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1st anniversary of DESI =

U.S. Department of Energy Office of Science

DESI started its 5-year survey on May 15t 2021, the first Stage-IV Dark Energy experiment on sky

Multi-object spectrograph (5k fibers) at
the 4-m Mayall telescope (KPNO, Arizona)

Already the largest redshift survey ever!
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e Science goals: dark energy, modified gravity and massive neutrinos
e Main probes: Baryon Acoustic Oscillations (BAO) and Redshift Space Distortions (RSD)
e |[nstrument and survey overview

e Early data and expected data releases
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independent cosmological probes 75 l
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in physics, and a main science case for =5
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arXiv:1611.00036 - DESI Collaboration (2016)
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e Modified gravity (MG) models can mimic ~ i
the expansion of dark energy (DE) models Q 08

* One can distinguish between MG and DE -|C|J 0.7
by also measuring the growth of structure 9

[4°)

e DESI will study the anisotropy in the _E 0.6
distribution of galaxies to provide accurate §
measurements of the growth rate 8 0.5

0.4

Redshift z

arXiv:1611.00036 - DESI Collaboration (2016)
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e Massive neutrinos leave an imprint in 018 .

the distribution of matter, affecting both 0 053_

its expansion and growth L \ T ]

- , ormal hierarchy

* In combination with Planck, DESI will be = 0.02 Inverted hierarchy

able to accurately measure the sum of
the neutrino masses within 0.02 eV

* Depending on the true masses, we |
might be able to distinguish between 0.0055 =
the different neutrino hierarchies 5
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arXiv:1611.00036 - DESI Collaboration (2016)
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e Science goals: dark energy, modified gravity and massive neutrinos
e Main probes: Baryon Acoustic Oscillations (BAO) and Redshift Space Distortions (RSD)
e Instrument and survey overview

e Early data and expected data releases
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We can relate redshift to distance if we have a cosmological model

c z Hy Hubble constant (current expansion rate)
Comoving distance DC’(Z) _ _/ ds —2
Hy 0 H(Z,) Hubble parameter (expansion rate)
H?(z)
B 1600+ 9t 42 1+ 2 {0 + =7
0

Radiation Dark Energy Dark Matter N

Matter ( or dark) Curvature

DEE A 68.3%

Planck satellite
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To study the expansion we want to measure the distance to different redshift

Standard candle Standard ruler

(SNe Ia) (BAO)
known luminosity known size
+ -+

measure flux

*

distance

measure angle

*

distance

Image credit: NASA/JPL-Caltech
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Image credit: NASA/JPL-Caltech
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Before recombination (z >1100), photons
and ionized matter were tightly coupled

Primordial density fluctuations
generated sound waves in the plasma

Credit: Daniel Eisenstein

These waves froze out at recombination, lonized

leaving an imprint at a characteristic scale Neutral
Sound horizon at recombination (from Planck): 74 = 147.6 == 0.3 Mpc
oo
_ cs(2) ~1/2 3 —1/2
Ta = . H(Z) dz cs(z) = 3 /2¢ [1 + Zpb(z)/pv(zﬂ
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Angular scale
90°  18° 1° 0.2° 0.1° 0.07°

Planck satellite
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Multipole moment, ¢

Acoustic waves in the photon-baryon plasma in
the early Universe left an imprint in the CMB, at
a well-known scale known as the sound horizon
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Credit: Ashley J. Ross and SDSS redshift

BAO have also been detected in the distribution
of matter at low redshift, and can be used as a
standard ruler to measure distances to galaxies
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Sound horizon at recombination (from Planck):  rq = 147.6 = 0.3 Mpc

> cs(2)

Ho % el =37 [+ 4/ ()]

Trqa =
Zd

Td 1
, : . . Af —
We measure BAO peak in the transverse direction in BOSS: BAO = 171 zm

We can study the expansion!

We measure BAO peak along the line of sight in BOSS: AvBao = 1:5
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Our galaxy maps are distorted, since our radial
coordinate is inferred from its redshift (velocity)

On large (linear scales), the anisotropy in the
galaxy correlations depends on the amplitude
matter fluctuations and the theory of gravity

linear flow non-linear
structure
N g Cluster Actual
o shape
Apparent

Unde_r- % Sh ape
o (viewed from

below)

Credit: Will Percival
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Redshift Space Distortions (RSD)
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RSDs can therefore be used to measure the
growth of structure as a function of time
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Credit: M. Vargas-Magana andspss Redshift z
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e Science goals: dark energy, modified gravity and massive neutrinos
e Main probes: Baryon Acoustic Oscillations (BAO) and Redshift Space Distortions (RSD)
e |nstrument and survey overview

e Early data and expected data releases
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5000 fibers in robotic actuators
|0 fiber cable bundles
3.2 deg.field of view optics
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Mayall 4m Telescope
Kitt Peak (Tucson,AZ)

Readout
& Control

Increase BOSS/eBOSS
datasets by an order of
magnitude
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Cbrrector at UCL, June 2018 | 3
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Focal plane with 10 GFAs (one per petal)

Corrector at UCL, June 2018
& ©
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Focal plane with 10 GFAs (one per petal)

N UCL, June 2018
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Five target classes DESI (2021-2026)
40 million redshifts|

in5 years

3 million QSOs
Lya z>2.1
Tracers 0.9<z< 2.

16 million ELGs
06<z<16

8 million LRGs
04<z<1.0

13.5 million
Brightest galaxies
00<z<04
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e Science goals: dark energy, modified gravity and massive neutrinos
e Main probes: Baryon Acoustic Oscillations (BAO) and Redshift Space Distortions (RSD)
e |[nstrument and survey overview

e Early data and expected data releases
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Early Data Release (EDR)

Survey Validation N(z)

» 100000 - 434k BGS
28 50000 A

0 1.0 15 2.0 2.5 3.0 3.5
e Over 1 million redshifts obtained during e

Survey Validation (SV, Dec 2020—- May 2021)
* Includes 4 different tracers to cover a wide 2.0 2.5 3.0 35
redshift range, but also lots of stars! 236K ELG

e These will be published in the Early Data
Release (EDR) 2.0 25 3.0 35

1.5
redshift

2.0 2.5 3.0
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4815 BACKUP+BRIGHT+DARK tiles up to 20220512

m— ]2.8M SPEC_GAL/QSO
12 | == 3.6M SPEC_STAR
e After two months of main survey =
observations (May-July 2021), we z 97
paused for some instrument upgrades e
O 81
e Restarted observations in September §§
2021, and we already have more than §§ 6-
12M extragalactic redshifts sg
8
e The first data release (DR1) will E
include data until September 2022 - 2
0
'\96\?
S
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The Dark Energy Spectroscopic Instrument is observing at full speed!

Early Data Release will contain >1M spectra from Survey Validation

First cosmological results to appear with DR1 (date TBD)

e New state of the art for dark energy, modified gravity and neutrinos masses
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