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ABSTRACT

i no
The Ru nucleus has been investigated via the ARC technique

which ensures a complete set of J* = 0+, 1*, 2*, 3±, 4*.
and 5 + levels up to 2 MeV. The results are discussed in the frame-
work of the IBA-1 with Consistent Q. The calculations show good
agreement with the empirical data especially for the 0+2 state,
suggesting that it can be described in terms of collective degrees
of freedom.

INTRODUCTION

The structure of Ru isotopes has received much attention
because they exhibit properties of different types of deformation.
The first excited 0 + state has been interpreted as an intruder
state ~ . The present experiment has been performed by means of
the Average Resonance Capture technique (ARC) at the Brookhaven
High Flux Beam Reactor (HFBR) using external neutron beams of mean
energy 2 and 24 keV. IBA-1 calculations have been performed in the
framework of the Consistent Q Formalism (CQF) where the parameter
X in the quadrupole operator has the same value in both the E2
transition operator and the Hamiltonian. There are only four
parameters in the Hamiltonian. Good agreement has been obtained
for both energies and absolute B(E2) values of some low-lying
states, in particular for the 0+2 state.

EXPERIMENTAL TECHNIQUE

The ARC technique has been used and a detailed description of
the filtered beam facility has been given elsewhere4. A target of
7.2g enriched to 97.8% in Ru was used and the 1 rays were
detected in a three-crystal pair spectrometer.
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Table 1: 101Ru(n,Y)102Ru ARC Results

a)
Ex(keV)

2 keV

V24)
24 keV

keV)

IR(24 keV)
J
ARC

475.1(2)
943.8(3)
1102.3(2)
1106.3(2)
1521.4(2)

1580.8(4)
1798.3(3)
1836.7(10)
1966.9(15)

100(3)
7.5(12)

81(12)
100(12)
107(8)

98(11) b)
69(5)
9(3)
4(4)

100(3)
15(1)
87(9)
74(9)
94(17)

79(3)
49(3)
12(2)
8(3)

1.00(4)
.53(9)
.9.(16)

1.35(22)
1.14(22)

1.24(16)
1.40(14)
0.75(26)
0.5(5)

2+c)
0+
2+,4(
2+,4+
3+ c)

2+c)
1+4+.5+
0+
0+.5"

2+
0+
2+
4+
3+

2+
4+
0+
0+

a) The energies are from the average of lines in 2 keV and 24 keV.
b) The intensities are corrected for contaminants.
c) J11 values from literature used for normalization.
d) J11 values are from ref. 8.

RESULTS AND DISCUSSION

J71 values of levels can be determined by comparing experi-
mental primary y ray reduced intensities IR - Iy/E y and the
ratio I R ( 2 keV)/lR(£. keV) with those predicted by a Monte
Carlo calculation . The resulting excitation energy
assignments for levels up to 2 MeV are given in Table 1.

The Hamiltonian and E2 transition operator are as follows:

and J*

H - KQ*Q - K'L'L

Q - (s+d+d+s)
(2)+ (d+d)d ) ( 2 )

T(E2)

ZRu is considered6 as a triaxially deformed nucleus with <y> =
26°. The relationship between x and <Y> gives the value of x as
-0.3 and K1 is empirically taken as 0.0137 MeV. The remaining two
parameters • and < are then determined by the least square method
such that theoretical excitation energies agree with the four well
known levels at E x - 475.1(2+!), 1102.3(2+2), 1106.3(4+!) and
1521.4(3+!). This yields e » 0.56 MeV and < - -0.035 MeV. The
deduced band structure of positive parity states is shown in Fig.
1. A comparison of predicted B(E2) values and their ratios and
experimental ones is shown in Tables 2 aad 3. The parameter a in
the E2 operator is fixed by adjusting the theoretical B(52:2+i"K)+i)
value to the experimental one.
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Fig * 1. Comparison of the
experimental band structure
for even-parity states with
the predictions of IBA-1.
J11 values in parentheses
are tentative. The J1^4*
level at 1.9 MeV is from
ref. 8.

As seen from Fig. 1, Tables 2 and 3, theoretical B(E2) values,
branching ratios and excitation energies are in good agreement with
experimental ones. In particular it is possible to describe the
properties of the 0+2 level. From the properties of the g-band a
B-deformation of 0.2 was deduced and B(E2) ratios for the Y band
yielded <Y> - 26° with a large Y softness. The present experiment
proves that the 0+2 state has to be a collective excitation since
it is the only excited 0+ state at low excitation energy (<1800
keV) and the collective strength of its transition to 2+x cannot be
due to strong mixing with a higher lying 0+ state. The good agree-
ment of the experimental 0+2 properties with the present IBA-1
calculation can be understood as an indication that the nucleus

Ru is also soft in the B direction. Previous IBA calculations
discussing properties of the ground and Y bands correspond to a
B-deformed, B-rigid and Y~soft potential, whereas the present
calculation represents a spherical S- and Y~soft potential. These
different approaches should not be seen as contradictory, but
rather, each of them bears out a special aspect of the complex
properties of a B- and Y-deformed and B- and Y~soft nucleus.
However, the empirical energy difference between the 3+i and 4+2
states is larger than the theoretical value (i.e., odd-even stag-
gering effect of Y band), suggesting that a cubic term describing a
rigid triaxial rotor could be necessary in the IBA-1 Hamlltonian.

Table 2. B(E2) Values.

i Jf
4+_2+1 1

B(E2)expw.u.' 43.9(40) 35(6) 27(3) 1.09(20) 66(10)

B(E2)th w.u. 43.5 36.9 66.0 0.021 66.9



Table 3. B(E2) Ratio.

B(E2) Ratio

B(0+2-2+1)/B(2+i-0+1)

B(2+2-2+1)/B(2+i-0+1)

B(4+i-2+i)/B(2+i-0+1)

B(2+2-0+i)/B(2+2-2+!)

B(4+1-2+1)/B(2+2-2+1)

BO+i^+O/BO+i^+j)

B(4+2-4+i)/B(4+2-2+2)

Exp.8

0.81

0.62

1.52

0.04

2.44

0.16

0.58

Th.

0.98

1.52

1.54

0.00033

1.01

0.0016

0.90
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