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" 1investigate the conversion of neutron star to strange star via the phase transi-
~ tion of neutron matter to two-flavor quark matter. The rate of conversion is calcu-
~ lated. Some manifestations of conversion and formed st.range star are dxscmsed
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1 lntroductxon.

Astmphyslca.l consequences of strange quark matter (SQM) hypothws {1} are now widely
discussed in particle and astrophysicat literature. Particular interest is paid to the possible

ways of strange matter formation. .One of them is the conversion of neutron star to -

strange star (2. There are different mechanisms for starting such a conversion and for
its proceeding. Here, I explore the possibility that conversion of neutron star starts
at the moment when the pressure in the centre of neutron star is increased up to the
point of phase transition to two-flavog quark matter.This can happen in binary system,
pormal star- neutron star, due to accresion of matter on neutron star. The point of phase
. transition is considered as a free paranieter. The only constraint (3] I have imposed on this
point is the agsumption that some pulsars {especially the pulsars that exhibited glitches)
are neutron stars [4] of approximatly 1.4Mg mass: The process of conversion is assumed
here to be a slow combustion. [2] although fast combu.stlon (detonation) cannot be, in
_principle, excluded {5, 6}. During the process of conversion, the nuclear matter (composed
_ mainly from neutrons) is transforined to strange matter (composed of approximatly equal
nomber of u—~,d—, s~ quarks). Strange quarks are produced at the front of conversion by
weak interactions. The thickness of transition region is 2] d = v xrg,(lO—lOO)— x10~%s =
(10~ + 10~*)m ,where v is the velocity of front propagation and r is the characteristic
time of weak interactions. Because of d is small compared to the size of compact object
considered, the transition region does not contribute to the mass,baryon number etc.
of converting star. I assume further that nuclear matter hefore the front and strange
matter behind the front are approximatly at zero temperature. The thin layer of hot

{T' ~ 30MeV) strange matter behind the front is assumed to cool down by neutrino

emission in a time small compared to the time of star conversion.

Having this scenario in ‘miud, I shall calculate further the rate of neutron star conver-
sion. . :

In section 2 1 discuss the equations of state (EQS) used for descriptiop of neutron
matter (NM) and quark matter (QM),the physical processes at the burning front and
inside the transition region. In section J [ present the results of solution of stellar struc-
ture equation (known as Tolman-Opeenheimer-Volkoff equations {7]) for all intermediate
coufigurations of converting star. Brief discussion and conclusions are presented in section
4. ’ :

2 Equations of state and phase transition.

" There is a large number of inodels for NM. Usnally they are divided into two parts: with
soft EOS and with stif EQOS. The conditions for the phase transition to two-flavor QM
(the start of conversion) are rather different in these groups. For soft EOQS this phase

_ transition occurs at higher pressures (larger masses of initial neutron star) than for stiff
EOQS, if we consider the constant B (bag constant) in some physically interesting range
of values {3] (this rgnge is defined by the assumption of stability of SQM on the one hand
and by assumption of stability of NM against. the conversion to two-flavor QM inside
1.4Mg neutron star on the other hand). : -

For large mass (and correspondingly- for large baryon number) of initial neutron star
the conversion is unstable because of the maximuin baryon number of strange star’is lower

e batyon nnmber of mltu.l neutron star’ [8]. So, the neutron star converts probably ta-
black hole. T weuld like to exclude this unmterestmg for me situation. This is one reason

~| prefer here the models of NM.with stiff EOS.

Another reason is nonmonotomic dependence of AP (the difference of pressures in NM
and QM) on g (baryenic chemical potential) in the case of soft EQS for NM [9]. This can
result in physically unexpected phase transition picture when with mcreamng of density”

- .NM transforms to QM, back to NM and once more to QM.

In the case of stiff EOS for NM, we don‘t encounter such unexpected picture. To be
more precise let me consider the Relativistic Mean Field (RMF) [10] EOS for NM at
densities above 0.197}.;;‘and BBP (11] EOS at lower densiiies. The plot ppar (baryonic
chemical potential)- Pyw (pressure) for RMF+BBP EOS is shown on Fig.1. For SQM,
let me consider the simplest case: no interaction of quarks (a. = 0), massless u—,d—, s—
quarks (m, = 0),zero temperature (T = 0). In this case, QM is described by equation

1 4 . :
L1 N - (1) .

Pou = o TFUrap v =0l >

where & = (nd — n,)/(Rg + M), 1, is the quark number density. v : .
SQM cotresponds to a = 0, two-Aavor QM corresponds t.o a = l,in trmsition region from
NM to SQM a varies from some ag to 1.

At the burning front neutrons can he ahsorbed by QM if the followmg equilibrium
conditions are fulfilled {12}

PNA‘:‘PQH, (2)
1+2(1 + ag)} @)
1+ (1 +a)f +(1-a)f’ '

These two equations give the third one from which ap can be determined for each value
of pressure at the burning froat:

bM<yt 2ps = - bqu -

~

1 #* yae{ Prne)

Prae = —= - _ 1+ {1+ a0}t +(1 —ag)})- B. 4
Prae T 1121 4 00) {1+{1 +a0)¥ +(1—a9)%) . @
According to approximate forraula of Olinto [2] ( corrected by factor 24), the quantity

ap is simply related to the velocity of {ront propagation . ~

~’~24~‘.&2
v 2 2(1‘00) T(J)' (5)

where T is the temperature inside the transition region (to be defenite I take T = 30M. cV)-.‘ L

I use this formula in the paper although more complicated (and rigorous) approach is -
possible. -

The entropy and temperature are generated iu. the transition region due to noneqm~

libriumn weak reaction of strauge quark productlon

u+d-—»u+a‘

If this process proceeds at constant baryon number density and pressure, then the

 resulting temperature of transition QM(a = @, T = 0) — SQM(a = 1,T # 0) caa be



T

easily evaluated

T Jl+(l+ao)!+(l-¢o)*—5 Viiute
: x -2 I

" In principle, thiz expression for T can he used in formula (), but [ don't do this because
of the lack of understanding the heat transport picture in the converting star. i take the

value T = 30MeV that is inside the range of possible vatues of T given by lormula (6).
The last point of this section toucerns the discussion of SQM cooling behind the
conversion front. | have no rigorous calculations of this process. My assumption (used
later in calculations of stellar steucture) is following. As far as SQM is heated up to
30MeV, e*e™ pairs of the same temiperature are easily produced.- The reactions

- : s e'+u—~v.;(-d.
e++d-ui.+l

become the sources of v,(#,) neutrinos. These neutrinos (let them caii primary neutrinos)
are energetic and have thé mean free path about 1m. They heat the atter near the
frout (& 1m in thickness) up to some temperature (= 3 + 5MeV). Theén, neutrinos of
lower energy (secondary neutrinos) are emitted. Presumiably, for them the converting
star is transparent and they leave the stas freely. May be, the third and others steps are

necessaty. So, the star is permanently cooled by »,(%,) of comparetively low energy. 1 -

understand that such a scenario of cooling is possible only if the conversion is slow com-
bustion (not detonation) and takes mmutea ‘of tnme {not seconds or fratt)ons of seconds)

3 Evolutlon of convertmg star.

- The Mt of neutron star conversion is, by assumption, the point at which the pressure -

in the centre of neutron star becomes critical for phase tramsition of NM to two-flavar
QM. This critical pressure depends on constait B. I have assumed that critical pressure
corresponds to neutron star of 1.58Mg (for example) and calculated: the constant B(B =
765;_\-) At such. B the SQM is self-bound with binding energy

e = —51M¢V

" After the phase transition in the centre of neistron star, the conversion process starts,
In the process of convegsion, the only conserved quantity is the baryoh number of the star.

The conservatinn of baryon number allows to calculate the structure of all intermediate .

configutations of converting star {8} . On Fig.2 the process of conversion is presented

it the form of some number of curves. Each curve represents the dependence of baryon
number of object with fixed baryon number in SQM core on central pressure. The left’

point on horisontal line Ng = 2.12 - 10*7 corresponds to initial neutron star, the right
point - to final strange star. During the conyersion the central pressure is increased, the
. mass of the star and its radius are decreased: The evolution of mase ‘and radivs is shown
on Fig.3. Al the mass (energy) difference is emitted by neutrinos. Due to the.change of

tadius and t.he moment of inextia, the stac should exhibit a- mperghtc‘h phmmn (if

)

4

this star is ohncrw-d as a puhar) Fmally, on Figd tlw growth of the front. radius as &

function of tinwe is shown. } have not taken into account the outer crant of neutron star,
That is why the conversion is here coniplete. In principle, if we cunsider the onter crust,

- some part of it could survive and form the crust of strange star HES

All the conversion uken abmn Two minutes.

4  Discussion and conclusion.

I have considered one of the possible scenarios of neuton star conversion to strange
star. In this scenasio, conversion takes place in binary sysiem with accretion where the

. maxs and central pressure of meutron star-grows up to the critical point. I ncutron star

has born with mass ~ 1.4Mg and eritical mass is ~ 1.6Mg and rate of accretion M is
~ 210" Mgyr~ (14], then at the critical point ncutron star is 107yr old. Due to accretion
neutren star can spin-up its rotation {15]. So, pulsars-that lic near the apin-up line on

B, P plot are the systems where proposed conversion could happen. In fact, some of them

could be strange stars.! It is known that these pulsars are very quiet ones: the period P

“has small micropulsations {16]. If micropulsatious of pulsars are due to superfluidity {17}

of inner crust of neutron star, then quict pulsars can be assumed to hnve no superfluid
layers, This is the case of strange star,-

In my approach the conversion has two visible mamicstmona thc supergmch md
neutrino signdl. May be there are others.
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