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We present the detailed description of the auxiliary codes to PERFECT V
that compute the one-body charge form factors, the percentage probabilities,
the asymptotic normalization constants, the El sum rule, and the two-body
correlation function of the triton wave function obtained by PERFECT V using
the RSC5 potential.
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§1. Introduction

Based on the formulations presented in reference 1, we have ‘described in
our previous report in detail the program named PERFECT V to carry out the
iterative calculation of the triton bound stateZ). In the present paper, we
present the detailed description of various auxiliary codes to compute other
physical quantities of interest of the triton wave function. They are named
NFORM, ASYMS, SUM5 and CORR5, that carry out the computations of the one-body
charge form factors and the percentage probabilities(NFORM), the asymptotic
normalization constants (ASYM5), the enhancement factor k of the El sum rule
(SUM5), and the two-body correlation function(CORR5), all utilizing the triton
wave functions output from PERFECT V, or the extension of them to large'xo
Necessary formulas to compute these quantities are given in reference 1.

Although in the following sections, we present these codes separately to
be used independent of each other, the user will find a strong similarity in
parts of the codes that deal with the extension of the wave functions to
larger x. In fact, these are the most tedious parts of the computation, but
they are essentially the same as the computation done in subroutine RHS of
PERFECT V. It would be a simple matter for the user to rearrange these codes
in such a way that he prepares a single file in advance .on which the wave
functions are stored up to the desired large distance x, so that he can compute

all the above mentioned quantities all at once.

§2. Computation of One-Body Charge Form Factors and Percentage Probabilities

2-a. One-Body Charge Form Factors

The one-body charge form factors of 3H and 3He are computed by using the
formulas given in section 4 of I. We have the main program of PERFECT v2)
output on File LFCHI the wave functions - 9(§q,x) and ¢a(q,x) of Egs.(II-2.12)
and (II-2.16) that correspond to (9(12,3)+¢(23,1)+¢(31,2)) of Eq.(I-2-40a) and
~-%(12,3) of Eq.(I-2-38a), respectively. As explained at the beginning of

section I-4, we must utilize the (12,3) component @a(q,x) to compute the one-

body charge form factors rather than the total wave function Oa(q,x).



270

T.Sasakawa, S.Ishikawa and T. Sawada

Necessary formulas for computation of the relevant quantities <ng> (i=1 to 4)
have already been derived in section 4 of I. Since all these quantities are
expressed as integrals involving rapidly oscillating functions, the evaluation
of them requires careful treatments, or the resulting charge form factors
deteriorate rapidly at large momentum transfers. We describe below how to
compute these quantities.

First of all, we need to calculate pa(x,y) of Eq.(I-4-29)

(2.1)

P % (g,x) u,(p,y)
f MALL 4 o 2

L [
X Y

pa(x,y)

to sufficiently far distances <X and YSvVg - To take care accurately the
possible oscillatory behavior of uﬁ(p,y), we carry out the p-integration by
means of the p-spline as described in section II-5. Thus, we introduce
Yét)(y,pk) of Eq.(II-5.9):

(phy)
¢ (®) _ o Prer o, W tPY) () 4
(vop) = J dp T S (pTpy) (2.2)
Py Yy
where S(t)(z) (t=1 to 4) are the spline functions (see Eq.(II-5.3)). After
extending ¢ (q,x) to xmax<x<x by using the known asymptotic form (see Eq.
(II-3.10)), we compute the p-spline coefficients a( )(x pk) by (see Eq.(II-5.7))
¢, (q,x) 4
a () .. vy, __
T ;tzlau (x;p) S (p-py) (P 2P2Py 1) (2.3)

Then pa(x,y) of Eq.(2.1) can be approximated by

4
o ey n ] 1 al? g (0

(x,p)
& k
Py t=1

(y. pk) (x<xs, Y2VY() (2.4)

Perhaps we should mention that, unlike p~( )(x y) of Eq.(II-5.8), we need not
to separate the p-interval in Eqg.(2.l) at P=Py since ¢a(q,x) is continuous
there as a function of p.

The quantity <F$V> of Eq.(I-4-40) is given by

uv,_ _ (l)
<Fp> =8 2 F, , (2.5)
with
(1) b4V .2
Foo (@ = [O dy 3,(3 Qv) £,(y) (2.5a)
where

X
gy = [ Max K22 20 v (2.5b)
0 |
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where Xy and yM are appropriately chosen upper limits (see Eg.(2.24) below),
and Q is the momentum transfer. The value of Q extends as far as 10 fm l, and
therefore the function jo(% Qy) will oscillate many times as y runs from 0 to
the upper limit Yy - To evaluate accurately the y-integral with such an
oscillating integrand, we utilize the method of quadrature by a spline
interpolation. The y-spline coefficients bét)(yi) (t=1 to 4) of fa(y) are

defined by

4
e v I bl s -y (2.6)
t=1
Introducing

Y
1 iy = [ ay 5,5 e s -y (2.7)

Y.

1

we find for the y-integral in Eqg.(2.5a)

YM-1 4
Q) ~ ) ) b(t) (v.) 188 (;v.) (2.8)
& i i
Yj yO—O t=0

(1)
oo

F

For <ng> of Eg.(I-4-44), we write

uv,_ _ rvu v (2)
<F, > = g OLZ' Faqr (@ (2.9)
with
(2) =
Foor (@ = § Noat,2%ar,r (@ (2.9a)
where
XM 0
Gyt 2 (@) = IO dx 3, (3 X) gyq 3 (Qi%) (2.9b)
and
Noar 2 ~ (-) M ££<LO>\O|L'O><SLO)\0|SL'O>'}:2
(LgSq)  (LgSo) Lo L A L'
x LZS N, Ny (329 {gug g ) (2.10)
0”0
Taar 10 =) May 5, @y £, ) (2.11)

with
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' L+2 4+2 L' &'
fhar (XrY) = x Y P (xry) X7 ¥y oy (x,Y) (2.12)

in Eqg.(2.10), the factor NéLOSO) is given by Eq.(I-3-4). The y-integration in

Eqg.(2.11) involving jx(g y) should be done by the spline method. Thus, the

t

o (x,y) is determined by using subroutine

y-spline coefficients c
SPCOEF: for yi;y;yi+l

t) ..
0L,(x,yi) of £ 41

faa.(x,y) n til céil(x;yi) S(t)(y—yi) (2.13)
Introducing
3\ (0sy;) = fyi+l day 3,2 v %) (y-y,) (A=0,2,4) (2.14)
i .
we find
Igqr 2 (Qi%) 2 y%fl % e!8 iy 3{® @iy (2.15)

yi=y0=0 t=1

Here we need only A=0,2,4 due to the factor Naa' 3 of Eq.(2.10) and the fact
that there are even parity states only in RSCS. To carry out the x-integration

in Eq.(2.9) involving jx(% x) , we further utilize the method of spline
(t)

interpolation. Denoting the spline coefficients of gaa',A(Q;x) by daa',A(Q;xj)’
we have
T o) (t)
gaa',A(Q;x) v tzldaa.,A(Q:xj) S (x—xj) (xj;x;xj+l) (2.16)
Further we introduce
(t) *5+41 . 0 (t) |
Ky (Q;xj) = [x 3y %) s (xxy) dx (A=0,2,4) (2.17)
3
Then we find for the x-integral in Eqg.(2.9b)
X
M-1 4
(t) (t) ;
G Q) ~ ) Tooa oy o (Qixy) Ky (Qixy) (2.18)
aoa’, A = .=x.=0 t=1 O°¢ s A i A j :
j 0
The gquantity <F§V> of Eg.(I-4-49) is given by
uv_ _ vu v _(3)
<Fy > = g §. Foor (@ (2.19)

with
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(3) - =(LgSg) Lo
Foot (@ ) % N9 Y 0. (Q) , (2.19a)
0”0
where
40 (@) = (May 5 2oy nE () (2.19b)
aa’ f() Y JO 3 Y oo Y. ) B
§(LoSo) - y(LoSo) (Loso) L
Nyo! N, <(st 5) S M 54 (12,3) | (s )SOMS (31,2)>
11
NQLOSO)N;{‘OSO) (-° ss',{i <} (2.20)
s S
Z 70
and
. :
L _ (M L+2_R+2 Lg .
hy . (y) = fo dx x Ty TS o (k) UGS, (2=0ix,y) (2.21)

where Ugg.(Q=0;x,y) is given by Eq.(I-4-51) with 0=0. From Eq.(I-3-27)

L' L'

L a+c b+d a' acy

U0, (Qsx,y) = ) ) ] x5y K. (x,¥)R
a' a=o0 c=0 ¥ Y (LL,L'8" )L
(b=L'-a) (d=2"'-c)
(2.22)
with
a' 1 1
Ky (x,7) = 5 [J.d(cos exy) Py(cos exy)pu,(x ™) (2.23)

and with the coefficients R(LZ L'2') Lo of Eq.(I-3- 38) . (see section 10 of II on
Code RAM.) By a double spline interpolation we can compute pa,(x",y") as in
the main program (see Egs.(II-5.10)~n(II-5. 12)) Unlike during iterations of
the main program, here we have to compute U 0,(Q x,y) just once. Therefore
‘there is no merit of splitting the y- lntegratlon interval in Eg.(19b) into two
parts-as we do in Eqg.(II-3. 13)., Furthermore, here we must integrate over X

as well as y. Thus, we prepare p (x,vy) at the beginning to sufficiently large
distances x<X. and y<vys o and compute KY (x,y) of Eq.(2.23) up to large
distances XEXy, and Yi¥y - The relations between (xG,yG) and (xM,yM) are (see
Eg.(II-3.11))

1 3 1
X6 = 3% T ¥y Yo =7 *m T 7 YM (2.24)

The rest of the computation of ULO (Q=0;x,Yy) proceeds just as in subroutine

- RHS (see section 6-b of II). After obtaining U 0 , (0=0;x,y), we perform the
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Lo
aa’
functions of x, we may use a conventional method of quadrature over x to find

x-integration .in Eq.(2.21). Since pa(x,y) and U (Q=0;x,y) are slowly varying

hig,(y). This function, in turn, is approximated by a y-spline interpolation,
n=0, (y) § By 5B (gey ) (Y. <Y<Y ,,) (2.25)
sat 122y Maartrg i Y=Y Y54 S

and the y-integration in Eq.(2.19b) is carried out by means of the y-spline

method:

)4

M-1 4

L _ (t)

Y (@ = 3 Z Z Uyot 1 (y) I
_yi—yo t=1 0

(t)(Q;yi)' ’ (2.26)

where I(t)(Q:yi) is given by Eqg.(2.7).

uv

Finally, we need to compute <F, > of Eq.(I-4-49). This can be written as

4
uv u v _(4) , - :
<F, > = Z Z Faa'(Q) (2.27)
o o
with
F(4)(Q) = 7 5 (LoSo) IYN dy hl0 (Q; ) (2.27a)
C!.Cl' Ct(l' Y aal 'y A
L.S 0
0-0
where
Lo *M L+2 _2+2 Lg ‘
h,0.(Q:iy) = % dx x 77y o (x,y) ULD, (Qix,y), ; (2.28)
Lo E' & atc b+d _a° acy
UuY,(Qix,y) = Yol x y K, (Q:ix,y) R Co
oo a=0 c=0 v ~ Y , (L2, L' L,
(b=L'-a) (d=%'-c) (2 29)
and
a' 1 1 h
4 — K . 3 " "
KY (Q:x%,y) 3 {—l d{(cos exy)PY(cos exy) I (QRYp (X", y") (2.30)
with
x2 iz Xy »
R = T + 5 " 3 cos exy (2.31)
unlike UZ0,(Q=0;x,y), ULQ,(Q;x,y) of Eq.(2.29) depends on Q through j (QR) in
1
K$ (Q;x,y) of Eq.(2.30). However, due to the cos exy—integration in K$ (Q:x,y),

it is expected that the oscillatory behavior of jO(QR) is smeared out after

the cos 6-integration (which requires a small cos 6-mesh size depending on the
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value of Q)'so that the resulting Ugg,(Q;x,y) is a relatively slowly varying
function of x and y even for large values of Q. We should be able to tell
whether this expectation is born out or not by simply varying the x-mesh size
in Eq.(2.28) and watch the change in the resulting values of <F2v>.

Having obtained <F§V> , i=l to 4, the one-body charge form factors of 3H
anq 3He can be calculated by using Egs.(I-4-19,20,21,25 and 26). In terms of
F(l)(Q), i=1l to 4, of Egs.(2.5a), (2.9a), (2.19a) and (2.27a) we have for the

ao’
quantities appearing in Egs.(I-4-25 and 26)

5 5 :
Ss _ (1) -
<F77> = ] I F v (Q) (2.32a)
= k=2 k'=2 KK
An_ (1) _
<F.7> = Fi3 (Q) : (2.32b)
<SR, = ; e ) : (2.32¢)
i wsy K1
and
<«pBS, o % 1) () 2.32d)
1 k=2 X -

One way of checking the accuracy of the resulting <F§v> is to see if the

symmetry properties of Eq.(I-4-27) are satisfied.

2-b. Percentage Probabilities

All the formulas necessary to compute the percentage probabilities of the
Defrick-Blatt classification of the 3H wave function have been derived in
section 5 and Appendix of I for the case of RSCS.

We need the following integrals defined by Egs.(I-5-19) and (I-5-21) (see
also Eq.(I-A-3)).

I =4

kk' LL' 6

o0 o0
2 2 L 2
ant NN ﬂ) dx x % dy v° x ¥ e (x,¥) Py (X,Y)

(2.33a)

and

Ky KNk

o« o«

NN, f dx x® [ dy v? xByte (x,y) Ul0,(0=0;x,y) (2.33b)
0 0 a ac

Here, ULo,(Q=0;x,y) is the same as in Eq.(2.21), pa(x,y) is given by Eqg.(2.1),

o
and Nk= SLOSO) of Eg.(I-3-4). The correspondence between the index k and
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{u,(LOSO)} is-given by Table A-1 of I. Comparing Eq.(2.33a) with Eqs,(2¢9b),
(2.11). and (2.12) we ses that

Tkt = Sppi8pgr McNir Cour,a=0(970) 8 1+ 35 g
070 0°0
Féi{(Q=0)
=6 _,86,,s NN , =—m—— § . 0 ' {2.34)
LL'Pest Tkok' N D0 TLoLg S8,
Similarly, comparing Eqg.(2.33b) with Egs.(2.19b) and (2.21), we find
K =N N, Y0, (0=0) & 8 (2.35)
kk k'k oo LOLO SOSO
Thereforelkk. and Kkk' have essentially been obtained already. In terms of

these quantities, we can compute the percentage probabilities as per Egs.(I-A-
11,13,14,17 and 18).

2-c. General Description of Code NFORM

The calculations of one-body charge form factors and the percentage
probabilities of 3H and 3He (witheout the Coulomb interaction) with RSC5 are

carried out in the code named NFORM. It consists of the following parts.

MAIN routine

Subroutines and functions  FORM1,FCRM2Z2,NRHS3,NRHS4,FORM,PARAM,KOEZF2,XTABLE,
PTABLE ,YTAB,BESSEL,SPLINE,SPCOEF,CLEBSH,F6J,NINEJ,
FYFORM, and PL

The code requires the following data files.
File LFRAM, File LFCHI.

Of eighteen subroutines and functions listed above, PTABLE,SPLINE,SPCOEF,
CLEBSH,F6J,NINEJ, and PL are identical to those used in the main program, and
hence no listings of them are given. The user will find Subroutine FYFORM to
run parallel to part of Code FYFI5, Subroutines NRHS3 and NRHS4 similar to
Subroutine RHS in the'main program. For detailed description of these sub-
routines, we refer the user to reference II.

Since there are ample comment cards provided in various key places within
the code, we shall not give detailed description of each subroutine. Together

with the description given in the flow chart below, they snould be sufficient
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to giude the user to read through each subroutine.

2-d. MAIN routine

The function of this routine is best explained by the flow chart below.

Start

#1  Initialization (Input |E|, the x-and y- mesh numbers. See Eq.(2.24):

X Mx~Xmax’ Xamxc M’ Xomxee Xe’ Yamym Ym 2P Yyuymm~Yg)

%2 Call PARAM (Assign values to key—indices)

Call FYFORM(PTABLE,YTAB,BESSEL)
(Set up the same p-table as used in the main program,
construct the y-table for Oiy;yG, and compute Yét)(y,pk)
of Eq.(2.2))

Read File LFRAM (Read in R3CY

€ b NS A ADE F U

Call KOEF2(CLEBSH,F6J,NINEJ)

(Compute NéLOSO) of Eg.(XI-3-4), N
8950 of £q.(2.20))

a,b,c,d,y of Eq.(2.22))

aat, A of Eg.(2.10), and

#3 Read File LFCHI (Read in - @({q,x) and ¢a(q,x) of Egs.(II-2.12) and
(II-2.16))

#4 Call XTABLE (Set up the same x-table as used in the main program,

= i <x<
and extend it to xmax=¥=}G)

#5 (Compute various spline matrices by calling subroutine SPLINE)

46 [ Construct Py (x,y) of Eq.(2.1) for all o as follows:
First, extend ¢a(q,x) outLto xmaxéx;xG'
Next, construct ¢a(q,x)/x and compute the p-spline coefficients
aét)(x;pk) of Eq.(2.3) by calling subroutine SPCOEF.

Compute pa(x,y) as per Eg.(2.4), extrapolate it to x=0 assuming

the form a+bx2. The results are stored as 'RHO(JX,JY,a)', 'JX'=1l

(and 'JY'=l corresponding to x=0 and y=0. J

- -{Do-loop over the momentum transfer Q)

l

| #7 fConstruct 1

(t)

N (Q,yi) of Egs.(2.7) and (2.14). ]

® (0,y;) and J
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(Do-loop over the (grand) y-mesh points, yi)

(i) Set up fine y-mesh in the interval yi-léyiyi (with y0=0,)
These are taken equidistant with the number of intervals 'NY'
chosen so that there are approximately 30 points in one period
of sin (Qy). If 'NY' is less than 10, it is set to 10.

(ii) Process the Simpson guadratures in the interval NS A5 for

) t
I(t’(Q:yi) and J{ )(Q;yi).

1(End of the do-loop over yi)

(iii)Multiply the (fine) y- mesh size 'DY' to the results obtained
above to finish the Simpson quadratures. This completes the

(t)(Q;yi) and J{t)(

'FIl(yi,Q,t)’ and 'FIZ(yi,Q,t,X)', respectively.

computation of I Q;yi) which are stored as

Construct K§t)(Q;xj) of Eq.(2.17).
| (Do-loop over the (grand) x-mesh points, xj)

(i) Set up fine x-mesh in the interval xj_l;x;gj (with x0=0). The
fine x-mesh number 'NX' is chosen with the same principle as
for 'NY' in #7 above.

(ii) Process the Simpson quadrature in the interval xj <x<x_. for

(t =

LH{(End of the do-loop over xj)

(iii)Multiply the (fine) x-mesh size 'DX' to the results above to
finish the Simpson quadrature. This completes the computation
of K{t)(Q,xj) of Eq.(2.17). The results are stored as 'FK(xj,

L Q,t,A)". J

L -(End of the do-loop over Q)

#9

Call FORMI(SPCOEF) (Compute F.1) as per Eqs.(2.5) to (2.8), and
store the results as 'FF1(Q,a)'.)

Call FORM2(SPCOEF) (Compute Féi{ as per Egs.(2.9) to (2.18), and
store the results as 'FF2(Q,a,a')'.

|- -(Do~loop over the initial state index a')

l
I

#10

(Compute the double =-spline coefficients of pa,(x,y))
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|
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Compute the y-integrals in Egs.(2.19b) and (2,27a).
Ccall NRHS3(PL,SPCOEF) (Compute YEgJQ) of Eq.(2.19b).)
Call NRHS4 (PL,SPCOEF) (Compute the y-integral in Eq.(2.27a).)

'~ (End of the do-loop over a')

#12

#13

#14

#15

Call FORM (Compute Féi{ of Eg.(2.19) and Fézz of Eg.(2.27))

fCompute <F§V> using Eg.(2.32) and construct Fa(Q) and Fb(Q) by |
Egs. (I-4-25 and 26).

\

( compute nucleon charge form factors using the formulas given by

Janssens et al.(Phys.Rev. 142('66) 9392).
Calculate the 3H and 3He charge form factors by Egs.(I-4-19,20 and

21) .

\

kk' kk'
percentage probabilities as per Egs.(I-A-11,13,14,17 and 18).

(Obtaine I and K by Egs.(2.34) and (2.35), and compute ]

\

Output the overall normalization constant 'FNORM'.

Stop
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20.224 ** CODE NFORM *x*%x% LABEL
(09-30-82) OPTIONS: INTER,OPT=1,NROUND,NDLR,ALC,NASTER,INLINE=0,LSTIN,LNO,NREST

10 Cxx*x%x **%x CODE NFORM *x*x%

20 Cxxxx TRITON CHARGE FORM FACTOR (WITH RSCS5)

30 Cx*%%%x REFERENCES (SRT=SCIENCE REPORT OF TOHOKU UNIV.)

40 C I: FORMULATIONS (T.SAWADA+T.SASAKAWA)D

50 C SRT SER.8,VOL.3,N0.1(1982)1

60 C II: PERFECT V (T.SASAKAWA+S.ISHIKAWA+T.SAWADA)

70 C SRT(1982)

80 C III: THIS REPORT

90 COMMON/AAAAA/XR(6O)/TR1(60)rDTrAH?rJMX/JMXGIJMXGG

100 COMMON/BBBBB/YY(&7) ,TYT1(LT) ,IJMYM, JMYMM,AY2, FY(48,12,4,2)

110 COMMON/DDDDD/RHOC(61,48,5),F11(48,40,4),F12C48,40,4,3),FK(60,40,4,
120 & 3)

130 COMMON/Z222Z2/2F1T(63),E2C(41,3),H2C42), V2 (4L2),W2(42),2A(42),2B(42)
140 & r2C(42),2DC42)

150 COMMON/UUUUU/UFITA(L7) ,EUC4L5,3),HUCL6) ,VU(L6),HU(46) ,UA(LE) ,UB(4L6)
160 & +UCCL6) ,UD(LE)

170 COMMON/XXXXX/XFIT(61),EX(59,3),HX(60),VX(60),WX(60),XA(60),XB(60)
180 & +XC(60),XD(60) )

190 COMMON/YYYYY/YFITC(48) EYC(L6,3) , HYCLT)Y ,VNYCLT)  WYCLT)  YA(LT)  YB(4LT)
200 & sYCCLT), YD(LT)
210 COMMON/CCCCC/DSP(4,4,60,48)
220 COMMON/FFFFF/FF1(40,5),FF2(40,5,5),FF3¢40,5,5),FF4(40,5,5)
230 COMMON/RAMRAM/COEF(8,8),RAM(1T11) ,LACTT1) ,LBCITT) ,LCCIT 1) ,LDCT1T11)
240 & LG(111)

250 COMMON/MMMMM/MALT(5) ,KST(14) KEDC(14),1IGX(5)Y,1G(5,5),1IPX(5).,

260 & LLFC19),LF(19),MSF(19),NR(19)

270 DIMENSION QQ(40),AQ(12),AK2(12) ,EXK(60,12,2)

280 DIMENSION PFITC(13),EP(11,3),HP(12),VP(12),UWP(12),PAC 2),PB(12),
290 & PC(12),PD(12)
300 DIMENSION PSI(60,12),FIT(61),SSUMC4,3),SC4),SUMX(4L,3),AY(61,48,4)
310 & »FCHHE3(40),F11(8,8),FKK(8,8),PROB(6)
320 & ,T81(30,5,12),651(30,5,12)~
330 & FCHH3(40)  RSUM3(40,19) ,RSUML(4L0,19)Y  KEY(20),2SUM(4) ,CF2(5,5,3),
340 & CF3(8,8),FAC(8)

350 DATA 1QX/40/.,

360 & QQ/ 0.0, 1.0, 1.5, 2.0, 2.5, 3.0, 3.25, 3.5, 2.7,
370 & 3.8, 3.9, 4.0, 4.1, 4.2, 4.3, 4.4, 4.5, 4.6,
380 & 4.75, 5.0, 5.25, 5.5, 5.75, 6.0, 6.25, 6.5,
390 & 6.75, 7.0, 7.25, 7.5, 7.75, 8.0, 8.25, 8.5,
400 & 8.75, 9.0, 9.25, 9.5, 9.75, 10.0/

410 DATA KEY/11,21-51,12,22,52,33,43,83,34,44L,84,15,25,55,66,77, 38,
420 & 48,88/

430 Cxx*xx FOR 'KEY(20)', SEE TABLE 3 OF II. THESE ARE THE LOCATIONS OF

440 Cxxx*x TWENTY NON-ZERO MATRIX ELEMENTS OF THE 8%*8 MATRIX IN

450 Cx*x*x*x TABLE 11-3.

460 KOB=5

470 WRITE(6,1060) KOB

480 1060 FORMAT('1*x* CODE NFORM ***x TRITON CHARGE FORM FACTOR WITH RSC',I1)
490 c-01

500 BEI=6.80

510 JMX=30

520 JMXG=46

530 JMXGG=59

540 JMYM=42

550 SQ3=SQRT(3.)

560 c-02

570 CALL PARAM

580 CALL FYFORM(AQ,MALL)

590 LFRAM=21

600 REWIND LFRAM

610 READ(LFRAM) COEF,RAM,LA,LB,LC,LD,LG
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CALL KOEF2(CF2,CF3,FAC)
WRITE(6,-1005) BEI/JMX,JHXGIJMXGGrJMYMrJMYMM
FORMAT('OBEI=',1PE13.5,' JIMX,JMXG,JMXGG,JMYM,IJMYMM="',515)

LFCHI=27

REWIND LFCHI

READ(LFCHI) TSI,GSI

DO 500 MS=1,KOB

WRITE(6,4010) MS

FORMAT(///"1*x*%x GSI(MS=',13,'2")
DO 500 IM=1,MALL

WRITE(6,4020) IM,(GSIC(JI,MS,IM),J=1,IMX)
FORMAT (' IM=',1I3/(2X,1P10E12.4))
HM=1./41.47

DO 5 I=1,MALL
AK2{(1)=SQRT(HM*BEI+0.75*AQ(I)*%2)

CALL XTABLE(30,JMXGG,XR,TR1,DT,12.,6.,9.,0.3)
WRITE(6,1000) (XR(J),JI=1,IMXGG)
FORMAT(///'0OXR="',1P10E12.5/(4X,1P10E12.5))
AHZ2=2.%DT

WRITE(6,1010) (YY), d=1,IMYMM)
FORMAT('0OYY=',1P10E12.5/(4X,1P10E12.5))
WRITE(6,1040) 1QX,(QQ(I),1=1,1QX)
FORMAT('0I1QX="',13/' QQ="',1P10E12.5/(4X,1P10E12.5))

VARIOUS SPLINE MATRICES

PFIT(1)=0.

DO 10 1=1,MALL

PFIT(I+1)=AQ(I)

CALL SPLINE(PFIT,MALL-1,EP,HP,VP,WP,MALL-1,PA,PB,PC,PD)
XFIT(1)=0,

DO 20 I=1,JMXGG

XFITC(I+1)=XR(I)

CALL SPLINE(XFIT,JIJMXGG-1,EX,HX,VX,WX,59,XA,XB,XC,XD)
YFIT(1)=0.

DO 30 I1=1,JMYMM

YFIT(I+1)=YY(I)

CALL SPLINEC(YFIT,JMYMM-1,EY,HY,VY,WY,46,YA,YB,YC,YD)
ZFIT(1)=0.

DO 35 1=1,JMYM

ZFITCI+1)=YY (D)

CALL SPLINE(ZFIT,JMYM-1,E2,H2,V2,W2,41,2A,2B,2C,1D)
UFIT(1)=0.

DO 25 1=1,JMXG

UFITC(I+1)=XR(I)

CALL SPLINE(UFIT,JMXG~1,EU,HU,VU,WU,45,UA,UB,UC,UD)

CONSTRUCT THE RHO-FUNCTION OF EQ.(III-2. 1)
X1Q=XR (1) %x*2

X2Q=XR(2)*%*2

XQ12=X2Q~-X1Q

FIRST, EXTEND THE GSI-FUNCTIONS UP TO XR(JMXGG)
J1=JMX

DO 50 I1=1,MALL

DO 40 JX=J1,JMXGG

AKX=AKZ2 (I)*XR(JX)

EXK(JX,I,1)=EXP(-AKX)
EXKCGIX,1,2)=EXK(IX, 1,10 % (3. /AKX*%2+3. /AKX+1.)
CONTINUE

DO 160 MA=1,KOB

LL=1

IF(MA.EQ.3.0R.MA.EQ.5) LL=2

po 120 1=1,MALL
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1260 2 ASYM=GSI(UJMX,MA,I)/EXK(IMX,I,LL) *XROIMX)
1270 2 DO 80 J=1,J1 .

1280 3 80 PSI(J,I)=GSI(J, MA,I)*XR(J)

1290 2 PO 90 J=J1,JMXGG

1300 3 90 PSI(J,I)>=ASYMXEXK(J,I1,LL)

1310 2 120 CONTINUE

1320 1 C WRITE(6,2020) MA

1330 1 €2020 FORMAT('1xx*x PSI(MA=',13,"')"')

1340 1 C DO 125 1=1,MALL

1350 1 C 125 WRITE(6,2030) I1,(PS1(J,1),4=1,IMXGG)

1360 1 €2030 FORMAT('OIM="',13/(' ',1P10E12.4))

1370 1 Cxx*%x P-SPLINE OF 'PSI' DIVIDED BY X*%x(L+1)

1380 1 LLP=2*(LL/2)+1

1390 1 LP=1

1400 1 IF(MA.GE.&4) LP=2

1410 1 DO 150 JX=1,JMXGG

1420 2 FIT(1)=0.

1430 2 PO 130 I1=1,MALL

1440 3 130 FITCI+1)=PSIC(IX,I)/XR(UIX)**xLLP

1450 2 CALL SPCOEF(PFIT,FIT,MALL-1,EP,HP,VP,WP,PA,PB,PC,PD,MALL-T)
1460 2 DO 150 JY=1,JMYMM+1

1470 3 SUMA=0.

1480 3 DO 140 1=1,MALL

1490 4 140 SUMA=SUMA+PACID*FY(JY,1,1,LPY+PBCI)XFY(JY,1,2,LP)+PC(I)
1500 3 & *FY(JY,1,3,LP)+PD(LI)*FY(WJY,1,4,LP)
1510 3 150 RHO(JUX+1,JY,MA)=SUMA

1520 1 Cxxx%x EXTRAPOLATE THE 'RHO'-FUNCTION OF EQ.(I1I1-2.1) TO X=0
1530 1 Cx**x*x ASSUMING THE FORM A+B*X*%x2

1540 1 DO 154 JY=1,IMYMM+1

1550 2 154 RHO(1,JY,MA)=(RHO(2,JY, MA)*X2Q@-RHO(3,JY,MA)*xX1Q)/XQ12
1560 1¢C WRITE(6,2040) MA

1570 1 €2040 FORMAT('1*x*x* RHO(MA=',13,')")

1580 1 C DO 155 JY=1,JMYMM+]

1590 1 C 155 WRITE(6,2050) JY,(RHOWIX,JY,MA) ,IX=1,IMXGCG+T)
1600 1 €C2050 FORMAT('0JY=',13/(' *,1P10E12.4))

1610 1 160 CONTINUE

1620 C*x*xx CONSTRUCT THE FUNCTIONS OF Q; 'FI1','FI12', AND 'FK'.
1630 DO 270 1@=1,1QX

1640 1 ¢-07

1650 1 YO=0.

1660 1 DO 210 JY=1,JMYM

1670 2 Y1=YY(JY)

1680 2 NY=(Y1-Y0)*xQQ(1Q)*5,

1690 2 NY=2%(NY/2)

1700 2 IF(NY.LT.10) NY=10

1710 2 DY=(Y1-Y0) /NY

1720 2 Y=Y0-DY

1730 2 ccc=1./3.

1740 2 DO 170 N=1,4

1750 3 2SUM(N)=0.

1760 3 DO 170 K=1,3

1770 4 170 SSUM(N,K)=0.

1780 2 DO 190 1=1,NY+1

1790 3 pDDD=CCC

1800 3 IF(I1.EQ.1T.0R.I1.EQ.NY+1) DDD=DDD/2.

1810 3 Y=Y+DY

1820 3 Yaz2z=QQ(IQ)*xY/3.

1830 3 YQR1=2.%YQ2

1840 3 U=sY=-YFITWJY)

1850 3 FX=EXP(U)

1860 3 EXV=1./FX

1870 3 S(1)Y=(FX-EXV) /2.

1880 3 S(2)=S(1)+EXV
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S(3)=y

S(4)=1.

IF(YQT.LT.1.E-10) GO T0O 171
FJO=SINC(YQ1)/YQ1

GO TO 181

FJO=1.

DO 182 N=1,4
ZSUM(N)=ZSUM(N)+DDD*FJO*xS(N)
IF(YQ2.LT.1.E-10) GO TO 175
FJO=SIN(YQ2)/YQ2
FJ1=FJ0/YQ2-CO0S(YQ2)/YQz2
FJ2=3.*xFJ1/YQ2-FJO
FJ3=5.%FJ2/YQ2-FJ1
FJ4=7.*%FJ3/YQR2-FJ2

GO TO 185

FJ0=1.

FJ2=0.

FJ4=0.

DO 180 N=1,4

TEMP=DDD*S(N)
SSUM(N,1)=SSUM(N,T)+TEMP*FJO
SSUM(N,2)=SSUM(N,2)+TEMP*FJ?2
SSUM(N,3)=SSUM(N,3)+TEMP*FJ4
ccc=1.-ccc

DO 200 N=1,4
FIT(JY,IQ,N)=2.%DYXZSUM(N)
DO 200 K=1,3
FI2C¢JY,1Q,N,K)=2.*%DYXSSUM(N,K)
YO=Y1

X0=0.

DO 260 JX=1,JMXG
X1=XRIX)
NX=(X1-X0)*QQ{IQ)*5,
NX=2* (NX/2)
IF(NX.LT.10) NX=10
DX=(X1~-X0)/NX
X=X0~-DX

cCcc=1./3.

PO 220 K=1,3

DO 220 N=1,4
SUMX(N,K)=0.

DO 240 I=1,NX+1
pPDD=CCC
IF(I.EQ.T.0R.I.EQ.NX+1) DDD=DDD/2.
X=X+DX
XQ1=Qa(1q)*x/2.
U=X=-XFIT(JX)
FX=EXP(U)

EXV=1./FX
S(1)=(FX-EXV) /2.
S(2)=S(1)+EXV

S(3)=U

S(4)=1.
IF(XQ1.LT.1.E-10> GO TO 225
FIO=SIN(XQ1)/XQ1l
FJ1=FJ0/XQ1~-CO0S(XQ1)/XQ1
FJ2=3.*FJ1/XQ1-FJO
FJ3=5.%FJ2/XQ1-FJ1
FJ4=7.%FJ3/XQ1-FJ2
GO TO 230

Fd0=1.

FJ2=0.

FJa=0.

283
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DO 235 N=1,4

TEMP=DDD*S (N)
SUMX(N,1)=SUMX(N,1)+TEMP*FJO
SUMX(N,2)=SUMX(N,2)+TEMP*FJ2
SUMX(N,3)=SUMX(N,3)+TEMP*FJ4
ccc=1.~CcCC

DO 250 N=1,4

DO 250 K=1,3
FK(JX,IQ/N,K)=2.%DX*SUMX(N,K)
X0=X1

CONTINUE

NOW, WE ARE READY 70 COMPUTE 'FF1' AND 'FF2'.

CALL FORM1(1QX,QQ,KOB)

CALL FORM2(IQX,QQ,CF2,KOB)

DO 285 16=1,1QX

DO 285 M=1,19

RSUM3(1Q,M)=0.

RSUM4(1Q,M)=0.

DO-LOOP OVER THE INITIAL STATE ALPHA'.

DO 330 NA=1,KOB

COMPUTE THE DOUBLE-SPLINE COEFFICIENTS OF 'RHO'.

DO 300 JX=1,IMXGG+1

DO 280 JY=1,JMYMM+1

FITWIY)=RHOWIX,JY,NA)

CALL SPCOEF(YFIT,FIT,IJMYMM=-1,EY,HY,VY,WY,YA,YB,YC,YD,46)
DO 290 JY=1,JMYMM

AY(IX,dY,1)=YAWY)

AY(IX,JY,2)=YBWJY)

AY(IXAJY,,3)=YCWIY)

AY(IX,JY,4)=YDWIY)

CONTINUE

DO 320 L=1,4

DO 320 JY=1,JMYMM

DO 310 JX=1,JMXGG+1

FITWX)=AY(JIX,JdY L)

CALL SPCOEF(XFIT,FIT,JIMXGG-1,EX,HX,VX, WX, XA,XB,XC,XD,59)
DO 320 ¢X=1,IMXGG

DSP(1/L/JXIJY)=XA(JX)

DSP(2,L,JdX,JY)=XBJIX)

DSP(3,L,JX,JY)=XC{IX)

DSP(QIL/JXIJY)=XD(JX)

COMPUTE THE Y-INTEGRALS IN EQS.(III-2.19B) AND (I111-2.27A)

NAR=NA

CALL NRHS3(I&X,QQ,RSUM3,NAR)

CALL NRHS4(1QX,QQ,RSUM4L,NAR)

CONTINUE :

COMPUTE 'FF3' AND 'FF4' OF EQS.(I11-2.19) AND (I111-2.27).

CALL FORM(CF3,RSUM3,1QX,FF3,KEY)

CALL FORM(CF3,RSUM&L,IQX,FF4,KEY)

WRITE(6,-1110)

FORMAT ('O*x*x*x FF3 *x%x')

DO 332 1@=1,1QX

WRITE(6,1115) QQCIQ),({(FF3(IQ,N,M),M=1,5),N=1,5)
FORMAT (' ',1P6E15.5/(' '",15X,1P5E15.5))
WRITE(6,1120)

FORMAT ('0%%* FF4 **xx')

DO 334 IQ=1,1@QX

WRITE(6,1115) QQUIQ)Y,{((FF4(IQ,N- M), M=1,5),N=1,5)
DO-LOOP OVER THE MOMENTUM TRANSFER
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WRITE(6,2000)
2000 FORMAT('1',7X,'QQ',9X,"FCHP',8X,"'"FCHN',9X,'FA',10X,'FB', 7X,
& 'FCHHE3',7X,'"FCHH3',9X,"'SS', 10X, "AA',10X,'AS',10X,'SA")
DO 370 1@=1,1QX
Cxx%x COMPUTE THE AVERAGE OVER F-SUB-UV USING EQS.(I11-2.32A,B-C,D)
c-13
F1SS=FF1(1Q,2)+FF1(I1Q,3)+FF1(1Q,4)+FF1(1Q,5)
FIAA=FF1(I1Q,1)
F2Ss=0.
F3SS=0.
F&SS=0.
DO 340 NA=2,KOB
DO 340 NB=2.,KOB
F2SS=F2SS+FF2(IQ,NA,NB)
F3SS=F3SS+FF3(IQ,NA,NB)
340 F4SS=F4SS+FF4(1Q,NA,NB)
FZAA=FF2(1Q,1,1)
F3AA=FF3(1Q@,1,1)
FGAA=FF4L(IQ,1,1)
F3AS=0.
F3SA=0.
F4AS=0.
F4SA=0.
DO 350 NA=2,KOB
F3AS=F3AS+FF3(I1Q,1,NA)
F3SA=F3SA+FF3(IQ,NA,1)
FLAS=F4LAS+FF4(IQ,1T,NA)
350 F4LSA=F4LSA+FF4(IQ,NA,1)
Cx*xx* COMPUTE 'FA' AND 'FB' AS PER EQS.(I=-4.25,26).
FA=F1SS+0.5%F2SS+1.5%F2AA-2.*%F3S5+2.*%SQ3*F3SA +0.5%xF45S+

& SQ3*F4SA-1.5%F4LAA
FB=F1AA+1.5%F2SS+0.5%F2AA-2.%F3AA-2.%SQ3*F3AS ~1.5%F4SS+
& SQ3*F4SA+0.5*F4AA

C-14
Cx*** NUCLEON CHARGE FORM FACTOR (JANSSENS ET AL, PHYS.REV.142('66)
QS5=QQ(1IQ) **2
GES=0.5*%(2.5/(1.+QS/15.7)=1.6/(1.+QS/26.7)+40.1)
GEV=0.5*(1.16/(1.+QS/8.19)-=0.16)
FCHP=GES+GEV
FCHN=GES-GEV
Cx*xx HE~-3 CHARGE FORM FACTOR (TIMES 2)
FL=0.5#(3,*%FA+FB)
FQ=2.*FB
FCHHE3(IQ)=2,*FCHP*FL+FCHN*FQ
FCHH3(IQ) =2.*FCHN*FL+FCHP*FQ
IF(IQ.EQ.T) GO TO 335
FCHHE3(1Q)=FCHHE3(1Q)/FCHHE3(1)
FCHH3(IQ)=FCHH3(IQ)/FCHH3(1)
335 WRITE(6,2010) QQ{IQ),FCHP,FCHN,FA,FB,FCHHE3(IQ),FCHH3(IQ),
& F1SS,F1AA
2010 FORMAT(' ',1P9E12.4)
WRITE(6,2011) F2SS,F2AA,F3SS,F3AA,F3AS,F3SA,F4SS,F4AA,FLAS,
& F4SA
2011 FORMAT(' ',84X,1P2E12.4,2(/" ',84X,1P4E12.4))
370 CONTINUE
Cxxxx PERCENTAGE PROBABILITIES
c-15
Cx*xx%x FIRST, COMPUTE I1-SUB-KK' AND K-SUB-KK' OF EQS.(111-2.34) AND
Cx*xxx (111-2.35) (SEE ALSO TABLE 3 OF I1 FOR K-SUB-KK').
DO 375 K=1,8
DO 375 KP=1.,8
FI1(K,KP)=0.
375 FKK(K,KP)=0.
DO 355 K=1,4
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FIT(K,K)=FAC(K)**x2*xFF2(1,K,K)/CF2(K,K,1)
TEMP=FF2(1,5,5)Y/CF2¢(5,5,1)

PO 365 K=5,8

FII(K,K)=FAC(K)**x2*xTEMP
FIIC(1,2)=FAC(I)*FAC(2)*FF2(1,1,2)/CF2(1,2,1)
FII(2,1)=FAC(2)Y*FAC(1)>*FF2(1,2,1Y/CF2(2,1,1)
DO 385 MM=1.,20

M=MM

IF(MM.GE.17) M=MM~-1

KA=KEY (MM) /10

KB=KEY (MM)-10*KA
FKK(KA,KB)=FAC(KA)Y*FAC(KB)Y*RSUM3I(1,M)
WRITE(6,3000) ((FI1I(KA,KB),KB=1,8),KA=1,8)
FORMAT('OFII'/(5X,1P8E13.5))

WRITE(6,3010) ((FKK(KA,KB) KB=1,8),KA=1,8)
FORMAT('OFKK'/(5X,1P8E13.5))

NOW, COMPUTE PERCENTAGE PROBABILITIES AS PER EQS.(I-A-11,13,14,17.,

AND 18)

PROB(1)=1.5%(FIIC1,1)+FI11(2,2)+FI1I(5,5)=-2.%xF11(1,2)) +3.*x(FKK(1,1)
+FKK(2,2)+FKK(5,5)+FKK(2,5)+FKK(5,2) =-FKK{(1,2)-FKK{1,5)~-FKK(2,1)

-FKK(5,-1))
PROB(2)=1.5*%F11(6,6)+3.*FKK(6,6)

PROB(3)>=0.75%(FII{(1,1)+FI11(2,2)+FI11(5,5)+2.*xFI1(1,2) —-FKK(1,1)~-
FKK(2,2)-FKK(5,5)-FKK(2,5)-FKK(5,2) =-FKK(1,2)-FKK{(1,5)-FKK(2,1)-

FKK(5,1))
PROB(4)=0.75*(FI11(6,6)-FKK(6,6))
PROB(5)=1.5%x(F11(7,7)~FKK(7,7))
PROB(6)=1.5%(FI1(3,3)+F11C4,4)+F11(8,8)-FKK(3,3)-FKK(4,4)

8)Y~FKK(3,4)-FKK(3,8)~-FKK(4,3)~-FKK(4,8)~-FKK(8,3) -FKK(8,4))

DO 390 K=3,6

PROB(K)=2.*PROB(K)

FNORM=0.

DO 400 K=1,6

FNORM=FNORM+PROB (K)

DO 410 K=1,6

PROB(K)=PROB(K)/FNORM

WRITE(6,3020) FNORM,(PROB(K) ,K=1,6)
FORMAT('OFNORM=',1PE13.5/" PROB=',1P6E13.5)

STOP

END

SUBROUTINE FYFORM(AQ,MALL)

TH1S COMPUTE (1) THE P-TABLE, (I11) THE Y-TABLE., AND
(III1) THE Y-FUNCTION OF EQ.(I111-2.2).(SEE 'CODE FYFI5'
FOR DETAILES) :
COMMON/BBBBB/YY(47) ,TYT1(4T7) ,IMYM,IJMYMM,AY2, FY(4L8,12,4,2)
DIMENSION AQ(*),AQ1(12),U(48,2),S(4),SUM(48,4,2)

WRITE(6,1000)

FORMAT('O%x%x*x FYFORM xxx')

MALL=12

IMX=6

PIMX=0.750428

CALL PTABLE(AQ,AQT,DK,PIMX,IMX,MALL)
JMY=47 )

JMYMM=JMY

CALL YTAB(YY,TY1,JMY,2.,30.,18.,0.3,DTY)
AY2=2.%DTY

DO-LOOP OVER THE GRAND P-MESH.

PO=0.

DO 150 JM=1,MALL

JMR=JM

Pi=AQCJM)

DECIDE THE FINER P'-MESH FOR THE P' INTEGRATION.
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NP=INT((P1-PO)*YY(JHY)/0.3)
NP=2% (NP/2)

IF(NP.LT.4) NP=4

NP1=NP+1

DP=(P1-P0) /NP

INITIALIZE THE P' INTEGRATION.
IF(JM.EQ.1) GO TO 30

Do 20 LL=1,2

DO 20 JY=1,JMY+1
SUMWIY,1,LL)=0.
SUM(JY,2,LL)=UWIY,LL) /6.
SUMUJY,3,LL)=0.
SUMWJY,4,LL)Y=SUMWJY,2,LL)
CONTINUE

GO0 TO 50

DO 40 JY=1,JMY+1

DO 40 LL=1,2

DO 40 N=1,4
SUM{JY,N-LLY=0.

CONTINUE

P=PO

€ccc=2./3.

DO LOOP OVER THE FINER P-MESH(I.E.,P')

DO 70 JP=2,NP1

bDD=CCC

IF(JP.EQ.NP1) DDD=DDD/2.

P=p+DP

CALCULATE THE SPECTATOR FUNCTION 'U' AT P' AND AT EVERY 'Y'.
UCY)=F(P,Y)/Y*xL, WHERE F(P,Y) IS THE NORMALIZED SPHERICAL
BESSEL FUNCTION.

CALL BESSEL(P,U,YY,JNY)

FIND THE SPLINE FUNCTION 'S' AND CARRY OUT THE SIMPSON QUADRATOR
FOR THE P' INTEGRATION.

EX=EXP(P-PD)

S(1Y=(EX-1./EX) /2.

S(2)r=s{(1)+1./EX

S(3)=pP-PO

S(4)=1.

PO 60 LL=1,2

DO 60 JY=1,JMY+1

DO 60 N=1,4

SUMCJY/N,LL)=SUMCJY,N,LL)+DDD*UCJY,LL)*S(N)

CONTINUE

ccc=1.-cCccCcC

CONTINUE

DO 80 LL=1,2

p0 80 JY=1,JMY+1

DO 80 N=1,4

FYCJY,IJM N LL)=2.*%DP*SUM(JY,N-LL)
CONTINUE

PO=P1

CONTINUE

DO 400 LL=1,2

DO 400 JM=3,MALL.,3

WRITE(6,4001) JM,JMYMM

FORMAT('0O**x*x JM=' 13,' *x% JMYMM="',13)
DO 410 M=1,4

WRITE(6,4002) M, (FYWY,IM/ M, L), JY=1,0MY+1)
FORMAT('OFY(M="',12,")'/(" ',1P10E12.4))
CONTINUE

RETURN

END
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SUBROUTINE YTAB(YY,YR1,JMY,YEM,YM,YTM,TYC,DTY)
Y-TABLE. SEE EQS.(I1-8.2) AND (11-8.3).
DIMENSION YY(*),YRT (%)
SYO=(YTM=-TYC*xYM)*YM/ (YEM*YM=-YTM)
TYO=YEM*SYO/TYC
DTY=YTM/JMY
CTO=TYC*TYO
€S02=2.*TYC*SYO
€CS04=2.%CS02
DTDYO=TYC*TYO/SYO
T=0.
DO 40 1I=1,JMY
T=T+DTY
A=CTO-T ’
T1=SQRT(A*A+CSO04*T)
YY(I)=(=A+T1) /(2.*%TYC)
DIDY=TYC*k(YY(I)**2+2 *xSYO*YY(I)+TYO*SYO)/(YY(I)+SYO)*x%2
DTDY2=TYC*2.*SYO*(SYO-TYOD) /(YY(I)+SYD)**3
YR1(I)=1./DTDY
YR2(I)=YRT1(I)*=*2
YR5(I)=~-DTDY2*YR2(1I)
CONTINUE
WRITE(6,1000) JMY,YEM,YM,YTM,TYC,DTY,SYO,TYO
FORMAT('OJMY="',15,' YEM,YM,YTM,TYC=',1P4E13.5/'0DTY,SY0O,TYO=",
& 1P3E13.5)
WRITE(6,71010) (YY(I),I=1,0MY)
FORMAT ('0YY="',1P10E13.5/(4X,1P10ET3.5))
RETURN
END

SUBROUTINE BESSEL(P,U,YR,JMYM)
COMPUTE THE NORMALIZED BESSEL FUNCTION FJL(P/X) DIVIDED BY Yxx[
DIMENSION U(48,2),YR(%*)
DATA PI2/7.9788456E-01/
DO 20 J=1,JMYM
I=J+1
Z=P*YR{(J)
1F(Z2.6T.1.E-5) GO T0 10
UCL,1)=1.-2Z%%2/6.
UC1,2)=(1.-2*x%x2/14.)/15.
GO 70 20
SN=SIN(Z)
c0=C0S(2)
U(l,1)=8N/2z
UCL,2)=((3./2%%2=-1.)*%SN/2-(3./72**x2)*C0)/7Z%*%x2
CONTINUE
ul,1)=1.
ut,2>=1./715.
FAC=P*PI2
FAQ=FAC*P**2
DO 30 J=1,JMYM
I1=4+1
UCI,1)=FAC*UCI,1)
UC1,2)=FAQ*xU(I,2)
U1,1)=FAC*U(T,1)
U(t1,2)=FAQ@xU(1,2)
RETURN
END
SUBROUTINE KOEF2(CF2,CF3,FAC)
YFAC(I)>'*(I=1 TO 8) = THE N COEFFICIENTS OF EQ.(I1-3.3).
(SEE TABLE 1 OF II FOR THE INDEX I).
"CF2(N,M,L)'"(L=1 TO 3) = THE N COEFFICIENTS OF EQ.(I1I1-2.10) FOR
STATES(N,M). L=1,2,3 FOR LAMBDA=0,2,4.
YCF3(I,I'Y'(1,1'=1 TO 8) = THE N-BAR COEFFICIENTS OF EQ.(III-2.20).
(SEE TABLE 3 OF 1I FOR THE INDICES I
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DIMENSION CF2(5,5,3)>,CF3(8,8),FAC(8),FACLOG(I00),LL(5),L(5),JJ(5)
& ,J(5),IS(5),LLL(8),KSS(8),NLS(5),M(9),LAMBDA(3),SUMLS(3),1ILS(5)

DATA LL/0,0,2,0,2/, L/0,0,0,2,2/, $3/0,%,4,1,%7, 3/1,%41,3,3/~
& 1s/0,4,1,1,1/, LLL/0,0,2,2,0,1,1,2/, KSS/1+1,3,3,1,1,3,3/,»

& NLS/1,2,3,4,8/, 1LS/1,2,3,4,5/, LAMBDA/O,2,4/
DO 10 NA=1,5 '

DO 10 NB=1.,5

DO 10 NL=1,3

CF2(NA,NB-NL)=0.

FIRST, COMPUTE THE N FACTOR OF EQ.(I11-3.3)
FACLOG(1)=0.

FACLOG(2)=0.

Fi=1.

DO 15 1=3,100

F1=F1+1.

FACLOG(I)=FACLOG(I-1)Y+ALOG(F1)

DO 20 NA=1,5

JJA=2%JJ (NA)

JA=J (NA)

M(1)Y=2*xLL(NA)

M(2)=2*L(NA)

M(3)=2*IS(NA)

MC4)=1

M(7)=JJA

M(8)=JA

M(9)=1

NLSA=NLS(NA)

ILSA=ILS(NA)

DO 20 K=ILSA-NLSA

LLLA=2*LLL (K>

KSSA=KSS (K)
FAC(K)=SQRT((JJA+T1.)*(JA+1.)*(LLLA+1.)*(KSSA+1.))
M(5)=LLLA

M(6)=KSSA

CALL NINEJ(FACLOG, M,UNINE)
FAC(K)=UNINE*XFAC(K)

WRITE(6,1000) (FAC(K),K=1,8)

FORMAT('O%**x KOEF2 ***'/' FAC=',1P8E13.5)
NEXT, COMPUTE THE N FACTOR OF EQ.(I111-2.10)
PO 70 NA=1,5

LLA=2%LL(NA)

LA=2*L (NA)

NLSA=NLS(NA)

ILSA=ILS(NA)

PO 70 NB=1.,5

LLB=2*LL (NB)

LB=2*L (NB)

NLSB=NLS(NB)

ILSB=ILS{(NB)

DO 30 NL=1,3

SUMLS(NL)=0.

DO 50 KA=ILSA,NLSA

DO 50 KB=ILSB,NLSB

IF(LLL(KA) .NE.LLL(KB)) GO TO 50
IF(KSS(KA).NE.KSS(KB)) GO TO 50

PO 40 NL=1,3

LAM=2*%LAMBDA(NL)

CALL F6J(FACLOG,LLA,LAM,2*LLL(KA),LB,LLB,LA,RAC)
SUMLS(NL)=SUMLS(NL)+FAC(KA)Y*FAC(KB)*(=1.)**xLLL(KA)*RAC
CONTINUE

FAK=(=1.)%* ((LA+LLB) /2)*SQRT((LA+1.)* (LLA+1.))
DO 60 NL=1,3

LAM=2*LAMBDA(NL)
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CALL CLEBSH(LA,LAM,LB,0,0,0,FACLOG,CLEBA)
CALL CLEBSH(LLA,LAM,LLB,0,0,0,FACLOG,CLEBB)
60 CF2(NA,NB,NLY=FAK*CLEBA*CLEBB*SUMLS(NL)*(LAM+1.)
70 CONTINUE
PO 80 NL=1,3
WRITE(6,1010) NL
1010 FORMAT('OCF2(NL=',12,")")
80 WRITE(6,1020) ((CF2(NA,NB,NL),NB=1,5),NA=1,5)
1020 FORMAT((5X,1P5E15.5))

Cxxx* FINALLY, COMPUTE THE N~-BAR OF EQ.(I11-2.20)
DO 85 KA=1,8
DO 85 KB=1,8

85 CF3(KA-KB)=0.
DO 100 NA=1,5
ISA=2*xIS(NA)
NLSA=NLS(NA)
ILSA=ILS(NA)
DO 100 NB=1,5
I1SB=2*xIS(NB)
NLSB=NLS(NB)
ILSB=ILS(NB)
DO 90 KA=ILSA,NLSA
DO 90 KB=I1LSB,NLSB
IF(LLLC(KA)Y .NE.LLL(KB)) GO 70 90
IF(KSS(KA) .NE.KSS(KB)) GO TO 90
CALL F6J(FACLOG,1,1,KSS(KA),1,1SB,1SA,RAC)
CF3(KA,KBY=(-1.)**IS(NA)Y*SQRT((ISA+1.)*(ISB+1.))
& *RAC *FAC(KA)*FAC(KB)
90 CONTINUE
1700 CONTINUE
WRITE(6,1030) ((CF3(KA,KB),KB=1,8),KA=1,8)
1030 FORMAT('OCF3'/(5X,1P8E15.5))
RETURN
END
SUBROUTINE PARAM

Cx*x*x* ASSIGN VALUES TO KEY-INDICES

COMMON/MMMMM/MALT(5) ,KST(14) ,KED(14),1GX(5),1G(5,5),1IPX(5),LLF(19)
& s LFC19),MSF(19),NR(19)

DIMENSION JALT(5),JST(14),JED(14),JGX(5),0G(5,5),dPX(5), JLF(19),
& JF(19),JSFUI9Y,JRUTID)

EQUIVALENCE (MALT(1),JALT(I)) A (KST(1)Y,JST(1) )Y, (KED(1),JED(1)),
& CIGXCTY A JGXCII) A CIGCT A1) 2dGC1 1), CIPXCTY L dPXCTYY, (LLFCY),
& JLFCII)Y A (LFCD)Y LUFC1)Y L, (MSFCTY ,JSF(1))  (NRCTDY ,JR(T))

Cx*x*x FOR 'IGX,IG,IPX,MAL1,KST AND KED', SEE THE COMMENT CARDS

Cxx**x AT THE BEGINNING OF SUBROUTINE RHS OF THE MAIN PROGRAM.

Cxx*x FOR THE QUANTITIES BELOW, SEE TABLE 2 OF II.

Cxxx*x NR(19) = N(M) :THE KEY-INDEX N

Cx*%x* LF(19) = THE FINAL L (SPECTATOR)

Cxxxx LLF(19) = THE FINAL L (INTERACTING PAIR)

Cx*x*xx MSF(19) = THE FINAL STATE INDEX (ALPHA)

DATA JGX[212/4;415//IG/0/213*0;0/2/3*0/0/1/2/3/0/0/1/213/0101112/
& 3,4/, JPX/3,3,3,3,7/+, JALY/1,4,7,10,13/, 3ST/1,2,3,6,9,13,16,

& 19,23,3%3,52,69,81,93/, JED/1,2,5,8,12,15,18,22,32,51,68,80,92.,
& 1117, JR/1/,1,2+1+%,2+3+,6+,5,6,7+,8,9,9,10,11,12,13,14/, JF/0,0,2/
& 0,0,2.0,2,2,0,2,2,0,0,2,2,0,2,2/ JLF/0,0,2,0,0,2,2,0,2,2,0,2,0,
& 0,2,2,2,0,2/, JSF/1,2,5,1,2,5,3,4,5,3,4,5,1,2,5,5,3,4,5/

RETURN

END

SUBROUTINE FORM1(IQX,QQ,KOB)

Cxxxx COMPUTE 'FF1(Q,N>'(N=1 T0O 5) OF EQ.(I11-2.5A)
COMMON/AAAAA/XR(60),TR1(60),DT,AH2,JMX,JMXG,IMXGG
COMMON/BBBBB/YY(47),TYT1(47) ,IMYM,IMYMM,AY2,FY(48,12,4,2)
COMMON/DDDDD/RHO(61,48,5),F11(48,40,4),F12(48,40,4,3),FK(60,40,4,

& 3)
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COMMON/Z2ZZ2/2FIT(43),EZ2(LT1,3),H2C42),VZ2(42),WZ(42),2A(042),2B(4L2)
& ,2C(42),2D(42)

COMMON/FFFFF/FF1(40,5) ,FF2(40,5,5),FF3(40,5,5),FF4(40,5,5)
DIMENSION FIT(61),QQ(*x),LL(5),L(5)

DATA LL/0,0,2,0,2/, L/0,0,0,2,2/

DO-LOOP OVER THE STATE

DO 50 NA=1,KOB

INTEGRATION OVER X OF EQ.(II1I-2.5B)

KX=2*xLL(NA)+2

KY=2*L (NA)+2

DO 20 JY=1,JMYM

SUM=0.

ccC=2./3.

DO 10 JX=1,JMXG

SUM=SUM+TRT(IXI*RHO(IX+1,JY+1,NA) **x2*xCCC*XR{JXDI**KX
cCC=1.-CCC

FITOIY+T)=SUMXAH2*XYY (JY) *x*KY

FITC(1)=0.

Y-SPLINE COEFFICIENTS OF FIT.

CALL SPCOEF(ZFIT,FIT,4MYM-1,E2,H2,V2,W2,2ZA,2B,2C,2D,41)
CARRY OUT THE Y-INTEGRATION BY MEANS OF SPLINE. (SEE EQ.
(111-2.8))

DO 40 1@=1,1QX

SUM=0.

DO 30 JY=1,IMYM
SUM=SUM+ZAWIY)*FITCIY,,IQ,1)+ZBUJY)*FIT(IY,IR,2)+2C(JY)

& *FITWIY,1Q,3 D+ZDUJY)*FIVT(IY,IQ4)

CONTINUE

FF1(IQ,NA)=SUM

CONTINUE

CONTINUE

WRITE(6,1000)

FORMAT ('O**%x FFT1 **k%x')

DO 60 1@=1,-1QX

WRITE(6-1010) QQ(IQ),(FF1(IQ,NA),NA=1,KOB)

FORMAT (' ',1P6E15.5)

RETURN

END

SUBROUTINE FORM2(IQX,QQ,CF2,K0B)

COMPUTE 'FF2(Q,N,M)'"(N,M=1 TO 5) OF EQ.(II1I-2.9A).
COMMON/AAAAA/XR(60),TR1(60),DT,AH2,IMX,IMXG,IMXGG
COMMON/BBBBB/YY(47),TY1(47) ,JMYN,JMYMM,AY2,FY(48,12,4,2)
COMMON/DDDDD/RHO(61,48,5),F11(48,40,4),F12(48,40,4,3),FK(60,40/,4,

& 3

COMMON/22222/2FIT(43),E2(41,3),HZC(42),VZ2(42),W2C42),2AC42),2B(42)
& ,2C(42),2D(42)
COMMON/UUUUU/UFIT(47) ,EU(L5,3) ,HU(L6) ,VU(L6) ,WUCLE) ,UACLG)  UB(LS)
& ,UC(46),UDC(46)
COMMON/FFFFF/FF1(40,5),FF2(40,5,5),FF3(40,5,5),FF4(40,5,5)
COMMON/RAMRAM/COEF(8,8),RAM(111),LACI11),LB(111),LCC(1T11), LD (111D,
& Le(11M)

DIMENSION QQ(*),CF2(5,5,3),FIT(61),A2(48,4),SUML(3),6(40,60,3),
& LL(5),L(5),18(5)

DATA LL/0,0,2,0,2/, L/0,0,0,2,2/, 1S8/0,%,0,1,1/

DO-LOOP OVER THE STATE INDICES

DO 100 NA=1,KOB

DO 90 NB=1,KO0B

DO 5 1Q@=1,1IG@X

~FF2(IQ,NA,NB)=0.

Y-SPLINE OF THE F-FUNCTION OF EQ.(III-2.12)

IP=LL(NA)+2+LL (NB)

JP=L(NA)+2+L(NB)

DO 30 JX=1,JMXG
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7640 3 XIP=XR(JX)**x1P

7650 3 DO 10 JY=1,JMYM

7660 4 10 FIT(JY+1)=RHOWIX+1,JY+1,NAY*RHO(JX+1,JY+1,NB)*XIP

7670 3 & *YY(JY)*xJP

7680 3 FIT(1)=0.

7690 3 CALL SPCOEF(ZFIT,FIT,IMYM-1,EZ,HZ,VZ,W2Z,2A,2B,2C,2D/,41)
7700 3 DO 20 JY=1,JMYM

7710 4 AZ(JY,1)=ZACJY)

7720 4 AZ(JY,2)=2BWJY)

7730 4 AZJY,3)=2CWJY)

7740 4 20 AZ(JY,4)=1DCJY)

7750 3 Cx*xxx FIND THE G-FUNCTION BY EQ(II1I-2.15)

7760 3 DO 25 1@=1,1@X

7770 4 DO 25 NL=1,3

7780 5 G(IQ,JX,NL)=0.

7790 5 DO 25 JY=1,JMYM

7800 6 DO 25 K=1,4

7810 7 25 G(IQ,JX,NL)=G(IQ,JX,NL)+AZ(JY,K)XFIZ2CJY,IR,K,NL)

7820 3 30 CONTINUE

7830 2 Cxx*xx X-SPLINE OF THE G-FUNCTION (SEE EQ.(III-2.16))

7840 2 DO 80 1Q=1,1QX

7850 3 DO 60 NL=1,3

7860 4 FIT(1)=0.

7870 4 DO 40 JX=1,IMXG

7880 5 40 FIT(IX+1)=G6(1Q,JIX,NL)

7890 4 CALL SPCOEF(UFIT,FIT,JMXG~-1,EU,HU,VU,WU,UA,UB,UC,UD,45)
7900 4 CH*x*xx X-SPLINE INTEGRATION BY EQ.(III-2.18)

7910 4 SUMX=0.

7920 4 DO 50 JX=1,JIMXG

7930 5 50 SUMX=SUMX+UACIX)I*FK(JX,IQ,1,NLY+UB(JIJX)*FK(JX,1@Q,2,NL)
7940 4 & +FUCCIX)*FK(IX,1Q,3,NLY+UDC(IX)*FK{JIX,1Q,4,NL)
7950 4 SUML (NL)=5SUMX

7960 4 60 CONTINUE

7970 3 Cxx*x SUMMATION OVER LAMBDA IN EQ.(III-2.9A)

7980 3 SUM=0.

7990 3 IFCIS(NA) .NE.IS(NBY) GO T0 80

8000 E) T=MAX(ABS(CF2(NA,NB,1)),ABS(CF2(NA,NB,2)>),ABS(CF2(NA,NB,3)))
8010 3 IF(T.LT.1.E-10) GO TO 80

8020 3 DO 70 NL=1,3

8030 4 70 SUM=SUM+SUML(NL)*CF2(NA,NB-NL)

8040 3 80 FF2(1Q,NA,NB)=SUM

8050 2 90 CONTINUE

8060 1 100 CONTINUE

8070 WRITE(6,1000)

8080 1000 FORMAT('Ox**x FF2 *%xx')

8090 DO 110 1@=1,1QX

8100 1 710 WRITE(6,1010) QQ(IQ),((FF2(IQ,NA,NB)-NB=1,KOB),NA=1,KOB)
8110 1010 FORMAT(' ', 1P6E15.5/(' ',15X,1P5E15.5))

8120 RETURN

8130 END

8140 SUBROUTINE NRHS3(1IQX,QQ,RSUM,MS)

8150 Cxxx%x COMPUTE THE Y-FUNCTION OF EQ.(II11-2.19B) (SEE SUBROUTINE
8160 Cxx*x 'RHS' FOR DETAILES.)

8170 COMMON/AAAAA/XRC(60) ,TR1(60),DT,AHZ2,IMX,IMXG,IMXGE

8180 COMMON/BBBBB/YY(47),TYVN(LT7) ,JMYM, JUYMM,AY2,FY(4L8,12,4,2)
8190 COMMON/DDDDD/RHO(61,48,5),F11(48,40,4),F12¢48,40,4,3),FK(60,40,4,
8200 & 3

8210 COMMON/Z2222/2FIT(43)Y,E2C41,3),HT2(42),V2(42),W1(42),2AC42),21B(42)
8220 & 22C(42),2DC42)

8230 COMMON/XXXXX/XFIT(61),EX(59,3),HX(60),VX(60),UX(60),XA(60),XB(60)
8240 & S XC(60),XD(60)

8250 COMMON/YYYYY/YFIT(48),EY(46,3) ,HY(LT) VYCLT) WY CLT)  YACLT)  YB(ALT)

8260 & ,YCCLT),YD(4AT)
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COMMON/CCCCC/DSP(4L,4,60,48)

COMMON/RAMRAM/COEF(8,8) ,RAM(111),LACI11),LB(111),LCCT111),LDCT111)
LG(111)

COMMON/MMMMM/MALT(5) ,KST(14) ,KED(14),1G6X(5),1G6(5,5),1PX(5),
LLF(19) ,LFC19), MSF(T19) ,NR(T19)

DIMENSION SY(4),SX(4),FIT(43),ASCL3,7,4),RSUM(40,19) ,6GUM(5),
SKY(7,43),QQ(*),YR(47)

EQUIVALENCE (YR(1),YY(1))

KY=42

pO-LOOP OVER Y

DO 258 1Y=1,JMYM

Y=YRC(IY)

PREPARE QUANTITIES IN EQS.(II-3.11),(11-3.19)

YQ=Y*xY

DO 60 K=1,7

SKY(K,1Y)=0.

XXX=2./3.

DO-LOOP OVER X

DO 255 1X=1,JMXG

X=XR(IX)

XH=0.,5%X

XQ=0.25xX*X

XT=1.5%XH

XU=XT*XT

RX@=XQ+YQ

RYQ@=XU+0.25*Y@Q

RXY=Xx*Y

XPMIN=ABS (XH-Y)

XPMAX=XH+Y

DECIDE THE COS-THETA MESH SIZE FOR EQ.(II1-2.23) (IS THIS

ENOUGH 7O

MCO=INTC((XPMAX-XPMIN)/0.2)+1

MC0O=2*MCO

IF(MCO.LT.20) MC0=20

COMPUTE THE K~-FUNCTION OF EQ.(I1I-2.23) BY THE SIMPSON

QUADRATURE.

Do 80 N=1,5

GUM(N)=0.

DCO=2./MCO

€C0=-1.-DCO

ccec=1./3.

DO 220 NCO=1,MCO+1

pDDD=CCC

IF(NCO.EQ.1.0R.NCO.EQ.MCO+1) DDD=DDD/2.

CO=C0+DCO

FOR RXYCO,XP,YP, SEE EQ.(II-3,19).

RXYCO=RXY=*CO

XP=SQRT(ABS(RXQ=-RXYCO0))

YP=SQRT(ABS(RYQ+0.75*%RXYCO0))

.PREPARE FOR THE Y~SPLINE OF THE RHO—FUNCTION OF EQ.(III-2.1)

SY(4)=1,

DO 150 JY=1,JMYMM

MY=JY

IFCYP.LT.YRWJIY)) GO TO 160
UsYP=-YFIT(MY)

FX=EXP(U)

EXV=1./FX
SY(1)=(FX-EXV) /2.
SY(2)=SY(1)+EXV

SY{(3)=U

PREPARE FOR THE X-SPLINE OF THE RHO-FUNCTION OF EQ.(FII-2.1)
SX(4)=1.

DO 170 1=1,JMXGG
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8900 4 11=1

8910 4 170 IF(XP.LT.XR(I)Y) GO TO 180

8920 3 180 U=XP-XFIT(II)

8930 3 FX=EXP (U)

8940 3 EXV=1./FX

8950 3 SXC(1)=(FX=-EXV)/2.

8960 3 SX(2)=SX(1)Y+EXV

8970 3 SX(3)=U

8980 3 KGX=IGX(MS)

8990 3 Cx%xx* DOUBLE SPLINE OF THE RHO-FUNCTION OF EQ.(II1-2.1)
9000 3 FP1=0.

92010 3 DO 190 M=1,4

9020 4 DO 190 N=1,4

9030 5 190 FPI=FPI+DSP(N,M,II,MY)*SX(N)*SY (M)

9040 3 Cxxx*x SIMPSON QUADRATURE OF EQ.(II1-2.23)

9050 3 DO 200 NG=1,KGX

9060 4 L=IG(NG,MS)+1

9070 4 200 GUM(L)=GUM(L)+DDD*FPI*PL(CO,L-1)

2080 3 220 c¢cC=1.-CCC

9090 2 Cx%x% COMPLETE THE SIMPSON QUADRATURE OF EQ.(11I-2.23) FOR ALL
9100 2 C*xx* POSSIBLE GAMMA.

2110 2 DO 230 NG=1,KGX

9120 3 LL=IG(NG,MS)+1

9130 3 230 GUM(LL)=DCO*GUM(LL)

9140 2 Cx%x* 'GUM' 1S THE K-FUNCTION OF EQ.(III-2.23).

9150 2 Cxxx*x COMPUTE THE U-FUNCTION OF EQ.(I111-2.22).

9160 2 MPX=IPX (MS)

9170 2 M1=MAL1(MS)

9180 2 DO 250 MP=1,MPX

2190 3 M=MP+M1-1

9200 3 N=NR (M)

9210 3 MA=MSF (M)

9220 3 K1=KST(N)

9230 3 K2=KED (N)

9240 3 Cxxxx SUM OVER A,C,AND GAMMA (I.E.., SUM OVER K) IN EQ.(I11-2.22).
9250 3 usum=0.

9260 3 DO 240 K=K1,K2

9270 4 KA=LA(K)+LC(K)

9280 4 KB=LB(K)+LD(K)

9290 4 KG=LG (K) +1

9300 4 240 USUM=USUM+X**KA*Y**KB*xGUM(KG) *RAM(K)

9310 3 Cx*x% 'USUM' IS THE U-FUNCTION OF EQ.(I1II-2.22).

9320 3 Cxxx* NOW, CARRY OUT THE X-INTEGRATION IN EQ.(III-2.21).
9330 3 SKY(MP,IY)=SKY(MP,IY)+X**x(LLF(MY+2)*Y**x(LF(M)+2)
9340 3 &g *RHOCIX+1,IY+1,MA) *USUMAXXX*TR1T (IX)*AH2
9350 3 250 CONTINUE

9360 2 255 XXX=1.-XXX

9370 1 258 CONTINUE .
9380 Cxk*xx 'SKY(MP,Y)' IS THE H-FUNCTION OF EQ.(II1-2.21).
9390 Cxx*%x OBTAIN THE Y-SPLINE COEFFICIENTS OF 'SKY'(SEE EQ.(I1I-2.25))
9400 FIT(1)=0. ’
9410 poO 280 MP=1,MPX

9420 1 DO 260 JY=1,JMYM

9430 2 260 FIT(JY+1)=SKY(MP,JY)

9440 1 CALL SPCOEF(2FIT,FIT,JMYM-1,EZ,H2,V2,WZ,2A,2ZB,2C,2D,KY-1)
9450 1 DO 270 JY=1,JMYM

9460 2 ASCJY, MP,1)=ZACJY)

9470 2 AS(JY,MP,2)=2BJY)

9480 2 ASCJY,MP,3)=2CCJY)

9490 2 270 ASCJY,MP,4)=2D(JY)

9500 1 280 CONTINUE ’

9510 Cxx** CARRY OUT THE Y-INTEGRATION IN EQ.(III-2.19B) BY MEANS OF
9520 Cx*x%x% SPLINE INTERPOLATION (SEE EQ.(I11-2.26)).
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DO 320 1@=1,1@QX
DO 310 MP=1,MPX
M=MP+M1-1
RTEMP=0.

DO 300 JY=1,JMYM
DO 300 L=1,4

RTEMP=RTEMP+AS(JY,MP,L)*FI1(JY,IQ,L)

RSUM(IQ,M)=RTEMP

'RSUM' IS THE Y-FUNCTION OF EQS.(1I11-2.19B) OR (III-2.26).
CONTINUE :

RETURN

END

SUBROUTINE NRHS4(IQX,QQ,RSUM,MS)

COMPUTE THE INTEGRAL OVER Y OF THE H-FUNCTION IN EQ.{(III-2.27A).
(SEE SUBROUTINE 'RHS' FOR DETAILS.)

COMMON/AAAAA/XR(60),TR1¢60) ,DT,AH2,IMX,JMXG,JMXGG
COMMON/BBBBB/YY(47) ,TYNL(4LT7) ,JMYM, JMYMM,AY2,FY(48,12,4,2)
COMMON/DDDDD/RHO(61,48,5),F11(48,40,4),F12(48,40,4,3),FK(60,40,4,
& 3
COMMON/Z2Z2222/2FITC4L3),E2(41,3),H2(42),V2(42),W2(42),2ZA(42),2B(42)
& £2CC42),2D(42)

COMMON/XXXXX/XFIT(61),EX(59,3) ,HX(60),VX(60),WX(60),XA(60),XB(60)
& ,XC(60),XD(60)
COMMON/YYYYY/YFITC(48)  EY(4L6,3) ,HY(LT7)Y VY (LT WYC(LT)  YA(LT)  YB(4LT)
& ,SYC(LT),YD(4LT)

COMMON/CCCCC/DSP(4L,4,60,48)
COMMON/RAMRAM/COEF(8,8) RAMITT),LACITT) ,LB(ITT) ,LECTIT) ,LD(111) »
& LG(111)

COMMON/MMMMM/MALT1(5) ,KST(14),KED(14),1GX(5),1G(5,5),1PX(5),
& LLF(19),LFC19),MSF(19),NR(19)

DIMENSION SY{4),SX(4),RSUM(40,19),GUM(5,40),SKY(7,43),QQ(x*),
& SUMX{(40),YR(4LT)

EQUIVALENCE (YR(1),YY (1))

KY=42

YYY=2./3.

DO~-LOOP OVER Y

DO 258 1Y=1,JMYM

Y=YR(IY)

YQ=Y*Y

DO 60 K=1.,7

DO 60 1Q=1,40

SKY(K,1Q)=0.

XXX=2./3.

DO-LOOP OVER X

DO 255 1IX=1,JMXG

X=XR(IX)

XH=0.5*X

XQ=XH*XH

XT=1.5%XH

XU=XT*XT

RXQ@=XQ+YQ

RYQ=XU+0.25%xY@Q

RXY=X*Y

XPMIN=ABS (XH-Y)

XPMAX=XH+Y

FOR 'RMAX' AND 'RMIN' BELOW, SEE EQ.(111-2.31).

RMAX=XH+Y/3.

RMIN=ABS(XH-Y/3.)

RDIF=RMAX-RMIN

COMPUTE THE K-FUNCTION OF EQ.(III-2.30) BY THE SIMPSON
QUADRATURE.

RQ=XQ+YQ/9.

po 80 Ia=1,1QX
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10160 3 D0 80 N=1,5
10170 4 80 GUM(N,IQ)=0.
10180 2 DO 230 1@=1,I1QX
10190 3 MCO=INT(QQ(IQ)*RDIF)
10200 3 MCO=2*MCO
10210 3 IF(MCO.LT.20) MCO=20
10220 3 DCO=2./MCO
10230 3 c0=-1.-DpCO
10240 3 ccc=1./3.
10250 3 DO 220 NCO=1,MCO+1
10260 4 DDD=CCC
10270 4 IF(NCO.EQ.T.0R.NCO.EQ.MCO+1) DDD=DDD/2.
10280 4 CO=CO0+DCO
10290 4 RXYCO=RXY*CO
10300 4 RR=SQRT (ABS(RQ=RXYCO0/3.))*QQ(1Q)
10310 4 IF(RR.LT.1.E-5) GO 70 90
10320 4 TSIN=SINC(RR)/RR
10330 4 GO T0 100
10340 4 90 TSIN=1.-RR**2/6.
10350 4 100 XP=SQRT(ABS(RXQ-RXYCO))
10360 4 YP=SQRT(ABS(RYQ+0.75%RXYC0))
10370 4L C***% PREPARE FOR THE Y-SPLINE OF THE RHO-FUNCTION OF EQ.(II1I-2.1).
10380 4 SY(4)=1.
10390 4 DO 150 JY=1,JMYMM
10400 5 MY=JY
10410 5 150 IFCYP.LT.YRWJY)) GO TO 160
10420 4 160 U=YP-YFIT(MY)
10430 4 - FX=EXP(W)
10440 4 EXV=1./FX
10450 4 SY(1)Y=(FX-EXV)/2.
10460 4 SY(2)=SY(1)+EXV
10470 4 SY(3)=U
10480 4 Cx*%x%x PREPARE FOR THE X~SPLINE OF THE RHO-FUNCTION OF EQ.(111-2.7)
10490 4 SX<¢4)=1,
10500 4 DO 170 1=1,JMXGG
10510 5 11=1
10520 5 170 IF(XP.LT.XR(I)) GO TO 180
10530 4 180 U=XP-XFIT(II)
10540 4 FX=EXP(U)
10550 4 EXV=1./FX
10560 4 SX(1)=(FX-EXV) /2.
10570 4 SX(2)=SX(1)+EXV
10580 4 SX(3)=u
10590 4 KGX=IGX(MS)
10600 4L Cxxx%x DOUBLE SPLINE OF THE RHO-FUNCTION OF EQ.(III-2.1)
10610 4 FP1=0.
10620 4 DO 190 M=1,4
10630 5 DO 190 N=1,4
10640 6 190 FPI=FPI+DSP(N,M,II,MY)*SX(N)*SY (M)
10650 4 Cxx**x SIMPSON QUADRATURE OF EQ.(III-2.30)
10660 4 DO 200 NG=1,KG6X
10670 5 L=IG(NG,MS)+1
10680 5 200 GUM(L,1Q)=GUM(L,IQ)+DDD*FPI*PL(CO,L-1)*TSIN
10690 4 220 ccc=1.-cCcCC
10700 3 Cx**xx COMPLETE THE SIMPSON QUADRATURE OF EQ.(II1I-2.23) FOR ALL
10710 3 C*x*x%x%x POSSIBLE GAMMA.
10720 3 DO 230 NG=1,KGX
10730 4 LL=IG{(NG,MS) +1
10740 4 230 GUM(LL,IQ)=DCO*GUM(LL,IQ)
10750 2 Cx*x%x* 'GUM' IS THE K-FUNCTION OF EQ.(I11-2.30).
10760 2 C*%*%% COMPUTE THE U-FUNCTION OF EQ.(1I1-2.29).
10770 2 MPX=IPX{(MS)
2 MI=MALT(MS)

10780
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DO 250 MP=1,MPX

=MP+M1-1

N=NR (M)

MA=MSF (M)

K1=KST(N)

K2=KED (N)

DO 242 1Q=1,1QX

SUMX(1Q)=0.

DO 240 K=K1,K2

KA=LACK)+LC{(K)

KB=LB (K)+LD (K)

KG=L6(K)+1

T=X**xKAxY*x*KB

DO 240 1Q=1,1QX

SUMX(IQ)=SUMX(IQ)+T*GUM(KG,IQ)*RAM(K)

"SUMX' IS THE U-FUNCTION OF EQ.(I11-2.29).

NOW, CARRY OUT THE X-INTEGRATION IN.EQ.(III-2.28).

T=X** (LLF{M)+2)*Y*x*x (LF (M) +2) *RHOCIX+1,1Y+1,MA)
*XXX*TR1(IX)*AH2

DO 250 1@=1,I1QX

SKY(MP,IQ)=SKY(MP,IQ)+T*SUMX(I1Q)

XXX=1.-XXX ,

"SKY' 1S THE H-FUNCTION OF EQ.(II11-2.28).

FINALLY, PERFORM THE Y-INTEGRATION IN EQ.(I111-2.27A).

DO 310 MP=1,MPX

=MP+M1-1

DO 300 1@=1,1QX
RSUM(IQ,M)=RSUM(IQ,M)+SKY(MP,IQ)*YYY*TYT(IY)*AY2
CONTINUE

YYY=1.-YYY

'"RSUM' IS THE Y-INTEGRAL OF H IN EQ.(III-2.27A).
RETURN

END

SUBROUTINE FORM(CF3,RSUM,1QX,FF,KEY)
THIS SUBROUTINE PERFORMS THE LAST STEPS TO OBTAIN

"FF3!

AND 'FF4' OF EQS.(IJI-2.19) AND (I11-2.27A). THE STEPS

TAKEN HERE ARE THE MULTIPLICATION OF N-BAR AND SUMMATION

OVER GRAND-L AND GRAND-S.

DIMENSION CF3(8,8),RSUM(40,19),FF(40,5,5),KEY(20),L0CK(20)

297

DATA LOCK/1%1,21,51,12,22,52,33,43,53,34,44,564,15,25,55,55,55,35,

45,55/

'LOCK(20)"' CORRESPOND TO 'KEY(20)', GIVING LOCATIONS
Cx*xx* OF TWENTY NON-ZERO MATRIX ELEMENTS OF TABLE 11-3,

AS A 5*%5 MATRIX.

DO 10 1@=1,1QX

DO 10 NA=1,5

PO 10 NB=1,5
FF(1Q,NA,NB)=0.

Do 100 1&=1,1@QX

DO 20 MM=1,20

M=MM

IF(MM.GE. 17) M=MM-1
NA=LOCK(MM) /10
NB=LOCK(MM)-10*NA
KA=KEY (MM) /10
KB=KEY (MM)-10*KA
FF(IQ,NA,NB)=FF(IQ,NA,NB)Y+CF3(KA,KB)*RSUM(IQ,M)
CONTINUE

RETURN

END

BUT
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SUBROUTINE XTABLE(JMX,JMXG,XR,TR1,DT,EM, XM, TM,TXC)
TX)=C*x(X+TO)*X/ (X+S0)

DIMENSION XR(*),TR1(%)

JMXS=JMXG

SXO0=(TM-TXC*XM)*XM/ (EM*XM~-TM)

TX0=EM*xSX0/TXC

DT=TM/JIMX

DTQ=DT**2

CTO=TXC*xTX0

€S02=2.*TXC*xSXO0

€S04=2.%CS502

TXC2=2.*TXC

T=0.

DO 10 1=1,J0MXS

T=T+DT

A=CTO-T

XR{ID=(~-A+SQRT(A*A+CSO4L*T))/TXC2
DTDX=TXC*x(XR(I)**2+2  *SXO*XRC(CID+TXO*SX0)/ (XR(CI)+SXO)**2

. TR1(1)>=1./DTDX

10

CONTINUE
RETURN
END
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§3. Asymptotic Normalization Constants

3-a. General description of Code ASYM5

The asymptotic normalization constants Ci can be calculated by using Egs.

(I-6-20) and (iI-6-23);

s IR % 23 23 L3 '

Cy =Io0 *I5p * I02 + 155 (301)
with

23 2 N

Iapg = 1 —— f y2 ay 3, (L18ly)  ZZ . (y) (3.2)

"L 4 /T—T 0 2 aa’ ’

L ® 2 aM

Zpn y) = fy xPax w0 O Aread Ly (k) (3.3)
and

= (LoSQ) yLo (o=p-
Ga' (XIY) - (SL L| 65 S[ z Caa| Uaa' (Q—O,X,Y)- (3~4)
070 00 L.S
0" 0
In Eq~(3-l)r
4M

18] 352 Bl - 1EgD (3.5)
In Egq.(3.3), wL"(x) is the deuteron spatial wave function for the 3Sl—component
(L"=0) or the 3D1 -component (L"=2), and ( L" |V| L ) is an element of the
2x2 matrix of the two nucleon potential in the 3Sl+3Dl state. The summation

over a'
with the same (L0 S0
are equal to twice N,

defined by Eq. (I-3- 27).

in Eq.(3.2) extends over all states a'
). The coefficients C

(L0S0) of Eq.(1-3-6).

Specifically,

{2.22) in the previous section.

(Loso)

The,function U

that can couple to the state o
are those of Eq.(II-3.2) and

aa'(Q 0;x,y) is

We have dealt with this function many times before.
the U-function we have here is precisely the one given by Eq.

Here, we must properly normalize the wave

functions cobtained by the main program by using the normalization factor

computed at the end of Code NFORM.

done as in subroutine RHS of the main program

3

since we need to consider the 1

However,

final states, referring to Tables 1 and 2 of II,

with a=1, i.e., with the key-index m=1,4 and 13 must be excluded.

and the

The computation of Uag.(Q=0;x,y) can be

(see section 6-b of II).

3
Dy

the combinations {a,LO,a'}

states only for the

Further

changes from subroutine RHS are required since we need to consider a greatly

extended region of x" and y"

as explained below.

The functions jﬁ(iIB]y) for =0 and =2 are explicitly given by
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joliz) = g2 ' . (3.6)
and
2z -2z
. s o3 3 e 3 3 e .
plia) = gy i * Garzt ) (3-7)

with z=|8|y. The exponential increase of these functions in the intagrand of
Eq.(3.2) as y> = must be damped by the counter decrease of ZL"(y), and the
integrand as a whole will eventually tend to zero as y+<. However, its
decrease will be extremely slow and we have to extend the upper limit Yy of
the y-integration to a very far distance. This necessitates the computation

of pa,(x",y") in Eg.(2.23) up to

(3.8a)

Nj -

(3.8b)

23
| A
~
(]

!
| W
]
+
N
"
=

(See Eg.(II-~3.11)). Yet we may still need to correct for the cutoff at Yy °
We take into account the contribution from beyond Y=Yy by assuming that the
integrand of Eq.(3.2) decreases exponentially.

The code to perform the above calculations is named ASYM5. It consists of

the following parts.

MAIN routien

Subroutines and functions
FYASYM,PTABLE,YTAB,BESSEL,ARHS,SPLINE,SPCOEF,PARAM and
PL.

It requires the following preparatory code and data files:

Code DEUTRN

File LFCHI, File LFDEUT and File LFRAM

The preparatory code DEUTRN computes the deuteron wave function and the

binding energy. For detailes, see section 3-e. Subroutines PTABLE,YTAB,BESSEL,
SPLINE,SPCOEF and PARAM and function PL are identical to those used in Code
NFORM (see the previous section). Therefore no listings of them will be given.
In the following sections we describe MAIN routine, subroutines FYASYM and

ARHS, and Code DEUTRN.

3-b. MAIN routine
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The following flow chart should suffice to explain the structure of this

routine.

#1

#3

#4

#5

#6

#7

#8

Start

Initialization (Assign values to key-indices by calling subroutine
PARAM.
Assign file numbers and x- and y-mesh numbers:

= { 1 1 i =
X mx~¥pax (Same as in the main program), X uxG=Xg
Yomym~Yy ¢ 304 YyuyeTYe OF EQ-(3.8).

Also input the binding energy |Et| and the normalization

constant 'FNORM' taken from the output of Code NFORM.)

Read File LFCHI (read in - O(éq,x) and ¢u(q,x) that are obtained at
the end of the main program)

(Normalize ¢a(q,x) using the normalization constant 'FNORM'}

- — . (Loso) acy
Read File LFRAM (read in Coar ’ R(LZ,L'Q')LO P

Egs.(II-3.2) and (III-2.22).)

arbrcldl and Y of

Call FYASYM (PTABLE,YTAB,BESSEL)
({iy Set up the same p-table as used in the main program.

(ii) Set up the y-table y(t) and dy/dt as per Eqg.(I1I-8.2)

for O;y;yM ’ ’

and (iii) construct Y

(t)

Py (y,pk) of Eg.(III-2.2) up to yM.)

Read File LFDEUT
((i) Read in the same x-table x(t) and dx/dt as used in

the main program, but extended to Xg o
(ii) read in the RSC potential for the 3sl+3D1 state,
and (iii) read in the wave function and the binding energy

of the deuteron.)
Compute |g| and /jg| of Eq.(I-6-4).
Compute the (negative energy) regular function jﬁ(i]B]y) that enters
into Eq.(3.2) as given by Egs.(3.6) and (3.7).

(Prepare various spline matrices.)

(Construct pu(x,y) of Eg.(III-2.1).)
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- — (Do-loop over the summation index a'(l to 5))

l

|
for Oéx;xG and O;y;yG .

#9 Compute the double-spline coefficients of pa(x,y) of Eq.(II-2.1)

#10 Call ARHS (SPLINE,SPCOEF,PL)
| (Compute the y-integrals in Eq.(3.2) and output them as
] 'YRHS (L",a) ") ‘
of Eq.(III-3.2) by taking the summation over o' of

]
(Compute IL"L

'YRHS (L",a)' and obtain Ci as per Eq.(III-3.1).)
I- -~ (End of the do-loop over a').

Stop

3-c. Subroutine FYASYM

This subroutine sets up the p~table (as used in the main program) and the
y-table y(t) and dy/dt using the formula Eq.(II-8.2) for 0<y<yy - Also, this
code constructs Yét)(y,pk) of Eq.(1II-2.2) up to Yy*

The coding of this subroutine is almost identical to subroutine FYFORM in
Code NFORM of the previous section, except for minor changes in dimensionalities
of variables relating to y-mesh. For detailes, see Code FYFI5 in the main

program.

3-d. Subroutine ARHS (YRHS,NB,BETA)

This subroutine computes the y-integrals (divided by Y[B[) in Eq.(III-3.2)
for a'='NB' for all o and L", and outputs them as 'YRHS(L",a)'. The computa-
tion of Uﬁg,(Q=O;x,y) proceeds as in subroutine RHS of the main procgram. The
following flow chart will be useful to understand the code. We should

remember that this subroutine is called within the do-loop over a' in MAIN

routine.

Enter
|~ ~ - (Do-loop over y)
| |- ~(Do-loop over x)

"
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l 1 #1 'Prepare quantities to compute x" and y" (see Egs.(3.11l) and (3.19))
£ I1.)
[ (o]
| Decide the cos 8-mesh size and initiate the cos 8-integration in
| l Eq.(2.32).
\
I ,
| | 2 'Compute K$ (x,y) of Eq.(2.32) as follows:

t

{Do-loop over cos 0}

| Compute x" and y" as per Eqg.(II-3.19)

l | Construct pa,(x",y"} by the double-spline over x and'y.

l I Process the Simpson quadrature over cos 6 to.find K$ (x,y) of Eqg.
| (2.23).

{End of the do-loop over cos 8)

[
"
t

| Multiply the cos 8-mesh size to complete the Simpson quadrature.

1
I ' The resulting K$ (x,y) is stored as 'GUM(Y)'. J

I | 3 Compute Uig,(Q=0;x,y) of Eq.{2.22). Here we do not need the case
| with a=1. Thus, we skip the computation for m=1,4 and 13, where
l l m is the key-index in Table 2 of II. For various other indices,

| (| see subroutine RHS of the main program.

l #4 Multiply céi?so) to Uig,(Q=O;x,y) and sum over (Lg,Sg) to find )
i l haa,(x,y) of Eg.{3.4). {(For the indices 'LOCK' and "KEY', see the
1 comment cards at the beginning). The results are stored as 'HRHS

! | ( (e} . )

| #5 ( Process the Simpson quadrature over x in Eq.(3.3). The results are
| P g

| | stored as ‘ZRHS(L",a)'.
| = - (End of the do-loop voer x)

#6 Construct the integrand of the y-integral in Eq.(3.2).
The results are 'URHS(L",a)'.

’ #7 Process the Simpson quadrature over y in Eq.(3.2). The results are
devided by V|g]| and stored as 'YRHS(L",a)'.

|- - -~ -(End of the do-loop over y)
P

#8 ( Add the contribution from beyond y, to the y-integral of Eq. (3.2) by]
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assuming the integrand goes to zero exponentially.
This bit of contribution is called 'SRHS(L",a)'.

Return

3-e. Code DEUTRN

This code computes the deuteron binding energy and the normalized wave
functions for the RSC potential. The method used here is to search for the
energy at which the eigenvalue X of the Sturm-Liouville function for the 381

+3D1 state becomes 1.

The computation of the Sturm-Liouville function is identical to Code STURM
of PERFECT V. Since we need to calculate the 3Sl+3Dl state only, the part
relating to the 150 state may be deleted. For details see Code STURM of
PERFECT V. Unlike in PERFECT V, however, here we must normalize the wave
function in an ordinary manner.

The search for the binding energy is performed by Newton-Raphson's method,
which proceeds as follows. Writing g=VM|E4|/h? and defining

f(q) = A(q) -1 (3.9)

we start from a trial value q - and compute successive values of qi(i=l,2,3,..J

by

q. = q.

i io1 - flay_)/f' (g ) (3.10)

until the sequence {ql,qz,...} converges to % value 95 This value dq satisfies
A(q0)=1 and yields the binding energy |Eg =%— qg .. To utilize this method, we
need to calculate di(q)/dg. Instead of computing this quantity numerically,

we use the following analytic expression:

= 2q>\(q)2 f (uk(q,x))zdx/f'ux(q,x) ¥? V(x)uk(q,x)dx (3.11)
0 0 a

where u, (q,Xx) is the Sturm-Liouville function satisfying

2
d L(L+1) 1M 2
(= - (2 == - ¥ o3 V(x)-q"] uy(q,x) =0 . (3.12)
dx x h
Equation (3.11) can be derived by a simple manipulation of Eq.(3.12). It is

fairly general and is applicable even for a velocity dependent potential.
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The code consists of the following parts:
MAIN routine

Subroutines and functions
STURMD,POTD,RES1,REXS,COW,BULL and YTABLE

All these subroutines and functions are the same as in Code STURM in Perfect V,
except for subroutine YTABLE which utilizes Eq.(II-6.2) to compute the same
x~-table as used in the main program. (See code STURM for subroutine YTABLE.)
The code requires a data file named LFDEUT.
Perhaps no explanation of MAIN routine is necessary since it is simple

and contains enough comment cards in it.
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19.812 *x CODE ASYM5 *xxx% LABEL

(09~

NN WND - 2

30-82) OPTIONS: INTER,OPT=1,NROUND,NDLR,ALC,NASTER,INLINE=0,L_STIN,LNO-NREST

Cxxxx x*x*x CODE ASYMS **xx
Cxxs% TRITON(NEUTRON-DEUTERN) ASYMPTOTIC NORMALIZATION CONSTANTS
Cxxx%x REFERENCES (SRT=SCIENCE REPORT OF TOHOKU UNIV.)

C I: FORMULATIONS (T.SAWADA+T.SASAKAWA)

C SRT SER.&,VOL.3,N0.1(1982)1
C I1: PERFECT V (SASAKAWA+ISHIKAWA+SAWADA)

C SRT (1982)

C II11: THIS REPORT

COMMON/AAAAA/XR(B0D),TR1(80),AH2,RSC(80,3),UU(80) ,WW(80),JMX,JIMXG
COMMON/BBBBB/YY(éO);TY1(60)/JMYM/JMYG/AYZ/FY(61/12/4/2)155H(60/2)/
& DSP{4,4,71,46)
COMMON/RAMRAM/COEF(&,8),RAM(111),LACTI11),LBC111)Y,LCC1T1Y,LDC111)
& LG(11T)
COMMON/MMMMM/MALT(5) ,KST(14) ,KED(14) ,IGX(5),1G(5,5),1PX(5),
& LLFC19),LFC19)  MSF(19),NR(19)
DIMENSION PFIT(13),EP(11,3),HP(12),VP(12),UWP(12),PAC12),PB(12),
& PCC12),PD(12)
COMMON/XXXXX/XFIT(71) L EX(69,3),HX(70) ,VX(70),WX(70),XA(70),XB(70),
& XC(70Y,X%XD(70)
COMMOM/YYYYY/YFITC(46) EYCLL,3) /HYC(LS) ,VY(4L5) , WY (L5), YACLS) ,YB(4L5) ,
& YC(4L5),YD(4L5)
DIMENSION TS1(30,5,12),6S1¢(30,5,12),AQ(12),C(2,5),AK2(12),
& EXK(70,12,2),PS1(70,12),FIT(71),RHO(71,46,5),
& AY(71,45,4),YRHS(2,5)
c-01
Cxxx%x ASSIGN VALUES TO KEY-INDICES.
CALL PARAM
Cxxxx ASSIGN FILE NUMBERS, X- AND Y- MESH NUMBERS.
LFDEUT=28
LFCHI=27
LFRAM=21
JMX=30
JMXG=70
JMYM=60
JMYG=45
Cxx%xx INPUT THE TRITON BINDING ENERGY, AND THE NORMALIZATION CONSTANT.
BEI=6.60
FNORM=2.6
HM=1./41.47
MALL=12
c-02
Cxxxx INPUT THE TRITON WAVE FUNCTIONS.
REWIND LFCHI
READ(LFCHI) TS1,GS1I
WRITE(6,1000) BEI,FNORM
1000 FORMAT('1*%x*% TRITON ASYMPTOTIC NORMALIZATION (ASYMS5) *xx%x%x'/
& '0OBEI=',1PE13.5," FNORM=',1PE13.5)
Cxxx*x NORMALIZE THE WAVE FUNCTION
CONST=SQRT(FNORM)
po 20 MS=1,5

* WRITE(6,1010) MS
*7010 FORMAT('O%%** NORMALIZED GSI(MS=',12,') *xx')
DO 20 IM=1,MALL
DO 10 J=1,J4MX
10 GSI(J,IM,MS)=GSICJ,IM,MS)/CONST
* WRITE(6,1020) IM,(GSIC(J,IM,MS),J=1,0MX)
*1020 FORMAT(' IM=',13/(' ',1P10E12.4))
20 CONTINUE
c-03
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READ IN THE C-COEFFICIENTS OF EQ.(I11I-3.2) AND THE R-COEFFICIENTS.,
A,B,C,D AND G OF EQ.(II11-2.22).

REWIND LFRAM

READ(LFRAM) COEF,RAM,LA,LB,LC,LD,LG

SET UP THE P~ AND Y-TABLE, AND CONSTRUCT THE Y-FUNCTION OF EQ.
(111-2.2).

CALL FYASYM(AQ,MALL)

DO 30 I1=1,MALL

AK2(1)=SQRT(HM*BEI+0.75%AQ(I)*%2)

INPUT THE X-TABLE, THE RSC(3S1+3D1) POTENTIAL, AND THE
DEUTERON BINDING ENERGY AND WAVE FUNCTION.

REWIND LFDEUT

READC(LFDEUT) ALPHA,BED,CUTOFF,UU,WW,RSC,DT,XR,TR1
WRITE(6,1030) ALPHA,BED,CUTOFF

FORMAT('ODEUTERON WAVE FUNCTION'/' ALPHA=',1PE13.5," BED="',

& 1PE13.5,' CUTOFF="',1PE13.5)

AH2=2.%DT

WRITE(6,10407 (XRUJ),J=1,IMX)
FORMAT('OXR'/(' ',1P10E12.4))
WRITE(6,1050) (UUWI),Jd=1,0MX)
FORMAT('OUU' /(' ',1P10E12.4))
WRITE(6,1060) (WW(J),Ju=1,JMX)
FORMAT('OWW'/ (' '",1P10E12.4))
WRITE(6,1070) (RSC(J,1),J=1,IMXD
FORMAT('OV1I1' /(" '",1P10E12.4))
WRITE(6,1080) (RSC(J,2),0=1,IMXD
FORMAT('OV12'/<(' ',1P10E12.4))
WRITE(6,10920) (RSCJ,3),d=1,0MXD
FORMAT('0OvV22'/(' '",1P10E12.4))
DO 40 1R=1,3

DO 40 J=1,80
RSC(J,IRY=RSC(J,IR)Y/0.75

FOR BETA, SEE EQ.(1-6-4)

BETA=SQRT(HM*x(BEI-BED)/0.75)

(NEGATIVE ENERGY) SOLUTIONS (SEE EQS.{(III-3.6) AND (I11-3.7))

DO 50 JY=1,JMYM

Z=BETAXYY(JY)

EXZ=EXP(Z)

T1=EXZ/(2.%2)

T2=1./(EX2%2.%2)

SSHUJY,1)=YYWIY)*(T1~-T2)

SSHUJY,2)=YYJYI*((=3_/2%*%2+43./2~-1.)*T1
+(3./2%%x2+3,./2+1.)*T2)

DC 60 K=1,2

WRITE(6,1100) K, (SSHWJ,K),J=1,IMYM)

FORMAT('OSSH(J,K="'",12,")" /(" ',1P10E12.4))

DO 70 K=1.,2

DO 70 NA=1,5

C(K,NAY=0.

VARIOUS SPLINE MATRICES
PFIT(1)=0.

DO 80 I=1,MALL

PFIT(I+1)=AQCI)

CALL SPLINE(PFIT,MALL-1,EP,HP,VP, WP, MALL~1,PA,PB,PC,PD)
XFIT(1)=0.

DO 90 I=1,JMXG

XEIT(I+1)=XR(I)

CALL SPLINE(XFIT,JMXG=1,EX,HX,VX,WX,69,XA,XBsXCsXD)
YFIT(1)=0.

DO 100 I=1,JMYG
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YFITC(I+1)=YY (1)
CALL SPLINEC(YFIT,JMYG=1,EY HY, VY, WY 44, YA,YB,YC,YD)

CONSTRUCT THE RHO-FUNCTION OF EQ.(III-2.1).

X1Q=XR (1) *=*2

X2Q=XR(2)*x*2

XQ12=X2Q-X1Q

FIRST, EXTEND THE GSI-FUNCTIONS UP TO XR(JMXG).

J1=JdMX

DO 120 I=1,MALL

DO 110 JX=J1,JMXG

AKX=AK2 (1) *XR{JIX)

EXK(IX,1,1)=EXP(=-AKX)

EXKCIX,1,2)=EXKAIX, 1,1 % (3. /AKX*%2+3,/AKX+1.)

CONTINUE

DO 220 MA=1,5

LL=1

IF(MA.EQ.3.0R.MA.EQ.5) LL=2

DO 150 1=17,MALL

ASYM=GSI (JMX,MA,I)/EXK(IMX,I,LL) *XR(CIMX)

DO 130 J=1,J1

FSI(J,I1)=GSIC(J,MA,I)*XXR(J)

DO 140 J=J1,JIMXG

PSI(J,I)=ASYM*EXK(J,1,LL)

CONTINUE

WRITE(6,1110) MA

FORMAT('1*%* PSI(MA=',13,')")

DO 160 I=1,MALL

WRITE(6,1120) 1,(PSI(J,1),J=1,0MXG)

FORMAT('01IM=",13/(C" ',1P10E12.4))

P-SPLINE OF 'PSI' DIVIDED BY X#*xx(L+1)

LLP=2*(LL/2)+1

Lp=1

IF(MA.GE.4) LP=2

DO 190 JX=1,JIMXG

FIT(1)=0.

DO 170 I=1,MALL

FIT(I+1)=PSI(JIX,I)/XRIX)x*xLLP

CALL SPCOEF(PFITIFITIMALL-1IEPIHP/VPIWPIPAIPBIPCIPDIMALL-1)

DO 190 JY=1,JMYG+1

SUMA=0.

DO 180 I=1,MALL

SUMA=SUMA+PACI)*FY(JY,1,1,LP)+PB(I)*FY(JY,1,2,LP)+
PCCId*XFY(JY,1,3,LPY+PD(I)*FY(JY,1,4,LP)

RHO(JIX+1,JY,MA)=SUMA

EXTRAPOLATE THE 'RHO'-FUNCTION OF EQ.(III-2.1) TO X=0 ASSUMING

THE FORM A+BRX**2

DO 200 JY=1,JMYG+1

RHO(1,JY-MA)=(RHO(2,JY,MAY*X2Q-RHO(3,JY,MA)*xX1Q)/XQ12

WRITE(6,1130) MA

FORMAT('"1*x* RHO(MA=',I13,"')")

DO 210 JY=1,JMYG+1

WRITE(6,1140) JY,(RHO(IX,JY ,  MA) ,IX=1,IMXG*+1)

FORMAT('0JY="',13/('" ',1P10E12.5))

CONTINUE

DO-LOOP OVER THE SUMMATION INDEX ALPHA'.
DO 290 NB=1,5

COMPUTE THE DOUBLE-SPLINE COEFFICIENTS OF 'RHO'.

DO 250 JX=1,JMXG+1

DO 230 JY=1,JMYG+1

FIT(JY)=RHO(JX,JY,NB)

CALL SPCOEF(YFIT,FIT,IMYG-1,EY,HY, VY- WY,YA,YB,YC,YD,44)



1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
200G
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2116
2520
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
"2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500

SN 2 2D a2 N DWWE WA 2N W W W W

240
250

260

270
c-10

Chkkx

Chkskk

280
290

Chdexnx

1150

Chhkk
Cx**xx

&

&

&

&

&

&

&

- &

Chrkx
Chk k%
Ch*kk
Chxks
CHrrxkx

&
&

309

Fortran Programs - Various Properties of the Triton

DO 240 JY=1,JMYG
AY(IX,JdY,1)=YACWJY)
AY(IX,dY,2)=YBWJY)
AY(IX,JY,3)=YCWJY)
AY(JX,JY,4)=YD(JY)D
CONTINUE

DO 270 L=1,4

DO 270 JY=1,JUMYG

DO 260 JIX=1,IMXG+1
FITCIX)=AY(UX,JY L)
CALL SPCOEF(XFIT,FIT,JIJMXG-1,EX,HX, VX, WX, XA,XB,XC,XD,69)
DO 270 JX=1,JMXG
DSP(1,L-JdX,JY)=XA(IX)
DSP(2,L,JX,dY)=XBUIXD)
DSP(3,L,JdX,4Y)=XC(IX)
DSPC&L,L,dXrdY)=XD(IXD

COMPUTE THE Y-INTEGRALS IN EQ.(III-3.2). THE RESULTS ARE 'YRHS'.
NBR=NB

CALL ARHS(YRHS,NBR,BETA)

SUM OVER ALPHA-PRIME(=NB).

DO 280 K=1,2

DO 280 NA=2,5

C(K,NAY=C(K,NA)+YRHS(K,NA)

CONTINUE

'C' IS THE I-FUNCTION OF EQ.(III-3.2).

WRITE(6,1150) ((K-NA,C(K,NAY  NA=2,5),K=1,2)

FORMAT('OTHE ASYMPTOTIC NORMALIZATION CONSTANTS C(K,NAY'/

& 2(3X,4(3X,'CC I, 211, )= ,1PET13.5)/))

STOP
END
SUBROUTINE ARHS(YRHS,NB,BETA)
COMPUTE THE Y-INTEGRALS IN EQ.(III-3,2) FOR ALPHA'= NB
AND FOR ALL ALPHA AND L''.
COMMON/AAAAA/XR(S80),TR1(80),AH2,RSC(80,3),UU(C80) WW(BD) .,
JMX,JMXG
COMMON/BBBBB/YY(&60) ,TY1(60),JMYM,UMYG,AY2,FY(61,12,4,2),
SSH(60,2),DSPL4,4,71,46) .
COMMON/RAMRAM/COEF(8,8) ,RAM(111),LACIT1) ,LB(111),LCC1TT),LDCTITT)
LG(111)
COMMON/MMMMM/MALT(5) ,KST(14) ,KED(14),1GX(5),1G(5,5),1IPX(5),
LLFC19Y,LF(19)Y,MSF(19) ,NR(C19)
COMMON/XXXXX/XFIT(71),EX(69,3) ,HX(70),VX(70),uX(70),XA(70),XB(70),
XC(70) ,XD(70)
COMMON/YYYYY/YFITCL6) ,EY(L4,3)  HY(LS) VY (45 ,WY(LS5),YAC(LE) ,YB(45),
YC{45) ,YD(45)
DIMENSION SY(4),SX(4>,YR(61),GUM(5) ,HRHS(5),SRHS(2,5) ,URHS(2,5),
YRHS(2,5),ZRHS(2,5),L0CK(19),KEY(19),PRURHS(2,5)
EQUIVALENCE (YR(1).,YY (1))
DATA LOCK/11,-21,51,12,22,52,33,43,53,34,44,54,15,25,55,55,35,45,
55/, . )
KEY/11,21,51,12,22,52,33,43,83,34,44,84,15,25,55,66,38,48,
88/
*LOCK(M)' GIVES THE INDICES (ALPHA,ALPHA') OF TABLE 2 OF II.,
'KEY(M)' THE 'INDICES (I1,I') IN TABLE 3 OF 11, BOTH CORRESPONDING
TO THE KEY-INDIX M.
FOR KEY(M=16), WE USE 66. THE POSSIBILITY OF KEY(M=16) BEING
77 1S TAKEN CASE AT C-04.
BETAG=SQRT(BETA)J
MS=NB
WRITE(6,1000) NB,((K,NA,NA=2,5),K=1,2)

1000 FORMAT('OTHE INTEGRAND OF THE Y-INTEGRATION IN THE I-FUNCTION ',

&

"FOR NB=',I12/7X,'Y'",6X,2(3X, 44X, "K=" 11, /NA=",11," "))
DO 10 K=1.,2
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2510 1 DO 10 NA=1,5

2520 2 10 YRHS(K,NA)=0.

2530 YYY=2./3.

2540 Cxxx* DO-LOOP OVER Y

2550 DO 220 I1Y=1,JMYM

2560 1 IFCIY.EQ.JMYM) YYY=YYY/2.

2570 1 Y=YR(IY)

2580 1 Ya=Yx®Y

2590 1 DO 20 K=1,2

2600 2 DO 20 NA=1.,5

2610 3 20 ZRHS(K,NA)=0.

2620 1 XXX=2./3.

2630 1 Cxxx*x DO-LOOP OVER X

2640 1 DO 170 IX=1,JMX

2650 2 X=XR(IX) :
2660 2 Cxx%% PREPARE QUANTITIES IN EQS.(II-3.11),(I1-3.19).
2670 2 C-01

2680 2 XH=0.5%X

2690 2 XQ=XH*xXH

2700 2 XT=1.5%XH

2710 2 XU=XT*XT

2720 2 RX@=XQa+YQ

2730 2 RYQ=XU+0.25%YQ

2740 2 RXY=Xx*Y

2750 2 XPMIN=ABS (XH-Y)

2760 2 XPMAX=XH+Y )
2770 2 Cxxx* DECIDE THE COS-THETA MESH SIZE FOR EQ.(III-2.23) (IS THIS
2780 2 Cxx%x% ENOUGH ?)

2790 2 MCO=INTC((XPMAX=-XPMIN)/0.2)+1

2800 2 MCO=2*MCO

2810 2 IF(MCO.LT.20) MCO=20

2820 2 Cxxx%x COMPUTE THE K-FUNCTION OF EQ.(III-2.23) BY THE SIMPSON
2830 2 Cx*xxx QUADRATURE.

2840 2 po 30 N=1,5

2850 3 30 GUM(N)>=0.

2860 2 DCO=2./MCO

2870 2 C0=-1.-DCO

2880 2 ccec=1./3.

2890 2 €-02

2900 2 DO 100 NCO=1,MCO+1

2910 3 DDD=CCC

2920 3 IF(NCO.EQ.T1.0R.NCO.EQ.MCO+1) DDD=DDD/2.
2930 3 ce=Co+DCO

2940 3 Cxx** FOR RXYCO,XP,YP, SEE EQ.(II-3.19).

2950 3 RXYCO=RXY*CO

2960 3 XP=SQRT (ABS(RXQ-RXYCO))

2970 3 YP=SQRT(ABS(RYQ+0.75*RXYCO0))

2980 3 C*x*x** PREPARE FOR THE Y-SPLINE OF THE RHO-FUNCTION OF EQ.(III-2.1)
2990 3 SY(4)=1.

3000 3 DO 40 JY=1,JMYG

3010 4 MY=JY

3620 4 40 IFC(YP.LT.YRWY)>) GO TO 50

3030 3 50 UsYP-YFIT(MY)

3040 3 FX=EXP (W)

3050 3 EXV=1./FX

3060 3 SY(1)=(FX-EXV)/2.

3070 3 SY(2)=SY(1)+EXV

3080 3 SY(3)=u

3090 3 Cxx*%x PREPARE FOR THE X-SPLINE OF THE RHO-FUNCTION OF EQ.(III-2.1)
3100 3 SX(4)=1,

3110 3 DO 60 I1=1,JMXG

3120 4 I1=1

3130 4 60 IF(XP.LT.XR(I1)) GO TO 70

3140 3 70 U=sXP-XFIT(II)
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FX=EXP(U)

EXv=1./FX

SX(1)=(FX-EXV) /2.

SX(2)=SX(1)+EXV

SX(3)=u

KGX=IGX{(MS)

DOUBLE SPLINE OF THE RHO-FUNCTION OF EQ.(III-2.7)
FP1=0.

DO 80 M=1,4

DO 80 N=1,4
FPI=FPI+DSP(N,M,II,MY)*SX(N)*SY (M)
SIMPSON QUADRATURE OF EQ.(111-2.23)

PO 90 NG=1,KGX

L=IG(NG,MS)+1
GUM(L)=GUM(L)+DDD*FPI*PL(CO,L=-1)
ccec=1.-¢cccC

COMPLETE THE SIMPSON QUADRATURE OF EQ.(III-2.23) FOR ALL
POSSIBLE GAMMA.

DO 110 NG=1,KGX

LL=IG(NG,MS) +1

GUM(LL)Y=DCO*GUM(LL)

'GUM' IS THE K-FUNCTION OF EQ.(II1-2.23).

DO 120 NA=1,5

HRHS (NA)=0.

COMPUTE THE U-FUNCTION OF EQ.(III-2.22).
MPX=IPX (MS)

M1=MALT (MS)

DO 140 MP=1,MPX

M=MP+MT =1

IF(M.EQ.1.0R.M.EQ.4.0R.M.EQ.13) GO TO 140
NENR (D

MA=MSF (M)

K1=KST(N)

K2=KED (N)

SUM OVER A,C,AND GAMMA (I.E., SUM OVER K) IN EQ.(III-2.22)
usuM=0.

DO 130 K=K1,K2

KA=LA(K)+LC(K)

KB=LB(K)+LD(K)

KG=LG (K)+1
USUM=USUM+X*xKA*Y**KB*GUM(KG) *RAM(K)
"USUM' IS THE U-FUNCTION OF EQ.(III-2.22).

COMPUTE THE H-FUNCTION OF EQ.(III-3.4) BY MULTIPLYING
*USUM' BY THE C-COEFFICIENTS AND SUM OVER THE GRAND-L AND
GRAND-S.

NA=LOCK(M)> /10

KA=KEY(M) /10

KB=KEY(M)-10*KA

HRHS(NA)Y=HRHS(NA)Y+COEF(KA,KB)*USUM

IF(M.EQ.16) HRHS(NA)=HRHS(NA)+COEF(KA+1,KB+1)*USUM
'HRHS(NA)Y' IS THE H-FUNCTION OF EQ.(III-3.4).

CONTINUE

PROCESS THE X-INTEGRATION OF EQ.(III1-3.3).
XTEMP=X*TR1(IX)*XXX

DO 150 NA=2,4,2
ZRHSC1,NA)Y=ZRHS (1 ,NAY+XTEMP*UUC(IX)*RSC(IX,1)*HRHS(NA)
ZRHS(2,NA)Y=ZRHS(2,NA)+XTEMP*WW (IX)*RSC(IX,2)*HRHS (NA)
PO 160 NA=3,5,2

ZRHS (1, NA)Y=ZRHS (1, NA)+XTEMP*UU(IX)*RSC(IX,2)*HRHS(NA)
ZRHS(2,NAY=ZRHS (2, NA)+XTEMP*WW(IX)*RSCT(IX,3)*xHRHS(NA)
XXX=1.-XXX

311
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DO 180 K=1.2
DO 180 NA=2,5
180 ZRHS(K,NA)=AH2*ZRHS{(K,NA)
Cx*x* 'ZRHS' IS THE Z-FUNCTION OF EQ.(III-3.3).
c-06
Cx*%% CONSTRUCT THE INTEGRAND OF THE Y-INTEGRATION IN EQ.(II1-3.2).
DO 200 K=1,2
DO 190 NAa=2,3
190 URHS(K,NAY=YXSSH(IY,1)*ZRHS{(K,NA)
DO 200 NA=4,5
200 URHS(K,NA)Y=Y*SSH(IY,2)*2RHS(K,NA)

* WRITE(6,1010) Y, (CURHS(K,NA),NA=2,5),K=1,2)
*101C FORMAT(' ',1PE13.5,2(3X,1P4ET3.5))
c-07

Cx*x%x%* PROCESS THE SIMPSON QUADRATURE OF EQ.(111-3.2).
PO 210 K=1,2
DO 210 NA=2,5
YRHS(K/NA)=YRHS (K -NAY+YYY*TYT(1Y)*URHS(K,NA)
210 IF(IY.EQ.JMYM=5) PRURHS(K,NAY=URHS(K,NA)
YYY=1.-YYY
220 CONTINUE
DO 230 K=1,2
PO 230 NA=2,5
230 YRHS(K,NAY=AY2*YRHS(K,NA)/BETAQ
Cxkx*x%x 'YRHS' IS THE CONTRIBUTION TO EQ.(III-3.2) FROM Y=0 TO Y(JMYM).
c-08
Cx*x* NOW, ADD THE COMTRIBUTION FROM Y BEYOND Y(JMYM) BY ASSUMING
Cxx**x THE INTEGRAND 'URHS' TO GO TO ZERO EXPONENTIALLY.
DYM=YY (JMYM)-YY (JMYM=-5)
DO 240 K=1.,2
DO 240 NA=2,5
SRHS(K,NAY=0.
. IF(ABSC(URHS(K,NAX).LT.1.E-15) GO TO0 240
CAL=ALOG(PRURHS(K,NAY/URHS(K,NAY)/DYM
L SRHS(K;NA)=URHS(KINA)/AL/BETAQ
240 YRHS(K,NAY=2.,* (YRHS(K,NA)+SRHS(K,NA))
WRITE(6,1020) MS,{((K,NA,NA=2,5),K=1,2)
1020 FORMAT("OALPHA' =",12,2(3X,4 04X, "K=",11,"NA=",11," ")))
WRITE(6,1030) ((YRHS(K,NA),NA=2,5),K=1,2)
1030 FORMAT(5X,'YRHS=',2(3X,1P4ET13.5))
WRITE(6,1040) ((SRHS(K,NA) ,NA=2,5),K=1,2)
1040 FORMAT(' CONTRIBUTION FROM BEYOND Y(JMYM)'/10X,2(3X,1P4E13.5))
RETURN
END
SUBROUTINE FYASYM(AQ,MALL)
Cxx*x*% THIS COMPUTE (1) THE P-TABLE, (II) THE Y-TABLE, AND
Cxxxx (I1I1I) THE Y-FUNCTION OF EQ.(II1-2.2).(SEE 'CODE FYFIS®
Cxx*xx FOR DETAILES)
COMMON/BBBBB/YY(60),TY1(60),JMYM,IJMYG,AY2,FY(61,12,4.,2)
& ,SSH(60,2),DSP(4,4,71,46)
DIMENSION AQ{(*),AQT1(12),U€61,2),S(4),SUM(61,4,2)

c-01

* WRITE(6,1000)

*1000 FORMAT('O%**x FYASYM *x%x%')
MALL=12
IMX=6

PIMX=0.750428
CALL PTABLE(AQ,AQT,DK,PIMX,IMX,MALL)
JMY=UMYM
CALL YTAB(YY,TY1,0MY,2.,30.,18.,0.3,DTY)
AY2=2.%DTY

Cxx*x%x DO-LOOP OVER THE GRAND P-MESH.
P0=0.
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DO 80 JM=1,MALL
JMR=JM
P1=AQ(JIM)

DECIDE THE FINER P'-MESH FOR THE P' INTEGRATION.
NP=INT((P1-PO) XYY (JMY)/0.3)

NP=2x(NP/2)

IF(NP.LT.4) NP=4

NP1=NP+1

DP=(P1-PO) /NP

INITIALIZE THE P' INTEGRATION.
IF(JM.EQ.1) GO TO 20

DO 10 LL=1,2

DO 10 JY=1,JMY+1
SUMOJY,1,LL)=0.
SUMGJY,2,LL)=UCJY,LL)/6.
SUMJY,3,LL)=0.
SUMWJY, 4, LL)Y=SUNMCIY,2,LL)
CONTINUE

GO TO 40

DO 30 JY=1,JMY+1

DO 30 LL=1,2

DO 30 N=1,4

SUMGJY N,LL)=0.

CONTINUE

P=pP0

ccec=2./3.

DO LOOP OVER THE FINER P-MESH(I.E.,P')
DO 60 JP=2,NP1

DDD=CCC

1IF(JP.EQ.NP1) DDD=DDD/2.

P=P+DP

CALCULATE THE SPECTATOR FUNCTION 'U' AT P' AND AT EVERY

313

'Y'.

ULY)=F(P,Y)/Y**L, WHERE F(P,Y) IS THE NORMALIZED SPHERICAL

BESSEL FUNCTION.
CALL BESSEL(P,U,YY,IMY)

FIND THE SPLINE FUNCTION 'S' AND CARRY OUT THE SIMPSON QUADRATOR

FOR THE P' INTEGRATION.
upP=pP-pP0

EX=EXP(UP)
S()=(EX-1./EX) /2.
${(2)=S(1Y+1./EX

S(3)=Up

S(4)=1.

DO 50 LL=1.,2

DO 50 JY=1,JMY+1

DO 50 N=1,4
SUMCJY,N,LL)Y=SUMCJY,N,LL)+DDD*UCJY, LL)*S(N)
CONTINUE

ccc=1.-€CC

CONTINUE

DO 70 LL=1,2

DO 70 JY=1,IMY+1

DO 70 N=1,4 -
FY(JY,IM/N,LL)Y=2.*DP*SUMWJY,N,LL)
CONTINUE

PO=P1

CONTINUE

DO 110 LL=1,2

pO 110 JM=3,MALL,3
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5050 * WRITE(6,1010) JM,JHMYM

5060 #1010 FORMAT('O*x*x* JM=' I3,' x%xx JMYM=',13)

5070 * Do 100 M=1,4

5080 * 100 WRITE(6,1020) M, (FY(JY,JM/ M, LL)AJY=T1,0MY+T)
5090 *1020 FORMAT('OFY(M=',12,')'/(" ",1P10E12.4))
5100 * 110 CONTINUE

5110 RETURN

5120 END

6100 SUBROUTINE XTABLEC(JMX,JMXGG,XR,TR1,DT,EM,XM,TM,TXC)
6110 Crxxx  T(X)=Cx(X+T0)*X/(X+S0)

6420 DIMENSION XR(*x),TR1(%*)

6130 SXO0=(TM-TXC*XM)*XM/ (EM*xXM~TM)

6140 TX0=EM*SX0/TXC

6150 DT=TM/JIMX

6160 DTR=DT**2

6170 CTO=TXC*TX0

6180 €S02=2.*TXC*SX0

6190 CS04=2.%CS02

6200 TXC2=2.*%TXC

6210 7=0.

6220 DO 10 I=1,JMXGG

6230 1 T=T+DT :

6240 1 A=CTO-T

6250 1 XR(I)=(~-A+SQRT(A*A+CSO4L*xT))/TXC2

6260 1 DTDX=TXC*(XR(I)**2+2.%SXO0*XR(ID+TX0*SX0)/(XR(I)+SX0)x*2
6270 1 TRYI(IY=1./DTDX

6280 1 10 CONTINUE

6290 ~ WRITE(6,1000) TXC,TX0,SX0

6300 1000 FORMAT('OXTABLE WITH T(X)=C*x(X+TO)*X/(X+S0)'/5X,'C="',1PE13.5,
6310 & ' TO0=',1PE13.5," s0=',1PE13.5)

6320 RETURN

6330 END
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*% CODE DEUTRN k% LABEL
OPTIONS: INTER,OPT=1,NROUND,NDLR,ALC,NASTER,INLINE=0,LSTIN,LNO,NREST

*%% CODE DEUTRN *x*x%*

**% COMPUTE THE DEUTERON WAVE FUNCTION USING THE STURM~FUNCTION

CODE. SEARCH FOR THE RIGHT VALUE OF Q@ AT WHICH ALAM=1, BY MEANS

OF NEWTON-RAPHSON. NORMALIZE THE WAVE FUNCTION IN ORDINARY SENSE.

COMMON/Z22ZZ/TR(80),XR(80),TR1(80),TR2(80),TR3(80Y,TR4(80),TR5(80)
+DT,TMATCH,A,A2,B,CUTOFF,JIMX

COMMON/TTTTT/V11(80),v22(80),v12(80),FL2(80)

DIMENSION UY(80),WY(B0)

LFDEUT=28

JMX=30

JMXS=80

HM=1./741.47

cCuT=50.

CALL YTABLE (UMX,JMXS)

DO 10 J=1,JMX

FL2(J)=6./XR(J) **x2

CALL POTD(XR(JI), V11, ,V22CJ),V12(J),HM,CUT)

CONTINUE

INITIAL GUESS FOR 'Q'.

Q@0=0.230

Q=Q0

INITIAL GUESS FOR 'ALAM' AT 'Q' = 'Q0°'.

AM=1.00

DLAMO=0.05

WRITE(6,1000)

FORMAT('0',8X,'Q',18X,"ALAM' 16X, "'DIFF',7X,"NODE"',2X,'1"',7X,
'ANO ')

ITIME=O

CALL STURMD(Q,AM,DLAMO,1,UY,WY,ANO)

NORMALIZATION FACTOR IN ORDINARY SENSE. THE REGION BEYOND XR{JMX)

IS INTEGRATED ANALYTICALLY.

SuUmM=0.

ccc=2./3.

DO 30 J=1,JIMX

SUM=SUM+(UY (J)**x2+WY(JD)*%x2)*xCCC*xTR1(J)

ccC=1.-CcCC

SUM=SUM*2 . *DT

QAX=Q*XR (JMX)

HO=EXP(-QX)

H2=HO*(3./QX**2+3./QX+1.)

ASYU=UY (IJMX) /HO

ASYW=WY (JMX) /HZ2

HQ=HO*%x2/(2.%Q)

HRZ=HQ* (6. /QX**3+12,/QX*x*x2+6. /QX+1.)

SUM=SUM+ASYU**2*xHQ+ASYWx*x2*xHQ2

IF(DABS(AM-1.0).LT.1.E-5) GO TO 40

ITIME=ITIME+1

IFCITIME.LT.50) GO TO 25

WRITE(6,1030) :

FORMAT('ONEWTON-RAPHSON DOES NOT CONVERGE.'")

STOP

CONTINUE

NOW, WE CAN CALCULATE THE DERIVATIVE OF 'ALAM'. (EQ.(III-

3.11))

DAM=2.%Q*xAM*x*2*SUM*ANO

NEWTON-RAPHSON (SEE EQ.(III-3.10))

Q=Q-(AM-1.)/DAN

GO TO 20

NORMALIZE THE WAVE FUNCTION IN ORDINARY SENSE.
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600 40 FNORM=SQRT(SUM)
610 DO 50 J=1,JMX
620 1 UY(J)=UY(J)/FNORM
630 1 50 WY(J)=WY(J)/FNORM
640 BED=Q**x2/HM
650 WRITE(6,1005) Q,BED,AM,FNORM
660 1005 FORMAT('0Q=',1PE13.5," BED=',1PE13.5," AM=',1PE13.5,
670 & ' NORM=',1PE13.5)
680 WRITE(6,1010) (CUY(J),J=1,IMXD
690 1010 FORMAT('OUY'/(' ',1P10E12.4))
700 WRITE(6,1020) (MY WI),J=1,dMX)
710 1020 FORMAT('OMWY'/(' ',1P10E12.4))
720 REWIND LFDEUT )
730 WRITE(LFDEUT) Q,BED,CUT,UY,WY,V11,V12,V22,DT,XR,TR1
740 ENDFILE LFDEUT
750 STOP
760 END
770 SUBROUTINE POTD(R,A11,A22,A12,HM,CUT)
780 Ckxx*x COMPUTE THE 3S1 +3Dp1 RSC POTENTIAL
790 X=0.7*R
800 EX1=REX1(1.,CUT,X)
810 EX2=REX1(2.,CUT,X)
820 EX4=REXT1(4.,CUT,X)
830 EX6=REX1(6.,CUT,X)
840 EXT=REXS(CUT,XD
850 EXS=(REXS(CUT/4.,4.*X)=-REX1C1.,CUT/b4.,4.%X))*64.,
860 VTI=-10.463* (EXT-EXS)
870 VC= -10.463%EX1+105.468%EX2-3187.8*EX4+9924.3%EXS
880 VT=VT+ 351.77*EX4-1673.5%EX6
890 VLS= 708.91*EX4-2713.1%EX6
900 A11=HM*VC
9210 A22=HM*(V(C=-2.*xVT-3.*VLS)
920 . A12=HM*SQRT{(8.)*VT
930 ’ RETURN
940 END
950 FUNCTION REX1(A,C,X)
960 P=CxX
970 IF(P.LT.50.) 60 T0O0 10
980 REX1=EXP(=-A*X) /X
990 RETURN ‘
1000 10 REX1=(EXP(~-A*X)-EXP(-P)) /X
1010 RETURN
1020 END
1030 FUNCTION REXS(C,X)
1040 P=CxX
1050 IF(P.LT.50.) GO 70 10
1060 REXS=(1.+3./X+3./X**x2)*xEXP(~X)/X
1070 RETURN :
1080 10 T=(3.%C*%x2=1.)/2.+3.%xC/X+3./X**%2
1090 REXS=((1.43./X+3./X*x*2)*EXP(=X)-T*EXP(-P)) /X
1100 RETURN
1110 END
1120 SUBROUTINE COW(J,AKQ,DTQ,ALAM)
1130 Cxxx*x COMPUTE
1140 Cxxk* Hxx2 %A, AND T./C1=-H*x%x2%xA/12)
1150 Cxxxx IN THE NUMEROV INTEGRATION.
1160 COMMON/22222/TR(80),XR(80),TR1(80)>,TR2(80),TR3(80),TRA4(80),TR5(80)
11?0 & /DT/TMATCHIALFHA/ALPHAZ/BETA/CUTrKMX
1180 COMMON/TTTTT/V11(80),v22(80).,V12(80),FL2(80)
1190 COMMON/CCCCC/AT1,AY2,A22,B11,B12,B22,C11,C12,C22,U21¢(2),U22(22,
1200 & WZ1(2),WZ12(2),U23(2),W23(2)
1210 ATT1=(TR2I)* (V11 (J)/ALAM+AKQ)I+TR&L&(J)D)*DTAQ

1220 A12=TR2 () *(VI12(J)/ALAM)I*DTQ
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AC2=(TR2(JI*(V22(J)/ALAM+AKQ+FL2C(JD))I+TRL(JIII*DTQ

B11=1.-A11/12.

B12=-A12/12.

B22=1.-A22/12.

DENOM=B11#*B22-B12**2

C11=B22/DENOM

C12=-B12/DENOM

C22=B11/DENOM

RETURN

END

SUBROUTINE BULL(J,AKQ,DXQ,ALAM,UZ,WZ)

PROCESS THE NUMEROV ALGORITHM.

COMMON/TTTTT/V11(80)>,v22(80),V12(80),FL2(80)

COMMON/CCCCC/A11,A12,A22,B11,B12,B22,C11,€12,C22,U21(2),U22(2) .,
WZ1(2),WZ22(2),U23(2),W23(2)

DIMENSION UZ(*),WZ(x)

D11=2.+A11*C11+A12*C12

D12=A11*%C12+A12*C22

D22=2.+A12*xC12+A22*C22

DO 11 1=1.,2 )

UzZ3(I)=D11%UZ2(I1)+D12*WZ22(1)~-U21(1)

WZ23(I)=p12%UZ2(1)X+D22*W22(1)-WZ1(1)

uz1(1y=uz21)

WZ1(I)=Wwz2(1)

Uz2(1)=uz3(1)

W22(1)=WZ3(1)

CALL COW(J,AKQ,DXQ,ALAM)

DO 12 1=1.,2

UZ(1 >)=C11*Uz3(1)+C12*UW23(1)

W2(I )=C12*UZ3(1)+C22*W23(1)

RETURN

END

SUBROUTINE STURMD(AK,ALAM,DLAMO,ND,UY,WY,AND)

STURM FUNCTION (NEGATIVE ENERGY) FOR RSC(3S1 + 3D1)

COMMON/222727Z/TR(80),XR(80),TR1(80),TR2(80),TR3(80),TR4(80),TR5(80)
sDT,TMATCH,ALPHA,ALPHA2 ,BETA,CUT, KMX

COMMON/TTTTT/V11(80),v22(80),v12(80),FL2(80)

COMMON/CCCCC/A11,A12,A22,B11,B12,822,C11,C12,€22,U21(2),U22(2),
WZ1(2),WZ2(2),U23(2),W23(2)

DIMENSION UY(*),WY(*x),UZ(2, 80),WZ(2, 80),UX(2, 80),uWX(2, 80),
AACL,6) ,UTC(2Y,WT(2),RR(8D)

EQUIVALENCE (RR(1),XR(1)),(IJMX,KMX),(DX,DT)

XK=AK*RR (JMX)

HO=EXP (-XK)

HO=HO/TR3(JMXD

H2==(3,/XKx%x2+3, /XK+1.)*HO0

H2=-H2

XK=AK*RR (JMX-1)

HOM=EXP (-XK)

HOM=HOM/TR3I(JMX-1)

H2M== (3. /XK*x*%2+3 ., /XK+1.)*HOM

H2M=-H2M
MESH=JMX
DXQ=DX**2

MESH1=MESH-1
MESHZ2=MESH-2
MATCHO=TMATCH/DT
MATCH=MATCHO
IN=1

NODEO=ND-1
INODE=20
AKQ=AK**2
DLAM=DLAMO
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1860 JMATCH=MATCH+1

1870 MATCH1=MATCH+3

1880 MATCH2=MATCH-3

1890 M=1

1900 100 NODE=0 )
1910 Cx*xx* FIRST, SOLVE FROM INSIDE OUTWARD TO MATCH.
1920 J=1

1930 Uz1,1)Y=1.e-3

1940 W2C¢1,1)=0.

1950 Uz¢2,1>=0,

1960 W2(2,1)=1.E-3

1970 DO 5 1=1.,2

1980 1 Uuzi<¢1)=0.

1990 1 5 Wz1(1)=0.

2000 CALL COW(J,AKQ,DXQ,ALAM)

2010 po 10 1=1,2

2020 1 Uz2(1)=B11*U2(I1,1)+B12*xW2(1,1)
2030 1 10 W22(1)=B12*UZ(1,1)+B22*xWZ2(1,1)
2040 DO 50 J=2,MATCH1

2050 1 K=J

2060 1 CALL BULL(K,AKQ,DXQ,ALAM,UT,WT)
2070 1 po 50 1=1.,2

2080 2 Uz<(1,J)=UTCI)

2090 2 W2 (I, 0)=WT (1)

2100 2 50 CONTINUE

2110 C*%%x%x CHECK THE NUMBER OF NODES INSIDE MATCH.
2120 po 60 J=2,MATCH1,2

2130 1 IF(ABSC(UY(J)) . LT.1.E~10.0R.ABSCUY(J+2)).LT.1.E~-10) GO T0 60
2140 1 IF(UY () /UY(J+2).LT.0.) NODE=NODE+1
2150 1 60 CONTINUE

2160 IF(NODE.LE.NODEO) GO TO 70

2170 95 ALAM=ALAM*(1.+DLAM/5.)

2180 IN=IN+1

2190 IF(IN.GT.INODE ) GO TO 220

2200 G0 70 100

2210 70 CONTINUE

2220 Cxx%% NOW, SOLVE FROM OUTSIDE.INWARD TO MATCH.
2230 J=MESH

2240 UX<(1,4)=H0

2250 WX{1,4)=0.

2260 uxdz2,J)=0.

2270 WX(2,J)=H2

2280 UX(1,J=-1)=HOM

2290 WX(1,0=-1)=0.

2300 Ux<2,4-1>=0.

2310 WX(2,J=1)=H2M

2320 CALL COW(J,AKQ,DXQ,ALAM)

2330 DO 71 1=1.,2

2340 1 UZ1(I)=B11*UX(1,J)+B12*WX(I1,J)
2350 1 71 WZ1(I1)=B12*UX(I1,J)+B22*WX(1,J)
2360 J=J-1

2370 CALL COW(J,AKQ,DXQ,ALAM)

2380 DO 72 1=1,2

2390 1 UZ2(1)=B11*UX(1,J)+B12%WX(1,J)
2400 1 72 WZ2(I1)=B12*UX(1,J)+B22*WX(1,J)
26410 DO 40 JV=MATCH2,MESH2

2420 1 J=MESH2-JV+MATCH2

2430 1 CALL BULL(J,AKQ,DXQ,ALAM,UT,WT)
2440 1 DO 40 1=1.,2

2450 2 UX(1,0)=UT(1)

2460 2 WX(1,J)=WTCID)

2470 2 40 CONTINUE

2480 Cxx*x JOIN SMOOTHLY THE INNER SOLUTION AND THE OUTER SOLUTION AT MATCH
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DO 111 u=1,2

K=J

AAC1,K)=UZ(J,MATCH)

AA(2,K)=WZ(J,MATCH)
AAC3,K)=(45.*(UZ(J,MATCH+1)-UZ(J,MATCH=-1))-9.%(UZ(J,MATCH+2)

& ~UZ(J, MATCH=-2))+UZ(J, MATCH+3)-UZ(J,MATCH=-3))/(60.*DX)
AACL,KY=(45, % (W2 (J, MATCH+1) -WZ(J,MATCH=1))-9.*x(WZ(J,MATCH+2)
& “WZ(J,MATCH=-22)+WZ(J, MATCH+3)-WZ(J,MATCH-3))/(60.%xDX)

1711 CONTINUE
po 112 1=1,2
K=5-1
AAC1,K)=UX(I,MATCH)
AAC2/,K)=WX(I,MATCH)
AA(3,K)=(45. % (UX(I,MATCH+1)-UX(I,MATCH=-1))=-9.x(UX(I,MATCH+2)

& -~ UX(I,MATCH=-2))+UX(I,MATCH+3)-UX(I,MATCH=-3))/(60.%*DX)
AACL,K)=(45. % (WX(I1,MATCH+1) ~WX(I, MATCH=-1))=-9.x(WX{I,MATCH+2)
& WX (I, MATCH=-2))+WX(I,MATCH+3)-WX(I,MATCH-3))/(60.%xDX)

112 CONTINUE
DO 113 1=1,4
113 AACI,4)Y=-AA(1,4)

DET=AACT,1)*(AA(2,2)*xAA(3,3)-AA(2,3)*AA(3,2))+AA(2,1)%(AA(3,2)
& * AA(1,3)-AA(T,2)*AA(3,3))+AA(3,1)*(AA(T,2)%AA(2,3)-AA(2,2)

& *x AA(1,3))

AB =(AAC1,4)*(AA(2,2)%AA(3,3)-AA(2,3)*xAA(3,2))+AA(2,4)*x(AA(3,2)
& % AACT1,3)-AAC1,2)xAA(3,3))+AA(3,4)*(AACT,2)%AA(2,3)-AA(2,2)

& * AA(1I,3)))/DET

BB=(AA(1,1)*(AA(2,4)*AA(3,3)~AA(3,4)xAA(2,3))+AA(2,1)*x(AA(3,4)
& * AAQ1,3)-AA(T,4)Y%AA(3,3))+AA(3, 1) % (AACT,4)*AA(2,3)-AA(2,4)

& * AA(1,3)))/DET

TB =C(AA(T, 1) *(AAC(2,2)*AA(3,4)~AA(3,2)%AA(2,4))+AA(2,1)%x(AA(3,2)
& * AACT,4)-AA(1,2Y*AA(3,4))+AA(3, 1D X (AACT,2)%AA(2,4)-AAC(2,2)

& * AAC1,4)))/DET
Cxxx*x CHECK IF THE LAST EQUATION ALSO HOLDS.
DIFF=AA(4,1)%AB +AA(4L,2)%BB+AA(4L,3)*TB -AA(4L, &)
Cx*xx*x JOIN THE INNER AND THE OUTER SOLUTIONS.
DO 211 J=1,MATCH
UY(J)X)=U2(1,J)*%AB+UZ(2,J)*BB
211 WY =WZ2(1,J4)*AB+WZ(2,J)*BB
DO 212 J=JMATCH,MESH
UY (I =-UX{1,J)=-UX(2,4)%*TB
212 WY () ==WX(1,J)=-WX(2,J)*TB
Cx*xx%x CHECK THE NUMBER OF NODES ALTOGETHER.
DO 120 J=21MESH1I2
IFCABS(UY(J)).LT.1.E-10.0R.ABSCUY(J+2)).LT.1.E-10) GO TO 120
IFUY D) /UY(J+2).LT.0.) NODE=NODE+1
120 CONTINUE
IF(NODE-NODEO)> 90,110.,95
20 ALAM=ALAM*x{(1.-DLAMO)
IN=IN+1
IF(IN.GT.INODE) GO TO 220
GO TO 100
110 CONTINUE
IF(ABS(DIFF).LT.1.E-5) GO TO 210
IF(ABS(DIFF).LT.10.) GO 70 121
WRITE(6,1011) DIFF
1011 FORMAT('ODIFF=',1PE13.5)
STOP
121 M=M+1
IF(M.GT.99) GO0 TO 230
IF(M.GE.3) GO TO 130
DIFF1=DIFF
ALAMT=ALAM
ALAM=ALAM*(1,.-DLAM/3.)
GO 70 100

319
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3130 130 DIFF2=DIFF

3140 ALAMZ2=ALAM

3150 IF(DIFF2/DIFFT1.LT.0.) GO TO 150

3160 IF(ABS(DIFF2).G6T.ABS(DIFF1)) GO0 TO 140
3170 ALAM=ALAMZ2*(1.-DLAM/3.)

3180 ALAMT=ALAMZ

3190 DIFF1=DIFF2

3200 © 60 TO0 100

3210 140 IF(M.GE.4) GO TO 150

3220 DLAM=-DLAM

3230 GO TO 160

3240 150 DLAM=DLAM/3.

3250 160 ALAM=ALAMI*(1.-DLAM/3.)

3260 GO T0 100

3270 210 po 205 4=1,MESH

3280 1 UY(JD)=TR3I(JII*UY (J)

3290 1 205 WY W) =TR3I(II)*WY (J)

3300 Cx*xx CALCULATE THE NORMALIZATION FACTOR 'ANO' BY EQ.(57).
3310 sSum=0.

3320 €CCC=2./3.

3330 DO 213 J=1,MESH

3340 1 SUM=SUM+CUY (J) * (V1T X *UY (D +VI2 (I *WY (U DI +HHY (D) % (V12CJ) *xUY (J) +
3350 1 & V22 () *WY(J)))*CCC*xTR1(J)

3360 1 ccc=1.-cCcC

3370 1 213 CONTINUE

3380 SUM=SUM*DX=*2.

3390 ANO=1./SUM

3400 WRITE(6,1006) AK,ALAM,DIFF,NODE,M, ANO
3410 1006 FORMAT(' ',1PE15.4,1PD25.13,1PE15.4,215,1PE15.5)
3420 GO TO 200

3430 220 WRITE(6,1003)

2440 1003 FORMAT(' NODE EXCEEDS NODEO')

3450 GO T0 200

3460 230 WRITE(6,1004)

3470 GO TO 210

3480 200 RETURN

3490 1004 FORMAT('OCONVERGENCE TOO SLOW')

3500 END

3510 SUBROUTINE YTABLE(IMX,JMXS)

3520 Cx% %% TIX) = Cx(X+TO)*X/(X+SO)

3530 COMMON/2222Z/TR(80),XR(80),TR1(80),TR2(80),TR3(80),TR4(80),TR5(80)
3540 & DT, TMATCH,A,A2,B,-CUT,M

3550 DATA EM,XM,TM,TXC/ 12.0, 6.0, 9.0, 0.3/
3560 SXO0=(TM-TXC*xXM)*XM/ (EM*XM-TM)

3570 TXO=EM*SX0/TXC

3580 DT=TM/JMX

3590 DT@=DT*%*2

3600 CTO=TXC*xTX0

3610 CS02=2.*TXC*SX0

3620 €CS04=2.%CS02

3630 TXC2=2.%TXC

3640 T=0.

3650 DO 10 1=1,JMXS

3660 1 T=T+DT

3670 1 A=CTO-T

2680 1 TR(ID =T

3690 1 XR{I)=(-A+SQRT(A*A+CSO04L*T))/TXC2

3700 1 DIDX=TXC*(XR(I)*%2+42  *SXO*XR(I)+TXO*SX0)/(XR(I)+SX0)*x*%2
3710 1 DTDX2=TXC*2,*SX0*x(SX0-TX0)/(XR{(I)+SX0)*=*x3
3720 1 DTDX3==(3./(XR(I)Y+SX0))*DTDX2

3730 1 TR1(I)=1./DTDX

3740 1 TR2(ID)=TR1(1I)*%*2

3750 1 TR3(I)=SQRT{(TR1(I1))
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3760 1 FPP=-DTDX2/(DTDX**3)

3770 1 FPPP==(DTDX3*DTDX~-3.*DTDX2*%x2) /(DTDX*%x5)

3780 1 TR&4(I)=0.75*(FPP/TRI(I))**x2-FPPP/(2.*xTR1(I))

3790 1 TR5(ID=TRIC(I)*TR3(1)

3800 1 10 CONTINUE

3810 WRITE(6,1000) TXC,TXO0,SXO

3820 1000 FORMAT('OXTABLE WITH T(X)=C*(X+TO)*X/(X+S0)'/'0C=",1PET13.5,
3830 & ' T7T0=',1PE13.5.,' S0=',1PE13.5/9X,'TR',13X,'XR"',13X,'TR1',12X,
3840 & 'TR2',12X,'TR3',12X,'TRL4',12X,'TR5")

3850 o DO 20 J=1,JMXS

3860 C 20 WRITE(6,1001) TR(JI,XR(J),TR1(ID,TR2(JI,TRI(JI,TRLGWJ) ,TR5(I)
3870 C 1001 FORMAT(' ',1P7ET15.5)

3880 DO 30 I=1,JMXS

3890 1 30 IF(XR(IY.GE.1.) GO TO 40

3900 40 TMATCH=TR(I)

3910 RETURN

3920 END
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§4. E1 Sum Rule

4-a. General description of Code SUMS5S

The enhancement factor K of the integrated photo-nuclear absorption cross
section with the RSC potential can be calculated by Egs.(I-7-5), (I-7-11),
(I-7-18) to (I-7-22). We rearrange these formulas so that the contribution to

k from each component is apparent.

5 5
K= 7 ok, (4.1)
a=1 a'>a **
with
K =3 M fw d ]W dx x% o (q,x)0_,(g,x) %% G (x) (4.2)
aa’ sz' 0 P 0 o q., at qlv oot .

where there are only seven non-zero elements Gaa'(x) with a'> a, and they are

_ 1, o1 1
Gy (x) =z {-V(7Sy)+V (TP} } (4.3a)
1 3 2 23 3 3
Gyy(x) = Gy, (x)= 5 {-V( Sl)+J£O c®(7s;,7Py) V(TR } (4.3b)
1 3 2 2.3 3 3
Gy3(x) = Ggg(x)= 5 {-V( Dl)+J£O CT ("D, "P7) V(TP)
2,3 3 3 3, 35 Va3, 3 3p_ 23p. )}
+ C( Dl’ F2) V{ F2)+2 C("Dy,"P,)CH D, FZ)V( P, Fz),
(4.3¢)
3. 3 2 3.3 3003 3
Gyy(x) = G45(x)=_ -V(7s; - r>l)+J£O C(7s,,"P;)C( Dy, PV Py)
‘ 3 3 3 3 3, 3
+C(7S,, PZ)C( Dy FyV(TP,~"F,) (4.34d)
where for simplicity we have written V(Zs+lkg) for <25+1AEIV{ZS+1A§> and
v(2thy, - 25 hi g for <Ps+la |V *%Tht > . The coefficients c(®Fy 25 h )
are given by Eq. (I-7-22):
2S+1 2S+1 _ 221 L X ,EJT1L
There appear ten potential terms in Eqg.(4.3) which we number according to
Table 1. There are altogether seventeen terms in Eg.(4.3). We denote these

seventeen terms by Ti(x) where the numbering i is given by Table 2, so that
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regularization given here is slightly simpler than that given in PERFECT since
here we use one cut-off mass k whereas in Egs.(63)~(65) of PERFECT we use
stronger cut-off with two regularization masses « and A in tne limit of A +«k.
Functions REX1l(n,k,x) and REXS(x,a,x) compute Yn(K;x) of Eq.(4.11) and Z(k,a;x)
of Eq.(4.12), respectively.
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Table 1 The numbering 1, 13, 135 135 35 {37 3w |3p -3
1 3¢ 13p.23p.13s.-3 1°p -p |°F,-"F, | P,-°F
of the poten-. lvsnwssl' Sl\ Dy- DI{ $4-70, B POV Pyl P am 2] Tom T2
tial terms n \ 1 | > \ 3 ‘ n 5 l 6| 7 ‘ 8 ' 9 l 10
1 T, (%) LL'SJT n ANE
1 vitsy) 1
32
2 v(Tsy) 2
3 v(3,) 3
3. 3
4 v(©s,-7p)) 4
5 vite)) 5
6 A3, 3 viey) 00 11 6 110
1 c?3s 3z pvde) 00 11 7 111
8 ¢2(3s,,%2,v(3e,) 00 11 8 112
9 20Oz vdz) 22 11 6 110
2 . . in & 4.3) 10 02(301,3?1)v(3?1) 22 11 7 111
Table Classification of terms in Eq.(4.3 . C%BDP3PﬁV(%E) 22 11 8 112
The index n corresponds to the 12 C%3DP3FQV(%5> 22 11 9 332
numbering of potential by Table 1. 13c(%%,3pﬂc(hh,3;ﬁv(39{}F’) 22 11 10 132
For i>6, each term is assigned a 3.3 3 = =
=7> 14 ¢(°s,,°? 33,3 w(de 5
set of quantum numbers (L,L',S,J, 31 BO)CxDlBP&V(30> 02 11 tio
A,A',E) according to the form 15 €(°5y,7P))C(7Dy, 2 )V R)) 02 11 7 11
C(zggiEJ,zggiig)c(2S+1L'J’25+lx'g) 16 c<3sr3pgc(3nr3yﬁv(3yy 02 11 8 112
L}
V(ST g=""T ) 17 ¢3s;, 32,0, 3, v32, %) 02 11 10 132
Eq.(4.3) is expressed as
G, (x) = & (-1, +T,) (4.5a)
11 6 1 5
1 8
= == (- + . .
Gyy(x) = Gyalx)= 5 (-1, + ] T,) (4.5b)
i=6
1 12
= = = (-T, + L+ 2 .
Gy3(x) = Ggg(x) = 5 (-T, § T, T, 5) (4.5¢)
i=9
17
= = - + . .
Gy (x) Gyg (x) T, i=214 T, (4.54)

The code to carry out the above computation is named SUM5. It consists

of the following parts:

MAIN routine

Subroutines and functions
PGEN,PEX1,PEXS,XTABLE,PTABLE ,CLEBSH, and F6J.
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The code reauires a data file named LFCHI which is an output of the main
program.

Subroutines PTABLE, CLEBSH and F6J are identical to , and XTABLE is a
simplified version of , the ones in the main program. MAIN routine also is
simple and self-explanatory with its comment cards. Thus no further explana-
tions are necessary. In the next section, we explain subroutine PGEN and
functions REX1 and REXS.

4-b. Subroutine PGEN and functions REX1 and REXS.

These compute ten components of the RSC potential in Table 1. They are
given in the notation of reference 3 by the following forms.{In these formulas
h=10.463 MeV, and x is in units of p t=(1/0.7) fm).

vls) = -he ¥ x - 1650.6 ¢ *¥/x + 6484.2 & */x (4.6a)
vitp) = -he ¥/x - 12.322 e %¥/x - 1112.6 e 4% ¢ + 6484.2 & X/x
(4.6b)
v(3po) = —h{(l+4/x+4/x2) e ® - (16/x+4/x%)e ¥ /x
-2X -4x - -7x
+ 27.133 e %% x - 790.74 e “F/x + 20662 e 'T/x (4.6¢)
Ve = h{(12/x+2/x%) 7 - (8/x+2/x%) e ¥y /x
-2x -3x ) '
-135.25 e “%/x + 472.81 e ~/x (4.6d)
vi3p.-3F.) =v. + V.S, +v . L:3 (4.7)
27 T2 c 12 T'Ls .
Ve = % e */x - 933.48 e‘4x/x + 4152.1 e %/ , (4.7a)

<
It

RL(L/3 + 1/x + 1/x%) e™® - (4/x + 1/x%) e **1/x - 34.925 e 3%«

T
(4.7b)
- _ -6Xx
VLS = -2074.1 e /% (4.7c)
and for I=0 potentials

1 _ -X -2x -3x .
VA Pl) =3 he “/x - 634.39 e /x +2163.4 e /X (4.8a)
V(3D2) = -3 h [(1+2/x + 2/x2) e * - (8/x + 2/x2) e—4X]/x

2220.12 e 2% x + 871 e >%/x (4.8b)
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3 3 _ > >
A Sl Dl) = VC + VT SlZ + VLS L.S (4-9;)
_ -, . -2x -4x -6x
VC = -h e “/x + 105.468 e /x - 3187.8 e /x + 9924.3 e /X
(4.9%a)
Vp = ch[(L + 3/x + 3/x%) &7 - (12/x + 3/x%) T 1/x
+351.77 e 4% x + 1673.5 e ®%/x (4.9Db)
_ -4x -6x
VLS = 708.91 e /x - 2713.1 e /X (4.9¢)
> >
The matrix elements of L*S are
(T:3) =J -1 for L=J-1
= -1 for L=J (4.10)
= =J - 2 for L=J+1
The matrix elements of S12 are given
by Table 3. L' J-1 J J+1
Since these potentials are all L
singular at the origin, we regularize J-1 =2(J-1)/(2T+1) 0| 6/J(3+1)/(27+1)
them in a manner consistent with the J . 0 2 9
regularization adopted in the main program J+1 6/ T(3+1)/(27+1)| 0 |-2(T+2)/(2T+1)
(see subroutine POTD in Code STURM):
(i) Terms of the form e "¥/x are Table 3. Matrix elements of <(LS)J|5 ,|(L'8)J>
replaced by
Y (kix) = (e™™ - T Fysx , (4.11)
(ii) terms of the form (l+a/x + a/xz) e-x/x are regularized to
2 -X
Z(k,a;x) = (1L + a/x + a/x") e " /x
2 -KX
2-a+k‘a Ka a e
_[—.2 + o + x_2 ] " (4.12)
12 .03 . e ¥
and (iii) terms of the form (:; + —7-) - are converted to
X
= K . - K,
W(k,x) = 64 [Z(4 , 3;4x%) Yl(4,4x)] (4.13)

In the above expressions, all x are given in units of u-l (u=0.7 fm_l). The
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x% CODE SUM5 %%

*%%x CODE SUMS5 #*xx
COMPUTATION OF THE ENHANCEMENT. FACTOR KAPPA OF EQ.(I111-4.1)
FOR THE RSC5 POTENTIAL.

327

DIMENSION XR(30),TR1(30),P0T(30,10),AQ(12),AR1(12),TS1(30,5,12)"

& FAC(12),SUMP(7),SUMX(7),VK(7),COEFC17),TPX(17),6(5)
DIMENSION NSTATE(7),NLACI7),NLBC(17)/,NSSC17),NJJ (17D,
& NL1CUI7),NL2CI7),NPTC17),NJ2C17),GS1(30,5,12),FACLOG(100)

THE FOLLOWING INDICES REFER TO TABLES 1 AND 2 EXCEPT FOR 'NSTATE'.

'NLA'=L, 'NLB'=L', 'NSS'=S, 'NJJ'=J, 'NL1'=LAMBDA, 'NL2'=LAMBDA'

'NJ2'=X1, AND 'NPT'=N.

'*NSTATE' 1S THE KEY TO STATE INDICES OF SEVEN G-FUNCTIONS OF

EQ.(111-4.3).

DATA NSTATE/11,22,44,33,55,23,45/,
NLA/0,0,2,0,0,0,0,0,2,2,2,2,2,-0,0,0,0/,
NLB/0,0,2,2,0,0,0,0,2,2,2,2,2,2,2,2,2//,
NSS/G,1,1,1,0,1,1,1,0%,%,1,1,%,1,1,1,/
NJJ/0,121,1,0,1,1,1,12121,121212121,17,
NL1/70,0,2,0,1,1,1,0,1,1,1,3,1,%,1,1,%7
NL2/0,0,2,2,1-1,%:,0%,1,1,%,3,3,1,1,%4,37,
NPT/1'2’3’4,5,6’7,8,6’7’8,9,10,6’7,8'10/’
NJ2/0,141+1,1,0,1,2,0,%,2,2,2,0,1,2,2/7

DATA FNORM/2.6/

'FNORM' IS THE NORMALIZATION FACTOR COMPUTED BY CODE NFORM.

WRITE(6,1010)

FORMAT('O*** CODE SUMS5 %x*x')

RO R RO R RO RO 20 RO

LFCHI=27

REWIND LFCHI

READ(LFCHI) TS1,GSI

JMX=30

CALL XTABLE(30,JMX,XR,TR1,D0T7,12.,6.,9.,0.3)
AR2=2.*DT

WRITE(6,2000) (XR(JI),JI=1,JMX)
FORMAT('0 XR=',1P10E12.5/(5X,1P10E12.5))
IMX=6

MALL=12

PIMX=0.750428

CALL PTABLE(AQG,AQ1,DK,PIMX,IMX,MALL)
AKHZ2=2.*PIMX/IMX

cCC=2./3.

DO 10 I=1,1IMX

FAC(I)=CCC*xAKH2*AQ1(I)

IF(I.EQ.IMX) FAC(1)=FAC(I)/2.
cCcC=1.-CcCC

AKHZ2=2.*DK
FACCIMX)=FAC(C(IMX)+AKH2*AQT (IMX) /6.
IMXT=1IMX+1

€ccc=2./3.

DO 20 I=IMX1,MALL
FAC(I)=CCC*xAKH2*AQ1(I)

IF(I.EQ.MALL) FAC(I)=FAC(I)/2.
cCC=1.-CCC

PO 40 MS=1,5

WRITE(6,1040) MS

FORMAT('O#** TSI(MS=',13,"') *x%x%')

b0 30 IM=1,MALL

WRITE(6,1060) IM,(TSI(J,MS,IM),J=1,IMX)
FORMAT (' IM=',1I3/(' ',1P10E12.5))
CONTINUE

’

LABEL
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600 WRITE(6,1050) FNORM

610 1050 FORMAT('OFNORM=',1PE13.5)

620 c-02

630 Cx*x*x* COMPUTE TEN POTENTIAL COMPONENTS OF TABLE 111-1.
640 CALL PGEN(XR,JMX,POT)

650 WRITE(6,1030)

660 1030 FORMAT('Ox%*x POT **xx')

670 DO 50 JX=1,JIMX

680 50 WRITE(6,1045) JX,(POTWIX,K),K=1,10)

690 1045 FORMAT(I4,1P10ET12.4)

700 HM=1./41.47

710 Do 60 K=1,10

720 1 DO 60 JX=1,JMX

730 2 60 POT(JX,K)=HM*xPOT (JX,K)

740 c-03

750 Cx*x*%x 'COEF' ARE THE COEFFICIENTS C*xC IN TABLE III-2.
760 po 70 1=1.,5

770 1 70 COEF(I1)=1.

780 FACLOG(1)=0.

790 FACLOG(2)=0.

800 F1=1.

810 DO 80 1=3,100

820 1 F1=F1+1.

830 1 FACLOG(I)=FACLOG(I-1)+ALOG(F1)

840 1 80 CONTINUE

850 DO 90 K=6,17

860 1 LA=2*NLA (KD

870 1 LB=2*NLB (K)

880 1 L1A=2*NL1 (K)

890 1 L1B=2*NL2(K)

900 1 JJ=2%xNJJ (K)

910 1 JS=2xNSS (K)

920 1 J2=2%NJ2 (K)

930 1 FACTOR=(J2+1.)*SAQRT((L1A+T1.)*x(L1B+1.))

940 1 CALL CLEBSH(L1A,2,LA,0,0,0,FACLOG,CLEBA)

950 1 CALL CLEBSH(L1B,2,LB,0,0,0,FACLOG,CLEBB)

960 1 CALL F6J(FACLOG,L1A,J2,LA,JJ,JS,2,RACA)

970 1 CALL F6J(FACLOG,L1B,J2,LB,JJ,JS,2,RACB)

980 1 90 COEF(K)=FACTORXCLEBA*CLEBB*RACA*RACB

990 WRITE(6,1065) (COEF(K),K=6,17)
1000 1065 FORMAT('OCOEF=',1P10E12.4/(6X,1P10E12.4))
1010 cC-04

1020 Cxxx%x CARRY OUT THE P- AND X-INTEGRATIONS OF EQ.(III-4.2).
1030 DO 100 K=1,7

1040 1 100 suMP(K)=0.

1050 DO 160 IM=1,MALL

1060 1 DO 110 K=1.7

1070 2 110 SUMX(K)=0,

1080 1 ccc=2./3.

1090 9 DO 140 JX=1,JMX

1100 2 XQ=XR(JIJX)**4*xTRT1(JX)*AH2*CCC

1110 2 Cxx%% COMPUTE THE SEVENTEEN T-FUNCTIONS IN TABLE III-2 AND EQ.(I1I-4.5).
1120 2 DO 120 1=1,17

1130 3 KPT=NPT(I)

1140 3 120 TPX(1)=COEF(I)*POT(JX,KPT)

1150 2 Cx**%* CONSTRUCT THE G-FUNCTIONS OF EQ.(III-4.5).
1160 2 G(1)=(-TPX{1)+TPX(5)) /6.

1170 2 G(2)=(~TPX(2)+TPX(6)+TPX(7)+TPX(8))/2.

1180 2 G(3)=6(2)
1190 2 GC4)=(-TPX(3)+TPX(9)Y+TPX(10)+TPX(11)+TPX(12)+2.*xTPX(13)) /2.
1200 2 G{(5)=6(4)

1210 2 G(6)=~TPX(4)+TPX(14)+TPX(15)+TPX(16)+TPX(17)
1220 2 G(7)=G6(6)
1230 2 Cx%*x% NOW, CARRY OUT THE SIMPSON QUADRATURE OVER X OF EQ.(II1-4.2).
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DO 130 K=1.,7
NA=NSTATE(K) /10
NB=NSTATE(K)=10%xNA
130 SUMX(K)=SUMX(K)+TSI(JIJX,NA,IMIXG(K)*TSI(JX,NB,IM)*XQ
140 cCC=1.-CcCC
po 150 K=1,7
150 SUMP(K)=SUMP(K)+SUMX(K)*FAC(IM)
160 CONTINUE
Cx**x* 'SUMP' IS THE RESULTS OF THE P- AND X-INTEGRATION OF EQ.(III1-4.2).
Cxxx*x NOW, MULTIPLY 3 AND DIVID BY THE NORMALIZATION FACTOR TO
Cxxx* FIND THE SEVEN KAPPAS OF EQ.(II11-4.2).
DO 170 K=1,7
170 VK(K)=3,*SUMP(K)/FNORM
Cx*x*x SUM OVER ALL KAPPAS AS IN EQ.(III-4.1).
FKAPPA=0.
D0 180 K=1.,7
180 FKAPPA=FKAPPA+VK(K)
WRITE(6,1020) FKAPPA,{(NSTATE(K),VK(K),K=1,7)
1020 FORMAT('OKAPPA=',1PE13.5/' CONTRIBUTION TO KAPPA FROM COMPONENT'/
& (5X,'" K(',12,")=",1PE13.5))
STOP
END
SUBROUTINE PGEN(XR,JMX,POT)
DIMENSION XR(*),POT(30,10)
CuUT=50
H=10.463
DO 10 J4X=1,JMX
X=0.7*XR{JIX)
EX1=REX1(1.,CUT,XD
EX2=REX1(2.,CUT,XD
EX3=REX1(3.,CUT,X)
EX4=REX1(4.,CUT,X)
EX6=REX1(6.,CUT,XD
EX7=REX1(7.,CUT,XD
TX2=REXS(CUT,2.,X)
TX3=REXS(CUT,3.,X)
TX4=REXS(CUT,4.,-X)
WX=64 . * (REXS(CUT/6.,3.,4.%X)-REX1 (1. ,CUT/b4.,4.%X))
POT(JX,1)==-H*¥EX1-1650.6*%EX4+6484.2%EXT7
VC=~-H*EX1+105.468*EX2-3187.8%EX4+9924.3%EX6
VT==H*(TX3-WX)+351.77*%EX4-1673.5%EX6
VLS=708.91%EX4-2713.1%EX6
POT(JX,2)=VC
POT(JX,3)=V(C=-2.*xVT~-3_%VLS
POT(JX,4)=2.828427125*VT
POT(JX,5)=3.*H*EX1~634.39%EX2+2163.4%EX3
POT(JX,6)==H*x{(TX4L-WX/0.75)+27.133*%EX2~-790.74*EX4+20662.*%EX7
POT(JX,7)=H*x{(TX2-WX/1.5)~-135.25%EX2+472.81*EX3
VC=H*EX1/3.-933.48%EX4+4152.1%EX6
VTI=H* (TX3-WX)/3.-34.925*%EX3
VLS=-2074.1%EX6
POT(JX,8)=VC-VT/2.5+VLS
POT(JX,9)=V(C-1.6*VT-4.*VLS
POT(JX,10)=2.939387692*VT
10 CONTINUE
RETURN
END
FUNCTION REX1(A,C,XD
p=C*X
IF(P.LT.50.) GO T0O0 10
REX1=EXP(~-A*X) /X
RETURN
10 REX1=(EXP(-A*X)-EXP(-P)) /X
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RETURN

END

FUNCTION REXS(C,F,X)

P=C*xX

1IF(P,LT.50.) GO 70 10
REXS=(1.+F/X+F/X*x*x2)*EXP(=-X) /X
RETURN

T=(2.-F+F*xC*x*2) /2. +F*xC/X+F/X*%2
REXS=((T.+F/X+F/X*%2)*EXP(=-X)-T*EXP(-P)) /X
RETURN

END

SUBROUTINE XTABLE(JMX,JMXG,XR,TR1,DT,EM,XM,TM,TXC)
TIX)=C*x(X+T0)*X/ (X+S0)
DIMENSION XR(*x),TR1 (%)

JMXS=JMXG
SX0=(TM-TXC*XM) *XM/ (EM*XM-TM)
TXO=EM*SXO0/TXC

DT=TM/JIMX

DTQ=DT#*x%2

CTO=TXC*TXO0

€S02=2.*%TXC*SXO

€S04=2.%CS02

TXC2=2.*TXC

T=0.

DO 10 I=1,JMXS

T=T+DT

A=CTO-T
XR(I)=(-A+SQRT(A*A+CS04*T))/TXC2
DTDX=TXC*x(XR(I)**2+2 ,*SXO*XRC(ID+TXO*SX0)/(XR(I)+SX0)*x*2
TR1(1)=1./D7DX

CONTINUE

RETURN

END
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§5. Two-body Correlation Function

For the computation of the two-body correlation function

p(x) = fdx ady |¥|? (5.1)

we express the total wave function

€
Il

$(12,3) + ¢(23,1) + ¢(31,2) (5.2)

in terms of a single partition, for example,

¥ = - s |, (12,3)) 0, (x) (5.3)

~

(See Eq.(I-2-40)). Then due to the ortho-normality of |F_(12,3)), tne function
p(x) is simply given by -

o)

p(x) =§ [ dp [em(q,x)]2 (5.4)
a 0

where
Oa(q,x) = ¢a(q,x) + xa(q,x) (5.5)

The wave function xa(q,x) is the radial part of the component ¢(23,1)+¢(31,2),
and ¢a(q,x) is that of the component ¢(12,3). (See Egs.(I-2-39a) and (I-2-38a)).
In the main program, we compute and output —Oa(q,x) and ¢a(q,x) for Oix;xmax
where Xoax is the force range. To compute p(x) for x_<__xmaX , therefore, is
straightforward. We should not forget to normalize the wave function. The
normalization factor is output from Code NFORM (see section 2-d).

However, as mentioned in section 8 of I, xa(q,x) is considerably long
ranged compared to ¢a(q,x). When it is necessarty to compute p{x) for x>xmax,
say for x_<=xM where Xy is much larger than Xnax * we have to extend the computa-

tion of xa(q,x) to Xax SXSX, as explained in section 3 of II.

5-a. General description of Code CORR5

The code to carry out the computation of p(x) of Eg.(5.1) is named CORRS5.

It consists of the parts

MAIN routine, and

Subroutines XTABLE and PTABLE
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It requires the data file LFCHI.

In presenting the listing of the code, we assume that we already have
the data file LFCHI on which -@a(q,x) are stored, so that we can start from
there.

If we are satisfied with calculating p(x) for XX o then we can use
the data file LFCHI output from the main program. If we wish to calculate
p(x) for XXy (xM>xmax) , then, before entering the computation of p(x) using
Code CORR5, we must extend Xa(Q:X) to xmax<X;xM and re-store —@a(q,x) on File
LFCHI for XXy - The dimensionality of quanitities relating to x and y must
be modified accordingly. This preparatory part of the calculation to extend
Xo (gq,x) to X o SEEXy is very tedious. Since it has to be done only once,
perhaps the simplest way is to follow the procedure explained in section 3 of
II in exactly the same way, except now we use Xy in place of Xax We snall
not present the listing of this preparatory code but merely indicate how to
construct it. Thus, first we note that Y(x) corresponding to Eq. (II-3.12) is

to be chosen as

| W

Y(x) £ 1 Xx + x. <

5 M X (for x;xM) (5.6)

M

By Code OVERS5 with appropriately modified dimensionalities, we prepare
2

Qaa.(p,p ;x) of Eq.(II-3.17) for 0;X§XM . This allows us to find H , (x) of
.(II-3.16). From Eg.(II-3.11), we have the upper limits of x" and y given
by
" - . " i 1 3 =
x" < 5 x +y <2 XM ’ y" L g X + 5 Y L7 Xy (5.7)

Therefore, by Code FYFI5 with appropriately modified dimensiohalities, we

(s )(p,y ) of Egs.(IXI-5.9) and (II-5.6) for Oéy;% Xy -

Next, we read off from Flle LFCHI the functions ¢,(q,x) for ST . (which are

prepare Yl (y pk and I

obtained in the main program). Then we extend ¢a(q,x) to the region xmax<x;2 Xy
using the asymptotic form Eq.(II-3.10).

Now, we are ready to construct p (x",y") in Eg.(II-3.8) for Oéx";ZXM and

0_y"<1 Xy with the help of the p- spllne using Y( )(y pk) as in Egs.(II-5.7)

and (II-5.8). The computation of KY (x,y) of Eq {II -3.8) and ULO (Q=0;x%,Y)

of Eg.(II-3.7) and the subsequent calculation of "Hj , (x) of Eq. (II 3.14) by
means of the y-spline using I( >(p Yy ) proceed as in subroutlne RHS of the

2

main program. Thus we obtain HLO (x) = "H Lo H 0, which yields the de51red.x(x)

au'
as per Eg.(II-3.1). All these calculatlons are entlrely parallel to the steps
No.25 to No.28 in the main program (see section 6-a of II), and require no

further explanations. After calculating xa(q,x) we can construct

Oa(q,x) = ¢a(q1X) + Xa(qrx) (5.8)

for O;x;xM which is to be stored on File LFCHI to be used in MAIN routine.
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19.399 *% CODE CORRS5 **xx LABEL
(09-30-82> OPTIONS: INTER,OPT=1,NROUND,NDLR-ALC,NASTER,INLINE=0,LSTIN,LNO,NREST

-

[N PPN S N N A L WSR2 I 1V T S S G i I QT S

C*v‘t** *xE KX CODE CORRS * Kk kK .
Cx*%%x COMPUTATION OF THE TWO-BODY CORRELATION FUNCTION OF THE TRITON
Cxsx%x WYITH RSCS.
DIMENSION XR(30),TR1(30),7S1¢(30,5,12),G6S81(30,5,12),
& CORR(30,5),CORSUM(30),AQ(12),AQ1(12),FaC{12)
Cx**%x INPUT THE NORMALIZATION CONSTANT OBTAINED IN CODE FNORM.
DATA FNORM/2.6/
WRITE(6,1000)
1000 FORMAT('1%%* TRITON TWO-BODY CORRELATION FUNCTION *¥*x')
c-01
Cx*xx%* SET UP THE X-TABLE. THIS MUST BE THE SAME AS IN THE MAIN
Cxx**x PROGRAM, OR THE EXTENSION OF 1IT.
JMXG=30
CALL XTABLEC(XR,TR1,JMXG,DT)
Cxx%x* SET UP THE SAME P-TABLE AS USED IN THE MAIN PROGRAM, AND
C*x%**%x CONSTRUCT THE SIMPSON-WEIGHTS 'FAC' FOR THE P-INTEGRATION.
PIMX=C.750428
IMX=6
MALL=12 5
CALL PTABLE(AQ,AQT,DP,PIMX,IMX,MALL)
c=2./3.
DK=2.%PIMX/IMX
DO 10 1=1,IMX
FAC(I)=CCC*DK
IF(I.EQ.IMX) FAC(ID=FAC(I)/2.
10 €CC=1.-¢€CCC
DK=0.4
FACCIMX)=FAC(IMX)+DK/6.
IMXT=1IMX+1
ccec=2./3.
DO 20 I=IMX1,MALL
FAC(I)=CCC*DK
IF(I.EQ.MALL) FAC(I)=FACC(I)/2.
20 ccc=1.-¢ccCC

c-02 .
Cxxx* INPUT THE TOTAL WAVE FUNCTICN 'TSI'.
LFCHI=27
REWIND LFCHI
READ(LFCHI) TSI,GSI
DO 80 JS=1,5
[« WRITE(6,1010) JS
€C1010 FORMAT('OTSI(IS=',12,')")
C DO 30 1M=1,MALL

C 30 WRITE(6,1020) IM,(TSICIJX,JS,IM),IX=1,JMXG)
€1020 FORMAT('O0IM=',12,/(5X,1P10E12.4))
€-03 '
Cx*x** CORRELATION FUNCTION OF EACH STATE.
DO 50 JX=1,JMXG
SumM=0.
DO 40 1=1,MALL
40 SUM=SUM+FACCID*(TSI(IX,JS,I)*XR(IXI)I*%x2
50 CORR(JX,JS)=SUM o
WRITE(6,1030) JS,(CORR(IX,JIS),IX=1,IMXG)
1030 FORMAT('OCORR(JS=',12,"')"'/(5X,1P10E12.4))
Cxx**x NORMALIZE STATE-BY-STATE.
ccec=2./3.
CNORM=0.
DO 60 JX=1,JMXG
CNORM=CNORM+CCC*TR1(JX)*CORR(JIX,JS)
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600 2 60 CCC=1.~-CCC

610 1 CNORM=2 ., *DT*CNORM

620 1 DO 70 JX=1,JMXG

630 2 70 CORSUM(JX)=CORR(JX,JS)/CNORM

640 1 WRITE(6,1040) CNORM,(CORSUM(JIX),JX=1,IMXG)

650 1 1040 FORMAT('OAFTER NORMALIZATION WITH CNORM=',1PE13.5/
660 1 & (5X,1P10E12.464))

670 1 80 CONTINUE

680 c-04 :

690 Cxxx*x TOTAL CORRELATION FUNCTION

700 DO 100 JX=1,JMXG

710 1 SUM=0.

720 1 po 90 Js=1,5

730 2 90 SUM=SUM+CORR(JX,JS)

740 1 100 CORSUM{JX)=SUM

750 Cx*xx% COMPUTE THE (TOTAL) NORMALIZATION COMSTANT 'CNORM'(TO BE
760 Cxxx*x COMPARED WITH THE TRUE VALUE 'FNORM")

770 ccc=2./3. ©

780 SUM=0.

790 DO 110 JX=1,JMXG

800 1 SUM=SUM+CCC*TRT(JX)*CORSUM(JIX)

810 1 1710 CcCcc=1.-CCC

820 CNORM=2.*DT*SUM

830 Cxx%x NORMALIZE THE TOTAL CORRELATION FUNCTION WITH THE
840 Cxx%x* TRUE NORMALIZATION CONSTANT 'FNORM'.

850 DO 120 JX=1,JMXG

860 1 120 CORSUMCJX)Y=CORSUM(JIX)/FNORM

870 WRITE(6,1050) FNORM,CNORM,(CORSUM(JIX),JX=1,JMXG)
880 1050 FORMAT('OTHE TRUE NORMALIZATION CONSTANT=',1PE13.5/
890 &€ ' THE NORMALIZATION CONSTANT FOR X.LE.XR(JMXG)=',1PE13.5/
900 & 'OTHE TWO-BODY CORRELATION FUNCTION'/(5X,1P10E12.4))
910 PO 130 JX=1,JMXG

920 1 120 CORSUM(JIX)=CORSUMCJIX)/XR(JX)*x%2

930 WRITE(6,1060) (CORSUM(JX),JdX=1,IMXGE)

940 1060 FORMAT('OAFTER DIVISION BY X*#%2'/(5X,1P10E12.4))
250 STOP

960 END

970 SUBROUTINE XTABLE(XR,TR,JMXG,DT)

280 Crxkx  T(X)=Cx(X+TO)*X/(X+S0)

990 DIMENSION XR(*x),TR(*)

1000 DATA EM,XM,TM,2TXC/ 12.0, 6.0, 9.0, 0.3/
1010 JMX=30

1020 JMXS=JMXG

1030 TXC=2TXC

1040 SYXO0=(TM=TXC*XMI»* XM/ (EM*XM-TM)

1050 TX0=EM*SX0/TXC

1060 DT=TM/JIMX

1070 CTO=TXC*TXO

1080 €CS02=2.*TXC*SX0

1090 €S04=2.*CS02

1100 TXC2=2.%TXC

1110 T=0.

1120 DO 10 1I=1,JMXS

1130 1 T=7+DT

1140 1 A=CTO-T

1120 1 XR(ID=(-A+SQRTCA*A+CSO4x*xT))/TXC2

1160 1 DTDX=TXC*x(XR(I)**2+2 . *SXO*XR(I)+TX0*xSX0)/ (XR(I)Y+SX0)**x2
1170 1 TRC1I)=1./DTDX

1180 1 10 CONTINUE

1190 WRITE(6,1000) TXC,TX0,SX0

1200 1000 FORMAT('OXTABLE WITH T(X)=Cx(X+TO)*X/(X+S0)'/53X,'C=',1PE13.5.,
1210 & ' T0=',1PE13.5," s0=',1PE13.5)

1220 WRITE(6,1002) (XR(I),I=1,4MXS)

1230 1002 FORMAT(' XR=',1P10E12.5/(4X,1P10E12.5))
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WRITE(6,1001) (TR(I),I=1,JMXS)

FORMAT(' TR=',1P10E12.5/(4X,1P10E12.5))
RETURN

END

SUBROUTINE PTABLE(CAQ,AQ1,DP,PIMX,IMX, M)
CONSTRUCTS THE P-TABLE.

DIMENSION AQ(*),AQ1 (%)

DP=PIMX/IMX

DO 10 1=1,IMX

AQ(I)=1I%DP

IMX1=1IMX+1

ppP2=0.2

DO 20 I=IMX1,M

AQ(1)=AQ(I-1)+DP2

DO 30 I=1,M

AQ1(1)=1.

WRITE(6,1000) (AQ(I),I=1,M)

FORMAT('0 AQ="',1P10E12.5/(5X,1P10E12.5))
RETURN

END

335



336

T. Sasakawa, S.Ishikawa and T. Sawada

References

1) T. Sawada and T. Sasakawa; Sci.Rep. Tohoku Univ. Series 8, III(1982) 1.
(Referred to as I) )

2) T. Sasakawa, S. Ishikawa and T. Sawada; Sci.Rep. Tohoku Univ. Preceding
article. (This is the program named PERFECT V. We refer this as II).

3) V. Reid; Ann. Phys. (N.Y.) 29(1968) 411.

4) T. Sasakawa, H. Okuno and T. Sawada, Phys. Rev. 23C(1981) 905.



