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1. = INTRODUCTTION

In the study of the level structure of & nucleus, the yield of the
elastic scattering of nucleons from nuclei can give some useful informa-
tions. In this way in fact the levels of the compound nucleus appear as
resonances in the elastic scattering excitation function and often also in
the allowed inelastic channels. The main problem in the analysis of this
kind of data consists then in extracting the required spectroscopic infor
mations (like energy, angular momentum, spin, widths of the resonances)

from the experimental data.

This problem can be eagily resolved if the resonances appear as iso-
lated structures in the excitation function; but if the excitation energy
of the compound system increases, the level density becomes so high +that
it becomes necessary to take into account simultaneously a large number
of resonances, some of these having also the same spin and parity. In
some analysis of this kind performed by our group, the code ANSPEC was
used. This code (1) calculates the elastic excitation function for spin-0
or }% particles scattered by spin 0 target nuclei, when a maximum number
of five resonances, having different spin and parity, are present. This
limitation forced us to develop a new code (UFFAXX), written in FORTRAN
langusge for CDC 6000 series computer, based on a very simple multilevel
formula, capable of taking into account simultaneously a maximum number
of 50 resonances, and also able to consider the presence of resonances of

the same spin and parity.

The UFFAXX programme was written starting from the optical model code
SMOG (2); many suggestions for the code were also taken from +the ANSPEC
code., In the following sections we shall describe the scattering formalism
(section 2), the program structure (section 3) and two examples of appli-
cation of the code (section 4). In the Appendix A we shall report the com-
plete listing of UFFAXX.
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able for the programme organisation. The unitarity condition is given by
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2.2 Non-slastic channel analysis

A non-elastic reaction channel can sometimes give the J-value of a
resonance for a given l-wave, and therefore the possibility of calculat-
ing the non-elastic angular distribution was inserted in the programme.

The cross-section for a non-elastic channel is assumed to be simply given

by
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In the formula (11)

i
Tkﬂj is the width of the given non-elastic channel

J is the J-value of +the resonance

I is the spin of the target nucleus

) is the spin of the incident particle

Plsj’ Tk, ER are the elastic and total resonance width and the re-

sonance energy respectively, to be extracted from the fit of

the elastic data (see subsection 2.1)

o are the angular distribution coefficients for the considered
transition sequence (for example, the coefficients given by

Sheldon and Van Patter (3)).
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2.5 Compound elastic scattering calculation

The requirements for a single isolated resonance can seldom be sati
sfied. Thus, the absorved elastic cross section may be regarded as compo-
sed both by a term due to direct processes (represented by the formulasof
section 2.1) and by a term due to processes which proceed through a comp-
ound nucleus formation and decay. Compound nucleus cross sections can be
generally calculated by standard methods (4) and therefore we have consi-
dered only the most simple case, that is the compound elastic scattering.
With the symbols used in refs.(’), the compound nucleus cross-section can

be written
(1 2) do @ — _l -7\'2 ‘l o T P (00519)
aQ 8 ip 15w

where

(13) Ty = \
214 T, (5)
J

If the only energetically allowed (or strongly prominent) channel is the

elastic channel, the term 7; reduces itself to

(12) o= T, ()

- kil +

The code UFFAXX then contains the values @, fora 0 -» j - 0 tran-
sition sequence, and by using in the formulas (12) and (13) the transmis-
sion coefficients calculated from the optical model potential (section

2.1), the value of the compound elastic cross section can be calculated.

3. - PROGRAMME DESCRIPTION

The subroutine description appears apart from +the main programme
UFFAXX,

;'\
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1) UFFAXX: the main programme reads all the data: control cards, ki-
nematical variables, optical model and rescnance parameters. It controls
the whole flow of the programme and prints out the results. The numerical
integration of the Schroedinger equation is performed by using the Cowell
(Fox-Goodwing) method (°).

2) SHAPE (taken from programme SMOG (2)): calculates the total reac-

tion and shape elastic cross sections.

3) STIRL (taken form programme ANSPEC (1)): calculates BStirling's

series for natural logarithm of a factorial.

}y) RESML computes the resonance amplitudes. The scattering amplitudes

are calculated according to the formula (9).

5) DES (modification of the DES subroutine of programme SHOG (%)):
computes the scattering amplitudes a (®) and b (©) following the formulas

(5) and (6). Cross section and polarization are calculated.

6) DAUX (modification of the DAUX subroutine of programme SMOG (2)):
produces the complex optical model potential.

7) SIGMAO (taken form programme SMOG (2)): computes the absolute

Coulomb phase shifts o, and o1.

8) FGET (taken form programme SMOG (*)): computes the regular and ir-

regular Coulomb wavefunctions and their first derivatives.

9) to 12) COSD, SIND, ACOSD, ATAND (taken form ref.(?)) are trigono-

metrical functions.

L. - SAMPLE CASE

Two sample cases are presented in the Appendices B and C. The first
case shows the fit performed with the code UFFAXX to the 328(p,p)328 ela-
stic scattering data (6); the second the fit performed to the data of the
"26(n,n)"?C angular distributions (7). The complete input-output data are
listed in the Appendice B and C, and more details on the data can be found

in the original papers.
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APPENDIX A

PROGRAM UFFAXX(INPUT+OUTPUTsTAPES=TNPUTsTAPE6=0UTPUT)
C=====DESCRIPTION OF INPUT DATA

---- CONTROI.S

=0 VOLUME ABSORRTION
=1 GAUSSIAN ARSORRTION
K=2 PEREY=-BICK ABSORBTION
K=3 PEREY=RUCK ABSORBTION PLUS VOLUME ABSORBTION
IF TSCAMP=p OPTICAL SCATTERING AMPLITUDES ARE CALCULATED
IF ISCAMP NOT FQUAL TO 0 OPTICAL SCATTERING AMPLITUDES ARE
INPUTTED
KPNL=0 NO POLARIZATION CALCULATIONS
KPOL NOT EQUAL TO 0 OTHERWISE
IF LEGEND NOT EQUAL TO 0 LEGENDRE POLYNOMIALS ARE PRINTED
LEGEND =0 OTHERWISFE
IF KSITOT=0 NO TOTAL CR0OSS SECTION CALCULATIONS
IF KSITOT NOT EQUAL T0O 0 TOTAL CROSS SECTIONS ARE CALCULATED
IF KOMPEL NOT FQUAL TO ZEROsCOMPOUND ELASTIC CROSS SECTION IS
CALCULATED FOLLOWING FORMULA OF SHELDON AND VAN PATTER(REF.4)
IF KOMPEL=0 OTHERWISE
LMAXM MAXIMUM VALUE OF THE RELATIVE MOTION ANGULAR MOMEMTUM
(MAXIMUM=10)
NPTN NUMBER OF OPTICAL MODEL PARAMETERS SETS TO BE USED IN THE
CALCULATIONS
KS=- SPIN DRBIT POTENTIAL ARE NOT TAKEN INTQO ACCOUNT
KS=1 OTHERWISE
NPAS= NUMBER OF STEPS OF THE NUMERICAL INTEGRATION (MAXIMUM=300)
KPEN=0 NO PENETRABILITY CALCULATION
KPEN NOT EQUAL TO o PENETRABILITY ARE CALCULATED STARTING FROM
A RADIUS RPEN WITH NRPENM INCREMENTS DRPEN
IFRFS=p ONLY OPTICAL MODEL CALCULATIONS
IFRES NOT EQUAL TO ZERO OPTICAL MODEL PLUS RESONANCE TERMS ARE
CALCULATED
IFTL=0 IF NO TRANSMISSION COEFFICIENTS ARE REQUIRED
IFTL NOT EQUAL TO ZERO TRANSMISSION COEFFICIENTS ARE PRINTED
IDELTA NOT EQUAL TO ZERO PHASES ARE PRINTED
IDFLTA=0 OTHERWISE
-====BASIC DATA

NUCLEAR MASSES ARE EXPRESSED IN AMU
POTENTIAL DEPTHsRESONANCE WIDTHS AND ENERGIES ARE EXPRESSED IN MEV
NUCLEAR RADII AND DIFFUSENESS ARE EXPRESSED IN FERMIS
-====FMT MASS OF THE INCIDENT PARTICLE
FMB MASS OF THE TARGET
ZZ CHARGE PRODUCT BETWEEN INCIDENT AND TARGET NUCLEI
RCOL RADIAL PARAMETER FOR COULOMB POTENTIAL
RACC ACCURACY CONTROL FOR MATCHING CONDITION

=====SET OF NPTN GROUPS OF TWO CARDS+CONTAINING 0.M. PARAMETERS
VP DEPTH OF THE REAL WOODS=-SAXON WELL
WP NDEPTH OF ABSORBTION WELL
VSP DEPTH OF THE REAL SPIN=ORBIT WELL
WSP DEPTH OF THE IMAGINARY SPIN =ORBIT WELL
WCP DEPTH OF THE VOLUME ABSORBTION WELL (OPTION K=3)
ENFR BOMBARDING ENERGY (IN LAB«SYST.) OF THE INCIDENT PARTICLE

sleNeReReReololeloReislisisisieRalia s is e Es e Re iz iz s o R e NeBelcNolls e teoRe R ie e leo Mo Nefv e Fo e By e e Fe B Ne |

¥

';ﬂ



- 11 -

SALTI NUMBER OF BOMBARDING ENERGIES AT WHICH THE CALCULATION
SHOULD BE MADE

VARTNE UNIFNRM ENERGY INCREMENT FOR SALTI=1 ADDITIONAL ROMBARDING
ENFRGIES

VA RPEAL WOODS=SAXON WELL DIFFUSENESS

VRN 1TS RADIAL PARAMETER

VB6 IMAGINARY GAUSSIAN WELL DIFFUSENESS

VRG ITS RADIAL PARAMETER

VBR IMAGINARY PFREY=BUCK WELL DIFFUSENESS

VRR ITS RADIAL PARAMETER

VCC IMAGINARY WOODS=SAXON WELL DIFFUSENESS (OPTION K=3)

VRCe ITS RADIAL PARAMETER

JMAX NUMBER OF CENTRE=0OF=MASS ANGLES (MAXIMUM 40)

‘m==w=SET OF JMAX CARDS CONTAINING

TETA ARRAY OF THE CENTRE-OF=-MASS ANGLES (JMAX VALUES)

POLAX ARRAY OF EXPERIMENTAL VALUES OF POLARIZATION (JMAX VALUES)

DIPNL ARRAY OF FRRORS IN EXPERIMENTAL VALUES OF POLARIZATION(JMAX
VALUES)

SGMAEX ARRAY OF EXPERIMENTAL CROSS SECTIONS (MB/SR)

DSMEX ARRAY OF EXPERIMENTAL CROSS SECTIONS ERRORS (MB/SR)

SOOI ODHOOODHOHDD

IF IFRES NOT EQUAL TO ZERO+FOLLOWS A CARD CONTAINING
NRESsNUMBER OF RESONANCES (MAXIMUM 50)

DO OOO00

me=w=SET OF NRES CARDS CONTAINING RESONANCE PARAMETERS

RL RESONANT L=VALUE

RJ RESONANT J=VALUE

ER RESONANCE ENERGY IN THE CENTRE=0OF=MASS FRAME

GAT RESONANCE TOTAL WIDTH IN THE CENTRE=OF=MASS FRAME

GAP RESONANCE PARTIAL WIDTH IN THE CENTRE=OF=MASS FRAME

PHI RESONANCE MIXING PHASE (DEGREES)

INELL IS A PARAMETER WICH ALLOWS COMPUTATIONS FOR A NON

ELASTIC OUTPUT CHANNEL

IF INEL NOT EQUAL TO ZEROsTHE FOLLOWING PARAMETERS SHOULD BE

INPUTTED

A(I) LEGENDRE POLYMOMIALS EXPANSIOM COEFFICIENTS FOR A GIVEN SPIN-
=SEQUENCE IN NONELASTIC CHANNEL

GAT RESONANCE PARTIAL WIDTH FOR A NON ELASTIC CHANNEL

w==e=FOLLOWS A CARD WIYH TARGET THICKNESS AND DET.0UTe PARe« FOR BsW.
DELTA= TARGET THICKNESS (MEV) IN THE LABORATORY FRAME
IF FUORI NOT EQUAL TO o REAL AND IMAGINARY PART OF BREIT=WIGNER
CONTRIBUTION ARE PRINTED
FUDRI=n OTHERWISE

DOODODOODOO0DD OO0 DIDOO0

,=====~IF ISCAMP NOT EQUAL TO ZEROsTHE FOLLOWING DATA SHOULD BE INPUTTED

AMPR= OPTICAL SCATTERING AMPLITUDES TO BE INPUTTED IF ISCAMP NOT
EQUAL TO ZERO

VR= INCREMENT OF AMPR PER MEV

D000

DIMENSION VA(10)sVRO(10)sVBG(10)9»VRG(10)9sVBB(10)9sVRB(10)sVCC(10)>»

1VRCC (10)

DIMENSION SALTI(10)sVARINE(10)

DIMENSION TITLE(IZ)!AMPPI(II’UAMPRZ(II)!AMPII(II)OAMPIZfll)!VRI(ll
1)sVP2(11)9VI1(11)eVI2(11)9UCCMI(11)sUCCMITI(11)

DIMENSION UAVER(BZO)'AP(320)!A!(320)!K(320)’Y(320)

DIMENSION VP(IO’!HP(IU)9V5P(10}!ENER|10)lHCP(lO)’HSP(lG)

DIMENSION DR1(11)4DR2(11)sDG1(11)sNG2(11)
COMMON/COULOM/ZZ!ETA’RHOBNCIRCOL!SIGO‘Z)lPENET(ll)’ESSE(ll)
COHMON/OMPOT/KQVOHOVSlHS’CC!RO’RR’A’BB'BG!RHOHAX!RHOBN!RHOBNG!HIvP
1+Q@sRCCsRHOCC
COMMON/SCAMP/CRI(ll)qCR?(ll]'Cll(lllyCIZ(ll)QUCS(ll)!UCGIIIJ
COMMON/FASI/DI(Il)!D2|11)!COTIl(ll]!COTIE(II)!COTRI(II)!COTRE(]I)
COMMON/STAMPA/TETA(40)vSDIFE(4G)'SIGR(#O’!SGMAEX(#O}!POL(éo’!POLﬂX
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1(40) +DSMEX (40) sDIPOL (40) s SDAFE (40) 4 SIGMARsSIGMAT s SSHAPE 4 SUMAO s KPOL
COMMON/ENERGY/E| ABsECMsFKAY s IENsNPOT sLMAXs [ MAXMsL o JMAX s WAVEsPLATAZ
COMMON/VANZUM/ X1(11)4X2(11)eY1(11)eY2(11)

1+RAPASLEGENDsQUAPIGY DRO+KSsT6sKTsFMI s FMB

COMMON/AFAC/ACOFA(11)

COMMON/GEIPAI/RL (50) +RJ(50) sER(50) sGAT(50) +GAP (50) sPHI (50) sDELTAN

1RES+FUORI+BWINEL (50) s INEL (50)
COMMON/RAMENG/A0(50) sA2(50) 9A4 (50) yA6(50) 9AB(50) sGAI(50)
COMMON/MATCH/CATIP4PAIS,CIFEsPIC
COMMON/RAITV/TR(11)sTPLUS(11)sTMEND(11) ¢KOMPEL
QUAPIG=12.5663708
WRITE(6¢101)

FORMAT (1H1+40Xs40H U F F A X X )
READ 100s (TITLE (MIAO) ¢sMIAO=1+12)

FORMAT (12A6)

IF(EOF (5)) 77,1945

PRINT 100sTITLE
READ(59102) KsISCAMPsKPOLsLEGENDYKSITOT s KOMPEL
FORMAT (1615)

DO 3600 I=1+50
RL(I)=0.

RJ(T)=0.

ER(I)=0.

GAT(I)"—'D.

GAP(I)=0.

BWINEL(I)=0.

PHI(I)=0.

INEL(I)=0
GAI(I)=0.

AD(I)=0.

A2(T)=0e
A4 (T)=0.

A6 (T) =0
AB(T1)=Q.

CONTINUE
NRES=0
FUORI=0.

DELTA=0.

IF(K=4 )S5477s77
READ 102sLMAXM sNPTNsKSsNPASsKPENysNRPENs IFRESsIFTLs IDELTA
IF {LMAXM.GTDIU) LMAXM=10
IF (NPTN.GT.10) NPTN=10
READ 103+sFMI+FMB+ZZ+RCOLsRPENsDRPENsRACC
FORMAT (8F10.5)

DO 1806 I=1sNPTN
READ1I03sVP(I)sWP(I)sVSP(I)sWSP(TI)sWCP(I)sENER(I)+SALTI(I)sVARINEI(I

1)
READIO3sVA(I)sVRO(I)sVBG(I)sVRG(I) VBB (I)sVRBI(I)sVCC(I)eVRCCI(I)
CONTINUE
DO 1946 I=1+40
SIGR(I) =0
SDAFE(I)=0,

SGMAEX (1)=0.

DSMEX(I)=0,

POLAX(I)=0,

DIPOL(I)=0,.

POL(I)=0.

TETA(I)=0+
SDIFE(I)=0.

READ 1029JMAX
IF (UMAXeGT+40) JUMAX=40
READ(S5+113) (TETA(J) sPOLAX(J) +DIPOL (J) s SGMAEX (J) s DSMEX (J) s J=1 9 JMAX)
FORMAT (5F104.3)

IF(IFRES.EQ.0) GO TO 5300

READ 102sNRES

W
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DO 5008 I=1sNRES
READ S5009sRL(I)sRJI(I)sFR(I)sGAT(I) sGAP(I)sPHI(I) «INEL(T)
5009 FORMAT(6F1045415)
IF(TNEL(I).EQe0) GO TO 5008
READ103sA0(T) 9A2(T) sA4 (1) 9sA6(I)aABI(TI)sGATI(T)
5008  CONTINUE
REAN103sDELTASFUORI
IF(TSCAMP+ENQ.0) GO T0O 5300
LMAX=LMAXM+1]
DO 3751 I=1sLMAX
3751 READ 103sAMPRI(I)sVRI(I)sAMPI1(I)eVI1(1)9AMPR2(I)}sVR2(I)9AMPIZ2(I)
1viza(I)
5300 NPOT=0
7 IEN=1
NPOT=NPOT+]
IF(NPOT«GT.NPTN) GO TO 4
MAXFN=SALTI (NPOT)
DEPF=VARINE (NPOT)
A ELAB=ENER (NPOT) +DEPE*FLOAT (IEN=1)
IF(TSCAMP«EQ.0) GO TO 436
N0 3753 I=1sLMAX
CRI(I)=AMPR]1 (1) +VR] (1) #DEPE*FLOAT(IEN=1)
CR2(I)=AMPR2(1)+VR2 (1) #DEPE#*FLOAT(IEN=1)
CI1(I)=AMPI1(I)+VI1(1)#DEPE#FLOAT(IEN=1)
3753 CI2(I)=AMPI2(I)+VIZ2(I)#DEPE#FLOAT(IEN=1)
436 IF(TEN,GT«1) GO TO 11
V=VP (NPOT)
W1=WCP (NPOT)
W=WP (NPOT)
WS=WSP (NPOT)
YS=VSP (NPOT)
A=VA (NPOT)
RO=VRO (NPOT)
BG=VBG (NPOT)
RG=VRG (NPOT)
RB=VBB (NPOT)
RB=VRB (NPOT)
CC=VYCC(NPOT)
RCC=VRCC (NPOT)
CIUCI=FMB*#(,33333333
PR=RO%#CIUCT
PGA=RG®#CIUCT
PBU=RB#CIUCT
PCO=RCOL*CIUCI
PCC=RCC#CIuC]
9 CO=FMI+FMB
10 FMU=(FMI#FMB)/COD
11 ECM=(ELAB=DELTA/2.) #FMU
12 FKAY=4218728 #SQRT (ARS (FMU®ECM))
PLATA2=31e415927/ (FKAY#%#2)
ETA=0.157454 #77Z#SQRT(FMI/ (ELAB=DELTA/ 2.))
13 TIM=FKAY®#CIUCI
250 IF(IEN.,NE«1) GO TO 230
6662 WRITE(69190)
190 FORMAT(15H INPUT DATA )
IF(K=1)600+601+602
600 WRITE(6s610)
610 FORMAT(24H ONLY VOLUME ABSORBTION )
GOTn 232
601 WRITE(64611)
611 FORMAT (23H GAUSSIAN ABSORBTION )
GOTN 232
602 IF(K=2)7T79603+604
603 WRITE(6+613)
613 FORMAT (24H PEREY=BUCK ABSORBTION )
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GOTN 232
604 IF(K=3)T7T2606s77
606 WRITE(64614) W— ,
614 FORMAT (55H PEREY=BUCK PLUS VOLUM OR N
232 PRIMT 121'FMIQFMB,PnopﬁﬂIPBUspCOQAgBG'BBQCC’vaowlQVS|WS'ZZ
121 FORMAT(3X’3HMI=1FB.3'SXv3HMT=vFB-3/3Xo10HSH RADIUS=sFB,3/3Xs16HGAU
1SSIAN RADIUS=sFR.3/3Xs18HPEREY=-RUCK RADIUS=3FB,3/3X+25HCOULOMB POT
2ENTTAL RADIUS=,F8,3/3Xs9HSW DIFF.=,FB,3/3Xs20HGAUSSIAN ABS, DIFF.=
3,FR.3/3Xy22HPEREY=BUCK ABS, DIFFe=,FB.3/3X,18HVOLUME ABS. DIFFe=yF
48.3/3Xs9HSW DEPTH=9¢FB.3/3Xs20HSURFACE IMAG. DEPTH=sFB843/3Xs19HVOLU
SME IMAG. DEPTH=sFB8.3/3Xs22HREAL SPIN=ORBIT DEPTH=9F8.3/3X923HIMAG.
6 SPIN=0ORBIT DEPTH=3sFR.3/3Xs15HCHARGE PRODUCT=9F8+0)
PRIMT1804*PCC
1804 FORMAT(3Xs]19HVOLUME ABS. RADIUS=sFA.3)
PRIMT 1947 s MAXMsNPASsRACC
1947 FORMAT (5Xs6HLMAXM=415/5X,6HNPAS =415/5X,24HACCURACY PARAMETER RACC
1=9F107)
IF (IFRES.EQ.0) GO TO 230
PRINT 3601,NRES
3601 FORMAT(1X//20X,17HRESONANCES TABLE ¢45X43HNe=,13)
DO 3500 I=1sNRES
JR=2.%*RJ(I)

LRI=RL(I)
PRINT 32404,LRI,JR,ER(I)4GAT(I),GAP(T)4PHI(I),INEL(I)
3240 FORMAT(1X/ 1X92HL=91395X92HJ=41392H/29+3X»

13HFR=9F10e591Xs3HMEV +s3Xs6HTOeWo=3F10.594H MEV33X916HPAW,.=9F10.594H

2 MEVs3Xs6HPHASE=3F10,5+8H DEGREESs3IX+sSHINEL=515)

IF(INEL(I).EQasD) GO TO 3500

PRINT 103+A0(1)sA2(I)sA4(I)9sA6(T)9AB(I)sGAI(])
3500 CONTINUE

PRINT 32504DELTA
3250 FORMAT(1X»14HTARGET IN MEV=43F1l0.5)
230 IF (UMAX.EQs1) GO TO 14

PRINT 1619ELABSECMsETA
161 FORMAT(1X///1Xs5HELAB=9F10,592Xs4HECM=9F10.5+2Xs4HETA=9F10.5/748H%#

R Ly e T 2 ey )
14 RHORN=TIM#RO
O PENETRABILITY CALCULATION
IF (KPENLLE.0) GO TO 10004
NPEN=1
10002 TEM=PR+RPEN+FLOAT (NPEN=~1) #*DRPEN
TOM=FKAY*TEM

PRINT 10003+TEM
10003 FORMAT(1X///1X+32HPENETRABILITY CALCULATION RAD. =sF15.691Xs6HFERM

115)

PRINT 10007
10007 FORMAT (BX92HL +5X47H F 92X 10HITS DERIV,93Xs9H & 92Xs10H

11TS DERIVes2Xs2B8HPENETRABILITY AND SHIFT )

LMAX=LMAXM=+1]

DO 2001 L=1sLMAX

LUT=L=1

CALL FGET(LUIsLVSETAsTOMsGGsGGP+FF sFFPySIGM)

PAL=FF#FF +GG*GG

PEL=FF#FFP+GG*GGP

PENET(L)=TOM/PAL

ESSF (L) =PENET (L) *PEL
2001 PRINT 10006slLUIsFFsFFP+sGGsGGPYPENET (L) sESSE (L)
10006 FORMAT(I10+6E12.5)

NPFN=NPEN+1

IF (NPEN.GT.NRPEN) GO TO 10004

GO TO 10002
10004 RHORNC=RCOL*®*TIM

RR=TIM#*RB

RHOCC=RCC#®*TIM

e
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15 RHNRNG=TIM#RG
IF(K=3)18918+77
18 TH=FKAY#A
TF(TSCAMP.NE.O0) Gp TO 17
=== FIRST MATCHING RADIUS CALCULATION
IF(IEN.GT«1)G0O TO 5900
IF(7Z+FQ«0+) GO TO 5901
PIP=RHORN
DPTP=RHOBN/FLOAT (NPAS)
10015 PIC=PIP
CALL DAUX
SWFF=CATP
PBFF=PAIS
PICCIO=CIFE
TRAPA=SQRT (SWFF##2+PRFF##2) /PICCIO
IF (TRAPA=RACC) 10013+10014+10014
10013 SCOTCH=PIP/FKAY
PIC=0e
GO TO 5900
5901 SCOTCH= PR+10.*AMAX1 (AsBG+BBsCC)
5900 RHOMAX=SCOTCH#FKAY
IF(.JMAX.EQ,1) GO TO 17
233 PRINT 1229SCOTCHsFKAY
122 FORMAT (1X+24HMATCHING RADIUS(FERMIS)=3F10e394H K=9E11l.4)
GO TO 17
10014 PIP=PIP+DPIP
GO TO 10015
17 LMAX=LMAXM+]
2 PASSI=NPAS
NPASSI=NPAS
CALL SIGMAO(ETA+SIGO)
IF(77«EQe0,4) SIGO(1)=0,
96 DO 50 L=1sLMAX
IF(ISCAMP.NE.O) GO TN 1948
KT=0
KONTRL=0
8A KPAS=NPASSI
IC=d
FL=L
LH=L=1
302 DRO=RHOMAX/PASSI
DRN?2=DRO#*%2
DRN256=DRO2#0.B83333333
DRN212=DR0O256/10+
Co==== CALCULATION OF POTENTIAL AND LOCAL WAVE NUMBER
LPAS=NPAS+20
IF(LPAS.GT.320) LPAS5=320
DO 3700 MI=1+LPAS
RAPA=DRO#FLOAT (MI)
CALL DAUX
WAVER (MI ) =WAVE
AR (MI) =P
3700 AI(MI)=Q
C=====STARTING VALUES FOR F=X+I#Y (SEE REF. 19 SUB YZ12)
VNOR=STIRL (2«®#FL)=STIRL(FL)
X(1)=EXP(FL*ALOG(2.*WAVER(1))=VNOR)

Y(1)=0.0
X(2)=EXP(FL¥ALOG (2., *WAVER(2))=VNOR)
Y(2)=0.0
C=====CA|_CULATION OF X AND Y FOR GIVEN L AND J
Cmm FOX-GOODWIN METHOD, REF. 3

DO 3701 MI=3,LPAS

AX=(2e+DRO256%AR(MI=1) ) #X(MI=]1)=DRO256%AT (MI=]) #Y (MI=])
BX=(2,+DRO256#AR (MI=1))#Y(MI=1)+DR0N256#AI (MI-1)#X(MI=1)
CX=(1+=DRO212#AR (MI=?))#X(MI=2)+DR0O212#AI (MI=2)#Y (MI=2)

g
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NX=(1e=DRO2]12#AR(MI=2))#Y (MI=2)=DR0N2]12%*AI (MT=2) #X (MI=2)

EX=1.,=DR0O2]12%AR (M)
FX=NRO212%*AT (MI)

DEN=EXi##2+F X##2

X(MI)=((AX=CX)®EX=(BX=DX)*FX)/DEN
3701 Y (MT)=((AX=CX)#FX+ (BX=DX)#*EX)/DEN
Ce==== OPTTCAL SCATTERING AMPLITUDES CALCHLATION

RHNMAX=NRO#FLOAT (NPAS)
CALL FGET(LHsLVIETA»RHOMAXsGGyGGPsFF+sFFP+SIGM)

O COULOMB FUNCTIONS AT THE FIRST MATCHING RADIUS HAVE BEEN
c CALCULATED

X1(L)=FF

Y1 (1)=GG

NPASII=NPAS+16

RHNSEC=DRO#FLOAT (NPASIT)
3704 CALL FGET(LHsLVsETAsRHOSECsGGeGGPsFFsFFP9sSIGM)

- COIJLOMB FUNCTIONS AT THE SECOND MATCHING RADIUS HAVE BEEN
c CALCULATED

X2 (L) =FF

Y2 (1) =66

XA=X (NPAS)#Y2 (L) =Y (NPAS) #X2 (L)
XB=Y (NPAS)#Y2 (L) +X (NPAS) #X2 (L)
XC=X (NPASIT)#Y] (L) =Y (NPASITI)#X] (L)
XD=Y (NPASTIT)#Y] (L) +X(NPASIT)#*X] (L)
Cm===m= TEST AGAINST DISASTERS AND REMEDIANDI ATTEMPT
IF (ABS(XC)+ABS(XD)) 3702¢3703+3702
3703 RHNSEC=0.5% (RHOMAX+RHOSEC)
NPASII=(NPAS+NPASII) /2
GO TN 3704
Cm====TEST AGAINST CATASTROPHICALLY INACCURATED CALCULATIONS
3702 IF(ABS(XB/XD=1.)=0e1) 3705+43705+3706
3705 IF (ABS(XA/XC=1.)=0.1)370393703,3706
3706 XE=X1(L)#X(NPASII)=X2(L)#*X(NPAS)
XF=X1(L)#Y (NPASII)=X2(L)#Y (NPAS)
ZING=XA=XC
ZANG=XB=XD
ZONG=ZING##2+ZANG##2
SMPLR=(ZINGH#XE+ZANG*XF) /ZONG
SMPLI=(ZINGH#XF=ZANG*XE) /ZONG
IF(KS) 3707+3708:3707
3707 IF(KT) 3710+370993710
3708 CR] (L) =SMPLR
CR2 (L) =SMPLR
CI1(L)=SMPLI
CI=2(L)=SMPLI
GO TO 1948
3709 CR1(L)=SMPLR
CI1(L)=SMPLI
KT=1
GO TO 86
3710 CR2(L)=SMPLR
CI2(L)=SMPLI
1948 UCS(L)=SORT((1,=2.#CI1(L))##¥2+ (2.%CR] (L)) *%*2)
UCG(L)=SQRT((1,=2.,#CI2(L) ) #%#2+(2,%CR2(L))##2)
50 CONTINUE
CR2(1)=0+.
CIZ(1)=00
SIGMAR:U-
SIGMAT=0,
SSHAPE=N,
IF(TFRES) 10016+216910016
Cm==—— RESONAMT SCATTERING AMPLITUDES ARE CALCULATED
10016 CALL RESML
716 DO229L=]sLMAX



5902

125

229

s A o

PARZ1=CR] (L) ##24CT ] (L) ##2
PAR72=CR2(L)##2+CI2 (L) ##2
D1(L)==0e25*AL0OG(140=440%(CI1(L)=PARZ1))
D2(L)==0e25%ALOG(1.0=4,0%*(CI2(L)=PARZ2))
IF (JUMAX.EQ,1) GO TO 5902
DG1(L)=N1(L)*#57,295779
DG2(L)Y=D2(L)*#57,295779

UIMMI=2,#CR2(L)

URRFI=1,=2.%CI2 (L)

UIMMII=2.%CR1(L)

URREII=1e=2.#CI1(L)

UCCMI (L) =SQART(UIMMI##2+JRREI#*%#2)
UCCMII(L)=SQRT (UIMMII##2+URREIT##2)

DR1 (L) =28+6478895 # ATAN2 (UIMMITsURREITI)
DR2 (L.} =2B«6478895 #* ATAN2(UIMMIJURREI)
COoTT1(L)=(PARZ1=CI1(L))/PARZ]
COTT2(L)=(PARZ2=-CIP (L)) /PARZZ

COTR1 (L)=CR1 (L) /PARZ1
COTR2(L.)=CR2(L)/PARZ2

FL=L=-1

TPLUS(L)=4.%#(CI11(L)=PARZ1)
TMENO(L)=4,#(CT2(L)=PARZZ)

IF(LeEQ.1) TMEND(1)=0De
TRIL)I=((FL+1«)#(TPLUS(L) ) *FL*TMENO(L))/(2e%*FL*1,)
SIGMC=(2+%FL+1,)#TR(L)#31415927/ (FKAY##2)
SIGMAR=SIGMAR+SIGMC

IF(IFTL.EQs0) GO TO 229

PRINT 1259FLsTPLUS(L) s TMENO (L) sTR(L) sSIGMC
FORMAT (1X92HL=9F4,095Xs3HT+=3E1] 64 95X93HT==9E11e495X93HT =9E11.495
1X911HSIGMRC (MB)=9F1044)

CONTINUE

DR2(1)=0.0

DG2(1)=0.0

D2(1)=0.0

COTP2(1)=0.

COTIZ2(1)=0.

UCG(1)=0s

UCCMI (1)=0,
-TOTAL CROSS SECTIONS CALCULATION
IF(KSITOT«EQ.0) GO TO 5001

CALL SHAPE

IF (UJMAX.EQs1) GO TO S001

WRITE (6+2522) SIGMARsSIGMAT s SSHAPE

2522 FORMAT(18H SIGMA REACTION=F15.89]0HMILLIBARNS/]18H SIGMA TOTA

5100

5002

5006

5004

1L =F15,8s10HMI| | IBARNS/18H SHAPE F, SIGMA=F15,8910HMI| | IRARNS)

-DIFFERENTIAL CROSS SECTIONS CALCULATION

CALL DES

IF(JMAX.EQe.1) GO TO 5002

IF (KOMPEL+ERQ.0) PRINT 405

IF (KOMPELeNE.0O) PRINT 5100

FORMAT (1Xs 119HCMTETA SIGMA EL. SIGMA INEL. SIGMA RUTHe SIG
IMA(TETA) EXP DSIGMA EXP POL (TETA) POL (TETA) EXP DPOL E
2XP )

FORMAT (1Xs 119HCMTETA SIGMA SH. SIGMA C.EL.« SIGMA T.ELe SIG
IMA(TETA) EXP DSIGMA EXP POL(TETA) POL(TETA) EXP DPOL E
2XP )

GO TO 5003

IF(IEN.GTa1l) GO TO 5003

PRIMT S006+TETA(])

FORMAT (1X910HCM ANGLE =sF10¢3/]1Xs20Heeaasdnantnntdatsdnn )

IF (KOMPEL«EQ.0) PRINT 5004

IF (KOMPEL«NE.0) PRINT 3577

FORMAT (11Xs9HELAB(MEV) 91 X9 9HSIGMA ELos1X99HSIGMA IN.s1Xs9HSIGMA RU

la92Xs8HPOLARIZo91Xs9HSIGMA REs91Xs9HTOTAL IN.s1X29HSIGMA SHe. )

an
i
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3577 FOPMAT(1Xs 119H ELAB SIGMA SH. SIGMA Cs+ELe SIGMA T«FLes SIG
IMA(TETA) EXP DSIGMA FXP POL(TETA) POL(TETA) EXP DPOL E
2XP )

5003 DO 406 J=19+JMAX
STETA=TETA(.))
IF(KOMPEL«NE«0Q) GO TO 409
IF(STETALEQ.0e) GO TO 409
SIGRIJ)=(ETA®*#2) / ((4#FKAY##2)# (SIND (STETA/2,.) #%4))%*10,
409 IF(JMAX.,EQ.,1) GO TO (A5
PRIMT 410*TETA(J) sSDIFL (J) o SDAFE (J) sSIGR(J) 9 SGMAEX (J) sDSMEX (J) +POL
1(J)«POLAX(J) eDIPOL(J)
41n FORMAT(FHe]19F10e392F15e53F13e59F15.39F13e59F17459F1544)
GO TO 406

5005 PRIMT SO000+ELABSDIFE (J) sSDAFE(J)sSIGR(J) sPOL (J) s SIGMARySUMAD +SSH
1APE

5000 FORMAT(1NXsF1l0.5+7F10.3)

406 CONTINUE
IF(JUMAX.EQ.1) GO TO 414

3412 WRITE(64+126)

126 FORMAT (1 X+S0HCOULOMB PHASES AND SCATTERING AMPLITUDES TABLF /72
IX91HL  92X91HJ94X9BHCOPHAS s 1X220HMOD U RES<AND OPTIC.s1Xs20HREAL A
2ND TMAG.AMPLa. 4BX,1HL42Xs1HJ42X,204MOD U RES.AND OPTIC,.,1X,20HREAL
3 AND IMAG.AMPL. )

DO 62 L=1sLMAX

LIX=L=-1

LUX=2%L=]1

LEX=2#%#L-3

IF(LEX,LT«0) LEX=0

PRINT 129 IXs  UX9yACOFA (L) yUCCMIT (L) sUCSIL)»CRI(L) sCILI (L) oL IXsLEXs
1UCCMI (L) sUCG (L) sCR2(L)CI2(L)

129 FORMAT (2I342H/29FB b9 1Xs2F10s791X92F10.,496X921392H/292F10791X92F1
104)

IF(IDE_LTAEQ.0) Gp TO 62
PRINT 110004LIXeLUXsDRI (L) NGl (L) sLIX4LEX4DR2(L)DG2(L)
11000 FORMAT(1X9]15HSCATTERING PHAS5X9213+2H/292F10396X9213+2H/2+2F9,3)
62 CONTINUE
414 ITEN=IEN+]
IF(TEN=MAXEN)G6+627

T PRINT 20
20 FORMAT (30Xe44HCRAZY CONTROL PARAMETER FOR POTENTIAL CHpICE/30Xs38H
1BRAUERET IST GESCHLOSSENHILFEsHILFE )
SToP
ENND

$IBFTC ACDX NODECK

FUNCTION ACOSD(X)
Ce=mem===-THIS FUNCTION IS TAKEN FROM PROGRAM SMOG (REF. 2)

ACOSD= ACOS(X)#57,295779
RETURN
END

$IBFTC ATAX NODECK
FUNCTION ATAND (X)
C=========THIS FUNCTION 1S TAKEN FROM PROGRAM SMOG (REF. 2)
ATAND=ATAN (X)&57,295779
RETURN
END

$IBFTC CcoshXX NODECK
FUNCTION COSD(X)
(=========THIS FUNCTION IS TAKEN FROM PROGRAM SM0G (REF. 2)
CosSD=COS(X®#0,017453292)
RETURN
END
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SIBFTC DAIIXX NODECK

31

b

744

20

13
35

40

22

30

50
51

SUBROUTINE DAUX

MODIFICATION oF THE DAUX SUBROUTINE OF THE PROGRAM SM0G (REF2)

COMMON /COULOM/ZZ43ETA3RHOBNC,RCOL +STGO (2)
COMMON/OMPOT/KsVeWsVSsWS9CCsROsRR9A+sBByBGsRHOMAX s RHOBN s RHORNG W1 9P

13QsRCCyRHOCC

COMMON/FNERGY/ELAB+ECMoFKAYs IENsNPOToLMAXs LMAXMsL s JMAX s WAVE

COMMON/VANZUM/
1sRAPASLEGEND s QUAPIGY
COMMON/MATCH/CAIP,PAIS,CIFE,PIC
IF(PIC.LEsDs) GO TO 100
FL=0e
RAPA=PIC
RHORB=RR
GO TO &
RHNRB=RR
IF(KS)77+5,+18
IF(KT) 774243
D=L-1
GO TD 20
D=0.0
GO TO 20
=-|
FX=1.0/(1s0+EXP((RAPA=RHOBN) /T6))
IF(K=1)437+13
IF(K=2)77940+35
IF(K=3)77+31477
PARZ=EXP ( (RAPA=RHOCC) / (FKAY#*CC))
FCT1=1.0/(10+PARZ)

PBUC=EXP ( (RAPA=-RHOBB) / (FKAY*#BB) )

FCI =4,0%PBUC/(1,0+PBUC)*®*#2

FCR  =EX

GO TO 6

FCR  =EX

FCI  =EX

FST =EXP((RAPA-RHOBN)/T6) /RAPASEX##2
FSR  =FSI

GO TO 8

PGA!S=( (RAPA=RHOBNG) / (FKAY#BG) ) ##2
FCR =EX

IF (PGAUS=15.)309+30+22

FCI =0,

GOoTn 6

FCI1 =EXP (=PGAUS)

GO TO 6

FL=L=1

IF (RAPA=RHOBNC)50+50951
QQ=ETA/RHOBNC* (3.0~ (RAPA/RHOBNC) ##2)
GO TO 52

QAQ=2.0*ETA/RAPA
XR==1e=V#*FCR/ECM+QN

XRS0D= =D#HYSHFKAYRFSR/(ECM*A)
XGF=FL#* (FL+]a)/(RAPA##2)
XI=(=W#FCI=W1#FCI]1)/ECM

XI1sn= ~D#WSH#FKAY#FSI/ (ECM*A)
P=XR+XRSO+XGF

Q=XT+XIS0O

WAVE=RAPA® (XR#82+XT®#%2) #2025
IF(PICJLE«0s) RETURN
CAIP==(XR+1,.,=-QQ)

PAIS==XI

CIFE=QQ

RET!RN

END

re
[ J S

X1(11)eX2(11)sY1(11)sY¥2(11)

DROsKSsTEIKTsFMI»FMB
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SIBFTC DESX NODECK

SURROUTINE DES

i MODIFICATION OF THE DESX SUBROUTINE OF THE PROGRAM SMOG (REF2)

206

204

205
203

100

101
102

300

5
83
82

64

20

23
25

91

90

COMMON/AFAC/ACOFA(11)
COMMON/COULOM/ZZsETAsRHOBNC+RCOL SIGO(2) sPENET(11)sESSE(11)
COMMON/SCAMP/CR1(11)+CR2(11)9CI1(11)sCI2(11)
COMMON/STAMPA/TETA(40) s SDIFE(40)+STGR(40) »SGMAEX (40) 9POL (40) sPOLAX
1(40) yDSMEX (40) 4DIPOL (40) s SDAFE (40) 4 SIGMARsSIGMAT 9y SSHAPE 4 SUMAOsKPOL
COMMON/ENERGY/ELLABsECMsFKAY» IENsNPOTsLMAXs LMAXMsL s JMAX s WAVEsPLATA2
COMMON/GEIPAI/RL (50) sRJ(S50)+sER(50) sGAT(50) »GAP(50) sPHI (50) +DELTAsN
1RES+FUORI»BWINE|L (50) ¢+ INEL (50)

COMMON /RAMENG/AD (50) yA2.(50) yA%4 (50) A6 (50) sAB(50) yGAI (50)
COMMON/VANZUM/ X1(11)eX2(11)eY1(11)sY2(11)
1sRAPASLEGENDsQUAPIGY DROsKSsTEsKTsFMI+FMB
COMMON/RAITV/TR(11)sTPLUS(]11) s TMENO(11) sKOMPEL

DIMENSION P(14+40)+sPP(14940)9AR(40)sBR(40)9sATI(40)9BI(40)

DIMENSION FATMOL (50) +EXSGMR(11) yEXSGMI(11)

IF(IEN.GT«1) GO TO 203

DO 20 J=1sJMAX

DSA=SIND(TETA(J))

IF(DSQ)B2+83+82

SI12=0.0

GO TO 4

SI12=1.0/D5Q

CO=COSD(TETA(J))

p(l!J)=100

P(2+J)=CO

PP(1sJ)=0e0

TWOLP1=3,0

FL=1.0

DO 20 L=1911

TL=FL+1.0

P(L+2sJ)=(TWOLP1*CO*P(L+1sJ)=FL#¥P(LsJ))/TL

PP(L+14J)=TL®#SI2# (CO#P(L*1,J)=P(L*2,J))

TWOLP1=TWOLP1+2,0

FL=TL

IF(LEGEND«EQ«0) GO TO 203

PRINT 206

FORMAT (1 X921HLEGENDRE POLYN«TABLE /3Xs4HTETA9BXs2HP1+8Xs2HP2+8Xs2H
1P3+8Xs2HP4 s 8X s 2HPS ¢ BX 9 2HP6 » BX s 2HP7 18X s 2HPB 38X 9 2HP9 s TX 9 3HP 1 09 7X 9 3HP
2119 7X93HP12 )

DO 204 J=1sJMAX

PRINT205sTETA(J) sP(23J) sP(39J) sP(4+J) sP(59J) sP(63J) P (T9J) 9P (BsJ) s
1P(9+J)sP(10s ) sP(119J)sP(120J) P (135J)

FORMAT (F7e2412F10,7)

FKAYD=1.0/FKAY

DO 300 L=1sLMAX

FLIII=L=]

IF(FLITI) 100+100s101

ACOFAI(L)=SIGO(])

GO TO 102

ACOFA(L)=ACOFA(L=1)+ATANZ2(ETASFLIII)

EXSGMR (L) =COS(2.*#ACOFA(L)=2.%#51G0(1))

EXSGMI (L) =SIN(2,%ACOFA(L)=2.%#SIG0O(1))

CONTINUE

DO 21 J=1sJMAX

TNC=TETA (J)

SN=(SIND(TNC/2.0) ) ##2

IF(SN)90+91.90

FNp=0.0

FLN=0.0

GOTN 92

DLOG=ALOG (SN)

IF(NDLOG)93+91+93

Al



- 21 -

93 FLN=ETA#DLOG
FNO=ETA/ (2. 0#FKAY#SN)
92 ECI=FNO#SIN(FLN)
ECR==FNO#COS (FLN)
ASUMR=0,0
ASUMI=0,.0
BSUMR=0,0
BSUMI=0,0
DO 10 L=1sLMAX
FL=L
ATR1=FL#*CR1 (L) +(FL=1.0)#CR2(L)
ATII=FL#CI1(L)+(FL=1.0)®#CI2(L)
BTR1=CR] (L) =CR2 (L)
BTI1=CI1(L)=CI2(L)
ASUMR=ASUMR+ (ATR1#EXSGMR (L) =ATI1#EXSGMI (L)) #P(LsJ)
ASUMI=ASUMI+ (ATRI1#EXSGMI (L) +ATI1#*EXSGMR (L)) #p(LsJ)
BSUMR=BSUMR+ (BTR1#EXSGMR (L) =BTI1#EXSGMT (L)) #PP (LsJ)
10 BSUMI=BSUMI+ (BTR1#EXSGMI (L) +BTI1*EXSGMR (L)) #PP (L2 J)
AR (J)=ECR+FKAYD#ASUMR
AT (J)=ECI+FKAYD®ASUMI
BR(J)=FKAYD#BSUMI
BI(J)==FKAYD#BSUMR
21 SDIFE(J)=(AR(J)##24AT (J) ##2+BR(J) ##2+BT (J)##2)#]1 0
IF (KOMPELeGT«0) GO TO 1000
IF (NRES.EQ.D) GO TO 1002
DO 201 J=1,JMAX
SDAFE(J) =0,
DSDAFE“U .
SUMAO=0.
DO 200 I=1sNRES
FATMOL (I)=BWINEL (I)*PLATA2%#(2.%RJ(T)+1,)/2.
SUMAO=SUMAQ+FATMOL (1)
IF(INEL(I)EQ.0) GO TO 200
AO=FATMOL (1) /QUAPIG
DSEZ=(AQ(I)#P (1 ) +A2(T)®P (39J) +A4(T)#P (59 J) +AG(I)#P (79 J) +AB(I) *
1P(9+J))/A0(T)
DSDAFE=DSDAFE+Ap#*DSEZ
200 CONTINUE
201 SDAFE (J) =SDAFE (J) +DSDAFE
IF (KOMPEL«EQe0) GO TO 1002
1000 COPa=2¢* (TPLUS(]1)+TMENO(2)) +4e# (TPLUS(2) +TMENO(3))+6.% (TPLUS(3)+
1TMENO (4) ) +B. #TPLUS (4)
COP2=4,* (TPLUS(2) «TMENO (3) ) +685714% (TPLUS(3) +TMENO(4) ) +9.5238%
1TPLUS (4)
COP4=5,.#(TPLUS(3) +TMENO(4) ) +8441558#TPLUS (4)
DO 1001 J=1sJMAX

SDAFE (J)=PLATA2/(B,%#3,1415927)#(COPQ+COP2#P (39J) +COP4#*P (5, 4))

1001 SIGR(J) =SDIFE(J)+SDAFE (J)
1002 IF(KPOL)40s41940
40 DO 42J=1sJMAX
IF (SDIFE(J) .EQ.0.) GO TO 42
IF (KOMPEL+EQa0) GO TO 43
POL (J) ==(24#(AR(J)#*BR(J)+AI(J)*BI(J)))/SIGR (J)*10.
GO TO 42
43 POL (J)==(2,0% (AR(J)*BR(J)+AI (J)*BI(J)))/(SDIFE(J))*#10.
42 CONTINUE
41 RETURN
END
SIBFTC FGETNX NODECK

SUBROUTINE FGET (LUsLVIETB+ROTsGeGPsFsFPsSIGM)
Comrecnnaa THIS SUBROUTINE IS TAKEN FROM PROGRAM SMoG (REF.2)
DIMENSION A(30)

DATA A/1.70611767504649554E=031=5,319326E=05+8.1355E=079=1+50046E

¢
¢
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25

7

26

23
24

15
27

-~ D9

1=08+36¢10943E=109=10sE=1198.33333333E=02+2«7T777777E=03+7.9365076E=0
24495,95238B0E=-044+8,4175084E-0441,9175269E~03+6,4102564E-03,,98940093
34, ,944575023,,865631202,,755404408, ,617876244,,458016777,,28160355
409.95012509BE=015.271524594E=01+.622535239E=(019.951585116E=01+.124
56289719¢149595988,4,1691565199:182603415+.189450610/
LM=LU
L=0
ETA=ETB
RAlI=ROT
IF(ETA=2T77)16416463
IF(L)654+18415
IF(ETA=1+E=15)25s11
Co=).
CL=Co
SI1G0=0,
GO TO 26
IF(FTA=2.02)292+5
I=7
P=A(I)
DO 3 K=146
I=1=1
P=P#ETA®ETA+A(])
CONTINUE
P=P#ETA
SIG=0,
DO 4 K=1+5
SIG=SIG+ATAN(ETA/FLOAT(K))
CONTINUE
SIGO==SIG+P
GO TO 7
I=14
P=A(1)
ATE=1+/(ETA®ETA)
DO &6 K=1+6
I=]=]
P=p#ATE+A(I)
CONTINUE
P=P#],/ETA
SIGN=3,1415927/4.+ETA® (ALOG(ETA)=1,)-P
1C0=EXP(-3-1415927*ETA)!SGRT(t6.2a31852*ETAl/(1.-EXP(-6.2831852'ETA
13
CL=Co
RAU1=1,6666666+ETA+7,5
B=0.
IF (RAU=RAU1)9+84+8
ITE==1
GO TO 10
ITE=1
IF(ETA=2.)13914+14
RAU1=1.2%ETA+8,
IF (RAU=RAU1)13,10,10
IF(L=LM) 19924962
LSECU=LM+1
L=L+1
TAC=ETA
UAR=RAU
G=G0
GP=GPO
F=FO
FP=FPO
SIGM=SIGO
RETURN
IF(L=LSECU)65¢27+65

IF(L=LM) 285281960

(A%
e
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28 IF(FTA=TAC)654+29,465

29 IF(RAU=UJAR) 65,436,465

19 L=L+1

36 B=FI 0AT (L)
QO=SNRT (R*B+ETA*ETA)
R=A*R/RALI+FTA
CL=n*RAlI/ (2. *B#R+B) #CO
Co=CL
SIAL=SIGN+ATAN(FTA/RB)
SIGN=SIGL
GL=R/Q#GO=B/Q#*GP0
GPL=Q/R#*#G0=R/B#GL

G0=6GL
GPN=GPL
MP=r

IF(TTE) 21912912
21 IF(R*(B+1e)=RAL* (RAU=2,%ETA))S504+50522
2?7 FL=FO
FPL=FPOD
31 MP=MP+)]
GO TO 12
33 WL=ARS(FPO#GO=FO#*GPO=1,)
IF(WL=5.E=05)35+34+34
35 ITE=0
Go TO 23
34 FO=FL
FPN=FPL
~ IF(MP=2)504+66366
50 FL=R/Q#FO=B/Q®FPO
FPL=Q/R#F0=R/B#F|
FO=FL
FPN=FPL
WL=ABS(FPO#GN=FO#GP0=1,)
IF(WL=-5E=05)23230+30
30 MP=MP+]
IF(MP=2)31+:66966
60 WRITE(6+205)
205 FORMAT (26HLM LT THE PRECEEDING )
GO TO 61
67 WRITE(65206)
206 FORMAT (15HL LESS THAN 0 )
GO TO 61
63 WRITE(6+207)
207 FORMAT(15H FETA BIG )
64 WRITE(6+208)
208 FORMAT (32HUNDERFLOW GIVES 0 FOR F AND FP )
GO TN 61
65 WRITE(6+209)
209 FORMAT(18H CHANGED LsETA.R)
GO TO 61
66 WRITE(64210)

210 FORMAT (38HE R R O R I N METHOD

61 WRITE(65211)LsLMsETAsRAU
211 FORMAT(2164+2E20.8)
10 N=0

PS=14.
GS=,
PT=r.
GT=1.=ETA/RAU
SOMPS=PS
SOMGS=GS
SOMPT=PT
SOMGT=GT

45 AN=(2#FLOAT(N)+1,)/ (2. #FLOATI(N)+2,)*ETA/RAU
BN=(ETA#ETA=FLOAT (N#(N+1)) )/ (RAU*FLOAT(2%#N+2))

oro



41

42

43

44

46

47

48

13

54

52
53

-

PS]=AN#PS=BN#PT
GS1=AN#GS=BN#GT=PS]1/RAU
PT1=AN#PT+RN#PS
GT1=AN#GT+BN#GS=-PT]1/RAU
IF(N=16)41942942

pPS=pPSl

GS=GS1

PT=PT1

GT=GT1

SOMPS=SOMPS+PS]

SOMGBS=SOMGS+GS]

SOMPT=SOMPT+PT1

SOMGT=SOMGT+GT1
IF(N=16A)43v44944

N=N+1

GO TO 45

MN=N+1
TEST=PS##2+PT#4#2-pPS| ##2=PT] ##2
IF(TEST)4Ts4T 46

PS=PS]

GS=G6S1

PT=PT1

GT=6T1

GOTOD 45
TETAO=RAU=ETA#ALOG (2.%*RAU) +S1GO
GO=SOMPS#COS(TETAOQ) -SOMPT*SIN(TETAN)
GPN=SOMGS#*COS(TETAOQ) =SOMGT#SIN(TETAOQ)
IF(ITE) 48912912
FO=SOMPT®*COS(TETAOD) +SOMPS#SIN(TETAD)
FPN=SOMGT#COS(TETAD) +SOMGS#SIN(TETAQ)
IF(LM)62324,419

JV=8

AD=FXP(=3+1415927#ETA) /CO
RINI=0,

RINTP=0,

RINJ=0,

RINJP=0,

P=(20++2.%ETA) /(10.*%RAU)
IF(FTA=1.E=16)52+52154
IF(474123889/ETA=10.)51+52+52
Q=4,7123889/ETA

GOTO 53

0=1.

DOSR J=19992

ALPH=FLOAT (J) #*P
BETA=FLOAT (J) *Q

DO 57 K=1lsJV

MU=K+14

MV=K+22

VA=ALPH+P®A (MU)

AV=ALPH=P#*A (MU)

E1=FXP (=RAU#VA+2 . #FTA®ATAN (VA))
E2=FXP (=RAU#AV+2 ,#ETA®ATAN(AV))
RINA=A(MV)#(E]1+E2)
RINI=RINI+RINA
RINA==A (MV)# (VA*E] +AV#E2)
RINIP=RINIP+RINA
VA=RETA+Q#*A (MU)

AV=RETA=Q%A (MU)

T1=TANH(VA)

T2=TANH(AV)

Al=2.*ETA*VA

A2=PRETA®AV
IF(ETA=RAU=5,)55356956
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55 RINASA(MV)#((]1,=T1##2)#SIN(AL=RAU®T])+(l.=T2##2)%#SIN(A2=RAU#*T2))
RINJ=RINJ+RINA
5615¥NA='A("V)otTIl(1.-T1!*2)-COS(Al-RAU¢T1,+Taa(1.-Tz¢¢2,.cos¢Az-RAU
2))
. RINJP=RINJP+RINA
57 CONTINUE
58 CONTINUE
RINT=P#RINI
RINIP=P#RINIP
RINJ=Q#RINJ
RINJP=Q#*RINJP
GO=A0®RAU#* (RINI+RINJ)
GPO=AO#RAU#®* (RINIP+RINJP) +GO/RAU
12 BSO=]1.
BS1=ETA®#RAU/ (B+1,)
BB=BS0+BS1
J=1
S=FLOAT (J) #8S]1
Te J=J+]
BS2=1,/FLOAT (J##2:28 )% +J)# (2, %ETA®RAY#*BS1-RAU2RAU*BSO)
IF(EBS(BSIJBB)-I.55-08)71.72.72
71 M=
GO TO 78
T2 M=Q
78 BS0=BS]
BS]1=BS2
BB=RB+BS2
S=S+FLOAT(J) #BS2
IF (ABS (BS2/BB) =1.5E-08)731T74+74

73 I==
GO TO 75
T4 1=1
75 IF(M#*I)T6976+77
77 IF(CO)64964579
79 FO=CO*RAU*BB
FPO=CO#((B+1.)#BB+S)
IF(ITE)33970+70
T0 IF(LM) 62924423
END
$IBFTC RISMUL NODECK
SUBROUTINE RESML
COMMON/ENERGY/ELABsECMsFKAY» IENsNPOTsLMAX s LMAXMsL » JMAX s WAVE sPLATAZ
COMMON/GEIPAT/RL (50) sRJ(50) 4yER(50) 4GAT(50) 3 GAP (50) yPHI(50) ,DELTAsN
1RES+FUORIsBWINEL (50) ¢ INEL (50)
COMMON/SCAMP/CR1(11)+CR2(11)CI1(11)sCI2(11)UCS(11)sUCG(11)
COMMON/RAMENG/AQ (50) A2 (50) s A4 (50) A6 (50) sAB(50) »GAT (50)
DIMENSTION BWR1(11).BWI1(11),BWR2(11),BWI2(11)
IF (NRES.EQ,0) GO TO 19
20 DO 3 LAa=1s11
BWR1 (LA) =0,
BWI1(LA)=0,
BWR2(LA) =0,
3 BWI? (LA)=0.
I=]
4 L=RL(I)+1e
J=RJ(I)#2.
IF(RLII)=RJ(I)) 59596
5 uccMoD=UCS (L)
GO 1O 7
6 UCCMOD=UCG (L)
7 GAPR=GAP (I)/UCCMOD
GAPP=GATI (I)
DIE=ER(I)=ECM
G22=025%GAT (]) ®#%2
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21

1
100
22

23

11

14

16
17

15

18
12
19
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GPT=GAPR®GAT(I)#0,5

DENBW=DIE#*®#2+G22

IF(DELTA) B,8,9

DBWR=DIE#GAPR/DENBW

DBWI=GPT/DENBW

BWINEL (I)=GAPR#GAPP/DENBW

GO TO 10

SIP=DIE+DELTA/2.

SOP=0«5*GAT (1)

SUP=SIP/SOP

SIT=SIP=-DELTA

SOT=SIT/SOP

SUP2=SUP##24+],

SOT2=S0T*#2+1,

CATJA=ATANZ2 (SIPsSOP)=ATANZ2 (SITsSOP)
DBWR= (GAPR#*( ,5/DELTA) #ALOG(SUP2/50T2)
DBWI=(GAPR/DELTA)#CATJA
BWINEL(I)=(2.*GAPR#GAPP/ (GAT(I)®#DELTA))*®CAIJA
COSNDXX=COSD (2+#PHI(I))
SINDXX=SIND (2« #PHI(I))
DBWRF=COSDXX#*DBWR=SINDXX*DBWI
DBWIF=SINDXX#DBWR+COSDXX®*DRWI
IF(RL(I)=RJ(I)) 21921922

BWR] (L) =BWR1 (L) +DBWRF
BWIT(L)=BWI](L)+DBWIF

IF(FUORI.EQ.0+) GO TO 100

PRINT 1+L9JsGAT(I)sGAP(I)sBWR]1(L)sBWI] (L) sUCCMOD
FDRMAT!lXoZISvSFlO.S)

Go TO 23

BWR? (L) =BWR2 (L) +DBWRF

BWI2(L)=BWI2(L)+DBWIF

IF (FUORI.EQ.0+) GO TO 23

PRINT 1sL9JsGAT(I)9+GAP(I)sBWR2(L)sBWI2(L)sUCCMOD
I=1+1

IF(I1.GT.NRES) GO TO 11

GO TO &

DO 12 K=1sLMAX

JK=K=1

Jl=2#JK+1

J2=28JK=1

PEZZ=1,.~-BWI1 (K)

SNORT =CR1(K)*PEZZ +(0e5=CI1(K))*BWR] (K)

CUMD =CR1 (K)*#*BWR] (K)+CIl(K)*PEZZ +0.5*BWI1 (K)
CR1 (K)=SNORT

CI1(K)=CUMOD

IF(CI1(K)=CR1(K)##2=CI] (K)®##2) 16+15415

PRINT 17#dJdrsJ1

FORMAT (61 X936HUNITARITY IS VIOLATED FOR L=913+s8HAND
113,2H/2 )

ETTO=1,.=-BWI2(K)

COCCO =CR2(K)®ETTO +(0e5=CI2(K))*BWR2 (K)

DE =CR2 (K) *BWR2 (K) +CI2 (K} ®*ETTO +0.5%*BWI2(K)
CR2 (K)=C0CCO

Cl2(K)=DE

IF(CI2(K)=CR2(K)#*#2=CI2(K)##2) 18412912

PRINT 179JKsJ2

CONTINUE

RETURN

END

$IBFTC SHAPEX NODECK

SUBROUTINE SHAPE

======THIS SUBROUTINE IS TAKEN FROM PROGRAM SMOG (REF.2)

J=o

COMMON/FASI/D1(11)sD2(11)+COTI1(11)sCOTI2(11)9COTR1(11)4COTR2(11)
COMMON/STAMPA/TETA(40) sSDIFE(40)9sSIGR(40) »SGMAEX (40) sPOL (40) yPOLAX
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11
12
13

20

21
22
23

24

30
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1(40) sDSMEX (40) yDIPOL (40) sSDAFE(40) s SIGMARsSIGMAT » SSHAPE s SUMAO s KPOL

COMMON/ENERGY/ELABECMsFKAY s IENsNPOTsLMAXsLMAXMsL s JMAXsWAVEsPLATAZ
DIMFNSIONSENT (11) ¢SEN2(11)+COS1(11)sC0S2(11)sRE1(11)sRE2(1])

DO 20 I=19+LMAX

POSTO=COTI1 (1) ##2+COTR1 (1) #*2

PESTO=COTI2(I)##2+COTR2(I)#%2

PASTO=EXP(2.,0%*D1(1))

PISI0=EXP(2.0%D2(1))

PER]1=PASTO# (POSTO=1+0)/(POSTO+1.0=2.0%COTI1 (1))

PER2=PISTO# (PESTO=1+0)/(PESTO*1.0=2.,0%COTI2(I))
SEN1(I)=0.5%#(1.,0=PER1)

SENP(I)=0e5%*(1.0=PER2)

C0S) (1)=PER1

c0s2(1)=PER2

RE1L(I)=EXP(=2,0%D1(I))

RE2(I)=EXP(=2.,0%D2(1))

DO0241=1,LMAX

FI=T~-1

PARZS= 1.0=RE1(I)

PARZT= 1.0=RE2(1)

SSHAPE=SSHAPE+ (FI+1+0)#(RE] (I)#SEN] (I)+0,25%PARZS##2)+FI*(RE2(])*S

1ENZ (1) +0«25#PARZT#%2)

SIGMAT=SIGMAT+ (FI+1«0)# (SEN1(I)+0e5%C0S1(I}#PARZS) +FI®*(SEN2(I)+0+5

1#C0S2 (1) #*PARZT)

SSHAPE=SSHAPE®4 ,0#PLATAZ
SIGMAT=SIGMAT#4.0%PLATA2
RETURN

END

$IBFTC SIGOX NODECK

SURROUTINE SIGMAOD (ETA,SIGO)
----- THIS SUBROUTINE IS TAKEN FROM PROGRAM SMOG (REF«2)
DIMENSTION SIGO(2)

PE=ETA
SI1GO( ll='(PE/(12.0*(PE**2016-0)I)*[l.g+(PE*°2-4B.0)/(30.0*((PE'*Z

1&16.0)**2))+(PE**a-lbo.n*(PE**z)+1280.o)/((t1b.o+PE #i)HEL)H] 0560

2))
SIGo( 1)=SIGO! 1)-PE+lPE/Z.O)*ALOG(PE"2*16.01+((7.0/2.0)*ATAN(PE/
14.0))-(ATAN(PE)+ATAN!PE/2-0)+ATAN(PE/3.0))

2 SIGO(2)=SIGO(1)+ATAN(PE)

RETURN
END

$IBFTC SINDXX NODECK

FUNCTION SIND(X)

Cm==w=e===THIS FUNCTION 1S TAKEN FROM PROGRAM SMOG (REFs 2)

SIND=SIN(X#0,017453292)
RETURN
END

$IBFTC STIRL NODECK

FUNCTION STIRL(X)

---- TAKEN FROM PROGRAM ANSPEC (REF.1)
IF(X=2.) 54394
STIRL=0.
60 TO B
STIRL=0,69314718
GO TO 8
Y=X+1e

STIRL=(Y=05)%AL0G(Y)=Y+0,91893853+(0,083333333=(0.0027777778=0.00
1079365079% (1a/(YHY)) ) #(1a/(YRY))) /Y

RETURN
END
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APPENDIX B

CALCILATTAN OF EXCITATION FUNCTION

INPUT DATA
PEREY-AUCK AHSORBTINN
MI= 1+000 MT= 32,000

L=
L=
Le
L=
L=
L=

SW BrADTU

5=

4a00P

GALISSIAN RADINIS= D000
PEREY-RUCK RADIIS= 4«000
ColjNMR POTENTIAL PADIUS= 4.000

SW DIFF.

« 650

GAIISSTAM ARS. NIFF,= D.0n0
PEREY=-RUCK ARS. DIFF.= « 700
VOLUME AAS. DIFF.= 04000

SW DEPTH:

56.000

SIIRFACE IMAG. DEPTH= 4,000
VOLUME TMAG. DEPTH= 04007
REAL SPIN=ORRIT DFPTH= 5,500
IMAG. SPIN=ORRIT NEPTH= 0,000
CHARGE PRODICT= 16s

VOLUME ABS. RADINS= N.00°

LMAXM=
NPAS =

4
0]

ACClIRACY PARAMETER RACC= .n010000

&

0

J=

RESONANCES TABLE Ne= 15
5/2 ER=  4,57700 MEV  TO,W.= «02B00 MEy  PA,W,= «02400
S/2  ER=  &,R4600 MEV  TO,We= «02000 MEy  PAJW.= +00300
3/2  FR= 4,70700 MEV  TO.We= 401000 MEV  PALW.= 00650
5/2 ER=  4,71500 MEV  TO.W.= «00700 MEV  PA.W.= «00250
5/2  FRes  4,R2000 MFV  TO.W.= 01800 MEV  PA.W.= +01300
3z2 ER= 4,907T00 MEV TOWe= «01300 MEV PhAuW.= «00130
S/2  ER=  4,93300 MEV TO.We= #00270 MEV PhyW,= «00200
372 ER=  4,9R600 MFV  TO.We= +03000 MEV PhAsW,= «02250
is2 FR= 5.00000 MFy TO,We= 202000 MEy PAW,= 01000
9/2 ER=  5,r2500 MEV TOuWe= «00400 MEV PAuWa= «00170
T/2  ER=  5.74800 MEV  TO,We= «00300 MEV  PhAsWa= «00020
5/2  ER=  5,12200 MEV  TO.Wa= +01100 MEV  PA.W.= «00900
3/2 ER=  5,17600 MEV  TO,W,= «03500 MEV  PAW,= «01500
/2 ER= 5.19600 MEV TOaWa= +00150 MEY Ph.W.= +00130

1s2 ER= 5.,720600 MEV TOuWa= +01300 MEY PAM,= 01000

TARGET IN MEV= « 00400

cM

ANGLE =

14p.200

sssuspoaesBssdenEsny

EL

AB(MEV) SIGMA EL. SIGMA IN. SIGMA RU. POLARIZ. SIGMA RE, TOTAL IN,
5.25600 75.397 Je000 16,382 0.006 5Bl.lG2 G.000
5.25500 26,471 0.000 164351 0,000 5B5.534 0.000
526000 PR.138 0.000 164320 0.000 591729 0.000
5.26500 30.935 0.000 164289 0,000 600,822 0,000
5.27000 36,128 0.000 16.258 0.000 615.205 0.000
S.27500 46,949 0.000 16.227 0.000 6404111 0.000
5.28000 ATab641 0.000 164197 0.000 6TH.402 0.000
5.28500 654249 0.000 164166 0.000 638,836 0.000
5+29000 ane721 0.000 164135 0D.000 5444862 0«000
5.29500 164597 0,000 164105 0.000 535.567 04000
5.30000 124143 0,000 164075 0.000 5444736 0,000
5.30500 10.089 0.000 164044 0.000 555.696 0.000
S+31000 A.616 0.000 164014 0.000 567,238 0.000
5.31500 T.279 0.000 15.984 0.000 580.104 0.000
532000 6.126 0.000 15.954 0.000 595.208 0.000
5.32500 54645 0.000 15.924 0.000 612.947 0.000
5433000 64950 0.000 15.894 0.000 631.765 0.000
5+33500 11+635 0.000 15.864 0.000 6454999 0.000
534000 204359 0.000 15.A35 0.000 6474159 04000
S.34500 31.390 0.000 15.805 0.000 632.969 0.000
5.35000 43,0264 0.000 154775 0,000 6114833 0.000

MEV  PHASE=
MEV PHASE=
MEV PHASE=
MEV PHASE=
MEV  PHASE=
MEV PHASE=
MEV  PHASE=
MEV PHASE=

MEV PHASE=

MEV PHASE=
MEV PHASE=
MEV PHASE=

MEV PHASE=
MEV PHASE=
MEV PHASE=

SIGMA SH.
419,263
4264103
4414432
473.732
545.141
7214956
11624048
14154837
B514215
5214983
393,653
331.810
2954251
272.010
2614099
268.947
3084503
391343
505.955
610807
6764319

o.,00000
0.,00000
0,00000
0.00000
0.00000
0,00000
0,00000
0.00000
o0,00000
0,00000
0,00000
0.00000
o0.,00000
0,00000
0,00000

DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES

INEL=
INEL=
INEL=
INEL=
INEL=
INEL=
INEL=
INEL=
INEL=
INEL=
INEL=
INEL=
INEL=
INEL=

INEL=

-0
-0
-0
-0
-0
-0
-0
-0
=0
-0
-0
-0
=0
-0
-0
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APPENDIX

YIELD aND ANGULAR DISTRIBUTTOMS WITH SELFCTFD OM PARAMETERS
TNPUT DATA
PEREY=-RICK ANSORRTINN

MI= 1«000 M
SW RANTUS=E 24
GAUSSTAN RADIUS=

PEREY-HIUCK RADINIS=

T=
A6

12.000

0.000
2.B62

13

COULONMA POTENTIAL RADIUS=  2.R62
SW DIFF.= .650
GAUSSTAN ANS5. NIFF.=  0.000
PERFY=HUCK ARS. DIFF.= el
VOLUME ARS. DIFFa= 0,000
SW DEPTH=  50.000
SURFACE IMAG. NEPTH=  4.000
VOLUME TMAG. DEPTH=  0.000
REAL SPIN=ORBIT DEPTH= 11.000
IMAG. SPIN=ORBIT NEPTH=  J.000
CHARGE PRODUCT= 0.
LMAXM= 3
NPAS = 70
ACCURACY PARAMETER RACC= 40100000
RESOMANCES TABLE Ne= &
L= 2 J= 572 ER= 1.89200 MEV TO.We= «007T00 MEV PAsH,= «00600 MEV PHASE= 0.00000 DEGREES INEL= -0
k= 2 J= 372 ER= 2.6A800 MEV  TO.W.= «0B000 MEV  PAJW.= +06400 MEV ~ PHASE=  0.00000 DEGREES  INEL= =0
L 8 J= 372 ER= 3,34000 MEV  TO.W.= +90000 MEV  PAsWe= «66000 MEV  PHASE=  0,00000 DEGREES  [NEL= =0
L= 1 J= 172 ER=  3,92600 MEV  TO,W.= «1R000 MEV  PAJW.= «13500 MEV ~ PHASE=  0.00000 DEGREES  [INEL= =0
TARGET TN MEV= «n3200
EILABR= 190000 ECm= 1.73%08 ETa= 0.00000
I R L e L L e R e T S e e ey
MATCHING RADIUS (FERMIS) = 9.362 K= .2T7TIE+00
L= 0. Te=  LT070E«00 A T = «T0TOE+00 SIGMRC (MA)= 2B9,2083
L= Y. Te=  ,149TE+DD P 1442E+00 T = +1679E+00 SIGMRC (MB)=  1B1.4591
= 2. Te=  L3636E+00 «1D0SE+0D T = .25B4E+00 SIGMRC (MB)= 52R.4401
= '3, Te=  ,1097E=n2 T-=  .6205E-03 T = .8927E=03 SIGMRC (MA) = 245560
SIGMA REACTION= 1001.66356169MILLIBARNS
SIGMA  TOTAL = 2165,55577774MILLTRARNS
SHAPE ELs SIGMA= 1163,89221A05MILLIBARNS
LEGENDRE POLYN, TABLF
ETA P1 .. P2 P3 P4 PS5 Pe PT7 Pa P9 P10 P11 P12
15400 9659258 JA99519] .B041639 .AB46955 5471259 .3983060 2455411 0961844 =,0427678 =.1650559 =.2654900 =.3402156
30400 JB660254 6250000 3247596 0234375 =.223272]1 =.3740234 =.4101781 =,3387757 =,1895753 =.0070382 .1607048 2732026
45,00 JT0T1068 42500000 =«1767767 -.4062500 -.3756505 =.1484376 ,1270582 ,2983398 ,2855358 ,1151124 =.1041842 =.2467193
60,00 5000000 =+1250000 -+4375000 -.2890625 .0898437 ,3232422 ,2231446 -.0736388 -,267B985 -,1882287 ,0638713 .2337529
75:00 .25BB191 =.3995]190 -.3448B46 ,1434295 L342727TA 0431003 =.2730499 =.1702200 .1594938 .231630]1 =.0305438 =.2274795
90,00 0000000 =+5000000 =+0000001 +3750000 .0000001 =+3125000 =.0000001 +2734375 .0000001 =.2460937 =.0000001 «2255859
105.00 =,25RR190 =.399510] «344BR45 1434296 =.342727A 0431001 42730500 =+1702199 -.1594940 42316300 +0305441 =.2274795
120400 =,4999999 -,125000] +4375000 -.2890624 =.089B439 .3232422 =.2231444 =.0736391 ,2678986 -.18B2285 -.0638716 2337530
135.00 =.7071067 42499999 1767768 -.4062500 3756504 =.1484373 =,1270584 ,2983399 -,2855357 1151121 1041845 =.246719%
150400 =.B660254 46249999 =.3247594 ,0234373 ,2232723 -.3740235 44101780 =,33R7755 1895750 =.0070378 =.1607051 +2732028
165.00 =,9659258 ,A995]19) =.A041638 ,6A46952 =,5471256 439830957 =,2455407 40961839 ,0427683 =.1650564 2654903 =.3402159
CMTETA SIGMA SH, SIGMA CeELs  SIGMA T.EL. SIGMA(TETA) EXP  DSIGMA EXP POLITETA} POL(TETA) EX®  DPOL EXP
15.0 23R.H25 151.48055 390,30541 =0+00000 =0+000 -.15825 =0+00000 =0.0000
30,0 1BB.462 116.10215 304.56422 =0.00000 =0.,000 -.30706 =0.00000 =0+0000
45.0 126,893 B1,38429 20B.77741 =0.00000 =0.000 -.41355 =0400000 =0.,0000
60.0 73.049 63,95917 137.00844 =0.00000 =0.000 =.40171 =0+00000 =0.0000
75.0 37.550 61.16625 98.71609 =0+00000 ~0.000 -.21785 =0+00000 =0.0000
90.0 23.794 62.32678 B6,1204T7 =0.00000 =0.000 «04904 =0+00000 =0.0000
10540 33.165 61,.16625 94,33153 =0.00000 =04000 28935 =0+00000 =0.0000
120.0 664660 63,95917 130.61891 =0.00000 =0,000 41679 =0+00000 =0.0000
135.0 120.813 81,.88428 202.69759 =0.00000 =0.000 .39188 =0+00000 =0.0000
150.0 183,133 116,10214 299.23482 =0400000 =0.000 .28114 =-0.00000 =0,0000
165.0 233,546 151.48053 385,02618 ~0400000 =0,000 .14338 =0+00000 =0.0000
COULOMA PHASES ANN SCATTERING AMPLITUDES TABLE
i 3 CO.PHAS. MOD U RES,AND OPTIC. REAL AND TMAG.AMPL. L J MOD U RES.AND OPTIC., REAL AND IMAG.AMPL.
0 172 0,0000 <5412R41 .5412843 +2040 «6T78R 0 0/2 0.0000000 0.0000000 0.0000 0.0000
1 3/2 0.0000 49221135 .9221135 -.0624 +0432 1 1/2 .9251002 .9255815 -+1025 «0490
2 5/2 040000 7977302 .797666] -.0072 «1012 2 3/2 .94B428)1 ,9448763 +2588 «1026
3 7/2 0.0000 +99945]5 9994515 «0018 «0003 3 S5/2 49996897 ,9996897 «0010 «0002



= B =

FLAR= 1.95000 ECus= 1.7A523 ETA=  0.00000
00808000 EEIISE0B0000SCE000005800000000800000
MATCHING RADIUS(FERMIS)= 9362 K= L2B08F+00
2 0 T#=  ,TO42E+00 T== 0. T = .T042E+00
L= 1. T#=  L1534E+00 T== +1473E+00 T = 1514E+00
L= 24 T+=  LITS5E+0n T== 1061F+00 T = +267BE+00
B2 I Tes  ,12n2E=g2 T== +A67B2E=-03 T = «9777E=03
STGMA REACTION= 997,75951862MILL IBARNS
STGMA TOTAL = 214T7.A73R9239MILL IBARNS
SHAPE FLe SIGMA= 1150.11437377MILLIRARNS
CMTETA SIGYA SH. SIGMA CsFL. SIGMA T,EL. SIGMAITETA) EXP
15.0 243.051 151.6R9u5 394,74042 =0.00000
30.0 189,549 116.06489 305,61379 =0.00000
45.0 125.177 Al.60P74 206,77995 =D. 00000
60,10 T0.192 63,53R91 133,730R6 =0.00000
7540 34,4853 60,71139 95.56415 -0.00000
90.0 21.345 61 .,AT7340 A3.21976 =0.00000
105.0 30.560 AN, 71139 91.27152 =0.00000
120.0 64.319 63.53891 127.R5T774 =0.00000
135.0 120355 A1.60273 201,95771 =0.00000
150.0 186.226 116.06487 302,29045 =0.00000
165.0 P240.263 151.68904 391,95180 =0.00000
CULOMA PHASES AND SCATTERING AMPLITUNES TARLE
| CO.PHAS, MND U RES.AND OPTIC. REAL AND [MAG.AMPL.
no1/2 0.0900 5439204 5439204 .2107 6720
1 372 o0.0000 9201243 9201243 =. 0643 « 0445
2 5/2 0.0000 « 7902263 «7900R19 =.0020 «1069
3 Ts/2 0.0000 +99939A7 .99923987 0020 «0003
FLAR= 200000 ECwm= 1.83138 ETA= 0.00000
BaP000B0ORORERILO00LOE0ODEBR0RBOOB0ERCRRERRORES
MATCHING RADIUS(FERMIS)= 9,362 K= L2R44E«00
L= 0, T+=  ,7013E+00 T== 0, T = «T013E+00
L= 1, T+= ,L1570E+00 T==  .1504F+00 T = «154BF+00
L= 2. T+=  L,3BREE40D T==  L1117E+00 T = $2766F400
Le 3, T+= ,1315E=02 T== L T395E-03 T = +106BE=02
SIGMA REACTION= 992.9R29A821MILL IBARNS
SIGMA TOTAL = 2133.474849]1TMILLIBARNS
SHAPE ELs SIGMA= 1140.491R6096MILLIBARNS
CMTETA SIGMA SH. SIGMA C«FL. SIGMA T.EL. SIGMAITETA) EXP
15.0 252.126 151.67179 4n3.79806 =0.00000
30.0 192.1726 115.88341 307.90884 =0.00000
45.0 122.33) 81.25241 203,58254 =0.00000
60.0 66,117 63,08528 129.20259 =0.00000
7540 32.229 60,22345 92.45230 =0.00000
Q0.0 19.423 61,38163 80.80492 =0.00000
105.0 27.286 60.22345 87.50911 =0.00000
120.0 60.113 63,08528 123.19875 =0.00000
135.0 119.301 A1,25240 200.,55363 =0.00000
150.0 193.043 115.88299 308.92569 =0.00000
165.0 255.732 151.67178 407.40348 =0.00000
COULOMR PHASES AND SCATTERING AMPLITUNES TAHLF
L J CO.PHAS, MOD U RES.AND OPTIC. REAL AND IMAG.AMPL.
0 1/2 0.90000 «5465043 5465043 2170 +6660
1 3s2 0.0000 «9181582 .9181582 =, 0663 « 0457
2 S/2 0.0000 «7831909 .7B27699 +0168 +«108A8
3 T/s2 0.0000 «9993423  .9993423 0021 «0003
ELAR= 2.05000 ECu= 1.87754 ETA= 0.00000
L L P P R R Y A LT o000
MATCHING RADTUS(FERMIS)= 9.362 K= L2BB0E+00
L= 0, T+= L6986E+0D T== 0, T = .69A6E+00
2 Ll Te=  L160SE+00 T== 41534E+00 T = «15B2E+00
= 2. T+=  L66T0E+00 T==  1170E+00 T = +44TOE+00
= 3, T+= L1435E-02 T== .A046E~03 T = «1165E=02

STGMA REACTION=

SI1GMA

SHAPE FL. SIGNA=

TOTAL

1294 ,39620R39MILLIBARNS

= P?B35,440037B7TMILLIBARNS

1541.04382949MILLIHARNS

CMTETA SIGMA SH, SIGMA CeFL. SIGMA T.EL. SIGMA(TETA) EXP
15.0  489.727 214.93317 T04.66006 =0.00000
30.0  31B.13% 157,92507 476405972 =0.00000
45.0  147.53¢0 103.97631 251.50661 =0.00000
600 48,9832 77.65463 126,63754 -0.00000
7540 20.009 75.90070 95,90974 =0.00000
90.0 14.747 78.96004 93,70746 =0.00000

105.0 10.670 75.90070 86,57064 =0.,00000

120.0 38.973 77.65463 116.62736 -0.00000

135.0  146.544 103.97630 250.51989 -0+00000

150.0  329.738 157,92505 487.66317 =0.00000

16540 510784 214,93316 725,71696 =0+00000

COULOMAR PHASES AND SCATTERING AMPLITUDES TAHBLE
L J CO.PHAS, MDD U RES.AND OPTIC. REAL AND IMAG.AMPL.

0 1/2 0,0000 5490370 5490370 .2230 «6600
1 372 0.0000 .9162153 .9162153 -, 0682 «0470
2 5/2 0.0000 5770813 .7757432 .1738 «2697
3 7/2 0.0000 .9992822 .9992822 «0023 «0004
L |

3

W=

POL(TETA) EXP

-0400000
~0.00000
~0400000
=0.00000
=0+00000
=0.00000
=0+00000
=0.00000
=0+00000
=0+00000
=0e00000

DPOL EXP
=0.0000
=0.0000
=0.0000
=0.0000
=0.0000
=0,0000
=0.,0000
=0,0000
=0.0000
=0.,0000
=0.0000

REAL AND IMAG,AMPL.

0«0000 0.0000
=«1055 0505
2670 «1099
«0011 0002

SIGMRC (MA)=  2B0.5914
SIGMRCIMA)= 180.9372
SIGMRC (MB)= 533,5038
SIGMRC (MR) = 2.7271
DSIGMA EXP POL (TETA)
=0,000 -.15570
=0,000 =-.30341
=0.000 -.61112
=0.000 40041
=0.,000 -.21520
=0.000 J04R12
=0.000 .28328
=0.000 40928
=0,000 «38337
=0.000 27372
-N.000 213919
L J MOD U RES.AND OPTIC.
0/2 0.0000000 0,0000000
1/2 9234050 ,.9239%9033
3/2 +9454595 ,9405788
5/2 49996608 9996608
SIGMRCIMRI= 272,4256
SIGMRC (MA)=  180.3824
SIGMRC(MA)= 537.2701
SIGMRC (MB) = 29049
DSIGMA EXP POL(TETA)
=0.000 =-.14335
=0.000 -.28266
=0.000 -.38922
=0+000 -.38150
=04000 -.20048
=04000 04625
=0.000 26762
=0.000 +38956
=0.000 «35R66
=0.000 +25091
=04000 «12599

POLITETA) EXP

=0+00000
=0+00000
=0+00000
=0+00000
=0+00000
=0400000
=0+00000
=0+00000
=0«00000
=0+00000
=0400000

DPOL EXP
=0.0000
~0.0000

L J MOD U RES.AND OPTIC. REAL AND IMAG.AMPL.

0/2 0.00000

00 0.0000000

172
se
S/2

«9217344
«942519R
9996302

«3222509
«9360571
9996302

0«0000 0.0000
=«1084 «0521
+2755 #1177
«0012 «0002

SIGMRC (MB) =
SIGMRC (MB) =
SIGMRC (MA) =
SIGMRC (MA) =

DSIGMA EXP
=0.000
=0.000
04000
=0,000
=0.,000
=0,000
=0.000
=0.000
=0.000
=0+000
=0.000

264.677S
179.7978
84648315

3.0894

POL(TETA)
-.07784
=.15296
=-.19666
-.10673

«04228
«00813
+02253
25642
«29906
«20342
+09871

POL(TETA) EXP

=0+00000
=0+00000
=0+00000
=0+00000
=0+00000
=0+00000
=0+00000
=0+00000
=0+00000
=0+00000
=0+00000

DPOL EXP
=0.0000
=0.0000
=0.,0000
=0.0000
=0.0000
=0.0000
=0.0000
=0.0000
=0.0000
-0.0000
=0.0000

L J MOD U RES«AND OPTIC. REAL AND IMAG.AMPL.

os2
1s2
3s2
572

0.0000000 0.0000000

+9200880
« 9396556
+9995976

«9206238
«9313056
.9995976

040000 0.0000
=«1112 «0536
+ 2845 «1261
+0013 «0002





