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A new arrival at the VLT: the commissioning
of the X-shooter spectrograph

P. Di Marcantonio — INAF-OATs (on behalf of the X-shooter consortium)



X-shooter consortium
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X-shooter has been built by a Consortium of European Institutes comprising:
U ESO (PI S. D’Odorico, PM H. Dekker)
U Denmark (PI/PM P. Kjergaard-Rasmussen)
U France (Pl F. Hammer, PM |. Guinouard)
U The Netherlands (PI L. Kaper, PM R. Navarro)
Q Italy (PI R. Pallavicini, PM F. Zerbi)

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

People involved @ INAF:
Roberto Pallavicini (Co-PI),
F. M. Zerbi, V. de Caprio, A. de Ugarte Postigo, M. Riva, P. Spano, M. Tintori (INAF-OABTr)
P. Di Marcantonio, P. Santin, A. Zacchei, C. Zamberlan, M. Vidali (INAF-OATs)
R. Cosentino, P. Bruno (INAF-OACt)
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X-shooter resources

effort Cost | Contribution
(FTE) (k€)
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 GTO

Guaranteed
Nights
Italy 44.5
Denmark 45.5
France 20.8
Holland 43.5
Total 154.3
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INAF-OATs (only) GTO involvement:

» Abundances and Dust in high redshift (z>4.0) Damped
Lyman a galaxies (PI: Molaro P., Col: Vladilo G., D’Odorico
V)

» Optical-NIR spectra of quasars close to re-ionization (z~6)
(PI: D’Odorico V., Col: Molaro P., Cristiani S., Viel M., Vladilo
G.)

» Extremely metal-poor stars in SDSS fields (PI: Bonifacio P.,
Col: Molaro P.)

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

> A 100 burst X-Shooter / Swift GRB
afterglow legacy survey (Col: Pian.E.)

» X-Shooting Supernovae (Col: Pian E.)

» Study in situ of GRB progenitors and
their host galaxies with X-Shooter : from z = 0.1 to 2.3 (Col:
Pian E.)
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X-shooter time schedule

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 Jul — Sept 2009

(several periods)

Start of Operations

1.10.2009
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X-shooter commissioning team
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Instrument characteristics

> Wavelength range: three arms covering from 300 nm to 2500 nm
» Fixed prism cross-dispersed echelle format (slit length 117)

» Detectors:
» 2K x 4K 151 CCDs (UVB and VIS arms)
» 2K x 1K segment of a 2K x 2K 18u 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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Instrument layout |
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NIR optical layout
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A&G unit
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Pellicle
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AT
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FDR CAD design
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Eventually ...

Astrophysical Technology Group

Xshooter

UT3, Mar 09
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UT3 integration
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The ESO Control Software

DCS (

TCCD/FIERA/IRACE)

ARCHIVE
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ESO control software - full path

On-line
Midas

~

=1 Tem plate
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Object Acquisition

Area of image to be examined:

z | z | 108

Image Statistics:

Image X: ,ﬁ

Image ¥: ,7605

5 +47:27:22 36

Equinox: Jenon

Peak ahove by: W
jackground level: ,W
FWHM X:v:[ 4543
Angle of X axis: 73.0
Pizels in ®,y: 20.0

Pick Object | Cancel | Close ”

“ Pick object . Pick cursor=|l
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Real-time

#-Shooter View/Hide oveHays

Camera: shiccd
Detached

¥lzooo |
v:[5590 |
vawe:| |
o 031946769 |
§:[+a1422393 |
Lows: IW
High: [14733
Auto Set Cut Levels
Scale: IT:
Z|z|2|n|S|

A&G camera

Start loop |
Stop loop |
UIT: ID

Change UIT

status: (undefined [
Filter:| FREE —

iy @ )
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Observation software (OS)

0S Control GUI
File O3 Instrument Std.

X-Shooter State, ~ ONLINE |
STATE SUBSTATE ACCESS  SIMULATION

Help

Warnings

HouseKeeping [H

HIR Spectro  [H

os ONLINE IDLE
ICS ONLINE IDLE UVB-VIS Det  [E
UVB ONLINE SLCU Sim.
VIS ONLINE SLCU Sim.
. Cal. System
NIR ONLINE LCU Sim.
| '
A&G OFF IGNORE | e ST A
TCs onLINE || IDLE || IGNORE Thar [ orE |
TeSENV[ wshtes | ||NReH [ o ]
Flat Field Lamps
Instrument Mode Ra[l53614.20
E Status | FINISHED R
ZPOSULE 21 S DEC|-253740.19 s [
S COMPL SUCCESS | Exp Ti Al
| ime
UVB sStaws o FFL4 [ OFF
Read out mode |400k/1pt/1g/AaFC| ABG
slide | IFU
ile | SHOOT IFU_aFC UVB294 0002.fits| Rem Time
A | S — | Filter ¥
VIS  Stows cows success AnoRT| el 1.0 s
Read out mode |[A00k/1pt/lg/AFC IS
File | SHOOT_IFU_aFC_vI5294_0002.fits| RemTme| 0.0 | ||MR
AFC
COMPL, SUCCESS
NIR Status ABORT ExpTlme UVB ]
HoIT| 1 |DIm| 1.24
i 5]
File | SHOOT_IFU_AFC_NIRZ94_000Z.fits| Rem Time| 2.0 i -

TCCD Staus| undefined ABORT| ExpTime[ 0.0

correction start time

File | default.fits" |RemT|me

Disk: 4865.7 MB of 9344.2 free ...

0 [— 9344.2

AFC-UVB AFC-VIS AFC-HIR
| stat  current  stad current  start current
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SHOOT, ICS Control - @wshoot

State: | OHLINE

|| idle |Op. mode: |

File 1CS Devices LCU Maintenance Tools Std. Options

HORMAL |Lcu| OK

Spectrogr. FE - Motors \ Spectrogr. FE - Lamps \ Spectrogr. FE - AFCS \

e \ DIst | DIsz | ccer |

CRYD \ LAKE \ Preiffer |

I [insh |OHLINE [s1M | |o | = || o[ tms |onLINE [s1M | _ [eryo |onLINE |51 ]
_ [cals |ONLINE [s1M | o | = | THMUC: [N/& OBCT: M/
TMUP: [N/A OBCB: [N/
A [e20s Jomntng | 57m | o | = Il w3 —
i [afil [oNLINE [51M | o | = | TMVe: /A OBCL: [N/
_ [adel [[oHLINE | s1M [OFF [ | oFF —| | TMVP: |H/2 cPp: [w/a
TMVE: [N/A RS: |/
_i[adcz [onLINE [sIM|OFF  [2300 | OFF | | nmeR: W/ e
_i [2dc3 [oNLINE [ S1M [OFF o | oFF o | TMVCR: /A OEGE: N/2
_ [aded |[oHLINE | 1M [OFF Jtz73s | oFF o | TAIRCIELS |11
TME: [N/A
VB Spectrograph\ TMADC: [WN/A
i [ bss [ONLINE [s1m | o | —| |
I [ bfs |oHLINE [s1M[-282.1 |0 I
V|3 Spectrograph \
i [ vss [oNLINE [s1M | o | = |
[ vEs [onLInE [s1M[-117500]0 | o — ||
MNIR Spectrograph \
i [ nss [[oNLINE [s1M | [o — | |
Command Feedback Window Options |
]
7
=
Bl ¢l
SETUP |  sTOP
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Local Control Unit (LCU)

CR%

200’ ee0 seee 3
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NIK Cryostat

Invtest hsckes
Comditiores
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Active Flexure Compensation

£ B0B: Broker for Observation Blocks (hob_2605@wshoo) 7777777 T

File Configure Interface Errors Help
FRRL T EY e

OBs: (file) -> bob -> SHOOT O3S

w8

« Next observation blocks:
=% Maintenance -- Maintenance -- Condor
v SHOOT_gen_tec_Afc -- SHOOT AFC observations (exf

Popup window with correlation
results, applied to the 3 Piezos

‘a@%

B

» DET1
e P 01 Rexl Timoe Dlzplay, erckum 282 7721
> WINLUITT = 0.1
Fili i (5] Rl -t
+DET3 £t 20 S b
> INS Object: [2hesly
SEQ
2 ARM = VIS R | ¥ [7E1.D | alwez 1011
e |23 5835500 | B: |+00:12:30.00 | Equinoss 2000
Win: |33 [ e 2300 | et 16
Template log-mess; Low: [[534 High: [e000 furtp Set (ut Levels |
2 476.0 725.0
CrossCorrelation 13

0: 220.0

1:321.0

2: 476.0

3: 551.0

4. 197.0

5: 725.0

0220.0 551.0

1321.0197.0

2 476.0 725.0

camera: shdetv

shdetv : correlation computed shift vecto
shdetv : transshift elements : -1 1.69965&2

| Pause |

(but generally faster)

Sealn:

ST

v 3

AFC Computed Tilts

UvB : - mas
VIZ : 1.1 - 1.2 mas
HIR : - mas

Apply+Guit |

=

Cancel | Apply+Repeat
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Correlation of two arc spectra taken with a

pinhole in spectrograph and one in Cass focal plane

25



Why AFC?
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NIR Spectrograph Slit Motion
147
126 l
Full Instrument Rotation at 60° from Zenith,
105 4 Zenith is reference.
84 == 0.04" =21 um = slit motion goal X
0.08" = 42 um = slit motion spec X
63 0.2" = 105 um = slit motion spec Y
42 This is the combined result from 3 FEM models:
E
3 21 1) Backbone, including
- - warm NIR Optics
H 0 T T T T - NIR cryostat mounting positions
e 2) NIR cryostat, including suspension Rods for Cold Optics Box
g 21 3) NIR Cold Optics box (including Rods for reference)
2 - Box Rotation and Tilt are transformed into
42 Translation and Tilt of the optics elements
63 == Total
84 —e—DC1
—4—DC2
-105 1 ——M1+ M2
—— Window
-126 —0—M3
147 EMa
-147 -126 -105 -84 -63 -42 -21 0 21 42 63 84 105 126 147 Slit
~#@— Cass. focus
decenter X [um]

Figure 58 NIR Spectrograph Slit Motion in the NIR slit plane. Combined Result from the 3 FEM analyses.
From Zenith as zero position the maximum NIR slit motion is --52 pm in X direction and +131 pmin Y
direction. This is just out of specification.

04/05/2009 P. Di Marcantonio 26



AFC mechanics
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AFC electronics
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Commissioning runs

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 objectives for this instrument.”

» march 2009 — first light with the full instrument:
Excerpt from a report sent to STC: March 14

«  first Imhf was achieved nulfn cmnnfhl\/ on. (‘nmmlccmnmg continued until the mnrnmg of March 20

LU JilivuiLlia

(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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Measured Efficiency UVB/VIS
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Measured Efficiency NIR
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X-shooter NIR efficiency - COMMS3 night 74 - GD153
0.5 e L L

— Measured
Predicted

0.4 ¢ Dichro x Tel x

0.3

Efficiency
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01
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1.4x10" 1.6x10" 1.8x10
Wavelenglh [A]

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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First light 14/03/09 23:22 standard star, 10s
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NIR arm J, H, K
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X-shooter 1st night with NIR arm
14.3.2009 | B
2m, R-5600 —

K Band

Unprocessed spectrum , Telluric Standard star
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Observations of faint targets: a QSO at z=6 ( 2x30m, subtracted one from the other)

H and J Bands,
R= 5900

B N8, Residual sky due to

@ intensity variations in the
'8  night

it} b I
wff b

VIS-RED above 700nm,
R= 8800
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QSO at z

VIS-R above 700nm,
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IFU Vis-R spectrum of SN 1987A in the LMC
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H and J Bands,
: R=5900 '

20min integration, Spectral Range 550-1025 nm, R=12600
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