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Temperature evolution equation
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» first term on RHS - cooling due to adiabatic expansion;

second term - adiabatic heating and cooling due to
structure formation;

change in the number of gas particles owing to ionizations
and recombinations;

v

v

v

heating and cooling rates;



Temperature evolution equation

» last term on the RHS adds all the heating and cooling rates
which are expanded below:
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» here the first term is the photoheating of species
X={HI,Hel,Hel} from the ionizing UV background,;

» the second term is the cooling resulting from inverse
Compton cooling due to electrons scattering with the CMB
radiation.

» the last term corresponds to the cooling rates.



Cooling rates

Process Species  Rate
lergs s~ ' ecm~3]

Collisional excitation HO 7.50 x 10719 exp [—118348/T](1 + T, 2)nenHo

Het 5.54 x 101970397 o, [ 473638/ T] (1 + 71.]/2)—1nenHHe+
Gollisional ionization HO 1.27 x 10721 T1/2 exp [-157809.1/T](1 + T2/%) "' ey,

He? 9.38 x 107 22T"/2 exp [285335.4/T] (1 + To/%) ™" nenyae,

Het 4.95 x 10 22T1/2 exp [—631515.0/T)(1 + T3/%) " enmae
Recombination HT 8.70 x 10727 71/27,70-2(1 78'7)_1nen}1+

Het 1.55 x 10726 70:3847 . e

Het+ 3.48 x 107 B71/27702(1 4 ) nene
Dielectric recombination ~ Het 1.24 x 10713715 &xp [470000.0/T](1 + 0.3 exp(—94000.0/T)) e Mpge
Free - free All ions 1.42 x

27, 12
1079w T/ (Mer . + Ny + 4Npiey | )Ne




Recombination and collisional ionization rates

Parameter Value

QH 84 x 101171 27'3702(1 n T60.7)71
Qe 1.5 x 10—10 7—0-6353

o 1.9 x 107°T"° exp (—470000.0/ T)[1 + 0.3 exp (~94000.0/ T)]
OHe, , 3.36 x 107107-1/2 7'3*0-2(1 +To7)

Ferty 5.85 x 107" T"/2 exp (—157809.1/T)(1 + T3/) "

Fettey 2.38 x 107" T"/2 exp (—285335.4/ T)(1 + T,/%) '

Cette., 5.68 x 10 "2T"2 exp (—631515.0/T)(1 + T/~




Application .




Application II.
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generate the different representations of the UVB;
modification of the chosen UVB model by rescaling rates;

shifting the redshift dependence of the rates by an ofset
AZ;

only models that fulfills chosen condition will be used for
calculation.




Application II.
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Thank you for your attention :)




