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Abstract 

It is shown that the equation of state used by the authors of the above 
quoted paper [1] to describe supernova SN1987ais not able to support a neutron 
star more massive than 1.27 M0 and is therefore unacceptably too soft, since 
more massive neutron stars are known to exist. The conclusion is that it 
is unproven that the prompt bounce mechanism of supernova can work for 
equations of state that are compatible with neutron star masses. 
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Explosion" by Baron, Bethe, Brown, Cooperstein and 

Kahana 

Norman K. Glendenning 

October 23, 1987 

The authors of a recent paper [1] seek to account for SN1987a, the supernova 

event of early 1987, with the prompt-bounce mechanism using a nuclear equation 

of state based on the parameterization known as BCK. It is characterized by the 

compression modulus K(x) at the relevant proton fraction, x = Z/A and by the 

index " which is the power dependance of the pressure on the baryon density. 

The particular parameters used give K(1/2) = 180 MeV for nuclear matter and 

K(1/3) = 138 MeV for the neutron rich matter near the rebound density, which 

is about four times nuclear density [2]. The value of the index is , = 2.5. With 

such a parameterization, and using precisely the form described in ref. [2], we 

have. solved the Oppenheimer-Volkoff equations of star structure. Our results are 

shown in Fig. 1, for the value of x employed in the supernova simulation, and for 

a somewhat smaller one, as might be claimed pertinent to a neutron star. As is 

characteristic, there exists a maximum star mass as a function of the central density. 

This maximum mass for the equation of state used in the paper of Baron et al [1] 

is seen to be smaller than the masses of two known neutron stars. One is the very 

accurately measured mass of PSR1913+16 [3], and the other is the less well known 

mass of 4U0900-40 [4]. 

Therefore an explosion energy large enough to eject the mantle promptly is 

bought, in the simulation, at the price of an equation of state that is too soft to 

support known neutron stars. 
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We have also tested those .equations of state employed in ref [2] that are claimed 

to produce successful first bounce supernovae. We find that of the five cases listed 

as successful, four of them are incompatible with neutron star masses and the re

maining one, (K(1/2) = 180 MeV, = 3), yields a low explosion energy. 

At this point we remark on the disparity between the rich physics of star evolu

tion and collapse, and the simplistic equation of state employed by the authors, a 

parameterization for which there is no underlying theory. As the matter compresses 

to densities which are still much below nuclear density, electroweak processes be

come fast compared to the time scale of hydrodynamic evolution. This permits the 

system to find its lowest energy state by converting neutrons and protons at the top 

of the Fermi seato hyperons, and perhaps by forming pion andkaon condensates. 

AU such processes soften the equation of state, and their thresholds are at moderate 

densities (~ 5 X 1014 gm/ cm3 for hyperons) [5]. They cannot be adequately described 

-in, the BCK parameterization, because x = Z / A describes but one of many baryon 

fractions. The authors may seek to evade the conclusions of this note by claiming 

that the dense matter of the supernova further evolves in the collapse to the neu

tron star and that their equation of state does not apply to neutron star matter. 

Our reply to this is that the matter they describe is already very neutron rich and 

dense, and that the processes that further equilibtiate matter as it continues to 

evolve can only soften the equation of state. So that line of reasoning will imply 

a still lower limiting mass. To support masses as large as certain known neutron 

stars, the equation of state must be intrinsically stiff because hyperons will soften 

it at higher density and reduce the limiting neutron star mass by up to 3/4M0 [6]. 

Indeed other calculations of the neutron star equation of state are much stiffer than 

the "preferred" BCK (cf. [7,8,5,6]), and this is the reason that the central density 

of their stars (see Fig. 1) is so extraordinarily high. 

In summary, the burden of proof that supernovae can explode on the prompt 

bounce is on the proponents of that mechanism. All but one of the cases cited 

in the literature as being successful are incompatible with the related observations 

on neutron star masses, and the one successful case is very marginal as concerns 
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its energy release. A corollary is that the now much quoted claim that supernovae 

events provide evidence of a soft equation of state, is premature. Additionally, there 

is an alternative mechanism that works without the restriction on the equation of 

state[9]. 

Acknowledgements: This work was supported by the Director, Office of En

ergy Research, Division of Nuclear Physics of the Office of High Energy and Nuclear 

Physics of the U.S. Department of Energy under Contract DE-AC03-76SF00098. 
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FIGURE CAPTIONS 

Fig. 1 Neutron star gravitational mass as a function of central density for the 

BCK equation used in ref. [1], for the value x = Z/A = 1/3 used by those authors, 

and a smaller value, x = 1/5. Data points are for two neutron stars whose masses 

exceed that which can be suported by the BCK equation of stateused in ref. [1]. 

In the case of PSRI913+16, the error is smaller than the data point. In both 

cases, only the y-coordinate has meaning, the central density of the stars being 

unmeasured. 
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