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  We present an algorithm for the fast 
computation of the general N-point spatial 
correlation functions of any discrete point set 
embedded within an Euclidean space of ℝn. 
Utilizing the concepts of kd-trees and graph 
databases, we describe how to count all possible 
N-tuples in binned configurations within a given 
length scale, e.g. all pairs of points or all triplets 
of points with side lengths < rmax. Through 
benchmarking we show the computational 
advantage of our new graph-based algorithm over 
more traditional methods. We show that all 3-point 
configurations up to and beyond the Baryon 
Acoustic Oscillation scale (∼200 Mpc in physical 
units) can be performed on current Sloan Digital 
Sky Survey (SDSS) data in reasonable time. Finally 
we present the first measurements of the 4-point 
correlation function of ∼0.5 million SDSS galaxies 
over the redshift range 0.43< z <0.7.

  We present the publicly available code 
GRAMSCI (GRAph Made Statistics for Cosmological 
Information; bitbucket.org/csabiu/gramsci), under 
a GNU General Public License.
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Based on three types of 2-point statistics (galaxy 
clustering, galaxy-galaxy lensing, and cosmic shear 
power spectra) from the Deep Lens Survey (DLS), 
we constrain cosmology and baryonic feedback. 
The DLS is a deep survey, so-called a precursor to 
LSST, reaching down to ~27th magnitude in BVRz’ 
over 20 deg2. To measure the three power spectra, 
we choose two lens galaxy populations centered at 
z ~0.27 and 0.54 and two source galaxy populations 
centered at z ~0.64 and 1.1, with more than 1 
million galaxies.

We perform a number of consistency tests to 
confirm the reliability of the measurements. We 
calibrated photo-z estimation of the lens galaxies 

and validated the result with galaxy 
cross-correlation measurement. The B-mode 
signals, indicative of potential systematics, are 
found to be consistent with zero. The two 
cosmological results independently obtained from 
the cosmic shear and the galaxy clustering + 
galaxy-galaxy lensing measurements agree well 
with each other. Also, we verify that cosmological 
results between bright and faint sources are 
consistent.

While there exist some weak lensing surveys 
showing a tension with Planck, the DLS constraint 
on S8 agrees nicely with the Planck result. Using 
the HMcode approach derived from the OWLS 
simulation, we constrain the strength of baryonic 
feedback. The DLS results hint at the possibility 
that the actual AGN feedback may be stronger 
than the one implemented in the current 
state-of-the-art simulations. 
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Observational evidence for intrinsic galaxy 
alignments in isolated spiral pairs is presented. 
From the catalog of the galaxy groups identified by 
Tempel et al. in the flux-limited galaxy sample of 
the Sloan Digital Sky Survey Data Release 10, we 
select those groups consisting only of two spiral 
galaxies as isolated spiral pairs and investigate if 
and how strongly the spin axes of their two spiral 
members are aligned with each other. We detect a 
clear signal of intrinsic spin alignment in isolated 
spiral pairs, which leads to the rejection of the null 
hypothesis at the 99.9999% confidence level via the 
Rayleigh test. It is also found that those isolated 
pairs comprising two early-type spiral galaxies 
exhibit the strongest signal of intrinsic spin 
alignment and that the strength of the alignment 
signal depends on the angular separation distance 
as well as on the luminosity ratio of the member 
galaxies. Using the dark matter halos consisting of 
only two subhalos resolved in the EAGLE 
hydrodynamic simulations, we repeat the same 
analysis but fail to find any alignment tendency 
between the spin angular momentum vectors of the 
stellar components of the subhalos, which is in 
tension with the observational result. Several 
possible sources of this apparent inconsistency 
between the observational and the numerical 
results are discussed.
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