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NCSM Calculations L Unversi

Range A} or ano

Converge to same value for
Nmax % 00

Full convergence achieved only
for few-body systems

For heavier nuclei

> Insufficient convergence

> Extrapolations necessary
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Artificial Neural Networks ) Lvesar

Construct samples from
ano sequences

Most probable value as
nominal result

Statistical analysis
include many-body and
network uncertainties

Pre-selecting ano
sequences to mitigate
evaluation artifacts
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Artificial Neural Networks O e

Network Training

Converged NCSM
calculations for training
36 interactions, 4 nuclei [
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2 Reduces training time

1000 networks constructed

and trained on ano selection
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New Network Generation
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Direct comparison between Gen2
and Gen3

Test with training data

Optimized training yields more
accurate and precise predictions
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Carbon Isotopes
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Ground-state energy predictions

Evaluated NCSM data of non-local
interaction for different chiral orders

Network predictions compatible with
experimental data

Results for N2LO providing closest
agreement to measurements
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Carbon Isotopes o e
: 12 13 14
55 L C C C
| Point-proton radius predictions
241 E ® Monotonic decreasing radius for NLO
- e | and N®LO across isotopes
% 231 N2LO shows V-shape pattern similar
< i to experiment
5oL Non-trivial interaction dependence for
i | these nuclei
L ANN Exp. ‘
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Radius Differences | onveRsmar
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Determine observable differences
by sample-wise subtraction

New distribution inherently

I I = i i
Sl ENN[500] - — includes correlations between
: observables
0.1 .
- Notably reduces uncertainties
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Squared Point-Proton Radius Difference @~ yusmsma
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&~ 00 2 { Independent from proton radius
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Improved ANNs for NCSM Charge
Radius Calculations

Tobias Gesser, Tobias Wolfgruber, Pieter Maris and Robert Roth

NS Eveueonand PostProceeeing

* Antificial neural networks (ANNs) are used to
predict converged values from NCSM data [1] 2]

+ Selecting only a subset of frequencies from NCSM
calculations results in more stable ANN predic-
tions [2]
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« Previous ANN generations were not trained for 20
a specific frequency selection method

o
+ The carbon isotopic chain is perfect to test ab ni- || » Most probable value as nominal result
;'30] calculations due to its rich nuclear structure || o sratistical analysis extracts many-body and network uncertainties

Thanks to my group
and collaborators

« Finding flattest ascending aio sequence as optimum aio op and
« 1C i of particular interest as one of the heavier || up to 4 sequences below to mitigate artifacts « Sample-wise subtraction of ANN predic-
nuclei accessible to the NCSM, and is subject || « Samples: 3 ayo at 4 Nynay from selection of NCSM data tions to obtain difference observables
to new high-precision muonic and laser spec- ||+ optional: Order-by-order analysis using BUQEYE [4] combining  * Correlations between observables inher-
troscopy experiments ‘many-body and interaction uncertainties ently included, uncertainties are reduced

Improved Network Training Network Comparison

* Converged NCSM calculations for two in-
teraction families with several cutoffs and
orders of the few-body systems 2*H and
34He for a wide range of aro
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* Radii: Find ayo,op as the highest ayo se-
quence with maximum two Ry greater than
at the highest Npax

Goz [ Gad [ e

* After identifying the optimum, up to 4 ayo
below agiope are selected to be included
into training data

=
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R. Roth, P. Maris, M. Miiller,
L. Wagner, C. Wenz, T. Wolfgruber

* Energies: Find the minimum at Npngs = 12, :
which is the highest Npgy typically reached - -
in NCSM for heavier nuclei e

+ Same selection process is later applied to || * Predictions of newly trained Gen3 networks are o e converged value

the NCSM data for evaluation

+ In case of *H predictions are getting more precise for both radius and energy

* Significantly reduces training time * Results for 1C as example for unseen data

Carbon Isotopes Conclusion & Outlook

Ground-State Energies

Point-Proton Radii

Point-Proton Radius Difference
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avio EMN500]

avio EMN(500]

« Results for different chiral orders of
NN+3N interactions based on Entem-
Machleidt-Nosyk

* General trend consistent with exper-
imental data, with N?LO providing
the closest agreement

« Despite accurate energies, radii pat-
tern deviates from experiments [5]

* Different systematic emerges in N°LO,
although still underestimating radii

+ Non-trivial interaction dependence for
these isotopes

« Experimentally accessible via isotope
shift [6]

* Well suited for comparisons between
theory and experiment

« Radius pattern of respective orders
transfers to differences

« Frequency selection applied to train-
ing data for new generation of ANNs

« Predictions for carbon isotopes from
NCSM with non-local NN+3N interac-
tion at cutoff 500 MeV

« Although results show a discrepancy
to experimental findings for Ry, NLO
seems to show a similar decrease and
increase for the radii of 121%14C

In the Future

* Include physically motivated pseudo
data to enhance network training

* NCSM calculations with new interac-
tions by LENPIC

« Refine chiral forces with information
from experimental findings on radii

‘Technische Universitat Darmstadt, Germany.
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