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Space Weather Forecasting Center at the University of Athens

H. Mavromichalaki, M. Gerontidou, A. Papaioannou, P. Paschalis, C. Plainaki, C. Sarlanis, G. Souvatzoglou, M. Papailiou, E. Paouris

Nuclear and Particle Physics Section, Physics Department, Athens University, 15783 Athens, GR

Athens Neutron Monitor station GLE Alert System Forecasting Geomagnetic Conditions

The Alert software is able to determine in real-time the
onset of a forthcoming Ground Level Enhancement (GLE)
using the 1-min NM database of the Athens station.

Estimation of the Ap index with a set of rules that include a number
of known parameters/properties of Ap index, as well as current

observations of the Sun and near-Earth space

B Real-time Ground . pran e
N\ Level Enhancement j’; ) Ve s g

(GLE) Alert y \ .
( | Athens Daily Forecast Report

- a & infrastructure | =

Cosmic ray measurements at Athens initiated in November
2000 with a standard Super 6NM-64 neutron monitor. Athens
station was the fourth one to present both graphical and
digital data in real time with resolution of 1 hour, 1 min and 1
sec.

Type: Super 6NM-64
Cut-off Rigidity: 8.53 GV

Cord.: 37°53'N, 23°43°E

Real time MPEG movies from SOHO
SDO PROBA STEREO A and B via
Media Download developed by

Altitude: 260 m

: | Mean Atm. Pressure: 780 mbar

vt . } Athens Cosmic ray group

o T Autoregressive model (AR
T i e e — T model) a) Solar events, CMEs

and Coronal holes

b) Magnetic activity 27-days
before

c) Phase of solar cycle

(http://cosray.phys.uoa.gr)

A wide European collaboration of twelve
countries for the implementation of the
neutron monitor database | first real time database of Neutron
Monitors started in 2008. Athens Neutron
Monitor Station, due to its hardware &
software development skills was the leader
of the upgrading of all NM stations. Also, a
mirror server of the NMDB database was
set up and is in operation at the Athens NM

station. (http://www.nmdb.eu)

WSA —ENLIL CONE model-
CME evolution

(http://spaceweather.phys.uoa.gr)

Contact: emavromi@phys.uoa.gr
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ARTEMIS-IV collaborates with
STEREO/WAVES

Freqvarny (o)

Thermopyles, Lamia, Greece
(650-20 MHz)

ARTEMIS-IV collaborates with
WIND/WAVES

WIND WAVES, DA,
T

ARTEMIE, MRH, CME.
T T
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(www.web.cc.uoa.gr/—artemis)

° 13 July 2005
& 20 R=74"T-103.6=74"(T-14,07)
& Veme =7.4 Solar Radii / Hour = 1430 Km/sec

12 13 " Burs 16 17

GOES-12
SXR FLUX
moom
&

I Contact: ppreka@phys.uoa.gr |
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amd Applicd Mathcmatics

it e QUANTITATIVE SOLAR MAGNETIC FIELD MODELING

Simulated and observed magnetic and flow configuration
of NOAA AR 9077:
-- EUV observations (top left)
-- extrapolated magnetic field lines
(middle left)
-- inferred flow velocity fields (bottom left)

AND ASSOCIATED FLARE / CME PREDICTION
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Photospheric complexity vs. flare likelihood = Photospheric complexity vs. eruption

Detailed. magnetic energy & h‘elic.ity calculations of ARs (Georgoulis & Rust, APJ Lett., 2007) (CME) properties (Georgoulis, GRL, 2008)
(Georgoulis et al., ApJ, 2012; Tziotziou et al. ApJ Lett., 2012)
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a?\le?\ SEPServer: Data Services and

Analysis Tools for SEP Events and
Related EM Emissions

— —
SEVENTH FRAMEWORK
PROGRAMME

v’ The project is funded through the 7" 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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Dissemination of
SEP EM Simulations / Scientific data Server results and external
Management Observations Observations inversion methods analysis development coordination

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:

0 high-quality SEP data
0 related electromagnetic (EM) observations and state-of-the-art analysis methods
0 a 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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v’ The project started in December 2010 and will last 36 months. The most significant
milestones are planned as follows:

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

O The 1%t catalogue of SEP events has been published on the project website in February
2012

O The server will be released in September 2013.

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 will be organised in Paris in
spring 2013 (March)

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:

O O0O0OO0O0Oo

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

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

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

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

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

Ulysses: 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:

0]

o
o
o

Spectrographic radio observations from AIP/Tremsdorf, ARTEMIS, Nancay Decameter Array and Wind/WAVES.
Radio imaging observations from Nancay Radioheliograph

Microwave observations from the University of Bern

X-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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Home

Datasets
Metadata

Event lists

Browse & download
Upload

Flot event data
Apply plottemplate

Event catalogue

Plot event data

rEwvent list selection

Event list: |ERNE proton event list (ERME proton event list) d

Event: |1997-10-07 14:43:00 - 1997-10-10 14:43:00 j

Context help

Onthis page, data
can be plotted for
events.

My emvironment

My entities
My account

Login

atpapaio logged in

Functionality
of the
database

rEpoch range
[1957-10-07 14:43:00 — [1997-10-10 14:43.00 Lipdiste Epoch Range]
rData selection
ew plot panel
Dataset: |-- select a dataset -- |

ACE/EPAM DE30D Electron 125 Spin Averaged Data

ACE/EPAM LEFS150 Electron 125 Spin Averaged Data
ACE/EPAM LEFSE0 Electron 125 Spin Averaged Data
ACE/EPAM LEMS120 Electron 125 Spin Averaged Data
ACE/EPAM LEMS30 Electron 125 Spin Averaged Data
ACEMAG 165 Level 2 Data

ACESSIS Solar Isotope Spectrometer 2865 Level 2 Data

1 minute GOES SEM data

SOHD EPHIN 1 rrin averages

SOHOD ERME 1 min averages

Ulysses/COSPIMN KET Proton, Helium and Electron Data
Ulysses/COSPIN LET 1m Averaged Data

Ulysses/HISCALE DE3SD Electron 125 Spin Averaged Data
Ulysses/HISCALE LEFS150 Electron 125 Spin Averaged Data
Ulysses/HISCALE LEFSE0 Electron 125 Spin Averaged Data
Ulysses/HISCALE LEMS120 lon 125 Spin Averaged Data

Ulysses/HISCALE LEMS30 Electron 125 Spin Averaged Data

Contact and feedback

Ifyou have guestions,
comments or other
feedhack, please
send a message to
info@sepsererey.

EGU 2012
Session: ST5.1/NH1.10/PS5.5

Vienna

26.04.2012
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v'Available @ http://server.sepserver.eu

Plot event data

Metadata

Event lists

Event list: IERNE proton event list (ERME proton event list) j

Browwse & download
Upload

Event: |1997-1D-D? 14:43:00 - 1997-10-10 14:43:00 j

Context help

On this page, data
can he plotted for
events.

Plat event data rEpoch range

Apply plot template

1997-10-07 14:43:00

— [1997-10-1014:43:00

pdste Epoch Rangs

Event catalogue
My emdronment Data selection———
hly entities .
Fanel1 Femove Edit
My account
Login Fanel2 RFemove Edit
atpapaio logged in Fanel3 Remove Edit

Functionality
of the
database

Edit plot panel 1

Dataset: [ACE/EPAM DE30 Electron 125 Spin Averaged Data
& DEZ0 spin averaged electron Aux
™ 00380053 Me electron flux

I 0.053-0103 MeV electron flux

T 04030478 Mev electron Tiux

logarithmic =] scaie

Contact and feedback

Ifyou have guestions,
comments or other
feedback, please
send a message to
infoi@sepserer.ey.

Evert: "2§7-09-2¢ O259:00 - 1957-03-27 03 £9:00
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© omnidirectional Differential X-ray Flux
 Measured magnetic field components

= measured magnetic field strength
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Updsate Panel
¥ 04750315 wew electran T
7 DE30 electron fux uncertainty
[Edit plot panel
Dataset: [1 minute GOES SEM data =1

[Togarithmic =] =cale

Updste Panel

rEdit plot panel 3 —

Dataset: [SOHO ERME 1 min averages
@ Proton flux in 20 energy ranges (1.6-131.0 Mel)

T 15 - 1.8 Mev proton fius

™ 18- 2.2 Mev proton flux

T 22 2.7 Mev proton flux
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A sample of the 15t SEPServer SEP event list

v'Available @ http://server.sepserver.eu

VIR feaTes
FaaAM

Home Context help
Datacor Event catalogue On this page, the
event catalogue can
Metadata S0l be consulted.
~ SEP Observations b o a{_ Comments
Event lists SEPServer g e The event information
Catal i ted b
Browse & alogue SOHO/ERNE SOHO/EPHIN e ACE/EPAM (0.18- :ffpres_el_ln win;ﬂ:‘yﬂ:ﬂns
download onset 0.31 MeV) et
Dol which can be opened
P i by clicking on the
Plot event data P i wvarious column items a a O ue
Apply plot ons 0.3-0.7 0.7-3.0 & . start end for each event. C t g # 0
template % Date (55- Tp.max MeV MeV onset e PAD time time !
80 Information on the
Ewvent catalogue MeV) column contents is

made visible when
hovering the mouse 1 AU
pointer over the

column headers in the
last row of the table

e e ~70MeV

Simulation datasets | gogp | 24.09.1997 03:59 1.5E-03  |03:12 | 03:14  03:43 |irregular

G s It 0001 07.10.1997 14:43 B8.0E-04  13:15 13:23 13:45 moderate 12:00 15:00

Fiv s onmic 0002 04.11.1997 06:41 1.5E-01 06:16  06:16  06:19 beam

My entities
W cant 0003 06.11.1997 12:37 1.5E-01  12:23 12:23 12:37 moderate 11:00 14:00 e e
- o004 1 1949 YIv] i i i g up window with more
Login 0004 13.11.1997 22:26 2.0E-03  21:39  21:47  21:42 beam ot i SOHO / ERNE
atpapaio logged in 0005 14.11.1997 14:29 1.0E-03  13:45 13:46 13:59 moderate : ;
Some entries .prowde
Log out 0006 20.04.1998 11:13 1.0E-01 10:30 10:33 10:43 moderate a double or triple t
g_l action: Click, pro Ons
0007 02.05.1998 14:10 1.0E-01  13:47 13:47 13:46 beam 13:00 16:00 Ctrl+Click and/or
Shift+Click, which
0008 06.05.1998 08:29 4.0E-01  08:05 08:05 0s:00 badH- 07:00 10:00 will present different
coverage information. 115
0009 09.05.1998 04:32 6.0E-03  04:18 04:20 04:18 isotropic e — eventS
. feedback
0010 16.06.1998 20:35 1.0E-03  18:59 19:03 19:40 bad - i
coverage If you have questions,

comments or other
feedback, pleaze =end
a message to
info@sepserver.eu.

I :Vent 0011 18.10.1998 22:22 4.0E-03 21:30 21:32 22:06 moderate

0012 14.11.1998 06:16 1.5E-01 05:36 05:47 05:28 moderate
C t l 0013 22.11.1993 07:17 8.0E-03 07:03 07:00 07:12 moderate
a a O gu e S {_JOI4 24, 11, 1998 02:53 6.0E-03 02:42 03:07 02:55 isotropic
0015 24.04.1999 14:30 3.0E-03 13:38 13:47 13:49 moderate 12:30 15:30

0016 09.05.1999 18:40 2.0E-03  18:13  18:17  18:20 beam*

0017 27.05.1999 11:i6 1.0E-02 10:58 11:00 11:06 beam 10:00 13:00

AT T

0018 01.06.1999 19:49 1.8E-02 19:21  19:20  19:30 =7 F
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Home

Datasets
Metadata

Event lists

Browse &
download

Upload
Plot event data

Apply plot
template

Event catalogue
Simulation datasets
Green's functions

My environment

My entities
My account

Login
atpapaio logged in

Log out |

AR i rarR
e

SEPServer
Catalogue

# Date

0000 24.09.1997
0001 07.10.1997

0002 04.11.1997

SOHO/ERNE

+

p
onset
(55-
g0
MeV)

I

p.max

-
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03:59 1.5E-03

14:43 8.0E-04

06:41 1.5E-01

0003 06.11.1997 12:37 1.5E-01

0004 13.11.1997
0005 14.11.1597
0006 20.04.1993

0007 02.05.1993

0008 06.05.1993

0oo9 09.05.1998

0010 16.06.1993

0011 18.10.1993

0012 14.11.1993
0013 22.11.1998
0014 24.11.1998
0015 24.04.1999
0016 09.05.1999

0017 27.05.1999

0018 01.06.199%9

22:26

14:29

11:13

14:10

08:29

04:32

20:35

22:22

06:16

07:17

02:53

14:30

18:40

11:16

19:49

2.0E-03

1.0E-03

1.0E-01

1.0E-01

4.0E-01

6.0E-03

1.0E-03

4.0E-03

1.5E-01

8.0E-03

6.0E-03

3.0E-03

2.0E-03

1.0E-D2

1.8E-02

s e 118214 =
pLra e R
; 'W rf‘{ i gy
£ w »Y fifls
i 'l \u "“ w i A
W L ilf a\m\lf‘
o. * Protons (SOHO/ ERNE)
DN D430 LA BGL G630 MU0 G240 B0 L0 1530 L0 152630 164030 30 1050 L0530 2060 00
A Novemer 1997 UT , s (Tie resluco: | minates)
03 Velocity dispersion fit Obsened onset
13 1000 Time Stamp
200 Channel _ Nom beta 1ibeta Hour  Min [min]
[i]:] y = 4.692915E+01x + 6.704TEIE+01 1 163 0.05887  16.88715 [ #N/A #NA
s R = 8.757955E-01 e 2 187 006470 | 1545606 | 22 33
3 241 007154 1397899 | 2 43
. 4 298 007951 1257689 | 2 32
é oo 5 37 008855 1120363 | 9 28 568
21 |E / 6 461  0.09877 | 10.12498 9 32 572
g 600 T 7 577 011039 | 905851 | 8 57 537
13 |3 . ./ 8 7.24 012351 | B.09621 8 54 534
s 9 909 01380 | 7281 | 5 16 316
S / 10 1.4 0.15448 | 6.47331 6 40 400
10 400 11 154 017898 | 558707 | 4 19 259
/ 12 189 019774 | 505712 | 4 2 242
13 300 ol 13 233 021880 | 4.57030 4 13 253
‘,/, * 14 29 024303 | 411471 4 15 255
200 15 363 0.27038 | 3.69846 3 58 238
o8 G 16 456 030091 | 33235 | 3 42 22
100 17 54 032539 | 8.07322 3 3 215
18 67.5  0.36017 | 2.77648 3 59 239
04 o 19 94 0.41693 | 2.39848 3 53 233
0.00 500 10.00 15.00 20.00 20 116 0.45602 | 2.19200 [ #NA "#N/A
1ibeta [
18 1(1/beta) = 10 + a/beta
OHO ERNE (Space Research Lak D of Physics and A Lutu.li a= 833 (min/AU) * s 0= 67.04763 min
21 = S . el grs = 46.92915 min = 10702
P 842192675 o
05 ten ==> Apparent path length, s = |==> Release time =
J' 5.634 AU 01:07
o7 ! +- 0.31 AU +- 26 min
02 {
13 I Velocity Dispersion Analysis
18 '
10 el o d Onset time @ 67.5 MeV
= _ I 67.5 MeV
pmax @ 67.5 Me

DUU0:30. U2:36:30 0S:LA:30 UT:STE0 L0:30:30 13:08:30 150453
4 Noverher 1997 UT . hiuaman:ss (lime resolution

4:23:30
minutes)

L0030 23:30:30
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* Electrons (SOHO/EPHIN & ACE/ERAM). .o : e«

4":-5_.-__-: = L = 025070 we
S= 3.158E+04 e . -
H 1or 1 N
ome F — i
0.8} 4 d -—A./‘_\’_‘—“_“
Datasite 5 sl | Event catalogue e i —
[ Metadata & o4t 4 g Wf ‘-._x,_‘_. ]
(@] Event li 0.2F y SEP Obserwvations z T ——
— AL 0.0 43, = el - _
o 180 135 90 45 1] W’““"’“”"\
Browse & SOHO/EPHIN &=  ACE/EPAM (0D.18- 06 .
qv] download S=_1.703E+04 Jnset 0.31 MeV) I:];;:“"s_)-- Onset time @ 0.3-0.7 Me
E Upload 1.0+ 1 bl i a0 2t B
— s 5 of 1 T Onset time @ 0.7-3.0 MeV |
(e Apply plot W o6t : 0.3-0.7 0.7-3.0 e s 3 : e ' BT
template & o4l ] MeV MeV onset < ’ iy o yout - dibe '
c Ewvent catalogue 0.2 1
= ; : o e o
Simulation dataset 180 135 90 45 0 03:12 03:14 03:43 irregular T ———
o Green's functions S= 8058. ; ; ; Fiet siafimg £ Biton 1oL 1240 Swrarated by DL S Sop 18 EE0041 TAVY lawagng i 1 s
1.0F ] 13:15 13:23 13:45 moderate ;
(7)) PRESTisOnE _08F 1 06:16  06:16  06:19 beam 5 I
_— My entities D os- J | ¥ g
(D) My sk otk & ol ] 12:23  12:23  12:37 moderate g W e ;
I § . |
5 Login 0.2 1 21:39 21:47 21:42 beam I i Bk ' - 1
D'D 4 =.li ) () I ¥ ¥ |
- atpapaio logged in 180 135 90 45 0 13:45 13:46 13:59 moderate il g 4 §
s= 1720 ' | R
) Log out | siof ] 10:30 10:33 10:43 moderate oprram e - _
(@] L o 1 13:47 13147  13:46 beam e O :
= & o6t - j Foa— w i
g & 04t 1 08:05 08:05 os:09 D2 H- 5 P . 5
S 0al | coverage fresinOnset time @ 0.18-0.31 MeV |
2 0.0 o 04:18 04:20 04:18 isotropic T TR N T T T AT
180 135 90 45 0
1997/ X
1837/308 62:23:85.88 18:59 19:03 19:40 badu-
coverage -

. . . . 21:30 21:32 22:06 moderate
Pitch-Angle Distributions L
05:36 05:47 05:28 moderate

N . . 07:03 07:00 07:12 moderate ?‘ o= DmmetfnbYoml 4
Time-Shifting Analysis . - ]
02:42 03:07 02:55 isotropic e e 1
Oreet6 16—
Wsw (Kmfs) ¥ L {4U] Trawel time (sec) Travel time (min] Anticipated release tiwme § 13:38 13:47 13:49 moderate I— ____________ 1
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Context help

On this page, the

Solar
observations

start end
time time
12:00 15:00
11:00 14:00
13:00 16:00

07:00 10:00

12:30 15:30

10:00 13:00

event catalogue can

be consulted.
Comments

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

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

Same entries provide
a double or triple
action: Click,
Ctrl+Click andfor
Shift+Click, which
will present different
information.

Contact and
feedback

If vou have questions,
comments or other
feedback, please send
a message to
info@sepserver.eu.
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Case Study:

The SEP event of 13 July 2005
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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.

EGU 2012
Session: ST5.1/NH1.10/PS5.5

Vienna
26.04.2012
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Onset Time Determination

Instrument Channel Onset time Sector
T ACE/EPAM E'4 (0.175-0.312 MeV) 14:33 7
Iy +n-o _
o Instrument Channel Onset time
SOHO/EPH|N 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

Velocitv Dispersion Analysis (VDA)

Protons —SOHO/ERNE Electrons —Wind/3DP

R [l'ﬂill] I 0.90 0.62
f-:-:l'a5i:!'|-."r-'—_'l.-| = ED+333W "8 '.'I-:ll I-.'EI.-I ‘é;o.as- E
5 0.80 5
o g:_ 0.75 ‘;;
v’ Wind/3DP and SOHO/ERNE onset . | : -z w
. . ° L L= 20,2 AU . o = 1411 UTx2 min
times have been determined by the £ . om st s ma] £ O%%F Lz
Poisson-CUSUM method. VDA has been osoll__ osab
1] 5 10 15 20 1494 15 20 25 30 35
Inverse Velocity [8-1] Inverse Velocity [#-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
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Comparative analysis
and DDA of various
datasets available via
SEPServer
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Scientific Analysis within SEPServer — new
perspectives in Solar Energetic Particles research :
the case study of 13 July 2005
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Abstract Solar energetic particles (SEP) are a key ingredent of solar-terrestrial
physics both for fundamental research and space weather applications. Multi-
satellite observations are an important and incompletely exploited tool for study-
ing the acceleration and the coronal and mterplanetary propagation of the
particles. While STEREO uses this diagnostic with two identical sets of instru-
mentation, there are many earlier observations carried out with different space-
craft. It is the aim of the SEPServer project to make these data and analysis tools
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Browse event lists

Home Context help
Datasets Event list selection On this page, stored
Metadata . event lists can be
i Eiantlis - Ulysses proton list =l browsed and
Event lists . downloaded
- STEREO proton list ewnioace
Browse & download Download file Data file Event list plot Contact and feedback
Upload : : Intensity ;
Start Time End Time Comments If you have guestions,
Plot event data (cm-2 5-1 sr-1 MeV-1)

comments or other
Apply plat template

feedback, please send
Event catalogue amessage to
info@sepserver.eu.

My environment

A Catalogue #1 Catalogue #2

My account

Login >1 AU 1 AU

atpapaio logged in

~120 MeV & ~ 30 MeV 4.0-6.0 MeV
Event Ulysses/KET protons STEREO/LET protons
73 events ~50 events/ST

Catalogues
In progress
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Initial Fe/O enhancements in Large, Gradual, SEP
events: Observations from Wind and Ulysses

* In large gradual SEP events, the Fe/O ratio above “MeV/nuc shows
a very strong enhancement at the onset of the event with Fe/O~1 -
typical of impulsive events

e As intensities grow the Fe/O typically decreases and approaches
the nominal coronal value Fe/0~0.1

 ‘Hybrid’ events: both flare- and shock-acceleration contribute
directly to the SEPs (Cane et al. 1991; Cliver 1996; Cane et al., 2003)
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2001 December 26 SEP event
Wlnd at L1 Ulysses at 68°N, 2.54 AU
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 However, the temporal evolution of Fe/O including the initial

enhancement can be generated by rigidity-dependent IP transport

starting from a nominal Fe/0~0.1 at the acceleration site (Ng et al.
1999, 2001, 2003; Mason et al. 2006)

* The initial Fe/O enhancement occurs when:
(M/Q),. > (M/Q),
A<l
M/Q: the ion’s mass-to-charge ratio.
(M/Q);, ~4.0, (M/Q), ~2.3 = The Fe ions have a longer A
If A < Lorn the transport process will be diffusive

path

—> The Fe intensity will rise more rapidly and reach its max before O
= initial enhancement in Fe/O that dies away as the event progresses



INSTITUTE FOR ASTRONOMY, ASTROPHYSICS, %
SPACE APPLICATIONS & REMOTE SENSING | 2
INSTITUTE OF ASTRONOMY e AVTROMIYSICT RS

{farmerdgy [N

MNational Obser

vatory of Athens

 We expect to see initial Fe/O enhancements even on widely-
separated s/c at least one of which is unlikely to be
magnetically well-connected to the flare site

e Observations used:

EPACT/LEMT onboard WIND, G= 51 cm?/sr
COSPIN/LET onboard Ulysses, G= 0.58 cm?/sr

e We surveyed LET observations for 1997-2006 for events with
initial Fe/0 > 0.8 and sufficient ion statistics in 12-hour bins to
follow the evolution in the ratio over at least 2 days.

e 2 SEP events identified associated with CMEs that erupted on
2001 August 15 and 2001 December 26



Hourly-Averaged Intensity H/em *2-sr-s-MeV

e Comparison of the proton intensities at 10-100 MeV observed
by GOES-8 &COSPIN/High Energy Telescope (HET) on Ulysses

 The well-behaved time profiles indicate that both GOES-8 &
Ulysses intensities were dominated by a single event, at least

2001 December 26 SEP event
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Time
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2001 December 26 SEP everﬁ

Onset: 0550-0555 UT
Onset: 0720-0730 UT
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e Comparison of
simultaneous
observations of > 92
MeV protons from
Ulysses and >100 MeV
protons from GOES-8
with 10- and 5- minute
averages respectively

e The event onset
occurred at Ulysses ~90
minutes after onset at
GOES-8
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2001 December 26 SEP event
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2001 August 16 SEP event
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A delay of more than 3
hours between the GOES-
8 and Ulysses onsets is
observed

Part of delay may be due
to directionality in the
expansion of the CME-

driven shock (recent
STEREO observations,
Rouillard et al. 2012)
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2001 August 16 SEP event
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Angular separations between Flare
location and the:

> L1 footpoint: 126°(124° in longitude)

» Ulysses footpoint: 112° (97° in
longitude)

Neither L1 nor Ulysses is magnetically
well-connected to the flare site

L1 and Ulysses were
in different solar-
wind streams for at
least 30 hrs of the
event.
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How do we expect the temporal evolution in Fe/O

at L1 and Ulysses to compare?
2001 December 26 Event 2001 August 16 Event
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The time scales at L1 have been dilated by factors of
R2=(2.54/0.99)? and (1.65/0.99)? for the Dec and Aug events respectively.
The correspondence in the Fe/O profiles after application of the time-
dilation factor is quite good.
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Discussion and Conclusions

> Wiedenbeck et al., 2011: small, 3He-rich impulsive event observed on s/c
separated by 120° in longitude. However, the longitudinal transport processes
implied are too slow and too weak to explain our observations.
Impulsive event: ~20 hours for ~3 MeV/nuc ions to spread over 120°
2001 August 16 event: ~3 MeV/nuc covered this same longitude range ~ 5 hours
Impulsive event: intensities at the distant longitude were smaller by a factor of ~50.
In our events (after correcting intensities by a factor of R? factor), the Ulysses
intensities are smaller than WIND’s by only a factor of 3 or 4.
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» Only the L1 observations of the 2001 Dec 26 event can possibly be classified as ‘well-
connected’, with the possibility of a direct contribution from flare-accelerated ions.

However if two different mechanisms were involved (i.e. direct flare origin at
Wind/transport effect at Ulysses) the remarkably good radial scaling found would be
surprising. More likely explanation: Particle transport responsible for the Fe/O
enhancement at both locations.

> 2001 August 16 event: it is likely that neither L1 nor Ulysses was ‘well-connected’
to the flare site. Both transient Fe/O enhancements most likely due to rigidity —
dependent transport.

» Given that initial Fe/O enhancements are seen at widely-separated s/c even
when one or both is not magnetically well-connected to the flare site it is likely
that the initial Fe/O enhancement is generally a transport effect.

> Initial Fe/O enhancements are expected on the STEREOs and ACE/Wind at L1
when the SEP events of Cycle 24 become sufficiently large. Future iron charge
state measurements could be used to address the issue of a direct flare
contribution component.
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