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Description of the LDRD Proposal
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• Numerical integration of cross section phase 
space

• Computational cost / limited statistical precision is 
a barrier to higher order calculation, many particle 
final states.

• Need for better integrators than current approach 
(e.g. VEGAS)

• Propose a new direction based on algorithms 
used in statistical physics & lattice gauge theory to 
sample very high dimensional spaces.

• Enable higher order calculations to be more easily 
included in event generators, improving theory 
precision in current and future colliders.

• Opens opportunities for external funding: FOA and 
ECA (Szafron eligible)

• BNL/HET numerical integration software: 
• new route to ASCR funding for HET
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Monte Carlo integration uses random
sampling to estimate an integral

coined by Nicholas Metropolis at LANL.

e.g. calculate p by throwing darts at a circle

Current approach to numerical integration uses importance sampling:

flat sampling:

Current workhorse: VEGAS (Lepage) 

P(x,y,z) = X(x) Y(y) Z(z)

“Discovers” optimal X(x), Y(y), Z(z) by training on  integrand

importance sampling
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Factorizing probability distribution is easy to draw from

But cannot match general features so loses efficiency

Worse in high dimensions = higher order, more particles ! 
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Likely solution: Markov Chain Monte Carlo

Can importance sample ANY distribution

Gives up simple drawing - samples by guided random walk – must decorrelate



Summary 

Combine expertise from precision and lattice in HET group

Opportunity to improve precision of numerical integration

Feed into event generation for colliders – HEP area impact
Need emerges from Computational Frontier Snowmass working 

group: HL-LHC and EIC.

ECA and HEP Advanced Computing FOA funding opportunities

Develop BNL software capability & ASCR funding case

7



8

• VEGAS style methods running out of gas at 3,4,5 loop – 12-20 dofs

• MCMC used in lattice up to billions of dofs in guided random walk
• MCMC used in VEGAS+ as a `preconditioner’ to set the sampling

• Use to sample the momenta in integrals in precision physics

• Potential to offload to GPU’s; combine LQCD expertise with precision expertise

• Quite possibly better than recent ML/AI based research
• Detailed comparison to VEGAS+ as function of dimensionality and integrand



9

FY22 Initiative : HEP Advanced Computing 
• The Office of Science aims to develop the computing infrastructure necessary to 

support future scientific discoveries by identifying computing needs common 

across programs and the infrastructure necessary to support them

• The Office of High Energy Physics will support the SC Advanced Computing 

Initiative with new activities across four HEP Programs

• Energy Frontier – work to develop expanded HPC usage for LHC experiments. This 

work continues to push high throughput computing workflows onto DOE SC HPCs.

• Intensity Frontier – work to develop HPC applications for DUNE, the Short Baseline 

Neutrino program, and Liquid Argon TPCs using high throughput computing 

workflows.

• General Accelerator R&D – work to develop scheduling across DOE SC User Facilities 

to coordinate experiment data taking and HPC computing time to process 

experimental data in real-time using HPCs.

• Theory – work to expand use of HPCs for high order correction calculations for 

perturbative QCD.  These complex simulations are needed to both produce 

simulations of sufficiently fidelity to compare with data and address some of the High 

Luminosity LHC computing simulation needs.

• These new activities have significant relevance to work in other SC offices

• Common interest with ASCR, BES, FES, and NP


