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Direct and indirect relativistic effect on electron scattering from cesium and gold atoms
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The differential cross sectio(DCS), Stokes parameters, and the STU parameters for electron scattering
from a cesium atom are calculated by two kinds of distorted-wave methods, each including different relativistic
effects. Comparing our results with those from the relativistic distorted-wave method of the Toronto group, we
find that, at an incident electron energy of 50 eV, the direct relativistic effect is more important than the
indirect relativistic effect for cesium. Further the direct relativistic effect leads to the invalidity of the “fine-
structure approximation” for the case of cesium. We also calculated the DCS and the Stokes parameters for an
electron-gold collision at incident electron energy of 50 eV. Unlike the cesium case, the indirect relativistic
effect is more important for gold S1050-29479)02408-7

PACS numbd(s): 34.80—i, 11.80—m, 31.30.Jv

It is well known that with increasing atomic number the  Our first approach is based on the ordinary distorted-wave
relativistic effect in atomic structure becomes more and moréODW) method, which is purely nonrelativistic. The Schro
important. Cesium is the heaviest alkali-metal atom and ofdinger equation is used to describe the continuum electron
ten serves as a prototype atom in the study of the relativistiand the Roothaan-Hatree-Fock wave function is used to de-
effect. Since atomic cesium is easy to prepare experimentallycribe the bound electrons. Throughout this work, the static
and since its theoretical model is fairly simple, much attenpotential is used as the distortion potential. The electron
tion has been given to the relativistic effect in electron-charge distribution of the target atom and the static potential
cesium scatteringl-5]. A gold atom is very similar to an  5r6 nonrelativistic in this case. We use the same calculation
alkali-metal atom in that their ground states both consist o, jines as the Toronto group so that our results can be com-
the core of closed-shell orbitals and one valence electron in g, oy \ith their results. The intrarelativistic distorted-wave
;Tksgli-sr#étglrgzglﬁ{g]o a gold atom can be treated like an(IDW) method, our second approach, includes relativistic ef-

; ’ . I . fects of the target electron only. The Dirac-Slater method is

According to Lam and Bayli7] the relativistic effect in sed to describe the bound electrons, while the continuum

electron scattering by atoms can be divided into a direct and ) L . .
electron is treated nonrelativistically as in the first model. As

an indirect relativistic effect. The direct relativistic effect it th lativistic effect is included in the el d
arises from the relativistic motion of incident electrons in the "esult, the relativistic effect is included in the electron den-

atomic field, while the indirect relativistic effect is due to the Sity Of the target atom and the distorted potential. The indi-
relativistic motion of the bound electrons in the target atomfect relativistic effectactually the intra-atom relativistic ef-

A fully relativistic treatment of both incident and target elec- fect[14]) is thus fully included in the IDW. By comparing
trons will give a Comp'ete description of these eﬁem the DCS, StOkeS, and STU parameters of the IDW method

However, it is useful to explore these effects at differentwith those of the ODW method, the indirect relativistic ef-
levels in order to understand their importance in scatterind€ct can be extracted. We can also compare our IDW results
processes. We have carried out detailed numerical calculavith those from RDW treatment. The direct relativistic effect
tions, based on the distorted-wave met{@WM), at two ~ can thus be found. Nuclear depolarization is taken into ac-
levels: (i) nonrelativistic treatment for both projectile and count in the calculations of the Stokes parameters. The per-
target electrons, andi) relativistic treatment for target elec- turbation coefficients of fine and hyperfine structure for the
trons only. The results are compared with the fully relativis-Stokes parameters are calculated by the progianr [15].
tic approacH3,6]. Detailed descriptions of the STU parameters and the
The DWM is widely used in electron-atom collision cal- Stokes parameters can be found in the paper by Bartschat
culations in the intermediate energy rarigé The relativis- and Anderser(16,17. The differential Stokes parameters
tic version of the method was recently developed by the Torcalculated in this work are for the case of unpolarized elec-
onto group[3,9—13 and applied to calculations of electron- trons scattered from unpolarized atoms. The “fine-structure
impact on atoms of cesium, ytterbium, silver, gold, and nobleaPProximation™ is used in the calculation of STU parameters
gases. In their relativistic distorted-way®DW) treatment, N the ODW model. In this case, the STU parameters satisfy
both the continuum and bound electrons are described by tHg€ following equations:
Dirac equation. One of the advantages of the DWM is that it

is unigue in dealing with the continuum electrons and bound SpES%J/ZZ - 233/2, @
electrons separately. Therefore, the DWM allows the direct
and indirect relativistic effects to be studied individually T=T,/=T2=T?=T*=17=T1>, 2
within various models and including different levels of rela-
tivistic effects. U,=UY2=yl2= —py¥2= _oy32 3
Our results, along with those of RDY8,6] are shown in
* Author to whom correspondence should be addressed. Figs. 1-5. In the ODW model, the excited state is spin av-
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FIG. 1. Differential cross section for electron scattering from  F|G. 3. DCS for Au andT parameter for Cs are shown at inci-
the RDW, short dashed line for the ODW methods. the experimental resulf£2].

eraged while in both IDW and RDW calculations the excited ) )
state is (@)?P4p,. Figure 1 shows the DCS for cesium at  According to Bartschat the measurement of DCS is a
two different incident electron energies using the ODW, classical” experiment in scattering physid48]. So the
differential Stokes parameteR; (i=1,2,3) for cesium and Of scattering theories, too. By comparing the DCS in Figs. 1
gold at incident electron energy of 50 eV. Figure 3 shows?Nd 3, we can see differences in the results from the ODW,
both the theoretical and experimental DCS of gold and !DW, and RDW models. When the angle is less than 26°,
parameters of cesium at incident in electron energy of 50 eViesults from three approaches in Fig. 1 are almost the same.
three methods usually agree within 10%. We give 8  S€ction in the three models. At large angles, however, differ-
only in Fig. 4, at incident electron energies of 20 and 100 ev&nces appear. From the data of the IDW and RDW model is
Figure 5 shows th&J,, parameters for cesium at energies of S€€N that the direct relativistic effect exists not only for high-

20 and 100 eV. Because the fine-structure approximatio§N€rgy incident electrons but also for low energy incident
was used in the calculation of the ODW model the thfee €l€ctrons(20 or 100 eV. This is also supported by the DCS

parameters reduce to 1 and the twgarameters reduced to of gold in Fig. 3. A slow incoming electron is accelerated by
1 as well. As was the case for tiseparameters, the magni- the strong Coulomb field of the nucleus and thus becomes
tudes ofU,, and U, parameters usually agree within 10% relativistic near the targgtl9]. Comparing the ODW with
and therefore th&) , are not shown. To data there has notthe_ method IDW, the |nd|r_ect r_elat!wstlc effect is obt_ame_d.
been any experimental data published for the differentiall NiS IS @lso shown for cesium in Fig. 1 and for gold in Fig.
cross section of cesium, the differential Stokes parameters: At the same time, Fig. 3 shows the reliability of DWM
and the STU parameters of cesium and gold in the intermeXith the experimental results.

diate energy range. We hope to have some experimental data St0kes parameters for cesium and gold each using 50 eV
for comparison. incident electrons are shown in Fig. 2. For cesium both the

magnitude and shape & (i=1,2,3) in the IDW and ODW
models are close to each other. EspeciallyPip-Cs the
IDW results are similar to the ODW results over the whole
range. They are different from the RDW resultsFg-Cs at
small and large anglgs<53° and=140° the results of IDW
and ODW agree with each other very well. But the RDW
results differ the IDW and ODW results. For gold, to our
surprise, the situation is reversed. M—Au the line struc-
ture is almost the same for all three methods. However, con-
sidering the magnitude, the difference between the IDW line
and the RDW line is less than the difference between IDW
line and ODW line. InP,—Au the ODW results differ
greatly from those from RDW; however, the IDW results are

Stokes Parameters

0.2

Cs—20eV Cs—100eV %
/

0.1
A a

wn OO- ¢ \\\ ,l \‘\l \'\_> - l 4
A5 \ p l
-0.1 oy
L L T v AL s
0 45 90 135 180 45 90 135 180 02
Angle (degrees) Angle (degrees) 0 45 90 135 180 45 90 135 180
Angle {(degrees) Angle (degrees)

FIG. 2. Stokes parameteRs, P,, andP5 for cesium and gold FIG. 4. Polarization functiois, of 20 and 100 eV. Line style as
are shown at 50 eV incident electron energy. Line style as in Fig. lin Fig. 1.
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0.1 relativistic effect of continuum wave functions. It is shown
0.0 g~ - - ~ in Fig. 3 that both the magnitude and structureTgbaram-
-0.1] = > SN eters calculated by the RDW method are very different from
£ -0.2] . ' Yo those calculated by the IDW and the ODW methods. In Fig.
0.3 eV Co—tooev it 4 theS,/(—2) of the ODW model an}” of the IDW and
041 ' the RDW models are shown. By the fine-structure approxi-
05 i mation the three kinds of results should be the same. In fact
0 45 90 135 180 45 90 135 180 the three kinds of results do not agree very well. When the
Angle (degrees) Angle (degrees) incident electron energy is 20 eV, the direct and indirect

. ) relativistic effect may compete with each other in the scat-
_ FIG. 5. Rotation parametéfx, of 20 and 100 eV. Line style 85 o1ing process. When the incident electron energy is 100 eV,
in Fig. 1. the RDW results differ greatly from those of the IDW and

ODW. It can be inferred that it is the direct relativistic effect

close to those of the RDW. IRs—Au the results from the \ hich causes such a discrepancy. In other words, because of
IDW roughly agree with those from the RDW _bOth IN Mag- the direct relativistic effect the fine-structure approximation
nitude and structure, but the ODW results differ from thesis A similar argument for they, in Fig. 5 gives the
RDW results especially at small angles4s?). These com-  game conclusion. The STU parameters for gold are very
parisons tell us that for gold atom with 50 eV incident elec-gimilar to those for cesium. We do not list them. The fine-
tron energy the indirect relativistic effect is more important gi,ctyre approximation holds in the calculation of the STU
than the direct one. Because a gold is heavier than a cesiuarameters at small angles, but becomes invalid as the angle
it can be visualized that the indirect relativistic effect in gold ;,creases. In other words the exchange scattering is dominant

is more important than in cesium. at small angles, whereas the direct scattering is most signifi-
Because _the fine-structure apprOX|_mat|on has been used {} t at large angles in the spin-flip scattering amplitude.
the calculation of STU parameters in the ODW and IDW In summary, by comparing our results for the Stokes pa-

methods, a comparison of the three methods does not alloy eters, it can be inferred that at an incident electron energy
us to draw conclusions like those above for Stokes paramt 5 ey the direct relativistic effect is more important than

eters. But the reason of invalidity of the fine-structure apg ingirect relativistic effect for cesium atoms, whereas the
proximation can be inferred from the comparison. The fine,,,ite is true for gold atoms. By comparing our results for
structure approximation was discussed in detail by Hanng,e ST parameters of electron-cesium scattering with those
[20], who shows that excitation amplitudes to different flne—from the RDW method., it can be deduced that it is the direct

structure levels are not independent of each other. This apgativistic effect that leads to the invalidity of the fine-
proximation is expected to work very well for alkali-metal- gi,cture approximation for cesium atoms.

like atoms, where the spin-dependent effect is less important

than the electron exchange effect during the excitation pro- Support from the National Science Foundation of China is
cess. But recently, many authdB4,21 have found that this  gratefully acknowledged. We sincerely thank Professor A.
approximation fails for electron-cesium scattering. From ouD. Stauffer for providing private materials. Our sincere
results on the STU parameters for electron cesium scatteringhanks should also be given to Professor Michael Bisset and
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