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PREMIER PORT DE SORTIE.(PORT no 0) CONCERNE LA TABLE DU SPECTROMETRE. DESTINATION
C'EST LE PORT LE PLUS A GAUCHE DANS LE TIROIR D'ELECTRONIQUE(DIODES VERTES)
CARTE - A CARTES
BLT ——| 0 A 2c L IBRE
|[ELARGISSEMENT DU SPECTRE |
1 A 3c MARCHE S.18c
BIT — | 2 | A 4c ARRET & EaE
3 | A.5c  [CHARGEMENT DE L’'AMPLITUDE | 5.23c
+ | A.60  [RECENTRAGE AUTOMATIQUE | S 27¢
BIT — | s | A.7c | ON/OFF COMMUN PAS A PAS | U 13c
s | A.8c LIBRE
BIT — 1 7 | A 9¢ LIBRE
| AMPLITUDE DU MOUVEMENT
8 | A.24c POIDS FAIBLES S.12¢
BIT — | s A.25c S.9%
10 A 26c S.11c
BIT — | 1 A.27c S. 10e
12 A 28c S.16¢
BIT — | 13 A.2%9¢ 8.138
14 A 30c S.15c
BIT __ 15 A 3l1c POIDS FORTS S 14¢
/ OBSERVATOIRE DE HAUTE PROVENCE
%‘ // 04870 ST-MICHEL L'OBSERVATOIRE (FRANCE)
TEL: 92.70.64.00 / TELEX: 410690 / FAX: 92.76.62.95 (B TeaE]
e, ETUDE/REAL .
RTSOR1 G.ADRIANZYK
ffuilleﬂ CORALIE/ELODIE VERIF .
CARTE:
DATE
Rl ETATS DES SORTIES VERS PC e
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Fsi
"
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DEUXIEME PORT DE SORTIE.(PORT no 1).

BIT

BIT

BIT

BIT

BIT

BIT

B1F

BIT

CARTE :
— g B
1 B.

— R B
3 B

4 B

— = B
6 B

7 B
(?Mﬁ?&5;‘ B
o &
0 B.

— [ ; B
12 B

— |1 | B
14 B.

5 | B.

CONCERNE LA TABLE DU SPECTROMETRE . DESTINATION
DEUXIEME PORT EN PARTANT DE LA GAUCHE DANS LE TIROIR D'ELECTRONIQUE . (DIODES VERTES).
B CARTES
[SELECTION DES 8 VOIES DE TEMPERATURE |
2C POIDS FAIBLES Q27¢
3C Q26c
4C POIDS FORTS Q24c
PIN Ef
5C ON/OFF LAMPE ETALONNAGE CONNES SAPrn
[MIROIR DE MISE AU POINT
6C SENS 1 k17¢c
.7C SENS 2 K16c
- | MIROIR DE FIBRES. |
.8C’( HORS FAISCEAU J23c
gc 7 DANS LE FAISCEAU J24c
[OBTURATEUR SUR LE FAISCEAU PRINCIPAL |
.24C ARMEMENT R22¢
256 OUVERTURE R21c
26C FERMETURE R20c
Eevie LED EN ROUTE= 0  ETEINTE= 1 R23c
[ROTATION DE DETECTEUR |
.28C ARRET= 0 MARCHE= 1 Vic
.29C SENS V2a
30C VITESSE V2c
316 LIBRE
/ OBSERVATOIRE DE HAUTE PROVENCE
% // 04870 ST-MICHEL L'OBSERVATOIRE (FRANCE)
TEL: 92.70.64.00 / TELEX: 410690 / FAX: 92.76.62.95 [EcTREE]
v ETUDE /REAL .

anes]  CURALTE/ELODIE

G . ADRIANZYK

CARTE:

VERIF.

2 ETATS DES SORTIES VERS PC

DATE

OCTOBRE 1994







TROISIEME PORT DE SORTIE.(PORT no 2)

CONCERNE LA TETE DE FIBRES. DESTINATION
TROISIEME PORT EN PARTANT DE LA GAUCHE DANS LE TIROIR D'ELECTRONIQUE.(DIODES VERTES)
CARTE: C SELECTION DES 4 VOIES CARTES
DU MULTIPLEXAGE DE MOUVEMENT.
BIT — |l o J C.2C POIDS FAIBLES 00: RorATION DES PRISHES DANS LE CORRECTELR DE REFRACTION H12¢c |F21ac
071: ROTATION DU PLATEAU DU CORRECTEUR DE REFRACTION
"1 | C.3C POIDS FORTS  10: DDIGT DE MASQUAGE SUR LES DEUX FIBRES H13c | F20ac
[COMMANDES MULTIPLEXEES ]
BIT — fwaredl C 4C SENS + H17¢
s C . S5C SENS - H16c
4 oo Bl VITESSE: RAPIDE=0 LENT=1 H5c
BIT - 5 C . 7c LIBRE
6 C.8C LIBRE
BIT — 7 C.50 _ LIBRE
[VOLET DE FERMETURE (ou d entree) |
8 C.24C FERMETURE W4 Sac
317 — |m&wl C.o5C OUVERTURE s
|BLOC DE FIBRES. |
10 | C.26C MODE NORMAL J8c
BIT — | n | ¢ o7¢ MODE ACCELEROMETRIE JEe
|MIROIR DE RENVOI DU FABRY-PEROQT.
12 | C.28C DANS LE FAISCEAU J21c
BIT — |« | €.29C HORS FAISCEAU J22¢
14 C.30C POSITION 1 J1e
BIT __ | 15 C.31C LIBRE J10c¢
/ OBSERVATOIRE DE HAUTE PROVENCE
%‘ // 04870 ST-MICHEL L'OBSERVATOIRE (FRANCE )
TEL: 92.70.64.00 / TELEX: 410690 / FAX: 92.76.62.95 e wGTaE)
VF’g_Agz ETUDE/REAL .
PORTSOR3 G. ADRIANZYK
o]  CORALIE/ELODIE VERIF
CARTE :
S0US DATE
ENSEM . ETATS DES SORTIES VERS PC 171275







QUATRIEME PORT DE SORTIE.(PORT no 3)

CONCERNE LA TETE DE FIBRES. DES

TINATION

QUATRIEME PORT EN PARTANT DE LA GAUCHE DANS LE TIRODIR D’ELECTRONIQUE.(DIODES VERTES)

CARTE: D
[ATTENUATION D'ETALONNAGE. | CARTES
BIT — |@a | D.2C SENS DIRECT k13c
1 D 3C SENS RETRO K14c
| IMIROIR D'ETALONNAGE: (voir aussi le bit10) |
BIT — |@ 8 D 4C DANS LE FAISCEAU L20c
B D.5C HORS FAISCEAU L31c
LAMPES .
4 D.6C CATHODE CREUSE (marche=1) D6
BIT __ (@@ D 7C LAMPE HALOGENE (marche=1) D7
[MISE SOUS TENSION TIROIR ELECTRONIQUE |
6 D.8C EXTINCTION |MARCHE D&c
ol1l1]o0
BIT — sl p oo 0jOf1]1 D9c
| IATTENUATEUR DE VISEE. |
B D.24C SENS DIRECT (VERS ATTENUATION MAXIMUN) L27a
BIT — |le| D.25C SENS INVERSE L19¢
MIROIR D'ETALONNAGE (SuITE DES BITS 2 ET 3)
- D.26C POSITION INTERMEDIAIRE L14c
BIT — | 11 D.27C LIBRE
12 D.28C LIBRE
|[OBTURATEUR DE VISEE. |
BIT — | 3 | D.29C FERMETURE= 0 OUVERTURE= 1 H30c
[OBTURATEUR D'ETALONNAGE . |
14 | D.30C N'EXISTE PAS ENCORE Witc
PEUT-ETRE JAMAIS
BIT __ | 15 0.31C LIBRE
v OBSERVATOIRE DE HAUTE PROVENCE
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TEL: 92.70.64.00 / TELEX: 410690 / FAX: 92.76.62.95  [eeciwovas
N ETUDE /REAL .
PORTSOR4 G.ADRIANZYK
ranens]  CORALTE/ELODIE VERIF
CARTE:
DATE
oo ETATS DES SORTIES VERS PC T







PREMIER PORT D’'ENTREE.(PORT nO 0) CONCERNE LA TABLE DU SPECTROMETRE . DESTINATION
C'EST LE PORT LE PLUS A GAUCHE DANS LE TIRQIR D'ELECTRONIQUE(DIODES ROUGES) .
CARTE , M CARTES
BIT — | o | M.2a LA LAME OSCILLANTE EST-ELLE CENTREE ? S.26¢
T8 M 3a ETAT DE LA LED (ON/OFF) R 30c
BIT —| 2 | M.4a LIBRE
3 M.b5a
4 M.6a
BIT — | s | M.7a
6 M. 8a
BIT — 17 | M.9a
& | Wo5ds LIBRE
BET —— 9 M.25a
10 M. 26a
BIT — | n M 27a
12 M. 28a
B 1T — 13 M. 29a
14 M.30a
BIT __ | 15 | M.31a LIBRE
/ OBSERVATOIRE DE HAUTE PROVENCE
% // 04870 ST-MICHEL L 'OBSERVATOIRE (FRANCE)
TEL: 92.70.64.00 / TELEX: 410690 / FAX: 92.76.62.95 [ELECTRONTOE]
VPg{\ODQ ETUDE /REAL .
el CORALIE/ELODIE o
CARTE: ;
L ETATS D'ENTREES VERS PC e







DEUXIEME PORT D'ENTREE.(PORT no 1).

CARTE: N

BIT —

BIT —

BIT —

BIT —

BIT —

BIT

BIT

HIT ==

CONCERNE LA TABLE DU SPECTROMETRE . DESTINATION
C’EST LE DEUXIEME PORT A PARTIR DE LA GAUCHE DANS LE TIROIR D’ELECTRONIQUE.(DIODES ROUGES)
CARTES
N. 2a LIBRE
N 3a [ IBRE
N. 423 LIBRE
PRISE
N Sa L IBRE Em¥Lwanm
N. 6a FIN DE COURSE + K. 24c
MIROIR DE MISE AU POINT
N. 7a FIN DE COURSE - K.25¢
N 8a FIN DE COURSE DANS LE FAISCEAU J . 29c
| MIROIR DE FIBRES I
N.9a FIN DE COURSE HORS FAISCHEAU J.2%9a
|OBTURATEUR FAISCEAU PRINCIPAL |
N 24a ARME = 1 R. Jc
N. 25a FERME = 1 R. 4c
N. 26a OUVERT = 1 R. 8c
N. 27a LIBRE K.27a
| TEMOIN CHAUFFAGE HUBLOT
N 28a EN MARCHE= 1 ARRETE= 0 U.11c
[ ROTATION DU DETECTEUR |
N.29%a FIN DE COURSE + V. 8c
N.30a FIN DE COURSE - V. 7c
N 31a LIBRE
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TEL: 92.70.64.00 / TELEX: 410690 / FAX: 92.76.62.95 EE o)
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PORTENT? G. ADRIANZYK
Feuille A3 CORALIE/ELODIE VERIF .
CARTE :
; DATE
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TROISIEME PORT D'ENTREE. (PORT no 2) CONCERNE LA TETE DE FIBRES. DESTINATION
C’EST LE TROISIEME PORT A PARTIR DE LA GAUCHE DANS LE TIROIR D'ELECTRONIQUE(DIODES ROUGES).
CARTE: O [ENTRES DU CODE GRAY 8 BITS | CARTES
BIT — |8 0.2a POIDS FAIBLES G.2ac
i 0 3a A\ G. 386
|,
BIT —¢@2& | 0. 4a - G.4ac
3 0.5a ol G.5ac
4 0. 6a ” G.6ac
BIT — |@H| 0.7 ; ILpt G 7ac
2 O 83 © :”J\ XS : & G . Sac
BIT — 7 0 93 POIDS FORTS G.9ac
|VOLET DE FEMETURE |
8 | 0.24a OUVERT W.20c
BIT — (m=m#| 0.25a FERME W.21c
10 0.26a NORMAL J. 166
BIT — | 1 | 0 272 MODE ACCELEROMETRIE J.12C
IMIROIR DE RENVOI FABRY/PEROT
12 | 0.28a HORS FAISCEAU J.25¢
BIT — | 1 |0 29; DANS LE FAISCEAU J.27¢
1« | 0.30a ETAT POSITION CONNES J . 6c
BIT _ | s | 0.31a L IBRE J. T4c
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e  CORALTE/ELODIE N
CARTE :
SOUS ' DATE
ENSEM ETATS D ENTREES VERS PC OCTOBRE 1994







QUATRIEME PORT D'ENTREE(PORT no 3) CONCERNE LA TETE DE FIBRES. DESTINATION
C’EST LE QUATRIEME PORT A PARTIR DE LA GAUCHE DANS LE TIROIR D'ELECTRONIQUE(DIODES ROUGES) .
CARTE: P dikackosr prokinite CARTES
BIT — |@@’ | P.2a DP VALIDATION ATTENUATEUR ETALONNAGE L. 28c
IMIROIR D'ETALONNAGE |
1 P 3a POSITION INTERMEDIAIRE L.27c
BIT — (§2%| P.4a HORS FAISCEAU L.2Tc
e L.31a
30| P.5a DANS LE FAISCEAU
elodie | coralie
4 | P.6a LAMPE CATHODE CREUSE ON/OFF F15a|D.13c
BIT — | B | P.7a LAMPE HALOGENE ON/OFF F.16a|D. 14c
6 | P.8a LIBRE F 17a|D.12¢c
BIT — 1 7 | p g LIBRE F.18a
|[ATTENUATION DE VISEE |
8 P.24a ATTENUATION MAXIMUN L.10c
|D.P ROUE:1 |
LT — 9 P.25a ATTENUATION MINIMUM L.9¢
10 P 263 ATTENUATION MAXIMUN L.8c
[D.P ROUE:2 |
BIT — i P 272 ATTENUATION MINIMUM L.7c
| OBTURATEUR DE VISEE |
12 P.28a OUVERT H.22c
BIT — | 13 P.29a FERME H.23c
14 P.30a | IBRE W.18c
| MOUVEMENT NON CABLE |
BIT __ |15 [ P.31a LIBRE W.19c
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HABITABLE ZONE LIMITS FOR DRY PLANETS

455

FIG. 11. How long land planets and aqua
planets hold their water. Hydrogen escape is
computed in the diffusion limit (Eq. 1). The
energy limit (Eq. 2) is shown for comparison.
Stratospheric water vapor mixing ratios for
land planets are taken from Fig. 10; strato-
spheric water for aqua planets is taken from
two competing non-gray one-dimensional
radiative-convective models of the runaway
greenhouse effect (Kasting, 1988; Abe and
Matsui, 1988). The pertinent difference be-
tween the Kasting and Abe and Matsui
models is the stratospheric temperature at
low levels of insolation; Kasting assumes
200K while Abe and Matsui assume 150 K.
For aqua planets an ocean of water is pre- 0.01 |
sumed to be 2.7 km deep. Land planets are
presumed to have much less water, corre- -
sponding to 2.7 and 27 m global inventories. 0.0001
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Nevertheless, the land planets hold on to

their water longer and nearer the Sun than 200

do the aqua planets. Color images available
online at www liebertonline.com/ast

those of the meteorological cycle. The volcanic water flux,
2x 10" mol/yr on Earth, comes mainly from arc volcanoes
(Oppenheimer, 2003; Wallace, 2005). It returns recently
subducted water to the surface (Staudigel, 2003; Riipke et al.,
2004). The annual flux is equivalent to a global thickness of
7 um, which is negligible compared to the precipitable water
in the model land planet’s atmosphere. The global CO;,
mainly from metamorphism, is ~6x10'*mol/yr (Brantley
and Koepenick, 1995). The annual flux changes the global
partial pressure by 0.005Pa or equivalently changes the
concentration in a 1-bar atmosphere by 0.04 ppm per annum.

Interior volatile fluxes, however, do add up significantly
over geological time. We use the flux from “depleted” mantle
at mid-oceanic ridges to estimate the fluxes on a land planet.
That is, we presume that there are few volatile-rich rocks at
depth available for metamorphism and that any subducted
oceanic crust and arc volcanics are volatile-poor. Saal et al.
(2002) gave ridge-axis water and CO, fluxes of 5x 10" and
10" mol/ yr, respectively.

The water flux is significant, compared with probable
traps and sinks, 170 m equivalent thickness per billion years.
This volume could be reasonably stored in ice sheets or
aquifers. Hydrous minerals provide another potentially vo-
luminous sink. For example, greenstone is ~10% water (e.g.,
Staudigel, 2003; Ripke et al., 2004).

In contrast, outgassing of CO, at our quoted rate of
102 mol/yr quickly overwhelms the climate in the absence
of a rock sink. This flux increases the molecular fraction in a
1-bar atmosphere to 0.006 in 1 million years and would ac-
cumulate as a dense 8-bar atmosphere in 1 billion years. In
general, CO; outgassing would have significant effects un-
less the planet was essentially dead, that is, fluxes <1072 of
those of Earth. As with water, plausible rock sinks for the
flux exist. A global equivalent thickness of 74 m of CaCOs
would sequester 1 billion years of CO; output.

Here, we concentrate on CO,, as it has the most rapid
effects on the climate of a land planet. The only voluminous

250 300 350 400 450
Emitted Thermal IR Radiation [W/m?]

sink for CO, is carbonate either within sediments or inter-
stitially within hard rock. Weathering reactions that liberate
the divalent cations in carbonates from rock do not proceed
significantly without liquid water. This requirement sets
limits on the efficacy of the cold traps on a warm land planet
and a lower limit on the global absolute humidity.

An example to consider is that of a very cold planet where
no ice ever melts. Degassed CO; enters the atmosphere, and
degassed water enters the cold traps. The former process has
the most immediate effect. The global climate becomes
warmer. Eventually, it is warm enough that water is tran-
siently present and comes in contact with rock. This facili-
tates carbonate formation. The climate buffers at the
temperature where carbonate formation balances the out-
gassing, analogous to the Urey cycle.

Transient melting also acts as a stabilizing effect by
opening additional sinks for water that would otherwise be
trapped in ice caps. The Dry Valleys of Antarctica provide
an analogy. Liquid water reacts with rocks to form hy-
drous minerals. Water flows into perennially ice-covered
lakes and into aquifers where it comes into further contact
with rock. Mountains are local cold traps that gather water
where it both may melt and charge low-latitude aquifers.
Overall, processes that increase the availability of transient
water without greatly increasing global humidity favor a
stable dry greenhouse. Sluggish but nonzero CO; fluxes fa-
vor stability.

The greenhouse becomes too strong to stabilize surface
water/ice if the planet cannot sequester CO, as fast as it is
degassed while maintaining low absolute humidity. Once
unstable, the dry greenhouse does not readily return to its
previous state. Evaporation of water trapped in glaciers and
aquifers increases the precipitable water to an equivalent
thickness of meters. Virtually all this water must escape to
space for clement conditions to return. Moreover, multiple
equilibrium states provide a hysteresis effect that inhibits
return to the cool wet state. As the surface becomes hotter,
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Data sheet for 16N28 -- 16N28-210E-235 from Portescap in ... http://www.globalspec.com/SpecSearch/PartSpecs?partld={...

Our Sites: GlobalSpec.com | GlobalSpec Electronics | CR4 My Profile
| ceTV (2) Muwoir Call Doiqf
Uotewr  Aflcalls (1) , Ahvisée Mucoie Call, (4, Doigf (4
Mgt / / / J
(S_ Products & Services Company by Name  Part Number  Engineering Web  More
x) e A
Enter a type of product or supplier (example: DC | Search Products & Services |

Home > Motion and Controls > Motors > Gearmotors > Portescap > 16N28 — 16N28-210E-235

portescap 16N28 -- 16N28-210E-235

Similar Products

Portescap ENEEaT - from this Supplier
110 Westtown Road . on Supplier's Site Request a Quote
West Chester, PA 19382 S = e = g
USA
Product Overview No Image
Phone 1: (610) 235-5499 Provided
——— Highlights:
Email this Supplier Mu915L61 — Mu915!
+ Precious Metal Commutation 61205 181 40
* High Acceleration
More About this Supplier * High Efficiency FOT———
* Long Life
Company Profile * |deal for portable or small equipment //"
View Larger Applications: J
* Luxury Goods - Watch Winders
* Security & Access Controls - Door Locks & Monitoring Systems
* SEM - Wafer Handling, Pick & Place, Feeder Valves 26N58 — 26N58-113-5
= Medical - Infusion and Diaphram Pumps
Specifications i 5
Motor Description
Construction Coreless / Slotless
22N28 —
?t07.5VDC
2 e 22N28-208E-204
Commutation Brush
Performance Specifications
Shaft Speed 9700 rpm
Continuous Current 0.4200 amps
Continuous Torque 0.0 In-Ibs
Torque Constant 1.02 in-oz/amp
Gearing Options
Gearhead Model B16, BA16, R16
Gear Type Spur (optional feature); Planetary (optional feature)
Gearbox Ratio 5.00to 3280 : 1
Shaft Orientation In-line; Single-(_anded
Housing / Enclosure
Motor Shape Cylindrical Body
Diameter / Width 0.63 inch
Length 1.100inch
Environment
Operating Temperature -22t0 185 F

1 surl 16.09.11 10:39
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CAPTEURS DE DEPLACEMENT
ANALOGIQUES A ROTATION
CONTINUE 1 TOUR

» Technologie potentiomeétre a piste
plastique. Résolution infinie
+ Boitier en alliage léger anodisé a
fixation synchro
« Contacts en métaux précieux

» Axe et roulements en acier inox
- Normes applicables : NFC 23255

| MIL R39023
CARACTERISTIQUES ELECTRIQUES
Resstance | Linéarité Linéarité Tension de Fuissance | Course
TYPE nominale | standard sur option tenuea | dissipée | électrique
Rn (E3) < < 50Hz a+70°C utile
H12 1a47KQ +1% +025%+05% | 500Vimm| O05W 330° £ 3°
H19 1a22KQ| £1% [+0,1%+0,25% +0,5% 750V 1imm| 0,8W 340° £ 3°
"H22  |1247KQ| £+05% | £0,1%+025% |750Vimm| 1W 340° + 3°
H27 1447 KQ ' +0,5% +0,05%+0,1%+0,25% 750V 1Imm| 1,25W | 345°+3°
HR27 1347KQ | +0,5% [£0,05%+0,1%+0,25%| 750V 1mm 1w 345° + 3°
Tolérance sur résistance nominale : +10 % £ 5 % sur option

Coefficient de température :
Courant curseur :
Impédance de charge recommandée :

Régularité de la tension de sortie (RTS :
Résistance d' isolement :

CARACTERISTIQUES MECANIQUES

-300 + 300 106 /°C

<1 mA

= 1000 Rn pour linéarité < 0,5%
= 100 Rn pour linéarité > 0,5%

<0,1 %

= 10 kMQ sous 500 Vcc

TWE | TAILE | Tormon’ | CetBe domarage | Moment dinertie | Masse
max. 1er étage | étage sup. 1er étage | étage sup. | ler étage étage sup.
H12 05 600tr/mn | 6 cdN.cm <0,2g.cm? 69
08 600tr/mn | 8cN.om | 7cN.em | <1g.cm? <05g.cm2 17g | 79
09 600tr/mn [ 10AN.cm | 9cN.em <0,8g.cm2 <04g.cm2 18g @ 8¢
11 600tr/mn [12cN.cm | 10cN.em | <1 g.om? =04g.om2 23g | 22¢g
11 600tr/mn [12cN.cm {10 dN.em [<0,4g.om? <0,2gcm2 12g | 5¢




OPTIOT Mtfk Nous co ””5?’"{"5}
- Autres valeurs ohmiques
- Autres tolérances sur Rn ( voir caractérigtiques)
- Autres linéarités ( voir tableau des caractérigiques)
- Autres courses électriques
- Prises ( point milieu )
- Sorties fils ( excepté H 12 )
- Axe traversant ( excepté H 12)

COMMENT LIBELLER VOTRE COMMANDE

HR27 4,7K 6 F

Soécificité ou option ( en clair )

Sortie fils
( Excepté H12 sorties bornes a
souder uniquement )

Nombre d' étages s > 1
Nombre d' étages max : voir
plans d'encombrement

Valeur ohmique (Rn)

Type du capteur

Informations données a titre indicatif,
et sousréserve de modifications

Yege Social ;107 - 111, rue du Moulin Sarrazin - 95 100 Argenteuil France Tél. 01 30 25 97 00 - Fax. 01 30 25 49 40
Direction commerciale : 107 - 111, rue du Moulin Sarrazin - 95 100 Argenteuil France Tél. 01 30 25 97 00 - Fax. 01 30 25 97 60



"ENVIRONNEMENT

Températures limites d' emploi : -55°Ca +125°C
~ Indice de protection : IP 50
~ Durée de vie 2400 tr/mn : 25. 10¢ rotations

excepté H12 : 10.10¢ rotations

SCHEMA ELECTRIQUE

—,..
Sens horaire vu c6té axe de commande

COURBE DE DISSPATION

Wll
1,28 {. Kex
1 | H22 HRe7
H19
T

(°C)

Y




ENCOMBREMENT

MODELE H12
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www.dplusa.fr

AF  Baumer

Détecteurs inductifs

Détecteurs inductifs NAMUR

Dessin d’encombrement

~04
|
—
ol
1
Données générales
Type de montage noye
Portée nominale Sn 0,8 mm
Données électriques
Fréquence de commutation < bkHz
Tension nominale de service 8,2VvDC
Plage de tension +Vs 5...30VDC
Courant absorbé non amorti >4 mA
Courant absorbé amorti <1mA
Consommation max. 10 mA
Ondulation résiduelle <10 % Vs

Données mécaniques
Forme du boitier
Matériau du boitier
Dimensions

Longueur du boftier

Version de raccordement

Conditions ambiantes
Température de fonctionnement

Classe de protection

cylindrique lisse
Acier chrome-nickel
4 mm

25 mm

Cable, 2 m

25 ... +75°C
IP 67

Photo

IFR 04.82.05

Schéma de raccordement

NAMUR [gy o

www.baumerelectric.com
DETECTION ET AUTOMATISME - 17 ROCADE DE LA CROIX ST GEORGES - 77600 BUSSY ST GEORGES - Tél 01.64.66.90.00 - Fax 01.64.66.98.01 - www.dplusa.fr

28.2.2009

mailto:infos@dplusa.fr






L:u;j BULLETIN DE COMMANDE INTERNE .
G FOUANISSEUA | Dicdelas. NOM A
& |AoRESSE APPAREIL
[}
% NP CREDIT Iﬂg“fﬂ'(l'\ag‘“&
}_ -
= | TELEPHONE DATE
0
&2 |No CLIENT FACTURE A
o
w :l A COMMANDER NORMALEMENT (Le vendredi) LIGEZ Al DO§ ——23
(s |
g :l A COMMANDER TOUT DE SUITE: D PAR LETTRE D PAR FAX No:
Q ,
E :| POUR CONFIRMATION:
o :I TELEPHONE DU/ /18 :
. avec M/Mme/Mlle:
% & |AEMARGUES:
~ S
=T
& | =
o | 3
S | I |pESCRIPTION: No DE COMMANDE: LP |PRIX/PIECE PRIX TOTAL
0] |FMY DSk 3l | R B D
G |
5 FMBD  D-Sd 2570(,) 2 43 €Y
- C(?JL‘
2| [Babe Al 30 co o3 4% |- | 24 A
2 X A0S ~<-3_m4>r:7\-\l'_f 0,2 5D 4L O¢ Q ‘: g |—
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MONTANT APPROXIMATIF DE LA COMMANDE:
BON DE COMMANDE No: ENVOYE LE;
MARCHANDISE RECUE LE: LIVA.PART. [ ] SOLDE RECU LE:
BCI-130582
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PHOENIX CONTACT AG NR. 1886 S

; mPHCENIX
: CONTACT

PHOENIX CONTACT AG
Zrcherstrasse 22

8317 Tagelswangen, Switzerland
www. phoenixcontact.ch

Observatoire de Genave
l.abo Electronique
Ghemin des Maillettes 51
Sauverny

1290 Versoix

Accusé réception ordre 205159 Tagelswangen, 16.09.2011

Ordre 1 205159 Numéro de client : 691040
Votre commande ! 18365 Notre référence ; Carmen De Villa
Euler/Coralie Tel, direct : 052 354 55 39
Votre référence 1 Gregory Lambert TVA Reg.-No. ! 2D5363
Date ordre : 16.09.2011 Cond. de livraison : départ usine
Mode d'exp. : Priority bis 15h30 No, fax 1 022 379 22 05
Cond., de paiement : 30 jours net
FPos Article Désignation Quantiteé Un. Prix Un. Rabais Net
10 2280310 DFLK-D25 S5UB/S 1 pe 77.25 /1 net 77.25
Modules de transmission passifs avec connecteurs m
Date d'exp.: 22.09,2011 (Désir: 19.09.2011)
20 2280323 DFLK-D25 SUB/B 1 pc 79.25 /1 net 79.25
Modules de transmission passifs avec connecteurs m
Date d'exp.: 22.09.2011 (Désir: 19.09.2011)
30 2280336 DFLK-D37 SUB/S 1 pc 93.30 /1 net 93.30
Modules de transmission passifs avec connecteurs m
Date d'exp.: 22.09.2011 (Désir: 19.08.2011)
40 2280349 DFLK-D37 SUB/B 1 pe 95.60 /1 net 95,60
Modules de transmission passifs aveec connecteurs m
Date d'exp.: 22.09.2011 (Désir: 19.09.2011)
Porto 18.00

Frais de port et d'emballage

I1 n'y a rien de plus simple:

En ligne et vingt-quatre heures sur vingt-gquatre: consultez vos prix et vos

rabais, déterminez lss

disponibilités, sélectionnez les produits, génerez les offres et passez des commandes:

http://eshop.phoe

ixcontact.ch

Report 363.40

Telefon ++41 (0)52 354 55 66, Fax ++41 (0)52 354 56 99, WEEE-Reg.Nr. DE 50738265
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g PHGENIX

CONTACT

PHOENIX CONTACT AG
Zurcherstrasse 22

8317 Tagelawangen, Switzerland
www. phoenixcontact.ch

Accusé réception ordre 205159 Page 2
Pos Article Désignation Quantité Un. Prix Un. Rabais Net
Report 363.40

Nous vous accordons une compensation moneétaire de 12% sur CHF. De nouvelles adaptatlons nous restent
réservées. Les prestations de services ainsi que les frais de port ne sont pas CONCErnes,

Valeur nette Compens., monétaire 12% Frais Sous-total TVA 8,0 % Total CHF
345.40 -41,45 18.00 321.95 25.76 347.70

Nos conditions de paiement, de vente et de livraison générales actuelles sont en vigueur.

Telefon ++41 (0)52 354 55 b5, Fax ++41 (0)52 354 56 99, WEEE-Req.Nr. DE 50738265






Volland AG, CH-8153 Rimlang

Telefon D44 817 97 97, Fax 044 817 97 00, volland.ch

offre

No. de document
notre référence
mode d sxpé&dition

No.
fax
votre demands

votre référence

client/tel.

¢ours du jour

V0-329968

O_U'v

126285
Antonelle Caruso
courrier DPED

002601/022 379 22 Q0
022 379 22 05

16.09.11

Grégory Lambert

Mail

Observatoire de Genéve
Université de Genéve
Ch. des Maillettes 51
1290 Versoix

\'ﬂ‘ OE'p"Q dowxf .c,[e“spum 3 ch--ww:L(

Euroc 1.1296
=}

Les suppl®ments n fonction du cours du mois de

la commande.
8153 Rumlang

16.09.2011 pags 1
Cette offre est valable jusgu au 17.10.2011
pos No. d'article quantité prix Prozent total délai
deseription d'article CHF CHF
Monsieur Lambert
Nous vous remercions de votrs demande =t nous permettons de vous
soumettre lL'offre suivante
10 0101123702 50.0 m 629.00 20.0% 251.80
Volltron-Li¥Cy 37x 0,25mm2
Supplément cuivre sur 14.80kg 65.03 32.52
568.23 284.12 -
20 0101122102 50.0 m 344 .00 20.0% 137.60
Velltron-LiY¥CY 21x 0, 25mm2
Supplément cuivre sur 9.30kg 40.87 20.44
316.07 158.04
30 01011240Q2 50.0 m 704.00 20.0% 281.60
Volltron-LiYCY 40x 0, 25mm2
Supplément cuivrs sur 15.70kg 68.99 34.50
632.19 316.10
40 0101122702 50.0 m 482.00 20.0% 184.80
Volltron-Li¥CY 27x 0, 25mm2

. " 5 { = . % e i . Zl—m
On a [JQA(,;-W CLQ 3—} i,( ,&ff —0 Onaq Connecleur ?/\G{ﬂ\k 13_} QL

=D COenma nd\& C‘/‘?\B[‘QS 3:\' ﬁf ‘ZS- ol Qr,?,.)ﬁ

U Zoos/T00 B 9Y QNVTIOA ECLBLTISFRTFOO0 YVA TF:9T TT0Z 60/9T






Volland AG, CH-8153 Riimlang

Telefon 044 817 97 87, Fax 044 817 97 00, volland.ch

offre  V0-329968

Observatoire de Genéve

No. de document 126285
No. client 1002601 16.09.2011 page 2
pos No. d'article gquantité prix Prozent total délai
description d'article CHF CHF
Supplément cuivre sur  12.60kg 5537 27.69
424.97 212.49
Délai de livraison
- En stock & Riimlang Pos. 10, 20 et 40
- Pos 30 environ 1 =emain apres votre commande
- Saufl vents intermfdiaire
*************w****x****Twwwi****w**w*wwr*rt************
I,
. X7, —
: 7 : » S0n E;+‘i Q'prz = (:81+./f2 )
t“\x_!prﬁf LN . ' !
- ~L ~ 00—
f;QLﬂ.EiS X 0123 -
N 14 863 <
totzal des positions 870.75
Rabais monétaire 11.06 % %4 .63-
total intermédiaire 876.12
8.0% TVA de 875.12 (No. 233 491) 70.09
total CHF TVA incluse
08.0% MWST. 946.21 CHF
livraison: j. 499.- 15.- ; J- 9%8.- 25.- Nous serions heureux d'effectuer

5
1999.- 35.- / franco & part pour vous cette commande.
et
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Volland AG
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@ PFLITSCH"

blueglobe® - Kunststoff
blueglobe® — plastic

Polyamid, mit M-Gewinde gem. EN 60 423
Schutzart IP 68, bis 15 bar iiber den gesamten Dichtbereich
Grundlage fiir technische Angaben: EN 50 262

Polyamide, metric connection thread as per EN 60 423
Type of protection IP 68, up to 15 bar over the whole sealing range
Base for technical data: EN 50 262

= Zur Erreichung des Anzugsmomentes muss geeignetes Werkzeug (Steck-
I schliissel Seite 384) verwendet werden
Proper tools { socket wrench page 384 ) must be used to reach required tightening

torques
Abb. 1 Abb. 2
Fig. 1 Fig. 2
Verschraubungskérper Dichteinsatze
Gland body Sealing inserts
Werkstoff Temperaturbereich min./max Farbe Bestellschliissel Werkstoff Farbe
Material  Temperature range min./max. Colour Art.-No. supplement Material Colour
PA -20°C/+120°C grau (RAL 7035) - TPE blau (RAL 5012)
PA =20 °C/ +120 °C grey (RAL 7035) = TPE blue (RAL 5012)
schwarz (RAL9011) n
black (RAL 9011) n
max.-min.@ Anschlussgewinde/-linge  Artikel-Nummer Dichtbereich Dichthereich Schliisselweite
—_— Connection threadllength Art.-No. Sealing range Sealing range Spanner width
T ohne Inlet
ul e e1gdnzen H i
Pliate Rpiimoin: Gach o without infet
A D grawgrey == max./min. & max./min. o C SW, X E; -
mm schwarzfblack =1 mm mm mm mm o
M12x1,5 8 bg 212PA 7.5- 2.0 75- 50 24 17x18,9 50
M16x1,5 9 bg 216PA 11,0~ 4,0 11,0- 7,0 29 20x22,2 50
M20x1,5 9 bg 220PA 14,0- 50 14,0- 9,0 33 24x26,5 50
M25x1,5 9 bg 225PA 20,0-11,0 20,0~ 16,0 35 30x33 50
M32x1,5 1 bg 232PA 25,0-15,0 25,0-20,0 35 36x39,5 25
M40x1,5 12 bg 240PA 32,0-20,0 32,0-26,0 37 45x48 10
ABb, 3 - mitnlet M50x1,5 15 bg 250PA 42,0-31,0 42,0-35,0 46 57x61 5
Fig. 3 - with infet M63x1,5 15 bg 263PA 54,0-41,0 54,0 - 46,0 49 70x75 5
Anschlussgewinde-Variante 15mm
Connection thread variant 15mm
= blueglobe erfiillt und ibertrifft Anschlussgewinde/-l&nge  Artikel-Nummer Dichtbereich Dichtbereich Schllsselweite
‘ teilweise, gemaB PFLITSCH Connection threadllength Art.-No. Sealing range Sealing range Spanner width
Priiflabor, alle Prifkriterien ohne Inlet
der EN 50 262. Ausfiihrung bitte erganzen without infet
biueglobe reacheslexceeds partly Please supplement execution
the test requirements of EN 50 262, A D grawgrey == max./min. @ max./min. e C SW, x Ey .
as per Pfiitsch laboratory. mm schwarziblack =n mm mm mm  mm L
M16x1,5 15 bg 816PA 11,0- 4,0 11,0- 7.0 29 20x22,2 50
M20x1,5 15 bg 820PA 14,0- 50 14,0- 9,0 33 24x26,5 50
M25x1,5 15 bg 825PA 20,0-11,0 20,0-16,0 35 30x33 50
M32x1,5 15 bg 832PA 25,0-15,0 25,0-20,0 35 36x39,5 25
M40x1,5 15 bg 840PA 32,0-20,0 32,0-26,0 37 45x48 10
& :
H Anzugsmomente fiir Druckschraube s. Seite 402,
C U S l Tightening torques for pressure screw see page 402,
File No.: E216848 750.
‘ € i Rickhaltevermbgen
§00-— ' Retention
i Zugentiastung A
550-— Wl Strain relief A
] fastung B
I P6 9 K S P
4504— 2 UL
* 400+— " El!::ii%'lumb:&ldh:rsnl
B blueglobe® brass
& N 350+—  (static with tast mandrel)
e— o e
250 » ?ﬂﬁ?ﬁf‘rmmu
siehe technischer Anhang o
see technical attachment
*nur in Verbindung mit HNBR-oder 150
TPE-Dichtring (s. 5. 370) separat bestellen. -
*only in combination with HNBR-or
TPE-flat-ring (Page 370) order separate. 50
[

Durchmesser
48 - blueglobesblueglobe Diameter
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Polzahl
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‘Hohe e
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Umgebungstemperatur (Betneb)

“ Umgebungstemperatur (Lagemngﬂ' ransport)

Prufspannung
Elnbaulage

| .NormenlBestlmm ungen o

Anschlussdaten

Aeohlies 1 -
Anschluss gemars Norm o
“Ansohlussar't -

. Lelterquerschnltt starr min '
Lelterquerschnltt starr max -
.Lelterquerschnltt ﬂeXIbeI min -

. Le;terquerschnltt ﬂembel max .

“ Lelte{querschn[tt AWG/kemil min o

kLelterquerschnltt AWG;'kcmll max
kAblsollerIange

| Schraubengewmde -
Anschluss 2 -
.Anschlussart
Poizahl

Approbationen

@

Approbationen

29 mm p—

.834mm ‘

“Neln
. ”4556'
. 20°C..70°C
e HZ mm). o
'benemg o
| IEC 60664

" DINEN 50178
IEC 62103

IEC/EN

 4mm?
0.2 mm2
.; o

steckbar
26

GOST

.49 - -

Pr|ntanschluss

Schraubanschluss

,.,.0 ) mmz "

M3
Flachbandkabel Steckverblnder gemaB IEC 60603 13
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Zubehér_
Avrtikel Bezeichnung Beschreibung
Kabel/Leiter
2299385  FLK26/EZ-DR/50/KONFEK  Konfektioniertes Rundkabel, mit zwei 26-poligen Federleisten (1:1
Verbindung) Kabellange 0,5m
2299398 - FLK 26/EZ-DR/ 100/KONFEK Konfektlomertes Rundkabel mit zwei 26 pollgen Fededelsten (1 1
{ Verblndung) Kabellange Tm
2299408 - FLK26/EZ-DR/ 150/KONFEK Konfektlomertes Rundkabe! m|t zwei 26—po||gen Fedenelsten (1l
; Verbmdung) Kabellange 15m
2299424 FLK 26/EZ-DR/ 300/KONFEK Konfekhonlertes Rundkabel mlt zwei 26 pollgen Feder1e|sten (1
Verbmdung) Kabellange 3m
2299437 FLK 26/EZ-DR/ 400/KONFEK Konfektlomertes Rundkabel mltzwel 26 pollgen Fedeﬁelsten (‘I 1
& Verbmdung) Kabetiange 4m
2299440 " FLK 26/EZ-DR/ 600/KONFEK Konfekhomertes Rundkabel mltzwe| 26—pollgen Fededelsten (1 1
Verbmdung) Kabe]lange 6m
2299453 . FLK 26/EZ-DR/ 800/KONFEK Konfekttomertes Rundkabel m|tZWe| 26—pol|gen Federle;sten (‘l 1
: Verbmdung) Kabellange Bm
2299466 ~ FLK 26/EZ-DR/1 000/KONFEK Konfektlonlertes Rundkabel m|tz.wel 26—pollgen Fedeﬁelsten (1 1
Verbindung) Kabellange 10m
2295059 - FLKEZ-DR.../...1... i Rundkabel m|t Konfekhonlerung, mchtgeschwmt Kabellange
: variabel
~ Zeichnungen
Mafzeichnung
N' 1]
5y
=
ol e
A8
PHOENIX CONTACT Deutschland GmbH Seite 3/5

hitp:/imww.phoenixcontact.de 15.09.2011



DFLK 26 Artikelnummer: 2280255
http://feshop.phoenixcontact.de/phoenix/treeViewClick.do?UID=2280255

i

PHOENIX CONTACT Deutschland GmbH Seite 4 /5
http://www.phoenixcontact.de 15.09.2011



DFLK 26 Artikelnummer: 2280255
http://eshop .phoenixcontact.de/phoenix/treeViewClick.do?U1D=2280255

_ Adresse
PHOENIX CONTACT Deutschland GmbH pHGle
Flachsmarktstr. 8 CONTACT

32825 Blomberg, Germany
Tel +49 5235 3 12000

Fax +49 5235 3 1200
http://mww.phoenixcontact.de

© 2011 Phoenix Contact
Technische Anderungen vorbehalten

PHOENIX CONTACT Deutschland GmbH
http://mww.phoenixcontact.de

Seite 5/5
15.09.2011






DFLK 40

Artikelnummer: 2280271

http://eshop.phoenixcontact.de/phoenix/treeViewClick.do?UID=228027 1

PHCENIX
CONTACT

Auszug aus dem Online-
Katalog

Durchfiihrungs-VARIOFACE, zur direkten Ankopplung einzelner
Signalleitungen bis 2,5 mm? an Flachbandkabel-Steckverbinder,

Polzahl 40
Produkthinweise
T WEEE/RoHS konform seit:
_Kaufmanmsche Da’ten - o 08.05.2007
GTIN (EAN) || |||l|| ||||||||||||||| IH ||||
7918
\/emaufsgrﬁp'pe o1
e TN
" Zolltartf 85369010 http: //download.phoenixcontact.de

Katalogseitenangabe

TechnischeDaten

Allgemelne Daten

Nennspannung UN P .

Max. Strombelastbarkeit je Zweig

© Seite 305 (IF2011)

'<50'VA'C‘ se—"
60VDC
1A

Bitte beachten Sie, dass die

hier angegebenen Daten dem

Online-Katalog entnommen sind.
Die vollstandigen Informationen
und Daten entnehmen Sie bitte

. der Anwenderdokumentation.

Es gelten die Allgemeinen
Nutzungsbedingungen fir Internet-
Downloads.

PHOENIX CONTACT Deutschland GmbH
http:/imwww.phoenixcontact.de

Seite 1/5
15.09.2011




DFLK 40 Artikelnummer: 2280271
http://eshop .phoenixcontact.de/phoenix/treeViewClick.do?UID=2280271

ool
“ Brelte
. Hohe
Tiefe
Statusanzeige
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. Normen/Bestimmuhgéh N

Anschlussdaten
‘.Anschluss,']
 Anschluss ge Qemarz, Norm S
.A”SChlussaﬁ
| Leﬁerquerschmtt starr mn

“ Le|terquerschn|tt starr max

‘Le|terquerschn|tt ﬂeX|beI min

| Le|terquerschn|tt flexibel max

Le|terquerschmtt AWGfkcmll min

..Lelterquersmmtt AWlecm” o R

Ablsollerlange
.Schraubengewmde
Anschluss2

.Anzah! derAnscthsse .
.‘Anschlussar‘t ' |
 Polzahl

Approbationen

(&

Approbationen

40

39 mm

1 49 mm

Neln
P0°C..45°C
..:20 o s 7000

| 500V (50 Hz ‘Imln)
. 4beI|eblg ‘
~ IEC 60664
e
e

'Prlntanschluss .
IEC / EN

Schraubanschluss

02mm2

e
C02mm?
S
e

" Flachbandkabel-Steckverbinder, gemaf IEC 60603-13

1
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~ Zubehsr
Avrtikel

Kabel/Leiter
2288985

2088998

2289007

2289010

2289023

2289036

2289049

2089052

2299589

2299602

2295059

Bezeichnung

FLK 40/EZ-DR/ 50/KONFEK
* FLK 40/EZ-DR/ 100/KONFEK
'FLK 40/EZ-DR/ 150/KONFEK
'FLK 40/EZ-DR/ 200/KONFEK
' FLK 40/EZ-DR/ 250/KONFEK
© FLK 40/EZ-DR/ 300/KONFEK

" FLK 40/EZ-DR/ 350/KONFEK

 FLK 40/EZ-DR/ 600/KONFEK

 FLK 40/EZ-DR/ 800/KONFEK

FLKEZDR./.J...

Beschreibung

' Konfékﬁo“hi.értes Run.dkabel, .fn.i‘t zwei.40-po.lig.ér.1 “Fédeﬁéféfen. (1. : 1 |

Verbindung), u.a verwendbar fir Siemens SIMATIC® S5-95U und
100U (32 x digital INIOUT) Kabellange O 5m

Konfektlonlertes Rundkabei mit zwei 40 pohgen Federleisten (1:1
Verbindung), u.a. verwendbar fir Siemens SIMATIC® $5-95U
und 100U (32 xd|g|tal IN/OUT) Kabel]ange 1m

| Konfektlonlertes Rundkabel m|tzwe| 40 pollgen Federleisten (1:1
- Verbindung), u.a. verwendbar fur Siemens SIMATIC® S5-95U

und 100U (32 x dlgltal IN/OUT) Kabellange 1,5m

K Konfeknomertes Rundkabel m|t zwei 40—pollgen Fedenelsten (1 ‘I

Verbindung), u.a. verwendbar flr Siemens SIMATIC® S5-95U

und 100U (32 x digital IN/OUT), Kabellange 2m

Konfekhomertes Rundkabel mit zwei 40- pollgen Fededelsten (1 1 |

. Verbindung), u.a. verwendbar fiir Siemens SIMATIC® S5-95U

und 100U (32 X dlgital IN/OUT) Kabellange 25m

. Konfektlonlertes Rundkabel m|t zwei 40- pollgen Fededelsten (1 1 ‘
- Verbindung), u.a. verwendbar fir Siemens SIMATIC® $5-95U
- und 100U (32 X d|g|tal IN/OUT) Kabeliange 3m

i Konfektlomertes Rundkabel mltzwe| 40 pollgen Fedede;sten (1 1
. Verbindung), u.a. verwendbar flr Siemens SIMATIC® $5-95U
- und 100U (32 X dlgltal INIOUT) Kabellange 35m

FLK 40/EZ-DR/ 400/KONFEK

Konfektionler’tes Rundkabel mlt zwei 4D—pol|gen Federlelsten (1 ‘I ‘
Verbindung), u.a. verwendbar flr Siemens SIMATIC® $5-95U

: und 100U (32 x d|g|tal IN."OUT) Kabellange 4m

.Konfeknon;ertes Rundkabel m|tzwe| 40—pollgen Fecieﬁelsten (1 1
. Verbindung), u.a. verwendbar flr Siemens SIMATIC® $5-95U

und 100U (32 x digital IN/OUT) Kabe!lange 6m

Konfekhomertes Rundkabel mlt zwei 40- pohgen Fededasten (1 1
Verbindung), u.a. verwendbar fir Siemens SIMATIC® S5-95U

- und 100U (32 x dlgltal INIOUT) Kabel[ange 8 m
FLK 40/EZ-DR/MO00/KONFEK

Konfektlomertes Rundkabel mit zwei 40 pollgen Fedede sten (1 1
Verbindung), u.a. verwendbar fur Siemens SIMATIC® $5-95U

- und 100U (32 X digital IN/OUT) Kabellange 10m

”Rundkabel m|t Konfektlonierung nicht geschirmt, Kabellange '
variabel
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Astron. Astrophys. Suppl. Ser. 119, 373-390 (1996)

ELODIE: A spectrograph for accurate radial velocity measurements

A. Baranne!, D. Queloz?, M. Mayor?, G. Adrianzyk®, G. Knispel®, D. Kohler®, D. Lacroix®, J.-P. Meunier?,
G. Rimbaud® and A. Vin® '

! Observatoire de Marseille, 2 Place Le Verrier, F-13248 Marseille, France
2 Observatoire de Genéve, CH-1290 Sauverny, Switzerland
3 QObservatoire de Haute—Provence, F-04870 Saint Michel I'Observatoire, France

Received September 28, 1995; accepted February 15, 1996

Abstract. — The fibre—fed echelle spectrograph of Observatoire de Haute-Provence, ELODIE, is presented. This
instrument has been in operation since the end of 1993 on the 1.93 m telescope. ELODIE is designed as an updated
version of the cross—correlation spectrometer CORAVEL, to perform very accurate radial velocity measurements
such as needed in the search, by Doppler shift, for brown-dwarfs or giant planets orbiting around nearby stars. In
one single exposure a spectrum at a resolution of 42000 (A/A)) ranging from 3906 A to 6811 A is recorded on a
1024x1024 CCD. This performance is achieved by using a tané = 4 echelle grating and a combination of a prism
and a grism as cross—disperser. An automatic on-line data treatment reduces all the ELODIE echelle spectra and
computes cross—correlation functions. The instrument design and the data reduction algorithms are described in this
paper. The efficiency and accuracy of the instrument and its long term instrumental stability allow us to measure
radial velocities with an accuracy better than 15 ms™! for stars up to 9th magnitude in less than 30 minutes exposure
time. Observations of 16th magnitude stars are also possible to measure velocities at about 1kms™! accuracy. For
classic spectroscopic studies (S/N>>100) 9th magnitude stars can be observed in one hour exposure time.

Key words: instrumentation: spectrographs — methods: data analysis — techniques: spectroscopic — radial velocities

1. Introduction

ELODIE is the new fibre—fed echelle spectrograph of
the 1.93 m—telescope of Observatoire de Haute~Provence
(OHP), France. It was put into operation at the end of
1993. This instrument has been designed for three differ-
ent observing objectives:

— high resolution spectroscopy of relatively bright stars.

— cross-correlation spectroscopy to provide accurate ra-
dial velocity measurements.

— accelerometry, this spectrograph being part of the ac-
celerometer proposed by Connes (1985).

These targets have imposed different constraints on
the definition of the spectrograph, but constraints com-
ing from accurate Doppler measurements have been the
strongest ones. ELODIE has been designed from the be-
ginning as an updated version of the cross—correlation
spectrometer CORAVEL (Baranne et al. 1977, 1979). New
CCDs of large dimensions and low read—out-noise opened
the possibility of replacing the optical correlation between
the spectrum and a physical template by a numerical cor-
relation between a CCD spectrum and a “software tem-
plate”. Numerical correlation of high resolution spectra

Send offprint requests to: D. Queloz

with CORAVEL-like templates has proven its efficiency,
particulary for low signal-to—noise spectra (Dubath et al.
1990; Queloz et al. 1995a; Pont et al. 1995a). The use
of such “binary” templates is not optimal in terms of
signal analysis. However, the extreme ease of designing
templates, selecting only some spectral lines for a spe-
cific problem and the extremely smooth (quasi—perfect
Gaussian shape) cross—correlation functions computed is
80 important an advantage that we have maintained this
approach for ELODIE.

The efficiency of cross-correlation spectroscopy for
radial velocity measurements of late—spectral-type stars
(Griffin 1967; Baranne et al. 1979) is well established, but
the experience gained with the two CORAVEL since 1977,
at the OHP and La Silla Observatories, has shown the
limitations of this technique when using a slit spectro-
graph and a physical template. In particular, the instru-
mental accuracy is limited to some 200ms~! (Duquen-
noy & Mayor 1991a). This considerably limits the possi-
bility of searching for giant planets or brown dwarfs or-
biting around stars. This important limitation is mainly
due to errors introduced by the variable illumination of
the entrance slit (guiding, focus, variable optical axis of
the telescope and calibration lamp, etc.). See Griffin &

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System
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Griffin (1973) for a discussion of classical difficulties af-
fecting radial velocity measurements. The fixed geometry
of the CORAVEL template, being calculated for a well de-
fined air-refractive index, also produces wavelength shifts
which are not fully compensated by the zero-point shift
determined by the calibration lamp.

The- difficulties related to the fixed geometry of the
mask used in the optical cross—correlation technique are
fully removed with the numerical correlation. Another ad-
vantage of the numerical cross—correlation is the possi-
bility of building different templates adapted to different
spectral types or measurement goals (see below). An im-
portant gain is also expected in the limiting magnitude
due to the much better quantum efficiency of the CCD
compared to a photomultiplier, and also by avoiding the
sequential scanning needed to build the cross—correlation
function in CORAVEL~type instruments. In fact, the loss
of efficiency due to the scanning is about a factor ten (the
ratio between the scanning span and the width of the en-
trance slit). However, some loss of efficiency is expected
from the much larger noise per pixel of the CCD compared
to the noise of a single photo—electric detector.

Instruments specialized in precise Doppler shift mea-
surements, in operation for more than a decade, reach ac-
curacies of about 20 ms™! (Campbell & Walker 1979;
Cochran 1988; Cochran & Hatzes 1990; McMillan et al.
1990; Marcy et al. 1993; Murdoch et al. 1993). Most of
these instruments include an absorption cell in front of the
spectrograph (HF or iodine cell) to superimpose absorp-
tion lines on the stellar spectrum. That solution prevents
errors caused by different optical paths crossed by the stel-
lar beam and the calibration lamp beam. But, with these
instruments, only bright stars have been monitored due
to the very high signal-to-noise ratio required for high
precision Doppler measurements. As a result, only limited
samples of stars in the solar vicinity have been measured
and no detection of Jupiter-size planets has been reported
(Marcy & Butler 1994; Walker et al. 1995).

The option chosen for ELODIE does not make use of
an absorption cell in front of the spectrograph. The prob-
lem of the illumination of the entrance slit and collimator
is almost completely eliminated by using an optical fibre
to feed the spectrograph (Heacox 1986). This also allows
us the design of a fixed position spectrograph in an isother-
mal environment. The condition of identical path for star
and calibration is also provided by the high stability and
the scrambling effect of the optical fibre. However, long
term thermal relaxation of the spectrograph as well as air
pressure variations induce non negligible drifts in the spec-
trograph. An accuracy of a few meters per second is only
possible if a simultaneous calibration is done. ELODIE
has two fibres (one for the star, the other for the sky).
Tests and measurements carried out during the first year
of operation have revealed that the relative drift between
the sky spectrum and the star spectrum is highly corre-

lated. Therefore, we use the sky fibre illuminated by the
thorium-argon lamp during the stellar exposure to moni-
tor the spectrograph calibration variation. The results re-
ported in the last section of this paper indicate that a sim-
ilar accuracy to that of the absorption cell instruments is
achieved. To increase the long term stability of ELODIE,
a fixed optical system has been chosen,which certainly in-
troduces some limitations for spectroscopy. However, the
available wavelength range is wide (~ 3000 A). It allows
the simultaneous measurement of calcium H and K lines
and of the hydrogen H, line.

While ELODIE has been carefully designed to be able
to provide accurate radial velocities on a long time span
(Jupiter—size planets and brown dwarf searches) as well as
on very short time (asteroseismology), it is also true that
this instrument is perfectly suited to the measurement of
fairly accurate radial velocities (1 kms™!) of very faint
stars. Such a domain of application is certainly promis-
ing. Cross—correlation spectroscopy also offers an efficient
way of measuring rotational velocities of late—spectral type
stars (Benz & Mayor 1981, 1984) and the stellar metallic-
ities of faint stars (Mayor 1980, Pont et al. 1995b). But
more can be extracted from spectra if specific templates
are designed by using one’s a priori knowledge of stel-
lar spectra, a field for future developments with any high
resolution echelle spectrograph. For example, the compari-
son of cross—correlation functions computed with the same
spectrum but using different sets of spectral lines of in-
creasing Landé factors can reveal some information on the
surface magnetic field of stars (Babel et al. 1995; Queloz
et al. 1996).

A crucial aspect of optical cross—correlation instru-
ments is their capacity to provide instant measurements
of radial velocity. An important software development has
been done to preserve this aspect and to provide a com-
plete on-line reduction of the CCD frames, giving access
to the calibrated spectrum and its radial velocity a few
minutes after the end of the exposure. The main features
of the software are described in this paper.

ELODIE is an Haute—Provence Observatory instru-
ment designed and built in the context of a collabora-
tion between the Haute-Provence, Marseille and Geneva
Observatories. A second copy of this spectrograph, called
CORALIE, will be located on the new 1.2-meter telescope
to be installed at la Silla Observatory (ESO, Chile) by the
Geneva Observatory.

A general description of the instrument is presented
in the next section. The main features of the reduction
software are outlined in Sect. 3. Section 4 is dedicated to
the first results and the performances of the instrument.
ELODIE as part of the accelerometer instrument designed
by Connes (1985), being still under development, is not
described here.
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2. Instrument design
2.1. Principle of the “white pupil” mounting

In an astronomical spectrograph the camera aperture di-
ameter is larger than the disperser size and increases ac-
cording to the field size. Thus, it is quite impossible to
have a high aperture ratio for the camera if a large and
very dispersive grating is used.

On the contrary, this limitation does not exist in the
“white pupil” mountings: the disperser is re-imaged on the
camera and monochromatic beams intersect each other in
the new pupil which has to be superimposed on the cam-
era entrance. The magnification between these two pupils
(disperser and camera) is a free parameter which has to
be chosen in accordance with the camera’s optical prop-
erties, but the camera size is independent of the disperser
size.

In all previously described “white pupil” mountings a
more or less complex dioptric system (i.e. a double—pass
Littrow collimator) gives, when a reflexion grating is used,
a first intermediate spectrum in the vicinity of the slit.
In this intermediate space, transfer optics which provide
“white pupil” conjugation can either be used as simple
field optics, which doesn’t change the Littrow aperture, or
as a second collimator for another (cross) disperser need-
ing parallel light illumination.

The absence of constraints in the choice of transfer
optics leads to a large variety of mountings which share
some useful properties:

1. The use of a Littrow system for the reflexion grating
is particularly interesting since the angular dispersion
is larger. Let us recall here that, for a ruled reflex-
ion grating, the efficiency varies with the cosine ratio
of incident and diffraction angles when the mounting
deviates from the Littrow conditions.

. There is no vignetting in the spectrograph.

3. For a given aperture image, playing with pupil magni-
fication allows the designer to limit field aberrations to
the detriment of aperture aberrations and vice—versa
(field angle varies with camera size).

vl

2.2. Optical layout

The echelle-grating used has a tanf = 4 (6 = 76°) blaze
angle. It is a very impressive optical component (408x
102 mm with 31gmm™") produced by Milton Roy. Us-
ing a Tk1024 CCD with 24 pm pixels as detector we
record, in one single exposure, a spectrum from 3906 A to
6811 A distributed over 67 orders. The focal length of the
camera is adjusted to avoid any gap in this range and to
record all the wavelengths even in the extreme red orders.
This leads to a focal length of 300 mm, an aperture ratio
f/3 and a reciprocal linear dispersion of 2 A/mm in the
middle of the range (4800 A).

The spectrograph is made up of two levels. Used in the
Littrow condition but in conic dispersion the echelle grat-

ing is put at the common focus of both adjacent mirrors
M1 and M2 (see Fig. 1 for a display). It forms the pupil of
this Czerny-Turner mounting which constitutes the first
level of the spectrograph. An intermediate spectrum is ob-
served in a position symmetrical to the source with respect
to the grating. This first spectrum is itself constituted by
all the overlapping orders which will be disentangled in
the second level.

With a fibre—fed spectrograph, the collimator focal ra-
tio is a free parameter (in go far as adequate transfer op-
tical systems make numerical aperture between fibre and
collimator fitted together, see below). We chose f/15 in or-
der to prevent off-axis effects. The intermediate spectrum
lies in a telecentric space. It appears rectilinear in the
sagittal focal surface which is plane. The spherical aber-
ration is negligible due to the small aperture angle, and
there is no coma thanks to the Z Czerny—Turner mount-
ing. In fact, the only aberration we observe is the same
astigmatism for all wavelengths coming from the off-axis
illumination of M1 and M2,

A small mirror near the intermediate spectrum sends
back the monochromatic beams towards a third concave
mirror M3 adjacent to the Czerny-Turner mirrors. This
third mirror is a new collimator for all these beams which,
after the mirror and at its focus, forms a “white pupil” in
parallel light. This pupil is the white image of the echelle-
grating (diameter 102mm) but reduced to a diameter of
75mm, which is more than enough to obtain a good cor-
rection of aberrations. It is worth noticing that the Z-
mounting between pupils also reduces the pupilar coma.

The dispersion crossing is done by a pair of dispersers,
the first being a prism, the second a grism (one deals with
the subject as it is currently done for chromatism). All
beams cross first a 40° flint prism, then an 8°63 crown
grism with 150 gmm . Both dispersers work at minimum
deviation. Note that, if the separation of the orders were
done only by a prism, we would notice more space between .
blue orders than between red ones. If, on the contrary, the
separation were done by a grism, more space would be
observed between the red orders. Combining these two
effects, we obtain a constant inter—order spacing over the
whole wavelength range, and we record 67 orders on our
1024x1024 CCD (see Fig. 2).

2.2.1. Camera

From the above, one might think that the only aberration
which will be observed at the focus of a camera computed
for infinity would be off~axis astigmatism. In fact, being
the same for all image points, this astigmatism is corrected
by an appropriate toroidal deformation on the optical sur-

- face very close to the pupil. In ELODIE the object field

is very small, and it is therefore easy to make this defor-
mation on the first mirror M1. The camera has therefore
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Fig. 1. Optical layout and perspective view of ELODIE

been computed for an aberration—free field at infinity. Its
aperture is f/3 with a diameter of 75 mm®.

The small cylinder effect observed in the field, due to
the crossing of prisms, is corrected by adjusting the sec-
ondary chromatism in the camera. The ELODIE poten-

1The camera’s real focal length of 225 mm has to be taken into
account in calculating the cross—dispersion, but the pupil mag-
nification affects the calculation of the main dispersion since
(as we have seen above) the equivalent focal length is 300 mm.

——Grism
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tial resolution is about 100000 (see the spot—diagrams in
Fig. 3).

Note that a removable rocking parallel plate
(UBK7/20mm) is installed inside the camera in order to
move the image without degrading the optical quality of
ELODIE. This equipment is part of the accelerometry in-
strument of Connes.
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Fig. 2. ELODIE echelle spectrum of a hot star recorded on the
CCD Tk1024. 67 orders are usable, starting with the 156th or-
der and ending with the 90th (ranging from 3906 A to 6811
A). Note that the orders are clearly separated and that the in-
ter—order spacing is remarkably constant over the whole wave-
length range

2.2.2. Parasitic orders and filters

As we have seen, with a single 1024x1024 CCD, a 3000
A wavelength range is recorded at one time with a max-
imum resolution of 100000. The optical system required
to obtain this result is rather complex and has numerous
surfaces. The difficulties which this entails must be solved
with care.

The first difficulty is a standard problem. The trans-
mission has to be best within the useful wavelength range
and reduced as much as possible outside this band. This
passband function is obtained by a combination of extra—
low reflection coatings on the glasses and special dielectric
mirrors. :

The second difficulty is unusual and more tricky to
handle. The cross—dispersion is obtained by two compo-
nents: the prism and the grism, whose effects are added.
The first order of the grism is used, but wavelengths in this
order are already widely dispersed by the prism, as well as
the wavelengths in orders 0 and 2. Thus, on the blue part
of the CCD appear red wavelengths, while on the red side
of the echelle spectrum, the blue wavelengths of order 2 are
visible. The rejection of the unwanted orders of the cross—
disperser is done by a filter with two coatings inserted in
front of the CCD. The first filter, a short—wavelength pass
filter, is located on the blue side of the echelle spectrum
and the second, a long—wavelength pass filter, is located on

ELODIE FOCAL PLANE
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Fig. 3. ELODIE spot-diagrams

the red side. These two additional filters are not adjacent,
because the central part of the spectrum is not polluted.
As the CCD is much more sensitive in the red, a short—
wavelength pass filter is also added at the entrance of the
spectrograph. This filter, combined with the dielectric mir-
rors, increases the efficiency of the short—wavelength pass
filter (only below 7000 A). It is worth adding that the two
sides of these filters, as well as the other diopters of the
spectrograph, are also coated with an extra—low reflection
coating.

The transmission of the whole useful wavelength range
is not particularly influenced by these additional filters.
The filters are also located far enough from the CCD to
avoid any photometric effect at the limit of the coated
areas. However the location of the long—wavelength pass
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coating does not match perfectly all the area contami-
nated by the wavelengths of the order 2. Therefore a slight
blue contamination remains in the middle of the CCD (see
Fig. 11 below)

2.3. Front—end adaptation to the telescope

An adaptor, located at the f/15 Cassegrain focus, and two
optical fibres provide the optical link between the tele-
scope and the spectrograph, which is kept in an isolated
room. The front—-end adaptor is composed of many mech-
anisms. It holds the calibration lamps, does the correction
for atmospheric differential refraction and allows the stel-
lar field visualization and the guiding (see Fig. 4).

2.3.1. Stellar field visualization and guiding

A tilted steel concave mirror pierced with two holes of
300 pum diameter (2 arcsec on the sky) allows the fibres
to be fed and, at the same time, the image of the field
to be reflected onto the guiding camera. These holes are
hereafter called: star—hole and sky-hole.

A shutter in front of the camera and a density wheel
are also available to protect the guiding camera during
the setting of the telescope and the calibration exposures.
The automatic guiding is done on the video image.

2.3.2. Calibration exposures

The beam coming from the calibration sources is split so
as to obtain two distinct optical paths keeping the same
pupil. This optical design is highly diffuseless and allows
short exposure times. It also prevents the scattered light
of the calibration lamp from reaching the guiding camera
and the star-hole during a simultaneous exposure on a
star (simultaneous thorium).

Several types of calibration are provided by the adap-
tor, (see also Table 1 for a summary of all the combina-
tions):

1. Illumination by the tungsten lamp to locate the po-
sition of the orders and to measure the flat—field. In
order to have a good signal over the whole wavelength
range, a color corrector filter is inserted to transform
the tungsten spectrum, mostly red, into a rather flat
spectrum. The fibre mask makes the selection of the
hole to be illuminated, in order to locate independently
each spectrum.

2. Mlumination by the thorium-argon lamp to calibrate
the spectra in wavelength.

3. NNlumination of the sky-hole by the thorium-argon
lamp during a stellar exposure. This observing mode
is dedicated to high precision radial velocity measure-
ments. During such exposures, the calibration beam is
attenuated according to the exposure duration, in or-
der to get a total illumination by the thorium-argon
lamp independent of the exposure time.

4. In the use of ELODIE as part of the accelerometry
experiment, the fibres have to be illuminated with the
light from a Fabry—Perot interferometer instead of the
thorium—argon lamp. In this case, the light from an ex-
ternal Fabry—Perot is carried to the front—end adaptor
by means of a third fibre.

Table 1. List of all possible exposure combinations using the
calibration lamps

calibration type star—hole sky-hole
1 tungsten tungsten
2 thorium-argon thorium—argon
3 star thorium—argon
4 ; Fabry-Perot Fabry-Perot
4 star Fabry—Perot
4 thorium-argon  Fabry-Perot

2.3.3. Atmospheric differential refraction correctors

This system limits as much as possible the loss of star light
by the differential atmospheric refraction at the entrance
of the fibre. In term of performances such a system is less
demanding than would be, for instance, a speckle image
system. However, it must not reduce the size of the field
for the setting. :

The atmospheric dispersion correction is done with a
set of four normal field prisms and a parallel plate. As
the coma coming from the use of the convergent beam

- before the Cassegrain focus of the telescope is negligible,

this solution is very convenient and provides good trans-
mission. The choice of the prism set is done so that the
secondary spectrum never exceeds 0.3 arcsec in length up
to a sec z = 2 telescope position.

2.4. Optical fibre link

We use POLYMICRO fibres FHP, 20 meters long, with
a diameter of 100 pm (Avila 1988). Our choice is to form
the star image and not the pupil on the fibre entrance.
Note that it would be interesting to compare the quality
of both solutions in term of efficiency and radial velocity
accuracy. The beam apertures are converted to f/5 with a
transfer optic to feed the fibres and then brought back to
f/15 at the spectrograph entrance. In the end, at the focus
of the f/3 camera lens, the geometrical spot diameter is
60 pm. Therefore the effective resolution of ELODIE is
about 40000.

The main difficulty in the fibre mounting comes from
the optic cable SMA connectors. The final quality remains
strongly dependent on the overall assembly. We have de-
signed a device to control the conservation of the input-
output numerical aperture of fibres. The method consists
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Fig. 4. Optical layout of the calibration system in the front end adaptor: 1) tungsten lamp and diffuser, 2) hollow cathode
thorium lamp, 3) colour corrector filter. 4) static. beam—splitter, 5) relay achromat, 6) mirrors for beam angular splitting, 7)
removal mirror and beam splitting (part of the accelerometry experiment), 8) optical fibre of the Fabry-Perot light (part of
the accelerometry experiment), 9) circular wedge 10) pupil, 11) achromat (to put the pupil at infinity), 12) calibration mirror,
13) fibre mask, 14) concave mirror with 2 holes, 15) spectrometer linking fibres and aperture converter, 16) aperture converter
optics and rhomboid prisms (to bring the beams closer to the focus of the collimator)

in illuminating the entrance of the fibre with a beam of
fixed aperture (here f/4.5) and to analyse the flux at the
end of the fibre through a diaphragm of variable aperture.
In Fig. 5 we see that it is possible to obtain a final trans-
mission close to the optimum, limited only by the loss in
the glass and the air—glass interface.

2.5. Exposure meter

An exposure meter records continuously the flux which en-
ters the spectrograph. This information is very helpful in
selecting the optimum observing time. Furthermore, this
allows us to compute the true mean time of the exposures,

which is critical for accurate correction for the Earth’s ve-

locity. Note that the variation of the radial projection of
the Earth’s motion on the line of sight, at OHP, can be as
large as 1.5 ms~! min~".

The exposure meter is fed by the light out of the ef-
ficient beam, as near as possible to the blaze. A spheri-
cal mirror (aperture f/1) located on the normal side of
the grating and a bundle of optical fibres lead the light
to a photomultiplier outside the spectrometer. We have
measured that 3% of the light entering the spectrometer
reaches the photomultiplier. It is worth noting that we

tried another method consisting in collecting the light of

low and grazing orders but only collected 0.3% of the in-
coming flux.

2.6. Detector

A back-side illuminated Tk1024 with 24 pm pixels is used.
It is cooled to 183 K. Particular attention is given to the
temperature regulation in order to insure good stability. -
At this temperature, using a slow read out (100 ps/pixel),
we measure a typical read-out noise of 8.5e~. The CCD
quality is typical of a grade 1 and its linear response is
excellent up to 100000e~. Four gains are available: 4, 2,
0.8 and 0.4 e~ /ADU.

2.7. Instrument control
Five computers are used to control the instrument:

— a workstation to control the observations.

— a workstation reserved for the on-line reduction.

-~ a PC to control the specific electronic interface, which
carries the opto—electronic isolation and the signal
adaptation, to control the different motions and to dis-
play the status.

— a CCD controller
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Fig. 5. Transmission of the fibres for various output apertures.
The entrance beam has a fixed aperture of f/4.5. The dotted
lines represent the incoming flux. The filled and empty dots
indicate the flux coming out at respectively A = 5461 A and
A =4047A ' :

— an HP1000 computer to control the telescope and to
give its position.

All these computers are connected via an Ethernet net-
work. They communicate using the client—server protocol.

The use of ELODIE is fully automatic, no manual ac-
tion is needed to configure the spectrograph and carry out
the observations. A specific user interface is used by the
observer to start the exposures. All the actions are then
automatically carry out up to the end of the data reduc-
tion. The “pipeline” includes the exposure configuration,
the exposure itself, the data acquisition and the reduction.
The stellar exposures are defined by their exposure times
but, thanks to the exposure meter, a signal-to—noise ratio
to be achieved can also be requested.

The sequence of exposures is treated simultaneously, as
a stack, along the pipeline in order to spare as much time
as possible. The maximum stack available by the system
is the following: an exposure in the reduction program; an
exposure waiting for reduction; the exposure in progress
and an exposure defined, ready to be started.

3. Data reduction

The use of fibres to feed the spectrograph makes the po-
sition and the shape of the orders stable on the CCD and
independent of the seeing. Therefore, it is possible to de-
fine an optimum data reduction procedure and to apply
this treatment algorithm, in an automatic way, for all the
spectra observed. Such a program, specifically adapted to
the instrument, provides a set of homogeneous spectra
and saves the observer the labour of reducing the echelle
spectra.

An automatic on-line data treatment, completely in-
tegrated in the spectrograph operation train, is available
with ELODIE. The images are reduced directly after the
exposures. Considering the quality of the algorithms used,
the ELODIE reduction must not be seen as a quick look
facility but as an extension of the spectrograph abilities,
providing reduced data instead of “classical” CCD raw
images.

The work itself is done with an interpreter, dedicated
to the fast treatment of astronomical images (Weber 1996,
in preparation). A set of specific algorithms has been de-
veloped in this environment to reduce echelle spectra.

3.1. Overview of the reduction procedure

All the images coming from the spectrograph are saved
on a disk for security purposes. The classical treatment of
CCD frames is then carried out: correction of bad pixels,
offset and dark current subtraction. Note that, as the off-
set and the dark are not constant over the CCD, averages
of 64x64 pixels are used, for both images, instead of a
single average value.

The determination of the position of the orders is
achieved by illuminating the fibre entrances with the tung-
sten lamp. The geometrical definition of the sky orders
and star orders are carried out in two distinct exposures.
From these images, the orders are geometrically charac-
terized and the blaze function and the flat—field spectrum
are also computed.

The wavelength calibration is done with the thorium
lamp. After the extraction of the orders, the thorium emis-
sion lines are identified on the spectrum and the wave-
length geometry is fitted using a two—dimensional poly-
nomial expansion of the Littrow approximation for the
echelle grating solution. The quality of the solution is fi-
nally controlled by computing the cross—correlation func-
tion of the thorium spectrum. The focus of the spectro-
graph is also checked during this operation.

A “true” flat—field image with widened orders is avail-
able with ELODIE. The width of the orders is artificially
increased by changing the position of the image of the fibre
entrance in the spectrograph. This image, called flat-field
image?, gives after some treatment the relative response of
the pixels in the direction perpendicular to the dispersion
(Y -direction) for each order and at each resolution bin
along the main dispersion (X—pixels). The response of the
pixels along the main dispersion is given by the flat-field
spectrum. It is computed from the extracted spectrum of a
tungsten exposure (not broadened) previously divided by
the flat-field image (before the extraction). For all the stel-
lar exposures, the flat—field correction is then made in two
steps: first dividing the image by the flai—field image and
then the extracted spectrum by the flat—field spectrum.

%not to be confused with the flat-field spectrum.
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Fig. 6. Small part of the raw image for the three different types of stellar exposure available. a) “star fibre only”, b) star fibre
and sky fibre simultaneously illuminated (here by the tungsten lamp), ¢) “simultaneous thorium”: star on the star hole and the

sky hole simultaneously illuminated by the thorium lamp

Note that this correction in two steps is not necessary for
spectra with S/N < 300.

- Three stellar exposure types are available (see Fig. 6):
(1) “star fibre only”: the fibre mask is set on the sky-hole;
(2) “star fibre and sky fibre”: the fibre mask is out of

the telescope beam in order to measure the sky spectrum

as well; (3) “simultaneous thorium”: during the exposure,
the thorium lamp illuminates the sky fibre to monitor the
spectrograph drift.

The observations of relatively bright stars, requiring
careful spectroscopic reduction, is done with “star fibre
only” exposures. The inter—order spacing is large enough
accurately to estimate the background contamination and
to correct for it. In the case of faint objects, which can be
significantly contaminated by the skylight, a “star fibre
and sky fibre” exposure is to be preferred. For such an
image however, as the orders are too close, no background
subtraction is possible. For both exposure types, the or-
ders are then extracted and wavelength calibrated using
the last thorium exposure carried out.

For the simultaneous thorium exposure, the thorium

spectrum is extracted, calibrated with the last thorium
exposure and then cross—correlated. The wavelength so-
lutions of each way (sky and star) are independent but

_ their drifts are similar (see part 4.1). Therefore, the ve-

locity shift of the sky spectrum corresponds to the mea-
surement of the mean spectrograph drift relative to the
last wavelength calibration. As for the “star fibre and sky
fibre” exposure there is no background subtraction.

For all the exposure types, the observer has the possi-
bility of computing cross—correlation functions. The algo-
rithm uses “binary” templates and mimics the CORAVEL
process (e.g. Baranne et al. 1979; Queloz 1995b).

Fig. 7. Display of the location of the orders found by the
program (white points), in the four corners of the image: a)
top left, b) top right, ¢) bottom left, d) bottom right. Note
that the display of the position of the orders is here sampled by
the CCD. Obviously the position is known to a better accuracy
than the pixel size

'3.2. Geometrical definition of the orders

The geometrical definition of the orders starts with the
search for the order location in the middle of the im-
age along a column (in the Y-direction). Then, the al-
gorithm computes the centre of gravity y. of each or-
der at every z position, moving step by step from the
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Fig. 8. Profiles of the orders for a localization image (black
squares) compared to the fitted Gaussian shape for various
positions on the image. The profiles from a) to ¢) correspond to
the 152nd order for the X—position 79,487 and 946 respectively.
The profiles d) to f) are for the 124th order and g) to i) for
the 94th order

centre to the edges of the image. Finally, a two dimen-
sional polynomial is fitted to constrain the order location:
ye(0,x) = ¥; ; @i 5 0 27, where o is the order number (in-
ternal numbering) and z the pixel position. To get a good
solution out to the edges of the image, a high signal-to—
noise ratio spectrum is used and the image background is
carefully subtracted. In Fig. 7, the position of the orders
found by the algorithm, in the four corners of the image,
is displayed.

The shape of the orders perpendicular to the dispersion
(spatial profile) is approximated by a Gaussian. To fit this
shape throughout the image, a set of 2-dimensional func-
tions G ;(z,y) (called herein after elongated Gaussians)
is used:

2
Gi;(z,y) = Ai; exp (—O.SLQL—%—?Q-) . (1)
¥
Each of these functions is fitted over a range of 30 X-
pixels with the width () and the amplitude (A) as free
parameters. The previous determination of the position of
orders (y.(xz,0)) is used. The measured o; ; are then fitted
with a two—dimensional polynomial to give a continuous
description o(z, 0) of the width of the orders throughout
the image. This algorithm provides a good description of
the spatial profile, independent of the order position. The
use of elongated Gaussians in the X direction instead of
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Fig. 9. o0;; measured by the fit of a set of elongated
two—dimensional Gaussians (points): left for X=640 along all
the orders. Right for the central order (124th) along the direc-
tion of the main dispersion. The lines are the fitted polynomials
o(z,0). The noise around the fitted function is mainly due to
the sampling noise

several Gaussians strongly decreases the pixel sampling
noise and increases the quality of the measurement. This
is particularly important for ELODIE which has narrow

- and very slightly tilted orders. Figure 8 displays the com-

parison between the observed profile and the fitted model.
One clearly sees that a Gaussian shape is a good approxi-
mation to the spatial profile for a fibre—fed spectrograph.

The comparison between the true profile and its ad-
justment gives a good estimate of the error in the position
of the orders found by the program. As the centre is not
a free parameter during the fit of the elongated Gaussian,
any mismatch would have a direct consequence on the
quality of the fit. After some investigations we concluded
than if any systematic error greater than 1/10 pixel were
present it would be clearly visible.

The variation of the width of the orders across the
image, displayed in Fig. 9, shows that the focus perpen-
dicular to the main dispersion is sharper in the red part
than in the blue part of the image and that there is a
slight effect along each order. The dispersion around the
fitted polynomial is mainly due to the sampling effect, par-
ticularly at the centre of the image where the orders are
almost flat. It is worth noticing that the ELODIE orders
are particularly narrow, 90% of the energy being spread
over 3 pixels.

3.3. Background contamination

The background emission can be split into two compo-
nents: a local one due to the inter—order scattering, pro-
portional to the flux in the adjacent orders, and a diffuse
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Fig. 10. a) S/N distribution across the orders for a tung-

sten spectrum at the location X=500 (solid line) and X=200
(dotted line). b) the flux ratio (in percent) between the in-
ter—order “spectrum” (or background “spectrum”) and the
tungsten spectrum. In the red part, the background level is
proportional to the flux in the order which is a characteristic
of a local background contamination. The rise of the relative
background level in the blue part of the spectrum, mirror im-
age of the flux distribution, is a feature of a high contamination
by the diffuse component .

one, proportional to the overall flux level on the image.
Thus the level of the background contamination in each
order is proportional to the flux in the order itself but
also depends on the ratio between the flux in the order
and the level of the overall illlumination. In Fig. 10 this
two—component effect is clearly visible.

In “star fibre only” exposures, the order separation is
large enough to estimate the background emission from
the measurement of the flux in the inter-orders. The typ-
ical error in the background measurement, using a two di-
mensional polynomial fit, is about 5% (see Fig. 11). Tak-
ing into account the background level (Fig. 10) we then
conclude that, after subtraction, the remaining uncor-
rected background is lower than 0.5% of the flux in the
order for the great majority of the orders.

3.4. Extraction of the orders

The extraction of the orders is carried out using an op-
timal extraction algorithm with a cosmic-ray hit elimi-
nation based on the Horn (1986) algorithm. The spatial
profile, previously measured, is used to determine the ex-
traction zone, to compute the weight of each pixel and
to detect and correct the pixels hit by cosmic rays. The
extraction algorithm can be split into 9 stages:

1. The numerical extraction slit is defined as a multiple of
the o of the spatial profile. ELODIE uses a numerical
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Fig. 11. Top cross orders tracing at X=500 of a localiza-
tion exposure superimposed with the polynomial fit of the
background. We notice around Y=500 a little bump due
to the contamination by some uncorrected blue wavelength
coming from the second order of the cross—disperser. Bot-
tom difference between the fit and the background level
Af[/f = (fimage — fat)/ fae- The typical error in the background
measurements is below 5%

slit of 30 leading to the extraction of 99.7% of the
flux spread over the orders.

2. A first estimate of the extracted spectra E? is com-
puted: E) = 37 I, by y M, ,, where b, is the real
fraction of the pixel to extract, I, , the flux in the pixel
z,y and M, , the mask for the cosmic ray hits (at the
beginning M = 1, Vz,y).

3. The expected profile p;, is computed and sampled
in “real” pixels. The following normalization is then
enforced Po,y = pz,y/ 3, Poy Mo,y

4. The variance image is computed: V, , = P, , E? 4 02,
where ¢ is the read-out noise of the CCD per pixel.

5. The spectrum is extracted using the optimal extraction
equation of Horn:

_‘ Zy Mz y Py boy Ly V::_,;}

E;
Ey P:L?,‘y Vm—ﬁ}

2

6. A Search for any cosmic ray hit is done using the Horn
criterion: (bz,y Io,y — Bz Pey)? > 03, Ve,y With oip =
4.5 and a parameter X, to take into account any
error in the profile modelling:

bn:,y Iz.y —E; Pm,'y
br.y Iz.y + Eq Pw,y

% (3)
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When both conditions are true, the cosmic ray is de-
tected.

X max is defined for 4 parameters: (1) . (in pixel) to
describe a centering error, (2) & for the error in the
width of the spatial profile, as a fraction of o, (3)
€, to take into account any uncorrected background
level, as a fraction of the amplitude of the profile and
(4) €. to take into account any uncorrected relative
variation of pixel sensitivity. It is worth noting that
without the addition of such criteria to the “classical”
Horn technique, the algorithm would not work on high
signal-to—noise spectra without using unrealistic ogip
values. The definition of the spatial profile is never
good enough to be used on high signal-to-noise ra-
tio spectra. Using a Gaussian profile, the maximal X
values are computed for each parameter:

exp (—Ayo~%e) — 1

Xmox(ec) = exp (—Ayo—2e;) + 1’ )
exp (—.5Ay%02 = -1
Xmax(Ea) = p( ) Fea ) (5)
exp (—.5Ay%0=2) 72 +1
I
Xmax(en) = , (6)
= 1+ 25,:1 exp (—.5%%3)
Xmax(ea) = Ealzw (7)

where Ay represents the distance (in pixels) from the
profile centre and ¢ the standard deviation of the
Gaussian profile in pixels. In the reduction, the follow-
ing values are used: £, = 0.3 pixels, g, = 3%, e, = 4%
and &, = 10%. :

7. When the algorithm detects a cosmic ray hit at the
position z;,y; it sets My, ,, = 0 and goes back to point
(2). This loop is iterated until there is no more cosmic
ray detection. The rejection scheme only permits to
reject one pixel per iteration. If more than one cosmic
ray is detected during one loop, only the pixel with
the highest difference compared to the expected value
is considered as a hit.

8. The value of hit pixels is estimated and corrected using
the remaining information from the “good pixels” and
the spatial profile shape.

9. The final extraction is carried out using the algorithm
described in point (5) (M; 4 = 1,Vz,y)

A slight mismatch between the true spatial profile and
the model has no significant influence on the flux extracted
by the weighted algorithm. A global vertical shift of about
0.2 pixels or a error of 5% in the width of the spatial
profile adds a “noise” of less than 0.2% in the extracted
flux (see in Fig. 12). This effect is negligible in our case.
The systematic errors in the measurement of the width,
the location of the orders and the maximal variation of
the order positions during the night are lower than these
values.

0.2

-0.2 I~ -~

AL/E (%)

0.2 -

-0.2

Fig. 12. Simulation of the variation of the extracted flux for
various simulated mismatches between the model and the true
geometry for the 117th order (A f/ f=(ftrue — fmismatch)/ firue)-
Upper figure the order are vertically shifted of 0.2 pixels.
Lower figure the width of the spatial profile is increase by
5%

The basic format of the extracted spectra is two—
dimensional images, call herein after 2-D spectra. This
data structure keeps the original pixel identity along the
direction of main dispersion as well as the order number.
The wavelength solution is described with polynomial co-
efficients and stored in the image descriptors. Such a data
format offers the possibility of keeping the information on
the location of each spectrum bin on the CCD and there-
fore the original sampling.

3.5. Flat—field correction

To correct for the relative pixel sensitivity variation of
the CCD, the flat—field exposure must ideally illuminate
uniformly the order profile (along the spatial profile). Un-
fortunately, with a fibre—fed spectrograph, this operation
is not feasible because the width of the order is always
constrained by the fibre diameter. The standard flat-field
correction for these spectrographs is to build a flat-field
spectrum and then to divide each order of the star spec-
trum by the corresponding order of the flat—field spectrum
(e.g. Hall 1994). However this procedure is not formally
correct: 35, Iny/ 2o, Fry # 2oy (Iz,y/Fz,y) and produces
a slight loss of accuracy. It is worth noticing that, if the
position and the spatial profile of the orders P remains
identical during the exposures of the star and the flat—
field spectrum, then F, y = Pr - Fy and I; y = Ppy - L.
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Fig. 13. Top Cross orders tracing at X=500 of a flat—field ez-
posure, superimposed with a localization exposure for compar-
ison. Bottom displays the same crosscut of a flat-field image
(corrected from the non-uniform illumination and normalized)

Therefore, the inequality becomes an equality and the
standard flat—field correction is correct. However, this con-
dition is never strictly met despite the high stability of the
orders due to the use of fibres.

ELODIE is able to increase the width of the orders by
moving the fibre entrance in the spectrograph. Therefore,

using the tungsten lamp, we can define a true flat—field

erposure. However, the illumination created by the fibre
movement is not uniform along the profile (see Fig. 13).
To correct for this, the spatial profile of the flat—field,
for every resolution bin is normalized and fitted on the
extraction domain (in the Y direction) by a second or-
der polynomial. As we expect a global and smooth vari-
ation of illumination throughout the image, the varia-
tion of the coefficients of the second-order polynomials
are also constrained by a two-dimensional polynomial:

- e(2,0) = T, 5 @ik 07, where ¢y is the k** coefficient

of the second-order polynomials, z the X—pixel position
and o the order number. Finally, the normalized flat—field
image is divided by the fitted model. In the remainder
of this paper, we will consider the flat-field image as the
normalised and corrected one.

The correction for the flat—field is split into two op-
erations. First, the image is divided by the flat-field im-
age to correct the relative pixel sensitivity along the spa-
tial profile. Secondly, the 2-D spectrum is divided by the
flat-field spectrumn, to correct the “extracted pixel”. This
two—step process permits a formally correct flat—field cor-
rection and also provides the possibility of using other

2-D spectra to correct the flat—field in the X—direction (a
spectro—photometric star, for example). This flexibility is
important for an observational system with an automatic
reduction procedure where the observer is no longer sup-
posed to work with the raw images. Note that the use
of a flat-fleld image is optional. If there is no flat-field
image, only the “standard flat—field correction” is carried
out. In particular, for spectra with S/N < 300 the stability
of ELODIE is so good that it is not worth using the flat-
field image. Using the standard flat-field correction, with
the flat-field spectrum alone, is enough to have a good
flat—field correction.

The flat-field spectrum is measured with a localization
exposure and reduced in the same way as an astronomi-
cal image (offset, flat-fielded with the flat—field image — if
exists—, background corrected). Every order is then fitted
by a polynomial to model the blaze response and any re-
maining low frequency component. The flat-field spectrum
is finally computed by dividing the localization spectrum
by this model.

3.6. Wavelength calibration

The wavelength calibration is carried out with the tho-
rium spectrum. The algorithm searches, in the extracted
spectrum, for a sample of unblended and relatively strong
lines selected from the atlas of Palmer & Engleman (1983).
A Gaussian is then fitted to each detected line to find
its position, and a two-dimensional polynomial is used
to constrain the global wavelength solution. Finally, the
difference between the fit and the location of the lines
is computed. The lines with deviations greater than 2.75
times the rms are rejected. This last step is iterated until
there is no more rejection. Usually the convergence occurs
after about 10 steps and 10% of the lines of the initial
sample are rejected. The polynomial used is an expan-
sion of the grating equation for small deviation angles:
mA = P(z,m), where m is the order number and z the
pixel position along the direction of the main dispersion.
The quality of the calibration is finally checked by cross—
correlating the calibrated spectrum with a thorium tem-
plate built from the atlas. Every thorium lamp exposure
produces a new wavelength calibration which is valid until
the exposure of the next one.

The degree of the polynomial is 3 and 5 respectively
for the z and m space. The final solution uses typically
1100 lines and the rms between the fit and the location of
the lines is always around 0.002 A (about 120 m s™1).

To estimate the accuracy of the wavelength calibra-
tion, we have computed the cross—correlation function of
each order alone for 15 thorium spectra measured over two
nights. Within each order, the thorium spectrum has only
about 30 lines usable for the cross—correlation. Therefore
their radial velocity is not strictly zero because of line mis-
matching and sampling effects. Nevertheless, the velocity
offset of each order must be the same for all the thorium
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Fig. 14. Dispersion of the radial velocity in each order of a
thorium spectrum, computed with 15 spectra measured over
2 days. Across most of the spectrum the typical accuracy per
order is about 20ms™?

- spectra and the velocity dispersion around this value gives

the typical wavelength calibration uncertainty for each or-
der. We measure about 20ms~! (see Fig. 14) typical accu-
racy per order and estimate the global uncertainty in the
radial velocity due to the wavelength calibration alone at

about 3ms™! (/Y o2/ > 1).

3.7. Computation of the cross—correlation function

The computation algorithm for the cross—correlation func-
tion (CCF) is very much like the optical cross—correlation
process used by CORAVEL (Baranne et al. 1979; Queloz
1995b). The template spectrum is made of box-shaped
emission lines of equal amplitude and plays the role of the
real spatial filter of the CORAVEL mask. 7

The CCF is computed from a wavelength calibrated
2-D spectrum. For stellar spectra, only the orders hav-
ing an average signal-to-noise (S/N) ratio greater than
0.15 are used. Monte—Carlo simulations have shown that
below this value the orders add noise to the CCF. The

value of the Earth barycentric velocity towards the star is -

taken into account to constrain the wavelength domain of
each order so as to keep the wavelength range used in the
CCF calculation independent of the period of measure-
ment. From the wavelength limits of each order and the
velocity range to compute, the algorithm selects, for each
order, the lines which will always be in the wavelength
domain during the scan. The CCF C(v) is computed step
by step for each velocity point without either rebinning or
merging the orders:

Cv) = Z ZPL:.O(U) Se,0 (8)
I =,

where f; , is the value of the 2-D spectrum for the order
o at the pixel location x and p; ;. is the fraction of the [th
line of the template which falls into the pixel (z,0) at the
velocity v. The CCF is then normalized and brought to
the solar system barycentric reference frame using the al-
gorithm of Stumpff (1980). Finally, a Gaussian, or a dou-
ble Gaussian in case of SB2 spectra, can be fit by the
observer.

A systematic study have been carried out in order to
avoid any error in the correction of the Earth’s motion due
to the algorithm itself. In particular we have compared
the results from the Stumpff algorithm with those from
the Bretagnon & Francou (1988) algorithm and also with
those from a third independent program kindly provided
by F. Chollet (private communication). In all cases the
velocity difference was below 1ms™!.

Two standard templates or masks are available. They
have been built following the Baranne et al. (1979) tech-
nique, using Bell & Gustafsson synthetic spectra of an
FOV and KOIII star.

Many Monte—Carlo simulations with ELODIE spectra
were carried out to investigate the error in the parameters
of the CCF fitted by Gaussians due to photon noise and
CCD read—out noise. With the help of the Eq. (10) of
Queloz (1995b) a similar expression has been computed
and calibrated specifically for ELODIE. The uncertainty
in the radial velocity and the width of the CCF due to the
photon noise is:

_C(Teg) (1+0.2w)
) =pgN T 3

(kms™), (9)

ep(FWHM) = 2.355 - £,(v;) (kms™?), (10)
where C(T.g) is a constant which depends on the spec-
tral type of the star and on the mask used, w the (noise-
less) FWHM (in kms™!) of the CCF, D its (noiseless)
relative depth and S/N the mean signal-to-noise ratio.
The C(Tex) parameter has been computed from Monte—
Carlo simulations for both standard masks using ELODIE
spectra of G, K and M dwarfs (Table 2). The parame-
ter C(Teq)/D is inversely proportional to the relative effi-
ciency of each masgk. It is clear from Table 2 that the best
efficiency is reached when the spectrum is matched by the
template (F mask for a F star, etc.).

In the case of a “star fibre and sky fibre” exposure,
the CCF of the star is automatically corrected for the sky
CCF (due to the moon light). The sky CCF is computed
using the same wavelength limits and the same template
spectrum as for the star CCF. If a Gaussian can be reason-
ably fitted to the sky CCF, the fit is subtracted from the
CCF of the star (see Fig. 15); otherwise, only the mean
level of the sky—CCF is used.
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Table 2. Value of the C(T.s) constant of Eq. (9). The
C(Ter)/ D parameter is a inverse measurement of the mask
efficiency

star Tes C(Teq) C(Tew)/D

F mask K mask F mask K mask
4000 0.09 0.050 0.45 0.29
5000 0.08 0.040 0.30 0.27
6000 0.07 0.045 0.29 0.37
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Fig. 15. a) CCF of a faint star contaminated by the CCF
of the solar spectrum (indicated by an arrow). b) Same CCF
after the subtraction of the CCF of the sky. The line is the
Gaussian fit

4. Performances

‘We measure, with the thorium emission lines, a sampling
per resolution element (FWHM) of 2.25 + 0.2 (pixels) in
the blue and 2.140.2 (pixels) in the red. After wavelength
calibration, the width of the lines (FWHM) is 7.4 kms™!
in the blue and 7.0 kms™! in the red corresponding to
an average resolution power of 42000. Figure 16 displays a
part of the ELODIE spectrum of the GOV star HD109358.

During good quality nights, in one hour exposure time,
a S/N of 100 per pixel.at A = 5600 A can be achieved for
a star of my = 9.75. This corresponds to a global trans-
mission of 1.3%. Taking into account 60% transmission
for the atmosphere and the telescope, 65% for the CCD
and 1.5" seeing, this corresponds to 4.2% efficiency for
ELODIE alone.
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Fig. 16. Part of the spectrum of the GOV star HD109358
(centre of the 117th order)

The relative sensitivity of ELODIE displayed in Fig. 17
indicates a severe loss of efficiency in the blue part of the
spectrum. This effect is partly due to the CCD response
but is, in our case, strengthened by the blaze response of
the grism, which has its maximum efficiency at 5500 A and
therefore has a poor performance in the blue domain.

Relative efficiency

1 it etacaiiis 1 1 ' 1
4000 4500 5000 65500 8000 8500

A (R)

Fig. 17. Relative efficiency of ELODIE to 5600 A, over the
whole wavelength range, computed from the observation of the
spectro-photometric OV star HD93521. The squares represents
the relative quantum efficiency of the CCD

The evaluation of the spectroscopic quality of ELODIE
spectra was made by comparison of the observed equiva-
lent widths in the solar spectrum with the values of the
Moore (1966) atlas. Using a spectrum of a minor planet
(Vesta) and a set of 221 isolated lines, the following regres-
sion was measured: Wy (Moore) = 0.975 - W) (ELODIE) +

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System



.373B

S119

1996A&AS.

388 A. Baranne et al.: ELODIE: A spectrograph for accurate radial velocity measurements

0.6 (mA) (see Fig. 18). The small value of the zero point
(0.6 mA) indicates that only a little background contami-
nation remains in this spectrum. The slope is not equal to
unity, but a similar result is obtained for the MUSICOS
echelle spectrograph (Baudrand & Béme 1992) in spite of
the use of a more sophisticated background modelling.
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Fig. 18. Comparison between the ELODIE equivalent widths
and the Moore (1966) results for the solar spectrum. The line
represents Wy (Moore) = Wi (ELODIE)

The stability of the spectrograph in wavelength dur-
ing the night depends on many parameters. The strongest
variability (AV; ~ 300 ms™!) occurs during the filling of
the dewar but, after 45 minutes, the effects of this strong
thermal shock vanish. During the night, ELODIE is little
dependent on the temperature because its thermal inertia
is high enough and also because the spectrograph room
is thermostated. The main remaining influence is the at-
mospheric pressure that changes the air refractive index
and shifts the zero of the calibration (100 m s~ mmHg™1).
There is also a small flexure effect due to the dewar un-
loading which moves the orders in the direction perpen-
dicular to the main dispersion. The orders are vertically
shifted by about 0.1 pixels during the night and the effect
seen on the wavelength calibration is about 50ms™*.

4.1. Towards higher accuracy in radial velocity

A monitoring of the wavelength variation is compulsory
to achieve radial velocity measurements with an accuracy
better than 50ms~!. Such measurements are done using
the sky-hole illuminated by the thorium lamp during stel-
lar exposures. The wavelength solutions of each optical
path (star and sky) are independent, but series of tests
have shown that their variations are strongly correlated.
Therefore, the sky—way can be used to monitor the wave-
length calibration shift of the star—way.
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Fig. 19. a) histogram of the velocity shifts between the
two way (sky fibre — star fibre). The line is a Gaussian
with ¢ = 23ms™!. Note that a correction is done to
suppress a slight mismatch between the two optical paths:
AVi(sky) = AV, (star) —.04AV;(star) +0.6 (AV} is the velocity
variation of the spectrograph in units of m s=!). b) histogram
of the variation of the spectrograph monitor by the star-way
during the measurements

During 2 nights, 40 thorium exposures were carried
out. In order to simulate the worst experimental situation,
we also made a serie of thermal shocks in the spectrograph
room (AT ~1degree). Under such conditions, the velocity
variations due to the calibration shift between 2 successive
exposures sometimes reached 150 m s—!. However, despite
the strong variability of the spectrograph during this ex-
periment, we observe that the velocity variations between
both optical paths (star and sky) are very small. Using the
first exposure of the series as a wavelength calibration for
each way, the velocity differences between the ways, for
each successive exposure, exhibit only a 2.5ms™! stan-
dard deviation (see Fig. 19). Note that a small velocity
correction is taken into account to correct a slight mis-
match between the two optical paths. Finally, by adding
the uncertainty in the wavelength calibration of the first
exposure, we conclude that ELODIE is able to provide an
accuracy of about 4ms~! with this technique.

The investigation of the short—term radial velocity
measurement accuracy has been carried out with the
bright star HD109358 (GOV). Successively, during 3 hours,
13 stellar exposures (simultaneous thorium type), of 7
minutes each, were obtained. The individual velocities
show a standard deviation of 641 m s~!. As the signal-to-
noise ratio of each spectrum is high enough (S/N > 150)
to neglect the photon—-noise errors, this corresponds to
the short—term radial velocity instrumental uncertainty of
ELODIE. However, to search for planets or brown dwarfs
by Doppler shift, the individual radial velocity accuracy
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Table 3. Summary of the ELODIE instrumental characteristics

Instrumental parameter

measured value

Typical resolution power
Pixel sampling per FWHM

Usable wavelength domain (blaze response > 50%)

Number of orders

Typical vertical width of the orders (90% of the energy)

CCD read-out noise

Overall transmission at 5600A (maximum of the blaze)
Internal precision of the wavelength calibration

Observed instrumental velocity error

42'000

1.9-2.45

3906-6811 A

67

3 pixels

8.5e”

1.3%

3ms™' (20ms™" per order).
13ms™! (long term)

over the long term is a more crucial parameter. Ideally,
the long term accuracy should be close to the short term
accuracy, but this is usually not the case because of long
term instabilities of the spectrograph and of the shift of
the lines of the star over the detector during the year.

To measure accurately and with objectivity the value
of the long term radial velocity accuracy of ELODIE, we
have used all the radial velocities measured since April
1994 as a part of the sub-stellar companion search pro-
gram (Mayor et al. 1996). For a set of stars with constant
velocities, we expect the P(x?) distribution to be flat.
Thus, the value of the instrumental error can be tuned up
to meet this statistical property (Duquennoy et al. 1991b).
Using 106 stars of the sample, measured at least twice, we
find, using this technique, an instrumental uncertainty of

13ms~!. This result is excellent by comparison with the

performances achieved by other groups (see Kiirster et al.
1994).

The instrumental long term radial velocity uncertainty
is significatively larger than the short term accuracy. How-
ever, note that for ELODIE a velocity shift of 12ms~1, at
CCD scale, corresponds to 1/300 of the pixel size. Jorden
et al. (1994) show that at this scale the CCD is strongly
non-uniform and each pixel has an intrinsic uncertainty
on its true centre of gravity. Considering 4000 lines spread
over 5 pixels and an uncertainty of 1/4 pixel in the loca-
tion of each pixel, with simple statistics, we find an error in
the average location of 0.25/+/4000- 5 = 1/600 pixel cor-
responding to 6 ms~!, The addition of this uncertainty to
the short term accuracy computed above shows that part
of the long term accuracy is certainly due to this effect.
The use of a CCD with smaller size pixels could be an
easy way to improve the long term accuracy.

5. Summary

We have described ELODIE, the new spectrograph of the
Haute-Provence Observatory, a fibre—fed echelle spectro-
graph with a fixed optical system, designed to provide
accurate radial velocity measurements. The main disper-

sion is done by a tan@ = 4 echelle-grating and the cross—
dispersion by the combination of a prism and a grism.
This special optical mounting allows us to record in one
single exposure a wavelength domain ranging from 3906
A'to 6811 A with a resolution of 42000 on a relatively
small CCD (1024x1024). An automatic data reduction
program, integrated into the spectrograph data flow, re-
duces all images directly after the exposure. The software
also includes the computation of cross—correlation func-
tions. This very original ability proves to be very useful to
interact rapidly with the observations (in particularly for
the search for small velocity variations). It also saves the
observer the labour of reducing echelle spectra. A sum-
mary of the instrumental characteristics of ELODIE is
presented in Table 3.

The efficiency of ELODIE allows us to observe stars
of 9th-magnitude class for spectroscopic works. During
good nights, observations of 16th-magnitude stars are
also possible to measure for example the radial velocity
at 1 kms™! precision by cross—correlation. We clearly
see that the potential research field of this instrument is
very wide, e.g.: stellar atmosphere physics (pulsating stars,
abundances studies), Galactic studies (velocity, metallic-
ity, Teg), study of clusters, pre-MS stars (membership,
binarity, rotation) and binary star studies.

The long term radial velocity instrumental uncertainty
of ELODIE is 13 ms~!. This indicates that our technique
of simultaneously monitoring the spectrograph by using
a second fibre, illuminated by a thorium-argon lamp, is
able to provide similar performances to that of absorp-
tion cell instruments. With its wide wavelength range and
its relatively good transmission, ELODIE can measure the
velocity of a solar type star of 9th magnitude, with 5ms—!
photon error, in less than 30 minutes. It is then possible
to monitor a large number of stars, using a reasonable
amount of telescope time. ELODIE is a suitable instru-
ment for hunting Jupiter size planet around nearby stars®

3 After submission of this paper, the first jovian planet orbiting
a solar—type star has been discovered with the spectrograph
ELODIE (Mayor & Queloz 1995).
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" A copy of this spectrograph called CORALIE will be
installed at La Silla (ESO, Chili) on the new 1.20-meter
telescope of the Geneva Observatory. CORALIE is almost
identical to ELODIE. However, the smaller focal length of
this telescope, compared to the 193 cm of the OHP, will
increase the resolution up to 50000. The detector is also
different. It has smaller pixels and will provide a better
sampling (3 instead of 2 pixels per resolution element).
We expect that all these modifications will improve the
accuracy of the radial velocities.
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