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Abstract

We measure the g parameter using the quadrupole to monopole ratio from power
spectrum and compare with the true asymptotic value 8 ~ # we get that there is
an agreement in the values of theses two quantities. In addition, we have studied the
non-linear dynamics and non-linear bias of galaxies. We done it in two ways: Theoreti-
cally and using N-body simulation. We find excellent agreement in both theory and GIF
simulation. In this case, we can see clearly how the non-linear effghect, redshift distortion

and non-linear bias evolves in real and redshift space.

keyswords: cosmology: theory - galaxies: redshift distortion - galaxies: Non-linear
bias & dynamics), large-scale structure of Universe- galaxies: GIF simulation and theory.
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I. INTRODUCTION

A spherical over density appears distorted by peculiar velocities when observed in Redshift Space.
On large (linear) scale the over density appears squashed along the line of sight, while on small (non-
linear) scales fingers-of-God appear where the distortions at projected separations ~0.2h~'Mpc. The
over density is far from the observer, and the distortions are effectively plane-parallel. For the over den-
sity is near the observer, and the large scale distortions appear kindely-shaped, while the finger-of-God
is sharpered on the end pointing at the observer. The observer shares the infall motion towards the
overdensity. A similar diagram appears in Kaiser’s formula (1987). For the universe that obeys the
cosmological principle, the clustering of galaxies is statically isotropic. But in galaxies redshift surveys
the distances to galaxies are inferred from redshift, making line of sight a preferred direction.

On small scales, the non linear scales anisotropy in the power spectrum is dominated by galaxy
velocity dispersion in virialized clusters. In the linear regime of gravitational instability models, the
anisotropy of clustering takes a very simple form in Fourier space, as shown by (Kaiser 1987; McGill
1990). The strength of an individual plane wave is amplified by a factor that depends on the angle
between the wavevector and the line of sight, 6§ = 6% (1 + Bu3;) where 6 and &7 denote the Fourier am-
plitudes in real and redshift space, respectively, and uyg; is the cosine of the angle between the wavevector,
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k, and the line of sight, I. The degree of amplification is controlled by 8 = Q9-¢/b, where Q9 is the
logarithmic derivative of fluctuation growth rate (Peebles 1980, section 14), and b is the bias factor, and
assumed constant of proportionality between galaxy and mass fluctuations.

The aim of this paper is to measure the 8 parameter using the power spectrum quadrupole to
monopole ratio and compare the power spectrum of galaxies and matter in both real and redshift space
in the linear regime. We have chosen to study the evolution of galaxies in a representative variant
of CDM-type models: The low matter density, flat, CDM model with cosmological constant (ACDM):
Q0=1-24=0.3, h=0.7, where Q¢ and Q, are present-day matter and vacuum densities, and h is the di-
mensionless Hubble constant defined as Hy=100hkm/s/Mpc. This model is arguably the most successful
model in matching a variety of existing data. Observations of galaxy cluster evolution Eke et al. (1996),
baryons fraction in clusters Evrad (1997), and high-redshift supernovae (e.g., Falco et al. 1997; Salaris
& Cassisi 1998; Madore et al. 1999) tend to converge on the values of h ~0.6-0.7.

Our second study is to see the non-linear effect, redshift distortion and non-linear bias in real and
redshift space. We focus to see the result of power spectrum in redshift space using calculation formally
done by Heavens (1998) with small change and applied them to GIF data. The plan of this paper is as
follows: In § 2 we discussed the linear theory for the power spectrum which led to estimated the value of
B for galaxies in redshift space. The value of § in this case is calculated from the quadrupole to monopole
ratio. This theory will be applied to analysis of the data from the GIF N-body simulation. In § 3 we
investigated the effect of non-linearities, redshist distortions and non-linear bias on the power spectrum
of galaxies in redshift space. In § 4, we give a summary and discussion.

II. LINEAR THEORY STUDIES OF POWER SPECTRUM

It is possible to estimate 8 simply by analyzing the redshift space distortions, or, more specifically, by
measuring the anisotropy of galaxy clustering in redshift space. Kaiser (1987) showed that, in the linear
regime, the redshift space galaxy power spectrum, P; (k,p) is related to the real space galaxy power
spectrum, P7 (k) by

P (k) = (1 + By®)* Pl (k) (2.1)

In real space, the 8 parameter will be calculated from the relation g = 98'6 /b, such that the bias parameter
b obtained from the square root of the ration of power spectrum of galaxies to the power spectrum of
Py (k)
Py(k)-

matter in real space, b = The application of this relation leads to find that 8 ~ 0.40£0.06 which

very closed to the true asymptotic value Q°/(b = 1) ~ 0.48 which will be comparated to the results of
the new one of Jeremy L. et.al 2005.

A. 3 estimator from quadrupole to monopole ratio

Let us characterized the redshift-space power spectrum in terms of multipole moments define by the
decomposition of P*(k, i) into Legendre polynomials, hereafter denoted Py (u),

o0

P*(k,p) = Y P2 (K)Pe(p).- (2.2)

=0

such that the multipole moments, P;(k), can be computed by the inversion formula

+1
Pk = 20 ki Put). (2.3)

-1
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The first three even Legendre polynomials are: Po(u) = 1, Pa(u) = (3112+1)7 Pa(p) = w.

In the linear theory, P*(k, 1) has the simple angular dependence of equation 6§ = 4% (1 + Bu3,;), which

is characterized completely by its monopole, quadrupole. The non-vanishing moments can be obtained
easily by direct integration:

PY(K) = (14 25+ L4 P"(h)

5
P3(k) = (38+ 260)P" (K
P{(K) = (507 P" () (24)

P;(k) =0for 1 # 0,2 or 4 and P"(k) is the power spectrum in real space.

When clustering (halo of galaxies) is non-linear, one can still perform a multipole decomposition
of the power spectrum as in equation (2), but the low-order moments will depart from the values in
equation (4). In particular, the finger-of-God distortion revers the sign of the quadrupole term on small
scales, because it weakens fluctuations along the line of sight instead of amplifying them. If we have
measured P?(k, ) on large scales and decomposed it into multipole moments, then we can estimate
from the ratio of the quadrupole term to the monopole term. The linear theory prediction, which follows
directly from (4), is

P3

B é5+é52
B = RO =g

=1t 2.5)
5o, 1 (
1+ 3,3 + gﬂQ

The application of the quadrupole to monopole power spectrum ratio to the measurement of the the 3
parameter from the GIF data analysis, is shown in Fig. 1. This preliminary application the value g as:
B ~ 0.2 —0.4 at wavenumbers k ~ 0.14 — 0.22hMpc~! (i.e. A ~ 30 — 45h~*Mpc). The linear value of 3
parameter is very close to the true value of the simulation 8 = 0.48.

However, non-linearity in the density field produces distortions in an opposite sense to the linear
theory predictions, leading to systematically lower estimates of 8 even on scales as large as 90h~Mpc.
The modeling of the non-linearities accurately is needed in order to estimate 8 using currently available
redshift surveys. Cole et al (1995) estimated 8 from ﬁigg by assuming an exponential velocity distribu-
tion model, in which galaxies have uncorrelated small-scale peculiar velocities drawn from an exponential
distribution in addition to their linear theory velocities. Applying this method to the IRAS 1.2 Jy redshift
survey, they found Srgas = 0.5240.13. This result agrees with our case such that at small scales (k small
scales = )\ larger), we found for matter (A CDM) the parameter is 3 ~ 0.5 at wavelength A ~ 95k~ 'Mpc.

Other studies done by Fisher & Nusser (1996), modeled the non-linearity in ﬁig’;g by using the Zel’dovich
approximation, thus assuming that the scale dependence in this ratio is caused by coherent, rather than
random, non-linear motions. They found fSrras = 0.6 £ 0.2 which is also close to our result such that
B = 0.5 for A = 100h~'Mpc. Hatton & Cole (1999) proposed and tested an empirical model for the non-

linearity in iﬁgg by examining the scale dependance of this ratio in large number of N-body simulation

while the analysis of 2dFGRS presented by Hawking et al.(2003), yielding 8 = 0.49 £ 0.09, updating the
earlier 2dFGRS analysis of Peacock etal.(2001). This model is more general and very close to the GIF
simulation we analyzed in our studies than the previous cases cited before (IRAS 1.2 Jy). Their model
for the N-body simulation is based on fully non-linear N-body data. The large scale structure of this
model (for example the large boxlength as 141.30 h~!Mpc for \CDM cosmology) will be given the result
of 8 parameter much better, although even the non-linearity will be important.
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FIG. 1. The 3 parameter values calculated from the quadrupole to monopole power spectrum. Here for the
small value of wavevector (linear case) the value of 3 is closed to the true value (8 = 0.48), but when the
wavevector is smaller (non-linear case) the 8 parameter becomes larger, see text.

III. NON-LINEAR STUDIES OF POWER SPECTRUM
A. Non-linear dynamics

Let r and s be the real and redshift-space coordinates, with the observer at the origin. We define p,.(r)
and ps(s) to be the density field in real and redshift space. The mean density is spatially dependent,
because of selection effects; we define the selection functions as ®,.(r) and ®,(s). The overdensity in
redshift space is defined by 1 + d5(s) = ps(s)/Ps(s), and similarly for the real-space overdensity 6.

The coordinate transform from real space to redshift space is (Kaiser 1987)

=20 (3.1)

. From conservation of mass,

pr(P)d3r = py(s)d®s. (3.2)
we get
146,65 (s) = (0r DI 0) 5.3
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where the Jacombian is

AU, oU(r)
T) (1+ or )a

J=(1+

and AU(r) = U(r) — U(0), we make the large distance approximation, where we assume that any mode

we analyse have a wavenumbers k satisfy kr > r throughout. Terms AUT(T)
in comparaison with 4.

. 6 .
which are ~ -, are ignored

If & drops as some power of r, then a Taylor expansion of ®(s) yields ®(r) plus negligeable
corrections terms.
From equation (8),we get the following equation,

_14+60) ., _ 144,(r) 3
ds(s) = 7 1 (1+¥)2(1+%) 1 (3.4)

For %ﬂ — 0 at a large scale, a third order term is given by Heavens et al. (1998)

8s(s) =~ % —1=5.(r) - 5T(r)8(g£") N (agir))z _ Bgir)
or
1,20y (20y;
= 6:(r) = U'(r) = 6:(U" +U" + 6,(n)U"(r) = U (r) = F(r) (3.5)

To linear order, differences in the argument do not matter, but to the third order, they do. We expand
to third order the density d;(s) = F(r) function in function of the coordinate s in redshift space. We
approximate to the third order a function F(r) in terms of values s,

F(r) = F(s) = AUF(s)[1 ~ U'(s)] + 3 AU ()" (5 (3.6)

which gives the final expression for the redshift space overdensity in terms of real space overdensity, all
evaluated at s position

5, =06, —U' +U?=5U" +6U%—U"”—AUS. +
AUU" — BAUU'U" + 2AUU"S, + %AU%;! - %AUQU’”. (3.7)

B. Non linear bias

We make the Taylor expansion to the third order of §¢ around the matter density 4,
— b b b
i oj 2 3
57 = (gl6) = Z].—J!éﬁ = bo + bad; + 507 + 5767, (3.8)
i=0

In order to get the true value of the parameters b;,7 = 0,1, 2,3, in the simulation, we fitted parameters
from GIF simulation for the density biasing of galactic halos versus mass in N-body simulation, see Fig. 1,
(Dekel & Lahav 1998); we find that, by, b1, bs and bz, are respectively 0.0041,0.91, —0.0052, and 0.00157.
The last term of a galaxy density in redshift space 69 is:
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b
82 = by + (016, — (1 + bo)U") + [=62 + (1 + bo)U"

b
—b18,U" — by AU + (14 bg) AUU"] + [g

83 — %25$U' + 16, U"? — Uy — by AUS,6,0.. — BAUU'U"]
b b 8 S1 82 S
g = U+ 018U — U — b AUS8, — BAUU'U"] = 60 + 65 + 657 + 6. (3.9)

The Fourier transform of this may be taken in redshift space, by doing the transforms of simple products

1
(X1)r, = E /d3k16D(k - k)X,
1
(X1Ya) = O /d3k1d3k2(SD(k — k1 — k)X Y5
1
(X1Y32Z3), = @y /d3k1d3k2d3k360(k —ky —ky — k3) X1 Y273 (3.10)

where X1,Y> and Zs are ki, ko, and ks component of X, and §° is the Dirac delta function. The
third-order expansion of the fluid equations (Fry 1994) is detailed in Catelan and Moscardini (1994a,b),
giving dy,

1
O = ex + ERE /d3k1d3k25D(k — ki — ko) JP (k1 — ko)eres

1
+ @ /d3k1d3k2d3k36D(k — by — Ky — k3)J®) (ky — ks — k3)ereses (3.11)

€k is the linear, real space Fourier coefficient of the density field §(r), % — ikp, where p = X and 7

is a unit vector from the observer to the galaxy, and the transform U is Uy = iuf”*, where —ny, is the

transform of the velocity divergence. f = ‘gﬂg ~ 0J-%, where D(a) is the growing mode amplitude, and a

is the scale factor of the Universe. The corresponding expression for 7, involve remplacing J by K. The
function J and K are quoted for Q¢ = 1, as computed by Goroff et al. (1986), Catelan and Moscardini
(1994a,b) as:

2
@) 5 ki-ke (k1 k2) 2 (k1 -kg)
JH (ki ko) = = + 22 42222
s (ki ko) 7 2kiks \ks | K 7\ kiks
3 ki-ky (K k 4 (K -ky\?
K% k) =2 1-Ko fR1 Rz 4 1Ko
s kulo) =+ o L 5w ) T\ e )

1 1k -(ks+ks) 4k-ki k- (ks +ks)
3) (ky, ko, k3) = JP (ko k3) | = + o2 D280 4 2
J ( 1,82, 3) J ( 25 3) 3+3 (k2+k3)2 9 k% (k2+k3)2
2k ki k- (ko +ko) k- (ko +ks) | 1k Kok kg
9 k2 (ks + ko) 52 0 K K
k-ki k- (ki + k)
ko, ky) - ———=
k‘% J (2; 3) (k1+k2)2

K(3)(k17k2;k3) = 3J(3) (k17k27k3) - K(z)(kl,kz),

with k = k; + ky + k3 in the last two expressions.
Here we can give the corresponding Fourier transforms for each density’s part at third order;
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(53 — 616263
9701 ko k1
——5 U —>[ fus+ fuluzk + fulus ]616263
AU(ST(ST — [J(2) (kQ,k3]€1€263
'3 3 .2 2 2 3 2 3k3 1 3 4 k'§
=U” — [fPuipsps + 3f mpops T~ + - foupeps ——lerexes
ki 2 kiks

i
]616263

kaoks

i k]_ k3 ].
6 U2 — f2lusp3 + 2u1uzu§k—2 + uzuﬁk—z + SHiH2ps

/ k
26,AUU" — T (kako) s} + prass =

k1
5 AUU" — fK?(ko,k3)[u5y 5 + Mz g

]616263

]616263
1 "
§6T (AU)2 — [J(3)(k1,k2,k3)]616263

k
—3AUU'U" — f2K>(ka,k3)[201 345 + 1 1345 %]616263

1
_§(AU)2U”’ — [f1 K (k1, k2, ks)Jere2es (3.12)

where €1, €2 and €3 are respectively the linear, real space Fourier coefficient of the density field &4 (r), d2(r)

and d5(r), such that e; = 0} ex = 8f.) and €5 =}, .

The fourier transform of density in redshidt space 4 is

k1 d® k287 (k — k1 — ko) F2) (ky, k)Y + 8

()% = (1 +bo) F) (k)3 + e

k1,9 k2,9 k3,9

1
@ / Prd ko d k0P (k — ky — ko — ks)F (k1 ko, )8y 650 610

where

F{V(k) = by + (1 +bo) f1”

b

FP) (k1 ko) = b TP (ki ko) + (14 00) KD (ko) + 5

bif o 2 ko ke 2 pape o ki )

T U+ e (s ]+ (L bo) Sl + 5= (i i)
F(3)(k1,kz,k3)=le(3)(k1,k2,k3)+fu2K(3)(k1,kz,k3)+ Sy

ko ks 2 k1 ks k‘2
+ fﬂl,uzk + fM1M3k + by fPu3p3 + 2by f? M1M2M3k +b1f2M2M3k + = f2M1 2M3kk

ks k2 ko
+ P s + 3f3,ulﬂgﬂgk—l + §f3,u1,u2u§ —kjcz + J@ (ky,k3) (bz + bifud + by fpipioys —kjg)

k ko k1
+K® (ky, k3) <b1fﬂg+3 + b1fﬂ1ﬂ2+3?i3 + 212303 + f2m,ug+3k— + f2'u1u2+3k +3) . (3.13)

If we neglect the by term in equation (14), required to ensure that (6J) = 0, this is the Heavens case,
Heavens et al. (1998); but in our case we also take this term into consideration.
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After doing all the calculations, the transform of the third order biased, redshift-space density fields
becomes as,

1
69(k) = FX(k)ex + @ /d3k1d3k25D(k —ky — k) I P (k1 — ke
™
+ (2;)6 /d3k1d3k2d3k36D(k — k1 — ko — k3) TP (ky — kg — k3)ereses (3.14)

The redshift space power spectrum P¢(k) is defined by

(09, 00,) = (2m)3 PY (k1)0" (k1, ko) (3.15)

and the real-space mass linear power spectrum Pi; (k) is defined similarly by

(e162) = (2m)% Py1 (k1)6” (k1 + ka) (3.16)

The Gaussian nature of the initial fluctuation implies, by Wick’s theorem that (ejeze3) = 0 and
(e1€2€3€4) = {€1€2){€3€4) plus cyclic permutation, thus, the final formula of power spectrum for galaxies
in redshift space is as

d3
P!(k) = Pt + P52 + P58 = [14 (1 + bo) Bu”*bi Py + 2/ #Pn(q)ﬂl(u( —q|)
(2) 2 2 d’q (3)
[P @k = 0 + 601+ B2 Pu () [ 5 Pu(@F (0= 10 (317)

and the non-linear power spectrum for matter in real and redshift space are respectively given by this
two formula

3
Pr(k)nz = B2Pu (k) + 2 / gT;PMq)qu — a)[F2 (g, k - g)]?
3
+68P (6) [ P (P (=010 (3.18)
and
2 2 d3‘1 2 2
P(k)we = (1+ Bp®) P (R)[(1 + Bp?) + 2 / G P @ P —aDIF} (%~ )]

3

+6 / (jT;Pu@)F@ (¢,~¢, k)]

The different power spectra showed in non-linear effect, redshift distortion and non-linear bias are
founded yielded as follows:

The first real power spectrum in the linear case Pj(k)r is obtained by fitting function for (A
CDM), while the second power spectrum Pj(k)nr is computed by putting f(Q2) = 0 ie; f = 0, and
by = b3 = 0, but by # 0. For by = 1 and b; = 0;4 # 1 leads to get d; = Jy,, then the power P;(k)nr,
goes to be the power spectra P§(k)nr. For this last two figures, to get the non-linear bias and non-linear
dynamics for the galaxies in redshift space, we applied this following method; the first is to see the non-
linear effects from Py (k)r, to Pj(k)nr, the redshift distortion from Pj(k)nr to P§(k)nr, and finally to
see the non-linear bias effect between P§(k)nr and P;(k) ~ in the redshift space. We can represent the
evolving complexity of different power spectrum as:

Py(k)r — Py (k)nr. — P{(k)np — Py (k)nrL-
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FIG. 2. Different power spectrum form GIF simulation analysis compared with the theory cases.The blue solid
line (1) is the matter linear power spectrum in the real space while the black dotted line (2) is the real matter
non linear power spectrum calculated by Peacock and Dodds (P&D 96). The following plot are all calculated
from the GIF data simulation. The green solid line showed the Kaiser’s formula power spectrum for galaxies in
redshift space line(8). The magenta dashed line (3) is the matter linear power spectrum in real space while the
non linear real power spectrum is given by the green dashed line (4). The red solid line present the non-linear
power spectrum for matter line(3’).The non-linear power spectrum for the matter and galaxies in redshift space
from the simulation are respectively characterized by the red and black dotted dashed line (5 & 6). The dashed
blue line (7) is the galaxy non-linear real power spectrum. For more details see text.

The theoretical and simulation real power spectrum for matter in the linear regime Pf (k) are in
agreement with the Kaiser’s formula, which implies the validity of our theoretical prediction with this
formula. Also, we have the theoretical and simulation analysis of data for matter power spectrum in the
non-linear regime P§ (k)ny, are similar to Peacock prediction fitting which is working well in this regime.
The non-linear evolution prediction by the fitting formula of Peacock & Dodds (1996, hereafter PD96) is
given as:

A% (knL,2) = fNL[A%(kL)], where A2 = % and subscripts L and NL denote the linear and
non-linear quantities, respectively. The analytical expression of fy; depends on five fitting parameters
(see § 3.3 in PD96) obtained by fitting the power spectra of the scale free N-body simulation.

For the matter in redshift space we found that the GIF data analysis for the power spectrum
Pr(k)r in the linear regime agrees with the Kaiser’s formula P*(k,u) = P7(1 + Bu?)? at large scale
(ie, k small), but at small scale k(ie, k large) which this formula is not working, the results are roughly
different. Here we are showed the validity of our theory with the Kaiser formula which is working just in
the linear regime.

The simulation results corresponds to the non-linear effect in real space between the power spec-
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trum for matter Pj(k)nr and power spectrum for galaxies Pj(k)nr started at wavenumbers k& ~0.2h
Mpc™!.

The redshift distortion effect is remarked also from the simulation between the galaxies in real
and redshift space. We can see this effect from the difference in the non-linear regime between the power
spectrum in real space P (k)nr and the power spectrum in redshift space P;(k)nr. This effect appear
at scale k ~0.25h Mpc~! and becomes more important at large scale.

For the simulation power spectrum in real and redshift space, we can see the difference between
them, such that the P;(k)ny, is lower than P](k)nr in real space which is in agreement with the result
found at epoch z=0 in Figure, 4 in Gottlober et al. (1998), but in this case he showed his results with
different circular velocities for galaxies, and also this results roughly similar to Figure 1 in Andrey et al.
(1999).

We can see also from the data analysis that P# (k) is slower than the galaxies power spectrum
Py (k)nr- Although the scale of non-linearity (wavenumber) of an upward inflection of Py (k)L is seen
clearly in and approximately matches the corresponding scale in P§(k)nr at epoch (z=0), the shapes of
the galaxies (halo) and matter power spectra are quite different. This difference means that the bias of
galaxies distribution is scale dependent. A similar conclusion has been reached by many authors from
comparisons of galaxies and matter two point correlation function (e.g, Bagla 1998; Colin et al. 1998;
Katz, Hernquist & Weinberg 1998).
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FIG. 3. Different power spectrum calculated form the theory compared with GIF simulation. The plot are given
par odd numbers are the theoretical calculation, such as: The blue solid line (1) correspond to the matter linear
power spectrum in real space while the magenta dashed line (3) and the red dashed line (5) are respectively the
non-linear matter power spectrum in real and redshift space. The dashed blue line (7) is the non-linear galaxies
power spectrum in redshift space. The even numbers of the plots correspond to the GIF’s data analysis where
the dotted line (2) and green-dashed line (4) are the linear and non-linear matter power spectrum in real space
respectively, while the black dashed-line (6) and the solid green line (8) are the matter and galaxies non-linear
power spectrum in redshift space respectively. For more details see text.

For more details in Figure 3, we can discuss here how much difference we have (or is there an agreement
or not) with the GIF’s data simulation analyzed and the theory prediction.

The non-linear effect for power spectrum of matter theoritically PJ(k)nr, and simulation data an-
alyzed here are started respectively at wavenumbers k~0.15 hMpc~! and k~0.17 hMpc~! which means
an agreement between this two quantities, while the redshift distortion effect between the power spectrum
for the matter in real space P{(k)nr and redshift space P§(k)nr are started for theory and simulation
respectively at k~0.22 hMpc—' and k~0.20 hMpc~!. In both cases these last two power spectra, the
one in real space is lower than the one in redshift space, which agrees with the result at z=0 in Figure 3,
in Gottlober et al. (1998), and Figure 1 in Andrey et al. (1999).

The non-linear bias effect in redshift space between the mass power spectrum P} (k). and galax-
ies power spectrum in redshift space P (k) N1 demonstrated in the theory and simulation respectively at
k~0.01 hMpc—! and k~0.8 hMpc—!. The two quantities in theory and simulation are started at different
scales. It means that the theoretical prediction applied here is not well working against the simulation
analysis. This difference is due to the theory approximation, because we have just approximated to the
third order of the galaxy density perturbation equation(13) which implies that if we take higher order of
perturbation, this two quantities becomes in agreement each to other.

We remarked for the theory and the simulation analysis for galaxies in redshift space, that we
found at small scale (non-linear regime) from the range k < 0.7hMpc~! that the result are not very well
agrees in this range, we explains this difference is due to the non-linear bias such that the formula (13) is
not exact, is just the third order in Taylor expansion, and we expected that each time when we increase
the order in this formula the theory result becomes more closed and well agree with the simulation result,
and this difference disappear then Py (k)N becomes very similar to both theory and simulation.

IV. CONCLUSION AND DISCUSSION

For our simulation analysis, we investigated the measurement of the 8 parameter in the redshift space
from the anisotropy of the redshift space power spectrum using the approach of the quadrupole to
monopole ratio. We took the line-of-sight direction to be a Cartesian axis of the simulation cube, implic-
itly assuming that the whole simulation volume is far away to satisfy the distant observer approximation.

We presented the results from a study of the bias of dark matter and galaxies distribution in
real and redshift space at large scale, high resolution simulation assuming a flat, CDM model with a
cosmological constant. The following conclusions can be drawn from the results presented in this paper.
Figure 1, represents the function 3(\) obtained from solving for § in equations (4) and (5) respectively,
where X = 2%,

We have presented a calculation of the anisotropy in s-space power spectrum using the quadrupole
to monopole power spectrum to estimated the 8 parameter. The decline of this ratio on large scale is
due to the non-linear effects, coherent effect and peculiar velocities. Also, in this paper we showed that
the different power spectra consistent in the linear and non linear regime, i.e.: at small and large scales
both in the theory and in the analysis of GIf simulation data. In our studies, we found good agreement
between the predictions of the theory and the data from the GIF N-body simulation.
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At z=0, the real space power spectrum of dark matter shows a clear excess over the linear power

spectrum due to non-linear clustering. The corresponding dark matter power spectrum in redshift space
follows almost exactly the linear power spectrum of dark matter.
The comparaison between our results for power spectrum for the matter and galaxies in real and redshift
space at z=0 with the Figures 3 and 4 in Gottloberet al, (1998) shows that there is very agreement. Here
we can see the bias with these two quantities such that in real space the power spectrum of galaxies
(halo) and matter are very different.

We showed that the theory we applied here is agrees well with the data of GIF N-body simulation.

For the different case, different regime and different space, there is an agreement between each of the
two spectra which gives a certain confidential to the theory applied.

The evolution of the power spectrum of the galaxies distribution is significantly slower than the evo-
lution of the matter power spectrum (both linear and non-linear) scales. The galaxies and matter power
spectra, also have significantly different shapes. The differences in shape imply scale dependent bias of
the galaxies distribution.

At z = 0 the halo power spectrum in our simulation analysis matches the observer power spectrum of
the APM galaxies well.

Despite the difference in shape, the power spectra of both matter and galaxies exhibit a distinct “in-
flection point” at approximately the same wavenumbers, corresponding to the scale of non-linearity (ie.,
the scale at which the power spectra begin to deviate significantly from the linear power spectrum). The
inflection scale is k& ~0.25hMpc~" and very closed to the inflection observed in the power spectrum of
the APM galaxies (Gaztafiaga & Baugh 1998); therefore, we interpret the inflection in the APM power
spectrum as the present-day scale of non-linearity kxnr. We should note that the distinct inflection point
can be seen only in the real space power spectrum; the non-linear amplitude of the redshift-space power
spectrum is strongly suppressed and the inflection in the power spectrum of both matter and galaxies is
smoothed out (see Figs. 3 & 4 in Gottlober et al. 1998).

The analytic fitting formula of Peacock & Dodds (1996), with only minor tuning, provides an
excellent match to both the shape and evolution rate of the matter power spectrum in our simulation
analysis. The latter probes deep into the non-linear regime, down to wave numbers of (~ 0.2hMpc—1)
at (z=0); we find that clustering of dark matter in the higly non-linear regime in the simulation is ap-
proximately stationary (stable clustering). This result of this paper implies that detailed modeling of the
small-scale galaxy clustering requires a good understanding of galaxy evolution in clusters.

The author would like to thank A. Dekel, E. Rabinovici and M. Virasoro and ICTP for help. He also
thanks Cristiano Porciani and Amiram Eldar for fruitful discussions.
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