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AOverarching questions of nuclear physics
----- Migration of shell gaps and magic numbers

AUnderstanding of exotic nuclei ----- Examples: Be isotopes
U 1Be negative parity states
U 1?Be intruder states and single-particle configuration mixing

AResonances in weakly-bound nuclei and the role of continuum
U 12Be resonances with intruder configurations

Alnstrumentation for transfer reactions
AApproaching the nuclear force : N-N effective interaction ----- Example:??F 1dg,-orbital
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Overarching questions of nuclear physics
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AWhere do nuclei and elements come from? Horizon https://science.energy.gov/np/nsac/.

AWhat combinations of neutrons and protons can form a bound atomic nucleus?
ANew experimental insights on rare nuclei to guide theoretical developments.

Alntegration low-energy nuclear experiments and theory with knowledge from
astrophysics and computational science.
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Overarching questions of nuclear physics

AWhat is the nature of the nuclear force that binds = Estimated by theory
protons and neutrons into stable nuclei and rare = Produced at FRIB

Isotopes”?
AWhat is the origin of simple patterns in complex nuclei?

AAdvanced understanding of the nature of weakly-
bound nuclei by measurement of exotic and dripline

nuclei _
O 10 20 30 40 50 60 70 80 90

ADetermine shell structure and test configuration The Science of FRIB, et al. | Atomic Number
Interaction theories

AMeasure resonances in weakly-bound nuclei and test
the role of continuum
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Migration of Shell Gaps and Magic Numbers
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Tools to study the evolution of shells / N-N-interaction
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Probing the occupancy and vacancy of the orbitals

ASingle-neutron adding probes vacancies (# of holes)

ASingle-neutron removal probes occupancies (# of particles)

‘ - # ~ Occupancy
From B. P. Kay
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AConstant value of 0.4~0.7 across all nuclei using consistent optical model parameters

AThe Macfarlane-French sum rules can be used to normalize the spectroscopic factors
J. P. Schiffer et. al., PRL 108,022501(2012)
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Proton Energy [MeV]
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Approaching the nuclear force : N-N effective interaction
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Approaching the nuclear force : N-N effective interaction
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J. Chen et al. Phys. Rev. C 98, 014325 (2018)
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Understanding of exotic nuclel

AHalo, Borromean nuclei, three body system, intruder states

ANew experimental insights on rare nuclei to challenge theoretical predictions.
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Examples: Be isotopes
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11Be negative parity states

ANeutron loosely bound S, = 0.504 MeV
AlLarger radius R =2.91fm
Al%Be core + n(2s,,,)

Ag.s. 1/2*

AFirst excited: 1/2-

e.g. annular Si
detector

0 p3/2 =—0-0-0—  =-0-0-0-0-
0 51/2==@==@= =0 > _f
\ / = 50
w E
N 40F 2.65 MeV
° _f 3.89 MeV
12B (d, *He)!'Be S w0 | o
c u o
3 20¢
(&) C H
Q U.S. Department of Energy Office of Science 12 o R e o l | 'me
G National Science Foundation R R S - S R : : :
N\ m Michigan State University E, (MeV) Jie Chen, Oct. 2020, Postdoc seminar, Slide 13

NSCT FRIR




11Be negative parity states

ANeutron loosely bound
AlLarger radius R =2.91fm
Al%Be core + n(2s,,,)

Ag.s. 1/2*

S, = 0.504 MeV

ATesting of various theories

1lBe

Shell model Nilsson model

Variational Monte Carlo calculations (VMC)
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12Be intruder states and single-particle configuration mixing

ABreakdown of conventional magic number N=8
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12Be intruder states and single-particle configuration mixing
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12Be intruder states and single-particle configuration mixing

experiment theory experiment theory AThe g. s. of 12Be is dominated by a d-wave
100 - iIntruder configuration
ADramatic change compared to !Be
. APossibly due to stronger pairing in dg,-orbital
ADeformation lowered d.,-orbital energy
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J.Chen etal .Phys. Lett. B 781 (2018) 412 416 | J.Chen eta/ . Phys. Rev. C 94, 064620 (2016)
- _' U Depattment of Eneray Office of Selance J.Chen etal. Phys. Rev. C 98, 014616 (2018) J.Chen etal . Phys. Rev. C 93,034623 (2016)
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12Be unbound states

ABreakdown of N=8 ¢ms=) 1p-1h across the N=8
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12Be unbound states
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Resonances in 2Be and the role of continuum

ABoth are | =1, limit the possibility to 0-,1-,2-
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Resonances in ?Be and the role of continuum
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Three-body GCC approach

ATwo-nucleon density distributions

Ag.s: mixture of a dineutron structure
and a cigar-like configuration

A0,+ state: halo structure like the 1Li
g.s.

AO- and 1,- states: two valence
neutrons are less correlated
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1p-1h resonances in Li: experimentally observed dipole resonances



