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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-

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



 
 

Doc: 
Issue 
Date 
Page 

  

94 of 96 
 

 
 

VLT-MAN-ESO-14650-4942   
P89 
01.12.2011       

6.3 Detector QE curves 
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6.4 A&G camera filter curves 

 

 

 

 

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



 
 

Doc: 
Issue 
Date 
Page 

 

96 of 96 
 

 
 

VLT-MAN-ESO-14650-4942   
P89  
01.12.2011       

 

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


