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Emulators
• Fast interpolation and extrapolation of model predictions in its 

multi-dimensional parameters space

• Accuracy under control: from sub-percent to 10−12

• Data-driven emulators (Gaussian process, artificial neural 
networks): physics blind

• Model-driven emulators (from the field of model order reduction): 
physics informed; eigenvector continuation/reduced basis method

• So far as we know, model-driven emulators have better accuracy 
and extrapolation capabilities 

• Ongoing synergies between the two emulation strategies

• Efficient exploration of parameter space: sensitivity analysis, 
uncertainty quantification (UQ, calibrating chiral interactions, 
error propagations for large calculations), experimental design…

• Enabling difficult calculations by taking advantage of strong 
extrapolation capabilities (sign problem, continuum state 
calculations based on finite basis…)

• Better research workflow: efficiency (very easy to share 
emulators), closer and new connections between different studies 
→ novel studies; new paradigm for open-access science  

For nuclear coupled-cluster structure 
calculations: “about 1 Million sample in 16-
dim space, 20 years calculation → 1 hour on 
a standard laptop."

A. Ekström and G. Hagen (2019)
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D. Frame, et.al., (2018)
S. König, et.al., (2020)



Model-driven emulator developments
• The emulators are intrusive: the 

development requires physics 
knowledge

• Developed ones: 

• nuclear ground state and low-lying 
states, transitions 

• two-body realistic scatterings

• simple three-body scattering

• Many more to be developed in the next 
decade:  
• realistic three-body continuum states
• higher-body systems and nuclear matter 
• Emulators for traditional reaction modelings

(e.g., CDCC and R-matrix fit)
• response functions
• for other problems with large eqn systems
• emulation UQs
• Unforeseen ones

• Their applications in nuclear and hadronic physics 
• Their implementations in UQs
• Better research workflow
• Collaborations between emulator developers and high-fidelity calculation groups 
• Synergy between data-driven and model-driven emulations 
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