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Half-life of the 6.3-keV isomer in 121Sn
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We present a measurement of the half-life 8tSr", obtaining a value of 43:90.5yr. In the same
experiment, we measured a half-life of 24.8.3 yr for ?2%b to verify the reliable performance of our data
acquisition system and analysis methods. Our experiméfi@i" half-life is consistent with 49 yr, a value
predicted on the basis of the systematic trend of the M4 isomeray transition in*’Sn and*!°sn.
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The ground and first two excited states#{Sn, 11%Sn, The 12" and ?*!Am sources were rigidly mounted in a
and?1Sn originate from the,,, d,, andh;;, shell-model  Lucite holder with a 0.25 mm thick foil of zirconium placed
configurations. Consequently, these nuclides each have l@etween them to attenuate low-energy x rays from ghe
long-lived isomer that predominately decays by an M4 iso-decay of?*!Am, which would have interfered with the mea-
meric y-ray transition. Theh;;, configuration assignment surement. Thé'%b source was mounted into a separate Lu-
may be tested with this transition provided that reliable val-cite holder. Either source assembly could then be snugly fit-
ues of the isomer half-life were available for all three iso-ted into slots cut in a larger Lucite holder, and placed at fixed
topes of tin. However, this is not the case f8tSA", where distances from the beryllium end cap of a dedicated 36
the following discrepant values were reported in the litera-x 13 mm thick planar high-purity Ge detector. We collected
ture: 76.3-6.6[1], 55+5 [2], 40+-10[3], and 25 yi4]. The  9y-ray spectra of 4096 channels from 0 to 170 keV in four-
first was determined by counting a thick sample with a gaséay intervals and recorded the data to magnetic disk using an
flow proportional counter. The next two are private commu-ORTEC ACE data acquisition system on a PC. The detector
nications quoted in an evaluation paper by Tanf@ia The had a full width at half maximum energy resolution of 0.57
fourth value, which is significantly lower than the other two, keV at 59.5 keV.
is a preliminary resulf4] measured with a Naj-ray detec- We began the experiment using thésn"/24'Am assem-
tor. We therefore decided to measure the half-life*dsd" bly placed 10 cm away from the Ge detector cap. Figuae 2
and have obtained a value of 43.0.5 yr. In the same ex- shows the relevant portion of theray spectrum of our first
periment, we measured a half-life of 2%8.3 yr for %b.  (*?!sr" and ?’Am) run, which we used to determine the
This latter result agrees well with the recommended value ohalf-life of 1?SA". After about six months we placed the
22.3+0.2 yr[6] and thus confirms the good performance of2!%Pb source assembly in front of tHé'Sr"/?4’Am source
our equipment and adequate analysis of our data. Our result5 cm away from the Ge detector to simultaneously measure
of 43.9+ 0.5 yr for the half-life of'?SA" may be compared the spectrum of both source assemblies
with 49 yr, an estimate that we have deduced from the re¢(?'%Pb, 12!Srn"/?4!Am) for a month. Figure @) shows a
duced transition probabilities of the M4 isomeric transitionspectrum measured in four days for the same energy region
in 17sA™ and %", This agreement supports the 11/2 displayed in Fig. 23). We then removed thé'%Pb source
spin and parity assignments {8'SA™ shown in the partial assembly and again measured they spectrum of just the
decay scheme of Fig. [7]. 1215m/243Am source for a month. We repeated the latter two

We used the following radioactive sources. steps four times and collected spectral datadsn" and

A sealed'?'s" point source with an activity of about 1.5 2%Pb for 1.2 and 0.7 yr, respectively.
uCi dried as stannous chloride onto a polystyrene tape. This We deduced the half-life of?!SA" by measuring the de-
source was produced by thermal neutron irradiation of arcrease in the 37.1 keV-ray count rate over a period of 1.2
isotopically puret?’Sn target, and was supplied to us by theyr. Since such a change is expected to be about 1.5%, good
National Institute of Standards and Technold®ST). Its  statistics(more tharn~1x 10° events in the peakand a pre-

preparation is given in Ref7]. cise reckoning of the spectral areas are required as well as a
A sealed?*!Am source with an activity of 1uCi, pur-  stable response of the data acquisition system. In each four-
chased from Amersham Corporation. day spectrum the 37.1 keV-ray peak contained about 5

A sealed?'%Pb source with an activity of LCi, purchased % 10° counts, and we estimated its background by averaging
from Isotope Product Laboratories, which contains Bi the areagfor the same number of channeibove and below
(5.01d) and %o (138.4) descendant nuclei in equilib- this peak. Because of its long and well known half-life of
rium. 432.2+0.7 yr[8] we used the 59.5 keV peak froffi'/Am «

All three sources were sealed between thin plastic layerdecay to test the stability of the electronics and to correct the
to reduce the absorption of emitted low-enefgy60 keV) v  data for systematic errors that could have originated from
rays. changes in the Ge detector response. Thus, we fitted an ex-
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FIG. 1. Partial decay scheme BSr™ [7]. Energies are in keV.

ponentially decreasing function of time to thegio between
the peak areas of the 37.1 ke and 59.5 keV
(>**Am) y rays[shown in Fig. 8a)]. The mathematical pro-

cedure involved taking the logarithms of the ratios between

the peak areas of the 37.1 and 59.5 ke\Wfays and then
performing a least-squares fit to a straight lisame proce-
dure and computer program as those used in [R¢fo mea-
sure the half-life of**Ti). We obtained an effective decay
constanth ;=0.014 19 (19) yr?, and ay?/v value of 1.04.
Using A (?*’Am)=0.0016038 (26) yr', the decay con-
stant of*?1Sr" is given by
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FIG. 2. Relevant portions of-ray spectra observed in four days
from (a) 2'SA"/?*'Am source, andb) #Pb and?'SA"?*!Am
sources. Energies are in keV.
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FIG. 3. Measured decay curve féa) *2'Srn"/?**Am, and (b)
210ppP4Am. The differences between measured and fitted values

are shown as residuals. The half-life values determined from these

fits are (8) ty(*?'SM™=43.9+0.5yr, and(b) ty,(**Pb)=21.8
+0.3yr.

A(E2ISA™) = N g+ N (P*Am)
=0.01419(19) yr 1+0.0016038(26) yr*
=0.01579(19) yr 1,

and thus its corresponding half-life is 43® yr. The num-
ber within parentheses represents the uhcertainty in the
least significant digit. It is apparent that the statistical uncer-
tainty of ~0.06% in the spectral area ratios was quite ad-
equate to detect the decrease in tH&A" activity with time.
We similarly determined the half-life of*®Pb. Figure 8b)

shows the decrease of the ratio between the spectral areas of

the 46.5 keVy ray, from2%b 8~ decay, and the 59.5 keV
y ray from ?*’Am o decay. The effective fitted decay con-
stant is \o=0.03014(26) yr! (with x*/v=2.97, or
0.030 14(45) for y?/v=1.0. The decay constant 8t°Pb is
given by

A (?1%Pb)=0.03014 (45) yr'+0.0016038(26) yrt
=0.03174 (45) yrt,

and then its corresponding half-life is 21(8) yr. The sig-
nificantly larger value of 2.97compared to 1.04 in the
12154"/241Am case for x?/v may be due to repositioning the

057302-2



BRIEF REPORTS PHYSICAL REVIEW C 65 057302

TABLE |. Parameters used in E@l) for 1*’Sn and™%Sn and the respective values obtainedBor

Nuclide E, (MeV) at (M4) B (IT) ty(d) B, (MeV %yr Y
17sn[11] 0.156 02(3) 47.8(24) 1.0 13.60(4) 509 (25)
H9%5n[12] 0.065 66(1) 5.1626)x10° 1.0 293.1(7) 521 (25)

21%Ph source between th&'sn"/24)Am source and the Ge for the isomeric transition deduced front'’sn and

detector for each separate measurement. The geometry of th€Sn, as well as their energies, conversion coefficients, and

1215m/245Am assembly, however, remained unchanged durbranching ratios we have estimated a half-life f4lSr" as

ing the experiment, which explains the better value of 1.04ollows.

for x?/v. Our experimental value for the half-life ¢t%b The reducedy-ray transition probability for the M4 iso-

agrees very well with the recommended value of 22.3meric transition is given by10]

I

202l s o e iy and kb s,

Lyrom the four previously available half-life values for where the parameters for the isomeric transition are the fol-
'Sri", only that of Flynn, Glendening, and Steinbdfl  |owing B(IT) is the fraction of the isomer that decays by the

(76.3-6.6 yr, average of two valuess accompanied by a jsomeric transitior(IT). E,, is the y-ray energya(M4) is the

description of the measurement, although certainly very lim+ota| conversion coefficient,, is the isomer half-life, ané

ited. Their activity was chemically separated and a tHRk s the atomic mass number. Table | shows the values of these

mg/cnf) source wag counted for seven years using a gas-parameters fot'’sSn and*'%sn, as well as their reduced tran-

flow B proportional counter. Since with this detector it was gjtion probabilities B,) calculated with Eq(1).
not feasible to select the radiations frdfiSA™, the result of Now, using B, (12lsﬁn):515 (average from''’sn and

their measurement relies entirely on the chemical and isot01193n), together with B(IT)=0.776 (20) [7], E
pic purity of their source. Moreover, although the stability of — 5 ggg29 (8) MeV [5], a(M4)=9.4x10" [5], and X\
their data acquisition system for seven years was tested by 151 i Eq.(1), we have obtaineth (125" = 49 yr. This
counting theg decay of &b (22.3 yn sample, their result  reqyit is within 11% of our measured value of 43@.5 yr.

for the half-life of this radionuclide is not given in their However, because of the very low energy of the isomeric
paper, and thus it is difficult to judge the attained level ofyansition[0.00629(8) MeV], even the small uncertainty in
stability. Finally, it is somewhat surprising _that in @ measure-jts energy produces a systematic error of about 50% in its
ment that lasted seven years they obtained a precision @feoretical conversion coefficient, and thus about the same
only ~10% in the half-life value. Such a result suggests thafractional uncertainty in the estimated half-life &'Sr™.

very few measurements were done during the 7 yr periodgr measured?'Sr™ half-life is consistent with that calcu-
and it casts additional doubts on their verifying of equipmentgieq on the basis of the systematics of M4 isomeric transi-
stability and ultimately, on their result for the half-life of 4q.<in1%5n and9Sn. which supports they ; , assignment

lZlSr{n
' . . , _ to the 6.3 keV isomer irt?1Sn.
For the other three half-life values, there is no information

given on the methods that were used in these measurements,We are grateful to Jose M. Los Arcd€IEMAT, Spain
rendering a useful comparison virtually impossible. On thefor suggesting this measurement. This work was supported at
other hand, we can test the systematics of the M4 isomericawrence Berkeley National Laboratory by the Director, Of-
transition in*’Sn and*'°Sn to produce a half-life estimate fice of Science, Office of High Energy and Nuclear Physics,
for 12'SA" and then compare this estimate with our Division of Nuclear Physics of the U.S. Department of En-
measured value. Using a reduced transition probabilityergy under Contract No. DE-AC03-76SF00098.
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