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Lifetime measurements in odd-parity Rydberg series of neutral lead
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Natural radiative lifetimes have been measured in the odd-parity Rydberg sprisg16=7—-13) and §nd
(n=6-13) of neutral lead using time-resolved UV laser-induced fluorescence from a laser-produced plasma.
A relativistic Hartree-Fock calculation taking configuration interaction into account in a detailed way has also
been performed for odd- as well as even-parity states for testing the ability of this approach to correctly predict
radiative properties of heavy atoms. A generally good overall agreement between experimental and theoretical
lifetimes has been achieved except for a few leVje34.050-294®8)05605-4

PACS numbdss): 32.70.Cs, 42.62.Fi

[. INTRODUCTION and eonf 1/25/2], (n<27)] by means of two-photon reso-
nance ionization spectroscopy. High-lying odd-parity levels
In the last decade, the Rydberg states of alkali andave been considered by Buch, Nellessen, and Er{@ler
alkaline-earth elements have been extensively investigataasing laser spectroscopy and their measurements were ana-
and their spectra have been successfully analyzéd_ead lyzed with Lu-Fano plots. Faroodt al. [9] reported new
is the heaviest element in the fourth group which hgs’a data for theJ=0, 1, and 2 even-parity levels of neutral lead
ground configuration. The lowest-energy level of IPl3  using a two-step excitation technique in conjunction with a
6s°6p? (1/2,1/2),, this configuration being well described thermoionic diode detector. Considering earlier spectro-
by a jj coupling scheme, while the ionic cor@bil) is  scopic studies of thefns, 6pnd, and ng Rydberg levels
6s%6p, which splits into the level$PS,, (lower ionization by Buch, Nellessen, and Ertm¢8], Dembczy'nskiet al.
energy and 2P$,, (upper ionization limit in theLS coupling  [10] have carried out an interpretation of these levels with
scheme. The Rydberg series consist opaetectron ion core  the aid of a linked-parameter method of level-fitting calcula-
and a highly excited electron, and these states are also aions in a large multiconfiguration basis. Recently, two-
equately described bjj coupling. color resonance ionization spectroscopyJefO, 1, and 2
Since the resonance lines of Pliie in the UV and even-parity levels [6pnp (1/2, 1/2), (n<50), 6pnp
vacuum ultraviole{tVUV) regions, only a limited amount of (1/2, 3/2) (n<27), 6pnp (1/2, 3/2), (n<54), 6p7p
spectroscopic data has been obtained. Most of the work frorf3/2, 3/2), and @nf 1/25/2], (n<51)] was applied to
early investigations was summarized by Mo¢8&8. Wood Pbi by Hasegawa and Suzukil] and the corresponding
and Andrew[3] reinvestigated the Pbemission spectrum in term energy values were analyzed with the MQDT tech-
the spectral range 1733-39 039 A and determined the lowRique.
lying states of odd and even parities, while Garton and Wil- In order to give more insight into the understanding of the
son [4] reanalyzed the absorption spectrum in the regiorproperties of Rydberg states of Rbadditional physical
1100-2500 A in order to study thep®s (8<n=32) and quantities, such as radiative lifetimes, are required. The Pb
6pnd (6<n=<53) states. Brown, Tilford, and Gintg6] re-  spectrum has been the subject of a limited number of lifetime
ported absorption observations of Pbetween 1350 and investigations, most of them being carried out by level-
2041 A and analyzed the spectra in terms of the multichanneirossing spectroscopy-CS) and, more particularly, by the
guantum defect theoryMQDT). Young, Mirza, and Duley Hanle-effect technique. Hanle-effect studies of the
[6], using three-photon resonance spectroscopy, investigatép7s (3/2, 1/2§ and 6p8s (1/2, 1/2) states of lead were
the even-parity Rydberg seriepbp (1/2, 1/2), (n<23), done by Salomaf12,13. The lifetime and hyperfine struc-
6pnp (1/2, 3/2) (n<20), 6pnp (1/2, 3/2), (n<48), ture of the §7s (1/2, 1/2) excited state have also been
and 6nf 1/25/2], (n<26). Ding et al. [7] studied the studied by Saloman and Hapdd4] and by Novick, Perry,
even-parity J=0 and 2 Rydberg series [i.e., and Salomarf15] using the LCS method. The phase-shift
6pnp (1/2, 1/2)y (n<27), 6pnp (1/2, 3/2), (n<41), technique has been applied by Cunningham and [li&} to
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FIG. 1. Block diagram of the experimental setup. o oF (112,12

the measurement of thep@s (1/2, 1/2£ lifetime value FIG. 2. Partial Grotrian diagram for odd-parity states of the
while the same level was also investigated by DeZafra an@eutral lead atom.
Marshall [17] by the Hanle-effect method. Garpmai al.
[18] measured natural radiative lifetimes of some excitedsplitting in the Pb atom and the isoelectroniciBand Pai
states of Pb by means of the Hanle-effect method. Using and to Bienont and Quinef26] who calculated in multicon-
optical techniques, Gibbq19] investigated collisional figuration approaches the transition rates for forbidden lines
quenching and depolarization of alignment of lead metawithin the 6p% (k=1-5) configurations along the lead, but
stable and excited states and he was able to derive a lifetime@so the thallium, bismuth, polonium, and actinium se-
value for the 7s (1/2, 1/2) state. The lifetimes of the quences up to radon.
6p7s (3/2, 1/2§ and §8s (1/2, 1/2) states of Pb were For these different reasons, we report in the present paper
measured by Baghdadi, Halpern, and Salofi2f} using the lifetime measurements of 33 odd- and even-parity states of
Hanle approach. Selective excitation of low-lying levels inPbi along Rydberg series up to=13 using time-resolved
neutral atoms was achieved by Ramanuj@i by means of laser-induced fluorescence in a laser-produced plasma. These
a fast heavy-ion-induced sputtering and this approach aexperimental lifetime values are compared with extensive
lowed him to measure the lifetime of the level of P&itu- relativistic Hartree-FockHFR) theoretical calculations tak-
ated at 45 443 cmt. More recently, using the irradiation of ing into account the most important relativistic effects and
Pb vapor by the frequency-doubled output of a nitrogerconsidering configuration interaction in a detailed way. Pre-
laser-pumped dye laser, the lifetime qbBs (3/2, 1/2f of ~ Viously [26], this method has been shown to be adequate for
atomic lead was measured by Giers, Atkinson, and KrausBroviding accurate term energies and transition rates for for-
[22] by the observation of the excited state decay using th&idden lines in heavy atoms and ions.
delayed-coincidencéDC) method. Using also the DC tech-
nique, Gorshov and Verolaindr23] were able to measure
lifetimes for 12 levels(6pns, n=7-8; épnd, n=6-7;
6pnp, n=8-9) in Pbi. Beam-foil spectroscopy measure- The experimental setup of the present experiment is
ments have been reported by Andersg4] for the shown in Fig. 1. The laser system used was a Nd:YAG
6p7s (1/2, 1/2§ and 66d 1/2[5/2]3 levels. The hyper- (YAG denotes yttrium aluminum garnetContinuum NY-
fine structure and isotope shift of odd-parity Rydberg state®2) pumped dye lasetContinuum ND-6Q operating with
have been studied by Buch, Nellessen, and Eri8fusing DCM dye or Coumarin 500 dye. To obtain the required UV
a continuous-wave UV laser and a collimated atomic beamadiation from 204 to 327 nm, frequency doubling and tri-
technique. It should be emphasized, however, that all theling of the fundamental frequency have been used. The sec-
studies mentioned in this section were concentrated on and harmonic was produced in a potassium dihydrogen
small numberi.e., 19 of different levels of Ph. phosphatdKDP) crystal, while the third harmonic was gen-
Some levels along the Rydberg series of lead are stronglgrated by mixing the second harmonic with the remaining
perturbed by configuration interaction as recently pointed outundamental frequency in a BBO crystal following a retard-
in several investigationtsee, e.g., Ref§10,11)). A detailed ing plate used to make the polarization direction of the sec-
theoretical analysis of such effects is necessary for a bett@nd harmonic and of the fundamental frequency parallel. The
understanding of the experimental observations. Recent agxcitation beam was sent through the vacuum chamber,
tempts to investigate configuration interaction in neutral leadvhere the atomic beam was crossed. Fluorescence light was
are due to Shuklat al. [25], who studied the influence of collected with Cak lenses perpendicularly to the laser and
valence-electron correlation effects on the fine-structuréhe atomic beam through amonochromatécton Model

Il. EXPERIMENTAL SETUP



TABLE I. Odd-parity levels of Ph: levels measured and excitation scheme.

LIFETIME MEASUREMENTS IN ODD-PARITY RYDBERG . . .

Excitation Observed
Eexpt — fluorescence

Levef (cm™Y) Origin A (nm) (vac) (nm) (vac)
6p7s(3/2, 1/2§ 48 188.67 @2(1/2, 3/2), 266.765 247.6
6p8s(1/2, 1/2f 48 686.93 @2(1/2, 1/2), 205.394 262.9
6p9s(1/2, 1/2} 53511.15 @2(1/2, 1/2) 218.859 188.9
6p10s(1/2, 1/2f 55 720.36 ®2(1/2, 1/2), 208.765 179.5
6plis(1/2, 1/2} 56 942.05 @2(1/2, 1/2), 216.022 175.6
6p12s(1/2, 1/2f 57 688.57 ®2(1/2, 1/2), 212.594 173.3
6p13s(1/2, 1/2f 58 177.97 ®2(1/2, 1/2), 210.405 171.9
6p6d 1/2[5/2]3 45 443.17 ®2(1/2, 3/2), 265.789 287.4
6p6d 1/2[3/2]3 46 060.84 ®2(1/2, 3/2), 261.494 282.4
6p6d 1/2[3/2]° 46 068.44 ®2(1/2, 1/2), 217.068 261.4
6p6d  3/25/2]3 58517.71 ®2(1/2, 312), 208.911 197.2
6p7d 1/2[3/2]3 52 311.32 ®2(3/2, 312), 324.113 224.8
6p7d 1/2[3/2]° 52 499.64 ®2(1/2, 1/2), 322.147 190.5
6p7d 1/2[5/2]3 52 101.66 ®2(3/2, 312), 326.335 241.2
6psd 1/2[3/2)° 55 158.19 ®3(1/2, 1/2), 211.244 181.3
6psd 1/2[3/2]3 55 084.14 ®3(1/2, 3/2), 211.574 225.1
6p8d 1/2[5/2]3 55 003.29 ®2(1/2, 312), 211.937 2235
6p9d 1/2[3/2]9 56 604.70 @2(1/2, 1/2) 204.980 177.7
6p9d 1/2[3/2]5 56 563.20 @2(1/2, 3/2), 217.805 205.2
6p9d 1/2[5/2]3 56 526.49 ®2(1/2, 3/2), 217.970 205.3
6p10d 1/2[3/2]° 57 471.17 ®3(1/2, 1/2), 213.581 174.0
6p10d 1/2[3/2]3 57 444.52 ®2(1/2, 3/2), 213.702 201.5
6p10d 1/2[5/2]3 57 424.02 ®2(1/2, 3/2), 213.796 201.7
6p11d 1/2[3/2]° 58 029.94 ®3(1/2, 1/2), 211.062 172.3
6p11d 1/2[3/2]3 58 012.05 ®2(1/2, 3/2), 211.142 199.2
6p11d 1/2[5/2]3 57 995.90 ®2(1/2, 3/2), 211.214 199.3
6pl2d 1/2[3/2]3 58 398.71 ®2(1/2, 3/2), 209.432 199.7
6pl2d 1/2[5/2]3 58 378.56 ®2(1/2, 3/2), 209.521 197.8
6p13d 1/2[5/2]3 58 666.69 ®2(1/2, 3/2), 208.262 196.7

#Designations according to RdB].

bFrom Refs[3, 5.

VM502) and detected by a photomultiplier tud@®MT)
(Hamamatsu R1220 The data acquisition and treatment
were performed by using a digital oscilloscofBektronix
Model DSA 602 and a personal computer.

In order to populate sufficiently the metastable states in

the atomic beam, a laser-produced plasma has been used.

The radiation from a second Nd:YAG las€€ontinuum
Surelite was focused on the surface of lead sulfide powder,
about 15 mm below the excitation laser beam. A pulse en-
ergy of about 20 mJ caused ablation of the powder which
was splashing at the laser pulse impact. To maintain a
smooth target surface for the next laser pulse, the container
was shaken by an electromagnet at a frequency in resonance
with the mechanical vibrations of the container-magnet ar-
rangement. Both Nd:YAG lasers were externally triggered
by a Stanford Research Systems Model 535 digital delay
generator. This allowed us to change the time delay between
the light pulses used for atomization and excitation.

Ill. MEASUREMENTS AND RESULTS
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Some energy levels of neutral lead relevant to the present FIG. 3. Measured radiative lifetime of thepé2s (1/2, 1/2§
experiment are shown in the partial Grotrian diagram of Figstate as a function of delay time.
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2. In the laser-induced plasma, all the metastable states of tleehievable background pressure. A crucial point in a
configuration ®? have been sufficiently populated which al- transient-recording experiment is to ensure that the detector
lows the selection of appropriate transitions for exciting thehas a linear response. In the present experiment, the number
desired levels. The transitions used in practice in the presemff photons recorded in each transient was small enough to
experiment are indicated in Table I. exclude influence from a nonlinear effect of the detector.
In order to obtain reliable lifetime values, we used time-Foyr thousand shots have been accumulated for each record-
resolved laser spectroscopy ensuring appropriate experimefg to make a smooth curve. For the levels which have a
tal conditions. A sufficiently strong magnetic field has beenjietime longer than 10 ns, a least-squares exponential fitting
applied to wash out Zeeman quantum beats. To make SUfg the recorded fluorescence has been used to evaluate the
that the measured lifetimes are not affected by radiation trapjteimes. Only that part of the curves that was recorded after

ping or by collisionalleffects ir_1 the_laser-prgduced plasmathe turn off of the laser puls@vhen the laser intensity was
we performed experiments with different time delays be'o.l% of the peak valewas used in the fit. The starting

tween the atomization laser pulse and the excitation Ias;erOint of the fit was varied to make sure that no deviations

pulse. As an example, a plot of evaluated lifetime vaIue#’rom an exponential shape of the sianal influenced the mea-
versus delay time is given in Fig. 3 for the xp ! P 'ghal Infiu

6p12s (L/2, 1/2) state. We found that, after a sufficiently surements. The lifetimes shorter than 10 ns were evaluated
long delay %rom the ablation puls(about’ 8us), the evalu- by fitting a convolution of an expgnential and a laser pulse as
ated lifetime was almost constant. A detailed discussion of¢distered by the sarl1me detection syste;n. F;)fr each state,
the characteristics of the atomic plasma produced by lasétPout 30—40 curves have been recorded for different experi-
ablation from a PbS powder surface has been given by Berghental conditions. The lifetime values, evaluated from the
inshet al.[27]. To eliminate the flight-out-of-view effect, the Curve recorded after a sufficiently long delay from the abla-
slit of the detection monochromator was set parallel to thdion pulse, were averaged for obtaining the final lifetime val-
ablation beam. Effects from collisions between the excited/€S of each state. These final results are listed in Table II.
atoms and the residual géair) in the chamber were inves- Two standard deviations are quoted as error bars. Possible
tigated by increasing the background pressure by an order gystematic shifts are not included in the error bars. The table
magnitude. The lifetimes measured in these circumstancedlso includes some data on even-parity states, that are now
were not found to be shorter than those obtained at the bebting studied28].

TABLE Il. Pb1: calculated and observed lifetimes and comparison with previous results.

Lifetime value(ns)

b This work
Eexpt
LeveP (cm™h Expt. HFR Previous
6p7s(1/2, 1/2% 34 960 7.65 7.30.7
6p7s(1/2, 1/2% 35287 5.47 5.7%0.20% 6.05+ 0.30° 5.6+ 0.3
5.58+0.729 5.59+0.23"
6.1+0.5¢ 5.85+0.20! 5.6+0.5
6p7s(3/2, 1/2% 48189 6.5-0.3 4.97 6.6:0.7¢ 5.85+0.27"
6p7s(3/2, 1/2% 49 440 3.37 5.60.5° 4.99+0.15% 4.8+0.3
6p8s(1/2, 1/2% 48 687 14.20.5 15.29 14.21.0°12.9-1.4™ 12.6+0.5
6p9s(1/2, 1/2% 53511 33.10.8 29.69
6p10s(1/2, 1/2) 55 720 69-1 66.67
6p11s(1/2, 1/2) 56 942 116:3 120.0
6p12s(1/2, 1/2) 57 689 1855 208.6
6p13s(1/2, 1/2) 58178 27515 3304
6p7p(1/2, 1/2), 44 401 52.85
6p8p(1/2, 1/2), 51 786 111.8 138 10°
6p8p(1/2, 3/2), 51944 131.4 122 8°
6p9p(1/2, 1/2) 54 654 583.4 44823
6p9p(1/2, 1/2), 54 862 198.7 274 12"
6p9p(1/2, 3/2) 54928 299.8 237 11" 250+ 2¢°
6p9p(1/2, 3/2), 54930 292.0 248 107
6pl0p(1/2, 1/2) 56 339 976.0
6p10p(1/2, 1/2), 56 451 325.6
6p10p(1/2, 3/2) 56 475 373.7
6p10p(1/2, 3/2), 56 468 405.0
6pllp(1/2, 1/2) 57 318 1271.0
6pllip(1/2, 1/2), 57 381 458.6




57 LIFETIME MEASUREMENTS IN ODD-PARITY RYDBERG . . . 3447

TABLE Il. (Continued.

Lifetime value(n9

b This work
Eexpt ]

LeveP (cm™h Expt. HFR Previous

6plip(1/2, 3/2) 57 430 170.5

6plip(1/2, 3/2), 57 261 181.7

6p6d 1/25/2]3 45 443 24.51.2 24.75 282°258+1.3

6p6d 1/23/2]5 46 061 4.4-0.3 3.81 5.0+0.5¢ 4_17i8:‘3“19h

6p6d 1/23/2]° 46 068 4.1-0.4 2.43 5.20.5¢3.74+0.28

6p6d 1/25/2]3 46 329 5.82 6.080.26" 5.9+ 0.5
6.2+ 0.6

6p6d 3/25/2]5 58 518 9.2:0.6 4.24

6p7d 1/25/2]5 52102 53.7%#1.1 66.44

6p7d 1/243/2]5 52 311 15.7:0.6 24.24

6p7d 1/43/2]% 52 500 10.20.9 5.97 9.81.%F

6p8d 1/25/2]5 55003 94.52.1 121.9

6p8d 1/43/2]5 55 084 35.4:0.9 88.02

6p8d 1/23/2]° 55 158 17.90.5 14.42

6p9d 1/45/2]5 56 526 16910 195.9

6p9d 1/43/2]5 56 563 72:2 30.94

6p9d 1/43/2]9 56 605 32:1 27.63

6plod 1/25/2]3 57 424 1875 324.4

6p10d 1/23/2]3 57 444 10515 94.79

6plod 1/43/2]9 57471 52.1*+1.5 45.02

6p11d 1/25/2]3 57 996 182:18 411.4

6p11d 1/23/2]3 58 012 1999 201.7

6p11d 1/23/2]2 58 030 733 63.34

6p12d 1/245/2]3 58 379 94.2-3.1 127.3

6plad 1/43/2]3 58 399 17616 496.1

6pl3d 1/25/2]5 58 667 1524 206.5

6p6f 1/45/2], 55 360 110.1 104 8"

@Designations according to Rdf].

From Refs[3,5].

‘Gorshov and Verolainef23]—electron excitation and delayed coincidences.

dSaloman and Happéf4]—Hanle effect.

€Cunningham and Link16]—phase shift.

fAnderser[24]—beam-foil spectroscopy.

9Dezafra and Marshall17]—Hanle effect.

"Garpmanret al. [18]—Hanle effect.

iGiers, Atkinson, and Kraus@2]—laser excitation and delayed coincidences.

INovick, Perry, and Salomai5]—level crossing.

kSaloman{13]—Hanle effect.

'Baghdadi, Halpern, and Salomp20]—level crossing.

MSaloman 12]—Hanle effect.

"Li et al. [28]—time-resolved laser spectroscopy.

°Ramanujani21]—cathodic sputtering and delayed coincidences.

IV. THE CALCULATIONS been explicitly introduced in the computations. The 42 con-

i i i 2 2
A pseudorelativistic Hartree-Fock method, originally in- figurations retained were s66p?+ 6s°6pnp (7<n<13)

troduced by Cowan and Griffif29], was used for the calcu- +6526p2nf (Ssns13)+6p‘2‘+636p2ns (7$”S102
lations. The computer suite of programs has been described'd 6’; 6pns (7<n=13)+6s°6pnd (6<n=<13)+6s6p

by Cowan[30]. The most important relativistic effects, such +6S6p“np (7=n=<10), respectively. _ _ _
as the Darwin term and the mass-velocity contributions, were In order to reduce as much as possible the discrepancies
included in the calculations. between computed and observed energy levels, the HFR

A considerable amount of configuration interaction hastechnique was used in combination with a least-squares op-
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for the 6pns(1/2, 1/2§ and Gnd 1/23/2]] series, respec-

timization of the radial integrals according to a proceduretively. For the first of these two series, the agreement is
which will be described elsewhef81]. The parameters used particularly good: the mean ratio between the theoretical and
in the calculations and further details about the fits will beexperimental lifetimes is 1.080.07 for six levels, the
reported there too. The experimental energy levels used fajuoted uncertainty representing twice the standard deviation
the fitting procedure were essentially taken from the spectradf the mean. For the second series, i.@n6 1/23/2]7, the
analyses published by Wood and Andr¢8l, Brown, Til-  HFR results are systematically lower than the present laser
ford, and Gintef5], and Hasegawa and Suzylil]. All the  measurements but in a consistent way: the mean ratio for six
Fk, GK, andRX integrals, not optimized in the fitting proce- levels is 0.76:0.12 and is converging to unity whemin-
dures, were scaled down by a factor of 0.85 while the spincreases. For thepid 1/2[5/2]3 Rydberg series, illustrated
orbit integrals £, calculated by the Blume and Watson in Fig. 5, it is remarkable to observe that the decrease in the
method[32], were left at theirab initio values. This proce- experimental lifetimes, which is observed for=12, is ad-
dure does allow one to partly take into account interactiongquately reproduced by theory. The behavior of the lifetime
with configurations not introduced explicitly in the model y3jues as a function aof* is explained by the mixing occur-
(for a discussion, see Cowa0]). Throughout the present ring between the two pnd J=2 levels, the mixing coeffi-
work, jj coupling has been used for the level designationgients of the pnd 1/23/2)3 states being found in our cal-
even for the ground configuration, according to the analysigjations, respectively, equal to 1.29h=10), 6.2% £
of Wood and Andrew3]. =11), 27.7% (=12), and 11.5%1f=13). The larger dis-

The theoretical HFR lifetimes, calculated for odd- andcrepancies observed when comparing theory and experiment

_even-parity states with the adjusted parameters, are reportggy n=10 and 11 are probably due to an underestimation of
in the fourth column of Table Il where they are comparedine mixing coefficients for these two states in the HFR cal-
with the experimental results obtained in the present work ,|ation.

(third column and with the previously available experimen-

X It should be emphasized also that, if we exclude from the
tal data(fifth column).

mean the four levels for which the ratigneq/ 7expt reaches
nearly a factor 2, the mean ratio for the 29 remaining levels
V. COMPARISON WITH PREVIOUS RESULTS is 1.00=0.10. This overall agreement is extremely gratifying
AND DISCUSSION in view of the difficulties involved in the calculation of tran-
sition probabilities and radiative lifetimes in a heavy element
The published experimental lifetimes for Plre rather |ike Pbi. In addition, the dispersion of the points does not
scarce and concern only 14 different levels. Some of themghow a dependence as a function of the energy. This satisfy-
e, the §7s (1/2, 1/2f,, 6p7s (3/2, 1/2f,, 6p6d  ing agreement when comparing HFR calculations with laser
1/2[3/2]7 ,, and 6d 1/45/2]3 5, have been previously ex- lifetime measurements has been found recently in other com-
tensively studied. For recent discussions on lifetime meaplex situations like those met in the iron-group elements or
surements, see Salomf38] and Doidge 34]. in heavier ions(see, e.g., Bimont et al. [36], Pinnington
It is well establishedsee, e.g.[35]) that the lifetime val- et al. [37], and Bienontet al. [38]).
ues 7, exhibit for the Rydberg states considered in the For the levels for which the lifetimes have not been ex-
present paper an* > scaling,n* being the effective quantum perimentally determined in the present work, but for which
number. Comparisons between the laser lifetime values andata from previous experiments exist, the HFR results agree
the HFR data, both obtained in the present work, are given igenerally very well with the experiment. This is the case for
Figs. 4 and 5. In Fig. 4, both sets of results are plofieda  the 6p7s (1/2, 1/2), level where the agreement with the
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measurement of Gorshov and Verolaif@3] is within the  exclude from the mean the HFR lifetime value fop6l
guoted uncertainties and forp8s (1/2, 1/2), where the 1/23/2]; which is obviously too short.

HFR result is close to most of the measurements and particu- The excellent agreement, which is observed in the present
larly to those of DeZafra and Marsh4ll7], Anderser(24],  work when comparing theoretical and experimental lifetimes
Garpmanet al. [18], and Novick, Perry, and Salomaf5]. in Pbi, is in favor of using a combination of laser lifetimes
For 6p6d 1/23/2],, theory confirms the “low” result ob- With HFR branching ratios for providing the astrophysicists
tained by Garpmaet al. [18]. For the level 6d 1/25/2]5 with the accurate transition probab|I|t|es_ ne_eded_for specific
at 46 329 cm?, the theoretical lifetime is in excellent agree- ransitions used in abundance determinations in the stars.
ment with the three available measurements obtained by dif-[h? adv_antage_s _and limitations of this procedure will be ex-
ferent methods and, respectively, due to Garpetaai.[18], ~ aMined in detail in the near future.

Andersen[24], and Gorshov and Verolaingr23]. For the
two levels §8p (1/2, 1/2), and 68p (1/2, 3/2),, the only
measurements available for comparison are the DC results of This work was financially supported by the Swedish
Gorshov and Verolainef23] which, again, agree well with Natural Science Research Council, and by the National Natu-
theory confirming the general agreement observed wheral Science Foundation of China. Financial support from the
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