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Resonance structure in the L{4s)+e~ (ep) partial photodetachment cross section
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We report on a measurement of the photodetachment of thadd via the Li(4s) + e (ep) channel. The
partial photodetachment cross section below the hj(threshold is dominated by resonance structure. The
resonance spectrum in this region is compared to the spectrum of the same resonances recently observed in the
Li(3s) +e (ep) cross section. The two spectra were found to be mirror images of each other. The parameters
for the two resonances obtained in theeP measurement were confirmed. In addition, using tlseps
spectrum, we were able to assign parameters to a third resor&i€50-294{®8)07603-3

PACS numbg(s): 31.50+w, 32.80.Fb, 32.80.Gc

Doubly excited negative ions exhibit a strong sensitivityficient to photoionize residual Li atoms left in states below
to electron correlation. Here the outermost electron effecthe 4s state, and states above the gtate are not populated
tively moves in the short-range field of an excited atom, andn the photodetachment process.
the normally dominant Coulomb field is suppressed. The au- The experimental arrangement is shown schematically in
todetaching decay of such states is manifested as resonan€ig. 2. A 3.1-keV beam of Li ions was produced by pass-
structure in detachment cross sections. The structure aris@sy a beam of Li" ions through a Cs charge exchange cell.
from an interference between two processes that lead to thEhe ion beam is merged with the detaching laser bagam
same final continuum state: direct detachment and resonaahd the detecting laser beawy by use of an electrostatic
detachment via the intermediate doubly excited state. Highlyjuadrupole deflector. The ion beam and the detaching laser
excited states are normally embedded in more than one coiveam copropagate, while the ion beam and the detecting la-
tinuum. The theoretical problem of a single resonant statger counterpropagate in the interaction region. The collinear
interacting with two continua was considered by Stafdde interaction region is defined by a pair of apertures of diam-
He demonstrated that the ratio of the partial cross sectionster 3 mm placed 0.5 m apart. A second quadrupole deflector
representing the two competing channels can change sharpiyused to charge analyze the beam after it has interacted with
as one tunes across the resonance. The prediction of Starag@ two laser beams. Li ions remaining in the beam are
was subsequently verified in a photoionization study of Xe
involving photoelectron spectroscopg]. In this Brief Re- 6 r .
port we present the results of a study of the photodetachment Z

2
s TP

of the Li~ ion via the Li(4s)+e (ep) channel(hereafter = ®
referred to as dep). In the region below the Li(@) thresh- _'P%

old the partial cross section is dominated by resonance struc- [
ture. The resonance spectrum in theeg partial cross sec- 4
tion is compared with the recent results of Ljungbletdal.

[3], who studied the same resonances in the partial cross
section for the 8ep channel.

The two-color excitation and detection scheme used in the
present experiment is shown schematically in Fig. 1. A laser
of frequencyw, is used to detach the Liion, and a laser of
frequencyw, is used to photoionize the residual Li atom left =
in the 4s state following photodetachment. The resulting
Li * signal is proportional to the partial cross section for the
4sep channel. The scheme is similar to that used by Ljung-
blad et al. [3], except that the resonant step used to selec- —1—Ts
tively detect Li(3) atoms in the former case is replaced by - L Li

a no_nresons_tnt step to dete_Ct residual E)(atoms. This SteP FIG. 1. A schematic illustrating the concept of the experiment.
|s.st|II selective, however, since the photpn energy a.SSOCIatqgoumy excited'P° states of Li~ lying below the Li(4p) threshold
with the laser used to photoionize the LgMatoms is insuf-  gre excited from thé'S ground state by the absorption of a photon
1. Their autodetaching decay via theep channel is selectively
monitored by ionizing the Li atom left in thesAstate by absorption
*Permanent address: Russian Academy of Sciences, Genersfl a photon of frequency,. The resulting Li" signal is propor-
Physics Institute, Vavilova St. 38, 117942 Moscow, Russia. tional to the 4&ep partial cross section.
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FIG. 2. A schematic of the collinear laser-ion beam apparatus 1
used to investigate the partial cross section for the photodetachment t—s
of Li ~ ions via the 4ep channel. S 1
@ 0.10 __
+ 1 fe)
deflected by the second quadrupole deflector into a Faraday - %
cup, where they are monitored for normalization purposes. E ¥ $
Li * ions produced in the interaction region in the aforemen- = s
tioned two-step photodetachment-photoionization process g
are deflected into a particle detector placed opposite the Far- =z ]
aday cup. The ions strike a metal plate, and produce second- 1000

ary electrons that are detected by a channel electron multi-
plier.

The radiation from the detaching lasey was produced
by frequency doubling, in a BBO-I crystal, the output of an  FIG. 3. Resonance structure below the Lpj4threshold in the
excimer-pumped dye laser operating with Coumarin 102sep (upper figure and the 3ep (lower figure partial photode-
dye. The typical pulse energy and duration were 4d0and tachment cross section_s. The_ mea_sur_ed @ateles are normali_zed
15 ns, respectively. The frequenay of the detecting laser to ‘Fhe.R-matrlx calculatlop(thln sphd !In@ of Ref.[5]. The thld.(
was produced by the fundamental output of a Nd:YAGsolid Ilng.represents_the fit described in the text. The arrow indicates
(yttrium aluminum garnetoscillator. The pulse energy in the the position of the Li(4) threshold. The two spectra are seen to be
interaction region was about 20 mJ, which was sufficient tghirror images of each other.
saturate the process that nonresonantly photoionizes the
Li(4s) atoms[4]. Laserw, was delayed relative to laser; The measured £p spectrum agrees very well with the
by approximately 40 ns to avoid a depletion of the'libns  theoretical predictions. In thesép spectrum, however, we
by the detecting lasen, before they could interact with the observe some differences in the relative strengths of the reso-
detaching lasew,. To reduce the time jitter between the two nances, particularly in the vicinity of the resonance labeled
lasers, theQ-switch of the Nd:YAG oscillator was triggered b. The resonance parameters were obtained by fitting the
by the output of the excimer laser used to pump the detach4sep data over the range 5.0901-5.1387 eV using the Shore
ing dye laser. The Li ions produced in the photoionization parametrization methofb]. It is to be expected that when
of Li(4s) constituted the signal in this experiment. The specthe position and width of an isolated doubly excited state are
trum is obtained by measuring the Lisignal as a function obtained by the parametrization of the corresponding reso-
of the frequency of the detaching lases. The Li* signal  nances in two different partial photodetachment cross sec-
was counted in the presence of a small background. Thgons, their respective values should be unchanged. This was
principal source of this background was the two-step procesfund to be the case in our previous study of te84s *S
involving the production of Li atoms by collisional detach- state in He , which was manifested as a resonance in both
ment and their subsequent photoionization by laserTo  the 23Ses, d and 23P ep partial cross sectiong]. In the
reduce this contribution, we maintained a pressure opresent case, however, the resonances are close lying and, to
5x 10 ° mbar in the interaction chamber. some extent, overlapping. We have therefore applied the pa-

The measured partial cross section for trszpl channel rametrization formula to the sum of the three resonances.
is shown in Fig. 3, along with that for thes8p channel as The results from the fit, together with the values of Ljung-
measured by Ljungbladt al. [3]. In both cases an absolute bladet al.[3], are given in Table I. The quoted uncertainties
scale has been established by normalizing the data to thepresent the statistical errors in the fitsie standard devia-
calculation of Ref[5]. This was made by multiplying the tion). It can be seen that the difference in the positions of the
experimental values by a number that is the ratio of the areagsonances in thesgp and 4sep spectra is of the order of
under the theoretical and experimental spectra between thene standard deviation, and substantially smaller than their
same energy limits. The photon energy schle, of the  widths. This indicates that the Shore parametrization method
detaching laser was calibrated by the use of two in-boards able to adequately extract the resonance positions for these
calibration lines arising from -6p and Z—7p transi- three partly overlapping resonances. The widths, however,
tions induced in Li atoms in the beam by lasey. appear to be more affected by the overlap of adjacent reso-
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TABLE |. Energies and widths of the resonances in eV. shows that the resonance structure in tleepland 3ep
partial cross sections are almost exact mirror images of each

Resonance Channel E r other. This behavior was predicted by Pan, Starace, and
a 4sep 5.11464) 0.009G7) Greene[5]. The two continuum channels are mixed as a
3sep 5.11374) 0.00745) result of configuration interaction, and probability flux is ex-
b 4sep 5.12288) 0.013318) changed between them. A similar mechanism accounts for
3sep 5.12344) 0.007611) Wigner cusps observed in certain threshold reg{@sThis
c 4sep 5.13773) 0.00394) behavior was not observed, however, in our previous study

of the 1s3s4s *S resonance in He [7].
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A comparison of the two measured spectra in Fig. 3Sciences.
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