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1. General description of the programme

The computer programme OPTY calculates the predictions of the
Optical Model for the elastic scattering of spinless particles.
Three types of parametrization (see below) are available for the
real and the imaginary parts of the optical model potential (OMP).
For a given option of the OMP the program automatically searches
the optimum values of the potential parameters by minimizing the

x2-value

(1)

Xz(a reedy) = Z
SRR | Ao (6,)

2
(o
exp i

1) 2,3)

according to the GRADIENT and/or the SIMPLEX™ ' methods. At each

angle ei the quantities o (ei), A (ei) and oth(ei) represent

exp %exp

the experimental value, the estimated error and the theoretical value
of the elastic scattering differential cross section, respectively.

The OMP parameters are denoted by Aysenery.

The program allows four main options for the OMP:

4) Woods-Saxon (GWS):

WYR

A. Generalized

v (r) = U*[f(r,rU,aU)] + i*WV*[f(r,rv,av)]WYI -

opt

: a WYI
i (dagWg)*g-[£(r,rg,ag)]" = (WS) #4WYRHL ( (WH*WYI+WSD)
(2)

where -
r-r_sal/3 1

f(r'rX'aX) = [1+exp(———:———')] (3)
X

The program optimizes the values of the parameters according

to the search-configuration (see card-set VI of input data)

5)

B. GWS + Fourier-Bessel (FB) Series™’':
NBE
. ,nmx
= i 4
Vopt (T GWS(r) + nzl[WYSR*Bn+J.-kWYSI*Cn]*jo(Rcut) (4)



Here the parameters of the GWS should be kept fixed. The para
meters WYSR and WYSI can take values 1.0 and 0.0, respectively. The
programme optimizes the FB parameters according to the specified

search-configuration (see card-set VI of input data).

C. GWS + Spline Function:

Here only two options are available

v = Real(GWS) + i Wsp1 (sl,...,sNSPL) (5a)

or:= Vv (s ) + i Imag (GWS) (5b)

sp1'S17° - rSyspr,

The programme optimizes the GWS and the spline parameters Sl""’SNSPL
according to the specified search-configuration (see card-set VI of

input data). The initial spline values sl""’SNSPL can either be

read in or computed in the program (see card-set IV).

D. Spline Function:

v = Vg ) (6)

opt (SyseeesS

) + 1 Wsp1 (SSl,...,SS

NSPU NSPW

pl

The initial spline values Sl""’SNSPU and Ssl""'SSNSPW are read
in. The programme optimizes the spline parameters according the spe-

cified search-configuration (see card-set VI).

6
The spline function is given by ):

NSPL
f(r) = izl (s;9, (x)+D;h, (x))
= r-ry
where ¢i(r) £( _ —r-) for r, < r < r;
i+l i
fF(EEl ) for r. < r fr,
r.,_ .-, i-1 i
i~1
r-rj
_{(r, y=r.)g ( —), for r; srs< r,
hi(r) = i+l i rie17%5 i i+l
_ r-ri <Y <r,
(ri_l ri)g (ri-l—ri)' for r._ 1 = =ry

f(x) = 2x3-3x2+l and g(x) =x3 - 2x2 + X. The

coefficients D, are computed in the programme.



The program is based on the programme GL0B7) and is written in

the FORTRAN-IV language and is available both ir the CDC and IBM

(double precision) versions.
As output the program gives
a., print-outs of:
(i) final values of the optical model parameters

(ii) the scattering matrix S, and the transmission coefficient T,

(iii) partial and total elastic and absorption cross sections

(iv) differential elastic scattering cross sections

b. a combined plot of the theoretical and experimental cross sections



2. Description of the main subroutines

Name called by Function

1. FORMF FCN Calculates the numerical values of
the given potential according to
KAST-option

2. FCN(CHISQ, |MAIN, SIMPLEX,Solves the Schrddinger equation for
X, IFLAG) GRADI each partial wave numerically.

Matches the internal and asymptotic
(Coulomb) wave functions at RMAX.

2
Calculates oth(ei) and x°.

3. COULOM (R, |MAIN Stored the Coulomb phase shifts as
GAMMA, LMAX) well as the values and the derivatives

of the Coulomb (regular and irregular)
function at RMAX

4, SIMPLEX Minimizes xz-value by SIMPLEX method

5. GRADI Minimizes x’-value by GRADIENT method



3.

Input data

The input data consist of 8 card-sets:

I. Card-set (1 card)
Variable names :
Format
Variable meaning:

TITLE:
TYPE :
Options:

TYPE =

II. Card-set (1 card)

Variable names :

Format :

Variable meaning:

LLLLLL

IXX :

MDD :

LAB :
Options :

LAB =

TITLE, TYPE

(1x, 51Al, 24x, a4)

title for the calculations

method adopted for minimizing x2

SIMP SIMPLEX method

GRAD : GRADIENT method

Combination of SIMPLEX and
GRADIENT methods

ALSI

LLLLLL, IXX, MDD, LAB, IPI, MIKRO,
MNDRUK, DX, LIT, LCM, NSPL, KAST

(713, 3.0, 213, 42X, 13, I5)

not used, leave blank
not used, leave blank

number of experimental cross sections
oexp(e) (MDD < 170)

choice of coordinate system

0 : e, cexp(e) and Aoexp(e) are in lab. system
1l

: & and oexp(e) and Aoexp(e) are in c.m.-system



IPI
Options:

IPI =

MIKRO :
MNDRUK :

DX

LIT
LCM :

NSPL :

KAST

Options:

KAST =

Choice of presentation of errors

0: percentage error (Acexp(e)/oexp in %)

1: absolute error (Aoexp(e))

number of iterations for GRADIENT method (X 999)
number of iterations for SIMPLEX method (< 999)

preset 1limit for the difference in xz—values of two
successive iterations. The program stops if

2 2 < s .

|X1+1 xil S DX, i = iteration number.
(suggested value *.01 or 0.0)

not used, leave blank

not used, leave blank

number of splines (only if KAST = 3). See option C of
card set IV for details (NSPL £ 17)

choice of optical model potential

1: standard potential GWS with the form

(WS) #¥% WYR + 1 (WS*+WYI+WSD)

WS

Woods-Saxon, WSD = Woods-Saxon-Derivative.
(see option A of card-set 1IV)

2: Potential = GWS + Fourier Bessel (FB) Series
(see option B of card-set 1IV)

3: Potential has the form:

(WS) %% WYR + i (spline Function)

or (Spline Function) + 1 (WS##WYI+WSD)
(see option C of card-set IV)
4: Potential has the form:

= (Spline Function) + i (Spline Function)



IIT.

Iv.

Card-set (1 card)

Variable names

Format

Variable meaning

I=1 :

2

3

10

Card-set:

ATl

21

AT

T

E

RC

RI

Note:

not used,

not used,

not used,

PARAM (I),

(10F8.0)

I=1,10

projectile mass (amu)

projectile charge

target mass (amu)

target charge

Lab. incident energy (MeV)

reduced Coulomb radius

integration step in k*r unit

(e.g. for
RI = 0.4;

58

Ni+a at Ea = 170 MeV,

k = wave number)

k.RMAX = 250,

leave blank
leave blank

leave blank

Four options for potential types are available:

option A for KAST
B for KAST
C for KAST
D for KAST

See "POTENTIAL OPTIONS"

Card-set:

(1 card)

—
=

Variable names:

1

2

3
4

RMAX,

for details.

DL, OMIN, QMAX, QDEL, YMAX,

YMIN, NRZE, LEMON
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Format : (7F10.0, 2I5)

Variable meaning:

<

LEMON = number of partial waves (LEMON = 95)
If LEMON = 0O, the default value
LEMON = integer (RHOMAX #* k) + 2 is taken
RMAX = matching radius (in fermi)
DL = not used, leave blank
For plot routine : QMIN = emin’ minimum 6 for cth(e)/oR(e)
QMAX = emax' maximum € for cth(e)/oR(e)
QDEL = A8 (2 0.2)
YMIN = lowest exponent for plot-decade use only
integrer
YMAX = highest " " " " values

YMAX-YMIN = number of decades in the plot.

NRZE = number of bars per decade (needed to
adjust plot-size)

NRZE < 110/ (YMAX-YMIN)

VI. Card-set: (1 card)

Variable : MIN (I), I=1, 36
Format +  (3611)
Options :
MIN(I) = 1 : ZPAR(I) optimized in search
o : " kept fixed
ZPAR(I) KAST = 1 KAST = 2 KAST = 3
I =1 U U U
2 rU rU ry
3 2y %y 2y
4 WV WV WV
5 ry rv rV
6 Ay ay Ay
7 WS WS WS
8 rS rS rS
9 a a a
S S S
10 WYR WYR WYR
11 WYI WYI WYI



KAST = 1 ZPAR(I), I 2 12 - not used

2 : ZPAR(1l2) not used

(13) - not used
(14) - RrCUT
ZPAR(14+K) = B(K), K=1, NBE
ZPAR(14+NBE+I) = C(I), I = 1, NBE
3 : ZPAR(1l2) - not used
(13) - not used
ZPAR(13+4+K) = S(K), K=1, NSPL
4 : 1ZPAR(I) = S(I), I=1, NSPU
ZPAR(NSPU+K) =S (NSPU+K) , K=1, NSPW

Note: (NSPU+NSPW) < 30

VII. Card-set (1 card)
Variable : XNORM (F1l0.0)

XNORM = overall normalization factor for the experi-
mental data

VIII. Card-set (MDD cards, see card-set II)
Variables : TTT(I), DSIGD(I), ERR(I), I=1, MDD
Format : 3 F10.0

Variable meaning:

TTT(I) = ©;-value at which the i-th experimental cross
section oexp(ei) is given

DSIGD(I) = experimental value of oexp(ei)

ERR(I) = error of o (8.) (see card-set II)

exp i
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POTENTIAL OPTIONS:

Four options are available:

A. (KAST=l) : 5 cards (Al,...,A5), each with the format (3F1l0.0)

potential: GWS=(WS) #*WYR+1i (WS**WYI+WSD)

Card Al: U, rU, aU
A2: W_,
v Yy ay
A3: WS, rS, aS
Ad: WYR, WYI

A5: leave blank

B. (KAST=2) : 8 cards (Bl,...,B8)

Potential has the form:

NBE IT¥m#r
Pot(r)=WS(r)**WYR"'WYSR*[IZl B(I)*3, (Reor )] *

if (ws(r)nwyxmsn(r))+wysn[m§E C(I)*] (.__I*‘"*‘r)]}
121 o ‘RCOT '

Cards Bl,...,B6: Format (6Fl0.0)

Bl: U, Tyr 2y WV' Ty ay
B2: WS’ rg, ag. WYR, WY1, 0.0

B3: contain: 0.0, RCUT, B(l),...,B(NBE),
. ’ c(l),...,C(NBE)

B6
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Card B7: WYSR, WYSI (2F10.0)
Options:
WYSR=1.0,WYSI=0.0 : FB series added only to the real part
0.0, 1.0 : " " " " " imaginary part

1.0, 1.0 : " " " " to both real iand
imaginary parts

0.0, 0.0 : equivalent to option KAST = 1

Card B8: NBE (I3), NBE g 1l

(RAST = 3) : 10 Ccards (Cl,...,Cl0)

Pot(r) = WS(r)##WYR + i [WS(r)##WYI+WSD(r)]+
wysr# [VTaIL (r) T+vsprlr, {s(1) ,xwsp(1)}, 1=1, nspL]]

WYSI#i[WTAIL(r) tiwseL[x, {s(1),xwsp (1)}, I=1,NSPL]]

t+: defined only for r > XWSP (NSPL)

Cards Cl1,...,C8 : Format (6Fl0.0)

Card Cl : U, rU, aU, WV' Tyr ay
Cc2 : WS’ Ty agr WYR, WYI
Cc3

c4 contains : 999., s(l),...,S(NSPL)

C5

Card Cé6

(o) contains : XWSP(l),...,XWSP(NSPL)

c8
Card C9 : RVAT, AVT, RWAT, AWT, XXX, YYY (6F10.0)

Card ClO: WYSR, WYSI (2F10.0)
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Possible options:

U WV WYSR WYSI

a. 0.0 Wy 1. 0. : Real part consists only of
spline function VSPL calculated
from the given values S(I)

b. U WV 1.0 0. : As in a), but VSPL calculated
from the given potential shape
parameters

c. U 0.0 o. l. : As in a) but for the imaginary
part

d. U WV 0. l. : As in b) but for the imaginary
part

Note: For the spline potential, the tail function is defined only

for r 2 XWSP (NSPL)

(KAST = 4) : 1ll1l cards (Dl,...,Dll)

Potential = VSPL[r,{S(I),xwsp(I)},I=1,NSPU] +vTaILt(r)
+i#WSPL[r, {S(I),XWSP(I)}, I=NSPU+l,...,NSPU+NSPW]

+iwwraInt (1)

t+: real, defined only for r Z XWSP(NSPU)

imaginary, " " " r 2 XWSP (NSPW)
Cards Dl1l,...,Dl0: Format (6Fl0.0)

Card D1

° contains S(1),...,S(NSPU+NSPW),...,S(30)
D5
D6

contains XWSP(l),...,MWSP(NSPU+NSPW),...,XWSP(30)

DlO

D1ll: NSPU, NSPW (2I3)
D1l2: RVAT, AVT, RWAT, AWT, XXX, YYY (6Fl0.0)



Variables:

(i) Real part

(ii) Imaginary

a.
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of the potential': (WS) #¥WYR
= depth (MeV)

= reduced radius (£fm)

= diffuseness (£m)

= exponent of the potential form factor

part of the potential: (WS*#WYI+WSD)

Volume absorption

W, = depth (MeV)
ry = reduced radius (£fm)
ay = diffuseness (fm)

Surface absorption

Wy = depth (MeV)

rg = reduced radius (fm)

ag = diffuseness (fm)

WYI = exponent of the potential form factor

(iii) Fourier-Bessel (FB) Series

B(I) :
c(1I) :
NBE :
WYSR :

WYSI :

Notes:

FB-coefficients for the real potential

" " " " imaginary potential
number of Fourier-Bessel components (considered)
multiplicative factor for FB-coeff. (real pot.)

n " " " ( imag . pot. )

1. Typical input values for B(I) and C(I) % 0.001

2. Setting the value of any B(I) or C(I) to zero automa-
tically excludes the corresponding FB-component from

the search.
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(iv) Spline function + Tail function

S(I1) : given value of the spline function
XWSP(I) : radius at which S(I) is given (£fm)
NSPL : number of splines required (KAST=3)
NSPU : " " " " for the real potential

(KAST=4)
NSPW : " " " " for the imag.potential
RVAT : reduced radius for the tail part of the real potential (fm)
AVT : diffuseness oo voonro" " " (fm)
XXX : exponent womroo e " " "
RWAT : reduced radius for the tail part of the imag. pot. (fm)
AWT : diffuseness " " "o "o " " (£fm)

YYY 3 exponent
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