
Distribution Category:
Physics-Atomic and
Molecular (UC-34;x)

ANL-76-66

ARGONNE NATIONAL LABORATORY
9700 South Cass Avenue

Argonne, Illinois 60439

INELASTIC-COLLISION CROSS SECTIONS
FOR Ne

ty

S. C. Soong* and Yong-Ki Kim

Radiological and Environmental Research Division

n.- .... .r1""".-.--.. -..... ..
I~ . 1. M~ 1 Prd .. .... r ,n.

Of iew * .1s &.. ** 66. .w" .1

rh'' .+.M ..I- W ..~

*Student Associate from The university of Chicago, 1S174-1976.

Work at Thy university of Chicago was supported by ERDA through

Contract C00-2100-12. Present address: Department of Phys!cs,
Kansas State University, Manhattan.





TABLE OF CONTENTS

Page

ABSTRACT . .04 ...e ....... 1

1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

2. Discrete Energy-Loss Cross Sections . . . . ..... . . . . . . 2

3. Differential Energy-Loss Cross Sections . . . . . . . . . . . . . . . 2

4. Total Ionization Cross Sections . . . . . . . . .. . . . . . . . . . 3

5. Electron Shake-Off . . . . . . . . . . . . . . . . . . . . . . . . . . 3

6. Ionization of the L Shell. . . . . . . . . . . . . . . . . . . . . . . . 4

7. Symbols Used in the Tables . . . . . . . . . . . . . . . . . . . . . S

REFERENCES. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

lii



LIST OF TABLES

1 Jo. Title

1. Discrete Energy-Loss Cross Sections (L Shell) . . . . .

2. Oscillator Strength Density (2p). , . . . . . . . . . . . .

3. Oscillator Strength Density (2s). . . . . . . . . . . . . . .

4. Oscillator Strength Density (Is). . . . . . . . . . . . . . .

5. Oscillator Strength Density CLM) . . . . . . . . . . . . . .

6. The Empirical Function Phi (L Shell). . . . . . . . . . . . .

7. The Empirical Function Phi (K Shell). . . . . . . . . . . . . .

8. Normalization of the Differential Energy-Loss Cross Section
(L Shell). . . . . . . . . . . . . . . . . . . . . . . . . . . .

9. Normalization of the Differential Energy-Loss Cross Section
(K Shell). . . . . . . . . . . . . . . . . . . . . . . . . . . .

10. Total Ionization Cross Section (L Shell). . . . . . . . . . . .

11. Total Ionization Cross Section (K Shell). . . . . . . . . . . .

12. Electron Shake-Off Probability . . . . . . . . . . . . . . . .

13. Spectrum of the Shake-Off Electron . . . . . . . . . . . . . .

. . . .

. . . .

. . . .

. . . .

. . . .

. . . .

. . . .

. . . .

. . . .

. . . .

. . . .

. . . .

. . . .

FIGURE

No. Title Page

1. The differential energy-loss cross section of neon. . . . . . . . . 16

iv

Page

6

7

8

9

10

11

12

13

13

14

14

15

15



INELASTIC-COLLISION CROSS SECTIONS FOR Ne

by

S. C. Soong and Yong-Ki Kim

ABSTRACT

Cross sections for inelastic collisions of slow electrons

and the dipole oscillator-strength distribution for the neon atom

are given in tabular form. The results are based on experimental

data that have been checked and adjusted for internal consistency.

These data have been used in the study of the electron degrada-

tion spectra by the first author as part of his thesis work.
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I. Introduction

This report contains the details of electron-impact and optical cross

sections used in the Ph. D. thesis 1 (hereafter referred to as TH), entitled

Inner-Shell Contributions to Electron Degradation Spectra by S. C. Soong.

In TH, a consistent set of e-Ne inelastic collision cross sections is used to

compute the electron degradation spectra. The tabulated data in this report

supplement those given in the thesis in graphical form for slow incident

electrons and low-energy photons.

2. Discrete Energy-Loss Cross Sections

For incident energies T > 40 I, where I is the lowest ionization potential,

three groups of discrete energy-loss cross sections for the L shell are given

by the Bethe formula, Eq. 45, and Table 3 of TH. For T 5 40 I, these cross

sections are tabulated in Table i of this report.

The discrete energy-loss cross sections for the K shell have not been

measured experimentally. The lack of these cross sections is not a serious

setback for the study of electron degradation in neon because of the following

reasons. For electron slowing down in neon, discrete excitation of the K

shell plays a negligible role compared to excitation and ionization of the L

shell. For the Auger-electron production, knowledge of the excitation cross

sections is not required. The production rate is proportional to the total K-

shell section, which has been measured by Mehlhorn. 2

3. Differential Energy-Loss Cross Sections

Equation 43 of TH expresses the differential energy-loss cross section

for T > 40 I, (for s - K or L shell) in terms of the dipole oscillator strength and

of an empirical function O,(E), where E is the energy loss. The oscillator

strengths for single photolonization of the 2p, 2s, Is orbitals and those for the

multiple L-shell ionization (from either 2s or 2p) are given in Tables 2, 3, 4,

and 5. respectively. The functions *L and 4K' which were adopted on the

basis of fragmentary empirical evidence, are given in Tables 6 and 7.
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The experimental results of Grissom et al. (Ref. 46 in TH) suggest a

more accurate representation of the L-shell cross section in which the quantity

within the logarithm of Eq. 43 is reduced by a factor 1 - (I /2E2) (1 - I/T).

(This implies that the cutoff momentum transfer for distant collisions is less

than unity for slow incident electrons.)

For S 40I, we assume that the differential energy-loss cross section

is given by RHS of Eq. 43 in TH, times a normalization coefficient. The nor-

malization constants were adjusted to ensure consistency with the total ion-

ization cross section after integration over E. The normalization coefficients

for the L and K shells are given in Tables 8 and 9, respectively. The resulting

differential energy-loss cross section is consistent with the experimental re-

sults of Grissom ot al., and varies smoothly from the Born region to the region

of lower energies. Figure 1 shows the differential energy-loss cross section

for several incident energies.

4. Total Ionization Cross Sections

The total ionization cross section is obtained by integrating the dif-

ferential energy-loss cross section. The total ionization cross section of the

L shell obtained in this manner can be represented, for T> 40 I,, by

4wa 2R2
Q(T) 0 (2.739 In + 1.984)

L TI I
and that of the K shell by

4wa 2a2 R 2 2 2
QK(T) 2 + 0.4406

p IK 2IK
where 0 " v/c, a0 " 0.529 A, a " 1/137, and R " 13.6 eV. For T S 40 Is,

these cross sections are given in Tables 10 and 11.

S. Electron Shake-Off

Evaluation of the function (cf. Eq. 7 of TH )

Q (TE) K EEK

HK(T'T+Ym f dE- T- a E) (E) F deN (K
T+IK5()KK

3



requires a knowledge of the shake-off probability a (E) and the spectrum

NK(e) of multiply-ionized electrons. The shake-off probability has been mea-

sured by Carlson et al. (see Ref. 25 of TH) and is reproduced here in Table 12.

The spectrum NK(e) can be represented as the following superpositions of the

shake-off spectrum J(e)

J(e) +J(E -E -a)

NK(e) A(E- E '

where
E

A(E) = f de (e) . (Al)
0

The shake-off spectrum has been calculated by Levinger 3 and the result has

been confirmed experimentally by Carlson et al. (cf. Ref. 27 of TH). The

function A(E) is given in Table 13. The integrated spectrum of electrons pro-

duced by multiple ionization, which occurs in the above expression for

HK(T', T+IK), is

E -EK A(E -E -T) +A(E-E - A(T)

T K A(E -E.

6, Ionization of the L Shell

Since aL (E) is not available directly from experiment, we evaluate

HL(T', T + I) by using the formula

H#TTj(T' +1) _() 4IT f,(E) 41AT E-E

HL', T+I) 2B(T) E in + in d fTdNL(e)

+ 8 L* [(E) - ...... mm...

+ 8A(E) -E(T -E+) + (T -E+I)

E-EL

wheia IL - 62.7 eV, fLM(E) is given in Table 5, and f T de NL(e) is also

given by Eq. Al, provided that the unit of energy is taken to be ILM a 62.7

eV instead of E,, - 910 oV. The first two terms within the braces represent the

4



contribution from distant collisions, while the last term represents that from

close collisions. The first term gives the electron spectrum produced in

single ionization, while the second term gives that produced in multiple ion-

ization. The third term gives the spectrum produced in both types of ioniza-

tion since L(E) is determined from secondary electron spectrum measurements. 5

7. Symbols Used in the TableR

FORTRAN notations are used, i.e., 2.032D-01 = 2.032 x 10

A(E) See Eq. Al [Table 13J

E Energy transfer

E Threshold for electron shake-off in neon= 910 eV [Tables 12
50 and 13J

I The lowest ionization potential = 12.6 eV

I(2s) Binding energy of the 2s electron = 48.5 eV [Table 3]

I(ls) Binding energy of the is electron = 870 eV [Table 4J

1(K) = I(is) [Tables 4, 7, 9, and 11]

I(LM) Threshold for multiple ionization of the neon L shell = 62.7 eV
[Table 5]

PHI *(E) [Tables 6 and 7)

Qi Q (T) [Table 1]

Q2 Q2 (T) [Table 1]

Q3 p Q 3 (T) [Table 1]

QI I4 Q(T) [Tables 10 and 11]

T Incident kinetic energy

E(df/dE) = E f (E)

5



TABLE 1. Discrete Energy-Loss Cross Sections (L Shell)

T/1

1.0000
1. 0750
1.1560
1.2420
1 .3360
1.4360
1.5440
1.6600
1.784D
1.918D
2.062D
2.2170
2.383D
2.562D
2.7540
2.9610
3.183D
3.4220
3.6790
3.9550
4.2520
4.5710
4.9140
5.2630
5.6790

O.1050
6.5640
7.0560
7.5860
8.155D
8.767D
9.4250
1.013D
1.0890
1.1710
1.259D
1.3530
1.4550
1.5640
1.6820
1.8080
1.9430
2.0890
2.2460
204150
2.5960
2.791D
3.0000
3.225D
3.4670
3.720
4.0070

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
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01

2.0320-02
2.6710-02
3.3430-02
4.049D-02
4.791D-02
5.5710-02
6.3920-02
7.2540-02
8.1600-02
9. 1130-02
1.011D-01
1. X160-01
1.2270-01
1.3420-01
1.4640-01
1.5910-01
1.7250-01
1.8650-01
2.0110-01
2.1640-01
2.3250-01
2.4930-01
2.668D-01
2.8510-01
3.0360-01
3.2190-01
3.414D-01
3.6120-01
3.7980-01
4.0060-01
4.2020-01
4.4220-01
4.6240-01
4.8320-01
5.0430-01
5.2510-01
5.460D-01
5.6660-01
5.6650-01
6.0570-01
6.2510-01
6.4470-01
6.6370-01
6.815D-01
6.9840-01
7.1550-C1
7.3220-01
7.4860-01
7.6470-01
7.609D-01
.9820-01

8.1530-01

02

2.81 W-03
5.796D-03
8.9290-03
1.223D-02
1.5690-02
1.934D-02
2.3180-02
2.7210-02
3.1440-02
3.5890-02
4.0560-02
4.5460-02
5.059D-02
5.598D-02
6.161D-02
6.7510-02
7.367D-02
8.011D-02
8.6840-02
9.386D-02
1.0120-01
1.0880-01
1.167D-01
1.2490-01
1.3280-01
1.4110-01
1.4980-01
1.576D-01
1.6650-01
1.7470-01
1.6400-01
1.9250-01
2.0120-01
2.1000-01
2.1860-01
2.2720-01
2.3590-01
2.440D-01
2.518D-01
2.597D-01
2.6750-01
2.7540-01
2.8270-01
2.8960-01
2.9630-01
3.0300-01
3.0960-01
3.1600-01
3.223D-01
3.287D-01
3.3550-01
3.4210-01

03

3.7170-04
1.8920-03
3.493D-03
5.1790-03
6.9530-03
8.8210-03
1.0790-02
1.285D-02
1.5020-02
1.7310-02
1.9710-02
2.2220-02
2.4860-02
2.7630-02
3.0520-02
3.3550-02
3.6720-02
4.0040-02
4.3490-02
4.7100-02
5.086D-02
5.477D-02
5.884D-02
6.303D-02
6.7090-02
7.1350-02
7.5770-02
7.9790-02
8.4340-02
8.8540-02
9.3270-02
9.7590-02
1.020D-01
1 .0650-01
1.1080-01
1.1520-01
1.195D-01
1.2370-01
1.2760-01
1.3160-01
1.3550-01
1.3950-01
1.4310-01
1.4660-01
1.4990-01
1.5330-01
1.5660-01
1.5980-01
1.6290-01
1.6620-01
1.695D-01
1.7280-01



TABLE 2. Oscillator Strength Density (2p)

I/E
0.
1.0000-02
2.0000-02
3.000D-02
4.0000-02
5.000D-02
6.000D-02
7.0000-02
8.0000-02
9.000D-02
1.0000-01
1.1000-01
1.2000-01
1.3000-01
1.4000-01
1.5000-01
1.6000-01
1.7000-01
1.8000-01
1.9000-01
2.0000-01
2.1000-01
2.2000-01
2.3000-01
2.4000-01
2.500D- O1
2.6000-01
2.7000-01
2.8000-01
2.900D-01
3.0000-01
3.1000-01
3.2000-01
3.3000-01
3.400D-01
3.5000-01
3.4 000-01
3.7000-01
3.8000-01
3.9000-01
4.0000-01
4.1000-01
4.200D-01
4.3000-01
4.4000-01
4.500D-01
4.6000-01
4.7000-01
4.8000-01
4.9000-01
5.0000-01

f2 p(E)

0.
0.1 57b-03
3.4120-02
9.4550-02
1.7940-01
2.8950-01
4.233D-01
5.8400-01
7.5580-01
9.5410-01
1.141D 00
1.3360 00
1.540D 00
1.7220 00
1.9210 00
2.0870 00
2.2550 00
2.3970 00
2.5420 00
2.666D 00
2.7780 00
2.8790 00
2.9900 00
3.0820 00
3.1660 00
3.2400 00
3.3060 O6
3.3670 00
3.4190 00
3.4660 00
3.5090 00
3~54eD 00
3.5740 00
3.590 00
3.6190 00
3.6370 00
3.6510 00
3.6610 00
3.6700 00
3.6750 00
3.675D 00
3.6700 00
3.6620 00
3.6440 00
3.6220 00
3.5920 00
3.5640 00
3.5310 00
3.49U0 00
3.4610 00
3.4220 00

I/E

5. 1000-0 1
5.2000-01
5.3000-01
s5.40O-O 1
5.500D-01
5.6000-01
5.700D-01
5.8000-01
5.9000-01
6.0000-01
6.1000-01
6.2000-O1
6.3000-01
6.4000-01
6.5000-01
6.6000-01
6.7000-01
6.800D-01
6.9000-01
7.0000-01
7.1000-01
7.2000-01
7.300D-01
7.4000-01
7.5000-01
7.6000-01
7.7000-01
7.800D-01
7.9000-01
8.0000-01
8.1000-01
8.2000-01
8.3000-01
8.400D-01
8.5000-01
8.6000-01
8.7000-01
8.800D-01
8.9000-01
9.0000-01
9.1000-01
9.200D-01
9.3000-01
9.4000-01
9.5000-01
9.6000-01
9.7000-01
9.8000-01
9.900D-01
1.0000 00
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f 2p(E)

3.3860
3.347D
3.3110
3.2600
3.2330
3.1940
3.1540
3.1150
3.0740
3.0280
2.9880
2.9480
2.9100
2.8690
2.8250
2.7840
2.743D
2.6970
2.6540
2.613D
2.5660
2.5250
2.4840
2.4370
2.3960
2.3540
2.3080
2.2660
2.2190
2.1780D
2.1300
2.0820
2.039D
1.9970
1.9490
1.9040
1.8590
1.8150
1, 769D
1.7230
1.6790
1.632D
1.58W0
1. 543D
1.4940
1.4480
1.405D
1.3560
1.3080
1.2590

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
0000
00
00
00
00



TABLE 3. Oscillator Strength Density (2s)

I(2s)/E

0
1.0000-02
2.000D-02
3.0000-02
4.000D-02
5.0000-02
6.0000-02
7.0000-02
8.0000-02
9.0000-02
1.0000-01
1.1000-01
1 .2000-01
1.3000-01
1.4000-01
1.5000-01
1 .6000-01
1.7000-01
1.8000-01
1.9000-01
2.0000-01
2.1000-01
2.2000-01
2.3000-01
2.400D-01
2.5030D-01
2.600D-01
2.7000-01
2.8000-01
2.9000-01
3.0000-01
3.1000-01
3.2000-01
3.3000-01
3.4000-01
3.5000-01
3.6000-01
3.7000-01
3.8000-01
3.9000-01
4.0000-01
4.1000-01
4.2000-01
4.3000-01
4.4000-01
4.5000-01
4.6000-01
4.7000-01
4.6000-01
4.9000-01
5.0000-01

f 2 s(E)

0
3.0770-03
1.7430-02
4.1020-02
6.6660-02
9.2300-02
1.1540-01
1.3850-01
1.6000-01
1.83D-01
2.0820-01
2.3490-01
2.5950-01
2.8000-01
2.984D-01
3.1590-01
3.287D-01
3.4100-01
3.5130-01
3.600D-01
3.6870-01
3.7480-01
3.8100-01
3.861D-01
3.907D-01
3.9410-01
3.9840-01
4.020D-01
4.0480-01
4.0770-01
4.0970-01
4.1130-01
4.1310-01
4.1480-01
4.1640-01
4.1790-01
4.184D-01
4.1890-01
4.1950-01
4.198D-01
4.1970-01
4.1950-01
4.1890-01
4.1850-01
4.179D-01
4.1720-01
4.1640-01
4.1540-01
4.1430-01
4.1290-01
4.1200-01

I(2s)/E

5.1000-01
5.2000-01
5.3000-01
5.400D-01
5.500D-01
5.6000-01
5.700D-01
5.8000-01
5.9000-01
6.0000-01
6.1000-01
6.2000-01
6.3000-01
6.4000-01
6.5000-01
6.6000-01
6.7000-01
6.8000-01
6.900D-01
7.0000-01
7.1000-01
7.2000-01
7.3000-01
7.400D-01
7.500D-01
7.6000-01
7.7000-01
7.8000-01
7.900D-01
8.0000-01
8.1000-01
8.2000-01
8.300D-01
8.4000-01
8.5000-01
8.6000-01
8.7000-01
8.8000-01
8.900D-01
9.0000-01
9.100D-01
9.2000-01
9.3000-01
9.4000-01
9.5000-01
9.6000-01
9.7000-01
9.8000-01
9.9000-01
1.0000 00

f2 s(E)

4.1020-01
4.087D-01
4.071D-01
4. 051D-01
4.025D-01
4.005D-01
3. 9790-01
Z.9540-01
3.9280-01
3. 8970-01
3.8660-01
3. 836D-01
3.8000-01
3.766D-01
3. 733D-01
3.6920-01
3.6530-01
3.6100-01
3.5640-01
3.5130-01
3.4610-01
3.410D-01
3.3570-01
3. 2970-01
3.2360-01
3 174D-01
3,0970-01
3. 0250-01
2.9430-01
2. 8560-01
2.7690-01
2.684D-01
2. 595D-01
2.4970-01
2.4050-01
2.3080-01
2.2050-01
2.1020-01
2.0000-01
1.8970-01
1.7950-01
1.6920-01
1.584D-01
1.4770-01
1.3590-01
1.2410-01
1.1280-01
1.0050-01
8. 820D-02
7.692D-02
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TABLE 4. Oscillator Strength Density (1s)

I(1s)/E

0
1 .0000-02
2.0000-02
3.0000-02
4.0000-02
5.0000-02
6.0000-02
7.0000-02
8.0000-02
9.0000-02
1.0000-01
1.100D-01
1.200D-01
1.3000-01
1.400D-01
1.5000-01
1 .6'JOD-01
1.7000-01
1.8000-01
1.9000-01
2.000D-01
2.100D-01
2.2000-01
2.3000-01
2.4000-01
2.5000-01
2.6000-01
2.7000-01
2.8000-01
2.900D-01
3.0000-01
3.1000-01
3.2000-01
3.3000-01
3.4000-01
3.5000-01
3.6000-01
3.7000-01
3.800D-01
3.9000-01
4.0000-01
4.1000-01
4.2000-01
4.300D-01
4.4000-01
4.5000-01
4.6000-01
4.7000-01
4.8000-01
4.9000-01
5.0000-01

fis(E)

0
4.0740-04
2.006003
4.6950-03
e.361D-03
1.2900-02
1.834D-02
2.452D-02
3.155D-02
3.9420-02
4.8110-02
5.7610-02
6.7900-02
7.9000-02
9.08 70-02
1.0350-01
1.1700-01
1.3110-01
1.4610-01
1.6180-01
1.7830-01
1.998D-01
2. 1820-01
.'.3760-01
2%5800-01
2.7840-01
i .988D-01

.1910-01
3.395D-01
3.6280-01
3.8610-01
4.0930-01
4.3360-01
4.5780-01
4.8400-01
5.1020-01
5.3640-01
5.6260-01
5.8980-01
6.1790-01
6.4600-01
6.741D-01
7.023D-01
7.3040-01
7.5950-01
7.8860-01
8.1770-01
8.4780-01
8.778D-01
9.0890-01
9.3990-01

I(1s)/E

5.1000-01
5.2000-01
s.3000-01
6.4000-01
5.5000-01
5.6000-01
5.7000-01
5.8030-01
5.9000-01
6.000D-01
6.1000-01
6.2000-01
6.3000-01
6.4000-01
6.5000-01
6.6000-01
6.7000-01
6.8000-01
6.9000-01
7.0000-01
7.100D-01
7.2000-01
7.3000-01
7.4000-01
7.5000-01
7.600D-01
7.7000-01
7.8000-01
7.9000-01
8.000D-01
8.1000-01
8.2000-01
8.300D-01
8.4000-01
8.5000-01
8.6000-01
8.700D-01
8.800D-01
8.900D-01
9.0000-01
9.1000-01
9.2000-01
9.3000-01
9.4000-01
9.5000-01
9.6000-01
9.700D-01
9.8000-01
9.900D-01
1.0000 00

f1 s ()

9.7190-01
1.0040 00
1.0360 00
1.0690 00
1.1030 00
1.1370 00
1.1710 00
1.2050 00
1.239D 00
1.2730 00
1.3080 00
1.3420 00
1.3770 00
1.4120 00
1.4470 00
1.4820 00
1.5180 00
1.5540 00
1.590D 00
1.6280 00
1.6650 00
1.703D 00
1.7410 00
1.7790 00
1(8180 00
1.57D 00
1.8V50 00
1.9340 00
1.9730 00
2.0120 00
2.0510 00
2.0890 00
2.128D 00
2.1670 00
2.2060 00
2.2460 00
2.2850 00
2.325D 00
2.3650 00
2.4050 00
2.4440 00
2.4850 00
2.5260 00
2.5670 00
2.6070 00
2.648D 00
2.6890 00
2.7300 00
2.7700 00
2.8110 00
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TABLE 5. Oscillator Strength Density (LM)

I (LM)/E

0
1.0000-02
2.0000-02
3*6000-02
4.0000-02
5. 0000-02
6.0000-02
7.0000-02
8.0000-02
9.000D-02
1.0000-01
1.1000-01
1.2000-01
1.300D-01
1.4000-01
10S000-01
1.6000-01
1.7000-01
1.8000-01
1.9000-01
2.0000-01
2.1000-01
2.2000-01
2.300D-01
2.4000-01
2.6000-01
2.0000-01
2.7000-01
2.8000-01
2.9000-01
3.0000-01
3.1000-01
3.2000-01
3.300D-01
3.4000-01
3.500D-0h
3.6000-01
3.7000-01
3.8000-01
3.9000-01
4.0000-01
4.1000-01
4.2000-01
4.3000-01
4.4000-01
4.5000-01
4.6000-01
4.7000-01
46000-01
4.9000-01
6.0000-01

fLM(E)
0
7.1790-04
2.3590-03
4.7180-03
7.6920-03
1.1790-02
1.6200-02
2.1130-02
2.6250-02
3.2000-02
3.8460-02
4.4410-02
5.1280-02
5.723D-02
6.4000-02
6.9530-02
7.4460-02
7.9790-02
8.5630-02
9.076D-02
9.6890-02
1.0060-01
1.051D-01
1.0940-01
1.1330-01
1.1690-01
1.2080-01
1.2470-01
1.2620-01
1.3130-01
1.3430-01
1.3700-01
1.3930-01
1.413D-01
1.4360-01
1.4490-01
1.4670-01
1.4800-01
1.4920-01
1.5020-01
1.5130-01
1.5200-01
1.6240-01
1.5310-01
1.6370-01
1.5400-01
1.0410-01
1.5410-01
1.5400-01
1.5300-01
1.5370-01

I(LM)/E

6.1000-01
5.2000-01
3.3000-01
6.4000-01
5.5000-01
5.6000-01
5.700D-01
5.8000-01
5.9000-01
6.0000-01
6.1000-01
6.2000-01
6.3000-01
6.4000-01
6.500D-01
6.6000-01
6.7000-01
6.8000-01
6.9000-01
7.0000-01
7.1000-01
7.200D-01
7.3000-01
7.4000-01
7.5009+01
7.6000-01
7.7000-01
7.8000-01
7.9000-01
8.0000-01
8. 1000-01
8.2000-01
8.3000-01
8.4000-01
8.5000-01
8.6000-01
8.7000-01
8.8000-01
8.9000-01
9.0000-01
9.1000-01
9.2000-01
9.3000-01
9.4000-01
9.5000-01
9.6000-01
9.7000-01
9.8000-01
9.9000-01
1.0000 00

fLM(E)

1.5310-01

1. i 79-01
1.5110-01
1.5020-01
1.4910-01
1.477D-01
1.4670-01
1.4520-01
1.441D-01
1.4230-01
1.4100-01
1.3920-01
1.3740-01
1.3590-01
1.3370-01
1.3180-01
1.2940-01
1.2720-01
1.2510-01
1.2260-01
1.2010-01
1.1730-01
1.1440-01
1.1I0S-01
1.0860-01
1.0560-01
1.0260-01
9.9460-02
9.6400-02
9.2710-02
0.9430-02
8.5840-02
8.2050-02
7.8250-02
7.3840-02
6.9330-02
6.5120-02
6.0710-02
5.56890-02
5.1280-02
4.6160-02
4.1020-02
3.569D-02
2.9740-02
2.4000-02
1.950-02
1.2310-02
6.1530-03
0
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TABLE 6. The Empirical Function Phi (L Shell)

I /E
0
1.000D-02
2. 000D'- 02
3.0000-02
4. OOO-02
5. 000'-02
6. 000 0-02
7.0000-02
8.0000-02
9.0000-02
1.0000-01
1.1000-01
1, 2000-01
1.3000-01
1.4000-01
1.6000-01
1.6000-01
1. 7000-01
1.6000-01
1.900 D-01
2. 000D-01
2.1000-01
2.2000-01
2.3000-01
2.4000-01
2.G000-01
SeGOOo-0
2.7000-01
2.6000-01
2.9000-01
3.0000-01
301000-01
3 0 2000-01
3.3000-01
3.4000-01
3.6000-01
3.0 6000-01
3.7000-01
3.4000-01
3.9000-01
4.0000-01
4.1000-01
4.2000-01
4.300-01
4.400- 01
4. 000-01
4.6000-01
4.7000-01
4.8000-01
4*9000-01
5.0000-01

PHI

1.0000 00
1.0000 00
1.000D 00
1.0000 00
1.0000 00
1.0000 00
1.000D 00
1.0000 00
1.0000 00
1.0000 00
1.0000 00
1.0000 00
1.0000 00
1.0000 00
1.0000 00
1.0000 00
1.0000 00
1.0000 00
9.9910-01
9.9800-01
9.9500-01
9.8750-01
9.7900-01
9.6500-01
9.4950-01
9.3100-01
9.0970-01
6.0730-01
6.0260-01
6.360x01
6.0950-01
7.0400-01
7.6900-01
7.3450-01
7.0950-01

.0 8550-01
6.0620-01
6.4100-01
6.2050-01
6.0050-01
6.0000-01
5.6110-01
6.4170-01
6.2400-01
5.0110-01
4.8900-01
4.7190-01
4.6010-01
404130-01
4.:70-01
4.1110-01

I.1

5.1000-01
5.2000-01
5.3000-01
5.4000-01
5.5000-01
5.6000-01
5.7000-01
5.6000-01
5.9000-01
6.0000-01

6.2000-01
6.3000-01
6.4000-01
6.5000-01
6.6000-01
E. 7000-01
*..8000-01
6.9000-01
7.0000-01
7.1000-01
7.2000-01
7.3000-01
7.4000-01
7.5000-01
7.6000-01
7.7000-01
7.6000-01
7.9000-01
6.0000-01
6.1000-01
6.2000-01
6.3000-01
8.4000-01
6.5000-01

6.7000-01
6.04000-01
0.9000-01
9.0000-01
9.1000-01
9.3000-01
9.3000-01
9.4000-01
9.6000-01
9.06000-0 1
9.7000-01
9.6000-01
9.9000-01
1.0000 00

PHI

3.9760-01
3.8410-01
3.7160-01
3.5860-01
3. 465--+1
3.3440-41
3.2250-01
3.1120-01
3.0020-01
2.9000-01
2.6000-01
2.7030-01
2.6070-01
2.5130-01
2.4250-01
2.3360-01
2.2520-01
2.1620-01
2.0IF30-01
1 * 9900-01
1.9060-01
1.0260-01
l 7420-01
1.6580-01
1.6800-01
1. 5050-01
1.4300-01
1.3600-01
162690-01
1.2200-01
1.1520-01
1.0660-01
160260-01
9.06100-02
9.0000-02
6.3400-02
7.7200-02
7.0600-02
60. 400-02
5. 7500-02
5.1600-02
4.5600-02
4.0150-02
3.4550-02
269000-02
1 . 3050-02
1.7150-02
1.1350-02
5.6500-03
0

11



TABLE 7. The Empirical Function Phi (K Shell)

I(K)/E

0.
1.0000-02
2.0000-02
3.000D-02
4.0000-02
5.000D-02
6.0000-02
7.0000-02
6.0000-02
9.000D-02
1.0000-01
1.1000-01
1.2000-01
1.3000-01
1.4000-01
1.500D-01
1 .6000-01
1.7000-01
1.6000-01
1.9000-01
2.0000-01
2.1000-01
2.2000-01
2.3000-01
2.4000-01
2.5000-01
2.6000-01
2.7000-01
2.6000-01
2.9000-01
3.0000-01
3.1000-01
3.2000-01
3.3000-01
3.4000-01
3.5000-01
3.6000-01
3.7000-01
3.6000-01
3.9000-01
4.000D-01
4.1000-01
4.2000-01
4.3000-01
4.4000-01
4.5000-01
4.6000-01
4.7000-01
4.0000-01
4.9000-01
S 0000-01

PHI

1.0000
1.0010
1.0040
1.0250
1.0480
1.0680
1.0870
1.1070
1*1250
1.1420
1.1590
1.1750
1.191D
1.2050
1.2200
1.2330
1.2460
1.2580
1.2680
1.2790
1.2900
1.3010
1.3110
1.3220
1.3310
1.3400
1.3480
1.3550
1.3620
1.3660
1.3740
1.3790
1.3840
1.3860
1.3910
1.3940
1.3940
1.3980
1.4000
1.4000
1.4000
1.3990
1.3970
1.3940
1.3910
1.3860
1.3810
1.3750
1.3670
1.3590
1.3510

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

I (K)/E

5.1000-01
5.2000-01
5.300D-01
5.4000-01
5.5000-01
5.600D-01
5.7000-01
5.8000-01
5.900D-01
6.0000-01
6.1000-01
6.2000-01
6.3000-01
6.4000-01
6.5000-01
6.6000-01
6.7000-01
6.8000-01
6.9000-01
7.000D-01
7.1000-01
7.2000-01
7.300D-01
7.400D-01
7.5000-01
7.600D-01
7.700D-01
7.600D-01
7.9000-01
8.0000-01
8.100D-01
8.2000-01
8.3000-01
8.400D-01
8.5000-01
8.600D-01
8.700D-01
8.800D-01
8.9000-01
9.000D-01
9.1000-01
9.200D-0:
9.3000-01
9.4000-01
9.5000-01
9.6000-01
9.7000-01
9.8000-01
9.9000-01
1.0000 00

PHI

1.3420 00
1.3330 00
1.3240 QO
1.3130 00
1.3000 00
1.2860 00
1.2720 00
1.254D 00
1.2380 00
1.220D 00
1.2020 00
1.1820 00
1.163D 00
1.1420 00
1.120D 00
1.0970 00
1.0740 00
1.0480 00
1.023D 00
9.9800-01
9.7230-01
9.4610-01
9.193D-01
8.9240-01
8.6500-01
8. 373D-01
8.0910-01
7.811D-01
7.520D-01
7.2250-01
6.9240-01
6.6190-01
6.3090-01
5.9930-01
5.6700-01
5.3420-01
5.0070-01
4.6780-01
4.3260-01
3.9700-01
3.602D-01
3.2260-01
2.8250-01
2.435D-01
2. 0400-01
1.0410-01
1.2370-01
8.2900-02
4. 170D-02
0 .
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TABLE 8. Normalization of the
Differential Energy-Loss Cross
Section (L Shell)

TABLE 9. Normalization of the
Differential Energy-Loss Cross
Section (K Shell)

T/I

1.0000 00
1.0150 00
1.1560 00
1.2420 00
1.3360 00
1.4360 00
1.5440 00
1.6600 00
1.7840 00
1.9180 00
2.0620 00
2.2170 00
2.383D 00
2.5620 00
2.7540 00
2.9610 00
3.1830 00
3.4220 00
3.679D 00
3.9550 00
4.2620 00
4.5710 00
4.9140 00
5.2830 00
5.6790 00
6.1050 00
6.5640 00
7.0560 00
7.5860 00
8.1550 00
8.7670 00
9.4250 00
1.0130 01
1.089D 01
1.1710 01
1.2590 01
1.3530 01
1.4550 01
1.564D 01
1.6820 01
1.8080 01
1.9430 01
2.0890 01
2.2460 01
2.4150 01
2.596C 01
2.7910 01
3.0000 01
3.2250 01
3.4670 01
3.7280 01
4.0070 01

hORVALI ZAT ION
COEFFIClENT

0
2.9090-02
5.8180-02
8.7270-02
1.164D-01
1.4550-01
1.7450-01
2.036D-01
2.3270-01
2.6180-01
2.9090-01
3.2000-01
3.4910-01
3.7820-01
4.0730-01
4.3640-01
4.6550-01
4.9460-01
5.236D-01
5.5270-01
5.8180-01
6.1090-01
6.4000-01
6.6600-01
6.9200-01
7.1900-01
7.4000-01
7.6500-01
7.850D-01
8.0900-01
8.2840-01
8.4720-01
8.6540-01
8.8210-01
6.9780-01
9.128-01
9.2550-01
9. 3590-01
9.458D-01
9.5610-01
9.6430-01
9.7130-01
9.7680-01
9.8070-01
9.8450-01
9.876D-01
9.9020-01
9.9220-01
9.933D-01
9.9560-01
9.9810-01
1.0000 00

T/14(4)

1.0000 00
1.0770 00
1.1590 00
1.2480 00
1.3430 00
1.4460 00
1.5570 00
1.6760 00
1.8040 00
1.9430 00
2.0910 00
2.2510 00
2.4240 00
2.6090 00
2.6090 00
3.0240 00
3.2560 00
3.5050 00
3.7730 00
4.0620 00
4.3730 00
4.7080 00
5.0690 00
5.4570 00
1.6750 00
6.3250 00
6.8090 00
7.3300 00
7.8910 00
6.4960 00
9.1460 00
9.6460 00
100600 01
1.1410 01
1.2290 01
1.323D 01
1.4240 01
1.5330 01
1.0500 01
1.7770 01
1.9130 01
2.0590 01
2.2170 01
2.3870 01
2.569C 01
2.7660 01
2.9760 01
3.2060 01
3.4510 01
3.1140 01
4.0000 01

NORMALIZATION
COEFFICIENT

3.1600-01
3.2550-01
3.362D-01
3.4780-01
3.5800-01
3.7200-01
3.8100-01
3.9304-01
4.0300-01
4.1 710-01
4.2850-01
4.4140-01
4.5660-01
4.696D-01
4.8170-01
4.9470-01
5.0800-01
5.2170-01
5.3580-01
5.4970-01
5.647D-01
5.e804-01
5.9740-01
6.126D-01
6.2770-01
6.4090-01
695270-01
6.6280-01
6.7380- C
6.8560-01
6.558-01
7.0490-01
7.123D-01
7.2180-01
7.3370-01
7.4290-01
7.5060-01
7.5610-01
7.6320-01
7.1170-01
7.7840-01
7.8420-01
7.8840-01
7.9430-01
8.0140-01
8.0800-01
6.1450-01
8.2120-01
e.269D-01
e.3200-01
8.3670-01
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TABLE 10. Total Ionization
Cross Section (L Shell)

TABLE 11. Total Ionization
Cross Section (K Shell)

T/I
1.0000 00
1.0750 00
1.1860 00
1.2420 00
1.336D 00
1.4360 00
1.5440 00
1.6600 00
1.7840 00
1.9180 00
1.0620 00
2.2170 00
2.3830 00
2.5620 00
2.7540 00
2.9610 00
3.1830 00
3.4220 00
3.6790 00
3.9550 00
4.2520 00
4.!710 00
4.9140 00
9.2830 00
5.8790 00
6.1050 00
6.2640 00
7.0560 00
7.5860 00
0.1550 00
8.7670 00
9.4250 00
1.0130 01
1.0890 01
1.1710 01
1.2590 01
1.3530 01
1.4550 01
1.5640 01
1.6620 01
1.06C 01
1.9430 01
2.0690 01
2.2460 01
2.4150 01
2.5960 01
2.7910 01
3.0000 01
3.2250 01
3.4670 01
307260 01
4.0070 01

QI
0.
2. 0,00-03
9.0220-03
2.210D-02
4.248D-02
7.1280-02
1.0960-01
1.5860-01
2.1920-01
2*9240-01
3.7930-01
4.8040-01
6.1270-01
7.479D-01
8.9900-01
1.0740 00
1.2610 00
1.4670 00
1.6910 00
1.9330 00
2.1930 00
2.4710 00
2.7670 00
3.0650 00
3.3790 00
3.7130 00
4.0300 00
4.3800 00
4.7130 00
5.0800 00
5.4270 00
5.7760 00
6.1320 00
6.4610 00
60.290 00
7.1770 00
7.5130 00
7.0330 00
8.1540.00
0.4720 00

8.7920 00
9e0950 00
S.3860 C0
9.6610 00
9.9360 00
1.0200 01
1.0470 01
1.0720 01
1.0970 01
1.1220 01
1.140D 01
1.1730 01

T/I(K)
1.0000
1 .0770
1.1590
1.2480
1.3430
1.4460
1.5570
1c6760
1.8040
1.9430
9.0910
2.2510
2.4240
2 * 6090
2.8090
3.0240
3.2560
3.5050
3.7730
4.0620
4 0 373D
4.7080
5.0690
5.4570
5.6750
6.3250
68090

7.3300
7.0910
8.4960
9.1460
9.8460
1.0600
1.1410
1.2290
1.3230
1.4240
1.1330
1.06500
1.7770
1.9130
2,0590
2.2170
2.3670
2* 690
2.7660
1.9780
3.2060
3.4510
307160
4.00000

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
01
01
01
01
01
01
01
01
01
01
01
01
OR
0s
01
01
01
01
01

QI

0 '
4.8520-02
1.0330-01
1.6430-01
2.3280-01
3.0500-01
3.8160-01
4.6380-01
5.4680-01
6.2980-01
7.2000-01
8.158D-01
9.1920-01
1.0210 00
1.1240 00
1.2300 00
1.340D 00
1.4820 00
1.56860 00
1.6860 00
1.8100 00
1.9380 00
2.0740 00
2.2060 00
2.3400 00
2.470D 00
2.5960 00
2.7170 00
2.8430 00
2.9740 00
3.1000 00
3.2220 00
3.3380 00
3.4640 00
3.0030 00
3.7300 00
3.8510 00
3.9610 00
4.0800 00
4.2070 00
4.3250 00
4.4390 00
4.5430 00
4.6680 00
4.7600 00
4.9000 00
5.0200 00
5.1420 00
8.2580 00
5.3700 00
6.4600 00
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TABLE 12. Electron Shake-Off
Probability

TABLE 13. Spectrum of the
Shake-Off Electron

0
9 .U00-02
1.0000-01
1.9000-01
2.0000-01
7 5000-01
).0000-01
S.500D-01
4@0000-01
4.5000-01
6.0000-01
S.5000-01

6.0000-01
6.5000-01

Probability

0
1.4000-el
107T00-01
1.9600-01
2.0600-01
2.1100-01
2.145D-01
2.1680-01
2.1050-01
2.2000-01
2.2060-01
2.2 130-01
2.2170-01
2.2200-01

A(E)

o 1.-L*
1.0000-01
2.0000-01
4290000.-0 l2.0000-01
6.0000-01
7.0000-01
7.0000-01
9.0000-01
9.0000-01
1000D 00
1.1000 00
1.2000 00
1.3000 00
1.4000 00
1.600C 00
1.6000 00
1.7000 00
1.6000 00
1.9000 00
2.0000 00
2.1000 00
2.2000 00
2.3000 00
2.4000 00
2.6000 00
a.eooo 00
2.7000 00
2.6000 002.0000 00
3.0000 00
3.1000 00
3.2000 00
3.3000 00
3.4000 00
3.6000 00
3.0000 00
3.7000 00
3.0000 00
3.9000 00
4.0000 00
4.1000 00

0 :
2.0000-01
3.5000-01
4.6000-01
5 .4 000-01
6.0000-01
6.5500-01
7.0000-01
7.4000-01
7.7400-01
8.0000-01
602700-01
6.4800-01
8.6600-01
8.6000-01
8.9500-01
9.070D-01
9.1400-01
9.2500-01
9.3200-01
9.4000-01
9.4500-01
9.5000-01
9.5600-01
9.6000-01
9.e500-01
9.6900-01
9.71 OD-C1
9.7600-01
9.7900-01
9.16100-01
9.8400-01
9.8700-01
9.9000-01
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FiG. I. The differential energy-loss cross section of neon. The broken
curve (---) is the cross section for the L shell only, and the solid curve (-)
Is that for the sum of K and L shells.
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