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Abstract: The rotational band based on the 1.1 ras, 8~ 

2-quasiparticle isomer in 1 8 20s has been identified using a 

delayed coincidence technique. Analysis of the cascade/ 

crossover branching ratios within the band, and the cascade 

mixing ratios deduced from angular distribution measurements, 

leads to a value of -0.031(2) for (g,,-gD)/Qrt. This implies 
K K O 

a limit of < 8% 2-quasiproton admixture in the predominantly 

2-quasineutron 8" state. 
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A long-lived (x =1.13 ms) isomer with spin and parity 8~ is known 

at 1832 keV in l ö 20s [l],and related isomers are established in the 

N=106 isotones, 1 8 0 W (T]n = 5.0 ms) and 1 7 8Hf (-̂  • 0.6 s) [1-5]. Because 

of its systematic appearance in the isotonic sequence the 8 state was 

assigned the 2-quasineutron configuration {v 9/2 [624], v 7/2 [514]L_ 

made up of Nilsson orbitals close to the neutron Fermi surface. In 1 7 8Hf 

however, the logft rates from the 0-decay of 1 7 8Ta, which populates the 

Isomer, suggested an admixed configuration [3,4]. A large admixture, 36%, 

of the 2-quasiproton configuration {ir 7/2 [404], -n 9/2~[514]}g- was 

subsequently deduced from an analysis of the cascade/crossover branching 

ratios and the cascade E2/M1 mixing ratios within the rotational band based on 

the 8" state [5,6]. The rotational band structure provides a sensitive 

test of the suggested configuration, however the long lifetime in these 

cases is outside the range usually considered possible for delayed 

coincidence measurements, the direct means of identifying the precursor 

rotational band. In the 1 7 8Hf case the rotational band is only known 

because it is populated by a shorter lived 4-quasiparticle isomer which 

feeds the 13" level of the 8" band. A similar situation exists in *80w 

where identification of a band assumed to be based on the 8" isomer has 

been made [7,8]. 

In this letter we report the direct identification of the rotational 

band based on the 1.13 ms isomer in 1 8 20s by a millisecond delayed 

coincidence technique. The structure of the band is then examined through 

analysis of the branching ratios and the cascade mixing ratios. 

High spin states in 1 8 20s were populated using the 1 7 0Er( 1 6O,4n) 

reaction with 1 6 0 beams from the ANU 14UD Pelletron accelerator. High 

resolution y-ray measurements were made including singles excitation 

functions, anguhir distributions, y-y time coi neidoners, together wi tli 

conversion electron measurements. Large (Je(LiJ detectors, one of them 
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Coupton suppressed, and a small volume intr ins ic Ge detector were used 

to give sens i t iv i ty for high- and low-energy y-rays. From these in i t i a l 

measurements an isolated rotational band whose excitation function 

suggested i t s assignment to 1 8 2 0 s was found. The band was isolated in 

the sense that i t s transitions were not in prompt or delayed coincidence, 

within the 800 ns time range of the y-y coincidence experiment, with known 

transitions in 1 8 2 0 s . To properly identify the placement of the band, 

which might have been based on the 1.13 ms isomer in 1 8 2 0 s , or might in 

fact not have been in 1 8 2 0 s , a novel delayed coincidence experiment, in 

the millisecond time region, was carried out. 

Two Ge(Li) detectors were placed opposite each other, at right 

angles to the beam direction, and about 2 cm from an 1 7 0 E r target. A 

7 mg/cm2 layer of Pb was evaporated on the back of the target to avoid 

the loss of long-lived reco i l s . The 1 6 0 beair was chopped to give pulses 

0.16 ms wide separated by 1.6 ms and a s ingles y-ray rate (within the 

pulse) of about 7 KHz was chosen so that on average about one y-ray would be 

dclcclod per beam pulse. To further reduce the effect of random events, 

the fast logic pulses were gated by a slow logic pulse related to the time 

distribution of the beam so that only in-beam (IB) pulses from the 

designated IB Ge(Li) detector started a time-to-amplitude converter (TAC), 

on the 0.8 ms range, and only out-of-beam (OB) pulses from the designated 

OB detector stopped the TAC. Since the IB linear y-ray signal could not 

be held for the long period required without loss of energy resolution, 

each IB pulse was immediately digit ised and after a maximum waiting time 

of 1.0 ms, recorded, with the associated TAC and OB y-ray signal i f these 

were present. All of the data were recorded ser ia l ly on magnetic tape. 

Particular care was taken to avoid activation of the target before the 

experimental conditions were optimised since a high act iv i ty rate 

represents a severe limitation on the real to random ratio which in the 
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final experiment was about 1:2. 

The only y-rays observed in the OB detector were either act iv i ty 

l ines , or the five y-rays in the cascade following the decay of the 8~ 

isoner, which accounts for about 25% of the feeding to the 8 s ta te of the 

ground state band (gsb). in the analysis of the event-by-event data, the 

IB spectra were projected with d ig i ta l gates set on each of the delayed 

transit ions, on associated Coapton background regions, and on the TAC 

spectrin. The random spectrum was generated by projecting events in the 

IB detector which did not have associated OB and TAC s ignals . This random 

spectrum was then subtracted after normalising to the strongest transit ions 

known not to be involved in the population of the 8" isomer. The final 

spectrum, which i s the sum of the individual Compton background subtracted 

gates on the f ive y-rays from the isomeric decay, i s shown in figure 1. 

The data shown were collected in a period of 24 hours. The only prominent 

transitions are those previously assigned to the "isolated" rotational 

band discussed ear l ier . I t i s therefore placed on the 8~ isomer as 

indicated in the part ial decay scheme given in figure 1. The effectiveness 

of the technique can be emphasised by noting that the transitions identif ied 

are weak in s ingles , the 206 keV transit ion for example being only about 5% 

of the 4 •* 2 gsb transit ion. 

The intensity of the cascade transitions compared to the energy 

favoured crossover transitions depends sens i t ive ly on the proportion of 

2-quasineutron and 2-quasiproton admixtures in the configuration of the 

8" isomeric state . The magnitude of the cascade mixing ratios deduced 

from the cascade/crossover branching ratios taken from these delayed 

coincidence measurements, and from the angular distribution measurements, 

are summarised in table 1. Also shown in the table are the mixing ratios 

for Ihr 20(>, 22M .nul ...M kcV I r.msi (. ioir. «Icttim-il I nun f i t s lo I In- .mi',til;ir 

distribution resul ts . These distributions have large anisotropics (with 



- 5 -

A2M0 = -1 .1) consistent only with a negative sign for the nixing r a t i o s [ 9 ] . 

The parameter (SK-SQ^/QO» "here g K and g R are the intr insic and rotational 

g-factors and Q i s the intrinsic quadrupole moment, i s also given in the 

table . Its constancy with spin i s good support for the proposed band 

structure. Taking the mean of the (g K -gp)/Qvalues as -0 .031(2) , 

Q = 6.0(6) barns and g R = +0.24(2) from systematics in this region, gives 

g„ = 0.05(3) . This value suggests a predominantly 2-quasineutron 

configuration, (g„ = 0 for neutrons *1 for protons), and allows 

a limit of <_ B% to be placed on a 2-quasiproton admixture. 

This i s in contrast with the large admixture observed in 1 7 8 Hf. 

The difference can be attributed to the larger separation of the unperturbed 

2-quasiproton and 2-quasineutron 8~ s tates in 1 8 2 0 s because of the change 

in position of the proton Fermi l eve l . 

These results demonstrate the f e a s i b i l i t y of millisecond delayed 

coincidence measurements which could be applied to the identi f icat ion, 

and characterisation of other Jong-lived »ult i -quasipart ic lc 

rotational bands. 

We acknowledge the support of the academic and technical staff of 

the AM) 14UD Pelletron accelerator f a c i l i t y , and in particular thank 

Mr. J. Kennedy for design of the interface essential for the measurements. 
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TABLE 1. Cascade Mixing ratios deduced froa the cascade/crossover 

Y-ray branching ratios and the Y-ray angular 

distribution, and the paraaeter (SK-gR)/Q 

Initial 
spin 

C M - 1 
(keV) | . | * ) 

b) 
6 (V*R ) / ('o 

10 206 0.81(18) -0.87(19) -0.023(5) 

11 229 0.63(18) -0.62U5) -0.031(4) 

12 251 0.53(10) -••«::2 -0.038(7) 

13 272 0.63(16) -0.031(6) 

14 292 0.57(10) -0.034(6) 

a) Fron the rotational aodel with K = 8,and the measured branching 
ratios. 

b) Fron the angul«i distributions. 

t 
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FIGURE CAPTIONS 

Figure 1. Coapton background and randoa corrected spectrua of Y-rays 

in coincidence with delayed transitions froa the K~ I.I MM 

isoaer in 1 8 2 0 s . The partial decay scheae showing the 

rotational band based on the isoaer is inset in the figure. 
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