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accelerating expansion and LSS
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Neutral hydrogen as a new tracer of dark matter

credit: SKA Organisation

2 Icm line intensity mapping
® wide area

® wide range of redshift

Bull et al. 2015
forecast the constraint on the cosmological parameter by SKA

1.0

Euclid<9a;l> strong constraint on the dark energy is
05 SKA2(gal)

W oo expected by 21cm line intensity mapping

-0.5

incl. BOSS+Planck EOS Of DE pde — W’Ode

13  -12 -11  -10 -09 -08 -07 w = WO — (1 — Cl) Wa
Wo

-1.0




orevious study and this work

Sarkar et al. 2016, 2018
semi-numerical simulation to model the HI distribution

N-body simulation

gravitational interaction
of dark matter

e modeling HI bias

e measure RSD of HI
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orevious study and this work

Sarkar et al. 2016, 2018
semi-numerical simulation to model the HI distribution

N-body simulation assume A" :
. | | HI density (4B
gravitational interaction Mhalo-MHi R ot
map :
of dark matter

relation

A
¢ mOdellng Hl blas <depend on model Othalo'MHl re’atiOD

e measure RSD of HI

using cosmological hydrodynamic simulation

—» construct theoretical model based more on reality
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two cosmological hydrodynamic simulations

investigate the impact of the uncertainties about
small-scale astrophysics on the large-scale clustering of HI

including different small-scale astrophysics
(e.g. Star formation, SNe and AGN feedback)

lllustris simulation Osaka simulation
moving mesh code AREPO N-body/SPH code Gadget-3 (springel 2005)
Box size : (75 cMpc/h)3 Box size : (85 cMpc/h)3
Particle number : 2*4553 Particle number : 2*5123
Strong AGN feedback No AGN feedback

particle mass [Mgy,n/h] DM : ~6*107, baryon: ~3*108

Vogelsberger et al. (2014), Nelsow et al. (201.5) Aoyama et al. 2017, Shimizw et al. 2019
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this work: HI bias

RSD of HI gas with hydrodynamic simulations
I. Introduction arXiv:1808.01116
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bias b(k) affect the BAO peak scale

measured BAO peak scale deviates from

the BAO scale of dark matter predicted by linear theory
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scale & redshift dependence of HI bias

21cm line is a biased tracer of matter distribution
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measure and model the HI bias in real space

at 1<z<5 using the two simulations

P HI—m HI-matter cross-correlation

b(k) =

H| bias Pm matter auto-correlation




Pyi_m symbol: simulation data
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symbol: simulation data

P
b(k) _ HlI-m

rGSUH'.' Hl bias P curve: bo+bk
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scale dependence & astrophysical effect

b(k) = by + bk We find
§
} Zi’ * the scale dependence

g " g of HI bias at z > 3
% 2 a ¢ ( f (e.g. k<0.5 h/Mpc @ z=3)
T #
R R S A e
= * weak effect of the

2 small-scale astrophysics

redshift on large-scale HI bias

(e.g.star formation, SNe, AGN)
o filled: lllustris (w/ AGN)

o open: Osaka (w/o AGN)
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this work: Redshift space distortion

RSD of HI gas with hydrodynamic simulations
|. Introduction arXiv:1808.01116

e galaxy survey
e 2lcm line intensity mapping
2. Hi bias
e BAO peak scale
e scale dependence
3. Redshift space distortion of HI
e theoretical model
e measure using simulation data

4. Summary
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construct the RSD model for HI

Peculiar velocity affects only the distance

along the line of sight

| VS
(SI’SZ?S?)) — <x1,x2,X3 | aH)
position In
redshift space

We have no theoretical model for RSD of HI

- < Exploring a RSD model applicable to HI )
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theoretical model of RSD S
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multiple power spectra

free parameters

model: Pk, p) = W2, (k, ) e~ Frfe0)” p2 (1

+ TNS correction term
Tamga et al. 2010

kPl(S> ( k) Legendre expansion
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multiple power spectra

free parameters

2
model: Pin(k, 1) = Wiean (k, 1) e~ FH7 b5 (14 2= p%)* Py (k)
I
(S) [ d . + TNS correction term
k P ] (]{7 ) egendre expansion Tarwya et al. 2010
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best-fitted value: HI bias

Pty (K, p) = Wik (i, 12) e~ 170" b2 (14

5.0 A

4.5

4.0 -

3.0 1

2.0 1

1.5 A

1.0 -

-¥- PHi-dm/Pdm in real space (this work)
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Sarkar et al. 201
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best-fitted value: HI bias  constant

Pin(k, p) = W (ky ) e~ Frden)” g2 (1 4 L 12)2 P (k)

+ TNS correction term
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HI bias accurately
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best-fitted value: HI bias

Pini(k, 1) = W (ky ) e~ Frfoe)™ 2

constant

+ TNS correction term
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- estimate from RSD  (this work)

Sarkar et al. 201

HI bias accurately
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TNS model can estimate

It is necessary to correctly
associate halo and HI mass
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summar

aim: construct theoretical model for HI clustering

method: measure Hl bias & RSD of HI

using two cosmological hydrodynamic simulations

result: direct measurement of HI bias in real space

® scale dependence (at z>3)

e weak effect of uncertainty about small-scale astrophysics
e.qg. star formation, SNe, AGN feedback

result: redshift space distortion of HI

e theoretical model (TNS) for galaxy survey could be applied to Hl

® investigation of relationship between halo and HI mass is necessary
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