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The plasma me
hanism of stabilization ofneutron-ex
ess nu
leiB.V.Vasiliev1 Neutron-ex
ess nu
lei and the neutronizationThe form of the star mass spe
trum (Fig.1) [1℄ indi
ates that plasma of manystars 
onsists of neutron-ex
ess nu
lei with the ratio A/Z = 3, 4, 5 and so on.These nu
lei are subje
ts of a de
ay under the "terrestrial"
onditions.Hydrogen isotopes 4

1H, 5

1H, 6

1H have short time of life and emit ele
tronswith energy more than 20 Mev. The de
ay of helium isotopes 6

2
He, 8

2
He, 10

2
Hehave the times of life, whi
h 
an rea
h tenth part of the se
onds.Stars have the time of life about billions years and the lines of their spe
trumof masses are not smoothed. Thus we should suppose that there is someme
hanism of stabilization of neutron-ex
ess nu
lei inside stars. This me
hanismis well known - it is neutronization [3℄�106. It is a

epted to think that thisme
hanism is 
hara
teristi
 for dwarfs with density of parti
les about 1030 per
m3 and pressure of relativisti
 ele
tron gas

P ≈ ~c · n4/3

e ≈ 1023dyne/cm2. (1)The possibility of realization of neutronization in dense plasma is 
onsideredbelow in detail. At thus, we must try to �nd an explanation to 
hara
teristi
features of the star mass spe
trum. At �rst, we 
an see that, there is a
tuallyquite a small number of stars with A/Z = 2 exa
tly. The question is arising: whythere are so few stars, whi
h are 
omposed by very stable nu
lei of helium-4? Atthe same time, there are many stars with A/Z = 4, i.e. 
onsisting apparently ofa hydrogen-4, as well as stars with A/Z = 3/2, whi
h hypotheti
ally 
ould be
omposed by another isotope of helium - helium-3.1.1 The ele
tron 
loud of plasma 
ellLet us 
onsider a possible me
hanism of the a
tion of the ele
tron gas e�e
ton the plasma nu
lear subsystem. It is a

epted to 
onsider dense plasma tobe divided in plasma 
ells. These 
ells are �lled by ele
tron gas and they havepositively 
harged nu
lei in their 
enters [5℄.This 
onstru
tion is non stable from the point of view of the 
lassi
alme
hani
s be
ause the opposite 
harges 
ollapse is "thermodynami
 favorable".To avoid a divergen
e in the theoreti
al des
ription of this problem, one 
anarti�
ially 
ut o� the integrating at some small distan
e 
hara
terizing theparti
les intera
tion. For example, nu
lei 
an be 
onsidered as hard 
ores withthe �nite radii.It is more 
orre
tly, to 
onsider this stru
ture as a quantum-me
hani
alobje
t and to suppose that the ele
tron 
an not approa
h the nu
leus 
loserthan its own de Broglie's radius λe. 1
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.�èñ. 1: The mass distribution of binary stars [2℄. On abs
issa, the logarithm ofthe star mass over the Sun mass is shown. Solid lines mark masses, whi
h are
al
ulated theoreti
ally [1℄.
2



Let us 
onsider the behavior of the ele
tron gas inside the plasma 
ell. If toexpress the number of ele
trons in the volume V through the density of ele
tron
ne, then the maximum value of ele
tron momentum [3℄:

pF =
(
3π2 ne

)1/3

~. (2)The kineti
 energy of the ele
tron gas 
an be founded from the generalexpression for the energy of the Fermi-parti
les, whi
h �lls the volume V [3℄:
E =

V c

π2~3

∫ pF

0

p2
√

m2
ec

2 + p2dp. (3)After the integrating of this expression and the subtra
ting of the energy atrest, we 
an 
al
ulate the kineti
 energy of the ele
tron:
Ekin =

3

8
mec

2

[
ξ(2ξ2 + 1)

√
ξ2 + 1 − Arcsinh(ξ) − 8

3
ξ3

ξ3

] (4)(where ξ = pF

mec ).The potential energy of an ele
tron is determined by the value of the atta
hedele
tri
 �eld. The ele
trostati
 potential of this �eld ϕ(r) must be equal to zeroat in�nity.1 With this in mind, we 
an write the energy balan
e equation ofele
tron
Ekin = eϕ(r). (5)The potential energy of an ele
tron at its moving in an ele
tri
 �eld of thenu
leus 
an be evaluated on the basis of the Lorentz transformation [4℄�24. Ifin the laboratory frame of referen
e, where an ele
tri
 
harge pla
ed, it 
reatesan ele
tri
 potential ϕ0, the potential in the frame of referen
e moving withvelo
ity v is
ϕ =

ϕ0√
1 −

v2

c2

. (6)Therefore, the potential energy of the ele
tron in the �eld of the nu
leus 
an bewritten as:
Epot = −

Ze2

r

ξ

β
. (7)Where

β =
v

c
. (8)and

ξ ≡
p

mec
, (9)

me is the mass of ele
tron in the rest.1In general, if there is an un
ompensated ele
tri
 
harge inside the 
ell, then we wouldhave to in
lude it to the potential ϕ(r). However, we 
an do not it, be
ause will 
onsider onlyele
tro-neutral 
ell, in whi
h the 
harge of the nu
leus exa
tly o�set by the ele
troni
 
harge,so the ele
tri
 potential on 
ell border is equal to zero.3



And one 
an rewrite the energy balan
e Eq.(5) as follows:
3

8
mec

2ξY = eϕ(r)
ξ

β
. (10)where

Y =

[
ξ(2ξ2 + 1)

√
ξ2 + 1 − Arcsinh(ξ) − 8

3
ξ3

ξ4

]
. (11)Hen
e

ϕ(r) =
3

8

mec
2

e
βY. (12)In a

ording with Poisson's ele
trostati
 equation

∆ϕ(r) = 4πene (13)or at taking into a

ount that the ele
tron density is depending on momentum(Eq.(2)), we obtain
∆ϕ(r) =

4e

3π

(
ξ

λC˜

)3

, (14)where λC˜ = ~

mec is the Compton radius.At introdu
ing of the new variable
ϕ(r) =

χ(r)

r
, (15)we 
an transform the Lapla
ian:

∆ϕ(r) =
1

r

d2χ(r)

dr2
. (16)As (Eq.(12))

χ(r) =
3

8

mec
2

e
Yβr , (17)the di�erential equation 
an be rewritten:

d2χ(r)

dr2
=

χ(r)

L2
, (18)where

L =

(
9π

32

Yβ

αξ3

)1/2

λC˜ , (19)
α = 1

137
is the �ne stru
ture 
onstant.This di�erential equation has the solution:

χ(r) = C · exp
(
−

r

L

)
. (20)Thus, the equation of equilibrium of the ele
tron gas inside a 
ell (Eq.(10))obtains the form:

Ze

r
· e−r/L =

3

8
mec

2βY . (21)4



2 The Thomas-Fermi s
reeningLet us 
onsider the 
ase when an ion is pla
ed at the 
enter of a 
ell, theexternal shells don't permit the plasma ele
tron to approa
h to the nu
leuson the distan
es mu
h smaller than the Bohr radius. The ele
tron moving isnon-relativisti
 in this 
ase. At that ξ → 0, the kineti
 energy of the ele
tron
Ekin =

3

8
mec

2ξY →
3

5
EF , (22)and the s
reening length

L →

√
EF

6πe2ne
. (23)Thus, we get the Thomas-Fermi s
reening in the 
ase of the non-relativisti
motion of an ele
tron.3 The s
reening with relativisti
 ele
tronsIn the 
ase the ≪bare≫ nu
leus, there is nothing to prevent the ele
tron toapproa
h it at an extremely small distan
e λmin, whi
h is limited by its ownthan its de Broglie's wavelength. Its movement in this 
ase be
omes relativisti
at β → 1 è ξ ≫ 1. In this 
ase, at not too small ξ, we obtain

Y ≈ 2

(
1 −

4

3ξ

)
, (24)and at ξ ≫ 1

Y → 2 . (25)In 
onne
tion with it, at the distan
e r → λmin from a nu
leus, theequilibrium equation (21) reforms to
λmin ≃ ZαλC . (26)and the density of ele
tron gas in a layer of thi
kness λmin 
an be determinedfrom the 
ondition of normalization. As there are Z ele
trons into ea
h 
ell, so
Z ≃ nλ

e · λmin
3 (27)From this 
ondition it follows that

ξλ ≃
1

αZ2/3
(28)Where nλ

e and ξλ are the density of ele
tron gas and the relative momentum ofele
trons at the distan
e λmin from the nu
leus. In a

ordan
e with Eq.(4), theenergy of all the Z ele
trons in the plasma 
ell is
E ≃ Zmec

2ξλ (29)5



At substituting of Eq.(28), �nally we obtain the energy of the ele
tron gas in aplasma 
ell:
E ≃

mec
2

α
Z1/3 (30)This layer provides the pressure on the nu
leus:

P ≃ E

(
ξ

λC˜

)3

≈ 1023dyne/cm2 (31)This pressure is in order of value with pressure of neutronization (1).4 The neutronization. The 
onsidered above ≪ atta
hment≫ of the ele
tron to the nu
leus in adense plasma should lead to a phenomenon neutronization of the nu
leus, ifit is energeti
ally favorable. The ≪ atta
hed ≫ ele
tron layer should have astabilizing e�e
t on the neutron-ex
ess nu
lei, i.e. the neutron-ex
ess nu
leus,whi
h is instable into substan
e with the atomi
 stru
ture, will be
ame stableinside the dense plasma. It explains the stable existen
e of stars with a largeratio of A/Z.These formulas allow to answer questions related to the 
hara
teristi
s ofthe star mass distribution. The numeri
al evaluation of energy the ele
tron gasin a plasma 
ell gives:
E ≃

mec
2

α
Z1/3

≈ 1.1 · 10−4Z1/3erg (32)The mass of nu
leus of helium-4 M(4
2
He) = 4.0026 a.e.m., and the masshydrogen-4 M(41H) = 4.0278 a.e.m.. The mass defe
t ≈ 3.8 ·10−5egr. Therefore,the rea
tion

4

2He + e →
4

1 H, (33)is energeti
ally favorable. At this rea
tion the nu
leus 
aptures the ele
tron fromgas and proton be
omes a neutron. It explains why there are a small number ofstars with A/Z = 2 - only stars 
onsisting of deuterium are stable here.There is the visible line of stars with the ratio A/Z = 3/2 at the star massspe
trum. It 
an be attributed to the stars, 
onsisting of 3
2He, 6

4Be, 9
6C, et
.It is not di�
ult to verify at dire
t 
al
ulation that the rea
tions ofneutronization and transforming of 3

2
He into 3

1
H and 6

4
Be into 6

3
Li areenergeti
ally allowed. So the nu
lei 3

2He and 6
4Be should be 
onversed byneutronization into 3

1
H and 6

3
Li. The line A/Z = 3/2 of the star mass spe
trum
an not be formed by these nu
lei. However, the rea
tion

9

6
C + e →

9

5
B , (34)is not energeti
ally allowed and therefore it is possible to believe that the starsof the above line mass spe
trum may 
onsist of 
arbon-9.6



It is interesting, is it possible to study this e�e
t under laboratory 
onditions?One 
an use gaseous tritium for it and 
an measure the rate of its de
ay at twostates. First the rate of tritium de
ay at atomi
 (mole
ular) state. Se
ond, thesame rate under the e�e
t of ionizing ele
tri
 dis
harge. Essentially, one mustaim to use the dense gas and the power dis
harge in order to ionize more atomsof tritium. Taking into a

ount the pre
eding 
onsideration, su
h a test doesnot look as a hopeless proje
t.Ñïèñîê ëèòåðàòóðû[1℄ Vasiliev B.V.: arXiv:astro-ph.0902.0711[2℄ Heintz W.D.: Double stars In Geoph. and Astroph. monographs, 15,D.Reidel Publ. Corp., (1978)[3℄ Landau L.D. and Lifshits E.M.: Statisti
al Physi
s, 1, 3rd edition,Oxford:Pergamon, (1980)[4℄ Landau L.D. and Lifshits E.M.: The Classi
al Theory of Fields. 1, PergamonPress, N.Y. (1971)[5℄ Leung Y.C.: Physi
s of Dense Matter In S
ien
e Press/World S
ienti�
,Beijing and Singapore, (1984)
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