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Half-lives of Au, Hg, and Pb isotopes from photoactivation
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The ground state half-lives of the gold isotop®Au, the mercury isotopes®197-20#g, the lead isotope
203pp, and the half-lives of two isomers #*Hg and?%4Pb have been measured with high precision using the
photoactivation technique. Theray activity was counted over several half-lives with high-purity germanium
detectors. The measured half-lives ar€;,(*%Au)=6.1669-0.0006 d; T,(***Hg)=10.53+0.03 h;
T1(Y¥Hg)=64.940.07 h; T1,(3**Hg)=46.6+0.1 d; T,(?°Pb)=51.95-0.01 h; T,(***"Hg)=42.67
+0.09 min; Ty,(?*™Pb)=1.14+0.04 h.
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The precise knowledge of half-lives is a prerequisite for100% (Pb). After 270 h the mercury sample was replaced by
the analysis of activation experiments. In a recent photoactithe gold sample, because the activity of the relevant mercury
vation experiment with a quasithermal photon spectrum aisotopes has totally disappeared.yAray spectrum is shown
astrophysically relevant energi¢4] (y,n) cross sections in Fig. 1.
have been analyzed which are relevant for the nucleosynthe- The photon spectra of the Au, Hg, and Pb samples were
sis of the heavy neutron-deficient nucleig. Ref.[2]). For  accumulated for 834, 271, and 485 h with an automatic data
the running experiments on gold, mercury, and lead isotopesaving every hour for the analysis of the decay curves. The
[3] the half-lives of the isotopes®™Au, *%1"%%Hg, and  apsolute time scale was derived from the time standard dis-
?%%Pb have to be known precisely to avoid systematic errorgributed by the Physikalisch-Technische-Bundesanstalt,
in the data analysis. This is especially relevant in the casgraunschweig, Germany via a long-wave radio signal. The
when a relatively long time lies between the irradiation andeycellent resolution of the HPGe detectors made us able to
the counting phase. Therefore we measured the half-lives Qf, 576 eachy line separately, reducing the disturbances of
these isotopes by the decay curves of severahy lines. the other lines to a minimum.

Additionally, two half-lives of isomers irt®*"Hg and **"Pb The dead time was determined automatically by the data
have been determined. acquisition system by measuring the duration of the busy

n .ge.”erj‘" Ea'f'“"es are known ‘r’]"ith re'a?"e'}’] small un- giunal of the 100-MHz Wilkinson ADGSilena 7411 which
certainties/4]. However, this is not the case for the NeUlron-is“trye from the beginning of each conversionput signal

deficient isotopes which can be produced by then] reac- o, ceeds lower level discriminajountil the data acquisition

tion on the most neutror_l-deficient stable isotopes b‘?causs‘?/stem acknowledges the transfer of the digitized data. The
these isotopes have typically very low abqndances in th‘aead time of the whole system is given by this period be-
order of 0.01-1%. For example, the half-life 6*Hg is (56 it exceeds the signal width of the analog amplifier. The

only known with an uncertainty of about 5%, and the two ye4q time given by the data acquisition system was checked
available experimental results are not consisféntg]. Ad- in a previous experiment with a pulse generator at variable

ditionally, it has been shown in our previous experimighit  foquencies, and it was found that the automatically deter-

that the adopted values with their quoted small uncertaintieg,ined deadtime is reliable up to count rates of more than
in Ref.[4] are not always in agreement with new experimen-104/S [7].

tal results which used high resolution detection techniques to
avoid systematic uncertainties from background activity.

The experiment was performed at the real photon facility s }’ d
[8] of the superconducting Darmstadt linear electron accel- 10°) //e/b
erator S-DALINAC[9]. Our samples of gold, mercury, and ‘E JU /b
lead were irradiated with bremsstrahlung at an endpoint en- 2 ‘i%q /C S
ergy of 9.975 MeV for about 12 h. The samples consisted of Oy o { u /C \\
149 mg Au, 2616 mg HgS, and 12.91 g Pb in natural isotopic 10 ™ t
composition. The bremsstrahlung was produced by a con- 0 WMWM
tinuous wave electron beam of about 25 impinging on a 10 : : ‘ ;
copper bremstarget. The samples were mounted directly be- 200 E&%%V) 1000
hind the copper bremstarget, and they were activated simul-
taneously mainly by {,n) reactions and by, y’) in the FIG. 1. Photon energy spectrum of the HPGe detector of the

case of the two isomers. The activity of mercury and leadmercury sample after irradiatioke) x ray, (b) lines and sum lines
was counted immediately after the irradiation using twofrom *%"Hg, (c) lines from **Hg, (d) lines from *™Hg, (e) lines

high-purity germanium(HPGe detectors with efficiencies from 2°*Hg. Minor branches are not labeled; all lines have been
relative b a 3 inxX3 in. NalTl) crystal of 30%(Hg) and identified.
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TABLE |. Comparison of our resultéveighted average of all analyzed decay cuywesh the adopted
values from Ref[4]. For each analyzed decay curve we list heay energy, the reduceg?/F, and the
half-life T,,. Additionally we compare the weighted average of our results to the adopted values.

Isotope E, (keV) X2IF Tip? TP
19%g w. average: 10.580.03 h 9.9-0.5h
585.1 0.81 10.620.08 h
599.7 1.14 10.570.08 h
779.8 1.09 10.490.04 h
930.9 1.05 10.740.33 h
1111.0 1.42 10.540.13 h
1172.4 0.93 10.660.14 h
197Hg 191.4 1.73 64.940.07 h 64.140.05 h
20Hg 279.2 1.07 46.60.1d 46.612-0.018 d
199mHg w. average: 42.670.09 min 42.6-0.2 min
158.3 2.75 42.680.11 min
374.1 1.19 42.6%0.19 min
203pp w. average: 51.950.01 h 51.873:0.009 h
279.2 1.12 51.940.01 h
401.3 1.04 52.010.04 h
680.5 1.08 52.020.06 h
204mpy, w. average: 1.140.04 h 1.12@-0.005 h
374 0.20 1.1¥0.10 h
899 0.26 1.140.05 h
912 0.28 1.1#0.10 h
198y w. average: 6.16690.0006 d 6.1820.010 d
333 1.08 6.16860.0014 d
356 1.23 6.166 0.0007 d
688 1.00 6.16270.0048 d
1091 1.08 6.1630.047 d
1446 1.17 6.31.9d

&This experiment.
®Adopted values from Ref4].

The y-ray spectra were analyzed with the program pack-80 h(779.8-keV ling. Nevertheless, the statistics were good
age TV[10]. Different regions of interest for the peak areasenough to measure the half-life with high precision. Hence
and for the background calculation were chosen to check thiéhe published value$5,6] of 9.5+0.5 h and 11.51.0 h
consistency of the data analysis procedure, and the resultingpuld be upgraded to the accurate value of 16.6D3 h.
uncertainties were typically in the order of less than 0.1%Two decay curves are shown in Fig. 2.

Where several decay curves could be observed using only
peaks with sufficient statistics, it turned out that the mea-
sured half-lives from the differeny rays were internally

consistent and a weighted average was calculated. The re- 9101

duced x? per degree of freedorf is close to unity for all 22} &”‘MM

analyzed decay curves with good statistics. A summary of 2107 Mwm

the results is given in Table I. = ;@Q“
In the following we present the results from our photoac- ‘g

tivation experiment and discuss the differences to previous 107 TR R TR

measurements. Note the significantly reduced uncertainties
in several cases.

1%Hg. Because of the short half-life of about 10 h, we  FIG. 2. Decay curves of**Hg atE,=779.3 keV (upper ling
only could follow the decay from 37 {930.9-keV lingupto  and at 585.1 ke\W(lower line).

time (h)
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FIG.3. D #9Hg atE,=191.4 keV. .
G. 3. Decay curve of"Hg atE, =19 € FIG. 5. Decay curve of%Pb atE,=279.3 keV(upper ling and

at 401.3 keV(lower line). The missing data points are again the

l97Hg_ The known value of 64.140.05 h from literature  consequence of a general failure of electric power in a thunderstorm
[4,11] could not be confirmed. We annotate that we wereover Darmstadt which seems to appear in all long time measure-
able to exclude all potentially systematic errors due to thenents[7].
excellent energy resolution of the HPGe detector. Our result
of 64.94+0.07 h is based on the analysis of 270 measured
spectra corresponding to more than four half-lives. The dethere was a difficulty. This line overlaps with a background
cay curve is shown in Fig. 3. Other measured values varyine. Thus we had to calculate the background with the last
between 64 and 66.4[12-14. 100 spectra retrieved. Our value of 1:1@.04 h shows good

_ **Hg. **Hg is a standard calibration source, and its half-consistency with the literature val(id] of 1.120+0.005 h.
life is well known. The adopted valu¢4] of 46.612 19y, High precision was achieved by the long obser-
+0.018 d could be verified (46260.1 d) within our uncer- vance of 834 h. Our evaluated halfife of 6.1669

tainties. Due to the long half-life 6f**Hg it was not the aim +0.0006 d is in conformity with literaturg4] measured by

of this experiment to improve this value, but the conformity Ref.[25]. We have reduced the uncertainty of the half-life by

verifies our other measurements. . .
1990g  The decay curvéFig. 4) of the J™=13/2", E more than one order of magnitude. Two decay curves of this
' X isotope are show in Fig. 6.

=532-keV isomer in'**Hg was measured over a time inter-
g In this experiment the half-lives of**Hg, °Hg, 2%*Hg,

val of 8 h in thecase of the 158-keV line, and 8 h for the 1loam 203y, 204m 106 .
374-keV line. The previous results in literature show some 19 b, “™Pb, and™Au have been measured with

inconsistencieg4]. They vary from 42.6:0.2 min [15] to high precision. The adopted valug could be significantly
i improved for **Hg, °9Hg, and '*®Au. For *"Hg and

44.4+0.5 min[16] (see also Refd.17—-19). Our result of p 9, 9, g
42.670.09 min is identical to the adopted val(@5,4 - Pb our results have similar uncertainties but they are in
within the errors. However, the uncertainty could be reduced@light disagreement with the adopted val{#k The adopted
by a factor of 2. half-lives have been confirmed for the standardsource

203ph. The decay of this isotope we could follow over 2°Hg and for the short-lived isomet®™Pb. The improved
450 h, shown in Fig. 5. The analysis was made with the helfhalf-lives will be needed for the analysis of the running ac-
of three lines. Because of high intensity and the small distivation experiment[3], especially in the case of**Hg,
tance between the sample and the detector, sum lines oghere the half-life was measured for the first time with high
curred in the first spectra. Therefore we had to exclude thgrecision.
first spectra from the analysis. The measured half-life of .
51.95+0.01 h could not confirm the adopted value 51.873 We thank the S-DALINAC group around H.-D. Gréor
+0.009 h[4] measured by Hoppest al. [20] with compa-  the reliable beam during the photoactivation. This work was
rable precision. But it agrees with results of former workssupported by the Deutsche Forschungsgemeinsdtaf-
[21-24 which range from 51.88 to 52.10 h. tracts No. FOR 272/2-1 and Zi510/2-1

204mpp - We could follow the decay curves of th¥"
=97, E,=2186-keV isomer irf®Pb over 3 h in thease of
the 374-keV line, and ove7 h in thecase of the 899-keV
line. The analysis of the 912-keV line succeeded for 4 h, but
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FIG. 4. Decay curve of®"Hg at E,=158.3 keV(upper ling
and at 374.1 ke\lower line).

FIG. 6. Decay curve of*°Au at E,=333 keV (lower ling) and
at 356 keV(upper ling with the same gap in the datsee Fig. 5.
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