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Bayesian analysis



The proliteration of data

DATA Slide from R. Ehlers, QM 2022
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High quality data from experiments come at a high rate
How to best extract physics from them simultaneously?
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The problem of Heavy lons

MODEL Large amount of
moving pieces
[ Initial State j [ Hard Process ] — parameters

. Energy loss /
EHydrodynamlchZE .o J i
i ls o Often different codes

E Hadronization J

! Computing intensive

[ Hadron gas J

(partial list)

Quickly becomes

Problem of code-base alleviated | /i\ non-practical

by e.g. JETSCAPE framework  JETSCRFE

4 See also A. Majumder talk on Sep 23



Bayesian analysis

DATA

BAYESIAN

ANALYS)s | Physics

MODEL

A way to do rigorous data-model comparison

Scales well with problem size

\

See also e.g. stat part of JETSCAPE 5



https://jetscape.org/

Bayesian analysis: operational view

Function & maps Model

. parameter space
parameter point to a
“distance” to the data

Contains all physics
we want to extract




Bayesian analysis: operational view
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Function & maps Model
: parameter Space
parameter point to a o
“distance” to the data .0 - R
Contains all physics X
Data
we want to extract
e =weey O = the posterior function
I SR Iy (RN in the Bayes’ formalism
\/i/ ' Bayesian analysis provides
. away to get to Y efficiently
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Bayesian analysis: operational view

Function & maps Model
. parame’[er Space
parameter point to a il
Con X
Data

we
- 4 | 2 =the posterior function
I in the Bayes’ formalism

Example for illustrations

i/ Bayesian analysis provides
—AZ 1 away to get to D efficiently




Conceptual shift

Model
parameter space

Instead of single parameter, we analyze the
model parameter space as a whole

Chance to test models instead of parameters




A ot of recent results
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Practical requirements

Specific requirements on computing that could
differ from the cases tor other applications

Example: jet energy loss calculation through events

— Pre-calculated hydrodynamic profile? (I/O)

— Hydrodynamic evolution / feedback from jet? (CPU)
— Storing outputs (VO & storage)

and AI/ML
Workshop

Workshop Resolution

High-performance computing is essential to advance nuclear physics on the experimental and theory frontiers.

Increased investments in computational nuclear physics will facilitate discoveries and capitalize on previous

progress. Thus, we recommend a targeted program to ensure the utilization of ever-evolving HPC hardware via
5 software and algorithmic development, which includes taking advantage of novel capabilities offered by Al/ML.

.

link to meeting 11



https://indico.jlab.org/event/581/

Recent developments
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Transter learning

In addition to the nominal analysis, many
developments Iin the analysis side as well

Transfer analysis S o -

“‘knowledge” across Z%

similar tasks D
D_ L‘éo.os—
Nl
Case study: transfer 1N\
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Training points from target

Y
Amount of computing needed
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Multi-fidelity approach

Strategy: use model 1 to learn the

IR “big structure” and to refine

Cheap to run
Does not capture " Proposed design: tho<09

—— Fixed ratio design: 2:2:1

full physics . gy Gh Use Oﬂ|y
¢g.LO I 1 m\/

} Multi-fidelity
approach

Precision

600 700 800 900 1000 1100 1200

Computing cost (a.u.)

Reduces CPU cost needed to
4 achieve same level of precision
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Beyond simple
parameter extraction
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Sensitivity study

Quantity sensitivity of parameters to observables

Example from Trajectum
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Build physics intuition and guide future eftorts

arxiv: 2110.13153 16


https://jetscape.org/sims-widget/

Combining: model averaging
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What is the “combined” prediction of all models?

Rigorous data-driven way to the models

P AAMRN BAND framework: goal to provide a “toolkit™ for the
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= 7 wn e | coOmmunity including multi-model prediction
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cvent generation

Typical tflow

4 Parameter
Tuning

A (Generator

>

Input

With Bayesian analysis

Full
space

Bayesian Sample
analysis per event

>

Directly embed the full correlation into event generation
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Concluding Remarks



Moving forwarao

* Even though (current) Bayesian analysis makes a lot
of things possible, in the long term it is still limited
by computing resources

e Continuous improvements in the analysis and
ikely some breakthroughs needed

« — Concerted effort across disciplines

* Case for improved computing resources and
facilities

20




summary

e Bayesian analysis: rigorous data-model comparison
 From parameter point to parameter space
* Jest models instead of parameters
* Essential for the future of the field

e Fast-growing in the field, good synergy with others

 Many additional possible applications

21
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