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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 @Ghcreasing 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.
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[. INTRODUCTION taneously. An ideal system of investigation is the autoioniz-
ation from the Rydberg states converging to the upper spin

Decay of a highly excited electron most often occursstate of a noble gas in a strong electric field. The field ion-
through interaction with the ionic core. The rate of, e.g.,ized electrons have nearly zero kinetic energy whereas the
rotational and vibrational autoionization, fluorescence anclectrons that autoionize by changing the core spin-orbit
predissociation is proportional to the frequency with whichstate, carry a kinetic energy of 1-2 eV, which makes the two
an electron returns to the vicinity of the ionic core. Through-ionization channels separable. The two channels are distin-
out the Rydberg series the ratio between these decay chaf@iished by velocity map imaging. The detected spectra, as
nels remains constant. In this respect field ionization is dresented in Sec. lll, are simulated by full quantum calcula-
special decay channel. A static electric field distorts the Coutions based on multichannel Stark thegdy-3]. Moreover,
lomb potential by raising the potential in the direction of the We show that the overall behavior of the spectra can already
field and lowering it on the other side. The maximum on theb® Simulated by relative simple rate equations. In Sec. IV we
down-potential side is called the saddle point. An electrorflérive these equations and compare with the experimental
that is excited above the saddle point is energetically allowe@Pservations.
to escape from the ionic core. The rate for electron emission
depends strongl_y on thg opening angle at which the electron Il. EXPERIMENTAL SCHEME
can escape. This opening angle rapidly increases above the
saddle point making the field ionization change from zero to Xenon is chosen to monitor the competition between
the dominant pathway of decay in a small energy range. Howiield ionization and autoionization. The spin-flip energy is
rapidly the field ionization dominates depends on the com1.3 eV. A difficulty, however, is the high excitation energy.
petition with the core-dependent decay. This competition isThis is overcome by populating highly excited, metastable
reflected in the overall behavior of the ionization spectrastates of the Xe atoms by electron impact. The excitation
allowing one to retrieve the rate of one channel with thescheme is shown in Fig. 1. The metastable states aresthe 6
spectrum of the other. (J=0) at 76197.3 cm* and 6 (J=2) at 67068.0 cm?*

In a recent paper we investigated the field ionization yieldabove the ground stafd], whereJ is the total angular mo-
above the saddle point energy of nitric oxide in a strongmentum. The electron is optically excited to Rydberg states
electric field[1]. A competition between the field ionization converging to the ion witld;,,= 1/2 at 108371.4 cm" above
and predissociation of the NO molecule is observed. Théhe ground state, and the states converging to the ion with
field ionization yield just above the saddle point was stronglyJion=3/2 at 97834.4 cm? [4] . With a typical field strength
reduced by the other decay channel and the ionization thresief 900 V/cm and excitation energy of 32174 cthan elec-
old appeared to have shifted to higher energy. Computing thtson in the J,,,=1/2 channel can be field ioniz€@l) with
field ionization spectrum yielded the rate of predissociationnearly zero kinetic energy. Configuration interacti@t) by
In that experiment only the field ionization channel wasspin orbit coupling between the two channels results in auto-
monitored. To investigate a two-channel competition prop-onization (Al). An autoionized electron carries an excess
erly, however, one wants to monitor the two channels simulkinetic energy of 10537 cm' (1.3 e\). The energy differ-
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FIG. 2. Schematic outline of the experimental setup. A xenon
gas jet is led through a hot tungsten filament and two skimmers.
I 6s’ (J=0) Electron bombardment, guided by a set of electron optics and an
electromagnet, excites the Xe atoms to metastable states. Charged
particles are separated from the neutral beam by deflection plates.
88 » The metastable Xe is futher excited by laser light, with a polariza-
6s (J=2) . : ltec by faser ig & poar
tion perpendicular to the electric field in the interaction region.
Jion=1/2 Ji0n=3/2 Electrons that ionize are accelerated towards a position sensitive

detector by means of a repeller plate and an extractor ring. The
FIG. 1. Excitation scheme of the two-channel measurementg?0sition of the electron signal depends on the kinetic energy of the
There are two initial metastable states; §J=0) and & (J=2),  €lectron perpendicular to the electric field.
that are excited with an optical pulse. In thg,=1/2 channel the
electron is promoted to a highly excited Rydberg state. Above them™?! is done in two waysi) A Quanta-ray Nd:YAG laser
saddle point the electron can be field ionizé¢d). The J,;,=1/2  pumped Scanmate Dye laser produces pulses around 622 nm
channel is coupled to thé,,=3/2 channel by configuration inter- (16 077 cm 1) with an energy of 5 mJ, a duration of 7 ns and
action(Cl). If the spin state of the ionic core is changed the excessy pandwidth of 0.2 cmt. The laser pulse is frequency
energy is donated to the electron that autoioniZds. The initial doubled with a KDP-R6G crystal to populate Rydberg states
state in theJip,=3/2 channel is somewhat higher in energy com- i 5 one-photon excitatior(ii) An alternative way to ex-
T e e oo e v G the eleon st une the same dye laser 0 around 747
the continuum nm (13 3_87 cm‘%) and send the pulse to the interaction re-
’ gion collinear with the second harmonic of the Nd:YAG la-
ser (532.2 nm or 18790 cmt, with a bandwidth of 0.5
ence between the two metastable states is smaller than bem 2, referred to as “Nd:YAG” from now omin a 1+1’
tween the two ionization limits. The same laser excitationexcitation schemg6].
from the 6 (J=2) metastable state will result in direct ion-  In an electric field of typically 200—1000 V/cm the kinetic
ization (DI) into the continuum of thd,,,= 3/2 channel. The energy difference of 1.3 eV between a field ionized electron
excess kinetic energy of the directly ionized electron is inand an autoionized electron cannot easily be distinguished by
this case 1408 cit. Upon laser excitation of 32174 ¢th  time of flight. However, velocity map imagirld,8] is excel-
we thus have to distinguish between electrons of three diflently suited to measure kinetic energy differences in the
ferent kinetic energies OFI of the upper spin state1408 presence of a strong electric field. The polarization of the
(DI of the lower spin state and 10537 cm® (Al from the  excitation laser is chosen perpendicular to the electric field.
upper spin stape Note that the DI process is independent of The electrons that autoionize carry an excess kinetic energy
the two other processes since it is due to the decay of anotheerpendicular to the direction of the electric field. The out-
excited state. going electron density is accelerated towards a position sen-
The experimental set-up is depicted in Fig. 2. A jet of Xesitive imaging detector consisting of a set of multichannel
is produced by a pulsed valve with a backing pressure of Dlates and phosphor screen, viewed by a CCD camera. The
bar. The gas is led through a hot, tungsten filanjbhtElec-  CCD image shows a two-dimensional projection of the elec-
trons from the filament are accelerated along the Xe beam biyon probability at a particular timé&he arrival time at the
a repeller, electron optics, and an electromagnet. Xe is exdetectoy after ionization.
cited to several metastable states by the electron bombard-
ment. Charged particles are separated from the neutral beam
by deflection plates. Only thes6 (J=0) and & (J=2)
metastable states survive the time of flight £s) to the Figure 3 shows a typical CCD image of the velocity map
interaction region, with an observed population ratio of 1:10.imaging. The electric field is 900 V/cm. The photo excitation
In the interaction region the atoms are subject to a variables just above the saddle point, with a polarization perpen-
static electric field between a repeller plate and an extractodicular to the electric fieldalong thex axis of the image in
The optical excitation with a narrowband laser around 32 174ig. 3). The strong dot in the center of the image corresponds

IIl. RESULTS AND DISCUSSION
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FIG. 4. Radial distribution of electron yield of the velocity map
imaging upon various excitations. Metastable Xe is excited with the
second harmonic of a Nd:YAG laser at 18 790 ¢n{532.2 nm;

FIG. 3. A typical image of velocity map imaging. The central Nd:YAG), with an ultraviolet pulse of 32012 cm (312.4 nm;
spot with the field ionization signalFl) is very intense and off UV) or with simultaneously a red pulse at 13 222¢n{756.3 nm;
scale. The small inner ring is a fraction of the field ionization signalR) with the second harmonic of a Nd:YAG laser. The electric field
that has scattered off the ionic core. The large inner ring is thds 900 V/cm. Indicated on top are the expected maximum radii of
direct ionization(DI) and the outer ring corresponds to the autoion- field ionization(Fl), autoionization(Al) and direct ionization{Dl),
ization (Al). On top a horizontal slice through the middle of the based on the involved excitation energies and an empirical
image is shown. ¢=0.375. The mosprominent features are denotéa field ion-
ization in theJ,;,=1/2 channel.(b) Direct ionization in theJi,,

. S . . . = 3/2 channel(c) Autoionization from theJ;,,= 1/2 channel to the
to th,e field 'Om_zat'(,)n(',:l) Y'eld' The small inner ring 'S_ a . Jion=3/2 channel with two red photong&) Direct ionization in the
fraction of the field ionization that has scattered of the ionicy  —1/2 channel with two Nd:YAG photonge) Direct ionization

core. The intensity of such a ring is less than 10% of that of, the J,,=3/2 channel with two Nd:YAG photonsf) Autoioniz-

the central dot. The large inner ring corresponds to direchiion from thed,,,= 1/2 channel to thd,,,= 3/2 channel.

ionization (DI) and the outer ring to autoionizatiofAl).

Shown on top of the image is a horizontal slice through they~1, The small features at pixel 120 and 205 are, respec-
middle of the image. Velocity map imaging is based on thegyely, direct ionization in thel,,,= 1/2 channekd) and di-
relation between the excess kinetic energy of an electropyct ionization from the & (J=0) state into thel,,,=3/2
perpendicular to the direction of the electric field and thegnannel(g). on

radius of the ring of electron signal on the CCD image. The gy itation with an ultraviolet pulse of 32012 crh (UV)

maximum radius is proportional to the square root of theegyits in the radial distribution that is shown in the middle
kinetic energy. Only at very low energies, up to 200Ci  wace of Fig. 4. Featuréa) is field ionization in thedo,
does the radius exhibit a more complicated function of ki-_ /> channel, featuréf) is autoionization from thel,
netic energy, as is seen with the field ionization in Fig. 3. A_ 1/ channel to the... = 3/2 channel and featuréd) ?s
more detailed discussion about the angular distribution ofji’ect ionization in thgi‘on: 3/2 channel. Conversion to Ki-

electron density on the image and the features at low Kinetig .~ anerovE, . of the electror(the component perpendicu-
energy is beyond the scope of this article and will be de1ar to the glf_é{?ic fielgis obtairrEed by P Perp

scribed more thoroughly in a forthcoming arti¢.
The radial electron density distribution is obtained by an- Eyin=C* (pixel)?, (1)

gularly integrating the electron signal as a function of dis-

tance from the center of the image. Figure 4 shows the radialthere c is an experimental value depending on the fields

distributions of ionization yield upon various excitation used and distances of the phosphor screen and CCD camera

wavelengths in a field of 900 V/cm. The spectra are plottedrom the interaction region. In this case=0.375 cm*. At

as a function of the number of pixels from the center of thethe maximum radius of the signal the kinetic energy compo-

images. As a test experiment only the second harmonioent perpendicular to the electric field is equal to the total

Nd:YAG photons with an energy of 18 790 crhare used. kinetic energy of the electron. There are two reasons not to

The detected radial distribution is shown in the lower traceplot energy on thex axis in Fig. 4. Firstly, the high-energy

of Fig. 4. The strongest featufe) results from two photon side of the spectra becomes stretched so much that it be-

ionization in theJ;,,=3/2 channel, yielding a kinetic energy comes hard to see the low-energy side. Secondly, there is the

of 6814 cm ! above the zero-field ionization limit of 97 834 question of the binding energy of the electron. Starting with
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a metastable state the electron has a certain binding energy 1 31990 32000 32010 32020
overcome in order to ionize. For direct ionization the binding ' ' ' '
energy is the zero-field ionization energy. If the electron
scatters of the core and field ionizes the binding energy is the 1 |
saddle point energy, which is 183 cthlower in a field of
900 V/cm. The difference is small at the high energies
around 15000 cm!. At low energies, however, the differ-
ence becomes important and one would expect the peak ¢
(b) at pixel 61 instead of 57 if one assumes the saddle point
energy(rather than the zero-field enengys binding energy.
For the two-channel competition experiments we chose to@® a i Experimental data
excite the Xe metastable states with a combination of a recC A MQDT simulation
pulse around 13 222 cnd (R) with the second harmonic of a T T T
Nd:YAG laser (18970 cm!). The radial distribution of
electron yield is shown in the upper graph in Fig. 4. There o
are two advantages of this excitation scheme over single-2
photon excitation of the metastable states by a UV pulse: As
can be seen in Fig. 4 the relative intensity of the FI and Al
signals[featureqa) and(f)] as compared to the DI signéd)
greatly enhances upon using tRe- Nd:YAG combination.
The electron yield ofa) and(f) is increased with the help of
the 6p’ J=1 state at 89279 cnt. Although about 140
cm ! off resonance, the large oscillator strength of thE 6
state relatively enhances the integrated yield from the field
ionization FI and autoionization signal Al from thk,, =
1/2 channel to be equal to the direct ionization signal DI of
the Ji,n=3/2 channel. One new feature appe@s which is
attributed to photoionization of the metastable state in the
Jion=1/2 channel excited with two red photons, autoionizing
into theJ,,,= 3/2 channel. The second reason to detect the FI
and Al from theJ,,,=1/2 channel with a combination of
excitation lasers is that the autoionization from thg,
=1/2 channel to thd,,,=3/2 channe[|D|? in Eq. (3) in
Sec. IV] in case of UV excitation is always strong; the Al . . .
signal remains more or less constant upon increasing excita 0 31990 32000 32010 32020
tion energy above the saddlepoint energy. We have no ex P -1
planation for the largéD |2 in this particular case. Excitation energy (cm )
Integration windows are set over the FI, DI, and Al sig- |G 5. (a) Integrated electron yield of field ionizatiofl) in
nals and the total electron yield is monltored as a function ofne 3, = 1/2 channel as afunct|0n of the energy of one red and one
the excitation energy. The windows are set at 0—15, 16—63\d:YAG photon of 18 790 cm'. The saddle point energy for the
and 140-170 pixels, respectively. We assume that the Dj, . = 1/2 channel at 900 V/cm is 31991 crhabove the meta-
signal is frequency independent and first divide the Fl and Aktable state in thd,,,=1/2 channel. The dashed line shows the
signals by the DI yield in order to remove intensity fluctua- simulation based on a full quantum calculatisee text (b) Same
tions of the laser. In Fig. (®) the observed integrated elec- for autoionization(Al) from the Ji,,=1/2 channel to the;,,=3/2
tron yield from the field ionization is shown as a function of channel(c) Both experimental spectra, convoluted with a Gaussian
the energy of one red plus one Nd:YAG photon. The saddleef 2 cm 1. The dashed line is the overall behavior based on &s.
point at 900 V/cm is at 31991 cht. The FI electron yield is  and(3) with Sy = 0.17 and D 5 |*=0.05.
increasing over an energy range of about 25 trabove the
saddle point. Simultaneously the Al signal is decreasing as Also plotted in Figs. &) and %b) are the theoretical fits
shown in Fig. Bb). Note that the Stark structure is well re- based on a full MQDT calculation. The Stark structure is
solved. The observed spacing between the states is 3:1.cm well reproduced. Adding the two spectra results in the ab-
The n=26 manifold is expected to be around 32012 ¢m sorption cross section. The calculations are based on the
In a field of 900 V/cm the hydrogenic spacing between themethod described in detail in Rd8], giving the details for
Stark states oh=26 is 3.0 cm corresponding well with  obtaining the outgoing wave functions and dipole matrix el-
the observed spacing. There is a strong resonance in the &ments for multichannel atoms in a static electric field. The
signal at 32008 cm' seen in Fig. B). This is, however, an method uses zero-field channel coupling matrices and the
experimental artifact: In the radial distributionot shown is  transformation amplitudes from spherical-to-parabolic wave
seen that at this wavelength two new rings appear, one dfinctions to obtain the full multichannel wave function in the
which falls in the Al window[10]. static electric field. For the competition studied here, we cal-

Fieldionization
900 V/cm

Autoionization

(arb.u

Integrated electron

o)) ISP B P
9 :
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culated all of the zero-field channel coupling matrices for Xescatter destructively so that, on average, they behave as if
using anR-matrix calculation in LS coupling; thg -coupled  they scatter independently.

channel interactions were computed through anjL. &ame The cross section of the field ionizatiert,, is described
transformation and the K-matrices were empirically modifiedby

at the few percent level to improve agreement with the zero . 5

field, experimental energies. The two-photon dipole matrix 0% Del*(7+[1— 7]Bg), 2
elements in zero field were estimated by treating the absorp- ) ) o ] .

tion as only affecting the Selectron in the initial state; itis WNereéDr is the direct excitation amplitude in thi,,= 1/2

most likely the dipole matrix elements are the least accuratgIha'::neI a_lq?” f'S t?e ptrr(])btablllty .Of dk;rectde!ect|on_o{/t2he
part of the calculation. electron. The fraction that remains bound in thg,=

In addition to the spatial degrees of freedom of the esca (_:hanpel, .1’7’. recurs periodically to the ioniq core and can
ing electron, there are three other important quantum num§t||| field ionize by scattering of the core with a branching
bers.J. .- th’e total angular momentum of the Xeore, Q: ratio for field ionizationBg,. The cross section of the auto-

-Yion- y - . . . F .
the angular momentum that results from coupling the spin ofoNizationay, Is
the Rydberg electron td,,, of the core, and,: the projec- = 2 2
tion of Q on thez axis. The initial state of Xe can be de- op*[Dall*+[Dgl“(1= 7)(1-Bg), )
scribed as p° 2P, 6s J=0 with an equal population in
eachM level. The initial state hag;,,=1/2, Q=0, M4=0.

The initial excitation mostly populates autoionizing statesiza};ﬁgrgh:rr;nao oints to notice about these cross sections
attached to thelJ,,,=1/2 threshold because the photon P ‘

mainlv acts on the outerselectron. When the electron is The first that the sum of the field ionization and autoioniza-
y : tion cross sections in the field equals the sum of the two

near the core, the channel interactions allows the Rydber(('?ross sections in zero field. The second is that the field ion-

electron to gain energy from the core and be ejected from thé . : P 2
atom Ization cross section rapidly increases from zer¢Qig|* as

In Fig. 5(c) the same experimental spectra are depicted atshe excitation energy increases from the saddlepoint at

i Figs ) and 5. ut convolted win a Gaussian of 2 2110 e Zerctec onvaton ol The oact rer
cm (solid lines. The aim is to focus on the overall behav- It P wWw :

ior of the electron yield. Above the saddlepoint, field ioniza-CaIIy scatter down potential compared to how well it can

tion becomes possible. In the absence of autoionization th%il}ljgti?)l;t%ﬁg:fr?éllzni.ST:c?:n}EZtggrg?ef::u?}ne?(g'\[/;ﬁ?)?l tg'e :r\:\:ao
onset of electron yield of field ionization would be a sharp g y

step function, exactly on the saddle point energy. Couplin |held |0n|za:|(_)n cha:gn(el Ihs' ohbylous fromttr:\e rapld_ decre;llse of
between the two channelk,,=1/2 andJ;,,=3/2 quenches € separatrix angiés (which IS minus the opening angie

the field ionization intensity close to the saddle point. AslowAn electron that leaves the region near the nucleus at an

rise of field ionization and a slow decrease of autoionizationangle with respect to the axis larger than the separatrix

above the saddle point is observed. The exact overall beha\{?—ng.Ie can leave the gtom ano_l be_ counted as direct field ion-
ior of the spectra depends on the competition between th'éat'on' The separatrix angle is given by
two channels. Instead of a full MQDT simulation of the

spectra, a good, qualitative picture of the overall behavior of
the spectra as shown in Fig(ch can already be obtained

using an approximate description.

whereD ,, is the direct excitation amplitude into the autoion-

SinN(04/2) = — E/JAF = — €/2, (4)

wheree is the scaled energy.
Both the probability for direct electron ejectiopand the
branching ratio for field ionizatiolBg, depend on the func-
IV. SIMULATION OF OVERALL BEHAVIOR ton
The photoionization spectra in a static field are very com- @, (COSHy) = 27TfCOSHOIY/m|2dc050, 5)
plicated so it may be somewhat surprising that the average
behavior can be described by simple equations involving
zero field parameters and the energy above the classical io#hich is the fraction of the angular distribution in the range
ization threshold1]. To simulate the overall behavior we o< 6@<m. For 5 this is
assume that the spacings between Stark states of a single
Rydberg manifold are not resolved. The basic idea is that by 7=, m(COsby), (6)
averaging over the Stark spacing almost all of the quantum
standing wave behavior is lost. Therefore, the amount of flusvhere/ is the initial orbital angular momentum of the out-
into the field ionization channel or autoionization channel isgoing electron. The branching ratio for field ionizatiBp, is
given by the amount each partial wave scatters into eacthe probability for the electron to elastically scatter into the
channel. This averaging is allowed because the partial wavespen region of spacgg (/) divided by the sum of the prob-
are equally populated over the energy range and they eadbilities to elastically scatter and to scatter into autoioniza-
scatter independently. For some Stark resonance states, ttien Sg (/) + Sy (n/). We assume that the electric field
partial waves scatter constructively but for other states theyhoroughly mixes the”’s of the bound fraction, so that all of
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them are equally likely. For the partial wave, the probabil- 350 V/em
ity to scatter and leave the molecule is AR

Fieldionizationd
Sr(/)=4D ,n(cOSOs)SIN (i), (7)

where u . is the quantum defect, and the probability to au-
toionize is

Su(n/)=2m(n—p,)°T n(n), 8

where 2r(n—pu,)® is the Rydberg period in atomic units
andTI' 4 (n/) is the zero field autoionization rate of time”
state in atomic units. In terms of these parameters th d . .
branching ratio is 32060

'Tntegrated electron yield (arb.units)

32070 32080 32090

Excitation energy (cm™)
_ FIG. 6. Integrated electron yield of autoionizatigh ) from the
Br /=Tm Sr(/) /=Tm [Se(/)+ Sa()]. © Jion=1/2 channel to thel;,,=3/2 channel versus field ionization
| ‘ on

(FI) in the J;,,= 1/2 channel as a function of the energy of one red

There is a fundamental limitation for using these formulas2nd one Nd:YAG photon of 18 790 cm. The spectra are convo-
when the laser that excites the Rydberg electron is polarizegi'ted with a Gaussian of 1 c. The electric field is 350 Vicm
in the direction of the field. For this casm=0 and it is (Saddle point at 32060 ci). The dotted line is the simulation
necessary to average over an energy range so that the statki)&?'ed on a fl_JII guantum calculation. The thln solid lines are the
. oo 2 overall behavior based on Eq&) and (3) with S,=0.17 and
ing wave on thez axis is not resolved. This is usually too ID,5,|2=0.05
large an energy range to observe any interesting behavior in *' R
the average cross sections. Fortunately,ntive0 case is the _ )
least interesting one since so much of the elastically scattered 1heSa value is a constant for the xenon atom for a given
wave travels directly down potential and leaves the atomQ channel, independent of excitation energy and the field
only over a small energy range just above the classical jonstrength. To demonstrate this, the same experiment was re-
ization threshold can autoionization compete with field ion-Peated at a lower electric field. In Fig. 6 are shown the Al
ization. and FI signals after convolution of 1 ¢crhin a field of 350

The dotted lines in Fig. (6) are theoretical predictions V/cm. The saddle point in such a field is at 32060 ¢m
based on Eqs(2) and (3). In the energy range from saddle The dotf[ed lines are the r_esu_lts obtained with a full quant_um
point energy(31991 cni? in a field of 900 V/cm to zero- calculation. The thin solid Ilngs are .the overall beha\(lor
field ionization potentia(32174 cni) the termSy, changes based on Eqs2) and(3), showing again the power of this
from 0 to 1.S,,, on the other hand, is a constant so that thes_mpllﬁed mod_el. The only parameter that_ is adjusted in the
branching ratioBg, changes from 0 to 18, +1). The best fit is the r21ew field strength of 350 V/cng,, is kept at 0.17,
result is obtained withS, =0.17+0.05 and|D 4 |?>=0.05. and|D|*=0.05.
The field ionization rates are known from the calculation and
therefore we can extract the autoionization rate. Xe autoion-
ization rates are only known in zero figld1-14. We can
directly calculate theSy, from the zero fieldS matrix from We have demonstrated the competition between two ion-
our theoretical data; foM =2, the autoionizing states at- ization channels in xenon, field ionization, and autoioniza-
tached to theJ,,=1/2 threshold withQ=0 gives Sy tion, in the presence of an electric field. Due to the different
=0.21 which is in good agreement with the fitted result. = mechanisms of decay the ratio between the two channels

It is perhaps surprising that the value 8, should turn  changes from zero at the saddle point to infinity at the zero-
out to be smaller for this experiment on Xe than our previoudield ionization threshold. The overall behavior of the field
experiment on NO $,,=0.25). On average, the predissocia- ionization yield spectrum is dictated in a unique way by the
tion rates for NO[15—-17 are substantially smaller than the core-dependent autoionization rate. Fitting the field ioniza-
autoionization rates in Xe. This paradox is solved by notingtion spectrum with some simple formulas derived in Sec. IV
that the current experiment excites very specific Rydbergllows us to retrieve the total core-dependent decay rate.
resonancex (the angular momentum that results from cou- Since the overall field ionization rate of high Rydberg states
pling the spin of the outer electron to the total angular mo-of any atom or molecule is the same within a factor of two,
mentum of the cofemust initially be zero. Some of the depending on the quantum defects, the field ionization spec-
broadest Xe resonancéfor example, theJ=1 nd serie$ trum can be used as a clock to find the rate of total core-
haveQ=1. If the experiment would prob®=1 Rydberg dependent decay. This general aspect can be very important
states, the observed valueS), should increase dramatically for systems were it is impossible to detect core-dependent
(e.g., for thed,,,=1/2, Q=1 state,S, is 7.5. decay directly.

V. CONCLUSIONS
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