
Le Groupe Planètes : du DASOP au DESPA

Thérèse Encrenaz
Journée en hommage à Michel Combes
Observatoire de Paris, 2 décembre 2019



Le Groupe Planètes 
dans les années 1970…

+ Jean-Pierre Verdet, Loïc 
Vapillon,    René Laporte,
… et les participations de 

Guy Michel et Jean-Pierre 
Rivet

Dans la foulée de Mai 68, l’objectif de Michel: 
monter un groupe de recherche autogéré



Première observation: l’occultation de l’étoile b Sco par Jupiter
13 Mai 1971
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L’occultation de l’étoile b Sco par Jupiter: les résultats
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- Détermination du diamètre 
de Jupiter
- Détermination du profil 
thermique dans la 
stratosphère
- Détermination de l’échelle 
de hauteur (30 km)

M. Combes, L. Vapillon, J. Lecacheux, 
J. Bérezné, R. Laporte
A&A 1972, 1973, 1974, 1975a & b
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The pressures p0 at r0=1215 and 1275km are given in
Table 2. They are useful benchmarks, respectively correspond-
ing to the stratopause (maximum temperature of 110K), and
the half-light level layer. Figure 3 displays the pressure
evolution over 2012–2015. The formal error bars assume an
invariant temperature profile, but this assumption should not
affect the relative pressure changes in 2012–2015. Relaxing
that constraint, we can retrieve p0 by inverting individual light
curves and testing the effects of the inversion parameters. This
yields possible biases estimated to ±0.2,±0.8 and ±0.5μbar
in 2012, 2013 and 2015, respectively. We have added for
comparison occultation results from 1988 (Yelle & Elliot 1997)
and 2002 (Sicardy et al. 2003). They stem from different
analyses and may also be affected by biases. However, Figure 3
should capture the main trend of Plutoʼs atmosphere, i.e., a
monotonic increase of pressure since 1988.

4. CENTRAL FLASH

Nearly diametric occultation light curves (but still avoiding
the central flash) have flat bottoms (Figure 2). Our ray tracing
code shows that near the shadow center, the stellar rays come
from a “flash layer” about 3km in thickness just above
r=1191km, thus sitting 4km on top of the assumed surface
(RP=1187 km, Figure 3).

Let us denote by F a model for the stellar flux (distinguishing
it from the observed flux Få). Deep inside Plutoʼs shadow, F is
roughly proportional to the local density scale-height,
H n dn dr T g k dT drn ( ) [ ( )]m= - = + , where μ is the
molecular weight, g is the acceleration of gravity and k is
Boltzmannʼs constant (DO15). For a spherical atmosphere, we
have also F z1µ , where z is the distance to the shadow
center. Writing z l2 2r= + , where ρ is the closest approach
distance to the shadow center and l is the distance traveled from
that point, we obtain:
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For an approximately pure N2 atmosphere (corresponding to
μ=4.652×10−26 kg), we obtain g k 2m ~ K km−1. As the
thermal gradient dT/dr is several degrees per kilometer at the
flash layer (see below), the flash amplitude is significantly
controlled by dT/dr.

Our best model minimizes the χ2 function defined by
F1i i P i P i

2 2 2{ [( ) ]}c f f f s= å - - + , where i
2s is the

variance of fi associated with the noise for the ith data point.

As we do not measure fP, we considered it as a free, adjustable
parameter. Among the data sets analyzed by DO15, only one
had sufficient quality—from the 2012 July 18 ESO Very Large
Telescope—to permit a measurement of fP and thus constrain
dT/dr in the deepest accessible layer. It showed that the
residual stellar flux, Fres, at the bottom part of the light curve
lay in the range 0.010–0.031, thus imposing a thermal gradient
near the surface (and imposing fP for the other light curves).
Since Fres was determined to within a factor of three, a large
error bar on dT/dr deep in Plutoʼs atmosphere was obtained,
causing difficulties when extrapolating the pressure down to the
surface. In doing so, we obtained a possible range
psurf=10–12μbar for the surface pressure in 2012, estimated
at r=1190±5 km.
As F is roughly constant at the bottom of occultation light

curves (far from the flash), there is a degeneracy between F and
fP: higher values of fP can be accommodated by smaller values
of F, i.e., smaller Hn. This is not true anymore within the flash,
as F suffers significant variations. The χ2-minimization provides
both fP and Hn through 0P

2c f¶ ¶ = and H 0n
2c¶ ¶ = .

Although our ray tracing code generates exact values of F for a

Table 1
(Continued)

Site Lat. (d:m:s) Telescope Exp. Time/ Observers
Lon. (d:m:s) Instrument Cycle (s) Remarks
Altitude (m) Filter

Murrumbateman 34 57 31.50 S 0.40 m and 0.35 m 0.16 and 2 D. Herald, M. Streamer
Australia 148 59 54.80 E CCD/clear 0.16 and 2 no occultation detected

594

Nagambie 36 47 05.71 S 0.20 m 0.64 D. Hooper
Australia 145 07 59.14 E CCD/clear 0.64 no occultation detected

129

Figure 1. Geometry of the 2015 June 29 Pluto stellar occultation. The stellar
motion relative to Pluto (black arrow) is shown for seven stations, Me:
Melbourne, Gr: Greenhill, Bl: Blenheim, Ma: Martinborough, Da: Darfield,
Bo: BOOTES-3, Du: Dunedin. The J2000 celestial north and east are
indicated by N and E, respectively. Plutoʼs radius is fixed at 1187km. The
equator and prime meridian are drawn as thicker lines, and direction of rotation
is along the gray arrow. The shaded region at center indicates the central
flash zone.
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shadow center (Figure 1), thus imposing 45 2r » km for
both stations, independently of Hn (Table 2).

The χ2-value is minimized for dT dr 8.5 0.25= Kkm−1

at 1191km in our model. This particular value must be
considered with caution, as it is not representative of the entire
flash layer. Due to the functional dependence of T(r) (a branch
of hyperbola, DO15), the gradient dT/dr varies rapidly around
1191km. The average thermal gradient in the flash layer is in

fact ∼5Kkm−1, consistent with a previous flash analysis
(Olkin et al. 2014). Besides, it is typical of what is expected
from the heating by methane (D. Strobel 2015, private
communication). Other functional forms of T(r) could be
tested, but this remains outside the scope of this paper. We note
in passing that our best 2015 fit implies a residual stellar flux
Fres=0.028 (Figure 2) that is compatible with the possible
range (0.010–0.031) mentioned earlier for 2012.

Figure 2. Simultaneous fits to our 2015 June 29 occultation light curves. The intervals under each name correspond to the time-span 16h 52m–16h 53m UT. The model
is overplotted in blue, and the residuals are in gray. In the lower panels, the blue horizontal lines are the fitted values of Plutoʼs contribution to the flux (fP,
Equation (1)). The star symbol under the BOOTES-3 curve indicates a small flux deficit relative to the model. In the Dunedin panel, the smooth curve is the central
flash at high resolution, before convolution by the exposure time (5.12s), and vertically shifted for better viewing.
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L’occultation de b Sco: la première étape d’une longue série de 
découvertes par la méthode d’occultation stellaire

- Etude des atmosphères planétaires     
(Neptune, Titan, Pluton…)

- Découverte d’anneaux autour de Neptune 
(A. Brahic, 1984), puis autour d’astéroïdes et 
TNOs (2014, 2017) Occultation stellaire par Pluton, 29 juin 2015

(B. Sicardy et al.)



Michel opticien: l’interféromètre à transformée de Fourier ROMEO I

Miroir
mobileSource

Objectif: enregistrer le spectre de Jupiter 

dans l’infrarouge moyen (6-13 µm)
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1973, 1977: Maunakea Observatory, Hawaii

1974: Kuiper Airborne Observatory (avec l’aide du CNES)

1974 ->1980: ESO, La Silla, Chili





4 Retweets 9 J'aime

SOFIAtelescope  
@SOFIAtelescope

Researchers on the Kuiper Airborne 
Observatory studying Jupiter in 
1974.go.nasa.gov/1c7i5pC
#ThrowbackThursday

11:20 - 7 avr. 2016
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SOFIAtelescope sur Twitter : "Researchers on the Kuiper Airb... https://twitter.com/sofiatelescope/status/718141337426505728
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ROMEO I sur le Kuiper 
Airborne Observatory
(juillet  1974)
ß

A Meudon, au 
petit sidérostat 
(années 1970)



Les résultats de ROMEO I 
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- Observation de C2H2 et C2H6 dans la stratosphère 
de Jupiter

- Première détection de 15NH3
- Observation de CH3D et PH3
- Mesure des rapports C/H et D/H
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A&A 1974, 1975, 1976, 1978, 1980



Collaboration avec Jean-Pierre Maillard et Toby Owen:
Spectres FTS de Jupiter et Saturne à haute résolution

9060                   l = 1.1 µm, R = 35000           9130 cm-1

Résultats: Rapports élémentaires et isotopiques 
C/H et 12C/13C sur Jupiter et Saturne , D/H sur Jupiter
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A la fin des années 1970, 
une envie d’ailleurs…..

… et une opportunité: la 
prochaine apparition de 
la comète de Halley
(mars 1986)
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La Planéto entre au DESPA, très bien 

accueillie par Jean-Louis…

Michel renforce ses liens avec le CNES et se 

fait de nouveaux amis, à Verrières et à Orsay:
Arlène Ammar, Geneviève Debouzy, Roger Bonnet, Jean-

François Crifo, Jean-Pierre Bibring, Brigitte Gondet, Yves 

Langevin, Jean-Michel Lamarre et al.,      J. Crovisier…

… et Vassili Moroz à l’IKI



IKS-Vega
- Première expérience de spectroscopie infrarouge sur une comète

- Embarquée à bord des sondes Vega 1 & 2 de Roskosmos

- Objectifs:  (1) Mesurer la température du noyau cométaire

(2) Détecter les molécules-mères issues du noyau

- A l’origine d’une longue filière d’expériences infrarouges planétaires

PI: Michel, expérience menée en partenariat     

CNES/Roskosmos avec l’IKI, le DESPA, le LPSP  et 

le Laboratoire René Bernas

Première détection 

de P/Halley au CFHT

en novembre 1982

avec la caméra 

électronique 

(B. Sicardy et al. A&A)

à
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Les résultats:
- Première image du noyau (3 jours avant Giotto!)  -> structure allongée
- Première mesure de la température (élevée) du noyau (> 360 K) -> mise en 

évidence d’une couche  sombre réfractaire  -> ce n ‘est pas la « boule de neige sale » de 
Fred Whipple!

- Détection de H2O, CO2, CO, H2CO et de composés hydrocarbonés complexes



Spectroscopie HR de P/Halley au CFHT  dans 
l’IR proche: Décembre 1985 & Avril 1986

-> Première détection de  H2O par une  « bande 
chaude » (avant le survol de Vega!)
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H2O

H2O      à
n1 + n3 – 2n2

J.-P. Maillard, J. Crovisier, 
M. Combes et al.
A&A 1987



Michel: un homme généreux, enthousiaste, 
charismatique qui savait galvaniser une 
équipe ….
Le Groupe Planète lui doit beaucoup, mais 
aussi l’Observatoire et la planétologie en 
France et au-delà


