1.

VERY LARGE TELESCOPE

Laser Guide Star
Monitoring Facil ity

Feasibility Study
Isue 1.0
Date: 01.03.2002

Authors: N. Ageorges (ESO Chile), F. Pedichini (Obs. Roma), M. Sarazin (ESO Garching)

THE LGSMONITORING (LGSM) FACILITY

1.1. ToPLEVEL REQUIREMENTS

The following relevant regquirements are extraded from: Laser Guide Star Fadlity Top Level
Requirements Doc. No.: VLT-SPE-ESO-1180022371saue: 3.0, Date: 23.02.2001:

TLR10. The Artificial Source shall provide a photon return flux > 10° photons/sec/n? (goal
1.5x10° photons/sec/m?) at the Nasmyth focus of UT4, pointing at Zenith.

TLR11. The LGSF will emit a laser beam quality better than 1.3 x diffraction limited performance.

TLR26. Mesospheric Sodium Profile: the sodium profile has to be measured to appropriately
focus the LGS. A LIDAR mode shall be implemented on LGSF, which allows to retrieve the
relative Na abundance and profile, with a vertical resolution of 0.15 Km, in less than 30 second.

TLR27. A side LGS-monitoring telescope will be placed on the VLT site, operated remotely as a
sub-system of LGSF, to provide on-line measurements of the following while AO isin closed loop,
at a rate <30 second:

*  Monitor the sodium profile for LGSF, while AO is online, using the elongated LGS spot, with
the same resolution and time scales as the LIDAR mode.

*  Monitor the integrated LGS return flux, to infer transparency and sodium density fluctuations,
with a resolution of 1% in the visual magnitude ranges 7-12, in a 30 second time scale

* Monitor the LGS spot size, using the transverse LGS spot

* Evaluate up-going beam scattering, its intensity and spatial distribution, and the presence of
cirrus clouds, with a resolution better than 1 km.

1.2. FUNCTIONAL SPECIFICATIONS

The LGS monitoring fadlity is a totally automated system, compatible with the VLT standards. It
fulfill s the following functions:

Monitor the mean LGS height variations as a function of time, relative to itsinitial position.
Monitor the mean LGS spot size d the mean LGS pasition.

Monitor the mean integrated LGS brightness and the LGSM instrumental constant (with reference
to standard stars) so as to extrad the mean sodium layer density variations assuming nominal
launch charaderistics for the laser (output power stability better than 15% on a one hour time
scde).

Monitor possble variations of the amospheric transparency (aeosols, cirrus clouds) with a
minimum 5% transmission relative acaracy.



2. SODIUM LAYER DENSITY: INITIAL ASSUMPTIONS

2.1. BACKGROUND

The sodium layer considered here is stuated in the mesosphere & 91.5+10 km and has a mean column
density of 3x10°cm 2, value that is grongly latitude dependent.

However thislayer ‘suffers’ from seasonal, daily and short-term variations. The seasonal variations are
‘sinusoidal’ and affed the sodium column density, the average centroid pasition of the layer and its
thickness (see eg. Papen et a. 1996. The sodium chemistry is known to be asensitive function of
temperature and the seasonal temperature variations appea to be largely responsible for the seasonal
variations in the Na a&undance which is maximum in winter (i.e. July-August in Chile). Papen et al.
(1996) quote amean sodium column density (at 40 degrees latitude North) of 4.3x10° cm ™2 (with
variations from 1 to 8&10°cm 2 and a mean layer altitude of 91.7 + 2 km. Measurements of sodium
column density presently available for La Sill a (Ageorges 2001, in preparation) show variations from 1
to 45x10°cm % Variations of the centroid pasition of the layer have adired impad on the focus for
laser guide star. Ageorges et al. (2000) quote variations of the centroid altitude pasition of the layer of
up to 400min 1to 2minutes (at 37 degrees North).

For Laser Guide Star Adaptive Optics, the short-term variations of the amospheric sodium are the
most worrisome. These variations can be dassfied in two types. the daily and ‘hourly’ ones.

Gravity waves are believed to be responsible for the daily modificaion of the Na layer, even though it
is not yet clea how. Moreover Qian et a. (1998 conclude that these waves play an important role in
the formation of sporadic Na layers (Nag). These ae very thin (0.5 to 2 km thick) Na layers superposed
to the mean mesospheric sodium layers. They are dharaderized by a rapid increase in sodium density
over a narrow altitude range. They can last few seaonds but in average few minutes up to few hours.
The “hourly’ variations of the mesospheric sodium layer, mentioned above, are dealy dominated by
these sporadic layers.

Sporadics have been deteded more frequently at high and low latitude than mid-latitude sites. It has
long been recgnized that many Nas are sssciated with sporadic E layers. It has therefore been
suggested that the gpparition of these layers might be related to magnetic latitude more than to
geographic latitude (Kwon et al. 1998. With the exception of Kwon et a. 1988 none of the other
authors mentioning sporadics did see ay ‘time’ correlation for their occurrence neither does it appea
to have significant seasonal differencein occurrence frequency. However many groups have measured
enhancement of the sodium concentration during meteor showers (see eg. Michaille & a. 2001). This
can be understood since meteorite alation is considered as the main source of mesospheric sodium.

Sporadics Na layers will be the most affecting effed for LGS AO; see Clemesha & al. 1995 for a
review of this gdill puzzing effed. Moreover, a sidered motion is required for the LGS to follow the
science objed, which produces an horizontal displacement of the probed areain the sodium layer, and
thus a passble increase of high frequency density variations which haveto be studied.

2.2. SUMM ARY OF IMPORTANT QUANTITIES

e Column density:
Mean : 3x10%cm 2
Range: 1-5x10°cm”
Maximum (in case of sporadics): 12x10°cm”
Effect of sporadic: multiply the mean value by 2 to 4in average

2
2

e Centroid pasition of layer:
Mean dtitude: 91.5 km
Variations; £2 km

e Modeling the sodium profil e:
Density range: 0.1-12x10%cm 3
Shape: well approximated by a gaussan (possbly superimposed multi ple gaussians in case of
strong sporadics)
Temporal stability: ~ 1 minute



3. SYSTEM STUDY

3.1. PRINCIPLE
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Figure 1: principle of the Laser Guide Star M onitoring System

The operational concept of the LGSM can be eaily understood referring to Fig. 1 where the side
looking principle of this device is described. A small telescope cdled LGSMT, locaed a few
kilometers away from the LGS launching telescope, can take short expaosures of the sky field where the
sodium LGS is generated exciting the mesospheric Sodium layer. From the LGSM  site the sodium star
isreoorded as a bright luminescent plume superimpaosed on a stellar field.

After an exposure of about 30 seq an automated software extrads the plume brightness profile from
the recorded image. Using telescope encoders absolute positions, VLT pointing coordinates and stell ar
field analysis, the gparent brightness profile is then converted into relative sodium distribution
abundance dongthe VLT LGS line of sight.

A sodium verticd profile is obtained with LGSFin LIDAR mode after ead new pointing of the LGS.
The LGSM relative measurements are converted into absolute ranges using this initial information.
The centroid pasition of the LGS is transmitted to the alaptive optics (AO) system to compensate for
the defocus parameter. Subsequent analysis of the plume transversal PSF yields the position of the
most populated aress of the sodium layer at which to conjugate the focus of the LGS launch telescope.

3.2. SIMULATIONS

In order to better estimate the performances of the LGSM a simulation software has been creaed bah
in Exced and IDL to ogtimize dl the freeparameters of the instruments. These parameters are described
in the following list:

DEFINITION OF TERMS

Aperture: LGSM telescope entrance pupil diameter, in m

Focal Length: LGSM telescope focd length, inm

Pixel size detedor pixel pitch, in arcsec

Global Quantum Efficency (QE): conversion factor from photons to recorded ADU
Field of view: sky field in arcmin on the detedor area

RON: detedor read out noisein e/pixel

Gain: camera mntroller conversion factor from eledronsto ADU

Exposure: detedor exposure timein seconds



S/N: signal to noise level per pixel along the laser plume (constant flat profil €)

Baseline: distance on the ground between LGS launch telescope and LGSMT

Range resolution: projeded pixel length along the LGSF laser path at the dtitude of the Nalayer,
inm
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Figure 2: Exposure time required to reach SIN=15 for an LGS at zenith. The detedor camera
parameters were the followings: total Q.E.: 0.55, RON: 5 eledrons, pixel size 15 micron, CCD
pixels: 1024x 1024, Gain=0.33

For a given opticd configuration, the range resolution depends on the devation angle of the laser
beam: the system must fulfill the top level resolution requirement with an LGS produced from zenith
down to the lowest elevation of 30 degrees. The best range resolution is adchieved with the LGS
pointing around the zenith. At low elevation angles the perspedive projedion reduces the dimension of
the laser plume on the focd plane of the LGSMT making it faster to record or increasing its S/N for a
fixed expaosure time with resped to zenith pointing. The foll owing charts Fig.2 and 3 reports the result
from simulations where the freeparameters were the baseline and the telescope gerture while the focd
length was arranged to yield the desired range resolution of 150 m. The exposure time was varied to
readr a SN of 15 enough to reduce the centroiding error due to photon roise to lessthan /5" of a
pixel (Table 4).

The desired data refresh time of about 30 secnds can be adieved with a limited aperture telescope
(<40cm) only if the baseline is larger than 2 km (Figure 2), espedally when pointing where the LGS
will be mainly used, ie. neaby the zenith.
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Figure 3: Exposure time required to reach S/N=15 for an LGS at 60 degree zanith angle. The
detedor camera parameters were the followings. total Q.E.: 0.55 RON: 5 eledrons, pixel size 15

micron, CCD pixels: 1024x 1024 gain=0.33

The results at the minimum elevation of 30 degrees are shown in Figure 3: the S/N value of 15 is
obviously reated faster when pointing at LGS with alower elevation.
Exposure times of about 20 —30sec are enoughto deted a lot of field stars and ather astronomicd
objeds with a good S/N for predse astrometric reduction of the imaged fields (see Table 1). Using on
line astrometric caalogs, it will be possble to reagnizethe stellar field in few seconds and, by means
of sphericd trigonometry, extrad the ranging coordinates of the laser plume dong the laser beam,
using the Alt-Az pointing coordinates of the LGS launch telescope.

V magnitude Number of stars
6 0.1
8 0.7
10 3.3
12 12
14 33
16 112
18 256
20 560

Table 1. The forecasted star density, for a 20 x 20 acmin area, at high galactic latitude (less
crowded areas) from Bahcall and Soneira (1933).




4. PROPOSED CONFIGURATION

4.1. SITELAYOUT

The distance of the LGSM to the LGSF launch site determines the size of the primary optics of the
LGSMT, amajor hardware aost component in the projed: as $rown on, the longer the separation, the
smaller the telescope. On the other hand, the st of underground communication lines increases with
the distance up to a point where radio waves become preferable. The tradeoff shall be made & a later
stage of the projed. According to Figure 4 and taking into acmunt existing infrastructure in the VLT
science preserve, the summit of La Montura (intersedion of lines 60 and 79 o Figure 4, 3.6 km from
LGSF) isthe preferred site.

A seoond choicewould be the vicinity of the so-cdled NTT peak, now the site of the VISTA telescope
(intersedion of lines 59 and 77, 1.4 km from LGSP), requiring lessinfrastructure developments, but at
the st alarger colleding area The site of La Montura is known to be éout 20% lesswindy than
Paranal/NTT peaks with 93% of the time less than 10m/s (VLT Report 62) but shows 10 to 20%
worse sedng conditions. A tower and a small control room were built there in 1989in the murse of the
VLT site survey.

The range resolution achieved by the LGSM locaed a La Montura, 3.6 km to the NE of the LGSF
along the Na plume centered at 92 km above ground level, with the operating parameters of sedion 4.2
isgivenin Table 2 for various LGS elevations.

LGS Zenith Angle Range resolution (m/px)
82km/92km/102km
0 11.3/14.2/17.4
10 12.0/15.0/18.4
20 13.9/17.5/21.4
30 18.0/22.5/27.6
40 26.1/32.7/40.0
50 44.1/55.3/67.7
60 93.2/116.8/1431

Table 2: Performanceof the LGSM at La Montura, 3.6 km from the LGSF



Figure 4: Telescope aperture required to achieve SIN=15with a 30s exposure time on a zenith
LGS asa function of the distanceto the LGS launch site.

4.2. OPERATING PARAMETERS

An IDL based end to end model has been developed to take into acount non analyticd effeds, such as
the differential motion of the laser plume versus the stellar field when observed off axis. The model is
run with a"La Montura' configuration corresponding to a LGSM offset versus UT of 2km East, 3km
North, and -0.2km in atitude, thus a baseline of 3.6km. The seleded hardware wnfiguration for the
LGSM isthe following:

Telescope 30 cm aperture, focd length 250cm

Plate scde 1.238 arcsedpixel

Exposure 30 sec

Detedor charaderistics: QE=0.8, RON=5¢, Gain=0.33
Focus: at the LGS dltitude

Field rotation compensation

Because of the parallax introduced when LGS and LGSM are not coll ocated, one should exped that the
stellar badkground moves diff erently from the LGS as viewed from the LGSM. Two examples of red
fields simulated when viewed from the proposed site ae shown on Figures 5 and 6 for the same
tedhnicd configuration, when the LGSM is tracking the LGS centroid. They illustrate the large
variations in the relative motion of the badkground depending on the pasition of the LGS in the sky. It
is believed however that astrometry is gill possblein all cases becaise the blurring of the badground
is perfealy predictable.



Figure 5: VLT pointing close to zenith: alfa 00 00 00 VLT, delta -24 00 00, hour Angle 00 00 00.
LGSM at La Montura, exposure 30s, sedng 12 arcseg sky background 19.5, field size 750«750
pixels.

Figure 6: VLT pointing to the pole, alfa 0000 00, delta -90 00 00, hour angle 00 00 00. LGSM at
LaMontura, exposure 30s, seeng 1.2 arcseg sky background 19.5, field size 750«750 pixels.



4.3. PHOTOMETRIC OPTIMIZATION

With a laser plume recrded with the LGS at 45 degrees elevation viewed from a distance of 3.6 km
from the launch site, a Johnson V filter of 90% pe&k transmission and 100nm FWHM, the zaiith LGS
flux at the ground is 0.5 10 photons/sedm? with an FWHM of 10 km at 92 km above ground level.
With a0.7 arcsecsedéng and a21¥ Mag V sky badground, the pixel level at the peak of a V=17 star is
150ADU and 700ADU at the maximum of the LGS plume. The saturation (6000ADU) is readed for
stars brighter than 9" magnitude, acording to Table 1 ead image should have & least one saturated
pixel in the least populated area of the sky. With a plume mvering at most 1003 pixels, the
probabili ty that one of them is sturated is then 3/100Q In the most crowded aress, this number rises to
e.g.. 1/100in the galadic equator

LGS Zenith Angle SIN per pixedl, SIN per pixel, D2
Johnson V filter Filter
0 11 10
10 11 10
20 12 10
30 12 10
40 13 11
50 15 12
60 17 14

Table 3: Signal to noise achieved at the centroid of the Na plume with the proposed configuration
and the operating conditions of Figure 5. The signal to noise on a star of 15" Mag is 50.

It is possble to achieve 1/10" pixels astrometric accuracy with a minimum number of 3 useful objeds
in the field with a signal to noise per objed greaer than 20 (see Table 4). According to Table 1, there
are more than threestars in the imaged field fainter than magnitude 10in the least populated area

In the operating conditions of Figure 5, a S/N of 500is readed on a 10" magnitude objed. The image
isassumed to be photon noise limited, which implies that the CCD dark current level and readout noise
remain lower than the square roat of the dedron sky level (in dark nights. 64 e- for a 30s exposure
with the propased configuration).

Adding a D2 filter is suggested to reduce star light contamination in crowded fields: a 10 nm FWHM
interferencefilter of 50% pedk transmisson is equivalent to alossof about 3.2 magnitudes with resped
to the standard V filter. The S/N achieved with such a filter on the 10" magnitude objed is then 127,
fully within the astrometry requirements. The saturation magnitude range is then 5.8-6.3 and the SIN
ratio achieved on the laser plume is given on Table 3. The sky badkground is then reduced to only 4 e-
in a 30s exposure and the dominant noise source is the amera. The simulation shows that the
probability that one pixel of the plume is sturated becomes 3/10000in the least crowded areaof the
sky and 151000 in the galadic equator.

Pixel SIN Barycentric
Centroiding error

(Px)

10 0.25

20 0.10

30 0.07

50 0.04
100 0.02

Table 4: Centroiding error due to image noise (photon, flat field, and readout noise) of a single
pixel source.
4.4, TECHNICAL SPECIFICATIONS

The described LGSMT solution can be build mainly around industrial components to reduce the msts
and the delivery time. The 30 cm. F# 8.3 optic must yield a distortion freefocd plane mvering afield



of 20 arcmin. Both the Maksutov or the Ritchey-Cretien designs can satisfy this requirement and are
available from opticd companies as off the shelf configurations. The mnstraint about the F# is not
mandatory and a 10% tolerance can be well acceted. A stiff mount implemented with sub arcsecond
resolution encoders is mandatory for excdlent pointing and tradking performances needed for a fast
and reliable aitomated astrometric reduction of the exposed field. The cntrol system can be eaily
interfaceal to the VLT LGS LAN by using a ESO LCU module with its sftware providing the bus
connedion to the boards required for the telescope motion, the camera antroller and the dome
opening. The standard ESO VLT software libraries will be implemented in the LCU for routine
astrometric computations, the telescope pointing model and the online reduction and distribution of
data. The domeitself can be seleded between standard production housings for remote cntrolled small
telescope preferring a removable roof solution to avoid the control of the enclosure rotation. A list of
tedhnicd spedfication is reported:

e Opticd design: Ritchey Cretien or Maksutov telescope, with closed tube to minimize maintenance
Freedistortion field: > 20 arcmin
Aperture: > 30cm. (F#~ 8.3)
BandpasskFilter: JohnsonV (100nm FWHM) & D2 (10nrm FWHM, pe&k transmisson > 50%)
e Mount type: at-azwith field de-rotation
Controls: brushlessmotors and sub-arcseamnd on axes encoders
Slew spedd: > 5 Deg./sec
Tradingjitter: better than 0.2 arcsecfor 1 minute in open loop
Medanicd stabili ty: resonance frequency > 15Hz
e Camera: CCD with 1Kx1K pixel, V band enhanced (Q.E. > 85%)
r.o.n. < 5e-, dark current < 0.3 €/pix/sec read out time: < 10 sec
frame transfer time < 10ms or interline transfer.
coaling: maintenance freesystem ( Peltier or cryo-codler )

4.5. OPERATION

The LGSM is unattended and linked via LAN to the VLT badkbone from which its main functions can
be mntrolled (LGSM isin MANUAL mode) and its operational mode can be decked (LGSM in
automated operation). The LGSM has permanent accessto the VLT-ASM (Astronomica Site Monitor)
meteorologica data and to the VLT-UT alt-az @ordinates. The LGSM is normally in IDLE mode
(ready to operate, dome dosed, chedks the meteorologicd conditions and computes lar elevation
every one minute, no hardware adivity). At the reception of a <WAKE-UP> message from the LGSF
containing target coordinates, the LGSM attempts to switch to SLEW mode (opens the enclosure and
slews the telescope to the prescribed coordinates) if meteorology and solar elevation permit. Once the
target coordinate is readied, the telescope is switched to tracking mode, the LGSM moves to FIELD
mode, in which bright stars in the field are identified and the detedor plate scde and sky coordinates
are permanently updated. At the reception of a <LIDAR> message from the LGSF, containing the
sodium layer initial abundanceand profile, the LGSM switchesto M ONITOR mode, first scanning the
field until the LGS appeas, then in a 30 seand infinite loop cycle, extrads the various LGS
parameters, sends a <LGSM DATA LOG> bad to LGSF, checks meteorology and applies tracking
offsets. The loopis broken in the foll owing circumstances:
*  When meteorologicd conditions exceed limit values, the system is then sent bad to IDLE and
tries to fulfill the current <WAKE-UP> cdl.
e At thereception of a new <WAKE-UP> message mntaining new target coordinates, the system is
sent badk to SLEW mode.
*  Attherecetion of a <SHUTDOWN> message from the LGSF, indicating the end of operation,
the arrent <WAKE-UP> cdl isthen cancdled and the system is ent to | DL E mode.
e When the solar elevation exceals its limit value, the system is then sent bad to IDLE and the
current <WAKE-UP> cdl isthen cancell ed.

4.6. MAINTENANCE TASKS

The LGSM is provided with an automated control of the photometric quality, it shall request
extraordinary maintenance when reguired (eg. flat fielding).

Regular maintenance tasks are taken over by LGSF operation: cleaning the optics (monthly), chill er
mai ntenance

-10-



4.7. DATA PROCESING
4.7.1. Functional bloc diagram
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4.7.2. Pipeline Description

Open camera
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The flow chart above shows the main tasks involved in the pipelined data reduction for the Sodium
density profile retrieval. The exposure time of 30 sec during ead image aquisition will be used for
the data processng of the previously aayuired image. This means that ead image is processed while
the next image is exposed and read-out. To redly exploit al the avantages of a pipelined data
reduction, it is mandatory to strictly schedule the image processng software so that all the needed tasks
are ompleted before the shutter is closed and the next image aquired. A brief description of the main
tasksis following.

* Debiasand flat-fielding

Thisis a standard astronomicd image pre-processng task needed to remove noise due to the different
pixel sensitivity of the CCD sensor. The cdibration image (flat field) used is dored in the instrument
database and has been aaquired and computed during the previous service/'calibration run.

e Star centroids

During this task the image is <anned to identify structures with a gaussian like shape @ove aflux
threshold. Then on the identified stellar source the luminosity centroid is computed to refine its
coordinates down to sub-pixel resolution in view of the adoss-correlating it with an astrometric position

-12-



caalog extraded from the GSC, composed df the brightest sources inside the imaged area Once the
correlation has been performed, eat sourceis attached to a cuple of alfa-delta mordinates.

e Astrometry

All the sources with attached alfa-delta aordinates are processed to compute an astrometric conversion
matrix. With this output it is possible to attach to ead pixel or fradion of it in the image, a wuple of
afa-delta mordinates. Such amapping is nealed for the range determination task.

e Plume pixel extraction

In this phase the pixels belonging to the laser plume ae be identified by using the Hough' s transform.
This pealliar algorithm extrads only the linea shapes returning the offset and angle of every line
present in the analyzed field. The badk transformation after the filtering in the Hough's gacereturns an
image without stars with only the plume ready to be de-rotated by the plume angle. After this dep the
profileisready to be extraded along the x and y-axes. The dfea of the relative drift of the plume with
resped to the reference stars (Figure 5) hasto be studied in more detail s

* Plume raw profile retrieval

The plumeisisolated from the background field stars by subtrading a synthetic image. Such an image
is cdculated applying to the previous expasure ashift corresponding to the expeded sidered motion.

* Profile range alibration

Due to the perspedive aerration of the plume the range aordinates along it do not follow a linea
scde. The following trigonometric dgorithm sets the range of ead pixel of the plume. In the triangle
AUC we know the length AU, the angles CAU and CUA and we @mmpute the lengths AC and CU
(CAU = 90-CAE-UAO, CUA = 90-FUC-OUA). Finally DU = CU / sin (DUC)

Figure 7: Geometrical definitionsfor an LGSin D, VLT inU and LGSM in A

Input: a) VLT pointing coordinates: azimuth FUC & elevation DUC, A
b) LGS centroid coordinates in the LGSM astrometric field: azimuth CAE & elevation
DAC

Output: range DU of the centroid of thelaser plume

-13-



« Plumetransverse characteristics measurements

Thetransversal sedions of the laser plume ae used to check the focus of the LGS. Due to the relative
under-sampling of the LGSM (1.23 arcsedpixel), adjacent lines of pixel are re-centered and added to
better extrad the plume transversal PSF, thus exploiting the natural dithering of the plume itself on the
CCD array.

 LGSrangedetermination
The centroid of the plume profil e is computed as the barycenter of the flux along the LGSFline of
sight, thus determining the LGS range.

4.7.3. Data storage

The sodium profiles and centroids are stored in the LGSF database. The photometric and astrometric
parameters are stored locdly (LGSM database) for self-chedk purposes and dedsion making on
maintenance ations. One image per hour as well as al the images having generated an error code shall
be stored for further inspedion.

-14-



5. PROPOSED TIME SCHEDULE (AS OF SEPTEMBER 2001)

5.1. PROJECT ORGANISATION

Although not part of the LGSF projed, the Laser Guide Star Monitoring fadlity (LGSM) remains a
sub-system of the Laser Guide Star Fadlity (LGSPF). The system engineeaing part of the LGSM shall be
conducted in close mllaboration with the LGSF team, therefore participating in the HW/SW design
tradeoffs and dacuments review. The purpose is to ensure aseamlessand fast integration into LGSF
arealy in the design phase.

5.2.  PLANNING

The LGSM scheduleislinked to the LGSF planning, which has afirst star commissioning seenin
March 2003 (Ref.: Laser Guide Star Fadlity: Management Plan and Schedule, Doc. No.: vit-pla-eso-
11800 2276, Iswe: 2.1, 30.04.2001).

If the LGSM is expeded to be in phase with the LGSF, the planning is the foll owing:

*  Sep-Dec2001, detail ed spedfications of LGSM, seledion of components

e Jan-Sep 2002 procurement manufaduring, asseembly of components, software design
e Oct-Dec2002 acceptance and shipment of components, software optimization

e Jan-Feb 2003 on site LGSM integration and tests

e Mar 2003, commissioning and delivery to LGSF

3. MILESTONES

5.
1. 30 Decamber 2001, delivery of the LGSM detail ed design dacument

2. 30 June 2002 delivery of new technical CCD system (Doc TEC-TOS-01/0062 05.06.01)
3. 30 September 2002 delivery of data processng software

4. 30Decamber 2002 on site delivery of hardware cmponents

5. 15March 2003, delivery of the LGSM to LGSF

5.4. DELIVERABLEITEMS
Thd after detail ed spedfications are completed

6. PRELIMINARY COST ESTIMATE

6.1. MANPOWER

The followinginternal resources are required (FTE)

Projed Management 0.2
Control System (C9) 14
CS Hardware requirements & design 0.1
CS Hardware asembly 0.1
CS Sftware spedficaions & requirements 0.2
CS Sftware design 0.3
CS Sftware implementation & tests (Garching) 0.5
CS Integration & commisgoning (Paranal) 0.2
Operational Data Reduction Software (DR) thd
DR Software spedfication

DR Software design

DR software integration and commissioning

The development of data processng simulation software including the detailed description of the data
reduction algorithms is performed at Roma observatory (OAR) following an ESO-OAR agreement to

-15-



be finalized. The share of OAR is also foreseen to include the supervision of telescope mechanical
design and system integration. OAR will participate to the cmmisgoning of the LGSM.

6.2. BUDGET

Code Item 2001 2002 2003 Totals
17470 |LGSM Management / System 28 60 70 158
Visitors/ travel/meetings 4 10 20
Staff travel 4 10 20
External consultants/manpower 20 40 30
17480 |LGSM Facility 410 410
Tower 50
Enclosure 70
Telescope Assembly 100
Detector Assembly 100
Control Systems 40
Site Infrastructure 50
17490 |Control Software 40 40
Workstation OS Software
LCU ICS Software
Computer hardware 40
Sub-Totals: 28 510 70 608

7. ALTERNATIVE SOLUTIONS

The aurrent approach is only appliceble to one single LGS. However it is reasonable to consider that
the sodium distribution averaged over 30 seaonds is uniform within the observed field in the case of
multiple laser guide stars.

A dired monitoring of the Sodium layer charaderistics by LIDAR is an aternative solution which
however also requires alaunch telescope similar to the LGSM in addition to the laser itself and the
recever, thus a probably more expensive projed.
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