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Reduction of VLT spectra - |. General methods
Summary

4+ VLT instrumentation review
4+ The choice of the spectrograph
4+ Strategy of galaxy surveys: MOS with VIMOS
4+ Mask preparation and slit positioning with VMMPS
4+ Observations
4+ Spectra reduction with VIPGI (or IRAF/IDL/MIDAS):
o unpack raw data
o master bias
o master flat
o master lamp and wavelength calibration
o spectra location
o standard stars and flux calibration
o output 1D and 2D spectra
4+ Some basic spectral measurements: redshift, line EWs

Bologna, 4th Estrela Workshop
January 20th, 2009
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VLT: First generation instrumentation
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Reduction of VLT spectra - |. General methods

VLT: First generation instrumentation
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Reduction of VLT spectra - |. General methods
VLT: First generation instrumentation
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Reduction of VLT spectra - |. General methods

VLT: Second generation instrumentation

X-Shooter: UV to K-band single target intermediate
resolution (R=4000-14000) spectrograph (commissioning
started)

MUSE: Multi Unit Spectroscopic Explorer, a panoramic

integral-field spectrograph operating in the visible
- wavelength range; Wide Field Mode (WFM) fov=1'x1" and

Narrow FM fov=7.5" x7.5" (Final design review in 2009)

KMOS: K-band multi-object spectrograph, 1.0 to 2.5
/, mos microns, 24 IFUs with field of view of 2.8" x 2.8" each and
with R~3400,3800,3800 (J,H,K)(Goal: at telescope in
2011)

SPHERE: Spectro-Polarimetric High-contrast Exoplanet
REsearch. IR imager and spectrograph, NIR Integral Field
Spectrograph, visible polarimeter (Goal: at Telescope in
winter 2010)

Bologna, 4th Estrela Workshop
January 20th, 2009
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VLT: First ger

~(FLAMES: Fibre Large Array Multi

eration instrumentation
VVIMOS: Visible MultiObject )

‘CRIRES: CRyogenic

high-resolution InfraRed
Echelle Spectrograph
A=095-54um
Scale = 0.086"

R ~ 100,000

FORS(1+)2: FOcal

Reducer and low
dispersion Spectrograph
A =3300-11000A; FOV
=6.8'x6.8"; Scale=0.25";
R =260 - 2600;
\MOS: yes, also masks

1ISAAC: Infrared

Spectrometer And
Array Camera
A=1-bum

FOV: 2.5' x2.5" imaging
Scale = 0.147"/px

R = 500-3000

‘\

y 4

\R=5600-46,000; 130 objs + [FU _J

Spectrograph+IFU. A = 3600
- 10000A; FOV=4x7'x8"; R=
200 - 2500; Scale = 0.205";
MOS = 4x40-2000

|OISIR: VLT Imager and

Spectrometer for mid Infrared.

Element Spectrograph, feeds UVES
(red arm) and GOIRAFFE. GIRAFFE:
A =3700-9500A; Scale=0.3";

~N
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A=8-13um/16.5-24.5um
FOV=19.2"x19.2"/32.3"x32.3";
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NaCo: Nasmyth Adaptive
Optics System (NAQOS)
Near-Infrared Imager and
Spectrograph (CONICA)
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Scale =0.22" - 0.16" FOV = 7.5'x7.5'
\R = 40,000-110,000 Scale = 0.106"

J

SINFONI: Spectrograph )

for INtegral Field Observa-
tions in the Near Infrared
A=1.1-2.45 um;
FOV=8"x8",3"x3",0.8"x0.8";
Scale=0.25", 0.1", 0.025";
8 =2000-4000; Guide Star)

J
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VLT: Spectroscopic modes
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Reduction of VLT spectra - |. General methods
VLT: Spectroscopic modes
SOURCE  SPECTROGRAFPHIC VLT

Different classes of astronomical objects have different 3-dimensional e MODES INSTRUMENTS
(spatial & spectral) shapes = wide variety of instrument modes.

ISAAC

1. Extended "Continuum" Objects (e.g. Regions of Star Formation, Open and L.5.5. g , FORS 1/2

Globular clusters, Nearby Galaxies). Long-Slit Spectroscopy (LSS) is the Extended 2’5 CONICA

) . . .. Continuum

simplest, most efficient and most used way, but covers only a thin spatial VISIR

slice at a time. Almost all VLT instruments: ISAAC, FORS, CONICA, VISIR.
2. Extended "Monochromatic" Objects (e.g. Galactic and Extragalactic Hll

regions, SNRs). This is done with Scanning Imaging Spectrographs S.1.6.

(S.1.S.). At the VLT: NACO offering an Adaptive Optics capability. Extended 05 CONICA
3. Single "Point" Object (e.g. stars, quasars). Their thin, but very long, Emission

"beam" shapes along the wavelength axis are perfectly mapped on the 2D

detector by the cross dispersed echelle spectrograph (C.D.E.S.). At the C.D.E.S. ééTRDES

VLT: high resolution optical spectrograph UVES, CRIRES. Single Foint ]
4. Multiple "Point" Objects (e.g. star clusters and clusters of galaxies). Multi- Continuum
object spectrographs (MOS), either of the multi-slit or of the multi-fiber
flavour, permit efficient surveys of these loose collections of objects. Well
represented on the VLT: FORS, VIMOS, GIRAFFE.
5. Single "Small" Individual Objects (e.g. solar system small bodies, compact
HIl regions, nuclei of galaxies, galactic cores, interacting galaxies, high-z :
galaxies). Integral Field Spectroscopy (IFS) maps the full 3D information l.F.S. p— - GIRAFFE
on the object (2 spatial + 1 spectral) in one exposure, provided its size is  Single Small e SINFONI
small. Based on a classical spectrograph fed by an image slicer, made Continuum ~4
from a multi-lens, multi-fiber or multi-mirror array: GIRAFFE, SINFONI.

Bologna, 4th Estrela Workshop
6 January 20th, 2009



Reduction of VLT spectra - |. General methods
VLT: Choice of the spectrograph

Depending on the aim of the observations, you have to consider the
following characteristics:

* Wavelength range: depending on the spectral features to be measured

* Spectral resolution (or resolving power)
R=A/AA=c/AvV (c=speed of light, Av=difference of velocities from Doppler effect )
with A A = the smallest resolvable wavelength difference

Low resolution: R<500
for extragalactic observations: Medium resolution: R=500-2000

High resolution: R=2000
e.g. to separate the doublet lines of [SIIJAAG71 7.6731A you need at least R=480
NB: R depends also on the slit width, in general it is given for a 1" width

* Size of the Field of view
* MOS-multiplex capability / IFU

In the case of a galaxy survey (see morning presentations) the main aim is to

optimize the number of measured redshifts on large fields...
2
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VLT: Choice of the spectrograph

Depending on the aim of the observations, you have to consider the
following characteristics:

* Wavelength ranae: denendina on the snectral featiires to he measured

* Spectral resol
R=A/AA=c
with A A= the

for extragalactic

e.g. to separate 1—-40q :

ot
NB: R depends a =

* Size of the Fie

*MOS-multiples 5000

In the case of a
optimize the nur

Bologna, 4th Estrela Workshop
7 January 20th, 2009
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Reduction of VLT spectra - |. General methods
VLT: Choice of the spectrograph

VLT First Generation Instrumentation

- Built by Observing Modes . s“’:l:fm

ISAAC imaging & long-slit spectroscopy (1-5um) Apr 99
. . s _ . . _ Apr 89/
FORS1/2 Heidelberg, Munich, Géttingen, ESO imaging, MOS , polarimetry (0.3-1um) Apr 00
UVES ESO. Trieste high resolution cross-dispersed Apr 99
spectroscopy (0.3-1 um)
NAOS: ONERA, Paris, Grenoble, ESO adaptive optics system for CONICA Oct 02
NACO , .. ,
CONICA: Heidelberg, Garching, ESO high angular resolution imaging and Oct 02
spectroscopy (1-5um)
FLAMES Paris, Geneva; AAO, ESO MOS’ (fibre) & multi IFS** (0.37-1um) Apr 03

Paris, Marseille, Haute Provence, Toulouse, wide field imaging, MOS', I[FS**
Bologna, Milan, Naples, ESO (0.37-1um)

VISIR Saclay, ASTRON, ESO imaging & long-slit spectroscopy (8-25um) | Oct 04
SINFONI Garching, ESO adaptive optics-based IFS** (1-2.5um) Apr 05
CRIRES ESO ?Egpr;s)olution echelle spectroscopy Apr 07

"MOS = Multi-Object Spectroscopy, **IFS=Integral Field Spectroscopy

Bologna, 4th Estrela Workshop
January 20th, 2009



Reduction of VLT spectra - |. General methods
VIMOS: i. Available grisms

1

VIMOS Modes and Setups

I N N 2 T

Mode Scale oV range (nm) Resolution A /pix multiplex
IMG UBVRIz 0.205"/pix 4x7'x8 - - - -
MOS LR Blue 0.205"/pix 4x7'x8 370 - 670 180 5.3 4
MOS LR Red 0.205"/pix 4x7'x8 550 - 950 210 7.3 4
MOS MR 0.205"/pix 4x7'x8 500 - 1000 580 2.5 1
MOS HR Blue 0.205"/pix 4x7'x8 410 - 630 2050 0.5 1
MOS HR Orange 0.205"/pix 4x7'x8 520 - 760 2150 0.6 1
MOS HR Red 0.205"/pix 4x7'x8 630 - 870 2500 0.6 1
®

Bologna, 4th Estrela Workshop
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VIMOS: i. Available grisms 5

VIMOS Modes and Setups

e s =

Mode Scale oV range (nm)

104 . —
IMG UBVRIz 0.205"/pix 4x7'x8' -~ Mf“ -
9000 Fﬁ{
MOS LR Blue 0.205"/pix 4x7'x8' 370 - 670 5000 B 1
MOS LR Red 0.205"/pix 4x7'x8' 550 - 950 :
7000 —
MOS MR 0.205"/pix 4x7'x8  500-1000 < :
_ 6000 = 7 /Cy—
MOS HR Blue 0.205"/pix 4x7'x8' 410 - 630 Z
v = o]
MOS HR Orange 0.205"/pix 4x7'x8 520 -760  °000 ) 7 <
B g ]
- — .
MOS HR Red 0.205"/pix 4x7'x8' 630 - 870 4000 [ == -
é —
d 2.5 3

e.g. VVDS (VIMOS VLT Deep Survey): MOS LR Red (z= O 1) ’

zCOSMOS (spectroscopic survey on COSMOS field): MR Red (z=0-1.2) + LR
Blue (z>1.5 or very low 2z)

®
Bologna, 4th Estrela Workshop
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VIMOS: ii. Main characteristics &=
Grism: prism+grating
Q2 Q1
0 deg

]
c

8'04
T
e2

. - ‘9 '. 90 de
mcident e *‘4
light X 6'46
Q4
I
v, A

'0
[
,4

GN - grating normal;

Z - zero order of prism;

A = apex angle of prism;

D = deviation angle between Z

and in-line diffraction direction;

q = blaze (groove) angle of grating

light at the central A passes
undeviated

Bologna, 4th Estrela Workshop
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VIMOS at the ESO VLT
measures the distance of 1001 distant galaxies
in one single observation 28/09/2002
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slit masks ~30x30 cm?
each to be inserted at
the entrance focal plane
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Il January 20th, 2009




Reduction of VLT spectra - |. General methods
VIMOS: iv. Preparation of observations

» Evaluate the exposure time with the Exposure Time Calculator (ETC);
VVDS |ass24 = 4.5h

» Each Observing Block in service mode must be shorter than 1h, including
overheads, i.e. instrument setup, acquisition, read-out, arc, flat (= 15 min);
VVDS “deep” used 10 exposures of 27 minutes

» Standard technique: OBs with a jitter pattern, i.e. with different positions of
the slits separated from the on-target position, to be able to remove the
fringing at A = 8300A (like using the simple two-position “ABBA” pattern);
the offset width should be a compromise between the accuracy of the sky
correction and the number of objects observed at a time;
VVDS used a sequence of 5 steps at -1.4, -0.7, O, 0.7, 1.4" from the target

» Width and length of the slits: width > 0.6", length < 30", depending on
optimization (secondary targets can fall in the slit)
VVDS slits: 1" wide and ~10" long (mean)

» Observations must include:
- Pre-imaging in R filter (~2 months in advance, mandatory for MOS), from

which the masks must be prepared

- Wavelength calibration (lamps observed through the masks during the day)

o
Bologna, 4th Estrela Workshop

12 january 20th, 2009



Reduction of VLT spectra - |. General methods
VIMOS: v. Mask preparation softwar B

= Pre-images = Sextractor is run to identify the
brightest ~80 sources with coordinates Xcco,Ycco

= VMMPS (Bottini et al. 2005) is used for cross-
correlation with user catalogue to derive the
transformation matrix from RA,DEC to Xcco,Ycco
VIMOQOS instrumental coordinate system

= 2 reference apertures on bright stars for each
quadrant; slits are then automatically assigned to
a max number of sources in the photometric |
catalogue

= VVVDS: masks with slits of 1" width and a
minimum of 1.8" of sky left on each side of a
target for accurate sky background fitting and
removal during data reduction

= Final slit mask layout sent to the MMU

N.B. more masks on the same region have to be
made to have a high target sampling rate

Bologna, 4th Estrela Workshop
13 January 20th, 2009



Reduction of VLT spectra - |. General methods
VIMOS: v. Mask preparation software (VI\/II\/IPS) |

= Pre-images = Sextractor is run to identify the
brightest ~80 sources with coordinates Xcco,Ycco

= VMMPS (Bottini et al. 2005) is used for cross-
correlation with user catalogue to derive the
transformation matrix from RA,DEC to Xccp,Ycco
VIMOQOS instrumental coordinate system

= 2 reference apertures on bright stars for each
quadrant; slits are then automatically assigned to
a max number of sources in the photometric
catalogue

= VVVDS: masks with slits of 1" width and a
minimum of 1.8" of sky left on each side of a
target for accurate sky background fitting and
removal during data reduction

= Final slit mask layout sent to the MMU

N.B. more masks on the same region have to be
made to have a high target sampling rate

Bologna, 4th Estrela Workshop
January 20th, 2009
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VIMOS: v. Mask preparation software (VMMPS)

= Pre-images = Sextractor is run to identify the o O OO0 ® @ g
brightest ~80 sources with coordinates Xcco,Ycco!|

= VMMPS (Bottini et al. 2005) is used for cross-
correlation with user catalogue to derive the
transformation matrix from RA,DEC to Xcco,Ycco s
VIMOQOS instrumental coordinate system

= 2 reference apertures on bright stars for each
quadrant; slits are then automatically assigned to
a max number of sources in the photometric
catalogue

= VVVDS: masks with slits of 1" width and a
minimum of 1.8" of sky left on each side of a
target for accurate sky background fitting and
removal during data reduction

= Final slit mask layout sent to the MMU

N.B. more masks on the same region have to be
made to have a high target sampling rate

Bologna, 4th Estrela Workshop
January 20th, 2009
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VIMOS: vi. Data reduction software

PANBORA

Where Man Wins Against The Machine

Usual data reduction softwares:
IRAF / MIDAS / IDL =
but spectrographs with high multiplexing —
capabilities (large number of spectra) on

8m class telescopes (faint objects) are
challenging.

Welcome to the Pandora Web Site

Home of the Pandora Group

PANDORA stands for
"Programs for AstroNomical Data Organization Reduction and
Analysis™.

~
We develop software primarily for the astronomical
community. Our programs are created with the purpose of
speeding up and simplifying the handling of the huge
amount of data produced by astronomical instruments of the
last generation.

™
We use the C language to obtain the maximum speed for
computationally intensive operations, while for general
woLegal Stuffo purpose programs and graphical interfaces we love Python,

To speed up the reduction process we need
a dedicated (and automatized) software: — widoets and also the PYGTK nerface to the GTK lbraries,

b

VIPGI, based on the VIMOS data reduction [S—si e gy U prosrams under the GNU Genera! Public

~u
We develop programs for Linux/Unix systems. In all
likelihood no Windows program will ever appear in these

wwAbout:Usw

pipeline (Scodeggio et al. 2005)

pages!
4
We work in Milano, Italy, at the Istituto di Astrofisica
Spaziale e Fisica Cosmica (IASF), which is part of the Italian
VI PGI Istituto Nazionale di Astrofisica (INAF).
The VIMOS Interactive Pipeline Graphical Interface

Dec 4th, 2008 GOSSIP 1.0.1 released
Feb 25th, 2008  VIPGI 1.3 released NEWS

http://cosmos.iasf-milano.inaf.it/pandora/ o

(ol iy o sz gynbze U559 55

Bologna, 4th Estrela Workshop
January 20th, 2009
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VIPGI: i. Flow chart
Steps of data reduction with VIPGI:

1.Raw data imported from original frames

2.5pectra location: from the mask design process:
small shifts from predicted positions are possiblef
3.Wavelength calibration: helium and argon arc:
lamps are observed through the masks,

calibration lines are identified to derive the pixel
to wavelength mapping for each slit.
= from 2. and 3. an instrument model for a
bidimensional mapping of the VIMOS focal plane
(Optical Distorsion Model + Curvature Model +
Inverse Dispersion Solution)
4.S5ky background and fringing residuals
subtraction on each 2D spectrum
5.Combination of 2D spectra
©.Extraction of 1D spectra following the slit profile
/.Flux calibration of 1D spectra with standard star

Observations

Science

Frames

/ Instrument Model
Spectra e
Location Instrument

Calibration

\
k { Wavelength

~

Sky Subtraction
Spectra 2D Extraction

N

Sequence Combination
Fringing Correction
Spectra 1D Extraction

nuim
IR

Il |HI il 1N m
U]

Ul

ma i ea
]

110 W

-——

Response
Determination

|

Flux Calibrated
1D Spectra

Bologna, 4th Estrela Workshop
IS January 20th, 2009
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VIPI: ii. Importing raw data

Original files are named like
VIMOS.2007-02-23T05:09:50.513.fits

iRl

Ml "I e

JURCHEE TR O
1

They are renamed according to the instrument mode,
quadrant, type of frame (lamp, flat field, spectro-
| photometric calibrator, scientific exposure)

ke é_! L . i ‘% l;"ii ";.; s
ﬁnﬁ*"’fm‘m"”'!'nﬁ: "}M | B Ve 1

IR T
I
"llwusl% T
i N O T

Hil
i
il

i ﬁn.* |

The appropriate calibration tables (e.g. arc lines
needed during A calibration), first guesses for
spectra location and jitter offsets are appended to
the fits header

[l

]
1. WIIII! I‘Iﬂ‘ﬂllmi% !

il ¢ |

i

A LT 11
RS TV

L

1

|

“ﬁl

|
|

W

I
it
!;

i
1

(1|

]

1R A 1L 11

i

i

= you can easily access to the classified files

|
||

NB: with VIMOS it is possible to observe more than 1
spectrum in a single column. Objects can be barely
visible in a single exposure frame.

®
Bologna, 4th Estrela Workshop
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VIPI: ii. Importing raw data

806 X| VIPGI
= Pipeline Organizer Table Parameter Files Help

11

|
|

p— = = I ISy [~ = ?‘—‘ = = -
- L ] D L= l 1‘ “ \? ZI L — j 1/ & @
- =
g = Ins. Mode: MOS — — Data
= ==
== = actions Raw Data | Q1 | Q2 | Q3 ’ Q4 ’ All Quadrants ’
P Organizer‘ Reducti0n| Browsing’ Plotting Data Categories flat
ZCLBa36_M1 LR_blue single Frames List lamp
ZCLBad7_M1 LR_blue Frame Type: science Stience 1[
ZCLBab4_M1 LR_blue acquisition

ZCLBa74_M1 LR_hlue Data Cat.: ZCMRa67_M2 MR

- ZCMRal1_M1 MR sc_ZCMRaB7Q1_vm_MR_M2Q1_Q1_1afits
ZCMRal1_Mz MR sc_ZCMRaB7Q1_vm_MR_M2Q1_Q1_2fits
ZCMRals_Mz MR sc_ZCMRaB7Q1_vm_MR_M2Q1_Q1_3its
ZCMRas1_M1 MR sc_ZCMRaB7Q1_vm_MR_M2Q1_Q1_4 fits
ZCMRadd_Me MR sc_ZCMRaB7Q1_vm_MR_M2Q1_Q1_5fits

o W "

|
|

]

= = GRS L S ZCMRaS9_M1 MR sc_ZCMRaB7Q1_vm_MR_M2Q1_Q1_1_origfits
: ;gmga?f‘mg m‘; | | lsc_ZCMRaB7Q1_ym_MR_M2Q1_Q1_1 fits
. a
- sc_ZCMRab7_Me_MR_Q1_seq.fits
Delete Selected Files ZCMRa77_M1 MR — _Me_Mh_W_seq
ZCMRa79_M1 MR
Clear Selection ZCMRa79_M2Z MR
=R = : = § O Reload Organizer Table

Master Calibration Frames

Data Cat: ZCMRaB7_M2 MR
Tab_st_ NEWCAL_MR_Q1_1 fits
msFlat_ZCMRa67_M2_MR_Q1 fits
Advanced z tools msLamp_ZCMRaB7_M2_MR_Q1 fits
msBias_spec06_Q1 fits

ScienceZlamp

Disk Usage: all Data [Gh]

[ -
| Displaying image . O

Bologna, 4th Estrela Workshop
January 20th, 2009



Reduction of VLT spectra - |. General methods
VIPGL: iii. Creating MasterBias j o

Bias: is the monitor of the status of the
CCD and measures the pedestal level added
to the output signal of the CCD, isa O
seconds exposure

= must be subtracted pixel by pixel, it is

msBias: is the combination of
a number of bias frames

NB: bad columns

Bologna, 4th Estrela Workshop
January 20th, 2009
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VIPGI: iv. Creating MasterFlat

Flat-field: is the efficiency map of the CCD, since the
response of each pixel can vary. In imaging it is
obtained with a uniform illumination of the CCD (sky

@ or dome flat); each raw image must be bias
subtracted and flat-field normalized.

In MOS observations flat-field exposures are obtained
with an halogen lamp, but they are affected by strong
fringing, with a pattern different from science frames
= flat-fielding would introduce a noise larger than the
pixel-to-pixel sensitivity variations (~2%)

= the final uncertainty on flux calibration without flat-
field will be of the order of ~0.6%

msFlat: with VIPGI it is built from science frames and
consists in fitting the edges of spectra
= precisely locate spectra on the CCD frame

= refine the optical distortions and curvature model
@

Bologna, 4th Estrela Workshop
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Reduction of VLT spectra - |. General methods
VIPGI: v. Creating MasterLamp

This step provides the wavelength calibration, IR red: He + Ar

l.e. the mapping between wavelength and pixel | ,,
coordinates along the previously identified slits. |: RN
For each spectrum (found using msFlat) the lines |
of a calibration lamp or the night sky-lines are |
identified and compared to the list of known lines. \
First guesses of line location are given, but the
inverse dispersion solution can vary because

S21°8v6e v
(982 'P108 + 951°9008) 0°2108 Ju =1
(TIE'SIIB + 269 'E018) 0°01I8 Ju

instrumental flexures may introduce offsets.

Wavelength (Angstrom)

One or more arc exposures are used to build the msLamp.

The rms of residuals is an estimate of the precision of the solution.
It should typically be < 1/5 pixel, e.g. for the LR red grism with a dispersion of
7.14 A/px we found rms ~1 A.

_Many visual checks on the quality of wavelength calibration can be done...

2
Bologna, 4th Estrela Workshop

January 20th, 2009
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Reduction of VLT spectra - |. General methods
VIPGI: v. Creating MasterLamp

Check the solution on
observed lamp spectra

e 66 N\ Skycat - version 3.0: VIP1616hinSd1.fits (1)
File  View Graphics Go  Data-Servers

WAVE,LAMP
: (966.5

: [3591.0

1 231

: 09:58:21.708 |

¢ +01:46:26.37 |

Equinox: 2000

Min: -9339

Max: 20658

Low:
High: |5000
Auto Set Cut Levels

Scale: 2%

[i] image: @ = select object, +@ = scrollimage, +@ = measure WCS, Control @ = select region

Bologna, 4th Estrela Workshop
January 20th, 2009




Reduction of VLT spectra - |. General methods

VIPGI: v. Creating MasterLamp

Check rms statistics for all slits

j; Calibration data from msLamp_HR_orange_Q1

Graph Type: Sennnary — I
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Reduction of VLT spectra - |. General methods

VIPGI: v. Creating MasterLamp

Check rms statistics for all slits Check single line location for all slits

j& Calibrationdat: A Calibrationdata from msLamp_F02P053_vmM1_LR_red_Q1

Gra Graph Type: One Line — l
= Line Previous MNext l Go To: | 6678.20 NoName _‘!_l
40 — :
Slit Lambda XY Lambda
G o
| Topezt b |
i 30 — i = ° % 8%’3 : ll 32 \?/4.3.4 .ssfrsgzg o991 L ’19f£%1
N - s . 0 B P e, T
= i % L ®® 100 — azs $34 - LL 61 39
g o.. o o - ¢ i oo * 3,11120 l 245 ISISS '21 }-94 511
5 o
g 20 — o® . .. o .. . Il = J o iﬂ 7 Ses i \190 éa!;;os l tiao
= o A D B TP O “ oLl E gi l 119 Ié%
- ® bad T &25 i by
i P IO ~ o ¢ o 112! ll %‘;5 a4y o sz,
P o ® &, °? = R 47 3% 16
) = 4 e @ P o Q i PSE 939 01.01%#1 9122
o o 2 ®* o, i Y ®3 A 76 12
g = =] Tile - e 118\?’1 i lsotss L b
- o ° -100 - fl\ms l :és‘s‘i"s 2 @I *01‘1?"25 S140
0 - . e 's o ¢ o '3°'I f “‘” ol 1s 91238135
o o o 1
o
' | ' I T | T I ' I
50 100 -100 0 100
slit ccd X [mm]

slits: 142 Median: 0.221 Std: 1.103

Exit

Bologna, 4th Estrela Workshop
January 20th, 2009



Reduction of VLT spectra - |. General methods

- T e

VIPGI: v. Creating MasterLamp

;‘\ Calibrationdata from msLamp_F02P053_vmMI1_LR_red_Q

Check rms stati

\ Calibration datz A Caliblationd.CheCk a” “nes for a“ SIitS:
the solution can be improved

Gra

Number of slits

removing most discrepant
lines (besides a 3 o-clipping
automatically performed)

But be carefull!l!
rms can improve without
improving A calibration...

slit
slits: 142 Median: 0.221 5td: 1.103

Bologna, 4th Estrela Workshop
January 20th, 2009
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Reduction of VLT spectra - |. General methods
VIPGI: vi. Reduce single frames

A ‘preliminary reduction’ performed on all the scientific exposures is
needed to

- subtract the bias

- trim pre- and over-scan regions of the CCD

- perform the bad pixel correction

- append the flat-field solution to the scientific frames

Subsequently:

1. wavelength calibration is further refined using sky-lines;

2. object detection along each slit is done by collapsing spectra along the
dispersion axis

3. sky background is subtracted

4. 2D spectra are extracted and re-sampled on a linear scale in wavelength

5. 1D spectra extraction following the profile of the collapsed slit

0. a noise spectrum is computed from the sky residuals and object Poisson
noise

Bologna, 4th Estrela Workshop
January 20th, 2009



Reduction of VLT spectra - |. General methods
VIPGI: vii. Reduce sequence

The final step of reduction consists in combining the the jittered sequence and
calibrating spectra flux.

a. spectra from step 4. are used to correct the fringing: the pixels with the
object spectrum are masked and single exposures are combined without
offsets = the resulting image of fringing can be subtracted

. slits of the different exposures are added considering the offsets of jittering

summed, sky subtracted, fringing corrected 2D spectra are stored

. 1D spectra are extracted from the 2D ones using the slit profile

. 1D spectra are flux calibrated using the ADU to absolute flux
transformation computed from the observations of spectrophotometric
standard stars

® QO 0 T

Bologna, 4th Estrela Workshop
January 20th, 2009



Reduction of VLT spectra - |. General methods
VIPGI: vii. Reduce sequence

The final step of reduction consists in combining the the jittered sequence and
calibrating spectra flux.

a. spectra from step 4. are used to correct the fringing: the pixels with the
object spectrum are masked and single exposures are combined without
offsets = the resulting image of fringing can be subtracted

. slits of the different exposures are added considering the offsets of jittering

summed, sky subtracted, fringing corrected 2D spectra are stored

. 1D spectra are extracted from the 2D ones usinn the <lit nrofile

® QO O T

. ]D Spectra are ﬂux Ca"brated USing the ADU tO Cursor coordinates: -18.6449,13.422
transformation computed from the observations
standard stars 120-

130 —

SRR
| I | I I | I | 1
Bologna, 4th Estrela Workshop 0 20 40 60 60
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Reduction of VLT spectra - |. General methods
VIPGI: vii. Reduce sequence

X/ Skycat - version 3.0: sc_ZCMRa67_M2_MR_Q1_seq.fits (1)

File View Graphics Go Data-Servers

The final step of reduction consists
calibrating spectra flux.

N Zoom

a. spectra from step 4. are used to ¢
Object: | ZCOSMOS_6]
x: 24460 |

object spectrum are masked and :

offsets = the resulting image of fi yuw
.slits of the different exposures ar¢ ¢
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. 1D spectra are extracted from the o ,—f

. 1 Low: I-SZ—
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transformation computed from thi auo set cut teves |

Scale:
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Reduction of VLT spectra - |. General methods
VIPGI: vii. Reduce sequence

A Spectra from sc_F02P053_vmM1_LR_red_Ql_seq 5 x BVIRa67_M2_MR_Q1_seq.fits (1)
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Reduction of VLT spectra - |. General methods
VIPGI: vii. Reduce sequence

The last small correction is to be applied is the atmospheric absorption,
computed directly from the data:

1D not flux calibrated

Y \\; 94 y
J'ﬁ/ m '\Jp/ . M\\/ L\f\." n
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Reduction of VLT spectra - |. General methods
VIPGI: vii. Reduce sequence

The last small correction is to be applied is the atmospheric absorption,
computed directly from the data:

1D flux calibrated

,\‘{ | W \/\a‘.

W
J*VM / wW\/ \"\*‘."\J
a

Bologna, 4th Estrela Workshop
25 january 20th, 2009



Reduction of VLT spectra - |. General methods
VIPGI: vii. Reduce sequence

The last small correction is to be applied is the atmospheric absorption,
computed directly from the data:

1D atmospheric corrected

o H'\ -
i AL /! Wl Mw{ ! h ! ;\r \] | “w | f )\
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B
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i
-
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Reduction of VLT spectra - |. General methods
VIPGI: ix. Fringing correction |

Fringing is caused by multiple reflections inside
the CCD: at redder wavelengths chips that have
been thinned (to increase sensitivity in the blue)
start to become transparent

= light can penetrate and be internally reflected
It then interferes with incident light, giving rise
to constructive and destructive interference and
a series of ‘ripples’.

The fringe pattern can be removed thanks to
the jitter sequence

It works well, but brighter objects are also more
extended, preventing an accurate estimate of
the residuals...

Bologna, 4th Estrela Workshop
January 20th, 2009



Reduction of VLT spectra - |. General methods

VIPGI: ix. Fringing correction

L
Myl Hell MaD (M [Sh] () |
Hheta Fel TiO{stellar) TiO{stellar) Halpha  [S1] TiO{stellar)
[O){doublet-1/3) Ca,Fe Fel [01) [~ Hel
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| | | | | | |
6000 7000 a0oo 3000
Wavelength
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Reduction of VLT spectra - |. General methods
VIPGI: ix. Fringing correction

................. ;- M\MW ity WWM | \»\ﬂMW\WM\JL» AJWWM\
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Reduction of VLT spectra - |. General methods
VIPGI: ix. Fringing correction
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Reduction of VLT spectra - |. General methods
VIPGI: viii. Reduce sequence with ABBA method

An alternative way to obtain the sequence of spectra is the “classical”
ABBA procedure, even if a jitter pattern has been used for observations:

v exposures are coupled two by two

v A and B images are subtracted one from the other

v shifted according their offset and combined applying the equation
[A-B]+[B-AY
where [B-A]’ is the 2D spectrum shifted to be superposed to [A-B]

v after all couple have been treated, they are summed in the same
reference system

v in case of odd number of exposures, the same exposure can be used
in more than 1 couple and then accordingly weighted

= fringing correction is successful, but objects falling by chance in slits
are usually lost

Bologna, 4th Estrela Workshop
January 20th, 2009



Reduction of VLT spectra - |. General methods
VIPGI: x. Removing spurious features

After the final reduction, before any spectral measure, spectra must be visually
inspected to manually clean spurious features, e.g. Oth order spectra, negative

non physical features, ... A A
] B -
Zero order — Zero order
I B+C
Contamination from orders O and -1 in multiplexed spectra. On the left, =—
the first order spectra A and B are shown, together with the O and -1
orders of spectrum A. If spectra A and B are multiplexed, as shown on the
right, spectrum B is contaminated by the O and -1 orders of spectrum A. ¢ a

Bologna, 4th Estrela Workshop
29 January 20th, 2009



Reduction of VLT spectra - |. General methods
VIPGI: x. Removing spurious features

After the final reduction, before any spectral measure, spectra must be visually
inspected to manually clean spurious features, e.g. Oth order spectra, negative

non physical features, ... A A
| - B ]
— Z
100 —
% B+C
| | \ ;
WWWMMVW;WW\N&W" Wq"x/m.aw’nﬁ’ ( =
o[~ ' ]
: : e
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Reduction of VLT spectra - |. General methods
VIPGI: x. Removing spurious features

After the final reduction, before any spectral measure, spectra must be visually
inspected to manually clean spurious features, e.g. Oth order spectra, negative

non physical features, ... A A
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Reduction of VLT spectra - |. General methods
VIPGI: x. Removing spurious features

After the final reduction, before any spectral measure, spectra must be visually
inspected to manually clean spurious features, e.g. Oth order spectra, negative
non physical features, ... A A

60 —

| | _
AT

ioN
o

@ 100 —

Flux (x 1e-18)

Fl (*x1e-19)

Fl (% 1e-19)
——
=

| | _ )‘
et 07 JVWNW'\«/J i U__ _ WM/

| I : : | ! I i I ! |
6000 6000 6000 7000 6000 3000
Wavelength

Bologna, 4th Estrela Workshop
January 20th, 2009



Reduction of VLT spectra - |. General methods
Spectroscopical measures: Redshift

To measure the redshift, known emission/absorption line patterns
have to be identified, considering also the continuum, characteristc
of typical early type or star forming galaxies or BLAGN.

Sometimes the lines are already visible from 2D spectra >

=
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Reduction of VLT spectra - |. General methods
Spectroscopical measures: Redshift

To measure the redshift, known emission/absorption line patterns
have to be identified, considering also the continuum, characteristc
of typical early type or star forming galaxies or BLAGN.
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Reduction of VLT spectra - |. Ger

eral methods

Spectroscopical measures: Redshift

To measure the redshift, known emission/absorption line patterns
have to be identified, considering also the continuum, characteristc
of typical early type or star forming galaxies or BLAGN.
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Reduction of VLT spectra - |. General methods
Spectroscopical measures: Redshift

To measure the redshift, known emission/absorption line patterns
have to be identified, considering also the continuum, characteristc

of typical early type or star forming galaxies or BLAGN.
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Reduction of VLT spectra - |. General methods
Spectroscopical measures: Redshift

To measure the redshift, known emission/absorption line patterns
have to be identified, considering also the continuum, characteristc

of typical early type or star forming galaxies or BLAGN.
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Reduction of VLT spectra - |. General methods
Spectroscopical measures: Redshift

To measure the redshift, known emission/absorption line patterns
have to be identified, considering also the continuum, characteristc
of typical early type or star forming galaxies or BLAGN.
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Reduction of VLT spectra - |. General methods
Spectroscopical measures: Redshift

To measure the redshift, known emission/absorption line patterns
have to be identified, considering also the continuum, characteristc
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of typical early type or star forming galaxies or BLAGN.
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Reduction of VLT spectra - |. General methods
Spectroscopical measures: Redshift

To measure the redshift, known emission/absorption line patterns
have to be identified, considering also the continuum, characteristc
of typical early type or star forming galaxies or BLAGN.
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Reduction of VLT spectra - |. General methods
Spectroscopical measures: Redshift

To measure the redshift, known emission/absorption line patterns
have to be identified, considering also the continuum, characteristc

of typical early type or star forming galaxies or BLAGN.
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Reduction of VLT spectra - |. General methods
Spectroscopical measures: Redshift

With VIPGI the line identification can be done interactively, looking at
the most relevant features considering the spectral regions free
from sky emissions.

Bologna, 4th Estrela Workshop
| January 20th, 2009
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Reduction of VLT spectra - |. General methods
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Reduction of VLT spectra - |. Ger

eral methods

Spectroscopical measures: Redshift

A bad lambda calibration can prevent a good redshift determination:
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Spectroscopical measures: Redst
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A bad lambda calibration can prevent a good redshift determination:
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A bad lambda calibration can prevent a good redshift determination:
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Reduction of VLT spectra - |. General methods

Spectroscopical measures: Redshift

Recognizing a bad lambda calibration:
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Reduction of VLT spectra - |. General methods
Spectroscopical measures: Redshift

Recognizing a bad lambda calibration:
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Reduction of VLT spectra - |. General methods
EZ:. Redshift measurement tools

When dealing with thousands spectra, redshift measurement should be

automatized as much as possible...
. oy A software to measure spectroscopic redshifts
People at IASF-Milan (Garilll, o

EZSessionViewer A

Fumana, Franzetti & s

tool: EZ (Easy-Z) Em— /MM\*M&\ ﬂ W\ MN\ |

The observed spectrum is we=e I MP”\A NF

compared with a set of C— : "’ | |

spectral templates to find out g".‘_’__, T

the best value for the redshift. e E——

A variety of solutions are e — JE———

presented with their TEm 5 L 45 —

probability. It can be run = | - IR |

blindly on the full sequence of - | ol

spectra of one quadrant and S

then checked one by one. | = |
®
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Reduction of VLT spectra - |. General methods

Spectroscopical measures: Flux&Equivalent width

Measures of EW and flux lines can be done manually or automatically.
The line fluxes are indicators of the underlying physics of the object: age, star
formation, metallicity, dust content, active nuclei, ...
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Reduction of VLT spectra - |. General methods
Summary

= VLT instrumentation

m Spectroscopic galaxy surveys (see e.g. Elena Zucca presentation)

m Preparation of observations: mask design with VMMPS

= Multiobject spectroscopy Data Reduction: VIPGI

m Creation of calibration frames and simultaneous reduction of a large
number of spectra

» [mportance of correct wavelength calibrations

m Spectral measures: redshift, nebular and stellar lines, continuum shape
= physics and classification of galaxies

m |n the near future even larger spectroscopic surveys need VIPGI

automatized... work in progress
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Reduction of VLT spectra - |. General methods
Thanks

Marco Scodeggio, Bianca Garilli, Paolo Franzetti, Alessandra
Zanichelli, Marco Fumana, Luigi Paioro for software
development

http://cosmos.iasf-milano.inaf.it/pandora/

all the VIRMOS consortium, the VVDS and zCOSMOS team

nttp://www.oamp.fr/virmos/vvds.htm
nttp://www.exp-astro.phys.ethz.ch/zCOSMOS/
nttp://cosmos.astro.caltech.edu/

whose data allowed to produce most of the plots presented
here.
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