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Modified Gravity (MG) - Why?

e 1998/1999: Observational evidence for the accelerated
expansion

o 2024: We still don’t know what dark energy actually is —
MG comes to the rescue!

TODAY

 To comply with GR in the solar system/high densities, MG

theories need to exhibit a screening effect — fundamental Image Credit: WMAP
effect of environment

Goal: Use this environmental dependency to better detect
MG
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Setup - ELEPHANT simulations

- |« 5 realisations of GR, f(R)(3x) and nDGP(2x)
v gravity

|« Side length L = 1024 h~!'Mpc
Nesd | Matched two-point statistics:

|
1+ &(r) = ﬁ@(X)p(X +7T))

/AL | ¢ Define signal-to-noise ratio as performance
metric: I
Ag(r)

Cavg(r)

SNR(r) =

Karcher et al., arxiv:2406.02504v1
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https://arxiv.org/abs/2406.02504v1

Marked correlation functions (ImCF)

1 + W(r) = L<m(x) xX)mx+r)p(x+r)) = M) = D
ol g ~ 1+ &)

* mCF originally developed to investigate correlation of galaxy properties

* (General idea: up-weigh galaxies for which MG effects are more pronounced
(White 2016)

* Propose mark that switches sign = Correlation and anti-correlation

M[o(x)] = m(x) = tanh(a(o(X) + b))
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Results - Tanh mark

Corrected

« mCF converges to 1 for large r = marks
get uncorrelated

* Very stable SNR up to scales of 60-80
h‘ll\/lpc for FG

* Error of single volume too large to yield
significant detection at higher scales

—1
Karcher et al., arxiv:2406.02504v1 " [~ Mpd]
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Results - Redshift space

Monopole Quadrupole
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= Similar performance in the monopole

Karcher et al., arxiv:2406.02504v1
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A short note on shot noise

Deplete catalogue and recompute mCF

Shot-noise effect in weighted (marked)
4 100% correlation function is non-trivial
0% -

igg’ _ Analytic treatment in general case difficult

60%
50% - Resummation of shot noise terms leads to

o | power series in N~

Recover true signal with a low-order
polynomial fit to data
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Conclusion/Outlook

tanh-mark yields significant differences up to scales of 60-80 h‘ll\/lpc

Expandable in terms of powers of 0 = theoretical modelling should be
feasible

Differences seem to propagate into monopole in redshift space but not
iInto quadrupole

Future: Apply tanh-mark to real data and test existing model of mCF
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MCF - How to compute?

1
Weighted pair counts WW(r) = " Z nm;m;
i#]
Normalisation ¢ = (Z mi>2 -y m?

L+ W)  WW(r)
1+ &r)  DD®)

Marked correlation function:  A(r) =

- If totally uncorrelated or mark=const then WW(r) — DD(r)

-/ (r) will approach 1 on large scales

- /[ (r) measures correlation of marks
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A short note on shot noise

On(T)
Standard 2PCF: &) = &rue(®) + — = shot noise at zero-lag only

n

-
Smoothed 2PCF: &.(r) = &g true(®) A — F(r — y/a)F(y/a) &>y = shot noise scale dependent
a’

C.C:

1] j
w(r) _ Wirye(r) + €,(r) wir) = Z 7<5R<X><1 + 8(x)Jp(x + 1)(1 + 5(X + 1))

m?  (Mirye + €5(1))?
= Z - <5}Q( )§>

Weighted CF: 1 + w(r) =

* Weighted correlation function is an infinite series of N-point correlators

 Resummation of shot-noise terms allows for a polynomial fit to recover true signal
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Example of MG: nDGP gravity

 Action has 5D bulk with a 4D brane embedded In it

M2
S=M3Jd5x,/— R +Jd4x,/— —2M3K+—4R —0c+ <
5 8515 84 5 9 4 m

» Additional scalar degree of freedom (brane bending mode) @

V2D = 472Ga? 5 1V2 Vi + - ((Vzw)z—(VV¢)2> 8ﬂGaz(/)—ﬁ)
— all 61(,0—,0)4-5 % 3,5612 L] 30

e Screening effect, involving derivative-terms of ¢, gives rise to Vainshtein
radius 1y,

1
ry = (rar2)3
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Example of MG: f(R) gravity

» Allowing for general function f(R) of Ricci scalar

* Fifth force is arising due to an additional scalar degree of freedom (scalaron)

1 2
V2O = 4a27tG5p Vefp = 613 OR SZGazép

* Additional force suppressed on small distance from massive object

— Large scales see modifications (clustering), small scales see GR (solar
system)
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Can we actually model the mCF?

‘Straightforward’ as long as we can expand the mark function in terms of
density contrast...

3, 0—3(T—q)TAL (r—q) 30) o—3(R—Q)TC}(R-Q)
Wir) = — [ %4¢ - dQe > (1 I)
2 (27)3/2| AL |1/2 (27)3/2|C|1/2

1

Aviles+ (2020)

Based on CLPT for unmarked correlation function

Treat mark function as a bias function, define renormalized mark
parameters

Double convolution of .7 -function containing all bias and mark
contributions up to specific order
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