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195 MeV < T < 352 MeV, the heavy quark spatial diffusion coefficient is found to be significantly
smaller than previous quenched lattice QCD and recent phenomenological estimates. The result implies

very fast hydrodynamization of heavy quarks in the quark-gluon plasma created during ultrarelativistic - Important inpUt fOr hyd ro and transport mOdeIS
heavy-ion collision experiments. for the study of heavy quarks in the QGP
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Heavy Quark Diffusion - SIMULATeQCD code development

https://qgithub.com/Lattice QCD/SIMULATeQCD
https://doi.org/10.5281/zenodo.7994982
https://arxiv.org/abs/2306.01098

- Developed by HotQCD collaboration

SIMULATeQCD: A simple multi-GPU lattice code for QCD calculations (Bielefeld, Brookhaven,...)
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Abstract (W|th AMD and HPE fOI’ LUMI'G)

" The rise of exascale supercomputers has fueled competition among GPU vendors, driving lattice QCD developers to
~— write code that supports multiple APIs. Moreover, new developments in algorithms and physics research require frequent

un 2023

O updates to existing software. These challenges have to be balanced against constantly changing personnel. At the same - Section Metadata WG research software metadata
—— time, there is a wide range of applications for HISQ fermions in QCD studies. This situation encourages the development . ]
?‘3 of software featuring a HISQ action that is flexible, high-performing, open source, easy to use, and easy to adapt. In this (Ch r|St|an SCh m |dt & O K)

™ technical paper, we explain the design strategy, provide implementation details, list available algorithms and modules,
¢ and show key performance indicators for SIMULATeQCD, a simple multi-GPU lattice code for large-scale QCD calculations,

j.:) mainly developed and used by the HotQCD collaboration. The code is publicly available on GitHub. _ F)I an to add Code metad ata, e. g ] COdeM eta Schema
— Keywords: lattice QCD, CUDA, HIP, GPU

ongoing work partly done in TA3
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Heavy Quark Diffusion - SIMULATeQCD code development

https://github.com/LatticeQCD/SIMULATeQCD
https://doi.org/10.5281/zenodo.7994982
https://arxiv.org/abs/2306.01098
June1,2023 [ afovare | open acces | - Developed by HotQCD collaboration

LatticeQCD/SIMULATeQCD: v1.0.1 61 0 (Bielefeld, Brookhaven,...)

@ views & downloads

Mazur, Lukas; @ Bollweg, Dennis; (® Clarke, David A.; ® Altenkort, Luis; ® Kaczmarek, Olaf; Larsen, Rasmus; (® Shu, .
See more details...

Hai-Tao; Goswami, Jishnu; Scior, Philipp; Sandmeyer, Hauke; Neumann, Marius; Dick, Henrik; @ Ali, Sajid; @ Kim, Jangho; - Lattlce and AnaIyS|S Software development

Schmidt, Christian; ® Petreczky, Peter; ® Mukherjee, Swagato

SIMULATeQCD is a multi-GPU Lattice QCD framework that makes it easy for physicists to implement lattice QCD formulas
while still providing competetive performance.

valatle - Highly optimized lattice QCD code for multi-GPU

Preview v
. .02_cor;tribut}ons [ ) . . . .
+ Dcodestructure il 13648 It H u b - Optimization for supercomputing resources
= [ codeStyle.htm 21.0 kB .
+ D conrbutera i Frontier, LUMI-G, JUWELS, Leonardo
= [ documenting.html 12.9 kB
= [ git.html 7.6 kB Indexed in
D ooy oeston 1o O en A|RE - SIMULATeQCD selected for EuroHPC JU
:gggiiif;m, 2o p extraordinary support program (ESP)
- Dterminal i 7ok (with AMD and HPE for LUMI-G)
= [ testing.html 15.7 kB
= [ timer.html 16.2 kB L
= @B 03_applications Pﬂ:::i";gzdgte: .
« YRHVC 17.8K8 e - Section Metadata WG research software metadata
= (Y applications.htm 5.7 kB . . . .
- Do nim (Christian Schmidt & OK)
= [ gradientFlow.htm! 27.2kB cunA —
| s - Plan to add code metadata, e.g. CodeMeta schema
fale v https:/github.com/LatticeQCD/SIMULATeQCD
Name Size /tree/v1.0.1
LatticeQCD/SIMULATEQCD-1.0.1 zip 51M8B @ Preview || & Download c?r?:‘PuJ,i,ﬁce:;NFDl e e ongoing work partly done in TA3

All software is already openly available Page 3


https://github.com/LatticeQCD/SIMULATeQCD
https://doi.org/10.5281/zenodo.7994982
https://arxiv.org/abs/2306.01098

Gauge Field Generation with Rational Hybrid Monte Carlo
using SIMULAeQCD

Generated on supercomputing resources
Perimutter, JUWELS, Marconi

Previous project: 81 TB gauge field configurations

963xN, lattice 643xN, lattices

N- 36 32 28 24 20 T [MeV]| B ams am; N, # conf.

T [MeV] 105 220 251 293 3592 195 |7.570 0.01973 0.003946 20 5899

7.777 0.01601 0.003202 24 3435
# conf. |2256 912 1680 688 2488 220 |7.704 0.01723 0.003446 20 7923

7.913 0.01400 0.002800 24 2715
251  |7.857 0.01479 0.002958 20 6786
~55.000 gauge field configurations 8.068 0.01204 0.002408 24 5325
with m,= 320 MeV 203 [8.036 0.01241 0.002482 20 6534 '
8.147 0.01115 0.002230 22 9101

Current project: ~200 TB gauge field configurations

1283xN, and 963xN, lattices with physical pion masses
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Measurements of operators and correlation functions

Operators and correlation functions
need to be calculated on each gauge field configuration

Measurement of correlation functions on
Bielefeld GPU Cluster

Needs optimized multi-GPU code
measurement routines in SIMULATeQCD

Color-electric correlator:

o) = —éi <ReTr[U( ) g E;(r,0) U(T;O)gEi(O,O)D

9 ijm 2
8- ,é”'él, %/%f"@ - - Large set of correlation measurement data
Vector meson correlator: 7 %%égg'@ 1 - Need to be analyzed, Jackknife, Bootstrap...
5 = (0 | A ] . . .
G (1, @) = (Ju(r,©)J}(0, )> 0 %}%1’@ ______ L - Continuum and flow time extrapolations
= — i /::— /:,/5// e e i
JM(T ,T) = 2KkZy Y (r, )T MD( z) 5% A e g;%Mz 3\,92*_ - Sophisticated analysis software needed
4 " 5251
- 9293 7l

3 T T T T T T T T T T T
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Heavy Quark Diffusion ResearchProduct in PUNCH4NFDI

Project already benefits from PUNCH developments and could profit more in the future
All analysis performed on Bielefeld PUNCH compute server (not yet in Compute4Punch)

All data and lattice and analysis software as well as a workflow (bash/python) of the project published as open access
https://doi.org/10.4119/unibi/2979080

Dataset for "Heavy Quark Diffusion from 2+1 Flavor Lattice QCD with
320 MeV Pion Mass"

Kaczmarek O, Altenkort L, Larsen R, Mukherjee S, Petreczky P, Shu H-T, Stendebach S (2023)
Bielefeld University.

Datenpublikation

Download 3 README.sh 12.89 KB
3 data_pub_altenkort_2023_complete.tar.gz 3.17 GB

3 figures.tar.gz 15.71 MB

+ Alle
DOl https://doi.org/10.4119/unibi/2979080
Details Dateien Links ™ English @ PUB

Alle Dateien verfiigbar unter der/den folgenden Lizenz(en):

Export

Creative C N g 4.0 International Public License (CC-BY 4.0): O Markieren/ Markierung léschen

https:/creativecommons.org/licenses/by/4.0/deed.de [ Markierte Publikationen

https://creativecommons.org/licenses/by/4.0/legalcode.de
@ Open Data PUB

Volltext(e) .

Name README.sh 12.89 KB Suchen in

Access Level 3 Open Access *J Google Scholar
Zuletzt Hochgeladen 2023-05-22T13:40:31Z

MDS5 Prifsumme f33ce74ad32f2653c49403efd2ff74c1

Name data_pub_altenkort_2023_complete.tar.gz 3.17 GB

Access Level 3 Open Access

All raw and derived data is already openly available (ILDG or PUNCH storage for future projects?)
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Heavy Quark Diffusion — Analysis Software

H LatticeQCD / AnalysisToolbox ' Public

<> Code

O Issues

9 1

Pull requests @ Actions

¥ main ~ ¥ 1branch © 0tags Go to file Add file

e clarkedavida corporate branding, improve integration wrappers v 2f597a@ 4 days ago @ 254 commits

I applications
M docs
M docs_src

[ latgcdtools

ﬂa Projects 1 ® Security |~/ Insights

reorganize speed-up methods including parallel_function_eval; rem...
add Christian rat_approx plot main
add Christian rat_approx plot main

corporate branding, improve integration wrappers

Eind bim fe fndall aavind

& luhuhis / correlators_flow ' pubiic

<> Code

© Issues

19 Pullrequests () Actions [ Projects [0 wiki ) Security |~ Insights

000 oo Rk ETnR

Help people interested in this repository understand your project by adding a README.

main ~ ¥ 1branch O 1tag

luhuhis add release tag to do_everything_hisq

2 weeks ago
last month
last month

4 days ago

B ammtln amn

Go to file

® Watch 2

About

- % Forl

Analysis Software developments

A set ot Pyaanimo it eneliing Analysis Toolbox Software development

physics data, in particular targeting

lattice QCD.

python physics statistical-analysis

Readme
GPL-3.0 license

Activity

e B

Add file ~ <> Code ~

dfees14 on May 20 O 445 commits

.idea update 2 months ago
correlator_analysis supress warning last month
multi-level refactor ML cont extr a bit 2 months ago
perturbative_corr added citation 2 months ago
spf_reconstruction update do_everything_hisq and remove unused spf models in spf_r... last month
.gitignore completely update folder structure and remove old files 6 months ago
do_everything.sh fix plot_integrand 2 months ago
do_everything_hisqg.sh add release tag to do_everything_hisq last month
lib_process_data.py fix warning when plotting last month
template.py refactor 5 months ago

All analysis software is already openly available

Add a README

https://github.com/LatticeQCD/AnalysisToolbox

Heavy quark diffusion analysis based on this

@ Watch 1 ~

About https://github.com/luhuhis/correlators flow

No description, website, or top
provided.

¢ Ostars . N
® 1 watching onQOIng Work partly done In TA3
% 0 forks

Report repository

Releases 1

© Initial release
on May 20

Packages

No packages published
Publish your first package

Contributors 2

% luhuhis Luis Altenkort
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Heavy Quark Diffusion RDP in PUNCH4NFDI
TA2

Storage of gauge field configurations in LDG
- Upload of ~ 500TB to storage elements at NERSC and JSC planned for 2023

Metadata Catalogue and Storage of data in LDG/PUNCH

- metadata server and file server in PUNCH - LDG or other MDC/FC for non-lattice data

Analysis workflow on Storage4dPUNCH and Compute4PUNCH

(Lattice calculations on supercomputers outside of PUNCH)
TA3
Software development of optimized lattice code and analysis tools and workflows

TA4

metadata and file formats to be developed for all data in the analysis workflow

metadata integration of software, ILDG gauge field configurations, analysis software, raw data, analyzed data, final results

publish the whole project on the PUNCH platform
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Planned and ongoing work
(Simran Singh, Ding-Ze Hu and OK)

- Tests on Compute4PUNCH & Storage4PUNCH
- Docker/Singularity container of the analysis

https://gitlab-p4n.aip.de/punch/ildg/-/tree/main/use-case/lqcd analysis

- Jupyter Notebook of the analysis

- Data formats and Metadata in the data analysis steps
- Test of different workflow systems for the analysis

- Test of the Science Portal

- PIDs and DOl registration
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Gauge configurations generated from LQCD
simulations of
Nf = 2+1 at pion mass 320 MeV using

SIMULATeQCD :
a multi-GPU C++ code public & published :

QUARK DIFF

FIRST RESULTS ON HEAVY

COEFFICIENTS
USING DYNAMICAL LIGHT

M N —241QCD e I
’ Nf=0QCD

ALICE »e 7

Bayesian ©

, . : . QUARKS FROM LATTICE!! Q 8r .
https://latticeqcd.github.io/SIMULATeQCD/ https://doi.org/10.1103/PhysRev :t‘ . A -
. Lett.130.231902 6 - A
Computing ° Bielefeld GPU cluster N % (} T-matrix
resources.  + JUWELS at GCS@FZJ o] e =y / ] APRN
used : . Marconi 100 at ) T 21 ] ; { - |
CINECA | }/é e e ¢ AdS/CFT
7 T I L . 0 [ T R T R R R B
A A ]
Raw Gauge configurations used to calculate o AT 112 14 1-6T ;8 2 22 24 26
Observable of interest : chromoelectric -g*'%y,g;',,ﬂ” ’ ,,;[M—-—V« /Te
correlator (Gg) for various Temperatures. 5f§21/§”f o 2193 ¥ 352% |
All Measured data public & published: 4 251
DOI a7
https://doi.org/10.4119/unibi/2979080 55 AN
Planned & Ongoing PUNCH activities :

i’ . . .

| Complete workflow including: sampling,
bootstrapping, interpolation &
continuum extrapolation is implemented
as a single bash/python script that runs

N\

Lattice Toolbox : Collection of
Python tools developed at

Bielefeld (Pgbl:c): | on : ComputekPunch
https://github.com/Lattic Al ing - miarati £ the bash it +
eQCD/LatticeToolbox S0 ongoing : migration ot the bash script to a

user friendly JupyterNotebook - with the aim
of running the notebook on a cluster server

« Interplay between task areas : TA2, TA3 & TA4

« Compute4PUNCH provides the infrastructure for
running the container that includes this entire
workflow(already partially successful)

« Metadata of the datasets used in this workflow

will be designed and extracted

« Ideally the datasets and the metadata will be stored
in Storage4PUNCH- END GOAL : Publish the entire
project on PUNCH platform
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