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Abstract. The structural parameters of the supermassive object at the
Galactic Center and its high-energy radiation are estimated according to
observations in near-infrared radiation, under the model of a supermassive
object with magnetic monopoles.

An magnetic monopole (MM) predicted by the Grand Unified Theory of particle
physics may catalyze a nucleon decay (Rubakov 1983; Callan 1982; henceforth
the RC effect): pM — Me*n° (85%) or pM — Me*utpu~ (15%). The positrons
produced from the catalytic reaction and photons from decaying 7° will undergo
a cascade process and slow down within the supermassive object (SMO). The
cascade multiplication number of positrons, A, will be more than 300, and the
photon spectrum will become a continuum. In this paper, we estimate the
structural parameters of the SMO at the Galactic Center (GC) and its high-
energy radiation, based mainly on the near-infrared observations, under the
model of the SMO with MM (Peng, Wang, & Li 1986; Peng 1989) with the RC
effect’as the main energy source.

a) The mass of the SMO at GC is ~ 2.5 x 108 M (Eckart & Genzel 1997)
and its Schwarzschild radius is R; ~ 7.4 x 10! cm. The bolometric (i.e., total
thermal) luminosity Lp of the SMO is Lg = nLit ~ 10% ergss~! (Gordwurm
et al. 1994), where a factor (n) of the total energy produced mostly from the RC
effect is transformed into thermal radiation via various physical processes. The
remainder of the total luminosity is transformed into various types of nonther-
mal, high-energy radiation through a series of cascade processes. The factor 5
is estimated to be ~ (0.05-0.2), according to the observation of y-ray radiation.

b) The spectrum of Sgr A* from radio to near-infrared has been constant
since the discovery of the source. The observations have been carried out from
400 MHz to ~ 10* Hz. According to a compilation of the radio to NIR obser-
vations, the maximum of vL, is at vme; = 1.0 x 1013 Hz (Fig. 1 of Ramesh et
al. 1998). The surface temperature of the SMO is estimated in our model by
the Planck blackbody radiation law, T = hvpaez/4k ~ 120.8 K. Given both its
thermal luminosity and surface temperature, the radius of the SMO is estimated
to be R~ 8.1x10% cm or y = R/R; ~ 1.1 x 10%, from the relation L oc R2T*.

c) The positron flux emitted from the SMO may be estimated in the fol-
lowing way. The total energy release rate of the SMO, due to the RC effect,
is Lyt = 4m fOR rreR2dR = Apypém~1y=3. The reaction rate of RC effect is
rrRc = NpNpc(oB) ~ 2.07 x 10%p%¢, where ¢ = (¢/¢n)({08)/10727 cm?) and
¢ = Np/Np is the ratio of the MM number to the baryon number of the SMO.
Its Newtonian saturation value is ¢, =~ 1.9 x 1072*(m,,/10'®mp). The cross
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section of the RC reaction is o; ¢ is the average velocity of a baryon relative
to the monopole; and ¥ is a mass distribution parameter of the SMO, which
is defined as ¥ = [vp?dV/({p))?, where p is the mass density inside the ob-
ject. We have ¢ ~ m/(4¢) > 1 for a model with p(r) o< (r? +¢e?)7!, e < 1,
A = 4.4 x 10 ergss™!, and m = M/(2.5 x 106 My.) The parameter ¢ of
the MM content inside the object may also be estimated once the bolometric
luminosity Lp and the radius, R (or its dimensionless radius, y), have been esti-
mated from observations. The result is: ¥n¢ =~ 230. The positron emission rate
of the SMO due to the RC effect, and with multiplication by a cascade process,
is S,+ ~ (47/3)R3rrcA = Ao+ (A/300)Em™1y=3 ~ 6.5 x 10%2(n/0.2)Le* /sec,
where A+ = 7.7 x 1031 e* /sec.

d) Besides the <-rays from the positron annihilation line, radiation with
energy higher than 0.5MeV (up to 1GeV) is also produced from the SMO,
due to the RC effect and through the multiplication from the cascade process.
However, the energy of the y-ray photons decreases during the cascade. The total
integrated energy of this high-energy radiation would be much greater than both
the energy of positron annihilation line and the bolometric luminosity. These
predictions of high-energy radiation are consistent with observations (Harris et
al. 1998; Lingenfelter & Ramaty 1989; Swanenburg et al. 1981).

e) The total magnetic charge of the SMO is Qm = Nmngm, where gp, is
the magnetic charge of a stable, colorless monopole; ¢, = 3hc/dme = 9.88 x
1078 gauss. The radial magnetic field on the surface of the SMO is: H(R) =
Qm/R? = (c*qm(n/4Gmp)(2.5 x 105 M (0B)/107%" cm?)~! . ¢m~1y~2 =
190({o8)/107%" cm?) "1 (ny)~! ~ (20-100) gauss.

f) The SMO could be a source of cosmic rays produced by the RC effect.

g) When a couple of MM collide, more energy (> 10%° eV) will be released.
Thus, we may imagine a picture: if two such SMOs with opposite magnetic
charge collide, the annihilation of these opposite MM will release an extremely
huge amount of energy. For example, in the case of two active galactic nuclei,
each with mass ~ 108 My and with the Newtonian saturation of MM, but with
the opposite magnetic charge, 1053 ergs of energy will be released when they
collide. This might be an origin for one kind of gamma ray burst. It might also
be a source of extremely high-energy cosmic rays with energy > 102! eV.
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