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Inelastic electron scattering from excited barium atoms
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We have carried out relativistic distorted-wave calculations for inelastic electron scattering from the
6s5d l'3D2 and &6p 1P1 excited states of barium in the energy range from 20 to 40 eV. Results are presented
for the differential cross sections and electron-impact coherence parameters and compared with experimental
measurements and other theoretical calculations for these quantities.
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[. INTRODUCTION We have previously used the relativistic distorted-wave
(RDW) method to calculate electron excitation from the
There has been little work, either experimental or theoretground state of bariurf8,9] and obtained results which were

ical, on electron-induced transitions between excited stateis generally good agreement with experiment and other the-
of atoms. A notable exception is barium where sufficientlyoretical work. In this paper we apply the RDW method to the
large populations of excited states can be produced by lasénelastic and superelastic scattering of electrons from excited
irradiation to allow for the measurement of inelastic and su-states of barium in order to compare with the experimental
perelastic scattering processes from these states. Pioneeriagd theoretical results referred to above. This is a test case
work was carried out by Registet al.[1] and more recent for the reliability of the RDW method for scattering from
experiments by Zetner and his co-workg2s7] have refined excited states.
and extended these measurements. In addition, unitarized
distorted-wave approximationlUDWA) and converged Il. THEORETICAL CONSIDERATIONS
close-coupling(CCCQ) calculations have been performed for
these processes and reported in the references given above.Barium is a sufficiently heavy atom that many of its fine-
The results reported in these references are differential crogructure states can be resolved in the scattering experiments
sections(DCSS3 for various inelastic and superelastic transi- listed above. Thus it is important to have a good representa-
tions between excited states induced by electron collisiondion of these target states for the theoretical calculations. We
In addition, the electron-impact coherence parameterdSe theGRAsPoz2program of Parpieet al. [10] to produce
(EICPS are obtained by interpreting the experiments as thdirac-Fock target wave functions. These have the advantage
time reversal of electron-collision-induced transitions fol- that they represent the fine-structure states directly without
lowed by radiative decay. the additional recoupling required for the nonrelativistic

The experimental measurements involve laser excitatiohS-coupled wave functions.
to the &6p P, level of barium. Since the laser light is lin- ~ We consider the barium atom to have a closed-shell core
early or circularly polarized the excited state is representeds’2s’2p?2p*3s?3p?3p*3d*3d®4s?4p?4p*4d*4d®5s°5p?5p? in
as a coherent superposition of magnetic substates. Howevéhe j-j coupled notation where, for example,indicates an
if these states are allowed to decay radiatively, #&16°D,  electron with total angular momentujs1/2 while p is an
metastable states are populated and radiation trapping pretectron withj=3/2 with a similar notation for the other
duces incoherent stat¢s]. There are sufficient numbers of electrons. For the neutral atom there are two valence elec-
atoms in these metastable states that electron scattering exens outside this core. However, the ground and excited
periments can be performed and cross sections for excitaticstates cannot be represented accurately by a single configu-
to higher-lying excited states measured. ration of these two electrons and must be considered in the

Alternatively, electrons can be scattered, either inelasticonfiguration-interaction form as a linear combination of a
cally or superelastically, directly from thes@p 1Pl states. number of two-electron configurations.
The resulting cross sections depend on the direction of the Our strategy has been to optimize the target wave func-
laser beam and the plane of polarizatiam the case of lin- tions by doing separate calculations for a small group of
early polarized light and are denoted as partial differential transitions with specific values of the total angular momen-
cross sectionsPDCSS$ [4]. By varying the laser geometry, tum J of the target states. Thus, for example, we have done
the DCS can be obtained from the measured PE]JSAs  one calculation involving the initial states® *D, and the
well, the EICP for the time-reversed collision process carfinal states 66p 3P2 and g5d 3F2 (features 21 and 24 ¢#))
also be obtained from the PDCS. In this time-reversed interand a separate calculation for the same initial states but with
pretation, the 86p lPl state is always the final excited state final state 66p lP1 (features 22 and 23 For those cases
which radiates to the ground std&3,6,7. where the initial state wassép 1Pl we have done a separate
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TABLE I. Configurations used in the calculation of theaspozprogram for the target states when the
initial states were &d 1'3D2. Note that we dropped thed3s and 517s configurations in the features 40 and

42.
Featuré States Configurations

6s5d D, 5d6s, 5d6s, 502, 5d5d, 502, 5d7s, 5475, 6p6p, 6p?
21, 24 &6p °P,, 6p5d °F, 6s6p, 5d6p, 5d6p, 506p, 5d6p
22,23 &6p P, 6s6p, 66p, 506p, 5d6p, 5d6p
41 6p5d °P, 66p, 506D, 506, 506p, 5d6p, 657p
40, 42 &5d °P,,6s7p 'P," 6s6p, 6s6p, 5d6p, 5d6p, 5d6p, 657, 657p

“Notation of Zetneret al. [4].
®Moore[11] and Karlsson and LitzéfL2] identify this state asdBp 'P;.

calculation for each transition. Complete details of these caltrices for the electron excitation of stadeto stateb,
culations are given in Tables | and II.

In Table Il we present a comparison of the transition Toa=(PPV(N+ 1)V -U[PIV(N + 1)) (1)
energies and oscillator strengths for those transitions where
there are meaningful data for comparison. In particular, wevhere
compare our results with experimental values as well as re-
sults from the UDWA and CCC calculations. We do not give PPN +1) = op(N)FEV (N + 1) (2)
the energies of the individual levels since in our bound-state
calculations the ground configuration was not included. Weepresents the final-state total wave function and
have reported the gf values for the oscillator strengiitsere
g is the statistical weight 2J1 of the initial level of the POW(IN+1) = Al (N FOWH (N + 1)} (3)
transition and f is its oscillator strengtwhich are indepen-
dent of the choice for the initial and final states of the tran-the total initial wave functionN represents the number of
sition. In the majority of cases our energies are within 10%electrons in the target atofflereN=56) andV is the Cou-

of the experimental values but there are several cases whel@nb interaction between the incident electron and the atom.
the difference is larger. The CCC calculations give superiokp, and ¢y, are the configuration-interaction wave functions
agreement in almost all cases while the UDWA accuracy idor the initial and final states of the atom as given in Tables

comparable to the present results. There are less reliable ddtand Il andA is the antisymmetrization operat&®V*:~ are

in the case of oscillator strengths but again the CCC resultthe outgoing and incoming distorted waves calculated in the

appear more reliable. In the case of feature 6 our very smafiresence of the distortion potentldiwhich is taken to be the

value is due to the absence of the ground configuration in thesual choice of the spherically averaged static potential of

J=0 state. the final statep,. SinceU is a function of the scattered elec-
The theoretical development of the RDW method hadron only, it does not contribute to tHE matrix due to the
been given by Zuet al. [13]. Here we calculate th& ma-  orthogonality of the atomic wave functions.

TABLE Il. Configurations used in the calculation of theaspa2program for the target states when the initial state V\sﬁ‘ﬁ)éPl. Note
that in the case of features 7 and 12 where the final state wasRyjsthe configurations for the initial and final states were combined.

Featuré States Configurations
66p 'P, 6s6p, 6s6p, 506p, 506p, 5d6p
1 6p5d 'D, 5d6p, 5d6p, 5d6p, 5d6p
1,3 52 'D,, %P, 5065, 5d6s, 502, 5054, 502, 57, 5d7s, 6p6p, 6p?
6 6s7s 'S 6s7s, 68, 6p2, 6p2, 502, 502, 5d6d, 5d6d
7 6s7p 'P; 6s7p, 6S7p
8 6s6d ‘P, 6s6d, 6364, 502, 5d5d, 502, 5d7s, 5475
12 6s8p 1P," 6s7p, 6S7p, 6s8p, 6s8p
13 €8s °S, 6s8s, 5d6d, 5d6d, 5d6d, 5d6d
19 6s8d 'D, 6s7d,6s7d, 6s8d, 6s8d, 6s9d, 659d, 502, 5d5d , 5d?, 5d64d,

5d6d, 5d6d, 5d6d, 6p6p, 6p>

“Notation of[4].
bMoore[ll] and Karlsson and Litzé[12] identify this state as€'p lPl.
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TABLE lIl. Transition energiegeV) and oscillator strengthgf values. F, feature numbelt,,, experimental transition energigkl,12;
ofe, critically evaluated experimental oscillator strengfii$]. The subscripts RDW, DW, and CCC refer to results from the present
calculations, the UDWA results ¢#], and the CCC resulfsl6], respectively.

F Transition states Eeyx Erpw Epw Ecce ofer ofrow ofow Ofcce
1 6s6p *P,—502 1D, 0.620 1.220 0.732 0.723 0.585 0.204
3 6s6p *P,~5d? 3P, 0.726 1.264 0.811 0.860 0.153 0.036
6 6s6p 1P1—657s 130 1.261 1.200 1.349 1.273 0.00097 0.525
7 6s6p 1P1—657p lP1 1.301 1.206 1.413 1.330 0 0 0 0
8 6s6p 1Pl—658d 1P2 1.510 1.496 1.734 1.595 1.031 1.245
12 6s6p 'P,—6s8p P, 1.796 1.739 2.080 0 0 0 0
13 6s6p 1P1—658s 351 1.965 1.989 2.071 0.00035 0.00020
21 6s5d 3D2—656p 3P2 0.533 0.473 0.242 0.463 0.0988 0.010 0.045
22 6s5d 1D2—6$6p lPl 0.826 0.412 0.691 0.834 0.0255 0.0029 0.015
23 6s5d 3D2—656p lPl 1.097 0.714 0.948 1.089 0.00035 0.005
24 6s5d 1D2—6p5d 3F2 1.323 1.123 1.322 1.304 1.260 0.375
40 6s5d °D,—6ps5d *P, 2.044 1.894 1.957 2.083 0.95 0.647 0.930
41 6s5d °D,—6ps5d P, 2.076 1.945 1.823 2.121 0.433 0.641 0.200
42 6s5d *D,—6s7p 1P, 2.128 1.772 2.104 2.164 0.69 0.174 0.610 0.540
If we specify the total angular momentum andompo- 1 .
nent of ¢, asJ,,M, and the spin of the incident electron as  Pvm’ =7 2 (M| VIIaMapa)(IoM” 1]V IaM ape)
g With @ similar notation for the final state then we can HatpMa
write 5
Toa= (JpMpup|V|IaM auea) (4)  then, with our normalization of the distorted waves, the dif-
o oo o ferential cross section is given by
where the quantization axis lies along the direction of the
momentum of incident electrofi.e., the collision framg If o= 1 orin- (6)
we define density matrix elements as 2J,+17
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FIG. 1. Differential cross sections for thes3l *D,—6s6p °P,
excitation in barium in units of cAisr at an electron impact energy
of (@) 20 and(b) 36.7 eV. The full curves represent the present
RDW results. Data fronf5] are long-dashed curve, UDWA; short-

Considering the particular case whekg=1, the PDCS mea-

sured by[4] is given by
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FIG. 2. As for Fig. 1 for the 65d 'D,~6s6p ‘P, excitation with
dashed curve, CCC; + with error bars, experimental measurementthe addition of the experimental data with error bars fron{6].
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FIG. 3. As for Fig. 1 for the 85d *D,~6s6p 'P, excitation. FIG. 5. As for Fig. 1 for the combinedssd *D,~6p5d *P, and
6s5d °D,—~6p5d *P, excitations.
5 1 1 \2
PDCS_
g = 6P11+ époo*' SP-11” ?Repm- (7 1 =
I(x) = E{Pu + poo =~ p-11% 2V2IM[ pgy]}- (9)
Following [6], we define
1 .
(¢ = S{(1 - cos Z)py + (1 + €0s ) poo Then the Stokes parameters are given by
= (1-cos 2)p_11+ 2V2sin 2 Repo;]}  (8) 1(0) - 1(90)
=, (10
and 1(0) +1(90)
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FIG. 4. As for Fig. 1 for the §5d 'D,~6p5d °F, excitation. FIG. 6. As for Fig. 1 for the §5d 'D,~6s7p 'P; excitation.
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FIG. 7. Differential cross sections for the@p *P,~5d2 3P, ex- FIG. 9. As for Fig. 7 for the 86p'P,—6s8p ‘P, excitation.

citation in barium in units of ci#fsr at an electron impact energy of There are no CCC results for this transition.

(a) 20 and(b) 36.7 eV. The present RDW results for the DCS are

shown by the full curve and for the PDCS by the chain curve. The Poo

UDWA results from[4] are shown by the long-dashed curve and the AN=————, (13)
CCC results of16] by the short-dashed curve. The experimental Poot p11t p-1-1

data from[4] are shown as + with error bars.

1(45) - 1(135) IIl. RESULTS
= 11
2 1(45) +1(13H (1) A. Differential cross sections

1(+) = 1(=) Zetneret al. [5] have presented differential cross section
= ————, (12) results, both experimental and theoretical, for excitations
I(+) +1(=) from the initial 65d 1D, states to a number of final states.

while the \ parameter is The details for these transitions are given in Table I. In Figs.
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FIG. 8. As for Fig. 7 for the 8p *P,—6s6d 'D,, excitation. FIG. 10. As for Fig. 9 for the &p *P,—6s8s S, excitation.
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10 ¢ smaller and rather flat cross section in the forward direction.
15 However, the notation used for the states arises fid®n
10 E . . . .
F coupling and is not valid for heavy atoms such as barium. As
10718 L given in Table |, both the initial and final states are linear
1077 | combinations of a number of configurationsjH) coupling
i some of which lead to allowed transitions. Even if the cal-
1078 culations are carried out ibS coupling, it is found that sin-
o0 L glets and triplets are mixed so that one cannot depend on the
N i state designation to lead to accurate information about the
E 10 nature of these transitions.
Zu))’ 107 ¢ Zetneret al.[4] measured a number of cross sections for
8 1015 [ inelastic scattering from thes6p 1Pl excited state to various
1016 higher-lying states. The results of UDWA calculations were
117 i also included in this paper. Since the6p 1Pl state is ini-
F tially excited by polarized laser light, the state is oriented
107 (i.e., the magnetic substates are unequally populaaed
1070 thus what is measured is a “partial differential cross section.”
1020 L For the particular experimental configuration used, the ex-
102 [ . . . \ . \ . \ pression for this PDCS is given in E¢7). The transitions

0O 20 40 60 80 100 120 140 180 180 involved are given in Table Il labeled as features 3, 8, 12, 13,
and 19. The cross sections for these transitions are shown in
Figs. 7-11 for incident electron energies of 20 and 36.7 eV
FIG. 11. As for Fig. 9 for the p 'P,—6s8d ‘D, excitation. along with the experimental results and the UDWA calcula-
tions as well as some unpublished CCC results at 2D16Y/
1-6 we compare our results for differential cross sections at Our calculations indicate that the PDCS values are very
20 and 36.7 or 40 eV with those given by Zetmgral. [5]. close to the DCS results. The UDWA calculations give a
All three theories produce cross sections of similar shapsimilar result though their PDCS values are not shown here.
and magnitude although in some cases the UDWA resultgor several of these transitions the UDWA calculations ex-
deviate from the other two for larger scattering angles. Unhibit a number of maxima and minima at larger scattering
fortunately, the experimental data are only available forangles which are not predicted by the other theories. Unfor-
smaller angles limiting the range over which comparisondunately these occur beyond the range of the experimental
can be made. In general, the CCC results are in closer agremeasurements. The excitation of the8p 'P, state shown in
ment with experiment than either the UDWA or presentFig. 9 is a forbidder(odd-odd transition and this is evident
RDW values. by the fact that our RDW cross sections have a much less
It is somewhat surprising to note that all these cross segsronounced peak in the forward direction. There are also
tions have very similar shapes, which include a sharp forsignificant differences between the PDCSs and DCSs at
ward peak characteristic of an allowed transition. In fact, thesmall scattering angles although these differences are less
shapes are similar to the cross sections for excitation of théhan the error bars on the experimental results. The UDWA
ground &% 'S, state to the &p ‘P, excited statg8]. The  results show the same general pattern of behavior as the
designation given for the initial and final states for the crossRDW ones but with significant differences in magnitude. The
sections in Fig. 3, for example, would imply that this is a excitation of the €8s 331 state is also basically a forbidden
spin-forbidden transition which would normally have a muchtransition in our RDW calculation as shown in Fig. 10. Al-

Scattering angle (degrees)

10-14 T T T T T T T T 10-12 T T T T T T T T

(a) 13 (b)
L 1 10
10718 DN

10717

-18
10 FIG. 12. Differential cross sections for the ex-

citation of the initial &6p 'P, state at 20 eV
electron-impact energy. The final states &ag
6p5d 'D,; (b)) 5d°'D, () 6s7s’S; (d)
6s7p lPl. The legend is the same as for Fig. 1 but
there are no experimental data.

DCS(em?sr!)

1 0-20 1 1 1 1 1 1 1 1

0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
Scattering angle (degrees)
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[ N N N N S |

FIG. 13. Stokes parametes, P,, P3, and\
values for the 85d 'D,—6s6p 'P; excitation in
barium at 20 eV. The full curve represents the
present RDW results. Data frofd] are dashed
curve, 115-state CCC results; + with error bars,
experimental measurements.

-0.6
0.8 I I I L L L 1 1

-0.6 1 1 1 1 1 1 | 1 0. 1 1 1 1 1 1 1 1
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Scattering angle (degrees)

though there is some singlet-triplet mixing here it is quitebe of interest to find the experimental results for these cases
minor sincelL S coupling becomes increasingly valid for the although if they are limited to smaller scattering angles as in
more highly excited states. Although the shapes of thehe previously reported results, they will not be of much help
PDCSs and DCSs are very similar, there is a noticeable difin distinguishing between the various theoretical results.
ference in magnitude. In contrast, both the UDWA calcula-
tions and the experiment exhibit a strong forward peak char-
acteristic of an allowed transition. If the smaller magnitude
of the RDW DCS results is accurate for small scattering Turning to the Stokes parameters for the
angles, this could indicate that the experimental measuretssd lD2—656p 1Pl transition we show the RDW and CCC
ments are contaminated from nearby allowed transition withresults at 20 eV in Fig. 13 along with the experimental mea-
a much larger DCS. As in the previous cases, the CCC resurements of Johnsoet al. [6]. We note that the Stokes
sults where they exist are in good agreement with the experparameteiP,; has a nonzero value for 0° scattering but is not
mental data. unity, unlike scattering from éS) state(such as the ground

In anticipation of new measuremeni47] we present statg. For P, the RDW results agree well with the behavior
cross sections for the excitation of the6p P, state to the of the experimental data but the magnitudes at the extrema
6p5d 'D,, 502 'D,, 6s7s'S,, and &7p 'P, states in Fig. 12 are larger than the measured values. The maxima and
for electron-impact energies of 20 eV along with CCC andminima of the CCC results are shifted in position from both
UDWA results. The first and last of these are forbiddedd- the RDW and experimental results. In the casePgfthe
odd transitions while the other two are allowed. The crossCCC calculations are in good agreement with experiment for
sections in the forward direction are noticeably smaller forscattering angles greater than 20° while the RDW curve is in
the forbidden transitions as compared to the allowed onedetter agreement at smaller angles. Both sets of theoretical
There is fair agreement between the three theoretical result&ta have similar behavior over the whole range of scattering
for the allowed transitions, especially in shape, but the agreeangles. ForP; neither of the theories agrees well with ex-
ment is less satisfactory for the forbidden transitions. It will periment or with each other. We also show thealues in

B. Coherence parameters
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FIG. 14. As for Fig. 13 but at 40 eV.
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22 FIG. 15. Stokes parametem;, P;, L=
70‘4 -P3;, and N\ values for the combined
' 5d6p 'D,~6s6p P, and F 'D,—6s6p 'P, deex-
02 — 05 ——T—T—T—T—T T citation in barium at 20 eV. The full curve repre-
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this figure. Here the CCC results are in good agreement with Figure 15 shows the results for feature 1, results from the
experiment while the RDW extrema are somewhat shifted irdeexcitation of the unresolvedi6p ‘D, and 5P 'D, levels
position and magnitude. to the &6p lPl level. Since the deexcitation of thelGp lD2
Figure 14 shows the same results as Fig. 13 but for atevel is an odd-odd parity transition angd+J, is odd, the
incident energy of 40 eV. FoP,, P,, and\ the RDW and direct scattering amplitude in the forward scattering is zero
CCC results are in closer agreement with each other dt a first-order theory such as the RDW aRgdis very close
smaller scattering angles than at 20 eV while the agreemet¢® -1 here. ThusP; for the combined transition starts off
with experiment is very similar. FoP; there is much better with a negative value. For thef, parameter there is con-
agreement between theory and experiment than at 20 e¥iderable difference between the RDW and CCC results. The
However, the CCC results show a pronounced minimum neagxperimental results lie below the CCC results but have a
7° that does not appear in either the RDW calculations or theimilar shape. Figure 16 presents the data for tie’B, to
experiment. At larger scattering angles there is considerabl@sép P, deexcitation. This is a dipole-allowed transition
variation in magnitude for all four EICPs. andP; starts off with positive values. For both the RDW and
Johnsoret al. [7] have measured;,=—P; for features CCC calculations thé ., values are almost identical with
1, 3, 6, 7, and 8 as listed in Table 1l at 20 eV incidentthe ones for the & 'D, to 6s6p P, transition (not shown
electron energy. This paper also contains CCC calculations teeparatelyalthough this is not the case for the other EICPs.
compare with the measured quantities. They also presentéince the two B2 upper states are formed from the same
CCC results which took into account the finite interactionconfigurations but have different energies and mixing coeffi-
volume of the experiments but since the difference was lessients this is not too surprising. Here the CCC results agree
than the experimental error bars we have not considered thigith experimental measurements within the error bars while
Since the other EICPs are also being measured for thegshe RDW results produce a similar shape but smaller magni-
transitions[17] we show our RDW results for the complete tude at small scattering angles.
set in the following figures and compare with the experimen- In Fig. 17 we show the EICPs for the® 13) to 6s6p lP1
tal results and CCC calculations where available. deexcitation. Note that this has the same level designation as
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the excitation from the groundst'S, state to the 8p*P;  shown in Fig. 15. This is not entirely surprising since for a
level. In fact, theP; parameter is very similar to that calcu- completely coherent transitioR;=2\—1 (Andersonet al.
lated by Srivastavat al. [8] at 40 eV. In particularP; is  [14]). This relationship holds nearly exactly for the76 'S,
unity for scattering at 0°. Here our,, values are quite to 6s6p 'p, deexcitation shown in Fig. 17. This transition is
similar to the CCC results and the experimental values li@lmost completely coherent sin&"ﬁ P§+ P§ is very nearly
between the two curves. The results for the deexcitation ogqual to unity at all scattering angles aRg=1 at 0° where
the &7p lP1 level to the &6p lP1 level are shown in Fig. 18. P, and P; must be zero. However, all the other transitions
This is an odd-odd parity transition and hence dipole forbid-are far from coherent sincB?+P3+P3 is much less than
den but sincel,+J,, is even here the direct scattering ampli- unity for almost all angles. Since the wave functions are
tude is not zero for forward scattering afj is positive linear combinations of a number of configurations, this be-
there. The EICPs for this transition have rather different behavior cannot be explained by a simple angular momentum
havior from the others considered in this paper. The RDWrecoupling argumente.g., the fine-structure effect

and CCC results fol‘_;erp are quite different here, the RDW

results being close to zero at aI.most all .scatte.ring_angles and IV. CONCLUSIONS
in good agreement with experiment. Finally in Fig. 19 we
show the results for the deexcitation of the66 lD2 level. We have applied the RDW method to the calculation of

This transition is similar to the one shown in Fig. 13 @d DCSs and EICPs for inelastic electron scattering from ex-
in particular is quite similar in these two cases. There iscited states in barium. In order to get a good description of
reasonable agreement between the RDW and CCC results ftire excited states, either relativistically or nonrelativistically,
L;erp except at larger scattering angles. The experiment proa number of electron configurations have to be included.
duces similar results which generally lie somewhat below thélhus these states cannot be simply described in elitBar
theoretical results but have a very similar behavior. j-J coupling schemes.

One rather striking feature is th&; and\ have a very In general, there is reasonable agreement between the
similar shape over most of the angular range for all the tranRDW, CCC, and UDWA results for the DCSs. All of the

sitions shown here except for the combined transitiondCS measurements have been taken for small scattering
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FIG. 19. As for Fig. 15 for the
6s6d 'D,~6s6p 1P, deexcitation.
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angles where the cross sections are relatively large and they This study of electron scattering from excited states indi-
generally agree best with the CCC results. Measurements aates that the strength of the RDW calculations lies in the
larger angles would provide a more stringent test of the theosalculation of the EICPs. UDWA results do not exist for
ries since the differences among the different theoretical rethese quantities and the agreement between the CCC results
sults are larger for larger scattering angles. Unfortunately, thend experiment is less good than for the DCSs.

cross sections are substantially smaller there, making mea-
surements extremely difficult.

In the case of the EICPs, there are no UDWA calculations We are grateful to George Csanak and Dimitry Fursa for
and there are considerable differences between the RDW arsgtnding their theoretical data in numerical form including
CCC calculations in many cases. The experimental measurgreviously unpublished results. This work was supported in
ments do extend to larger scattering angles but only for gart by a grant to A.D.S. from the Natural Sciences and
single transition. However, the agreement with the experiEngineering Research Council of Canada. R.S. is thankful to
mental data is somewhat inconsistent. We look forward tahe Council of Scientific and Industrial Reseaf€5IR) for
additional measurements for these parameters. financial support of this work.
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