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Mag. = 1.052
Gam. = 0.384
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Un. of Athens expendition to Total Solar eclipse, AS P”C\ |

Kastelorizon, March 29", 2006 Formation Fying Coronagraphy
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Un. of Athens expendition to Total Solar eclipse,
iastelorizon, March 29", 2006







To NAIOKO OoTEUMA gival aTTAG N EKTETAPEVN ECWTEPIKN aTHOo@aIpa Tou ‘HAlou. MepiExel
QKPIBWCG Ta idIO OTOIXEIQ TTOU TTEPIEXEI KAI N PUTOCPAIPA KAl EKTEIVETAI BaBIG yéoa aTo
dIGoTNUA AOYW TNG aTTiIOTEUTA UWNANCS Beppokpacaiag Tou. H I'n kail o1 TTAavATEC
KivouvTal JEoa oTo oTEUPA Tou 'HAlou. To 99% TrepITTOU TOU OTEPPATIKOU QWTOC ival
ATTOTEAEOUA TNG OKEDAONG ATTO TA EAEUBEPA NAEKTPOVIA TOU OTEUPATOG TOU PWTOC TNG
opaTNS NAIAKAG ETTIPAVEIAC (PLTOCPAIPAGC), EVW PMOVO TO 1% EKTTEUTTIETAI ATTO TA
dINyEPPEVA ATOPA TOU AEPIOU TOU OTEPMATOC. MOAIC €va atrd KABE EKATOUMUPIO
PWTOOPAIPIKA QWTOVIA OKEDACETAI ATTO TO OTEUMA, EVW ETTIONG KAI N TTUKVOTNTA TOU
OTEMMATOC €ival ECAIPETIKA XAUNAR, TTEPITTOU TO £Va DICEKATOUMUPIOOTO TNG TTUKVOTNTOC
NG YNIVNG aTNOo@aIpacg. ‘ETol, N QWTEIVOTNTA TOU OTEUPATOG €ival JOAIG TO 1
EKATOUMUPIOOTO TNG NAIOKAG QWTEIVOTATAG KAl YIAUTO €ival opaTtd JOVO KATA TN
OIAPKEIO TWV OAIKWYV EKAEIYPEWV OTTOTE O BIOKOC TNG 2EAAVNG «UTTAOKAPEI» TNV TTOAU
MEYAAUTEPN QWTEIVOTNTA TNS NAIOKNG GWTOCPAIPAG. A TTPpWTN OoPa KATA TN dIAPKEIA
NG NAIOKNG €KAeIpng Tou 1869 o Puoikdg C.A. Young avixveuoe pid Tpaoivn
OTEMMATIK YPOUMN EKTTOUTING KAl OTN CUVEXEIQ TTPOCOIOPIOE TO NAKOG KUNATOG KAl
AAAWYV TTAPOUOIWY GACHUATIKWY YPOUMWY. Kaupid Ouws atrd OAEC QUTEG TIG
(PACUATIKEC YPOAUMEG OEV UTTOPOUCE va attodoBei o€ KATTOI0 YVWOTO XNMIKO OTOIXEIO.
‘ETO1, n Tpdoivn auTr Ypauu attoddBnke o€ €va VEO OTOIXEIO, TTOU OVOUACONKE
KOPWVIO, ME TNV TTPOoCodOoKia OTI cUvVToua Ba avakaAUTITOTAV KOl OTO EPYAOTHPIO0, OTTWCG
TTAAIOTEPA Ol YPAUMEG TOU OTOIXEIOU NAIOU gixav aviXveuBei yia TTpwTn @opd oTo NAIOKO
@w¢ 10 1868 a1rd Toug Janssen kai Lockyer kal apyoTepa eVTOTTIOONKAV 0€ OPUKTA
a1ro Tov Ramsey 10 1895.



‘Etmrpette va repacouv 70 xpovia we 1o 1940 yia va AuBgi To aiviyua, otav
Katavononke OTI n TTpAcivn auTh YPaupn o@eIAoTav o€ 13 POopPES IoVIOHEVA ATOUA TOU
oToIx€iou Tou O10fpou. Ta va 1ovioBei Suwg o aidnpog xavovrag 13 atrod Ta 26
ECWTEPIKA TOU NAEKTPOVIA ATTAITOUVTAI Ol UYNAEC BEPUOKPATIES TWV EKATOUMUPIWYV
BaBuwyv. AuTA n €MOTAPOVIKA avakAAuyn €ival éva onueio ava@opdc otn ouyxpovn
QOTPOPUOIKNA KOl ATTOKAAUWE £va QAIVOPEVO TTOU TTOTE TTPIV OEV EiXE PAVTAOOEI KAVEIC,
Kal ouEPA YVWPICOUUE OTI IOXUEI YIA TIC ATHOOPAIPEG TWV TTEPITCOTEPWYV ACTPWYV AAAG
Kal YOAQIWY KOl Ounvwy YoAaciwy. AiIdTI o€ auTr TN BEPUOKPATIa TWV EKATOUMUPIWY
BaBuwyv 1O OTEPMA Eival TTNYN EKTTOPTIAG OKTIVWYV — X, Ol OTTOIEC avIXveuBnkav atrd Tov
‘HAio 10 1949. H avakdAuwn auTr TS UTTapEnS ev~Og UTTEPOEPUOU OTEUPATOC £€BE0€
Eva KevTpIKO epwTtnua otn Puoiki: TTwe gival duvaTtd N pWTOCPAIPA TTOU N
Bepuokpaaia TG ival «ovo» 6000 BaBuoi, va Bepuaivel TO UTTEPKEIPEVO OTEUPA OE
Bepuokpaciec ekaToupupiwy Badbuwy; ‘Evac atrd toug Adyouc TTou TTOAAOI CUYXPOVOI
EPEUVNTEC ouveXi(ouv va TTapaTnEOoUV TIC NAIOKES eKAgipeIC otToudnTToTE ['NC €ival yiaTi
TTPOCOOKOUV Va Bpouv uid ammrdvtnon o€ auTod To BepeAIWdES epwTnua. ‘HTav e1Tiong
EVac atrd Toug AOYoUG TTOU OTO MIKPOOKOTTIKO KaoTeAOpilo Twv 300 KaToikwv
BpéBnkav trepiooodTepol atro 1000 emoTAPOVES aTTO OAO TOV KOOMO TNV 29n MapTiou
2006.
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Observations of the Solar Corona:

SOHO/LASCO-C2 SOHO/LASCO-C1 Ground-based Total solar Eclipses:

R>2.5Rsun High level of straylight coronagraph: Ideal but very rare and

and operated at solar O Spatial resolution only a snapshot!
minimum only and atmospheric noise

0 After 40 years of space coronagraphy the lower
corona (<2.5R,,,) remains practically unobserved
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Formation Flying (FF) and the ASPIICS Coronagraph ASP"CS"’

Formation Flying Coronagraph ™,
FF is considered as the most promising approach to deploy the forthcoming generation of very
large instruments in space. FF heralds a new era of coronal studies by allowing the deployment of
giant coronagraphs in space capable of continuously observing the inner corona down to the solar
limb under conditions of natural eclipses, a goal impossible with present space and ground-based
instruments. ESA is taking a leading role in this technology and has proposed an ambitious
program starting with the PROBA-3 demonstration mission and culminating with DARWIN, an
interferometer aimed at the search of terrestrial exoplanets orbiting nearby stars within their
habitable zone.




Objectives ﬁuﬁﬁiim

O ASPIICS : the next generation coronagraph for solar research,
conceived to permanently reproduce the conditions of a total eclipse
of the Sun in space ("artificial” eclipse) exploiting formation flying to
gain access to the inner corona for long periods of time.

O ASPIICS : a giant step in our knowledge of the solar corona by
providing observations that will help:

< (a) understanding key physical processes in plasmas and
<+ (b) predicting space weather in the Sun-Earth system.

a ASPIICS : capability to independently control the pointing and
alignment of the two satellites and provide the initial and regular
calibrations of the formation control system of the satellites
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Formation Fiwing Coronagraph

Mission Baseline

Highly elliptical 19.7 hour orbit 12 hours formation flying
600 x 60530 km - -

Formation flying operations each
orbit: minimum 6 hours (in
practice 12 hours)

— Science and FF experiments

Coronagraph operations: around
1000 hours

— Equivalent to 167 days or close to
6 months

— Science operations spread over
mission lifetime

Mission duration: 2 vears
Launch 2017

Mass: 340 kg telescope, 200 kg occulter 12 hours perigee passage
Dimensions :1100 x 1800 x 1700 mm3, 900 x 1400 x 900 mm3
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PROBA-3 Mission Objectives

Formation Flying Demonstration

— Performance of high precision
formation flying pointing and
manoeuvres of relevance for future
formation flying missions

Development, qualification and in-
orbit validation of formation flying
technologies (sensors, actuators,
GNC etc).

Design, development and validation
methods for formation flying systems

Science guest payload: Solar
Coronagraph nerfarmina solar
observations



ESA funding to Athens team for participm
to Startiger program(15/9/09-15/3/10): "~~~

..demonstration of the ASPIICS Coronagraph

First stage of proposed investigation performed in framework of ESA STARTIGER
program of technology demonstration by a consortium of institutes:

v'Laboratoire d'Astrophysique de Marseille,
v'University of Athens (software engineers/core team),

v INAF (Obs. of Torino, Univ. of Padova and Florence),
v'Centre Spatial de Liege.
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Channels of interest
3d Broadband filters Fa‘ﬂ,ﬁﬁﬁ%ﬁm

<+ White light: a passband between 540 and 570 nm

< Polarised white light (different angles of linear polarisation with same
passband between 540 and 570 nm) J

I:‘;|.:I4CI)OI|I|I|I|Id!OIII|III|I5c|)OI|I|I|I|I5golll|llI|I6(|)0I|III|III6QOI|I|I|I|I7CI>OI|III|I|I7LOI|I

I hi
» Hlat656.3 nm (“Ha", formed essentially below 10,000 K)

2 Narrowband filters
KH G F -

h g [fe d h c h

<+ Fe X at 637.5 nm (“red line”; peak formation T around 1 MK)
<+ Fe XIV at 530.3 nm (“green line”; peak formation R around 2 MK)



a Field of view (FOV)

4

L)

The ASPIICS FOV will be 1.08—3 Rs, constrained by technical
difficulties (stray light rejection, in particular). Yet, FOV with a lower
position of its inner edge would be beneficial for most of the scientific
objectives.

Pixel angular size

With the average solar radius of 960 arc sec and the outer edge of
the FOV at 3 projected on a 2048x2048 pixel detector, an average
6x960" total angular size translates into an average 2.81 arc sec/
pixel, or 2040 km/pixel. It is assumed that the Point Spread Function
do not degrade the spatial resolution beyond the pixel size.



N
0 Time Constraints ASPIICS: 4

Constraints on the time resolution (or cadence) come from the
life time of the target features and from their travel time across
the ASPIICS FOV (sampling). Constraints on the exposure
time arise from the speed of the features or from wave
propagation speed (to avoid motion blurring).

Some characteristic speeds in the corona are:

< The sound speed c. ~ 150 km s”' in a 1 MK plasma.

< The Alfvén speed v,. depends on the plasma
characteristics (density and magnetic field), and ranges
from v,~100 to 1000 km s, roughly.

<+ The speed of small ejecta like coronal jets, which can reach
hundreds of kilometres per seconds

<+ The speed of CMEs, ranging from 200 to 2000 km s.



N
0 Constraints on Signal to Noise ratio A2£1CS

“Noise” includes all possible sources such as,, photon shot
noise, detector thermal noise, detector read noise,
compression noise, etc. Photon noise will take into account
the K and F-corona as well as instrumental stray light
contribution. “Signal” means the intensity of the K-corona only,
l.e. the contribution from the electron density.

< Constraints on Signal-to-Noise Ratio (SNR) are derived
using the following reasoning: the noise variance should be
smaller than the intensity jump that is to detect (contrast
between neighbouring or superposed structures in the
plane of the sky, propagating intensity fluctuations, etc). If
the expected intensity jump is, e.g., 5% of the “signal” (i.e.
the average intensity of the K-corona), then SNR should be
1/0.05=20. Note that this ensures only a 1-sigma detection,
but is only a minimum requirement.



Scientific Objectives Aspﬂcﬂ

Formertiop Fiwing C

0 Understand the physical processes governing the quiescent
solar corona by answering the following questions:

<+ What is the nature of the solar corona on different scales?

<+ What processes contribute to the heating of the corona and
what is the role of waves?

<+ What processes contribute to the solar wind acceleration?

0 Understand the physical processes that lead to CMEs and
detertmlne space weather by answering the following
guestions:

<+ What is the nature of the coronal structures that form a CME?

How do CMEs erupt and accelerate in the low corona?
What is the connection between CMEs and active processes
close to the solar surface?

<+ Where and how can a CME drive a shock in the low corona®?
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