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Rotational Bands in Odd-Odd 74 Re*

ZHANG YuHu ZHANG ShuangQuan HUANG WenXue ZHOU XiaoHong FENG XiChen
XU Xiao LEI XiangGuo GUO YingXiang ZHU ShaoFei HE JianJun WANG Shujin
LIU Zhong LUO YiXiao
( Institute of Modern Physics, The Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract High spin states in '™ Re have been studied via the 19 Th (®Ne, 5ny) ' Re
reaction through excitation function, X-¥ and 7-¥ coincidence measurements. A stretched
E2 cascade has been identified and assigned to be the doubly decoupled band based on the
712" [5411&41/2” [521] configuration. Other two bands with semidecoupled and
strongly coupled characters have been found and their quasiparticle configurations are
qualitatively discussed.
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The concept of doubly decoupled band has been well established! in the deformed rear-earth
nuclei. In such a band structure, both the valence proton and the valence neutron occupy predomi-
nantly the £ = 1/2 orbits, and as a consequence, the stretched E2 cascade similar to that of the
yrast band of neighboring even-even nuclei has been experimentally identified. Four rotational bands
of 17 Re have been previously reported in Ref. [2] using the 2Ne + 9T reaction at beam energy of
115 MeV. However, the assignment of these rotational bands to 174 Re has not been confirmed by
the excitation function measurement'2) . After the report of reference [2], the level scheme of ' Re
has been established consistently by two groups[3 4! It is surprising that the doubly decoupled band
reported in Ref. [2] is almost the same as the 71/2~ [541] decoupled band in '* Re. Furthermore,
another M1/E2 ¥ transition sequence assigned to 7 Re!?! can also be found in the =5/2* [402] band
of " Rel># . Therefore, it is worthwhile to reinvestigate the band structures and, in particular, to
search for the doubly decoupled band in ' Re.

The experiment has been performed at HIRFL using the '* Tb (** Ne, 5nY) 174 Re reaction.
The target is a natural *** Tb metallic foil of 2 mg/ cm? thickness with 5 mg/cm? Pb backing. A y-ray
detector array including 6 HPGe's with BGO anti-Compton (AC) shields was used. These detectors
were divided into two groups positioned at 30° and 90° with respect to the beam direction. The typi-
cal energy resolution of the HPGe detectors was about 2.0—2. 4 keV at Full Width at Half Maxi-
mum (FWHM) for the 1332. 5 keV line. In order tu identify the in-beam Y rays originating
from '”* Re (4n channel) or from '”* Re (5n channel), the beas~ energies of 106 and 112 MeV were
used during experiment. Two spectra are shown in Fig. 1 where ¥ rays coming from 5 Re (4n
channel)?®*! are dominant at 106 MeV beam energy, and some new ¥ rays (115, 155, 178, 303,
and 408 keV) become stronger when the beam energy is increased to 112 MeV. The decay 7 rays
were also measured to check if ' Re was produced at E, = 112MeV. It was found that the 243
keV line corresponding to the 4* —2" transition in '"* W was very strong and has an half-life of
2.36 ( £ 0. 10 ) minutes consistent with the Ty, = 2. 42 ( £ 0. 07 ) minutes of ™ Re
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evaluated in Ref. [5]. This result indicates that '™ Re was produced and therefore the coincidence
measurement for '’ Re has been done at 112 MeV beam energy. A total of 40 millions coincidence
events was accumulated. The data were sorted into a 4096 X 4096 matrix after gain matching for
further analysis. Some typical gated spectra are presented in Fi ig. 2. The partial level scheme of
' Re deduced from present work are shown in Fig.3, where the y-transition energies are within an
uncertainty of 0.5 keV. The ordering of the transitions in the three bands of '’ Re is based on Y-
coincidence relation, Y-ray energy sums and Y-ray relative intensities.

i 2 (a) Ep=112MeV
551 58 |
ga I_” | A

45:'_2 n *1 | I| § 3 B '5’

b 8« 'J.; A/ U; §a g §
e A o
e | ' h* |
i = L'l'.‘“',-‘ﬂ#l'fi Viaa/ o A “’“""J A/ &;u"JI W‘“\J\‘
éw‘ B (b) Es = 106MeV
S 16F |
i #

14} |'§ z g1 '!

8

i2f ]j.[ ‘l
L | '| 8
10k NJWJ I "’""‘#M\J" Wwﬁ*j h4|| |Iq T
Wy W

1
150 250 30 150)
E /keV

Fig.1 ¥ - ray spectra obtained at the beam energies of 112 McV (a) and 106 MeV (b).
The peaks with * *  indicate the in— beam ¥ rays from '™ Re
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Fig.2  Selected sum — gate spectra (a), (b) and (c¢) for band 1, band 2 and band 3, respectively.
The mark ‘G’ indicates gating ¥ ray, and ‘C’ for contamination

The level scheme shown in Fig. 3 is largely different from that reported in Ref. [2].
First, the 197—315—421—512 keV-++ AI =2 cascade can be attributed to the x1/27[541]
band of ™ Re by comparing the spectra in Fig. I. Second, the whole Al =1 cascade in
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Ref.[2] can not be established from our data. However, part of this cascade can be assigned
to either the 79/2” [514] band or to the n5/2" [402] band of 175 Re!**! with the observation
of crossover transitions. Third, there is no coincidence relation between 303 keV and 177
keV lines. From our measurements shown in Fig. 1 and the KX — 7 coincidences, we propose
a partial level scheme of '™ Re in Fig. 3. Because of the poor statistic of our data, the detailed
information (for example the DCO ratios and the in—band B(M1)/B(E2) ratios) can not
be extracted, therefore the brief discussions given below are based mainly on systematics.
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Fig.3 Partial level scheme of '™ Re deduced from the present work

We concentrate on the cascade shown in Fig.2(a) which is considered to be the doubly
decoupled band (band 1 in Fig. 3) based on =1/2~ [541]®v1/27 [521] configuration. As cit-
ed in the first paragraph, this structure involves both a proton and a neutron predominantly
in 2 = 1/2 orbits. The signature splitting in such a structure is very large, only the favored
AT =2 transition sequence could be observed in this experiment, the unfavored one is usually
difficult to be observed due to decoupling effect. In fact, the 5/2° member of x1/2" [541]
configuration and the intrinsic v1/2" [521] state are considered to be the ground state or low
— lying excited state in the neighboring '™ Re'®’, ' Re** and "' W' nuclei. The band
head with x1/2” [541]®@v1/2” [521] configuration could be the ground state or low — lying
state of " Re (in a zero— order approximalionm neglecting residual interaction), thus a ro-
tational band based on it could be observed in this experiment. The same decoupled bands
have been found in "™ Re!* and '™ Re'®’ and drawn in the left of Fig.3 for comparison. The
good systematics in level spacings suggests that the lowest state of this band is most probably
the I' =(5)" state.

Band 2 is most strongly populated in this experiment and can be regarded as the semide-
coupled band'"! based on n1/27 [541] (& =1/2)®vi 3y, (@ = £ 1/2) configuration. This as-
signment is supported by the pronounced level staggering (originating from an 7,3, neutron)
and a large band crossing frequency # w.=>0.34 MeV (probably caused by both the neutron
blocking effect and involvement of the proton 1/2~ [541] intruder orbit'®’. The semidecou-
pled bands have been found in many odd — odd nuclei in this mass region (see, for example,
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Refs. [8, 10] and references therein), but, it was not until quite recently that firm spin as-
signments had been made in "' Tm and ' Ta""!. Asa consequence, the signature inver-
sion has been discovered in the n1/2” [ 541 ]®vt,;, semidecoupled bands. If the systematics in
level spacings can be used, the spins of band 2 could be proposed as shown in F ig. 3. This
spin assignment will consequently lead to a low spin signature inversion consistent with sys-
tematics.

Apart from band 1 and band 2, we would like to report the observation of a strongly
coupled band (band 3 in Fig.3). This band shows intense in — band M1/E2 transitions as
indicated in Fig.2 (c) and is most likely based on the xh,;, (a = * 1/2)@vi 5 (a = 1/2)
quasiparticle configuration. This band can not be extended to higher spins, and the DCO ra-
tios and the in—band B(M1)/B(E2) ratios can not be extracted because of poor statistic of
the data. Another experiment with high statistics is in plan to further study the band struc-
tures of '™ Re.

On summary, three rotational bands in odd — odd "’ Re have been newly identified by
this work. The level scheme presented here is largely different from the previous one. The
doubly decoupled band is stressed in this paper.

The authors wish to thank the staffs of the Accelerator Division of IMP for providing
the *Ne beam , and Mrs. Wang Xiuying for preparing the ' Tb target .

References

I Kreiner A J er al. Phys. Rev., 1987, C36:2309—2321; 1988, C37:1338—1340

2 Oliver W A et al. In: Austin S M, Cyclotron Laboratory Annual report, NSCL, MSU, 1988, 106—109
3 Kibeti T et al. Nucl. Phys., 1992, A§39:137—162

4 Jin HQetal Phys. Lett., 1992, B277:387—392

5 Browne E. Nucl. Data Sheets, 1991, 62:1—99

6 Bark R A etal. Nucl. Phys., 1989, AS01:157—187

7 Walker PM et al. J. Phys., 1978, G4:1655—1677

8 Cardona M A et al. Phys. Rev., 1999, C59:1298—1315

=3

Kreiner A J et al. Phys. Rev., 1989, C40:R487—R490
10 ZHANG Y H et al. Phys. Rev., 1999, C60:44311 — 1—44311 - 12
11 Bark R et al. Phys. Lett., 1997, B406:193—199

FaFE Re B H -

KEE EKX4L #HX¥ AN BFEE #% o FHE
HE# £ HERE EIR4 ¥ B B
(PEBERERWRFRR =M 730000)

ME FAAEHFFHELERRETb (®Ne, 5n)™Re, # AT HEKF % KX -
YRY-YHEAE, AR T Re BB A M-S, LHHHE T Re Bty — 14
AT x1/27[5411v1/27 [S21 BB FAALHRBEEE. TEXATHEA2 A
A RBHETEAEBOBRTHED S St TENNETFaA.

XRA FHEB AXv4s BEF

1999 - 10 - 27 i
« HE ARMEES (19605008,19635030) , 5 I BT A+ 0" R SLE "9 50 X #9 H (KJ9ST —
03) %t Bh



