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Publicity and useful repositories
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Website: https://lqcdscidac.github.io



Scientific goals of project
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• Hadron spectroscopy 

- Determine spectrum and internal structure of QCD exotic states 

- Impact CLAS12 & GlueX @ JLab, and possible CEBAF upgrade 

• Hadron structure 

- Build 3D image of proton in its entirety 

- JLab 12 & future EIC @ BNL 

• Partonic structure of nuclei 

- Improve constraints on distribution functions of nuclei though A=7 

- Future EIC, future DUNE (FNAL) & HyperK (Japan) 

• Extreme matter - quark gluon plasma 

- Characterize quark gluon plasma via spectrum of heavy quarks 

- sPHENIX @ BNL and LHC @ CERN

Science areas recognized in the 2023 NSAC Long Range Plan



SciDAC-5 partnership - ASCR & NP
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• Gauge-field generation 

- Use ML and hierarchically structured sampling 

- Impact - radically increase fidelity and statistics of calculations 

• Analysis 

- Linear system solvers and many-body correlation function computations 

- Impact - extract ever more sophisticated physics processes 

• Changing computational landscape 

- Code-portability and development for new hardware architectures 

- Impact - utilize advanced capabilities of Frontier, Aurora, NERSC-10 & OLCF-6

Three main themes:

=

split

couple

combine
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Workforce
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GS, PD-s, junior staff supported/trained



Awards
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Recognitions of achievement including career advancement 



Some highlights
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Scientists Calculate Predictions for 
Electron-Ion Collider Measurements

Calculations of charge distribution in mesons provide a 
benchmark for experimental measurements and validate 
widely used 'factorization' method.

Drilling into Neutron Stars with Computers
Simulations of neutron stars provide new bounds 
on their properties, such as their internal pressure 
and their maximum mass.

Inside the box - look at excited hadrons 
could help solve mystery of particle X3872

Lattice QCD method suggests a simpler spectrum of 
exotic XYZ hadrons

Gravitational Form Factors Illuminate 
Substructure of the Proton

LQCD to understand for the first time certain 
aspects of proton structure in terms of its 
fundamental quark and gluon constituents



Drilling into Neutron Stars with Computers
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Accomplishment: Determination of equation-of-state (EoS) for isospin-dense matter 
and constraints on EoS for symmetric nuclear matter. 

Methods: Many pion contractions and code optimizations developed under SciDAC. 

Impact: Speed of sound greater than conformal bound. Implies neutron stars can grow 
> 2 solar masses

APS Viewpoint: 
Drilling into Neutron Stars with Computers
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Phys. Rev. Lett. 134:011903, Jan 2025
Simulations of neutron stars provide new bounds on their 
properties, such as their internal pressure and their maximum 
mass.

https://physics.aps.org/articles/v18/1
https://doi.org/10.1103/PhysRevLett.134.011903?_gl=1*1ai0t9l*_gcl_au*MjAzMjQzNjM3My4xNzMxNDM4NjA2*_ga*NDMxMzM2Nzk1LjE3MzE0Mzg2MDc.*_ga_ZS5V2B2DR1*MTczNjY1NjE1NS4xMC4xLjE3MzY2NTg5NzQuNjAuMC4xNzQ4Mjk2NzYy


Talks & posters today
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• Talks 

- Eloy Romero (JLab) 

- Sherry Li (LBNL) 

- Yixuan Sun (ANL) 

- Aydin Buluc (LBNL) 

• Posters 

- Improving Preconditioners for LQCD - Eloy Romero 

- Gauge field generation with Exponentiated Clover Fermions - Henry Comacho 

- Graphs and tensor contractions - Eloy Romero 

- Exploring gauge-fixing conditions with gradient-based optimization - Will Detmold

LQCD ASCR/NP SciDAC-5

Workshop report: 

Software Infrastructure for Advanced 
NP Computing: arXiv:2501.00905

https://arxiv.org/abs/2501.00905






SciDAC Goals – Gauge field generation with ML
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K. Cranmer (incl. P. Shanahan), Nature Rev. Phys. 5 (2023) 9, 526-535

Simulations: lattice gauge fields the building block for all 
LQCD science campaigns 

Importance: Future spectroscopy and structure projects need 
increased fidelity – smaller lattice spacings and much larger 
statistics  

Challenge: Generation suffers from critical-slowing down 
Higher fidelity  vastly increased computing requirements 

Approach: 

• Partnership with RAPIDS & FastMath  
• Machine-learning for gauge generation & preconditioners

→

See talk by Yixuan Sun

Science goal: (killer app): Holy Grail of LQCD 



SciDAC Goals – Hierarchical gauge generation & integration
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Bride, Giusti, Harris, Pepe, Phys. Lett. B 816, 136191 (2021)

Disconnected subdomains (red) - buffers (yellow)

See talk by Eloy Romero & Sherry Li

Simulations: combine gauge generation and 
measurements  

Importance: radically increase statistics  

Challenge: divide the lattice into subdomains & 
integrate independently. Careful control of determinant 

Science goal: (killer app): High statistics computation 
of gluonic observables within hadron structure 

Approach: 

• Partnership with FastMath



SciDAC Goals – Analysis
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See talk by Eloy Romero & Aydin Buloc

Simulations: computing Euclidean correlation functions 

Importance: bread & butter of LQCD. Enable more 
sophisticated measurements 

Challenge: many-body contractions generate large 
temporaries 

Science goal: (killer app): Multi-meson+baryon systems 
including nuclei 

Approach: 

• Partnership with RAPIDS



Products under this SciDAC-5

19

Full listing of all 
letters, articles, 
proceedings, preprints 
and codes in report

Total of 72 products + 4 DOE SC highlights + 11 news articles

Several news articles in  
pipeline for DOE highlights



SciDAC Goals – Changing computational landscape
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See talks by Aydin Buluc & Sherry Li

Simulations: increase portability of software 

Importance: efficiently utilize next generation systems 

Challenge: requires investment in code-portability for 
each new system 

Approach: 

• Partnership with RAPIDS & FastMath

Workshop report: 

Software Infrastructure for Advanced 
NP Computing: arXiv:2501.00905

https://arxiv.org/abs/2501.00905


SciDAC-5 is a partnership
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• Strong partnerships with FastMath & Rapids, and ASCR/NP supported community 

• SciDAC a huge boost for LQCD & NP 

- present science was not possible 10 years ago 

- fresh perspective on entire program 

• Is significantly impacting our calculations 

- huge advance in gauge generation - accelerated our science campaigns 

- accelerating analysis campaigns on leadership & local resources 

- better tools for (more easily) improving performance


