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5 thematic nodes and 1 technical node

Interiors &
Surfaces, DLR

Its objective:

Develop Virtual Observatory tools

Emall Bodies &
Dust, INAF-IFSI
= Rome

In order to access data from

laboratory measurements
ground+space-based observations
modeling results

allowing comparative and pluri-disciplinary studies

of planetary objects and environments Plasma Node
http://europlanet-plasmanode.oeaw.ac.at/



Science Case 3.1
Solar wind interaction
with Jupiter and Saturn aurorae



The Physical Problem in a nutshell ‘

Auroral emissions (observed remotely)
occur in the atmospheres of giant planets

n

. . .. . . . field-aligned t
Their origin is the precipitation High-latitude T e raened carents
. . . Polar emissions
of electrons or ions (observed in-situ) .
Lower-latitude
o »

along planetary magnetic field lines Auroral oval

Therefore, energetic processes
observed in-situ in the ionized space
environment of giant planets will

have atmospheric counterparts Solar wind /
owing to this coupling Magnetosphere / lonosphere
Coupling

Auroral emissions will diagnose J

the dynamics of their magnetosphere



Cassini UVIS
Galileo UVS
Binary

HST (STIS), IUE
Fits, ..

Solar data
SOHO LASCO

movies

Access to heterogeneous data
(format, origin, databases)

Heliospheric data

Use of specialized tools

developed by
different communities

18
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Cassini RPWS
Galileo PWS
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ULYSSES MAG/SWOOPS :
Ascii, cdf, binary files ... . XMM EPIC
Cassini MAG/CAPS/MIMI, Galileo MAG/PLS/EPD 022\l Specroiapy | ChaNdra ACIS -
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Planetoplasma data Cassini INCA
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In-situ Plasma Data
The CDPP/AMDA Service
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AMDA (Automated Multi-Dataset Analysis) Functionalities

$39UIK4-1PIW

Web-based facility for online analysis of space physics data

http://cdpp-amda.cesr.fr 2. Download data

3. Parameter editor

Evolving in the VO paradigm
Automated access to data
= the user plays with parameters, not with data files 5 Visual search

Produces and exploits time-tables

6. Conditional search

Its 7 functionalities allow to use and couple these two objects 7. Time-Table manager
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lllustration : Solar wind data

observed at Earth and
propagated at Saturn

Substorm activity

Cassini
at Satu N Magnetometer data
MAPSKP data in AMDA
(remote access to CESR)
Cassini SKR radio data in AMDA Cassini

radio emissions
(remote access to LESIA)

In-situ observations show the arrival at Saturn

of a solar wind disturbance (top) that triggers

a magnetic reconfiguration (middle) of the magnetosphere
and drives more intense radio auroral emissions (bottom)
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Multi-wavelength observations
of giant planet auroral emissions
IVOA Tools



Access to spatial, temporal, and multi-spectral information




Temporal Targeted VO tools
(Aladin?)

) — e Data visualization
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Case Study: Aladin



Illustration: Accessing the relevant HST observations (<1000)

HST Archive in Baltimore, search by keywords in abstract database

[Bf MAST HST Abstract Search - Mozilla
File Edit Miew Go Bookmarks Took  Window  Help

& - i - \3' %E I\& hittp: /4 archive. stsci eduhst/abstract html j {_’__Sealchl T:':it - .
Tt

Back Fomward Reload  Stop

Mission_Search Tutarial Site Search >,
HSTHome| About HET | Getting Started | Registration | Archive Status | HET Search |HSTnnIine Search | Suggestions

HET Target Search

HST ABSTRACT SEARCH

Search the HST proposal abstracts andéor proposal titles for specific strings of
interest. You may also search the HST ahstracts database for a specific Guest
Investigator (either in cornbination with a string search of the abstracts or alone).
vou may enter lists of expressions separated by commas. See the help for more

FAQ details.

HET Ahstract Search

Search & Retrieval

String to be searched for within th\abstract: |aurc:rEL+saturn

Daily Data Reports
¥ Display Abstract?

Ahout HST Data ) o ]
String to he searched for within the title: |

High-Level Science
Froducts Investigator first name:

Data Reduction & and/or last name:
Analysis

Catalogs Proposal id or a list of ids separated by commas: |

Froposal Support Cyele or a list of cycles separated by commas: |

Proprietary Rights submit Reset

Dacumentation

Gallery Help

Related Sites -

Eﬁ'Staltl Micolas Andre - | ] 2 Microsaft OF.. -| &9 Inbox for nandr... | |} Euraplanst | | Micrasaft F'l:-wer...l &5 3 Mozilla - | [2) | Lé;{’:‘ il oSd B 1512




Illustration: Accessing HST observations (abstract search)

HST Archive in Baltimore, search by keywords in abstract database

TE MAST HST Abstract Search - Mozilla

File

& - a’ - \3 =§§ I& hittpe M archive, staci edudhstAabstract. html j é,SBalchl ;:it -
rira

Back Fonard Reload  Stop

Edit “iew Go Bookmark: Toolz ‘window Help

LLLE= i e e ey g g e e | g g e e ) ) ) | L L

energy of the precipitating particles can be measured simultaneously at conjugate points
north and south. This proposal is to conduct one such simultaneous observation, which will
demonstrate the potential for future cycles. YWe request 3 HST orhits to observe a large
fraction of one complete Saturn rotation at the same time as Casgsini VIS, The rotational
coverage has been shown to be of central importance in recent STIS images of Saturm's
auroral activity, which is concentrated in an "active sector connected with the strongest

SWED\

HST Cycle 12 proposal 10023 MST UV Images of Saturn's Aurora Coordinated with
Cassini Solar Wind Measurepients

of the Cassini mission to Saturn is to obtain simultaneous solar
wind and auroral imaging measurements in a campaign scheduled for Jan. 2004, Cassini
will measure the solar wind approaching Saturn continuously from 9 Jan. - 6 Feb., but not
closer to Saturn due to competing spacecraft orientation constraints. The only system
capable of imaging Saturn's aurora in early 2004 will be HST. In this community DD
proposal we request the minimum HST time needed to support the Cassini mission during
the solar wind campaign with UV images of Saturn's aurora. Saturn's magnetosphere is
intermediate between the "closed" Jovian case with large internal sources of plasma and
the Earth's magnetosphere which is open to solar wind interactions. Saturn's aurora has
been shown to exhibit large temporal variations in brightness and morphology from
woyager and HST observations. Changes of auroral emitted power exceeding one order of
magnitude, dawn brightenings, and latitudinal motions of the main oval have all been
observed. Lacking knowledge of solar wind conditions near Saturn, it has not been
possible to determine its role in Saturn's auroral processes, nor the mechanisms
controlling the auroral precipitation. During Cassini's upcoming approach to Saturn there
will e a unigue opportunity to answer these guestions. We propose to image one
complete rotation of Saturn to determine the corotational and longitudinal dependences of
the auroral activity. Ve will then image the active sector of Saturn once every wo days for
a total coverage of 28 days during the Cassini campaign to measure the upstream solar
wind pararmeters. This i5 the minimum coverage needed to ensure ochservations of the
aurora under solar wind pressure wariations of more than a factor of two, based on the
solar wind pressure variations measured by Woyager 2 near Saturn on the declining phase
of solar activity. The team of proposers has carried out a similar coordinated observing
campaign of Jupiter during the Cassini flyby, resulting in a set of papers and H3T images
on the cover of MNature on 28 February 2002

| % &0 2 E3) A || | =S|
it;?Slalll NicolasAndre-...l ] 2 Microsoft ... v| €9 Inbox for nandr... | |3 Europlanet | | Microsait Power...l 25 3 Mozilla - ‘ @H%,e;"j miwd HFH R 1517




Illustration: Accessing the relevant HST observations (datasets)

HST Archive in Baltimore, search by keywords in abstract database

[ MAST: HST - Mozilla O] %]
v File Edit ‘iew Go PBookmarks Toolz “Window Help
Eﬁc'k hd Ff%;ld H\nalam;d Sgi;%p I \{!L http: #/ archive. stsci. edu/cgi-bin/proposal_search ?id=10033mizsion=hst J Sealchl v -
Data for proposal 10083 as of Tue Sep 11 13:17:590 GMT 2007 -
51 reconds (0 proprietary) returned.
Subrnit marked data for retriesval from STDADS |
I ark. all | Unmnark all | kark public | |Inmark. public kark proprietary | Unmark proprietary |
Bow | Mark Targname BA Dec Insirument | Operating Mode | Cent Wave (A) [ Exp Time Start Time Dataset Name Belease Date Bo
1 | [T |SATURN-AURORA-SOUTH |06 38 4379 |+22 200733 [5TIS LOCT 1362 68 540.00 | 2004-01-10 04:41:15 [OEWIO1010 | 2004-01-1009:02:22 | 1
2 | O |SATURN-AURORL-SOUTH |06 38 44.03 |+22 20 07.53 |STIS TIME-TAG 1453.25 £40.20 | 2004-01-10 04:24:35 [ OEWIOL51 2004-01-1008:59:51 | 2
3 | 0 [SATURN-AURORA-SOUTH |06 38 43.59 |+22 20 0209 |STIS TIMIEE-TACG 145325 640.20 | 2004-01-10 04:55:32 [ OEWI0157 2004-01-1009:1025 | 3
4 | [0 [SATURN-AURORA-SOUTH |06 39 25.64 |+22 28 1432 |STIS LT 1368 68 540.00 | 2004-01-08 04:42:39 [OEWI02010 | 2004-01-08 06:44:53 | 4
5 | [0 [SATURN-AURORA-SOUTH |06 39 2427 |+22 28 1608 |STIS LCCUI 1368 A% 540.00 | 2004-01-08 0é:16; m.ZKDI -08 104748 | &
6 | [0 [SATURN-AURORA-SOUTH |06 39 2287 |+22 28 1738 |STIS LCCUI 1368 A% 540,00 2004—01-07{?:52:44 OEWIN2030 QDDNS 123843 &
T | O |SATURN-AURORA-SOUTH |06 39 21 47 |+22 28 1967 |STIS LCCU 1368 A8 540,00 2004—01-&09:28:43 OEWIN2040 2004—01}8 228421 7
g | [T |[SATURN-AURORA-SOUTH |06 39 2007 |+22 28 21.47 |STIS LCCU 1368 68 540.00 | 2004-01-08 TNgG:42 OSW’[DQDSLM-DS 15021 8
o | [0 [SATURN-AURORAL-SOUTH |06 30 2535 [+22 28 1402 |STIS TIME-TAG 1453.26 £40.20 | 2004-01-02 04:25:59 [ OEWIO2CH 2004-01-08 06:41:51 | @
0 | [T [SATURN-AURORA-SOUTH |06 30 2543 |+22 28 1459 [STIS TIME-TAG 1453.26 640.20 | 2004-01-08 04:56:56 [ OEWI02CC 2004-01-08 10:35:43 | 1
ERow | Mark Targname R4 Dec Insirument | Operating Mode | Cent Wave (A) [ Exp Time Start Time Dataset Name Release Date Ro
11 | [0 [SATURN-AURCRA-SOUTH |06 39 24.50 [+2228 1579 |STIS TIME-TAG 145326 T40.20 | 2004-01-08 05:58:25 [ OEWID2CHD | 2004-01-08 10:45:17 | 11
12 | [0 |SATURM-AURCRA-SOUTH |06 39 2406 [+22 22 1635 |STIS TIME-TAG 145325 T40.20 | 2004-01-08 06:31:02 [ OEWID2CNO | 2004-01-08 11:35:59 | 12
13 | [ |SATURN-AURCRL-SOUTH |06 39 23.10 [+22 28 17.58 |STIS TIME-TAG 145325 T40.20 | 2004-01-08 07:534:24 [ OEWIO2CS 2004-01-08 12:36:12 | 17
14 | [ |SATURN-AURCRL-SOUTH |06 39 2266 [+2228 1815 |STIS TIME-TAG 145325 T40.20 | 2004-01-08 08:07.01 [OEWID2CTY | 2004-01-08 211738 | 1«
15 | [ |SATURN-AURCRA-SOUTH |06 30 2170 [+22 28 1938 |STIS TIME-TAG 1453 26 740.20 | 2004-01-08 09:10:23 [ OEWI0ZD3 004-01-08 21:26:11 | 18
16 | [T [SATURN-AURORA-SOUTH |06 30 2126 |+22 28 1994 [STIS TIME-TAG 1453.25 T40.20 | 2004-01-02 09:43.00 [ OEWIN2DD 2004-01-08 21:37:15 | 16
1| | L|_I
% &b 2 E3 @ | | ]
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Illustration: Accessing the relevant HST observations (preview)

Preview of data possible but quality is not good enough ...

]'ﬂ_f MAST: HST Preview - Mozilla

File Edit View Go Bookmarks Toole ‘wWindow Help

3
B%k -;- = H\e%ad %g I\& hittp: f archive. stzcl.edudcairbin/mastpreview Pmiszion=hstikdataid=0 S 02040 j Q‘SBalchl Eﬁ‘g <

Farward Stop

4} Home | thookmalks

-

Preview calibrations are uncertain so preview daia should be used for diagnostic/quick-look purposes only.

FITS format More preview format options

Exposure Information

Target Name: S TURN-AURORA-SOUTH Observation Date: Jan & 2004 2:28 4T Instrument: 5TI3
RA: 06 39 21.47 Exp Time: 540 Filter/Grating: MIFCTYV
Dec: +22 28 1967 Release Date: Jan 2 2004 9:28F IV Aperture: 25N AN A
Data Quality: Mode: ACCUL Config: STISFUV-IANA i
Quality Commeni:
Original ohserving program:

10083 - Clarke, John T. - Boston University
HST UY Images of Saturn’s Aurora Coordinated with Cassini Solar Wind Measurements
SOLAR SYSTEM - Cycle 12 - Status: compleied

Retrieve Data |

' =
|“5§’r b 2 Ml Done / | I@@E P
L‘-‘_'Staltl Micolaz Andre-...i W\ 2 Microsaft OF... v| 9 Inbox for nand... | . Europlanet | L(ﬂ Microzoft Power...lW | =) ||é":{1? ﬂ _H @@%% 16.27




Illustration: Visualizing HST observations with Aladin
Visualization of data with Aladin offered and of good quality !

B Aladin sky atlas - Mozilla !Eg

=

¢ File Edit Miew Go Bookmarks Tools Window Help

& x i&’ ¥ \a fi; # hitp://archive. stsci.edu/cgi-bin/nph-aladin. pl?frame=launchingéscript=get+Local 2 28http% 38.% 2F % 2F archive.st: ¥ Sealch' d v
| Back Forward Reload  Stop I\& £ — 2 2 k! 3 cefb =g s . —I 2 Print m

vl /¥ Home | ‘!Bookmarks

@ ) Aladin sky atlas

ASTROMOMIQLTS OF STRASOURE

" Lload.. | save.. | Tools.. | Print.. | Help.. | Detach |
Position [12000 =] [4from=STScl pixel [g its =] |

Sl —

‘R
draw Y %
tag :

SN
text :‘
filter W

08WI02040 &',

e £ N2 Ea) @A I Applet cds. aladin.Aladin started I E@E 4

@Stavl' Nicolas Andre - l ] 2 Microsoft OF... vl_@ Inbox for nandr... I |23 Europlanet I | @] Microsoft Power... ”ﬁ 3 Mozilla v ‘ 2) | |ée;.-.'v—’,= W S>FB % 1527




Beyond Aladin ?

Extending Aladin functionalities
to satisfy our user requirements



Correcting HST observations

* Automated pre-treatment from HST pipeline:

(correction of dark background noise, flat field, geometrical distorsion,
absolute and wavelength photometric calibration, etc ...)

* Additional corrections required : _ - hurore (@)
‘parasite’ emissions
- Reflected flux by the planet

- diffused emissions
(terrestrial geocorona)

_ Aurore
4

IDL routines to be plugged in Aladin?

Our expert:
Laurent Lamy (LESIA, Imperial College)

-_— s e e e e e ol

~Aurore

-10 05 00 05 1.0

sat



Need for projecting / localizing HST observations

Projection cylindrique Projection polaire

©
e
o
o
0]
o)
©
E

12:00 18:00 2400
Temps local (h:min)

FIG. C.3: Projections cylindrique et polaire de I'image HST-STIS-SRF2 prise le 26 janvier 2004 & 19h16 (idem
figure C.2e) ainsi que du réfiéchi solaire déterminé pour le filtre SRF2 et la campagne 2004. Le fond soustrait sur les
images finales a été lissé sur 20 pixels puis normalisé sur I'image & 1’aide du rapport des intensités correspondant
aux rectangles blancs.



Correlating HST observations with X-ray, IR and VIS observations
Aladin could be used too

Stallard et al., Nature, 2009 Cassini/ISS Image at Jupiter

Chandra Image
Jupiter




In addition: HST database recently connected to Specview

¥ MAST: HST Preview - Mozilla Firefox

Fichisr  Edition  Affichage  Historique  Marque-pages  OQutils 7

- c {2t l: . http: ffarchive. stsci edu)cgi-bin/mastpreview?mission=hst&dat sid=06BAAES 0 A = | H5T archive )- /
18] Les plus visites ’ Débuter ave Firefox 5 A laune
Courrier ;: Boite de réception E Europel : Radio d'Actualite et News Fol,.. . HSTOMLIMNE Search . MAST: HST Preview E -
A

Preview calibrations are uncertain so preview data should he used for diagnostic/quick-look purposes only.

Target Name: JUP-S0TUTHZ

Ra: 03 57 46.90

Dec: +1241 4771

Data Quality: 0K

Quality Comment:NO APPARENT PROELEMS

Recently available

Display ! Custo

Preview in FITS format HMore preview format eptions
Exposure Information

Ohszervation Date: Jan 13 2001 2:18PM
FExp Time: 260.012

Release Date: Jan 13 2002 5:20PM
Mode: TIME-TAG

Original ohserving program:
8657 - Clarke, John T. - Boston University
Jovian Aureral Variability Due to the Solar Wind/Magnetosphere Interaction
SOLAR SYSTEM - Cycle 9 - Status: compleied

5 -- Grodent, D Clarke 1T, Kim I, Waite LH., Cowrley, W H. - 20031GFA 108k SMP2G
ST 5TIS -- Grodent, D Clarke TT ., Eim I, Waite TH., Cowley,5 W.H., - 2003JGE4 . 10813835

Instrument: STIS
Filter/Grating: G140L
Aperture: 52X0.5
Config: STISTFUV-MAMA

3. Simultaneous Chandra X ray, Hubble Space Telescope uliraviolet, and U]ysses radio obsemtmns of Juplter s aurora -- Elsner, B F Lugaz M., Waite, JH ., Cravens,T E | Gladstone, 5B, Ford P, Grodent, D, Bhardwrag, & ., MacDowallE.J, Desch M.D |

Majeed T, - 2005JGEL  11001207E

4. Jupiter's polar auroral emiszions -- Grodent, D Clarke 1T, Waite TH., Cowley, 3 W H., Gerard J-C., Kim J. - 2003TGE4A 108] SMP&EG

Terming
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A possible service

2. Download data

3. Parameter editor

5.Visual search
6. Conditional search
7. Time-Table manager

8. Astronomical data
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Do they exist HST observations
for the identified time period?

If yes,

visualize them

(with Aladin)

and download them if requested
by the user



Our proposed approach

Data Finder:

learn how to find all existing astronomical giant planet auroral observations (-> Time-Table, catalogue)

1) in UV (e.g., from the HST Science Data Archive),
2) in X-ray (e.g., from the XMM-Newton Science Archive)
3) inIR and 4) in Radio, using available astronomical catalogues, VO and associated search engines

Data Access:

learn how to understand and read the corresponding data and metadata, together with their calibration files
(standard(s), protocol(s), ...)

Use of Existing Tools:

learn how to use the VO tools mentioned previously with the corresponding astronomical data

1) astheystand,

2) also with existing planetary data on giant planet auroral emissions obtained from planetary spacecraft
(e.g., from the Cassini UVIS, Cassini VIMS, Galileo UVS instruments at PDS),

3) identify the technical and scientific limitations (if any) of these VO tools
in order to satisfy our requirements



Our proposed approach

Adaptation of Existing Tools to our Needs:

learn how to extend the existing tools and develop relevant and associated Added Value Services in order to fully
satisfy our requirements

Connection between AMDA and VO tools:

learn how to connect our AMDA service with corresponding data and tools in an interoperable or integrated way
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