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Abstract

We provide a report on the progress of UKIDSS to date, andwget revised survey design for comple-
tion by May 2012. At September 2009, UKIDSS has completedagpmately one third of its original 2001
design. Data quality and survey depth are largely achied@gign goals. Rigorous quality control means
that the survey completion rate is somewhat slower thamastd in the 2001 proposal, but somewhat
better than at the 2006 renewal proposal. With the suppdrigtf quality UKIRT and VDFS operations
efforts, UKIDSS has made public data releases on a regutadsite, and hundreds of astronomers across
Europe, and increasingly the rest of the world, are usingdétabase and producing science. To date,
UKIDSS has produced 109 refereed papers which have 154bosebetween them, and the rate of pro-
duction is accelerating. Science highlights include thasneement of the sub-stellar mass function, the
discovery ofz ~ 6 quasars at three times the rate of SDSS, measurement of cheiew of galaxies
atz = 5 — 6, discovery of the coldest known stars, discovery of many pesvmain sequence eruptive
variables, and the measurement of large scale structure-at.

The original science goals of UKIDSS - for example discow&frthe most distant quasars, measure-
ment of the stellar mass function and its dependence onamient, and quantitative study of the epoch
of galaxy formation - have not been superseded, and havedrggpartially completed by the survey to
date. The UKIDSS surveys therefore do not need radical segde However, given the time remaining,
scheduling issues, and results to date, we have carefullgidered the balance between survey compo-
nents, the balance between areal coverage and second epachge, and the balance between different
bandpasses, to produce a revised design to completionirVditihh expected allocation from semester 09B
to 12A, we should complete approximately 80% of the origR@01 design goals. For the Galactic Plane
Survey (GPS), the Galactic Clusters Survey (GCS), and tlep Batragalactic Survey (DXS), the revised
plan largely involves reducing areal coverage. For the é#dmea Survey (LAS), the footprint is substan-
tially changed compared to the 2001 design, and esiglf of the surveyed area will have second epoch
coverage. (These changes have been largely driven by dofgdtficiency concerns.) The Ultra Deep
Survey (UDS) has for various reasons received much lesstthaxrpected allocation so far, and so is only
~ 10% complete. We plan an intensive “UDS catch-up” campaigiigvieng which it will reach 43% of
its original goal. However this also includes a re-balagdietween bandpasses, such that the UDS will
achieve its original target of a depth of K=22.8.

1 Introduction

This proposal is a submission to the UKIRT Board as part optbeess of optimising the scientific programme
of UKIRT up to May 2012. Sections 2-4 report on the techniaal acientific progress of UKIDSS to date.
Given the guidance on the amount of time available to UKID&#&fhere until May 2012, we estimate that
we will be able to achieve approximately 80% of the origin@02 design goals. In Sections 5-6 we present
an updated science case and revised design which meetartfes tin Section 7 we make a proposal for the
possible use of extra nights up to May 2012, and in Section Bresent arguments in favour of a continuation
past May 2012, should this be politically possible.
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Figure 1:Footprint of UKIDSS survey as originally designed in 200&nf Lawrence et al. 2007. Cross-hatch: LAS.
Dark grey: GPS. Light grey: GCS. Open rectangles: DXS.

2 Evolution of UKIDSS

2.1 Original goals and design

UKIDSS was formally proposed to the UKIRT Board in March 2p8ad the programme resulting from this
review was also agreed with ESO as part of the accessiongmodde design is summarised in Lawreete

al. (2007). The original design footprint is shown in Fig.1. Tdetailed design areas/depths are described
in Table 3 of Lawrenceet al. 2007. In summary, the original design included approximgaf®00 sg.deg. to
K=18.2 in the three “shallow” surveys - the Large Area Sur{le&S), the Galactic Plane Survey (GPS), and
the Galactic Clusters Survey (GCS); 35 sq.deg. to K=20.8érxeep Extragalactic Survey (DXS); and 0.77
sg.deg. to K=22.8 in the Ultra Deep Survey (UDS).

The headline science goals were : to provide a long-ternoraatnical legacy database; to find the nearest
and faintest substellar objects; to discover Populatidmdivn dwarfs, if they exist; to determine the substellar
mass function; to break the z = 7 quasar barrier; to deterthmepoch of re-ionization; to measure the growth
of structure from z = 3 to the present day; to determine thekepbspheroid formation; and to map the Milky
Way through the dust, to several kpc.

2.2 Early progress and changes after Nov 2006 review

UKIDSS began observations in May 2005, and together withDES team, has since made six data releases
on a regular schedule. The number of nights per semestaratdlh to UKIDSS has gradually increased,
from 67 nights/semester in 05-06 to the current rate of 1@&teisemester, including nights donated by UH
and Korea. The rate of deposition of releaseable data iet@atthive has however been 80-90% of proposal
estimates, due to a mixture of observing overheads and aladgdality issues, leading to a higher than
originally expected QC rejection rate. During 2006-2008uenher of improvements have been made which
mean that survey completion rate is significantly improvd,still lower than the original expectation.

In 2006 the UKIRT Board invited further “campaign” propasahnd asked UKIDSS to submit a “renewal”
proposal as part of the same process. The result was anlogedalrsement of the UKIDSS project, but
together with some re-prioritisation. We summarise thdseges next, along with subsequent developments:
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Release Europe World Summed area UDS depth
all filters

DR1 Jul 2006  Jan 2008 2365 sq.deg. K=21.5

DR2 Mar 2007 Sep 2008 3673 sq.deg. K=21.5

DR3 Dec 2007  Jun 2009 7502 sq.deg. K=21.7

DR4 Jul 2008 (Jan 2010) 8847 sq.deg. K=21.7

DR5 Apr2009 (Oct2010) 10541 sqg.deg. K=22.0

DR6 TBD TBD (11461) K=22.1
DR7 TBD TBD (13686) K=22.1
Design  Nov 2001 35730 K=22.8

Table 1:Statistics on data releases

(i) LAS was to be accelerated, with an intention of complgptry the end of semester 2009B. In fact this was
almost impossible for scheduling reasons. During 2007 ¢hsartium agreed on a significant footprint change
for the LAS, adding an autumn equatorial block, and esdgngtopping work on the northern block, apart
from priority coverage for Herschel. (ii) GCS was to concate on the younger clusters. This was interpreted
as ceasing further work on the Hyades. (iii) GPS was to cdratenon the main JHK survey. The narrow-
band observations in Taurus-Auriga-Perseus were ceatieou@h they were partly completed in PATT time),
and the second epoch K observations were left for a latesideci (iv) The UDS was recommended for a
reduced allocation, with the implication of a shallower fidapth. In fact for various reasons to do with
weather, engineering, and operational algorithms, the U&xSreceived very little time, and so is a long way
behind even the reduced allocation. Over recent monthsatipeal matters have improved yet further, and
in particular the rate of observation of UDS has improvedrdtically. (v) DXS concentrated solely on J and
K band leaving the originally proposed 5 sq.deg. H-band masiens to be considered only if any DXS field
reaches completion.

3 Technical progress as of September 2009

3.1 Data Releases

Data releases are primarily the responsibility of the VD&&n, but with UKIDSS members playing a key
role in the Quality Control process. However, UDS WG memlieidottingham also run additional pipeline
processing for the Ultra Deep Survey, in close collaboratiith CASU and WFAU, and are responsible for
delivering a final stacked product to the archive. VDFS and&S have kept to an impressive schedule of
public releases. Akarly Data Releasevas made only seven months after the first observations, uatitef
data releases have been made regularly since. Table 1 sisesntire progress of data releases. The area
listed is the summed area over all filters for the shallow eygs(LAS, GPS, and GCS), as this can be directly
compared with the original survey design in order to cakeufeactional completeness of the shallow surveys.
The DR6 and DRY7 releases (including data up to semestersriBB3A respectively) have of course not been
made yet, but the forecasts should be reasonably accurtite abservations are complete.

3.2 Coverage so far

Fig 2 shows the sky coverage achieved by all WFCAM obsematims of July 2009. This represents all
dataframes received and processed by the CASU pipelinehvilhisomewhat larger than the frames passing
QC and being ingested into the archive. (UDS is particulattingent on data quality, typically accepting
80% of the frames sent from UKIRT). For calculation of the gbeted fraction of surveys, we consider two
baselines - the contents of the database for DR5 (to sen@Agr and the forecast contents of the database
for DR7 (to semester 09A). We compare the contents to a Blighfusted version of the original 2001 design.
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For GPS, this excludes the narrow-bang dbservations, and for DXS it excludes the H-band obsemstio
which have never been attempted. We also use an adjusteajavexposed time per frame for DXS - 3.91h
versus the 3.6h quoted in Lawrenetal. 2007. This is because DXS has been using poorer seeing time,
which otherwise would not have been used at all. This is a reffident use of UKIRT time, but means that
DXS on average needs longer to achieve the target depthsh wie have not changed.

A breakdown of completeness by survey, together with theired time for proposed completion plan, is
given in section 6. Here we provide a textual descriptiorheffirogress of each survey so far.

For the shallow surveys, because exposure time is fixed, weguantify coverage by comparing the summed
total of arexfilters, as in Table 1, with the adjusted 2001 design goals Shbws that DR5 represents 32%
completeness averaged over the three shallow surveys yahe belease of DR7 the shallow surveys should
be roughly 38% complete. For LAS, compared to the 2001 ddaigret of 4028 sg.deg. at YIJHK and second
epoch (“3") , we expect that DR7 will include 2300 sq.deg at; Y4650 sg.deg. at HK, and only 265 sq.deg.
at J. As explained above, the footprint changed following th@&0eview, adding an autumn equatorial
block, and leaving most of the original northern block umaied since 2006. For GCS, no second epoch
measurements have yet been made; otherwise two clustersoaecor less completely done (IC 4665 and
Perseus OB2); three are mostly done, i.e. 40-80% (Pleiad®&r, Upper Sco); four have a small amount
done, i.e 5-20% (Praesepe, Taurus, Orion, and Coma); ardythdes has a negligible amount, as work was
ceased after the 2006 review. For the GPS, about 40% of the pias been covered, mostly with all three of
JH and K, with 580 sq.deg. at K only. A very small area (31 sg.)deas been observed in second epoch K.

For DXS, degree of completeness can be estimated two wangt, &fie can compare area achieved to target
depth against the design area. On this basis, DR5 is 34% eterngohd extrapolation to DR7 forecasts 41%
completeness. On the other hand, one can compare on-skyaitita to that originally quoted in Lawrence
et al. (2007); on this basis the DR7 forecast is 52% completendssseltwo estimates are different because
DXS has spent longer than expected on each field; this isygartiause it has accepted slightly worse seeing
conditions that otherwise might not have been used at allh&Ve therefore used an adjusted exposed hours
total based on 3.91h per sky position rather than the ofli@rtdn abd believe this to be the most reasonable
estimate of DXS completness. On this basis the forecast DRipketeness is 48%. DXS has built up each of
its four fields from roughly 12 sub-areas (single tiles) atheaf J and K, trying to complete depth in a given
filter for each sub-area before moving on. The areal coveaapeeved has been somewhat different in the
four fields. At September 2009, the sum of sub-arxddi®rs was approximately : SA22=16; Elais-N1=13;
Lockman Hole=6; XMM-LSS=5.

For UDS, because it is a single repeatedly observed tilegppheopriate way to calculate degree of complete-

ness is to measure accumulated on-sky integration timengatigpast QC into the database, and compare with
the design goal. On this basis, UDS is a long way behind ther stlirveys. In the DR5 database, completeness
is only 9%, and the forecast for DR7 is still only 12% comptetes. This requires a little more explanation.

Why is UDS so far behind?

The slow progress in the UDS has been caused by a combindtiactars. Unfortunate telescope scheduling
has certainly been a major contributor, combined with ba#t knd poor weather. In 2006 WFCAM was not

installed until November, which missed the best two monthidfDS observing. In 2007 poor weather was
a major culprit, with a further 18 nights lost due to breakdevand cold-head work. In 2008 the telescope
was closed for 26 days in August/September for telescopuiaising, and WFCAM was removed to begin

Cassegrain observing at the end of November.

To compound these problems, the UDS has rarely been obsat\yegh airmass. We suspect this is due to
an overly-pessimistic seeing model in the query tool (thibeing investigated) combined with difficulties
in measuring the best zenith seeing given the large WFCAMIpifthe ‘seeing floor’ problem). Difficulties
measuring theleliveredseeing (given the lack of bright stars in the UDS) have alsaridmuted, and observers
may have incorrectly abandoned the field in the past.

Thankfully, most of these issues have now been addressedclash with Cassegrain observing is no longer
a problem. A new mirror cooling system has dramatically iowed the seeing at the start of the night. A new
system has been introduced to measure the seeing at thesgaiaiéne UDS directly rather than rely on the



UKIDSS Completion 5

20 Observing dates range
e 20050401 - 20030701

Il OTHER/FI

2008 CASU

Figure 2:WFCAM coverage as of July 2009, including UKIDSS, PATT olatiEms, and calibration fields. Taken from
the CASU progress page.

guery tool. The UDS constraints have also been slightlyieslaAs a result of these changes, 09B is on course
to be the most productive observing season by at least a factevo. We therefore believe that substantial
gains can be made in the remaining two semesters availablB

3.3 Data Quality

The basic data quality characteristics of UKIDSS were rggbin Lawrenceet al. (2007), and have not
essentially changed. Median seeing~i6.82 arcsec, and median stellar ellipticity is 0.07. Theohlie
astrometric accuracy ranges from 50 to 100 mas dependingtitudie. The absolute photometric accuracy
is 2%, limited by the accuracy of 2MASS, to which our calibmatis tied (see Hodgkiret al. 2009). All
these figures are easily within the design goals. Fig 3 shbaitsthe internal accuracy of the photometry is
extremely good. It compares multiple measurements of timegmint sources in many independent frames in
the DXS stacks, showing that at bright magnitudes repdayaisi5 milli-mag.

Characterising achieved survey depth is a little more sufithe most well defined measure is the magnitude
of a point source that can be detected at a specified postiog a standard aperture, as this is determined by
the local background noise. This varies somewhat from filiietd of course, but for the UKIDSS shallow
surveys the typical & detection limit in a 2 arcsec aperture, compared to the degials, is Z=20.36 (20.4),
Y=20.16 (20.3), J=19.56 (19.5), H=18.81 (18.6), and K=2818.2). Detection limit is therefore close to
design goals for all except the Y-band, which falls somewhatt. For extended sources such as galaxies, the
detection limit is of course brighter, and not uniquely deti@ed, depending on size and profile.

A different question is to ask to what depth the UKIDSS catatss can be considered complete. Fig 3 demon-
strates the point source depth achieved for the shallowegarvThis shows point source number counts for
the K-band, taken from all GCS K-band detections. The cleakpndicates 100% completeness to K=17.7.
At the 5 detection limit (K=18.2) counts are roughly 50% completerywvmuch as expected from simple
statistics, thus indicating no major systematic effecthendata or pipeline. Fig 4 shows number counts from
two different latitudes in the GPS. At= 98.4, the counts peak is in the same place as in the GCS and LAS,
indicating little effect from crowding. Closer to the GaliacCentre this is no longer true - Fig 4 shows that
at/ = 30, the completeness limit is around a magnitude brighter.5F8gows the point source completeness
in the much deeper stacked DXS survey. This shows the fraofisimulated point sources recovered versus
magnitude, indicating that the DXS is 90% complete for petrces to K=20.8. (This figure also shows how
some sub-fields are less deep, mostly due to inclusion of pomer quality data in the DXS.)

The deeper, stacked surveys are of course dominated byedsgdlaxies, for which the completeness limit is
somewhat brighter. The deeper surveys are also much ma#igeto problems with background subtraction
and background structure, so that catalogue completenagsnot achieve what one expects from photon
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Figure 3: Left : Stellar number counts in the GCS versus K-magnitude. Tl pleak indicates that stellar counts
are 100% complete to K=17.7, compared to the detection limit of K=18.2, where completeness is approxatya
50%. Right : Internal photometric repeatability. This shows the RMSttstan measurements of the same point
sources in many different frames within DXS stacks, eachhhws processed independently. At bright magnitudes the
repeatability is 5 milli-mag, with the rise to fainter magunies very much as expected from simple statistics.
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Figure 4:Stellar number counts in the GPS at two different locatidinem left to right the curves are respectively in K,
H, and J. At a longitude of 98.4 degrees the counts are 100%l=ento K=17.7, just as in the GCS and LAS. (Note that
the K-band exposure is the same, but in J and H it is twice ag &nLAS). Closer to the Galactic Centre (RH panel),
the effects of crowding are apparent, with the K-band cotepless roughly a magnitude brighter.

noise. In these circumstances there is also a tradeoff ipletemess versus reliability; one can easily push the
completeness limit deeper, at the cost of introducing maoserapurious sources. Over the last year UKIDSS
WG members and the VDFS team have been working closely tegé&hdevelop improved algorithms to
minimise the structured background issues, and have atsodgerimenting with different pipeline parameter
settings. Fig 5 compares galaxy number counts in UDS DR5uerakvery deep (but much smaller area)
surveys. The standard §5noise depth” in these data is K=22.04. Using the new algwmstliin the CASU
pipeline, and settings for subsequent deep stack extrattiat restrict the spurious fraction at this depth to
<2%, the UDS is 90% complete for galaxies to K=21.8, close ¢éoekpected value, and several tenths of a
magnitude better than the depth achieved in earlier da¢ases. We have also experimented with use of the
new algorithms on DXS frames, but here the difference madmaller, indicating that the background is still
largely photon noise limited.
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Figure 5: Left : Effective depth in four different K-band tiles within the ®%A22 region, estimated using simulated
point sources. Where full depth and quality have been rahcbhXS is 90% complete for point sources to K=20.8.
(Equivalent depth for faint galaxies would be approximat€t-20.5.) Occasional tiles, such as sub-region 4 of SA22,
have been observed in non-ideal conditions, producing sdratlower depthRight : Depth of UDS at DR5, shown by
comparison of galaxy number counts with those in deeperllsnaea) surveys. Thedpoint source detection limit

is K=22.04; 90% completeness for galaxies is K=21.8. ThisrBcgalso demonstrates the impressive dynamic range of
UDS data.

4 Scientific progress

4.1 Use of data

Nearly all scientific use of UKIDSS has been through the WFC8aience Archive (WSA). There are cur-
rently 890 registered users, of whom 427 have actually ramigs and extracted data. Note that registration is
only required for access to data within the ESO communityricéed period. There is extensive and growing
additional anonymous access to the world-public data. Asptember 2009, the total number of queries run
was 805,000, extracting a total of 13.5 billion rows of cagptlata, as well as pixel cutouts and flat files.

4.2 UKIDSS publications

A list of publications resulting from UKIDSS is maintained \aww.ukidss.org/science/science.html. The
papers we count are as follows. (i) Core papers describmguhvey (e.g. calibration, archive, data releases).
(if) Papers including science results that are derived inlevlor in part from UKIDSS data directly accessed
from the archive (analysis of data published in another pdpes not count). (iii) Papers containing science
results from primary follow-up observations in a programthm is identifiable as a UKIDSS programme (e.g.
The physical properties of four 600K T dwarfsesenting Spitzer spectra of cool brown dwarfs discalere
with UKIDSS). (iv) Papers which include a feasibility studiyscience that could be achieved using UKIDSS
data (e.g-The possibility of detection of ultracool dwarfs with the BB Infrared Deep Sky Survéy Deacon
and Hambly). Using this method, as of September 30th 2008 there 109 published papers. (We count only
published papers, not astroph preprints.) The numberdaifaris to the core UKIDSS reference, Lawrence
et al. (2007), is currently 194. Combined citations to all the 108ljshed papers is 1542, indicating that the
UKIDSS papers are on average of considerably higher impactthe typical astronomy paper.

The publication rate is accelerating : 7 papers in 2006, 2007, 35 in 2008, and 43 in the first nine months
of 2009. This compares well with 2MASS and SDSS at a similalyesiage, as shown in Table 2. The
source used is information on the 2MASS and SDSS web pagesSIF8S, this is probably a significant
underestimate, as the listings are for papers includingainm members. Nonetheless, it is clear that at this
early stage, UKIDSS productivity is not dissimilar to 2MA&8d SDSS. The UKIDSS publications cover a
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Survey Start Date  N(+34m) N(+52m)

2MASS  Jun 1997 30 100
SDSS Sep 1998 42 101
UKIDSS May 2005 39 109

Table 2:Survey publication statistics

wide range of science - cool brown dwarfs, local galaxieghliedshift galaxies and quasars, star formation
regions, gravitational lenses, and so on. Some publicatioe specifically planned around UKIDSS, and
others are using the legacy value of UKIDSS, adding IR vatuether projects. The authors are spread all
around Europe, and increasingly in the US and Japan as wehelnext section, we summarise some specific
science highlights.

4.3 Science Highlights

LAS Highlights

The main science goals of the LAS are to find the coolest bromarfs, withT.¢ < 750K, to find the highest-
redshift quasars, with > 6.4, and to provide the near-infrared complement to the SDS&xgalurvey. Some
sample science highlights are provided below. Of the 28ighibdl journal papers, nearly half are on cool
stars, but other topics include gravitational lenses @aclket al. 2009), post-starburst galaxies (Wit al.
2008), and red quasars (Maddekal. 2008). The LAS data are also a crucial element in defining éhexy
catalogue for the GAMA survey (Driveat al. 2009).

The coolest brown dwarfdhe LAS will survey an order of magnitude more volume than 288 and even
though only one-third complete has already discovered marewn dwarfs, 85 compared to 53 (Lodietial.
2007, Pinfieldet al. 2008, Burninghanet al. 2009, and in prep.). At the start of the surveys the coolesivkn
star was the T8 brown dwarf 2MASS J044@9, withT.g = 750K, and one of the main goals was to narrow
the remaining gap in our knowledge of the spectral sequédrma, 750K to 150K (the temperature of the giant
planets in the solar system). So far 7 brown dwarfs have bseowkred in the LAS with spectral type later
than T8, including the T9 dwarf ULAS J1335 wiffig = 550K, the coolest known star (Burninghaat al.
2009). Parallaxes have been measured for 4 of these tangetsding CFBDS 0059, first published by the
CFHLS). Fig 6 shows that the T dwarf sequence has been exténdewer luminosities by nearly 2 mag.
There are hints that we are on the threshold of a new spetaisd,¢he Y dwarfs, as the — J colour turns
bluer in moving from T8 to T9.

The highest-redshift quasar€ombining the UKIDSS LAS with SDSS data allows the possipiif searching

for quasars in the redshift interval8 < z < 7.2. The principal goal is to find quasars beyone- 6.4, the
current limit achieved by optical searches, and therebypboee the epoch of reionisation. Reionisation is
believed to be a rapid process, akin to a phase transitiahisasm milestone in the evolution of the Universe.
Today, with the LAS just over one-third complete, four new 6 quasars have been discovered, with redshifts
z = 5.72 (a BAL), 5.94, 6.04, and 6.13 (Venemaesal. 2007, Mortlocket al. 2009, Warreret al. in prep.,
Venemangt al. in prep). At the same time the two known SDS8 6 quasars in this area, with= 5.82, and
5.93, are recovered. So in this area UKIDSS has discovered times as many ~ 6 quasars as SDSS. The
numbers found in the rande7 < z < 6.4 are in line with expectation, but it is somewhat surprisingtthone
have been found at > 6.4. Over the 1300 sq degs of DR5 we predi@ + 1.9 (accounting for the selection
function), so the detection of none may indicate that the otlecline in space density is accelerating beyond
z = 6 — although the discrepancy is not yet very significant. Assshim Fig. 7 the Ly emission lines of the
UKIDSS quasars are weaker than the lines of the SDSS quagdssis not unexpected: relative to UKIDSS,
SDSS is biased to quasars with strong emission lines, as~at Ly« lies in thez band, the band used to
define the survey flux limit.

The local K-band galaxy luminosity functioBmith et al. (2009) have presented a detailed analysis dfthe
band galaxy bivariate brightness distribution in absotiégnitude and effective surface brightness (SB), using
40111 galaxies selected from DR3. This shows a correlation betvigainosity and SB, with a broadening
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Figure 6: Left : Absolute magnitudé/; for cool brown dwarfs as a function of spectral type. The foAS brown
dwarfs with parallaxes are the T8.5 dwarf Wolf 940B, and tive¢ T9 dwarfs ULAS0034, CFBDS0059, and ULAS1335
(Burningham et al. 2009, Warren et al. 2007). They are allssabtially less luminous than 2MASS J0411®, the
lowest luminosity brown dwarf known at the start of the syrvighe T8 dwarf 2M0939 is also shown. It is thought that
this may be a binary brown dwarf, in which case the asteriskksthe luminosity for the case of equal masdeight

. Mass functions (number of stars per unit logarithmic mageriral) derived from GCS data. The figure compares
Upper Sco, the Pleiades and the sigma-Orionis clustersd ®iicles, open triangles and asterisks respectivelytplibt
without error bars for clarity - for details see Lodieu et 2009a and references therein). Also plotted is the log-rmbrm
parameterised field IMF assuming 50% binarity; the dashed Is the corresponding underlying single-star IMF in the
simulation of the system function (see Chabrier 2003 fahfurdetails).
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Figure 7:Comparison of the line strengths of the four new UKIRSS 6 quasars against the average quasar spectrum
from SDSS (black), from Fan et al. (2004). Blue: ULAS JO2@BH(z=5.72, BAL), red: ULAS J0148+0600 (z=5.94),
purple: ULAS J1206+0630 (z=6.04), green: ULAS J1319+09586(13). The spectra are normalised to the same
continuum level, and plotted in the rest frame. The SDSS Isaimbiased to strong-lined quasars, and UKIDSS is
picking up the weaker-lined objects. The spectrum of ULA®3IB0012 is absorbed over much of the range shown,
by the SilV BALRIight : Mean spectrum of 38 distant Luminous Red Galaxies seleatsddXS, showing strongH
absorption indicating a significant contribution by young 2Gyr) stars.
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of the SB distribution at low luminosity and a flattening oé tluminosity-SB relation at high luminosity. The
K-band luminosity function presented represents the otistate of the art, and is an important benchmark
for galaxy evolution studies.

GPS Highlights

The main aims of the GPS are: (1) to provide a Legacy Datalfadl tillion stars for all aspects of Galactic
astronomy; and (2) to advance our knowledge of star formatiod Galactic structure by detecting pre-main
sequence clusters and mapping structure right across tlkg Miay. There is a very strong synergy with
other Legacy surveys, e.g. Spitzer-GLIMPSE and IPHAS, Wigaow being extended by recently approved
surveys with larger area coverage such as GLIMPSE-360. &zamaple science highlights are listed below.

FU Orionis stars and the stellar birth lingAn exciting recent result from DR5 has been the detectiorbafelv

high amplitude variable star&\(K >1 mag) in the 2 epochs of GPS K band data (see Lucas 2009, UKRT@
presentation). Their colours, magnitudes and locatiodg@te that most of them are likely to be eruptive
pre-main sequence (PMS) variable stars, either FU Oridais $FUORS) or their even younger equivalents.
Eleven of the variables are located in a 1dagea centred on the Serpens OB2 association (Forbes 2000),
a massive 5 Myr old association in which star formation i stigoing. These 11 are mostly located at the
outskirts of molecular clouds in the complex (see FigureA).have red colours and evidence for K band
excess emission due to hot circumstellar dust, based aridbetion in the (J-H) vs. (H-K) diagram. Detection

of FUORs was one of the original GPS science goals. Only 161d6Rs are known but it is thought that
they may well represent a ubiquitous phase of PMS evolutiowhich the accretion rate increases by up to 3
orders of magnitude (e.g. Hartmann & Kenyon 1996). Baraffal. (2009) have recently proposed that this
can explain much of the scatter that is generally observétRimiagrams of PMS clusters, as well as the well
known luminosity problem (Kenyoet al. 1990). The unfortunate consequence is that ages and mdsses o
PMS stars and brown dwarfs derived from existing theorkitsoehrones are often likely to be wrong! Future
GPS 2-epoch data (aided by spectroscopic confirmation ofdisinctive near IR absorption features) will
permit the FUOR phenomenon to be quantified for the first tignedunting the number of FUORSs in a sample

of several hundred PMS clusters and associations. Halfesktlclusters are new discoveries in themselves :
see http://star.herts.ac.ulpwl/Lucas/clusters/.

The variables were found in a search for stars that had chamg@&K >1 magnitude and were brighter than
K=16 in at least 1 epoch. Seventeen stars were found out oflidmivith K <16 in the 31 degjof sky with

2 epoch coverage. Only 1 is previously known in the litemat(Mova Sct 2003, now a faint blue object).
Eight have 2MASS K band fluxes that provide a third epoch at3&W, apparently confirming the variability.
Fourteen of the 16 new discoveries are red objects, 8 of thaohmedder than giant stars in the same field.
These stars are all much too faint to be R Cor Bor stars or AgyticgGiant Branch variables such as Miras.
PMS stars are usually variable for a variety of reasons batgelstudy by Carpentet al. (2001) indicated
that r.m.s. variations are alway.5 mag at K, in the absence of eruptions.

New clusters in the Galactic Plan&d major result from the GPS has been the detection-200 new star
clusters at distances of up to 12 kpc in the plane (Samuel &&lo prep). These were found by a Bayesian
search of the DR4 source catalogue, supplemented by visuairg/ of every GPS jpeg image during quality
control. The search has revealed00 clusters, of which half are previously known in the btere. Prior

to the advent of panoramic IR surveys, the known Galactistels were restricted to a distance of 2-3 kpc
(excluding globulars), see e.g. Bonatto & Bica (2007). TpazZer-GLIMPSE began to probe to larger dis-
tances, finding 92 new clusters (Merasfral. 2005) but it lacks the sensitivity and spatial resolutiorthaf
GPS, which enables it to detect and to resolve distant chistdar greater numbers. The 2MASS survey has
yielded several hundred rather less secure cluster cdedifa.g. Biceet al. 2003; Froebrichet al. 2007)
but for the same reasons the majority of these are located &itkgc. About half of the new UKIDSS GPS
clusters are pre-main sequence (PMS) and these will be oseddrge scale statistical investigation of many
aspects of star formation, e.g. the Cluster Luminosity Eang¢the IMF, and the cluster locations relative
to the Infrared Dark Clouds (which clusters are now belieieedescend from). The older clusters will be
searched for old, metal poor clusters (very few of which ar@Wn) in order to investigate the age-metallicity
relation and the formation of the Galactic disc.
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Figure 8:Left : Four new pre-main sequence (PMS) clusters discovered iG8® by Bayesian search. These JHK
colour images are 2 to 3 armcinutes on a side. So~d100 new PMS clusters and100 older clusters have been
discovered in the GPRight : Location of high amplitude variables found in the Serpen® @8mplex. These were
found in an automated search of 31 sq.deg. with two epochri¢tbata, locating objects whe2 K >1.0

GCS Highlights

Generally, scientific productivity of the GCS is indicatgdll? refereed papers published at the time of writing
(along with at least three further papers in press or in pegjgen). The major science highlight of the GCS is
an initial determination of the form of the substellar magsction in a few of the target regions; see Lodieu
et al. 2009a and references therein. For example, in Figure 10abfpédper, it is clearly demonstrated that
the mass spectrum (i.e. the number of stars per unit mass} @ ftising only modestly down to 0.01 Min

the substellar regime. This has not been seen before overaslazge substellar mass range, nor with such
good statistics, in such diverse targets using homogeraawsy data. In fact, if we plot theass function
i.e. the number of stars per unit logarithmic mass intersaé(Chabrier 2003) we see a form that is close to
log-normal: a Gaussian as a function of log(m) - see Figurksthas been pointed out by several theorists in
the past (see Chabrier 2003 for references) this is integelsecause it points to a star formation process that is
not dominated by a few (or one) physical processes; ratipeirits to the result of many equally important but
independent processes over a wide dynamic range of massotinbine statistically to yield a log-Gaussian
form via the central limit theorem. Regardless of the exactfional form, the fact that the mass function has a
characteristic mass (coincidentally very close to the mur mass for stable hydrogen burning in Population
| stars) surely provides clues as to the underlying star &biom process(es).

Other science highlights of the GCS include the demonetratiat the Hyades does indeed contain brown
dwarfs (Hogaret al. 2008; previous surveys limited in depth and areal coveragplg missed them!) and a
colour-age calibration for intermediate age field L-dwdsmesoret al. 2008).

DXS Highlights

The full potential of the DXS is locked closely to the large lthwavelength surveys that are just about to
begin (e.g. Herschel, SCUBA-2, AMI, FMOS) but the impact loé tDXS has been significant for a wide
range of topics.

Large scale structure at > 1. The ability of the DXS to efficiently select galaxieszat- 1 over unprecedent-
edly wide areas allows the large scale clustering of the mastsive, distant galaxies to be constrained for the
first time. Glen Parish and Matt Jarvis (Herts) have deteehithe clustering of Distant Red Galaxies (DRGS)
which have J-K-2.3 in each DXS field and find that they cluster very signifia(fig 9).
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Figure 9: Left : Angular correlation function of Distant Red Galaxies (DR@sthe DXS field SA22Right : The
evolution of galaxy clustering in the UDS, divided into gaés which are passive and actively star-forming (from
Hartley et al. 2009). The strength of clustering on lineaalss ¢,) can be used to infer the mass of the corresponding
dark matter halos (model curves). Passive galaxies candiated in substantial numbers to~ 1.5 — 2 and show
significantly stronger clustering than actively starfongisystems. The weak dependence on K-band luminosity $sigges
that the dark matter halo, rather than the stellar mass, &slthy parameter that determines the early truncation of star
formation.

Distant clusters of galaxiesOne of the four key DXS science areas is the selection ofarsigif galaxies
beyond the limits of optical surveys. This was clearly destaied by Swinbanlet al. (2007) where a
supercluster of five = 0.9 clusters was identified in the first DXS field, Elais-N1 usingn@ni-N GMOS.
This initial study has subsequently been built on with Gemjrectroscopy of clusters in the SA22 field (PI
Stott) and XMM-LSS (PI Bremer).

Distant elliptical galaxies.The combination of depth and area in the DXS allows the sar®ptetric tech-
nigues used to select clusters of galaxies to identify thsthaminous elliptical galaxies at> 1. The surface
density of these galaxies makes the follow-up of these ggdasery time consuming on even the most efficient
8-10m multi-object spectrographs. However, the comphetibfour DXS fields in the SA22 field means that
the AAT AAOmega spectrograph can be used to target all tidylikandidate: > 1 “luminous red galaxies”
(LRGSs) using the nod-and-shuffle technique and very longsxges £ 8hrs). David Wake and Alastair Edge
(Durham) obtained AAOmega time in October 2008 in collaborawith Michael Brown (Monash) and, de-
spite obtaining less than half the requested exposure ireptitan median conditions, identified 38 distant
LRGs (0.95¢ z < 1.15). The coadded spectrum of these 38 galaxies (Fig 7) showexfiected, passive el-
liptical spectrum but with a relatively strongdthbsorption indicating the presence of a contribution ofngpu
(< 2Gyr) stars which is consistent with the expected format&dshift of these galaxies (~2-3).

Low mass starsWhile not one of the primary science goals of the DXS, the daatibn of its depth and
area mean that a meaningful number of low mass stars can hd.ftmportantly these fainter stars are most
distant than the ones selected from the shallower UKIDS®&gsrand can be used to estimate the scale length
of these stars in the Galaxy. This was demonstrated by Loglieh (2009b) who found 2 T dwarfs (a T6
and a T7) that are between 50 and 120pc from Earth from DR2aiitkpg this search to the full DXS and
including the 3.6 and 4,6m data from SERVS, will increase this number significantly.

UDS Highlights

The UDS is already the deepest near-infrared survey evetucted over such a large area. It has produced
27 publications to date, with many more in preparation. The W& detect thousands of typical galaxies

to z ~ 3, which has allowed accurate studies of the galaxy lumigpdaitction (Cirasuolcet al. 2009), large-
scale structure (Hartley et al. 2008; Quadri et al. 2008)thaduild-up of the red sequence (Cirasuelal.
2007; Williamset al. 2009). Below we highlight three major achievements:

Detection of galaxies in the first 1 GyFhe UDS has produced the largest sample of luminousb galaxies
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Figure 10: Left : The evolution of the UV-selected galaxy luminosity fumctibz > 5 (McLure et al. 2009). The
UDS has yielded by far the largest sample of lumineus 5 galaxies to date and the most accurate determination of
the bright-end of the luminosity function (solid symbolBje data show good agreement with faint-end measurements
from ultra-deep HST imaging (from Bouwens et al. 20@Right : Spectroscopic follow-up has confirmed a number of
z > 6 galaxies in the UDS. The examples shown were obtained usinigdbirs integration using FORS2 on the VLT,
taken from the ongoing UDSz ESO Large Programme (PI: Alrhaini

to date, providing the first determination of the bright-afdhe luminosity function at this very early epoch
(McLure et al. 2009; Figure 10). Candidates were isolated using the Lybraak technique, by combining
ultra-deepi, 2z’ imaging from Subaru with/, H, K data from the UDS. The luminosity function shows strong
evolution, corresponding to the rapid accumulation oflatehass within the firste 1 Gyr of the Universe.
The unigue combination of depth and area in the UDS has beainfei this high-profile project. Ongoing
spectroscopic follow-up at the VLT has now confirmed 5 gasdtz > 6 (see Fig 10).

Downsizing and the formation of the galaxy red sequenbee enormous volume probed by the UDS has
yielded the most accurate determination of the near-iefrayalaxy luminosity function te ~ 4 (Cirasuolo

et al. 2009). These data (based on 0%6r000 galaxies) show clear evidence for ‘cosmic downsizing’, in
which the most massive galaxies form first with the low-magsutation building up comparatively late in the
Universe. The UDS has also had a major impact on understtigénformation of the passive red sequence,
which is found to be already establisheddy 1.5 — 2 (Cirasuoloet al. 2007; Williamset al. 2009; Hartley

et al. 2009). Combined, these results point to a very early epodbrofation ¢ > 4) for the progenitors of
massive elliptical galaxies, followed by rapid terminatiaf their star-formation.

Galaxy clustering and large-scale structuréhe UDS has made major contributions towards understanding
the growth of structure in the Universe (e.g. Foucan@dl. 2007; Hartleyet al. 2008; Quadri et al. 2008;
Williams et al. 2009; Hartleyet al. 2009). Unlike previous pencil-beam surveys, the uniquelipation

of depth and area allows structure on linear scales (doednay gravity) to be separated from the complex
physics within dark matter halos. Such studies allow thesnmdighe dark matter halos to be estimated, to
explore the build-up of structure in the Universe. Recentkway Hartley et al. (2009) charts the evolution

of clustering over the last0 Gyr, with the startling conclusion that passive (‘red anddiegalaxies occupy
the most massive halos to~ 2 (Figure 9). Remarkably, however, there is no strong linkMeein K-band
luminosity and halo mass. It therefore appears that the fiee dost halo, rather than the stellar mass, is the
key parameter determining the switch-off of star formation
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5 Scientific case for completion

5.1 Overview

We have reviewed the science goals behind the 2001 propoddhay largely still hold; they have not been
superseded by events. This is because we concentratedeocesgjoals to which a large and deep IR survey
could uniquely contribute, and since that time no similampetitive survey has emerged, except of course
VISTA, which has not yet started. Of course within the broamleas to which those goals relate much has
happened (for example detection of high-z galaxies by HST gknerally what UKIDSS can offer remains
complementary to those advances - for example HST studieseaah to less luminous galaxies at high-z, but
unlike UKIDSS UDS, does not have the volume to constructuing@nhosity function over its whole range.

We therefore do not repeat here the general UKIDSS scierseg bat concentrate on specific examples where
we foresee significant advances. The actual proposed ctamppgogramme is set out in section 6. For UDS,
the expected improvement in completeness between DR7 amutdposed completion programme is almost
a factor of four, so most of the science gains are yet to cornethe other surveys, we are typically talking
about a factor of two improvement overall, but including ganaew component in each case - second epoch
coverage. There are also several science examples whenewa the brink of something qualitatively new

- for example discovery of Y-dwarfs, or the possible absesfce>6.4 quasars - so that the factor of two is
particularly crucial.

5.2 Large Area Survey

The coolest brown dwarfsWith one third of the LAS analysed we have found 7 dwarfs léhen T8, and
extended the temperature lower limit of the main sequermm ff50K down to 550K. Therefore by adding
twice as much area again, we can reasonably expect to findcewder brown dwarfs. As noted earlier, the
Y — J colour turns bluer in moving from T8 to T9, suggesting thatame on the threshold of a new spectral
type. The discovery of the first Y dwarf is possible, and wdwdda major coup for UKIDSS.

The field sub—stellar IMFStudy of GCS clusters remains the key method for determithiagub—stellar IMF.
However the LAS sample of very cool brown dwarfs offers thparfunity to constrain the functional form of
the sub—stellar mass in the field and check its consistenttycliister determinations. The reason is that the
number of T dwarfs witlh00 < T.¢ < 1000K is very sensitive to the form of the IMF, while being relatiy
insensitive to the formation history (see Burgasser 20Ggdon & Hambly 2006). Using the simulations of
Burgasser (2004) as a guide, we project that a sample of 1860 J@warfs, with16 — 20 objects in the coolest
500 — 700K bin, will be sufficient to distinguish, at the 50 level, between flat, lognormal ard= —0.5 (for

an IMF of the formdn/dm o« m~%). There are 7 such objects in the first third of the surveycsonpietion of
the survey should provide the required numbers.

Second epoch J-band survé@he coolest brown dwarfs are detected at highest S/N in tlaad,bwvith a limit

of J = 19.6. Currently the volume of the survey is set by the requireneie detected also in the H band,
limit H = 18.8. We can explore substantially greater volumes by execwisgcond epocH survey, and
identifying candidates by large proper motion. This is leseavery cool T dwarfs are bluer thdn- H = 0.0,
so.J is seeing> 0.8 magnitudes deeper for such sources. By executing a secoot &p/ over 2000 sq degs,
roughly half the area of the multi-band coverage, the volsearched for brown dwarfs will be expanded by
> 100%, at small cost.

High-z quasarsWe predict a total of @ > 6.4 quasars over the complete LAS. We have found none in the first
third, and this non-detection is in disagreement with préah at thed6% confidence level, i.e. is marginally
significant. The detection of none over the whole survey @dngcome highly significant. Alternatively we
will discover a handful of: > 6.4 quasars, and thereby obtain important new information erehoch of
reionisation, from deep follow-up spectroscopy.

Herschel-ATLASThe H-ATLAS survey is just starting and is the widest Herschavey, covering 500 sq
degs, over six fields. We have already imaged the three eatpldields, and the two southern fields will be
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imaged by VISTA. The remaining, northern, field covers 15@ags, and is an appropriate target for UKIDSS,
but not VISTA. It is contained within the SDSS footprint, awill be observed by GALEX. H-ATLAS has
the best multiwavelength coverage of any survey of a few fedhdq degs or more, so we consider it vital to
survey the northern field as part of UKIDSS. The main sciemed ig a census of star formation at intermediate
redshift, and the UKIDSS data will be vital for providing acate positions, and photometry that will assist in
the measurement of photometric redshifts and stellar masse

5.3 Galactic Plane Survey science case

The GPS aim is to complete the main JHK survey of the Galaddiogy and to undertake the 2nd epoch of K
band imaging. The science drivers for completion are asviai

() Legacy valueThe GPS is one of many Galactic Legacy Surveys that are aifamgpmplete coverage of
the Milky Way, mostly with the same 10 deg wide latitude caggr as the GPS. These include : UVEX (u,qg),
IPHAS (r,i,Ha) and VPHAS (u,g,r,i,ld), Spitzer GLIMPSE-360 (3.6,4.am) and Cygnus-X (3.6-8.@m).
The GPS provideshe largest source catalogubereby giving it a central role in this suite of datasets. At
longer wavelengths more GPS data is required to complerttenMSX survey (4-2Q:m), SpitzerCygnus X
(MIPS far IR data); the JCMT/SCUBA-2 SASSy (submm) and BOLAMC(mm).

(ii) Galactic structure and formationGPS coverage in the 2nd and 3rd Galactic quadrants is pheseny
limited. Much more data is needed to map the northern warpt@aingve a chance of detecting old, metal
poor clusters at large Galactocentric radii. Very few sucisters are known. More are needed to determine
the age-metallicity relation, which will provide clues teetformation of the Galactic disc. The warp will be
mapped with old red clump giant stars, providing a differgatv to existing maps in gas and dust, which tend
to trace the younger stellar population.

(iii) Star formation.The present JHK coverage is dominated by the mid-pléne<(.3) in the 1st quadrant.
Further area coverage in areas with lower stellar densityldvioelp by (i) making cluster membership easier
to determine, (ii) increasing survey depth due to less soaomfusion, (iii) ease of comparison with far IR
and radio data, which are often hard to interpret in the ntéahgn Further coverage of the 2nd and 3rd
guadrants would allow us to search for differences in stan&tion and the PMS cluster population at large
Galactocentric radii, where the ionisation fraction in gwllar clouds is higher and metallicity is lower.

(iv) Two epoch coverageThe first tranche of 2 epoch data (31 &eig looking very promising. Completion
of the main JHK survey alone would provide500 ded of two epoch data in fields already observed at K
in 2005-2007 (often in thin cirrus conditions). Howeverpgaetion of the full 1851 degin a 2nd epoch at
K would add the highly populated mid-plane region and attleasdruple the number of very rare objects
detected, sampling very brief phases of stellar evolutiexamples include: (1) FUORs (10-15 known); (2)
highly variable stars undergoing nuclear pulsations irrthavelopes in the final stages of their post-AGB
evolution (3 known, e.g. Sakurai’'s object); (3) V838 Moni@ue in the Milky Way). Further 2 epoch data
are also useful to more readily identify IR counterparts tta){ transients.

(v) Galaxies in the Zone of Avoidanc&hese are very hard to detect in the existing 1st quadraatidahe
midplane but easy to find in less crowded fields with lowerrestion (Lucaset al. 2008). Completion of the
GPS would make it possible to trace large extragalacticstras such as filaments and walls out to 100 Mpc,
which cannot be seen with the present very patchy coverage.

5.4 Galactic Clusters Survey science case

The discovery and characterisation of the coolest T/Y braowarfs is a key science goal of UKIDSS, and
the LAS has been successfully exploited for this purposet tBai fundamental parameter of interest for a
BD is it's mass, and without accurate ages and distances wetdknow the masses of field BDs with any
useful degree of certainty since all BDs, regardless of tin@iss, can have the same luminosity at some point
as they progress down the degenerate cooling curve. Whyss mah a fundamental quantity? Firstly we



UKIDSS Completion 16

want to know how many substellar objects resulting from the foermation process have a given mass, i.e. a
histogram of number versus mass or the mass spectrum, intordscertain the contribution by number and
by integrated mass to the total in stellar systems. Secomdlwant to know if there is a minimum mass, or
fragmentation limit, to the star formation process. Heteegrime science case for the GCS is to measure the
form of the substellar mass function. Note that while LAS Tatis may be amongst the coolest BDs currently
known, they are unlikely to be the lowest mass, and as stagxibpsly the available mass estimates are very
uncertain. It is objects from the GCS that are amongst thedsbwmass BDs currently known; furthermore they
are members of well-defined cluster samples that enablecamade determination of the mass spectrum.

The doubling of GCS data will do much more than improve thereron the mass function shown in Fig
6. Firstly, only three clusters have such good coverage. @nke scientific goals is to test whether the
IMF is universal, and to examine the dependence of the massidn on age and metallicity. This requires
the other clusters to be completed. Secondly, no seconchegm@rage has been attempted so far. Member
discrimination will require both second epoch K band cogerfor proper motions and substantial additional
multi-colour photometry coverage. The gain from contimato completion will be in the full analysis for
all the targets, the elimination of non-member contamamatit the lowest masses (and hence the elimination
of systematic errors in the MFs), and the ability to compagvieen all. Firstly, we note that in Lodieat

al. (2009a) Figure 10 where we compare MFs for the Pleiades, iUppe and sigma-Orionis, at the lowest
masses there appear to be differences. In the Pleiadesttersimcrease in the lowest mass bins could be real
or due to increased contamination; in Upper Sco we also appdave more BDs than in Orion, but again
this could be background non-member contamination sinopgurmotion selection is not possible currently.
Secondly, Hogaret al. (2008) have shown that the Hyades does indeed contain Bl@sioBs searches of
limited areal coverage concentrated on the central partheotluster but failed to find them; clearly it is
important to fully sample the older clusters to their tidadir in order to get an unbiased census of their lowest
mass members. Finally, the level of unresolved binarity thdesmeasured in order to infer the underlying
single-object mass function (e.g. Figure 6 above). Fulalaceverage, multi-colour photometry and 2nd
epoch K for proper motions will enable all these since theinoige sample size, minimise contamination
and provide clean membership selections. The accuraterdrdsed determination of the mass function as
illustrated previously requires uniform, homogenous, tiradlour photometry and proper motions in order to
be able to determine accurate formal membership proliabjlithe degree of unresolved binarity, and allow
for the effects of mass segregation. Too often in the past)lsoale incremental studies that are limited in
filter and areal coverage have led to biased and/or incaresatts.

Finally, we note that the GCS adds an extra 20% to the LAS Y Jitiey so all the legacy survey arguments
for the latter also count for the former.

5.5 Deep Extragalactic Survey science case

() Clusters of Galaxies.The most important goal of the selection of clusters fromEXS is to identify

a statistically meaningful sample to determine the evolutf the cluster mass function out to= 1.5.
Doubling DXS coverage in completed J and K fields will maks filausible. To obtain the minimum number
of z > 1 clusters originally proposed (30) we require as close tdulé XS area of 35 sq.deg. as possible.
Also the two northern DXS fields (Lockman Hole and Elais-Ndg mow being observed with AMI in a blind
Sunyaev-Zel'dovich (S-Z) Effect survey that will cover aakt 8 sg.deg. in each field by the end of 2012. To
ensure efficient identification of the distant clusterscelg by this technique (which is independent of cluster
redshift), DXS-depth J and K imaging is vital to obtain a niagful photometric redshift.

(i) Large-scale structure at > 1. The effect of cosmic variance strongly limits the conclasidhat can be
drawn from results for clustering of galaxies from singldde It requires results from at least three fields
covering 60—100Mpc on a side to establish unambiguousetiogt statistics. In the case of the< z < 2
regime that is best sampled by the DXS this requires fields-8f @n a side. This will be achieved with the
DXS if it reaches its full area in at least 3 fields.

(i) Multi-wavelength coverage.The DXS field selection was made at the start of this decadensare
the maximum overlap with existing and planned multi-wamgth data. Now at the end of this decade we
are in a position to reap the rewards of this overlap with thet ®f surveys with Herschel, SCUBA-2 and
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LOFAR. These long wavelength surveys will allow us to addlrde twin goals of assessing the evolution
of star formation at: > 1 and the contribution of AGN to the cosmic energy budget. Irtguly, all of
these surveys will deliver angular resolution of 32H2 best. To determine the actual counterpart of these
sources to the accuracy required for spectroscopy on 8-g@recopes using instruments such as FMOS on
Subaru (being commissioned now) and KMOS on VLT (due for @sioning in 2011) necessitates positions
on 0.1-0.3 scales. Due to the very distant and/or obscured nature sé tbeurces then this is best done in
the near-infrared. The DXS data are therefore an esseptigpanent to the indentification strategy of all of
these surveys and any shortfall in coverage will restrierthotential. Also the optical imaging in all four
DXS fields will improve dramatically in the next 3 years withetstart of the PanSTARRS Medium Deep
Survey that will return deep grizY imaging over 7 sq.deg..sliting that the DXS effectively covers these
PanSTARRS fields will maximise the potential of both.

5.6 Ultra Deep Survey science case

The UDS has already produced a comprehensive census of flieréntoz ~ 2 — 3. Quadrupling the
integration time on UDS will enable us to push significantgeger, with the primary aim of exploring the
more distant Universez(> 4) to the same level of detail. We stress that the full area, elsag increased
depth, is necessary. A large volume is critical for studielge-scale structure, to sample a wide range of
environments (from voids to clusters) and to complementiide range of multi-wavelength data in this field.
A full UDS mosaic will map120 x 120 Mpc (co-moving) at: ~ 5, which is essential for probing structure on
linear scales and to sample a sufficient range in envirorsndiiite only comparable survey is the Ultra-VISTA
project, which is due to commence in 2010. Ultra-VISTA isikelly to match the depth of the UDS until at
least 2013, however, so the UDS will remain a unique resofmcseveral years. Two such deep fields are
also important to combat cosmic variance, to provide dgtirmlependent datasets, and to produce targets for
future study over a wider range in RA (e.g. for NGST, ALMA).

We therefore aim to pusk 1 magnitude deeper, with three headline aims:

(i) To extend the reach of the survey to the earliest possiptehs [* to z ~ 4 — 5). This epoch is when mas-
sive galaxies are in the process of assembly. Using photmmedshifts, fine-tuned by our ongoing redshift
survey, we aim to measure the evolution of the luminositycfiom to unprecedented precision in addition to
extending our knowledge of the build-up of large-scalecttie, halo occupation and star-formation history.
The aim is to produce the most comprehensive map of the UW@wmrer obtained at these epochs.

(i) To probe the faint-end of the galaxy luminosity funaotit lower redshifts At present a number of galaxy
formation models can explain the bright end of the galaxyihasity function toz ~ 3 by finely balancing
the effects of rapid star-formation and AGN feedback (e.gwer et al. 2006). These models differ most
strongly in their predictions for the formation of newly foing subi* galaxies (see discussion in Cirasuolo
et al. 2009). We aim to measure the space density, evolution anicbanvents of these galaxies to distinguish
between competing models.

(iii) To study the rest-frame optical properties ©f500 luminous galaxies at > 6. These will be identified
from Lyman-break techniques (McLuet al. 2009). This will enable us to study the build up of the early
galaxy mass function and to estimate dark-matter halo rads®® their large-scale structure. Combined with
recent optical imaging at Subaru (reachirig; ~ 26.5) we expect to discover 2000 galaxies at > 5 and

~ 500 galaxies at > 6.

(iv) To provide long term legacy valug&he legacy value of the UDS is significantly enhanced by ttieairay
of multiwavelength data in this field. The key datasets atérmad below:

e An ESO Large ProgrammeJDS2 began in 2007 to conduct a spectroscopic surveg0of high-
redshift galaxies using VLT (235 hours; PI: Almaini).

e A Spitzer Legacy programm&pUDS was awarded to image the UDS using IRAC+MIPS (292 hours;
PI: Dunlop). The depths of the IRAC data 24 AB) are ideally matched to the UDS for the study of
L* galaxies at = 3 — 4 and are the deepest available over such a large area.
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e The field has been imaged with Subaru to typleatlepths of B=27.5, V=26.7, R=27.0, '=26.8, 2’=26.5
(AB). Complementary U-band imaging has recently been nbthusing CFHT Megacam to a depth of
U ~ 27.5.

e X-ray observations have been obtained for this field with XNWéwton, comprising 400ks spread over
7 contiguous fields.

e The UDS has been observed with the VLA to a deptB(ily per beam at 1.4Ghz (PlIs: lvison, Simp-
son). Higher resolution radio data at both the VLA and GMRVehalso been obtained (PI: Ivison) to
depths of~ 8uJy/beam rms.

e The UDS field is one of the key ultra-deep fields to be imaged@tshd 450 microns with SCUBA2 as
part of the SCUBA2 Cosmology Legacy Survey (to begin in 2010 UDSJ, H, K data will be key
for identifying counterparts to these galaxies.

6 Revised Design Goals

6.1 Overview

We have designed a revised programme that is achievablawith expected allocation, and that will achieve
roughly 80% of our original design goals. (We are comparimg adjusted 2001" design as explained in
section 3.2.) This is not quite a simple re-scaling of thegjiodl areas; we have reconsidered the balance
between bandpasses, and the relative area of the secoridl @parages. For UDS it is now impossible to
achieve even 80% of the original design; we will acceleradekvon UDS and get it as far along as possible.

The time required, and expected level of completeness fon earvey, are shown in Table 3. The time
needed is in terms of exposed hours in semesters 09B (itangt&ugust 1st 2009) to 12A inclusive. Here
exposed hours means exposure time for all data taken atlédseape, whether it passes the QC filter or not.
If subsequent QC losses are at the same rate as found to ndberDR4 and DR5 releases, then the exposed
hours shown in Table 3 are sufficient to achieve the requixpdsure time actually making it to the released
database.

We have been actively working with JAC staff to model thisgyeonme in terms of real UKIRT nights and their
distribution over time. We emphasise that this processdeimg. If required we can provide the Board with an
updated technical report in the coming weeks or months. eTaer two key issues currently under discussion.
(i) Our proposed programme requires a somewhat differdanba of allocation between semesters than has
been the case in the past, especially to make the “UDS cgitFeasible - we need substantially more time
in semester B than semester A. JAC staff have indicated hifgig workable. (ii) The current JAC model
indicates that the nights required may be somewhat larger tlur expected allocation of 105 nights per
semester, requiring 120 nights per semester over six serae$¥e in fact believe that further efficiencies can
be gained and that the required time will be roughly corr&ée will work with JAC over the coming weeks

to refine these estimates.

If however the requirement of 120 nights/semester is cgrteen the additional 90 nights will become our
bid to the extra 100 nights. If this is not possible, then weiltaliscuss descopes as follows, reducing each
survey by approximately 12%. For LAS we would remove of thdeor250 sg.deg. YJHK in LAS, and 1000
sqg.deg. of g. For GPS we would remove approximately half of the seconatepoea. For GCS we would
remove most of the Orion coverage. For DXS we would reducettaah of 37 tiles selected using the field
priority order discussed below. For UDS we would reduce syp® in each band, but disproportionately in
H-band.
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Survey DR5 DR7 final exposed
completness completenes completeness time needed

LAS 32% 44% 85% 650h

GCS 27% 31% 7% 226h

GPS 27% 35% 85% 480h

DXS 34% 48% 87% 359h

uDS 9% 12% 43% 689h

Table 3:Completion statistics for current and proposed programmmpared to the adjusted 2001 design goals. GPS
completeness compares to the main Galactic Plane area,nio¢.including the Taurus-Auriga-Perseus narrow-band
observations originally proposed in 2001. DXS completenegalculated on the basis of exposed hours, using the
adjusted design time explained in section3.2.

6.2 Large Area Survey revised design

For LAS, we decided that the first priority is to complete onifi coverage of the two equatorial blocks. To
the north, we will prioritise support of Herschel ATLAS / GAM rather than adding to the two odd shaped
regions that had already been completed. Finally we willecas much second epoch J as possible, with
separations of two or more years. (Note that for operatiopa@sons, some, bbservations could take place
before the/; observations. The revised footprint is shown in Fig. 11, emwprises five blocks :

() Block L1. This is the original LAS spring equatorial block, covering08 sq.deg.

(i) Blocks L2a and L2b.The original L2 block was also 1908 sq.deg. Blocks L2a and azbareas within
that block that were partially completed (ig) before the 2006 change of plan. They cover 265 sq.deg.

(iiif) Block L3. The original block L3 was coincident with SDSS Stripe 82 e¢tngjust 213 sq.deg. To respond
to the Board’s 2006 request to accelerate LAS, it was negetsae-balance the RA distribution. As a result,
we have defined an expanded L3 covering 1258 sq.deg.

(iv) Block L4. This is a new block intended for Herschel-ATLAS support, medi by 12740™ < RA <
14"00™ and+23° < dec < +34°. It covers 193 sq.deg.

All the above will be observed at YJHK. The survey definitiamltsomewhat overfills the outlines above
resulting in an increase in area b%. The final area planned therefore becomes 3792 sq degs.

The J imaging will comprise L2a+L2b (265 sq degs), plus 1735 scsdegm within L1, making 2000 sq.deg.
in total.

6.3 Galactic Plane Survey revised design

The GPS plan is to complete the main JHK survey of the Galatdice at latitudes-5 < b < 5 and also to
undertake a second epoch of K band imaging (prioritisingtiie plane). The GPS design presently includes
a narrow southern strip down to the Galactic Centre fiem358 tol = 15. We have decided not to complete
a part of this strip at longitudels= 358 to [ = 10, latitudes|b| = 1.3 to 2 (only a 17 deg area) since this
region will be covered by VISTA VVV from 2010. (The midplanan of this strip atb| < 1.3 has been done
already).

The total requested area is 1851 tiefhe survey areas are therefore:
()l =358t0l=10at|b| < 1.3

(i l=10to15at[b| < 2

(i) { = 15t0 107 at|b| < 5 and
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Figure 11:Revised LAS footprint. The definition of the five blocks isrgin the text.

(iv) [ = 142 t0 230 at |b| < 5.

The northern limit of UKIRT is Dec=+60, which puts thhe= 107 — 142 region off limits. The southern limit
of the survey remains at Deed5 except for the narrow southern strip.

N.B. VISTA VVV has no significant advantage over GPS in detechigh amplitude long timescale variables:
each field is observed in only 3 separate years; the deptlai®sier; the area is smaller (520 d¢gand all
the fields are very crowded.

6.4 Galactic Clusters Survey revised design

The original GCS plan involved ten clusters and a total ofdl8§uare degrees coverage in 6 filter-passes,
except for Orion, where we do not require second epoch K. Tihenrged total of filtersarea is then 6260
sq.deg.

Following the 2006 review, we ceased work on the Hyades. &uised plan is then very simple - to continue
with the rest as planned. We will complete the necessaryifmilbur coverage, and carry out the second
epoch K-band measurements. This produces a revised tod838f sq.deg, which will comprise 77% of the

original 2001 design.

6.5 Deep Extragalactic Survey revised design

For DXS we will maintain the target J and K depths, using thmeaghat increased exposure time of 3.91h
per key position, and will cover 42 tiles, representing 87%he original design area. We will not attempt a
third band. The choice of tiles is determined both by fielegty and by maximising the multi-wavelength
coverage from other surveys. Below we discuss the progresplans for each field, in priority order :

(i) Lockman Hole. This field has extensive radio and X-ray coverage as well asE3A SWIRE, S2CLS,
AMI and SERVS. Our aim is to cover the SWIRE, SERVS and S2Cled and the likely area of the AMI S-Z
blind survey, which requires 10 WFCAM fields in total. So fail@s are complete and another 2 have partial
coverage.

(i) Elais-N1. This field has a similar level of UV, MIR and FIR coverage askman but has less competition
for time from the other UKIDSS surveys so has progressed iwétle past 2 years. Our plan is to cover the
SWIRE and S2CLS area which requires 12 tiles. So far 4 are kenpnd another 5 have partial coverage.
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(iif) SA22. While this field has the least multi-frequency data it hadtighest UKIDSS completion due to the
relatively light demand for time from the other surveys. @um is to complete 12 tiles in this area. So far 8
tiles are complete in both J and K.

(iv) XMM-LSSThe VISTA VIDEO survey will cover part of this field in due cagr, so we remove the relevant
area from our plan. Our plan is therefore to cover that pathefarea covered by GALEX, SWIRE, S2CLS
and SERVS that is not going to be covered by VIDEO. This rexpuy WFCAM tiles. So far 2 are complete
and a further 2 partially covered.

6.6 Ultra Deep Survey revised design

Achieving the original goal of the UDS (K=23, H=24, J=255at) is now impossible by 2012, requiring a
total of 1764 hours on source. Furthermore, there is only a limited sedadng which the UDS field can be
observed. Our overall aim is to use the maximum possible sonehin order to push the UDS 1 magnitude
deeper, and potentially deeper still if additional timedraes available.

Based on the UKIRT scheduling model of Luca Rizzi, the UDS eapect350 hours observing each year
within the current UKIDSS allocation. This correspondsdaghly half the UKIDSS time in the B semester
and would yield~ 530 hours on-source during the remaining semesters (2010BGHR). We aim to divide
the remaining time in the ratio 2:1:1 for J, H and K. This wowield a final survey reaching noise depths of
K=22.8, H=23.2, J=24.350, 2-arcsec diameter aperture).

These depths are designed to defetcyalaxies ta: ~ 4 — 5 (c.f. Cirasuoloet al. 2009) and for measuring the
elusive faint end of the luminosity function at lower redthiFor evolved, red systems we predict X > 2.2
atz > 2, while deep H-band provides a vital redshift indicator (ef§ — K > 1.3 atz > 3). The depths
above are therefore suitable for measuring photo-zs fdvesi@alaxies to a precision depth &f ~ 22 (L* at

z ~ 4) and well matched to the Spitzer IRAC depths @4 AB) for the purposes of stellar-mass estimation.

7 Case for use of extra nights

It is possible that our plan will take more than our expectkacation during the six semesters 09B-12A
inclusive, by approximately 90 nights. If so, our propogalthe use of extra nights is simply to be allowed to
use those nights to complete the plan described in this decturif allocation of those nights is not approved,
then we may need to descope slightly, as described in se&tlon

If in fact our completion plan can be accomplished within exjpected allocation, then use of an extra hundred
nights requires an “upscope” of the plan. Because such eigt#s are likely to come about in order to
optimise scheduling, we believe that it would not make saodfix a precise plan, but rather to provide a
prioritised set of expandable projects, which can be satdieitom flexibly as time proceeds. This would be :

() When UDS is up, add more time. Being so far behind, the UBSefits proportionately most from extra
time.

(i) Increase the LAS second epoch J area. As explainedeeasiécond epoch observations add effective
volume for cool stars very rapidly. This could be tiles sedddrom anywhere in block L1 (an additional 173
sg.deg.) or in block L3. There is no need to construct a cootig area.

(iii) Add back multi-colour coverage of the Hyades; as we rikavow that there are brown dwarfs in the
Hyades, measuring the MF in the oldest cluster in our listetbe of great value.

(iv) Revisit DXS fields with poorer depth; uniformity of DX®uald be important for many science cases.
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8 Case for UKIRT continuation

The primary proposal of the UKIDSS consortium for UKIRT aftee completion of UKIDSS is to carry out
the UKIDSS Hemisphere Survey (UHS), which was proposedd¢ddKIRT Board in November 2006. The
plan proposed was to cover an additional 12500 sqg.deg. irsiveeps - JK and then HK - to the same depth
as LAS. The idea was that when added to LAS, GCS, and GPS gevthis would complete a survey above
the equator, apart from the regiond@t> 60° that UKIRT cannot reach. Together with the planned VISTA
Hemisphere Survey, this would make an all-sky IR survey. UR& would take approximately 800 nights of
elapsed time. If time were shared with the UKIRT Planet Fir{dd°F), there would be a competitive lifetime
of UKIRT for of the order five years.

The main development since that time has been the potenta&akst of the PanSTARRS consortium in such
a survey. However, their priority is for a single J-band syrto be carried out as rapidly as possible. More
generally, the UKIDSS consortium would be happy to revis@& optimum scientific plan for any such post-
UKIDSS surveying.

9 Collaborators and Institutions
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Head of Deep Extragal actic Survey (DXS) Al astair Edge Dur ham

Head of U tra Deep Survey (UDS) Orar Al mai ni Not t i ngham

Head of Pipeline and Archive G oup Steve Warren I mperial College
Head of Calibration G oup Paul Hewett Canbri dge
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