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Using a new set of nucleon coupling constants CZ11 the properties of a proto neutron star are examined within

the framework of the relativistic mean-field theory for the baryon octet system. It is found that the relative number
density of A, 2=, and Z° for CZ11 are all smaller than those for GL97 and for both CZ11 and GL97, ¥~, X0, and ©+
do not appear. It is also found that the pressure and the maximum mass for CZ11 are all smaller than those for GL97.

The maximum mass for CZ11 decreases by approximately 9 percent compared with that for GL97.
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1. Introduction

The proto neutron star (PNS) is formed after the
explosion of the supernova and its temperature is more
than 10 MeV.[! Tts maximum mass, which will deter-
mine whether the proto neutron evolves from proto
neutron star to black hole or to stable neutron star,?
is of crucial importance. [l

The relativistic mean-field (RMF) theory, which
can successfully describe the nuclear system,* was
first used to describe neutron star matter in 1985 by
Glendenning,®! and since then it has been extensively
applied to the research of the neutron stars.] The
theoretical study of neutron stars shows that neu-
tron star matter is very sensitive to the nucleon cou-
pling constants and the hyperon-to-nucleon coupling
constants. 78]

The hyperon-to-nucleon vector couplings can be
obtained by the constituent quark model [SU(6)
symmetry],[g] and the hyperon-to-nucleon scalar cou-
plings can then be determined by fitting the A, 3, and
= well depths in nucleon matter.['%11] The experimen-
tal data of the depth U/(\N) is —30 MeV.['? The depth

éN) also is well determined to be about —16 MeV,[13]
and —14 MeV['¥ or —24 MeV~ —21 MeV.['%) In ac-
tual calculation, a more relativistic potential value of
éN) = —28 MeV can be chosen.['f] By the analysis
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of ¥ nucleus optical potential constructed, Mars ob-
tained the depth UéN) with a repulsive real part in
the nuclear interior.'”l The inclusive (m~,K*) spec-
tra on medium-to-heavy nuclear targets measured at
KEK give a more direct evidence for a strongly repul-
sive ¥-nucleus potential of 90 MeV.1'819 More sophis-
ticated theoretical analyses of these KEK (7, K™)
spectra have also concluded that the X-nuclear poten-
tial is repulsive within the nuclear volume and they
yield a weaker repulsion in the range of 10 MeV ~
40 MeV.[20-24]

The nucleon coupling constants are connected
with four bulk properties of nuclear matter together
with the choice of an effective mass at saturation.!”!
By now, GL85 sets,®) GLI7 sets,!?) TM1 sets, 25 TM2
sets,[?5] NL2 sets,[?0l and NLSH sets,!*”] and so on,
have been obtained and applied to the calculations of
neutron star matter. A recent analysis of the symme-
try energy comes from isospin diffusion data for reac-
tions involving *'2Sn and 24Sn from the NSCL/MSU
(the National Superconducting Cyclotron Laboratory

(28.29] From the results

at Michigan State University).
of these works a new set of nucleon coupling constants
(CZ11 setB%) can be obtained.

In this paper, we use the CZ11 set to examine

the properties of the PNS within the RMF approach
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considering the baryon octet. We solve the field equations in the usual RMF
approximation. The equations of baryon field are ob-

2. The RMF theory of a PNS tained as follows:

Ho_ _
The Lagrangian density of hadron matter reads (Yuk" =5 + 9o = guBYowo

as follows:!"! — 9pBY0T3p03)¥E (K, B) = 0, (2)
_ i
L= Z Upg [iwﬂ (8“ + igupyuw” + 59pBT p”) and their eigenvalues are
B
— (mp — gopo) ] Uy e (k) = gupwo + gppposlsp + /K> +mi.  (3)
n 1 (0,00"0 m20?) — Lt Here, I3p is the isospin 3-component for baryon B and
2 VK 7 " m™ is the effective mass of baryons

+ 1, 1 oy 1
SMmuw W — =Py - p -m’ oP - pt N
% g 1 A 2 8 mp =mMpB — JoBO- (4)
7*g20'37 *930’ + Z /5% (i")/#a”*m)\)W)\.(].)

3 4 The mesons field equations are given by

A=e,
|
2JB + 1 m*
= —g20° — g3o” + Z gch/ TR
x (exp[(ep (k) — #B)/T] +1)7'k*dk, (5)
2Jp+1 o _
mien = S P2 S gunba [ (expl(en(h) - pm)/T)+ 1)k (6)
) 0
2Jg +1 ° _
mis = S 2 glinbs [ (ellen(h) — up)/T]+ 1)k (7)
B
The energy density and pressure of a PNS are given by
1 1 1 5 5 1 4 1
€= 5920 + 4930 + 5Me0 + 5 203 + 2mpp03
2Jp +1 _
2 m | RV eslent) - us)/T] + 1)
0
2x+1 [ _
b 3 2R [T o i epleatn) - )/ T+ 1) ®)
A=e, 0
1 5 45 1 1 1 5 45 1
p= —im o° — ggga - 1930' + 2m wwo + 2mppo3
2Jg+1 K4 1
52 T | T eelent) — na)/ T+ 1)
2J)\ + ]. / —1
= k(expl(ex(k) —ux)/T)+ 1) . 9
AZS:H m ex(k) — ) /T +1) (9)
‘ oo
The conditions of the conservation of baryon num- X / (expl(ep(k) — up)/T] + 1) 'k*dk
ber and the charge neutrality are respectively given by 0

272 ~
- 2 y / (expl(ea(k) — in)/T] + 1)~ "K2dk. (1)
< [ (expllen () — um) /1] + )7 B2k, (10) o
0
_ Z 2Jp+1 b We use the Oppenheimer—Volkoff equation (O-V
oz P equation) to obtain the mass and the radius of a neu-
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tron star

dp  (p+7) (M +47r®p)
dr r(r—2M) ’

M = 47r/ er?dr. (13)
0

3. Parameters

The CZ11 set,[3% which is obtained by the analy-
sis of the NSCL/MSU experimental results, 2329311 ig
listed in Table 1.

Table 1. The CZ11 nucleon coupling parameter set,
1fm=10"15 m.

(90/mo)?/tm? (gw/mw)?/tm? (gp/mp)?/fm? b/10® ¢/10%

10.1937 4.8557 4.2090 0.0105 —0.0100

We define the ratios: Zon = goh/goN, Twh =

Jwh/JwNs Ton = gon/geN, with h denoting hyperons.
For the coupling constants of meson w, we use ratios

ng/3 = 9w2/2 = gwA/2 = Jwz, (14)

which is given by the constituent quark model [SU(6)
symmetry]. The couplings constants of meson o are
then determined by fitting the A, X, and = well depths

in nuclear matter as follows:[7]

" 2
U}EN) =mp (m" — 1) Ton + (i:lv) P0Twh- (15)

mpy w

In our calculation, we choose UI(\N) = —30 MeV,
UéN) = 430 MeV, UéN) = —28 MeV, and the temper-
ature T = 15 MeV. Because GLI7 set!®) can describe
the neutron star matter better,!?) we also consider it

for comparison.

4. Theoretical results and analy-

ses

The field strengths of mesons o, w, and p are
shown in Fig. 1. The temperature of the PNS is
T = 15 MeV. From Fig. 1 we can see that the field
strengths of mesons w for CZ11 are larger than those
for GL97 and those of mesons ¢ are by far larger than
those for GL97. For the field strengths of mesons
p, the values for CZ11 are almost equal to those for
GLO97.

1000
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400

Field strengths/MeV

200

Fig. 1. The field strengths of o, w, and p as a function of
baryon density.

Figure 2 gives the chemical potentials of neutrons
and electrons. From Fig. 2 it can be seen that the
chemical potentials of neutrons for CZ11 are smaller
than those for GL97 while the chemical potentials of

electrons for CZ11 are larger than those for GL97.
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Fig. 2. The chemical potentials of neutrons and electrons
as a function of baryon density.

The relative number density of particles is given
in Fig. 3. From Fig. 3 we can see that the relative num-
ber density of neutrons for CZ11 is larger than that
for GL97 while that of protons for CZ11 is smaller
than that for GL97. As for the electrons and muons,
the relative number densities for CZ11 are smaller
than those for GLI7 as p < 0.4266 fm~3 while as
p > 0.4266 fm~3 the former are larger than the lat-
ter. The relative number densities of A, 2=, and =°
for CZ11 are all smaller than those for GL97. The
reason is the CZ11 sets are not of great advantage to
the transfer from neutrons to A, 2=, and Z°. We can
also see that for both CZ11 and GL97, ¥~, X°, and
YT do not appear. This is because the positive well
depth UéN) = +30 MeV would restrain the occurrence
of the ¥—, X%, and X+.

The pressure as a function of energy density is
charted in Fig. 4. We can see that the pressure for
CZ11 is smaller than that for GL97.
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Fig. 3. The relative particle number density as a function
of baryon density.
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Fig. 4. The pressure as a function of energy density.

The mass as a function of central energy density
is shown in Fig. 5 and the maximum mass and the cor-
responding radius are listed in Table 2. From Fig. 5
it can be seen that the mass for CZ11 is smaller than
that for GL97. From Table 2 we can see that the max-
imum mass My .y for CZ11 is M. = 1.4216 Mg and
that for GLI7 is Myax = 1.5581 Mg. The maximum
mass for CZ11 decreases by 8.76 percent compared
with that for GL9T.

1.6
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= |
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UN) = —30 MeV
U®) =430 MeV
10k UX) = —28 MeV
14.6 148 150 152 154 156 15.8
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Fig. 5. The mass as a function of central energy density.

Table 2. The maximum mass and the corresponding radius.

€c/10Y g.cm~3 Mmax /Mg R/km
CZ11 1.6719 1.4216 13.4820
GL97 1.6344 1.5581 13.6870

5. Summary

In conclusion, in this paper using the new set of
nucleon coupling constants CZ11, which was obtained
in our previous work, the properties of a proto neu-
tron star are examined within the framework of the
relativistic mean-field theory for the baryon octet sys-
tem. It is found that the relative number density
of neutrons for CZ11 is larger than that for GL97
while that of protons for CZ11 is smaller than that
for GL97. For the electrons and muons, the relative
number densities for CZ11 are smaller than those for
GL97 as p < 0.4266 fm~3 while as p > 0.4266 fm—3
the former are larger than the latter. The relative
number densities of A, 2=, and Z° for CZ11 are all
smaller than those for GL97. We also can see that
for both CZ11 and GL97, ¥, ¥°, and £ do not ap-
pear. The pressure and the maximum mass for CZ11
are all smaller than those for GL97 and the maximum
mass for CZ11 decreases by 8.76 percent compared
with that for GL97.
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