REVIEW OF SCIENTIFIC INSTRUMENTS VOLUME 70, NUMBER 6 JUNE 1999

High resolution pulsed field ionization photoelectron spectroscopy using
multibunch synchrotron radiation: Time-of-flight selection scheme
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We have developed an efficient electron time-of-flighOF) selection scheme for high resolution
pulsed field ionization(PFIl) photoelectron(PFI-PE measurements using monochromatized
multibunch undulator synchrotron radiation at the Advanced Light Source. By employing a simple
electron TOF spectrometer, we show that PFI-PEs produced by the PFI in the dark gap of a
synchrotron ring period can be cleanly separated from prompt background photoelectrons. A near
complete suppression of prompt electrons was achieved in PFI-PE measurements by gating the
PFI-PE TOF peak, as indicated by monitoring background electron counts at thesAr(11
autoionizing Rydberg peak, which is adjacent to the*(&P;,) PFI-PE band. The
rotational-resolved PFI-PE band forz*H(XZEg*,v*=O) measured using this electron TOF
selection scheme is nearly free from residues of nearby autoionizing features, which were observed
in the previous measurement by employing an electron spectrometer equipped with a hemispherical
energy analyzer. This comparison indicates that the TOF PFI-PE scheme is significantly more
effective in suppressing the hot-electron background. In addition to attaining a high PFI-PE
transmission, a major advantage of the electron TOF scheme is that it allows the use of a smaller
pulsed electric field and thus results in a higher instrumental PFI-PE resolution. We have
demonstrated instrumental resolutions of 1.0 ¢rfull width at half maximum(FWHM) and 1.9

cm ! FWHM in the PFI-PE bands for X&2Py,) and Ar"(?Pg,) at 12.123 and 15.760 eV,
respectively. These resolutions are more than a factor 2 better than those achieved in previous
synchrotron based PFI-PE studies. 199 American Institute of Physics.
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I. INTRODUCTION able residues of these nearby autoionization states are often
Pulsed field ionizatioPFI) photoelectror(PFI-PB de- observed in addition to the TPE peaks. The hot-electron tail

tection schemes are superior as spectroscopic techniques% the transm|53|on fgncnon can be' redgced by cqmbmmg
terms of achievable resolutions compared to conventiondf€ €lectron time-of-fligh{TOF) techniqué or by adding a
threshold photoelectroffPE) measurements: In the dis- d|fferent|all energy analyzer, such as a hemispherical energy
cussion below, we refer to PFI-PEs and TPEs as electror@alyzer, in tandem to the steradiancy analy2éfhe em-
formed at energies slightly below and above, respectivelyPloyment of a differential energy analyzer has the disadvan-
the true ionization energglE). The most common TPE de- t@ge of lowering the electron transmission. Incorporating the
tection schemes incorporate a steradiancy-type andlyzer, €lectron TOF scheme in synchrotron based TPE measure-
which is essentially a tube-like structure that defines a finiténents, Morioka and co-workers have demonstrated a resolu-
solid angle for the acceptance of electrons. Since TPEs aféon of 1 meV full width at half maximun{FWHM).** How-
formed with near zero kinetic energies, their collection careVver, this TOP-TPE method generally requires a single- or
be achieved using a small dc electric field, whereas hot ofwo-bunch synchrotron operati@i;'* in which adjacent
prompt electrons ejected isotropically with finite kinetic en- synchrotron light pulses are separated~800 ns. Since the
ergies are strongly discriminated by the specific acceptanceduction in vacuum ultraviole{VUV) intensities in a
solid angle of the steradiancy analyzer. Since hot electronsingle- or a two-bunch mode is more than a factor of 10
moving directly towards the detector are not discriminatedcompared to that in a multibunch operation, the application
against, the transmission function of such analyzers results iof the TOF-TPE scheme has been limited in synchrotron
a high-energy tail, that consequently limits the attainablebased TPE measurements.
resolution in TPE measurements. When an ionization thresh-  The laser based PFI-PE technigti@have been shown
old is close to strong autoionizing Rydberg states, undesirto overcome the hot-tail problem associated with the TPE
transmission function. In the UV/VUV laser PFI-PE
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us relative to the light pulse, thus allowing the prompt back-toionizing Rydberg resonances. Consequently, the observed
ground electrons to escape from the detection zone and belative PFI-PE peak intensities may not reflect the actual
eliminated from the final spectra. There is general agreememFI-PE cross sections. We show here that the PFI-PE band
that the extended lifetimes for high-Rydberg states ob- for H;r(XZEgv*:O) obtained using this new TOF PFI-PE
served in PFI-PE experiments are duel tand m; mixings  scheme is essentially free from residues of strong autoioniz-
induced by stray electric fields and/or by coexisting back4ng structures observed in the previous measureffent.
ground ions formed during laser—molecule interactithié.  Hence, the H PFI-PE band recorded in this experiment
The PFI-PE resolution depends on both the laser opticathould provide more reliable PFI-PE cross sections.
bandpass and the strengtR)( of the electric field pulse. Furthermore, since the electron transmission of the TOF
Since the widtf® of PFI-PEs is proportional t6/2, the key =~ PFI-PE selection scheme is not strongly affected by the
to achieve a high PFI-PE resolution with a fixed opticalpulsed electric field for the PFI, a lower Stark electric field
bandpass is to apply a smé&llfor the PFI. It has been shown pulse can be used. This leads to higher achievable PFI-PE
previously that PFI-PE resolutions close to the laser opticatesolutions. To illustrate this advantage, we show below the
bandpass are attainabile. PFI-PE bands for X&2P3,) and Ar(?Pg,) recorded using
Recently, a novel synchrotron based PFI-PE experimenthe TOF PFI-PE method, achieving resolutions unmatched in
tal scheme has been developed by our group at the chemicalevious synchrotron based PFI-PE experiméht§-*8
dynamli(():i6 1téeamline of the Advanced Light Source
(ALS).”>**"**These experiments make use of the dark ga
of 16-112 ns in the ALS synchrotron ring period to applyql' EXPERIMENTAL CONSIDERATIONS
the ionizing electric field pulse. Using an electron spectrom-  The experiments were carried out at the Chemical Dy-
eter consisting of a steradiancy analyzer and a hemisphericahmics BeamlinE=2! of the ALS associated with the
energy analyzer arranged in tandem, we have shown thatawrence Berkeley National Laboratory. The beamline con-
PFI-PEs can be detected with little contamination fromsists of a 10-cm-period undulator, a gas harmonic fiftex,
prompt electron background for a delay of onh8 ns with  6.65-m-off-plane Eagle mounted monochromator and a
respect to the beginning of the dark gdg®!’Limited by  photoelectron—photoion spectrometer, all of which have
the nature of the previous synchrotron based PFI-PE schenieen described in detail previousf!®-2!In this experi-
and also by a typically poorer optical resolution than that ofment, Ar was used as the filter gas and thus high undulator
UV/VUV lasers, the best PFI-PE resolution achieved was 3.2armonics at energies above the |IE of (A6.760 eV were
cm ! (FWHM) as illustrated in the observed PFI-PE band ofessentially eliminated. The filtered undulator VUV light
Kr(?P3).Y" In previous PFI-PE experiments from the beam, which consists of predominantly the first undulator
ALS, the minimization of prompt electron contaminations harmonic, was directed into the monochromator, where the
from nearby autoionizing states relies partly on the chroVUV photon beam was dispersed by either a 2400 lines/mm
matic aberration of the electrostatic lens systéim orderto  grating (dispersior=0.64 A/mm) or a 480 lines/mm
achieve a high PFI-PE transmission through the electrodispersior=0.32 A/mm). The resulting monochromatic
spectrometer, it is necessary to apply a sufficiently highvUV beam was then focused into the photoionization/
pulsed electric field, which essentially sets the limit for thephotoexcitation (PI/PEX) region of the photoelectron—
attainable PFI-PE resolutidi.Even with extreme care in photoion apparatus. In this experiment, monochromator
optimizing the PFI-PE electron spectrometer, a small highentrance/exit slits used were either 10/10 or 3Q/80. The
energy transmission tail is still discernible in most previousphoton energy calibration was achieved using the known IEs
synchrotron based PFI-PE measureméht8='® The dis-  or photoionization transitions of Ar, Xe, and, A" ~*°All gas
crimination of hot-electron background can be monitored bysamples were introduced as an effusive beam through a
the electron counts at an energy corresponding to thenetal orifice with a diameter of 0.5 mm at room temperature
Ar(11s’) Rydberg state, which lies/4.3 meV higher in en- and a distance of 0.5 cm from the PI/PEX region.
ergy than the AF(’Py,) PFI-PE band®!®'’ The back- The electron TOF spectrometer used in this study has
ground electron intensity at Ar($2) is usually found to be been modified from the one used in our previous
~1% of that at the AF(2Pg,) PFI-PE peak. Although small, experiment3®1®-19The main difference was that the hemi-
this incomplete suppression may still hamper identificationspherical analyzer has been removed and only a steradiancy
of weak PE bands, especially in the presence of strong awnalyzer was used as an electron TOF spectrometer. A sche-
toionizing structuré? matic diagram showing the present lens arrangement for the
In this article, we describe a highly efficient synchrotron electron and ion TOF detection can be seen in Fig. 1. The
based PFI-PE detection method, which takes advantage distance between lenses |11 and E1 was 1.0 cm. The midpoint
the TOF difference of prompt electrons and PFI-PEs. Bybetween lenses 11 and E1 defined the PI/PEX region. The
employing a simple electron TOF spectrometer, we showapertures in lenses E1 and E4 used here were 10 and 2 mm in
that almost complete separation of PFI-PEs and prompdiameter, respectively. Microspherical platédSP) were
background electrons can be achieved. The gating of thased as the electron and ion detectors.
PFI-PEs thus leads to a near complete suppression of prompt The PFI schemes employed here and previddsly
electrons. In the previous PFI-PE study of HX 22$v+ make use of the dark gap—a short time lapse in every ring
=0, 2, 9, and 14'® the PFI-PE spectra are found to be period, where no synchrotron light is emitted from the
contaminated by residue peaks arising from many strong atsource. Typical operating conditions for the ALS have been

Downloaded 30 Aug 2005 to 129.100.91.98. Redistribution subject to AIP license or copyright, see http://rsi.aip.org/rsi/copyright.jsp



Rev. Sci. Instrum., Vol. 70, No. 6, June 1999 Jarvis, Song, and Ng 2617

O O 2 T T T T T
[0 Tens ! @ —] 11218 |e——
0 O 8
Qo ] ! ti it tht
0 O /g
D D © | l
L O O O"""":':::.'.:::'e } f
1 e Interacti _ -(l-))'-n---n 1 1 1 T
nteraction 0 L I
—_— . g
PI/PEX e } Region 5 2 40 ns
El 3 | = A FR .
'S
g2 [ U o
B3 [] O : 0
Steradiancy -t
- Analyzer
€ 1
E4 - © Electron Collection Window
1
A @ 1000 | -
ES — é’
R Micro Spherical Plates g
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ion and electron TOF spectrometer. The electron and ion detectors are mi- %
crospherical plateMSP). The ion drift tube and the ion MSP detector are g
not shown in the figure. [%
changed slightly from our previous publicatidfs820-260 o e

accommodate the various different timing experiments that 0 100 200 300 400 500 600

take place at our and other beamlines. Currently, the entire Time of Flight /ns

orbit contains 272 bunches each of 50 ps duration and sepa-

rated by 2 ns. There is a 112-ns-dark gap at the end of eadfG- 2. The timing structures fofa) the pattern of VUV light bunches

. iod f . . f din th bit. O . emitted in the ALS multibunch modéb) the electric field pulses applied to
ring period for removing 1ons formed in the orbit. Uccasion- o g El(see Fig. ]; and(c) the electron TOF spectra of PFI-PE®) as

ally, a high current spikétypically 10 mA) is injected into  ohserved at the Ai(2Ps,) PFI-PE peak and hot or prompt electrdf® as
the dark gap at bunch 312 relative to the first bunch after thebserved at the Ar(kl) autoionizing state.

dark gap. Even with this spike present, a true dark gap of 80
ns after the last of the multibunches is present, which is
sufficient for performing our experiment, although electrondark gap is shown centered in the 656-ns-ring period in Fig.
discrimination is slightly poorer. All experiments presented2(a). Following a delay of some 20—60 ns with respect to the
here were carried out during the normal multibunch operabeginning of the dark gap, an electric field pulse in the range
tion of the ALS with no high-current spike, i.e., with a dark of 0.3—1.5 V/cm was applied to lens Edee Fig. 2b)]. The
gap of 112 ns. However, we note that the TOF PFI-PE sefrequency of the electric field pulse for the PFI was 1.53
lection scheme described below can be implemented with MHz, consistent with the ring period.
dark gap down to 80 ns. When the photon energy was set to coincide with the
Here, we use Ar as the gas sample to illustrate the TOFAr*(?P3,) PFI-PE peak at 15.7596 eV, the observed TOF
PFI-PE selection method. In this scheme, a dc voltage o$pectrum(solid circleg for PFI-PEs was found to exhibit a
—0.14 V was applied to lens 11 for the purpose of hot elecsingle peak with a full width of~40 ns as shown in Fig.
tron extraction. Prior to the application of the electric field 2(c). We note that the time zero of the TOF spectra shown in
pulse, lens E1 was set at the ground potential. This has theig. 2(c) corresponds to the triggering bunch-marking pulse
effect of pushing hot electrons arising from autoionizationprovided by the ALS, the position of which is arbitrary.
and direct ionization towards the electron detector as soon d@artly due to the small VUV spot size (2.3 mnr) at the
they were formed. Typical voltages applied to lenses 12, E2PI/PEX regiont® the observed TOF peak for PFI-PEs was
E3, E4, and E5 were-20, 0.5, 3.0, 2.0, and 500 V, respec- expected to be narrow. We note that the observed full width
tively. The front grid of the MSP was set at 500 V. The of 40 ns is equal to the width of the electric field pulse for
electron flight distance is 6.8 cm, which was determined bythe PFI. This observation indicates that the PFI-PEs formed
the distance between the PI/PEX region and E5. This flightvithin 40 ns during the application of the Stark pulses were
distance, along with the voltage settings for the lenses, dedighly monoenergetic with little dispersion as they traveled
termines the TOF of prompt electrons. The TOF for PFI-PEdrom the PI/PEX region to the electron MSP detector. No
also depends on the height and width of the electric fieldorompt electrons can be observed at 15.7596 eV because this
pulse applied for the Stark field ionization. energy is below the IE of Ar. It can be seen from the com-
Figure 2a) shows the emitting pattern of the ALS light parison with the positions of the Stark puldgig. 2(b)] and
pulses in the multibunch operation. The two shaded areathe TOF peak for PFI-PEs that the TOF for PFI-PEs from the
represent stacks of uniformly spaced synchrotron microlighPI/PEX region to the electron MSP detector<%0 ns. As
bunches(width of individual bunches=50 ps, separation the photon energy was slightly increased above the IE for the
between adjacent bunches2 ng. For clarity, the 112 ns formation of Ar"(?P5,), the single TOF peak for PFI-PEs
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disappears and an electron TOF spectrum for prompt elec- 100 T
trons resembling the synchrotron orbit pattern was observed [ (a) ArTPES
as these electrons are extracted continuously by the small dc 55 [
field. The electron TOF spectrurfopen circley observed i
using a 1.5 V/cm Stark pulse with the photon energy set at
15.7655 eV corresponding to the position of the Ag’)1
autoionizing Rydberg state is also shown in Fi¢g)2In this
spectrum, a small electron signal due to prompt electrons
was observed uniformly in time except in a window-e110 i
ns corresponding to the width of the dark gap, where essen- ol
tially no electrons were formed. i

The location of the TOF peak for PFI-PEs in the TOF P
spectrum depends on the height of the Stark pulse and the | (b) Ar PFI-PE
delay with respect to the beginning of the dark gap. These
parameters were adjusted so that the TOF peak for the PFI-
PEs fell in the middle of the 110-ns-TOF window where no
hot electrons were observed and thus achieved a clear sepa-
ration of prompt electrons from PFI-PEs. As a result, PFI-
PEs can be easily detected free from background prompt
electrons by setting a gate with a width corresponding to the
width of the TOF peak for PFI-PEs as shown in Fi¢c)2

The gating of the PFI-PE counts was done using a
LeCroy Model 622 coincidence unit. The timing or bunch- U S R
marker pulse from the ALS was a NIM pulse that wag4 15.755 15.760 15.765 15.770
ns wide. This pulse was typically shaped down to 4 ns using hv /eV
a Stanford Research Syster(BRS pulse generator. The FIG. 3. (&) TPE spectrum for Ar in the range 15.755-15.770 eV observed
PFI-PE signal arrived at the electron MSP was passed firgly collecting all electrons arrived at the electron MSP detector. The electron

through an amplifier and then a discriminator. The resultin TOF spectrometer was used as a steradiancy analy@e?FI-PE spectrum

. . Ar in the range 15.755-15.770 eV obtained using the TOF PFI-PE
PFI-PE S|gnal pUIse was further shaped using another SRQ%rlection scheme. The 2400 lines/mm was used. The monochromator

pulse generator to the range of 1-10 ns. In the present e¥ntrance/exit slits are set at 30/a6n for both(a) and (b) corresponding to
periment, the width of the shaped PFI-PE signal pulse was nominal wavelength resolution of 0.0192(AWHM).

typically set at 10 ns. The coincidence unit received the
shaped bunch-marker pulse and the shaped PFI-PE signal
pulse as inputs. We then changed the delay of the shapdd- RESULTS
PFI-PE signal pulse until it overlapped with the shaped
bunch-marker pulse. The coincidence unit only gave out an !n order to illustrate the superior performance of the
output pulse when the two pulses overlap. The minimum! OF PFI-PE scheme as compared to the previous synchro-
overlap between the two pulses is 1 ns. For a typical puls&on based PFI-PE methdf:**?*~*%n terms of the achiev-
width of 4 ns for the shaped bunch-marker pulse and that ofble resolution and prompt electron background suppression,
10 ns for the shaped electron signal pulse, the TOF resolwe show below the PFI-PE spectra for 4fPy),),
tion or effective gate width was 16 ns. Higher TOF resolu-Xe"(*P3;), and H(v*=0N") obtained using the TOF
tions down to 1 ns can be obtained, though this proved unPFI-PE method.
necessary due to the aQequate_ separation of electron TOFS$. pr|.pE bands for Ar +(2Py),) and Xe*(2Psy)
We have used a gate width varied in the range of 20—40 ns
and found that the increase of the PFI-PE counts was small. Figure 3a) depicts the photoelectron spectrum for Ar in
The prompt electron suppression efficiency decreases rapidifi€ region of 15.755-15.770 eV observed by collecting all
when the gate width was increased>td0 ns, in accordance electrons arriving at the electron MSP detector. In this case,
with the TOF spectra observed in FigcR We note that the the electron TOF spectrometer performed as a steradiancy
width of the PFI-PE TOF peak depends on the height an@nalyzer for TPE detection. The 2400 lines/mm grating was
width of the Stark pulse. used with monochromator entrance/exit slits set at 3g480

We found that even with lenses 11 and E1 hel@ & dc,  As expected, the spectrum shown in Figa)ds essentially a
field penetration from adjacent lenses 12 and E2 still allowedlPE spectrum exhibiting the characteristic hot electron tail.
for extraction of the prompt electrons toward the electronThe intensity of the autoionizing Ar(%1) Rydberg peak
detector with sufficient time separation for discrimination.[marked in Fig. 83)] is stronger than that of the A¢?P3,)
The TOF spectrum for prompt electrons observed with theT PE peak. The PFI-PE band for APP3),) depicted in Fig.
photon energy set at the Ar(4) autoionizing Rydberg state 3(b) was recorded using a nominal dc field of 0 V/cm across
using a nominal dc repeller field of 0 V/cm for the PI/PEX lenses 11 and E1 and a 1.5 V/cm pulsed electric field of 40 ns
region was similar to thafopen circles shown in Fig. Zc). duration for the PFI. As shown in Fig(l®, a near complete
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e . . . tron TOF analysis wit a 0 V/cm dc field, and a 1.5 V/cm pulsed field across
FIG. 4. (a) PFI-PE band for X&(*Pz;) (open circles obtained using @ g jnteraction region. The 4800 lines grating was used. The monochromator
pulsed field of 0.3 V/cm. A Gaussian fit obtained using a least-squares fit i3 rance/exit slits are set at 10/4n corresponding to a nominal resolution

also s_hown(line), revealing a FWZHM maximurr_1 of 100.2 Cmil-_(b) of 0.0064 A(FWHM), (b) using a hemispherical and steradiancy analyzer in
Experimental PFI-PE band for A(*P3;) (open circle$ obtained using @  tandem and a 0.67 V cnd pulsed field at a nominal wavelength resolution
pulsed field of 0.3 V/icm. A Gaussian fit obtained using a least-squares fit i o 048 A(FWHM).

also showr(line), revealing a FWHM of 1.8 0.3 cni %, The 4800 lines/mm
grating was used. The monochromator entrance/exit slits are set ata%/30 ) ) .
for both (a) and (b) corresponding to a nominal wavelength resolution of proved by operating the monochromator in second or third

0.0096 A(FWHM). order. Hence, the attainable resolution for this TOF PFI-PE
method can be further improved.

suppression of the Ar(Xl) was achieved. The actual inten-
sity at Ar(11s’) was <0.2% of the Af(?Py;,) intensity
when the above TOF gating scheme was incorporated. This The PFI-PE spectrum for H{X 22; ,v " =0) in the en-
is approximately 10 times better than previous results obergy range of 15.34-15.47 eV obtained using the TOF
tained using a hemispherical analyzer for PFI-PE dete¢fion. PFI-PE scheme wita 0 V/cm dc field at the PI/PEX region
As pointed out above, the previous PFI-PE detectiorand 1.5 V/cm Stark pulsed field is depicted in Figa)5
scheme using a hemispherical energy analyzer requires a sifsing the 2400 lines/mm grating and monochromator
ficiently high Stark pulse for attaining a high electron trans-entrance/exit slits sizes of 10/16m, the nominal wave-
mission. The relatively high Stark pulse required also limitslength resolution used was 0.0064(BAWHM). Figure 3b)
the attainable PFI-PE resolution. The transmission of PFIshows the H(X 22; ,v=0) spectrum in the same energy
PEs in this TOF selection scheme does not have a strongnge recorded previously using a tandem steradiancy—
dependence on the applied pulsed electric field. Figuf@s 4 hemispherical spectrometer at a nominal optical resolution of
and 4b) show the PFI-PE bands of X&Pj, and 0.048 A[see Fig. %)].2® We note that the actual resolution
Art(2P4,) in the regions of 12.128-12.131 and 15.758-is always lower than the nominal resolution. On the basis of
15.762 eV, respectively, measured using the TOF PFI-Plprevious measurements, we estimate that the actual resolu-
detection method. The pulsed field used in these measuréion for the spectra of Fig.(8) was 0.013 A FWHM, a factor
ments was~0.3 V/cm. The Gaussian fit to these PFI-PE of 2 lower than the nominal resolution. The actual resolution
spectra reveals a resolution of 1.0 ci(FWHM) for the  for the spectrum of Fig. ) was expected to be similar to
Xet(?Py,) bands and 1.9 cit (FWHM) for the Ar(?P3,)  the nominal resolution of 0.05 A FWHM. The pulsed electric
band. These resolutions are more than a factor of two bettdield used for recording the spectrum of Fighbwas 0.67
than the best resolutions recorded for these PFI-PE bands Wcm.
previous ALS experiments and are close to the best resolu- The positioning of rotational transitiondN(",J”) from
tion (0.8 cm't, FWHM) reported using VUV laser PFI-PE rotationalJ” levels for H, to rotationalN™ levels for H, are
techniques at=18 eV?’ The resolutions of these spectra aremarked in Figs. &) and 5b). By far the strongest peaks in
limited by both the VUV optical resolution and the pulsed these spectra are th@,1) transitions. The strength of this
field used. We expect that the optical resolution can be imtransition is shown to result from the coupling with a near-

B. PFI-PE band for H 7 (X?%; ,v*=0)
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resonance lowr Rydberg state converging to a high ioniza- sible to adjusted the height and width of the Stark electric
tion threshold® The resolution of the spectrum shown in field pulse such that the PFI-PEs formed in the PI/PEX re-
Fig. 5@) is better than that of Fig.(b). This is due in partto gion remain essentially monoenergetic as they travel toward
a better wavelength resolution used in the measurement d¢fie MSP detector. When this condition is fulfilled, the TOF
the spectrum of Fig. ®). In the previous experimeffwe  peak measured by the electron MSP detector is expected to
had examined the achievable resolution by using a highdoe narrow and be independent of the entrance and exit aper-
wavelength resolution and found that the observed PFI-PHEuires of the electron TOF spectrometer.
resolution could not be significantly improved because of One of the advantage of synchrotron based PFI-PE ex-
contamination by strong nearby autoionizing resonances gzeriments is that the measured effective lifetimes for high-
shown in Fig. Bb). In view of this previous exercise, we may Rydberg states are less susceptible to perturbation of ions
conclude that the higher resolution observed in Higd %8  due to the low ion density produced in a synchrotron
due partly to a better suppression of prompt electrons. Nearlgxperiment-82>2However, the maximum lifetimes that can
all the background peaks originating from strong autoioniz-oe measured by the previous synchrotron based PFI-PE
ing states seen in Fig(1» are suppressed in the spectrum of scheme is shown to be limited by the velocity of the neutral
Fig. 5@). Two exceptions are the peaks observed at 15.378ydberg species and the size of the acceptance aperture for
and 15.436 eV, which cannot be accounted for by direcPFI-PE detection®?>26For example, for an electron accep-
ionization processes. These correspond to relatively intengance zone defined by a circular aperture of 3 mm in diam-
autoionizing states observed in the photoionization crosster, a thermal Rydberg species of mass 30 amu is expected
sectiorf® and their observation here reflects the fact that supto move out of the acceptance zone in €. Thus, if the
pression of hot electrons is still not complete. effective lifetime for these high-Rydberg species i5-2.0

The strongestl,1) peaks of Figs. & and 3b) are nor-  us, it cannot be measured using the previous PFI-PE scheme.
malized to the same intensities. The relative intensities foSince the TOF PFI-PE detection scheme can be made using
other rotation transitions observed in Figapare weaker large entrance and exit apertures, this limitation for effective
than those resolved in Fig.(). Nevertheless, the relative lifetime measurements does not apply to this TOF PFI-PE
intensities for (N',J”) transitions observed in Figs(@® and  method.
5(b) are in reasonable agreement. Since the spectrum of Fig. In photoelectron—photoion coinciden@@EPICQ mea-
5(a) is essentially free from contamination of autoionizing surements, the extraction of the correlated photoion is often
resonances, it provides a more reliable measure for the relériggered by the arrival of the photoelectron to the electron
tive photoionization cross sections of the marked rotationatietector. If the TOF of the photoelectron is long, the corre-
transitions. Based on the FWHM of tti6,0) transition, we lated ion may move away from the ion detection zone and
estimate that the PFI-PE resolution for the spectrum of Figthus significantly lower the sensitivity of PEPICO measure-
5(a) is 2.5 cm * FWHM, significantly higher than=7 cm™*  ments. In the present TOF PFI-PE detection scheme, the use
FWHM attained in the spectrum of Fig(ly. The (0,2 and  of a short TOF spectrometer has shortened the electron TOF
(4,2 transitions, which completely overlap with the strongerfrom the PI/PEX region to the electron detector=&0 ns,
(3,3 and (3,1) transitions, respectively, in Fig.(h, are re- making it an attractive scheme for coincidence
solved into shoulder peaks in Figia. In the present experi- measurement¥.
ment, a doublet is observed at the position of (B&) tran-
sition. Furthermore, a shoulder peak is evident at the loOWACKNOWLEDGMENTS
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