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Count in Cell |
Lets take a finite volume V:

V=> dv;
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Lets take a finite volume V:
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n; = number of galaxies in cell= { .

with:
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Countin Cell I

<N>=) <n>=) ndV;=nV
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Countin Cell I

<N>=) <n>=) ndV;=nV
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Count in Cell Il

Central moments:
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r.m.s. fluctuation
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r.m.s. fluctuation
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Normalization and Bias

Amplitude of fluctuations are usually referred for a
sphere oRh~'Mpc:

A 2
g =< (—p(R = SthpC)> >1/2
p
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Normalization and Bias

Amplitude of fluctuations are usually referred for a
sphere oRh~'Mpc:

A 2
oy =< (—p(R = SthpC)> >1/2

0
Simple bias :
imple bias 5_p) _bx5_p)
p 9 p PM
SO

Eg(T) = 62€DM(T)

one might have more complicated relation between
galaxies and DM, and the bias can be a function of
scale:
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Angular correlation function

Definition:
dP =ndQ(1 4+ w(h))
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Angular correlation function

Definition:
dP =ndQ(1 4+ w(h))

We introduce the depth of the survéy:

L, 1/2 r
D, = dy =—
( ) andy = -

4l .
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Angular correlation function

Definition:
dP =ndQ(1 4+ w(h))

We introduce the depth of the survéy:

L, 1/2 r
D, = (477[) and y = E

from &(r) one can getw(6)
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Scaling ofw(6)



Scaling ofw(#)

1 dyyto(y)? [ dul((u? + D2y?6%)1/?)
2
2 (f(foo y%(y)dy)
(Peebles, 1980, LSS of the Universe)
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Scaling ofw(#)

17 dyy™(y)? [ dué((u? + D2y20%)1/?)
w(f) = =

2
25 (f(foo y%(y)dy)
(Peebles, 1980, LSS of the Universe) So finally:

w(0) = DL*W(D*Q)
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Observations

17<b,<20
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Observations

0.5 mag slices scaled to Lick
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Observed properties

Angular correlation function:

w(#) o< 87 with 6 = 0.77 £ 0.04

Galaxies and Clusters — 5th June 2014 — p.11/31



Observed properties

Angular correlation function:

w(#) o< 87 with 6 = 0.77 £ 0.04

For powerlawg (r) = (r/rg) ™7

y=14+6~ 1.77and ry ~ 5h ' Mpc
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Observed properties

Angular correlation function:

w(#) o< 87 with 6 = 0.77 £ 0.04

For powerlawg (r) = (r/rg) ™7

y=14+6~ 1.77and ry ~ 5h ' Mpc
Three point correlation function:

0 (ray 1y, 1) = QUE(ra) (1) +E(r)E(re) +E(r )€ (1))

avec .
0~ 197
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Dependence
EXx: luminosity:
dP = ¢(M)dMdV
and:

dPlQ(T) — (¢(M1)¢(M2)—|—F(M1, MQ, ’r))dMld‘/ldMQd‘/Q
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Dependence
EXx: luminosity:
dP = ¢(M)dMdV
and:
dP1o(r) = (¢(Mn)p(Ma)+T'(My, My, 1))dMidVidModVs
Unbiased:

['(My, My, r) = ¢(My1)p(Ma)E(r)
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Dependence

EXx: luminosity:

dP = ¢(M)dMdV
and:
dPys(r) = (d(My)p(Ms)+D (M, My, 7))dMdVidMsdVs
Unbiased:

['(My, Ma,r) = ¢(M1)p(M2)E(r)

Simple bias:

&-r(r) = b(L)*¢(r)
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Two point correlation function:
Definition
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Two point correlation function:
Definition
Need to know the average galaxy number density:

(L) = Lm S(L)dL
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Two point correlation function:
Definition
Need to know the average galaxy number density:

(L) = Lm S(L)dL

By definition:

dP(r) =dN(r) =ndV (1 +£&(r))
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Two point correlation function:
Estimation
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Two point correlation function:
Estimation

From a sample, number of neighbours:

dN;(r) =ndV;(1 + £(r))
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Two point correlation function:
Estimation

From a sample, number of neighbours:
dN;(r) = ndVi(1 + &(r))

SO an estimation of Is given by :

_ D ANi(r) 1
n )y ;dV; |

&(r)
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Two point correlation function:
Estimation

From a sample, number of neighbours:
dN;(r) = ndVi(1 + &(r))

SO an estimation of Is given by :

_ 2 dNi(r) . Naa(r)

= 1.
ny . dV; ny . dV;

&(r)

Ngyq(r) is the number of pairs of galaxies with separa-
ration betweem andr + dr.
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Estimators
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Estimators
Two (different) problems:
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Estimators

Two (different) problems:
- estimation ofn (-> ¢(L))
- computation otlV;

Volume elementlV;:

- analytical
- Monte Carlo integration:

der)i

Ty

dV; =

(n, being the density of random particules within the
survey limits)
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Estimators

Two (different) problems:
- estimation ofn (-> ¢(L))
- computation otlV;

Volume elementlV;:

- analytical
- Monte Carlo integration:

der)i

Ty

dV; =

(n, being the density of random particules within the
survey limits)so:

1
E d‘/z — _Ndr(r)
Tty
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Estimators
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Estimators

_ np Ndd(”l“)

1.
n Ndf,a(T)

&(r)
for a fair sample:
< dV;), >=<dV;), >

and :
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Estimators

£(r) = e aal?)

1.
n Ndf,a(T)

for a fair sample:

< dV;), >=<dV;), >

and : N
=V
SO.
0= vt (5) v
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Possible biases
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Possible biases

¢(r) is estimated with an (systematic) uncertainty of
on/m.
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Possible biases

¢(r) is estimated with an (systematic) uncertainty of
on/m.
If :
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Possible biases
¢(r) is estimated with an (systematic) uncertainty of

on/m.
If :
_ Ny
TV
pair conservation implies:
/ E(r)dV =0
~V

so¢ Is forced to become negative on some scale.
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Other estimators
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Other estimators
Hamilton (1993)
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Other estimators
Hamilton (1993)

Landy and Szalay (1993):

=1+ (2) 545 -2 () 360

n
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Other consideration

Galaxies and Clusters — 5th June 2014 — p.19/31



Other consideration
In practice one is dealing with flux limited surveys.
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Other consideration

In practice one is dealing with flux limited surveys.
In order to give equal statistical weight to equal
volumes, only galaxies withh > L are kept:

() — TL(> Lo)
wi = w(z) n(> L(z))
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Other consideration

In practice one is dealing with flux limited surveys.
In order to give equal statistical weight to equal
volumes, only galaxies withh > L are kept:

() — TL(> Lo)
wi =) = LI

Increases the noise, improves the volume surveyed.
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Alternative: P(k)



Alternative: P(k)

Troubles with&(r):
- estimation goes a¥';.
- errors are not independent.
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- estimation goes a¥';.
- errors are not independent.

Advantage ofP(k):
- estimation goes a§,.
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Alternative: P(k)

Troubles with&(r):
- estimation goes a¥';.
- errors are not independent.

Advantage ofP(k):
- estimation goes a§,.

Troubles withP(k):
- boundaries correction Is not trivial.
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4D Space...
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4D Space...

D;)ops x Vi = HyD; + v;cos(0)
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4D Space...

D;)ops x Vi = HyD; + v;cos(0)
Introducingr,,, =

&(rp, )
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4D Space...

D;)ops x Vi = HyD; + v;cos(0)
Introducingr,,, =

projected.:

0
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Redshift Space Distorsion: 2dF

Hawkins et al. (2002), astro—ph/0212375
2dFGRS: £ = 0.49 + 0.09

Galaxies and Clusters — 5th June 2014 — p.22/31



Origin
Rea |—5pace

Regime

Redshift space

Obsarver

linear

turnaround
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Origin
Rea |—5pace

Regime linear turnaround  nonlinear

Redshift space

Obsarver

Pairwise velocity on small scales
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Origin
?

Rea |—5pace -«

v

Regime linear turnaround

Redshift space

Obsarver

Pairwise velocity on small scales
Redshift distorsion proportional to

B = fop/p
B din D
 dlna

with
f

non|inear
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Origin
?

Rea |—5pace -«

v

Regime linear turnaround

Redshift space

Obsarver

Pairwise velocity on small scales
Redshift distorsion proportional to

B = fép/p
Wilig din D 0.55

non|inear
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Observations: SDSS
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Observations: SDSS
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Observed properties

SDSS, all
For powerlawg (r) oc (r/rg) -

v ~ 1.84 and ry ~ 5.59h 'Mpc
SDSS, LRG

ro ~ 10.h *Mpc
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Observations SDSS, LRG

o0 150

Comoving Separation (h~! Mpc)
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Observations SDSS, LRG

20 40 60 80 100

Comoving Separation (h™' Mpc)
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Observations SDSS: Boss ||

Anderson+ 2012
20

50 100 150 200

r(h~" Mpc)
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Opservations: the Power Spec-
trum

Wavelength A [h-! Mpc]
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Homogeneity and the
Cosmological principle
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Homogeneity and the

Cosmological principle
usually:

lim < (6—p>2 (R)) >=0

R=+4o0 P
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Homogeneity and the
Cosmological principle

usually:

. op\°

lim < (— | (R))>=0

R=+0o0 P
but what we are actually interessed in is:
oh
Iim < —(R)>=0
R:Hfoo h( )

(and remains small for alk).
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Homogeneity and the
Cosmological principle

usually:

. op\°

lim < (— | (R))>=0

R=+0o0 P
but what we are actually interessed in is:
oh
Iim < —(R)>=0
R:Hiloo h( )

(and remains small for alk).
That Is:

GOM  R3\/&(R) R3/?
— X X

_ 2—~/2
R R R i

not really probe by galaxy surveys...
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