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Modelling the 21-cm signal

@ Cosmology

sources

Cosmology
(HMF)
- Galaxy
Evolution

e Model parameters: mainly SF & ISM recipes parameters.
e Different redshifts connected through assumed source model.
e |Inference on parameters of SF & ISM recipes.



Inference on IGM parameters?

e Measured 21-cm signal depends on IGM properties, not on
source properties.

e Philosophy used in Ghara et al. (2020) for single redshift
(z=9.1); see also Mirocha et al. (2022).

e Two issues:
o Choice of priors? (cf. HERA collaboration 2023)

o How to handle multi-redshift data?
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Parametrization of A2 1 Evolution

e Ghara et al. (2024): 8 parameter universal model for TS > TCMB
case.

e Derived from set of 24 GRIZZLY simulations.

2 (1.
e Based on the 21-cm scale-dependent bias  }2, = A (F)
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21-cm Bias

e The 21-cm bias follows relatively
simple shapes.

e Tworegimesinx,:

o >x, . (single rising power law)

H
O < Xy min (double falling power law)
e Allows for three parameter fit:
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21'Cm BiaS EVOIUtion Ghara et al. (2024)

e Evolution of Aand y follow N R
. A o} k=0.05 h Mpc ™! -
regular shapes as function of s sl |
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reionization history x, (z): S
Fut(zo. @0, Az, Z) = % [1 _ tanh{y(ZO)A;y(Z)}], Evolution of A and y: 5 parameters
where  y(2) = (1 + 2)®, Reionization history: 3 parameters

and Ay = ap(1 + 20! x Az.



Framework parameters

Parameters Description

Redshift corresponding to Xy = 0.5.
reionization history Redshift range of reionization in a tanh model.
Asymmetry parameter around Xy = 0.5 in the redshift evolution of Xy;.
Maximum value of the bias at k = 0.05 hMpc~".
Mean neutral fraction at the redshift when the bias at k = 0.05 2 Mpc ™" gets the maxima.
Power-law index on Xy which accounts for the change of bias as a function of Xy at k = 0.05 h Mpc“.
Account for the change in scale-dependence of bias with Xy.
Account for the all-scale feature of bias in addition to small-scale feature 1/[1 + (k/0.3)'] at stages with Xy; — 0.

21-cm bias




Testing the Bias Evolution Model

e Application to 8 outputs froma A
C2-Ray simulation shows how the .: J
&

framework could be used.

Ghara et al. (2024)

e The best fit parameters reproduce -
the reionization history and power ®
L)

spectra from the simulation.

20
15
S1o
05
00
100
75
X 50
25
00

NEwYr .
Andah

o .w —
N

.
A
1 lVa

0.0
G | -0.4
4 S -o08
=12
C2RAY-sim —— | -16
64 7.2 80
Zo

""" Reionization history




What's next?

e Include T fluctuations.
e Explore other fits (for reionization history or 21-cm bias)

e \What do these parameters physically mean?



What's next?

e Include T fluctuations.
e Explore other fits (for reionization history or 21-cm bias)

e What do these parameters physically mean?



Understanding the 21-cm Bias

. ForxH|< Xyyp mi the 21-cm L5
,min

bias has characteristic - oA, bias
10 S NS\
Shape: = ————=mn\
= ——
o ~linear large scale bias 3 0] : \\\
(bO) ':%:’ 0.0 4 = — A‘
o power-law fall-off . : \
= -0.5 1
beyond k=k. .
o transition can be e
-200 -1.75 -150 -1.25 -1.00 -0.75 -0.50 -0.25
smooth or sharp. l0g10 () (Mpc~1]

Karin Kjellgren (2023)



Theoretical understanding

e Furlanetto et al. (2004) developed
analytical model for 21-cm power
spectrum.

Furlanetto et al. (2004)
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e Its21-cm bias shapes consistent with
simulation results for low k and high k,
bump at intermediate k not seenin

simulations. :>

L]
e What about Paranjape & Choudhury iipe=)
Fia. 9.—Redshift evolution of A, /(¥ As) in the { = 12 (thin lines) and
(2 O 14) ’? { = 40 (thick lines) models. The curves are for ¥y = 0.96 (dotted), Xy = 0.8
. (short-dashed ), Xy = 0.5 (long-dashed ). and Xy = 0.26 (solid ). The redshifts
in the two models differ. [See the electronic edition of the Journal for a color
version of this fyure.]

A,/ (Zy Byy)




Transition scale < Mean free path

102

e 21cmFAST models with hard bias e T o
barrier on extent of source L iFRio e 0ato
influence (R__): =™ S
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Role of source bias

e Previous work (Furlanetto et al.
2004; McQuinn & D’Aloisio 2018)
suggests important role for source
(halo) bias.

e Three 21cmFAST models with
different minimum halo mass
(M_. ) show nearly identical b_-x,
relations.

Halo Bias
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Larger sample of 21cmFAST models shows that b, - x, relation
o doesnotdependonM .

o does depend on source efficiency (. Georgiev et al., in prep



Connection bh to bO

e Three 21cmFAST models which 1 —
only differ in minimum halo S oiboits oot
mass (M . ) show the same b, 10

at the same bh and X,

183.5,/23,5,]

e Suggestsab,-b, relation... .
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Georgiev, GM et al. (2022)



But it's not that simple...

The same three models show that for
Xy, <0.5;

e b _-x, relation persists (----)
e b, values start to diverge (----)

Probably connected to level of
overlap between ionized bubbles:

e More overlap increases
amplitude of b,,.
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Mean free path and b,

Three models which only differinR

show that

e For Xpy > 0.7 bo is the samein all
models.

e Forx, <0.7alarger mean free
path boosts b, amplitude.

e Supports the correlation between
overlapandb,,.
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Work In progress

e Building alarge sample of
reionization models, exploring % 2]
multidimensional correlations 1
with key quantities.
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Summary

e Parameter inference can be done on source parameters or IGM
parameters. Both are useful.

e Current methodology for IGM parameters cannot really use
multi-redshift data.

e The 21-cm bias appears to yield a parameterizable evolution which
can be used for IGM inference in the future.

e The shape of the 21-cm bias curves connect to key physics ()\mfp, b, ,
X,,,) but needs further investigation.



