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Cosmology with the Lyman-a forest

On large scales, constraints on the
expansion history via BAO
measurements

On small scales, constraints on the
amplitude and slope of the power
spectrum:

- Growth history
- Sum of neutrino masses
- Nature of dark matter
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Statistics

Correlation of absorptions:

Different lines of sight (P3D)
Same line of sight (P1D)
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P1D modeling

I ‘
o . bt i
Hydrodynamical simulations: ++++*H ' 1* +1++t+11f+++t H}“ i ||
TANHTALITI H HhTY
- Nonlinear growth of structure 107} ++*+++ iR
- Nonlinear peculiar velocities L '
L !
- IGM ionization state . +* ..°"“"”’+”*+””H”Wﬂ |
- Thermal broadening S ,...,."n”m*”j*””i +H*| ‘ l |
- Gas pressure + ettt
Probes low-density regions of the b ¢..o.0.
universe so subgrid physics plays a by y = oo e
minor role (Quick-Lya approx) i boe-26 0 e=324 =38
10760 025 050 095 100 125 150 175 200

k[A1]
Ravoux+23 (DESI EDR)



|||ll|ll|l| © :
SSEERRESSSSw | N %
||||||||||| [~ ot Wy
e RS <
I R e ‘ 9 v =l
- - - o [ee] % flu—ﬁ. y ofl-— f}-o <
baesmmap ot Tl SO |} e N 4’.
||||||||||| J_ s e § -.— L
lllllllllll 3 .
lllllllllll LI /ﬂ.? %
N ————— ° o ?Bﬁ.bﬂ. o
i e g o e i i %
lllllllllll M A \
e e S e . .l.f.. o ° &
lllllllllll | /... N .ﬁ».o .
lllllllllll ../... Jv-.. ..nf
lllllllllll : .
lllllllll o ) B
ey gL e s M e e .I._...... =
||||||||||| | Y sy (=]
lllllllll ol .
e o S, B, ] S " .
el )
e B I | B
o o i o e S
T T
® © < ~ © © < ~
<) S S IS} — — — —
h\ >
e
e 1
— ‘
# ©
I ] <]
©
rS | wz
. m | © .
"mm § P ot
;] oo T
HE Vi
.Np .uﬂ_ w i PSS S
3 D
< i IR 2
3 f < T
= =} Y I
- O
TR
L
-—»-— O
AR .
..t—o .
Loy N RN
o o LY B YR
.

T T T
© o O o < ~ o © ® OV T N O ©
o~ o~ m m 3 — — — . 04 A A A
N N & &N 9« = S S S Iy
) I ) I I 1o

o
<

simulations of 67.5 Mpc on a side

Gadget: 30 fix-and-paired

would require running a simulation for

In principle, cosmological inference
each point of MCMC chains

Emulators: surrogate models that
“interpolate” between simulations

P1D emulator
Training set:
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Nyx: 16 simulations of 120 Mpc on ¢

side (IGM rescalings)



P1b emulator: design

Parametrize P1p as a function of;

- Cosmology: amplitude and slope of
power spectrum at k,=0.7/Mpc (A%, np)

- Astrophysics: ionisation and thermal
state of IGM (<F>, oT, y, kF)

Multiple strategies to mitigate cosmic
variance

Mixture Density Model to predict P+ and
uncertainty

Cosmo+astro parameters
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P1Dp emulator: cosmology compression (A%, np—2)

Universe almost EdS for Lyman-a forest redshifts, [im(z>2)>0.9: similar expansion
history, growth rate, and peculiar velocities

Before compression, free >m,, After compression, free Xm,,
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P1D inference with DESI-DR1

Joint fit of Pio measurements from
multiple redshift bins

Parametrized redshift evolution of
IGM parameters

Astrophysical contaminants
(metals, DLAs, AGN)

Mock challenge to validate the
pipeline (cup1d)

ky Pip(z, ky)/m
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