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Abstract

Q-balls are non-topological solitons that appear in certain nonlinear complex scalar field models. The scalar field models with standard kinetic terms and V-shaped potential gives
rise to compact Q-balls. When they couple with gravity, (compact) boson stars arise. We study compact Q-balls (-shells) and compact boson stars (boson shell stars) in nonlinear
sigma model with CP" target space. The models with odd integer N(= 2n + 1) and suitable potential can be parametrized by Nth complex scalar fields and they support compact
solutions. For n = 0,1 the solutions form Q-ball while 2 < n they always have shell structure. We find the new U(1) gauged compact Q-balls(-shells) and their gravitating solutions.
The interior of the shell-like solutions can be empty space or harbor a black hole or a naked singularity. We discuss basic properties of our solutions of charged black holes.
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We get an ordinary differential equation of the variable r

The system

The matter field equation
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Strategy of the numerical analysis
T Shooting method
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(1) We numerically integrate the radial equation and determinate a value of the radius R, such
that f'(Ryyt) = 0.

(2) A value of the expression f(R,y¢) is used to modify an initial shooting parameter R;, according

to f(Rout) = 0.
\(3) The loop is interrupted when |f(Ryyt)| < 107° is satisfied.
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The solutions
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The matter function f(r) for the CP*,CP3,CP>, CP'! and CP'!

The stability
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In the case of black hole
For n = 0,1 there are no non-trivial solutions
For n = 2 the shells need not be empty in their interior
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The harbor-type solutions

5
The (P w =1.0,a = 0.010 w=10a= 0.0lp

a- . . . r ‘-3 T T T T L T
i : _-__-____._-—-——'—/—--_-_-_I-_- b [ i
L ! i i I /rl
¥ - i —
- ] _ .
osf : "B - — Alr)
o . T -

Cir)

i Ty = 0.5385 — fir) : ‘ E TH = 1.680 '
, — Alr} i E ]
| clr oal ; |
0.0 :: . 1 L i E/.a_f\‘g

The cP101

- - : - 0 10 20
The functions f(r), A(r) and C(r) for the CP°>, CP1,CP?! and CP'°!

The CP101

,‘-.*“\\.__\\\—{ ‘|/ |u1' . u| = f (r)z

>~ Q-shells

« n=0
« n=1

L3 r|=2

n=5

n=10

n=20

« n=h0




The relation between charge Q and the number of fields (2n + 1) The CP11
12000 ot  __ —bos285 1 ok __-""“--.:___ ______
10000 | 0.08 oo \
- : B0=2.45
% 000 * [ = b0=255 T
@ 3 0.0 — b0=2.65
ﬁ o - 18l — b0=2.75
4000 al - 18]
2000 F 0005 i 2 2 : T e
; - The function f(r) The function b(r)
: The cP11
The index n The index n 0.08 ——— T ] 5.5 —
: — B0=3.25 | : — B0=325
D.05 | b0=3.50 1 sob h0=350
The number of fields can be interpreted as the number of particles — EETEE ot — b0=375 |
— b0e423 F — oouazs
The CPMgravitating U(1) gauged compact Q-ball(-shell) model S
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Conclusions
+ We have considered the family of CP*™*!nonlinear sigma models coupled with gravity.
- For n = 0,1 we got the gravitating compact Q-balls, and for n > 2 found the Q-shell solutions.
* Q-shells can harbor a black hole in the region 0 < ry < Rj,.
+ There 1s an upper bound for Q for certain coupling constant «.
+ We get the CPN U(1) gauged Q-balls for n = 0,1 and Q-shells for n > 2.
- Our new U(1) gauged solutions satisfy the E~Q>/® (non gravitating) or E~Q’/® (gravitating).
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