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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-
. . ~ ................ 

ond~ry particles of masses m 1, m 2 , and m 3, with momenta p 1, p 2 , p 3 
and total energies E 1, E 2, E 3, respectively.! The objective is to generate 
an arbitrary number of such fhree- body decay events for which p 1, p 2, p 3 
are determined statistically by the phase-space distribution 

2 2 p
1 

dp
1 

do1 p 2 dp2 do2 dN = 
dm h . dm 

the angles being measured in some fixed 'coordinate system 

-d0
1 = solid angle for p 

1 
= sin el d8J:d<Pl' 

do
2 = solid angle for P. 

2 
= sin e 2 d82 dcj>2' . 

vl = no-rmalization volume for m
1

, 

and v2 = normalization volume for m
2

. 

· I_n the decay plane in. the c. m. system, .two independent variables must 
be specified to determine' the decay confi~ruration. ··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 cj> as the two independ~nt variables (see Fig. 1). 

·.The integrations over all orientations in space of the decay plane-.to get the 
joint distribution of (p 1, cj>) are automatically accomplished by considering 
the element of volume 'between two ellipses, one corresponding to total en
ergy m, and the other to m + dm, for a fixed p 1 and cj>; such an element 
dV .. is indicated in the figure. 

p 

Since pl can be chosen in any direction without restriction, integration 
over d01, gives 4Tr. · The distribution function is now · 

dN = (4Tr ·N 1 V 2\ 

dm h6 J 
2 d · 2Trr sin.+. · r drdcj> 

P1 P1 ~ dm 

since dV ~ 2Trr sin cj> ·. rdrdcj>. 
p 

(1) 

Evaluation of. ·r
2

(dr/dm) in.terms o{p 1 and cj> will give the required distribution 
as follows: · 

Let A. be the semimajor axis and B the semiminor axis; then the 
semia·xes ofthe ellipse are given by 

1The discussion.is appliedto 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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··A= 

B= 

m -·E 
1 

. 2 2 
2.[ (m-E1} - p 1 ] 

.;.g_ 

The mid-point of the vecto,r p 1 lies at }.' 10: 

2 2 
m2 - m3. 

( E )
2 .. 2 

m- - p· 
1 1 

It is con:veni'ent to abbreviate the following: 

-· ·, .. , 
.1 

Pr =b. 

Since .the equation of. the ellips'e is 

2 2 
. X + y 
A2 B2 

_. 2 [cos
2

cp 
- r . 2 

A 

sin 
2 

cp ] + -. B---:o<'2_!,_ . = 1 , 

2 
r (d:z;/da) can be found .. The result is 

where 

2( . 2 .b2)2 J. ( 2' b2 2 2)2 4 2 2 a - . a- -m -m - m m 
. 2 . 3 2 3 

and 

. 2 2 2 
a - b C.OS cp 

UCRL-9614 

(2) 

(3) 

(4) 

(5) 

(6) 

' , 

(7 ) . 
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The. final distribution. is ... 

dN 
dm 

2 . 2 
A ab sm cp 

.t 
(a2 _ b_2) 2 (

--..,..2 _a."-'-z"""z -~ _b_2.,...2 _. _\ s ;z . . . d<i> d P 1. 

a - b . cos <P J . (8) 

Integrating this over cj>, qr computing directly the volume ·_between the two 
ellipses, gives the over-all distribution for p

1 
alone: · · 

:2 
- PI 

[ 

( 
. 2 2 

2m2 + m 3. ) 
L- 2 2 

(m "'E ) ~ p . l 1 

1 

2 . 2 
2(m tm ) . 2 . 3 

. 2 2 
(m- Ei) -: pl 

(m · - m ) · 
2 3 

2 . 2 2 ] 

+ . . 2 2 2 
Urn. - E 1.>. - p 1 } 

+ 
(m 2 _ m· 2)2 

2 3 
. 2 . 2 2 

[ (m "' E 1 ) - p 1 ] 

(9) 

From p 1. and· <P the configuration in .the decay plane is determined: 

where 

Ertdp'bint of p 
1

: 

PI 
xpl = xlO+ 2 

r .. = A 

[ 

·.2 .2 ] m - m' 
l + 2 3. 

2 2 
. (m - ,E 1 ) - p 1 

= J<x .z . p 
.. ' 1 

2 
. 2 

rx cos cp + r , 
PI 

. ( 1 0) 

( 11) 



-I o-

tan e12 =. 
r cos <1> - x 

·PI 

r sin<j> 

tan e 13 = r sin <j>. 

r cos <1> 

A. Method 

.1. Selection of p 1 

cos <I>+ 2 
r ; 

UCRL· 96I4 

( I2) 

( I3) 

( 14) 

( 15) 

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

j 2 2 2 22 
. 2 . 2 (m Z + m 3 ) (m 2 - m 3 ) . 

G' (p ) = b I - + 
· J. · · a 2 _ b 2 (a 2 .:. b 2) 2 

2 3a 

( 16) 
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The maximum p 1 is computed: 

P1 max·· 

:.' ·:. ~ .Pr.oc:edure: 

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

0 ~ , ~ 1; 

(b) Select trial P( r 1t = s p 1 :max'. 

(c) Compute trial G' (plt); 

(d) Compare G 1 (p 1t) with 11 G ; max 

~ .. ' : . 

( 17,) 

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

max 
continues. 

If G' (p
1
t) < 11 G , then the tri<i.l fails, and another trail is attempted . max 

with new values of (£, ,). 

2. Selection of <P 

Dropping-the constant coefficient'in dN/dm, artd inserting the vdlu~:: uf 
p 1 obtained above, ·we 'have the distribution in <j), 

2. 2 . ~ al.- b.::: )
3

/
2 {·'dA . _· A ab

2 
s.in

2
<P . } (.lS). 

f(q>) =A b sm<P 2 2. 2 da + 2 2 2 2 2 . 
a - b cos <P . . (a - b )(a - b cos <f>) 

This £,unction may be integrated. explicitly to give 

_ cos<P ) 
2. 2 2 J a - b cos <P 

. 2 2 3 .- 2 ]} +- (a + 2b ) cos <P - 3a cos <P . 

( 2 b2 2.-h)3/ 2 ° a - cos 't' 

(18a) 

2
Note that an exact value of Gmax·is not necessary, but on~y _a value that is 

greater than or equal to the exact Gmax; to the extent that 1t 1s greater, the 
ratio of successes to trials is reduced, but the distribution of p 1 is unaltered. 
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·Since 

. ' 

.;,i it is easy to show that 

1 
F ('1T) - G I (p ) = F . - IT 1 max 

Value <j> is now selected as follows: 

.. ·.(a) :~Choose another random number such that 0 ~ t;, ~ 1; 
Gl (p 1) 

(b) Put F 1 = t;, F = !;, 1 2 max 

((:1 1 (p
1

) has just been calculated in selection of p 1 ); 

(c) Solve for <j> the equation 

G(<j>) = F(<j>) - F 1 = 0. 

. (18b) 

This can probably best bP- done by ;;~.n .iterative procedure.· See Sec. V 
, (Method), for a complete description of solution of G(<j>) = Q. 

3. · Computation of other Momenta .and Angles 

. 1 
xlO = 2 .Pl 

1 
x = xlO + 2 P_. 1' pl 

2rx cos <j> + ~ 2 I · 

p2 

r sin <j> 
tan 8.12 = r COS cp - X 

pl 

I . 

= 

2 2 2 
a . - b . cos <j> 

r. = A 

r sin <j> 

x + r cos.+. 
p2 'I' 
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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· :cod:r.dinapes :\, fJ. according .to the 
joint distribution: · 1 

p(:\, j-L)d:\ dfJ. = 4n .. sin:\ d:\ dj-L; 

{b) Establish a primed sys~em of coordinates (x 1
, y', z 1 

) rotated relative 
. to .:he. fix~d syst~m (see Fig. -~), s~ch that z' .lie·s along p l' ~d the y' 
ax1s hes ln_the Zz 1 plane, wh1ch w11l then be the decay plan,e. 

The equations relating, c.omponents of direct.ion cosines along axes in 
the two systems are .then . 

a. = a. 1 sin 1-l + 13 1 cos :\ cos j-l + '1 1 sin A cos 1-l• 

13 - -a.' cos j-l + 13' cos:\ .sinj-l + y' sin:\ sinj-L, (19) 

'I = -:13' sin:\ + y 1 cos :\. 

The direction cosines .for p 1, p Z' p 3 _:in .the primed system are 

(J. I : 

l 

-P • 0. I - o. (.t2! : 2· :· 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." cosv -.13" sinv, !3' =.13v' cosy+ a." s.inv. (21) 

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

given above: are now in the (x", y",. z ") 
system. Transforming tothe (x!., _y', z') system gives 

a. I : 0 (.t I - 0 1 V l - 1• l , t-'·1 - _. lj ' - .' 
:. .. , 

(22) 

3 . ·.· . .. " . 
If cos:\=± 1, put a.= a.',· 13 = ± 13', andy=± y', res-pectively, using values 

taken directly from Eqs. (22). 

·. 
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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. · 

The angles (>-..~ fJ.• v) are chosen with random numbers >-..', JJ.', v': 

1.· Input 

m 

mi 

m2 

m3 

2. Output 

PI 012 

P2 013 

p3 0
23 

0 < X.' < 1, O<JJ.'<I,. 

B. Input and Output 

G max· 

n = number of t:r_ials. · 

n = number of successes . ·s 

0 < v 1
· < I; 

V : 2'TT VI • 

Pix=· alpl P2x = a2p2 

n 

n s-

P1y=j3Ipl 

Plz = 'YIPI 

P1 m:ax· 

P2y = 132P2 

·p = · 2z Y2P2 

m 

G max 

P3x = a3:P3 

P3y = j3 3P3 

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 {denoted .by·:.a .s.ubs.cripb:!'L") .a.re to be· deterrrii:ned:.from: -the Lorentz 

.,.. . transformations. 

Input 

Plx' pl·y· Plz' ml' pl; PlLx' plLy' 

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

p3x' p3y' P3z' m3' p3; p3Lx' p3Ly' 

a 
p~ f3 I 'Yp• PL' m. PLx' PLy' p 

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

E. = ,J p. ~ + m. 2 
1 1 1 

--Components parallel to p:. 

[ Y(P.-. · U ) + y ~ E ] U 
1 p t-' i p 

-Gomponents perpendicul?-r to p: 

~ ~ ....... ....... 
= U X (p. X Up) = p i p . 1 

where ...... 
..... 
u = 

p 

Resultant transformed vector: 

Thus 

-- ..... u (p. 
p 1 

y = 

-u ), 
p 

Output 

plLz' 

P2Lz' 

P3Lz' 

PLz' 

E 
L 

m 

plL' 

PzL• 

p3L' 

PL' 

yf3 = 

ElL' mi; 

E2L' m2; 

E3L'. m3; 

EL, m. 
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where 
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pl.Lx = ( (y- 1) (pl .. U ) + yl3 E.). a: + ·p.· · 
p . 1 p lX . 

' ' -
p.L = [(y- 1)·(p .. 

1 y ' 1 

" -p. = [ ( )' - 1 ) (p . . 1Lz · · 1 

U ) + y 13 E.~ 13 + p.', 
. p 1 p . 1y 

Up) + y 13 E
1
.] y + p. · p . lZ 

UCRL-9614 

. ·.fori= 1, 2,. 3, 
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A. 0 0 . 
1J D~c<;~. y: .. ;rr . -+ '{;l + y2. : .. 

:·. '·· . .;. 

.The:~7TP.de~ay subr.outin:e .is:·:exect,t.te~Lfor. e.ach .. of..th.e·.thr.e;e;if'te~ond~r;y_: : 
. mas,se·s -Whose. value is 135.00. · · · ·. · · · 

. -. ........ 
The components of the two '{ mom.~tuin ve:cotrs, p Gl an.d p G 2' normal 

and parallel to the initial 7TO momentum pi are· calledt respectively, 

They are found from Pi• mi as follows (Loreht~ tr~nsforma'tion): 

w_ith 

Here 

Pcjp = 

PGjri = ± 

E. 
1 

m. 
1 

mo=l35.00. 
7T 

mo( + cose* + 

0 * S1n (} 1 

P·) 1 

r 
1 for 

j = 1, 2 

* cos(} = 2n - I, where r) is a randon1 nun>ber such that 0 ~ n ~ 1; 

sin e * = J 1 - cos 
2 e * 

Refe.rring to Fig. 4, where the primed system is constructed with the z 1 

axis along p., and the y' axis in the z 1 Z plane (cf. Sec •. Il=A-4 "Randomized 
. Orientation o

1
f Decay in Space, 11 arid Fig. 2) one .finds the following components 

in the primed ~ystem (the z' Z_plane is also. at this point. the decay plane): 

1 * 1 * PGlz' = 2 (Ei cos(} +pi)' PG2z' = 2 (- Ei cos(} +pi); 

Pclx' = o. Pc2x' = o· 
' 

- m 7To * m7To * Pcly' = sine ' PG2y' = sine . 2 -2-

;.· 

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

l ·* 1 * Pelz 1 = 2 (E. cos e + p.), Pe2z 1 = 2 (- E. cos e + p. ); 
1 1 1 1 

m ;rO ):< -m ;rO ... ,,. 

Pelx1 = -----r- sine sin v, Pe2x 1 = -2- sine sin v; 

-m ;rO ' * 
m ·rro >:< 

Pely 1 = -2- s1n 8 cos v, Pe2y 1 = -2- sine cos v. 

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

sin 1-.1.. + Pel , cos A. cos fl.. + Pel 1 sin>... cos fl.; 
1 y .1 1 z·. 1 1 

Pelz = -Pel Yl sinAi + Pelz I cos Ai; 

where 

.and 

cos A. 
1 

cos fli 

sin fl· 1 

= y., sin A.. .. 
1 1 

a. 
1 = 

sin A. I 

1 
f3. 

l 
= sin A. 

1 

2 
1 -cos A. 

1 

0 when (a., f3., y.) are direction cosines of 
l 1 1 

iT • 

Similarly, for Pe2x' Pe2y' PG2z: 

Compute: 

Note: 

P 
= Jp 2 + p 2 + p . . 2 

e1 "-l G1x . e1 y elz 

If cos A .. = ± l, then take: 
1 

miTo •. , 
-2- sin e"'• sin v = +·p . 

lx' 

::< 
sine 

1 to< 
Pelz = ± 2 (Ei cos e +p.)=±p. I' 

l .L z 
and repeat: these three equations for Pez· 
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. B.· Gamma--Ray Conversion 

Input: 

From Sec. A.above, the. momentum and. its_ components .a·re 'known for 
each :Y ray. · 

.... 

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

Calculations: 

Co~pute d~rection.cosines for yl: 

PGly
~ - . 
1- Pel 

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 PO PATH. 

FLP = POPAT~ (z 1, z2, R, a. 1, ~ 1 • y1, xD' _Yn• zD' 

where 

z1 = 2, 

z2 -· 23, 

R = 13, 

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

. 4 
Compute the mean. conversion. length, . in centimeters: 

FLAMG = 5.1448 + 135·
6

·
7 38 

. p 
.. ···Gl 

1292.6~91 + 5508.5681 
3 

. (PGi) . (pG·l) 

Select a conversion _d,istanc.e ~ccording to an exponential distribution: 

FLGAM = ~(FLAMG) (loge fl.), 

where fl. is a random number,- such that 0 <fl.< 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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t., . 

Selectiqn .. ofcp-:acc_o:t.d.irig to S:ec,.JI-:A."-"2jSelectio,n,of <j>), Sp.b:J?outine FOFPHI: 
. • • : , .... : . . r : :· • . ; . . . ~ , . • . , . . . . . , . 

This .is a direct iptegration problem.· Define 

. •.- cj> : . · .. ' . ·.. . ' 1T 

H(x) = H(cos <I>) = fo .fd<l> - R(r) j
0 

fd<j>, .· '• 

where R(r) is equal to a number produced by the rand~{n~:riumher'gen.erator, 
and f(<jl) is as in Eq.-_ (18). 

_. / 2 2 3/2.~ -cos<j> 
H(cos <j>) - dA da A b(a - 1) 2 2 · 2 1/2 

a (a - cos <j>·) · 

( 
. . 

2 3 2 
,(2 +a ) cos <!> - 3a cos<!>·)· 

·3 A( 2 2,~..)3/2. 
a a - cos 't' 

+ CAPFL -2R(r) CAPFL, 

,, . 2 . 2 '2 2 . 3 4. 
where CAPFL = DA/da A (a - b

3 
)b a+ 2/3 (A b ) ' 

a 

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

H(x) -is a. l'l'lOnotonically increasing function as. x goes from + 1 tn -1, 
since f(<j>) ,.> ,0, and 0 ~ <j> ~ 1T. · The s1,1?ro~tine t?en splyes the equation 

x 2H(x 1 ) -: ,x1 H(xz)· 
X= 

H(x
1
)-H(x

2
) 

by iteration until I H(x) I < 0. 0.0.1 F ' .. , . Where F' . = R(r) hn fd<j> = ZR (r) · CAPFL; 

and where H(x 1 ) > 0 and _H(x
2

) < a·; 'each -successive value of x replacing 

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

if H(x) < 0. 

The 'outp~tis' PHI = areas (xf ... FOFPH_T.·= 0,, if' X is found within 
50 iterations; otherwise FOFPHT = 1. 

.·.· ;· .. 
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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 709 
without alteration,. to produce a version which can be run on the 709 (except 
for the main "supe.r" program --see Appendix). · 

All subroutines are included in the binary deck, including FORTRAN 
1-0 subroutines and FORTRAN square root, log, arctan, exponential, sine, 
and cosine subroutines. 

This program requires a minimum core size of 177.77 8 locations 
(8192 10 ). 

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 inust be set prior to executing subroutine PSPDST. · The constants 
are FM, FMl, FM2, and FM3 respectively,. and. all are located in FORTRAN 
comm.on. · Tht: values for the unit direction cosines of. the primary, and the 
coordinates _of the primary and momentum of.the primary, must also be set 
in. the- main "program.·. These are the constants ALFP, BE:T.P, CAMP, 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· rn.aximum nurriber 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(p1 ) and the 
function; F(p 1). must .all be fixed in.the 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 invdlved 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 f 1, then. subroutine LBTRAN 
.is not executed. 
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(3) If PIDCAT = 0, then .subroutine PIDAY is not executed .. This is 
. the .subroutine which makes the TTO-decay and: gamma~conversion calculations. 
If PIDCAT = ·17· then subroutine PIDCA Y .is ·executed, using results from the 
original c. m. s.· (i.e., directly from subroutine PSPDST). · If PIDCAT = 2, 
then subroutine PIDCA Y is. executed, using result~ 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 = J, 
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 l>lcul.iug base value in RANF for the next 
PSPDST run. The card .containing this. nun~ber must be the physical. first 
card after the binary· deck tr-ansition 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 
g.iven. tr.ial, was used to punch data for a special limited experiment, by 
Dr.· John· Kad_yk. 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. 



Item 

1 

2 

3 

4 

5 

.6 

7 

8 

9 

JO 

ll 

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 

.. 

266 

52 

204 

131 

577 

410 

33 

115 

177 

544 

See Item (19) 

315 

22 

673 

133-

76 

317 

1005 

34 
(G5 LC 
RA,NF) 

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'--2 (Selection of <j>), and 
also Sec. V (Method): · 

See Sec. IV -B (Gamma-Ray Conversion). 
U~es subroutine POPATH. 

For two random nmnbers, pg. 11, PROCEDURE 
• I 

FQr three random, .as on pg. 15. 

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

See Sec. III (Lorentz Transformation 
to the L~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 -)'1 + y2). 
Also uses subroutine GAMCNV. 

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

.See Eq. (17). 

Calculates potential path from a point 
to the edge ·of fiduc.ial volumen. 

Main body of 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. 



·Item 

21 

22 

23 

24 
25 

Subroutine 

RANSTR 

RNORNT 

STORAN 

SUPER 

ZML 
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No. octal 
Locations 

47 

105 

See Item 19 

131 

104 

References 

Punches current RAN base element 
for subsequent uses. Uses STORAN. 
See Sec. Vll-b-4; · 

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

See Appendix (Subroutine ZML). 

See Appen\iix (Subroutine. ZML). 

B. Li::;L uf FORTRAN LibrarySubnoutincs Uocd by the Progra.m 

I 

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 t>Q.K.'l' (25) 

8 (CSH) (211) 

9 (FIL) (See item 1 0) 

10 (IOH) I (1612) 

ll (IOH) 0 (see item l 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), GM.CNVT (gamma-conversion te.st), 
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 
th.e first two words of the next card in sequence are read into. INl and IN2. 
If INl .is zero and IN2 is nonzero, then. the contents of IN2 are stored in the 
locatl.on .indicated by the instruction DOWN. The value of DOWN is .irlcreased 
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 wo.rds of each 
card. are expected to be bin.ary. -,_ 

In the main program, Z'ML 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 PDTPUl\T are 
desired.· The last card read by ZML contains a nonzero first word and a 
TRA 1, 4 (002000400 001) inthe second. word, thus returning control.to the 
main program. 

:I:.,. ··-



PRINT 

"Failure in COFP" 

I, NSCSFL/1 

FOFPHI 

Args (A, a, 

dA/da, P 1).• 

Returns (PHI, 

Fig. 5. 

SUBROUTINE 
PMAX 

Returns (PMX) 

CALCULATE 

GOFPT = 
GOFP 1-

(ETA • GMX) 

SUBROUTINE. 
MOMANG· 

Args (PHI, A, a) 

SUBROL<TINE 
GOFP 

Args (M
2

, M
3

, P
1

, a) 

Returns : G(P
1

)) 

= GOFP 1 

.PR.INT 

PI' Pz, p3' 

THETAIZ' THETA13 , 

THET AZl' PHI 

SUBROUTINE 
LBTRAN 

Print a its own 

data results 

SUBROUTINE 
PIDCAY 

Prints its own 

data results 

SUBROUTIN~ 
CAPSMA -. 

Returns (A, a, 

CALCULATE 

p =XI • ETI! I . 

4UBROUTINE 
.RNORNT 

Arga (Cos LAMBDA, 

LAMBDF). 

PRIN:r. 

X, \: Z Component& 

o..: P 1, Pz, P 3 

Flow diagram for subroutine PSPDST •. 

SUBROUTINE 
GENPR 

Returns (XI, ETA) 

MUB-707 

I 
N 
-.o 



8. \ CALCULATE 

ENTRy ,~---~ '-E-L -¥_= p-L 2_+_m__.2 ~ 

CALCULATE 

y = EL/m 

yj3 = Pdm 

GAMMN I = (y - I) 

CALCULATE 

Momenta components of the 3 
secondaries according to 

the formulae s 

piLx = STOP (i) X PLa +pix 

PiLy = STOP (i) X PLI3 + Piy 

PiLz = STOP (i) X PLy"+ Piz 

i = I, 3 

CALCULATE 

Momenta of secondaries: 

1..-

CALCULATE 

STOP (i) = (y -I) X Pi • Up 

+ yj3 X Ei 

CALCULATE 

Energies of secondaries 

ELi= -JPiL
2 

= mi
2 

i = I, 3 

CALCULATE 

Direction cosines of the 3 
se.CondarieS according to 

the formulas: 

P. = P. X PL" i = I, 3 

pipx = pix X PLa ) 

>PY 1Y " 

. pipz = piz X PLy 

CALCULATE 

Primary momenta 
components: 

PLx= PLXPLa 

PLy= PL X PLI3 

PLz = PL X PLy 

( RETURN 

... 

CALCULATE 

Pi. uP= 

piLx + piLy + piLz 

PRINT 

p L' PLx' PLy' PLz' EL' 

. PIL' p!Lx' p!Ly' p!Lz' 

ELI' ml' p2L' p2Lx' 

p2Ly' p2Lz' EL2' m2' 

p3L' PJLx' p3Ly' p3Lz' 

EL3' m3 

MUB-708 

Fig. 6. Flow diagram for subroutine LBTRAN. 

" 

I 
w 
0 
I 

c 
(') 

~ 
~ 
I 

.-.a 
. 0' -~ 



Iterate through I 10 

for i = 1, 3 

Iterate through 120· 

fori= 1,3 

PRINT 

PI. decay 

from 

lab system 

(See next page) 

EPI =ELi 

PPI = PiL 

EPI =E. 
1 

PRINT 

PI decay 

from c.m. s. 

MUB-709 

Fig. 7a. Flow diagram for subro'litine PIDCA Y: first part. 

I 
w ..... 
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CALCULATE 

STO 1 = RAN (x) 

102 \--.. -ol Cos 9 = 2 X STO 1 - 1 

Sin 8 ~ - cos
2

6 

'CALCULATE 

p ylx = p~lx sin 1.1 

+ P'yly cos kcos 1.1 

t P' ylz sin k cos 1.1 

pyly,=- pt ylx COB 1.1 

+ P' yly cos k sin 1.1 

+ P'ylz sin X. sin 1.1 

pylz =- P' yly sin>.. 

t P'ylz COB). 

t 
CALCULATE 

p )'Zx = P~zx sin 1.1 

t P' yZy cos A cos 1.1 

+ P' yZz sin >.. cos 1.1 -

p yZy = - P' yZx cos 1.1 

+ P' yZy cos >..sin J..L 

+ P 1 yZz sin >.. sin 1.1 

p yZz = - P' yZy sin·>.. 

+ P' yZz cos k 

CALCULATE 
1 

p vJ = (P 2 + p 2 + p 2) 'Z 
, ylx yly ylz 

1 

pv2=(Pv2~2+P 2+P 2)7 
, , ~ ~2y ~2z 

' PRINT 

p~l' pylx' p~ly' Po 
~ .. 

P~2' p~2x' p~2y' p~2z 

CALCULATE 

STO 1 = RAN (x) 

v = Zn X STO 1 

COSNU = Cos v 

SINNU ¥ -COS
2

NU 

STO 1 = Sin 9 X Sll"NU 

STO 2 = Sin 9 X COSNU 

CALCULATE 

p y:x = P' ylx 

p yl.y = P' yly 

~yJz = P' ylz 

py~x = P' yZx 

p y't:.y:;: pt yZy 

p ~i,z = po ~2z 

SUBROUTINE 
GAMO:NV 

CALCULATE 

po ~lx = m/2 o STO 1 

P'~ly =- m/2 ° ST02 

P' 
0 

= ~ (STO 3 + PP:) ylz c. 

P' yZx = - p~lx 

P' ~2y = - pl~ly 

P' = ~(-ST03+Pll'l) 
yZz c. 

CAV:ULATE 

p ylx = P' yix 

Pyly =- P'yiy 

P yl z = - P' yh:; 

Pyzx = P' yZx 

pyZy =- P' yZ'i 

p yZz = - P' yZz 

/YES 8 
Tests if y':s randomly 1-•-C"'~COMP =·l 8 

1-d•e•c•a•y•w•i•th•i•~•f•i•du•c•i•a•l--· t•N•0 ....... -4
0 

120 volume .of the chamber. 

Fig. 7b. Flow diagram for subroutine PIDCA Y: coonclusion. 

MUB-70£ 
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C THIS L§ THE M~JNtSUPERI PROGRAM CA~LING SUBROUTINE PSPDSTt 
c 

COMMON Nl.2. t ~B T RN- oALFPP t_~t;_T_I"_P_t(i.~~~~!£"_1,~ t_f::'~-~-! P.3J'.!.f.f::! t f!'ll~£.N_'1!.f_M,_;3ute!:P..Al.!.t ____ _ 
lP2tP3tTHT~l2tTHT~l3tTHTA23tEtPlLPtPzLPtP3LPtALFPtBETPoGANPtPLt 
zP !DCA T •PDTPNT t P ll oPzL oP3L t Ell•E~2 t.fL3 tGMCNVT tPC00RD oPe: l. X t·PGl Y tP·:H Z 
3 tPG2X oPGz': t PG2Z t P.!GAMlt PI GAM2 t FLGAMlt F~GAM2 t I PTTYP t !Pli<EN tXCOORD t 
~YC00RDtZC00RDoGD!STtP1UtPlUPoP2UtP2UPtP3UtP3UPtGlUXtGJUY•GlUZtG2UX 
!;oG2UYtG2U;i; 

DIMENSION A~FPPC3)tBETPPI3ltGAMPPI3ltPlPI3ltP2PI3)tP3FI3: tPlLPI3lt 
--------l,..;P"'z;.,L,.:;P~c"'3~, , P3I"PTfi>tT3ToPCoo'Ro hlo!P'fi'YF>Ts·;· ;i-PTRfMTBioxcooR·ors ,-; ·v-coo_R __ 

2DI8ltZCOOP.DI8ltGDJSTI8ltPlUI3ltPlUPI3loP2UI3ltP2UP(3)oP3UI3ltP3UP 
3(3) . 

CALL R~NLOD 
NZZ=6 
LBTRNT=l 
FM=494o00CJ 
FMlal05o6e.O 
FM2al3~ • OCO 
FM3a0o 
GMX.,44a4E08 
ND100 

--------,.rs-ccro"'o,----
NFAI~=lo 
FlaOolO 
F2=0.-10 
ALFPaOo 
BETPale GARPDOO _______ _ 

PCOORDCll=OoOOOO 
PCOORDI2l=Oo0000 
PCOORDI3lal2o!;OO 
PLa494oOOo,) 
CALL ZML 

------~Tee PSPD~IfUMXt~tNSCoNFAI,tfltf21 

END FILE NZZ 
REWIND NZ.!. 
CALL RAN5rR 
STOP 

----- ---------·--

_______ END I 0 tlt Jo,_O...;t_O...;l ______________________________________ _ 



STORAGE FOR VARIABLES .1\PPEARI-NG !,.!:! ~ SENTENCES 

DEC OCT DEC OCT DEC OCT DEC OCT DEC OCT 
------ll'TTY'P--3'2li'941'n5D-·---lPTREM"32486 77346_ .. _____ ... GMCNVT '"32508 77374--·--mn-sr-~245-4--r730z:6-----.G""A"'M"'P"'3.;;2~5.;:.18..--7..,7rr4o-r-

GAMPP 32554 77452 G2UZ 32423 77247 G2UY 32424 77250 G2UX 32425 77251 G1UZ 32426 77252 
G1UY 32427 77253 GlUX 32428 77254 FM 32542 77436 FM3 32539 77433 FM2 32540 77434 

FMl 32541 71435 FLGAM2 32495 77357 FLGAM1 32496 77360 E 32532 71424 EL3 32509 77375 
EL2 32510 77376 ELl 32511 77377 BETP 32519 77407 BETPP 32557 77455 ALFP '2·2520 77410 

ALFPP 32560 77460 LBTRNT 32561 77461 N~Z 32562 77~62 PlLP 32529 77421 PlL.3i514 77402 
-------:-·J:S1P 3Z551 77447· ..... -. i>'i ·ns'3a···rt432 ___ .. -- ----pf'Ji>--32'443-·77<'73 i>iU 32446 77276 P2L~ 32526 77416 

P2L 32513·77401 'P2P· 32548 774~4 P2 32537 77~31 P2UP 32437 77265 P~U 32440 77270 
P3LP 32523 77413 P3L 32512 77400 P3P 32545 77~41 P3 32536 77430 P3UP 32431 77257 

P3U 32434 77262 PCOORD 32507 77373 PDTPNT 32515 77~03 PGlX 32504 77370 PGlY 32503 77367 
PGlZ 32502 77366 PG2X' 32501 77365 PG2Y 32500 77364 PG2l 32499 77363 PIDCAT 32516 77404 

PlGAMl 32498 77362 PIGAM2 32497 7~361 PL 32517 77405 THTA12 32535 77427 THTA13 32534 77426 
-----.T,.:;H.TA23 .. '32_5_33 ___ 7'f4i5·--·--··-xcooR'o-3247a-77:336 ___ .. __ vccfo'Ro 3247'if-i73'2'6 _______ .. z.cooRo--324&2:-:7::7:-:3c:l~6---.!..!.!..:..='-"-~"""C!..-..!...!..::!..!C"----

sToRAGE NOT USED .BY PROGkAM 

DEC . OCT DEC OCT 
88 00130 32422 77246 --------------·--·-·····--- --·- ·- .. ··--------------------------------- ..... ------ -···. ------------ ...... ··--·. 

· LOCATIONS Qf NAMES !!! TRANSFER VECTOR 

DEC OCT DEC OCT DEC O·:T DEC OCT DEC OCT 
PSPDST 1 00001 RANLOD 3 00003 RANSTR 0 00~00 ZML 2 00002 

-----.... ----·--··-~"COCATTONS -.E.Q!!--VARlAB-LES'-N'OT""APPD\Rli'H;-·lN-omEN"SrO"NtE<mlifACEN"tralr"~ SENTE.NCES 

DEC OCT DEC OCT DEC OCT DEC OCT DEC OCT 
GMX 87 00127 F2 86 00126 Fl 85 00125 NFAlL 84 00124 N 83 00123 
NSC 82 00122 

--------------·---....... ______ ..J;< ___ STORAGE"l:D'CATIONS-·FOR'""'SYf.IB'Ol:S"_-@1' ·-APPE'jffiTNm--:Wlli£t~mJ;:&"'EP~R[QO!YRRA£i:Mtr-----------------

DEC· OCT DEC OCT DEC C•CT DEC OCT DEC OCT 
21 64 00100 3) 69 00105 6) 77 0(•115 

SUBROUTINES NOT PUNCHED _FROM LIBRARY 
---t<ANLOo--·--- ·-· .. _.--· ··-zML-·-----P'SP"OSr----·R~l'fSTr =-----------------------

I 
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SUBROUTINE ABG:MPCALF~PtBETPPtGAMPPtCOSLAMtFMlitLAMBDFtALFtBET•GAMI 
DIM~NSION ALFPPC31•BEfPPC3ltGAMPPC31tALFI31tBETI3ltGAMI31 
IF CLAMBDFI 20ltl00t2JO 

100 IFCCOSLAMI l1St200t105 
lOS DO !10 1=1t3 

ALFC I I=ALFPPC II 
BETC I I=BETPPC II 
GAM (I I =GAMPP I I I 

110 CONTINUE 
GO TO 1000 

115 DO 120 l=lt3 
ALFC ll=ALFPPIII 
BETCII=-BET~PCII 
GAMIII=-GAMPPCII 

120 CONTINUE 
GO TO 11'100 

?.00 STOl=SINFCFMUI 
STOZ=COSFCFMU) 
ST03cSORTF C 1, -•:OSLAM*•:OSLAM I 
ST04•COSLAM . 
STOS•ST02*ST04 
ST06•STO!*ST03 
ST07cSTOl*ST04 
ST08=ST02*ST03 
DO 7.10 l=lt'3 
ALFC ll=ALFPP!II~ST0!+3ETPP! ll*ST05+GAMPPCI!*ST08 
BETIII=-ALFPPCII*ST02+BETPPCII*ST07+GAMPPIII*ST06 
GAMCII=-BETPPI II*ST03+GAMPPCI.l*ST04 

210 CONTINUE 
1000 DO 1010 Jc1t3 

ALFPPIJI=ALFCJt 
BETPPCJI=BETIJt 
GAMPPIJI=GAMCJt 

1010 CONTINUE 
RETURN 
END 10t1t0t0o•Jt 

I 
w 
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EXTERNAL _FORMULA NUMBERS WITH CORRESPONDING INTERNAL FORMULA NUMBERS AND OCTAL LOCATIONS 

EFN IFN LOC IOFN IFN LOC EFN IFN LOC EFN IFN LOC EFN IFN Lvt 
100 4 00100 105 5 00104 110 9 00 ll3 115 11 00ll6 120 15 00125 
zoo 17 00130 210 29 00222 1000 30 00224 1010 34 00233 

STORA•::iE NOT USED BY PROGRAM 

DEC OCT DEC OCT 
181 00;>65 32562 77462 

!.OCA T IONS Q£ NAMES !J! TRANSFER VEcTOR 

DEC OCT DEC OCT DEC OCT DEC OCT DEC OCT 
cos 00001 SiN 2 00002 SORT 0 00000 

~TORAGE LOCATIONS FOR VAKIAI:!LES NOT AI>PEARING iN DIMENSIONtEOUIVALENCE ~ COMMON StNH.NCES 

DEC . OCT DEC OCT DEC OCT DEC OCT DEC OCT 
ST01 180 00264 ST02 179 00263 ST03 178 00262 ST04 177 00261 ST05 176 00260. I 
ST06 175 oJ0257 ST07 174 0025!) ST08 173 00255 ~ 

0' 
STORAGE LOCATIONS FOR SYMBOLS" NOT APPEARING .!!i SOURCE PROGRAM I 

DEC OCT DEC OCT DEC OCT DEC OCT DEC OCT 
91 169 00251 11 170 00252 2 I 161 00241 3 I 163 00243 61 164 00244 

SUBROUTINES NOT PUNCHED FROM LIBRARY 
SIN cos SORT 

-· 



FUNCTION ARCOSICOSXtS!NX) 
ARCOSaATANFIS!NX/cOSX) 
IF IARCOSl 1•2•2 

1 ARCOSsARC05+3o1415926536 
2 ARCOS•ARCOS+O. 

RETURN 
END 10t1t0t0t0) 



FM 
XX 

SQRT 

ST01 
ST06 

11 

SORT 

SUBROUTINE CAPSMAICAPAoSMAoDCPDSMI 
COMMON XXoFMoFM1•FM2tFM3oP1 
DIMENSION XXI201 
ST06cPl*Pl 
ST08•FM2*FM2 
ST09•FM3*FM3 
SMA•FM-SQRTFIST06+FM1*FM11 
ST07•SMA*SMA 
ST01•ST07-ST06 
ST02•ST08+ST09 
ST03•ST01-ST02 
ST04•ST08*ST09*4o 
ST05•SQRTFIST03*ST03-ST041*o5 
CAPA•ISMA*ST051/ST01. 
ST04•ST01*ST01*ST01 
ST04•ST04+2o*ST06•ST01*ST02 
ST03•1ST08-ST091*1ST08-ST091 
DCPDSM•IST04-IST07+ST061*ST031/IST05•4o*IST0l*ST0111 
RETURN 
END IOoloOoOoOI 

STORAGE FOR VARIABLES APPEARING IN COMMON 5ENTENCES 

DEC OCT DEC OCT DEC OCT 
32542 77436 FM3 32539 77433 FM2 32540 17434 
32562 77462 

STORAGE tiQI. YllQ a! PROyRIIM 

DEC OCT DEC OCT 
128 00200 32537 77431 

LOCATIONS Qf NAMES ~ TRANSFER VECTOR 

DEC OCT DEC OCT DEC OCT 
0 00000 

DEC OCT 
FMl 32541. 77435 

DEC OCT 

STORAGE LOCATIONS FOR VARIABLES NOT APPEARING ~ DIME~SIONoEOU!VALENCE OR COMMON 

DEC OCT DEC o-::T DEC •JCT DEC OCT 
127 00177 ST02 126 00176 ST03 125 O:l175 ST04 124 00174 
122 00172 ST07 121 00171 STOS 120 0-:>170 ST09 119 00167 

STORAGE LOCATIONS FOR SYMBOLS NOT APPE.~R I NG IN SOURCE PROGRAM 

DEC OCT DEC OCT DEC OCT DEC OCT 
115 00163 31 106 00152 6 I 109 00155 71 114 00162 

SUBROUTINES NOT PUNCHED FROM LIBRARY 

I 
w 
00 
I 

DEC OCT 
P1 32538 77432 

·DEC OCT 

SEN11ENCES 

DEC OCT 
ST05 123 00173 

c::: 
() 

DEC OCT l:tl 
~ 
I 

-.D 
0' .... 
~ 



cos 

SUBROUTINE CRDPPITHTA12tTHTA13t~NUtALFPPoBETPPtGAMPPI 
DIMENSION ALFPPI31tBETPPI31tGAM~P(31 
ALFPPI11=0o . 
BETPPI11=0o 
GAMPPI11•1o 
ST01•COSFIFNUI 
ST02•SINFIFNUI 
ST0-•SINFITHTA121 
ST06=SINFITHTA131 
ALFPPC21=-ST04*ST02 
ALFPP131=ST06*ST02 
BETPP121•ST04*ST01 
BETPP131=-ST06*ST01 
GAMPPI2JsCOSFITHTA121 
GAMPPI31•COSFITHTA131 
RETURN 
END IOthOtOtOI 

HORI\GE NOT USED ~ PROGRAM 

DEC OCT DEC OCT 
89 00131 32!>62 77462 

LOCAT I C•NS OF "AMES IN TRANSFER VECTOR 

DEC ocT DEC ocr DEC ocr 
1 00001 SIN 0 00000 

D£C ocr 

STORAGE LOCATIONS FOR VARlA~LES NOT APPEARING lN DlMENSlONtEOUlVALENCE OR QOMMON 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 LOCA Tl ONS FOR SYMBOLS NOT APPEARING !!:! SOURCE PROGRM-1 

31 
DEC OCT 

77 00115 61 
DEC OCT 

79 00117 
DEC OCT 

DEC OCT 

DEC ocr 

DEC OCT 



,.--------------------

SUBROUTINE FOFPHIICAPAiSMAtDCPDSMtPH!tFOFPHTtBI 
AtTCHFIZiaDCPDSM*CAPA**2*B**2*A<**1o5*1-Z/(ALFA**2*1ALFA**2-Z**21* 

X*o5ll+CAPA**3.5MA*B*B*AC**lo5/AA*II2o+ALFA**2l*Z**3-3o*ALFA**2*ZI/ 
Xl3o*ALFA**4*1ALFA**2-Z**21**lo51+CAPFL-FPRtME 

AAaSMA**2-B**2 
CAPFLaCOCPDSM*CAPA**2*AA*B**2*SMA+I2o/3oi*CAPA**3*B**41/SMA**3 
ALFA•SMA/B 
AC,.ALFA**2-lo 
NBOX=O. 
FOFPHT=Oo 
FPRIME=RANFI1ol*2o*CAPFL 
Zl=AITCHFI-lol 
Z2cAITCHFI Ool 
Z3•AITCHFilol 
ERROR•FPRIME*o001 
IFIAITCHFI0oll10ol6o11 

10 X 1=-lo 
X2=0o 
GO TO 12 

11 X1c0, 
X2•1• 

12 X•IX2*AJTCHFIX11-Xl*AITCHFIX21li(AIT,HFIX11-AITCHFIX211 
Y•AITCH.FIXI 
NB0XaNBOX+1 
JFINBOX-50118t18tl9 

18 IFIABSFIYI-ERRORI17tl3tl3 
13 IFIYI14tl7t15 
14 X2•X 

GO TO 12 
15 Xl•X 

GO TO 12 
16 PHJ•3o1415926,.12o 

GO TO 20 
17 PHI•ARCOSCX•SQRTFCle-X .. z•• 

GO TO 20 
19 FOFPHT•-lo 
20 RETURN 

ENO CO•h0•0•0 I 

I 
~ 
0 
I 



NAMES~ ARlTHMETIC STATEMENT FUNCTIONS WITH CORRESPONDING INTERNAL FORMULA i'IUMSERS AND OCTAL LOCATIONS 

IFN LOC IFN LOC IFN LOC IFi-4 LOC IFN LOC 
AITCH 2 00355 

EXTERNAL FORMULA NUMBERS WITH CDR~SPONOJNG INTERNAL FORMULA NUMBERS ANO O:::TAL LOCATIONS 

EFN IFN LOC EFN IFN LOC EFN IFN LOC EFN IFH LOC Ef'N IFN LOC 
10 15 00220 11 18 00225 12 20 00231 18 ~4 :10266 l3 2~ 00214 
14 26 00277 . 15 28 00302 16 30 00305 17 n :10311 17 33 0031l 
19 35 0032 .. 20 36. 00326 

STOBA!:iE .t:m Y..ill! a! PR0!2RAM 

DEC OCT DEC ::>cT 
382 00576 32562 77462 

LOCA T 1 OHS 2f Ntlo!ES JN TRANSFER VECTOR 

Oi::C OCT DEC JCT DEC OCT DEC OCT DEC OCT 
EXPC3 3 00003 ARCOS 1 00001 RAN 2 00002 SORT 0 :10000 

STORAGE LOCATIONS FOR VARIABLES !!Q.!' APPEARING IN DIMENSIONeEOUIVALENCE OR CO-~MON SENTENCES 
I 

DEC OCT DEC JCT DEC OCT DEC OCT DEC OCT ~ 
FPRIME 381 00575 ERROR 380 OJ574 <:APFL 379 00573 ALFA 3'P8 •)0572 AC 31'T 00511 .... 

AA 376 00570 NBOX 375 OJ567 Xl 374 00566 X2 3"3 M565 X 3T2 00564 I 
y 371 00563 Zl 370 0:>562 Z2 369 00561 Z3 368 ·)0560 

STORAGE LOCATIJNS FOR SYMBOLS NOT APPEARING ~SOURCE PROGRAM 

DEC OCT DEC ·JCT DEC OCT DEC OCT DEC OCT 
11 361 00551 111 342 OJ526 21 218 00332 31 2:!4 •)0340 4-) 1 341 00525 
61 232 00350 7 I 340 0Zl524 

SU;jROUT 11'£S NOT _PUNCHED FROM LIBRARY 
EXPC3 RAN ARCOS SORT 



SUBROUTINE GAMCNV 
COMMON NZZtXX•GMCNVTtPC00RDtPGlX•~~!Y•PG1Z•PG2X•PG2Y•PGZZ•PlGAMl• 
1PlGAM2•F~GAM1•F~GAM2 

OIMENlilOtl XXIIi:ilti'CooO~DI3l ------·-·-·--·----·--·--·--···-···--------
.A~F1=PG1X/PlGAM1 
BET1=PG1Y/PlGAM1 
GAM1=PG1Z/PlGAM1 
A~F2=PG2X/PIGAM2 
BET2=PG2Y/PIGAM2 
G•MaaPGa&/PIG~Ma 

GMCNVTaOo 
F~AMG1=5o1448+135o6738/PIGAM1-1Z92o6491/IPIGAM1*PIGAM11+5508o5691/ 

11PlGAM1*PIGAM1*PIGAM11 . 
F~AMG2=5o1448+135o6738/PIGAM2-1Z92o6491/IPIGAM2*PIGAM21+5508•5691/ 

11PIGAM2*PlGAM2*PlGAM21 
FI,J'l-POIIAHH 2o •23o tlh ti\~Fltilfl:tGAMltPCO'ORDI 1 l •PC00ROI2 l •PGOOR;>------

.1 1.311 
IF IF~P11 15•100t15 

15 F~P2=POPATHI2ot23otl3otA~f2t~ETZtGAM2tPCOORDI11tPCOORDI21•PCOOR~ 
11311 

IF IF~P21 30•100t30 
3° 5TOl-R~NfiR•NOMYl 

ST02=RANFIRANDMYI 
F~GAM1=-F~AMG1*~0GFIST011 
F~GAM2=-F~AMG2*LOGFiST021 
IF IF~GAM1-F~P11 50•40•40 

60 IF IF~GAM2-F~P21 80•70•70 
uu lfJRITE ourpur TAPE NZZe?OOn 

GO TO 60 
SQ WRITE OUTPUT TAPE NZZt200l•F~GANl 

GMCNVT=1• 
GO TO 60 

70 WRITE· OUTPUT TAPE NZZt2002 
Go ·To· oo 

80 WRITE OUTPUT TAPE NZZt2003•F~GAM2 
GMCNVT•GMCNVT+2o 

100 RETURN 

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

2000 FORMATI1H t28X•21HN0o 
2001 FORMATI1H t28Xt15HN0o 

----~2~0~0~7~FQRMA1JlH+t63Xt2lHN0o 

1• NO CON~ERSIONol 

-2003 FORMATI1H+t63X•1SHN0o 
END IOtlt0•0•0 i 

1 CONVERTS• 2X•F9e4•3HCMol 
2t NO cONYERSIONel 
2 CONVERTS• 2X.tF9o4t3HCMa) 

I .... 
N 
I 



STORAGE FOR VARIA~LES APPEARING IN ~SENTENCES 

DEC QCI _..QEC ... __ O_CI__ ____________ .IlEC:__OCI DEC !:H:I DE~ OCT 
GMCNIIT 32508 77374 FLGAM2 32495 77357 FLGAMl 32496 77360 NZZ 32562 77462 PCOORD 32507 77373 

PG1X 32:>04 77370 PG1Y 32503 77367 PG1Z 32502 77366 PG2X 3.2501 77365 PG2Y 32500 77364 
PG2Z 32499 77363 P1GAM1 32496 773&2 PIGAM2 324~7 77361 XX 3256! 77461 

EXTEKNAL FORMULA NUi~Bt:RS 1JITH CORnESPONDING INTERNAL FORMULA NUMBERS ~ ~ LOCATION§ 
-· 

EFN IFN LOC EFN IFN LOC EFN IFN LOC EFN IFN LOC EFN IFN LOC 
15 16 00134 15 17 00134 30 19 00151 60 2~ 00202 40 25 00207 
40 27 00220 50 . 29· 00223 50 32 00237 70 35 00244 70 37 00255 
110 39 0Li260 80. 42 00274 100 44 00301 2000 4~ 00000 2001 47 00000 

2002 48 00000 . 2003. 49 OOO·JO 

STORAGE NOT USED BY PROGRAM 
_, 

DEC OCT DEC OCT 
257 00401 32494 773S6 

L.O!j;ATIONS OF N8MES IN TRANSFER VECTOR 

DEC OCT DEC OCT DEC OCT DEC ocr DEC OCT 
LOG 4 00004 POPATH 6 00006 RAN 5 00005 C FILl •) 00000 l!OHIO 2 00002 

I LEVi 3 00003 CSTHI 1 00001 I 
~ 

s.IQI:l.AG.L.l.QC.All ONS FOR YARIA:lLES 1'i2:I APPEARING IN DIMEN~iQNt&£YIVALENCE OR ·-OMMON SENTE~CES IN 
I· 

DC:::C OCT DEC• QCI DEC ocr DEC OCT DEC OCT 
GAM2 256 00400 GAMl. 255 00377 FLP2 254 00376 FLP1 25~ 00375 FLAMG2 252 00374 

FLAMGl 251 00373 BEI2. 250 00372 BEll 249 00371 ALF2 24-3 00370 ALFl 247 00367 
RANOMY 246 00366 ST01· 245 00365 ST02 244 00364 

STORAGE L.OCAriONS F~K ~~-APPEARING ~ SOURCE PROGRAM 

DEC OCT DEC OCT DEC ._OCT OEC ocr DEC OCT 
811UJ 217 00331 811UI 223 00337 SllUH 230 00346 811UG 23o 00354 11 238 00356 
31 197 00305 61 206 00316 71 237 00355 

-------
SU!;}ROUTll\ES NOT PUNCHED FROM LIBRARY 

POPATH RAN LOG CLE'II CIOHIO CSTHI IFILl 

------------- ------------ --------------- ·----------'--------------



SUBROUTINE GENPRCXItETAI 
XI•RANFCRANDMYI 
ETA,.RANFCRANDMYI 
RETURN 
END COthOtOtOI 

DEC OCT 
27 OU033 

OtiC OCT 
RAN 0 00000 

STORAGE NOT USED ft! PROGRAM 

DEC OCT 
32562 77~2 

LOCATIONS ~ NAMES .!!! TRANSFE"P. VECTOR 

DEC OCT DEC OCT DEC OCT 

STORAGE LOCATIONS~ VARIABLES NOT APPEARING ~ D!MENSIONtEOUIVALENCE OR COMMON SENTENCES 

DEC OCT DEC OCT DEC OCT DEC OCT 
RANDMY 26.00032 

61 

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 

I· 
~ 
~ 
I 



SUBROUTINE GENTRPCCOSLAMoFMUeFNUeLAMBDFI 
ST01aRANFIRA~OMYI 
ST02•RANFCRANOMY) 
ST03aRANFIRANDMY! 
FNUo6o28318S3*ST01 
FMU=6o28310S~•ST02 

COSLAMa2o*ST03-lo 
30 SINLAMoSQRTFilo-cOSLAM*COSLAMI 

IF ICOSLAM-lol 40o200o40 
40 IF ICOSLAM+lol 100t200t100 

100 LAMBDF•l 
110 RETURN 
200 I.AMBDF•O 

GO TO 110 
END IO•lo0•0e01 

EXTERHAL FORMULA NUMBERS WITH CORRESPONDING INTERNAL FORMULA NUMBERS AND OCTAL \.OCATJONS 

EFN lfN LOC EFN IFN LOC EFN IFN LOC EFN IFN LOC EI"N 
30 8 000!)0 40 10 00061 100 11 00064 110 12 00066 200 

STORAGE NOT USED BY PROGRAM 

DEC OCT DEC OCT· 
76 00114 32562 .1T1162 

LOCA Tl OMS OF NAMES IN TRANSFER VECTOR 

D~ OCT D£C o·::T DEC OCT DEC OCT 
RAN 1 00001 SORT 0 00000 

STORAGE LOCATIONS .FOR VARIABLES NOT APPEARING ~ Dt'MENSIONtEOUIVALENCE OR COMI40N SENTENcES 

D£C OCT DEC o::T DEC OCT DEC OCT 
RANOMY n oou3 SINI.AM 74 00112 ST01 .,, 00111 ST02 72 00110 ST;>3 

STORAGE LOCATIO'IIS FOR SYMBOLS NOT APPEARING .!!!_ SOURCE PROGRAM 

DEC OCT DEC O·:T DEC OCT DEt' OCT 
21 61 00075 31 63 00:>77 61 66 00102 

l!!.!i:!~OUT!N~S NOT PUNCHED ~ LIBRARY 
RAN SORT 

JFN 
14 

DEC 

DEC 
Tl 

DEC 

LOC 
00072 

OCT 

OCT 
00107 

OCT 

I 
~ 
U1 
I 



11 

SUBROUTINE GOFPIFM2tFM3tPltSMAtGOFPll 
ST02•1FM2*FM2-FM3*FM31 
ST03•SMA*SMA-Pl*Pl 
STOl•l ST02*ST02) ICST03t>ST03 I 
ST03a2o*IFM2*FM2+FM3*FM3)/CSMA*SMA-P1*P1) 
ST02•lo~ST03+ST01 
ST03•3o*SMA*SMA*Clo-ST011-P1*Pl*ST02 
GOFP1aP1*Pl*CSORTFCST02ii*ST03 
RETURN 
END COohOtOtOI 

STORAGE NOT USED ft! PRQGRAM 

DEC OCT 
127 00177 

DEC OCT 
SORT 0 00000 

I 

DEC OCT 
32562 77462 

LOCATIONS Qf NAMES IN TRANSFER VECTOR 

DEC OCT DEC OCT DEC OCT 

SiORAGE LOCATIONS fQ8 VARIABLES NOT APPEARING ~ D!MENSIONtEOUIVALENCE OR COMMON SENTENCES 

DEC .OCT 
STOl 126 00176 

SORT 

DEC OCT 
120 00170 

DEC OCT 
ST02 125 00175 

DEC OCT 
ST03 124 00174 

DEC OCT 

STORAGE -LOCAfiONS .. FOR ~ NOT AF'PEARING IN SOURCE PROGRAM T·-- -· 

3) 
DEC OCT 

111 00157 6) 
DEC OCT 

114 00162 7) 

SUBROUTINES NOT_ PUNCHED. FROM LIBRARY . 

DEC OCT 
119 00167 

DEC OCT 

DEC OCT 

DEC OCT 

I 
~ 
0' 
I 



c 

SUBROUTINE LBTRAh 
COMMON .~Z.Z.oLLoPlF oP2P oP3P oFMoFMloFM2 oFM3 o'fY·oE oP lLP oP21.•~oP3LPo ALFP o 

lBETPoGAMPoPLoPIOCAToPDTPNTtPlLtP2LoP3LoELloEL2tEL3 
6iMEN~ro~·LLfiOitPlPI3)oPzP(J)oP3PI31t'fYI6)tEI31oP1LP(31oP2LPI3)t 

lP3LPI31 
DIMENSION P!OOTUt31tSTOPI31 

ELmSORTFIPL*PL+F~FMI 
GAM•EL/FM 
GAMBET.,PL/FM 
GAMMNl•GNt-lo 
PlPX•PlPI~l*ALFP 
PlPYaPlPIZ)*BETP 
PlPZ.aPlPili*GAMP 
PZPX•PZP(ll*ALFP 

------~~·- P2PYap·zPC2:)*BETP 
P2PZ•PZPI31*GA~P 
P3PX»P3PilJ*ALFP 
P3PY•P3PI2l*BETP 
P3PZ•P3PI3l*GAMP 
PIDOTUil)o?lPX+PlPY+PlPZ 
PiOOTUizla~2PX+PZPY+P2PZ 
PIOOTUI31•~3PX+P~Y+P3PZ 

00 10 I•le3 
STOPIII•GA~MNl*PIDOTUIIl+GAMBET*Eill 

10 CONTINUE 
PlLP(l)aSTJP(li*ALFP+PlPill 

-·--·--· ·--~ . . .. P2LP ft) aSTJP( 2 )*A1.FP+P2P ( 1) 
P3LP I 11 aSNP( 31*Al.FP+P3P ( 1) 
PlLP(21=SNPili*B£TP+PlPI21 
P2LP 12 I :ST•JP( 21*BETP+P2PI 21 
P3LPI21•SNPI31*B£TP+P3PI21 
PlLPI3)aSNP(li*GoA"-P+PlP(31 
P2LP(31cS0P(21*GoA"-P+PZP131 
P3LPI31•STOPI31*GA~P+P3PI31 
PlL=SORTFI~lLPili*PlLPili+PlLPIZI*PlLPI21+PlLPI31*PlLP'311 
P2L~SORTFI~2LPI11*P2LPI11+P2LPIZI*PZLPI21+P2LPI31*P2LP<311 
P3L•SQRTFI~3LPI11•P3LPI11+P3~PI21*P3LPI21+P3LPI31*P3LPIJII 
ELl=SORTF(=Mt*FMl+PlL*PlLI 

--·-··---·- El2cSQRlFC =M2*FM2+P2L•P2LI 
· ELJ•SQRTF I .=M3*FM3+P3L *P3L I 

PI.XcALFP*P!. 
PLhBETP*P-
PLZ•GAMP*P., 
WRITE OUTP'JT TAPE NZZo2000 

·---··--··-·WRITE OUTPJT TAPE: NZZ o200toPLoPLXoPLY oPLZoELoFihPlLtiPlLP II hi •lt3 
lltELloFMlt~2LtiPZLPIII•I•l•31oEL2oFM2oP3LoiP3LPIIIol•l•31tEL3tFM3 

100 RETURN 
2000 FORMATilH0o38Xo42HLORENTZ TRANSFORMATION TO LABo FROM ~oMt$o) 
2001 FORMATilH0o8HPRIHARY-ollXo2HP=F9o2t2Xo8H PXoYoZ.aF9o2o2(1HtoF9o21o 

12Xo7HENERGYmF9o2o2Xo5HMASS•F9o2/lH t21HSECONOARY NCo 1- Pl•F9o2o 
-·-·-·-··--···--·;rzXt.SHP iX.o 'r' tZcF9o 2~ 2 I lH o oF9o 2 I o 2X t7HE NERGY:rF9 o2 t2X o511MASSeF9o2/lH o 

321HSECOND~~y NO, 2- PZ=F9o2o2Xo8HP2XoYoZ•F9o2oZI1HooF9o21oZXo7HEN 
4ERGYcF9o2o·~Xo5Ht~,\SS•F9o2/lH o2!HSECONDIIRY NCo 3- P3afSio2t2Xo8HP3X 
SoYoZeF9o2t211HtoF9o21tZXo7HENERGYaF9o2o2XoSHMASS:F9o2) 

END IOoloOoOtO) 

I 
~ ...., 
I 



STORAGE FOR VARIABLES APPEARING IN COMMON SENTENCES 

DEC OCT DEC OCT DEC OCT D£C OCT 
GAMP"32!f1877406------··· FM. 32542 77436 Fl43 32S39 77433 FM2 32540 77434 FMl 

E 32532 77424 EL3 32509 77375 EL2 32510 77376 ELl 32511 77377 BETP 
AL.FP 32520 77410 LL 32561 ·77461 NZ.Z 32562 77462 P1LP· 32529 77421 P1L. 

P1P 32551 77447. P2LP 32526 77416 P2L 32513 :71401 P2P 3·2548 77444 P3LP 
P3L 32512 77400 P3P 32545 77441 PDT!'NT 32515 77403 PIDCAT 32516 77404 PL 

yy 32538 11~~1 .. .... 
wo ·- -~• •~ ·-- --·· 

EXTERNAL FORMULA NUMBERS WITH CORRESPONDING INTERN~L FORMULA NUMBERS AND OCTAL L.Oc.ATIOHS 

EFN 
10 

SORT 

IFN LOC 
23 00113 

DEC OCT 
355 00543 

DEC OCT 
4 00004 

EFN IFN LOC EFN IFN LOC 
100 61 .00365 2000 6ll •JOOOO 

. --·-------·--··sTORAGE···NoT USED BY PROGRAM 

DEC OCT 
32508 771741 

LOCATIONS OF NAMES _!! __ TRANSFER lli!.2!. 

DEC OCT DEC OCT 
IFILl 0 00000 IIOHIO 2 00002 

EFN IFN LOC 
2001 64 00000 

DEC OCT 
.ILEVI 3 00003 

STORAGE LOCATIONS FOR VARIABLES APPEARING IN DIMENSION AND EQUIVALENCE SENTENC£$ 

DEC·--ou------·-PEC -- ·od- .... ··-- --·-- .. DEC OCT DEC OCT 
PIDOTU 354 OOS42 STOP 351 00537 

EFN 

ISTHI 

STORAGE LOCATIONS ~ VARIABLES NOT APPEARING IN DIMENSIONtEOUIVAL.ENCE OR COMMON SENrENCES 

DEC OCT DEC OCT DEC OCT DEC OCT 
GAM 3_.a-iRi5"3"4---·e;A-i4i4Ni . · 3-4-roosn-·-·- ... GAMBET 346 00532 EL 34S 00S31 

PlPY · 343 00527 P1P.Z 342 OOS26 P2PX 341 00525 P2PY 340 00S24 
P3PX 338 00522 P3PY 337 00521 P3PZ 336 00520 PLX 33.5 00Sl7 

PL2 333 OOS15 

-------··- ------·--··· ----···-··- .. STORAGE LOCA Tl ON$ FOR SYMBOLS. NOT . APPEARING IN SOURCE PROGRAM 

DEC OCT 
811UH 319 00477 
61 2S2 OOJ74 

SORT CL.EVI 

DEC OCT 
8llUG 329 00S11 11. 

DEC OCT 
330 00512 

SUBROUTINES NOT PUNCHED ~ biBRARY 
.I.IOHIO·-···· - ISTHI IFIL.I 

21 
DEC OCT 

249 00311 

PiP X 
P2Pl 

PL.Y 

31 

DEC OCT 
321>41 774JS 
32519 17407 
32514 77402 
325U 71413 
32511 1.f4QJ 

JFN LOC 

D£C OCT 
1 00001 

DEC . OCT 

DEC OCT 
344 00530 
3~9 001123 
3341 00516 

DEC OCT 
2111 OOJ73 

I 
~ 
00 
I 



SUBROUTINE HOMANGIPHioCAPAoSMAJ 
C<»4MO/t XXoFMltFM2oFM3oPloP2oP3olHTA12oTHTAUtTHTA23tEtYY 
DIMENSION XX,.2lloEI31oYYI201 
STOl•<·!i*Pl 
Xt0aSTOl*fiF"2*FH2-FM3*FM31/ISMA*SMA-Pl*Plll 
XPl•XlO+STOl 
XP2aSTOl-Xl0 
STOlaCOSFCPH11 
R•CAPA*SORTF!ISMA*SMA-Pl*Pli/ISMA*SMA-Pl*Pl*STOl*STOlll 
ST02•P.OR 
ST03mSJNFIPH!I 
P2•SQP.TFIXPl•XPl-2o*R*XPl*STOl+ST021 
P3•SQP.TFIXP2•XP2+2o*R*XP2*STOl+ST02l 
ElllaSQRTFIPl*Pl+FMl*FMll 
EI21•SQRTFIPZ6P2+FM2*FM2l 
EI31•SQRTFIP3*P3+FM3*FM31 
THTAt2aATANF:IR*ST031/IR*ST0t•XPlll 
TH1AtlaATANFII-R*ST03)11XP2+R*STOlll 
IF ITIIITA12l 10o30o30 

30 IF CTHTA13J Z0o40o40 
40 TH1A21m6o2831853-THTA12-THTA13 

RETURII 
10 THTAIZ•THTAll+3ol4l5926 

GO TO 30 
20 THTA13•THTAt3+3ol415926 

GO TO 40 
END C•>tltOtOtOI 
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DEC OCT 
FM3 32!;39 77433 

P2 32!i\37 77431 
XX 32S62 77462 

STORAG£ .f..QB. VARIABl-ES APPEARING IN COMMON SENTENCES 

.. DEC OCT 
FM2 32S40 77434 
P3 32S36 11430 
YY 32529 77421 

DEC OCT. 
FM1 32541 7743S 

THTA12 32S3S 77427 

···-----·-·-···--DEC.. OCT 
E 32532 77424 

THTA13 32534 77426 

. -·- _ ·- DEC OCT 
P 1 325ll8 77432 

THTA23 32S33 77425 

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

EFN 
3.0 

cos 

R 
XP1 

cos 

IFN LOC 
20 00241 

DEC OCT 
204 00314 

DEC OCT 
3 00003 

EFN IFN I.OC EFN IFN LOC 
40 21 00245 10 24 0025S 

STORAGE HQl ~ 8! PROG~AM 

·----··.DEC .. OCT ... 
32S09 nns 

LOCATIONS OF NAMES IN TRANSFER VECTOR 

DEC OCT DEC OCT 
ATAN ... ·. 0 ... 00000 .... ~ ......... SIN ...... 1.00.001. 

EFN IFN LOC EFN IFN LOC 
20 26 00261 

·----------

DEC OCT . DEC OCT 
_____ SQBT. . .2. 0.0002 _________ ---·-----·------·------. 

STORAGE LOCATIONS FOR VARIABLES NOT APPEARING ~ DIMENSIONtEOUiyAI.ENCE OR COMMON SENTENCES 

DEC OCT 
203 00313 
198 003!)6 

DEC OCT 
191 00277 

SORT 

DEC OCT 
ST01 202 00312 

Xf>2. .197_ 00305 .. 

DEC OCT 
ST02 201 00311 

DEC OCT DEC OCT 
ST03 200 00310 X10 199 00.307 

STORA§E LOCATIONS FOR_SYMBOL~ NOT APPEARING ~SOURCE PRQGRAM 

31 

SIN 

DEC OCT 
181 0026S 61 

DEC OCT 
185 00271 

SUBROUTiNES NOT. PUNCHE-D FROM. LIBRARY 
ATAN 

71 
DEC OCT 

190 00276 
DEC OCT 

I 
01 
0 
·I 



61 

SUBROUTINE POTPUN 
X•X 
RETURN 
END IOtloOtOtOI 

DEC OCT 
18 00022 

SJORAGE MQI ~ ft! PROGRAM 

DEC OCT 
32562 171t62 

STORAGE bOCATIONS fQR VARlABbES HOT' APPEARING Ul DIMEHSIOHoEQUIVALENCE OR COMHON SENTENCE$ 

DEC OCT 
X 11 00021 

DEC OCT 
12 00014 

DEC OCT DEC OCT DEC OCT 

STORAGE LOCATIONS FOR SYMBOLS ~ APPEARING IN SOURCE PROGRAM 

DEC OCT DEC OCT DEC OCT 

DEC OCT 

DEC OCT 

I 
l11 
I-' 
I 



SUBROUTINE PIDCAY 
COMMON NZZ'tLBTRNT tALFPPtBETPPtGAMPPtP1PtPzP tP]P tFMtFMPtPG1tTHTA12 t 

1 THTAU._THTA23tE oPtLP oPzLPtP]LP tALFPt BETPtGAMP tPLtP I DCAT oPOTPNT t 
2PLGtELGtWWoPGl~tPG1YtPG1ZtPG2XtPGZYtPG2ZtPtGAMltPIGAMitFLGAMlt 
3FLGAM2 

DIMENSION ALFPPI31tBETPPI31tGAMPPI3)tPlPI3)tP2PI3)tP3PI31tPlLPI3)t 
lP2LPI3)tP3LPI31tEI31tPCOORDI31tFMPI31tPGll31tPLGI31tELGI31tWWC41 · 

DIMENSION PGAM1131tPGAM2131 
IF CPJDCAT-lol t000t200o300 

200 DO 110 Ial"f3 
201 JCOMP .. 1 

JF IFMPCII-135o000) 110tl00tll0 
100 EPI•ECII 

PPI•PGlC II 
WRITE OUTPUT TAPE NZZt2000. 

102 ST01•RANFIRANDMYI 
COSTHT•2o*ST01-1• 
SINTHTaSQRTFC1o-cOSTHT*COSTHTI 
ST01aRANFCRANDMYI 
FNUP1•6o28319*ST01 
COSNU•COSFCFNUPII 
SJNNU•SINFC.FNUPI I 
ST01•SJNTHT*SINNU 
ST02•SINTHT*COSNU 
ST03•EPI*COSTHT 
PGAM1111•67o500*ST01 
PGAM1Cil•-67o500*ST02 
PGAM113I•o5*CST03+PPII 
PGAM2Cli=.PGAM1111 
PGAM2121m.PGAM1121 

··PGAM2131•o5•C-ST03+PPII 
IF CGAMPPC I l+lo I t03t400o'103 

103 IF IGAMPPCII-lol t04t500tl04 
104 COSLAM•GAMPPC I I. . . . ..... 

SINLAM•SORTFilo-cOSLAN*COSLAMI 
COSMU•ALFPPCti/SINLAM 
IF DIVIDE CHECK 600t106 

106 SINMU•BETPPCII/SINLAM 
PGtX.PGAM11li*SI NMU+PGAM1 I 21.!COSI,AM*C!),SM!J+PGA'41 I 31*51 NL,AM*COSMU 
PGtY•-PGAMllli*COSMU+PGAM1121*COSLAM*SINMU+PGA1141C31*SINLAM*SINMU 
PG1l•-PGAM1121*SINLAM+PGAM1131*COSLAM 
PG2X•PGAM2111·*SJNMU+PGAM2121*C0SLAM*C0SMU+PGAM2131*SINLAM*COSMU 
PG2Ya-PGAM2111*COSMU+PGAM2121*C0SLAM*SINMU+PGAM2131*SINLAM*SINMU 
PG2l•-PGAII42121*SJNLAM+PGAM2131*COSLAM . 

101 PIGAM1aSORTFCPGtX*PG1X+PG1Y~PG1Y+PG1Z*PGlZI . 
PIGAM2mSQRTFCPG2X*PG2X+PG2Y*PG2Y+PG2Z*PG2ZI 
WRITE OUTPUT tAPE NZZo2002tloPIGAM1fPGtX.tPGtYoPG1ZtP IGAM2tPG2XtPG2 

1YtPG2Z 
CALL GAMCNV 
GO TO C U0t1201t ICOMP · 

110 CONTINUE 
GO TO 1000 

300 DO 120 1•1t3 
301 ICOMP•2 

IF CFMPCII-135o00001 120t101tl20 
101 EPJaELGCII 

PPI•PLGCII 
WRITE OUTPUT T A PiC NiZ:t'iooi ·-- . 
GO TO 102 

120 CONTINUE 
GO TO 1000 

I 
1.1'1 
N 
I 



400 P.G1XaPGAI41 I 11 
PG1Ya-PGAM1121 
PGlla-PGAI'I11'31 
PG2X,.PGA14:!111 
PG2h-PGAI'I2 I 21 
PG2h-PGAI'I21'3) 
GO TO 107 

500 PGtXaPGAMllll 
PG1YaPGAMll21 
PG1Z•PGAM1131 
PG2XmPGA14;!111 
PG2V..PGA14:!121 
PG2ZorPGAM::!I31 
GO TO 107 

1000 RETURN 
600 GO TO 1000 

2000 F0RMATitMQt35X049HPI NAUGHT DECAY AND GAMMA CONVERSiONt FROM C•MoS 
lol ' 

2001 FORMATitHSt32Xt5.HPI NAUGHT DECAY AND GAI4MA CONVERSIONt FROM ~AB S 
lYSTEMel 

2002 FORMATC1H0t6Xtl3HSECONOARY NO llt8Xtl6HGAMMA NOo 1- F·•F9o2t2Xt7HP 
1XtV.Z•F9•::!t211Ho·tF9o21/lH. t2BXtl6HGAMMA NO• 2- PaF9oJ;:t2X.7HPXoY.t.Z. 
2•F9e2t2ClH9tF9e211 

END 10tt•Go0t0 0 



STORAGE E2! VARIABLES APPEARING IN COMMON SENTENCES 

DEC OCT DEC OCT DEC OCT DEC- OCT DEC OCT 
GAMP 32!>18 77406 GAMPP 32!>!>4 774!>2 FM 32!>42 77436 FMP 32!>41 7743!) FI.GAM2 32495 77357 

FLGAM1 321o96 77360 E1 32!>32 77424 ELG 32511 77377 BETP 32519 77407 BETPP 32557 7745!> 
ALFP 32520 77410 ALFPP 32!>60 77460 LBTRNT 32!>61 77461 NZZ 32562 77462 PlLP 32!>29 771o21 

P1P 32551· 77447 P2LP 32!>26 77416 P2P 32!>48 77444 P3LP 32!>23 77413 P3P 32Sio5 771o41 
POTPNT 32515 77403 PG1 32!>38 77432 PGlX 32504 77370 PGlY 32!>03 77367 PGlZ 32502 77366 

PG2X 32501 77365 PG2Y 32!>00 77364 PG2Z 32499 77363 PIDCAT 32516 77404 PIGAMl 32498 77362 
PIGAM2 32497 77361 PLG 32!>14 ·77402 Pl. 32!>17 77lt05 THTA12 32535 77lt027 THTA13 32!>34 77426 
THTA23 32533 7742!> ww 32508 77374 

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 
zoo 6 00024 201. 7 00027 100 <) 00041 '102 1lt 00060 103 31 00166 
104 32 00111 106 36 00210 107 4:!1 00341 110 51 00430 300 53 00435 
301 54 00436 101 S6 00450 120 62 00472 400 64 00475 500 71 00512 

1000 78 005)0 600 eo 00535 zOOO 81 00000 2001 82 00000 2002 83 00000 

STORAGE NOT USED 8Y PROGRAM 

DEC OCT DEC OCT 
442 00672 32494 71!156 

!t,O!:A TJ ONS OF NAMES !!!_ TRANSF~ VECTOR 
I 

DEC OCT DEC ocT DEC OCT DEC OCT ~c OCT U'l 
GAMCNV. 0 00000 cos 2 00002 RAN ,. 00004 SiN 1 00001 SQRT '3 00003 ~ 

IFILl 5 00005 IIOHIO 7 00007 I LEVI 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 PGA1'41 438 00666 PGAMZ 435 00663 

ST0RA6E LOCATIONS FOR VARIABLES NOT APPEARING ~ DlMENSIONtEOUIYALENCE OR COMMON SENTENCES 

DEC OCT .. DEC O<:J DEC OCT DEC OCT DEC OCT 
I 432 00660 ICOMP 431 00657 FNUPI 430 00656 EPI 429 0065!> COSTHT 428 00654. 

COSftU lo21 00653 COSMU 426 00652 COS LAM ltZ:O 00651 PPI 424 00650 RANDMY 423 00647 
SJNLAM 422 00646 SINMU 421 00645 SINNU 42:> 00644 SINTHT 419 00643 ST01 418 00642 

ST02 41? 00641 ST03 416 00640 

STORAGE. LOCATIONS FOR SYMBOLS NOT APPEARING J.!! SOURCE PROGRAM 

DEC OCT ·DEC OCT DEC OCT DEC OCT DEC OCT 
EID 294 00446 EIA 283 00433 El3 3l 00037 Dl401 343 00527 DI10J 348 00534 
CtG2 415 00637 CtGO 41lt 00636 81lUI 386 00602 811UH 398 00616 811UG 409 00631 
11 411 00633 21 350 00!>36 3) 352 00540 61 3!>8 00546 71 410 00632 ...... 

SUBROUTINES NOT PUN!:;HEp fRQ!! LIBRARY 
(') 
:;tl I LEVI IJOHIO 15TH) IFILl RAN SORT cos SIN GAMCNV 
t"' 
I 

-.o 
0' .... 
~ 
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SUBROUTINE PIPCMPCALFt8ErtGAMtP1tP2tP3tP1PtP2PtP3PI 
DIMENSION ALFI31tBETI31tGAMI3ltPlPI3)tP2PI31tP3PC31 
PlPili•ALF(li*Pl 
PtP121aBETili*Pl 
PlPI31aGAMili*Pl 
P2PitlaALFI21*P2 
P2PI21aBETI21*P2 
P2PI31•6AMC21*P2 
P3Pili•ALFI31*P3 
P.SPI21•8ETC31*P3 
P3PI31•GAMI31*P3 
RETURN 
ENO IOthOtOtOI 

DEC OCT 
91 00133 

STORAGE NOT USED BY PROGRAM. 

DEC OCT 
32562 7"Y462 

STORAGE LOCATIONS FOR SYMBOLS NOT APPEARING IN SOURCE PROGRAM 

DEC OCT 
90 00132 61 

DEC OCT 
85 00125 

DEC OCT DEC OCT DEC OCT 

I 
U'l 
U'l 
I 



ll 

SUBROUTINE PMAXCPMXl 
COMMON XXtFM•FM1tFM2tFMitYY 
DIMENSION XXt~OitYYC22l 
STOl•IFMl+FM2+FM3l*IFMl~M2~M3) 
ST0Z•CFMl•FMZ-FM31*CFM1-FM2-FM31 
PMX•o!i*Clo/FMI*SORTFCCFM*F~ST011*(FM*F .... ST0211 
RETURN 
END COohOtO,OI 

STORAG£ FOR VARIABl.ES APPEARING IN COMMOfll S::NTENCES 

D£C .. OC.T DEC OCT DEC OCT 
FM 32S42 77436 FM:t 32S39 77433 FMZ 32S40 71434 
yy 32S~ 71432 

STORBGE NOT USED BY PRO!iRal4 

DEC OCT DEC OCT 
61 0007!i 32516 71.04 

LOCATIONS .Qf NAMES IN TRANSFER VECTOR 

DEC OCT DEC OCT DEC OCT 
SORT o. 00000 

DEC OCT 
I"Ml 32541 77435 

DEC OCT 

STORAGE LOCATIONS FOR VARIABLES NOT. APPEARING ~ OIMENSlON•EOUIVALENCE OR COMMON 

DEC OCT DEC OCT DEC OCT DEC OCT 
ST01 60 00.074 ST02 !i9 00073 

SToRAGE LOCATIONS FOR SYMBOLS .NOT APPEARING JN.SOURCE PROGRAM 

DEC OCT DEC OCT DEC OCT DEC OCT 
!i4 00066 3) 46 OOO!i6 6) 48 00060 71 !i3 00065 

. SUBROUTINES NOT PUNCHED FROM LIBRARY 
SORT 

DEC 
XX 32562 

DEC 

SENTENCES 

DEC 

DEC 

·~ 

OCT 
7'7462 

OCT 

OCT 

OCT 

I 
1.11 

.0' 
I 



FUN.CTIC>n P0PATHIZF~>ZBtRtAt8tCtXtYti I 
COM*)N :.!U 
FREQUENCYUI 1•.0o1)..t!;IU0oll H91 OtO+llt20COo0tllt211 OtOtll 

19 IFCZ-ZFI10tl0.20 
20 IF 148-Zil0tl0t21. 
21 1FIR-SORTFCX~2+Y**21110tl0tll 
10 POPATH '" OoO 

WRITE OUTPUT TAPE NZltlOStlfolBtR · 
!US FORMATIZOXt 68HPOPATH SAYS 1HE ORlviN IS OUTSIDE THE FIOUC1AL VOLU 

XME DEFINED ay:zF•tF6o2t5H 2B•tF6t2t4H R•tF6o2/l/l 
GO TO 1 

11 lFICI12t6t3 
12 POPATH•IZF-Zl/C 

GO TO 4 
3 POPATH•CZB-ZI/C 
4 ROaSQRTFI lX+A*POPATHI."*z" .•. i-Y.+B.,pQpATHI"*ZI 
5. 1F.IR0-RI7t1t6 . . . . . 
6 POPATHai-IA*X+B*Yf+SORTFC IA-2+8**2l*R"*2-C8*X'"A*Yl-ZIIICA**2+S

XZI 
1 RETURN 

END IOtltOtOtOI 

STORA~ .FoR ·YAP. I ABLES APPEARING IN COMMON SENTENCES 

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

.·E-XTERNAL FORMULA NUMBEP.S WITH CORRESPONDING INTERNAL FORMULA NUMBERS 

EFN lFN LOC EFN lfN LOC EFN IFN LOC EFN 
19. 4 00072 20 .... 5 000"'7 21 6 00104 10 
11 lit 00142 12 15 00)41-5 ·3 l1 00152 " 6 20 00203 1 2·1 002116 

STOR~~oGE I'IOT USED BY PROGRAM 

DEC OCT ... DEC ocr 
207 00317 32561 77<Wo1 

LOCATIONS !!!f NAMES IN TRANSFf;R VECTOR 

DE(; OCT I>EC OC"' DEC OCT 
SQRT 4 00004 !flt.) _____ 9. OOOOQ. ....... . . .IJ.OH.tO 2 00002 II,£.VI 

STORAGE LOCATIONS FOR Vt.BIA8LES NOT APPEARING ~OtMENSIONtEOUIVALENCE 

DEc:; OCT DEC OCT DEC OCT 
POPATH 206 00)16 RO :!05 003l5 

DEC OCT 

AND OCTAL 

IFN LOC 
1 00117 

18 00156 

DEC OCT 
3 0_0003 

OR COI'OO)N 

I!IEC , OCT 

sTORAGE-·l:ocAti or.-s· FOR SYMBOLS .NOT APPE-ARING IN ·souRCE 
.. 

PROGRAM 

DEC OCT DEC OCT DEC OCT §EC OCT 
8139 196 00304 11 191 00305 21 111 00253 31 172 00254 

.. -··--··- .. JiUBROUTINES .!!2! _PUNCHEP .. f!!!!i l.IW!ill. 
SORT .. ·CLEv·;·· C I<»UO ISTHI IFILl 

LOCATIONS 

EfN 
105 

5 

CSTHI 

SENTENCES 

61 

DEC 

tFN 
12 
19 

DEC 
1 

DEC 

DEC 
1,., 

ocT 

LOC 
00000 
001'76 

OCT 
00001 

OCT 

OCT 
00255 

I 
U1 
..;J .. 



SUSWOUTINE PSPDSTIGMXoNjNSCoNFAILtfltf21 
COMMON NZZoLBTRNToALFPPoSETPPoGAMPPoP1PtP2PtP3PtFMoFM1tFM2oFM3tP1t 

.1P2tP3tTHTA12tTHTA13tTHTA23tEtPlLPtP2LPtP3LPtALFPtBETPtGAMPtPLt 
2PIDCATtPOTPNTtP1LoPzLoP3LtEL1tEL2tEL3tGMCNVTtPC00ROtPG1XtPG1YtPG1Z 
3 oPG2X-oPG2Y·,·pGzi oP IGAM1.oP IGAMZ oFLGAM1oFLGAM2 oiPTTYP ol PTREMtXCOOROt ... -···--···· 
4YCOORDtZCOORDoGDISToP1UtPlUPoG1UXtG1UYtGlUZtG2UXoG2UYtG2UZ 

DIMENSION ALFPP131tBETPPI31tGAMPP13ltPlPI3)tP2PI3roP3PI31tPlLPI3l• 
lP2LPI31tP3LPI31oEI31tPCOOWOI31olPTTYPI81tlPTREMI81tXC00ROI81tYCOOR 
2DI81tZCOORDI81tGD!STI81tPlUI31tPlUPI31 

WRITE OUTPUT TAPE NZZo2000 
·1=o 
NSCSFL=O 
CALL PMAXIPMXl 
GMXP=GMX/loE08 
WRITE OUTPUT TAPE NZZo2003tGMXPoPMXtMtNSCoNFAILoF1oFMoFM1tFM2tFM3 

100 I=I+1 
·1F IN..;il .1000tllOtilO······· 

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

200 CALL GENPRIXItETAI 
PlcXI*PMX 
CALL CAPSMAICAPAtSMAtDCPDSMI 
CALL. GOFPIFM2tFM~tP1jSMAiGOFPU 
GOFPT=GOFP1-ETA*GMX 
IF "IGOFPTI 3000o300t300 

300 CALL FOFPHIICAPAoSMAoDCPDSMtPHltFOFPHTtP11 
IF IFOFPHTI 4000t31Dt310 

.310 WRITE OUTPUT TAPE NZZozOOStltNSCSFL 
... l:ALl.MOMANGIPHI-tcliPAoSMAr·· ... ··-·-·········· -·-· 

PHP=PHI*S7o29S779S 
THTP12=THTA12*S7o29S779S 
THJP13=THTA13*S7o29S7795 
THTP23=THTA23*S7o29S7795 
WRITE OUTPUT TAPE NZZo200ltP1oP2oP3•THTP12tTHTP13oTHTP23tPHP 

-- -·4olT··cALL:"""RNORNTrCOSLAMolAMBDFl ····-·-···--·-····-·-·.-······-··· ····- ·:····-·· ····--·-· -·--·--··-·--
WRITE OUTPUT TAPE NZZoZ002tiP1PIIItl=lo31oiPZPIIlolm1o31tiP3PIIIt 

11=1•31 
WRITE -OUTPUT TAPE.NZZo2006tiEIIItl=lt31 
IF ILAMBDFl S0Vt430t500 

430 SINLAM=SORTFilo-COSLAM*COSLAMI 
FLAMBDCARCOS"(COSLAMtSI"NLAMr·----·--··--···-··----------------- -··----------· 

FLAMBP=FLAMBD*S7o29S7795 
WRITE OUTPUT TAPE NZZo2004tFLAMBP 
GO TO 500 

500 IF ILBTRNTI 510o600o510 
S10 CALL L3TRAN 

·-------··Go TO 600" 
600 CALL PIDCAY 

CALL PDTPUN 
GO TO 100 

1000 RETURN 
3000 IF 11-NFAILI 100t3010o301Q 

· ··· 30"10-FNSCF=NSCSFL· 
Fl=l 
FINSC1=FNSCF/FI 
IF IFINSC1-Fll 3900tl00tl00 

3900 WRITE OUTPUT TAPE NZZo2300tNSCSFLtltFINSCl 
GO TO 1000 

··--- 460&-·IF-H-NFAtL·I -1 eo,·ttO }-0 tit01:0 
4010 FNSCF=NSCSFL 

Fl=l 
FINSC2=FNSCF/FI 

I 
U'l co 
I 



IF IFINSC2-F21 49COtl00tl00 
4900 WRITE OUTPLT TAPE NZZt2400tNSCSFLtltFINSC2 

GO TO lOOC• 
2000 FORMATI1Hlo///1H0t31Xt56HTH~EE BODY DECAY OY MONTE CARLO PHASE SPA 
. lCE DISTR16LTION/lH t47Xt24HWITH ~ANDON ORIENTATIONo) 
2001 FORMAT(lH o3HPl=F~o2t?.Xt3HP2=F~o2t2Xt3HP3=F9o2o2XtUHTHTA12=F9o4t 

l2Xt8HTHt:TAl3=F9o4t2XotlHTHt:TA£::1=F~o4t2Xt4HPHI=F9o4tlXt3HOEGI 
2002 FORMATilH o8HP1Xo,tZ=F9o2t211HttF9o2lt2XtSHP2XtYoZ=F9o2t211HttF9o2 

llt2Xt8HP3~oYoZ=F9a2o2(1HttF9o2l l 
2003 FORMAT(lHGol7HMAX VAL FO~ GCPl=F5o2t3HE08t2Xtl4HMAX VAL FG~ P=F8o2 

lt2Xtl7HMA~ ~0 OF 1RIALS=I5t2Xt20HMAX NO OF SUCCESSES=!4t2Xt6HNFA!L 
2=1 3t 2X t 3HF l=F4 • 3/J H o6HKMASS=F9 o 2 t 2X tl3HDECAY MASSES=F9o 2 o2 ( lH t t 

3F9o2l) . 
2004 FORMAT(lH •7HLAMBGA•F9o4l 
2005 FORMAT(lH0•9HTRIAt NOol5tlH/ol5) 
2006 FORMATilH o21HENE~GIES OF PltP2tP3=F9o2t2(1HttF9o21tlHo) 
2300 FORMATClH ol5HFAILURE IN GOFPollttlHltl5tlH=tF5o3) 
2400 FORMAT(l ol7HFAILURE IN FOFPHitl4olH/ol5tlH=oF5o3) 

END (0oltL•oOt0) 

I 
01 
-.o 
I 



STORAGE FOR VARIABLES APPEARING lli COMMON SENTENCES 

DEC OCT DEC OCT DEC OCT DEC OCT DEC OCT 
IPTTYP 32494 77356 !PT~EM 324116 77346 GMCNVT 32508 77374 GDIST 32454 77306 GAMP 32518 77406 

GAMPP 32554 77452 G2UZ 32435 77263 G2UY 32436 77264 G2UX 32437 77265 G1UZ 3243& 77266 
GlUY 32439 77267 GlUX 32440 77270 FM 32542 77436 FM3 32539 77433 FM2 32540 77434 

FMl 325.41 77435 FLGAM2 3249!> 77357 FLGAM1 32496 77360 E 32532 77424 EL3 32509 77375 
E1.2 32510 77376 Ell 32511 77377 BETP 32519 77407 I:IETPP 325.57 77455 ALFP 32520 77410 

AI.FPP 32560 77460 LBTRNT 32561 77461 NZZ 32562 77462 PiLP 32529' 77421 ···· -·- P fL.:. 325T4--7i4o2·-----
P1P 3l551 77447 P1 32!:>38 77432 P1UP 32443 77273 P1U 32446 77276 P2LP 32526 77416 
P2L 32513 77401 P2P 32548 77444 P2 32537 77431 P3LP 32523 77413 P3L 32512 77400 
P3P 32545 77441 P3 32536 77430 PCOORD 32507 77373 PDTPNT· 32515 77403 PG1X 32504 77370 

PG1Y 32503 77367 PG1Z 32502 77366 PG2X 32501 77365 PG2Y 32500 77364 PG2Z 32499 77363 
PIDCAT 32516 77404 PIGAM1 32498 77362 PIGAM2 32497 77361 PL 32517 7740!> THTA12 32535 77427 

'THTA13 32534 77426 THTA23 32533 77425 X COORD 32478 77336 YCOORD 32470 ·773"26. ·-·--·zcoo~o3"2.462n3 ib--

EXTEKNAI. FOKMULA NUMBEKS WITH COKKESPUNDING INTE~I'(AL FOKMULA NUI~BEKS ~ ~ LOCATIONS 

EFN IFN LOC EFN IFN I.OC EFN IFN I.OC EFN IFN LOC EFN IFN I.O.C 
100 16 00123 110 .18 00133 zoo 20 00143 200 21 00!"43 300 29 00174 
300 30 00174 310 32 00207 310 35 00224 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 zooo 106 00000 2001 107 00090 
2002 108 00000 2003 109 00000 2004 110 __ 00000 20Q!? 1J1. .09.0_00 20Q6 112 OQQQQ 
2300 113 00000 

.. 
2400 114 ooooo 

STORAGE NOT USED BY PROGRAM 
I 

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

LOC,!I Ti ONS OF NAMES !..!! TRIINSF!;R VECTOR 

DEC OCT DEC OCT DEC OCT DEC ocr DEC OCT 
:;oFP 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 SORT. ...... 4 .. 00004··· ·cFII.r --12 "00014 .. I IOHlo-····-···· 1400016 I LEVI l5 00017 

ISTHI 13 00015 

STORAGE LOCATIONS FOR VA~IABLES NOT APPEARING ~ DIMENSI0N•E0UIVALENCE OR COMMON SEMENCES 

DEC OCT DEC OCT DEC OCT DEC OCT DEC OCT .... - . I 515 01003 GOFPT 514 01002 . G0FP1 513 )1001 GMXP .. 512 -l1TOuo FOFPHI 511 00 Ill 
FNSCF 510 00176 FLAMBP 509 00775 FLAMBD 508 J0774 FI 507 00773 FINSC2 506 00772 

. F INSC1 505 00771 ETA 504 00770 DCPDSM 503 J0767 CO SLAM 502 00766 CAPA 501 00765 
I.AMBDF 500 00764 NSCSFL 499 00763 PHI 498 J0762 PHP 497 00761 PMX 496 00760 
SINLAM 495 00757 SMA 494 00756 THTP12 493 J0755 THTP13 492 00754 THTP23 491 00753 

XI 490 00752 
··----------· 

STORAGE LOCATIONS FOR SYMBOLS NOT APP;:ARING e! SOU~CE PROG~AM c:: 
DEC 'OCT DEC OCT DEC OCT DEC OCT DEC OCT 0 

812BO 375 00567 8127S 383 00577 811UM 392 )0610 811UI. 397 00615 811UK 401 00621 ~ 811UJ 434 00662 811UI 450 00702 811UH 470 •)0726 811UG 489 00751 21 358 00546 ~ .. 31 .. ---····· ·. 360 ·00550 6'1''' 363 '00553 -------------- ······- -------------
I 

NOT. PUNCHED F.~OM I.II:I~A~Y 
-.o 

§UBROUTINES 0' 
I LEVI IIOHIO ( STHI IFIL I PMAX o:;ENPR CAP SMA GOFP FOFPHI MOMANG .... 

RNORNT SORT ARCOS LBTRAN PIDCAY PDT PUN ~ 

/ 



SUBROUTINE RAKLOD 
READ 1000tR 
IF IRI 10•100,10 ... _. 

10 X•LODRANFIRI 
100 RETURN 

1000 FORMATC10121 
. END COtltO•OtO) 

EXTERNAL FORMULA NUMBERS WITH CORRESPONDING INTERNAL FORMULA NUMBERS AND OCTAL LOCATIJNS 

. EFN .. JFN . _LOC __ ··- -·- .. EF.N lflt . LOC . .EFN lFN LO.C. ·······-·· ···- _ EF.N .. lfN .. LOC 
10 6 ooo:n 100 7 .,0034 1000 9 00000 

DEC OCT 
.. 40 .. 000!10 

DEC oct 
LOORAN 0 00000 

DEC OCT 
R 39 00047 

8IV8 

I LEVI CIOHH .. 

STORAG£ ~T USED !! PROGRAM 

DEC OCT 
-- ·- ·-·1n6.2.J.7Ml2 ... -· ···-----··-···- --- ··-· 

LOCATIONS OF NI\MES !!! TRANSFER VECTOR 

DEC OCT DEC OCT 
ICSHI 2 00002 IIOHIJ 3 00003 

DEC OCT DEC OCT 
X 38 00046 

DEC OCT 
ILEVI 4 00004 

DEC OCT 

STORAGE LOCATlONS_FO~ SYMBOLS NOT APPEARING~ SOURCE PROGRAN 

61 
DEC OCT 

i2 00040 
DEC OCT 

SUB ROUT UES NOT PUNCHED FROM ~ 
ICSH I ___ --· .... I.RTN) LOD.RAN_ 

DEC OCT 

EFN JFN LOC 

DEC OCT 
CRTNI 1 00001 

DEC OCT 

DEC. OCT 

I 
0' .... 
I 

.... ...... 
(") 
p:j 
r-
I 

-o 
0' -• 



SUBROUTINE RANSTR 
Y•STORANFCRI 
PUNCH .1000tY 

100 RETURN 
1000 FORMAT'I1012l 

END COtltOtOtO I 

EXTERNAL FORMULA NUMBERS WITH CORRESPONDihG INTERNAL FORMULA NUMBERS AND OCTAL LOCATIONS 

UN 
100 

UN ..... LOC-... -··- ........ -UN ... lf'M ..... LOC ... £FM IFN . LOC .. ~-UN ... lFN LOC 
6 00032 1000 8 00000 

STORAGE ~ ~ ~ PROGRAM 

DEC OCT DEC OCT 
38 00046 .. 325162 .77"2 .... ···-·-·----·-------··· ~ .. ·-·-· ... ---- -··. -····. 

DEC OCT DEC OC:T DEC: OC:T DEC OC:T 
STORAH. 4 00004 IFILl 0 00000 IIOHIO 2 00002 ILEVI 3 00003 

DEC OC:T DEC OCT DEC OCT DEC OCT 
R 3T 00045 y 36 00044 

.... iTOJlMjf; LOCAT10HS_.f.2!i SYMBOLS .NOT APi'EARING .. !!!.SOURCE. PROGRAM 

DEC OCT DEC· OC:T DEC OCT DEC OCT. 
.alVa 35 00043 61 30 00036 

SUBROUTINES !QI PUNQHED ~ LIB8ARX 
STORAH I LEVI .II~WL. CSCHI IFIL.t. 

EFN IFN LOC 

DEC: OC:T 
ISCHI 1 00001 

DEC OCT 

DEC: OCT 

I 
0' 
N 
I 



SUBROUTINE RNORNTICOSLAMtLAMBCFI 
COMMON NZZ tAAt ALFPP t BETPPtGAMP.PtPlPtF 2PtP3P tFMtFM1tFM2 tFM3tP-1ePZ t 

1P3tTHTA12tTHTAl3tTHTA23tYY . 

GAMPP 
BETPP 

P1 
THTA12 

GENTRP 

GAM 

FNU 

61 

GENTRP 

DIMENSION ALFPPI31iBETPPI31tGAMPP131tP1PI31tP2PI31tP3PI31tYYC161 
DIMENSION ALFI31tBET131.eGAMI31 
CALL GENTRPICOSLAMtFMUoFNUtLA~BDFI-· 
CALL CRDPPITHTA12tTHTAl3tFNUoALFPPtBETPPtGAMPPI 
CALL ABGCMPIALFPPtBETPPtGAMPP.COSLAMtFMUtLAMBDFtALFtBETtGAMI 
CAL.L PIPCMPI ALFoBET tGAMoP1oP2 oP3tP1P oP2PtP3P I 
RETURN . 
END IOtltOtOoOI 

STORAGE FOR VAR1A8LES Af"PEAR!NG IN COMMON S!;NT[;NCES. 

DEC OCT DEC OCT ' DEC ()CJ'. 
32554 77452 FM 32542 71436 FM3 32539 77433 
32!>57 71455 ALFPP 32560 77460 AA 32561 71461 
32538 77432 P2P 3251t8 71444 P2 32537 71431 
32'}35 77427 THTA13 32531t 71426 THTA23 32533 71425 

STORAGE !:!QI !.lllQ IU PROGRAM 

DEC OCT DEC OCT 
68 00104 32516 77~1o 

I.Q!::AIIONS OF ~ 11! IRANSEf:B ~ 

DEC OCT DEC OCT DEC OCT 

' 00003 CR.DPP 2 00002 ABGCMP 1 00001 

DEC OCT 
FM2 325/fO 7743'> 
NZZ 32562 77462 
P3P ).251t5 771o41 

YY ).2532 7742 .. 

~c OCT 
P!PCMP ·0 00000 

STORAGE LOCATIONS FOR VARIABLES APPEARING ~ DIMENSION ~ EQUIVALENCE SENTENCES 

DEC OCT DEC OCT DEC OCT ..... DEC .. oc_T 
61 00075 BET 6/t 00100 ALF 67 00103 

STORAGE LOCATIONS FOR VARIABLES NC•T APPEARING IN OIHENSIONoEQUIVALENCE ~ ·COMMON SENTENCES 

DEC OCT DEC OCT DEC OCT· DEC OCT 
58 00072 FMU 5l 00071 

STORAGE LOcpTIONS FOR SYMBOLS ~ APPEARING ~SOURCE PRDGR.AM 

DEC OCT DEC ocT DEC ocT DEC OCT 
52 00064 

-- .... 
SUBROUTINES NOT PUNCHED FROM LIBRARY 

:.CROPP ABGCMP P!PCMP 

DEC OCT 
FMl 32541 17435· 
P1P 32551 17447 

P3 32536 77430 

I 
0' 
~ 
I 

.. 
DEC OCT 

.DEC: OCT 

DEC OCT 

DEC OCT c::: 
(') 
:::0 
rc 
I 

-.o 
0' ..... 
~ 



00001 00000 ORG 0 0 
00002 ASS ... 

0 0 0 0 0 0 0 o. 0 0 0 0 0 0 0 • • 0 c;ARO OGl 
00003 00000 .o 00000 0 00}04 PZE LAShO.O 
00004· 00001 0 00000 o. 00000 PZE '0 ------00 ··- 00 M 

00005 00002 71.,....,.3606060 BCD lZML 
00006 00003 0 00000 0 00000 PZE ZML 
00007 REL 
00008 00000 ORG 0 
00009 00000 0 76200 0 00321 ZML RCO 
00010. 00001. 0 70000 0 00020 CPY IN1 . .... ··- ------------
00011 00002· 0 70000 0 00021 CPY IN2 
00012 00003 0 50000 0 00020 CLA IN1 
ooon 00004 -o 10000 0 00013 TNZ A2 
00014 0000!1 0 ·50000 0 00021 CLA IN2 
00015 00006 0 60100 0 00000 DOWN STO 00 
00016 .. .00007 0 50000 0 00006 CLA DOWN 
00017 00010 0 40000 0 00017 ~DO Cl 
00018 00011 0 62100 0 00006 Al STA DOWN 
00019 00012 0 02000 0 00000 TRA ZML 
00020 ooon 0 50000 0 00021 A2 CLA IN2 I 
00021 00014 -o 10000 0 00021 TNZ IN2 · C1' 
00022 00015 0 50000. 0 0002Q CLA_INl .. ·- .. -····-· -- -···· ~ 
tt0023 00016 0 02000 0 00011 TRA A1 I 

00024 00017 +000000000001 C1 DEC 1 . 
0002!1 oooao 0 00000 0 00000 IN1 HTR oo 
00026 00021 0 00000 0 00000 IN2 HTR oo 
00027 00104 ENOZML BES 50 

______ oooaa ..... 00104 LAST .SYN. -*, ... ····-··-····----
0 0 0 • 0 • • • • • • • • • 0 • • • CARD 002 

00029 A 00000 END 

4AP ASSEMBLER STATISTICS 

.rA_PE T~TAL .1 FAI_L_ 2 FAIL . ~- FAI.I, ... 4 .FAIL ------- ·---·--· .. --
INP 0 0 0 0 0 
LIB 0 0 0 0· 0 
COL 1 0 0 0 0 

NUMBER OF Olt'"'-INE INPUT RECORDS 29 

- ---------- ... -·-·· . ---·------- --· 
NUMBER Of OFF-LINE PRINT RECORDS 40 

NUMBER OF SYMBOLSo DEF 9oDEFOP OoUNDEF 0 -·· ·'· .... 
'· c 

,. ("') 
·- ···- --· ---------····-·-·- ... ------. -······· _ .. ········- -- -------- := . . - ······· - -- -------·--·-··- -----·· .. -· ·" 

OR6 0 0001 t"< 
I 

·- ..0 
C1' .... 
~ 
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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). Thi~tci'n be easilyfound.:by~i. 
trial and error.· .It should be remembered. that tlie distribution gene.rated 
by this program is not affected if too high a value. is used .fo: .Grnax•~ .because 
only the ratio of successes to trials .is reduced.. Thus, it is '·s'U.Hicient 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' (p 1 ) exceeds the value of Gmax·. For convenience, some Gma 
values are l_isted for typical 3-body decays.· Energy units of Mev and Mevfc · 
are used throughout: 

Masses: m(k±) = 494.00 
:::!:: 

m(1r )= 139.59 

m(tJ.±) = 105.66 

m(1r0) = 13!>.UU 

in(e±) = .511 

m(v ) = 0 

m(y l =· 0 

T.ypes of Decays: (secc;:mdary masses are labelled in the: sequence in which 
they oscur as ml' m2' and. m3) 

K± ± 1To + Gmax= 
. 8 

158.5 -+ fl. + v: 44.366X10. at p 1 = 

K± ..... e±+ 0 
Gmax = 

8 167 1T + v: 61.633X 10 . at PI = 
:::!:: :::!:: + 

Grnax = 12.. 78 X 108 nt p 1 101 1( _,. 'IT l TT I TT = 
:1:: ± 

21T 0 G = 14. 9 54 X 1 08 at p l 107' 5 K -+1f + : = max· 
± ± .o 

G 34.315Xl08 at PI 151 K -+1f + 1T . + y: :: :: 
max 

:::!:: ' :::!:: 2v: Gmax = 0.1836Xl08 atp 1 43 fl. ... e + :: 

·~ 
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