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Possible evidence for particle-hole intruder analog multiplets in the Pb region
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It is suggested that collective bands in ' Pb built on a 0+ intruder configuration, belong to
a four-particle —four-hole (4p-4h) intruder analog spin I = 2 multiplet. The multiplet structure is
presented and a suggestion for the energy of the 2p-2h 0+ intruder bandhead in ' Pb is made.
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It has become clear in recent years that very near and
even at closed-shell configurations excitations of particle-
hole (p-h) nature occur at low energies. Because these
p-h configurations are expected at a much higher exci-
tation energies, the name "intruder states"' has been in-
troduced. The study of intruder excitations in medium-
heavy and heavy nuclei has by now been explored in a
very extensive way, in both odd-mass [1] and even-even

[2] nuclei.
Given that these intruder excitations and the collective

bands built on them are very similar in structure (level
spacings, E2 transition rates, etc.) to the low-lying col-
lective bands in adjacent nuclei with the same number of
active nucleons, an underlying symmetry was suggested
by Heyde et al. [3]. Treating the multiparticle-multihole
(mp-mh) excitations in terms of interacting boson parti-
cles [called U„(6)] and holes [called Uh(6)], the combined
group U„(6) Uh(6) contains most of the dynamics of
the total system.

The physics contained in studying the group structure
U„(6) I3 Uh(6) where m particles outside the closed shell
can be considered as 2

"particle" bosons (index p) and
n holes in the closed shell treated as 2

"hole" bosons (in-
dex h) is rather interesting. If the nuclear Hamiltonian
describing the interacting system of particle and hole
bosons would be fully symmetric under the interchange of
particle and hole variables, the nuclear dynamics would
be independent of the specific nature of the valence nu-
cleons outside the closed shell. Then, the "particle" and
"hole" bosons could be treated on equal footing. Since
in a number of nuclei the energy spectra associated with
n holes nh, (n —2)h-2p, (n —4)h-4p, ..., np (n particles),
i.e., always changing a hole pair into a particle pair (or
the other way around) are very similar (see, e.g. , the
4h ground-state band, the 2p-2h 0+ intruder band and
the 4p ground-state band in Pd, Sn, and Xe nuclei, re-
spectively, with equal neutron number), this particle-hole
symmetry seems to hold to a rather good degree. The
above idea of transforming a "particle" pair (or boson)
into a "hole" pair (or boson) (or the other way around)
very closely follows the idea of transforming a proton into

a neutron (or a neutron into a proton) related to raising
and lowering operators, isospin symmetry, and the use
of isospin multiplets. It is now possible to reduce the
U„(6)Uh (6) group such that a spin-1/2 variable, related
to the SU(2) group, called "I"spin (from intruder state),
explicitly appears. The technical details have been dis-
cussed in Ref. [3].

The similarity of the idea of intruder analog states and
associated multiplets can be made even more transpar-
ent. Characterizing a particle boson by a "spin" I = 1/2
and projection I, = +1/2 and a hole boson by "spin"
I = 1/2 and I, = —1/2, the same algebraic structure is
obtained for building multiparticle-multihole configura-
tions as the one which exists for neutron-proton systems
composed of fermions (based on isospin or T spin) or
bosons (based on F spin, see [4]). So, we obtain the
intruder analog or I-spin states as

N (N —sa)
)

The first tests of this way of classifying various mp-nh
configurations were performed in the Sn region [3,5]. In
these nuclei, I = 1 multiplets contain the regular ground-
state bands in even-even Pd and Xe nuclei as well as the
proton 2p-2h 0+ intruder excitation observed in the even-
even Sn nuclei [2]. Even though "local" perturbations
within the intruder analog classification can occur for
certain states [5—11] (in particular at the low-spin 0+,
2+ part of the intruder band) a "global" intruder analog
symmetry is rather well preserved. Application to the
I = 3/2 multiplet for iioRu ii4Cd, iisTe, i22Ba [3] and
iosRu, ii Cd, i2 Ba [5] has been performed. There seems
a remaining problem with the unambiguous identification
of a 0+ intruder state (and eventual higher band member)
in the even-even Te nuclei.

The same idea of trying to classify a number of collec-
tive bands, appearing in various nuclei, within a single
intruder analog multiplet might be applicable to other
mass regions too where 0+ intruder states have been ob-
served.
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Experimental evidence for low-lying bands in ' Pb
recently obtained by Heese et al. [12] make it possible to
test the validity of the intruder analog classification in
the Pb region too. Until then, evidence for a steady
decrease for the lowest-excited 0+ intruder state in even-
even Pb nuclei was made clear by the studies of Van Dup-
pen et aL [13—15] but because of the beta-decay feeding,
good evidence for a well-developed band structure, and
thus of a good test of I spin was missing. Very recently,
Nazarewicz made the suggestion [16] that the now ob-
served bands could be due to an I = 2 (4p-4h) structure.
This would, due to their membership in such an I = 2

multiplet, indicate a close similarity with 6h-2p config-
urations in even-even ' 4Pt nuclei and with the 8h
configurations in W. The connection with a 6h-2p
structure in the Pt nuclei indicates that this band would,
in general, not be the ground band. In the Pt nuclei
the ground-state structure changes at A = 186—188 f'rom

a narrowly spaced intruder band with a possible 6h-2p
configuration, into a more widely spaced band with reg-
ular 4h structure for A & 188 (see also Ref. [2], Fig. 3.26).
These band similarities were shown to hold rather well in
s Pb- Pt and Pb- Pt by comparing correspond-

ing gamma-ray transition energies [16,17]. In order to
complete the I, = 0, —1, —2 part one should also consider
the i s'isoW ground-state bands [18]. The illustration for

W- Pt- ssPb is given in Fig. 1. The intruder ana-
log multiplet is "normalized" at the spin J" = 8+ level
in order to avoid possible "local" perturbations that are
more probable to occur at the lower-spin states (i.e. , for
the 0+, 2+ levels) of the intruder bands in Pt and Pb
nuclei. It remains to be seen if similar structures exist in
the even-even ~9 Rn and Th nuclei. 2.5- 6+

10
(&0')

If we now use the classification backwards and start
&om the known 0+ excitation energies [E (0&+) 0.5
MeV] of the regular 4h band (members of an I = 1 mul-

tiplet) in the ' Pt nuclei, one can estimate for a pure
I = 1 multiplet the Iz = 0 2p-2h member in the xs6, &ssPb

nuclei. On this basis one expects the 0+ intruder state
in these Pb nuclei to appear at AE 0.5 MeV above
the 0+ bandhead observed by Heese et al. [12] (Fig. 2).
Why in some Pb nuclei the 4p-4h states occur below the
2p-2h states still needs to be explained.

This classification implies that for Pt nuclei with mass
number A & 188 (where the 4h structure becomes low-

est), the equivalence with the band structure associated
with the 2p-2h intruder states in Pb should result in a
significantly wider band spacing. Because of the scarce
amount of data on collective bands in 9 Pb this is

not easily verified but a detailed analysis of band mixing
seems to support a wide band spacing in these Pb nuclei

[13—15].
In conclusion, it is shown that a new classification of

multiparticle-multihole intruder excitations near closed
shells, based on the concept of an intruder analog I spin,
can be used to classify various bands in the Pb region
as members of an I = 2 multiplet. In this interpretation
the lowest intruder configuration in the nuclei ' Pb
has 4p-4h character and constitutes the I, = 0 member
of the I = 2 multiplet. Using the known relative spacing
between the I = 1 (2p-2h) and I = 2 (4p-4h) bands in
i z'is4Pt (I, = —1), a prediction is made of the excitation
energy of the 2p-2h band in ' Pb (I, = 0).
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FIG. 1. Suggested members of the I = 2 intruder analog
multipiet with an Sh ( W) I = —2, 6h-2p (excited band
in Pt) I, = —1, and 4p-4h (excited band in Pb) I, = 0
structure. The normalization is made at the spin J = 8+
level. The very neutron deficient isotopes I, = +1 ( Rn)
and I, = +2 ( Th) have no known corresponding bands.

FIG. 2. Comparison of the N = 106 Pb and Pt col-
lective bands. The bands are suggested as members of an
I = 2 intruder analog multiplet and are normalized at spin
J = 8+. From the excitation energy of the less deformed
4h band in Pt, an energy for the related multiplet mem-

ber I = 1, I = 0 in Pb is suggested (dashed lines on the
extreme right side of the figure).
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