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Single-photon zero-kinetic-energy pulsed-fie1d-ionization spectra have been measured for the 
v+=O and 1 levels of CO+ (X2~+) and the v+=O level of Nt (X2~:) by coherent XUV 
radiation. In spite of similarities in the electronic structure of CO and N2, the measured ion 
spectra show dramatically different intensities for the Q branches. These threshold spectra are 
interpreted on the basis of ab initio calculations of the ion rotational distributions. Agreement 
between the calculated and measured spectra is very encouraging. Improved values for the 
ionization potentials of CO (113 025.6 and 115 211.2± 1.5 cm- I for v+ =0 and 1, respectively) 
are reported and the unusual dynamics favoring AN < 0 transitions are discussed. The CO 
spectra show quite different behavior for the AN < 0 transitions for v+ =0 and v+ = I bands, 
which is interpreted in terms of the relative importance of rotational autoionization in the two 
bands. 

I. INTRODUCTION 

With the recent development of zero-kinetic-energy 
(ZEKE) photoelectron spectroscopy, based on the detec
tion of photoelectrons produced by delayed pulsed-field 
ionization (PFI) of very high Rydberg levels, it is now 
possible to exploit the narrow bandwidth of laser radiation 
to achieve sub-wave-number resolution in ion rovibronic 
state distributions. I

-
3 The unprecedented resolution of this 

technique has led to a surge of experimentall-8 and theo
retical7

-
11 activity aimed at understanding the highly state

resolved molecular photoelectron spectra which this tech
nique provides. Recently, Prattl2 and Chupka13 have 
presented detailed and insightful analyses of the technique 
including the unexpectedly long lifetimes of the very high 
lying Rydberg states that are pulsed field ionized and the 
role of different processes that contribute to the observed 
photoelectron signal. 

Originally exploited with resonance enhanced multi
photon ionization (REMPI), the technique has been ex
tended to single-photon ionization of the ground electronic 
states (02, OH, HCI, N2, H2, N20, H20, and H2S) of 
jet-cooled molecules by coherent vacuum ultraviolet 
(VUV) radiation.7,8,11,14-19 In this paper, we report PFI
ZEKE photoelectron spectra for single-photon ionization 
of rotationally cold N2 and CO molecules by coherent ex
treme ultraviolet (XUV) radiation. In spite of their similar
ities in electronic structure, the ion rotational distributions 
for these two systems can be expected to show some inter
esting differences due to the heteronuclear character of CO 
and the reSUlting richer angular momentum composition of 
its photoionization matrix elements. 

In CO, both v+ =0 and v+ = 1 levels of CO+ were 

')Contribution No. 8747. 

studied, while in N2, only the v+ =0 level of Nt was stud
ied. These threshold spectra are interpreted on the basis of 
ab initio calculations of the near-threshold ion rotational 
distributions. The agreement between calculated and mea
sured spectra is very encouraging. Differences seen in the 
calculated and measured ion rotational distributions for 
larger negative angular momentum changes (AN <0) in 
these photoelectron spectra suggest that these peaks are 

. 1 ... 58 15 16 enhanced by rotatlOna autolOnlZatlOn. " , 

II. EXPERIMENTAL DETAILS 

The apparatus used for these experiments has been de
scribed elsewhere20,21 and only a brief description will be 
given here. Our coherent light source for single-photon 
ionization of CO and N2 was based on four-wave sum
frequency mixing in pulsed jets of Kr or Xe. The laser 
system used to generate the coherent XUV was a pulsed 
dye laser system, with two dye lasers being pumped simul
taneously by one Nd:Y AG laser. The four-wave mixing 
process was resonantly enhanced with one of the dye lasers 
( VI) fixed at 2496 A, corresponding to a two-photon tran
sition in Xe, or 2126 A, corresponding to a two-photon 
resonance in Kr, while the other laser (V2) was tuned to 
the required wavelength. By focusing the two overlapped 
beams into a pulsed jet, XUV at the sum frequency (vxuv 
=2vI +V2) was generated. This XUV was separated from 
the fundamental and refocused by a normal incidence 
monochromator and intersected with a collimated pulsed 
supersonic beam. The intersection of the XUV and molec
ular beams defined an ionization volume which was located 
between the gold-mesh extraction grids of a double time
of-flight spectrometer. 

For the experiments described here, a 0.25 to 2.5 V 
pulse was applied to one of the extraction grids 1 f-Ls after 
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the XUV pulse, resulting in an ionizing field of 0.2-1.6 
V fcm. The field-ionized electrons were swept into the 
flight tube by the same pulsed field and detected by a chan
nel plate multiplier 25 cm from the ionization volume. By 
time gating the detection electronics on the field-ionized 
electron peak, it was possible to discriminate against all of 
the "prompt" photoelectrons. The pulsed-field-ionization
zero-kinetic-energy photoelectron (PFI-ZEKE) spectra 
were recorded by measuring the field ionization signal as a 
function of XUV wavelength and normalizing for the mea
sured XUV intensity, which did not vary significantly over 
the wavelength range used in this study. 

The visible laser wavelengths were calibrated using op
togalvanic spectroscopy or iodine vapor laser-induced flu
orescence. The absolute accuracy of the XUV photon en
ergy was estimated to be ± 1.5 cm- i . This uncertainty 
comes from the combined uncertainty for the two dye la
sers, which are calibrated in a separate run from the PFI
ZEKE experiment. With more careful laser calibration us
ing a monitor etalon along with simultaneous optogalvanic 
calibration, both being done at the same time as the PFI
ZEKE spectrum, this uncertainty could be reduced. The 
bandwidth of the XUV was measured by looking at sharp 
autoionizing resonances in Kr and was 1 cm -i for the 
spectra reported in this paper. To calibrate the shift in 
ionization potential due to the ionizing field, we measured 
the positions of the PFI-ZEKE thresholds as a function of 
the pulsed field and extrapolated to zero field. Because of 
the intense signals observed for the v+ =0 bands of both 
Nt and CO+, we recorded these spectra under varying 
conditions to check for saturation of the channel plate elec
tron detector. Some saturation was observed for conditions 
where the signal was maximized, but care was taken to 
record spectra at greatly reduced signal strength. For all of 
the spectra reported here, the intensities for the rotational 
lines were independent of XUV power. 

The molecular beams used were expansions of pure N2 
or CO from a pulsed source with a nozzle diameter of 0.5 
mm. Source pressures used were typically 1-2 atm. The 
supersonic beam was collimated by a 0.5 mm skimmer and 
crossed by the XUV beam about 10 cm from the nozzle. 
Under these conditions, we estimate the rotational temper
ature to be about 8 K based on REMPI experiments on 
NO under similar conditions,22 analysis of the rotational 
structure for Rydberg resonances observed in the total ion
ization cross section of N2, and the present theoretical 
analysis. 

III. THEORY AND NUMERICAL DETAILS 

A. Theory 

The general theory of molecular photoionization pro
cesses used in the present studies has been described pre
viously.23,24 Here we present just a very brief outline of 
some essential features of our procedure as it is used to 
obtain the rotationally resolved photoelectron distributions 
of interest here. Under collision-free conditions, ionization 
originating from each of the (2Jo+ 1) magnetic sublevels 
of the initial state forms an independent channel. There-

fore, the total cross section ()" for ionization of a J level of 
the initial state leading to a J+ level of the ion can be 
written as24 

(1) 

where PM.#J is the population of a specific M J level of the 
initial state. The coefficients Clm (M JM J+) of Eq. (1) are 
related to the probability for photoionization of the M J 

level of the initial state leading to the M J+ level of the ionic 
state. An expression for Clm (M JM J+) which explicitly 
considers the spin coupling associated with multiplet
specific final-state wave functions and a Hund's case (b) 
coupling scheme for the initial and ionic states has been 
given by Wang and McKoy.24 For the branching ratios of 
interest here, the constant implied in Eq. (1) is unimpor
tant and will be suppressed. 

A central quantity in these studies is the matrix ele
ment for photoejection of an electron from a bound molec
ular orbital ifJi into a photoelectron continuum orbital 
wj;k) (r). Here k is the momentum of the photoelectron 
and (-) denotes incoming-wave boundary conditions. 
The partial wave components 1/lLt;,{ of wj;k) (r) ar~ defined 
by an expansion in spherical harmonics about k of the 
photoelectron 

wj;k) (r) = (~) 1/2 ~ i l1/lkfu.) (r) YTmd~). (2) 

Single-center expansions of 1/lLh,( (r) and ifJi(r'), e.g., 

(3) 

define partial wave photoelectron matrix elements Ijf in 
the molecular frame for ionization out of orbital ifJi(r'), 
i.e., 

IJf= ft (glm,I'A. (k,r) YI'A.(r') I rYijL(r') lifJilo(r) Ylo,A.o(r'», 
, 0 

(4) 

where fL is the photon polarization index in the molecular 
frame, m and A. are the projections of 1 in the laboratory 
and molecular frames, respectively, and IiI~A. is a rota
tional matrix in Edmonds' notation.25 Equation (4) reveals 
an important tiiiderlying dynamical aspect of molecular 
photoelectron wave functions. Whereas only 1=1' terms 
are allowed in Eq. (4) for the central fields of atomic sys
tems, where the angular momentum of the photoelectron 
must be conserved, 1=1=1' terms arise in Eq. (4) due to the 
nonspherical potential fields of molecular ions. This angu
lar momentum coupling between partial waves 1 and l' is 
brought about by the torques associated with the molecular 
ion potential and makes a molecular photoelectron orbital 
an admixture of angular momentum components. These 
angular-momentum changing collisions between the pho
toelectron and molecular ion play a crucial role in rota
tionally resolved molecular photoelectron spectra. The use 
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of molecular photoelectron orbitals which correctly incor
porate such angular momentum coupling is essential at the 
low photoelectron energies of interest here. 

B. Numerical details 

The ground state wave functions of CO and N2 used 
here are obtained at the self-consistent-field (SCF) level. 
For CO, we used a basis of (9s5p/5s3p) contracted Carte
sian Gaussian functions of Dunning26 augmented with one 
s, one p, and two d polarization functions centered on the 
nuclei (with exponents 0.075, 0.055, 0.95, and 0.25, respec
tively, on carbon, and 0.085, 0.065, 0.95, and 0.25, respec
tively, on oxygen). The total SCF energy in this basis was 
-112.777839 a.u. at the equilibrium internuclear distance 
of Re= 2. 1322ao .26 The single-center expansion of the 50" 
orbital around the center of mass gives 45.45% s, 24.12% 
p, 25.23% d, 2.69% j, 1.26% g (/0=4), and 0.68% h 
(/0=5) character at Re. The angular momentum compo
sition of the 50" orbital evolves gradually from a predomi
nant 3s and 3p admixture at smaller internuclear distance 
to a dominant 3s and 3d character at larger R. For exam
ple, the 50" orbital has 41.51% s, 47.18% p, 8.69% d, 
1.89% j, 0.22% g (/0=4), and 0.32% h (/0=5) character 
at R= 1.5ao and 40.78% s, 5.98% p, 42.59% d, 3.05% j, 
5.72% g (/0=4), and O.SI % h (/0=5) character at 
R=3.0ao. The vibrational wave functions for the X l~+ 
ground state of CO and the X 2~+ ground state of CO+ 
were obtained by numerical integration over a range of 
1.0<R<5.0ao' We used the Rydberg-Klein-Rees (RKR) 
potential curves of Tobias et ai. 27 for CO and those of 
Singh and Rai28 for CO+. The photoelectron matrix ele
ments for each vibrational transition are further averaged 
over 12 internuclear distances between 1.5 and 3.5ao. 

For the SCF wave functions of N2, we used a basis of 
(9s5p/4s3p) contracted Cartesian Gaussian functions of 
Dunning26 augmented with one s (a=O.OS), one p (a 
=0.075), and two d (a= 1.4836 and 0.4691) polarization 
functions centered on the nitrogen atom, and two s, two p, 
and two d functions at the center of mass with exponents 
0.12 and 0.045 for the sand p functions, and 0.12 and 0.025 
for the d functions. The total SCF energy in this basis was 
-108.975 916 a.u. at the equilibrium internuclear distance 
of Re=2.0743ao.29 The single-center expansion of the 30"g 
orbital around the center of-mass has 55.53% s, 41.01 % d, 
3.09% g (/0=4), and 0.28% i (/0=6) character at Re. The 
30"g orbital changes slowly from a predominant 3s charac
ter at smaller R (e.g., 66.33% sand 32.06% d at 
R= 1.6ao) to an equal admixture of sand d waves at larger 
R (e.g., 43.26% sand 47.24% d at R=3.0ao). 

For the final state, we assume a frozen-core Hartree
Fock model in which the core orbitals are taken to be those 
of the ion and the photoelectron orbital is obtained as a 
solution of a one-electron Schr6dinger equation containing 
the Hartree-Fock potential of the molecular ion Vion(r,R), 
i.e., 

(5) 

10 

i 
i 5 fpl/J 

1 
(f) 

r;:: 
Cl.. 

0 

-10 -5 0 5 

XlN Offset (em-I) 

FIG. 1. The PFI-ZEKE spectrum ofKr around the Kr+ CZPI/2 ) limit for 
different ionizing fields. The limit marked on the figure is the result of the 
extrapolation to zero field shown in Fig. 2. 

where k?-/2 is the kinetic energy of the photoelectron. To 
obtain the partial wave photoelectron orbitals t/J~I;J, we use 
an iterative procedure, based on the Schwinger variational 
principle, to solve the Lippmann-Schwinger equation as
sociated with Eq. (5).30 Three iterations provided highly 
converged solutions for the molecular photoelectron orbit
als used here. Further details of calculations can be found 
in Refs. 30 and 31. 

IV. RESULTS AND DISCUSSION 

These experiments provide a direct measurement of 
the ionization potential of CO. To do this accurately, we 
measured the PFI-ZEKE spectrum of CO in the region of 
the lowest ionization threshold and also calibrated the ap
paratus through a study of Kr ionization. The line shape 
for the PFI-ZEKE spectrum around the Kr+ePl/2) 

threshold as a function of pulsed-field strength is shown in 
Fig. 1. A plot of the shifted ionization threshold as a func
tion of the square root of the ionizing field is given in Fig. 
2. The resulting extrapolated zero-field-ionization potential 
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's 
,£ 

0 
00 

~ ...... ...... 

J 

6 

, 
5 

, , 

4 

3 

2 

1 

, , , 
...... , , 

~ 
"- , , , , , 

~, , , , , , , 
"Ji 

OL..o....-"--,-.w.....L-L.J...............,w...L-L-J....!....L-L..J....l....L-L-.J....i--,-,'---'--' 

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 

VE ((V/em)I/2) 

FIG. 2. The PFI threshold for Kr plotted as a function of the square root 
of the ionizing field. The line is the fit to the data. 
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FIG. 3. (a) Measured and (b) calculated PFI-ZEKE photoelectron spec
tra for single-photon ionization of rotationally cold CO (Xll;+, v"=O) 
by coherent XUV radiation leading to CO+ (X2l;+, v+=O). The calcu
lated spectrum assumes a temperature of 8 K and is convoluted with a 
Gaussian detection function with an FWHM of 2 cm -I. 

is the same as the literature value within experimental ac
curacy.32 The line shapes for isolated rotational lines of CO 
and N2 were identical to those for K.r recorded at the same 
ionizing field, and thus the same extrapolation could be 
used for the PFI-ZEKE spectra of CO and N2. The lack of 
PFI signal at the actual field-free ionization threshold is 
caused by small stray fields in the ionization region, esti
mated to be on the order of 20 m V / cm. 

The measured PFI-ZEKE spectrum for CO+ (v+=O) 
is shown in Fig. 3(a). This spectrum was recorded using a 
0.4 V /cm pulsed-ionization field with a 1 f-Ls delay after the 
XUV pulse. Under these conditions, there is a shift of 
-2.8 cm- I for the measured PFI-ZEKE peak centers and 
the zero-field thresholds. Taking this into account, the 
measured CO+ [X2~+ (v+=O, J+=1!2, N+=O)]....-CO 
[X I~+ (v" =0, J" =N" =0)] transition energy is 
113 025.6 ± 1.5 cm -1. This value is in excellent agreement 
with a recently obtained value of 113 027±2 cm- I by ex
trapolation of Rydberg series.33 Because of rotational cool
ing, only transitions from N" =0, 1, and 2 have significant 
intensity. The relative intensities of the rotational lines 
were found to be extremely reproducible and did not vary 
with ionizing field strength or time delay for the ionizing 
pulse. 

Figure 3(b) shows the calculated PFI-ZEKE photo
electron spectrum for single-photon ionization of rotation
ally cold CO (X I~+, v"=O) molecules. The calculated 

. ibn rotational distribution assumes a temperature of 8 K. 
This spectrum was calculated for a photoelectron energy of 
50 meV and convoluted with a Gaussian detection function 
with a full-width at half-maximum (FWHM) of 2 cm -1. 

The letter designation on each branch refers only to the 
change of angular momentum apart from spin (I::l.N=N+ 
-N"). The agreement between these calculated and mea
sured rotational branching ratios is very encouraging ex
cept for the Q (I::l.N=O) branches. Although the Q 
(N" = 0-3) branches are the strongest in both spectra, the 
calculafed spectral intensity is about ten times larger than 
that of the R ( 1) transition. This behavior is indicated by 
the broken scale in Fig. 3 (b). These intense Q branches 
arise from the dominant 1= I partial wave contribution to 
the photoelectron matrix element reflecting the 45% sand 
25% d character of the 50" orbital and the parity selection 
rule of aN +1=oddy,24,34,3s Another factor which also 
enhances the Q branches significantly is that these 
branches are much denser than the spectral resolution due 
to the small difference in rotational constants between the 
ground states of CO and CO+. Note that the same photo
electron matrix elements are used in the calculation of the 
spectral intensities of the Q and other branches. The origin 
of this disagreement between the measured and calculated 
spectra is not yet clear. Peaks corresponding to the N ( 4 ) , 
o ( 4 ), and N ( 3) transitions l!re seen in the low energy side 
of the measured spectrum. The calculated spectrum shows 
no positive or negative aN peaks for transitions out of the 
N" = 4 level due to the vanishingly small population in this 
level at the temperature of 8 K assumed here. The presence 
of N( 4) and 0(4) peaks in the measured spectrum shows 
that, in fact, this N" =4 level has a nonvanishing popula
tion under the actual conditions of the experiment. 

The calculated spectral intensity of the 0 (2) (I::l.N = 
-2) branch is about half that of the 3(2) (I::l.N=2) 
branch, while these branches have almost the same inten
sities in the measured spectra of Fig. 3(a). Similar behav
ior favoring negative aN transitions is also seen in the 
N(4), 0(4), N(3), and 0(3) branches in the measured 
spectrum. Such enhancement of negative I::l.N branches 
over their positive counterparts has also been seen in the 
threshold photoionization spectra of N20 (Ref. 15), OH 
(Ref. 8), and HCI (Refs. 15 and 16) and in the threshold 
photoelectron spectra for (1 + 1') REMPI of NO via the 
A 2~ + (3sO") Rydberg state.6,36,37 A field-induced autoion
ization mechanism involving the interaction of high-n Ry
dberg states (n> 150) with lower-n levels (20 < n < 80) 
converging to higher rotational thresholds of the cation has 
successfully accounted for this behavior. IS 

Figure 4(a) shows the measured and Fig. 4(b) shows 
the calculated PFI-ZEKE spectra for single-photon ioniza
tion of rotationally cold CO (X 1 ~ +, v" = 0) molecules by 
coherent XUV radiation leading to the v+ = 1 level of CO+ 
(X 2~ +). One major difference between the spectra shown 
is that the overall intensity for the v+ = 1 band is about 30 
times lower than the v+ =0 band at the same XUV power. 
These calculated and measured spectral profiles are gener
ally similar to those for CO+ (v+ =0) of Fig. 3. This 
behavior is entirely expected for these low vibrational lev-
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FIG. 4. (a) Measured and (b) calculated PFI-ZEKE photoelectron spec
tra for single-photon ionization of rotationally cold CO (X I~+, v" =0) 
by coherent XUV radiation leading to Co+ eX 2~+, v+ = 1). The calcu
lated spectrum assumes a temperature of 8 K and is convoluted with a 
Gaussian detection function with an FWHM of 2 cm -I. 

els where the photoelectron matrix element does not de
pend On internuclear distance. However, these rotational 
distributions should depend on a vibrational level for 
higher levels due to the evolution of the 50' orbital from a 
predominant 3s and 3p character at smaller R to a domi
nant 3s and 3d admixture at larger R and the subsequent 
dependence of the photoionization matrix element On R. In 
spite of the similarities between the spectra of Figs. 3 and 
4 for v+ =0 and v+ = 1, respectively, some differences are 
worth noting. The most significant difference between ro
tationalline intensities for the v+ =0 and the v+ = 1 bands 
is that the negative AN lines, such as the Nand 0 branch 
lines, are not seen in the v+ = 1 band. This is not surprising 
if the mechanism for the added intensity is field-induced 
(or forced) rotational autoionization from lower principal 
quantum number Rydberg states.38 Such states at energies 
above the v+ =0 limit can decay by other processes, such 
as vibrational autoionization, and are thus not long enough 
lived to be ionized by the pulsed field. There are other less 
significant differences in rotational line intensities, such as 
the difference in the relative strengths of the Q branch and 
R ( 1) line in the two bands. However, based On peak areas, 
the Q branch is only 25% more intense in the v+ = 1 spec
trum. Similarly, the relative importance of the T(O) and 
S(1) lines reverses in the two bands. In both cases, how
ever, they have roughly equal intensities, so this is not a 
major difference. 
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FIG. 5. (a) Measured and (b) calculated PFI-ZEKE photoelectron spec
tra for single-photon ionization of rotationally cold N2 eX I~:, v" =0) by 
coherent XUV radiation leading to Nt eX 2~:, v+ =0). The calculated 
spectrum assumes a temperature of 8 K and is convoluted with a Gauss
ian detection function with an FWHM of 2.7 cm -I. 

Figure 5(a) shows the measured and Fig. 5(b) shows 
the calculated PFI-ZEKE photoelectron spectra for single
photon ionization of rotationally cold N2 (X 12,:, v" =0) 
molecules by coherent XUV radiation leading to the v+ =0 
level of Nt (X 22,:). Again, the calculated spectrum as
sumes a temperature of 8 K and a photoelectron energy of 
50 meV and is convoluted with a Gaussian detection func
tion with a FWHM of2.7 cm- I

. Nuclear spin statistics are 
also taken into account in determining the populations of 
the rotational levels of N2 • The agreement between the 
calculated and measured spectra is excellent except for the 
o branches. It is again appal'ent that the abnormal inten
sities of these 0 branches with negative IlN (IlN = - 2) 
seen in the measured spectrum must arise from rotational 
autoionizationY Note that nO IlN=odd (N, P, R, or T 
branch) transitions occur in single-photon ionization of 
the 30'g orbital of the X 12,: ground state ofN2 in both the 
measured and calculated spectra. However, these IlN 
= odd branches are quite prominent in the photoelectron 
spectra of the 50' orbital of the X 12, + state of CO (Figs. 3 
and 4). According to the simple selection rule of IlN + I 
= odd,23,24,34,35 these IlN = odd transitions must arise from 
even partial wave contributions to the photoelectron ma
trix elements. Since the 30'g orbital of N2 has only even 
partial wave character, the photoelectron matrix element 
has odd partial wave components for single-photon ioniza
tion of this orbital and, hence, nO IlN = odd transitions can 
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occur. The experimental results on jet cooled N2 are in 
good agreement with earlier results of Merkt and Softley,19 
who recorded the PFI-ZEKE spectrum of room tempera
ture N2 and also found the intensity of the Q branch to be 
more than an order of magnitude stronger than the S 
branch. 

Another significant differenc.e between the calculated 
and measured PFI-ZEKE spectra of Figs. 3 and 5 concerns 
the intensities of the Q branches relative to other branches 
such as the S(O) branch for N2 and CO. The measured N2 
PFI-ZEKE spectrum shows a much larger Q to S branch 
intensity ratio than for CO. This is in contrast to the cal
culated spectra where these branch intensity ratios are 
comparable for N2 and CO. Since the even partial wave 
content of the 50' orbital of CO and the 3ag orbital of N2 
are quite similar, we do not expect the underlying photo
ionization dynamics of these orbitals to differ significantly. 
This is the case in the calculated spectra. To provide some 
further insight into the underlying photoelectron dynamics 
of this PFI process, we compare the angular momentum 
compositions of the photoelectron matrix element for both 
cases. The partial wave components of the photoelectron 
matrix element Ifl' of Eq. (4) for single-photon ionization 
of CO, at a kinetic energy of 50 meV, are 0.0545, 0.7467, 
0.3987, 0.050, and 0.0124 for [=0-4, respectively, in the 
ka channel, and 0.4580, 0.0721, 0.0820, and 0.0108 for 
[= 1-4, respectively, in the k1T channeL The partial wave 
components for single-photon ionization of N2 are 0.7991 
and 0.1873 for [= 1 and 3, respectively, in the kau channel 
and 0.5322 and 0.1285 for 1= 1 and 3, respectively, in the 
k1Tu channeL Clearly, odd (1=1 and 3) partial wave com
ponents are dominant in both cases, and these components 
are responsible for the most intense Q branches. The d 
wave of the ka channel for photoionization of CO is also 
important for the b.N =odd transitions due to the 24% p 
character of the 50' orbital. 

The reason for this disagreement between the ab initio 
intensities and the measured intensities for CO is not clear. 
This disagreement is especially intriguing since while the 
relative intensity of the Q branch is not well predicted, all 
other branches in the CO spectrum are reproduced very 
well by theory. As expected from previous PFI-ZEKE 
work, the intensities of the negative ilN branches in the 
v+ =0 bands of N2 and CO show the effect of field-induced 
rotational autoionization, which is absent in the CO v+ = 1 
spectrum. 

One possible significant difference between CO and N2 
is the presence of strong autoionizing resonances at both 
the v+=O and v+=1 thresholds in CO. We have investi
gated these resonances by looking at the total photoioniza
tion cross section for jet-cooled CO. For both v+ =0 and 
v+ = 1, there are strong peaks exactly at threshold, with 
widths slightly larger than the PFI-ZEKE bands shown in 
Figs. 3 and 4. Existence of such resonances can affect the 
rotational line strengths through a complex resonance in
teraction,18,21 but it is not clear how this could selectively 
reduce the Q branch lines (or selectively enhance the other 
branches). More theoretical studies are needed to under
stand the possible interactions with lower principal quan-

tum number Rydberg states and the effects of these inter
actions on rotational line strengths. 
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