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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.




e~

Submitted to Physics Letters. o I A UCRI-17226
' ' ‘ Preprint

 UNTVERSITY OF CALIFORNIA

h g

lawrence RPediation Taboratory '
Berkeley, California .

AEC_Contraét No. WE7h05—eng;h8

ISOMERIC STATES IN THE 3 TO 500 I\IANOSECOND
RANGE PCPULATED BY (@, xn) -REACTIONS

T. Yamazaki and G. T. Ewan

. ) : February 1967



UCRL-17226

- ISOMERIC STATES IN THE 5 0 500 RAPOSVCOND
"~ RANGE" POPULATED BY : (o, xn)--REACTIONs*

T Yamazaki and G. T. Ewanf"
' Lawrence Radietion Laboratory
University of California

- Berkeley, California

Febrnerybl967 '

'ABSTRACT
Isomeric states in the 3 to 500 nanosecond range have been measured
by a new meﬁhod depending on the fast tining propenties of_Ce(Li)
detectors end the small time spread of.beem bunches in a sector~‘

focussed cyclotron. New isomeric'transitions are reported in

K]

'2°8Po and 21OPo.

~ Studies of gamma-ray spectra following}(particle, xn) reactions have
1) '

provided much information on»low-lying nuclear levels and by using pulsed

beams the life- times of many isomers have been measured in the 2 1 wmsec
range 2,3) and the 2 5 usec range ’5) 'The extension of time’measurenents
down to a few nanoseconds greatly'exﬁends the range of nuclear isomers that
can be easily identified and enables higher energy transitions and lower
multipole transitions to be measured.

In this letter we report sonefresults obtained by ansimple menhod of
measuring the half-lives of isomeric trensitions in the 3 to 500 nsec region

populated in nuclear reactions. The method depends on the fast timing proper-

ties of Ge(Li) detectors and the small time spread of the beam bunches in a

This work was performed under the auspices of the U. S. Atomic Energy Commission

fPermanent address: Chalk River Nuclear Laboratory, Chalk River, Ontario, Canada
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sector-focussed cyclotron’ . The cyClotroh r. f. OScillatbr'is used 0 generate
a zero time signal aséociatéd with a beam bunch and the energy and time distri- -
bution of y-rays produced in a target are measured with a Ge(Li) vy-ray spec-

trometer. The time and energy spectra are recbrded simultaﬁeogsly-in a two-

dimensional analyzerf' Details of the electronics used for timinngill be {r

discussed elsewhere. The beam characteristics of the cyclotron set a lower
limit on the half-life that can be easily measured and an upper limit on the
_time range that can be studied with this technique;_ The analyzed beam bunch
from the Berkeley 88" cyclotron has & time spread of ~ U ﬁsec (FWHM) and a
repetition period of ~ 100 - 170 nsec.

Figure 1 shows part.of the two~dimensionai 7~ray spectrum observed in
th 208Pb(a bn ) Po reaction with a 2 e’ X 5 mm deep thin window Ge(Li) |
detector. The analyzer was operated Wlth'256 channels for -energy analysis and

16 channels for time analysis. The 145 keV pesk and‘sé{eral»othér peaks .
observed in the prompt spectrum decay very rapiqu and give the prompt time
distribution curves at these energieé; .The 1&7 keV transition decays more
vslowly with a half-life of 8 + 2 nsec. The 176 kev.trénsition'has a prompf
component and a very long=-1lived component with a half life of hOO 70 nsec._
The prompt component arises from direct feedlng in the reaction and the delayed
component from an 1someric transition preceding the transition.Qnder study.‘The
high energy region of the 7—fay spectrum was studied in |

a similar manner with a 5 cm? X 13 mm deep Ge(Li) detectof. " The time distribu-

tions for the 660 keV and 685 keV transitions showed a prompt component and a .

delayed component of 390 % 90 nsec.
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. reaction. Previously levels up to the 6+ member of the ground state (h9/2)
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S o L , :
We have also studied levels in ElOPo, populated in the’ eong(a; 2n)2‘OPo
' 2

210

configuration have been observed in the radioactive decay of At. The 6+

level has a meesured half~life'of 38'nsec6). The 8+ member'of'this configura-
tion is expected to be isomeric and to be highly populated in the (&, 2n)

reaction. Figure 2 shows time distribution curves for some of the transitions

~ observed. The 1180 keV 2+ — O+ and 245 keV U+ = 2+ transitions have a long-

lived component as well as a prompt compohent."These transitions are also
preceded by 38 nsec and 24 nsec isomers and so thelr,decey curyes are complex.
The present results show the presence of a long-lived (~ 150 nsec) isomeric
stateoabove the b+ level' This is. tentatively assigned as the 8+ level
although neither the 8+ — 6+ nor the L6 keV 6+ — U+ transition was seen in
the Yy-ray spectrum because of their high internal conversion’coefficients.

The 1292 keV. transition shown in fig. 2 has a half-life of 24 * 5‘nsec

and no appreciable prompt component This indicates that it proceeds directly

from an isomeric level. To establish its position in the level scheme, ~y~-vy

coincidence experiments would be necessary, and this was not practicable with

- the experimental arrangement used. However,ISince there is ho other transition

of similar half-1ife, it probably feeds the 8+ state. The measured half-life

(24 nsec)~1s close to the single-proton estimate for E3 (71 nsec), and so, the

transition is tentatively assigned as an E3 transition from an 11- level to

the 8+ level. This is consistent with the shell model calculation of Kim and

Rasmussen7) who predict that the lowest level of the h9/2 15/2 configura+1on

~around 3 MeV excitation energy will be the ll— level. However, their theoreti-

cal E3 transition probebility between. the pure shell configurations,
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9/2 13/2 11- and (h9/2 is 150 tlmes lese than the pzeaent exper imental
value. Thls may indicate e contribution due to octupole exc1bat10n of the
core. A tentatlve level scheme for ?;OPO, based_partly'on the theoretical

prediction, is also given in fig. 2,:,

The method discussed above has been used to survey the reactions

)206-210 110-116 n)112--118

206,20 : L g
,208 Po and cd(x, 2 Sn. Several previously

Pb(a, xn

unknown isomers haye been observed and a detailed report will be prepared
shortly. |

Several measurements of a similar typevcan be made by ualng “this method
One obvious extension is to study conversion electrons with an electron spec= -
" trometer and study their time distribution relative to the cyclotron beam pulse.
This could be useful for studying .the 1sdmericrtransitions difectly as. these
often have high internal conversioﬁ_coefficients and are not'observed in the
y—ray spectrum. Another application depends on the fact‘fhat the nuclear states
formed in (particle, xn) reactions are often highly aligned. By studying the
time-dependent angular distriﬁutions of the'y-rays it is possible to examine
the time dependence of the alignments ef.the isoheric'etates; and other prob—
~lems associated with extramnuclear fields. |

We would like to express thanks to Dr. F S. Goulding and Mr. D. A.
Landis for their assistance with-the electronic systen, to Drs. B. G. Harvey,
D. L. Hendrie and others at the 88" cyclotron for their support-and to Dr. S. G.
_Pruséiﬁ for his assistance. One of us (T Y. ) is grateful for the receipt of
the Miller Research Fellowship The other (G. T. E ) would like to thank Drs. I.

Perlman and J. O. Rasmussen for their kind hospitallty durlng his visit.
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Fig. 1.

Y-rays have delayed components with tl/é

Fig.
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. Figure Cantlons -

Part of. the 256 channel (energy) X 16 channel (time) spectrum observed

208 | _
in the Pb(a hn) Po reactlon at 50 MeV. This data was obtained with

5 , e .
a 2 cm” X 5 mm thick thinfw1ndow Ge(L1) detector; The 147 keV and 176 keV

=8+ 2. : ~ :
18" 2lneec and tl/2 ‘IMOO nsec,

respectively.

2 To the left are shown the time distributlon curves of tnree tran51tlons

208
observed in the reaction Pb(a 2n) Po at 28 MeV

: 210,
a tentative level scheme for . Po. The 1292 keV tran31tlon has’ been

' Its 1ocat10n has not

assigned E3 multipolarity on basis of its half~life.
7).

definltely been established but is based on & theoretlcal predlctlon

TO the rloht is shown

\om
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0 This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

. mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
‘implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

o

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
‘mation, apparatus, method, or process disclosed. in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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