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& the perturbed metric in Poisson gauge - SO
ds? = a(n)?(dn? — apdx*dxF)
gik = Jix T 09k

ds? = a?(n)|[(1 + 2¥)dn? + 2B,dx%dn — Sop(1 — 2d)dx*dxF|

Friedmann eqn.s for the ACDM model . n: conformal time; cdt = adn
for NR species only* : « a(n): scale factor
« x% comoving coordinates; a, 8 = 1,2,3
32 * H=a/a; "=d/dny
— K+ A s Kk =8nGy/c*;
a? Gy: Newtonian gravitational constant
2H' + K2 « & average energy density
2 = A
a
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We employ a system of point-like particles* described by the EMT
-1/2 ,
ik _ z N §(r—ry) dx{py dx(n dxtny dx(y
(TS =g\ dn  dn
L B
TO = Ez M (1 — 1) (1 + 30)
n
- /
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We employ a system of point-like particles* described by the EMT

-1/2 )
ik _ z N §(r—ry) : ldx% dx(n dxtny dx(y
Lot y=g \TM dn dy dn dn

C2
T8 = = ) md (= 1,)(1 +30) 1t order
n

)
( |

p(1+3c1>)=ﬁ+6p+(ﬁ+%)3cb

Eingorn, M., ApJ 825, 84 (2016)
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c? _ pc?
STY = — Ez mmd (r—ry,) Uy, + ?Ba
n

N /

Eingorn, M., ApJ 825, 84 (2016)
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4 ) :

c2 ﬁcz Pmn) = m(n)5(r - rn)
5T£ =——32m(n)6 (T—Tn)ﬁ(n) +_33a s p=p+bp
a a  q g
Tl [ ] (ET oy &
a3
R dx&) — ~a

\_ Y, an = "

Eingorn, M., ApJ 825, 84 (2016)
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C2 ﬁcz y p(n) = m(n)(s(r - rn)
5T0(() =—$Zm(n)6 (r_rn)ﬁ(n)a-l'?Ba . pE_ﬁ;l—(Sp
_  pcC
n e £ = —
o dxgl) — =a
an = U(n)
p(n)ﬁ(n)a (ﬁ + p)Ba

Eingorn, M., ApJ 825, 84 (2016)
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Field equations 6G* = k6T Cychsys

for determining metric perturbations

00 —
4 )
Ka® /
AD —3HP' — 3H?*Y = T(ST(?
- _/
Oa —
(1 ’ KCl2 . / \ . A= 5aB g2
ZABa + P a + }[Lp’a = T(STQ  9x%9xP
° = 14 — )4
Nop = (8yaT) — 85Ty /3)
c Y=0-V
_J
af —
, )
Biy.oy + 2HBoy) =0
- _/
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for determining metric perturbations
00 —
4 )
Ka® /
AD —3HP' — 3H?*Y = T(ST(? )
3 Ka
— ! 2 — —_saB = —— 0
\(1 + 4P)AD — 3HP' + 3H2(( — ) + 56V D D g > 8T )
Oa —
(1 , ka® / )
ZAB(X + O at }[Lp’a = T5Ta
N _J
af — Adamek, J., Daverio, D., Durrer, R., Kunz, M., JCAP 07, 053 (2016)
4 )

1
(5(55/;{ — §5V05aﬂ>

X [Bly ) + 2HB(gy) + Xay — 2XP 5y + 2B ;d, + 40D ] = Ka2Tlp
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].0_7 - —— 10—7
|z=15 |z= OJ
10774 y PCD
/
10714 L1p-11
£l | oo L=1680 Mpc/h with
S
= 1 Mpc/h res.
< e o Pg  starting from z=100
~ M
Q 107174 F10717
E:{
&
10719 10719
1072 L1p-21
102 i i i — i i 10-23
1072 10! 10° 1072 10! 1°
k[h/Mpc] k[h/Mpc]

Eingorn, M., Yukselci, A.E. and Zhuk, A., Phys. Lett. B 826, 136911 (2022)
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A 3kpc? ® — Kc? 3Kc?H
2a  2a°F 2a
AR 2Kpc? 2Kc? 5 v
— = — v =
n

Eingorn, M., ApJ 825, 84 (2016)
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A 3K © — Kc? 5 3Kk c?
2a = 2a °P a
AR 2Kpc? 2Kc? 5 v
_ = — v =
n

Eingorn, M., ApJ 825, 84 (2016)
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5‘%Z|r_rn|exp< Gn)

3KC2}[2 mpy vn(r r)] 1 — 1+ qy) exp(—qy)
8ma |r - rnl CI‘I%,

Ir_rnl q121

Ml 1)l 9 - (9 + 6v3q, + 447) exp(—24n/V3)

lr —r,|3 qn

N Z l = (3 - Zﬁqn T 46[1%) eXp(—an/\@) —3
~ 8ma

Eingorn, M., ApJ 825, 84 (2016)
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5‘%Z|r_rn|exp< Gn)

3KC2}[2 mpy vn(r r)] 1 — 1+ qy) exp(—qy)

[T — 1y n /

8ma
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5‘%Z|r_rn|e"p< Gn)

3KC27{2 mpy vn(r r)] 1 — 1+ qy) exp(—qy)
8ma |r — 71y dn

a’ Kc? 1 _ajr-r
ACD—TCD= —8p, ®= eff Z | nl
A 2a 87'[61 |T Tnl Aeff

w |

1 3 f da
A2 c2a?H\ | a3H3

Canay, E., Eingorn, M., PDU 29, 100565 (2020)
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A\, Ao, ¢/H , [Gpc]

3 _ 0 )\eﬁ
— ¢/H
2 L ~ 00000/
] : Her-CrB
i GW
a
0.2 0.4 0.6 0.8 1.0 Qg

. Horvéath, D. Szécsi, J. Hakkila , A. Szabé, I. I. Racz, L. V. Téth, S. Pinter , Z. Bagoly,
MNRAS, 498(2), 2544 (2020)

Canay, E., Eingorn, M., PDU 29, 100565 (2020)
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Ye=1 Tm= qm

ﬁé’ = Mgy (=) (14 30) \
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*c=1, 1781)—> qg‘n)

1
=) Md (= 1) (1 + 30)
n

1 Q(Zn)
T§=—4Z6(r—rn)\/q(2n)+m%n)a2 (1+3<I>+ > —@
e Giny T A"y

4q2 | + 3m? a2
Z(S(r rn)\/q(n)+m(n)a + — Zc‘?(r r,) (n) Ol

\/ d(n) + m(n)a
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*c=1, 1781)—> qg‘n)

1
TO = gz m(n)S (T — rn)(l + BCD)
n

1 Q(Zn)
T(?:—425(r—rn)\/q(2n)+m%n)a2<1+3613+ > —@
iy imy + 4 M)

4q%.\ + 3m? a2
— —z 6 (r— rn)\/q(n) + m(n)a + — z 6(r—r,) (n) ™~ &
\/ Ay T My @

1 Q(Zn)
0 — _ _ 2 2 2 a
Ty = " E 6 (r rn)\/q(n) +mi,a (1 + 3D + q(zn) n aszn) ® + q(n)Ba
n

Brilenkov, M., Canay, E. and Eingorn, M., arXiv:2206.13495v1 [gr-qc]
Adamek, J., Daverio, D., Durrer, R., Kunz, M., JCAP 07, 053 (2016)
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1 _ 3H? _
F2n5(r_rn)\/qgn)+m%n)a2 =& - ?=K€+A

1 2 2 2 —
EE 6(r—rn) CI(n) +m(n)a — &
n

4q2 | + 3m? a2
Z(S(r rn)\/q(n)+m(n)a + — Zc‘?(r r,) (n) Ol

\/ d(n) + m(n)a
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1 _ 3H? _
;Zn5(r_rn)\/qgn)+m%n)a2 =& - ?=K€+A

1st order

1
= FZ §(r— rn)\/q(zn) +m¢ ya?
n
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e 1st ordb
AP —3HP' — 3H?*Y = T(ST(? <

1
— FZ 5 (r— rn)\/q(zn) + mfn)az
n
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5 1
Ty = _an (r—ry,) Q(n)a
n

2

1 Ka
—ABa —+ CI)’,“ —+ }[Lp,a = TSTO?
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5 An), 4 g
Tf=—— ) 8@ -1 L

n Qi) T M) @

2 2 2 2
1 q 4q7 .\ + 5m? \a
2 : 5 —1,) (n) ( (n) (n) )

2,4 , 2 3/2 53(1)
n (q(n) +m(n)a )

3a*

2
Yo" 2 G, A0 g — A Opy /3 (xy ~ x<yn>) (xﬁ ~ x(b;z))

r—r,|3
" \/ Iy + Mm@ T
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4 )

a? ka®( 1 . > 5, -\ 3kH
A(D_ﬁcb:T EES(r—rn)\/Q(n)‘l‘m(n)a — & — 2
n

N\ (;/ J
/

[1]

[1]

1 z Gy (X% — ()

|T'—T'n|3

dta
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a? 3K7-[
A(D_ﬁ(b—_ a4z5(1‘ rn)\/Q(n)‘I‘m(n)a — & 2a

[1]

_ 1 zqgn)(x“_x&))

a 4ma lr — 1,3
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q q /
Vimy = Ma (1+¥) + Ma 2 — G ® + B
Ma 2 2 2 2 a¢ ¢ *
\/ Gy + My @° \/ Gy + My @°

Brilenkov, M., Canay, E. and Eingorn, M., arXiv:2206.13495v1 [gr-qc]
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