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..’Tand cp'i.ical moé.el analyses of‘ the elastic sca‘b‘tering of strongly a’bsorbedj‘
"-:)particles, such as heavy dons, Tl:en, we win poin‘b out som a&vantages in
using the phase shift analyses. We include here- a.'u. amlyses 1n w‘hich the'
-”par(.ial—wave (compley) phase shifts are explici‘b parameters in the calcu]ation
and_ az'e not ad,justed through an 1nterme6.iaxy optical potential
| .The diff‘ercntial cross-section for elastic scaﬁtering -18.

& a(e) - if(@)l2

.where ‘ff (e) is the (poin't charge) Cc%lomb scattering ampntude,
® arg‘r(l+z+i'q) with 'q = J——%—-‘;-—-
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pon&ence by writing ‘A z(r) C’lassicalm for particle"s-penetratlﬁg
oY ébsorbing nucleus (in the Z direction) '

»determined from the ha.lf~value radius ’ Ra z ‘of A (r) i w:lll 'be ealled an

.;'which the deteruﬁ.nation vas mde. The cm'eSponding radius parameter,

13 de:f'ined ‘by R = r (A1 / 3 + Aal/a) One shouia note (Eq (7)) that

strong absorption will result in an abeorption radiu.s » Ré‘, :subetantially

Jarger *bhan R, the nuclear density radius s with a corres;:onﬂingly smller

= ,. absorption surface-thiclmass s . 'I"uis 19 mustrated 1n Figure 1 where a

typical cptical potential radial :mnction, f(r) ’” 18 compared with em A (r) S




_4"subsﬁant1al ui:f'forenee.; bewean :r" w l b5 F and :z'o m 3. 50 F and
2 {'_t-"betueen t=036F and @ s 0.55 F are es@m,nea._ ‘-7 T

.

We\ shall now emmine the p&rame#;eriza‘bion ef 6

ﬁ v a‘t least in a

‘ """"r_:vl_qual.s.tative manner, Figure 2 shows the mcl:!.a.iq vave mnction f (x-)/kf

“‘-.-x(.for" Vfc .==_ 0) with end 'wmhmi* absorption. . mtimuﬁ abaarption, tuming on

< the g-’eaj_ potential V_ . = = V. regults in the &, > 0 given b?’ 8 :xkﬁa

. opt ' .
",,where d is the distance the wave function has been pu:ued n" o8 in~ -

o dicai:ed 'by the scale change between cases (1) exd (9) Figura 2(b) shcwa |

- “nucleus, resul‘aing ine §

o L absorption at the bcundaryﬁ the wave function vaniabea there Jua'i‘. 88 for’ ’;

: "tbaﬁ strong absorpbion wepidly dampxs the wave :\hmcticm to zem :!.naida the e

7 <0 ag the wave f\mcﬁmn is ei‘fectively

| "pushed ou‘t“vof the interior region. One sees *:.hat in the 13.:111'& of compieﬁe

3-

- the" scatt ering from an infinltely repulsive pc:tc«mt:‘tal Thus, except for

‘ g values which coz*respond to the outermost mgiona of the nuoleax _ |

0 Gensity distribut;wn, &

4 will be negativee x‘or £ values neay .eA the

. sign of &, is determined by the competing effects of potential acattering

v 2
© yersus absorption. As e mr*mer demonstm‘tion of these considera’cions,

C Fig‘ 3 () cmeg the 53 \of By (3) ’ dewrzmuaa :f‘mm analyais of 1:—8—Mev

. o+ Pb scattering data, with these derived f‘rom an optical model analysis ?

v'“»-'ﬁoi‘ the same data. Through the region ‘where A goes f‘rcm O. 9 to 0. l

2

S 'A ,-(mdicated by k. uAgA) . the two ourves are well ma‘bched. A‘h lower valwas

T :.'f’loiji;‘j , coxvreepan&ina o tra dec‘bories penetz‘a‘bine; %o smaller x-adii,, the two .

)

-7 curves aiverga repsaly, Hovever, this naked little change in the 3°attem

| ".1amplitude because A ->0 :?.n this mgion. Nevert‘neﬁ!ess, we have taken  '

£

82 ‘of the form |
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-'ﬁ'as haVing at 1east qualitative theoretical justification. Using +this for.m8

of __-._s , @nd the A of Hq. (3), we have compared calcu.‘lations with cJ‘2 T

iqnscattering date, to determine the phase- shift parameters.9 The results are

“4p.;'}shown in Fig. 4 and 5. Even though previoue fits o such data, using the : lﬁ,

iof Eq. (5), were excellent, 5 ve feel: that parameterized phase-shift analyses\gﬁ'ff

':'should be made of scattering data involv1ng deuterons, HeB, a~particles, and f”"

‘if{other strongly absorbed particles, also, nucleon scattering data at higher 5,:,

3T g s e 3 P s ber

'“”oienergies can be included. A theoretically proper form of 52 then becomes S

: ;necessary. ‘ ‘ ' ' ' v R,

(-

The advantages of the phase-shift analysis are the following'c

The ‘calculation. is considerably simpler than that for an- optical modél

"fanalysis, since the numerical solution of Eq. (2) is bypassedo

The form of A, (x) gives a clear picture of the physical absorption

nof the inCident particles. The optical model varies the parameters of

U‘;p = V(R) + 1W(R) to reproduce this physical fact since AZ' depends mainly
;on W but also, on V. This has resulted in some unwarranted comparisons £

between ro and ra. Also, there has been some uncertainty concerning the choice

;of the radial form of the imaginary potential._ With strong absorption, we
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1. As used here ’ absorption encmnpasaes alJ. tmnsitione out o:t‘ the entranee

:"channel. :

 » J Alster, and H E. Conzett, Proceedings of the Seccnd Canference on .'

Reaetions between Complex Nuclei ’ (John Wiley and Srms ) :tnc., New York,

S

E J. Willia.ms, Re'v. Mod. Phys. ;3;, 217 (19‘&5)

L. R. B. Elton, Nucl Phys. _}_2_ 681 (1961)

Alster, Thesie, UCRI. 9650 (1961) unpublished..;_a

, G' IgO, PWS. Rev; _.2’ 1665 (1959)" . ‘ .‘ ,,

i

' dens:.ty) radius » We use L as the value of z :t’or which A‘ = 1/2, .e.,

:k'_'it 1s the absorption radius" in z —space and :Lt appea.:x:s as ‘a pa.rameter

“.in the expressions for both A e and. 8

16‘ * Ta181

inelastic contributlon to O elastic scattering data at 16‘."MeV




foptical potential is g ; whereas'

TR _ﬁzhe radial waveflétuﬁc'tigsn,}

': (1) U(r) o (2) U(n) V(r)l_;t:f".f :

'Figuréf5; Curves of
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