&N
QI@
FRIB

Ab initio structure input for scattering observables

Grigor Sargsyan
FRIB Theory Fellow

Michigan State University
sargsyan@frib.msu.edu

PAINT2026
26 February 2026

MICHIGAN STATE D o e o g | Office of

UNIVERSITY Science

This material is based upon work supported by the U.S. Department of Energy, Office of Science, Office of Nuclear Physics, under the
FRIB Theory Alliance award DE-SC0013617.

§“ r
F



mailto:sargsyan@frib.msu.edu

The era of rare isotope beams
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Reaction models need structure input
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» 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
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Symmetry-adapted No-core Shell Model

N=3
N=2 -
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N =n,+n, +n, A=n,n,, u=n,—n, (single particle)
Spherical harmonic Basis states qi : :
: _ : given Basis states given by (A )
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Symmetry-adapted basis helps reduce
the models space size

Ab initio Sym metry-adarted

N No-core Shell Mod
Conventional Shell Model e ? c(()Srg«-NCeSM)o ©

Nucleus in model space SU(3) and symplectic symmetry
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Knockout reaction

o
o

» 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

o X0 e*@
<PC # - X2

Initial Transition Final

Transition matrix

T = (x1x2®c®s | tpc | xo0Pa) = (x1x2 | tpc | X0PC)

Xi: Distorted waves under optical potentials
tpc: p-C effective interaction in free space

¢wc: Cluster wave function ([Pc ® ®p|| Pa) 3
d°o

2
Knockout cross section (Triple differential cross section) X |T|
dE1dS2dS29
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Ab initio informed knockout elucidates a clustering in 2°Ne

a + 180 cluster wavefunction
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Quantifying a clustering in the ground states of 10 and ?°Ne

T

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

120 (20 16(M)\16 N i
C(“°Ne, Q)"0 a-transfer reaction Experiment done

at Texas A&M
Cyclotron Institute

» Reaction model: distorted wave Born approximation (DWBA)

» Extracted product of ANCs ¢ C,one do / do
€ d() d() .
transfer elastic
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a asymptotic normalization coefficient for 10O
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Ab initio optical potentials for E > 65 MeV

Multiple scattering expansion Elastic sc?ttering 6. [deg]
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Structure input from SA-NCSM
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One-body densities of Mg isotopes from stable to N=20 lol
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SA-NCSM structure input of 32Mg for reactions calculations
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Embedding nuclear structure information within OP

Feshbach formalism

V(r,r',E) =Uy(r)+ Vpy(r,v',E —E;)
= Uy(r) + z Uei (1) Gy (7" E — E) Uy (1)
l

——— i
Static, Polarization potential:
energy-independent Requires input from
potential nuclear structure

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

available
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Embedding nuclear structure information within OP

Feshbach formalism
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Around 600
intrinsic states

| 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)
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2" ingredient: static potential and couplings

V(' E) = Up(®) + ) Uni(rGi(r,v', E = EUgi(r")

real part » static potential U, : real, local Woods-
Saxon adjusted to reproduce binding
energy of Mg

» couplings U,: same real Woods-Saxon,
but adjusted to each E; and multiplied by
spectroscopic factor Si from shell model

0 2 4 6 8 10
r (fm)
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Accurate prediction without parameters fitted
to experimental scattering data!

Optical potential for 3.4 MeV neutrons 10
MeV
: real pal't 14 . .
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Propagating structure uncertainties to reactions

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

- ®Mg spectrum 24Mg
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Calculations by O. Fernandes
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Propagating structure uncertainties to reactions

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

25Mg spectrum
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Summary

» 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 9O )
and 2°Ne 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  «.}” ™ ™
> Our new approach for low-energy scattering uses spectroscopic factors =7 7 °
and excitation energies to build an optical potential TN
1R
» This approach can propagate structure uncertainties to reaction N

observables
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