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PHYSICAL REVIEW A VOLUME 56, NUMBER 5 NOVEMBER 1997

High-resolution photoelectron spectrometry of autoionizing resonances
between the *P and D thresholds in atomic chlorine

J. Jimaez-Mier
Instituto de Ciencias Nucleares, Apartado Postal 70-543, UNAM, 045ckleDistrito Federal, Mexico

S. J. Schaphorst and C. D. Caldwell
Department of Physics, University of Central Florida, Orlando, Florida 32816-2385

M. O. Krause
Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831-6201
(Received 20 May 1997

We present a measurement of the partial and differential photoionization cross sections for production of the
fine-structure states of CI®P; in the region of the 8*'Dnl (1=0,2) autoionizing resonances. All series of
resonances show distinctive behavior for #e2 to J=1 cross-section ratio. The angular distribution param-
eter B8 was also measured for the two principal ionic statks {,2). The behavior o8 is very similar for both
J=1,2 channels, except at theS-forbiddennd?S resonance series, where the2 channel shows a pro-
nounced dip that indicates an important contribution from the parity-unfavedgehotoelectron waves. The
widths of the 412S, 6s?D, and &?D resonances were measured and the results are compared with available
theoretical calculationgS1050-2947®7)08010-4

PACS numbg(s): 32.80.Fb, 32.80.Hd

[. INTRODUCTION figuration Hartree-Fock calculation by Fielder and Arm-
strong[12], the many-body perturbation theory of Brown,
The study of the photoionization dynamics of open-shellCarter, and Kellyf13], the configuration-interactiofCl) cal-
atoms has constituted a major challenge for experimental ancllation of Hanseret al. [14], severalR-matrix calculations
theoretical research. The extension of the calculation teci15-18, and the eigenchannel quantum-defect theory of
nigues that have been so succesful in the case of closed-sh#¥ang and Lu19].
atoms has proven to be a complicated task and there have The only experimental data in the region between the
been a limited number of experimental results that can help* 3P and p*'D thresholds are the ion vyield results of
to guide theory. The halogens, with only one electron missRugic and Berkowitz [1,2], which provide information
ing in the outermosp subshell, present the next level of about the total photoionization cross section. In that work
complexity from the well-understood noble gases and thushey observed three series of autoionizing resonances con-
are excellent test cases for understanding the behavior afrging to thelD state of the ion. One of the series consists
open-shell atoms. Of the halogens, the chlorine atom probsf broad, asymmetric lines, while the other two are symmet-
ably has been the most thoroughly analyzed to date. Thendc and very narrow. These lines result from the decay of the
are detailed experimental results for the total photoionizatiorexcited statesd(?S,?P,%D,%F) or ns?D, all based on a
cross section in the region between tHeand the'Sthresh-  3p*D core. However, thend(%S,%F) series were not ex-
olds[1,2]. The total photoionization cross section above thepected to contribute strongly to the ion signal because, under
1S state and up to a photon energy of 62 eV, has also beestrict LS coupling, a?F state cannot be excited and?s
measured at a discrete set of values of the photon efidtgy state cannot decay by autoionization. Therefore, the broad
More detailed measurements became possible with the deeries was initially classified asd?P, the lower-energy
velopment of a microwave discharge source coupled with asharp series ass?D, and the other narrow series ad?D
electron spectrometer, allowing angle-resolved and ionicf1]. This assignment was modified la{&, after a compari-
state-resolved experiments. This technique has now beeson with similar results for broming20], which indicated
used to study the branching ratios for production of fife  that the broad lines were actually the superposition oftbe
D, and S states of the ion, and their respective angularand ?P resonances and the second series of narrow lines had
distribution parameterg, in the region of the 8—np au-  to be identified asd2S. For this series, excitation is allowed
toionizing resonancegt,5]. Photoelectron spectrometry was in LS coupling and the decay is only possible by an admix-
also used to measure the populations of & 4, fine-  ture with thend?P,,, state induced by spin-orbit interaction.
structure states after photoionization of the &1d 3 shells  The only theoretical results that considered the effect of spin-
[6] and the $ Cooper minimum was investigated in some orbit interaction are the Cl calculation of Hanseinal. [14]
detail[7]. Theoretical approaches include the random-phasand the eigenchannd®-matrix calculation of Robicheaux
approximation with exchangékRPAE) of Cherepkov and co- and Greengl16], and they both agree in this assignment for
workers[8,9], single-configuration Hartree-Fock calculations the second narrow series. Both calculatiph4,16| also pre-
of Mansonet al.[10] and Pan and Stara¢&l], a multicon-  dict a fourth series of resonances that would correspond to

1050-2947/97/56)/36597)/$10.00 56 3659 © 1997 The American Physical Society



3660 JIMENEZ-MIER, SCHAPHORST, CALDWELL, AND KRAUSE 56

the production of thend?F states. In this case spin-orbit resolution of 42 meV, a photoelectron energy resolution of
interaction with and?D state is responsible for the excita- 53 meV was achieved, which includes the effect of the
tion, while decay by autoionization is allowed IS cou- monochromator bandpass and shifts in the surface potentials
pling. In a previous papef21] we presented experimental Of the source cell due to the presence of the chlorine atoms.
evidence for the occurrence of thesel?F autoionizing This electron energy resolution was sufficient to resolve the
resonances in Cl and Br. szkpeag from the QVOUD(fé:OIWST)Ied by théP; and thedsF;Ob
. <., . . peaks. Constant ionic sta spectra were recorded by

The resolution use_d by RC“? and Berkowitz[ 2] 9'd not simultaneously scanning the photon energy and the acceler-
allozw them to determine the widths of the narraw™D and 4 yojtage applied to the source cell in such a way that the
nd®S resonances. Howeverz, they endtzaavored to putan Uppfass energy of the analyzers always coincided with the cen-
limit for the width of the &°D and 4d “S resonances. The {rg| energy of the photoelectron peak. The relative intensities
Cl calculation[14] gives widths that are a factor of 10 larger of two channels could be monitored by setting the pass en-
than the experimental upper limit and the discrepancy is evegrgy of two of the analyzers to correspond to the energy of
larger for the RPAE calculatiof®]. Thus far, theR-matrix  the respective photoelectron peaks. In this way we could
calculation of Robicheaux and Greef6], which includes  simultaneously follow the behavior of théP, and 3P,
spin-orbit interactions, is the only one that predicts widthschannels.
that are smaller than the limit set by experiment. The chlorine atoms were produced by dissociation of Cl

In this work we present a high-resolution, angular-in a microwave discharge buffered with argon. The discharge
resolved photoelectron spectrometric study of all five seriegube was coated with kPO, to prevent recombination on
of autoionizing resonances between tte and 'D thresh- the walls. The atoms traversed a 30-cm-long flow tube
olds in atomic chlorine. This emission technique providescoated with halocarbon wax before entering the interaction
much greater detail than absorption by its ability to differen-region. Under typical conditions, 50 W of microwave power
tiate the partial channels and provide angular distributionvere fed into the gas mixture, with less tha W reflected.
parameters. Indeed, our electron energy resolution was godd€ Pressure in the tube was held at about 100 mkber-
enough to allow a separate determination of the relative cro§§‘°c_°“ple reading with an argon-to-chlorine pressure ratio

sections for production of the two principal fine-structure© 2:3. - . .
states of the iortP, and 3P, across the entire energy region The ionizing radiation was provided by a bending magnet

I " in conjunction with a 4-m NIM. The photon energy was
all well as the angular distribution parameferof the 3P, ; n " p ) .
channels. We could also determine the contribution of th calibrated by the position of thed7 9", 8d, and 16 reso

3p_ ionic state at | val f the phot Fi ances in Kr and the 85 and 16’ resonances in Xe, which
o lonic state at several values of the photon energy. Fly e conyeniently located at both ends of the region of interest

nally, we took advantage of the photon energy resolutiorf>3) \we estimate that the photon energy obtained in this
[22] of the 4-m normal incidence monochromat®IM)  fashion is accurate within 0.5 meV and the values obtained
beam line at the Synchrotron Radiation Center in Wisconsify, the positions of the narrow chlorines2D and nd2S

to measure the widths of thed4S, 6s°D, and %D reso-  resonances agree, within the experimental error, with the val-
nances. The results are compared with the eigenchanngks reported by Ré& and Berkowitz[2]. The data were

R-matrix calculation of Robicheaux and Greg®]. recorded in two separate runs with different 3600 I/mm gold-
coated gratings. In the first the wavelength resolution was
Il. EXPERIMENT limited to about 3.0 pm, with a polarization of 0.73. With the

_ . ) _ ~ second grating the resolution could reach 1.8 pm with a po-
The experiment took place at the University of Wisconsin|arization of 0.80. A constant wavelength resolution of 21
Synchrotron Radiation Cent¢BRCO. Details of the experi- pm was used in the scans across the entire energy region and
mental setup used to perform electron spectrometric studies resolution between 3.5 and 1.8 pm was used to obtain the
of species produced in microwave discharges are given elsgvidths of the sharp resonances.
where[4,5]. The photoelectrons are analyzed in a set of three  The monochromator bandpass was calibrated by two
spherical sector analyzers mounted at right angles with reseparate means. In the first the width of the'lesonance
spect to each other on a rotatable platform perpendicular tm Xe was measured and the natural widtk-0.085 meV
the direction of the photon beam. Partial cross sections cai24] was removed, assuming that the convolution of the
be obtained by setting two of the analyzers at themonochromator transmission function and the resonance
profile is a Voigt function 25]. In the second procedure, the
chlorine signal was used for calibration. We took the mea-
sured widths of the § 7s, and & resonances as a starting
value for the instrumental width in a fitting procedy6],
with the signal from the broadd resonances treated as a
straight-line background. We then varied the instrument
4(R-1) width until a minimum in th@{2 was found. Both procedures
= 3pRFD—(R-1)" (1)  gave the same results, within the experimental error.

pseudomagic angle df,,=3cos *(—1/3p), wherep is the
polarization of the ionizing radiation. The angular distribu-
tion parameterB can be obtained from the ratio of photo-
electron intensities at 0° and 9®=1(0°)/1(90°) through
the relation

. . . . Ill. RESULTS
The radiation polarizatiorp was measured with calibrant

gases at a photon energy of 21.2 eV, and was assumed to A typical photoelectron spectrum recorded with a photon
stay constant at lower energies. Photoelectron spectra weemergy of 21.75 eV is shown in Fig. 1. The signal from argon
recorded in the constant pass energy mode by applying photoionization is the strongest and has been divided by a
staircase voltage to the source cell. With a nominal analyzefiactor of 5 for clarity. This spectrum illustrates the electron
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FIG. 1. Photoelectron spectrum of atomic chlorine recorded

with a photon energy of 21.75 eV and at 0° with respect to the
major axis of the ionizing radiation polarization. The atomic chlo-
rine peaks are labeled according to the final state of the ion. The
spectrum contains 512 points.

1000

) ) ) 10000 cér,) |
energy resolution that can be achieved with our spectrometel 2
for this type of experiment. Four atomic peaks, correspond-
ing to the production of théP,, 3Py o, D, and 'S states of
Cl* can be easily identified. The photoelectron peaks of in-
terest in this work, namely’P, and 3P,, are readily re- 5000 ¢
solved. The peak corresponding to the production of*fhg
appears as a shoulder to the higher-energy side of this appat 2500 |
ent doublet and its intensity can be extracted by a deconvo-
lution procedure[6]. Also, it is important to remark that 0 ‘ . . . @
there is little indicatior(less than 5%of photoelectron peaks 13.25 13.50 13.75 14.00 14.25 14.50
resulting from photoionization of atomic chlorine in the Photon energy (eV)
2p,,, excited state and that there is no molecular structure
due to C}, in this binding-energy region. The only molecular FIG. 2. Relative photoionization cross sections for production of
peaks in this region correspond to HCI, and they appear asthe fine-_structure states c_>f tlacross the autoioni_zing resonances
small hump to the low-binding-energy side of T(sz) converging toward théD I|m_|t. The resonance a55|gnmer_1t is given
peaks. At the beginning of the operation of the dischargeg?” top of pane(c).'(a) Relative cross section fqr production of the
these HCI peaks are much stronger due to the reaction of thé 2 State(b) Relative cross section for production of the, state.
chlorine atoms with the moisture in the coating of the tube'® Panel(@ divided by panelb) to obtain thel (*P2)/1(*P4) ratio.
walls, but they decrease in intensity after abbun of opera-
tion and continue to stay at a very low level. During the We estimate that this contribution is less than 4%, and does
experimental runs reported in this work, the intensity of thenot alter the figure significantly, except at the shaq¥S
X2I1(0—0) peaks of HCI was always less than 7.5% andresonances. Finally, the ratio of FiggaRand 2b) is pre-
typically 2% of the®P, atomic signal. As a result, the 0.2% sented in Fig. &). Each series of resonances shows a differ-
intensity of theX2[1(1—0) peaks near 13.1 eV, which over- ent behavior for this intensity ratio. At the broad(?P,?D)
lap slightly with the3P, ; o structure, was entirely negligible. resonances the ratio goes through minitneaxima at the

The CIS spectra recorded at the pseudomagic angle acroggensity minima(maxima. Two dispersionlike features in
the entire energy region with a resolution of 21 pm arethe ratio correspond to the first members of tH’F series
shown in Fig. 2. All spectra are corrected for background and21]. These resonances appear as steps iffhechannel in
for the change in the monochromator transmission as a fund=ig. 2(b) and as dips in théP, signal in Fig. Za). The effect
tion of the photon energy and thus are proportional to theof the ns?’D resonances is not as pronounced and manifests
partial cross sections. The lower pari@lig. 2(@)] corre- itself as shallow dips in the intensity ratio. Finally, the ratio
sponds to the production of th#, ionic state. The behavior increases sharply at the peaks of tt#?S resonances. If we
of the 3P, el channel is given in Fig.®)]. The intensities of subtract the contribution from the broat(?P,?D) reso-
Figs. 4a) and Zb) are normalized so that the intensity ratio nances we find a value for this ratio that stays almost con-
between these two channels corresponds to the ratio obtainstant and is equal to about 20. The overall behavior of the
from photoelectron spectroscogi?ES spectra recorded at intensity ratio is similar to though less pronounced than that
selected values of the photon energy and the absolute scaié the corresponding’P; partial cross-section ratio in Br
gives a good indication of the actual counts in the data. Sincg21].
there is some overlap in the PES peaks, there is a small A set of representative photoelectron spectra recorded at
contribution of Fig. Za) into Fig. 2Ab) and vice versa. the pseudomagic angle and at four different points across the

Normalized counts
o

7500
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o[ PO eY aze @ h= 1384790V S © TABLE |. Relative intensities of the fine-structure ionic states in
the photoelectron spectra.
Photon lonic state

R energy(eV) Resonance °P, 5P, 3P,

é 13.7781 a 100 55.14.9 11.32.0

g 13.8443 b 100 45.71.3 15.30.6)

3 13.8479 32D 100  51.91.5  10.70.5
13.8768 5 2S 100  9.7447  224.12
29.2°¢ none 100 40.8.5 9.52.2
geometric® 100 35.4 8.5
geometric® 100 36 8

13.2 13.0 12.8 13.2 13.0 12.8

a 7D 2
Binding energy (eV) Binding energy (eV) At trough of 5d(°P,“D) resonances.

®Near maximum of 8(?P,?D) resonances.
FIG. 3. Photoelectron spectra recorded at the magic angle in th&Reference6].

region of the second group of autoionizing resonan¢asSpec- dReference[ZS].
trum taken near the minimum of the broad Eesonance(b) Spec-  ®Referencd29].
trum obtained near the top of the same resonafmeSpectrum
recorded at the top of thestesonance(d) Spectrum at the maxi- [29]. Except for the results at thed3S resonance, all the
mum of the % 2S resonance. In all the figures the dots are thegther values give a |arger contribution from the 0,1 chan-
experimental data, the continuous lines are the results of the corrgyg|g compared to those measured at 29.2[8Vand the
sponding overall fits, and the dotted lines are thg ininiduaI ﬁttedgeometric values predicted by thedg,29.
_peaks_(see the text The electron energy resolution is 53 meV, The sum of the partial CIS spectra in Fig&)2and 2b) is
including a monochromator bandpass of 2.3 meV. displayed in Fig. 4a). The curve shown can be taken to be a

good indication of theotal photoionization cross section be-
second group of resonances is shown in Fig. 3. The electrorause the contribution from the=0 state, which is not in-
energy resolution was 53 meV in all cases, with a monochroeluded in the figure, is always less than 7% of the total in all
mator bandpass of 15 pf@.3 me\j. The relative intensities the PES spectra. Also shown in Fig. 4 are the results for the
of the atomic peaks were obtained by fitting three peaks ofotal ionization cross section measured by &tisand
equal width and shape to the data, together with a straighBerkowitz [1] [Fig. 4b)] and the results of th&-matrix
line background. The overall fit is shown as a continuous linecalculation of Robicheaux and Gredr] [Fig. 4(c)]. These
in each of the plots and the dotted lines give the individualtwo curves were obtained by digitizing the first three groups
atomic lines with the background subtracted. The verticabf resonances in Fig. 4 of Rgfl6]. Our scale was converted
scale was chosen so that the maximum ofiRe fitted peak  from energy to wavelength using the relationship
corresponded to a value of 100. The binding energies of th&(A) =12 398.4244v (eV). The vertical scale in Fig.(4)
peaks agree quite well with the values given by Radziemskwas arbitrarly chosen so that the intensity at the top of the
and Kaufmar{27]. Figure 3a) corresponds to a photon en- broad & 2P,2D resonance in the second group is the same in
ergy near the minimum of thed?P,?’D) resonance. As Figs. 4a) and 4c). The ion spectrum in Fig.(®) was re-
expected, the signal-to-background ratio is lowest in thiccorded with a resolution of 28 pifil] and the theoretical
spectrum, but even in this case there is only a small indicaresults[Fig. 4(c)] were convoluted with an instrument func-
tion of the HCI peaks near 12.8 eV. Of the four spectration of the same widt{16]. Our results[Fig. 4a)] were
shown here, this is the one with the largest contribution frompbtained with a monochromator bandpass of 21 pm. The
the 3P, o channels. Figure (8) shows a spectrum recorded agreement with both the ion results and theory is quite good,
near the maximum of thed2P,2D) resonance. Here the even though thexs?D resonances in our spectrum appear
3P, contribution is greater, but this might be an artifact of smaller than in the other studies. This might be due, in part,
the fitting procedure because the sum of dke1,0 channels to the fact that we are not including the contribution from the
is not too far from the respective sum in Fig$a3and 3c). 3P, ionic channel.
Figure 3c) was obtained at the peak of the?D resonance. The results for the angular distribution paramegefor
The relative intensities are essentially indistingishable fronthe P, and the 3P, channels are presented in Fig. 5. The
those of Figs. @) and 3b). The situation is quite different at scans cover the second group of resonances, namely,
the 5d S resonancéFig. 3(d)]. There is a strong enhance- 5d(?P,?D), 5d%F, 7s?D, and 5 2S, with a slightly better
ment of the®P, channel with respect to the other two. It is resolution of 15 pm. We also have a coarse scan between the
also interesting to point out that the intensity ratio of the *P and 'D thresholds, with a monochromator bandpass of
J=1 to J=0 channels is not very different from the values 21 pm, which shows that the behavior presented in Fig. 5
obtained at the other energies. The relative intensities of theepeats at the other groups of resonances. In both channels
atomic peaks in these spectra are given in Table I. For conthe 8 parameter reaches the value-oil at the minimum of
parison, the fine-structure intensities obtained at a photothe 5d(*P,%D) resonance and rises to a value close to zero at
energy of 29.2 e\[6] are also given in Table | as are the the maximum. At the 2D resonance there is a feature that
geometrical branching ratios calculated by Berkowitz andooks dispersionlike in the’P; channel and appears as a
Goodman[28] and by Schirmer, Cederbaum, and Kiesslingshallow dip in8(3P,) and 5 2S resonances. The effect of
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FIG. 5. Photoelectron angular distribution parameters measured
over the second autoionization resonance structaygd parameter
@ for the 3P, channel.(b) 8 parameter for théP; channel. The dots
‘ . ‘ s ‘ ‘ are the direct experimental results and the continuous line is the
880 890 900 910 920 930 940 result of a five-point smoothing procedure.

Wavelength (A)

FIG. 4. Total photoionizati tion for atomic chiori used for the contribution from the broad 4esonance. In the
- 4. otal pnofolonizalion cross section Tof afomic ¢ orlne'fitting procedure the monochromator bandpass was first fixed

(a) This work, representing the sum of tA€, and 3P, cross sec- . . .
; P T . . at our calibration value, until the resonance parameters were
tions shown in Fig. 2 with the horizontal scale converted to wave-

length. The monochromator bandpass was 21 fbn.lon yield gptlr(‘jnlzed. Th(_?l prope_dure Was repeat(?d with ﬁ. ﬂ'fferent
from Ref. [1], with a resolution of 28 pm.c) Eigenchannel andpass, until a minimum in tmez was found, which re-

R-matrix result from Ref[16], which includes the convolution with duired only a very small change in the original value of the
a 28-pm window function. Note that tH#, contribution, amount- andpass. The results for the resonance widths full width at

ing to few percent of the total, is not included in our spectrum half max_imum are giV?n in Table I Also |_i3ted are the_ re-
[panel(a)]. duced widths'n* 3, which were obtained with the effective
guantum numbers’* derived from our spectra, namely,
* — * — * —
2 . _ n*(6s)=3.897, n*(4d)=4.039, andn*(7s)=4.906. The
El'hr?eESi Sir:eﬁs(gga;?se éit?r;%rlggr;gel?el?atrﬁzz ¢ dhjg?gtﬁglgan_ results of the R-matrix calculation of Robicheaux and
p 1 gely Greend16] are also presented. A set of seven spectra were

. . 3 .
tribution of the *P, peak in the CIS spectra of th8Py  seq to obtain the width of thed?S resonance, five for the
channel. Any possible contribution was not removed in anYgs2p resonance. and one fos?D resonance. The results
of these spectra because it would be small everywhere, less ’

than 4%(except at the 82S resonance and the subtraction
would considerably increase the scatter in the points. Note 2500 ' ' ' 2
also that, at this level, there is no distnct effect of th#B Bandpass crép,)
resonance in th@ parameter in either ionic channel. 20000 — |— 2
Finally, the resolution capability of the 4-m NIM mono-
chromator allowed us to measure the widths of tht*g, 1500
6s2D, and %&2D resonances. A CIS spectrum recorded with
a monochromator bandpass of 3.5 pm is shown in Fig. 6.
This is a continuous scan that covers the entire region be- = |
tween the 82D and the 412S resonances. We also have
spectra obtained at higher resolutith8 pn) of individual 0
resonances. The resolution of the spectrum shown in the fig-
ure is a factor of 2 better than the resolution of Basand
Berkowitz[2] and our signal-to noise ratio is much superior.  F|G. 6. Constant ionic state spectrum of the’® and 4d2S
The data were fit to the convolution of Fano profiles and aesonances as seen in tAB, ionic channel. Dots, experimental
triangular window function that simulated the Gaussian propoints; solid line, fit. The monochromator bandpass indicated cor-
file of the bandpas$26]. A straight-line background was responds to 3.5 pm or 0.5 meV.

1000 -

Normalized counts

13.515 13.520 13.575 13.580 13.585
Photon energy (eV)
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TABLE Il. Resonance widths. that there are many open channels and many values of the
total angular momentum. Even within the framework of the
I' (meV) angular momentum transfer formaligfB0] there are many
Resonance This work Theofy I'n*3 (meV)  channels that have to be considered. There are three values
4d2s 0.484(24) 0297 31.91.6 of_a_ngular momentum transfej,=1,2,3, all of which can
2 originate from any of the allowed values of the total angular
6s’D 0.209(24) 0.103 12414 momentum. The fact that the main excursions in Sural-
7s2D 0.13(4) 15.44.9 )

ues are towards negative values stresses the importance of
aReferencd 16). the negative terms in the expression 8y which are the
parity-unfavoredj,=2 term associated withd-wave photo-
were very consistent within each set. ThéS4resonance electrons and the interferensed term, whose sign depends
width is comparable to the monochromator bandpass use@n the relative phase between the channels. Both negative
while the measured widths of thes?D resonances are al- terms might be responsible for the broad minimumgirat
ways smaller. Thus the widths of ties?D resonances be- the low-energy portion of thed(*P, °D) series. However,
come less and less accurate for the higher members. Owe already know that thed®S series is coupled to the
results for 412S and 62D are a factor of 2 larger than the °Ped channel only. Therefore, the negative excursion at
values calculated by Robicheaux and Greft®. The cal-  this series is due to the predominance of the parity-unfavored
culations[13,9,16,17 predict an asymmetric profile for the terming.
ns?D resonances, which is at variance with our observation.

There is no in_dication in any of the spectra of a minimum or V. CONCLUSIONS
tail to either side of thes?D peaks. In all cases the Fago _
parameter appears to be large and positive. We used photoelectron spectrometry to perform a high-

resolution study of the photoionization of atomic chlorine
between the’P and 1D thresholds. We were able to follow
the effect of five series of autoionizing resonances on the

The results presented here indicate that any theoreticaklative cross sections and angular distribution parameters
approach to the treatment of photoionization dynamics irfor two of the three ionic channels)€2,1). The ability to
atomic chlorine must include the influence of spin-orbit in-resolve the®P; ionic states played a critical role in all the
teraction in order to reproduce the behavior of all five seriesneasurements. The results for the total ionization cross sec-
of resonances. In particular, a calculation should be able tGon are in good agreement with the ion measurements of
explain the strong coupling of thed?S series into the Rugi¢ and Berkowitz[1,2] and the eigenchann&®-matrix
3P,ed continuum channel and the coupling mechanisms otalculation of Robicheaux and Greefs]. Our results for
the nd?F series into the different ionic channels that trans-the I (°P,)/I (3P;) branching ratio indicate that thed S is
late into different shapes and strengths. The calculatiopredominantly coupled to théP,ed continuum, in agree-
should also reproduce well the results obtained for thement with the eigenchanndR-matrix calculation of Ro-
J-resolved angular distribution parame*P;). bicheaux and Greerld.6].

The first point is addressed by the eigencharehatrix The nd?F resonance series appears distinctively in the
calculation of Robicheaux and Greef6]. They found it  signal of each of the exit channels measured. Our results for
necessary to go beyond the standaBlto jj transformation the angular distribution parameters indicate an important
and include the spin-orbit mixing of core states with thecontribution of the parity-unfavored term associated with the
same total angular momentudp. In particular, the dynami- emission ofd-wave photoelectrons. We measured the widths
cal mixing of thep*!D, and p*3P, core states allows the of some of the sharp resonances and the results are a factor
decay of thend?S,;, resonances into théP,ed P, con-  of 2 higher than the values calculated by Robicheaux and
tinuum. Therefore, even though they do not show partialGreene[16]. Further work is needed to measure the shape
cross sections, we conclude that our results are in agreemeand width of thend2F resonances. We hope that this set of
with this calculation. experimental results will motivate calculations at the level of

We also agree with the eigenchanRematrix calculation  partial and differential cross sections, which will help in the
[16] in the sense that there is no indication for the?F interpretation of the photoionization dynamics of the chlo-
series in the total cross section for chloriffég. 4). How-  rine atom.
ever, we showed here that there is a distinctive effect in the
partial cross sections. The resonances show up as window
features in the’P, channel and as dispersionlike patterns in
the P, channel(Fig. 2). A similar behavior was found for This work was supported by the National Science Foun-
atomic bromind21], where the effect of this series appearsdation under Grants Nos. PHY-9207634 and PHY-9507573.
even in the total cross section. Therefore, it is necessary thl.O.K. was supported by the U.S. Department of Energy
have a calculation at the level of partial cross sections to bender Contract No. DE-AC05-84-OR21400 with Martin
able to compare with theory. Marietta Energy Systems, Inc. The University of Wisconsin

Finally, we can say a few words about our results for theSRC is operated under National Science Foundation Grant
angular distribution parameters. Once again, to the best dflo. DMR-9531009. J.J.M. would like to thank the Depart-
our knowledge, there is no calculation of the differential ment of Physics, Tulane University, for its hospitality during
cross sections. A detailed analysis is complicated by the fadhe final stages of the manuscript preparation.
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