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1. JKThOUOCTlOK 

K-ti)it-lJ ioiiisaiion cror.t n-ctloi,c for v, ;,u und u by 

low-velocity ptotons nxasurcd in our lul^rutcry wire reported 

ir. a recently published paper Ide Cjctro U n a ct al 14e< , 

*•••»« »frr r"f <:rr«»d as J). Gucd «,9Ji"wni WOE Sound letwccri the 

experimental results and the PWBA predictions when binding, 

rttlativistic and Coulomb-deflection (monopale approximation) 

corrections are taken into consideration. The n.ain experimental 

effort in I was to Mature ionisation cross sections at proior. 

energies where the projectile loses an important fraction 

(sore than 7%) of its energy in the ionisation process. The 

good agreement between experimental and theoretical results 

is however partially lost when the inelastic aspect of the 

collision is added to the three aforementioned corrections. 

This fact casts some doubts about the suitability of correction 

procedures commonly used and points to the need of additional 

corrections or possible inconsistencies among thes. 

h deeper insight into this situation can be attained 

when eoual velocity proton-, deuteron- and alpha particle-

induced ionisation cross sections are compared (Basbas et al 

1973. Lapicki et «1 1980. Jesus and Lopep 19EC, Rice et al 

1981). From the experimental point eti viev the ratios of 

cross sections present uncertainties typically of about 2/3 

of those obtained in individual cross sect?or. measurements due 

to the cancellation of some calibration quantities, when the 

same experimental set-up is used. On the other hand, the 

theoretical analysis ot the results becomes easier since some 
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cot i cc t ) OFii; almost cMiiJirW-ly cancel out in tin i-quul- v e l o c i t y 

ciocb n.ttjor< rat JOG. 

V*t tlit' auLtcriptt p, <i and u rt-lor to protons, 

muitroriL <ii.fi .. )phu j . j r i i c í r c , r<-'|,<-<"t j vr:5y. Protons and 

clout'.*runs Í.ÜVÍ- the- I.ÍIIIIÍ: riucJc-òr chajot- ano, «t equal v e l o c i t y , 

t h r u r-i.tinjuc arc in the ra t io E./E » 2. linifino e f f e c t s 
c I-

must bt c-i;r,cr,tially the « a » in both c.ses but difftrtnt 

Coulomb-deflection and energy-Iocs efffcts ar£ expected. On 

the other hand, douterons and alpha particle: having «qua] 

charge-to-r.ass ratio must exhibit the- came Coulomb-deflection 

effect a* the same- velocity but different binding effects 

resulting fro* dif.eront projectile charges. By fencing 

rati» of measurec cross sections, cA/c and c /4c ., the 
o p j c 

Coulomb-deflection and the increased binding effects can be 

isolated and better analysed, respectively. Moreover, the 

energy-loss effect, when present in the lowest proton energy 

cross sections, is much less pronounced for acuterons with 

the sau.e velocity. Reletivistic effects cancel out 

approximately in all ratios because the prcjectile velocities 

are the same. 

In this paper we report v and Au r.-shell jonisa'-ion 

cross sections for deuterons and alpha particles in the same 

range cf velocitias as for protons in I. Some c^/c and e /io^ 

ratios were neasured at exactly EA « 2E_ and E„ »
 2E., 

c p o o 

respectively. The discussion cf the results is primarily centered 

on the Coulcxb factor and the effects of the energy loss of 

the projectile in the ionisation process. 
; i 
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2 . EXrEKlKMJrJU. l'**«O.I*IW. *HD N:!;UI.TS 

The i n i n i i w n U l KCI-I I | I fur tlir pr< s<nt >M ASUM-IM i.tc 

i * f u l l y do .c r i lx-d i>> 1. Tin- K • •»') Au tuiut ti wrri t l . ic) 

CllCUijh til StOJ> tilt IWJfct <:IH-IÇJ( t )C* | IC^ICli If'. . TÍK IC'dUCtJOli 

Of the- n>u<ti> liiit» Wit;: ]« ' r l i , i» ' ( : ••! ill 1. Tin iui ir t ior . 

VX<E> - •E2Jl<W:">iK|-(-t l :" J ' ' '<) Wiio . .djuaicd t o the.- cx|x:rim<.-nt*l 

yield values by runj of a weighted least squares fitting 

pcogra» (bovington l**9i. The resulting r.araî ctcr» «re 

presented in table 1. The ioniration crc» sections «re given 

in tabla 2. Typical uncertainties in the absolute cross sections 

arc lrc* approximately 8% (Au) to 10% IK) for e,, and 2SV for o . 

In thick target measurements the cross section is 

proportional to the dYx(E)/d£ derivative of the yield curve. 

A saoothing procedure by weans of the fitting by a curve with 

n-adjustable parameters could give a unreliable result if the 

energy interval is tpe narrow and/or the number of available 

experimental points is too snail. Ir. the alpha particle 

neasurenents presented here the ratio (E )__ /(E )_<„ is less ' » max o sun 
than 2 and the number of measured values is of about Jr.. This 

is perhaps not enough to define accurately the local curvature 
2 

of the yield curve. Then, despite the x of the fitting being 

vaniahingly snail, the errors associated to the adjustable 

parameters are toe large and they are for the cost part 

responsible for the large uncertainties in the reported values 

of <!„- The infornation that could be drawn fro» such situation 
a 

is probably too poor to allow definite conclusions. 
It is worth mentioning that the nuclear Coulomb 



c'xtilat ion of tti* f i r s t e x c i t e d s ta tu* of the tt.iUU- motor"* 

ol v i s an injaortdnt uourct of uncertainty in the <rx[*irliw.ni.*J 

úcicr» Jr.ót ioi, c»l c . Thi- runtririution of r x-rays fo))ow:.ig 

the intc-rr.ii) c-onvcrt-ion ie l i ' i . ir*Uy i / 3 of the- u l 'crvtd r 

r*akc. Coou c u n s l l t i ; i t i r : i r t | j j to (.rir-.uro » i-aft RuLLmctior 

of Hit x-ray:: ri-!-u)t.iti<i iter. priit.ary rmfltar jrococtioc. Thi» 

implies the notrt of long rune I- l ih ) ana high current» (up 

to S00 r.A) at the lowest i.,cj<i'.'nt energ ies . 

3. DISCUSSION OF Tilt RESULTS 

3 . 1 . Absolut* crufc* s o c l i o n s 

In f igure 1 the measured K-shel) ieniaat ion cross 

sec t ions are compared with PKBA ca lcu la t ions (Rice e t al 1*77) 

including the increased binding « ( f e e t (Basbas e t al 1*73, 

1978), the correct ion due to the r e l a t i v i s t l c notion of the 

K-shell e lec tron (Brandt and Lapicki 1979) anc the de f l ec t ion 

and dece lerat ion o* the p r o j e c t i l e (Koetach IS76, Montenegro er,i 

de Pinho 1982). This ca l cu la ted cross sectior. i s ca l led epSSa.c" 

The same f igure shows the t h e o r e t i c a l results obtained by 

taking into account the energy l o s s of th« p r o j e c t i l e during 

the c o l l i s i o n <0Ep8SRC> a * w i i l be discussed in 53 .3 . The 

three usual c o r r e c t i o n s to PKB& deserve some remarks. 

Discrepancies between approximate (Brandt and 

Lapicki 1979) and exact (Hukoyam and Sarkadi 1983) 

r e l a t l v i s t l c c a l c u l a t i o n s increase as the pro jec t i l e energy 

decreases. For protons on Au at 700 keV bombarding energy 



the discrepancy «mourn e to about ?'•*, tin- »el*t Iviut i c t l l i t i 

be 1119 ovtfrust.imat.od by the brandt-Luplcfcl method. 

Decently. Montei,t-gro ond Siyaud (lSh<) ni-> u».j IH-C 

the- problem ol Ha «iliiU'xt i c uiiju! 1 »M,t of t>ie- e l e c t r o n i c wave 

funct ion to the voii . i l . l i « l e c t r i c í i c l ü of the U j a o t nucleus 

one /jrcjt-eiili* c!..iiui-c. At on *) t err.at 1 vf* tc the- f-anLat e t al 

11973) procedure they proposed the descr ip t ion of the binding 

e f f e c t by means of an average terceninç, parameter C evaluated 

by using, an enercii-def>end&.it united-ator. miclcsr ct-ãrge. As the 

c o l l i s i o n goes or., t follows « continuous functitr. which 

reproduces the experimental values o; the ior . isot .on t-r.çigieo 

at *-be integer va lues oi the nuclear charge var iab le . The 

values -~t ê thus aeierwined d i f fer fron the v*lues of e 

corrected by fo l lowing the prescr ipt ions of Hasbas e t ai (I973) 

by 0.< t o 0.6* l o r «Iph» p a r t i c l e s on W and Au, r e s p e c t i v e l y . 

This e f f e c t i s ampli f ied by a factor of ten as the t o t a l cross 

s e c t i o n I s c a l c u l a t e d . So. i f ? i s used ins tead of the PSS 

binding correc t ion ,a reduction of the ca lcu la ted cross 

s e c t i o n for alpha p a r t i c l e s on K (<i) and Au <6t) i s obtained 

as cor.parec with the PSE values , r e su l t ing in s be t ter agrec-rent 

with th« alpha p a r t i c l e experimental data. 

The adopted Coulomb factor was obtained assuring 

only monopole t r a n s i t i o n s . Gundersen e t al (19E.2! have shown 

.that tl>« ine lus iv i : of the dipole contr ibut ion at tenuates the 

Coulomb factor ir. the low-veloci ty region but that a strong 

c a n c e l l a t i o n of the dipole ten» by the r e c o i l e f f e c t can 

occur i n sense c a s e s . Rosel e t al (1982) have demonstrated that 

with united-atom wave functions the r e c o i l plus d ipc le 

http://ovtfrust.imat.od


COM rihutiMi to the- •J-n.#trJx t.lfcrw.T.1. n, r.roj.ori ion») to 

C<5iMt-2tK1>/(MJ<Mt) wlierti the cuLscrlpts t and 1 stand for 

Hit tanji-t nucji-us .tiid Hit ir.piriging p . i rUc)e , rieijectrvely. 

For lu..ivy atop.r. I j / c v : <ii,ú Au, ^j/Z, - 2 .0 . For \>rt tor.» 

Kj/2 •' ! ind fur óiiiic-i um «rid íi)ri>.á [ . j r t i e l f í ^i^** * *• 

Then the cancci l .ttion ic f.ucli nort iii.portant (or duulcroris 

uno úijjf.ii partic . 'cs than icr pit-tonc .ir.rj t i c rr.c-nopojé 

iipprcxir.»ut)ii ir. more j u s t i f i e d in the f i r s t coses than in 

tiit- pt-eond one. K-<.<-nt.ly Cr.iufr et ai (19EO have nrescTitfcc 

came r.ur.c-ricúi ca l cu la t ions thin Cifcrjy demonstrate this 

pecu l iar feature of the iipc'jc dni r t c o i l tf.'fectu. 

However, the rcr-opcle f-cuJotrb '«ctcr eivfts s l s o * 

s a t i s f a c t o r y riesenptior. cf the protor. exptrirntntal data 

reported in I . The considerat ion of •.!» e n t r c y l o i r e f fect 

r e s u l t s in a reduction of the low energy cross section that 

probably compensates the increase of the cross section due 

t c the dipole plus r e c o i l term contr ibut ion. The character 

of t h i s d i scuss ion i s of course merely q u a l i t a t i v e . 

3 . 2 . Cross f ecucr . ra t io s 

The r; -/t- r a t i o i s a «cry s tr incent tc'st for 'he 

Coulctó factor s ince i t i s almost independent cf cetr. í^náir.ç 

and r e l a t i v i s t i c e f f e c t s , r içures 2 and > show that tr.'-

adoptee Couloir* correct ion ervas if.ish oet.tflr acrearter.t i'itr. 

the experimental points than that proposed by Btsbas e t al 

(1973) . The need of a Coulorst facto* steeper than this l a s t 

one has a i rway been discussed by Paul (1982). 
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For v t j o c j t i i ' t «•c«iri.|Xjm)liig to chi-igii-t yr<:oicr 

then -1 Mt'V/u. th f n»iiu|«u]t' u|'piõ>ín..«lloii g ives a 

b«tir.factory <k?:;i-ri|it ion (>> th< d i l u t i o n , *r. cxpccti-d fro» 

tl« i-n-crdii.g liis-ou-tioitt but .it tin lR-fori v e l o c i t i e s LCCOIM. 

wiry low tin- i » | * ' ) i w n t a ) i~»ntc ;»rc incit jri i injy .ibuvf th* 

t h e o r e t i c a l r e s u l t s . ]i> i l.i enst o( 7>u tht- t h e o r e t i c * ! resu l t s 

•re improved when the- I n e l a s t i c character of the co l l i c ior . i s 

considered but the s i t u a t i o n i s inverted in the care of ti 

where the c o r r e c t i o n i t obviously t - x e c o i v e . 

The i n c l u s i o n ot the dipolc plus r e c o i l e f f e c t s 

would r e s u l t in • t h e o r e t i c a l curve somewhere betweon the 

s o l i d and the- broken l i n e s of f igures 2 and J. As w i l l be 

discussed l a t e r , res idual e f f e c t s of the incomplete 

compensation o f the energy l o s s correct ion , on the one hand, 

and the d ipo le c o r r e c t i o n , on the other hand, not c l ear ly 

observed in the t o t a l cross sect ion versus energy curves are 

magnified in the o_./c_ r a t i o s because of the cance l la t ion of 

other e f f e c t s . 

The e / 4 O J r a t i o could give seme i n f o r - a t i o n 
9 O 

about the binding correction. However, as mentioned before, 

the large encerteinties in the alpha particle cress section» 

render r-.aiardous any quantitative conclusion. The o(/«c^ 

Matured ratios are systematically tos snail as conpared 

with the theoretical predictions even when the procedure 

proposed by Montenegro and Sigaud (19M) for calculating the 

binding effect is used. 
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J . i . Tilt oin-rgy Jot.», c f f o c l 

Ti.c- cojroct UitiitL of iiitL-<;mlibci ovur the m-jmontuif. 

uiiii t i . i i gy tj or.::)«rr urt JIOI rcmcirun-d ) r> Hit | .u i l i üli(-rf l'WBA 

l i b H i c/ 'Tpi ir. tltwt oi hcnl:«i anú ) i opf (1976) . In tlic 

11..:.: ;i .'«.:. c f •'». ;!,>:••. u .'• M i1<-r'.rr.r> it'.v. .ir. ir,!M.-i! !>•".; rid 

s ta te with energy T.Q to a f ina l state- with energy Z the 

».i.<.roy transferred to thi t l i c t r o n by the p r o j e c t i l e i s 

"f?i- «• En-E0- If th i s energy is small ac compared with the 

ir.ciiiant eücrgy i t i s us» i l te cor.tider thi- rinír.ur n.si'.antuir. 

tr.inster o. , • w/v and tlie raxirun rramorituir transfer 

g » « . where v i s the incident v e l o c i t y . Withir. th is 
' p s * * 

approximation, very simple scaling laws for the total cross 

section are obtained since the velocity and the charge are 

the only relevant parameters associated to the projectile. 

When the correct limits of integration are taken into 

account a dependence on the reduced rust of the colliding 

system appears. 

lr. order to preserve the paranetrlzation and 

the same functional dependence of the total cross section 

on the- scaled incident energy n, Montenegro et al (1981) proposed 

the simulation of the etfeet of considering the correct limits 

of integration through the use cf an effective velocity defined 

in such a way that q m i n • * / % £ # - Her» v ,f » vTl*l\-i)l/2'j/2 with 

fc « 9mi/BMr where, as before, c is the scaled binding 

energy and a/K is the ratio of the electron mass to the reduced 

mass of the system. 

Since the integration over the momentum transfer is 
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now ira» q„._ » >./v„,t up to q «• » the- Jucorrt-ct FKBA 1i.Hu» 

for the function Fln/t • C> can bo uu'd with n rcplocud by ?. . , 

where, obviously, «..# * *''vc|i^w' • *r ' *' w i , s n'P*'>"!i*fcO ir. 

the púper oi Honnr.t-yro K\ «I (lift]), wlic-n tin total crc«* 

sc-ctio». i s calculated tin- iuiicaior* r mutv be r.ultiplibd by 

' . , , / • • in c.-cVr tc r'Ti'iip tho flux cc-i.rcrvc-! son ir. thfc prcccts 

of scattering. 

It i t well known the equivalence between the total 

ionisation cross section* obtained in the PK6A (with the 

integration over q from <a_,ri * »/v to infinity) and ir. the 

semc l i s s i c i l approximation (with straight-lir.t Uóitctory, 

S1.-SCA) (Bethe ané Jaekiv 1968). As the 'lower Unit c . _ of 

PKBA i s modified to »/v .J the equivalenca s t i l l holes if 

the asymptotic velocity in the Sb-SCA is made equal to v . . . 

Let v(n) and v'(ti') represent the asymptotic incident 

and emergent velocit ies (reduced energies), respectively. Then 

r. • • n - (»/M)K where Ü is th» average energy trar.sfcr in 

the adiabatic liiait, 5 - 96/8. Fro» the definitions of v . , 

and i , i t follows that n' - », (l - e>, then £ = : - ( v ' M and 

v . . * (v+v")/2. Thus v
e«« i* the so-called synraetrised 

velocity. The proposed simulation of the correct lir.its of 

integration autcrjatically introduces the idea of a syr-netrized 

velocity. 

To be sore specific, one rrus; compare thfc PWBA cross 

section for the transition 0 » n 

a0™ " 8 "i^—) f H jÚMSlexpíiç.?)» (r)d3r!2 (1) 
1 Tiv * ' u/v { , q i J ' 

http://1i.Hu�
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with the equiva len t EL-5C/> crutin b e d ion 

• v J ' t. ' J t • J - . ; 17-RiU I 

J i. tlit ct1.-1j9i.l-] j lit ,-IJ - rc> ; r.ut ion tr.c: p r o j e c t i l e 

ifove:: njort? the vri;(i-rtory I ' i t i • p * v .t , where p IE 

the ;r.v.act parameter . In equat ion (l) e /v , , r ep laces thi-

ccriror.ly used value >-/v. There i s equiva lence bi-tveor. the 

tve eouaticr.f. because- e t the sarv? t i n e t h a t the rtatri>: 

c i c i rü . i m equat ion (2.' vas modified thrcugr, ;-. rtr.c'-ti r,.i • icn 

2 of i t ) ir; tern:» of v , . , d f ac to r (v , , / v | was introduced 

in c r ò e r to r - ' i t o r e the c o r r e c t i n c i d e n t f lux. Tr.e r .a t r ix 

element i s then »yir.metri2ed, t u t the c i o t t s.eetioi. c. i s 
0-«n 

not. This rymetrizition procedure is exactly alike that 

proposed by Aider et al (1556) in the nuclear Ccuiomb 

excitation problem. 

Now, when Bit) describe» rj-pujci-c-lir r>*t-hs it seen» 

natural tc extend the concept of effective or symir.etrizec1 

velocity tc these trajectories- Then, after expressing 

the Coulomb factor in terms of r,, this parameter mist l.e 

everywhere raplaced by ' e##. 

The rr_cçpr resulte prerentec ir. figures I tc j were 

Ccleulited wsth 'T retlaced by • , . everywhere wit:, the cautic:. 

of maintaining the correct incident flux. This procedure giveí, 

within 31, the same numerical values â  tnese cbtsined with 

the Brandt and Lapicici (1961) prescription» to take into 

account the enerçy loss. The present procedure presents the 

double advantage of beinç such mere smpie and treatinç the 

http://ct1.-1j9i.l-
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correction tor »>» i:x«-i I I M L K of iiiii-ur.it ii>n nt.it ihf 

tynnetniiinon In * iciicictcnt way. 

Ir. flourt < tl« r..l>u °i i.'-i,r'''i»:!;nr , 0 P J c t u - 4 < s 

.i.inu.bt '"-«'., viu-K '. JI tiif |..n .tsM'i vr 21, / ' . Tr.ic w«t dune 

i t r.iiiti- U - . H : the- n..':.|.ai!^wi v i l l . the íjr;urt L t-i (.lit f.a[«r 

oi Gr.»uc et a; H"M) . t.r. U r .it via- '., 2 .md 4 uc-].i Jiutnctt 

4te concerned, it. i s evident th.it the energy li^si and II.e 

dzpoje e f f e c t s 5 >..-•••«• so.-'.- scrt o i iw.TpJrre.-.tary b«.>^vicur. 

The- consequence i s a par t ia l cc-!:y-i-7:t,alion of roth c í í e c t s over 

broad tr . terv i l s of e?.trgy for a given project i l fr - tsrget pair . 

For the p r o j e c t i l e - t a r g e t combinations studied ir. the present 

work the ccr.pcr.saticr sc-c-r.s to be rather cor.plcte for ceurfctons 

and alpha p a r t i c l e s on vc and Au. The residual e f f e c t e£ both 

correct ions i s at r-jst oi the order of J typical error bar in 

the experinental cress s e c t i o n s . Tor pror.cr.s- where both 

e f f e c t s are jr.uch .-ore important, for log £ < -0 .75 the 

ccrpensation i s incomplete and the energy lo s s effect, dominates. 

This pred ic t ion c o n f l i c t s with the experirer.-al resu l t s 

oresented in I for E < 1.25 MeV. Wher. the d ioc ie to -or.aoole 
P -

contr ibut ion ra t io s ca lculated by Gvaue at al :'19S4; for 7. r £." 

are used i cr the Z - 79 data, tne r_p<.s points in figure 3 

are reduced by 17* at 0.71 WeWu, 13t at C.E2 KeWu, St at 

1 KeV/u and 5» at 1.25 MeV/u. ir. figure I zr,* ewsír^er.tal an.; 
theoretical, values for the oy't cress si-cuer. ratios are ccrrered. lr. i ts 

*" p 

upper part tr* theoretical results axe PSSrC values; in i ts icwex part they 

are EFSSJC values including, for both VC and Au, the sa-ie dipole oontributior 

calculated for Fb by Graue et a! (19841. Although this correction has been 

introduced ir. an ad hoc -anrser, i t i s expected to be quite satisfactory ani 

i t greatly irprCT.-es the agreerent betvjetr» theory and opeirirent. 

http://nt.it
http://th.it
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Tl.c- determinai ion ul ionisation nutt Í I C I K M ai 

tin- exljinc low velocity 119101. IS h very difficult tácV. 

fror lit, 1.11 tyji-riifnt.jl umi Llieui t 1.1 ci>! jii-init. cf VIRW, 

Cr.'.fcr'-.jiT.'. i't J C M thin J tn d u not cri.y to b< r<«cind 

S!""*e!rtl ly w:.f.-n thick túrijctt urc cr.r. 1 oycd. The. cross s&ct. jf.ir.6 

are so oral! in this legion and depend •->£• strongly or. the 

energy that a cjrpforiBt In'ivi'cr. a r(.asci'.ab}c- ccur.lin; rate 

ar.ti the troul-icc with the- energy «Ic-gradation of the prtyrtile 

1 r.snic the lóiçet ic a pcrntnent challenge. Or; the ether 

hand, ir. \ ".« theoretical results the intcrdtper.de-ncc- among 

the different corrections incorporated to the basic PW8A 

calculations rendar» very dangerous the uncritical extrapolation 

cf procedures and prescriptions that reproduce well the 

experimental cata in sor.e regions cf velocities and projetlle-

target combinations to other ones. Particularly ir. the 

extrepe adi abatic region the tor.al cross sftctic;n is highly 

dependent on subtle details ir. the treatment cf these 

corrections Since the strong dependence CTt r, air-. C magnifies 

very small changes of these parameters. A unsuspected 

correlation between energy-loss and di.pcie effects was pcinted 

out by the data discussed in this paper; it is not clear whether 

it is accidental or it lies on more fundamental aspects of the 

interaction and/or of the formalism. It is ir.->ortant to pursue 

some kind of pararcetriiation in terrr.s cf effective variables 

(velocities, energies, charges and masses) but a case by case 

numerical calculation Is essential when an exact description of 
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each | » i o j e c n l t - 1 a igct )-»>)r itmlfcut Ion Clout btc l lun u 

dec!red. 
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CAPTIONS TO rinuMhs 

F i g u r e 1 . U u i c r o i , (•'<•)>•) ( i n j i - c l ui<<l ••!)<)..1 j».u t i r ? * l t ' |« i . 

c i i r l i - f i infiui.d Ji-tlu-JJ I t iruri l ion cruse i.i-ctioiu, 
versus riti'rgy. 'Jin- i.oll«i rurvi- 11. e,„._u_ and thr 
d^uht-U curve u e,...,.,...-. l . j ; . Kt 

Finiire ?. y-.-i«3'-r cf r'.»'"u»»-rt rrnflr *.*-<'t 1 r>ii?- for iVulfrons 

and proton* oi the same velocity impinging on • 

thick target ol tungsten . The curves are: 

TSSHC predictions with the Montenegro and 

de Pinho (U63) Coulomb factor; EPSSKC 

predictions with the same Coulomb factor as 

before and the energy loss correction described 

in the present paper;-.-. EPSSRC predictions 

with the Coulomb factor of Baabas et al (1973). 

Figure 3. The sane as figure 2 for a target of gold. 

Figure 4. The ratio «gpssRC^'psSRC v e r s u s l o9 ^ t o z different 
targets (Ni, Ag, Au) and projectiles: protons: 

deuterons; -.-.- alpha particles. 

Figure S. Ratios of experimental to theoretical ceuteron-

anã proton- induced ionisation cross section ratios. 

Solid circles are the v data and open circles are the 

Au data. In the upper part of the figura the 

thejoretical results are PSSRC values and in the 

lower part they are SPSSRC values including an 

estimate of the dipole contribution. 
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