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� Simulations of galaxy formation  � gas & galaxy properties
(Springel et al. 2000; Stoehr 2004)

� Stellar type sources   � emission properties

� � propagation of ionizing photons
(BC et al. 2001; Maselli, Ferrara & BC 2003; Maselli, BC & Kanekar in prep.)

(BC, Stoehr & White 2003; BC, Ferrara & White 2003; BC et al. 2006)
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� Simulations of galaxy formation  � gas & galaxy properties
(Springel et al. 2000; Stoehr 2004)

� Stellar type sources   � emission properties

� � propagation of ionizing photons
(BC et al. 2001; Maselli, Ferrara & BC 2003; Maselli, BC & Kanekar in prep.)

� Sub-grid physics to include MHs absorption/photoevap

(BC, Stoehr & White 2003; BC, Ferrara & White 2003; BC et al. 2006)
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Lyα scattering & heating

- In the absence of other decoupling mechanisms, other
than collisions, 21cm line will not be visible at z<20



- In the absence of other decoupling mechanisms, other
than collisions, 21cm line will not be visible at z<20

Lyα scattering & heating

(B
C

 &
 S

alvate
rra

2
0

0
7

)

Lyα background from metal-free
stars with Salpeter IMF or VMS
with M=300Msun

s



- In the absence of other decoupling mechanisms, other
than collisions, 21cm line will not be visible at z<20

z

Lyα scattering & heating

- Lyα photon scattering decouples Ts from TCMB �

21cm line can be observed
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- In the absence of other decoupling mechanisms, other
than collisions, 21cm line will not be visible at z<20

Very massive metal-free stars

Lyα scattering & heating

- Lyα photon scattering decouples Ts from TCMB �

21cm line can be observed

- Lyα photon scattering heats the gas �
21cm line can be observed in emission
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Metal-free stars, Salpeter IMF

Lyα heating
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Lyα heating is effective for z ≤ 15



Frequency shift in units of Doppler width
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(BC et al. 2001; Maselli, Ferrara & BC 2003; Maselli, BC & Kanekar in prep.)

(Verhamme, Schaerer & Maselli 2006)

: continuum radiation (H, He)

MCLyalpha: Lyalpha scattering

CRASHalpha: continuum radiation + scattering
(Pierleoni, Maselli & BC 2008)
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: continuum radiation (H, He)

MCLyalpha: Lyalpha scattering
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CRASHalpha

(BC et al. 2001; Maselli, Ferrara & BC 2003; Maselli, BC & Kanekar in prep.)

(Verhamme, Schaerer & Maselli 2006)

: continuum radiation (H, He)

MCLyalpha: Lyalpha scattering

CRASHalpha: continuum radiation + scattering
(Pierleoni, Maselli & BC 2008)
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X-ray heating

- SPH simulations to study the formation
of z~6 QSOs

- Merger of BHs hosted by parent halos
and accretion onto them are followed
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21cm line diagnostic

(BC & Madau 2003)

/k)Tlog( bδ

HIb nT ∝δ⇒>> CMBs TT

The 21cm line is observed in emission if:                       



21cm line diagnostic 
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LOFAR in Europe

Germany: 4 (6) stations
England: 1 (3) 
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Poland, Sweden, Italy,

Lituania, Austria…
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LOFAR at MPA



Conclusions

• Simulations of cosmic reionization � predictions for 21cm line

• 21cm diagnostic:

- IGM tomography
- Brightness temperature fluctuations
- Combination with other observations, i.e. CMB anisotropies

• Importance of Lyalpha and x-ray photons for observability


