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ABSTRACT

The three body distorted wave Born approximation (DWBA) with spin averaged static exchange

potential has been used to calculate the electron impact triple-differential cross section of Li+,

Na+ and K+ ions in different geometries and kinematics. In coplanar geometry at high incident

energy (> 500 eV) and scattering angle ~10°, both recoil and binary peaks in case of p-orbital

electrons splits into two. The value of the binary to the recoil peak ratio for the specific value of

the momentum transfer has been determined to understand the collision dynamics. In the non-

coplanar geometry a strong interference resulting in a dip in triple differential cross section

(TDCS) has been noticed.
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1. Introduction:

It is well known that collisions of electron projectile with ionic targets play key roles in a

variety of fields such as plasma, astrophysics and controlled nuclear fission. The (e,2e)

technique is a powerful means to seek detailed information on the collision dynamics.

However, the technique can not be readily applied to ionic targets because of the

experimental difficulty in producing the sufficient target density. Furthermore, the theoretical

attempts also have been scarce as yet for the ionic targets.

The difficulty that arises in studying the electron impact ionization of ionic targets, as

compared to neutral one, is the presence of long range coulomb interaction. Roy et al [1] have

made calculation for He+ ion neglecting electron-electron correlation in the final channel.

Thus their final state wavefunction does not satisfy the proper three body boundary condition.

Biswas and Sinha [2] suggested a model in which the scattered electron is treated in the

framework of the eikonal approximation, while the ejected electron is represented by a

coulomb wave. The correlation between the two electrons is taken into account through the

eikonal phase term and coulomb parameters. Xingfu et al [3] extended the Brauner-Briggs-

Klar (BBK) model [4] for hydrogen and helium ions, in which the incident electron is

described by coulomb wave and the final channel is represented by the BBK wavefunctions.

Their results are in good agreement with the theoretical calculations of Biswas and Sinha [5].

Rasch [6] studied the (e,2e) process for the hydrogenic ion targets using the distorted wave

Born approximation (DWBA) in order to see whether the recoil peak is enhanced with the

increase in nuclear charge as in neutral atoms. The triple differential cross section (TDCS)

caused by the electron impact ionization largely depends on both geometry as well as

kinematics, and therefore, a proper understanding of their roles is essential for explaining the

collision dynamics. All the above mentioned studies are limited only to the coplanar

asymmetric geometry and hence, the complete knowledge about the collision process can not

be obtained from these studies.

The present work therefore aims at understanding of the different geometries effects for

the process of electron impact ionization of alkali ions by using DWBA method. The TDCS

has been determined with different geometries and at different sets of kinematical variables.

In the coplanar asymmetric geometry a splitting of binary and recoil peak in case of p-orbital

electrons is seen at higher incident energy with in the specified range of ejected electron

angles. A strong interference dip in the TDCS cross section in non-coplanar geometry has
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been noticed for each orbital. The present work not only exhibits various geometry effects but

also demonstrates that DWBA is a reliable method to describe the electron impact ionization

of ions.

2. Theory:

The TDCS is a measure of the probability that an (e,2e) reaction at an incident electron

energy of Eo and momentum ko, upon collision with the target produces two electrons

(ejected and scattered) with energies Ej and E2 having momentum Ay and A2 satisfying the

relation,

Eincident=El+E2+£ >

where e is the ionization potential of the target.

It is essential to distinguish between several kinematical arrangements here. In the

coplanar asymmetric

geometry the momentum

ko, ki and k2 are in same

plane; 6j (scattered

electron angle) is kept

normally small, and &i

(ejected electron angle) is

varied. In coplanar

Interaction
Region

Target Gas

symmetric geometry again

ko, kj and AT? are in same

plane, but 61=62=6 is

Detection Plane

Fig. 1: Diagrammatically representation of (e,2e)
process.

varied. Another important distinction is made between asymmetric and symmetric geometries:

in asymmetric geometry both the outgoing electrons are kept at different energies (£7 »£!?),

while in symmetric geometry the two outgoing electrons are kept at same energy.

The TDCS for the ionization can be written as

V is the electron-electron potential. ^ are the distorted wave for the incident and outgoing

electrons and have been generated in the static exchange potential of initial state ion and

final state ion respectively. !//„! is the orbital wave function under consideration.
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3. Results and discussions:

The TDCS calculations for the ionization of all the targets here are made with various

kinematical parameters has been carried out. The representative results are given here.

A. Coplanar asymmetric geometry:

Figure 2 shows the DWBA results for

the (e,2e) TDCS of Li+ at 250, and

1000 eV for (9,=10° and E2= 1 OeV. The ?

recoil and binary peaks lie opposite to c/a

each other i.e. they are separated by p

180° being in the direction of

momentum transfer. From figure it can

be seen that the recoil peak becomes

broaden and shifts towards the higher

scattering angles with increase in the

incident energy and. The binary to the

recoil peak ratio is always larger than

unity and increases with the increase

in incident energy (for details see

table 1).

Figure 3 shows the TDCS for the

ionization of the p-orbital of Na+ ion

at 250, 500 and 1000 eV for 6>i=10o

and £2=10eV. The TDCS for 500

(dashed line) and 1000 eV (dotted

line) have been multiplied by factor

-60 0 60 120 180

Fig. 2 TDCS for the ionization of Li+ at impact
energy of 200 eV (solid line) and 1000 eV (dotted
line) for 0,=10°andE2=10eV

8

0.00
-180 -120 -60 0 60

e.fdea.)
Fig. 3 TDCS for the ionization of Na+ at impact

of 2 and 5 respectively for ease of energy of 200 eV (solid line, 500 eV (dashed line)
. _ and 1000 eV (dotted line) for 6}=10° and E2=10eV

shape comparison. There is a bump J

in the cross section for the binary peak at 250 eV, which splits at 500 eV and becomes more

pronounced at 1000 eV. The recoil peak also splits at higher impact energy. Similar behavior

of the cross section has been observed for K+ ion.
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Parameters

Eo E2 0,

250 5 4

250 10 4

250 10 10

50 0 5 4

500 10 4

500 10 10

1000 5 4

1000 10 4

1000 10 10

Li+

q

0.80

0.85

1.05

0.65

0.67

1.14

0.68

0.69

1.51

b/r

0.69

0.83

1.18

0.99

1.18

1.76

1.13

1.35

2.05

Na+

q

0.55

0.59

0.87

0.52

0.54

1.08

0.63

0.64

1.49

b/r

0.65

0.81

0.88

0.71

0.88

B

0.68

0.90

B

K+

q

0.43

0.47

0.80

0.47

0.48

1.06

0.61

0.62

1.48

b/r

0.76

0.77

0.78

0.77

0.98

B

0.84

1.07

B

The splitting of binary peak

for the p-orbital targets can

be understood in terms of the

Bethe-ridge condition, which

is satisfied in the two

electron collision when the

momentum transferred to the

fast electron is equal to the

slow electron. It has been

seen that when the difference

between the momentum

transferred and the

momentum of the slow ~ , , , D. , ., ~, . , .
Tablel. Binary to the recoil (b/r) peak ratio intensity,

electron is small, only binary momentum transfer (q) in a.u. The energies Eo and E2 in a.u.
peak splits and when and ^' are in deSfees- B indicates the case, where peak is

splitted
difference becomes large the

recoil peak also splits. The full explanation for this along with the kinematical details is given in

Ref. [7] in case of Ar(3p) system, to a large extent are also found to hold in case of ionic targets.

A detailed discussion in the present case is therefore not warranted.

The complete information about the ionic targets presented here can be seen from the

table 1, where the binary to recoil peak

ratio (b/r) and momentum transfer (q)

corresponding to different kinematical

parameters is given.

B. Coplanar to intermediate

geometry:

In this geometry (shown in fig. 4) the

incident electron angle QV) has been

changed from 0° (Coplanar geometry)

to 67.5° (intermediate geometry) and

Intermediate
geometry

Perpendicular
geometry

the scattering angles 4\~4i=4 »s varied.

Fig 4. Sketch of Coplanar to perpendicular plane
geometry:
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^=67.5°

The scattering angles £ a nd incident electron angle *P (figure 4) are related to scattering angle 6

and azimuthal angle <|) defined in figure 1 are related by the following equations.

tan<f> = cot% siriV,

cosO - cos £, sin *F.

The DWBA calculations have been carried at 40 eV above the ionization potential of all the

targets, with symmetric and

asymmetric detection energies

of the out going electrons. For

example in case of Li+, the

incident electron energy is set

to 115.6 eV and the threes sets

of out going electrons energies

symmetric [(20 and 20) eV],

asymmetric [(15 and 25) eV]

and highly asymmetric [(5 and

35) eV]. The trend of cross

sections for all the ionic targets

and for all the sets of detection

energy is almost same. Hence,

only the results for the Li+ ion

will be presented here.

Fig.5 shows the TDCS

for the electron impact

ionization of Li+ at 115.6 eV

incident energy and

symmetric energies of the

outgoing electrons. There

exists a deep minimum in the

cross section as reported in

the studies of e-He system [8,

0.01

1E-3

1E-4

1E-5

1E-6

1E-7

1E-8
0 20 40 60 80 100 120 140 160 180

Angle(deg.)

Fig. 5 TDCSfor Li+ at 155.6 eVfor different incident
electron angles ( f) indicated

95 110

9] in which the deep dip always

lies at the incident electron angle

100 105

Angle (deg)
Fig. 6 TDCS for Li+ in the region where the deep
minimum has been observed. For details see the text.

115

of 67.5°. However, here it lies at *P =45° (dashed line in
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figure 5) for symmetric case, at ¥ =45° and ¥ =22.5° for asymmetric and highly asymmetric

cases respectively (figures for asymmetric and highly asymmetric case are not presented, for

detail see [10]). The reason for the occurrence of the dip in the cross section has been ascertained

to the strong interference between the different scattering amplitudes. In order to elucidate this

point, TDCS's are calculated, when from the total distorting potential (i) incident electron-

nucleus interaction (—A—) (ii) incident electron-passive electron interaction (—•—) (iii) and

both of these (—•—) being stitched off one at a time; this is shown in figure 6. The TDCS with

the sum of the above three i.e. with full interaction potential (solid line) is also shown in the

angular region of deep minimum. It is seen that the individual cross sections curves are smooth;

meaning that switching off any of the potential in either the initial or final channels causes the dip

to disappear. This clearly indicates that the deep minimum in the cross section arises due to the

strong interference between the different scattering amplitudes constituting the total distorting

potential. The same is true for the minimum observed with the other ionic targets.

Conclusion:

The DWBA with suitable interaction potential has been presented for the (e,2e) process with

carious kinematical conditions. In the coplanar asymmetric geometry the splitting of the binary

and recoil peak in case of p-electron targets has been explained, as usual, in terms of Bethe-ridge

condition. In the coplanar to intermediate geometry a clear interference dip in the cross section

has been noticed for each target. The present work highlights the geometry effects on the (e,2e)

triple differential cross section of ionic targets.

Acknowledgement:

The author is grateful to the organizing committee for giving the chance to present this work at

the China/Japan Joint Symposium on Atomic and Molecular Processes in Plasma (Lanzhou, 6th

March-11th March 2004.) The help provided by Prof. M. Takahashi and Dr. N. Watanabe (IMS)

in presenting this work is highly acknowledged.

127



References:

[1]. Roy, K. Roy, and N. C. Sil, J. Phys. B. 15, 1289 (1982).

[2]. R. Biswas and C. Sinha, J. Phys. B. 28, 1311 (1995).

[3]. J. Xingfu, S. Qicun, C. Zhang Jin, C. Ji, and X. Kezun, Phys. Rev. A 55, 1971 (1997).

[4]. M. Brauner, J. S. Briggs, and H. Klar, J. Phys. B. 22, 2265 (1989).

[5]. R. Biswas and C. Sinha, Phys. Rev. A 50, 354 (1994).

[6]. J. Rasch, Ph.D. thesis, University of Cambridge, 1996.

[7]. H. Ehrhardt, K. H. Hesselbacher, K. Jung, E. Schubert, and K. Willmann, J. Phys. B. 7, 69

(1974).

[8]. Y. Khajuria and D. N. Tripathi, J. Phys. B. 31, 2359 (1998) and Phys. Lett. A 260 360

(1999).

[9]. A. J. Murray and F. H. Read, J. Phys. B. 26, L369 (1993).

[10]. Y. Khajuria, L. Q. Chen, X. J. Chen, and K. Z. Xu, J. Phys. B. 35, 93 (2002).

128


