
L.L; , L( D 0/ 

o- »-~ r 
5A~Awe\--\~o~ 5.c :. r ,'·. 

J,J; v); ~r~~T~H , , ' ........,.........._ 
rc :J_- '2- G ~ L( '-1-i. 

OB'bE,lJ;J1HEHHbiH J1HCTJ1TY'r H,ll;EPHbiX J1CCJIE,ll;OBAHJ1H 

~EllOHJ.1POBAHHAH llYBJIJ.1KAUJ.1H .. 

' 

+ 

\. 

, I 





f •• , , ' .. • - :·•·' 



lWID!r«MJ· 
LIW!IX . 

2,1 ={;(tt +-1)q (t&JG){rt-~) · in(iJ;j-fii; UJ,f~J;_£ 
LM4X 

~ = LftL+i)fl(t<?J!J}[rt-R)Mt{l[)+Jl~fia/il'Jl 
'£ L ::1 

R C,()g(} 
L -

{= Z cvu: fJ {c/u); 
K:1. 

~ =rl; fS7f.l11 ·Z~-r lr/);,
38

) 
1

; 

RL = ~(RpJe-11P<) /lJ ~:fin (,eg_) e -~~~) 

Rft =z-Erll;_ 1 /ll{t = f ·ET/lt 1 



. oD +1. I 

7J(R)~ h~lf/(z)d'X / 7lm (lf~tRzt!-t.Zi}ti~) 
' 0 -i 

~AI saA1 ·~,,..., 

/ 



6'(8) 
ctcce) 

' 1.2 

as 

0.6 

0.4 

Q2 

0 5 10 15 20 25 





·RA'1 :;HEK1 73/7'-+ OPT=1 FTN 4.6 ~ 433 

G 

PROGRAM CH~K i < I~PU T,OUTPUT, PUN C H) 

CALC U L A T I Cl N AN 0 J U T PUT Cl F D N 0 R 11 A 
CO MMON/Wrl/ IH8) ,H(8)/ ROO / R( bQ ) , O C6U ) /TGL!f,S,AL/ AZ / AM , AN,BM,CM 
DIMENSION ETA<1~JCl 
AH=5B. AN= 12 . ZH=28. "' ZN=6 . T=J.24.~ 
BH=4.22 • B~=1.oo ' CM=U.545 ~ N=1 . b 4 
N=~ (. 
PRIN 1 ,A M,A N,Z M,Z , BM ,B N, CM ,C N, T 

1 fO , HAT<i·H,2XtAM=tF!t.0,4XtAN=tF t.t . ,!t XtZ =tF!t.0,4XtZ'l=tF!t.O/ 
•2XtBM=tF4. 2 ,4Xt B~ =;tF4. 2 7 4X tCM = ;t = ~ . 3 , 3 X;tC 'l=tF4. 2/ 

•2XtT=t F1u . 2 t MEV;tl / 
•gx ;t~ ( l )t oX t OD(l);t) 

DATA ( W=0 . 1 122833&3 , 0 . 222381~34 5 , 0 . 3 137 ~ 6459 , 0 .36 2 6837834 , 

• . ;)626837834 , .31 3 7 66459 , LJ . 2 22 S81 3 4 5 , 0 .1 12285363), 
•<H= 0.9602838565 , .796b6o!t77'-+, . 3 2553 2 4 93,0.1834346425, 
•- .1834346'-+25,- . 5255324 99,- 0 . 7 Y&6& b 477!t ,- 0 .96 289 8 555) 
DETE~MINATION OF TH£ ARR&Y R 
R<U =O . 
S= !t- .•B M / ~C . 
DO 2 1=1 ,53 

2 Rti+il=~(I)+S 
CAL:; U L AT I 0 N AN 0 J U T PUT 0 F T H 1:. E Q. U I IV A L E N T J ENS IT Y 
Al= O. :,. B1 =Rt3 U) 

3 PD=O. 
DO 4 J=1, 8 
Y2= ( ( 81 -AU • H(J} t- 31 +A 1> / 2 , 
Y3=W (J}•Y2"Y 2 

4 P O=PD +Y3"J(Y 2 ,ZN,A N , BN ,C ~ , zM,AM , BM , GM > 

IF<A 1. NE . Ol GO TJ 5 
OO=PD•Bi/2. 
A1=~ <3 L ) ~ Bl =R <S > 
GO TO 3 
PO= PD•< B1 -A1)/ 2,t-OD 
82 =1. / 12 . 5&54 
PD=B~ / PO 

CAL CULA TIJ N AND )UTPUT OF THe Dl SITY 
DO 7 1=1,60 
OD(I)=O<R<I),ZN,AN,BN,GN,Z H, AM , B , CM) 
PRINT b ,I, iHil , ~J< I> 

b FO KMA T<2X,I3, 2E1J . 3 ) 
OO(I)=ALOG<OO(l)fPOl 

7 CONTINUE 
SQ.;;;SQRT < AN/T> 
G= . 157 4-"Sl" ZN~z ~ 
AL=4. 5b6 • Sl •<A N tAM)/(AN~A M l 

CAL L FHAS~(ETA,'l) 
PRINT 8 

8 FO RHAT(// ~X tlt7Xt E TAtl 

PRINT 9 , (L, ETAlU, L= , N) 
9 FO RHAT <3X, I 4, E12 .~) 

STOP 
END 

2 0 1 , 



TIO'J 0 
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c 

73/7'-+ OPT= i 

FU NCTI ON D < R ,ZN,~ N , BN ,C N ,ZM ,A ~,BH,C M ) 

CALCULAT 10 ~ OF T1 E EQUIVALlNT DENSI TY 
CO MON II·H/ vH8),H(8)/AB/A(3l,3(3) 
R =K'"''· c 
T H R E E. I NT E ~ V A L S F 0 R THE E X TE RN L IlN T L G R A L 
IF<AH- - &.1> 1 , 1 , 2 

1 CC=8H ~ GO TO 3 
2 CC=CM 
3 A< >= • 

8{1)=1.5"'8'1 
A<2>=B<H 
8{2l=Al2)+CC 
A(3)=13<2) 
8 ( 3 ) =59. "' 8 1'1115. 

FT 4. 6+4 3 3 

CA LCULATION OF T1~ INTE;RALS IN TH E INTE~VA LS A<IJ- BtiJ 
o= u. ~ oo & I=1 ,3 
T= u . ~ DO 5 K =1, 8 
Y=< (B(l l-Atr))•;(Kl+ A(Il+ BCI> l/ 2 . ~ Y=Z.•R•Y 

CA LCULATION OF THl INTEK AL I NTEGRAL 
T1=0. J) 4 L= 1, 8 
Y1=SQRT < R.R +~Y•HL) +Y.,.Y> 

4 T1=T1+W<LJ"' DENS {Y 1 ,Z M,A H, BH, CM) 
VALUE OF frl ~ INT~ NAL INTEGRAL IS EQUAL Tl 

5 T=T+W( K J"Y"'"' 2 " DE~S CY,ZN ,AN,B N , CN >.,.T 1 

o D=D+T"'<8<I>-Ati))f2. 
RET URN - E 0 

2l 



= uNCTIO~ OlNS 7317';. OP T= i 

FU NCTION D~NS < R ,Z,A, B ,C) 

C CALCULATIO OF Ti E I N TE~ UCLEAR 08NSITY 
PI=3.14159 
IF<A- · .1>1, 1 ,2 

C LI GH T N UCL~u s 
l C2=::;•• 

BB=::;z• Ci. -1../A) 
Zi=C 2/ BB . Z2=<Z- 2 .>13. 
X=1.+1.5•Z2•< t .-Z1} 
Y=Z1•z e:: 
o~=2.1(< Ba •P I )••t. s •z> 
R =R•• 2 /BB 
IF< -43.)3,~, 5 
DE S=DO•<X~Y• RRl• ~ XPC-RRl 
HEA VY t-.. UCL~:JS 

R. TU N 

2 00=0.75/CB••3•PI'C1.+<PI• CIB>•• z >> 
RB=CR-Bl/C 
IF CRB -4 3. )4,4,::> 

4 DE NS=O O/ ( • +lXP { ~ B }) ;, ~ E T UR N 
5 OEN S= O. . ~TURN 

.o 

FTN 4.6+433 2 



3ROJTIN~ FHASE 7317'-+ OPT=i FTN 4. 6+4 33 

SU BROUTIN~ FHASE<ETA,N) 
C CALCULATION OF Ti E SCATT LR IN G PHAStS 

CO MMON /TGL/T,G,AL/HH/WUH ,H(8)/AZ/A M,A ,3~ 1 CM/A 8 /At 3 > , 3 (3) 
DIMENSION :: J'A(N) 
DO 3 L=1,N 
P2=AL•<G+SQ~T<G•;tL•L>> 

ET=G. 
00 2 I=1,3 
B A 1 = < B < I ) - ~ ( l ) I 2 • · 8 A 2 = ( 8 (I) +A ( I ') ) I 2 • 
Ti= O. 
DO 1 K=1,8 
Y= BA1•H tl()f-8A 2 
Xl=Y•Y 
X2=SQRT (1. •2 .•AL "";•( P2-SQRT< X1+P2•P2)) /XU 
X3=W<K>,...P<X1,P 2 ) 

l. T1=Tt+X3/X2 
2 ET=ET+T •BA1 
3 ETA <U= ET 

PUNCH 4, ETA 
4 FO MAT<8E1 0. 3) 

RETURN ~ E\IJ 

2 ' 



73/7'-+ OPT= 1 

FU NC TION P<X.,P O> 
COMHON/ROD/R(6 0l, D0 {6 0l 
Y=SQRT<X+PO•P (; ) 
IF(Y.GT.R<5 )} GO TO ~ 

CALL FINTER<Y, R,OJ.,6 U.,Z) 
P=LXP<Z> j RETU~~ 

1 P= • 
RETURI4 ~ END 

FTN 4.6 +433 . 2 



AM= 38. AN= 1~. ZM= 28. VI= &. 
81'1 =4-.2 2 BN = 1 . 6~ CH= .545 C'J=1.6!.t 
T= 124. 5 HEV 

~(!) D t.H n 
l u. . 4)3£ - 03 
2 . 2 81E t- Ou .4 38£ - 03 
3 • ?S3E HdJ . 4J5E - 03 
4 .Bit4Et- Gu . 4:11£- 03 
5 .113EHI 1 • 334-E - 03 
b . 1 ~ 1EH1 .384 £- 03 
7 . 139Et0l • 372£-03 
8 . 19 7Et 1Ji . 35BE - G3 
c; .225Et 0i . 3+UE - u3 

1lJ . 253Et-01 . 320E-03 
11 .281E+u1 . 2 38£ - 03 
12 . 3::J9E t ~1 . 274£-03 
13 . 33BE t u1 . 2+9£-03 
14 . 3&&E +- 1 . 223£- 03 
15 . 334-Et-01 . 136£ - 03 
1.& oi-2 2f:: t 1 . 17 E- 3 
17 .45uEtui . 11+5£ - 03 
18 .478£ -t 1 . 122£ - 03 
19 .s ooE + 1 • 1::. u E-o 3 
2 . 535E t 0l .8 39£- 4 
21 . 5&3E -t 1 . &38E - 4 
22 .s91E+ ui • 433£-04 
~3 .&19EHI1 • 372£ - 04 
24 . & ~7!:+3 1 . 2 74 £- 04 
25 • 6 75E t i . 1 37 £ - 04 
? ~ 
-0 • 7· 3E t 0i . 138£ - 04 
27 .731Et01 . 9+6£-05 
28 •. 75 Et 1 . 637£ - 05 
29 .788£ t 0i . 421£-05 
3U .B1 oE + u1 . 273£ - 05 
31 . 81t4 Et 1 .175£- c-:> 

32 .87 2E t 1 . 110£- 05 
33 .90 E+O 1 . 688£ - 06 
34 .328E.t 01 .4~ 5£ -06 

3~ .357 EtGi . 2oi.E- 6 
3& .985 Et 1 . 1:>9£-uo 
37 . 10 Et v2 .3:, ~£ - 0 7 

38 .1 04E t 02 .587 £-07 
39 . 1U7Et 2 . 355£ - 7 
4 ~ • .tiuE t- 02 . 2t4E - 0 7 
l+1 .l13E+02 . 12-3£ - 7 
!t-2 . 113E+02 .777 E- 08 
43 . 118E-t 2 .4:, 7E-G8 
4-4- . i21E t 2 . 23lE - 08 
4 5 . 124E t 02 . 1:>9E - 8 
!.t6 .127Etu«:: . lllE - 8 
l+ l .129E t 02 .&39£-09 
48 ol3 2E t ' 2 . 33oE - u9 
lt9 . 1.35E t 02 • 22 ' E- 09 
50 .138 t 02 . 132£ - 09 
31 . 1 f.t. iE+ (I2 .73 uE-i u 
~2: . 1'43E t 2 .47!t E-1 
3 .14& Et 02 . 23!tE-iO 
54 .tlt9 Et 02 . 170£ - 10 
35 .152Et 2 . 1a2E-1o 
56 oi 55 E t 2 .61 2E - 1:L 

~or , r, ,., ..., ~7r .. -



.ti'V .. ,_.._,..,_ .. v ·~ ._ __ _,_ --

59 .1&3Et 2 .132E-11 
&u .l&~E+ u .73BE-1 2 

L ETA 
1 • GOE - 1 
2 .995E- l2 
3 .979E- l2 
4 . 958E - J2 
5 .333 £ - 02 
o . 3 4E-iJ2 
7 .872 -J 2 
8 .839E- 2 
g .a 4E- 2 
u .7&7E- u2 

11 .73 E-32 
12 .o93E- 2 
13 .&55 E- 02 
14 .&17E- 02 
15 .?79 E- ll2 
1& . 5 42E- 2 
17 .5 0 6E- 32 
1.8 .+7 E- J2 
19 .435E- 02 
2 .+ 1E-32 
21 .358£- i 2 
22 . 33 7E-LI 2 
23 .3 7E- 2 
24 . 2 78E- U2 
25 . 251E - 02 
26 .225E-02 
27 . 2 lE- 02 
28 • 79E-ll2 
29 .15 8E - J2 
30 .l. 39E - 2 
31 . 122E - 02 
32 .1 &E - az 
33 . 922E - U3 
34 .794E- J3 
35 .58 E-J 3 
3& .?8uE- 03 
57 .!t91E- 3 
38 .!t-14E:.-J3 
39 . 34 7E- ti3 
4 . 289E - l3 
4-l • It O - 03 
4-2 • 98E- 3 
43 .l&3E- 3 
44 • 33E-O;) 
45 .1 u8E - J3 
4& .B79E-l4 
4-7 .711E- 04 
+8 .57 2E - 4 
4-9 .+59E- 04 
50 .3&7E- Jit 
5i .293 E- J4 
52 .233E- U4 
53 .18 5E - 04 
54 .14&E- 4 
55 . il5E - 04 
5o .9 BE-~5 
57 .715E- D5 
58 .5oiE-l5 
59 .441E- u5 
=> . 345E- 5 
&1 . 21 E-us 
62 . 21lE -j 5 
:,3 .t55E- 5 



58 
~9 

7 . 29U - o 
11 .22&E- 6 
72 .176E- 6 
73 . 137E- · 6 
74 .1. &E-l& 
75 .g27E- 7 
76 .&43E- 7 
77 •=' uE - 7 
7 8 • . 8 9E- 7 
79 . 3G2E - 7 
8U .235E- 7 
81 . i82E - J7 
82 .142E-U7 
83 • 1 E- 7 
84 .35 5E - 8 
33 . 5&4-E - 08 
86 . 315E - 08 
87 . ~ · E- 8 
88 . 31 E- 8 
b9 . 2ft E- 08 
3U . ts&E. - u8 
31 .1Lt5 E- 8 
92 • 12E- 8 
~ . 87 E- 9 
34 . ?J7 E- J9 
95 . 319E - 9 
9o . ttozE - 9 
97 . 31 E- 9 
98 .239::-u<3 
99 • BitE - 9 

lUl . 141E - 9 



_____ j 

PROGRAM SCATS 73/74 OPT=1 Ff'4 4• 6+433 

P OGRA~ SCATS(INPUT,OUTPUT) 
C CALCULATION OF TH THO NUCLEUS ELASTIC CROSS-SE:TION 

OI t: NS 0 N ETA ( 1 ) , 0 T ( 1 0 ) , S 11 ( 6 2) 
AM= 5 • A N-1 2. $ Z M = 2 8. $ Z N = 6. $ f = 12 4. 5 

=4.22 $ BN=1.66 $ CM=0.5~5 CN=1.64 
X= • r 3 75 Y= • , 62 5 

C CALCULATION OF THE CONSTANTS AND PRINT OF THE DATA 
SQ=SQ T (AN/Tl 
G= .1574•So•zN•ZH 
AL=4.566•SQ•(AN+ M)f(AN•AM) 
PRINT 1,AM,AN,Zft,ZN,qM,BN,CM,CN,T,AL,G,X,Y 

1 FORHAT11H1 9 2XtAH=tF4.0,4XtAN=tF4.0,4XtZM=tF4. 0 ,4XtZN=tF4.l/ 
•2Xt9H=tF4.2,4Xt8N=tF4.2~4XtCH=tF5.3 9 3XtCN=tF4.2/ 
•2XtT=tF1 .2ttiE\It,4XtLAMBD~=tE1 .4t FERMISt, 
•4XtG=tE10.4/2XtX=tF6.4,2XtY-;tF6.4//2XtTETA SStf 

PI-3.14159 ST=1.5 $ AT=1.5 
EAO 2, TA 

2 FOPMAT<8E10.3l 
A =PI•AN•AM•ST•1 .•2. 

C CALCULATION OF THE ARRAY 0 AND DT 
Tt1l=ATAN(G1 
0 3 l=2,100 

3 OT ll=OTtL-1>•ATAN(G/L) 
1-AO•AT"'X $ N-1 

00 5 1=1,31 
T TA=I t•C -1.)/72.+3.U001l/5. 
S1 (Nl=TET .•360./PI N=N•1 
A2=AO • Y 

C CALCULATION OF THE SU~ 

SH1= • $ SM2=0. H=U. 
0 4 l=1,1 

RE1=A1•ETA(L) t AE1=A 2•ETA<L) 
R 1= ,OS(RED•EXP(- E1) $ AR1=SIN(l(£1)•EXP(-A£1) 
Z=COSt2.•T TA) 
YX=ALEGF(L,M,Z,O) 
F1=SIN(2.•0T(L)) F2~ 0St2.•0T(L)) $ F3:(2.•L+1.)•YX 
FS1=tt1-RR1)•F1- R1•F?)•F3 
FS2=((1-RR1t•F2+AR1•F1l•F3 
SH1=SH1+FS1 

4 SM2=SM2+FS2 
C CALCULATION OF THE CR OSS-SECTION 

S1=2.•G•At0G(S N(TETAtl 
S2=1./G•SINlTETA)••2 
SS=tCOS(S1)+S2•SH1)•• 2+(SIN(S1)+S2•SH2)••2 
S11CNl=SS 

5 N=N+1 
? INi 6 9 S11 

6 FORMAT(2XF4.1,E9.3) 
STOP END 



AM= 58. AN= 12. 
BM=~.22 SN=1.66 
T= 124.50ME\1 
X= .'0375 Y= .0625 

TETA SS 
• 0 .100E't-01 

1.0 .995£+1)0 
2.0 .100£+01 
~.0 • HJ1EHH 
4.D .964£+00 
5.0 .105£+01 
6.0 .960E+1JO 
7.0 .919£+00 
6.ll .111{)£+(}1 
9. U .11?EHJ1 

10.'0 .11 £+01 
11.0 .Hl9E+01 
12.0 .866[+00 
13.0 .731E+'OU 
14. • 576£+00 
15.0 a410E+ll0 
16.0 .335£+00 
17.0 .260£+00 
16.0 .170E>t-OO 
1'?.0 .135£+00 
20.0 .117£+00 
21.0 • 772E-IJ1 
22.8 .549£-01 
23. D • 5'07£-01 
24.() • a.5E-01 
25.0 .192£-01 
26.0 • 98E-01 
21.11 .192£-'01 
28 • o • 1 o a E-o 1 
29. 0 • 70 8 E- 0 2 
30.0 .738£-02 

ZM= 2 8 · ZN= 6. 
CM= .5~5 CN=1.64 

LAM BOA= .1426'E+OO FER MI S ; : .821 0E+01 


