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MOTIVATION

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

e Previous research focuses on wall-plasma interactions S
or leaves out important details of the field dynamics Aspects of Reheating in Fist- Order Tfiation
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Pertform a numerical study to include aspects of the
field evolution previously neglected.
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APPROACH

Treat the expanding and colliding bubbles as a scalar background field ¢(x,t) and
the fields it is coupled to as quantum fields in the presence of a source.

NUMBER DENSITY PER AREA OF PRODUCED PARTICLES:
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[1] R. Watkins, L. Widrow. Aspects of reheating in first order inflation. Nucl. Phys. B, 374:446—-468, 1992

[2] Adam Falkowski and Jose M. No., feb 2013.
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APPROACH

Treat the expanding and colliding bubbles as a scalar background field ¢(x,t) and
the fields it is coupled to as quantum fields in the presence of a source.

NUMBER DENSITY PER AREA OF PRODUCED PARTICLES:
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DETERMINED BY THE FIELD DYNAMICS

[1] R. Watkins, L. Widrow. Aspects of reheating in first order inflation. Nucl. Phys. B, 374:446—-468, 1992

[2] Adam Falkowski and Jose M. No., feb 2013.
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APPROACH

Treat the expanding and colliding bubbles as a scalar background field ¢(x,t) and
the fields it is coupled to as quantum fields in the presence of a source.

NUMBER DENSITY OF PRODUCED PARTICLES PER AREA:
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DETERMINED BY
THE INTERACTION LAGRANGIAN
(PERTURBATIVE)

DETERMINED BY THE FIELD DYNAMICS

[1] R. Watkins, L. Widrow. Aspects of reheating in first order inflation. Nucl. Phys. B, 374:446—-468, 1992

[2] Adam Falkowski and Jose M. No., feb 2013.
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MODELLING THE
DYNAMICS




TOY MODEL

Real scalar potential with two non-
degenerate minima:

V(¢) = avid” — (2a + 4)ve¢® + (a + 3)¢*

S
The barrier height between the =
two minima is parameterised N
by:
o Vinae — V(0 = 0) a’(a + 4)

Vinae — V(0 = vy) B a’(a +4) 4+ 16(a + 3)3

We consider planar ultra-relativistic
bubble walls.

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

T Numerically solve:

time

5 1 dV
8S<;b—1—858¢| 0 =0 /

with s = /12 — 22

tcollision -+

j\ | j[_ x -I2[} = % 0 él 'IID 210

or ) TV

[R.Jinno, T. Konstandin,

and M.Takimoto. sep 2019, ArXiv: 1906.02588] HENDA MANSOUR - DESY THEORY WORKSHOP SEPTEMBER 2023



FIELD DYNAMICS 11
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PARTICLE
PRODUCTION




EFFICIENCY FACTOR

NUMBER DENSITY OF PRODUCED PARTICLES PER AREA:

N /dk:dw ~
A

A N2 T T@ (W2 — 12
2 [ Goge 10k )P ImfE (2 — #2)]

[1] R. Watkins, L. Widrow. Aspects ofreheating in first order inflation. Nucl. Phys. B, 374:446-468, 1992

[2] Adam Falkowski and Jose M. No., feb 2013.
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EFFICIENCY FACTOR

NUMBER DENSITY OF PRODUCED PARTICLES PER AREA:

N /dk‘dw -
A

A N2 T T@ (W2 — 12
2 [ Goge 10k )P ImfE (2 — #2)]

X:wﬂ_kﬂ €:w2+k2

[1] R. Watkins, L. Widrow. Aspects ofreheating in first order inflation. Nucl. Phys. B, 374:446-468, 1992

[2] Adam Falkowski and Jose M. No., feb 2013.
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EFFICIENCY FACTOR

NUMBER DENSITY OF PRODUCED PARTICLES PER AREA:

N dk dw  ~ )1 =2 2 2
T =2 [ k) Tl — 1)
Y=w?—k* E=w’+k°
N_ 1™ 5(2) =
= — dx f(x) Im{I™(x) () represents the efficiency
A A Xmin factor for particle production at the

given scale X.

[1] R. Watkins, L. Widrow. Aspects ofreheating in first order inflation. Nucl. Phys. B, 374:446-468, 1992

[2] Adam Falkowski and Jose M. No., feb 2013.
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RESULTS: EFFICIENCY FACTOR
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RESULTS: EFFICIENCY FACTOR
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RESULTS: EFFICIENCY FACTOR

ELASTIC COLLISIONS
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RESULTS: EFFICIENCY FACTOR
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RESULTS: EFFICIENCY FACTOR
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RESULTS: FIT FUNCTIONS

The main features of f(X) can be incapsulated in the following fit functions:

v, L —(x — m? + 12my/L,)* . .
felastic (X) = fer(X) + T5m? 5 €Xp ( ' 1 46 -y Lg P ) (elastic collisions)
113L2 I oy ;2 31, L 2
Jinelastic(X) = [fpr(X) + 2 exp( X gg{g :n_? i £gf/ 2 ) (inelastic collisions)
\
Power law /
. 16“ -2 Yw bw 2 — X + 2(Vw b Yoo/ b 2 i 4 ‘
with  fee(x) = v * Log Du/bu)” =~ x (;(/ V0w lu) BIl(70) = X
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RESULTS: FIT FUNCTIONS

The main features of f(X) can be incapsulated in the following fit functions:

v Ly —(x — m? + 12m,/L,,)?
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RESULTS: FIT FUNCTIONS
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NUMBER DENSITIES
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CONCLUSIONS

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

O Particle production is the result of the changing scalar background field

(s All phases of the evolution contribute to the production of particles.
(See Bibhushan’s paper for more details on this, arXiv:2308.16224 )
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Thank you for your attention!
Questions?
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