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Berkeley Lab facilities — NERSC computing
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Safety at LBNL
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US DOE Facility
• Obey all posted signs
Pedestrian Safety
• Use sidewalk and crosswalks
• Watch your step!
• Do not interact with wild animals 

Traffic Safety
• Speed limit is 15 mph on most of site due to construction
• Follow traffic, parking and pedestrian signs and markings

Smoking
• In designated areas only
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Earthquake Response
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Drop down on the floor 

Cover under a sturdy desk, table 
or other furniture

Hold onto it and be prepared to 
move with the furniture

Evacuate to assembly area (usually 
in parking lot).  Take personal items.
Follow Directions from the Building 
Emergency Team
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Reporting Emergencies

-Dial 911 for life 
threatening emergencies

-Dial 6999 for non-life 
threatening events



DESI overview and updates 
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DESI year 1 BAO results

DESI – more coming up!

Beyond DESI

DESI overview and updates
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DESI fiber-fed multi-object spectrograph
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40m-lo
ng

optica
l fib

ers

10 3-band spectrographs
(360nm – 980nm)

[OII] l373 nm
up to z = 1.6

Lya l121.6 nm
down to z = 2.0

Focal plane
5000 fiber positioners

6-lens wide-field 
corrector (8 deg2 FOV)

4m mirror
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8 million LRGs
0.4 < z < 1.0

13 million
Bright galaxies
0.0 < z < 0.4

3 million QSOs 
1.0 < z < 4.0

16 million ELGs
0.6 < z < 1.6

+10 million Milky Way stars

40 million galaxies and quasars at 0 < z < 4

Lookb
ac

k t
im

e

2 Gyr

8 Gyr

10 Gyr

12 Gyr

BAO precision goal

• 0.28% at z<1.1
• 0.39% at 1.1<z<1.9
• <1% at z>1.9

RSD precision goal

21 independent 
measurements to z<2.1 

with median 
5.2% precision
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DESI
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Year 1 sample

• 6M+ galaxies, quasars & Lya forest data

• Blinded analysis
– Catalog-level for tracers
– Cosmology-level for Lya

• Systematics uncertainty 
– 0.25% on aiso and 0.3% on aAP for tracers
– 0.5% on apar and aperp for Lya
– Less than 5% increase of statistical uncertainty

Year-1 sample is
25% (ELGs) to 45% (QSOs) 

of completed survey
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Lyman-alpha forest
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Neutral H absorption 
along line of sight to distant 

quasars
 tracers of matter density

Lya auto-correlation Lya-quasar cross-correlation

LyaLyb

Lya forest
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DESI year-1 BAO
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Best LCDM fit

Excellent compatibility between tracers

Aggregated precision 
on BAO distance scale DV / rd = 0.5%

<latexit sha1_base64="0ygjApPM+9MxkH2WGNwD0WpwH5s=">AAACEXicbVC7SgNBFJ2NrxhfUUubwSAkTdyNojZCwBRphAjmAXkss5PZZMjsg5m7QrLkF2z8FRsLRWzt7PwbJ49CEw9c7uGce5m5xwkFV2Ca30ZiZXVtfSO5mdra3tndS+8f1FQQScqqNBCBbDhEMcF9VgUOgjVCyYjnCFZ3BjcTv/7ApOKBfw/DkLU90vO5yykBLdnpbMmu4WvcEsyF7Khk32ZHuU6hZJd1b0ne60OuE1unZ2M7nTHz5hR4mVhzkkFzVOz0V6sb0MhjPlBBlGpaZgjtmEjgVLBxqhUpFhI6ID3W1NQnHlPteHrRGJ9opYvdQOryAU/V3xsx8ZQaeo6e9Aj01aI3Ef/zmhG4V+2Y+2EEzKezh9xIYAjwJB7c5ZJREENNCJVc/xXTPpGEgg4xpUOwFk9eJrVC3rrIW3fnmWJhHkcSHaFjlEUWukRFVEYVVEUUPaJn9IrejCfjxXg3PmajCWO+c4j+wPj8AXSumt0=</latexit>

DV =
�
zDM (z)2DH(z)

�1/3
WM and H0rd BAO data Dq and Dz → DM / rd and DH / rd
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H0
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WM and H0rd 

Need rd from other probe

H0 = (68.53 ± 0.80) km s−1 Mpc−1 → 1.2%

H0 = (68.52 ± 0.62) km s−1 Mpc−1 → 0.9%

• Consistent with SDSS
• In agreement with CMB
• In 3.7σ tension with SH0ES

BAO data Dq and Dz → DM / rd and DH / rd

DESI + BBN (Wb → rd)

DESI + BBN + θ⋆ (Planck angular acoustic scale) 
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Dark Energy – Equation of State w=p/r

15

DESI only: 

Ωm = 0.293 ± 0.015 (5.1%)
w = -0.99 ± 0.15 (15.2%)

DESI+CMB+SN (e.g. PantheonPlus):

Ωm = 0.3095 ± 0.0065 (2.1%)
w = −0.997 ± 0.025         (2.5%)

Assuming a constant EOS, DESI BAO 
compatible with a cosmological constant
but …
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Dark Energy – w0 wa
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<latexit sha1_base64="2HBJNrbjOwtyaSIFcAZ8ec8v6uQ=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQEsSwG0S9CAEvHiOYByTL0juZTYbMPpiZNYQl4K948aCIV7/Dm3/jJNmDJhY0FFXddHd5MWdSWda3kVtZXVvfyG8WtrZ3dvfM/YOmjBJBaINEPBJtDyTlLKQNxRSn7VhQCDxOW97wduq3HqmQLAof1DimTgD9kPmMgNKSax6NSlDGN3jkWvgMl+xzKI9ccM2iVbFmwMvEzkgRZai75le3F5EkoKEiHKTs2FasnBSEYoTTSaGbSBoDGUKfdjQNIaDSSWfnT/CpVnrYj4SuUOGZ+nsihUDKceDpzgDUQC56U/E/r5Mo/9pJWRgnioZkvshPOFYRnmaBe0xQovhYEyCC6VsxGYAAonRiBR2CvfjyMmlWK/Zlxb6/KNaqWRx5dIxOUAnZ6ArV0B2qowYiKEXP6BW9GU/Gi/FufMxbc0Y2c4j+wPj8AeA4ktE=</latexit>

w(a) = w0 + (1� a)waVarying EoS (CPL) 

DESI + CMB ⟹ 2.6s

CMB = 
Planck (Temp. & Polar.) 
& Planck + ACT DR6 lensing
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Dark Energy – w0 wa
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DESI year 1 BAO results

DESI – more coming up!

Beyond DESI

DESI overview and updates
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Additional results from DESI year 1 coming up
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• RSD analysis (full shape clustering)
– fs8(z)

Modified gravity Inflation

• Full shape measurement on large scales
– Non-Gaussianity fNL
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DESI year 3 – data sample
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Year 1 – until July 2022 (Contreras fire)
Year 3 – until April 9, 2024 (fiber rack failure)

31M galaxies & quasars
11M stars

Survey about 70% complete
(5 months ahead of schedule)
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DESI year 3 – beyond BAO and RSD
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Enhanced scope compared to year 1 

• Improved precision and robustness of clustering 
– Higher-order statistics in galaxy and quasar clustering
– Alcock-Paczynski effect in Lya forest studies
– Systematic characterization of the galaxy and quasars for understanding and robustness of tracer properties

• New techniques and data sets for structure growth
– Cross-correlations with galaxy lensing to constrain RSD nuisance terms
– Cross-correlation with CMB lensing to measure sigma8(z)
– Use of peculiar velocities for z<0.1 where survey volume limits RSD precision

• Stellar spectra + Gaia for mass distribution of Milky Way 
– Local mass density (cross-section constraints in direct detection DM experiments)
– Constrain on DM models from DESI stellar data
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DESI year 1 BAO results

DESI – coming up!

Beyond DESI

DESI overview and updates
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Timeline: DESI / DESI-2 / Spec-S5
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• DESI extended to Dec. 2028 (nominal 5 years +2.5 year extension)
• DESI-2:  6-year survey starting Jan 2029
• Spec-S5: DOE-supported R&D starting 2026
    Survey starting when 10-year LSST imaging available

’21

DESI-2

’22 ’23 ’24 ’25 ’26 ’27 ’28 ’29 ’30 ’31 ’32 ’33 ’34 ’35 ’36 ’37 ’38 ’39 ’40 ’41 ’42

DESI DESI-ext

LSST

R&D, construction, commissioning Spec-S5
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DESI extended (→ end 2028)
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Two options (or both!)
– Extend footprint to dec = -30° (14k deg2 → 17k deg2) 

→ improve precision 
→ increase overlap with Southern observatories   
CMB (ACT, SO) and optical (DES, LSST)

– Increase number of passe: denser 
mapping of BGS, ELG, (LRG?)
→ improve completeness               
(+2 additional layers)
→ improve systematic uncertainties
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Beyond DESI
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Current focus

From Kyle Dawson
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Beyond DESI
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New science 
case

From Kyle Dawson

Scope extension
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DESI-2
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Two-pronged program

• High-density survey at low z (z<1)
– Density splits → sample variance reduction → beating cosmic variance
– Complete selection of low-z galaxies – (LSST) SNIa hosts and faint galaxies 

for photo-z calibration
– z<1 galaxies for Galaxy – Galaxy lensing and CMB cross-correlation
– Dwarf galaxies & stellar spectroscopy for Dark Matter science

• High-z survey (z>2)
– Primordial physics (more linear modes, well correlated with initial conditions)

(cf. Christophe Yèche & Martin White)

Simple target selection 

Increased density of 
current targets 
(optimization in progress)

Challenging target select. 

Pilot surveys confirmed 
LBG and LAE selection 
(new imaging for LAE in 
progress)



Nathalie Palanque-Delabrouille

US HEP roadmap on future spectroscopic projects
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P5: particle physics roadmap for next decade
P5 report: Strong endorsement for Spec-S5 
Spec-S5 holds great promise to advance our understanding and reach key theoretical benchmarks in 
several areas: inflationary physics …, late-time cosmic acceleration, light relics, neutrino masses, and 
dark matter.

cf. Kyle Dawson’s and

David Schlegel’s talks
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Conclusions
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- Intriguing results from first-year DESI BAO
 Varying dark-energy?

- A lot more to expect from DESI
 Full-shape information → Modified gravity, Inflation
 Improved precision with more data (statistics-limited results) → dark energy, neutrino mass

   A healthy future for future spectroscopic surveys
 


