Towards Rigorous Modeling
of Counts-1n-Cells Statistics

Anton Chudaykin
University of Geneva

JCAP 08 (2023) 079
arxiv:2212.09799

(1) UNIVERSITE
%2 DE GENEVE




Counts in Cells
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log N 1.4 1.6 1.8 2.0 2.2 2.4 2.6

F16. 8. —Frequency distribution of log V reduced to the galactic poles. Data from
Table XIV. Crosses represent the 331 extra-survey fields; circles, the 587 survey fields;
disks, the combined data, 918 fields. The smooth curves through the survey fields and
the combined data (the two upper curves) are normal error-curves adjusted to the

points.

E. Hubble, 1934

Ngdl: 10 Ngdl:40

Theoretical model from first principles?



Theory

77(5*) - probability that a cell of radius 7
has averaged density contrast 0,

Q ~ 9(2)2(7,3* <1 or = (6%),.

Saddle point solution Prefactor due to fluctuations
(‘instanton’) (‘determinant’)
defined by spherical collapse contains aspherical corrections

(Valageas'02) (M.M. Ivanov'19)



Theory

Spherical collapse:

P(dx) o exp { F2(5§) }

2g20R*

B
1

Or

R.. = 7'*(1 + 5*)1/3

Pre-exponential factor:

Lﬂ —
51 = 8o @® + Y Y 8, ()Y P ="Psp x Aasp

>0 m=-¢

Monopole prefactor Aspherical prefactor
evaluated exactly can be calculated on grid numerically



Spherical PDF

1-point PDF, r,=10 Mpc/h, z=0

[ Unitarity
X1 Non-zero mean (8) # 0
X1 Fail to reproduce data

P ="Psp x Aasp




Aspherical prefactor (deterministic part)

Aspherical prefactor r,=10 Mpc/h

[ Unitarity
M Zero mean (0) =0

[ Weakly depend on cosmology
[X] Overpredicts the data in tails

P ="Psp x Aasp

Renormalization of UV physics is required



Growth factor in non-linear background
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Renormalization of UV physics
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D. Baumann et al., 2012
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Counterterm refactor
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Renormalised theory

P(dx) = Psp - H Ap(0+) - Act

>0

Aspherical prefactor r,=10 Mpc/h, z=0

25\ . N-body data Actr — pkin | gpot

Model parameters

< (:kin, Z;pot’ m>




Combined fi
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1-point PDF, r,=10 Mpc/h

Residuals, ‘r*:lO Mpc/h
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Sensitivity to oy
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PDF is sensitive to the value of oy at sub-per cent level



Conclusions

[ Renormalization of UV physics is required to reliable predict
the PDF

[ Three-parametric model for couterterm prefactor is in
excellent agreement with N-body data for r. > 10 Mpc/h

™ PDF is highly sensitive to the value of oy, perhaps at
sub-percent level

(2) Non-linear bias and redshift-space distortions must be taken
into account before applying to galaxy surveys



Backup



Filtered n-point correlators

norm — 1 (O) (6) | omer | (6:)/(05)°
z2=0 [-6.2-107%| =7.1-107% | 0.260 | 0.262 |  3.35
- = 15 Mpe/h z2=0.5 —2.9-10-? —3.1-107* 1 0.153 | 0.154 | 3.30
' z=1 | -13-10"% | =1.3-107% | 0.095 | 0.095 |  3.27
2=24|-33-10""| -5.6-107° | 0.035 | 0.035 |  3.23
z=0 [-37-107%| -2.1-107% [ 0.533 [ 0.532 |  3.63
- = 10 Mpe/h z=05| 1.2-107% | —=6.7-107% | 0.306 | 0.304 |  3.65
' z=1 | 28-107* [ -29-10"*[0.185 | 0.185 |  3.56
z=24| 33-100" | 6.4-107° | 0.067 | 0.067 |  3.45

PDF reproduces the EFT filtered density variance with

sub-per cent accuracy




