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BOOM! Bubbles collide!



MOTIVATION
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Particle production is an essential aspect of first-order
phase transitions with interesting implications 

Previous research focuses on wall-plasma interactions
or leaves out important details of the field dynamics

 Perform a numerical study to include aspects of the
field evolution previously neglected. 

Goal: 



Treat the expanding and colliding bubbles as a scalar background field                  and
the fields it is coupled to as quantum fields in the presence of a source. 
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APPROACH

NUMBER DENSITY PER AREA OF PRODUCED PARTICLES:
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APPROACH

NUMBER DENSITY PER AREA OF PRODUCED PARTICLES:

DETERMINED BY THE FIELD DYNAMICS

Treat the expanding and colliding bubbles as a scalar background field                  and
the fields it is coupled to as quantum fields in the presence of a source. 
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APPROACH

NUMBER DENSITY OF PRODUCED PARTICLES  PER AREA:

DETERMINED BY THE FIELD DYNAMICS DETERMINED BY 
THE INTERACTION LAGRANGIAN

 (PERTURBATIVE)

Treat the expanding and colliding bubbles as a scalar background field                  and
the fields it is coupled to as quantum fields in the presence of a source. 
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MODELLING THE
DYNAMICS
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TOY MODEL
Real scalar potential with two non-
degenerate minima:

The barrier height between the
two minima is parameterised
by:

[R.Jinno, T. Konstandin, 
and M.Takimoto. sep 2019 , ArXiv: 1906.02588]

We consider planar ultra-relativistic
 bubble walls.
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FIELD DYNAMICS I

[R.Jinno, T. Konstandin, 
and M.Takimoto. sep 2019 , ArXiv: 1906.02588]

Numerically solve:
ti

m
e

with
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FIELD DYNAMICS II

ELASTIC COLLISIONS INELASTIC COLLISIONS

 The field oscillates around
the false minimum

 The field oscillates around
the true minimum
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PARTICLE
PRODUCTION
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EFFICIENCY FACTOR
NUMBER DENSITY OF PRODUCED PARTICLES  PER AREA:
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EFFICIENCY FACTOR
NUMBER DENSITY OF PRODUCED PARTICLES  PER AREA:
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EFFICIENCY FACTOR
NUMBER DENSITY OF PRODUCED PARTICLES  PER AREA:

           represents the efficiency
factor for particle production at the
given scale     .
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RESULTS: EFFICIENCY FACTOR

ELASTIC COLLISIONS
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Oscillations
ELASTIC COLLISIONS

RESULTS: EFFICIENCY FACTOR

Peaks at mass scales corresponding to the
effective mass of the scalar field in the
false vacuum
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Power law
 

Propagating walls

RESULTS: EFFICIENCY FACTOR

ELASTIC COLLISIONS
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RESULTS: EFFICIENCY FACTOR

INELASTIC COLLISIONS
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Oscillations

Power law
 

Propagating walls

RESULTS: EFFICIENCY FACTOR

INELASTIC COLLISIONS

Peaks at mass scales corresponding
to the effective mass of the scalar
field in the true vacuum.
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RESULTS: FIT FUNCTIONS
The main features of              can be incapsulated in the following fit functions: 

with

Power law
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RESULTS: FIT FUNCTIONS
The main features of              can be incapsulated in the following fit functions: 

with

Power law Peaks
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RESULTS: FIT FUNCTIONS
INELASTIC COLLISIONSELASTIC COLLISIONS
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INELASTIC COLLISIONSELASTIC COLLISIONS

Simple example: 
Interaction with 
a scalar: 

NUMBER DENSITIES



Particle production is the result of the changing scalar background field 
                All phases of the evolution contribute to the production of particles.

Boosted bubbles can be an efficient source of heavy particles.
Possible backreaction on bubble wall dynamics. 
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CONCLUSIONS

(See Bibhushan’s paper for more details on this, arXiv:2308.16224 )
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Thank you for your attention! 
Questions?



BACK-UP



BACK-UP


