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Recent advances in chiral forces and 
uncertainty quantification for nuclear structure

Andreas Ekström



Nuclear structure 
Nuclear reactions 

Hot and dense quark-gluon matter 

Hadron structure 

Nuclear astrophysics  
New standard model 

Applications of nuclear science 

Hadron-Nuclear interface 
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Describing nuclear phenomena across a wide 
range of energy scales—remains a long-standing 
challenge in nuclear physics.  

The ab initio method is a systematically 
improvable approach for quantitatively 
describing nuclei using the finest resolution 
scale possible while maximizing its predictive 
capabilities.  

In this talk, I will highlight recent advances in 
ab initio nuclear structure calculations, focusing 
on developments in chiral nuclear forces and 
methods for estimating uncertainties in 
theoretical predictions.

Overview

/262Adapted from NSAC LRP (2007)



multiscale challenge without overfitting

valuable information in many-body systems

Some parallels between Gogny’s work and ab initio developments
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multiscale challenge without overfitting

valuable information in many-body systems

revisit the interaction model

inference conditioned on experience

a computational challenge

Some parallels between Gogny’s work and ab initio developments
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Progress in ab initio predictions (2010)

Slide adapted from T. Duguet (2024)Nuclear chart from B. Bally (2024)



Progress in ab initio predictions (2024)

Nuclear chart from B. Bally (2024)

208Pb: Hu et al., Nature Physics (2022)

100Sn Morris et al., PRL (2018)
100-170Sn: Tichai et al., PLB (2024)

Miyagi et al., PRC (2022)

He-Fe: ( 700 isotopes) Stroberg et al., PRL (2021)∼

138 Xe: Arthuis et al., PRL (2020)

-34Ne: Sun et al., arXiv (2024)

Breakthroughs in 
- effective field theory 
- many-body methods 
- statistical inference

Constraining neutron star matter 
Huth, Pang, Tews, Le Fèvre, Schwenk, et al Nature (2022)

Interaction uncertainty dominates

Lattice EFT predictions 
Elhatisari Nature (2024)

28O Kondo et al., Nature (2023)



Ab initio offers an inferential advantage
Nuclear ab initio: a systematically improvable approach for quantitatively describing 
nuclei using the finest resolution scale possible while maximizing its predictive capabilities.

This systematicity creates an inferential advantage. We can test our assumptions 
about the model as we increase its the fidelity.

H( ⃗α ) |Ψ⟩ = E |Ψ⟩

H( ⃗α ) = T + V(0)( ⃗α (0)) + V(1)( ⃗α (1)) + V(2)( ⃗α (2)) + … |Ψ⟩ = |Φ(0)⟩ + |Φ(1)⟩ + |Φ(2)⟩ + …

 to approximate  
low-energy QCD
χEFT A-body methods with  

controllable approximation

yexp( ⃗x) = yth( ⃗α ; ⃗x) + δyth( ⃗α ; ⃗x)

'Model'

+ δyexp( ⃗x)

A. Ekström, C.Forssen, G.Hagen, G. R. Jansen, W. Jiang, and T. Papenbrock, Frontiers (2022) /266
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Challenge: quantifying ab initio 
many-body uncertainties, 

irregular convergence patterns, 
correlated predictions, multiple 

scales



Why uncertainty quantification?

D. V. Lindley, The Statistician (2000) 
Bernardo and Smith, Wiley (1994)/267



Why uncertainty quantification?
• Predicting future data  from past data  is an uncertain process. 

• Quantifying this uncertainty with probability:  
- enhances transparency and communication of results 
- helps improve decision-making and model assessment

ỹ y

D. V. Lindley, The Statistician (2000) 
Bernardo and Smith, Wiley (1994)/267
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D. V. Lindley, The Statistician (2000) 
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Challenge: how to measure probabilities? 
cognitive biases, philosophical interpretations, 

domain standards, real-world complexity,…
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Why uncertainty quantification?
• Predicting future data  from past data  is an uncertain process. 

• Quantifying this uncertainty with probability:  
- enhances transparency and communication of results 
- helps improve decision-making and model assessment

ỹ y

D. V. Lindley, The Statistician (2000) 
Bernardo and Smith, Wiley (1994)

p(ỹ |y, I)

Here,  denotes your background knowledge. To enable quantitative statements, we 
construct a model . Any model comes with uncertain parameters . 

I
M ⃗α

p(ỹ |y, M, I) = ∫ p(ỹ | ⃗α , M, I) p( ⃗α |y, M, I) d ⃗α

The probability for  given  is called the posterior predictive distribution, and this 
quantity is fundamental to Bayesian inference.

ỹ y
Why Bayesian inference?

Challenge: how to measure probabilities? 
cognitive biases, philosophical interpretations, 

domain standards, real-world complexity,…

/267



• Collect N data points that we gather in a data vector  

• To explain the data, propose some model , depending on parameters  

• Apply Bayes’ rule

y

M ⃗α

- The prior encodes our knowledge about the parameter values before analyzing the data 

- The likelihood is the probability of the data given a set of parameters 

- The marginal likelihood (or model evidence) provides normalization of the posterior 

- The posterior is the complete inference and resulting probability density for the parameters ⃗α

most likely not Rev. T. Bayes

Bayes’ rule: from likelihood & prior to posterior

Posterior Likelihood Prior

Marginal likelihood

p( ⃗α |y, M, I) =
p(y | ⃗α , M, I) ⋅ p( ⃗α |M, I)

p(y |M, I)
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• Collect N data points that we gather in a data vector  

• To explain the data, propose some model , depending on parameters  

• Apply Bayes’ rule

y

M ⃗α

- The prior encodes our knowledge about the parameter values before analyzing the data 

- The likelihood is the probability of the data given a set of parameters 

- The marginal likelihood (or model evidence) provides normalization of the posterior 

- The posterior is the complete inference and resulting probability density for the parameters ⃗α

most likely not Rev. T. Bayes

Bayes’ rule: from likelihood & prior to posterior

Posterior Likelihood Prior

Marginal likelihood

p( ⃗α |y, M, I) =
p(y | ⃗α , M, I) ⋅ p( ⃗α |M, I)

p(y |M, I)

Challenge: formulating the 
prior and likelihood. 
Computational costs
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Chiral effective field theory ( EFT)χ
- Weinberg power counting (WPC)

Weinberg, van Kolck, Kaplan, Savage, Wise, Weise, Kaiser, Bernard, Meißner, Epelbaum, Machleidt, Entem, …
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χ • Symmetries of QCD dictate contents of effective Lagrangian 
• Long-ranged physics governed by pion exchanges 
• Short-ranged physics determined by a set of contact interactions 
• Expansion in  [soft scale ( ) over hard scale ( )] 

• All operators must be regulated  cutoff dependence 
• Power counting organizes contributions (diagrams) at each order 
• Low-energy constants (LECs) must be fit from data once

(Q/Λχ) ∼mπ ∼mN

⇒
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We can find the LEC 
posterior  
using Bayes & MCMC

p( ⃗α |y, I)
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We can find the LEC 
posterior  
using Bayes & MCMC

p( ⃗α |y, I)



Chiral effective field theory ( EFT)χ
- Weinberg power counting (WPC)

Weinberg, van Kolck, Kaplan, Savage, Wise, Weise, Kaiser, Bernard, Meißner, Epelbaum, Machleidt, Entem, …
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χ • Symmetries of QCD dictate contents of effective Lagrangian 
• Long-ranged physics governed by pion exchanges 
• Short-ranged physics determined by a set of contact interactions 
• Expansion in  [soft scale ( ) over hard scale ( )] 

• All operators must be regulated  cutoff dependence 
• Power counting organizes contributions (diagrams) at each order 
• Low-energy constants (LECs) must be fit from data once

(Q/Λχ) ∼mπ ∼mN
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We can find the LEC 
posterior  
using Bayes & MCMC

p( ⃗α |y, I)

Challenge: which power counting (if any) will 
generate a pionfull EFT for the nuclear interaction?



Using Bayes to test your assumptions

A. Ekström and L. Platter, PLB (accepted; 2024) 
J. Bub et al arXiv (2024)

y(n)
th = yref

n

∑
ν=0

cν ( Q
Mhi )

ν

The breakdown scale is due to excluded 
massive degrees of freedom. The pion! 

log-uniform prior

0 50 100138 200 300 400

Mhi (MeV)

N2LO

NLO

p(Mhi|æ, I)

posterior 
Mhi ≈ 1.5mπ

- Inferring the breakdown scale of pionless EFT
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Using Bayes to test your assumptions

A. Ekström and L. Platter, PLB (accepted; 2024) 
J. Bub et al arXiv (2024)

y(n)
th = yref

n

∑
ν=0

cν ( Q
Mhi )

ν

The breakdown scale is due to excluded 
massive degrees of freedom. The pion! 

log-uniform prior

0 50 100138 200 300 400

Mhi (MeV)

N2LO

NLO

p(Mhi|æ, I)

posterior 
Mhi ≈ 1.5mπ

- Inferring the breakdown scale of pionless EFT Melendez et al Phys Rev C (2019)
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A bigger perspective

We would like to test our ab initio model across the nuclear chart. 
Can we find regions in the parameter space that reproduce seen data?

We need data from 
A>3 nuclei to calibrate 
chiral NN+3N 
interactions

/2611
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A bigger perspective

We would like to test our ab initio model across the nuclear chart. 
Can we find regions in the parameter space that reproduce seen data?

😰
- computationally expensive likelihood 
- multimodal and high-D parameter space 
- ab initio errors difficult to quantify

- emulators 
- history matching 
- model comparisons 

(needs more work)
😀

We need data from 
A>3 nuclei to calibrate 
chiral NN+3N 
interactions

/2611



Computing nuclei: an HPC problem
Solving the Schrödinger equation for a large collection of strongly interacting 
nucleons typically requires substantial high-performance computing resources. 
Naively, the computational cost to solve the Schrödinger equation grows 
exponentially with nucleon number and basis size. Polynomially scaling methods 
exist but are still computationally expensive.

/2612



Emulators to the rescue
Eigenvector continuation (EC): a reduced-basis method (RBM) for fast and accurate emulation

T. Duguet, et al, Rev. Mod. Phys (2024)

continuous parameter

H(α) = H0 + αH1

Eigenvector trajectories due to 
smooth changes of the Hamiltonian 
lie in a low dimensional manifold.

A. Ekström, G. Hagen Phys. Rev. Lett (2019)
S. König, et al. Phys. Lett. B (2020)
D. Frame, et al.  Phys. Rev. Lett. (2018)
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A computational statistics laboratory
- using fast and accurate emulators 

CCSDT-3
/2614



History matching as a first step towards 28O
- excluding parts of parameter space that do not reproduce data

Easier to claim implausibility than to quantify posterior probability 

 vs.  where Θ( ⃗α ) p( ⃗α |y, M, I) Θ( ⃗α ) = {1 implausible
0 non − implausible

Implausibility measure: 

 

Iteratively rule out  for  
(Pukelsheim)

I2( ⃗α ) = max
y(i)

exp∈y

|𝔼[y(i)
th ( ⃗α )] − y(i)

exp |2

Var[y(i)
th ( ⃗α ) − y(i)

exp]

⃗α I( ⃗α ) > 3

Ian Vernon et al, Bayesian Analysis (2010)

y yexp

Y. Kondo et al. Nature (2023)/2615



history matching

Bayesian posterior pdf • History matching identifies the parameter 
region where we expect the LEC posterior 
distribution to reside.  

• MCMC + emulators to draw  samples of 
the LEC posterior at ΔNNLO with NN+3N 
interaction. 

• We assume uniform prior + uncorrelated 
normal likelihood. Effects of heavier-tail 
(Student’s t) correlations ( ) not great.

108

ρ ≈ 0.6
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p(~↵|A = 2� 24)
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~↵ ⇠ p(~↵|A = 2� 25)

Ab initio prediction of 28O

Y. Kondo et al. Nature (2023)

• Very informative to update the parameter 
posterior with ΔE(25O,24O). Subsequently draw 
121 parameter samples that we employ in our 
prediction of oxygen-27/28. 
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PPD for complex nuclei
28O separation energies
• We claim with 98% certainty that 28O is 

unbound with respect to 24O:

• The experimental data point (red star) is away 
from the posterior maximum. This suggests 
that only a few finely-tuned chiral interactions 
are able to reproduce low-energy and exotic 
oxygen structure Y. Kondo et al. Nature (2023)

Electroweak 
Hadronic 

Electromagnetic 
Gravitational Waves

 neutron skin-thickness208Pb

B. Hu et al Nature Physics (2022)

• We predict a small skin thickness 
0.14-0.20 fm in mild (1.5 ) tension with 
electroweak (PREX) measurement.

σ

n.b. similarly curated history matching data
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68%-90% credibility regions
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that only a few finely-tuned chiral interactions 
are able to reproduce low-energy and exotic 
oxygen structure Y. Kondo et al. Nature (2023)

Electroweak 
Hadronic 

Electromagnetic 
Gravitational Waves

 neutron skin-thickness208Pb

B. Hu et al Nature Physics (2022)

• We predict a small skin thickness 
0.14-0.20 fm in mild (1.5 ) tension with 
electroweak (PREX) measurement.

σ

n.b. similarly curated history matching data
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Multiscale physics of atomic nuclei from ab initio

Z. H. Sun, et al. arXiv (2024)

…

…

…

…

Rigid rotor R42 = 10/3

PPDs sampled starting from 
LEC values obtained in the 
28-O History Matching.

30Ne

Adapted from NSAC LRP (2007)



Global sensitivity analysis
- what is responsible for the variance in the output?

Global methods deal with the uncertainties of the outputs due to input variations 
over the whole domain. 

A sensitivity analysis addresses the question ‘How 
much does each model parameter contribute to the 
uncertainty in the prediction?’

Variance-based methods for GSA decompose the variance 
of a certain model output in terms of each input and their 
combinations.

Bottleneck: Converging the MC sampling of the variance integrals require approximately  
samples

106

A. Saltelli et al. Global sensitivity analysis: the primer, John Wiley & Sons/2619



Global sensitivity analysis
- what is responsible for the variance in the output?

Global methods deal with the uncertainties of the outputs due to input variations 
over the whole domain. 

A sensitivity analysis addresses the question ‘How 
much does each model parameter contribute to the 
uncertainty in the prediction?’

Variance-based methods for GSA decompose the variance 
of a certain model output in terms of each input and their 
combinations.

Bottleneck: Converging the MC sampling of the variance integrals require approximately  
samples

106

A. Saltelli et al. Global sensitivity analysis: the primer, John Wiley & Sons/2619

Challenge: relaxing the iid assumption



Global sensitivity analysis of an atomic nucleus (16O)

Ekström and Hagen Phys Rev Lett (2019)

- Radii higher-order sensitivity to low-energy constants

/2620



Global sensitivity analysis of an atomic nucleus (16O)

Ekström and Hagen Phys Rev Lett (2019)

- Radii higher-order sensitivity to low-energy constants
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Linking deformation and chiral nuclear forces
  Monte Carlo samples Si =

Vari(𝔼X−i[Y |Xi])
Var(Y )

∈ [0,1] 106

of deformation∼ 50 %

• Adding short-range repulsion appears to increase 
deformation, probably via reduced pairing.  

• Increasing medium-range -exchange increases 
deformation, presumbably by adding attraction in 
higher partial waves

2π

Z. H. Sun, et al. arXiv (2024)/2621
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RG-invariant : proposal by Long & YangχEFT

promote?

Several other RG-invariant PCs exist: Kolck, Kaplan, Savage, Wise, Long, Valderrama, Griesshammer, Yang, Birse, Arriola, Phillips, …

am
pl

itu
de

 e
xp

an
de

d 
in

 (
)

Q
/Λ

χ



LO

N2LO

N3LO

NLO

non-perturbative one-pion-exchange
pe

rt
ur

ba
ti

ve
 c

on
tr

iu
ti

on
s

All other partial waves
<latexit sha1_base64="OvvhqZkHTTx1Eaubbx9k3QyDiOs=">AAACFnicbZDLSsNAFIYn9VbrLerSTbAILmrJVFGXRUVcRrQXaNMwmU7aoZMLMxOhhD6FG1/FjQtF3Io738ZJmoW2Hpjh4//PYeb8bsSokKb5rRUWFpeWV4qrpbX1jc0tfXunKcKYY9LAIQt520WCMBqQhqSSkXbECfJdRlru6DL1Ww+ECxoG93IcEdtHg4B6FCOpJEc/6h3fOWYlvaHiKwcqtpzErMBJRjWlXju1Sg9aDnT0slk1szLmAeZQBnlZjv7V7Yc49kkgMUNCdKAZSTtBXFLMyKTUjQWJEB6hAekoDJBPhJ1ka02MA6X0DS/k6gTSyNTfEwnyhRj7rur0kRyKWS8V//M6sfTO7YQGUSxJgKcPeTEzZGikGRl9ygmWbKwAYU7VXw08RBxhqZIsqRDg7Mrz0KxV4WkV3p6U6xd5HEWwB/bBIYDgDNTBDbBAA2DwCJ7BK3jTnrQX7V37mLYWtHxmF/wp7fMH54ua1w==</latexit>

3S0,
3 S1 �3 D1,

3 P0,1,
3 P2 �3 F2,

1 P1

<latexit sha1_base64="tpGPEmG03bay11zezSTwu76XG/I=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXZZi0Y+vsim5cVrAPaYeSSTNtaCYzJBmhDP0KNy4UcevnuPNvTB+Cih64cDjnXu69J0g4U9pxPqyV1bX1jc3cVn57Z3dvv3Bw2FJxKgltkpjHshNgRTkTtKmZ5rSTSIqjgNN2ML6a+e17KhWLxa2eJNSP8FCwkBGsjXRH+hkqVUrutF8oOraLvGrFg46NqlXPRYace17ZrUFkO3MUwRKNfuG9N4hJGlGhCcdKdZGTaD/DUjPC6TTfSxVNMBnjIe0aKnBElZ/ND57CU6MMYBhLU0LDufp9IsORUpMoMJ0R1iP125uJf3ndVIcXfsZEkmoqyGJRmHKoYzj7Hg6YpETziSGYSGZuhWSEJSbaZJQ3IXx9Cv8nrbLJx0Y3brF+uYwjB47BCTgDCNRAHVyDBmgCAiLwAJ7AsyWtR+vFel20rljLmSPwA9bbJ/hMj+M=</latexit>c1,3,4

<latexit sha1_base64="ovP6Oq5P1th7GlnHfu9m0BP4pGE="></latexit>

E1S0
, D3S1

, D3S1�3D1
, D1P1

,

D3P1
, E3P0

, E3P2
, E3P2�3F2

<latexit sha1_base64="8mrVmSHwz3anTNFYN9d1SauNOUw="></latexit>

C1S0
, C3S1

, D3P0
, D3P2

<latexit sha1_base64="SwU7XYHlAezd1EY2fC/imFjI9uc=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmayzOQY9eIxolkgGUJPp2fSpGehu0cIIZ/gxYMiXv0ib/6NnUVQ0QcFj/eqqKrnp5xJZVkfRm5tfWNzK79d2Nnd2z8oHh61ZZIJQlsk4Yno+lhSzmLaUkxx2k0FxZHPaccfX839zj0VkiXxnZqk1ItwGLOAEay0dBsOLgbFkmVWKxW3XkOW6Vq1uuNoUi3Xyo6LbNNaoAQrNAfF9/4wIVlEY0U4lrJnW6nyplgoRjidFfqZpCkmYxzSnqYxjqj0potTZ+hMK0MUJEJXrNBC/T4xxZGUk8jXnRFWI/nbm4t/eb1MBXVvyuI0UzQmy0VBxpFK0PxvNGSCEsUnmmAimL4VkREWmCidTkGH8PUp+p+0y6btmPZNtdS4XMWRhxM4hXOwwYUGXEMTWkAghAd4gmeDG4/Gi/G6bM0Zq5lj+AHj7ROLYo39</latexit>gA

<latexit sha1_base64="MFb/Hvb+lB//N/RB6T8y/2PGXLQ=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmaSkGRuUS8eI5oFkiH0dHomTXoWunuEMOQTvHhQxKtf5M2/sbMIKvqg4PFeFVX1vIQzqSzrw8itrW9sbuW3Czu7e/sHxcOjjoxTQWibxDwWPQ9LyllE24opTnuJoDj0OO16k6u5372nQrI4ulPThLohDiLmM4KVlm6D4cWwWLLMarls1xrIMisNp1apaOI4Tr1uI9u0FijBCq1h8X0wikka0kgRjqXs21ai3AwLxQins8IglTTBZIID2tc0wiGVbrY4dYbOtDJCfix0RQot1O8TGQ6lnIae7gyxGsvf3lz8y+unym+4GYuSVNGILBf5KUcqRvO/0YgJShSfaoKJYPpWRMZYYKJ0OgUdwten6H/SKZt2zbRvqqXm5SqOPJzAKZyDDXVowjW0oA0EAniAJ3g2uPFovBivy9acsZo5hh8w3j4Bl8uOBg==</latexit>gA
<latexit sha1_base64="P6ROs5XJWcg2BTk00OQZEV0ZZqA=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GiZtaTu7oi5cVrQPacchk6ZtaCYzJBmhDP0KNy4UcevnuPNvTB+Cih64cDjnXu69J4g5U9pxPqzMyura+kZ2M7e1vbO7l98/aKkokYQ2ScQj2QmwopwJ2tRMc9qJJcVhwGk7GJ/P/PY9lYpF4kZPYuqFeCjYgBGsjXR74ad36Np3pn6+4NjlYhFVatCxSzW3UioZ4rputYogsp05CmCJhp9/7/UjkoRUaMKxUl3kxNpLsdSMcDrN9RJFY0zGeEi7hgocUuWl84On8MQofTiIpCmh4Vz9PpHiUKlJGJjOEOuR+u3NxL+8bqIHNS9lIk40FWSxaJBwqCM4+x72maRE84khmEhmboVkhCUm2mSUMyF8fQr/J62ijSo2uioX6mfLOLLgCByDU4BAFdTBJWiAJiAgBA/gCTxb0nq0XqzXRWvGWs4cgh+w3j4BkBiQRw==</latexit>

D1S0

<latexit sha1_base64="IW/A470dAOhw4+zVdP2UKg15vbY=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6bWtu6KgrisaB/SjkMmTdvQJDMkGaEM/Qo3LhRx6+e4829MH4KKHrhwOOde7r0njDnTBqEPZ2FxaXllNbOWXd/Y3NrO7ew2dJQoQusk4pFqhVhTziStG2Y4bcWKYhFy2gyH5xO/eU+VZpG8MaOY+gL3Jesxgo2Vbi+C9M67DtA4yOWRWywcF8oIItcrlcqViiUnpyXPQ9Bz0RR5MEctyL13uhFJBJWGcKx120Ox8VOsDCOcjrOdRNMYkyHu07alEguq/XR68BgeWqULe5GyJQ2cqt8nUiy0HonQdgpsBvq3NxH/8tqJ6VX8lMk4MVSS2aJewqGJ4OR72GWKEsNHlmCimL0VkgFWmBibUdaG8PUp/J80CjYf17sq5qtn8zgyYB8cgCPggTKogktQA3VAgAAP4Ak8O8p5dF6c11nrgjOf2QM/4Lx9AnVKkDQ=</latexit>

F1S0

RG-invariant : proposal by Long & YangχEFT
Challenge: analyze RG-invariance for  systemsA ≳ 4

promote?

Several other RG-invariant PCs exist: Kolck, Kaplan, Savage, Wise, Long, Valderrama, Griesshammer, Yang, Birse, Arriola, Phillips, …
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Problems at leading order in χEFT
Atomic nuclei with A>4 unstable 

C.-Y. Yang, et al. Phys. Rev. C (2021)/2623



Problems at leading order in χEFT
Atomic nuclei with A>4 unstable 

Challenge: possible fine tuning effects?  
flawed power counting?

C.-Y. Yang, et al. Phys. Rev. C (2021)/2623



A possible solution: promote many-body forces
A combinatorial argument

C.-J. Yang, et al. The European Physical Journal A (2023)/2624



A possible solution: promote many-body forces
A combinatorial argument

Challenge: explore enhanced importance of 3/4-body forces for 
increasing mass number and quantify uncertainties 

C.-J. Yang, et al. The European Physical Journal A (2023)/2624



A possible solution: mitigate overfitting
Preparing for Bayesian inference and A>4 predictions beyond NLO MWPC

Bands indicate Λ = 500 − 2500 MeV

O. Thim, et al, Phys. Rev. C (2024)

Λb ≈ 220 MeV ≈ mΔ − mN

p(Λb |y, I)?
/2625



Summary
Nuclear ab initio: a systematically improvable approach for quantitatively describing 
nuclei using the finest resolution scale possible while maximizing its predictive capabilities.

0 50 100138 200 300 400

Mhi (MeV)

N2LO

NLO

p(Mhi|æ, I)

MHi ≈ 1.5mπ

68%-90% credibility regions
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p(�E|A = 2� 25)

…

…

…

…

We are quantifying posterior predictive distributions and sensitivities of nuclear observables 
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Summary
Nuclear ab initio: a systematically improvable approach for quantitatively describing 
nuclei using the finest resolution scale possible while maximizing its predictive capabilities.
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MHi ≈ 1.5mπ

68%-90% credibility regions
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p(�E|A = 2� 25)

…

…

…

…

We are quantifying posterior predictive distributions and sensitivities of nuclear observables 

Next, we should try to utilize them in our decision making process
Thank you for your attention! /2626


