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I. IDENTIFICATION

Deck Number: 50-PSPDST "Three-Body Decay'.
Programmer: Gordon A. Sutherland, Jr. (March 1961).
Originator: . John A. Kadyk.

Machine: IBM 704

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 intg three sec-
ondary particles of masses m » m,, and mg, with momenta p 2 p3
and total energies E, , respectively. 1 The objective is %o generate
an arbitrary number of such ree-body decay events for which P 1 P 2 p 3
are determined statistically by the phase-space distribution

2 2
an _ Pp dp; 4y py - dp, dSZ,

dm hg. dm

ViV

the angles being measured in some fixed ‘coordinate system

dQ; = solid angle for l'o’l

' = gin 61 d9‘1"d¢1',
d2, = solid angle for I—;Z
= sin 92 dG-Z d,¢2’
v = normalization volume for m,,

and V2 = normalization volume for m,.

- In the decay plane in the c. m. system, two 1ndependent variables must
be spec1f1ed to determine the decay conf1gurat1on 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; and ¢ 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;, ¢) are automatically accomplished by considering

the element of volume lbetween two ellipses, one corresponding to total en-
ergy m, and the other to m + dm, for a fixed P and ¢; such'an element
dV is-indicated in the f1gure

- Since P; can be chosen in any direction without restr1ct1on, 1ntegrat10n
. over dQl gives 4w.  The distribution function is now

an _ (*"VaVe) 2, o drdg 0
Im T6 ) P1 Py eTEsing s ¥ oogm ‘

since . de = 27r sin¢ - rdrde.

- Evaluation of. r (dr/dm) in terms of P and ¢ will give the required distribution
as follows:

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

-lThe 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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| MU-23650

Fig. 1.
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(2)
- (3)
The mid-point of the vector pl.,lies at x; o
b m.l-oml. i
Rl 3 , (4)
L N 4
o ) -Py
It.is con‘véni’ent to abbreviate the following:
Y m-E| =a,
Py = b.
- Since the equation of.the ellipse is -
,xz ' y?‘ _ 2. coszcb .'sin2¢ _ 4 | .
—Z + c—z - Ir —T— + —2 - 1, . . (5)
A® B O - S |
rz(dx;/da) can be found.. The result is
L2 dr _ 2 T}V da N A ab?sin’e [T\ ®)
TodE ot A da 2. . 2.2 A ! ‘ T
. i . (a7 =b")
where
L2 .23 ,.,,2.2 .2 2.2y 2.2 2 2,2
dA _ (a”-b")" +2b (ar-b-)v(m2 +m3 )-(a"+b )(m2 -mg )
da 2 (a2 'bz)z' J(a.z;bz_m 2 m.%)? - 4m. %m .2
- 2 3 2 3
_and
r
= (7).
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- The. final distribution.is.. . ...

N o e
an | 27 "i¥ p % A%sing a® v’ da
dm N3 | 1 2% b2 cosle da
' T 5/2 . _
A ab® sin®¢ a2 . p2 N\ - ;
S 2z .2 > d¢ dp;. .. {8)
(a”-b") a”"-b . cos” ¢ :

];ntegratmg this over ¢, or computing dlrectly the volume between the two
ellipses, gives the over-all d1str1but10n for P alone: ’

2 2 . 2,2

Gl Vo, = 2n° V'ﬂ’z 2 [, 2(m,® +my”) . (" -m37)
(py)dp) = ==~ 5 P1 - 2 2 , 2 2.2
' h : m-E;)"-p [m-E,)"-p,"]
1 71 : R
, (mZZ_m32)2 -
3(m - El) 1- >
{(m'El) =Py } J
Z(m'2+m 2) (m Z-'m 2)2 1 R
2 2 3 2 3
-p L - + — (9
1. m-E)l-p 2 (m-E.)2-p 212 ,
. 1/ "Pp e L S T
From p, and - ¢ the configuration in.the decay plane is determined:
- Endpoint of Py , .
P P m,” - m,?
1 1 2~ 73
Sz m-E))-py
' NI 2
P ='\/(x =xy - +ty = fx - -2rx_"cos¢p+tT, (1)
R O S T 1

where : —
a2 - bz
r= A 2 2.2, '
‘N . a®“-b” cos“d

<
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(12)

- (13)

(14)

(15)

A' I. Selection. of P

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

o 2(m,% +m,%) (m,%-m,5)?
Gpp=b> J1- —2 3 4 2 3
GHey) = 2.2 @2 - b2)2
Ll mtem ] 2(m,%+m,%)  (m,%-m,%)?
3.2 3. M2 T™3 w2 | 2 3, M 3
2 2.2 - 2 2 2 2.2 ?

(2% - b%) ; a®-b° - (a%-1b%)

(16)

where a=m-E,, b=.Pl, and El =Jpp tTm
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The maximum Py is computed:

P1 max ™ Zm \/[m - mytmytmy)f m7-{my-m, -mg)

(17)
. . . . . 2 R v
The maximum G (pl) is suppheld in the 1nput.. Gmax(m’ my, m,, m3).,
_2u: Procedure: '
b.(a) Select 2 random numbers: 0< £ <1,
0L

(b) Select trial Pyt Dy T £ Py max' -

(c) Compute trial G* (plt);

y 1 3 .
(d) Compare G (plt) with n Gmax’

' l 13 . ’
. (e) I£ G (plt) >n Gmax’ then the trial is successful and Fhe program

continues.

- If G (Plt) <n Gmax’ then the tridl fails, and another trail is attempted

with new values of (£, n).

2. Selection of ¢

Dropping the constant coefficient'in dN/dm,- and 1nsérting the v:illue. ufl
p) obtained above, ‘we have the distribution in ¢, _
| 2 2 /2 (L L2 2
£(6) = A% b2 sing| 2 =P da A ab” sin“¢
2 2 da
a -b cos ¢ :

.(18)
_ (a2 - bZ)(a.Z - bZ cosz¢)

. This function may be integrated explicitly to give

¢ o L
F(o) =| flo)de = AP bP@Z-p3)¥2 L dA( 1 ___ cos¢
‘ 2% B\ ZT J 2- .2 2 .
0 ‘ .'\/af -b a”-b" cos™¢

‘ .

) Abz' S . (a2+ 2b2) cos3¢ _ 3a2 cos d '

+ Z 2 + 2 2 2..3/2 (18a)

3a3(a® - b%) 22 12 @ - b“ cos“p)

¢

Z'No’ce that an exact value of G ____ -is not necessary, but only a value that is
greater than or equal to the exact G, ,,; to the extent that it.is greater, the
ratio of successes to trials is reduced; but the distribution of P, is unaltered.
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-Since
. . N ‘
t dN -
Tm 4 =GRy
0 :
it is easy to show that
. 4
F(m) = WA G' (pl) = Fmax' o . (18Db)

Value ¢ is now selected.as follows:

- {a) :Choose another random number such that 0 £ { £ 1;
G' (Pl)

(b) PutF'=§F ‘L-———

G (pl) has just been calculated in selection of pl);

- (c) Solve for ¢ the equation
G(¢) = F(¢) - F' = 0.

This can probably best be done hy an .iterative procedure.- See Sec. V
.(Method), for a complete description of solution of G(¢) =

3.. Computation of other Momenta .and Angles

2 2 - .
oo =L My -Mmg r_Ajaz-bZ :
- 5 —_— 5 .= P
10 2 .71 .ZebZ : -b% cos®é
= X + .]:- = }- - X
*p, T F107 2 Py *p,. 2 P - %o
2 ' 2
. = x --2rx_ cos ¢ +tr |,
P2 \/ P) P ¥
P3 = x ' 24 2rx, cos¢+fz,'
- r sin¢
tanb,, rcos¢ - x *
: P
tan 613 - . r sing¢ - _ _rsingé ,

I :
(xlo-ip_-l)—rcoscp . xp2+r cosé
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and

923. = 2% - (912 +'913).

4.. Randomized Qrientation of Decay in Space
Perform the orientation as follows:

(a) Pick the direction of ; randomly relative to a fixed coordinate

-system (X, Y, Z) by specifying the polar cocdrdinates \, i according to the
_joint distribution: ' 1
p(x, p)dhdp = Ir sin X d\ dw;

(b) Establish a primed system of coordlnates (x AN z ') rotated relatwe
-to the fixed system (see Fig. 2), such that z' lies along p asnd the y'
axis lies in.the Zz' plane, which will then be the deca.y plane

The equations relating, components of d1rect10n cosines along axes in
. the two systems are then

sinp + B' cosk cosp + y' sink coSp.,

a=a'
B'=-a' cospt 5‘ cos)\ 51np + y! sin)\ sinp, (19)
Yy = -p' s1n)\+y cos \.

- The direction cosines for ;1’ ‘f;z"l, 1—:>’3_zin.the primed system are

pyoa) =0, B =0,y =L
;2: ._;12' = 0, f}Z" = isinGlz, Y, =cosb.; (20)
53:. 0,3' =0, By = - 51n613, yj = .cos 9.13.

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

Y =¥" a' =acosy - " siny, B' = B" cosy + a" sinv. (21)
The components of p ,» and p glven above are now in the (x", y'", z")
system. Transformlng tozthe (xt, y » 2') system gives

i = | = $ P -1,
ay’ =0, By =0 vy, =L, et sy

= -sinf, sinv, B = sinf,,cosv, Y, = cos 015 (22)

=]
W]
|

az' =sinf,, sinv, ﬁ‘3' ',= .:?‘sjn613c'osv, Y3 ' =cos@

13°

31& cosA==x1, puta=a', [3 = £ ﬁ' rand y =+ y', respectively, using values
taken directly from Eqgs. (22).
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These values ‘are now substituted in Eqs. (19) to obtain the (X, Y, Z) com-
.ponents of»fa’l, f)'?_, '33, stored in the computer memory for output. '
The angles (X.. W, v) are chosen with random numbers \', p', v
0< A <1,  0<u <1,  0<y'<l;

cos A =2\ =1, p=2nwu', v =2mv' .

. B. Input and'Output

1. Input
m
m, l G
max - ,
m,’ n = number of trials . :
mg : n_ = nqmber.of successes -
2. Output
Py 92 Pix = %P1 . Pox = %2P2 P3x = ®3P3
P 953 P1y = P1Py. P2y = P2P P3y = P3P3
Py B3 Piz = N1P1 Pz T Y2P2 . P3z = Y3P3
n m m 4
Rs M G max

P1 max T 2
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III.. LORENTZ TRANSFORMATION
TO THE LABORATORY SYSTEM

Consider particle m to be moving with-momentum f; -when it decays
-into secondaries mj, m,, m with previously determined c.m. s. momenta
"Pyi Py P3 (see Fig. 3). The resulting secondary momenta in the laboratory
system {dencted by -a subscripti!'L').aré to bé determined:.from:the Lorentz
.transformations. ‘

- Input ’ ' Output
Pix’ Piy* P1p? ™ypr Py Pix’ PiLy' Pirz’ Pin Bip ™y
Pax' Py’ Pagr ™Mpr Py Porx’ Pary' Parzt Pare Eapr ™2
P3y’ P3yr P3pr ™30 P3e P3px’ P3ny’ P3pLz’ Pap’ Espr ™3
o [3p,4 Ypr Py ™ Plx’ PLy’ Pr,,* P EL’ m.
* Derivation of transformations for i = 1, 2, 3:
4 . o
_ 2 2 _ 2 2 _ L - L
E;= P;- tmy Ey =Npp, tmo Y= 7 W= -
- Components parallel to E
pi” L = [Y(pl Up)+ YﬁEi] Up'
- Gomponents perpendicular to f;:
Pi| L =Up>,<(Api>< Up)=pi -'Up(pi- Up)’ . .
- where I—;
g = L
P P

- Resultant transformed vector:

— —

Py s Ly -1 G- U )+ yBE) T 45,

Thus
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Fig. 3.



e

where

. Py

-18_

= [y - _1)'(31 ' ﬁp) typ E1] p}'p+ pl |

P; y

iLy
Lz L0y -1y - U )+ ypE] v, +p,

=Jp 2 4p. F4 2

iLx p1Ly : piLz

1

PiL

(Py = Up) =P 0 ¥ PyBy ¥ Py,

UCRL-9614

\ . fori=1, 2, 3,
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1v. '+’ DECAY AND THE GAMMA-RA Y CONVERSION SUBROUTINE

A. Tl’o Decay 170 - yl + yZ L

. masises whose value is 135 OO

The components of the two vy niomentui'n vecotrs, 1_; 1 and pGZ’ normal
and parallel to the initial 70 momentum p are called, respectively,

PGin’ ‘pGlp' and pGZn,’ pGZp ’

They are found from p;, m; as follows (Lorentz trénsforma’tion)z

= Ei mﬁo cos 0* + —pi
pGJp mi .2 " Ei for
i=1 2
m
_ T . *
pGjri =+ > sinf@ ,
with
mvo = 135.00.
Here

sk
cosf = 2n -1, where n is a random number such that 0 < n £ 1;
* T 2% .
sinf = \/ 1- co’sze . ‘

: Referr1ng to Fig. 4, where the pr1med system is constructed with the z'

axis along p1’ and the y' axis inthe z'Z plane (cf. Sec. II-A-4 '""Randomized
- Orientation of 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):

-1 * .
= ?(_ Eicose +pi),

_ 1 *
= 7 (Bjcosf +py) PG22!

,.pGl_z'

Pgix' = O Pgax
-m_Q % . m_qQ

P , = _'IT_ sin @ s P . = _TT_

Gly' - T2 G2y Z
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- MU-23653

Fig. 4.
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Now, a rotation by angle y about thé z' axis
the primed system:

gives the new components in
_ 1 L% _ 1 * .
PGipr = 7 (Bjcos® +p) PGagt = 7 (- Eycosf +p)
mno' ' % -mno . .
pGlx" = . sinf sinv, pGZx' = > sin® sinvy;
e g* m 0

) 9*
pGZy' >— sinf cosv.

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

Pgixt Sin pi'+ pGly" cos')\i cos + pGli" sin )\i. COS p.
pGly = “pGly' cos . + pGly' cos )\i sin p. + PG1z' S0 )\i‘ sinp;
PG1z © PGy

sin )‘i + PGlaz' €OS )‘i;
where “
cos )\i = Yi’ sin )\i =_'\} 1 ~cos " \.,
a.
cos = :
M 7 sin ]
-and B,
sin By = '

sin \, '’
' 4 i
when-(ai, ﬁi, Yi) are direction cosines of =
- Similarly, for PGy’ pGZy' pG.Zz:
Compute:

N 2, . 2
PGl " YPgix T Pgly T Pglz

3 . 2 2
PGz = “/pc;zxz tPc2y T PGz

Notg:"

If cos A, =% 1, then take:

mnO sk . /
. pGlx = > sin@ siny = +'p1x;
I L
PGly Z n

cosy = % Pyt

. 1 Ed
PGlz = * z (Ejcosd +p)=2py,.,
and repeat these three equations for Pgo



-22- UCRL-9614

' .+ B.- Gamma-Ray Conve rsi_on

Input ' 4
" From Sec A above, the momentum and.its. components.are known for

each y ray. : : B

: Other input data: Coordinates of the decay point (xD, Yp ZD).

Calculations:

Compute direction.cosines for yl:

_ Paix _ Paiy _ Palz

a, = ) ﬁ = —_— Y1
I Pal 1A Pci I PG1

- 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.

FLP = POPATH (2, 2, R, o), pl, Y1 *p Yp Zpr

. where _
2
ZZ =. 23,
. R =13,

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

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

135 6738 1292 6491 + 5508.5681
. 'ﬁ .
pGl (pGl) ] (.PG"I )

FLAMG = 5.1448 +

Select a conversion distance according to an exponential distribution:

FLGAM = =(FLAMG) (loge n)s

where n is .a random number,- such that 0 <n < 1 - Test for y-ray con-
- version inside. f1duc1a1 volume:

L (a) if FLGAM-FLP < 0, y does convert;
(b) if FLGAM- FLP >0, y doesﬂnot convert ) ' T

Repeat this set of calculat1ons for y2, keep1ng the same (xD, YD’ zD),
but changlng to the momentum of v2.

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

/ ,Ar‘xll

Selection.of ¢.dccording to Sec,-II<A-2; (Selection of ¢), Subroutine FOFPHL

- This is a direct integration problem.  Define
H(x) = H(cos ¢) =j fd¢ - R(r)f fdo,
0 0

where R(r) is equal to a number produced by the randorn- ‘number’ generator,
and f($) is as in Eq (18)

H(coscp) dA/da A b(a - 1) 3/2 - °°S¢ 73
a (a - cos ¢)

A3 abz(az - 1)3/2 (2+u ) cos ¢ - 30. cos ¢ .

% -b%)  \ 3a®@® - coste)/?

+

+ CAPFL -2R(r) CAPFL,

_ DA/da A% (2% -b%)ba £ 2/3 (A% b%)

a

. where CAPFL

.4

a =+, and x = cos ¢.

ol

. H(x)-is a monotonically incrcaeing function as. x goes from +1 to -1,
since f(¢) > 0, and 0 ¢ L 7 The subroutine then solves the equation

x H(xl) X H(xz)

H(Xl) - H(XZ)

by iteration until |H(x)| < 0.001 F',.where F' = R(r)f fd¢ = 2R(r)- CAPFL;

and where H(x ) >0 and H(xz) < O each successive value ‘of x.replac1ng
llfH(}.{)>0 or x, 1fH(x)<O l '

" The output is PHI = é;r(ios (x). - FOFPHT = 0, if x is found w1th1n
50 iterations; otherwise FOFPHT = 1.

PR
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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 "super" program --.see Append1x)

All subroutines are included in the binary deck, including FORTRAN
I-0 subroutines and FORTRAN square root, log, arctan, exponent1a1 sine,
and cosine subroutines.

- This program requires a minimum core size of 177.778 locations
(8192,).

Vil. 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, FMIl, FMZ2, and FM3 respectively, and all are located in FORTRAN
~common. - The values for the unit direction cosines of the primary, and the
coordlnates of the pr1mary and momentum of the primary, must also be set
in the main program These are the constants ALFP, BETP, GAMP, PCQORD(1),
PCOORD{(2), PCOORD(3), and PL, respectlvely, all located in FORTRAN
common.

- The values for Gmaxe 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 limitin'g values that the ratios. of successful trials.to
total trials may assume in cases of failure in the function G(py) and the
function. F(p » must all be fixed in the main program. . The se are the con-~
stants GMX, %\I,' NSC, NFAIL, F1, 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 wr1t1ng the BCD information from all subroutines involved in this pro-
gram, i.e., if NZZ = 6, 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 transformatmns from the
c.m. s. to the laboratory system - If LBTRNT # 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 n¥-decay and. gamma-conversion calculations.
- If PIDCAT =1, then subroutine PIDCAY is-executed, using results from the
.original c.m.s. (i.e., directly from subroutine PSPDST).  If PIDCAT =

‘then subroutine PIDCAY 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 PIDCAY, 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 =
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 b1nary 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 subrout1ne as 'a test word, and
is. available to the user. : :

- See Appendix for further details concern1ng the main program written
by th1s 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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VIII CODING INFORMATION

A. Alphabet1ca1 L1st1ng of Subroutines and Functions

15

. 16

_ No. octal :
Item -Subroutine Locations Reference
1 ABGCMP - . 266 See Eq. (19), and also Item 22 of
o ' this table. .
ARCOS 52 ' The - ARCCOSINE subroutine.
CAPSMA ‘ 204 Calculates various constants in
Egs. (2): (3): (4): and (6)
4 CRDPP 131 See Eq. (22), and also Item 22.
5 FOFPHI o 577 See Sec. II-A-2 (Selection of ¢), and
- - ~also Sec. V {(Method).
-6 GAMCNV 410 . See Sec. IV-B (Gamma-Ray Conversion).
: " Uses subroutine POPATH.
GENPR 33 . For two randofn r_u.unbers, pg. 11, PROCEDURE
GENTRP 115 For three random,.as on pg. 15. .
9 GOFP 177 ' See Sec. II-A-1 (Selection of p;).
10 LBTRAN 544 _ See Sec. III (Lorentz Transformation
o to the Laboratory System).
11 LODRAN See Item (19) See Item 20. ‘
12 MOMANG . 315 See Sec. II-A-3 (Computation -of other
‘ : *.Momenta and Angles).
13 PDTPUN 22 ' This is a "dummy" return subroutine.
14 PIDCAY 673 See Sec. 1V-A (10 Decay: 70 -yl + y2).
' Also uses sgbroutine GAMCNYV.
PIPCMP 133. See Eq. (20), and also Item 22.
PMAX 76 See Eq. (17).
17 - POPATH 317 Calculates potential path from a point
" to the edge of fiducial volumen.
18 PSPDST 1005 Main body of three-body decay experi-
ment. It also calls LBTRAN and
-PIDCAY.
19 RAN 7 ' Y ' Generates random numbers, such
' (G5 LC that 0 <y <l1.
20 RANLOD 51 Loads new base element into sub-

routine RAN. Uses LODRAN See
Sec. VII-b-4.



“Item Subroutine
21 RANSTR
22 RNORNT
23 STORAN -
24 SUPER
25 ZML

Y UCRL-9614

No. octal

Locations : ) h References
47 Punches current RAN base element
' "for subsequent uses. Uses STORAN.
, See Sec. VIl-b-4." '
105 Controls calculations described in.
‘ Sec. II-A-4 (Randomized Orientation
of Decay in Space). Uses subroutine
GENTRP, CRDPP, ABGCMP, and
PIPCMP.
See Item 19 »
131 ‘ See Appendix (Subroutine ZML).
104 See Appendix (Subroutine ZML).

B. - Lisl of FORTRAN LibrarySubzoutinca Uscd by the Progfam

The number of octal lc;cations used’ is included in parehthese.s. . Total

memory for all subroutines:. 12202, octal.

1 ATAN
2 COS
3 EXP
4 EXP(3
5 LOG
6 SIN
7 SQR'T
8 . (CSH)
9 (FIL)
10 (I0H) I
11 (I0H) 0

12 (LEV)
13 .~ (RTN)
14 - (SCH)

15 - (STH)

(124)
(154)
(360)
(see item 3)
(see item 3)

(see item 2)

(25)

(211)

(See item 10)
(1612)

(see item 10)
(143) .
(See item 12)
(132)

(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), GMCNV T (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 locatlons) o

ZMl, is a 704, han‘d-_coded, two-word loader that performs as follows: '

(a) Each time a transfer to ZML is executed, ZML readé the first
.two words of a card in the card reader, i.e., it reads rows 9L and 9R and
stores these words in IN1 and IN2, respectively.

(b) It then tests IN1 and IN2 in the following manner. If INI is non-
zero and IN2 is zero, then the contents of IN1 are planted.in the store in-
- struction DOWN, i.e., DOWN STO X, where X is the contents of IN1, and
the first two words of the next card in sequence are read into. IN1 and IN2.
If IN1l.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 IN1 and IN2. If both IN1l and IN2 are nonzero, then
a.transfer to IN2 is executed, thus 1mp1y1ng 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. : h

In the main program, ZML is used to fix the values of the constants
PIDCAT .and PDTPNT, thus remov1ng the necessity to recompile the main
program each time changes in the subroutines PIDCAY 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 returmng control.to the
mam program.
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Fig.- 5.

¥

low diagram for subroutine PSPDST..

RETURN
PRINT NO
ENTRY Heading {GMX,
- SUBROUTINE R -
Args (GMX, N, PMAX PMX, N, NSC, |
NSC, NFAIL, Returns (PLX) NFAIL, F1, M,
2) YES
Fl, F . .
R M), My, My)
YIS y
" SUBROUTINE
CALCULATE GOFP SUBROUTINZ SUBROUTINE
1< NO . CAPSMA CALCULATE uB
GOFPT GOFPT = Args (M, Uy, P a) . p L GENPR
NFAIL am . M€= Returns (A, P, = XI # ETA :
20 GOFP 1 - Returna " G(P)] ! 1 : Returns (XI, ETA)
T dAfda)
YES (ETA *» GMX) = GOFP | .
SUBROUTINE
FOFPHI
Args {A,a, - N
F da/da, P)). 3UBROUTINE
* 'RNORNT
Returns {PHI, ——
. ! PRINT Args (Cos LAMBDA,
PRINT FOFPHT) T SUBROUTINE. -
4 MOMANG* 1 Far N LAMBDF).
“Failure in GOFP" YES “Trial Ne. " o2 P=i THETA,,, THETA,,, —
PRINT
1. NSCSF- Args (PHI, A, a) . :
1, NSCSFL/1 = - THETA,;, PHI o
FOFPHT X, \., Z Components
>0 vES oIP|, P, Py
NO
e SUBROUTINE
LBTRAN
N FAIL NO [ Prints its own
data results
Y YES |
" RETURN
NSCSFL/I
y NO <F2 SUBROUTINE
PIDCAY | PRINT P
Prints its own LAMBDA |
data results
|
” Y .
< : . MUB-707
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CALCULATE

Direction cosines of the 3

CALCULATE secondaries according to
the formulas:
CALCULATE -E /m
2 2 > UL — Pipx " Pix*FrLa
EL=PL +m vB= P, /m P:
. L oy = Piy X Prg ) =13
GAMMN 1 = (y - 1) Y 4
- P. =P._XP
ipz iz Ly
CALCULATE N

Momenta components of the 3 )

secondaries according to

the formulae: CALCULATE CALCULATE

Pi1o = STOP () X Py + Py STOP (i) = (y - I X P, + Up € ?i' Up =

iLy = STOP G X Prg+ By FYBXE, Pirx * PiLy * FiLz
P, , = STOP ()X P+ P,

i=1,3
" PRINT
CALCULATE ﬁ
CALCULATE CALCULATE 1 Pr Pue Pry Fra Eoe
Primary momenta p P P P
Momenta of secondaries: Energies of secondaries components: 1L* “1Lx’ “1Ly’ ~1Lz’
= E ,.,m, P,., P ,
3 ) z F} 2 —>] P =PLXPr, L P Parr Parx
P.. = \/P, + P, + P, E L= m,

il ilx iLy ilz Li il i =P XP . P , P , E.,, m,,
i=1.3 : Ly "L Lp 2Ly 2Lz L2 2
i=

' i=1,3 -
P, =P XPL P3rr Pipx Paryr Papz
’ Eps ™3
RETURN - .

Fig. 6. Flow diagram for subroutine LBTRAN.
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PIDCAT

=0

"RETURN

Al
Iterate through 110
fori=1,3 :

' RETURN VI\L

119

T

YES
Iterate fhrough 120
No PIDCAT NO / = 135
=1 \ fori=1,3 NO
PRINT
PI. decay EPl= Ep;
from _
) i PPI= P,
(See next page) lab system
EPI = E.
1
PPl = P.
1

Loz /™

(See pe:‘ct pége)

| frem c.m. s.

PRINT

P decay

- MUB-709

Fig. 7a. Flow diagram for subroutine PIDCAY: first part.
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CALCULATE

STO 1 = RAN {x)

[ Cos 8=2XSTO 1 - 1

Sin 6 = V cosze

CALCULATE
STO 1 = RAN (x)
v=21XSTO 1
COSNU = Cos v

SINNU '.—\A - cos?nu
STO 1 = Sin 8 X SINNU
STO 2 = Sin8 X COSNU

STO 3 = EPIXCos 8

P
p

P

P

CALCULATE
ylx = ™/2 ¢ STO
gy = - ™/2° sTOZ
Yl'z - %(s"ro 3% PP))
1:"nyv= - P‘ylx
Plyey =~ Py
. 1(-sTO 3+ PP

CALCULATE
= P i
Pylx = Ple sin p
+ P‘Yly cos A cos p CALCULATE
' i Cos A= y'"
+P iz sin A cos p 08 Y
. \’ 2 NO
P =-P cos § Sin A ={1 - cos” A
Yly, ylx YES.
+P' . cos Asinp Cos p = a''/sin M
yly .
~(>P'le sin \ sin p Sin p = B"/sin A
= . p' i
l:’le =-P viy sin \
+ P! cos A\ CALCULATE
ylz
P. =P
[ ] vix Y
P. =P , CALCULATE
CALCULATE YLy yly
- = P P, =P
P, =P, sinp Pyiz Y ylx yix
y2x vax P =P P = - P!,
+ P! cos A cos p CALCULATE yex Y yly .oy
Y2y P. =P P1=-P'
+ P! sin A cos p P . =(P 2 + P 2 + P 2.7 Yoy Y2y Yiz vlz
Y2z vl ylx yly ylz ) P. =p P - p
P = - p' cos p Yez y2z y2x yex
v2y v2x 2 2 2 % P, =-P
i P ,=(P +P Y2y Y2y
+ P‘YZY cos A sin p y2 y2x v2y + Pvzz } o e ¥
+ P! sin X\ 8in g y2z y2z
Y2z
PyZz = - P.yZy sin-\ '
+ Py, co8 X PRINT SUBROYUTINE
GAMCNV
P .. » Pl .
vl ylx yly yiz Tests if y's randomly
P P P decay withina fiducial
v2' Ty2x' Ty2y' T y2z volume .of the chamber.

Fig. 7b. Flow diagram for subroutiﬂe PIDCAY: conclusion.

MUB-70€

-zs-

$196-T14ON



C
C

THIS IS THE MAINISUPER) PROGRAM CALLING SUBROUTINE PSPDSTs

COMMON NZZsLBTRN 9 ALFPP4BETPPsGAMPPyP1PyP2P sP3P yFMaFM] sFN2 4 FM34P1 s '

1P29P3 9 THTAL129 THTAL13 9 THTA239EsPLLPsP2LPyP3LP s ALFPyBETP sGAMP sPL
2PIDCATsPDTPNTsPLoP2LsP3LsELISEL29EL3IGMCNVT9PCOORDIPEIXPGIYIPG12Z
.3oPGZXoPGzYoPGZZ|PJGAN1oPlGAMZ'FLGAMloFLGAMz»lPTTYPalPlkEMoXcooRD.
4YCOORD»ZCOORDsGD:ISTsPIUIPLUPoP2UsP2UPsP3UP3UP 9G1UX9GIVY +G1UZ»G2UX

506G2VUYeG2V

DIMENSION ALFPP(3)sBETPP(3)sGAMPP{3)sP1P(3)sP2P(3)sP3F(3:sPILP(3)y

1P2LP(3)sP3LP{3)+E(3)sPCOORD(3) o IPTTYP(8) s IPTREM(B) s XCOORP(8) 9 YCOOR
2D(8)sZCOORD(B)+sGDISTIB) sPLUI3)9PLIUP(3)6P2U(3)9P2UP(3)4P3U(3)4P3UP

3(3)

CALL RANLOD
NZZ=6
LBTRNT=1

FM=49%4 4000
FM121054660
FM221356000
FM3=0,
GMX=4404E08
N2100

N&C=100
NFAIL=10
F120410
F220610
ALFPa0,
BETP=le

GAMPa0,
PCOORD(1)20,0000
PCOORD(2)=0,0000
PCOORD13)=2124500
PL=494,000

CALL ZML

CACL PSPOSTIGMX3VsNSCsNFATUSFIFZT
END FILE WZZ

REWIND NZL®

CALL RANSIR

sToP

END (0s1929050)

-gg=-
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STORAGE FOR VARIABLES APPEARING IN COMMON SENTENCES

DEC  OcT DEC  OCT DEC  OcT DEC . OcT DEC  ocT
TTTTTTTTTTIPTYYPTIZAYG TTT356 T TTPTREM 32486 7734677 T GMCNVT 732508 77374~ GDIST 32454 77306  GAMP 32518 17406
GAMPP 32554 77452 G2UZ 32423 717247 G2UY 32424 77250 ‘ G2UX 32425 77251 G1UZ 32426 771252
GlUY 32427 77253 GlUX 32428 77254 FM 32542 77436 FM3 32539 77433 FM2 32540 77436
FM1 32541 77435 FLGAM2 32495 77357 FLGAM1 32496 77260 E 32532 77424 EL3 22509 77375
EL2 32510 77376 EL1 32511 77377 BETP 32519 77407 BETPP 32557 77455 ALFP 22520 77410
"ALFPP 32560 77460 LBIRNT 32561 77461  N2ZZ 32562 77462 PILP_32529 77421 PIL. 32514 77402
TPIP 32551 77447777 T T PN 32538 174327 7T PIUP 324437 77273 P1U 32446 77276 P2LP 32526 17416
P2L 32513-77401 "P2P- 32548 TT444 P2 32537 7731 P2UP 32437 77265 P2U 32440 77270
P3LP 32523 77413 P3L 32512 77400 P3P 32545 77¢41 P3 32536 77430 P3UP 326431 77257
P3U 32434 77262 PCOORD 32507 77373 . PDTPNT 32515 7703 PG1X 32504 77370 PG1Y 32503 77367
PG1Z 32502 77366 PG2X 32501 77365 PG2Y 32500 77364 PG2Z 32499 17363 PIDCAT 32516 77404
PIGAM] 32498 77362  PIGAM2 32497 77361 PL 32517 77405 THTA12 32535 77427 THTA13 32534 77426
THTAZ3732533 77425 XCOORD™ 32478 77336 YCOORD 32470 77326 ZCOORD 32462 77316

STORAGE NOT USED BY PROGKAM

DEC .0OCT B DEC ocr
_..88_00130 32422 77246

LOCATIONS OF NAMES IN TRANSFER VECTOR

DEC ocT DEC  oCT DEC 0I7 DEC oCT DEC ocT
PSPDST 1 00003 RANLOCD 3 00003 RANSTR 0 00200 ML 2 00002

“ve-

STORAGE "COTATTONS "FOR"VARTABLES NOT APPEARTNG "IN OTMENSTONYEQUIVALENCE OR COMMON SENTENCES

DEC ocT DEC ocT DEC oCcT DEC oCT ’ DEC ‘ ocT
GMX 87 00127 . . .F2 86 00126 F1 8% 00125 NFAIL 84 00124 N 83 00123
NSC 82 00122

......... A

STORAGE “"LOCATIUNS™FOR SYMEOLS "NOT “APPEARING TN SOURCE PROGRAM

DEC  OCT PEC  ocT | DEC  CCT DEC  OCT DEC  OCT
2) 64 00100 31 © 69 00105 6) © 77 0C115 B
SUBROUTINES NOT PUNCHED FROM LIBRARY
RANTOD ™™ "~ ML~ T PSPOST " "RANSTR - »
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100
105

110

115

120

200

210
1000

1010

SUBROUTINE ABGZMP{ALF P ¢BETPPsGAMPP s COSLAMFMU e LAMBDF s ALF ¢ BET +GAM)
DIMENSION ALFPP(3)sBETPP(3)9GAMPP(3)sALF{3)9sBETI3)9GAM(3)
IF (LAMBDF) 23241004230

IF(COSLAM) 11592004105

DO 110 I=1s3

ALF(1)=ALFPP( L}

BET(1)=BETPP(1)

GAM(T)=GAMPP {1}

CONTINUE

GO TO 1000

DO 120 =13

ALF(1)=ALFPP( 1)

BET(1)=~BETPP(I[)

GAM{ 1)==GAMPP( )

CONT INUE

GO TO 1000 .

STO1=SINF(FMU) ‘
ST02=COSF(FMU) : : :
STO32SQRTF(14=-"OSLAM#ZOSLAM)

S5T04=2COSLAM )

$T05a5T02#5T0O%

STO6=STO}#S5T03

STO7=STO1#STOW

$T08=5T02#5T03

DO 210 1=193
ALF(T)=ALFPP1)#STO1+3ETPP(1)*STOS5+GAMPP (1) *STO8
BET(1)==ALFPP([)#STO2+BETPP(])#STOT+GAMPP(]1)#5T0p

GAM{ 11==BETPP([)1#5T03+GAMPP(1)#5T04

CONTINUE :

00 1010 J=1e3

ALFPP(J)=ALF(J)

BETPP(J)=BET(J}

GAMPP (J)=GAM({J}

CONT INUE

RE TURN .

END (0310040909

-'gs-
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EFN
100
200

cos

STO1
ST06

9)

SIN

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

IFN  LOC

4 00100
17 00130

DEC  ocT
181 00265

DEC  OCT
1 0000}

EFN  IFN = tOC - EFN - IFN  LOC

105 5 00106 . 110 9 00113
210 29 00222 - 1000 30 00224

STORAGE NOT USED BY PROGRAM

DEC ocT
32562 77462

LOCATIONS OF NAMES IN TRANSFER VECTOR

DEC ocT . DEC oCcT
SIN 2 00002 SORT 0 00000

EFN 1FN LOC EFN
115 11 00116 - 120
1010 34 00233

DEC ocT

STORAGE LOCATIONS FOK VAKIABLES NOT APPEARING IN DIMENSIUNSEUUIVALENCE OR COMMON SENTENCES

DEC . OCT
180 00264
175 90257

DEC ~O(CT

169 00251 .

cos

DEC  ocT " DEC  oOCT

ST02 179 00263 STO3 178 00262

ST07 174 0025% $T08 173 00255

DEC oCcT
STO4 177 00261 5105

STORAGE LOCATIONS FOR SYMBOLS NOT APPEARING IN SOURCE PROGRAM

1}

DEC oCcT DEC ocT
170 00252 2) 161 0024)
SUBROUTINES NOT PUNCHED FROM LIBRARY
SQRT : )

DEC ocT
163 00243 6)

IFN LOC
15 00125
/
DEC oCT
DEC ocCT
176 00260, [}
W
o
]
DEC ocT
164 00244

$196-TYON



A

1}

FUNCTION ARCOS(COSXsSINX)
ARCOSaATANF(SINX/COSX)

IF (ARCOS) 18292

1 ARCOSaARCOS+341415926536

2 ARCOS=zARCOS+0,

RETURN

END (0s190+050)

EFN

ATAN

RCOS

ATAN

EXTERNAL FORMULA NUMBERS WIT+H CORRESPONDING INTERNAL FORMULA NUMBERS AND OCTAL LOCATIONS

IFN LOC

4 00024

DEC ocT
41 00051

DEC ocT
0 00000

EFN IFN - .LDC EFN IFN LoC EFN IFN LocC ' EFN
2 5 00227 . .

STOIAGE NOT USED BY PROGRAM

DEC 02T
32562 77462

LOCATIONS OF NAMZIS IN TRANSFER VECTOR

DEC  O:T ’ DEC  OCT DEC  OCT

STORAGE LOCATIONS FOR VARIABLES NOT APEARING IN DIMENSIONSEQUIVALENCE OR COMMON SENTENCES

DEC ocT
.40 00050

DEC  OCT
38 00046

DEC oCT DEC ocT R DEC ocT

STORAGE LOCATJOWS FOR 3YMBOLS NOT APPEARING IN SOURCE PROGRAM

DEC OCT : - DEC  oCT : DEC  oCT
3) 31 00037 6 33 00061

SUBROUTINES NOT PUNCHED FROM LIBRARY

IFN

DEC

OEC

DEC

LOC

ocT

ocCT

oCT

-LE-
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1)

SUBROUTINE CAPSMA(CAPA »SMASDCPDSM)

COMMON XXsFMoFM]1oFM20FM39P)

DIMENSION XX(20)

STO6=P14P)

STOB8aFM2#FM2

STO93FM3#FM3 . .
SMA=FM=SQRTF{STO6+FM1%#FM1)

STOT7a3SMA®SMA

S$T01aSTO7~-STO6

§T02a5T08+5T09

STO3a5701~-5T02

STO4aSTOB®STO9#4,

STO52SQRTF (STO3#STO3=STO4 ) #45
CAPA=({SMA®ST05) /75701

ST04=STO1#STO14STO}
STO4LaSTO4+24#5TO625TO1#STO2
STO33(STOB8~STO9)#(STO8-5709)
DCPOSM=(STO4={ STOT+STO6)I#STO3 )/ {STOS5#4e#(STO1#STOL))
RETURN

END (09190+040)

STORAGE FOR VARIABLES APPEARING IN COMMON SENTENCES

DEC oCT DEC ocT DEC ocT DEC ocT
FM 325642 77436 FM3 32539 77433 FM2 32540 17434 FM1 32541. 77435
XX 32562 77462

STORAGE NOT USED BY PROGRAM

—89-

DEC ocT
P1 32538 77432

DEC  OCT pEC  OcCT
128 00200 32537 17431
LOCAT]IONS OF NAMES IN TRANSFER VECTOR
DEC  oOCT DEC  oOcT ‘DEC  OCT DEC  OCT ‘DEC  ocT
SQRT 0 00000 .
STORAGE LOCATIONS FOR VARIABLES NOT APPEARING IN DIMENSIONSEQUIVALENCE Qﬂ COMMON SENTENCES
DEC ocY . DEC ozT DE& 2CT DEC ocT DEC oCT
S$TO1 127 00177 $T02 126 00176 STO3 125 02175 STO4 124 00174 sTos 123 00173
ST06 122 00172 ST07 121 00171 s108 120 03170 sT09 119 00167 »
STORAGE LOCATIONS EQB SYMBOLS QQI APPEARING Lﬁ SOURCE PROGRAM C:
Q
DEC ocT DEC ocT DEC oCcT DEC ocT DEC oCcT PU
115 00163 3) 106 00152 6) 109 00155 7 114 00162 o
SUBROUTINES NOT PUNCHED FROM { IBRARY !
NOT , V)
SQRT o~
[—
T



9)

SUBROUT INE CRDPP(TH7A12oTnTA13o=NU.ALFPPoBETPPoGAMPP)
DIMENSION ALFPP(3)9BETPP(3)9GAMAP(3) .
ALFPP(1)=0,

BETPP{1)=0,

GAMPPl1)el,

STO1=COSF (FNU)

STO2aSINF{FNU)

STO4=SINF(THTAL2)

STO6=SINF{THTAL3)

ALFPP(2)==5TO4%5T02

ALFPP{3)=5TO68#S5T02

BETPP(2)=STO4#STO]

BETPP{3)=~STO6%5701

GAMPP(2)2COSF(THTAL12)

GAMPP(3)=COSF{THTAL3)

RETURN

END (091900040)

STORAGE NOT USED BY PROGRAM

DEC ocTY DEC ocT
89 00131 32562 77462

LOCATICNS OF MAMES IN TRANSFER VECTOR

pEC  OCT DEC  OcT ‘ DEC  OCT DEC
cos 1 00001 SIN 0 00000 :

STORAGE LOCATIONS FOR VARIAELES NGT APPEARING IN DIMENSIONJEQUIVALENCE OR COMMON SENTENCES

DEC ocT : DEC ocT " DEC ocT oEC

$T01° 88 00130 $T02 87 00127 STO4 86 00126 5706 85 00125

STORAGE LOCATIONS FOR SYMBOLS NOT APPEARING Lﬁ.SOURCE PROGRAM

DEC ocYy . DEC ocT DEC oCcT DEC
84.00124 3 77 00115 6) 79 00117
. SUBROUT:INES NOT PUNCHED FROM LIBRARY

cos SIN

oCT

ocT

ocT

-6g-
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10

11
12

18
13
14
15
16
17

19
20

SUBROUTINE FOFPHI(CAPASSMAIDCPDSMePHI sFOFPHT8)
AITCHF (Z)oDCPDSMR®CAPARR JRERE RACER] (58 (=Z/(ALFARRZS (ALFARSQ-Z 827 ) %
X#45) )¢CAPARRIRSMARBRBRACH®] 4S5/AAR( (20 PALFANR ) RZEN3=3 RALFARN#Z )/
X{3aHALFARSLR(ALFA#N2-Z 282 )%#%] 45)+CAPFL=FPRIME

AASSMAR®2 -3 282 .
CAPFLa({DCPDSM*CAPA##2RAARBRRDROMAS (24 /3¢ ) RCAPARRIRRER,) /SMARS]
ALFA=SMA/B

ACaALFA#R2=1,

NBOX=0 .

FOFPHT=0s

FPRIME=RANF (1o )#2.#CAPFL -

Z1=AITCHF (~14)

Z2=AITCHF (04}

23sAITCHF (14}

ERROR=FPRIME#400]1

IFCAITCHF(O0a))} 10916511

Xlz=1ls

X2=04

GO TO 12

X1=0, .

X2sle .

Xe(X2#AITCHF (X1)=X1#AITCHF{X2) )1/ CALTCHFIX1)=ALTCHF(X2))

Y=Al TCHF (X)

NBOXcoNBOX+1

IF(NBOX=50)18918919

IFCABSF(Y)~ERROR) 17913913 .

IF(Y)14017915

X2=X .

GO TO 12

X1=X

GO T0 12

PHI®3414159265/2¢

GO TO 20

PHISARCOS({XosSQRTF () o=XW02))

GO TO 20

FOFPHTs=1,

RETURN

END (003900000)

—ov-
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NAMES OF ARITHMETIC SVATEMENT FUNCTIONS WITH CORRESPONDING INTERNAL FORMULA NUMBERS AND OCTAL LOCATIONS

IFN LoC . IFN LOC IFN  LOC 1FN Loc 1FN Loc
ALTCH 2 00355

EXTERNAL FORMULA NUMBERS WITH CDRRESPONDING INTERNAL FORMULA NUMBERS AND OZTAL LOCATIONS

EFN  IFN  LOC EFN IFN  LOC EFN  IFN  LOC EFN IFK  LOC EFN IFN  LOC
10 15 00220 11 18 00225 12 20 00231 18 24 30265 13 2% 00274
14 26 00277 15 28 00302 16 30 00305 17 32 20311 17 33 00317
19 35 00324 20 .. 36.00326

’ STORAGE NOT USED BY PROGRAM
DEC ocCT ‘DEC  OCT
382 00576 32562 77462

LOCATIONS OF NAMES IN TRANSFER VECTOR

- Iv-

: DEC ocT . DEC e leh 4 DEC acTY DEC ocT DEC oCT
EXP(3 3 00003 ARCOS 1 00001 RAN 2 00002 SQRT 0 20000
STORAGE LOCATIONS FOR VARIABLES NOT APPEARING IN DIMENSIONJEQUIVALENCE OR COMMON SENTENCES
DEC ocT DEC - JCT . DEC ocT DEC ocTY DEC ocT
FPRIME 381 00575 ERROR 380 02574 CAPFL 379 00573 ALFA 378 30572 AC 37T 00571
AA 376 00570 NBOX 375 02567 . X1 374 00566 X2 373 30565 X 372 00564
Y 371 00563 Z1 370 03562 - Z2 369 00561 23 368 30560 . .
) STORAGE LOCATIONS FOR SYMBOLS HOT APPEARING IN SOURCE PROGRAM
X DEC ocT DEC ACT DEC ocT DEC ocT . DEC ocr
1 361 00551 111 " 342 02526 21 218 00332 3) 224 J0340 . 4) 341 00525
&) 232 00350 7 340 02524
SU3ROUTINES NOT PUNCHED FROM LIBRARY

EXP(3 RAM ARCOS SQRT . N
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.SUBROUT INE GAMCNV . i i
COMMON NZZ 9 XX9GMCNVT s PCOORDIPGLXIFGLY 2PGL12Z9PG2XoPG2Y9PG2ZePIGAMY »
1P 1GAM29FLGAM1 9 FLGAM2 .

DI MENSIOM_XXL-53 )0 RCUORD L3 )

ALF18PG1X/P 1GAM]Y
BET18PG1Y/PIGAM]
GAM12PG1Z/PIGAM1
ALF2=5PG2X/P1GAM2
- BET2aPG2Y/PIGAM2

I‘AMQAD('?.) 'lleA‘Mz

15

30

GMCNVT=0,
FLAMG1=541448+135,6738/P1GAM1=129246491/(PIGAM1#PGAM1) 455085681/
1(PIGAM1#PI1GAM1#P IGAM]1)
FLAMG2=5414484135,6738/P1GAM2=129246491/(PIGAM2*P [GAM2)+550845681/

1{PIGAM2#P1GAM2%P IGAM2)
= ET 0GAML I RPCOORDLIIPCOORDL2 I RGOORD) i — e
13} ’
IF (FLP1) 159100915
FLPZBPOPATH(Z..130D13otALFZ’uhTZQGAMZtPCOORD(1)QPCOORD(Z)QPCOORD
13N .
IF (FLP2) 305100930

60
40

STOL=RANE(RANDMY)

STO23RANF (RANDMY )

FLGAM1==FLAMG1#LOGF (5T01) .
FLGAMZ=-FLAMG2 #LOGF (5T02)

1F (FLGAM1~FLPl) 50940940

IF {FLGAM2~-FLP2) 80s7Us70

WRITE OUTPUT TAPE NZZ222000

=ZP-

50

70

GO TO 60

WRITE OUTPUT TAPE NZZ»2001sFLGANL

GMCNVT=1le : |
GO TO 60 . .
WRITE OUTPUT TAPE NZZ»2002 _ _

GO -TO 100

80

100
2000
2001
2002

WRITE OUTPUT TAPE N2Z»2003+FLGAFZ . ‘ |
GMCNVT2GMCNVT+24
RETURN

FORMAT(1H #28X+21HNOs 1s NO CONVERSIONs)

FORMAT (1H »28X915HNOs 1 CONVERTSs 2X9sF9e493HCMe)

FQRMAT{1H++63Xs21HNOs 29 NO CONVERSIONg)

2003

FORMAT(IH+.63XQ15HNO. 2 CONVERTS» 2X9F9e493HCMe)
END (091909050) :
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GE FOR VARIABLES APPEARING IN COMMON SENTENCES

DEC _ OCT DEC....OCT__. DEC._OCT DEC Q<Y DEC  OCY
GMCNVT 32508 77374 FLGAM2 32495 77357 FLGAML 32496 77360 NZZ 32562 77462 PCOORD 32507 77373
PGlX 325064 77370 PGlY 32503 77357 PG1Z 32502 77366 PG2X 32501 77365 PG2Y 32500 77364
PG2Z 32499 77363 PIGAM1 32498 77352 PIGAM2 32437 77361 XX 32561 77461 :
EXTERNAL FORMULA NUMBERS #ITH CORRESPONDING INTERNAL FORMULA NUMBERS AND OCTAL LOCATIONS
EFN IFN  LOC EFN IFN  LOCT EFN IFN  LOC - EFN IFN  LOC EFN 1FN  LOC
15 16 V0134 15 - 17 00134 30 19 00151 60 2% 00202 40 25 00207
40 27 V0220 50 . 29 00223 50 32 00237 70 35 00244 70 37 00255
80 39 VU260 80, - 42 00274 100 44 00301 2000 45 00000 2001 47 00000
2002 48 00000 . 2003 49 00020 : :
STORAGE. NOT USED BY PROGRAM
DEC  oOCT DEC  OCT
257 00401 32494 77356
LOCATIONS OF NAMES IN TRANSFER VECTOR
DEC  OCT . . DEC  oCT DEC  OCT DEC  OCT DEC  OCT
LOG 4 00004 POPATH 6 0000s - RAN 5 00005 (FIL) J 00000 (IOH)O 2 00002
(LEV) 3 00V03 (STH) 1 00001 .
' STORAGE LOCATIONS FOR YARIA3LES NOT APPEARING IN DIMENSIONSEQUIVALENCE OR ZOMMON SENTENCES
DEC  OCT DEC:  OCT : - DEC  OCT ' ) DEC  OCT DEC  oOCT
GAM2 256 00400 GAM1. 255 00377 FLP2 254 00376 FLP1 253 00375 FLAMG2 252 00374
FLAMGL 251 VU373 BET2. 250 00372 BET1 249 00371 ALF2 243 00370 ALF1 247 00367
RANDMY 246 VL366 STOl" 245 00365 §T02 244 00364
STORAGE LOCATIONS FUR SYMBOLS NOT APPEARING IN SOURCE PROGRAM
DEC  OCT DEC  OcCT ) DEC .OCT DEC  OCT DEC ocT 
8)1Uy 217 00331 8)1Vl 223 00337 8)1UH 230 00346 811VG 236 00354 1) 238 00356
3) 197 00305 6) 206 00316 7) 237 00355 ‘ . :
SUBROUTINES NOT PUNCHED FROM LIBRARY
POPATH RAN

LOG (LEY) (I0H)O {STH) - (FIL)

“¢p-
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SUBROUTINE GENPR{XIETA)
XIaRANF (RANDMY )

ETA=RANF (RANDMY)

RETURN

END (091400040}

. -

STORAGE NOT USED BY PROGRAM t

DEC OcCT : DEC  OcT '
27 00033 32562 77462

LOCATIONS OF NAMES IN TRANSFER VECTOR

DEC  OCT DEC  ocT DEC  oOcCT pEC  OCT pEC  OCT
RAN 0 00000 : .

STORAGE LOCATIONS FOR VARIABLES NOT APPEARING IN DIMENSIONSEQUIVALENCE OR COMMON SENTENCES

DEC ocT DEC ocT DEC ocT DEC ocr DEC ocT
RANDMY 26 00032 :

STORAGE LOCATIONS FOR SYMBOLS NOT APPEARING IN SCURCE PROGRAM

DEC  oCT DEC ocT : DEC oCcT DEC ocT DEC ocT
6) 21 00025 -

SUBROUTINES NOT PUNCHED FROM L IBRARY

RAN
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SUBROUTINE GENTRP{COSLAMoFMUeFNUeLAMBOF!
STO1aRANF {RANDMY)
STO2=RANF {RANDMY }
STO3=RANF {RANDMY }
FNUB64283185385T01
FMUS642831852#5702
COSLAMa20#S5T03~10

30 SINULAMoSQRTF (] ¢~COSLAMZCOSLAM)
IF (COSLAM=1,) 400200040 .

40 IF (COSLAM+1ls) 10002000100

100 LAMBDF=]

110 RETURN

200 LAMBOF=0

- GO TO 110

END (091600040)

) '
. »
. (%,
EXTERNAL FORMULA NUMBERS WITH CORRESPONDING INTERNAL FORMULA NUMBERS AND OCTAL LOCATIONS '
EFN IFN Lc. . EFN IFN [Weld EFN i1FN LoC . EFN IFN LoC EFN IFN . LOC
30 8 00050 40 10 00081 100 11 00064 110 12 00066 200 14 00072

STORAGE NOY USED BY PROGRAM

DEC OCT . DEC  OCT
76 00314 .. . 32562 TTa62
LOCATIONS OF NAMES IN TRANSFER VECTOR
DEC  OCT DEC 0T DEC  OCT DEC  OCT DEC  OCT
RAN 1 00001 SORT 0 00000
STORAGE LOCATIONS FOR VARIABLES NOT APPEARING IN DIMENSIONsEQUIVALENCE OR COMMON SENTENCES
DEC  OCT DEC  oIT DEC  OCT DEC  OCT DEC  OCT
RANDMY 7% 00113 SINLAM 76 00112 5101 73 00111 sT02 72 09110 sTD3 71 00107
STORAGE LOCATIONS FOR SYMBOLS NOT APPEARING IN SOURCE PROGRAM
DEC  OCT DEC  OIT DEC  OcT DEC  OCT ' DEC  OCT
2} 61 00075 33 63 00077 6) 66 00102 :

SUSIOUTINES NOT PUNCHED FROM LIBRARY
RAN SQRT - R . S
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1)

SQRT

5701

SUBROUT INE GOFP(FM2¢FM34P1eSMAIGOFP1)
STO2=(FM2#FM2=-FM3#FM3)

STO3=SMARSMA=PL®#P]
STO]-(S'OZ’STOZ)/(STOB‘STOB)
STO302,#(FM29FM2+FM3#FM3) / { SMA®SMA=P ] ©P1 )
ST02214=5ST034STOL
ST0333,#SMA#SMA®{1,~STO1)~P1#P14#5T02
GOFP1oP1#P14(SQRTFST02))145T03

RETURN

END (0019040401

STORAGE NOT USED BY PROGRAM

. / M
DEC 2] ¢ . DEC ocT . . e
127 00177 32562 TT462

LOCATIONS OF NAMES IN TRANSFER VECTOR - .

DEC oOCT DEC  OcT DEC OCT . DEC  OCT
0 00000 . o

STORAGE LOCATIONS FOR VARIABLES NOT APPEARING IN D!MENSION’EOUIVALENCE OR COMMON SENTENCES

DEC OCT DEC ocT : DEC ocT DEC ocr
126 00176 ST02 125 00175 syo3 126 00174

STORAGE LOCATIONS FOR SYMBOLS NOT APPEARING IN SOURCE PROGRAM 7~

DEC  OCT DEC  OCT DEC  OCT DEC  oOcT
120 00170 3) 111 00157 ° 6) - 114 00162 7 119 00167

. SUBROUTINES NOT PUNCHED FROM LIBRARY A

DEC

DEC

DEC

ocTt

ocr

ocT

-9?—
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SUBROUTINE LBTRAN

COMMON NZl.LL.PxFonP.PaP.FMoFM1-FMzoFMa.YYoEoPlLPaP2L°oP3LPoALFPo
1BETPoGAMPIPLIP IDCATSPDTPNTsP1LoP2LIP3LIELLIIEL2IELD

DIMENSION LL{10)oPIP(3)oP2P(3)9sP3PE3) sYY(6)9EL(B)aPILP(3)sP2LP(3)
1P3LP(3)

DIMENSION PIDOTU(L3)9STOP(3)

ELoSQRTF (PLA#PL4FMRFM)
GAM=EL/FM

T GAMBET=PL/FM

GAMMN1 2GAM=1 ¢

P1PXeP1P{1)#ALFP
P1PYsP1P(2)%BETP
Pi1PZaP1P(3)#GAMP
P2PXeP2P (1) #ALFP

P2PY=P2P(2) #BETP

P2PZ=P2P (3)#GAMP
P3PXaP2P (1) #ALFP
P3PY=P3P(2)@BETP
P3P2=P3P(3) #GAMP
PIDOTU(1)2P1PX+P1PY4P1PZ
PI0DOTU(2)522PX+P 2PY4P2PZ
PIDOTU(3)223PX+P3PY+P3P2
DO 10 Iwls3

STOP (1) GAMMNL®PIDGTU( 1} 4GAMBETRE (1)
CONT INUE
PILP(1)=STOP(1)#ALFP4P1P (1)

“P2LPT1)sSTOP(2)RALFP4+P2P (1)

P3LP(1)=eSTOP(3)#ALFP+P3P (1)
PILP(2)aSTIP(1)*BETP+P1P(2) . . -
P2LP(2)aSTOP(2)#BETP+P2P(2)
P3LP(2)=STOP(3)#BETP+P3P(2)
PlLP(3)aSTOP(1)*#GAMP+P1P ()

" P2LP(3)8STIP(2)#GAMP+P2P(3)

P3LP(3)=STOP(3)#GAMP+P3P (3)
PlL=SARTF{21LP(1)IRPILP(1)+P1LP(2)#P1LP (2)+P1LP(3)*P1LP"23))
P2L=SARTF(22LP (1 )BP2LP(1)+P2LP(2)#P2LP(2)+P2LP(2)#P2LP13))
P3L=SARTF(23LP(1)MP3LP(1)4P3LP(2)%P3LP(2)¢P3LP{3)2P3LP3))
EL1=SQRTF(TMIRFM1+PLIL*P1L)

EL2sSQRTF(M2#FM24P2L#P2L)

" EL3=SQRTIF{~M3#FM34P3L*P3L)

PLX2ALFP®#PL

PLYaBETP®P_

PLZaGAMP®P

WRITE OUTPUT TAPE NZZ2+2000

WRITE OUTPJT TAPE NZZ92001¢PLePLXsPLYsPLZIELIFMsPILotPILPI]}s10l03
1)9ELLoFML1922L 9 (P2LP(1)0Im293)9EL24FM29P3Lo(P3LPL{I)s]=133)0EL3IFM3

100 RETURN
2000 FORMAT(1HOp38Xs42HLORENTZ TRANSFORMATION TO LABs FROM CeMsSo)

2001

FORMAT(1HOpBHPRIMARY =91 1X92HP=2F992+2X98H PXsYeZaF94232(1HpeF922)9
12X 9 THENERGY®F 92 212X95HMASS=F902/1H » 21HSECONDARY NOe 1= PleF9.2s

TTZ2X9BHP1X9Yp2nF94292(1Hs9F902) 92X s THENERGY2F 942 92X s SHMASSeF9e2/1H o

321HSECONDARY NO, 2~ P2=F9e292X98HP2XsY9Z=F9e202(1HseF%¢2)02X3THEN
4ERGY=F94292X95HMASS=F942/1H 921HSECONDARY NOs 3= P3aF9%4212X9e8HP3X
5eY9ZeF9a292(1H)sF9e2) 92X+ THENERGY2F94292Xs5HMASS=F9e2)

END (093500040)

-L?-
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STORAGE FOR VARIABLES APPEARING IN COMMON SENTENCES

DEC ocT . DEC ocT DEC ocT DEC ocT
GAMP 32518 77406 FM 32542 77436 FM3 32539 77433 FM2 32540 77434 FMy
€ 32532 77424 EL3 32509 77375 EL2 32510 77376 EL1 32511 77377 BETP
ALFP 32520 77410 LL 32561 77461 NZZ 32562 77462 P1LP- 32529 77421 P1lL
P1P 32551 77447, P2LP 32526 77416 P2L 32513 77401 P2P 32548 17444 P3LP

P3L 32512 77400 . P3P 32545 77441 PDTPNT 32515 77403 PIDCAT 32516 77404 PL
YY 32538 77432 - :

EFN

EXTERNAL FORMULA NUMBERS WITH CORRESPONDING INTERNAL FORMULA NUMBERS 559 OCTAL LOCATIONS

IFN  LOC EFN  IFN  LOC . EFN IFN  LOC EFN  IFN  LOC EFN
10 23 00113 100 61 .00365 2000 63 20000 - 2001 84 00000
"STORAGE NOT USED BY PROGRAM
DEC OCTY DEC  OCT
355 00543 32508 77374 ] N
LOCATIONS OF NAMES IN TRANSFER VECTOR B ]
DEC OCT DEC  OCT . DEC  OCT ‘ DEC  ocT :
SQRT 4 00004 (FIL) 0 00000 (10H)O 2 00002 (LEV) 3 00003 (STH)
STORAGE LOCATIONS FOR VARIABLES APPEARING IN DIMEWSION AND EQUIVALENCE SENTENCES
DEC ~ OCT DEC T OCtT T T "pECc oCT DEC OCT
PIDOTYU 354 00542 STOP 351 00537 .
STORAGE LOCATIONS FOR VARIABLES NOT APPEARING IN DIMENSIONsEQUIVALENCE OR GOMMON SENTENCES
DEC__ OCT ... DEC _OCY __DEC OCT __ . DEC  OCT .
GAM 348 0053% GAMMNY ~ 347 00533 GAMBET 346 00532 EL 345 00531 P1PX
P1PY - 343 00527 P1PZ 342 00526 P2PX 2341 00525 P2PY 340 00524 P2PL
P3PX 338 00522 P3PY 337 00521 P3PZ 336 00520 PLX 335 00517 PLY
PLZ 333 00515
. STORAGE LOCATIONS FOR SYMBOLS NOT APPEARING IN SOURCE PROGRAM
- DEC  OCT . DEC  OCT DEC  OCT DEC OCT
8)1UH 319 00477 8)1UG 329 00511 1). - 330 00812 2) 2649 00371 3)
6) 252 00374
e e e . SUBROUTINES NOT PUNCHED FROM LIBRARY e
SORT (LEVY 77 tiom1o {(STH) (FIL)

DEC  OCT
32541 77435
32519 77407
32514 77402
32523 77413
32517 17408

IFN  LOC .

DEC  OCT
1 00001

BEC  OCT

DEC OCT
344 00530
339 00523
334 00516

DEC  OCT
281 0037

-8?-
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30
40

10

20

SUBROUTINE MOMANG(PH19CAPASSMA)

COMMOM XXaFMioFM29FM3sP1oP29P3s THTAL29THTAL3 o THTAZ30ESYY
DIMENSION XX721)sE(3)sYY(20)

STC1ee 58P}

X10aSTO1# ({FRA2#FM2=FM3%#FM3) /(SMA#SMA~P1#P1))
XP1l=X104S701

XP2sSTO1=X10

STC1=aCOSF(PHT)

RaCAPA®SQRTF | (SMA#SMA=P1#P] )/ (SMARSMA-P1#P1#5T0145T01))
STO2sReR

STO3aSINF(PHY)

P22SQRTF(XP14XP1=2+#R#XP1#ST01+5702)
P3sSQRTF(XP24XP2424 #R#XP2#5T01+5T02)
E(1)=SQRTF(P19P1+FM1#FM1)

E(2)25QRTF(P2BP24FM2#FM2)

E(2)aSQRTF(P32P34FM3%FM3)
THTA12eATANF ! (R®#ST03)/(R#STOLl~XP1}))
THTA130ATANF [ (~R®STO3) 7/ (XP2+R#5701))

IF (THTA12) 10030430

‘IF (TMTA13) 20940540

THTA232642831853-THTA12-THTAL13
RETURM .
THTAL2=THTAL12¢341615926

GO TO 30
THTA13=THTAL134341815926

GO TO 40

END (D910040p0)

..61&_
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FM3
P2
XX

EFN
30

cos

XP1

1)

cos

STORAGE FOR VARIABLES APPEARING IN COMMON SENTENCES
OEC  OCT . . DEC  ocT DEC  OCT

32539 77433
32537 77431
32562 77462

FM2 32540 77434
£3 32536 77430
YY 32529 77421

. FM1 32541 77435
THTAL12 32535 77427

e DECLLOCT

EXTERNAL FORMULA NUMBERS WITH CORRESPONDING INTERNAL FORMULA

IFN  LOC EFN IFN  LOC

EFN T 1FN LOC
20 00241 40

21 00245 10 264 00255

STORAGE NOT USED BY PROGRAM
DEC  OCT ‘0. .DEC . OCT.

204 00316 32509 17275 o
LOCATIONS OF NAMES IN TRANSFER VECTOR
DEC  OCT DEC  ocT pEC  OCT
3 00003 ATAN . . 000000 . . _. . SIN

.. .1.00001

. .. DEC ocT
E 32532 77424

THTA13 32534 77426

NUMBERS. AND OCTAL LGCATIONS
€FN IFN woc PN 1PN o€
20 26 00261

P1 32538 77432
THTA23 32533 77425

DEC ocT _DEC  OCT

L..SORT. . 200002 .

STORAGE LOCATIONS FOR VARIABLES NOT APPEARING IN DIMENSIONSEQUIYALENCE OR COMMON SENTENCES

DEC oCT DEC  OCY DEC  OCT
203 00313 STO1 202 00312 sTO02 201 00311
- 198 00306 XP2 197 00305 _ .

STORAGE LOCATIONS FOR SYMBOLS NOT APPEARING IN SOURCE PROGRAM

OEC ocT DEC ocT : DEC ocT
191 00277 3) 181 00265 6) 189 00271

DEC ocT DEC  OCT
§TO03 . 200 00310 Xi0 199 00307

DEC  OCT DEC  OCT
7 190 00276

SUBROUTINES NOT PUNCHED FRON LIBRARY ~ ~° ' =0 = =0 =rrmmmm=rss s mwmss o s

SQRT SIN ATAN

;og_
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SUBROUTINE PDTPUN
XuX .
RETURN

END (091909000

1
%]
—
_ SYTORAGE NCT USED BY PROGRAM !
DEC  OCT DEC  OCT
18 00022 32562 77462
STORAGE LOCATIONS FOR VARIABLES NOT APPEARING IN DIMENSIONsEQUIVALENCE OR COMMON SENTENCES

DEC OCT DEC  ocT DEC  OCT DEC  OCT " DEC oOCT
x 17 00021 .

STORAGE LOCATIONS FOR SYMBOLS HOT APPEARING IN SOURCE PROGRAM

DEC ocT DEC ocT DEC ocT ) DEC ocT ’ DEC ocr
6) 12 00014
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SUBROUTINE PIDCAY

COMMON NZZ.LBTRNT.ALFPPOBETPPQGAMPPoPlPonPOPgPoFMoFMPOPGxoTHTklzD

1THTA13.IHTA23.E.P1LPonLPoPaLPoALFPoBETP.GAMPoPLoPlDCATaPDIPNTJ

2PLGIELG sWWIPGIXIPG1Y sPG129PG2XsPG2YIPG2ZsPIGAMLIP IGAMZFFLGAML ¢
3FLGAM2
DIMENSJON ALFPP(3)9BETPPI3)sGAMPP(3) 9P 1P (3)sP2P(3)sP3P(3)sP1LP(3)e

200
201
100

102

103
104

106

107

110

300
301

101

120

DIMENSION PGAM1(3)sPGAM2(3)
IF (PIDCAT=1,) 1000,2005300
00 110 I=193

1COMPe1

IF (FMP(1)=135,000) 11091000110
EPI=EL])

PP1aPG1(1) . .

WRITE OUTPUT TAPE NZZ+2000
STO1=RANF (RANDMY )
COSTHT#2,#5T01=10
SINTHTaSQRTF(1e=COSTHT#COSTHT)
STO15RANF { RANDMY )
FNUPI=26,28319%#S5STO1
COSNUsSCOSF{FNUPI}
SINNUsSINF{FNUPT)
STO1=SINTHT#SINNU
STO2=SINTHT#COSNU
STO3=EPI#COSTHT
PGAM1(1)=674500#5701
PGAM1(2)2=674500#5T02
PGAM1(3)2,5%(STO34PP1)
PGAM2(1)==PGAM1(1}
PGAM2(2)==PGAM1( 2).

“"PGAM2(3) = 3#(~STO3+PPI}

IF (GAMPP{1}1ele) 10344004103
IF (GAMPP(1)=1¢) 1049500104
COSLAM=GAMPP (1) _
SINLAM=SQRTF (14 =COSLAM#COSLAM)
COSMUSALFPP (1) /STNLAM

IF DIVIDE CHECK 600+106
SINMU=BETPPUT) /SINLAM

PG1X2PGAM] (1) #*SINMUAPGAM]{2)#COSLAM®COSMUAPGAM] (3 ) #SINLAM#COSMU

1P2LP(3)0P3LP(3)OE(3)OPCOORD(B)OFMP(a)DPGl(S)OPLG(B)’ELG(B)’WN(Q)-

PG1Y==PGAM] (1) *COSMU+PGAM] {2} *COSLAM®SINMU+PGAML {3) #*SINLAM®SINMU

PG1Z==PGAM] (2} #SINLAM+PGAM] (3 ) #COSLAM

PG2XaPGAM2 (1) #SINMU+PGAM2(2) *COSLAM®COSMUAPGAM2{3 ) #SINLAM*COSMU
PG2Ya=PGAM2( 1) #COSMUSPGAM2 { 2 ) *COSLAM*STNMU+PGAM2( 3) *STNLAM®SINMY

PG2Za=PGAM2{2) #SINLAM+PGAM2 (3 ) #COSLAM

PIGAM1=SORTF(PG1X#PG1X+PGLYRPGLY+PG1Z*PG1Z)
PRGAMZHSQRTF(PGZX’PGZX#PGZY*PGZY#PGZZ’PQZZ)
WRITE OUTPUT TAPE N22+2002+1sPIGAM1IPG1XsPG1YsPG1ZsPIGAM29PG2XsPG2

1Y9PG2Z

CALL GAMCNV
GO 70 (1109120)9 1COMP .

CONTINUVE [

GO TO 1000

D0 120 I=153

1COMP= 2

IF (FMP(1)~135,0000) 12001019120
EPISELG(I) :

PPI=PLGLEY
WRITE OUTPUT TAPE NZ2Z+2001

GO TO 102

CONTINUE

GO TO 1000

.
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400 PG1IX=PGAM1(1)
PG1Ys=PGAHL1 (2}
PG12o=PGAN1 (3}
PG2XaPGAM2 (1)
PG2Yz=PGAM2( 2}
PG2La=-PGAM2(3}
GO 70 107
500 PG1XsPGAMI(1)
PG1Y=PGAML1(2)
PG1Z=PGAN1(3)
PG2X=PGAM2(1)
PG2Y=PGAM2(2)
PG2LaPGAM2(3)
GO 70 107
1000 RETURN
600 GO TO 1000 R .. .
2000 FORMAT (1HP935X 049HPI NAUGHT DECAY AND GAMMA CONVERSION® FROM CoMeS

1o}

200) FORMAT(1HP032X954HP1 NAUGHT DECAY AND GAMMA CONVERSION® FROM LAB S
1YSTEMe)

2002 FORMAT{1HO96X e 13HSECONDARY NO 1198Xs16HGAMMA NOs 1- F=F9e202XeTHP

1XoVeZuF9a292(1Ho9FF42)/1H. 928X916HGAMMA NOs 2= PaF9eZ92XeTHPXsYsZ

22F9¢202{1H99F9421)
END (091480040,
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GAMP
FLGAM]
ALFP
P1P
POTPNT
PG2X
P 1GAM2
THTA23

EFN
200
104
301

1000

GAMCNV

(FILY

PCOORD

coOshY
SINLAM
§T02

END
€162
1)

(LEV)

STORAGE FOR VARIABLES APPEARING IN COMMON SENTENCES

DEC oCT . . DEC  OCT

32518 77406 GAMPP 32554 77452 FM
32496 77360 € 32532 77024 ELG
32520 77410 ALFPP 32560 77460 LBTRNT
32551- 77847 P2LP 32526 77416 P2P
32515 77403 PGl 32538 77432 PG1X
32501 77365 PG2Y 32500 77364 PG22
32497 77361 PLG 32514 77402 PL

32533 77425 WW 32508 77374

EXTERNAL. FORMULA NUMBERS WITH CORRESPONDING

DEC ocT DEC~ OCT DEC

32542 77436 FMP 32541 776435 FLGAM2 32495
32511 77377 BETP 32519 77407 BETPP 32557
32561 77461 NZZ 32562 77462 P1LP 32529
32548 77644 P3LP 32523 77413 P3P 32545
32504 77370 PG1Y 32503 77367 PG1Z 32502
32499 17363 PIDCAT 32516 77404 PIGAM1 32498
32517 77405 THTA12 32535 77427 THTAL13 32536

INTERNAL FORMULA NUMBERS AND OCTAL LOCATIONS

IFN  LOC EFN _IFN  LOC _ EFN
6 00024 201 . 7 00027 100
32 00171 . 106 36 00210 107
54 00436 101 56 00450 120
78 00530 600 80 00535 2000

IFN  LOC EFN IFN  LOC EFN  IFN
9 00041 “102 14 00060 103 31
43 00341 110 51 00430 300 53
62 00472 400 64 00475 500 71
81 00000 2001 82 00000 2002 83

STORAGE NOT USED BY PROGRAM

DEC ocT DEC ocT
442 00672 32494 77356

LOCATIONS OF NAMES IN TRANSFER VECTOR

DEC  ocT ' ODEC  oOcCT
0 00000 c0S 2 00002 RAN
§ 00003 {10K)0 7 00007 (LEV)

DEC OCT DEC  oOCT DEC
% 00004 SIN 1 0000} S@RT 3
8 00010 - LSTH) 6 00006

STORAGE LOCATIONS FOR VARIABLES APPEARING IN DIMENSION AND EQUIVALENCE SENTENCES

DEC. OCT DEC  ocT
441 00671 PGAM1 438 00666 PGAM2

DEC ocT DEC ocT DEC
435 00663

IN DIMENSIONSEQUIVALENCE OR COMMON SENTENCES

STORAGE LOCATIONS FOR VARIABLES NOT APPEARING

DEC ocC? . .DEC__ oc¢r
432 00660 1COMP 431 00657 FNUPI
427 00653 COSMU 426 00652 COSLAM
422 00646 SINMU 421 00645 SINNU
417 00641 STO3 416 00640

DEC _OCT . 0DEC oCcT DEC
43D 00656 EPI 429 00655 COSTHT 428
425 00651 PPI 424 00650 RANDMY 423
42D 00644 SINTHT 419 00643 STO1L 418

STORAGE LOCATIONS FOR SYMBOLS NOT APPEARING IN SOURCE PROGRAM

DEC ocCT " DEC  OCT DEC OCT : DEC  OCT DEC
294 00446 E)A 283 00433 E)3 33 00037 D140l 3643 00527 D)10J 348
415 00637 - C)GO 414 00636 811l 385 00602 "8)1UH 398 00616 8)1UG 409
4311 00633 2) 350 00536 3) 352 00540 6) 358 00546 ke 410

SUBROUTINES NOT PUNCHED FROM L IBRARY o
SGRT cos SIN GAMCNV

(10H)0 _tSTH) ©(FIL) RAN

oct
77357

77455 |

17421
77441
77366
77362
77426

LOC
00166
00435
00512
00000

oCTY

00003

ocT

ocT

00654 .

006467

006462

oCT
00534
00631
00632

;1&9..
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SUBROUTINE PIPCMP(ALF+BETIGAMIPLIP29P3sP1P9P2P P3P
DIMENSION ALF(3)eBET(3)9GAMI3)sPLP(3)9P2P(3)eP2P(3)

P1P(1)sALF(1)#P1
P1P(2)2BET(1)#P]
P1P(3)2GAM(]1) %P1
P2Pl1)aALF(2)#P2
P2P(2)=BET(2)#P2
P2P(3)=GAM({ 2)#P2
P3P (1)mALF(3)%P3
PBP(2)=BET(3)#P3
P3P (3)2GAM(3)2P3
RETURN

END (0931904000}

DEC  OCT
91 00133

DEC  OCT
90 00132

STORAGE NOT USED BY PROGRAM

DEC oCcT e
32562 17462

STORAGE LOCATIONS FOR SYMBOLS NOT APPEARING IN SOURCE PROGRAM

DEC ocCT pEC  OCT ’ DEC OCT
6) 85 00125 . ‘ . e

-sg-
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SUBROUT INE PMAXIPMX)
COMMON XXoFMoFMLoFM29FMB e YY

DIMENSION XX{£20)eYY(22)
STOI=(FMI+FM24FM3 ) R {FMLI4FM24FM3 )
STO2=(FM1=FM2=FM3)# (FM1-FM2=FM3)

PMX8oS® {16 /FM) *SQARTF ( LFMRFM=STQ] ) ® (FHEFM=5T02) )
RETURN

END (0s1009090)

>

STORAGE FOR VARIABLES APPEARING IN COMMOM SENTENCES

DEC ..0CT .. . .. DEC  OCT DEC OocT . . . DEC OcCT : DEC  OCY
FM 32542 77436 FM3 32539 77433 FM2 32540 77434 FM1 32501 77435 XX 32562 T7462
YY 32538 77432 : :
STORAGE NOT USED BY PROGRAM
DEC  OCT DEC  oOCT ’
61 00075 32516 77404
¢ LOCATIONS OF NAMES IN TRANSFER VECTOR
DEC  OCTY DEC  OCT DEC  ocY : DEC  OCT pEC  OCT
SQRT 0.00000 B . e o
STORAGE LOCATIONS FOR VARIABLES NOT APPEARING [N DIMEHSIONsEQUIVALENCE OR COMMON SENTENCES
DEC  OCT DEC  OCT ' DEC  ocT DEC  OCT DEC  OCT
STOL 60 00074 5702 59 00073 '
" STORAGE LOCATIONS FOR SYMBOLS NOT APPEARING IN SOURCE PROGRAM
OEC  OCTY DEC  ocY DEC  OCT DEC  OCt DEC  oct?
1) 54 00066 3) 46 00056 6) 48 00060 7 53 00065

_ . _SUBROUTINES NOT PUNCHED FROM LIBRARY

SQRT
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FUNCTION POPATHIZFoZBIRIAIBICHXK Y ed)
COMHON NZZ
FREQUENCY11(19001)905(19003)¢19(000¢1)820(00041)921(0+0¢1)
19 IF(2-2F110410020
20 IF{ZB=~2110s10921
21 IF(R=SQRTF(X#22+4Y##2)}10+10411
10 POPATH a3 0,0
WRITE OUTPUT TAPE NZZ+0105+ZF0ZBeR -
105 FORMAT(20Xe 68HPOPATH SAYS THE ORIGIN IS OUTSKDE THE FIOUCIAL VOLU
XME DEFINED BY. 'ZFssF60295H 2B29F6e290H Rs=9F8e2/77)
GO TO 7
11 IF(C)129693
12 POPATHs(2F=2)/C-
GO TO &
3 POPATH=(ZB~2)/C
4 ROuSQRtFuxu'POPATmHz ¢ TYoBEPOPATHI®#Q)
5. IF(RO=R) 79798
6 POPATHs (~ (onwwnsmrrt lA“ZoB"z)'R"Z-(B'X‘A’Y)“Z))/(A"zos"
X2)
7 RETURN
END (091900040}

STORAGE FOR VARIABLES APPEARING IN COMMON SENTENCES

. DEC OCT. . DEC ocT R DEC ocT DEC ocT DEC ocT
NZZ 32562 77462 :

'EXTERNAL FORMULA NUMBEFRS WITH CORRESPONDING INTERNAL FORMULA NUMBERS AND OCTAL LOCATIONS

EFN 1FN Loc EFN IFN LoC EFN IFN Loc EFN 1FN Loc EFN tFN toc

19. . 4 00072 . 20 ... 5 00077 .. Lo 21 . 6 00104 10 . 7 00117 105 12 00000
11 14 00142 12 - 15 00145 -3 17 00152 L] 18 00156 5 19 00176
6 20 00203 7 21 00246

STORAGE NOT USED 8Y PROGRAM

DEC OCcT . . _..DEC 0CcT . e
207 00377 32%61 TTasl

LOCATIONS OF NAMES IN TRANSFER VECTOR

DEC ocT o DEC oce DEC ocT DEC ocY DEC ocT
SQRT s 00006 CAFIL)____0 00000  (IOMIO 2. 00002 (LEVI _ 3 00003 (STHY 1 00001

STORAGE LOCATIONS FOR VARIABLES NOT APPEARING IN DIMENSIONsEQUIVALENCE CR COMMON SENTENCES

DEC  oOCt DEC  OCT pDEC OCT BEC . OCT ' pEC  OCT
2 POPATH 206 00316 RO 205 00315

" " STORAGE LOCATIONS FOR SYMBOLS NOT APPEARING IN SOURCE™ PROGRAM

DEC oCcT . ’ ) DEC ocT DEC ocT DEC ocT DEC ocr
8)39 ) 196 00304 1 197 00305 2) 171 00253 3) 172 00254 6) 173 00255
e e a2 NOT PUNCHED FROM LIBRARY
SQRY “ (LEV) (1084)0 (STHY (FIL) .
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SUBROUTINE PSPDSTIGMXeNSNSCONFAILSFL1eF2)
COMMON NZZyLBTRNTsALFPPoBETPP sGAMPP 9P P sP2P sP3P 9sFMeFM1sFM29FM39P 1y
"1P29P 39 THTAL129 THTAL39THTA239EIPLLPsP2LP sPILP sALFPYRETP 9sGAMP sPL Y

2P IDCATsPDTPNT9P1LsP2LsP3LIELLIEL24ELIIGMCNVT9PCOORDIPG1X9PGLYIPGYZ

39PG2XsPG2Y9PG2ZoP 1GAMY 9P IGAMZ sFLGAML sFLGAM2 s IPTTYP s [P TREMsXCOORD ¢
4YCOORD»2COORD»GDISTsP1UsPIUP#G1UX9G1UY 9G1UZ 9G2UX9G2UYG2UZ
DIMENSION ALFPP(3)sBETPP(319GAMPP(3)+P1P{3)sP2P(3)sP3P(3)sP1LP(3)s
1P2LP(3)9sP3LP(3)9E(3)sPCOURD(3) 9 JPTTYP(8) s IPTREM(8)9sXCOORD(8) »YCOOR
2D(8)+ZCOORDI8) »GDISTIB) »P1UI3) sPIUP(3)
WRITE OUTPUT TAPE NZZ»2000
R T
; NSCSFL=0
CALL PMAX{PMX)
GMXP=GMX/14E08
WRITE OUTPUT TAPE NZZ»2003sGMXP sPMXsNINSCoNFAILSF1sFMyFMLIFM20FM3
100 l=l‘1 N . . e C e e . R N
j T I (N=D) 7100041104120 77 T T ’ T
| 110 NSCSFL=NSCSFL+1
IF (NSC=NSCSFL) 100042004200
200 CALL GENPR(XI+ETA)
PloXl#PMX
CALL CAPSMA(CAPAsSMAsDCPDSM)
CALL" GOFP (FM29FM34P1sSMASGOFPT)
GOFPT=GOFP1-ETA#GMX
IF "(GOFPT) 30003009300
300 CALL FOFPHI{CAPAsSMAsDCPDSMsPHIsFOFPHTPY)
IF (FOFPHT) 400043104310
.310 WRITE OUTPUT TAPE NZZ»20050#[#NSCSFL _
© 7 CALL 'MOMANG (PHIWCAPA®SHMAY™
PHP=PHI#574 2957795
THTP12aTHTA12#5742957795
THIP13=THTA13#574 2957795
THTP23=THTA23%5742957795
WRITE OUTPUT TAPE NZZs2001+P1sP29P3sTHTP129THTP13sTHTP230PHP

T 7400 "CALL "RNORNT(COSLAMe LAMBDFY -
WRITE OUTPUT TAPE NZZoZOOZo(PlP(l)al=103)9(PzP(1)913103)0(P3P(1).
11=103)
WRITE -QUTPUT TAPE.NZZ»20069(E(1)912143)
1F (LAMBDF) 50U9430+500
430 SINLAM=SGRTF(1e=COSLAM*COSLAM)

T FLAMBDSARCOS(COSLAM SINUAMY
FLAMBP=FLAMBD#*57 42957795
WRITE OUTPUT TAPE NZZ,2004sFLAMBP
GO TO 500

If (LBTRNT) 51046009510
CALL L3TRAN
GO TO 600  «= v = o m e = s e e ——em

CALL PIDCAY
. CALL PDTPUN
s GO TO 100
1000 RETURN
3000 IF (I=NFAIL) 1005301043010
~ 3010~ FNSCF=NSCSFL - - e e . _ . e -
Fizl :
FINSC1=FNSCF/F1
IF (FINSC1=F1) 39009100+100
3900 WRITE OUTPUT TAPE NZZ+23009NSCSFLeI#FINSCL
GO TO 1000
- 4000 1F—{-I=NFAIL) ~1009401094020 - - -~ - e e e e e
4010 FNSCFaNSCSFL
Fl=1
FINSC2sFNSCF/F1
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IF (FINSC2-F2) 49C0»9100+100

4900 WRITE OUTFLT TAPE NZZs24009NSCSFLeI9FINSC2
GO TO 100C

2000 FORMAT(1HI»///1HO431X956HTHREE BODY DECAY BY MONTE CARLD PHASE SPA
1CE DISTRIELTION/LH 947X 924HWITH RANDON ORIENTATIONG) T

2UU]1 FORMAT(1H #3HP1=FCe292Xs3HP23F94292X93HP3=F9¢202X98HTHTA12=F%e49
12X 9BHTHETAL3=2F Fe 492X 9 BHTHETAZ3=FYe 492X 94HPHI=F 9949 1X93HDEG)

2002 FORMAT(1H #8HP1XsY9Z=F9e292(1Ho9FGa2)92Xs8HP2XsY92=F94292(1H99F942
1)192X98HP3X% Y oZ=FPa202(1He9F962))

2003 FORMAT(1HGel7THMAX VAL FOR G(P)=F54293HE0B892X214HMAX VAL FCR P=F842

102X9 17THMAX NO OF TRIALS=1592X920HMAX NO OF SUCCESSES=1492Xs6HNFAIL
2=21392X93HF1=F4e3/1H »6HKMASS=F9292X 9 13HDECAY MASSES=F98292({1Hs»
3F942})) . -

2004 FORMAT(1H ¢THLAMBCA=F9e4)

2005 FORMAT(1HOs9HTRIAL NOsIS5#1H/9»15)

2006 FORMAT(1H #21HENEFGIES OF P1sP2+P3c2F94292(1He9F9e2)91He) .

" 2300 FORMAT(1H #1S5HFAILURE IN GOFPsl4e1H/ 91591H=9F5¢3)

2400 FORMAT(1 sL7HFAILURE IN FOFPHI#I401H/91501H=9F543)
END (UsloLs000)
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STORAGE FOR VARIABLES APPEAR[NG IN COMMON SENTENCES

DEC ocT DEC ocT DEC ocT DEC ocT N | {4 ocT

IPTTYP 32494 77356 IPTREM 32486 77346 GMCNVT 32508 77374 . GDIST 32454 77306 GAMP 32518 77406
GAMPP 32554 77452 G2UZ 32435 77263 G2UY 32436 77264 G2UX 32437 77265 GlUZ 32438 77266
GluY 32439 77267 GluX 32440 77270 FM 32542 77436 FM3 32539 77433 FM2 32540 77434
FM1 32541 77435 FLGAM2 32495 77357 FLGAM1 32496 77360 E 32532 77424 EL3 32509 77375
~ EL2 32510 77376 EL1 32511 77377 BETP 32519 77407 BETPP 32557 77455 ALFP 32520 77410
" ALFPP 32560 77460 LBTRNT 32561 77461 ’ NZZ 32562 77462 PILP 32529 77421 TTTPILTIRE N4 7402
P1P 32551 77447 : Pl 32538 77432 P1UP 32443 77273 . P1U 32446 77276 P2LP 32526 77416
P2L 32513 77401 P2P 32548 774644 P2 32537 77431 P3LP 32523 77413 P3L 32512 77400
P3P 32545 77441 P3 32536 77430 PCOORD 32507 77373 POTPNT 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 77405 THTA12 32535 77427

T THTAL3 32534 77426 THTA23 32533 77425 . XCOORD 32478 77336 YCOORD 32470 77326 ZCOURD 32462 77316

EXTERNAL FORMULA NUMBEKS WITH CURRESPUNDING lNTéRNAL FORMULA NUMBERS AND OCTAL LOCATIONS

EFN IFN  tOC EFN  IFN LoC EFN IFN  LOC EFN IFN  LOC EFN IFN_ LOC

100 16 00123 110~ 18 00133 ’ 200 20 00143 200 21 00143 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 2000 106 00000 2001 107 00000

..., 2002 108 00000 .2003 109 00000 2004 110 00000 = 2005 . 111 00000 2006 112 00000
2300 113 00000 2400 114 00000 .

STORAGE NOT USED BY PROGRAM

DEC oCcT DEC ocCT
516 01004 32434 717262

LOCATIONS OF NAMES IN TRANSFER VECTOR

DEC oCT DEC ocT DEC ocT DEC ocT DEC ocT

S0FP 8 00010 GENPR 10 00012 FOFPH] 7 D00OO7 CAPSMA 9 00011 ARCOS 3 00003

LBTRAN 2 00002 MOMANG 6 00006 PDTPUN 0 D000O PIDCAY 1 00001 PMAX 11 00013

77" RNORNT 5 00005 ’ SQRT "7 4700004 T TUFILY 7120001477 T T {IOHYO T 14700016 {LEV) 15 00017
{STH) 13 00015

STORAGE LOCATIONS FOR VARIABLES NOT APPEARING IN DIMENSIONSEQUIVALENCE OR COMMON SEMTENCES

DEC ocT DEC oCcT DEC oCT DEC ocT DEC oCT
R | 515 01003 GOFPT 514 01002 - GOFP1 513 231001 '© ° GMXP ~ 512°0T000  FOFPHT 51T OO777
FNSCF 510 00776 FLAMBP 509 00775 FLAMBOD 508 20774 Fl 507 00773 .~ FINSC2 506 00772
.FINSC1 505 00771 ETA 504 00770 DCPDSM 503 J0767 - COSLAM 502 00766 CAPA 501 00765
LAMBDF 500 00764 NSCSFL 499 00763 PHI 498 130762 PHP 497 00761 PMX 496 00760
SINLAM 495 00757 SMa 494 00756 THTP12 493 10755 THTP13 492 00754 THTP23 491 00753

XI 490 00752

STORAGE LUCATIONS FOR SYMBOLS NOT APPZARING IN SOURCE PROGRAM

' DEC ‘OCT DEC oCT ) DEC oCcT DEC oCT DEC ocT
8)280 375 00567 ©o8271s 383 00577 811UM 392 J0610 811UL 397 00615 8)1UK 401 00621
8)1UJ ° 434 00662 8)1U1 450 00702 8)1UH 470 90726 811VUG 489 00751 2) 358 00546

gy e 36000560 vt ®) - - 363 00553 PSSR S o

SUBROUTINES NOT PUNCHED FROM LIBRARY "
(LEV) (I0H)0 . (STH) (F1L) PMAX SENPR CAPSMA GOFP FOFPHI MOMANG

RNORNT SQRT ARCOS LBTRAN P IDCAY PDTPUN
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SUBROUTINE RANLOD

READ 310004R
IF (R) 104200010....._.

10 X=LODRANF(R)
100 RETURN
1000 FORMAT(1012)
.END. {041904040)

- .EFN

10

LODRAN

8)ve

(LEV)

JIFN _LOC . ___EFN _IFN . LdC .. EFN IFN

EXTERNAL FORMULA NUMBERS WITH CORRESPONDING INTERNAL FORMULA NUMBERS AND OCTAL LOCATIINS
. LOC. ... .EFN_ _IEN _ LOC | EFN
6 00021 100 7 20034 - 1000 9 00000

STORAGE NOT USED BY PROGRAM

bEc  ocT DEC  OCT , ‘
... .60.00050 ... . ..232562 FIM62.. ... .. ... .. . ... R e e e e
_ LOCATIONS OF NAMES IN TRANSFER VECTOR
DEC  OC? ) DEC  OCT . DEC - OCT DEC  OCT
0 00000 (cSH) 2 00002 . (10W)MT 3 00003 (LEV) 4 00004 (RTN)
STORAGE LOCATIONS FOR VARIABLES NOT APPEARING IN DIMENSIONSEQUIVALENCE OR COMMON SENTENZES
DEC ocY DEC ocT DEC ocT | DEC - oCT
39 00047 X 38 00046 :
_ STORAGE LOCATIONS FOR SYMBOLS NOT APPEARING IN SOURCE PROGRAM
DEC ocT DEC oCT . DEC oCcT | DEC oCcT
37 00045 6) ?2 00040 .
SURAROUT JNES NOT PUNCHED FROM & IBRARY

CIOMYI... . (CSM) ____. . .IRTNY  _  LODRAN

DEC

1 00001

DEC

DEC.

ocT

oCcT

ocT
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SUBROUTINE RANSTR
YsSTORANF (R)
PUNCH .1000sY

100 RETYURMN

1000 FORMAT{(1012)
END (091+00040)

EFN
100

STORAN

-8)ve

STORAN

EXTERMAL FORMULA NUMBERS WITH CORRESPONDING INTERNAL FORMULA NUMBERS AND OCTAL LOCATIONS

IFN..LOC .o EFN. . LFN.. LOC .. . . EFN IFN . LOG...— .....-EFN _.IFN  LOC EFN
s 00032 - 1000 8 00000 _ :
STORAGE NOT USED BY PROGRAM
oEc  ocT DEC  OCT
38 00046 e . ... 32562 TTAG2. . . ol e et i e L s e s e
LOCA|ION§ OF NAMES IN TRANSFER YECTOR
DEC  ocT DEC  oCT ' DEC  OCT DEC  oCT
4 00004 (FIL) 0 00000 . (IOH)O 2 00002 (LEV) 3 00003 )

STORAGE LOCATIONS FOR VARIABLES NOT APPEARING IN DIMENSIONSEQUIVALENCE OR COMMON SENTENCES

OEC  OCY : DEC ' OCT DEC  OCT : OEC  OCT
37 00045 Y 36 00044
. i w .. ..SYORAGE LOCATIONS FOR SYMBOLS NOT APPEARING N SOURCE PROGRAM = . .,
DEC  OCT DEC-  OCT DEC  OCT DEC  oOCT
35 00043 _6) 30 00038 ' ‘
‘ . SUBROUTINES NOT EROM ALLBRARY
(Levs . . (1owmo . ischy . (FIL), O,

IFN LoC
DEC ocT

1 00001
DEC ocT

DEC  OCT
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SUBROUTINE RNORNT(COSLAMsLAMBCF) )

COMMON NZZoAAoALFPPoBETPP'GAMPPoPlPoFZPoP3PoFMoFMloFMZoFMBoPloPZo
1P39THTAL129THTAL39THTA239YY

DIMENSION ALFPP(3)sBETPP(3)sGAMPP(3)sP1P(3)sP2P(3)eP3PL3)eYY(16)
DIMENSION ALF(3)9BET(3)9GAM(3)

CALL GENTRP(COSLAMSFMUsFNUSLAMBDF ) .

CALL CRDPP(YHTAI20THTA139FNU;ALFPP.BETPP-GAMPP)

CALL ABGCMP{ALFPPsBETPPsGAMPP sCOSLAMSFMUsLAMBDF s ALF»BET 9GAM)
CALL PIPCMP(ALFsBETsGAMyP1oP2sP34P1PsP2P4P3P) .
RETURN

END (0919090450}

STORAGE FOR VARLIABLES AFPEARING IN COMMON SENTENCES .

DEC  OCT DEC  OCT . . . DEC  oOcT. ) DEC ocT DEC  OCT
GAMPP 32554 77452 FM 32542 77436 EM3 32539 77433 FM2 32540 77434 FM1 32541 77435
BETPP 32557 77455 ALFPP 32560 77660 AA 32561 77461 N2Z 32562 77662 P1P 32551 77647
Pl 32538 77432 P2P 32548 TT444 P2 32537 77431 P3P 32545 77441 P3 32536 77430
THTAL12 32535 77427 THTA13 32534 77426 THTA23 32533 776425 YY 32532 77424
STORAGE NOT USED BY PROGRAM
DEC  oOCT ;- DEC oCT

68 00104 : 32516 77606 )
) LQSA.U&N.S OF NAMES IN I_RA_'!EEEB !ESJ_B

-€9-

DEC ocT DEC ocT DEC ocT DEC  OCT - pEC’ OCT

GENTRP 3 00003 CRDPP 2 00002 - ABGCMP 1 00001 P1PCMP " 0 00000
STORAGE LOCATIONS FOR VARIABLES APPEARING IN DIMENSION AND EQUIVALENCE SENTENCES

DEC ocT DEC ocT - DEC ocT L .. _.DbEC OcCT e .. bEC  OCT
GAM 61 00075 ’ BET 64 00100 ALF 67 00103 ’

STORAGE LOCATIONS FOR VARIABLES NCT APPEARING IN DIMENSIONSEQUIVALENCE OR COMMON SENTENCES

DEC  oOcCT DEC  OCT DEC  oOCT. DEC  acT OEC  OCT
FNU 58 00072 FMU  §7 00071 :

STORAGE LOCATIONS FOR SYMBOLS NOT APPEARING IN SOURCE PROGRAM

DEC  OcT OEC  OcT DEC  OCT DEC  OcT . DEGC oOcT
6) 32 00064
7 : """ SUBROUTINES NOT PUNCHED FROM LIBRARY
GENTRP .CRDPP ABGCMP PIPCRP
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HAP ASSEMBLER STATISTICS

. JAPE TOTAL
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L18 o
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NUMBER OF ON-LINE INPUT RECORDS

" NUMBER OF OFF=LINE PRINT RECORDS

00000 _ ORG ©
ABS &
L 2 » [ ] * ®. . 0@ *
.G 00000 O 00104 PZE LAST#040
G 06000 0. 00000 PZE
714443606060 BCO 12ML
0 00000 0 00000 PLZE ZML
REL
00000 ORG 0
0 76200 0 00321 ZML  RCD
0 70000 0 00020 CPY IN1
0 70000 0 00021 CPY IN2
0 50000 0 00020 CLA INL
=0 10000 0 00013 TNZ A2
0 50000 0 00021 CLA IN2
0 60100 O 00000 DOWN  STO w#
0 50000 O 00006 CLA DOWN
0 40000 0 00017 - ADD <1
0 62100 0 00006 Al STA DOWN
0 02000 0 00000 TRA ZML
0 50000 0 00021 A2 CLA IN2
-0 10000 0 00021 TNZ IN2-
0 50000 0 00020 CLA. N1 3
0 02000 0 00011 TRA A1
+000000000001 C1 . DEC 1 °
0 00000 O DDOOO IN1  HTR o
0 00000 0 00000 IN2  HTR ##
00104 ENDZML BES 50
00104 LAST SYN. #_ .
* » » ) * » »* -*
00000 END
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' APPENDIX: VALUES OF G_ ., FOR SOME DECAY PROCESSES

One .item of the ihput data to the program is Gm *, the maximum
height of the distribution curve G' (p;)-(Eq. 16). Th1s can be easily found gy
trial and error. It should be remembered that the distribution generated
by this program is not affected if too high a value.is used for G, ;.- because
only the ratio of successes to.trials is reduced.. Thus, .it i§"Sutticient to
chose a value for G, ,, 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;) exceeds the value of G ..+ For convenience, some Gy,
~values are.listed for typical 3-body decays. Energy units of Mev and Mev/c"
are used throughout: -

Masses:  m(kT) = 494.00
 m(rh) = 139.59
m(p¥) = 105.66
m(n%) = 135,00
m(e*) = .51l

mi{v )=0

m(y )=

Types of Decays: (secondary masses are labelled in.the sequence in which
‘ they occur as my, m,, and.m3)

K- F a0 v G, = 44.366x108 at p, = 158.5

K -+ 4ty G, = 61.633%x108 at p) = 167
K* = o 10" 107 G, = 12.78 x 108 at p, = 101
KX - o+ 200 G, = 14.95ax108 at p = 107.5
K* - Tr* +n0+y G___=34.315x108 at p = 151
W et 2 Gy = 0.1836x108 at p, = 43
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. - This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission,; nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed 1in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.






