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Heavy-ion collisions and the quark-gluon plasma

= At high temperatures, hadrons melt into

their constituent quarks and gluons
= Transition from hadronic to partonic
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= The quarks and gluons are deconfined in a
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= Trajectories through the phase-space are _ _
. W . = Aim to understand QGP properties,
experimentally accessible in heavy-ion

.. structure
collisions
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Heavy-ion collisions and the quark-gluon plasma

= Collisions can be described via different phases

= Wealth of observables and theories, but difficult to model and disentangle

= JETSCAPE collaboration of experimentalists, theorists, statisticians, CS to
develop multi-stage model, detailed tools for data-theory comparison
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Bayesian parameter estimation

Model Parameters - System Properties

- initial state calculate events on Latin hypercube

Physics Model:

+ temperature-dependent viscosities izzgt-?lISHNU
+ hydro to micro switching temperature
o N |
Experimental Data non puocessiEm <
e - 1
RUICISIELIGiflowl&lspectia - fast surrogate to full Physics Model
MCMC
(Markov-Chain Monte-Carlo) after many steps, MCMC quitbrates to
« random walk through parameter space
ig| by posterior pr ility

Posterior Distribution

B + diagonals: probability distribution of each
Bayes Theorem parameter, integrating out all others
posterior < likelihood x prior « off- pairwise distributions showing
dependence between parameters

« prior: initial knowledge of parameters
« likelihood: probability of observing exp.
data, given proposed parameters
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Extraction of jet transport coefficient g

= Recently

, characterizing the

momentum transfer between a propagating parton and the QGP.

s Utilize Bayesian Parameter Estimation to constrain model parameters
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Extraction of jet transport coefficient g

= Recently , characterizing the
momentum transfer between a propagating parton and the QGP.

s Utilize Bayesian Parameter Estimation to constrain model parameters
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Extraction of jet transport coefficient g

= Recently extracted the jet transport coefficient, g, characterizing the

momentum transfer between a propagating parton and the QGP.

s Utilize Bayesian Parameter Estimation to constrain model parameters
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Looking towards the future

= Still much to be done for data-model

comparison in heavy-ion collisions [
= Next generation analysis are in progress 10~ — MATTER 90% CR

| - LBT 90% CR

8]~ - MATTER+LBT1 90% CR

—+ JET Collaboration

= Major challenge due to high required

computing time 1 i
p g 02 04 06 08

= Hit limits of HPC allocations 2 8- T (GeV)
= More efficient emulation is critical! < 3
. 47
= Transfer learning i
= Multi-fidelity models o . .
= Improved handling of correlated errors L p=100GeVic - ]
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— See Simon’s talk
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Extraction of soft sector parameters

Extracted posteriors

Temperature-dependence of
specific shear and bulk viscosities
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Extraction of soft sector parameters

Extracted posteriors Provide relative comparison of

3 particlization models
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