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The "New Observing Process' Takes Off

The "New Observing Process' with CFH12K

G. Fahlman & B. Grundseth
Canada-France-Hawaii Telescope Corporation

TheNew ObservingProcessat CFHT is aresponséo the needfor the
Observatoryto "do more" to ensurethat the telescopeis used as
efficiently as possible and to maximum scientific impact. The
practicalimplementatiorof the abovedemandis embodiedn several
goals:(i) the proposalghatare mosthighly ratedby TAC shouldhave
precedencever otherson the groundsthatthe peerreview systemhas
determinedthat such programshave the highestscientific merit, (ii)
the telescopeandinstrumentsshouldbe operatedn the mostefficient
way possible with featuresthat ensurethe best possible data is
acquired, (ii) the delivered data should be free from instrumental
signaturesthat otherwise require considerableeffort for individual
usersto remove,and (iv) the datashouldbe delivered,science-ready
"out of the box" with asmuchancillary informationaspossiblesothat
environmentalconditions are well understoodby the users. These
goals respectively define the primary motivations behind the four
major components of the NOP: QSO, NEO, Elixir and DADS.

There are secondary goals that can also be defined for the
implementatiorof the NOP. Theseinclude the ability to enhancehe
archival use of CFHT data, the ability to perform near real-time
analysisfor programsthat require it, and facility responsibility for
photometric calibration and astrometric solutions.

For practicalreasonsthe scopeof the projectwasaimedat CFH12K
(aninstrumentthatis usedfor roughly 40% of the sciencenights),and
was designedfor easy migration to MegaCam.We anticipate that
WIRCAM will be operatedunderthe NOP, and, possibly,the straight
spectroscopicmode of Espadonswill also be incorporatedas a
"second"instrumentwhen either of the wide-field imagersis on the
telescope.

After a concerteddevelopmenteffort, the NOP was implementedin
SemesteR001A. We arenow into our secondsemestenf usingthis
system. It is reachinga stablestatebut there are undoubtedlymany
improvementghat canbe made.Communityfeedbackis importantas
this mode of observing seemsdestinedto be the standard CFHT
operation in the future.

The Queued Service Observing (QSO) Project

P. Martin
Canada-France-Hawaii Telescope Corporation

QSO in 2001A/2001B

At the time of writing, we havenow operatedhe CFH12K camerain

the QSO modefor about90 nights. So far, the QSO experimenthas
been quite positive, evenif the weatherwas not very cooperative
during severalruns (seebelow). The statisticsfor the semeste2001B
arebetterin manywaysto thoseof 2001A. The experienceacquired
during the first QSO semesterand the improved robustnessof the
diversesoftwarecomponentshave contributedto a greaterobserving
efficiency in 2001B. The following commentsmostly describeour
experience for these first two semesters:

1. TheQSOconceptis sound.With the possibility of preparingseveral
gueuegoveringawide rangeof possiblesky conditions,in advanceof
an observing night, a very large fraction of the observationsare
effectively done within the specifications(see statistics). The QSO
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tools allow also the quick preparationof queuesduring an observing
night for adaptationto variable conditionsor unexpectecverheadg.
We areobviouslystill learningaboutthe bestmethodso build queues
and optimize efficiency. However, the flexibility introducedin the
queuedy decidingto build themby targetsandnot programsandour
ability to createthesequeuesrapidly, are clearassetdor our goal of
selectingthe right observationdor the specificsky conditions.We are
now in the processof designingan algorithm,basedon the experiencg
acquiredso far, which will be used during the nights to help the]
observer in the selection of the observations to carry out.

2. Technically,the entire chain of operation,QSO NEO TCSiis
efficientand very robust. This is a complexsystemand someglitcheq
have been found and fixed during the first few QSO runs but in
general the entire operationakoftwarehasprovedvery satisfying.Soj
far, almost7000exposurediavebeentakenthroughthe entire system
Thelevel of automatiorachievedsincethefirst runin Januaryis quite|
impressive and new versions of the software have added morg
flexibility and efficiency in 2001B. We are still developing this
software on different levels to optimize efficiency and allow more]
possibilities. For instance, we are working right now at the
implementation of observations on moving targets for 2002A.

3. Our initial estimateof the generalintegration-timeavailable for a
givennight (6.5 hr) provedto be correct. However this valuedepend
strongly on the complexity of the scienceprogramsto be performed
The main operationaloverheadsrefocus sequencegointing checks
and domerotation. Due to the implementationof a new prime focug
bonnettecontroller during March and April, severeoverheadswere]
introducedin the pointing operation.Fortunately,sincethe middle of
the April run, theseoverhead$avebeenreducedio almostnoneby a
new bonnettecalibrationproceduredoneat the beginningof the eact
run. Whenthe conditionsare stableandthe programsare"simple”, up
to 7.5hoursof sciencd-time canbereachedor a night with 8.5 hourd
available.
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4. As expectedthe main difficulty relatedto the QSO conceptis the
adaptationto very variable seeingand non-photometricconditions
During 2001A/2001B,we did not have enoughprogramsrequesting
badseeingor non-photometriconditions.Also, not enoughprograms
requestingoright time were available(bettersituationin 2001B). We
hopethatmorediversitywill befoundin programsfor 2002A. During
severalnights, the seeingwas changingby a large factor on a short
time scale (a few minutes). Efficiency is decreasedduring thesd
conditionsbecausewe try to adaptthe queuesto the conditions(not
alwaysan easytasksincewe havebeenoperatingwithout an externa
seeingmonitor). We wantto point out thatin classicalmode,someof
these nights would have been completely wasted; although our
efficiency was decreasedyseful sciencedata could be gathered As
always, we strongly encouragethe communities to also submit
proposalsot requestinggreatconditions(i.e. snapshoprograms)the
Time Allocation Committeeunderstandshe needfor theseprograms
in a queue mode.

5. A severeconstraintfor the QSO modelis the limitation on the
numberof filters (4) that can be mountedn the wheelof CFH12K at
the sametime. A filter must be mountedfor at leastthree nightsto
make sure that the necessarydetrendcalibrationscan be obtained
Thus the number of filter changesduring a run is limited. This
introducesan additional, restricting parameteiin the selectionof the
programdo becarriedout. Dueto this constraintatargetmight notbe
observedwith all the filters requiredduring the Phase2 during the]
samerun. We always try to achievethis for minimizing pointing
discrepanciesnd slight rotationsbetweenthe frames,but this is not
always possible. This limitation in the number of filters is very
problematic and demands a long-term planning for the programs

6. Thequality of the calibrationsgatheredduring a QSOrun is very
high. Calibrationsarean areawherethe QSOmodeshines Eachnight,




Table 1: QSO Statistics for 2001 A

NRC CNRS UH Discr. Total
Total number of QSO programs 14 4 9 5 32
Programs started / completed 712 4/1 3/0 5/3 25/6
Hours Allocated 197.2 95.6 124.4 54.0 471.3
Current Hours Validated 106.9 61.1 64.8 36.8 269.6
Fraction Requested 41.9% 20.3% 26.3% 11.5% 100%
Fraction Validated 39.7% 22.7% 24.0% 13.6% 57.2%
Queue Efficiency 81.6% 79.4% 91.2% 84.9% 83.7%

twilight flats aretakenwith the filters mountedin thewheelsothe best
framescan be combinedto createaccurateflat-field calibrations.The

Elixir teamis producingfrequentreportson calibrationsduringtherun

so the QSO Teamalwayshasclear guidelinesfor acquiringthe most
neededcalibrationsand optimizing the final product. About three
standardfields are observedeach night for photometriccalibration
without introducing large overheadsWe also generateautomatically
the shortexposuresiecessaryo calibratefields requestingohotometry
but observed during non-photometric conditions.

7.1t is clear that the proposalevaluationof the TACis a fundamental
componentf a successfuhueueschedulingmodel. For 2001A, too

muchtelescopdime was allottedto GradeA programsSincea large
majority of the programsrequestedtargets between 10-14hr, this

resultedin severalB programsnot being startedor carried out only

partially. This is by far the most disappointingaspectof the first

semestenf queueobserving.New guidelineshad beenissuedto the

TAC regardingproposaldor 2001Bandso far, the statisticslook very

promising.lt is clearalsothat the QSO Teammusthaveenoughtime

to reviewthe acceptecroposalscommunicatewith the TACs for any
concernsregardingthese programs,and receive enoughpreparation
time before the first QSO run of a given semester.

8. Agencytime accountingis not realistic on a shorttime scalebasis.
Several constraintsdictate what programsshould be executed.We
have implementeda dynamic statisticaltool so we can follow the
progressof the programsfor each agencyand adjust the program
selectionfor the queues(someplots from this tool are automatically
madeavailableonthe QSOpageon adaily basis) But, in reality, since
not all the possibilitiesin sky conditionsareequallyrepresentetly the
programs of the different agencies, trying to adjust the time

distribution on a short time scale (for instance, within a short QSO ruatfleast,if somerecyclingof the programscompletedat a certainlevel

doesnot makesenseln 2001A, we havebeenableto reachthe level
of telescopdime allocatedfor eachagencyby the endof this semester
within about2% (representingonly a few hoursof integration,not a
smallfeat consideringthat thousandof exposuresvere carriedout!).
We are aiming for similar numbers for 2001B.

9. Monitoring programsare well suitedfor the QSO mode.With the
system implemented in the Phase 2 tool, repeating specific
observation$\ timeswithin a given periodis feasible,evenif thetime
constraintscan be somewhatrestrictive for the creation of certain
gueues.Time-constrainedprograms, however, have a very strong
influenceon the level of completionof the other programsand their
number should be limited during a semester.

10. Long observationgroups (OGs) are more difficult to schedule
within a queuethanshortones.In generalthe QSO databaseloesnot
contain enoughshort OGs. The situationfor 2001B was better but
unlessit is absolutelynecessarywe encouragehe usersto keepthe
OGs are short as possible.

11. The operationalmodelusedduring the QSOrun is appropriate.
During thesetwo semestersthree residentastronomersassumedhe
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coordinatorrole while severalother membersof the staff filled the
observingask.This modelworkedquite well becausét would be very
difficult for the observerdo assumeall the managemenof the queue
databaseand the creationof the queues.However,the coordinating
load remains quite heavy becausethe work starts way before the
beginningof a run anddoesnot endwith it. Fortunatelymanagemer
of the dataitself is madeeasierby the designof the databasendthe
electroniclogbook. Observationselectionduring a night should be
madeeasierto the observerin the next semestersdy the algorithm
being developed for this purpose.

12. Queueobservationsfrom the Waimeaobservingroom is much
easier than from the summit. Most of the observations for
2001A/2001Bwere carriedout from the summit,in orderto meetthe
"two personrule" at the summit. However, service observingis not|
easy and some nights can be quite busy: executionof the queueg
preparatiorof the pendingqueuesfilling up datalogbooks,switching
queuesif necessaryapplying the calibration plan, etc. For severa]
nights,we haveinsteadobservedrom the Waimeacontrolroomwhile
anothememberof CFHT assumedherole of the secondoersonat the
summit. It is much more efficient and easyto run in a queuemodsg
from this environment.The only difficulty is to evaluatethe weathe
but this is a task normally carriedout by the observingassistantand
this has becomealso easierwith the availability of SkyProbe.Full
implementationof Waimeaobservingremainsa high priority for the
QSO project.

13. Semesteboundariesare restrictive to the QSOmode.In a queud
mode, targetscan generallybe observedon severalruns, sometime
during the entire semesteand more. The completionlevel of certain
programscouldbe higherif the semesteboundariesvereremoved or

could take place.Balancingthe Agencytelescopeime would be also
much easier and would not have such a strong impact on the
completion level of programs.

Statistics on QSO Observations

All the relevantstatisticsfor the semeste2001A are availablein the
report publishedon the QSO Web site and in the table above.For,
2001B,the QSOWeb pagedisplayssomeof the currentstatistics(that]
is, prior to the Novemberand Decemberruns). At the moment,15
programshave beencompleted(only 6 were for 2001A) and we are]
expectingthatat least5 or 6 otherswill be duringthelasttwo runsof
the semesterjf the weathercooperatesWe have obtaineddata for
27/34programssofar. The CanadiarandUH agenciesrelatein their
relative fraction of time validated versusrequestedbut this will be
compensatedluring the last runs. The queueefficiency, that is the
numberof the ratio betweenthe total integrationtime carriedout and
I-time validated,is actually85% andwe areaimingfor 90% at the end
of the semester.

QSO objectives for the rest of 2001B

—



1. Achievethe highestcompleteneskevelspossiblefor the gradeA
& B programs. So far, the statisticsare looking good andif the
weathercooperatesthe A programsshould be all completedor
very closeto be completed.Even someC programswere done
during more difficult conditions earlier during the semester.

2. Improve the balanceof telescopetime used for the different
AgenciesAgain, we areaiming ata 2% level accuracyat the end
of the semester.

3. Implementatiorof themovingfields optionfor QSOmode.To be
tested at the beginning of 2002A.

4. Preparatiorfor MegaPrimeanddesignof selectionalgorithmfor
observing nights.

Conclusion

The QSO modeandthe entire NOP processwere a very challenging
endeavorat the beginning of 2001. The first semesterof queue
observingwasnot without glitchesor mistakesbut in generalwe are
extremelypleasedwvith theresults.All the datahavebeenreducedand
distributed. In 2001B, the experienceacquired previously and the
more robust software componentsof the NOP have contributedto
betterstatistics(so far), evenif we were strongly affectedby weather.
The MegaPrimeera is coming soon and we are alreadyworking to
makesurethatthe QSO modewill be availableandreadyto go when
the camerais commissionedThe QSO Teamwill not spareits efforts
to continue performing the observationsfor the communitiesin the
future, and we hopethatimpressiveand unique scientific discoveries
will be the result.

Elixir
E. Magnier & J.-C. Cuillandre
Canada-France-Hawaii Telescope Corporation

The Elixir projecthasnow reachedhe stageof regularoperationsor
all components.The Elixir systemhasbeenusedthroughoutthe QSO
runsin 2001A and 2001B, as well asduring the non-QSOCFH12K
operations. The Elixir systemhasbeenusedto producehigh-quality
detrenddata,astrometricand photometriccalibrations,andto evaluate
the nightly sky transparency.An Elixir componenis responsibléeor
the automaticpre-processingf the QSO imagesdistributed by the
DADS project. In addition, the Elixir software and the growing
collection of CFH12K dataproductsin our databasefavebeenused
to explore the limitations and characteristicsof the CFH12K,
telescopeand environment(seethe article "CFH12K Characteristics'
in the "News from CFHT" section).

Background

The Elixir project hasa wide-rangingset of goals,all relatedto the
evaluationand manipulation of the sciencedata obtainedwith the
wide-fieldimagingsystem At presentElixir is limited to the CFH12K
imager, but in the future will be expandedo include at a minimum
MegaCam, and probably the wide-field infrared imagers.

Monitoring - The Real-Time component of Elixir provides a

mechanism to monitor a variety of parameters about the images as thgycrycial for the QSO teamto havea quick evaluationof the sky

are acquired:seeing,sky flux, dome temperaturesetc. A variety of
representationsof the data collected are made available to the
observers, both QSO and non-QSO, as the night progresses.

Detrend Data Creation - The Elixir project is responsible for
producing high-quality detrend data appropriateto each CFH12K
imageacquiredduring arun. The collectionof bias,dark,andflat-field
imagesobtainedduringa run arecombinedinto masterdetrendmages
asthe run progressesThe Elixir databasesllow the detrend-creation
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softwareto pre-selectan appropriateset of input images,rejecting
thosewith grosserrors. A graphicaltool allows the Elixir teamto
evaluatethe residualsfor eachinput frame and fine-tune the input
selectiondividing a run into subsectiongsneededf the detrenddats
variesduringtherun. The detrendimagescreatecdby the Elixir systemn
areregisteredn a databasevhich makesit a trivial taskto selectthe]
appropriate detrend data for a given science frame.

Astrometric Calibration - The Elixir system provides automatid
astrometriccalibrationof every scienceimagedistributedby the Datd]
Archiving andDistribution System(DADS) system.The calibrationis
performed relative to the USNO and HST Guide Star referencg
catalogsTheresultingastrometriccalibrationcoefficientsareincluded
in the image headers of the distributed images.

Photometric Calibration - The Elixir system performsa completd
analysisof photometric standardsobtainedduring a CFH12K run.
Thesemeasurementallow us to refine our systemparametergzero
points,color terms,andairmasgerms)andto evaluatethestability and
transparencyof the atmosphereon a nightly basis. The resulting
photometriccalibrationsare storedin a databaseandincludedin the]
headersof scienceimages distributed by the DADS system. In
addition, the SkyProbetool (seethe article "SkyProbe'in the "News|

from CFHT' section) allows us to evaluate the sky transparency i real-

time and providesand archiveof the sky conditionsfor all CFH12K]
nights.

SciencdmageDetrending- CFH12K datawhich is distributedby the
DADS system is passedto an Elixir componentfor automatid
detrending.All images have bias, dark, flat, and mask correctiond
applied. In addition,the | & Z filter imagesarefringe corrected and
they and the R bandimagesare correctedfor large-scalebackground
variationsfrom severalsources. Theselast correctionsare additive
and do not affect the photometricaccuracyof the images.They do,
however,improve the backgroundflatnessand easethe processof
image combination.

Real-Time Operations

By the end of semeste2001A, the Elixir systemreacheda level of
functionality at which all of the goals discussedabove could be|
performedin an operationaimode.In previoussemestersyhile most
of thevarioustaskshadbeenpossible the connectiorbetweernvarioug
software componentsdid not exist and the processingrequired
substantialnterventionby the Elixir team. By August,all of the steps
neededio go from raw CFH12K imagesto the detrendedgalibrated
imagesreadyfor distributionwerefunctioning. This systemwasthen
usedto processthe QSO imagesfrom 2001A for distribution by the
DADS system.

The collection of real-time data displayedby the Elixir systemhag
beensomewhatrefined. Data availableto the observerinclude the|
seeingfrom eachimage,plots of the seeingasa function of time, and
the sky flux as a function of time (both plots are helpful in making
assessment®f the appropriate QSO condition). In addition, we
provideanimprovedanalysisof the focusimagesdisplayingparabolid
fits to the focus trendsin each of four separatechips. We have
discoveredthatit is importantto use severaldetectorsspacedacross
themosaicto minimize sensitivityto variationsin imagequality across
thefield (see’CFH12K Characteristics') Thesereal-timedisplaytools

conditions, and they are quite useful to traditional observers also

The Elixir detrend-creatiorsystemhas madethe task of masterflat-
field and fringe image creationsignificantly more sophisticatedand
hasimprovedthe collectionof the flat-field data.The Elixir systemis
usedto generatea testmastefflat-field (perfilter) earlyonin arun. As
new flat-field imagesare acquiredtheir residualsare determinedand
can be examinedeasily with our evaluationsoftware(Figure 1). The|




evaluationshowsthe QSOteamthe quality of the inputimagesaswell

as how many countshave beenintegratedand the typical scatterper
pixel inducedby theresultingflat-field. This informationcanguidethe
QSOteamin decidingwhich flats to take and whetherthe filters can
be changedduring a run. This detailedanalysismakesthe resulting
flats of suchhigh quality thatwe candistinguishcontaminatingeffects
from very small amountsof cirrus clouds. Eventhin cirrus can keep
the sky from being truly flat during flat-field acquisition. The
identification of flat-field images contaminatedwith light cirrus
correlatesrery well with the Observer'seportsof the sky conditionsat
twilight.

The photometriczeropointanalysisis now regularly achievinga high
level of accuracy.The standardstar measurementsorroboratethe
SkyProbedeterminatiorof the photometricstability of the atmosphere,
giving confidenceto both measurements. We have significantly
refinedthe photometricanalysisjncluding correctionsfor the scattered
light which contaminateshe flat-field images. This analysishasnow
gonethroughtwo iterations. All datadistributedto date(10/2001)use
our scatteredlight correction, which improves the standard star
photometry by substantiallyremoving large-scaletrends related to
mosaic position. The resulting standardstar measurementhave
typical scatterof 2-3%. Recently we have improved further our
measuremenbf the scatteredlight, as well as our standardstar
comparison. The resultingphotometryis accuraten the B, V, andR
bandsat a level of betterthan1%. We will be releasinginformation
on how datawhich hasalreadybeenanalysedgeither with our older
model,or without scatteredight correctionscantakeadvantagef our
recent improvements. Keep an eye on the Elixir web pages:
http://www.cfht.hawaii.edu/Instruments/Elixir

Data Archiving and Distribution System

K. Withington & B. Grundseth
Canada-France-Hawaii Telescope Corporation

The CFHT Dataarchivingsoftwareandhardwarehavebeenupgraded
to supporttherequirementgor datadistributionby the Queuedservice
Observingand Elixir projects.The main goal of this upgradewasto
provide an efficient way to distribute the large amountof CFH12K
data producedby the QSO mode, an averageof 30 Gigabytesper
night. A secondarygoal was the automationand improvementof the
overall archive system. A tape library was acquiredand installed
which minimizesinterventionand down time in the archiving process
and is also usedin the preparationof distribution media. Four file
serverswith a combinedcapacityof over 3 Terabytesarepresentlyin
operationto temporarilyhold the dataproducedby CFHT, permitting
rapid access for data distribution and Elixir evaluation.

Figure 1: Radial Density Distribution

The distribution facility of the archive is operationaland through
refinementis becomingincreasinglyefficient. To date, 40 program
have been successfullydistributed. A collection of databasesand
software guide the processof selecting, handling, processingand
packagingdatafor investigatorsincludedwith the processedlatais a
browseableCD with FITS headersweatherdata, log book entries
thumbnail images and other information pertinent to the distributi

The coming monthswill seemore modificationsto the archive and
distribution systemsto accommodatethe higher data rates of new|
instruments and to add features to the distribution process.
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Figure 2: Color-Magnitude Diagrams

SCIENCE

DeepCCD Photometry of the Rich, Old Open Star
Cluster NGC 6819

J.S. Kalirai, * H.B. Richer,®! G.G. Fahlman2? J.-C. Cuillandre,? P.
Ventura,® F. D'antona? E. Bertin,* G. Marconi,® P.R. Durrell ®

Departmentof Physics& Astronomy Universityof British Columbia,
Vancouver, B.C., Canada

“Canada-France-Hawaii Telescope Corporation

®0Osservatorio Astronomico di Roma

“Institut d'Astrophysique de Paris

*European Southern Observatory.

®Pennsylvania State University

We presentresults for the richest cluster in the CFHT Open Star
Cluster Survey, NGC 6819. The clusteris found to containa tight,
very rich, main-sequencandturn-off consistingof over 2900cluster
starsin the V, B-V color-magnitudediagram(CMD). Both the depth
gainedin the photometry and the increasedprojected area of the
CFH12K mosaic CCD has allowed for detailed star counts in
concentricannulioutto largeangularradii. Theclusterextentis found

to be R =9.5" + 1.0", and the radial distribution of stars in the cluster is

in excellentagreementvith a King Model. Analysisof the luminosity
and massfunctions of NGC 6819 indicate clear evidencefor mass
segregatiorwithin the cluster boundary. Detailed analysisof faint-
blue objectsin the cluster suggesta potential trail of white dwarfs.
Thestatisticallocationof theseobjectson the clusterCMD agreeswell
with a 0.70 M white dwarf cooling model, howeverspectroscopic
confirmation is needed to infer cluster membership.

Introduction

The CFHT OpenStarCluster Surveyis a largeBVR imaging dataset
of 19 Galacticopenstarclusters.The datawastakenwith the 42"x28"
CFH12K mosaicCCD cameraduring an excellent3 night observing
run in Octoberof 1999. The majority of the clusters,including NGC
6819, were imagedin photometric,subarcsecondeeingconditions.
Thedatasetfor NGC 6819 consistof 9 deep300 secontexposuress
well as single 50 and 10 secondexposuresn eachof the B and V
filters. Additional shorterl secondexposuresvere also obtainedto
avoid saturationof the brightestclustermembers. A color image of
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Figure 3: Luminosity Functions

the cluster can be
http://lwww.astro.ubc.ca/~jkalirai/research.html.

found at

Theprime focusof the CFHT OpenStarClusterSurveyis to catalogu¢
white dwarf starsin the clustersandestablishobservationatonstraint$
to the upperprogenitormasslimit to white dwarf productionand the
progenitor-white dwarf initial-final mass relationship. The largg
sampleof clusters spanningawide rangeof ageswill alsoallow for a
deeperunderstandingof cluster dynamics and the dynamical and
chemicalevolutionof the Galacticdisk. In this articlewe reportsomg
of the first results of the survey. Further information on cluste
selectionanddatareduction,aswell asthe global goalsof the survey
can be found in Kalirai et al. (2001a hereafterPaperl), and further|
specificresultsfor NGC 6819 can be found in Kalirai et al. (2001b
hereafter Papdi).

Data Reduction

The data set has been processedusing the FITS Large Images
ProcessingSoftware (FLIPS), which was developedby Jean-Charlds
Cuillandreat CFHT (Cuillandre2001). FLIPS is a highly automatedl
packagewhich performssimilar tasksto the IRAF packagemscred A
moredetaileddiscussiorof dataprocessingusing FLIPS canbe found
in Paper I.

The photometriccalibrationwasobtainedfrom numerousxposure®f
the Landolt standardfield SA-92 (Landolt 1992). Detailed method
usedto calibratethe datasetarediscussedn Paperl. The photometrid
uncertaintyin the zero points for the standardstarsduring this night
was measuredo be ~0.015in V and~0.014in B. Both the air-masj
coefficientsandthe colortermsin the calibrationequationsverefound
to be in good agreement with CFHT estimations.

The data was reduced using a preliminary version of the new|
TERAPIX photometry routine PSFex (Point Spread Function
Extractor; Bertin, E. 2000). This programis a new componentof

Figure 4: Isochrones and Cooling Models




SExtractor (Bertin & Arnouts 1996), which is
commonlyusedfor star/galaxyclassification We
usea separateyariablePSFfor eachCCD in the
mosaic. Further information on PSFex can be
found in Paper I.

Radial Density Distribution

Characteristicsof CFHLSfilters for MegaCam:effectivewavelength s and surfaceof the
normalizedresponseunction. Responsetake into accountall the optical componentand
detector. The characteristics of the Wircam filters included in the simulations are also
Limiting magnitudesfor the Shallow and Deep Surveyscorrespondto S/IN= 5in a 3"
aperture.Magnitudesare givenin the VegasystemLast columnshowsthe AB Corrections
(mag = Myegat AB correction).

We determinethe extent of NGC 6819 by first Filter | ler (A) | DI (&) fexposure | Mswariow | teposure(N) | Moeep | AB cor.
countingstarsin thin verticalandhorizontalstrips (h)

acrossthe 42'x28° mosaic image. Since the | |y’ 3593 454 1.0 23.8 65.0 26.1 0.976
mosaiccoversa muchlargerareathanthecluster, :

we can usethe resultinggaussiandistributionto | |9 4786 1316 1.0 25.6 65.0 27.9 -0.007
infer a centerlocation. Other methods,suchas | |, 6224 1347 20 24.9 65.0 26.8 0.164
counting starsin quadrantsaroundan estimated

center, producedsimilar results. The centerof | |’ 7630 1311 1.0 23.4 280.0 26.5 0.400
NGC 6819 is found to be 1941"17.7 .

+40°11°17" (J2000). Next, we count starsin z 8862 1078 10 215 920 24.0 0.533
increasingconcentric annuli and normalize the 12532 |2651 1.0 23.8 4.0 25.3 0.937
star countsin each a}nnulysby t_he areaof the H 16514 | 2903 10 224 40 239 1.407
annulus. The resulting distribution of starsvs

radius shows a drop-off in star counts followed pyK 21637 |2724 1.0 21.4 4.0 22.9 1.871

a stabilization causedby the counting of the
constantbackground(seePaperll). This method
is possiblebecauseof the large aerial coverageof CFH12K and has
established larger clusterextentthanall previousstudies(R ~ 9.5").
Figure 1 showsa plot of the star countsvs radiusafter correctingfor
the backgroundistribution. A single-masslensitylaw is found to be
in excellent agreement with the data (King 1962; King 1966).

Color-Magnitude Diagram

Figure 2 showsCMDs for both the clusterfield (inner 9.57) and an
equalareablank field takenfrom the outer CCDsof CFH12K. The
clusterCMD showsa magnificentrich andtightly constrainedmain-
sequenceand turn-off. Fitting the unevolvedmain-sequencef the
clusterto the Hyadesmain-sequencéPerrymanet al. 1998) provides
an absolutedistanceof 2500pc for NGC 6819.A redgiantclumpand
giant branchare also clearly evidentin the clusterCMD andwill be
usedfor testing stellar models. This deep CFH12K study has also
allowed us to measurea significant population of potential white
dwarfsin NGC 6819. The faint-blue endof the clusterCMD showsa
denserpopulationof objectsthan the blank field. Resolvedobjects,
suchasgalaxies,andimagedefectshavebeenremovedby invoking a
0.50 stellarity cut in both diagrams.

Luminosity Functions

The luminosity function of a star clusteris determinedby the initial

massfunctionaswell asthe subsequengffectsof dynamicalevolution
to the presentepoch. Evolutionary effects are expectedto be
prominent on a time scale characterizedby the relaxation time.
Therefore,if the clusteris a few relaxationtimes old, then we can
expectenergyequipartitionto occur:the lower massstarsgain energy
throughgravitationalencountersvith highermassclusterstars(which
sink to the centerof the cluster)andslowly diffuse out of the clusterif

their escapevelocity is greatenough. We will later showthatthe age
of NGC 6819 is estimatedto be 2.5 Gyr (from fitting stellar
isochrones)almost 10x the dynamicalrelaxationtime, and therefore
we can expectthe cluster to exhibit signs of significant evolution.
Figure3 (left) showstheflat globalluminosity function for NGC 6819
and Figure 3 (right) showsthe luminosity function in three different
annuli aroundthe centerof the cluster. Thesefunctions have been
created by first determining a main-sequencefiducial and then
countingstarsin an envelopearoundthe fiducial in both the cluster
andblankfields. Severalartificial startestsin eachof the two fields
havealsobeenundertakerto correctthe datafor incompletenesg¢see
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Paperll). The global luminosity function providesa lower limit to the
cluster population of ~2900 stars and the Figure (right) clearly]
demonstratesthat the lower massstarsare concentratedn the outer
regions of the cluster (mass-segregation).

Isochrones and Cooling Models

Figure4 exhibitsboth
the clusterCMD from
Figure 2 and a
theoretical stellar
evolutionarysequence
of age2.5 Gyr andZ
= 0.02 calculateq
especially for this
project (Ventura, P.
and D'Antona, F.
2000). Detailed
descriptionsof thesd
models can be found
in Ventura et al.
(1998). The slope of
the bright main-
sequenceas well as
the turn-off and red
giant clump are in
excellent agreemer
with this model. The
lower main-sequende
in the model is
slightly bluer thanthe
data,which couldbea
result of the
photometric

calibrationof the datd

or, alternatively, the
Figure 1: N(Znode) distributionsfor the Shallow(top) Co|0r transformation
and Deep(bottom) CFHLSwith MegaCam. Different ; ;
samplescorrespondto: black S/IN 1; red SIN 5; in the model. In this

—

1

green S/IN 10; blue S/IN 5 and S/N 5; cyan i';I\g/](l)JIZZd WZ f(])a%lg

S/IN 10 andS/N 10. . :
stellarity cut and have
also statistically

removedbackgroundbjectsfrom the faint-blue endof the CMD. The
resultingdistribution showsa cleartrail of objects,which agreeswell

given.



Figure 2: Comparisonbetweenthe photometricand model redshift for a Deep CFHLS simulation (left). To avoid confusion,only red (S/N>10) and green
(5<SIN<10), big §/N>10) and small (58/N<10) points are presented. Standard deviatewersus redshift for different subsamples (right; see Figure 1).

with a0.70M white dwarf cooling sequencéWood 1994). Further
multi-object spectroscopimbservationsof theseand the statistically
removedobjects,with instrumentssuchasLRIS on Keck andGMOS
on Gemini, will confirm the white dwarf cluster membersand shed
some light on white dwarf properties.

Conclusion

Deep(V ~ 25) CFH12K CCD photometryof NGC 6819 hasallowed
usto measure-2900clustermembersn theV, B-V CMD. This makes
NGC 6819 one of the richestopenstar clustersknown. The cluster
CMD exhibits a rich main-sequenceurn-off, red giant clump, anda
white dwarf coolingsequence Clusterstarcountshavemeasuredtars
out to a larger radii than all previousstudies.Luminosity functions
have demonstratedstrong evidencefor masssegregationwithin the
boundaryof NGC 6819. The resultsfor NGC 6819, the first studied
clusterin our survey, providesencouragemenfior the completionof
the global goals of the survey.
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Photometric Redshifts in the CFH Legacy Survey

R. Pello! M. Bolzonella? M. Lemoine-Busserolle! J.-F. Le Borgné

aboratoire d'AstrophysiqueQbservatoireMidi-Pyrénées,Toulouse
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?stituto di Fisica Cosmica ~“G. Occhialini", Milano, Italy

We study the expectedaccuracyof photometricredshiftsin the CFH
Legacy Survey (CFHLS), both in the Ultra-Deepand Wide-shallow
fields, usingour public codeHYPERZ. A simple PLE modelhasbeen
adoptedto derive the redshift distributionsaccordingto the depth of
the survey, and to assignapparentmagnitudesto eachobjectin the
different filters. Photometricerrors are given as a function of the
depth, using a realistic approximate relation. The accuracy in
photometricredshiftsand the percentagef catastrophicand spurious
objectsare givenin the relevantredshiftbins. Finally, we discussthe
improvements expected including near-IR photometry, i.e. the
subsequent follow-up with Wircam.

Photometriaedshifts(hereaftephoto-z)havebeencomputedwith the
public code hyperz http://webast.ast.obs-mip.fr/hyperz
(Bolzonella et al., 2000). We have performed a complete set of
simulatedcataloguesusing a standardPLE modelto derive realistig
redshift distributions. The normalizationis setin order to reproducg
the numbercountsin the different filter bandsand, in particular,the
numberof LBGs observedat 3.8 < z < 4.5 by Steideletal. (1999)in a
samplelimited in magnitudein the | band.Apparentmagnitudesare
computed from the evolved SEDs, with ages dependingon the
redshift, the formation redshiftand the cosmologicalparametersThe
resultspresentechereare not strongly dependenbn the choiceof the
PLE modelparametershut ratheron the redshiftdistribution,which is
relatedto the photometricdepth,andthe photometricaccuracyin the
different filter bands.

Synthetic catalogueshave been producedto simulate the expected
conditionsin the Shallow Wide Field andin the Ultra-Deep Field of
the CFH LegacySurvey.Exposurgimeshavebeensetasgivenin the|
CFHLS Reportto the CFHT SAC (February 2001). The different]
transmissionglong the optical path have beentakeninto accountto
derivethe expectedimiting magnitudesandS/N ratiosin the different
filter bands, according to the exposuretimes. These results arg
summarizedin the Table, and used to simulate the observationd|
conditions. Objectswith SIN< 1 in a given filter are consideredag
non-detecteéh this filter. Referencenagnitudesorrespondingo SN




= 5 in the different surveys are given in the Table.

Different sets of simulated catalogueswere produced, containing
between~30000 and 60000 objects each,accordingto the redshift
distributionsexpectedor the Shallow Wide Field andthe Ultra-Deep

Field. Figure 1 displays the resulting N(z) distributions under
different assumptiongor the sampleselectionin the i' andr' bands.
Photo-zhavebeencomputedwith hyperzfor eachof thesecatalogues,
using the standardset of parametergseeBolzonellaet al 2000 for

details),without any selectionor prior in absolutemagnitude. The

only requiremenbr restrictionto computephoto-z is: objectshaveto

be detectedn thei' band(this is an I-limited sample),andin at least
two other filters of the MegaCam domain {fw{S/N  1).

We have also computed a second set of cataloguesincluding
photometricdatain the near-IRbandsJ, H and K', accordingto the
Shallow and DeepPhotometricfollow-up with the large field camera
Wircam, presently under discussion. The characteristicsof the
Wircam filters and Surveys are also given in the Table.

Results and discussion

We presentthe resultsobtainedon the different subsamplesselected
from our synthetic catalogues.The following quantitieshave been
computed,aiming to determinethe accuracyand the photo-z as a

function of the redshift, and the expectedpercentageof catastrophic
identifications and spurious detections:

The standard deviation of the measurehoto-zwith respectto
the modetk.

The catastrophic identifications 1% , which are thosewith D, =
|Zmodel - Zonot |3 1, i.€. Objects lost from their original z bin.

The spurious identifications g%, which correspondto objects

with |D] =3 3s, susceptibleo contaminatethe statisticswithin a

givenphoto-z bin.
Theaccuracyof photo-z for the pure CFHLS with MegaCam(without
Wircam data),and theseweak selectionconstraintss of the order of
s; ~ 0.1 (1 + z), or evenbetterat high-z. Without near-IRdata,the
errorsin at 1.2 z 2.2 arerelatively high as expected.The high
numberof spuriousidentificationsat z 0.4 in the deepsurveyis
mainly dueto a poor statisticsin this redshift bin. Neverthelessthe
high errorsandcatastrophiddentificationsatz < ~0.4and~2<z < ~3

are due to a lack of depthin the presentu’ band photometry.We
strongly recommend to increase the exposure time in this filter.

Theseresultsare to be consideredas a first attempt.More detailed
analysisof the different subsampless neededn orderto optimizethe
photometricsurveyin view of the scientific goalsto achieveusing
photo-z. [Ed. note: a sampleof result figures are given here; the
remainder may be seen on the CFHT bulletin web page.]
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Narrow-band Adaptive Optics Imaging in the
Arches Cluster
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Figure 1: Hell 2.19 micron CFHT adaptiveopticsbonnetteémageof the Arches|
cluster. Northis up, Eastto the left, and the scaleis 0.035"/pixin this ~ 36"
times 36" image. The adaptive optics guide star is labeled "GS".

SDEMIRM, Observatoire de Paris, Paris, France
“Visiting Astronomer, Canada-France-Hawaii-Telescope

Massive stars in different environments

We are pursuingan observationabknd theoreticalproject on massive
starsin differentenvironmentaimedat understandingheir formation
the stellar and wind properties,as well as their evolution, and the|
influenceof environmentakffects(metallicity, clusterdensityetc.)on
theseproperties. HST observation®f variouscompactHlIl regionsin
the SMC and LMC and their stellar content have been obtained
recently (Heydari-Malayeri et al. 1999, 2001).

To constrainthe propertiesof massivestarsin presumablymetal-rich
environmentsand in clusters of various stellar densitieswe have
proposedobservationsf emissionline starsin massivestar forming
regions in the Galactic Center. We here report on our first
observationsstudying the propertiesof massivestarsin the compac

Figure 2: ContinuumsubtractedBracketgammaimage using the 2.26 micron
continuum(for simplicity). The adaptive optics guide star appearsas a false
emission-linestar dueto its strongblue continuum but the detailed photometr
usingtwo continuumpoints accountsfor this; seetext. The bright objectto the
south of the image is a newly identified emission-line star.




"Arches" cluster,a prolific site of recentstarformationat a projected
distanceof ~30 pc from the centralstellarclusteraroundSgr A* (see
review of Morris & Serabyn1996). A more detailed descriptionis
given in Blum et al. (2001).

The Arches cluster

The Arches cluster is thoughtto be the most massive,dense,star
forming clusterin the Galaxy (Serabyret al. 1998, Figeret al. 1999).
This prolific starburstingcluster which may harbor more than one
hundredO-type stars(Serabynret al. 1998)andwhoselinear size at 8
kpcis only about0.6 pcin diameter(Figer et al. 1999)wasfirst found
in limited nearinfraredsurveysby Nagataet al. (1995) and Coteraet
al. (1996, hereafter CO96).

The modestangular resolutionimagesof the Arches, and the low

resolution K-band spectraobtained from these studies showed the
Arches containedmassiveemission-linestarssimilar to thosewhich

had beendiscoveredpreviouslyin the Galactic center (Forrestet al.

1987, Allen et al. 1990, Krabbeet al. 1991). RecentlyFiger et al.

(1999) have obtained HST/NICMOS images to explore the mass
function in the Arches.They found that the ArchesIMF is weighted
much more to massivestarsthan the typical Salpetermassfunctions.
If correct,the massfunctionin the Archesthusstandsn starkcontrast
to the OB associationdn the Galaxy and Large Magellanic Cloud
(Massey& Hunter 1998),including the massivestar clusterR136in

the LMC (e.g. Massey 1998).

Thoughthereis ampleevidencethatthe Archesharborsa densecluster
of massivestars,andthe brightestareapparentlyevolvedasevidenced
by their their emission-linespectra(C096),the precisemassscalehas
yet to be set by detailed determinationsof stellar parametersThe
presentdataand our ongoingmodelingeffort shouldalsohelp to shed
more light on this specific issue.

Narrow-band adaptive optics images

Using KIR and the adaptive optics bonnette PUEO we obtained
narrow-bandmagesof the Archesin June1999centeredat Hel 2.06
micron, Hell 2.19 micron, and Bracketgamma,and three continuum
filters to constructpure emissionline images. A-type standardstars
and Wolf-Rayet stars were observedwith the samesetup for flux
calibrationandto asseghebehaviourof the narrow-bandilters. Using
the same procedurewe have also included existing Paschenalpha
images from HST/NICMOS in our dataset.

The final CFHT images exhibit a PSF with a FWHM intensity between
0.17" to 0.28". The best image quality was obtained on the 2.19 micron

image shownin Figure 1, where the airy diffraction patterncan be
seen.

With the aim of studying the brightest emission-linestars at high
angularresolution- and henceto obtain accurateline and continuum
measurements we have performed PSF fitting photometry to
constructnarrow-bandndices(equivalentto a line equivalentwidth).
Imposingan uncertaintyof lessthan20 % andthe restrictionthatstars
must match to within one pixel from filter to filter, resultedin
approximately650starsfor eachnarrow-bandilter. The fainteststars
for which narrow-bandindices are presentedreach a 2.2 micron
continuummagnitudeof approximatelyl7. The level of completeness
is much brighter, especially in the cluster center.

The comparisonof our flux measurementwith previousdata(CO96
andNagataet al. 1995)shows goodagreementor the objectsfarthest
from the crowded core of the Arches cluster. Other objects show
larger differences(typically -30 70%, up to factor 2-3 for three
objects). This is likely due to differencesin angular resolution
betweenthe presentand pastdatasets. Last, but not least,we also
identify oneobjectshowinglargeapparenspectralvariationsbetween
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1992/1993 and our observations in 1999.
The emission line stars and the age of the Arches cluster

The pure (continuumsubtractedBracketgammaimageis shownin
Figure 2. The comparisonwith the correspondingimage of CO96|
nicely illustrates the improvementobtainedby AO. The artificial
appearanc®f the AO guide star in emissionis due to the use of a
single red continuum image for continuum subtraction for this
illustrative Figure. For the quantitative measurementgindices) two
continuum filters are used to avoid such problems.

Our observationglearly revealtwo new emissionlines stars(22, 19),
one of which (22) is located outside the region observedby CO96.
Threefainter candidateemissionline starsare found, primarily baseq
on Paschen alpha.

Theline strengthinformationfor the Archesemission-linestarscanbe|
usedto estimatetheir evolutionary state,under certain assumptiong.
CO96 assertedhat the starsshouldbe consideredas WN type based
on their spectral morphology and large measurediine widths. An
alternatepossibility is that someof the emission-linestarsare type Of
supergiants (cf. Conti et al. 1995, CO96).

Assumingthe objectsare WR starsthe ratio of the 2.19 and 2.17
micron equivalentwidths can be usedto determinethe WN subtypd
usingdatafrom optically classifiedWR stars(Figeretal. 1997). Due
to lack of emissionin the 2.06 micron filter WC subtypescan be|
excludedfrom the presentlyidentified emission-linestar sample(but
seeBlum et al. 2001 for a discussionof weakersources). Our data
showthat the Archesstarsoccupya remarkablynarrow evolutionary
statecenteredn the sub-typeWN7. Only oneobjectmight havea low
enoughratio to overlap with later WN8 stars; similarly, only one]
object (19) has an equivalentwidth ratio betweenthe valuesof the]
WN6 and WN7 objects in the Figer et al. (1997) catalog.

The approximatespectraltypes allow us to estimatethe age of the
cluster. From evolutionary models assumingsolar or twice solan
metallicity anddifferentmasslossscenariospneobtainsagesbetwee
~2.2t0 5.6 or 8 Myr for WNL stars. Thereare goodindicationsthaf
WN?7 starsare descendantsf starswith initial massesabove~50-60
M (e.g.Schild& Maederl984,Crowtheretal. 1995).In this casean
upperagelimit of < ~4-4.5Myr is obtained jndependenthpof the exac
metallicity and mass loss scenario. From the spectral type
classification presentedhere we thus derive an age of the Arched
cluster between ~2 and 4.5 Myr.

Figure 1: Color magnitudediagram. The blue and red boxesindicatethe blue
and red populations of globular cluster candidates.




Figure 2: Color distribution function. Thered and blue Gaussiandndicate the
two populations of globular clusters.

More details, including a comparisonwith other young clusters,are
givenin Blum etal. (2001). Detailedspectralanalysisof the emission-
line starsbasedon the presentdata and comparisonswith stellar
models will be presented in a forthcoming paper.

Conclusions

Our recent narrow-band observations of the Arches cluster
demonstrat¢hatadaptiveoptics observationganbe usedto determine
accuratefluxes and measuresquivalentwidths of emissionlines even
in crowded regions.

The approximate spectral classification obtained from our data
indicatesthat the emission-linestars occupy a remarkably narrow
evolutionarystatecenteredon the sub-typeWN7. This providesan
age estimate for the Arches cluster between ~ 2 and 4.5 Myr.

Detailed ongoing atmospheric modeling and comparisons with
evolutionary tracks will yield more accurate constraints on the
individual stellar parametergabundancesyind density, luminosity).
In addition,observationst high spatialandspectraresolution,suchas
thoserecently obtainedby Paumardet al. (2001) with BEAR/CFHT

Figure 3: Log-log radial profile of the red and blue populations.

Figure 4: R-band GCLF
covering a variety of spectral lines would be of great interest.

The present and new observationsincluding other massive star
forming regions will provide a better understanding of the
environmentakffectson massivestars,their formationandevolution
topics which are also of prime importancefor studiesof distantstan
forming galaxies.
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The Globular Cluster System of M104
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We haveacquireddeepimagesof the SombreroGalaxy (M104) using
the CFH12K camera.M104 is a nearby(10 Mpc), large, edge-onSa
galaxy,andhasa relatively largeglobularclustersystem. The system
is found to have a bimodal colour distribution. The system's
luminosity function and spatialdistributionis also beinginvestigated.
Theturnovermagnitudeof the luminosity functionis found to be M%
=-7.4.

Introduction

An early investigation (Bridges& Hanes,1992) of M104 suggested
thatit possessednanomalougylobularclustersystemForits Sa-type
galaxyclass,it seemedo haveanextremelylargenumberof globular
clusters(N ~ 2000), and the turnovermagnitudeof its luminosity
function was a magnitudetoo dim (M% = -6.4). We set out to
investigate this system further.

In March of 1999 we usedthe CFH12K cameraat CFHT to acquire
deep,wide-field imagesof the Sombreran B andR. We ditheredthe

images by centering M104 on each of the central four chips (chips 2, 3,

8, 9) in order to cover a larger field-of-view.
Reduction & Analysis

The individual images (each chip is a separateimage) were then

Figure 1: Outline of the 11 fields observedvith the CFH12Kin the Taurusdark
cloud. The dottedlines show the extentof the molecularmaterial as traced by
2CO emission(Ungerechts& Thaddeusl987). Known T Tauri stars are also
indicated. The dark boxesshow the area (0.77 ded) previouslysurveyedby
Briceno et al. (1998).
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Figure 2: CFH12K Ic/(R-I)c diagramThegreencurveshowsthe locationof field
M dwarfs takento the Taurusdistance(Leggett1992, Weis 1984). New low-
massPMS candidatedie 2 mag abovethe observationalZAMS. Redtriangles
are the 4 new confirmed Brown dwarfs in Taurus. fy the spectroscopically|
confirmedbackgroundmain-sequencstars.OpenBlue triangles are previously
known TTs with CFH12K photometry. Green open circles show
spectroscopically confirmed background main-sequence stars.

transformedandregisteredso that the imagescould be combinedinto
deeperhigh-qualityimages Finally, the resultantstackedmageswere]
processed by subtracting off a median-filtered image.

Stand-aloneDAOphotand allstar were then run on theseimagesto
producea list of objectsand their photometry. This list was then
cleaned up by removing the non-stellar objects from the list.

Results

Usingthelist of stellar-like objects,andtheir B and R magnitudesve
areableto constructa colour-magnitudeliagram(seeFigure 2, for our
preliminaryversion). Globularclustercandidatesresplitinto ablue]

Figure 3: (Ic-J)/(J-K) diagram. Combinedoptical-infrared 2MASSphotometry
color-color diagram. Large crossesshow the locus of main-sequencelwarf
colors (compiledfrom Kenyon& Hartmann1995, Leggett1992, Bessell1991,
Leggett et al. 1998). Symbols as in Fig.3. PMS candidates (red circles) with late
M type colors lie above the dashed red line (30 sources).




Figure 4: Spectraof the 4 new TaurusBrown Dwarfs Spectrafor CFHT Taurus
BD candidatesobtainedat the WHT. The bottomspectrumis an averageof the
PleiadesBDs Teidel (M8) and Roque4 (M9). TheKI andNal doubletsat 818.3
and 819.5 nm are weakerin the Taurusobjectsthan in the Pleiadesbrown

dwarfs consistent with low surface gravities. Adapted from Martin et al. (2001).

populationanda red population; they are clearly quite similar to what

is found in many giant ellipticals as well as the Milky Way and M31.

Thedistributionof coloursbrighterthanR < 22.5is shownin Figure3.
The blue and red populationsare evident in this graph, and two

Gaussians have been fit to this data. The blue population peBkR at

= 1.27, and the red populationpeaksat B-R = 1.57. This bimodal
colour distribution hasimplicationsas to how M104 wasformed,and
still needs to be explored.

A radial profile canalsobe calculatedfor two populationsandcanbe
fit to a power-lawof theform sq= A - r™ + sp. Figure5 showsthis
radial profile as plotted on a log-log scale. The blue and red
populationshave similar power-law indicesof m = -1.53 andm =
-1.64 respectively, similar to the radial distributions in most gE
galaxiesbut much shallowerthanin the Milky Way (for which m ~
-3.5).

A final aspecbf the GCSthatwe examinedwasthe globularcluster
luminosity function (GCLF), ascanbe seenin Figure6. Looking at
just the R-band GCLF, we have fit a Gaussianwith a peakat R =
21.76,which correspondso an absoluteturnovermagnitudeof M°, =
-7.37, for adistanceto M104 of 9 Mpc (Ciardulloetal., 1993). Our
new data show that M104's GCS is not anomaloussince early-type
spiralsgalaxiesare expectedo havea GCLF turnovermagnitudeof
about -7.4.

Future Work

The analysisneedsto be extendedo the neighbouringeight chipsin
order to perform a better wide-field survey of the system. Proper
completenesgestswill still also needto be performed,as well as
determiningthe backgroundcontamination. These stepsare now
being taken.
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First Results from a CFH12K Survey for Low-
Mass Objects in Taurus

C. Dougados;?*F. Ménard,* E. Magnier,! J.-C. Cuillandre,’ O. Lai,*
N. Manset! G. Fahlman! E.L. Martin, 2 J. Bouvier?, C. Veillet,* P.
Martin,  T. Forveille !

'Canada-France-Hawaii Telescope Corporation
2LAOG, Observatoire de Grenoble, Grenoble, France
JInstitute of Astronomy, University of Hawaii, Honolulu, USA

We presentpreliminary results of a deep photometric survey of
selectedregionsin the Taurus cloud conductedwith the CFH12K
cameraWe haveimaged3.6 squaredegreesatHa, R, | andz downto
completenesbmits of R=23.5,1=22. We haveequallytargetedegiong
of stellar density enhancement§Taurus aggregatespnd regions of
more diffuse stellar content. Thesedataallow us to detectlow masd
star candidateglown to typically 0.025 solar massesie well into the
brown dwarf regime.From a preliminary spectroscopidollow-up we
alreadyconfirm 4 brown dwarf Taurusmembersresolvinga recen
controversyabouttheir existencein this cloud. We estimatethat our
surveywill uncover30 very low masscandidatesn Taurus. Thesq
datacombinedwith on-goingsurveysof the low-masspopulationin
Tauruswill allow a detailed study of the IMF well into the brown
dwarf regime, and the formation process of substellar objects.

Introduction

The young stellar population associatedwith the Taurus molecula
cloud plays a centralrole in our understandingf the star formation|
process.To date,the censusof the populationis completedown to
1=12.5(Kenyon& Hartmannl1995),correspondindo a stellarmassof
0.3M attheageof the Tauruspopulation(4 Myr). The averagdow
extinction (Av=1) associatedvith this cloud aswell asits young age
combineto provide a high sensitivity to very low massobjectsin the
optical. Two recentstudieshaveattemptedsearchesor brown dwarfg
in Taurus (Briceno et al. 1998, Luhman 2000). Theseled to the
detectionof 8 new low-massobjectscloseto the substellarimit (at
spectraltype M6 at 1 Myr). The absenceof candidateswith spectral
typeslater than M6.5 led Luhman (2000) to infer a deficit of brown
dwarfs in Taurus with respectto other star-forming regions. If
confirmed, the higher low-masscutoff in Tauruswould have strong
implications on IMF models. However, both studiescovereda total
areaof less than 1% (0.7ded) of the cloud surface.To test the
significance of these previous results, we thereforestarted a deef
survey with the CFH12K cameraextendingby a factor 5 the ared
previouslycovered. In additionto determiningthe substellarend of
theIMF in Taurus this studywill alsoallow to testpresenimodelsfor
the formation of substellarobjects.If the formation processof brown
dwarfs is identical to the one of stars, only scaleddown to lower
massesand substellarobjectsform from the gravitationalcollapseof
very low masscores thenbrown dwarfsandstarsareexpectedo have
a similar spatial distribution. On the contrary if brown dwarfs are
ejectedearly in the dynamicalevolution of young multiple systemg
thena spatialsegregations expectedOnly a large scalestudy of the
very low-mass population can therefore help answer these quest

Observations

Observationswere conductedbetweenDecember1999 and January
2001 with the optical wide-field 12kx8k cameranow availableat the
Canada-France-Hawadiielescopg CFH12K). Elevenfields, covering
a total surfaceof 3.6 ded, were observedin Taurus (Fig.1). We
targettedmost of the high stellar density Taurus aggregateregiong
(Gomezet al. 1993)aswell asmorediffuse regions.Integrationtimeg
were: 3x1200sin Ha, 2x600sin R, 2x300sin | and300sin z. Seeing
rangedfrom 0.6 to 1.2 arcsec.In eachfilter, shortexposureq6 and

ons.




60s) were also obtained.The datareductionwas performedwith the  Ungerechts H., Thaddeus P., 1987, ApJS 63, 645
FLIPS reduction packagedevelopedin-housefor CFH12K by J.-C.
Cuillandre.

Preliminary results: Four Brown Dwarfs identified in Taurus.

We show here preliminary results of the photometric survey
combiningl andR bandexposuredor 7 fields (64% of total survey).
Stellar source detectionand PSF fitting photometrywas performed
with the DOPHOT package. From the turnoverin the magnitude
histograms, we estimate completenesslimits of R=23.5, 1=22.
Photometriccalibration in the Cousins systemis performedusing
Landolt standardstars.No significantcolor termis found betweerthe
CFH12K and Cousins systems. We select out in the following
analysissourceswith spuriousphotometry(nearbybright source close
to saturationor with bad pixels, non-stellarbrightnessprofile). 4000
stellarsourcesaretypically detectedat both wavelengthsn eachfield
downto thesdimits. We selectpre-mainsequenceandidatesisthose
sourceslying 2 mags abovethe observationalZAMS in the I/(R-I)
diagram (117 sources,Fig. 2). For about80% of this sample,good
quality near-infraredphotometryfrom the 2MASS surveyis available.
About 1/3 of the PMS candidate$30 sourcesshowcolorsin the(I-J)
versus (J-K) diagram compatible with being late type (> M5) M dwarfs
(Fig. 3).

We haveconducteda first preliminaryoptical spectroscopicollow-up

of 20 sourcesdentified as PMS candidategrom their locationin the
I/(R-1) diagram.An additional10 sourceswith strongHalphaemission
butlying closerto theZAMS werealsoobservedFromthis study,we
identify 4 new substellar candidate membersof the Taurus star-
forming region with spectraltypesin the rangeM7-M9 (Fig. 4, see
Martin et al. 2001 for details). Two of the sourcesare cooler and
fainterthanGG Tau Bb, the previouslylowestmassmemberknownin

the TaurusassociationWe estimatemasse®f only 0.03M for these
two. One of the new brown dwarfs presentsstrong evidencefor disk
accretionIn addition,threeout of four of our newBDs arelocatedin a
sparselypopulatedgroup and nonein one of the richer groups.This
resulthints to a possibleanti-correlationbetweenthe densityof stars
and the density of brown dwarfs in Taurus, as expectedif brown
dwarfs are dynamically ejectedfrom rich young groupsat an early
stagein their formation procesg(Reipurth& Clarke 2001). Clearly,
examininga largersampleof brown dwarfsis requiredto fully testthis
scenario.

Reductionof all photometricdataas well as spectroscopidollow-up
of candidatesreunderway. From our preliminaryanalysiswe expect
thatthe CFH12K TaurusSurveywill uncover30 youngbrown dwarfs
in Taurusand will therebyallow a proper statistical study of their
spatial distribution and properties (Dougados C. et al., in preparation).
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NEWS from CFHT

Director's Corner
G. Fahlman

Thoughts on the Users Meeting 2001

Users Meetingshave beenheld at intervals of three yearsand they
have traditionally servedas a decisiveforum for the presentatiorof
new ideas about CFHT instrumentationand operations.The 2001
UsersMeetingwasheld in Lyon on May 31 andJunel. Thefirst day
wasoverlappedvith the annualmeetingof the FrenchAstronomyand
AstrophysicsSociety (SFA2). There were in excessof 100 people
attendingon thatday, somewhaftfewer on the secondday. The annual
meeting of the CanadianAstronomical Society (CASCA) was held
May 26-29in Hamilton, Ontario andthe close proximity of the dates
was undoubtedlya factor in the notablelack of a Canadianusers
contingentin Lyon. The following remarksdeal only with a subsetof
theissuescoveredat the meeting.A Websitewill be availableshortly
with a summary of all the presentations.

The Thursday morning sessionwas entirely devotedto scientific
highlights from recent operationsat the CFHT. There were nine
invited talksthatcoveredthe full rangeof scienceperformedat CFHT:

from cosmologyto the small bodiesin the solarsystem.Of particular
notewasthe review by Jean-Pierréaillard, coveringthe remarkable
20-yearhistory of the Fourier-TransfornSpectrometeat CFHT. (This

highly productiveinstrumentwasrecentlydecommissionetiecaus®f

the demiseof the f/35 upper-end.Onelessonfrom thesetalks is that
advancementin any area of astronomyis heavily dependenton

exploiting new technology for instrumentation. The scientific
successe®f CFHT rest upon the creativity and skill of those,like

Jean-Pierre Maillard, who have built the unique and reliable
instrumentsthat, have gracedour telescopeA secondlessonis that
technologicabdvancesrea necessanput not sufficient conditionfor

successthe instrumentsmust be wantedby the community so that
deploymentis promptly followed by major observationalprograms
directedat outstandingoroblemsin astronomy.The SAC hasbeenan

important gatekeeper.

Subsequensessionaddressedeveralimportantissuesthat servedto
highlight the new realities facing CFHT as the 8m-classtelescopes
available to our communities move increasingly into fully
instrumentedroutine operationsin this context,the evolution of the
CFHT instrumentcomplementwas briefly discussedOver the next
four or five years, the instrumentationcomplementat CFHT is
expectedto dwindle to just three routinely scheduledinstruments:
MegaCamWIRCAM andthefiber-fed Espadongchellespectrograph
that will be primarily used under weatherconditions that preclude
effective wide-field imaging. Our AO capability (possiblyupgraded)
will be retainedto supportOHANA and AO-associatednstruments
(e.g. KIR/GRIiF) may be offered within the blocked schedulefor
OHANA campaigns.

The Thursdayafternoonsessionwas devotedto a discussionof the
contextand possibilitiesfor a nextgenerationCFHT (ngCFHT). Luc
Arnold presentea talk basedonthe Prospectivédrom the FrenchHigh
Angular Resolutionworking group. This group maintainsa Web site
at: http://grasse.obs-azur.fr/ashmhere the Prospectivedocument,
amongmuch other material, may be found. This is an exciting field,
burgeoningwith new ideasand concepts. Olivier LeFevrereviewed
the presentstatusof NGST, now de-scopedo a 6.5m primary. This is
a key point as sensitivity calculationsshow that a 20m-classground-
based telescope is competitive with NGST for faint object
spectroscopyin the near infrared. Moreover, the limited instrument
complementto be carried by NGST, together with technological
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advancesimplies that capabilityin the thermalmid-IR shouldnot be
abandonedwhen designing the next generationof ground-base]
telescopes.

[oN

| presenteda summaryof the ngCFHT conceptscommissionedast
year.(Thesereportsmay be found by following the Next Generation
CFHT link on the CFHT homepage.)This presentatiowas followed
by statementérom UH (JohnTonry speakingfor IFA), HIA (Simon
Lilly) andINSU (GenevieveDebouzy)anda lively discussiorsessiof
chairedby Daniel Rouan.lt is evidentthatthe ideaof replacingCFHT
with a new telescopein the 20m-classhas attracted considerabl
interestand that the conceptstudieshave stimulatedfresh thinking
aboutwhatthe nextstepsin ground-basedptical astronomymight be.
The currentpartnershipis, however,constrainedn severalwaysthat
may inhibit the further development of these ideas.

U

France, as a member of ESO and OPTICON, is supporting the
developmenf the ESO 100m concept,OWL. INSU is preparedto
supportinternal efforts directedtoward ngCFHT but will restrictits
activitiesto issuesrelatedto AO. In Canadaa projectoffice hasbeen
set up at HIA (see http://www.hia.nrc.ca/STAFF/cbt/XLT/)in
anticipationof supportingsomeof the Large Optical Telescop&LOT)
activity called for in the Long Range Plan (LRP) for Canadiaf
astronomy. HIA is also interested in the NOAO sponsorefl
developmentof a 30m-segmentednirror telescope(GSMT) thaf

would meet the requirements set out in the US Decal Survey Refort. In

the absenceof LRP funding, it will be difficult to move either the|
ngCFHT or any other LOT conceptforward in Canada.There is
considerablenterestat UH in becominginvolved directly with a new|
projecton MaunaKea and an ngCFHT is quite attractiveif it fits the
guidelinesof the newMasterPlanfor the MaunaKea ScienceReserve].
Thereare, however,other proposalsunderconsiderationin commorn]
with Canadaand France,UH hasno specific resourcesdentified for
feasibility studies.

Fromthe above andthediscussiorat SAC, it appearshat CFHT itself
shouldplay an activerole in defining the ngCFHT further. Justhow|

Figure 1: SkyProbenight-timeplot for 21 July 2001 UT. Cloudswere clearly
present in the second half of the night.




this is to be done is unclearat the moment. Some combination of

internal initiatives and a closeworking relationshipwith the member
agenciesnay be feasiblebut putting a coherentplan togetheris going

to be a major challenge.

Another complex issue faced at the Users Meeting was the CFH
LegacySurvey.Our agreementvith CEA, the MegaCambuilders,is
that a minimum of six weeksof observingtime per year should be
devotedto a survey program open to all membersof the CFH
community.The SAC, in conjunctionwith the CFHT, issueda call for
ideaslast year and, basedupon thoseresponsesformed a MegaCam
SurveyWorking Group (MSWG). The MSWG wasassignedhe task
of developingan ambitious, high quality science program for the
surveytime. The groupissuedareportin February(availablefrom our
Web site) that proposeda survey programrequiring 110 nights per
year for five years; one full magnitude beyond the minimum time.

While thereis widespreadagreementhata major surveyprogramis a
very goodidea,therearealsoconcernghatthe proposedsurveywould
leave insufficient room for major Pl-basedprogramsin areasnot
coveredin the MSWG proposaland that the surveyis too narrowly
restrictedby devotingmostof thetime to onearea(Cosmology) SAC
hasthe unenviablgob of formulatinga recommendatiomo the Board
concerningthe surveytime. CFHT staff will be deeplyinvolvedin the
practicalaspectof the survey: obtainingdata,assessinglataquality,
removing the instrumentalsignaturesand ensuringdata distribution
consistenwith the requestof SAC andthe MSWG. The dataflow is
complexandsometime will be neededo put the necessarghannels
in place in the partner communities.

The presentstatusof OHANA was discussedn somedetail by Guy
Perrin. This projectaimsto form the largestoptical interferometerin

the world by linking the telescopeson Mauna Kea with dedicated
infrared transmitting fibers running through the summit
communicationslucts.This projecthasappearedt just the right time
to take advantageof new technology,the growing interestin optical
interferometryeverywhereand the unique concentrationof powerful
telescopeson the Mauna Kea summit. (Interestedreadersshould
follow the Projects link on the CFHT home page for more
information.) CFHT serves as host institution for local OHANA

activitiesandwe will continueto providethe local supportneededo

bring the project to fruition. The developmentis being carried out
largely in Meudon with some financial supportfrom INSU. CFHT
resident astronomer Olivier Lai is the coordinator for Hawaiian
OHANA community.

The CFHT adaptiveopticssystem Pueo,remainsamongthe easiesto
useand mostreliable AO systemsanywhere However,with only 19
actuatorsiit is falling behind the capabilitiesof newerinstruments.
This haspromptedOlivier Lai andFrancoisMénardto takea newlook
at what might be possiblefor an upgrade,dubbedPueo Nui. At a
recent EU sponsoredworkshop on Adaptive Optics for Extremely
Large Telescopes, Olivier presented a provocative paper
demonstratinghat a moderatelyhigh-order(104 actuators)curvature
sensingAO systemat CFHT could deliver very high Strehlratiosin
the visible (43% at R) and almostperfectimagesat K (92% Strehl).
This level of performancevould yield angularresolutionin the visible
thatwould comparefavourablyto that offered by 8m-classtelescopes
operatingat IR wavelengthsOf equalsignificances thatthe very high
Strehlat K hasthe complementarypropertyof beingextremelystable,
greatlyimprovingthe ability of coronographyto achievehigh contrast
images. Francois Ménard extended this discussionat the Users
Meetingby providingan outline of whatwould berequiredto upgrade
Pueo (the optical bench can be maintained;the WFS, deformable
mirror and real-time processomnwould haveto be replaced).Further
studyis neededbut this is anexciting prospecthat exploitsthe "small
aperture"of CFHT to provide a uniquely powerful instrumentat a
relatively modestcost. However,thereare somecloudsin this sunny
picture: there are no identified sourcefor funding this upgrade,the
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Figure 1: Star residuals (millimagnitudes) in the offset observations vs X pd
uncorrected for mosaic trend (left) and corrected (right).

CFHT developmentcalendaris full (MegaPrime, WIRCAM, and
Espadons)and finally, high resolutionimaging in the visible will
require dark time and thus must competewith MegaCamproposal
andthe CFH Legacysurvey.SAC musttakea hardlook at theseissues
and, further, consider the value of Pueo Nui in the context of OHA

Overall, this UsersMeeting was a remarkableeventfor a telescop
supposedlyheadinginto its sunsetyears. The agendawas crowded
with substantialssuesandexciting ideasfor the future of our facility.
Therenownedachievementsf CFHT arenot justin the past.Thereis
more, much more, to come.

CFHT-IR: the new F/8 IR camera

T. Forveille
Canada-France-Hawaii Telescope Corporation

CFHT-IRis a1024x 1024near-infrareccameraandwasdescribedn
muchdetail in Bulletin 41. It is designedor useat an F/8 focus,and
canbe mountedeitherdirectly at the telescopeocus (for imaging) or
on the IR channel of OSIS (for J and H band multi-object
spectroscopy)CFHT-IR is basedon the 1K x 1K Rockwell Sciencq
CentertHAWAII (HgCdTeAstronomicalWide Arealnfraredimaging
focal planearray. This arrayis sensitiveto radiationfrom 0.7 to 2.5
pm. The cameraconsistsin an LN2 cryostat which harbors the
detector,the fixed transfer optics, an F/8 cold stop and two filter
wheels.The cameraplatescaleis 0.21"/pixel,yielding a total field-of-
view of 3.6'x 3.6". Thestandard, J,H, K andK' broad-bandilters are
normally mounted leaving spacen the two filter wheelsfor 8 narrow
bandfilters. A preamplifieranda shutteraremountedexternallyto the
dewar. The systemis driven by an SDSU/LeachCCD controllen
which is the systemcommonly used at CFHT for all visible and
infrareddetectorsObserversareprovidedwith the Detl userinterface
familiar to usersof KIR. The developmentof CFHT-IR was a
collaborative effort betweenUniversité de Montréal (René Doyon,
PhilippeVallée, DanielNadeau)andCFHT (Barry Starr,Jean-Charlg
Cuillandre,Jim Thomas,Jean-LucBeuzit). The cryostataswell asall
cryomechanismsand optics were designedand constructedby the]
Universitéde Montréal,who also providedthe filter wheelcontroller.
The array DSP code, the acquisitionsystemand software were the|
responsibility of CFHT.

First light for the imaging mode was obtainedduring the Novembe
2000technicalrun andthe first productiveastronomicalbbservation
weremadeduringthe Decembe2000 Engineering+Discretionamun.
Sincethen CFHT-IR hasbeenusedsuccessfullyfor three additiona
imaging observing runs. First light for CFHT-IR on OSIS wag
obtainedin May 2001. The instrumentgenerally performsextremely
well, with two relatively small problems. The more visible one is
locally known as the reset anomaly: the first ~100 rows of each
detectorquadrantare affected by an exponentially decreasingbiag
level. It is slightly unstable and therefore leaves cosmetically
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unpleasantesidualsin reducedimages,which would seriouslyaffect
imagesof very extendedsourcesAll CFHT-IR observationgo date
howeverhavetargetedsmall sourcesfor which subtractionof a row
by row backgroundremoves this artefact extremely well. It has
thereforeto date beenof little consequenceA lessvisible issue,but
actually a more damagingone for most programs,is the current 10s
readouttime of CFHT-IR. Infrared arraysarereadout (at least)twice
per integration cycle and the high sky background limits the
integration time for broad band imaging to a maximum of
approximately 30s, resulting in rather large overheadswith the
cxurrentreadouttime. Progres®n bothissueshasbeendelayedby the
largeturnoverin our detectorgroupin early-2001 but we now havea
goodleadon the resetanomalyproblemanddefinite plansto switchto
a faster (3s readout) acquisition system by the beginning of 2002.

For more information and recent updates on CFHT-IR (filter
availability, performances,etc.), please look at our web site
(http://www.cfht.hawaii.edu/Instruments/Detectors/IR/CFHT-IR/or
contact Thierry Forveille (forveille@cfht.hawaii.edu)or Olivier Lai
(lai@cfht.hawaii.edu).

SkyProbe

E. Magnier & J.-C. Cuillandre
Canada-France-Hawaii Telescope Corporation

Oneimportantnewtool from the Elixir teamis SkyProbeThis device
addressesthe difficulty of determining the instantaneoussky
transparencyand providesa way to monitor the conditionswithout

Figure 2: Median image quality in I-band images for each CCD.

excessivestandardstar observations.SkyProbeis a small (50mm)
camerdensmountedon a small (500x700)SBIG-2 CCD. The system
is mountedon the top of the CFH12K cage,anddriven by aniOpener
laptop-sizedcomputerrunning Linux. During the night, an imageis
obtainedby this systemroughly every minute. The field-of-view is
large, 4° x 8, and aligned with the CFH12K FOV.

SkyProbewasfirst installedin the third QSO run, April 12. For this
run, the imageswere displayedin real-timein a web-browserfor the
observer,and also shown in animation. It is possibleto see the
presencef cirrusin theimages githerby their obscuratiorof the stars
or by their reflected light if the Moon is sufficiently bright. This
systemhasalreadybeenhelpful in letting the observersdetermineif
there are clouds or not while they observe.

Sincethat run, we have implementeda quantitativeanalysisof the
SkyProbeimages. Using the Elixir system,it is now possibleto
measurethe stellar photometryof the starsin the SkyProbeimage,
determinetheir astrometry,and match the starswith starsfrom the
TychodatabaseThis collectionof stellarphotometrycoversthe entire
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sky in the appropriate magnitude range, and provides accuratg
photometryfor approximatelyB and V filters. We can therefordg
determinea zeropointfor eachSkyProbeimagerelativeto the Tycho
photometry. A comparisonof this photometry with the nomina
zeropointprovidesan accuratefime-resolvedneasurementf the sky
transparency during the entire night.

Thereis still someroomfor improvementn the photometrysinceour|
currentCCD <100%filling factor. Evenso,theresultsso far arevery
encouragingFigure 1 showsthe zero-pointresidualsfor onenightin
July. The period from 18:00HST to 00:00HST hasa scatterof 1 to
2%, essentiallyour accuracylimit. The restof the night clearly showq
the presenceof clouds. SkyProbeplots, including our archiveof all
operational nights, can be found at:

http://www.cfht.hawaii.edu/Instruments/Skyprobe

Characteristics of CFH12K

E. Magnier & J.-C. Cuillandre
Canada-France-Hawaii Telescope Corporation

Flat-fielding and Scattered Light

We have discoveredthat scatteredlight is contaminatingflat-field
imagestakenwith CFH12K. The contaminatioris at a relatively low
level, and can be hidden if the CCDs are calibratedindependently.
Without correction,the contaminatiorintroduceserrorsto photometry
which may be aslarge asa few percent.The systematinatureof the
errors meansthat repeatedneasurementsf standardstarsdoes not|
serveto beatdown the errorsto acceptabldevels. The high level of
detailin theElixir analysisof the detrenddataandthe largenumberof
photometric standardstar data obtained during the QSO runs this
semester made it possible to track down this problem.

The problemfirst cameto light when the Elixir team performedthe]
photometricanalysisof the standardstarimagesobtainedin the first
QSOrun. High quality detrendframeshadbeenproducedandapplied
to the standardstarframes.The quality of thesecalibrationswere such
that we expectedl% or betterphotometricaccuracy especiallywhen
coupled with the consistentreports of photometricweather. As a
result,whenthe standardstarswerefirst analyzedwe were surpriseq
to discover residual scatter as large as 5%. After substantidl
investigation,we were able to show that there was a high level of
consistencyin measurementsnade of the samestarswith different]
analysismethods different versionsof the flat-field images(twilight
vs night-time superflats) and different nights. The photometricerrors
observedwvere a strongfunction of the position on the detector.This
implied that the flat-field was somehowinaccurate.Given the carg
taken to ensure the best possible conditions for the flat-field
acquisition,and the consistencybetweentwilight and superflats,we
cameto the realizationthat the flat illumination was not actuallyflat,
ie, therewas a sourceof excessllumination which varied acrossthe
field.

We first attemptedo identify objectsvisible to the mosaicwith a high
albedo. By turning CFH12K into the world's largestdigital pinhole]
camera,we identified Teflon strips on the undersideof the primary
mirror coversas the only high-albedoobjectsin the CFH12K beam
We performeda set of measurementto measurethe scatteredight
causedby thesestrips: we obtaineda seriesof domeflats in which
strips of black cloth were usedto cover the undersideof the mirror
coverpetals,anda secondsetwith the petalsexposedThe differencey
in theseflats show a pattern of scatteredlight consistentwith the
observedspatialtrendsin the photometricerrors. We generatedh flat-
field correctionby scalingthe resultingimage until the standardstarn
errors showed no spatial trands. This required multiplying the
scatteredight frameby afactorof 10. Theresultingflat-field images




reducedhe typical scatterfrom about5% to 2-3%. We haveusedthis
correctionfor all QSOdatadistributedasof October2001. Uncertain
if the Teflon padswere the sourceof the scatteredight problem,we
decidedto removethemin May 2001. Flat-field imagestakenafter
this showedthat they were not the actualsource- the flat-field errors
remained.

We havesinceapproachedhe problemfrom the oppositedirectionby

attempting to measure the mosaic-wide variations induced in

photometry by the scatteredlight. We performed a series of

observations offsetting the mosaicin stepswhich doubled from a

small scaleto half of the mosaic. We divided the mosaicinto small

(~500 pixel) boxesand determineda photometricoffset for eachbox

which minimizedthe scatterper star. Theinitial resultsare extremely
encouraging: We are now able to demonstrate0.7% internal

consistencyin the photometry,androughly 1% photometricaccuracy
for the conversionfrom CFH12K R-bandto the Landolt standards.
We will obtaindatafor the correctionfor the otherwide bandsin the

nextQSOrun (Nov 2001)andusethis new correctionfor future QSO

distributions.

This scatteredlight problem has contaminatedall CFH12K data
obtainedo date. Observersvho haveobtainedCFH12Kimagesn the
pastand who require accuratephotometryshould considerthis issue
carefully. The correctionswve havedeterminedshouldbe applicableto
data obtained in previous semestersas well. Our Elixir web site
provides correctionframes and recipesfor uncorrectedflats as will

include the incrementalimprovementfrom our initial correctionand
the newer correctionwhen it is complete.Thesecorrectionsmay be
usedto adjustflat-field imagesbeforethey are appliedto to correct
stellar photometry which has already been extracted.

Mosaic-wide Image Quality

We found two importantsourcesof imagequality variationacrossthe
mosaic. Thefirst effect appeargo be charge diffusion in the chips,
while the secondis morelikely causedby optical distortions,perhaps
an alignmenterror in the wide-field correctorlenses. The first effect

Table 1: ComparisonbetweenESPaDOnNSand existing echelle spectrographs
(total efficiencybeing definedas the product of the photoncollecting surfaceof
the telescopethe spectralresolutionof the spectrographthe spectraldomainit
cancollectin a singleexposureand its peakthroughput(at the selectedspectral
resolution and in nominal seeing conditions).

Instrument Telescope Res | Domain | Through| Eff
(k) | (nm) (%)
UVES VLT (8.2m) 50 280 13.8| 97
ESPaDONS |CFHT (3.6m) 50 630 20 64
HIRES Keck (10.0m) 50 250 6.5 62
HDS Subaru (8.3m) 50 250 6.5 44
EMMI NTT (3.5m) 50 350 72| 12
Hamilton Lick (3.0m) 50 620 5.1 11
UES WHT (4.2m) 50 280 3 6
Echelle Palomar (5.0m) 40 300 15 3
UCLES AAO (3.9m) 50 280 2 3
Echelle KPNO (4.0m) 40 215 <1l <1
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Figure 1: This image presentsa first attemptat modeling the large scale
structure of the magneticfield of AB Doradus, a zero-agemain-sequencstar
that representswell what the Sunmusthavebeenat an age of 10 Myr and a
rotation rate 50 times larger than its presentvalue. This 3D topology was
obtained by extrapolating the surface magnetic map (derived from
spectropolarimetricdata obtainedat the AAT with Semel'svisitor polarimetel
and the spectrograph UCLES, with a dedicated maximum entropy image
reconstruction code), and assuminga potential magnetic field structure.
Ultimately, suchstudiescan be veryusefulto studythe impacton the field on the
rate of angular momentumloss in young rapidly rotating low mass stars.
ESPaDONSwill give 10 times more photonsand cover a spectraldomain2.3
times wider, which will allow to go 3.5 magnitudesfainter, down to about

showsup assignificantimagequality jumpsbetweerchips. The effect]
is strongestn B andV, andin the chips01, 07, and11. In a well-
focusedmage thesechipshaveimagequality whichis typically 0.07"
worsethanthe mosaicaveragdor B andV, 0.05"for R, and0.02" for
I. Thebestfocuspositionfor thesechipsis the sameasfor the restof
the mosaic,showingthat the offsetis not causedy thesechipsbeing
somewhatdisplacedfrom the focal plane, nor do thesechips havd
large seeinggradientsasif they weretilted in the focal plane. Thesq
points, and the fact that the image quality degredationis strongly
wavelength dependent,suggestthat the degredationis causedby
charge diffusion effects.

The secondmosaic-dependeritnage quality effect appearsto be a|
form of optical distortion. This effect showsup aslarge-scalémage
quality gradientsacrossa well-focusedimage. It is necessaryor the]
seeingto be betterthanabout0.8" for the effectto be measureablg.
Thevariationin theimagequality is smooth;it doesnot exhibit chip-
to-chip jumps like the chargediffusion effect. This can be most
clearly seenin I-band imageswhich are not strongly affectedby the
chargediffusion. We haveexaminedthe magnitudeof the variationd
by plotting seeinghistogramsfor eachchip for the I-bandimageswith
betterthan0.8" averagamagequality. A plot of the mediansof thesd
distributionscan be seenin Figure 1. This plot showsthat the besf
image quality is obtainedin chips 03, 04, and09. Chips00 and 06
haveimage quality which is worse than chip 03 by typically 0.08" -
0.1".

Next we examined the correlations of the image quality with
environmentafactors. For this study,we limited our measurement®
chip 03 to avoid the mosaic-wideeffectsdiscussedabove. The first
investigation involved the dome temperature structures. Each




CFH12Kimageis associateth our Elixir databasewith severadome
temperatureaneasurementsxtractedfrom the domedatalogger. We

usethreetemperaturesvhich measurehe air in the domeat heightsof

2'and6' abovethe domefloor, aswell asat the top of the dome,just
inside the dome slit. We also record the primary mirror surface
temperature. It is importantto note that the basic goal of dome
temperaturecontrol is being met most of the time: there are few

occasionswherethe dome showsa negativetemperaturggradientin

the sensethat cooler air is at a higher altitude in the dome,and the
mirror surfaceis nearly alwaysthe coolestobject. The resultof this

geneally good temperature control is that correlations between
temperaturesind seeingmeasurementare in generalquite weak:the
strongestrend would comeif the domehada temperaturanversion,
and that does not seem to occur frequently.

To improvethe statisticswe examinedseveralstatisticsaverageaver

partof the night. In particular,we examinedhe relationshipbetween
theaverageandstandarddeviationof the seeingfor half of eachnight,

comparedwith the averageand standarddeviation of the various
possible temperature differences. We found weak correlations
betweenthe averageseeingand the temperaturegradients,probably
becausethe temperaturesare generally have the right gradient.
However, we found strong correlations betweenboth the average
seeingand the standarddeviation of the seeingas a function the

standarddeviation of the temperatureifferencesin the dome. This

saysthatwhenthe domethermalstructurechangesiuringa portion of

thenight, notonly doesthe seeinggetworse,butit becomedessstable
as well.

Thesetrendsareillustratedin Figure 2, which showsthe seeingand
seeingstandarddeviationas a function of the temperaturaifference
standarddeviationsfor the mirror - top of domeandthe 6' level - top
of domedifferences. Thesetrendssuggestthat the seeingdegrades
whenthe dometemperaturestructurebecomesunstable. However, it
is not clearfrom thesedataif thetemperaturevariationsare causedy
heatsourcesin the domeor driven by the outsideair. We explored
thesepossibilitiesby examiningthe correlationsbetweenthesedome
temperaturestatisticsand the averageand standarddeviation of the
oursidetemperatureneasuredan our weathertower. We find a weak
correlation between the outside temperaturevariations and those
inside. In addition, we find occasionalperiods where the outside
temperaturesare quite stable, but the inside temperaturesshow
significant variations. Theseobservationssuggestthat someof the
dometemperaturevariationsare causedby the sluggishnessf the air
insidethe dometo reactto changeoutsidethe dome,andthat someof

focus array camera. Nonethelessthe recently decommissiong
systemsawere optimizedspecifically for the thermalinfrared with the
an under-sizedsecondarymirror, beam chopping and synchronou
detector systems needed to dig signal out of the otherwisg
overwhelminghermalbackgrounchoiseandgreatcareneededo kee(
telescope emissivity at the 10% to 12% level.

The infrared upperend and its /36 choppingsecondarymirror werej
commissionedin early 1982 after a rather lengthy birth. Theyj
provided the essentialcapabilitiesfor a host of visiting instrument
over the yearsas well as a home for severalgenerationsof CFHT
facility instruments,the most successfulby far being the Fourien
Transform Spectrometemwhich holds the record as CFHT's longes
running facility instrumenthaving beenin servicefor 20 years. In
1991 the original f/36 choppingsecondarymirror wasreplacedwith a
new f/35 mirror from Contravesto finally take advantageof the
obviouslysuperboptical quality of the site in the infrared. During its
tenureon the telescopegdetectortechnologyevolvedfrom single InSh)
diodesand Ge bolometeramountedin IfA's colloquially namedTwo-
Tummied Toad dewarsto large HgCdTe detectorarrays mountedat
the FTS focal plane to provide the astronomyworld's first high
resolution integral field FTS.

Although the competitive position of infrared astronomyat CFHT
havebeenunderreviewfor severalyearswith the expectatiorthat the
longerspectralregionswill ultimatelybe dominatedby a fleet of much

larger telescopesmore mundanebut proximate needsfor manpowef

and space on the observing floor caused us to schedule the disa
andremovalof theinfraredupperendat the time of the arrival of the
new MegaPrime upper end in March this year.

Of all the difficult choiceinvolved in the decommissioningrocess
the realizationthat many dear friends and familiar faceswould be|
muchlessfrequentlyvisitors, wasone of the mostdifficult. We hopd
that our newer facilties will draw them back.

ESPaDONS: an Echelle SpectroPolarimetric
Device for the Observation of Stars at CFHT

N. Manset & J.-F. Donati’
'Canada-France-Hawaii Telescope Corporation

2| aboratoire d'AstrophysiqueQbservatoireMidi-Pyrénées Toulouse
France

the variations may be caused by residual heat sources inside the dome.

The f/35 Infrared Upper End and FTS -

decommissioned

D. Salmon
Canada-France-Hawaii Telescope Corporation

CFHT is in the midst of an exciting processof self-transformation
neededto remain competitive in the era of larger 8 m and 10 m

telescopes.This regeneratiorhasa clear vision and well established
goals with broad community support. However, it doesn't come
without significant costs. One of theseis reflectedin the recent
decisionto decommissiorthe /35 infrared cassegrairfocus and the

observatory'slongest running instrument, the Fourier Transform
Spectrometerthereby effectively ending the era of mid-to-long
wavelength infrared astronomy at CFHT.

Infrared astronomyhas played a long and distinguishedrole at the
observatorywhich will continueinto the future in the non-thermal
domainbothwith existingdetectorson the Adaptive Optics Bonnette,
in directCassegraiimagingmodesandwith a newlargeformatprime

Introduction

ESPaDONSs an ongoing Franco-Canadiaproject for a new bright
time instrument, a cross-dispersed echelld
spectrograph/spectropolarimetdor general community use at the|
Canada-France-HawadilielescopgCFHT). This projectis led by J.-F|
Donati, C. Catala,and J. Landstreet,and fundedby CFHT, Canad{
(NSERC), France (INSU, MENESR, Observatoire Midi-Pyrénéeg
Laboratoire d'Astrophysique de Toulouse), and ESA.

This instrument will be able to obtain:

a completeoptical spectrum(i.e. from 370to 1,000nm) in a singl¢
exposure with a resolving power of 50,000 to 70,000.

all polarizationcomponent®f the stellarlight (circular andlinear)
with the same resolving power.

20% peak total throughput (telescope and detector included).

This implies in particularthat polarizedor unpolarizedspectrawith a
peakS/N of 100 per3 km/sspectrabin canbe obtainedin 1 hourfor a
my = 14 star.
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ESPaDOnNSncludesa Cassegraiimmodule (containingall calibration
facilities andthe optionalpolarizationanalyzer)fiber feedinga bench-
mounted high-resolution and high-efficiency optical echelle
spectrographmaking it possibleto have extremelygood wavelength
stability and minimal instrumentalpolarization.The designis actually
basedon Semel'svisitor stellarpolarimeter(developecat Observatoire
de Paris-Meudorandusedat the Anglo-AustralianTelescope)andon
FEROS the Fibre-fedExtendedRangeOptical SpectrograplthatESO
developed for the 1.5m telescope in La Silla.

ESPaDONSwill be a unique instrumentworldwide in polarimetric
mode,competitivewith similar instrumentson 8 m classtelescopesn
non-polarimetricmode, thanksto its very wide wavelengthcoverage
and high total throughput (see Table).

Theinstrumentwill alsoinclude modernoptimal extractionandcross-
correlationtools that will be availableat the summitand allow real-
time spectrumprocessingand preliminary data analysisas soon as
photons are collected.

Main scientific drivers

With the new facility, CFHT communityastronomerwill be ableto
addresawith unprecedentedetail a broadrangeof importantissuesn
stellar physics, from studiesof stellar interiors, to investigationsof
stellar atmospheresstellar surfaces,stellar magneticfields, and to

observations of circumstellar environments and extrasolar planets.

More specifically,ESPaDONSs expectedo trigger majoradvancesn

our understandingf the origin of stellar magneticfields, aswell as
their impacton physicalprocessesperatingwithin both cool andhot
starsor in theirimmediatesurroundings. For instance ESPaDONnSt
CFHT shouldenableusto obtainmagneticnapsof many T Tauri and
youngopenclusterstarsandthusstudyhow dynamoprocessesperate
in fully convective stars and in early stagesof stellar evolution,
somethingthat no other instrumentcan do at the moment. We also
expectESPaDONSo be very efficient at discoveringmagneticfields

in classef objectsnot yet unambiguouslyidentified as as magnetic
(e.g. Be stars).

In non-polarimetrionode, it shouldbe extremelyefficient at studying
stellar surfacesand could for instance measuresurface differential
rotationin solar-likestars(andthusstudythe global dynamicsof their
convectivezones)for alarge numberof youngobjects. It could also
be usedto study the internal structure of both cool and hot stars
through asteroseismologythanksto its extremely good wavelength
stability.

Project status

The ESPaDOnsproject is managedby both the stellar magnetism
group (PI, project scientist), and by the engineersof the Groupe
d'InstrumentatiordesGrandsTélescope§planning,mechanicspptics,
electronics software,integration/testspf ObservatoireMidi-Pyrénées
in Toulouse, France.

The optical, Cassegrairmechanicsand detectorsystemshavealready
beenapprovedby CFHT and are under constructionat the moment.
Spectrograptmechanicselectronicsand softwarefinal designreviews
areplannedfor earlyfall of 2001,with constructiorstartingsoonafter.

Table 1: Simulation Results

After anassemblyand integrationphase ESPaDOnSwill betestedin
Francein thefall of 2002,beforebeingshippedto CFHT at theend of
2002. It should be operational for the community early 2003.

For moreinformation, pleaseseethe Web page:http://webast.ast.ob
mip.fr/magnetisme/espadons.htrand Donati J.-F. , Catala C.,
Landstreet].D., "ESPaDONSAnN Echelle SpectroPolarimetri©evice]
for the Observationof Starsat CFHT", in: Martin P., Rucinski S.
(eds.), “proceedings of the *“fifth CFHT users' meeting" (1998), p

This work is donein collaborationwith M. JardineandA.C. Camero
from the University of St Andrews (UK) (for more information, seq
Jardine et al 1999, MNRAS 305, I135)

WIRCAM

T. Forveille
Canada-France-Hawaii Telescope Corporation

With MEGACAM on track for its first light in early 2002, attention
within CFHT hasstartedshifting towardsthe developmenbf our next
major instrument, the WIRCAM wide-field near-IR mosaic. This
obvious complementto MEGACAM has long been at the top of
successiveSAC instrumentationwishlists, to extend our wide-field
imaging capabilitiesto the near-IR.The scientific applicationscente
around objectswhose spectralenergy distribution peaksbeyondthe
CCD sensitivitywindow, intrinsically (i.e. cool objects) becausét hag
been reddenedby dust, or through a cosmologic redshift. This
includes,amongstmany other things, all applicationsof photometrig
redshifts (which beyond z=1 are poorly constrainedfrom UBVRI
alone),searchedor very high (z>7) redshift objects, studiesof dark|
mattercandidatesn our galacticspheroid,and diagnosticsof the starf
formationprocesslin fact, the difficulty (and cost)of producinglarge]
format near-IR detectorsis the only reasonwhy there aren'talready

Figure 1: Top row showsthe theoretical PSFsin K, I, R andV bandswhile thg
bottomrow showsthe simulatedPSFsin the correspondingbandswith Streh
ratios of 0192, 0.58, 0.43 and 0.21 respectively for the 104 electrod
configuration. Note that all scales are logarithmic.

several large mosaics in use around the world.

The monthssincethe lastissueof the Bulletin haveseenconsiderabl
progreson WIRCAM. Firstandforemost,agreementsiith Koreaand
Taiwan and additional supportfrom INSU havenow helpedsecurea
realistic (but tight) budget for the project.

In parallel,the instrumentconcepthasseer]
some very significant  evolutions
WIRCAM still is a fast-guided4k x 4k
camera, but most other parametershave

filter 80 sub-apertures, 1kHz | 80 sub-apertures, 2kHz| 104 sub-apertures, 2kHz | changed. Probably most dramatically, it

— a0 — P — Y = 090 — " now looks likely that we will choosg
K S = 84%, FWHM = 0.119" S = 85%, FWHM = 0.1191S = 92%, FWHM = 0.119 detectors (the = HAWAII2-RG,  from
| S = 31%, FWHM = 0.049" S = 39%, FWHM = 0.046!S = 58%, FWHM = 0.046" Rockwell) that are buttable, and we ar¢
R |S=19%, FWHM = 0.046" S = 30%, FWHM = 0.041f'S = 43%, FWHM = 0.039" ﬁgfgg‘;otrhegﬁstﬁ:'”%asnﬁggfe“rtht'ﬁgt‘sxgng
\% S =10%, FWHM = 0.032{S = 21%, FWHM = 0.029"
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Figure 2: A high Strehlratio also providesa muchmorestablePSF.Thelower
curve showsthe instantaneousStrehl ratio during a 4 secondsimulation of
PUEO under nominal conditions. The upper curve showsthe stability of the
PUEO NUI psf under the same circumstances.

initially considered. Besides being simpler to integrate and
commissionthe monolithic designis muchlighter andmore compact,
and can thereforebe made compatiblewith a prime focus location.
This in turns results in a simpler and smaller optical train, and
significantly better throughput. Simultaneously,the better optical
matchof the prime focusbeamto the detectomparametersllows usto
obtainthe 0.30" per pixel imagescalerecommandedby the WIRCAM
Scientific SteeringGroup,whenwe could not go over 0.25" per pixel
atF/8. WIRCAM is thusno longera Cassegrairinstrumentandwill
instead use the current CFH12K upper end, with its focusing
mechanisnbut without the correctorand the presentPF bonnette A
sidebenefitof our likely detectorchoiceis that its multiplexer allows
rapid readoutof a small subarrayto be usedasinput for fastguiding.
Our baselinedesignthereforeno longer includesan externalguider.
After extensivediscussionswith the SteeringGroup we have also
decidedto dispensewith a shutter,resultingin an instrumentwhose
only moving parts are the two filter wheelsand the tip-tilt mirror.
WIRCAM is now conceptuallywery simple,which will helpusbuild it
on a fast-track schedule, and will later make it easy to operate.

Seveninstitutesin the threememberagencieplus TaiwanandKorea
have expressedn interestin taking on somepartsof the WIRCAM
developmentBecauseof the fast-trackrequiremento get on the sky
by early-2004,CFHT hasdecidedto distributethe workload between
theseteam,andto have eachonework on a particularcomponenin

parallel with work by others. We are well aware of the potential dang

thattheinterfacesbetweerthesemanyparalleldevelopmentgould get
out of hand,and we have carefully defined packageghat minimize
these problems.

The various groupsgot togetheron October15" - 17" for a Kickoff
meetingin Waimeajo discussandsettheessentiatamergparameters,
to confirm the allocation of work packages,and to agreeon a
developmentschedule A tentativedistribution of the work hasbeen
arrived at, subjectto contractnegotiationand approval.In this plan,
the Observatoirede Grenoblewill designthe cryovesseland closed-

K band 0.92 Strehl ratio

100

relative intensity of normalised PSF

radius (areseconds)

Figure 4: radial cuts of PSFsin K and R bands.The lowest curve showsthe
diffraction pattern,the middleoneis PUEONUI with 104 electrodesthe upper
oneis the current 19 electrodePUEO. Theincreasein dynamicrange provided
by the upgrade is the ratio of the latter two curves.

CFHT Bulletin 43 : Page1

cycle cooler system,and at the same time will coordinate the
developmenbf the rest of the opto-mechanicsby the University of
Montreal (cold optics), the Observatoirede Toulouse (cold filter
wheels),andthe Observatoirede Paris(imagestabilizingunit). These
systemswill come togetherin Grenoble for final opto-mechanicd
assemblyand cold tests.In the meantime, the IfA will developthe
camerareadoutelectronicswith CFHT providing the dataacquisition]
and guider software. Thesetwo major systemswill get integratedat
CFHT, probablyin the late partor 2003. The targetdatefor first light
is the beginning of 2004..

Pueo Nui: Clearing the Path for Direct Planet
Detection

O. Lai' & F. Ménard*?
'Canada-France-Hawaii Telescope Corporation
2LAOG, Observatoire de Grenoble, Grenoble, France

Introduction

Rethinkingthe useof 4m-clasgelescope# the dawningeraof large
facilities is a timely and challengingdebate.CFHT remainsin an|
enviable position with leading efforts in both wide-field and high-
resolutionimaging. The extensiveuse of PUEO for imaging (andthe
start of its use coupled with spectroscopyhas kept CFHT at the
forefront of scientific research with adaptive optics since the|
commissionningof PUEO in 1996 (e.g., Lai 2000; Ménard et al.
2000).

The experiencegainedwith the currentAO systemis a valuableasse|
for our communitiesand the ideathat an upgradedversionof PUEQ|
would opennew scientific and technologicalnicheshasbeengaining
momentumsteadilyin the pastfew years(e.g. Roddieret al., 2000)
We believetheideais now ripe andwe proposeda schemeo upgradé
PUEO at the last CFHT users' meeting in Lyon.

The fields of applicationof high orderadaptiveoptics are numerous.

High contrastimaging, with the use of phasecoronographyrequireq
extremely high Strehl ratios (>90%) to be of value for exoplane
SEarch detection& imaging. The issueof resolutionis not ascritical
asthatof scatteredight, dueto theresidualseeinghalo, the imperfect
optics, etc.,assoonasoneis out of the centraltenthof an arcsecond
beit on a4 or 8 metertelescopeOf coursein the caseof an 8 mete
telescopepne could go "closerin”, but at the costof a lower Strehl
ratio, and hence a less favorable contrast.

It still needsto be demonstratedhat Shack-Hartmantechnologywill

be ableto provide Strehlratios >90%reliably on 3.6 metertelescope
(the military AEOS and SOR systems, reputedly offer such
performancewith 941 and 756 actuatorgespectively but at high cosf
andwith lack of hardevidence))et alonewhetherthis is evenfeasiblg

Figure 5: a) HST/NICMOS + coronagraph 1.6 micron image of the
circumstellar disk around HD 141569.This is the discoveryimage. Important
residuals from the PSF subtraction are evident and limit the dynamic rangg
to the mask.lmage from Augereauet al. (2000).b) HST/STIS+ coronograph
0.7micronimageof the diskaroundHD 141569.Theimprovedresolutionleads
to a much better view of the disk structure. Image from Mouillet et al. (2001
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on 8 to 10 metertelescopesnd beyond.However,recentsimulations
haveshownthat suchhigh imagequality would be within reachwith a
reasonableipgradeof PUEO.While trying to keepthe existing opto-
mechanicsa curvaturesystemwith 104 electrodeshasbeensimulated
and results are very promising as we briefly describe below.

System description

Thedeformablemirror of PUEOis 60mmin diametemwith a pupil size
of ~40mm. To keep the current optical train unchangedin an
upgradedPUEO version (to reduce costsand downtime), inquiries
weremadeasto the fabricationanddynamicrangeof a 100 electrode
bimorph mirror for such a beam size, with positive responses.
However, MEMs technology (electrostatic -curvature- MEMs are
currentlyunderdevelopmentt LETI in Grenoble)could alsoleadto
interesting technical developments for the future.

Therefore simulationswerecarriedout to examinethe performancef

sucha curvaturesystem.In all simulations,the following telescope
and atmosphericparametersvere used:a 3.6 meter primary with a

large (0.421 D) central obstruction.A realistic D/rO was used, as

opposedo the so-calledVlaunaKea medianseeing:D/rO wassetto 20

at 0.7 um (this is equivalentto 12 cm in the V band,a 0.8" seeing).
Theturbulencewassplit into two dominantlayersandspeeds25 m/s

at 10 km, and 10 m/s at ground level.

Threeconfigurationsveretested andresultsareshownin Table1 and
Figurel. First, 80 sub-apertures/electrodés, 12, 18, 24, 18), with a
samplingfrequencyof 1kHz - a simple upgradefrom PUEO. In the
second configuration, the sampling frequency was doubled, an
improvement indicated by the strong effect of loop gain on
performance. The resultsimproved substantially,mostly at shorter
wavelength. In the third configuration,the numberof sub-apertures
was increased keeping everything else constant. The configuration
usedfor the 104 electrodesvas (8, 16, 24, 32, 24). Of course,with
better seeingconditions, performanceincreasessubstantially:in the
third configuration,0.5" seeing(at 0.5um)resultsin a Strehlratioin K
of 96.1%. We validated our simulation processby modelling the
current PUEO configuration and comparingthe resultsto real AOB
observations. The agreementwas excellent, demonstratingthe
accuracy of the simulations.

Oneof the often overlookedadvantagesf 92% Strehlratio in K band
is PSF stability: For an average Strehl ratio of 43% in K, the
fluctuation of Strehlratio are +/- 14% (i.e. the instantaneoustrehl
ratio variesbetween20 and 60%). While at 92% Strehlratio, the PSF
varieshy +/- 2%. In caseof goodseeingwhenthe Strehlincreasego
96%, the variation of S is only 1.5% (figure 2). This meansthat PSF
calibration,socritical for coronographyfor deconvolutionand/orPSF
subtraction, will actually become not only possible, but accurate!

Science case

Although an extensive,and more detailed, science case will be
presentectlsewherge.g.,in areportto SAC, autumn2001 session),
the populartopic of extrasolamplanetsthat we have chosento discuss
here will serve as a perfect example of the tremendousscientific
opportunity an upgraded AO system at CFHT would provide.

About 70 hot and massive(Jupiter-like) planetsare now known to
orbit solar-like stars.Theseobjectsare more massivethan the Earth
andlikely not bearinglife. However,the searchasonly begunrecently
andthereis no doubtthat, asthe timespanincreasesndthe sensitivty
of the instrumentsimproves, lighter Earth-like planets will be
discovered around nearby stars.

Angular Resolution is not the limiting factor

The planetsknown today all orbit their parentstarsat distancedess
than a few AU. This is no doubt a selectioneffect, and a direct
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consequencef the increaseddetectability of massiveand rapidly
orbiting objects. Neverthelessijt is important to realise that thesd
planetsare located around relatively nearby starsand, in the most
favourablecasesareseparatedisually by half anarcsecr morefrom
their parentstar (e.g. e Eri b). Angular resolutionis thereforenot the
limiting factor to "resolve" the planet from the central star. The
problem comes from the fact that the central star is much much
brighter, especiallyat optical and NIR wavelengthswvherethe planet
only scattershe stellarlight. It is the glarefrom the centralstarthat
drownsthe signalof the planetandforbidsits direct detection..sofar!
This glare is the direct consequencef the degradedmage quality
producedby today's telescopes,due both to imperfect optics and
incomplete atmospheric turbulence correction.

PUEO'sbestimagestoday canreachStrehlratios of 70% or so, with
representativaveragearound40%at K-bandon a mediannight. This
meansin practicethat about half the energy containedin the beanf
reachingthe detectorremainsin the uncorrectedseeinghalo at 2.2
microns. The situation beeing worse at shorter wavelengths.

Theinterestof a higherorderAO systemto look for extrasolaplanets
lies in the progressivesuppressiorof this unwantedseeinghalo. The
actualcontrastgain in termsof detectionis a function of the ratio of
the correctedto uncorrectedstrehls(i.e. how much of the seeinghalo
is now in the coherentcore)and alsoof the absolutecorrectedStreh
(The enhancemenbf a point sourceembeddedn a seeinghalo is
directly proportionnalto the corrected Strehl ratio). However this
number also dependson the distanceto the central star and the
dominant source of noise (photon, speckle, etc) - see figure 4.

A completeanalysisof contrastenhancemenis beyondthe scopeof
this paper butthe advantagesf sucha systemwould benumerousTo
name just a few:

1) the PSFwould also becomemore stable,allowing for further halo
suppression,in particular with the use of coronagraphs.It is
noteworthythat the efficient use of a nulling coronagraptrequiresal
high Strehl ratio (small and stable tip-tilt residuals)to reach high
rejection factors.

2) the Strehlratio would alsoincreaseat shorterwavelengthsWith an
upgradedPUEO, diffraction-limited imaging would becomepossiblg
in the optical, easily down tod{ from the ground.

Diffraction-limited imaging in the optical improves the angula
resolution comparedto NIR imaging. This aspectalso opensup a
numberof scientific niches.For example,our understandingf the
planet formation processwould benefit from the higher contrast]
higher resolutionimaging of accretiondisks aroundyoung starsag
they evolve toward the main sequence.

Figure 5 gives a perfectexampleof what can be expectedfrom the
gainin resolutionby goingto shorterwavelengthsThey showimageq
of the disk surroundingthe Herbig Ae starHD 141569at 1.6 and0.7
micronsrespectivelyThe NIR imageshowsclearly the presenc®f the
dust disk around the star, and a hint of asymmetry.However, the
scatteringcrosssectionof thedustlocatedthediskis 10 timeslargerat|
650nm than it is at 2.2 microns. This fact, coupled to a limited
diffraction PSFthatis 10 timesfiner (in surface)allows oneto probg
the dust disk of HD 141569with unprecedentedetails. Arcs and
Ringsof scatteredight areseen theyare suggestiveof gaps,althougt
dynamicalmodelsare neededo confirm this suggestion.PUEO NUI
on the CFHT, with similar image quality would provide PSF thaf
would be another factor of 2 finer!

Surveyswith or without coronagraphsf young starswould allow to
understandh greatdetailshow the disksevolve.Imaginggaps finding
their positionsandtheir widths,will provideusefulcluesto understan
not only the evolutionof disksbut alsothe formation of planetsfrom
the coagulationof small grainsinto planetesimalsand planetsto the
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possible migration of giant planets.
Implementation

To implementPUEONUI in atimely fashionandwith a reasonnable
budget,mostof the opto-mechanicsvould be retained.The elements
to be upgraded or replaced would be:

- The deformable mirror; manufacturersinclude CILAS, and
potentiallythe new adaptiveopticsgroupforming at the University of
Hawaii. If an electrostatiamicro-mirror solutionwereto be explored,
LETI might be able to provide a prototype early on for testing.

- The lenslet array, (possible manufacturer, Univeristy of Hawaii)

- The detector(s),which could either be an array of APDs, the
advantagebeing of coursethe low dark currentand absenceof read-
noise,but at a relatively high cost.Low readnoise CCDs shouldalso
be consideredmostly in thelight of recentsub-electrorread noiseat
MHz rates(seeMackayet al, 2000,for example) althoughsimulations
shouldbe carriedout to quantify the decreasen perfomancedue to
read noise on such large arrays.

- the Real Time Computer for which different optionscould provide
the necessargomputationapower,rangingfrom anin-houseupgrade
of current RTC and code to a Linux real time systemthat could
potentially be developpedat partner observatory(e.g. LAOG) to

commercial solutions, such as Shakti or CILAS.

The primary intent is to keep the upgradeat a low cost, and the

implementatiorswift. However,dependingnthe need this couldalso
be the opportunityto bring somegeneralimprovementgo the existing
systemFor example PUEONUI couldbenefitfrom advancesnadein

control loop algorithms(predictors,compensatorstc.); the hardware
of the WFS electronicscould be upgradedandimproved,aswell asits

synchronizing to the membrane mirror; the acoustically driven

membranemirror could be replacedby an electrostationembranefo

ensurestableamplitudeandfrequencydrive; andthe interfacebetween
the lenslet array, the fibers and the APDs could be improved to

increase the throughput.

Finally, mostof the turbulencebeingin theform of tip-tilt, it is critical
to correctthatmodevery accuratelylt hasthereforebeensuggestedo
use an independanttip-tilt sensorto overcomethe limitations of
curvature sensing of tip-tilt (see Lai 2001 for more details).

Conclusions...

... or 5 reasonsvhy high orderAO is neededn 3.6 metertelescopes
before even thinking about specific science cases or the next
generation of telescopes:

1) Sofar, the only way to obtain high dynamicrange(whetherusing

coronographyor not) is to usevery accuratePSF calibrations.>95%

Strehlwill reducethis constraintoy providingimagesvery closeto the

theoretical PSF. Furthermore,PSF reconstructionis more effective

with curvaturesystemsso the remainingresidualscould be accounted
for.

2) It is still unclearhow limitative the effects of scintillation and
atmospheric dispersion really are in practice. An advantageof

curvaturesensorsis that the subaperturesre a factor 10 larger (in

area)than in a correspondingShack-Hartmanthereby substantially
reducingthe effects of scintillation on the correction. Specklenoise
will of course be greatly attenuated.

3) Coronographic and nulling techniques (e.g., Coronographe
Interferentiel Achromatique, Roddier's circular and Rouan's four
qguadrantphasecoronographetc) requirehigh and stableStrehlratios
to deliver their full rejection performances.
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4) PSF Engineering could be attempted (i.e. produce a dark -
destructive - region, where a faint companion is suspected).

5) Experiencewith extremely high order AO will be acquiredand
someof the control issuessurroundingthesecomplex systemswill

necessariljbe usedto build the 30 to 100 metertelescopegurrently]
under consideration.
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CFHT 21 - Celebrating 21 years of operations.

N. Manset
Canada-France-Hawaii Telescope Corporation

On August 6, 1979, CFHT sawfirst light at its primary focus,andin
the morethan 20 yearssincethat time, about10*® photonshavebeer
collected.In November2000, as CFHT reachedhe traditional ageof
maturity, CFHT celebratedwith a week of eventsthat included a
communityorientedOpenHouseanda Lecture Seriesfor the genera]
public, culminating in a Scientific Meeting dedicatedto the past
present, and future of CFHT.

Scientific Meeting

The CFHT21 Scientific Meeting was held on Decemberl-2 at the
OutriggerWaikoloaBeachResorton the the Big Island,andincluded
a guidedtour of the CFHT domeandsummitarea,and a Celebratory
Dinner. Over 100 participants,including all the previous executivd
directors, celebratedover two decadesof scientific discovery and
technologicalinnovation.The primary purposeof this meetingwasto
honor those who have shaped CFHT, to highlight the signaturd
scientificachievementsf our astronomicatommunitiesandto asses
theimpactthat CFHT hashadin astronomyDespiteits ageand(now)
modestsize, a recentstudy hasshownthat CFHT has beenthe mosf]
scientifically productive4-metretelescopen the world. In additionto
that,experienceandknowledgegainedat CFHT arenow beingapplied
to the new giant telescopes such as Gemini and the VLT.

Signatureachievementincludedwork on compactgroupsof galaxies
the CNOC and CFRS surveys, black holes in galaxies, and
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One may now subscribe to a monthly meeting update
or
One may add the meetings listed to your palm pilot.

Check these new features out at:
http://cadcwww.hia.nrc.ca/meetings

Liz Bryson, compiler; David Bohlender & Daniel Durand,

Webmasters

Dome Repainted

R. Atapattu
Canada-France-Hawaii Telescope Corporation

This year saw the successfulrepaintingof the CFHT dome. The
beforeandafter picturescan be seenon the back andfront coversof
this issueof the Bulletin. After somedetailedstudy into the various
color options, and their impact on the dome thermal characteristics,
CFHT wentthroughthe procesof obtainingquotesin theendof 1999
andthe first few monthsof 2000. We selectedZelinsky and Co. for
the job, and in mid-October2000 they beganthe first stagesof the
work. The paintingis morecomplexthanone might be first imagine:
therearetricky schedulingconstraintsso thatthe scaffoldingdoesnot
interferewith the domerotationwhenit is neededandgreatcaremust
be taken to vacuum-capturethe paint flecks removed to avoid
environmentaktontamination. The work wasfinished nearthe endof
the summer, and the final result looks great!

Coming and Going

Susan Brotman - Susanjoined us in May this year, first in a
temporaryposition with the electronicsgroup, moving to a full-time
position in Optics later in the year.

Catherine Dougados - Catherinereturns to France after a very
productive 1.5 years as a visiting astronomer(and former CFHT
Bulletin co-editor).

Brian Careira - Brian spent7 monthsthis year assistingthe daycrew
at the summit.

Nicolas Gorceix - Nicolas joins CFHT this year as a French
cooperant

Viera Jancova - Viera helped out the administrative department
during the difficult summer months, and with the lead up to the
WIRCAM kickoff meeting.

Ho Il Kim - Ho Il is joining usfor a nine-monthstint asthe first of a
series of visiting astronomer from Korea.

Ivan Look - Ivan joined the mechanicgroupin Januaryandhasbeen
working on issuesrelatedto MegaPrime especiallythe installationof
the new upper end.

Kamson Lai - Kamson spent the summer working with the Elixir team

on severalexciting studiesrelatedto the CFH12K image quality and
the telescope environment.

Malia Mallchok - Malia has joined the software group for a nine
month position principally to help with the data distribution for the
QSO project.

Frangois Ménard - Francgoisreturnsto Franceafterroughly 100 years
as a visiting astronomer (and the other Bulletin co-editor).
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Last Notes...

We hopeyou enjoy this issue of the CFHT Informational Bulletin!
With the return of Frangois Ménard and Catherine Dougadosto
Grenoble the task of editing had movedto a new setof hands. We
havetakenthe opportunityto updateand reviseour tools, style, and
the layout. We hopethe biggestchange a shift from the 5-yearold
versionof FrameMaketo the open-sourcétarOfficewill beinvisible
to our readers. Smallerchangesnclude a more consistentayout and
style, as well as somewhat better handling of graphical material.

This issue of the Bulletin containsseveralarticles on the exciting
projectswhich havecometo fruition over the past 10 months. The
mostvisible of theseinclude the successfuktart of QSO operationg
thedistributionof datafrom QSO,andthe completionof theintegrateq
"New ObservingProcessfor the CFH12K. In addition,therehasbeer]
progressin existing instrumentsand developmentwork for new
instruments on their way.

Eugene Magnier, Edit
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