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* Lattice simulations: sign problem:
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Complex Langevin dynamics

Toy example

o Complexify:x > z=x+1y
* Auxiliary (Langevin) time 7
* Evolvein 7 — generate ensemble

* Compute observables in the limit 7 — oo

A
* One-variable toy model S(z) = Zz4, L1eC,zel

drift term

|Parisi '83]
|Klauder '83]
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* 2+1+1 flavors of staggered quarks

* Tree-level improved Symanzik gauge action, four stout-smearing steps

N
« N, € {10,12,16}, aspect ratio FS — 2, finite-size effects under control
[

* Continuum-extrapolation along line of constant physics by

* Strangeness- and charm-neutrality, isospin symmetry

* First ever complex Langevin simulations with physical pion mass
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Towards lower temperatures
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Towards lower temperatures
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. _ . see also [Alvestad, Larsen, Rothkopf ‘23]
Machine-learning kernels Lampl, Sexty 23
l Alvestad, Rothkopf, Sexty '24]
— trivial kernel
100 - training process
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Summary & Outlook

First complex Langevin study at the physical point.

Equation of state for unprecedentedly high baryon densities.

Restricted to temperatures well above the QCD crossover.

Progress in the theoretical understanding of the method.

Outlook: Lower temperatures (e.g., via kernels, maybe use machine-learning).

—
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In other news...

Progress in theoretical understanding

* Relation between kernels and integration cycles

* Necessary and sufficient criterion for correctness

* Systematic comparison of diagnostic tools
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