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J| INSTROMENT Dark Energy Spectroscopic Instrument

T
U.S. Department of Energy Office of Science

® Located at 4-meter Mayall Telescope in Arizona
O Upgraded telescope for wide field spectroscopy
O Now dedicated to multi-object spectroscopy
O >10X faster than SDSS
® First Stage-IV Dark Energy Experiment
O Optimized for BAO measurements
O 10X improvement to wOwa posterior area compared
to Stage-ll Type la supernovae measurements

Redshift Parameter L1 DESI
Range Reguirement  Forecast
0<z<1.1 R(z) 0.28% 0.24%
1.1 <<z <19 R(z) 0.39% 0.37%
1.9 < =z < 3.7 H(z) 1.05% 0.88%
0 < z< 3.7 DETEF FoM 110 97
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|recRoscoricl Uninterrupted Galaxy and Quasars from 0<z<3.5

3 INSTRUMENT
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3 million quasars +
Ly-a forest (1 <z <
3.5)

16 million Emission
Line Galaxies

(0.6 <z<1.6)

8 million Luminous
Red Galaxies

0.4<z<1.1)

a b 7P ".{'_’:.-’__- 7 % i
13 million Bright ' B -7 r=1.0 Gpc/h
Galaxies 2=0.2 r=0.5 Gpc/h

(0.0 <z <0.4)

Plus 10 million Milky Way stars A
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(srecrroscoric | BAQO Forecasts at z < 2.1
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| Neromear (| DESI Planning and Year-1 Data
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e Conceived in 2009
o BOSS just beginning
o Only ~3-sigma measurements of BAO at lowest redshifts
e Agency support begins in 2012
o About time of first BOSS BAO measurements (Anderson et al, 2012 CMASS)
e Survey begins 2021
o First year data to be public in March 2025
o Third year data currently being analyzed
e Collaboration strategy for Year-1 Data: planned in 2019
o Validate data for BAO and RSD measurements
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e < Consistency with other probes

U.S. Department of Energy Office of Science

DESI Y1 BAO consistent with: BN DESI BAO
0.35 - 0 SDSS BAO ACDM
e SPSS (eBOSS Collaboration, 2020) -
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SDSS 2020
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Combining all DESI + CMB + SN
wy = —0.827+£0.063  w, = —0.757037

DESI + CMB + Pantheon+ —> 2.50
wo = —0.64 4 0.11

\ .

w, = —1.2770:39

Y

wy = —0.727 £ 0.067  w, = —1.0570:
DESI + CMB + DES-SN5YR —> 3.9¢

—2

-3

Dark Energy Equation of State

11 s DESI BAO + CMB + DES-SN5YR
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INsmower - Dark Energy Equation of State
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Combining all DESI + CMB + SN T EEm DESI BAO + CMB + Panthoont

L o +0.29 DESI BAO + CMB + Union3
EUO = —0.827 £ 0.063 Wq = _0'75—0.2§ 11 s DESI BAO + CMB + DES-SN5YR

DESI + CMB + Pantheon+ —> 2.50

wy =—0.64+£011  w, =—12773%

Y

wy = —0.727 £ 0.067  w, = —1.057931

—0.27 : | |
DESI + CMB + DES-SN5YR —> 3.90 e e

wo > —1,w, < 0 favored, level varying on the SN dataset
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e Sum of neutrino masses

U.5. Departmen oFﬂEnergy Offics of Sciance
Internal CMB degeneracies limiting precision on the sum of neutrino
masses 0.6

Bl CMB (no lensing)
o CMB

0.0
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Inemonen < Sum of neutrino masses

Internal CMB degeneracies limiting precision on the sum of neutrino

masses
Broken by BAO, especially through H

Low preferred value of H yields
> - m, < 0.072eV (95%, DESI + CMB)

0.6

0.0

Bl CMB (no lensing)
B CMB
B DESI BAO + CMB

DESI BAO + 6, + BBN

62 64 66 68 70
Hj[kms~ Mpc™]
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(srecroscore | Next up: Growth of Structure (mid-November)
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DESI: Coming in ~2 weeks
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e Year-3 Data
o Key Projects declared in 2022
o Data from May 2021 through April 2024
e Year-1 Strategy
o Systematic demonstration of primary BAO+RSD measurements
o Measurements of primordial non-Gaussianity in power spectrum
o All tracers except stellar spectroscopy (MWS)
e Year-3 Strategy
o Accelerated BAO analysis following Y1 methodology (March 20257?)
o Collaboration-wide effort to enhance growth measurements over all redshifts
o New Key Project based on MWS data

15
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| seecrroscoric | Year-3 Plans
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|—| Catalogs and release |

Systems (data & mocks)

| GQC |—| Tal‘geted tracers for dlstance, |

DESI-II growth, and fnl

Combined probes for
structure growth (s8 / MG)

| Ly-alpha \ m— 3D correlations
MWS Galaxy as probe of dark
—
matter

Cosmo-par |—>| Full Cosmology Interpretation

| GQP |—>| Characterize tracer samples |

Transients —l Peculiar velocities for s8 / MG |
& Low-z
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e Observations to date are ahead of schedule even with yearly catastrophes
o Survived a fire
o Survived an internet security breach
o Survived a broken fiber support system
e Expect to accomplish more than original plan
o Additional request for 2.5 years of extra observation
o Observations until December 2028

17
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'No BAO gain with increased n(z)

‘seecrroscoric | DES|-extension (|mprOVing DESl)
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seecreoscoric | DES|-extension (Improving DESI)
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New Targets hard to identify
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| srecroscore | DES|-extension (Improving DESI)
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New Targets hard to identify

ch —— BGS BRIGHT
e —— LRG
< 4. —— ELG_LOP
L_ Quasars
© ) “osmic varianc™ "t
New, robust targets and easy redshifts! More targets than fibers
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e DESI-Ext, with a 9-pass dark time program and a 6-pass bright time program over
17,000 deg2, will improve inverse variance of BAO measurements by 20% to 40%
o Extend the DESI program by 20% in survey area = same targets.
o Increase the density of LRG targets by 50% over the current sample.

o Increase the fiber assignment completeness of ELG targets to meet requirements.

Redshilt Paramoeter L1 DESI DESL-ext
Range Regquirement  Forecast  Forecast
0<z<1.1 R(z) 0.28% 0.24% 0.21%
1.1 <z<19 R(z) 0.39% 0.37% 0.31%
1.9 < =z << 4.7 H(z) 1.05% 0.88% 0.79%
0<z<3.7 DETF FoM 110 97 131

22
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e BAO + CMB forecasts for DESI-
ext assuming LCDM
e 1-0, 2-G, and 4-c contours

DESI-extension, Dark Energy Forecasts
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|srecrroscoric | |mprovements from Extended Program

Property Nominal Survey Extended Survey
Area (deg?) 14,000 17,000
Bright time passes 1 6

Dark time passes 7 9

BGS Bright tracer density (z < 0.4; deg ™ ?) 646 742

LRG tracer density (0.4 < z < 1.1; deg %) 478 663

ELG tracer density (0.6 < z < 1.6; deg %) 1040 1254

ELG tracer density (1.1 < z < 1.6; deg ™ ?) 450 535

QSO tracer density (z < 2.1; deg™?) 114 144

Lv-a QSO density (z > 2.1; deg*) 58.5 58.5
Number of galaxies and quasars 39.0 million 63.9 million
BAO precision on R(z) (0 < z < 1.1) 0.24% 0.21%
BAO precision on R(z) (1.1 < z < 1.9) 0.37% 0.31%
BAQO precision on R(z) (1.9 < z < 3.7) 0.46% 0.42%
DETF FoM (w/Planck) 97 131
ACDM (BAO&CMDB) versus Y1 (w/PantheonPlus) wo — wa 2.9-0 3.5-0
ACDM (BAO&CMB) versus Y1 (w/Union3) wo — wa 1.1-0 1.9-0
ACDM (BAO&CMB) versus Y1 (w/DESYH) wg — w, 3.6-0 41.3-0 24
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e Enhanced growth of structure measurements
o Increased LRG density: possible science driver for DESI-2 (still growth of structure)

o Platform for new growth measurements using high n(z) samples
o Example: split density clustering (Paillas et al, 2023)

DESI

DESI-II —o— Area = 14k deg2

e -®- Area = 17k deg2

050 075 1.00 125 150 175  2.00 25

n x 1073



Additional Benefits
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e Synergies with Rubin and CMB surveys
o Spectroscopic classification of strong
lensing systems o Rubin WFD

—— DESI nominal

o High density sample of BGS and LRG L ®  Overlap with DESHnominal (.7 deg2)

® Added overlap with the DESI/extension (2.9k deg2)

as lenses in g-g analyses
o Mitigation of intrinsic alignment with
carefully-selected source samples

Dec. [deg]

o Cross-correlations with CMB lensing
o Studies of baryon physics and

Sunyaev- Zel’dovich effect

R.A. [deg]

26
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e BAO
o Diminishing returns with increased sample size
o when to stop at z<1?
o Benefits at z>27?
o Growth: diminishing returns using standard techniques
e Growth
o Diminishing returns with standard techniques
e DESI-2
o Primarily z>2 galaxies: BAO/pilot of early Universe Physics
o What more can be gained from z<1 LRG?
e Spec-S5(2030’s)
o Topic for afternoon discussion

27
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