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The Case For Additional 8m Access

Executive Summary

Australia’s well deserved international reputatfon high quality research programs based aroundsscto front-
line optical and infrared observing facilities wile substantially enhanced by use of ‘Strategidadpt funds to
increase community access to world-leading 8m-dekescope facilities. We propose a multi-facilggproach,
seeking both additional share (funded by the AR®) Bme (funded through the ANSOC process) on teeni@i

telescopes, and continued access to the complemdatilities of the Magellan telescopes (ANSOC ding). A

possible time-swap between the AAT and ESO may @dsmit community access to the VLT on a no-exckaonfg
funds basis. Overall the proposed package wouledase the community’s access to the equivalen8@%2 of an
8m telescope for the duration of the program, ssipg the (minimum) requirement of ~20% of an 8rtiwed in

the Decadal Plan. The funds sought from the ANS@&gss total US$3.823M over the remainder of théRNEC
program.

1. Introduction

1.1 Overview

The last decade and a half has seen the emergence of thes8nofatgtical/infrared telescopes
as the largest and most powerful research facilities opgratithese wavelengths. More than a
dozen such telescopes have been successfully constructed and arerootwménoperation as
common-user facilities. By virtue of their unrivalled lightigating power and their excellent
imaging performance, they have opened up a myriad of new §ciegportunities across all
the key areas of astrophysical study.

In looking to the future, 8m optical/infrared telescopes willHertcement their position as the
front-ranked research facilities world-wide, both through the toameftive science discoveries
they are poised to make in such areas as exoplanet imagihgharacterisation, galactic
archaeology, and dark energy scieéncand through their increasing ‘work-horse’ role in
enabling individual investigator-driven science. Underpinning this lvalkhe availability of a
new generation of innovative instruments that will open up unexploggdnie of ‘discovery
space’. Key examples in this context include more advanced afpmiis of the now maturing
adaptive optics (AO) technologies (such as extreme- and groundA@yehat use laser guide
stars, and possible construction of the WFMOS instrument, which would prawidee-field
(degree-sized) highly-multiplexed optical spectroscopy capabilityhd@mafor the first time.

Within the context of Australian astronomy, 8m-class telescopéisalgo be integral to
maintaining the strong synergies and coherence between thel @piicaadio domains. The
Australian Square Kilometer Array Pathfinder (ASKAP) faagilwhich will come on-line in
2012, will be a powerful wide-field survey radio telescope. It witiduce a plethora of objects
that will require follow up at optical and infrared wavelengths, lagict southern hemisphere
8m telescopes will have a critical role to play. This wiicompass such areas as galaxy
evolution, supernovae and transient studies, and high redshift radio galaxies and QSOs.

Clearly then, stable and long-term access to 8m-class telssopssential if Australia is to
maintain its excellence and international competitiveness in Upticared observational
astronomy, and reap the full scientific potential of its futureordacilities. Furthermore, that

! We include in this class, telescopes with an éffeqrimary mirror diameter in the range 6.5 —méters.
2 Which on Gemini, will involve large ‘campaign’ stice programs.
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access needs to be at a significant level if it is to uakierscientific programs of major scope
and impact. This need is firmly articulated in the current AlistraAstronomy Decadal Pl&n
with access equivalent to 20% of an 8m telesdmgiag set as one of the community’s highest
priority goals for the 2006-2015 period. Moreover, the Decadal Plan adgdb&de achieved
through continued membership of Gemini as well as increasing and diversifying oac&ss.a

1.2 Current status of Australian 8m access

Australia has had direct access to 8m telescopes for more fens3 through its membership
of the Gemini partnership. This provides Australian astronomers agitess to twin 8.1m
telescopes at two of the best mid-latitude sites in the wollhuna Kea in Hawaii and Cerro
Pachon in Chile. Currently, Australia is a 6.19% share partner ininGewhich gives its
astronomers up to 18 nights per year on each of the two Genascdpes (or effectively 36
nights or a 12.4% share of a single 8m telescope). Additionallyastreturned more than
A$10M to Australia in instrumentation work, with Gemini contractingARSANU to build
NIFS and GSAOI, and the AAO to undertake feasibility and concagtest for WFMOS, as
well as earlier concept design studies.

Major National Research Facility (MNRF) funding has also bessd to increase Australia’s
8m access through the purchase of nights. A total of 24 nights omic&mth were purchased
from the UK over the semesters 2005B-2006B. More recently, 30 nights odagellan
telescopes (15 in each of the years 2007 & 2008) have been purchassalcdst US$46K per
night, half of which is paid for in-kind, through the provision of two AustraMagellan
Fellows who provide scientific and technical support at the wbesc Having access to the
Magellan telescopes has ensured that the Australian commsuigidific needs are better met
through, for example, provision of a high resolution optical spectrosaymbdity that is not
available on Gemini. The Magellan telescopes also offer a wettedapability that the Gemini
telescopes lack. Consequently, the Magellan time has been in highandierbeing
oversubscribed by factors of ~2-3. Given this importance, Astronomy alastrimited has
sought and been granted a 6 month extension to the current two yes aataagement, so that
it not lapse prior to the ANSOC process.

While this combination of share in Gemini and nights on Magellan gossnsiderable way
towards meeting the Decadal Plan goal of 20% 8m accestsuitemount to 15.9% of an 8m),
the current level of access is quite limiting in the wayedHasilities are exploited scientifically.
It is clear from the now well-established usage patternsfibisiralia’s relatively small share of
Gemini very much restricts the type of science programs ukéertan this facility, in terms of
their size, scope and ambition. A large fraction (~65% in recemesters) of Australian
programs involves observations that are simply supplementary to majgrams being
undertaken on the AAT (a telescope of which Australia has nominally@Bgi%he time). Very
few of the Australian Gemini observing programs involve majornsie projects being
conducted solely (or primarily) on 8m telescopes. The same verly appies to Australia’s
use of its Magellan time. In addition, our 8m access is not beemalaxiexploited for
postgraduate training, with very few Australian PhD thesesgbetmolly or mostly based on
Gemini/Magellan observations. Here the risk associated witing the required quantities of
observing time over a number of semesters is regarded as unacceptable.

® New Horizons, A Decadal Plan for Australian Astrono2006 — 2015
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1.3 Current opportunities for additional 8m access

At the present time, there are five 8m-class telescopbtiésc worthy of consideration for

Australian acceés these together with their status in terms of access caurmenarised as

follows:
Gemini— After signalling last November its intention to withdraw frtme partnership,
the UK has since recommitted to continuing as a member, but editatintention to
sell up to half its time (~63 nights per year, equivalent to a 1%I9%€) to either other
partners or external parties. The UK is looking to divest this eitieer through the
disposition of share or the sale of nights.
Magellan— Australia has an option to renew the current access arrang@Emanieast
another two years. This would provide it with 15 nights per yeaher.5m Magellan
telescopes, with Australia continuing to provide two “Magellan Medfowho each
spend two years in Chile providing telescope support, followed byreoyeasearch in
Australia at a host institution of their choice. There is no optio\imtralia to acquire
share in Magellan.
ESO/VLT- Interest has been expressed by ESO in swapping VLT tim&Adrtime,
due to their desire to have access to a more powerful wide-fiellti-object
spectrograph capabilttyWhether this will proceed and how much time will be involved
is yet to be negotiated.
Keck— The recent opportunity to gain access to this facility viaeCalhas passed, with
Swinburne and Yale Universities taking up this option. However, membership of Gemini
provides access to Keck through the time-swap arrangement tthesebservatories
have, with up to 5 nights per semester being available to thenGeantnership to use
the high resolution optical spectrograph, HIRES. It is possiblehtgatime swap might
be expanded in future to include more nights per semester and docedker
instruments.
Subaru— Membership of Gemini also provides access to the 8.2m Subaru telescope
with up to 6 nights per semester being available to use Supame(®ide-field CCD
imager) and MOIRCS (near-infrared imager and multi-objecttspg@aph). We note
that this access to Subaru, as with the above access to Keckpordyg through having
sharein Gemini.

The key opportunities for Australia gaining additional 8m acaes$ilse short-term (i.e. the next
2-3 years) therefore reside in Gemini and Magellan, with theireg some possibility of gaining
access to the VLT through a swap of AAT time. This ANSOC ssion and the plan that is
presented for obtaining additional 8m access are therefore buiandyi on the Gemini and

Magellan options. The remainder of this document is devoted to presergintgtails of this

plan, along with its scientific and other benefits, costs and risks.

2. Proposed Plan for Additional 8m Access

In constructing a plan for additional 8m access, the following twoes require careful
consideration: (i) whether immediate access to a facilisylbager-term strategic benefits, and
(ii) exactly how much access to a facility should be acquiredtite latter, the current Decadal
Plan “equivalent of 20% of an 8m” goal sets a baseline tbygéte total amount of access, and
which has the mandate of the community. However, it is the AGSIEisgs view that
Australia’s access to 8m telescopes needs to inclbgaatleast a factor of twover its current
levels if its research community is to fully mature in tgestific exploitation of these facilities

“ In that they operate in a well supported commaer-nsode and are equipped with a sufficiently breaite of
front-line instrumentation to cater for the sciéotheeds of the Australian community.

® That is provided by the AAOmega instrument, whitkhe future will be supplemented by a high spsctr
resolution mode (HERMES).
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and their utilization as a research training tool. For Australgrom@omy, this is an essential
step in its development if it is to remain a significant fonceoptical/infrared astronomy
internationally. On this basis, the following four-pronged plan is prapegdach meets this
overall target over the remaining lifetime of the current NERltogram, and at the same time
provides diverse and yet significant access to a number oti&gilThe elements of this plan,
along with the level of access (in terms of equivalent % of anadmh numbers of nights per
year), duration and the key longer-term strategic benefits of each, areassethin Table 1.

As can be seen, the plan for additional access involves three 8m facilitiesi Géagellan and
VLT, with nights potentially being acquired on all of them. The purehasan additional 4%
share in Gemini is also envisaged. The time swap of AAT night¥lfdr nights is still under
negotiation, so this option must be regarded as provisional atdbes. $t it does proceed, then
importantly it would involve only a simple swap of time (with an appat@ number of AAT
nights swapped for each VLT night) without any cash payment. Indede, ayportfolio of four

8m access options is proposeahly two of these options require funding from the NCRIS
Strategic Options monie@s indicated by the shaded rows in Table 1), with the Auwstrali
Research Council (ARC) being willing to pay the full cost (@pens + Aspen) of an
additional 4% share in Gemini to be purchased from the UK.

The costs for the different access options are listed in thlestathose for the two options
requiring ANSOC funding are given Table 2, whereas those for tditi@nal 4% Gemini
share” option, including the full costs of the Aspen program running c2@16, are given in
Table Al in the Appendix.

Table 1: Elements of the Proposed Additional 8m Access Plan

Facility Access Option and Funding % | Nights Long-term strategic
Duration Source 8m (fyn benefits
Gemini Purchase share — 4% ARC 8 22 | . Greater influence and equity in
(on-going) facility.

- Increased representation on Gemjini
Board and key committees (to be
negotiated).

- More influence and a greater retufn
on WFMOS.

- Preparing Australia for ELT era
through development and use of kegy
AO technologies.
- Greater access to Keck & Subary}

Gemini Purchase nights —2.2% ANSOC | 4.4 12 | . Marker for additional share

(3 years) purchase in future.
Magellan | Purchase nights — ANSOC | 3.5 15 - Valuable stepping stone to future
(Presentccess arrange involvement in GMT.
ment to continue for - Diversifies access and mitigates
another 2.5 years) risk with any individual facility.
VLT Time swap with AAT AATB | TBD | TBD | - Strengthen links and collaborations
(to be determined) with ESO and Europe.
- Scientific synergies between VLT
and AAT.

- Diversifies access and mitigates
risk with any individual facility.

®Based on there being ~280 nights per year perctgbesavailable to the partners, after accountingpdst country/institution time,
Director’s discretionary time, Gemini staff time&mmissioning and engineering time.
PNormalised to Gemini in terms of aperture areaantiner nights per year



The additional nights purchased on Gemini are costed at the apm@ogp&rations-cost-only
amount (US$60K per night). This is the price the UK has indidgatedvilling to charge for its
nights and there is no capital recovery component. Actual negotiaith the UK may vyield a
lower price per night. The Magellan nights will be acquired througiordinuation of the
current access arrangement, at the same price of US$46Kgperarid are costed accordingly.
Only half of this money is paid to the Carnegie Observatoriespttier half is retained within
Australia to pay for the salary, travel and on-costs of the tageWlan Fellows, which includes
an additional 1.25 years at an Australian institition

Hence what is proposed is a package which doubles Australiadecess to Gemini (from
6.2% to an equivalent share of 12.4% for the duration of the progra), maintains its
access to Magellan at the current level (equivalent to 3.5% of &m), and possibly gives
some access to the VLT, for an investment of only US$3.823M of tRNSOC funds.
Overall, for the duration of the program, the proposal would incr&asgalia’s access to the
equivalent of 28.3% of an 8m, and provide its astronomers with 34 more oidine per year
on 8m-class facilities above the current Gemini share plus Mageights total. While the
AGSC strongly recommends that ANSOC endorse and fully fund this-facility approach,
the continuation of the current Magellan program is regarded lagher priority than the
purchase of additional Gemini nights, if full funding cannot be alldcak&is prioritisation is
based on the complementary nature of the Magellan instrumentatiercempared to that of
the Gemini telescopes.

Table 2: Cost of ANSOC-funded Additional 8m Access Options (US$M)

Option 2009 2010 2011 | Tota|
Gemini: Purchase nights — 2.2% 0.682 0.699 0.717 | 2.098
Magellan: 2.5 yrs @ 15 nights/yr 0.345 0.690 0.690 | 1.725
Totals 1.027 1.389 1.407 | 3.823

Assuming an exchange rate of A$1 = US$0.90, thédost is equivalent to A$4.25M.

Finally, Table 1 also shows at a glance the longer-taategfic benefits that underscore each of
the access options. The key points for Gemini are the incresfisehce and say Australia will
have in the running of this facility through the acquisition of adaticshare, as well as
ensuring Australia will reap greater scientific and instrumeontract benefits from its
considerable intellectual and financial investment in the WFM@8ument. For Magellan, the
connection and overlap this provides with the US institutions involved in idret Glagellan
Telescope project is an important strategic alliance that iedmsmaintained. These plus other
strategic benefits are further elucidated in Section 4 below.

3. Scientific returns and Development Potential

The Australian astronomy community has reaped substantial Scibetnefits from its current

access to the Gemini and Magellan telescopes. Importantlgveowthere are a number of
new powerful instruments that are about to come on-line at both abs#eg. Consequently,

increasing community access will provide an unprecedented opportargtyploit these new

capabilities and significantly broaden and extend the sciengificrrs. We now briefly discuss
these new facility instruments.

® On the assumption that the current 2:1 ratio afyspent at Las Campanas Observatory providingeNéay
support to years spent in Australia (doing res@andéthbe maintained.
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3.1 Gemini

The current and future Gemini instrument suite has been builtsupag of a coherent
instrument development plan. This science-led plan has had the fagengnt of the Gemini
community, through such mechanisms as the Aspen process.

New instrumentation development is largely focused on Gemini’'s kretengths of excellent
sensitivity in the infrared and outstanding delivered image qualfithin the next 18 months
three new instruments will be commissioned: the FLAMINGOS-Zaiefl imager and
spectrograph, the Multi-Conjugate Adaptive Optics (MCAO) systard the accompanying
Gemini South Adaptive Optics Imager (GSAOI), and the Near riedr&oronographic Imager
(NICI). These will provide a range of revolutionary facilitiesAustralian astronomers. In the
slightly longer term the first of Gemini’s Aspen program nastents, the Gemini Planet Imager
(GPI) should be available in 2011.

FLAMINGOS-2 (+MCAO + F2T2) (GS)

When FLAMINGOS-2 comes on-line on the Gemini-South telescope in the second half of 2009,
it will provide both imaging and spectroscopic capabilities in tlae mérared (0.95-2.4 micron)
over a 6'.1 diameter circular field. It will also have a maliject spectroscopy capability with
resolutions R = 1200-3000 for objects within a 2'x6' quasi-rectangeldr FLAMINGOS-2 is
also capable of working with Gemini South’s Multi-Conjugate AdeptOptics (MCAO)
system, which gives uniform AO correction across a 2' field. s Timique combination of
“wide-field” AO correction and near-IR multi-object spectroscayly enable major advances
in a number of fields. For example, two of the key science arE&d AMINGOS-2 with
MCAO will be the high redshift Universe and star formation in oalaéy, both active areas of
research within our community. Further, a tunable filter, F2T2, iagberanufactured for
FLAMINGOS-2 intended to detect sources during the epoch of re-iomzat redshifts
between ~7-10, again an area of active research in our communign B capabilities of
FLAMINGOS-2, particularly when coupled to MCAO, and the breadtlpagsible research,
there is likely to be very strong demand from our community to usansirument on Gemini
South. Obviously additional time on Gemini-S will help meet thatadeimand indeed will
likely allow more comprehensive science programs to be tackled.

NICI

NICI, the Near-Infrared Coronagraphic Imager, is a dual-chameel-infrared (1-5 micron)
coronagraphic imager for use on Gemini South. It is expected tvdiable for use from
semester 2009A. NICI is optimized for detection of faint, sulbastebmpanions of stars by
utilizing the simultaneous spectral differential imaging technique. ellvérbe a major Gemini
campaign program focused on searching for planets that incluggsakan involvement. The
high performance of the AO system will also enable other sBiénce programs. NICI will
make Gemini highly competitive for direct planet detection, and ipnsthe community to
make further breakthroughs when the GPI comes on-line.

GSAOI (+MCAO)
The Gemini South Adaptive Optics Imager (GSAOI) has been speitifically to make use of
the exceptionally high imaging quality to be provided by Gemini SelMICAO system. The 4
infrared detectors in GSAOI will record 4096x4096 pixels of dath an image scale of 0.02
seconds of arc per pixel. The full detector mosaic has an 85" field of view. This wide
field of view (in terms of the number of resolution elements) opere broad range of science.
Many of the most exciting opportunities will be in resolvindlategopulations in dense regions
whether they are in relatively nearby galactic clustemx¢grnal galaxies out to the distance of
the Virgo cluster. The excellent image quality will alsdowl detailed morphological
examination of high redshift galaxies in the rest-frame dptiéagain community demand for
use of this instrument is very likely to be substantial.
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Gemini Planet Imager (GPI)

The Gemini Planet Imager will be the first of the Aspen program instrgne@be built and will
be available for use in 2011. GPI is an extreme AO system, with its high ordection carried
out by a 4096 actuator MEMS device. Together with a high perfornemmoaagraph this will
enable direct detection of gas giant planets at distances > their parent star. This is
exactly the location of gas giants in our own solar system.s@&nce aims are to establish the
frequency of occurrence of giant planets and to provide observatigmal io test planet
formation models. GPI also has an integral field spectrograpthwiiicrecord low resolution
spectra of the detected planets, and which potentially could detestamal ammonia clouds in
planetary atmospheres.

Current Gemini instrumentation
In the table below we summarize the currently available facilities oririem

Optical \ Near-infrared \ Mid-infrared
Gemini North
GMOS - long-slit, MOS, | NIRI —imager & low res Michelle — imager and
IFU spectrograph & imager spectrograph (AO-fed) spectrograph
NIFS — IFU spectrograph| TEXES — high res echelle
(AO-fed) spectrograph

GNIRS - long-slit
spectrograph (AO-fed)
ALTAIR — facility AO

system (natural & laser GS)
Gemini South

GMOS - long-slit, MOS, Phoenix — high res T-ReCS - imager &
IFU spectrograph & imager spectrograph spectrograph
3.2 Magellan

The twin Baade and Clay Magellan telescopes in Chile perfeottyplement the resources
available on Gemini. While Gemini focuses on the infrared and #8@napimaging quality
over relatively small fields of view, Magellan has a suitensfruments which include a high
resolution optical spectrograph and wide-field optical imaging @edtsoscopy capabilities.
Such capabilities are not available at Gemini. Like Gemini, Magds also developing a
number of new instruments. These include:

FourStar

The FourStar infrared imager effectively replaces the cumeat-IR camera PANIC. It is a
wide field imager using 4 close packed 2048x2048 HAWAII-2RG arragtvoa 10.¢" 10.9¢
field of view. This instrument will be used in a variety of pectgefrom cosmology to star
formation in the Milky Way.

Carnegie Planet Finder Spectrograph

The Carnegie Planet Finder Spectrograph (PFS) is a highutiesoéchelle spectrograph being
constructed for use at the Nasmyth focus of the Clay telescope. Itsypsomentific objective is
the detection of extra-solar planets through monitoring of stelthal velocity variations with a
precision of 1 metre/second. The spectrograph is currently underumiostrand is scheduled
for delivery to the telescope late in 2008.



GISMO

GISMO (the Gladders Image-Slicing Multi-Slit Option) is an &ifdlkeld reformatter for the
entrance aperture of the IMACS spectrograph, based on the conegpintdge slicer. GISMO
allows one to focus the entire large field-of-view of the poweMUACS spectrograph on a
central region, and thereby gain an 8 times greater densitigsoinsthis region thereby. This
will be of great utility for studying objects which are lesgended than the IMACS field; for
example the cores of galaxy clusters, or the individual compooénesarby galaxies. GISMO
is available for use from 2008B.

Current Magellan Instrumentation
In the table below, we summarize the current Magellan facilities:

Baade Clay
PANIC — near-infrared imager LDSS3 — optical low resolution MO$
IMACS - optical wide-field imager + MO$S MIKE — optical high res echelle
spectrograph (inc. MOS)
MagIC — Optical CCD imager MagE — optical/UV spectrograph

4. Other benefits

While increased access to 8m-class facilities will havectiresearch productivity gains for the
community, there are also a number of less direct benefitsvithatccrue from the additional
access. We now briefly describe these additional benefits.

Develop and enhance Australian astronomy

While most optical and infrared astronomers in Europe and the USadsgliconsider 8m-class
telescopes as their “workhorse” facilities, access to suebcmbes for Australian astronomers
is still so precious that it is generally utilised for only thest challenging of targets, or projects
which are limited in scope and conservative by nature. Yet, g m@jects with Australian
leadership or involvement on the UKST (RAVE, 6dFGS) and AAT (2dFGRZ, 2@PS,
WiggleZ), and Joint Programs on Gemini (GDDS, GRB follow-up) lteraonstrated, genuine
survey-scale programs on 8m-class telescopes result in mevelutionary”, as opposed to
“incremental” science. The proposed substantial increase in 8m-classpelescess will allow
the community to move to a mindset in which substantial program8no-class facilities
become the norm rather than the exception; such programs generally haxch longer lasting
scientific impact than current small programs. These beniédiv from both increased share
and increased telescope access through purchased nights.

Increased strategic influence

At the 10% share level within the Gemini partnership, Austratialevbe justified in seeking to
have a second voting Board member. For reference, Canada hasshar®%f Gemini and two
Board members. An extra Board member would give Australia mnfiteence in steering the
future course of Gemini in our interests, particularly when tlneeat Gemini partnership
agreement comes up for renegotiation in the period 2010-2012.

Increased instrumentation contract returns

Current Gemini policy seeks to ensure that each partner regestesmentation contracts in
proportion to partner share. Consequently, increasing Australia’s dinectdy translates, under
current policy, to increased instrumentation contract returns. Tharigularly relevant in the
case of the WFMOS project: while the AAO is leading one otwlee WFMOS concept design
teams, Australia’s current small share in Gemini (and theique GSAOI construction

10



contract) severely compromises its ability to take on sigmifipartions of the work, and hence
see Aspen instrument program funds come back to Australia. lmgeagstralia’s share in
Gemini would therefore give it proportionately more return on gpeh investment through
increased WFMOS involvement.

Building experience with Adaptive Optics

Adaptive Optics and AO-fed instrumentation is of increasing impoetain driving
astrophysical research outcomes, and will be even more so kExtieamely Large Telescope
(ELT) era, where the success of these next generationdpésswill critically depend on such
technology. Gemini is currently the only access Australiad&<X facilities, and the additional
time and share sought will enable the community to develop the eeptrtbuild AO-centred
research programs and make best use of AO-optimised instrumoentatidue course, these
outcomes will feed directly into the Ground Layer Adaptive OptizisAO) system that will be
integral to the success of PILOT and to many GMT instruments.

Continuing the Magellan Fellowships program

While the Magellan Observatory offers an excellent instrumente swhich is highly
complementary to that available on Gemini, its status as a glyisffanded consortium has
meant that it has never been staffed adequately to provide the kmatiahal facility-level
support that Australian users of the AAT, ATNF, and Gemini haveedanexpect and value.
Thus, a critical aspect of Australia’s original access eagemt with Magellan stipulated that
half of Australia’s time would be paid for in the form of two postdcaitievel Magellan
Fellows, who would spend 2 years resident in Chile supporting genagalléin operations and
carrying out research, followed by 1 year of research at an Australiantiostof their choice.

This arrangement has been an outstanding success. For Magellargniabéed them to offer a
much-improved level of observing support at the telescope for allviséors, as well as carry
out tasks such as writing documentation, improving calibration and datgs&s software,
capabilities that they previously lacked the resources forAEstralia, the benefit has been that
observing at Magellan has not been the “poor cousin” of observingGeithini, as well as the
fact that two Australian institutions will benefit from havingotéull-time researchers for a year
each. For the Fellows themselves, the opportunities to work alorggside of the top US and
Australian astronomers, apply for Magellan time in their owhtyignd the chance to build their
careers in Australia afterwards make these Fellowships particaténdygtive. At the end of their
terms in Chile they will bring a wealth of large telescoppegtise back to Australia, together
with lots of ideas and Magellan data to work on with new collaboratogsstudents here and
overseas. Renewal of the Magellan access program will enalleMagellan Fellows to be
appointed, and give others the opportunity to work in such a stimulating environment.

Enhanced student training

Not only is the current available amount of Gemini and Magellaa tiansidered too precious
by the community to risk on more speculative programs, isis @fiten perceived as too risky to
form the basis of a significant component of a student’'s PhD progi¢hile approximately a
third of Australian Gemini/Magellan users are PhD studentheimajority of cases their use of
the time is not central to their thesis work. Feedback from RpBrgisors and students indicate
that the high risk associated with getting Gemini and Mageitaa — particularly in getting
sufficient and continuous allocations at suitably high ranking to sefidyy execute a major
observing program appropriate for a thesis study — is a majoceligive to contemplating the
use of the Gemini or Magellan telescopes as a primary rés&aring facility. Increasing
Australia’s access to Gemini, and maintaining the current sidcedvlagellan, would give
students and their supervisors the confidence to make greater tiseseffacilities, and so
increase their value to education and research training.
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A bridge to GMT

Although the GMT consortium and the Magellan consortium are distinct entities jsheelot of
overlap between the two. Continued access to Magellan therefore providesahpathway for
Australian astronomers to build strong collaboration with colleagudsegartner institutions
that are likely to have the lion’s share of GMT observing timerdlage already indications
from Australian Magellan proposals that applicants are keen to pewl ttme requests (if
successful) with related Magellan proposals led by their cobddws at prestigious US
institutions such as Carnegie, Harvard, MIT, and the University of Arizona.

While paid membership of the GMT consortium is obviously essentiahte influence and a
proportionate share of observing time, Australia stands to gairusb more from GMT in the
long run by fostering scientific relationships today, which could spesgly flourish into the
science teams that will tackle the “big questions” with GMTistdfically, Australian
representation in such teams has been much greater than itefstusr@ing or observing time.
But it was only through the sense of trust and intellectual cespelt up over the course of
many precursor international programs that Australian astronoatt@ised this status. While
serving the needs of many individual Australian researchers, aochtggellan is also sowing
the seeds for science to be done by and with Australians on the GMT.

Strength in Diversity

Membership of Gemini enables guaranteed access not only to Geowmi'facilities, but also
to exchange time on other frontline facilities like Keck and Suliarwhich Australia would
normally not have access by right. As exchange time observing muss be classically
scheduled in units of integer nights (with a typical cap of ~5 sigkt semester per facility),
Australia finds it harder to access this time than the biggengrs. An increased share of
Gemini time therefore also leverages increased accessttaments not otherwise available to
the Australian community.

Diversification of access across multiple facilities alss hapositive benefit, by avoiding a
monoculture and mitigating risks. As recent severe earthquakegwaii and Chile have
demonstrated, even well-prepared facilities like Gemini can beoytubf action for several
weeks by acts of nature. Political and budgetary factors camialder an observatory partner’s
capacity to contribute funding at critical times. Thus, it maesse for Australia to maintain a
balanced portfolio of access to both Gemini and Magellan, particaardach in turn can open
doors to other facilities elsewhere.

5. Feasibility, Robustness, and Risks

In this submission, we have presented a plan for acquiring signifaziditional 8m access,
which we believe is both feasible and robust in terms of itsetgli More specifically, the two
options that require ANSOC funding — the purchase of nights on GemirMagellan — can
both be taken up without question, and the costs for each of these optioleadyedefined up
front. The UK have agreed to sell Australia Gemini nights el price, and the Magellan
Council has given its in-principle agreement for Australia’s cudri@ccess arrangement to
continue for another 2.5 years at the same per night cost. Both theiGad Magellan
Observatories are now mature and stable telescope faolitiesvell supported and reliable
instrumentation, and should remain so over the period the ANSOC funds would be used.

This notwithstanding, none of the access options come without soménedieyt ones being as
follows:
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Uncertainty of the Gemini partnership beyond 261@n 31 December 2012, the current
International Gemini Agreeméehexpires, and a new one will have to be negotiated and
entered into if the Gemini Observatory is to continue to operatendetyis date. There

is the risk that the current partnership could be significantlyrisinéd or disintegrate
beyond 2012 — the UK, for example, have already indicated that theibensmp will

end at this poifit— thereby threatening the continued operations of the Observatory and
disrupting the Aspen instrumentation program (which is now set to eihb&yond
2012). While the UK has declared its position, the status of the pahters in terms of
their continued participation and level of engagement in Geminemiyr remains
unknown. Hence it is difficult to quantify this risk (or indeed opportundithough it is
already clear that there will have to be a reconfigurationthef partnership to
accommodate the UK'’s exit.

Uncertainty over the funding and future of the Gemini Aspen progra@emini’s
current Aspen instrumentation program, which is designed to equip thaniGe
telescopes with the next generation of state-of-the-arumsints, has and will continue
to be funded by the partners on a ‘best efforts’ basis. Uncertaartae difficulties all the
major partners have had in making and meeting their financial @oments in the first
three years of the program have seen it be delayed, descoped, srntme#ine
significantly stretched beyond its original 5 years. This 8dnas unlikely to change
into the future. Moreover, and most importantly for Australia, twaethe Gemini
partnership has the financial and political capacity to procedd the number one
science priority of the Aspen program, WFMD&mains unknown, and there remains a
significant risk that the construction of this instrument will not proceed.dfvilere to be
the case, then the Aspen program will have failed to catehdéoscientific needs of the
majority of the Australian community, making continued membership evhi@ less
attractive. Note that this does not affect the scientific vafueights purchased during
the NCRIS period, but rather is a concern in the longer term.

Purchasing nights does not buy influereéd\n inherent weakness in the ‘purchase of
nights’ options (on Gemini and Magellan) is that it does not incréasgralia’s
influence in the facility. For Gemini, this is mitigated lhe tco-strategy of increasing
Australia’s share and hence its influence and representation. For dMadelistralia will
have no say in decision-making processes during the 2.5 year pedesss and runs the
risk that it would be powerless to oppose major operational changesasutie
withdrawal of key instruments, or a change in the level and mode daitmper support,
that would negatively impact its scientific exploitation of tiasility. However, no such
changes are contemplated at the present time.

These are all serious risks, but they highlight a further dtreoigthe package of additional
access options that is being proposed, in that its diversity of access mitggahss these risks.

6. Concluding summary

This submission makes the case for the investment of A$3.823M of tRISNGtrategic
Options” funds to provide the Australian astronomy community with it 8m telescope
access. This is part of a broader, long-term vision to more than ddustalia’s current level
of access and, in doing so, reap substantial strategic bepefdptical/infrared astronomy as a

" To which the Australian Research Council is Algtis signatory.

8 It should be noted that the UK’s withdrawal inway reflects on Gemini’s current or future capaiei§i and
operations; rather it is driven by the need to nmkestantial cost savings in the STFC'’s budget.

° Through reaching agreement with the Japaneseulgghare the cost of WFMOS and put it on Subaru.

13



whole. A multi-facility approach is proposed, involving increased act@®ugh purchasing
extra share (funded by the ARC) and nights (funded by ANSO)eoBémini telescopes, the
continued purchase of nights on the Magellan telescopes (funded by AN&O®ell as the

possibility of a time swap of AAT time for access to the ESO VLT telescope

The case for more than doubling Australia’s current level oésxcis predicated on the pivotal
role such access will play in sustaining and growing the optiraled community and keeping
it internationally competitive. Telescopes in the 8m class bellthe front-line work-horse
facilities for astronomical research over the next 10-20 yeaxess to them at a per-capita
level comparable to our European and US colleagues is essentiatal/ogtared astronomy in
Australia is to continue to have a vibrant research community thrilnggnext decade and be in
a position to fully exploit future facilities such as GMT and ®1TL Securing the future in this
context is critically dependent on 8m telescopes becoming tmangyrresearch training tools of
Australia’s next generation of astronomers, which will only be ptes#i the level of access is
significantly increased.

A diversity of access options provides the Australian communityh vet broad and
complementary set of 8m instrument capabilities and mitigas&s(see 85). However, the
continued access to Gemini and Magellan consolidates and builds uponli&astrell-
developed use of these facilities. In particular, it will not algw Australian astronomers to
more aggressively and ambitiously pursue their Pl-science prodginaough having more time,
but will also present significant new scientific opportunitieshi@ next 2-3 years through the
introduction of new instrumentation and capabilities (particularly in AO).

Finally, it should be emphasised that this “additional 8m access” options paskages a
broader purpose than just taking advantage of the near-term ANSOC fupgogunity; it
also sets a goal and strategy for increasing Australia’a@mess in the longer term. Funding of
this ANSOC option represents an important first step in achigliisgmportant ambition, and
putting Australian astronomy in a strong position to secure long&arrolass telescope access
beyond the current NCRIS program.

Appendix

Table Al: Gemini share costs (US$M)
2009| 2010] 2011 201 2013 2014 2015 Total

Current 6.19% share
Operations 1.919| 1.967| 2.016| 2.067| 2.119| 2.172| 2.226| 14.486
Aspen| 0.424| 0.566| 0.409| 0.575| 0.349| 0.082| 0.098| 2.503
Total | 2.343| 2.533| 2.425| 2.642| 2.468| 2.254| 2.324| 16.989
Additional 4% share
Operations 1.240| 1.271| 1.303| 1.336| 1.369| 1.403| 1.438| 9.360
Aspen| 0.146| 0.238| 0.264| 0.371| 0.225| 0.053| 0.063| 1.360
Total | 1.386| 1.509| 1.567| 1.707| 1.594| 1.456| 1.501| 10.720
Grand Total | 3.729| 4.042| 3.992| 4.349| 4.062| 3.710| 3.825| 27.709
Notes - Operations costs post-2010 assume continuation of annual 2.5% ramp.

- Aspen costs assume full construction of Gemini Planet Imager (GPI) BMD®, plus
concept design study for GLAO.
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