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Motivation: Freezing of Water
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What are Domain Walls?

Domain Wall at ¢ =0
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What are Magnetic Monopoles?

Phase Transition: G — ... x U(1)

't Hooft-Polyakov

Magnetic Monopole
G. ‘t Hooft (1974)
A. Polyakov (1974)
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Magnetic Monopoles Connected by a String

First Phase Transition: G — ... x U(1) Second Phase Transition: ... x U(1) — ... x Q)

Cosmic String

P. Langacker, S. Pi (1980)
X. Martin, A. Vilenkin (1997)
G. Dvali, J. S. Valbuena-Bermiudez, M. Zantedeschi (2022)
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Second-Order Phase Transition

What happens in a first-order
phase transition?
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Second-Order Phase Transition
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First-Order Phase Transition

9 Higgsed Phase
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The Model

We consider an SU(2) gauge theory with two
scalar fields ¢ and 1.

Breaking Pattern: SU(2) N (1) %1
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Confinement Slingshot

Emagn(Z,Xx), t=0
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M. B., G. Dvali, J. S. Valbuena-Bermudez, M. Zantedeschi (2023)
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First-Order Phase Transition

9 Higgsed Phase
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First-Order Phase Transition
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Confinement Slingshot — T'wo Monopoles

Emagn(Z,x),t=0
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First-Order Phase Transition
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Confinement Slingshot — Gravitational Waves
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1 X. Martin, A. Vilenkin (1997) / G. Dvali, J. S. Valbuena-Bermudez, M. Zantedeschi (2022)
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Confinement Slingshot — Gravitational Waves
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1 L. Leblond, B. Shlaer, X. Siemens (2009)

The angle of emission depends on the frequency

Most of the radiation is emitted in the direction of
acceleration

— Again similar to two monopoles connected by a
string !
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Confinement Slingshot — Quark Confinement

The similar slingshot effect is expected in a “dual” picture when a heavy quark crosses into a
confined vacuum of QCD.

\ Magnetic Monopole

same slingshot

- >

dynamics

Magnetic Flux Tube Color-Electric Flux Tube

(In the case of light quarks, quark-antiquark pairs can emerge and break the string.)
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Summary

We analyzed an effect that can appear in first-order phase transitions involving
magnetic monopoles/quarks

This slingshot effect can also happen for vortices/strings in 24+1/3+1 dimensions

Slingshot effect leads to the emission of gravitational waves
— observable?
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Thank you!

More Videos on °YOUT“be ﬂ Maximilian Bachmaier
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The Model

We consider an SU(2) gauge theory with the following potential b: SU(2) adjoint

V(g) =Xy (¢0%0* — '03,)2 + Ay (¢T¢ _ '012/))2 (¢T¢) + Bl ¥: SU(2) fundamental

(¢2¢*) = v — SU(2) breaks down to U(1) Domain Wall

— Magnetic Monopoles
‘t Hooft-Polyakov

Disconnected Vacuum Manifold for v Magnetic Monopole

— Domain Walls

Vv
(PTap) = vi — U(1) breaks down to 1
— Cosmics Strings
. Coulomb fined Higgsed (confined
Breaking Pattern: SU(2) N (1) 1 ot Omva(;?;gn ined) lggssac(sznmme )
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Numerical Simulation

0’0

@ python”  #ZNumPy matplstlib

Python Package Numba:

? N u m ba * Translates Python and NumPy code into fast machine code

* Easy implementation of parallelization
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Numerical Simulation — Axial Symmetry

Axial Symmetry:

o' =zf1 +yfo ¢ =yf1 —zf ¢’ = fs
We=ayfa+y’fs+fo Wo=-2"fa—azyfs+fr W7 =afs+yfo
W, =y’fa—zyfs —fr W, =—-ayfs+2’fs+fc W, =yfs—zfo
W, =zfio+yfu W2 = —zfi1 + yfio W2 =0
W} =xzfi2 +yfis W¢ = —zfi3 + yfio WP =0

Z-axi1s

L. Pogosian, T. Vachaspati (2000)

Maximilian Bachmaier MPP IMPRS Colloquium 45



Confinement Slingshot — Gravitational Waves

The gravitational radiation spectrum can be calculated by Weinberg’s formula:

dF B G w?
dQdw 272

Aij,lm(R)Tij*(k7 w)Tlm(kaw) y (1)
with
Aijim(B) = Pa(R) Py (R) — 5 Pig () P (). @)

where Pij (R) = 5@' — ];32

S. Weinberg (1972)
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