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co-rotating structure, was too large to  
fit into any available air-freight carrier. This 
large item was therefore securely packed 
and made the slightly more perilous,  
but more leisurely, journey on the open 
deck of a container ship (Figure 1). Fortu-
nately both cargoes arrived without dam-
age, more or less at the same time, at  
the port in Antofagasta. KMOS then 
made the final leg of the journey by road 
to the new integration hall at the Paranal 
Observatory.

KMOS was fully re-assembled and re-
calibrated in the integration hall over  
an eight-week period in September–
November 2012 by a dedicated team  
of technical experts from the UK and 
German consortium partners, working 
closely with ESO personnel. After an 
extensive set of verification tests, the 
instrument was then taken up the final 
stretch of the mountain road at walking 
pace (Figure 2, left), before being in- 
stalled on the Nasmyth platform of VLT 
Unit Telescope 1 (Antu). Because of the 
size of the CACOR (about four metres 
high), this item had to be lifted directly  
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The KMOS near-infrared multi-object 
integral-field spectrometer was trans-
ported to Chile in the middle of 2012 and 
achieved its first views of the Paranal 
skies in November 2012. We describe 
the delivery and re-integration of KMOS 
and present the first results from the two 
on-sky commissioning runs.

KMOS is one of a suite of second gener-
ation VLT instruments which, along with 
MUSE (Bacon et al., 2012) and SPHERE 
(Kasper et al., 2012), will bring exciting 
new capabilities to the Paranal Observa-
tory in next few years. KMOS is a unique 
design of near-infrared multi-object spec-
trograph that uses deployable integral 
field units to obtain spatially resolved 
spectra for up to 24 target objects se  l-
ected from within an extended 7.2-arc-
minute diameter field of view (Sharples et 
al., 2010). 

In mid-2012, KMOS reached its Provi-
sional Acceptance Europe milestone 
(Ramsay, 2012) and then began its long 
journey to the summit of Cerro Paranal 
via a combination of road, sea and air 
transport. Whilst the main cryostat could 
be shipped in a Boeing 747 cargo hold, 
the auxiliary CACOR unit, which carries 
the KMOS electronics cabinets in a large 

First Light for the KMOS Multi-Object Integral-Field  
Spectrometer

Telescopes and Instrumentation

Figure 1. The KMOS CACOR leaving the UK Astron-
omy Technology Centre (left), and installed in its 
open-top container ready for the sea journey to 
 Paranal (right). 

Figure 2. KMOS cryostat on the road from the inte-
gration hall to the summit (left); the CACOR being 
hoisted into the dome of UT1 (right).
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in through the dome aperture using an 
external crane (Figure 2, right).

Commissioning-1 

First light with KMOS occurred on 
21 November 2012. After a slightly cloudy 
start, the dome opened at 21:30 and  
the first targets were acquired. Initially 
this involved pointing the telescope at a 
relatively bright star and taking short 
exposures with one arm at a time placed 
at the centre of the field. Every single  
star appeared within the integral field unit 
(IFU) field of view of 2.8 × 2.8 arcseconds, 
much to the relief of the commissioning 
team (Figure 3)! Even this relatively simple 
observation required a large number of 
systems to be working together, such as 
the real-time display, which shows the 
positions of the target objects in the 
reconstructed datacubes. This acquisi-
tion sequence is a key feature of KMOS 
and allows the telescope pointing to be 
refined by placing a subset of the pickoff 
arms onto bright targets, which are then 
centred automatically using a shift and 
rotation of the telescope field of view (in 
much the same way that bright reference 
stars are used to align the slit masks in 
the FORS2 spectrograph). Once the field 
is aligned, these arms can then be rede-
ployed to science targets. 

One of the first issues to address there-
fore was the astrometric positioning  
of the arms; this included both the overall 
plate scale, and any radial variation at  
the arm focal plane(s), and also the local 
corrections (lookup tables) which are 
used to take out the individual variations 
in the movement of each arm. The latter 
stage was particularly troublesome, as  
it required an astrometric calibration pro-
cedure to be set up on sky using densely 
populated star fields in open or globular 
star clusters. The final calibration was not 
achieved until Commissioning-2, but now 
demonstrates that the arms have a final 
1σ positioning accuracy of 0.1 arcsec-
onds. The rest of the first commissioning 
run was taken up with exercising all the 
KMOS modes, including its unique capa-
bilities to produce large mosaic patterns 
covering up to 60 by 40 arcseconds on 
the sky, and in obtaining calibration  
and performance data to complete the 
verification tests (e.g., Figure 4).

Figure 3. Some of the 
commissioning team in 
the VLTI control room 
during the first night of 
observations with 
KMOS.

Figure 4. (Top) Hα emission line maps (top) and 
derived velocity fields (bottom) for a sample of faint  
z ~ 1 emission-line galaxies in the GOOD-South 
field. The brightest targets have an observed inte-
grated Hα flux of 1.0 × 10–16 ergs cm–2 s–1. These 

Figure 5. KMOS H-band spectrum of the B8 iii emis-
sion line star Hip 022112 (HD 30123).

data were obtained with only 30 minutes of on-
source exposure using KMOS and demonstrate the 
power of this facility instrument for such surveys. 
Reductions courtesy of Mark Swinbank.
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the instrument will be warmed up to fit 
new dampers to the closed-cycle coolers 
to minimise any vibration effects on the 
VLTI. Assuming this is successful, the first 
community Science Verification observa-
tions may take place in summer 2013.  
We look forward to much exciting new 
science from KMOS in the next few years.
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Links

1  Access to presented KMOS commissioning data: 
http://www.eso.org/sci/activities/vltcomm/ 
kmos.html

regions of Brackett-γ emission and the 
He ii emission characteristic of massive 
Wolf–Rayet stars. The data for these 
commissioning observations are available
for download1.

Current status

The data from the first two commission-
ing runs are currently being fully reduced 
and analysed. During both observing 
campaigns, the instrument has per-
formed nearly flawlessly and it is offered 
to the ESO community in the Call for 
 Proposals for Period 92 (October 2013–
March 2014). A final “Paranalisation” run 
is scheduled for March 2013, after which 

Commissioning-2

The second commissioning run took 
place in the latter half of January 2013 
and, whilst not blessed with the same 
level of clear skies as the first run, en -
abled the commissioning team to com-
plete a number of outstanding tests  
and improve the integration with the VLT 
 control system. A further focus of the 
second run was to obtain some deep-sky 
observations with KMOS to evaluate the 
different modes of sky subtraction, and 
to fully test the KMOS data reduction 
pipeline SPARK (Davies et al., 2012). Cali-
bration arc and flatfield exposures were 
taken automatically during the daytime at 
position angles close to those of the 
night’s observations; this step minimises 
the effects of instrument flexure on the 
wavelength accuracy. After calibration 
using the daytime arc exposures, the re  -
maining shifts of the night-sky OH  
lines have a root mean square residual  
< 20 km/s; this can be reduced to  
< 5 km/s by application of a simple model 
of the flexure. Figure 5 shows a typical 
example spectrum of a bright emission-
line star processed at the telescope using 
the default pipeline. 

Some of the more visually impressive 
capabilities of KMOS are the spectral 
images which can be produced using  
the mosaic mode in which the IFUs are 
packed into a regular grid pattern, with 
gaps which are then filled by offset  
pointings of the telescope. Two modes 
are available: either using all 24 arms 
(16 pointings) or a reduced mosaic of 
eight arms (nine pointings) if a faster cov-
erage of a smaller area is required. All of 
the  offsetting and combining of the cubes 
is handled automatically by the templates 
and data pipeline. Figure 6 shows one  
of the early results obtained (using non-
sidereal tracking) of an H-band mosaic  
of Jupiter. Although the full information 
content of this observation (75 000 spec-
tra in total) cannot be gleaned from a 
simple two-dimensional picture, the col-
our scheme has been tuned to reveal  
the spectral differences (mainly methane 
bands) in the equatorial zones and the 
polar caps of the planet. Another exam-
ple is shown in Figure 7 for observations 
of 30 Doradus in the Large Magellanic 
Cloud, where the cube has been sliced to 
show the continuum in the K-band, 

Figure 7. KMOS K-band spectral images of R136  
(30 Doradus). At top left is a narrowband image 
extracted from the datacube in the 2.1 μm continuum, 
at top right a narrowband image in Br-γ (2.16 μm) is 
selected and at bottom is the image in He ii (2.19 μm) 
with the position of a Wolf–Rayet star marked.

Figure 6. Reconstructed 
spectral image of Jupiter 
(pseudo colours refer to 
narrow bands extracted 
from the spectrum to high-
light various features). This 
image was created using 
the 24-arm mapping tem-
plate with non-sidereal 
tracking and comprises 
nearly 75 000 spectra. The 
numbers refer to zones cov-
ered by specific IFUs during 
the dithered pointings.


