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summary

- Cosmology
* Perturbations description and evolution

 Halo bias and Galaxy bias

Use of astrophysical local properties to enhance bias determination

e (Galaxy luminosity as a degeneracy break information

e A direct use for the CDM mapping - BAO Reconstruction

* Emission line galaxies



Cosmology Standard Model
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Cosmological Parameters

The multiple components that compose our universe EARLY ROUTE

Current composition (as the fractions evolve with time)

Cosmic Microwave Background

ey Galaxy clustering:
25% BAO
RSD

.- Atomic matters

Dark energy ‘ 5% Naikings Galaxy weak IenSing
69% D ]
\\\ Photons .
\\ Black holesl LATE ROUTE
Supernovae la and all other
standardizable
e observable based on
Sy Cosmic Ladder
Q. n,A, 7, H,
/ 739+ 1.8
Perturbations




Quantum Fluctuations during inflation

Heisenberg incertitude

Ax X Ap > h

ATthzh




From Reheating to CMB




Baryon-photon oscillates

Potenual

Hill

. Potential . . Potential .

Well Well

Wayne Hu’s tutorial
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Fourier / Spherical Harmonics (GMB)
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Baryonic Acoustic Oscillations (BAO)
Real Space

Around all over-densities

Stop to propagate when the plasma disappear
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Mass Profile of Perturbation

BAO 1n real space

- Dark Matter, Gas, Photon, Neutrino
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Perturbations after CMB

z = 99.000 t = 0.018 Gyr

10°

10°

10

0

10

10

ensity

L

Barvon Overd



BAO 1n galaxies




Baryonic Acoustic Oscillations (BAO)
Real Space

Around all over-densities

Stop to propagate when the plasma disappear




Reality




Measuring Clustering

We estimate it using galaxy pair counts




2-pt statistics

o(x) 1s the contrast density
p(z) — (p)
ot =
B
Power Spectrum P(k) is the FT of &(r):

19



Power Spectrum and

QEt-COrrelation function

20



(ralaxy 2pt-statistics measurement

r’€o [h=2Mpc?]
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Scales In Cosmology

0 > 1 : Non-Linear
- Simulations

0 ~ 1 : Quasi-Linear

- Simulations
- 2-LPT

0 <1 :Linear

- Simulations
- LPT (Lagrangian Pert. Th)
- Analytical approx.

Millenium simulation 22



L Inear evolution of Perturbations

p+ Vi (pu) =0, - Continuity equation
_|_
p [L"u—l— (ﬂ.V,:*)ﬂ’] = —Vzp — pV®, : Euler's equation

_|_
V2® = 47G(p + 3p) — A. - Poisson’s equation
_|_
5+ 2HS = 472Gp, 8 | 5:p;p<<1

Solution for whole r

as Dark Matter lInearity condition

23



Lagrangian Perturbation Theory

\II(Q7 t) i :B(q, t) —q

z(q,t) final position

¥(q,t) displacement vector

d initial position

Credit to Matsubara’s presentation

24



Lagrangian Perturbation Theory

Equation of motion & Poisson’s Equation

1

Ao = 4rGpa’d(z,t)

/A
a

Linearization & Zeldovich Approximation

5(x,t) = {det (1 | 8‘1’)} T _1a Y,

U~ —D(t)Vgpo(q)

Credit to Lile Wang’s presentation

25



Lagrangian Perturbation Theory

e Taking into account the higher-order
perturbations in the displacement

!PzZ!P("’) —gM 4L w@ L gB) ...

R 4

oD = _D(t)Vo(q)

(First order: Zel'dovich approx.)
&2 — —%Dz(t)VA—l [sp.(l.)sp(l? 5 u'z.(l.)sp.(l.)]

L TR LW B2V

#® = _ 1D, t)vA~! (D5 _ gWg®) 4 Do, () VA det (7Y
2,7

3! (2 ,J ~ %,]

+De(A7 (2007 - 23¢7) | Racursive solutions

Credit to Matsubara’s presentation
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~j 1 Applying the first order
¢ |displacement field on initial
| ‘ particle positions.

Perturbtion theory can
evaluate in average how
these displacements
modify the correlation
function and
Power Spectrum

27 Sergel 2009



Perturbation T'heory on stats

Vs CDM simulations

2pt-corr function

vvvvvvvvvvvvvvvvvvvvvvvv

N
) o

r*&(r) [(Mpc h™')?]

nnnnnnnnnnnnnnnnnnnnnnnnn

r [Mpc h7']

A, Aviles & A, Banerjee

2020

Power spectrum

.c'.

Nt
-
BY 2 gndal SF WP SPL 4

.."
-

L 4
-
.......
=

0.05 0.10 0.15

0.20 0.25

Alejandro Aviles et al 2021

Works very well up to :

r~25Mpclh
k~0.3h/Mpc
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Reconstructlon to enhance BAO peak

Displacements on den5|t field

2400

Vargas, Ho, Fromenteau, Cuesta (2017)

l

in Mpec. h ™!

Using linear bias, we derive
the matter density field

l

We move back the galaxies to
their original position

7%_4?%%
=T T
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Reconstruction to enhance BAO peak

0.25

/N Z
AN /
/ NN )

Reconstructed

\ \\

— — Linear
- z=0
0.05 - R= 5Mpc/h
R=10Mpc/h
ﬁ | Yookyung Noh 2009
PURN W W NN S NN SN SN S S PUREE R T W ST SR S SN S
080 90 100 110 120 130
r (Mpc/h)

30

Is part of the standard
BAO analysis




What we do observe?

That’s what we need That’s what we have
.. Dark matterpizO | g Galaxies, z=0

, »
‘.“.

‘ |
»’

(Image from Robertson et al. 2019)
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Global bias (linear)

linear bias
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2pt-statistics and linear bias

Enn(F) = (8, (X +7).8,(X)) .

Px

() = <5g(7 +7). 5g(7)>

—

X

) = (b3, (T +7).b,5,(3))

—

£ (F) = b2E, (F)

33



Complicated because bias can

bhe Com\ex

That’s what we need b That’s what we have

'5g€?) =/ .[5141(7)].

o wDark matterpizO Galaxies, z=0

e L T
3

- , » 4

. 500 million light year$ . _Sparsed and hiased tracer - |

(Image from Robertson et al. 2019)
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But what to do”

Enn(F) = (8,(X +7).8,(X))

£, (F) = <5g(7 +7). 5g(7)>

—

X

&P = (f[3,F + D] £ [5,(F)])

??7?

35
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Standard bias scheme

o0

—> bi j ,—>
5,(%) = f[6,(7)] KICOEDITACH
=0
non-Local
Taylor expansion

Local
No specific form

36



Non-local bias orden 2

6,/0x

-1

non-linear bias
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Real application : Hard!!

1 1 2 1 1 1
5g = c5 6+§c52 (52—02)4—5032 (32—502) 50535 —|—§c532532—|—c¢ Y + cqt st+§css g3

1 1 1 1 1
+ce € + cse 0 + 5 Cote 5%€ + 5 Cae s2e + 5Ce (2 —o2) + 5 Coe? de2 + 37Ce € + ..
Ppng(k) = cs5 Pu(k)
d3q 34
+ cs2 / sP(q) P(k—q|) FS (a,k— q) + o ¢ 02 P (k)
(271') 21
d3
oo [ oy @P(k=a) FY @k - @) S @k
d’q (2)
+ 2¢ce P(k) [ —5P()Fs (-9,k)S(a,k—q)
(2m)°
1 2 1 2
+ 5 Cs3 O P(k)-l-g css2 0° P (k)
3 3
+ 20 P) [ 2P |50 (@ -0k -2 F (-ak) DY (ak—a
d3
+ 2cy P(k) / 23 P(q) DY (~q,%) S (q,k - q)
(2m)°
1
+ 3 Coer o’ P(k) . McDonald & Roy 2009

AN .. s . 0 7 T - gmys=m. W T I
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All galaxies are leaving 1n halos




Spherical halo model

The 2 areas A & B are (Gunn & Gott 1972)
considered as local universe
with proper scale factor
evolution

Curvature

'2_87TG A k
T3 PP T\

PA ™ Pecrit

40



Galaxy clusters

Average Universe

Overdensity

Log a(t)

Turn arrou Virialization

log(t)

The number of virialized halos of a given mass at a given redshift



Galaxy clusters

Average Universe

Overdensity

Log a(t)

Turn arrou

Virialization

Log a(t)

Average Universe

Overdensity

urn arround

Virialisation

4
MB = §7TR3,OB (R)

log(t)

log(t)

The number of virialized halos of a given mass at a given redshift



More massive halos formed in large
scale over densities

— == Large Scale Mode

T[::reshold z=4

reshold z=2

—————
————
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Conexion halo - materia

Excursion Set

a(m)

Bond el. 1991

b?(M)
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Peak Background Split
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Stellar formation and galaxy
evolution 1s much more complex

Reionization

Stellar Winds
Supernovae

0.1

Behroozi et al. 2010 (AM)
viinnr Behroozi et al. 2013a (AM)
= == + Reddick et al. 2013 (AM)
Moster et al. 2013 (pAM)
Moster et al. 2017 (pAM)
e 1w Guo et al. 2010 (pAM)
Wangé&lJin et al. 2010 (pAM)
m—— Zheng et al. 2007 (HOD)

[—y

o
&
|

z‘: ------- Yang et al. 2012 (CLF) +**" N

N 10-8 = = : Yangetal 2009 (GG) \ R
* .

= Hansen et al. 2009 (CL) / '\ NG

Lin&Mohr et al. 2004 (CLY %
w wes Kravtsov et al. 2018 (M+CL)
== = Behroozi et al. 20 1/9fUM)

E

~y

10-° ol il vl vl il el el
108 10° 1010 1ot 1012 1013 1014 1018
Halo Mass M, [M,]

AN .. s . 0 7 T - gmys=m. W T I
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Idea

Use local astrophysical information
to infer the hosting halo mass

Use the halo mass bias to connect
with the matter density field

|
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Invert HOD

statistics

Seminario ICN - Jueves 15 de Octubre 2020




in Mpc.h™!
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Infer the underlying CDM field




Reverting the information

P(L|M,) . P(M,)
AP(L)

PM,|L) =

POSTERIOR WE WANT TO EVALUATE
CONDITIONAL LUMINOSITY FUNCTION
CONVOLUTION OF HOD AND HMF

NORMALIZATION WHICH HAVE NOT IMPACT HERE

49



Halo Mass Function

1pt-statistics based on Press-Schechter and spherical
collapse (Gunn & Gott) formalisms
+ Semi-analitical corrections

Halo Mass Function

)

an(M)
(M/Mg)

dlogio

log1o(

13

l0g10(M/My)
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Halo Occupation Distribution

Link between the clustering of observed galaxies and the
theoretical correlation function and the Halo profile

Associate a mean number of galaxies at a given halo mass

Each sample of galaxies has is proper HOD

(NIM)) = (N,n(M)) + {N(M))

51



Halo Occupation Distribution




Example of HOD parametrization

(Neen(M) = [1 terf (

log M — log M,in ) ]

Olog M
100 - | | LI 11]’]"[ 1 | 1 IITTT‘I :
- (b) Reference LRG HOD :
10 | E
= - -
- - -
(o]

E p— =
= ) ~
I E ikt
O'l = | | L1 lllll/ 1 | 1 llllll B

1013 1014 1015

M

[h-' M

——————————— DM o) ——
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c.h™!

in Mp

50

ROCKSTAR HOD + CLF

" "

Density field for f(R,) =10"° - Halo mass Density field for F5 ., Galaxy number Density field for F5
T -
& &
£ £
0 50
150 200 250 300 0 50 150 200 250 0 50 100 150
in Mpc. h™* in Mpe.h ™! in Mpc.h™!

Dark Matter Dark Matter Galaxies with
particles Halos Luminosity



Conditional Luminosity Function
(Yang, Mo, Van den Bosch 2009)
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Conditional Luminosity Function

log10(M/Mg) =13

log10(M/Mg) =13.5
log10(M/Mo) =14
(
(

2 - - [0g10(M/My) = 14.5
— [0g10(M/My) =15
S 1
S
LS

9.0 9.5 10.0 10.5 11.0 11.5 12.0




Conditional Luminosity Function

Satellite density as modified Schechter function:

7\ 7\’ Follow the sub-
Dsal(L|IMy) = @5 (E) eXp § — (E) halo mass

’ ’ function

Central density as modified log-normal function:

¢cen(L | Mh) —

Can be at the
most one.

270 207

C

{ (log L —log L ) } Canibal evol.
exXp X —
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Reverting the information

P(L|M,) . P(M,)
AP(L)

PM,|L) =

POSTERIOR WE WANT TO EVALUATE
CONDITIONAL LUMINOSITY FUNCTION
CONVOLUTION OF HOD AND HMF

NORMALIZATION WHICH HAVE NOT IMPACT HERE
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Prior estimation

dn(M,)
dlog M

| O°° dlog MP(Ny, > 1| M) X

PNy 2 1| My) X

tgb(ﬁdﬁ):: dn(M) ’

dlog M

0.0161

0.014 1
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0.000 1
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Joint Probabillity

P(Mp, L)
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Joint Probabillity

l0g10(P(Mp, L))
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P(Mp|L)

Posterior Results

log10(L)=10.0
/Oglo [)=10.2

— (
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Average Mass

Average Mass association for logyo(L/Le) = 10.85
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Estimation of the mass using L
In simulation

Using Mean of the PDF
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(Gaussian filter at 10 Mpc
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Gaussian filter at 10 Mpc

Using Mean of the PDF
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in Mpc.h™!
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Reconstructlon to enhance BAO peak

Displacements on den5|t field

2400

Vargas, Ho, Fromenteau, Cuesta (2017)

l

in Mpec. h ™!

Using linear bias, we derive
the matter density field

l

We move back the galaxies to
their original position

7%_4?%%
=T T

8



Reconstruction to enhance BAO peak
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Is part of the standard
BAO analysis
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Conclusions

Obtain non-linear local bias information using luminosity
information in a probabilistic way

This method can be generalized to any statistical information
connecting the tracer to the halo mass (for example density)

We can use this method in order to implement a redshift
dependent reconstruction inside the large surveys
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Different tracers

Luminous Red
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Emission Line Quasar

Galaxy
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75



Emission Line galaxies
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Halo Occupation Distribution

1 HALO TERM
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Increase Hy Crisis

Relative Probability Density

CMB and Independent Local H; values

CMB
67.4+0.5

TRGB Cepheids
(LMC) (N42584+MW)
69.8 + 1.9 S+ 1.6



Increase Hg crisis
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2-point correlation function
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We count the number of pairs of galaxies for each distance r

We compare with the number obtain for random distribution

Estimator Quantity
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2-point correlation function
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