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The QCD Phase Diagram

Two very different

regimes:
Lo E§ 200 ; Vs = 62.4 GeV 4 High T, low uB
> Quark-gluon plasma —
Quark-Gluon Plasma explored at RH'C, LHC

— the compelling frontier

~20 years ago
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— few experimental handles

— until now
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Why Now? Multi-Messenger Astronomy WaShU

Open question: Is there a 15t-order phase transition
between nuclear matter and quark matter at low 77

Strategy: assume yes = what is the GW signature
of such a transition in a merger?

= Most important dynamical quantity: the phase boundary velocity
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Nuclear-to-Quark-Matter Conversion Front WaShU

Setup: planar steady front propagating

at velocity uy Neutron
Matter
e Upstream (x — —o0): nuclear — =

matter (NM)
density n‘.’;’, temperature Ty,
chemical potential ug

e Downstream (x — +00): strange

)

Quark Matter

‘ E——

quark matter (QM)
with “K" density ngx = %(nd—ns),

equilibrated when pg=0

@ Key parameters: bag constant
B1/4, strong coupling s

EOS: RMF (QMC-RMF3) [1, 2] for NM |
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Baryon density 7p

Velocity u

bag model [3] for QM
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Relativistic Hydrodynamics Across the FromwaShU

Steady 1-D front: conservation laws must hold across the interface.

Fluxes conserved : 0T =0, Ju(ngU*) =0
Jjg = ngu = const (baryon current)
N = hu’>+P = const (momentum flux)

€ = huy = const (energy flux)

K production ODE (strangeness-changing weak interaction [6]):

dnc — dix

jKEnKU_DK ) :rK(,LLu, MK, T)
dx dx

Boundary conditions:
@ x — —oo: NM in S-equilibrium, nx =0
e x — +oo: QM with pux = pg — s =0
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Front Velocity in Parameter Space WaShU
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Summary TS WashU

v Solved for steady planar NM—QM conversion fronts from first
principles

V" Relativistic hydro conservation (baryon, momentum, energy)
coupled with weak-interaction K production in a unified BVP
framework

v Front velocity mapped as a function of (T, ng, B/*) — bounded by
hydro closure and weak timescale Tyeak

[J Collaborate with merger simulation community to get f,c.x and
maximum strain etc.
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Thank you!

Work in collaboration with:

M. G. Alford!, L. Brodiel, A. Haber!?

YDepartment of Physics, Washington University in St. Louis
2Mathematical Sciences & STAG Research Centre, University of Southampton
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