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We consider the action, describing the simplest U(1) gauge invariant
four-dimensional scalar field theory, in the form

S= /d4x ((8%15* — ieA"$*) (0,0 + ieA,d) — V(9" ¢) — inwFW>

(1)

We use standard spherically symmetric ansatz for the fields describing a

gauged Q-ball
j df
Gt %) = €“F(r),  F(r)]mee — 0, D _o, @
dr r=0
R dAo(r
Ao(t, %) = A(r),  Ao(r)lrsee — 0, sr( )| _o, (3)
r=0

Ai(t,X) = 0, f(r) eR,Ap(r) eR f(r)>0 (4)
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Gauged Q-balls with small back-reaction of the gauge field

The back-reaction of the gauge field is supposed to be small (|g(r)| < w,
[f(r) — fo(r)| < fo(r), where fo(r) = fo(r,w) is a nongauged Q-ball
solution in the case e = 0).

p(r) = f(r) = fo(r)

Ag —2e°wf? =0, (5)
1d%V
A<p+w2g0+2wgfo—§—df2 ) fgp:O, (6)
=10

where f; is defined as a solution to the equation

1dV

2
fonp_ 14V
wio + Bl =5

=0 (M)
f=fy
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The charge and the energy of gauged Q-balls

Q= Qo+ 20 = Q+4n [ (28 +4for) = Qole) + T,
0

o
dl
E=E+AE= E0+47Tw/drr2(gf02—|—4wﬂ)cp) = Eo(w)—l—w%—/(w),
0

o r

I(w) = —167ew? [ f2(r,w)r | f2(y,w)y?dy dr
0 0
0 0

where @ and Ey are charge and energy of nongauged solutions.
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Explicit examples of gauged Q-balls. Model 1

Let us consider the model proposed in [G. Rosen, Phys. Rev. 183 (1969)
1186.] with the potential (in our notations)

V(¢ ¢) = —1?¢* ¢ In(6%6"¢), (8)

where 1 and 3 are the model parameters. The spherically symmetric
background (nongauged) solution for the Q-ball in this model takes the

form
L2 22
fo(r) = pge »2e” 27, (9)
where 0 <w < oo and £ = ﬁi“ The charge and the energy of the Q-ball
look like
w2
Q@ = 2rietei, (10)
I
21\ e
B = 2m3&u (S +2)e i 11
0 7T2§H(’u2+2 e (11)
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Explicit examples of gauged Q-balls. Model 1

/ _2u?
L 24\\? ( ) - (12)
Q = @Q+0Q=2r1g(Q+en0) =2riQ, (1)

= E+AE= u2ﬂ'%§2 (Eo + ezszE> = ,u27r%§2E (14)

~ 2
AQ = (ﬁaﬁ—\z) e 2%, Aéz( 2@4—“) e 2%, (16)

Validity criteria
~2
a(w) = 220%™ <« 1.
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Explicit examples of gauged Q-balls. Model 1
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Figure: E(Q) for the gauged (solid line) and nongauged (dashed line) cases.
Here, e2£2 =0.05 and 0 < & < 10, where & = %
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Explicit examples of gauged Q-balls. Model 1
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Figure: AQ (left plot) and AE (right plot) for 0 < & < 2.3.
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Model 1

This result was obtained at [V. Dzhunushaliev and K. G. Zloshchastiev,
Central Eur. J. Phys. 11 (2013) 325.] first time

g(r) = pay®g(w)Fy(r), (17)
o(r) = poa€d,(w)Fu(r), (18)
where
o) = YL, (19)
Fo(r) = —%erf(/ir) (20)
2 2
O, (w) = ﬁ(‘:) e (21)

z
2 —¢
Here erf(z = 7= Jetdt.
0



Model 2

The piecewise scalar field potential was mentioned at
[Phys.Rev.D87:085043,2013]

« X P9 « "¢
V(¢™¢) = M*6"6 6 (1— o )Mo+ (M —m)) O 1),
where M? >0, M? > m?, and 6 is the Heaviside step function with the

convention 6(0) = 1.

2
R sin (mo
blr<R) =k (n=v— =) =
efx/mr
B(r>R) = (N =vie (24)

R=R(w)= ﬁ <7r — arctan <m>> . (25)
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gr<R)=g.(r) = G <|n(wr) — Ci(2wr) + sin(ic:r)) 4G,

I
|
_|_
o

g(r>R)=g>(r)

where
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1
C—C — 22uR2 7 2%
! 1(@) evw sin2(wR) (26)

G=Gw) = —e*V2wR? <2e2‘/M2“’2RE1(2\/M2 — w?R)

—Ci(2wR) + In(wR) + 1)

sin?(wR) 27)

M? R
G=C = —e%? R2< + ) 28
= GW) = VR e T avery) )

C4 — C4(Ld) _ e2V2wR2 <2 e2\/mR> , (29)
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r

sin(wr) n sin(wr)

olr<R) = B2 = /G<(t)cos(wt)dt
0
cos(wr) r .
- G (t)sin(wt)dt, (30)
wr
0

(rsR) = AT el /OOG (t)e= VP t gy
r = —
4 r 2VM2 — w2 r ”

=

v, | SO 1)
R
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G(r) = —2wrg(r)f;~(r), (32)
G-(r) = —2wrg-(r)fy(r), (33)

_ _1 ME-wRF, | F
B=Bw)=ph*ger — ¢ T o

A= Aw) = (Flem;e (1 LD ) N Fstsjjz(”R)) |

5] M2 — 02
2

D=DW) = pum— 4

A=) = |60 a. (3)
RR

F=Faw) = [ Ge(o)cos(wrd, (36)
OR

F=Fw) = /G<(t)sin(wt)dt. (37)
0
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Model 2

The charge and the energy of the Q-ball look like

0 — 4rRin? ((M2(2m2)(R\/l\/l2w2+l))7 38)

)M =7
R3 2 M2_ 2
# — 22 {34 (% Rt Si(2Va?—mZ R)

2v/w?2—m?
sin(2vw?—m e VM2 =2 /
N 4b2 <a2 (g - 22 L,‘1227m22 R)> + bz 2\;M,2wfw2 R) E1(2 M2 - w2 R)

+ B (GVME =P R)|

_ Si(4vw?—m? R) )
4y/w2—m2

(40)
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Figure: E(Q) for the gauged (solid line) and nongauged (dashed line) cases.
The dotted line stands for free scalar particles of mass M at rest. Here,

m* <0, "l — 0,6, a, = £ =0.001, and 0 < & < 0.9,
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Figure: AQ (left plot) and AE (right plot) for m* < 0, 17!
0<®<0.99.

v = 0.6 and
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Model 2

1g(0)| [2AE —wAQ| |g(0)] dfo(ri)
max( w 2w QR " () dw ><<1
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Figure: a(w) for m* <0, 17l = 0.6, az = 0.001, and 0 < & < 0.96.
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Figure: Solutions for the fields g(r) (left plot) and ¢(r) (right plot). Here,
m=0and & =0.8.
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Figure: Solutions for the fields g(r) (left plot) and ¢(r) (right plot). Here,
m =0 and & =0.99.
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Thank you for attention!
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