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Photon and high-energy-electron-impact vibronic excitation of molecular hydrogen
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We have obtained generalized oscillator strengths, in the framework of the first Born approximation,
for the electron-impact excitation of JHthrough the X' (v=0)—-B '3 [(v'=0-33), XX (v=0)
—B' 3/ (v'=0-8) andX ‘X (v=0)—C 'II,(v'=0-12) vibronic transitions. The target electronic wave
functions, previously used to determine electron-impact dissociation cross sections for the same transitions
[Phys. Rev. A57, 1025(1998], were calculated at the configuration-interaction level for several internuclear
distances. The discrete vibrational wave functions were generated by solving the vibrationalir@ghro
equation in the Born-Oppenheimer scheme. The Franck-Condon approximation was not invoked. Optical
oscillator strengths for the same transitions were also obtained and compared favorably with previous theoret-
ical and experimental results. The calculated generalized oscillator strengths presented good agreement with
recent measurements by Zhoagal. [J. Electron Spec. and Rel. Phed#, 127 (1998] for the B3, and
C 1, vibronic transitions[S1050-29479)11008-4

PACS numbd(s): 34.80.Gs

[. INTRODUCTION tional numbers, near the states’ same dissociation limit. Ex-
perimental optical oscillator strengths for tb(elig (v=0)
Electron-impact cross sections of molecular hydrogen.{B 13" CII }(v') bands were measured and, up to
have several applications, among them laser systems, mod992, reviewed by Chaat al. [8]. Khakoo and Trajmaf2]
eling of earth and space plasmgld, gas discharges, and have obtained differential cross sections for ®eand C
other weakly ionized plasma]. Besides that, since the states at electron-impact energy of 60 eV, lower than the
molecular hydrogen is the simplest molecule, the study ofegion of validity of the first Born approximation. Chen and
the electron-molecule collision processes may present basjsezane[9] have used these experimental data to obtain
insight on its fundamentals. Recently, we have studied théntegral cross sections using a universal function. Geiger and
electron-impact dissociation cross sections of[B] via the  Schmoranzef10] have obtained optical oscillator strengths
transitions X'X;(v=0)—{B'S, B’ 'S ,C'Il;}, the from electron-impact experiments. Recently, Zhengl.[5]
same studied in the present work for discrete transitions. Theave measured the optical oscillator strengths and intensity
three ungerade excited states correlate to thesH{H(n  distributions at 1500 eV electron-impact energy for the Ly-
=2) dissociation limit. In particular, the LymaB{> ) and  man and Werner vibronic bands, the latter as a function of
Werner (CI1,) bands give rise to the strongest allowed op-the scattering angle. Those authors also reviewed the experi-
tical transitions in the ultraviolet region of the molecular mental work on these transitions up to 1998. We derived
hydrogen spectra. A compilation of cross sections for variougxperimental generalized oscillator strengths from thejr
channels of electron-molecular hydrogen collisions can beibrational intensity distributions as a function of the scatter-
found in Tawareet al. [4]. ing angle, using one theoretical vibronic transition for each
There are great experimental difficulties in the determinaband, as it will be explained. Concerning the experimental
tion of optical and generalized oscillator strengttie latter work on the vibronic transition Xlzg(v:O)
is directly proportional to the differential cross sectipfr ~ —B’ 13 (v’), as far as we are aware, there is only Chan
vibronic transitions in H. The reason is the extensive over- et al. [8] measurement of the optical oscillator strength for
lap of bands with considerable intensities in this region ofthev=0—v’=0 transition, and Glass-Maujean al.[7] for
the molecular hydrogen spectf8,6], making difficult the  highv’ vibrational numbers, near the dissociation limit.
acquisition of accurate optical and electron energy-loss vi- On the theoretical side, there are the optical oscillator
bronic spectra. This turns the theoretical calculations, besidestrength calculations of Allison and Dalgarno for 8andC
having intrinsic interest, into a specially important asset forvibronic bandg§11,12, and the transition probabilities calcu-
the interpretation of the spectra. lations for theB’ vibronic band of Kwok, Dalgarno, and
Glass-Maujearet al. [7] have measured transition prob- Posen[13], and Glass-Maujeafil4]. The latter two results
abilities, directly related to optical oscillator strengths, fromwere converted into optical oscillator strengths. Those calcu-
the ground state to thB, B’, and C states for high vibra- lations have used the accurate transition dipole moments and
potential-energy curves of Kolos and Wolniewif¥5,16.
Concerning generalized oscillator strengths, there are some
*Electronic address: itamar@mayra.iq.ufrj.br purely electronic, i.e., without vibrational degrees of free-
TElectronic address: biel@mayra.iq.ufrj.br dom, generalized oscillator strengths calculations for low-
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lying transitions of molecular hydrogen utilizing correlated

electronic wave functions; as a representative of these  &on'(K,R,Q)= —J Y (ri,r2;R)
Franck-Condon calculations we mention the work of Arri-

ghini et al.[17] and Liu and Hagstroril8]. With regard to

the three reported transitions, we are aware only of general- X
ized oscillator strength calculations done by Kolos,
Monkhorst, and Szalewics for thB state[19], including
vibrational degrees. Recently, Celiberto and Rescidroe-
ported electron-impact excitation cross sections, as a fun
tion of the impact energy20—100 eV and the initial and

N
241 eiK'ri) Po(ry,ro;R)dridr;. (3)

The generalized oscillator strength, a nondimensional
quantity independent of the electron impact energy, is di-
cr'ectly proportional to the differential cross section,

final vibrational quantum numbers, for the Lyman and E ke 1 do
Werner transitions. They have employed an impact- f(K'E):_ﬂ__On, (4)
parameter formulatiofd]. 2 kpy K2 do

In this study we report theoretical optical and generalized
oscillator strengths for theX 12$(v=0)—>B M wherew is the scattered solid angle of the scattered electron,

=0-33), X 12;(\,:0)_,5/ s A(v'=0-8), and Which is related to the transferred momentukidw

X137 (v=0)—C 'l (v'=0-12) vibronic transitions. The =2 Sin 0d6=2mKdK/(kooknw) ]. This property allows one

calculations are compared with previous optical and theorefl© oPtain differential and integral cross sections in the wide

ical results, when available. range of validity of the first Born approximation. For present
purpose, we consider the range of validity of the first Born
approximation for valence transitiof®0] as being from 100

Il. THEORETICAL BACKGROUND eV electron-impact energy upwards, as it was discussed in
AND CALCULATION DETAILS our previous work 3].

The calculations emploved the Born-Oppenheimer ap- In the limit when the transferred momentulh goes to
A ploy : PP : pzero, the generalized oscillator strength goes to the optical
proximation for the target wave functions and the first Born

approximation to describe the collision process. In short,OSCIIIator strengttf (E) in the length form

within the Born-Oppenheimer approximation, the target 2
wave functions are written as lim f(K,E)=f(E)= §gnE|Mno|2, (5)
K—0
W (ri,ro;R)y=u,(rq,r ;R R), 1 . . . .
(1123 R = Yn(r1, 123 R) Xy (R) @) where Mg, is the usual dipole transition moment in the
_ length form[20-22, including vibrational degrees of free-
wherer, andr, are the coordinates of the two electrons of yom and integrated over the internuclear distaRceThis
the hydrogen molecule} is the internuclear distancey, is  property of the generalized oscillator strength relates electron
the electronic wave function, ang,,(R) is the discretev  jmpact with optical experiments and calculations.
vibrational function of then electronic state. The spin func- Discrete ground (=0) and excited ') vibrational
tions are factored out in Eq1) since we do not consider ave functions were obtained by integrating numerically the
spin-orbit interactions. nuclear Schidinger equation according to Le Roy’s meth-
The generalized oscillator strengf{K,E)oonrv» fOr  odology[23], from the most accurate potential-energy curves
the excitation _from the=0 V|bra_1t|onal level of the ground  available[24,25. The Born-Oppenheimer energies are taken
n=0 electronic state to the’ vibrational level of then’ from Ref.[15] for the ground statéX) and from Ref[25] for
electronic excited state is written, in atomic units,[26] the excited statesB,B’,C). We have also used a modified
version of Le Roy’s prograri22] to perform theR integra-
tion of Eq. (2).

2E
f(K,E)OO_,nV,:—2 g—;j U X, (R) xod R)&on The eleptroni_c wave function.s were previously u_sed to
K calculate dissociation cross sectig8$ They were obtained
2 within the distance interval 1OR<2.4 a.u.(steps of 0.2
X(K,R,Q)dR| dQ, (20 au) at the configuration-interaction level with single and

double excitations(CI-SD) expanded on a basis set of
Gaussian-type orbitals. The Gaussian basis set was a
where K is the transferred momentum and equils,  (12s,6p,3d)/[9s,6p,3d], suggested by Jaszunski and Roos
—Kny» Koo, andk,,, are the momenta of the incident and the [26].

scattered electron, respectivety, is the degeneracy of the The ground and each of the excited electronic states were
final state(1 for %, 2 for IT), andE is the transferred energy, independently calculated. We performed independent self-
equal to the vibronic transition energy. The solid anffle consistent Hartree-Fock calculations for the ground and each
specifies the relative orientation betweRnand K, that is,  of the excited states, allowing all of the molecular orbitals to
the orientation of the molecule. The integration o¥&rin  fully relax. The corresponding molecular orbitals were used
Eq. (2) results from averaging over the orientation of thein the CI-SD calculation. In other words, we have not used
molecular axis with respect t§, i.e., the classical average. the frozen core approximation.

The electronic scattering amplitudeg,, is written in the Improved virtual orbitals(IVO) [27] for each electronic
first Born approximatio20,21] as state were constructed from these molecular basis sets, re-
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TABLE I. Optical oscillator strengths X107 %) for the TABLE Il. Optical oscillator strengthsX 10 %) as function of
X'2 7 (v=0)—C ' (v'=0-12) vibronic transitions(Werner the transferred momentum squarét® for the X' (v=0)
band. The numbers in parentheses are reported experimental erresB’ 13 (v' =0-8) vibronic transitions. The numbers in paren-

bars. theses are reported error bérs.

v’ This work [11,12 [5] [81* [10] [32] [7] v’ This work [13] [14] [7]

0 4755 4760 47.14.9 454 348 0 2.933 2.90 2.92

1 7273 74.82 71.147.5 71.8 59.2 59.2 1 5.923 5.96 5.98

2 69.74 69.82 68.57.4) 69.5 55.5 64.2 2 7.179 7.31 7.34

3 54.68 54,72 52.47.8) 54.4 43.7 44.2 3 6.782 6.96 7.00

4 38.71 38.74 38.534.3) 38.7 33.7 31.7 4 5.352 5.51 5.55

5 25.98 25.98 26.53.1) 25,5 21.0 224 5 3.076 3.30 3.31 2.911.08

6 17.00 17.0 16.11.9 16.5 15.3 17.0 6 0.3345 0.335 0.336 0.218.59

7 11.01 10.99 7 0.3250 0.320 0.326 0.27@.64

8 7.133 7.098 8 0.2059 0.210 0.215 0.200.43

9 4635 4592 — —

10 3016 2976 dChanet al.[8] report 3.84< 10~ ° for thev’ =0 band.

11 1.956 1.909 1.430.60 present theoretical results and those of Allison and Dalgarno

12 1.195 1.171 0.630.09 [11,17 disagree with the experimental results of Glass-
_ Maujeanet al. [7] for the last two vibrational levelsw(

&Chanet al. [8] report, as uncertanties: 5% for fully resolved =11,12).

peaks and=7—15% for the partially resolved peaks. Table Il shows good agreement between the present opti-

cal oscillator strength values for tHg' transition and the

sulting in an improved convergence of the CI calculationstheoretical values of Kwolet al. [13] and those of Glass-
[28]. This methodology has been used before for severallaujean[14], for the whole range of vibrational states. Chan
molecules and atom®2,29-3] and presented generalized et al. [8] have measured, by electron-impact technique, a
and optical oscillator strength values close to experimentalalue of 3.84<102 for v’ =0, about 25% higher than the
values. The full ClI space of 48 molecular orbitédecupied theoretical values. The experimental results of Glass-
+ virtuals) was made of 18y, 100, 12m,, 127y, and 45 Maujea_net al.[7] for the rangev’ =5-7 are lower than the
molecular orbitals[3]. For the CI-SD wave functions all theoretical values, although they are within the experimental
single and double excitations were allowed from the referuncertainties, except fov’=6. The vibronic bandv’'=8
ence Hartree-Fock configuration for each state. present g_ood agreement between the theoretical values and

The resulting four different molecular basis sets for the Cithe experimental resul]. _
calculations, one for the ground state and one for each of the The present optical oscillator strengths for fBeransi-
excited states, incorporate in the target wave functions relaxion. the Lyman band, shown at Table IlI, are about 10%
ation and correlation effects. Therefore, the molecular basiWwer than the theoretical result of Allison and Dalgarno
used in the CI calculations for the ground and excited state%ll,la-_ There are several eXperlm_entaI measurements for
are no longer orthogonal. In order to compute the matrixthe.optlcal oscnlgtor strengths of thl_s band, divided in two
elementse (K, R, Q) [Eq. (3)] between these nonorthogo- Major groups, dipole ) (electron impaqt [5,8,10 and
nal basis, we used a bi-orthogonalization proced@gd For ~ Optical[7,32-34 experimental measurements.
such purpose, unitary transformations are applied on the two For most of theB(v’) levels our results are within the

sets ofN nonorthogonal molecular orbitals, turninyl¢ 1)  €rror bars of the electron-impact valuiés8,10. In particu-
of them orthogonal. lar, the present theoretical results are about 15% lower than

those of Charet al. [8] although they are, in general, within
the error bars, and slightly lower than the error bars of Zhong

lll. RESULTS AND DISCUSSION et al. [5]. The agreement between the present results and
A. Optical oscillator strengths those of Charet al. [8] improves for thev'=13 level up-
) ) wards, and the same trend may be observed with Zhong
Tables I, Il, and Il present the optical oscillator strengthsgt g1 [5] from thev’ =10 level, except for the’ =11 and

from the ground X'3,(v=0) vibronic state to the =13 |evels. Our calculations are closer to the Geiger and
C'I,(v'=0-12), B''S (v'=0-8), and B'S (v’  Schmoranzer experimental resufts0] than with those of
=0-33) excited states, respectively. Table | shows veryZhonget al. and Charet al. for the first vibrational levels,
good agreement between the present results and the theorehd for the remaining vibrational levels the same trend of the
ical results of Allison and Dalgarnfil1,12 for the whole last two groups is followed.

range of vibrational levels of the Werner ban@)( as well Some absolute optical cross-section measurements suffer
as with the electron-impact measurements of Cétaal. [8] from severe “line saturation” effects, as was extensively
and with the electron-impact measurements of Zhehgl.  discussed by Chaet al.[8,36] and by us in a previous work
[5]. The optical oscillator strengths obtained by the electronon valence transitions of C(22]. These seem to be a case
impact measurements of Geiger and Schmorafi@; and  for the three optical measurements of the Lyman b@a-

by the optical measurements of Fabian and Le\8, are  34], which encompass only a few vibrational levels and have
lower then the present results, except f{0r=6. Both the some inconsistency among them. The comparison between
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TABLE IIl. Optical oscillator strengths X 10~3) for the X 'S (v=0)—B '3 (v'=0-33) vibronic
transitions(Lyman bang. The numbers in parentheses are reported experimental error bars.

v’ Thiswork [11,12 [5] (812 [10] [32] [33] [34] [7]
0 1.462 1.689 1.54 1.75 1.9
1 4.999 5.790 6.270.75 5.75 5.45 5.19 13
2 10.22 11.56 12.31.4) 11.4 9.94 115 24
3 15.26 17.55 18.12.0) 17.7 16.5 17.6 37
4 19.84 22.50 25.52.8 22.8 21.0 24.5 30
5 22.65 25.71 22.62.5 26.3 23.8 25.8
6 23.80 27.04 28.83.1) 27.6 26.4
7 23.53 26.73 27.33.0 27.6 26.7
8 22.21 25.23 23.12.7 25.4 23.2
9 20.24 22.98 23.82.7) 23.6 22.2
10 17.94 20.35 18.22.4) 20.0 20.3
11 15.57 17.64 18.42.3 17.4 18.1
12 13.30 15.64 13.32.9 15.3 15.5
13 11.22 12.66 15.42.5 12.2 12.8 11.4 12.0
14 9.377 10.55 9.711.53 10.1 10.4
15 7.782 8.730 7.94 8.25 10.1
16 6.427 7.185 7.181.35 6.87 7.03 7.87 5.0
17 5.291 5.891 5.180.91) 5.31 6.12 5.75 4.2
18 4.348 4.820 4.741.28 4.68 5.52
19 3.569 3.939 3.84 4.25 3.44 2.3
20 2.913 3.219 3.08 3.29
21 2.408 2.632 2.67
22 1.980 2.154 2.09
23 1.632 1.766
24 1.347 1.450
25 1.115 1.193
26 0.9228 0.9815
27 0.7634 0.8057
28 0.6319 0.6603
29 0.5258 0.5432
30 0.4405 0.4598
31 0.3652 0.3702
32 0.2193 0.2961 0.300.16
33 0.1314 0.1616 0.210.02
&Chanet al.[8] report as uncertanties 5% for fully resolved peaks, antd 7— 15% for the partially resolved
peaks.
the present results and those of Glass-Mauj€ah (v’ cerning theB’ 13 bands, shown in Fig. 3 for some transi-

=32,33) shows a behavior also found for the Werner bandions, there is a lack of other experimental and theoretical
(C); their optical oscillator strength values are higher thanresults involving vibronic resolution. The complete listing of
the present results, although they agree within their experigeneralized oscillator strengths, as a function of the squared

mental error bar fow’=32. transferred momenturk?, up toK?=36 a.u., for all of the
. . calculated vibronic excited state8’ 3 (v'=0-8),
B. Generalized oscillator strengths C 1Hu(v’ =0-12), andB IEJ(V’ =0-33), together with

The favorable comparison between our optical oscillatothe theoretical transition excitation energies, may be ob-
strengths and the other theoretical and experimental valudained in PAPS tablg85], or in Latex form via e-mail from
for the three bands allows us to infer that our electronic wavene of the authors.
functions should also provide accurate values for the gener- To our knowledge, the only available angle resolved,
alized oscillator strengths. high-energy—electron-impact measurements of vibronic

Figures 1 and 2 show the present values for the generabands of H were the ones recently performed by Zhong
ized oscillator strength for the excitation from the groundet al.[5] for the B 'S | andC II, bands, and the only pre-
Xlzg(v=0) vibronic state to the vibronic states vious theoretical calculations for vibronic generalized oscil-
B 13/ (v'=1-5) andC I ,(v'=1-6), compared with the lator strengths of klwere performed by Kolos, Monkhorst,
other available experimental and theoretical results. Conand Szalewic£19] for the B 13 state.
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FIG. 1. Experimental results of Zhorgt al. [5], obtained using the procedure described in the text, the theoretical ones of Kolos,
Monkhorst, and SzalewidZ 9], and the calculated generalized oscillator strengths for the Lyman)béﬁg(v=0)—>B 155(v'). See the
text for the discussion.

A good overall agreement is observed in Fig. 1 betweermloy similar potential energy curves, the discrepancy must be
the present generalized oscillator strengths results and thosétributable to the different electronic wave functions. We
of Kolos, Monkhorst, and Szalewi¢49], their results being have shown beforg3] that the present electronic functions
about 10% greater than ours within the range of transferrednd their type of wave functions, similar to the ones used by
K? and vibrational levels studied. As both calculations em-Kolos, Monkhorst, and Szalewi¢49], have comparable ac-
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FIG. 2. Experimental results of Zhoret al. [5], obtained using the procedure described in the text, the theoretical ones of Kolos,
Monkhorst, and SzalewidZ 9], and the calculated generalized oscillator strengths for the Werner)béﬁg(v=0)—>cll'[u(v’). See the
text for the discussion.

curacy. ment [5], we have normalized their experimental intensity
Zhonget al. [5] measured the intensity distributions as aresults, for the Lyman and Werner bands, by our calculated
function of the scattering angle at 1500 eV electron-impact/alues of the generalized oscillator strength as a function of
energy for the vibronic transitions X'X (v=0)  KZ2. For the Lyman band we used thé=6 transition of the
—{B 3 ,CtI}(v'), the Lyman and Werner bands, re- same band, and for the Werner band, ¥ie-0 transition of
spectively. Their angular range was 0.0—-4.0 °, correspondinthe same band. Figures 1 and 2 show an overall agreement
to a momentum-transferred squaré® range of about between the experimental results and the calculated general-
0.002-0.6 atomic units. The Lyman band was obtained inzed oscillator strengths for thB and C bands, the latter
thev’=1-5 vibrational interval while the Werner band was mostly within the error bars. Concerning tli state, the
obtained in they’ =1-6 interval. Zhonget al.[5] measured agreement is especially good for the= 3 transition, except
the intensity ratio for the Lyman bar(@®) with respect to the ~ for the experimental point &?~0.3. The agreement is also
v’'=6 transition of this same band. The intensity ratios forgood forv’=3 and 4 for theB transitions. The worst result
the Werner bandC) were measured with respect to thé  for the B state is thes’ =1 band. This result and the experi-
=0 of this same band. mental points in some transitions, having error bars not
In order to compare our absolute generalized optical oserossing our curves, may be understood by bearing in mind
cillator strength calculations with the Zhoreg al. experi- the extremely difficult conditions to measure the present
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bands, especially in the region of small transferred momen- FiG, 4. This figure compares our generalized oscillator strengths
tum [22]. results, summed over the final vibrational states, with the Franck-

In a previous paper we discussed the use of the FranclkGondon results of Arrighiniet al. [17] for the (@ B3, (b)
Condon approximation in the calculations of the electronB’ 13!, and(c) C 11, final electronic states.
impact dissociation cross sections of 3] via the same
transitions. We found a ratio between the Franck-Condogomparing our results, summed over all the vibronic transi-
dissociation cross sections and the non-Franck—Condon digions for each final electronic state, with the Franck-Condon
sociation cross sections for the transitions to &%, calculations of Arrighiniet al. [17]. Liu and Hagstroni18]
B’ 13, andC I, states, respectively, of 1.741, 1.07, andalso did a Franck-Condon calculation for tR@ndB’ states,
1.236. It is interesting to investigate the same question foand their results are similar to Arrighini’s. Figure 4 compares
the discrete excitation processes. This can be achieved ur results, summed over the final vibrational states, with the
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Franck-Condon results of Arrighirét al. [17] for the (8)  excitations to theB’ '3 (v'=0-8), CI,(v'=0-12),

B3, (b)B' 3., and(c) C'II, electronic states. andB '3 (v'=0-33) states.
Figures 4a)—4(c) show that the Franck-Condon results
(Arrighini et al.[17]) match exactly the present non-Franck— IV. CONCLUSION

Condon results for the& transition, present a good agree- . . ,
ment for theB transition, and show considerable differences W€ have calculated optical and generalized oscillator
for the B transition, especially for the low values of the Strengths for t?e+electron-|meac+t VIPFOHIC excitation of H
transferred momentum, a situation where the first Born apthrough t?ei( 24(v=0)—B Eul(v+=0—33), xl 24 (v
proximation is expected to properly describe the collision=0)—B" "X (_"_’:0,_8)’ and X 2g (v=0)—C I, (v’
process. These results confirm the recent experimental pre=0—12) transitions in the range of squared transferred mo-
dictions of Zhonget al. [5], concerning the Franck-Condon MentumK<=0-36 a.u. The electronic Cl wave functions
nature of theB 13" andC I1, discrete excitations. Experi- were determined independently for the ground and each of

. . ; . the excited states, which means that correlation and relax-
mental results on the vibronic generalized oscillator strengthgtion effects were explicitly considered in the present calcu-

for theB’ '3 electronic state are needed in order to further o
investigate the non-Franck—Condon character of2héX | The optical oscillator strengths presented a good agree-
process. ment with the theoretical results of Dalgareoal. [11,12]

As a final remark on the above subject, the present resultgnd with those determined by electron-impact measurements
do not show a correspondence, in what concerns the validitys,8,10. The experimental optical oscillator strengths mea-
of the Franck-Condon approximation, with our previous dis-sured by optical methods does not, in general, agree with the
sociation cross sectiof8]. For instance, the Franck-Condon present theoretical results, as well as with those obtained by
approximation for theC 11, transition seems to work in the electron-impact techniques. Saturation effects in the optical
calculation of the discrete excitation cross sections andneasurements may be responsible for this discrepancy.
clearly fails in the calculation of the dissociation cross sec- The generalized oscillator strength for tietransition
tions. Further investigation on this question, involving otheragrees reasonably with the theoretical results of Kolos,
molecules and processes, may shed some new light on thidonkhorst, and Szalewic19]. Excellent agreement be-
problem. tween the Franck-Condon and the non-Franck—Condon re-

The good agreement between the theoretical and exper?—,“'ts was fqund for th& andC. t_ransmons, anq consm_:lerable
mental results for th& and C transitions may be attributed diScrepancies for th&’ transition. A comparison with the
both to the Franck-Condon character of the vibronic excitalNtensities, provided by the recent electron-impact experi-
tions, as pointed out by Zhorgg al.[5], and to the relatively Mental results of Zhongt al. [S] was performed for th&
low values ofK2 where the comparison was possible. This isand C V|br§)n|c excitations up to the square transferr.ed mo-
a favorable situation in what concerns the use of the firsf?€NtumK<=0.6 a.u. We have normalized the experimental
Born approximation, keeping in mind that this approach isintensities by our calculat_ed valges for the genera_lllzed_ oscil-
expected to present a better description of the collision prolator strength as a function d* for the v’ =6 vibronic
cess for smaller rather than for larger values of the transtransition of the Lyman banB) and for thev’=0 vibronic
ferred momentum. Since the latter corresponds to a strong&@nsition of the Werner band?), and compared these re-
interaction between the incident electron and the target, thigults with the other measured vibronic excitations. The
is a situation where higher-order terms in the Born expansioRgreement was good, as expected, once the first Born ap-
should give larger contributior{@2,31). proximation adequately represented the collision process for

Recently, experimental electron-impact measurement§€Se low values of the transferred momentum. _
have been able to obtain generalized oscillator strength val- 1he complete set of values for the generalized oscillator
ues up to very large values of the transferred momentum, foptrength are available as tableb] and may stimulate new
instance, the recent experimental results for inner-shell exclectron-impact measurements for larget values of such
tations of the C@with generalized oscillator strength values important bands of molecular hydrogen.
up to K?=60 a.u.[37]. As we have already pointed out, the
experimental determination of the generalized oscillator
strengths for theB’ '3, CII,, andB'3 states is par- We thank Professor R. J. Le Roy for providing us with the
ticularly difficult, even for low values oK?. Nevertheless, it computer program to calculate the vibrational wave func-
would be very interesting to extend experimental results tdions and perform th® integration. Fundg@® Universitaia
largerK? values. For this reason, we have calculated generdose Bonifacio and the Brazilian agencies CNPq are ac-
alized oscillator strength values up K*=36 a.u.[35] for  knowledged for partial financial support.
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