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I. IDENTIFICATION 

DeckNumber: 50-PSPDST "Three-Body Decay". 
I 

Programmer: Gordon A. Sutherland, Jr. (March 1961 ). 
Originator: John A. Kadyk. 
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Machine Language: Fortran. II (704). 
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II.· DETERMINING EQUATIONS 
IN THE CENTER-OF-MASS (c. m.) SYSTEM 

A primary particle of mass m is assumed to decay into three sec-
. ~ ~ ~ 

ondary particles of masses m 1, m 2, and m 3, with momenta p 1, p 2 , p 
3 

and total energies El' E 2, E3:, respectively.! The objective is to generate 
an arbitrary number of such three-body decay events for which p 1, p 

2
, p 3 

are determined statistically by the phase- space distribution 
2 2 

pl dpl dQl p2 dp2 dQ2 dN = dm h . dm 

the angles being measured in some fixed coordinate system 

dn
1 = 

-+ 
solid angle for p 

1 
= sin e 

1 
dB 

1 
d<j> 

1
, 

dQ2 = solid angle for p 
2 

= sin e 2 de 2 d<j>2' 

vl = normalization volume for m
1

, 

and v2 = normalization volume for m
2

. 

In the decay plane in the c. m. system, two independent variables must 
be specified to determine the decay configuration. Since it can be shown that 
for a fixed momentum of one secondary the locus of the vertex formed by the 
momentum vectors of the other two secondaries is an ellipsoid, it will be 
convenient to choose p 1 and <j> as the two independent variables (see Fig. 1). 
The integrations over all orientations in space of the decay plane to get the 
joint distribution of (p 1, <j>) are automa~ically accomplished by considering 
the element of volume oetween two elhpses, one correspond1ng to total en
ergy m, and the other tom+ dm, for a fixed p 1 and <j>; such an element 
dV is indicated in the figure. 

p 

Since p 1 can be chosen in any direction without restriction, integration 
over dn1, gives 4TT. The distribution function is now 

dN - (4TT V 1 V 2\ 
dm - h6 J 

since dV = 2TTr sin <j> · rdrd<j>. 
p 

( 1) 

Evaluation of r
2

(dr/dm) in terms ofp1 and <j> will give the required distribution 
as follows: 

Let A be the semimajor axis and B the semiminor axis; then the 
semiaxes of the ellipse are given by 

1The discussion is applied to a decay process, but the analysis for a production 
process is unchanged if m represents the total energy in the c. m. system. 
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Fig. 1. 



m- E 1 
A= 

2[ (m-El )2- pl 2] 

B= 

-8-

The mid-point of the vector p
1 

lies at x
1 0

: 

It is convenient to abbreviate the following: 

- ' .~ 
j_ 

Pr =b. 

Since the equation of the ellipse is 

2 2 
X t y 
A2 B2 

+ 
.. 2 ,h ] s1n 't' 

B2 . 
= 1, 

2 
r (dr/da) can be found.· The result is 

(xJ} 
where 

dA 
da = 

and 

r 
A 2 2 2 

a - b cos <j> 

UCRL-9614 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 
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The final distribution is 

. 2 2 . 
p

1 
A sm<j> 

( 

2 2 ·J 3/2 a - b ; 
2 2 2 

a - b cos <1> 

a - b 

( 

2 2 )5/2 
(8) 

Integrating this over <j>, or computing directly the volume between. the two 
ellipses, gives the over-all distribution for p

1 
alone: 

r---------~--------------------~ 

vlv2 

6 h 

2 2 
2(m 2 + m 3 ) 

1 - 2 2 + 
(m-E 1) - p 1 

From p 1 and <1> the configuration in the decay plane is determined: 

where 

Endpoint of p 
1

: 

PI 
xpl = xlO + 2 

P2 = J. (xpl :-x)2 + Y2 = J. x 2 
PI 

r =A 

2 
2rx cos <j> + r , 

Pr 

(9) 

(1 0) 

( 11) 
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p1 pl Ji(' y ( = T - xlO + 2r T 

r sin <j> 

r cos <j> - x 
pl 

tan e 13 = 
r sin <j> 

- r cos <j> 

A. Method 

l. Selection of p 1 

2 
r ; 

UCRL 9614 

( 12) 

( 13) 

( 14) 

( 15) 

Of the two variables, p 1 is selected first from the distribution G(p 1 ). 
To do this, consider G(p 1) with the coefficient dropped for convenience: 

J 
2 2 2 22 

' - 2 2(m2 + m3 ) (m2 - m3 ) 
G (p 1) - b l - 2 2 + 2 2 2 

a - b (a - b ) 

2 [ 3a 1 -

2 2 2 
(m2 -m3 ) 

(a2 _ b2)2 

2 2 
2(m

2 
+ m

3 
) 

2 b2 a -

( 16) 

\ 
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The maximum p 1 is computed: 

p 1 max = 2~ J'[_m_2 ___ (_m_l_+_m_2_+_m_3_)_2_]_[m_2 ___ (m_l ___ m_2 ___ m_3_)_2] . 

, .Procedure; 

(a) Select 2 random numbers: 0 ~ s ~ 1, 

0 ~ , ~ 1; 

(b) Select trial p 1: plt = S p 1 max' 

(c) Compute trial G' (p,J; 
.1.~ 

(d) Compare G 1 (p lt) with 11 Gmax; 

( 17) 

(e) If G' (p 1t) ~ 11 G s then the trial is successful and the program 
max 

continues. 

If G' (p
1
t) < 11 G , then the trial fails, and another trail is attempted 

max 
with new values of (s, 11)· 

2. Selection of <j> 

Dropping the constant coefficient in dN/dm, and inserting the value of 

p 1 obtain

2

ed

2

abo. ve,, wae
2 
~abv; the)~~~ri{bdutAion in <j>, A b

2 
. 

2
"' } 

f ("'} A b "' + . a s ln 'I' ( 18) 
'I' = s ln 'I' 2 2 2 . da 2 2 2 2 2 · 

a - b cos <j> (a - b }(a - b cos <j>) 

This function may be integrated explicitly to give 

~ c---;a=;_:=..:=b=-_z 

2 2 3 2 ]} + (a + 2b ) cos <j> - 3a cos <j> 

( 2 b2 2"')3/2 · a - cos 'I' 

(18a) 

2
Note that an exact value of G ax is not necessary, but only a value that is 

greater than or equal to the e~ct Gmax; to the extent that it is greater, the 
ratio of successes to trials is reduced, but the distribution of p

1 
is unaltered. 

•' 
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Since 

., it is easy to show that 

... 

. ., . 

1 
F(TT) - G' (p ) = F . - IT 1 max 

Value <j> is now selected as follows: 

(a) :::Choose another random number such that 0 ~ t;. .:S 1; 
G' (pl) 

(b) Put F' = t;. F = t;. 1 2 max 

(G' (p 
1

) has just been calculated in selection of p 
1 

); 

(c) Solve for <j> the equation 

G(<j>) = F(<j>) - F' = 0. 

(18b) 

This can probably best be done by an iterative procedure.· See Sec. V 
(Method), for a complete description of solution of G(<j>) = 0. 

3. Computation of other Momenta and Angles 

= xlO + 
1 

X 2 pl, 
pl 

p2 = 

p3 = 

jxPJz 2rx 
pl 

jx 2 + 2rx 
p2 p2 

r sin<j> 
r cos <j> - x 

pl 

cos <I> + 

cos <I>+ r 

r sin <j> 
tan e 13 = -----..1-~---

(xlO- z p 1 )- r cos <j> 

2 
r 

2 

= 

r =A 2 2 2 
a - b cos <j> 

r sin<j> 

x + r cos <j> 
p2 
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and 

4" Randomized Orientation of Decay in Space 

Perform the orientation as follows: 

-+ 
(a) Pick the direction of p 

1 
randomly relative to a fixed coordinate 

system (X, Y, Z) by specifying the polar :coordinat:es A., iJ. according to the 
joint distribution: 

(b) Establish a primed system of coordinates (x', y', z' ) rotated relative 
to the fixed system (see Fig" 2), such that z' lies along p 1' ~d the y' 
axis lies in the Zz 1 plane, which will then be the decay plane" 

The equations relating components of direction cosines along axes in 
the two systems are then 

a= a' sinj-i + 13' COSA COSIJ. + "{ 1 sinA_ COSIJ-1 

13 = -a 1 cos IJ. + 13 1 cos A. sinf.L + y' sin A. sin!J., (19) 

y = -13' sin A. + y' cos A.o 

The direction cosines for p 
1

, p 
2

, p 3 in the primed system are 

a ' = 1 

a' 
2 

(20) 

Rotate the decay plane and the x' andy' axes by an angle v about the z' 
axis; the rotated system then becomes the {x", y", z ") system: 

y~ = y", a'= a" cosy -13" sinv, 13' = 13" cosy+ a" sinv. (21) 

- - -The components of p 1, p 2, and p 
3 

given above are now in the (x", y", z 11 ) 

system" Transforming tol:he (x 1
, _y', z') system gives 

a 2' = - sin 8 l 2 sin 11 ' 13 21 
-, sin 8 1 2 c 0 s v ' y 21 = c 0 s 8 1 2; (22) 

3 
If cos A.=± l, put a.= a', 13 = ± 13', andy=± y', respectively, using values. 

taken directly from Eqs" (22)" 

) 
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Fig. 2. 
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These values are now substituted in Eqs. (19) to obtain the (X, Y, Z) com
ponents of p 1, p 2, p 3, stored in the computer memory for output. 

1. 

2. 

The angles (X., fJ.• v) are chosen with random numbers 

Input 

m 

ml 

m2 

m3 

Output 

PI 8 I2 

P2 8 I3 

p3 8
23 

0 < X.' < 1' 0 < f.l' < 1' 0 < 

cos X.= 2X.' - 1, fJ. = 2 lT fJ.
1

' 

B. Input and Output 

G max 

n = number of trials 

n = number of succe.sses 
s 

v = 

Piy=(3Ipi 

Piz = Y1PI 

P2x = a.2p2 

P2y = f32P2 

·P2z = Y2P2 

n 

n 
s· 

PI max 

m 

G 

v' < 1; 

2lT v' . 

max 

A I I f.l' ' \1 I : 

P3x = a.3p3 

p3y = (33p3 

P3z = Y3P3 

'"' 
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III.· LORENTZ TRANSFORMATION 
TO THE LABORATORY SYSTEM 

UCRL-9614 

-+ 
Consider particle m to be moving with momentum p L when it decays 

into secondaries m 1, m 2, m 3 with previously determined c. m. s. momenta 
p 1, p 2, p 3 (see Fig. 3 ). Tlie resulting secondary momenta in the laboratory 
system tdenoted ;by .a cS.ubscripb:"L") a.re to be deterrri'ined frorn:.the Lorentz 
transformations. 

Input 

Plx' ply' Plz' ml' pl; PlLx' plLy' 

P2x' P2y' P2z' m2' p2; P2Lx' P2Ly' 

P3x' p3y' P3z' m3' p3; p3Lx' p3Ly' 

a 
p' ~p' 'Yp• PL' m. PLx' PLy' 

Derivation of transformations for i = 1' 2, 3: 

J p. 2 + m. 2 JPL2+m2, E.= E = y = 1 1 1 L 

-+ 
Components parallel to p: 

[ Y(P.-+ • U ) t y A E ] U 
1 p I"' i p 

0 -+ 
Gomponents perpend1cular to p: 

-+ -+ ....... -+ -+-+-+ 
= U X (p. X U ) = p . - U (p . · U ) , 

where 
-+ 
u = 

p 

p 1 p 1 p1 p 

Resultant transformed vector: 

....... -+ ....... ..... -+ 
p 1. L = [ ( y - 1) (p . · U ) + y~ E. ] U + p . 1 p 1 p 1 

Thus 

Output 

PlLz' plL' ElL' ml; 

P2Lz' P2L' E2L' m2; 

p3Lz' P3L' E3L' m3; 

PLz' PL' EL, m. 

EL PL 
y~ = m m 
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z 

p. 
' 

X 

MU-23652 

Fig. 3. 
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p. = ( (y - 1) (i;", ·, U ) + -'{ j3 E.} a + p" ' 
1Lx · 1 p 1 p 1X 

p. L = [ ( '{ - 1 ) (p. . 
1 y 1 

- ' 

Up) + y j3 E) j3p + Piy " 
for i = 1, 2, 3, 

p . = [ ( '{ - 1 ) (p. . 
1Lz 1 

-Up) + y j3 EJ yp + Piz 

where 

- -(p. · U ) = p. a + p. 6 + p. ~ 
1 p · lX p lY' p 1Z 1 p 



-19~ 

IV. iTO DECAY AND THE GAMMA-RAY CONVERSION SU.BROUTINE 

A. 
0 0 

iT Decay: iT -+ yl + y2 

The: ~iT~-decay subrouUn.e is :executed for. each of.the thr,ee::Zs.eFond_ary ·. · 
:ma;s·.se'S whose value is 135.00. . 

The components of the two y momentum vecotrs, p Gl and p G 2, normal 
and parallel to the initial iTO momentum Pi are called, respectively, 

_\"· 

They are found from Pi• mi as follows (Lorentz transformation): 

with 

Here 

Pc· = ± Jn 

E. 
1 

m. 
1 

m 0 = 135.00. 
iT 

m 0 iT 
-2-

* sine ' 

for 

j = l' 2 

)'.c 
cos e = 2n - l, where rj is a random number such that 0 ~ rj .::s l; 

.... 1 2 .... 
s in e.,. = 1\} l - c 0 s e .... 

Referring to Fig. 4, where the primed system is constructed with the z' 
axis along P·• and the y' axis in the z' Z plane (cf. Sec. II"·A-4 "Randomized 
Orientation cf£ Decay in Space, " and Fig. 2) one finds the following components 
in the primed system (the z' Z plane is also, at this point, the decay plane): 

l * l 
,, 

PGlz' = 2 (E. cos e + p. ), PG2z' = - (- E. cos Ef' + p. ); 
1 1' 2 1 1 

Pclx' = o. Pc2x' = 0; 

m iTO .... In iTO . * 
PGly' = sine""' PG2y' = -2- S1n (J • 

2 

.. 

" 
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Now, a rotation by angle v about the z 1 axis g1ves the new components in 
the primed system: 

1 * l * PGlz 1 = 2 (E. cos e + p.), PG2z 1 = 2 (- E. cos e + p. ); 
1 1 1 1 

m TTO ~:< 
-m TTO * sin8 sinv; Pclx' = -z- sine sinv, PG2x 1 = -2-

-m TTO * 
m TTO >:< 

PGly' = -2- sine cos v' PG2y' = -2- sine cosy. 

The components in the unpnmed system are now found as folows: 

PGlz = -pGly 1 sin\+ PGlz 1 cos X.i; 

where 

and 

cos X.. = 
1 

cos fJ.i = 

sin fJ.· = 1 

y., sin X. .. 
1 1 

a. 
1 

sin X.. 
1 

13-l 
sin X.. 

1 

'i 
1-cos'~x.. 

1 

when (a .. , {3., y.) are direction cosines of 
1 1 1 

0 
TT • 

Similarly, for pG2x' pG2y' pG 2z: 

Compute: 

Note: 

=J 2+ 2+ 2 
PGlx PGly PGlz 

= JPG2x2 + Pc2y
2 

+ Pc2z 
2 

If cos X. .. = ± l, then take: 
1 

= + ::< 
sine COS V : ± p 1 I; 

.y 

l >!< 

PGlz=± z:(Eicose +pj)=±plz'' 

and repeat these three equations for Pcz· 
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B.· Gamma--Ray Conversion 

Input: 

From Sec. A above, the momentum and its components are known. for 
each y ray . '.'":' .. 

Other input data: Coordinates of the decay point (xD' Yn• zD). 

·• Calculations: 

.... 

Compute direction cosines for yl: 

PGlx 
a -
1- PG1 

PGly f3 =-·--, 
1 PGl 

Compute. the potential path, FLP, which is the distance measured along the 
y-ray direction from the decay point to the fiducial limit of the chamber. 
This is given by the function POPATH. 

where 

z1 = 2, 

z2 = 23, 

R = 13, 

the fiducial limits of the 12-inch Xenon chamber, in centimeters. 

Compute the mean conversion length, 
4 

in centimeters: 

FLAMG= 5. 1448 + 135.6.738 _ 1292.6491 + 5508.5681 

PG1 (pGl )2 (pGl) 3 

Select a conversion distance according to an exponential distribution: 

FLGAM = ~(FLAM G) (loge 1")), 

where 1"\ is a random number, such that 0 < 1"\ < 1. Test for y-ray con
version inside fiducial volume: 

(a) if FLGAM-FLP < 0, y does convert; 

(b) if FLGAM-FLP >,:. 0, y does not convert. 

Repeat this set of calculations for y2, keeping the same (xD' Yn' zD), 
but changing to the momentum of y2. 

4
This formula was developed by Dr. John Brown, of this Laboratory for use 

in the xenon bubble chamber. For other materials, an appropriate formula 
must be substituted. 
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V. METHOD 

Selectiqn of<j> according _to Sec. II-:A"" 2; (Selectio,n .of <I>), Subroutine FOFPHI: 

This .is a direct integration problem.· Define 

<I> . . 'IT 

H(x) = H(cos $) = L fd$ - R(r) L fd$, 

where R(r) is equal to a number produced by the random-number generator, 
and f(<j>) is as in Eq. (18). 

2 2 3/2 
H(cos <j>) = dA/da A b{a ~ 1) 

2( 2 . 2"')1/2 a a . .,. cos 'I' 

- cos <I> 

( 

2 3 2 ) (2 +a ) cos <1> - 3a cos <1> 

3 A( 2 · 2"')3/2 a a - cos 'I' 

+ CAPFL -2R(r) CAPFL, 

where 
DA/da A 2 (a2 - b 2 )b2a + 2/3- (A 3 b 

4
) 

CAPFL = 3 '· a 

a 
a = b' and x = cos <j>. 

H(x) is a monotonically increasing function as x goes from + 1 to -1, 
since f(<j>) > .o. and 0 ~ <1> ~ Tr. The subroutine then solves the equation 

'IT 

by iteration until I H(x) I < 0. 001 F', where F' ·= R(r) fo fd<j> = 2R(r) · CAPFL; 

and where H(x1 ) > 0 and H(x
2

) < 0; each successive value of x replacing 

x 1 if H(x) > 0, or x
2 

if H(x) < ·o. · 

The output is Pi-n = ·areas (x) .. FOFPHT = 9, if x is found within 
50 iterations; otherwise FOFPHT = l. 

'•' 
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VI. · RESTRICTIONS AND REQUIREMENTS 

This program has been prepared to run without a monitor, but may 
easily be modified to run with a monitor system (except for the main "super" . 
program - see Appendix). The program can be recompiled on the IBM 7 09 
without alteration, to produce a version which can be run on the 709 (except 
for the main "super" program - see Appendix). 

All subroutines are included in the binary deck, including FORTRAN 
I-0 subroutines and FORTRAN square root, log, arctan, exponential, sine, 
and cosine subroutines. 

This program requires a minimum core size of 17777 8 locations 
(819210). 

VII. PROGRAM SETUP 

A main program must be used to call subroutine PSPDST into play. 
All other subroutines are called into execution via subroutine PSPDST. The 
main program must also perform the following tasks: 

(a) The values of the masses of the primary particle and the three sec
ondaries must be set prior to executing subroutine PSPDST. The constants 
are FM, FMl, FM2, and FM3 respectively, and all are located in FORTRAN 
common. The values for the unit direction cosines of the pr1mary, and the 
coordinates of the primary and momentum of the primary, must also be set 
in the main program. These are the constants ALFP, BET.P, GAMP, PCQQRD(l ), 
PCOORD(2), PCOORD(3), and PL, respectively, all located in FORTRAN 
common. 

The values for Gmax• the maximum number of trials to be executed, 
the maximum number of successes allowed, the number of trial failures 
permitted before the ratio of successful trials to total trials is formed and 
tested, and the two limiting values that the ratios of successful trials to 
total trials may assume in cases of failure in the function G(p 1) and the 
function.~ F(p 1), must all be fixed inthe main program .. These are the con
stants GMX, N, NSC, NFAIL, Fl, and F2, respectively, forming in the 
sequence listed the parameters of the subroutine PSPDST calling sequence. 
These constants are not located in FORTRAN common. 

(b) The constants NZZ, LBTRNT, and PIDCAT (See Sec. VIII-B for 
FORTRAN memory locations), must be fixed as follows: 

(1) NZZ = X, where X is the integer value of the tape unit desired 
for writing the BCD information from all subroutines involved in this pro
gram, i. e. , if NZZ = o, then tape 6 is selected by the program. 

(2) If LBTRNT = 1, then subroutine LBTRAN is executed. This sub
routine performs the calculations for the Lorentz transformations from the 
c. m. s. to the laboratory system. If LBTRNT I 1, then subroutine LBTRAN 
is not executed. 
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(3) If PIDCAT = 0, then subroutine PIDA Y is not executed. This is 
the subroutine which makes the 1TO-decay and gamma~conversion calculations. 
If PIDCAT = ·1, then subroutine PIDCA Y is executed, usirig results from the 
original c. m. s. (i.e., directly from subroutine PSPDST).- If PIDCAT = 2, 
then subroutine PIDCA Y is executed, using results from the Lorentz trans
formations to the laboratory system (i.e. , from subroutine LBTRAN}. All 
data used by the subroutines LBTRAN and PIDCAY are located in FORTRAN 
common storage. If, at the termination of subroutine PIDCA Y, the constant " 
GMCNVT = -1, then neither gamma ray converted. If GMCNVT = 0, then 
the first gamma ray did not convert and the second did. If GMCNVT = 1, 
then the first gamma ray converted and the second did not. If GMCNVT = 2, 
then both gamma rays converted. 

(4) Provision has been established in the present main program to 
punch out the base value of the number in the function RAN (the random 
number generator) at the termination of any given execution of PSPDST, 
and to use this number as the starting base value in RANF for the next 
PSPDST run. The card containing this number must be the physical first 
card after the binary deck transition card. If this card is blank, then the 
base value provided in the function RAN will be used. At the end of the run, 
this card must be collected from the on-line punch. 

(5) Subroutine PDTPUN, the last subroutine called by PSPDST in. any 
given trial, was used to punch data for a special limited experiment, by 
Dr. John Kadyk. A dummy subroutine has been included for- general usage. 
However, the presence of this subroutine allows the user to develop his own 
data-producing subroutine. The constant PDTPNT, located in FORTRAN 
common memory, was used by our special subroutine as a test word, and 
is available to the user. 

See Appendix for further details concerning the main program written 
by this programmer. 

A. Operators' Instructions 

An on-line card reader is needed to read the binary program deck. 
An on-line card punch is expected. A BCD tape is required, the unit 
number to be determined by the Programmer. The normal stop is 
HPR 0, 0(0420 0000 0000). At the end of the run, the BCD tape must be 
saved if DATA is called for.· There will always be one card (octal) punched. 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

-26- UCRL-9614 

VIII. CODING INFORMATION 

A. Alphabetical Listing of Subroutines and Functions 

Subroutine 

ABGCMP 

ARCOS 

CAPSMA 

CRDPP 

FOFPHI 

GAMCNV 

GENPR 

GENTRP 

GOFP 

LBTRAN 

LODRAN 

MOMANG 

PDT PUN 

PIDCAY 

PIPCMP 

PMAX 

POPATH 

PSPDST 

RAN 

RANLOD 

No. octal 
Locations 

2.66 

52 

204 

131 

577 

410 

33 

115 

177 

541 

See Item (19) 

315 

22 

673 

133 

76 

317 

1005 

34 
(GS LC 
RANF) 

51 

Reference 

See Eq. (19), and also Item 22 of 
this table. 

The ARCCOSINE subroutine. 

Calculates various constants in 
Eqs. (2), (3 ), (4), and (6 ). 

See Eq. (22), and also Item 22. 

See Sec. II-A:_z (Selection of <j>), and 
also Sec. V (Method). 

See Sec. IV -B (Gamma-Ray Conversion). 
Uses subroutine POPATH. 

For two random numbers,~ pg~ 11, PROCEDURE 

For three random, as on pg. 15. 

See Sec. II-A-1 (Selection of p 1 ). 

See Sec. III (Lorentz Transformation 
to the Lp.boratory .System}. 

See Item 20. 

See Sec. II-A- 3 (Computation of other 
Momenta and Angles). 

This is a "dummy" return subroutine. 

See Sec. IV -A (1r0 Decay: 1TO -+ yl + yZ). 
Also uses subroutine GAMCNV. 

See Eq. (20), and also Item 22. 

See Eq. ( 17). 

Calculates potential path from a point 
to the edge of f:lducial volumen. 

Main body o'f three-body decay experi
ment. It also calls LBTRAN and 
PIDCAY. 

Generates random numbers, such 
that 0 < y < 1. 

Loads new base element into sub
routine RAN. Uses LODRAN. See 
Sec. VII- b-4. 
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No. octal 
Item Subroutine Locations References 

21 RANSTR 47 Punches current RAN base element 
.for subsequent uses. Uses STORAN . 
See Sec. VII-b-4. 

22 RNORNT 105 Controls calculations described in 
Sec. II-A-4 (Randomized Orientation 
of Decay in Space). Uses subroutine 
GENTRP, CRDPP, ABGCMP, and 
PIPCMP. 

23 STORAN See Item 19 

24 SUPER 131 See Appendix (Subroutine ZML). 

25 ZML 104 See Appendix (Subroutine ZML). 

B. List of FORTRAN LibrarySubroutines Used by the Program 

The number of octal locations used! is included in parentheses. Total 
memory for all subroutines: 12202, octal. 

1 ATAN (124) 

2 cos (154) 

3 EXP (360) 

4 EXP(3 (see item 3) 

5 LOG (see item 3) 

6 SIN (see item 2) 

7 SQRT (25) 

8 (CSH) (211) 

9 (FIL) (See item 1 0) 

10 (IOH) I (1612) 

11 (IOH) 0 (see item 1 0) 

12 (LEV) (143) 

13 (RTN) (See item 12) 

14 (SCH) (132) 

15 (STH) ( 14) 

c. Common Allocation 

FORTRAN common storage uses locations 77263 to 77462, octal. The 
constants NZZ (BCD tape number), LBTRNT (laboratory transformation 
constant), PIDCAT (PI decay constant), GMCNVT (gamma-conversion test), 
and PDTPNT (data test) are located in 77462, 77461, 77404, 77374, and 
77403, respectively. 

~ 
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APPENDIX: SUBROUTINE ZML 

The main "super" program included in this deck calls on the sub
routine ZML for reading certain constants into known memory locations 
(i.e. , FORTRAN common storage locations). 

ZML is a 704, hand-coded, two-word loader that performs as follows: 

(a) Each time a transfer to ZML is executed, ZML reads the first 
two words of a card in the card reader, i.e., it reads rows 9L and 9R and 
stores these words in INl and IN2, respectively. 

(b) It then tests INl and IN2 in the following manner. If INl is non
zero and IN2 is zero, then the contents of INl are planted in the store in
struction DOWN, i.e., DOWN STO X, where X is the contents of INl, and 
the first two words of the next card in sequence are read into IN 1 and IN2. 
If IN 1 is zero and IN2 is nonzero, then the contents of IN2 are stored in the 
location indicated by the instruction DOWN. The value of DOWN is increased 
by one, i.e., DOWN STO (X+ 1), and the first.two words of the next card 
in sequence are read into INl and IN2. If both IN 1 and IN2 are nonzero, then 
a transfer to IN2 is executed, thus implying that the word just read into IN2 
is, itself, a transfer command. In all cases, the first two words of each 
card are expected to be binary. -, 

In the main program, ZML is used to fix the values of the constants 
PIDCAT and PDTPNT, thus removing the necessity to recompile the main 
program each time changes in the subroutines PIDCA Y and PDTPUN are 
desired. The last card read by ZML contains a nonzero first word and a 
TRA 1, 4 (002000400 001) in the second word, thus returning control to the 
main program . 

. / . 



PRINT 

"Failure in GOFF" 

I, NSCSFL/1 

Fig. 5. 

~ 

SUBROUTINE 
PMAX 

Returns (PMX) 

CALCULATE 

GOFPT = 

GOFF 1-

(ETA* GMX) 

SUBROUTINE 
MOMANG 

Args (PHI, A, a) 

.PRINT 

Heading (GMX, 

PM?C, N, NSC, 

Ml' Mz, M3) 

SUBROUTINE 
GOFF 

Args (M
2

, M
3

, P
1

, a) 

Returns [ G(P
1

)J 

=GOFF 1 

PRINT 

PI' Pz, p3' 

THETA12, THETA
13

, 

THET A23 , PHI 

SUBROUTINE 
LBTRAN 

Prints its own 

data results 

SUBROUTINE 
PIDCAY 

Prints its own 

data results 

SUBROUTINE 
CAP SMA CALCULATE 

Returns (A, a, 

dA/da) 

Pl =XI* ETA 

SUBROUTINE 
RNORNT 

Args {Cos LAMBDA, 

LAMBDF). 

PRINT 

X, Y, Z Components 

of P
1

, P 2 , P 3 

Flow diagram for subroutine PSPDST. 

SUBROUTINE 
GENPR 

Returns (XI, ETA) 

MUB-707 

.. 

I 
N 
-.J:) 
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~ 
~ 
I 
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;; 

CALCULATE 

Momenta components of the 3 
secondaries according to 

the formulae 1 

piLx =STOP (i) X PLn +pix 

PiLy =STOP (i) X PLj3 + Piy 

PiLz = STOP (i) X PLy+ Piz 

i = I, 3 

CALCULATE 

Momenta of secondaries: 

,{ 2 - 2 2 
piL = V piLx + piLy + piLz 

i = I, 3 

CALCULATE 

CALCULATE 
y = EL/m 

E ~p 2 2 L L + m yj3 = PL/m 

GAMMN I = (y- I) 

L,. 
I" 

CALCULATE 

STOP (i) = (y -I) X Pi • Up 

+ yj3 X Ei 

CALCULATE 

Energies o"f secondaries 

ELi= -,foiL
2 

= mi
2 

i = I, 3 

~ 

CALCULATE 

Direction cosines of the 3 
secondaries according to 

the formulas: 

... .. pipx = pix X PLn } 

pipy = piy X PLfl i = I, 3 

Pipz = piz X PLy 

CALCULATE 

Primary momenta 
components: 

PLx = PL X PLn 

PLy= PL X PLj3 

PLz = PL X PLy 

( RETURN 

... .... 

.. 

CALCULATE 

Pi. uP= 

piLx + piLy + PiLz 

PRINT 

p L' PLx' PLy' PLz' EL, 

PIL' PILx' p!Ly' PILz' 

ELI' mi' p2L' p2Lx' 

p2Ly' p2Lz' EL2' m2' 

p3L' p3Lx' p3Ly' p3Lz' 

EL3' m3 

MUB-708 

Fig. 6. Flow diagram for subroutine LBTRAN. 
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~ 

Iterate through llO 

for i = l, 3 

Iterate through 120 

for i = 1, 3 

PRINT 

PI decay 

from 

lab system 

(See next page) 

EPI =ELi 

PPI = PiL 

EPI =E. 
1 

PPI = P. 
1 

PRINT 

PI decay 

from c. m. s. 

MUB-709 

Fig. 7a. Flow diagram for subroutine PIDCA Y: first part. 
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102 l I 

CALCULATE 

p ylx = p~lx sin f.L 

CALCULATE 

STO I = RAN (x) 

Cos 6 = 2 X STO 1 - 1 

. ~ r-----z-
Sm B =VI - cos-e 

CALCULATE 

Cos >.. = 'Yui 

CALCULATE 

STO I = RAN (x) 

v = 2 n X STO 1 

COSNU = Cos v 

SINNU~2NU 
STO I = Sin 0 X SINNU 

STO 2 = Sin 0 X COSNU 

STO 3 = EPIX Cos 0 

CALCULATE 

P' ylx = m/2 • STO 1 

P' yly =- m/2 · ST02 

P' ylz = i (STO 3 + PPI) 

P' =- P' yZx "{lX 

P' = - P' y2y yly 

P' y 2 z = i (- STO 3+PPI) 

t pr yl Y cos X. cos fJ. 

+ pr ylz sin ). cos f.L 

P = - P' COS fJ. yly
1 

ylx 
Sin X. iJ1 - cosz X. NO 

+ P' yly cos >.. sin fJ. 

+ P'ylz sin). sin J-L 

p ylz = - P' )'lysin). 

+ P' ylz cos >... 

t 
CALCULATE 

p y2x = P~zx sin f.L 

+ P' yZy cos A cos fJ. 

+ P' yZz sin A cos f.1 1-
pyZy =- P' yZx cos f.1 

+ P' yZy cos A. sin f.!. 

+ P' yZz sin A sin f.l 

p yZz = - P' yZy sin·X. 

+ pr y2z cos ). 

Cos f.1 = a"/sin >.. 

Sin J.l. = 13 11/s,in X 

CALCULATE 
I 

p = (P 2 + p 2 + p 2) Z 
yl ylx yly ylz 

I 
p _ (P 2 + p 2 p 2) Z 

y2 - yZx yZy + yZz 

.! 
PRINT 

pyl' p)'lx' pyly' pyiz 

p 'il' p '{lx' p y2y' p )'2Z 

CALCULATE 

P ::: pr 
ylx ylx 

P = P' yly yly 
CALCULATE 

p = P' ·ylz ylz 
P = P' . ylx YlX 

p = pr 
yZx yZx 

P =- pr . 
yly 'flY 

p = P' 
y2y y2y 

p =- pr 
ylz ylz 

p = pr 
y2z y2z 

p = P' 
yZx yZx 

p =- pr 
y2y y2y 

p =- pr 
yZz y2z 

SUBROUTINE 
GAMCNV 

Tests if y' s randomly 
decay within fiducial 
volume of the chamber. ~ K

~ 

.....__ __ __. 

110 

120 

Fig. 7b. Flow diagram for subroutine PIDCAY: conclusion. 
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C THIS ~ THE MAINISUPERl PROGRAM CALLING SUBROUTINE PSPpSTt 
c 

-------_,-;C~O~M;M~O::N NZZoLBTRNToALFPf'_o_f!_~Tf'PoGA~~f'-~.f.'_lP_o_P~PoP3PtF~of1'!1_t_Ff'12tf_M.c;3~•!:P_,!,_l_!_t ____ _ 
1PztP]tTHTA12oTHTA13tTHTA23•EoPlLPoPzLPoP3LPoALFP•BETPoGAMPoPLo 
zP!DCATtPDTPNTtPlLtP2L>P]LtELltEL2tEL3tGMCNVTtPC00ROtPG,XtPG1YtPGlZ 
3oPG2XtPGZYtPG2ZtP!GAMloP!GAMzoFLGAMltFLGAM2tiPTTYPtiPTI<EMtXC00RDt 
4YC00ROoZC00RDtGD!SToPlUtPlUPoP2UtP2UPtP3UtP3UPtGlUXtGlUYtGlUZtG2UX 
!itG2UYtG2UZ 

DIMENSION ALFPP(3loBETPPl3loGAMPP(3)oPlP(3)tP2Pl3)tP3Pl3)tPlLPl3)> 
--------,l;-;P~z~L7P~t23~, • P3LPT:ff;E f3);-F>cooRo c 3Toi"PftYi'Ts 1 ;-I Prlrfr-iTeTox-cook-oTe 1; vcook ------

2Dtal.zcooRDtal.GDisrts>•PlUt3>•PluPt3>•Pzut3>•PzuPt3>•P3UI3>•P3UP 
3(3) 

CALL RANLOD 
NZZ=6 
LBTRNT=l 
FM"4~4o000 

FMl=l05o660 
FM2=135o000 
FM3=0o 
GMXa44o4E06 
NalOO -m-c=ro-u------------------------
NFAIL=lo 
Fl=OolO 
F2=0ol0 
ALFP•Oo 
BETP=l• 

-GAFWilro -------
PcooRDII>=o.oooo 
PCOORDI21•0o0000 
PCOORDl3l•l2o500 
PLa494oOOO 
CALL ZML 

--------~CA~L~L~OSTfGMXoNoNSCoNFAILoFloF2l 
END FILE NZZ 
REWIND NZZ 
CALL RANSTR 
STOP 

_______ END (OoloOtOoO) 
---··---------·---- --

r 

I 
~ 
~ 
I 

c:: 
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·-

~ FOR VARIAB~ES APPEARI~G ~ ~ SENTENCES 

DEC ocr DEC ocr DEC ocT DEC ocr 
-------rvrrnr-:r2lt'Jlt---nm-··-----rPiRER 32486 77346-- ·-- GMCNVT 32508 77374---------mn-so-3""2454----r7306 

GAMPP 32554 77452 G2U2 32423 77247 G2UY 32424 77250 G2ux 32425 77251 
G1UY 32427 77253 G1UX 32428 77254 FM 32542 77436 FM3 32539 77433 

FM1 32541 77435 F~GAM2 32495 77357 F~GAM1 32496 77360 E· 32532 77424 
E~2 32510 77376 E~1 32511 77377 BETP 32519 77407 BETPP 32557 77455 

A~FPP 32560 77460 ~BTRNT 32561 77461 N7.Z 32562 77462 P1~P 32529 77421 
----p-fJYJ255l--17447 - P1 32538.77432 -- ------ --PnJP-- 32_4_43 77273 P 1U 32446 77276 

P2~ 32513 77401 P2P 32548 77444 P2 32537 77431 P 2UP 32437 77265 
P3~P 32523 77413 P3~ 32512 77400 P3P 32545 77441 P3 32536 77430 

P3U 32434 77262 PCOORD 32507 77373 PDTPNT 32515 77403 PG1X 32504 77370 
PG12 32502 77366 PG2X 32501 77365 PG2Y 32500 77364 PG2Z. 32499 77363 

PIGAM1 32498 77362 PIGAM2 32497 77361 P~ 32517 77405 THTA12 32535 77427 
THil\23 3Z-53:f77425 

···----· xcooR"o-32478 7'73:3-6 ----vccioRo 3247o-i73i6 -- - Z.cooRi>--324&2 77316 

STORAGE t!Ql USED BY PROGkAM 

DEC OCT DEC OCT 
----- -~8- 00130 ________ }]_~_?__T!_~,.~----

~OCATIONS Qf NAMES IN TRANSFER VECTOR_ 

PSPDST 
DEC OCT 

1 00001 
DEC ocr 

RAN~OD 3 00003 
DEC OCT 

RANSTR 0 00000 
DEC OCT 

Z.M~ 2 00002 

DEC OCT 
GAMP 32518 774~ 
GlU2 32426 77252 

FM2 32540 77434 
E~3 32509 77375 

A~FP 32520 77410 
P1~ 32514 17402 
P2~~ 32526 77416 

P2U 32440 17270 
P3UP 32431 17257 
PG1Y 32503 77367 

PIDCAT 32516 77404 
THTA13 32534 77426 

DEC OCT 

---~--t:OOTTONS IQ!!--VAR1118l£S-N"OT- -APPflRl fH;- TfCDfMENSf\)Wt EOiJl\fAC"ENCrOR ~ SENTENCES 

2) 

GMX 
NSC 

DEC 
87 
82 

OCT DEC OCT DEC OCT DEC OCT 
00127 F2 86 00126 F1 85 00125 NFAI~ 84 00124 
00122 

N 
DEC ocr 

83 00123 

--~---sTORAGE"-l:OCATIONS--FOR~!>OLS"-!fQ! --APPEARTNG IN~-----------------

DEC OCT 
64 00100 3) 

DEC OCT 
69 00105 6) 

DEC OCT 
77 00115 

SUBROUTINES NOT PUNCHED FROM ~IBRARY 

DEC OCT DEC OCT 

------O<ANCOu- --- zm;-------psp-cs-.--------"RARST!r ------------- ·· --- ,;____ ____________________ _ 

I 
w 
~ 
I 

c:: 
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SUBROUTINE ABGCMP(ALFPP,BETPP,GAMPP,COSLAM•FMUtLAMBDFtALFtBETtGAMI 
DIMENSION ALFPP(3)tBETPP(3)tGAMPP(3)tALF(3)tBET(3)t~AM(3) 
IF ILAMBDFl 200tl0Dt200 

100 IF(COSLAMl 115t200t105 
1U5 DO !10 l=lt3 

ALF( ll=ALFPP( I I 
AET!Il=BETPP( i I 
GAM ( Il =GAMPP I I I 

110 CONTINUE 
GO TO 1000 

115 DO 120 1=1t3 
ALF( I l=ALFPP( ll 
BET! I 1=-BETPP( I I 
GAMIII=-GAMPP(Il 

120 CONTINUE 
GO TO 1000 

200 STOl=SINFIFMUI 
STO?.=COSFIFMU) 
ST03=SQRTF(1,-COSLAM*COSLAMI 
ST04=COSLAM 
ST05•ST02*ST04 
ST06•Sl0l*ST03 
ST07,.ST01*ST04 
ST08=ST02*ST03 
DO 210 I =lt~ 
ALF(Il=ALFPP(Il~ST01+BETPP(Il*ST05+GAMPP(II*ST08 
BETlli=-ALFPPIII*ST0z+BETPPIII*ST07+GAMPP(Il*ST06 
GAMIII=-BETPP( ll*ST03+GAMPP(Il*ST04 

210 CONTINUE 
1000 DO 1010 J=lt3 

ALFPPIJI=ALF(JI 
BETPP(JI=BETIJI 
GAMPP(JI=GAM(JI 

1010 CONTINUE 
RETURN 
END (OtltOtDtO) 
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EXTERNAL FORMULA NUMBERS WITH CORRESPONDING INTERNAL FORMULA NUMBERS AND OCTAL LOCATIONS 

EFN IFN LOC EFN IFN LOC EFN IFN LOC EFN IFN LOC EFN 
100 4 00100 105 5 00104 110 9 00113 115 11 00116 120 
zoo 11 00130 210 29 00222 1000 30 00224 1010 34 00233 

STORAGE NOT USED BY PROGRAM --------
DEC OCT DEC OCT 

181 00?65 32562 77462 

LOCATIONS Qf NAMES I_!! TRANSFER VECTOR 

Dt:C OCT DEC OCT DEC OCT DEC OCT 
cos 1 00001 SIN 2 00002 SORT 0 00000 

STORAGE LOCATIONS FOR VARIABLES NOT APPEARING~ DIMENSIONtEDUIVALENCE ~ COMMON SENTENCES 

DEC OCT DEC OCT DEC OCT DEc- OCT 
ST01 180 00264 ST02 179 00263 ST03 178 00262 ST04 177 00261 ST05 
ST06 175 00257 ST07 174 00256 ST08 173 00255 

STORAGE LOCATIONS FOR SYMBOLS NOT APPEARING IN SOURCE PROGRAM 
. - --- - - --- ----

DEC OCT DEC OCT DEC OCT DEC OCT 
9) 169 00251 1) 170 00252 2) 161 00241 3) 1&3 00243 6) 

SUBROUTINES NOT PUNCHED FROM LIBRARY 
SIN cos SORT 

IFN Lv( 
15 00125 

DEC OCT 

DEC OCT 
176 00260 

DEC OCT 
164 00244 

I 
UJ 
0' 
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c:: 
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FUNCTION ARCOSICOSX•SJNX) 
ARCOS.ATANFISINX/COSX) 
IF IARCOS) 1•2•2 

1 ARCOSsARCOS+3•1415926536 
2 ARCOSsARCOS+Oo 

RETURN 
END 10•1> o.o.o l 

EXTERNAL FORMULA NUMBERS WITH CORRESPONDING INTERNAL FORMULA NUMBERS AND OCTAL LOCATIONS 

EFN IFN LOC EFN IFN LOC EFN IFN LOC EFN IFN LOC EFN 
1 4 00024 2 5 00027 

STORAGE NOT USED BY PROGRAM 

DEC OCT DEC OCT 
41 00051 32562 77462 

LOCATIONS Qf NAMES !.!::!. TRANSFER VECTOR 

DEC OCT DEC OCT DEC OCT DEC OCT 
ATAN 0 00000 

STORAGE LOCATIONS FOR VARIABLES NOT APPEARING ~ DIMENS!ONoEOU!VALENCE OR COMMON SENTENCES 

DEC OCT 
ARCOS 40 00050 

DEC OCT 
1, 38 00046 

ATAN 

DEC OCT DEC OCT DEC 

STORAGE LOCATIONS EQa SYMBOLS NOT APPEARING ~ SOURCE PROGRAM 

3) 
DEC OCT 

31 00037 6) 
DEC OCT 

33 00041 

SUBROUTINES NOT PUNCHED FROM LIBRARY 

DEC 

OCT 

OCT 

IFN LOC 

DEC OCT 

DEC OCT 

DEC UCT 

I 
\,\) 
-..J 
I 

~ 
() 
pj 
t"' 
I 

"' 0' -~ 
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SUBROUTINE CAPSMAICAPAtSMAtDCPDSMI 
COMMON XXtFMtFMl•FM2tFM3tPl 
DIMENSION XXC201 
ST06=Pl*Pl 
STOB•FM2*FM2 
ST09•FM3*FM3 
SMA=FM-SORTFIST06+FM1*FM11 
ST07•SMA*SMA 
ST01"ST07-ST06 
ST02•ST08+ST09 
ST03•ST01-ST02 
ST04•ST08*ST09*4o 
ST05•SORTF!ST03*ST03-ST04l*•5 
CAPA=ISMA*STOSI/STOl 
ST04•ST01*ST01*ST01 
ST04•ST04+2o*ST06*ST01*ST02 
ST03:oiSTOB-ST091*1STOS.osT09l 
DCPDSM•IST04-IST07+ST061*ST031/IST05*4o*IST01*ST01ll 
RETURN 
END IOtltOoOtOI 

STORAGE FOR VARIABLES APPEARING IN COMMON SENTENCES 

DEC OCT DEC OCT DEC OCT 
FM 32542 77436 FM3 32539 71433 FM2 32540 77434 
XX 32562 77462 

~ fiQI. ~ 8! !>R~RAM 

DEC OCT DEC OCT 
128 00200 32537 77431 

LOCATIONS Qf NAMES ~ TRANSFER VECTOR 

DEC OCT DEC OCT DEC OCT 
SORT 0 00000 

DEC OCT DEC OCT 
FMl 32541 71435 Pl 32538 77432 

DEC OCT DEC OCT 

STORAGE LOCATIONS FOR VARIABLES NOT APPEARING ~ DIMENSIONtEOUIVALENCE ~ COMMON SENTENCES 

DEC OCT DEC OCT DEC OCT DEC OCT DEC OCT 
ST01 127 00177 ST02 126 00176 ST03 125 00175 ST04 124 00174 ST05 123 00173 
ST06 122 00172 ST07 121 00171 ST08 120 00170 ST09 119 00167 

STORAGE LOCATIONS FOR SYMBOLS NOT APPEARING IN SOURCE PROGRAM 

DEC OCT DEC OCT DEC OCT DEC OCT DEC OCT 
115 00163 31 106 00152 61 109 00155 71 114 00162 

SUBROUTINES NOT PUNCHED FROM LIBRARY 
SORT 
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SUBROUTINE CRDPPITHTA12tTHTA13tFNUtALFPPoBETPPtGAMPPI 
DIMENSION ALFPPI31tBETPPI3)tGAMPPI31 
ALFPPI11=0o 
BETPPI 11=0 0 

GAMPPI11=1t 
ST01•COSFIFNUI 
ST02•SINFIFNUI 
STO~•SINFITHTA121 
ST06=SINFITHTA131 
ALFPPI21=-ST04*ST02 
ALFPP131=ST06*ST02 
BETPP121•ST04*ST01 
BETPP131•-ST06*ST01 
GAMPPI21•COSFtTHTA121 
GAMPPI31•COSFITHTA131 
RETURN 
END (OoltOoOoOI 

STORAGE NOT USED BY PROGRAM 

DEC OCT DEC OCT 
89 00131 32562 77462 

LOCATIONS Qf NAMES IN TRANSFER VECTOR 

DEC ocT DEC ocT DEC OCT 
cos 1 00001 SIN 0 00000 

DEC OCT 

STORAGE LOCATIONS FOR VARIABLES NOT APPEARING ~ DIMENS!ONtEOUlVALENCE OR COMMON SENTENCES 

DEC OCT 
ST01 88 00130 

DEC OCT 
91 84 00124 

COS SIN 

DEC OCT DEC OCT DEC OCT 
ST02 87 00127 ST04 86 00126 ST06 85 00125 

STORAGE LOCATIONS FOR SYMBOLS NOT APPEARING ~ SOURCE PROGRAM 

31 
DEC OCT 

11 00115 61 
DEC OCT 

19 00117 

SUBROUTINES NOT PUNCHED FROM LIBRARY 

DEC OCT 

DEC OCT 

DEC OCT 

DEC OCT 
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SUBROUTINE FOFPHfiCAPAoSMA•DCPDSMoPHtoFOFPHToBI 
AtTCHFIZJaOCPDSM*CAPA**2*B**2*AC**lt5*1-ZICALFA**2*1ALFA**2-Z**21* 

X*o5li+CAPA**3*SMA*B*B*AC**lo5/AA*II2o+ALFA**2l*Z**3-lt*ALFA**2*Zl/ 
XC3o*ALFA**4*1ALFA**2-Z**2l**lo51+CAPFL-FPRIME 

AA=SMA**2-B**2 
CAPFL=IDCPDSM*CAPA**2*AA*B**2*SMA+I2e/3oi*CAPA**3*B**4l/SMA**3 
ALFA•SMA/B 
AC=ALFA**2-lo 
NBOX=O 
FOFPHT=Oo 
FPR1ME=RANFI1tl*2o*CAPFL 
Zl=A ITCHF I -1•1 
Z2•AITCHFIOol 
Z3•AITCHF I lt l 
ERROR•FPRIME*t001 
lFIAlTCHFCOtll10ot6o11 

10 Xl=-lt 
X2=0o 
GO TO 12 

11 X1e0, 
XZ•1t 

12 XaiX2*AlTCHFIX1l-Xl*AITCHFIXZlliiAITCHFIX11-AITCHFIX211 
YaAITCHFIXI 
NBOX=NBOX+l 
lFINBOX-50)18t18t19 

18 1FIABSFIYI-ERRORI17o13o1l 
13 IFCYI14o17o15 
14 X2•X 

GO TO 12 
U X1•X 

GO TO 12 
16 PHI•3t14159265/z, 

GO TO 20 
17 PHI•ARCOSIX.SORTFC1,-X .. 2 •• 

GO TO 20 
19 FOFPHT•-lt 
20 RETURN 

END CO•h0•0•01 
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AITCH 

EFN 
10 
14 
19 

EXPC3 

FPRIME 
AA 

y 

11 
6) 

EXPI3 

NAMES ~ ARITHMETIC STATEMENT FUNCTIONS WITH CORRESPONDING INTERNAL FORMULA NUMBERS AND OCTAL LOCATIONS 

IFN LOC IFN LOC IFN LOC IFN LOC !FN LOC 
2 00355 

EXTERNAL FORMULA NUMBERS WITH CORRESPONDING INTERNAL FORMULA NUMBERS AND OCTAL LOCATIONS 

IFN LOC EFN IFN LOC EFN IFN LOC EFN IFN LOC EFN IFN LOC 
15 00220 11 18 00225 12 20 00231 18 24 00266 13 25 00214 
26 00277 15 28 00302 16 30 00305 17 32 00311 17 33 00317 
35 00324 20 36 00326 

~ NOT _!lgQ e! r>ROGRAM 

DEC OCT DEC OCT 
382 00576 32562 77462 

LOCATIONS Qf NAMES IN TRANSFER VECTOR 

Dt-:C OCT DEC OCT DEC OCT DEC OCT DEC OCT 
3 00003 ARCOS l 00001 RAN 2 00002 SORT 0 00000 

STORAGE LOCATIONS FOR VARIABLES NOT APPEARING IN DIMENSIONtEOUIVALENCE OR COMMON SENTENCES 

DEC OCT DEC OCT DEC OCT DEC OCT DEC OCT 
381 00575 ERROR 380 00574 CAPFL 379 00573 ALFA 378 00572 AC 317 00571 
376 00570 NBOX 375 00567 Xi 374 00566 X2 373 00565 X 372 00564 
371 00563 Zl 370 00562 Z2 369 00561 Z3 368 00560 

STORAGE LOCATIONS FOR SYMBOLS NOT APPEARING !!! SOURCE PROGRAM 

DEC OCT DEC OCT DEC OCT DEC OCT DEC OCT 
361 00551 111 342 00~26 2, 218 00332 31 224 00340 4)1 341 00525 
232 00350 71 340 00524 

SUBROUTINES NOT PUNCHED ~ LIBRARY 
RAN ARCOS SORT 
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SUBROUTINE GAMCNV 
COMMON NZZoXXtGMCNVToPC00ROoPG1Xt~~!YtPG1ZtPGzXoPG2YtPG2ZtPIGAMlt 

1PlGAM2tFLGAMltFLGAM2 
1>114ENSION XXCUitPC"OIUH31 ---- ------------------------·- ---------
ALFl•PGlX/PIGAMl 
BETl•PGlY/PlGAMl 
GAMl•PGlZIPIGAMl 
ALF2=PG2X/PIGAM2 
BET2•PGZY/PIGAM2 
wAMa•PYiiiPlY~Ma --~-- --··--------
GMCNVT•Oo 
FLAMGl=Sol448+135o6738/PIGAMl-1292o649l/(PlGAMl*PIGAMli+SS08o5681/ 

liPIGAMl*PlGAMl*PlGAMll 
FLAMG2=5ol448+135o6738/PIGAM2-1292o6491/IPIGAM2*PIGAM21+5508o5681/ 

l(PlGAM2*PlGAM2*PlGAM21 
Fl.l>'l=POPATH( 2• t23o tlh t~I.FltB!i:TltGAIHtPCOOl«l-41 tPCOORDI 21 tPGOORD- -----------

1131) 
IF IFLPll 15tl00t15 

15 FLP2=POPATHI2ot23otl3otALF2t~ET2tGAM2tPCOORDilltPCOOROI21tPCOORD 
11311 -

IF IFLP21 30t100t30 
2ll CTnt~PAM~fDAMnMV\ 

ST02•RANFIRANDMYI 
FLGAM1=-FLAMG1*LOGF(ST011 
FLGAM2•-FLAMG2*LOGFIST021 
IF (FLGAM1-FLP11 50t40o40 

60 IF IFLGAM2-FLP21 80t7Ut70 
40 \oJRITE OUTPUT TApE NZZt2000 -----------------

GO TO 60 
50. WRITE OUTPuT TAPE NZZt200UFLGAMl 

GMCNVT=l• 
GO TO 60 

70 WRITE OUTPUT TAPE NZZt2002 
GO _ _I_Q_~lOO 

80 WRITE OUTPUT TAPE NZZt2003tFLGAM2 
GMCNVT•GMCNVT+2t 

100 RETURN 
2000 FORMATilH t28Xt21HN0o lt NO CONVERSIONol 
2001 FORMAT(1H t28Xtl5HN0o 1 CONVERTSt 2XtF9o4t3HCMol 
2002 FORMAT_Ultiot63Xt21HN0a 2t N_O CONVERSIONal 
2003 FORMATI1H+t63Xtl5HN0o 2 CONVERTSt 2XtF9o4t3HCMol 

END (OoltOtOtOI 

-------------
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STORAGE FOR VAR!AB~ES APPEARING ~ COMMON SENTENCES 

UEC QCI __ D£C _ . _OC:L __________________ D.EC: ___ QCT DEC QCI DEC QCT 
GMCNVT 32508 77374 F~GAM2 32495 77357 F~GAM1 32496 77360 NZZ 32562 77462 PCOORD 32507 77373 

PG1X 32504 77370 PGlY 32503 77367 PGlZ 32502 77366 PG2X 32501 77365 PG2Y 32500 77364 
PG2Z 32499 77363 PlGAMl 32496 77362 PIGAM2 32497 77361 XX 32561 77461 

EXTEKNA~ FORMU~A NUi~BERS WITH CORRESPONDING INTERNA~ FORMU~A NUMBERS ~ ~ ~OCATION§ 
---------~~ 

EFN IFN ~oc EFN lFN ~oc EFN IFN ~oc EFN IFN ~oc EFN IFN ~oc 
15 lb 00134 15 17 00134 30 19 00151 60 24 00202 40 25 00207 
40 27 00220 50 29 00223 so 32 00237 70 35 00244 70 37 00255 
80 39 002&0 au 42 00274 100 44 00301 2000 46 00000 2001 47 00000 

2002 48 00000 2003 49 00000 

STORAGE NOT USED BY PROGRAM 

DEC OCT DEC OCT 
257 00401 32494 7735& 

--------- ~OCAT!ONS OF NAMES IN TRANSFER VECTOR 

DEC OCT DEC OCT DEC OCT DEC OCT DEC OCT 
~OG 4 00004 POPATH 10 0000& RAN 5 00005 IFILl 0 00000 I I OHIO 2 00002 

l~EV) 3 00003 lSTHl 1 00001 

SJQRAGt:: ~OCJ\UQ!iS...fQIS vAR!Ml~ES NOT APPEARlNG IN DlMENS_ulNtfiQUIVA~~NCE 2fi. COMMON SENTENCES 

Dt:C OCT DEC QCT DEC OCT DEC OCT DEC OCT 
GAM2 25& 00400 GAM1 255 00377 F~P2 254 00376 F~Pl 253 00375 F~AMG2 252 00374 

F~AMGl 251 00373 BET2 250 00372 BET! 249 00371 A~F2 248 00370 A~Fl 247 00367 
RANOMY 246 0036& STOl 245 00365 ST02 244 00364 

----------
STORAGE ~0CATI0NS FOR ~ ~ APPEARING ~ SOURCE PROGRAM 

DEC OCT DEC OCT DEC OCT DEC OCT DEC OCT 
8l1UJ 217 00331 8 l lUI 223 00:337 BllUH 230 00346 8llUG 236 00354 ll 238 00356 
3) 197 U0305 bl 206 00316 71 237 00355 

--------------· 
SUBROUTINES NOT PUNCHED FROM ~IBRARY 

POPATH RAN ~OG I~EVl IIOHIO ISTH) IFI~I 
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~ 

RAN 

SUBROUTINE GENPRCXItETAI 
XI•RANFCRANDMYI 
ETA=RANFIRANDMYI 
RETURN 
END IOtltOtOtOI 

DEC OCT 
27 00033 

DliC OCT 
0 00000 

STORAGE NOT USED ~ PROGRAM 

DEC OCT 
32562 77462 

LOCATiONS OF NAMES ~ TRANSFER VECTOR 

DEC OCT DEC OCT DEC OCT 

STORAGE LOCATIONS £2ft VARIABLES NOT APPEARING IN DIMENSIONtEOUIVALENCE OR COMMON SENTENCES 

DEC OCT DEC OCT DEC OCT DEC OCT 
RANDMY 26 00032 

6) 

RAN 

DEC OCT 
21 00025 

STORAGE LOCATIONS FOR SYMBOLS NOT APPEARING ~ SOURCE PROGRAM 

DEC OCT DEC OCT DEC OCT 

SUBROUTINES NOT PUNCHED FROM LIBRARY 

DEC OCT 

DEC OCT 

DEC OCT 
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SUBROUTINE GENTRPiCOS~AMtFMUtFNUt~AMBOFI 
STOl•RANFCRANOMYI 
ST02•RANFCRANOMYI 
ST03•RANFCRANDMYI 
FNUo6o2831853*STOl 
FMU•6o2831853*ST02 
COSLAM•2o*ST03-lo 

30 SINLAMaSQRTFito-cOSLAM*COSLAMI 
IF ICOSLAM-lol 40oz00t40 

40 IF CCOSLAM+lol 100t200o100 
100 I.AMBDF•1 
110 RETURN 
2 00 I.AMBDF•O 

GO TO 110 
END COthOtOtOI 

E~TERNAL FORMULA NUMBERS WITH CORRESPONDING INTERNAL FORMULA NUMBERS AND OCTAL LOCATIONS 

EFN IFN LOC EFN IFN LOC EFN IFN LOC EFN IFN lOC EI'N 
30 8 ooo,o 40 10 00061 tOO 11 00064 110 12 00066 200 

STORAGE NOT USED BY PROGRAM 

DEC OCT DEC OCT 
76 00114 32562 77462 

LOCATIONS OF NAMES !!! TRANSFER VECTOR 

DE< OCT DEC OCT DEC OCT DEC OCT 
RAN 1 00001 SQRT 0 00000 

STORAGE LOCATIONS FOR VARIABLES NOT APPEARING ~ DtMENSIONtEOUIVALENCE OR COMMON SENTENcES 

DEC OCT DEC OCT DEC OCT DEC OCT 
RANDMY n oou3 SINLAM 74 00112 STOl 73 00111 ST02 72 00110 ST03 

STORAGE LOCATIONS FOR SYMBO~S NOT APPEARING .!.! SOURCE PROGRAM 

DEC OCT DEC OCT DEC OCT DEC OCT 
21 61 00075 31 63 00077 61 66 00102 

SUBROUTINES NOT PUNCHED FROM LIBRARY 
RAN SORT 

tFN lOC 
14 00072 

DEC OCT 

DEC OCT 
71 00107 

DEC OCT 
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SUBROUTINE GOFPIFMZtFM3tPltSMAtGOFPll 
STOZ•IFMZ*FM2-FM3*FM31 
ST03•SMA*SMA-Pl*Pl 
ST0l•CSTOZ*STOZI/CST03*ST031 
ST03•Zo*CFMZ*FMZ+FM3*FM31/CSMA*SMA-P1*P11 
STOZ•lo-ST03+ST01 
ST03•3o*SMA*SMA*Ile-ST011-Pl*Pl•ST02 
GOFPl=P1*Pl*ISORTFCSTOZII*ST03 
RETURN 
END C0t1t0t0t01 

O£C OCT 
127 00177 

STORAGE NOT ~ B! PRQGRAM 

DEC OCT 
32562 77462 

LOCATIONS Qf NAMES IN TRANSFER VECTOR 

DEC OCT DEC OCT DEC OCT 
SORT 0 00000 

DEC OCT 

SiORAGE LOCATIONS fQg VARIABLES NOT APPEARING IN DIMENSIONtEOUIVALENCE OR COMMON SENTENCES 

DEC OCT DEC OCT DEC OCT DEC OCT 
STOl 126 00176 ST02 125 00175 ST03 124 00174 

STORAGE LOC-ATIONS-FoR SYMEiOLS NOT APPEARING IN SOURCE PROGRAM ---- --------
DEC OCT DEC OCT DEC OCT DEC OCT 

120 00170 31 111 00157 61 114 00162 7) 119 00167 

SUBROUTINES NOT PUNCHED FROM LIBRARY 
SORT 

DEC OCT 

DEC OCT 

DEC OCT 
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SUBROUTINE ~BTRAN 
COMMON NZZoLLoP1PoP2PoPlPoFMoFM!oFM2oFM3oYYtEtPlLPoP2LPoP3~tALFPo 

1BETPtGAMPoPLoPIDCATtPOTPNTtP1LtP2LtP3LtELltEL2tEL3 
----- ------ 01 MENSIOI'f LLI 10 l tPlP I 31 oPzP 131 oP3P I 31 tYYI6ltEI J ltPl~P 13ltP2LP 13lt 

!P31.PI3l 

c 
DIMENSION PlOOTUI3ltSTOPI3l 

EL•SORTFIPL*PL+FM*FMI 
GAM•E~/FM 

-------GAMBET•PL/FM 
GAMMNl•GAM-lo 
PlPX•PlPill*A~FP 
PlPY•PlPIZI*BETP 
PlPZaPlPI3l*GAMP 
P2PX•PZPill*AI.FP 
P2PY•PZPI2l*BETP 
P2PZ•P2PI3)*GAMP 
P3PXaP3Pili*AI.FP 
P3PY•P3PI21*BETP 
P3PZ=P3PI3l*GAMP 
P!DOTUil)gP1PX+PlPY+P1PZ 
PIDOTUI2l•P2PX+P2PY+P2PZ 
PIDOTUI3)•P3PX+P3PY+P3PZ 
DO 10 I•lt3 
STOPIIl•GAMMNl*PIOOTUIJJ+GAMBET*EIIl 

10 CONTINUE 
PlLP(l)aSTOP(ll*ALFP+PtPill 

.P21.Piil=STOP(2l*ALFP+P2Pil) 
P3LP(ll•STOPI31*ALFP+P3Pill 
Pli.PI2l•STOPill*BETP+PlPI21 
P2LPI2l=STOPI2l*BETP+P2PI21 
P3LPI2l•STOPI3l*BETP+P3PI21 
PlLP(3)•STOP(ll*GAMP+PlPI3l 
P2LP(3l•Si0P(2l*GAMP+P2P13) 
P3LPI3l=STOP13l*GAMP+P3PI31 
PlL=SORTFIPlLPill*PlLP(ll+PlLPI2l*PlLPI21+P1~PI31*P1LPI3ll 
PZL~SORTFIP2LP(li*P2LP(ll+P2LPI2l*P2LPI21+P2~Piii*P2LPI3ll 
P3L=SQRTF(P3LPill*P3LPill+P3LPI2l*P3LPI21+P3LP(31*P3LPI311 
El.lcSQRTFIFMl*FMl+PlL*PlLI 
EL2•SQRTFIFM2*FM2+P2L*P21.) 
EI.3•SQRTFIFM3*FM3+P3l*P31.1 
PLX•ALFP*PL 
PLY•BETP*PL 
PLZ•GAMP*PI. 
WRITE OUTPUT TAPE NZZt2000 

---·--·-·wRITE OUTPUT TAPE NZZo2001tPLoPLXoPI.YoPI.ZoELtFHtPlLtiPlLPI I ltl•lt3 
lltELloFMltP2LtiP2LPIII•I=lt31tEL2tFM2tP3Lo(P3LP(J)tl=1•3ltEL3tFM3 

100 RETURN 
2000 FORMATilH0t3SXo42HL0RENTZ TRANSfORMATION TO LABt FROM ~oMoSol 
2001 FORMATilHOo8HPRIMARY-ollXt2HP=F9o2t2Xo8H_ PXtYoZ=F9o2t211HttF9o2lt 

12Xt7HENERGY•F9o2o2Xo5HMASS=F9o2/1H t21HSECONDARY NOo 1- Pl•F9o2t 
-------. -- ZZXtSHP lXo Y tZ.=F9o 2 o2 C lH t oF9o2 I t2Xo 7HENERGY,F9o2 t 2X t51lMASSeF9o2/1H t 

321HSECONDARY NOo 2- P2=F9o2t2Xo8HP2XoYtZ=F9o2t211HttF9o2lt2Xt7HEN 
4ERGY,.F9o2t2Xt5Hr~ASS=F9o2/1H t2!HSECONOARY NOo 3- P3=F!fo2t2Xt8HP3X 
5tYtZcF9o2•2ClHttf9oZlt2X•7HENERGYaF9o2t2Xt5HMASS=F9o21 

END 10 •1•0 tOtO l 
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STORAGE FOR VARIABLES APPEARING IN COMMON SENTENCES 

DEC OCT DEC OCT DEC OCT DEC Oc;T DEC OCT -- GAMP32ST877406 _________ FM 32542 77436 Fl43 32539 77433 FM2 32540 77434 FMl 32!>41 174U 
E 32532 77424 EL3 32509 77375 EL2 32510 77376 EL.l 32511 77377 BETP 32519 71407 

ALFP 32520 77410 LL 32561 77461 NZZ 32562 77462 P1LP 32529 77421 Pll. 32514 77402 
P1P 32551 77447 P2LP 32526 77416 P2L 32513 77401 P2P 32548 77444 P3l.P 32523 77413 
P3L 32512 77400 P3P 32545 77441 PDTPNT 32515 77403 PIDCAT 32516 77404 PL 32511 1-7401 

yy 3253!..._7_!43_2 

EXTERNAL FORMULA NUMBERS WITH CORRESPONDING INTERNAL FORMULA NUMBERS AND OCTAL LOCATIONS 

EFN IFN LOC EFN IFN LOC EFN IFN LOC EFN IFN LOC EFN IFN LOC 
10 23 00113 100 61 00365 2000 63 00000 2001 64 00000 

-----·---------- --$TORAGE NOT USED BY PROGRAM 

DEC OCT DEC OCT 
355 00543 32508 77)74 

LOCATIONS OF 
----··· 

DEC OCT DEC OCT DEC OCT DEC OCT DEC: OCT 
SORT 4 00004 IFILl 0 00000 IIOHlO 2 00002 ILEVl 3 00003 ISTHI 1 00001 

STORAGE LOCATIONS FOR VARIABLES APPEARING IN DIMENSION AND EQUIVALENCE SENTENCES 

DEc-·--o~-----------oec· · oct·- DEC OCT DEC OCT DEC OCT 
PIDOTU 35-\ 00542 STOP 351 00537 

STORAGE LOCATIONS FOR VARIABLES NOT APPEARING IN DlMENSIONtEOUIVALENCE OR COMMON SENTENC£S 

DEC OCT DEC OCT .. DEC OCT DEC OCT DEC OCT 
-------GAM--3~8-00534 ______ GAMMN i . 347 00533-- - GAMBET 346 00532 EL 345 00531 PlPX 344 00530 

P1PY 343 00527 PlPZ 342 00526 P2PX 341 00525 P2PY 340 00524 P2PZ 3S9 OOU3 
P3PX 338 00522 P3PY 337 00!121 P3PZ 336 00520 PLX 33-5 00517 PLY 334 00!>16 

PI.Z 333 00515 

STORAGE_LOCATIONS_FOR SYMBOLS_NOT_APPEARING IN SOURCE PROGRAM 

DEC OCT DEC OCT DEC OCT DEC OCT OEC OCT 
8l1UH 319 00477 811UG 329 OOliU 11 330 00!112 21 249 00371 31 Z!ll OOJ73 
61 252 OOJ74 

SUBROUTINES NOT PUNCHED FROM LIBRARY 
SORT --fi:evl·-- IIOHIO ISTHl IFILl 
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SUBROUTINE MOMANGIPHitCAPAtSMAI 
COMMON XXtFMltFM2tFM3tPltP2tP3tTHTA12tTHTAl3tTHTA23tEtYY 
DIMENSION XXI2lltEI31•YYI201 
ST0l•o5*Pl 
Xt0aSTOl*IIFM2*FM2-FM3*FM31/ISMA*SMA-Pl 4 Plll 
XPl•XlO+STOl 
XP2~:ST01-Xl0 
STOl,.COSFCPHII 
R•CAPA*SORTFIISMA*SMA-Pl*Plii(SMA*SMA-Pl*Pl*STOl*STOlll 
ST02•R*R 
ST03=SINFCPH11 
P2•SORTFCXPl*XPl-2o*R*XPl*ST0l+ST021 
P3aSQRTFIXP2*XP2+2o*R*XP2*ST0l+ST021 
Elli=SQRTFCPl*Pl+FMl*FMll 
E(21•SQRTFCP2*P2+FM2*FM21 
EC3JzSQRTFCP3*P3+FM3*FM31 
THTA12aATANFCIR*ST031/(R~STOl-XPlll 
THTA13•ATANFIC-R*ST03J/IXP2+R*ST0111 
IF CTHTA121 10•30t30 

30 IF ITHTA131 20t40o40 
40 THTA23•6o2831853-THTA12-THTA13 

RETURN 
10 THTA12•THTA12+3ol415926 

GO TO 30 
20 THTA13•THTA13+3ol415926 

GO TO 40 
END IOtlfOoOtOI 
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STORAGE FOR VARIABLES APPEARING IN COMMON SENTENCES 

DEC OCT DEC OCT DEC OCT . _ _ __ _ _ . _DEC OCT DEC: OCT 
FM3 32539 77433 FM2 32!>40 77434 FMl 32541 77435 E 32532 17424 p 1 32538 17432 

P2 32537 77431 P3 3253b 77430 THTA12 32535 77427 THTA13 32534 77426 THTA23 32533 77.2!i 
XX 32562 77462 yy 32!>29 77421 

EXTERNAL FORMULA NUMBERS WITH CORRESPONDING INTERNAL FORMULA NUMBERS.AND OCTAL LOCATIONS 

EFN IFN LOC EFN lFN LOC EFN IFN LOC EFN IFN LOC EFN JFN LOC 
30 20 00241 40 21 00245 10 24 00255 20 26 00261 

STORAGE HQl ~ B! PROGRAM 

DEC OCT DEC OCT. 
204 00314 32509 77375 

LOCATIONS OF NAMES iN TRANSFER VECTOR 

DEC OCT DEC OCT DEC OCT DEC OCT DEC OCT 
cos 3 00003 ATAN 0 00000 . SIN .. 1 00001 __ SORT a. 00002. -- -- ··--. 

STORAGE LOCATIONS FOR VARIABLES NOT APPEARING ~ DIMENSIONtEOUJVALENCE OR COMMON SENTENCES 

DEC OCT DEC OCT DEC OCT DEC OCT DEC OCT 
R 203 00313 STOl 202 00312 ST02 201 00311 ST03 200 00310 XlO 199 00307 

XPl 198 00306 XP2 197 00305 

STORAGE LOCATIONS FOR SYMBOL~ NOT APPEARING ~ SOURCE PR9GRAM 

DEC OCT DEC OCT DEC OCT DEC OCT DEC OCT 
11 191 00277 3) 181 00265 6) 18!\ 00271 71 190 00276 

SUBROuTINES NOT-PUNCHED FROM LiBRARY 
cos SQRT SIN ATAN " 

·-····---··---
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SUBROUTINE PDTPUN 
X•X 
RETURN 
END IOfloOoOtOI 

DEC OCT 
18 00022 

STORAGE ~ ~ ft! ~ 

DEC OCT 
32562 77462 

STORAGE ~OCATlONS EQR VARlAB~ES NOT APPEARING ~ PlMENSIONtEOUIVA~ENCE OR COMMON SENTENCES 

DEC OCT 
X 17 00021 

DEC OCT 
12 00014 

DEC OCT DEC OCT DEC OCT 

STORAGE ~OCATIONS FOR SYMBOLS ~ APPEARING IN SOURCE PROGRAM 

DEC OCT DEC OCT DEC OCT 

DEC OCT 

DEC OCT 

I 
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SUBROUTINE PIDCAY 
COMMON NZZtLBTRNTtALFPPtBETPPtGAMPPtP1PtPzPtP3PtFMtFMPtPGltTHTA12t 
lTHTA13~THTA23tEtPtLPoPzLPtP3LPtALFPtBETPtGAMPtPLtPJD~ATtPDTPNTo 
2PLG•ELGoWWtPG1XtPG1YtPG1ZtPG2XtPG2YtPGZZtPIGAMltPJGAMZeFLGAMlt 
3FLGAM2 

DIMENSION ALFPPI31tBETPP131tGAMPPI3)tPlPI3)tPZPI3)tP3PI3)tPlLPI3)t 
lP2LPI3)tP3LPI31tEI31tPC00RDI31tFMPI3ltPG1131tPLGI31•ELGI3ltWW14) 

DIMENSION PGAM1131tPGAM213l 
IF IPIDCAT-lol 1000oZ00t300 

200 DO 110 I"lt3 
201 ICOMP•l 

IF IFMPIII-13So000) 110tl00t110 
100 EPI•ECII 

Pf>I•PGllll 
WRITE OUTPUT TAPE NZZo2000. 

102 STOl•RANFIRANDMYI 
COSTHT•Z•*STOl•lo 
SINTHT•SORTFilo-cOSTHT*COSTHTI 
STOl•RANFCRANDMYI 
FNUPI•6o28319*ST01 
COSNU•COSFCFNUPII 
SINNUaSINFCFNUPII 
ST01•SINTHT*SINNU 
ST02•SINTHT*COSNU 
ST03•EPI*COSTHT 
PGAM1111•67oSOO*STOl 
PGAM11ZI•-67eSOO*ST02 
PGAM1131•oS*CST03+PPII 
PGAM2C11•-PGAMllll 
PGAM2121•-PGAM1121 
PGAM2C31•oS*I-ST03+PPII 
IF IGAMPPI11+1ol 103t400t103 

103 IF IGAMPPIIl-lol 104oS00o104 
104 COSLAM•GAMPP I I I . - . 

SINLAMaSORTFC1o-cOSLAM*COSLAMI 
COSMU•ALFPPIIIISINLAM 
IF DIVIDE CHECK 600o106 

106 SINMU•BETPPIII/SINLAM 
PG1XaPGAMt111*SINMU+PGAM.112.1!COSI,AM*:C()$MIJ+PGAM1131*SINLAM*COSMU 
PG1Ya-PGAMllli*COSMU+PGAM1121*COSLAM*SINMU+PGAMli31*SINLAM*SINMU 
PG1Za-PGAM1121*SINLAM+PGAM113l*COSLAM 
PG2XaPGAM21lt*SINMU+PGAM212l*C0SLAM*C0SMU+PGAMZI31*SINLAM*COSMU 
PG2Ya-PGAM2111*C0SMU+PGAH2121*C0SLAM*StNMU+PGAMZI3l*SINLAM*SINMU 
PG2Za-PGAM212l*SINLAM+PGAM2131*COSLAM 

101 PIGAMtaSORTFCPGtX*PG1X+PG1Y*PGlY+PGlZ*PGlZI 
PIGAM2•SORTFCPG2X*PG2X+PG2Y*PG2Y+PG2Z*PG2ZI 
WRITE OUTPUT TAPE NZZoZ00zotoPIGAMltPGtXoPG1YoPG1ZtPIGAM2tPGzXoPGz 

lYtPGzZ 
CALL GAMCNV 
GO TO IUOotzOlt ICOMP-

110 CONTINUE 
GO TO 1000 

300 00 120 I•1t3 
301 ICOMP•2 ' 

IF IFMPIII-13So0000) 120o10ltl20 
101 EPI•ELGCII 

PPI•PLGCII 
WRITE OUTPUT TAP£-NZZ-.ZOOl -
GO TO 102 

120 CONTINUE 
GO TO 1000 
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400 PG1XzPGAM1111 
PG1Y•-PGAM1121 
PGlZ.-PGAMl 131 
PG2X•PGAM2111 
PG2Y•..PGAM2121 
PG2Za-PGAM2131 
GO TO 107 

500 PG1XnPGAM1111 
PG1Y•PGAM1121 
PG1Z.PGAM1131 
PG2X .. PGAM2111 
PG2'1'.,PGAM2(21 
PG2Z .. PGAM213l 
GO TO 107 

1000 RETURN 
600 GO TO 1000 

zOOO F0RMATitH0t3SX049HPI NAUGHT DECAY AND GAMMA CONVERSIONt FROM C•MoS 
1•1 

zOOt FORMATitH0~32Xt54HPI NAUGHT DECAY AND GAMMA CONVERSIONt FROM ~AB S 
l'I'STEMol 

zOOz F0RMATitH0o6Xtl3HSEC0NOARY NO llt8Xtl6HGAMMA NOo 1- P•F9o2t2Xt7HP 
1XtVtZaF9o2t211HttF9o21/1H t28X916HGAMMA NO• 2- PmF9a2t2Xt7HPXtYtZ 
2•F9o2t2(1HotF9o21l 

END COt1tO•OoOo 
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STORAGE FOR VARIABLES APPEARING IN COMMON SENTENCES 

DEC OCT DEC OCT DEC OCT DEC OCT DEC OCT 
GAHP 32518 711t06 GAMPP 32SS1t 771o52 FM 3251o2 77436 FMP 32541 771o35 FLGAM2 32495 77357 

FLGAM1 32496 77360 E 32532 71424 ELG 32511 77317 BETP 32519 77407 BETPP 32557 77455 
ALFP 32520 771t10 ALFPP 32560 77460 LBTRNT 32561 77461 NZZ 32562 77462 PlLP 32529 77421 

PlP 32551. 77ft47 P2LP 32526 77416 P2P 32548 77ft44 P3LP 32523 77413 P3P 32545 77441 
POTPNT 32515 77403 PG1 32538 771o32 PGlX 32504 77370 PGlY 32503 77367 PGlZ 32502 77366 

PG2X 32501 77365 PG2Y 32500 77364 PG2Z 32499 77363 PIOCAT 32516 77404 PIGAMl 32498 77362 
PIGAM2 321o97'77361 PLG 32514 77402 PL 32517 77405 THTA12 32535 77427 THTA13 32534 77426 
THTA23 32533 77425 ww 32508 77371o 

EXTERNAL FORMULA NUMBERS WITH CORRESPONDING INTERNAL FORMULA NUMBERS AND OCTAL LOCATIONS 

EFN IFN LOC EFN IFN LOC EFN IFN LOC EFN IFN LOC EFN IFN LOC 
200 6 00024 201 7 00027 100 9 00041 102 14 00060 103 31 00166 
104 32 00171 106 36 00210 107 43 00341 110 51 00430 300 53 00435 
301 54 00436 101 56 00450 120 62 00472 400 64 00475 500 71 00512 

tOOO '1'8 005)0 600 90 00535 2000 81 00000 2001 82 00000 2002 83 00000 

STORAGE NOT USED BY PROGRAM 

DEC OCT DEC OCT 
ft42 00672 32494 71156 

LOCATIONS Slf ~ !.!!. TRANSFER VECTOR 
I 

DEC OCT DEC OCT DEC OCT DEC OCT DEC OCT U1 
6AMCNV 0 00000 cos 2 00002 RAN It 00004 SIN 1 00001 SCilRT <J 00003 ~ 

IFILl 5 00005 lt0Ht0 7 00007 I LEV) 8 00010 ISTHI 6 00006 I 

STORAGE LOCATIONS FOR VARIABLES APPEARING IN DIMENSION AND EQUIVALENCE SENTENCES 

DEC ocT DEC OCT DEC OCT DEC OCT DEC OCT 
PCOORD 441 00671 PGAMl ,.,a 00666 PGAM2 435 00663 

STORAGE LOCATIONS FOR VARIABLES NOT APPEARING ~ DIMENSIONtEOUIYALENCE OR COMMON SENTENCES 

DEC OCT DEC OCT DEC OCT DEC OCT DEC OCT 
I 432 00660 ICOMP 431 00657 FNUPI 430 00656 EPl 429 00655 COSTHT 428 00654 

COSIIU 427 00653 COSMU 426 00652 COSLAM 425 00651 PPI 424 00650 RANDMY 423 00647 
SJN&.AM 422 00646 SINMU 421 00645 SINNU 420 00644 SlNTHT 419 00643 ST01 418 00642 

ST02 417 00641 ST03 416 00640 

STORAGE. LOCATIONS FOR SYMBOLS NOT APPEARING ~ SOURCE PROGRAM 

DEC OCT DEC OCT DEC OCT DEC OCT DEC OCT 
EIO 294 00446 EIA 283'00433 El3 31 00037 D1401 343 00527 DllOJ 348 00534 
ClG2 415 00637 OGO 414 .00636 8HU1 386 00602 8HUH 398 00616 811UG 409 00631 
11 411 00633 21 350 00536 3) 352 OOMO 61 358 00546 71 410 00632 ....... 

SUBROUTINES .HQ! PUNCHED FROM LIBRARY 
() 

~ I LEVI CIOH)O fSTHI IFILl RAN SORT cos SIN GAMCNV 
~ 
I 

-.o 
0' ..... 
~ 
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SUBROUTINE PlPCMPIALFtBETtGAMtPltP2tP3tP1PtP2PtP3PI 
OlMENSlON ALFI31t8ETI31tGAMI31tPlPI31tP2PI31tP3PI31 
PlPCli•ALflli*Pl 
PlPI21•BETili*Pl 
PlPI31•GAMili*Pl 
P2Pili•ALFI21*P2 
P2PI21•BETI21*P2 
P2PI3l•GAMI21*P2 
P3PCli•ALFI31*P3 
P3PI2l•BETI3l*P3 
P3PI31•GAMI3l*P3 
RETURN 
ENO IOoltOoOoOI 

DEC OCT 
91 00133 

STORAGE NOT USED 8'1" PROGRAM. 

DEC OCT 
32562 77462 

STORAGE LOCATIONS FOR SYMBOLS NOT APPEARING ~ SOURCE PROGRAM 

DEC OCT 
90 00132 61 

DEC OCT 
85 00125 

DEC OCT DEC OCT DEC OCT 

.. 
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SUBROUTINE PMAXIPMXI 
COMMON XXoFMtFMltFMZtFMJtYY 
OJ MENS I ON XX.t29 I 1 YY I 22 I 
STOtaCFMt+FM2+FMJI*CFMt+FM2+FM31 
ST02•CFMt-FM2-FM31*1FMl-FM2-FM31 
PMX•o5*1l•IFMI*SQRTFICFM*FM-$T0li*IFM*FM-ST0211 
RETURN 
END COoltOtOtOI 

STORAGE FOR VARIAB~ES APPEARING ~ COMMON SENTENCES 

D£C OC.T DEC OCT DEC OCT 
FM 32542 71436 FM3 32S39 77433 FM2 32540 77434 
YY 32538 77•U2 

STORAGE NOT USED BY ~QGRAM 

DEC OCT DEC OCT 
61 00075 32516 71404 

LOCATIONS OF NAMES IN TRANSFER VECTOR 

DEC OCT DEC OCT DEC OCT 
SORT 0 00000 

DEC OCT 
FMl 32541 77435 

DEC OCT 

STORAGE LOCATIONS FOR VARIABLES NOT APPEARING ~ OIMENSIONtEOUIVALENCE OR COMMON SENTENCES 

DEC OCT DEC OCT DEC OCT DEC OCT 
STOl 60 00074 'ST02 59 00073 

SToRAGE LOCATIONS FOR SYMBOLS NOT APPEARING IN SOURCE PROGRAM 

OEC OCT DEC OCT DEC OCT DEC OCT 
54 00066 31 46 00056 61 48 00060 71 53 00065 

SUBROUTINES_NOT PUNCHED FROM LIBRARY 
SORT 

DEC OCT 
XX 32562 7T462 

DEC OCT 

DEC OCT 

DEC OCT 
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FUNCTION POPATHIZF•ZBtRtAtBtCtXtYtZI 
COMMOH NlZ 
FRfQUENCYUI h.Otl.._.!H UOtU H910t0tl I t20I0•0H I t21 I Ot0t1 I 

19 IFCZ-ZFI10t10.20 
20 ll'li:B-ZI10t10t2l 
21 IFIR-SORTFIX**2+Y**ZIIl0tl0tll 
10 POPATH • OoO 

WRITE OUTPUT TAPE NZZt105tZFtZ8tR 
1U5 FORMATI20Xt 68HPOPATH SAYS THE ORIGIN IS OUTSIDE THE I'JOUCtAL VOLU 

XME DEFINED BY ZF•tF6o2t5H lB•tF6o2t~H R•tF6o2///l 
GO TO 1 

11 JFCCH2t6t3 
12 POPATH•IZF-ZI/C 

GO TO ~ 
3 POPATH•CZB-ZI/C 
~ ROaSQRTF&CX+A*POPATHI**Z + IY+BIIPOPATHI**21 
5 JFIR0-Rihh6 
6 POPATH•I-IA*X+B*YI-+SQRTFI IA**2+8**2t-a-z-CB•X-A*YI**21 IIIA**2+B** 

X21 
1 RETURN 

END IOtltOtOtOI 

STORAGE FOR VARIABLES APPEARING IN COMMON SENTENCES 

DEC OCT DEC ocT DEC OCT 
NU 32!>62 77462 

DEC OCT 

EXTERNAL FORMULA NUMBERS WITH CORRESPOND-ING INTERNAL FORMULA NUMBERS AND OCTAL LOCATIONS 

EFN 1FN LOC EFN 1FN LOC EFN IFN LOC EFN IFN LOC EI'N 
1.9 ~ 00072 20 5 00017 21 6 0010/t 10 1 00111 105 
ll l~ 00142 12 15 0011t5 3 17 00152 4 18 00156 5 

6 20 00203 1 21 00246 

STORAGE NOT USED BY PROGRAM 

DEC OCT DEC OCT 
207 00317 32561 17461 

LOCATIONS Qf NAMES !.!! TRANSFER VECTOR 

DEC OCT DEC OCT DEC OCT DEC OCT 
SQRT It 00004 IFILl .1.1 00009 C_lOHlO 2 00002 I LEVI 3 00003 CSTHI 

STORAGE LOCATIONS FOR VARIABLES NOT APPEARING ~ DtMENSJONtEOUIVALENC£ OR COIIIMON SENTENCES 

DEC: OCT DEC OCT DEC OCT DEC OCT 
POPATH 206 00316 RO 205 OO:U5 

STORAGE LOCATIONS FOR SYMBOLS NOT APPEARING IN SOURCE PROGRAM 

DEC OCT DEC OCT DEC OCT DEC OCT 
8139 196 00304 1 I 197 00305 21 171 00253 31 172 0025/t 61 

__ . . _S!,JBROUU NES !!Q! PUNCHED _f82M. LJ BRARY _ 
SORT CI.EV I llOHIO CSTHI IFILl 

DEC ocT 

!FN LOC 
12 00000 
19 001'76 

DEC OCT 
1 00'001 

DEC OCT 

DEC OCT 
!?3 00255 

I 
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I 

c:: 
() 

::0 
I:"' 
I 

-.o 
0' 
...... 
~ 



• • 

' 

SU8HOUTINE PSPDSTIGMXtNtNSCoNFAILtfltf21 
COMMON NZZtLBTRNTtALFPPt8ETPPoGAMPPtPlPtP2PtP3PoFMtFM1tFM2tFM3tP1t 

1P2tP3tTHTA12tTHTA13tTHTA23•E•PlLPtP2LPtP3LPtALFPtBETPtGAMPtPLt 
2PIOCATtPDTPNTtPILtP2LtP3LtEL1tEL2tEL3tGMCNVTtPC00RDtPGIXtPG1YtPG1Z 
3 tPG2X-tPG2Y oPG2Z oP IGAMt.P IGAM2 oFLGAMl tFLGAM2 tl PT TYP ti PTREM tXCOORO t 
4YCOORDtZCOORDtGDISTtP1UoP1UPoG1UXtG1UYtG1UZtG2UXtG2UYtG2UZ 

DIMENSION ALFPP131tBETPPI31tGAMPPI3ltP1P(3)tP2PI3ltP3PI3ltP1LPI3)t 
lP2LPI3ltP3LPI3ltEI3l•PC00HDI3ltlPTTYPIBltlPTREMIBltXCOORDI8ltYCOOR 
2018 ltZCOORDI BltGDI STI 8 I oPlU I 3 I tP1UPI 3 l 

WRITE OUTPUT TAPE NZZt2000 
··I=O 
NSCSFL=O 
CALL PMAXIPMXl 
GMXP=GMX/1oE08 
WRITE OUTPUT TAPE NZZt2003tGMXPoPMXtNtNSCtNFAILtfltFMtFMltFM2tFM3 

100 I=l+l 
iF IN-II 1000tl10ti10 

110 NSCSFL=NSCSFL+l 
IF INSC-NSCSFLI 1000t200t200 

200 CALL GENPRIXItETAl 
Pl=XI*PMX 
CALL CAPSMAICAPAtSMAtDCPDSMl 
CALL GOFPIFM2tFM3tPltSMA;GOFP11 
GOFPT=GOFPl-ETA*GMX 
IF IGOFPTl 3000t300t300 

300 CALL FOFPHIICAPAtSMAtDCPDSMtPHitFOFPHTtPll 
IF IFOFPHTI 4000t310t310 

310 WRITE OUTPUT TAPE NZZt2005tltNSCSFL 
CALL MOMANGIPH!tCAPAtSMAI 
PHP=PHI*57o2957795 
THTP12=THTA12*57o2957795 
THTP13=THTA13*57o2957795 
THTP23=THTA23*57e2957795 
WRITE OUTPUT TAPE NZZt200ltPltP2tP3tTHTP12tTHTP13tTHTP23tPHP 

-- - 40u- CALL.RNORNTrCOSLAMtLAMBDFl .... ·- ----------- -·- ····-·-. ---· ······- . -· ··----
WRITE OUTPUT TAPE NZZtZ002tiPIPIIlti=l•3ltiP2PIIltl=lt3ltiP3PII)t 

11=1131 
WRITE OUTPUT TAPE NZZt2006tiEII)tl=lt3l 
IF ILAMBDFI 50Ut430t500 

430 SINLAM=SORTFI1o-COSLAM*C0SLAMI 
FLAMBD=ARCOSICOSLAMtSINL-AMI ____________ . -· ---------· ···---·--· 
FLAMBP=FLAMBD*57o2957795 
WRITE OUTPUT TAPE NZZt2004tFLAMBP 
GO TO 500 

500 IF ILBTRNTI 510t600t510 
510 CALL L3TRAN 
----.GO TO 600 
600 CALL PIDCAY 

CALL PDTPUN 
GO TO 100 

1000 RETURN 
3000 IF 11-NFAILl 100t3010t3010 
3Q-10-FNSCF=NSCSFL 

Fl=l 
FINSCl=FNSCF/FI 
IF IFINSC1-F1l 3900tl00t100 

3900 WRITE OUTPUT TAPE NZZt2300tNSCSFLtltFINSC1 
GO TO 1000 

4000 ·IF--li-I*FAlLt--l00.-40lOt4010 
4010 FNSCF=NSCSFL 

Fl=l 
FINSC2=FNSCF/FI 

.. 
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IF (FINSC2-F2l 4900tl00tl00 
4900 WRITE OUTPUT TAPE NZZo2400tNSCSFLtltFINSC2 

GO TO 1000 
zUbU FORMAT(lHltl//lH0t3lXt56HTHNEE BODY DECAY BY MONTE CARLO PHASE SPA 

lCE DISTRIBUTION/lH t47Xt24HWITH NANDON ORIENTATIONel 
z0Ul FORMAT(lH t3HPl=f9e2t2Xt3HPZ=F~e2t2Xt3HP3=F9e2t2XtUHTHTA12=F9o4t 

l2XtbHTHETAl3=F9.4o2XobHTHETA~3=FYo4o2Xo4HPHI=F9e4olXe3HDEGl 

zouz FORMAT(lH t8HPlXoYtl=F9e2t2(1HttF9o2lt2Xo8HP2XtYoZ=f9e2t2(1HtoF9o2 
llt2Xo8HP3XoYoZ=F9e2t2(lHtoF9e2l l 

zOO] FORMATI1H0tl7HMAX VAL FON GIPl=F5e2t3HE08t2Xtl4HMAX VAL FOR P=F8o2 
lt2Xtl7HMAX NO OF TRIALS=I5t2Xo20HMAX NO OF SUCCESSES=!4t2Xo6HNFA!L 
2=13t2Xt3HFl•F4e3/lH o6HKMASS=F9e2t2Xtl3HDECAY MASSES=F9o2o2(1Htt 
3F9e2ll 

2004 FORMAT(lH t7HLAMBDA•F9o4l 
2005 FORMAT(lHOt9HTRlAL NOel5tlH/tl5l 
z006 FORMAT(lH t21HENERGIE5 OF PloP2oP3=F9o2t2(1HttF9e2ltlHel 
2300 FORMAT(lH tl5HFAILURE IN GOFPol4olH/ol5olH=tF5e3l 
24UU FORMAT(l tl7HFAILURE IN FOFPHio14•lH/ol5tlH=oF5e3l 

END (UoloUtOoOl 
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STORAGE FOR VARIABLES APPEARING ~ COMMON SENTENCES 

DEC OCT DEC OCT DEC OCT DEC OCT DEC OCT 
IPTTYP 32494 77356 !PTREM 324~6 77346 GMCNVT 32508 77374 GDIST 32454 77306 GAMP 32518 77406 

GAMPP 32554 7745Z GZUZ 32435 77Z63 G2UY 3Z436 77264 G2UX 3Z437 77265 GlUZ 32438 77266 
GlUY 32439 77267 GlUX 32440 77Z70 FM 3Z542 77436 FM3 3Z539 77433 FM2 32540 77434 

FMl 3Z541 77435 FLGAM2 32495 77357 FLGAMl 32496 77360 E 3Z532 77424 EL3 n509 77375 
EL2 32510 77376 ELl 3Z5ll 77377 BETP 32519 77407 BETPP 3Z557 77455 ALFP 32520 77410 

ALFPP 3Z560 77460 LBTRNT 3Z561 77461 NZZ 3Z562 77462 PlLP 32529 774Z1 -P1L 325f4--7f402 
PIP 32551 77447 p 1 3Z538 77432 P1UP 32443 77Z73 P1U 3Z446 77Z76 PZLP 3Z526 77416 
PZL 3Z5l3 77401 P2P 3Z548 77444 PZ 32537 77431 P3LP 325Z3 77413 P3L 3Z512 77400 
P3P 3Z545 77441 P3 3Z536 77430 PCOORD 32507 77373 PDTPNT 32515 77403 PG1X 3Z504 77370 

PGlY 32503 77367 PG1Z 3250Z 77366 PGZX 32501 77365 PG2Y ·3Z500 77364 PG2Z 32499 77363 
PIDCAT 32516 77404 PIGAM1 3Z498 7736Z PIGAM2 3Z497 77361 PL 32517 77405 THTA12 32535 77427 
THTA13 32534 77426 THTAZ3 32533 774Z5 XCOORD 3Z478 77336 YCOORD 3Z470 71326 -----~--ZCOORD-3i4~'{7Jib--

EXTERNAL FORMULA NUMBERS WITH CORRESPONDING INTERNAL FORMULA NUMBERS ~~LOCATIONS 

EFN IFN LOC EFN IFN LOC EFN !FN LOC EFN !FN LOC EFN !FN LOC 
}00 16 001Z3 110 18 00133 zoo 20 00143 zoo Z1 OOf4-3 300 29 00174 
300 30 00174 310 32 00207 310 35 002Z4 400 46 00272 400 47 00272 
430 69 00361 500 78 00415 510 79 00417 600 81 00421 1000 84 00424 

3000 86 00430 3010 87 00435 3900 91 00456 3900 94 00474 4000 96 00477 
4010 97 00504 4900 101 00525 4900 104 00543 2000 106 00000 2001 107 00000 
2002 108 00000 2003 109 00000 2004 110 00000 2095 - 1_11_ OQQOO 2006 112 00000 
2300 113 00000 2400 114 00000 

STORAGE NOT ~ BY PROGRAM 
I 

DEC OCT DEC OCT 0' 
0 516 01004 32434 77262 I ···- -··-·- -- --

LOCATIONS OF NAMES IN TRANSFER VECTOR 

DEC OCT DEC OCT DEC OCT DEC OCT DEC OCT 
::iOFP 8 00010 GENPR 10 00012 FOFPHI 7 00007 CAP SMA 9 00011 ARCOS 3 00003 

LBTRAN 2 00002 MOMANG 6 00006 PDTPUN 0 00000 PIDCAY 1 00001 PMAX 11 00013 
RNORNT 5 00005 SQRT 4'00004' IFILl' -12 '00014- IIOHlCY 14-00016 !LEVI l5 00017 

ISTHI 13 00015 

STORAGE LOCATIONS FOR VARIABLES NOT APPEARING IN DIMENSIONoEOU!VALENCE OR COMMON SENTENCES 

DEC OCT DEC OCT DEC OCT DEC OCT DEC OCT 
·- I 515 01003 GOFPT 514 01002 GOFPl 513 01001 GMXP 51 z·-orouo FOFPAI 511 00111 

FNSCF 510 00776 FLAMBP 509 00775 FLAMBO 508 00774 FI 507 00773 FINSCZ 506 00772 
FINSCl 505 00771 ETA 504 00770 DCPDSM 503 00767 CO SLAM 50Z 00766 CAPA 501 00765 
LAMBDF 500 00764 NSCSFL 499 00763 PHI '498 00762 PHP 497 00761 PMX 496 00760 
SINLAM 495 00757 SMA 494 00756 THTP12 493 00755 THTP13 492 00754 THTP23 491 00753 

XI 490 00752 

STORAGE LOCATIONS FOR SYMBOLS ~ APPEARING ~ SOURCE PROGRAM c:: 
DEC OCT DEC OCT DEC OCT DEC OCT DEC OCT () 

812B0 375 00567 8127S 383 00577 8 I lUM 392 00610 811UL 397 00615 81 1UK 401 00621 ::0 
811UJ 434 00662 811UI 450 00702 8)1UH 470 00726 811UG 489 00751 21 358 00546 t"' - 31' -- 360 00550 6t 363 00553 ------ -- - --------------- -·. --------------------------------

I 
..0 

SUBROUTINES NOT PUNCHED ~LIBRARY 0' 
I LEVI (lOHIO ISTHI IFILl PMAX GENPR CAP SMA GOFP FOFPHI MOMANG """ 

RNORNT SORT ARCOS LBTRAN PIDCAY PDT PUN ~ 



SUBROUTINE RAHLOD 
READ 1000tR 
IF CRI 10t100•10_ 

10 X•LODRANFCRI 
100 RETURN 

1000 FORMATC1012l 
END COtltO•OtOI 

-------- ----

EXTERNAL FORMULA NUMBERS WITH CORREsPONDING INTERNAL FORMULA NUMBERS AND OCTAL LOCATIONS 

EFN JFN . _LOC ___ EFN lFN LOC. EFN lFN LOC .. .. . __ E.FN IFN LOC EFN 
10 6 00031 100 7 00034 1000 9 00000 

STORAGE NOT USED BY ~ROGcRAM 

DEC OCT DEC OCT 
- - 40 oooso - __ 12§62__..77.W.Z. 

LOCATIONS Qf NAMES lli TRANSFER VECTOR 

DEC OCT DEC OCT DEC OCT DEC OCT 
LOORAN 0 00000 CCSHJ· 2 00002 C J0Hll 3 00003 I LEVI 4 00004 CRTNI 

STORAGE LOCATIONS FOR VARIABLES NOT APPEARING ~ DIMENSlONtEOUIVALENCE OR COMMON SENTENCES 

DEC OCT DEC OCT DEC OCT DEC OCT 
A 39 00047 X 38 00046 

STORAGE LOCATIONS FOR SYMBOLS NOT APPEARING I! SOURCE PROGRAM 

DEC OCT DEC OCT DEC OCT DEC OCT 
8lV8 37 0004S 61 i2 00040 

SUBROUTINES NOT PUNCHED FROM ~ 
I LEVI (IOHU CCSHI _ _IRTNJ LOORAN_ 

IFN LOC 

DEC OCT 
1 00001 

DEC OCT 

DEC OCT 

~ 1 :: ) 

I 
0' 

""" I 

,... ..... 
(') 
~ 
t"' 
I 

-c 
0' -~ 



. " 

SUBROUTINE RANSTR 
Y.SlORANFIRI 
PUNCH 1000tY 

100 RETURN 
1000 FORMA~f10121 

ENO COtltOtOtO I 

EXTERNAL FORMULA NUMBERS WITH CORRESPONDlhG INTERNAL FORMULA NUMBERS AND OCTAL LOCATIONS 

EI'N I!'N t.OC-- --EI'N U'M LOC EFN IFH LOC ··-··· - ur. . IFH LOC EI'N 
100 6 00032 1000 8 00000 

STORAGE ~ ~ ~ PROGRAM 

DCC OCT DEC OCT 
38 00046 32S62 77462-

LOCATIONS OF NAMES ~ TRANSFER VECTOR 

DEC OCT DEC OCT DEC OCT DEC OCT 
STORAH 4 00004 IFILl 0 00000 ClOtHO 2 00002 I LEV) 3 00003 CSCHI 

STORAGE LOCATIOMS FOR VARIABLES-NOT APPEARING IN oTMENS"iOHtEOUlVALENCE OR COMMoN SENTENCES 

DEC OCT DEC OCT DEC OCT DEC OCT 
R :n ooo4' y 36 00044 

_STORAGE LOCA Tl Ot(S £9!i. SYMBOLS NOT APPEAR 1 NG _!.!!H SOURCE PROGRAM 

DEC OCT DEC OCT DEC OCT DEC OC:T 
-8)V8 35 00043 6) 30 00036 

SUBROUTINES HQI PUNQHEO ~ LI8RABY 
STORAN I LEVI I IOHJQ_ . CSC:HI IFILl 

I 
a-

IFN LOC N 
I 

DEC OCT 
1 00001 

DEC OCT 

DEC: OCT c:: 
0 
:;tl 
tot 
I 

-.o 
a--~ 



SUBROUTINE RNORNTICOSLAMtLAMBOFI 
COMMON NZZtAAtALFPPtBETPPtGAMPPtP1PtP2PtP3PtFMtFM1tFM2tFM3tPltPZt 

lP3tTHTA12tTHTA13tTHTA23tYY 
DIMENSION ALFPPI31tBETPPI31tGAMPPI31tP1PI31tP2PI31tP3PI31tYYI161 

.DIMENSION ALFI31tBETI31tGAMI31 
CALL GENTRPICOSLAMtFMUtFNUtLAMBDF) 
CALL CRDPPCTHTA12tTHTA13tFNUtALFPPtBETPPtGAMPPI 
CALL ABGCMPIALFPPtBETPPtGAMPPtCOSLAMtFMUtLAMBDFtALFtBETtGAMI 
CALL PIPCMPIALFtBETtGAMtP1tP2tP3tP1PtP2PtP3PI 
RETURN 
END IOt1tOt0o0) 

STORAGE FOR VARIABLES APPEARING IN COMMON SENTENCES 

DEC OCT DEC OCT DEC OCT-
GAMPP 32~~~ 77~~2 FM 32~~2 77436 FM3 32539 77433 
BETPP 32,57 774SS ALFPP 32560 77460 AA 32561 71461 

Pl 32538 77~32 P2P 32S48 77444 P2 32537 77431 
TMTA12 3~35 77427 THTA13 32!>34 77426 THTA23 32!>33 77425 

STORAGE MQ1 ~ ~ PROGRAM 

DEC OCT DEC OCT 
68 00104 32!>16 77404 

LOCATIONS OF ~ J..ti TRANSFER~ 

DEC OCT DEC OCT DEC OCT 
GENTRP 3 00003 CROPP 2 00002 ABGCMP 1 00001 

DEC OCT 
FM2 32!>40 77434 
NZZ 32562 77462 
P3P 3254!> 77441 

yy 32532 77424 

DEC OCT 
PIPCMP 0 00000 

STORAGE LOCATIONS FOR VARIABLES APPEARING ~ DIMENSION AND EQUIVALENCE SENTENCES 

DEC OCT DEC OCT DEC OCT DEC OCT 
GAM 61 00075 BET 64 00100 ALF 67 00103 

STORAGE LOCATIONS FOR VARIABLES NOT APPEARING IN DIMENSIONtEQUIVALENCE OR COMMON SENTENCES 

DEC OCT DEC OCT DEC OCT DEC OCT 
FNU sa ooon FMU 57 00071 

STORAGE LOcATIONS FOR SYMBOLS NOT APPEARING ~SOURCE PROGRAM 

DEC OCT DEC ocT DEC OCT DEC ocT 
61 52 00064 

··- ·- -
SUBROUTINES NOT PUNCHED FROM LIBRARY 

GENTRP CROPP ABGCMP PIPCMP 

·~ 

DEC OCT 
FMl 32!>•U 77-\3~ 

P1P 32!>~1 77447 
P3 32!>36 77430 

I 
a--
w 
I 

DEC OCT 

DEC:. OCT 

DEC: OCT 

DEC: OCT c::: 
() 
::0 
~ 
I 

-.!) 
a---~ 
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APPENDIX: VALUES OF G FOR SOME DECAY PROCESSES 
max 

One item of the input data to the program is G , the maximum 
height of the distribution curve G' (p 1). (Eq. 16), ThiJ!lt:n be easilyfou:ii.d .by-' 
trial and error. It should be remembered that the distribution generated 
by this prog:J;"am is not affected if too high a value is used for Gmax•;~because 
only the ratio of successes to trials is reduced. Thus, it is sufficient to 
chose a value for Gmax somewhat above the estimated value.· If by accident 
too low a value has been chosen, an alarm is printed out whenever the 
computed G' (pl) exceeds the value of Gmax· For convenience, some Gma 
values are listed for typical 3-body decays. Energy units of Mev and Mevfc 
are used throughout: 

Masses: m(k±) = 494.00 
± 

m('TT ) = 139.59 

m(!J.±) = 105.66 

m('TT0 ) = 135.00 

m(e±) = .511 

m(v ) = 0 

m(y ) = 0 

Types of Decays: (seq:mdary masses are labelled in the s·equence in which 
they occur as m 1, m

2
, and m

3
) 

K± ± 'ITO+ Gmax = 8 
158.5 -+ 1-L + v: 44.366x10 at p 1 = 

K±-+ e±+ 0 
Gmax = 61.6 3 3 X 108 at p l 167 'IT + v: = 

K±--. 'IT±+ + -
Gmax = 12.78 X 108 at PI 101 1T -t 'IT: = 

K±--. 1T± + 0 
Gmax l4.954X 108 at p 1 107.5 2'TT : = = 

K±--. 'IT±+ 0 
G 34. 315 X 1 o8 at p l 151 'IT + y: = = max 

± ± 
2v: Gmax = 0.1836XI08 at p 1 43 1-L -+ e + = 

,. 
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