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Going Beyond ACDM

ACDM fits observations very well but still problem of fine tuning, H,,
-tension, og-tension...

|
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Accelerated expansion via modified gravity — f(2), DGP-gravity with
screening mechanism

Modified gravity is modelled to act on large scales — Affects clustering in
low-density regions

Marked correlation functions offer a tool to give these regions more impact
In clustering analysis
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Marked Correlation Functions

Defined via ratio of unweighted and weighted correlation
function £(r) and W(r)

Weight galaxy pairs by a product of marks

Aim for high S/N ratio and enhancement of signal
Division by &(7) cancels effect of clustering itself

Marks based on o or le appear promising

— Need robust reconstruction from galaxy catalog
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Mark proposed in White (2016)
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https://iopscience.iop.org/article/10.1088/1475-7516/2016/11/057/pdf

From a Galaxy Catalog to 0 on a Grid and Beyond

Choose analytical P;s(k)| =—— Construct 36 PS P¢¢, Psy, Pst - |

Construct 8 fields

(6 ¢ XX yy? ZZ’ xy? xz? )

Resample 0 using interpolation
and rejection sampling

DE MARSEILLE

A £ Institut ' -
Physique d No. AixxkMarseille
IAIE(J \r/]j;/%zi Ue _ LABORATOIRE D' IA-STRéYSIOMUE e > '@ E c 0 SQQPQE ( CH ‘ Hr



From a Galaxy Catalog to 0 on a Grid and Beyond

Choose analytical Pss(k)| = | Construct 36 PS P¢¢’ P5¢, P5Txx"" |

- P Compare Construct 8 fields
ompute , ] yuns
_p 00’ © o ~ o1, (6 ¢ XX° yy’ ZZ’ xy’ XZ’ )

Compute Compare Resample & using interpolation
(.1, T,,, T, T, T, T,;) from 0,,, and rejection sampling

t Apply MAS on the resampled
catalog — 0

rec

Use as a mark Compute &(r) and A (r)
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Reconstruction of le
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Marked Correlation Functions - Reconstructed Fields

Reconstr

—e— Filament_SubSet

i |

] —e— white

] —e— Void_SubSet

] —e— Wall SubSet

] —e— Cluster_SubSet |

—e— Void_Peak
—e— Wall_Peak

—e— NGP
—e— CIC

—o— TSC
—eo— PCS
—e— Quartic |
—e— Quintic T
—o— Sextic | ° - —
——

—e— Septic

102 10t | 10 20 30 40 50
r [Mpc/h] r [Mpc/h]

“White Mark” with p, = 4 and p = 10, different PCS MAS, different marks Blue: Filament

MAS Green: Wall
( o, + 1 )p Void_Subset: Set mark to 1 for voids and 0 otherwise Orange: Void
*
nm =

Red: cluster

Void_Peak: Set mark to 4 for voids and
walls: 3
flaments: 2
clusters: 1
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Marked Correlation Functions - Simulations

—e— white
—e— Void_SubSet
—e— Wall SubSet

ELEPHANT simulation: | g ™ —— Filament_subset

—eo— Cluster_SubSet

¢ L=1 024M pC/h : 5 —e— Void_Peak

— NGP ] —eo— Wall_Peak

+ GRand f(%) , =< | S
° ‘f@0| — 10_4 : Quartic -

—eo— Quintic |

« ~ 340000 galaxies | —— Sextic

—e— Septic

MAS applied on N=64
— =~ 1.3 points per cell

Mmc(r)/Mgr(r) —1

Simulation used in e.g.
Hernandez-Aguayo et al. - - - .

(2018) or Alam et al. (2021) 101 ot
r [Mpc/h] r [Mpc/h]
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https://academic.oup.com/mnras/article/479/4/4824/5050389
https://academic.oup.com/mnras/article/479/4/4824/5050389
https://academic.oup.com/mnras/article/479/4/4824/5050389
https://iopscience.iop.org/article/10.1088/1475-7516/2021/11/050/meta

Summary and Outlook

e Marked correlation functions able to enhance difference between MG and GR

 MAS impacts quality of reconstruction and marked correlation function

* Introduces smoothing scale — trade between quality of reconstruction and
smoothing scale

* Higher order MAS reducing difference between MG and GR for “White
Mark”

» Environmental classification used as marks produce reasonable .Z(r) in first test

— EXxplore tidal tensor directly as mark, theoretical modelling needed
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Thank you for your attention!

(AiX*Ma rseille CU‘W



Reconstruction of o

2D histogram (log bins)

2D histogram (log bins)
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Impact of Points per Grid-Cell

Txx 2D histogram (log bins) Txx 2D histogram (log bins)
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Impact of Points per Grid-Cell

Txx 2D histogram (log bins) Txx 2D histogram (log bins)

r=0.724 r=0.813
PCS MAS a=33.914° a=52212°

Convolve true
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Some Formulas

Analytical power spectrum approximation

(sin(kR) — kR cos(kR))

61172 k
Pss(k) = 2m)W2 (k) - Wi (k) = 3

21)3(kR)3
1+( (27)°(kR)

Computation of ¢ and T;; from o:

0
¢ =—4rG—

5
5 Ty=—kkp = 4aGh~

l]k2
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Kernels

Configuration space 1D Fourier Space 1D

SsP=21sP+1 for |s| <1

1 16(ak cos(57) — 3sin(5)sin’(5)
—%‘SP-F%‘S‘Z—‘HS‘ +2 for 1<]|s|<2 Weupic(ak) = 27 (ak)*

0 for |s|> 2.

L@a—6[sP+3|sP) for |s| <1 Lot (5

Wo~dak) = —16
Lo—|s1)® for 1<]|s|<2 res 2 (ak)}

0 s| > 2.

L
a = — size of one grid-cell
N
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Impact of Interpolation and MAS Kernels

N=256, L=4000Mpc/h — ky = n/a =~ 0.2 with a = 15.625 Mpc/h

Power spec. Pg, for 256-grid including up to 0. alias Power spec. PSs for 256-grid including up to 0. alias

—

In Pg5 cubic conv —» 0% =0.04 | ' In P& cubic conv » g% =0.396
In P§s MAS conv - 02 =0.03 | ' In P, MAS conv — o2 =0.154

G i 2 _
In Pgs cubic and MAS conv - 0°=0.03 1 —— In Pg; cubic and MAS conv - 02 =0.139

Cubic kernel 1 === Cubic kernel

PCS kernel | === PCS kernel

| 101 | 102
k[h/Mpc] k[h/Mpc]
R=36Mpc/h for top-hat filter — used for Gaussian fields R=8Mpc/h for top-hat filter — used for LN fields
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