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The era of rare isotope beams
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Reaction models need structure input
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Intrinsic structure

➢ Experiments need reaction models to interpret 
measured data

➢ Various reaction models require structure input 
(cluster wavefunctions, excitation spectrum, 
electromagnetic transitions, etc.)

➢ Ab initio structure methods can provide a reliable 
input especially for the tricky problems



Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science | Michigan State University
640 South Shaw Lane • East Lansing, MI 48824, USA
frib.msu.edu

G. Sargsyan, 26 February 2026, Slide 4

Symmetry-adapted No-core Shell Model
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Symmetry-adapted basis helps reduce 
the models space size
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Conventional Shell Model
Ab initio Symmetry-adapted 

No-core Shell Model
(SA-NCSM)

Nmax

SU(3) and symplectic symmetryNucleus in model space
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Knockout reaction
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➢Typically >100 MeV/u incident energy

➢Modeled as one-step direct reaction

➢Probes mainly the ground state particle clustering in the target
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Reaction model: Distorted Wave Impulse Approximation
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Slide credit: Kazuki Yoshida
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Ab initio informed knockout elucidates 𝜶 clustering in 20Ne
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Sargsyan et al., PLB 866 139563 (2025) 

20Ne(p,p𝛼)16O
𝛼 + 16O cluster wavefunction

r 16O α 20Ne 

In collaboration 
with K. Yoshida 
(Osaka U.) and 
K. Ogata 
(Kyushu U.)

Nmax=10, NNLOopt
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Quantifying α clustering in the ground states of 16O and 20Ne
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E. Harris et al., (incl. Sargsyan) arXiv:2507.17059

12C(20Ne,16O)16O α-transfer reaction

In collaboration with E. Harris 
and G. Rogachev (TAMU) 

Experiment done 
at Texas A&M 
Cyclotron Institute 

➢ Reaction model: distorted wave Born approximation (DWBA)

𝐶16𝑂𝐶20𝑁𝑒 ∝
𝑑𝜎
𝑑Ω 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟

/
𝑑𝜎
𝑑Ω 𝑒𝑙𝑎𝑠𝑡𝑖𝑐

➢ Extracted product of ANCs
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𝛼 asymptotic normalization coefficient for 16O
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𝛼 + 12C  and 𝛼 + 16O cluster wavefunctions 
from SA-NCSM using NNLOopt 

Combined theoretical input from 
CN-CI, NLEFT and SA-NCSM 
was used to deduce 16O gs ANC

E. Harris et al., (incl. Sargsyan) arXiv:2507.17059

Nmax=12: 16O
Nmax=10: 20Ne

𝐶16𝑂 = (𝐶16𝑂𝐶20𝑁𝑒)𝑒𝑥𝑝𝑡 /(𝐶20𝑁𝑒)theory
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Ab initio optical potentials for E > 65 MeV
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NNLOopt, ℏΩ = 15 MeV

p+24Mg at 80 MeV

Structure input from SA-NCSM

Elastic scattering 
cross section

Analyzing power

Multiple scattering expansion

In collaboration with C. Elster (OU) 
See next talk!

Nmax=8
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One-body densities of Mg isotopes from stable to N=20 IoI
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Neutron total cross sections

KDUQ: Pruitt et al., Phys. Rev. C 107, 014602 (2023)

g

Sargsyan, Fuentealba-Bustamente, Beyer, Elster, in preparation
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SA-NCSM structure input of 32Mg for reactions calculations
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Launey, Sargsyan, et al., Prog. Part. Nucl. Phys. 148, 104233 (2026)

32Mg

7 PAC-approved FRIB experiments studying 
N=20 island of inversion nuclei

Sargsyan, Fuentealba-Bustamente, Beyer, Elster, in preparation
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Embedding nuclear structure information within OP
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Polarization potential: 
Requires input from 

nuclear structure 

𝑉 𝒓, 𝒓′, 𝐸

Can be applied to any mass range if 
nuclear structure calculations are 

available

Static,
 energy-independent 

potential

Feshbach formalism

= 𝑈0 𝒓 + 𝑉𝑃𝑂 𝒓, 𝒓′, 𝐸 − 𝐸𝑖  

= 𝑈0 𝒓 + ෍
𝑖

𝑈0𝑖 𝒓 𝐺𝑖 𝒓, 𝒓′, 𝐸 − 𝐸𝑖 𝑈0𝑖(𝒓′) 
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Embedding nuclear structure information within OP
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Polarization potential: 
Requires input from 

nuclear structure 

e.g., shell model, RPA, 
ab initio models, ...0 2 4 6 8 10
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Sargsyan, et al., PRC 108, 054303 (2023)

𝑉 𝒓, 𝒓′, 𝐸

Feshbach formalism

= 𝑈0 𝒓 + 𝑉𝑃𝑂 𝒓, 𝒓′, 𝐸 − 𝐸𝑖  

= 𝑈0 𝒓 + ෍
𝑖

𝑈0𝑖 𝒓 𝐺𝑖 𝒓, 𝒓′, 𝐸 − 𝐸𝑖 𝑈0𝑖(𝒓′) 
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1st ingredient for constructing OP: shell model input
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Shell model calculations done using 
CoSMo
PSDPF potential M Bouhelal, et al.,
Nucl. Phys. A 864 (2011)

Sargsyan, et al., Phys. Rev. C 112, 054606 (2025) 
[Editors’ suggestion]
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2nd ingredient: static potential and couplings 
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𝑉 𝒓, 𝒓′, 𝐸 = 𝑈0 𝒓 + ෍
𝑖

𝑈0𝑖 𝒓 𝐺𝑖 𝒓, 𝒓′, 𝐸 − 𝐸𝑖 𝑈0𝑖(𝒓′)

➢ static potential U0 : real, local Woods-
Saxon adjusted to reproduce binding 
energy of 25Mg

➢ couplings U0i: same real Woods-Saxon, 
but adjusted to each Ei and multiplied by 
spectroscopic factor Si from shell model
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Accurate prediction without parameters fitted
to experimental scattering data!
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3.4 MeV

4.8 MeV

1.9 MeV

6.1 MeV

7.6 MeV

Sargsyan, et al., Phys. Rev. C 112, 054606 (2025) 
[Editors’ suggestion]

Projectile 
energy

24Mg
neutron

Optical potential for 3.4 MeV neutrons
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Propagating structure uncertainties to reactions
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UQ

24Mg
neutron

Uncertainty quantified shell model potential (USDBUQ)
O. Gorton, K. Kravvaris, Phys. Rev. C 112, 014302 (2025)

Ojas Fernandes,
Undergraduate 
student @MSU

1/2+ 3/2+ 7/2+ 5/2+ 9/2+1/22
+ 7/22

+ 3/22
+

25Mg spectrum  

Calculations by O. Fernandes

Experiment
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Propagating structure uncertainties to reactions

G. Sargsyan, 26 February 2026, Slide 20

Uncertainty quantified shell model potential (USDBUQ)
O. Gorton, K. Kravvaris, Phys. Rev. C 112, 014302 (2025)

1/2+ 3/2+ 7/2+ 5/2+ 9/2+1/22
+ 7/22

+ 3/22
+

25Mg spectrum  

Calculations by O. Fernandes

Experiment

UQ
n + 24Mg at 3.4 MeV
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Summary
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➢Nuclear reaction models need input from structure
➢Modern ab initio models can provide a reliable input with predictive 

capabilities
➢We have used SA-NCSM to provide input to study alpha clustering in 16O 

and 20Ne via knockout and transfer reactions
➢Multiple scattering approach with SA-NCSM densities provides a good 

description of Mg scattering data for >65 MeV and predictions where no 
data exists

➢Our new approach for low-energy scattering uses spectroscopic factors 
and excitation energies to build an optical potential

➢This approach can propagate structure uncertainties to reaction 
observables

g

r 16O α 20Ne 
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