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OPTICAL MODEL ANALYSIS FOR 30 MEV POLARIZED PROTONS ELASTIC SCATTERING 

Dlnh-Lien PHAM and R. de SWINIARSKI 
Institut des Sciences Nucléaires (IN2P3 et U.S.fi.G.), BP 257, Centre de Tri, 
38044 Grenoble Cedex, France. 

Summary.-The protons elastic scattering cross sections and analyzing powers 
at 30 MeV have been used to derive optical model parameters for ten elements 
from B to S. A set of average geometrical parameters (r„ = 1.10 fm, 
r,g = 1.0 fm and a, = 0.60 fra) is found to give good fits to the entire 
data, the other geometrical parameters being r̂  =s (1.35 + 0.15) fm, 
a. = (0.75 ±0.10) fm and a,_ = (i 
with fixed geometry are presented. 

1.- Introduction, 

The proton elastic scattering in the energy range of 9 to 22 MeV 
for medium-weight nuclei ( ), and of 40 MevO have been studied extensively 
using the optical model potential. Elastic polarization and differential 
cross section for the scattering of 40 MeV protons from a variety of nuclei 
have been measured and analyzed r)with the optical model from which certain 
conclusions about the trends of the geometrical parameters could he drawn. 
Optical model and coupled channel calculations for the scattering of 18.6 HeV 
polarized protons from medium-weight nuclei have been made(*) and have shown 
that good fits to the elastic polarizations and differential cross sections 
can be obtained with the parameters proposed by itchier at a higher energy( ). 

An earlier analysis of the differential cross sections and 
polarizations for the elastic scattering of 30 MeV protons by C, 1 6 0 , *°Ca, 
^re, Ni, Ni v Co, Cu, Sn and Fb have shown that only qualitative 
fits to the data were cbtainedO. Another analysis has been reported by 
SatcblerO for the elastic scattering of 30 MeV protons from the nuclei 
2 8Si, *°Ca, 5 6Fe, S 8Ni, « V M C o , 6 3- SCu, 1 2 ° Sn and 2 0 8Pb, from which 
some interesting conclusions could be drawn. 



For completeness» the present paper extends the analysis of 
the 30 MeV differential cross sections and polarizations data to elements 
lighter than *°Ca such a, 1°B, 1 1B, 1 2 0 , 1 5 0 , 1 9F, 2 0Ne, 2 1Ne, M M g . 2 8Si 

32 
and - S* This analysis is of particular interest in the sense that it 
concerns a wide range of nuclei in the s-d shell, some of these nuclei 
having quadrupole as well as hexadecapole permanent deformation* Moreover 
this analysis is the first to try to derive a systematica of geometrical 
parameters for such light nuclei for which few analysis was made before* 

2. * Optical Model Analysis* 

The optical model.potential between the incident proton and 
the target nucleus used in this analysis is local and has the usual form : 

U(r) = -V„ (ex + I)" 1 - i(Wy - 4tfD d/dx') (ex' + 1)" 1 + Cfc/m.c)2 V ^ o • 

tr' 1 (d/dr) <e X s + 1) - 1 

x « (r - r0 A 1 / 3)/a 0 

-x'« (r - r t A 1 / 3 ) / 8 l 

X B = ( r - rLS A l / 3 ) / a L S 

to which is added the Coulomb potential from a uniformly charged sphere 
1/3 of radius R Q = r Q A with r c = 1.10 fm. V 0, W y, W n and V ^ are the real, 

imaginary volume, imaginary surface derivative and spin-orbit potential 
x -1 depths respectively. The function f(x) - (e + 1) is the Saxon-Woods form 

factor* The optical model parameters were determined from an analysis of the 
elastic cross section and analyzing power together* The optimum parameters 
were determined by use of an automatic search routine code MAGALX( ) which 
minimizes the quantity X 2 which is the sum of X? and Xp "P 



4 "£ l [ *k(,I> - W V ] / A W i » 2 

where a* K f t ^i^ i s the-measured, and o ^ 
cross' section at angle Q., while Ao e x Is the error associated with o e„_ $ 
P (6.) Is the measured, and ̂ ^(0^) the calculated polarization at angle 
6 4 > while AP is the error associated with P e x_-

Errors on the cross sections were in most cases uniformly set 
at ±5%, the errors on the polarisation were statistical. In the search, 
the geometrical parameters were allowed to vary fay 0.01 fro steps, and the 
potentials by 0.5 MeV steps. The search was performed simultaneously either 
on all the potentials and the radii or on the potentials and the diffusencsses, 
avoiding the well-known ambiguities like V 0r 0 = constant or W n

a
T = constant. 

To treat, for instance, the couple of( parameters (W-., a_), we gridded on 
the value of a. allowing the search code to readjust W n and the other para
meters for the minimum of x a t each value of a.. 

Best fits to the data were obtained using only surface absorption 
for all these studied nuclei, although acceptable fits could also be obtained 
using both volume and surface absorption. The imaginary part of the spin-
orbit potential was always set to zero, since its value turns out to be very 
small in all cases we have encountered. 

3« - Results and Discussion. 

Elastic polarization and differential cross section dataC * 7 
were analyzed for the nuclei 1 0B, 1 1B, l 2C, 1 6 0 , 1 9F, 2 0Ne, 2 1Ne, 2 &Mg, 2hi 

These data were taken at an energy of 30.3 MeV and only measured 
differential crass sections were available for the nuclei F, Ne, He and 
24 12 
Mg. As for th-» nucleus C, the analyzing power data were taken at an 

energy of 24 MeV. 
First, each target was analyzed independently with the eight-

parameter potential, the geometrical parameter r a being fixed to the Satchler 
value of 1*10 fm( ), and a best simultaneous fit was obtained to the diffe
rential cross section and analyzing power data. In Table I we list the values 



of the best-fit parameters» total reaction cross sections, and the values 

of xj » Xp and X2/K where N is the total number of angles at which cross . 

sections and analyzing powers were measured. 

Once the data for each target had been analyzed in this fashion, 

the two geometrical parameters r.. and a. for the best fits shown in Table I 

were averaged and fixed at the following values : 

rvs ~ 1 ,° *" 

a_ = 0.60 fm 

The average value for a_ is very close to the one obtained 
5 x 

by Satchler, a. = 0*58 fm ( )• With these three fixed geometrical parameters 
: 0.60 fm, we were 

I» V L S
 a n d aLS' T h 

choice for r 0 and a. to be kept fixed is imposed by the well-known ambiguities 

such as (V0, r 0) and (W-, a_). All the data, differential cross sections 

as well as analyzing powers for ten targets, were then fitted with the fixed ' 

geometry parameters listed above, and the values of V a, a 0, W_f r_» V-_ and 

au. determined in this way are given in Table II. In Fig. 1, Fig. 2 and Fig.3, 

we show the good agreement between these fixed-geometry calculations and 

the experimental results. It can be seen that, the quality of the fits with 

this fixed geometry appears to be as good as that of the best fits to each 

individual target. 

Finally, the three geometrical parameters a A, r. and a,- for 

the good fits shown in Table II were averaged and fixed at the following 

values Ï 

a 0 - 0.75 fm 

r 2 = 1.35 fm 

•W» 0.55 fm 

which are very close to those obtained by Satchler ( ). 



The average value for a 0 has been obtained in leaving out B and B. With 

these six fixed geometrical parameters r 0 = 1.10 fin, a 0 = 0.75 fm, r^ - 1.35 fm 

a =0.60 fm, r.- = 1,0 fm and a ^ = 0.55 fm, we were thus left finally with 

three adjustable parameters, v o, Up and V.„. All the data were then fitted 

with these last fixed geometry parameters and the values of V»> W_ and V,g 

determined in this way together with the value of X /N are presented in 

Table III. It can be seen that the quality of the fits with this last fixed 

geometry appears to be much poorer than that of the best fits to each lndi-
2 

vidua 1 target* The last fixed-geometry fits have values of x, which are 

1.4 to 14 times greater than those for the eight-parameter fits. 

We conclude therefore that the following fixed parameters 

r Q = 1.10 fm» r_. = 1,0 fm and a = 0.60 fm provide a good optical model 

description (Table II) of the proton elastic scattering cross sections and 

analyzing powers at 30 MeV. From Table II, we can see that the geometrical 

parameters follow this inequality 

r,_ is exactly 10% smaller than r 0 while r e is about 20% smaller than r., 

and this inequality is now generally admittedC). As for the diffusenesses, 

in most cases they follow the inequality 

r_, a 0 and a,*
 v a r v around 1.35, 0.75 and 0.55 fni respectively 

(rz = (1.35 i 0.15)fm, a e « (0,75 ± 0.10)fm and a L g = (Û.55 + 0.07)fm), 

these values are very close to those obtained by Satchler ( ) . The dyna

mical parameters Vft, W and V vary around 50, 5.5 and 6 MeV respectively. 

The reaction cross sections given by the optical model calcu

lations are compared with the available measured values for C, 0 and 
2 8Si in Table IV. 



There Is more satisfactory agreement between the measured 
and calculated reaction cross sections listed in Table I or II than those 
listed in Table III. 

4.«Conclusions • 

The following set of average geometrical parameters rtf « 1,10 fm» 
r_„ «1*0 fmand a »0.60 fro has been found to give good fits to the elastic 
differential cross sections and analyzing powers at 30 MeV for ten elements 

10_ 32 from B to S. These fixed geometrical parameters have nearly the same 
values as those obtained by Satch ler.The other geometrical parameters which 
have given good fits to the data vary around the values very close to those 
obtained by Satchler (r_ = (1.35 ± 0»15)fm, a D = (0.75 ± 0.10)fra and 
al«5 = ^0*55 4 0.07)fm ), However, the fits became worse if these last geome
trical parameters were kept fixed to their average value. 

As for the trends of the geometrical parameters, we find consis
tently that the imaginary radius r. is larger than the real radius r Q and 
that the spin-orbit radius r,g is smaller than r 0. 

* Finally, the reaction cross sections calculated from this opti
cal model parameters set are in substantial agreement with the available 
experimental data. 



• TABUS 1 " 

Optical model parameters of 30 MeV elastic cross section and analyzing power data which yielded minimum x 2(r. - 1.10 fm) 

TARGET V. 
(MeV) 

r . a» 
(fm) 

WD 
(MeV) 

• r I 
(fm) 

« I 
(fm) (MeV) 

r LS 
(fm) 

-

(fm) 
°R 

(mb) 
X 2 

2 • 

x 2 /s 
t u B 48.85 1.10 0.56 4.76 f .33 Ô.6Ô 8.37 8.V8 0.53 390 15« 345 ' 7.4 

1 1 B 45.39 1.10 0.61 4.41 1.43 0.55 6.31 0.96 0.42 398 568 1726 38.2 

1 2 C 55.11 1.10 0.62 7.66 1.22 0.50 8.90 1.02 0.48 441 53 157 . 3.5 

1 6 0 46.38 1.10 0.67 3.22 1.29 0.84 4.57 1.10 0.46 522 897 269 17.9 
1 9 F 48.23 1.10 0.75 6.26 U39 0.70 6.54 1.06 0.65 777 333 6.2 
2 0 N e 45.01 1.10 0.75 6.70 1.38 0.63 6.55 1.06 0.60 734 143 5.5 
2 1 He 50.64 1.10 0.67 6.36 1.30 0.65 5.19 1.05 0.63 694 414 7.9 
2 V 49.39 1.10 0.70 5.72 1.36 0.57 5.49 1.08 0.55 665 716 19.8 

2 8 S i 53.18 1.10 0.72 7.33 1.30 0.55 6.52 0.90 • 0.50 740 613 804 26.2 
3 2 s 51.21 1.10 0.79 5.29 1,41 0.63~ 5.45 0.92 0.60 842 190 . 279 8.7 
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TABLB II 
Optical potentials with fixed geometry (rs - 1.10 fm, r „ — 1.0 fin, a •> 0.60 fm) 

TARGET ' v. 
(MeV) (fm) (MeV) 

r I 
<fm) 

Vis 
(MeV) 

«IS 
(fm) 

th 
°R 

(nib) 
X 2 $ X 2 /N 

1 0 B ' 49 .15 0 .56 4 .92 1.29 8 .09 0.52 386 175 335 * 7 .5 

1 1 B 44.73 0.61 3 .97 1.41 6.41 0.45 393 645 1645 38 .2 

1 2 C . 5 3 . 6 6 0 . 6 0 5 .93 1.23 8 .76 0 . 5 0 448 45 244 4 . 9 

1 6 o 46.08 0 .73 3 .37 1.57 4 . 6 0 0 .48 505 1248 76 2 0 . 3 

" F 48.19 0 .79 7 .29 1.43 6 .76 0 .60 759 416 7 .8 

2 0 N e 44.19 0.7b 6 .76 1.40 " 6 .49 0 .60 722 186 7.1 

2 l N e 50 .80 0.67 6.71 1.34 5.33 0 .60 688 397 7.6 • 

2% 49.35 0 . 7 0 5 .45 1.36 5 .26 0 .55 669 778 2 1 . 6 

2 8 8 i 54.48 0.72 7 .40 1.22 '6.96 0.57 745 665 640 24.1 

«s. 51.26 0 .84 5 .28 1 .40 5.06 0.56 808 277 I 334. 

I 
11 .3 

* • * $ * • 



TABLE III 

Optical potentiels with fixed geometry 
(r 0 = 1.10 fmiTj = 1.35 fm, r L g = 1.0 fm, a 0 = 0.75 fm, 

TARGET v. 
(MeV) (MeV) 

VLS 
(MeV) 

th 
° R 
(mb> 

X 2 
2 

X 2 /N 

1 0 B 48.26 4.8B 11.19 422 953 1306 33.2 

1 1 B 50.91 S.9S 10.60 502 1445 3153 76.6 

1 2 C 48.78 4.82 6.42 456 1450 1374 47.8 

1 6 0 47.47 3.36 4.33 410 1568 381 29.9 

1»P 51.54 8.19 5.58 747 736 13.6 
2<W 45. 50 7.25 5.97 711 ' 238 9.1 

2 1 N e 50.42 6.40 5.74 693 1046 20.1 

2 V 48.94 5.63 . 6.50 683 1865 51.8 

2 8 S 1 51.52 5.99 5.96 759 1136 767 35.2 

3 2 s 54.62 6.56 5.75 £42 230 1178 26.0 



Comparison of measured and optical model reaction cross sections 

Nucleus Measured values (tnb) Optical model 
Ï 

values (nib) ( ) 
II. Ill 

,2c 447 ± 20 (a) 441 448 456 

1 60 495 (b) 52? 505 410 

2 8S1 775 ± 37 (c) 740 745 759 

(a) Ref. < 1 7) 

<b> Ref. (1fl) 

< c) At E =(28 ± 1.5)HeV, see ref. < 1 9) 

( ) The numbers refer to the tables giving the corresponding optical model 

parameters. 

• * • — " 
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FIGURE CAPTION 

Fig. 1 - Differential cross sections for the elastic scattering of 30. 3 HeV 
protons. The solid curve corresponds to an optical model fit given 
by the parameters from Table II. 

Fig. 2 - Angular distribution of analyzing power at incident proton energy 
of 30.3 MeV. The solid curve corresponds to an optical model fit 
with parameters given in Table II. 

Fig. 3 - Differential cross sections for the elastic scattering of 30.3 MeV 
protons. The solid curve corresponds to an optical model fit given 
by the parameters from Table II* 

V* 
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