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Frontpage:The piecesof the puzzlen Sun and Space Weatheere fit togetherduringmany gatherings, such as during
seminars in the meeting rooms of the RMI, BISA and ROB, in thesmacierence rooms of the Coronal Loops

workshop and the 1DEuropean Space Weather Week, and during the Open Door. In the background an SDO/AIA imag
from early December 2013, wh#re solar cyclevasgoing througha new peiod of enhanced solaactivity.
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Preface

Dear reader,

Over the past few years, the Solberrestrial Centre of Excellence has
grown into a European and worldwide reference in the various- sub
disciplines of solaterrestrial physics. The expertise of the 3 participating
institutes, combined into one multidisciplinary research frame, has indeed
brought us enough critical mass to ignite a chain reaction towards ever
deepening excellence.

In your hands, you hold th8 TCE Annual Report 2013. Successful research is
often the result of sustained effort during many years. As in previous years,
we have therefore chosen not to provide you an encyclopedic overview of

all ongoing STCE activitidsut instead only highlight wdt was particularly remarkable at the STCE in
2013. As you will see, even this selection of top stories fills an entire booklet. We hope you enjoy this
8SINDna aStSOGA2Y gKAES 20KSN) 2y3a2Ay3 | OGABAGASE

Asé 2 dz ¢ Adorimudicat®iEin all its facets (explicit in the first few chapters or implicit everywhere
else) is considered crucial at the STCE, and also this report is part of that effort. The best
communication is however a twway process: if you auld like to get more information about any of

the particular topics or about any of the STCE activities, please do not hesitate to contact us.

Do challenge us with your questions, innovative ideas or proposals for collaboration!

Kind regards

Ronald Va der Linden

General Coordinator of the Sold@errestrial Centre of Excellence
Director General of the Royal Observatory of Belgium
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Structure of the STCE

The SolaiTerrestial Centre of Excellende aproject ofscientific collaboration that focuses on the Sun,
through interplanetary space, up to the Earth and its atmosphere.

The solid base of the STCE is the digethat exists in the3 Federal Scientific Institutes of the Brussels
Space Pole: th&koyal Obsemtory of Belgium, the Royal Mateological Institute and the Belgian
Institute for Space Aeronomy. The ST&DBportsfundamental solar, terrestrial and atmosphericysics
research, is involved inagth-based observations and space missions, offers a bvaaidty of services
(mainly linked to space weather and space climate) and operates a fully established space weather
application cemnte. The scientists act at different levels within the frame lo€al national and
international collaborations of scieifit and industrial partners.

Steering
Committee

Executive
Committee

Management &
Coordination

Working teams

__________________________________________________________________________________________________

Solar Solar Magneto-
Atmosphere Irradiance sphere

Annual
Work Plan

Resources (expertise, people, budget)

Belgian &
International
Institutes

Government External Belgian

Guidelines Funding Universities

Figurel: The STCE management structure

¢CKS {¢/9Qa a i NBharagkdodhow, MiBnpaveran8imrasirutture.

In order to optimize the coordination between the various workgrgups and institutions, as well as
the available resources such as ICT, personnel and budget, a management structure for the STCE was
put into place, consisting of a steering committee and an executive committee.
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The steering committeetakes all the finaldecisions on critical matters with regard to the STCE. It
assures the integration of the STCE into the 3 institutions and the execution of the strategic plans. It is
composed of:

1 BELSPOirector GenerafResearch Programs and Applicatibns
Dr. Frank Morgny(BELSPO)
9 Director Generabf each ofthe 3 institutions at the Space Pole

Dr. Ronald Van der Linden (ROB)
Dr. Daniel Gellens (RMI)
Dr. Martine De Maziére (BISA)

Theexecutive committeeassures the global coordinatidretween the working groups and the correct
use of the budgetary means for the various projects. It also identifies new opportunitiess dne
advisorybody tothe Steering Committee. It is composed of:

1 STCEoordinator
Dr. Ronald Van der Linden
1 Representativesf the research teami the 3 institutes

Dr. David Berghmans (ROB)
Dr. Carine Bruyninx (ROB)
Dr. Johan De Keyser (BISA)
Dr. Michel Kruglanski (BISA)
Dr. Stanimir Stankov (RMI)
Dr. Steven Dewitte (RMI)
Dr. Hugo De Backer (RMI)

Apromotionalmoviegiving aflavoroti KS { ¢/ 9Q& Gl alax AydiSNIOGuAz2ya
be foundviathe STCRvebsite(in Englishand subtited in Frenchand Dutch).
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Figure2: An international team of researchers and ICT specialists getting ready for a seminar on the
operation of the radio antenna in Humain.
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Monitoring Space Weather: Solar-Terrestrial Highlights in 2013

The official annual 180
sunspot number (SSN)
for 2013, as determined
by the WDGSILSO
(World Data Cemr - 130
Sunspot Index and Long | £ / \/\
term Solar Observations), | - o / \
was 64.9. This is a 12% 80

increase compared to the . [/ \ N
/

160

140

sunspot number

and Meeus

previous year

The first nine months, | | { / \ /

long stretches of solar

inactivity alternated with ol 1 _— - ‘ \—/

brlef Spur‘tS Of hlgh 1995 1598 2[;01 2(?;04 20‘07 2610 ‘ ‘ 20‘13 ‘ ‘ 2616

ﬂarmg aCtIVIT[y Ievel.s. Figure3: The evolution of the monthly and monthly smoothed SSN (1.298.3).
Indeed, despite a brief siarting in the second half of 2013, a clear rise to a new and stronger maximum for
outburst of active groups SC24can be seen, driven essentiallythiyincreased activity on the southern

in April and May, the nemisphere.

overall evolution was steady to a gradual decline, with fookom in September when there was
almost a spotless day di) Septembeand an unusual long period of 10 days without a single solar flare
(Gclass or stronger). Then, driven by the southern solar hemisphere, sunspot activity quickly picked up
with monthly sunspot numbers reaching the highest levels in two years. It istbl@asolar cycle 24
(SC24) is heading for a new maximum, stronger than the one late 2011, and that most probably will be
reached early 2014.

The year opened immediately with the
largest sunspot group that would be
visible in 2013NOAA 1654According to
the NOAA data, it reached its maximum
sunspot area on 11 January, when it was
more than 6 times as large as the surface
of the Earth. Despite its size and its
complex outlook, thissunspot group
produced only 2 medium flares during its
solar transit (on 11 January). The reason
for this relatively meager flaring activity

Figure4: The above pictures were taken using the white light was that the opposite magnetic fields

telescope from the Ude Solar Equatorial Table (USET), on 14 Marcl ;
(left) and 29 October (right) respectively. Over this tinrgerval, were mcely Separated from each other,

solar activity clearly switched hemispheres. thus preventing the reconnections
necessary to produce strong flares.
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Most months of 2013 feated several
filament and prominence eruptions,
and on the average nearly half a doze
of coronal mass ejections (CMES) ever
day. In particular the eruptions near
the solar limb were truly spectacular.
On several occasions they were
featured in the STCE Newslettefe.g.
on 7 March 31 Julyand 3 Octobe)). A
few of the highights are displayed in
Figure 5 Note that due to their
position close to the solar limb, Earth
was hardly or not impacted at all.

The first spurt of high flaring activity _ _ , o

d near mieMav. when in a Figure5: Some of the finest filament and prominence eruptions in 201
O_C(:urre Y, Top left: 1 May, top right: 16 March, bottom left: 31 January, and
time-span of only 48 turs NOAA 1748 pottom right: 27 February.

managed to produce 4 -¥ass solar

flares. This sunspot region was relatively sma8 (dnes smaller than the aforementioned NOAA 1654),

but was magnetically very complex. The firdtaXxe occurred when NOAA 1748 was still behind the east

limb, and the 2 subsequent-&f 34 S@Syda 6SNB I Oldzrffe KAGS A
telescopes in visible light. During the last flare early on 15 May, NOAA 1748 had already rotated far
enough onto the solar disk such that the associated @kltame geeeffective on 18 May, sparking a

minor geomagnetic storm.

One week later, o 22

e T e N
€8 e c® = May, an M5 flare took
SpaceweatherNow 8. ) SWSC_Manuscript Ma...  Reyal Osevatry of 8. [l Vertalen met Mijwoo... © frontseat - Nederiand... B JouralofSpace West. B Index of fpd//ariclest... €3 YouTube » I3 Bookmarks p| ace in NOAA 1745
Solar-Terrestrial Centre of Excellence i . .
[ 1N which was associated to
the strongest proton
The Solar-Terrestrial Centr of Excelence ocusses on the science fom the Sun,hrough 5pace, up o the Earh and s aimosghere and encioses a Space Weather applicaton and senvc conte. event in 2013 (See STCE

News item of 29 May
2013. These protons
can be seen as
numerous white dots
and strpes on the
AYFISNE FNRY {hl
coronagraphs. The
o . event was 4 times less

el intense  than  the
Figure6: The Xclass flares from NOAA 1748 were prominently featured and updated i~ SIFONgest proton event
near reattime on the STCE websit&4-15 May 2013and 21 May 2013 as well as in the so far this solar cycle
STCE Newsletter (March 2012).

News
May 14, 2013 Earth under firel (UPDATED)
May 13, 2013: PROBA2 and the moon walk
May 08, 2013 A peculiar radio burst

May 06, 2013: Hook your deas to a weather balloon

The year2013saw the transit of numeroydarge and persistent coronal hol@SH)over the solar disk.
Ore of the more impressive ones was visible in4Judly. This CH had an area equivalent to more than
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300 times the surface area of the Earth (see STCE Nawsf 25 July 2018 It managed to surviv@
solar rotations, with the first central meridian passage around 23 May, and the last one on 30 November
(8 transits). It
sparked
geomagnetical
ly active to
minor  storm
conditions
during the first
5 transits. The
high-speed
stream (700
km/s) also

Figure7: The national 8n observing day (7 July) in Belgium enjoyed sunny weather and the prese brotht a
of a fine sunspogroup (NOAA 1785). No wonder that the public observatories and local solar whole bunch
observing posts got a lot of visitors and media attention! of highenergy

electrons with
it, and satellite operators noted a significant increase in anomalies during these periods, thought to be
due to repeated electrostatic discharges. Fortunately, none of the spdteams permanently
damaged. During its October and November transits, the CH had become too small to have a significant
space weather impact (see STCE Nigsvs of 23 October 2018

Late on 29 Sep60o SNE | f2y3 FyR a2ftAR TFAEFIYSyld Ay GKS
spectacular way. The modest @dre (aseOl f t SR a1 @ RSNE 2NJ dalLkRit Saa¢ ¥
hours, and was also a moderate proton event. This long duration event (Ld3Eaceompanied by a

CME shaped like a whip, and it definitely stirred the geomagnetic field. Indeed, this CME delivered a
glancing blow to the Earth on 2 October, resulting in a strong geomagnetic storm (locally attaining even
severe levels). Together witthe storms of 17 March and 1 June, it belonged to the strongest
geomagnetic disturbances of 2013 (see STCE Kemwsf3 October 2013

A trio of complex sunspot
groups significantly beefed
up the flaring activity during
the last week of October.
From 22till 29 October, no
less than26 M- and 4 Xclass
flares took place over the A © - PR
solar surface, making it one T ’ Q:;

of the most flare intense
periods so far this solar cycle.
Responsible active regions : 78

NOAA 185 1877 and 1882 2013/05/22 15:54 - . : 2 2013/09/30 02:18

also destroyed a million km rigyres: on the left the CME ssociated to the proton event on 22 May, and on the
long solar filament in the  right the whip-like shaped CME associated to the filament eruption of 29

process, and NOAA 1875 September.
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would stay very active during its subsequéatckside transiof the Sun, as nicely recorded by the two
STEREGpacecraft.

On 5 NovembefNOAA1890 produced an X3.3 flare, the strongest of the year and the numbso 3ar

in solar cycle 24. NOAA 1890 was a big sunspot group with a magnetically complex trailing part, and
would produce another 2 X

class solar flares during its
passage over theotar disk. All

three were impulsive flares
lasting 10 minutes or less, but

they were each associated to a

Frequency (MHz)
3

: l non-Earth directed CME. In
; o it S e total, there were 12 Xlass

B e flares in 2013, almost as many
- - as 2011 and 2012 combined,
and bringing the total for SC24

on 27. Yet, only 5 sunspot
e regions were responsible for
8 these extreme explosions on

= j the Sun. Meanwhile, the

H [ & ] magnetic field near the

= lm P pt e northern solar pole (finally)
54 I‘“‘ﬁﬁ ~ completed its reversal,
. MWM W whereas this magnetic flip is
Ssddusddudddddeddddadesesddasgaeas sl ongoing at the soudrn

Figure9: Radio observers from the BRAM®twork observed the Xlass flare r?OIAe' Thgse @Lma{s EeSt'f,,Y “ ~ ‘
from NOAA 1893 at their frequency of 49.99 MHz on 19 November 2013dbntt gSQNB Of 2as 02 uKS
and green dashed line on radispectrogram on top). The radispectrogram SC24. It remains to be seen

made by the Humain Solar Radio Observatory shows the full extent of the stro K many ups and down this

radio disturbance.

moderate solar cycle will show.
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CLW6 and ESWW10:Two successful international conferences

5dzNAYy3 GKS O2dzNAS 2F GKS 1 ad TS 4LOEYRS dgdhed quitekaS { ¢/ 9
reputation when it comes tefficiently organizing international conferences. In 2013, two such events

were successfully handled by just a handful obgle: the sixth Coronal Loops Workshop (CLW6) and

the tenth European Space Weather Week (ES\O)V1

The 6" Coronal Loops Workshm

The sixth Coronal LospNorkshop CLW6

took place in La Rocken-Ardenne (Belgium)

from 25 till 27 June. Organized by the Solar
Terrestrial Centre of Excellence (STCE),
gathered more than 60 scientists from all
over the world discussing the latest in
coronal loops research. Understandinbet

fine-structure and evolution of these loops is
of fundamental importance in our f§
knowledge on solar eruptions and on the®

million degree hot corona, thus providing rigure10: In the above SDO/AIA 171 image, fine coronal loop:
key elements on space weather itself. can be seen over an active region.

The 36 oral presentations and 33 posters focused on the 4 main topics of the workshop. These
concerned the temporal and spatial resolution of the images and data, the energgeeile the corona,
insights in the way the different layers of the solar atmosphere are coupled, and the tools that are
required to observe the various features and
their key characteristics. Despite the different
points of views, the discussions were
Y courteous, constructive and inspiring. No
Prapartios &f Corona| wonder that in some cases the Q&Aassion

Loops and Thele

P lasted longer than the presentation itself!

Another interesting aspect was that data and
imagery of many solar observing satellites
were used. So, aside the obvious SDO, SOHO
and STEREO, satellites such as Hinode,
Coronas= and RHESSI were regularly
mentioned too. Quite a few talks featured
also the latest results from the High
Resolution Coronal ImageHiCQ). This EUV
Figurell: The 36 preentations were well attended and telescope was launched on 11 July 2012
discussed by 60+ international scientists. aboard a NASA sounding rocket and gathered
only for about 5 minutes worth of imagery.
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However, its resolution was 5 times better than the current Sib@ges and the results obtainedo far
excite the entire coronal loap research
community.

The participants also cheered the successful
launch of IRIS (Interface Region Imaging
Spectrograh). This satellite will study the
interface region of the solar atmosphere and will
hopefully shed more light on how the Sun
manages in just a few kilometers to increase the
temperature of her atmosphere by a factor of
100. The mission should last 2 yeaed will
probably give the researchers a lot to talk about
during CLW?7. This workshop would be due in
2015, and the venue is expected to be
Figure12: HiC's resolution is five times better compared to  Somewhere warmer and drier than the scenic but
SDO's. rainy La Rochen-Ardenne.

The 10" European Space Weather Week

390 scientists, satellite and network operators from 36 countries worldwide gathered in Antwerp from
18 till 22Novemberto discuss the theme Space Weather during the tenth edition of the European Space
Weather Week (ESWW). During this international cosgyréhey addressed the question how vulnerable

and at the same time how resilient the society is during severe space weather. Research into the causes
of solar storms, the strategic organization of the data charts of the Sun, space, the Earth and its
envirnment, as well as the continuous space weather monitoring should help tihefmding an
appropriate answer on the threat and impact of space weather.

Ths edition of the S
ESWW highlighted the &
space weather
milestones reached in
the past decennia and pZ#
suppored the outline
for a future space
weather strategy. Three
medals were awarded during a formal ceremony for outstanding achievements in the field of space
weather. The advanced coursSpae Weather for Engineed{SWA4E) given just prior to the ESWW,
aimed to make all involved in space weatlzard in particularengineers aware of the solar or spatial
origin of disturbances and disruptions that are witnessed in ground based and spatiabkegical
systems.

Figurel3: The logo of the ESWW10.

The Wall of Peace in front of the imposing railway station of Antwerp displayed the definition of space
weather in more than 25 languages émphasizethat science is a universal language passing cultural
and country borders. Space weathis universal and as such, Europe set up scientific initiatives to
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understand, cope and anticipate on space weather impacting our society, visualized in a time line going
all the wayback to 1859the year of the famous Carrington event

ESWW offerandcontinues to offeta full swing space weather recipe to learn, discuss and plan.

Figurel4: During the 18 edition of the ESWW, several special activities were offered to the participants suct
the tutorial, a live and onihe wise scientist quiz, the time line, the wall of peace, an online classroom. New th
year was that at the beginning of the fair, allstan€ 2 f RSNA O2dzZ R 2N} ff& AyidNR

minute presentation.
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Public Outreach

The S@ace Pole opens its doors!

In the context of the 100 anniversary of the Royal Meteorological
Institute (RMI), an Open Door was organized on the premises of the Space
Pole. This open door took place during the weekend e2@May 2013,

and attracted over 7000 visitors. The spotlight was certainly on the RMI
which got the centroid of activities (movie). The STCE participation was
intense with various events in the solerrestrial domain.

One of the highlights was certainly a visit to tBelar Dome A small

introductory presentation was first given in theorridor of the SIDC.

Skilled observers and space weather forecasters explained in laymen

terminology what sunspots are, how they are observed, why these

observations are so important, and how solar eruptions affect us and our

technology. Then, the smaliaups of 1015 people were guided via more Figurel5: After a brief
than 40 stairs towards the top of the solar dome. There, the various solgf°duction on Sunand

. i L. . ace weather in the SIDC
telescopes were shown and their specific applications discussed. Weatli%

- o ) } fidor, the visitors gota
permitting, the visitors could also make solar observations using guided tour of the telescopes
projected solar image from the white light solar telescope. During and the solar dome.

after the visit, there was plenty of opportunity to ask questions to the

guides.

A much appreciated activity was the
series of presentations that were given
in the STCHent. The presentations
were short (1520 minutes), and
followed by 510 minutes for
guestions from the audience. Then
there were 5 minugs to get the tent
ready for the next group. The topics
were various and included, aside the
presentations on solar activity and
space weather, also earthquakes,
gravitational constant,
astrophotography, the planet
Mercury, atomic clocks, living on Mars,
and research from Antarctica. A total
of 26 (!) presentations were given, and

they became the besatated activity of Figurel6: A dozen of short presentations on various topics were give
the Open Door each day in the STCE tent.
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