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Pair neutrino energy loss for nuclei 56Fe at

the late stages of stellar evolution *
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Abstract Based on the Weinberg-Salam theory, the pair neutrino energy loss rates for nuclei 56Fe are can-

vassed for the wide range of density and temperature. The results of ours (QLJ) are compared with those of

Beaudet G, Petrosian V and Salpeter E. E’s (QBPS), and it shows that the pair neutrino energy loss rates

of QBPS are always larger than QLJ .The QBPS is 12.57%, 12.86%, 14.99%, 19.80% times higher than QLJ

corresponding to the temperature T9=0.385, 1.0, 5.0, 10, respectively.
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1 Introduction

According to the stellar evolution theory, when

the temperature goes up to 5×109 K or more and the

density is no more than 107 g/cm3, the matter will

have no degenerate nature in the cores of massive

stars (M >(60—100)M�). At this time, the average

energy of the hot photons has already exceeded the

quiescent energy of the electron. It is known that

the radiation of pair neutrino would be dominated

over other electromagnetic radiations. During this

evolution period, a good many neutrinos which can

escape unhindered in circumstances where photons

are trapped, are produced and carry away a large

quantity of messages and energy from stellar. On the

other hand, the gravitation of the massive star will ex-

ceed greatly the pressure of the electron gas. It may

lead to the gravitation collapse of the massive star.

Some researches show that the pair neutrino energy

loss is large enough to make the core of the massive

star cool greatly and the pressure of the electron gas

would go down quickly. So the pair neutrino energy

loss (PNEL) plays a key role and is the major factor

for unstable gravitation collapse.

Some authors investigated extensive results of

their calculation of the PNEL, such as Weinberg[1];

Salam[2] and Dicus[3]. Based on the Feynmann-Gell-

Mann theory, Pinave[4] and Beaudet, Petrosian, and

Salpeter (BPS)[5] remarked the PNEL. The PNEL

rates were also investigated by Naoki Itoh et al.[6—8]

based on the Weinberg-Salam theory. Ref. [9] inves-

tigated the PNEL at wide density-temperature re-

gion at the late stages of stellar evolution. Based on

the Weinberg-Salam theory, the PNEL for nuclei 56Fe

will be investigated at the late stages of stellar evo-

lution. We reconsider the PNEL rates, according to

the method of Itoh’s, for the wide range of the den-

sity and temperature. The results we obtained will

be compared with BPS’s which was reinvestigated ac-

cording to the method of BPS’s. The present paper

is organized as follows. In the next Section, the cal-

culation of the PNEL rates is formulated. In Section

3 some numerical results on the PNEL rates will be

presented. Some conclusions are given in Section 4.

2 The PNEL rates

Based on the Weinberg-Salam theory, the PNEL

rates per unit volume per unit time due to the pair

neutrino process are written as[1, 2, 8]
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where CV =
1

2
+ 2sin2 θW; CA =

1

2
; C ′

V = 1−CV ;

C ′
A = 1 − CA and sin2 θW = 0.2319 ± 0.0005. θW

is the Weinberg angle and n is the number of neu-

trino flavors other than the electron neutrino, whose

masses can be neglected compared with KBT (KB is

the Boltzmann constant, T is the temperature of elec-

tron gas). According to Ref. [8], the pair neutrino en-

ergy loss rates are expressed in unit of ergs·cm−3
· s−1

as
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where
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where ρ/µe is the density in unit of g/cm3 and T is

the temperature in unit of K. We use the natural unit

in which ~ = c = 1 in this article unless specified ex-

plicitly. The constant a0, a1, a2, b1, b2, b3, c will be

found in Ref. [7].

Based on the Feynmann-Gell-Mann theory, BPS

calculated the NEL rates for the pair neutrino pro-

cess. They fitted their results to[5]
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g = Gm2 = (3.002±0.006)×10−12 . (10)

In order to compare the results of QLJ with those

of QBPS for the nuclei 56Fe at different temperatures,

the factors C are defined as follows

C = (QBPS−QLJ)/QLJ . (11)

3 Some numerical results on PNEL

rates

Figure 1(a—d) show that the NEL rates for nu-

clide 56Fe vary with density ρ/µe at the temperature

T9 = 0.385, 1.0, 5.0, 10 respectively (T9 is the tem-

perature in unit of 109 K). One can find that the

PNEL rates are sensitive to the temperature. The

higher the temperature (such as T9=15), the smaller

the affection on the NEL. For example, the PNEL

rate QLJ of 56Fe is 1.5×104 ergs·cm−3
·s−1 at the den-

sity of 104 g/cm3 and T9=0.385 in Fig. 1(a), but it

will increase to 6.2×1021 ergs·cm−3
·s−1 at T9=5 in

Fig. 3(c). The reason is that the Boltzmann factor

e−(2/λ) is very small at lower temperature (such as

T9=0.385) but it is very important at medium and

high temperature (such as T9=5), especially at lower

density (such as density of 104 g/cm3).

On the other hand, the comparison of the results

of QLJ with those of QBPS for the nuclei 56Fe at dif-

ferent temperatures will be shown in the four figures.

One can also find that the PNEL rates of QBPS are

always larger than QLJ. The higher the temperature

(such as T9=10) is the larger the difference of the

PNEL rates is between QBPS and QLJ. It may be the

reason that the pair neutrino process will be domi-

nated over the other neutrino energy loss processes

at relativity high temperature (such as T >109 K)

due to the strong dependence of the number den-

sity of the electron and positrons. It is readily seen

that the NEL rates of BPS are higher than ours be-

cause no consideration is given to the plasma affec-

tion on the electron-positron pairs by BPS. As they

thought the plasma affection is important only for

large γ(γ =
~ω0

kT
, where ω0 is the plasma frequency).

The numerical results of the factor C versus the

density of nuclei 56Fe at different temperatures are

given in Fig. 2. One can see that the maximum dif-

ferences between BPS’s and ours are 12.57%, 12.86%,

14.99%, 19.80% corresponding to the temperature of

T9=0.385, 1.0, 5.0, 10, respectively.

In summary, one can conclude that the influence

of the temperature on PNEL is very obvious. The

higher the temperature (such as T9=10), the larger

the affection on the PNEL. From the above five fig-

ures, we can also find that the density has different

effects on PNEL rates for nuclei 56Fe at different tem-

peratures. According to the condition of degenerate

electron ρ/µe > 2.4×104 T 3/2
8 g/cm3 (T8 is the tem-

perature in unit of 108 K), with increasing the elec-

tron number density, the electron Fermi energy is so

high at high density that the electron is very easy to

be degenerate and the pair neutrino process will be
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Fig. 1. The PNEL rates of QBPS and QLJ versus the density of nuclei 56Fe at the temperature of T9=0.385(a),
1.0(b), 5.0(c), 10(d).

bated, thus the PNEL rates will decrease. On the

contrary, with the augment of the electron gas tem-

perature, at low density and high temperature the

electron Fermi energy is so small and the electron av-

erage energy is high enough, the energy of γ photons

will also increase greatly. It will lead to annihilation

of double γ photons and produce a good many elec-

trons and protons, therefore the PNEL process will

be dominated.

Fig. 2. The factor C versus the density of nuclei
56Fe at different temperatures of T9=0.385,
1.0, 5.0, 10.

4 Concluding remarks

We calculate the neutrino energy loss rates due to

the pair neutrino process using the Weibberg-Salam

theory. By analyzing the PNEL rates of the nuclei
56Fe at different temperature-density region, we draw

the following results that the PNEL rates are sensi-

tive to the temperature. The PNEL rates of QBPS are

always larger than QLJ. The QBPS of the nuclei 56Fe

is 12.57%, 12.86%, 14.99%, 19.80% times higher than

QLJ corresponding to the temperature T9=0.385, 1.0,

5.0, 10 respectively.

As is well known, with the escape of a great num-

ber of neutrinos by pair neutrino process, the neutrino

energy loss gives one of the main contributions to the

cooling of stellar interior in the late stages of star

evolution. It is helpful to the collapse and the explo-

sion of the supernova[10]. Therefore the investigations

on the neutrino energy loss have been the important

questions and the conclusion we derived in this study

may have significant help for further research of par-

ticle astrophysics and neutrino astrophysics.
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