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Non-Topological Solitons

Clumps of matter that are stabilized by self-interactions
Interesting field theory objects

Provide a concrete model for macroscopic dark matter
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Nonlinear equations

Numerical analysis



Q-balls !

Simple Lagrangian L=10,0|"—U(|¢|)

EFT inspired potential | m216l? — Blof* - 52 B[
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Profile defined by ¢(x) = Po f(T)ewt
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\Vlechanical Analogy

Particle rolling in potential with time dependent friction
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Thin-Wall Limit

When  — 0 the scale of the wall is much less than the soliton radius

> _
For large radius, neglect friction term V(f) = f? ke — (1 — f2)2
v 1d (1 1 '
/] /2
| — _ 14 — () — _ /2 —
1 = g (3 V) E= L f2 V() =0

First order equation for transition region after “infinite” radius ~ f"(R*) =0
af > ' 2(p—r*)] 3
d_p_"f(l_f) = f=|1+2e"

Justified for transition region and small kappa, but excellent approximation
for most stable Q-balls
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Global Q-ball Results

Profile leads to accurate prediction of Radius, Charge, and Energy
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Gauged Q- balls

Gauge the symmetry — |D,é|" — U(|8])
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\Vlechanical Analogy

Particle rolling in 2D potential ,

V(f,A) = f? 12+ aA(ad —20) — (1— %)%

Rolls uphill in the A direction N\

Loc/dpff | 1f’2 -5 A" ;fz (Q—@A)Q—U(f)_

Work due to friction is also opposite for gauge field
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\Vlechanical Analogy

Two views of the potential

o.os r—m™> ™™—m———mp0—-r————r—o-—1—-r——r—r-——r1"-"m-—-mr—-r—-r—mr—r—r—7—r— L A S S B B B S B S S R S !
L k=0.95 @=0.05 Q,=1 | ‘
0.50F k=0.95 -
! ®
®
Y
a=0.05 0.
0.00 0 45.. ¢
' °
Qo=1 >
®
- ®
0.40F s
V -0.05} <§ ' .
®
0.35F ®
i ®
®
-0.10F e
0.30F o
[ @
(@
B
" ®
~0.15 0.25p ,
' 0.0 0.2 0.4 0.6 0.8 1.0




Mapping

Gauge field does not change much during f transition

//,2/ - *Q_dU — O _ o %
F 4 PR - aAR) = Qg =0 — aA(R")

Use thin-wall ansatz to determine gauge field

Q(R*) = Qg(R")aR” coth(aR™)

Can use “known” global function to determine the gauged version



Gauged Results

Excellent agreement between analytic prediction and numerical results!
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Gauged Q-shells

No global limit
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Q-shell Ansatz

Similar to thin-wall p < Rc
f(p) = 1 R< S p < R
O R> < ,0

| eads to predictive results and understanding
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Conclusion

Non-topological are interesting field theory objects and a macroscopic dark
matter candidate

For a motivated potential, much of the numerical results can be understood
analytically

Analytic predictions are shown to agree well with the numerics

New Q-shell solutions discovered and characterized

Paves the way for phenomenological study of these objects without the need
to continually solve the coupled nonlinear equations



