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Whatis 21-cm forest?
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21-cm forest
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21-cm forest - complementary

To other 21-cm line observables:

19 K .

- only requirement is a high signal-to-noise spectrum
- in principle less complicated to detect

- challenge is the abundance of radio-bright sources

Flux Density (mdy)

To the Lya forest:

- unique probe of cold and neutral hydrogen at z>6 | l | ,

128 129 130 131

Observing Frequency (MHz)

- nature of dark matter (Shimabukuro et al. 2014, 2020, Shao et al. 2023) Carilli et al. 2002

. . (Simulated spectrum)
- supermassive black hole growth models (Soltinsky et al. 2023)
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Why now?
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https://www.nottingham.ac.uk/astronomy/sherwood-relics/
Puchwein et al. 2023

Reionization ends late

Motivated by Lya observations Redshift = 6.0
(Becker et al. 2015, Eilers et al. 2018) T |

‘ 301

Seem to require reionization completed by z<5.6

lonized

= 25
(Kulkarni et al. 2019, Keating et al. 2020, S
Bosman et al. 2022, Zhu et al. 2023) = 20
3 ~15
Large islands of HI persist until z=6 10 . _
ibili fd ing 21 : 0 i . ' Neutral
Possibility of detecting 21-cm forest 0 5 10 15 20 25 30 35 40
(Soltinsky et al. 2021) x [cMpc/h]
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New high-z radio-loud quasars detected

_ _ Wolf et al. 2024
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Instrumentation Improving
and looking forward to SKA
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21-cm forest power spectrum

Thermal state of the IGM . = lonization state of the IGM
log(fi) = = 2.0, (X) = 0.25, S1a7mn, =64.2mjy, ar= —0.44 (Belladltta et al. 2020)

zZ=06 - —— Signal  --—-- Noise P 1
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(Mesinger et al. 2011, 2 =T
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Thyagarajan 2020, K[MHZ-1]
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Constrain thermal and ionization state
of the IGM at the same time
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A null-detection disfavouring
these regions in parameter space

Soltinsky et al. 2025
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Proposed observations by the uGMRT

Asked for 147hr to observe the PSO J0309+27 and PSO J352-15 at z=6
+archival data on PSO J352-15 » Noise rms of ~¥1.5mJy/Bm and ~2.2mJy/Bm
» Proposal rejected Normalized ~0.0265
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Currently analysing the archival data = oonal

of the PSO J352-12
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A null-detection is still very valuable T T T
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Improving our analysis (using ML)

uGMRT, 500 hr/source
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Summary

Prospects of detecting the 21-cm forest are improving

21-cm forest is a unique probe tomas.soltinsky @tifr.res.in
» Possibility of constraining www.tomassoltinsky.github.io

the thermal and ionization state of the IGM

even in the case of a null-detection

‘ Soltinsky et al. 2025
https://arxiv.org/abs/2412.06879

Improving our analysis
» Utilizing the archival data
» ML techniques
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