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Properties of Strange-Matter Stars 

F. Weber(l), Ch. Kettner(!), and N. K. Glendenning(2) 
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Germany, and {2) Nuclear Science Division, Lawrence Berkeley Laboratory, Berkeley, CA 94720, 

USA 

Abstract. This paper deals with an investigation of the properties of hypothetical 
strange-matter stars, which are composed of u, d, s quark matter whose energy per 
baryon number lies below the one of 56Fe (Witten's strange matter hypothesis). Ob
servable quantities which allow to distinguish such objects from their "conventional" 
counterparts, neutron stars and white dwarfs, are pointed out. 

Key words: Strange Matter - Strange Stars - Pulsars 

1. INTRODUCTION 

The hypothesis that strange quark matter may be the absolute ground state of 
the strong interaction (not 5~Fe) has been raised by Witten in 1984 (Witten 1984). 
If the hypothesis is true, then a separate class of compact stars could exist, which 
are called strange stars. They form a distinct and disconnected branch of compact 
stars and are not part of ~he continuum of equilibrium configurations that include 
white dwarfs and neutron stars. In principle both strange and neutron stars could 
exist. However if strange stars exist, the galaxy is likely to be contaminated by 
strange quark nugg~ts which would convert all neutron stars that they come into 
contact with to strange stars (Glendenning 1990, Madsen and Olesen 1991, Caldwell 
and Friedman 1991). This in turn means that the objects known to astronomers 
as pulsars are probably rotating strange matter stars, not neutron matter stars as 
is usually assumed. The properties of (rotating) strange stars are discussed in this 
paper. 
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Fig. 1.- Mass versus radius of strange-star configurations with nuclear crust (solid 
curve) and gravitationally bound stars (dotted curve). The following abbreviations 
are used: NS=neutron star, SS=strange star, wd=white dwarf, sd=strange dwarf. 

2. NEUTRON STARS AND WHITE DWARFS VERSUS 
STRANGE-MATTER STARS 

2.1. Minimum Rotational Periods of Neutron Stars 

From our extensive investigation performed somewhere else (Weber and Glen
denning 1993a), it is know that the gravitational-radiation reaction driven instability 
sets a lower limit on the stable rotational period of a rotating neutron star of mass 
,...., 1.45 M 0 of about 1 msec. (For the purpose of comparison, the most rapidly rotat
ing pulsar known to date rotates at 1.56 msec.) This indicates that the nature of any 
pulsar that is found to have a considerably shorter period than ,...., 1 msec must be dif
ferent from the one of a neutron star. As pointed out in the literature, rapidly rotating 
strange stars arise as natural candidates for such objects (Glendenning 1990). Being 
bound by the strong force rather than gravity, strange .stars possess a mass-radius 
relationship ( cf. Sect. 3.) that allows them to withstand such rapid rotation. 

3. Mass-Radius Relationships 

The mass-radius relationship of non-rotating strange stars with nuclear crust, 
whose inner density is equal to neutron drip (maximum possible density, Alcock et 
al. 1986) is shown in Fig. 1 (Weber and Glendenning 1993b, Weber and Glendenning 
1993c). A value for the bag constant of B 114 = 145 MeV has been chosen~ This choice 
represents strongly bound strange matter with an energy per baryon,...., 830 MeV. The 
solid dots denote the maximum-mass stars of the neutron (NS) and strange quark 
star (SS) sequences. The arrows indicate the minimum-mass star of each sequence 
('a': strange star, 'b': neutron star). White dwarf-like strange star configurations 
('sd': strange dwarfs) terminate at the crossed point labeled 'd'. The symbol 'wd' 
indicates the region of ordinary white dwarfs. The sequence of straQ.ge stars has a 
minimum mass of ,...., 0.015 M0 (radius of ,...., 400 km) or about 15 Jupiter masses, 
which is smaller than that of the neutron star sequence, about 0.1 M0 (Baym et al. 
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Fig. 2.- Pulsation frequencies, w~, of the lowest four (n = 0, 1, 2, and 3) normal 
radial modes of strange stars as a function of central star density. Instead of w~ itself, 
the quantity sign(a) log(1 +abs(a)), where a= (wnfsec- 1 )2, is plotted on the y:.axis. 
The cross refers to the termination point of the strange dwarf sequence (cf. Fig. 1). 

1971 ). These low-mass strange stars may be of COI:lsiderable importance since they 
may be difficult to detect and therefore may effectively hide baryonic matter. It is 
striking that the bulk properties of neutron and strange stars of masses that are 
typical for neutron stars, 1.1 :6 MjM0 :6 1.8, are relatively similar and therefore do 
not allow the distinction between the two different species of stars.· The situation 
changes as regards the possibility of fast rotation of strange stars. This has its origin 
in the different mass-radius relationships of neutron stars and strange quark stars 
(Glendenning 1990). As a consequence of this the entire family of strange stars can 
rotate rapidly, at Kepler periods in the range "' (0.4- 0.8) msec (depending on mass 
and bag constant), not just those near the limit of gravitational collapse to a black 
hole as is the case for neutron stars (Glendenning and Weber 1992). 

4. STABILITY OF STRANGE-MATTER S~ARS AGAINST RADIAL 
OSCILLATIONS 

The normal modes of vibration of the strange-matter stars are computed from 
the Sturm-Liouville eigenequation, possessing the form (for details, see Glendenning 
et al. 1993), -

~ ( II(r) du;;r)) + _( Q(r) + w~ W(r)) un(r) = 0 . 

The four lowest-lying eigenfrequencies of massive strange stars and strange dwarfs, 
whose inner crust density is equal to neutron drip, are shown in Fig. 2. We find 
that the n = 0 mode becomes zero for the maximum- and minimum-mass star con
figurations labeled 'a' and 'b' in Fig. 1 (Glendenning et al. 1993). The n = 0 mode 
passes through zero at 'b' and remains negative (i.e., w; < 0) for all densities down 
to the central density of the strange dwarf star at- the termination point (cross). 
Since w5 < 0 is associated with an exponentially growing mode of oscillation, all 
these strange dwarfs are unstable against radial oscillations. Thus, no stable strange 
dwarfs located between 'b' and the crossed termination point can exist in nature! 
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5. SUMMARY 

The main issues of this contribution can be stated as follows: 

• Strange pulsars of masses M "' 1.45M0 can have rotational periods that are 
clearly smaller than 1 millisecond. Because this range seems to be excluded 
for neutron stars, submillisecond pulsar periods may serve as signatures for 
strange stars. 

• Strange stars can possess nuclear crusts of thickness"' (1-103 ) km, depending 
on central density. This will be of great importance for their cooling behavior. 

• Strange stars possess masses in the range "' (2 - 10-4
) M 0 and radii "' 103 

km. Since masses and radii of 10-4 M 0 and "' 103 km are completely excluded 
for both neutron star~ as well as white dwarfs, ·they may serve as additional 
signatures for hypothetical strange stars. 

• The Oppenheimer-Volkoff equations lead to strange-star configurations whose 
masses and radii are similar to· those of ordinary white dwarfs. We thus call 
such objects strange dwarfs. Those strange dwarfs carrying nuclear crusts 
whose density at the base is equal to neutron drip are unstable against radial 
oscillations. 
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