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The 21cm IM signal at z<6:

e modelling
e dependence on cosmology

e synergies with other probes



Distribution of Hi
In the post-reionization universe

» the clustering of HI selected
galaxies at z ~ 0 from the ALFALFA
sSurvey (Martin+ 2012, Guo+ 2017)

* the bias of the Damped Lyman-a
boLas = 1.99 + 0.11 systems (DLAs) at z ~ 2.3 by BOSS

at z~2.3 collaboration (Perez-Rafols+ 2017)

.  H| cosmic abundance times its linear
QHi x bHI = 0.62 x 10 - bias, from 21cm IM observations at

at z~0.8 z = 0.8 performed with the GBT by
(Switzer+ 2013)
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CQHi x bHI = 0.62 x 10 -3
at z~0.8




Distribution of Hi
In the post-reionization universe




Distribution of Hi
In the post-reionization universe

80

> Q1422-+2309 2=3.62 |
= 8
= 40 i *
| n
<0 |
LA TR e
O I ! f I LB ||
- 1LO0DO 1050 1100 1150 1200 1250 1300 1350
Fllaments D Emittedo*wavelength , A . J J

mostly ionised H



Distribution of Hi
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Halos (DLAs, i.e. galaxies)
Dense, selt-shielding —> Hl
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Strategy 1:
HIl resides in DM halos
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Strategy 1:
HIl resides in DM halos
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Strategy 1:
HIl resides in DM halos

Mui = Mri(Mnaio)

If Mhaio > Mmin
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Distribution of Hi
In the post-reionization universe

ALFALFA galaxies with SDSS groups
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Distribution of Hi
In the post-reionization universe

Strategy 2:
Hydro sims



Distribution of Hi
In the post-reionization universe

 assuming photo-ionization [Tuv
Strategy 2: equilibrium, setting the HI/H ! !
Hydro sims fraction in order to reproduce
the Lyman-a mean transmission % &
flux

* mimicking HI self-shielding for
high enough density regions

* |etting Ho forming for even
denser regions

Dave+ 2013, Rahmati+ 2015, ...
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The 21cm IM signal at z<6:

* modelling

e dependence on cosmology
e synergies with other probes




Dark matter
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Dark matter

Wavelength A [h-! Mpc]
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Dark matter

Current power spectrum P(k) [(h~! Mpc)3]
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| < Mpc problems |

Dark matter |
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i (Moore+1999; Klypin+1999)
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Dark matter models (hydro) simulations
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Dark matter models (hydro) simulations

Total matter Pk
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Dark matter models: 21cm IM signal

| t,;,=1000 hours

| ---- halo based | 1 t, =3000 hours ||
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Dark matter models: 21cm IM signal
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What about dark energy?

ACDM-W5 026 080 —1 0
RPCDM-W5 0.23 0.66 —0.87 0.08
SUCDM-W5 0.25 073 -0.94 0.19

statistically indistinguishable
from ACDM

(using CMB and SN1A data)
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The 21cm IM signal at z<6:

* modelling
e dependence on cosmology

e synergies with other probes:

CMB-lensing, photo-z galaxies,...




Cross correlating with the
Lyman-a forest flux

21cm radiation in IM

+ same epoch (high z probes!)
- different systematics

- different foregrounds

- future promising observations

(Ly-a flux already well measured at z >2)

Lyman-a forest flux



Cross correlating with the
Lyman-a forest flux

Carucci, Villaescusa-Navarro & Viel 2017
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Simulations from the Sherwood suite (Bolton+ 2017): State-of-the-art sims for the low density Universe:

converging properties for intergalactic medium



Cross correlating with the
Lyman-a forest flux

Carucci, Villaescusa-Navarro & Viel 2017
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ross correlating with the
yman-a forest flux
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Cross correlating with the
Lyman-a forest flux
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The 21cm IM signal at z<6:

will be a unique test for the nature of dark matter

and generally for theories that modify the growth
of structures

High complementarity with the other LSS probes



Thanks!
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Dark matter models hydro simulations

Halo method Hydro method
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reference model

the Qni - mwom degeneracy

Qn = 103
[TIDM = ©© (CDM)

massp,; LkeV]
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spurious fragmentation
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redshift space anisotropy analysis

well-constrained
(Blomqvist+ 2015)

f b M Z) (M Z)MHI(M, Z)dM
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bri(z) =

Bur X bgr = f



