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M Ab initio many-body scheme

@ Particle physics

No direct application of
quantum chromodynamics
(Lattice QCD only for few nucleons)

‘ Nuclear theory

Interactions anchored in Effective Field Theory

A-body Schrodinger equation
H|¥PA) = EA|P4)

Obtain a description that is:

Consistent

Systematic

Accurate enough

From inter-nucleon interactions
Rooted in quantum chromodynamics
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A look at experimental facilities
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M A look at experimental facilities
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Why low-resolution interactions?

Sufficient to describe bulk properties of nuclei

« Better convergence properties through softened interaction
» Proved successful for binding energies with the 1.8/2.0 (EM)

19/01/2026

[Hebeler et al., PRC 83 (2011)]

Revisit the 1.8/2.0 approach

* Goal: Obtain good description of binding energy and radii
« Target: From light to heavy systems

52nd Hirschegg Workshop - Hirschegg -

Pierre Arthuis

46 48 50 52 54 56 58 60 62 64

4

Mass Number A
S I IR DL L L B L LA LA
;— Mn_e—;

—2.0/2.0 (PWA)
- 0000 @0-@@

———

Vo n’d
- 1.8/2.0 ©000°°

6800 000°
000000000 0 --0 VS-IM- SRG

= = COLLAPS 1
'S NI I I T (T NI N I N

46 48 50 52 54 56 58 60 62 64
Mass Number A

[Simonis et al., PRC 96 (2017)]



19/01/2026

Ground-state accuracy towards heav
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[Arthuis, Hebeler, Schwenk, arxiv:2401.06675]
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Ground-state accuracy towards heavy sys

[Arthuis, Hebeler, Schwenk, arxiv:2401.06675]
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Binding energy Charge radius
e Reasonable reproduction of experimental values e Quasi-exact reproduction over complete mass range
e Slight improvement for heavy systems w.r.t. 1.8/2.0 (EM) e Excellent combined reproduction of charge and mass
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[Hijikata, Zenihiro, ..., PA, et al., PTEP in press]

FIRST EXTRACTION OF THE MATTER RADIUS OF 1325N
VIA PROTON ELASTIC SCATTERING AT 200 MEV/A
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M Matter radius of 132Sn

[Hijikata, Zenihiro, ..., PA, et al., PTEP in press]

Proton scattering to extract matter distribution

« Complementary to electron scattering for charge distribution
» Experiment at RIBF with a 238U beam
» 1328n secondary beam selected through BigRIPS

Nalgl;l_) x7i ~R11’S

P ———
RDC | 'mm |
MWDC x2
i 2 proton
2331 beam “Be target MWDC x2 2-mm-thick Al degrader mﬁ‘.|_l_l_. l
Diamond Plastic BDC x2 SHT

MWDC x2

Diamond

Some notes on the analysis

* Benchmark of different reaction models
» Use of the ISOLDE charge radius value as constraint
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Matter radius of 132Sn

[Hijikata, Zenihiro, ...,

PA, et al., PTEP in press]
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Good accuracy of low-resolution interactions

« ANNLO best fit of cross-section and final radius

~1.5% uncertainty on radii

[Heinz et al., Phys. Rev. C 111 (2025)]

 All interactions agree within higher-order uncertainties
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[Reed, Heinz, Arthuis, Tews, Schwenk, PRC 112 (2025)]

CONNECTING
RELATIVISTIC DENSITY FUNCTIONAL THEORY
TO MICROSCOPIC CALCULATIONS

30/09/2025 Physics Seminar - Oak Ridge National Lab - Pierre Arthuis



Ab initio results as pseudodata for RMF fit

Can chiral forces inform Relativistic Mean Field?

» Several extensions of typical RMF models proposed
» Chiral forces sensitive to different data than RMF
» Start from FSUGold-like Lagrangians

8 e K A 4
0 _ 2 P 3 4 4 2 2 2
gint - l/jlgS¢ o (gVW,u + 71’. ) bﬂ + 5(1 + 13)A”)}/,“] Y= ;(gs¢) - Z(gSQS) + ng(WﬂW'u) + Av(gv WIuW”)(gpbﬂ . b”)

Test Lagrangian extension Use of ab initio results as pseudodata

oMY oM * Infinite matter calculations
gext — v—jlﬁf .o —f ayW _fp SV ayb ]l// * Radius of 40Ca, neutron skins of 48Ca and 208Pb

[Reed, Heinz, Arthuis, Tews, Schwenk, PRC 112 (2025)]
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Ab initio results as pseudodata for RM

BN RMF-GO
ol Bl RMF-GO(no d)
{ ANNLOqo
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Test with the GO pseudodata

[Reed, Heinz, Arthuis, Tews, Schwenk, PRC 112 (2025)]

©

» Extended parametrisation key for heavier nuclei for radii

 Slightly degraded performance for some radii
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Ab initio results as pseudodata for RMF

[Reed, Heinz, Arthuis, Tews, Schwenk, PRC 112 (2025)]
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 Fits on chiral pseudodata does not resolve some known RMF issues
» ”7.5” interactions make for harder reproduction by RMFs
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Extraction of the 132Sn matter radius
*Measurement feasible for unstable nuclei through the ESPRI project
« ANNLO yields better matter radius but too small charge radius

Ab initio pseudodata for RMF

*New possibilities offered by low-resolution interaction
e Different possible Lagrangian extensions to be envisioned
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