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• SASIR
‣ Deep yJHK imaging
‣ Full northern sky
‣ 0.6” image quality

• Science areas
‣ Low mass stars
‣ Low z galaxies
‣ High z galaxies
‣ High z quasars

• Bottom line
‣ Hard to imagine a science area not 

addressed by SASIR
‣ Strategy:  Focus on the unique 

science enabled to ‘sell’ the project

SASIR and Static Science
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• Dedicated IR survey 
‣ UKIRT 4m IR optimized
‣ yJHK with a 0.2 sq deg field

• Surveys
‣ LSA 
✦ 4000 square degrees
✦ JHK = 20.9, 20.2, 20.2  (AB)
‣ Galactic Plane (1800 sq. deg)
✦ Variable stars
‣ DXS  (Deep extragalactic)
✦ 35 sq. deg
✦ JK = 23.4, 22.85 (AB)

• Status
‣ Mature project
✦ Data Release 3 in December 2007
✦ >20 papers published
‣ Nearing completion
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• Dedicated IR survey 
‣ New,  4m IR optimized
‣ yJHK with a 0.6 sq deg field

• Surveys
‣ VIKING 
✦ 1500 square degrees
✦ zyJHK = 23.1,22.3, 22.1, 21.5, 21.2 (AB)
✦ BAO, high z quasars
‣ VHS
✦ Full sky (20,000 sq. deg)
✦ JK = 21.2,  20.0  (AB)
✦ High z quasars?
‣ No synoptic survey planned

• Status
‣ Key projects announced
‣ Operations by end of 2008

4



• Pending
‣ Herschel
‣ JWST
✦ Single pointings
‣ WISE
✦ All sky, but shallow

• Proposed
‣ None at ‘MIDEX’ level
‣ SMEX
✦ PI: H. Ford
✦ Failed
‣ JDEM?
‣ No synoptic survey planned

Space IR Missions
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• Strategic Advantages 
‣ Wider (5x) than UKIDSS
‣ Deeper (2 mag?) than VISTA
‣ Northern sky
‣ No K band in space
‣ Synoptic

• Science advantages
‣ Synoptic
‣ Wider+deeper
✦ Very rare, very faint, very red objects
‣ Northern sky
✦ Synergy with PANSTARS
✦ Keck, GTC, Subaru, etc.

SASIR: Static Sky

Exciting Logo 
Goes Here
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SASIR: Static Sky

RED

FAINT

RARE
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SASIR: Static Sky
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e.g. High Redshift Quasars
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z~3 Quasar
• No Gunn-Peterson effect
‣ If baryons were evenly 

distributed and neutral, the 
Lya opacity would be HUGE

‣ Observations
✦ Quasars at z<6 do not show           

a Gunn-Peterson ‘trough’
✦ GRB sightlines agree

• Conclusion(s)
‣ Baryons are in a diffuse and 

ionized medium
✦ IGM observations dictate this
✦ Reionization
‣ Or (unlikely) baryons are in 

compact objects
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z~6 Quasars
• Discovery
‣ SDSS optical imaging
✦ Including z-band
‣ APO follow-up IR imaging
‣ Keck follow-up spectroscopy
✦ SDSS team

• Science
‣ Reionzation
✦ Number density constrains number 

of ionizing photons available
✦ Lya forest becomes optically thick 

at z~6
‣ IGM physics
‣ Growth of black holes

• Higher-z
‣ Need IR imaging
‣ Need deeper imaging
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Quasar Luminosity Function
• QSO surveys
‣ SDSS + 2DF
✦ Optical imaing + spectroscopic follow-up
‣ ~10,000 quasars at z>2

• Luminosity function
‣ Extremely rare objects
✦ Φ(M*) ~ 10-7 Mpc-1 mag-1

‣ Double power law
✦ Shallow faint-end
✦ Steep bright end:   Φ(L) ~ L-3.2

‣ Poorly constrained at z>4
• Extrapolate
‣ Assume the shape holds constant
‣ Assume M* continues to decrease 

exponentially
✦ Φ* = exp[-0.43 z]

– 48 –

Fig. 18.— Mi(z = 2) luminosity function (roughly a 2500Å luminosity, see Eq. 4). The redshift

of each slice is given in the upper right hand or lower left hand corner of each panel. The points

show the binned luminosity function using a 1/Vmax method; open points are incomplete bins. The

z = 2.01 curve (gray) is reproduced in each panel for the sake of comparison. The red dashed line

is our best fit maximum likelihood parameterization assuming a constant slope with redshift, while

the cyan dot-dashed line allows for a slope change at high redshift. Corrections for cosmetic defects

and color selection as a function of redshift and magnitude have all been applied. Note that there

is almost no overlap in absolute magnitude between the highest- and lowest-redshift bins.

Richards et al. (2005)
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z~6 Quasars
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z~8 Quasars
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z~10 Quasars
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Stellar Contamination?
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Static Science: Red Galaxies and 
Reddened QSOs

• Science
‣ Stellar mass buildup
‣ Growth of black holes

• Observational challenge
‣ Rare, Red, Faint
‣ Galaxies
✦ K > 19,  J-K > 2,  nDRG = 10-4 Mpc-3

‣ Quasars
✦ K > 19, R-K > 4, J-K > 1.7

• Requirements
‣ Modest area (1000 sq. deg.)
‣ Modest depth
‣ DRG science will be paved by 

UKIDSS and VISTA
✦ Reddened AGN too?

A NIR Spectroscopic Survey of z ∼ 2.3 Galaxies 3

Fig. 1.— Comparison between the photometric properties of the
GNIRS sample at 2 < zphot < 3 and a mass-limited sample (M >
1011M!) at 2 < zphot < 3. The probabilities (P ) that the GNIRS
sample and the full mass-selected sample have similar distributions,
as derived using a Mann-Whitney (MW) and a Kolmorov-Smirnov
(KS) test, are given in the panels. Additionally, we divide the mass-
selected sample into its K-bright (K < 19.7) and K-faint (K >
19.7) members. The GNIRS sample may be less representative for
a K-bright sample, as the redshift distribution is different.

(§ 2), compare photometric and spectroscopic redshifts
(§ 3) and stellar populations properties (§ 4), and discuss
the implications for photometric studies (§ 4).

Throughout the paper we assume a ΛCDM cosmology
with Ωm = 0.3, ΩΛ = 0.7, and H0 = 70 km s−1 Mpc−1.
The broadband magnitudes are given in the Vega-based
photometric system unless stated otherwise. Further-
more, we will measure the scatter and the offset between
various properties using the normalized biweight mean
absolute deviation and the biweight mean, respectively
(Beers, Flynn & Gebhardt 1990). As biweight statistics
are less sensitive towards outliers than the normal mean,
and more efficient than the median, they are most ap-
propriate for the small sample sizes in this work.

2. DATA

2.1. Sample Selection

The galaxies studied in this paper are selected from
the MUlti-wavelength Survey by Yale-Chile (MUSYC,
Gawiser et al. 2006; Quadri et al. 2007b). This survey
consist of optical imaging (UBVRIz) of four 30′ × 30′

fields, shallow NIR imaging (JHK) over the same area,
and deeper NIR imaging over four 10′ × 10′ fields. The
depth of the deep and wide NIR photometry is K ∼ 21
and K ∼ 20 (5σ) respectively. The spectroscopic follow-
up presented in this paper is selected from the deep
fields HDF-South, 1030, and 1256 (Quadri et al. 2007b),
and the shallow extended Chandra Deep Field South
(ECDFS, E.N. Taylor et al. 2007, in preparation). One
galaxy is selected from the Great Observatories Ori-
gins Deep Survey (GOODS; Giavalisco et al. 2004). The
optical-to-NIR photometry that we used as part of this

Fig. 2.— Comparison of J −K and R−K colors as a function of
zphot between a photometric mass-limited (M > 1011M!) sample
and our spectroscopic sample. The gray diamonds and dots rep-
resent all massive galaxies in the deep MUSYC fields (SDSS1030,
1256 and HDF-S) with K < 19.7 and K > 19.7 respectively. The
black symbols represent the 36 galaxies of the GNIRS sample, se-
lected from both the MUSYC deep (diamonds) and wide (ECDFS,
crosses) surveys.

work is described by S. Wuyts et al. (2007, in prepara-
tion).

We selected galaxies with 2.0 ! zphot ! 2.7 (see § 3.2)
and K ! 19.7. This redshift interval is chosen as the
bright emission lines Hβ, [O iii], Hα, and [N ii] fall in
the H and K atmospheric windows. A few galaxies had
2.7 ! zphot ! 3.0 at the time of selection, but were
observed because a large part of their confidence inter-
vals fell in the targeted redshift range, or because the
galaxy had a known zspec between 2.0 and 2.7 (CDFS-
6202, van Dokkum et al. 2005; Daddi et al. 2005). Due
to catalog updates of the ECDFS field, the final zphot of
several more galaxies scattered out of the selected red-
shift range. The fact that the ECDFS catalog was still
in a preliminary stage at the time of selection may com-
plicate some of the interpretation in this work. For this
reason and the fact that the ECDFS is the only field with
shallow NIR photometry, the analysis in this paper will
also focus on the subsample excluding the ECDFS.

In total we obtained usable NIR spectra for a sample
of 36 galaxies. For ∼4 additional galaxies we obtained
empty spectra due to mis-alignment or extremely bad
weather conditions.

It is important to establish whether our sample is rep-
resentative for the galaxy population at z ∼ 2.5. In Fig-
ure 1 we compare the distributions of J−K, R−K, rest-
frame U −V color and zphot of our spectroscopic sample
with a photometric mass-limited sample (> 1011M#) at
2 < z < 3. For the latter we use the deep MUSYC
fields, as the wide NIR data are too shallow to extract a
mass-limited sample (van Dokkum et al. 2006). Accord-
ing to a Mann-Whitney and a Kolmorov-Smirnov test,
the photometric properties J − K, R − K, rest-frame
U − V color (as derived from the photometry) and zphot
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Static Science:  High z Clusters

Catchy Adam Stanford
image goes here
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Static Science: SDSS synergy
• Science
‣ Large-scale structure
‣ Stellar mass of modern galaxies
‣ Correlations with CMB, SZ

• Observational challenge
‣ Large area
✦ Northern sky
‣ Faint (K > 21) 

• Other projects
‣ UKIDSS/LSA 
✦ Will have modest success
‣ VISTA/VHS 
✦ Less overlap with SDSS, but 2dF

• Additionally
‣ Connect to PANSTARS + push to 

higher z
17
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Static Science: Galactic

• Science possibilities
‣ Star forming regions
‣ Low mass stars
✦ Faint + cold
‣ NEOs ?
✦ Is there an angle for the IR?

• What is the ‘killer app’ here?
‣ Very faint, very rare objects, very 

red objects
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SASIR Static Science
Area Faint? Red? Rare? Vary? Impact Status Team

High z 
QSOs √ √ √ L Reionization, 

black holes, IGM
1st 

draft
JXP

Reddened 
QSOs √ √ ? ?

z>1 Galaxy 
Clusters √ √ √ No

DRGs √ √ ⊗ No

Nearby low-
mass stars √ √ √ Proper 

motion

Your science 
goes here

You
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