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Instrument summary+(0 (Opticatye—
HARPS/EGGS 1”/1 4” flbre X dlspersed Aﬂxefd conﬁg’

'CES 2” flbre scannlng Spectrograph’h B

FEROS: 2° fibre, cross dlspersed,aflxed‘ configuration.
EMMI-echelle: slit, (cross) dispersed, order sort., 2-.
UVES (FLAMES): slit+fibre, cross dispersead; two arms

GIRAFFE: fibre, scanning spectrograph
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Instrument summary: (iNfraIECer—

I —

- 5 CRIRES#(NIR)=467%s|its2=Discanmingrsiessis.

spectrograph.

VISIR (MIR):*32™slit;"2=D¥secannimg= = = s
spectrograph, also with a cross
dispersed mode.
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Instrument summary (SCIcnce)
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Instrument Science —
o HARPS — _b *79% plan'-etm- A s - ‘ F |

FEROS. s 46% RV, 24% Abundances 30% others

CES Line profiles, line splitting (Zeeman) ISM

EMMI-ech. 5% .0f. EMIMI.scheduled-time: =.90%:;stellaratim...and.s=
PN}, 556 selar systemy, 556 Gthers.

UVES+ IGM; ISM; circum. =30%, chemicalianund: ~30%;
UVES-FLAMES RV(12) ~ 10%, othersi~ 30%:

FLAMES-GIRAFFE ~85% stellar pop., ~5% planets, ~5% kinematc ofi
galaxies, 5% others.

CRIRES 50% planet/star form., 38%: stars, 4% ISV, 4
comets, 4% galactic center

VISIR Star formation, obscured sources, UCHII; selar sys:

23-26/01/2007 - ESO Instrument Calibration WWorkshop




Instrument summary (pIpelnesys

All HR spectrographs are equipped T
" pipelines; which, apart from performmg the Fe o
of the data, supply the basic quality control parameters.

CES and EMMI-echelle only have “quick-look™ scripts
(SciOps) for online quality control.

HARPS pipeline 1s developed and maintained by
the consortium and apart from delivering science
products performs online QC.
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Calibration tasks

~Dark- T
Order localization
Flat fiela oot~
\Wavelength solution
Absorption cell calibrations
Flux standards
Telluric standards

Radial Velocity standards
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Calibration plan - HARPS:

Calibration
Bias

Dark

N Freq. (1/day)

1 1
3 30

Order definition 2

Flat
Wavelength
solution

Solar spectrum

Flux standard

S
2

1 ~ 60, when weather allows,
on calib. nights

3 ~ 30, when weather allows,
on calib. nights

Purpose

Control bias
Control dark

Pipeline calib.:
order definition

Pipeline calib:
flat fielding

Pipeline calib.:
wavelength sol.

Response to
solar spectrum

Instrument
response & eff.
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Calibration plan - UVES"®

I —

UVES Science Data Calibration Plan

(per instrument and detector setting)

~Calibration mumber frequency [1/days]
Flathields

attached Flathelds
Wavelength

attached Wavelength
Order Delinition
Format Check

Bias

Dark

Flux Standard
Telluric Standard
Radial Velocity Std.
[odine Cell Flatfields'

“if wodine cell was used

PUrpose

creation of master fats
high-precision flatfielding

dispersion solution, resolving power
high-precision wavelength calibration
pipeline calibration: order delinition
pipeline calibration: physical model
creation of master biases

creation of master darks

response correction, flux calibration
removal of telluric spectrum
absolute radial velocity calibration
master flats for I reconstruction

o.r. = on request only. corresponding OBs to be provided by user

n = number to be defined by user
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Monitoring & trending
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Flat ﬁelding
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I HD179406 - CES

" HARPS S/N:
HD147889 - HARPS
DIB6194.5 =~ 800-1200

Flat field:
50 frames of
5s each

DIB6196 | (S/ N~2OOO)

| L |
6195.0 6196.5
Wavelength
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Flat fielding
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Wavelength calibration

- e Criticalifor Righ® preC|S|6°’r’i‘“?'é'd”‘§l‘f§7’é‘l' v ..i_.ﬁﬁ.'lf
determination (RV “content” of one pixel‘isi
~ 900m/s for HARPS and UVES).

' .- T R e X oy bt TS RN ROy e L, TPRCTTS

e [roublesome at some wavelengths, (NIX]
MIR) for lack of lines from an adequaie
calibrator.
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Wavelength calibration
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Wavelength callbra 10n

R
e Choice ofi source Is Crltlcal

Comparison of all. the Heraeus lamps with the Cathodeon lamp
1] T ¥ [ ] . 1] I .l ' T i

f

Heraeus lamps

Pixel value

Position
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.. HARPS FEROS and FAMES-(coupledewitrr: =

efeih UVES oL GIRAFFE) Inake use. of the =

met

lamyg
Res
pressure changes within the spectrograph.

RV

hod of simultaneous calibration with ThAr
Hs to correct for variations-of the Instrument

ponse Function (IRF) due to temperature or

accuracy better than 1m/s has been reached

with this method (HARPS).
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Wavelength calibration (EMN T cchell€y

; y " o Fer
: 2 ~ -r‘.—vq'--

Exposure fimes for the arc in echelle mode 1s 30
minutes at mmimum. It takes up to Shours

fg blueward of 500nm (with-ech.-14-and-grism-3):-=
An integrating




Wavelength calibration (CRIRF >

”— o

There 1S not a smgle cal brat lon_soi

of lines, the most appropriate source is chosen.

An effort is being made.to.ﬂincx@.ase&_the..number.,
of 1dentified Th lines (ESO-NIST).

950nm -> 2000nm ThArlines

2000nm -> 4000nm N20 absoeripionrcell
4000nm -> 5400nm Sky lines
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Wavelength calibration (VISIR J

e Wavelength calibration: skyalimEs==

(comparison With’ 'at‘ |OSP " afe

e Movable grating;.i.e- needs_,to_,oalibratet;,;_,.,,
each time it |s used

e Problem: the gratlng moves durlng the !
exposure due to the limited accuracy of
the scanner. Solutions: more acceurate
sensor or pipeline to correct with sky
lines on each frame (before co-
addition).
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Fringing

Fringing Is an iSSUe for UVES, CES. - —
= (~:309%redwardiof: B650mm: )ianﬁiVISIR.f;_’l_‘l,

For UVES and CES FF exposures
attached.immediately. before er after the s
science exposure correct well the efiect

(~5% residual fringing).

For VISIR fringing Is corrected by divison
of the extracted spectrum by the STID spectrum.
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Flux calibration

the Callbratlon plan for the optlcal and the IR_._ _' |

sSpectrographs.

e Inthe MIR the most accurate calibration 1S
achieved via the normalization to the IRAS
photometric fluxes (Cohen et al. 1999, AJ 117,
1864).
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Telluric standards

e [For the other spectrographs tellurlc
standardsiare’not part ofithercalibration =
plan and are left to' the users to' request
(although spectro-photometiic
standards in VISIR at low resolution
mode have mostly the role of telluric):
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Absorption cells

- e TWO" USGS e L i e L LN ok
_ wavelength Callbratlon (NzO CRIRES)

m |RF tracking (for accurate RV CRIRES
UVES with:lz)resene

Formerly |2 cells were also Usediin
HARPS and CES for planet searches.
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Radial velocity standards

27 e HARPSHIOHITEIEXISEArem et

e Others: use Coralie (accurate to t
5m/s) or Elodie (accuraterto ~ 10m/s) ™
standards.
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Radial velocity accuracy (the'HFARESse?

— e — =

Global RMS = 1.81 m/s

y [m/s]
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e| C. Lovis et al.,
el A&A 437,
8- 1121.(2005).




radijal welocity [Km/s]

16.3

16. 25

16.2

.U

Courtesy of D. Queloz

UVES FLAMES
NGC6253
70 stars, 2 years data

Peaks at 30-50m/s

Radial velocity RMS (km/s)




Conclusions

e Standard calibration pIans’s ufflce forﬁm
the appllcatlons B e T

e Standard calibration plans allow to reach the

top RV accuracies achievable for the
iInstruments:

e Difficulty of a precise wavelength calibration
IS a common issue of several highiresolution
spectrographs.

e Still, we have a dream...
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The dream...

P A alternative wavelentgh'callbratlon —

source satisfying the requirement of

extreme stability. and high density of .
spectral features from the optical to
the IR wavelength ranges.
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Instrument pipelines (HARES:

. The HARPS pipeline 1s a“*living-benig=

towards several steps of evolutlon ‘ —_—

A reduction machine 1s installed i Garchmg to
re-reduce all archived data anytime there is anew,
release of the software.

The 1dea 1s not to “leave behind™ the general users,

but rather to have them benefit from the experience
accumulated.
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Calibration plan - EEROS

I —

Calibration number frequency [1/dayvs| purpose

Internal Flathelds 10 1 /1 creation of master Hats

attached Flathelds n o.1 high-precision Hathelding

Dome Flathelds n o1 Fringe correction in red orders
[nternal Wavelength 12 l/ dispersion solution. resolving power
attached Wavelength n 0.1 high-precision wavelength calibration
Bias D | creation of master biases

Dark | creation of master darks

Flux Standard n 0.1 response correction, flux calibration
Telluric Standard n 0.1 removal of telluric spectrum

Radial Velocity Std. n 0.1 absolute radial velocity calibration
o.r. = on request only, corresponding OBs to be provided by user

n = pumber to be defined by user




Calibration plan - CES™

Callibration Freq. (1/day) Purpose

Dark 1/run Dark calibration

N

Bias 5 1 Bias calibration
3
5

Flat/order def. 1* wavelength change*X flat fielding

Wavelength 1 1* wavelength change*X wavelength sol.
solution

Telluric 1, when obs. at A>650nm Telluric removal

Flux standard ~ 90, when weather allows, on Instrument
calib. nights response & eff.

X < 4: whenever the spectrum drift more than 0.2 pixels




Calibration plan - EMM

Calibration
Bias
Flat

Wavelength
solution

Spectrophotom.

STD

3/setup
3

1

1

1/setup

|
-

(&4 § (&

Purpose

Bias calibration
flat fielding

wavelength sol.

Flux calibration
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Calibration plan - FLAMESZCN: g_u/

FLAMES  UVES Science Data Calibration Plan

(per instrument setting. i.e. plate, fibre mode, and central wavelength)

(alibration number frequency [1/days| purpose

Fibre Flatfields 3 1/1

pixel-to-pixel sensitivity var s

Shit Flatfields
attached Fibre Flatfields
Wavelength

Sim. Fibre Order Definition
Sim. Fibre Format Check
Bias

Dall’k

fibre-to-fibre transmission
fibre localisation

fibre PSF modelling

blaze correction
pixel-to-pixel sensitivity var:
high-precision flatfielding
dispersion solution
resolving power

order and background defini
dispersion guess solution
master blases. bias characte:
master darks, dark current,
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Calibration plan - CRIRY —

Calibration Freqeny Purpose

Dark 1/day Dark subtraction
Flat field 1/day Flat field calibration

Distortion map  1/year System
photon transfer  1/warmup characterization




Calibration plan - VISIK

+ Photometric standar
of: Cohen et al. 1999, Al 117 1864
every three hours during the night (1in_ SM)

The observatory does not provide standard calibrations for VISIR medium and high resolution
spectroscopy. Thus for medium and high resolution mode the observer has to supply his own
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