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Double-resonance spectroscopy of autoionizing states of N2 near the ionization threshold
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Double-resonance spectroscopy of N~ via the a 'H, U'=5 level has enabled the definitive assign-
ment of a number of intense and heretofore unidentified bands observed in the single-photon spec-
trum in the region between the X X~ v =0 and 1 ionization thresholds. The results resolve
several long-standing controversies concerning the assignment of Rydberg states of low principal
quantum number that converge to the A 'H„and B'X„states of the ion and indicate that
significant revisions of previous assignments are necessary. The spectra are discussed in the context
of the entire manifold of states in this region, which includes high vibrational levels of the b' 'X„
valence state as well as Rydberg states that converge to the L 'X„, A -'ll„, and B 'X„+ states of the
ion.

I. INTRODUCTION

The single-photon absorption spectrum' of N, has been
the subject of intense study for decades, yet many puzzles
remain; one in particular involves a number of prominent
unidentified bands in the energy region near the first ion-
ization threshold. The failure to understand the thresh-
old region is particularly striking in view of the consider-
able progress that has been made in understanding the
spectrum at both longer and shorter wavelengths. The
long-wavelength region of the dipole-allowed spectrum
begins at about 1000 A, and the complex appearance of
the spectrum in this region is now understood to
result from transitions to five electronic states —the
(X Xg+)3pm 'H„, (X X+)3pcr 'X„+, and (A H„)3so 'H„
Rydberg states and the b 'H„and b' 'X„+ valence
states. The higher members of the (X X~+)npvr 'H„
and (X X )npo 'X„+ Rydberg series that converge to
v+ =0 are also well characterized. In the region above
the v+ =1 ionization threshold, the complicated absorp-
tion bands, which are broadened due to rapid decay by
autoionization, have been grouped into several Rydberg
series and a number of vibrational progressions converg-
ing to the 3 I I„and B 2„+ states of the ion. ' Although
these bands have not all been definitely correlated with
electron configurations, the spectrum in this region shows
considerable regularities. However, it is the region be-
tween, from just below to just above the X X+, v+ =0
ionization threshold, that has long been the subject of
confusion and controversy. This region contains a num-
ber of intense features that must be due in part to Ryd-
berg states of low principal quantum number that con-
verge to the 3 H„and B X„+ states of the ion; these
features have been the object of considerable experimen-
tal' and theoretical ' interest. Since it is important
to the interpretation of the entire spectrum of molecular
nitrogen that these Rydberg states of low principal quan-
tum number be understood and be linked to their coun-
terparts at higher principal quantum number, a number
of efforts to assign the structure in this region are now

ongoing. "
To provide a frame of reference for further discussion,

Fig. 1 shows the single-photon ionization spectrum in the
region near the X X+, v+ =0 ionization threshold, taken
at a wavelength resolution of 2.5 cm ' and a temperature
of 78 K. The (X X„)npa, mRyd. berg complexes con-
verging to v =1 are indicated; these transitions, which
were first observed by Takamine and Tanaka and later
extended to high principal quantum number by Ogawa
and Tanaka, are extremely weak owing to the poor
Franck-Condon overlap between X 'Xg, v" =0 and
X X+, v =1. Indeed, only the 8p complex is clearly
identifiable in this spectrum; the higher np complexes are
either overlapped by intense unidentified bands or are too
weak to be conclusively assigned. The failure to assign
the intense bands in this region results from an inability
to resolve rotational structure in the single-photon spec-
trum and from poor correlations between the quantum
defects of these bands and those of bands in other spec-
tral regions.

In the present paper, we report a new study in which
double-resonance spectroscopy via numerous rotational
levels of the a 'H, v'=5 level was used to probe the rota-
tional structure of autoionizing bands between the
X X+, v =0 and 1 ionization thresholds. This tech-
nique permits the observation of transitions from indivi-
dual, selected rotational levels of the intermediate a 'H,
v'=5 level, and it therefore greatly reduces spectral
congestion in regions of overlapping or broadened bands.
The spectrum was determined over the entire energy
range from the first ionization threshold at —125 667 to
—126 850 cm; however, the present discussion is limit-
ed to the diffuse, unidentified bands shown in Fig. 1. Our
results provide definitive assignments of many of these
bands and indicate that significant revisions of previous
assignments are necessary. The results are discussed in
the context of the entire manifold of states in this region,
which includes high vibrational levels of the b ' 'X„+
valence state as well as Rydberg states that converge to
the X X+, 3 H „,and B X„+ states of the ion.
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FIG. 1. Relative single-photon ionization cross section near the X X+ v+ =0 ionization threshold taken at a wavelength resolu-
tion of 2.5 cm ' and a temperature of 78 K (from Ref. 6).

II. EXPERIMENT

Two Nd:YAG-pumped dye laseres were used as the
pump and probe lasers (YAG denotes yttrium aluminum
garnet). The pump laser was used to excite specific two-
photon a 'H, v'=5, J'~X 'X+, v" =O,J" transitions,
and the probe laser was used to scan single-photon transi-
tions from the selected a 'H, v'=5, J' level to the ioniza-
tion continuum and to quasidiscrete autoionizing states.
In the following discussions, levels of the X 'X+ ground
state are labeled by double primes, levels of the a 'H
state are labeled by single primes, levels of the autoioniz-
ing states are labeled by an absence of superscripts, and
levels of the ion are labeled by a superscript plus.

Pump laser light at -260 nm with a pulse energy of
-300 pJ was produced by frequency doubling the output
of a dye laser operated at -520 rnn in potassium dihy-
drogen phosphate (KDP). Probe laser light at -205 nm
with a pulse energy of —15 pJ was produced by frequen-
cy tripling the output of a dye laser operated at -615
nm. The frequency tripling was performed by first fre-
quency doubling the fundamental beam in KDP. The
fundamental and doubled beams then were separated, the
polarization of the fundamental beam was rotated to
match that of the doubled beam, and the beams were
recombined and frequency mixed in P-BaB204. The
pump and probe beams were focused colinearly into the
interaction region by using a 15-crn focal-1ength lens.
The probe pulse was delayed -20 nsec from the pump
pulse. The optogalvanic spectra of uranium and neon
were used to calibrate the wavelength of the probe laser.
The transition energy is estimated to be accurate to +1
cm ', with the main source of uncertainty arising from

nonlinearities in the wavelength drive of the probe laser.
The detection apparatus consists of a time-of-Right

mass spectrometer and an electron energy analyzer,
only the mass spectrometer was used in the present ex-
periment. The N2 sample gas was introduced into the in-
teraction region through an effusive jet. The background
pressure in the chamber was 7X10 Torr, and the pres-
sure in the ionization region was estimated to be 10—100
times higher. Ions were collected by using a pulsed
drawout field of 12.5 V, delayed 50 nsec after the probe
laser pulse, and were detected by a channeltron. A
charge-sensitive analog-to-digital converter was used to
average the ion signal over ten laser shots per point.

III. SPECTROSCOPIC BACKGROUND

Transitions from the X 'X+ ground state may access
states of 'X„+ and 'H„symmetry, while transitions from
the a 'H state may access states of 'X„+, 'H„, and '6„
symmetry. In principle, triplet states may also be excit-
ed; however, such transitions are expected to be weaker
than the corresponding singlet transitions. Indeed, none
of the bands observed here have been observed in studies
of the photoionization of the E Xg state, and all of
the states observed in the present work have been as-
signed as the more likely singlet states. A complete list of
the single valence states and Rydberg series expected in
the energy region considered in the present work is given
in Table I.

Attempts to assign the observed Rydberg series and
the diffuse bands observed near threshold to the electron
configurations given in Table I have relied heavily on
theoretical considerations and have shown considerable
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TABLE I. Possible electronic transitions excited from the X 'Xg and the a 'IIg states in the region
between the X 'X,+, v+ =0 and 1 ionization thresholds.

Transition'

b' 'X„+~X 'Xg or a 'H

(X X+ )npm 'H„X 'X+

( A II „)nso. 'II„~X 'Xg+

(A 2rf )nd~ Ir+-X 1rg+

( A 'H„)nd~ 'A„~a 'H

(B 'X„+ )nso. 'X„X'X,+

or a 'IIg
or a 'II
or a 'IIg
or a'rl,

or a 'IIg

(X g+ )npo '&+ X 'P+ or a

Excited-state description or
preferred Rydberg-Series designation

Valence state with configurations'
{1% ) (3o'g ) ( 17' ) (3o.„)' and
(1+„)'{3o g )'(1~g )'(3o.„)
Carroll-Yoshino series (v =0)
Takamine-Tanaka series (v+ =1)
Worley-Jenkins series
o„series
Ogawa-Tanaka series
(d)(¹tobserved)
Worley's third series
New Ogawa-Tanaka absorption series

'Relevant electron configurations for initial states are X Xg+ (177 ) (3og) a IIg (1' ) (3og) (1')'.
Rydberg-series designations are those from X 'Xg+ state.

'Electron configurations are from Ref. 44. The two configurations are weighted about equally.
( 3 'H„) 3dn. 'X+„, U =0 member observed by Roncin, Launay, and Yoshino.

disagreement over the years. Two recent assignments of
series in the region considered here have been given by
Kosman and Wallace' and by Lefebvre-Brion and Yoshi-
no."

Based on calculated quantum defects and dipole oscil-
lator strengths, Kosman and Wallace' have assigned
Worley's third series ' to the ( A H„)nd5 'II„
configuration; the less-intense Ogawa-Tanaka ' series
to the (A II„)ndo 'H„configuration; the o3 'II„Ryd-
berg state to the n =3 member of the (A H„)nsa 'II„
configuration; and the new Ogawa-Tanaka absorption
series to the (8 X )nso 'X„+ configuration. Note that
the n =3 member of the (8 X„+)nsrr 'X„+ series, which is
expected to appear in the region considered here, is the
subject of considerable controversy. Although Carroll
and Hagirn have assigned a band at 124299 cm ' as
(8 X„+)3so 'X„+, v=0, this assignment has been ques-
tioned by Huber and Jungen; to date, there is no
definitive assignment of this lowest member of the New
Ogawa- Tanaka series.

A somewhat different interpretation of the spectrum in
this region has been tentatively proposed by Lefebvre-
Brion and Yoshino. ' They offer the same assignment for
Worley's third series as Kosrnan and Wallace' but assign
the Ogawa-Tanaka series to the (A H„)nd5 II„config-
uration. They further assign the progressions denoted 1,
2, and 3 by Ogawa to the ( A H „)nd o 'II„
configuration. In the energy region near the ionization
threshold shown in Fig. 1, they propose that the band at
—126280 cm ' is (3 II„)3d5'II„, v=2; the band at
—126400 cm ' is (3 H„)3dcr 'H„, v= 1 (note that the
assignment of these two bands reverses an earlier assign-
ment of Giusti-Suzor and Lefebvre-Brion' ); and the band
at —126690 cm ' is (A II„)3d5 II„, v=3 of the
Ogawa- Tanaka series.

Considerable additional information on the bands in
the region near the ionization threshold has come from
the recent work of Huber and Jungen, who determined

the high-resolution, single-photon absorption spectrum of
jet-cooled N2. They reported in detail on the transitions
to the b'iX+ valence state; the (X2Xg+)np~lX+
(X Xg+)npm 'II„, and (X Xg+)nf Rydberg states; and the
(A II„)3d5'II„, v=0 member of the Worley's third
Rydberg series. The low sample temperature achieved in
that work enabled detailed analyses of the (X X+ )np and

2 +(X Xg )nf series; however, even with only a few rotation-
al levels thermally populated, significant broadening of
many of the bands converging to the A II„and 8 X+
states of the ion made their analyses difficult or impossi-
ble. Because the present double-resonance technique en-
ables excitation from a single selected rotational levej. , the
observation of resolved rotational structure is possible
even for such severely broadened bands.

IV. RESULTS AND DISCUSSION

Figure 2 shows a representative double-resonance ion-
ization spectrum in the energy region of the diffuse bands
shown in Fig. 1, excited via the P(4) pump transition. A
total of 12 two-photon pump transitions were employed:
&(2), &(4), &(5), &(6), &(7), g(1), S(0), S(1), S(2),
S(10), S(11), and S(12). ' The transition energies are
referenced to the L 'X+, v"=O,J"=0 ground state by
using the known a 'Hg v 5 J ~X Xg v 0 J traI1-
sition energies and the ground-state rotational inter-
vals. The background signal is due to (2+2) photoion-
ization of N2 by the pump laser.

Because of the one-photon selection rule +~—,the
allowed rotational branches in transitions excited from an
a 'll, v'=5, J' level depend both on the pump transition
to the a 'Il state and on the symmetry of the final
state. Pump transitions via 0, Q, and S branches popu-
late the A+ component of the a 'H state, while those via
P and R branches populate the A component. It is
straightforward to determine that only P and R branches
will be excited in 'X„+~a 'H+ probe transitions, while
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FIG. 2. The (2+1 ) ionization spectrum via the P(4) pump transition in a small region of the spectrum. The energy is referenced
to X 'Xg+ v"=O,J"=0.

only Q branches will be excited in 'X„+~a 'IIs probe
transitions. Of course, all three P, Q, and R branches will

be excited in 'II„or 'A„~a 'II probe transitions, since
each rotational level of a II or a 6 state has both plus and
minus parity levels. Thus, a comparison of the observed
branches from different levels of the a 'II, v'=5 state
helps to determine the symmetry of the final autoionizing
states. In addition to the pattern of branches excited
from the different levels of the a 'II state, the observa-
tion of low-lying rotational levels of the final autoionizing
states also aids in the symmetry determination; 'II states
will be missing J =0 levels, and '6 states will be missing
J=0 and 1 levels.

Four main results are derived from the present work.
First, the intense band at 126280 cm in the single-
photon spectrum is a composite of transitions to four in-
dividual 'X„+ states. Second, the weak feature at 126690
cm in the single-photon spectrum is a transition to a
'II„state. Third, the intense band at 126400 cm ' in the
single-photon spectrum is absent in the present double-
resonance spectrum. Fourth, two weak features in the
single-photon spectrum are due to excitation of f com-
plexes (Fig. 2); these complexes currently are being ana-
lyzed both by Huber and Jungen and by us.

Table II summarizes the term energies and rotational
constants B, for all of the states discussed in the present
paper. In the following discussion, we first consider the
assignment of the 'II„state at 126690 cm ', we then dis-
cuss the assignment of the four 'X„+ states at —126280
cm ', and we finally present a tentative assignment for
the band at —126400 cm ' observed only in the single-

photon spectrum.
The 'II„state at 126690 cm ' is readily seen to be the

n =3, v=3 level of the Ogawa-Tanaka series based both
on its term energy (the n =3, v=O member is at 121 121
cm ', and the observed n =3, v=0 —3 splitting of 5566
cm ' is in good agreement with the A II„, v+=0 —3
splitting ' of 5530.2 cm ') and on the observed rotational
constants, which are in excellent agreement with those
obtained by Huber and Jungen for the n =3, v=0 level
of this state. As already noted, members of the
Ogawa-Tanaka series have been previously assigned
( A II„)ndo 'II„by Kosman and Wallace' and
( A II„)nd5 II„by Lefebvre-Brion and Yoshino. '

Lefebvre-Brion and Yoshino' propose that the triplet
transitions gain oscillator strength through mixing with
members of the ( A II„)nd5 'II„(Worley's third) series;
however, Huber and Jungen argue convincingly that the
observed relative intensities of members of the
Ogawa-Tanaka and Morley's third series favor the
( A II„)ndo 'II„assignment. Thus, we assign this band
( A II„)3do. '11„,v=3.

Next, we consider the four 'X„+ states at 126 280 cm
three of these states are straightforwardly assigned from
the term energies and rotational constants given in Table
II. The two states with rotational constants of 1.02 and
0.78 cm ' are assigned O' 'X„+, v=42 and 43, respective-
ly. The observed term energies of the O' 'X„+, v=42 and
43 levels of 126223.0 and 126331.1 cm ' are in reason-
able agreement with predicted term energies of 126206
and 126385 cm ', respectively, calculated from the vi-
brational constants of Stahel, Leoni, and Dressier. The
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TABLE II. Term energies and rotational constants for observed electronic states. All term energies and rotational constants are
in units of cm '. Values of B, were obtained by fitting the energies of rotational levels with J (7 to the function E =B,J(J+1). In
general, higher rotational levels were not used because rotational uncoupling at high J causes a departure from the J(J+1) energy
dependence. Errors in B„are estimated to be 0.05 cm . Uncertainties in the rotational term energies were sufficiently large to
prevent accurate determinations of values of D, .

0
1

2
3
4
5

6
11
12
13
14
15

126 281.0
126 286. 1

126 309.0
126 326.7
126 348. 8

126 591.8
126 654.2

126 774.2

126 689.8
126 695.2
126 705.5

126 720. 8

126 734.9

126 980.5

126 690. 1

126 696. 1

126 706.6
126 722. 2
126 738.4

126 945.5

126 269.5

126 272. 9
126 278.9
126 290.6
126 304.5

126 321.7
126 339.8
126 526.4

126 612.6
126 668.3

b'r+ v ——42

126 223.0
126 224. 8

126 228. 9
126 234.9
126 242. 9
126 253.2
126 266.4

126 386. 1

b' 'X„+, v=43

126 331.1

126 332.5

126 334.8

126 339.2
126 344.6
126352.8
126 364.3

126 494. 5

126 527.4

B) =2.23 B3 =1.63 B3 =1.73 Bo =1.70 B42 =1.02 B43 =0.78

discrepancies between observed and calculated term ener-
gies are similar in magnitude to those found by Huber
and Jungen for vibrational levels of the b'X„+ state in
the range v=32 —40. These discrepancies are not surpris-
ing because the vibrational levels of the b' 'X„+ state are
known to be severely perturbed by the np complexes con-
verging to X X+, and it is expected that they will also be
perturbed by states converging to A H„or 8 X„+.

Indeed, the ionization spectra shown in Fig. 3, excited via
a number of P (J) pump transitions, show that the
O' 'X„+, n =43 level interacts strongly with at least one of
the other 'X„+ states in this region, resulting in rather
severe energy-level shifts and intensity alterations, as dis-
cussed below. Figure 1 shows that the O' 'X„+, v=43 lev-

el, which accounts for much of the structure in the region
126 300—126 330 cm ', is unusually intense in the
single-photon spectrum as a result of these interactions.

The state with the rotational constant of 2.23 cm ' is
assigned (X Xs )9po 'X„+, v= 1 on the basis of its term
energy (the observed n =9, v=O —1 splitting of 2172.5
cm ' is in excellent agreement with the X X+, v+ =0—1

splitting ' of 2174.8 cm ') and rotational constant, which
is similar to that of the other (X X )npo 'X„+, v= 1 lev-
els and somewhat higher than that of the X X+, v =1
state of the ion (1.903 cm ') (Ref. 41) due to the effect of
I uncoupling. The corresponding (X X+)9pn 'll„, v= 1

level is obscured by the broad, intense 'X„+ state dis-
cussed below.

The final 'X„+ state now remains to be assigned. It
must be a Rydberg state converging to the A H„or the
8 X„+ state of the ion; the summary of possible electronic
states excited from X 'X+ and/or a 'Hg given in Table I
shows that the only possible electron configurations are
( A II„)ndm 'X„+ and (8 X„+)nscr X„+. In order to
choose between these and to assign the n and U values, it
is necessary to use information derived from this and

from other experiments; such information includes quan-
tum defects, term energies, rotational constants, and
Franck-Condon factors. For both possible electron
configurations, the only value of the principal quantum
number that provides a reasonable quantum defect is
n =3. The assignment of the vibrational quantum num-
ber is somewhat more difficult, but considerable informa-
tion is provided from observed transition intensities. In
particular, the single-photon ionization spectrum shows
that the band under consideration is very intense in the
spectrum excited from X 'Xg+ v"=0 but is absent in the
spectrum excited from X 'X+ v" = 1. The Franck-
Condon factors for excitation from X 'X+ v"=0 and 1

show that the only vibrational levels consistent with this
observation are (A H„)3drr'X„+, v=1 or 2 and
(8 X„+)3scr 'Xa„+, v=0. Furthermore, the very small
Franck-Condon factor (0.008) (Ref. 43) for the
( A II„)3d rr 'X„+, v = 1~a 'IIs, v' = 5 transition almost
certainly eliminates ( A II„)3dn 'X„+, v= 1 as a possible
final state. Thus, the two most likely electron config-
urations are ( A II„)3dm. 'X„+, v=2 (which yields
n'=3. 00 and 5=0.00) and (8 X„+)3sa 'X„+, v=O
(which yields n ' =2. 10 and 5=0.90). The resulting
quantum defects are both reasonable. We have chosen to
assign the band in question as (8 X„)3scr 'X„+, v=O for
two reasons. First, the assignment of (8 X„+)3so 'X„+,
v=0 to the band at 126 269.5 cm ' is consistent with the
assignment by Helm and Cosby of (8 X„+)3so X„+,
v= 1 to a triplet band at 126 910 cm '. The experimental
singlet-triplet splitting [obtained by assuming that the
(8 X„+)3so, v=O —1 splitting is identical to that of the
ionic convergence limit] is then 1730 cm ', which is in
reasonable agreement with the calculated value' of 2190
cm '. Note that the discrepancy between experiment
and theory for the singlet-triplet splitting of the
(8 X„+)3so state (460 cm ') is about the same as the
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discrepancy for the singlet-triplet splitting of the

(X Xg+)3so state (424 cm '). Second, Roncin, Launay,

and Yoshino have recently assigned the ( A H „)3dsr,
v=0 level to a weak band at 123 309 cm '; the separa-
tion between this band and the band under consideration
is 2960.5 cm ', which does not agree well with the
A II„,v+ =0—2 splitting"' of 3716.8 cm

Figure 3 shows ionization spectra excited via several

P(J) pump transitions in the energy region of the four
'X„+ states between 126200 and 126400 cm '. It is in-

teresting to note the striking intensity variations as a
function of J'. For J' = 1, the transitions to the
(B X„+)3sc7, v=O and b' 'X„+, v=42 levels are both quite

intense. However, for J'=6, the transitions to both of
these levels are considerably weaker, with the intensity
shifted primarily to the transition to the b' 'X„+, v=43
level; the b' 'X„+, v=43 level also appears to broaden in

(X Z+)9' Z+„, v=1

(B Z+„)3so Z+„, v=0

b ~u, v=42

b Zu, v=43

LLLMJ IA .4 JA UI J

the spectra taken via higher J' values. Also note the ap-
pearance of a weak unidentified band to the red of the
O' 'X„+, v=42 level in the spectra excited via J'=5 and 6.
The linewidths of the (B X„+)3scr 'X„+, v=O transitions
are -4 cm ', yielding a decay rate, k =2~cI, of
7.5X10"sec ' for this state.

Finally, the band observed at —126400 cm ' in Fig. 1

is not observed in either the present spectrum excited
from a 'H, v'=5 or the spectrum excited from X 'X+,
v"=1. Without a rotational analysis of the band, it is
not possible to make a definitive assignment; however, we
suggest that this band is (A H„)4so 'H„, v=2 for the
following reasons. First, using arguments based on
Franck-Condon factors as discussed above and on the
magnitudes of quantum defects, we believe that the band
is either (A H„)3dA, , v=2 (where A. =o, m. , or 5) or
( A H„)4scr 'H„, v=2. We can readily eliminate three of
these four possibilities. The (A H„)3do 'H„, v=2 level
is eliminated as it already has been assigned to the band
at 124870 cm ', the (A H„)3dm. 'X„+, v=2 level is el-

iminated for the reasons discussed above, namely that the
( A H„)3dIr 'X„+, v=O level has been assigned to a band
at 123 309.5 cm ', and the A H„, v+ =0—2 vibrational
splitting is not consistent with the band under considera-
tion; and the (A H„)3d5'H„, v=2 level is eliminated
as it has already been tentatively assigned to a broad
feature at —125 830 cm '. The only remaining possi-
bility is (A H„)4so 'H„, v=2, which results in values of
n*=3.02 and 5=0.98. These values are in good agree-
ment with the experimental values of n*=1.95 and
5=1.05 obtained for (A H„)3so 'H„, v=2 (i.e., th
v=2 level of the o& state). Higher members of the
(A H„)nscr 'II„series have not yet been identified and
are expected to be perturbed by s -d mixing with members
of the ( A H„)ndo 'II„series.
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FIG. 3. The (2+ 1'}ionization spectra via several P (J) pump
transitions in a small region of the spectrum. The energy is

referenced to X 'X~ v"=O,J"=0.

V. CONCLUSIONS

Double-resonance spectroscopy of Nz via the a 'Hg,
v'=5 level has enabled definitive assignments of a num-
ber of intense and heretofore unidentified bands in the re-
gion between the X X+, v+ =0 and 1 ionization thresh-
olds. Coupling these results with some speculation on the
nature of the band at —126400 cm ' (which is not ob-
served in the present experiment), we believe that it is
now possible to account for all of the lowest-lying single
Rydberg states converging to the A H„and B X„+

states of the ion that are observed in the single-photon
spectrum. This includes the ( 3 H„)3,4so 'II„;
( 3 H„)3do 'H„; ( 3 H„)3dIr 'X„+. ( A H„)3d5 'II„;
and (B X„+ )3so 'X„+ states. The transition to the
( 3 H„)31' 'b, „state, which is expected from the a 'H

state but not from the X X state, has not yet been ob-1 + g

served. In order to more completely study these low-
lying Rydberg states in Nz, future work in our laboratory
will expand the energy range of the present studies, will
include resonant intermediate states of different vibra-
tional levels and possibly different symmetries, and will
explore decay rates and decay mechanisms for the excited
states that lie above the first ionization threshold.
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