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Abstract. Results of the first monitoring of the wavefront oute
scaleL during 16 nights at La Silla, Chile, are presented. Th
parameter is of importance for high angular resolution obsel
ing techniques like adaptive optics and optical interferometi
It was measured with the Grating Scale Monitor (GSM) instr
ment which is based on the analysis of the spatial covariance
angle of arrival fluctuations simultaneously detected at seve
points on the wavefront. The outer scale distribution is fou
to be log-normal, with median value of 24 m and rms scatter
logLy of £0.22. Short-duration bursts of, are noted. During &8
1 hour thel, and seeing were simultaneously measured wig
the ADONIS adaptive optics system at the 3.6 m telescope, 4
a good agreement with our data was noted.

Our measurements of the seeing were found to agree

the ESO DIMM seeing data. Effective wavefront velocity WaEi . 1. View of the GSM instrument at La Silla. The central pier with

alsofound in order to estimate the adaptive optics time constzm% modules in differential configuration is seen on the left, the easte
module in the center and the southern module on the right.
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\Voitsekhovitch & Cuevas 1995(, defines the maximum size
) of wavefront perturbations and is poorly known: values rangi
1. Introduction from 2 m t02000 m were published (Avila et al. 1997). Here w§

Substantial progress in astronomical imagery has been receRff§Sent the first large and homogeneous data sél,omhich
achieved due to the rapid development of high angular re@&mits the eyaluatlon of t_he st_atlsncal behaviour of the out
lution (HAR) techniques like adaptive optics (AO) and lon§c@le at a major astronomical site.

baseline optical interferometry (LBI). It is known that these

techniques are severely influenced by atmospheric turbulencerhe GSM instrument: principle

(Roddier 1981). To quantify atmospheric effects, it is neces- ) ) )

sary to know several parameters directly related to the wavd1le Grating Scale Monitor (GSM) can be considered as a Sha
front structure, namely Fried’s parametgrwhich defines the Hartmann kind of technique based on measurements of an
FWHM seeing angle3 = 0.98)/r, the characteristic time of arrlya! (AA) quctgatlons at several pom.ts on the wavefron
constant, the isoplanatic angle and the wavefront outer scAltatistical analysis of the recorded AA is performed to est
Lo. Lo is an optical parameter integrating atmospheric turb(ate spatial and temporal wavefront parameters. The protot
lence effects along the whole propagation path (Borgnino 1998§SIon o_f the instrument is described by_ Martin et al. (_199
Its influence on spatial and temporal statistics of the wavefrgiid the firstC, measurements were published by Agabi et a
becomes significant when values &f are of the order of the (1995).

telescope aperture or the interferometer baselines (Winker 1991; The instrument consists of four 10-cm telescopes on eq
torial mounts (Fig. 1). Each telescope is equipped with a d

Send offprint requests t&. Martin tection module which is capable of measuring synchronous
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Fig. 2. Comparison of simultaneous seeing measured by ESO DIMMy_ 3. Temporal evolution ofCo, scintillation index and seeing (up-
and by GSM per, middle and lower curves, respectively) during the night of August
28/29. Arrows indicatel bursts.

the AA in the declination direction with a 5ms sampling timescope, corrected for finit&, (Borgnino et al. 1992) and com-
Two telescopes are installed on a common mount on the cenfiated ta-, provided by the differential technique. A good agree-
pier and work as a differential image motion monitor (DIMMment is found for ground wind speed up to 15 m/s, showing that
(Sarazin & Roddier 1990) with a 25 cm baseline measuring telescope vibrations were not significant.
Two other telescopes have separate mounts on separate piers, I0Fhe scintillation index? is computed during data reduction
cated 0.8 m to the south and 1 m to the east from the central pigid, as shown by Loos & Hogge (1979), it can give an estimate
thus forming an L-shaped configuration. Telescope objective&he isoplanatic angle when the pupil diameteris around 10 cm.
were situated 1.5 m above the ground. GSM data are also used to derive the effective wavefront speed
A typical measurement sequence consists of 2 mn data afd its direction (see below) which gives an estimate of the
quisitions repeated continuously every 4 mn. Pairwise telescapgvefront coherence time. So, this instrument can provide an

combinations provide 6 baselines ranging from 25cm to 1.3#nost complete set of wavefront parameters relevant to HAR
m. The AA covariances are computed for each baseline agdhniques.

normalized by the differential variance of the AA on the 25-cm
baseline. They are compared to theoretical normalized covayi- . .
ances and the appropriafg is found for each baseline. Before%r' The GSM campaign at La Silla Observatory
comparison, the baselines (length and orientation) are projediahitoring of turbulence parameters at La Silla observatory
on to the wavefront plane. The final value 6§ is taken as a with the GSM was organized in the framework of the ESO VLT
median of individual’, values and its error is estimated fromAstronomical Site Monitor development program in August-
their scatter. September 1997. At this site the seeing is measured routinely
Theoretical normalized covariances are computed in thth an automatic ESO DIMM (Sarazin & Roddier 1990) lo-
framework of the Von Krmain model (Avila et al. 1997, Eq. 7) cated on a tower 5m above ground level. The GSM has been
in which £, appears in the phase power spectrum as the inveiisstalled close to the ESO DIMM. During this campaign GSM
of a spatial frequency. Our study has shown that theoretical ndata were obtained on 16 nights (a total of 115 hougefee-
malized covariances are most sensitiveCtpat baselines less ing and scintillation measurements). Below we present the first
than£,/10 which explains our choice of baselines of the ordegsults. Jet stream conditions prevailed during our mission, the
of a meter. The, measured by the GSM can be viewed as a pseeing being worse (median value ¥)7and more rapid than
rameter of the Von Brman turbulence model which provides araverage for this season.
adequate description of the wavefront structure at distances of
the order of a meter. It can be used to compute wavefront stagsi
tics over a telescope aperture and is thus directly relevant to
AO applications (Voitsekhovich & Cuevas 1995). On the othdfris interesting to compare the seeing measured simultaneously
hand, estimates of the atmospheric phase fluctuations in LB the GSM and ESO DIMM. Such comparison is given in
using L, values found here are more model-dependent. Fig. 2 for one night with a moderate ground wind (10 m/s). There
In order to check for vibration effects (wind—shake and guids a very good correlation between the seeing variations mea-
ing), ro is computed from absolute image motion in each telsured independently by the two instruments. Nevertheless, the

. Seeing: comparison with the ESO DIMM
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one night. The temporal variation 8f, shows two characteristic
features. Firstly, slow trends with atime scale of hours are note
1 justlike forthe other atmospheric parameters. Secondly, isola
values of large are observed (arrows in Fig. 3, see also Fig. 5
These “bursts” o are noted here for the first time. There ar¢
1 nomatching rapid variations of seing or scintillation. Thus theg
bursts correspond only to the transient changes of wavefrg
spatial structure.
1 In Fig. 4 the overall statistic of the outer scale is shown. F(
each night the few characteristic levelstf cumulative distri-
bution and its median are plotted. The night-to-night variabilit
1 of both median and scatter 6f, is readily seen. The histogram
of log L, for the whole mission is also presented. Thgdistri-
39 4 41 42 43 44 45 46 47 48 bution is well approximated by a log-normal one. Its median
24 m, and rms scatter tfgL, is +0.22, or £1.67 times. Ax?

Fig. 5. Comparison of the outer scale values measured simultaneoyglyt accepts a log-normal distribution with a significance lev
using GSM and ADONIS. Error bars correspondingte are shown ¢ P(x2) = 0.24.

for GSM data.
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On the night of August 29/30 the seeing and wavefront out
scale were simultaneously measured during 1 hour with t
ADONIS adaptive optics system (Rigaut et al., 1991; Beuzit
GSM measures seeing angles that are systematically greate1994) on the ESO 3.6 m telescope. The ADONIS worked
than those given by the ESO DIMM. This bias can be explainggen-loop mode. Outer scale and seeing were calculated fr
in part by the ground layer turbulence (Fig. 2 after 7h UT), anfle wavefronttilts recorded by the 7x7 element Shack-Hartma
by the difference between exposure times which are 5ms agthsor. A simplified method af, calculation was adopted. The
10 ms for GSM and ESO DIMM, respectively (Fig. 2 before 7pA variances on the individual wavefront sensor sub-apertur
UT). When the GSM exposure time was artificially increaseghd on the full telescope aperture are computed. Their ratio
to 10 ms, a good agreement was obtained on nights with strargd to deriveC, by the approximate formula given by Ziad
wind. It means that DIMM data are significantly biased by ext al. (1994). The simultaneous measurement§ovith the
posure time effects for strong winds. On another hand a perfagyONIS and GSM are plotted in Fig. 5. There is no detaile
agreement between the GSM and ESO DIMM was found fgérrelation, which is quite natural because the distance betwe
the periods corresponding to very good seeing (9#nd light the GSM and the 3.6 m telescope was more than 1 km. Howe
wind both of which are close to typical conditions at La Silla.the values ofC, found by both instruments agree well, ang

the temporal behaviour is also similar, as well as the measu
3.2. The wavefront outer scale statistics seeing. This comparison proves that GSM data are indeed us¢

for the analysis and prediction of an AO system performance
Continuous monitoring of the outer scale enables us for the first

time to study the temporal variation.6f and its correlation with



o
Ll
=
—
L
-

L52 F. Martin et al.: Wavefront outer scale at La Silla

La Silla == August 31 1997 —— 2h21mn UT
0.12 T T T T T T

direction (ground wind speed was 5.2 m/s from North). In this
example, a single dominant layer obeying the Taylor hypothe-
‘ sis provides a good overall description of temporal wavefront
units2&4 | evolution. The corresponding AO time constant (Roddier et al.
1982)7 = 0.31ro/V isequal to 4.2ms at = 0.5nm.

Units 3%& 4

o

(

M 4. Conclusions

Unts 1&3 | The results of the first systematic monitoring of the wavefront
- outer scale at La Silla observatory are given. The GSM instru-
Effectif wind . | , ; : . .
ongntation ‘ ‘ ‘ ‘ Hons2za | Ment also produces data on the seeing and effective wavefront
Wﬁ/\m velocity. In the near future the isoplanatic angle will be es-
[ ‘ ‘ ‘ ‘ ‘ timated as well, thus providing a complete set of spatial and

‘ ‘ ‘ ‘ " Units1&2 .
temporal atmospheric parameters relevant to HAR astronomy.
Units layout P The GSM instrument will be used during the next 2 years for

% o8 -0 04 -02 0 02 0.4 0.6 testing several important sites, e.g. Paranal (Chile).
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3.3. Effective wind speed and AO time constant
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