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https://www.skiesanduniverses.org/Simulations/Uchuu/
Ishiyama et al. 2021



Uchuu lightcone mocks for DESI 1%

1. Generating DESI galaxies and QSOs using SHAM methods for 
tracer-halo connections using Vpeak with scatter,


2. Creating Uchuu full-sky lighcones by concatenating boxes at several 
redshifts,


3. Running the LSS pipeline on the Uchuu lighcones to measure the 
clustering signal,


4. Verifying that the Uchuu lightcones reproduce the observed 
evolution of clustering with redshift and the clustering dependence 
on tracer global properties.

A. Production Steps: Prada et al. 2025 for DESI 1% (arXiv:2306.06315)

 ['RA', 'DEC', 'Z', ‘Z_noRSD’, ’PID’, ‘B1', 'Unique_id', ‘Tracer_type’, WEIGHT]

B. Data Catalog:

’PID’ = -1 (distinct halo) or 0 (subhalo) ‘B1' is a baryonic property



DESI 1% Sky Footprint





The basic assumption of the Subhalo Abundance 
Matching (SHAM) method is that massive haloes host 
massive galaxies. This allows one to generate a rank-
ordered relation between dark matter haloes and galaxies. 
However, observations show that this assignment cannot 
be a one-to-one relation. In order to create a more 
realistic approach, it is necessary to include scatter in this 
matching. SHAM relates galaxy luminosities or stellar 
mass from galaxies to a halo property. We use the peak 
value of the circular velocity over the history of the halo 
(Vpeak), which has advantages compared to the halo 
mass (Mhalo). Mhalo is well defined for host haloes, but 
its definition becomes ambiguous for subhaloes. 

Subhalo Abundance Matching (SHAM)





Measurements of the monopole and quadrupole of the redshift-space correlation function for all four tracers from the 
DESI 1% samples, in the redshift intervals 0.1 < z < 0.3 (BGS), 0.45 < z < 0.85 (LRG), 0.88 < z < 1.34 (ELG), and 0.9 < 
z < 2.1 (QSO). The theoretical predictions from the mean of the independent Uchuu-DESI lightcones generated for 
each tracer are shown as solid curves, while the shaded areas correspond to the error from the RMS of the 102 mocks.





Halo Occupation Distribution of Galaxies and QSO in the DESI 1% sample 





Keep an eye on arXiv for the upcoming 

Year 3 Uchuu lightcone mock catalogs, 

and clustering analysis:


• Férnandez García et al. — BGS & LRG

• Rajeev, V. et al. — ELG & QSO


They also include Uchuu DR1 mocks.

DR2 (Year 3) Uchuu “Butterfly" 



Slide Title

DESI DR2 Results: Measurements 
of  Baryon Acoustic Oscillations 
and Cosmological Constraints

13

Enrique Paillas (on behalf  of  the DESI Collaboration) 
Steward Observatory 
University of  Arizona

APS Meeting 
Anaheim, CA 

Mar 2025

arXiv:2503.14738



April 2020 APS: Advances in Spectroscopic Cosmology, A. Einstein

Thanks to our sponsors and  
72 Participating Institutions!
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The DESI DR2 sample
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• Over 30M galaxy and quasar redshifts 
in 3 years of  operation, ∼14M of  
which are used in this analysis. 

• Compared to DR1 (∼6M redshifts), 
DR2 represents a factor of  ∼2.4 
improvement in data volume.

Redshifts for the BAO analysis

Tracer DR1 DR2

BGS 300.043 1.188.526

LRG 2.138.627 4.468.483

ELG 2.432.072 6.534.844

QSO 1.223.391 2.062.839

Total 6.094.133 14.254.692



The DESI DR2 sample
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Baryon Acoustic Oscillations (BAO)
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Imprint of fluctuations in primordial plasma
Standard Ruler to measure distances

DESI year 1
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@ Claire Lamman / DESI collaboration



What DESI BAO measures
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θBAO = rd/DM(z)

δzBAO = rd/DH(z)

z

z

Nathalie Palanque-Delabrouille (LBNL)

The BAO standard ruler

9

DM(z) anf H(z) encode expansion history of the Universe

Artist’s view of BAO

!BAO = rd / DM(z)

"zBAO = rd H(z) / c

Angular diameter distance

Hubble parameter

rd

rd

DESI 2024 III: BAO (arXiv:2404.03000)



An external 
calibration on  

allows us to constrain 
 with BAO data.

rd

H0



Clustering from galaxies and quasars
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• The correlation function 
measures clustering as a function 
of  scale:  

• The BAO appears as a distinct 
peak around  (or wiggles in 
the power spectrum).

ξ(r) = ⟨δ(x) δ(x + r)⟩

100 h−1Mpc
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DESI DR2 Clustering Measurements
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BAO Distance Measurements
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Mutual Consistency of  DESI Tracers
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• From low to high redshift, the increase 
on the effective redshift of  the sample 
induces a counter clockwise shift in the 
degeneracy direction.  

• The results from each individual tracer 
are mutually consistent and 
complementary in providing tighter 
constraints.



Constraints under ΛCDM
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• Discrepancy between BAO and CMB has 
increased:  (DR1) —>  (DR2).1.9σ 2.3σ



Constraints under ΛCDM
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In , the tension between the 
DESI+BBN and SH0ES  

(Breuval++2024) now stands at , 
independent of  the CMB.

ΛCDM

H0

4.5σ
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II. Dark Energy 
beyond ΛCDM

For a cosmological constant, the dark energy 
equation of  state is given by 

 
The equations of  motion are well approximated by 

(Chevalier & Polarski 2001, Linder 2003) 

w = p
ρc2 = − 1

w(a) = w0 + wa(1 − a)



• BAO data define a degeneracy 
direction in the -  plane. 

• BAO data by itself  does not rule out 
the cosmological constant, but its 
combination with more data sets leads 
to tight constraints.

w0 wa

Dynamical Dark Energy

28

Cosmological 
constant ( )ΛCDM



• Last year:   preference for 
evolving dark energy from DESI 
BAO+CMB

2.6σ

Dynamical Dark Energy
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Cosmological 
constant ( )ΛCDM

—>  in DR23.1σ



• Significance of  rejection of  ΛCDM: 
• DESI+CMB+Pantheon+: 2.8σ 
• DESI+CMB+Union3 : 3.8σ  
• DESI+CMB+DESY5: 4.2σ

Dynamical Dark Energy

30

Cosmological 
constant ( )ΛCDM



Dynamical Dark Energy
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Isotropic BAO distance 
measurement

Supernovae distance 
modulus

• There are  models 
that each dataset prefer, 
but they are inconsistent 
in their  values.

ΛCDM

Ωm



Dynamical Dark Energy
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• There are  models 
that each dataset prefer, 
but they are inconsistent 
in their  values. 

•  does not provide a 
good fit to all data 
simultaneously.

ΛCDM

Ωm

ΛCDM



Dynamical Dark Energy
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•  model: constant equation 
of  state , but not 
necessarily equal to -1. 

•  does not have enough 
freedom in the expansion 
history to fit BAO, CMB, and 
SNe simultaneously.

wCDM

P/(ρc2)

wCDM



Dynamical Dark Energy
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•  has sufficient 
flexibility to simultaneously 
achieve good fits to all 
three datasets. 

• Resolves the mismatch in  
between DESI and CMB.

w0waCDM

Ωm



arXiv:2503.19352







Nathalie Palanque-Delabrouille (LBNL)

DESI instrument
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Mayall telescope
at Kitt Peak Observatory (AZ)



Nathalie Palanque-Delabrouille (LBNL)

DESI instrument
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10 3-band spectrographs
4m mirror

(large collecting area)

7 deg2
field of view

5000 optical fiber 
robot positioners



conclusions


