERNE (p) 8.1-10 MeV | ]l w E e ‘ . ]
- _ . ] E g -0 —0.5 ) (Hoég) 05 1.0
i v o
10_2 [ M | —
. 1
oN
104 B w ] i — T -._/B T ‘)_,__l__,__‘_\ T AN /_\\ T]
105k n 8 o0 P ,’/’ N _.-'\\\ 1
104 —+ + + 5 c ] R Y P TERN
c -E L ; P - -.\‘er?ury\\ \‘ R
- - = i /7 o :
10’F STB LET (p) 6-10 MeV . o S ‘ [ N a
I 5 O = DO | | | : 1 H
10’} . w8 \ '
4 ﬁ .&’ ;: \ '\ \ \\“n_: _."/ I J .’::
10—2 - . I e r \\ \\\ \ - / /)! '.’ T
l_ G 0.5 ‘\ N - - " ”) B
10t . x o AN 5 . /
< o - 260° apart
r [ § Tl LT
107k = > Wl 1.0E 1 1 Hﬂk"“.EGﬁh" 1 H
2010-01-01 2011-01-01 2012-01-01 & — -0 —0.5 a0 0.5 1.0
00:00:00 00:00:00 00:00:00 w) ¥ (HEE)
ESWNho \S’p/infer Flm‘werp

Solar storms: SFs, CMEs and SEPs 21.11,.2013



The Multi-spacecraft Approach — STEREO era

STEREO’s added value: 3 points of continuous observations

CME Ejecta Interplanetary (Parker)
cloud” or ICME Spiral Field Lines ;
C : Earth’s
ounter streaming Orbit
electrons
Flare SEP’s

Either Spacecraft

Luhman et al., 2008
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The Multi-spacecraft Approach — STEREO era

03 April 2010 |

oo [LEMT: arte T il T o
O Mercury ® Venus ‘::?:» ol o g EARTH
8 Messenger B Sterso_A R I ARETIUTTAN STt M TONR et
L ABUREHTTUH HUURL R ARERER Conatart Latitude Plane
Ediptic Plane Ws0 o, 10'[ULEIS: 4He (e)
. e ;E g -

.......
......

>

2010-04-03 17:00

2010/04/03  2010/04/04  2010/04/05  2010/0

EARTH — STB ~15h Onset Delay

2010-04-03 21:00

......... G CME injection time — SEP @ EARTH ~12h

Longitudinal Separation — Flare & STB
foot point 113°

ESQ

2010-04-04 16:00

Vr (km/s) BENE S oo INF po
200 550 900 1250 1600 - HEE | ongitudinal Separation — Flare & SOHO

) foot point 161° S
Rouillard et al., 2011 o) ity

ESMWMNho \S’/)/infer Flnfwerp

Solar storms: SFs, CMEs and SEPs 21.11,.2013



The Multi-spacecraft Approach — STEREO era

17 January 2010 |
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The Multi-spacecraft Approach — STEREO era

Multi-spacecraft - Wide Spread Event

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
Wiedenbeck et al., 2011

Reames, 2013

07.02.2010 Tan et al., 2013

Cross-Field Transport

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
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Statistical Studies

Longitudinal Spread of SEPs
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= (b) 0.7-3 MeV electrons 7 102%1%
B ] [ OSTA -—
5 A . .
0t . E R: , e Peak intensity
- . - dependence:
1O+1

exp (-k(¢-¢,)*/20)

Ll IIII.IIJ

Intensity (55-85 keV e)

T IIIIII|
| IIIII.Il

e/cmz/s/sr/MeV
o

07 E e Asymmetric
N . ; angular
107 E Long sep angle (°) distribution
1072 s et » Details: B. Heber, shifted to the
-180-135 -90 -45 0 45 90 135 180 this Splinter east (¢0<0)
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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

Solar Associations

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

The STEREO SEP event Catalogues

Facilitate the extended investigation on particle
acceleration and transport processes at the Sun and in
the inner heliosphere through specific case studies and
statistical analysis of a large sample of well defined
events
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Thank you ©

Where are STEREO A & B Spacecrafts Now? Animated Orbit 2006 to 2019
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