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The 21cm emission line from neutral hydrogen
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Figure : Two important transitions of the hydrogen atom. The 21-cm
transition of hydrogen is between two slightly separated (hyperfine)
states of the ground energy level. A spin flip of the electron results in
the emission of a photon with a wavelength of 21 cm (or frequency of
420 MHz). The second transition is between the n =2 and the n =1

levels, resulting in the emission of a Lya photon of wavelength
Ao = 1.216 x 1075 cm (or a frequency of 2.468 x 10'° Hz).



The 21cm emission line from neutral hydrogen
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Wouthuysen- Three processes determine the spin temperature:

Field
effect @ Absorption (emission) of 21 cm photons from (to) the

radio background
@ Collisions with other hydrogen atoms and with electrons

@ Resonant scattering of Lya photons



Figure :

Hyperfine structure of the hydrogen atom and the
transitions relevant for the Wouthuysen-Field effect
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Global 21-cm signal
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Figure : The 21-cm cosmic hydrogen signal.
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Figure : Testing the approximation of (11) and (12)
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Accreting
Black Holes

Parameters

The parameters that govern the SED of accreting BH:

@ The mass of the BH

@ The fraction of disk photons that are up-scattered by a
hot electron corona (fs)

@ The power law index of resulting emission ()

@ The column density of neutral hydrogen that lies between
the accreting system and the IGM (Ny,)
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Figure : Evolution
BH SED models.

of the 21.cm brightness temperature for different



Description

Parameter Value
‘hmf PS
Tnin 10 K
m 0.61

fe 1071
fe 10-°
Npw 9690
Nion 4000
fesc 0.1

Tin 6 R
Tmax 10° Ry
n 0.1
fead 0.1
hVmin 0.2 keV'
hVmax 30 keV/

Halo mass function

Min. virial temperature of star-forming haloes
Mean molecular weight of collapsing gas

Star formation efficiency

Fraction of collapsing gas accreted onto BHs
Photons per stellar baryon with v < v < vpp,
Tonizing photons emitted per stellar baryon
Escape fraction

Radius of inner edge of accretion disk

Max. radius of accretion disk

Radiative efficiency of accretion

Product of Eddington ratio and duty cycle
Softest photon considered

Hardest photon considered
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The contribution to accreting BH can affect directly in the
21-cm signal significatively.
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