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Odd couple decays

Juha Aystd

The decay of proton-rich nuclei by the emission of a single proton has been
lenown about for some time, and is well understood. The latest observation
of two-proton emission, however, will provoke some head-scratching.

O page 296 of this issue', Mukha
and colleagues repaort the simultane-
ous emission of two protons from a
complex, long-lived state of the
silver isotope “*Ag, which has an
odd number of protons. This type of
radivactive decay is expected only
for proton-rich nuclei with an even
mumber of protans — so the abser-
vation bemves maclear physicists with
some exphaining to do.

Whether an atomic nucleus is
stable or decays depends on the
interplay between two fundamental
forces: the short-range, attractive
stronyg auclear force and the longes-
range, repulsive electromagnetic
Couloinb force. Whereas the strong
farce acts hetween all the nucleons
(protons and neutrons) that make
up the nudlens, the Coulomb force
acts only between protons. This

means that in nuoclei that are  Figure? | Richinproten, A part of the nuclide chart displaying proton-
extremely rich in protons — said to  rich nucleibetween calcium (Cal and tin (Sn). The isotopes Framed by

rather than sequential emission. As *Ag was
already known in undergn single-proton decay,
Wukha and colleagues’ state is the first for
which hath one- and two-proton decay modes
have been shown to exist.

All previenss studies of the two-proten decry
of shewt-lved muclear resonances from which
sequential decay is enerpetically posable have
prowed that these decays are indeed exclusively
sequential. Sequential emdssdon is probably sup-

pressed in ' Ag becise the dangh-
ter state that is populated by the

5o firstof two sequential decays would
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b an excited stateof the palladium
isntope "' Pd. Rather than emitti
a second proton, this state wc:ﬂ.l]nlﬁT
tend to decay electromagnetically
— by emitting a photon — to its
ground state, But why does the
enerpetically unfavoorable sinmilta-
neous two-proton  decay  itself
aceurwith such high probability?
Mlukha et al. tackle thisquestion
using a simple mindel'  that
neglects ary interaction bebween
protons, but that is consistent with
the observed energy and angular
correlations as well as the half-life
af the ™Ag nucleus. Their model
describes the decay as two inde-

mm pendent ermissions at either end

of a strongly prolate (cigar-like)
super-deformed  nuclens. The
authors supply a similar calcula-
tiom that assumes the emission of a

lie beyond the ‘proton drip-ling  the agzed solid line at the top dthe ‘proton drip-line) are predicted tobe  cprrelated proton pair with a rela-
(Fig. 1} — the strong force can no bodind (that i, stable again#t proton emission). The black squares denale 0.0 spin of zero (a so-called ‘He

lomger bind all predons, and such
nuclei can decay through the emis-
sion of ane or two protans,

stable sodoges; proton and neutron numbens 20, 28 apad 50 are ‘magic’
mischean miimhers farwhich necke are especially stalile’. The isatapes
with recently diseovered twioe priton radinactivities are shown by red
L x cireles Three of thew, “Fe, “®iand " Zn (refs 4, 5], are outside the
In these rare radioactive decays, pestan drip.line and decay through twe.proton radiosctiviey frons

miended ). Hewever, the small mam-
brer o events, and consequent lim-
ited accuracy of the results, does
not allow the two meades to be dis-

protors tennel quartun mechani- e onbound ground state. Tn the case of * Az, the ground state isbound~ tinguished. Further work is also

cally out of the nuclews, through the  against

i effect of the strong and
Conidomb forces. I the lowest allowed energy
state of a nuachens, it is enerpetically favow
for praotons or neutrons to pair up. Single-
praton emission is therefore expected o ocoor
among proton-rich mmclei that have an add
mumber of protans, whereas two-proton emis-
sion shauld be characteristic of muclei with an
even numberof prifons

Single-preon rachioactivity was discowered’
several decades ago in the decay of an excited
state of cobalt-53 to the ground state of iron-
52. Today, about 30 different single-peoton
radicactivities are known' for nuclei with
proton munbers between S0 and 84, and the
phenomenon is fairly well understood theor-
eticalby. In contrast, two-proton radisactivity
was abserved only recenthy™ — from the
ground states of isotopes of iron, nickel and
zinc,"Fe, *Ni and “7Zn, all of which have an
even mumber of protans — and information
on the energy and angular correlations of the
ernitted protans is incomplete. The emission

anil fwa-pr icin — bt the high-spin state
i barrier faemed b}' the cot- investigated by Mukha et al.' is anboamd Far these decay nsodes,

af the protons was in all cases simuiltaneans;
because of the extra energy required to break
praton pairs, sequential emission is not ener-
getically possible. A quantum-mechanical
mnnelling made] involving three badies —
two protons and a remnant core nucleus —
deseribes the ohservations satisfactorily’, but
for the process to be further elaborated
thearetically, more precise information is
required abaut the lifetime and decay energry
ol the system, and abaut the energy and angu-
lar corvelations between the emitted protos.

The two-protan radioactivity observed by
Mukha and colleagues' was from ™ Ag muclei,
naf in their ground state, but in 2 metastable,
long-lived, high-spin state that the authors pro-
duced by bombarding a nickel-58 target with
a beam of caldum-40 ions. They also contrived
to measure the energy and angular comdations
af a two-proton decay for the first time; the
proton-proton and proton-nuclens correla-
tivns derived are charscteristic of simmuiltaneous

needed to indepersdently charae-
terize the structure and shape of
the complex high-spin “Ag state
and thus allow a more detailed interpretation
of the process.

Twa-proton radicactivity can provide far-
reaching insights into problems of low-energy
quantum-mechanical tunnelling in stronghy
interacting systems. A full elucidation of the
nature of such decays — whether from the
gronmd state or from fast-spinning excited
states — will be 2 major goal for further ex-
perments al current and future rdicactive
inn-beam faclities, [ ]
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