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VHS Science Goals 
•  the	
  nearest	
  and	
  lowest	
  mass	
  stars	
  
•  Galac.c	
  structure;	
  forma.on	
  and	
  merger	
  history	
  of	
  the	
  Milky	
  Way	
  	
  
•  evolu.on	
  of	
  Large	
  scale	
  structure	
  in	
  the	
  Universe;	
  the	
  nature	
  and	
  evolu.on	
  of	
  

Dark	
  Energy	
  
•  physics	
  and	
  baryonic	
  content	
  of	
  the	
  Universe	
  during	
  the	
  Epoch	
  of	
  Reioniza.on	
  

using	
  z>7	
  quasars	
  
•  discovery	
  of	
  the	
  most	
  luminous	
  quasars	
  in	
  the	
  southern	
  celes.al	
  hemisphere	
  at	
  all	
  	
  
•  redshiXs	
  as	
  probes	
  of	
  the	
  IGM	
  and	
  the	
  forma.on	
  of	
  the	
  most	
  massive	
  

supermassive	
  black	
  holes	
  in	
  the	
  Universe	
  	
  
•  Your	
  science	
  here	
  since	
  it	
  is	
  a	
  ESO	
  Public	
  Survey	
  
	
  
•  Synergy	
  with	
  VST	
  ATLAS,	
  KIDS/VIKING,	
  AKARI(Astro-­‐F),	
  WISE,	
  eROSITA	
  	
  
•  Support	
  for	
  ESA	
  Survey	
  Missions:	
  

–  XMM-­‐Newton,	
  Herschel,	
  Planck,	
  GAIA	
  
•  Targets	
  for	
  the	
  VLT,	
  ALMA,	
  ELT,	
  JWST	
  

Survey	
  volume	
  compared	
  with	
  other	
  near	
  IR	
  surveys	
  
100	
  .mes	
  volume	
  of	
  Universe	
  compared	
  with	
  2MASS	
  	
  
–  increased	
  depth	
  of	
  a	
  factor	
  of	
  40	
  
10	
  .mes	
  the	
  volume	
  of	
  the	
  Universe	
  compared	
  UKIDSS	
  
–  increased	
  depth	
  and	
  area	
  	
  
 

 
 
 



VISTA Large (>20deg2) Area ESO Public Surveys 

Survey	
   Area	
  
(deg2)	
  

5σ	
  point	
  source	
  depth	
  	
  
(AB	
  mag)	
  

Z	
   Y	
   J	
   H	
   Ks	
  

VHS	
  (required	
  depths)	
   18,	
  000	
   21.2	
   19.8	
  

1.	
  	
  	
  	
  VHS-­‐DES	
  	
   4500	
   24.7	
   23.0	
   21.6	
   20.2	
  

2.	
  	
  	
  	
  VHS	
  ATLAS	
   5000	
   20.9	
   21.2	
   20.6	
   19.8	
  

3.	
  	
  	
  	
  VHS-­‐GPS	
  (5°<|b|<30°)	
   8000	
   21.2	
   19.8	
  

VIKING	
  	
   1,500	
   23.1	
   22.3	
   22.1	
   21.5	
   21.2	
  

VVV	
  (Galac.c	
  Centre)	
   520	
   22.4	
   21.8	
   21.1	
  

VMC	
  (Magellanic	
  Clouds)	
   184	
   23.3	
   21.4	
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•  Dark	
  Energy	
  Survey	
  (5000deg2	
  )	
  will	
  cover	
  VHS-­‐DES	
  and	
  VIKING-­‐SGC	
  footprints	
  
in	
  grizY	
  (Z	
  and	
  Y	
  depths	
  are	
  given	
  above)	
  	
  

•  VHS	
  goal	
  is	
  full	
  hemisphere	
  coverage	
  when	
  combine	
  with	
  other	
  ESO	
  surveys	
  



VHS	
  Components	
  
•  VHS	
  Galac.c	
  Plane	
  (VHS-­‐GP)	
  

–  5<	
  |b|	
  <30	
  
–  8200deg2	
  
–  J(60sec);	
  K(60sec)	
  

•  VHS-­‐ATLAS	
  (	
  cf.	
  Op.cal	
  Survey:	
  VST-­‐ATLAS	
  PI:	
  Shanks)	
  
–  5000deg2	
  
–  Y(60sec),	
  J(60sec),	
  H(60sec),	
  K(60sec)	
  

•  Changed	
  April	
  2012	
  to	
  Y(120sec),	
  J(60sec),	
  H(0sec),	
  K(60sec)	
  
•  VHS-­‐Dark	
  Energy	
  Survey	
  (VHS-­‐DES)	
  

–  4500deg2	
  	
  (	
  excludes	
  500deg2	
  from	
  VIKING	
  footprint)	
  
–  J	
  (120sec),	
  H(120sec),	
  K(120sec)	
  	
  

•  Changed	
  April	
  2012	
  to	
  	
  J(240sec),	
  H(0sec),	
  K(120sec)	
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VISTA	
  Tile	
  
•  6	
  poin.ngs	
  or	
  paw-­‐prints	
  are	
  required	
  to	
  give	
  a	
  con.guous	
  ‘.le’	
  
•  0.60deg2	
  	
  of	
  sky	
  coverage	
  per	
  poin.ng	
  	
  

•  1.017	
  deg	
  x	
  1.475deg	
  =	
  1.501	
  deg2	
  sky	
  is	
  covered	
  (by	
  a	
  minimum	
  of	
  2	
  
pixels)	
  as	
  shown	
  in	
  light	
  green	
  in	
  the	
  exposure	
  .me	
  map	
  below	
  for	
  a	
  
filled	
  .le.	
  

Relative Exposure Time 
dark green = 1 
light green = 2, 
magenta = 3 
red = 4 
yellow = 6 
 
104 different ‘half-chips’ when 

mosaiced  
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Each Observing Block(OB) 
= 1.5deg2 

~5900 deg2 observed 
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  Release	
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VHS-­‐ATLAS	
  Tiles:	
  Limi.ng	
  magnitude	
  5sigma	
  (stars)	
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Band	
   Measured	
  
(Vega)	
  

Y	
   20.08	
  

J	
   19.66	
  

H	
   18.74	
  

Ks	
   18.00	
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VHS-­‐ATLAS	
  Pawprints:	
  Limi.ng	
  magnitude	
  5sigma	
  (stars)	
  

Band	
   Measured	
  
(Vega)	
  

Y	
   19.81	
  

J	
   19.43	
  

H	
   18.57	
  

Ks	
   17.84	
  



5	
  deg	
  x	
  5	
  deg	
  patch:	
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J-K > 0.9 



SPT-CLJ0546 
(z=1.06) 

Dark Energy Survey Collaboration Meeting Portsmouth, June 2011 Manda Banerji 

Ks~18.5 (10σ AB) 

Stellar mass analysis currently ongoing for both clusters (Banerji, Stroe, 
McMahon, Mohr et al.) 
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Ks~18.9 (10σ AB) 

1’ 

SPT-CLJ0528 
(z=0.76) 

South	
  Pole	
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  S-­‐Z	
  clusters	
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B. Gauza1,2 ?, V. J. S. Béjar1,2, R. Rebolo1,2, K. Peña Ramı́rez1,2, M. R. Zapatero Osorio3,
A, Pérez-Garrido4, N. Lodieu1,2, D. J. Pinfield5, R. G. McMahon6,7, E. González-Solares6,
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ABSTRACT
We report on the discovery of a fourth component in the HD 221356 star system, previously
known to be formed by an F8V, slightly metal-poor primary ([Fe/H] =�0.26), and a distant
M8V + L3V pair. In our ongoing common proper motion search based on VISTA Hemisphere
Survey (VHS) and 2MASS catalogues, we have detected a faint (J = 13.76± 0.04 mag) co-
moving companion of the F8 star located at angular separation of 12.13±0.18 arcsec (position
angle of 221.8±1.7 deg), corresponding to a projected distance of ⇠312 au at 26 pc. Near-
infrared spectroscopy of the new companion, covering the 1.5–2.4 micron wavelength range
with a resolving power of R⇠600, indicates an L1±1 spectral type. Using evolutionary models
the mass of the new companion is estimated at ⇠0.08 solar masses, which places the object
close to the stellar-substellar borderline. This multiple system provides an interesting example
of objects with masses slightly above and below the hydrogen burning mass limit. The low
mass companions of HD 221356 have slightly bluer colours than field dwarfs with similar
spectral type, which is likely a consequence of the sub-solar metallicity of the system.

Key words: stars—low-mass, brown dwarfs—stars—individual: HD 221356

1 INTRODUCTION

Because of progressive cooling with age, brown dwarfs do not obey
a unique mass-luminosity relation (Burrows et al. 1997, 2001).
Therefore, the determination of a brown dwarf mass requires either
a good knowledge of its age or a direct dynamical measurement.
This, in turn, is possible for substellar companions of stars or for
those that are found in multiple systems. An additional advantage
is that the metallicity can be inferred from the primary star. For
solar-type stars the atmospheres are much better understood than
for very low-mass stars and brown dwarfs, given the poor knowl-
edge of opacities in cool atmospheres (Bean et al. 2006; Bonfils
et al. 2005). Coeval systems containing low-mass companions also
provide very useful constraints on evolutionary and atmospheric
models (e.g. Pinfield et al. 2006; Dupuy et al. 2010) as well as offer-

? e-mail:bgauza@iac.es

ing a rather unique view on how the process of star formation works
at the very bottom of the main sequence (Burgasser et al. 2007). In
particular, brown dwarf companions with well determined metallic-
ities are benchmark objects allowing for a better understanding of
the effects of metallicity on the physical properties and evolution of
substellar objects (Pinfield & et al. 2012). Unfortunately, substellar
companions located at wide separations (>50 au) from their parent
stars are relatively rare, with an estimated frequency of less than
a few per cent (McCarthy & Zuckerman 2004; Lafrenière & et al.
2007; Kraus & Hillenbrand 2007).

We are conducting a search for very low-mass common proper
motion companions of nearby (> 25 pc) stars, using the VISTA
Hemisphere Survey (VHS) (McMahon et al., in preparation) and
Two Micron All Sky Survey (2MASS) (Skrutskie & et al. 2006).
Our sample of objects includes some of the known multiple sys-
tems (Faherty et al. 2010 and references therein). One of the targets
investigated so far was HD 221356, already known to be a triple
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Table 1. Properties of HD 221356A (a.k.a. HR 8931, HIP 116106).

Parameter Value References

RA. (J2000) 23h31m31.s62 -
Dec. (J2000) �04�05016.0078 -
V (mag) 6.50 1
Spectral type F8.0 V 3
µa cos(d) 178.7±0.9 mas/yr 2
µd �192.8±0.9 mas/yr 2
Parallax 38.29 ± 0.54 mas 2
Distance 26.12 ± 0.37 pc 2
Teff 5976 ± 44 K 1
log(g) 4.31 ± 0.06 cm/s2 1
Mass 0.94 ± 0.13 M� 1
[Fe/H] �0.26±0.03 1
Age 2.5�7.9 Gyr 1

1) Valenti & Fischer (2005) 2) van Leeuwen (2007)
3) Caballero (2007)

system. The F8.0 V primary is a field star with slightly subso-
lar metallicity [Fe/H] = �0.26 (Valenti & Fischer 2005), located
at 26.12± 0.37 pc (van Leeuwen 2007). The main properties of
this star are given in Table 1. Gizis et al. (2000) reported that the
secondary, initially described as a single object, has a photometric
distance consistent with that of the HD 221356 star determined by
Hipparcos. The secondary was later resolved by Close et al. (2002)
into a binary separated by 0.57 arcsec (⇠14.9 au), using adaptive
optics on the Gemini North Telescope. Based on their photomet-
ric colours, they estimated spectral types of M8.0 V and L3.0 V for
each of the two components, respectively. This binary (hereafter
referred to as HD 221356BC) was also investigated by Caballero
(2007). Using data at epochs separated by 48.3 years, he confirmed
a common proper motion between HD 221356A and BC. He also
measured a mean separation of r = 451.008± 0.004 between both
components, which corresponds to a projected physical separation
of nearly twelve thousand au, making it one of the widest known
systems with an L-type component (see also fig 11 of Zhang & et
al. 2010).

In this article we present the identification and characteriza-
tion of a fourth, very low-mass companion of the HD 221356 sys-
tem. We outline the procedure and results of our proper motion
search together with the analysis of I and Y JHKs-band photometry
and near-infrared spectroscopic data of the identified companion.
We derive the physical properties of the new object which turns out
to be very close to the hydrogen burning mass limit.

2 IDENTIFICATION AND FOLLOW-UP OBSERVATIONS

2.1 VISTA Hemisphere Survey data

The new low-mass companion of HD 221356 A was identified us-
ing the 2MASS and VHS catalogues. The VHS is a near-infrared
public survey intended to cover the entire Southern hemisphere
(⇠ 20,000 deg2) in the JKs broad band filters with a sensitivity
more than 3 mag deeper than 2MASS. It uses the 4.1-m telescope
VISTA (Visible and Infrared Survey Telescope for Astronomy) op-
erating since 2009 at ESO’s Cerro Paranal Observatory in Chile
(Emerson et al. 2006). It is equipped with a wide-field near-infrared
camera (VIRCAM), comprising sixteen 2k⇥2k pixel detectors with
a mean plate scale of 0.339 arcsec. The HD 221356 system was ob-
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Figure 1. Proper motion vector-point diagram for the HD 221356 system.
All correlated objects within 15 arcmin from the primary are plotted as
black dots, with HD 221356 components labelled as A, BC and D. The pri-
mary is saturated in both surveys, its proper motion value was taken from
the literature. Time baseline between the 2MASS and VHS epochs is 12.18
years.

served with VISTA on 2010 November 25 and 26. Average seeing
conditions were 1.400 and 0.900, respectively.

The VHS near-infrared images are processed and calibrated
automatically by a dedicated science pipeline implemented by the
Cambridge Astronomical Survey Unit (CASU). Standard reduc-
tion and processing steps include dark and flat-field corrections,
sky background subtraction, linearity correction, destripe and jitter
stacking. For more detailed description we refer to the CASU web-
page http://casu.ast.cam.ac.uk/surveys-projects/vista, as well as to
Irwin & et al. (2004) and Lewis et al. (2010).

2.2 Proper motion

The search for additional common proper motion companions of
HD 221356 A was done using the astrometry given in the VHS
and 2MASS catalogues, which provide a 12.18 yr baseline. The
positions of 2MASS sources have an estimated accuracy of 70-80
mas over the magnitude range of 9 < Ks  16 (Skrutskie & et al.
2006). The astrometric solution for VHS observations is done au-
tomatically as part of the CASU pipeline, using the 2MASS point
source catalogue. The objects on the catalogues extracted from each
VISTA detector are matched to their counterparts in 2MASS using
a correlation radius of 1 arcsec. Because 2MASS has a high degree
of internal consistency it is possible to calibrate the world coordi-
nate system of VISTA images to better than 0.1 arcsecond.

The search was performed using TOPCAT,1 a useful tool for
analysis and manipulation of source catalogues and other data ta-
bles, developed as part of the Virtual Observatory. We retrieved the
astrometric and photomeric data from both 2MASS and VHS cata-
logues, for all the objects within a radius of 15 arcmin correspond-
ing to ⇠23,000 au around the examined star. To avoid some of the

1 http://www.star.bris.ac.uk/⇠mbt/topcat/
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Figure 2. False colour VISTA J-band image of HD 221356AD. Angular
separation is 12.13± 0.18 arcsec and the position angle of the identified
companion is 221.8±1.7 degrees. Saturation in the centre of the primary is
visible. Field-of-view is 1⇥1 arcmin, with North up and East to the left.

spurious detections, we selected sources brighter than J=17 mag in
2MASS. We have cross-matched 300 objects from both catalogues
within 1 arcsec. The sources that remained unmatched were subse-
quently cross correlated taking into account the proper motion of
the primary star provided by Hipparcos (van Leeuwen 2007). We
illustrate the resulting proper motion vector-point diagram of HD
221356 on Figure 1.

We have found that the proper motion of HD 221356 BC
(Table 2) is consistent with that of the primary HD 221356 A,
thereby confirming the result of the Königstuhl survey of Caballero
(2007). Individual components of the BC pair, separated by only
0.57 arcsec (Close et al. 2002), were not resolved in the VHS
images. We also identified a new common proper motion com-
panion (2MASS J23313095-0405234, hereafter HD 221356 D),
with (µa cosd, µd) = (153.48±21,�190.20±19) mas/yr, located
12.13±0.18 arcsec southwest from the primary. We adopted a total
astrometric uncertainty of ⇠ 28 mas/yr, estimated using the stan-
dard deviation of proper motions for sources with µ <100 mas/yr.
The proper motion of the new object is common with that of the HD
221356 system. Measured separations, position angles and proper
motions are listed in Table 2.

2.3 Photometry

The VHS catalogue provides aperture photometry for HD 221356
in the Y JHKs near-infrared bands. The VISTA photometric sys-
tem is calibrated using the magnitudes of colour selected 2MASS
stars converted onto the VISTA system using colour equations, in-
cluding terms to account for interstellar reddening2. Photometric
calibrations are determined to an accuracy of 1-2%.

The new faint companion HD 221356 D is well resolved in
the VHS images (see Figure 2), but within the glare of the pri-
mary. In order to minimize the possible light contamination in the
aperture photometry of the VHS catalogue, we applied a method
to suppress the PSF of the primary by subtracting the flipped and

2 http://casu.ast.cam.ac.uk/surveys-projects/vista/technical/photometric-
properties

Table 2. Proper motion, separations and position angles of low mass com-
ponents of the HD 221356 system.

Comp.
µa cos(d) µd r* q* r
(mas/yr) (mas/yr) (arcsec) (deg) (au)

BC 176±21 �167±19 451.10±0.18 261.77±0.04 11900±50
D 154±21 �190±19 12.13±0.18 221.8±1.7 317±9

* epoch (MJD) = 55525.12460836; r, q and r are measured with respect to the primary.

rotated images from the original ones. Standard deviation of the
background at the same separation as the companion was a factor
two lower in the PSF subtracted images than in the original ones,
which slightly improves the detection of the object. We performed
aperture photometry on the resultant images with an aperture of one
full-width half-maximum (FWHM). The instrumental magnitudes
were then calibrated to apparent magnitudes by adding the aper-
ture corrections determined using the VHS photometry of fourteen
isolated bright stars located within 10 arcmin from HD 221356A.
The differences between the new and the catalogue photometry in
the Y,J,H and Ks bands are 0.53±0.06, 0.26±0.04, 0.15±0.03,
0.13±0.03 mag, respectively. Photometric values for the BC com-
panion were taken directly from the VHS source catalogue.

On November 15th, 2011 we performed follow-up I-band
imaging of HD 221356 AD. Observations were carried out us-
ing the IAC80 telescope equipped with a E2V 2048⇥2048 back
illuminated CCD detector with a plate scale of 0.304 arcsec/pix,
which provides a 10.4⇥10.4 arcmin field of view. We selected the
12 images with best seeing (FWHM<1.2 arcsec) to minimize in-
terference from the primary star. We reduced the images applying
standard techniques, including bias and flat-field correction, using
IRAF routines. Individual exposure times were 5s. For each image,
we performed a similar method for the PSF subtraction of the pri-
mary as used for VISTA images and subsequently aligned and com-
bined all of them. We obtained the PSF-fit photometry using the
DAOPHOT package in IRAF and calibrated the instrumental mag-
nitude of our object using 11 bright stars in the field with DENIS
(Epchtein & et al. 1999) I-band data available. We note that the
photometric system used (Cousin) is not the same as the one of DE-
NIS, and that some differences may appear for very cool objects,
however in our previous photometric calibrations we found that the
zeropoint between IAC80 and Denis I-band has small colour de-
pendence (Costado et al. 2005).

Additionally, we acquired I-band observations of
HD 221356 A using FastCam, mounted on the 1.5-m Carlos
Sánchez Telescope at the Teide Observatory on January 31, 2012.
FastCam is a lucky imaging instrument, designed to perform high
spatial and time resolution observations (Oscoz & et al. 2008).
Optics provide a plate scale of 43.5 mas/pix, and a field of view of
⇠ 22⇥22 arcsec2. We obtained 17 blocks of 1000 images of 50 ms
individual exposure times. Images were bias corrected, aligned
and stacked into the final image using the software provided by
the FastCam team. We derived the I-band aperture photometry
of the primary, since we found that the literature values based on
photographic plates are not reliable. Instrumental magnitudes were
calibrated using photometric standard stars from Landolt (1992)
observed at different airmasses along the night under photometric
conditions. We also explored the inner region to search for the
presence of additional companions, but none were identified. We
may exclude the presence of an equal mass companion to the
primary at separations greater than 0.200 (⇠5 au) and companions
with DI < 5 mag at separations greater than 100 (⇠26 au).

c� 0000 RAS, MNRAS 000, 000–000



Future	
  	
  

•  Image	
  quality	
  on	
  processed	
  Tiles	
  0.1”	
  worse	
  
than	
  Pawprints	
  and	
  will	
  be	
  effec.ng	
  depth	
  
– Could	
  be	
  due	
  to	
  sampling	
  or	
  astrometric	
  WCS	
  
– Need	
  to	
  run	
  further	
  mosaicing	
  and	
  stacking	
  tests	
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Astrometry	
  Quality	
  Assurance	
  
•  Early	
  independent	
  tests	
  on	
  Pawprint	
  data	
  at	
  the	
  IAC	
  showed	
  

that	
  VHS	
  Astrometry	
  reliable	
  to	
  0.1”;	
  both	
  random	
  and	
  
systama.cs	
  errors	
  

•  Recently	
  has	
  been	
  revisited	
  by	
  McMahon,	
  Koposov	
  and	
  
Gonzalez	
  looking	
  at	
  Tles.	
  Found	
  that	
  Tile	
  astrometry	
  is	
  reliable	
  
at	
  the	
  0.1”	
  level	
  BUT	
  below	
  0.1”	
  there	
  are	
  two	
  	
  systema.c	
  
effects	
  
–  as	
  a	
  func.on	
  of	
  posi.on	
  on	
  sky	
  due	
  to	
  reference	
  stars	
  proper	
  mo.ons	
  	
  
–  as	
  a	
  func.on	
  in	
  the	
  focal	
  plan	
  due	
  to	
  WCS	
  transforma.on	
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VHS	
  and	
  Absolute	
  Astrometry	
  
Comparison	
  with	
  ICRS	
  Radio	
  Reference	
  Frame	
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Comparison	
  of	
  SDSS	
  with	
  ICRS	
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Comparison	
  of	
  UKIDSS	
  LAS	
  with	
  ICRS	
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Absolute	
  Astrometry	
  Uncertain.es	
  

Survey	
  (n)	
  
sigma	
  (StaVsVcal)	
   SystemaVc	
  uncertainty	
  

RA	
   Dec	
   RA	
   Dec	
  

VHS	
  (563)	
   0.11	
   0.09	
   -­‐0.011±0.005”	
   -­‐0.051±0.004”	
  

SDSS	
  (2308)	
   0.05”	
   0.05”	
   	
  0.006±0.001”	
   -­‐0.003±0.001”	
  

UKIDSS	
  (599)	
   0.10”	
   0.09”	
   -­‐0.031±0.004”	
   -­‐0.068±0.004”	
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•  Note	
  random	
  error	
  will	
  depend	
  on	
  the	
  signal	
  to	
  noise	
  of	
  the	
  object	
  
•  sigma	
  =	
  FWHM/	
  (S/N)	
  

•  Systema.c	
  is	
  consistent	
  with	
  expected	
  proper	
  mo.ons	
  of	
  2MASS	
  stars	
  
due	
  to	
  the	
  	
  10	
  year	
  difference	
  in	
  epoch	
  between	
  2MASS	
  and	
  VHS.	
  Note	
  
this	
  systema.c	
  error	
  varies	
  depending	
  on	
  direc.on	
  in	
  sky	
  due	
  to	
  Solar	
  
mo.on	
  with	
  respect	
  to	
  average	
  2MASS	
  reference	
  star	
  

•  Proper	
  mo.ons	
  will	
  be	
  included	
  in	
  a	
  future	
  CASU	
  processing	
  based	
  on	
  
UCAC4	
  or	
  PPMXL	
  



VHS	
  versus	
  2MASS	
  Astrometry	
  
VDFS	
  end	
  to	
  end	
  self-­‐consistency	
  check:	
  CASU-­‐WFAU	
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J:	
  rms=0.17,	
  0.15:	
  median=0.004,	
  0.002	
   Ks:	
  rms=0.17,	
  0.15:	
  median=0.004,	
  0.002	
  



VHS	
  versus	
  2MASS	
  Astrometry	
  
VDFS	
  end	
  to	
  end	
  self-­‐consistency	
  check:	
  CASU-­‐WFAU	
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•  Spa.al	
  systema.c	
  across	
  
the	
  focal	
  plane	
  

•  Median:	
  0.044”	
  
•  Due	
  to	
  FITS	
  World	
  

Coordinate	
  System	
  (WCS)	
  
numerical	
  issue	
  in	
  
mosaicking	
  of	
  .les.	
  	
  

•  Now	
  fixed	
  for	
  future	
  Tile	
  
data	
  

•  Does	
  not	
  effect	
  pawprint	
  
data	
  

•  Exis.ng	
  Tile	
  data	
  might	
  be	
  
fixed	
  later	
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The missing V for Visible in VISTA 
•  As part of the ESO negotiations the IR field of view of VISTA was 

increased from 9 IR detectors to 16 detectors. 

•  The optical camera was deemed of secondary importance since IR 
capability was the highest priority and increased the unique value of 
VISTA to the ESO community which includes the UK. 

•  Thus the IR survey power of VISTA increased by a factor of 3 from 
larger detector focal plane coverage 100% of time would be IR. 

•  VST is part of the V; the other part of the Dark Energy Survey on 
the CTIO Blanco 3.9m telescope 

VISTA was designed for the optical and 4MOST will benefit from this. 



The	
  Dark	
  Energy	
  Survey	
  
(US,	
  UK,	
  Spain,	
  Brasil,	
  Germany,	
  Switzerland	
  collabora.on)	
  

•  Telescope;	
  upgraded	
  CTIO	
  3.9m	
  
•  525	
  nights	
  over	
  5	
  years	
  
•  Star.ng	
  late	
  2012	
  
•  First	
  light	
  occured	
  for	
  in	
  Sep,	
  2012	
  
•  Science	
  Verifica.on	
  on	
  schedule	
  for	
  Nov,	
  
2012;	
  Survey	
  to	
  start	
  in	
  Dec,	
  2012	
  	
  

•  Mul.ple	
  pass	
  survey	
  so	
  coverage	
  of	
  
5000deg2	
  in	
  first	
  full	
  observing	
  season	
  

•  Field	
  of	
  view	
  	
  
•  2.3deg	
  diameter;	
  3.0deg2	
  	
  

•  Very	
  red	
  sensi.ve	
  CCDs	
  	
  
•  QE;	
  90%	
  at	
  900nm;	
  50%	
  at	
  1µm	
  

•  g,	
  r,	
  i,	
  z,	
  Y	
  	
  wavebands	
  

DECam Focal Plane 

62 2kx4k Image CCDs: 520 MPix 
8 2kx2k focus, alignment CCDs 

4 2kx2k guide CCDs 
0.27” per pixel 
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DES Imager Installation August 30, 2012  
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First	
  light	
  images	
  from	
  12th	
  Sep,	
  2012	
  
Fornax	
  cluster	
  and	
  NGC	
  1365	
  

34	
  



THE	
  END	
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EXTRA	
  SLIDES	
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Combined optical and near IR 
spectrum 

Gemini + VLT 

DES Collab Meeting, Munich 37 

Green line is a composite based on 169 SDSS QSOs with 
2.3 < z < 2 (derived by Paul Hewett) 
   

z = 7.08 

From Mortlock et al, Nature accepted; to appear June, 2011 
2012	
  May	
  



2D	
  spectroscopic	
  data	
  for	
  four	
  
z>6.5	
  quasars	
  found	
  in	
  last	
  18	
  

months	
  

!"##$%$$ $&#'##$%$$

DES	
  Collab	
  Mee.ng,	
  Munich	
  

Wavelength 

Y[AB]=	
  21.0;	
  21.3;	
  21.1;	
  20.3	
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THE	
  NEXT	
  SLIDES	
  CANNOT	
  BE	
  MADE	
  
PUBLIC	
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‘Current’	
  DES	
  SciVer	
  and	
  Year	
  1	
  
Footprint	
  

500	
  sq	
  deg	
  to	
  full	
  DES	
  depth	
  
(10	
  .lings)	
  

Deep	
  SN	
  fields	
  
Shallow	
  SN	
  fields	
  

1300	
  sq	
  deg	
  to	
  single-­‐season	
  depth	
  
(2	
  .lings)	
  

Current	
  Footprint	
  
Revised	
  footprint	
  (will	
  be	
  recommended	
  for	
  adop.on	
  next	
  few	
  days)	
  

SPT	
  area	
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DES	
  expected	
  depths:	
  AB	
  
magnitudes	
  

DES	
  Collab	
  Mee.ng,	
  Munich	
   41	
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Table	
  2	
  from	
  submi{ed	
  NOAO	
  proposal	
  

10σ	
  PSF	
  mags	
  

g	
   25.8	
  

r	
   25.2	
  

i	
   24.4	
  

z	
   24.0	
  

y	
   22.3	
  



DES	
  Year	
  1	
  survey	
  y	
  band	
  limits	
  

	
  
DES	
  Science	
  Verifica.on	
  Plan	
  (Docdb-­‐6255)	
  
[April	
  2012]	
  
Full	
  depth	
  (10	
  passes)	
  
– 507	
  deg2	
  (100+258+149)	
  
– y	
  (AB=22.3)	
  
Shallow	
  survey	
  (2	
  passes;	
  0.9	
  mag	
  shallower	
  than)	
  
– 1344	
  deg2	
  
– y	
  (AB=21.4)	
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DES	
  Year	
  1	
  Expecta.ons	
  (10σ	
  PSF	
  limits)	
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Deep	
  (500	
  deg2)	
  

z	
  >	
  6.5:	
  1	
  per	
  100	
  deg2	
  (5)	
  

z	
  >	
  7.0:	
  1	
  per	
  250	
  deg2	
  (2)	
  

	
  
Wide	
  (1300	
  deg2)	
  

z	
  >	
  6.5:	
  1	
  per	
  200	
  deg2	
  (6.5)	
  

z	
  >	
  7.0:	
  1	
  per	
  750	
  deg2	
  (1.5)	
  

	
  
Wide	
  objects	
  are	
  easier	
  to	
  follow	
  
up;	
  could	
  use	
  wide	
  limits	
  for	
  deep	
  
i.e.	
  1800deg2	
  to	
  wide	
  depth	
  



VISTA	
  Hemisphere	
  DES	
  
Coverage	
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