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Original sc ient i fic pa pe r 

The properties of a gauged Q baU with non-standard coupling of the scalar field 
to the electromagnetic field is studied. Such configurations may arise from Kaluza­
Klein type compactifications or from gravitational theory with a varying gravita­
tional constant. 

1. Introduction 

An oft forgotten question in physics centers on the problem of global symme­
tries in particle theory. Global symmetries have a distasteful flavour associated with 
them because they are not connected with a gauge principle and involve non-local 
ideas in that the entire system is changed by the same amount independent -0f the 
fact that the points are separated by space-like intervals. Lepton number, baryon 
number, as well as chiral flavour symmetry all have this hidden generic attachment 
with non-locality1 • 2• 3). In fact, it could very well be that a chiral flavour symmetry 
operating in the preon world could protect the �omposite quarks and leptons from 
acquiring a large mass4>. We might remark that. various flavour symmetries exist 
in the family picture of quarks and leptons and Harari and Seiberg used this in a 
discussion of quark lepton mass generation from a hierarchial breaking of these 
symmetries5>. But, what is the origin of these global symmetries and what do 
they give rise to in physical systems, it might be that a global symmetry in a phy­
sical theory is an accidental symmetry of a G. U. T. theory at a much higher scale 
wherein at a lower scale, we only perceive the fragmented gauge symmetry, but 
the global symmetry remains intact. These global symmetries give rise to globally 
conserved charges that may stabilize global configurations of the corresponding 
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fields. This is the origin of the name Q balls which represents a non-topological soijton whose mass is less than the mass of corresponding pions of the theory6>. It was Coleman's observation of this idea that led to the above term and has sub­sequently opened up a new avenue of research. In fact, after Coleman's original work, a subsequent investigation by Coleman, H. Georgi, Mohonar and Cohen on L balls, (which are configurations of scalar and spinor fields inspired by the Gelmini Roncadelli model of neutrino mass generation with a globally conserved lepton number) further cast light on the subject, such configuration were shown to be stable except for slow decay into fermions at the surface 7• 8>. In the context of curved space, we have discussed a Q ball in general relativity for a simple scalar quartic potential and demonstrated that Q balls were stable provided they did not get too large9>. Recently, K. Lee et al. have discussed gauged Q balls and demon­strated that they are stable providing they do not get too large because of the elec­trostatic repulsion 1 0> . Inspired by this new progress, we investigate gauged Q balls with a non-standard coupling between a scalar field and a gauge field. S�ch non-standard couplings might arise as a left over fragment of Kaluza-Klein com­pactification or from a theory involving a variable gravitational constant 1 1 • 1 2 >. In curved space, we develop an approximate solution. for the mass of a gauged Q configuration in terms of the Q charge and the electric charge. 

2. Gauged Q balls with non-standard scalar gauge coupling 

We begin our analysis by writing the following lagrangian: for the coupling of gravitation, electromagnetism and charged scalar field 
_ c

4

J/

_ 1 * [ 
D,lP (D"'<p)* - U (<p)

] 
L - 16 G R -g + - - F p,, ,. + a rp<p (F pµv) V g (2. 1 )n 1 6n /H' 4 /IV 

a A,, a Av (a + . A ) e,, ) - h Here Fµ, = ax" - ax" ; D <p = µ 
1e 

µ 
rp, e = lie a = constant, w ere ee = 

= unit of electric charge and 
U (<p) = A2 ( <p<p* _ A 1) 2 

4 A 2 
is the scalar potential for the charged scalar field. We study a stationary configu­ration with solution of the form 

f (r) <p (r, t) = J/2 eit»t (2.2) 

with a true vacuum at r = 0
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- and the false vacuum at

r = R, or lcp (r)r- RI = 0, or f = 1� rA; . (2.3) 
at 1· = 0 and f = 0 at r = R. 

Here R is the outer radius of the configuration of charged scalar field and the electromagnetic field. The lagrangian Eq. (2. 1) is invariant under the global symmetry drp = iacp, dcp* = - iacp* which generates the conserved Q charge bywriting 
8L 8L aL * 8L * -8 dcp + -8 tJcp,,, + &.* acp + -8 * dcp, ,, = o cp <p,µ V'f' cp,,, (2.4) 

Using the field equations in Eq. (2.4) we find upon integration over the spherical coordinates dr dt9 dqj' 

or 
ff f 

a [ aL aL ] -
a 

-
a 

dcp +
a
----ic /Jrp* dr dt9 dcp = 0

XI' (f>,µ cp,,, (2.5) 

(2.6) 
is the conserved Q charge since the values of the integral vanish for U = 1, r; from the form of the lagrangian and the invariance condition /Jcp = iacp, �cp* = = -iacp*.Also, the value of the integral for u = 2,  e and u = 3,  7p are zero, since thefields cp, cp* are independent of e, qi. Since the integral over r, e, qi of the fourth component vanishes in Eq. (2.5) this implies, after taking the derivative out­side the integral, that the quantity inside is a constant of motion which we identify as  the Q charge in Eq. (2.6). We next employ the metric (ds)2 = e" (dx4) 2 - eA (dr)2 - r2 dt92 - r2 sin2 t9 (d7p) 2 where x4 = et; eJ., e" depend on r only.Eq. (2.6) becomes, with the only surviving component of the electromagnetic field being the scalar potential A 4 = 1J', also using the stationary solution for

<p = heiw•.

from Eq. (2.2) and the invariance condition dcp = iacp, lJcp* = -iacp*.
Q = ff f (- i: qi* - ie,p<p*) e-•r2e'• + '"2 sin 19 (ia<p) cir dl9 dip (2. 7)

+ I I IC:"' + i8'1!<p) e-•r2e'• + A)/2 sin f9 (-iaqi*) dr dl9 dip
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giving 
Q = 4,. l ( : /2 + e,p/2) r2e<. -All2 dr (2.8) 

where we have factored out the arbitrary parameter a . . To obtain a solution to the 
· scalar field / (r) and the scalar potential "I' (r) we substitute 

f <p = V2 eiwt, 

into Eq. (2. 1) to obtain for the scalar electromagnetic part of the lagrangian 

L =

- 2(!,r)2 e-A + �
2

/2 + et/'� ro + e "I'
; e-v- 1 [ 2 ,j2 2 ., j 2] -

1 �12 + - ('
rp,,.)2 e- <v+A> - �

(rp,,.)2 e- Cv+A) r2e<v +A>l2 sin @. (2.9)8,r; 4 
A 2 (/2 A 1

)
2 

- 4  2 - A 2 

If we vary Eq. (2.9) with respect to / and "I' after integration over e, p we 
obtain by varying with respect to f, "I' and negle�g the dependence on the metric 

(
W2 f + 2e'f/JfW + 2 21) 2 af( ) 2 2 - -- e 'f/J r - - 111, r 
C2 C 2 T r 

- A 2 
f 

(/
2 

- A 1 ) r2 + � (f, r2) = 02 2 A2 dr ' 

(2. 10)

To solve Eqs. (2. 10) and (2. 1 1) in an approximate manner, we use a power series 
cut off at the third term for f and 11'. 

(2. 12) 

We substitute Eq. (2. 1 2) into Eq. (2. 10), Eq. (2. 1 1) and insist that the coef­
ficients only obey the equations up to the third power in r, upon neglecting 
the term /3 in the third term in Eq. (2. 10), this gives Uo to be determined), 

f, = O, f, = - ! [:: fo + 3"!":� + e2fo'P! + A �fo] ,  f3 = 0 (2. 13)
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.,,, _ ej�w/c + e2 f�'f/Jo"Po (arbitrary), 1/'1 = 0, T 2 - , 1JJ3 = 0.
� - 3af.2 2n ° 

(2. 14)

We next add another term to the power series and insist that the solution obey the
boundary conditions at r = 0, r = R 

we have 

at r = 0, If I r= R = 0 at r = R.
For the potential we have, at r = R

1P (R) = QBM 

R 

) (d1J') QEM E (R = - - = --
dr R2 

R 

(2. 15)

(2. 1 6) 

(2. 17)

where QsM = total electric charge of Q configuration. Thus, Eq. (2. 16), and
Eq. (2. 17) give upon substituting Eq. (2. 15) into the boundary conditions; Eq.
(2. 16), Eq. (2. 17) 

giving

'IJ'o + 1J12 R2 + 1J14 R4 = QBM
R 

QEM . R2 R4 1/'o = -- - 1P2 - 1J}4 •
R 
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We summarize 
1/2A 1 1 [ro2 2ewfo ·u 2 A 1 fo]lo = f A 2 ,

/1 = 0, /2 = - 6 ,2-/0 + -c- 1Po + e-J o"P + -2-

and 
1/' 1  = 0, ef2w/c + e2 f2 1Po 11'

2 = 0 0 
' 1/'3 == 03 3af� 2� 

5 · QEM ef ;w/c 

"Po = 
2 R3 - �

2 elf� 
- + 0 R2 � - 3at22n . 0 

(2.20) 

(2.21) 

where we have used Eq. (2.14) and Eq. (2.18) to find 'lJ'o, ·  Eq. (2.20) and Eq. (2.21) represent the solutions for f. and 1P for the region O � r � R satisfying the boundary conditions of the false vacuum at r = R and the true vacuum at 
r = 0. The scalar potential and the electric field at r = R match that of anelectric charge Q8M enclosed within the sphere of radius R. For the exsterior me­tric, we have for the 4 co�ponent of the Einstein equation 

which gives 
-� (re-A) =  1 - Sn� r2 Tl dr . c4 

_,. _ 2GM -L GQEM 8nGr2 ( A� ) &'. e · - 1 - --
2
- 1 � - 3 4 4A , 1or r < R,re r c c 2 

(2.22) 
which is the metric for the field of an electric charge QEM in the presence of false vacuum energy density A 2/4A 2 from Eq. (2.1 )  where 

A2 U (O) = -1 • 4A2 
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To calculate the interior metric, we have .for the energy momentum tensor from Eq. (2.1) 
Tµs, = V 

2 aaL = D,,<pDv<p* + Dµ<p*Dv <p - g,,,, (D(l.cp (D«m)*) + g,,,.U(<p) +- g  gw . .,, 
+ -f�: F«11Frr.fl- 4� Ff:(a.F: - acp:* (F�«P) gµ,, + a (<pcp*) F,,a.F!. (2.23)

For the ! component of Eq. (2.23)., we have using 
feiwt 

rp = -V2 

If we neglect the metric in Eq. (2.24), we have 
T4 � <.02 /2 + froe,p + 

e21J12f2 
+

(f,r)2  + A2 (/2 - A •) 2 +
4 """'. 2c2 c 2 2 4 2 A 2 

l C )2 a 12 ( )2 � Sn. 1/',r - 4 'l/1,r •

(2.24) 

(2.25) 
From Eq. (2.25) we calculate the metric for r < R from the ! component of theEinstein equation 

SnG R  e-.a = 1 - -4- f r2 T4dr (2.26) 
C r 

0 after evaluating (re-.a) = 0 at r = 0. If we match Eq. (2.26) and Eq. (2.22), we may calculate the mass of the Q matter coup\ed to electromagnetism using the coefficients in Eq. (2.20), Eq. (2.21) for the expansion off (r), 1J1 (r) in Eq. (2.15). To eliminate ro, we use the ex­pression for the Q charge in Eq. (2.7) where we approximate ev � e'- � 1 to com­pute the Q charge 
(2.27) 

Eq. (2.27) can be evaluated using f., 'IJ1 from Eq. (2. 15) and solved for ro in terms of Q. Thus., the mass of the configuration can be computed from the matching of the metric at r = R from Eq. (2.26) and Eq. (2.22} with ro substituted from Eq.(2.27) with the resulting mass finally expressed in terms of Q, Q.rn and thecoupling constants. 
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3. Conclusions 

In the above calculation, we have at least developed an approximate solution for a gauged Q baU with a non-standard scalar electromagnetic coupling. A study of the mass of the Q ball as a function of the Q charge and the electric charge Q£M.and the coupling constants ecflic, a would reveal regions of stability. From the form of the energy momentum tensor, we would find that the non-standard coup­ling would work against the coulomb repulsion because it contributes a negative term to T1. In an astrophysical setting, any theory that leads to this non-standardcoupling would have this stabilizing feature associated with it. In the future we will report on a more precise study of the stability of the above non-standard gauged Q ball. 
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BAZDARSKE Q LOPTE S NESTANDARDNIM VEZANJIMA IZMEDU BA2DARSKOG I SKALARNOG POLJA 
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Orig inalni znanstveni rad 

Proucavaju se svojstva bazdarske Q lopte s nestandardnim vezanjem skalamog polja na elektromagnetsko polje. Takove konfiguracije mogu se pojaviti u kompak­tifikacijama tipa Kaluza-Klein ill u gravitacionoj teoriji s promjenljivom gravita­cionom konstantom. 
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