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The technique of invariant mass spectroscopy has been used to measure, for the first time, the ground state
energy of neutron-unbound 28F, determined to be a resonance in the 27F+n continuum at 220(50) keV. States in
28F were populated by the reactions of a 62 MeV/u 29Ne beam impinging on a 288 mg/cm2 beryllium target. The
measured 28F ground state energy is in good agreement with USDA/USDB shell model predictions, indicating
that p f shell intruder configurations play only a small role in the ground state structure of 28F and establishing
a low-Z boundary of the island of inversion for N = 19 isotones.

PACS numbers: 21.10.Dr, 21.10.Pc
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[13], it is possible to deduce the presence of ground state intruder components in N ≤ 20 nuclei by comparing experimental
binding energies to sd shell model predictions, such as those of the USDA and USDB effective interactions. For a given nucleus,
good agreement between experiment and USDA/USDB theory indicates a ground state configuration that is primarily sd shell.
In contrast, a nucleus with significant ground state intruder components will be poorly described by the USDA/USDB shell
model.

Fig. 4 presents a plot of BEexp−BEth for N = 19 isotones, 9 ≤ Z ≤ 17, with the fluorine data point taken from the present
work. The agreement between experiment and USDA/USDB predictions is good for the isotones closer to stability (Z ≥ 13).
For Z = 10–12, the USDA/USDB calculations predict significantly lower binding than experiment, as expected for these island
of inversion nuclei. For 28F, the good agreement between experiment and USDA/USDB is recovered, providing evidence that
intruder configurations are not significant in the ground state of 28F.

In conclusion, we have determined, for the first time, the ground state of 28F to be a resonance 220(50) keV above the
ground state of 27F using the technique of invariant mass spectroscopy. Combined with the mass measurements of [16], this
translates to a 28F binding energy of 186040(200) keV. Investigation of N = 19 binding energy systematics, including the present
measurement, shows good agreement between experiment and USDA/USDB predictions for 28F, in sharp contrast to the island
of inversion nuclei 29Ne, 30Na, and 31Mg. This indicates that p f shell intruder components play only a small role in the ground
state structure of 28F, establishing a “southern shore” of the island of inversion.
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and running the experiment. On the theory side, B. A. Brown and A. Signoracci provided assistance and enlightening discussions
regarding shell model calculations. This work was supported by the National Science Foundation under grants PHY-05-55488,
PHY-05-55439, PHY-06-51627, PHY-06-06007, PHY-08-55456, and PHY-09-69173.
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FIG. 1. (Color online) Corrected ToF for fluorine isotopes produced from 29Ne.
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FIG. 2. (Color online) Simulated resolution and acceptance of the experimental setup. Each colored histogram was generated by simulating
a 28F breakup at the indicated relative energy, then folding in detector resolution and acceptance cuts. The shaded curve was generated by
simulating a 28F breakup with the relative energy uniformly distributed from 0–3 MeV and folding in acceptance and resolution. The colored
histograms are all normalized to a total area of unity, and the shaded curve was arbitrarily scaled to fit within the same panel.
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FIG. 3. (Color online) Measured decay energy spectrum (including smearing from experimental resolution and acceptance) for 27F + n
coincidences. The filled squares with error bars are the measured data, and the dashed red and dotted blue curves represent the 220 keV and
810 keV simulation results, respectively. The solid black curve is the sum of the two resonances, with the ratio of 220 keV resonance to the
total area being 28%. The filled orange curve is a simulation of a single resonance at 590 keV, and the grey dot-dashed curve is the best fit of a
single s-wave (as =−0.05 fm).



10

Z
9 10 11 12 13 14 15 16 17

BE
ex
p
−
BE

th
(M

eV
)

-1

-0.5

0

0.5

1

1.5 USDA
USDB

FIG. 4. (Color online) Difference between experimental and theoretical (USDA, USDB) binding energies for N = 19 isotones, 9 ≤ Z ≤ 17.
The error bars on the data points represent experimental errors only. The blue dotted, red dashed, and black dash-dotted bands represent the
respective 170 and 130 keV RMS deviations of USDA and USDB interactions. Experimental values, save for Z = 9 which is from the present
work, are taken from [16] if reported there; otherwise they are from the 2003 Atomic Mass Evaluation [34].
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