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CLASSICAL MASS QUANTIZATION OF A BOUND
CONFIGURATION OF ELECTROMAGNETIC
DYONS AND BARYONIC DYONS

WOLF, C.1), North Adams

By calculating the exterior gravitational field of a configuration of particles with
electromagnetic charge and baryonic charge and maintaining that the horizons co-
incide we arrive at a classical expression for the quantized mass of the system.

I INTRODUCTION

The existence of magnetic charge was shown by Dirac to lead to a multitude
of new phenomena including the existence of Dirac strings and a quantization
condition for the electric charge of a particle when the electric charge moves in the
field of a magnetic charge [1]. Building upon these ideas, Schwinger demonstrated
that for two dyons with charges €1 q;1; €5 g9, the charges obey the condition

m_SmQSS _ W (n=1,2..)
if the field angular momentum is to be quantized [2]. With regard to non-Abelian
gauge theory Prasad and Sommerfield have pointed out that monopole or dyon
solutions exist when a group G is broken to a subgroup H(G — H x U(1)) with a
surviving U(1) factor [3]. The quantization of magnetic charge in this case results
from the consistency of the solution. Actually Vinciarelli has pointed out that
the dual symmetry of Maxwell’s equations and hence the symmetry between an
electric and a magnetic charge is a direct manifestation of the four-dimensional
character of the world [4]. Also, if CP violating terms are present in the lagrangian,
Witten has shown that the electric charge degree of freedom need not be quan-
tized for a dyon [5]. With regard to their influence on particle phenomena, Callan
has demonstrated that monopoles will catalyze proton decay with strong interac-
tion rates and thus lead to the catalysis of proton decay in the early universe [6]. In
the following discussion we extend the idea of a dyon to the case when two Abelian
groups are present, the physical motivation comes from the recent discoveries re-
garding a possible fifth force mediated by a slightly massive Abelian-gauge field
coupled to a baryon number |7, 8]. We choose not to discuss the massive nature
of the additional gauge field associated with the baryon number but include the
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fields S‘mxm:m with electromagnetism in a representation where the electric-like and
magnetic-like charges have known values. Gasperini et al. have pointed out that
m.:m to the existence of a fifth force coupled to the baryon number, n, 7@ would have
a_m,ma.mi masses in the earth’s filed which would affect the n, 7 Omn_:r“&on strength
also if electromagnetic gauge fields and baryonic gauge fields mix, the mxmmom:nm‘
of a baryon current for 3 spherically symmetric rotating object would generate a
measurable magnetic field even when the object does not, possess electric charge
[9]. Encouraged by the observational evidence regarding the fifth force as well as

the possible implications that dyons would have on dyon fermion dynamics [10-14)

well as a baryon electric-like and a baryon magnetic-like charge. Recently Recami
and Tonin-Zachin [15] have shown that for a Kerr-Newman de-Sitter solution in
the case of strong gravity wherein the mass and the cosmological constant take on
<w_~.~am commensurate with hadron dimensions, the coincidence of two of the three
horizons leads to stable impermeable black holes with vanishing surface temper-

.nm:.J&:m both electric-like charges and baryonic-like charges. By insisting that the
GQ_S%S_ .noumaﬁcm:nm admit the Dirac quantization condition we arrive at a clas-
sical quantization rule for the mass of a Reissner Nordstrém black hole admitting
both an electric-like and baryonic-like charge with mixing between the two gauge
groups. Possible experimental signatures for such mass quantization of charged
astrophysical objects would be the existence of highly monochromatic gamma ray
bursts that result from the transition from one state to another of the gravitation-
ally bound configuration of an electric-like and a baryonic-like charge.

II. THE EXTERIOR GRAVITATIONAL FIELD OF
ASTROPHYSICAL OBJECT CARRYING ELECTROMAGNETIC
DYON STRUCTURE AND BARYONIC DYON STRUCTURE

We vmm.mz by writing the lagrangian describing the interaction of gravity, elec-
tromagnetism and baryonic gauge field outside of the configuration of charges.

ct 1
N\ =i = P v i v v
forG V9 m 167 F™ = 167 Bu B + aF,, B Tlé. (1)
Here .
%Jt.\ = %\At — %;A_\ B, — %mt _ %mt
%.\a.\ %Ht ? L %&t %Ht !

@ = mixing vm.wmamﬂmw and A, represents the electromagnetic four potential and
B, the baryonic four potential. For both Au and B, we have the anti-symmetric
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condition when no magnetic-like charges are present

d

dzv
i}

dzv

(€ Fap) = 0 (2)

(e**? Bap) = 0 )

Varying Eq. (1) with respect to 4,, B, gives

5 ﬁ«ﬂi ~ 205 (V7B*) = 0 (4)
a5 (/795") = 2o (V) =0 (5)

For the electric and magnetic-like fields we have

N.JHA = Nw.;ﬂvu N...Nw = q.m sin mmpﬁﬂv
m: = WNT.Y Nﬂww = q.w sin Qmwﬁ%v. A@v

Eq. (2) and Eq. (3) give

3
mw = ﬁ'w . A.Nv
By =% )

Here g; and g, are the total magnetic-like charges for the electromagnetic field
and the baryonic field. From Eq. (4) and Eq. (5) we have

19 4 e

MMWN Au.umlﬁ_\‘_{/v\um—v - MQM Aﬂ.wn ( +»v\mmwv =0 A@v
1¢]

frar () <20l (et ) <o (10)

Here we have used the spherically symmetric metric

(ds)? = e¥(dz*)? — e*(dr)? — r?(d0)? — r?sin® O(d¢)?, (11)

t=ct, z'=r, ?=0, 3 = ¢.

Also since the energy momentum tensor corresponding to equation (1) obeys T =
T}, from the Einstein equations we will find » + A = 0. Thus Eq. (9) and Eq. (10)

" give upon integration

1 e
A'uﬂ».um__ - MDL.M@& = % AHMV
1 e

1o B2 = 2ar’E; = Mw. : (13)

269




Here ey, e, are electric-like charges for the electromagnetic and the baryonic gauge
fields respectively. Solving Eq. (12) and Eq. (13) we have

E = |~- €1 + 8rae, _ K
r2\1-647222) =~ 72 (19)

1 (es + 8mae K

E,= = 1) - &2
2T A~ —64w2a2 ) T y2 (15)

wﬂcm Eq. (7), Eq. Amvimﬂu (14) and Eq. (15) represent the complete exterior so-
ution for the electric-like and magnetic-like fields of a charged object with both

electromagnetic charges and baryonic charges. We next calculate the energy mo-
mentum tensor from Eq. (1)

Ty =2 0L _ 1 ey o 1 N

V=g 8gi = Tz Iuv(FapF) + 167 9v (Bas B7)

- NW@E@W - A’W wa By — th.\ﬁ,ﬁommauv

+20Fu0 By + 2B, F® (16)
T =T = wl_aEm + E3 + B} + B — % E\ By — 2aB; B,. (17)

Q .
For the (}) component of the Einstein equation we have

d 8rG
—_ - = =
%.?.m )=1- e g {(18)
Integrating Eq. (18) gives
e =er =y 26M | GK} G}

) 72ct T 3 A

Gg? Gg3 _ 167GakK K, 167G agiq,

r2ct T 24 42 - cip? (19)

L 2 . .
Here —2GM/C? is the constant of integration representing the total mass of the
system of electromagnetic and baryonic charges. Eq. (19) can be written as

“A_w_, 26M T
€ =e =1~ ) +ﬂmﬁl¢, AMOV

where

v -9 5
K =GK{ +GK?+G¢? + G¢3 — 167Gak Ky — 167Gagygs.
The horizons of Eq. (20) are given by

(21)
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For the horizons of Eq. (21) to coalesce we have Ty =r_,

M= VR

G

or

~:w S+m§a~ N 8+m:QS u N M
EIANV AwlaAﬂmev +A~|®Aﬂu9uv +4q7+4q5 —

1/2
— 167aqiqs 16ma(e; + 8raes)(es -+ ms.DS; o (29)

(1 —64mw202)2

We now assume that the configuration is composed of an ensemble of electromag-
netic dyons and baryonic dyons, thus we have from the Dirac condition

(where &, 7, are the individual electric and magnetic charges for the electromag-

netic charged particles), and
NM.QIM ny

he 2

(where €, g, are the individual baryonic (electric-like) and baryonic (magnetic-
like) charges for the baryonic charged particles), these relations give

S_E(my L _Em
SIECV, §|SAMV (23)
g2 23
where Q_Hmw, QNH[Mq (n,n2a=1,2,3...)
Also
_ _ Nigy ei(n1)
=N = =
a 19 20y (n1) 200,
_ Naey €273
=N = =
q2 292 Yoy (n2) 207 (24)

where €), €2, ¢1, g2 are the total macroscopic charges of the configuration. Here
N, particles carry electric-like charges and Ny carry baryonic-like charges. From
Eq. (22) and Eq. (24)

1/2 2 2
1 e1 + 8mae, €2 + 8rae; Loy, L 2y
\SHAIV A ‘v +A||II + —ejn; + esn
G 1 6dnla? 1—64n2a2 ) " 4a? 11T gaz%2"2

(16ma)(e; + 8waey)(ey + 8mae) _ Ama 13

(1 — 6472a?)? ayay

(e1e2)(nyny)




Eq. (25) represents a classically quantized mass formula for the black hole config-
uration that contajng both o_mosoamm:m:o-:wo charges and baryonic-like charges
with mixing between the two gauge fields given by Eg. (1).

We have assumed that all the microscopic dyons making up the macroscopic
dyon are in the same quantized state

frequency that could serve as a specific signature to identify such configurations in
the cosmos. It is hoped that a survey of extra-galactic gamma ray spectrum [16]
might identify individual anomalous monochromatic signals that would serve to
identify such quantized astrophysical objects even if their structure were different
from the macroscopic m_mnﬁaoawmzm:?Um:%oio dyon discussed above,
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bl
KJIACCNUYECKAA KBAHTHU3AIINA MACC
CBAIBAHHLIX KOH®UTYPAILIUU
9JEKTPOMATHUTHBIX U BAPUOHHBLIX TMOHOB

:US pacueTre BHEIIHUX CPaBUTALMOHHBLIX TMoJeit COBOKYIIHOCTH Sm.nﬂ”“:,
C 8JEKTPOMATrHUTHBIM M QPvSOEIVHZ 3apAAOM MIpM yCJIOBHUU Oomﬂphmw‘”%gz
PH30HTOB HaillaeHo KJIACCHUYEeCKOE BhiparKeHMe KBaHTU3allu MacCcChl CH .
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