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• one free position for a direct feed from the telescope,  
• one mirror which reflects the light from the integrating sphere equipped with: 

o Wavelength calibration Ar, Hg, Ne and Xe Penray lamps operating 
simultaneously 

o three flatfield halogen lamps equipped with different balancing filters to 
optimize the spectral energy distribution for each arm 

• one mirror which reflects light from: 
o a wavelength calibration hollow cathode Th-Ar lamp 
o a D2 lamp for flatfielding the bluest part of the UV-Blue spectral range 

 
A more detailed description of the functionalities of the calibration system is given in Sect. 5. 

2.2.1.2 The Acquisition and Guiding slide 
Light coming either directly from the telescope or from the Calibration Unit described above 
reaches first the A&G slide. This structure allows to put into the beam either: 

• a flat 45˚ mirror with 3 positions mirror: 
o acquisition and imaging: send the full 1.5’×1.5’ field of view to the A&G 

camera. This is the position used during all acquisition sequences; 
o spectroscopic observations and monitoring: a slot lets the central 10”×15” of 

the field go through to the spectrographs while reflecting the peripheral field to 
the A&G camera. This is the position used for all science observations.  

o artificial star: a 0.5” pinhole used for optical alignment and engineering  
purposes; 

• the IFU (described in Sect. 2.2.1.3); 
• a 50/50 pellicle beam splitter at 45˚ which is to used look down into the instrument 

with the A&G camera and is exclusively used for engineering purposes. 
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2.2.1.3 The IFU 
 
 

Figure 4: Top: view of the effect of the IFU. The central field is directly transmitted to
form the central slitlet (green) while the each lateral field (in blue and red) are reflected
toward a pair of spherical mirrors and realigned at the end of the central slice to form
the exit slit. Bottom: The field before (left) and after the IFU (right). The IFU acts such
that the lateral fields seem to rotate around a corner of their small edge. The two white
slots are not real gaps but just guides to help visualize the top and the bottom of each
slice in the drawing. 

 

 

 
 
 
The Integral Field Unit is an image slicer that re-images an input field of 4”x1.8” into a 
pseudo slit of 12”x0.6”. The light from the central slice is directly transmitted to the 
spectrographs. The two lateral sliced fields are reflected toward the two pairs of spherical 
mirrors and re-aligned at both ends of the central slice in order to form the exit slit as 
illustrated in Figure 4. Due to these four reflections the throughput of the two lateral fields is 
reduced with respect to the directly transmitted central one. The measured overall efficiency 
of the two lateral slitlets is ~85% of the direct transmission but drops to ~50% below 400 nm 
due to reduced coating efficiency in the blue. An example of an IFU standard star is showed 
in Figure 5. 
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Below is an example of IFU observation of a telluric standard star: 

UVB arm  

ESO, Karl-Schwarzschild-Str. 2, 85748 Garching bei München, Germany 
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Figure 5: IFU telluric standard star (B-type star). One can note the three slices in each order 
of each arm. The telluric absorption lines are easily visible in the VIS and NIR arms.  
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2.2.1.4 The Acquisition and Guiding Camera 
 
The A&G camera allows to visually detecting and center objects from the U- to the z-band. 
This unit consists in: 

• a filter wheel equipped with a full UBVRI Johnson filter set and a full Sloan Digital 
Sky Survey (SDDS) filter set. Transmission curves are provided in appendix 6.4.  

• a Pelletier cooled, 13 µm pixel, 512×512 E2V broad band coated Technical CCD57-
10 onto which the focal plane is re-imaged at f/1.91 through a focal reducer. This 
setup provides a plate scale of 0.173”/pix and a field of view of 1.47’×1.47’. The QE 
curve of the detector is provided in appendix 6.3.  

This acquisition device –that can also be used to record images of the target field through 
different filters– provides a good enough sampling to centroid targets to <0.1” accuracy in all 
seeing conditions.   
The noise of the technical CCD was improved a lot (RON of 3.2 e-) resulting in a better 
quality of the images and improving the possibility to do a direct acquisition on fainter 
objects. 
The limiting magnitudes for a direct acquisition were measured for different filters under 
relatively bad conditions (thin cirrus, full Moon, seeing about 0.7”), see Table 3. 

Table 3: Limiting magnitudes for a direct acquisition 

U B V R I 
22 22 22.5 22.5 22.5 
30s 30s 20s 20s 20s 

 
We still have to measure their limiting magnitudes under clear conditions and in dark time. 
However, in case of worse weather the limiting magnitudes are smaller. 
We still recommend to use blind offsets in case the object is fainter than 21-22, especially if 
the weather constraints are selected for thin/thick transparency and seeing worse than 0.7”. 
In case of blind offsets, we recommend to select an acquisition star with a magnitude about 
19 or brighter to ensure a good centering before the offsets are done. 

 
Examples of recommended exposure times for the acquisition CCD: 
Vmag=6  integration time=0.001s 
Vmag=7 integration time=0.005s 
Vmag=16-20 integration time=5s 
V, R mag=23 integration time=60-120s 
V,R mag>=24 integration time=180s 
 
 
Table 4: TCCD zeropoints measured during the re-commissioning of XSHOOTER (07/2011) 
under photometric conditions and compared to FORS2 zeropoints. 

 U B V R I 
ZP XSHOOTER 24.946 27.744 27.634 27.826 27.485 

ZP FORS2 24.312 27.683 28.085 28.324 27.671 
They still need to be monitored and are given here as indications. 
 
 
Recently the WCS information in the header was greatly improved and the AG snapshot 
WCS is better. The RMS of the difference between TCCD coordinates and reference star 
coordinates is better than 0.1” in the center of the CCD. 
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2.2.1.5 The dichroic box 

 

 

Figure 6: The combined efficiency of the two dichroic beam splitters. In blue: reflection
on dichroic 1; in orange: transmission through dichroic 1 and reflection on dichroic 2; in
red: transmission through dichroics 1 & 2.   

 

Light is split and distributed to the three arms by two highly efficient dichroic beam splitters. 
These are the first optical elements encountered by the science light. The first dichroic at an 
incidence angle of 15˚ reflects more than 98% of the light between 350 and 543 nm and 
transmits ~95% of the light between 600 and 2300 nm. The second dichroic, also at 15˚ 
incidence, has a reflectivity above 98% between 535 nm and 985 nm and transmits more 
than 96% of the light between 1045 and 2300 nm. The combined efficiency of the two 
dichroics is shown in Figure 6: it is well above 90% over most of the spectral range. 
 

2.2.1.6 The flexure compensation tip-tilt mirrors 
Light reflected and/or transmitted by the two dichroics reaches, in each arm, a folding mirror 
mounted on piezo tip-tilt mount. These mirrors are used to fold the beam and correct for 
backbone flexure to keep the relative alignment of the three spectrograph slits within less 
than 0.02” at any position of the instrument. They also compensate for shifts due to 
atmospheric differential refraction between the telescope tracking wavelength (fixed at 470 
nm for all SLIT X-shooter observations) and the undeviated wavelength of the two ADCs (for 
UVB and VIS arms) and the middle of the atmospheric dispersion range for the NIR arm. 
In case of IFU observations, one can select the telescope tracking wavelength. 
 

2.2.1.7 The Focal Reducer and Atmospheric Dispersion Correctors 
 
Both UVB and VIS pre-slit arms contain a focal reducer and an ADC. These focal reducer-
ADCs consist of two doublets cemented onto two counter rotating double prisms. The focal 
reducers bring the focal ratio from f/13.41 to ~f/6.5 and provide a measured plate scale at the 
entrance slit of the spectrographs of 3.91”/mm in the UVB and 3.82”/mm in the VIS. The 
ADCs compensate for atmospheric dispersion in order to minimize slit losses and allow 
orienting the slit to any position angle on the sky up to a zenith distance of 60˚. The zero-
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deviation wavelengths are 405 and 633 nm for the UVB and the VIS ADCs respectively. In 
the AUTO mode, their position is updated every 60s based on information taken from the 
telescope database.  
 
The NIR arm is not equipped with an ADC. The NIR arm tip-tilt mirror compensates for 
atmospheric refraction between the telescope tracking wavelength (470 nm) and 1310 nm, 
which corresponds to the middle of the atmospheric dispersion range for the NIR arm. This 
means that this wavelength is kept at the center of the NIR slit. At a zenithal distance of 60° 
the length of the spectrum dispersed by the atmosphere is 0.35”, so the extremes of the 
spectrum can be displaced with respect to the center of the slit by up to 0.175”. If 
measurement of absolute flux is an important issue, the slit should then be placed at 
parallactic angle. 
 

2.2.2 The UVB spectrograph 

2.2.2.1 Slit carriage 
The first opto-mechanical element of the spectrograph is the slit carriage. Besides the slit 
selection mechanism, this unit consists of a field lens placed just in front of the slit to re-
image the telescope pupil onto the spectrograph grating, and the spectrograph shutter just 
after the slit. The slit mask is a laser cut Invar plate manufactured with the LPKF Laser Cutter 
used for FORS and VIMOS. It is mounted on a motorized slide in order to select one of the 9 
positions available. All science observation slits are 11” high and different widths from 0.5” to 
5” (the latter for spectro-photometric calibration) are offered. In addition a single pinhole for 
spectral format check and order tracing and a 9-pinhole mask for wavelength calibration and 
spatial scale mapping are available (see Table 5). 
 

Table 5: UVB spectrograph slits and calibration masks 

Size Purpose 
0.5”×11” slit SCI / CAL 
0.8”×11” slit SCI / CAL 
1.0”×11” slit SCI / CAL 
1.3”×11” slit SCI / CAL 
1.6”×11” slit SCI / CAL 
5.0”×11” slit CAL 
Row of 9 pinholes of 0.5” 
∅ spaced at 1.4” CAL 

0.5” ∅ pinhole CAL 
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2.2.2.2 Optical layout 
 
 
 

The optical layout of the UVB spectrograph is presented in Figure 7. Light from the entrance 
slit, placed behind the plane of the figure, feeds a 5˚ off-axis Maksutov-type collimator 
through a folding mirror. The collimator consists of a spherical mirror and a diverging fused 
silica corrector lens with only spherical surfaces. The collimated beam passes through a 60˚ 
silica prism twice to gain enough cross-dispersion. Main dispersion is achieved through a 
180 grooves/mm échelle grating blazed at 41.77˚. The off-blaze angle is 0.0˚, while the off-
plane angle is 2.2˚. After dispersion, the collimator creates an intermediate spectrum near 
the entrance slit, where a second folding mirror has been placed. This folding mirror acts also 
as field mirror. Then a dioptric camera (4 lens groups with CaF2 or silica lenses, 1 aspherical 
surface) reimages the cross-dispersed spectrum at f/2.7 (plate scale 9.31”/mm) onto a  
detector that is slightly tilted to compensate for a variation of best focus with wavelength. The 
back focal length is rather sensitive to temperature changes. It varies by ~22.7µm/˚C which 
corresponds to a defocus of 9µm/˚C or ~0.08”/˚C. This is automatically compensated at the 
beginning of every exposure by moving the triplet+doublet of the camera by -10.9µm/˚C.   

Figure 7: The UVB spectrograph optical layout 
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2.2.4 The NIR spectrograph 
The NIR spectrograph is fully cryogenic. It is cooled with a liquid nitrogen bath cryostat and 
operates at 105 K. 

2.2.4.1 Pre-slit optics and entrance window 
 
After the dichroic box and two warm mirrors M1 (cylindrical) and M2 (spherical, mounted on a 
tip-tilt stage and used for flexure compensation, see description on p. 18) light enters the 
cryostat via the Infrasil vacuum window. To avoid ghosts, this window is tilted 3 degrees 
about the Y-axis. After the window, light passes the cold stop, and is directed towards the 
entrance slit via two folding mirrors M3 (flat) and M4 (spherical). 

2.2.4.2 Slit wheels 
 
A circular laser cut Invar slit mask is pressed in between two stainless steel disks with 12 
openings forming the wheel. The wheel is positioned by indents on the circumference of the 
wheel with a roll clicking into the indents. All the science observation slits are 11” high and 
different widths are offered from 0.4” to 5” (see Table 9). 
 

Table 9: NIR spectrograph slits and calibration masks 

Size Purpose 
0.4”×11” slit SCI / CAL 
0.6”×11” slit SCI / CAL 
0.9”×11” slit SCI / CAL 
1.2”×11” slit SCI / CAL 
5.0”×11” slit CAL 
0.6”×11” JH slit# SCI / CAL 
0.9”×11” JH slit# SCI / CAL 
Row of 9 pinholes of 0.5” 
∅ spaced at 1.4” CAL 

0.5” ∅ pinhole CAL 
Blind* SCI / CAL 

 
In July 2011 during the intervention on XSHOOTER the NIR slit wheel was modified, the 1.5” 
slit was removed (not offered since P88) and 2 new slits of 0.6” and 0.9” with a stray-light K 
band blocking filter added. Scattered light from the strong thermal radiation in the reddest 
order of the NIR arm affects very significantly the background level in the J and H bands. The 
goal is to offer the possibility of low background observations in the J and H bands, to the 
expense of wavelength coverage (i.e cutting the K-band). Note that the normal 0.6" and 0.9" 
slit with the full wavelength coverage is still offered.  
 
* The blind position can be set if the NIR arm observation is not needed or in case the NIR 
arm will be highly saturated to do not damage the detector and avoid the remanence. It is 
also used for the measurement of the instrumental background. 
# new slits with the K-band blocking filter 
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2.2.4.5 Detector 
 
The NIR detector is a Teledyne substrate-removed HgCdTe, 2k×2k, 18µm pixel Hawaii 2RG 
from of which only 1k×2k is used. It is operated at 81K. Measured characteristics and 
performances are given in Table 7. Sample-up-the-ramp (non-destructive) readout is always 
used. This means that during integration, the detector is continuously read out without 
resetting it and counts in each pixel are computed by fitting the slope of the signal vs. time.  
In addition, Threshold Limited Integration (TLI) mode is used to extend the dynamical range 
for long exposure times: if one pixel is illuminated by a bright source and reaches an 
absolute value above a certain threshold (close to detector saturation), only detector 
readouts before the threshold is reached are used to compute the slope and the counts 
written in the FITS image for this pixel are extrapolated to the entire exposure time (see 
Finger et al. 2008, Proc. SPIE, Vol. 7021 for a more detailed description). 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Figure 9: Saturation threshold for nondestructive sampling and extrapolation of
detector signal for high flux levels. For pixels with high flux (red) only readout values
below SATLEVEL (orange rectangles) are taken into account in the calculation of the
slope and values written in the FITS files are extrapolated to the full DIT (SIG2). For
low flux pixels (blue) all nondestructive readouts are used (light blue rectangles).
Figure courtesy of Finger at al. (2008). 

 
 
 
 
 
 
Note that for operational reasons only a limited number of DITs is offered to the user in case 
of exposures longer than 300s (see 3.3) 
 
Important Warning: adjacent pixels can follow different regimes by using this readout mode, 
one can follow the normal regime and its neighbour can follow and extrapolated regime (if 
the counts reach the threshold). This may lead to bad line profile and then to affect for 
example the chemical abundances determination, etc. therefore we strongly recommend to 
do as short as possible the DIT and that the counts never reached 89000e- (or 42000 ADUs) 
in the ETC (meaning that the count will be extrapolated). 
A document explaining in details this readout mode and its different regimes with their 
consequences will be posted at: 
 http://www.eso.org/sci/facilities/paranal/instruments/xshooter/doc/  
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Figure 10:  example of UVB (top), VIS (middle) and NIR (bottom) calibration frames. Strong order 
curvature and varying slit tilt and scale are clearly visible. Note for the NIR arm the higher thermal 
background in longer wavelength. This is specially the case in the 11th order that corresponds to the K 
band. 
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2.4 Instrument features and known problems to be aware of 

2.4.1 UVB and VIS detectors sequential readout 
UVB and VIS detectors share the same FIERA controller. While both arms can expose 
simultaneously, readout is done sequentially. In practice, this means that if an exposure 
finishes in one of the arms while the other one is being read out, the shutter of the second 
arm is closed but readout is delayed until data from the first arm are fully transferred to disk.  
See also Sect.3.4.6, which gives advices on how to use/reduce the dead-time corresponding 
to this sequential readout. 

2.4.2 Effects of atmospheric dispersion 
In IFU mode, there is no correction for atmospheric dispersion (see section 3.3.1)  

2.4.3 Remanence 
The presence of remnants in the various detectors is still under study. However, after a few 
months of operation it has been verified that long DITs (namely 1800s DITs) in the NIR arm, 
especially when used continuously during the night, leave significant remnants by the 
thermal background in the K band and by the strongest sky emission lines. These remnants 
may still be visible in the morning DARK calibrations and certainly affect the nighttime 
observations, which follow the long exposures. For this reason starting from P86 the 
DIT=1800s is no longer offered. Remnants due to the thermal background in the reddest 
order of the K-band, has been observed, occasionally, also with shorter DIT. This is currently 
under discussion and analysis.  
 
Remnants have been observed in the three arms also after ThAr calibrations (arcs, 2D-maps 
or format-checks). For this reason we discourage attached arc calibrations during the night 
(see section 5.4). The optimal exposure time, which allows the detection of a sufficient 
number of lines minimizing the presence of remnants, is being discussed. During daytime, 
arc exposures are taken last, in order to not affect the other calibrations.  
 
About the UVB CCD, the recent tests show that the detector does not have remnants after 
arc exposures of 6 to 300s with the 1x1 binning and the normal readout mode, 3s exposure 
in the 1x2 binning for the normal readout mode, and 1s exposure for the 2x2 binning in the 
normal readout mode. 
 
However it was observed some remnants after the observation during 300s of a very bright 
star that saturated the UVB detector. 
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2.4.5 Inter-order background 
Inter-order background subtraction is a difficult task, in particular where order spacing is 
minimum in the red part of the VIS (~4 unbinned pixels). Therefore, whenever a good inter-
order background subtraction by the pipeline is important, we recommend not using the 2x2 
binning mode. 

2.4.6 Dichroic 1 UVB-VIS/NIR arm dip oscillation 
It was recently reported an “oscillation of the dichroic dip” in both the UVB and VIS arms. It 
means that the transmitted and reflected efficiency of the dichroic could be affected in the 
crossover regions. This problem is currently under investigation. It was possible to see that 
the flexures could cause similar effects as well as the ADCs (at least in the UVB arm) in 
different positions. Nothing specific to the dichroics was found. The investigation will 
continue.  

2.4.7 NIR frames with the K-band blocking filter features 
 

• There is a leak in the K-band blocking filters implying that one can see in the right top 
corner some light. However, this light count is much lower than without the filter and 
in all cases the corresponding order is never used for science. 

 

ESO, Karl-Schwarzschild-Str. 2, 85748 Garching bei München, Germany 
 

 

 
 

• With the 0.6”JH slit, some low level interferences are visible in the reddest part of the 
last order. They are due to the filter itself. However they look stable over the different 
positions and could be corrected through the flat fields. 
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2.4.8 Instrument stability 

2.4.8.1 Backbone flexures 
 
The active flexure compensation (AFC) allows to maintain the three slits aligned with respect 
to the reference A&G pinhole to within ~0.02” in both at any rotation angle for ZD<60˚.  
It is advised to run again the AFC procedure every hour (it takes 70-80s) to correct for both 
the effect of a varying gravity vector and drifts of the piezo mirror position related to the 
control electronics of these devices. In all cases, it is better not to skip the AFC when a new 
OB is started. 

2.4.8.2 Spectrograph flexures 
From 0˚ to 60˚ zenithal distance for any rotator angle, the spectra format in all three arms 
stays within ~1.2 pixels from the zenith position. 

2.4.9 Technical acquisition CCD 
Even if the quality of the acquisition and guiding camera was improved, its performances are 
still not yet characterized. Therefore the possibility to do accurate photometry is not yet 
offered. 

2.4.10 NIR 11th order vignetting (K band) 
 
The flux in this 11th order decreases towards the top of the order by a factor of ~10% and is 
due to a bad design of the mask located in front of the NIR array. The same effect is present 
in the blue part of the 10th order. 

 
Figure 15: NIR11th order vignetting corresponding to a flux decrease (arrow). Figure from L. 
Christensen (technical note). 
 
Trying to correct this vignetting would imply a major operation on the NIR arm with possible 
risks to degrade much more the NIR performances than they currently are. 
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2.4.11 VIS CCD pick-up noise  
 
 
The pick-up noise in the VIS detector is present in every readout modes (with a deviation 
from the background level of lower than 0.5%). This pick-up noise is comparable to the pick-
up noise measured on the UVES CCD for example. In case you want to observe faint targets 
with long exposure times, it is not recommended to use the fast readout mode due to its 
readout noise. 
 
In addition the fast readout mode of the VIS CCD shows also very low level pattern with a 
deviation from the background level of 1%. 
Figures are available at: 
http://www.eso.org/observing/dfo/quality/XSHOOTER/qc/problems/problems_xshooter.html 
 
In the slow readout mode, the pick-up noise is lower and the patterns are not seen. 

2.4.12  NIR –IFU parasitic reflections 
In the IFU mode, some reflections of small irregularities of the edges of the IFU mirrors can 
be visible in the images. However, they are faint and should not affect the observations. 
An example is shown below in Figure 16 with an IFU flat field. 
 

 
Figure 16: Example of small irregularities of the edges of the IFU mirrors in the NIR arm.  
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2.4.13 UVB/VIS ADCs problem 
 
UVB/VIS ADCs intermittently show initialization problems, especially in cold conditions.  
Since August 2010 a new operational procedure has been implemented to prevent starting 
science observations with the UVB/VIS ADCs in a wrong position. In the evening at the time 
of the instrument startup and during the morning calibrations the ADCs are closely monitored 
to ensure that the systems are working as expected. 

2.4.14 TCCD loss of communication problem 
Some time losses were due to losses of communication with the TCCD. A software solution 
was implemented and no major problem occurred again (only few mn lost vs hours). This is 
however still under monitoring. 
 
 

2.4.15 TCCD features 
The cooling system of the CCD produces small oscillations of the temperature of the CCD 
around an average. Temperature variations affect the dark current level, so in case of short 
exposure times, when the image sampling frequency happens to align with the frequency of 
the temperature oscillations, this leads to "beats" and background level variations from one 
image to the next one. These variations in background level disappear if a longer exposure 
time is selected. In any case they do not affect the acquisition performance. 
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3. Observing with X-shooter 
3.1 Observing modes and basic choices 
X-shooter offers two observing modes: SLIT spectroscopy and IFU spectroscopy. The 
spectral format is fixed for both observing modes. The three arms (UVB, VIS and NIR) 
operate in parallel.  
 
In SLIT mode, the user can select, for each arm independently, a slit width among those 
listed in Table 13.  
 
In IFU mode, the only important parameter the user has to choose is the wavelength that is 
placed and kept fixed at the centre of the IFU during observations.  
 
In both observing modes, one of the detector readout modes given in section 2.2.2 can be 
selected for the UVB and the VIS arm independently. The readout mode is fixed for the NIR 
arm.   
 
All X-shooter science observing blocks (OB) are composed of an acquisition template (see 
3.2) followed by one or several science templates selected depending on the observing 
strategy chosen by the user.  

3.2 Target acquisition  
Target acquisition for SLIT and IFU modes is almost identical. The main steps of a typical 
acquisition sequence are the following: 

1. Warmup of the lamp for the flexure correction measurement. 
2. Preset the telescope to the target coordinates and set the adaptor-rotator to the 

chosen position angle. 
3. UVB and VIS ADCs start tracking to compensate for atmospheric dispersion in SLIT 

mode or set to their OFF position (i.e. at minimum deviation) in IFU mode. 
4. Cross-correlating two frames of arc lamp spectra measures backbone flexure. The 

first frame corresponds to an arc lamp spectrum taken with the Acquisition and 
Guiding slide 0.5” pinhole with the 5” slit in each arm. The second frame is an arc 
spectrum taken with the 0.5” pinhole present in each slit slide/arm and the slot 
position in the Acquisition and Guiding camera. Commands are sent to the three tip-
tilt mirrors based on computed flexures. If necessary this process is re-iterated. 

5. The Acquisition and Guiding slide is set to MIR position: the field is now visible in the 
acquisition camera and an acquisition image can be acquired. 

6. The spectroscopic target is identified (or the reference object in case of blind offset) 
and its coordinates on the detector are determined by a centring algorithm. 

7. The telescope is offset to the reference pixel on the detector corresponding to the 
position of the image the Acquisition and Guiding slide reference pinhole corrected in 
real time from effects of atmospheric refraction between the wavelength of the 
selected acquisition filter and the telescope tracking wavelength (470 nm for SLIT 
mode, user selected for IFU observations) 

8. Loop over steps 5 and 6. 
9. When the observer is satisfied with the object centring, an acquisition image is saved 

and the Acquisition and Guiding slide is either set to the spectroscopic observations 
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position (10” x 15” slot) in SLIT mode or to the IFU position along with other mode 
specific instrument setup.  

10. In alternative to step 8, in case of a blind offset, the offsets are applied before 
acquiring the final image and moving to spectroscopic observation position. Note that 
the blind offsets are mandatory in case the target is too faint to be acquired directly.  

11. At this point, the instrument is ready for science observations. 
 

This acquisition sequence is performed by one of the two acquisition templates: 
XSHOOTER_slt_acq or XSHOOTER_ifu_acq (also the RRM possibility), depending on the 
selected observing mode. A full description of these templates is given in section 6.1.2. Note 
that the instrument setup is done within the acquisition template so that for instance an IFU 
observation can never follow a SLIT acquisition sequence and vice versa.  
 
At the end of the acquisition sequence, an acquisition image of the field is saved after blind 
offsets have been applied (if any). FITS header keywords HIERARCH ESO SEQ AG XCEN 
and YCEN record the location of the centre of the SLIT or IFU in the image.   

3.3 Spectroscopic observations 

3.3.1 Overview and important remarks 

3.3.1.1 Observing modes 
 
X-shooter science templates support different observing strategies: staring (commonly used 
for UV and visible observations), nodding along the slit (classical near-IR observations, for 
SLIT only), offsetting to a fixed sky position (for extended objects) or lets the user free to 
choose any sequence of offsets (e.g. for mapping). Note that due to the small field of view of 
the IFU, we recommend to offset to a pure sky position in case good sky subtraction is 
needed. 

3.3.1.2 Effect of atmospheric dispersion 
 
In SLIT mode, effects of atmospheric dispersion are automatically corrected in the UVB and 
VIS arms thanks to the two ADCs. However they are fully working up to airmass 2. For larger 
airmass the compensation is not perfect and above airmass 2.5 bad. 
 
In IFU mode however, there is no correction for atmospheric dispersion (the two ADCs come 
after the IFU in the light path and are set to their OFF position where they do not disperse 
light). The user has to choose which wavelength will be kept fixed at the centre of the IFU 
during observations using the SEQ.IFU.WLGT parameter in the XSHOOTER_ifu_acq 
template. It is set to the middle of the atmospheric dispersion range (470nm) by default. 
Users are therefore recommended to orient the IFU parallel to the parallactic angle whenever 
possible and should keep in mind that at high airmass, the amplitude of the dispersion is 
larger than the 4” of the IFU field. 

3.3.1.3 Exposure time in the NIR arm 
 
Only a limited choice of DIT values is allowed for the NIR observations in service mode. This 
has been decided only on an operational basis, i.e. to avoid endless daytime calibrations. In 
particular, there are no constraints for short NIR exposure (up to 300s), while only the 
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following selection is available in the case of longer exposure (≥ 300s): DIT=300, 480, 600, 
900 and 1200 s. Note that the DIT=1800s is no longer offered as it has been verified that it 
leaves remnants (see section 2.4.3).  However, the minimum DIT is 0.66s. 
 
The use of the NDIT different than 1, will give one “averaged” exposure internally of the DIT 
integrations. The pre-processor of the system is averaging internally the NDIT individual DIT 
integrations. The number of counts will only correspond to DIT but the noise will be reduced. 
 
Example, NDIT=2, DIT=100s,NINT=1 will give 1 averaged exposure. The total integration 
time will be of 200s.  
NDIT=1, DIT=100s, NINT=2 will give 2 exposures of 100s each. The total integration time will 
be of 200s. 
NDIT=2, DIT=100s, NINT=2 will give 2 averaged exposures. The total integration time will be 
of 400s. 
 
NDIT=1 should be used in most cases. 

3.3.2 Staring (SLIT and IFU) 
With the XSHOOTER_slt_obs_Stare and XSHOOTER_ifu_obs_Stare templates, one or 
more spectra are taken with each arm independently at a fixed position on sky. For each 
arm, the user chooses the exposure time and the number of exposures. Exposures are 
completely asynchronous i.e. in each arm, whenever an exposure is finished the next one 
starts immediately, independently of what is happening with the other arms.  
 
 

3.3.3 Staring synchronized (SLIT and IFU) 
Whenever exposures in the three arms have to be parallel, the templates 
XSHOOTER_slt_obs_StareSynchro or XSHOOTER_ifu_obs_StareSynchro should be 
used. In this case, the number of exposures is fixed to one per arm. Exposure times can still 
be different in each arm but the exposures are synchronized to their mid-time. In case the 
exposure times in all three arms are identical, exposures in the three arms will have the 
same start time within approximately one second. In case of different exposure times, the 
mid-exposure time of the three will coincide within about one second.   
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3.3.4 Nodding along the slit (SLIT only) 
This corresponds to the standard way of observing in the near-IR primarily aimed at a double 
pass sky subtraction. The template XSHOOTER_slt_obs_AutoNodOnSlit automatically 
nods the telescope between two positions (A and B) along the slit. The user defines a Nod 
Throw and optionally a small jitter box (in the slit direction). The Nod Throw is defined as the 
distance between the two nodding position i.e. the center of the two jitter boxes inside the slit 
(see Figure 17). Ditto for the jittering box, the jitter value corresponds to the size of the box. 
One cycle is a pair of AB or BA observations. Cycles are repeated in ABBA sequences. For 
each arm, the user chooses the number of exposures at each position and the exposure time 
(both identical for all A and B positions). Exposures are asynchronous. Note that nodding is 
not offered in IFU mode because the field of view (4”x1.8”) is too small to nod within the IFU. 
Also note that it is not possible to move the target in one arm independently from the other 
arms.  
 

 

 

1” jitter box 

4” nodding box 

Figure 17: conventions used for nodding of 4” along slit observations. The sequence illustrated here 
corresponds to 4 cycles (8 exposures,  ABBAABBA) with a jitter box of 1”. 

ESO, Karl-Schwarzschild-Str. 2, 85748 Garching bei München, Germany 
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3.3.5 Fixed offset to sky (SLIT and IFU) 
When observing extended objects for which there is no or not enough pure sky in the 11” slit 
to perform a good sky subtraction one should use the template 
XSHOOTER_slt_obs_FixedSkyOffset or XSHOOTER_ifu_obs_FixedSkyOffset. It 
allows alternating between an object (O) and sky position (S) with the possibility of adding a 
small jittering around the object and the sky position. One cycle is a pair of OS or SO 
observations. Cycles are repeated in OSSO sequences. For each arm, the user chooses the 
number of exposures taken at each position and the exposure time (both identical for all O 
and S positions). Exposures are asynchronous. 
 
 

3.3.6 Generic offset (SLIT and IFU) 
These are the most flexible observing templates. XSHOOTER_slt_obs_GenericOffset 
and XSHOOTER_ifu_obs_GenericOffset allow the user to define any pattern by 
providing a list of (cumulative) telescope offsets. This is particularly useful in case one wants 
to map an object with several slit or IFU positons. The number of exposures taken at each 
position and the exposure time (both identical at all positions) have to be defined. Exposures 
are asynchronous. See also Orientation and conventions. 
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3.4 Observation strategy, summary, and tricks 

3.4.1 Instrument setup 
Instrument 

mode 
Observing mode Readout/binning slits PA 

 
STARE 
 
NODDING 
 
FIXED-OFFSET 
 
GENERIC OFFSET 
 
SYNCHRONIZED 

SLIT (RRM 
or normal) 

ETC 

UVB 100k,1x1 
UVB 100k,1x2 
UVB 100k,2x2 
UVB 400k,1x1 
UVB 400k,1x2 
UVB 400k,2x2 
VIS 100k,1x1 
VIS 100k,1x2 
VIS 100k,2x2 
VIS 400k,1x1 
VIS 400k,1x2 
VIS 400k,2x2 
NIR non-dest 

UVB, 
0.5”,0.8”,1.0”,1.3”,1.6”,5” 

VIS 
0.4”,0.7”,0.9”,1.2”,1.5”,5” 

NIR 
0.4”,0.6”,0.9”,1.2”,5”, blind, 

0.6”JH, 0.9”JH 

9999=parallactic 
angle 

or choose 
another value 

STARE 
 
FIXED-OFFSET 
 
GENERIC OFFSET 
 
SYNCHRONIZED 
 

IFU (RRM 
or normal) 

ETC 

UVB 100k,1x1 
UVB 100k,1x2 
UVB 100k,2x2 
UVB 400k,1x1 
UVB 400k,1x2 
UVB 400k,2x2 
VIS 100k,1x1 
VIS 100k,1x2 
VIS 100k,2x2 
VIS 400k,1x1 
VIS 400k,1x2 
VIS 400k,2x2 
NIR non-dest 

IFU 1.0”x12.6” fixed in 
each arm 

9999=parallactic 
angle 

or choose 
another value 

Table 14: Instrument setup summary 

3.4.2 Observation strategy 
This section provides basic information for the observations. To better specify the strategy of 
your observations, you should contact usd-help@eso.org (SM and VM), or discuss it with the 
Paranal day/night astronomers (in VM). 
 
In all cases, you can choose different kind of observing modes (see Sect.3.4.1) and different 
slits on the different arms (if no IFU) after the acquisition template. 
For example you can do: 
SLIT acquisition - SLIT STARE- SLIT NODDING 
 

• Point-source object 
 

Usually if your object is a point source-like the slit spectroscopic observation is the best. 
In such case, select the SLIT instrument mode. 
 
-If the infrared observations are critical, the NODDING mode is preferable than the other 
ones because it will allow to better correcting the sky emission lines and the sky variation. 
 

mailto:usd-help@eso.org
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-In case the NIR observation is not so critical, the use of the STARE mode is OK. The object 
will stay in the same position of the slit. This mode corresponds to the usual observing mode 
with other optical instrument as UVES. 
 
-Select a slit of about 0.9”-1” if you want to match the slit with the median seeing at Paranal 
(0.8”). However, if you are interesting in the resolving power, select narrower slit. At the 
opposite if you are interesting in the flux calibration, select the 5” slits. 
 
-As shown in the example above, you can combine in the same OB different 
templates/observing mode. One can use the STARE mode with 5” slits for the flux calibration 
and then move in the next template to the NODDING mode with narrower slits for more 
accurate spectroscopic investigations. 
 
 

• Point-source object with bad seeing: IFU as image slicer 
 
-As indicating above, the SLIT mode is commonly used for the observation of point source 
object. However, in case of faint object or you allow observations of the object with bad 
seeing, the use of the IFU could be appropriate because this is physically an image-slicer. 
 
-However, the nodding is not possible with such instrument mode and for better sky 
correction an offset to the sky position (FIXED-OFFSET mode) is required. 
 
-The resolving power is also fixed due to the slits fixed in the IFU observation. 
 
-Another point is that the user has to specify the tracking wavelength because the ADCs are 
in OFF position. 
 
 

• Extended object (galaxy) or crowded field (globular cluster): 
 
-In case of an extended object, let say a galaxy of 25” in the sky or a star in a huge nebula, 
the use of the SLIT mode if you are interested by the core of the galaxy or by the star is OK. 
However, the sky correction will be difficult. 
 
-Doing the NODDING is useless in such case because after offset the slit will still be in the 
surrounding environment (galaxy-disk or nebula). 
 
-The use of the STARE mode is OK and the sky lines correction is performed with the 
pipeline. In addition, in case of extended object you will also get spatial information along the 
slit. In such case, you can choose to specify another position angle than the default one that 
is the parallactic angle. 
Note that with the pipeline, you can select the region of spectra-extraction and extract in a 
first iteration, the object spectrum, and in a second iteration, the nebula spectrum for 
instance (see the data reduction cookbook that is coming soon). 
  
-The FIXED-OFFSET or GENERIC-OFFSET observing modes are suitable. With the first 
one, you will do the couple of observation: object-sky positions. With the second one, you are 
able to do a mapping of the environment and also do offset to sky position. However, in the 
GENERIC-OFFSET template, all the offset values are cumulative and refer to the current 
position (see also Sect.6.1.1). 
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• Extended object: radial velocity map, structure, or other: IFU 
 
-In case you want to investigate the structure of an extended object such as a nebula, to do 
the radial velocity mapping of a galaxy, etc, the use of the IFU is recommended. 
 

• Time series of variable object: 
 
-The observing mode SYNCHONIZED was foreseen for such kind of observations. It 
synchronizes the three arms at the middle of their exposures. This template can be used for 
following spectroscopic binaries.  
 
-The readout time should be chosen as small as possible, i.e. here the 400kHz mode should 
be preferred to the 100kHz mode for the UVB and VIS mode. However it depends on the 
target too (timescale of the variation, faintness). 
 

• Highly time-critical object: fast light variation: GRBs etc: RRM 
 
-In case you want to observe objects visible during few minutes or hours such as Gamma 
Ray Bursts, the Rapide Response Mode is appropriate. 
 
-Just follow the same strategy than indicated above and instead of the normal acquisition 
template, you will use the RRM acquisition template. 
 
-In addition you may want the snapshot of the acquisition camera corresponding to the object 
at the end of the acquisition process and at the end of the OB. In such case, set the 
snapshot flag to TRUE instead of FALSE in the observing template. However, the imaging 
mode of XSHOOTER is not yet characterized and offered. 

3.4.3 Telluric standard stars (see also Sect.5.6.1) 
 
The user should specify in the README of their observation, which kind of telluric standard 
star is needed for the science observation. The telluric standard stars are in P89 as in the 
previous periods automatically observed in service mode in the Observatory time. 
Currently the telluric standard stars observed by the Observatory should have about 10000 
ADUs in the middle of the brightest orders of each arms (S/N~50-100).  
If the user needs the observation of a specific star or needs very high signal to noise, 
corresponding calibration OBs should be prepared and submitted. The corresponding time 
will be charged to his/her program. 
In addition, the Observatory does not provide observations of telluric standard stars with slits 
of 5”. 
 

3.4.4 Observing bright objects 
 
With respect to the previous periods, it was found that some of the proposed objects are too 
bright for doing their observation with XSHOOTER. 
In particular, do not forget that the minimum DIT in the infrared is 0.66s, this means that no 
DIT lower than 0.66s exist and the IRACE controller will transform DIT shorter than 0.66s to 
0.66s integration. 
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According to the ETC, one must not try to observe stars brighter than magnitude 3 
because it will lead to saturate the detectors: 
It is the case of an A0V or O5 or F0 stars observed under a seeing of 0.8”, at an airmass of 
1.2, with the slits 0.5” in the UVB, 0.4” in the VIS, 0.4” in the NIR and integration times of 0.1s 
in the UVB and VIS and the minimum DIT 0.66s in the NIR. 
 
In case of saturation indicated by the ETC for the object, try to reduce the exposure time if 
possible, and to choose a narrower slit. 
Usually the OBs have to be observed within the specification, i.e. with better conditions than 
requested but in such case, for bright objects the detector can saturate leading to time 
losses, useless data, remnants in different arms, and possibility to classify the OB as not 
feasible (no repeated observation). Thus we strongly encourage the users to check their 
objects with the ETC, and to avoid observing extremely bright objects. 
 
 

3.4.5 Image snapshot 
 
Starting in P88, a snapshot of the acquisition camera (AG) is saved every time an offset is 
performed in order to show the position of the target after the offset performed. It is also 
useful in case of variable objects like fast fading GRBs. In addition a snapshot is saved at the 
end of the acquisition process, replacing the AG snapshot that was taken from the science 
template. 
In case of blind offset, an AG snapshot is taken after the blind offset performed and at end of 
this acquisition sequence. 
As a consequence, the possibility to take an extra-snapshot from the science template is 
removed from P89. 
 

3.4.6 Readout times in the UVB and VIS arms: minimization of overheads 
Because the UVB and VIS detectors are sharing the same FIERA controller, both detectors 
cannot be read at same time. Therefore it may happen that one arm, although its exposure is 
already finished, has to wait the end of the read-out of the other arm. To minimize this dead-
time, one should increase a little bit the exposure time in the UVB or VIS arm. Then, once the 
first image is finished and being transferred, the other arm is still integrating. 
Then the second image of the remaining arm will be read. 
 
For example, if you will read out in slow, unbinned mode, and expect to be photon starved in  
the UVB, then according to Table 15 (see next page) you should make the VIS integration at  
least 92 s shorter than the UVB one. 
 
 
The readout time of the NIR is very short ~1s and does not interfere with the UVB and VIS 
because it is using a different controller (IRACE). 
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4. Instrument and telescope overheads 
4.1.1 Summary of telescope and instrument overheads 
 
Table 15: overheads 

Acquisition and setup 
Telescope pointing, guide star acquisition, 
start active optics. X-shooter backbone 
flexure measurement.  

360s 

Interactive acquisition loop See a 
SLIT: see b Instrument setup at the end of acquisition IFU: see b 

Observations 

UVB
1x1, slow / fast: 68s / 16s 
1x2, slow / fast: 34s /8s 
2x2, slow / fast: 17s / 4s 

VIS
1x1, slow / fast: 89s / 21s 
1x2, slow / fast: 45s / 11s 
2x2, slow / fast: 22s / 5s 

Detector readout, 
See also c 

NIR 1.46 
Each telescope offset 15 s 
 
a): Acquisition overheads 
the acquisition time depends on the integration time set in the AG camera: 
Direct acquisition loop = Preset time 
                            + (Tel offset + AG_EXPOSURE)*3 
                            + AG_EXPOSURE (saved) 
Blind offset acquisition loop = Preset time 
                                  + (Tel  offset+ AG_EXPOSURE)*3 
                                  + telescope blind offset to target 
                                  + AG_EXPOSURE for check 
                                  + AG_EXPOSURE saved. 
Tel offset=  The telescope offset could be up to 15 sec 
 
The telescope (blind) offset to the target could be up to 30 sec. 
 
Acquisition template  | acquisition time (s) 
 -----------------------+-------------------- 
XSHOOTER_slt_acq =360+(Tel offset + AG_EXPOSURE)*3+AG_EXPOSURE 
XSHOOTER_ifu_acq 360+(Tel offset + AG_EXPOSURE)*3+AG_EXPOSURE 
XSHOOTER_slt_acq_RRM=360+(Tel offset + AG_EXPOSURE)*3+AG_EXPOSURE 
XSHOOTER_ifu_acq_RRM=360+(Tel offset + AG_EXPOSURE)*3+AG_EXPOSURE 
 
 
if the AG_EXPOSURE time is setup at 1s: 
XSHOOTER_slt/ifu_acq=360+(15+1)*3+1=409s 
if the AG_EXPOSURE time is setup at 3mn or 180s: 
XSHOOTER_slt/ifu_acq=360+(15+180)*3+180=1025s 
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If the AG exposure time is lower than 1s, the wiping time for doing the snapshot takes about 
1s, therefore a minimum time of 1s is considered. 
 
b) Setup overheads 
In addition to these acquisition overheads, overheads regarding the instrument setup must 
be added.  
For the slit mode, the setup overhead is 30s, while for the IFU mode it lasts for 60s. 
 
In the case of  
Integration time of 1s 
XSHOOTER_slt_acq+setup=409+30=439s 
XSHOOTER_ifu_acq+setup=409+60=469s 
Integration time of 180s 
XSHOOTER_slt_acq+setup=1025+30=1055s 
XSHOOTER_ifu_acq+setup=1025+60=1085s 
 
In addition to these times, wiping time of the detector (6.1s) has to be taken into account and 
the readout times.  
 
c) Readout overheads 
Because the UVB and VIS arms share the same FIERA controller, if the exposure of CCD1 
ends while the controller is reading CCD2, the readout of CCD1 will only take place once the 
readout of CCD2 is finished. 
This must be compared to the execution of the NIR arm and the slowest  of NIR vs  
UVB+VIS arms gives the final execution time. 
In case the readout of the UVB, VIS detectors is performed consecutively, one has to sum 
their readouts (and if the NIR arm exposure+readout is finished before). 
If the VIS exposure is longer than the UVB exposure+ UVB readout and the NIR 
exposure+the NIR readout, then the execution time will correspond to the VIS exposure+the 
VIS readout time. 

4.1.2 Example of execution time computation  
 
Check with p2pp, which uses a complex algorithm, taking into account all the cases 
depending on the integration times of each arm, when the exposures start, on how many 
exposures there are, etc. 
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5.  Calibrating and reducing X-shooter data 
5.1 X-shooter calibration plan 
The calibration plan has been revised during P86, P87, it is now implemented as indicated 
below but should be revised in P88. A better follow-up of and new long term calibrations 
have been included. 
A summary of the calibration plan manual is given in  and 17. Table 16

Table 16: X-shooter calibration plan summary 

Calibration UVB frames VIS frames NIR 
frames 

Frequency Purpose 

Bias 5/read. mode 5/read. 
mode 

 Every 2 days Master bias and check 
CCD bias properties 

NIR darksa  N/A N/A 3 per DIT daily Master dark, bad pix. map 
IFU 
UVB/VIS/NIR 
flats 

1 D2,1 halo 
lamp 

N/A N/A Bi-daily 
 

IFU  FF for monitoring of 
the UVB/VIS ADCs and 
the IFU 

Slit/IFU flats 5/setting D2 
lamp 
5/setting halo. 
lamp  

5/setting  daily Pixel-to-pixel variations, 
blaze function correction 

Arcs single 
pinhole  (Th/Ar 
or Ar/Xe/Hg/Kr) 

1 1 1 ON-OFF Every 2 days Pipeline calibration: first 
guess disp. solution. 
FMCK 

Flat single 
pinholeb 
 

1 D2 lamp 
1 Halo. lamp 

1 1 ON-OFF Every 2 days Pipeline calibration: order 
localization ORDERDEF 
1x1 binning in UVB/VIS 

Arcs multi-
pinhole  
(Th/Ar or 
Ar/Xe/Hg/Kr) 

1 1 1 ON-OFF Every 2 days Wavelength and spatial 
scale determination 
WAVE 

Arcs through 
slit/IFU 
(Th/Ar or 
Ar/Xe/Hg/Kr) 

1/setting 1/setting 1 ON-OFF / 
setting 

daily Wavelength shift between 
multi-pinholes and slits, 
spectral resolution 
ARC 

IFU slitlet 
distances 

2 2 2 6-monthly 
TBC 

Pipeline calibration: cube 
reconstruction 

 

Radial velocity 
standardc 

2 2 2 On request Accurate radial vel. 
calibration 

Telluric 
standard 

 2 2 1/obs. Correct for telluric abs. 

Spectro-
photometric 
standard 

2 2 2 daily Response curve, absolute 
flux calib. 

Spectroscopic 
skyflats 

As requested As 
requested 

As 
requested 

On request Twilight spectroscopic 
skyflats 

a: The monitoring darks (1s,5s,300s,600s) are taken every 3 days, the darks of less than 300s are taken 
every day when triggered by science. The long darks (480s, 900s, 1200s) triggered by science are taken 
every 3 days. The frequency comes back to every day in case of visitor mode. 
b: Now only the 1x1 binning is taken in the UVB/VIS. Other binning ORDERDEF are taken upon request. 
c: The RV standard star OBs are not yet ready, thus for the moment we encourage the users to specify 
their own RV standard star by submitting corresponding OBs (using the telluric star templates).

ESO, Karl-Schwarzschild-Str. 2, 85748 Garching bei München, Germany 
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Solar analogs, (for the purpose of removing telluric features) are stars with spectral type G0V 
to G4V. These standards have many absorption lines in the IR, particularly in the J band. 
The features can be removed by dividing by the solar spectrum that has been degraded to 
the resolution of the observations. 
 
In addition to hot stars and solar analogs, IR astronomers have used other stellar types as 
telluric standards. For example, F dwarfs are commonly used. 
 
Users should think carefully about which star is best for their program. Although the 
Observatory will automatically observe a telluric standard for service programs, we cannot 
guarantee that we will make the best choice, as this depends on the science users wish to 
do. If you think that a specific spectral type suits your program better than others, we 
recommend that you submit calibration OBs using the proper calibration templates see 
sect.6.1.5 (in such case the time will be charged to your program), or to specify in the 
readme file of your program what kind of telluric star is needed. 
Currently the telluric standard stars observed by the Observatory should have about 10000 
ADUs in the middle of the brightest orders of each arms (S/N~50-100). The Observatory 
does not provide observations of telluric standard stars with 5” slits. If this S/N is not enough 
for the purpose of your programme, as previously we encourage you to submit your own 
calibration OBs.  
 
Note that the telluric standard star observations are useless for the UVB arm (no telluric 
lines) but are useful for the correction of telluric lines present in the VIS and NIR arms. 

5.6.2 Absolute flux calibration 
Spectrophotometric standard stars can be used to obtain the absolute efficiency of the 
instrument and derive an absolute flux calibration of the science data. These observations 
are done by the Observatory with the wide 5.0” slit with dedicated templates 
 XSHOOTER_slt_cal_StandardStar and XSHOOTER_ifu_cal_StandardStar.  
The use of the 5” is better in order to obtain most of the flux of the specphot standard star. 
Starting from P88, the spectrophotometric standard stars will be observed in nodding mode 
with a new specific template. 
 
The classical set of UV-optical standard stars from Oke (1990, AJ 99, 1621) and Hamuy et 
al. (1994, PASP 106, 566) do not cover the whole spectral range of X-shooter thus making 
calibration of full spectral range of X-shooter problematic. To remedy this situation dedicated 
2 years observing campaign has been undertaken as an ESO Observatory Programme (PID 
278.D-5008) to extend to the near-IR a subset of 12 standard stars from the two references 
cited above to the near-IR. Tabulated fluxes used by the pipeline for those 12 stars from 300 
to 2500 nm allow an absolute flux calibration to the 5-10%. Details of this programme can be 
found in Vernet et al. (Proc. SPIE 7016, 2008, available on the X-shooter web pages). 
 
Currently 7 spectrophotometric standard stars are available and are fully flux calibrated, see  
http://www.eso.org/sci/facilities/paranal/instruments/xshooter/tools/specphot_list.html 
However, BD+17 4708 a HST standard star was found to be a spectroscopic binary and is 
now observed only if no other suitable star can be observed. 
 
 

http://www.eso.org/sci/facilities/paranal/instruments/xshooter/tools/specphot_list.html
ftp://ftp.stsci.edu/cdbs/current_calspec/bd_17d4708_stisnic_003.ascii
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5.7 The X-shooter pipeline 
 
The X-shooter pipeline v1.3.7 has been recently released. 
It is available at: 
http://www.eso.org/sci/software/pipelines/ 
 
It supports both instrument modes (SLIT and IFU). 

• It delivers the sky subtracted or not, cosmic ray hits cleaned, flux and wavelength 
calibrated 2D spectra, rectified to a regular grid in wavelength and spatial directions. 
1D extracted spectra is produced whenever a bright enough object is detected. It is 
also possible to specify a region where the spectra have to be located and treated. 
For example, in case of 2 objects inside the slit, the extraction can be performed for 
both objects using different boxes of research. 

• 3D reconstructed data cubes will be produced for IFU data. 
• Additional products to verify the quality of the results and a set of Quality Control 

parameters instrument health check and trend analysis. 
 

Some of the functionalities are still in development, more information is available in the 
pipeline user manual and in the website of the pipelines at: 

 http://www.eso.org/observing/dfo/quality/pipeline-status.html#XSHOOTER  
 

More information on the current pipeline problems and limits is available at: 
      http://www.eso.org/observing/dfo/quality/XSHOOTER/pipeline/pipe_problems.html 
 

 
The cookbook reduction of the data reduction with the pipeline is currently ongoing and will 
be available in P89 at: 

http://www.eso.org/sci/facilities/paranal/instruments/xshooter/doc/ 
 
 

http://www.eso.org/sci/software/pipelines/
http://www.eso.org/sci/data-processing/software/pipelines/
http://www.eso.org/observing/dfo/quality/XSHOOTER/pipeline/pipe_problems.html
http://www.eso.org/sci/facilities/paranal/instruments/xshooter/doc/
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5.8 Examples of observations with X-shooter 
 
During this first year of operation, some achievements were done. For example: 
- galaxies at high redshift (z=7.5) were observed, 
- highly extinguished stars (Vmag=27) were observed, 
-GRB host galaxy of R>=24 were observed as well as GRB afterglow of Rmag=23.5. 
- the RRM was successfully activated and several z of GRBs obtained, 
- time series of variable objects (more than 100 consecutive exposures) were done, 
- the continuous scanning of open and globular clusters was done for obtaining their     
integrated light. 
 
Some bright objects were also observed but with some difficulties because in normal weather 
conditions they saturate the detectors. Among them, were observed: 
-very bright stars and 48 presets were performed in a single summer night (~1 OB every 
9mn), 
-the Moon (!) 
 
 

5.9 Frequently Asked Questions 
 

• The health of the instrument is monitored every day. You may want to see the current 
Quality control plots at 

http://www.eso.org/observing/dfo/quality/XSHOOTER/reports/HEALTH/trend_report_BIAS_U
VB_med_master_HC.html 
 

• Is it possible to do pre-imaging for astrometric and photometric purposes with the AG 
technical CCD? 
Not yet, even if It was successfully used during VM runs for preparing the OBs for 
blind offsets or to investigate better the field. 
However, the imaging mode is not yet characterized and thus not yet offered to the 
community. In addition, the AG detector suffers from pick-up noise. About the WCS it 
is good but an offset of about 1” in DEC is still present. 
We will improve the WCS in P88.  

 
• Is it possible to do the nodding in 1 arm only, the NIR one for instance? 

No, it is not possible due to the current technological limitations. 
 

• Can we skip the AFC? 
It is possible to occasionally skip AFC in BOB for observations done near zenith, with 
a wide slit and/or under bad seeing. However, this is not a recommended action since 
it may make data extraction more difficult (object no longer at the expected position 
along the slit), and/or lead to additional slit losses. 

 
 
 
 
 
 

http://www.eso.org/observing/dfo/quality/XSHOOTER/reports/HEALTH/trend_report_BIAS_UVB_med_master_HC.html
http://www.eso.org/observing/dfo/quality/XSHOOTER/reports/HEALTH/trend_report_BIAS_UVB_med_master_HC.html
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• What is the frequency of the AFC? 

After 1h, 1h15mn it is necessary to do the measurements and correct the instrument 
flexures. Only the backbone flexures are actually measured, not the internal 
spectrograph flexures. 
One can add between science templates the new templates SLIT or IFU AFC for 
doing the measurements and the flexure correction without the need to re-acquire the 
object (useful in case of long OB with slit position angle fixed by the user).  

 
• Does the slit follow the parallactic angle during an exposure? 

For the moment the parallactic angle is only computed during the acquisition/preset 
step and the angle of the rotator set at that time. 
Thus the observations will start at the parallactic angle and the slit position angle on 
sky will remain fixed during the integration i.e. not following the parallactic angle. 
 

• How can I find the slit-object position in the acquisition image? 
FITS header keywords HIERARCH ESO SEQ AG XCEN and YCEN record the 
location of the centre of the SLIT or IFU in the image.   

 
• A list of previous problems can be found too at 

http://www.eso.org/observing/dfo/quality/XSHOOTER/qc/problems/problems_xshooter.html 
 

 
• More information is available at 

 http://www.eso.org/sci/observing/phase2/SMGuidelines/FAQP2.html 
 
and do not forget to consult the XSHOOTER website in particular the news webpage: 
http://www.eso.org/sci/facilities/paranal/instruments/xshooter/index.html 

  
• In case of instrumental question please contact xshooter@eso.org 

 
• In case of questions regarding the phase 1 and phase 2, OB preparation, observing 

strategy, please contact usd-help@eso.org 
 

http://www.eso.org/observing/dfo/quality/XSHOOTER/qc/problems/problems_xshooter.html
http://www.eso.org/sci/observing/phase2/FAQP2.html
http://www.eso.org/sci/facilities/paranal/instruments/xshooter/index.html
mailto:xshooter@eso.org
mailto:usd-help@eso.org
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6.1 Templates reference 
In the following sections all the currently defined X-shooter templates are listed with their free 
and fixed parameters. When using the P2PP tool the user has to fill only the fields 
(keywords) shown on white background colour in the following tables. Keywords shown on 
gray background colour are fixed within the template itself and can only be modified by the 
astronomer operating the instrument during the night or during daytime calibration activities. 

6.1.1 Orientation and conventions 
 
X-shooter follows the standard astronomical offset conventions and definitions.  
 
The positive position angle (PA) is defined from North to East. This is the value that should 
be entered in the TEL.ROT.OFFANGLE in all the acquisition templates to set the slit position 
angle on the sky. The fits header keyword HIEARCH ESO ADA POSANG is all X-shooter 
data is minus the position angle of the slit on the sky. Note that the value “9999” can be used 
to set the position angle to the parallactic angle. Note also that the parallactic angle is that at 
the time of the preset/acquisition. The slit is not maintained at the parallactic angle during the 
science exposure.  
 
Offsets are always given in arc seconds, but the reference system can be chosen to be the 
sky (Alpha, Delta) or X-shooter slit coordinate system (X,Y).  Offset conventions are 
illustrated below. Templates use cumulative offsets: the position at a given time is derived 
from the sum of all offsets specified so far in the template. For example, the series of offsets: 
0, -10, 0, 10 brings the telescope back to the original position for the last exposure. This 
example could have been for instance the definition of a series in which we define an 
exposure on object, followed by two sky exposures at -10” of the original position, before 
pointing back on the object for the fourth exposure. 
 

ESO, Karl-Schwarzschild-Str. 2, 85748 Garching bei München, Germany 
 

A 

B 

C 

D N 

E

E

Other example of series of offsets:  
offset A= (RA= + 10”, DEC=0”); offset B= (RA=0”, DEC= + 10”),  
offset C= (RA= - 20”, DEC=0”), offset D= (RA= 0”, DEC= - 10”), offset E= (RA= +10”, DEC=0”). 
And the telescope is back to the original position. 
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6.1.5 Night-time Calibration Templates 

Spectro-photometric Standard Stars 
Table 32: User and fixed keywords for XSHOOTER_slt_cal_SpecphotStdStare. The template is 
identical to that for slit observation in stare mode except for some of the default parameters.  

XSHOOTER_slt_cal_SpecphotStdStare 
Keyword Range  Default Value Label in P2PP 

Free parameters 
INS.OPTI3.NAME see  Table 5 5.0x11 UVB slit 
INS.OPTI4.NAME see  Table 8 5.0x11 VIS slit 
INS.OPTI5.NAME see  Table 9 5.0x11 NIR slit 
DET1.WIN1.UIT1 0..36000  UVB exposure time (s) 
DET1.READ.CLKDESCR see  Table 6 100k/1pt/hg UVB readout mode 
DET2.WIN1.UIT1 0..36000  VIS exposure time (s) 
DET2.READ.CLKDESCR see  Table 6 100k/1pt/hg VIS readout mode 
DET3.DIT  0..36000  NIR Detector Integration 

Time (s) 
DET3.NDIT 1..20 1 number of DITs 
SEQ.NEXPO.UVB 0..100 1 UVB number of exposures 
SEQ.NEXPO.VIS 0..100 1 VIS number of exposures 
SEQ.NEXPO.NIR 0..100 1 NIR number of exposures 

Fixed Values 
INS.MODE SLITSPEC, 

IFUSPEC 
SLITSPEC Instrument Mode 

SEQ.AGSNAPSHOT T, F F Take an acquisition image 
before science exposures? 
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Telluric standards 
Table 37: User and fixed keywords for XSHOOTER_slt_cal_TelluricStdStare. The template is 
identical to the XSHOOTER_slt_obs_Stare one. 

XSHOOTER_slt_cal_TelluricStdStare 
Keyword Range  Default Value Label in P2PP 

Free parameters 
INS.OPTI3.NAME see  Table 5 1.0x11 UVB slit 
INS.OPTI4.NAME see  Table 8 0.9x11 VIS slit 
INS.OPTI5.NAME see  Table 9 0.9x11 NIR slit 
DET1.WIN1.UIT1 0..36000  UVB exposure time (s) 
DET1.READ.CLKDESCR see  Table 6 100k/1pt/hg UVB readout mode 
DET2.WIN1.UIT1 0..36000  VIS exposure time (s) 
DET2.READ.CLKDESCR see  Table 6 100k/1pt/hg VIS readout mode 
DET3.DIT  0..36000  NIR Detector Integration 

Time (s) 
DET3.NDIT 1..20 1 number of DITs 
SEQ.NEXPO.UVB 0..100 1 UVB number of 

exposures 
SEQ.NEXPO.VIS 0..100 1 VIS number of 

exposures 
SEQ.NEXPO.NIR 0..100 1 NIR number of 

exposures 
Fixed Values 

INS.MODE IFUSPEC,SLITSPEC SLITSPEC Instrument Mode 
SEQ.AGSNAPSHOT T, F F Take an acquisition 

image before science 
exposures? 
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Table 38: User defined and fixed parameters for SHOOT_slt_cal_TelluricStdNod. The template 
is identical to the XSHOOTER_slt_obs_AutoNodOnSlit one. 

XSHOOTER_slt_cal_TelluricStdNod 
Keyword Range  Default Value Label in P2PP 

Free parameters 
INS.OPTI3.NAME see  Table 5 1.0x11 UVB slit  
INS.OPTI4.NAME see  Table 8 0.9x11 VIS slit 
INS.OPTI5.NAME see  Table 9 0.9x11 NIR slit 
DET1.WIN1.UIT1 0..36000  UVB exposure time (s) 
DET1.READ.CLKDESCR see  Table 6 100k/1pt/hg UVB readout mode 
DET2.WIN1.UIT1 0..36000  VIS exposure time (s) 
DET2.READ.CLKDESCR see  Table 6 100k/1pt/hg VIS readout mode 
DET3.DIT  0..36000  NIR Detector Integration 

Time (s) 
DET3.NDIT 1..9999 1 Number of DITs 
SEQ.NEXP.UVB 0..100 1 UVB number of 

exposures per offset 
position 

SEQ.NEXP.VIS 0..100 1 VIS number of 
exposures per offset 
position 

SEQ.NEXP.NIR 0..100 1 NIR number of 
exposures per offset 
position 

SEQ.SKYTHROW 0..10 5 Nod Throw in “ 
SEQ.JITTER.WIDTH 0..2 0 Jitter box width in “ 
SEQ.NABCYCLES 0..100 1 Number AB or BA cycles 
SEQ.OFFSET.ZERO T, F T Return to Origin? 

Fixed Values 
INS.MODE IFUSPEC,SLITSPEC SLITSPEC Instrument Mode 
SEQ.AGSNAPSHOT T, F F Take an acquisition 

image before science 
exposures? 
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Table 54: User and fixed keywords for XSHOOTER_slt_cal_VISLampFlat 
XSHOOTER_slt_cal_VISLampFlat 

Free Parameters 
Keyword Range Default Value Label in P2PP 
INS.OPTI4.NAME see Table 5  0.9x11 VIS slit 
DET2.WIN1.UIT1 0..36000 8 VIS Exposure Time 
DET2.READ.CLKDESCR see   Table 6 100k/1pt/hg VIS readout mode 
SEQ.NEXPO 0..100 5 VIS # of exposure 

Fixed Value 
INS.MODE SLITSPEC,IFUSPEC SLITSPEC Instrument Mode 
 
Table 55: User and fixed keywords for XSHOOTER_slt_cal_NIRLampFlat. 

XSHOOTER_slt_cal_NIRLampFlat 
Free Parameters 

Keyword Range Default Value Label in P2PP 
INS.OPTI5.NAME see  Table 9 0.9x11 NIR slit 
DET3.DIT 0..36000 40 NIR exposure time 
DET3.NDIT 1..20 1 Number of DITs 
SEQ.NEXPO 0..100 5 NIR No. of exposure 

Fixed Value 
INS.MODE SLITSPEC,IFUSPEC SLITSPEC Instrument Mode 
 
Table 56: User and fixed keywords for XSHOOTER_ifu_cal_UBVLampFlat 

XSHOOTER_ifu_cal_UVBLampFlat 
Free Parameters 

Keyword Range Default Value Label in P2PP 
DET1.READ.CLKDESCR see   Table 6 100k/1pt/hg UVB readout mode 
DET1.WIN1.UIT1.HIGHF 0..36000 12.3 Halo. lamp exposure 

time 
DET1.WIN1.UIT1.LOWF 0..36000 4.7 D2 lamp exposure 

time 
SEQ.NEXPO.HIGHF 0..100 5 Number of Halo. lamp 

exp 
SEQ.NEXPO.LOWF 0..100 5 Number of D2 lamp 

exp. 
Fixed Value 

INS.MODE IFUSPEC,SLITSPEC IFUSPEC Instrument Mode 
INS.OPTI3.NAME see  Table 5 1.0x12.6 UVB slit 
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Table 57: User and fixed keywords for XSHOOTER_ifu_cal_VISLampFlat 
XSHOOTER_ifu_cal_VISLampFlat 

Free Paramters 
Keyword Range Default Value Label in P2PP 
DET2.WIN1.UIT1 0..36000 12.2 VIS Exposure Time 
DET2.READ.CLKDESCR see   Table 6 100k/1pt/hg VIS readout mode 
SEQ.NEXPO 0..100 5 VIS No. of exposure 

Fixed Value 
INS.MODE IFUSPEC,SLITSPEC IFUSPEC Instrument Mode 
INS.OPTI4.NAME see  Table 8 1.0x12.6 VIS slit 
 
Table 58: User and fixed keywords for XSHOOTER_ifu_cal_NIRLampFlat. 

XSHOOTER_ifu_cal_NIRLampFlat 
Free Parameters 

Keyword Range Default Value Label in P2PP 
DET3.DIT 0..36000 60 NIR exposure time 
DET3.NDIT 1..20 1 Number of DITs 
SEQ.NEXPO 0..100 5 NIR No. of exposures 

Fixed Value 
INS.MODE IFUSPEC,SLITSPEC IFUSPEC Instrument Mode 
INS.OPTI5.NAME see  Table 9 1.0x12.6 NIR slit 
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Format check 
Table 59: User and fixed keywords for XSHOOTER_slt_cal_UVBVisArcsSinglePinhole 

XSHOOTER_slt_cal_UVBVisArcsSinglePinhole 
Free Parameters 

Keyword Range Default Value Label in P2PP 
DET1.WIN1.UIT1 0..36000  40 UVB Exposure Time 
DET1.READ.CLKDESCR see   Table 6 400k/1pt/lg UVB readout mode 
DET2.WIN1.UIT1 0..36000  15 VIS Exposure Time 
DET2.READ.CLKDESCR see   Table 6 400k/1pt/lg VIS readout mode 
SEQ.NEXPO.UVB 0..100 1 No. of UVB exposures 
SEQ.NEXPO.VIS 0..100 1 No. of VIS exposures 

Fixed Value 
INS.MODE SLITSPEC,IFUSPEC SLITSPEC Instrument Mode 
INS.OPTI3.NAME see  Table 5 Pin_0.5 UVB slit 
INS.OPTI4.NAME see  Table 8 Pin_0.5 VIS slit 
 
Table 60: User and fixed keywords for XSHOOTER_slt_cal_NIRArcsSinglePinhole. 

XSHOOTER_slt_cal_NIRArcsSinglePinhole 
Free Parameters 

Keyword Range Default Value Label in P2PP 
DET3.DIT 0..36000 10 NIR Exposure Time 
DET3.NDIT 1..20  5 Number of DITs 
SEQ.NEXPO 0..100 1 NIR # of exposure 

Fixed Value 
INS.MODE SLITSPEC,IFUSPEC SLITSPEC Instrument Mode 
INS.OPTI5.NAME see  Table 9 Pin_0.5 NIR slit 

Order definition 
Table 61: User and fixed keywords for XSHOOTER_slt_cal_UBVLampFlaSinglePinhole 

XSHOOTER_slt_cal_UVBLampFlatSinglePinhole 
Free Parameters 

Keyword Range Default Value Label in P2PP 
DET1.WIN1.UIT1.HIGHF 0..36000 30 UVB exposure time 

(High Flat) 
DET1.WIN1.UIT1.LOWF 0..36000 20 UVB exposure time 

(Low Flat) 
DET1.READ.CLKDESCR see   Table 6 400k/1pt/lg UVB readout mode 
SEQ.NEXPO.HIGHF 0..30 1 No. of exposures (High 

Flat) 
SEQ.NEXPO.LOWF 0..30 1 No. of exposures (Low 

Flat) 
Fixed Value 

INS.MODE SLITSPEC,IFUSPEC SLITSPEC Instrument Mode 
INS.OPTI3.NAME see  Table 9 Pin_0.5 UVB Slit slide 
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Table 62: User and fixed keywords for XSHOOTER_slt_cal_VISLampFlatSinglePinhole. 
XSHOOTER_slt_cal_VISLampFlatSinglePinhole 

Free Paramters 
Keyword Range Default Value Label in P2PP 
DET2.WIN1.UIT1 0..36000 60 VIS exposure time 
DET2.READ.CLKDESCR see   Table 6 400k/1pt/lg VIS readout mode 
SEQ.NEXPO 0..100 1 No. of exposures 

Fixed Value 
INS.MODE SLITSPEC,IFUSPEC SLITSPEC Instrument Mode 
INS.OPTI4.NAME see  Table 8 Pin_0.5 VIS slit 
 
Table 63: User and fixed keywords for XSHOOTER_slt_cal_NIRLampFlatSinglePinhole 

XSHOOTER_slt_cal_NIRLampFlatSinglePinhole. 
Free Parameters 

Keyword Range Default Value Label in P2PP 
DET3.DIT 0..36000 1 NIR exposure time 
DET3.NDIT 1..20 1 Number of DITs 
SEQ.NEXPO 0..100 1 NIR No. of exposures 

Fixed Value 
INS.MODE SLITSPEC,IFUSPEC SLITSPEC Instrument Mode 
INS.OPTI5.NAME see  Table 9 Pin_0.5 NIR Slit slide 

Arcs multi-pinhole: wave maps 
Table 64: User and fixed keywords for XSHOOTER_slt_cal_UVBVisArcsMultiplePinhole. 

XSHOOTER_slt_cal_UVBVisArcsMultiplePinhole 
Free Parameters 

Keyword Range Default Value Label in P2PP 
DET1.WIN1.UIT1 0..36000 15 UVB exposure time 
DET1.READ.CLKDESCR see   Table 6 400k/1pt/lg UVB readout mode 
DET2.WIN1.UIT1 0..36000 10 VIS exposure time 
DET2.READ.CLKDESCR see   Table 6 400k/1pt/lg VIS readout mode 
SEQ.NEXPO.UVB 0..100 1 UVB No. of exposure 
SEQ.NEXPO.VIS 0..100 1 VIS No. of exposure 

Fixed Value 
INS.MODE SLITSPEC,IFUSPEC SLITSPEC Instrument Mode 
INS.OPTI3.NAME see  Table 5 Pin_row UVB Slit slide 
INS.OPTI4.NAME see  Table 8 Pin_row VIS Slit slide 
 
Table 65: User and fixed keywords for XSHOOTER_slt_cal_NIRArcsMultiplePinhole. 

XSHOOTER_slt_cal_NIRArcsMultiplePinhole 
 

Keyword Range Default Value Label in P2PP 
DET3.DIT 0..36000 5 NIR exposure time 
DET3.NDIT 1..20  10 Number of DITs 
SEQ.NEXPO 0..100 1 NIR No. of exposures 

Fixed Value 
INS.MODE SLITSPEC,IFUSPEC SLITSPEC Instrument Mode 
INS.OPTI5.NAME see  Table 9 Pin_row NIR Slit wheel 
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Detector calibrations 
Table 66: User and fixed keywords for XSHOOTER_gen_cal_Bias 

XSHOOTER_gen_cal_Bias 
Free Parameters 

Keyword Range Default Value Label in P2PP 
DET1.READ.CLKDESCR see  Table 6 100k/1pt/hg UVB read-out mode 
DET2.READ.CLKDESCR see  Table 6 100k/1pt/hg VIS read-out mode 
SEQ.NEXPO.UVB 0..100 1 UVB No. of exposures 
SEQ.NEXPO.VIS  0..100 1 VIS No. of exposure 

Fixed Value 
DET1.WIN1.UIT1  0 UVB exposure time 
DET2.WIN1.UIT1  0 VIS exposure time 
 
Table 67: User and fixed keywords for XSHOOTER_gen_cal_DarkUVBVis 

XSHOOTER_gen_cal_DarkUVBVis 
Free Parameters 

Keyword Range Default Value Label in P2PP 
DET1.WIN1.UIT1 0..36000 3600 UVB Exposure Time 
DET1.READ.CLKDESCR see  Table 6 100k/1pt/hg  UVB read-out mode 
DET2.WIN1.UIT1 0..36000 3600 VIS Exposure Time 
DET2.READ.CLKDESCR see  Table 6 100k/1pt/hg VIS read-out mode 
SEQ.NEXPO.UVB 0..100 1 UVB No. of exposures 
SEQ.NEXPO.VIS 0..100 1 VIS No. of exposures 

Fixed Value 
    
 
Table 68: User and fixed keywords for XSHOOTER_gen_cal_DarkNIR 

XSHOOTER_gen_cal_DarkNIR 
Free Parameters 

Keyword Range Default Value Label in P2PP 
DET3.DIT 0..36000  NIR Exposure Time 
DET3.NDIT 1..20 1 Number of DITs 
SEQ.NEXPO  0..100 3 No. of NIR exposures 

Fixed Value 
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6.2 Slit masks 

6.2.1 UVB 
Table 69: full description of the UVB slit mask 

Position Size Physcal size (µm) Purpose 
1 0.5” ∅ pinhole 126 ∅ hole CAL 
2 5”×11” slit 1256 × 2763 CAL 
3 1.6”×11” slit 402 × 2763 SCI / CAL 
4 1.3”×11” slit 327 × 2763 SCI / CAL 
5 0.8”×11” slit 201 × 2763 SCI / CAL 
6 1”×12.6” slit 251 × 3165 With IFU only 

7 Raw of 9 pinholes of 0.5” 
∅ spaced at 1.4” 

126 ∅ holes spaced by 
352 CAL 

8 0.5”×11” slit 126 × 2763 SCI / CAL 
9 1.0”x11” slit 251 × 2763 SCI / CAL 

6.2.2 VIS 
Table 70: full description of the VIS slit mask 

Position Size Physcal size (µm) Purpose 
1 0.5” ∅ pinhole 131 ∅ hole CAL 
2 5”×11” slit 1307 × 2875 CAL 
3 1.5”×11” slit 392 × 2875 SCI / CAL 
4 1.2”×11” slit 314 × 2875 SCI / CAL 
5 0.7”×11” slit 183 × 2875 SCI / CAL 
6 1.0”×12.6” slit 261 × 3294 With IFU only 

7 Raw of 9 pinholes of 0.5” 
∅ spaced at 1.4” 

131 ∅ holes spaced by 
352 CAL 

8 0.4”×11” slit 105 × 2875 SCI / CAL 
9 0.9” ×11” slit 235 × 2875 SCI / CAL 
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6.2.3 NIR 
Table 71: full description of the new NIR slit mask 

Position Size Physcal size (”) Purpose 
1 0.5” ∅ pinhole 0.490 CAL 
2 5”×11” slit 5.004 SCI / CAL 
3 0.9”×11” slit 0.917 SCI / CAL 
4 1.0”×12.6” slit 0.991 With IFU only 
5 1.2”×11” slit 1.191 SCI / CAL 
6 tilted slit  TECH (focus) 
7 0.6”x11” JH 0.623 SCI / CAL 
8 Blind   
9 0.9”x11” JH 0.904 SCI / CAL 
10 0.4”×11” slit 0.386 SCI/CAL 

11 Raw of 9 pinholes of 
0.5” ∅ spaced at 1.4” 0.501 CAL 

12 0.6”×11” slit 0.612 SCI/CAL 

 

 

Table 72: full description of the old NIR slit mask 

Position Size Physcal size (µm) Purpose 
1 0.5” ∅ pinhole 270 ∅ hole CAL 
2 5”×11” slit 2695×5683 CAL 
3 0.9”×11” slit 485×5683 SCI / CAL 
4 1.0”×12.6” slit 544×6510 With IFU only 
5 1.2”×11” slit 647×5683 SCI / CAL 
6 tilted slit  TECH (focus) 
7 1.5”×11” slit   
8 Blind   
9 0.4” ∅ pinhole 216 ∅ hole TECH 
10 0.4”×11” slit 216×5683 SCI/CAL 

11 Raw of 9 pinholes of 0.5” 
∅ spaced at 1.4” 

270 ∅ holes spaced by 
723 CAL 

12 0.6”×11” slit 323×5683 SCI/CAL 
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6.3 Detector QE curves 
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6.4 A&G camera filter curves 
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