The campaigns of
observation of the mutual
phenomena of the Galilean

satellites
The campaign 2014-2015

eclipse / /<00

L L4
_.----:'_:__ *. i:: |IIII |IIII.

_—_ ___.-"'- \ e
- _ 5‘:I_—-l!.: -,
h e

7 Seutatin JE Alos

DHEMU | IMCCE/obs. de Paris




Mutual phenomena: rare phenomena

They occur only near the equinox on the
planet

Jupiter: 2009, 2015 (every 6 years)
Saturn: 2009 (every 15 years)
Uranus: 2007 (every 42 years)



Equinoxes on the giant planets: Jupiter

Jupiter: 2009, 2015 (every 6 years)

The Galilean satellites and
also the small inner
satellites are concerned

Amalthea, Thebe
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The jovicentric declination of the Earth and the Sun
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Mutual events occur when this declination is smaller than

one degree



The Galilean satellites are too
bright!

+ Direct imaging difficult

+  Easy observation of mutual events

as seen in a 80cm-telescope =

as seen in a 30cm-telescope : The Galilean Satellites in May 1993

Observation made at Observatoire de Haute Provence
(0.80m telescope R filter)

[V




Observing in R-band or V-band

Below the light curve of the light flux received from the
satellites during a mutual events. The shape of the light curve
depends on the ephemerides and on the physical parameters

of the satellites.




Jupiter

Saturn

Uranus

Summary of observational campaigns

1973
1979
1985
1991
1997
2003
2009

1980
1995

2009

2007

Number of
observations

91
18
166
374
275
361
523

14
66
26

52

Number of sites
of observation

26

28
56
42
42
68

16
15

19

Number of
observed
events

65
9
64
111
148
116
206

13
43

17

36

Number of
observable
events

176
60
248
221
390
360
237

213
182

131

193



The progress until foday
- change in the observers (more amateurs)
- change in the instruments (smaller aperture and 2D photometry)
- change in the network (more countries)

Occurrences Size of the telescopes Photometry

Jupiter < 60cm > or = 60cm (D) 2D
(amateurs) (professionals)

1973 4 20 24 0
1979 3 7 10 0
1985 12 12 21 3
1991 37 19 39 17
1997 35 10 15 30
2003 34 15 8 41
2009 52 10 0 62
Saturn 1995 5 11 8 8

Uranus 2007 4 11 0 15
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ABSTRACT

Context. In 2003 the Sun and the Earth passed through the equatorial plane of Jupiter and therefore through the orbital planes of its main
satellites.

Aims. During this period, phenomena of mutual eclipses and occultations occurred and have been observed and we now present the catalogue
of the data gathered.

Methods. Light curves of mutual eclipses and occultations were recorded by the observers of the international campai gn PHEMT3 organized
by the Institut de mécanique oéleste, Paris, France.

Results. We made 361 observations of 116 mutual events from 42 sites. The corresponding data are given in this paper. For each observation,
information is given about the telescope, the receptor, the site and the observational conditions.

Conclusions. This paper gathers together all these data and gives a first estimate ofthe precision. The catalogue of these rare events published
in this paper intends to be an improved basis of accurate astrometric data useful for the development of dynamical models.

Key words. Jupiter — Galilean satellites — Mutal events — Eclipses — Occultations — Astrometry

1. Introduction to the observers of our international network made of 42 sites.
1

Observations of mutual events of the natural satellites are per-
formed intensively since 1973 and they had been proved to be
4 very accurate way to get astrometric measurements of the
natural satellites. As we did in the past, we encouraged the
observers to make as many observations as possible and we

(Jrg.mm_d and C{J(erlndﬂ_d an Lnledll{)Ml campaign in order

PRSI T S B TSRS SR 5 151 =t 4 &7t |

We provide in this paper all the data collected by our net-
work: note that 19 more observations were made (at Meudon,
Pulkovo, Armagh, Nauchny, Novara, Sendai, Terskol, Sobota

! tables 4 and figures are available in electronic form at the
CDS via anonymous fip to edsarc u-strashg fr (130.79.128 5) or via
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ABSTRACT

Context. In 2000, the Sun and the Earth passed through the equatorial plane of Jupiter and therefore the orbital planes of
its main satellites. It will be the equinox on Jupiter. This occurrence will make possible mutual cocultations and eclipses
between the satellites. Experience has shown that the observations of such events will provide accurate astrometric data able
to bring new information on the dynamics of the Galilean satellites. Observations are made under the form of ph netric
messurements but need to pade through the organization of a world wide campaign of observation maximizing the number
quality of the data obtained.

his work focuses on processing the complete database of photometric observations of the mutual occultations and

Aims.
aclipses of the Galilean satellites of Jupiter made during the international campaign in 2000, The final goal is 10 derive new
accurate astrometric data,

Methods. We usad an accurate photometric model of mutual events adequat accuracy of observation. Our orlginal method
I applied to derlve astrometrle data from photometric otearvations of mutual occultations and eclipses of the Galllean satallites
of Juplter

Results. Wa process the 467 light curves obtained during the International campaign of photometric observations of the
Galilean satellites of Juplter In 2009, As compared with the theory, for sucosssful obsarvations, the r.m.s, of '0-C” residuals are
equal to 45.8 and 81.1 mas In rhght sscenston and declination, respectively and the mean 'O-C” resbduals are equal to -2 mas
and -9 mas in right ascension and declination respectively for mutual occultations and -6 mas and +1 mas in right asconsion
and declination respectively for mutual eclipses.

Key words. ephemerides — planets and satellites: gaperal

1. Introduction

Photometric observations of mutual occultations and
oclipses of natural satellites of planets offer an efficient
Send offprint requests to: J-E. Arlot source of new astrometric data, We have taken the oppor-

Publication of catalogues of the observed events
(above in 2003 and in 2009) accessible on databases

via Internet




Mutual phenomena: the observation

Created by Jorathan Mc Auliffe, 2083,
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The geometry of the mutual events and of the eclipse and
occultation by Jupiter

Earth

Sarellite
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Geometry of a mutual phenomenon

by the penumhbra cone
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Fig. 3 — Occultations. Fig. 4 — Eclipses.




What happens during a mutual event?

We record the light sent by the satellites as a function
of the Universal Time (to 0.1 second of time)

Flux

13




The sites of observation
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Web page for the configurations of the Galilean satellites

INSTITUT DE MECANIQUE CELESTE ET DE CALCUL DES EPHEMERIDES

NSDC Observations Ephemerides Bibliography Parameters Links to the Web
» Ephemerides with constant step on time » Ephemerides and (0-C) for a file of dates and positions Show image

Natural Satellites Ephemeride Server. MULTI-SAT.

Configuration of the system of satellites
Galilean and inner satellites of Jupiter [\._Return ..

Choose Satellite | J1-1o0 v | that will be cross-marked.

Put ]__Jupiter center ¥ lit the center of field
Enter Observatory code (XXX) {500 (500 for geocenter) See the list
Epoch of equator and equinox | J20000 Z{
Choose Time Scale: ®@utc OTT

Choose format of initial moment | Year month day hour min sec.decimals v | i
Enter initial moment ‘299@_01 0_1 000.0 ’
the field | 12° v

Choose the step unit wiay_\i\ the step value J1

Choose type of coordinates Jaﬁ XY (arcsec) v { Explications )

Show

| Objectiv | | How to use | | Sources | Nomenclature |
Copyright Credit




Present field : 12" x 12°
Titne moment: 2000 1 1 0 0 0.00
Observatory. Geocenter

(UTC)

Results

IMCCE/SAL. Natural Satellites
Ephemeride Server. MULTI-SAT.

Satellites of Jupiter

Reference body:
Jupiter
Marked satellite:
J1 Io

Epoch of equator and equinox J2000
Differential coordinates

| Refresh image

With | 12' v |field scale

One tine step of | 1.0000 days
OBack

® Non

O Forvard

Marked satellite:
J1 1o v

Center of the field:
o.= 11 35M 24 4715
5=8"351038"

Coordinates and magnitudes




Present field : 12" x 12'
Time moment: 20001 1000.00 (UTC)
Observatory: Geocenter

166.

-24.
-15.
-10.

IMCCE/SAIL. Natural Satellites
Ephemeride Server. MULTI-SAT.

Satellites of Jupitex

Reference body:

Jupiter

Marked satellite:

J1 Io

Epoch of equator and equinox J2000
Differential coordinates

[ Refresh image ]

With | 12" + | field scale

One time step of | 1.0000 days
O Back

wiab.htm
mag Satellite
5.1 J1 Io
5.4 JZ2 Europe
4.7 J3 Ganymede N
5.8 J4 Callisto
14.2 J5 Amalthea E+W
15.8 J14 Thebe S
12.2 J15 Adrastea
17.6 J16 HMetis
rnitudes




£ IMCCE-SAI: Natural Satellites Service. Ephemerides. Satellites configuration - Mozilla Firefox

Fichier ~Edition Affichage Aller & Marque-pages Outils 2
- - [-%‘_7] ’\ﬁ n http: fwww.imcce. fr/cgi-bin/saimirrorfnss-eph3.cgi v @ ok ;GL
’ Démarrage o Dernigres nouvelles ... JI Minitelet

IMCCE/SAI. Natural Satellites
Ephemeride Server. MULTI-SAT.

Satellites of Saturn

Reference body:

S3 Tethys

Marked satellite:

S2 Enceladus

Epoch of equator and equinox 12000
Differential coordinates

[ Refresh image

With | 1"« |field scale

One time step of  1.0000 |days
O Back

'i;Ei'Non

() Forvard

Marked satellite:
52 Enceladus v

Center of the field: N
a=11h 28™ 27.662° E+ W
8=5"48 9.83 5

Coordinates and magnitudes

Presentfield : 1" x 1"
Time moment: 2009 2 6 11 26 10.00 (UTC)
Observatory: Geocenter

Terminé

3 4 Firefox




Fichier ~Edition Affichage Aller 3 Marque-pages Outils 2
\/;:I v v [ﬁ':# T‘;\| n http: ffwww.imcce. fr/cgi-bin/saimirrorfnss-eph3.cgi . '3}) oK IGL

’ Démarrage Gy Dernigres nouvelles ... I Minitelnet

IMCCE/SAI. Natural Satellites
Ephemeride Server. MULTI-SAT.

Satellites of Saturn

Reference body:

S3 Tethys

Marked satellite:

S2 Enceladus

Epoch of equator and equinox 12000
Differential coordinates

[ Refresh image |

With | 1"+ |field scale

One time step of  1.0000 |days
'1;'.3‘Back

'@f‘Non

() Forvard

Marked satellite:
52 Enceladus v

Center of the field: N
a= 11h 28™ 27.654°5 E+ W
=548 9.97" S

Coordinates and magnitudes

Presentfield : 1" x 1"
Time moment: 2009 2 6 11 28 0.00 (UTC)
Observatory: Geocenter

Terminé

(] & - — 'Y 5hi0 Wanadoo 4 =fo encelade L2 Adobe Photoshop Ele Lf . oy UG



Feriod Dechnation of Jupiter

196 7-1968 + 20"

1973-1974 —127°
159759-1980 +12°
15985-1986
15590-1991
159971998
2002-2003
2009-2010

2014-A15

Favorable occurrences: either for the Northern hemisphere
either for the Southern hemisphere



The dates of the 2014-2015 campaign of observation

Jupiter

opposition 6 February 2015

16 July 2014
and 18 August 2015

5 February 2015

conjunction

passage of the Sun in the
equatorial plane (equinox)

passage of the Earth in the 8 November 2014,

equatorial plane ,
(disappearance of the rings) 10 April and 5 May 2015

September 2014-June
2015

declinations of the planets +22 to +20 degrees

observing period



Number of events each month

2014 ‘ 2015
+1° |— ..
| opposition
D_IJIJTISID F
— conjunction
1% — IIEII!II!IImImIII
Alllevents = 2 13 38 63 69 67 79 59 42 43 25 32 10N

Visible in Pams-) 0O O 27 21 41 30 26 8




2015: equinoxe on Jupiter
THE CAMPAIGN OF OBSERVATIONS PHEMU15 OF THE MUTUAL PHENOMENA OF THE SATELUTES OF JUPITER (Aug. 2014 - Aug. 2015)

£
5
[y
[
¥
8
>
t
8
A
O
¢

A mutual occultation: the photometric signal

P Important facts and dates in 2014-2015:

Jupiter
opposition February 6, 2015

conjunction with Sun Jul. 2014 & Aug. 2015 ‘f“ T ) /Www.imcce.fr‘/phemu

transit of the Sun in the

equatorial plane of the planet February S, 2015

{equinox)

transit of the Earth in the Mov. 8 2014, &pril 10
equatorial plane of the planet and May 5, 2015

Declination of the planet +22 to +20 deg.

In 2014-2015, a series of eclipses and occultations will occur among the satellites of Jupiter thanks to the equinox on this planet
occurringin 2015. The observation of these events provides valuable data and is possible even with a small telescope. However, in order
to be scientifically useful, the observations must be performed very carefully following very precise instructions.

The technical notes PHEMU provide more information.
P Prediction of mutual events occurring in 2014-2015
» Tables of predictions of the events of the Galilean satellites (2014-2015)

D Tools for the observers of the mutual events

» Interactive software providing the visibility of the mutual phenomena of the Galilean satellites of Jupiter for any site of observation
» Interactive software computing the phenomena of the Galilean satellites by the planet Jupiter for any site of observation

» Interactive software providing the configurations and positions of the Galilean satellites for a given date

» Download a software for your PCfor the determination of the configurations of the satellites for a given date

Download here the observational sheet to be filled up and sent back after each observation.

P Technical Notes PHEMU

v

Technical Note n°1 : Presentation of the galilean satellites and of the mutual events -

Technical Note n°2 : Presentation of the satellites of Saturn and Uranus (in preparation)

Technical Note n°3 : The photometric observation of the mutual events -

Technical Hote n°4 : The observation of the mutual events using video camera -

Technical MNote n°5 : The observation of the mutual events with a CCD camera -

Technical Note n°6 : Examples of light curves obtained during the pra_s_t_c_?mpaigns of observation -

-

v

v

-

v



Finding the observable phenomena

/ w INSTITUT DE MECANIQUE CELESTE ET DE CALCUL DES EPHEMERIDES

NSDC Observations Ephermerides Bibliography Parameters Links to the Web

Natural Satellites Ephemeride Server. MULTI-SAT.

Ephemerides of the mutual eclipses and occultations
of the Galilean satellites of Jupiter

in 2014-2015 [\_Return ...

To see the ephemerides of the events which are See

observed at your observatory with circumstances Number of events: 477 Earth-Sun-lupiter

{object and sun altitudes, Moon phase) The first event: 17 August 2014 configuration

enter Observatory code (XxX) |500 See the list The last event: 22 August 2015 parameters
Really, 442 events are observable

or enter 500 to see all the events. from 1 September 2014 See References

to 20 July 2015 to the papers on
Show (Explanation of the data in output) the subject

Comments.

These are ephemerides in the form of a table being immediately appearing in a separate window. They are
calculated previously with the main software of the MULTI-SAT server as it is called running by the item

Search for mutual occultations and eclipses and eclipses of satellites by planet.

The theory by VLainey 2.0 is used.

Advantage of this form is that you have immediately ephemerides only for those events which are observed at
your observatory,

| Objectiv | | How to use | | Sources | | Nomenclature |
Copyright Credit




Planet: Jupiter (DE40S5)
Planet
Ohservatory N: 007 - Paris
Timescale: UTC
Mean ecquator and ecquinox of J2000.

Mutual events of satellites:
Date begin: h m s end: h m 3 Ara limb (") dist (") Planet(®) Sun(®) Moon phase

2014 10 21
2z014 10 24
2014 10 28
2014 10 31
2014 11 =2
z014 11 9
2014 11 16
z014 11 19
2014 11 23
2014 11 25
2014 11 27
2014 11 30
2014 12 2
2014 12

2014 12

2014 12

2014 12

2014 12

2014 12 3 43 25
2014 12 44 19 51
2014 12 54 15 55
2014 12 58 53 58
2014 12 5 40 43
2014 12 40 21 9
2014 12 5 36 29
2014 12 14 51 33
2014 12 5 32 29
2014 12 41 Z3 4
2014 12 43 20 10
2014 12 42z 28 32
2014 12 22 45 44
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007 129.32 : 15.541 -41.230
.017 =33 : 48.75%7 =12.995
«152 136.22 : 5z2.642 -10.094
<393 231.83 . : 28.107 -40.461
.868 33,92 : 55.3%3 -7.798
.019 .52 : 37.819 -38.045
132 5.01 : 55.243 -18.332
.230 56.18 : 43.684 -39.450
.003 13.13 : 45.625 -36.409
.292 saq 5 : 39.316 -48.615
S bk S : 1.483 -56.793
«155 .89 : 50.886 -5.104
.0z0 <28 : 17.751 -63.232
.076 S i . : 45.862 -5.318
SERk .52 : 44,631 -4.811
521 <18 : §.090 -58.393
. 144 SFA . : 14.220 =61.135
.168 o : 26.167 -64.298
. 183 .01 . : 16.031 -61.150
.003 .89 : 22.103 -63.726
. 449 .70 : 40.871 -59.749
. 567 .52 : 1.060 -485.082
.338 .89 . : 51.925 =49.905
.216 .92 : 49.340 ~19.353
.053 S i : I.999 =52.239
. 517 S b : 48.712 =19.935
113 .93 . : 55.948 =42.637
=334 .66 : 55.207 -33.052
. 456 .68 : 52.185 -53.018
.336 Sk 5 : 49.017 -21.807
. 588 .00 5 : 39.360 -11.893
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The mutual events

They are photometric observations

Each photometric point must be recorded to UTC at the
nearest 0.1s

What is to observe ?



Which instruments to observe the mutual events?
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A « small telescope »: confident observations were made in
the past with a 6-cm instrument: the stability of the
instrument and the guiding are essential.

A CCD camera or a web-cam put at the focus of the
instrument will provide usable images: attention, the gain of
the camera must be fixed and not automatic during the
observation

Each image must be dated in Universal Time (UTC) to the
nearest 0.1 second of time: the clock inside the PC computer
is not confident. GPS time is convenient.

Avoid compressing the images when recorded.




€ CCD image of the
four ?GII ean
" satellites put
slightly out of focus
to avoid saturation
and to have more
pixels illuminated

*  From the 1D
photometer to
the 2D CCD
image

€ Fabry photometer
for a total
illumination of the
cathode




Observing the mutual events
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The Galilean satellites

IV +11 /111

A photometric timing:
0,1 sec =1 km

An astrometric measure:
0.1 arcsec = 300 km

40CC2--16/01/2003

Time (UT)



High resolution mutual occultation and eclipse

16:38UT

Ganymede occulting Io
25/05/2009 1842 - 1915 UT

lo Shadow Transit on Ganymede : :
Mike Salway www.mikesalway.com.au

August 16, 2009
© Christopher Go (Cebu, Philippines)

We do not need high resolution for photometry and astrometry



Observing the small inner satellites
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Events for the inner small satellites available on:
http://www.imcce.fr/hosted sites/saimirror/nsspheOhe.htm

The best observing conditions are for:
Amalthea, mv=14 at 30" from the limb of Jupiter

The maximum duration
of an eclipse of Amalthea
IS 8 minutes



http://www.imcce.fr/hosted_sites/saimirror/nssphe0he.htm

Infra-red observations
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For difficult observing conditions:
- Very close to the limb of Jupiter
- During twilight

And for the eclipses of Amalthea (mv=14)

Use the absorption band of the methane:

- Jupiter darker
- Sky darker

Bands: 890 nm, 1.3 micrometer, 2.2 micrometers, ...
Be careful, the fluxes are fainter!
=> Need of larger telescopes!



Conclusion
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- Rare evnets will occur in 2014-2015
- We need a worldwide network of observers
- Join the campaign!

- Site Web: http://www.imcce.fr/phemu
+ e-mail: phemu@imcce.fr



mailto:phemu@imcce.fr

