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Preamble

• EM structure of light nuclei is crucial to the nucleosynthesis of light elements, the 
structure of halo nuclei, and muonic atoms. 


• Challenges encountered in the theory for the EM structure of light nuclei can be 
overcome exploiting the emerging AI technology.


• Goal: establish a virtual network of nuclear theorists to leverage on emerging AI 
and advance research on EM responses of light nuclei, while, at the same time, 
supporting experiments performed at the transnational access facilities.

2



Team

1) Invert integral transforms  
2) Develop new many-body methods  
3) Neural networks for muonic atoms
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Objectives

 
Sonia Bacca (PI), Johannes Gutenberg University Mainz 
Nir Barnea (PI), Hebrew University, Israel  
Joanna E. Sobczyk, Chalmers University of Technology, Sweden  
Laura Marcucci, Michele Viviani, Pisa University, Italy 
Alessandro Lovato, Valencia University, Spain (and ANL, USA)  
Noemi Rocco, Valencia University, Spain (and FNAL, USA)  
Saori Pastore, Washington University St. Louis, USA



1) Invert integral transforms
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inversion

Difficult to calculate 
<latexit sha1_base64="l070X9+fVEStHn2rh4+b3ql1aVw=">AAAB9XicdVBNS8NAEJ34WetX1aOXxSJ4Cmla23orevFYwX5AG8tmu2mXbjZhd6OU2v/hxYMiXv0v3vw3btoKKvpg4PHeDDPz/JgzpR3nw1paXlldW89sZDe3tnd2c3v7TRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35o4vUb91SqVgkrvU4pl6IB4IFjGBtpJv7bqxYL+hKLAac9nJ5xz6rlt1TFzm241TcYjklbqXkFlHBKCnysEC9l3vv9iOShFRowrFSnYITa2+CpWaE02m2mygaYzLCA9oxVOCQKm8yu3qKjo3SR0EkTQmNZur3iQkOlRqHvukMsR6q314q/uV1Eh1UvQkTcaKpIPNFQcKRjlAaAeozSYnmY0MwkczcisgQS0y0CSprQvj6FP1Pmq5dKNulq1K+dr6IIwOHcAQnUIAK1OAS6tAAAhIe4AmerTvr0XqxXuetS9Zi5gB+wHr7BFDEkxE=</latexit>
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Easier to calculate             
<latexit sha1_base64="eQ3thpYRqxJe0JP/ZIwsszQbLvg=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIp6rLoxmUF+4AmlMnkph06mYSZiVBj8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVLOlHacb2tpeWV1bb20Ud7c2t7Ztff2WyrJJIUmTXgiOwFRwJmApmaaQyeVQOKAQzsYXk/89j1IxRJxp0cp+DHpCxYxSrSRevbho6cZDyH3UsXGniSiz6FnV5yqMwVeJG5BKqhAo2d/eWFCsxiEppwo1XWdVPs5kZpRDuOylylICR2SPnQNFSQG5efT68f4xCghjhJpSmg8VX9P5CRWahQHpjMmeqDmvYn4n9fNdHTp50ykmQZBZ4uijGOd4EkUOGQSqOYjQwiVzNyK6YBIQrUJrGxCcOdfXiSts6p7Xq3d1ir1qyKOEjpCx+gUuegC1dENaqAmougBPaNX9GY9WS/Wu/Uxa12yipkD9AfW5w9q4pXb</latexit>
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but need inversion 



Inversions are particularly delicate for neutron-rich nuclei when the response 
function has a multi-peak structure

<latexit sha1_base64="V3ui7YejucYswqScB25CtNK42W0=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9ktRT0WvXizgv2A7lqyadqGJtklyQpl2b/hxYMiXv0z3vw3pu0etPXBwOO9GWbmhTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikuiHWlDNJW4YZTruxoliEnHbCyc3M7zxRpVkkH8w0poHAI8mGjGBjJf8xrdWy1FcC3WX9csWtunOgVeLlpAI5mv3ylz+ISCKoNIRjrXueG5sgxcowwmlW8hNNY0wmeER7lkosqA7S+c0ZOrPKAA0jZUsaNFd/T6RYaD0Voe0U2Iz1sjcT//N6iRleBSmTcWKoJItFw4QjE6FZAGjAFCWGTy3BRDF7KyJjrDAxNqaSDcFbfnmVtGtV76Jav69XGtd5HEU4gVM4Bw8uoQG30IQWEIjhGV7hzUmcF+fd+Vi0Fpx85hj+wPn8AX1KkVc=</latexit>
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→ AI can be used to 
     improve inversions

El Batchy, Marino, Bacca, unpublished
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Preliminary

→ Support FAIR program 
     at R3B 

1) Invert integral transforms



2) Develop new many-body methods
Neural network quantum states and integral transforms
E.Parnes, N.Barnea, G.Carleo, A.Lovato, N.Rocco, X.Zhang, arXiv:2504.20195. 

→ Extend it to the heavier   
     and more exotic nuclei
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→ Support MAMI/MESA and 
    FAIR programs 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Extract 

by measuring EExpt, and 
assuming Etheory is provided

The most difficult part of Etheory comes 
from a TPE correction lepton

Nucleus

TPE related to EM response functions
Ji, Bacca, Barnea, JPG (2018) →

3) Neural networks for muonic atoms
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Train artificial neural network to photo-absorption data for light nuclei

O

→ Use this to extract TPE corrections and support experiments at PSI

Preliminary Preliminary

Jiang, Egert, Bacca, unpublished

3) Neural networks for muonic atoms



Estimated Budget Request

Travel budget 20K Euro/ year = 80K Euro 
to facilitate the collaboration among the theorists 

1 x Postdoc Position for 3 years = 230K Euro 
to carry out part of the research proposed here 
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Thank you



Question

• Can one include more collaborators from outside EU? 
E.g., from China?
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