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1[eV]
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ho= L0510 8] > 4o Fomwopy]

= 6.580 x 107 '9eV g
= 6.580 x 107**[MeV s

0 h=6.58211889(26) x 10"**[MeV s] (A.10)
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LI MV ] = e 105
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x 10°[MeV m kg2 (A.13)
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0 O0C 00 PythonU U0 U [

C.0.1 config.py
doodoooooooooboooouooboooonoooooooboooonod

#!/cygdrive/c/Python34/python.exe
#!/usr/bin/env python3

usage:

from config import G,M_solar_kg,neutron_mass,c,MeV_to_solar_mass,fm_to_km
nnn

#from math import pi

c_SI = 2.99792458e+8 # 00000 [/s] (SIOO0O)

e_SI 1.6021766208e-19 # OO 0[O [C] (s1O0O0O)

G_SI 6.67384e-11 # 0000 [m~3/kg*s~2] (SIOOO)

Ms_SI = 1.9884e+30 # 0000 [kgl

m_to_km = 1.0e-3 #=(1 m)/(1 km), =x[ml=x*m_to_km[km]
fm_to_km = 1.0e-18 # =(1 fm)/(1 km), x[fm]=x*fm_to_km[km]
fm_to_cm = 1.0e-13 # =1 fm)/(1 cm), x[fm]=x*fm_to_cm[cm]
MeV_to_eV = 1.0e+6 # =(1 MeV)/(1 eV), x[MeV]=x*MeV_to_eV[eV]
gram_SI = 1.0e-3 #1000 [kglO (SIOOO)

mn_MeV=939.565379 # (0 0OO0OO0OOODO)*OOO)"2 (MeV)
G=G_SI/c_SI**2xMs_SI*m_to_ km # (U0 O00)/(000O)"2 [km/solar_mass]
MeV_to_solar_mass=MeV_to_eV*e_SI/(Ms_SI*c_SI**2) # =(1 MeV)/(1l solar_mass)*c”2

MeV_to_gram = MeV_to_eV*e_SI/(gram_SI*c_SI**2) # =(1 MeV)/(1 g)*c"2
ed_from_MeV_fm_to_g_cm = MeV_to_gram/fm_to_cm**3
# ={(1 MeV)/(1 £fm)~3}/{(1 g)*c”2/(1 cm)~3}

if __name__ == ’__main__’:
print(’{:.10e} =c : speed of light [m/s]’.format(c_SI))
print(’{:.10e} =e : elementary charge [C]’.format(e_SI))
print(’{:.7e} =G : Gravitational constant [m~3/kg*s~2]’.format(G_SI))
print(°{:8e} = mass of the Sun [kg]’.format(Ms_SI))

print(’{:.9e} =(mass of a free neutron)*c”2 (MeV)’.format(mn_MeV))
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print (°{:.6e} =G : (Gravitational constant)/c”2 [km/solar_mass]’.format(G))
print(°{:.10e} =1[MeV]/1[solar_mass]*c~2’.format(MeV_to_solar_mass))
print (’{:.10e} =1[MeV/fm~3]/1[g/cm~3]*c~2’.format (ed_from_MeV_fm_to_g_cm))
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C.0.2 eos.py
goboobouooboooobooouooboooonoood

#!/cygdrive/c/Python34/python.exe
#!/usr/bin/env python3
#!/cygdrive/c/Python34/python.exe

import numpy as np

import scipy as sp

from scipy.interpolate import InterpolatedUnivariateSpline
#econfig U U mn_MeVO OO OO

from config import mn_MeV # OO OO0 m_nc~{2}=939 [MeV]

def eos_functions(eos_table_file_name):
with open(eos_table_file_name,’r’) as fin:
nbs=[0.0] #n B : 00000000 [1/fm"3]
prs=[0.0] # 00O [MeV/fm"3]
eds=[0.0] # 0000000 [MeV/fm~3]
for i,line in enumerate(fin):
#print (i,line)
t=line.split()
if len(t) != b:
print (’skip this data line:’,t)
continue
nbs.append(float (t[1]))
prs.append(float (t[3]))
eds.append (float(t[4]))
print(’# eos_functions: EOS data have been read from {:s}’
.format (eos_table_file_name))
f_pr = InterpolatedUnivariateSpline(nbs,prs)

OO0 (Mev/fm~3) 0O OO0ODOODO [1/fm~3]1 000

f_eps_b_tilde = InterpolatedUnivariateSpline(nbs,eds)
nnn

tilde{epsilon_b} = epsilon_b/(mn_MeV *c~2)-1
epsilon_b = intenal energy per baryon [MeV]

def f_ed(nb):

g
oobooooboooooooboooboboooDo
internal energy density[MeV/fm~3] as a function of
nb(baryon number density [1/fm~3])
energy_per_baryon=(f_eps_b_tilde(nb)+1)*mn_MeV
return energy_per_baryon*nb
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f_pr_der = f_pr.derivative()

D nnn

dp/dn_{p}0000000O0O0D0OOO

d (pressure)/d baryon_number_density [MeV]

as a fucntion of baryon_number_density [1/fm~3]

return f_ed,f_pr,f_pr_der

if __name__ == ’__main__’:
f_ed,f_pr,f_pr_der=eos_functions(’eos.table’)
with open(’eos.g’,’w’) as fout:
for i in range(0,1501):
nb=1i*0.0001 # baryon number density
pr=float(f_pr(nb)) # pressure
ed=float(f_ed(nb)) # energy density
pr_der=float(f_pr_der(nb)) # d(pressure)/d(n_B)
pr2=f_pr_der.integral(0.0,nb)
#print (°{:24.16e} {:24.16e} {:24.16e}’.format (nb,pr,ed) ,file=fout)
print(°{:16.7e} {:16.7e} {:16.7e} {:16.7e} {:16.7e}’
.format (nb,pr,ed,pr_der,pr2) ,file=fout)
with open(’eos.g’,’w’) as fout:
for nb,pr,ed in zip(ubs,prs,eds):
print (°{:24.16e} {:24.16e} {:24.16e}’.format(nb,pr,ed),file=fout)

print(’# eos.g has been created.’)
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C.0.3 tov.py

oboobooboobo2g0boooboobbooboobobooboobbo
gobbobbouoooogobobbooooooobboobouooooooboon
goooo

#!/cygdrive/c/Python34/python.exe
#!/usr/bin/env python3

from config import G, MeV_to_solar_mass, fm_to_km, ed_from_MeV_fm_to_g_cm[]
#configl OO OODOOODODOOODOOO

from eos import eos_functions U

#teos O OOOOODODO eos_functionsJOOOOOOO

import numpy as np
import scipy as sp
from scipy.integrate import ode
from math import pi

def create_fQ):
fctl=4*pi*MeV_to_solar_mass/fm_to_km**3
def f(r,nb_M):
nnn
inputs:
variable : radius r [km]
list of the values of two functions at r:
nb_M[0] : n_b (baryon number density) [1/fm"~3]
nb_M[1] : M (mass of the part of the neutron star within radius < r)
[Solar mass]
outputs: list of the values of two functions at r:
returned_object[0] : d n_b/d r [1/fm"~3 km]
returned_object[1] : d M /d r [Solar mass/km]
working variables:
nb : baryon number density [1/fm~3] = y[0]
M : mass of neutron star within radius < r [Solar mass]
p : pressure [MeV/fm~3], = eos.f_pr(nb) (from EOS)
ed : energy density [MeV/fm"3], = eos.f_ed(nb) (from EOS)
dp_dnb : dp/d nb : [MeV], = eos.f_pr_der(ub) (from EO0S)
dp_dr : dp/dr=-G(M+4*pi*r**3*f_pr) (f_ed+f_pr)/(r*(r-2G*M)) (TOV eq.)
[MeV/fm"~3 km]
nb=nb_M[0]
M=nb_M[1]
ed=f_ed(nb)
p=f_pr(nb)
dp_dnb=f_pr_der (nb)
if r>0.0:
dp_dr=-G* (M+fctl*xr**3*p)* (ed+p) / (r* (r-2*G*M))
else:
dp_dr=0.0
dM_dr=fctlxrx*x2*ed

32



dnb_dr=dp_dr/dp_dnb
return [dnb_dr,dM_dr]
return f

def check_f():
for M in [0.1,0.2,0.5,1.0,2.0]:
for nb in [0.0, 0.03,0.1,0.3,1.0]:
for r in [0.0, 1.0, 2.0, 5.0, 10.0]:
a,b=f(r, [nb,M])
print(r,nb,M,a,b,’ :A’)

#check_f()
#exit (1)

eos_data_file_name=’eos.APR.table’ #0000 00000000O0OO0O0O0OOOOOONO
a

f_ed, f_pr, f_pr_der = eos_functions(eos_data_file_name)

f=create_f()

solver=ode (f)

solver.set_integrator (
# ’vode’ ,method=’Adams’ ,with_jacobian=False,
’doprib’, # Runge-Kutta 4-5th order
atol=1.0e-10, # tolerance(error) = rtolx|y|+atol
rtol=1.0e-10)

def solution(nb_center):
def print_each_r(r, nb, M):
p=float (f_pr(nb))
ed_CGS=float (f_ed(nb))*ed_from_MeV_fm_to_g_cm
print C{:£} {:£f} {:e} {:£f} {:e} :P’.format(r, M, ed_CGS, nb, p))
rs.append(float(r))
nbs.append (nb)
Ms.append (M)
ps.append (p)
eds_CGS.append (ed_CGS)
return p
print(C’# n_b (r=0) = {:f} ;’.format(nb_center)
,’r[km], M[M_sun], ed[g/cm”3], nb[1/fm"3], p[MeV/fm~3]’)
r_ini,r_fin,dr=0.0, 100.00, 0.05 # unit=[km]
nb_M_ini=[nb_center, 0.0] # n_b[1/fm"3], M[Solar mass]

solver.set_initial_value(nb_M_ini,r_ini)
r, (nb, M) = r_ini,nb_M_ini

p=float (f_pr(ub))
ed_CGS=float (f_ed(nb))*ed_from_MeV_fm_to_g_cm
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rs,nbs,Ms,ps,eds_CGS=[1,[],[]1,[],[]
p=print_each_r(r,nb,M)

while solver.successful and solver.t < r_fin:
delta_r=dr
if r<0.05:
delta_r=min(dr,0.001)
if nb<0.001:
delta_r=min(dr,0.0001)
elif nb<0.003:
delta_r=min(dr,0.0002)
elif nb<0.01:
delta_r=min(dr,0.0005)
elif nb<0.03:
delta_r=min(dr,0.001)
elif nb<0.1:
delta_r=min(dr,0.002)
elif nb<0.3:
delta_r=min(dr,0.005)
solver.integrate(solver.t+delta_r)
r=solver.t
nb,M=solver.y
p=print_each_r(r,nb,M)
if p < 0.0:
break

with open(’tov_APR_nb-r.dat’,’a’) as fout:0UO#J 00D 0O0O0O0ODOO0ODOOODO
oon
i=-2
print (O {:£} {:£} {:f} {:e} {:e} {:e} {:e} {:s} :8’
.format (nbs[0] ,Ms[i],rs[i],eds_CGS[0],ps[0],nbs[i],ps[il]
,eos_data_file_name),file=fout)

print (’# done’)
print ()

for i in range(1,2401,1):
nb=i*0.001
solution(nb)

2322233223320

gbooboopooooobobobobobdoobobgo.ootd2.400000 240000000
solution QO UO0OOUOODOOOOOOOOODOOOOOODOOODOOOOODOOOD
gobooobooooobooo

AP IS AP DS
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