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1. IWNTRODUCT IOW

Althoogh during the Tecent yeArs aa lsportant mumbar
of maavurasents of crogs sectiions for K-shell ionisation by
swife bare light muclei have been perforsm] with inorsasing
accuracy and although meny refined caloulations, including
acphisticatad corrections. have been perforssd, significant
discrapancies persist when exparimental and theoretioal
Teaults are put together. In part thesa discrepanciss coms
from the difficulty in detarmining sbscluts cross sactions.
Enperimsntal date are quotsd with typically individuasl
uncertainrtias of 5 to 138, However, wivn Emasuremsnta nof
differgnt groups are compared, discrapancies of about five
or mcre standard deviitichs are not unueual. Systematic errors
come sainly from the datermination of the overall dstscticn
afficiancy and from thw reduction. or the rough experisental
data and can not ba traated as sratistical fluyctuations. Om
thy othee hand, it is unquestjonable that some asbiguities
remain in the way the mul¢ipls corrections ars bandled when
introduced into the basic models (PWRA or ECA) that describe
the direct Coulcmb axcitation of an slectren from the N-shell
inio the contifuum by & polnt-like chargwd particle.

This situation has been pariocdically reviewsd in a

serins of wvorkshops or inner shell ionicatiod by haavy
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pacicles {(ses for anample Paul 135 and 1382, Xochach at A}
1979, Laml ot a) 1M2 asd referesces tharein, sse alsc Rice
1 and ™ml and Obarwarm L9003},

Diffexawes betwean sxparimpntal amd thaoretica)
remmlts ard mwe avident ia the low impact welocity regiom.
In thess comiliions the prohless are tvafold. Seaidew the
caurrently simitted affects of the iocrasansd hinding, T
telativistic eodificakions of the slectroalc wave functlions
amd tha duflection of the muiectils trajectory by the
sleveric fieid of the tarwet muclens which becoss much sore
smaltive to detalls in their oalovulations amd motnal
dupandence, othar correcticn becoms important. 0o the other
haid, the cross SaCtlons Decols »0 EEmll that the we of
thaiok targets and high ouryeats la leperative. The E =-ray
ypiakds ecoms bhard to be socurataly ssasursd since the
sabtraction of tha kmckground is no lomger a trivial
mublas 403 e effects of the aneryy losa of the inoldent
parkicies Logide tha target MecomR incCrehslagly LEPOTEANt.
TO STt R~Tay production crosd sectiooa from the Fough
dava ip iotwrestly less preciss thas in the thin-b7 . gt
rasaniesion techalogm.

In this pApE: ws presant mOBS SOCUTALY BASSUTERSALS
on the E-shall londwatlion cross weccichs of W, ks amd T by
motons is tha lowast suaryy ceglon thee far reporisd.
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THial urcercaintiss ¢f cross-section Beascrewents are 10-1%%.
At thess staryiss the veusl swnssprios that the bindisg
somryy of Lhe stwll can by wegleactad with respeot to the
teal aoayyy in Wha cwotar oFf Sasé Fystam ogs 00 longwr b
suntalend. The inelasticity of tha iosigatiol. process, mm
wall the thres abows menticiesd COFFAOLlons Are L poTatmd
to the FAR caluwlations for tha pake of CumpArison betwsan
axperlaatal apd cglovisted resolcs.

1. EXFERTMENTAL PROCEDUFRE

The wrparisental gutopy for the presant Easgureandnty
han alrsady bewn given in dagall elpswhare {Barros Leiks at
al- 1N?7, Jawtiolawy & al. 1990, &u Castro Farls ¢ &l.
1%3), Galy ¥iw desrripiios yelassnt to the prapent azpérisent
im given hara, Bomsmion asslyved ircident besss of protoos
wars ohisioed from cha BVRC 4 7 Van S Craalf Aooslacsior
at the (ptholic Oniversity of RLio dw Junedro. The snalysed
st wan focused by quediupole lemses, deflsctsd M° by &
Switching nepeit onfd than collimatsd by two tasralos
apartures with Jum and lem dinscters and 3008 apars. T lant
collimatcr vas locatsd 3om befare the sairance of the
ingulated target chambsr and 17om opatreas frow the Laryet
mlder .

The aberyy resolotion of the acceblarstor aml bowd Loy
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Bagnat was monitored by the well-known and very scrong

“Altp .c}ulq reaction. Tha

renshances observed in tha
rasonance at 1184 k¥ gave the absoluta calibration and the
athars resotancap in this regicd Of sodrgy were used W
check the linsarity of the accelarator—-ensrgy satiinc. Tha
width (TWEM) of the LLE4 keV reschance wal observed toa ba
squal to 1.8 keV, The stabllity during each run was bast
thar this width.

The total running time was of aboue 107 houra and
a=e individual runs wers as long sa #7 hours. Dmpanding on
the count rate, currents from 10 up to 500 pa wers used.

Doad tima corrections wert Kept negligible as compared to
seaptigtical fluctuations in tha number of counts at tha K
[TV '

Since the L and M e-vay productlon croas sections
are many arders oF magnitude largar than the E-¥-Tay cross
1e:<_.n a 0.lmm Ge foll wan poajticned in front of the x-
~ray detector. Thiws detector, placsd at %07 to the beam.
wan & high-puricy Ge detatvor with & maasured rasclution
(FuEM) of 380 a¥ at 59.5% keV. The ovarall absclute sfficisncy
of the x-ray datector wam detarmined in the standard sannar

lﬂiu and Nlh

using ca rated rebiractive sources of ”C‘a.
tocated at v target poaltlon. Uscerckincties of DO more

than 5% are expacted for the abeocluka efficlenciles.
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Thick targety ware employed. The gold warget was a
1.75 my/cw? foil and the tungsten and uranive targets wers
thick snough to stop the most energeiic bambarding protons.

Spacial care was taken with tha shialding of the
detackicon syatam. Even without an incldent beam an appreciable
backgzound was obeerved cuming from the environsent (majnly

“"I decay and From decaym In the

Compeon photons from the
natural radicactive series). Moreovar, an energy depandent
background, which orfiginated st the magnats, alics and
coliipntors, appears with the beam an. The detactor was
surrourded by l0cm thick lead plocks amd 1.2 ow ircn plates
which rwduced by a factor of 10 the backgroum) in the regich
of the gamma-yray spectra from .50 vo -120 kev, It was Obsarved
that the uranium target Ltaelf was the mource of an lmportant
beckground, wit. U x-tays induced by the dmitted alpha
particlas. Tha aubtraceion of this background in tha spectra

obtainad at rery low incident energies is cthe main source of

statistical serors in the U m-pay production cross section.
Normalisation of tho msasurements was sadea by

BEaIUring the charge collected by the entire target chambar.

133, In the case of the

The insulaticn was batter then 10
5014 tarqet a 91 surface barriar detecror was mounted at $0°
to the Lncldent beam dirsction, facing the x-cay dstector, to

datact the Bytharford elastically sesttered protons transmitesd



mough the target. 1tk was wquipped with a 0.3sm collimstox
o pr high t ratas at low ipcldeht eanargies.

Wich all tha targets, Coulomb emcited suclear gasma
rays were chsayved. They becana relatively sore lmporcant
with respoct o the K x-rays as the incident ansxrqgy decraaswd.
Ty pressncad o sphcial problem ipn all cases sgcupt with
the W target. Istarnal conweraion of the traneitlon from the
firat axcited atata o the grousd ztate in lll.' l"1ll. “‘l
and 196y contrituted t about S8 of the ¥ x-rays at 1.715 mav
iacideat protons and 304 st .85 MeV. Theoretical B2 internal
corenreion coafficisnts (9iiv ard Randd 1936) were osed to
estimste this eomtribution,

ha l..fl_. ratio was warlfisd o be Lndepesdent
from the incident enargy. An average ratlo wag cakbersined
From the best statistics spacetra amnd this ratio waa smployed
a3 a4 teat o werify Lif the backorcund wam correctly subtracted
in the poorsr statistics mpectra.

In almcst all tha casss tha l./'lﬂ bxanching ratic
camld ba precisely ssasurad. for the gold targar a Cgulomb
axited paclewr transition overlaps the l.‘ peak and became
impurwant low proton ssergies of sbout 1.23 MaV. The "Xy
zatiog ware isa good sgreemdat with the walues reportsd by
Salen st al. (1774). Fo indicetion of slswmltacecos ichisatioas
of X, L, B aud ¥ shelle was obmerved La Ay of the protan
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anergies. Effects larger than 10 are not sxpected from Lhe
thaory.

The beokground umiar the paals was aluvayn ZLat ard
saSy to be takan off. Casw must Da eawsrciead in abtalning
tho sreas of the I!,. poAl alncs the low awergy tail of tha
IG‘ photopaak prasant usdsr the Ia. photopeak must be
subtracted, In oprder tn obraln the ¥-ray yislds produced by
the procton {anissiion of the target atams, tha arkis undar
the l.I and l‘. [nale ware contctad for afficiency
detackion, sumesd over and multiplisd by tha followling
I, + l’)/'l' catioer 1.37% foxr W, i.27% for Ay aocd 1.20% for
U. Krrors 1n tha l’fl‘ ratios are supposed 5 be less than 18,

fratistical sryora in Eha K ylelds ranged fraom
jesx than 19 Lo the bast stalistica speckra up %W 538 Ao the
cAse where % z-rays from background {1} or incernal conversicn
(%} bocama leportamt. The flonrmscence yields have bean taken
from the compilation of Dambynak ot al (1972}, Thers 18 no
algnificant differsncs hotwoen these vailuss amnd cha aost
recent omes (Nrauss 137%) for the alements of thism werk,

Figurw 1 ahows two spuctrs of the Lungstesn R x-rayw.
The lowey wpectrul Wik obtained at the Lowest incident enacgy
{650 ke¥ proton baam] and che other, with & much battar
atatiatics, corresponds tn 1,73 MaV Lncidant snergy.



3. OATR AMALYSIS AND RESULTS

Wwen thick tarqats are employed the nusbar of obserwd

E-Tays La given by
eaud
n - 3 I e msolcnud(“ ds i
L L] .

where Ot ts che product of the acceptance sclid angle and the
afficiency of detection, n 13 the atomic density in tha carget
and P ie nmber of ircident protons. The angles © and ¢ are
Zormed, pespactively, by tha baam directian and by the line
af gight from the beam spot to the dotrector wikth feaspact to
the norsal of the target surface at the point of baas lmphct.
The impact digxection defires the z-auis and & 48 the chickness
of the karget. In the present sxparimant @ = § = 4%, Here
u.tll im the E-TaY PIOGUCLION Cross Sectlon &t tha paint of
coordinate 1 where the energy is ho more the incident snergy
K, but .

Bia) = ¥, -j S(R) as it}
L]

whars S(R) = [dE/A3] 12 the absoiute walua of target stopping
power for projectilas of anargy Eir). Tha adbsorption coef-
ficiant of tha target for Llts own m raye Is u.

oDwfining !'(l‘l as the m-ray yield registarsd by
the detector per incldent proton and v = Oc/49 wa the overall
detection efficiency, 1t Follows {Gray 1980) that tha m-ray
production crote Mction when all the incldant parcicles are

stopped in tha target (t = wi can by wriktten as
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Once T (K, is neagured, and since B(E) and « «m
wall known quantities, tha problam is the precied calculasticn
of the slaps of !' with regard to B,. Our yleld curves waro

fittad with tha following typs of fuaction

1,10 - a8 (1ebxP)anp oo~} H) u:

Figura 2 shows the quality of the fit for the throe
differant ticgety and gives the four sdjustable parameters
a, b, 4 and P, The voot-msan-square deviations of tha flii:ied
ylelds from tha asparimantal values are IV for Au, I8 for W
avd 5t for Y, Tha contribution of the sscond tarm of equacicn
(3) 1n alugyn lass than 1% of that of tha first term Of
courss this fiteing procedurs is an Lmportant suuvrce f arror
but it im vary comfortable to reprassnt Y, (T) by a funccion
which tcan be differsntiated analytically.

Tha scopping powars saployed Lin the caleulation of
9, whora takan from the anslytical fittings of Andersen and
Sisgler (1977) and MoRtonegro et al. {1997). Tha two sets
differ by less than 1t 'n the reglon of intaresk. 'Tha
absorpeion coafficients vere those of Viegale (1%73).

The thickness of vha gold tagget could not ba
considerwd 1nfinite but it was not thin smough 80 thet tha
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csoal mimple corrections oould be applled. Rutherford
soattering was used for abenluts normalization parposes.
Calling 6, the saargy of the [IOtoR Aftax traveraing the
VATQEt Wi CAR write, neglectiog from Uhe tmgioning the seif
absorption of the =-IAyS,

% o tm)
Q4 l b ]
- 22 pn 2 ax t5a)
L R, sIE)
and
- [" (oK) ra8t) o
» " p'p

wiware 0’!’ 1s thy cwvorall detaction afficiency for the
scattared protons {in QUr saaryy range L i), lp ia the
mmber of chearved motons and de..'dﬂ is tha differantial
Rutharford scatearing cross sectios,

From eguation (%) ik follows that

LM M) e m) e

Yo 4E, (X))  B(E,) 4aE,

o [o,08,) -0 _(e,)]/8x,) %)

Then

a_ (B, 0

9,80 - o )~ X —B 1 gm,) = gx, .t/
1)

m



.11

Of courss for & taryet whare the incidant proton
Lopas alli Lts snergy

3, () = giB, )/

La aquesnant with equation (1) 1f the ssif-ghsarptian of
e X-raéva L8 mot conaidered.

S5ipca the function g CAN be conmkructed polat By
point from the fltved yiald curvs and the stopping powes

curvm, it 18 posalble w oaledlate

B . c‘l!-l = {LAynd I.Z'.I. 9, I8

whars g, = giE, 1, g, = giR,) and so forth.
A £ < E, wm have n_{E} << g (F,) aud the
AUmmArIOh can & truncatad AYEer & relativeiy wmall numberc

gf mtepw. Than
[ ]

s 08 1 - {1/ynl :.El 9 %)

On the cther hand

da ¢ 4=
- 2 (10)
Yo = Wp/F = A8 gy 'l‘ i L’ B

I pumultansous detarminations of L and \‘9 allowy

Ul b wWELYe
- E,

L
-1 a%
o &) = {0/ (X {2 1/2Y) i [ ” — {11}
N p/ pt ﬂ! E lz,_ vy 2, RED
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From ctha definition

3
t/coed = I ' ax/nigr , (12)
3

T, is wasily obrained in kerms of ¥, and k. since a linear
approximation for 3-1 iE) 1s Quite satiafactory. Tha intagral
appearing In equation (11) can be evaluatad within chae same
approxisation.

T™ha resulting R-shall ionisation cross eections
ard prassnted in table T and in fiqure 3 whers RoAfured
values [rom other warka are sleo shown (Anholt 1978a, Ramiya
at &l. I%77, Goclowekl et al, 1%93). Whenaver there are
othar jublished results the agreemsnt is usually within
axparimencal uncezraintiaw.

Sourced of esiperimantd]l uncertsinties are cabulated
in vable II. The umcartaintlies in the ratios of nmaarhy
crous settiane are typically i/3 of those of the absclute

crons sactiona.

4. DISCLUSIION AND CONCTOSIORY

™ solid curve presemtsd in Figurs ) are standard
VHBA Caloulatichs (Rice et sl. 1977) with chwe following
LLETEItLoR L 1) U effechis of increased binding of the
E-shwll elactron are introduced through reduced varisbles
ir the FMUBA atcording to the PSS theory (Rramit st al.l1944,
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Bashas at al. 1973, Basbas ot al. 1978), 11} tha relativistic
atfackty Which batoms 1mpyreant for qu—lz targute sxu
incorpars=ed followlng the prascriptions of Rrandt and
Lapicki (1979}, (Lt} the affacts of the deflection and
decolaration of bambarding particls in the fisld of tha
tarqat nuclsus is described by the analytical axpresssion
darived by Montansgro and de Plnhn (19B2) which ceproduces
tha numerical calculations of Wocbach (1976) for prorons
ineidant on gold. Thie tripla choica dasarves sone CONWENES.
Tha :daprad binding correction im by far the most populat
one, It is caleglatsd following a parturbative pro-edurs
with hydrogenlc non-relativietic wavefuncticns, The cela-

tivisEie corpsgtion sesss in ¢ bla agr with

rocent caleculations (Mukoyams and Sarkadi 1981) qsing
hydrogunic Pirar wavefunctions. Other available relatlvistic
corroctions presented as suli.plicative Eactors (Anholt
1976b amd rafarsnces therain) give remults that agres within
20% with the reaylta of Drendt snd LApich in *hs snexgy
range considersd in this work. Much larger differencas can
ba cosarved bwtwean ths stopted Coulmmb fackor and othars
that can be found in tha literaturs, Thase diffectences cin
ba ar large aw an order of magnitude in very adiabatic
collivions {sew Paul 1782 and Mocbach et al. 1940]1. Rleo
lmpereant -1y the order in which thess coxyesctions are in-
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troduced. Piratly the bisding smargy was correctsd. Then
relatliviatic «ad Coulamb deClection slfects wers calculatad
with e endlfied binding asargy but the sffective walocity
rosulting fron the relatiwistic correction dowas not appear
La the Coulomb factoy.

kpwever, wany Lleportant sspecta of the ionisation
by low-welocicy Lona ware oot consldered. For instince,
dipole and racoil affects vers ignored. The importance of
the dipnle amplituds iacluding recell for low projectile
amrgien wan discursed by sany suthors {Eacbach et al. 1380,
Gundarscn of al. 982 and Rinel et al, 1982). It was Ehown
ihat Ln pome cases & strong concoliastion effect of the
dipole tamm dus to the recoll can nocul . Morecwar, since
the affect i more prosounced for ssall projsctiie impact
paramatars 1t i3 nor sapectad thet the tOLAY CIDAS ERCLLONS
would by sigolFicancly sodified.

The waverunrcions of the sleoktrcn is the Lnitial
Abd final states ssployed ila the standard PWBA calculations
are bpdrogesic woy relativistlic or relativistic waveluhctions.
The uwiw Of wore rralistic relativiscic Marues-Fock-Slmmr
mavefuncrions could lrprows the resalts but doas not seam
responsible for major modifications with respach to
miaddvistic hplsoyenle fusctions with an sffective charge
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For heavy stoms (Troutman and hise)l 1360).

In sddition, thare ace offmcts concerning tha
anergy losm of slow projectiles during the inslastic
tonteation procass, On the one band, ctha limits nof dnte-
gvation umially adopted in the pwbh calculationa are not
thw exacc physical limits of intagration given bty thé snecqgy
and momantum conkervatlon lava, Benka and Xropf (1974}
polnted aut the ileportance of considering the mxact limits
at low projoctile snurgise. The simulation of this affect
through multiplicative correction factors or through
sffective valuey of khe variables wan discussed hv Brandt
ant Laptcki {(19%81) and by Montensgro et al. (1981},
respoctivealy. ™o the othar hand, the Coulamh-coflackinn
factor involven the variablex d, which is the half-distance
uf closest approach in a hesd-on collision, aml Gy the
minimum mowsntus transfac for iontsation in units of N, A,
polnted out by Bang And Manatesn (195%) Doth varlables
miat ba suitably sndified to taka Into sccount the anergy
loss of the projactile. Thesa authors propossd the same
preascriptian unually applied o nuglear Coulomb excitaticon,
nambly, tha sympatrifacion of the variakhles.

Sven tha strict applicability of the PWEx ox A
dencriptiona in the region of sxtrems sdishaticity cnuld be
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« matter of discussion,

Thea the vary impresaive agreepant batweon eparissncal
and the PWEsARC curves presanted in Plgure ) say be partially
fortuitous.

In this work the maln effort was to ~easure lonlsation
cross sections for hweavy atoms At incidant erargicl where the
wlectron binding emérgy cepresents as wuch as 1oy of 8‘. of
coures, it % Mo lofger reasonable o disregard, among other
effects, the so-Called aper 'v-loas affects. Thoas ellocts
becone more tracaparent whon we compare figuces 4 and 5. In
Tiguse & our exparimental points are plotted against the
convantional argument *dq 7. The absctista 18 the expesrimuntal
croas sectlors divided by tha calculated PWBABR {or PSSK)
Croaax sectiong a8 dewncribed befars. Hera ©  ia the binding
correction facroxr (Basbas et al. 1978). The vatio ae“pfﬂl,ssn
Jvves the emplcica’ Coulonb-deflection factor which 1w
compaze! with the correction factors proposed by Rashas st
al L9731} and by Montersgro and de Pinhc (1981) . Alss shown
are the resylts of the aumerical inteoration of Xocbach
{1976} "or protona on gold. The approMimation suggested by
Anholt (1978b) is motr showm since it was Cohstructed to Pit
the nurerical factor of Eochach, As eaxpacted from figure 3,
the agreesent vith the Rocbach's and Montenegro and the

Pinho's calculations for grotoas on guid is Quits sacisfactory.
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In figure 3 tha sxact limite of intsgration ware taken inca
account Ln the caloglation of the cross sectiony and tha
factor 49, was sodified following the recips of Brandt

and Lapicki (1981} in order to take LNty account the
projeciilo wnergy loss (n tha (nelastic collimion. The
cunglderation of ehe (nelascio aspect of the collisions
introduces a conkiderable dispersicn among the pointa.
Qbrviounly scwmthing pors is imlisponsable ko pecovepr tho
prévious good agressant. The intemmal consistency af all
publ Lehod ewperipgntal Sata, even with measuTssoents perfermed
and analyzed in very different ways, points.to the nend of
4 more complets aml Gongastent thraretical description of

the whole situatlion,
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CAPTIONS TO TABLES
Tabla I - Measursd X-shell ilonisation ccons mection in barns.
Wusbers in parenthases indicata powers of 10. See

cable II for & discuasion on the arXpsrimantal errexs.

Table II - Experimontal uncertaintias.



W hu
uy = 0.957 -y = 0.964 uy = 0.976
E av) ol £, wa¥)  olib) v, (wav) ol
1 ) 3 1 .4 + K
1,75 T.68(-2) 3.50 2.80(-1) 2.7 3.650(-3)
.56 5.%3(-2) .00 L.15(-2) 250 2.28(-3)
1,25 A 46(-2) 2.50 9.580-M 2,25 1.320-3)
3.93 2.33(-2) 2.25 6. .54{-3; .00 6. 96(-11
2.75  2.35¢-2) 2.20 4.10(-% 1.80 1.89(-4)
2.50 1.61(-2) 1.7 2.29(=3) 1.50  1.98(-43
2.25  l.07¢- 1.50 1.09{-7) 1.40 8. PO{-5)
*.00 §.B6{-3) 1.2% 4.00{-4) i.Xo 5.437-5%}
.75 3,97-3 L.00  9,27{-%) 1.20 3.20¢-%)
1.50  2.107+3) 0.90  4.04(-%) 1.10  1.7L(-5)
1.25  9.39(-4) 0.82  1.82{-%)
1.59 2.931-4) % 1 3.101-6)
0.90  L.50(-4} 6.71 4.48(-6)
0.80  6.38({~5)
0.72 2.62(-%)
B.65  ¥.42(~6)
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CAFITINS TO FIGINES

Yigure 1

Pigqurm 2

rigure 3

Plgure 4

Figure 3

X-ray apactra of W reaplting from proton boshardment.
The upper apectrea waa obtained at 2.75 MeV protnn
energy and the other with the lowast incident anergy
basm {650 kaV) ws have ambloped.

The fittingm af tha sr-ray yield curwws by functiona
of the typm ax? lltbsnlerp{-“'uzl. ™a four
adjuostable ;arsmetars sre given iLn tha insert.

T—atell jonisation croas seciions {in DArns} versus
enargy (lo MaV). Ses the szt for an cxplanation
of tha solid corves. Symbols key: solid circles,
this work; W-eguaTes, GOClowmkl et al 1%83; Au and
0 ~ opaa clrclas, Mamlys wt al 1977 and briangles,
Anholt }978a.

The ahacisss is the Coulowh deflection factor. The
points are our experismntsl oesults dividsd by
LI The Cuxvas correipund to diffarent calculabed
factora. Kochach's and Montesasgro and the Plnho'a
Pactors were calculated for protons on guld,

The sime an figure 4 taking into aceount Fha
irmlastic aspact of tha collislon in a,..p and in
tha &]‘ variable, The variable 3 is tha sxdifiled
!dq,ot followim: the prescription of Brasd and
Lapicki (1981). Nymbolm and curves are the Gdme
ap in figur=e 4.



COUNTS

1500} ﬂ
1000} "NL
{l I
" k
500[- |1!| -t
sl h
A [
(o ey Py e A ki A Ha ... b
150
100
soF
o -
600 700 aco 900
CHANNEL

Figure 1



t maniha

g

T H L T _

MJIJJV rer

10k
—_ -2
e 10
5 v
x
b 10

.5

“O._n

L, 1 . T B ., e
20 30 ao* 1020 30 46" 10 10 20 30 40
ENERGY(MeV)




13}

z eandyy

ue-
oL

L 14

iELC

zi0

feat

L 13

[Qac o

(113

et

1.1 4

$10

119 91

[

<]

q

-2 (3As1)3e="0

N = ™M «~

((,3G+1),3 1 XA)u|



| 3]

o]

o1

0¢

¢ sartyy

COULOMB FACTOR

— —

Q, o,

M —

T 1 ! '
i} 2 i £
c>E

bpa
of
of
o
ja f
!
8 /
-3
D
o !
g [
‘I
s
o :
/
D .!
- B !
_J
o /
° !
. {




y 2xnlyny

COULOMB FACTOR

[}

10

10

~~ ~ Basbus et 81{(1973,1978)
—— Montenegro and dePinho(1982)
...... Kocbach{1976)

& W
o Au
o U

10
MTdq.T

ny b



