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Abstract. Adaptive optics with laser guide stars is manda-
tory in order to make use of the full capabilities of 8-m
class telescopes. However, progress has been slow in two
particular areas: techniques for spectroscopy at diffraction
limited resolution and wavefront sensing on laser guide
stars. ALFA — currently the only European laser guide
star adaptive optics system, and the only one in the world
open to guest observers — has made significant advances in
both of these. In this paper we report on our first results
from summer 1998, representing significant improvements
over previous performance. We report on observations us-
ing natural guide stars which demonstrate that for bright
stars (my < 8) ALFA can now reach K-band Strehl ra-
tios in excess of 60% and easily resolve binaries at the
diffraction limit of the telescope. We then present some
of the first integral field spectroscopy at diffraction lim-
ited scales, showing we are able to distinguish spectra of
binary stars with a separation of only 0.26"”. We also dis-
cuss results from a wide field image, which indicate that
useful correction (allowing binary stars and circumstellar
dust shells to be resolved) can be achieved from a rela-
tively faint star to a radius of at least 1’. Our last set of
results include a correction on a galaxy using the laser
guide star as the reference. The best result to date is of
the galaxy UGC 1347 in Abell 262. Correcting tip-tilt on a
star 41” away and higher orders on the laser, we achieved
an increase in peak intensity of 2.5, and a reduction in
FWHM from 1.07” to 0.40".
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1. Introduction

Adaptive optics for 8-m class telescopes is essential if their
full potential is to be realised, and in order to achieve max-
imal sky coverage the use of laser guide stars is mandatory.
Considerable effort has been put into developing high-
order AO instrumentation and observational programmes:
the number of refereed papers based on AO has been in-
creasing dramatically (27 in 1997 compared to only 18 in
the entire 4 years prior to that, Ridgway 1998), and re-
cently an entire meeting was devoted to scientific results
using adaptive optics systems (Astronomy with Adaptive
Optics, ESO 1998). However, this also highlighted the fact
that nearly all observations to date have been restricted
to imaging studies, almost exclusively using natural guide
stars as the wavefront reference. Further, the majority of
results have been concerned with stellar systems and rel-
atively few have been on extragalactic sources. This bias
is simply a result of the lack of suitable reference stars
since the most commonly observed extragalactic objects
lie out of the galactic plane, while most bright stars lie in
the galactic plane; and with the exception of a few of the
brightest AGN, the nuclei of other galaxies are too faint
for wavefront sensing with current technology.

Clearly, there is a need for development in the areas of
artifical guide stars and diffraction-limited spectroscopy.
But technical difficulties have slowed progress in produc-
ing high quality LGS, and practical difficulties have hin-
dered advances in high spatial resolution spectroscopy.
ALFA (Adaptive optics with a Laser For Astronomy, see
Sect. 2) is addressing these issues and has made significant
progress in both areas. In this paper we present some of
our first observational results, which include these two ar-
eas. We begin by noting in Sect. 3 the best performance
that ALFA has achieved, in context with other systems. In
Sect. 4 the first spectroscopy at diffraction limited scales
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is presented. Section 5 continues with observations of an
80" x 80" field around a Herbig Ae/Be star, looking at a
binary, circumstellar envelopes, and the AO performance
off-axis. The results from imaging a galaxy using the laser
guide star as a wavefront reference are given in Sect. 6.

2. ALFA: An overview

ALFA is a sodium laser guide star (LGS) adaptive optics
(AO) system installed at the Calar Alto 3.5-m telescope,
and is currently available to guest observers. One major
part of the system is a dye ring laser pumped by an Ar™
laser, providing 3.8 W output at 589.2nm with a band-
width of 10 MHz (Quirrenbach et al. 1997). The laser is fed
via a beam-relay to the launch telescope mounted beside
the main mirror. Here a diagnostics bench (Rabien et al.
1998) provides an analysis of the beam quality before the
laser is projected into the atmosphere. With good condi-
tions the laser power is sufficient to produce a my = 9 mag
artificial guide star by sodium fluorescence in the meso-
sphere at a height of 90km. The adaptive optics bench
is the other major component (Glindemann et al. 1997;
Hippler et al. 1998; Wirth et al. 1998), and is based on a
Shack-Hartmann wavefront sensor preceeded by a set of
hexagonal lenslet arrays which allow interchange between
6, 18, and 30 subapertures. A set of up to 32 Zernike modes
or Karhunen-Loeve functions are derived and applied to
a 97 actuator deformable mirror. While correcting on a
natural guide star, the wavefront sensor can determine all
modes including tip-tilt; when using a laser guide star,
a separate tracker camera is used to measure the tip-tilt
from a nearby star.

ALFA is the instrument on which a number of experi-
ments have been carried out since 1998 in conjunction with
the European network on Laser Guide Stars for 8-m class
Telescopes (Foy 1999). These include determining tip-tilt
from a LGS, monitoring the Na layer profile and scattered
light, and simultaneous SCIDAR/ALFA measurements of
atmospheric turbulence.

During the last 6 months significant progress has been
made in the quality of correction that can be achieved with
ALFA, even for mediocre atmospheric conditions. This is a
necessity at the Calar Alto observatory since the seeing is
often 1” or worse. For a number of observing programmes,
ALFA is now able to compete effectively with other adap-
tive optics systems.

Some progress has also been made with the laser guide
star, although this is still limited by non-ideal observ-
ing conditions, being particularly sensitive to atmospheric
transmission. We have been able to close the loop on the
laser and correct the field around the galaxy UGC 1347
with an improvement in both peak intensity and FWHM
of a factor of 2.5. There remain two main restrictions to
regular observations with the laser. One of these is the
beam jitter, which can often throw the LGS spots outside
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the centroiding regions on the wavefront sensor. The sec-
ond is the LGS size (~2.5"), the cause of which we are
currently investigating; an intended fibre link to replace
the beam relay between the laser and the telescope may
overcome this. As well as these we are implementing au-
tomatic control algorithms for laser tuning and focussing,
and also WFS focussing. These should increase the ob-
serving efficiency by a large margin.

Updates on progress with the system can be found on-
line at http://www.mpe.mpg.de/www_ir/ALFA/ALFAindex.html.

3. Best performance

During 1998 the ALFA adaptive optics hardware and soft-
ware underwent intensive optimisation and the system
is now beginning to deliver the specified performances.
These criteria include achieving 40% Strehl in the K-band
with median 0.9” seeing.

For the purposes of this paper, Strehl ratios have been
calculated from the ratio of peak to total fluxes in the
PSF image, by comparing it to that calculated for the
theoretical diffraction limited PSF (with a 3.50m mirror
and 1.37m central obscuration). Unless stated, they take
no account of where in the pixel the PSF is centred and
hence may underestimate the actual Strehl. This error is
rather variable: for example with 0.04” pixels a high Strehl
measurement might be 50 &+ 5%, and with 0.08" pixels a
lower Strehl measurement could be 15 &+ 5%.

For seeing of around 1”, K-band Strehls in excess of
60% can be reached for the brightest stars (my < 8), while
values in the range 25 —50% can be attained for stars with
my S 10. The performance achieved can be translated to
other wavebands: we have achieved a J-band Strehl of
12% on SAO56114 (my = 7.0) and a resolution better
than 0.10”, close to the diffraction limit of 0.07” FWHM.
Previous efforts can be summarised by an observation in
July 1997 of the my = 5 star 14 Peg for which we achieved
K-band strehl of only 20%, and so these new results rep-
resent a vast and speedy improvement, mainly due to up-
grades in the hardware but also due to more careful align-
ment of the optical components and fine tuning of the
modal reconstruction algorithms. Evidence for great ad-
vances in the field of AO generally can be found in the fact
that such results are no more than is expected from other
well established natural guide star systems such as Pueo
(Rigaut et al. 1998), ADONIS (Le Mignant et al. 1999),
and Hokupa’a (Close et al. 1999). However, it should be
noted that operating in better seeing brings a huge bene-
fit: a correction that results in a PSF with 25% strehl in
1" seeing would achieve 40% strehl in 0.7” seeing, which
often occurs on Mauna Kea.

Even though the limiting magnitude is still lower than
satisfactory (my ~ 12) , the performance is very encour-
aging given that even if 32 (Zernike) modes are corrected
perfectly, the residual wavefront error for the 3.5-m in 1”
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Fig.1. K-band surface plots of SAO 36874 (my = 5.9), ob-
served with a pixel scale of 0.04”, and correcting 32 modes at
a frame rate of 200 Hz. Upper: a direct image. Lower: a decon-
volved image (30 iterations of the Lucy algorithm); the PSF
star (SAO 56114, my = 7.0) had a Strehl ratio of 45% and a
FWHM of 0.13". The two stars of SAO 36874 are clearly re-
solved at a separation of 0.15”, only marginally greater than
the K-band diffraction limit of the telescope

seeing in the K-band is 02 = 0.43rad? (Noll 1976) giving
a maximum theoretical Strehl ratio of only 65%; and this
does not include bandwidth limitations, noise, or other
residual static aberrations — which are discussed below.
The disturbance rejection bandwidth is typically 1/12 of
the sampling frequency, while the temporal timescale of
the atmosphere at 2 um relates to a Greenwood frequency
(Greenwood 1977) on the order of 10 Hz. Thus for frame
rates of 300Hz or more (e.g. for bright stars) the phase
error due to bandwidth is small, while it becomes impor-
tant at 100 Hz. The optimal frame rate requires minimis-
ing temporal errors and those from noise; a further param-
eter enters as we have several lenslet arrays available. The
limiting magnitude is 1 — 2 mags brighter than that calcu-
lated from throughput and photon noise, much of which
was due to faulty electronics in the Shack-Hartmann sen-
sor and has been corrected for the 1999 semesters. The last
additional input of errors is from static aberrations; most
of these are removed by adjusting the deformable mirror
shape until a reference fibre appears as a near-perfect PSF
on the science camera.

One particular example of ALFA’s performance is the
serendipitous discovery of a double star in SAO 36784 as
shown in Fig. 1, during testing of control parameters.
This star is listed in the Washington Double Star Catalog
(WDS, Worley & Douglass 1997) as the primary partner of
a pair with separation of 20.5” and magnitudes my = 6.0
and 12.3. We have found that the primary itself is double,
and almost certainly a true binary. Although we cannot
rule out that it may be a projection effect, the probability
of detecting any star (the cutoff is taken to be that the
peak intensity of the companion is equal to the peak in-
tensity of in the primary’s first airy ring) this close, given
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the local stellar density, is ~ 2 10~8. The separation of
the two components is 0.15”, almost at the telescope’s
diffraction limit (0.13” FWHM), and they can clearly be
discriminated after deconvolution. The observation shows
the vast potential for studies of stars in multiple systems,
for determining orbits and system stability, as well as for
characterising spectroscopic and speckle binaries, by mea-
suring broad-band colours or individual spectra. An ex-
ample of the latter is given in the next section.

4. Integral field spectroscopy: HEI 7

The potential for spectroscopy at diffraction limited scales
represents an exciting aspect of adaptive optics. However,
the inherent difficulties also make it a special challenge.
Standard techniques with a long slit may no longer be
feasible, since in order to make the most of the bene-
fits of minimising both background and contamination
from extended sources, the slit must be extremely nar-
row. Accurately positioning a target on such a slit can be
very time consuming, and for faint sources this becomes
impractical. The alternative method of integral field spec-
troscopy which involves re-ordering a 2-dimensional field
onto a longslit, dispersing it, and reconstructing a data-
cube (2 spatial and 1 spectral axes) afterwards, opens con-
siderable opportunities in this area.

During August 1998, the MPE 3D imaging spectrome-
ter (Weitzel et al. 1996), which obtains simultaneously H-
or K-band spectra of an entire 16 x 16 pixel field, was used
with ALFA. In order to facilitate this, an aperture inter-
change module (AIM, Anders et al. 1998) has been built
as an interface to allow the pixel scale to be changed be-
tween 0.25” and 0.07” per pixel, as well as providing the
ability for eflicient sky observations with minimal over-
head. Although the field of view is small (1.2”), this is
ideally matched for observations of AGN or close bina-
ries. Here we present some of the first spectroscopy at
diffraction limited scales, of HEI7, a binary listed in the
WDS Catalog. The primary, more commonly known as
HD 197443, is itself a photometric/spectroscopic binary
(denoted AB) with a period of about 6 hrs and has not
been resolved. A third member of the system (denoted
C) was suspected from variations in the time of minimum
in the primary pair, and its orbit was first calculated by
Hershey (1975) from changes in parallax of the primary
with respect to a set of reference stars (later confirmed
by observation). The data yielded both the parameters of
the AB-C 30.5yr orbit as well as the absolute parallax,
which sets the distance as 24 pc (ie the current projected
separation is only 6 AU).

A PSF reference (HD 183051, left in Fig. 2) with the
same my = 7.1 as the primary component of HEI7 was
observed 10 minutes before the binary using the same
adaptive optics parameters. Although the first diffraction
ring was complete when calibrating on the fibre at the be-
ginning of the night, it is much more patchy in the stellar
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Reconstructed K band image of PSF ref for HEI 7
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Reconstructed K band image of HEI 7
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Fig. 2. Reconstructed K-band images of the PSF reference HD 183051 (left) and the binary HEI 7 (right), rebinned to a smaller
pixel scale (original scale gives 16 x 16 pixels). North and East are rotated 15° from down and right respectively. Parts of the
first diffraction ring can be seen; the extra blob to the top right in HEI7 is the companion

Spectra of the two components of HEI 7
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Fig. 3. Smoothed K-band spectra of the two components of HEI 7. All the features show the expected depth, based on spectral
type classifications (KOV and M0 V) of the two stars. In particular the *>*CO bandheads at 2.29, 2.32, 2.35, and 2.38 um vary
by almost a factor of 2, while the Mg line at 2.28 um is the same for the two types. Other prominent lines include Na (2.21 pm)

and Ca (2.26 pm)

image. Even so, the difference between this and the recon-
structed K-band image of HEI7 is clear: the secondary
can be seen to the top right (south east) at a radial sepa-
ration of 0.26” and about a factor 15 fainter (my = 10.0).

Spectra of the two components are shown in Fig. 3.
The primary (AB) component has the expected absorp-
tion features for a KOV star; the differences between this
and the secondary (C) are expected from its spectral type
of MOV (estimated from colours). In particular the '2CO

bandheads are almost a factor of 2 deeper, while the Mg
line has a similar equivalent width. The depth of the Na
(2.21 ym) and Ca (2.26 ym) lines also shows some vari-
ation. These spectra, then, are from two separate ob-
jects and not simply the same one extracted at differ-
ent points. This example clearly demonstrates the feasibil-
ity of diffraction limited spectroscopy, although the tech-
nique remains difficult. It is fortuitous that the diffraction
ring is faint in the region near the secondary star so that
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deconvolution is unnecessary. The next step is to develop
methods which will allow overlapping spectra to be dis-
tinguished.

5. Wide field correction: BD +40° 4124

The 3D spectrometer was also used to obtain a K-band
spectrum of the Herbig Ae/Be star BD +40° 4124 (my =
10.6, mg = 5.6), while the field around this star was im-
aged in the JH K bands using Omega-Cass.

Herbig Ae/Be stars are the massive (2 3 Mg) coun-
terparts to the low mass T Tauri pre-main-sequence stars,
typically being deeply embedded in gas and dust, but with
strong hydrogen recombination lines. BD 4+40° 4124 lies in
a small aggregate containing a few other similar stars (the
nearest are another Herbig Ae/Be star V1686 Cyg, and
the pair V1318 Cyg), but which is isolated from any large
star-forming complex (Hillenbrand et al. 1995). Since it is
by far the most massive (see Table 1) its effects on the
local environment can be studied independently, and at a
distance of marginally less than 1000pc (1” = 1000 AU)
adaptive optics can provide the resolution on solar-system
scales which is required for studying the dust envelopes
around these stars. As all the stars in the group have ages
in the range 10° — 105 yrs, this can be of some impor-
tance in understanding how massive stars are formed; and
whether the winds, outflows, and radiation field around
them influence the evolution of the aggregate.

The spectrum of BD +40°4124 in Fig. 4 is remark-
able in its lack of any features other than Brackett lines.
The ratio of the lines Bry/Brd = 2.83 suggests an extinc-
tion of Ay = 29 mag assuming an intrinsic ratio of 1.52
(case B, Osterbrock 1989) and either the Ay oc A=18 ex-
tinction law of Landini (1984) or the curves from Howarth
(1983). This is rather higher than that given in Table 1
derived from optical lines, but is consistent with the Ay =
45 mag estimated via Ny from 2CO and '*CO luminosi-
ties (Hillenbrand et al. 1995). These observations can be
reconciled if the line-emitting gas is mixed with the dust
obscuring it, so that the optical lines sample only the sur-
face regions and underestimate the extinction-corrected
flux. However, the dust must then be internal to the H1r
region surrounding the star, and as much as 50 — 90% of
the Lyman continuum photons would be absorbed before
they could be processed into recombination lines (Wood &
Churchwell 1989) reducing the recombination luminosity
at all wavelengths. An alternative scenario is that the dust
exhibits a dense clumpy structure so that the optical lines
can sample the H 11 region through only the least-obscured
lines-of-sight, the near-infrared lines denser regions, and
the radio lines can probe through even the densest clumps.

For the wide field K-band image taken with Omega-
Cass, BD +40° 4124 was centered in the wavefront sen-
sor, allowing correction of 18 modes with a frame rate of
75Hz. Although this star was saturated the Strehl ratios
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and FWHMs of 14 others in the 80" x 80" field were mea-
sured, and these are plotted against their radial distance
in Fig. 5. The FWHMSs were estimated using only verti-
cal and horizontal cuts (the “errorbars” are lines joining
these points) since models suggest that the pixel size is
already limiting the resolution: for Strehls of 10 — 15% an
intrinsic resolution of 0.16” is expected, but the measur-
able resolution is 0.2 — 0.3" if the flux is binned into 0.08"”
pixels. The figure indicates that out to radii of at least
30", and perhaps even beyond, there is only a little degra-
dation in performance. The isoplanatic angle (at zenith)
0o is taken to be the region over which the wavefront er-
rors are identical, and a good approximation is given by
Beckers (1993):

6o = 0.314ro/H

where

3/5
H= (/ C§h5/3dh// Cﬁdh)

is an average distance to the turbulent layer (C? is the
turbulence profile and r( is the coherence length). For in-
finite D/rg (D is telescope diameter) the wavefront er-
rors due to anisoplanaticism reach 1rad? at this radius
(Humphreys et al. 1992), but for the 3.5-m at Calar Alto
they are more typically 0.5 rad?. Thus for a perfect on-axis
PSF, the strehl ratio will have fallen to 60%. Simple mod-
elling following the prescription of Greenwood & Parenti
(1994) shows that this effect should also be noticeable with
a low on-axis strehl. An on-axis strehl of 15% should fall
to 9% at a distance 0, off-axis and 6% at 20y. A better un-
derstanding of why the isoplanatic patch appears so large
can only be gained by studying the height and strength of
the turbulent layers in the atmosphere, for example using
SCIDAR to measure C2 (Kliickers et al. 1998), combined
with analysis of the modal power spectrum determined
from the measured gradients on the wavefront sensor, and
the changes in the corrected off-axis PSF. We are carry-
ing out such observations in collaboration with the TMR
network and will present the results in a future paper.
The SCIDAR results show that, as is always seen, there
is a very strong boundary layer (Rigal & Wooder, pri-
vate communication) at the telescope. At the 3.5-m this
is a well-known problem due to difficulties controlling the
mirror temperature, and would have the effect of widening
the isoplanatic angle.

Due to the “core+halo” shape of the PSF, the effective
resolution of only partially corrected images is better than
that estimated using the FWHM. The diffraction limited
core provides a strong contrast against the halo even if
it contains only a small fraction (in this case about 12%)
of the total flux. This is demonstrated in Fig. 6 which
shows a star 20" from the reference has a clear sharp peak
(as do all the single stars in the field), while another has
a double peak, identifying it unambiguously as a previ-
ously unknown binary system with a separation of 0.32".
Previous studies of multiplicity in Herbig Ae/Be stars (e.g.
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Table 1. BD +40° 4124 region: stellar parameters
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Star Spectral Type Ay /mag logL/Lo M/Mg
BD +40° 4124 B2 Ve 3.6 —3.8 4.10 13
V1686 Cyg B5 Ve 4.2 —6.7 2.77 4.5
V1318 Cyg North  mid A-Fe 7—15 - >1
V1318 Cyg South  mid A-Fe 8—15 - >1
All data from Hillenbrand et al. (1995).
K band spectrum of BD +40°4124
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Fig.5. Strehl ratio and FWHM of 14 stars in the field around BD +40° 4124, plotted against distance from this star. The ad-
vantage of working in the partial correction regime is clear, since the effects of anisoplanaticism are much reduced: only beyond

30" is there a small reduction in performance

Leinert et al. 1997) have had to resort to speckle imaging,
a slow and limiting process compared to adaptive optics.
Importantly, examination of profiles of all the sources in-
dicates that the speckle pattern in the halo appears to
be stable over the whole field. Thus deconvolution should
work well (yielding an effective resolution rather better
than 0.2”) and the choice of PSF, at least in this case, is
not critical. A further result from this image was that the
southern star of the V1318 Cyg pair was resolved to be
0.4” x 0.3"”, without the expected sharp core. The extinc-
tion to this object derived from the 1 —0Q(3)/1 —0S(1)
ratio (Aspin et al. 1994) is Ay 45 + 20 mag, us-

ing the same laws as above. Combined with very red
JHK colours (J — K 4 — 5 mag) this has led to
interpretation as a dense circumstellar dust shell. We esti-
mate the deconvolved size to be 300 x 170 AU. Assuming
the normal gas/dust ratio of 100, this is equivalent to
Nug = 7 10?2 cm™2, and a gas density on the order of
10% cm—3. At such densities vibrational levels of Hy above
v = 1 are collisionally de-excited, leading to large ratios
between the v = 1 and higher levels whatever the exci-
tation mechanism, for example 1 —0S(1)/2 — 1S(1)>10
(Aspin et al. 1994).
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Fig. 6. K-band surface plots of a single star (upper) and the bi-
nary system (lower), both ~20” from BD +40° 4124. The pixels
are 0.08” across and the resolution is sufficient to easily sep-
arate stars 0.32" apart, as shown by the previously unknown
binary system here. The profiles of all the stars show that the
PSF changes very little out to distances beyond 30"

Fig.7. Open loop K-band image of UGC 1347 (nucleus, and
below it a compact H1I region) and to the South-East the star
used as the tip-tilt reference, smoothed to highlight the ex-
tended structure. The scale is given by the separation of the
star from the galaxy nucleus of 41”; North and East are up
and left respectively

6. Laser guide star observations

The first successful wavefront correction using the LGS
was on BD +31° 643, a binary star with separation 0.6”,
in December 1997, only 1 year after the first time the high-
order adaptive optics loop was closed on any astronomical
object. In August 1998 we used the LGS to correct the
field around the galaxy UGC 1347 (Fig 7). For this ob-
servation we corrected tip-tilt using a V' = 11.8 mag star
41" from the galaxy, and pointed the laser guide star mid-
way between the two objects. High order corrections were
measured using the LGS, with 6 subapertures sampled at
a lower frame rate of 50 Hz (rejection bandwidth of only
4Hz). Figures 8 and 9 show for the star an increase in
peak intensity of 2.5, and improvement in resolution from
1.1” to 0.4".

351

There are only 2 other reported sodium laser guide
star high-order corrections in the literature: at the MMT
(Lloyd-Hart et al. 1998) and at the Lick Observatory
(Olivier et al. 1996). Our correction is of a similar stan-
dard to these, and has an error budget dominated by ap-
proximately equal parts modal residual, isoplanatic and
temporal, as well as noise. The noise is much higher than
estimated by throughput and photon noise calculations,
in part due to faulty electronics in the wavefront sensor
which has now been replaced. This is the most likely rea-
son for the asymmetric tail on the PSF, as it results in the
centroid of the LGS spot being determined wrongly which
leads to an incorrect modal decomposition. An additional
source of noise arises from layers of water vapour high in
the atmosphere. These scatter the laser beam, and sap the
power from the LGS, resulting in low signal-to-noise and
much poorer correction — this is perhaps the most serious
difficulty at Calar Alto. One other problem we have had is
that although the loop itself is stable, unpredictable low
frequency (< 0.1 Hz) jitter in the upward laser beam can
cause sudden glitches. This will be corrected for in future
runs by feeding the jitter terms measured in the wavefront
sensor back into the laser launch telscope.

6.1. Star formation in UGC 1347

Observations of UGC 1347 were carried out to look for cen-
tres of star formation in the galaxy, which can be identified
by strong K-band emission from either a large population
of red supergiant stars or hot dust around OB stars. In this
galaxy there are 2 candidate sources: the nucleus and a re-
gion 11” from it at one end of the inner bar, probably an
H1r region. When the AO loop was closed, exactly similar
enhancements were seen in both the star and the HI1I re-
gion, but almost no change is seen in the nucleus itself. The
galaxy lies in the Abell 262 cluster at a distance of 63 Mpc,
so 1" corresponds to 310 pc. Thus the LGS+AO corrected
image shows that the nucleus is extended over 560 pc, a
size similar to the bulges of spiral galaxies without a large
population of young stars; contrarily the H 11 region is very
compact — more typical of starbursts — with a diameter of
much less than 130 pc (there is insufficient signal-to-noise
to permit further deconvolution). Thus, although both re-
gions have similar K-band luminosities, these observations
suggest that all the current activity can be accounted for
by the extra-nuclear region sited at one end of the inner
bar.

7. Conclusion

We have presented an overview of recent results obtained
with ALFA on the 3.5-m telescope at Calar Alto during
the summer semester of 1998, which demonstrate the huge
potential that this system has for science observations.
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Fig. 8. Image sections 5.4” across corresponding to the profiles drawn below: of the tip-tilt star (left), and in UGC 1347 the
compact HII region (centre) and nucleus (right); for both open loop (lower) and closed loop on the laser guide star (upper).

Pixels are 0.08” across. The LGS-corrected PSF is not perfect but does show significant improvement beyond that achieved
with tip-tilt alone
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star H II region nucleus
. 5 ] 1 [ O B B B RN
R |
= 26 N L 5 10 ]
x | 1 [ f
A H FWHM | oo [ [| Fwon 0 FWHM ]
= | 5.02 O T 1518 [ 2280
S o7 [ i A il ]
I &2 [ — i [ 10 pariLy i
a3 | Y IR | il§ P ]
e PN A0 L. lm’ ﬂ g -
0 b e 0 u\)ﬂ,i\ lw f JOL s i LT T s
L ‘ L ‘ L ‘ L ‘ L w\ T“l il ‘ L ﬂ" IM L ‘ L ‘ L ‘ L ‘ \‘
T T T T T T T T T T T T T T T
5 N e N L B B B | B R B B B
B> L i L 4L i
o
2 L 1L i
6 —
o B4 FWHM | oo | FWHM [ FWHM |
= o0 13.34 | 90 [ 13.36 || 26.90 |
S ok M r l, 1T i
=2 I — F’ 1 .
= ] " o 1r Jrib, ]
E [ J’H Ay b [ M‘-ﬂ“" m] 1 v 13 Ll
0 ™ e ) W‘Lmﬂnf‘jﬂ‘ q“'ﬂﬂ'ﬂr’?m“‘u’i UL Fom i)
L ‘ L ‘ L ‘ L ‘ L ! ‘ L ‘ L ‘ L L L ‘ L ‘ L ‘ L ‘ L

0 20 40 60 80 100 0 20 40 60 80 0O 20 40 60 80 100
pixels pixels

pixels

Fig.9. Profiles of the star (left), and the compact H1I region and nucleus of UGC 1347 (right) in both open loop (lower) and
closed loop (upper). FWHM are given in pixels, with a scale of 0.08”. The peak intensity of the star increases by a factor of 2.5,
as does the unresolved H 11 region, while there is almost no enhancement in the nucleus showing it is completely resolved. The
laser was used to correct the high orders in these images, while tip-tilt was determined from the star. Tip-tilt alone produced

little improvement in image quality

The instruments most commonly used with ALFA are the
MPE 3D integral field spectrometer and Omega-Cass (ca-
pable of imaging and polarimetry as well as long-slit spec-
troscopy). Using these we have achieved:

— excellent performance on bright stars yielding, in the
K-band, diffraction limited resolution (0.13"”) and high
Strehl ratios (up to 60%),

— the first spectroscopy at diffraction limited scales,
clearly distinguishing the spectra of both components

of the binary system HEI7 at a projected separation
of 0.26”,

spectroscopy of the Herbig Ae/Be star BD +40° 4124
and JH K images of an 80" x 80" field around it, resolv-
ing a binary system and a circumstellar dust envelope,
a laser guide star corrected image of the galaxy
UGC 1347 in the Abell 262 cluster which clearly high-
lights the difference between an unresolved compact
H 11 region in the galaxy and its resolved nucleus.
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ALFA is now beginning to show its true capabilities, and
for some observing programmes is able to compete ef-
fectively with other adaptive optics sytems. Observations
with the laser guide star are still difficult, but improve-
ments which will be implemented during early 1999 should
stabilise closed loop operation and increase the observing
efficiency.
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