
KICC Symposium 
September 2019

Cora Uhlemann 

DAMTP & Fitzwilliam College

Cosmo with Counts-in-Cells



Counts-in-Cells Idea
One-point statistics 
non-Gaussian matter distribution
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Counts-in-Cells Idea
matter density in symmetric cells 
symmetry statistics ↔ dynamics

}



Large-deviation statistics 

large deviations exp. unlikely
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small parameter

Large-deviation statistics 

most likely path dominates

Counts-in-Cells Theory

spherical collapseBernardeau 94 
CU++ 16
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if we only could observe dark matter 

Matter Counts-in-Cells



1pt PDF from first principles

Matter Counts-in-Cells
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density-dependent clustering

Matter Counts-in-Cells
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Counts-in-Cells Cosmo
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Ωm 
0.26  0.31 0.21

Counts-in-Cells Cosmo

matter content Ωm, σ8

sims: J. Shin
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prim. non-Gaussianity  CU, Pajer ++ 18

sims: T. Nishimichi

+

+

+

+
+ + + + +

+
+

+
+

+
+

+

+

+

+

+

+

+

+

+

+

+
+ + + + +

+
+

+
+

+
+

+

+

+

+

+

+

+

+

+

+

+
+ + + + +

+
+

+
+

+
+

+

+

+

+

+

+

+

fNL=+100
fNL=0
fNL=-100

0.1 0.2 0.5 1 2 5
-6

-5

-4

-3

-2

-1

0

ρ

Log10[�(ρ)] for fNL

+

+

+

+
+

+
+

+
+

+
+

+
+

+
+

+

+

+

+

+

+

+

+

+

+

+
+

+
+

+
+

+
+

+
+

+
+

+

+

+

+

+

+

+

+

+

+

+
+

+
+

+
+

+
+

+
+

+
+

+

+

+

+

+

+

+

f N
L=

+1
00

f N
L=
0

f N
L=

-1
00

0.
1

0.
2

0.
5

1
2

5
-6-5-4-3-2-10

ρ

Lo
g1
0[
�(

ρ)
]f
or
f N
L

Counts-in-Cells Cosmo



▲
▲

▲
▲
▲
▲
▲
▲
▲
▲
▲▲
▲▲
▲▲
▲▲▲

▲▲▲▲▲▲▲▲▲▲▲▲▲▲▲▲▲▲▲▲▲▲▲▲▲▲▲▲▲▲▲▲▲▲▲▲▲▲▲
▲▲▲▲

▲
▲
▲▼

▼

▼

▼
▼
▼
▼
▼
▼
▼▼
▼▼
▼▼
▼▼▼

▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼
▼▼▼▼

▼
▼
▼

mν=0
mν=0.15eV

0.1 0.2 0.5 1 2 5
0.001

0.005
0.010

0.050
0.100

0.500
1

ρ

� m
ν(
ρ)

neutrino mass mν 

sims: F. Villaescusa-Navarro κ: Liu+Madhavacheril 19

in progress

Counts-in-Cells Cosmo



observe: tracers or weak lensing

Real Counts-in-Cells 



bias function
cumulative PDF

cumulative PDF fit

scatter plot fit
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abundance matching 
fit polynomial in log

Seljak ++ 09 
Cai ++ 10

Tracer Counts-in-Cells 
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Tracer Counts-in-Cells 



scale mixing

zs

convergence: weight density slices
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Weak Lensing-in-Cells 
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Weak Lensing-in-Cells 
DES SV: Clerkin ++ 16 
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Weak Lensing-in-Cells 



observe: tracers & weak lensing

Counts-in-Cells Future



Joint Counts & Lensing
density-split statistics 

DESY1: 10% Euclid area 

competitive with 3x2pt  
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FIG. 1. Top panel: splitting the lines of sight in one DES-Y1 like Buzzard simulation into 5 quantiles of galaxy density (color coding from
cyan, most underdense, to red, most overdense). The map uses a 20 arcmin top-hat radius and REDMAGIC galaxies with a redshift range of
0.2 . z . 0.45. Bottom left: histogram of REDMAGIC galaxy counts in 20 arcmin radii (counts-in-cells). We show the mean histogram
from 4 Buzzard realisations of DES-Y1 (black points), our model based on perturbation theory and cylindrical collapse (solid line) and a
model that assumes the projected density contrast to be a Gaussian random field (dotted line). The color coding corresponds exactly to the
density quantiles in the top panel. Bottom right: Lensing signals around random points split by the density quantile in which these points are
located. We show the mean measurement from 4 Buzzard realisations (black points), our perturbation theory model (solid line) and a model
that assumes projected density contrast and lensing convergence to be joint Gaussian random variables (dotted line). Color coding is the same
as in the other panels. The asymmetry between the lensing signals around the most underdense and most overdense lines-of-sight indicates the
skewness of the cosmic density PDF.

galaxies
lensing ✴ 

✴ ✴ 
✴ 
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non-Gaussian

Friedrich++ 18, Gruen++ 18, KiDS: Brouwer ++18



Powerful statistics 

nonGaussian, beyond PT 

robust and accurate predictions 

Cosmology & fundamental physics  

Ωm, σ8, w0/1, fNL, mν 

Observables 

tracers: add mean bias 

lensing: integrate over slices

✴ 
✴ ✴ 

✴ 
✴ 

Cosmo with Counts-In-Cells


