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, '. I investigate the conVel:lioD of neutrODltar to .trange .tar via the phase tl'aDIi
&ion of neutron matter to two-ftavor qua.rkmatter. The rate or convemoa is calcu
lated. Some II1a!life8tMioDsof coilversioo and fonned ..trange .~. aTediicuued. 
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1 .-Introduction. .. 

AettoPhysiulCOllB'lClue- of strange q~....k matter (SQM) hypothesis [I] are now widely 
.~ 

dia.:~ in panicle and astrOphysical literature. Particular interest is paid to the pOIlsible 
ways of stranse matter formation. .Qne of them is the conversion of neutron star to 
stran&e star [2]. There are different mech&llisms for starting snch a conversion and for 
its proceedinS. Here, I exploretbe possibility that conversion of neutron star stllrts 
at the moment when the pressure in the centr!' of neutron star is increased up ta the 
point of phase transition to two-f1avo; quark matter.This can happen in binary system, 
n~llItar- neutron' star, due 'to accresion of matter on neutron star. The po'int of phase 

, u-ansitiOll is considered as a free parameter; The only ~onstraint [3JI have impose<l on this 
point is the assumpl.ion that BOrne pulsars (especially the pulsars that exhibited glitches) 
are neutron stars [4J of approximatly L.4Me mass: TJle process of conversion is asSumed 
here to be a slow combustion [2J although fast combustion (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 approximatlyequal 
number of U-, d-••- quarks). Strange quarks are produced at the front of conversion b)' 
weak interactions. The thickness of transition region is {2] d = v x r ..(10+l00)~ x 10-*. = 
(10-7 + 1O-s)m .where v is the velocity of front propagation and r is the characteristiC 

_	 time of weak interaction.s. Becau~ of d i~ SInall compared to the si'l:e of compact'objed 
considered, the transition region does not contribnte to the mass, baryon number etc. 
of converting star. 1 assume further that nuclear matter before the front and strange 
matter behind the -front are approximatly at zero temperature. The thin layer of hot 
(T - 3OMeV) strange matter behind the front is iIllsumed to cool down by neutrino 
emission in a time small compared to the time of star conversion. 

Having this scenario in 'mind, I shall calculate further .the rate of neutron star conver
sion. .. 

In section 2 I discuss tht> equations of state (E08) used for description of neutron 
matter (NM) and quark matter (QM),the physical prOCe5se!i at the burning front and 
inside the trllllsnion resion. In section 3 I present the results of solution of stellac struc
ture equation (known as Tolroan-Opcenheimer-VolkDff equations {7)) for all intermediate 
configurations of converting star. Brief discu.sion and conelusions are presented in sectiou 

l 
4. 

2 Equations of state and phase transition. 

There is a large number of models for .NM. U.1~ly they are divided into 'two parts: with 
Soft EOS and with stiff EOS. The condition~ for the pha.-e transition to two-flavor QM 
(the start of conversion) are rather different in th~ groups. For soft EOS this phase 

.~ transition occurs at nigher pressures (larger masses of initial neutron star) than for stiff 
EOS, if we consider the cOllst"!!t B (bag COIlStant) in liOme physicaIiy interesting range 
of values [:3] (this r-illge is defined by the assumption of stability of SQM on the one hand 
and hy "",sumption of stability 'of NM against the cooversion to two-flavor QM inside 
I.4Me neutron star 00 the other hand). . 

.:
For large mass (and correspondingly· for large baryon number) of initial neutron star 

I< 
the conversion is unstahle because of the maximum baryon number of strange star'is lower 
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~ baryoa number' of initiAl neutron star(8J. So, the neutron star converts probably to 
bladt hole. J -.Id like to exclude this uninterestiJig for me situation. This is one reMOll ~ 
I prefer here the models of NMwith stiff EOS. 

Another reason is nonmonotomic dependence of /1P (tjle difference of ptellllures in NM 
and QM) on 1£ (baryonic chemical potential) ill the case o{'soft EOS for NM (9]. This can 
result in physically unexpected pha.'le transition picture when with increasing of density' 

.NM tran.form" 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.I9~.and BBP [II] EOS at lower densities. T,he plot ~Jrlll (baryonic 
chemicalpotential)-PNIIl (pressure) for RMF+BBP EOS is shown on Fig.I. For SQM; 
let me consider the simplest case: no interaction of quacka (ae = 0), massless "-, d-, ..
quarks (m. =O~,zero temperature (T =0). In this' case. QM is describe<! by equation 

I ~4Q'" . 
PQM = -.	 -B (1)

,lira (1 + (1 + ali +(1 - a)l)s • 

where CI = (n" - n..)/(ft,J +n.), n, is the quark number density.
 
SQM corresponds to <I = 0, two-flavor QM corresponds to CI = I,in transition region from
 
NM to SQM CI varies from some tie to 1. ,i'"
 

At the burning front neutrons ca.n be absor~ by QM if the. 'following e'quilibriW!1
 
conditions are fulfilled jl:!}
 

PlOt. :; PQIIl.	 (2). 

1 +2(1 +tIe)l	 I 

"1I11l= "'" +2~ :; "Olll' f .. ~3) 
. ' 1 +(I +ae) + (I - Go) 

The5e two equations·give the third one from which Go can ~ detennined for each value, 
of pte8llure at the burning front: ~ 

I ,,4NIIl(PNIIl) t ~ 
Prnt = -, . ij4 .(1+ (1 +Go) + (1 - Go)~) - B. (4)

4..2 (1+2(1+ ...) 

According to approximate formula of Olinta [2J ( c.orrected by factor 24), the quantity 
tie is simply related to the velocity of front propagation . 

4
24Go ,p" (-~)v~2	 (5)

2(1 - Clo) T • ' 

wher,~ T is the temperature inside the transition region (to be defenite I·take T ~ 3OMeV). 
I use this formula in the paper although more complicated (and rigorotlll) appl'06l'.h is 
pos.,ible. ~. 

The entrop'y and temperature are generated ill the transition ....~ion due to nonequi
librium weak readion of strauge quark production 

u+d ..... a+ •. 

If this process proceeds at constalit baryon numbflt' density ana pre'lSlIte" then the 
resulting temperature of transition QM(a = Clo,T = 0) - SQM(<I= l,T -f; 0) can De 
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euily ev-.rJuatO'd . 
thill star iA oJ-orvrd a's a plIlsar). Filially, on fi"A tl... groWtb of .1 1M' ·front.riadius .. & . 

fundion nl tim.. i. "hown. I han' !tot lak..n ill"" ;U:COll1lt tn.. oulfi Hd.t oS neutron \\t1U'• 
. T .. ~.Il +(1 +<10)1 +(1-8o)'-:J:o V2""... t{i) That ill why th coJlYt'J'Sion i8 hel't' (Olllp!t'h" III J,ri"dpw. if w., "tI".itJ..r dre onler crust, 

.. ~ . :.! . . .:l1I' . 
. som.. (Oint of it mld surviv.· a...1form th.· ....,,,,,t or steang" "tar (' :I). 
All the·conver.ion tak.." about ,._ minlltJ',\.In prindple, this eXJ'"",.ioll f.... T CAfI he II-J in formula (5), but I daft't do tllitl becaulle
 

Df the la("k of lIudcrstan,liul! lite I,,'at tran'{\tlrt piclu[(' in tne cQnv<,rting stl\r: I take tlte
 
valli" T::; :ltIMeV l.hi\ti~ il1.i<lI' thl' ri\n~.. of I)(»jHihl.. Vallll'H of T giv"11 hy fonnul" (6).
 4 DiscUssion and conclusion•. 

Th" I....t point, of this SI'et,joli CoIICffliS lh.. rliSCUlJHioli of S(2M coolin,,; behin.i the
 
c"nv,,";o;. fronl. I ha\'!:' 110 rigorous calcnlatious Df this PI'OC..,,8. My a.~.uml,lion (uMCd
 I have consi,lrrrd one of tnepos"ihl.. 8""lIarm. or " ..utmn sl..r conversiOn'to »tranAl' 
later in c~kul"tion8 of stt'llar "tnletu...') is following. As far as SQM is ht'att'tl up to star. In thi" !4<-enario, l·ollv..r~i,," tiLk..... "I....., in biliary sy.h'fll withaa:retjgn wilen! the 
30MeV, e+ e- pain of the salllett"lllperatiU'l~a~ easily produced.· The reactions m&>18 and ......tral pre_Ire ,)f n..utroll "tiLr·graws lip to th" critical point. It IJmJtton fltar 

hllll born with in...... - lAMe and critical m""" is ~ Lute and rate of accretion M Ie-' e- + u -. .... +d, "" 2·\0-11Mell";'l (t4l, then at the critical point IICI1tron "tar is 10'... Old. Due to .....artion 
n"utrcn star can spin,"p its rotation IIll); So. pulsars·that lie Mal' the IIpill-UP line 011e+ +d -. Ii. +• p.P plot are thesyslelllH whf'l't' proJlO'l"d ('onversion could jIapPen~ In (ad, lIOrtJe of thtllD 

bee:OIne the sources of .,~(';.} Rt'\Itrii\(,,,. Tht'l><'· neutrinos (It'! tht'1lI cail primary neutrinos) could be strllnge stan. l It is known that tbt'se pulSArs are Vf!ry qui« 0lItla: the pt'riOd P 
are enl'rgt'tic and havt' the InI'Bn Ii"", path "bellit 1m. They heat tht' matter nMr tbe has ~mallll\i<;rol'"lsatioJl81161. If Il\icroi>lilsatio~of pulsal'll'Ale due to superftuidity l17} 
flout (::; 1m in thicknl'lls) up to 501111' temperataCt! (=:I :J + 5MeV). Tben, nt'Utrinos of Df inner cnut of neutron star, the" <Iui..t pulSArs can be _umed to bl\ve no superffuid

0:-.
lower eIlt'tgy (secondary I\rotrinOll) lor.. emitted. Preaumahly, for tbem tlMo. conv:erting la}'f'rS. Thill is the case of st~ange .tar. , 
star is traMparent alld the)' Iea\'l!' t~ star freely. May bto. the third and others steps, are In my approach th.. ooaver""'t1 has two visible manifet.atiou: the llUperglitcbaad 
nl'Cmary. So, the star is. permanently oooled by 1I.(i.) of compareti~ly low energy. I neutrino S,igOltl. May be there are. ~bers, 

underst.and that such a Kenario of cool,ing ill possible only if lht- colwersion is slow com Ac:knoWiedlJell1ellt4l 
bustiOn (not <Jetonation) and takes minutes·oftinIt' (not Sf'('ond, 01' fractions of seconds). .( wish to thank M.KriVOt'uchen~ for' numerous diacWlSioDll ·and help in c:om~tet 

calCUlatiollll. I wish also to thlUlk O.8enVC\IIlto for useful discl\8llion. 

3 Evolution of eonverting star• 

.The alart of neut"", star cooveriion is, by NSumption, the point "* which the ~ .
 
in the centre of neutronst&r becomes critkal for phase trall8itioo' of NM '0 two-Il_
 
QM. This critical ptl!8811renepends on constailt B. I have ll88umed thM.criticaipreeaure
 
corresponds to neutron .ta~ of l.58Me (fill' eXl'mple) and ~alculatedtheconstant B(B=
 
76~). At sucli B the SQM is 'self-bound with binding energy
 

... :&-51MeV' 

. After the phue transi\ion in the centre of neittron star, the convel'lliDn Process st.ds.
 
In the proCess of con~ion, tbe only COIIlJeI'ved quantity is the baryoll number of the stll'.
 
The conservathn of baryon number allows to calculate the structure of all intennedia*e
 
eonfiprations of convel'ti~ star [8). On Fig.2 t~ PI'OCeIllI of conversion is presented
 
in' the form of some number of curves. Each curve represents the depende~Ol bvyOll
 
number of object with fixed baryon number in SQM ~ on central p_re. Tbeleft
 
point OIl horisoatal line N. = 2.12 ' 10'7 corre5poilds to initial neutl'OD star, 1he ~gJ1t
 
point - to final 8lr~ge star. During t~ conyersion the central p_ure i. i~reaaed, the
 
!DUll of the star Md its radius are d~ased, The evolution of m_ 'aDd r&dille is shQwu
 
on Fig.3- AH the ma8e (tlIlelfY) direrence is emiuecl by neutriDOll' Due to the·changll of
 
radius ana .ibemo~nt of inertia, the star shoUld exhibit uuperglitcb phenomeaoR·(if
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