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We present a quasirelativistic method aif initio calculations on molecular excited states and electronic
transition moments within the relativistic effective potential approximation, based on the construction of
intermediate Hamiltonians and spin-free one-particle transition density matrices by means of the many-body
multipartitioning perturbation theory. The method is applied to describe the electronic transitions involved in
the radiative decay of th&0_ , BO_ , andB1, states of Tg Good agreement of the computed transition
dipole moment functions with their empirical counterparts is achieved. Theoretical radiative lifetime estimates
for several low-lying rovibrational levels of the states under study are reported and compared with experimen-
tal collisionless lifetimes.
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[. INTRODUCTION The present paper formulates a quasirelativistic procedure
of ab initio electronic structure and transition property cal-
The relativistic effective core potential approafh?2]  culations based on the construction of an intermedistage-
combined with the intermediate-coupling correlation treat-selective effective Hamiltoniar{12] and evaluation of spin-
ment of the valence-electron subsystem provides a convdtee transition density matrices by means of the many-body
nient framework for accuratab initio studies on radiative Multipartitioning perturbation theory13]. This procedure
electronic transitions in molecules containing heavy atoms¢an be considered as a modification of the perturbative com-

A straightforward way to solve the valence-electron problemPutational scheme proposed in Rgf]. It retains the numeri-
through constructing configuration-interactid&l) expan- c@l efficiency and approximate size consistency of the origi-
sions of wave functions within the relativistidouble group ~ N@l Version but avoids the partial contraction of wave

symmetry[3,4] leads to excellent results for small moleculesfunCtlons ‘mer the scalar relativistic st_ag_e of calcul_atlons,
thus ensuring a more adequate description of the interfer-

but is not easily applicable to systems with a rather large . . o . -
number of electrons because of the rapidly increasing cost nces .o_f.correlanon_s and spin-orbit interactions. Transmop
calculations. Moreover, the double group CI generally Suf_.robabllltlgas are estlmqted through the evaluatl'on qf transi-
‘ ! . . '~ tion electric dipole matrix elements. This approximation nor-
fers from a lack of size conS|st§ncy. A promising alternatlvema”y ensures an excellent accuracy of results concerning the
consists of developing and using quasirelativistic perturba-Sporltaneous radiative decay of low-lying excited electronic
tive methods[2,5-7] that make use of the nonrelativistic giates of molecules in the presenceEdf-allowed channels,
(A-S) symmetry at the most time-consuming stages of calys well as field-inducedE1-allowed light emission or ab-
culations and reduce the size-inconsistency errors. A higRorption processes, provided that the intensity of the external
reliability of electronic transition intensities obtained by oneelectromagnetic field and transition energies are not too
of the methods of this group has been demonstrated in receprge. The use of direct transition density-matrix construction
paperg7,8]. In most cases, the exploitation A S symme- instead of the finite-field technique employed to evaluate
tries implies a partial contraction of the many-electron basigransition dipole moments in RefgZ,8] avoids cumbersome
to a subset of low-lying eigenstates of the spin-averagedomputations in symmetries lowered by the external field.
(scalar relativistic Hamiltonian. This trick, which is also The method is applied to determine transition dipole mo-
widely used in Cl-like schemg®-11], allows us to drasti- ment functions and radiative lifetimes of excited electronic
cally reduce the computations in relativistic symmetries buistates of Te@ This molecule provides an excellent test for
gives rise to potentially dangerous convergency problemselativistic theoretical approaches because of the complexity
when large basis sets are employéd]. of its electronic structure, which is strongly affected by spin-
orbit interactiond 14], as well as the availability of detailed
experimental information. ,as a convenient object for mo-
*Author to whom correspondence should be addressed. Emalecular spectroscopy, serving as a wavelength standard, since
address: ferber@latnet.lv tellurium vapor, being easily obtainable in quartz glass cells,
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consists presumably of tellurium dimers exhibiting a densewith the commonly used state-univers@loch-Brandow
pattern of intensive transitions in the visible and infraredeffective Hamiltonian approacf31], the model space di-
spectral region. Energetic and radiative properties of Temension exceeds the number of tarQestates so that only a
have been studied intensively for a variety of low-lying mo- small number ofH eigenstates will be meaningful. To con-
lecular states correlating t&P,+°P, and °P,+°Pg, states  struct the model space, we first choose a reference set com-
of separated atonisee, for exampld,15-19 and references prising the leading configurations of the targestates. The
therein. The combination of existing experimental data onreference configurations should also dominate the expan-
term values, lifetimes, fluorescence intensity distributionssions of h eigenstates strongly overlapping Wi{m%)}i

and magnetic propertieg factors[18,20 and Zeeman effect these scalar eigenstates will be referred to as taigs
induced alignment-orientation conversigh9]) allowed to  states. Starting from the reference set, the model space is
evaluate the intramolecular interaction parameters and to olgyjilt by means of a conventional numerical perturbative se-
tain deperturbed molecular constants and empirical Rydbergection proceduré32], which includes inlp the configura-
Klein-Rees(RKR) BO,, , B1, potentials. As far as radiative tions with potentially significant contributions to the target
properties are concerned, the carefully measured intensity-S states.

distributions in high-resolution laser-induced fluorescence |n what follows, the spin-orbit interactions outside of the
(LIF) spectra of Tg have been used in Refsl6,18,2]1 to  model space are neglected; in other words, we adopt the
deduce the dependences of transition strengtif@sition approximation

moment$ on the internuclear separation for eight-band sys-

tems. Lifetime measurements performed for several excited H~h+PwP, 1)
stateq 17,2227 offered the possibility to estimate absolute

transition moment values. At the same time, no reliadile whereP denotes the projector onto the model space. As has
initio calculations of transition moment functions of,Tean  been pointed out in Ref§29,33, the selection ofA-S con-

be found in the literature; moreover, the accuracgminitio  figurations in the absence of the spin-orbit operator is obvi-
potential-energy functions for the states above 10 000'cm ously not the best way to ensure the validity of this approxi-
(i.e., those of particular importance for the LIF spectrosgopy mation. However, the selection proced(i82] is known to
obtained in Ref[14] appears to be insufficient for most pur- favor the configurations with compact spatial electron distri-
poses because of severe limitations of the employed compiputions, which are of importance for a proper description of
tational scheme. Reliable theoretical data concerning thesgpin-orbit effects[11]. The reliability of the model(1) at

states thus appear to be of interest. least for compounds of rowlsV of the main group elements
In the present study, we restrict our attention to the tranhas been demonstrated in numerous stud&3] and refer-
sitions involved in the radiative decay of tm{);f , BOJ , ences therein Moreover, it can be adapted to studies of the

andB1, (in earlier papers referred to &l ) states of Tg¢  Sixth-row element compounds by means of an appropriate
extension of theA-S target manifold used in the selection

[33].
II. METHOD The quasirelativistic intermediate Hamiltonidh is ap-

A. Quasirelativistic intermediate Hamiltonians proximated by the sum

We assume that the relativity is introduced through rela- H=F+PwP )
tivistic effective core potentials(REP’'S and the total '

valence-shell Hamiltoniaid is split into the scalar par ~ _ . L . .
with spin-averaged REP's and the effective spin-orbit opera\_/vhereh is an intermediate Hamiltonian associated with the

tor w [1,28,29. The latter operator is a sum of one-electronScalar Hamiltoniarh [12]. The lowest(*main” ) eigenstates
terms describing the spin-dependent deviation of the RERf h should accurately reproduce the targetS energies and
from the spin-averaged potential. Despite its one-body formmodel-space parts of corresponding wave functions. At the
an effective spin-orbit operator extracted from all-electronscalar relativistic level of the treatment, a particular defini-
full relativistic atomic reference calculations implicitly in- tion of the remainingso-called intermediateeigenstates of
corporates the atomic two-body spin-orbit contributions.h does not directly affect the results concerning the target
Multicenter two-electron spin-orbit integrals are neglected,A-S states; only an indirect influence through convergency
but this approximation is very reasonable because of theroperties of computational schemes is posdiBt. In con-
short-range nature of spin-orbit interactid88]. The Hamil-  trast, this definition becomes important for the related qua-
tonian is converted into a discretized form in a basis of Slatesirelativistic problem(2) since the target eigensolutions can
determinants built from the solutions of an appropriate scalareceive contributions from intermediate-S states because
relativistic spin-restricted self-consistent-field—like problem. of the spin-orbit coupling. For instance, if the intermediate
Let us suppose that we are interestedviriowest eigen-  states incorporate no correlations associated with the cou-
states{|,)}, n=1,... M (targetQ state$ of the total  pling between the model space and its orthogonal comple-
relativistic HamiltonianH and proceed via the calculation of ment (outer spacg an energy gap between the main and
an intermediate(i.f., state-selectivequasirelativistic effec-  termediaten eigenenergies will naturally cause an under-
tive HamiltonianH in a model spaceCp spanned by an estimation of the contributions from these states to the target
appropriate subset of determinarfigl)}. In contradiction () states. This problem is avoided in principle by introducing
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TABLE |. Spectroscopic constants for several excited states of
Te,.
Te (cm™) wo(**Tey) (cm™) re (A)
g State Theor. Expt. Theor. Expt. Theor. Expt.
SL
& X1q4 176G 1975 248 250 2554 2557
2229 216’ 2.68
()2, 5457 235 2573
~.’E“ 6389 199 2.70°
= bog 10358 9600 227 22 2596 2.587F
>
S 10448 182 2.7%
(]
&g AO; 19456 1945f 138 144 2886 2.887
S ] 17052 142 3.29°
BOJ 2213F 22203 165 164 2.82F 2.824
21608 137 3.02
B1, 22267 2221F 155 15ZF 2.837 2.84C
22414
3Present work.
bReferencd 14].
) > e : é o5 ‘Referencd15].
+ i internuclearsa?stance (a.u) ' ‘Referencq4s].
T ®Referencd 18].
FIG. 1. Theoretical(solid lines and empirical(dashed lines
potential energy functions of several electronic states of Een- _ I Ky @ K s ©
pirical data have been taken from RefE5] (X0, ,X14,b0y), [45] AQ=K)= X S (NF=Np) e — EK: : (Ng—Nyes .
(A0,"), and[18] (BO, ,B1,). re Ne<N; s: Ng=Ng

(4)

fully correlated intermediate states, i.e., in passing to state- .
y 1€, 1N P 9 Here N; and Nf denote the occupancy of theh spatial

universal effective Hamiltonianf31]; one readily realizes bital 'n th del determinald d th ;
that Eq.(2) holds automatically for a second-order state-Orotal In the model-space determin b an @e @OU er-
space determinank ), respectively. The entities,” ,e; are

universal effective Hamiltonian under the assumptidn S TESEERE )
Unfortunately, the state-universal formulation of the theorythe nonrelaxed orbital ionization potentials and electron af-

is not compatible with the present choice of model spacedinities with opposite signs, defined with respect to the
because of the famous intruder state prob[@®]. A more ~ Model-space approximation for the targetS states and
reliable approach consists of using so-called dressed intermBIOPerly averaged36] over all these states involved in the
diate Hamiltonians, which provide a rather accurate corre@lculations.

lated description of low-lying intermediate states and ensure 1he adopted ansai2) for the intermediate Hamiltonian
a smooth decrease of accuracy when going up in erWgﬁnables us to take advantage of the nonrelativistic symmetry.

[34,35. Theh matrix has a simple block-diagonal structure with each
In the present work, a dressed intermediate Hamiltonian i®onzero block corresponding to a definite nonrelativistic spa-

constructed by the spin-adapted many-body multipartitioningial symmetry type and fixed total spin projecti@. Only

perturbation theoryMPPT), restricting the expansions after the blocks corresponding to the determinants \@tk 0 (or

the second order. This approach is based on the simultaneoBs= 3 for a system with an odd number of electrpase to

use of several quasi-one-electron zero-order Hamiltonianse computed directly; the remaining nonzéramatrix ele-

[13,36,37. The Hermitian intermediate Hamiltonian matrix ments are then readily obtained by means of step-up and

is defined by the formula step-down spin operatorS, ,S_. At the same time, the
present approach efficiently utilizes the information on the
(J|T1|J’>=<J|h|J’)+% | 2 (3|h|K) modgl—space spin—orbit in'Feractions and properly describes
K: [KyeLlp their interplay with correlation effects due to an uncontracted
nature of the computational schertiee contributions of the
% 1 i 1 (KIh[3Y,  ® model-space determinants {py,)} are determined by the
A(J'—=K) A(J—K) ' final diagonalizatioh It is worthwhile to compare it with the
popular quasirelativistic method based on replacing the total
where the energy denominatak§J— K) are given by spin-orbit(SO) operator by its projection onto the subspace
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FIG. 3. Calculated partialdashed linesand total(solid line)
radiative decay rates &0, ,v’ states of Tg(J’ =50) as functions
of the vibrational quantum number. Experimental collisionless life-
times (Ref. [17]) for J’=50+5 are marked by filled diamonds.

FIG. 2. Ab initio AO; —X0y ,X14,b0 transition dipole mo-
ment functions(solid lineg and empirical transition moment esti-
mates as functions af centroids[16] [A, empty symbols: original
normalization corresponding te(AO, , v’ =11)=670ns;B, filled
symbols: values renormalized t¢A0; v’ =11)=844 ns[17]].

u . . .
B. Transition dipole moment calculations

of low-lying eigenstates ofh [9]. The results of computa- The diagonalization ofl yields the model-space parts
tions by the latter method with sufficiently small one- {|Tpﬂ>} of the target relativistic wave functior{$¢ﬂ)}. Pro-
electron basis sets rapidly converge with the increase of theided that efficient “diagrammatic” algorithms are em-
number of scalar eigenstates. However, one readily realizgdoyed, no explicit approximation for the outer-space projec-
that the representation of the SO operator in terms ofions of{|y,)} is obtained. A convenient way to incorporate
boundedh eigenstates is incomplete and one needs also tthe contributions from these projections to transition prop-
take into account the contributions from compact autoioniz-€rty values consists in a perturbative calculation of transition
ing states embedded into the continuum. Provided that th@ensity matriceg38]. The first-order approximation for the
basis set is flexible enough to reproduce a large number ¢pin-free u— v transition density matrix“”p compatible
Rydberg-like states and finite-basis analogs of low-energyVith the use of the intermediate Hamiltonia®) and (3) is
scattered states, which do not strongly interact with the lowdiven by

lying states viaw but are located below the autoionizing

states mentioned above, the convergence should become eXﬂvprS:<;2,M||‘gsr|”,r/,v>+ > <{7,M|J><Jr|(7,v>
tremely slow. This problem does not arise in the present 33" |yelp |3 elp

treatment since the contributions of all the model-space de-

terminants to targef) states are determined without any di- D (J[Eg | K)(K[H|J")

rect dependence on their weights in the expansions of target XK: K Lo A(J' —K)

A-S states. We should underline that the role of the latter

states in our scheme is restricted to the spin-orbit-free con- (JIHIK)(K|E]Jd")

figuration selection and evaluation of the MPPT “orbital en- A(J=K) , )

ergies” {€7},{€).

Let us finally notice that, by restricting the model-space R
spin-orbit interactions to the linear span of the maincf. Ref. [39]. Here Eg, is the conventional spin-free one-
and low-lying intermediate eigenstates fof one arrives at electron excitation operator, which can be expressedjn terms
the quasirelativistic computational scheme employed impf the spin-orbital creation/annihilation operators Bg
Refs.[7,8]. =alaam+ alﬁarﬁ. Since we neglect the spin-orbit coupling
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between the model space and the outer space, the matrix TABLE Il. Calculated radiative lifetimes,,qand measured total
elements of the total Hamiltoniat on the right-hand side of lifetimes 7 (ns) for several ¢’,J") levels of theAO; , BO; , and
Eq. (5) are reduced to those of the scalar operataand we ~ B1, states of**°Te,.

can still make use of the nonrelativistic symmetry during the

calculation. The required dipole transition matrix elements>tate v’ J’ Traa (CalC) 7 (Expt)
D, are immediately obtained & “"psds, where||ds_r|| AO; 6 87 898 806-100  [46]
is the matrix of the one-electron electric dipole operatan 7 a1 863 92618 [17]
the orbital basis. The direct construction of theoperator 7 - 876 1047 26 17
compatible with the REP model for the quasirelativistic [17]
. . . . . 7 109 895 95% 16 [17]
valence-shell Hamiltonian is not straightforward since the 8 41 848 939 26 [17]

latter operator is not a large-component effective Hamil-

tonian of two-component all-electron theories. However, the 8 87 866 83318 [17]
problem is readily bypassed by defining the electric dipole as 8 730£55 [24]
(minusg the first derivative of the Hamiltonian with respect to 10 51 824 864-20 [17]
the intensity of the external uniform electric field. This defi- 10 65 829 80320  [17]
nition is indirectly justified by highly accurate results of 11 31 808 81G:18 [17]
finite-field transition moment calculations in the framework 1 53 813 676:30 [22]
of the REP approacfi,8]. In the present work, we restrict 1 131 856 62650 [46]
our attention to the field-independefmtonpolarizable REP 11 133 857 876:18 [17]
model and the differeniation of the Hamiltonian leads to the 12 53 803 75% 22 [17]
conventional(coordinaté form of d (cf. Refs.[9,10]). Note 12 133 846 67640 [23]
that the incorporation of core polarization terms into REP 13 25 788 77522 [17]
would require us to employ more sophisticated electric- 13 53 794 75224 [17]
dipole 13 71 800 77412 [17]
operators. 13 133 836 166 20 [46]
14 89 800 410 [46]
C. Details of computation BO, 0 107 59 645 [22]

In the present study, we employed thb initio shape- 0 179 61 %4 [22]
consistent REP of LaJohet al. [28] for small (Kr-like) 0 90+5 [24]
atomic cores of Te atoms, leaving 32-electron wave func- 2 71 59 803 [17]
tions for explicit treatment. The valence Gaussian basis set 2 85 60 875 [17]
(6s6p7d2 f)/[4s4p4d2 f] was constructed from the outer 3 66 60 831 [17]
part of the “all-electron” basis for electric property calcula- 3 99 60 685 [27]
tions [40] by reoptimizing a few larger exponential param- 4 65 61 76-1 [17]
eters for use with REP’s and addifidunctions with expo- 5 55 61 T2 [17]
nential parameters 0.5602 and 0.2168. The molecular 5 103 62 573 [27]
orbitals (MO) set was generated by concatenating the va- 7 95 63 55-5 [27]
lencelike solutions of the Nesbet-Fock fractional-occupancy ) 71 63
self-consistent-field problem--og°m3>mS 0 *? for the 8 67.6c1.1  [24]
neutral Te molecule and higher-lying virtual orbitals of je 9 71 64
with subsequent Gram-Schmidt orthogonalization; the proce- 9 55.2+0.7
dure is similar to that used in Refi®], [7].

The scalar relativistic calculations were carried out in for-Blu 2 86 100 10272 [18]
mal AbelianD,;, symmetry, while only the inversion sym- 2 96 101 117117 [18]
metry was taken into account during the spin-orbit treatment. 4 52 106 4942 (18]
All the A-S states correlating with the two lowest nonrela- 4 70 107 1e2° (18]

tivistic dissociation limits(®P+3P and 3P+ 'D) were con-
sidered as targets. At the selection step, the corelk®®d
bitals Te were kept doubly occupied. The model spacgsir.cipsi TheH eigenstates were determined by the modi-
comprised 1644-2249 Slater determinants with zero spified Davidson method for complex matrices implemented in
projection perD,, symmetry type; the corresponding total Ref.[29].

model-space dimension (difp) was about 4.3 10*. Ad- Resultingab initio transition moment function® ,,,(r),
ditional single-point calculations demonstrated that the di-along with empiricalRKR) potential-energy data, were used
pole moment estimates for intensive transitions are stablio evaluate radiative decay rates and lifetimes of excited
within 1-2% with respect to further extension of the modelA0, , BO, , andB1, states of Tg To avoid the direct sum-
space(up to dimLp~7.6x 10%). The integral evaluation and mation over final vibrational levels without loss of accuracy,
transformation, as well as the spin-orbit-free configurationwe employed the approximate sum rule of Tellinghuisen
selection, were performed by the Toulouse program packadet1,42. The necessary upper-state rovibrational wave func-

4 ifetime for the 1, component.
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FIG. 5. Ab initio Bl:ﬂxoa— X14,(i)2,4 transition dipole mo-
ment functions(solid lineg. Empirical data are taken from Refs.
[16] and[18].

FIG. 4. Ab initio Bojﬂxog ,Xlg,bog transition dipole mo-
ment functions(solid lineg and empirical transition moment esti-
mates from Ref[16].

with the relative values andcentroid dependences of tran-
sition moments deduced from experimental spectral intensity
distributions in Ref[16]. Slight systematic deviations of ab-
soluteab initio D ,, values from their empirical counterparts
disappear if one replaces the original normalization of em-

Although both the REP and orbital basis sets employed iPirical data based on the lifetime valugA0; v’ =11) .
our work are suited to accurately describe electronic distri== 670 ns[22] by that corresponding to a more recent experi-
butions and transition dipole moments rather than electronigiental estimater(AO,; ,v’=11)=844 ns[17].
energies, it might be of interest to estimate the reliability of The theoretical AO; ,u'—X0, partial decay rates
the obtained transition energies as functions of the internusmoothly increase witlv’, implying a similar behavior of
clear separation. Let us first notice that the present schenthe totaIAOJ , v’ radiative decay rate€ig. 3. The corre-
ensures a reasonable description of low-lying atomic levelsponding radiative lifetimes for relatively small and J’
of Te correlating with the molecular states under stlifiye ~ are quite close to the experimental collisionless lifetimes
computed energies E(Te, °P;)=4601cm? and  (Table Il). A striking discrepancy between the present radia-
E(Te, 3Py)=4745cm ! should be compared with the ex- tive and measured total lifetimes fof >13 should be attrib-
perimental values 4751 and 4707 chrespectively[44]]. uted to a strong predissociative decay. It is also highly prob-
Figure 1 presents the potential-energy functions for excitedble that nonradiative intramolecular processes slightly
states of Tginvolved in the radiative decay of tha0, , shorten the measured lifetimes for the levels withbelow
BO, , andB1, states derived from thab initio transiton 13, as well as for large angular momentum levels with
energies and accurate RKR ground-state poterjtl&l]. anyv’.

These functions check well with their empirical counterparts Figure 4 demonstrates reasonable agreement between the
[15,18,45 and give rise to reliable estimates of the mainpresentab initio and empiricalB0, —X0y4 ,X14,b0, tran-
spectroscopic constants of JTéTable ). Note that for the sition moment functions. TheBO_ radiative decay is
BO, state solid and dashed lines in Fig. 1 are indistinguishstrongly dominated by th@0,; — X0, channel. In accor-
able. dance with the experimental finding$7,18,27, the com-

The calculatedAO; —X0y ,X14,b0, transition dipole  puted lifetimes(Table Il) do not strongly depend an’. Our
moment functions required to describe the radiative decay ofstimates are slightly but systematically smaller than those
the AO, state are plotted in Fig. 2. Our results agree wellreported in Ref[17], demonstrating a better agreement with

tions were computed by the&iBROT routine from the
MOLCAS-3 program packag@43].

Ill. RESULTS AND DISCUSSION
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the results of Ferbeet al. [22] and Klincareet al. [27]. Itis  tive decay of theAO, , BO., andB1, states of Te The
difficult to jud+gg the sources of disagreement between eXgagyts agree well with the empiriceicentroid dependences
perimentalBO,, lifetimes presented ifil7] and[22,27. The  of transition moments derived from the experimental spectral
BO, -B1, mixing due to electron-rotation coupling, being intensity distributions[16,18. The radiative lifetime esti-
the strongest for’=0,J" =107 [18], tends to increase the mates of low-lying rovibrational levels of tha0, , BO, ,
lifetime of the BO, state. It is probably worth mentioning andB1, states of**°Te, deduced from ougb initio transi-
that all experiments ifi22,27] were performed on fully spec- tion moment functions and RKR potential curves fairly re-
trally resolved and unambiguously identified rotational lines.produce the bulk of the corresponding experimental lifetime
The smallness of the computdil,— X0, ,bog ()2, data. One can suppose that in some cases our scheme slightly
transition moments enables us to consider the radiative decyrestimates the transition dipoles; this is quite natural for a
of the B1, state as a one-channBlL,— X1, process(see w-_ord_er perturbative approximation that includes no renor-
Fig. 5; the function corresponding to theg very weBR,, tmhalllzatlcl)n terms.hHé)wehver, .![t .Shg.L#.d ﬁ;otba?% behn:)rfed ttr?at
+ " - e level is reached when it is difficult to tell whether the
—b0g transition[D,,,(re(B1,))=0.04a.u] is not shown. experimental inaccuracies or drawbacks in the calculation

empirical dependences, and the theoretical estimates f fﬂ]:tr;de :rzz rg;ggrr:/sggligg{att?veedésact;ep?ﬁig'isubetevgfse?hgetﬁz'
B1l,,v'=2 lifetimes fairly reproduce the measured values : 99

(Table 1l). Note that the experimental lifetimes are presentecpew challenge. for experlmen_tahsts is to strive for more ac-
for the B1. component, which, as opposedBd." . is not curate and reliable data, which would allow us to test the
u 1 1

. . . . us theory experimentally. The decay of higher rovibrational lev-

+

r_nlxgd with theBO, ,st_ate. Itis thus highly probable that t_he els is strongly affected by nonradiative processes. A quanti-
litetime values forv”=2 are close to the spontaneous life- y54ive theoretical study of such processes will demand a fur-
times; see the discussion in Refl9]. No catastrophic ey improvement of relative electronic energy estimates.
changes in theoretical radiative lifetimes occur in passing terpe necessary level of accuracy apparently can be achieved

higher vibrational levels; this allows us to conclude that theby a refinement of the shape-consistent REP mp#idl
experimentally observed rapid decay Bi,,v'>2 levels One of the main shortcomings of the described method,

[19,27 should be explained by highly competitive nonradi-\yhich can give rise to difficulties for the studies of the com-

ative processes. pounds of actinides and superheavy elements, consists in ne-
glecting the repolarization of wave functions by the spin-
IV. CONCLUSIONS orbit interactions between the model space and its orthogonal
80mp|ement. These difficulties might be reduced by includ-
ng the spin-orbit operator in the selection proced(re
29,33). It is also possible to partially incorporate the spin-
Sorbit-dependent contributions into the intermediate Hamil-

and are restricted to an incomplete model space spanned b)I an bY means of the pertgrbaﬂon thepry; however, th's
numerically selected set of Slater determinants. The evalua .OUId give rise to rather tedious calculations in the relativ-
tion of effective model-space interactions arising from elec!StC (double group symmetry.
trostatic couplings to the outer space takes advantage of the
nonrelativistic symmetries, thus ensuring the computational
simplicity of the scheme. The independeffilly uncon- A.Z. acknowledges financial support from the Russian
tracted determination of the contributions of the model- Foundation for Basic Researches under the Grant No. 00-03-
space determinants to the model wave functions by the find83004. R.F. acknowledges support from the Latvian Science
diagonalizaton offers the possibility to correctly describe theCouncil under Grant No. 960323. We are indebted to Dr. A.
influence of the correlations on the spin-orbit interactions. V. Stolyarov(Moscow) and Dr. M. TamanigRiga) for use-

The method is applied to compute the transition dipoleful discussions, as well as to Professor N. F. Stepadins-
moment functions required for the description of the radia-cow) for a critical reading of the manuscript.

The ab initio functions agree quite well with the available

The dressed intermediate Hamiltonian concept is used t
formulate a second-order perturbative quasirelativisti
scheme of electronic structure and transition property calc
lations. The relativistic effects are introduced via core REP’
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