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[ Structure and electromagnetic sum
rules of open-shell nuclei

Bridging nuclear structure and reactions:
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the case of pion-nucleus scattering



Coupled-cluster theory
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Structure of open-shell nuclei



Towards open-shell nuclei
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The two-particle-removed ansatz

See also

Two-particle-attached (2PA)

Two-hole One-particle three-hole Jansen, Phys. Rev. C 88, 024305 (2013)
Bonaiti et al., PRC 110, 044306 (2024)
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FM et al., Phys. Rev. C 112, 014315 (2025)



Benchmark: the nickel chain
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Focusing on >SNi
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Triples corrections

FM et al., Phys. Rev. C 112, 014315 (2025)
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Low-lying spectra
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Electric dipole polarizability
of open-shell nuclei
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The Lorentz integral transform method

R(w) = Z\(wj-|@|wg)\25(lzf —Ey — w)
f

®: excitation operator

Continuum

Lorentz integral transform (LIT)
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Bacca et al, Phys. Rev. Lett. 111, 122502 (2013)

@ Sum rules of the response

I ' ded to find R
directly from L(g, T — 0) nversion needed to find R(w)
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Electric dipole polarizability in O isotopes

FM et al., Phys. Rev. C 112, 014315 (2025)
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Electric dipole polarizability in Ca isotopes
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Bridging structure and reactions:
Pion-nucleus elastic scattering
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Motivation

Goal: understanding pion-nucleus elastic scattering using advanced
nuclear reaction models combined with ab initio description of the
structure of the target

S
S

V. Tsaran, FM et al., Phys. Rev. C 112, 034608 (2025)
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Leading-order scattering potential
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f: In-medium pion-nucleon amplitude (fit to *C) Tsaran et al., Phys. Rev. C 108, 044608 (2023)
p(q): One-nucleon form factors —>  Both proton and neutron form factors needed!
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Second-order scattering potential
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Pion re-scattering on nuclear excited states

Two-body density matrix
P2 (x1%2; X1%2) = ¥ (1) W ()P ()P (1)

x = (1r71,0)
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Impact of the second-order potential

rtt-*8Ca elastic cross sections
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Second-order corrections improve the agreement with experimental cross sections
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Pion-nucleus cross sections
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Good description of the experimental cross-sections
with controlled nuclear-structure uncertainties
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Conclusions and perspectives

* We have extended coupled-cluster theory to the ground state, excited states
and electric dipole polarizability of open-shell nuclei close to magicity

* We have combined scattering theory with nuclear structure to describe pion-
nucleus scattering

* Future developments: response of odd nuclei, response functions with theory
uncertainties ...
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Thank you for your attention!
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The %20 electric dipole polarizability

Polarizability running sum
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A primer on (multiple) scattering theory
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Validating the nuclear structure

48Ca charge form factor
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V. Tsaran, FM et al., Phys.
Rev. C 112, 034608 (2025)
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Excellent agreement up to the
second minimum
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The two-body density

Approximate p, on the Hartree-Fock wave function |®)

(Dol P2 (x1x2; x122) | Po) = p(x, x1)p(x1, %1) — plxg, x2)p(x2, x1)

——> Need just one-body density

V. Tsaran, FM et al., Phys. Rev. C 112, 034608 (2025)

p(x',x) = (Po|PF (x )P (x)| Do)
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