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ABSTRACT 

We report measurements of K-vacancy production cross 

sections for 3 Gev12c ions on targets ranging from Ti to Pb. 

The cross sections lie below values from PWBA, BEA, and 

relativistically modified PWBA and BEA theories. 
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K-vacancy production by ielativistic heavy charged particles 

1s a completely uhexplored field. 1 Jarvis et al. and Anhalt 

et al. 2 have made measurements with relativistic protons. The 

measuremerits indicated that an additional term must be added to 

the cross section given by the Plane Wave Born3 (PWBA) and 

Binary Encounter 4 (BEA) Approximations. Those theories only 

account for the interaction between the static Coulomb fields 

of the projectile and electron. This contribution is called 

longitudinal excitation because the interaction exerts a force 
+ parallel to q, the momentum transfer. At relativistic energies, 

the current-current interaction between the two particles is also 

important .and gives rise to transverse (force perpendicular to 

q) excitation5 . For projectile energies greater than approximately 
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2 GeV/a.m.u. (v1 constant~ c), the PWBA and BEA cross sections 

no longer change with projectile energy. The transverse con-

tribution, however, causes the total cross section to rise as the 

ln y2 + C where y = [1 ~ s 2 J-~, B = v 1/c, and C is a constant. 

The experimental procedure was identical to the procedure 

desc~ibed earlier. 2 The K-vacancy cross sections are measured 

relative to the 70 mb cross section for the nuclear reaction 

12cc 12c,x) 11c. A~though the 12cc 12c,x) 11c cross section has 

not been directly measured at 250 MeV/a.m.tr., it is possible 

to extrapolate with confidence from extensive proton 

d . 6 d h. . b . d . 7 pro uct1on an 1gher energy car on 10n pro uct1on cross 

sections. 

The measured cross sections are compared with. various 

theories in Fig. 1. The BEA and PWBA cross sections were 

obtained from universal curves given by Garcia et a1. 3 and 

Basbas et al. 8 The reduced ion velocity was taken as Bc/vK 

where vK = (2UK/m) and UK is the K binding energy. 

Two relativistic modifications to these theories should 

be made. For large v 1/vK, the PWBA and BEA cross sections approach 

(but never equal) the integrated Rutherford cross section (aR) 

for scattering an initially stationary electron with an energy 

( 
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transfer £ ~ UK. For relativistic heavy ions crK should approach 

the integrated McKinley-Feshbach cross section (crMF) for 

relativistic electrons on nuclei. We therefore define a correction 

factor to the PWBA and BEA theories as: 

£ 

R /d£ dcrMF dcrR 
(1) = 

dE dE 
UK UK 

where Em is the maximum energy transfer 2mc 2B2
y 2. Eq. (1) 1S 

easily evaluated using formulas in ref. 9. 

The second relativisiic correction factor comes fro~ the 

inclusion of the transverse- term. 2 We have evaluated this con-

tribution using the PWBA dipole approximations: 

(2) 

The .dipole approximation 1s only valid when 2 v1/vK >> 1. In 

these cases 2 v 1 /v~ lies between 1.6 and 10. 

The relativistically corrected PWBA or BEA cross sections 

shown in Fig. 1 are given by: 

(3) 

where cr~ is either the PWBA or BEA cross section. The· measured 

cross sections gen~ra~ly lie lower than the predictions of the 

PWBA, BEA, and relativistically corrected theories. For lower 
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atomic numbers, the BEA theory worksbest; for higher atomic 

number all theories fail. The relativistic correction given by 

Eq. (1) becomes important at higher atomic numbers, lowering 

the cross sections, bringing them closer to experiment. The 

additive transverse contribution 1s not very important at these 

velocities. 

We have considered whether the polarization, 10 binding', 8 

and charge-exchange effects might account for the discrepancy 

between experiment and theory. For 2v1jvK>l, the polarization 

effect is expected to be more important than the binding correction 

and should give a positive contribution to the K-vacancy cross 

section. We used Eq. (1) of ref. 5 to evaluate the polarization 

contribution and found it adds only 2,4, and 12%, respectively, 

for the Ni, Ag, and Pb targets. There are also negative contri-

butions fiom the binding effect, so the net polarization plus 

binding correction is liable to be smaller than these factors. 

Charge-exchange contributions are expected to give a positive 

contribution to crK also. Raisbeck et a1. 11 have studied charge 

exchange phenomena using relativistic protons and, recently, 

heavy ions. His work allows us to establish the upper limit to 

the charge-exchange contribution to the K-vacancy cross section 

as 0 . 7 % ( in Pb ) . 
,.,. . 
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Thus, while the measured cross sections clearly lie lower 

than the predictions of the first order PWBA and BEA theories, 

the polarization and charge exchange contributions to these 

cross sections appear to be negligible and, in any case, in 

the wrong direction to explain the discrepancy. 

The assistance of D. Murphy with the experiments is 

appreciated. 
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FIGURE CAPTION 

K~vacancy production cross sections versus target atomic 

number. Compa~ison is made with the.PWBA and BEA theories 

and relativistically corrected PWBA and BEA theories . 

. · 
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