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Remarks about the driplines
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Abstract. Reaching the limits of nuclear stability has been one of the driving forces of nuclear physics
experiments. A few observations and remarks about the current status of the proton and neutron driplines
will be presented.

PACS. 21.10.-k Properties of nuclei; nuclear energy levels

1 Proton dripline

The proton dripline itself is not clearly defined. Sometimes
it is simply defined by the proton separation energy pass-
ing through zero (Sp = 0 MeV) [1]. Although this defini-
tion is unambiguous due to the Coulomb barrier especially
in heavy nuclei, it is not identical with protons “dripping”
from the nucleus. With this definition many nuclei “ex-
ist” beyond the dripline. An alternative definition of the
dripline is to set it equal to the existence of a nucleus which
can be defined as limited by the typical nuclear timescale
of ∼ 10−22 s [2]. The dripline and the existence of a nu-
cleus could also be related to the definition of radioactiv-
ity with a limit of ∼ 10−12 s [3]. Most of these discussions
of different definitions are semantics. It is, however, im-
portant that especially in the interaction of theorists and
experimentalist it is understood which definition is used.
Assuming the above definition of the dripline as Sp =

0 MeV it is generally accepted that the dripline is rel-
atively well delineated [4]. Compared to the neutron
dripline this is certainly true. However, if one looks care-
fully at the location of the dripline, the exact location is
experimentally known for only six elements beyond Mg
and below Pb (Cl, K, Sc, Lu, Ta, and Au) [5]. Beyond
Pb the dripline is known for the odd isotopes Bi, At, Fr,
Ac, and Pa. An interesting possibility exists in the At iso-
topes, where 195At is unbound by −234 ± 15 keV, while
194At could potentially be bound 117± 189 keV [6]. 195At
could thus be an island of a proton unbound nucleus sur-
rounded by bound nuclei. This would still only be a cu-
riosity with no practical implications because even though
195At is proton unbound it already has been measured to
be an α-emitter [7]. However, if the limit can be pushed to
even more proton unstable nuclei islands of proton emit-
ters surrounded by β- and α-emitters could exist.
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Although the exact location of the dripline is not well
known, the dripline (Sp = 0 MeV) has been crossed for
most (predominantly for the odd proton) elements. Never-
theless, with the current detection capabilities for the di-
rect observation of isotopes (on the order of nanoseconds)
many hundreds of isotopes beyond the dripline are still
unknown. The proposed Rare Isotope Accelerator RIA [8]
will be able to produce well over 200 new isotopes along
the proton dripline [5].
The importance of the dripline for the astrophysical

rp-process has been discussed extensively [9]. The exact
location of the dripline itself is not really important. The
crossing of Sp = 0 MeV has no special significance for the
lifetimes of waiting point nuclei in stellar environments.
These lifetimes have to be determined from the accurate
knowledge of the binding energies. Again, because of the
Coulomb barrier even unbound nuclei can have significant
lifetimes and can have a large influence on the stellar life-
times [9].

2 Neutron dripline

It is generally accepted that the neutron dripline has been
reached for all elements up to oxygen [8]. However, due to
the strong odd-even effect of the binding energy, even if an
odd isotope has been found to be unstable one still has to
check if the next heavier even isotope is also unbound in
order to know if the last bound isotope of a given element
has been observed. For example, so far no experiments
searching for the existence of 13Li or 18Be have been per-
formed. Thus, strictly speaking the dripline is only known
up to helium [5].
In order to avoid the odd even staggering of the neu-

tron dripline, it should be handled equivalent to the proton
dripline, i.e. in terms of isotones instead of isotopes [1,5].
Figure 1 shows the neutron dripline in this presentation.
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Fig. 1. Light mass region of the chart of nuclei. Left: The neutron dripline presented in terms of isotones, i.e. the neutron
numbers are plotted vs. the proton numbers. Right: The proton dripline for comparison in the normal presentation of proton
numbers vs. neutron numbers. See text for more details about the notations.

The number of neutrons are plotted vs. the number of pro-
tons (left). The right side of the figure shows the proton
dripline for comparison in the normal presentation, i.e.

protons vs. neutrons. The figure indicates stable, bound
and unbound isotopes. Unbound isotopes which have not
been observed but where lifetime limits were established
are also included (unbound - limit). In addition, the mea-
sured (solid lines) and calculated (dashed lines) driplines
are shown. At the proton dripline, isotopes where the un-
certainty for the binding energies includes Sp = 0 MeV are
shown as solid hashed (measured uncertainty) and dashed
hashed (calculated uncertainty) squares.

In the isotone presentation, the dripline is known
up to N = 9. It is unlikely that 13Li, 18Be or 30O are
bound, so effectively, the dripline is known up to N = 23
(34Na) [10,11,12].

The location of the dripline is typically calculated
with a variety of mass models. It is often pointed out
that these calculations deviate from each other signifi-
cantly for extrapolations towards the driplines [13]. This
is especially true for the neutron dripline. While the de-
viations of the proton dripline of the empirical model
based on p-n interaction by Tachibana et al. [14], the
finite-range droplet model [15], and the Hartree-Fock-
Bogolyubov model (HFB-2) [16] from the extrapolated
masses of the AME2003 atomic mass evaluation [6] are on
the order of 3-4 isotopes, the neutron dripline (defined as
the occurrence of the first unbound isotope) differs just
among the three calculations by up to 15 isotopes [5].
However, if the differences are displayed in terms of iso-
tones the deviations of the models are not as large. Again,
this representation avoids the difficulty to determine the
dripline due to the odd-even staggering. The differences

between the models of about 3-4 isotones are comparable
to the deviations along the proton dripline [5].
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