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21cm-Galaxy Synergies

Introduction
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cross correlations?

- tighter constraints on global
reionization parameters?

{xqp (1 + b))

- source properties?
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21cm-Galaxy Synergies

Forward model
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— consistent simulation of halo and 21cm fields (21cmFASTv4)

— varying random seed and { f: 10> /ecc 10> Xs> Fage |
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21cm-Galaxy Synergies

Forward model
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Model based on Hutter & Heneka 2025
- 21cm: 100h SKA-Low AA*

- foreground avoidance

- Survey geometry, redshift precision

- Galaxy selection effects (halo mass)

(FOV, o, Mh,min)
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Simulation-based inference (SBI)
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Simulation-based inference (SBI)
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Inference (LLya ~ 1041, 1041.8, 1042.3 erg S_1>

Implications for observational programs

1. vary survey padrameters

Parameter Values
FOV[deg”] [5, 10, 100]
o, [0.001,0.01,0.1]

My min[Mo]  [10%0,1019>,1011]

Pietschke et al. 2026
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Inference (LLya ~ 1041, 1041.8, 1042.3 erg S_1>

Implications for observational programs

1. vary survey padrameters

2. recreate data and train on cross-power
(fixed network!)

Parameter Values
FOV[deg”] [5, 10, 100]
o, [0.001,0.01,0.1]

My min[Mo]  [10%0,1019>,1011]
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Inference (LLya ~ 1041, 1041.8, 1042.3 erg S_1>

Implications for observational programs

1. vary survey padrameters

2. recreate data and train on cross-power
(fixed network!)

Parameter Values
3. compute posterior volume (PV) FOV[deg’] 5. 10, 100]
5 o, [0.001,0.01,0.1]
osterior M, . [M 1010, 10105 101!
PV = — e (0.1] oMol [ |
Oprior

Pietschke et al. 2026
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Inference (LLya ~ 1041, 1041.8, 1042.3 erg S_1>

Implications for observational programs

1. vary survey padrameters

2. recreate data and train on cross-power
(fixed network!)

Parameter Values
3. compute posterior volume (PV) FOV[deg’] 5. 10, 100]
5 o, [0.001,0.01,0.1]
osterior M, . [M 1010, 10105 101!
PV = — e (0.1] oMol [ |
Oprior

4. average over several network runs
(epistemic noise)

Pietschke et al. 2026
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Inference (LLya ~ 1041, 1041.8, 1042.3 erg S_1>

Implications for observational programs
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Inference (LLya ~ 1041, 1041.8, 1042.3 erg S_1>

Implications for observational programs
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Inference <LLya ~ 1041, 1041.8, 1042.3 erg S—l)

Implications for observational programs
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Inference <LLya ~ 1041, 1041.8, 1042.3 erg S—l)

Implications for observational programs
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— redshift uncertainty crucial

— deeper surveys are worth it!
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Can we learn source properties?

{f*,IO’ fesc,lO’ s, aesc}

Pietschke et al. 2026




Inference (L, 109ergs)

EoR source properties
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Inference (L, 109ergs)

EoR source properties
v —— 21cm-Galaxy cross
e 21cm auto
i —— Truth
. .IL;'";--I —_— r21cm moderate foreground\ an we Ie(]rn source prOpertieS?
N ? FOV =100 deg?
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— Cross-power enables constraints

on reionization source properties!

But we need deep enough surveys..

Pietschke et al. 2026

fesc, 10
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Inference (L 10%ergs™

EoR source properties

—— 21cm-Galaxy cross
————— 21cm auto
—— Truth

FOV =100deg?
O, = 0.001eg {f*,lO’ fesc,109 O, aesc}

Mh,min — 1011Mo

OR foreground removal!

fesc,lO f*,lO

(21cm optimistic foreground Can we learn source properties?

— Cross-power enables constraints
on reionization source properties!

Pietschke et al. 2026
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Take'HOme INESSaJges Email: pietschke@thphys.uni-heidelberg.de

21cm-Galaxy surveys...

1. enhance 21cm-only constraints of global EoR parameters

2. enable constraints of reionization source properties

3. require precise redshift measurements

4. should be deep enough for max scientific return

.0:.

arXiv:
260118627

:';.,,,., "o .z

@ 24 ‘8':°.3;!
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Simulation-based inference

EoRFlow

Training

Inference

Pietschke et al. 2025
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Simulation-based inference

EoRFlow

Training Inference

Model
Parameters

Pietschke et al. 2025
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Simulation-based inference

EoRFlow

Training Inference
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Pietschke et al. 2025
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Simulation-based inference

EoRFlow

Training Inference

MOdeI 300 :6‘,H1:0.02 i 300 Z=7.,IH1=0.21 300 z 80,$H1 0.60
Parameters PRERETAR S | -
g i
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Simulator

)

Reionization History

Pietschke et al. 2025
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Simulation-based inference

EoRFlow

Training

Model

Parameters

|
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Reionization History

Simulator
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‘ > \ Distribution

Simple
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Pietschke et al. 2025
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Simulation-based inference

EoRFlow

Inference

@ univeE

Training

Model

Parameters
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Simulator
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Reionization History

Simple
Gaussian

Base
Distribution

Pietschke et al. 2025

pz(z)

Normalizing flow

14
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Simulation-based inference

EoRFlow

Training
) @ univeE

Inference

Model
Parameters TaokaE
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Pietschke et al. 2025
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Simulation-based inference

EoRFlow
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Simulation-based inference

EoRFlow
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Simulation-based inference

EoRFlow
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Simulation-based inference
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Inference

Global EoR properties
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Inference

Future surveys
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Inference

Where is the information?
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Inference

Where is the information?
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Mapping the universe in 21cm

Global evolution
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The Epoch of Reionization

What we know so far
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