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Nuclear Radii Fundamentals

The nuclear radius of Li is comparable to
that of 298Pb, due to the loosely-bound nature (@ §&
of the valence neutrons (S,,,~ 350 keV) "
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Nuclear Charge Radii and
Shell Structure around N=20
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Collinear Laser Spectroscopy with
BECOLA

Photon
Detection

Laser table

Exchange
Cell

« BECOLA operational since 2013

* Online commissioning completed in 2014

» The Penning lonization Gauge (PIG)
off-line ion source commissioned in 2015

lon beam

e PIG ion source

BECOLA: K. Minamisono et al., NIMA 709, 85 (2013); D. Rossi et al., RSI 85, 093503 (2014).
Charge Exchange Cell: A. Klose et al., NIMA 678, 114 (2012); A. Klose et al., PRA 88, 042701 (2013).
PIG ion source: C. A. Ryder et al., SAB 113, 16 (2015).
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vilenniaPro - BECOLA Laser Systems }lenacy

Pump Laser _ | Pump Laser
10W @ 532nm - Optlcal fiber ' | ZOW @ 53nm

i
Ti:Sapph Laser _.
~2W, (70 —lOOOn /

.....
@ Spectra-Phwysics )
B USSR

.| L T .l 5, " a - |

Frequency Douler-) (275-500nm)
~10% of input power (need ~300uW)

p U.S. Department of Energy Office of Science

€ National Science Foundation
m Michigan State University P. Mantica, INPC 2016, Slide 5

Reference Cavities

N
NSCL



Online Commissioning with /K

 Successful commissioning with radioactive *’K beam (T, = 1.2 S)

* Measurements of hyperfine structure using resonant photon detection in

coincidence with bunched beam
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- Background suppression by 50,000 _ _
- Measurements possible with beam intensity Relative frequency (arb. unit)
of ~103 atoms/s for “red”-light detection D. M. Rossi et al., RSI 85, 093503 (2014)

K. Minamisono et al., HI 230, 57 (2014)

a U.S. Department of Energy Office of Science

< National Science Foundation
m Michigan State University P. Mantica, INPC 2016, Slide 6

NSCL



Laser Spectroscopy of Radioactive 337K
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Discontinuity Absent at N=20 for K Isotopes

» The characteristic discontinuities in the chain of charge radii, which is well established for
nuclei at shell closures, is not apparent at N = 20 for the potassium isotopes.

K isotopes
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» Balance of the monopole and quadrupole proton-core polarizations above and below N = 20,

respectively, causes the anomalous behavior. D. M. Rossi et al., PRC 92, 014305 (2015)
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Nuclear Charge Radii and
Shell Structure around N=28
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Laser Spectroscopy of Radioactive °2°3Fe

Atomic transition: _
3d%4s4p °F (26874.550 cm?) |

t

>2Fe (T, = 8.3 h; I=0)

3d°4s? 5D, (0.000 cm)

Rate after charge exchange:
52Fe: 500 atoms/s
S3Fe: 1,500 atoms/s
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Non-resonant charge
exchange with Na vapor:
Only a few % population of
ground electronic state

C. A. Ryder et al., SAB 113, 16 (2015).
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Charge Radil Trend Along Fe Isotopic Chain
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» Charge radii measurements of Fe across
the N=28 shell closure
» Expected “kink” observed at N=28
 Structure typical of a shell closure
= Nuclear density functional theory (DFT)
using the UNEDF1 Skyrme energy
density functional (EDF) [blue curve]
* Reproduces the general trend of the
charge radii
» Overestimate the magnitude of the
charge radius
* No strong odd-even staggering of
charge radii along Fe isotopic chain

PRELIMINARY

J. Erler et al., Nature 486, 509 (2012).
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Summary

» BECOLA is a CLS facility at NSCL/FRIB
 electromagnetic moments and charge radi
* transition metals
* neutron-deficient isotopes

= Shell structure around N = 20
» Disappearance of shell signature at N=20
» Deduced charge radii of neutron-deficient 36:37K
»No “kink™ at N=20
» Balance between monopole and quadrupole
* Next up, neutron-deficient Ca isotopes
» Approved by NSCL PAC 40

. B Work supported in part by:
Shell structure around N = 28 NSE PHY-11-02511

 Strong evidgnce for shell closure signature at N=28 DOE NNSA DE-NA00029
» Neutron-rich Ar (Z=18) to Mn (Z=25)

e Deduced charge radii of neutron-deficient 52:53Fe
» “Kink” persists at N=28 for Fe (Z=26)
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BECOLA Collaborators

= 1101 (3637K)/e14006 (5253Fe)

« K. Minamisono, G. Bollen, B.A. Brown, K. Cooper, D. Garand, K. Lund, P.F.
Mantica, A. Miller, D.J. Morrissey, W. Nazarewicz, R. Ringle, J.A. Rodriguez,
C.A. Ryder, C. Sumithrarachi (FRIB/NSCL)

= E14006 (°%°3Fe)
* D.M. Rossi, W. Noertershaeuser, B. Maass (TU Darmstadt)
e M. Pearson (TRIUMF)
* Y. Liu (ORNL)
* A. Klose (Augustana U)
* P. Mueller (ANL)

= Atomic factor calculations
» S. Fritzsche, R. Beerwerth (HI Jena)
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