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Q-Ball Models
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Friedberg-Lee-Sirlin

● One complex + one real scalar
● Symmetric vacuum inside 
● “Non-topological Solitons”

Coleman

● One complex scalar
● “Q-ball”

Both

● Conserved charge Q
● Evades Derrick’s Theorem with 

time-dependent phase
● Stable macroscopic objects



FLS Lagrangian w/ Yukawa Force
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Complex scalar Φ with U(1) symmetry

Quartic interaction promotes stability, new Yukawa interaction 
destabilizes

Real scalar Χ potential induces symmetry breaking



Q-ball solution enforces two distinct behaviors for Χ

Adopts small value inside the Q-ball (false vacuum)

Asymptotically reaches true vacuum VEV at infinity (true vacuum)

Induces φ mass outside the Q-ball 

Equations of Motion
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Assume stationary solution for Φ with phase velocity ω

Sinc function satisfies Helmholtz equation

Conserved charge ensures stability w.r.t. decays

Equations of Motion
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Approximate vs Numerical Solution
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Effective radius:



Total energy of the Q-ball:

Thin wall approximation: drop surface terms

Thick wall approximation: drop volume term

Solving for ω
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Maximum charge scales sharply with interaction strength

Basic FLS Q-ball has no maximum charge, new restrictive upper limit

Minimum charge can be estimated by energy considerations

Increased interaction strength results in lighter stable Q-ball configurations.

Minimum and Maximum Charges
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Maximum Stable Charge
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Unstable Q-balls (Preliminary)
No stationary solution above the maximum charge

⇏Collapse into black hole

⇒Exponential Growth

Does growth continue?

Could unstable Q-balls cover

the Universe?

What are the implications?
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Full equation has no real solution for large Q

⇒Possible solution with complex ω
Imaginary part of phase results in exponential growth

Corresponding growth of radius

Origins of Instability (Preliminary)
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Self-similar Growth
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Unstable fluctuations near Q≳Q
max

Steady growth for large Q>Q
max



Conclusions
1. The inclusion of the renormalizable Yukawa interaction term alters 

the Q-ball profile and shrinks the solution

2. A meaningful upper bound on the charge is imposed even for low 
interaction strengths, suggesting instability is easily realized

3. Unstable Q-balls may not collapse into PBHs, as an attractive 
interaction would suggest, but could paradoxically expand and grow.

4. Unstable Q-balls exhibit self-similar solutions.
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