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Gravitational Lenses observed
with the Nordic Optical Telescope

_Flexible Scheduling enables Successful Utilization of Periods with

Very Good Seeing

Ralph Florentin Nielsen

Observations in August and Septem-
ber 1990 of gravitationally lensed

sasars have clearly demonstrated
wnat the Nordic Optical Telescope
performs remarkably well. Several
CCD exposures have yielded point
spread functions of 0.60 - 0.65 arcsec,
FWHM.

In 1988 a group consisting of S.
Refsdal, Hamburg, R. Stabell, Oslo,
J.-E.Solheim, Tromse and RFN formed
in order to study gravitational lenses
with the NOT. Since then several
others have joined the group. Refsdal
is an internationally renowned theo-
retician in this field, and RFN has
since 1982 observed the lens system
Q0957+561 A,B (the ,Double Qua-
sar")with the Brorfelde Schmidt tele-
scope. Continued photometry of the
two images of the QSO formed by the
Aravitational field of an intervening
lister of galaxies at ared-shiftofz =
0.39 is carried out in an attempt to
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- The quadruple Q2237+030 sits in the center of a z=0.0394
spiral galaxy. 5 min R exposure with the NOT stand-by CCD camera

determine the difference in light tra-
vel time along the two paths. If well
established, this time difference, At,
can be used to determine the mass of
the galaxy that lies between the two
QSO images, including dark matter
and any non-baryonic mass. Further-
more, At will put limits to the value of
the Hubble parameter, and thus of
the size and age of the universe. The
Brorfelde observations suggest At =
1.55 years, corresponding to a mass
of the central deflecting galaxy of
1.1*10!2 solar masses, and a Hubble
parameter, H = 77 km * s-' * Mpc,
and H'=13 " 10° years. 1), 2).

However, the value of At is still quite
uncertain, and it is even not certain
that the brightening of the A image
and later the B image are in fact due
to the same physical event in the
QSO. It is therefore important to
obtain much more observationaldata.
..continued on page 4
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Velux Spectrograph

In NOT NEWS No. 1, we could report
that the Velux foundation had gran-
ted a sum of DKK 1 537 000 for a new
spectrograph for our telescope. The
spectrograph project is now well on
its way.

The spectrograph will be operated at
a resolution of between 20.000 and
80.000. The design will closely follow
the scheme previously developed by
Lawrence Ramsey from the Pennsyl-
vania State University. Lawrence has
kindly served as a consultant to our
project and assisted in specifying
essential parts of the system.

The spectrograph will be fitted to the
side of one of the arms of the telescope
azimuth structure, near the (non-ex-
isting) Nasmyth focus. It will be
housed inside an insulated and tem-
perature controlled box. The spectro-
graph will be mounted on a standard
optical table, essentially using com-
mercially available components. It
will be fiber-coupled to the telescope
inastand-bymode. Thus, the spectro-
graph will continuously be ready for
use and may go into operation in less
than a minute.

The Scientific Technical Committee
of NOTSA has formed a sub-commit-
tee in order to assure that the speci-
fications of the spectrograph fulfil
the needs of Nordic astronomers.
Members of the committee are Seren
Frandsen (Chairman), Tarmo Oja and
Leo Takalo. Anders Reiz, who formu-
lated the project and acquired the
funding from the Velux Foundation is
expected to continue as scientific
coordinator on the project. The spec-
trograph will be designed and con-
structed by the Nordic Telescope
Group with Seren Dybdal, mechani-
cal engineer, as responsible for most
of the technical work. In a meeting in
February, a few remaining technical
details will be discussed and finally
specified. Since the instrument is a
bench-type spectrograph, it should
be feasible to terminate the project
reasonably soon. Thus, it is expected
that the spectrograph can be tested
on the telescope already around or
somewhat after the end of this year.

In aforthcomingissue of NOT NEWS,
we shall describe the Velux spectro-
graph in more detail.

Editorial

In the two editorials preceding the
present one, daring attempts have
been made to promote an easy feel-
ing of optimism and progress. This is
typical for the phase prior to the pe-
riod of science programmes. With a
major part of the time devoted to
technical work and tests under suit-
able conditions, performed by the
people who made the instrumenta-
tion, itis only normal (and exceedingly
tempting) to produce happy noises
and pretty forecasts.

Now, these favourable timesare gone
and we are sitting with real, critical
observers in all corners. Disturbing
as this situation might seem, never-
theless we feel like insisting on basi-
cally optimistic intonations. On the
one side, we feel (unfortunately)
obliged to admit that we are still not
in control of all details. On the other
side, we love to note that several
(more than one) critical (closely col-
laborating) observers have publicly
(in the presence of a keen listener)
given credit to the quality of our tele-

scope (they will of course get more
observing time). Still needing, and
receiving, more attention, blind
pointing and tracking have improved.
So has, inparallel, the performance of
auto-guiding. Yet not working en-
tirely perfectly, the telescope build-
ing has, gradually improved its track
record and today presents little prob-
lems even to demanding users. Be-
ing inits {irst phases, thermal control
is steadily gaining power. And last,
but certainly not least, observers still
grant us delirious happiness, enthu-
siastically praising the quality of their
images, making terrifically favourable
comparisons to other images. We
might, in the end, start feeling that
we do not have to resort to the ever
so popular habit of intensity cutting,
emphasizing telescopic well-being.
As has been said before, there is no
prohibition against (friendly) users
submitting their roses, ideas and
(constructive) criticism. Subject to
careful selection, we may even choose
to publish your contributions.

The Nordic Optical Telescope
(NOT) Scientific Association was
founded in 1984 to construct and
operate a Nordic telescope for ob-
servations at optical and infra-red
wavelengths. Associates are Sta-
tens naturvidenskabelige forsk-
ningsrad, Denmark, Suomen Aka-
temia, Finland, Norges almenvi-
tenskaplige forskningsrad, Nor-
way, and Naturvetenskapliga
forskningsradet, Sweden. Execu-
tive bodies are the Council and the
Directorate. Advice and assistance
isprovided by a Scientific-Technical
Committee.

The Nordic Optical Telescope is a
2.56 m telescope with altazimuth
mounting and Cassegrain focus.
The primary mirror has afocalrati
of £/2.0, the combined optice
system a corresponding focal ratio
of f/11.0. The telescope is installed
at Cruz del Fraile, Observatoriodel
Roquedelos Muchachos, La Palma,
Islas Canarias. Geographical
longitude is 17° 52' 59.7" West,
geographical latitude 28°45' 20.5"
North, and altitude 2382 metres
above sea level.
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Commissioning
of the Low Dispersion
Spectrograph

Bjarne Thomsen

Current Status
This is a summary of the status of the
Low Dispersion Spectrograph (LDS)
after the commissioning period on
NOT during October 3 - 9. The labo-
ratory (my office) testing of software
and hardware was essentially fin-
ished by the end of August, and the
instrument was shipped to La Palma
September. During the final testing
a rather large leak was discovered in
one of the Dewars, so the LDS had to
be commissioned without the P8603
(GEC) camera, whichisnormally used
with the primary channel. The LDS
was unpacked and mounted on NOT
during the first days of October. The
first exposures were quite exciting,
because this was the first time that
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Two spectral scans through the
brightest components of the Einstein
Cross gravitational lens system.

the LDS had been mounted on a tel-
escope in a real dome environment
experiencing outside temperatures
and changing direction of gravity.
The LDS is actually the first instru-
ment that we have constructed in
Aarhus, which has not been tested
onour 50 cm telescope. Nearly all the
problems encountered during the first
few days and nights had to do with
the influence of the dome environ-
ment on the LDS hardware. The soft-
ware, onthe other hand, gave us only
very few and minor problems. Most
of the hardware problems have been
solved, or they are in the process of
being solved. The list of unsolved
problems is not long, but we found
that the primary shutter refused to
open, and that we may have a flexure
problem when the telescope is point-
ing at certain directions in the sky. At
presentitis notclearwherethe cause
of the flexure is located, and any
corrective action must await further
testsofthe LDS onthe telescope. The
shutter problem should be more
straightforward to solve, but it may
be necessary to change the shutter if
it has been damaged. Though it is
risky to take long exposures at pre-
sent it should be safe to take expo-
sures shorter than say 10 min.

First Results

At this point you may get the impres-
sion that the commissioning period
was a long row of problems. This is,
however, not the case. The second-
ary channel with the new thinned
blue-sensitive Tektronix CCD worked
quite successfully during the latter
half of the period, and we obtained
both photometric and spectrographic
exposures of selected spectro-photo-
metric standard stars, as well as ex-
posures of some interesting astro-
nomical objects. As an example we
obtained four 30 min long-slit expo-
sures of the gravitationallens system
22374030, (the , Einstein Cross“)ata
spectralresolutionof 1.9 A/pixel. The
spatial resolution along the slitis 0.5

arcsec/pixel. The adapter wasrotated
sothatthetwobrightest components
(greenmagnitude 18), A and B, of the
gravitational lens both fell on the slit.
The two objects are separated by 1.8
arcsec corresponding to 4 pixels. The
slit width was 1.1 arcsec. The four
exposures were first flat-fielded for
small scale detector variations. Then
they were sky subtracted, and finally
wavelength calibrated using a cali-
bration exposure of an HgCd spectral
lamp. The reductions were done by
means of the spectral packages of
the NOAO IRAF reduction software.
One pixel wide spectral scans through
components A and B are shown in
the Figure. The intensity is given in
Analogue Digital Units (ADU’s). One
ADU is equal to 2.6 electrons. The
readout noise is 6.5 electrons rms.
The useful spectral range for the
grism used (600 grooves/mm) is from
4400 A to 5300 A. The strong QSO
emission line is CIII L.1909.

Measured Efficiency

In NOT NEWS No. 2 (Fig. 4) Igave the
calculated efficiency of telescope,
optics and CCD. It is of considerable
interest to compare the curves given
there with actual observations of a
spectro-photometric standard star. So
the optical spectro-photometric
standard G191B2B was observed
through the Stromgren v, b and y
filters. The transmission curves for
these filters being known it was
possible to derive the total efficiency
of the telescope, optics and CCD com-
bination at the equivalent wave-
lengths of the v, b and y filters (4110
A, 4680 A and 5480 A). The derived
efficiencies, excluding atmospheric
extinction and filter akbsorption, are
11.2% (v), 19.3% (b), and 24.7% (y).
These values are 30-560% lower than
the ones read from the curve given
for the Tektronix CCD mounted on
the secondary channel. HansKjeldsen
has also done a linearity test which
shows that the detectoris linear over
the whole dynamic range.







