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Talk Outline 

• Technical Description 

• On-Sky Performance 

• Recent Modifications 
• Early SV/GTO Science 

See also papers by Natascha Foerster Schreiber, 
David Sobral, John Stott, David Wilman, Stijn 
Wuyts and Eva Wuyts later this week. 
 



Functional Requirements 

Requirement Value 

Instrument Throughput  YJ>20%, H>30%, K>30% 

Wavelength coverage  0.85 to 2.5 µm 

Spectral Resolution  R>3300,3400,3800,3800 (IZ,YJ,H,K) 

Number of IFUs 24 

Extent of each IFU  2.8 x 2.8 sq. arc seconds 

Spatial Sampling  0.2 arc seconds 

Patrol field  7.2’ diameter  field 

Close packing of IFUs  ≥3 within 1 sq arcmin 

Closest approach of IFUs  ≥2 pairs separated by 6 arcsec 



Optical Layout (8 arms) 

                  
 



Pickoff Module: 24 arms 

                  
 



Performance @ UT1 (Antu) 

                  
 

First light  21 Nov 2012 
!!



Pickoff Arm Accuracy 
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All arms < +/- 0.4 arcsec 
 
83% arms < +/- 0.2 arcsec 

Spaxels (0”.2) 



Red dotted lines show the minimum requirements from the 
Tech Spec scaled by 90% for the detector, 85% for the 
telescope, and 95% for the atmosphere. Segment#3 has 
worst performance. IZ & HK on ‘best efforts’ basis. 

Total System Throughput 



Spectral Resolution 

•  Resolution is close to two 
pixels FWHM over all spatial 
channels. 

• Graphs show the 
measurements in four 
quartiles of H-band. 

•  Segment #3 seems slightly 
better than Segment #1 

1.5µm 

1.6µm 

1.7µm 

1.8µm 

Seg#1 Seg#2 Seg#3 blue 

red 



Spatial Resolution 

•  In good seeing and S/N 
the PSFs in reconstructed 
cubes are well-behaved. 

•  FWHM along (Z) the slice 
(red) is slightly broader 
(+0”.05) due to the 
additional aberrations in 
spectrograph (consistent 
with FWHM~0.2 pixel 
instrumental PSF) 

• Worse in IFU#17-24 at 
some Nasmyth PAs (still 
investigating) 



Background Noise Limit 

Photon-noise limited exposure times (DIT) of 300 sec. 
Threshold Limited Integration at 50,000 counts. 

Gain 2.08 e-/adu 

YJ band 1.025-1.344µ   

Blue = inter-line 
continuum 



Instrument Flexure 

Spectral 

Spatial 
Residual Night Sky 
         (5 km/s) 

Arcs/Flats taken every 60 degrees 



Detector Persistence 



Cold Head Vibrations  
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Nevertheless, some new frequency peaks are visible on the power spectral density (PSD) of the 
measured OPL. As clearly shown on the following figures, peaks at 7.8, 47.8Hz and in a 
frequency range of 105-130Hz are linked to the state of the CCC heads and compressors.  
The contribution of each head to the peak at 7.8Hz is quite different. It may be possible that a 
better rotator position would decrease the amplitude of this peak. Although the amplitude of the 
peak is not huge, this peak will not be corrected by MN2 and its impact on OPL would have to be 
measured in interferometric mode with FINITO during a UT technical night. 

 
Figure 1 - Impact of KMOS compressors and heads on telescope stability ON-OFF-On sequence. 

M1-M3 accelerometer test - OK 
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APPENDIX 1: Impact of KMOS on UT1 Coude train Tip and Tilt  

 

 
Figure 7 - Impact of KMOS on Tip, zoom in bandwidth 75-210Hz. 

 
Figure 8 - Impact of KMOS on Tilt, zoom in bandwidth 40-210Hz. 

UT1 Coude test (IRIS) – 
deemed unacceptable 

KMOS operations since Comm-1 have required closed cycle 
coolers to be switched off during all VLTI runs. Adverse impact 
on arm reliability.  



Cold Head Vibrations 

Anti-vibration mounts fitted Feb 2014.  



Cold Head Vibrations 

No significant impact on tip-tilt of UT1 coude train mirrors, as 
measured with IRIS, following installation of AV mounts. 
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irisErrVec.2014-02-19T15.59.22.txt 89 12 1.0976 0.9193 
irisErrVec.2014-02-19T16.02.48.txt 80 12 1.0778 0.9759 
irisErrVec.2014-02-19T16.04.04.txt 80 12 1.1186 0.9873 

Table 4: Tip and Tilt RMS (for frequencies >10Hz) for different configuration, data taken on 2014-02-19 

In the following figures, it is possible to see the important difference of PSD in the bandwidth 100-
130Hz. As it is presented below, there is now no problem with regards to the impact of KMOS on 
the mentioned bandwidth.  

 

Figure 12: Impact of KMOS on telescope Tip and Tilt stability, data taken with IRIS. 

The impact of KMOS on the 40-50Hz bandwidth seems higher after the damping modification.  In 
order to verify if KMOS was responsible of this increase, the tip-tilt PSD having KMOS CCC ON 
and OFF (TN 2013-10-16) were compared and presented in the next figures. Even if the �floor� 
level is not the same (This is due to the use of MACAO in closed loop in one case and open loop 
in the other), the peaks are matching meaning that the CCC are not (at least not the only) 
responsible for the increase of the 40-50Hz bandwidth. 

  

Figure 13: Impact of KMOS with CC ON (2014-02-19) - OFF (2013-10-16). 
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SV/GTO programmes 

•  Science Verification (21 proposals): 
–  KMOS confirmation of Spitzer-selected galaxy clusters at z > 1.4 

–  Looking for low luminosity lensed galaxies with KMOS 

–  Near-Infrared line strength gradients in IC4296 

–  Outflows from massive young stellar objects 

–  Exoplanet transits with KMOS 

•  Guaranteed Time Observations (8 projects underway): 
–  KMOS3D 

–  KMOS Deep Survey 

–  KMOS Kinematic Survey 

–  Chemical Evolution of Galaxies using AGB Stars 

•  UT1 oversubscription: P92 (7.8), P93 (6.7) 



Resolved Galaxy Kinematics 

0.7<z<1.5  
109<M*<1011  
 
Resolved 185 
galaxies out 
of 258 
targetted 



Resolved Galaxy Kinematics 

Sky subtraction 

OSO OSO + Davies SkySub Bootstrap all IFUs 

Hα z=0.82 



Low-Z Galaxies (IZ) 

Russell Smith et al. 



Transit Spectroscopy (?) 
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Figure 6: The fits to the light curves of WASP19b (left) and the residuals (right).

8

HK 1.484 – 2.442 µm  

1 1.5-1.6 µm 

2 1.6-1.7 µm 

3 1.7-1.8 µm 

4 1.95-2.05 µm 

5 2.05-2.15 µm 

6 2.15-2.25 µm 

7 2.25-2.35 µm 

Saglia, Koppenhoefer et al. 



KMOS Mosaic Mode 
VLT-MAN-KMO-146606-002 KARMA User Manual 23
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Figure 12: The size of the area (grey) covered by a single OB in Mosaic mode with the large

configuration, which requires 16 telescope pointings. The red squares indicate the IFU positions

at the start of the OB. A combination of up to 2x2 of such fields is possible, corresponding to an

equivalent number of PAF files and OB’s.

Figure 13: The small Mosaic configuration, which requires 9 telescope pointings to cover the grey

rectangular area. Again, the combination of up to 2x2 such fields is allowed.

65”  
 16 pointings 
 384 IFUs  
 75,000 spectra 

!A&A proofs: manuscript no. spark

Fig. 17. Flux (top), velocity (middle) and dispersion (bottom) of the
Brγ line extracted from the KMOS mosaic. The velocity is shown in the
range 230–310 km s−1, and the dispersion in the range 0–70 km s−1. The
2 contours outline the location of the most prominent Brγ line emission
for reference. All panels have been drawn on a linear scale using the
colour bar shown underneath, with lowest values in black/blue and the
highest values in red/white.

are drawn in Fig. 16. A spectrum of the brightest of these stars,
closest to the centre of the field in the He II image, is drawn in the
top panel of the figure. It indicates that there are numerous He II
lines with FWHMs of about 1000 km s−1, typical of Wolf-Rayet
stars as is clear, for example, from K-band spectra of WN stars
in the Galactic Center (Martins et al. 2007), the Arches cluster

Fig. 18. Spectrum extracted from the KMOS mosaic of R 136. This is
from a region of bright narrow Brγ emission at 2.17 µm, to the north of
the field. It shows also the He I line at 2.06 µm, but no other features.

(Martins et al. 2008), and also R 136 itself (Crowther et al. 2010).
These are also prominent in a map of broad Brγ flux, which hints
that there may be another 2 stars with some broad Brγ emission,
just an arcsec east of two of the magenta arrows drawn on the
mosaics. However, in the short 30 sec integration time of these
data, the signal-to-noise is too low to confirm these.

All five stars are listed in either the catalogue of Wolf-
Rayet stars in the Large Magellanic Cloud by Breysacher, Az-
zopardi, & Testor (1999) or in Massey & Hunter (1998) (for
which we designate names as MH98 followed by their number-
ing). The identifications in both catalogues, together with co-
ordinates, have been given with the spectra Fig. 16. They are
all classified as O4 If+, O3 If*, WN6-A, or WN7-A stars. These
are consistent with the broad Brγ emission, and in some cases
broad He II lines. The broad Brγ map shows 2 additional tenta-
tive detections of WN stars, but their spectra are too noisy, and
the equivalent width of the line to low, to attempt any classifica-
tion. One of these stars can be identified with MH98 11, which
Massey & Hunter (1998) class as O4 If+. The other is ∼1′′ east
of MH98 14, and does not appear in either of the catalogues
mentioned above. Indeed, it has no obvious counter-part in the
WFPC2 image from HST; and so because the star lies exactly in
the join of the tiles in the KMOS mosaic, we conclude that the
broad Brγ detection in this case may be spurious.

The top map in Fig. 17 is of the narrow Brγ line emission
at 2.17 µm, created using the LINEFIT code described in Ap-
pendix B of Davies et al. (2011). A spectrum extracted from a
bright part of the line emitting region near the north edge of the
image is presented in the top panel of Fig. 18, and shows also
narrow He I 2.06 µm emission but no other features. While there
is a remarkable amount of detail in the Brγ image, a number of
limitations are immediately clear. The edge effects between the
separate pointings can be severe, and make it difficult to see, for
example, that the bright emission at the north edge of the mosaic
is actually a ring.

The map was generated by finding, at each spatial location,
the Gaussian that, when convolved with the instrumental line
profile, provides the best fit to the observed line. As such, it
also yields velocity and dispersion maps. These are shown in
the lower panels of Fig. 17 and warrant some discussion. The
mosaic was reconstructed using the spatial and spectral flexure
corrections described in Section 5.1. Without these, the velocity
map would have severe discontinuities; applying the corrections

Article number, page 16 of 17

R. I. Davies et al.: The Software Package for Astronomical Reductions with KMOS: SPARK

Fig. 15. Images from a KMOS mosaic of a region just to the south
of the core of R 136. Top: 2.2–2.3 µm continuum. Middle: broad He II
line emission at 2.19 µm. Bottom: broad Brγ line emission (the faint
extended structure is narrow line emission that has not been fully re-
jected). The Wolf-Rayet stars, for which spectra are drawn in Fig. 16,
have been identified in each plot by magenta arrows. All panels have
been drawn on a linear scale using the colour bar shown underneath,
with lowest values in black/blue and the highest values in red/white.

the focus of numerous observational and theoretical studies be-
cause it is the most massive young resolved cluster. As such it is
yielding insights into the formation, environment, content, and
evolution of star clusters as well as of starbursts. It provides an
excellent example of what KMOS can do, and also of some of

Fig. 16. Spectra extracted from the KMOS mosaic, which had 30 sec
exposure time per pointing. These are of 4 known Wolf-Rayet stars and
1 possible new one. In addition to broad and narrow Brγ, they show a
variety of broad He II lines (identified in magenta) typical of WN stars.
Lines and wavelengths are from Figer, McLean, & Najarro (1997).

the issues of which one needs to be aware in the processed data
(at the same time this shows that further improvements to the
pipeline would still be beneficial). The data have been processed
using only the kmo_sci_red recipe, and then the extracted maps
have been cleaned to remove deviant pixels. This field was ob-
served in the K-band in mapping mode using 30 sec exposures,
to provide a large mosaic made of 384 tiles.

Fig. 15 shows three maps extracted from the mosaic cube,
of a region approximately 60′′ × 40′′ to the south of the cluster
core (which is about 10′′ beyond the top of the field towards the
left side). The top map is the 2.2–2.3 µm continuum, which is a
wavelength range free of the strongest line emission. This reveals
the stars, the number density of which increases to the north-
east. It also shows variations of the background level within and
between the IFU fields, which can make reliable photometry of
faint continuum sources difficult to achieve. A more sophisti-
cated background adjustment algorithm than that applied here
could improve this situation. The map of broad He II shows five
stars with detections of this line at 2.19 µm, the spectra of which

Article number, page 15 of 17

R136 (30 Dor) 
R Davies et al 
A&A 558, 56  
(2013) 

Jupiter 
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Science Papers 

• KMOS science papers now starting to 
hit the press: 

– Davies et al 2013, A&A 558, 56 

–  Sobral et al 2013, ApJ 779, 139 

– Wuyts et al 2014, arXiv1405.6590 

– Genzel et al 2014, arXiv1406.0183 

–  Stott et al 2014, arXiv1407.1047 

 



Summary 

• KMOS is a new multi-object near-
infrared integral field spectrograph 
now available at the ESO VLT. 

• Performance has been verified through 
and extensive series of technical and 
scientific tests at Paranal. 

• KMOS is already beginning to make its 
mark in 3D spectroscopic surveys of a 
wide variety of different science areas. 



Thank You 


