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ESO’s new infrared camera, IRAC2, is
equipped with a Rockwell 256 % 256 pix-
el NICMOS3 array for imaging through
broad and narrow band filters between
1 and 25pm and a K (2.2 ym) band
scanning Fabry Perot. A preview of
some of its capabillities was already giv-
en in the June 1992 issue of the
Messenger (68, 42) where we showed a
2.1 ym broad band image of a z = 0.2
galaxy cluster and a narrow band
[Fell](1.64 um) mosaic image of the SNR
RCW103 obtained during the first test
on the 2.2-m telescope in May. In this
article we give a description of the in-
strument and its observing modes to-
gether with performance figures derived
from the test data and some additional
images selected to illustrate some of its
possible scientific applications.

1. Description of IRAC2

Figure 1 is a photograph of IRAC2
mounted on the F/35 infrared adapter at
the Cassegrain focus of the 2.2-m tele-
scope. The camera itself is housed in a
modified Oxford Instruments 4-l liquid
helium cryostat which is partially hidden
by the attached motor control and de-
tector acquisition electronics. (Although
the NICMOS3 array has a long
wavelength cut-off at ~ 2.5 um and
requires cooling to only ~B0K using
pumped liquid nitrogen, a He cryostat
was selected in order to keep open the
possibility of installing arrays operating
out to 5 um in the same camera in the
future.) The black unit sandwiched be-
tween the camera and the adapter
houses the scanning Fabry Perot eta-
lon(s) and remotely controlled exchange
mechanism used to rotate it in front of
the entrance window.

Figure 2 shows the layout of the cam-
era optics. The input doublet field lens,
which also acts as the cryostat entrance
window, provides for a 70-mm diameter
(~3 arcmin.) field and re-images the te-
lescope pupil at the cold 4.5-mm diame-
ter cold stop just behind a 24-position
filter wheel. The field is re-imaged on the
detector by one of the five remotely
selectable objectives mounted on a
wheel. In order to minimize flexure, the
camera itself is rigidly attached to the
outer vacuum housing via glass thermal
isolators and the optics and detector
mount are cooled via thermal connec-
tions to the mner radiation shield and

inner cryogen tank respectively. Figure 3
is a photograph of the cooled optical
assembly showing the filter wheel on the
left and, on the right, the objective wheel
which is largely hidden by the detector
mount.

The NICMOSS3 array is a hybrid device
consisting of a HgCdTe diode array
bonded via indium bumps to a multi-

plexer which is structured in four quad-
rants having separate output amplifiers.
It is controlled and read by a programm-
able, VME-based, detector controller
which has been developed in Garching
and contains four A/D converters allow-
ing simultaneous reading of the four
quadrants. This system also contains a
Motorola 68030 processor which runs

Figure 1: IRAC2 mounted on the F/35 adapter at the 2.2-m telescope.
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Figure 2: Optical layout of the camera. The input doublet covers a 70-mm (3-arcmin.) diameter field and acts both as the field lens and the
cryostat window. A 24 position filter wheel (not shown) is located in front of the cold pupil stop and the five remotely interchangeable objectives
mounted on a wheel behind the pupil stop provide for magnifications from ~0.14—1.1"/pixel.

detector pre-processing software under
the OS9 operating system. This pro-
cessor receives command files specify-
ing the required detector set-up from
the instrument workstation; transmits
real time images to a monitor in the
control room and sends images, with or
without co-averaging, to the instrument
workstation. The real time display is par-
ticularly useful during set-up on an ob-
ject field as pixel values and coordinates
can be measured and cut-levels set us-
ing only the mouse. The observer can
select from a variety of read-out modes
including double and triple correlated
and multiple nondestructive sampling. A
novel variant of the latter mode, tested
in May but not yet implemented in a very
user friendly way, also achieves partial
seeing correction by tracking a refer-
ence object in the field and applying a
shift and add algorithm to each non-
destructively read sub-image before so-
lution of the error equations for the inte-
gration ramps. At present, the minimum
time required to read out a full 256 x 256
image is ~ 700 ms. A faster read-out
could improve the performance of the
real time shift and add mode and could
be implemented in the future by install-
ing a faster pre-processor which is now
available.

In view of the plan to phase out the
HP 1000 series computers on La Silla
the user interface runs on a workstation
and MIDAS is used on-line for data stor-
age, image display and quick-look anal-
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ysis. The arrangement used during the
test is shown in Figure 4 but is provi-
sional pending completion of a new
standard user interface and VME based
motor control system on La Silla. Instru-
ment set-up and control is via typed
commands and menu bars on the

HP370 which runs control software
written in Basic which was developed
originally only for laboratory testing in
Garching. This workstation is connected
to the instrument via CAMAC for the
motor controls, a GPIB bus for the Fabry
Perot control and ethernet fibre optics

Figure 3: The cryogenic optical assembly showing the filter wheel on the left and the objective
wheel on the right which is partially hidden by the detector mount.



links to the detector pre-processor.
There is also an RS232 link to the
HP1000 telescope computer which is
used to step the secondary mirror dur-
ing focus exposures and to read coor-
dinates which are written in the file
headers. The HP730 workstation is used
to run two parallel MIDAS sessions. One
of these is set in the background mode
and is used to display images (with or
without background subtraction as re-
quested) and store them in the correct
format while the other is available for
interactive image analysis using MIDAS.
The HP370 should become superfluous
once the new user interface is available
when both the control software and
MIDAS will run on the HP730 with a
separate X11 window terminal available
for on-line analysis.

2. Observing Modes

IRAC2 provides for imaging at a varie-
ty of image scales through broad and
narrow band filters between 1 and
2.5 m and a K(2.2 ym) band scanning
Fabry Perot etalon yielding R — 1000.

The available filters, image scales and
corresponding field sizes are
summarized in Table 1. The scales A-D
are measured values derived from im-
ages of astrometric double stars. Al-
though objectives D and E should pro-
vide a circular 3 field limited by the
entrance window this is slightly vignet-
ted on two sides at present by the di-
chroic mirror in the F/35 adapter. For
broad-band imaging, when background
noise dominates, it is recommended in
any case to use objective C (0.494"/pix.)
in general. This objective has the high-
est efficiency, yields the maximum
square field and provides reasonable
sampling under average seeing condi-
tions. Objective B(0.27"/pix.) can be
used when better sampling/spatial reso-
lution is more important than field.

The desired observing mode, filter,
magnification and detector parameters
are sel via the workstation user inter-
face. A present, the standard modes are
(i) focus (i) DC observing (staring) and
(i) Fabry Perot scan. Chopping and
automatic beamswitching could be im-
plemented but are not considered par-
ticularly useful with this array. Real time
shift and add is more complicated to
set-up and is not yet available as a
standard mode.

For focussing on a star the focus
mode is used to automatically step the
telescope secondary mirror through a
specified range of positions and record
images which are displayed in a line at
the end of the measurement. The best
focus can then be determined by
measuring the FWHM using MIDAS and
the secondary set to that position. Dif-

Table 1: IRAC? characteristics.

I;a;e Scales and Fields o
Objective ;rcsecfpix Arcsec
A 0.14 36x36 N
B | 0.27 N 69 %69
) C 0,49 125%x125
D 0.'_!0 ¢ =180
—E __1.1 B ¢ =180
Filt;rs
Name 1. [;nm}_ o Al [|_|mj
J 1.25 | 0.3
H 1.65 0.3
K 21 0.34
K_ - 2.2 0.4
NB1 ([Fell]) | 1.262 ol&
- _NB2 ([Fell) 1.645 0.04
NB3 [[_Hei] 2.058 0.036 i
- NB4 R ) 2.;05 o 0.037 -
- _NBSF-igl_ - 2421 0.038
) NB_G . 2.136 ] 0.038 _
NB7 B 2_.148 ] 0.037
- NBS (Bry) 2.164 o ) 0.037
NBS9 2177 0.038
NB10 2,216 0.075
NB11 (CO) 2.365 0.088
Fabry Perot ~2-25 }J_\l_— 1000

ferential focus changes during the night
due to telescope temperature changes
can be made using a calibration curve
without needing to repeat the star mea-
surements. A focus shift is required
when using the Fabry Perot.

The DC mode used for observing re-
quires little explanation. Each image is
written into a separate file with its own
identifier and a header which contains
all the instrument and detector parame-
ters plus the time and telescope coor-
dinates.

In the Fabry Perot mode the required
narrow band order isolating filter can be
set manually or automatically and both
the filter transmission curve and the
wavelengths corresponding to the dif-
ferent orders displayed on the screen.
A sequence of images can be made
by entering a list of the desired

wavelengths which are automatically
written in the file headers.

The detector set-up includes selec-
tion of the read mode; the on-chip inte-
gration time (DIT); the number of integ-
rations (NDIT) to be averaged in the pre-
processor before transmission to the
workstation and the number of such
measurements to be made (cycles) and
stored in separate files. If in doubt, the
read-mode should be set to double-
correlated. Multiple, non-destructive,
sampling is needed for the shift and add
mode and yields somewhat lower read-
noise for long measurements but invol-
ves larger time overheads and increases
the amplifier glow in the comners of the
array. The main considerations in
selecting DIT are that it should be short
enough to avoid saturation (K ~8 for DIT
= 1s with objective C) but long enough
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Figure 4: Provisional control set-up for the IRACZ2 test in May

to achieve background limited perfor-
mance when observing faint sources
{typically a few seconds for the broad-
band filters). Most of the test observa-
tions were made using DIT 1s for
standard stars and 10-30s for the sci-
ence frames. The value of NDIT is a
trade-off between the s/n ratio in each
stored image and the time between ob-
ject and sky frames which should not be
too long because of sky fluctuations.
During the test NDIT was selected typi-
cally such that DITxNDIT was 2-5 min
and CYCLES = 1. In order to remove
stars and achieve optimal sky subtrac-
tion it is, in any case, necessary to have
several sky frames on different posi-
tions. For the optimal removal of bad
pixels it is also desirable to have several
object frames on different positions.
Particularly for faint sources therfore the
best observing procedure is to combine
all requirements by making a series of
exposures at telescope positions sepa-
rated by 10-20 arcsec. on the sky. All
frames can then be used to derive the
mean sky with the stars removed and,
after re-registering, be combined into a
final object image in which bad pixels
have been replaced with good ones
from other frames in the stack. This
technique was used to produce the
galaxy cluster image reproduced in the
June 1992 Messenger. An alternative,
used for several of the test images re-
produced here, is to use the same ob-
ject position but different sky positions
or, in the limit, just single object and sky
frames. This simplifies the data reduc-
tion (particularly the on-line quick look
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analysis) but means that only half the
total time is spent on the object and bad
pixels can only be corrected within the
image by median filtering or pixel inter-

polation/replacement using a bad pixel
mask.

3. Performance

Characteristics of the presently in-
stalled NICMOS3 array are summarized
in Table 2 and the overall broad band
system performance as measured on
the telescope is given in Table 3.

The magnitude limits obtained in the
broad band filters correspond to the
background limits expected from the
measured counts and for longer mea-
surement times the s/n should improve
as t'2. In K', for example, the limit in
20 min should be 19.6 mag/(arcsec?)
while the value derived from the galaxy
cluster image shown in the June
Messenger is 19.8, i.e. actually some-
what better than expected but probably
consistent within the uncertainties (e.qg.
the detector electrons/ADU conversion
factor).

Good photometry should be possible
with this camera. Zero points deter-
mined from standard stars observed
over the 7 nights (when the sky was
clear) agree to within 1-2% after flat
fielding. The flat fields used were ob-
tained by taking difference images of
the diffusing screen in the dome with the
halogen lamp on and off. This technique

Figure 5: K band image of the core of the globular cluster M15. Integration time was 60s
(30 x2s) on object and sky and the scale is 0.27"/pixel.



Figure 6: NGC5247. The left panel is a smoothed K' mosaic image; centre panel is the K’ image after subtraction of a fit to the inner galaxy disk
component and the right panel is an R-band image obtained by scanning the POSS E plate. N is down and E is to the left. The infrared images
have been constructed from four 120s (10 x 12s) exposures with the 0.49"/pixel objective on each of two overlapping fields on the galaxy and six
sky exposures of the same duration offset several arcmin. from the galaxy. Only the frames showing systematic differences less than 1% were
used and stars in the sky frames were fitted with gaussians and removed individually before subtraction from the object frames. Smoothing
using the MIDAS adaptive filter technique was applied to enhance the visibility of low surface brightness features. Note that a spur off the
northern spiral arm is only visible in the POSS R image and not K’ suggesting that it is not part of the grand design density wave in the galaxy.

has the advantage of cancelling any
“dark current” pattern due to radiation

Table 2: NICMOS3 array detector characteristics.

Format (pixels) 256 x 256 ] ?
= . = | seen through the filters and not present
Pixel size 40um [ with the dark filter. The images reduced
—— - = — = i  so far do appear to be flat within the
Cut-off wavelength 2.5um [ noise and, at least in the K and K' prime
_Bacl cixels ' ) B - _1 o ﬂlt_ers, are better than can be obtained
= * _ = i S | using sky flats. This seems to be due to
Quantum efficiency 0.6 (2.2yim), 0.4 (1.251m) the fact that sky-dark frames contain a
e = — — —  faint ring-like structure which dis-
Well capacity ~10% appears in the object-sky images. lis
T ) T 3 1 outer diameter just matches the size of
Dark current _ ] ~308/s’ the array and is independent of magnifi-
Read noise ' 30e | cation implying that it originates in or
| — = {4 close to the detector. As yet, however,
1, Including a dead column In one quadrant. no convincing explanation for this effect
2. Pmnah!y. dominated by camera :hermal I.‘.ﬂ(:i.c.g.lrnun(_i has been found. The 0‘27"/pixei objec-

tive also shows an additional ring which
appears in both the sky and dome flats
and whose origin is equally unclear.
These effects are typically a few per
cent of the mean background and are
not apparent in the reduced images ex-

Table 3: Overall system performance (objective C). cept in one or two cases where the

- : T - — background varied by large amounts

Band J H K K during the measurement due to clouds.
= — = = i Although apparently not significant!

Overall efficiency’ o158 | o8 | 983 | 024 aﬂecta’r?g lhepguerall :;erformalgce. lheresi

Background (mag./(arcsec))? 15.0 13.6 12.7 12.3 fore, this problem still requires further

— I - investigation.

Mag. Limits /(arcsec)’(3a in 60s)” 20.5 19.1 18.3 18.2 Another aspect requiring further study

: T i is the stability of the array response. The

Mag. Limits (30 in 60s/5" ap.) 18.9 17.5 16.7 16.6 ] reproducibility between images and of

1. Detected photons as a fraction of those incident on the atmosphere taking into account tele- the zero points derived from standard

scope central obscuration and undersizing of the F/35 secondary. star observations over seven nights

2. Telescope temperalure — 283K, B Y —) | suggests that this is not a problem over

S, For 608 ebjoct and G0 sy scaled from cifernosn of sky Iramas with integrations of 20108 most of the array area. Mosaics made
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some instabilities at the edges could be
present. These appear to be variations
at the few % level and are confined to a

ratl ply defined strip along one
edge. Curiously, however, this effect
appears on different, orthogonal, edges
in the J and K bands! Pending furthe

INVE jation we assume lh{:‘.bl: are il'l'
trinsic to the array (i.e. as opposed to
variations in the background illumination
which would be hard to explain).

4. Sample Images

A K' (2.1 ym) image of the

galaxy cluster A1689 and a narrow-
band [Fell](1.644 ym) image of the
supernova remnant RCW103 were al-
ready included in the June Messenger
(68, 42) as examples of (i) "deep” Imag-
ing by combining exposures made at
slightly different telescope positions and
(i) mosaicking of images displaced by
almost the full field respectively. Figures
5-11 are some additional images
selected to illustrate other possible
modes and applications of the camera.
As only single-object positions were
used for most of these observations the
bad pixels have generally been masked
and replaced by interpolation in the
surrounding area. Unless otherwise
stated in the figure caption these im-
ages are oriented with N at the top and
E to the left.

Conclusions

The overall measured performance of
IRAC2 is close to that predicted in ad-
vance of the test and, although some
aspects still require further investiga-
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new Infrared observing opportunities on
La Silla.
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