
Northeastern University



Credit: Wesson 1999



Northeatern UniversityThe 21-cm line: Exploring the first billion years



Image credit: Pritchard & Loeb 2012

Receiver Xu et al. 2011 MNRAS
l

l

21-cm probe of the cosmic dawn
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21-cm Forest: never even tried
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islandFAST, Xu et al. 2017

Theoretical challenges



LOFAR
�� = 1000 hr

Shimabukuro et al. 2014

Xu et al. 2011

Ciardi et al 2013

 easily suppressed  degenerate with astrophysics

Observational challenges



Large scales: semi-numerical simulation

~ kpc

21cmFAST/islandFAST

Small scales: analytic modeling
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Xu et al. 2017

Key strategy #1: multi-scale hybrid modeling
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Conditional halo mass function



SKA1-LOW

SKA2-LOW

S150 = 1 mJy

S150 = 10 mJy
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The mock 21-cm signals



Key strategy #2: 1D power spectrum

Thermal Noise:

 Statistical error:

��

Shao et al. 2023 Nature Astronomy 



l Increase the sensitivity

l Breaking the degeneracy

l DM particle mass

l Cosmic thermal history

 

1D power spectrum: Two birds with one stone



SKA forecasts

��WDM = 1.3 keV  
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J1427+3312 at z = 6.12  (McGreer et al. 2006)
J1429+5447 at z = 6.18  (Willott et al. 2010)
J0309+2717 at z = 6.10  (Belladitta et al. 2020) 
VIK J2318–3113 at z = 6.44  (Ighina et al. 2021) 
P172+18 at z = 6.82  (Bañados et al. 2021)
J233153.20+112952.11 at z = 6.57 (Koptelova & Hwang 2022)
ILTJ1037+4033 at z = 6.07 (Gloudemans et al. 2022)
ILTJ1133+4814 at z = 6.25 (Gloudemans et al. 2022)
ILTJ1650+5457 at z = 6.06 (Gloudemans et al. 2022)
ILTJ2336+1842 at z = 6.60 (Gloudemans et al. 2022)
DES J0320−35 at z = 6.13 (Ighina+2023)
DES J0322−18 at z = 6.09 (Ighina+2023)

 
GRB090423 at z = 8.1 (Salvaterra+2009)
GRB090429B at z = 9.4 (Cucchiara+2011) 

High-redshift radio sources

l  A few hundred radio quasars with > 8 mJy at z ∼  6 
are expected (Gloudemans+2021)
l  ∼ 2000 sources with > 6 mJy at 8 < z < 12 
(Haiman+2004) 
l The expected detection rate of luminous GRBs from 
Population III stars is 3 – 20 yr−1 at z > 8 
(Kinugawa+2019)

Haiman et al. 2004



Two birds with one stone

l DM particle mass: to be probed in an unexplored era in 

the structure formation history 

l Cosmic heating history: probes the first galaxies

Complement to global spectrum & 21 cm tomography

Multi-scale hybrid modeling

1D power spectrum

l Make the probe actually feasible by increasing 
sensitivity

l Constrain simultaneously DM & thermal history as it 
breaks the degeneracy

21-cm forest: a simultaneous probe of DM & first galaxies



Thank you！
The 21-cm forest as a simultaneous probe 
of dark matter and cosmic heating history 
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https://www.nature.com/articles/s41550-023-02024-7


