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X-shooter consortium X-shooter consortium 

X-shooter has been built by a Consortium of European Institutes comprising:X-shooter has been built by a Consortium of European Institutes comprising:

  ESO (ESO (PI S. D’Odorico, PM H. DekkerPI S. D’Odorico, PM H. Dekker))

  Denmark (Denmark (PI/PM P. Kjærgaard-RasmussenPI/PM P. Kjærgaard-Rasmussen))

  France (France (PI F. Hammer, PM I. GuinouardPI F. Hammer, PM I. Guinouard))

  The Netherlands (The Netherlands (PI L. Kaper, PM R. NavarroPI L. Kaper, PM R. Navarro))

  Italy (Italy (PI R. PallaviciniPI R. Pallavicini, PM F. Zerbi, PM F. Zerbi))

ATG has been responsible for the design, development, integration and ATG has been responsible for the design, development, integration and 
commissioning for the control software of the whole instrument.commissioning for the control software of the whole instrument.

People involved @ OAT:

 Paolo Di Marcantonio, Paolo Santin, Marzio Vidali (till end 2006)

 Andrea Zacchei, Claudio Zamberlan (thesis),  Roberto Cirami

 continuous support of the OATs electronic group



X-shooter consortiumX-shooter consortium

11 institutes
in 5 countries
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X-shooter resourcesX-shooter resources
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 effort 
(FTE) 

Cost 
(k€) 

Contribution 

Denmark 19 850 Control electronics, Backbone unit, FEA, 
system test of UVB spectrograph 

ESO 15 1510 Overall ProjMan.& SysEng, detectors, final 
system integration and commissioning, 
logistics 

France 12 140 IFU, DRS 
Italy 19 800 Optomechanical design and integration 

of UVB and VIS,  system test of VIS 
spectrograph, Control Software 

Netherlands 1.8 2044 NIR spectrograph, contribution to DRS  
Total 66.8 5344  
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X-shooter GTOX-shooter GTO
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Guaranteed 
Nights

Italy 44.5

Denmark 45.5

France 20.8

Holland 43.5

Total 154.3

INAF-OATs (only) GTO involvement:

 Abundances and Dust in high redshift (z>4.0) Damped 
Lyman α galaxies (PI: Paolo M., CoI: Giovanni V., Valentina 
D’O. …)

 Optical-NIR spectra of quasars close to re-ionization (z~6) 
(PI: Valentina D’O., CoI: Paolo M., Stefano C., Matteo V., 
Giovanni V….)

 Extremely metal-poor stars in SDSS fields (PI: Piercarlo B., 
CoI: Paolo M., …)

 Tomography of the Intergalactic Medium with multiple QSO 
lines of sight (PI: Stefano C., CoI: F. Calura, E. Vanzella, V. 
D’Odorico, M. Viel, P. Monaco, …)

 A 100 burst X-Shooter/Swift GRB afterglow legacy survey 
(CoI: Elena P.)

 X-Shooting  Supernovae (CoI: Elena P.)

 Study in situ of GRB progenitors and 
their host galaxies with X-Shooter : from z = 0.1 to  2.3 (CoI: 
Elena P.)
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X-shooter time scheduleX-shooter time schedule
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STC 56 Dec 2003

PDR Dec 2004

FDR Feb – Jul 2006

Integration@ESO 2008

PAE Sept 2008

Comm #1 Nov 2008

Comm #2 Jan 2009

Comm #3 Mar 2009

Comm #4 May 2009

SV or GTO 
(several periods)

Jul – Sept 2009

Start of Operations 1.10.2009
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X-shooter comm. teamX-shooter comm. team
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Instrument characteristicsInstrument characteristics

 Wavelength range: three arms covering from 300 nm to 2500 nm 

 Fixed prism cross-dispersed echelle format (slit length 11”)

 Detectors:

 2K x 4K 15μ CCDs (UVB and VIS arms)

 2K x 1K segment of a 2K x 2K 18μ Hawaii 2RG MBE (NIR arm)

 IFU (1.8” x 4”), ADC for UVB and VIS arms, calibration unit and A&G unit

 Spectral resolution: ~7000 to 12000 for 0.6” slit or IFU

 High Detective Quantum Efficiency

 Pipeline delivering sky-subtracted, wav cal 2D spectra and 3D data cube for 
the IFU
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X-shooter science IIX-shooter science II

  High-redshift emission-line galaxiesHigh-redshift emission-line galaxies

  AGNs at intermediate and high redshiftsAGNs at intermediate and high redshifts

  Absorption lines in QSO spectraAbsorption lines in QSO spectra

  Tomography of the intergalactic mediumTomography of the intergalactic medium

  SupernovaeSupernovae

  GRB afterglowsGRB afterglows

  Brown dwarfs and T-Tauri starsBrown dwarfs and T-Tauri stars

  Stellar remnants and compact binariesStellar remnants and compact binaries

The instrument will be released on 01/10/09 and is already in high demand (120 proposals were received 
for P84 – for comparison: FORS 1+2: 180, UVES: 90).
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Comparison with other VLT spectrographComparison with other VLT spectrograph

Note: Widths of the darker strips identify the spectral coverage in a single exposure. VIMOS (not shown) approximately overlaps with FORS and both have 
poor response in the UV. FORSes and ISAAC are expected to be decommissioned by the time when X-shooter will become operational.
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Arms obseving capabilitiesArms obseving capabilities
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 UV-blue arm Range: 300-550 nm in 12 orders

 Resolution: 5100 (1" slit)

 Slit width: 0.5”, 0.8”, 1.0”, 1.3”, 1.6”, 5.0”

 Detector: 4k x 2k E2V CCD

 Visual-red arm Range: 550-1000 nm in 14 orders

 Resolution: 8800 (0.9" slit)

 Slit width: 0.4”, 0.7”, 0.9”, 1.2”, 1.5”, 5.0”

 Detector: 4k x 2k MIT/LL CCD

 Near-IR arm Range: 1000-2500 nm in 16 orders

 Resolution: 5100 (0.9" slit)

 Slit width: 0.4”, 0.6”, 0.9”, 1.2”, 1.5”, 5.0”

 Detector: 2k x 1k Hawaii 2RG
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Instrument layout IInstrument layout I
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Instrument layout IIInstrument layout II

A&G, Cal, IFU
VIS

ADC

ADC UVB

NIR (T < 140 K)
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UVB-VIS optical layoutUVB-VIS optical layout
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NIR optical layoutNIR optical layout
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X-shooter backboneX-shooter backbone
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M. Vidali et al. The ESO-VLT X-SHOOTER Instrument 

Software in the VLT Environment
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Calibration unitCalibration unit
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A&G unitA&G unit
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X-shooter IFUX-shooter IFU
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ADCs & Piezo’sADCs & Piezo’s
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NIR cryostatNIR cryostat
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NIR cryostat (real)NIR cryostat (real)
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FDR CAD designFDR CAD design

11/05/09 P. Di Marcantonio 23



INAF-OAT
Astrophysical Technology Group

Eventually …Eventually …
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Xshooter

UT3, Mar 09
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UT3 integrationUT3 integration
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UVB, VIS&BB 
MMB, Nov 08

UVB, VIS&BB 
UT3, Nov 08

NIR 

Garching, Feb 09

NIR 

UT3, Mar 09
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The ESO Control SoftwareThe ESO Control Software

ICSICS

DCS (TCCD/FIERA/IRACE)DCS (TCCD/FIERA/IRACE)

ARCHIVEARCHIVE

TCSTCS

Observation

Software (OS)
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ESO control software - full pathESO control software - full path
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ESO Common softwareESO Common software
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  A&G
 TCCD

  UV-B
   DET

   VIS
   DET

     IR
   DET

ICS
WS

    ICS
    LCU

  Instrument
        OS

 TCS
  WS

BOB

 GUI

VCSOLAC

A&G GUI
         &
   Control

  FITS data files

VOLAC

   Archive 
       WS

Templates
      &
    OBD

Instrument WS

               commands and data
               FITS data files

The X-shooter control sw designThe X-shooter control sw design
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P2PPP2PP
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Broker for the Observation Block (BOB)Broker for the Observation Block (BOB)

Sends a buffer of keywords to OS:

“DETi.WIN1.BINX 1 DETi.WIN1.BINY 1

DETi.WIN1.UIT1 5 INS.FILT1.NAME FREE

INS.LAMP1.ST F INS.LAMP2.ST F 

TEL.TARG.ALPHA 00 TAL.TARG.DELTA 00 …”

Start Observation: sends START to OS
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Observation software (OS)Observation software (OS)

Sends:

 TEL* to TCS

 INS* to ICS

 DETi* to DCS

After the exposure, OS collects 
all the FITS keywords from the 
various subsystems, merge them 
into the final FITS image and 
send it to the archive.
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Instrument Control Software (ICS) IInstrument Control Software (ICS) I
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Instrument Control Software (ICS) IIInstrument Control Software (ICS) II
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Instrument Control Software (II)Instrument Control Software (II)
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Motors/Lamps/SensorsMotors/Lamps/Sensors
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Local Control Unit (LCU)Local Control Unit (LCU)
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Active Flexure CompensationActive Flexure Compensation
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Popup window with correlation 
results, applied to the 3 Piezos

AFC executed during object acquisition, in 

parallel with telescope Active Optics,

(but generally faster)
Correlation of two arc spectra taken with a

pinhole in spectrograph and one in Cass focal plane 
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Why AFC?Why AFC?
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AFC  mechanicsAFC  mechanics

11/05/09 P. Di Marcantonio 43

PiezosPiezos
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AFC electronicsAFC electronics

11/05/09 P. Di Marcantonio 44



INAF-OAT
Astrophysical Technology Group

AFC softwareAFC software
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 PARK – apply a fixed value corresponding to the middle position;

 STAT – maintain the current position;

 REF – moves the tables in a fixed position read corresponding to the position 
required for the alignment of the system without flexures (i.e. when the telescope 
is in zenith position);

 AUTO – activates the monitoring task which periodically calculate and applies 
the corrections. The corrections are calculated by a formula, based on the current 
telescope/instrument position.

 INS.TILTi.AXISX – send a given correction to the X axis of the piezo

 INS.TILTi.AXISY – send a given correction to the Y axis of the piezo
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Object AcquisitionObject Acquisition
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Magnitude evaluationMagnitude evaluation
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Allowed spectroscopic observationsAllowed spectroscopic observations
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 staring – each arm at a fixed position on sky;

 staring synchronized – exposures synchronized at their mid-time;

 nodding;

 fixed offset;

 generic offset;



Synchronized exposuresSynchronized exposures
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<<process>>
FIERA

<<process>>
IRACE

Template shdetb shdetv shdetrOS

Tuvb: absolute starting 
time for UVB exposure

Tvis: absolute starting 
time for UVB exposure

DT: computed delay 
before sending START 
NIR command

Exposure
 
mid-point

WIPE8: 

WIPE9: 

INTEGRATE14: 
INTEGRATE15: 

INTEGRATE13: 

Get current time1: 

Wait DT7: 

Compute starting times and DT2: 

WAIT end of exposures12: 

START UVB -at shut Tuvb3: 

START VIS -at shut Tvis4: 

START NIR10: 

START UVB -at shut Tuvb5: 

START VIS -at shut Tvis6: 

START11: 
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Sw complexitySw complexity
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Commissioning runsCommissioning runs
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Some results from the three commissioning periods:

 nov 2008 and jan 2008- integration/installation of the UVB and VIS spectrograph with a 
dummy NIR; 

Cited from a report sent to STC:

“… a total of 17 nights, no losses due to technical problems or weather. The overall efficiency and 
mechanical flexure are in spec. The hardware, software and operational interfaces with the telescope 
environment (A&G procedures, OBs, flexure compensation system, ADCs, IFU…) all work as expected 
in line with the desired “point and shoot” objectives for this instrument.”

 march 2009 – first light with the full instrument:

Excerpt from a report sent to STC:March 14

“… first light was achieved quite smoothly on. Commissioning continued until the morning of March 20 
(6 nights, of which 0.75 lost due to VLT SW problems not directly related to the instrument and 1.75 due 
to weather). There were no significant losses due to problems with specific instrument hard- or software. 
NIR spectral resolution as a function of slit width was verified and found in agreement with predictions. 
Nodding and sky offset modes mostly used for the on sky observations. On faint targets, integration times 
of up to 25 minutes were used, also in the NIR. Classical A – B nodding was tested and works very well 
in the UVB and VIS arms.”
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Expected EfficiencyExpected Efficiency

Spec:

> 25% avg @ blaze 320 – 1800 
nm. Goal 30%

> 10% min in FSR 300 – 1900 
nm. Goal: 10%

Wavelength coverage:

> 95%  300-1800 nm; less than 
60 nm lost in dichroic crossover 
ranges
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Measured Efficiency UVB/VISMeasured Efficiency UVB/VIS

11/05/09 P. Di Marcantonio 53



INAF-OAT
Astrophysical Technology Group

Measured Efficiency NIRMeasured Efficiency NIR
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Reduction of the observations of standard stars shows a peak blaze 
efficiency in U – H band which exceeds or is equal to predictions, 
except in J band. K band is still being analyzed. 
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SN2008hgSN2008hg
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First light 14/03/09 23:22 standard star, 10s First light 14/03/09 23:22 standard star, 10s 
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UVB (0.3–0.55 um)

VIS (0.55–1.0 um)

NIR (01.0–2.5 um)
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NIR arm J, H, KNIR arm J, H, K
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4x1200s exp. GRB host, starburst , emission line galaxy at z=0.105, r=20.5, K=16.64x1200s exp. GRB host, starburst , emission line galaxy at z=0.105, r=20.5, K=16.6
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UVB: 320-559nm, R= 5100VIS:560-1040nm, R=8800 NIR: 1040-2300, R=5600 

B  V - R J  H  



Faint QuasarFaint Quasar
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QSO at z=6.016QSO at z=6.016
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VIS-R above 700nm,

R= 8800
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