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Abstract: New isomeric states with J* = 69/2+, t m = 13 (1) ns in 2 1 1 R n and 

J t s 33~, xm s 7(1) ns in 2 1 2 R n have been identified. They decay by enhanced E3 

transitions with strengths of 33(3) and 43(6) single particle units to the known 

63/2- and 30+ isomers in 2 1 1 R n and 2 1 2 Rn, respectively. The excitation 

energies and transition strengths agree well with predictions of the multi-

particle, octupole-vibration coupled model. 
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The yrast states above about spin 20 in the N < 126 isotopes of 86Rn are 

formed by configurations which combine aligned valence protons and 

neutrons, the latter promoted to the 39/2, iii/2 and J15/2 orbitals above the N=126 

closed shell by core-excitation. Their relatively low energies are due mainly to 

the large attractive interaction for mutually aligned protons and neutrons [1]. 

The highest spin cases known to date are [2] the J* = 30+ isomer in 2 1 2 R n and 

[3] the J*= 63/2* isomer in 2 1 1 Rn, both of which lie below 9 MeV. As shown in 

the partial level schemes in figure 1 these isomers, and several of the states 

below them, decay by strongly enhanced E3 transitions, comparable to, or in 

excess of the 2 0 8 P b 3~ -* 0+ transition of 33 single particle units. Their possible 

configurations are therefore severely restricted (see for example the B(E3) 

values compiled by Bergstrom and Fant [4]). A detailed explanation of their 

properties — excitation energies, g-factors and B(E3) values was obtained 

recently by including coupling between the multi-particle states and the 

octupole vibration of the core (the MPOC model [5]). Similar agreement is not 

possible apparently with the deformed independent particle model [6,7]. 

Neither the transition strengths nor the static moments [8,9] are correctly 

predicted, presumably because this model does not include explicitly the 

octupole degree of freedom. 

A direct consequence of the MPOC model is that higher-spin yrast 

states, also with enhanced E3 decays, are expected. Their configurations are 

relatively simple and related to those of the (doubly core-excited) 63/2* and 30+ 

isomers. Specifically, they are a 33~ state in 2 1 2 Rn with the configuration 

(written in simplified form) 

n (hg/22 \\W?)liQ+ v(p)0 (ill/2 Jl5/2)l3"» 

and a 69/2+ state in 2 1 1 Rn obtained by adding a partially aligned neutron hole, 

({5/2)3/2* As detailed in ref [5], the tilde in this notation signifies that the 

orbitals are not pure single-particle. Rather, they are similar to the empirical 

"one-particle" states which involve specific AL»3 partners coupled through the 
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octupole vibration. Hence j 15/2 corresponds to a mixture of j 15/2 and gg/2 ® 3~ 

components (with relative amplitudes similar to those given in ref [5]). 

Enhanced E3 rates for, say, a j 15/2 -* garc transition occur both through the 

3 - -> 0 + core component and constructive interference between it and other 

allowed components. A strong E3 transition from the 33~ state is therefore 

anticipated from inspection of the 30+ state configuration in 2 1 2 R n which in the 

same approximate notation could be written as 
2 —2 —2 — 

°*<n9/2 * 13/2* 20* ^ 0 ( i n / 2 g 9^10+ 

3 - -2 -
+ P* 0*9/2* 13/2* 17- v ( P ) 0 ttl V2 j lMi)^ 

(Below, however the E3 strengths are calculated using the explicit MPOC 

model wavefunctions from the present work and ref [5]). 

The highest-spin state expected at low-energy in 2 1 2 R n (without a third 

core-excitation or the alignment of high-spin neutron holes, both of which are 

energy expensive) is a 34+ state with the configuration 
, 2 2 -2 -2 

*(n9/2 iizntto** v(P> 0 (J IM)M* » 
whose calculated excitation energy is about 11.0 MeV. 

New studies of 2HRn and 2 1 2 Rn have been completed, probing the region 

where the valence spin is exhausted. The nuclei were populated using l 9 8 Pt 

(i»0, xn) reactions leading to 2llRn and 212 Bx. -nd also with the 2MHg (13c, 5n) 
2 1 2 R n reaction. A major improvement in sensitivity over earlier work was 

obtained, for both y -ray and electron measurements, with two new devices, a 6-

element Compton-supressed y-detector array ("CAESAR") [10] and a 

superconducting, solenoidal electron spectrometer [11]. 

All measurements were carried out using pulsed beams (1 ns FWHM 

with 1 lis separation) provided by the ANU 14UD Pelletron facility. Excitation 

functions were carried out to choose the optimum energy for population of high 

spin states in 2 1 1 Rn using the 1 9 8 Pt <180,5n) reaction. Direct timing 

information was obtained from single y-ray measurements by recording y-ray 

energies and associated times with respect to the beam pulse, in event-by-event 
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mode. Slow risetime rejection techniques were applied to improve the Ge 

detector timing. A time resolution of about 3 ns (FWHM) was obtained. 

Comparable measurements were carried out for 2 1 2 R n using the 2 0 4 H g ( 1 3 C, 

5n) reaction. Gamma-gamma-time coincidences were measured only with the 
1 8 0 induced reaction (in which 2 1 2 R n is obtained as a by-product) pulsed as 

before, and in two modes, with and without slow-risetime rejection. A feature 

of the design of CAESAR is that all y-ray time relationships are recorded, 

allowing optimum selection of gating conditions associated with y -rays 

preceding and following isomeric states. Additional direct timing results were 

available from these data together with information on intermediate state 

lifetimes obtained by gating on individual y-rays above and below the state of 

interest. Gamma-ray anisotropics were also available since the six detectors 

in the array are arranged in three pairs at 48°, 97° and 145° to the beam axis. 

Figures 1(a) and Kb) show respectively the transitions above the 30+ 

isomer in 2 1 2 R n and the 63/2- isomer in 2 1 1 Rn obtained from the y-y-time 

measurements in the 1 9 8 P t + 1 8 0 reaction at 96 MeV. The 1117 and 1061 keV 

y-rays are placed directly above the known isomers and carry the majority of 

the yrast intensity. Both transitions have been observed weakly before [13,3] but 

without spectroscopic information. Other less intense transitions, including 

some at lower energies, have also been placed in the level schemes which will 

be discussed in detail elsewhere [12]. For comparison, prompt coincidences 

(within ± 24 ns) which place the 1166 keV transition above the 1061 keV 

transition in 2 1 1 Rn are shown in figure 1(c). Correspondingly, from figure 

1(d) transitions following the 63/2- isomer (687, 769,1299 keV etc) are clear in 

the spectrum delayed in time with respect to the 1061 keV transition, 

confirming its placement. 

The lifetimes were determined from time spectra relative to the beam 

pulse obtained with gates on individual y-rays. Examples are shown in fig. 2, 

which compares the time distributions of the 1117 and 1061 keV y-rays with 
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those from the transitions directly depopulating the 30+ and 63/2- isomers. 

Both the 1117 and 1061 keV transitions have time curves characteristic of direct 

decay from short-lived isomers, the 1117 keV transition also showing a weak 

component from a higher isomer (with t'~ 30ns). The lifetimes obtained from 

these data, involving a fit to each curve, with convolution of the measured 

prompt response function, are listed in table 1(a). 

The 1117 and 1061 keV transitions have anisotropies consistent with 

positive A2/A0 coefficients, as shown in table 1(a). Together with this 

information their multipolarities were determined from the conversion 

electron measurements in which Y-rays and electrons were measured, timed 

with respect to the pulsed boam, using the electron spectrometer operated in 

LENS mode. As detailed in ref [11], this mode allows an enhancement in 

spectrum quality by the reduction of the continuum background through the 

technique of momentum matching on a event-by-event basis. Time selection of 

electrons and y-rays, appropriate to the lifetime of each isomer, allows the 

clear observation (fig. 3) of the conversion electron lines associated with the 

1117 and 1061 keV transitions v since most other transitions in the populated 

nuclei follow much longer isomers). The upper pair of spectra was obtained in 

the 1 8 0 bombardment of 1 9 8 P t at 96 MeV (optimised for high-spin population of 
2 1 1 Rn), the lower pair at 92 MeV in which 2 1 2 R n is populated more strongly 

than at the higher energy (via the competing 4n evaporation channel). 

Although the 2 0 4 Hg ( 1 3C, 5n) 2 1 2 Rn reaction would provide more selective 

population of 2 1 2 Rn, an important factor governing energy resolution in the 

electron measurements is target quality hence the reaction on 1 9 8 Pt , utilising a 

2.5 mg/cm2 metallic foil, was preferred. The measured K-conversion 

coefficients and K/L ratios, listed in table 1(a), establish E3 multipolarity. 

The B(E3) values obtained are listed in table Kb). Both transitions are 

strongly enhanced in terms of single particle strengths. The difference in 
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lifetime for the assigned 69/2+ and 33~ isomers derives partly from the energy 

difference of the 1061 and 1117 keV transitions and the (Ey)7 dependence. 

The properties of the new isomers are compared with values predicted 

using the MPOC model described in ref [51. Excitation energies and 

transitions strengths are in remarkably good agreement with the model. 

The important point to be stressed is that the enhanced E3 transitions, 

which occur through octupole-coupled admixtures and depend in detail on 

interference between particular mixed amplitudes, rely not only on a proper 

description of the 33~ and 69/2* states but also on the wave functions of the 30* 

and 63/2- states to which they decay. Further, each of those states also decays 

by an enhanced E3 transition, correctly described previously by the MPOC 

model [5]. Although it is not appropriate to enumerate the wave functions in 

detail here, the set of basis states and final mixed amplitudes resemble closely 

those of the 28+ and 55/2- states of 2 1°Rn and 2 1 1 Rn, listed in ref [5], as was 

anticipated from the simplified configurations given in the introduction. 

Finally, as noted earlier, transitions above the 69/2+ and 33' isomers in 

2HRn and 2 1 2 Rn were also observed, specifically the 1166 and 924 keV lines. 

Although the spectroscopic information is limited, both transitions are 

probably dipole in character and are candidates for decays from the states near 

the maximum available valence spin , 71/2~ and 34+. Calculations of the 

expected properties and comparisons with the level schemes will be presented 

elsewhere [12]. 
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Figure 1(a) Transitions preceding the 30+ isomer in 2 1 2 R n gated on the 701, 

736 and 968 keV cascade transitions. (The 701 and 736 appear 

weakly in this spectrum because of the short lifetime cf the 25~ 

state. The time gate is from -312 to -24 ns. 

Figure 1 (b) Transitions preceding the 63/2" isomer in 2 1 1 R n gated on the 687, 

769 and 1299 keV cascade transitions. 

Figure 1(c) Prompt gate (± 24ns) on the 1061 keV transition. 

Figurel(d) Spectrum of Y-rays delayed with respect to the 1061 keV transition. 

The time gate is from -1-24 to +812 ns. 

Partial level schemes from previous work [2,3] are shown on the 

right. 

Figure 2 Time spectra with gates on individual transitions in 2 1 1 R n and 
2 1 2 R n as indicated. (The small prompt component in the 687 

gate occurs through a known contaminant.) 

Figure 3 (a) and (b). Corresponding gamma-ray and electron spectra with 

time gates as shown. The spectra are aligned so that y-ray 

transition energies and K-conversion electrons in radon, match. 

Beam energy of 96 MeV optimised for 2 1 1 Rn population. The 1181, 

1299 and 1320 keV lines are of E3 multipolarity. 

Figure 3 (c) and (d). Corresponding gamma-ray and electron spectra with 

time gates as shown. Beam energy of 92 MeV to increase 

population of 2 1 2 Rn. 
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Table 1(a) 
Properties of hisjb-spin xsossers in radon isotopes 

Nndid* 
ikmV) 

initial T-rsy 

KlOO 

1 

t 
(as) 

Nndid* 
ikmV) 

initial T-rsy 

*P» cap 1 Ml B B 

1 

t 
(as) 

*«Rn 

1061 

1117 

9916+A 

9969+A 

1.4(1) 

1.2(1) 

K 
K/L 

K 
K/L 

1.31(7) 
3.5(4) 

1.02(5) 
3.9(5) 

L84 
5J4 

L61 
5.85 

0.578 
4.85 

0527 
4.96 

1.24 
3.48 

1.12 
3.64 

13(1) 

7(1) 

a) ratio of 145*W detectors 

Table 1(b) 
Comparison of ekpeyiiuental and theoretical propei ties 

Nuclide J« 
(keV) 

B(E3)e> 
xlO^e^fm8) 

Nuclide J« 

-
theory* « • thearyW 

2"Rn 

2"Rn 

69/2* 
63/2-

33-
30* 

9916+A 
8856+A 

9669+A" 
8550+A' 

10031 
8882 

9702 
8571 

87(7) 

114(16) 

101 

109 

a) results for 63/2~ and 30* states from ref [5] 
b) MPOC modol 
c) single particle unit * A* /16.83; 2.645 x 10* for A-211; 2.670 x 103 for 

A»212 
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