Observation of a core-excited E4 isomer in *Cd

A. Blazhev,2 M. Gérska,"3 H. Grawe,! J. Nyberg,* M. Palacz,® E. Caurier,® O. Dorvaux,® A. Gadea,”
F. Nowacki,® C. Andreoiu,® * G. de Angelis,” D. Balabanski,? T Ch. Beck,® B. Cederwall,® D. Curien,® J. Doring,*
J. Ekman,® C. Fahlander,® K. Lagergren,” J. Ljungvall,* M. Moszynski,'® L.-O. Norlin,” C. Plettner,’ D. Rudolph,?
D. Sohler,!* K.M. Spohr,'? O. Thelen,'® M. Weiszflog,'* M. Wisell,'* M. Wolisiska,? and D. Wolski'?

1GSI, Planckstr.

1, D-64291 Darmstadt, Germany

2 University of Sofia, Sofia, Bulgaria
?Katholieke Universiteit Leuven, Leuven, Belgium
4 Department of Radiation Sciences, Uppsala University, Uppsala, Sweden
>Heavy Ion Laboratory, Warsaw University, Warsaw, Poland
IReS, Strasbourg, Cedex 2, France
7INFN Laboratori Nazionali di Legnaro, Legnaro, Italy
8 Division of Cosmic and Subatomic Physics, Lund University, Sweden
YDepartment of Physics, Royal Institute of Technology, Stockholm, Sweden
108oltan Institute for Nuclear Studies, Swierk, Poland
H Institute of Nuclear Research, Hungarian Academy of Science, Debrecen, Hungary
2 University of Paisley, Paisley, Scotland
BIKP, Universitit zu Koln, Kéln, Germany
4 Department of Neutron Research, Uppsala University, Uppsala, Sweden
(Dated: February 27, 2004)

A core-excited I™=(12") spin-gap isomer was identified in **Cd in an experiment at EUROBALL
IV. It was found to feed the known I™=(8") seniority isomer by an E4 transition. Half-lives of
Ty, = 0.23(3) ps and 0.17(S) us were measured for the two states at E, = 6635 keV and
2428 keV, respectively. From the excitation energy of the core-excited isomer a '°°Sn shell gap
of 6.46(15) MeV is inferred. The measured E4 and E2 strengths, '°°Sn core excitations and the
origin of empirical polarisation charges are discussed in the framework of large-scale shell model
calculations. An E2 polarisation charge for protons of de. < 0.4 e is found, which corresponds to

+20

the empirical value dex = 0.45(73;) e in the pure proton hole valence space.

PACS numbers: 21.60.-n,21.60.Cs,23.20.Lv,27.60.4+j

I. INTRODUCTION

Doubly-magic nuclei far off the stability line have been
subject to many theoretical studies with respect to their
shell structure and single particle energies [1], their sus-
ceptibility to core polarisation and coupling to the contin-
uum [2], and to realistic interactions derived from the free
NN interaction by G-matrix based many-body theory [3—
5]. Therefore 19°Sn, the heaviest N = Z doubly-magic
nucleus, and besides “8Ni [6], the only doubly-magic nu-
cleus situated at the proton dripline provides an excellent
study ground of these topics.

Since the first observation of excited states in ?Cd
via population of an I™ = (8%) isomer [7] in a fusion-
evaporation reaction, the extremely small proton polari-
sation charge de, < 0.1 e as derived, assuming a pure
proton hole valence configuration, from the measured
half-life was a puzzling fact. Moreover, a follow-up exper-
iment employing fragmentation and in- flight separation
[8] yielded a much shorter half-life and de, = 0.3 e. A
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solution to this puzzle was proposed by invoking the ex-
istence of a second, core-excited I™ = 121 isomer, which
in fusion-evaporation reactions is populated with much
larger cross section (isomeric ratio) than in fragmenta-
tion [9]. Recently below Z = N = 50 a number of spin-
gap isomers were identified [10-12], which cannot be ex-
plained in the minimum valence space 7v(py /2, gg/2) but
require excitations of the 1°°Sn core [13]. The identifica-
tion of core-excited states in ®®Cd combined with a shell-
model estimate of residual interactions provides a very di-
rect measure of the 1°°Sn shell gap [9]. Estimates for this
value have been obtained so far by a shell-model based
extrapolation from °Zr [14] and a shell-model analysis
of core-excited states in *°Cd and °'In [15].

In the present paper the identification of a core-excited
isomer in °®Cd, its interpretation in large-scale shell
model calculations and an inferred measure for the 1°°Sn
shell gap are described. Implications for the susceptibil-
ity of the 1%9Sn core to E2 polarisation and the existence
of long-lived core-excited isomers in and around '°°Sn
are discussed. The search for prompt-delayed coincident
new ~-ray transitions will be described in a forthcoming

paper.



II. EXPERIMENT AND ANALYSIS

A fusion-evaporation reaction is the most effective way
to study in-beam the structure of nuclei in the °°Sn re-
gion. A pulsed beam of 58Ni served as projectile and as a
time reference for the 46Ti(*Ni,a2n)?®Cd reaction. The
pulse repetition time was At= 330 ns. The “5Ti target
of 1 mg/cm? thickness was made of a material enriched
to 86%. The EUROBALL [16] spectrometer consisting
of 26 Clover [17] and 15 Cluster detectors [18] was used
in combination with the EUCLIDES [19] Si-ball and the
Neutron Wall [20]. In this way the identification of the
reaction channel was assured and prompt v rays emitted
directly from the target were measured. Downstream
from the thin target, at a distance of 1.19 m, a catcher
foil was mounted where the recoiling nuclei were stopped
after a flight time of about 100 ns. The experimental
set-up is schematically shown in Fig. 1.

Ge-Cluster and
Ge-Clover

FIG. 1: Schematic sketch of the experimental set-up.

The foil had an inner hole to let the non-interacting
beam particles pass through. Around the catcher an ar-
ray of two Cluster and one Clover detector was placed in a
close geometry to assure high efficiency for gamma rays
from decaying isomeric states which lived long enough
to survive the flight time between the target and the
stopper. An event from data acquisition was accepted
whenever at least one gamma ray (prompt or delayed
within 1500 ns) was registered together with at least one
prompt neutron prediscriminated from gamma rays de-
tected in the neutron wall by hardware pulse shape anal-
ysis. The whole data set was scanned for possible gain
and time shifts and matched with the help of the pro-
gram ALIGN [21]. The efficiency of the y-ray spectrom-
eter around the target was 8.1% in this configuration
and 3.3% for the downstream array at 1.3 MeV 4-ray en-
ergy after applying add-back. The energy and efficiency
calibrations were performed using standard sources (i.e.
%6Co, %?Eu and '33Ba). The energy calibration of the
downstream array above 3.5 MeV was analysed via com-
parison of extrapolations of first and second order poly-
nomial fits and accounting for the energies of the single
escape peaks. The absolute efficiency of the downstream
array was estimated relative to the target array (Clus-
ters and Clovers). The catching efficiency amounted to
about 40% for the case of *Cd. This was estimated from

the simulation code PACE [22], which includes reaction
kinematics, slowing down and multiple scattering pro-
cesses in the target. The neutron efficiency of the Neu-
tron Wall was 25%.The charged particle efficiencies of
the EUCLIDES array were different in coincidence with
gamma rays from the target and those measured around
the catcher foil. This is a result of the correlated detec-
tion efficiency for evaporated charged particles in coinci-
dence with residues hitting the catcher, due to reaction
kinematics. The catcher covers the most forward part
of the recoil cone corresponding to preferential forward
and backward particle emission, where their detection ef-
ficiency is reduced due to the holes in EUCLIDES array
for the beam entrance and exit, and due to the absob-
tion in detector absorber at low energy of the evaporated
particle. Therefore the effect is the highest when the
recoiling nucleus was created after an a-particle evapo-
ration. The efficiencies of the EUCLIDES array based on
~-rays emitted at the target (catcher) position were 60%
(55%) for protons and 40% (15%) for alpha particles.

The experimental set-up and the structure of the data
allowed to collect coincidence spectra between prompt
and delayed, prompt-prompt, and delayed-delayed ~ rays
gated with different particle conditions. The time win-
dow for the delayed ~y rays was optimized between 90 and
1240 ns after arrival of the beam pulse on target, which
accounts for the target - catcher flight time of recoils and
gammas. The single vy-ray spectra with various combi-
nations of coincident particles were used for the identi-
fication of the reaction exit channel. In the analysis the
software packages RADWARE [23] and ROOT [24] were
used.

III. RESULTS
A. v~ and particle — v coincidences

The four known 7-ray transitions [7] were observed in
the delayed spectra and their origin from %¥Cd was again
confirmed. However, in the higher energy part of the
particle gated spectra a new line at 4207 keV was ob-
served. This part of the gamma-ray spectra created with
different particle conditions is shown in Fig. 2.

From the appearance of this line in the
0aOpln(Fig. 2(a)), 1a0pln(Fig. 2(c)), 0a0p2n(Fig. 2(d))
and 1a0p2n(Fig. 2(e)) gated spectra, and its absence in
the Oalpln(Fig. 2(b)) gated spectrum it was deduced
that the transition occurs in a nucleus produced in
an a2n exit channel. The line was not visible in the
2a-gated spectra, but due to the very low efficiency for
the o particles in coincidence with ~v-rays emited at
the catcher position (see above) it was very difficult to
make a firm conclusion. Inspection of the coincidence
matrices proves that this high-energy line is in delayed
coincidence with the other four transitions belonging
to %8Cd, as demonstrated in Fig. 3. To exploit the full
statistics all possible particle conditions were used for
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FIG. 2: High-energy portion of the ~-ray spectrum gated
by various conditions on evaporated particles as follows: (a)
0aOpln, (b) Oalpln, (¢) laOpln, (d) 0aOp2n, (e) 1aOp2n.

the summed energy and time spectra, namely 0aOpln,
0a0p2n, 0a0p3n, 1a0pOn, 1al0pln, 1a0p2n and 1a0p3n.
Since discrimination of the scattered neutrons was not
applied, the 3n condition also provides ~-rays correlated
with the (1a2n) exit channel.

B. Time spectra and half-life analysis

Three different methods have been employed to de-
termine half-life values and limits for the isomers at
6635 keV, 2428 keV and 2281 keV excitation energy
(Table I). The background subtraction and the fitting
procedure were optimised analysing the decay of the
I™ = 8% isomer in '°°Cd, which yielded a half-life value
of Ty = 61(1) ns in good agreement with Ref. [25].
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FIG. 3: Spectrum gated on the 4207 keV line. The inset shows
the high-energy part of the cross coincidence spectrum created
by the sum of gates on the 147, 198, 688 and 1395 keV lines
with particle condition 0aOpln, 0aOp2n, 0aOp3n, 1a0pOn,
1la0pln, 1a0p2n and 1a0p3n and with unresticted coincidence
time window.
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FIG. 4: Background subtracted time spectrum of the

4207 keV line with particle gates on 0aOp1ln, 0a0p2n, 0c0p3n,
1a0pOn, 1a0pln, 1a0p2n and 1a0p3n. The fit region is 105 -
1240 ns with reference to the beam pulse on target.

Figure 4 shows the background subtracted time-delay
spectrum with reference to the beam pulse on target
for the new 4207 keV ~ ray, which precedes the known
I™ = (8%) isomer. The half-life resulting from a single
exponential fit is T/, = 230(f§8) ns. This value along
with the strong feeding intensity (Table I) explains the
long apparent half life inferred previously in a similar
experiment for the I™ = (8*) state [7].

In view of this fact, the similarity of the lifetimes
involved and the experimental uncertainties it is not
promising to apply the same method to the time dis-
tribution of the 1395 keV ~ ray to infer the I™ = (8%)
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FIG. 5: Time delay spectrum yv(t) with start on 4207 keV ~v
ray and stop on 7OR” of 688 and 1395 keV + rays. (Particle
gate on 0aOpln, 0a0p2n, 0aOp3n, 1a0pOn, 1a0pln, 1a0p2n
and 1a0p3n.)

half-life from a two exponential component fit. Therefore
this lifetime was determined from a yv(t) time distribu-
tion with start on the feeding 4207 keV line and stop by
the 688 keV and/or 1395 keV ~-rays below the I™ = (8%)
isomer. The time spectrum shown in Fig. 5 is virtually
background free, and from a single exponential fit a half-
life Ty = 170(*5)) ns was determined. The additional
delay in the I™ = (61) state (see below) will enlarge
the error bars given above only marginally. Within these
error bars the value agrees well with the result from a
previous fragmentation experiment [8].

It has been stated before that from nuclear structure
arguments a half-life for the I™ = (6T) state in the
10 — 20 ns range is expected [7]. This is too short for a
~v7(t) delay curve analysis, since low-energy ~y rays, which
are subject to large time walk, are involved. Therefore
the centroid shift method [26] was applied in this case.
In Fig. 6 the centroids of the low-energy 147 keV and
198 keV ~-ray time distributions gated by coincidence
with the 1395 keV v ray are shown. The time-zero line
is determined from the time distribution of the Compton
background, which is known to provide a good reference
[26]. As expected from the decay scheme (Fig. 7) the
198 keV line is prompt, while the 147 keV centroid is
clearly shifted. A limit on the half-life, T/, < 20 ns, is
deduced from this shift at a 20 confidence level.

C. Level scheme and spin-parity assignments

Based on the coincidence relations, the y-ray intensi-
ties and the half-lives (Table I), the decay scheme shown
in Fig. 7 is proposed.

This implies that the high-energy v ray is the primary
E4 isomeric transition. An odd-parity assignment is dis-
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FIG. 6: Time-zero line of gammas in coincidence with the
1395 keV line. The reference line is a fit to the centroids of
the time distributions for prompt coincidence. The energy
dependence reflects the time walk. The centroid shift of the
147 keV line compared to the time-zero line(time of 198 and
1395 keV lines) is a direct measure of the 67 state lifetime.
(Particle gate on 0aOpln, 0a0p2n, 0a0p3n, 1a0pOn, 1a0pln,
1la0p2n and 1a0p3n.)

TABLE I: Level energies, spin-parity assignments, half-lives,
~-ray energies and intensities

E, Ir Ty /2 E, I, I7
[keV] [ns] [keV] [%]
1395 2% - 1394.9(2)  100(15) 0F
2083 (4h) - 687.8(3)  105(15)  (2*)
2281 (61) <20 198.2(2) 80(15)  (41)
2428  (8%)  170(*59) 147.1(2) 70(15)  (67)
6635  (12%)  230(*30) 4207(2) 50(35)  (8T)

carded on the following grounds: (i) Excitations to the
hi1/2 orbit are expected to be at least 2.5 MeV above
those to the d5 5 and g7/, orbitals [27]; (ii) the coupling of
a possible low-lying I™ = 3~ state in 19°Sn [28] to the 8
isomer would decay back by a non-isomeric high-energy
E3 transition. On the other hand the E1 transition of
a 127 state to such an 11~ state would be highly con-
figuration hindered due to particle- and I-forbiddance.
Alternatives for the spin-parity assignment to the new
isomer and its v decay require the existence of a non-
observed highly converted primary E2 transition. The
close structural analogy between 1°°Sn and 5Ni [9, 29]
would suggest a 127 — 10T — 8T sequence as inferred
from the analogous 107 — 8t — 6% cascade in °*Fe
with an E2/FE4 branching ratio of 54 : 1 [30, 31]. From
the present spectra (Figs. 2,3) the branching of a second
high-energy ~-ray within +100 keV of the 4207 keV tran-
sition can be restricted to be < 10 %. The dominance of
the E2 branch in *Fe after proper scaling with mass A
(radius dependence of EL operator), transition energies
(E,%L“) and internal conversion reduces to less than 1 : 1
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FIG. 7: Experimental level scheme of °®Cd in comparison
to empirical shell model results in the pure configuration
Wg;/zzug;/lzds/z (ESM) and in the full 7v(gds) model space
at truncation level ¢ = 4 (GDS).

in “8Cd assuming an 80 keV lower observational limit for
the E2 transition. Based on the assumption of an un-
changed relative reduced E4 and E2 strength between
56Ni and '9°Sn, this is at variance with the experimental
observation of one dominating transition. Therefore the
hypothetical 10" would lie either less than 80 keV below
the 127 state, or above, leaving an E4 assignment for
the observed 4207 keV transition. A second alternative
consistent with the observed v decay, a 147 — 127 — 8¥
sequence, is unique for 1°°Sn and has no counterpart in
?Fe. Due to the near-degeneracy of the ds/ and gz/s
neutron orbits [27] the I™ = 14" state of configuration
7(go/2)s+ Vgg/1297/2 can come very close to the I™ = 12T

state involving the ds/o orbital. The corresponding 12+
state in ®*Fe cannot be isomeric as the vp3/2 — f5/2 split-
ting is 1.03 MeV in %5Ni [27]. In conclusion E4 character
was infered for the 4207 keV primary - ray originating
from an I™ = (1271) state. From the present data, how-
ever, the existence of a 10T and/or 14" state close below
and/or above the I™ = (121) isomer cannot be excluded.
For further discussion see Sec. IV.B.

IV. DISCUSSION
A. Shell model calculation

To address the issues outlined in the introduction
(Sec. I) shell-model calculations were performed in two
different approaches that will be described below. The
nucleus '°°Sn has been used as an inert core in numerous
shell-model calculations (see [27] for a recent review) and
derivations of realistic interactions [3-5]. From the strik-
ing similarity of its single-particle structure to 56Ni [27],
one major shell below, it can be inferred, however, that
its ground state contains a similar percentage of multi-
ple particle-hole (ph) excitations as *°Ni [32, 33]. On
the other hand, particle-hole shell-model calculations in
minimum model spaces using empirical interactions were
performed for N < 50 nuclei to account for core-excited
states [34] and Gamow-Teller 3 decay [35, 36]. In the
present paper we employ these two extreme approaches
to enlighten the experimental data on core-excited states
and electromagnetic transition rates.

1. Large-scale shell model (LSSM)

With the availability of large-scale shell model codes
such as ANTOINE [37, 38] and NATHAN [38-40] it
has become possible to perform untruncated calculations
with monopole corrected interactions in the (p,f) shell
up to %9Zn [41], which makes an extension to °9Sn in-
cluding np — nh excitations a new challenge. We have
chosen the (gds) model space comprising the 0g, 1d and
25 orbitals above a hypothetical 89Zr core using a real-
istic G-matrix based interaction as described in [3]. As
807r in its ground state is not spherical, single-particle
energies were estimated from the global predictions of
Ref. [42]. Monopole corrections were applied to re-
produce the extrapolated single-particle/hole energies of
1008y [27] including a shell gap of 6.50 MeV. The higher
multipoles were scaled by a factor of 1.15 yeilding a con-
sistent description of the core-excited isomers in the re-
gion [12]. Effective £2 and E4 polarisation charges of
0.5 e were used to calculate transition rates. In Fig. 8
the convergence of the shell model with the number of
ph excitations ¢ included in the calculations is shown (¢
is referred to as the truncation level). Clearly at t = 4
near-convergence has been reached for all observables.
Therefore time consuming calculations with ¢ > 4 were
not performed. The final results, furtheron referred to as
GDS, are shown in Fig. 7 and discussed in Sec. IV.B.

2. Empirical shell model (ESM)

In an alternative empirical approach the pure config-
urations 7799_/22 and mgg /22ugg_/12d5 2 were assumed for the
proton valence space and the core-excited states, respec-



tively. The 7799_/22 TBME were taken from the experi-
mental 8Cd spectrum and the wg;/éugg/é, wg;/él/d5/2
and Vg;/12d5 /2 interaction energies from 90,92Nb and 2°Zr

[30] using the Pandya transformation to convert pp into
ph TBME. The shell gap was taken as 6.78 MeV [27] and
configuration mixing was neglected.

B. Comparison to experiment
1. Level energies and *°°Sn shell gap

In Fig. 7 the experimental decay scheme of the I™ =
(12%) and (8") isomers is compared to the results of the
LSSM calculation at t = 4 (GDS) and the empirical ESM
approach. The two-proton hole valence levels of predom-
inant (68 %) 7799_/22, I™ = 07 — 8", which serve in the
ESM approach as input, are excellently accounted for by
the GDS calculation.

The excitation energy of the core excited I™=12" iso-
mer is determined by the 1°°Sn neutron shell gap, which
in the GDS calculation is adopted to be identical to the
proton gap as can be inferred from a comparison to %6Ni
[9], and by the interaction energy in the leading config-
urations 7Tg§/221/g§/12(d5/2,g7/2). The latter is dominated
by the strongly binding 7g, /22 ugg/12 interaction energy,
which is approximately equal to the 7rg§/22 pairing energy
(see e.g. [29]). Therefore the excitation energy of the
isomer is a direct measure of the 1°°Sn shell gap. This is
corroborated by the analogous situation in *°Ni, namely
the I™=10" isomer in *'Fe at E, = 6527 keV [31] as
compared to an average 6.410 MeV shell gap for protons
and neutrons [29]. In the present shell-model approaches
shell gaps of 6.50 MeV (GDS) and 6.78 MeV (ESM) were
adopted. From a comparison to the experimental core-
excitation energy as documented in the 127 — 8% tran-
sition energy values of 6.47 MeV (GDS) and 6.46 MeV
(ESM) are inferred to match theory and experiment.
Therefore an average value of 6.46(15) MeV is adopted
for the shell gap with the error stemming from systematic
model and interaction dependent uncertainties including
a contribution by an unobserved low-energy ~-ray tran-
sition (see Secs. III and IV.B.2). The value is in good
agreement with previously quoted values and uncertain-
ties [14, 15] but much less affected by systematic ambi-
guities.

The level sequence in the GDS calculation suggests the
existence of an I™ = 141 E6 yrast trap, which is stable
in its position for t > 1 (Fig. 8). Inspection of the wave
functions reveal a leading configuration mggy /221/g§ /1297/2

for this state in contrast to the 7rg;/22ug;/12d5/2 configura-

tion for the I™ = 127 state. This explains the deviating
sequence in the ESM estimate, which excludes the vgz /o
orbit. On the other hand the results for °!Sn for all lev-
els of truncation reproduce the extrapolated vds o — g7/2

TABLE II: Experimental and shell model E2 and FE4
strengths in Weisskopf units (for £2: 1 W.u. = 26.84 ¢*fm*
and for £4: 1 W.u. = 12830 ¢*fm®). Polarisation charges of
0.5 e were used for the E2 and E4 operator, respectively.

I —1I7 E, oL GDS EXP
keV] [W.u] [W.u]
6T — 4T 198 E2 5.14 >3
8T -6t 147 E2 2.03 1.3(4)
1.1(2)"
12t — 8* 4207 E4 0.41 3.4(7)
14T — 127 <80 E2 0.20 >4.9°
127 — 10" <80 E2 0.69 >4.9¢
10t — 8t - E2 0.013 -
9Ref. [8]

b Alternative decay sequence 1417 — 12+ — g+
¢Alternative decay sequence 12T — 10T — 81

splitting, which is inferred from the experimental 1°3Sn
single-particle states [44]. The existence of an I™ = 14T
yrast trap cannot be excluded by the evidence from the
present experiment. An E6 «-ray branch would not com-
pete with g-decay and, moreover, due to the long half-life
(0.1—1s) would exceed the maximum observational time
range limit of 1.2 us covered in the present experiment.
A possible 127 — 14% branch would escape observation
due to high internal conversion and the weak E2 transi-
tion strength (see Sec. IV.B).

2. Electromagnetic transitions and E2 polarisation charges

In Table II E2 and F4 transition strengths as calcu-
lated in the GDS approach at t = 4 are listed and com-
pared to experiment. For the high-spin isomer besides
the most likely 127 assignment and E4 isomerism the
options of highly-converted E2 transitions 127 — 10T
respective 147 — 127 are listed with lower limits based
on the observational limit of £, > 80 keV. In spite of
the large experimental uncertainties in the present work
it seems that the GDS calculation with standard po-
larisation charges 0.5 e overestimates the 87 — 61 E2
strength. This is even more apparent in comparison to
a previous measurement of much higher statistical pre-
cision [8], which in view of the present work may, how-
ever, be subject to systematic errors due to the unknown
feeding by the core-excited isomer. Therefore we in-
fer from the present work an upper limit de, < 0.4 e
for the proton polarisation charge. The B(E2) value
quoted in Ref. [8] would correspond to the more strin-
gent limit of de, < 0.2 e. The neutron contributions
were corrected for by assuming the LSSM values with
e, = 0.5 e. This has to be compared to the two-neutron
nucleus '°2Sn. An E2 transition strength has been mea-
sured to be B(E2;6%7 — 4%) = 11675) ¢*fm? [45], from
which with the GDS value 85 e?fm? at truncation level
t = 4 a neutron polarisation charge de, = 0.6(1) e is
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deduced. This supersedes the value of Ref. [9] (SDG)
which was obtained at ¢ = 3. These effective charges are
in remarkable agreement with core polarisation calcula-
tions, that predict a large isovector effect [46, 47]. On
the other hand the simple formula quoted in Ref. [4§]
with reduced isovector strength, yielding de, = 0.33 e
and de,, = 0.65 e, accounts for the experimental values.
The E2 core polarisation is made up from two contribu-
tions, a high-energy part due to AN = 2 ph-excitations
to the next harmonic oscillator (HO) shell with the same
parity, i.e. the giant quadrupole resonance (GQR), and
a soft part due to ph excitations within the valence HO
shell, which can be calculated in the LSSM approach.
Therefore, assuming convergence of the LSSM calcula-
tions, the extracted experimental limits and values re-
flect the GQR tail contribution to the effective charge
and can be directly compared to the quoted theoretical
predictions [46-48].

Very often effective charges are routinely extracted
by assuming minimum model space valence configura-
tions. These normally much larger empirical polarisa-
tion charges contain the soft ph excitations and are very
much dependent on the purity of the assumed valence
configuration. On the theory side these values should be
compared to RPA results based on Skyrme Hartree-Fock
calculations [2]. The LSSM results on E2 strengths open
an interesting insight into the microscopic nature of ph

excitations and empirical effective charges. In a single-j
shell ESM approach all £2 matrix elements are propor-
tional to each other. For the 7rg§/22 configuration in %Cd

this results e.g. in the relation B(E2;8 — 6) : B(E2;6 —
4) 1 Q*®8) = 1 :2.50 : 38.3, where @ is the spectro-
scopic quadrupole moment. The LSSM results preserve
these ratios at all levels of truncation within ~1 %. This
supports the idea of valence nucleons “dressed” by ph
excitations and the concept of an effective charge. An-
other interesting result can be inferred from the compar-
ison of the t = 0 and ¢t = 4 B(FE2; Loz — Imaz — 2)
values for the proton and neutron valence nuclei *3Cd
(Imaz = 8) and 1928n (1,4, = 6), commonly believed to
have rather pure configurations outside the °°Sn closed
shells [7, 45], which in the LSSM calculations are well
converged at t = 4. The apparent empirical polarisation
charges as extracted from the theoretical B(FE2) values
are de; = 0.86 e and de, = 1.70 e. The large isovec-
tor effect is due to the empirical fact that valence pro-
tons (neutrons) are mainly polarised by neutron (proton)
core excitation as can be inferred from inspection of the
corresponding wave functions. The experimental values
for the empirical effective polarisation charge as deduced
from the present work and Ref. [45], assuming pure pro-
ton hole and neutron particle valence configurations, are
Ser = 0.45(732) e and de, = 2.0(*3) e, respectively.

Shell-model predictions of F4 transition rates are ham-
pered by the fact that little is known about the effective
operator, i.e. the polarisation charges. The GDS calcu-
lation underestimates the enhanced experimental value
at least by a factor 6, if F2 charges are used (Table II).
Though full convergence may not have been reached at
t = 4 in this case (Fig. 8), one can hardly expect more
than a factor of two increase. Increase of the polari-
sation charges within reasonable limits may account for
another factor of two, which is still a factor of 1.5 — 2.0
smaller than the experimental value. The aforementioned
analogous E4 strength in %‘Fe B(E4;107 — 6%) =
0.79(8) W.u. [30] is calculated to be 0.83 W.u. using
the KB3 interaction [49] and 1.81 Wu with FPD6 [50].
Both values are found to be converged at ¢t = 6. It is well
known though that in the (p, f) shell E4 strengths are
strongly interaction dependent [38], and thus provide a
sensitive test ground.

The alternative E2 scenarios for the core-excited iso-
merism as discussed and discarded in Sec. III.C are
clearly at variance with the shell model results as they un-
derestimate the lower experimental limits by a great mar-
gin (Table IT) against the trend observed for the 8% — 6T
transition.

V. SUMMARY AND CONCLUSIONS

A core-excited spin-gap isomer was identified in *3Cd
and tentatively assigned as an I™ = (12%1) state. Half-
lives were determined for the I™ = (127),(8") and (6T)
levels and discussed within the framework of empirical



and large-scale shell model calculations. The '°°Sn shell
gap was inferred from a comparison of the experimental
and shell model excitation energy of the I™ = (127) iso-
mer. The LSSM including up to 4p4h excitations of the
1008y core is found to excellently account for the exper-
imental observations. It is a challenge for future exper-
iments to verify the predicted I™ = 14% E6 isomer in
98Cd and a possible I™ = 67 E2 isomer in '°9Sn.
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