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Abstract. 

Experimental data on L i subshdl ionization cross -sections in Ph ancl Oi havc bccn 

compared with the ECPSS~ and SCA theoretical predictions.Thc L) and L1 sllbshelJ 

ionization cross-sections have opposite deviations when compared' with the results of 

ECPSSR theory wherens,the La cross-scctions are in good agreement .The SCA the

ory,howevcr,providcs excellent ngreclllcllt with the experimental datn for L 2 iOllizatioll 

cross-sections whereas,the cross-sections for L) and LJ deviate in the same direetion,the 

theory being higl;er by (10-35)%.The ECrSSn results although indicate presence of pro

jectile induced intrashell transition (L) -+ L1 ) effect in the collision process,the SCA 

theory does not. 

In recent ycnrs milch effort hns been devoted to the study of ion induced Li-subshell 

ionization,both from the theoritical and the e!Cperimental point .of veiw (Vigilante 'et al 

1990,Cohen et aI1990). As compared to the proton case ,the heavy ions (Z~2) have indi

cated large Li-subshell anomaly when the experitn,ental r-esults were compared with the 

ECPSSR predictions .Many efforts have been devoted fodhe ex.planation of the discrep

ancies.Cohen (1983,1984)sllggested a method of empiricalL-subsheli coulomb deflection 

factors to ovcrcollle the L i -:mbslwll anollJaly within the ECPSSn forltlnlism bllt later 

Itc and his coJlaglle (Harrigan nnd Collcn 1986) found that the large discrepancies could 

not be explained solely by inv()kin~ the coulomb deflection effects .They indicated that 

t1w dis("lepanries are most rClllill'kahle for thc L 2 suhshell andrednced ion velocities l;ss 

than ahont 0.5 wltich corresponds to ...... 3.0MeV for 4 He-ion impact on the elements in 

tlte region of PI>. 

Opposite deviation of L I <llld L 2 subshe1l ionization cross-sections from ECPSSR 

theory at low ellcl'gies 1Ia\,(' bccn explaillcd by Sarkadi ancl t-.I llkoynmn by taking into ac

cOllnt therol1pling between Li-sllbslwlls (Sal'kadi and Mllkoynma 19S0,19S1,19S4,1!)!)l. 

Sal'kadi 10SG).As shown hy Sill'kadi and Mukoyama the ionization process cannot be 

tl'l'al<'d indqwudelll.ly for illdividllal L,-Sllhslll'lls,lwcallsc the pr()j(~ctile cnn induce in

traslwll transition between different subsheJls.Semaniak et.aI.(1993) have recently mea

SIIf(,d the L;-5111>shcll ionization croBs-sections for sdcete/l h~avy clements (72$Z2$83) 

for the oOl\l'bal'dmellt of JUc and tl~ in thc energy range of (O.8$E$4.0)MeV.Their re

sults showed large deviation of L 2 s\lbshell ionization cross-sections from both ECPSSR 

and SCA resnlts .They tried to incorlwmte the intrasllell transition effect and the united 

atom(UA) model for the hinding co;-rection to correct the ECPSSn results for the 4He 
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ionization. Although the corrections have improved the L2subshell discrepancy the £, 

8ubshell discrepancy remained unchanged. 

In the present study we tried to make a comparison of our experimental results 

(Dhal et al.1003)with both SCA and ECPSSn theoretical calculations inorder to see 

into the real cause of the L-subsheB anomaly. Our measurements were carried out usi.ng 

a-particles in the energy range (2.2-8.2)MeV. 

Theoretical Calculations: 

The ECPSSn calculations were those of Cohen and Harrigan (1985) based on the 

original theory by Drandt and Lapicki(1081 ),without taking the ullited atom into account 

for the binding correction and also no intrasheB transition effects were included .The SCA 

calculations were made by Trautmann( 1003) by taking into account hyperbolic classical 

trnjectories,with rccoil term and with relativistic hydrogenic electron wave-functions for 

united atom and targct Z. ff according to Slater recipe. 

Results and Discussion 

Experimental L; subshell ionization cross-sections normalized by corresponding SCA 

and ECPSSn valnes are plotted in figs. 1 & 2 as a function of Q-particle energy .The indi

vidual ionization cross-sections arc prcsented in tables 1 and 2.The experimental £, and 

L2 subshell ionizatioll cross-sections deviate in opposite directions from the ECPSSn re

sults whereas the £1 cross-~ctions show good agreemcnt .However, comparison with the 

SCA theory shows good agrecment for the [,2 subshell but the experimental data for £, 

and L3 suhshells are (10-35)% lowcr than the theory .From this comparison it is evident 

that the two theorics do not leod to same conclusion .The ECPSSIl theory suggests that 

proj.:etil'l indne-ed vae-llney "rcnrrnngemcllt is taking place hetwccn £, nn,1 £2 subshells 
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.but the SCA theory does not give any evidence in favour of such a rearrangement mech 

nism.We tlll~refore feel that previous attempts of explaining the opposite deviations of , 

and £2 ionization cross-sections through intrasheB transition effects just by compariJ 

the exp<~rill1ental data with the ECPSSn theory alone is not correct. It is necessary 

look for some other effects which can explain the present discrepancy .From the presel 

sccnario it appcars that a state dCPCllllcllt corrcctiou is uceded for providing good agre. 

1I11'llt with the experilllclltal data .III uny casc tlll attcmpt should be Illude such Llll 

thc sallll~ lIH:chanislll leluls to good agrcement of the experimental data with both th 

. lhc()ric~. 

........ _ .. J _ ••. _
 

For a furthcr chcck of the theoretical calculations we have compared the subshel 

ionizatioll cross-section ratios ~~ and ~ with the prcdictions of the ECrSSn and"r., (1[., 

SC:\ I " .... ,i,·s ill fi);s. :1'\:'.\ As is SC'I'II from fi".3,t!w SCA tl"·orit.ie/ll I'l'sult for ~ 
al, 

rllli" is ill lll'ttcr agrecmcnt with thc experimental data ,It also predicts the position of 

the Ininillllllll at the ce>rrcct pla.:c as givell by the expcriml'nt.Comparison of the ~ 
. all 

ratio (s..e HgA) indicates that hot.h the lheoretical resulls arc similar and the theoretical 

\'alnes arc hi~her than the experimental data. The deviations of the experimental-'!..!J.
aL, 

ratios from the thcoretical predictions become more pronounced as the projectile energy 

dcnl'a,," ,However ,in thc prt'sent elqwrilllcnt we di,1 not see any drop in the ratio at the 

lOll" cn('rgy regioll ,which was scen ill previous stu<lies(Chang ct al.1!l74,Li et nl.1976,Datz 

et nl.191 -l). For hringing agl'<'('nll'nt with the cxperiment.al ~,l.' ratio one needs to bring., 
dOll"n t h.. [,:1 ionization cross-section of the SCA theory and iucrcase the L] cross-section 

of ECrSSR theory.It is Ilot clear how this conflicting theoretical situation con be solved 

throngh illclllsioll of any colllmon ac!<l.tiollal cfft'ct such as projcctile induccd intrashell 

transition into tIll! collision pr<wt'ss. 
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In summary we would like to say that efforts are necessary to improve the presently References	 \ 

available coloumh ionization theories for providing good agrecment with the experimental 

data on Li-subshell ionization.Present theories only give partial agreement with the data. 
I 

Although comparison with thc ECPSSR theory shows deviations in support of projectile 
i 

induced vacancy !.earrangemcnt mechan'sm there is no such evidence when the data is 

compared with the SeA theory.Thc tw theories provide differcnt kinds of agreement 

with cxpcrimcntal datu and hence CHili ot give complete ngrcclIlcnt with the data by 

introducing any conimoll additional effe t to the ionization mcchanism.It is thcrefore first 

necessary to reconcile the two thcoreti~ClI results before invoking the idea of projectilf' 
j 

induced intrashell transition effect . 
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Figure Captions: 
L; 

Fig.1 RatiosRi= a'i~' for the experimental data of Dhal et al.(1993) with the ECPSSR .. 
a,A. 

and SCA theories plotted as a fnnction of a-particle energy for lead target. 
L; 

Fig.2 RatiosRi= a'pl for the experimental data of Dhal et al( 1993) with the ECPSSR 
a I 

IA. 

and SCA theories plotted as a function of a-particle energy for bismuth target. 

Fig.3 Ratios of L.- to L:z-subshell i:>nization cross-sections for (a)lead and (b) bismuth
 

are plotted c~ a function of It-particle projectile energy.Theoretical predictions of
 

ECPSSR (solid curve) and SGA (dashed curve) are also plotted for comparison with
 
• '~I~' 

.r;"; the experimental data.l .. " 
-;l.. -,,' 
.;r.· Fig.4 Ratios of LJ - to L:z-subshcI ionization cross-sections for (a)Iead and (b) bismuth .... ;.
'..

~.' 

3 are plotted as a function o~ a-particle projectile encrgy.TheoreticnJ predictions of 
~ ~ 

ECPSSR(~()1id curve) and ~A (clashed curve) are also plotted for comparison with
 

the experi mental. data.
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Table 2:L; subshell ionization cross-section in Bi 

o-particle ClL 1 (ham) ClL 1 (barn) ClL, (barn) 
energy 

~rcv /amu 
Expt. ECPSSR SCA Expt. EcrSSR SCA Expt. ECPSSR SCA 

0.571 1.12 1.·11 1.81 1.:!0 0.G7 0.S8 ·l.05 4.17 5.56 
0.757 1. 73 2.55 2.94 2.89 2.03 2.71 9.84 11.5 15.6 
0.937 2.44 3..19 3.73 5.82 4.34 5.89 21.0 23.0 30.8 
1.224 3.18 ·1.18 4.30 10.9 7.89 10.7 36.4 39.4 52.1 
1.306 3.18 4.u7 4.ti5 J5.5 12.5 17.0 51.0 59.6 77.8 
1.-192 ·1.02 5.22 (i.Ol 24.4 18.3 24.8 80.0 84.2 108 
1.675 5.39 6.09 8.05 33.8 25.2 33.9 112 112 141 
1.863 6.64 7.61 11.3 H.7 33.3 4,1.5 142 1·14 179 
2.0·16 11.2 9.95 15.9 56.8 n.2 55.9 175 178 218 
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