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Introduction
Weak gravitational lensing

Magnification bias

Excess of background sources
around foreground galaxies.
Traces the matter density
distribution directly.
HOD + cosmology.

Galaxy clustering

Credit: Volker Springel/Max Planck Institute for Astrophysics.

Spatial distribution of galaxies.
Galaxies are biased tracers of the
dark matter density distribution.
Tighter HOD constraints.
Less sensitive to cosmology.
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Data
Background: Herschel Astrophysical
Terahertz Large Area Survey (H-ATLAS).

Submillimeter galaxies: 1.2 < z < 4.0.
∼ 360 deg2 common area with SDSS
in 4 separate fields: G09, G12, G15,
NGP.

Foreground: Sloan Digital Sky Survey
(SDSS DR18).

3 bins of absolute magnitude between
−26.0 < Mr < −20.0 mag.
4 redshift bins between 0.15 < z <
0.60.
Volume-limited samples.
Photo-z errors → Smoothed redshift
distributions (Ross et al. 2010).
Mask poor seeing and dust extinction
areas.
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Auto- and cross-correlation measurements
Auto-correlation function with the Landy & Szalay (1993) estimator:

ŵauto(θ) = DfDf(θ) − 2DfRf(θ) + RfRf(θ)
RfRf(θ)

Modified by Herranz (2001) for the cross-correlation function:

ŵcross(θ) = DfDb(θ) − DfRb(θ) − DbRf(θ) + RfRb(θ)
RfRb(θ)

Full covariance error estimation with Bootstrap resampling:

Cov(θi , θj) = 1
Nb − 1

Nb∑
k=1

[
ŵk(θi) − ⟨ŵ(θi)⟩

][
ŵk(θj) − ⟨ŵ(θj)⟩

]
Signals interpreted within the halo model formalism, using MCMC techniques
to obtain posterior distributions of the HOD parameters.
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HOD models
Halo occupation distribution:
describes the probability
P(Ngal | M) that a halo of
mass M hosts Ngal galaxies.

Central and satellite components:
⟨Ngal⟩M = ⟨Ncen⟩M + ⟨Nsat⟩M .
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Luminosity threshold samples: step functions (Zheng et al. 2005).

Zheng3: ⟨Ngal⟩M =
[
1 +

(
M
M1

)α]
Θ(M − Mmin)

Luminosity bin samples: Gaussian, Guassian+powerlaw (Avila et al. 2020).

Gaussian: ⟨Ncen⟩M = Ac√
2πσ

exp
(

− (log M − log Mg )2

2σ2

)
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Field-to-field fluctuations
Significant variations in the clustering and lensing signals.
Substantially larger than expected.
Observed in two independent catalogs.
Affects both small and large angular scales.
Causes: sample variance, unknown systematics.
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Field-to-field fluctuations
Clustering: restrict measurements to a single field (NGP).
Full area still considered for cross-correlations for higher S/N.
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Auto- and cross-correlation analysis

Flat ΛCDM cosmology

Weak lensing (> 0.5 arcmin)

1-halo term (< 3 h−1 Mpc)
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HOD redshift evolution
Clustering/lensing amplitudes decreasing at fainter magnitudes.
Clustering: Mmin increasing with redshift.
Lensing: Mmin affected by the lensing probability.
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HOD redshift evolution
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HOD redshift evolution
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Joint analysis
Are the clustering results compatible with cross-correlation data?
Lensing is low problem? → assembly bias, segregation of satellite galaxies,
baryonic effects, etc.
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Conclusions
HOD evolution

Gaussian model improves HOD reconstruction.
Expected redshift and luminosity evolution on HOD parameters.
Lensing results affected by the lensing probability.
Results may be limited by sample variance and field-to-field fluctuations.

Future steps
Explore tensions between clustering and magbias results.
Tighter cosmological constraints with improved HOD models.
Improved HOD modelization for future sub-mm surveys (AtLAST).
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