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Figure 6. Relative abundance of emission lines simulated vs. [Oii] ßux. We
determine the relative abundance of emission lines at a given ßux with the
[Oii] luminosity function atz ∼ 1 measured by Zhu et al. (2009) on DEEP2.

The S NR is calculated with a Fisher matrix of the form given in
Eq. 9.

S NR = 1/
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4 RESULTS

4.1 Doublet detection and resolution at z ∼ 1

The simulation contains∼ 15× 106 simulated [Oii] lines sampling
the velocity dispersion, resolution, and ßux range set in the above.

To statistically differentiate whether an observation of [Oii] is
identiÞed as a doublet or a single emission line (SEL), given that
the numbers of degrees of freedom is high (35< ndo f < 94), we
use∆χ2 = χ1/ndo f 1 − χ2/ndo f 2. A ∆χ2 = 9 means the single line
emission model is ruled out at 3σ or with a 99.7% conÞdence level.
We compute the share of emission line withi < 24 (convolved by
the velocity dispersion distribution of Fig. 5 in black) detected as a
doublet at the 2 and 3σ conÞdence levels at redshift 1 as function
of the resolution for different [Oii] ßux detection limit, see Fig. 7.

The main trend is that the percentage of doublets increases as
a function of the resolution. In the regime of low [Oii] ßuxes (be-
low the line 12), the gain is linear. It indicates we should push for
the highest resolution possible. For higher [Oii] ßuxes, the marginal
increase of the doublet share is large for low resolutions and dimin-
ishes for higher resolution. This result advocates two strategies. For
a survey aiming only to observe the brightest [Oii] emitters (on Fig.
7), it is not necessary to aim for the highest resolution.R = 3300
is sufficient to obtain 90% of doublets. And forR > 3300, the
marginal cost of an extra percent of doublets decreases. For a sur-
vey aiming to observe all [Oii] emitters (MS-DESI line 10 on Fig.
7), it is necessary to push the resolution to its highest.

The DEEP 2 survey dealt with SEL using a neural network
(Kirby et al. 2007). They showed that given a fair spectroscopic
sample of an observed population with reliable redshifts, it is pos-
sible to infer correct redshifts to nearly 100% of the [Oii] SEL. The
Hα, Hβ, and [Oiii] SEL cases are not as well handled by the neural
network with efficiencies of∼ 90%,∼ 60%, and∼ 60% respec-
tively.

Figure 7. Share of doublets at the 3 and 2σ (conÞdence level of 99%, 95%
from top to bottom) vs. resolution fori < 24 doublets atz = 1 for different
ßux bins. Each line corresponds to a survey with a the ßux detection limit
given on the right end of each line in units of 10−17erg cm−2 s−1. eBOSS
corresponds to the line 30 and MS-DESI to the line 10.

The combination of the two latter points shows it will be pos-
sible to derive robust [Oii] redshifts where [Oii] is the only emission
line available in the spectrograph, even if the fraction of 3σ doublet
detections is small.

4.2 Higher redshift, sky lines, completeness

The sky lines have an observed width of one resolution element,
therefore their width varies with the resolution. In the case of a
single sky line located on a doublet, it is not a problem to subtract
the sky line and obtain an accurate redshift. In the case of many
contiguous sky lines, it can cover completely a doublet and prevent
from getting any redshift in the zone or at a higher ßux limit. To
quantify the impact of the sky lines obstruction as a function of
redshift, we simulate at various resolutions the observation of a sky
spectrum. The sky spectrum is taken from Hanuschik (2003).

At a given resolution, we convert the wavelength array of the
sky into a redshift array corresponding to the [Oii] redshift. We scan
the redshift array by steps of 0.0005 (it corresponds to the desired
precision of a spectroscopic redshift). At each step, we compare
the median value of the sky to the ßux measured in the middle of
an [Oii] doublet with (where it is the lowest). If the median value
of the sky is greater than the value of the doublet, we consider we

c� 2012 RAS, MNRAS000, 1Ð8
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COMMUNITY PLANNING STUDY: SNOWMASS 2013 

 

Telescope / Instrument Collecting Area 
(m2) 

Field area 
(arcmin2) 

Multiplex Limiting 
factor 

Keck / DEIMOS 76 54.25 150 Multiplexing 

VLT / MOONS 58 500 500 Multiplexing 
Subaru / PFS 53 4800 2400 # of fields 
Mayall 4m / DESI 11.4 25500 5000 # of fields 
WHT / WEAVE 13 11300 1000 Multiplexing 
GMT/MANIFEST+GMACS 368 314 420-760 Multiplexing 

TMT / WFOS 655 40 100 Multiplexing 

E-ELT / OPTIMOS 978 39-46 160-240 Multiplexing 

 
Table 2-1.  Characteristics of current and anticipated telescope/instrument combinations relevant for 
obtaining photometric redshift training samples.  Assuming that we wish for a survey of !15 fields of at 
least 0.09 deg2 each yielding a total of at least 30,000 spectra, we also list what the limiting factor that 
will determine total observation time is for each combination: the multiplexing (number of spectra ob-
served simultaneously); the total number of fields to be surveyed; or the field of view of the selected 
instrument.  For GMT/MANIFEST+GMACS and VLT/OPTIMOS, a number of design decisions have 
not yet been finalized, so a range based on scenarios currently being considered is given. 
 
 
Telescope / Instrument 

Total time(y), 
DES / 75% 
complete 

Total time(y), 
LSST / 75% 

complete 
Total time(y), 
DES / 90% 
complete 

Total time(y), 
LSST / 90% 

complete 

Keck / DEIMOS 0.51 10.22 3.19 63.89 
VLT / MOONS 0.20 4.00 1.25 25.03 
Subaru / PFS 0.05 1.10 0.34 6.87 
Mayall 4m / DESI 0.26 5.11 1.60 31.95 
WHT / WEAVE 0.45 8.96 2.80 56.03 
GMT/MANIFEST+GMACS 0.02 - 0.04 0.42 - 0.75 0.13 - 0.24 2.60 - 4.71 
TMT / WFOS 0.09 1.78 0.56 11.12 
E-ELT / OPTIMOS 0.02 - 0.04 0.50 - 0.74 0.16 – 0.23 3.10 - 4.65 

 
Table 2-2.  Estimates of required total survey time for a variety of current and anticipated tele-
scope/instrument combinations relevant for obtaining photometric redshift training samples.  Calculations 
assume that we wish for a survey of !15 fields of at least 0.09 deg2 each, yielding a total of at least 
30,000 spectra.  Survey time depends on both the desired depth (i=23.7 for DES, i=25.3 for LSST) and 
completeness (75% and 90% are considered here).  Exposure times are estimated by requiring equivalent 
signal-to-noise to 1-hour Keck/DEIMOS spectroscopy at i!22.5.   GMT / MANIFEST + GMACS esti-
mates assume that the full optical window may be covered simultaneously at sufficiently high spectral 
resolution; in some design scenarios currently being considered, that would not be the case, increasing 
required time accordingly.  
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• The most useful LSST supernovae will be those found 
in 20-30 repeatedly-imaged 'deep drilling' fields

•  >30,000 SNe Ia spread out over 300 square degrees 
found over 10 years

• Mapping from Keck/DEIMOS experience, 8 hours on 
DESI should yield redshifts for ~70% of hosts to r~24

• ~60 nights total on DESI to get redshifts for ~70% of 
the supernovae - allows typing and cosmological 
analyses

• This would take >600 nights with VLT/VIMOS, or >2000 
nights with Keck/DEIMOS
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Figure 2 -3.  The impact on constraints on the current value of the dark energy equation-of-state pa-
rameter w0 that arise from excising galaxies with particularly low or high photo-z’s from the imaging 
sample. All curves show errors from an LSST-type survey normalized by the error obtained if the full 
redshift range of the sample is used. When the imaging data is restricted to the range 0.2 < zph < 2.2, 
the constraining power of the survey is weakened by less than 20%.  Such cuts will likely result in a 
dramatic reduction of the outlier fraction, and come at a comparatively modest cost in the statistical con-
straining power of future dark energy experiments. 
 
Unfortunately, most spectroscopic instruments on large telescopes have relatively small fields of view. Be-
cause of sample variance, the redshift distribution obtained from any single pointing of these instruments 
will depart greatly from the true redshift distribution of equivalent samples selected over the entire survey 
footprint of Stage III and IV imaging experiments.  Depending on the number of redshifts obtained and 
the size of a field, sample variance can be more than an order of magnitude larger than the Poisson noise in 
redshift distributions (see, e.g., Newman & Davis 2002, van Waerbeke et al. 2006 and Cunha et al 2012a). 
 
Cunha et al 2012a estimate that, for the Dark Energy Survey (5000 deg2, i<23.7) sample, around 100-200 
patches, with area between 0.03 and 0.25 deg2 and around 300-400 galaxies per patch, would be needed to 
ensure that biases due to sample variance in the calibration sample do not dominate the statistical uncer-
tainties in the weak lensing shear-based estimates of the dark energy equation of state parameter, w, 
assuming a direct calibration of redshift distributions via spectroscopic samples. If a significant fraction (> 
50%) of the galaxies in a patch are observed, the requirements on the number of patches required can de-
crease to as few as 60 0.25 deg2 patches. If wider-field spectrographs are used, the sample variance from a 
single patch will be less, so fewer patches are required.  For stage IV surveys, the requirements on sample 
variance will generally only be greater than for that analysis, as the increase in statistical power implies 
that any systematics have to be controlled to higher accuracy.   

 
The requirements estimated in Cunha et al 2012a do not take into account a different source of field to field 
variation: for ground-based imaging experiements, observing conditions will inevitably not be uniform 
across the sky.  These differences may introduce additional spatial variation in the redshift distribution of 
samples selected based on their photometric properties.  Although flux errors being worse in one area than 
another should not bias photometric redshift estimates in the mean if accounted for properly, the uncer-
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2.3 Working Groups

2.2.2 LSST Project Chief Scientist

The LSST Project Chief Scientist is part of the LSST Project team and acts as an interface between

the LSST Project and the science community. In the case of the DESC, he/she helps to ensure

effective communication of DESC scientific results with the LSST Project.

2.2.3 The Executive Board

The Executive Board will consist of five voting members and non-voting ex officio members who

represent the management team. The five voting members will be chosen to bring broad knowledge

of the community, the agencies, and the science goals to the collaboration. These members of

the Executive Board work with the management team to help define and ratify policy issues as

they arise; they do not directly manage the technical and scientific work of the collaboration.

The (Co)Spokesperson, Deputy Spokesperson, Analysis Coordinator, Computing and Simulation

Coordinator, Technical Coordinator, and LSST Project Chief Scientist are the non-voting ex officio
members of the DESC Executive Board. The Spokesperson will chair the Executive Board.

2.3 Working Groups

The areas spanned by the Analysis, Computing and Simulation, and Technical Coordinators are

each quite broad. Therefore, the Management Plan may include the definition of a working group

structure for efficiently carrying out tasks. The initial Management Plan defines a layer of Working

Groups under each Coordinator, and an initial set of conveners.

¥ Analysis Working Groups

1. Weak Lensing – Michael Jarvis, Rachel Mandelbaum

2. Large Scale Structure – Eric Gawiser, Shirley Ho

3. Supernovae – Alex Kim, Michael Wood-Vasey

4. Clusters – Steve Allen, Ian Dell’Antonio

5. Strong Lensing – Phil Marshall

6. Combined Probes, Theory – Rachel Bean, Hu Zhan

7. Photo-z Calibration – Jeff Newman (acting)

8. Analysis-Computing Liaison – Rick Kessler

¥ Computing and Simulation Working Groups

1. Cosmological Simulations – Katrin Heitmann

2. Photon Simulator – John Peterson

3. Computing Infrastructure – Richard Dubois

4. Software – Erik Gottschalk
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¥ Technical Working Groups

1. System Throughput – Andrew Rasmussen

2. Image Processing Algorithms – Robert Lupton

3. Image Quality – Chuck Claver

4. Science Operations and Calibration – Zeljko Ivezic

The evolution of these Working Groups and the process for selecting new Working Group conveners
will be defined by the management team through the Management Plan.

We expect that there will be significant overlap between members of Working Groups under each
Coordinator as DESC collaborators contribute to tools, the project, and science. For example, the
areas covered by the Computing and Simulation Working Groups are essential to the work of the
Analysis Working Groups. The areas covered by the Technical Working Groups parallel the LSST
subsystems and also interface in essential ways with the Analysis Working Groups.

2.4 Development and execution of LSST DESC policies and
procedures

2.4.1 Governance Working Group

A Governance Working Group has been established and charged with conducting deliberations
on and making recommendations for the long-term governance, by-laws, and policies of the LSST
DESC. After being ratified by the Collaboration Council (see Sec. 2.4.3 below), these will go into
effect after the one-year initial phase.

2.4.2 Membership Committee

A Membership Committee will be established in the initial phase to propose detailed membership
elegibility requirements for the LSST DESC going forward. The general guideline will be that a
member of the DESC should devote a substantial fraction of his/her research time to the work of
the DESC over a period of a few years.

Looking beyond the one-year initial phase of the LSST DESC, the Membership Committee will
define the criteria for institutional members, based on the number of PhD DESC members from
a given laboratory or university exceeding a minimum number. However, it is recognized that
there will be individuals who are from an institution with fewer than the minimum number of
DESC members required to be an institutional member. These individuals will select a member
institution with which to affiliate for organizational and representational purposes, particularly for
the Collaboration Council discussed in Sec. 2.4.3 below.
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