
iostream, cstdlib, fstream, and cmath

α

ran1
spline splint

g + + − o run1 run1.cpp

./run1



Ωbh2 ≈
0.024 nSUBh

nH =
(
8.56× 10−6

)
· Ωbh

2 · (1 + z)3 cm
−3

.

nSUBhe

nHe =
1
4

(
0.24

1− 0.24

)
× nH ,

nSUBe

ne =
(
9.83× 10−6

)
· Ωbh

2 · (1 + z)3 cm
−3

.

z
zAge ne

ln Λ

Λ =
3

2e3

[
k3T 3

πne

] 1
2

e k
T ne

temp nSUBe
T ne ln Λ

coulLog
coulLog < cmath > log() pow()

ionPotential ionPotential[0]
ionPotential[1] ionPotential[2] {13.598, 24.586, 54.4}



n = 1 nth

En = 13.6 ·
(

1− 1
n2

)
eV .

En

nth

exitHeIenergies

n = 1 nth

En = 54.4 ·
(

1− 1
n2

)
eV .

1
1 + (ε/ε̄)2.1

g(εmax) =
ˆ εmax

0

1
1 + (ε/ε̄)

dε

εmax

εmax =
1
2

(E − I)

E I ε̄
8 eV, 15.8 eV, and 32.6 eV

g (εmax) εmax ∈ [1, 600]
electronEnergy

run1.cpp

iostream cstdlib cmath ctime fstream iomanip

nr3.h



interp 1d.h

nr3.h

Spline interp function(xVecDoub, yVecDoub);

x

function.interp(x);

gen1 gen2

photoion.cpp

photoion CrossSection(double E, int species)
E species 0 1 2

elecexitHeII.cpp elecexitHeI.cpp elecexitHeIshell3.cpp

elecInteracts.cpp

random1.cpp

ran1

randomnun = ran1 (idup) .

exitHe1function.cpp

exitHeIenergies[]

energyLoss.cpp

energyLoss(int indexl, int nlevel)
nlevel index1 = 0 indexl = 1

giantData.cpp

electronEnergy (int specimen, double randomnum, double energy1)



run1.cpp
scriptGen.cpp

./run1
scriptGen mean.cpp scriptGen

run1.cpp

1 eV
900 eV 50, 000
Lyα

begin = 1 end = 900 increment = 1 iterations = 50000

g + + − o run1 run1.cpp

g + + − o mean mean.cpp

g + + − o scriptGen scriptGen.cpp

./scriptGen − fhm1.dat − gpm1.dat

chmod 777 script1.sh

./script1.sh

meanoutput hm1.dat
pm1.dat α

run1.cpp

run1.cpp

./run1 − i2000 − o1000 − hdata/heat.dat − ldata/lyalpha.dat .

run1 2000 1000 eV
α heat.dat lyalpha.dat

data
‘−x′

2000

−i −i40000
−e −e900 900 eV
−h −hdata/file2.dat data/file2.dat
−l −ldata/file3.dat α
−z −z3.5 z = 3.5



scriptGen.cpp

scriptGen.cpp −f −g
mean meanoutput −f

−g
α

./scriptGen − fpm1 − ghm1

meanoutput/pm1.dat meanoutput/hm1.dat

mean.cpp

mean scriptGen
6 −e, −i, −o, −j, −p, −f

−e −e900
−f

mean


