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Dissociative photoionization of H and D, by (30-37)-eV photons via I, states
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We present a theoretical study of dissociative photoionizationoémtl D, via I, states, in the photon
energy range 30—37 eV where several ionization and dissociation channels are open. The theory includes
coherently competition between the different dissociation and ionization channels, and make8sgdircd
functions to represent both the electronic and nuclear motions. Our results agree fairly well with recent
experiments, and show that the various peaks observed in the spectra are due to th@joéstdoubly
excited state, which decays following both a direct and a multistep mechanism. The differences between H
and D, results can be explained in terms of calculated Franck-Condon factors and autoionization probabilities.
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PACS numbe(s): 33.80.Eh, 33.80.Gj

[. INTRODUCTION servation angle, only théII, continuum is populated9].
We have shown that multichannel dissociation through a
Molecular photoionization is currently used to probe elec-single 11, doubly excited state leads to multifeatured spec-
tronic and vibrational continua of simple diatomic mol- tra similar to those reported by Ito, Hall and UK4i7]; the
ecules. In the case of fHHabsorption of photons with energy different peaks observed in each dissociation channel have
hw>18.1 eV leads to emission of an electron and dissociabeen interpreted in terms of a direct and a multistep mecha-
tion of the molecule according to the equatiop#iw—H  NisM. In the present paper we present additional results for
+H*+e". The latter process is called dissociative photo-D2: @nd analyze the origin of the isotope effect reported in
ionization, and plays a fundamental role in interstellarthe experiments. These results will allow us to discuss in

clouds, planetary atmospheres, and plasma physics. The fi ore detail the validity of the conclusions reported in Ref.
investigations of dissociative ionization were performed in 3. . . .

. S L The paper is organized as follows. In Sec. Il we describe
the early 1970s by analyzing the kinetic-energy distribution he theoretical method and its implementation vBdsoline
(KED) of the resulting protongl—8|, and its angular depen- the b pline

. . functions. The results for Hand D, are presented and dis-
denge[9]. Experimental evidence 9f resonance effects wa ussed in Sec. lll. Finally, some conclusions are summarized
oibta'|r.1ed by Strathdee and Brownifig0], who 0b§erved @ in Sec. IV. Atomic units are used throughout unless other-
significant enhancement of the proton production rates gfise stated.
26.9 and 30.5 eV. This enhancement was immediately re-
lated to the existence of doubly excited states j{H—-13,
in particular the lowests, state, which belongs to th@,
resonance series converging to tAE . (2po,) ionization The theoretical method, inspired in the ideas of Rgfd]
threshold(see Fig. 1 Subsequent experimental works in this and[25], is a generalization of the one used in R¢20,21]
energy region14—19 revealed additional features that the for the special case of a single ionization channel. It makes
'Eheor)]/J has not been able to explain until very recentlyuse ofB-spline functiong26] to represent both the electronic
20,21].

At higher photon energiesiw>30 eV) the situation is 40 ; ; ; ;
more complicated because several ionization channels are \

open(see Fig. 1 Furthermore, doubly excited states lying 35 | .
above theZE_J (2pa) threshold(the so-called, state$ are w
also accessible, and may autoionize, yielding Hn either = 30 - \—;

Il. THEORY

the ?X(1sog) or ?X[(2po,) states. This energy region = |

was explored in two recent experiments by Ito, Hall and =

Ukai [17] and Latimeret al [22], who determined the ] o0 L

kinetic-energy distribution of ejected protons and deuterons =
in H, and D, respectively. Although the experiments are 15 b N 2):9+(1359) ]
rather contradictory(the former authors found some reso- — “— Franck-Condon region (H,) 1
nance peaks that are absent in the spectra of[R2}), they 10 0 1' : é : :'3 : "1 : é o

both showed a strong isotope effect which results in a sig-
nificant increase of the D yield, especially at the higher
kinetic energies. In a recent paj@B], we reportedab initio FIG. 1. Potential-energy curves of,tnd H*. The curves for
calculations of KED spectra for Hin the energy range autoionizing doubly excited states have been taken from Refs.
30-37 eV, and for protons observed at 90° with respect t¢28,29. The energy origin is placed on the lowest rovibrational
the polarization vector of the incident radiation. For this ob-level of the ground electronic state ofH

Internuclear distance (a.u.)
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and nuclear wave functions. This allows one to use algebraithis work, « stands for the?S ! (1soy) and 23 (2pay)
techniques in solving the systems of coupled equations thaflectronic states of }Jf or D,". The labelr is used for
include the interference between the various ionization an@électronic coordinates, aridlis the internuclear distance. In
dissociation channels. As the complete formalism was exEq. (1) we have factored out the rotational wave functions
plained in detail in Ref[21], here we only summarize the and averaged upon all possible orientations. The initial state
basic ingredients and adapt the notation to the multichannés described in the framework of the Born-Oppenheimer

case. (BO) approximation, i.eWg,(r,R)= 1,//g(r R)x.(R), where
In the dipole approximation, the cross section for ioniza-y, is the initial electronic state ang, is the nuclear vibra-
tion from the initial State‘l’gy(r R) is given by[27] tional wave function calculated in the potential-energy curve

) E4(R) associated withy, :

j dR<\PgV ep Dl\lfav I,m ’

av E)=
757 @ [T(R)+Eg(R) = Wg,]x,(R)=0, 2

whereg and v indicate the initial electronic and vibrational whereT ls;[he relative kinetic energy of the nuclei. Hefg
states, respectivelyiw is the photon energy, is the photon  is theX'S electronic state of klor D,, and, the vibra-
polarization vector,D is r,;+r, (the length gauge and tional state withv=0. Application of the dipole selection

V.1 me(r,R) is the final state. In the latter state, the super- rules to Eq(1) implies that only electronic states &E, and
scrlpt+ indicates the usual outgoing boundary conditions in 11, symmetries are populated. _
electron-molecule scattering, and m are the angular mo- Let us calle, the kinetic energy of the outgoing electron
mentum quantum numbers of the ejected electBoRW,, in channela, ¢,(r, R) the resonant electronic states of en-
+ho with W,,, the total energy of the molecule in the €rgy E-(R), and y%; _me,(I,R) the nonresonant electronic

initial state; ande andv, denote the electronic and vibra- continuum states in “Which the former are embedded. Then
tional states of the residual molecular ion, respectively. Irthe final-state wave function can be writtg20,21]

Wy g(nR)= E be (1 RIE, | (R 92 (LR)xy (R)

! ’ " ! ! ! O
“in3 5 }3 o[ RV RO R (R (R

77—»0( ’| E E +|77 a'a’ a'a' @
6

where
VravalaE(R <¢ |He|| l;bal o€ >XVH(R)1 (4)

and ., is the electronic Hamiltonian. Note that we have dropped the indbecause's, | and 11, continuum states, which
have differentm’s, are not coupled. In Eq¢3) and(4), x,_ is the nuclear wave-function solution of

[T(R)+E(R)-W, Ix, (R)=0, 5)

whereE ,(R) is the potential-energy curve of thestate of B or D,*, W, _is the energy of the residual,/ or D," ion,
E=e,+W, , and&,, | ¢ is the solution 0f21,24,29

r
avl

(R)

[E-ER)=T(R)E e(RI=Viy | e(R)+lim S 2 i ¥ ae

N , ' ,
: mf ARV, o (ROE 1 (R
77—> r a o

(6)

The latter equation represents the nuclear motion when thand vibrational statg, . Hence the two terms on the right-
electrons are in the quasistationary stéte Equations(3) hand side of Eq(6) are the result of the autoionizing char-
and(6) are exact within the BO approximati¢@1,25. The  acter of theg, state. In particular, the last term represents the
matrix element in Eq(4) represents the coupling between decay of the resonant state to the adjacent electronic con-
the resonancey, and the nonresonant wave functi ,*aéa tinuum. This term, as well as the last one in ES8), is non-
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local due to the presence of ti§g, | ¢ functions, and it can

be split into ad-function term and a principal value term. In
applying Egs(3) and(6), we have excluded the bound elec-
tronic states because contributions from the latter to the ion-
ization process is expected to be negligible.

Now some words are appropriate concerning our descrip-
tion of the electronic and the nuclear wave functions in Egs.
(3) and (6). The one-electron functions are defined in an
interval [0 hax N terms of a basis oB-spline functionsB!‘
of orderk [26]. The B¥ functions are piecewise polynomials
of degreek—1, and are distributed along a linear knot se-
guence defined in th¢O,r ] interval. Additional knot
points are defined in the borders of the interval, so that
Bik(0)= B!((rmax)=0 for all i, which is equivalent to enclos-
ing the system in a box of sizg,,,. The H," orbitals ¢,
are obtained by diagonalizing the, H Hamiltonian in the
above basis; hence they are written

Cross section (10° Mb/eV)

N

> a"Bi(r)

=1

I max

(anzr Z

I=0

Y'™(r), ()

H" Kinetic energy (eV)

o _ _ o FIG. 2. KED spectra of K for protons detected at 90°1I(,,
whereY'™(r) is a spherical harmonic, and the origin of elec- contribution. Solid line: theory; circles: experimental results from
tronic coordinates have been placed in the middle of theref.[17].

internuclear axis. In this work we have us&e8, r
=60 a.u.,l =11, andN;=140 (for 1=0, ... J.0. The [30]. The corresponding Green’s function is evaluated as de-
resonant wave functiong, were obtained by diagonalizing scribed by Mari [32]. In previous works[28,29, we
the H, Hamiltonian in a basis of configurations built from showed that this procedure provides accurate energy posi-
the above H* orbitals[28]. In the case of théll, symme- tions and autoionization widths for a large number of doubly
try, the expansion included 206 configurationsfr,, excited states of K In this work we only consider the lowest
oyTy, mgdy, anddym,), in which the two lowest or-  Q, I, doubly excited state because it has the largest auto-
bitals, 1soy and 2o, were excluded in order to ensure ionization width of the serief29,33. This state lies above
orthogonality with continuum statesee Ref[29] for de-  the 23 (2po,) ionization threshold atR=1.35 a.u. At
tails, and below shorterR, the energy curve crosses the threshold and, there-
The nonresonant wave functioﬂ@faea describe a bound fore, the state can only decay to the lowest state 0f tsee

electron in either the 4o, or 2pa, orbitals of H*, and a  Fig: . .
continuum electron with angular momentugn. They were  1Ne ground state of Hhas been taken from Reff21] (it
evaluated using thel'2 close-coupling” method30], which 1S represented in a basis of 400 two-electron configurations
allows for interchannel coupling between different partialPUilt from B-splines. Since we have used the same elec-
waves and yields the correct asymptotic behaf@d. More  tronic Hamiltonian for H and D; (infinite nuclear mass ap-
specifically, for each channetl,, we define a set of or- proximation), all electronic wave functions described above

thogonal uncoupled continuum stai@$CS’s) are identical for both systems. , o
The initial and final(bound and continuuimvibrational
0 - wave functions are written as linear combination8efpline
ri,r)=0(®, (r{,r2)04 « (ra)), 8 .
Lat e (F1,12)=0O(Dy (r1,72)C0u ¢ (12)) (8) funCtlonSB]k of orderk:
where © is the symmetrization operatdwe only consider N
singlet states ¢, . is the radial wave function of the con- X (R=R 1> dy; B:-((R). 9)
oo j

tinuum electron, an@,, is the channel function, which is a

state of H" combined with the angular function of the scat- The B splines are defined in an interviD,R.J using a
tered electron to give the correct channel symmetry. Thdinear knot sequence with additional knot points in the bor-
UCS’s were built using our calculatesd, and 200, orbit-  ders so thaB;(0)=B;(Rn,) =0 for alli. Here we have used
als for H,* and a radial continuum wave function expandedN=240, k=8, andRn,,=12 a.u. The coefficientd,; are

in a B-spline basis with well-defined angular momentlm evaluated by substituting E¢Q) into Eqgs.(2) and (5). The
This procedure leads to a discrete spectman} and to sameB-spline basis has been used to solve @g.using the

discretized UCS wave functior~§§,an that have been renor- procedure described in ReR1].

malized using the appropriate density of states. We have
evaluated alkl , open channels with angular momentum up
tol,=7. As in Ref.[31], interchannel coupling between the  In Figs. 2 and 3 we show the calculated KED spectra for
UCS’s is introduced using a Lippman-Schwinger formalismthe 11, continuum of H and D,. The maximum allowed

Ill. RESULTS AND DISCUSSION
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For H, the positions of peak#, B, andC are in good
agreement with the experiment of REL7]. This is also the

FIG. 3. KED spectra of Bfor deuterons detected at 90%IT, case for [ up to 32 eV, but for higher photpn energ_ies the
contribution. Solid line: theory; circles: experimental results from galcu_lated po,s't'onslfo_r peak are slightly Sh'fted ,to higher
Ref.[17]. kinetic energies. This is more clearly seen in Fig. 4, where

the hydrogen and deuterium results are compared with the
kinetic energy for ejected protoifand deuteronds given by  experimental ones dtw=35 eV. The theory predicts that
Tmax= (ho—Eg)/2, whereEy, is the threshold energy for the position of peald is roughly the same for Hand D,
dissociative photoionizationEHy=18.083 eV for H and  whereas the experiment of R¢fl7] shows that peald for
18.162 eV for B). Thus the theoretical cross sections mustD, appears at lower kinetic energies 0.2 eV) than for H.
go abruptly to zero forT=T,,, (this vertical fall is not A similar shift is found in Ref[17] for all photon energies
shown in the figures for the sake of clajityn Figs. 2 and 3 above 32 eV. In contrast, the spectra of Re&f2] do not
our results are compared with the spectra measured by ltexhibit a noticeable shift between,Hand D, results, in
Hall, and Ukai[17] for protons and deuterons observed atagreement with our findings. In this respect, it must be
90° with respect to the polarization vector of the incidentpointed out that there is no indication that ous Rsults are
radiation (as noted before, for this observation angle, onlyless accurate than the,tbnes because the electronic wave
the 11, continuum is populated Since the measurements functions are the same for the two molecules and the nuclear
are not given on an absolute scale, the experimental dataave functions have been evaluated to the same degree of
have been normalized to reproduce the calculatedidss accuracy. Also, the maximum allowed kinetic energy for
section forhw=34 eV and a proton kinetic energy of 7 eV. D*, T,.., sSeems to be slightly smaller in the experiment of
The same normalization contant is used for all photon eneif17] than expected from the formula T2,=%w
gies and for both Hand D;, so that the experimental relative —18.162 eV.
intensities remain unchanged. Fbw<36 eV, the theory The partial cross sections for dissociation through the
reproduces well the peals B, andC observed in Refl17],
as well as their relative intensities. It is then clear that the
origin of all these peaks is the single doubly excited s@ae
11,. Although contributions from othe®, resonances
cannot be totally excluded, it should be less important since
they lie higher in energy and their autoionization widths are
much smaller(e.g., the width of the secon@, I, reso-
nance is already ten times smaller at the equilibrium distance
Re=1.4 a.u.[29,33). Only peakA is present in the experi-
ment of Latimeret al.[22]; however, its intensity as a func-
tion of photon energy is also in very good agreement with
the present results for both,Hnd D;.

For #w=36, experiment$17,22 show the existence of 0
another peak around 4 gYhis is particularly clear at 37 eV 0 2 4
As pointed out in Refg.17] and[22], this peak corresponds Kinetic energy (V)
to direct ionization to the’Il,(2pm,) state of H; there- FIG. 5. Partial KED cross sections of,lnd D, for protons and
fore, it cannot be reproduced by the present calculations befeuterons detected at 90%IT, contribution and #w=35 eV.
cause only the two lowest ionization channéy (1sog)  Solid lines: 2] (2po,) channel; dashed lines2S; (1say)
and 23} (2po,) have been included. channel.

20

15
35eV

10

Cross section (10~ Mb/eV)

10
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FIG. 6. Contributions to the 35-eV KED spectrum of b the FIG. 7. Comparison between calculated Franck-Conte®)
different terms entering the definition of the total wave function factors|(y,|Yg)|? and calculated peak intensities. Solid line: FC
given in Eq.(3). Solid line: total cross section; short-dashed line: for H,; dashed line: FC for R circles: peakA intensity for H;
resonant contribution corresponding to the first term in BY,  diamonds: peald intensity for D,. Peak intensities have been ob-
long-dashed line: resonant contribution corresponding to the thirdained from the peak maxima in Figs. 2 and 3; they have been
term in Eq.(3); dotted line: nonresonant contribution corresponding normalized to the FC factors at the maximum position.
to the second term in Eq3).

oot - o (see Refs[23,29,33) is maximum atR=1.35 a.u. Figure 7
24 (1s0g) and °% (2poy) channels are shown in Fig. 5. ghows that, for both Hand D,, the cross sections at the

It can be seen that+they contribute in tyvo separate regions Qfaximum position are proportional to the Franck-Condon

the spectra. ThéX ;(2pa,) cross section leads to peaks  (F() factor |(y,|Yg)|?, whereY is the nuclear wave func-

andB at high KE, and is practically zero at smaller K&EJ.,  tjon that results from the equation

it is negligible below=5 eV in the spectrum at 35 gVThe

22(:;(1309) cross section is responsible for the remaining [E-E/(R) —T(R)]Yg(R)=0. (11
structures and it is negligible in the region where peAks

andB appear. Figure 6 shows that peaksndB arise from  The maximum intensities are obtained fbw=34.2 and
the resonant terms in th& | (2po,) channelfirst and third ~ 34.4 eV, respectively, in good agreement with experiments.
terms on the right-hand side of E(B)]; the corresponding Notice that Eq.(11) can be easily solved and results from
nonresonant backgrourithe second term on the right-hand neglecting the autoionizing character of the resonance in Eq.
side of Eq.(3)] is very small and barely contributes to the (6). Therefore, the mechanism leading to peaks very
spectra. PealC comes from the resonant terms in the Simple and can be summarized as followig:the resonance
23§ (1s0) channel. The nonresonant background in the latiS Populated according to the Franck-Condon princifiie,

ter channel is responsible for the rapid decay of the crost® molecule begins dissociation following the repulsive po-
section from zero te=1.5 eV. In this interval one can see a tential energy curve of th@, 11_Hu resonanceliii) the reso-
strong oscillationdenotedS) whose shape depends on pho-nance autmomzes_eRA, and(|v+) the molecule gllssomates
ton energy. It is clear from Fig. 6 that this oscillation is the completely following the ?(2po,) potential-energy
result of the interference between the resonant and nonreso-

nant amplitudes. Although the experiments are not conclu- 1.2 ' ' ' '
sive for kinetic energies smaller than 1.5 eV in the 30-37 1ol oA |
photon energy range, similar oscillations have been predicted ' = (B;

A

[23] and observedl17] at smaller photon energies. Peaks
B[channel’X | (2po,)] andC [channel’S j (1so)] can be
related to autoionization of th@, 111, state at three dif-
ferent internuclear distanc&s. These can be approximately

o
[e:]
T
¢
s
vs)
)
x
R=2

| FC factor

Normalized peak intensity
o
»

determined from the formulgl7] 04 1
2Ti=ho+Wy,—Ey ~[E(R)—E.(R)], (10 021 1
whereT; and[E,(R;) —E,(R;)] are the kinetic energies of 0'028 30 32 34 3 38

the ejected proton and electron, respective&y,ls is the Photon energy (eV)

ground-state energy of the H atom, arid/g,,— EHls FIG. 8. Peak intensities as functions of photon energy. Circles:
=18.083 eV (=18.162 for B). T; is directly obtained from  peak A (theory; squares: peakB (theory); triangles: peakC

the position of maximumi. For peakA we obtain thatR,  (theory); diamonds: pealB (experiment of Ref[17]); solid line:
varies from 1.8 to 1.6 a.u. in the photon energy range 30—3Franck-Condon (FC) factor [(x,|Yg)|?; dashed line:
eV. This means that autoionization occurs immediately aﬁer(Xv|YE>|2|<Xva|YE>|2 (see text Peak intensities have been ob-
the doubly excited state is populated. This is consistent withained from the peak maxima in Figs. 2 and 3. All intensities and
the fact that the corresponding partial autoionization widthFC factors are normalized to 1 at the maximum position.
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1 0 T

gion is narrower for D than for H,. However, the most
significant isotope effect is that the intensity of peaks
twice as large in D as in H, (see Fig. 4. This can be par-
tially explained by the fact that the Franck-Condon factor is
larger for the former than for the lattésee Fig. 7. However,

the difference is not large enough to account for a factor of 2.
For this, one has to consider the autoionization probability
for the Q, 111, doubly excited state. Using a simple semi-
classical model[34,35 in which the nuclear motion is
P(2ps,) treated classically, one can write the probability of decay
into channela as a function oR:

o | 35eV

Autoionization probability

- R,
10 1 1 Il Il 1
0o 1 2 3 4 5 6

Internuclear distance (a.u.) r,(R) F{ J—R I['(R')

o o . o(R)= 7—rex
FIG. 9. Semiclassical autoionization probabilitisge Eq(12)] fiv(R) Ro hV(R")
as functions of internuclear distance fbw=235 eV. Solid line:
22, (2poy) channel for H; full line with dots: 23 (2pay) chan-  whereT is the total autoionization widtH;, is the partial
nel for D; dashed line?S g (1sog) channel for H; dashed line  \yidth for autoionization in ther channelRy is the classical
with dots: 22§ (1seg) channel for B. Ry is the classical tuming ¢ ming point, andv is the classical radial velocity of the
point. The inset is a blow up of the shdrtregion. nuclei moving in theE, potential. The latter is given by

R'l . (12

curve. Figure 8 shows that pe&kexhibits a FC behavior as Lulv(R) P=ho+W,,—E(R), (13
well; hence the mechanism is similar, except that now disso-

ciation follows the®. (1say) curve in stepliv). From EQ.  wherey is the reduced mass. The results obtained using this
(10), we obtainRc>7 a.u., but the existence of a near- formula for Aw=35 eV are shown in Fig. 9. At shoR,
p_Iateau on t_he Ieft_side o_f pedk indicates th_at_autoioniza- where autoionization to th&S ! (2pa,) is dominant, deute-
tion occurs in fact in the intervdlR,,Rc]. This is a conse- 1jym autoionization probabilities are larger than the hydro-
quence of the slow decrease of the, (1s0,) partial width gen ones(see the inset in Fig.)9 This difference can be
with R (see Refs[23,29,33 and belovy. explained as a velocity effect: ,Ddissociates more slowly
We turn now to peakB. From Eq.(10), we obtainRg  and, therefore, spends more time traversing the region of
=2.7-2.6 a.u., which is significantly larger th&),. Fur-  maximum autoionization than does,hence the B auto-
thermore, Fig. 8 shows that the intensity of pe&iks not  jonization probability is enhanced. At long internuclear dis-
proportional to the Franck-Condon factffy,|Ye)l?. In-  tances, the probabilities for both isotopes are very small in
deed, for H, both theory and experiment show that the larg-agreement with our previous findings f& . Thus the in-
est intensity occurs now &tw=35.5 eV. To understand the crease of intensity of peak in D, is exp|ained by a |arger
origin of this unsual behavior, one has to analyzedhe, ¢ Franck-Condon factor combined with a larger autoionization
function resulting from Eq(3). Since this function combines probability. In the case of thézg(lsag) channel, the latter
all dissociation pathways and the interference between theneffect is relatively less important because autoinization is not
a second mechanism is possibl@: the photon populates negligible at longR, where, as shown by Fig. 9, the differ-
initially the electronic continuum associated with the ence between Ppand H probabilities is very smallsee
%3 *(2pa,) state—this step is more or less independent ofFig. 9.
photon energy, because there is always maximum FC over-
lap; (ii) the molecule begins dissociation following the IV. CONCLUSION
23 *(2pay,) energy curveiii) the resonance is populated at
~R, due to coupling with the electronic continuum, i.e., the We have presented theoretical calculations of dissociative
inverse of autoionization due to the inhomogeneous term ifPhotoionization of H and D in the range of photon energies
Eq (6)' (lV) the resonance autoionizes Bé’ and (V) the 30—37 eV. The theoretical metho-d makes US%Gpline
molecule dissociates completely following tA& f(2pe,)  functions to describe both electronic and nuclear wave func-
energy curve. From stefiii ), the probability of this second tions. Inperft_erence among dlffergnt dlssouanpn, ionization
mechanism is roughly proportional @y, |Yg)|? [notice and aut0|o_n|zat|on channels are included conS|s_,tentIy. Parual
thaty, is the solution of Eq(5) for a=25 f‘(z )]. Since cross sections have been computed and the different contri-
Xy, - SO AR Tor =2, (2pay) ] St _ butions have been analyzed in detail. We have shown that
this mechanism interferes with the direct mechanism disthe resonance structures observed in the 90° KED spectra are
cussed above, the intensity of peishould be proportional - gye to autoionization of th®, 1111, doubly excited state to
to [(x,|Ye)l?[(xv [Ye)|? This leads to the dashed curve e 23,4 (1soy) and %3, (2po,) states of H*. At least two
shown in Fig. 8, which qualitatively explains the non- different mechanisms are responsible for the various peaks
Franck-Condon behavior of pedk Mechanisms involving observed in each dissociation channel: a diratanck-
more steps are less probable because’®g(2po,) auto-  Condon mechanism and a multistgmon Franck-Condon
ionization width is practically zero foR>Rg. A similar  mechanism. Both of them can be easily distinguished by
behavior is observed for pedkin D,. plotting the peak intensities as functions of photon energy.
Figure 7 shows that, as expected, the Franck-Condon réFhe direct mechanism leads to the most intense peak in each



2206 I. SANCHEZ AND F. MARTIN PRA 60

dissociation channel, while the multistep mechanism leads tthis isotope effect is in good agreement with the measure-
less intense peakthe number of which depends on how fast ments of Ito, Hall, and Ukdji17] and Latimeret al.[22].

the partial widths decrease .at loR). This interpretation is We are grateful to Professor K. Ito for sending us the files
supported by recent experimental results of Ito, Hall, ancontaining the experimental data. This work was supported
Ukai[17]. The resonance peaks fop @re more intense than by the DGICYT under Project No. PB96-0056. 1.S. acknowl-
for H, as a result of a more effective Franck-Condon overlapedges the Ministerio de Educanigy Ciencia for a research
and a higher autoionization probability. The magnitude ofcontract.
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