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Two-channel competition of autoionizing Rydberg states in an electric field
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We present experimental data on the decay of xenon Stark states converging to the upper spin limit. In an
electric field the Rydberg electron has two qualitatively different decay paths. If the electron changes the core
state from the upper spin state into the lower spin state, it gains sufficient energy to escape the ionic core and
autoionizes. Moreover, if the electronic state is above the saddle point, created by the electric field, it can field
ionize. The probability to autoionize is nearly constant around the saddle point whereas the probability to field
ionize rapidly increases above the saddle point. With the velocity map imaging technique we monitor both
ionization channels as a function of~increasing! photoexcitation energy. We observe that the field ionization
channel dominates the competition and gains yield at the expense of the autoionization channel. The spectra are
explained both with full quantum calculations and with a relatively simple description for the overall behavior.
These experiments show that the field ionization can be used in general as a clock for total core-dependent
decay.

DOI: 10.1103/PhysRevA.63.053403 PACS number~s!: 32.80.Rm, 32.80.Dz, 32.60.1i
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I. INTRODUCTION

Decay of a highly excited electron most often occu
through interaction with the ionic core. The rate of, e.
rotational and vibrational autoionization, fluorescence a
predissociation is proportional to the frequency with whi
an electron returns to the vicinity of the ionic core. Throug
out the Rydberg series the ratio between these decay c
nels remains constant. In this respect field ionization i
special decay channel. A static electric field distorts the C
lomb potential by raising the potential in the direction of t
field and lowering it on the other side. The maximum on t
down-potential side is called the saddle point. An elect
that is excited above the saddle point is energetically allow
to escape from the ionic core. The rate for electron emiss
depends strongly on the opening angle at which the elec
can escape. This opening angle rapidly increases above
saddle point making the field ionization change from zero
the dominant pathway of decay in a small energy range. H
rapidly the field ionization dominates depends on the co
petition with the core-dependent decay. This competition
reflected in the overall behavior of the ionization spect
allowing one to retrieve the rate of one channel with t
spectrum of the other.

In a recent paper we investigated the field ionization yi
above the saddle point energy of nitric oxide in a stro
electric field@1#. A competition between the field ionizatio
and predissociation of the NO molecule is observed. T
field ionization yield just above the saddle point was stron
reduced by the other decay channel and the ionization thr
old appeared to have shifted to higher energy. Computing
field ionization spectrum yielded the rate of predissociati
In that experiment only the field ionization channel w
monitored. To investigate a two-channel competition pro
erly, however, one wants to monitor the two channels sim
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taneously. An ideal system of investigation is the autoion
ation from the Rydberg states converging to the upper s
state of a noble gas in a strong electric field. The field io
ized electrons have nearly zero kinetic energy whereas
electrons that autoionize by changing the core spin-o
state, carry a kinetic energy of 1–2 eV, which makes the t
ionization channels separable. The two channels are dis
guished by velocity map imaging. The detected spectra
presented in Sec. III, are simulated by full quantum calcu
tions based on multichannel Stark theory@1–3#. Moreover,
we show that the overall behavior of the spectra can alre
be simulated by relative simple rate equations. In Sec. IV
derive these equations and compare with the experime
observations.

II. EXPERIMENTAL SCHEME

Xenon is chosen to monitor the competition betwe
field ionization and autoionization. The spin-flip energy
1.3 eV. A difficulty, however, is the high excitation energ
This is overcome by populating highly excited, metasta
states of the Xe atoms by electron impact. The excitat
scheme is shown in Fig. 1. The metastable states are thes8
(J50) at 76197.3 cm21 and 6s (J52) at 67068.0 cm21

above the ground state@4#, whereJ is the total angular mo-
mentum. The electron is optically excited to Rydberg sta
converging to the ion withJion51/2 at 108371.4 cm21 above
the ground state, and the states converging to the ion w
Jion53/2 at 97834.4 cm21 @4# . With a typical field strength
of 900 V/cm and excitation energy of 32174 cm21 an elec-
tron in theJion51/2 channel can be field ionized~FI! with
nearly zero kinetic energy. Configuration interaction~CI! by
spin orbit coupling between the two channels results in au
ionization ~AI !. An autoionized electron carries an exce
kinetic energy of 10 537 cm21 ~1.3 eV!. The energy differ-
©2001 The American Physical Society03-1
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ence between the two metastable states is smaller than
tween the two ionization limits. The same laser excitat
from the 6s (J52) metastable state will result in direct ion
ization ~DI! into the continuum of theJion53/2 channel. The
excess kinetic energy of the directly ionized electron is
this case 1408 cm21. Upon laser excitation of 32 174 cm21

we thus have to distinguish between electrons of three
ferent kinetic energies 0~FI of the upper spin state!, 1408
~DI of the lower spin state!, and 10 537 cm21 ~AI from the
upper spin state!. Note that the DI process is independent
the two other processes since it is due to the decay of ano
excited state.

The experimental set-up is depicted in Fig. 2. A jet of X
is produced by a pulsed valve with a backing pressure o
bar. The gas is led through a hot, tungsten filament@5#. Elec-
trons from the filament are accelerated along the Xe beam
a repeller, electron optics, and an electromagnet. Xe is
cited to several metastable states by the electron bomb
ment. Charged particles are separated from the neutral b
by deflection plates. Only the 6s8 (J50) and 6s (J52)
metastable states survive the time of flight (;ms) to the
interaction region, with an observed population ratio of 1:
In the interaction region the atoms are subject to a varia
static electric field between a repeller plate and an extrac
The optical excitation with a narrowband laser around 32 1

FIG. 1. Excitation scheme of the two-channel measureme
There are two initial metastable states, 6s8 (J50) and 6s (J52),
that are excited with an optical pulse. In theJion51/2 channel the
electron is promoted to a highly excited Rydberg state. Above
saddle point the electron can be field ionized~FI!. The Jion51/2
channel is coupled to theJion53/2 channel by configuration inter
action~CI!. If the spin state of the ionic core is changed the exc
energy is donated to the electron that autoionizes~AI !. The initial
state in theJion53/2 channel is somewhat higher in energy co
pared to its ionization limit than the one in theJion51/2 channel.
Laser excitation results in direct ionization~DI! of the electron into
the continuum.
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cm21 is done in two ways~i! A Quanta-ray Nd:YAG laser
pumped Scanmate Dye laser produces pulses around 62
~16 077 cm21) with an energy of 5 mJ, a duration of 7 ns an
a bandwidth of 0.2 cm21. The laser pulse is frequenc
doubled with a KDP-R6G crystal to populate Rydberg sta
with a one-photon excitation.~ii ! An alternative way to ex-
cite the electron is to tune the same dye laser to around
nm ~13 387 cm21) and send the pulse to the interaction r
gion collinear with the second harmonic of the Nd:YAG l
ser ~532.2 nm or 18 790 cm21, with a bandwidth of 0.5
cm21, referred to as ‘‘Nd:YAG’’ from now on! in a 1118
excitation scheme@6#.

In an electric field of typically 200–1000 V/cm the kinet
energy difference of 1.3 eV between a field ionized elect
and an autoionized electron cannot easily be distinguishe
time of flight. However, velocity map imaging@7,8# is excel-
lently suited to measure kinetic energy differences in
presence of a strong electric field. The polarization of
excitation laser is chosen perpendicular to the electric fie
The electrons that autoionize carry an excess kinetic ene
perpendicular to the direction of the electric field. The o
going electron density is accelerated towards a position s
sitive imaging detector consisting of a set of multichann
plates and phosphor screen, viewed by a CCD camera.
CCD image shows a two-dimensional projection of the el
tron probability at a particular time~the arrival time at the
detector! after ionization.

III. RESULTS AND DISCUSSION

Figure 3 shows a typical CCD image of the velocity m
imaging. The electric field is 900 V/cm. The photo excitati
is just above the saddle point, with a polarization perp
dicular to the electric field~along thex axis of the image in
Fig. 3!. The strong dot in the center of the image correspo

s.

e

s

-

FIG. 2. Schematic outline of the experimental setup. A xen
gas jet is led through a hot tungsten filament and two skimm
Electron bombardment, guided by a set of electron optics and
electromagnet, excites the Xe atoms to metastable states. Ch
particles are separated from the neutral beam by deflection pl
The metastable Xe is futher excited by laser light, with a polari
tion perpendicular to the electric field in the interaction regio
Electrons that ionize are accelerated towards a position sens
detector by means of a repeller plate and an extractor ring.
position of the electron signal depends on the kinetic energy of
electron perpendicular to the electric field.
3-2
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to the field ionization~FI! yield. The small inner ring is a
fraction of the field ionization that has scattered of the io
core. The intensity of such a ring is less than 10% of tha
the central dot. The large inner ring corresponds to dir
ionization ~DI! and the outer ring to autoionization~AI !.
Shown on top of the image is a horizontal slice through
middle of the image. Velocity map imaging is based on
relation between the excess kinetic energy of an elec
perpendicular to the direction of the electric field and t
radius of the ring of electron signal on the CCD image. T
maximum radius is proportional to the square root of
kinetic energy. Only at very low energies, up to 200 cm21,
does the radius exhibit a more complicated function of
netic energy, as is seen with the field ionization in Fig. 3
more detailed discussion about the angular distribution
electron density on the image and the features at low kin
energy is beyond the scope of this article and will be
scribed more thoroughly in a forthcoming article@9#.

The radial electron density distribution is obtained by a
gularly integrating the electron signal as a function of d
tance from the center of the image. Figure 4 shows the ra
distributions of ionization yield upon various excitatio
wavelengths in a field of 900 V/cm. The spectra are plot
as a function of the number of pixels from the center of
images. As a test experiment only the second harmo
Nd:YAG photons with an energy of 18 790 cm21 are used.
The detected radial distribution is shown in the lower tra
of Fig. 4. The strongest feature~e! results from two photon
ionization in theJion53/2 channel, yielding a kinetic energ
of 6814 cm21 above the zero-field ionization limit of 97 83

FIG. 3. A typical image of velocity map imaging. The centr
spot with the field ionization signal~FI! is very intense and off
scale. The small inner ring is a fraction of the field ionization sig
that has scattered off the ionic core. The large inner ring is
direct ionization~DI! and the outer ring corresponds to the autoio
ization ~AI !. On top a horizontal slice through the middle of th
image is shown.
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cm21. The small features at pixel 120 and 205 are, resp
tively, direct ionization in theJion51/2 channel~d! and di-
rect ionization from the 6s8 (J50) state into theJion53/2
channel~g!.

Excitation with an ultraviolet pulse of 32012 cm21 ~UV!
results in the radial distribution that is shown in the midd
trace of Fig. 4. Feature~a! is field ionization in theJion
51/2 channel, feature~f! is autoionization from theJion
51/2 channel to theJion 5 3/2 channel and feature~b! is
direct ionization in theJion53/2 channel. Conversion to ki
netic energyEkin of the electron~the component perpendicu
lar to the electric field! is obtained by

Ekin5c* ~pixel!2, ~1!

where c is an experimental value depending on the fie
used and distances of the phosphor screen and CCD ca
from the interaction region. In this casec50.375 cm21. At
the maximum radius of the signal the kinetic energy com
nent perpendicular to the electric field is equal to the to
kinetic energy of the electron. There are two reasons no
plot energy on thex axis in Fig. 4. Firstly, the high-energy
side of the spectra becomes stretched so much that it
comes hard to see the low-energy side. Secondly, there is
question of the binding energy of the electron. Starting w

l
e
-

FIG. 4. Radial distribution of electron yield of the velocity ma
imaging upon various excitations. Metastable Xe is excited with
second harmonic of a Nd:YAG laser at 18 790 cm21 ~532.2 nm;
Nd:YAG!, with an ultraviolet pulse of 32 012 cm21 ~312.4 nm;
UV! or with simultaneously a red pulse at 13 222 cm21 ~756.3 nm;
R! with the second harmonic of a Nd:YAG laser. The electric fie
is 900 V/cm. Indicated on top are the expected maximum radi
field ionization~FI!, autoionization~AI ! and direct ionization~DI!,
based on the involved excitation energies and an empir
c50.375. The mostprominent features are denoted~a! field ion-
ization in theJion51/2 channel.~b! Direct ionization in theJion

53/2 channel.~c! Autoionization from theJion51/2 channel to the
Jion53/2 channel with two red photons.~d! Direct ionization in the
Jion51/2 channel with two Nd:YAG photons.~e! Direct ionization
in the Jion53/2 channel with two Nd:YAG photons.~f! Autoioniz-
ation from theJion51/2 channel to theJion53/2 channel.
3-3
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a metastable state the electron has a certain binding ener
overcome in order to ionize. For direct ionization the bindi
energy is the zero-field ionization energy. If the electr
scatters of the core and field ionizes the binding energy is
saddle point energy, which is 183 cm21 lower in a field of
900 V/cm. The difference is small at the high energ
around 15000 cm21. At low energies, however, the differ
ence becomes important and one would expect the pea
~b! at pixel 61 instead of 57 if one assumes the saddle p
energy~rather than the zero-field energy! as binding energy.

For the two-channel competition experiments we chos
excite the Xe metastable states with a combination of a
pulse around 13 222 cm21 ~R! with the second harmonic of
Nd:YAG laser ~18 970 cm21). The radial distribution of
electron yield is shown in the upper graph in Fig. 4. The
are two advantages of this excitation scheme over sin
photon excitation of the metastable states by a UV pulse
can be seen in Fig. 4 the relative intensity of the FI and
signals@features~a! and~f!# as compared to the DI signal~b!
greatly enhances upon using theR1Nd:YAG combination.
The electron yield of~a! and~f! is increased with the help o
the 6p8 J51 state at 89 279 cm21. Although about 140
cm21 off resonance, the large oscillator strength of the 6p8
state relatively enhances the integrated yield from the fi
ionization FI and autoionization signal AI from theJion 5
1/2 channel to be equal to the direct ionization signal DI
the Jion53/2 channel. One new feature appears~c!, which is
attributed to photoionization of the metastable state in
Jion51/2 channel excited with two red photons, autoionizi
into theJion53/2 channel. The second reason to detect the
and AI from theJion51/2 channel with a combination o
excitation lasers is that the autoionization from theJion
51/2 channel to theJion53/2 channel@ uDAIu2 in Eq. ~3! in
Sec. IV# in case of UV excitation is always strong; the A
signal remains more or less constant upon increasing ex
tion energy above the saddlepoint energy. We have no
planation for the largeuDAIu2 in this particular case.

Integration windows are set over the FI, DI, and AI si
nals and the total electron yield is monitored as a function
the excitation energy. The windows are set at 0–15, 16–
and 140–170 pixels, respectively. We assume that the
signal is frequency independent and first divide the FI and
signals by the DI yield in order to remove intensity fluctu
tions of the laser. In Fig. 5~a! the observed integrated ele
tron yield from the field ionization is shown as a function
the energy of one red plus one Nd:YAG photon. The sadd
point at 900 V/cm is at 31 991 cm21. The FI electron yield is
increasing over an energy range of about 25 cm21 above the
saddle point. Simultaneously the AI signal is decreasing
shown in Fig. 5~b!. Note that the Stark structure is well re
solved. The observed spacing between the states is 3.1 c21.
The n526 manifold is expected to be around 32 012 cm21.
In a field of 900 V/cm the hydrogenic spacing between
Stark states ofn526 is 3.0 cm21 corresponding well with
the observed spacing. There is a strong resonance in th
signal at 32 008 cm21 seen in Fig. 5~b!. This is, however, an
experimental artifact: In the radial distribution~not shown! is
seen that at this wavelength two new rings appear, on
which falls in the AI window@10#.
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Also plotted in Figs. 5~a! and 5~b! are the theoretical fits
based on a full MQDT calculation. The Stark structure
well reproduced. Adding the two spectra results in the
sorption cross section. The calculations are based on
method described in detail in Ref.@3#, giving the details for
obtaining the outgoing wave functions and dipole matrix
ements for multichannel atoms in a static electric field. T
method uses zero-field channel coupling matrices and
transformation amplitudes from spherical-to-parabolic wa
functions to obtain the full multichannel wave function in th
static electric field. For the competition studied here, we c

FIG. 5. ~a! Integrated electron yield of field ionization~FI! in
theJion51/2 channel as a function of the energy of one red and
Nd:YAG photon of 18 790 cm21. The saddle point energy for th
Jion 5 1/2 channel at 900 V/cm is 31 991 cm21 above the meta-
stable state in theJion51/2 channel. The dashed line shows t
simulation based on a full quantum calculation~see text!. ~b! Same
for autoionization~AI ! from theJion51/2 channel to theJion53/2
channel.~c! Both experimental spectra, convoluted with a Gauss
of 2 cm21. The dashed line is the overall behavior based on Eqs.~2!
and ~3! with SAI 5 0.17 anduDAIu250.05.
3-4
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culated all of the zero-field channel coupling matrices for
using anR-matrix calculation in LS coupling; thej j -coupled
channel interactions were computed through an LS-j j frame
transformation and the K-matrices were empirically modifi
at the few percent level to improve agreement with the z
field, experimental energies. The two-photon dipole ma
elements in zero field were estimated by treating the abs
tion as only affecting the 6s electron in the initial state; it is
most likely the dipole matrix elements are the least accu
part of the calculation.

In addition to the spatial degrees of freedom of the esc
ing electron, there are three other important quantum n
bers.Jion : the total angular momentum of the Xe1 core,Q:
the angular momentum that results from coupling the spin
the Rydberg electron toJion of the core, andMq : the projec-
tion of Q on thez axis. The initial state of Xe can be de
scribed as 5p5 2P1/2 6s J50 with an equal population in
eachM level. The initial state hasJion51/2, Q50, Mq50.
The initial excitation mostly populates autoionizing sta
attached to theJion51/2 threshold because the photo
mainly acts on the outer 6s electron. When the electron i
near the core, the channel interactions allows the Rydb
electron to gain energy from the core and be ejected from
atom.

In Fig. 5~c! the same experimental spectra are depicted
in Figs. 5~a! and 5~b!, but convoluted with a Gaussian of
cm21~solid lines!. The aim is to focus on the overall beha
ior of the electron yield. Above the saddlepoint, field ioniz
tion becomes possible. In the absence of autoionization
onset of electron yield of field ionization would be a sha
step function, exactly on the saddle point energy. Coup
between the two channelsJion51/2 andJion53/2 quenches
the field ionization intensity close to the saddle point. A slo
rise of field ionization and a slow decrease of autoionizat
above the saddle point is observed. The exact overall be
ior of the spectra depends on the competition between
two channels. Instead of a full MQDT simulation of th
spectra, a good, qualitative picture of the overall behavio
the spectra as shown in Fig. 5~c! can already be obtaine
using an approximate description.

IV. SIMULATION OF OVERALL BEHAVIOR

The photoionization spectra in a static field are very co
plicated so it may be somewhat surprising that the aver
behavior can be described by simple equations involv
zero field parameters and the energy above the classical
ization threshold@1#. To simulate the overall behavior w
assume that the spacings between Stark states of a s
Rydberg manifold are not resolved. The basic idea is tha
averaging over the Stark spacing almost all of the quan
standing wave behavior is lost. Therefore, the amount of
into the field ionization channel or autoionization channe
given by the amount each partial wave scatters into e
channel. This averaging is allowed because the partial wa
are equally populated over the energy range and they e
scatter independently. For some Stark resonance states
partial waves scatter constructively but for other states t
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scatter destructively so that, on average, they behave a
they scatter independently.

The cross section of the field ionizationsFI
F , is described

by

sFI
F }uDFIu2~h1@12h#BFI!, ~2!

whereDFI is the direct excitation amplitude in theJion51/2
channel andh is the probability of direct ejection of the
electron. The fraction that remains bound in theJion51/2
channel, 1-h, recurs periodically to the ionic core and ca
still field ionize by scattering of the core with a branchin
ratio for field ionizationBFI . The cross section of the auto
ionizationsAI

F is

sAI
F }uDAIu21uDFIu2~12h!~12BFI!, ~3!

whereDAI is the direct excitation amplitude into the autoio
ization channel.

There are two points to notice about these cross secti
The first that the sum of the field ionization and autoioniz
tion cross sections in the field equals the sum of the t
cross sections in zero field. The second is that the field i
ization cross section rapidly increases from zero touDFIu2 as
the excitation energy increases from the saddlepoint
22AF to the zero-field ionization potential. The exact ma
ner it increases depends on how well the electron can el
cally scatter down potential compared to how well it c
cause autoionization. That the competition between the
ionization channels is dominated at high excitation by
field ionization channel is obvious from the rapid decrease
the separatrix angleus ~which isp minus the opening angle!.
An electron that leaves the region near the nucleus at
angle with respect to thez axis larger than the separatri
angle can leave the atom and be counted as direct field
ization. The separatrix angle is given by

sin~us/2!52E/A4F52e/2, ~4!

wheree is the scaled energy.
Both the probability for direct electron ejectionh and the

branching ratio for field ionizationBFI depend on the func-
tion

F l m~cosu0!52pE
21

cosu0
uYl mu2dcosu, ~5!

which is the fraction of the angular distribution in the ran
u0<u<p. For h this is

h5F l 0m~cosus!, ~6!

wherel 0 is the initial orbital angular momentum of the ou
going electron. The branching ratio for field ionizationBFI is
the probability for the electron to elastically scatter into t
open region of spaceSFI(l ) divided by the sum of the prob
abilities to elastically scatter and to scatter into autoioni
tion SFI(l )1SAI(nl ). We assume that the electric fiel
thoroughly mixes thel ’s of the bound fraction, so that all o
3-5
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them are equally likely. For thel partial wave, the probabil-
ity to scatter and leave the molecule is

SFI~ l !54F l m~cosus!sin2~pm l !, ~7!

wherem l is the quantum defect, and the probability to a
toionize is

SAI~nl !52p~n2m l !3GAI~nl !, ~8!

where 2p(n2m l )3 is the Rydberg period in atomic unit
andGAI(nl ) is the zero field autoionization rate of thenl
state in atomic units. In terms of these parameters
branching ratio is

BFI5 (
l 5umu

SFI~ l !Y (
l 5umu

@SFI~ l !1SAI~ l !#. ~9!

There is a fundamental limitation for using these formu
when the laser that excites the Rydberg electron is polar
in the direction of the field. For this case,m50 and it is
necessary to average over an energy range so that the s
ing wave on thez axis is not resolved. This is usually to
large an energy range to observe any interesting behavio
the average cross sections. Fortunately, them50 case is the
least interesting one since so much of the elastically scatt
wave travels directly down potential and leaves the ato
only over a small energy range just above the classical
ization threshold can autoionization compete with field io
ization.

The dotted lines in Fig. 5~c! are theoretical prediction
based on Eqs.~2! and ~3!. In the energy range from sadd
point energy~31991 cm21 in a field of 900 V/cm! to zero-
field ionization potential~32174 cm21) the termSFI changes
from 0 to 1.SAI , on the other hand, is a constant so that
branching ratioBFI changes from 0 to 1/(SAI11). The best
result is obtained withSAI50.1760.05 anduDAIu250.05.
The field ionization rates are known from the calculation a
therefore we can extract the autoionization rate. Xe auto
ization rates are only known in zero field@11–14#. We can
directly calculate theSAI from the zero fieldS matrix from
our theoretical data; forM52, the autoionizing states a
tached to theJion51/2 threshold with Q50 gives SAI
50.21 which is in good agreement with the fitted result.

It is perhaps surprising that the value ofSAI should turn
out to be smaller for this experiment on Xe than our previo
experiment on NO (SAI50.25). On average, the predissoci
tion rates for NO@15–17# are substantially smaller than th
autoionization rates in Xe. This paradox is solved by not
that the current experiment excites very specific Rydb
resonances:Q ~the angular momentum that results from co
pling the spin of the outer electron to the total angular m
mentum of the core! must initially be zero. Some of the
broadest Xe resonances~for example, theJ51 nd series!
haveQ51. If the experiment would probeQ51 Rydberg
states, the observed value ofSAI should increase dramaticall
~e.g., for theJion51/2, Q51 state,SAI is 7.5!.
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TheSAI value is a constant for the xenon atom for a giv
Q channel, independent of excitation energy and the fi
strength. To demonstrate this, the same experiment was
peated at a lower electric field. In Fig. 6 are shown the
and FI signals after convolution of 1 cm21 in a field of 350
V/cm. The saddle point in such a field is at 32 060 cm21.
The dotted lines are the results obtained with a full quant
calculation. The thin solid lines are the overall behav
based on Eqs.~2! and ~3!, showing again the power of thi
simplified model. The only parameter that is adjusted in
fit is the new field strength of 350 V/cm,SAI is kept at 0.17,
and uDAIu250.05.

V. CONCLUSIONS

We have demonstrated the competition between two i
ization channels in xenon, field ionization, and autoioniz
tion, in the presence of an electric field. Due to the differe
mechanisms of decay the ratio between the two chan
changes from zero at the saddle point to infinity at the ze
field ionization threshold. The overall behavior of the fie
ionization yield spectrum is dictated in a unique way by t
core-dependent autoionization rate. Fitting the field ioni
tion spectrum with some simple formulas derived in Sec.
allows us to retrieve the total core-dependent decay r
Since the overall field ionization rate of high Rydberg sta
of any atom or molecule is the same within a factor of tw
depending on the quantum defects, the field ionization sp
trum can be used as a clock to find the rate of total co
dependent decay. This general aspect can be very impo
for systems were it is impossible to detect core-depend
decay directly.

FIG. 6. Integrated electron yield of autoionization~AI ! from the
Jion51/2 channel to theJion53/2 channel versus field ionizatio
~FI! in the Jion51/2 channel as a function of the energy of one r
and one Nd:YAG photon of 18 790 cm21. The spectra are convo
luted with a Gaussian of 1 cm21. The electric field is 350 V/cm
~saddle point at 32 060 cm21). The dotted line is the simulation
based on a full quantum calculation. The thin solid lines are
overall behavior based on Eqs.~2! and ~3! with SAI50.17 and
uDAIu250.05.
3-6
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