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1+(0+) state at 12.4 MeV in 20Ne
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Abstract. Careful review of all the evidence makes it clear that at least three states are important at
12.4-MeV excitation in 20Ne (four, if the broad (2+) at 12.5 MeV is included). The three states are 3−,
0+, and 1+(0+). The latter, which is quite strong in 19F (3He, d) singles, is probably the state observed in
coincidence with 6.13-MeV γ-rays in 19F(3He, dγ).

PACS. 21.10.Hw Spin, parity, and isobaric spin – 27.30.+t 20 ≤ A ≤ 38

Alpha-particle clustering in light nuclei has long been
an interesting topic. Especially intriguing is the occurrence
of relatively pure alpha clusters built on excited states.
In these cases, states prefer to decay to excited states,
even when ground-state decay is highly favored based on
penetrability considerations. The nucleus 20Ne provides a
rich array of alpha-clustering phenomena, and even 2α (or
8Be) clustering. A 0+ level at 12.436 MeV [1] has a strong
decay branch to the first-excited 0+ state of 16O, even
though gs decay can proceed with the same L value. A 3−
level [1,2] at 12.394 MeV, with a width of 37 keV, decays
by emitting an alpha-particle to the 3− state at 6.13 MeV
in 16O. And a 6+ state at 12.14 MeV [3] decays to this 3−
level. Investigation of the alpha decays of states just above
12 MeV in 20Ne led to the re-discovery of the discrepancy
that is the subject of the present note.
The situation concerning levels near 12.4 MeV in 20Ne

is somewhat confusing. The reaction 18O(3He, n) [4] pop-
ulates a state at Ex = 12.4 ± 0.03 MeV. An observation
of L = 0 provides a Jπ = 0+ assignment. In 19F(d,n),
a state at 12.395 ± 0.010 [5], or 12.397 ± 0.020 [6] is
strongly populated with l = 0 —providing a firm Jπ = 0+
or 1+. The authors prefer isospin T = 0 because of
the absence of either Jπ at the appropriate energy in
20F. Several groups [2,7,8] observed an 16O + α reso-
nance at Ex = 12.39 ± 0.01 MeV, with γ decays pri-
marily to the 1.63-MeV, 2+, and 4.25-MeV, 4+, levels of
20Ne —prompting a 3− assignment. This resonance has
Γ = 37 ± 5 keV. A state near here has also been ob-
served in 19F (3He, d) [9] and 19F(3He, dγ) [2]. In ref. [9],
a known [10] calibration correction, arising from magnet
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saturation at high field, was not applied. When it is ap-
plied, states near 12.3 MeV need to have 31 keV added
to their energies of ref. [9]. With this correction, the well-
known 2+, T = 1 state at 12.221 ± 0.004 MeV [11] has a
corrected energy from ref. [9] of 12.221±0.004 MeV. Inter-
nal consistency of energies at different angles provides an
uncertainty of 4 keV. The 12.4-MeV state, whose corrected
energy is now 12.398± 0.004 MeV, has a very clear l = 0
pattern, with some l = 2. If l = 2 is indeed present, and
we are seeing a single state, an l = 0 + 2 mixture assures
Jπ = 1+. Of course, the possible presence of another state
would not remove the rigorous 0+ or 1+ assignment aris-
ing from l = 0. The l = 2 cross-section for the 12.398-MeV
state is approximately equal to that for the broad 2+ level
nearby, and hence is too strong to arise from incomplete
separation of the contributions of these two states. No
other known state could provide this l = 2 strength. This
is not l = 3 strength as there is no evidence (see below)
for any population of the 3− level. In ref. [9], the l = 0
state sits clearly on the side of a broad state at (corrected)
12.454 MeV (Γ = 160 keV) —probably the (2+) state
listed in the compilation [11] at 12.472± 0.010 MeV, with
Γ = 124± 6 keV. The l = 0 state in ref. [9] clearly has no
observable natural width. A smooth curve drawn through
the peak corresponding to the nearby strong 12.22-MeV
state (which has Γ < 1 keV) fits the 12.398-MeV state
peak perfectly. A state with natural width of 37 keV is
not possible. Adding such a state to a fit of the spectrum
results in zero or (non-physical) negative cross-section for
the 37 keV wide state, if the broader 12.5-MeV level is
included in the fit (as it surely must be, from inspection
of fig. 2 of ref. [9]). At 7.5◦, the upper limit for a possible
contribution from a state with Γ = 25–50 keV is 2% of the



8 The European Physical Journal A

cross-section observed for the 12.398 MeV. At 0◦ —where
the measurements of ref. [2] were carried out— l = 3 is
even weaker compared to l = 0.
The evidence is thus very clear: a state at 12.398 MeV

has no observable width, and is populated by l = 0 in
19F(3He, d). Nevertheless, evidence is equally clear [1,2,7]
for a probable 3− state as a resonance in 16O + α, with
Γ ≈ 37 keV. At least two states must be present. Marrs
et al. [2] re-measured a portion of the 16O + α resonance
region and observed the broad 3−, but in 19F(3He, dγ) no
width (actually Γ < 200 keV) was obtained. They sim-
ply assumed the two reactions were populating the same
state. On p. 440 of their paper, they state “this level is
seen in both the 16O(α,α′γ) and 19F(3He, dγ) reactions.”
And later, “Therefore we identify the 16O (α,α′γ) reso-
nance with the level seen in 19F(3He, d). . . ” They arrive
at this conclusion without any consideration of width, or
branching ratio, or even of coincidence to singles ratio in
19F(3He, dγ).
The fact remains that the 19F(3He, dγ) state α decays

to the 6.13-MeV 3− state of 16O. A 3− 20Ne level can
decay by L = 0, whereas a (0+, 1+) level requires L = 3.
Could an L = 3 alpha decay with such a low energy exist?
Well, a case is known, where the decay energy is even
lower —the 12.14-MeV, 6+ state [3] decays to the 16O
(3−) state, requiring L ≥ 3. Of course, the competing
decay there is L = 6 to 16O (gs), while a 0+ 20Ne level
could decay to 16O(gs) via L = 0. But if Jπ = 1+, as
is likely, that decay is forbidden, and the only competing
decays are electromagnetic. The 12.14-MeV 6+ state has
a partial width of 8±4 eV for decay to the 3−. The single-
particle alpha width for L = 3, with 2 nodes, is 6.2 eV.
For a state at 12.4 MeV, the alpha penetrability is even
more favorable, and alpha decay could easily dominate
over gamma decay.
To complicate matters even further, as mentioned ear-

lier, there is a report [1] of a 0+ state at 12.436 ±
0.004 MeV, with a measurable α decay to the excited 0+
6.06-MeV level of 16O. This state has Γ = 24.4± 0.5 keV,
and hence could not be the state seen in 19F(3He, d).
Its excitation energy also rules it out. If it is present in
19F(3He, d), its cross-section is less than about 5% of that
for the stronger 12.4-MeV state.
There is confirmatory evidence that it is the 3− level

that has width. In 12C(12C,α) [12], which would greatly fa-
vor 3− over either 0+ or 1+, a state at 12.381±0.006 MeV
clearly has appreciable width (Γ = 30–40 keV). A consis-
tent reading of all the data suggests the presence of at
least three states here: 3−, with Γ ≈ 37 keV; 0+, with
Γ ≈ 24 keV; and 1+(0+), with very small Γ . The 0+
level has been suggested [1] to be of eight-particle four-
hole character —an alpha cluster coupled to the excited
0+ 6.06-MeV 16O level. The present author supports that
view, thinking of it as 24Mg∗⊗12C, where 24Mg∗ is the 0+
state at 6.44 MeV [13] in 24Mg, strongly populated [14]
in α transfer. The 8p-4h 0+ state at 7.19 MeV in 20Ne,
on the other hand, is 24Mg(g.s.) ⊗12C. Could the 3− be a
similar state, viz. an L = 0 α cluster coupled to the 16O 3−
state? It could be so. Then what about the 1+(0+) state?

An intriguing possibility is an L = 3 alpha cluster built on
the 16O 3− level. This coupling would provide even-parity
states with J = 0–6. To estimate the expected position of
such a state, we simply add the excitation energy of the
strong 3−α state in 20Ne at 7.16 MeV to 6.1 MeV. An
energy of 12.4 MeV is close enough that this explanation
is a serious possibility. Clearly, it is important to ascer-
tain whether (as we expect) it is the strong 1+(0+) state
in 19F(3He, d) that was observed in ref. [2] in coincidence
with 6.13-MeV γ-rays. It may be possible to make this
assessment from the coincidence to singles ratio of ref. [2].
They detected the d at zero degrees, where from ref. [9],
the 3− makes at most a few percent contribution to the to-
tal yield. Most of the 0◦ singles cross-section clearly comes
from the 1+(0+) state.
In summary, the 19F(3He, d) reaction [9] populates a

strong l = 0 state at Ex = 12.398 ± 0.0004 MeV, requir-
ing Jπ =1+ or 0+. This state has no measurable width.
Its peak shape is indistinguishable from that of a nearby
state whose width is known to be less than one keV. An
l = 2 component in the 12.398-MeV angular distribu-
tion appears too strong to arise from contributions of any
known states. Of course, the combination of l = 0 and 2
to a single state requires Jπ = 1+. The absence of mea-
surable width also argues for 1+, rather than 0+. In any
case, we have made a firm assignment of 1+ or 0+, with a
strong preference for 1+.
The known 3− level at 12.394 MeV is not observed in

19F(3He, d). At an angle of 7.5◦ the upper limit for a state
in this energy region, with width in the range 25–50 keV,
is 2% of the cross-section of the 1+ level. At 0◦, where
the d was detected in ref. [2], the l = 3 is even more
suppressed relative to l = 0. Also, the 3−decay to 16O(3−)
has a branching ratio [1] of 1.3%. It is unlikely that the
experiment of ref. [2] had the sensitivity to detect alpha
decay with such a small branch from such a weak state. Of
course, a ratio of coincidence to singles —or a branching
ratio— would have settled the question, but none is given
in ref. [2]. We thus conclude that it is very likely that
the state observed in 19F(3He, dγ) through 16O(3−) is
dominantly the 12.398-MeV 1+ level. We hope the present
note will encourage further experiments and calculations.
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