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Lifetimes of the 5d°6p levels in Hgill
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We report measurements and theoretical calculations for the lifetimes ofdftép3evels in Hgin with J
=0,2,3,4. This is an extension of earlier measurements of the lifetimes ofd?ﬁpﬂevels in Ha with J
=1, and now provides data for all 12 of the levels. The results also provide an isoelectronic comparison with
earlier studies of these levels in Awf the Pt sequence, and a homologous comparison with earlier studies of
the 4d°5p levels in Agil, Cdiir, and Iniv in the Pd sequencgS1050-294799)10905-3

PACS numbdps): 32.70.Cs

I. INTRODUCTION II. EXPERIMENT

As described in Ref.1], this experiment utilized the Uni-
We have earlier made measuremdriisof the lifetimes  versity of Toledo Heavy lon Accelerator, and detailed de-
of the three @°7p J=1 levels in Hgil via transitions to the  scriptions of this facility are provided in reports of earlier
ground state 6°. However, at that time we were unable Studies[1], and instrumentation reviewg,5]. lons of Hg'*
access the @7p J=0,2,3,4 levels, which decay to the Were produced in the ion source, accelerated through 20 kV,

metastable 8°7s levels, because of low intensity and blend- @1d magnetically analyzed. After momentum and mass-to-

ing problems. This is to be contrasted with our measurecharge ratio selection, the ions were post-accelerated to final

ments[2] of 11 of the 12 corresponding levels in the iselec-€nergies of 220 keV. The ions then entered an electrostatic
tronic ion Au i, where the full manifold of 6°7s—6d°7p switchyard and were steered into the experimental station

?nd collimated before passage through a thin carbon foil

transitions was accessible. We have recently develope fanging from 2.1 to 2.5. glcn?). The decay curves were
tmheth?f(_js_ W?'Cth denh?nacge7 th%ggr? dutct|on_tpf|+rlgmc:hp(;>rm|t measured by recording the intensity of the spectral lines as a
€ eflicient study o S p transttions n thal SyS- ¢,nction of distance downstream from the exciter foil. The

. . 9 .
tem. We present here lifetime data for all 1@°Gp levelsin o, heriment was controlled by an on-line data acquisition sys-
Hgii, and compare the results with theory and with the isoygp,.

electronic results for Au and homologous results for Ag The Hgii emission lines were analyzed with an Acton
Cdui, and Iniv. 1-m normal incidence VUV monochromator, with three sets
Significant difficulties were necessary to overcome to acpf concave gratings and detectors: a 2400 I/mm grating
cess the 8°7s-6d°7p transitions in Hgil. In our foil exci-  blazed at 800 A coupled with a channeltron detector; a 1200
tation studies of Au, our 220 keV beam gave more than 50%/mm grating blazed at 1500 A coupled with a solar blind
Aull, whereas for Hg our 250 keV beam gave only 11%detector; and a 600 I/mm grating blazed at 3000 A coupled
Hgn (percentages from R€i3]). These energies represent a with a bialkali detector.
reasonable limit to the stable operation of an open air particle Lifetimes were extracted using the nonlinear least-squares
accelerator, which provides the rapid access to the ion sourdggultiexponential fitting prograrniScrReTE[6]. As was found
for reloading and adjustment that permits efficient accumuin our earlier studies of Au and Hgiil, cascade effects were
lation of data. However, because of the lower charge fractiogmall and tractable by curve fitting methods.
of Hgi, the lower light levels required wider spectrometer
slit settings, which led to reduced spectral resolution and line
blending. To overcome these problems, we developed meth-
ods that permit us to produce multiply ionized atoms in our
ion source, allowing us to optimize the foil production of a  Table | presents the new results for Mg together with
given charge state without sacrificing the advantages of athe earlierJ=1 measurements for Hg [1] and the earlier
open air accelerator. By producing Hgin our ion source  Au i [2] measurements. Our theoretical calculations for these
we are able to obtain a 500 keV beam which yields over 50%ifetimes (made using the Dirac-Fock codaRAsP[7] as de-
Hgn after the foil, and has permitted measurements of simiscribed in Ref[1]) are also reported in Table I. For tlle
lar accuracy to that obtained for Au =0-2 level lifetimes, the agreement between theory and

Ill. RESULTS
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TABLE |. Lifetimes of the 5°6p levels in Aun and Hgi.

Aull Hgm

J E(cm™H2 x (A) 7 (ng E(cmbH® NA) 7 (ny

ExptS® Theory Expt. Theory
0 82613.0 130702.4 1383.2 130.0¢" 1.14
1 73404.051 17933 2:30.4 15 118607.4 843.11 1.20.15 1.0¢
1 81660.052 1224.6  1#0.3 0.5 126556.3 790.17 0.5D.15 0.2¢
1 85707.785 1783.2 2550.4 1.6 134998.7 740.75 0.20.15 0.7C°
2 63053.499 2082.1 3#805 2.5 103549.4 16475  2.1®.0¢ 2.05
2 73178.509 1800.6  2#60.5 1.6 118548.0 1321.0 1.58.0¢ 1.4H
2 76659.912 1694.3 2450.4 2.2 120927.8 1599.4  1.59.08 1.47
2 86565.879 1756.1 2#0.4 1.6 136479.0 1280.8 <1.38 1.0
3 65003.802 2000.8 3:50.5 2.2 105627.8 1677.9  2.1D.08 2.0%
3 74791.686 1749.7 2#0.4 1.4 121602.0 1323.2 1.2®.07 1.00%
3 85700.424 17832 2550.4 1.6 134588.0 1360.5  1.3%.0¢ 1.07
4 72495348 17404  2#0.3 1.4 117994.5 1330.8  1.30.05 1.03

8 hrhardt and Davis, Ref8], except forJ=0, which is from Platt and Sawyer, R¢8].
®Moore, Ref.[10].

‘Beidecket al, Ref.[2].

4This work.

®Beidecket al, Ref.[1].

'Blended with a branch of the 120 927.8 thievel decay.

experiment is very good except for ode-1 level, whereas there is a tendency for these cascade-free measurements to

for J=3,4 the experimental lifetimes are approximately 25%be slightly shorter in lifetime, indicating the possiblilty of

(four standard deviationdonger than the theoretical predic- some small residual cascade effects in the beam-foil mea-

tions. The measured lifetime for the shortest-liied1 level  surements. Theoretical calculations are also available for the

in Hg i is about two timeg1.6 standard deviationgonger

than predicted, which is closer than the corresponding case TABLE II. Lifetimes of the 4d°5p levels in Agn, Cdii, and

in Aull, where the difference was a factor of(fBree stan- Inv.

dard deviations A similar discrepancy was noted in Ag - . . ;.

(see Table I for the P, level. Level  Agi Agi Cdum Inv
The FWHM of the lines under Fhe cond@tions of measure- 3p 26+06 338016 199022 158018

ment was typically 0.8—1.0 A, which permitted separation of

the 1332.8_ A line from the Hyg line at 1331.74 A and thz %P, 34+06 290-:014 163013 1.29-0.14

1360.5 A line from the 'I;g Im_es at 136_1.05 a_nd 136_1._27 A 1p, 1.2+04 0.41-0.07  0.26-0.05

However, the 1280.8 A region cqntamed lines orlglngtlng D, 29406 1.08-014 0.710.13

from the 120 927.8 and 136 479.0 chJ=2 upper levels in

Hg_||| that \]/cvere sepa}rater(]i by only 0.0ZQ. Th|u§ theI lifetime 3p, 49+07 3.36-0.16 247021 1.670.19

eSt'maIt.e .°b1'38 ns c]fr.t §|13§.479'9h° i"e3 IS c;? y an ¢ %D 37x06 280:010 171017 118018

;Jhpepi;(;rgg7 gclzl\if ofits blending with a 1.53 ns lifetime of s 38,06 312010 230:039 1.670.17

: L . D 3+07 2. 1 1. 21 14601

The trends of these lifetime values as functions of bbth 2 3.3:0 °5-0.10 930 6-0.15

and the excitation energy are very similar to those observed ’E, 41405 329-009 248028 178015

Inene omoloas Serbiantas fer omy by & Mean = s S4£08  230m L7021 L1E0L3
1 +

and an unfilledg shell in the Pt-like core, similar effects Fa 34207 282010 166°019 - 136:0.09
from configuration interaction might be expected in the the- s 33+04 256008 199018 136014
oretical specification of these complex systems. For compari-
son, Table Il collects the values of earlier lifetime measureirving et al, beam-foil, Ref[11].

ments for these levels in Ag[11], Cdui [12], and Iniv [13]. bBiémontet al, beam-laser, Ref14].
In the case of Ag, beam-laser measurements have recentlfHendersoret al, beam-foil, Ref[12].
been maddg14] which are in general agreement, although“Hendersoret al, beam-foil, Ref[13].
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