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* ESO founded in 1962, 481 people, 10(+2) countries
» Godl : to provide observation facilities in Southern
hemisphere.

ESO in Chile

2 observatories:
 La Silla (14 telescopes)

e Paranal (4 telescopes)



PARANAL Observatory

* 8 years of site testing (83-91)

e Altitude : 2640 m

e 5-10% humidity, rain /year 70mm
 Photometric nights : 77%

 seeing <0.66 "’ = 50% probability

UT4=YEPUN
2001

UT1=ANTU UT2=KUEYEN  UT3=MELIPAL
1998 1999 2000

Atacama Desert,
north Chile



VLTsTe escopes
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e Diameter : 8.2 mf1.8

e Type : Alt-Az.430 tons of A TEY
mobile parts. Se\j )7
e Optic : M1-M2 active
* 3 Focal planes
« 1 cassegrain, 108m f/13

e 2 Nasmyth, 120m /15
* 1 coudé (VLTI) 378m f/47

e 3 instruments per UT

e A : 0.3 umto 25um



@ M1 Active optics

Axial support
pad itripod)

Lateral suppoart
pad

Hyperboloid— | |
k =-1.00455 :
R = 28800
ff0=18

Figure 1. VLT primary mirror

M1:
e Thickness 175 mm
150 actuators 800N/act.
e 23 tons, 53mM?
« ACTIVE M1 Cdl
M2 :
e Beryllium (metal), 1.12m, 43kg
e Active Support (wind & vibrations)

No images can be achieved
without active optics'!



Optical performances
+

+200 nm lwavefront] T Bill - M1 Mirror No 3

r & Central Intensity Ratio 0.890
[seeing 0.2 arc secs, wave 500 nm
Strehl Ratio 0.872

-170 nm [wavefront] S : Wavefront RMS 38 nm

* Made by REOSC (France)
e Accuracy : Lambda/10 rms

Goal : Star < 0.20 arcsec, seeing limited

No active optics

With active optics



e Slewing time : less than 3min.

 Down to 30° without obstruction
by others UTs

 Pointing accuracy 1 arcsec rms
 Tracking < 0.05arcsec 1h exposure

« FWHM 0.25arcsec images, 5 min
exposure

e 1° zenith blind area

eFULLY COMPUTERIZED
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e 11 focal planetobe supplied, 1 visitor focal plane
 Focal planes dedicated to IR/Visible range : Imaging,
spectrographs, IR imagery with adaptive optics...




FORS1 & 2
FOcal Reducer and low dispersion

Spectrograph

lmaging mode :

e Field 6.8x6.8' , F/D =3
« 0.2 /pixel, CCD2x2K
e Mode HR 0.1 "' /pix€

Spectrograph .

«45-170 A/mmor 15 - 41 A/mm
e Longdlit/ 19 ditsFOV 22" .
multi- objects spectroscopy

Detector :
e SITe/TK 2x2K, 24um pixels

Polarimetry .

e Circular, linear

« Combine with spectrographic
and imaging mode.




FORS, astrophysical goals

* Redshifts of distant galaxy clusters (z > 0.5, V ~ 25m)

» Galaxy counting, colors and morphology downtoV ~ 27m -
28m

» Quasar - galaxy associations, fuzz around quasars
 Gravitational lenses: arcs, multiply lensed quasars, lensing
galaxy

 Spectropolarimetry: white dwarfs, active galactic nuclel
(AGNS), |ets, broad absorption line quasars, BL Lacertae
objects, optically violent variables (OVVS)

« Chemical abundances in extragalactic stars and emission
line nebulae



(VLT KUEYEN + FORS2)

The Crab Nebula in Taurus

ESO PR Photo 40,99 { 17 November 1999 ) @ European Southern Observatory

M1
1800s exposure time : 28th Magnitude reached, 0.5’ seeing B band

Nice images recorded by FORS



Spectrum no. 4

1 Eg + : i — Skylines ——

Image used to compute MOS positions 19 spectrums
of the 19 dlits R=70 A/mm

Spectrographic Mode with FORS



UVES
UV-Visua (0.3-1.1 um) Echelle Spectrograph

» Two arms spectrograph (300-
500 nm (blue) et 420-1100 nm
(red)

e High dispersion: R
AMAA=80000 - 110000
(dit=0.3")

 Echelle Spectrograph, cross
dispersed

e 2 CCD systems
e 4x4k EEV +MIT/LL
(mosaic) red arm
o 2x4Kk EEV blue arm




Achieved successfully
first light in Sept. 99

Performances

Magnitude :

3 hours exposure, SN:10, median seeing
« 18.7 (R=55000 - U)
« 20.3 (R=55000 - V)
« 18.9 (R=90000 - V)



UVES efficiency

UVES + TELESCOPE Efficiency
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No atmosphere, No dlit losses. Includes tel escope (three reflections, instrument,detectors).
M easurements from standard stars with the four different cross dispersers (CD1, etc). All
range covered in two dichroic exposures.
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SN1987A

s

SN 1987A (VLT ANTU + FORS1)
UV ES SC] ent| f| C tar gets H-alpha Emission in SN1987A (VLT Kueyen + UVES) J%‘&

ESO PR Photo 37699 (1 Ociober 1999 ) @ European Southern Observatory +

* Structure, physical conditions and abundances of interstellar and intergalactic gas at early epochs
from the absorption spectra of high redshift QSO's

 Kinematics of gas and stars in galactic nuclel

 Kinematics and mass distributions of star clusters

» Composition, kinematics and physical conditions of the interstellar medium in the galaxy and in
nearby systems

» Chemical composition and atmospheric models of galactic and extragalactic stars

» Substellar companions of nearby stars (high-precision radial velocity studies over long timescales)
 Stellar oscillations



Theway to observe at the VLTS
A

=

Observation Blocks

% Mext observation blocks:
-7 Test OB #1 —— 58.A-0745 ——
- SATO1 — Target in field center and use guide star

30T0Z —— Imaging in jitter mode (5 of 5 exp done)
e DET

—LINS
@ FILT1 =2

k= SEQ

g TEL

30T01 —— Imaging in jitter mode (exp 1 of 1)
¥ DET

< READ.SPEED = normal

< W TBIMNE = 1

< WY BINY = 1

< WMINT.ST = F

2 WYINTSTRX = 1

Template log-messages

Started at 1998-03-27T03:08:33

starting acquisition ...
acquisition template finished

Einished in 0 seconds at 19958-03-27T03:08:33

Started at 1998-03-27T03:08:33

starting exposure 1 of 5 (19980327 TO08:33) ..

Start

Repeat

Feset Statusl f

«Observation Blocks - OBs»
= Telescope
- pointing, active optics, guiding

= |nstrument
- Detector (CCD, SWR)
- Filters, setup, spectral resolution

Visiting Mode (40%)
e Astronomer at the VLT, mean
observing time =8/10h

Service Mode (60%)
» «OBs» send, observation done
remotely by ESO astronomer.

UVES: 2974 science spectrain 6 months,
70% of the UT2 time, 80% open shutter

time



POSITIONEE. —,

560 buttons \

Z arms,  robot head

GIRATTE “] UVES
125 obijects =y 8 objecis
E. 15000 |g5!-|‘:.1 B 40008
1=z
FIR-MOS
400 objects
R=T7000)
----- — FOR3 I
19 +-100 ¢
E up 4000

» Medium-high Resolution R=7500-25000 spectrograph

» Fibrefed :
* 4 plates of 132 fibres positioned over a corrected field of 25 arcmin (1.2” FOV)
* 15 object +15 sky Integral field units (2x3” FOV) : 20 fibres each
 Central Integral field units of 300 fibres



GIRAFFE — FLAMES (22)

Detector

Fibre entrance

Spectrograph table

I1 315 gpectraon a2x4K EEV CCD !!



Harps (1/2) [LaSilla, 3.6] =
w0 | | , | . | 360 M- TELESCOPE '
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» Echelle spectrograph dedicated to discover planets close to stars (2/10 Saturn).
» Radial speeds measurements : accuracy of 1m/s

» 380-650 nm, R=84000, FOV = 1"
e Installed at the 3.6m at La Silla
e CCDs: mosaic of two 2x4K -> EEV44-82: 4x4K
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» Requires ultra high stability : all opticsin
vacuum

e Temperature stability : 0.01K

e 1m/s -> 1/1000 of a CCD pixel : fine
centroiding and statistics

e Long term reliability >5 years

» Overall spectrograph efficiency : 10%

Echelle Grating 31.6 mm-1
Blaze angle 75 deg




o VIMOS : Visible M ultiObject Spectrograph (1/2)
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* Imaging and multi-object spectroscopy in four 7' x 8*, 0.2"/pixel sampling
» Spectral resolution for 1” dlit: ~ 200, ~ 600 ~ 2000

e ~150 dits @ R = 2000, ~ 750 dits @ R = 200, 10" dlit height.

e Integral field Unit, providing up to 54" x 54“, 6400 spectrum at once

« Four 2kx4k EEV CCD detectors, 15 um pixels..
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2 of the 4 detector head installed to VIMOS



Next coming instruments

+

Infrared (1-8um)

« CONICA : Highresolution IR imaging

* CRIRES . High resolution IR echelle Spectrograph

* NIRMOS : NIR multi-objects Spectrograph (750 objects)

Infrared + Adaptive Optics
* NAOS : S'/H AO + 1x1K InSb array 27 um pixels

Thermal Infrared (8-25 um)
* VISIR . Imaging/Spectrograph

All VLTI instruments

http: //mwww.eso.or g/instruments/



Optical detectors at ESO

By C.CAVADORE
Optical Detector Team (ODT)

| nstrumentation division
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Optical Detector Team deliveries between

199/7-2000
| nstrument CCD Telescope | Application
FORS 1 Tektronix/SITe 2k x 2k UuTl Spectroscopy/Imaging
UVES (red arm) MIT/LL 2k x 4k +EEV 2k x 4k | UT 2 Spectroscopy
UVES (blue arm) EEV 2k x 4k uT 2 Spectroscopy
FORS 2 Tektronix/SITe 2k x 2k UT 2 Spectroscopy /Imaging
VIMOS 4 EEV 2k x 4k UT 3 Spectroscopy / Imaging
NAOS EEV 128 x 128 CCD50 uT 4 Adaptative optics
VLTTC1 Tektronix/SITe 2k x 2k UT 1/2/3/4 | Imaging, test camera
WL @ 2 EEV 2k x 4k UT 1/2/3/4 | Imaging, test camera
FEROS EEV 2k x 4k 1.52m Spectroscopy
EFOSC2 Loral/Arizona 2k x 2k 3.6m Spectroscopy/I maging
WFI 9 EEV 2k x 4k 2.2m Imaging
CEH EEV 2k x 4k 3.6m Spectroscopy
SUSI-I| 2 EEV 2k x 4k NTT |maging




FORS1

] FORS2

& VLTTC1
L B \ i, - ; "i
2x4k EEV44-82, p=15 um

.

Devices at ESO

« EEV/ Marconi 44-82

« EEV CCD50 (AO)

e MIT/LL CCID20 (th. 20um-40um)
e Sl|Test424A

™ .
: o .
2 e
3 £y £

2x4k MIT/LL CCID20, p=15 um




Means to read out CCDs: FIERA

Before 1997

ACE CCD controller « VME based »
e Slow (< 100 kpx/s), noisy
« VME technology, not really versdtile...

FIERA (Fast | mager Electronic Readout Assembly)

* 5 Mpx/s (4x4k can be read in 3.2sec), resolution 21bits/pixel
e Limited only by intrinsic CCD noise

 Programmable Clock level by software

» Can ssimultaneously read up to 32 CCD outputs = 160M px/s
» Clock patterns made by software (DSP)

e 200m to 20km remote control system

» made with industrial parts

» life expectancy 5-10, must be modular !

= FIERA isonly limited by user’s imagination



FIERA architecture

14 lines
Ethernet TCP/IP
ATM fibre 72G)
— O e T Clock board 21D
workstation
Preamp
Video board
LCU =local control Unit 4 Channfls Bias
UNIX WS _ Boards
16 lines
Digital
Acquisition « Gigalink » __|Communication
< : . Board i
Double Tl Fiber Optic 1Gb/sec ]
DSP board
SUN SPARC
___| under | FIERA A
UNIX/Solaris Sbus
FIERA B




CCD readout clocking patterns generation

WES $Revision: 2.8 $ </home/fieradev/FIERASW-NEW/TAPE/FCD/fcduvesb/config/fodSciUvesb/seq_225_[_1x1.wsq>
=l s et ettty [
total length  (3.135833E+01 5 G simm
1 (tick) 241 data RD_CLEDRYO hoard
T 1.667E+07 Hz / 6.000E-0G 5 epeat 4096 . read_225_|_1x1 148 3 cirl. stats
i
ticks
Ee05 000359 00713
SWL e — 1
SR
RE3 1 1 1
REZL 1 1 —1 —
REIL LT 1T LT |
REZR LT LT LT I
RETR 1 I 1 —
DG
F1 T e
EZ — 1 r
|F3 D
FRL 1 n n n
FRR 1
0_EMABLED I 1 1 [
O EMABLE] [ 1 1 —
O_EMABLEZ 1 1 1 —
O~ EMABLES I 1 1 —
DCHARGED —1 — 1 — 1 —
DCHARGE] 1 1 1 e
DCHARGES 1 1 1 .
DCHARGES —1 —1 —1 —
aaMPLED n n rn
SAMPLET rn rn rn
SaMPLEE Iy Iyl Iyl
SAMPLES r r I
TEET_VWIDEO
FRAME_CTRL I
FRA&MECTRLE
FRAMETCTRL T
FRAMETCTRLTE
FR&ME TR
FRAME _CTRL_E
VIDO_CTE_IN T T T
YD1 TELETIN
WIDETCLETIN
gE}_IQU_CLK_IN
ouTl - - .
OUTe
v o i i
vl
Diagnostic Messages
<Translator= Processing USeguence "pad_pixel” £5
<Translator= Processing Paftern "pad_pixel"
<Translator= Processing USeguence "pad_pixel"
<Translator= Processing Pattern "pad_pixel" N
¢
o -
1

» User friendly CCD readout patterns editor, compiled and code injected from the
SUN-Sparc to the FIERA DSP
» No code into the detector head electronics (Fiera A).



ESO’s cryostats

+

e Ableto cool down CCD to -
120°C

« Weight isnot aissue (2 to
8m tel escopes)

e Holding time : 48h

e Vacuumof 1-9x 10° mB

Bath cryostat, used for
Cassegrain




L N2 Continous flow Cryostat

e Holding time : 7 days
 Designed for fixed instruments (spectrograph...) on platforms
 VVery compact, fast cooling down




Backside and
cold finger

1=l=|=|=E
-------

Outer ring :
e SMD boards
o «Hex-rigid »



ESO CCD Test-bench

* Double monochromator, 70cm integrating sphere

Integrating sphere '

» Goal : characterize the whole system before going to the telescope

k|
0 START | [
el
Pointing | Long exposure |

Looping [~ #oflmages |10 =

Delay [S] I'I

0%

Automatic measurement software under Win2000

File Camera | Dptionsl Script & A I 'I
—Camera Options—————————————

Keep shutter cloged

Clock mode :

A0kpu/2ports/HG /A1 2

ﬂ Readout time

v

M=

—




EEV44-82 CCD Performances (1/2)

. 1.9 e @ 50K px/s (80s) well suited for spectrographs
. 2.7¢ @ 100K px/s (40s)

-4.7e @ 350K px/s (12s)

. 5.8 @ 625K px/s (7s) well suited for imaging

CTE
e Always > 0.999999 : o
Linearity:
Dark current @-120C :  Optimized by
* Less than 5e /pixel/hour tunning OD, JD
(residual image may occur) voltages
T
A
S
’ P — e S S




EEV Performances (2/2) Bandwidth = 5nm, sub-windows

of 300x150 pixels

e L
i Fd
L] __{J_.- ~

EEV44-82 CCD
100
80 /
70 i
60 ,A/!Z-
< _ 1—)[ —e—Awerage
w50
o Vit \ —=—Best UV
40
30 — \
20 _ _
o Typical frontside CCD \
o +—+—+——F—+ 4T
300 400 500 600 700 800 900 1000 1100
Wavelength

* Visible and blue RQE optimized (AR
coating)

e But :
+ IR Fringes
+ Backside passivation -> UV-Blue Non-
Homogeneity




EEV Devices : Fringing

Fringing at IR WL

30

—e— 7 nm

25 —m— 2 nm

. o

<
2 15
o
o
i /
° [ ° N N
o —* > *
0 ‘ ‘ ‘ ‘ ‘
700 750 800 850 900 950 1000
Wavelength
Fringing ratios between 2 and 7 nm
9
8 _
7 /
6 +
pt
o5 i3
E e 3 :
x4 : ,
/ : b
& -]
3 . !
7
2 / p
p
1 F
0 ‘ ‘ ‘ ‘ ‘ i
700 750 800 850 900 950 1000 | ;
1300 1400 1500 1600 1700 1800 18900 2000 2100 2200 2300 2400
Wavelength Value (ADU)

850 nm, 7nm bw

85 nm, nm bw

Pixel histogram at 950 nm, 2nm bw

750 nm, 7nm bw




ESO CCDs QE

. B Y
70 \&%1\ \ \

QE %
S 3
LN

—o— EEV Average

—a— MIT W7C66Uves RED

—&— MIT thick 7-2-3

7( -J y FORS1 TK2048
20 —¥— FORS2 ST424a
ol | N\
X \
0 ‘Eﬁﬂ/ - - - . —t—t . . . . —
300 400 500 600 700 800 900 1000 1100
Wavelength

All measurements at —120C




MIT/LL CCID20
+

20-40 um thickness

100 —e— EEV Average
90 W\ —=— W6C22 (20u)
o / \\ \Q\)\ —+— MIT14-4-6 (40u)
1T AN
\\
\

” \
ol 1/ N
| AN

QE %

i \
ol <] N

300 400 500 600 700 800 900 1000 1100

All measurements at —120C Wavelength

...foreseen for FORS2 upgrade “Red arm”



MIT (40um)/EEV PSF

PSF

90 | | e Single pixel

—+— Marconi/EEY PSF .

ZZ —u— MIT thick PSF m " 5 Mm SpOt prOJ eCtor
- s . b_est XY Z spot
g L adjustments
e B4 « Tekesawhile...

55 I /

ad 1

45

40 @

400 400 ada RO0 oo 800 800 1000 [ - ‘
Wavelength (nm)




MIT/LL thick
PRNU/Cosmetic

PRHU Peak Peak

N

e



MIT/LL performances
N

. 2.5 e @ 50K px/s (80s) well suited for spectrographs
. 3.7e @ 225K px/s (40s)
- 4.5 @ 625K px/s (7s) well suited for imaging

Linearity:
e Optimized by tunning
OD, JD voltages Dark Current @-120C
 non linearity kept under eey——
iluminated prior dark  Residual image
05% pp 125ig£ixl measurments.
. 3
A \ 10 \
8

\\
e-dpixihour

(9]

J—

0 5 10
m\\ / _ Hours
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16 columns 4% 24 um

NAOS EEVCCD50 (AO CCD) i o] o

itn age clocks

S-H Adaptive Optics T

o serial regsters and output ampli fiers

i

6 active tows

IS &

ftatne

storage 16 x 16x64
section Vi A extrarows for
(fid+d) 2 128 sub arrays light shield alignment
ixels = 3 phase
P 24 l.lm p| xel frame storage
ﬁ -4 1000 fpS clocks 64 oz for frame
storage
aclivearea
readout  128%123 2 prescan pixels serial register with
Cirection pizels \ 16 pixel and
2424 pm 2 prescan pixels,
reset gate clock + 2 pixels in FIERA
electrotics pipeline
3 phage
setial clocks
frame
storage
section
(f+dy = 126
pisels

T T T T

o sertal regsters and output ampli fiers

T




NAOS & FIERA

* 500 frames/sec
 2.9e- noise @50kpx
16 Outputs

Tobeinstaled at UT4 In
April 2001



New AO CCD
developments ongoing at ESO

e » Replace the APDs
AN « 60-element curvature systems
for the VLT
» CCID35 : University of Hawaii
with MIT/LL
 2e- RON, 4000 Fps
Tentative | Curvature Wavefront Sensor Array
Chip * 80 superpixd :
Layout

* Imaging section of 20x20
pixels, 18um pixel size

o NE= : .
= o 3 storage sectionsto alow
- - [ e [ ] charge to be added on chip

Pl - = over more integration cycles




« 8 EEV CCDs 15 um 2x4k
=> 8X8 K

e Overal Flatness +-20um

o 27sec readout time

* 1 image = 128Mb

* Noise 4.5e- @357kps

« CCDsat —100C

» Single FIERA to operate it
e Guiding CCD, 1Hz

72 millions of pixels...



WFl @2.2m

* WFI installed at the 2.2m La Silla (Jan99)
 Field of 34x33’, sampling 0.24 arcsec, F/5.9
* 0.6-0.8"" seeing

e 50 filters mounted to « juke-box »
 Polarimetry and Spectrographic (Grism)

Goals
» Solar system : Kuiper belt objects
« UBVRI Deep Survey, resolution<1”
» Galaxy distribution and morphology
 Remote SN z=0.5
 Gravitational lensing induced by dark
mater, Large scale effects to Universe
e Target for the VLT




Some Images recorded with WFI @?2.2




NGC253 WFI @2.2




ESO VST 2.6m

16x16K Omegacam

Guiding

CCDs

2K

CCD #17

Ak

| FOV =

1x1°

| 0.21arcsec/

pixel

CCD #32

Marconi (ex-EEV) CCDs 2x4K

Guiding

CCDs

|
|
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OMEGACAM

Bath cryostat

combination

CFC



Futures ODT ddliveries

| nstrument CCD Delivery Telescope Application
Expected

HARPS 2 EEV 4k x 4k 2001 3.6m- LaSlla Spectroscopy

GIRAFFE EEV 2k x 4k 2001 uT2 Spectroscopy

OMEGACAM 16k x 16k, 32 2002 VLT Survey Imaging
Marconi CCD Telescope

FORS 2 Upgrade |2 MIT/LL 2001 uT4 Imaging/
CCID20 Spectroscopy

Emmi Red 2MIT CCID20 2001 NTT —LaSilla Spectroscopy

Upgrade

AVES ? 2003 uT2 Spectroscopy

Summary of systems delivered by ODT between 1998 - 2001

¢ 16 Systems
¢ 16 Controllers
¢ 31 CCDs + 16k x 16k (= 32 CCDs) : 63 devices

uu:> More than 400 M Pix




Conclusion

 In 2002, ODT will provide 18 CCD systems for optical
Instruments (Paranal-LaSilla)

 Already delivered : Forsl/2 , Uves, Vimos, Wfi, Naos
* Next to come : Omegacam, Giraffe, Harps
e Devices mostly used EEV44 - MIT/LL

» Next generation of optical instruments
« AO CCDs
e Upgrades : Fors,Uves, Giraffe

» Seeking for better CCDs performances
e QE,noise (1e- @1Mhz ?)
e Larger monolithic arrays : 4x4K

* Investigate new sensors : APS, STJs



