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DESI = Dark Energy Spectroscopic Instrument

Mayall telescope @ Kitt Peak



DESI survey
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Spectra



Data release 1 (DR1)



Sky coverage/completeness



Redshift distribution
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Cosmological results
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Hubble tension
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Early
Late

DESI + CMB: 
H0 = 67.97 ± 0.38 km s-1 Mpc-1



Hubble tension

DESI + CMB: 
H0 = 67.97 ± 0.38 km s-1 Mpc-1



More cosmological parameters
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Time-dependent dark energy

w(a) = w0 + wa (1 - a)
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Time-dependent dark energy

w(a) = w0 + wa (1 - a)
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Time-dependent dark energy
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Time-dependent dark energy

w(a) = w0 + wa (1 - a)

°1.0 °0.5 0.0

w0

°3

°2

°1

0

1

2

w
a

DESI BAO

°1.0 °0.5 0.0

w0

°3

°2

°1

0

1

2

w
a

DESI BAO

DESI BAO + CMB

°1.0 °0.5 0.0

w0

°3

°2

°1

0

1

2

w
a

DESI BAO

DESI BAO + CMB

DESI BAO + Pantheon+

°1.0 °0.5 0.0

w0

°3

°2

°1

0

1

2

w
a

DESI BAO

DESI BAO + CMB

DESI BAO + Pantheon+

DESI BAO + Union3



Time-dependent dark energy

w(a) = w0 + wa (1 - a)
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Time-dependent dark energy

w(a) = w0 + wa (1 - a)

Levels of tension with ΛCDM:


DESI BAO + CMB +

• Pantheon+:      2.5σ  

• Union3:            3.5σ 

• DES-SN5YR:   3.9σ 


Hints of “thawing” dark energy
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Neutrino mass
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Neutrino mass

BAO break the H0 - Σmν 
degeneracy

DESI + CMB:              
Σmν < 0.73 eV (95%)
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Neutrino mass

BAO break the H0 - Σmν 
degeneracy

DESI + CMB:              
Σmν < 0.73 eV (95%)

But this limit is 
background dependent

Allowing for w(a):        
Σmν < 0.195 eV (95%)

Also prior dependent
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Summary
• Already the most precise BAO measurements ever

• DESI BAO + external priors give 1% precision on H0 

• Consistent with CMB in flat ΛCDM

• Stringent upper bound on neutrino mass (background dependent)
• Hints of time-dependent dark energy equation of state?

• Papers at https://data.desi.lbl.gov/doc/papers/


Coming soon:

• Full-shape DR1

• BAO DR2

https://data.desi.lbl.gov/doc/papers/


Test of systematics effects

No BAO error detected for: 
• observational effects in data (imaging, fiber assignment etc)

• reconstruction algorithm

• covariance matrix construction


Systematics erros << statistical for: 
• incomplete theory modelling

• choice of fiducial cosmology

• galaxy-halo (HOD) model uncertainties 


Max. effect: σstat = 1.05σstat
•



Test of systematics effects



BAO evolution for different 
cosmo params
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DESI BAO (correlation function)



DESI BAO (power spectrum)



DESI targets

DESI collaboration arXiv:1611.00036



DESI spectrograph



DR1 survey speed



DR1 survey speed



Parent (imaging) surveys



Evolution of spectroscopic surveys



Evolution of spectroscopic surveys
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Evolution of spectroscopic surveys



RSD in Fourier space with varying 
line of sight

Line of sight

P`(k) =
(2`+ 1)

I
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Shot noiseLegendre polynomials

Yamamoto 2005
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with further manipulation (DB et al. 2015) 
this term can be evaluated via FFTs 

(see also Scoccimarro 2015, Hand et al. 2017) 



Missing observation: 
inverse-probability weights

Monopole Quadrupole Hexadecapole

DESI mocks, completeness = 67%


