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Abstract. The high spin states of '**Gd have been studied via the "' Cd(®*Cl, 1p2n) reaction at 170 MeV.
One dipole cascade has been newly found and two dipole cascades have been extended to higher spin
states. A relatively long E2 cascade consisting of irregular transition energies has been found, which has
only weak connections to the other dipole and quadrupole cascades. This resembles the ones recently found
in 1421431445, and 144Gd. The dipole and quadrupole cascades have been found to appear by turns in an
energy increment of about 0.2MeV above the yrast line.
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transitions and level energies

Europium and gadolinium nuclei just below the semi-
magic '46Gd core are rather spherical at low excitation
energy. However, as the excitation energy and the spin get
higher, many different nuclear structures are showing up
along the yrast line. One of the most interesting characters
is the coexistence of the dipole and quadrupole cascades
in the yrast region. In fact such cascades were found in
142,143,144 Fy and '*4Gd recently [1,2]. The main purpose
of this study is to search for such cascades coexisting along
the yrast line in 43Gd.

We made an in-beam spectroscopic study on high spin
states of 143Gd by the reaction of 111Cd(**Cl, 1p2n)43Gd.
A T-mg/cm? thick Cd foil, enriched in *'Cd to 96.30%
was bombarded with a 170-MeV 3°Cl beam provided by
the tandem accelerator at Japan Atomic Energy Research
Institute(JAERI). Gamma-rays from excited states popu-
lated after the reaction were measured by a ~y-ray detector
array [3] consisting of 11 BGO anti Compton spectrome-
ters in coincidence with charged particles detected by a Si
ball [4] made up of 21 detector segments. Approximately
3.1 x 108 two- or higher fold -7 events were collected and
sorted into an individual E, — E, matrix tagged with the
number of protons and « particles detected in the Si ball.
A relatively clean matrix for the 1pxn-channel was ob-
tained by subtracting 2p and 1pla contributions from the
1p matrix. We constructed the level scheme of 3Gd as
shown in Fig. 1 using this matrix. The spins and parities
were deduced from the DCO ratios evaluated using the

spectra gated by the appropriate stretched E2 transitions
at lower excitation energy.

Before this experiment, two AI = 1 and one Al = 2
sequences (denoted by “(A)”, “(B)” and “(C)” in Fig. 1
respectively) were known up to %+, 375, %_ states re-
spectively [5]. We could extend these sequences to higher
spin states as shown in Fig. 1. We could identify a new -
ray of 70 keV at the bottom of the sequence “(B)” which
was overlooked in [5]. The existence of this transition was
finally confirmed by the observation of a new dipole cas-
cade (denoted by “(D)” in Fig. 1) decaying to both “(A)”
and “(B)”.

Also we could observe the unfavored I,,x — 1 mem-
bers of the coupling (vh7')®(2F,4 in 44Gd) slightly
2
above the favored I,,x members. Corresponding states
have been already observed in the N = 79 isotone 1 Sm|[5]
at similar excitation energies.

Moreover three new quadrupole cascades denoted by
“(E)?, “F)” and “(G)” have been found. Among them
the sequence “(G)” is of a peculiar character that it has
only weak connections to the other dipole and quadrupole
cascades and decays mostly through an irregular sequence
of E2 transitions between 500 and 800 keV. This feature
resembles those of the similar sequences recently observed
in neighboring nuclei [1,2]. Unfortunately we could observe
too few transitions decaying out from the sequence “(G)”
to account for its population intensity.
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Fig. 1. The level scheme of “*3*Gd

tively. This means that more high spin proton particles or

2or i neutron holes are involved in the sequence “(B)” than in

18- > “(A)”. In the cascade “(D)” which is of the highest exci-

16 22 tation energy among the dipole cascades identified here,
% 14+ - there were no crossover E2 transitions observed.
= ol i The excitation energies of the sequences from “(A)”
& 4ol to “(G)” were shown as functions of the spin increments
Ej ol8~ | relative to the 1—21_ state in Fig. 2. The ordinate is the
;:'r’ 06k i excitation energy relative to the %_ state from which
S o4l | the average yrast line(0.4*(I — 1)) is subtracted. It is
N interesting to see that the dipole and quadrupole cascades
g o2r 7 appear by turns in an energy increment of about 0.2MeV
UIJ’ 0.0+ - above the yrast line. Theoretical study is necessary for
w 02k i understanding this phenomenon.
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Fig. 2. The excitation energies of the sequences from “(A)” to
“(G)” were shown as functions of the spin increments relative
to the % ~ state. The ordinate is the excitation energy relative

to the L1~ state from which the average yrast line(0.4%(I— 1))
is subtracted

B(M1)/B(E2) ratios have been deduced to be 7.9(5),
44(6) and 51(17) (un/eb)? for the decays from the 3—21+
state in “(A)”, the (3 7) and (4}) states in “(B)” respec-

providing the heavy-ion beams.
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