
Fine Telescope Image Analysis at La Silla 
A. GILLIOTEs ESO-La Silla 

With the arrival of the 937+ at ta Silla a 
new and paweffwl instrument for tek- 
scope testing was added to our tele- 
mope alignment facilitlm. 

The automated Shack-Hartmann in- 
strument mounted with a CGO detector 
was developed for the M-T quality anal- 
ysis required for the prime mirror sur- 
face correction and gecondary mirror 
moment of the active optics conqt .  

A portable verslsn of the Shack-Hart- 
mann has also been developed under 
the name of ANTARES. 

Durfng the last yew, 911 ta Silla imag- 
ing telescopes have besn tested. The 
Antares software has been improd 
and it is possible now to obtain in only a 
few minutes the third order aberrations 
(spherical aberration, coma, mtigma- 
tism, . . .) of the telescope optics, A map 
repmentation of the higbr order "aber- 
rations" wer the tdescope pupil is atso 
available and we commonly call it the 
map of residuak. 

The telescope analysis power of An- 
tares is very high and often complex to 
Interpret hitams resYlts indicate all op- 
tical aberration effects occurring in the 
telasobpe light beam, including the pure 
aberrations of the optical system and 
the thermal (bubble w convection) h'lh- 
order aberrations. Antares analysis 
gives a complex and murate average 
of the optics and the light beam aberra- 
tions. 

With a large number of analyses, An- 
tares result$ m y  be more easily divided 
into the two separated aberration 
effects, the telescope optics (mirrar de- 
formations and collimation errors) end 
the therrnal acWty (bubbles and con- 
vection effects in the light beam). 

The experience gained over the past 
year has confirmed the Imp.ortance d 
the Antam analysis; not only can the 
telescope be better aligned, but precise 
information about the thermal effects 
has also become available. 

The light b m  thermal activity de- 
pends on three effects: the extmal see- 
ing (normally averaged with as m c t  
integration time of the star image expo- 
sure), the dome seeing and the I d  ait 
effect or mirror wing. With appropri- 
ate, precise temperature mestsuremnts 
performed dwing the Antares amlsjs, a 
measure of the dome seeing becomes 
available and impmwmgnts are then 
possible. We already note a dramatic 
dearease of the high frequency abem 
tion redduals for the classid dome 
when the dome slit is turned towards the 
wind dimdon (ventilation Met3 of the 

heating wtrrcrz in the dome). A minimum 
d 5 mls is required to ventilate wr- 
redly the dome. A wind sbnger 
than 15 m/s increases the telescope 
instability anand produces oscillations. 
With no wlnd the tdwmpe quality is 
dominated cornpletsly by the themel 
contribution, 

On a few occasions, stable thmal 
eff- attributed to local air motions 
disturbed the telescope &matlane 
o m  a period of more than 30 minutes. 
Spherical aberration, astigrnattrn and 
coma can be aff&d strongly by the 
I& a t  (air bubbles). Convm'on OT a 
warm main minor sunounded by caId 
air inmzws drastically the high fre- 
quency abcmdons and the rms residual 
can rise to a bad value elme to 1 arcm. 
The resldusll map performed for each 
sequential analysis show incons'ktency 
in this case. Avgraglng d aEl residual 
maps shows the stable local defccts 
over the tetmmpe pupil attributed to 
mirror figuring errors (although there is 
no information about which of the 
mirrm). 

Almost EtlP telescopes tested suffered 
from sphan'cal aberration. +her A n t m  
analysis allows a correction of the 
aphericd effect by a modifleation of Ule 
instrument positian along the telescope 
axis. Dlscrepandes bstwewn theoretical 
and real matching of primary and sacon- 

dary mirrors produced the sphwical 
errors, An€ar85 Es the best toot to adjug 
properly the primary-secondary mirror 
separation, thereby determining tha 
nominal telescope focus position whsre 
the e m -  referne surface of all in- 
struments muat be located. The pdncl- 
plrt of talescop focusing tor different 
instrument posithns by movhg the sec- 
ondary minor is wrong. Telescope 
focusing should be used only far corn- 
pensation of small rnechanid changes 
of the teles~ope structure due to tern- 
pmtum varltzitions. 

Telsseope quality testing has &also 
been pe~cnrned succ&lty with An- 
+ares at other ~ & o ? i e S .  
Vhe basic telescope quality Is g m r -  

dly good (except far Me too large 
spherjcal a b e ~ o n ~ ;  80% anergy is 
concentrated within subarcsec values 
and the thermal effect dornlnates mostly 
the final tdesoope quality. 

It is now fundamental to avoid too 
much thmal  actbit$ in the telesoope 
area If high imaging quality is wanted. All 
heat sources must be wmoved and a 
good d a m  v~ntlYatIon [with air fans) will 
Improve the air exchange between the 
 MOT and the dome. t U l l  analysis ex- 
perience has shown how it is possible to 
improve the dome design. 

However, it would be best to use the 
telescope without any dome at all! 

The Dust War 
A. LSILLI07TEf P. GJORDANOS A. TORREJQN, ESO 

Telescopes on terrestrial sites suffer 
of an wnavoidabIe phenmenon disturb- 
ing highqudlty astronomical obsefva- 
ti-: Dust pollution. 

By the term dust we include dl dmer- 
mt kinds md skw of organlc and min- 
mi partblm. Effects on astronomical 
ctmrv&*ons w n  be redly critical. A 
great dm[ of progresg has been made 
recently to improve the optical quality of 
modern grcyund-based telescopes and it 
is quite m y  ta keep the &kwupe per- 
fanances at a oonslstgnt level of high 
.optial qwquali. We must p m e  high 
signal throughput and low noise level. 
Regular cleaning will increase the 
lifetime of the coating and optical eur- 
faces, thus improving safety by r&wc- 
i ~ g  also the frequency of handling. 

Pawt experience at La Silla shw tht 
the average loss of mirror reflectivity is 
oftheordwof10% pwmrbmandpe7 
year. Our pmwt remating periodicity 
is a f  the ordr of 2 to 2% years. A lass of 
reflectlvity of 35 % after two years also 
mearrs that wen with very; good swing 
canditions the dust eontamInation be- 
comes the main factor ducing the per- 
formance. Image contra& Is atso r e  
du~eci by optical surface diffusion and 
the surface missivity produoes serious 
contrast and sensitivity limitations on 1R 
observations. 

A monthly eleming ptodure will re- 
move 90% of all the limiting sffects 
above listed. Rematirag frequency will 
be decreased to four-par Intervals. The 
longer internal is also fundamental in 



maintaining the quality of polish, which -. - & 4 r - - 7 y  . ia inevitably reduced by cleaning for QItwul , . alumiRiz&on. 
Oust deposM0n is not only a dim3 

effect from our atnosphm, eontaminol- 
tton rates increase also drastically with 
h m  activity on the tetacope area. 
Dust lies on the opUcal surface and 
&er a period of months with varying 
climatic conditions, the dust adhews to 
the surfam by either phydmrpt!~n w 
chemltmption. Adherence force may 
reach more than I00 g with physisoW 

C 
submicron-sized partides, Org~nic or 
even m i n d  dust may become glued to 
the wrfaca by chemisorpbicrn with water I 

or oond$n$atIon solution droplets. -5% + 

vere localized rntrror mrrodon may ':- 
occur producing the spots, transparent 
ta light, cclasslcdly sewr on old ' + 

aturnhiurn mirror ~oatlngs. Then the 
dust fernoval becomes imp~ssible by air .- 
blowing only and washing {with I-. I 

$i I * ,  - 
btr L , & '  

, '5 ", mechanical acttion) is required to over- , . C ' 
come the sticking forces of the dust 

I 
partjcles. Figure 1 : cog CfWIrFB. 

Two diredons must be pursued to 
limit dust contarnhation: We must first 
hy to & c m e  the dust rate &position 
by avdding unnerc-ry dirt-pmddng 
aotivities in the telescope and in- the dust eontamination and to perform carbon dioxide snowflake J& is used on 
strumentation ateas. Then a periodical cmful optical part cleaning. a monthly bids to nmrrve the dust 
cleaning of optjcs must be scheduled to Systmzrtic and thwough cleaning of acoumutatlon over the surface. This 
remove the d l  dust mntminati~n the dome and telescope structur~ have method is a rapid md easy-te-me tach- 
Ware &her physriwrptkn or cheml- beern oparating for half a year with the nique; onfy a fetw minutes are required to 
sorption have fixed the particles on the help of all the La SiUla team. A w m e s s  clean a four-metm-tdsscope mimot. 
s-. of ~cieanlhs requirements of all people T h e  is oonsmed only during the clean- 

It is an easy matter to o w n  rapidly a involved In telescope work will be the ing prepa&on (COB bottle with ade- 
griming a w m e s s  of the impoflance of major challenge of high-pefformwnce quate pipe lengtb to reach the rnimt)i. 
keepin0 telescope and i n s m t a t t o n  optics. CO, liquid Is throttld through a nozzle 
areas aa clean as p o d b k  Optidam Two +cal suface d m i ~ g  tech- and expanded at atmo$pReric pressure 
will have the impoftant task to survey niques will be used at La SiDla: The pure into a spmial plastic tub oriented wRh 

around 45" inclinatton towards the 
mimr surbca. The resulting snowflake 
jet mmwes dust without any damage of 
the aluminium surface, the bkes slide 
ovw the surlaee on a. cmhlan of GO2 
g ~ s  md lave  ncu mtduas behind. Dust 
is m m w ~  M h  different physical 
effect$ from those of a gas blowing and 
particles &ticking over snowflakeg crys- 
tals. The procedure Is applied on an 
incllrred m i m  fieleaope atlentation 
@ ~ t t e r  45* w~thetl d i s t ~ ~ )  a d  
gravity alluw8 dust and realdud snow to 
mom down end nut of the mimr sur- 
face, Figure I shows the cleaning 
methoel, Same dugt residuals rmdn on 
lhe surface (php180rbed sllbrnC~ran- 
s'wd particles with the strongest stick- 
in$ f o m ] ,  the C02 cleaning allows a 
r d d v l t y  Immss to W % of the fresh 
ccatlng* 

The p l n g  .technique allow6 an al- 
moat cornpMe mfimlVify recuperation. 
Howevert appltcation on large surfaces 
is dellcate and t h e  mnsuming. We 
f w w e  a pegling cbning e v q  year or 

figure 2: Gom&$on of cleaning t&n@ues. every six months, d~ending on future 
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expedencer. fortunately, lacquer pro- 
ducts are now available In spray cans 
which wlll simpllfy the application. 

Various cleaning tests have been per- 
formed either at La Silla or Garchlng. 
Ffgut-e 2 shows the clmlng effbtency 
of the GO2 snowflake and peeling tech- 
nique on a mirror exposed to dust con- 
tamination. Recent scattering and re- 
flectivity measurements hms been per- 

formed on test mirror samples with four 
conditions of the mirror surfaces the 
original coating being protected with a 
cover to obtain the reflectivity and scat- 
tering reference of data, haif the dirty 
surface then cleaned with GO2 jet and 
peel-off-la~quer. The results canfirm tlae 
Molency of the two procdum. 

A project for an automated pilot GO2 
cleaning deviw for the NIT main m i m  

is at the stage of a call for tender at the 
ESO Headquarters, Mirror cleaning will 
be pwformed with C02 snowflake jets 
on a rotating arm. 

Cooperation canceming the cleanli- 
ness of the obsenratory, telescopes and 
instruments will be greatly appreciated. 
Maximum efficiwrq in astronomical 
obsewatdons make these Mwts 
mandatary. 

Adaptive Filtering of Long Slit Spectra of Extended 
Objects 
G. RICHTER ' B ~ ,  G. LONGU~, H. LORENZ', S. ZAGGIA~ 
'Astrophysical Institute, Potsdam, Germany 
*~stro#omical Observatory of Capodimonte, Naples, Italy 

1. lntruductfon tors coupled to spectrographs, while an allowed to reach fainter light levels thus 
In both galactic and extragalactic as- tha one hand irnplifying some aspects arlsing tho need for a careiul removal of 

tronomy, long-sri spectroscopy has of the prmssing of 2-L) spectra - such all souroes of noise. 
proven to be a useful toel to study the as, for instance, the need for correcting One of the most extreme examples Is 
phydcal properties of extended objects. the S-distorsion introduced by the im- the study of the kinematical properties 

In the last two decades, CCD detw- age tubes -, on the other hand have of the stellar component in early type 
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