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Abstract

We presen preliminary results from a study of the seeingat Skinakas Obsenatory
in Crete, Greece. The measuremets have been made during the years2000and
2001usinga two-aperture Di erential ImageMotion Monitor (DIMM). The results
of both campaignsare extremely promising with the median seeingvalue being
0.%64 and 0.°69, respectively.

1 Intro duction

The knowledgeof the atmosphericturbulence, which limits the telescog's angular
resolution, is very important for the correct designand work of Adaptive Optics
systems. It is well known that whenlight is coming from a star, it crossesse\eral
turbulence atmosphericlayerswhich resultsto beamdegradationat the telescop
focus. The commonway to characterizeimage degradation,is to measurethe full

width at half-maximum (FWHM) intensity of a star (in arcsec)at the focus po-
sition, which is actually its angular diameter that we call \seeing" in astronony.
The method which is acceptedas the most accurate for seeingmeasuremets is
called \the Dierential Image Motion Monitor (DIMM)", which is the study of
the di erential motion of the imageof a star. The samemethod with small di er-

enceswas usedat Skinakas Obsenatory to study the changesof the atmospheric
turbulence in the area, hencethe site's obsenational quality. In section 2, there
is a description of the DIMM Optical con gurations. Section 3 is dedicated to
explain the method, while the obsenations and results are given in section4 and
5, respectively.

2 DIMM Optical Con guration

The con guration usedfor the DIMM measuremets at Skinakas Obsenatory is
similar with the DIMM usedby Wood et al (1995) and Vernin & Munoz-Tunon
(1995). It is presened schematicly in Fig. 1, while, the technical equipmert which
have been chosenin the designand construction of the Skinakas DIMM are as
follows: (1) MeadeLX200 12" Telescog, (2) Equatorial Mount, (3) CCD camera
SBIG ST-4, (4) Mask with two holes, (5) PC computer, (6) DIMM caode, (7)
Pointing program and (8) Autoguiding program. Also, the characteristics of the
telescope, the CCD cameraas well asthe optical con guration (shown in Fig. 1)
of the DIMM are givenin Table 1.

3 DIMM Op eration

The DIMM techniqueis to measurethe relative motion of two imagesof the same
star and basedon this motion, the sizeof the holesand their separation,the seeing
can be derived. The advantage of the di erential method is that eliminateserratic
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Figure 1. A sketch with the Dimm and the Optical Con guration

motion of the telescope, sinceit measureghe angular di erences betweenthe two
imagesand it is not a ected by any other motion. The idea is that the light
from a star passingthrough the two apertures, travels through slightly di erent
atmosphericconditions procuding a tilt in the wavefrort of one comparedto the
other. This resultsin a slight variation in the separationof the two images.

Table 1. DIMM Con guration

Meade LX200 12" Speci cations
Optical design Scmidt-Cassegrain

Clear aperture 305mm (12")
Focal length 3048mm
Limiting visual mag 15
Image scale 1.14arcmin/mm
SBIG ST-4 CCD Speci cations
Pixel array 192 164 pixels’
Total pixels 31,000
Pixel size 13.75 16 microns’
Exposuretime 0.01to 300seconds
Optical System Speci cations
Field of view 2.98 2.96arcmin®
Pixel size 0.93 1.08arcseé

In orderto getthe two imagesat the correctfocus, a thin optical wedgeneedto
be usedover oneof the apertures, to producea smallde ection in oneof the beams.
At Skinakas Obsenatory we useda di erent method, to avoid using a wedge. The
telescope was set slightly out of focus, which separatesthe two images,whithout
causingany problem at the image quality in the appropriate level, sinceit is not
a ect the quality of the individual star imagesasthe f/ratio is very high. In the
caseof the MEADE LX200 12", the telescoe's f/ratio is /10, while that of the
two aperturesis f/60. As a result, the imageis not signi cantly blurred by a slight
defacussingof the telescore.

The DIMM code is basedon the mathematical equationsusedby ESO/DIMM
(Sarazin & Roddier 1990). The parameterswhich must be speci ed in the code
are:

1. The diameter of the two holesin the mask (5 cm)
2. The separationof the two holes- certre to certre (24.7 cm)

3. The pixel sizeof the telesco/CCD cameraconbination in both x, y dimen-
sions( 1 arcsec)



while, the input data to start running the program are:

1. Coordinates of the obsened star

2. Exposuretime for the seeingmeasuremets

3. Exposuretime for testing images

4. A parameterwhich is correlated with the magnitude of the star

The basic part of the program is to calculate exactly the certres of the two
imagesof the star in eat exposure. After two subsequenexposures,any variation
betweenthe two imagesis calculatedin both directions (parallel and perpendicular
to aperture alignmert), while after a speci ¢ number of exposuresthe longitudinal

() and transverse (t) varianceof the di erential image motion can be deduced.
The latter, in conjuction with the equations(1) and (2) estimate the Fried's pa-
rametersr(l) andry(t), which characterizethe atmosphericcondition at the site of
obsenations. Finally, using the equations(3) and (4) the "seeing" can be derived.
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where,

(M, () : longitudinal and transverse (parallel and perpendicular to aperture
alignmert) varianceof di erencial image motion
DhoLe : diameter of the holes
dsep : separationof the two holes(centre to certre)
ro . Fried's parameter

: wavelength (550 nm)

and

FWHM()
FWHM(t)
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4 Observations & Results

The Skinakas DIMM started at the end of April 2000at the Physics Departmert
of the University of Crete in Heraklion whereall the apropriate tests took place.
A month later it was installed to Skinakas Obsenatory (1750 m altitude) and
the seeingmeasuremets started. The latter, took place from the beginning to
the end of ead astronomical night in speci ¢ dates (dependert to Skinakas sta
availability) from June to Septenber 2000 and from May 2001 up to now. The
place,wherethe telesco hasbeeninstalled, is accordingto our requiremerts (not
any thermal sourcecloseto the telescope, the inside-outsidetemperature di erence
wasnot largerthan 1°C and cortiniously normal changeof the air inside the dome)
sothe seeingthat we measuredwasexaclty that causedby the atmosphericlayers.
Part of the results(seeBoumiset al. 2001)of the SkinakasDIMM measuremets
are preserted in Fig. 2. The seeingis givenin arcsecondsn both directions (I,t -
y axis) versusthe local time (x-axis). Furthermore, a histogram and the median
seeingvalue for ead night is also given. It must be noted that all measuremets
are correctedto zenith. The diagramsshow that the seeingusually doesnot change
rapidly during the observingnight (not more than 0.3y at Skinakas. Of course,
there are a few nights wherea big di erence occurred (up to 1.5° and the reason
wasthe rapid changesin the atmosphericconditions. Extremely good seeingvalues
have been measured(0.4% often, with the bestvalueat 0.27° Finally, in Fig.
3, histogramswith the seeingmeasuremets for the year 2000and 2001are given,
where a median seeingvalue of 0.64%and 0.69°have beencalculated, respectively.



Figure 2. Part of the results for the seeingmeasuremets at Skinakas Obsenatory for the
years 2000and 2001

Figure 3. Histograms of the seeingdistribution at Skinakas Obsenatory for the years 2000
and 2001.
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