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Abstract. Science Verification observations with the VLT Unitinstitutes within ESO member states and Chile. The data on
Telescope No. 1 have provided the first publicly available sd¢ttubble Deep Field South were made available world-wide.
entific data from the VLT. This paper describes the preparation, In this article we briefly outline the concept and policy o
observations, and reductions of the imaging data obtained ddL-T Science Verification (Sect. 2), give a description of th¢
ing this Science Verification phase. Also given is a descriptidfLT telescope status during SV (Sect. 3) and the Test Came
of the status of the telescope at the time of the observations arfdch was the instrument used for the observations (Sect.
of the instrument, the VLT Test Camera. The reductions procead report the actual observations and conditions during the
dures to which the data have been submitted are outlined. Da¢giod and the preparation of the data for the public relea
analyses and their astrophysical interpretations are presente(@iect. 5). Finally, a brief outlook is given over the future plan
other papers in this issue. of VLT Science Verifications.
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The goalsthat ESO intended to reach with these SV observati(

were manifold: i) experiment a first scientific observing run @

) the VLT, including the first end to end use of the VLT Scienc

1. Introduction Data Flow (Silva & Quinn 1997, Quinn 1996), ii) offer science

Early in the construction of the VLT it was decided to include @rade VLT data and involve ESO users in their scientific analy
brief period of scientific observations during the commissiot an early stage, iii) foster an early scientific return from t
ing phase of the first VLT Unit Telescope (VLT-UT1). Thes¥LT, andiv) gather feedback on the telescope performance a
Science VerificatioSV) observations for the VLT-UT1 wereOperational procedures. _ _
effective|y performed from August 17 through September ;]_? Wlthln this framework, .|t was the aim of the SC|en-Ce \_/er
1998. All the data obtained during SV were then released ift¢ation program to submit the VLT-UT1 to the scrutiny im-
the ESO astronomy community on October 2, 1998. This S[jgled by actual scientific observations. A set of diverse SV pr¢
cial issue of Astronomy & Astrophysics Letters collects the firffammes was planned, with observations in each program
papers resulting from the investigations of these data. being sufficiently complete to achieve a well defined scientif
The original SV observing plans and an outline of th@oal- Therefore, SV wasotdesigned to test the technical speci
programs were presented before the actual observations ([fiations ofthe VLT, suchas e.g. the VLT Level 1 Requirement
bundgut, de Marchi, & Renzini 1998). Information on the obse®S this was the the primary task of the Telescope Commissi
vations and the data can also be accessed through the ESO @bThe SV observations were instead designed from scie
pages (http://www.eso.0rg). A brief, early, summary of the oBbjectives asking for the most demanding observations with t
servations was presented by the SV team in the September 18¢glable instrument, the VLT Test Camera. An attempt wa
issue of The Messenger (No. 93, 1). All SV data are availagiade to include a wide range of scientific observations so as
in raw or flat-fielded form from the ESO archive. In Octobellow the involvement of as many astronomers in the process

1998 a CD-ROM set was also distributed to all astronomic@@ssible. The selection thus included a broad range of targ
from the solar system to the Hubble Deep Field South (T&ble

Send offprint requests 8. Leibundgut Despite all attempts for fairness, the final selection may ha
* Based on observations collected for Science Verification of UT1R€€nN biased, as possibly any other conceivable choice. A f

the European Southern Observatory, Paranal, Chile. Invited introdtleer selection had to be made at the telescope to match the ac
tory paper to this special Letter section. observing conditions to the observational requirements, whi

Correspondence tdleibundgut@eso.org resulted in a few SV programmes not getting data at all.
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Table 1. Targets observed during UT1 SV.

Object class Target «a ) filters® comments
(2000.0) (s)
HDF-S NICMOS Field 223252 -6038.8 UBVRI
HDF-S STIS Field . 223338 —-6033.5 BR392/7
Lensed QSO ER0047-2808 0049 43-2752.7 BVR557/6
Galaxy Clusters EIS0046-2930 0046 28-2930.7 VRI
EIS0046-2951 004607 —2951.6 VI
Host Galaxy of GRB GRB970228 050148+1147.0 BVR
Edge-on Galaxies ESO 342-G017 211213-3738.0 BVR
FGCE 1703 220911 —-4412.0 BR short exposures
FGCE 1847 234327 —3855.6 BR
Globular Clusters NGC 6440 174853-2021.5 BR
NGC 6712 1853 —-08 42 UBVR several fields
Pulsars PSR 170644 170942 —-4429.0 V
Trans-Neptunian Objects 1993 RO VRI
1996 KV1 BVRI
1996 TL66 BVRI
1996 TP66 BVRI

# The narrow band filters are given with their central wavelength (in nm) and the band width (in nm).

3. The telescope guency to the secondary was between 10 and 20 Hz depending

o the magnitude of the guide star.
The VLT UT-1 had first light on the 25. May, 1998 (see The With the exception of periods of strong wing 12 m s-1)

Messenger No. 92). A full description of the telescope can he : : . . ;
found in the VLT White Book (1998: Pne tracking performance with rapid guiding active was better

than 0.2 arcseconds peak to peak. Operational overheads for the

http://www.eso.org/outreach/info-events/ut1fl/whitebook). F?é lescope permitted 180 seconds per preset before the telescope

SV the telescope was used at the Cassegrain focus which pro- . L ;
vides a plate scale of 528 microns per arcsecontlats. The Mhdved on to target. Following that the acquisition of the guide

: . . . ) ; star and the first active optics correction typically require 30 to
complete optical train was in place including the Linear Atz b ypicaly req

L . o seconds more. No other overhead is presented by the tele-
mospheric Dispersion Compensator (LADC) which is Iocatesdgope itself. Offsetting the telescope is done during readout of

e oo o e e e A . i ot htn lescope SV pase vas purposety
o . I~ pFéced in the middle of the commissioning of the telescope. The
maintained in the closed position.

The telescope pointing during SV was of order 2-3 arcseI(iégureS presented here are indicative of the performance of the
onds RMS depending on the exact Alt-Az position of the malnIescope at the time of SV. We expect improvements as a better

. ) . understanding of the telescope develops in the second part of
axes. The telescope was run in closed loop active optics mode = . .

. . . . : . commissioning.

including defocus corrections using the off-axis guide star as

the reference. Field aberrations are removed before the residual

aberrations are calculated. Typically a new correction is cala-The VLT test camera

lated and applied every 30 seconds to both the primary mirror o
and the secondary. The secondary corrects for residual decert8f VLT Test Camera was not meant to be a scientific instru-

ing coma (the bulk of decentering comais taken out by passivé‘lkfm’ it was specifically designed for the commissioning of the
correcting the position of the primary mirror) and defocus. dflescope. Therefore, its characteristics have been determined

the primary the rest of the first 15 Zernicke terms was correctB{in0St entirely by technical rather than scientific requirements.

with the exclusion of tilt. Since focus is automatically corrected, '€ T€St Camera has two modules, an imaging module and

no overheads for focusing the telescope are incurred. It shofify@nalysis module. The latter provides a pupil imager and a
be noted that the image quality delivered by the telescope s §1_vefront sensor using a Shack-Hartmann analyzer. During SV

tematically surpassed the seeing as measured by the outdifdmaging module was used. This is a Offner optical system
seeing monitor. which re-images the telescope image plane onto a Tektronix

Light from the same guide star is used (with a dichroic) t%kXZK,CCD at uni_t magni_fication. A_ \_Nheel Iocgted ah(_ead of
feed the guide probe. Rapid guiding corrections are calculaff§ '¢-imaging optics provides 7 positions for different filters.
from the CCD and sent to the secondary mirror unit, which Re-imaging is accomplished by four reflections off three

provides the field stabilization through tip-tilt. The update frdMiTors which are coated with high-reflectivity dielectric coat-
ings yielding a total throughput of larger than 70% above



R. Giacconi et al.: Science verification of VLT-UT1 L3

350nm and more than 90% above 550nm out tanl The (OBs)were prepared withthe Phase 2 Proposal Preparation
pixel size of the CCD being 24 the actual pixel scale was(P2PP)in Garchingahead ofthe observing period. At Paranal
then 0.045%/pixel. All SV frames, however, were obtained irmodified the observation blocks only in exceptional cases, e
a binned (% 2) mode, hence with a pixel size @f.091. to streamline the observations of standard stars. It is envisag

A set of regular broad-banf BV RI filters in the sys- thatvisiting astronomers using the VLT will proceed in a simila
tem of Bessell (1990) was available together with two speciahy, by producing the OBs at home ahead of time and modifyi
narrow-band filters; a filter isolating the kyemission line of them at Paranal.
QS0 J2233-606 (z = 2.22), the QSO at the center ofthe HDF-  The telescope performed very well for the complete S
S STIS field, and a narrow-band filter tuned to thevlgmission period with a global loss equivalent to about two nights d
line of the Einstein Ring ER00472808 atz = 3.595. to technical problems. The telescope operations worked ve

The Test Camera CCD is not a science-grade device andrisoothly and did not provide any problems.
affected by major, extended blemishes. A large region near the The observations themselves were arranged in a fash
center of the chip shows a markedly different sensitivity wittnimicking theService Modef operation, i.e. several programs
a very strong color dependence. Regular bias frames were wiere mixed together in a single observing night with attentio
tained to check for any drift in bias level. No significant drifto the specific filter combinations, the appropriate calibratio
was detected. Dark frames were also acquired on four diffelata, the observing conditions, and the sky background.
ent nights equally spaced throughout the SV observing peri®¥ period included new moon, but lasted until two days int
No corrections for dark current were applied as the CCD wtse second quarter with moon illuminations up to 70% durin
measured to have aboute7 /pixel/hour, which is negligible the last night. For most programs the observations were brok
compared to the average sky levels reached. The gain anditite integrations of typically 10 to 15 minutes exposure tim
readout noise of the CCD were measured in the laboratory dandguarantee sufficient background illumination. The individ
confirmed at the telescope to be 2:5ADU and 7.9e~ RMS, ual exposures were also offset by abolit Standard stars were
respectively. The shutter accuracy was determined by a sedbserved every photometric night.
of short exposures with the dome lights on, which where then The data were transferred to Garching shortly after the o
compared to long exposures. The shutter map shows the typgsivations. Preliminary reductions were performed by the S
structure of an iris shutter. The variation between the center gedm in Garching and the results (and problems) reported to
the edge of the field foa 1 second exposure is about 4%. Thebservers. In particular, the progress and quality of the obser
uniformity for a 5 second exposure is better than 1% across tiwns from the HDF-S observations were monitored in Garchin
whole field with a small area close to the center enhanced loypthis way, it was possible to optimize the observations acco
0.8%. ing to the observing conditions and the scientific priorities ¢

Flat-fielding of the images proved to be very difficult. Twithe programs.
light flats were obtained whenever the conditions allowed us, The weather has been very unusual for Paranal and hig
but they did not produce good results on the science data. Magiable during the whole SV phase, perhaps an indication t
best results were achieved by combining a number of scierthe turmoil generated by the 1997 Elfidi had not settled yet.
exposures in a median stack, thereby removing signal from aMile the fraction of photometric nights has been within ex
astronomical sources. Two sets of such flatfields for each bropdetation £70%), the seeing has been much worse than usu
band filter were produced and applied to the science frames. Rwually, with a monthly seeing average ofl”, August 1998
large CCD blemishes could be corrected to better than abtwined out to be the worst month since the beginning of t
1%, but dust features, which moved between nights could remeing measurements on Paranal in 1988. Together with
be eliminated from some of the frames. For the narrow-bathitations of the Test Camera this means that the SV data &
observations, the twilight flats were used. The accuracy heret optimal. The future dedicated VLT instruments will providé
is better than 2% for the 392/7 filter. The 557/6 filter was va much better match for the capabilities of the VLT telescope
gnetting the field considerably and the combined image sholmsspite of these limitations, exciting science results have st
a strong radial gradient. been obtained, as demonstrated by the papers included in

A bad pixel map was generated from a series of low-levkeétters issue.
dome flatfields which was compared to a series of high-level The final data reductions had to await a detailed analysis
flats. There are only very few pixels which deviate by more flat-fielding problem. The best solution was to combine t
than 50 from the mean. These are located in small sectiossience data to produce a flat frame which matched the colo
(10-15 pixels) of five columns. the sky. This was mostly due to the strong color sensitivity ¢
the large blemish of the CCD. Two sets of flatfield frames we
produced for each broad-band filter. The reductions of the s
ence images were attempted with both flatfields and the res
SV observations were prepared with the same tools which &@mined visually. The better result was then kept. In case
to become standard for the regular operations of the VLT, ap@veral exposures the images were combined using integer p
which are already used for observing with the NTT and the 3.6%ifts. Given the small pixel size and the large over-samplin
telescopes on La Silla. In particular, all the observation blockys did not limit the resolution in the result image. The co
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Table 2. Broad band average photometric solutions 6. Science verificatio — a glimpse of the future

For this first science run the VLT telescope performed fully
within the expectations, while still at an early stage of its com-
missioning. Aspects of both thédsitor Modeas well as of the

Filter  zero-point colorterm  color extinction
combination  coefficient

u —24.56(08)  —0.24(06) (U-B) 0.50(03) Service Mod®f operation have been experimented and tested,
B —26.87(03)  —0.13(02)  (B-V) 0.26(01) proving the validity of the VLT operations concept. Lessons
v —26.74(03) 0.07(01)  (B-V) 0.17(01) have been learned that will help the implementation of the reg-
R —26.91(04)  0.06(01) (V-R) 0.13(01) ular operations
| —26.60(05) —0.02(02)  (V-I) 0.07(02) '

SV observation runs are now planned for the actual scien-
tific instruments of UT1, i.e. FORS1 and ISAAC. SV of the

bined images, together with the raw data, were made ava”ag,gtruments is expected to be particularly valuable, given their

as a data product to the community. All raw data were furth jgh performance,_ and the mucr_l enhanceq c_apabllltle§ com-
archived in the VLT data archive in Garching. pared to the small instrument available for this first experiment.

The photometric calibration was achieved through the o Il the science grade data obtained during future SV runs will

servations of Landolt standard stars. The large oversamplin 8prb“CIy released f_olloyving the same procedure_s used for the
the test camera allowed us to integrate on these bright star for JﬁJ -UT13v datq. ThIS;\II” proylde the VIF‘T Esel(rg \g't? i\/nL_(Ia_a(;Iy
seconds in all broad band filters thus avoiding any problems w ance to examine an _experlment with the iha of ata
uneven illumination due to the shutter speed. We took care! tW'_” b_e p_rOdUCEd during the regular operations. instrument
observe a significant color range for the standards to measure%@rn;'s\s/'f_rr“s%l i | . 1. April 1999
color terms adequately. A photometric solution was established evLl- will startregular operations on 1. Apri e
for every night in which sufficient standard star observatiorll\gearly at the same time, the se_cond telescope shall see it first
were available. Typically we observed four fields several timgght’ and shall enter into operations one year later.

throughout the night avcler.aglng about 10 stapdard star Obse,wa(nowledgements!vlany people at ESO have contributed to science
tions in total. The coefficients were determined by measurifgrification for UT1. A science verification team was established for

the total flux in a 11 diameter aperture around the star. Thhe planning early on. Team members were F. Bresolin, M. Cullum,
average zero-points, color terms and extinction coefficients @eDe Marchi, M. Ferrari, F. Paresce, B. Pirenne, P. Quinn, P. Rosati,
summarized in Tablel 2. These values are only indicative as thelolstoy, and R. Viezzer. Help was provided by ESO’s Optical Detec-
photometric conditions for each of the science observations hasTeam and the Test Camera Team under the respective leaderships of
to be established independently. The scatter around the méd#eleticand M. Cullum. We received continuous, critical support from
for all nights in which a photometric solution was determinefe telescope Commissioning Team, lead by JS and including A. Wal-
is given in units of 0.01 magnitudes in parentheses. These sdifpder, M. Chiesa, K. Wirenstrand, and S. Sandrock. The observations
tions should be used with great caution as they are averages w further supported by the Paranal Engineering Department headed
several nights. While this is a fair assumption for the color ten}i\édi.ti
which is instrument dependent, this is not true for the photg-
metric zero-point and the extinction coefficients. For individual
applications it has to be made sure that the data obtained were

indeed taken under photometric conditions. Some of the SV d&@ferences

do notfulfill this condition. The average values for the zero-poigssell, M. S. 1990, PASP, 102, 1181

and the extinction coefficients are also not an accurate deterpmuy, M., Walker, A. R., Suntzeff, N. B., Gigoux, P., Heathcote, S.
nation for an individual night. These values are available from R., & Phillips, M. M. 1992, PASP, 104, 533

ESO. However, we measured a very small scatter in the zeramuy, M., Suntzeff, N. B., Heathcote, S. R., Walker, A. R., Gigoux,
point as well as in the extinction term, which is an indication of R. & Phillips, M. M. 1992, PASP, 106, 566

the stable atmospheric conditions at Paranal. The absolute rakgjeundgut, B., de Marchi, G., & Renzini, A. 1998, The Messenger,
for the zero-points is always les€).20 magnitudes and0.14 92,5

magnitudes for the extinction coefficient. These values give QH\;Q”’DP' 8;]@1]?”9“6';? g%is‘?‘hgee;hzgégnger 9. 12

indication of the accuracy which can be achieved by appIy_u?_#e \,/LT White éook 1998, éarching: £SO U

the average photometry parameters. For the narrow-band filters

we also observed two spectroscopic standard stars (Feige 110

and EG 21; Hamuy et al. 1992, 1994).

Gray and the Paranal Facilities Department lead by J. Eschwey.
onal aid with image processing was provided by R. Fosbury and
Hook (ST-ECF).
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