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Modular Unified Solver of the
Equation of State

- Maintainable and open-source codes

- Codes are integrated in the Calculation Engine e Utility

; ; modules modules
- Run constituent codes in workflows
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(a) Crust-DFT (A)

Crust DFT (nuclei + homogeneous) i
- Phenomenological EoS 101} ‘ [y x 100,
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Chiral EFT
Most physics-derived EoS do not cover - Low-energy limit of QCD
the entire density range of a Neutron Star - Long range interaction: pion
exchange
How to build a unified EoS between the - Short range: Contact terms
crust and the core with different models? - Quadratic expansion for

asymmetric matter

Chiral Mean Field
- Non-linear realization of chiral
symmetry
- Baryon octet + decuplet
-+ quarks
- Polyakov inspired variable




Worklflow example:
Flavor Equilibrium

A workflow

. Out-of-equilibrium quantities due to density
oscillations:

- Bulk viscosity

- Relaxation time
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Building Neutron
Stars

Most physics-derived EoS do not cover
the entire density range of a Neutron Star

How to build a unified EoS between the
crust and the core?

Build workflows and connect different
EoSs

Sat. Crust

Core
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Phase
transitions

Crust DFT
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First order transition:
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Smooth transition:

- Hyperbolic tangent interpolation
- Y and x can be chosen
- Each choice has pros and cons
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Smooth
matching: P(n)

Crust-DFT + XEFT: (0.01, 0.02)

Small dip in speed of sound at end of
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- The module also supports rotating stars
- Hartle-Thorne pertubative approach
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summary

M muses - Jobs @ Uploads & APItoken @ Docs

d  MUSES is an open-source tool that can
be used to
Explore available nuclear models
Join EoSs (e.g. crust-core)
Compute phase transitions

m‘ MUSEeS // Calculation Engine
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Gelting =tartet What are workflows?

MUSES workflows provide a way to orchestrate a custom execution of MUSES

M Read the Quick Start guide to setup your account and modules, allowing you to generate equations of state, process and synthesize data,
learn how to run workFlows. and calculate observable quantities. Individual workflow executions are called jobs,
CO m p Ute N S O bse rva b I es for yo u r which you can run concurrently on our performant compute nodes to generates
p FOJ eCt € Join the discussion and ask for help on our community reproducible results to download and analyze. Learn more about MUSES workFlows
support forum. here,
Compute OUt Of eC|UI|Ibl'Ium quantltles = Learn how to cite this software in your publications. Equation of state generators

CrustDFT || Chiral EFT ' CMF

What is the Calculation Engine? l : l 3

The Calculation Engine is an application that lets you run scientific calculations as ! !
composable workflows, constructed from a growing library of MUSES modules. The Lepton ‘ Lepton H Lepton ‘ Lepton
service hosted at https://ce.musesframework.io provides the research community L i

Jupyter notebooks showing how to use withscalable,High-peformance computing resources torun ntensive caculatons, |+~ d R
the CE are available The MUSES project s supported byN?ni:i{:;z:l:ea;du;:Zi.r;: s A,
Different ways to merge EoSs lead to
different NS properties
The merging in the speed of sound is the
one that leads to minimal artificial
effects

[  meta and unstable phases

[  peaks and dips in the speed of sound
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