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abstract:
‘A 100 nsec isomer was found in 209Po. The angular distribution
- of delayed Y-rays have been studied in the pulsed generation
of this iscomer in (a,xn) reactions with the use of cyclotron
beam bursts. With a metallic lead ﬁarget no perturbation of
the angular distribution during approximately one half 1ife
éould be detected. The g-factor of the 1somer1¢ state was
determined to be g = +0.88 % 0,05, which supports an
interpretation of this isomer as the 17/2- three-particle
state. | | |

1)

A recently developed method'’ of nanosecond time énalysis
of'Y-rayé émitted in (particle, xn) reactions, utilizing natural
beam bunches of a cyclotron and fast t1me characteristics of a Qe
(Li);detector, has revealed the presénce of a number of high-spin
1ébmers which were hitherto unknown. Due to the large angular

'moméntum'transfer such‘states are ét t=0 highly aligned perpen;
diéulari& to the beam directione)B), This fact can be used‘tov

| 1nvestigat¢ hyperfine interdctions in these 1soméric levels,

So far; hyperfiﬁe interactions of nuclear excited states have
mainly been studied by means of perturbed angular correlations
(PAC)4) which involves successive radilations through an intermediate
'state with a half&life 6f less thar 10'6 sec. The use of ﬁuclear
reactions to form.aligned siates is a natural ektension of the PACU .
method. 1In principle, there are two possibilities: one cah either
:study the time variation of the alignment by measuring the time-
differential angular distribution, or one can deetroy-the’élignment
by 1nducing nuclear magnetic resonance transitions and observing the

reeonance 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 aligmned isomeric state in Po.

Compared to PAC following radioactive decay (which is,
. for T1210-7 sec, 1imited by the cholce of sources to only a
very %ew casesj.in-beam measurements of.perturbed angular
distributions (PAD) offer the following advantageszt) By
choosing thevproper_target and beam energy a 1arge'variety
of new isomers can he reached., Since (particle, xn) reactions
populate any isomeric state 1f 1t exists at all, thelpresent
method maximizes the uss of‘existing isomers. Especially very
high Spin states can be studied 2) A larée alignment is form-
ed at t=0 and can be observed without measuring reemitted |
particles or preceding Y- transitions in coincidence with the
delayed Y-radlation. This permits the use of only one;deteotor
at an angle with respectvto the beam._ Fnrthermore, wevdo not
lose yield by making time analysiS; and.therefore'PAD counting
rates can be made asvfast as normal singles conntins ratesi
3) Large recoil energies are available and can be used to
implant the product nuclei into different host environments.
4) For timing measurements a sufficiently sharp time width of
the individual beam bursts (2-4_nsec FNHM) ensures measurement
of thedtime-differentialVPADgwith,a time,resolutiOn»ofstypically
a few nanoseconds. ‘This 1s comparable to the resolution
achieved withvconventional fast'electronics and solid state
detectors.1) | B ] |

In thevfollowing we shall describe such measurements with
the 207(2-08)Pb(ct,2(3)n)20,91>o reaction. The Berkeley 88-inch
sector-focused.oyclotron was used. The block diagram;of the

electronic system was similar to the one used in ref.1 for

™.

Az



-3~ UCRL-18153
time analysis. A Ge(Li)-detector was set to detect Y-rays from

a target at any angle between 20 and 160 degprees. The fast signal

. from the preamplifier was amplified and discriminated tb_generate

the "start" signal for the time-to-amplitude converter, while every
second or ﬁhird signal from the cyclotron RF-oscillator served as

a "stop" signal. In this way, time distributions as shown, for
example; in Flgs.2'and 3 were recorded. The output of the time-
to-amplitude converter és well a8 the energy signal were fed into

a two-dimensional analyser, The phase drift of the RF signal with
fespegt to feal zero time of each beam burst, which would cause a

Sérious'shift of the time spectrum, was artificilally compensated

by uqing a digital base-1line stabilizer.

The goal of our measurements was twofold. First, a suitable

) térget structure had to be found in which any nuclear relaxation

:time was comparable to or longer than the half life of the isomeric

state. 'Second, after being able to preserve the alignment for

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

1OO nsec s?ate in 209?0 was planned. As has been discussed

"elsewhere a diamagnetic metalllc cubic target 18 most advanta-

‘geous a8 1ong as half lives are concerned that are shorter than

-2

typical nuclear relaxation time (T4T ~107° sec °K for heavy

felements)."Thus a thick target of metallic lead seemed to be a

perfect choice for the reaction Pb(a;xn)Po. No static quadrhpole )

interaction is expected since in a thick lead target the product
- nuclei ﬁill be stopped ultimately at a site of cublc symmetry.
It is not known whéther there occurs any time-dependent interaction

~in connection with the gslowing~down and stppping mechanism in

thick targets as; in general, the available information on
perturbations of angular distributions following nuclear reactions

is véry scarce. For this reason we found it 1mportant to measure
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the anisotropy as a function of time and to determine how long
the‘noclear alignment 15 preserved.

The 100 nsec isomeric state of 209Po was discovered when
searching for isomers at the beginning of tbese experiments,
Two delayed Y-rays of 545 and 782 keV are emitted in the decay
of the isomeric state (see Filg.1) but neither of them 1is the
isomeric transition itself because of the presence of a2 prompt
oomponent. Fig.1b shows a tentative level scheme which was

obtained by comparison with the 210Po and 2O7Pb levelss)

One
can understan@i this level structure in terms of the_(h9/2(p))2Jp
states appearing 1n-210PoT)7)8) coupled to the p, neutron hole,
The residual interaction between proton and.neutron makes thie
sequence (I=Jp+%).energeticaliy fevourable,

First, wve measured'the angular distribution of the 545 angd

208pp(a, 3n)2°°Po reaction at Eg=40 yev

782 keV Y-rays in the
Only the time-integrated portion_outslde the prompt region was |
taken 1nto account. A éo mg/0m2 thick metellicb?OBPb foll was .
used a8 a target ' Within the statiqtical error the angular |
diﬂtributlon 18 identical for both Y—rays and the coefficients
are N . _ _

A2I= 0.24 ¢ 0.02, Ay = 0. 0i'+ 6'63
~which 18 compatible with the E2 assianment in the proposed Spin '
"sequence (Fig.1b) This reeult 1ndicated that the large alianment
is preserved at least for the period of about one half life.
A measurement of the.time-differehtial.angular.diStribution.of the
545 keV Y—ray proved this indication. The quantities No(t) andv.
Ag(t) of the time apectrum | | |

‘I(e,t) = No(t) [ 1 + Ax(t)Po(cosB) + Ay(t)P,(cosB)]

-

i
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are plotted in F;g;E. Within statistics the anisotropy is not

attenuated. Any possible perturbation, if precent at all, must

' be very weak; a lower limit of the relaxation time /A, 18

350 nsec and 1nd1catedvby-the dashed line. Of course, from
these data 1t 1is 1mpoésib1e to distinguish betweén a static or
time—dependént pertﬁrbation. Theée questions must be left open
for further investigation witﬁ'sufficiently longer 1n—betwéen-

ﬁeaﬁ intervals, allowing longer time-ranges without additional

| effects originating from preceding béam bursts,

After 1t was clear that with a metallic lead target there
was littie or'no-atténuation of the alignment in the isomeric

state, a sbin rotation measurement'was carried out in an

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

at 135 degrées with respect to the beam dlrection and a field

of 2.76 kG was applied pérpendicﬁlar to the beam-detector plane.
In this case the target was enriched metallic 297TPb. Fig.3
d1splays the time distributions of the 782 keV Y-ray in the
7Pb(a,2n)20_9Po reaction at Eq=30 MeV with magnetic field up
and'dowﬁ. Since 1t was established before that Aﬁ.ﬁso, the

normalized difference, plotted in the lower part'of Flg:3, was
_ . r

‘fitted by a function A-sin(2w . L~-¢). The fit ylelded a Lal‘mor’
precession frequency of CUL=11.610.7 MHz which givee with an
" external field of 2.760 kG | |

g = 0.88 % 0.05

This g-factor is extremely far off the Schmidt limits:-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-
particle state at all but the»three-particle state, as
indicated in Fig.1b. The g-factor can, then, he expressed
in termes of the known g-factors of the 29981 ana 2%7pp

ground states in the following way

} [( ﬁ Cr)) JF , Fa=t/2 5 I= 3 /3 ,ZDqFQ ]

)

21-1 . ' 1 | '207 :
3(9/2 , 2B ) + ;‘{3_(’:/2‘7 ~Pb )

—

 0.9423 for I=17/2-
The contribution of the neutron hole is almost negligible. _Thel
present experimental value agrees well with this prediction
but, as for the 9/2- ground state of 20931, it deviates
seriously from the einzle partiole estimate;_ The g-factor
of the 8+ state of 210Po was investigated in the same way _
‘and a preliminary result was reported elsewhere7)8) These
two results have demonstrated that the anomalous’ magnetism
of «the lsomeric states in 209?0 and 210?0 must be ascribed to
‘the same origin as in 209315 i.e., to magnetio core polari;ation
of the h9/2 proton.gj

As to the method, it was our intention to use the interesting
case of 2OgPo eslan example to demonstrate the usefulness of
this type of measurement, In-view of the great number of
existing isomers in the half-1ife range between 10'9 and 10‘6'

sec, and those which:i #1111 undoubtedly be discovered in near
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future, we feel that this 1s a most promising way to study
hyperfine interactions with a cyclotron beam. Such |
1nveét1gations must not only involve g-factor measurements

but alsovstuaies’of quadrupole interattions and relaxation

phenomena.,
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" Figure Captions:

Fig.1

Fig.2

Fig.3

Upper part(a): Example of: prompt and delayed Y-ray
spectra in the QOBPb(a, 4(3)n)208(209)Po reactions,

ce

where a thick target (50 mg/cn?) was bombarded with

(= 3

48-MeV a-beam. v
Lower part(b): Proposed level scheme of 2996 1n '.:._ o ®
comparison with related levels in 2O7Pbband 210Po. |
Time-differential angular'distributibn of the 782

keV Y-rays of 29%Po to check for perturbations in

the tareet. The quantities Ng(t) and'Ag(t) are.

defined in the texf. } J

Time spectra of the 782 keV Y—fadiation of 209Po in

"the presence of an external magnetic fileld. The

data were taken for opposite field directionsband

shoﬁ the opposite direction of ﬁhe Larmof precession,
Normalized differences are plotted 1n"thevlower'part;
of the figure 1nciud1ng the result 6f é least squares

fit (solid line).
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