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llnk1111eeKo B.H. E7 - 10653 
'1 OHM3BllHOHHble xpHBble renHenoD.06HbJX HOH OB C 

4 +" N s+ 

nHana3oHe 0 ::; E • 5- 30 K3B 

B 

4-+ 5+ 
BblnOJtHeH paC'-leT HOHH38llKOHHblX KpHBblX C H N npH H3MeHeHHH 

3HeprHH HOHH3•PYJOWHX 3neKTpOHOB Er e LIHana3oHe (0-30) K3B. C 3Toi! 

Ue.11bl0 MeTO.olOM rpa¢IH"leCKOl"'O HKTerpHpOB8HHR HaA.aeHbl KB0Jlp8Tbl M8TpH'-IHb1X 

3neMeHTOB LIHnonbHblX nepeXOLl'C>B M 2 (C 4 + ~ c51- (24,5 ± 6 )· l 0 ·3 

" M~(N 5
•. N6+ ).(1.7,0±4)· 10·3 • ~13 nonY'leHllblX LiaHHblX cneLiyeT, '!TO H3-
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4+ 5+ 
Ionization Curves of C and N Helium-Like Ions 
in a "Range of 0 _< E • .$ 30 KeV 

Ionization curves of C 
4
+ and NS+ have been calcula­

ted in the energy range of ionizing electrons Er•(0-30) 
KcV. For this purrose the matrix element squares of di-
pole transitions M~ ( C 4

+ ~ C 5+) - (24.5 ± 6). 10-3 and. 
M~ (N s+ ~ N 6+) • (17.0 ± 4)· 10-J have been found ty means of 
the graphic integration method. 

From the data obtained it follows that the ionization 
cross sections of c 4+ and N5+ , measured earlier by us, 
correspond to ttie pe>ints in the vicinity of omu ln 
order to check completely the calculated values, the , 
cross sections o, should be measured at several points by: 
E, I 

The investigation has been performed at the J 
Laboratory of High Energy, JINR. 

Communicallon of the Joint Institute tor Nuclear Research. Oubna 1977 



1. INTRODUCTION 

It is shown in paper 111 that the diffe­
rential cross section of a collision, in 
which the electron of kinetic energy E., is 
scattered with momentum loss hK ,is descri­
bed in the first Born approximation by the 
relation: 

2 2 
a (K)dK = !_rr· act_ f ( K) dK , (1) 

n E ·E n K 
e n 

where a0 = 5.29.10-9 cm is the radius of the 
first fuhr orbit of hydrogen atom, R = 13.6eV 
is the binding energy of an electron in 
the first Bohr orbit of hydrogen atom, En 
is the excitation energy of the final state 
"n", fn(K) is the generalized oscillator 
strength. . 

The total excitation cross section is 1~ 
4 "a2 R 2 Kmu 2 2 

Qn ___ o __ ( fn(K)dfu(K a
0

), (2) 
E • E Kmin 

2e n 2 Ee En d 
where K .a -4-[1---1 an 

max 0 R 2Ee 
2 

2 2 En En 
Kmio. ao • -- [1 +--] . (3) 

4EeR 2Ee 
For some particular excitation or ioniza­

tion process the graph of the function f 0 ~) 
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against m(K~~) gives the complete informa­
tion on the differential and total cross sec­
tions. For Ka 0 <<1 the ·ordinate transforms 
into constant which is equal to the optical 
oscillator strength. The area under the 
curve f 0 (K) between Kmin and Kmaxis equal to 

Qn and it is well approxima-
411a2 R 2/E E 

0 e n 

ted by the rectangle with ordinates fn and O 
and abscissae m(E~ /4 Ee R) and ln(C0 E;/4R) , 
where the constant C n depends only upon the 
shape of the curve ~(K) • 

The Bethe asymptotic formula for total 
cross section is of the following form 12.1 : 

411a~R 2 

Q
0 

= ---- · f ln(4E • C
0 

/R) . E E n e ( 4) 
e n 

Schram et al.~1 used the following expres-
sion: 

2 411a
0

R 2 
Q

1
• =---·M mC. E (5) 

E i 1 e 
e 

to calculate total ionization cross sections. 
In the case of excitation of some <lis-

2 
2 Md R 

crete level, the constant M. =--=-·f 
I a2 En n' 

where M~ is the dipole matrix elerne~t 
square, f 0 is the optical oscillator strength. 
and E" is the excitation energy. In the case 
of ionization it is necessair to integrate 
over continuum, i.e., M~ = (-. J! dE , where 

I I dE E 
I is the ionization potential. In order to 
verify experimental results, the function 
Qi Ee/411a~R c f(lnE.,) is generally used which 
for optically allowed (dipole) transitions 
is represented by a straight line with a 
definite slope. The values of Miz and Ci 
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are calculated by means of the least-square 
method from the slopes of the straight line 
(M~) and intersection points ( M~lnC 1 ) • 

In particular, the corresponding data 
for a toms of He, Ne , Ar , Kr and Xe/3/ are 
given in Table 1. 

Table 1 

Atom I(. 2 
l. 

ei { eV-1] 

He 0.489 :!: 0.05 o. ·108 :!: 0.05 

Ne 1.87 .:!:. 0.01 0.0319 :!:. 0.0006 

Ar 4.50 :!: 0.04 0.049 :!: 0.002 

Kr 7,51 :!:. 0.03 0.037 + 0.00·1 

Xe 1·1. 75 + 0.08 0.035 + 0.001 

Similar results are then compared both 
with theoretical and experimental data on the 
ionization by a -particles, protons, an<l 
photons. 

In an analysis of the obtained data from 
the theoretical point of view the numerical 
integration method of photoionization cross 
sections is u3ed or the sum rule for oscil­
lator strengths is applied. 

Vriens 14r has shown that in a more gene­
ral case for arbitrary values of Ee , when 
the conditions for applicability of the Born 
approximation are violated, the equations 
(4) and (5) should not be used. In this 
case the shape of the dependence of f (K) 
on ln(K 2 a ~) is changed. n 
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The following formula has been proposed 
by Vriens as one of the possible approxima­
tions: 

E -I 
Qi - A· F • ~ 2 - In [ 1 + C(E •·--I} I. ( 6) 

,. 
2 2 -16 2 

where A • 411a0 R M; z47-~·10 • M; and 
- - - 1-6 I J :112 

F = 1 +0-C·l)(0.025+ --)(I--)(-) . 
c.J E,. E,. 

For E,.>:->f, F % 1, for small E,. at c.Jfl we have 
F < 1 

The formula (6) has been successfully utj­
lizeJ to calculate the ionization cross sec-
tion of helium-like ions Lij 3:1t 0 6+ Ne 11 + 

anJ Mg 10+at E,. _::- 30 Kev-' 5
·. ' ' ' 

2. CALCULATION TECl~IQUE 

It is well-known that 

M ~ = (_R __ ~ de , 
I Ol+l de 

(67) 

where < is the energy of an atomic electron 
ejected <luring ionization collision. Bell 
and Kingston 6 have calculated the conti­
nuous oscillator stren~th df_ld, for the pho­
to i on i z a t i on c f He , Li , B .l+ , O <i+ , Ne 11 + a n d 
Mg 1o+ using Hartree-Fock wave fu~~tions. 

In paper .- 5 . the curves _R_ -:r:-- were used 
I+ , ue 

versus ( to find MT by the graphic integra­
tion method. The parameter C was determined 
for L~ from the experimental data. To evaluate 
C for other targets, the empirical (c<J lcu­
lated) cross sections with E =20·1 were 
used 11-9/ • ,. 
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of 
z 

and C obtained in this The values M1 
way are shown in Table 2. 

Table 2 ----

Ion M 2. 'I03 c [ev-1] 
ol?-97 at 

1 Ee= 20•I 

Li+ 137.900 0.1330 0.2063 

B3+ 35.650 0.1196 o. '12~3 
06+ 11.320 o.oa42 0.0860 

.Nea+ ?.180 0.0430 0.0420 

Mg'IO+ 4.784 0.0312 0.0312 

2 
lase<l on the values of M; anJ C , the 

ionization curves of helium-like ions Li+ , 
B 3+ , 06+, Ne8+ and Mg'°+Jrnve been calculate<l 
up to Ee z 30 KeV 151 

3. IONIZATION OF C
4
+ AND N s+ 

In the present paper similar calculations 
have been realized for ions c4+ and N 5+ with 
constants C determined from the Lotz equa­
tion. 

Using the data of Table 4 frcm paper 161 , 
we find that for carbon M; 2 ( c 4+ ... c 5+) -

-(24.5±6)· io-3 an<l for nitrogen M~ (N 5+ ... ~+,-
.-(17.0 ± 4)•10 -3 • I 

The values of C - , obtained from the Lotz 
equation • 9.10-14 lnE /I at E.,/I -20 

'7i E ·I e 
e 
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Table 3 ----

Ion I [ev] Mi2.103 c [ev-1 ] c/5/ 

Li+ 75.6 137.9 0.2063 o.·1330 

B3+ 259 35.6 0.1258 0.1196 

cl.~ 392 24.5 0.0572 

N5+ 552 17.0 0.0532 

06+ 739 1·1. 3 0.0860 0.0842 

Ne8+ 1196 7.2 Oo042 0.043 

have been determined by the relation 

In [ I + C(E -I} ] -
59.4 

e M~ ·I 
I 

(see Table 3). 

The calculated d< ·a for the ionization 
curve cH .. cs+ are gh·.m in Table 4 and for 
the ionization curve N 5"!".N 6+ - in Table 5. 

From the obtained data it follows that 
the previously measured ionization cross 
sections of helium-like ions c4+ and N s+ cor­
respond to the points in the vicinity of 
crmax • A good agreer.ient bet·..;een the experi­
mental and calculated cross sections for N5+ 

is observed. In the case of C4+, cr(C 4+) calc.-
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Table 4 ----
Ionization 

4+ 
ions curve for C at E.,,s: 30 KeV 

-
E Kev F 6'1 Go-20 cm2] 0 /10/ 

8!J2• 

0.5 0.692 ?.09 

o.a o.638 15.5 

0.9 o.662 '16.9 

1.0 0.692 18.0 

1.5 0.796 19.5 

2.0 0.856 23.a (max) 

2.5 0.892 17.2±6 30 :!: 7 

3.0 0.915 15.a 

'J..O 0.942 13.5 

5.0 0.9~8 '11.8 

·10.0 0.984 7.1 
·20.0 0.994 4.1 

30.0 0.996 3.1 

- 20 4+ ·20 
~(17.2+6)·10. cm 2 anda(C >e:i:ps(30-7).10cm 2 

are close. In order to verify the proposed 
formula, measurements of u; at several points 
by E 1 should be mad~. 
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Table S 

Ionization curve f 5+ . or N ions at Eel S. 30 KeV 

E [Kev] F 6i_ (30-20 cm2 J ~;q>. /·10/ 

o.a 0.599 5.0 

0.9 o.~?9 6.1 

1.0 o.5a5 6.8 

1.5 0.681 9.2 

2.0 0.763 9.a (max) 

2.1 0.776 9.7 ± 3 9 ± 2 

2.5 o.a·1a 9.6 

J.O o.a54 9.2 

4.0 0.900 8.2 

5.0 0.926 ·1.3 

10.0 0.972 4.6 

20.0 0.990 't!..7 

30.0 0.994 1.9 
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