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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 12617.4~12! cm21 @1.56436~15! eV#, from photodetachment
studies on Ir2. 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 on Pt2, and yields a much more accurate electron
affinity for Pt of 17140.1~4! cm21 @2.12510~5! eV#, in good agreement with the most recent measurement.
Possible explanations for the poor agreement between the earlier results are discussed. In both the Ir2 and Pt2

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 number~s!: 32.10.Hq, 32.80.Gc
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I. INTRODUCTION

Over the past decades, many efforts have led to cont
ally improved measurements of the bound states of ato
negative ions~for recent reviews on negative ions, see Re
@1,2#!. In addition to uses in a number of areas of pure a
applied physics~such as ultrasensitive detection of atom
and isotopes in accelerator mass spectrometry@3#!, negative
ions have proven to be practical test subjects for subtle e
tron correlation and other quantum-mechanical effects.
example, negative ions have recently provided the mean
enable the first direct observation of the radial componen
an electronic wave function@4#.

Two techniques are typically employed to study t
bound states of atomic negative ions. In laser-photodetac
electron spectrometry~LPES!, fixed-wavelength laser light is
used to photodetach the excess electron. The binding en
of the ion can then be deduced from the measured energ
the photoelectron. Although generally applicable to a
atomic negative-ion system, LPES is limited by the reso
tion of the electron spectrometer. On the other hand, la
photodetachment threshold~LPT! spectroscopy uses a tun
able light source to measure the threshold detachment
ergy. In this way LPT spectroscopy can achieve resoluti
on the order of the bandwidth of the light source used and
very accurate measurements are possible, particularly w
the excess electron is ejected into ans-wave continuum@5#.
When an electron is ejected into ap-wave continuum, the
very gradual onset of the photodetachment cross section
the threshold hampers the accurate determination of
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threshold position. However, this technique has recen
been successfully employed to obtain high accuracy m
surements on the bound states of manyp-wave detaching
negative ions@6–8#.

The present paper reports high resolution LPT meas
ments of Pt2 and Ir2, from which high accuracy electron
affinities ~EA’s! are deduced. The high-energy resoluti
and very low statistical noise obtained in these measu
ments have enabled the detection of a small, but clearly
servable, deviation from the detachment cross-section be
ior proposed by current threshold models. Similar deviatio
have previously been reported in negative ions for pho
energies relatively far above the detachment threshold@9#,
but not for photon energies very near the threshold, as
served here.

II. EXPERIMENTAL METHOD

The apparatus is described in detail elsewhere@5#, al-
though for the present experiments no Raman conversio
required and hence none of the associated optical com
nents are needed. Laser light of the required wavelengt
produced using a dye laser pumped with the second
monic of a Nd:YAG~yttrium aluminum garnet! laser, oper-
ating at a 10-Hz repetition rate. The laser beam is pas
through a viewport into an UHV chamber to intersect w
the negative ion beam at a 90° angle. The laser light is mo
tored with a pulse-energy meter located after the exit vie
port to the vacuum chamber. Negative ions of the desi
element are produced with a cesium sputter source. The
are then accelerated, mass selected by 30° deflection
magnetic field, charge state selected by electrostatic de
tion plates, and sent into the UHV chamber. After cross
the laser beam, the residual ions are deflected by a secon
of electrostatic plates and monitored in a Faraday cup, w
the photodetached neutrals are detected with a discr
dynode electron multiplier operating in an analog regim
The preamplified output signal is gated and integrated wit
boxcar averager, and finally recorded with a personal co
puter for analysis.
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The lasing wavelength is tuned so that the relative deta
ment cross section can be measured over a range of ph
energies. The Wigner threshold law@10# predicts that the
cross section is equal to 0 for photon energies smaller t
the photodetachment threshold, and is proportional to«
2«0) l 11/2 for photon energiese that are larger than the de
tachment threshold energy«0 . The angular momentuml of
the detached electron is 1 for the Ir2 and Pt2 ions studied
here, resulting in ap-wave threshold. In practice, a sma
photodetachment background signal stemming from the
tachment of excited negative ions and/or from ionic conta
nants present in the ion beam is unavoidable, and must b
to the observed spectrum~a more detailed discussion of th
p-wave fitting procedure can be found in Ref.@6#!. The cross
sections is then given by

s5H a, for «<«0

a1c~«2«0!3/2, for «.«0
. ~1!

Here the constanta has been added to the Wigner law
account for a possible photodetachment background sig
and c is the proportionality constant implicit in the Wigne
law. Additionally, a linear term may be included to accou
for a small slope in the background signal.

III. RESULTS

A. Ir 2

An energy-level diagram for the lowest-lying states of t
Ir negative ion with respect to the ground state of neutral I
given in Fig. 1. The ionic states presented all have a 5d86s2

configuration, the ground state being the3F4 level. On the
basis of multiconfiguration Dirac-Fock calculations, the3F3
and 3P2 states are predicted to be bound, while the3F2 state
is expected to be slightly unbound@11#. Thøgersenet al.
observed a 111 photon detachment via a resonant magne

FIG. 1. Energy-level diagram for Ir2 and the ground state of Ir
Two of the negative-ion states have not yet been observed, an
located according to the predicted positions by long dashed line
the figure. The vertical arrow indicates the detachment chan
studied here.
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dipole (M1) transition in Ir2, locating the 3F3 state at
7087.3~4! cm21 above the ionic ground state@11#. The other
two excited states have not yet been observed. There are
previous measurements of the binding energy of the3F4
level, and thus the EA of Ir. Using LPES, Feigerleet al.
measured the EA of Ir to be 12630~65! cm21 @12#, and
Davieset al. obtained an EA of 12613~4! cm21 @13# using
LPT spectroscopy.

A beam current of 100 nA of 8.5-keV Ir2 ions was ob-
tained in the interaction chamber. A 120-cm21 region includ-
ing the 3F4→4F9/2 threshold was selected, and scanned fi
times in succession. No significant variation of the sign
amplitude, threshold position, or threshold shape was
served in successive scans. The sum of the scans, norma
to the magnitude of the background signal, is presented
Fig. 2. From the fitted threshold one obtains the EA of Ir
be 12617.4~12! cm21

†1.56436~15! eV, using 1 eV
58065.5410 cm21 @14#‡ ~all uncertainties, the sources o
which are discussed in Sec. IV, are quoted to one stand
deviation!. This result is in good agreement with the prev
ous measurements.

B. Pt2

The accepted energy-level scheme for Pt2 is presented in
Fig. 3. In addition to the 5d96s2 2D5/2 ground state, two
bound states are expected in Pt2. The 2D3/2 level has been
measured via a bound-bound resonantM1 transition to lie
9740.9~5! cm21 above the ionic ground state, while th
5d106s 2S1/2 state is predicted to lie about 11300 cm21 above

are
in
el

FIG. 2. Observed photodetachment spectrum of Ir2 near the
ground-state detachment threshold,3F4→4F9/2. The solid curve is
the Wigner threshold law determined by the best fit to the da
including points below 12 650 cm21 only. This is extrapolated to
include the entire range of the inset. A solid vertical line marks
fitted threshold position. The dashed curve is a Wigner law fit to
entire scan range shown in the inset. On this scale the dashed
seems to agree quite well with the data, suggesting that this de
tion could be easily overlooked in a lower-resolution scan. Ho
ever, a poor fit is apparent near the threshold and a fitted thres
position ~dashed vertical bar! significantly higher than the solid
curve is obtained. See Sec. IV for further discussion on the
served deviation from the Wigner law.
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the ground state on the basis of multiconfiguration Dir
Fock calculations@11#. Three previous measurements of t
EA of Pt have been performed. The photodetachment s
trum of a region including the2D3/2→3D3 threshold was
first measured by Hotop and Lineberger in 1973@15#, from
which an EA of 17160~16! cm21 was obtained. In 1992
Gibsonet al. determined the EA of Pt to be 17125~9! cm21

@16#, which did not agree with the Hotop-Lineberger res
within two standard deviations. Finally, a third measurem
was reported in the 1996 paper by Thøgersenet al., giving
the EA of Pt as 17141~6! cm21 @17#, roughly equally spaced
between the two previous results~see Sec. V for a summar
of these results!. Since all three experiments used the sa
ion production mechanism and experimental technique,
poor agreement between the three results is somewhat u
pected, and warrants further investigation. Therefore,
have measured the photodetachment spectrum of Pt2 near
the ground-state detachment threshold with a set of v
high-resolution scans.

A high-purity ~99.98%! Pt metal pellet, set into an alum
num cathode mount, was used in the sputter source to
duce 450 nA of 8.5-keV Pt2 ions in the interaction chambe
A much stronger detachment signal was observed for2

than for Ir2, mainly because ans-orbital electron is removed
during photodetachment of Pt2, while in Ir2 a d electron is
removed, which is known to have a cross section typica
about an order of magnitude smaller@12,18#. The larger ion
current and laser-pulse energies available~30 mJ as opposed
to 15 mJ for Ir2) also increased the observed photodeta
ment signal. Because of the much stronger detachment
nal, photon energies closer to the threshold could be scan
with the preservation of good statistics. The much sma
range~,30 cm21! scanned also reduces the uncertainty d
to a possibly varying background signal, as was presen
the Hotop-Lineberger experiment@15#. As with Ir, this range
was repeatedly scanned, and only statistical variations in

FIG. 3. Energy-level diagram for Pt2 and the ground state of P
The 2S1/2 state has not been observed experimentally, and its
pected position is indicated by a dashed line in the figure. T
threshold studied in the present experiment is indicated by the
tical arrow.
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spectrum were observed from one scan to the next. The
of the scans, normalized to the below-threshold signal
shown in Fig. 4. A threshold position of 17140.1~4! cm21

@2.12510~5! eV# is obtained from the fit, a factor of 15 im
provement in accuracy over the most recent result
17141~6! cm21 obtained by Thøgersenet al. @17#; the two
results are in excellent agreement.

IV. DISCUSSION

The very slow onset of ap-wave threshold structure typi
cally limits the accuracy with which the threshold positio
can be measured. However, the very good statistics obta
in the present experiments, especially for Pt2, allow for an
excellent fit to the data, and a careful consideration of pot
tial systematic uncertainties is in order. These include unc
tainties in the laser calibration, potential Doppler shifts, p
sible ponderomotive shifts, and uncertainties due to
Wigner approximation. A detailed discussion of the poten
sources of errors associated with this apparatus can als
found elsewhere@5,6#.

The dye laser tuning mechanism is calibrated aga
known optogalvanic lines obtained from a low-pressure
gas cell. A set of lines lying near the region of interest
measured immediately following each experiment, allowi
for a calibration uncertainty of less than 0.2 cm21 at the
wavelengths used here. Small deviations from the nomin
90° angle between the laser beam and the ion beam in
interaction region can produce significant Doppler shif
Therefore, care was taken to ensure that the angle coul
realized to better than 1°, resulting in an uncertainty of le
than 0.1 cm21 for the photon energies and ion velocities
the present experiments. Very high-intensity light fields c
also influence the apparent threshold position due to the p
deromotive potential@19#. However, for the relatively low
intensities obtained in the interaction region a shift of!0.01
cm21 is expected, and is negligible in the present contex

x-
e
r-

FIG. 4. The 2D3/2→3D3 detachment threshold in Pt2. When
only data points below 17150 cm21 are included in the Wigner law
fit, the solid curve is obtained. The dashed curve represents
Wigner law fit obtained when all the data points are included. As
Fig. 2, a small but conspicuous deviation from the Wigner thresh
law is observed. The discrepancy is discussed in detail in Sec.
5-3
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Finally, the functional form of the fitting model itsel
must be considered. Due to the very gradual onset~zero
slope! of the p-wave threshold, a sloped background sign
can produce significant apparent shifts in the fitted thresh
position. A small slope can be easily accounted for by
cluding a linear term for the background in Eq.~1!, fitted to
a sufficiently large region below the detachment thresh
and extrapolated above the threshold@6#. However, more in-
sidious complications can come about due to nonlinear
pendencies or fluctuations in the background signal, as
typically observed from the detachment of molecular ion i
purities @20#. This can render the extraction of an accura
threshold value very difficult. Furthermore, such nonline
fluctuations may be very difficult to detect if the photo
energy spacing and/or the statistical fluctuations of the d
points are large. Therefore the Ir2 and Pt2 detachment
thresholds of the present work were scanned with a v
high-energy resolution~i.e., small spacing between da
points!, and with the very small statistical scatter that is se
in Figs. 2 and 4. The very small and flat signal observ
below the threshold indicates that it is very unlikely that a
energy-dependent structure due to impurities is present.

There is nonetheless a clear deviation from the expe
Wigner threshold law in both the Ir2 and Pt2 detachment
spectra presented here; in both cases the spectra a
threshold appear to have a larger curvature than the
power law predicts. The dashed lines in Figs. 2 and 4 re
sent the fit to all the points in the data set. Only a very sli
systematic deviation of the data from the dashed curve
be detected, demonstrating that such a subtle deviation c
very easily be missed by a lower-energy-resolution sc
However, when only data very near the threshold are fi
the Wigner law, the deviation becomes very obvious~the
solid curve in the figures!. Furthermore, differences of
cm21 ~for Ir2) and 0.2 cm21 ~for Pt2) are observed in the
threshold positions depending on whether the fit is made
all the data points or only to the data points near the thre
old. Such a variation of the threshold position is not neg
gible. A second analysis of the Ag2 detachment spectrum
previously measured by the authors@7# reveals the same ef
fect is present in Ag~although it is far less conspicuou
there, presumably because of the smaller energy ra
scanned in that experiment!. Five main effects may be imag
ined to explain these observations:~1! a slowly ~nonlinearly!
varying background signal due to the detachment of so
ionic impurity; ~2! the onset of a second threshold or t
presence of some broad continuum resonance structur
cated at slightly higher energies than the primary thresh
~3! the influence of some nonlinearity of the detection s
tem;~4! the modification of the detachment cross section d
to stray electric or magnetic fields; and~5! true deviations
from the approximating threshold laws. These points are
cussed in turn, listed~1!–~5! below:

~1! Mass-coincident, or nearly mass-coincident, wea
bound impurity negative ions present in the ion beam
produce a strong detachment signal. Furthermore, if the
purity is a molecular negative ion, as is commonly the ca
then the presence of many closely spaced vibrational
rotational states can produce both sharp and slowly vary
01250
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energy-dependent signals which can lead to a misinterpr
tion of the detachment spectrum. However, one would
pect that the effects of such impurities would differ in d
ferent parts of the spectrum. Since the same increa
curvature is observed in all three independent cases,
different masses and thresholds at differing photon energ
it would be an extremely unlikely coincidence for impuritie
to be responsible for the observed behavior.

~2! An increase in the detachment cross section associ
with the onset of a second detachment channel can produ
structure similar to that observed here, as has been obse
in a number ofp-wave detaching species@6,8,15#. Fortu-
nately the energy-level structure is relatively well known
all three cases@21#, and no ~observable! threshold is ex-
pected within many hundreds of wave numbers. Furth
more, assuming an effective ion source temperature of 1
K, the excited-state populations in these ions would
;1023 that of the ground state, and would thus produce
proportionally smaller detachment signal. It is therefore n
possible to explain the observed threshold deviation on
basis of the onset of a second detachment channel.

~3! A nonlinear response of the detection system can
caused by changes in the amount of amplified spontane
emission~ASE! present in the dye laser light, variations
the ion current, and nonlinear responses of the dete
and/or amplification system. ASE of the laser is avoided
measuring the relative cross section in a very small region
the dye tuning range, over which the ASE component
present, should not vary. Also, laser dyes are selected s
that the scan range is near the maximum laser output, so
minimize possible ASE components in the dye laser lig
Furthermore, in the case of Pt and Ir experiments, the la
tuning curve was such that ASE would have been prefer
tially produced at photon energies below the detachm
thresholds as the laser was tuned to larger photon ener
Therefore, a smaller detachment signal would be detec
contrary to what is observed here. The ion current was c
tinuously monitored and no significant variations were o
served. Performing multiple scans also helps to average
dom fluctuations in the ion-beam current. Saturation due
signal level that exceeds the linear range of the detecto
amplification system can also produce a nonlinear respo
of the detection system. Although only signals well with
the design specifications of the electronics are measured
linearity of the detection system was verified by monitori
the detachment signal obtained at a fixed wavelength, w
varying the laser-pulse energy. Also, signal saturation res
in a smaller detected signal, rather than the larger sig
amplification that would be required to explain the dev
tions observed here. Finally, if a nonlinear response of
component of the detection system was present, one w
also expect to have seen a similar effect in the hig
resolutions-wave detachment spectra measured with this
paratus@5,22–26#, but no such nonlinear response was not

~4! Static electric fields are known to have an observa
effect on the photodetachment cross section of negative
and have been thoroughly investigated in boths- andp-wave
detaching species@27#. We have also observed this effect
C2 @5#, Bi2 @25#, and O2 @26# due to stray static electric
5-4
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fields of 10–15 V/cm present in our system. In ap-wave
detachment spectrum, such a stray electric field would p
duce an oscillation of the cross section with a period!10
cm21 and an amplitude of;10%, near the photodetachme
threshold. Therefore, stray electric fields cannot explain
deviation observed here. Although similar periodic oscil
tions in the detachment cross section can be observed
strong static magnetic field@28#, the small field strengths
expected in the interaction region~on the order of the Earth’s
magnetic field! would cause small oscillations with a perio
!0.001 cm21, which does not produce any observable n
effect. Finally, the oscillating electric and magnetic fields
the detaching laser light itself could change the structure
the detachment cross section. However, this effect would
limited to a range similar in magnitude to the ponderomot
potential~!0.01 cm21, as discussed above! @19#, and hence
cannot account for the experimental observations.

~5! The Wigner threshold law describes the asympto
behavior of the photodetachment cross section ‘‘near’’
threshold@10#. The range of validity of the Wigner law is no
predicted by the original work; however, two theoretic
models have been developed to determine the magnitude
form of the leading corrections to the threshold law. T
model developed by O’Malley@29# considered the effect o
the polarizabilitya of the neutral atom@30# on the detach-
ment cross section of negative ions, and predicted an
crease in the cross section forp-wave detachment. Under thi
model the threshold law given in Eq.~1! should be modified
to read, for«.«0 ~note that terms of orderk4 and higher in
the square brackets@ # have been dropped here!,

s5a1c~«2«0!3/2@12C1k2ln~a0k!1Dk2#, ~2!

wherea0 is the Bohr radius,C154a/15a0 , D is a constant,
and k5A2me(«2«0)/\ is the momentum of the detache
electron, withme being the electron mass and\ the Planck
constant. The reader should note that the second term~the
‘‘polarization term’’! and the third term~the ‘‘leading cor-
rection term’’! in the square brackets@ # have approximately
the same dependence onk. Unfortunately, the theory doe
not predict the amplitudeD of the leading correction term
and it is left as a fitting parameter.@O’Malley also considered
the effects of a permanent electric quadrupole moment of
neutral. This correction was found to contribute with t
samek dependence as the static polarizability but with
typically much smaller amplitude@29,31#, and is not in-
cluded in Eq.~2!.# When Eq.~2! is fit to the Ir2 and Pt2

detachment data, the polarization term is found to acco
for less than 10% of the observed deviation from the Wig
law. One must therefore conclude that the polarization c
rection is insignificant compared to the leading correct
term. This situation corresponds to the model developed
Farley@32#, which has successfully described some photo
tachment spectra~see, for example, Ref.@23#!. Assuming
that the polarizability of the atom is negligible (a50), Far-
ley used the zero-core-contribution approximation to obt
the constantD. However, the model predicts a reduction
the detachment cross section, contrary to what is obse
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here. Therefore, neither of the detachment models can f
characterize the spectra of the present work.

The source of the observed deviation from the Wign
threshold law is therefore not obvious. A number of oth
works have also found disagreements between observa
and the available theoretical models, although at larger p
ton energies above threshold@9#. It therefore seems likely
that an additional effect, beyond those considered in the
rent detachment models, is required in order to account
the observed deviation from the Wigner law. On the oth
hand, essentially identical threshold values are returne
any portion of the data is fit up to 35 cm21 above threshold
for Ir2 ~or up to 10 cm21 for Pt2), suggesting that the
Wigner law is valid up to that point, at least within the res
lution of the data. The threshold values obtained from a fi
the Wigner law in these restricted regions are therefore u
to obtain the quoted EA’s. To accommodate the uncertain
in the fit ~including the effect of a possibly sloped bac
ground! uncertainties of 1.2 and 0.3 cm21, for Ir and Pt,
respectively, are assigned in addition to the possible syst
atic errors described above.

V. SUMMARY

A summary of the previous and present results is given
Table I. For ease of comparison, a graphical representa
of the results is also provided in Fig. 5. The three Ir2 mea-
surements are in good agreement. On the other hand, th
EA measurements agree less well. Although the large n
ber of variables inherent in such experiments renders sp
lation difficult, some insight can be gained by comparing t
spectra obtained in the four works.

As pointed out by Gibsonet al. @16#, the Hotop-
Lineberger work@15# was primarily aimed at determining
the range in which the Wigner law held, and therefore th

TABLE I. Comparison between current and previous electr
affinity measurements.

Element
Measured EAa

~cm21!
R5c/a

~1023 cm3/2!b Reference

Ir 12630~65! N/Ac @12#

12613~4! 5.5 @13#

12617.4~12! 3.1 present work
Pt 17160~16! 0.12 @15#

17125~9! 0.13 @16#

17141~6! 1.1 @17#

17140.1~4! 45 present work

aUncertainties~appearing in parentheses! are quoted to one standar
deviation.
bThe constantsc and a, respectively, are, the amplitude of th
Wigner threshold law and the background level, as defined in
~1!. In these units, the numbers tabulated also correspond to
signal-to-background ratio 100 cm21 above the detachment thresh
old ~i.e., @S1002A#/A, whereS100 is the total signal observed 10
cm21 above threshold, andA is the observed background signal!.
cThe Wigner threshold law is not applicable to the LPES measu
ment technique used in the experiment.
5-5
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acquired a spectrum over a large range of photon ener
~'2000 cm21!. A gradual change in the background sign
was observed over this range, and had to be accounted f
the fit. To overcome this problem, Gibsonet al.scanned only
a 200-cm21 range around the detachment threshold, and
sumed a zero slope background, expecting that the b
ground signal would be constant over this much smaller
ergy range. Finally, Thøgersenet al. scanned approximatel
the same range and obtained a third result that~marginally!
agreed with the Hotop-Lineberger result, but did not ag
with the value of Gibsonet al. within error bars. In the
present experiment, we scanned only a 30-cm21 range, and
obtained a value which agrees well with the result
Thøgersenet al., but not with the previous two results. A
though some of the discrepancy might be explained by
unnoticed deviation from the Wigner law, this is unlikely
explain the difference in the second and third results wh
cover essentially the same energy ranges. However, com
ing the data plots of the four experiments suggests that
divergent results may also be due to the drastically differ
background levels observed in each experiment, perh
stemming from molecular ion impurities. As previous
noted, energy-dependent variations in the background si
can have a significant effect on the fitted threshold posit
@6,15,16#.

The ratioR5c/a, with c the amplitude of the Wigner law
fitting function anda the background level, as defined in E
~1!, can be used as a measure of the signal-to-backgro
ratio. The ratioR for each experiment is included in Table
for comparison~the values for the previous experiments c
be easily deduced from the plots of the relative cross sec
found in the respective works!. It can be noted from Table
that the~relative! background signal level changed by mo
than two orders of magnitude between the four experime
on Pt2. Since all four experiments used the same type of

FIG. 5. Graphical representation of the previous~a, b, d, e, and
f ! and current~c andg! measurements of the electron affinities of
~top! and Pt~bottom!. Note that the scales are different on the tw
sets. The results are, for Ir,~a! Feigerleet al. @12#, ~b! Davieset al.
@13#, and~c! present work. For Pt,~d! Hotop and Lineberger@15#,
~e! Gibson et al. @16#, ~f ! Thøgersenet al. @17#, and ~g! present
work.
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production method~a sputter ion source!, and since the fine-
structure splitting of Pt2 is so large~nearly 10000 cm21!, it
is difficult to explain such a large difference in the observ
background signals on the basis of varying amounts
excited-state populations in the ion beam. It is more like
that varying amounts of weakly bound ionic contamina
were present in the four experiments@20#. The much better
signal-to-background ratio obtained in the current expe
ment ~as indicated by the significantly larger ratioR! sug-
gests that few or no impurities were present.

VI. CONCLUSIONS AND OUTLOOK

This paper has described high-precision measuremen
the electron affinities of Pt and Ir, with significant improv
ments over previous results. Apparent disagreements in
previous EA measurements of Pt have been discussed,
are likely attributable to the much larger background sig
observed in those measurements. A significant system
deviation from the Wigner threshold law was observed
both detachment spectra, and remains unexplained unde
currently available threshold models. This result stron
suggests that improvements in the threshold models ma
necessary to obtain satisfactory fits to the increasin
higher-quality measurements now achievable with mod
measurement techniques, even for photodetachment ra
restricted very near to the threshold. More advanced mo
would be particularly important forp-wave detaching ele-
ments because of the zero-slope onset of the thresh
which makes them especially sensitive to deviations from
threshold behavior. Further experimental work is also
quired to better understand the deviations observed h
Since the original work by Hotop and Lineberger@15#, very
few experiments have been aimed at explicitly establish
the range of validity of the threshold laws@31,33#. Consid-
ering the significant improvements to threshold measurem
techniques in the past decades, a new comprehensive ex
mental study of this sort may now be appropriate. Good c
didates for such studies onp-wave detaching species may b
the precious metal and nickel group negative ions. In ad
tion to the high sputter-ion currents easily obtainable
these elements, the threshold energies of these elemen
in easily accessible laser light regions, and therefore hi
resolution data should be achievable. Furthermore, the r
tively large energy spacings between the ionic states
between the low-lying neutral states in these elements red
complications in the photodetachment spectrum over la
energy regions. Exploring many ions with a similar ele
tronic structure~such as all ions of a particular group! may
also aid in identifying trends in the photodetachment beh
ior.
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