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Abstract

Two magnetic monopole models (i.e., model (I, II)) are presented to discuss
the energy resources problem based on magnetic monopole catalytic nuclear
decay in massive white dwarfs. We find that the luminosities for most of mas-
sive white dwarfs increase as the temperature increases. The luminosities of
model (II) are agreed well with those of the observations at relativistic high
temperature (e.g., T, =110), However, the luminosities of the observations

can be five orders of magnitude larger than those of model (I).
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1. Introduction

As well known, white dwarfs (hereafter WDs) has no thermal nuclear burning in
their Interior. The temperature in the interiors of WDs can be about 10° K with
total thermal energy less than 10* ergs. The radius of WDs can be about 10* km

with surface temperature T ~3x10° ~4x10* K. From the Stefan-Boltzmann

2 4
Teff
10°K )’

where Ris the radius of the star, and & =5.6704x107° ergs-s™-cm™”-K™ is the

radiation constant from Stefan’s law. This surface temperature is defined in as-

law, the radiation luminosity of WDs is

R
10* km

Lg =4nR%0T g ~ 7.1x103°[ (1)

tronomy as the effective temperature T, by means of Stefan’s law. For WDs
with temperature 3 x 10° - 4 x 10* K, so that L ~5.6x10%® ~1.8x10% ergs-s™.

The WDs energy sources problem has always been an interesting issue. Refs.
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[1]-[4] studied the WDs energy sources problem and showed that the burning of
#Ne in WDs may be an extra heating source. However, Ref. [5] discussed this issue
and showed that **Ne can not be a possible cause of the heating in WDs. In this
paper, we present two models to solve this problem for 25 typical massive WDs
selected from Ref. [6]. Our model is based on the magnetic monopoles (hereafter
MMs) catalytic proton decay (RC effect) [7] [8]. The issues on MMs are forefront
subjects in astrophysics (e.g., Refs. [9]-[13]). We also studied the problem of MMs
and other related issues (e.g., Refs. [14]-[20]).

This paper is arranged as follows. In Section 2, we study the number of possible
MMs captured by WDs, and the luminosity by RC effect. In Section 3, the MMs
model and RC luminosity in WDs are discussed. Results and discussions are given

in Section 4. We obtain some conclusions in Section 5.

2. The Numbers of the MMs Captured and the Luminosity by
Catalytic Proton Decay in Stars

The number of MMs captured in space at the surface of stars is given by follows
(22]

é/O
=5.7x10" mgv_snt—m, )

S

N

m(sur)

where Vv, :vm/10’3c , My = mm/logmp ,
the MMs, respectively. The MMs mass is about m, ~10% m, [11], and m, care

V,,,m, are the velocity and the mass of

the mass of the proton and the speed of light, respectively. ¢° is the content of
MMs in space. ¢, ~1.9x10°%*m, is the maximum number of MMs, which is de-
fined as Newton saturation value. n; = (104 ~10° )cm’3 is the number density of
baryons in the space of the Milky Way galaxy [22]. In Equation (2), the number
density of nucleons can be written by [22]

-3
ng =2.90x10" [Ri} (M) =2.242x10*M.R* em™?, 3)

g
where Rg =2.96x10°M, is the Schwarzschild radii, and M,, =M. / 10,
M.=M/M,,and R.=R/R, .
According Equations (2~3), the total number of MMs trapped in space after the
formation of stars (or planets) is estimated to be
N m

(tot

2 7 ¢n [ R
)= 4R Ny = 3463107V sngtomy| =2 || 2 @

Ro

S

=3.463x107 &v_,ngt,R?,

where R, =R/R,, t,=t/10°yr,and &=myF /¢, . R, t and Fare the radius, the
age of the star, and the MMs flux in space, respectively.

PM — e 7°M +debris(85%), and pM —> e’ "M +debris(15%) are named
proton decay catalyzed by MM, which proposed by Callen and Rubacov (RC effect)
[7] [8]. The luminosity due to the RC effect is [22]
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L z4_‘\;trcanmns <‘7mVT>mBC2 =N, ng <0mVT>mBCZ’ (%)

m

where Vv, =,/KT/mg ~8.691x10°T¥?cm/s is the thermal movement speed of the
nucleus relative to the MM. n,, T'and k are the number density of MMs, the tem-
perature and the Boltzmann constant, respectively. m, ~1.78x10 g and r,,
are the nucleons mass and the radius of the stellar central region, respectively. o,
is the reaction cross section, whose range is about 102° - 10>* cm?. By using the
SU(5) grand unification theory, Ref. [23] gave the value of o, ~4.28676x107**.

3. The MMs Model and RC Luminosity in WDs
3.1. MMs Catalytic Proton Decay Model (I) in WDs
The mass-radius relation of WDs is one of interesting issue for astrophysicist and
is given by [24]
R,, =1.080x1072 1.**M [*? (6)
where p, = A/ Z is the molecular weight per electron.
Based on Equation (3) (6), Equations (4) (7), and Equations (5)-(8) the number

density of nucleons, the numbers of MMs captured, and the total luminosity in

WDs by model (I) are given by
ng (1)=2.242x10* M. (R,,)" =1.7794x10% z*M? cm ™, 7)

Ny =N, (1) =3:463x107 v yng (Nt (R,, )’ ®

(tot)

4
Ly =200, (1) YM? = N (1) 7y Y mec

=5.541x10*nyv_ong (1) {0, v; )t (R, )*

2

)

3.2. MMs Catalytic Nuclear Decay Model (II) in WDs

Izawa (1986) discussed the Equation of the state in WDs by considering the RC
effect as an energy release precess. He gave an expression of the mass-radius rela-
tion [25]

-2.35
sz ~2x% 10—10 [Mil N ;.45 =2x 10—10 M *—2.35 N 3.45 , (10)
O]

According to Equations (3) (4) (10), and Equations (5) (10) (11), the number
density of nucleons, the numbers of MMs captured, and the total luminosity in

WDs are given as, respectively

ng (11)=2.242x10*M.R;; = 2.803x10¥ N, **M>® cm™®, (11)

N, = Ny (1) =3.463x107 £v o, (11),R

In(1.36719x10% Ft,M,**v 7 ) (12)
- 0.5 |
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L, z?T[rcsnmns (IN){omvr)mee? = N,mng (11){o,v, )mgc?

=5.541x10*n, (1)v_gng (){o vy ) E,RS,.

4. Results and Discussions

The MMs flux has been considerable interest issue. Parker (1970) gave the MMs
fluxas F<10™ cm™@-st.srt [21]. Ref. [26] gave a limit on the flux by
F(ov),, < 10* em™-s-sr™" in neutron star. Ref. [27] discussed the MMs flux,
which may be F (UV),ZS <2x10™® cm™?.st.sr! in WDs. Ref. [28] also shown
that the bound was stated as F (Gv)_28 <10 cm™-st-sr. In this paper, we
select the MMs flux of F =1.9x107 cm™-s™-sr' and the other parameters are
selected as ng =10°cm™, T,=0.01,0.1,1,10, m_ =10"m_, £=10°. We se-
lected 25 typical high mass WDs from [6]. Some main parameters can be reference
in Table 3 of Ref. [6]. Figure 1 and Figure 2 show the number of magnetic mon-
opoles captured from space in the lifetime of the O + Ne(C + O) core high mass
WDs for model (I), and (II) as a function of M, when ¢&=10%,and

na =10°cm™ at T, =0.01,0.1,1,10 . As the temperature increases, the number
of MMs captured increases by about two, and three orders of magnitude for model
(I), and (II), respectively. However, the number of MMs captured increases by
about three orders of magnitude for model (II).

When the temperature is certain, the number of MMs captured canbe N, > N,
and the higher the mass, the larger the number of MMs captured becomes from
Figure 1. It is because that according to Equations (6) (8) (10) (11), we know that
In(1.36719x10™ Ft;M,**v %)

0.55

. The effect of mass

N, o (/M.)?*,but N, =exp

radius relation on the number of the MM captured is ignored in model (I), Model
(II) considers the effect of mass radius relation and RC effect on the number of
captured monopoles, so the data is relatively accurate.

In WDs, monopoles captured can catalyze proton decay and provide the inter-
nal heating. A monopole which passes through WDs can also lose enough energy.
Ahlen and Kinoshita (1982) calculated these energy, which given by
dE/dx ~100p8 GeV/cm , where p is the density of the WDs (in g-cm™), and
S is the velocity of the MM as it passes through the WDs [29]. The energy loss
in traveling through the WDs can be about 5 x 10" MeV. If the MM is captured,
it sinks toward the center of the WDs and the time scale for the MM to fall from
rest to the center can be estimated to be about 1000 s.

Figure 2 display that the luminosities as a function of M. for WDs at the tem-
perature of T,=0.01,0.1,1,10 when ¢ =10%, ng =10° cm~3. The luminosities
increase as the temperature increases. By comparing the luminosities of the ob-
servations with those of model (I), and (II), we find that the luminosities of model
(IT) are agreed well with those of the observations at relativistic high temperature
(e.g., Ty =1,10), However, the luminosities of the observations can be five orders

of magnitude larger than those of model (I).
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Figure 1. The number of magnetic monopoles captured from space in the lifetime of the O + Ne core high-mass WDs ((a)-(d)) and
the C + O core high-mass WDs ((e)-(h)) ([6]) for model (I), and (II) as a function of M. when ¢& =102, and ng =10°cm™ at
the temperature of T =0.01,0.1,1,10, respectively.
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Figure 2. The luminosity as a function of M, for the O + Ne core high-mass WDs ((a)-(d)) and the C + O core high-mass WDs

((e)-(h)) ([6]) when F=19x10%cm™?.st.sr*, £=10°, and ng =10° cm™ at the temperature of T, =0.01,0.1,1,10, rescpec-
tively.

Based on the above analysis, one can conclude that with the increasing of the
number of MMs captured by the WDs, the luminosity of MMs catalyzed nuclear
decay increases linearly with time until it becomes the main contribution to the
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total luminosity. Even one can observe that for some of the oldest white dwarfs,
the luminosity may have passed its minimum, and some reheating may have oc-
curred. The annihilation of MM and anti-MM may make a significant reduction
in the number of MMs and the catalytic luminosity of the monopole in the WDs.
Ref. [30] calculated the annihilation cross sections of MMs and anti-MMs caused
by two-body and three-body recombination. Their results showed that the anni-

hilation has little effect on the flux and luminosity.

5. Conclusion

Based on the MMs catalytic proton decay, we present two MMs models of the
energy resources in WDs. We discuss the luminosity to apply to 25 massive WDs
and calculated the number of MMs captured by WDs. We also compare these lu-
minosity of the two MMS model with the observations. We find that the luminos-
ities increase as the temperature increases. The luminosities for most of massive
WDs for model (II) are agree well with the observations and the difference is no
more than one order of magnitude at relativistic high temperature (e.g., T, =1,10).
However, the luminosities of the observations can be five orders of magnitude
larger than those of model (I). According to our calculations and discussion, the
monopole-catalyzed proton decay process may be an effective way, which can pre-

vent WDs from cooling.
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