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The data problem
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From 
Phenomenology to 

‘First Principles’
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An ab initio approach

Ab-Initio nuclear physics is a 
very powerful approach
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An ab initio approach

Real scenario Model
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An ab initio approach

Real scenario Model
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An ab initio approach

Our Model

How do we estimate the 
uncertainties coming 

from these 
approximations?

How do we make sure 
we are not missing 
important physics? 

When and why are these 
‘simplifications’ not 

valid?
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NN forces
(fit to scattering data)

3N couplings fit to 
3/4-body systems 

Higher order terms 
(go) under the rug
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An ab initio approach
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Diagonalize a matrix by performing continuous Unitary transformations.
Then, the reference state is decoupled from excitations



An ab initio approach
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“Emax” Truncation

Number of 
basis in the 
reference 

state single 
particle 

wavefunction



An ab initio approach
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An ab initio approach

Uncertainty
bars?

Computationally 
VERY expensive
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An ab initio approach

Computationally 
VERY expensive
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Chiral? Pionless?
Local? Nonlocal? 
Truncation order?



The problem of 
Interaction 

‘calibration’
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A naive problem of optimization
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A naive problem of optimization
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Likelihood A=2-4



A naive problem of optimization
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Does blue yield better 
(more physical) results?

Does it ‘hide’ information 
about our truncation?

Can we learn more 
physics from the 
difference?

Are they artifact of the 
particular observables we 
use?



A naive problem of optimization
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Does blue yield better 
(more physical) results?

Does it ‘hide’ information 
about our truncation?

Can we learn more 
physics from the 
difference?

Are they artifact of the 
particular observables we 
use?



A naive problem of optimization
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Or including O16.



A naive problem of optimization

21

Of course… optimizing the 
interaction with the same 
observables will only get 
you so far…

And no, better optimization 
is not the answer!

Don’t estimate uncertainty 
by just using different 
optimizers!



So… which one is right?
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None!
You need to consider them 

all…
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None!
You need to consider them 

all…



So… which one is right?
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So… which one is right?
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This leaves order 10k samples left ‘non-implausible’...

So if we want to have our uncertainty bar… we need to 
compute the converged calculations for all of them.

This is O(years) on MIT compute cluster (not too small)...
 + This has to be done per nuclei…

+ This is only one of the 
possible uncertainty 
sources!



Emulating the 
nucleus

28



Emulating the nuclei

29

``



Emulating the nuclei
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`

This approach is very data hungry!
And training data is extremely expensive

`
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Emulating the nuclei

Bayesian
sampling

Ab initio Calculations

Multi-Fidelity Training

Emulator Predictions

Constrain LEC values using 
history-matching techniques.

Train a BNN emulator to approximate ab 
initio calculations.

Predict the emulator posterior
Using the generated samples.

Likelihood based resampling of the estimated 
observables.

Uncertainty 
Estimation

Physical 
Parameters 

Samples
(with 

likelihoods)



Learning physics across nuclei
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Learning physics across nuclei

High-fidelity

Mid-fidelity

Mid-fidelity

Low-fidelity

Use highest fidelity for 
physical results
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From months to seconds!
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From months to seconds!
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From months to seconds!

Can we really trust an AI model 
(no)

to extrapolate nicely? 
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The need to inject 
more physics
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A physics first approach!
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A physics first approach!
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emax-4 emax-6 emax-8 emax-10Fitted with

See it in action:
https://frame-architecture-explorer-553167399436.us-west1.run.app

https://frame-architecture-explorer-553167399436.us-west1.run.app


A physics first approach!
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A physics first approach!
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A physics first approach!
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A physics first approach!
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In preparation, Brinston 2026
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A physics first approach!
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Understanding importances
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Understanding importances
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Understanding importances

Now it’s possible to ‘connect’ 
elements of the nuclear force
 with physical observables!
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Emulating nuclear observables
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Emulating nuclear observables
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Updating our likelihood
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Updating our knowledge
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A bridge between experiment and theory
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A bridge between experiment and theory
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THE Bullet points
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● Proper treatment of uncertainties is necessary to assess model 
quality, and make proper inference of failure modes.

● Rigorous correlation across sources of uncertainty

● Emulators as a tool! (never a replacement).

● Can we emulate your lattice?
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Andreas Ekström Gaute Hagen              Jason Holt
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Thanks!
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Backup
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Phase shifts
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Phase shifts
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Phase shifts
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Phase shifts
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Distributions
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Distributions
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