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A 1st new generation spectroscopic instrument

A 4m Mayall Telescope at Kitt Peak National
Observatory

A 5000 spectra measured in one observation of

S FLILINRPE® HNnQ OLINBGJA?2 dzé/EI

The goal

A Constrain the dark energy parameters & gravity

Differentgalaxysamples

» h Quasars (3M)
h » h ELG (Emission Line Galaxies, 16M)
h » h

» h BGS (Bright Galaxy Survey, 13M)
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Dark Energy Spectroscopic

A 1st new generation spectroscopic instrument

Instrument A 4m Mayall Telescope at Kitt Peak National
Observatory

A 5000 spectra measured in one observation of

S FLILINRPE® HNnQ OLINBGJA?2 dzé/EI

A Constrain the dark energy parameters & gravit

The goal
yJ

Differentgalaxysamples

» h Quasars (3M)

h » h ELG (Emission Line Galaxies, 16M)
Source DESI ﬁ J F]
h BGS (Bright Galaxy Survey, 13M)

Total : 60M galaxy spectra over 7 years’

Data acquisition started in May 2021
First paper (DR1) published in April + | See Arnaud's talk on DESI & BTO

Tomorrow, 9h00
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Cosmological probe
Galaxy clustering

Source DESI

Density contrast
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« Standard» analysis

Two-point correlation

PARIS

function («2PCPk)
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A Statistical tool

A Describes matter structuration

A Only captures gaussian
Information
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Densitysplit

Paillas et al. (2020)

Source Mathilde Pinom

A Nonstandard analysis !

4. Density histogram
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2. Density mesh with cell size | 3. Density at each patrticle locatio

6. Correlations
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|nference pipeline A Goal : Constrain the cosmological paramete?ﬁsﬂ

Data
(simulationg

I /D

Densitysplit

_ Cosmological



IEIElg(e=No]lolli[g[s] A Goal : Constrain the cosmological parameters

Fit (MCMC)
Model
(Emulator)

Data _ _
: . Densitysplit
(simulationg
Training
(simulationg

Cosmological
Inference

Allows to capture nottinear
Info at small scales !

HOD (x100) —_—




: : Mocks
Inference pipeline i e
Covariance
matrix
Data - : Cosmological
. . D | ,
Training Cosmo (x85 Model Allows to capture notlinear
(simulation9 HOD (x100) (Emulator) Info at small scales !

A Generation of BGSmulations
A Developing the interface between the codes
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N-body simulations
Halo mass functio

Halo mass function for different simulations at z=0.2

_ Abacus Full box)
107 LRG-like Abacus |

10 |

101 |

Simulations: AbacusSummit
(Maksimoveet al. 2021)
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N-body simulations
Halo mass functio

Halo mass function for different simulations at z=0.2

- Abacus Full box)
107 L I S LRG-like Abacus |
M BGS-like Abacus ]
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HOD Model

.

HOD

——)

Parameters

—

UsingAbacusHO{Yuan et al. 2021)

A{0 h O RAAHM R K h }tofit with cosmological parameters
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Statistics

All HODs for all 85 cosmologies
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1 cosmo, 1 HOD, 1629 initial conditions

Covariance Error bars for 1629 small boxes
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Covariance

2PCF

40

20 A

s%&(s)

_20 u

—— Monopole

—401 Quadrupole

0.25
0.00 ~
—0.25 A

s%0¢

Error bars on c000_hod096 box

CCF
2007 Quantile 0
Quantile 1
150 1 —— Quantile 2
—— Quantile 3
100 1 =—— Quantile 4
50 A
0_
_50_
—100 A
—150 A
_200_ T T T T T T T
1 .
0 1 e ——EE {
_1 -
0 5 10 15 20 25 30
s [Mpc/h]

LPNHE )

PARIS

ACF

700 -

600 -

500 A

400 A

300 -

200 A

100 A

Error bars x10

2.5 4
0.0 1
—2.5 1

s [Mpc/h]



\ LPNHE
.
Emulator Validation
- set
S

Y A e |
. Data R\ |
Training - - - == = - - - . .
set > |
Parameters |
. . |
‘Slmulatlon :
- l — Emulator |
6O 4 ' I N-body |
B0 - |
|
s !
f‘;fg 20  « = —— - — _I

0 Data

=20
=41 r . ' , : : . :
"Cosmog, HOD 0 20 40 6O B0 100 120 140

I /DE r [~ Mpc] 12



Val

Idation

Density-split CCF monopole

Cosmo: 3, HOD: 9

Density-split ACF monopole

Galaxy 2PCF monopole
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Cosmological inference

90,024
P
§ 0022
£
S
0.020
050
©
ol 085
&
2080
11
10 \
<
08
12
-
Ly .
o
10
L 125
3124
=123
=3
o122 T
121
18
217
a ‘
@ 1§
15
L4
w12
= i
£10
=
T 08
06
o 04
]
©
G2
=
0.0
1.30)
a
£ 126
=)
@
122
Lo
g
aos
£
00
01
. (@
@ 00
@
-01
Lo
o 05
D
@
@ oo ‘
-05
> N
o oY
omega_cdm

ol

<

_0 8 AbacusSummit Density-Split
AbacusSummit 2PCF + Density-Split
Source CuestalLazaro et al(2023)
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A Usual method : 1000
simulations for lcosmo

Covariance A Enough for DS with BGS ?
mairix A Hybrid method FitCouTrusoy

Zarrouket al. 2023)

Data r . : Cosmological
(DR1, DR2 BGS :- Inference

'A Simulation geometry? (Cublc.
' or Cutsky :
''''' I ,"VA More realistic simulations |
-+~ (more expensive :

' A Y influence
IA Quantile number
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Thank you for your attention !
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Halo Occupation Distribution
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Covariance matrix

Correlation matrix of the TPCF

1.0
Covariance matrix N
- 0.8
(O 0 Ww ) ) - 0.6
0.4
\ y,
0.2
Correlationmatrix N 0.0
(J 4 n _0.2
wr r N\ \ a)
O Ell o4
1 1
-0.6

[
\

LPNHE




Covariance
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BGS challenges

Nb of cosmo
Mb of HOD (per cosmao)
Nb of los

Time for loading cosmo
Time for populating HOD
Computing density
Computing quantiles

Time for 2PCF (s<150)
Total estimated time (h)

2PCF for s<50
Total estimated time (h)

2PCF for s<30
Total estimated time (h)

Time (s) for 1 Total (s)

340 28500 481,666067

31 203500 4391,660667

27 229500 3825

130 39000 630

1485 37667500 631125
115862,0556

80 2040000 34000
6383,135585

25 637500 10625

2103,722222

Total (min) Total (h)

a, 02777778
73,1544444

63,75
10,8333333

10518,75

566,600007

177083333
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Covariance

Error bars on c000_hod096 box
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Otherparameters

Y impact

ACF (radius=10, cellsize=5) vs CorrHOD (radius=5, cellsize=2.5)
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Statistics

DS monopole of 93 HOD catalogs (Uchuu in gray, Abacus in black)

2PCF of 93 HOD catalogs Cross-correlation Auto-correlation
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A Geénération des simulations BGS, calcul des statistiques (2PCF, DS) LPNHE




Contexte scientifique

Méthodes alternatives

{B(K1, ke, s, 2) e
/ . voids ! \

Galaxies, QSOs, Ly-a Power spectra Compressed quantities Cosmo parameters

o 200
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Source DraganHuterer& EvaMaria Mueller (DESI KP7)
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Contexte scientifique
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1e6 Color repartition of blue and red galaxies
Hl EBlue galaxies
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— Analyse Multtracer

Q. Princie \
Inférence r
cosmologique ¢

4
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parametres avec un MCMC
; A Comparaison du modéle
Al théorigue avec les donnees
°° (minimisation de...)

-----

-
.

vvvvv

]
|
o
o
N
N
o
+
oo
oo
ey
Py
Loy

vvvvv

b21 = —2.2872+3§132

Remarques N

A ® 0
A FOG non contraint

Q"”e =
. J ¥
%

b12 = 0.2482+9.9372

vvvvv

2.5225:33538

||||||||||

+++++++
111111111

FOG2 b22 P FOG1 G % FOGO o «, b20 00 19 0
ey YVvev 43 eve e s 0 % o Pvoe Yo % % s %o ¥e <y Y
L1 i e R LRy A PR L A L L L
o
k4 1 g 5 1 1 5 1 7 7 -\\_\__ $
2 SIBOIE ® ©® @ ©® @® © @® =
3,
70 1 1 1 1 1 1 A A 11 -/‘214
o 1
g
o
o
(e o T T EES N e | T o T e T | N e e | B S B | T T B EO T 1 R 1 Lo o) el
%, ] ] ] ] ] ] ] | <|:|>
g‘% ] ] ] ] @ ] ] @ ] ® ] 8
% 1 1 1 1 1 1 1 'f_r"”' %
lav h h ' ' - B ' o A \r\i
= oo
. o o]
oR
—o
‘. )

0
B85 €N

I R A N PR O Y Y | R Y ) L o

° 4 4 4 4
3 1 1 1 1 \‘
Q \ o
o6 N\ & b 1 1 (=]
3 o

® 4 4 4 4
&7 o = N
X , ]
- »—-.—-
28
©°n
=4

\gzallll o R o UGl ol Ul Fal I R

Yo

00 1 A A

)

=% 1 ] 1

000 | ] N

0(e

% L L FER e Tl

2 4 . 3

N

13 . . .

E,yo

[t 7 7 7

) . . .

lo n

5 o
(9]
=
[}
[
o
w

eeeeeee



Stage au LPNHE (M

&i(s)

Downsampling

2PCF
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Stage au LPNHE (M
Differentes simulations

LPNHE




