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ABSTRACT

The singlefparticle model for atoms and ions is
used to calculate the transition frobabilitiés to bouﬁd
and continuum electronic states. The projeétion operators
in the semi-classical approximation derived previously
are applied to treat the large numbers of final states
involved. Ionization cross sections of atoms and ions
by high-energy electron impact are then estimated, which
result both from direct transition to the continuum and

from inelastic scattering followed by the Auger emission.
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I. INTRODUCTION

Electron impact provides a poésible mechanism for éroduction of
highly ionized beams to be used for injection into heavy ion accelera-
tors. " With most of the periodic table and as many as twentylto thirty
steps of ionizétioﬁ:considered of interest, it is evident that several
thousand jonization. cross sections may be required to estimate ioniza-
fion rates. It is‘also evident that great accuracy ié not feasiﬁle in
the éélculation of so’many cross sections. Thé purpose of this.paper
is to obtain a reasonable estimate in parametfized form for the many
réquired Cross seétions.

We shall assume the bombarding eleétrons to have eﬂergies la£ge
comparedeith the relevant electronic ionization botenfials. Tw§
mechanisms for ionization will be considered; (a)vdirecf'tréns{fions to

continium states; (b) excitations of inner shell electrons to excited

states foilowed~by Auger emission. Several studies of the fluorescence

‘yi’eldl'3 indicate that process (b) 'is no less important than (a) for

producing inonization.

To obtain a quéntitgtive eétimate of ‘the contribution f;éﬁ‘the
procesSés (é) and (bj, if is desirable firét-to-éﬁéluate the transition
probabilitiés of béth inner- and outer-shell electrons to véfioué

allowed excited states, including the continuum. For the térgeﬁ atoms

>and‘ions, we choose a simple single-particle model. Based on the

extensiveastudies carried out earliéf using the Harfree-Fockh and
Fermi-Thomas modeis,5 Greeﬁ et al;6 have derived an even simpler model
for complex atoms, with analytic potentials of the Coulombic plus Wood-
Saxon type. Although rather crude in the prediction of term values,

this model is probably sufficient for our present purpose. The form
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of potential we have adopted contains essentially one adjustable

parameter d for each core charge 2Z

X
The transition probabilities to a group of excited states and

the continuum may be conveniently evaluated using the projection

7

operators derived earlier' in the semi-classical approximation. Since

the model potential we have chosen is local and in a single-particle
form, very little modification is necessary; we have used the simple

form 4 in the notation of Ref. 7.

BO v .
In Sec. II. we define the model potential for the target ions.

Since we present the result of our calculations at only several typical

values of 2 the intermediate steps

c I’

involved in the energy eigenvalue calculations and scaling should be

and the degree of ionization Z

helpful in obtaining results at other values of 2 and Z We give

C 1
a brief discussion of this in Appendix A. The transition probabilities
.with dipole cpupling are defined in terms of the semi-classical projeé-
tion operators, and the complete set of transitions4alioﬁed by the
selection rules and exclusion principle is studied.

| The result of Sec. II is then used in Sec. III to estimate the
ionizétion cross sections of ions and atoms by higﬁ—energy electron
impact. Contributions from the different competing procgsses mentioned
above are evaluated. Withvthe various simplifying approximations which
are expected to be'valid for high-energy collisions, the transition

probabilities evaluated in Sec. II can be directly related to the

ionization cross sections.

e

IIf THE SINGLE-PARTICLE MODEL AND
TRANSITION FROBABILITIES
For simplieity, we adopt the single-particle potential for
atoms and ions oBtained by Green et al.,6 which was derived:by fitting

the HF and HFS solutions. Its form is

V(r) = % [(z, - 2; - 1) ¥(x) - 2.], (2.1)
where -
‘Zc = bare'cdre nuclear phat%e of an atom or ;on,
ZI = the degree of ionization of the target before the
collision, (ZI = OA'fqr a neutral atom),
and . S ’ o _
¥(r) = 1-29a(), (2.2)
" where
o(r) = [H(™/ -1y ¢ 177t
H = a(gy - Z; - 1)V a
v = 0.b
a = 1.00 for all ZC' and ZI .
m = 'ﬁ = e2 =1

Thus, the only parameter which is varied as a function of ZC is 4,

which is assigned the values6 given in Table I. (We take Green's

values. )

.
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The result of the calculation of the single-particle energies

Ené is summarized in Tables II-IV for the value Z, = 10,20,---,80.
For each ZC’ all values of ZI which correspond to the filled sub-
shells are considered.

As V(r) of (2.1) is Coulombic for large values of r, we
expect to have an infinite number of bound states near each ionization
threshold. Therefore, the excitation probabilities to these discrete
and also to continuum states may be evaluated most conveniently

7

using projection operators. We have shown' previously that the
projection onto all the bound states generated by the potential

V(r) may be given in a semi-classical approximation by

£+ 1 .
Ay F(r,rt) = == sin(Pu) , (2.3)
where
+
Li2
P(V) = —EV(T) - —é_ (2.11-)
v
and
u = r-r'
v o= (r+1x1)/2 (2.5)
2 1.2
Li’ = (Ei_ + -2-) .
In (2.5), b, =1t % 1 are the angular momenta of the excited states

reached by the dipole coupling from the initial state with the angular

momentum £.

-6~

For a more general case in which the projeétion onto states

which lie between Ea and Eb is desired, we have

NEGrr') = o [sin(Ru) - sin(P,u)] (2.6)
where

P, (v) = [2E, -2v(v) - Li2 V'Q]%

P(v) = [28 -2v(v) - Lia v2E

Ea < Eb <0.

Note that, in the rescaled units of Appendix A,

- Y-
G [ S (2.7)
P(V) = -— 7
& LY (Enz)2 7
with
_ ' 1
v = (s +s')/2, 8 E 2(En£)2 r, (Enﬂ >0) .

In particular, we choose in the following Ea = ED’ Eb = 0, which
2
Map D
E, and the ionization threshold.

gives - A bt for the projections onto states which lie between
For dipole coupling, the integrals of interest here are

then given by

let = (nz|s2|n£) | (2.8)
: \
e Y O S ET IR (2.9)



LA ME“ (2.10)

and

(nll]?-ADzi ' |ne) . ‘ (2.11)

o

The values for ED are chosen such that the transitions are

only to the unoccupied levels of given £+ = £ + 1, in accordance with
the exclusion principle. Therefore, MD corresponds to the correct
transition probability to all the unoccupied bound states of the ion
with ZC and ZI’
some of which are forbidden by the exclusion principle. Throughout the

while MB includes transitions to all bound levels,

calculation, we have taken ED to be the En corresponding to the

Lt

last filled subshell energies. Table V contains a sample for ZC = 20.
The accuracy of the projection operators AB and AD is

partly reflected in the integral

s, = (me|aSllug), -  (2.12)

which should be unity if ABz were exact and the state InZ) is
contained in ABz. This value is also given in Table V. We refer the
readers to Ref. 7 where the accuracy of ABE was studied in detail for
several cases where exact results are available for comparison. Except
when MB or MC are very small compared with MA’ we expect our
result to be fairly reliable.

Relativistic corrections are expected to be significdnt for
K-shell electrons when ZC Z 50. Because these inner electrons

contribute little to the ionization processes when ZC > ko, [see

Fig. (2)], we have ignored relativistic corrections to the atomic

-8-
structure. The projectile electrons will be treated relativistically,
however, in our final results.
Finally, it is of interest to compare the transition. probabil-
ities to the continuum calculated here with those for hydrogenic atom
given in Ref. 8. For this purpose, we write

(4 + 1) Mg’“ ‘2 M’éz'}

g = 7 o1 Ji(Enz/i) s  (2.13)

vwhere the factor 1/3 is the average of the orientation of the dipole
operators in (2.8) - (2.10). Table VI contains the result for

c = 60, with ZI = 0. Figure 1 also contains the result

for ZC = 30. | . \

Z, =10 eand 7



ITI, 7TOTAL IONIZATICN CROSS SECTIONS
e consider the collision of a fast electron of momentum k o
(energy € 0~ k02/2m large compared with single orbital ionization
energies) with an ion characterized by the charge parameters (ZC, ZI).
The collision leads to a single orbital transition o —> @ N
The final momentum éf the impacting electron

where o« =n,[ s etc,

is kQ » where

€;=k2/m=€_- A s
g kp/m 0 e(e (3.1)

A"(F:E% - Ed .

Keglecting exchange terms involving the impacting electron,
we may write the differential cross section in the form given by

Mott and Ma.ssey8

n \? kg : T )
: 3,53 * ¢ 0
I ) =|l5s— | — 2 r)e
“{5() (2W> Ry 2o dr &r ¢€(r)V372(\) |
(3.2)
where the ¢ 's are single electron orbital states,
T =% -k, =aqn (3.3)
a T X - g = an ’ 33
6 is the scattering angle, and
RN S (3.4)
s 0 * L4

We take Z, to be the number of clectrons in the shell L=(n, f ).

For high energy impacts, we may use the dipole_approximation8

, 137 Lre® i3
d T, e Vs == e
q
LT e2 . A
S (1 +iqr.n ) .
q
Thus,
“p
I g)= 8 —_— Z M
“9( ) iy ¢ 10(% R
2
L
where » » .
3 * > |7 2
M, = d’r (r) ¢ (r) v.0 (a.)
il ‘ y 75@ < /G
Now,
. - ~, 2 .
kg Ky sind d® =qdq ¥k, “sin0do
S0 we may introduce
J“e_(q) dqg = 2w I*P(O) k“k§ sinG d6 /q s

or the total cross section

%Unax WZ‘('
o;é(ko()= J“? (q) da =

E«g ’%’

Ynin

Here, we have used high energy, nonrelativistic kinemstics

determine the limits on g as
min B " Sup / %y

i
Yoy = (2mEo )= .

L€

A.g({5

9

to

~

W
-
Ut
S

(3.6)

(3.7)

(3.8}

(3.9)

23.30)
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We consider first the direct ionization . to

continuum states. When the expression (3.9) for « is summed over

ap

all available final states, we have

c ¢ c ¢ by Zo( c hea
UO! (kOﬁ) = Z UC(B ~ Z —‘1:—2~ MCtB ZTX(A I
B B a - : op
by 2 ke ' -
= ;‘ n -—gf MCO‘ s (3.12)
n .
o 2o
where
c .
a C -
M, = Z Mp a = (n,s) (3.13)
B

~

A the average excitation énergy defined by (3.12).

a

Since both Mgﬂ+ and Mgg_ are involved in our case, we replace MCa

in (3.12) by its average

=ni 1

N s sy [ D) P ) = RO (3.1%)

and set

7 = 7, = 2(2¢ + 1), for each closed subshell.
(3.15)

Thus, combining (3.12) - (3.15), we finally have

o ' Lz, he
C 2 0 o Y= o

Ga (ka) = (;n:ao ) -;-—)? £ny —A-E MC- ;(NR) (3.16)
a0 o i
. , !
and thus ) . ‘ ) {,
UC(ZC,ZigE) = _z: odc . - : (3.17) ;
[ ' ;

As discussed earlier, the ilonization of the target ions is
alsq possible through the excitation of an inner-shell electron followed
by an Auvger transition, This is %hen related to the transition matrix
elements M’ to all the allowed bound state levels and also to
the fluorescence yield. If we denote. by Wd_ the.probability that an
Auger transition will follow excitation from the-orbital state of, the

cross section for ionization following collisional excitation is .

T &
Y/ he '
A 3 2 (04 __g - oY '
o (ka) = (nao ) —-—~—(k 3 )2 zn<A 6>MD W, - (_u.R/A (3.18) |
o 0 o
which follows from the argument similar to that was used to obtain (3.14),
‘and thus
A A ' - ' .
" (Zp2pE) = ) o . (3.19)

a

__the :
In (3.18),,_Wj are given by the fluorescence yield ?d as Wd =1 - Ya’

and the actual values used in our calculation are given in Fig. 2, wiﬂh

.Wd =1 for n > 3; AaB is the average excitation energy of the

ath subshell, and

B om0 gT e o
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The total ionization cross section is finally given by Thus, we have explicitly, at high energies with relativistic electron

’ beams and with E = ¥ mc?

UI(ZC,ZI;E) = Z (Uac + oaA)' (3.21) ?

¢ s 2 T .

ac (naoz) — ﬂn(ii:—‘a— e Z, ﬁca, (ER) (3.25)
B

Q
il

for each set of parameters ZC’ ZI’ and E. ,

In actual calculation, we simply used
2

b = )
A 2 -
Aac ~ AaB ~ B (3.22) o = (naoz)B—g ‘n (iﬁ]})- 8| 2, MDO‘ W, (ER). (3.26)
L. [04

vhere EI is the ionizati T ntial for the electron

in the highest filled subshell. Since the cross sections depend on

In Table VII, both nonrelativistic forms (3.16), (3.18), and

: { i . i t ected to affect
A only logerithmically, the choice (3.22) is not exp the extreme relativistic forms (3.25), (3.26) of cross sections are

i i 5 t of the log factor is
the result drastically. An improved treatment o € o used to calculate the total ionizations. The result at €O= 1 KeV and

i his i 11 i dix B, where a
possivle, hovever, and this is outlined in Appendi ’ at 10 KeV seems to agree reasonably well with the earlier calculations

i i i i resented.
procedure to estimate the average excitation energy is p and also with the experimental value. We nobe that the contribubion of

inci : i ivisti have to modi . s
When the incident electron is relativistic, we fy cA is not negligible.

(3.16) and (3.18) slightly as8 vIndividual values of UC and OA foi various ZC and

) )'*Qa . héarj e , (5.25) Z = ZC - ZI are presented in Fig. 3. For given Z, UC seems to

o€ Zot_ - o€ Aa B . dominate at small ZC’ but this trend is reversed for large ZC’ with

oA dominating at high ZC' The total ionization cross section orI

and is given in Fig. 4 for an electron energy of 20 Hev, The cross

kocaO - 5/0‘0 ’ (3.24) section at other energies may be scaled from Fig. 4 and Eqns. (3.10),
where (3.18), (3.25), and (3.26).

2

-
1]
—
i
™
no
~
1Y
-
™
i
<
S~
(o]
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IV, DISCUSSION

The ionizatior cross sections that we have obtained in Section
III are based on a rather crude model for the electron orbital states,
The comparisons in Tables VI and VII with tlie corresponding exact
calculations given in Ref. 8 (for hydrogen, however, so that direct
comparison is not possible) and with some experimental cross sections
provide an indication of the accuracy of our cross sections, Ve
have made several of the 'standard' high energy approximations and
these of course limit the energy range over which our expressions
can be used, V

The previous estimate33 of GJ: do not include the contribution
of 6", which requires both 'ﬁhd and W, . Since ol seems to
dominate the ionization cross sections at high ZC s any agreement

existed previously between the theoretical calculations and experiments

could be fortuitous,

-16~
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APPENDIX A
The calculation of the eigenvalues and eigenfunctions with the
local potential V(r) given in Sec. II is well known, but we briefly
describe the procedure used in our calculatioq so that results at other

and Z_ than thosge presented'here could be readily

C I
reproduced.
The single-particle energies and wave functions are calculated

in the usual way by solving the radial equation

2
(_ §_§ " f&ﬁ_g_ll + 2v(r) + Enz]Rné(r) = 0,

dr r

(4.1)

where Enﬂ is given in Rydberg units. Since. a large variation in

Z, and E , 1is involved, we rescale the variable r such that (A.1)
becomes
1.2 1
2 _ (2 +%)° -
{_ 9‘_54__?_‘.](_5).!4_%;.4.____2?___5 an(s) = 0 5 (A.2)
L as”  2(E_,)2 s
né
with
3
s = Q(Enz) r, (Enﬂ > 0)
f 1
V(s) = Vlr -»s, d-od = 2<En2)2 d .

The solutions obtained by integrating (A.2) in from the large values

s, ~ 20 h with

and out from s =~ O are matched at o’ 0

of s s =8
h = 0.2 1in the above unit.
The starting values for the integrations are calculated as

follows:

(&) s = 0 region:

Using the expansion of the regular Whittaker function,lo

1
Linm-x
im -%s 2

Rnﬂ(s) ~ Mkm(s) = 8 e 1+ T+ ¢

NGIIDICILE Y

2t(em + 1)(2m + 2)

s (A.3)

where

w
l

ZC/(Enﬂa%

B
]
-

That is, the dominant part of V(r) near r = 0 is taken to be purely

Coulombic with the charge Z The correction to the wave function

o

coming from the non-Coulombic part of V(s) is then included by

integrating out with the finer mesh size h' = 0.1h, 1In this way, the

starting values of an and Rﬁ at s =h for further integration

£ £

outward with As = h are generated.
(d) s large:

Since the core charge Z., 1is in general screened by the

C

(Z, - Z. -~ 1) electrons, we have to modify the value of k in the

c 1

region of large s, as

=
l
-
n

(z; +1)/(8,,)2

B

i
I

.

Thus, we havelo
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s 2 1.2
5 m - (x - %)

R "L‘W =
- Km(s) e s 1+ 7>

+£f-(n-§2}£f-(n-gf} . ' (a.4)

2l s

Typically, the starting values are evaluated at § =~ 27 in the rescaled

atomic units.
(c) The matching of the logarithmic derivatives is made at

s = = 20h, h = 0.2, except when they are very small in this region.

o
The value of Eéz) guessed initially is corrected by the formula

EI’L@ = Enﬂ + Anz
where
s, N
2 2, . 2. 2
8, = u, " ds/(u, Is:so) + v, as/(v, 'S=So)

: 0 8g

s [vifv, - ul/u 1L (a.5)

/v T Be M lses 2

In (A.5), uy and v, are the functions obtained by integrating out
and in, respectively. With a reasonable initial guess on Egz), the
procedure converged within five iterations to an accuracy of one part
in lOu. Note that the variable r 1is rescaled as Enz is changed.

In view of the crudeness of the model used, the eigenvalues

E are not expected to be very accurate, especially for the higher

nt

excited states. In fact, the variations among the values obtained with

-20-

different models are substantial. Therefore, Rnl and Enz are
calculated here only to the accuracy which is sufficient to give a

rough estimate of the excited states involved.
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APPENDIX B

The average excitation energies Ab? and Adc introduced in

Sec. 1Ii may be estimated more accurately if we write, by definition,

(a) h% > = 2, ‘h%
) m( -2 ) = Z |{a|x] -71p)[ 4n E_'—EB) > (B.1)
[0

Aﬁ B

(@)

and similarly for Abc where M's’ is given by (3s13). The range

of the g-sum is such that

0<Ea-ED<%B<FD

(B.2)
The right-hand side of (B.1) may be evaluated using the identity
hea hea E
ole=e ) - g ) e(s—e
a B o (o' 8
h%l 1 D
= M5 *j de <5\E——:53 B> ' (3.3)
(0} 0 a

where the operator D is defined such that

pls>

[D,AB]

Eﬁ‘ﬁ> , (EB >0 for bound states) ,
(B.4)

0 = [D,AC].

Therefore, (B.l) may be rewritten as

-22=

1
- =~ B =
+ [ de (Otlrl-n G, ‘D rl-'ﬁ)lot) , (B.5)
0

where

~B _ 1 '
@, = (}i:ifzﬁ:)B . . (B.6)

As in Sections II and ITI, we may now replace the AB and @aB by

their semiclassical approximatipns. That is7,

AB“.—> L sin (P(V)ID (3.7)

2 u
and
P(v) ,
5(113 N 'é— pdp szn(Pu) , (B.8)
Tuf, 2B, - cp - 2¢v{v)

where V(v) is the single-particle model potential defined in Sec. II.
Similar expressions can be derived for Aac by replacing in (B.5) the
subspace lable B by C. ,

We do not consider (B.5) further in this paper, since AaB
and Adc appear.in the cross sections only iogarithmically so that
their effect would not be expected to change the overall estimate of

¢ in any serious way.
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Table I. The parameter d in the single-particle potential as given

in Ref. 6. The same values are used for all 7

(Atomic units.)

10
20
30
40
50
60
70
80

-25.

0.500
1.154
0.612
0.866
0.841
0.938
0.654
0.671

I

t .
at each ZC

Table II.

- 26

The energy eigenvalues calculated with the single-particle

model potential of Ref. 6, for the core charges

ko.

7. = 10, 20, 30, and

C

The values of ZI are chosen for all closed subshells. The

energies - Enﬂ are given in Rydbergs.

Zo |2 | 1s 2s 2p 35 3p é 3a | bs é hp
10 8} 98.02 : %7
' 61 9l.b5] 18.50
% 0! 6h.20] 3.38! 1.88 :
20% 8380 . L ’ '?NMM
16 | 3914 | 92.84 ; : i
10 | 362.0 72.25 1. 70.70 | 2
i 8 | 350.4 6h.64 } 62.511 20.88 ) § 4
Lo 11,4 § L40.79) 36.80] 7.70 § 6.58 ; %
301 28 | 898.0 : ; B g i |
26 | 891.0 | 216.6 | § § § § % g
| 20 | 859.8 g 191.7 {19007 | § j % g g
i : : i i i i
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50 and 60.

Same as Table II, for ZC

Table IITI.
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Table IV continued.

Table V. The transition probabilities and overlap integrals for
No = 20, and in the dipole approximation. All values are given in
atomic units. NH denotes the degree of ionization.
b
a .
o o | NH ng | £+ S M, My Mq My
o
—
2 - 18: 10 ¢ 1 0.922 } 0.008 i 0.006 { 0.002 { 0.006
~ O : t
LANS 16} 10 ;1 § 0.920 | 0.008 | 0.006 { 0.002 { 0.006
G
= I~ 9 o :
g v A 20 § 1 0.960 ;i 0.107 | 0.104 ! 0.003 } 0.10k
e M/ m__) T K 10§ 10 ; 1 0.914 ! 0.008 } 0.005 m.o.oow 0.001
]
o PO P 20 } 1. { 0.952 | 0.116 § 0.112 ; 0.005 ] 0.095
o § & B o0 ]
2110 0.960 | 0.085 | 0.085 { 0.000 { 0.0k
« A - ; A :
= O N O M O n ; i {
S s 21 {2 0.960 | 0.085 | 0.070 | 0.015 | 0.070
3 1o SR RN © S o S e NI SR«
MM YV QL 2A B 88 X 8310 ;1 0.912 | 0.008 ; 0.005 w 0.002 .. 0.001
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N > o W To AR To N AR AW o oV : : i
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e = —
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1132888 383 ¢ R ) , i
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Table VI. Comparison of the transition probabilities to the

continuum as calculated here and those given in Ref. 8,

is defined by (2.13).
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%w

Z, I oy Sy,
10 © 10 0.28  0.36
20 0.21  0.30

21 0.13 0.20

60 0 10 0.28 0.50
20 0.21 0.14

21 0.13  0.32

30 0;17 0.1k

31 0.1k 0.20

32 0.07 0.27

b 0.5 0.18

b1 0.13  0.22

k2 0.09 0.5L4

_32.

Table VII. The ionization cross sections UC, GA, and o in units

2
of na,’, where a,

= Bohr . radius.

UB corresponds to total

excitation cross section to all the bound states, where the effect

of the exclusion principle is neglected. The experimental values

are summarized in Ref. 3.

ZC=lO, ZI =’O, Z=ZC-ZI=10
€ = 1 Kev: & = 0.363
(nao unit) o© 0.396
& - 0.087 ‘ |
of = 0.483 Exp. ol ~ 0.35 ~ 0.43
€y = 10 Kev: ® - 0.053 .
cc 0.058
& = 0.013 Exp. oF ~ 0.07
o' = 0.071 ’
E - 20 MeV: 0.0049
o = 0.0083
0.0019
o = 0.0102



Fig. 1.

Fig. 2.

Fig. 3.

Fig. i,
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FIGURE CAPTICNS

The transition probzbilities to all the allowsd bound

M
states and M, to all the continuum, at ZC = 30, The

numbers next to each curve are (nf+) or (nf-). The solid

values, while the dotted lines are for M

D

lines are the M c*

Tre relative Auger branching ratio as estimated from the

fluorescence yield calculations,

. . . . . > A
The estimated ionization cross sections G’P and. 6

corresponding to the direct excitations to the continuum and
the excitations to bound states followed by the Auger

emissions, respectively., Z = ZC - ZI , where Z, 1is the
v

core charge and Z_. 1is the degree of ionization of the

I

target before the collision, 11 values are given in 1ra02
units and the electron energy is 20 Mev, The solid lines

are the values for o‘A‘, while the dotted lines are fot <YC.
The total ionization cross sections for 20 Mev electron as
functions of ZC' and Z =2, -2y . All values are given

. 2 .
in TWa, units,
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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