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Executive Summary

Danishastronomytoday enjoysa good internationalreputationin a numberof fields ranging from

cosmologyto stellarinteriors. This is dueto a communityof strongindividual researchersexcellent
accesdo world-classobservingfacilities on the groundandin space,andextensiveinternationalcol-

laboration. A talentedyoung generationis ready and keento shoulderthis mantlein the new cen-
tury. Innovative plansfor the future abound.In short,a successtory.

The year2010will mark a watershed however.The sciencewill be asexcitingasever, andDanish
astronomersare actively planningto ensurethat Denmarkwill remainvisible at the frontiers. Dan-
ish astronomyis, however, not now structured,organised,andfundedin a way that ensurests sci-
entific healththroughthe massretirementsaround2010. Action mustbe takenin the nearfuture to
clarify our visionsfor the long-term future, identify the main obstaclesand proposeremedialac-
tion.

To preparea solid basisfor suchaction, the IJAF Board haspreparedthe presentReport. First, a

questionnairesurvey of the Danish astronomicalcommunity was conducted.From this and other
availablematerial, the Board hasattemptedo identify the key issuesand priorities. The IJAF Board
itself hasno mandateto recommendspecific priorities for the future scientific effort or implement
solutionsto long-standingnational-levelstructuraland funding problems,andthushasnot attempted
to do so. The Reportdoes, however, provide the backgroundand recommendjuidelinesfor initia-

tivesto defineandimplementsuchsolutions.lts specificrecommendationare summarisedelow.

1. The age profile of the scientific staff must be improved as a matter of the highest priority
and urgency. This issueis absolutely crucial for the future health of Danish astronomy. Im-
provementsin careerstructureshouldbe implementedn parallelto enableand motivate staff to
optimise thescientific and educationareturnsof their efforts.

2: Danish astronomy must remain fully integrated in the spectrum of front-line researchfacili-
ties provided by ESO (VLT/VLTI, ALMA ...) and ESA (NGST, Planck, ...). The future of
Danishastronomyclearly requiresfull participationon the Europearscene.

3: A new national body responsiblefor continuing, long-term planning and coordination of all
of Danish astronomy should be established. The allocationof humanresourcedo the planning,
construction/executionand analysisphasesf major astronomicalprojectsin Denmarkneedsto
be better coordinated.A comprehensivglan shouldbe preparedthat takesinto accountthe bal-
ance betweencurrent areasof strengthvs. renewal, large projectsvs. individual initiatives, ex-
perimentvs. theory, andgroundvs. space. A new body with appropriatelybroadexperienceand
mandates neededo performthis taskfor Danishastronomyasa whole.

4: The institutional basisfor the scientific returns of Danish investmentsin researchorganisa-
tions suchas ESO, ESA, and NOT should be improved. Currentresearchstaff conditionsim-
pedeDenmark’sability to successfullyconductmajor, long-termresearctprojectsin astronomy.

5: A concerted effort to improve the Danish astronomy education should be established. The
presentinformal collaborationbetweeninstitutesandindividualsshouldbe intensifiedto optimise
the introductionof new teachingmethodsand materialsin Denmark.

6: A stronger and better-organised effort to improve internal communication as well as public
outreach should be made. The effort in public outreachshouldbe better organisedand funded
S0 asto createa more systematicand effective nationaloutreachprogrammein astronomy.More
frequentand systematiccontactsbetweenthe astronomygroupswill facilitate suchinitiatives.



1. Introduction and Background

Our understandingof the formation and evolution of the Universe has madetremendous
stridesover the last half-century,handin handwith the developmenbf physicsandtechnol-
ogy. New discoverieswith ever more powerful telescopesin the optical aswell asin new
wavelengthdomainsmostly accessibldrom space,havesuppliedthe piecesof the rich and
varied tapestrythat forms our presentpicture of the Universe. At the start of the new mil-
lennium, progresson all frontsis, if anything,acceleratingevenfurther. It is appropriateto
reflect on the statusandfuture of Danishastronomyin this context.

Over the last 30 years, Danish astronomyhas establisheda solid internationalreputation.
Stronggroupsandindividualsare makingnotedimpactsin a wide rangeof fields, from cos-

mology to stellarinteriors. Their researchfully profits from the internationallyoutstanding
facilities offered throughthe Danishmembership®f ESOandESA, supplementedy a few

carefully optimised Danish and Nordic instruments. Theoretical researchhas received a

powerful boostthroughthe creationof the Theoretical AstrophysicsCentre (TAC). Bright

studentsare attractedto astronomy- andthusto the physicalsciences by the excitementof

the field, receivea competitiveeducation,and proceedto make valuable contributionsto

current and new researchtopics. Denmarkis often mentionedin internationalcircles as a

countrywith a strongrecordin astronomyfor its size.

In 2010the scientific challengeswill be asexciting asever, andnew, powerful instruments
will bein or nearoperationto addresgshemon the ground(ESO: VLT, VLTI, ALMA, ..)
andin space(ESA: NGST, Planck, later GAIA, ...). At the sametime, however, most of
the currenttenuredscientific staff in Danishastronomywill retire, anda decades in fact a
short time to plan and carry out suchtasksasrenewingresearchstaff or constructingmajor
new researchacilities. It is vitally importantto ensurethat Danishastronomywill continue
to flourish and make competitiveuseof theserich opportunities.To achievethis, priorities
and choicesmust be defined now to ensurethe optimal deploymentof all available re-
sources,the continuedinternationalengagemensf Danishastronomyand, aboveall, the in-
flux of talentedyoungscientistswhich is a prerequisitefor all healthyscience.

The Board of the Ground-BasedAstronomicallnstrumentCentre (IJAF) is chargedby the
DanishNatural ScienceResearchCouncil (SNF) to adviseon the Danishparticipationin in-
ternationalground-baseéstronomy.The Board (Appendix|) hasdecidedto initiate a move
towardsa commonnationalstrategyfor astronomyby preparingthe presentReport. The fo-
cus is on long-termgoals, but recommendationare also presentedor short-and medium-
term action to improve the structure, organisation,and funding of Danish astronomy.No
complete’Master Plan’ is presentedbut the pathtowardsoneis laid out.

In preparation,a questionnairdhasbeenwidely disseminatedo solicit the views of the Dan-
ish astronomicalcommunityat large. The many repliesreceivedprovide the Reportwith a
solid factual basis. Answerswere both in semi-quantitativeform, summarisedn various
ways below, and providedin the form of manyvery thoughtfulcommentswvhich the Board
has consideredcarefully. The Board hasalso studiedsimilar planningdocumentsssuedin
the USA andUK, andby ESOandNOT; despitethe obviousdifferencesbetweenthe user
communitiesmany scientific and organisationalssuesremainvery similar.



Below, Chapter2 summariseghe views and recommendationgxpressedn the question-
naire survey. Chapter 3 containsthe general policy considerationsof the Board, while
Chapter4 presentghe specificrecommendationand actionitemsformulatedby the Board.
A summaryin Danishof the backgroundandrecommendations givenin Chapters.

2. The Questionnaire Survey

2.1 Organisation of the Survey

Any successfuplanningeffort mustbe basedon the suggestionsind opinionsof the broad-
est possiblecross-sectiorof the user community. At the initiative of the IJAF Board, a
broadandvery constructivecommunitydiscussiorof the long-termprospectdor Danishas-
tronomy took place at the annual Astronomy Meeting in Nyborg on June9, 2000. There
was generalconsensughat a long-term planning survey should be organisedby the IJAF
Board, andthat a draft report shouldbe readyfor discussionat the Astronomy Meetingin
2001.

As an essentialpreparationfor the Report, community input was collectedin a question-
naire survey. The questionnairdorm and a cover letter (both reproducedin AppendixIl)
were distributed by e-mail and also postedat the IJAF web site. In order to obtain the
broadestpossibleview of the long-termfuture of Danishastronomy,all DanishM.Sc. and
Ph.D. studentspostdocsetc. in Denmarkandabroadaswell asforeignersworking in Den-
mark andscientistsin relatedfields were includedin the mailing list. Replieshavebeenre-
ceivedfrom 56 individuals, representing~80% of all scientistsin Danish astronomyfrom
the level of Ph.D. studentandupward. The high rate of repliesdocumentghe keeninterest
of the communityand providesa goodbasisfor the recommendationm this Report.

After severaliterationswithin the Board, a consolidatediraft of the Reportwasannounced
on May 16, 2001, and postedat the IJAF web site (http://www.astro.ku.dk/ijaf) in prepara-
tion for a two-hourdiscussionsessioron May 31, 2001, at the AstronomyMeetingin Ny-
borg. The meetingwas very well attended,with ~60 personspresent,and the discussion
was far-rangingand constructive.An extensivelyrevisedtext was preparedon the basisof
the suggestionand criticisms presentedat the meetingand/or othersreceiveddirectly, and
was postedat the IJAF web site for a final, month-longperiod of commentsuntil August
15, 2001. Taking into accountthe further suggestionseceivedby that date, the presentfi-
nal versionof the Reporthasbeenprepared.

The following sectionssummarisethe main thrust of the opinionsof the respondentso the
questionnaire.More thoughtful and innovative individual suggestionsvere madethan can
be includedhere, but all havebeencarefully consideredandtakeninto accountin develop-
ing the Board’'srecommendationsVisionsfor the future sciencewill be discussedirst, fol-
lowed by areview of the strengthsandweaknessesf the presentsituationandthe proposals
of the communityfor measurego preservethe healthof Danishastronomyin the coming
decade.

2.2 Astronomy Highlights in 2010

By all indications, astronomyin 2010 will be more exciting than ever. While recognising
the obvious uncertaintiesin projecting scientific developmentsso far into the future, the
Board askedrespondentso formulate their bold visions of the overall statusof their fields



on the internationalscenea decadefrom now, uninhibitedby practicalconcerns.The major
trendswhich emergefrom the repliescanbe summarisedsfollows:

Cosmologywill surelyremaina forefront field for decadeso come. Chancesare that some
major questionswill havebeenlargely solvedby 2010, but a greatmanynew issueswill no
doubthaveappearedn the generalareaof the formation of large scalestructureandof gal-
axiesandgalaxy clusters.The role of Gamma-RayBurst sourcesn the early evolutionand
nucleosynthesi®f the Universeandin the formation of galaxies,aswell asthe physicsof
the sourcesthemselveswill be much betterunderstood X-ray observationswill be a stan-
dard item in the astronomer’stoolbox. New giant telescopesn the ground (VLT/VLTI)
andin space(NGST) will continueto leadthe field. And (sub)millimetreastronomyfrom
the ground (ALMA) andfrom space(Planck)will havehad as-yetunforeseeablebut cer-
tainly major consequencéder our understandingf the early stagesof galaxyformation.

The formationand evolutionof galaxiesis rich in physicalcomplexityandwill alsoremain
an activesubject.However, large-scalesurveysof Galacticstars,a strongDanishtradition,
will likely be replacedby more detailedstudiesof distantgalaxiesand individual starsin
Local Group galaxieswith HST/NGST aswell asthe VLT. The ESA satellite GAIA will

give the studyof the Milky Way andLocal Group galaxiesa new boostafter 2012. Detailed
studiesof nucleosynthesis evolving galaxiesshouldremainan areaof active progress.

New facilities (SIRTF, Herschel, ALMA, NGST) in theinfrared and (sub)mmregionswill

pavethe way for tremendousrogressin the study of interstellar chemistryand the forma-
tion of stars and planets boostedby the new opportunitiesfor high angular resolution
(VLTI, ALMA) and progressin theoreticaland laboratory atomic and molecularphysics.
The relatednew discipline of astrobiologyis also expectedo developvigorously. The de-
cadewill no doubtbring further insightinto stellar structureand evolution, primarily from
progressin asteroseismologyincluding new resultsfrom Rgmerand other satellites), but
alsothroughspectroscopidiagnosticsof internal mixing processef stars.

Extrasolar planetswill remaina boomingfield through2010andlong after; many new in-
strumentsare under way on the ground (HARPS, VLTI, Keck Interferometer), and ex-
tremely ambitiousspaceprojectstargetedat Earth-like exoplanetsare on the drawing board
(Darwin/TPF). The exploration of the Solar Systemalso appearsto face a new upswing
with projectedmajor spacemissionsto Mercury andto Mars, Europa, and other possible
sitesof life, fusing astronomical,geophysical,geological,and biological expertisein inter-
disciplinary studies.A major internationaleffort to establisha reliable inventory of Near
Earth Asteroidsand their orbits and beginto study their physicalpropertiesin more detalil
appeardo be a realistic possibility.

However, many respondentslso recall that the frontiers of sciencemovein unpredictable
ways, viz. the explosionin extrasolarplanetresearchsince1995or in Gamma-RayBursts
since1997.1f, e.g., gravitationalwaveswereto be detectedduring the decade a newfield

of gravitationalastrophysicswould be expectedto developvery rapidly. Future planning
shouldincludethe freedomto pursuesuchdevelopmentgasthey appear.



2.3 Current Strengths of Danish Astronomy

2.3.1 Science

Fields in which Danish astronomyis currently consideredto be prominentinternationally
include cosmologyand Gamma-RayBurstresearchformationandevolutionof galaxies,in-
cluding the Milky Way in particular; theoreticaland observationahelio- and asteroseimol-
ogy and other studiesof stellar structureand composition;computationalastrophysics,n-
cluding advancedmagnetohydrodynamicasimulationsof a wide range of astrophysical
plasmas;and the constructionand operationof astronomicalinstrumentation.Many front-
line investigationsare underway, andthere are numerousideasand proposalsfor new re-
searchinitiatives in theseaswell asin new, promisingfields.

2.3.2 Staffingand Funding

One strengthof Danish astronomyis perceivedto be the presenceof a 'critical mass’ of
strongindividual researchersvith vigorousinternationalcontactsandcollaborations.This is
complementedby a goodinflux of bright students.

The numberanddistribution of the tenuredresearchstaff in Danishastronomy(as of Janu-
ary 2001)is summarisedbelow. The correspondingage profile is shownin the cover fig-
ure, which is essentiallyidentical to that on the cover of the "Review of Danish Physics’
(Ministry of Educationand Research1992) exceptfor the 10-yearincreasen age.

Institute Theory Observéion Total
NBIfAFG (AstronomicalObservatory) 4 11 15"
IFA 2 4 6
DRI 3

NORDITA 1 1
Total 7 18 25"

* One additionalpositionin theoryis currently beingadvertised.

The table also indicatesthe number of tenuredstaff whose current researchis predomi-
nantly theoreticalor observationain nature. Severalindividuals are active in both fields,
andwhetheror not the theoreticalunderpinninghasbeendevelopedn Denmark, full scien-
tific interpretationis includedin the greatmajority of 'observational’papers.

There is consensushat the researchtools availableto Danishastronomyare first-rate, both
in quality and supply. The ready accesgo world-leadingresearchfacilities fundedthrough
the Danishparticipationin ESOand ESA is clearly invaluable,andthereis adequatdund-
ing to ensurean effective useof the Danish1.5m telescopan Chile andthe NOT. Provided
that accesdo the full complemenbf scientifictoolsat ESOandESA is securedalsofor the
future, Danishastronomywill enjoy excellentconditionsin this respectalsoin 2010.

2.3.3 Structureand Planning

Respondentgincluding both Danish studentsabroad and foreigners here) emphasisehe
broad, competitiveDanishM.Sc. educationrandgoodinteractionbetweenobservationabnd
theoreticalstudiesandbetweengroundandspacebasedresearchasimportantassetof Dan-
ish astronomy andrecentrecruitmentstatisticsconfirm its attractionfor youngstudents.



Flexible and informal planningallows effective studentuse of observationafacilities such
asthe NOT andthe 1.5m telescopéen Chile. The freedom,throughthesetelescopesto ad-
dressscientific questionghe solutionof which requireslonger continuousobservingperiods
thannormally possibleat internationalobservatoriesis valuedby many.

2.4 Current Weaknesse®f Danish Astronomy

2.4.1 Science

Some respondentsoint out that a number of scientific fields of future importanceare
poorly developedn Denmark, e.g. interstellarchemistry, researchon extrasolarplanets,or
gravitationalastronomy.Many regretthat Danishinvolvementin instrumentatiorfor major
new groundand spacebaseprojects(VLT, ALMA, NGST, GAIA, ...) is now rathermod-
est,andsomewould like to becomeinvolved in suchwork.

2.4.2 Staffingand Funding

An overwhelmingmajority of respondentsdentify the lack of renewalof the scientific staff
and of credible careeropportunitiesas the greatestsingle obstacleto a healthy Danish as-
tronomy in 2010. Prospectdor openingsappearequally poor in the universities,at TAC,
and at the single dedicatedresearchinstitute in the field (DSRI). The contrastbetweenthe
prospectdor funding major projectsandfor hiring the staff necessaryo do the correspond-
ing scienceis asstriking asit is discomforting."Seeminglyhopeless","Simply a disaster”,
or "There is no suchthing!" are characteristicreactionsto the questionon ’career struc-
ture’.

Difficulties arisealreadyatthe Ph.D. studentevel dueto the severelack of fellowshipsand
rigid funding rules (both worstin Copenhagen)Thus, many qualified studentscannotgeta
Ph.D. in Denmark,and manyof the bestcandidatego abroad.Anotherimportantfactor is

the lack of regular university postdocprogramsand the short durationof postdocpositions
fundedby othersources.At higherlevels, recruitmentprogrammeslo exist (e.g. SNF), but
require a commitmentthat a tenuredpostbe subsequentladvertised,a difficult conditionin

presentuniversity circumstancesTheseproblemsare not new, but now clearly damagemo-
rale on both sidesof the generatiorgap. It is alarmingthatalmosthalf of the currentDanish
Ph.D. studentsand postdocshave gone abroad, many clearly without hopeto return ("We

who ran away appreciatethe efforts of thosewho stayedbehind"). Others,e.g. with a fam-
ily, tendinsteadto drop out atthe M.Sc. or Ph.D. stage;andsothey should,becausendus-
try expectsapplicantsabove35 to havemanagemenaswell asscientific experience.

But evenfor tenuredstaff thereis no effective systemof promotionor otherincentivesfor
scientific productivity, and the lack of regular sabbaticalleaves- anotherrespectwhere
Denmark lags many other developedcountries- is an addedimpedimentto scientific re-
newal. A radical re-thinking of the staffing structurefor scientistsin astronomyandrelated
fields is necessarfor Denmarkto remainvisible in astronomyand similar fields. Several
respondentslso note a certainlack of innovationand enthusiasmn the teaching,presum-
ably linked tothesefundamentaproblemsof careerstructureand staff renewal.

2.4.3 Structureand Planning

Next in importance,respondentsnentiona lack of overall vision, leadership,andclear pri-
ority settingfor Danishastronomyas a whole. Too many projectsare being conductedn
groupsof sub-criticalsize, andopportunitiesfor innovationandsynergyare lost dueto inef-
fective communicationSomeinitiatives havebeenundertakerby individuals or groupswith



no basisin a framework of well-defined commonpriorities, without a realistic long-term
view of the resourcesneededio completethem, and sometimeson an implicit assumption
that the rest of the communitycould be relied uponto secureappropriatescientific returns.
As aresult, projectsmay end up being stretchedoo thin, especiallyasregardsmanpower,
with delays, frustration, and loss of scientific opportunity as a consequenceConversely,
other projectsseemto continuemore on the strengthof pastmeritsthantheir currentor fu-
ture importance,andresourcesare tied up which could be usedbetterelsewhere The prob-
lem is exacerbatedby the fact that mostmajor externalfunding sources(i.e. thoseallowing
to hire people)tendto be narrowly focusedandtime-limited ('cigar boxes’).

2.4.4 Internal Organisation

Respondentsiote that evensmall, geographicallyclose groupsmay pursuerelatedprojects
with little coordination,not only in researchbut alsoe.g. in teaching.Apart from beinga
sub-optimaluseof scarceresourcesthe lack of an agreedvision andcommonplan leadsto
a lack of enthusiasmand senseof a commonpurpose,and discourageshiew major initia-
tives. It also contributesto a weak and incoherenteffort in public outreachand hencein
public appreciatiorof the achievementsf Danishastronomy.

2.5 Recommendationsfor Future Action

2.5.1 Career Path

A large numberof remediesare proposed,including many that are bold and innovative.
However, most are not new, and many require too radical revision of rigid nationalaca-
demic and labour policy regulationsto evenbe describedn any detail here. The undercur-

rent is strongandunmistakablehowever: A decadeof emptytalk andno actionon this key
and totally predictableproblemis now seriouslydamagingthe credibility of Danishscience
asa careeroptionfor the younggenerationPromptactionis neededo restoreit.

2.5.2 Recruitment

The generally keen public interestin astronomyhelpsto recruit studentsto not only as-
tronomy, but alsoto the other physicalsciences.However, efforts are neededto improve
the outreachto both high schoolsandthe generalpublic. More foreign Ph.D. studentsand
postdocsare suggesteds anotherway to foster more attractive environmentsn the insti-
tutes.

2.5.3 Education

The early involvementof studentsn observingprojectsat the 1.5m telescopeand NOT is
noted as a strong point which could be further developed.Continuedemphasison basic
physicsand computationakkills is recommendedo preparestudentsfor future changesn
research orientationand alsofor alternativecareersoutsideastronomy.

2.5.4 Planning and Organisation

Many respondentgall for a mechanisnto improve the information, long-termoverall plan-
ning, and coordinationconcerningmajor scientific, technical, and educationalinitiatives,
and for a clearerdecision-makingstructure. This would also minimise the risk that scien-
tific developmentamay becomedriven more by special-purposdunds happeningto be
availableat a certaintime than by deliberateconsiderationof overall long-term scientific
benefit.



2.5.5 Facilities

The replies give ample evidencethat not only the newestESO and ESA facilities (e.g.
VLT, XMM-Newton) will be heavily used, but also thosenow in progressor being pro-
jected(ALMA, NGST, Planck,...). Indeed,the mainbottleneckin makingfull useof them
will likely be the lack of fully experiencedscientists.Powerful syper computerswill be im-
portant, bothin theoreticalastrophysicanddataanalysis,andadequateccesshouldbe se-
cured.

2.5.6 InstrumentationProjects

An importantquestionfor the future is whetherDenmarkshouldcontinueto be involvedin
the constructionof major hardwareand/or softwarecomponent®f new instrumentation A
large majority of respondentgroughly 3/4) do in fact favour suchengagementsThe per-
ceived benefitsare a better understandingf instrumentperformance- hencericher scien-
tific returns- andthe privilege of GuaranteedTime after completion. About 1/3 of the re-
spondentsare willing to investa significantpart of their time in suchprojects. However, it
is notedthat properconditionsfor suchparticipationneedto be developed.

2.5.7 Support

Technicalsupportis generallyviewed as satisfactoryandis likely to remainso, evenif co-
ordinationwith NOT planscould be improved. Time-consumingadministrativedutiesseem
to be continually increasing,but still require considerablescientific background;it is pro-

posedthat supportby a dedicatedpersonwith an appropriate(scientific) backgroundwould

be a way to liberatesignificantamountsof researchime for the staff.

2.5.8 Communicatiorand Outreach

Many respondentproposeto intensify the regular exchange®f views on scientific issues,
both nationally and within the larger institutes. The annual Astronomy Meetings serve a
usefulrole, but cannotalonefill the needfor regularinteraction. Suchcontactsshouldbe
encouragean a more systematicand frequentbasisthan previously.

There is also a strong convergenceof opinion that a strongerand more unified effort in
public outreachshould be made, in close cooperationwith DSRI and the Planetaria,and
with a strongerinvolvementof professionalspoth on the astronomicaland mediasidesof
the issue.Proposaldnclude a seriesof TV programmeson "ScienceThrough Astronomy"
after Germanand US models;more targetedinformationto decisionmakers;andsettingup
a "hot-line" to high schoolsengagedn astronomyprojects.

3. General Policy Considerationsby the Board

Our vision of the Universeis becominglarger andricher almostday by day, and someof

the grand questionsof its origin and evolutionare on the verge of beinganswered.The de-
cade before us will be exciting indeed, and projects under study or already under way
promise new and radically different ways of exploring the Universeevenafter 2010. As is

abundantlyevident, both from researchproposalsnow being preparedand from the ques-
tionnaire survey, the Danishastronomicakcommunityis fully equippedandactively prepar-

ing to play its part, bothin 'established’areasdevelopedy existingresearchgroupsandin

new fields being takenup by the youngergeneration,often during Ph.D. and postdocfel-

lowships abroad. The concernof the IJAF Boardis to turn this rich potentialinto vibrant
andviable reality.



For Denmark, 2010 marks a watersheddue to well-known, inexorable demographic
changesLike othersciencesastronomyfacesan almosttotal replacementf researchstaff
aroundthattime, anddespiteyearsof debateno nationalpolicy to copewith this issueis yet
in place. Danishastronomyratesvery favourablyin internationalcomparisons put indica-
tionsarethatif presentpoliciescontinueto 2010, it will wither anddry out. Whetheror not
new fundsbecomeavailableto help smoothingthe recruitmentprofile, actionmustbe taken
already now to define and implementpolicies that will focus the assetsand alleviate the
presentweaknessesf Danishastronomyin order to secureits scientific healthat the end of
the decade Achieving this will require near-termimprovementsn the funding and staffing
policies, structure,andinternal organisationof Danishastronomy.

The presentsectiondiscusseshe main policy issueswvhich the Boardconsidergo be impor-
tantfor the future, basedon the likely developmenbf the scienceandtakinginto consder-
ation the replies to the questionnaireas well as other recentlong-term plans (USA, UK,
ESO, NOT, ...). From this generaldiscussion,a numberof specificrecommendationare
thenderivedin the following section.

3.1 Scientific Horizons

Scientific visionsfor the future mustbe the basisof any meaningfulplanning, and Danish
astronomyaboundsin visions and planson all relevanttime scales.In the following, the
Board attemptsto identify somemain trendsof probablerelevanceto the Danishscenein
world astronomyin 2010, but without speculatingn detail.

The Board agreeswith the communityview that cosmology, the formationand evolutionof
galaxies, the formationof starsand planets, andthe searchfor andstudyof extrasolarplan-
ets are likely to be major areasof researchactivity in 2010. Undoubtedly, severalothers
like interstellarchemistry,stellar structureandevolution, compactobjects,Solar-Systenre-

search, and numerical simulationsof astrophysicalphenomenawill be importantas well.

Within this broadspectrum,a limited numberof focal pointsfor the Danisheffort will have
to be chosenwith careandfollowed up systematicallyand coherently(seebelow). Scientific
priorities needto be reviewedat shortintervalsto optimisethe effort andseizeexciting new
opportunities.

The questionnairesurvey providesgratifying confirmationthat the current plansfor Danish
participationin the new andprojectedlarge Europeamastronomicalesearchfacilities are on
track to meetthe foreseeablelemandhroughthe decadeandbeyond.Measuredn termsof

projectedresearcheffort, the ESOVery Large TelescopgVLT) emergesasthe top priority

through 2010, including a significantusercommunityfor its high-resolutioninterferometric
mode (the VLTI). Next in importancethrough2005follow the ESO medium-sizefacilities
at the La Silla Observatoryin Chile, including a continuedstrong demandfor the Danish
1.5m telescopethere, for the NOT on La Palma, and for HST. In the sameperiod, at a
somewhatower level of effort, follow the satelliteprojectsRgmer/MONS, XMM-Newton,

and preparationdor GAIA. Towardsthe end of the decadethe useof the smallerfacilities
is foreseento decreaseas attentionturns to the new, powerful observatoriesscheduledo

enteroperationat that time on the ground(ALMA) andin space(NGST, Planck/Herschel,
later GAIA). For data reduction and to maintain a healthy balance between
observation/ experiemt and theoreticalanalysis, the use of supercomputerss foreseento

remainhigh, secondonly to the VLT in termsof projecteduseof researchime.



In summary,presentplansfor the developmenbf the main Europeanastronomicalesearch
organisations,ESO and ESA, are well poisedto serve the needsof Danish astronomy
through 2010, assumingthat scientific priorities developwithin currently foreseeablénori-
zons. Conversely,given properworking conditions,Danishastronomersare also preparing
to makeeffective useof thesetools throughoutthe decadeand beyond.

3.2 Staffingand Funding

A healthyscienceneedsa healthymix of scientists.Regrettably,the narrowly peakedage
profile of the tenuredDanishastronomerdasonly beenshifted during the last decade but
hasseenhardly any improvementin shape(seecoverfigure). A whole generationof young
scientistshasbeenlost already;in still anotherdecade virtually the whole presentresearch
staff will be gone. Capableyoungscientistsare keento join, but seeno long-termcredible
scientific careerprospectsin Denmark, at least before 2010. And while most astronomy
graduatesmust and already do pursue alternative careers, astronomyas a sciencewill
wither unlesssomeof the brightestcan continuein the field. Researchopportunitiesare be-
ing lost alreadybecausef understaffing,but the impacton studentmotivationandstaff mo-
rale is a greaterdangerin the longerterm. Promptactionis neededo restorethe credibility
of astronomyas a careeroption in Denmark; years of procrastinationand empty words
mustbe replacedby actionvery soon.

The problemis commonto all the physicaland severalother sciencesand cannotbe solved
internally in the community. Yet, in the caseof astronomy,the solutionis not necessarily
just a questionof large amountsof new money. The total funding to Danish astronomy
throughthe universities,DSRI, and TAC, the contributionsto ESA, ESO, andNOT, anda
large variety of public and private grants, is in fact quite considerablethe challengeis to
apply thesefunds mosteffectively towardsthe goal of a healthyDanishastronomyin 2010.

3.3 Structure and Planning

To be effective, scientistsmusthaveaccesdo state-of-the-artesearchtools, often needing
timescalesof yearsor decadedrom inceptionto fruition. And whethertenuredor tempo-
rary, they mustbe employedunderconditionsthatallow - indeedevenencourage themto
deploytheir time andtalentseffectively on projectsof high priority. Improvementsn long-
term planningandinstitutional structuresare neededo achievethis goal.

The IJAF Board reviews the short- and mid-term activity plansof the Centre, but these
cover only onesegmenbf Danishground-base@bservationabstronomy.A high-levelplan
is neededto ensurethat the statedgoalsof all major projectsare consistentwith available
resourcesover the projectlifetime. A new, national-levelBoard shouldbe chargedwith this
taskfor all groundandspacebasedastronomyin Denmark. The aimis notto micro-manage
or to freezeall resourcesnto arigid setof tasks,butto ensurethat projectsare startedon a
realistic basisandwill be followed up properly. Accordingly, the Board shouldnot control
minor researchprojectsof little impact on community resources.Moreover, plans should
maintain somere-deployablecapacityto follow up importantnew developmentsindeed,a
coherentlong-term plan will facilitate the rational use of shorter-termproject fundsto se-
cure the continuedservicesof key staff. To accomplishthesegoals, programmeso which
major Danish resourcesare committed over longer periods should not be too narrow in
scope.



The IJAF Board notesthat while the needfor more unified and visible planningemerges
strongly from the questionnairessomereservationson the aboveproposalwere expressed
in the later discussionsYet, while fearsfor lossof scientificautonomyare understandable,
autonomyonly makestrue sensef decisionscanbe carriedthroughin practice. The Board
firmly believesthat any drawbacksof this natureare outweighedby the overall benefitsof
rationalnationalplanningandis unanimoudn maintainingits proposal.

Scientific manpowerbeing our scarcestresource,its optimum useis of paramountmpor-

tancein long-termplanning.A key questionin this respectis whetherone shouldcommitto

providing hardwareand/or software componentof major groundor spaceinstrumentation
projects, previously a strong tradition in Denmark. As ample experienceshows, such en-

gagementsmply the commitmentof sizeablecommunity resourcesover long periodsand
thereforerequire particularly careful consideratiorand planning.

Engagements major groundor spacebasedexperimentsshouldin principle be a function

primarily of the scientific plansof the community, both qualitativelyandquantitatively. The

projectedscientific returnsof supplyingmajor hardwareor softwareinstrumentcomponents
are increasednfluenceon andinsightin the final instrumentcapabilities,privileged access
to Guaranteedlime andincreasedcredibility of the group - andthe country - asa partner

in major international projects. These potential rewards must, however, be carefully

weighedin eachcaseagainsttheir associatedostin termsof scientific manpower.

One possiblepolicy would be to decideto no longerengagdn instrumentatiorprojects, but
focus on the useandinterpretationof datafrom the internationalfacilities. Denmarkwould

be almostaloneamongastronomicallydevelopedcountriesin doing so, but conditionsare
different here. In Denmark, astronomicalresearchis carried out predominantlyby univer-

sity faculty. Declining andunpredictablgundingfor the universitiesandincreasingteaching
and administrativeload on staff imply progressivelylesstime for researchandits usemust
be plannedwith increasedcare. Limited involvementin the definition and specification
phasesof major international projects may remain feasible even under presentcircum-

stances but actualprojectresponsibilityin additionto scientific exploitationis anothermat-
ter.

If, on the otherhand,it is decidedto continueto supply major hardwareor softwarecom-
ponentsof large instrumentationprojects, as a clear majority of respondentgavour, such
projectswill requirethat suitablytrainedandmotivatedPIs canbe identified andbe allowed
to devotethe necessaneffort to the task. Conditionsfor doing so in the universitieshave
deterioratedover the last decadeto the point where a deliberatepolicy is required. DSRI
has the mandate,and is in principle structured,to undertakethe construction,operation,
and scientific use of space-basedhstrumentation,but for any ground-base@nd non-DSRI
space projects a new institutional structure will be necessary,and the humanresources
availableto suchundertakingamustbe substantiallystrengthenedMajor projectsshouldno
longer be undertakerunlessthereis an explicit assurancehat theseconditionswill be ful-
filled.

3.4 Internal Organisation

The Danishastronomicalcommunityis too small to afford the presentlack of coordination
of effort. Grandvisions may be conceivedby individuals, but bringing major initiatives to
fruition requiresthe informed supportand collaborationof many. Similarly, as seenfrom



the outside, while scientific successesend to be associatedvith the leadingindividuals,
failuresreflect on the communityasa whole. This experienceappliesequallyin the areasof
scienceeducation,and public outreach.

Given the convergencef overall interests,geographicaproximity, andgoodpersonalrela-
tions prevailingin Danishastronomy,achievingbetteroverall momentunthroughbetterco-
ordination of effort would appearto be more a questionof thoughtand discipline than of
greatly increasedeffort and overall funding. The benefits of such coordination should
greatly outweighthe drawbacksn termsof somewhainore limited individual freedom- of-
ten morea matterof perceptionthanreality.

4. Specific Recommendationsand Action Items

Basedon the input receivedfrom the community(Chapter2) andthe generalpolicy consid-
erationspresentecabove(Chapter3), the IJAF Boardhasformulateda setof specificshort-
and medium-termrecommendationandactionitemswhich shouldbe addressedsa matter
of urgencyto ensurethe future healthof Danishastronomy.Someconcernnationalpolicies
or authorities or institutions of higher learning and researchand should be forwarded
through the appropriatechannels.Othersare directedat the communityitself, to be acted
upon by individuals and institute or group leadersin concert. The recommendationsre
groupedin the samecategoriesasthe precedingchapters.

The Boardpresentgheserecommendations the full convictionthatastronomywill remain
a vibrant sciencewell beyond2010, and that Danishastronomersare capableand eagerto

contribute significantly to its progressthroughoutthe period consideredhere. Indeed, so
many plansexistfor exciting andvaluableresearchprojectsthat a key taskwill beto select
from this 'embarrassmentf riches’ thatsubsetwhich will makethe mosteffectivescientific
impact within availableresources.After full consideration,the Board has decidedto not

presentspecificchoicesand priorities amongcurrent projectsin this report, asit hasnei-

ther the full scientificexpertisenor the mandateto do so. This will be a key andurgenttask
for the new planningand coordinationcommitteeproposedoelow.

4.1 Staffingand Funding

4.1.1 Theage profile of the scientific staff mustbe improvedas a matter of the highestpri-
ority and urgency.Thisis absolutelycrucial for the future healthof Danishastronomy.

Renewingstaff in Denmarknow is the only realistic alternativeto massiveforeign re-

cruitment to universitiesand researchinstitutionsin 2010. New blood is neededat all

levels, from Ph.D. studentto AssociateProfessor,andall conceivablefunding schemes
(SNF, EU, private...) should be exploited with imaginationand flexibility. Attention

must be given to attracting candidateswith a broad background,and to preservinga

proper balancebetweentheory and observation. More postdoc positions of duration

longerthanoneyearwill be neededo attractthe best. Improvements including radical

changes in the careerstructurefor all staff shouldbe studiedandimplementedn paral-

lel, to ensurethatthe new staff will be ableto makea significantimpacton the interna-

tional scene.



4.1.2 Danish astronomymustremain fully integratedin the networkof front-line research
facilities at ESO (VLT/VLTI, ALMA ...) and ESA(NGST,Planck,...).

Progressin astronomyis discovery-driven:The scientific frontier is increasinglydefined
by the largest, most powerful instruments.The 20th centuryleft Europefully competi-
tive in the world asregardsastronomicalkesearchfacilities on the groundandin space.
The currentscientific planningof the Danishastronomicacommunityassignshigh prior-

ity to the competitiveuseof the ESO and ESA facilities which are underconstructionor

in advancedlanningstagedor deploymentater in the decade.lt is of vital importance
that Denmarkremaina full partnerin the future Europearfront-line facilities.

In any plausiblestaffing scenario,scientific returnswill be limited by availablescientific
manpower. Accordingly, humanresourcesnow investedin older instruments(e.g. the
1.5m telescopeor NOT) shouldbe progressivelyredirectedto the new facilities towards
the end of the decade.Until then, the smallertelescopeshouldbe properly maintained
and equippedwith instrumentswhich havebeencarefully optimisedfor maximumscien-
tific returnsof the manpowerinvestedin their constructionand operation. Small hands-
on instrumentsat or near the university institutesare useful for teachingpurposes,but
the efforts spenbn operatingthemshouldalsobe judgedwith care.

4.2 Structure and Planning

4.2.1 A newnational bodyresponsiblefor continuing,long-termplanningand coordination
of all of Danishastronomyshouldbe established.

In orderto alleviatethe presentcoordinationproblems,a new Board shouldbe appointed
to establisha long-term plan and adviseon overall priorities for the major engagements
of Danishastronomy.Contactswith appropriateauthoritiesshouldbe establishedoonto
clarify the statusand chargeof the Board, which could consistof ~6 persons,appointed
in their personalcapacityfor 3-5-yeartermsandcollectively possessing broadrangeof
scientific expertisein groundand spacebasedobservationabndtheoreticalastronomyas
well as relevant neighbouringdisciplines. The Board could appoint ad-hoc working
groupsfrom time to time to study specificissuesin depth.

The plan preparedby the Boardwould containan inventory of all major projectsengag-
ing a significantpart of the community, whethergroundor spacebased.End-to-endre-

sourcerequirementsand milestonesshouldbe definedfor all projectsandworkedinto an
overall schedule.The plan should be regularly reviewed and updatedin an openand
transparentmannerin consultationwith the community, e.g. in preparationfor the an-
nual AstronomyMeetings.Fundingagencieshouldconsultthe Boardbeforeinvestingin

major astronomyprojectsto ensurethat the necessarcientific manpowerand other re-

sourceswill be availableto the new project from inceptionthrough scientific analysis.
Conversely, Board approval would constitutea community commitmentto the project
throughits usefullife.

4.2.2 Theinstitutional basisfor the scientific returns of Danishinvestmentsn researchor-
ganisationssuchas ESO,ESA,and NOT shouldbe improved.

In order for Denmarkto retainits long-termvisibility in astronomy,aninstitutestructure
is neededwhich includes competitive scientific returns from major Europeanspace
and/or ground-basedstronomyprojectsamongits explicit goalsand commitments,can
deploy staff resourcesaccordingly,andat the sametime interactbetterwith the universi-
ties and studentsand better establishnew cooperationswith previously unrelatedfields



(geophysicsJaboratoryphysics, biology, ...) thantypical sectorialresearchinstitutions.
Specific funding schemesaside, a structure modeledon the presentinstrumentCentres
appearsworthy of study. Essentially, such a unit would be responsiblefor ensuringa
certainvolumeof actualastronomicakesearchwithin the current SNF paradigmof com-
petitive proposalsand regular peer performancereviews, rather than being limited to
IJAF’s current role of just offering tools to the community. Non-traditional national
funding would be needed,but sucha unit would also be better able to attract external
funds, e.g. from the EU, wherecompetitionfrom large, well-organisedand well-funded
groupsis fierce.

As the eventualscientific returnswill be primarily limited by the samescarcehumanre-
sources,it would be a wise investmento grantPls of approvedprojectsat the largestin-
ternationalfacilities (e.g. the VLT, ALMA, HST, or NGST) a similar type of financial
supportasnow awardedy NASA to AmericanPIs of approvedprojectsat the HST.

4.3 Internal Organisation
4.3.1A concertedeffort to improve Danishastronomyeducationshouldbe established.

A joint effort shouldbe madeby IFA and NBIfAFG to developa well-designed,inte-

grated set of coursesand correspondingnodernteachingtools, possiblyin cooperation
with Lund and/or other Nordic universities;someinitiatives are alreadyunderway. The

establishmenof a formal GraduateSchoolin astrophysicshouldbe considered Contin-

ued emphasison basicphysicsand computationakkills is importantto preparestudents
for future changesin researchorientations- and for some, for careersoutside as-
tronomy.

Large-scalearchiving of astronomicaldataof all kinds, augmentedoy effective search
andretrieval systemqthe "Virtual Observatory"concept)is rapidly becominga research
tool on a par with the acquisitionof new data. The training of the future Danishastono-
mersshould alseequipthemto take advantagef thesenew possibilities.

4.3.2 A strongerand better-organisecffort to improveinternal communicatiorand public
outreachshouldbe made.

A concerted,effective programmeof public outreachshouldbe organisedon a national
basisto avoid duplicationand dispersionof effort, asfor educationabove.Fundingwill
be needed,e.g. by allocating1-2% of major researchgrantsto this purposein analogy
with current NASA policy, as well as suitable training of staff. Maximum synergy
should be soughtwith similar efforts in physicsand/orthe naturalsciencesasa wholein
orderto achieveprofessionaktandardgor the communicatioraswell asin the science.

Betterand more frequentinformal scientific contactsbetweenunior andseniorresearch-
ers within and acrossinstituteswill stimulateideasand cooperationon all fronts, im-
prove community supportfor ongoingprojects,and makeit easierto find resourcedor
new initiatives. Suchexchangeshouldbe actively and systematicallyencouraged.



5. Danskresumé

5.1 Baggrund

Danskastronomii dager velkendtog respekterepa deninternationalescene.Fremstaende
danskeforskningsindsatseggrespa en lang reekkefelter, fra kosmologitil stjernernesin-
dre. Det danskemedlemskabaf ESO og ESA giver danskeforskere adgangtil de mest
avanceredeastronomiskeforskningsfaciliteteri verden, og danskastronomier helt integr-
ereti detnordiske,europeeiskeg internationalesamarbejdeAstronomiensumiddelbaretil-
treekningpa videbegaerligaingesikrer en godtilgang af dygtige studerendeikke blot til as-
tronomi, mentil de fysiske fag i almindelighed. Set udefra er danskastronomien suc-
ceshistorie.

Alt tegnerogsatil, at astronomiensidvikling til 20100g fremefter bliver om muligt endnu
mere speendendendnu. Der er godthabom, at nogleaf de vigtigste spargsmavedrarende
universetsopstaen,struktur og udvikling vil blive vidtgdendebesvareti denneperiode, og
der leeggesmangeog ambitigseplanerfor danskastronomisdeltagelse udviklingen. Dan-
skeastronomeikan endvideresefrem til at kunneudnyttedennsestegeneratiorendnumere
ydedygtigeeuropeeiskdorskningsfacilitetegennemeESO og ESA.

Men der ogsanogle store stenpa vejen: | 2010vil naesterhele denfasteforskerstabvaere
pensioneret,og danskastronomisnuvaerendeskonomiske stabsmaessigeg organisatoriske
grundlager utilstreekkeligttil at sikre en sundudvikling gennemdennekritiske fase. Et tiar
gar hurtigt i dennesammenhaengDet hasterderfor med at identificere de vigtigste betin-
gelserfor, atudviklingenkan drejestil gavnfor danskastronomiog densrolle i danskfor-
skning. En farste, afggrenddorudsaetninger, at fagetselv organiserersig, sader opnasdet
bedstmulige videnskabeligaidbytteaf de ressourcersomer og kan forudsesat veeretil ra-
dighedgenneminstitutterneog fra statsligeog andrefinansieringskilder.

Styregrupperfor SNF’s Instrumentcentefor JordbaseretAstronomisk-orskning(1JAF) har
besluttetat tage hul pa denneudfordring med naerveerendeapport. Somforberedelsehertil
har gruppengennemfgren spgrgeskemaundersggefedanskastronomii bredesteorstand
(skemaog falgebrevgengives Appendixll). De 56 modtagnesvar repraesentereca. 80%
af alle danskeastronomerfra Ph.D.- til professor-niveaujnklusive udenlandskdorskerei
Danmark og danskerei udlandet. Sammenmed en raekke nylige udenlandskestrategirap-
porter (bl.a. fra USA, UK, ESOog NOT) afgiver dettefyldige materialeet godt grundlag
for gruppensanalyse, prioriteringer og anbefalinger.Gruppener imidlertid bevidst ikke
gaetind i vurderingerog prioritering af bestemteorskningsprojekterdadenikke har man-
dat hertil.

5.2 Generelleovervejelser
5.2.1 Danskastronomii 2010

Den astronomiskeforskningsfrontvil utvivisomt fortsat gare store fremskridt i det naeste
tiar. Kosmologi, galaksersiannelseng udvikling og stjernersog planetersoprindelseog ud-
vikling maforventesat stai centrum.Danmarkskal og vil vaeremed péa de vigtigstefelter,
menmaforudsesikke at havekapacitettil enstorindsatspademalle. Der maderfor priori-
teres og planlaegge®mhyggeligt, sa der pa den ene side udvikles lovendestyrkepunkteri
forskningen, pa denandenside bevaresmulighedfor Igbendeat revurdereog omprioritere
indsatsen,nar nye opdagelsesker og frontforskningenskifter spor. ESOsog ESAs planer



for de neesteti ar giver et godtgrundlagherfor, og de planlagtefaciliteter vil blive udnyttet
intenst.

5.2.2 Bemandingog finansiering

Danskeastronomethar p.t. godegkonomiskeforhold, hvadangardeltagelse internationale
forskningsfaciliteter. Det altoverskyggendeproblem er rekruttering og fornyelse af den
videnskabeligestab. Aldersprofilen af den faste staber stort set usendretde sidste10 ar -

blot er alle blevet10 ar aeldre- og en hel generatiorungeer alleredetabt for danskforskn-

ing (jvf. forsidefiguren). Det helt forudsigelige problem med generationsskifteer blevet
diskuteretlige salaenge,menindtil nu udenkonkreteresultater.Udsigternetil at fa Ph.D.-

stipendium,postdocstilling og fast ansaettelse Danmarkfalder i denneraekkefglgefra sma
over mikroskopisketil usynlige.Halvdelenaf denungegenerationaf danskeastronomerer

allerederejst til udlandetudenudsigttil at vendetilbage. En lgsningaf dette problem har

hajst prioritet af alle, hvis Danmarkskal forblive synlig pa det astronomiskeverdenskort

2010.

5.2.3 Struktur og planlaegning

Forskningsindsatsendanskastronomi,og hermeddet videnskabeligaidbytteaf det danske
medlemskataf ESOo0g ESA, er altovervejendebaseretpa universitetsinstitutterne Kaben-
havn og Arhus. | tidligere tider muliggjorde bemandingenat der kunnesatsespa en dansk
deltagelsei stgrre, langvarige forskningsprojekter,omfattendebade videnskabeligudnyt-
telse og levering af stagrre komponentereller programpakkettil internationaleinstrument-
projekter. Under de nuvaerenddorhold er detteikke laengeremuligt. Et nyt stabsmaessigig
gkonomiskgrundlagmartil, hvis Danmarkgnskerfortsat at hgstedet fulde videnskabelige
udbytte af sine internationaleengagementerherunderi hgjteknologiskeinstrumentprojek-
ter. | modsatfald vil detvaeremererationeltat koncentreredenvidenskabeligarbejdskraft
om indsamlingerog fortolkningenaf data.

Den overordnedeplanlzegningog koordinering af starre projekter ma ogsaforbedres. De
senerears 'cigarkasse’-finansieringhar tilskyndet til ivaerkseettelsaf projekter, herunder
instrumentprojekter pa ad hocbasis. Fraveeretaf en samlet,langsigtetplan for udnyttelsen
af de tilgeengeligepersonale-og andreressourcewvanskeliggaren forsvarlig gennemfarelse
af sadanneprojekter, herunderopnaelseraf et videnskabeligtudbytte, som star i rimeligt
forhold til den samledeinvestering. Dette virker i det langelgb negativtpa motivationen,
badeindenfor og udenforastronomerneggenkreds. Der bar derfor snarestopretteset or-
gan, somkan varetageden overordnedeplanleegningaf alle starre astronomiskeprojekteri
Danmark,saveli rummetsom pa Jorden.

5.2.4 Intern organisation

Der er i danskastronomien lang reekke veerdifulde individuelle initiativer indenfor bade
forskning, undervisningog formidling, men indsatsersker for spredtog ukoordineret.En
bedre og mere systematiskregelmaessigontakt mellem de forskellige grupper og enkelte
forskere vil kunnebidragetil et veesentlighedreudbytteaf den samledeindsatspa alle tre
omrader.



5.3 Konkrete anbefalinger
Bemanding og finansiering

5.3.1Rekrutteringeraf neestegenerationforskerema ivaerksaettesmgaendeng effektivt.
Intet tiltag er vigtigere for forskningendremtid eller merehastendeenddette. Det ma
falgesop meden hensigtsmaessigioderniseringaf stillingsstrukturen.

5.3.2Danmarkma fortsat deltagefuldt ud i de europaeiskdorskningsorganisationer.
Fuld adgangtil ESOs og ESAs faciliteter er vital for dansk astronomi, ogsa i
fremtiden.

Struktur og planlaegning

5.3.3Der ma indfaresen overordnetplanlaegningog koordineringaf al danskastronomi.
Der behgvest nyt organtil at opstille en samlet,langsigtetplanlaegningog prioriter-
ing af alle starre astronomiske projekter, savel jord- som rumbaserede.Sam-
mensaetning abg referencefor et sddantorganmaklarlaeggesnarest.

5.3.4En bedreorganisatoriskbasisfor forskningsindsatsear ngdvendig.
Der ma skabeset nyt og bedreinstitutmaessiggrundlagfor forskningsindsatsensa-
fremt universiteternefortsat skal kunne sikre et forsvarligt videnskabeligtudbytte af
Danmarksmedlemskalh ESO og ESA. Dette er specieltkritisk for en evt. fortsat
danskdeltagelsé hgjteknologiskénstrument projektebadepajordenogi rummet.

Intern organisation

5.3.5Uddannelserné astronomibgr koordineresbedrepa nationalt plan.
En bedrekoordinationaf indsatservil kunneforbedrekvalitetenaf metoderog mate-
rialer i undervisningerudenungdigtdobbeltarbejde.

5.3.6Intern og eksternkommunikatiorindenforog fra danskastronomibgr forbedres.
Bedre intern kommunikationvil kunnefare til et mere frugtbart samarbejdeom bade
forskning, undervisningog formidling til offentligheden.Padet sidsteomradebgr der
endvidereskeen professionaliseringf indsatsensaastronomiendetydningfor dansk
forskning og forskeruddannelsegares klarere for bade befolkning og beslutning-
stagere.



ALMA
Darwin
DSRI

ESA
ESO
GAIA
HARPS
Herschel
HST
IJAF

IFA

NASA
NBIfA FG

NGST
NOT
Pl
Planck
SIRTF
SNF

TAC

TPF
VLT

VLTI
XMM

Abbreviations and Acronyms

Atacamal.arge Millimetre Array (new global radio telescopeprojectin Chile)
ProjectedinterferometricESA missionto searchfor terrestrialplanets

DanskRumforskningsinstitut
DanishSpaceResearchnstitute

EuropearSpaceAgency

EuropeanSouthernObservatory

ESA satelliteprojectto performall-sky astrometryand photometryfrom 2012
High AccuracyRadial-velocityPlanetarySearch(new spectrometeat ESO)
Far-infraredspaceobservatory(ESA, launch~2007)

Hubble SpaceTelescopgNASA/ESA)

Instrumentcentefor JordbaserefstronomiskForskning
GroundBasedAstronomicallnstrumentCentre

Institut for Fysik og Astronomi, Arhus Universitet
Institute of Physicsand Astronomy,University of Arhus

National Aeronauticsand SpaceAdministration(USA)

Niels Bohr Institutetfor Astronomi, Fysik & Geofysik, KgbenhavndJniversitet
Niels Bohr Institute for Astronomy,Physics& Geofysik, CopenhageJniv.

Next GenerationrSpaceTelescope(NASA/ESA HST successorlaunch~2009)
The Nordic Optical Telescopeon La Palma,Canarylslands

Principal Investigator

ESA satelliteto studythe cosmicmicrowavebackgroundjaunch~2007
SpacelnfraRedTelescopéd-acility (NASA)

StatensNaturvidenskabeligé&orskningsrad
DanishNatural ScienceResearctCouncil

TeoretiskAstrofysik Center(DanmarksGrundforskningsfond)
TheoreticalAstrophysicsCentre

TerrestrialPlanetFinder, possiblefuture NASA mission

ESO’s4x8m Very Large Telescopeat Cerro Paranal Chile

ESO’s Very Large Telescopédnterferometern(4x8m + 3x1.8mtelescopes)
Now XMM-Newton; X-ray Multi-mirror Mission (ESA)
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QUESTIONNAIRE SURVEY: Appendix II.
"DANISH ASTRONOMY 2010"

Dear colleague,

The nextdecadewill seea virtual ‘phasetransition’ in Danishastronomy.New greatresearcHhacili-
ties in spaceandon the groundwill appear,otherswill be retired from service,andthe tenuredre-
searchstaffswill undergocorrespondingprofoundchangesEspeciallyin sucha period, with uncer-
tain funding andstaffing policiesfor the university andresearchnstitutesbut increasinggeneralem-
phasison project orientedfunding for both hardwareand staff, it is importantthat we, asa com-
munity, defineand maintainour own scientific priorities for the developmenbf Danishastronomy.
And any major structurathangeslike othermajor projects,havetimescaleof a decade.

The generalissuewasdiscussedt the "Astrophysics"sessiorduring the DanishAstronomymeeting
at Nyborg Strandlast June.A broadconsensusvasreachedthat a report shouldbe preparedto lay
out the prospectdor the future and presenta comprehensiveset of goalsfor Danishastronomyin

2010 and recommendation$or actionsto be takento reachthosegoals. The IJAF Board, already
appointedto advisethe SNF on mattersrelatedto internationalcooperationin astronomy,was con-
sideredto be a suitablebody to conductsucha survey, and the Board hasdecidedto take up this
challenge.

The Boardhasexaminedthe waysin which sucha report might becomemostusefulin future policy
decisionsat higherlevels, notablyin connectionwith the impendingeSO decisionon the millimetre
array ALMA. An obviousconditionis thatit shouldbe basedon input from the broadestpossible
community of Danish astronomers,including technical staff, M.Sc. and Ph.D. student, Danes
abroad, and visitors to Denmark. The QuestionnaireSurvey which is announcedby this malil is
thereforeconductedn English, andthe Reportwill alsobe preparedin English, with a summaryin
Danish.

In your reply, you are strongly encouragedto disregard the inherited framework of existing
projects, institutional structures,and funding uncertainties.What is neededis your bestvision of
whereyour field, and Danishastronomyasa whole, will haveits placeon the internationalscenein
2010, given a favourablesituation. And your opinionsare also neededo identify favourablefactors
as well as possibleobstacleson the road to thosegoals. In thinking ahead,pleasekeepin mind,
however,that significantincreasesn overall staff andfunding are unlikely.

The questionnairform preparedby the Board follows below. A correspondingweb basedform,
which can be filled in and submitted on-line, will also be available at the URL:
http://www.astro.ku.dk/ijaf/da2010/da2010.html. You are free to useeither of these.Individual re-
plieswill be heldin completeconfidenceby the Board.

--->> DEADLINE: JANUARY 15, 2001 <<---

It is plannedto posta first draft of the report on the IJAF web site aroundFebruary1, 2001, with
an optionfor submittingsuggestiongor improvementby a certaindate. The revisedreportwill then
be placedat the web site aroundMarch 1 for a final round of comments.You will be alertedby e-
mail whennew versionsare postedon the web, andwe look forward to your comments.Thankyou
in advancefor your contribution.

On behalf ofthe IJAF Board,andwith bestregards,

Johanne®\ndersen



QUESTIONNAIRE: DANISH ASTRONOMY 2010
-000-
DEADLINE FOR REPLIES: JANUARY 15,2001

(To be usedfor supplementarynquiriesandto checkduplicatereplies;
all replieswill be held confidential)

Type of position (tick):
Tenuredscientist
Technical,engineer
Postdoc,visitor, ...
Ph.D. student:
M.Sc. student:

NN N NN
N N N N N

Currentand plannedfield(s) of research(tick): Now 20052010
Astropatrticlephysics,early universe () ) ()
Cosmologyand structureformation () ) ()
Physics 0fQSOs,GRBsandothercompactobjects () ) ()
Structure& evolutionof galaxies(alsoMilky Way) () () ()
Formation,structureand evolution of stars () ) ()
Instrumentdevelopment () ) ()
Solarandplanetarysystemsscience () ) ()
Other (indicate which): .....ccccccovviininnnnn. () () ()

Which are,in your view, the currentmajor strengthsof Danishastronomy:
Major weaknesses:

Which areasshouldbe of highestpriority in future Danishastronomy?
(Indicate prioritiesl, 2, 3, ... in the boxesbelow)
20052010
Astroparticlephysics,early universe (
Cosmologyand structureformation (
Physics 0fQSOs,GRBsandothercompactobjects (
Structure& evolutionof galaxies(alsoMilky Way) (
Formation,structureand evolution of stars (
Solarandplanetarysystemsscience (
(

0
)
)
)
)
g
Other (indicate which): ........cccccvvvvvvnnneee. )

2010L
() (
() (
() (
() (
() (
() (
() (

N N N N N N N



How do you perceivethe statusof your field internationally, andthe contributionsof Dan-
ish astronomyto it, in 2010?

Which major facilities do you expectto usein your own future research?
(Estimatepercentageof your time for researcharoundeachepoch,alsofor preparationof
projectsand/or dataanalysisafter their completion):

o

N N N N N N N N N N N N N N N N o
ol

010 ater
ESOVLT
ESOVLTI
ESOLa Silla
ESOSEST/AST
ESOALMA

DK 1.5m

NOT

MONS
HST/NGST
Chandral XMM
Integral
Planck/FIRST
GAIA

Data archives
Supercomputers
Other (specify):

NN N NN NN NN NN NN NN I\)
NN AN AN AN AN AN AN NN NN NN NN I\)

10 L
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

N N N N N N N N N N N N N N N N

Do you recommendDanish involvementin the designand constructionof hardwarefor
these orany otherfuture facilities?

If yes, which project(S)? ........cccceeee..

If yes,would you be involvedin suchhardwareprojects,andif so,how much?
(Pleaseggive estimatedpercentagef your researchiime, oneline per project)

Project:............... ( )%

Which arethe major obstaclego a healthyDanishastronomyin 2010?
(Indicateyour order of priority by 1, 2, 3, ... in the boxesbelow)

Lack of facilities:

Lack of manpower:
Inadequatecareerstructure:
Inadequateeducationalstructure:
Inadequatanstitutional structure:
Lack of coherentplanning:

Lack of technicalsupport:

Lack of public outreach:

NN AN AN AN AN NN
N N N N N N N N



Pleasegive your suggestiondor improvementson eachof thesepoints, keepingin mind
thatany overall expansiorfrom presents unlikely (free format):

Facilities:

Recruitment:

Careerpath:

Education:

Organisation:

Planning:

Support:

Outreach:

Any othercomments:

Pleasesubmit by Januaryl15, 2001, using the web-basedsersion of this form at the IJAF
web page,or by e-mail to ijaf@astro.ku.dk("Subject": DA2010).



