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Rotationally resolved photoehtron angular distributions are reported for the two-color, two-photon process NO X ‘lI (u,=O, 
Jg=17.5)+hv,+N0 D%+ (u-0, N=18)+hv,+NO+ X1X+ (v+ = 0, N + ) +e-. The positive and negative MT transitions 
(AN= N + -N) for the same value of 1 ANI markedly differ iu intensity and angular distribution. This observation indicates a 
strong energy dependence of the dynamical parameters that govern the photoionization of the NO D state and is consistent with 
the existence of a Cooper minimum in the 3po+m (I= 2) channel of the ionization continuum. 

1. IntrlnluctiolI 

Recent advances in experimental technique have 
allowed the resolution of individual quantum levels 
of small molecular ions produced by photoionization 
[ l-l 01. In particular, optically oriented or aligned 
diatomic molecules in a specific rovibrational level 
can now be photoionized using resonance-enhanced 
multiphoton ionization (REMPI), and the resulting 
photoelectron angular distributions (PADS) associ- 
ated with the production of each rovibrational level 
of the ion can be measured. Although this procedure 
has been applied so far only to the photoionization of 
the NO A 2Z’ state, such experiments yield a nearly 
complete description of the photoionization dynam- 
ics [a-lo]. We report in this Letter the extension of 
this technique to the photoionization of the NO D 2C+ 
state. 

Photoionization of the NO D21;+ state has re- 
ceived considerable attention, both experimentally 
and theoretically [ 2,11- 14 1. The first (partially) ro- 
tationally resolved photoelectron spectra of the NO 
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D state were reported by Reilly and co-workers [ 21 
who employed (2 + 1) REMPI. Using ( 1 + 1’) 
REMPI, the same group, in collaboration with 
McKay and co-workers [ 13 1, also reported rotation- 
ally resolved photoelectron spectra of the NO D state 
as a function of photoelectron kinetic energy; they 
observed a strong dependence of ion rotational 
branching ratios on kinetic energy of the photoelec- 
tron. They also observed an anomalously large Ahr= 0 
peak in their experimental spectrum at a photoeleo 
tron energy of 330 meV, which they attributed to the 
‘dynamic’ coupling between the NO A ‘C+ (v=4) 
and D 2X+ (u= 0) states. In a subsequent theoretical 
study, Wang, Stephens, and McKay [ 141 attributed 
the energy dependence of the ion rotational branch- 
ing ratios and the large AjV= 0 peak observed in pho- 
toionization of the NO D state to Cooper minima in 
the photoionization process. 

The Cooper minimum, which is a well-known phe- 
nomenon in atomic photoionization [ 15,161, refers 
to a vanishing of the electronic dipole matrix element 
that connects the state being ionized to a partial wave 
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in the ionization continuum. The possible signiti- 
cance of this energy-dependent dynamical phenom- 
enon in molecular photoionization was first dis- 
cussed by Chupka [ 17 1. McKay and co-workers [ 18 ] 
subsequently showed through a series of theoretical 
calculations that Cooper minima are widespread 
phenomena in excited-state molecular photoioniza- 
tion. The existence of Cooper minima has been in- 
voked to explain the features in rotationally resolved 
photoelectron spectra of several molecules, such as 
theOHD*Z-state[19]andtheNHf111state[20]. 
A Cooper minimum has also been identified in the 
Rydberg-Rydberg transitions of NO [ 2 11. 

In the present study, we report rotationally re- 
solved PADS using ( 1 + 1’) REMPI through the NO 
D *Z+ (v=O, N= 18) level. This investigation ex- 
tends the study of Reilly and co-workers [ 13 1. We 
probe a photoelectron energy region around 2 10 meV 
that differs from that in the previous studies ( > 330 
meV), and we obtain significantly better photoelec- 
tron energy resolution than in earlier work. In addi- 
tion, the fully rotationally resolved PADS obtained in 
this study enable us to determine detailed informa- 
tion about photoionization dynamics, including the 
angle-integrated relative cross section for each ion 
rotational level. 

2. Experimental 

The experimental apparatus is described in detail 
elsewhere [ 6,7 1. Only points pertinent to this exper- 
iment are described here. The essence of our time-of- 
flight (TOF) photoelectron spectrometer is a mag- 
netically shielded, field-free tlight tube. The photo- 
electrons are produced by intersecting a molecular 
beam of NO with two counterpropagating laser beams 
at right angles. The photoelectrons ejected in the di- 
rection mutually orthogonal to the laser beams and 
the molecular beam are detected using a microchan- 
nel plate located 5 1 cm from the intersection region. 

The two colors Ii and A2 were generated from 
Nd: YAG pumped pulsed dye lasers (DCR-1 A and 
PDGl, GCR-3 and PDL3; Spectra Physics) oper- 
ating at a repetition rate of 10 Hz. The excitation color 
(A, = 187.1 nm) was produced by focusing the fre- 
quency-doubled output (306.2 nm) of the dye laser 
(PDG1) into a hydrogen Raman cell and selecting 

the fifth anti-Stokes order using a single-crystal quartz 
Pellin-Broca prism. More than 15 pJ/pulse of 187.1 
nm light was obtained by focusing x 11 mJ/pulse of 
306.2 nm light into the hydrogen Raman cell (80 psi) 
using a 50 cm focal length lens. The ionization color 
(&= 428 nm ) was obtained from the dye laser (PDG 
3) directly. Because the lifetime of the NO D state is 
approximately 20 ns [ 22,23 1, the time delay between 
the excitation and ionization laser beams was set to 
be less than 10 ns. 

To assign the rotational transitions in the NO 
D *x+-X *H (O-O) band, we performed a wave- 
length scan in the NO gas cell by collecting the ions 
produced in the one-color ( 1 + 1) REMPI process by 
Ai. As noted earlier [ 13,241, the gas-cell spectrum 
obtained near 187 nm is congested because both the 
NOD*E+-X*H (O-O) andtheNOA*Z+-X*II (4- 
0) vibrational bands appear in this region. The spec- 
trum could be assigned, however, using the known 
spectroscopic constants of the two transitions [ 25 1. 
The assignment was further clarified by performing 
the wavelength scan of a selected region of the spec- 
trum in the photoelectron spectrometer where the 
above two colors, A, and d2, were used to effect pho- 
toionization. In this scan, only photoelectrons pro- 
duced from the two-color ( 1 + 1’) REMPI process 
were collected based on their TGF to obtain the spec- 
trum. Because the photon energy of the second color 
(A,) is well below that needed to ionize the NO A *E+ 
(v= 4), the spectrum obtained from the photoelec- 
tron spectrometer shows only the NO D *Z+-X *II 
(O-O) band, thereby facilitating the assignment. 

After the spectrum was assigned, the excitation light 
was tuned to the Q2, + R, ( 17.5 ) transition in the NO 
D *x+-X *H (O-O) band to record photoelectron 
spectra. The energies of the excitation and ionization 
laser beams were e.300 nJ and ~200 pJ, respec- 
tively. Under the conditions in this study, we ob- 
served less than 2 photoelectrons per 10 laser shots, 
and space-charge distortion was negligible. The mea- 
surement of photoelectron counts versus excitation 
and ionization laser powers demonstrated no detect- 
able saturation of either excitation or ionization 
transitions. Both the excitation and the ionization 
laser beams were passed through zeroth-order quartz 
half-wave plates (Special Optics) mounted on step- 
per-motor-driven rotation stages that allowed inde- 
pendently rotatable polarizations. In the experiment 
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reported here, the photoelectrons were found to be 
retarded by k: 10 meV caused by stray electric or 
magnetic fields. This retardation did not affect, how- 
ever, either the detection efficiency for photoelec- 
trons or the PAD measurements [ lo]. Our TOF 
spectrometer gave an energy resolution of k: 2 meV, 
which is sufficient to resolve single rotational levels 
of NO+ for values of N + B 10. 

Fig. 1 shows a typical photoelectron TOF spec- 
trum. Seven fully resolved photoelectron peaks, which 
correspond to production of ions in different rota- 
tional levels of NO+ X 97 (v+ =O), are clearly dis- 
cernible. Each peak is denoted by AN= N + -N, which 
is the difference between the rotational quantum 
number of the ion and that of the NO D state. In Fig. 
1, the strong asymmetry in intensities for AZV> 0 and 
AN<0 transitions with the same IAN] is clearly ap- 
parent. This asymmetry cannot be attributed to ex- 
perimental artifacts such as the change in detection 
efficiency as a function of photoelectron energy. In 
Fig. 1, the AN= + 1 peak is more intense than the 
AN= - 1 peak, whereas the reverse is true for the 
AN= + 3 peak compared with the AN= - 3 peak. In 
the TOF spectrometer, the kinetic energy discrimi- 
nation of photoelectron detection is most likely 
against slower photoelectrons. The study of photo- 
electron counts as a function of photoionization laser 
wavelength showed, however, no detector bias as the 

r 
AN-+%- +1 +2 +3 

v 1 

0 
2oco 2400 

time of flight (na) 

Fig. 1. The time-of-flight photoelectron spectrum of the (I+ 1’) 
REMPIprocessNOX*H (us=0,J,=17.5)+hvr+D2Z+ (u-0, 
N=18)+hvz-+NO+X’2;+ (v+=O,N+)+e-.ThelinearpoIar- 
ization vectors of the excitation and ionization laser beams are 
parallel to the detection axis so that B=o” and f&=0”. The full 
width at half-maximum of each peak is ~2 meV. Here, 
AN=N+-N. 

photoelectron energy is varied. The study of photo- 
electron spectra as a function of ionization laser 
wavelength also showed that the observed photoelec- 
tron spectra do not result from sharp autoionization 
resonances embedded in the ionization continuum. 
Although we cannot exclude the possibility that broad 
resonances in the ionization continuum may be ex- 
cited in the ionization step, we believe that the 
photoelectron spectrum presented in Fig. 1 is perti- 
nent to the direct photoionization of the NO D state. 

The rotationally resolved PADS shown in Fig. 2 
were obtained by rotating simultaneously the linear 
polarization vectors of the excitation and ionization 
lasers. Each PAD represents the result of 35000 laser 
shots per waveplate position, i.e. per detection angle 
0, and includes nine angles that span two quadrants 

epoo 

AR=-3 
&=46 

AN=-1 
Boo=67 

AR=0 
/300=49 

AR=+1 
&J’loo 

AN=+3 
B~‘40 0 0 . ’ 

B’@J=40 

B’Qa’55 

B’#JfJ=39 

pro=79 

B’m’35 

Fig. 2. Polar plots of the PADS for 8r = 0” and 8r= 99’, in which 
the linear polarization vector of the ionizing radiation is along 
the vertical direction. The error bars represent 2a uncertainties. 
ThesolidlinesareresultsofthefittoEqs. (2) and (4) (seeTa- 
ble 1). The angle-integrated relative cross sections, j&,, (or /Kbo ), 
obtained from the tit are listed with the PADS. The dotted lines 
are results of the nonlinear-least-squares tit to the model under 
the assumption that the dynamical parameters are energy inde- 
pendent (see text). The scaling of both fit results to the experi- 
mental PADS is performed such that the total ionization cross 
section is equal for all cases. 
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from 0” to 180”. The experiment was performed with 
two different angles & held between the excitation- 
and ionization-laser polarization vectors: &= 0” and 
&= 90”. The symmetry of these experimental geom- 
etries dictates that the photoelectron intensities ob- 
servedat eand 180”-eshouldbethesame [26]. The 
experimentally determined PADS showed, however, 
that the photoelectron intensities in the second quad- 
rants were up to 10% larger than those in the first 
quadrants. This difference in intensities can be at- 
tributed to systematic errors that result from the im- 
perfect polarization quality of the laser beams and 
from the minor deviations in the beam paths that arise 
from rotation of the wave plates [ lo]. Although great 
care was taken to reduce these systematic errors, they 
could not be eliminated entirely in our experiment 
because we used 187 nm light that is easily absorbed 
by the optics. To compensate for the observed sys- 
tematic errors, we averaged the photoelectron inten- 
sities at 8 and 180” - 0 to give a photoelectron inten- 
sity at 8 (Fig. 2). This procedure did not affect the 
angle-integrated relative cross section of each AV. The 
error bars in Fig. 2 account for both the background 
photoelectron counts and the statistical error associ- 
ated with the photoelectron counting [ lo]. 

3. Results and discussion 

In Fig. 1 we show a typical two-color TOF photo- 
electron spectrum obtained by exciting the 
Q21+RL(17.5)transitionintheNOD2C+-X211 (O- 
0) band. Several salient features are immediately ap- 
parent from this spectrum. Seven peaks appear in the 
spectrum, each of which can be assigned to a single 
rotational level of the NO ‘Z+ (v+ ~0) ion. The 
photoelectron spectrum is dominated by AiV= + 1 
peaks. The spectrum also shows an intense AIv=O 
peak, LU?= f 3 peaks, and small Ahr= _+2 peaks. 
Within the experimental signal-to-noise ratio, peaks 
with 1 AIVI > 3 are not observed. The most striking 
feature of the spectrum shown in Fig. 1 is the strong 
asymmetry in intensities of the Ahr= + 1 and AN= - 1 
peaks. Similar asymmetry was observed by Song et 
al. [ 131 at a somewhat different photoelectron en- 
ergy of x330 meV. As described in section 2, this 
asymmetry cannot be attributed to experimental ar- 
tifacts. The asymmetry in intensities for the same 

1 ml peaks have not been observed in photoioniza- 
tion of the NO A 2Z+ state, which was extensively 
studied in our laboratory [ 6,7,9,10]. 

The D 2E+ (3~0) state of NO is the first member 
of the npo Rydberg series. According to a quantum- 
mechanical calculation using the improved virtual 
orbital method [ 141, the single-center expansion of 
the 3po orbital around the center-of-mass of the mol- 
ecule yields almost pure p character ( x 99%). Thus, 
the photoionization selection rule, 1= &+ 1, for an 
atomic system where I0 is a partial-wave component 
of the Rydberg electron predicts the dominant pro- 
duction of s and d waves in the photoionization pro- 
cess of the NO D state. When this propensity is com- 
bined with the photoionization selection rule 
M+ I= odd, which holds for a Z-Z ionizing transi- 
tion [27,28], we would expect the appearance of 
strong Ahr= + 1 and AN= + 3 peaks, as is observed 
in the experimental photoelectron spectrum. On the 
other hand, the presence of AjV= 0, + 2 peaks associ- 
ated with the production of odd partial waves in the 
ionization continuum cannot be explained by the at- 
omlike behavior and clearly indicates the molecular 
nature of the photoionization process under study. 
Because the potential that a photoelectron experi- 
ences near the molecular ion is not spherically sym- 
metric as in atomic photoionization, the orbital an- 
gular momentum quantum number I of the 
photoelectron is not a good quantum number near 
the ion-core. For this reason, I-changing collisions be- 
tween the ion and the photoelectron can occur, pro- 
ducing odd partial waves in the continuum. This 
simple picture is not sufficient, however, to explain 
the unusually strong intensity of the M=O peak 
[ 2,111, nor does it address the observed asymmetry 
in intensities of peaks that have the same value of 

IWl. 
Fig. 2 shows polar plots of experimentally ob- 

served PADS associated with each ion rotational state 
denoted by AN for two experimental geometries, 
f& = 0” and & = 90”. Also shown in Fig. 2 as solid lines 
are the linear-least-squares tits of the experimentally 
observed PADS to the equation 

(1) 
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Here I( 0, & 6) denotes the photoelectron intensity 
at the polar and azimuthal angle, 6 and 9, respec- 
tively, for a polarization geometry designated by 4, 
and the Y&6, $) are standard spherical harmonic 
functions. The Boo is the angle-integrated relative cross 
section of each Ahr. The angles t9 and qj are measured 
with respect to the 2 axis, which is defined to be along 
the polarization vector of the ionizing light beam, and 
the detection axis is set to lie in the X2 plane (#= 00). 
The drawing of the coordinate frame used in this 
study can be found in Fig. 1 of Ref. [ 71. Eq. ( 1) is 
the most general form for PADS that result from the 
two-photon REMPI under the approximation of 
weak-field electric-dipole transitions [ 26 1. For the 
specific experimental geometries employed in this 
experiment, Eq. ( 1) reduces to 

+840 Y,(e, 9) 

and 

(2) 

+2~~22Y22(~,~)+842Y42(e,~)] cos(2#) . (3) 

Unfortunately, Eq. (3) cannot be used in fitting the 
PADS obtained with &= 90” because we do not mea- 
sure the photoelectron intensities as a function of 9. 
At $= o”, the Y,,, (0, 0') are linearly dependent on 
the YLo(B, O’), so all the&coefIicientsin Eq. (3) 
are impossible to determine uniquely from the tit. 
Therefore, we fitted the experimental PADS to the 
following equation [ 7 ] : 

z(e,+o; ~=90”)=pboyoo(e, 0) 

+fior2,(e, o)+B;oy40(e, 0) . (4) 

In Eq. (4) &, does not represent the angle-inte- 
grated relative cross section and can be considered 
only a rough measure of it. The values of &., (and 
&) coefficients obtained from the fit are listed in 
Table 1. Close inspection of experimental PADS and 
the listed values of &,., (/IN) in Table 1 clearly 
shows that the angle-integrated branching ratios for 
W= f 1 and AN= +3 transitions differ from each 
other. The shapes of the PADS that belong to the same 
IA/V] transitions also differ from each other. This 

difference is most clearly recognizable from the val- 

ues ofS20/800 ( B’z0lBbo 1. 

According to the theoretical model developed in 
this laboratory [ 9,261, the rotationally resolved PADS 
depend on the intermediate state alignment, the ex- 
perimental geometry signified by &, and the param- 
eters that describe the photoionization dynamics. 
More specifically, the dynamical parameters are 
magnitudes and phases of the vibrationally averaged 
radial electric dipole matrix elements that connect the 
electronic wavefunction of the intermediate state to 
the outgoing photoelectron partial waves with orbital 
angular momentum I and the projection of I on the 
internuclear axis A. This model, which is built on the 
theoretical formalism introduced by Dixit and 
McKay [ 29 1, proved successful in describing the 
photoionization dynamics of the NO A’I;+ state 
[ 7,9, lo]. One critical assumption of this model rel- 
evant to the present study is that the dynamical pa- 
rameters are independent of the photoelectron en- 
ergy [ 7,9,10]. The result of this assumption is that, 
in the high-N limit, the model predicts symmetric in- 
tensities and shapes of PADS that correspond to the 
transitions involving the same ]m]. The PADS in 
Fig. 2, however, are clearly contrary to this predic- 
tion and indicate that the assumption of energy-in- 
dependent dynamical parameters is not satisfactory 
in the photoionization of the NO D 2X+ state. The 
failure of this assumption is dramatically exempli- 
fied in Fig. 2. The dotted lines in Fig. 2 are the results 
of the nonlinear-least-squares fit of experimental 
PADS to our theoretical model under the assumption 
that the dynamical parameters are independent of 
energy. In the tit, the partial wave expansion was cut 
off at 1= 3 [ 71, in accordance with the results of the 
ab initio calculation [ 141. As expected, the model fit 
fails to explain the strong asymmetry observed in in- 
tensities and shapes of observed PADS. Because the 
model fit does not account for the experimental PADS 
satisfactorily, parameters obtained from the fit are not 
discussed in this Letter. 

The observed asymmetry in intensity and shapes 
of PADS is rather surprising because the energy span 
of the photoelectron features observed in this exper- 
iment is only 55 meV. The energy difference for 
photoelectrons associated with AN= - 1 and AN= 1 
peaks is 18 meV, whereas the ratio of angle-inte- 
grated cross sections is almost 2: 3 for the same two 
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Table 1 
Results of fitting the j?,_,,, to experimental PADS for ( 1 + 1’) REMPI via the Q2r +R, ( 17.5) transition to the NO D *Z+ (v=O, N= 18) 
level. Eq. (2) was used for the Or=00 data and Eq. (4) for the &=90” data. The )& values presented here have been nofinalized such 
that /?,,,,P 100 for Ahr= 1, t+V. The /&_,, (L> 0) have been normalized with respect to the &, for each combination of Ah’ and &. The 
values in parentheses represent 1 a uncertainties. The X2 values for each linear-least-squares fit are also shown 

e, IL4 AN 

-3 -2 -1 0 1 2 3 

O@ 

Ekl 
46(2) 6.2(6) 67(2) 49(2) 100 U(6) 40(2) 

O.lO(2) 0.08(7) 0.29(2) 0.76(3) 0.58(2) O.ll(8) 0.07(2) 
B4ol/%iJ -0.05(2) -0.01(7) -0.00(2) -0.05(Z) -0.04(l) -0.03(7) -0.04(2) 
XZ 0.01 2.25 1.55 1.92 2.73 1.56 0.78 

9V 860 40(l) 4.6(6) 55(2) 39(l) 79(2) 4.1(5) 35(l) 
J&i/J%0 0.07(3) 0.15(9) 0.30(2) 0.82(3) 0.56(2) 0.1(l) 0.08(3) 
B;olBbo O.OO(2) -0.07(9) O.OO(2) -0.02(2) O.OO(2) 0.0(l) O.OO(3) 
X2 0.23 0.32 0.56 0.58 1.71 4.86 0.36 

peaks. Because we ruled out experimentally the pos- 
sibility that the ionization color, AZ, excites sharp au- 
toionization resonances in the ionization contin- 
uum, the strong energy dependence of dynamical 
parameters deduced from rotationally resolved PADS 
suggests the presence of some other dynamical phe- 
nomenon in the ionization continuum. 

As noted previously, Wang, Stephens, and McKay 
[ 14 ] have proposed that Cooper minima exist in the 
photoionization of the NO D2E+ (3~0) state. Ac- 
cording to this ab initio calculation, the Cooper min- 
ima are predicted to occur in the 3po-t EO (I= 2 ) and 
3po-ren (I= 2) channels at photoelectron energies of 
0.33 and 3.2 eV, respectively. Considering that 
photoelectrons observed in this experiment have 
energies of x 2 10 meV, it is reasonable to assume that 
only the Cooper minimum that occurs at 0.33 eV af- 
fects the observed photoelectrons significantly. If this 
Cooper minimum indeed occurs in the continuum, 
its presence may explain the observed strong energy 
dependence of dynamical parameters. From our ex- 
perimental data alone, we are unable to exclude the 
possibility that perturbation between the levels of the 
NOA2EC+ (v=4) andD’C+ (v=O) statesalsocon- 
tribute to our observations. The intensity asymmetry 
between the AN= 1 and AN= - 1 peaks strongly sug- 
gests, however, the existence of a Cooper minimum 
in the photoionization dynamics. 

The effect of a Cooper minimum in molecular pho- 
toionization is difficult, although not impossible, to 
incorporate into our previous model because the 

model is based on the asymptotic partial-wave de- 
composition of the ionization continuum. Unlike in 
atomic photoionization, these asymptotic partial- 
wave channels with orbital angular momentum 1 are 
not the eigenchannels near the molecular ion core 
[ 301. Thus, one Cooper minimum can affect both 
magnitudes and phases of several partial-wave chan- 
nels through the 1 mixing in the ionization contin- 

uum [31,32]. 
The fact that we observe strong m= _+ 3 peaks in 

the photoelectron spectrum is illuminating in the 
context of the occurrence of the Cooper minimum in 
the ionization continuum. These peaks result from d 
partial waves in the ionization continuum that are 
believed to be the highest even I waves involved in 
photoionization of the NO D 2Z+ state. In many mo- 
lecular photoionization studies to date [ 3,7,33,34], 
the transitions to the ion rotational states that in- 
volve only partial waves with the same 1 were found 
to be either very weak or absent. For example, in the 
photoionization of the H2 B ‘Z,+ state, the AJ= f 3 
transitions were negligible despite the presence of d 
waves in the ionization continuum [ 33,34 1. In the 
photoionization of the NO A state studied in this lab- 
oratory [ 7 1, the M= _+ 4 transitions were absent de- 
spite the production of strong f waves. These obser- 
vations were explained based on the dynamical 
interference between partial waves with the same 1 
but with different L that have comparable magni- 
tudes and phases. The observation of the strong 
AN= + 3 peaks in this study indicates, however, that 
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the destructive interference between do and dn waves 
is suppressed in photoionization of the NO D state. 
This observation is consistent with the occurrence of 
a Cooper minimum in the 3po+eo (I= 2) channel 
because the smallness of the do wave compared with 
the dn wave inhibits the destructive interference be- 
tween do and dx: waves, which leads to the large 
AN= + 3 peaks. 

Whereas the overall physics of the photoionization 
process seems quite well represented by the ab initio 
calculations, the comparison between experimen- 
tally observed PADS and the theoretically calculated 
PADS [ 13,141 reveals a major qualitative discrep- 
ancy that cannot be explained by the difference be- 
tween experiment and ab initio calculations in 
photoelectron energy or in excitation scheme. In con- 
trast to experiment, the PADS calculated from ab in- 
itio theory do not show the observed asymmetry in 
intensities and angular distributions for the same 
]AAr] peaks. Because the ab initio calculations are 
based on essentially the same formalism [ 29 ] as our 
model discussed above, the dipole matrix elements 
that connect the ionizing state to the partial waves in 
the ionization continuum are the dynamical param- 
eters obtained in the calculations as in our model. 
Thus, the failure of the ab initio calculations to ex- 
hibit the observed asymmetry suggests that they do 
not correctly reproduce the energy dependence of 
magnitudes, the phases of dipole matrix elements, or 
both. Considering the experimental observation that 
the ratio of angle-integrated cross sections is 2: 3 for 
AlV= - 1 and Luv= 1 peaks that are only 18 meV 
apart, the changes in magnitudes of dipole matrix 
elements with energy alone do not seem to account 
for the experimental findings because the angle-inte- 
grated cross sections roughly scale as the square of 
the magnitudes of dipole matrix elements. On the 
other hand, because of the interferences between par- 
tial waves, the rotationally resolved PADS are very 
sensitive to changes in relative phases between dipole 
matrix elements, which leads us to believe that the 
energy dependence of phases may explain our exper- 
imental observations. We are currently working on 
obtaining the dynamical parameters for photoioni- 
zation of the NO D ‘C+ state from refined experi- 
ments and a modified model. We believe that the 
comparison between these quantities and ab initio 
calculation results will yield valuable information to- 

ward the quantitative understanding of photoioni- 
zation processes for small molecules. 
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