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Our team will perform research in the areas of fast and accurate emulators, smart model extrapolation, 
learning correlations in wave functions and operators, and predicting nuclear dynamics, including nuclear 
fission, and heavy-ion fusion.
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Institutions = 9 , PIs + Senior Personnel + Collaborators = 18, Postdocs + Students = 13 
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STREAMLINE Collaboration Progress
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Projected Date Task Milestone

1/31/2024 3.2.1 Theory and development of parametric matrix models

5/31/2024 3.2.2 Proof-of-principle demonstration for greedy algorithm 
(with error estimates) for two-nucleon scattering with 
realistic interaction.

8/31/2024 3.2.2 First implementation and testing of three-body 
scattering emulator for Nd system.

7/31/2024 3.2.3 Implementation of few-body resonance emulators in 
the Berggren basis

7/31/2024 3.2.4 Initial setup of emulators key nuclei in the “island of 
inversion” to be studied at FRIB

8/31/2024 4.2.1 Quantified predictions of nuclear properties based on 
long-range extrapolations for r-process nuclei

6/31/2024 5.1.3 Development of ANN wave functions of A = 40 nuclei
8/31/2024 5.1.4 Light hypernuclei with ANN wave functions 
7/31/2024 5.2.1 Unsupervised/supervised learning of alpha clustering 

in medium-mass nuclei
8/31/2024 5.2.2 Correlations for spectra learned from model-space 

dependence
1/31/2024 6.1.1 Development of PES emulator for fission using a 

committee of NNs
8/31/2024 6.1.3 Apply RBs to speed-up nuclear DFT calculations
8/31/2024 6.2.1 Analysis of dynamic modes in TDDFT using time-

dependent emulators

Projected Date Task Milestone

4/30/2025 3.2.1 Parametric matrix models for neutron separation energies
8/31/2025 3.2.2 Demonstration of extended three-body scattering emulator
8/31/2025 3.2.4 Emulators for key nuclei in the “island of inversion” to be studied at 

FRIB
8/31/2025 4.2.1 Quantified predictions based on long-range extrapolations for 

nucleonic phases in the neutron star crust
8/31/2025 4.2.2 Inference of neutron-star radii via smart model extrapolations

8/31/2025 4.2.3 Extrapolations for resonances in few- and many body systems

8/31/2025 5.1.2 Demonstration that RG unitary transformations can be learned

8/31/2025 5.1.3 Demonstration of real-time dynamics for ANN wave functions

8/31/2025 5.2.1 Unsupervised/supervised learning of nuclear matter quantum 
phases in deformed traps

4/30/2025 5.2.2 Application of ML to nuclear spectra extrapolation with quantified 
errors based on learned correlations

1/31/2025 5.2.3 Parametric matrix models for 8Be resonances using finite volume 
energies

4/30/2025 6.1.1 Development of RB for physics-informed/intrusive PES emulation 
for single nucleus

4/30/2025 6.1.1 Dimensionality reduction investigation of PESs
8/31/2025 6.1.2 Develop and test fission fragment observable emulation from each 

PES
1/31/2025 6.1.4 Develop framework for ML-directed nuclear EDF determination

1/31/2025 6.1.4 Improvements to the energy density functionals
12/31/2024 6.2.1 Begin development of Neural Implicit Flow emulator for TDDFT

On schedule:  All first-year and early second year milestones complete or nearly complete
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WBS or ID# Institution Subtotals ($k)
271819 MSU 352
271828 ANL 122
271837 FNAL 124
271823 FSU 187
271870 OSU 90
271873 OU 92
271812 ORNL 71
271846 NCSU 87
271858 UTK 85
Total 1210

FY 2024 ($k) FY 2025 ($k) Totals ($k)

a) Funds allocated 605 605 1210
b) Actual costs to date 605 151 756



STREAMLINE Collaboration Highlights
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What drives nuclear deformation?
Objective: 
• Find how nuclear interactions from effective field theories of quantum chromodynamics yield deformed 

nuclei 
• Tie energy ratio 𝑅!" ≡ 𝐸(4#)/𝐸(2#) in 20Ne, 32Ne and 34Mg to low-energy constants 
Procedure:
• Global sensitivity analysis (“main effect”) based on Hartree-Fock emulators used to compute 𝑅!"

Accomplishments:
• Created emulators for “island-of inversion nuclei” 32Ne and 34Mg
• For the first time provided high-resolution picture of what drives nuclear deformation
• Deformation mostly sensitive to short-range s-wave interactions and pion nucleon couplings 
• Paper Zhonghao Sun  et al., arXiv:2404.00058 
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Neural Implicit Flow for time dynamics

Kyle G.
Pablo G.

Witek N.

Aaron P.

High Fidelity

Vibrating Calcium
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~ 3,000 faster than high fidelity 

Beam control
Transport matrix 

M as a function of 
current I
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Genetic programming

Linear embedding

1) Find good reduced coordinates
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Application to Axial HFB with Realistic Functional
Order-of-magnitude speedup obtained in axial HFB 
calculations (CAT plot for toy model)

Localization functional reproduced with negligible 
error, suggesting usefulness for downstream 
applications (e.g. fission)

Paper in preparation
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Neural network emulation of spontaneous fission
D. Lay et al., Phys. Rev. C 109, 044305 (2024)

(a): the reference PES for 
280Cm in MeV. (b): the 
difference between the 
reference and 
reconstructed PESs. The 
energy range 0.5 ≤ VDFT ≤ 
12 MeV is shaded in gray 
in panel (b).

Different datasets used for  
NN training, combining, 
and validation.
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The ratio of the lifetime predicted by the NN emulator to the lifetime predicted by the DFT 
PES. Lifetimes are computed using NEB on the surface. The lifetimes are typically within 
the same order of magnitude, indicating that the NN is able to accurately reproduce the 
parts of the PES relevant to (spontaneous) fission. 
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Patrick Cook, Danny Jammooa, Morten Hjorth-Jensen, Daniel Lee, Dean Lee, arXiv:2401.11694

Patrick Cook Danny Jammooa

Parametric matrix model (PMM)
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Parametric Matrix Model (PMM), Kernel Ridge Regression (KRR), Multilayer 
Perceptron (MLP), k-Nearest Neighbors (KNN), Extreme Gradient Boosting (XGB), 
Support Vector Regression (SVR), and Random Forest Regression (RFR)

Multivariable function interpolation
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Heisenberg spin chain
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Image recognition
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Gross-Pitaevskii equation
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