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LYyMAS: Lyo Mass Association Scheme

Hydro. Sim...
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Motivations

1) Test a cosmological + galaxy formation model
by considering Lyman-o at large scales (Gpc)

2) Improve the theoretical predictions, in particular at
low scales (few Mpc)



Construction of Mock Ly-a spectra for large surveys

Existence of a tight correlation between density O

S N !
and temperature |
(Katz, Weinberg & Hernquist 1996; Hui & Gnedin 1997) iW\Aé\O\ Q Q Q|

“Fluctuating Gunn-Peterson Approximation”

Lyo Optical depth v e=ss) DM overdensity A

!

Flux

(FGPA, Katz, Weinberg & Hernquist 1998; Croft et al. 1998)

Mock Ly-o : log-normal density field + FGPA

Log-normal

density field 7

- Gaussian initial conditions

DM density field from N-body

L simulation




Construction of Mock Ly-a spectra for large surveys

Mock Ly-a : log-normal density field + FGPA

- Gaussian initial conditions
Log-normal

density field | pm density field from N-body
- simulation

Problems of this approach:

- Model Gpc? volume while retaining good resolution on the gas Jeans scale
- The choice of the smoothing scale for DM produces ambiguity in the predictions

- The FGPA assumes a deterministic relation between p and F=e—

2-0.6(y -1)
—A (p v-1 : index of the gas temperature-density relation
P

A : normalization constant

F =e
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Hydro simulations

Dubois et al. 2014 Vogelsberger et al. 2014 Schaye et al. 2015
Horizon-AGN

~llustris EAGLE

adget-
Lpox 142 Mpc 106.5 Mpc 100 Mpc
My,  8.3x107Mg 6.3x105 M, 9.7x106 M
€dm 1 kpc 0.7 kpc 0.7 kpc
AMR moving mesh SPH
6.6x10° cells 5.3x10° cells 3.4x10° gas parts.
Mg 2x108 Mg, 1.3x106 M, 1.8x106 M,

see also MassiveBlackll (DiMatteo 2016), Magneticum Pathfinder
simulations (Dolag et al.), Sherwood simulations (Bolton et al. 2016),...
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Extracting Lyo spectra

For a given los, the opacity at observer-frame frequency v,,:

T, )= Ecem n, oW, )dl e
_ _ _ _ Grid of density transmitted
N numerical density of neutral H atoms in each cell Flux (10243 voxels)

dl :physical cell size

O (Vobs) : the cross section of Hydrogen to Lya photons

2
e H(a, x) =
)= N NS g
m,c JmTAv y N E” :
f,, = 0.4162 : Lya oscillator strength ::E ;i; g’
N \ig¥ g
1/2 NNE72
AUD = (2kBT/mH) XVOL /C Qt ”' ‘ooo&&oo
ML °
(0

a=Av, /(2Av,) Av, =9.910"s™ o’

H(a,x)=fﬂ e’

|2 > dy : the Hjerting function
a +(x-y)



Extracting Lyo spectra
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Extracting Dark matter skewers

1. Adaptive interpolation of the DM particle
distribution on a high resolution grid.

(Colombi, Chodorowski & Teyssier 2007)

2. Smoothing with a Gaussian window in
Fourier space

3. Extraction of the skewers from a grid of lines

Grid of density field 1+5 (10243 pixels)

\
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Extracting Dark matter skewers

PDF
L in R EEERRRRRRRRERRRRRRRRRRRRERE
Redshift space
10 6=0.3 h™! Mpc
_ 6=0.5h"" Mpc
4 6~0.7 h™! Mpc
o

6=1.0 h™" Mpc
0.5

IR L1111
-1.0 -05 0.0 05 1.0 15 2.0

As=log ( 1 +83)

0.0

3-d smoothed at different scales



Extracting Dark matter skewers

DM density

(Peirani et al. in prep)

0.2 ),y

[ DM density

Vel. dispersion
Vorticity

—divergehc
g g

ivergence ,
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Deterministic mapping

Construction of an “optimal” deterministic relation: F_ = f(1+d,) (Gallerani+ 2011)

[P PEyar, = [T PoS)ad,
0 s )Gl 5,1 s /40

y
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1+ 9,
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Deterministic mapping

1. Construction of a deterministic relation:  F = f(l +0, )

Optical depth: T, = —InF|

1.0
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Deterministic mapping

Grid of predicted transmitted flux F

Grid of density contrast 1+ J
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Deterministic mapping

PDF of the Flux 1d Pk of spectra
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Hydro spectra

Detreministic

Deterministic mapping
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Predicting conditional Flux distributions
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Predicting conditional Flux distributions

Optical depth: ‘ljS = —hlEq
P(F[1+3,)
s s Pk 1+0
s s
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Predicting conditional Flux distributions

Redshift-space
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iIC mapping
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Probabilistic mapping

PDF of the Flux 1d Pk of spectra
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Probabilistic mapping
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Coherent mapping

1. From each DM skewer Generate 1-d Gaussian field with specific power spectrum

e derived from P(FS ‘1 +9, ) statistics (Peirani
et al. 2014)

‘l‘? * Derived from Wiener filtering + DM velocity
Hi’,! field (Peirani et al. in prep)
y ™ "“ - 2
g5y’ o)
Ny Bace! ;
N 97 s 9
R i’ & -
W g -2 ' ' . .
X Qt z 4240 4260 4280 4300
A (A)

2. One iteration:

- Pk rescaling: multiply each Fourier components by the ratio [Pg(k)/Ppg(k)]?
- Flux rescaling



Coherent mapping

4240 4260 4280 4300

A (A)



Coherent mapping
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Coherent mapping
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Coherent mapping

4. lteration on 1d-Pk:
( multiply each Fourier components by the ratio [Pc(k)/Ppg(k)]1? )
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Coherent mapping

4. Iteration on F_:
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Coherent mapping

4. Iteration on F_:
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Mapping

Hydro Spectra F_ Deterministic

mapping
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Correlation function
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What’s next?

1) Improved mocks (Peirani et al. 2020 in prep)

10-1

10-2

— 10-3

10-4

10-5

oppM=0.5 Mpc/h

HnoAGN

Hydro spectra
LyMAS
Improved LYyMAS + DM velocity

0.2

05 1.0 2 5. 10.0
x {Mpc/h)

Fe

[ — 10-1 — T 11 | LI B L Ly
=] m====== opp=0.5 Mpcrh —
= 102 —

N ~  HnoAGN
g - 108
b
kel vy =y
= — Hydro spectra
4
10 — LyMAS
L Improved LyMAS + DM velocity
105 |—
I Il | I | I | I | | | I | - I
20. 0.2 0.5 1.0 2. 5. 10.0

x {(Mpcih)



What’s next?

1) Improved mocks (Peirani et al. 2020 in prep)
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Application to large cosmological DM simulations

Gadget2 (Springel 2005)

300 Mpc/h - 20483 particles -
WMAP7 cosmology op,=0.3

Mpc/h

1.0 Gpc/h - 29483 particles -
WMAP7 cosmology opy=1.0
Mpc/h

0=10 h_ A Ao v e -
: NareNostrun

=03 [ N-body Sim.:
h™" Mpc 300 h™' Mpc
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Application to large cosmological DM simulations
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Application to large cosmological DM simulations

Correlation function:
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Cross correlation quasar Lyo in BOSS survey
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“Modelling the Lya forest cross correlation with LyMAS”

Lochhass, Weinberg, Peirani, Dubois, Colombi, Blaizot, Font-Ribera, Pichon & Devriendt, 2016



Cross correlation quasar Lyo in BOSS survey
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Numerical modeling improvements

1. Algorithms
- QSO continuum
- Redshift evolution
- Noises

- Non constant spectral resolution
- Etc...

2. Simulations and more realistic catalogs of spectra
- N-body simulations : 22 Gpc/h (BAO study)

- Light cones

- Etc...



Mock catalogs of galaxies

“MoLUSC: a MOck Local Universe Survey Constructor”
2008, ApJ, 678, 569
T. Sousbie, H. Courtois, G. Bryan & J. Devriendt




Mock catalogs of galaxies

Calibrations from the
Horizon-AGN at z=0
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Mock catalogs of galaxies
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Mock catalogs of galaxies
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Mock catalogs of galaxies
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Available mocks

1) WMAP1 (Marenostrum)
300 Mpc/h (409672 spectra) from Gadget2 (102473 parts.
1 Gpc/h (409672 spectra) and opm=0.3 and 1 Mpc/h)

2) WMAP7 (Horizon-AGN)
1 Gpc/h (409672) from Gadget2 (2048+3 parts. and opm=0.5 Mpc/h)

+ 5 hydro simulations (100 Mpc/h): 51272 spectra each

3) WMAP7 (Horizon-AGN)
1 Gpc/h (4096”2 spectra) using improved LYMAS (summer 2020)



MAMMOTH + LyMAS

Mass (10" Mg)
0 260 521 781 1042 1302 1563

L B
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“MApping the Most Massive Overdensity Through Hydrogen (MAMMOTH): | -
Cai, Fan, Bian, Peirani et al. 2016, ApJ 833, 135



Web : www2.iap.fr/lusers/lymas/lymas.htm

R Lymas
& iap.fr,

BRADS 3fJisho fR{page WEB Pintranet FEGo-1 [Société Générale [ZCaissed'Epargne /5 Météo pour l'ile-de-Fr... £3Dropbox

e C Y

OHIO .
QUALE Lyot Mass Association e o : '

2 A
Scheme =l

LyMAS MOCkS hydro spectra

. 2 o 3 50 Mpc/h
Articles Ramses simulation ("Horizon-MareNostrum"): pe

WMAP1 z=2.51 Lbox=50 Mpc/h 3 i
Data - Calibrations box P 1024” DM particles 1Gpcl/h

300 Mpc/h

WMAP1 0=1.0 Mpc/h - redshift space only:
WMAP7

WMAP7+AGN
PLANCK

Redshift space - 6=0.3 Mpc/h Redshift space - 6=1.0 Mpc/h

Mocks |
_—_ Post-treatment: LyMAS coherent using 0=0.3 Mpc/h or
Image Gallery

0=0.3 Mpc/h
o=1.0 Mpc/h




MareNostrum (2006)

= Horizon-MareNsotrum simulation
(P1 J. Devriendt, R. Teyssier, G. Yepes)
L,..=90 Mpc/h
10243 DM particles My, . .=8x10° M,
Finest cell resolution dx=1 kpc (-1 level of refin.)
Gas cooling & UV background heating
Low efficiency star formation

SNIi
metals w/ solar composition

= Outputs
Simulation outputs

. )
= z=1.5 using 1.3 Mhours using 2048 cores



Horizon-AGN

= Horizon-AGN simulation
L,0x=100 Mpc/h

10243 DM particles Mpy, ,c=8x107 M,

Finest cell resolution dx=1 kpc (-1 level of refin.)
Gas cooling & UV background heating

Low efficiency star formation

Stellar winds + SNII + SNla

O, Fe, C, N, Si, Mg, H

AGN feedback radio/quasar

= Outputs
Simulation outputs
Lightcones (1°x1°) performed on-the-fly

Dark Matter (position, velocity)

Gas (position, density, velocity, pressure, chemistry)
Stars (position, mass, velocity, age, chemistry)
Black holes (position, mass, velocity, accretion rate)

= z=0.05 using 10 Mhours using 4096 cores Dubois et al. (2014)




RAMSES: an adaptive Mesh Refinement (AMR) code

Language :
Fortran 90
MPI parallel
Method : adaptive grid refinement
Equations :
Hydrodynamics
Gravity
Atomic/Metal cooling + UV-heating
(Magneto-hydrodynamics)
(Radiative transfer)
Sub-grid physics :
Star formation
Supernovae & Stellar Winds
Active Galactic Nuclei (AGN)
Cosmology

See Teyssier, 2002



Coherent mapping

Fy ' '
1. Construction of “percentile spectra”:  Per(F;,0,) = fo P(F; ‘6S)dFS
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Coherent mapping

2. Construction of “Gaussianized” percentile spectra (Weinberg 1992):
ZZ

12 Y 2
GPer('x) =Y (275) f_oo e “dz= Per(x) Cumulative PDF of
Gaussian function
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Coherent mapping
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Coherent mapping

1. For each DM skewer, create a realization of G.Per(x) of the 1-d gaussian field
2. Get a realization of Per(F) by “degaussianization”

3. Get the flux field by drawing the flux at each pixel from the location of in P(F_|1+0,)
implied by the value of Per(F)

1.0
0.8
4" 0.6
0.4
0.2

0.0 | | | |
4240 4260 4280 4300

A (A)

4. One iteration:
- Pk rescaling: multiply each Fourier components by the ratio [Pg(k)/Ppg(k)]?

- Flux rescaling



Application to large cosmological DM simulations

Correlation function:
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Application to large cosmological DM simulations
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Application to large cosmological DM simulations
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Cross correlation quasar Lyo in BOSS survey
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Figure 2. The cross-correlation between dark matter halos and Ly-« forest flux calculated from true gas spectra (black solid) and
from LyMAS applied to the matter distribution with 0.3 h=! Mpc 3-d dark matter smoothing (blue dashed), 0.5 h~! Mpc smoothing
(cyan dot-dashed), or 1.0 Mpc h~! Mpc smoothing (green solid) in the (100 h~! Mpc)3 simulation. Rows show transverse separation
bins 0 =1 —4, 4—7, and 7 — 10 h~! Mpc, and columns show dark matter halo mass bins M12 = 1.68 — 3.35 and 3.35 — 6.70.
Similar agreement holds in other mass and separation bins. Error bars are computed from the standard deviation of the mean among
16 subvolumes.



Horizon-AGN - Horizon-noAGN (2014)

Horizon-AGN Horizon-noAGN

" HonbAGN
282,57

L gl
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Gas density

Gas temperature

Gas metallicity

=100 Mpc/h Low efficiency star formation
Stellar winds + SNII + SNla
O, Fe, C, N, Si, Mg, H

AGN feedback radio/quasar

L
10243 DM particles Mpy, ,=8x107 M,
Finest cell resolution dx=1 kpc (-1 level of refin.)
Gas cooling & UV background heating

box



AGN vs noAGN
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AGN vs noAGN
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