
purple Pate da Gumco (Fig. 1 l), cov- 
ered large extensbns of fields &emat- 
b with the yellow W a s  de! Camp 
(Fig. 12) and the Rmib (Fig. 8). This is 
the time when photographic cameras 
get inspired and the telescopes emerge 
from unusual green surmundings. The 
curious visitor will spot the Tmiopetas 
Fig. 9) whom m ! o m  range from 
ygllow-orange to dark b n .  The velvet 
flowers make a paint of growing on bare 
ground where other plants cannot com- 
pete. 

Of the two native t m s  which gmw in 
our region the CkMr (Fig. 3) is the 
most spectacular one during the flower- 
ing season. R shrouds IMtf in orange 
blossoms and attracts thousands of 
bees. The tree has lent its name to hun- 

dreds of placea in Chile where the vil- 
lages of Chafiar and Chafiarcillo m- 
pete in numbers with the A l m b o a  
and Algamblllos. The elegant and thor- 
ny Algarrobo tree (Fig. 6) populates the 
quebradas and has Invaded Mr. 
Schumann's garden located five 
hundred mdm below the mountain 
top. It is moderate In water consumption 
and w1ll eventually outnumber the ever 
thirsty poplars and eucalipti, thriving on 
wr waste waters. 

On the road to La Sllla the flower 
festival is led by the Endim which 
Chileans Identify with the lovely name 
of the Caronilk dd  fmile (the friar's 
crown). 

On the mountain itself the SobdadIllos 
Piffle soldiers - Fig. 7') llne up. They are 

the mountain cousins of the garden 
Capucins. Sweral of those wltd species 
pmpaeohrms) exist in Chile and the 
coastal slopes harbour a magnificent 
three-cotour version. 

The white crosspetal Sohhpetelon 
deserves a special mention as it is 
adapted to wr activities. It opens up at 
sunsat and sends its honey smell 
through the night before clodng fn the 
momlng. 

Many more wild flowers grow on our 
lopes: the candid Marlposas M a m a s  
(Fig 10). AdesmIas, Seneclos, MaM/las 
and magnMoent W r n e W .  

Dr. Grem, our walking encyclo- 
pedia, has identified aver 150 endemic 
species in aur surroundings. Who said 
La Silla is a desed . . .7 

New Aspects of the Binary Planet Pluto-Charon 

1 lnstituf f i r  Astronomic und Astrophysik, Technische Universitaf Berlin, Germany; ZLandessternwarte Heidelberg, 
Germany; 3 ~ S 0 ,  La Silla, Chile 

Introduction 
Never since the discovery of Pluto In 

1930 has our knowledge about this tiny 
far-out planet improved so rapidly as 
during the past five years. The coinci- 
dence of two rare opportunities that 
occur together only once every 250 
years kept astronomers around the 
world busy to solve the puale of Pluto 
and its satellite Charon. 

In 1987/88, the plane of Cttaron's 
highly inclined orbii around Pluto swept 
over the inner sofar system. This gave 
rise to a series of mutul occultations 
and transfs of the planetary disks that 
were observable from Earth between 
1985 and 1990 (cf. Fig. 1). Nearly at the 
same time, on Sepiem ber 5,1989, Pluto 
reached the perihelion of its eccentric 
orbit around the Sun which placed the 
binary system within range for photome- 
try with rnedlurn-sized telescopes. 

The shapes and the timings of the 
mutual eclipse light curves not only re- 
flect the geometry of the system (which 
had been scarcely known before) but 
also provide information about the gross 
albedo distribution on Pluto and 
Charon. 

In an eartier issue of the Messenger 
(Pakull and Reinsch. 19861, we reported 
the analysis of the first eclipse light 
curves observed in 1985 and 1986 
which revealed that the diameter of 
Pluto was much smaller than previously 
believed. 

Thanks to generous allocation of ESQ 
time we were able to continue our study 
of the mutual eclipse light curves. 

Eclipse Obse~at i~ns 
As the aspect of Charon's orbit 

around Pluto as seen from Earth varies 
with time, different areas on Pluto are 
occulted during the eclipses (Fig. 2). The 
eclipse series started In early 1985 with 
occultations of the north polar region on 
Pluto. While in 1986 and 1987 large 
fractions of the northern hemisphere 
were covered as Charon crossed in 
front of Pluto, Pluto's southern hemi- 
sphere was involved in the eclipses 
throughout the rest of the series until 
1990. 

To exploit the full information pro- 
vided by the mutual eclipses it was 
therefore ngcessay to spread observa- 
tions over the whole period of eclipse 
phenomena. Due to the fact that the 
binary system is in a bound rotation It is, 
however, only possible to derive the 
gross albedo distribution on one herni- 
sphere of Pluto and Charon, respec- 
tively. 

From 1985 to 1990 we successfully 
observed six transits of Charon in front 
of Pluto (inferior events) and eight occul- 
tations of Charon by Pluto (superior 
event@. The photometry was obtained 
with the ESO/MPI 2.2-m and the Danish 
1.5-m telescope, respectively, using 

CCD direct imaging techniques which 
allow high-precision differential pho- 
tometry wen If sky conditions are not 
strictly photometric. Our data base was 
supplemented by published light curves 
of eleven further events (Binzd et al,, 
1985; Tholen et al., 1987 b; Binzel, 
1988, Tholen and Buie, 1988; Tholen 
and Hubbard, 1988). 

While the first grazing eclipse light 
curves could be analysed using models 
for eclipsing binary stars, more sophistl- 
cated algorithms were required as the 
eclipse series continued. The light 
curves were then complicated by 
shadow transits which occurred dis- 
placed in time relative to the eclipse 
events (Fig. 3). 

The analytical model developed by 
Dunbar and Tedesco (1986) to derive 
the physical parameters of a binary 

I 1985 1087/88 lSQ0 

Figure 1: Apparent view of Chamn's 8.4-day 
ofbit around Pluto Behueen 1985 and f 990. 



Table 1: Fbysicel pamnmtem and orbital elemmts of the Pluto-Chm system d&v& lrom 
the W h m  M of our w&vtiml model. 

1985 

The radii of (1 1 51 f 20) km derived for 
1987 Pluto and (591 2 1 1) km for Charon are 

in p o d  agreement with our earlier re- 
sutts (Pakull and Relnsch, 1986). They 
conflrm that the radii are significantly 
lower than those found by prwlous ob- 
senren using speckle interFernmetric 
techniques. The error uncertainties 
could be reduced by more than a factw 

1988 of 3, and the slight discrepancies In the 
results of dMerent eclipse observers 
could ha solved (cf. Ounbar and T e h -  
co, 1986; Tholen et at., 1987 a; Reinsch 
and Pakull, 1987; Tholen and Buie, 
1990). 

A comparison of our best-fitting mod- 
el wlth the o b m e d  light curves reveals 
that systematic differences still remain. 
These must be attributed to local devla- 
tions from the assumed constant albedo 
of Charon and of Pluto's northern and 
southem hemispheres (cf. Fig. 4). 

Basad on our improved physical para- 
metera of the system, we chose a nu- 
merical approach to derive Indlviduaf a]- 

Flgure 2: Pmjected pem of G h m  and fta bedo values for a grid of surfa08 areas 
shadow acma &to. 771s n m r n  and on Pluto. The boundaries of th surface 
southm eximes of the obwwd rnmdfs elements were selected to match In 
am display& for each w. latltude with the five grwps of eclipse 

paths and to suit time-resolution of our 
data (longitudinal strips). 

planet from eclipse light curves was We found that the significant surface 
adapted to our problem. In a fhst-order structures needed to M the photometry 
approach, we assumed a constarR d- am already described by a glid of 17 
b d o  for Pluto and Charm. respectively. surface dements. The albedo dlstribu- 
The llght curves obtained wlth this mod- tion derived is independent of the par- 
d showed that the albedos of the north- ticular method used to define the grid 
em and southern hemisphere were sig- (Iongltudinal or rectangular division, cf. 
niflcantly different. Therefore, we mod- Fig. 5). 
fled our firstlorder model introducing Our albedo map reveals that areas of 
separate parametem for the albedos df high contra& must coexist on the Cha- 
the northem and southern hemisphere. ron-facing hemisphere of Pluto. The 

We performed a multi-parameter highest contrast found was that be- 
bast-squares fit to our data using the tween the two polar cap. While the 
analytical model IlgM curves. Adopting south polar region appears to be the 
the oabital radius of 19840f 320 krn for brightest area on the planet, we found 
Charm determined by Bub and Thoten that the north polar region has the low- 

Radius r Fm] 

M a  density e I&d 

Mrrssm[lpkg] 

Absolute bi-i&~trtnes~ V (1 ,O) 

Mean geometric albedo R, 

Appmnt lncllnatlon (1 7.4.87) I fdeg-1 

S I W  orbkl P [days) 

(1980) the besf solution of our fit yielded est albedo. This is a-surprising result FQ", Q: d w e d  j m m s  
the improved phySIcaI parameter8 of the because the south polar @on is the showing the tmnslt of C h m  and Its shadow 
system given In Table 1. one that has been exposed to p e m -  erem nuto on May 1, 1988. 

Pluto 

1151 f 20 

Charon 

591 -t11 

2.032 i: 0.040 

1,47 f 0.07 

-0.848 k 0.01 0 

0.61 8k 0.020 

f 350 4 0.01 0 

0.372 f 0.01 2 

80.71 0 f 0.052 

6.387244 f 0.000007 



PLUTO/CHARON ESO/MPI 2.2m telescope + CCD 

May 1, 1988 Inf. 
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time CUT] 
nourn 4: Drampls of an m / i p  light curve 0bsewU on May 1, 1988 with the wOmaPI2+2-m 
tehwope (combinatbn of S and V-n/iw meaauments), 7ha two I I t m  ~UperImFSd On the 
data mpmmt our pwely geometrical rrmdel (dashed Ilne) and our albedo model ( d ' n u o l ~ i  

flw* m w .  

nent Irradiation from the Sun as Pluto 
approached perihelion. 

From simultsneaus obsewattons In 
dmerent cobur bands we found no sys- 
tematic mlow variations of the surface 
structures on Pluto. The eclipse depths 
were, however, detected to be d o u r  
dependent fw occultations of C h n .  In 
mis case the eclipses o b m d  In the B- 
filter were lightly deeper than those 
*wed In the V-filter. 

The Rotational light Cuwe of 
Pluto 

The w la tm of Pluto's visual bright- 
ness with a period of 6.4 days (cf. Flg. 6) 
was first dwcted by Walker and Hardie 
(1465) and has been intepprded as the 
rotational period of the planet, Thls rota- 
tional light curve contains independent 
i n f o d o n  about the albedo distribu- 
tion on Pluto. 

h m  8 grid of 17 elements The a& 
bedodlsmution has b m ~ h d t o r e -  
prodm the spatial msdution ubiained. 738 
norfh pole Is to the top. 

It fras been noted that the "absoluten 
mean brightness V(1,O) of the planet has 
increased by 0.3 mag since 1954. At the 
same time, the amplitude of the rota- 
tional light variation has become signifi- 
cantly larger. 

Attempts to model the albedo dis- 
tribution on Pluto have already been 
publ'mhed using the Information pro- 
vided by this secular variation of the 
rotation@ light curve (Marcialb, 1888; 
Buie and Thobn, 1989). Bule and Thoten 
derived two distinct configulsltlona of 
dark and bright spots on Pluto that fit 
the out-~f-eclipse photom&ry eqmlly 
well (models 'MAX' and 'SHELF). 

Whereas these models assume that 
the surface structures have not changed 
dwing the past 35 years, there b some 
evidence from the detection of a sub- 
stantial atmosphere of Pluto (Elliot d al., 
1989) that a cyclic methane sublimation 
and freeze-out may occur during Pluto's 
eccentric wbR ( S m  et al., 1988). This 
would be an alternative explanation of 
the rotational light curve changes and 
implies that the albedo dlstrlbution on 
Pluto could be variable on a time scale 
210 yean. 

A &raIgMoward mathod to derive 
the albedo dlstributlon on Pluto has be- 
come available during recent years. As 
we have viewsd the equator of Pluto 
nearly edgbon around . I  987/88 a de- 
convolution of the rotational light c u m  
yields the instantaneaus longitudinal al- 
bedo distribution on Pluto without re- 
quiring fu* assumptions. 

Besides the eclipse obsesvaiions we 
have, therefore, obtained absolute pho- 

torn* of Pluto's rotational light cum 
between 1982 and 1890 using the Wal- 
raven photometer attached to the Dutch 
0.91-rn telescope and the single- 
channel photometer at the ESO 1-m te- 
lescope. The &sewations have been 
reduced to the "absoIutem brightness 
V(1,O) corresponding to unit distance 
Pluto-Sun and Pluto-Earth and to a 
phase angle of 0" (cf. Fig. 6). 

From Information theory It is known 
that the deconvolution of a light cuwe Is 
numerically instable if the low frequency 
hltensity variations are largely contami- 
nated by staYldlcd fluctuations. Tt'18 low 
and high frequencies can, however, be 
separated by computing the Fourier 
hnsformatbn d our Ilght curve, We 
found that our original light cum is al- 
ready well described by its first two 
Fourier components whin the statisd- 
cal errors of the data (see Flg. 6). We 
have deconvotved this analflat light 
curve ta derive the longitudlnel albedo 
variation on Pluto (Fig. 7). The albedo 
distribution obtained shows a double 
peaked structure. The rnaxlmum of the 
latitude aveiqed albedo is attributed to 
the longitudinal strip which faces to- 
wards Earth a€ rotational phase 0.65. 
The minimum albedo corresponds to 
the region being In front at phase 0.95. 

While the features of our Iongitudinal 
albedo distrlbutlon m b l e  most of 
those implied by the 'SHELF' model 
(e.9. maximum and minimum albedo), 
the exjstence of a second maximum at 
rotational phase 0.2 Is neither supportad 
by the 'SHELF' model nor by our eclipse 
map- 

We found no colour dependence of 
the rotational light curve and, con#- 
quently, of the IongMlnal albedo dls- 
trtbution. The colwr for the 
Pluto-Charon system is (B-V)weh = 
0.8462 0.010 and does not vary with 
the rotational phase. From the depths of 
the superlor events where Charon Is to- 
tally eclipsed we computed the colour 
dlffmces for Pluto (&V)PI = 
0.871 lt: 0,014 and for Charon (B-vch = 
0.701 f 0.014 which show that Pluto is 
redder than C h m .  

Our findhg of a dark north polar cap 
on Pluto Is in contrast with the bright 
potar caps required by the models of 
Marclalis (1988) and Buie and Tholen 
(I 969) to aocwrvt for the secular varia- 
tion of Pluto's rotational light curve. The 
existence of a dark p o C  cap can, how- 
ever, be understood if we amme that 
the surface structures have changed 
during the past 35 years as suggested 
by the rnodel of Stem st al. (j988). It wlll 
therefore be important to continue 
monitoring the out-of-ecllpsa brightness 
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R5ure6: T h e m ~ t i o n a l ~ t c u w e o f H u t d a n d C h a r r r n ~ b e t w m  1 9 4 2 e v l d f ~ .  Ihe 
continuous fine ~ m t s  our a d y t l d  dewiptlon of the light c m e  mi& for the &ammlu- 
m. 

of Ptuto with high precision photometry space pro& may provide more de- 
to track the secular variation of the rota- tatled pictures of the surfaces of Pluto 
tional light curve. The 'SHELF M e t  of and Charon. 
6uie and Tholen (1989) predicts w Im- 
nasdie reversal of the secular varlaffon 
4i.a general brightening and a reduction 
In amplitude of the rotational light curve) 
whereas Stem et al. (1988) predlct that 
the reversal shoutd take place 7-17 
years after passing perihelion due to the 
thermal hertia of Pluto's surface. 

The physical pmmters of the Pluto- 
Cham system seem to tia well estab- 
lished now. The largest uncertainty that 
remains lies In the exact: determination 
of the semi-major axis of the system 
wHch measures only 0.9" on the sky. 
This Is the scaling factor of the d i m  
ten3 and the total mass of the binary 
m p o n m k .  Future observations with 
high spatial resolution (e.g. with the HST 
or the ESO-Ml) wlll dlow a more accu- 
rate determination of Charon's orbit. 
One physical parameter which is inde- 
pendent of this scaling length is the 
mean density of the system that can be 
calculated from the binary period and 
the dlmensioras of Pluto and Charon ret- 
atlve to the binary separation. The mean 
dmdty of &bout 2 @cd indicates that 
the Ruto-Charon system has a high 
rock mass fraction similar to that of the 
larger satelltes of the giant planets. 

The mutual eclipse series of Pluto and 
Charon has prwidd us with many new 
aspects of the binary planet Pluto-Cha- 
Ton. The albedo maps computed by dif- 
ferent &sewers will hopefully converge 
as the data of all o b m e m  will be com- 
bined. The spatial resolution that can be 
obtained by eellpse mapping is superior 
to that offered by the HST wen if it 
wauld be working to design sp8cifica- 
tions. It will not be before the end of the 
first decades of the next century that 
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ESO's Early History 
The readers of the Messenger will be 

pleased to leam that the recent series of 
eleven articles about the early histwy of 
Em. written by Professor Ad- 
Blaauw, have now been cdlected In a 
book. The text has been hmughly r+ 
vised and includes photos whfch were 
not in the Messmgwartictes. 

The narrative begins with the de- 
velopments in the early 1950's when 
leading European astronomers initiated 
a search for the best posslbb obsma- 
tory site undm Uw comparatively unex- 
plored southern sky. Ten years latw, in 
1962, ESO was established by an Inter- 
national convention and soon thereafter 
a remote mountain top in the Chilmn 
Atacama d m ,  La SiUa, was acquired. 
It took another d d e  to transform this 
site Into the world's largest optical ob- 
Swatory* 

ESO exempliflw the hihly sucwsful 
European integratton in a fundamental 
fieki of science, providing Europaan 

Figure 7: hngfiudinal albedo dktdbutlan on 
Pluto d e W  by ~ n v o l v i n g  the mt&tlolPal 
l i g h t c u r v e l n ~ d  
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scientfsts with modern facilifiies for 
front-line inve9tlgatlons beyond the 
capacities of t b  individual member 
stat&% 

P r o w  Adr ia  Blaauw, wdl- 
known Dutch astronomer. has been 
closely associated with ESO durlng all 
of this time. He actively participated in 
many of the events described and as a 
former Dimtor General of ESO 
(1 970-74) he possesses first-hand 
knowledge of tha organization and the 
way it works. A scientist of international 
renown, Professor BIaauw Is atso a 
noted amateur histopian in his hwne 
wunby. 

The book Is available from ESO (ad- 
dress on the last page); the price is 
25 DM, which mugt be prepaid by 
cheque or bank transfer to E W  account 
No. 2102002 at the Cornmenbank 
in Munich (BU 70040041). Please be 
sure b indicate "ESO History" In your 
order. 


