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Why observe PHEMUs?- Astrometric accuracy

Kind of observation Accuracy 1n mas Accuracy in ki

Eclipses by Jupiter
Old photographic plates
Transit circle
Plates newly reduced

CCD observations

or 60 km at the distance of Jupiter. Moreover, Robert et al. (2017)
have recently demonstrated, for the inner satellites of Jupiter, that
the positional accuracy derived from photometric observations still
remains more precise than that derived from direct astrometry,
even if the use of the most recent Gaia-DR1 catalogue (Gaia

Collaboration et al. 2016) allowed them to eliminate the system-
atic errors due to the star references. Thus, our work is crucial for
current and future spacecraft navigation (Dirkx et al. 2016), and
for dynamical purposes, since the ephemerides are improved by
adjusting the new astrometric positions to the theories.
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PHEMU15 Pro-Am photometry campaigni Galilean satellites

' . o
/‘w INSTITUT DE MECANIQUE CELESTE ET DE CALCUL DES EPHEMERIDES e
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2015: equinoxe on Jupiter
THE CAMPAIGN OF OBSERVATIONS PHEMU15 OF THE MUTUAL PHENOMENA OF THE SATELLITES OF JUPITER (Aug. 2014 - Aug. 2015)

A mutual occultation: the photometric signal

IMCCE and Sternberg Astronomical Institute (Moscow)



PHEMU predictions

Mutual events of the Galilean satellites of Jupiter (2014-2015):
Timescale: UTC

distance to
begin: h m s end: h m s Type Dur Impact limb (") sat(")
minutes arcsec
17 21 39 8 22 37 14 304 58. 444
10 17 20 33 17 38 56 4E3 18. .949
11 20 23 23 21 41 42 4E3 78. .158
17 39 13 18 21 2 3E4 41. .625
20 36 29 20 43 21 204 .681
23 30 0 45 6 3E4 .057
7 515 8 48 403 .938
13 21 22 25 58 402 7174
119 4 20 203 .943
8 30 11 37 204 .869
24 28 30 9 104 .085
31 53 40 2 203 .535
22 40 26 17 103 .868
26 31 37 45 4E3 .044
36 30 56 5 4E3 .318
12 1 15 25 301 .792
48 54 54 21 401 .706
53 16 12 7 401 .268
35 52 51 34 401 .009
51 40 5 54 403 .647
28 14 38 203 .164

IMCCE and SAI
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PHEMU predictions
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PHEMU predictions

Planet Satellites
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22:57:23 22:58:13 22:59:03 22:59:53 23:00:44 23:01:34 23:02:24 23:03:15 23:04:05 23:04:55 4
lo (1) eclipses Europa (1) Event time: 23-:01:34 Combined magnitude: /2 Constellation: Leo
Error in time: 35 sec Star magnitude: 6.1 m

Position: Satellites of Jupiter mutual event Star altitude: 12 gzs0° Moon:  (below horizon)

Max duration: 5.9 min Magnitude drop: 0.3 m

(& View details on the web

Io (I) eclipses Europa (II) on 20156 16 at 22 1 34

‘PlanetH m HSate]ite IHEH Satelite 2 ||DurationHMag Dmp|

‘JupiterH-l.TH Io (I) “Eu:ropa (I[)|| 352sec H 0.3 |

‘ Type H%Ill”Separation from Planet”Plauet DiameterHPA”Min Sep aratiﬂn‘
[Partial||73.2]| 68.1" | 3340|201 o0.561" |

Event Times

‘Penumbral Start”Partial StartHT{)tal Start| |_\-de-Time||T0tal End‘ ‘Partial EndHPenumbral End‘
| 215838 || 2207 | | 22134 | | 2230 | 22420 |

OccultWatcher (Occult)




Ganymede (III)

SatWatcherFeadGen 12.0.0

OccultWatcher (Occult)



PHEMU predictions

o7 Jupiter: 2015 1 2418 54 39 (IV] ecl (I} - predicted light curve

with Plot.... @ Help X Edit M ranspare m

Jupiter: 2015 124 18 54 39 (V) ecl {I}) - predicted light curve
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Hardware and software

20 cm f/10 SCT (C8)
28cm /10 SCT (C11)
f/3.3 and /6.6 focal reducers

Watec 910 HX/RC video camera

IOTA -VTI (GPS)

OccuReci yecording
Tangra 1 bias, dark frames an'd flat fields .

Tangra - analysis



QHY5L -1l mono video camera
CMOS sensor | |
| /
USB 2.0
1/3-inch format 2

Up to 200 fps at 320 x 240 pixels s

14-bit | .
Max QE ~ 74%

\ \ N '
FireCapture T recording T SER filest O.Zs\exposurei'; 640 x 480

PC clocki Dimension4- NTP

Tangra - analysis



2014 Dec 24 Europa eclipsed Ganymede




2014 Dec 24 Europa eclipsed Ganymede

2014 12 24 634 49 (1Y ecl (i) - predicted light cunve
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2015 Feb 20 lo eclipsed Ganymede

i Tangra v3.5 - 002937 ser, SER.16

File  Frame Actions Reduction Tools Settings Help

2015 000 20 003831.647




- 2015 Feb 20 lo eclipsed Ganymede




- 2015 Feb 20 lo eclipsed Ganymede




2015 Apr61 lo eclipsed Europa
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Observations sent to PHEMU15

/
/

18 events submitted —

1 event rejected eclipse and occultation

. —_

- Bad weatheri clouds, strong winds, rain

\

Received 609 light curves of 442 events.from 75 observers



PHEMUL5 paper in MNRAS



