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Outline
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First Detection of the BAO Signal from Early DESI Data
J. Moon et al. (2023) – arXiv: 2304.08427



Baryon Acoustic Oscillations
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Image Credit: Wayne Hu



BAO Detection: Basics
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AP Parameters

2PCF
Image Credit: Wayne Hu

Eisenstein et al. (2005)



`Traditional’ LSS Tracers

@Graziano Rossi 2023
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Cosmology from BAOs
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eBOSS Consensus (2021) – PRD, Vol 103, Issue 8



BAO Mock Challenges
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Consistency with BAO
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SDSS DR16 (eBOSS Collab. et al. 2021)
PLANCK 2018 (Planck Coll. 2020 - VI) 



DESI: A Stage-IV Experiment
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DESI à only Stage-IV experiment 
currently taking data



DESI Science
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DESI Collaboration 
@Durham, July 2023

DESI à order-of-mag improvement 
in volume surveyed & in # of galaxies 
over SDSS-IV eBOSS



DESI on Fire …

@Graziano Rossi 2023



DESI EDR Public on June 13, 2023
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https://newscenter.lbl.gov/2023/06/13/desi-early-data-release-holds-nearly-two-million-objects/

June 13, 2023



DESI Early BAO Paper

@Graziano Rossi 20233. First DESI BAO Detection

https://arxiv.org/abs/2304.08427 (to appear in MNRAS, 2023)

https://arxiv.org/abs/2304.08427


Rationale and Goals
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q First Early Data Quality Check
- DESI first 2 months (i.e., DESI-M2) unblinded for testing
- Can we detect BAO with just 2 months of DESI observations?
- Important milestone towards DESI Y1 & Y5 Key Science

q Early DESI Pipeline Validation / Complex Instrument Tests

q Estimates for Expected Quality of Completed Survey
- DESI Y5 Fisher forecasts based on early DESI BAO results



Main Tracers: LRGs & BGS
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Ø First 2 months of main survey 
observations => DESI-M2
(May 14 - July 9, 2021)

Ø Mostly first pass tiles that do not 
overlap each other

Ø Quite incomplete, unblinded
Ø In dark time à QSO, LRG, ELG
Ø In bright time à BGS, MWS
Ø Focus on LRGs & BGS (most 

complete and enough # density)
Ø BGS flux-limited and sample 

variance limited to z <0.5
Ø BGS mag cut
Ø 4 types of weights à COMP, SYS, 

ZFAIL, FKP



Mock Catalogs
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Mock Types à

(1) AbacusSummit Mocks 
- N-body-based mocks (Maksimova et al. 2021)
- 25 cutsky realizations, 2Gpc/h + HOD + subsampling

(2) EZmocks
- Extended Zel’dovich approximation (Zhao et al. 2021)
- 1000 realizations + HOD + subsamp

Mocks used for à

Ø (1) Statistical tests of performance of BAO fits
Ø (2) Validation of covariances in terms of BAO fitting

Ø Survey realism à sets of masks
Ø Calibration à `One Percent 

Survey Data’



Methodology
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Template-based BAO fitting strategy 

- Anisotropic z-space CF with LS estimator (200 bins in angle)

- Only monopole (SN considerations) à Isotropic scale dilation parameter
- BOSS/eBOSS pipeline (Xu et al. 2012; Ross et al. 2017)
for density field reconstruction and template fitting (4 fixed params)

- Advances necessary for exquisite precision for DESI Y1 & Y5
- Data fit à 5 parameters: 𝛼, B & 3 nuisance parameters
- Best-fit 𝛼 by computing 𝜒# goodness-of-fit indicator

Fitting range : 50-150 Mpc/h & Bin size : 4 Mpc/h
=> Fits over 25 points using 5 param —> 20 dof



2PCF Measurements
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Dashed lines à Damped 
linear theory
No clear BAO peak in ELGs 
& QSOs

BGS lower 𝜉(𝑠) at large s à
Bin-to-bin correlations,

𝜉(𝑠) fitted up to ~150 Mpc/h



Covariances
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RascalC Covariances
- Semi-analytical, semi-empirical covariance 

(Philcox et al. 2020; Rashkovetskyi et al. 2023)
- Fast, flexible, precise à good agreement with mock-based cov
- Just need input 2PCF à analytical + internal approach
- Assume Gaussian & rescale shot-noise calibrated by data jackknife cov
- Random catalog for survey geometry



Validation of BAO Fitting Cov
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BAO Reconstruction Efficiency 
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IterativeFFTReconstruction algorithm (Burden et al. 2015)

Fits à adopting RascalC-EZ covs



BAO Detection: Main Results
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LRGs à ~5𝜎 with 1.7% precision

(BOSS DR9 1.6%, DR12 1.0%, 0.43 < z < 0.7)

BGS à ~3𝜎 with 2.6% precision 

(BOSS DR12 1.7%, 0.15 < z < 0.43)

Shifted 𝛼 values by Δ𝛼
à minΔ𝜒! of post-recon LRG is at unity

à Mag of shift < 1    à fid. cosmology 

consistency



Fisher Forecasts: DESI-M2 LRG
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q Fisher on LRG isotropic BAO scale
q Post-recon EZmock DESI-M2 LRG cov

+ Post-recon Ezmock cov Y5 + Best-fit 
monopole for DESI-M2

q Factor of ~5.8 improvement 
for full survey à
~0.29% BAO precision expected
for Y5 LRG sample over 0.4 < z <1.1



Outreach & Promoting DESI
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APS April 2023

Cosmology Talks - Youtube

Cosmology from Home
- Online conference



Summary, Contributions, Impact
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