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Uchuu lightcone mocks for DESI 1%

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

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

Uchuu-DESI

B. Data Cataloqg:

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

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



DESI 1% Sky Footprint
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Fig. 1. Shy covergge of the DESE Ope Percent Survey lor the BGS BRIGHT, LRG, ELG, asd QS0 cosanologcal tracerns ssed oo this analysis, The
20 roseties that make up the One-Percent footprant are splt mto "nocth’ (mn black) and “south’ (in purple ). The grey-shaded regicns indicate the
expected DESI Year-5 sky coverage. 1he four small pansls are roomed 1m on & sectean of the Footpant covered by 3 roscttes, for cach uacer. Ihe
colowrcoding represents the angular wesghted number deasity, whese darker colours indicate a hagher density,
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Table 1. Basic properties of the DESI One-Percent Survey samples used
in this work.,
o
‘\‘ [a Sample Redshift range zmes A N 102 X Vg
. 5 (deg?) (h* Gpc?)
- BGS-BRIGHT 005<z<05 021 1735 142341 372
LRG 045 <: <085 076 1669 58764 197
ELG 088 <z <134 1LO7 1686 156891 12.95
QSO 09<:z<21 153 1746 23085 1.87
Notes. The redshift interval, median redshift (z.), effective area of
180" the sky footprint weighted by completeness (Ag), number of galaxies

(N,¢), and cffective volume (V,4).
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Fig. 2. Comoving number density of the four DESI One-Percent tracer
samples (points) and the average of the corresponding UCHUU-DESI
mock lighcones (solid line) over the entire redshift range 0.1 <z < 2.1.
Data error bars are obtained from the ensemble of UCHUU One-Percent
lighcones built in this work.
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Fig. 3. Top panciCumulative namber density of distinct haloes (N, )
(dashed curve), subhdoes (V) (Gotted curve), and all haloes (sold
curve) a a function Vi, m the UCHUU simulabon box ol z = (.2,
the medsan redshift of the BGS-BRIGHT samplde in the DESI One.
Percent Survey. The honzontal line ndicates the mean pamber densaty
of the BGS-BRIGHT sample. The vertical line indicates the complete-
ness threshold for UCHUU. Bottom panel: Camulative subhalo fraction
measared as a functon of V.

Subhalo Abundance Matching (SHAM)

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.



Real(> ML) = Rpaio(> Voot ,).

This relation implies that a halo with V7 ; will contain a galaxy

pe
with stellar mass M.
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Fig. 4. Stellar mass functions for LRG in the DESI One-Percent Sus- ’

vey (points) and the mean of owr UCHUU-LRG hightcones (solid curves) g‘; :-QTW P;gg Absolute magnitude versus redshift for the DESI
: » A Perc sample (hexagonal bins), compared to one of the
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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<z2<0.85 (LRG), 0.88<z<1.34 (ELG), and 0.9 <
z < 2.1 (QS0). 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.
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Fig. 8. Monopole of the correlation function for BGS galaxies in
volume-limited samples, The legend shows different magnitude thresh-
olds with comresponding colours. The solid curves represent the mean of
102 independent UCHUU One-Percent mocks, while the shaded region
denotes the error from the RMS of the mocks, DESI One-Percent clus-
tening measurements are indicated by the points with error bars, where
the errors are the 1o scatter between the mocks. Each magnitude thresh-
old sample is vertically offset relative to the M, < 20 sample.



Halo Occupation Distribution of Galaxies and QSO in the DESI 1% sample
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Hig. 15 Moan halo cocepancy of BGS (-l panch), LRG (wop-nght pancl), ELG (bosom-kett pancl), aad QS0 (botiom-right pancl) samgics,
s determunad [rom our tmodifed) SHAM UCHUU highoovmes. The mean number of guloves of @ halo wab o gives mass M & denolad by
(N ). The sulid hases represest he combuned cemtrals und solellte cocapaton, whoke the dothed and s hed loes shos the mean oo vocepancy
for centrals and snelhies pesgectivedy. The shuddedd e mdscides the Ter uncertionly of the ocoupaison mesarad from the UCHTT hghioomnes. B
DGS, thas s 2 jachknife erroe from the fullsky mock, split into 100 jackknife rogeons. [or the other tracers, this i the e scatier betwoen the 102
exc ks The beatft HHOD model purametors for BOS and LRG are listed i Tables 4 and S, respectvely
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Fig. 14, Same a5 Figure 13 but showang the HODs foe several BGS BRIGHT lamincsaty-theeshold Oeft pancl) and LRG stellar mass-threshold
samples (right panel), selected from our UCHUUDESI lightcones. The coloared curves show the HODs measured from the full-sky mock, where
the sampic is indacated m the legend, and the shaded area indicates the jackknife eror, using 100 jackknife regioms. The best-litting S-parameter
HOD model for cach sample is shown by the black dotted curves. HOD madel parametens are peovided in Tables 4 and 5 for the BGS and LRG
samples, respectively.



DR2 (Year 3) Uchuu “Butterfly"

Keep an eye on arXiv for the upcoming

Year 3 Uchuu lightcone mock catalogs,
and clustering analysis:

* Fernandez Garcia et al. — BGS & LRG
 Rajeev, V. et al. — ELG & QSO

They also include Uchuu DR1 mocks.
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New 3D cosmic map raises questions
over future of universe, scientists say

Researchers say findings from map with three times more
galaxies than previous efforts could challenge standard idea
of dark energy
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in Physics
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* Over 30M galaxy and quasar redshifts
in 3 years ot operation, ~14M ot
which are used 1n this analysts.

* Compared to DR1 (~6M redshifts),
DR2 represents a factor of
in data volume.

‘@ ||secrosconc| The DEST DR2 sample
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Redshifts for the BAO analysis

Tracer

BGS
I.RG
FLG
QSO

Total

DRI

500.045

2.138.627

2.432.072

1.223.391

6.094.133

DR2

1.188.526

4.468.483

6.534.844

2.062.839

14.254.692
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The DESI DR2 sample

DESI Y3 DI;I;!( : 5671/9929 observed tiles up to 20240409 (=67%)
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aeerroscoric| Baryon Acoustic Oscillations (BAO)
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Imprint of fluctuations in primordial plasma
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T, . DESI 2024 111: BAO (arXiv:2404.03000)
5:}’2%.535581.(;| The BAO standard ruler
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i R Ogao = 4/ Dyl(2)

Artist’s view of BAO

Angular diameter distance

Hubble parameter

Ozgpo=ryH(z)/C

D\ (z) anf H(z) encode expansion history of the Universe

Nathalie Palanque-Delabrouille (LBNL)



An external
calibration on -,
allows us to constrain

#, with BAO data.
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@ | Hosconc| Clustering from galaxies and quasars
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30 - | e The correlation function
o ' measures clustering as a function

Of scale: E(r) = (8(x) 8(x + 1))

10 4

* The BAO appears as a distinct
peak around 100 2~ 'Mpc (OI‘ nggles n
the power spectrum).

0 -

”(.S) [h 2)[])('2]

)
<
.S \

— 10 A

Clustering amplitude

_— .3(’ “

() ~) 0 | 20) | 40)

s h 1 Mpc]

Galaxy pair separation 1



seceoscorc| D EST DR2 Clustering Measurements
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s S osconc| BAO Distance Measurements
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BAQO Distance Ratio

1.04_‘ 7 o i — == Planckl8 ACDM with 10 ]
< L %1-10? — D best-fit ACDM -
S rozp T Q] :
> = 1.05F
S S §
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New QSO distance
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* From low to high redshift, the increase

on the effective redshift ot the sample

induces a counter clockwise shift in the

degeneracy direction.

* The results from each individual tracer
are mutually consistent and

complementary 1n provic

ing tighter

constraints.

Qlll

|srecroscorc| Mutual Consistency ot DESI Tracers
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0.34
N ---- DESI DR1 BAO
1 \~\ S DESIDR2 BAO * 40% Improvement in the precision on e, and ,

0.39 - Q o CMB compatred to DRI.

* Discrepancy between BAO and CMB has
GE 0.30 1 increased: 19, (DR1) —> 23, (DR2).

098 - Qm = 0.2975 + 0.0086, DEST DRO
hrq = (101.54 £ 0.73) Mpc, |

0.26 -

08 100 102 104 106
Hyrq [100 km s~
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. SHOES |
o o ] In acom, the tension between the
= DESI+BBN and SHOES &,
D (Breuval++2024) now stands at 45,
= independent of the CMB.
T 68
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II. Dark Energy
.z bey()nd ey

For a cosmological constant, the dark energy
1s given by

w=L=—1

pc?

& The equations of motion are well approximated by

(Chevalier & Polarski 2001, Linder 2003)

w(a) = wy+ w, (1 —a)
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* BAO data define a degeneracy

direction 1n the w-w, plane.

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

S

SPECTROSCOPIC Dynamical Dﬂl‘k Energy

Cosmological
constant (ACDM)

- == DFESI DRI
B DIESI DR2

28
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* Last year: 26, preference for

evolving dark energy from DESI
BAO+CMB

—> 31, 1n DR2

wo = —0.42 £ 0.21

Wy = —1.75 4 0.58 } DESI+CMB

29

SPECTROSCOPIC Dynamical Dﬂl‘k Eﬁ@fgy

Cosmological
constant (acom)

- == DESI DR1-CMB
B DESI DR2-CMB

Wwo




[srecrrosconc| Dynamical Dark Energy

INSTRUMENT

0

U.S. Department of Energy OHice of Science

Cosmological
constant (acom)

* Significance of rejection ot ACDM: =11
e DESI+CMB+Pantheon+: 2.8c S
e DESI+CMB+ |
e DESI+CMB+DESY5: 4.26 sl
_.3 4 '

Bl DES[-CMB+PantheonPlus
. DEST-CMB4-Uniond
B DESI-CMB+DESYS

1.0 0.8

T

0.6 0.4

wi
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Isotropic BAO distance
measurement

Supernovae distance
modulus

* There are acom models
that each dataset prefer,
but they are inconsistent
in their o, values.
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* rcom does not provide a
ogood fit to all data
simultaneously.
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* woom model: constant equation
of state ripen, but not
necessarily equal to -1.

* wcom does not have enough
freedom in the expansion

history to fit BAO, CMB, and
SNe simultaneously.
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f flexibility to simultaneously
MF ] achieve good fits to all
| three datasets.
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Evolution of clustering in cosmological models with time-varying dark energy Parameter  Planckl8 Planck18+DDE DESIY1+DDE

S Q 03111 03111 0.3440

Digital ﬁnnv[moﬁonlhsnhmwl::tmgozw. Chiba University, h 0.6766 0.6766 0.6470

1-33, Yayoi-cho, Inage-ku, Chabda, 2638522, Japon wo ~1.0 —().45 —().45

| . Francisco ,P'ada , Wy 0-0 —1.79 -1.79

Institto de Astrofisica de Andalucda (CSIC), Glorsela de lo Astronomda, E-18080 Graneda, Spain
Zd 1060.02 1060.02 1055.70
A A. Klypi - y
Astronomy Department, New M:::) zwc Ufum:ty, Las Cruces, NM, USA and rd lh ‘MP“] 99.61 99.61 96.05

Department of Astronomy, Universdy of Viginta, Charfetteswelle, VA, USA
(Dated: March 28, 2025)

Meervations favor asmolagical models with a time-vurying dark energy component. But how

docs dynnmical dark encrgy (DDE) influence the growth of strocture in an expanding Universe? 100 . - - v
We investigate this question using high-resolution N-body simulations based on & DDE cosmology | — DESIYLDUE == e  Plmckls |
comtrnined by ing-yesr DESI data (DESTY14+DDE), chnrscteriand by o 498 lower Hubble cossasm | — Pk |3+ DOE ’

(M) and 105 highcr matter density (1)) than the Planck-2018 ACDM model. We examine the
impact on the matter power spectrum, halo abundances, clistering, and Barvonic Aconstic Oseil
lations (BAO). We find that DESIY14DDE exhibits & 1056 excess in power at small scales and &
1557 supprossion at large seades, driven primsandy by its higher 2. This trend & reflected in the
halo mass function: DESIY1+DDE predicts up to T0% more massive hados at 2 = 2 and a 405
excoss at 3 = 0.3, Clustering analysis roveals a 3.71% shift of the BAO peak rowards smaller scales
in DESIY14DDE, couststent with ity reduced sound horizon compared 10 Planckls Measurvments
of the BAQ dilation parameter a, using halo samples with DESIL- ke tracer number densitics across
0 < 3 < 1.5, sgree with the expectod DESIY 4 DDE-to-Plandk |8 sound horizon ratio. After ne-
counting for cosmology-dependent distances, the simulation-based observational dilation parameter
closely matches DESI Y1 data. We find that the impact of DDE is ssverely Emited by current ob-
wrvational comstrnints, which strongly favor cosmaological models  whether including DDE or not
~ with a tightly constrainod paramcter 2,4% == 0.143, within 1-2% uncertainty. lodecd, our results
demonstrate that vanations in cosmological parameters, particularly 2, have a greater influence
on stracture formation than the DDE component alonc.
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FIG. 6. Acoustic-scale distance measurements relative to the
prediction from the Planck18 model. The gray symbols with
lo error bars represent the isotropic BAO measurements,
Dv(z)/ra, from DESIY1 [1], shown in order of increasing
redshift. The curve shows the model prediction from the
DESIY14DDE cosmology, which closely matches the BAO
distance measurements (blue symbols) obtained from the halo
samples in our DESIY14DDE simulation, as listed in Ta-

ble 11!



* We find that for all statistics we studied - the mat-
ter power spectrum, halo mass function, and halo

clustering — the impact of the DDE alone is smaller * Clustering analysis reveals a 3.71% shift of

than the effect of the differences in cosmological the BAO peak towards sn.mller scales in the
parameters between Planckl8 and DESIY1. DESIY14DDE model, resulting from the reduced
sound horizon scale compared to Planckl8. Mea-
* Current observations favor cosmological models surements of the « dilation parameter, using halo
with nearly the same value of the product k% [2]. samples with DESI-like tracer number densities
Estimates based on both plain ACDM and DDE across redshifts 0 < z < 1.5, vield values con-
models consistently fall within a narrow ~ 1 - 2% sistent with the DESIY1+DDE-to-Planck18 sound

range around QA% = 0.143. horizon ratio. After accounting for cosmology-

* The halo mass function reflects these trends, with dependent distances, the simulation-based observa-

DESIY1+DDE predicting up to 70% more massive tional dilation parameter closely matches DESI Y1
halos at z = 2, and sustaining a 40% excess at observations.
z = (.3.
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