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as such’ [22]. This statement was supported later by Cerny and Hardy [23]: °...lifetimes
longer than 10712 s, a possible lower limit for the process to be called radioactivity’.

This definition would be more restrictive than the definition of an element and thus is
inappropriate. The International Union of Pure and Applied Chemistry (IUPAC) has published
guidelines for the discovery of a chemical element [24]. In addition to other criteria they state
that ‘the discovery of a chemical element is the experimental demonstration, beyond reasonable
doubt, of the existence of a nuclide with an atomic number Z not identified before, existing
for at least 10~'%s’. The justification for this limit is also given: ‘This lifetime is chosen
as a reasonable estimate of the time it takes a nucleus to acquire its outer electrons. It is
not considered self-evident that talking about an ‘element’ makes sense if no outer electrons,
bearers of the chemical properties, are present’.

Similarly the definition of a nucleus should be related to the typical timescales of nuclear
motion. Nuclear rotation and vibration times are of the order of 1022 s which can be considered
a characteristic nuclear timescale [22]. The above mentioned definitions of the driplines by
Mueller and Sherrill [10] and the Chart of Nuclei [19] can be used as the definition of the
existence of a nucleus. If a nucleus lives long compared to 1072? s it should be considered a
nucleus. Unfortunately this is no sharp clear limit. The most recent editions of the chart of
nuclei include unbound nuclei with lifetimes that are of the order of 1072?s [19, 25].
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Beyond the Neutron Drip-Line
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http://journals.aps.org/prl/abstract/10.1103/PhysRevlLett.110.152501

A new technique was developed to measure the lifetimes of neutron unbound nuclei in the picosecond
range. The decay of 20 — 24O + n + n was examined as it had been predicted to have an appreciable
lifetime due to the unique structure of the neutron-rich oxygen isotopes. The half-life of 20 was extracted
as 4.5f}:;(stat) + 3(syst) ps. This corresponds to 260 having a finite lifetime at an 82% confidence level
and, thus, suggests the possibility of two-neutron radioactivity.



Tetraneutron???

PHYSICAL REVIEW C, VOLUME 65, 044006 (2002)
Detection of neutron clusters

A new approach to the production and detection of bound neutron clusters is presented. The technique is
based on the breakup of beams of very neutron-rich nuclei and the subsequent detection of the recoiling proton
in a liquid scintillator. The method has been tested in the breakup of intermediate energy (30—50 MeV/nucleon)
H1i, “Be, and °B beams. Some six events were observed that exhibit the characteristics of a multineutron
cluster liberated in the breakup of “Be, most probably in the channel !°Be+ “n. The various backgrounds that
may mimic such a signal are discussed in detail.

http://www.cnrs.fr/cw/en/pres/compress/noyau.htm
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nothing is known [4,5]. The discovery of such neutral sys-
tems as bound states would have far-reaching 1mplications
for many facets of nuclear physics. In the present paper, the
production and detection of free neutron clusters is dis-
cussed.

The question as to whether neutral nuclel may exist has a
long and checkered history that may be traced back to the
early 1960s [5]. Forty years later, the only clear evidence in
this respect is that the dineutron is particle unstable. Al-
though 7 is the simplest multineutron candidate, the effects
of painng observed on the neutron dnp line suggest that
*%n could exhibit bound states [6]. Conceming the tetra-
neutron, an upper imit on the binding energy of 3.1 MeV 1s
provided by the particle stability of *He, which does not
decay into a+*n. Furthermore, if *n was bound by more
than 1 MeV, a+*n would be the first particle threshold in
®He. As the breakup of ®He is dominated by the ®He channel
[7], the tetraneutron, if bound, should be so by less
than 1 MeV.

The majority of the calculations performed to date suggest
that multineutron systems are unbound [4]. Interestingly, it
was also found that subtle changes in the N-N potentials that
do not affect the phase shift analyses may generate bound
neutron clusters [5]. In addition to the complexity of such ab
initio calculations, which mclude the uncertainfies In many-
body forces, the n-n interaction is the most poorly known
N-N mteraction, as demonstrated by the controversy regard-
ing the determination of the scattering length a,, [8]. The

Can Modern Nuclear Hamiltonians Tolerate a Bound Tetraneutron?
http://journals.aps.org/prl/abstract/10.1103/PhysRevl ett.90.252501
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Viewpoint: Can Four Neutrons Tango?
http://physics.aps.org/articles/v9/14
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Baryon and meson resonances

Lots of unbound states!

A(1600) DECAY MODES

The following branching fractions are our estimates, not fits or averages.

Mode Fraction (I';/T)
M N=m 10-25 %
M, XK
3 N7mm 75-90 %
M4 Am 40-70 %
Is A(1232) 7, P-wave
e A(1232) 7, F-wave
7 Np <25 %
g Np, 5=1/2, P-wave
g Np, $=3/2, P-wave
Mo Np, 5=3/2, F~wave
M1 N(1440) 7 10-35 %
Mo N(1440)m, P-wave
M3 Ny 0.001-0.035 %
Ma N+, helicity=1/2 0.0-0.02 %
15 N, helicity=3/2 0.001-0.015 %

A(1232) DECAY MODES

The following branching fractions are our estimates, not fits or averages.

Mode Fraction (I';/T)
N N« 100 %
o Ny 0.55-0.65 %
I3 N, helicity=1/2 0.11-0.13 %

Iy N, helicity=3/2 0.44-0.52 %






