
Dark Energy Spectroscopic Instrument
U.S. Department of Energy Office of Science
Lawrence Berkeley National Laboratory

Christophe Yèche (CEA-Saclay)

The 5th joint meeting 
eBOSS-DESI France

Saclay, May 7, 2019

Target Selection in DESI

and Survey Validation 



Dark Energy Spectroscopic Instrument
U.S. Department of Energy Office of Science
Lawrence Berkeley National Laboratory

Overview of 
Target Selection

The 5th joint meeting eBOSS-DESI France
Ch. Yèche 

Slide 2



Dark Energy Spectroscopic Instrument
U.S. Department of Energy Office of Science
Lawrence Berkeley National Laboratory

1 EXECUTIVE SUMMARY 1

1 Executive summary

The DESI survey will measure with high precision the baryon acoustic feature imprinted on the
large-scale structure of the Universe, as well as the distortions of galaxy clustering due to redshift-
space e↵ects. To achieve these goals, the survey will make spectroscopic observations of four
distinct classes of extragalactic sources – the bright galaxy sample (BGS), luminous red galaxies
(LRGs), star-forming emission line galaxies (ELGs), and quasi-stellar objects (QSOs). The survey
will include observations of Milky Way stars (MWS), to study the early assembly of the Milky
Way galaxy and perform flux calibration of all of the measurements. Each of these categories
requires a di↵erent set of selection techniques to acquire su�ciently large samples of spectroscopic
targets from photometric data. To ensure high e�ciency and spectroscopic completeness, we select
objects with spectral features expected to produce a reliable redshift determination or a Ly-↵ forest
measurement within the DESI wavelength range.

The characteristics of our baseline samples for each of these target classes are summarized in
Table 1.1. This Table specifies the primary redshift range, the photometric bands for targeting,
the projected areal density (in terms of number of targets, number of fibers allocated across all
pointings accounting for multiple exposures, and the number of useful redshifts resulting per square
degree), as well as the total number of objects in the desired class for which redshifts are expected
to be obtained for each of these samples. This table may be compared to Table 3.1 in the Final
Design Report (FDR). In the following sections, we will describe the basis of these numbers in more
detail.

Summary of Target Samples

The lowest-redshift sample of DESI targets will be the Bright Galaxy Sample (BGS). These
galaxies will be observed during the time when the moon is significantly above the horizon, and
the sky is too bright to allow e�cient observation of fainter targets. Approximately the 10 million
brightest galaxies within the DESI footprint will be observed over the course of the survey, sampling
the redshift range 0.05 < z < 0.4 at high density. This sample alone will be ten times larger than
the SDSS-I and SDSS-II “main sample” of 1 million bright galaxies observed from 1999-2008.

Table 1.1: Summary of the properties for each DESI target class. The bands listed are for the
target selection, where g, r, and z are optical photometry and W1 and W2 denote are WISE infrared
photometry. The exposure densities are increased over the target densities due to some objects being
observed on multiple passes. The number of good redshifts and baseline sample sizes (in millions)
are for successful redshifts.

Galaxy type Redshift Bands Targets Exposures Good z’s Baseline
range used per deg2 per deg2 per deg2 sample

LRG 0.4–1.0 g,r,z,W1 480 610 430 6.0 M
ELG 0.6–1.6 g,r,z 2400 1870 1220 17.1 M
QSO (tracers) < 2.1 g,r,z,W1,W2 170 170 120 1.7 M
QSO (Ly-↵) > 2.1 g,r,z,W1,W2 90 250 50 0.7 M
Total in dark time 3140 2900 1820 25.5 M

BGS 0.05–0.4 r 800 740 710 9.9 M
BGS–Faint 0.05–0.4 r 600 460 430 6.0 M
MWS 0.0 g,r (Gaia µ) 800+ 720 720 10.1 M
Total in bright time 2200+ 1920 1860 26.0 M

Target Selection in DESI

• Two surveys 
– Dark Time : 

• Dominated by ELGs
• Bands optimized for ELG

– Bright Time :
• ~4 nights/lunation 
• MWS/BGS share the observation 

time with the priority to BGS
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Selection of BGS galaxies 
and MWS stars

0.05<z<0.4
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• BGS Redshift distribution 
– Median z ~0.2 (z~0.1 for MGS)
– 10 times SDSS density at z~0.3

• BGS Selection 
– Morphology by comparing Gaia G 

and r band: G-r >0 or G=0 
– r<19.5 (priority 1)
– 19.5<r<20 (priority 2)

• BGS Target density 
– BGS-main: 800 deg-2

– BGS-faint: 600 deg-2

• Milky Way Stars 
– Extra fibers used for MWS
– Density:  ~700 deg-2

– Selection based on GAIA
– 8 M of stars in 16<r<19 range, 

down to r~20 for fainter stars

BGS

MWS

Target density deg-2
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Selection of LRGs 0.4<z<1.0 

• Selection 
– z-W1 Vs r-z to veto stars 
– No morphology criterion
– r-z>1.2 or g-r>1.7 for redshift range
– Sliding color magnitude cut to tune the 

density:  (z-17.18)/2 < r-z < (z-15.11)/2
– Slightly different selections for DECaLS

and MzLS+BASS

• Density 
– One pass (z<20) : 350 deg-2

– Two passes (20<z<20.4): 130 deg-2

– Good redshifts: 90% ~430 deg-2
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Selection of ELGs 

From DEEP2, validated with COSMOS 

0.6<z<1.6

• Redshift distribution 
– Median z ~ 1.0
– nP(k)>1 up to z~1.3

• Selection 
– g,r,z optical bands
– g<~23.5 to reach density goal
– No morphology criterion

• Different selection in North/South
– g<23.6 → g<23.4 and color box 

• Target density goal 
– 2400 deg-2

• 2nd generation selection 
– Ongoing work to develop 2nd

generation selections (Number 
Density Modeling and Random 
Forest)

– Pilot surveys with MMT
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Selection of QSOs 

r-z

QSO z<2.1
QSO z>2.1

z < 2.1 (mean z ~ 1.5) → QSO clustering
z > 2.1 (mean z ~ 2.5) → Lya clustering

r-
W

1

Color
cut

Random
Forest

• Common main selection 
– Point source morphology
– grz optical bands and W1W2 NIR bands
– r<22.7 

• Two approaches
– 1st generation: Color cut selection
– 2nd generation: Machine learning 

approach with Random Forest
• Target density goal

– 260 deg-2

– Up to 4 passes for SNR of Ly-a QSO
• Success rate

– z<2.1: 120 deg-2

– z>2.1: 50 deg-2
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Validations with DECaLS and BASS+MzLS

BASS+ MzLS
DR8b

DR8b
• Validation of LRGs and ELGs 

– Photometric redshifts from Hyper Suprime-
Cam Subaru (HSC)   

– Encouraging results with color cut selection 
for DECaLS

– More low-z galaxies for BASS+MzLS

• Validation of QSOs 
– Use SLNS D3 field (1 deg2) with 

QSOs selected by their variability 
(210 deg-2)

– Achieve FDR goals : ~170 QSOs 
deg-2 with (>50) with z>2.1 but with 
a density a very low statistic… 

Faintest objects
are lost

HSC Photometric redshift
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Preparation 
of Survey Validation
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Goals of Survey Validation (SV)

• Quality of the spectra
– Exposure times: achieve expected S/N
– Calibration: test that calibration satisfies spectrophotometry 

requirements 
– Pipeline performances: Achieve redshift accuracy

• Validation of Target Selection (discussed in next slides) 
– Final target efficiency → Target densities 
– Final n(z) for each tracer
– Finalization of the TS

• Observation constraints  
– 3-4 months at 50% efficiency
– 100 / 60 fields per month for (LRG,ELG,QSO) / BGS
– 4x times the nominal exposure time
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Preparation of Target Selection for SV

• Definition of the supersets
– Relax the cuts
– Alternative selections (LRGs: Optical/IR or QSO Color 

cuts/Random Forest)
– Tune the redshift distributions
– Optimize the redshift overlap: BGS/LRG, LRG/ELG
– ~Double fiber budget compared to nominal selection

• Subsampling
– If the density of superset too high → Subsampling according 

categories
– Mandatory for LRGs, possible for ELGs, not required for QSOs
– Subsampling managed by MTL  (Merged Target List)
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SV superset for LRGs 0.4<z<1.0

• Optical/IR selection 
– Sliding mag. cut : 

(W1 - 17.74)/0.4 < r-W1 
• + Low-z extension 

– Bright LRGs (or z<19.4 )
• + High-z extension 

– Faint LRGs (or z<20.8)
• + Relaxed cuts 

– Stellar rejection + Sliding cuts 
+  g-r <1.45

• + more relaxed cuts 
– No g-r cut and r-z>0.65

• Final budget 
– Five bits are defined
– Optical+IR: 600 deg-2

– All bits: 2300 deg-2

!12

Nominal IR selection: 

Magnitude limits:

   18.0 < z < 20.4

Non-stellar cut:

   (z-w1) > 0.7*(r-z) - 0.6

Broad color box:

   0.8 < r-z < 2.5

Select red galaxies:

   r-z > 1.2 OR

   (g-r > 1.7 && FLUX_IVAR_G > 0) 

IR sliding cut:

   r-W1 > (W1 - 17.71) / 0.4


479 targets per sq. deg.

number of targets number of targets

number of targets number of targets

Adding
IR selection
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SV supersets for ELGs 

• Faint objects
– Magnitude limit: 23.45<g<23.65

• Red region
– ELGs with similar redshift 
– But lower OII flux…

• Blue region
– ELGs with very high redshift and 

reasonable OII flux
– But close to stellar locus and low-z 

galaxy region
• Three bits

– Combination of faint / red / blue bits
– Density:  With sliding color cut on 

mag. to reject faint objects in red 
region →  ~4500 deg-2
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0.6<z<1.6

 3proposed sv
- go for bluer rz objects 
- add a sliding cut with gmag: 
  - idea:        select faint blue objects, but not faint red objects 
  - we define:   coii = gr + 1.2*rz (along the black line in the grz diagram) 
  - sliding cut: coii<1.6-2*(g-23.45) [slope and zp to be optimised] 
  - advantage:   no need for different subsampling

to do: 
- optimise the sliding cut/rz blue cut 
- check n(z), FOII, density fluctuations 
- check the redshift success rate with simus 
- check need to define different cuts for dr6/north 
- update the wiki!

gr
gr

rz
rz

gmag

gmag

gmag

coii
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SV supersets for QSOs z < 2.1 (mean z ~ 1.5) → QSO clustering
z > 2.1 (mean z ~ 2.5) → Lya clustering

• Relax PSF definition 
– Recover objects with 
(dchisq[1]-dchisq[0])/dchisq[0]<0.01

• Select fainter objects
– Magnitude limit r<22.7 → r<23.0

• Relax color cut selection
– Enlarge grz and WISE color boxes
– Reduce star stripe

• Relax random forest
– Tune RF probability

• Add High-z faint QSOs 
– 22.7<r<23.5 (optimization of fNL)

• Three bits
– Color Cut / RF / high-z faint QSO
– Density:  400/400/70 → 600 deg-2

– Completeness: ~95%
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Observation in SV 
• LRG and QSO observations

– 10 fields (with 8x exposure time): faint LRGs and high-z QSOs
– 10 fields (with 4x exposure time): bright LRGs and low-z QSOs
– 10 fields (with 4x exposure time): all QSOs

• ELG observations
– 25 isolated fields with 4x exposure time
– Density: ~4000 deg-2

• Schedule
– From Feb./March 2020 to June 2020
– 55 specific fields with increased exposure time (2-3 months) 
– Final TS selection → 1% survey (1 month)

SV and science is starting at DESI in less than one year!
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Extra 
Slides
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Science Requirements 
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