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Near-threshold laser spectroscopy of iridium and platinum negative ions:
Electron affinities and the threshold law
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The electron affinity of Ir is measured to be 126172 cm™* [1.5643615) eV], from photodetachment
studies on Ir. Previous measurements of the electron affinity of platinum reported results which were incon-
sistent within quoted error bars. A photodetachment study with a very improved energy resolution, signal-to-
noise ratio, and signal-to-background ratio, was conducted ondeid yields a much more accurate electron
affinity for Pt of 17140.14) cm™ ! [2.1251@5) eV], in good agreement with the most recent measurement.
Possible explanations for the poor agreement between the earlier results are discussed. In botntheir
spectra, the data indicate that the detachment cross section deviates from the expected Wigner threshold law,
even near the detachment threshold. This behavior cannot be explained by the correction terms to the Wigner
law proposed by the currently available threshold detachment models.

PACS numbd(s): 32.10.Hq, 32.80.Gc

[. INTRODUCTION threshold position. However, this technique has recently
been successfully employed to obtain high accuracy mea-
Over the past decades, many efforts have led to continisurements on the bound states of manwave detaching
ally improved measurements of the bound states of atomifegative iong6—8.
negative iongfor recent reviews on negative ions, see Refs. The present paper reports high resolution LPT measure-
[1,2)). In addition to uses in a number of areas of pure andnents of Pt and Ir", from which high accuracy electron
applied physics(such as ultrasensitive detection of atomsaffinities (EA’s) are deduced. The high-energy resolution
and isotopes in accelerator mass spectronféfy negative and very low statistical noise _obtalned in these measure-
ions have proven to be practical test subjects for subtle elednents have e_nabled the detection of a small, but qlearly ob-
tron correlation and other quantum-mechanical effects, Forervable, deviation from the detachment cross-section behav-

example, negative ions have recently provided the means tgr proposed by current threshold models. Similar deviations

. : . X ave previously been reported in negative ions for photon
enable the first direct observation of the radial component o nergies relatively far above the detachment thresf@jd

an electronic wave f“”C“OW_- but not for photon energies very near the threshold, as ob-
Two techniques are typically employed to study thesderved here.

bound states of atomic negative ions. In laser-photodetache
electron spectromet. PES), fixed-wavelength laser light is Il. EXPERIMENTAL METHOD

used to photodetach the excess electron. The binding energy . ) i )

of the ion can then be deduced from the measured energy of 1"€ apparatus is described in detail elsewh&k al-
the photoelectron. Although generally applicable to anythough for the present experiments no Raman conversion is
atomic negative-ion system, LPES is limited by the resoluS€duired and hence none of the associated optical compo-
tion of the electron spectrometer. On the other hand, lasdi€Nts aré needed. Laser light of the required wavelength is

~ Produced using a dye laser pumped with the second har-
photodetachment thresholdlPT) spectroscopy uses a tun monic of a Nd:YAG (yttrium aluminum garnetlaser, oper-

Ié’ting at a 10-Hz repetition rate. The laser beam is passed

ergy. In this way LPT spectroscopy can achieve resc’lljti()r1§lwrough a viewport into an UHV chamber to intersect with
on the order of the bandwidth of the light source used and sg, negative ion beam at a 90° angle. The laser light is moni-

very accurate measurements are possible, particularly whegyeq with a pulse-energy meter located after the exit view-
the excess electron is ejected intoswave continuuni5].  nort o the vacuum chamber. Negative ions of the desired
When an electron is ejected intopawave continuum, the glement are produced with a cesium sputter source. The ions
very gradual onset of the photodetachment cross section negfe then accelerated, mass selected by 30° deflection in a
the threshold hampers the accurate determination of thgagnetic field, charge state selected by electrostatic deflec-
tion plates, and sent into the UHV chamber. After crossing
the laser beam, the residual ions are deflected by a second set
*Present address: JILA, University of Colorado, Boulder, of electrostatic plates and monitored in a Faraday cup, while
CO 80309-0440. the photodetached neutrals are detected with a discrete-
TAlso with the Department of Engineering Physics, the Brock-dynode electron multiplier operating in an analog regime.
house Institute for Materials Research, and the Center for Electrofhe preamplified output signal is gated and integrated with a
photonic Materials and Devices, McMaster University, Hamilton, boxcar averager, and finally recorded with a personal com-
Ontario, Canada. puter for analysis.
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ground-state detachment thresholéf,,—“F,. The solid curve is

FIG. 1. Energy-level diagram forTrand the ground state of Ir.  the Wigner threshold law determined by the best fit to the data,
Two of the negative-ion states have not yet been observed, and ajigcluding points below 12 650 cit only. This is extrapolated to
located according to the predicted positions by long dashed lines ifhclude the entire range of the inset. A solid vertical line marks the
the figure. The vertical arrow indicates the detachment channeitted threshold position. The dashed curve is a Wigner law fit to the
studied here. entire scan range shown in the inset. On this scale the dashed line

seems to agree quite well with the data, suggesting that this devia-

The lasing wavelength is tuned so that the relative detachion could be easily overlooked in a lower-resolution scan. How-
ment cross section can be measured over a range of photeger, a poor fit is apparent near the threshold and a fitted threshold
energies. The Wigner threshold la0] predicts that the position (dashed vertical barsignificantly higher than the solid
cross section is equal to 0 for photon energies smaller thacurve is obtained. See Sec. IV for further discussion on the ob-
the photodetachment threshold, and is proportional ¢o ( served deviation from the Wigner law.
—g0)' T2 for photon energies that are larger than the de-
tachment threshold energy. The angular momenturhof
the detached electron is 1 for the land Pt ions studied
here, resulting in g-wave threshold. In practice, a small
photodetachment background signal stemming from the d
tachment of excited negative ions and/or from ionic contami
nants present in the ion beam is unavoidable, and must be
to the observed spectruta more detailed discussion of the
p-wave fitting procedure can be found in RES]). The cross
sectiono is then given by

dipole (M1) transition in IF, locating the 3F5 state at
7087.34) cm™ ! above the ionic ground stafé1]. The other
dwo excited states have not yet been observed. There are two
previous measurements of the binding energy of tRg
{ﬁvel, and thus the EA of Ir. Using LPES, Feiges¢al.
measured the EA of Ir to be 126@%) cm ! [12], and
Davieset al. obtained an EA of 12618) cm ! [13] using
LPT spectroscopy.
A beam current of 100 nA of 8.5-keVrions was ob-
a, for e<g, tained in the interaction chamber. A 120-chregion includ-
o= 3 : (1)  ing the 3F,—“Fg, threshold was selected, and scanned five
atc(e—eg)™, for e>eg times in succession. No significant variation of the signal
Here the constand has been added to the Wigner law to amplitugie, threshpld position, or threshold shape was O.b'
account for a possible photodetachment background signaﬁal’erveoI IN SUCCESSIVE Scans. The sum Of the scans, normah;ed
andc is the proportionality constant implicit in the Wigner tb_ the magmtude_of the background S|gn_al, is presented in
law. Additionally, a linear term may be included to accountF'g' 2. From the fitted threshold one obtains the EA of Ir to

. - be 12617.412) cm ! [1.5643615 eV, using 1leV
for a small slope in the background signal.
pe ! grou '9 =8065.5410 cm® [14]] (all uncertainties, the sources of

which are discussed in Sec. IV, are quoted to one standard
Il RESULTS deviation). This result is in good agreement with the previ-
Alr~ ous measurements.

An energy-level diagram for the lowest-lying states of the
Ir negative ion with respect to the ground state of neutral Ir is
given in Fig. 1. The ionic states presented all havel265° The accepted energy-level scheme for RBtpresented in
configuration, the ground state being tRE, level. On the Fig. 3. In addition to the 8°6s?2Dg, ground state, two
basis of multiconfiguration Dirac-Fock calculations, te;  bound states are expected in PThe ?D ), level has been
and 3P, states are predicted to be bound, while fffg state  measured via a bound-bound resonkht transition to lie
is expected to be slightly unbourfd1]. Thegerseretal. 9740.95) cm ! above the ionic ground state, while the
observed a +1 photon detachment via a resonant magneticd%s S, , state is predicted to lie about 11300 chabove

B. Pt™
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FIG. 4. The ?Dg,—3D; detachment threshold in Pt When
only data points below 17150 crhare included in the Wigner law

FIG. 3. Energy-level diagram for Piand the ground state of Pt. . X -
The 2S,,, state has not been observed experimentally, and its exf_lt, the solid curve is obtained. The dashed curve represents the

pected position is indicated by a dashed line in the figure. ThéNigner law fit obtained when all the data points are included. As in

threshold studied in the present experiment is indicated by the vef='9- 2, @ small but conspicuous deviation from the Wigner threshold
tical arrow. law is observed. The discrepancy is discussed in detail in Sec. IV.

spectrum were observed from one scan to the next. The sum

the ground state on the basis of multiconfiguration Dirac-o¢ the scans, normalized to the below-threshold signal, is

Fock calculation$11]. Three previous measurements of theshown in Fig. 4. A threshold position of 1714041 em L
EA of Pt have been performed. The photodetachment spef2.1251(]25) eV] is obtained from the fit, a factor of 15 im-

. . . 3
trum of a region including the’D;,—°Dy threshold was provement in accuracy over the most recent result of

first measured by Hotop and Lineberger in 1918], from — 3774y6) cm ! obtained by Thegerseet al. [17]; the two
which an EA of 1716Q01L6) cm -~ was obtained. In 1992, results are in excellent agreement.

Gibsonet al. determined the EA of Pt to be 171(®5 cm ™!
[16], which did not agree with the Hotop-Lineberger result
within two standard deviations. Finally, a third measurement
was reported in the 1996 paper by Thggerseal, giving The very slow onset of p-wave threshold structure typi-
the EA of Pt as 17148) cm™* [17], roughly equally spaced cally limits the accuracy with which the threshold position
between the two previous resultee Sec. V for a summary can be measured. However, the very good statistics obtained
of these resulfs Since all three experiments used the samen the present experiments, especially for Pallow for an
ion production mechanism and experimental technique, thexcellent fit to the data, and a careful consideration of poten-
poor agreement between the three results is somewhat uneial systematic uncertainties is in order. These include uncer-
pected, and warrants further investigation. Therefore, weainties in the laser calibration, potential Doppler shifts, pos-
have measured the photodetachment spectrum ofnBar  sible ponderomotive shifts, and uncertainties due to the
the ground-state detachment threshold with a set of veryvigner approximation. A detailed discussion of the potential
high-resolution scans. sources of errors associated with this apparatus can also be
A high-purity (99.98% Pt metal pellet, set into an alumi- found elsewher¢5,6].
num cathode mount, was used in the sputter source to pro- The dye laser tuning mechanism is calibrated against
duce 450 nA of 8.5-keV Ptions in the interaction chamber. known optogalvanic lines obtained from a low-pressure Ar
A much stronger detachment signal was observed for Ptgas cell. A set of lines lying near the region of interest is
than for Ir”, mainly because astorbital electron is removed measured immediately following each experiment, allowing
during photodetachment of Ptwhile in Ir” ad electron is  for a calibration uncertainty of less than 0.2 that the
removed, which is known to have a cross section typicallywavelengths used here. Small deviations from the nominally
about an order of magnitude smal[d2,18. The larger ion  90° angle between the laser beam and the ion beam in the
current and laser-pulse energies availgBlé mJ as opposed interaction region can produce significant Doppler shifts.
to 15 mJ for Ir) also increased the observed photodetachTherefore, care was taken to ensure that the angle could be
ment signal. Because of the much stronger detachment sigealized to better than 1°, resulting in an uncertainty of less
nal, photon energies closer to the threshold could be scannedan 0.1 cm? for the photon energies and ion velocities in
with the preservation of good statistics. The much smallethe present experiments. Very high-intensity light fields can
range(<30 cm 1) scanned also reduces the uncertainty duealso influence the apparent threshold position due to the pon-
to a possibly varying background signal, as was present ideromotive potential19]. However, for the relatively low
the Hotop-Lineberger experimefit5]. As with Ir, this range  intensities obtained in the interaction region a shift«.01
was repeatedly scanned, and only statistical variations in them ! is expected, and is negligible in the present context.

IV. DISCUSSION
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Finally, the functional form of the fitting model itself energy-dependent signals which can lead to a misinterpreta-
must be considered. Due to the very gradual origeto tion of the detachment spectrum. However, one would ex-
slope of the p-wave threshold, a sloped background signalpect that the effects of such impurities would differ in dif-
can produce significant apparent shifts in the fitted thresholfierent parts of the spectrum. Since the same increased
position. A small slope can be easily accounted for by in-curvature is observed in all three independent cases, with
cluding a linear term for the background in E@), fitted to  different masses and thresholds at differing photon energies,
a sufficiently large region below the detachment thresholdt would be an extremely unlikely coincidence for impurities
and extrapolated above the threshi@l However, more in-  to be responsible for the observed behavior.
sidious complications can come about due to nonlinear de- (2) An increase in the detachment cross section associated
pendencies or fluctuations in the background signal, as amith the onset of a second detachment channel can produce a
typically observed from the detachment of molecular ion im-structure similar to that observed here, as has been observed
purities[20]. This can render the extraction of an accuratein a number ofp-wave detaching specid$,8,15. Fortu-
threshold value very difficult. Furthermore, such nonlinearnately the energy-level structure is relatively well known in
fluctuations may be very difficult to detect if the photon- all three case$21], and no(observablg threshold is ex-
energy spacing and/or the statistical fluctuations of the datpected within many hundreds of wave numbers. Further-
points are large. Therefore the”lrand PT detachment more, assuming an effective ion source temperature of 1300
thresholds of the present work were scanned with a verK, the excited-state populations in these ions would be
high-energy resolution(i.e., small spacing between data ~10 2 that of the ground state, and would thus produce a
pointg, and with the very small statistical scatter that is seerproportionally smaller detachment signal. It is therefore not
in Figs. 2 and 4. The very small and flat signal observedhossible to explain the observed threshold deviation on the
below the threshold indicates that it is very unlikely that anybasis of the onset of a second detachment channel.
energy-dependent structure due to impurities is present. (3) A nonlinear response of the detection system can be

There is nonetheless a clear deviation from the expectedaused by changes in the amount of amplified spontaneous
Wigner threshold law in both the Trand Pt detachment emission(ASE) present in the dye laser light, variations in
spectra presented here; in both cases the spectra aboWe ion current, and nonlinear responses of the detector
threshold appear to have a larger curvature than the 3/2nd/or amplification system. ASE of the laser is avoided by
power law predicts. The dashed lines in Figs. 2 and 4 repremeasuring the relative cross section in a very small region of
sent the fit to all the points in the data set. Only a very slighthe dye tuning range, over which the ASE component, if
systematic deviation of the data from the dashed curve capresent, should not vary. Also, laser dyes are selected such
be detected, demonstrating that such a subtle deviation couttiat the scan range is near the maximum laser output, so as to
very easily be missed by a lower-energy-resolution scamminimize possible ASE components in the dye laser light.
However, when only data very near the threshold are fit tdcurthermore, in the case of Pt and Ir experiments, the laser
the Wigner law, the deviation becomes very obvidtlee  tuning curve was such that ASE would have been preferen-
solid curve in the figures Furthermore, differences of 5 tially produced at photon energies below the detachment
cm ! (for Ir™) and 0.2 cm? (for Pt") are observed in the thresholds as the laser was tuned to larger photon energies.
threshold positions depending on whether the fit is made t@herefore, a smaller detachment signal would be detected,
all the data points or only to the data points near the thresheontrary to what is observed here. The ion current was con-
old. Such a variation of the threshold position is not negli-tinuously monitored and no significant variations were ob-
gible. A second analysis of the Agdetachment spectrum served. Performing multiple scans also helps to average ran-
previously measured by the auth¢@ reveals the same ef- dom fluctuations in the ion-beam current. Saturation due to a
fect is present in Ag(although it is far less conspicuous signal level that exceeds the linear range of the detector or
there, presumably because of the smaller energy rangemplification system can also produce a nonlinear response
scanned in that experimenFive main effects may be imag- of the detection system. Although only signals well within
ined to explain these observatioii$) a slowly (nonlinearly  the design specifications of the electronics are measured, the
varying background signal due to the detachment of soménearity of the detection system was verified by monitoring
ionic impurity; (2) the onset of a second threshold or thethe detachment signal obtained at a fixed wavelength, while
presence of some broad continuum resonance structure lgarying the laser-pulse energy. Also, signal saturation results
cated at slightly higher energies than the primary thresholdin a smaller detected signal, rather than the larger signal
(3) the influence of some nonlinearity of the detection sys-amplification that would be required to explain the devia-
tem; (4) the modification of the detachment cross section dugions observed here. Finally, if a nonlinear response of any
to stray electric or magnetic fields; arifl) true deviations component of the detection system was present, one would
from the approximating threshold laws. These points are disalso expect to have seen a similar effect in the high-
cussed in turn, liste¢l)—(5) below: resolutions-wave detachment spectra measured with this ap-

(1) Mass-coincident, or nearly mass-coincident, weaklyparatug5,22—284, but no such nonlinear response was noted.
bound impurity negative ions present in the ion beam can (4) Static electric fields are known to have an observable
produce a strong detachment signal. Furthermore, if the imeffect on the photodetachment cross section of negative ions
purity is a molecular negative ion, as is commonly the caseand have been thoroughly investigated in betandp-wave
then the presence of many closely spaced vibrational andetaching specig7]. We have also observed this effect in
rotational states can produce both sharp and slowly varyin@~ [5], Bi~ [25], and O [26] due to stray static electric

012505-4



NEAR-THRESHOLD LASER SPECTROSCOPYR]. . PHYSICAL REVIEW A 61 012505

fields of 10—15 V/cm present in our system. Inpavave TABLE |. Comparison between current and previous electron
detachment spectrum, such a stray electric field would proaffinity measurements.
duce an oscillation of the cross section with a perieti0

cm ! and an amplitude of10%, near the photodetachment Measured EA R=cla
threshold. Therefore, stray electric fields cannot explain th&lement (em™) (107 em™?) Reference
d_eviat_ion observed here. Although_similar periodic oscillfa- Ir 1263065) N/AS [12]
tions in the detachment cross section can be observed in a
. s e . 126134) 55 [13]
strong static magnetic fiel{28], the small field strengths
. . . ; , 12617.412) 3.1 present work
expected in the interaction regidon the order of the Earth’s Pt 1716016) 012 [15]
magnetic fielgl would cause small oscillations with a period 171259) 0'13 [16]
<0.001 cm?, which does not produce any observable net 171416 1'1 17
effect. Finally, the oscillating electric and magnetic fields of 16) : [17]
17140.14) 45 present work

the detaching laser light itself could change the structure of
the detachment cross section. However, this effect would b&ncertaintiesappearing in parentheseare quoted to one standard
limited to a range similar in magnitude to the ponderomotiveyeyiation
. _l . :

potential(<0.01 cm*, as dlsc_ussed abo)/[alg],_and hence brhe constantss and a, respectively, are, the amplitude of the
cannot account for the experimental observations. _ Wigner threshold law and the background level, as defined in Eq.

(5) The Wigner threshold law describes the asymptotiGy) | these units, the numbers tabulated also correspond to the
behavior of the photodetachment cross section “near” theignal-to-background ratio 100 cthabove the detachment thresh-
threshold 10]. The range of validity of the Wigner law is not |4 (je., [S,,,— AJ/A, whereS,, is the total signal observed 100
predicted by the original work; however, two theoretical ;-1 apove threshold, and is the observed background signal

models have been developed to determine the magnitude anghe \wigner threshold law is not applicable to the LPES measure-
form of the leading corrections to the threshold law. Thement technique used in the experiment.

model developed by O’Mallej29] considered the effect of

the polarizabilitya of the neutral atoni30] on the detach- here Therefore, neither of the detachment models can fully
ment cross section of negative ions, and predicted an insparacterize the spectra of the present work.

crease in the cross section fewave detachment. Under this  The source of the observed deviation from the Wigner
model the threshold law given in E@) should be modified  (hreshold law is therefore not obvious. A number of other
to read, fore> e, (note that terms of ordée* and higher in  \yorks have also found disagreements between observations

the square brackefs] have been dropped here and the available theoretical models, although at larger pho-
ton energies above threshdll]. It therefore seems likely
o=a+c(e—eg)¥1-C,k2In(agk)+Dk2], (29 thatan additional effect, beyond those considered in the cur-

rent detachment models, is required in order to account for

the observed deviation from the Wigner law. On the other
wherea, is the Bohr radiusC;=4a/153,, D is a constant, hand, essentially identical threshold values are returned if
and k= \2mq(e —&,)/# is the momentum of the detached any portion of the data is fit up to 35 crhabove threshold
electron, withm, being the electron mass aridthe Planck for Ir~ (or up to 10 cm® for Pt), suggesting that the
constant. The reader should note that the second ¢dren  Wigner law is valid up to that point, at least within the reso-
“polarization term”) and the third ternm(the “leading cor- lution of the data. The threshold values obtained from a fit to
rection term”) in the square brackefs] have approximately the Wigner law in these restricted regions are therefore used
the same dependence &nUnfortunately, the theory does to obtain the quoted EA’s. To accommodate the uncertainties
not predict the amplitud® of the leading correction term, in the fit (including the effect of a possibly sloped back-
and it is left as a fitting parametdO’Malley also considered ground uncertainties of 1.2 and 0.3 ¢rh for Ir and Pt,
the effects of a permanent electric quadrupole moment of theespectively, are assigned in addition to the possible system-
neutral. This correction was found to contribute with theatic errors described above.
samek dependence as the static polarizability but with a
typically much smaller amplitud¢29,31], and is not in-
cluded in Eq.(2).] When Eq.(2) is fit to the Ir and Pt
detachment data, the polarization term is found to account A summary of the previous and present results is given in
for less than 10% of the observed deviation from the WigneiTable I. For ease of comparison, a graphical representation
law. One must therefore conclude that the polarization coref the results is also provided in Fig. 5. The three inea-
rection is insignificant compared to the leading correctionsurements are in good agreement. On the other hand, the Pt
term. This situation corresponds to the model developed b¥A measurements agree less well. Although the large num-
Farley[32], which has successfully described some photodeber of variables inherent in such experiments renders specu-
tachment spectrésee, for example, Ref23]). Assuming lation difficult, some insight can be gained by comparing the
that the polarizability of the atom is negligiblee&0), Far-  spectra obtained in the four works.
ley used the zero-core-contribution approximation to obtain As pointed out by Gibsonet al. [16], the Hotop-
the constanD. However, the model predicts a reduction in Lineberger work[15] was primarily aimed at determining
the detachment cross section, contrary to what is observetie range in which the Wigner law held, and therefore they

V. SUMMARY
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(a) production methoda sputter ion sourgeand since the fine-
[ | structure splitting of Pt is so large(nearly 10000 cm?), it
is difficult to explain such a large difference in the observed
— (b) ; . .
background signals on the basis of varying amounts of
M (c) excited-state populations in the ion beam. It is more likely
that varying amounts of weakly bound ionic contaminants
12580 12600 12620 12640 12660 12680 were present in the four experimed0]. The much better
signal-to-background ratio obtained in the current experi-
ment (as indicated by the significantly larger rat®) sug-
gests that few or no impurities were present.

EA of Ir (in cm'l)

4

(e) ' (d)
—
f
(1) VI. CONCLUSIONS AND OUTLOOK
H (g) EA of Pt (incm™!) This paper has described high-precision measurements of
the electron affinities of Pt and Ir, with significant improve-
17120 17130 17140 17150 17160 17170 ments over previous results. Apparent disagreements in the

FIG. 5. Graphical representation of the previgasb, d, e, and previous EA measurements of Pt have been discussed, and

f) and currentc andg) measurements of the electron affinities of Ir &€ likely attributable to the much larger background signal
(top) and Pt(bottom). Note that the scales are different on the two OPServed in those measurements. A significant systematic
sets. The results are, for Iia) Feigerleet al.[12], (b) Davieset al. ~ deviation from the Wigner threshold law was observed in
[13], and(c) present work. For Pi(d) Hotop and Linebergef15], ~ both detachment spectra, and remains unexplained under the
(e) Gibsonet al. [16], (f) Thogerseret al. [17], and (g) present ~ currently available threshold models. This result strongly
work. suggests that improvements in the threshold models may be
necessary to obtain satisfactory fits to the increasingly

acquired a spectrum over a large range of photon energiddgher-quality measurements now achievable with modern
(=~2000 cm'}). A gradual change in the background signalmeasurement techniques, even for photodetachment ranges
was observed over this range, and had to be accounted for [gstricted very near to the threshold. More advanced models
the fit. To overcome this problem, Gibsenhal.scanned only would be particularly important fop-wave detaching ele-
a 200-cm* range around the detachment threshold, and agnents because of the zero-slope onset of the threshold,
sumed a zero slope background, expecting that the backvhich makes them especially sensitive to deviations from the
ground signal would be constant over this much smaller enthreshold behavior. Further experimental work is also re-
ergy range. Finally, Thggerseat al. scanned approximately quired to better understand the deviations observed here.
the same range and obtained a third result tharginall) ~ Since the original work by Hotop and Lineberdés], very
agreed with the Hotop-Lineberger result, but did not agredew experiments have been aimed at explicitly establishing
with the value of Gibsoret al. within error bars. In the the range of validity of the threshold laW81,33. Consid-
present experiment’ we scanned on|y a 3(T.Ijmange, and ering the significant improvements to threshold measurement
obtained a value which agrees well with the result oftechniques in the past decades, a new comprehensive experi-
Thggerseret al, but not with the previous two results. Al- mental study of this sort may now be appropriate. Good can-
though some of the discrepancy might be explained by aflidates for such studies grwave detaching species may be
unnoticed deviation from the Wigner law, this is unlikely to the precious metal and nickel group negative ions. In addi-
explain the difference in the second and third results whiction to the high sputter-ion currents easily obtainable for
cover essentially the same energy ranges. However, Compaﬂ‘lese elements, the threshold energies of these elements lie
ing the data plots of the four experiments suggests that thi& easily accessible laser light regions, and therefore high-
divergent results may also be due to the drastically differentesolution data should be achievable. Furthermore, the rela-
background levels observed in each experiment, perhagiely large energy spacings between the ionic states and
stemming from molecular ion impurities. As previously between the low-lying neutral states in these elements reduce
noted, energy-dependent variations in the background signg@pmplications in the photodetachment spectrum over large
can have a significant effect on the fitted threshold positiorenergy regions. Exploring many ions with a similar elec-
[6,15,14. tronic structure(such as all ions of a particular groumay

The ratioR=c/a, with c the amplitude of the Wigner law @lso aid in identifying trends in the photodetachment behav-
fitting function anda the background level, as defined in Eq. ior-
(1), can be used as a measure of the signal-to-background
ratio. The ratioR for each experiment is included in Table |
for comparison(the values for the previous experiments can
be easily deduced from the plots of the relative cross section Support for this work from the Natural Science and Engi-
found in the respective workslt can be noted from Table | neering Research Council of Cana@NSERQ is gratefully
that the(relative) background signal level changed by more acknowledged. We would also like to thank Victor Petrunin
than two orders of magnitude between the four experimentand Torkild Andersen for many interesting and helpful dis-
on Pf". Since all four experiments used the same type of iorcussions.
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