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Concise summary R

our best current description of the particles that make up atoms’ nuclei
(protons and neutrons) is given by Quantum ChromoDynamics, or QCD. It says that the nuclear < 4
particles are made up of quarks with gluons holding them together; and it explains very well most
of the phenomena that we can probe via experiments at particle accelerators.
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QCD tells us that at high temperatures and densities, protons and neutrons :
(hadronic phase) should “boil” just like water, undergoing a phase transition towards a free gas of
quarks and gluons (quark matter phase) with bubbles of the metastable phase. However, it does | ;
not tell how this happens or at what temperature/density: this is what we want to explore. Hadronic sk Mater
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the equations to simulate the QCD phase transition at finite density are
affected by the so-called “sign problem”, which makes it impossible to study via ordinary methods. ,U :
Thus, we employ String Theory’s Holographic Principle as a tool, which allows us to make EY Al .=
simulations and also compute nonlinear quantities such as the bubbles’ wall velocity. >

Technical details 1. HOLOGRAPHY and PHASE DIAGRAM STABILITY
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boundary quantities such as entropy, free energy, temperature
and pressure are mapped to bulk quantities. With their
derivatives, we study (meta-)stability
2. BUBBLE DYNAMICS SIMULATION
Knowing metastable configurations, we use them to simulate a
metastable universe which we perturb: the state will evolve towards - | 03 1(;/2/\ Llean, TLACHe el HPUILI T
a stable branch via bubble nucleation. = N\ o R O T O
We study the time evolution in the bulk of expanding, planar bubbles along a e s R A R @ e i
chosen boundary direction. We use in-going Eddington-Finkelstein coordinates, | | | !
with linearized equations solved with Jecco. j1 (publicly available on GitHub). | R Yo 2 i I A
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hydrodynamics. We compute it from the 0 05
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