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The M1-scissors resonance (SR) has been measured for the first time
in the quasi-continuum of actinides. Particle-γ coincidences are recorded
with deuteron and 3He induced reactions on 232Th. An unexpectedly strong
integrated strength of BM1 = 11 − 15µ2

n is measured in the Eγ = 1.0 −
3.5 MeV region. The increased γ-decay probability due to the scissors
mode is important for cross-section calculations for future fuel cycles of
fast nuclear reactors and may also have impact on stellar nucleosynthesis.

PACS numbers: 23.20.-g,24.30,27.90.+b

1. Introduction

The γ decay of excited atomic nuclei is to a large extend governed by
collective transitions. In particular, the enhanced E2 γ decay of rotational
bands is well known. The softest collective M1 mode, the scissors reso-
nance (SR), appears when the deformed proton and neutron clouds oscillate
against each other like the blades of a scissors. Such an isovector collective
motion was first predicted by Lo Iudice and Palumbo [1].
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In the quasi-continuum region it is not feasible to measure the reduced
B(XL) values between specific states, simply because the levels are so close
in energy. Instead, one uses the concept of radiative strength function (RSF)
to measure the average electromagnetic properties of γ transitions.

The RSF is crucial input for calculating neutron-induced reaction cross
sections for neutron energies starting from the low keV range. Such data
are particular relevant for the calculations on future and existing nuclear
power reactors [2], and in stellar nucleosynthesis [3, 4]. The low energy part
of the RSF is only poorly known, and the presence of additional resonance
modes may strongly influence these cross sections.

The SR built on the ground state has been extensively studied in (γ, γ′)
and (e, e′) reactions [5]. For deformed rare-earth nuclei one finds experimen-
tally integrated strengths of BM1 = 3−4 µ2N . However, the SR may also be
built on all states according to the Brink hypothesis [6], and measurements
of the γ-decay in the quasi-continuum show significant higher SR strength.
Here, the two-step cascade method and the Oslo method give integrated
strengths of 6 − 7 µ2N [7, 8].

2. Experiment and method

The experiments were conducted at the Oslo Cyclotron Laboratory
(OCL) with a 12-MeV deuteron and a 24-MeV 3He beam bombarding a
self-supporting target of 232Th with thickness of 0.968 mg/cm2. Particle-
γ coincidences were measured with the SiRi particle telescope[9] and the
CACTUS γ-detector systems. The SiRi detectors were placed in backward
direction, covering eight angles from θ = 126 to 140◦ relative to the beam
axis. The CACTUS array consists of 28 collimated 5”×5” NaI(Tl) detectors
with a total efficiency of 15.2% at Eγ = 1.33 MeV.

The Oslo method was used to extract simultaneously the nuclear level
density and the RSF from particle-γ coincidences [10, 11]. The present
experiment allowed us to apply the method to the 231,232,233Th and 232,233Pa
nuclei.

3. Results and conclusions

The far most rich data set came from the 232Th(d,pγ)233Th reaction.
The p-γ coincidence matrix could even be separated into two independent
data sets in order to test the assumptions behind the Oslo method [12]. Fig-
ure 1 shows the SR for the two initial excitation regions E = 3.2− 3.9 MeV
and E = 4.0 − 4.8 MeV. The lower panel also displays the result using the
full data set. The SR is seen to be split into two resonances, however, the
physical reason for this is not clear. There are predictions [13] that γ defor-
mation of the nuclear shape could be responsible for the splitting, but the
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Fig. 1. The SR for various excitation-energy regions of 233Th. The strengths are ob-

tained by subtracting the underlying tail of the GEDR and GMDR. The resonance

centroid ω, width Γ and strength σ are given for the lower and higher resonance

components. For more details see Ref. [12]

model predicts a relative strength of the two components that is contrary
to our results. We have choosen the sum-rule approach [5] to obtain the
theoretical strenghts of the SR by

BM1 = ωM1S−1 = ωM1
3

16π
ΘIV(gp − gn)2µ2N , (1)

where we use bare gyromagnetic factors and ΘIV = Θrigid = 2
5mNr

2
0A

5/3(1+
0.31δ) with r0 = 1.15 fm and δ being the nuclear quadrupole deformation.
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Table 1. Scissors mode parameters.

Nuclide δ ωM1 BM1 ωM1S−1
MeV µ2N µ2N

231Th 0.183 2.49(20) 11.2(30) 17.4
232Th 0.192 2.23(20) 13.8(40) 15.8
233Th 0.200 2.24(10) 15.3(20) 16.0
232Pa 0.192 2.14(20) 14.7(40) 15.1
233Pa 0.192 2.29(20) 12.7(30) 16.3

The resonance parameters of the SR for the five nuclei measured in this
work are presented in Table 1. The agreement with the predicted sum-rule
strength is gratifying, however, the split of the SR remains to be theoreti-
cally described.
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