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Abstract. Measurement of root-mean-square radii of proton distributions of 17−22N from charge-changing cross
section shows the emergence of thick neutron skin towards the neutron-drip line. Signature of N = 14 shell gap
has been found in nitrogen isotopes along with the emergence of neutron halo in 22N. The measured radii are in
good agreement with the shell model calculations.

1 Introduction

With large neutron-to-proton ratios far from the valley of
stability, nuclei develop exotic structures such as neutron
skin, nuclear halo, modifications of conventional shells
and apperance of new shell gaps. Evidence for break-
ing down of N = 8 shell gap has been found in 11Li and
11Be [1–3] while a new shell gap at the neutron num-
ber N = 16 has been found in carbon, nitrogen and oxy-
gen isotopes at the drip line [4]. Another sub-shell gap
at N = 14 has been found in oxygen and is predicted to
disappear in carbon [5]. Since nitrogen is in the transi-
tional region between oxygen and carbon, it is interesting
to investigate the presence of the N = 14 shell gap in ni-
trogen. Systematic studies of root-mean-square radii of
proton-distribution along an isotopic chain can shed light
on nuclear models as well as on the shell evolution [6].

2 Experimental setup

In this work, the determination of root-mean-square radii
of proton-distribution (protons treated as point-like parti-
cles and therefore referred further as point-proton radii)
∗e-mail: s.bagchi@gsi.de

from the measured charge-changing cross sections (σCC)
of neutron-rich isotopes 17−22N and stable isotopes 14,15N
is presented. The experiment was performed at the frag-
ment separator FRS at GSI. Beams of 14,15N and 17−22N
were produced by fragmentation of 22Ne and 40Ar, respec-
tively, at 1 A GeV, impinging on a 6.3 g/cm2 thick Be tar-
get. The isotopes of interest were separated in flight and
identified using their magnetic rigidity (Bρ), time-of-flight
(ToF) between the focal planes (F2-F4) of the FRS, and the
energy-loss (∆E) measured in a multi-sampling ionization
chamber (MUSIC) placed at the final focal plane F4. The
σCC was measured with a 4.010 g/cm2 thick carbon target
placed at F4. The experimental setup is discussed in more
details in Ref. [7].

To obtain σCC , the number (Nin) of incident nuclei of
interest AZ is determined from event-by-event counting.
After the reaction target, the number of nuclei with the
same charge Z as the incident nuclei (NS ameZ) are identi-
fied using the MUSIC detector. The σCC is then obtained
from the relation σCC = t−1ln(RTout/RTin ). Here RTin and
RTout are the ratios of NS ameZ / Nin with and without the
reaction target, respectively, and t is the target thickness.
The term RTout attributes for losses due to interactions with
non-target materials. Phase-space restriction of the inci-
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dent beam at the target is required to eliminate events hav-
ing large incident angles and positions far from the cen-
ter. Details of the measurement procedure can be found in
Ref. [7].

3 Results and discussion

To obtain the proton-distribution radii from the measured
cross section σCC , finite-range Glauber model framework
is used [8]. For stable isotopes (e.g. 10B, 12−14C, 14N), the
obtained proton-distribution radii are in good agreement
with the electron-scattering data [7, 9, 10]. The extracted
point-proton-distribution radii (Rp) from σCC are shown in
Fig. 1.

Figure 1. The experimental point-proton radii are shown with
red filled circles. Shell model predictions using the YSOX in-
teraction and WS (HO) potentials are shown with black filled
squares (black open triangles). RMF theory predictions are given
with the black dashed curve from Ref. [11].

The decrease of Rp from 17N to 21N within the uncer-
tainties suggests the reduction in deformation and the tran-
sition towards sphericity at the N = 14 shell closure. An
increase of Rp has been observed within uncertainties from
21N to 22N. In 22N, the valence neutron is in the 2s1/2 or-
bital with a closed-shell core of 21N. As a consequence,
the center-of-mass (c.m.) of 22N is different from that of
the 21N core which leads to the c.m. motion and hence it
smears the core density, resulting in a larger core size [7].
Similar phenomenon has been observed in the two neutron
halo 11Li [12] and 6He [13] isotopes.

Shell model calculations are compared with the exper-
imental data and are shown in Fig. 1. Both harmonic os-
cillator (HO) and Woods-Saxon (WS) wave functions are
used in the YSOX hamiltonian. The combination of both

HO and WS wavefunctions depicts that the proton radii of
the nitrogen isotopes increase from 13N to 17N and then
a decrease is seen with a shallow minimum at the neu-
tron number N = 14. In Fig. 1, the relativistic mean field
(RMF) predictions [11] are shown which are consistent
with the experimental data. Ab initio, in-medium sim-
ilarity re-normalization group, calculations with a state-
of-the-art chiral nucleon–nucleon and three-nucleon inter-
action reproduce well the data towards the neutron drip-
line isotopes rather than the whole isotopic trend of the
radii [7].

The matter-distribution radii can be obtained from the
measured interaction cross sections [14] using the finite-
range Glauber model framework. Together with the infor-
mation on the matter-distribution and proton-distribution
radii, thick neutron skins for 19−21N, have been found,
while for 22N a neutron halo-like structure develops [7].

For nitrogen isotopes, the proton–neutron tensor inter-
action is attractive for p(1p1/2)–n(1d5/2) orbitals, thereby
reducing the gap between proton 1p1/2 and 1p3/2 orbitals
when more neutrons are added to the 1d5/2 orbital, result-
ing in a small point proton radius in 21N. This attractive
interaction also lowers the neutron 1d5/2 orbital leading to
the N = 14 shell gap [7] in neutron-rich nitrogen isotopes.
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