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Some advantages of using matrix methods in op t ica l model a re pointed out in connection with eva
luat ion problem-; and microscopic aspec ts . 
1 . Introduction 
Conventional optical r.odel codes generally use numerical in tegrat ion methods to solve the 
Schrodingcr equation describing neutron scat ter ing frors a complex p o t e n t i a l . In principle any po
t e n t i a l shape can be dealt with. Kovever, from a prac t ica l viewpoint, such methods are not very 
su i tab le for t r ea t ing d i r ec t ly non local po ten t i a l s because i te ra t ic r . procedures involving tabu
l a t i ons of approximate wave functions have t o be used to solve in tegro-d i f fe rent ia l equations - . 
HDreovcr almost e l l the calcula t ion i s utut.?ly performed again when any parameter or the neutron 
energy change. In view of evaluation purposes, coherent and accurate enough calculations of va
r ious neutron cross-sect ions for a given ta rge t over a wide energy range generally involve a 
specif ic optimization of optical parameters 2 ) , given to s t a r t e i ther some standard or adapted 
t o neighbouring nuclei pa r aae t r i s a t i on . Thus computer tiir.e problems a r i s e . I t nay also be des i 
rable t o t r y and lirait the number of free parameters or" understand physical aspects by using po
t e n t i a l s , generally non l o c a l , suggested by microscopic models of nuclear s t ruc ture . In t h i s 
study we point out some advantages brought by matrix methods, instead of numerical one ' s , for 
t r e a t i n g generalized spherical neutron opt ical po t en t i a l s . 

2 . Summary of the formalism 
In the frame of the so-called "calculable R-matrix" method *', va r ia t iona l forms of wave func
t ions and phase-shif ts can be obtained *' t ha t involve the inversion, a t a c . of m. energy E, of 
the A matrix whose e lesents are : A , , e •: <a\7+ V • £ -E Jc> (1) 
T, U and qu are , respect ively , the c. of m. kinet ic energy, the nuclear p o t e n t i a l , and the bound
ary condition operator cf Bloch 5,3) making the matrix 1' + £ symmetric and here chosen as 

. £ ( * ) « Z . l « ) - ^ r S(z.fK)±n <c<| 

(m « reduced mar,s). In ( 1 ) , space-coordinate integrations are t o b>.» performed within a sphere cf 
radius RsRMAX. In t h i s internal region, the "a" Projected radia l wave fvnctior.s iff, can be 
connected t o tr .eir usual asymptotic forms f l / * - ' P#l » that define the corresponding S-r.atri/. 
elements, as i t follows : , 

where * , ( * j 0 * ~ $ < * * • * * • 4>. <*> (3) 
" 2 M * * 

In (3) >P{ i s the one-column matrix consis t ing of the N t NMAX independent radia l basis functions 
fa( (n=l ,2 , - - ,N) chosen to ca lcu la te the A matrix ( l ) . The only quantity 5 „ t e«j.(li£,lnecessary 
t o obtain any required observable at energy E i s deduced from (2) when wri t ten at the matching 
radius R, that i s , l e t t i n g K_,s W_,(K ; «) ; , , „ ,,„ 

P rac t i ca l const ra ints of such a matrix method consist of : „ 
i / carrying out easy procedures t o ca lcula te the matrix elements (1)', especia l ly for every tern 
of U. As in matrix Hartree-Fock methods, the basis s ta tes are chosen to be the spherical harmo-
nic o s c i l l a t o r functions Q, ( , } ^ J « f ( - / » r V * ) . L £ * C/»r«; 
because of t h e i r remarkable p r o p e r t i e s . 
i i / obtaining quick enough convergence of t h e quant i t i es of i n t e r e s t as a function of successive 
values of the order NMAX of the A matrix. 
3 . SPEC applications 

3 . 1 . Concerning the calculat ion of the matrix elements of T, «t , E or any local potential U(r) 
in ( 1 ) , recurrence formulas for Laguerre polynomials are useful . For example <n„< |V(t) \m

ftt> 
can be eas i ly deduced from the only quan t i t i es of the form <*,o\V(x) !rj,#>. 
3.2. Matrix method lends i t s e l f t o the trea^oent cf non local folding po ten t i a l s derived from 
the following local form 2 ' consis t ing of the usual real (R), surface derivat ive absorption (D) 
and spin-orbit (So) terms : . 

vw--vA^*w^ *iivttif*StWtj (5) 
Here, the different functions 1?;(x) a re of the folding form : 



n a normalized gnussinn function *£(*/•»» exp(-x//«v nnd the nonlocal isntion procedure of 
ey et a l . 1' (ire used, the method described in rel*. ' leads to pructical expressions for the 
rix eleinents of the different terms in ( 5 ) . For example we obtain the following factorized 
m of the real tern : » •»»»(•< « 

<*l^(^)^(M)l<> »"j£ (<-/">%) 0* w*)'. {(«,»..\.0• PR(M) (7) 
where A i s the nonlocality range,Hi h,-* \ * C - \ , f a geometrical factor, and : 

P R (MI . L i-if* "« •») w 
R i.i r(fc).r(M*i-t) * r * r(fc).r(M^ 

(8) 

For each tern in (5) the "density" functions f and the "difluseness" parameters ft are only in a 
limited number of these W^ coeff ic ients . When f i s constant inside a sphere of radius ffjrt^A** 
( i r R , D , S o ) and zero outside, a l l the dependence on Ri i s included in the WT̂  whose very 
simple expressions are given in ref. ° ' . Fig. 1 i l lustrates what sort of convergence can be ex
pected from the use of such a rea l i s t ic folding potential as a function o f ^ and Rï-tAX. Calcula
ted quantit ies , associated to the low energy n-"Hb interaction are : s and p-wave strength func
t ions ( S 0 , S i ) , e las t i c scattering'radius (R') , e las t ic scattering ( Oei ) reaction ( OR) and to ta l 
(a<y) cross sections at 10 keV and 1 MeV. Convergence i s obtained at S " 8 for R • 10 fm and 

' j «= 0.123 feT 2 . For the same I or S • 0.175 fm"* and R • 11 fm, calculations performed for 2 0 8 P b 
have shown that N = 9 i s suff ic ient . 

3 .3 . In the frame of systematic search for optimised parameters, partial matrices in (1) can be 
calculated once for a l l and then reused when multiplicative parameters (E.Vp.Wp.VçQ) are changed. 
In particular the rensit. Ivity to such para.T.?ters ft-of ar.y calculated quantity can be easi ly ob
tained, in a single coaputcr run, by means of the corresponding derivative of HM . Following (3) : 

éBjf « . *!* d> (ft). A^. ±h . A-1.4> (R) (10) 

In order t o deduce sens i t iv i t i e s t o A or to geometry optical parameters, (1C) can be used too 
with -S-1- matrices tjiven by (7) where proper derivatives are taken. In the case of a square densi
ty function p, the derivatives of theWï^vith respect to ft or Rj have very simple expressions. As 
i l lus trat ive resul ts , a number of so calculated sens i t iv i t i e s are shown in Table 1 for various 
physical quantities associated to the interaction n-93ub i n the energy range 10 keV « E n < 1 MeV. 
A local but energy dependent folding potential has been employed with the following parameters 
(energies in KeV, lengths in fm) : 

VR - 5fc.51 - 0.3 E n , PR - 1.882 , r R - 1.21 
Vn » 2.118 • 0,3 E n , MD • 1.76 , rn » 1.26 
V s o • 6.73 , PSO " l'M f r S0 " I - 1 2 

In f ig .2 the corresponding total cross-section i s compared to experimental data ' ) , Given sensi
t i v i t i e s , f i t t ing limitations or improvements can be easi ly inferred. The f i t of low energy data 
i s very close to that obtained by Ch. Lagrange from a Saxon-Woods potential *K.fig.3 shows how 
satisfactory can be the prediction of e last ic scattering angular distributions "' as compared to 
experimental data at 8.05 MeV ° ' . 
3.1». Other general types of potentials , suggested by microscopic models of nuclear structure, can 
be conveniently treated by matrix methods. For example, explicit and simple forms for the differ
ent local and non local terms of a Hartree-Fock potential can be given **> in terms of the para
meters of an effective density-dependent tvo-body force and of density matrices. Such microscopic 
f ie lds can be eas i ly tested as the main real part of an optical potential by using matrix methods. 

a 
We have found i t very practical to construct their matrix elements in (1) by choosing as S value 

"wpb and 0.21U (cf f i g . l ) for 
'Nb. In the already studied cases , convergence i s obtained for UMAX • 9. 

Another example consists of the non local optical potential calculated in the intermediate struc
ture model with weak particle-vibration coupling as detailed for example in ref .11) . We have 
found that matrix methods are well suited for handling such a type of potential . In particular, 
i t s construction is faci l i tated by the representation (2) of wave functions and by practical pro
cedures to determine the required continuum resonances. 
fc. In conclusion i t appears that much work remains to be done to explore the possible advantages 
of matrix methods. However the various aspects briefly described above show that such techniques 
may be of practical interest in applications of the optical model and especially in connection 
with microscopic theories. 
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SoxlO1* SiXlO1* R* o T (0.Ol) O T ( 0 . 2 ) o T ( l ) 

O.36+O.O6 5.16+0.2U 
(a) (b) , (b) (b) 

exp.val. O.36+O.O6 5.16+0.2U 7.10.2 7800 91» 30 6500 
ca lc .va l . 0.39 5.01 6.82 8377 906 It 61(83 
d/dE -0.29 9.09 -I». 7U -U8201 2073 -3005 
d/dVR -0.019 1.61*5 -0.159 -66.61 992.7 599 7 
d/dRR -0.328 30.6 -2 .2 532 21127 12367 
d/dpR 0.222 3.635 0.67 2721» 1»107 1673 
d/dWD 0.175 1.097 -O.O28 881.2 167 -136.I 
d/dRD 0.008 1.765 0.016 370 lt7>».7 19.63 
d/dpp 0.21k 2.3l»7 o.ooU 1320 67»».9 33.26 

TABLE 1 

Sens i t iv i t i es of the interaction n- (energies in KeV, lengths in fm) 
(a) BNL-325, vol .1 (1973) - (b) BHL-325, suppl. n° 2 , vol.IIB (1966) 
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Fig. l : Convergence properties of calculated 
quantities for n-93Nb interaction. 
yjg.g i Adjustment theory-experir.ent •' for 
neutron tota l cross-section of '%b. 
Tin,3 '• Comparison theory-experiir.ent "' for 
neutron e last ic scattering from 93jjt> at 
8.05 KeV. 
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