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Behind every great discovery is a great instrument



No Proof Without Photons: Why Data Rules the Cosmos
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Separation

Credit: M. Blanton and SDSS





How will we measure ~40 million galaxies?



How will we measure ~40 million galaxies?
1. Larger telescopes 

• More light, fainter objects



How will we measure ~40 million galaxies?
1. Larger telescopes 

• More light, fainter objects

2. More multi-plexing

• More objects in a single 

observation



How will we measure ~40 million galaxies?
1. Larger telescopes 

• More light, fainter objects

2. More multi-plexing

• More objects in a single 

observation

3. Better detectors + lower S/N 

data

• Better efficiency, fainter 

objects



How will we measure ~40 million galaxies?
1. Larger telescopes 

• More light, fainter objects

2. More multi-plexing

• More objects in a single 

observation

3. Better detectors + lower S/N 

data

• Better efficiency, fainter 

objects



1. Find your own telescope

Mayall Telescope Dome

~50 miles south 
west of Tuscon, 
Arizona
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• First light in 1973 
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1. Find your own telescope
• First light in 1973 

• Second-largest telescope in the world at that time

(4meter mirror is here)



2. Give it a big field of view





David Brooks UCL Gaston Guitterez and Fermilab team





Credit: DESI commissioning 
instrument



3. Capture as many objects as possible
5000 optical fibers 
positioned to high accuracy 
with robotic fiber 
positioners



The DESI fiber positioners
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and a “correction” move 

● 7µm RMS error on all targets. 

○ ~73µm/arcsec 

○ Fiber is 107µm across, 

~1.4arcsec 

● 0.1 arcsec positioning accuracy!
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● Positioners make a “blind” move 

and a “correction” move 

● 7µm RMS error on all targets. 

○ ~73µm/arcsec 

○ Fiber is 107µm across, 

~1.4arcsec 

● 0.1 arcsec positioning accuracy!

3um positioning accuracy

Sub 2 minutes 
between exposures

DESI focal plane is efficient and accurate



50m of optical fiber transport the captured 
light to the spectrographs



Fibers terminate in a fiber slit



Fiber slits feed the DESI spectrographs



Optical layout of the DESI spectrographs
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4. Read the fingerprint
DESI spectrum of a 
faint z=0.8 galaxy



DESI installed on the Mayall Telescope
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DESI installed on the Mayall Telescope



DESI installed on the Mayall Telescope
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April 4, 2024And it’s interesting times! 

2024: https://arxiv.org/abs/2404.03002 
2025: https://arxiv.org/abs/2503.14738

https://arxiv.org/abs/2404.03002
https://arxiv.org/abs/2503.14738


45

What exactly did we get wrong?



Evolving Dark Energy

46

• BAO data define a degeneracy 
direction in the  plane𝑤0 − 𝑤𝑎

Cosmological constant



• BAO data define a degeneracy 
direction in the  plane 

• DESI DR2 still within  of ΛCDM 

• Need to combine with other 
probes to break this degeneracy

𝑤0 − 𝑤𝑎

2𝜎

Evolving Dark Energy
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Cosmological constant

DESI DR2 Results II: BAO measurements and Cosmology
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• DESI DR1 + CMB: 2.6  from ΛCDM𝜎

Cosmological constant

DESI DR2 Results II: BAO measurements and Cosmology



Evolving Dark Energy
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• DESI DR1 + CMB: 2.6  from ΛCDM 

• 3.1  preference for evolving dark 
energy with DESI DR2 + CMB

  

𝜎

𝝈

𝑤0 = − 0.42 ± 0.21
𝑤𝑎 = − 1.75 ± 0.58

Cosmological constant

DESI + CMB

DESI DR2 Results II: BAO measurements and Cosmology
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Cosmological constantCombining all DESI + CMB + SN 
       𝑤0 = − 0.838 ± 0.055 𝑤𝑎 = −0.62+0.22

−0.19

DESI + CMB + Pantheon+  2.8⟹ 𝝈

DESI DR2 Results II: BAO measurements and Cosmology
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Evolving Dark Energy
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Cosmological constantCombining all DESI + CMB + SN 
       

       

       

𝑤0 = − 0.838 ± 0.055 𝑤𝑎 = −0.62+0.22
−0.19

𝑤0 = − 0.667 ± 0.088 𝑤𝑎 = −1.09+0.31
−0.27

𝑤0 = − 0.752 ± 0.057 𝑤𝑎 = −0.86+0.23
−0.20

DESI + CMB + Pantheon+  2.8⟹ 𝝈

DESI + CMB + Union3  3.8⟹ 𝝈

DESI + CMB + DESY5  4.2⟹ 𝝈

DESI DR2 Results II: BAO measurements and Cosmology



How will we learn more?



Spec-S5 is at a conceptual design stage



Spec-S5 rebuilds two existing telescopes to be 15X 
faster than DESI 



Spec-S5 baseline design is to upgrade 2 existing telescopes (the Mayall & the Blanco) 
to each have a 6-meter collecting mirror, to have 26,000 fiber robots in total, and to have 
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Spec-S5 
maps

Spec-S5 will map 62 million galaxies 
at z > 2 to study inflation + dark energy

Spec-S5 will map 130 million galaxies

at z < 2 to study late-time dark energy

Spec-S5 will map 200 million stars 
to study dark matter physics (+ dust maps!)

Spec-S5 Reference Design explores physics Beyond the Standard Model (BSM) 

https://arxiv.org/abs/2503.07923

https://arxiv.org/abs/2503.07923









