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Observation of thresholds and overlapping resonances below the 10 2P1/2 and 2P3/2 thresholds
in the photodetachment of Cs−
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A collinear beam apparatus has been used to study photodetachment of Cs−. Partial cross sections were
measured using state-selective detection based on a resonance ionization scheme. Several resonances were
observed in the Cs(10 2S), Cs(6 2F ), Cs(6 2G), and Cs(6 2H ) final-state channels below the Cs(10 2P 3/2) channel
opening. A model was developed to account for the interference between overlapping resonances. This model is
essentially a generalization of the Fano [U. Fano, Phys. Rev. 124, 1866 (1961)] and Shore [ B. W. Shore, Phys.
Rev. 171, 43 (1968)] parametrizations for single resonances. Resonance parameters were extracted by fitting the
model to the data sets. The openings of the Cs(10 2S) and Cs(6 2F ) channels, where the polarizabilities of the
atomic states are large and positive, showed rapid onsets. In the case of the Cs(6 2G) and Cs(6 2H ) channels, on
the other hand, the photodetachment cross sections increased slowly with energy. For the Cs(6 2H ) channel this
is the expected behavior, since it is the result of a large and negative polarizability of the 6 2H state. In addition,
the excitation of the Cs(6 2H ) state with respect to the Cs ground state was found to be 28 356.3(2) cm−1, in
agreement with a previous experiment.
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I. INTRODUCTION

Negative ions are of considerable interest in the field
of atomic physics. Their properties differ significantly from
both positive ions and neutral systems. Electron-electron
correlations are relatively more important in negative ions
than in other systems due to the efficient screening of the
nuclear charge. Studies of negative ions can therefore serve as
benchmarks for many-body effects in atomic theory.

The asymptotic interaction in negative ions can be described
by an induced dipole potential. It scales with distance as 1/r4,
much shorter ranged than the 1/r- dependence of the Coulomb
potential. In contrast to the infinite series of Rydberg states in a
Coulomb potential, the induced dipole potential can typically
support only a single state [1]. Spectroscopic properties of
negative ions are often determined using photodetachment [5]
which, for a general negative ion X−, can be written as

X− + γ → X + e−, (1)

where γ represents a photon and e− an electron.
As stated above, bound electronically excited states typi-

cally do not exist in negative ions. However, above the first
detachment limit there are rich spectra of doubly excited
states [6]. Such states are bound with respect to excited states
in the parent atom and are embedded in one or more single
detachment continua. Electron-electron correlations have an
even greater influence on the properties of these states than
they have on the bound states of the ion. Doubly excited states
in H−, the most fundamental system, have been extensively
investigated both theoretically and experimentally [7–11].
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While H− is a pure two-electron system, negative ions of
the alkali metals can be considered to be effective two-electron
systems in the sense that two active electrons move in the field
of a closed, frozen core.

Previous experimental investigations of doubly excited
states of alkali-metal negative ions include studies on Li−
[12,13], Na− [14], K− [15,16], Rb− [17,18], and Cs− [17,19].

The photodetachment cross section in the threshold
region is commonly described by the so-called Wigner
law [20]:

σ ∝ E�+1/2. (2)

Here E and � represent the energy and orbital angular
momentum of the detached electron, respectively. Deviations
from the Wigner law can be caused by either a nonzero
polarizability of the residual atom [21]] or the finite-size wave
function of the initial system [22]. For photodetachment into
ground-state atoms, with polarizabilities on the order of 10 a.u.,
the description is typically valid up to several meV above the
threshold [23,24].

It has been shown experimentally that larger positive
polarizabilities reduce the range of validity of the Wigner
law [25]. In addition, it was recently demonstrated that two
thresholds with similar angular momenta (>1) and equally
large polarizabilities (105–106 a.u.), but with opposite signs,
show diametrically different behaviors. Comparing the two
cross sections, the positive polarizability causes a sharp,
steplike onset where a plateau in the cross section is reached
within 0.5 meV, while the negative polarizability shows a slow
and gradual onset over 50 meV [26].

Cs− is the heaviest alkali-metal negative ion that can be
studied without using a radioactive ion beam facility. It is
a very complicated atomic system which poses a difficult
challenge for current theories. Thus, it is of high interest
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to further examine the properties of Cs− photodetachment
in order to increase the understanding of many-electron
systems.

So far, Cs− photodetachment has been investigated up to
1.96 eV [19]. The upper limit of this photon energy range
allows for an investigation of the photodetachment of Cs− via a
final-state channel that leaves the residual Cs atom in the first-
excited state. A Feshbach resonance situated just below the
Cs(6 2P1/2) state suppresses the nonresonant photodetachment
cross section by 2 orders of magnitude [19,27]. This fact was
utilized in an excess-photon detachment study by Stapelfeldt
and Haugen [28].

For a long time it was thought that the Cs− ion might have
a bound state with opposite parity to the ground state. Scheer
et al. [29] proved this not to be the case when they observed
the Cs−(6s6p 3P ) state, situated above the single detachment
threshold. Prior to this observation, extensive theoretical work
had been done on predicting the energy of the 3P states [27,30].

There exist few theoretical works on Cs− photodetachment.
However, Bahrim et al. [31] calculated the absolute photode-
tachment cross section within 80 meV of the ground-state
threshold using the Pauli equation method. They were able
to reproduce the 3P state as well as extracting other physical
parameters such as asymmetry parameters.

The 10 2S and 6 2F states of Cs have polarizabilities of
4.75 × 105 and 7.77 × 106 a.u. [32], respectively. The polar-
izability of the 6 2F state is thus of the same order of magnitude
as the 5 2F state in K, which was investigated in [26].

In the present paper the aim has been to extend the
photodetachment energy range to higher-lying final states.
Measurements of partial cross sections for photodetachment
from Cs− into the channels involving the 10 2S, 6 2F , 6 2G, and
6 2H final states of the residual atom are reported. A resonance
parametrization method that takes account of overlapping
resonances has been developed which enables extraction of
resonance parameters from the measured cross-section data.
In addition, the effect of the final-state polarizability on the
shape of the threshold was investigated. The experiment was
performed at GUNILLA (Göteborg University Negative Ion
Laser Laboratory), where a resonance ionization scheme was
utilized in order to measure the partial cross sections.

II. EXPERIMENT

A. Procedure

Figure 1 shows the optical excitation scheme used in the
experiment. Cs− ions were photodetached by uv photons with
energies ranging from 3.976 to 4.038 eV. This is substantially
larger than the electron affinity of Cs (0.471 626(25) eV
[5]) and close to the energy needed for double detachment
(4.365 531(25) eV [5,33]). All final states in the residual
atom that are energetically available are populated in the
process. State selectivity was achieved using a two-step
resonant ionization scheme. First, the state of interest was
resonantly excited by an ir photon to a highly excited Rydberg
state which subsequently was ionized by an electric field.
By detecting and counting the positive ions thus created, it
was possible to measure specific partial cross sections. In the
present experiment the following photodetachment channels

FIG. 1. Partial energy level diagram (not to scale) of the Cs− and
Cs systems. Cs−**(1P , k) represents the kth doubly excited state of
the negative ion with 1P symmetry. In this example, a uv photon
(γuv) detaches one electron from the Cs− ion and excites the valence
electron in the residual atom to the 6 2F state. Alternatively the ion is
promoted to a doubly excited state, which decays via autodetachment
(horizontal dashed arrow). The vertical curly bracket represents the
kinetic energy of the detached electron. Although only transitions
to the 6 2F state are shown, all energetically available states are
populated. State selectivity in the detection is achieved by resonant
excitation using an ir photon (γir) followed by field ionization (FI).

were investigated:

Cs−(6 1S) + γuv → Cs(10 2S) + e−, (3)

→ Cs(6 2F ) + e−, (4)

→ Cs(6 2G) + e−, (5)

→ Cs(6 2H ) + e−. (6)

These channels have threshold energies of 3.980 407(25),
3.984 025(25), 3.986 881(25), and 3.987 375(26) eV, re-
spectively [5,33,34]. The uncertainties are comprised of the
statistical uncertainties of the electron affinity and the relevant
energy levels in Cs. The quoted uncertainty on the measured
electron affinity of 25 μeV dominates [5]. It should be noted
that Cs has a ground-state hyperfine splitting of 38 μeV. Since
the most accurate experiment on the electron affinity of Cs
never was published [5], it is not known if the quoted value is
referenced to the F = 3 true ground state of Cs or the weighted
mean of the F = 3 and F = 4 states. This introduces an extra
uncertainty of 21 μeV in the channel threshold positions. The
threshold positions are only used as indicators of the channel
openings in Figs. 3, 4, and 5. In the cases of the 6 2F and 6 2G

states, the fine-structure splittings are 13 and 0.2 μeV [33],
respectively, which are below the resolution of the experiment.
The fine structure splitting of 6 2H is not known. The photon
energy range used in the experiment encompasses the openings
of the aforementioned channels, as well as the opening of the
Cs(10 2P 1/2) channel at 4.033 296(25) eV and the Cs(10 2P 3/2)
channel at 4.036 627(25) eV [5,33].
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FIG. 2. A schematic of the collinear beams apparatus. Two laser
beams and an ion beam are superimposed in a collinear copropagating
geometry. Positive ions that enter the field ionizer are deflected away
from the detector while ions produced by field ionization strike the
detector.

B. Apparatus

Photodetachment of Cs− was studied using the collinear
beam apparatus at GUNILLA [35]. A large interaction
volume defined by the overlap of collinearly superimposed
ion and laser beams provided a highly sensitive measurement
system. This was crucial since the partial photodetachment
cross sections to highly excited states are generally very
small as shown, for example, in [36]. Moreover, the energy
separations of the states investigated in the Cs atom are on
the order of meV, which necessitates high energy-resolution
in the final-state detection. The state-selective detection of
these atoms via resonance ionization was the basis for high
selectivity. The energy resolution in the experiment was
enhanced by the large reduction in kinematic broadening
brought about by the collinear interaction of the ion and
laser beams [37]. In the present measurement, the energy
resolution was determined primarily by the finite bandwidth of
the laser used for photodetachment, which was approximately
25 μeV.

A schematic overview of the ion beam apparatus is shown
in Fig. 2. The experimental arrangement has been described
in detail in a recent publication [16]. Negative ions of cesium
were produced in a cesium sputter ion source using a solid
aluminium target. The Cs− ions were accelerated to 6 keV
energy. The ion beam was mass selected in a magnetic sector
before it was guided by an electrostatic quadrupole deflector
into an interaction region defined by two 3-mm apertures
placed 61 cm apart. The ion optical design of the apparatus has
been described in detail by Diehl et al. [35]. The interaction
region is shielded against stray electric fields by means of
a stainless steel tube centered along the path of the ions. In
the interaction region the ion beam was merged with two
copropagating laser beams. One was used for photodetach-
ment and the other for resonant excitation in the detection
process.

After the interaction region, an inhomogeneous electric
field and a position-sensitive detector served as a Rydberg-
state analyzer. The highly excited Rydberg atoms, created
by resonant excitation, were field ionized and the resulting

positive ions were deflected by the same field. The posi-
tive ions were detected by the position-sensitive detector.
The inhomogeneous field in the field ionizer helped to
separate the signal from the major source of background,
namely, positive ions created in the interaction region
by sequential photodetachment-photoionization by two uv
photons [16].

The uv and ir radiation were generated by two laser systems,
each utilizing a series of nonlinear optical processes such
as doubling, tripling, and optical parametric oscillators. Both
laser systems were pumped by Nd:YAG lasers which operated
at a repetition rate of 10 Hz. The spectral bandwidth was
25 μeV and the pulse length was a few nanoseconds.

Each laser system has several outputs that deliver light
of different wavelengths. It was sufficient to measure the
wavelength of the pump laser and one visible output of a
laser system in order to determine the wavelength of any other
output.

The pulse energy of the ir laser after the chamber was
approximately 0.2 mJ, which was sufficient to saturate the
resonant transitions to the Rydberg states. The uv pulse energy
was approximately 0.7 mJ, far from saturating the nonresonant
photodetachment process.

In order to investigate the cross sections, the uv radiation
was tuned from 3.976 to 4.038 eV in the ion rest frame. For the
various channels studied, the ir laser was tuned to the resonant
transitions 10 2S → 24 2P , 6 2F → 24 2D, 6 2G → 23 2F or
6 2H → 20 2G, which, in the rest frame, lie between 344 and
353 meV [33,34]. The uv pulse arrived at the interaction region
approximately 20 ns before the ir pulse.

The negative ion beam was deflected into a Faraday cup
by the field ionizer. The ion beam current, after the passage
through the interaction region, was on the order of 1 nA.
For each shot of the two lasers, the data from the position-
sensitive detector were recorded together with the measured
wavelength, the pulse energy of the uv radiation, and the ion
current.

The data analysis was performed using an off-line pro-
cedure. Data was binned according to the measured photon
energy of the uv radiation. Each bin corresponds to a data point
in a cross-section curve. An estimate of the diffuse background
on the detector that was observed in the experiment was
performed by calculating the mean hit density around the
signal peak. The number of hits in the signal peak was then
integrated and the background was subtracted. The number of
hits was normalized with respect to the ion current, the pulse
energy of the uv laser, and the number of laser shots in the bin.

Unfortunately, variations in the overlap between the two
laser beams and the ion beam necessitated a separate normal-
ization of the different data sets to be able to sum them. Thus,
the vertical scales in Figs. 3, 4, and 5 are not comparable.
However, based on the normalized count rates, the cross
sections in the different channels are of the same order of
magnitude.

The measured laboratory-frame photon energies were
converted to energies in the ion rest frame by use of the
known kinetic energy of the ion beam. This Doppler shift
correction introduced an uncertainty in the photon energy of
the uv radiation of less than 10 μeV, which is less than half of
the laser bandwidth.
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C. Analysis of overlapping resonances

The presence of doubly excited states in the single detach-
ment continuum in a negative ion gives rise to resonances
in the photodetachment cross section. Fano [38] derived an
analytical expression that describes the modulation of a cross
section in the presence of a single resonance. Later, Shore [39]
deduced an equivalent expression, which is an alternative
parametrization of the shape described by the Fano profile.

In the present study, a number of overlapping resonances
are observed. Due to the interaction of the resonances, neither
Fano nor Shore profiles can be used to correctly describe
the observed cross sections. In order to extract energies and
widths for the observed resonances a numerical method is used
which takes the interference of the resonances into account.
The interaction between resonances via a continuum can in
principle modify the energies and widths of the resonant states.
Such effects are not taken into account in the present model
and thus only the modified parameters can be accessed.

The transition amplitude from the initial to the final state
has contributions from the direct path

Cs− + γuv → Cs(nl) + e− (7)

and the resonant paths (shown in Fig. 1)

Cs− + γuv → Cs−∗∗(1P,k) → Cs(nl) + e−. (8)

Here Cs−∗∗(1P,k) represents k = 1,2,3, . . . ,N doubly excited
states of 1P symmetry and Cs(nl) a specific final state.

We let the transition amplitude for the direct process in
Eq. (7) be represented by a real amplitude, Anl(h̄ω), where h̄ω

is the photon energy of the uv laser. The complex transition
amplitude for each resonant path in Eq. (8) is represented by
a real amplitude, C̃k

nl(h̄ω), and a pole in the complex plane:

Bk
nl(h̄ω) = C̃k

nl(h̄ω)

h̄ω − Ek + i �k

2

, (9)

where Ek and �k are the energy and width of the kth
resonance. By introducing the dimensionless energy parameter
εk = (h̄ω − Ek)/�k

2 and Ck
nl(h̄ω) = C̃k

nl(h̄ω)/�k

2 , the complex
amplitude Bk

nl(h̄ω) can be expressed as

Bk
nl(h̄ω) = Ck

nl(h̄ω)

εk + i
. (10)

The total amplitude for the photodetachment reaction, Tnl , can
then be expressed as

Tnl(h̄ω) =
(

Anl(h̄ω) +
N∑

k=1

Ck
nl(h̄ω)eiδk

nl

εk + i

)
(11)

if the intrinsic phase shift between the direct and the resonant
paths, δk

nl , is included. The phase shift for each resonance is
assumed to be constant and it is determined in the fit. The
energy dependence of Ck

nl(h̄ω) comes from the variation of
the fractional branching of the Cs−∗∗(1P,k) state population
into the Cs(nl) state, i.e., the probability for the second step of
Eq. (8). To proceed further, and in order to arrive at a familiar
result, we assume that the energy dependence of the branching
is the same as the energy dependence of the nonresonant cross
section. With this assumption, the ratio Ck

nl(h̄ω)/Anl(h̄ω) = sk
nl
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FIG. 3. Partial cross section in the 10 2S, 6 2F , 6 2G, and 6 2H channels. Dashed vertical lines mark threshold energies with state assignments
shown at the top of the figure. Resonance parameters extracted from the fits are shown in the respective panels. Resonance energies are shown
as short vertical lines, while the horizontal lines represent widths. Regions A, B, C, D, and E are used as guides for the discussion of the
observed resonances in Sec. IV. The cross sections obtained by fitting Eq. (12) to the data are shown as solid curves. For a detailed view of
regions D and E, see Fig. 4.
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is constant and represents the relative amplitude of the resonant
path compared to the direct path.

The reaction cross section is given by σnl = |Tnl|2. By
introducing sk

nl , this can be expressed as

σnl = Anl
2

∣∣∣∣∣1 +
N∑

k=1

sk
nle

iδk
nl

εk + i

∣∣∣∣∣
2

. (12)

This expression can easily be implemented numerically in a
standard fitting routine. In such a fit, an analytical form of the
nonresonant cross section has to be selected. The parameters
determined in the fit are the energy Ek , the width �k , the phase
shift δk

nl , the relative amplitude sk
nl for each resonance, and the

free parameters connected to the nonresonant cross section.
A description of overlapping resonances should, of course,

reproduce the established expressions for a single isolated
resonance. Therefore, the sum in Eq. (12) is evaluated with
N = 1. For a single resonance, the calculation of the cross
section can be performed analytically and results in

σnl = Anl
2

(
1 + ε 2 snl cos(δnl) + (snl)2 + 2 snl sin(δnl)

ε2 + 1

)
,

(13)

where the index k = 1 has been dropped.
By substituting a = 2 snl cos(δnl) and b = (snl)2 +

2 snl sin(δnl) into Eq. (13) the well-known expression

σnl = Anl
2

(
1 + ε a + b

ε2 + 1

)
(14)

is obtained, which, for example, was used in [40]. The expres-
sion in Eq. (13) thus represents an alternative parametrization
with the same result as the Shore [39] and Fano [38] profiles
in the limit of a single resonance.

III. RESULTS

Partial photodetachment cross sections for the Cs(10 2S),
Cs(6 2F ), Cs(6 2G), and Cs(6 2H ) channels are shown in Fig. 3.
Data are presented with two different resolutions. Up to 4.027
eV, the data have a bin size of 4 cm−1 (≈496 μeV), while above
4.027 eV, the data have a bin size of 1 cm−1 (≈124 μeV).

Two regions in Fig. 3 contain features of interest that are
shown in more detail in separate figures. Figure 4 contains the
region encompassing the Cs(10 2P 1/2,3/2) channel openings. It
has a bin size of 1 cm−1 (≈124 μeV). Figure 5 shows the
cross section of the Cs(10 2S) channel from threshold to above
the Cs(6 2F ) channel opening with a bin size of 0.2 cm−1

(≈25 μeV).
The cross section in Fig. 5 has a very sharp onset, plateauing

after only 0.16 meV. In this energy range, the Wigner law
can be fitted to the observed cross section. It is then strongly
modulated before it is reduced by 85% over a range of 0.5 meV,
just below the opening of the Cs(6 2F ) channel. The cross
section then increases slowly up to an energy of 3.994 eV.
Right at the opening of the Cs(6 2F ) channel, a very narrow
structure is observed.

The cross section for the Cs(6 2F ) channel also has a sharp
onset, plateauing after 1.1 meV. Due to the limited resolution,
no threshold law can be fitted to the data.
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FIG. 4. Detailed view of the region of the Cs(10 2P 1/2,3/2) channel
openings from Fig. 3. Dashed vertical lines mark threshold energies
with state assignments shown at the top of the figure. Resonance
parameters extracted from the fits discussed in Sec. IV are shown in
the respective panels. Resonance energies are shown as short vertical
lines, while the horizontal lines represent widths. The cross sections
obtained by fitting Eq. (12) to the data are shown as solid curves.

For the Cs(6 2G) and Cs(6 2H ) channels, on the other hand,
the cross section rises much more slowly above threshold,
plateauing after approximately 10 meV for both channels. For
these two channels the noise in the data makes it impossible
to determine if the Wigner law or the threshold law developed
in [20] gives the better fit.

All four partial cross sections show large modulations,
indicating the presence of a number of resonances which are
discussed in Sec. IV.

This experiment constitutes only the second independent
observation of the 6 2H state in Cs [34,41]. Thus, it is of
interest to discuss the details of the second step in the detection
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FIG. 5. Partial cross section in the Cs(10 2S) channel in the
threshold region. Dashed vertical lines mark the threshold energies.
Bin size is 0.2 cm−1.
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scheme for the Cs(6 2H ) channel. In this step, ir photons are
used to excite Cs atoms from the 6 2H state into the 20 2G

state. By measuring this transition energy and subtracting
it from the known energy of the 20 2G state, the energy of
the 6 2H state can be determined. The uv photon energy was
kept fixed at a value that ensured photodetachment into the
6 2H channel. The transition energy to the 20 2G state was
then measured by manually adjusting the ir photon energy to
maximize the resonant population transfer to the 20 2G state.
Due to the procedure, the uncertainty in the determination
was almost equal to the bandwidth of the laser, which is
0.2 cm−1. This energy was converted to the rest frame of the
ions using the calculated Doppler shift. Note that the Doppler
shift uncertainty is about ten times smaller in the ir compared
to the uv due to the difference in photon energy.

The transition between the 6 2H and 20 2G states was
determined to have an energy of 2 775.6(2) cm−1 in the rest
frame of the atom. The energy of the 6 2H states is given by
subtracting the transition energy from the known energy of
the 20 2G state at 31 131.935 70(15) cm−1 [33]. The result is
28 356.3(2) cm−1, which is in good agreement with the value
by Civiš et al. of 28 356.426(45) cm−1 [41].

IV. DISCUSSION

The cross sections just above the thresholds in the Cs(10 2S)
and Cs(6 2F ) channels are steeply rising. This is in good
agreement with previously measured photodetachment chan-
nels in which the residual atomic states have large positive
polarizabilities [25,26]. The calculated polarizabilities of the
10 2S and 6 2F states are indeed very high, 4.75 × 105 and
7.77 × 106 a.u., respectively [32]. The polarizabilities of the
6 2G and 6 2H states are unknown. However, since the 6 2H

state is the last in the series with principal quantum number
n = 6 and it lies above the 6 2G state, the 6 2H state is expected
to have a large and negative polarizability. The situation
for the polarizability of the 6 2G state is more complicated
since it interacts with both the 6 2F and 6 2H states with
negative and positive contributions, respectively. Since the
dipole overlaps of the different wave functions are unknown,
it is difficult to predict even the sign of the polarizability
without a complete calculation. The onset of the Cs(6 2H )
channel shows a very slow onset of the cross section. This
is in qualitative agreement with the observed behavior in
K− photodetachment into the K(5 2G) channel [26], where
the negative polarizability determined the shape. Similarly,
the cross section of the Cs(6 2G) channel also shows a slow
onset. In this case it cannot be determined if the suppression is
caused by a large negative polarizability or by the large angular
momentum of the 6 2G state which, according to the Wigner
law [Eq. (2)], gives rise to a slow onset.

The cross section in the Cs(10 2S) channel shows very large
modulations in the 4 meV region between its threshold and the
opening of the Cs(6 2F ) channel (see Fig. 5). We have not been
able to model the observed cross section. A single Shore profile
could, however, be fitted to the sharp structure at the Cs(6 2F )
channel opening. This resulted in an energy of 3.984 040(11)
eV and a width of 95(11) μeV. The main contribution to
the uncertainty in the position arises from the uncertainty
in the Doppler shift correction. It has not been possible to

determine if the measured energy of the resonance is below
or above the threshold of the Cs(6 2F ) channel, which is given
as 3.984 025(25) eV in the literature [5,33]. Nonetheless, the
most likely origin of this structure is a doubly excited state of
Cs− that is bound with respect to the parent Cs(6 2F ) state.

The data shown in Fig. 3 clearly contain a number of
resonances. Many of the resonances are too close to each
other to be treated as isolated. Therefore, the numerical model
described in Sec. II C was fitted to the data. Linear functions
were used to describe the nonresonant cross sections in all
cases. At least nine different resonance structures can be seen
in the regions. As expected, some of these resonances are not
visible in all four channels due to different branching from the
doubly excited states to the final states in the atom. Attempts
to fit expressions with the same number of resonances in
all channels resulted in unstable fits. Instead, the minimum
number of resonances needed to reproduce the experimental
data was used in each channel. Resonance energies and widths
extracted for each partial cross section are shown in the
corresponding sections of Figs. 3 and 4.

Resonances in the cross sections are due to doubly excited
states in the negative ion. These states have definite energies
and widths, parameters that cannot be influenced by the
different detachment channels. Extracting these parameters
from different measured partial cross sections should thus
yield the same values. In Figs. 3 and 4 this is not the case,
and this fact gives an indication of the uncertainties in the
identification of the resonances. To illustrate this we give the
extracted parameters for resonances lying above 4.032 eV in
all channels in Table I.

Figure 3 shows that there must be at least two resonances in
region A. Although one resonance is enough to describe three
of the partial cross sections in this region, the modulations in
the Cs(6 2F ) channel require two resonances. For the resonance
in region B there is fairly good agreement in all the channels,
concerning both the energy and the width. It is only in the
Cs(10 2S) channel that the energy of the resonance is a bit
larger than in the other channels. In region C there is reasonable
agreement between the first three channels for the parameters

TABLE I. Resonance parameters for observed resonances lying
above 4.032 eV. 1σ confidence bounds from the fitting routine are
given in parentheses.

Channel Ek (eV) �k (meV)

4.032 8(3) 1.9(5)
Cs(10 2S) 4.033 25(4) 0.30(11)

4.035 9(6) 5.8(9)
4.036 196(24) 0.49(5)

4.032 7(7) 5.1(13)
Cs(6 2F ) 4.034 9(3) 2.2(7)

4.036 38(5) 0.27(14)

4.032 85(8) 0.72(15)
Cs(6 2G) 4.034 85(11) 1.7(2)

4.036 34(4) 0.41(7)

4.032 59(15) 1.8(3)
Cs(6 2H ) 4.036 20(10) 1.1(2)

4.036 3(5) 2.8(8)
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of a single resonance. In the Cs(6 2H ) channel on the other
hand, the observed structure is much narrower than that in
the other channels. It is thus likely that there are actually two
resonances present in this region: one narrow, which is visible
in the Cs(6 2H ) channel, and one wider, which is more pro-
nounced in the other channels. In region D there is seemingly
much disagreement between the channels. However, between
4.03 eV and the Cs(10 2P 1/2) opening, two of the resonances
align well in the Cs(10 2S), Cs(6 2G), and Cs(6 2H ) channels.
Just below the Cs(10 2P 3/2) channel opening in region E there
is one resonance that is present at the same energy in all
four channels, although the widths vary slightly. A second
resonance is also present in all channels in this region, but for
this one the variation in energy is rather large.

V. CONCLUSIONS

We have performed a high-resolution measurement of four
partial cross sections for the photodetachment of the Cs− ion
into final-state channels that involve highly excited states of the
residual Cs atom. In the cases where the final states have large
positive polarizabilities (10 2S and 6 2F ), the cross sections
exhibit sharp thresholds at the channel openings. This is in
agreement with what has been previously observed in the
photodetachment of other negative ions of the alkali metals
under similar conditions [25,26]. The 6 2H state is expected to
have a negative polarizability and the corresponding channel
shows a slow onset of the cross section. This is the same general
behavior as previously observed at the opening of the K(5 2G)
channel in K− photodetachment [26]. For the 6 2G state in Cs,
the value of the polarizability is unknown, but the cross section

is in agreement with either a small polarizability of any sign or
a large and negative polarizability. Clearly, calculations of the
polarizabilities of the 6 2G and 6 2H states would be of great
interest for understanding the threshold behavior.

The cross sections in the four measured channels are
modulated by the presence of many resonances below the
Cs(10 2P 1/2,3/2) channel openings. A tentative identification
and assignment of the parameters of these resonances was
made using a model that takes interference between resonances
into account. Unfortunately, the parametrization of resonance
profiles used in the analysis of the data does not allow an
unambiguous identification of all the doubly excited states
that are responsible for the modulations seen in the cross
sections. Nevertheless, several resonances align well and
useful resonance parameters can be extracted. The Cs− ion
is a heavy, many-electron system where electron correlation
and relativistic effects play a crucial role in the structure and
dynamics of the system. Clearly, a definite identification of the
resonances observed in the current experiment would require
ab initio calculations that take these effects into account. Such
calculations would pose a formidable challenge and, at present,
no such calculations have been performed.
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