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Branching ratios for the dissociative decay of triplet H2
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A systematic study has been performed on the singly excited n =3 triplet gerade states of molecular
hydrogen using fast-neutral-beam photofragment spectroscopy. These states fluoresce to the triplet 2p
states and are analyzed according to the energy released in the subsequent dissociation process. The re-
sulting spectra are compared with theoretical results obtained by solving the coupled nuclear
Schrodinger equation. Good overall agreement is reported for both the shape of the spectra and the
branching ratios for fluorescence to either one of the triplet 2p states. Rotational and vibrational cou-
plings that affect the n =3 triplet gerade complex are well described by theory.

PACS number(s): 33.70.Ca, 33.80.Gj

I. INTRODUCTION

In the preceding paper (hereafter called paper I) a
description of the hydrogen n =3 triplet gerade complex
is given that takes into account rotational and vibrational
perturbations [I]. In light of these calculations, reassign-
ments in the hydrogen h X+ state v=2 and 3 series have
been proposed. Similar nonadiabatic calculations by
Senn, Quadrelli, and Dressier on the n =2, 3 singlet
ungerade complex are already known [2]. The triplet
complex under study, which consists of the g X+, h X+,

~ 3 ~ 3i II, and j b states, differs from the singlet complex in
the degree of mixing in the nonadiabatic states. While
Senn, Quadrelli, and Dressier calculate mixing
coefFicients of a few percent leading to energy corrections
with respect to the adiabatic energy levels of a few wave
numbers, the triplet complex confronts one with mixing
coeKcients through practically the whole range
(0—80%%uo) leading to nonadiabatic energy corrections up
to a few hundred wave numbers. These energy correc-
tions are so large, especially for the X+ states, that the
connection of adiabatic energy levels to the observed lev-
els loses all relevance. In the past this caused a confusion
in nomenclature. As proposed in paper I, in the present
contribution we call the third adiabatic (theoretical) X+
state and the 3d-like nonadiabatic (observed) state g (3d)
X+; we call the second adiabatic (theoretical) X+ state

and the 3s-like nonadiabatic (observed) state h (3s) Xg .
A very sensitive probe of the degree of mixing in the

n =3 triplet gerade states is the branching ratio for
Iluorescence to the b(2po. ) X„+ and c(2pm) II„states
In this respect the present paper is a sequel to earlier
work by Koot et al. [3] and contributes to the n =3 trip-
let gerade complex discussion by presenting a systematic
set of experimental data laying bare the electronic struc-
ture of the heavily perturbed states. We discuss in detail

the nature of the electronic mixing in the nonadiabatic
states and its consequences for fluorescence branching ra-
tios to the two lower ungerade 2p. states.

II. EXPERIMENT

Since the apparatus has been described in detail before
[4], we will limit ourselves to a brief discussion. A
schematic drawing is shown in Fig. 1. Hydrogen molecu-
lar ions are formed in a colutron plasma source, ac-
celerated to an energy E0=5500 eV, mass analyzed, and
finally charge exchanged on cesium vapor. The remain-
ing ions are bent away froID the beam by a static electric
field. Fragments from short™lived molecular states
scatter out of the beam and are removed by a diaphragm.
In this way a neutral hydrogen beam is obtained in the
metastable c II„state (lifetimes in the order of a mil-
lisecond for the lower rovibrational levels). Rovibration-
al levels in the n =3 triplet complex are selectively excit-
ed with a dye laser and dissociate after photon emission
to the 2p states. After a Right length of 79 cm, the frag-
ments are detected with a position- and time-sensitive
detector [5]. Intact molecules are intercepted by a beam
fIag to reduce the background signal from metastable de-
cay and collision-induced dissociations. The kinetic ener-
gy released in the dissociation process is deduced from
the fragment positions with short time differences (r &2
ns corresponding to dissociation angles around 90').

For the lower vibrational and rotational levels the
selectively excited n =3 triplet states can only decay via
photon emission to either one of the c(2pvr) II„, the

(b2p)tT3X+, or the e(3po) X„+ states. Emission to the
higher-lying e X„+ state cannot be observed with our ap-
paratus. This transition is expected to be about 1000
times weaker than emission to the b X„+ state since spon-
taneous Quorescence scales with the third power of pho-
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FIG. 1. Schematic experimental setup. The kinetic energy released in the dissociation process of the hydrogen molecule into two
atoms is determined as c./Eo =(R /2L), with beam energy Eo = SSOO eV, and flight length L =790 cm.
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ton energy. Fluorescence to the e X„+ state does not
inAuence the branching results presented in this paper in
any case. Emission to the metastable negative-parity
component of the c H„state cannot be detected in our
apparatus either. The positive component predissociates
by rotationa1 coupling with the b X„+ state and can be
observed. The energy spectra that are recorded arise
from dissociative processes that occur after fluorescence
to both positive-parity 2p singly excited triplet states, the
predissociated c II„+ state, and the directly dissociative
b X„state. Figure 2 illustrates the relation between the
nuclear vibrational wave function in the excited state and
the resulting kinetic-energy-release (KER) spectrum. For

20
I I I

every dissociation the sum of photon energy and KER is
a constant, namely, the difFerence between the excited-
state energy and the b X„+ state dissociation limit
H(ls)+H(ls) energy. The fluorescence spectrum to the
b X„+ state ranges from visible to far UV, and corre-
sponds to a KER spectrum ranging from 0 to 7 eV.
Around 8 eV a peak due to predissociation of the c II„+
state appears (Fig. 2). In experimental energy spectra,
which will be discussed below, this peak appears
broadened with a tail towards lower energy. The reason
for this tail is the finite radiative lifetime (about 20 ns) of
the excited-state rovibrational levels [3]: In our beam ex-
periment this finite lifetime yields apparent lower kinetic
release energies due to dissociation downstream with
respect to the laser interaction region (see Fig. I). A
combination of this lifetime broadening and intrinsic
detector resolution prevents distinction between P- and
R-branch fluorescence decay.

III. THEORY

I I I I
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FICs. 2. Potential-energy diagram showing some relevant
triplet states in hydrogen (leftmost box). Zero energy is defined
as the ground-state level of hydrogen. The box at the right
shows the resulting kinetic-energy-release (KER) spectrum and
is therefore zeroed at the b X„+ state dissociation limit (twice
the ground-state atomic hydrogen formation energy). Fluores-
cence from the excited state to the b 'X„+ state gives rise to the
undulating KER spectrum, and photon emission to the c 'H„+

state causes a sharp rotational predissociation peak.

MI ——&i~er~f ), (2)

where the integra1 represented by brackets has to be per-
formed over all coordinates: electronic (r), nuclear vibra-
tional (R), and rotational ($, 0), and v stands for the

In the following the symbols i and f indicate initial and
final states, respectively. For details of the algebra under-
lying the present calculations we refer to paper I and to
Koot et al. [3]. With respect to the latter work two im-
provements have been made. We used ab initio calculat-
ed transition dipole moments and did not approximate
the excited-state vibrational wave functions.

The golden-rule formula gives the transition rate T,I
for fluorescence from the initial excited n = 3 states to the
final 2p states in terms of the transition dipole matrix ele-
ment M & (atomic units are used throughout):

3 3
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Auorescence frequency. The spin-excluded initial-state
total wave function 4;(r, R) is expanded in a basis of
electronic-rotational functions gk(r, R):

6

%, (r, R)= g —gk(r, R)fk(R) .
k=1

(3)

The expansion is reduced to the six states that form the
n =3 triplet gerade complex (g X+, h X+, i II*, and
j hs ). We modified the two X+ states into new, diabat-
ic states, which we call the s ( 3s) Xg and d ( 3d ) Xg
states. Detailed arguments for this basis-set transforma-
tion can be found in paper I. The expansion coe%cients
fk(R) in the above equation depend on internuclear sepa-
ration. In the case of a one-state approximation (in
which the expansion reduces to a single term) the expan-
sion coefficient fk(R) is identical to the vibrational wave
function. However, due to the strong vibrational and ro-
tational coupling that aFects the n =3 triplet gerade
complex, all six states need to be considered.

The bracket integrals of Eq. (2) over electronic and ro-
tational coordinates can be done analytically and yield a
transition dipole moment pI,&(R) and a 3j symbol, re-
spectively; the integral over the internuclear distance that
remains reads

Mf= I dR y~(R)
0

be satisfied [7]. The nuclear vibrational wave functions
g&(R) of the 2p states are solutions to the one-state
heavy-particle Schrodinger equation and were calculated
using the standard Numerov algorithm; the amplitudes
fk(R) describing the vibrational motion of the excited
states were taken from paper I; the adiabatic ab initio
transition dipole moments are given in Table I. The tran-
sition dipole matrix elements [Eq. (4)] and the branching
ratios [Eq. (5)] are now determined without the use of ad-
justable parameters.

I;b(E) v=, iM &(e) i (6)

Figures 3(a) and 3(b) show KER spectra resulting from

IV. RESULTS AND DISCUSSION

A. b X„+ state KER spectra

In the case of Auorescence to the b X„+ state the tran-
sition dipole matrix element [Eq. (4)] depends on the con-
tinuum wave-function (final-state) energy. It can directly
be used to calculate the shape of the KER spectrum:

Xgggpppkf(R)fk(R)
k=1 - f f k k

(4)

y&(R) represents the vibrational wave function of the
final state; N and A are the absolute magnitude of the to-
tal (spin-excluded) angular momentum and its projection
on the molecular axis, respectively.

In Eq. (l) all quantum numbers of both initial and final
states are well defined. In order to calculate transition
rates that can be compared to the observations, the tran-
sition rate has to be summed over the initial-state mag-
netic quantum number M, as well as over the final-state
quantum numbers N' and M'. Siebbeles et al. showed
the isotropic character of the c H„state as prepared by
charge exchange on cesium [6], and we can assume all
c H„state magnetic sublevels to be equally populated.

We define the branching ratio E.; as the total Auores-
cence transition rate from the initial excited state to the
c(2pn. ) II„+ state divided by that to the b(2po ) X„+

state. After summation over the magnetic sublevels it
reads

I I

/

I
/

/

/

/

/

g'(2~, + l)v,', ~m~, , ~'

N

g'(2N„+ I ) J d E v,'ll,;I'
Nb

0

with v, the energy-dependent fluorescence frequency to
the b X„+ state and v;, the Quorescence frequency to the
c H„+ state. The accent accompanying the summation
symbols is a short-hand notation indicating that the fa-
miliar selection rules for electric dipole transitions must

I I I I I
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FIG. 3. Kinetic-energy-release spectra resulting from decay
of n =3 triplet gerade states after fluorescence to the b 'X„+
state. The dashed and solid curves represent adiabatic (one-
state) and nonadiabatic (six-state) calculations, respectively.
The experimental spectrum is represented by solid circles. (a)
shows the g'Xg+ state, v=1, N=1; (b) shows the h 'Xg state,
v=1, N=1. A peak appearing near 0.5 eV is due to a j 4g
state resonance and is not discussed in the text.
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TABLE I. Adiabatic transition dipole moments in atomic units for the singly excited 3s, 3d-2p transitions in molecular hydrogen.

R (a.u. )

b(2po ) X„+

g (3so. )' h (3d0 )' i(3dm) g (3so.)'
c(2pm) 'H„

h (3d o.)' i (3dm)' j(3d5)'

1.00
1.10
1.20
1.30
1.40
1.50
1.60
1.70
1.80
1.90
1.95
2.00
2.05
2.10
2.20
2.30
2.40
2.50
2.60
2.70
2.80
2.90
3.00
3.10
3.20
3.30
3.40
3.50
3.60
3.70
3.80
3.90
4.00
4.10
4.20
4.30
4.40
4.50
4.60
4.70
4.80
4.90
5.00
5.10
5.20
5.30

0.120 66

—0.092 43

—0.234 96
—0.288 19
—0.326 57
—0.369 96
—0.433 89
—0.563 90
—0.636 35
—0.656 18
—0.643 96
—0.626 39
—0.597 17
—0.577 31
—0.56446
—0.556 97
—0.553 81
—0.554 34
—0.557 97
—0.563 26
—0.573 47

—0.647 95

—0.746 84

—0.880 00

1.364 87

1.11490

0.902 81
0.814 22
0.734 72
0.659 24
0.570 18
0.387 92
0.211 07
0.044 17

—0.057 05
—0.11339
—0.167 03
—0.189 46
—0.199 58
—0.203 25
—0.204 83
—0.203 99
—0.202 16
—0.19964
—0.19672

—0.18026

—0.162 78

—0.105 40

0.7853
0.7108
0.6480
0.5958
0.5527

0.4907

0.4698
0.4535
0.4416
0.4336
0.4299
0.4285
0.4306
0.4353
0.4414
0.4510
0.4644
0.4810
0.5011
0.5250
0.5530
0.5855
0.6216

0.760 35
0.722 24
0.688 70
0.66040
0.638 09
0.624 49
0.624 17
0.648 39
0.730 80
0.978 62
1.135 95
1.220 33
1.241 56
1.245 80

1.260 24

1.291 09
1.31037

1.403 37

1.539 16

1.677 34

1.905 82

—1.044 56
—1.046 27

—1.051 22
—1.053 54
—1.054 37
—1.050 95
—1.036 00
—0.983 02
—0.764 38
—0.482 16
—0.206 12
—0.035 26

0.059 09
0.145 84
0.179 21

0.195 82
0.19470

0.180 35
0.174 33
0.168 55

0.156 16

0.147 65

0.13990
0.13693

0.13320

0.14606

1.800
1.807
1.815
1.825
1.836
1.848
1.861

1.888
1.903
1.919
1.935
1.951
1.966
1.980
1.992
2.003
2.010
2.015
2.014
2.008
1.995
1.973
1.939
1.892
1.828
1.746
1.643
1.522
1.385
1.238
1.087
0.941
0.804
0.679
0.567
0.469
0.384
0.311
0.249
0.196

—1.999
—2.000
—2.003
—2.007
—2.013
—2.019
—2.027

—2.045
—2.056
—2.067
—2.079
—2.092
—2.105
—2.118
—2.132
—2.146
—2.160
—2.174
—2.188
—2.202
—2.215
—2.229
—2.241
—2.254
—2.266
—2.277
—2.288
—2.298
—2.308
—2.316
—2.325
—2.332
—2.338
—2.344
—2.350
—2.354
—2.358
—2.361
—2.363
—2.365

decay of the v= 1,N = 1 levels of the g and h 'X+ states
after background subtraction. The dashed and solid
curves show the results of adiabatic (one-state) and nona-
diabatic (six-state) calculations, respectively.

The experimental spectra look very similar to one
another. The decrease in intensity as a function of KER
reflects the v factor in emission of Eq. (6). The node in
the spectrum rejects the vibrational v=1 character of
the selectively excited states. A difFerence between the
spectra is the signal-to-noise ratio: The g X+ state tran-
sitions are much stronger than those of the h X+ state.

The reason is that the g X+ state, being of dominant 3d
character, has a much stronger electronic transition di-
pole to the b X„+ state (of 2p character) than the 3s-like
h X+ state. A similar situation occurs in the atomic lim-
its, where 3d-2p transitions are stronger than the 3s-2p
transitions. Apart from signal intensity these two spectra
can hardly be distinguished. They both display a regular,
double maximum shape, as can be expected for transi-
tions originating from a harmoniclike excited-state elec-
tronic potential. Indeed, both X+ state potential-energy
curves are nearly identical: In Fig. 2 they would be, for
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TABLE I. (Continued).

b(2po) 3X„+

g (3so.)' h (3do. )'
& (3dm) g (3so )'

c (2pm) II„
h (3do )' i (3dm)' j(3d5)'

5.40
5.50
5.60
5.70
5.80
5.90
6.00
6.10
6.20
6.30
7.00
8.00

2.11991

2.231 55
2.342 23

0.467 43

0.744 87
0.886 30

0.151
0.112
0.080
0.054
0.032
0.013
0.002
0.014
0.024
0.031

—2.367
—2.367
—2.368
—2.368
—2.368
—2.368
—2.368
—2.367
—2.367
—2.366

'J. Rychlewski, Ref. [11].
"H. Koch, Ref. [12].
'H. Koch, Ref. [13].

small internuclear separation, indistinguishable.
The adiabatic calculations [dashed curves in Figs. 3(a)

and 3(b)] do not represent the experimental data satisfac-
torily. For the g X+ state the energy of the zeros is
shifted. The failure to reproduce the amplitude of the
h X+ state is due to the sudden change in the adiabatic
transition dipole moment (Table I). Similar discrepancies
are found for all measured X+ state rovibrational levels.
In a previous publication the h X+ state discrepancy was
shown to originate from the electronic character ex-
change of the X+ states around equilibrium internuclear
separation [8]. This electronic character exchange can be
most clearly appreciated from the g X+ state adiabatic
transition dipole moment, which has a node near equilib-
rium internuclear separation (see Table I). This change
in electronic character of the adiabatic states and the
strong mixing in the nonadiabatic states makes a connec-
tion between adiabatic and nonadiabatic X+ states hard-
ly possible and irrelevant. In the present comparison of
adiabatic theory with experiment we chose to associate
the adiabatic g X+ state with the weakly radiating nona-
diabatic h X+ state. As explained in detail in paper I,
the connection between nonadiabatic and electronic X+
states is straightforward in a diabatic electronic basis set.
The nonadiabatic g X+ state then mainly consists of the
diabatic electronic 3d X+ state, and the nonadiabatic
h X+ state mainly of the diabatic electronic 3s X+ state.
The solid curves in Figs. 3(a) and 3(b) represent results of
nonadiabatic calculations and represent the experimental
data very well in both cases. The electronic basis trans-
formation is used to transform adiabatic to diabatic tran-
sition dipole moments. Figures 4(a) and 4(b) display the
diabatic transition dipole moments to the b X„+ and
c II„states, respectively. The g X+ state node has
disappeared. The remaining R dependence is comparable
in magnitude to that of the i IIg and j 6 state transi-
tion dipole moments. Note that the j 6 to b X„+ state
transition dipole moment is not given. It vanishes identi-
cally according to the electric dipole selection rule

EA=O, +1. Due to this selection rule, the j 5 state
spectra result from the electronic i H~ state potential ex-
clusively, as was already pointed out by Koot et al. [3].
Even if the nonadiabatic j 5 state consists of mainly

1.5

1.0

Ql

0.5
"t5

0.0
~ ~
N

4 —0.5

—1.0

0
C4

p

0
I I I

1 2 3
internuclear distance (a ~ u. )

FIG. 4. Plot of the diabatic transition dipole moments calcu-
lated from the adiabatic data presented in Table I. (a) shows the
n =3 triplet gerade to b X„+ state transitions; (b) shows the
n =3 triplet gerade to c II„state transitions.
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electronic j A~ state character, radiation to the b X„+

state can only be observed insofar as an electronic i H
state component is available.

The shape of a KER spectrum immediately reveals the
vibrational quantum number of the excited state. In the
one-state approximation the dissociative b X„+ state can
be thought of as a mirror mapping the vibrational proba-
bility distribution onto the KER scale (see Fig. 2).
Indeed, Koot et al. have shown the stationary phase ap-
proximation to apply rather well: In this approximation
the overlap between the excited state and continuum vi-
brational wave functions is determined by a small region
in the internuclear distance domain, which justifies the
association of small internuclear distance domains with
(mirrored) small KER domains [3]. The full quantum-
mechanical expression [Eqs. (4) and (6)] does not allow
for such a correspondence.

In the nonadiabatic case, in which more than one elec-
tronic state is involved, this semi-classical node
correspondence in KER and internuclear distance
domains is lost. Spectra from negative-parity excited
states show zeros as in the one-state approximation, but
the vibrational probability distribution P (R )
= fd r d 0 I%'(r, Q, R ) =gz, I fk (R ) ~

does not vanish

at some R value, in general.

B. Branching ratios

For many rovibrational levels in the n =3 triplet
gerade complex we recorded KER spectra. From them
we extracted the experimental branching ratios by simply
dividing the number of counts of the c H„+ state struc-
ture by that of the b X„+ state structure. These ratios are
presented in Fig. 5 as a function of angular momentum
X. As one can see, the trends are very well reproduced
by theory. Apart from the v=0 series of the g X+ state
we can even report good quantitative agreement. The use
of a hot plasma ion source permitted acquisition of spec-
tra for angular momenta up to X =7.

The experimental error has two main sources. The
first one is the signal-to-noise ratio. As the b X„+ state
structure is extended over a range of 7 eV, and the c H„
state predissociation peaks extend over less than 0.5 eV,
the error bars become important for R, ) 1. A second
source of error is given by the background subtraction
procedure uncertainty. The spectra as displayed in Figs.
3(a) and 3(b) result after subtraction of a background due
to decay of states other than the resonantly excited one,
either with or without previous photon absorption.
Background subtraction is simplified by the presence of
minima in the spectrum. In practice this means that the
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I I I
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g g
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ofc
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F&G. 5. Branching ratios 8 =I, /Ib for fluorescence decay of the n =3 triplet gerade states to the b(2po. ) 'X„+ and c(2p~) II„+
states as a function of angular momentum +. Stars mark the nonadiabatic theoretical data; triangles with error bars represent experi-
mental data.



BRANCHING RATIOS FOR THE DISSOCIATIVE DECAY OF. . . 4177

0,20 0.20

0.15— 0.15—

0 ~ 05— 0.05—

0.00 —
I

0
I

8
0.00 —

I

0

)fc

I

8

0.30

0.25—

0.20—

I I

i ?Is v=2 (g)

4

0,05— 0—

0
I

N

I

0

4 5

0—
I

0

0—
I

0

FIG. 5. (Continued).

error bars for the v=O series are significantly larger than
the others. A third error is caused by the difference in
anisotropy for radiative decay to either one of the 2p
states. The b X„+ state is repulsive and the c H„+ state is
predissociated rotationally. From the angular spectra we
indeed observed a very small difference in anisotropy, but
it leads to significantly smaller errors than the former
two, and this source of error is not included.

The branching ratios show a complicated behavior. In
the following we explain this behavior in terms of the
excited-state mixing, as manifested by the expansion
coefficients f, (R) of Eq. (3).

1. Xg states

Figure 6 presents two v=1 g X+ state spectra and the
corresponding expansion coefficients fk (R ). The figures
on the left-hand side correspond to a low branching ratio,
N =1. The most important contributions to this nonadi-
abatic state are from the 3d X+ (dashed) and i II
(dash-dotted) electronic states. The electronic j b, state
contribution vanishes since it offers no X =1 rotational
level. On increasing angular momentum (the figures on
the right-hand side correspond to X =5), the electronic
i II state contribution increases at the expense of the 3d
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kinetic energy release (eV)
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X+ state contribution. From the corresponding transi-
tion dipole moments [Figs. 4(a) and 4(b)] one can appreci-
ate that a pure i H state has a larger branching ratio
than a pure 3d X+ state. The electronic j Ag state con-
tribution also tends to increase the branching ratio: Since
the j 6 to b X„+ state transition is electric dipole for-
bidden, a pure j 6 state has an infinite branching ratio.
Thus the increased electronic i H and j hg state contri-
butions explain the observed increased Auorescence to the
c H„+ state. A similar argument applies to the opposite
branching behavior of the h X+ state, which decreases
with increasing angular momentum. For increasing X
the h Xg state has a decreasing electronic i H state
contribution to the benefit of the 3s X+ state contribu-
tion. Again a pure i H state has a larger branching ra-
tio than a pure 3s X+ state, as can be seen from the tran-
sition dipole moments, and the experimentally observed
branching-ratio behavior is confirmed.

X =0 branching ratios do not fit the trends set by lev-
els with higher angular momenta. This anomaly rejects
the impossibility of an X =0 nonadiabatic X+ state mix-
ing with available H and 6 states, in contrast to the X+
states with higher angular momentum X.

Unfortunately the metastable beam composition, con-
sisting of the negative-parity c H„state component
only, does not allow for excitation of positive-parity
%=0 rotational levels. This prevents us from demon-
strating experimentally this example of discontinuous be-
havior in molecular processes.

2. i IIg and j h~ states

The j hg state branching behavior is readily under-
stood. Due to its 6 symmetry a pure j A~ state cannot

I I

S 4 a 2
internuclear distance (a.u. )

FIG. 6. Plots of v=1 g 'Xg state KER spectra for different
angular-momentum values, and, under each of them, corre-
spondingly, the computed expansion coefficients f; (R) of Eq. (3)
that illustrate the electronic mixing. The broad structure ex-
tending from 0 to 5 eV arises from fragmentation following
fluorescence to the dissociative b X„+ state; the peak near 7.5 eV
arises from fragmentation following fluorescence to the rapidly
predissociaied c 'H„+ state.

radiate to the b X„+ state since this is an electric-dipole-
forbidden transition (EA=2). Hence, a pure j b~ state
yields an infinite branching ratio. The branching ratios
for the nonadiabatic j 5* states, though 1arge, are not
infinite and represent a direct measure for mixing of
mainly the electronic i IIg state.

The nonadiabatic i H states show a minimum in
their branching ratios at about N =3. This minimum is a
consequence of two factors with opposite behavior: for
increasing angular momentum, increasing electronic
j Ag state admixture leads to increasing branching ra-
tios, while the ratio of rotational wave-function overlap,
given by the 3j symbol in Eq. (4), leads to decreasing
branching ratios. An anomaly in the calculated branch-
ing ratios for X =1 can be seen that is similar to the
X =0 X+ states described above, since the % =1 i H~
state is pure, in contrast to the higher angular-
momentum levels, which can mix with the electronic
j 6 state. For the positive-parity nonadiabatic i H+
state the situation is more complicated due to additional
X+ state admixture, and qualitative explanation of the

branching-ratio behavior as done above is not possible.

V. CQNCI. USIQN

In a previous report from this laboratory Koot et al.
also presented a number of branching ratios [3]. Better
detection calibration and signal-to-noise ratios have en-
abled us to improve on the branching-ratio accuracy.
However, the main achievement of this work is the de-
tailed understanding of the branching-ratio behavior in
terms of the electronic composition of the total, nonadia-
batic wave function. A detailed description of the mixing
of electronic states in the nonadiabatic state has been
presented before by Keiding and Bjerre [9] and Alikacem
and Larzilliere [10]. By means of a model Hamiltonian
line fit that takes into account I. uncoupling, both groups
were able to obtain considerable insight into the rotation-
al perturbations a8'ecting the n =3 triplet gerade com-
plex in HD and Hz, respectively. The present experi-
ments also provide an exact understanding of vibrational
coupling between the electronic Xg states, which cannot
be ofFered by the L,-uncoupling model Hamiltonian treat-
ment. The combination of rotational and vibrational
mixing leads to a complicated nonadiabatic state compo-
sition. This composition is directly rejected in the be-
havior of the branching ratios and in the shape of the
KER spectra for emission to the b X„+ state. Agreement
of theory with the present experimental data constitutes
important evidence for the reliability of the vibrational
couplings calculated in paper I.
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