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ABSTRACT
This work contains some discussion of why the stable
guark matter (SQM) may exist, how to look for it
and what its concentration may be in the Universe, il
it is produced by pulsars. Some speculalions conser-
ning its possible applications for energy production L
[rom neutron convertion inlo SQM are also given.
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This paper considers the question of whether the minimal energy
per baryon (E/A) corresponds to atomic nuclei, or to «stable quark
matter» (SQM). In view of new ideas and recent experimental dis-
coveries the latter possibility seems more probable, than it was con-
sidered before, and now it is probably reasonable to attract attenti-
on of specialists in various fields of physics to this question and to
searches for SQM. Apart from purely scientific interest, its impor-
tance is seen from the fact that, if such matter exists and if it can
absorb neutrons, one may get energy from their «burning» in nucle-
ar reactors, .

E. Witten has recently pointed out several importiant facts [I],
in particular: (i) transition of ordinary nuclei into SQM is practi-
cally impossible: it contains about 1/3 of strange quarks; (ii) a
particle of SQM has electric potential of the order of 10 MeV, pre-
venting absorbtion of ordinary matter under normal conditions; (iii)
an active source of SQM should be pulsars, which, if SQM exists,
are made of it up to the surface.

The last conclusion is especially intriguing after recent observa-
tion of muwons |[2], correlated in direction and time with pulsar
Cygnus X-3. Not going into detailed discussion of these date we
just state, that they suggest existance of some unknown neutral
hadron with mass ol about few GeV and lifetime not smaller than
about 10 vears, needed to reach Earth. The first candidate proposed
[3]. the «dihyperon» H with strangeness and baryonic number
S=A=2, is unable to do the job [4]. However, clusters of SQM
with 4>2 can be considered. (In particular, the «magic» one with
the closed shell value S=4=6.)



But why SQM is so «strange»? The first (obvious) reason [I]
is that the strange quark mass m;~150 MeV is smaller than Fermi
energies E_~300 MeV, so their production decreases the kinetic
energy. The second (perturbative) reason, is that one-gluon exchan-
ge energy is positive and stronger for u, d quarks than for s. The
third (nonperturbative) one is due to the fact, that interaction of s
quarks with vacuum fluctuations is much weaker than for u, d ones
(see e. g. comparison of n and K sum rules [5]), thus the «vacuum
pressure» on strange matter is smaller than on ordinary one with
the same density. Estimates are still uncertain, but on the or-
der-of-magnitude level each of these effects separate strange and
nonstrange matter by about 50 MeV, reaching in sum
100—200 MeV.

Uniortunately, it is not so far possible to give accurate estima-
tes for the absolute values of E/A in these cases, so that we cannot
say whether it is below its value in nuclei, (E/A), ,~930 MeV, or
not. There exist some observational restrictions, in particular, stabi-
lity' of nuclei implies that the nonstrange quark matter is surely un-
bound. Another important restriction is that the largest mass of a
stable quark star should be at least as large as 1.4—1.6 M_ (in
unite of the Sun mass), because such pulsars are already observed.
In the simplest bag-type model for quark matter with some effective
vacuum pressure B, these two bounds ‘are approximately
5U<’§B;_-H{8[] MEU/fmS.

What may be the concentration of SQM in Universe? If its sour-
ce are pulsars in close binaries, some estimates can be obtained. If
the accreting matter produces a fraction x of SQM matter flying
away [3], then, alter a time period about the age of Universe, its
weight concentration reaches about 107 %¢. Other estimates can be
based on muon data mentioned above. The observed flux
(7-107""/sec-cm?) can be converted into absolute outcome of par-
ticles in TeV region. If at least the same amount of SQM is radia-
ted below MeV¥ energies and it is trapped gently by matter, and if
all 10° binary pulsars in our Galaxy do the same since its formati-
on, the produeed fraction of SQM reaches 107" (Unfortunately, in
air and liquids heavy SQM atoms fall down, thus much smaller
fraction can be expected on Earth.) These estimates produce surpri-
singly large numbers, exceeding feasible experimental limits, so the
search for SQM is not unreasonabie.

How can one find SQM? At Z<100 it is in the form of ordinary
atoms, but about ten times heavier [6]. So, the natural method is
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the mass-spectrometry, and the natural place is heavy fractions in
isotop-separating devices. Another possibility is provided by molecu-
le spectroscopy. Looking for new molecule vibration frequencies
which differ by the factor 2 from those of ordinary diatomic molecu-
les, one may find molecules containing heavy SQM-made nuclei.

(The most intriguing are the spectra of the stars-companions of pul-
sars, which may contain large admixture of SQM.)

Activation of heavy ions above the Coulomb barrier was sugges-
ted in [7]. However, the negative result is not quite convincing, sin-
ce strong interaction expel the ordinary matter before weak decay
takes place, unless the following condition is satisfied

(3/2) (EL+EL) <(EJA) s (1)

(Ef, E} are Fermi energies for u, d quarks in SQM.) Because in
%QM E!<E!, analogous condition that neutrons «stick» to it

Ef +2E¢ < (E/A) ye (2)

is even stronger. If convertion of a neutron into SQM .produces tens
of MeV or more, such processes can probably be separated irom
background nuclear reactions, and therefore used for SQM search.

If SQM exists and (2) is valid, then this reaction may produce
energy by «burning» of neutrons in power reactors. However, in or-
der to do so one needs macroscopic amount of SQM, while we may
only hope to find a tiny concentration of this «pulsar ash» somew-
here in Universe. Can it be multiplied in laboratory?

Estimates show, that this problem seems to be solvable. The
grouth of SQM atoms under the flux j is given by

A(t)=[AV3(0) +¢/t,)° (3)

where {,=3/jo, and cross section assumed to be o=0ad,4*? with
0,210 *cm?®. Neutron fluxes are too low, but keeping SQM in sto-
rage ring at energy of several MeV/A with beam going through
gas target or thin foil (such that Coulomb losses are about 10 eV
and can be compensated, while their f{luctuations being cooled
down), one may in principle reach {,21 sec, and, according to (3),
do obtain macroscopic amount of SQM in the time of about a year.
Concluding this paper let me note once more, that existence of
SQM does not contradict either to our theoretical knowledge nor to
experimental facts (some puzzles can even be explained, as discus-

sed above). If so, it is a problem of great scientific and practical
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importance. No doubts, in the nearest future feasible experimental
limits on SQM concentration on Earth, Moon, meteorites etc. will be
established. It is quite probable that ideas considered above on how
to search for SQM and how to use it later will be considered as too
naive by specialists in the particular fields involved. However, my
major aim is to attract their attention to this important problem.
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