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Some time ago we have d"rawn attention to the necessity of ad"mitting the existence
of a quarkian oore in the interior of hypothetical superstars of very great masses (1).
Similar considerations were proposed. also by Pacrur and clevelop"a ny on Saseere
et al'. (2) and by Bunsroco. We propose now to investigate somo properties of a hypo-
thetical quarkian substance. The fundamental role is played. by the reaction

( l )  B  S e r * e z * e a .

Among baryons and quarks a deep potential well is needecl to sooure a great mass
d'efect in baryon building; we d,raw attention to our previous evaluation of the inter-
aotion constants between quarks obtainetL in the nonlinear quark theory of mesons (s),
,i.e.

[ (qr,nqr): klznqz): 29 ,(2t  {
|  @"lqt):  Ql{8)g,

(qunqr) - o ,

(qtK* qr) : 2 t/2 g, eto.

For definiteness we ad,mit for the quark masses

(3) [  * r*  nrav 2.5 M, ,  f rs :  ds Ms ,  dgN
t
I  a :  d t l  d z {  a " x  1 5 ,

r 0 ,

previous investiga-and for magnetic moments, also taking the values from our
tion (3),

(4)

, 'h:{,? -,*+ 
r'ffi} Fs,

pq,:-t* T -o o+1a,.

(') D. rvervrwxo and D. D. KunoauJarDzn: astrophasics (Russ.) vol. 1, No. 6 (1965).
(') D. Booonrnrrr, Y. Dn sessare and c. Guunr: Nu,otso cirnenf,o,4b A, 518 (1966).
(s) D' KuaDGEr,ArDzE and A, BassruNr: Journ, Nwl,, Pltys., 8, 1b4 (196s) and subsequent papers.
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It is not excluded, that the quarkian substance oan exist as a primord,ial state from
which afterwarcls baryons and nuolei were formed; on the other hand. a quarkian sub-
stance oan arise as a consequence of gravitational contraction of a stellarlike object.
Developing the conoeption of a neutron.{tar A}rsanzuMra.w and S-a'l.rr.as treated
baryonio stars; at the particle clensity nNl}4ocm=i the main component is repre-
sented by E-hyperons. For clefiniteness we admit for a baryonic star the average masses
of particles

(5)

In the baryon-quarkian star
of the transition of a B-star to

(6) n") 2(ya)3. 1038 cm-3 ) 6. 1042 am-3

and the oorresponding Fermi temperature for the degenerate B-gas

(7)  7r  N 2 '1012 oK .

M L *  T M n ,  ( y - 2 +  3 )  .

all partioles are ultrarelativistic. The critical d"ensity
a Q-star woulcl be

rg

The

(8)

We

(e)

and

(10 )

(r2) Q * :

equilibrium density is given by relation (er: Fermi energy)

er(B):  2sF(q1) *  en(qe) .

have

sr(B) nz 3e"(qr)  ,  es(e)  N cpr:  c( \n 'h lno)*

the Fermi temperature

""(B) 
ru 3f"(qr)

So at mVL0as cm-s a B-star always will contain quark ad"mixture. Taking, for simplicity,
the baryons as neutral we have a system similar to a ionized. gas where neutral baryons
play the part of atoms in ord.inary plasma ancl positive ancl negative quarks the role
of eleotrons and ions. As the two quarks have id,entical mass but d.ifferent charges
(2e13,-el}) one can introiluce an effeotive quasi-particle

( l r ) g ' :  I t *  { Iz ,  s t -  s r - f  nzx 5  M,  ,  Q ' :  . f  e l7  .

So we get the quark plasma built from two oomponents:

n , *  n ,_  ($ .  ,  .
frB \ar/: ,  e -  :  - ; , g*

_ :
fr- (+-:)

One can consider also the quarkian regions in stars, independently from gravitational
contraation, as a prestellar state. One may be inolined. to apply to this systern magneto-
hyclroclynamics ancl plasma theory. One has the characteristio plasma frequencies

(13) ^'+: 4nne' l9n+ , a\ - (312)la'f,* ,



and the cyolic frequenoies

(14 )

and the Alfvdn velooity

(15 )

( 1 6 )

( t7 )

( te )

(n) D. S. Kornlnr and X'. C.
(u) B. A. Ta,uBNrKov: Zwrn.
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tc ! 4np
( Q : n ( n + * n - ) , o < l ? )

,  f r tat*  nsas
u i : # ,  e t c . ,'  frrt frs,

ip:  t ( i ' r+ i i ,+ i "p).

t he  f o rm  (a :  L ,  a :3 )

l 5

eHo

g " o * '

In a more d.etailecl treatment one must consid.er a three-componont plasma. We have
for the equations of motion ancl for the equation of magnetohyclroclynamics of the
cold plasma

d a l
l iE l  ,  8 :

ct, cQ

Then the Maxwell equations give the Alfv6n velocity. Introcluoing velocities anal currents

3

n Z n o  '
1

ip: en (zrut* zsas) ,

we obtain

(18) ap: E@L + al,+ a'r) ,

The previous equations can be written in

daLp -
dt

4l z6 li',-Hl
9 e T  

- -

f r r *  f r s  
'  

cm (n r l  ns ) '

Hz,
Q t : a j ,  e t c .

cfrt

Let us draw attention to the possibility of supercond,uctivity in stellar matter as
was pointed out by KornLnr and Aur-ucr (a) anct recently considered" by Tnunwr-
rov (6) for the special oase of white d"warfs. Incleecl one has in suoh objects as necessary
conditions for the supercond"uctivity state:

l) the presence of a clegenerate Fermi gas of electrons,

2) the presenoe of a gas of phonons (orystal oscillation, plasma oscillation , etc.)'
'3; 

a d,ensity satisfying certain conditions (T, > T).

In white d.warfs (?- 106 oK, m nz 1030 cm-3) one may expect the existence of super-
conductivity. Our proposal is to investigate the superconductivity of neutron, baryon
ancl quark stellar objeots. The essential point is the condition T"] T (7" critical
temperature of transition).

For preliminary rough consid.erations, the case of a quarkian star suggested. by
us and previously by PacrNr seems to be rather favourable. For ultrarelativistio Fermi
gas the temperature is proportional to - pl, but the critical temperature for transi-

Aur,uor: Proc. Nat, Inst. Sci. Inil,ia, 28 L, 228 (1962).
f rksp.  Thoor,  Fi2, ,55,  1893 (1968).
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tion to the supercond.uative state is proportional to - mt, Bo we seo that at inoreasing
clensity one muet expect with some oertainty that

T, ' '#Ts '

On the other hancl we have

(20) Tc: G16.6) T,D

(?o Debyo temperature).
For ultrarelativistio gas one has

(2I) Io: Tr(2*p*l3nc)* ,  T"lT*;>l ,

i f  p*lna>1.6.!02, p,^- (\n'h,sn)|,  n2 (2a)3 '  1048 cm-s.
The critical magnetio fieltl is given by

at, n given by (21)

(22)

2.6
E, :  jhnE

\ /a

E"- 1.5 dz ' LO24 gauss .

(n :uMs) ,

The ratio of gas pressure to magnetic fiekl pressure is B: gtol(Ezl8n)-8.6 nclp*, so
that one has B< f /18.

One sees that for ultrarelativistic quarks gas pressure will not be of great importance,
eo that at the great tlensity n) a3 ' 104s cm-3, the transition to tho supercond.uoting state
is not opposecl by the'magnetia fielcl. Due to the suild"en expulsion of tho magnetic
fie1cl, one can expect some kintl of explosion whioh can play a role in the explosions of
galactic nuclei or play some'part in the evolution of quark-stars. One can guess that
in stellar objeoto, where both baryons and quarks aro present, the transition to the
superconclucting state oan take plaoe at a d-ensity of baryons

(23) ,nl > 3612.1050 om-8 .

* * *

It was a pleasure to have the possibility to disouss some of the results considered" with
Profs. D. S. Korrrenr ancl F. C. Aur,ucr and we mayuse thisoccasiontoexpress our
thanks for the hospitality extentled. to one of us in Inclia.


