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Abstract: 

A 10'0' nsec isomer was found in 2C9po. The angular distribution 

of delayed Y-rays have been studied in the pulsed generation 

of this isomer in (a,xn) reactions with the use of cyclotron 

beam bursts. With a metallic lead target no perturbation of 

the angular distribution during approximately one half life 

could be detected. The g-factor of the isomeric state was 

determined to be g = +0'.88 ! 0'.0'5, which supports an 

interpretation of this isomer as the 17/2- three-particle 

state. 

, 1 ) 
A recently developed method of nanosecond time analysis 

of Y-rays emitted in (particle, xn) reactions, utilizing natural 

beam bunches of a cyclotron and fast time characteristics of a Ge 

(L1)-detector, has revealed the presence of a number of high-spin 

isomers which were hitherto unknown. Due to the large angular 

momentum transfer such states are at t=O highly aligned perpen

dicularly to the beam direction2 )3). This fact can.be used to 

investigate hyperfine interactions in these isomeric levels. 

So far, hyperfine interactions of nuclear excited states' have 

mainly been studied by means of per'turbed angula.r correlations 

(PAC)4) which involves successive radiations through an intermediate 

~ -6 state with a half life of less than to' sec. The use of nuclear 

reactions to form aligned states is a natural extension of the PAC 

method. In prinCiple, there are two possibilities: one can either 
. , 

,study the time variation of the alignment by measuring the time-

differential angular distribution, or one can destr.oY the'alignment 

by inducing nuclear magnet1c resonance transitions and observing the 

resonance frequencies. Here, we report on a time-differential 
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observation of a perturbed angular distribution following the 
209 pulsed generation of an aligned isomeric state in POo 

Compared to PAC following radioactive decay (which is, 

for Tl~10-7 sec, limited by the choice of sources to only a 
2 

very fe\'l cases) in-beam measurements of perturbed angular 

distr1butions (PAD) offer the followine.: advantages:1) By 

choosing the proper target and beam energy a large variety 

of new isomers can be reached. Since (particle, xn) reactions 

populate any isomeric state if it exists at all, the present 

method maximizes the use of existing isomers. Especially very 

high spin states can be studied. 2) A large alignment is form-

ed at t=o and can be observed without measuring reemitted 

particles or preceding Y-transitions in coincidence with the , . 

delayed Y-radiation •. This permits the use of only one. detector 

at an angle with respect to the beam. Furthermore, we d.o not 

lose yield by making time analy~is, and therefore PAD counting 

rates can be ,made as fast as normal singles counting rates. 

3) Large recoil energies are available and can be used to 

implant the product nuclei into different host environment!o 

4) For timing measurements a sufficiently. sharp time width of 
.. ', 

; 

the individual beam bursts (2-4nsec FWHM) ensures measurement 

of the time-differential PADwith.9. time resolution of typically 
~ 

a few nanoseconds. This 1s comparable to the resolutton 

achieved with conventional fas;t electronics and solid state 

de t e c tor s. 1 ) 

In the follOWing we shall describe such measurements with 

the 207(208)Pb(a,2(3)n)209po reaction. The Berkeley 88-inch 

sector-focused cyclotron was used. The block diagram of the 

electroniq system was Similar to the one used in ref.1 for 

.0 
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time analysis. A Ge(L1)-detector was set to detect Y-rays from 

a target at any an~le between 20 and 160 de~rees. The fast signal 

from the preamplifier was amplified and discr1min~ted to generate 

the "start" s1gnal for the time-to-amplitude converter, while every 

second or th1rd signal from the cyclotron RF-oscillator served as 

a "stop" signal. In this way, time d1str1but10ns as shown, for 

example, 1n F1gs.2 and 3 were recorded. The output of the time-

to-amplitude converter as well ~s the energy signal were fed 1nto 

a two-dimensional analyser. The phase drift of the RF signal with 

respect to real zero time of each beam burst, which would cause a 

serious shift of the t1me spectrum, was artificially compensated 

by using a dig1tal base-line stab1lizer. 

The goal of our measurements was twofold. F1rst, a su1table 

target structure had to be found in which any nuclear relaxation 

time was comparable to or longer than the half l1fe of the isomeric 

state. Second, after be1ng able to preserve the alignment for 

sufficiently long time a determination of the g-factor of the 

100 nsec state in 209po was planned. As has been discussed 
5) 

elsewhere ad1amagnetic metallic cub1c target is most advanta-

geous as long as half l1ves are concerned that are shorter than 

typical nuclear relaxation t1me (T 1T ~ 10-2 sec oK for heavy 

. elements). Thus a thick target of metallic lead seemed to be ~ 

perfect choice for the reaction Pb(a,xn)Po. No static quadrupole 

interaction is expected since in a thick lead target the product 

nuclei will be stopped ult1mately at a s1te of cubiC symmetry • 

It is not known whether there occurs any t1me-dependent interaction 

1n connection with the slowing-down and st9Pping mechanism in 

thick targets as, in general, the available 1nformat1on on 

perturbat10ns of angular distributions following nuclear reactions 

is very Bcarce o For th1s reason we found it important to measure 
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the anisotropy as a function of time and to determine how lon~ 

thenucle~r ali~nment is preserved. 

The 100 nsec isomeric state of 209po was discovered when 

searching for isomers at the beginnin~ of these experiments. 

Two delayed V-rays of 545 and 782 keY are emitted 1n the decay 

of the isomeric state (see Fig.l) but neither of them 1s the 

1someric trans1tion 1tself because of the presence of a prompt 

component. Fi~.lb shows a tentative level scheme which was 
210 207 ' 6) 

obtained by comparison w1th the Po and Pb levels • One 
2 can understan4 this level structure in terms of the (h9!2(P» J~ 

states appearing in 210po ')7)8) coupled to the p~ neutron hole. 

The residual interaction between proton and neutron makes this 
, ' 

sequence (I=Jp+~) energetically favourable. 

First, we measured the angular distribution of the 545 and 

782 keY '(-rays' in the 208pb (a,3n)209po" reaction at Ea=40 MeY. 

Only the time-integrated portion outside the prompt region was 

taken into account. A 20 mg/cm2 thick met3.llic 208pb fOil was 

used as a target. Within the statistical error the angular 

distribution 1s identical for both ,(-rays and the coefficients' 

are 

A2 = 0.24 ± 0.02, 

Which is compatible with theE2 assi~nment in the proposed spin 

sequence (Fig.lb). This result indicated that the large alignment 

is preserved at least for the period of about one half life. 

A measurement of the time-differential angular distribution of the 

, 545 keY Y -ray proved this indication. The quantities No(t) and 

A2( t) of the time epectrum 

I(e,t) = No(t) ( 1 + A2(t )P 2( cos 9) +A4(t)P4(cos8)J 

• 

• 
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are plotted in F~g.2. Within statistics the anisotropy is not 

attenuated. Any possible perturbation, if prep,ent at all, must 

be very weak; a lower limit of the relaxation time 1/Aa is 

350 nseo and indicated by the dashed line. Of course, from 

these data it is impossible to distinguish between a static or 

time-dependent perturbation. These questions must be left open 

for further investigation with sufficiently longer in-between

b~am intervals, allowing longer time-ranges without additional 

effects originating from preceding beam bursts. 

After it was clear that with a metallic lead target there 

was little or no attenuation of the alignment in the isomeric 

state, a spin rotation measurement was carried out in an 

external magnetic field. A 30 cm3 Ge(Li)-detector was placed 

at 135 degrees with respect to the beam direction and a field 

of 2.76 kG was applied perpendicular to the beam-detector plane. 

In thiS case the target was enriched metallic 207pb. Flg.3 

displays the time distributions of the 782keV Y-ray in the 

207pb (a,2n)209po react~on at Ea=30 MeV with magnetic field up 

and down. Since it was established before that A4 p:;. 0, the 

normalized difference, plotted in the lower part of Fig.3, was 
r 

fi tted by a function A· sin( 2 w .... t - 'f) . The f1 t yielded a La"mor 

precession frequency of CUL=11.6tO.7 MHz which gives with an 

external field of 2.760 kG 

g = 0.88 * 0.05 

This g-factor iB extremely far off the Schmidt limLts:-0.22 

and 0.20 for anodd-neutron state of 17/2 spin. This fact 
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strongly supports that this 100 nsec state is not a single

part1cle state at all but the three-particle st~te, as 

indicated in Fi~.lb. The g-factor can, then, be expressed 

f h k f t f the 2. 09Bi and 207pb in terms 0 t e nown g- acors 0 

ground states in the following way 

21- 1 2 0 1 q (/ 2 0 Q'Pb ). 
:2 I ~ (q /1 -, 0, B l ) 4- 2 1:. (j 1 2 - , . 

)O,(P.3 

l 0, q 28 for 
The contribution of the neutron hole is almost negligible. The 

present experimental value agrees well with this prediction 

but, as for the 9/2- ground state of 209Bi , it deviates 

seriously from the single-particle est1mate. The g-factor 

of the 8+ state of ·210po was investigated .in the same way 

·and a preliminary re~ult was re~orte~ elsewhere7 )8). These 

two results have demonstrated that the anomalous·magnetism 

of' (the isomeric states in 209po · and 21.0po m~st be ascr1 bed to 

the same origin as in 209B1 ; 1.e., to magnetic core polarizat1on 

of the hg/2 proton. 9 ) 

As to the method, lt was our intention to use the intsresting 

ca.se of 209po as·· an example to demonstrate the usefulness of 

this type of measurement. In vlew of the ~reat number of 

existlng lsomers ln the half-Ilfe range between 10-9 and 10-6 

sec, and those wh1ch\will undoubtedly be discovered in near 

• 
; 
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future, we feel that this is a most prom1sing way to study 

hyperfine interactions with a cyclotron beam. Such 

investigations must not only involve g-factor measurements 

but also studies of quadrupole inter-actions and relaxation 

phenomena. 
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Figure Captions: 

Fig.l Upper part(a): Example of prompt and delayed Y-ray 

spectra in the 208pb(a, 4(3)n)208(209)po reactions, 

UCRL-18153 

where a thick target {50 ~g/cm2) was bombarded with 

48-MeV a-beam. 

Lower ~art(b): Proposed level scheme of 209po in 

comparison with related levels in 207pb and 210po • 

Fig.2 Time-dIfferential angular distribution of the 782 

keV Y-rays of 209po to check for perturbations in 

the tar~et. The quantities No(t) and A2(t) are 

defined in the text. 

Flg.3 
. 209 

Time spe,ctra of the 782 keV Y-radiation of Po in 

the presence of an external magnetic field. The 

data were taken for OPPOSite field directions and 

show the oppo81tedlrection of the Larmor precessIon. 

Normalized. dIfferences are plotted In the lower part 

of the figure including the result of a lea.st squares 

fit (solid line). 
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