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• Scientific project  
– 14000 deg2  3D survey for 0<z<4
– International collaboration
– 74 institutions  (46 non-US)
– 650 members

• Instrument 
– 4-m telescope at  Kitt Peak (Arizona) 
– Wide FoV (~ 8 deg2)
– Robotic positioner with 5000 fibers
– 10 spectrographs x 3 bands (blue, 

visible, red-NIR) ➝360-1020 nm
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DESI tracers of the Matter  
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Five target classes

~40 million redshifts

in 5 years
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Overview of Cosmology in future years
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DESI-I science program
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Main science at DESI 
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• Baryonic Acoustic Oscillations (BAO)
– s(BAO) ~0.2 % for  0.0<z<1.1 
– s(BAO) ~0.3%  for 1.1<z<1.9
– s(BAO) ~0.5%  for 1.9<z<3.5
– SDSS(BOSS+eBOSS) few % measurements

• Redshift Space Distorsion (RSD)
– Multiple few % measurements over wide 

redshift range (z<2)
– ~10x better compared to SDSS

• Neutrino masses 
– s(Smn) ~20 meV
– Current limit : Smn<~100 meV, @ 95 CL

• Non-Gaussianity (fNL) 
– s(fNL)~5 with k dependence of bias
– As precise as Planck with a different technique 

Cosmological Analysis of BOSS galaxies 13
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Figure 5. The measured pre-reconstruction correlation function (left) and power spectrum (middle) in the directions perpendicular and parallel to the line of
sight, shown for the NGC only in the redshift range 0.50 < z < 0.75. In each panel, the color scale shows the data and the contours show the prediction of the
best-fit model. The anisotropy of the contours seen in both plots reflects a combination of RSD and the AP effect, and holds most of the information used to
separately constrain DM (z)/rd, H(z)rd, and f�8. The BAO ring can be seen in two dimensions on the correlation function plot. To more clearly show the
anisotropic BAO ring in the power spectrum, the right panel plots the two-dimensional power-spectrum divided by the best-fit smooth component. The wiggles
seen in this panel are analogous to the oscillations seen in the top left panel of Fig 3.

Table 4. Summary table of pre-reconstruction full-shape constraints on the parameter combinations DM ⇥
�
rd,fid/rd

�
, H⇥

�
rd/rd,fid

�
, and f�8(z) derived

in the supporting papers for each of our three overlapping redshift bins

Measurement redshift Satpathy et al. Beutler et al. (b) Grieb et al. Sánchez et al.
⇠(s) multipoles P (k) multipoles P (k) wedges ⇠(s) wedges

DM ⇥
�
rd,fid/rd

�
[Mpc] z = 0.38 1476 ± 33 1549 ± 41 1525 ± 25 1501 ± 27

DM ⇥
�
rd,fid/rd

�
[Mpc] z = 0.51 1985 ± 41 2015 ± 53 1990 ± 32 2010 ± 30

DM ⇥
�
rd,fid/rd

�
[Mpc] z = 0.61 2287 ± 54 2270 ± 57 2281 ± 43 2286 ± 37

H ⇥
�
rd/rd,fid

�
[km s�1Mpc�1] z = 0.38 79.3 ± 3.3 82.5 ± 3.2 81.2 ± 2.3 82.5 ± 2.4

H ⇥
�
rd/rd,fid

�
[km s�1Mpc�1] z = 0.51 88.3 ± 4.1 88.4 ± 4.1 87.0 ± 2.4 90.2 ± 2.5

H ⇥
�
rd/rd,fid

�
[km s�1Mpc�1] z = 0.61 99.5 ± 4.4 97.0 ± 4.0 94.9 ± 2.5 97.3 ± 2.7

f�8 z = 0.38 0.430 ± 0.054 0.479 ± 0.054 0.498 ± 0.045 0.468 ± 0.053
f�8 z = 0.51 0.452 ± 0.058 0.454 ± 0.051 0.448 ± 0.038 0.470 ± 0.042
f�8 z = 0.61 0.456 ± 0.052 0.409 ± 0.044 0.409 ± 0.041 0.440 ± 0.039

ods is consistent with what we observe in mocks (see Section 7.2
and Fig. 10). In all cases the µ-wedges analyses give significantly
tighter constraints than the multipole analyses, in both configura-
tion space and Fourier space. The consensus constraints, described
in §8.2 below, are slightly tighter than those of the individual wedge
analyses. At all three redshifts and for all three quantities, mapping
distance, expansion rate, and the growth of structure, the 68% con-
fidence contour for the consensus results overlaps the 68% confi-
dence contour derived from Planck 2015 data assuming a ⇤CDM
cosmology. We illustrate the combination of these full shape results
with the post-reconstruction BAO results in Fig. 11 below.

c� 2016 RAS, MNRAS 000, 1–38



Dark Energy Spectroscopic Instrument

DESI Timeline – DESI-Ib/DESI-II
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– DESI-I is ~20% ahead of schedule, DESI should finish in 2025
– 2-3 year transition period → DESI-Ib

• Increase of the footprint with same tracers (14000 deg2 → 17000 deg2)
• Increase of the number of passes (denser mapping for BGS and ELG)

– Upgrades of the instrument (Installation on site ~6 months)
– DESI-II will start in 2028.  5-6 year program.

2021

DESI – 5 year project 

Bright Time

DESI-II

2022 2023 2024 2025 2026 2027 2028 2029

Dark Time

Bright Time – DESI-Ib

Dark Time – DESI-Ib

SV

InstallationDESI-II upgrades
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DESI-II Instrument Upgrades
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– Increase of the number of positioners: 5000 → 11250 (3x25x150)
– More spectrographs: 10 → ~18
– New CCDs (skipper CCDs): Lower noise → less systematics

Trillium:
3 unit robots Raft:

25 Trilliums Focal plane:
150 rafts
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DESI-II - Very dense Low-z Program
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Easy target selection
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Very dense Low-z Program - Motivations
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DESI-I
– For DESI-I, the dark time tracers 

were tuned to reach nP(k=0.2)~1
– During Survey Validation,  it was 

demonstrated that DESI can 
efficiently target many more tracers

– Target density
• LRG: 600 deg-2 targets
• BGS: 850 deg-2 targets

DESI-II
– Increase of target density up → 

~13000 deg-2 

– Increase of the exposure time →  
x4 nominal DESI-I time (1000s) 

DESI-I

Zfiber<21.6: Nominal time
21.6<Zfiber<22.0:  x2
21.6<Zfiber<22.0:  x4
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Very dense Low-z Program – Science Case
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Multi-tracer approach
– Different tracers with different bias can 

overcome cosmic variance
– For BGS, factor 3 of improvement

Non-Linear regime
– Probe scales (<10 Mpc/h) very 

sensitive to modified gravity
– Limited by simulation and modelling

Galaxy-galaxy lensing
– Provide the redshift of “lens” galaxies
– DESIxLSST (or Euclid) DS

Intrinsic alignment of galaxies
– IA is one of the dominant uncertainties 

in cosmic shear
– BGS and LRG help to probe IA models

BGS
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DESI-II - High-z program
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Very appealing science case
Challenging target selection
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Testing Inflation with Non-Gaussianity
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Description of the primordial potential F

𝜑 ∶ a gaussian random field
fNL : amplitude of the non-Gaussianity

Φ = 𝜑 + 𝑓!". (𝜑# −< 𝜑# >)

Primordial Non-Gaussianity, a test of inflation
– Primordial fluctuations distributed almost Gaussian with the simplest 

slow-roll models fNL ~ O(10-3)
– But many alternative inflation models predict fNL > 1
– CMB is cosmic variance limited : s(fNL)~5

3D survey of galaxies
– Scale dependence of the bias at large scales in power spectrum
– Large volume (optimal for high-z), s(fNL)~1 (better with bi-spectrum) 
– Tracers: star forming galaxies (Lyman break galaxies, Ly-a emitters) 
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Lyman Break Galaxy (LBG) Ly-a Emitters (LAE)
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LBG/LAE with a 
weak or strong 

Ly-a line

LBG with only 
absorption lines

– Spectra observed in DESI during pilot surveys
– Easier identification of LBG/LAE with a Ly-a line
– Precise redshift determined thanks to absorption lines
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LBG/LAE selections
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Two tracers
– LBG: u-dropout with CFIS or LSST(1 or 2 years)
– LAE: narrow/medium band (photometry not available yet) 
– Two approaches currently tested in DESI with pilot surveys  
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Automatic measurement of the redshift  
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Derived from
QuasarNet architecture

Template fitting
– Stack of spectra
– Add those new templates to 

the current DESI algorithm, 
Redrock

Machine Learning, CNN
– Architecture developed for 

quasar in DESI (QuasarNet)
– Training with LBGs already 

observed in DESI

Results
– Purity: 95%
– Efficiency: 50%
– Room for improvements 

Ly-b

OVI

CIII

…

Ly-a

…

H-a
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Generic LBG Survey for DESI-II

DESI2 Telecon, October 13, 2022
Slide 16

Ch. Yèche

Survey Configuration
– Educated guess from pilot surveys
– Surface: 10 000 deg2

– Eff. exposure time: 2 hours
– LBG Target density: 600 deg-2

– LBG with secured redshift: 300 deg-2

– Redshift: ~3
– Duration: ~50% of a 6-year program

Survey Forecast
– Bias: 5
– 𝜎(Da): 0.35%
– 𝜎(H): 0.65%
– 𝜎(f𝜎8): 4.7%
– In Power Spectrum 𝜎(fNL): 2 (~5 in DESI-I)
– Factor ~2 gain with bi-spectrum

Comparable to DESI-I
in an unknown region

Distribution
measured 
with DESI

Simulation
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Summary
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Science Case
– Low-z at high density survey → Dark Matter and Modified Gravity
– High-z survey → Inflation and neutrino masses

Timeline
– End of DESI-I ~ 2025
– Transition period with DESI-Ib from 2025 to 2028
– With upgrades of the instrument, DESI-II is scheduled for 2028

DESI-II preparation has already started with many  pilot surveys 
– Test of target selections (LBG, LAE…)
– Optimization of the effective exposure time for low-z targets
– A first version of DESI-II will be defined by summer 2023 
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Thanks to our sponsors and 
69 Participating Institutions!


