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No absorptionNo absorption

ObservorObservor
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HHII number density  (simulation by B. Ciardi) number density  (simulation by B. Ciardi) 

full absorptionfull absorption



Becker Becker et.al 2002et.al 2002

~60Mpc/h region with ~60Mpc/h region with 
large optical depth!!!large optical depth!!!

The QSO situationThe QSO situation







shock heatingshock heating
to T_virto T_vir

cooling withoutcooling without
angular momentumangular momentum

cooling withcooling with
angular momentumangular momentum

expansionexpansion collapsecollapse

star formationstar formation

The formation of a galaxyThe formation of a galaxy
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efficient coolingefficient cooling

inefficient coolinginefficient cooling

simulation at z=17simulation at z=17









Yoshida et. al.Yoshida et. al.



HHII number density  (Ciardi, Ferrara & White 03) number density  (Ciardi, Ferrara & White 03) 



with H2 with H2 
coolingcooling

LCDMLCDM

RSIRSI

NO H2 NO H2 
coolingcooling

ffescesc==1 & 1 & standard SN feedbackstandard SN feedback





ffescesc==0.15 & 0.15 & very very weak SN feedbackweak SN feedback

massive massive 
starsstars

normal normal 
starsstarscontribution contribution 

of halos of halos 
T<10000KT<10000K



























��__emitt =17 cmemitt =17 cm ��__emitt =13 cmemitt =13 cm

ObservorObservorz =10z =10 z =8z =8 z =6z =6





singlettriplet

TR

TR=Tspin

TR>Tspin

<TspinTR







Atomic notation:Atomic notation:













L=40Mpc/hL=40Mpc/h



L=1Mpc/hL=1Mpc/h



��������	�
����������������	�
��������

 ������

����������������
�������	�
�������������	�
������

 ����

��������������


