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PROGRAM FAKE:
MONTE CARLO SIMULATEON OF BUBBLE CHAMBER EVENTS

Gerald R. Lynch
Lawrence Radiation Laboratory .
University of California

Berkeley, California

July 10, 1962

ABSTRACT

Program FAKE is a. Fortran.-Monte Carlo program that generates
events in a bubble chamber according to prescription and simulates the

output of the PANG track-reconstruction program., Descriptions are given

" _of the method used to generate events that are distributed in accordance

with a phasé-space distribution, and the method used to modify the measurable

‘quantities to simulate the effects of measurement errors and multiple Coulomb -

scattering, Detailed information enables the reader to use the program.
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PROGRAM FAKE
MONTE CARLO SIMULATION OF BUBBLE CHAMBER EVENTS

' Gerald R. Lynch

Lawrence Radiation Laboratory
University of California
- Berkeley, California

July 10, 1962

I. INTRODUCTION

FAKE is a Fortran Monte Carlo program which geﬁerates events in a
bubble chamber according to prescription and simulates the output of the
PANG track-reconstruction program. To do this FAKE generates events .
of a specified type according to a phase-space distribution, or some other
distribution that can be wr'it'ten.down. It locates these events in a bubble
chamber and calculates the errors that would have been assigned to the '
measured quéntities for these events, Then it modifies the measurable
quantities in accordance with the errors. Finally FAKE ‘writes out this |
information in such a form that it can be used by either of the hypo.tilé‘;is—
testing programs KICK and PACKAGE. v |
| The program grew out of a much less ambitious program which was

written to generate a sample of events of the type'ﬁ +p—~> 1r+1r_1r-0 according

‘to a phase-space distribution in order to obtain some undersfanding of how

~ often it is that, within the accuracies of measurement, these events look

like the events p + p — 1T++ T orp+p-—> K+-§- K .

The main motivation for writing FAKE was to be able to study problems
of misidentified events--to be able to better understand and to improve the
ability to identify the ambiguous events that occur in bubble chamber analysis,

It can shed light on how often the reactionp + p — n++1r-+-rr0 "fakes"!

pt+tp-— TT++"|T-, how often a Z)O simulates a AO,' how often a leptonic decay

fits a two-body decay, etc. Thus the FAKE program merits its name for

 two reasons: (a) it fakes PANG output and (b) it is designed to study those

cases in which one type of event is faked by another, :
Another use to which the FAKE preogram can be put is to testthe
analysis programs used to process bubble chamber data to see if they do

what they are designed to do. Thus the FAKE program serves the function
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for the analysis system that a pulse generator serves for cou.n'ting electronics.
It provides a well -known input with which to test the system.

Because FAKE operates on an event-by-event basis it is able to produce_ '
data with the experimental‘ reccliution folded in a much more realist_ic way |
than can be done with other methods., - Therefore it can be useful to use FAKE -
to see how experimental distributions corresponding to particular assumptions
‘should look. ' ' » |

The idea for this program would have remained just an idea if it had not
been for Art Rosenfeld, who quickly became convinced that such a program .
would be a valuable tool. The program has been coded By Fred Safier,

Grove Nooney, and me, | '

| FAKE will write output tapes in four modés, The first two of these are
KICK input and PACKAGE input., These are of course compatible only with
the Alvarez group data-analysis sytem. The third is simply in the format
of a data-summary tape (one event pei‘ record). The fourth is a BCD
representation of this data-summary tape suitable for printing. These last
two modes cannot be used to test hypo‘theti‘cal fits, but a_z{e very.useful in
the Monte Carlo generation.of experiments for_fhe purpose of desigﬁing the
experiment itself or calculating scanning efficiencies, etc,  Even when
~operating in these two modes, for chambers other than the 72-in. chambér,
the chamber dimension parameters must be changed,

The FAKE program is quite flexible and is continually being modified
and generalized. For this reason many things stated in the present writing

of this note will soon become out of date.
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'II. OUTLINE OF PROGRAM FAKE"

The structure of program FAKE is illustrated in the schematic flow
diagram of Fig. 1. The program is written in many subroﬁtine s. The
main program calls the subroutines and contains some logic to decide
‘which subroutines to call, Almost all the quantities used by more than one
routine are stored in cornrrhlonv'storage». In.Section. VII there is a map of
commdn_stdrage as well as definitioné of the quantities stored there.

FAKE can generate an event with up to four vertices, with up to six
-outgoing tracks per vertex. Instructions to the program are given by means
of data cards that are read in by subroutine CARDIN, These cards specify
what interactions ‘are to be generéted, what characteristics the beam tracks .
should have, what the output format is to be like, and many other things.

A detailed description of the input format and input possibilities can be
found in Section VI. Many parameters,‘ such as the boundaries of the v
charhber, can be binserted into the program with data cards, or, if no cards
are .entered, the program automatically uses some standérd values.

Many of the cohstants used by the program,. particulAarly those applying
to the 72-in. chamber, are placed into common storage by subroutine
CONS72. The masses, lifetimes, and nominal cross sections of particles
are entered into common storage by TABLE, By using further input cards
subroutine CHANGE can c.ha.nge any quantity in common storage that has
been placed there by the previously called subroutines. Subroutine SETUP
fills the track banks with those quantities which do not change from one
event to another and is assisted by subroutine LINK., SETUP also calculates
a few kinematic quantities that do not vary from one event to another.

All the foregoing opefations are done only once per run. To start
the generation of an event the program first generates a beam track in
subroutine BEAM. ‘ The beam particles, which are assumed to be traveling
approximately in the positive y direction, are given a Gaussian distribution
in momentum and a trapezoidal -shaped distribution in the x direction at
the entrance to the chamber. The entrance azimuth and' z do not vary in
a given run. To determine what happens to a beam track, subroutine BEAM
calls subroutine HAZARD, which is used later for all other tracksy HAZARD
calculates a number of distances, Ituses subroutine HELIX or PLANE to |

calculate how far the particle would go before it hit each of the six sides
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of the chamber; it calculates (for c'harged tracks) the range of the particle;

it does a Monte Carlo calculation to determine how far the.particle ‘goes
before it interacts; and it does a similar calculation to find the decay distance.
Then HAZARD checks to see which of these distances is the <shor.te st -to decide
whether the particle interacts, deca.ys,. or stops in'the chamber or leaves

the chamber., HAZARD calculates the ending coordinates, angles, and
momentum of the track. |

If the beam track interacts{or decays, if that is what is being studied),
an attempt is made to generate the first vertex. Subroutine GENYV calculates
the total center-of -mass energy and if there is a two-body final state it
calculates the center-of -mass momenta of the two final-state particleé.

For three- or-more-body final states GENV calls GENPCM, which generates
events distributed uniformly in Liorentz-invariant phase space. In practice
GENPCM is two subroutines with one name. One is called by GENPCM (0)
and the other by GENPCM (1). GENPCM (0) does the phase-épace genera-
tion of events and is the part which is called by GENV. It does not orient

the tracks in space. _ ' ' '

GENPCM (0) assigns a weight to each event. The deAsired distribution ~
is obtained by FAKE, which accepts only those events for which the ratio
of the weight to the maximum possible weight is greater than a random
number., This random number is taken from a populdtion which is uniformly
distributed between. zero and one, (All further references to random numbers
are to random numbers of this type unless otherwise stated)., The user of
FAKE can multiply phase spacé by a matrix element by using the subroutine
MATRIX, which multiplies the assigned weight by some function, At pre-
sent the only functions available are an S-wave Breit-Wigner resonance
‘formula and a formula to convert to non-Lorentz-invariant phase space
which is applicable to g decay. Others can easily be added.

If the event is accepted, it goes to GENPCM (1), which orients the
event in space in the center-of-mass system, All independerit angles are
"distributed isotropically except for the polar angle of the first outgoing
track, which can be given any angular distribution with terms of order no
higher than c04566 by using subroutine ROTANG.

"~ At this point the event has been completely generated in the center-of-
mass sytem. Itis next Lorentz-transformed into the laboratory system

by use of subroutine LORENZ, which also rotates the tracks so that the

.
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direction of the Lorentz transformation is the éame as the direction of the

.incident track at its end,

Each of the outgoing tracks is sent through HAZARD to determine its
fate and its length. A check is made in FAKE to see if the secondary tracks
do what they are supposed to do, if a.riything. For instance, if the event type
being generated calls for 6ne of the outgoing particles to decay, FAKE
checks to see if HAZARD found that it did decay. If this check fails, FAKE
starts over by generating a new beam track. ' ' |

In subroutine ERR are calculated the errors on the measurable
quantities. Coulomb errors are identical to those in PANG. The measure-
ment-error formulas have been chosen to simulate the measurement errors
assigned by PANG. In subroutine MODFY the generated momenta and angles
are modified in a Mbnte Carlo manner so that the distribution of the modified
quantities is Gaussian with a standard deviation equal to the error. One |
more subroutine must still be called before the track looks like PANG out-
put. This is because the error calculations in PANG are based on experi-

mental track variables, that correspond to MCDFY output. Hence MCDERR

is called next to recalculate the track errors. After the circuit from

HAZARD to MODERR has been completed for all tracks in the vertex, and
after all vertices connected with the event have been generated, OUT writes

the event onto a binary tape and the generation of a new event'is begun.

III. MONTE CARLO GENERATION OF EVENTS
The General Problem ) '
The problem discussed here is that of generating by Monte Carlo

techniques, events that are distributed uniformly in phase space. For
purposes of clarity the discussion of the genefatioﬁ of two-body events and
three-body events is discussed before the discussion of the generél N-body
problem, v

In two-body generation the energies of the particles are determined and
therefore there is no Monte Carlo process involved in generating these energies.
However, Monte Carlo techniques are used to orient these particles isotropi-
cally in space. This is done by choosing the azimuth angle of one of the
pirticles uniformly distributed between zero and 2w and choosing the cosine

of the polar angle uniformly between -1 and +1. In practice this means that

‘the azimuth is ¢ = 2nR, and the polar angle is 6 = 2 (cosule) - 1, where

R1 and R2 are different random numbers,
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For the generation of three -body events we use a property of the '"Dalitz
plot'" (derived below) namely, that the prediction of Lorentz-invariant phas.e
space is a uniform population of events in the kinematically allowed region
.of the Tl’

three particles,  To use this property for Monte Carlo gener’abtion the energies

'TZ plane, where Tl and TZ are the kinetic energies of two of the

of two of the particles for a particular event are chosen so that they have a
uniform distribution between zero and Tmax’ where Tma.x is the maximum
possible kinetic energy for the particle corresponding to a given total center-
of -mass energy of the reaction, The energy of the remaining particle is
calculated from energy conservation, ' After the momenta of these particles
have been calculated, a check is made to see whether any one of them has a
momentum greater than the algebraic sum of the other two. If so, this set
of energies is incompatible with momentum conservation, and a new attempt
must be made, The events that pass this test are those which lie inside the
kinematic boundary. |

The angles between the tracks are determined by momentum conservation.
"After these have been calculated, then the event is oriented at random in space
by means of three rotations that are performed on all thrée tracks--first an
"azimuth-like'" rotation about the y axis, followed by a ''polar-angle-like"
rotation about the z axis, and firally another "azimuth-like" rotation about
the v axis. This completes the generation of the three-body events, |

The method of generation of N-body events (n = 3) r‘ests on the .following
formalism. The element of Lorentz-invariant phase space has the form

d3pld3‘p2 e d3pn 6(§ B,) 6(E,- ZE,)

1

EyEpoEy

Elimination of the momentum & function is obtained by integration over P,

Expressing the result in spherical coordinates, one gets

2, 2 2 - e
p,"dp;p, dp,* - p | dp _,dcos 6, --dcos 0, 14d; 0-dd u(E0 E,

- e =F
n-1 : n)‘

EIEZ ...En

In order.to facilitate the calculations the angles are defined. The angle ei is
the angle between the i_th partj_sle and the direction of e

®,-2%.

-l TS
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Then . « R DR - R .
| Py '@i-l
cos -Gi T ———— s

|Pi’H i-ll _
Thus the coordinate axis from which the angles describing the directioh of
the nth particle are measured is the direction of the vector sum of the momenta

of the previous n-1 particles. In this system the total energy is

_ e g . . : 2
EO = E1+E2+ +En-1 +\/6§n-2 + an-l @n-z cos 6n-1+p n-1’

because 6311 2, En’ and En 1 add up to zero in the c.m. system, Infegra_tion

over cosf _, removes the remaining § function. Making use of the relation
pdp = TdT, we express the result in terms of energy differentia‘ls-by
PP, * " P

n-2 ).

dTldT2 : "dTn_l dcos en-?_ d¢ld¢2‘”d¢n—1'(

@n-z

The @ in the denominator comes from the term

n-2
( dEO )-1 i} En
- dcos 6n-1 pn-lGDn-l

which results from the integration over cos 6 This expression is

essentially the one that is used for the n-bod;rl;)ilase-space generation. For

the case of the three-body generation this expression reduces to dTldTZ;

dcos Hp d¢1d¢2, which is just the expression that was used to generate the
three-body events, This expression can be separated into two parts--kinematic
(dTl dTZ) and spatia'l (dcos 6p’ d¢ld¢2). The spatial terms do not affect
momentum and energy conservation and the kinematic part does not affect

the spatial orientation of the event.

For the four-body case the expression is *
' PP,

dT dT,dT, dcos 6, dcos §, dp dé,dp, ( ),

2 3

2 2
pl + p2 + 2plp2cos 62

where 62 is the angle between Py and p,- The function

2 2
PP, /‘s/p1 + P, + Zplp2 cos BZ
is not well -behaved. Whereas in the three-body case the corresponding -

quantity was unity, in this case it does not even remain finite, but blows up
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when f;l= -;2.' However, the situation can be improved by substituting |
.sin 62 d92 for dcos 62 so that we have ’ .

S : plpzsine o :
dT dT,dT, dcos 6, do, dé dd,dd, ( ).

' 2 2
: Jpl tp, +2p,p,cos 62 .
In this form the function multiplying the differentials remains finite. Extending

~ this to the general n-body case, one gets the expression

(dTldT2 e 'd'I‘n_=l dcosf, dcos by« -+ dcq_s 6,3 dGn_Z)(dcos 61. dddé, - do )W

where

i} (plpz"'pn-z sinf )

w
n-2

This expression is the model that is used for the n-body generation (n=4).
' The expression has been grouped into two parts: the first containing all of
‘the terms that are necessary to determine momentum and energy 'cqnservation,
and the second containing terms that affect only the spatial orientation of the A
events, : ' _

The proéess of generation of events by n-body phase space proceeds in
the following manner, The n-1 kinetic energies are generated at random
between zero and their kinematic maxima, If the calculated kinetic energy
of the particle is negative'orn'grpater than its kinematic maximum, this
attempt has failed and a new one is sta.rted., The angles 62 thro_ugh@_n_2 are

chosen as indicated and a check is made to see if the vectors no2’ ;n’ and

p
n-1 ,
is larger than the algebraic sum of the other two, If this test is satisfied,

can satisfy momentum conservation--that is, to see if no one of them

the event satisfies momentum and energy conservation and is a valid event
with an assigned weight of W. The final configuration is obtained after the
relative orientation of the tracks (as determined by momentum conservation)
is calculated and after the Monte Carlo orientation of the tracks is performed,
If the purpose of this generation were to generate events with which to
perform numerical integration of some quantity over phase space, then the
assigned weights could be used directly, since the integral over a particular
region is propdrtional to the sum of the weights of the events that are found
in that region, However, if one wants to obtair a set of equally weighted

events, a further step is necessary. First one calculates the maximum
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possible weighf and then accepts each event only if the assigned weight for

this event is greater than the product of the maximum weight and a random

member. In this way, the probability of accepting an event is équal‘to the
ratic of its weight énd the maximum weight, |
For five-body phase space the maximum weight is equal to.
{T(T+2ml)(T+2_m2)(T+2m1+2m2)} |
F =

[2(T + m, +m2)]2

where T is the total avaiiable kinetic energy. The maximum weight for the
four -body case is NE . The evéluatidn of the maximum weight for the six-
body case has been done. It is much more complicated.

The beauty of this method of phase-space calculations is the ease with

which deviations from phase—spaée predictions can be included. For if

-there is a nonconstant matrix element by which one wishes to multiply the-

phase-space element, one merely needs to multiply W by this matrix
element and change nothing else, . |

Generation in Practice

The foregoing section has deéc'ribed the general prdcedure. of generating
events which are distributed according to the prediction of phase space. _
Program FAKE uses these methods, Momenta for the two-body case are
calculated in subroutine GENV, All the rest of the phase-space generation
is done in GENPCM, including the spétial orientation of the two-body events,

In the practical case it is generaily not true that the total center-of-mass
energy is constant. This leads to complications in the calculation of.W'I"MAX,
the maximum weight and TMAX, the maximum kinetic en-ergy. The 'wa-y in
which this is handled in FAKE is different for the primary vertex than it is
for the secondary vertices and is different also for 2-, 3-, and n-body
generation, where n> 3. For the secondary events no devpendence upon fhe_ :
momentum of the incident particle is allowed. All cross sections for
secondary interactions are taken to be constant above the threshold for the
reaction. For n >3, TMAX is calculated separately in GENYV for each event
and WTMAX is also calculated for each event in GENPCM. For primary
events the FAKE user has the option [by using DATA (5, 1)--see Section VI ]
of whether or not to make the frequency of interaction dependent upon the
momentum of the beam track. The two modes of operation differ when there

is a failure to generate the primary vertex, either because of lack of

[
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momentum or energy conservation or because of a failure of the weight test,
In one case, the program tries to generate a new vertex with the same beam .
track and, in the orther case, it generates a new beam track. | For these
primary events TMAX is c;.lc"tlated once at the beginning of a run by using
an effective maximum momentum of the beam track (the mean inéi_den_t
momentum plus three standard deviations), Since TMAX stays the same for.
all events the volume in energy space in which attempts are made to generate
three-or-more-body interactions stays constant. The volume in which v
momentum and energy conservation is possible depends upon the center-of-

n-1

mass energy and is roughly proportional to (T) , where T is the available

kinetic energy in the c.m, system. Therefore, .when the primary interaction
rate is allowed to vary with incident momentum, the frequency of production
of these events is approximately proportional to (T)n-l. Except in two-body
‘generation, WTMAX is calculated for each event, and, to the first approxi-
mation, no dependence upon c, m energy is produced by the weight test. ’
However, since WTMAX does depend upon the total c.m. energy for four -
or-more-body final states, the program does not reproduce correcfly the
dependence upon c, m energy predicted by phase space for these cases.

For two-body generation.the weight is calculated in GENYV as P/Et’
where P is the c. m. momentum cf one of the outgoing particles and Et is
the total c.m. energy, WTMAX is calculated in SETUP as the value of
P/Et corresponding to the effectiveA maximum of the beam momentum.

FAKE has provisions by means of which one can give particle No. 1
a nonisotropic angular distribution. In this case rather than distributing -

6“1_ as dcos 61, a distribution of the form

6
.(a0+alcos 61 + +a6 cos Bl)dcos 61_

is generated. Subroutine ROTANG generates angles according to such a
distribution. '

Subroutine GENPCM is divided into parts. The first does only the work
necessary to determine the weight of the event. It calculates the energies
and total momenta of tracks, but does not put into common storage any
information about the components of the momentum. The second part of
GENPCM does the spatial orientation of the event and outputs the complefe
four -momentum of the tracks, ' »

If one wants to multiply phase space by some matrix element, one can
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compile the formula for the square of this matrix element inte subroutine
MATRIX which multiplies the weight by this function before the weight is
‘tested. Any such function inserted into MATRIX should never exceed unity
in the region in which it is applied. Two functions are already available in

‘MATRIX. One is an S-wave Breit-Wigner resonance formula,

2
I
(=)

AN g
5-) #(m - m)°

where m is the invariant mass of some of the outgoing particles. The

other is the function

( n n
EIEZ En ‘E_ +E +~~-+E:.~.) '
1 2 . n

~ to convert to nonrelativistic phase space.
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-~ IV, GENERATION OF TRACKS"

. ‘:Th_e generation of the beam track 1s done in subroutine BEAM and the
determination of the fate of a track as wel_l as vthe calculation . of the coordi-
nates of the eﬁd of the track is done in subrquﬁne HAZARD. Subroutine:
BEAM generates beam tracks that are going in the positive y direction,
all of which have zero dip angle and the same azimuth angle and Z p051t10n
at the entrance of the chamber, The two va.r1able parameters at the entrance
of the chamber are the mpmentum and the x position of the track. All these'
parameters are specified on data cards 10 and 16 (see Section VI). The
entrance momenta have a Gaussian distribution and the x position is given

a trapezoidal distribution (a.s shown in the accompanyxng figure)

\':
|
?
by means of the equations

x =%, - a/2+b + N2RB(atb) when R < =2

atb

o
/-\
-

_ : ' b 2a+b
X = XO + (b+a.) (R-]./Z) when m) < R< Za.—(—:l'—B) s
= a 2a+b
x =%+ 3 - N2b (atb)(1-R) when Z—s < R,
where a, b, and X are illustrated in the figure and R is a random number,

For all tracks other than the beam track the angles and momenta at

. the beginning of the track are calculated in subroutine LORENZ, which does
a Lorentz transformatioﬁ from the c. m. system to the laboratory systém for
each track that has been generated in GENPCM, In practice, the Lorentz
transformation is done along the y axis and afterwards, all the tracks are
rotated so that the direction of this Lorentz transformation coincides with
the direction of motion of the incident particle.

Subroutine HAZARD has the job of deciding what happetis to each of the
tracks for which beginning parameters have been calculated. If the particle
is charged, HAZARD uses subroutine PINTOR to calculate RRBEG, the
residual range of the particle at its beginning, Then it uses function HELIX
to calculate for each of the six planes bounding the chamber the distance
the particle travels before it hits the plare. In this calculation it is assumed

that the particle travels in a helix, Thus the effects of energy loss and the
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effects of . ‘multiple Coulomb scattenng upon the tra_]ectory of the partlcle
‘are ignored in calculating its leaving distance. '

For neutral particles the length of the track is calculated by functlon
PLANE. If HELIX finds that the partlcle doesn't hit any of the planes
. bounding the chamber, there is an error flag set that stops the program
unless the beginning momentum of the particle is less than so_mé minimum
value (presentl_y 100 MeV). The 1i‘nser_t_ion of this upper bound is necessary
‘because for veryjémall. mom,ef_lta a particle may not hit any wall of the
chamber in the first 1809 of afc, which is as far as HELIX looks, The
leéving distance, DLEAV, for the track ié the smallest of these distances
to the six sides of the chamber. v . ‘

The next thlng that HAZARD does is Monte Carlo ca.lculatlons to
determine how far the particle would go before it interacted or devcayed.
~ The average disté.nce for interact'ion of the particle is calculated as AVDINT=F
(2.83 X 104)/0 op Where o,

particle. At present t_;h1s total cross section is a constant, independent of .

is the total cross section in hydrogen for the

energy. Also, an average distance of de.cay is AVDDK =.2.998 X 1010 vB1
there ‘Y and B are calculated for the velocity of the particle at the beginning
and 7 is the best-known mean life of the particle. - Fo.r tracks other than
the beé.m track, the interaction distance and decay distance are calculated
by , ) y O
DINT = -(AVDINT) 1In (1-R;) and
DDK = -(AVDDK) In (1-R2) ,

where R1 and R2 are random numbers. ' The smallest of the distances
RRBEG, DLEAYV, DINT, and DDK is the actual length of the track. If DDK
is the smallest, for instance,. the particle is designated as decaying after
a distance of DDK. '

For beam tracks the above process would be an unnecessarily inefficient
way to calculate decay and interaction lengths because, in the first place,’
leawng beam tracks are never used and, in the second place, if a beam
~track is specified to interact, a decaying beam track is never used, and
vice versa. Therefore a beam track is constrained to interact or decay in :
or near the chamber. In this case an average path length for the track is

calculated by

_ (AVDDK) (AVDINT)
AVPL = (AVDDK + AVDINT) *
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This is the average distance the particle will travel before eith‘er-de-cvayin.g
or interacting, The distance a particle travels before decaying or interacting

is calculated by - .
- XMAX
'AVPL)] ‘

_PL = -(AVPL)1n [1-R (1-e
This génerateé beam tracks with endings that hé;ve the correct épaﬁial ”
distribution out to a distance XMAX ahd not beyond g Lo
Any track which is found to curve through more ‘than one ra.d1a.n is
truncated by HAZARD so that it curves through only one radian. .
U51ng the prev1ously determined length of the track, HAZARD calculates
the ‘mo’r.nentum at the end of the track; by subroutine _RINTOP and calculates
the aziinuth at the end of the track, assuming that the track is a helix with
a curvature determined»‘by the momentum of the pai‘ticle at the center of
the track, I Coine B o
If a track has apro_]ected length less than 1 mm, its length is set to
zero and it is labeled a zero-length track, If its projected length is less
than 1 cm but greater than 1 mm, it is.labeledﬂa two - point traclé and the
beglnmng and endlng az1muths are both set equal to the value of the azimuth
" at the center of the track All neutral leaving tracks are labeled as zero- )
length tracks, "All other neutral tracks are labeled two-point tracks. The
position of the end of the track .s calculated by HAZARD from the length

and angles calculated previously.
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V. SIMULATION OF ERRORS

Whereas the generation of the kinematics of the events is a well -defined
and fairly exact process for a given ilypothesis; the simulation of errors is
much less exact and necessarily involves approx1mat10ns and compromises.
Yet the accurate simulation of the errors is important if we wish to.use FAKE
to study under what circumstances one type of event fits another type of '
event, because it is a combination of both kinematic coincidence and finite
resolution that results in these spurious fits, Since the errors often depend
strongly upon the lengths of the tracks, it is worth while to simulate
accurately the actual distribution of the events in the chamber,

Errors on the Dip Angle

The error on A, the dip angle, due to Coulomb scattering is calcula.ted
as : _
. GOsS = DL?;\)[LC NL

mid

.where DLAMC is a constanf (presently equé.l to 0.20), L is the length' of the

track in cm, and p and f§ are the momentum and velocity of the particle at
the center of the track. This is the same formula as is used by the PANG
program, and this is true for all of the Coulomb errors calculated in FAKE.
(The name GOSS, as weil as many other names used in subroutines ERR,
HAZARD, MODFY, and MODERR have n0~mnemonic si'g‘nificanc‘e, but are
just some of Fred Safier's friends who enliven the coding of the program).
The measuremen"c error is

DLAMM € cos\ |, . tan2\
L bt ——

where ¢ is the nominal transverse measurement accuracy of the measuring

WBAHEB =

projector in microns on the film (presently eqﬁal to 5 microns) and DLAMM
is a constant (presently equal to 0.012)., In addition to these two errors there
is a floor placed on the tangent of the dip angle of 0.00435 (or 0.25 degree
for'a flat track). The error on the tangent of the dip angle is given by

d(tan M _J(GOSS) + (WBAHEB)?

4

+ (floor on tan )\)2
cCOos A .

The error on A is then ‘ :
DELAM = (cos \) d(tan X\).
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Errors on Momentum from Curvature

The fractional error on the curvature due to Coulomb scattering is
giverr by | - '
S " ALT = DPPC/cos A NLBB, |
where B is the mean magnetic field in the chamber in kllogauss and DPPC
is a constant (presently 1. 13) The contr1but1on of the measurement errors

to the rract1ona1 curvature error is

 TOSH = DPPM « p/L? B cos X\,
(DPPM is presently 0.047.) Finally there is a provision for a floor on the
fractional error.on curvature, This has not yet been used The total error
on the curvature is equal to the product of the curvature and the square root :
of the: sum of the squares of the three partial fractional curvature errors .
The "Coulomb ratio" is equ. to ALI/TOSH and the fractional momentum

error is

~/( + [(tan x) (DELAM) ‘1.

(See Phy..:lCS Note 115 by B111 Humphrey. )

Azimuth Errors

Even though in PACKAGE the errors on the azimuth are assumed to
be uncorrelated with the errors on momentum, there is a very strong o
.correlation between the measurement errors on momentum and on azimuth,
" FAKE attempts to include these correlations, The Coulomb error in azimuth
is given in terms of -

ANDY = 0:2998 B(ALI)

4p
The Coulomb error used by PANG is equal to N2 times ANDY. In writing

FAKE it has been assumed rather arbitrarily that the correlated and un-.

correlated parts of this error are equal to each other and equal to ANDY,
The actual change in azimuth of the end of the track is on the average
6(ANDY), The measurement error on the azimuth is also given two parts,
The part that is correlated with the momentum is |

0.2998 € {DPPM)

DPHCOR = 2 L cos A\ ‘

The uncorrelated part, which is the only one that contributed to the errors

‘on two-point tracks, is

- _ (DPHIM)
TRIV = A5 ————.
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The value of DPHIM presently in use is 0.0025, which is cons derably

0.2998 (DPPM)
2 :

error of 0,00109 radians = 0.625 .

Length Errors oL _ _ -
. The:error on the track length is calculated as DLM = 0.006 € (cos x+4‘51n %4 .

‘There is also a straggling error equal to F
: M

: : ' ' P

DLC = 0 0122 M

smaller than = 0 0070. A floor is also placed on the aximuth

'where M /M is the ratio of the masses of the proton and the part1cle in

questmn Th1s error never appears on any output but is used to calculate -
the error on momentum from range.

Error on Momentum from Range

Th1s error is calculated as

J(DLM) + (DLC)? g% -

The quantity jR is obtained from subroutine RINTOP and is evaluated at

the beginning of the track,

All these errors are calculated in subroutine ERR and it is these
errors that are used in subroutine MODFY to modify the measured quantities.

The modification of the measurable quantities is basically a matter of '
multiplying each of the component e'rvrors by a random number which is
Gaussian-distributed with mean zero ‘and var1ance one. From now on such
a random number will be referred to as a Gaussxan random number. These
terms are added to the unmodified quantites. In the case of the dip angle ),
each of the three components to the error on S, the tangent of X, is multi-
plied by such a random numberA and these three quantities are added to the

unmodlfled value of S to get the 31mu1ated measured value of S, Thus in

this case, as in all cases, the errors, even the floor placed upon the

be
errors in PANG are assumed to/Gauss1an distributed. The modification

“of the length is also s1mp1y a matter of adding to the correct length the

product of the length error and a Gaussian random number, If the track is
not stopping, only the measurement error DLM is used. For a stopping
track both DLM and DLC, the uncertainty due to straggling, are used.

The modifications of the other quantities are more comphcated because
they are dependent upon the assumed mass of the particle., Since v§e are
interested in simulating PANG output not only for the correct mass inter-

pretation, but also for other mass interpretations, care must be taken to do
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this in a realistic manner, For momentum frdm curvature this process is
straightforward. .All modifications are done on'the' curvature of the track .
at its center, a quantity that is obtained fi‘(_)m’ the momentum at the vertex
by using the range-energy tables in subroutine RINTOP, whicH, along with
subroutine PINTORQ is the same routine as used by PACKAGE for this
purpose., This curvature at the center is modified by using thé three curva-
ture errors. Then to obtain the momentum of the track at the beginning and
end of the track, RINTOP is used a;gé.in but this time the assumed mass
rather than the correct mass is employed.. The momentum from range is
calculated without any additional random _n'umbers' bjr applying the modified
values of the length and the assumed mass. " The modification of the azimuth
is the most complicated. The azimuth is modified by’using“ea'.c}.x of the five
components of the azimuth errors. New random numbers are used for both
the modification that uses th_e.uncorreiated Coulomb error and the modifica-
tion that uses the floor on the azimuth error, This floor is assumed, out.
of ignbrénce, to be indepéndent of the other floors. How'evér, in making the.
modifications by using the correlated errors, the same random numbers are
used as Were ué_ed to modify the curvature. These'correllated terms are
cal_culéited in the folilowing way: the correlated Coulbmb,e_rror is

(DKC)
— G

and the correlated measurement error is

DPHICC =

-(DKM)
2

where G = 0.2998 ZBL cos \ and Z is the charge of the particle. The modi-

- DPHIMC = G,

fication of the azimuth at the béginning of the track is the sum of the correlated
‘and uncorrelated terms. The modification of the azimuth at the end of the
track is the difference between the uncorrelated and correlated terms. When
‘the assumed mass is different from the correct méss, another modification
of the azimuth is made, 'Thiis modification term is ' ‘

2 m

- _ dp
DDPHIB = 0.2998 BL™ Z ( 0 . "m )
2 dR dR
2(P . P ) :
dpm _ begin = mid
where IR O is the slope of the momentum-range curve at the middle of

» . . P . '
the track for the correct mass interpretation and TRE is the same

quantity for the assumed mass interpretation. This term is a good approxi-
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mation when dp doesn't vary much over the length of the track. or when

“dR
m and m, are very nearly the same, If hgwever, m is much larger glan
d tg t 1 h that ™ hl than 0
m, an e momentum is low enoug at. —p— is much larger than ,

this azimuth correction will be unrealistic. DDPHIB is added to the beginning
‘azimuth and an analogous quantity, DDPHIE--which is the same as DDPHIB
except that P |

replaces P . ~-is added to the ending azimuth,

end begin _
- The positions of the ends of the tracks are generally not modified to
- be made consistent with the other modified quantites. However, in one case
the end points of the tracks are modified. When there is a zero-prong event
the length of the incident track is decreased by -(GAPL) In R, where GAPL
is the mean gap _lehgth in the track and R is a random number, The .angles '
describing the outgoing neutral particles are corrected to account for this"
. change, and in the process the end positions of the tracks are modified to
be consistent with the other modifications, No change is made in the assigned
errors to take into account the increased uncertainty in the values assigned
to these angles. . - | v
When these modifications are being méde, the unmodified quantities
are not destroyed but remain available in the unmodified track banks (TRALA)"
and the modified quantites are stored in the modified track banks (BNOUT),
However, there is one modification that is made that is stored in TRALA,
' This is the modification of the azimuth at the end of the track for Coulomb
scattering., Since the TRALA data represent the ''real' data, this is a
reasonable thing to do since the azimuth at the end really is changed by
multiple scattering, In this respect the program is not consistent, since
the analogous changes in the dip, the momentum, and the length of the track
are not made in the TRALA data, nor anywhere else. The azimuth at the -
end of the track is changed by 6 R {ANDY), where R is a Gaussian random
number. This real change in azimuth produces errors in the meé.sured
momentum and azimuth of the particle. The modifications already described
are such that two-thirds of this effect goes into momentum errors [namely
R{ALI)] and one-third into azimuth errors; [ R (ANDY) has been added to the
beginning azimuth and subtracted from the end azimuth], In all these
modifications by ALI and ANDY the same random number is used for each
track., Note that FAKE does not yet introduce single or plural Co&iomb

scattering but assumes a Gaussian shape to the Coulomb errors.
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 After all modifications have been made, the errors are recalculated
in subroutine MODERR to go into BNOUT by using the modified data in
these calculations, This is done tb simulate the errors assigned in PANG

that, of necessity, are calculated from inexact numbers.

VI, INPUT AND OUTPUT .

Ihput

I'lformatlon is given to the FAKE program in the form of input cards

- and the program has been written in such a way that there is a great deal
at the command of the data cards . A "data pack' for one run of FAKE con-
sists of |

(a) .o,ne random-number card,

(b) up to 50 data cards,

(c) one end-data card, |

(d) any number of mod carvds,
~and (e) one end-of -run card, ‘ .

The random—number. card‘muvst start with‘ 33 in the first two columns
followed hy a 12 -digit octal "random number' that initializes the random-
number subroutire RAN, This '"random numbef" may be any positive
nuraber that contzins no 8's or 9's , _

The end-data card has5lincolumns 71 and 72, The Aend-of'-run card
has either 98 or 99 in columns 7! and 72. A 99 tells the program that this
is the last data pack, whereas a 98 tells the program to read a new data
pack after this one has been completed.

Data Cards ) A

All data cards have the same format. 'I_‘he first seven fields of ten
columns contain fixed-point numbers and columns 71 and. 72 contair an
integer between 1l and 50, This format hae the awkwardness that in the first-
seven words even an integer must be entered with a decimal point (that is
22 must be written as 22, or 22.0). This procedure has the advantage that
all cards ha&e the same simple format, The number in columns 71 and 72
is called the card number, There are four cards {(numbers 1,5, 9, §md 10)
that must be used with each run. Other carde may or may not be ”1..—1-"sed -
depending upon the circumstances of the run., The quantities entered on

these cards are listed on the following pages, The Ith word on the Nth card
is referred to as DATA (I, N).
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Ca.rd 1- Prlmary Event Card- Vertex 1 -

This card glves the information that defines. the first vertex (flrst in

chronolog1ca1 order)., The words have the following quantites:

T Word 1.

13

11

2.

3 o .

" indicates a decay.

6.
7.

Event type .
Number of outgoing particles, including neutrals,.

Mass of the target particle to the nearest 0.1 MeV, A Zero mass

Total cross section for the interaction of the 1nc1dent partlcle in mb,

- This word is used only for three or more outgoing particles, -If

it is zero, the cross section is independent of the total c. m., energy.

If it is nonzero, the cross section has a dependence on the ¢, m,

‘energy (see Sect1on V).

(See card 10, word 7, for an explanation),

- Not used,

Card 2-First Secondary Vertex- Vertex 2
Word 1.

13

"

1t

1

- Event type. If this is zero, this secondary event will be included

in the same event type as the primary event,
Number of outgoing tracks,
Mass of target particle to nearest 0.1 MeV,

The fraction of the interactions (or decays) that proceed by this

. mode..,. If word seven is 1.0, ‘this fraction should be 1.0 also.

The number of the particle incident to this vertex, (The particle
numbering system is described in the discussion of card 5.) -
The number of the vertex from which the incident particle came.

If this word is 0.0, the vertex need not be generated., If it is 1.0,

. then this vertex must be generated, If it is 2.0, then either this

vertex or one of the other vertices with this word labeled 2.0 must

. be gene rated

Card 3 and Card 4 are the same as Card 2 for the third and fourth vertlces

Card 5 gives the masses of the outgoing particles from the primary 1nter~ .

action, to the nearest 0.1 MeV, Positive or neutral particles have a positive

mass,

Negative particles have a negative mass., The order in which the

masses are entered determines the numbering of the particles. For each

‘vertex, track l is the incident particle and tracks 2, 3, 4, etc., are the first,

second,

third, etc. masses entered on the card,
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Card 6, Card 7, and Card 8 have the masses of the outgoing particles for
the 2nd, 3rd, and 4th vertices. | '

Card 9-General Information Card

Word 1.

1t

.1

"

2.

3,
4.

- 5.

6.
7.

Word 1.

"

2.

Number of events to be generated.

Magnetic field to beused (in kilogauss). If given as zero, 17.91 kG

- will be used.

This entry has been reserved to identify the chamber being used.

" A code to identify the liquid in the chamber.,  Zero stands for HZ'

This word tells the program how far to carry the calculations for

-each event, If itis 0.0, complete calculations are made. If it

“1s 1,0, only calculations through subroutine HAZARD are made,

the errors and the modifications are not Calculated, and only the
unmodified data is output. ‘If it'is 2.0, only the calculations through
subroutine GENV are made and only center-of-mass quantites are
calculated, If this location is set < 0, the output will contain only
the modified data. |

The experiment number,

Not used.
Card 10-Beam Track Card

1

Mass of the beam track (see card 5 for the mass-code).
Mean momentum of the beam at the beginning of the chamber
in MeV/c. '

RMS Spread in the beam momentum in MeV/c,

Entrance azimuth in degrees, '

The 2z coordinate at the entrance to the chamber,:

-The mean value of ¢ for the beam tracks at the entrance to the

chamber.

The shape of the x distribution of the beam tracks is defined by
this word ;3.nd DATA (6,1). This word gives the distance a and
DATA (6, 1) gives the distance b as illustrated on the first page
of Section 1V,

Card 11 -Error Parameter Card -

If this card is not entered, all the quantities will be assigned their

nominal values by the.program. R
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Word 1. The setting accuracy € of the measuring projector in microns on
.the film, If this word is set to zero, ‘a nominal valué»of S5uis
inserted by the program. - . o

" 2, The floor on &K /K, the fractional curvature error.

. The floor on.AS, _the error on tan X\,

SRR The floor on &$, the error on azirmuth.

[S L - VS V)

o5, If this .word is 0.0 the operation is normal; if it is 1.0, all errors

are made to be uncorrelé.ted; if it is 2.0, the modifications are
determinedby the numbers on cards 17 and 18.

Words 6, 7. Not used. . . v

_ Card 12, Card 13, and Card 14 define the six planes that are the boundaries

of the chamber, If these cards are not entered, standard boundaries for the -

7Z-in.. chamber are entered. The planes are described by the equation

% + % + ~CZ-' = 1. Card ‘12 has A; B, and C for the plane in the minus. y

direction in the first three words and the A, B, and C vah_les of the positive

y plane in words 4 to 6. Card 13 has these values for the bottom plane

followed by those for the top plane, and Card 14 has:these values for the left

- side and the right side of the chamber, If any of the A, B, or C values is

. entered as exactly zero, the program will treat it as if it were infinite.

Card 15 _ _ . . _ '

Only the first four words on the card have been defined. They give o
for ‘evach of the four possible vertices respectively the fraction of the time
that the interaction (or decay) in question occurs after the particle generating
the vertex has stopped. |
Card 16 | |

This card determines the modes of output.

Word 1. If this is 0.0, events will be written'out in PACKAGE input format
on Tape A5 under control of card 9, word 5. If this is 1.0, events
will be written out in KICK input format on Tape A5 under control
of card 9, word 5. If this is > 1.0, no information is written out
on Tape A5, ' |

' 2, If this is >0, it represents a caid number of-a card that indiéates
quantities to be set up in Data Summary Tape (DST) format. The

specifications for this card may be found in the section immediately

below, entitled "Output Cards. "
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Word 3, If thisis >0, a binari Data Summary 'Tape is written out on.tape

A6 according to the information contained on the output cards,
" 4, If this is >0, a BCD representation of this DST is written out on

the Fortran printer tape A3, |

Words 5,6, 7. Not used, ' 7

Note that if no card 16 is inéerted, PACKAGE input format events are

written on tape A5 (''normal mode of operation'), Also note that if word 1

is > 1.0 and all other words are zero, no ob.tput'is produced for an event, It

" is still possible to obtain information from FAKE by use of card 50.

Output Cards

These cards can have any card number not used for a specific purpose.
The card number is specified by DATA (2, 16). The first six words of this '
card contain integers that define the locat_ibn.incommon storage of quantities
- to be output by the program. The 7th word gives the card number of the next
card that defines more quantities to be output. If the 7th word is zero this
card is the last output card. | |
Card 17 and Card 18-MODFY czrds . )

' These cards are used only if DATA(S,ll) is equa.'l t072. Each word on
these cards gives the multiple of the quoted error by which- MODFY will, on

-the average, modify one of the measurable quantities. The errors specified
by each word are as follows:
Card 17 ' »
Word 1, The Coulomb error on curvature and azimuth,
" 2, The-error onlength,
. 'The Coulemb error on S = tan X,
. The measurement error on S.
. The floor on the error on S.

. The uncorrelated measurement error on the azimuth.

I I« A SRS L B - S UX)

" . The uncorrelated Coulomb error on the azimuth,

Card 18
Word 1. The floor on the azimuth error.
" 2., The measurement error on curvature,
" 3. The floor on the fractional curvature error,
Words 4-7. Words not used. _ A
. If zeros are entered for the words on Cards 17 and 18, no modifications

are made.
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Card 19-Master Rotation Card

Only the first four words on this card are used. If the Ith word is
nénzero,. it gives the card number of the card that specifies the angular
distribution to be given to the first outgoing track in the Ith vertex. If this -
card is not entered, or if the word corresponding to a vertex is zero, the
angular distribution generated is isotropic.

Vertex Rotation Cards

These cards may have any card number that is not aéSigned a speciﬁé

function, The card number is defined by Card 19. The seven words on a

card contain the coefficients in the expression f(cos 6)= a0+alc656+a2c_0526
Hooo +a6c0566, which defines the angular distribution that will be given to
the first outgoing particle of'the vertex. If all coefficients are zero, or if

only a,. is nonzero,and isotropic distribution will be generated. If any of

0
the coefficients other than a, and a, are zero, then they must be chosen

so that the maximum value :f f(cosl€9) is one (or at least that it doesn't
exceed -éne),.
Card 20-Matrix Element Card

(). Word 1 gives the number of the vertex to be assigned a matrix
element or resonance, '

(b). Word 5 gives the card number of another card that has the same
format as Card 20 which describes another matrix element, If
word 5._is zero this is the last Matrix Element Card,

(c). 1If word 2 is less than 10, it refers to the track number of a track
which is to be treated as a resonance, In this case, word 3 is the
mass of this resonance (in MeV) and word 4 is its full width at
half maximum (in MeV), In this mode of operation one must at
present enter for the mass of this pa‘rticle on card 5, 6, 7, or 8
the mass of some particle recognizable by the program. This
particle must have a very short lifetime (< 10-14 sec) and a mass
that is less than--but preferably not very much less _"chan--the sum
of the masses of the decay products of the resonance., In "
resonances, the ZO is a convenient particle to use for this purpose,

If word2is l0orgreater, it is a code word specifying a matrix element
by which the vertex is to be generated, If word 2 is an integer between 30

and 49 inclusive, it calls for a matrix element which requires only the



an

- .28- v UCRL-10335

energies of the outgoing particle but does not require the components of the
momentum. If this word is 30, it specifies the nori—Lorenf:z -invariant phase-
space element described in Section III.  If word 2 is an integer between 10
and 29, it specifies a matrix element which.needs the spatial components of
the momentum of the particles. If word 2 is 10, it specifies an S-wave
Breit-Wigner re sonance formula as déscribed in Section III, where the -
position of the resonance is in word 3, its full width is in word 4, and the"

resonance is between the m-through-n outgoing particles, where m is given

.in word.6 and n is given in word 7. -

Cards 21.through 34 -

These give the information necessary to set up to 29 track banks., They

- define the order in which the tracks are to be printed out and-the number of

mass interpretations that each one is to have,

‘ (a). Wordv 1 has the output track number in the order in which it éppears
on the output tape., If the output mode is one in which there are
connected events, each of which is written out with a. separate. event
type, 100 is added to the track number for the second event, 200
is added for the .third event, and 300 for the fourth event, and the
track numbering is started with one for each event. (This mode has
never been used.) ‘ : : . : '

(b). Word 2 has J + 10{K-1), where J and K are the track numbers and -
vertex numbers assigned in cards 1 through 8. '

~(c). Word 3 has the number of mass interpretations for this track, Words.

T4 through. 7 give the mass values of the mass interpretations in the
order in which they are.to be output.
These cards need.not be ih order nor do they need to have consecutive
card numbers, ‘ o
No specific functiorn has yet been given to any of the cards from 35
through 49..
Card 50-Dump Card

If this card is entered, the program writes out on tape A3 a dump of

.the contents of the common storage--just before it gets to subroutine OUT.

Nonzero values in the seven words on this card call for dumps to be printed

in the following places:
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Word 1, After CARDIN,
2. After SETUP. : :
3. After BEAM and RESMAS for each event,
" 4, After GENPCM for successfully generated vertices.
5. After HAZARD has been completed for all tracks of each vertex,
6. After ERR for each track. A
7. After ERR and MODFY have been completed for all tracké for
‘each vertex, ' o
MOD Cards
There are many constants that the program stores in common storage,

principally in DATA or in CONST. Any of these can be changed with a mod

.card, If column one of a mod card has a zero, the number to be inserted

is an integer in the decrement; if it is 1, the number is a floating-point

number; and if it is 2, the word is in BCD. Columns.10 through 14 have an

integer.that is the location in common storage to be modified (see Section

VII for the storage locations), Columns 18 threugh 23 give the number that

is to be put into the memory. If it is a floating-point num'ber,' it has a decimal
point in column 18 and columns 26 to 28 give the exponent. |
An example of a data pack is shown in F1g 2. It instructs the program

to generate the events

L% 0
K +p~— Yio
Y:; -~ A+ nt T (A + 'rr._'j_= Y1*+)
'
A—-p+w.
The YO mass is inserted by RESMAS according to the data :n card 20. The
Y0 decay is modified by MATRIX to put the A and 'n' in a Yl resonance as

dictated by card 41. The first interaction is glven the angular distribution
specified on card 42. '

The quantities specified on card 40 are eutput on tape A6 in DST mode.
As indicated on card 50, a FAKE common dump is written on tape A3, once
after subroutine SETUP and once for each event just before it is output., The
output on tape A5 is in PACKAGE output format compatible with even type '
32 in PACKAGE for the K72 experiment, The rﬂod cards specify the minimum
efficiency that the program will accept and the roll number that the pregram

is to use,
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N
. .
i 33207363253160
3.0 2.0 . 938.2 %5.0 ~3.0 I
3.0 _ 1.0 2.0 1.0 1.0 b3
2.0 1.0 3.0 2.0 1.0 3
11906.5 135.0 5
‘ 1115.2  -139.6  139.6 ., = T ®
' <139.6 938.2 » A ' 7
1.00 " 1i.70 s e g :
TR9%I0  1240.0 40,0 102.0 ~  16.0 T %0 8.0 i
. T ._ 0.00436 - 0.60109 2.0 . . . i
’ 6.0 1.0 10 18
b 1o P I o0 2.6 T I 17
) Soonel s TTZe. 1.6 1.0 1.0 T ¥ J—
2 T R TN ,
1-6 2.0 1520.0 16.0 31.0 ' ‘ 5 20 -
. ST T Ty RS W S Y =%494.0 — - 71 -
2.0 . 13.0. . 1.0~ . =i39.6 . . - K- 37 -
3.0 14.0 2.0 - 139.6 | 938.2 . N 23 -
%.0 2.0 2.0 %97.9 1115.2 74
5.0 32.0 ico -139.6 ~ 75
6.0 23.0 2.0 139.6 9382 7. ] 26 -
1.0 663.0 1895.0  2015.0  15.0 ‘ ; %0
2.0 10.0 1385.0 55.0 _ Y] 2.0 C$Y 0
0.25 650 6.95 - - ; %2
2.0 . 50
51
1 COMMDN{031421=.005000 € 00 = - PR T
0 COMMON{033631= 000003 _
< - _ . - — R 99
- : ' - MU.27534
: .
-
o Fig, 2. Example of a data pack,
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Output- :
On the BCD FORTRAN MONITOR output tape A3, FAKE writes out first
the data <_:ards' that were input to it. It also writes out the mod cards that
‘have been entered. If dumps have been requested, they appear next. In the
dump; all nonzero words in common storage are printed out in both floating -
point and integ'er formats. If there are any di‘agnoéitcs they appear on this -
tape, usually followed by a dump of common., At the end of the run FAKE
writes out th;z number of events that have been generated successfully, the
number of beam tracks that had to be genefated' and up to four pairs of
numbers that give the number of attempts and successes at generat1ng each
of the four vertices, _
.» According to what is specified on data cards 9 and 16 the program writes
out a'..binary tape on A5 in PACKAGE output format which can be read by
PACKAGE, or a binary, tape on A5 in PANG output format which can be read
by KICK, or writes out a data-summary tape on A6 which can be read by
SUMX, or wr1tes out a BCD representation of a DATA-Summary tape on A3
When writing according to the PACKAGE or PANG output fermats, the
program writes out two events for each eveht; the first ié given an event
type 99 and is composed of the unmodified data, and the second is the simu- .
lated PANG output. The event type 99 data are not intendéd to Be used b‘y
PACKAGE or KICK, but merely to be passed along so that théy can be printed
out. Only the unmodified data are printed out if DATA (5, 9) is 1. Only the
. modified data are printed out if DATA (5, 9) is negative. - n
When writing‘ac'cording to the data-summary tape mode, the program‘
writes out a two-word FORTRAN binary record at the beginning of the tape
with the event type in the first word. This record is followed by one record
for each event, each of which has integers in the first five words and floating-
© point num‘bers in the. res't_ of the words, Wofd 1 contains the roll number,
word 2 the frame number, and word 5 the event type. Words beyond 5 are
the quantities specified by the card that is speé'ifiéd by DATA (7,9). The

tape is ended by an '"end of file. "
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VII, DEFINITIONS AND MAPS

This sect1on is useful to the person who wants to read the FAKE program
or rts subrout1nes or to the person who w1shes to wrrte a subrout1ne to be
used by FAKE, or Ifor a person who wants to read a dump obtained dur1nc:r
the operation of FAKE. There are many quantities that are defmed by and

used by only one subroutine. These are not discussed here. A l_1st1ng of

" the quantities stored in common storage is shown in. Table I The first

column gives the name of the quantlty used in the program. The upper

- name is that used when the quant1ty is a float1ng point number and the 1ower

name is that used when it is an integer. The second and third columns give
the dec1ma1 and octal storage locatlons in the memory of the computer of

the f1rst word of these quantities, The fourth and fifth columns give the first

and last storage locat1ons of these quantltles in common storage ao they will

appear on a FAKE common dump. This 1s the number that is us ed on the mod

cards and a,].SO on the DST format output cards. The last column gives the ‘

'dlmen51on of the quantity. Table Il is an.alphabet1cal list of the quantities

stored 1n common storage that have been given separate names,
More detail about these quantltles is g1ven below. In every case the

subscrlpt J refers to a track or a ‘particle and the oubscmpt K refers to a

- veriex, Thus TMAX (J,K) refers to a number assigned to the Ith part1c1e

of the Kth vertex. Unless otherwrse noted all quantities are stored as
ﬂoatmg ~-point numbers in the memory. . .

DATA(I N) is the place where the Ith word of the Nth data card is stored
Also most of the data that could have been entered on cards 11 through 14
‘are stored by.the program in DATA, . Most ofdthe rnasses on the data cards
are left in the form in which theyAare 'entered and exact masses are stored |
elsewhere (in TRALA and BNOUT), but the exact mass ofithe target particle
is stored in DATA (3, 1) . | A few of the quantities that are stored in DATA
are converted to integers in the decrement just after being readvin. These
are the ﬁrst and fourth words of ciard 9, all words on cards.l through 4
except words 3 and 4, and the first three words in cards 31 through 34. The
eighth word, the card number, is read in as an integer. The presence of
this seemingly redundant card number in the memory serves to indicate
whether or not a card was read in, All the quantities stored in DATA can

be changed with mod cards.
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- Name

DATA.
DATA .

EMTABL
MTABL

PCM
IPCM

TRALA
ITRALA

BNOUT
NBOUT

AMOUT
MAOUT

BMOUT
MBOUT

TMAX
ITMAX

KF
FK

CONST
CONST

COMWS
ICOMWS

v

Table I, Map of FAKE common storage.

- Storage loacation

- Decimal

32561

32161

32041
31901
30669
29509
29497.
29449
29421
29420

29320

Octal

76641

76451

73715

71505

‘71471

N\
71411

71355
71354

171210

77461

- 76235

Common storage location

Beginning
. 401
521
661
1893 1

3053

3065

3113
3141
3142

3242

: Endv

400

520

660
1892

 3052‘
3064

"3112

3140

3241

3541

Dimenéion

5350

430
5x7x4{
44x§k4
4qx29
12

12

X4

100

300
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Table II.-. List of Quantities in common storage.
Name '~ =~ ~Egquivalent name, Common storage location Dimension
‘AITAK COMWS(107) - 3348 ' 4
ALI COMWS(189) 3430
ANDY - COMWS(192) 3433
'AVDDK COMWS(106) 3347
AVDINT COMWS(105) 3346
' GRASH COMWS(123) 3364
' DDK COMWS(104) 3345
DINT - COMWS(103) 3344
DL COMWS(188) 3429
DLAMC CONST( 23) 3164
DLAMM CONST( 26) 3167
DLEAV COMWS(101) 3342
DLEAVI COMWS(112) - - .3353
DPOR COMWS(181) 3422 7
DPPC CONST ( 21) 3162 '
DPPM CONST { 24) . 3165
DPHIC CONST ( 22) 3163
DPPHIM CONST ( 25) - 3166
DSTOP COMWS (102) 3343
DTPKMK COMWS(118) 3359
EFMIN ~  CONST( 1) 3142
EPSIL CONST ( 27) 3168
ETCM COMWS( 29) 3270 4
FRITZ COMWS(193) 13434
GAPL CONST ( 97) 3238
GOODV COMWS( 21) 3262 4
HAZMOM COMWS(117) 3358
L COMWS( 35) 3276
M COMWS(111) 3352
N COM WS( 15) 3256
'NGEN COMWS( 25) 3266 .. 4
NMAX DATA(65=1, 9) 65
3363
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Name -
NT
NTB
. NTBT
"NV
OSMK
OUTMKS5
OUTMK6
PARTY
PMEV

PSEUDI .

"PSEUD2
PYROSQ

"~ RANSTO

"RATIO
RHO
"RRBEG
SCALE
TIME
TM
TOSH
TRYB
TRYV
WT
WTMAX
XMAX

" ZPN

Equivalent name '

Common storage-location ‘Dimension

- COMWS( 33)

COMWS( 2)
COMWS( 1)
COMWS( 14)
COMWS(100)
COMWS(119)
COMWS(124)
CONST ( 99)
COMWS(110)
COMWS(120)
COMWS(121)
COMWS(194)
COMWS(180)

-COMWS( 50)

COMWS(108)

_ COMWS(109)

CONST(100)
COMWS(125)
COMWS( 6)
COMWS(190)
COMWS( 16)
COMWS( 17)
COMWS( 34)
COMWS( 10)
CONST ( 98)
COMWS(113)

- 3274

3243

3242
3255
3241

13360

13365
3240
3351

3351
3362
3435

3421
3291

3349
3350
3241
3366
3247
©343]
3257
3258
3275
3251
3239
3354
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EMTABL(I J) : . _

In EMTABL is stored data for up to th1rty partlcles For mea“ch par‘tic“le
is stored its mass (1n MeV), 1ts mean lifetime (in sec), a nominal cross
section {in mb) for interaction in hydrogen, and its charge (0 er £1). "The
- charge is stored as an integer--the others as floating-point nurﬁbers. The
masses are the same ones used by KICK and PACKAGE, complete with
the sign bit at the end. The particleé are stored with fhe negative particles
first and progress from the hea\}ie st mass to the lightest.’ ‘Then follow the
neutral and the positive particles starting with the photon (or neutrino) and -
progressing to the heaviest, . These quantities.ére put into EMTABL by subv-.
. routine TABLE and can be modified by mod cards.

PCM(I, J,K) is used to store five center-of-mass quantities per track for up
to four vertices. The five quantities are Py py, P, E, and p, the components
of the four-momentum followed by the scalar momentum of the particle.
These quantities are not calculated for the beam track. For the other tracks
they are calculated by GENV or GENPCM, The fourth and {ifth words, p
and E, are available after GENV whereas the other words are available only
after the last exit from GENPCM., . '
TRALA (I[,J,K) is the track-bank for storlng the unmodlfled 1nformat10n for
each track, The quantities stored in I are essentially the same as those in |
the PANG track banks (see memo 115 by Bill Humphrey). TABLE III shows
what is stored in TRALA ahd_in what subroutine it is stored., Unless other-
wise noted these quantities are floating-point numbers. .Some of these
entries require further explanation and have numbers in parentheses at the
right that refer to the following list:
(1). The track number has the form J + 10 (K-1), where J and K are the
track number and vertex number of the track respectively,
~(2). In the PANG output format mode, these quantities are converted to
.. degrees in OUT. . e L :
(3). These quant1t1es are generated by BEAM for the beam track.
(4). In this position is stored LSZx10%, The LSZ number is
' 0 for a leaving track,

1 for a stopping track,

2 for a zero-length track, - o ' -

3 for a interacting track, |

and 4 for a decaying track,
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This assignment of I.SZ numbers was ill -conceived because these are not
mutually exclusive categories. These numbers are assigne.d by HAZARD
with the convention that interacting and decaying labels take precedence over
stopping and decaying labels. As a consequence this storage location does
not have reliable information about whether or not the track is zero-length
or étopping. This information is stored in TRALA (44, J,K). This number '
is modified in OUT to correspond to the proper format for PANG or PACKAGE
output formats. Only the 0,1, and 2 LSZ numbers are kept for output, |

(5). These locations are not used, HoWever, OUT produces output with a
9 in both of these locations, ,

{(6). When in the PACKAGE output format, )\begin is replaced with the
charge code that is an integer in the decrement equal to -1, 0, or +1
depending on the charge of the particles, '

(7). .TRALA(41, J,K) and TRALA(42,J,K) are used for finding correspon-
dence with BNOUT (I,J). TRALA (41, J,K) gives the first value of J
where the track is stored in BNOUT (I, J), and TRALA.(42, J,K) is the
number of mass interpretations for this track in BNOUT (I, J).

(8). If this word is 2, this is a two-point track and if it is 1 this is a zero-
length track. Otherwise this word is 0,

BNOUT(], J) is the track bank for storing the inodified information., It has

the same general format as does TRALA. A map of it looks'vez_'y much like

a map of TRALA. A general rule is that anything calculated in SETUP for

TRALA is calculated also by SETUP for BNOUT. Anything calculated by

LORENZ or HAZARD for TRALA is calculated by MODFY for BNOUT, and

anything calculated by ERR for MODFY is calculated by MODERR for '

BNOUT. The locations that are not completely described by this transforma-

tion are shown in Table III.
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"' Table'HI, Trala map

Word number-

N R L I T VI

N_NN#—“D—‘.—“»-&-.—-»-»—-M_-—
N e O 0O W N = O
'

23

24
25
26
27
_zé )
29
30
31

32

33
34
35 .
36
37

38
39
40
41
42
43
44

‘1A

. ID.

1A

IA

ID

ID
1D

ID

- Subroutine where

Name first calculated
Track number SETUP
Mass (MeV) . SETUP
;La.rc(cm) . _ HAZARD
AL (cm) ERR

arc -1
K & MeV/c)’ HAZARD
&K_. (MeV/c)"! ERR

mid -1
Kbegin( MeV/c) HAZARD
not used . ,

-1

K 4 (MeV/cv) _ ‘HAZARD
not used ’ ; -
K(L__ )MeV/c)"! HAZARD.

AL(L__ NMeV/c)'IERR -
¢begin (rad) LORENZ
¢end (rad) - HAZARD
& (rad) ERR
tan A, LORENZ

o begin
. tan )\ HAZARD
end
Atan \ ERR

PC/Pmeas ERR
not used . Lo
After track word HAZARD
number of points )
in view P
number of points
in view Q

: ?begm (Mgv/c) LORENZ
"Pond (MeV/c} "HAZARD

P (Larc)(MeV/c)' HAZARD
aAp/p ERR
DY . LORENZ

begin )
xbegin {(cm) LORENZ
Y.begin {cm) LORENZ

z, . (cm) LORENZ

begin
x {cm) HAZARD

end -

Yend (cm)- ' HAZARD
Z,.d {(cm) HAZARD'’
lifetime (sec) SETUP
cross section (mb) SETUP
charge SETUP
B (velocity) LORENZ
vy =N1/(1-8%) LORENZ
not used '

LINK
LINK

P4 (MeV/c) HAZARD

SZ code HAZARD

(1.

(2)

B A B

(4)

(5)

- (5).

(3)

(3)(6)
(3)
(3)
(3)

(3)
(3)

(n
(n
(3)
(8}

2N
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BNOUT (1, J) is. the track number according to the same code used in

KICK or PACKAGE, i.e., the tracks are numbered sequentially.

BNOUT (20,J) contains the corr_elé.tion term 2K (La'rc) Atan )\, in (MeV/c)-l.
BNOUT (21,J) contains the future track number in the form FT X 103 in

addition to the LSZ number. These numbers are put into PANG output
format by MODFY and then changed by OUT to. PACKAGE format if necessary.
BNOUT(22,J) contains the track number (as an integer in the decrement) of

the track in TRALA which corresponds to this J.

BNOUT(Z3 J) contains the vertex number (as an 1nteger in the decrement)
of the track in TRALA which corresponds to this track., BNOUT (22,J) and
BNOUT (23, J) are placed in BNOUT by LINK, |

BNOUT (5,1),(7,3), (9,J), (24,7J), and (25, J) are all set negatlve if the

curvature is that of a negative particle,

BNOUT (35,J), (36,J3), {(37,7), and(39,J) are not used.

BNOUT (38,J) has the modified momentum at the center of the track,

BNOUT (40, J) is B, the velocity of the particle. . |

AMOUT (I) contains the quantities stored in MAOUT in PANG or MBANK in
KICK (see Memo 115 and UCRL-9099) for the unmodified data. Most of these

words have the form required by KICK input but contain no useful information.

- In LINK the experiment number is put into AMOUT (7) and event type 99 is

put into AMOUT(8). In OUT a serial number is put into AMOUT(10). The

roll number is 101 for the first run and increases by one for each succesive
data pack entered. The frame number starts at one for the first event of

each run and increases by one for each new event,

BMOUT (I, K) contains the same information for the modified data as AMOUT (D

" has for the unmodified data. Here the subscript K does not refer strictly

‘to the vertex number, but rather to a '"'subevent' number. If the mode of
operation is such that all vertices are included in one event type, then only
K = 1 is used. But if separate event types are used for different vertices,
then K refers to these separate ''subevents.'" When the output is in the
PANG output format and if this subevent is a connected event, then a one
is added to the decrement of BMOUT (7, K) " This one is called a pickup
number, In BMOUT (8,K) the actual event type is placed.
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TMAX (J,K) is used when there are at least three outgoing parficl‘es at a

vertex., Effectively these are the maximum kinetic energies that the

- particles can ha\}e. ‘In the case of secondary. vertices these are absoklute

maxima, - TMAX is calcula.ted in SETUP for primary events and by GENV

for secondary vertices.,

- KF is the number of the vertex that is under consideration.

CONST 1is a block of 100 storage spaces reserved for the storage of constants,
Table IV is a list of these constants, All of these quantities can be changed |

with mod cards.

.COMWS is a block of 300 words reserved for the storage of quant1t1es that

need to be used in more than one subroutine. A list of the quantities stored

in COMWS is in Table V., A few of these quar‘tlhes particularly those cal-

‘culated in HAZARD, ‘were put there for debugglng purposes only,
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Table IV, List of quantities in CONST

1 EFMIN - Minimum efficiency allowable by the program.
21 DPPC \ ' '
- 22 DPHIC
23, DLAMC These constants are used in the error formulas in
24 DPP N . '
subroutine ERR. See Section V,
25 DPHIM o o
26 DLAMM(DELAM)
27 EPSIL ' . :
97 GAPL The mean gap length in cm.
98 XMAX - The maximum possible length of a beam track,
99 PARITY ‘The parity of the coordinate system.

100 SCALE A scaling factor for use with deuterium.
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A list of quantities stores in COMWS

Table V.
Location . Name. caYiflI;ied Definition
1 'NTBT LINK  Total number of track banks in BNOUT,
2-5 NTB(K) 'LINK  Number of track banks in the Kth
| | L "subevent" in BNOUT, -
6-9 v TM(K) J ‘HAZARD The sum of the masses of the outgoing
particles for vertex K, | o
10-13 WTMAX (K) SETUP The maximum value possible for the -
~or GENPCM weight to be assigned to a generated
vertex, : | '
14 - NV. SETUP The number of vertices in the event,
15 N FAKE The number of the event being generated,
' counting only successfully generated
o : - - events, ‘
16 TRYB BEAM  The number of times an attempf has
: been made to generate a beam track,
1720 TRY V(K) GENYV  The number of attempts at generating
' vertex K, _ | v
21-24 GOODV{K) FAKE The number of successful generations
_ of vertex K, '
25-28 NGEN{K) - FAKE Is set equal to "1" if vertex K cannot
be generated. |
29-32 ETCM(K) GENV Ti1e total ¢, m, energy at vertex K,
33 NT FAKE  The number of outgoing tracks for the
vertex under consideration,
34 wT GENYV or The weight assigned to the last vertex
GENPCM gererated, '
35 - L LINK The member of "'subevents in the event.
36-49 not used v _
50-54 RATIO(K) FAKE = The ratio of WT to WTMAX(K).
55-99 not used
100 OSMK ERR  Reserved for use with overstopped tracks,
101 -DLEAYV HAZARD The leaving distance for the last track,
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. Tabie V. (con't),

Location Name

102 DSTOP
103 DINT

104 DDK

105 -AVDINT
106 - AVDDK
107 ATTAK
108 RHO

109 RRBEG -
110 PMEV
111 M

112 DLEAVI
113-116 ZPN(K)
117 HAZMOM
118 DTPKMK
119 OUTMK5
120-121

122 NROLL,
123

CRASH

‘Where

calculated Definition
HAZARD The stopping distance for the last track.
HAZARD The interacting distance for the last
: . track, _
HAZARD The decaying distance for the last track.:
HAZARD - The mean interaction distance ekpected
_ for the last track,
- HAZARD - The mean decay distance expected for
the last track, '
HAZARD  The cosine of the dip angle. |
HAZARD  The radius of curvature of the last
; : charged track. '
HAZARD Same as DSTOP,
HAZARD  The momentum at the beginning of the
- last charged track considered times
the charge of the particle, -
HAZARD  The number of the plane that the last
particle passed through as it left the
chamber, - - | ' _
| HAZARD The leaving distance to the last plane
_ considered for the last track. ‘
SETUP- Is set equal to -1 if the interaction is
a zero prong. _
CONS72 A momentum cutoff below which tracks
that fail in subroutine HELIX will be
accepted,
CHANGE Is set equal to 98 if more input is yet
to come and to 0 if the last data pack
"has been read in,
ouT Is set nonzero if the A5 output tape
- has been used.
not used
ouT | Roll.nurnber assigned by the program,

Is set nonzero if a nonrecoverable error
has occurred in processing the present

input.
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Table V, (con't).
Liocation Name calvv;}tlﬁ::ed Deﬁnition
124 OUTMK6 OUT Same as OUTMKS6, but for tape A6,
125 . (TIME) SETUP = 'The time read from the clock at the
' ’ - end of subroutine SETUP, . .
126-180 .. . notused. o :
181-187 'DPDR(J) HAZARD dP/dR for the beginning of track J.
188 DL ERR The error on the length of the last track,
189 . ALI . .ERR - /dK/K Coulomb error for the last track,
190 "TOSH ERR dK/K measurement error for the last
; : % : . . track,
191 TRIV "ERR " The azimuth angle measurement error
for the last track,
192 ANDY ERR The Coulomb error on azimuth for the
. . : - ‘last track. |
193 FRITZ  ERR The Coulomb error on tan \.
194 PYROSQ ERR . : The_measuremént error on tan \.
195-300 not used
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VIII. ON-LINE COWMMENTS AND DIAGNOSTICS:

FAKE may write out on the on-line printer the following statements: v
(a). BLANKS NEEDED FOR THIS RUN. Shortly after the beginning of the
" run this statement is printed with one of the three endings ( A5), (A5 and A6), .

or ( A6). If a new data pack is entered, this statement will be printed again

if a new tape is required,

(b). PLEASE DIAL ON ANOTHER TAPE UNIT FOR USE AS LOGICAL
TAPE 5. PLEASE SAVE OLD TAPE 5. This is printed out if the first

tape is used up or if there is a redundancy check on tape 5. If there are

redundancy checks on two tapes in succession, the following is printed:

(c). REDUNDANCY CHECK OCCURRED SUCCESSIVELY ON TWO
NUMBER 5 TAPES,

(d). GRIEVOUS ERROR HAS OCCURED. PROCESSING TERMINATED ON
- THIS INPUT DATA. This is self explanatory. '

(e). END OF * FAKE * RUN,
PLEASE TAKE DOWN AND SAVE TAPE A5,
PLEASE TAKE DOWN AND SAVE TAPE A6,

These last two statements are printed only if the tapes in question have
been used, » |

FAKE has a number of diagnostic statements built into it., After each
of these diagnostics the program calls subroutine BLRFF, which causes a
d_urnp of common storage to be written out and causes the program to do the
next.run or to end if no more runs are indicated. vThe_ possible error re-
turns are listed below along with comments to help in.correcting such an
error,
{(a). INITIAL RANDOM NUMBER NOT ENTERED CORRECTLY. From
CARDIN. The first card in the data pack must be a card which has a 33

in columns 1 and 2. »

(b). CONSISTED OF MORE THAN 50 DATA CARDS OR DID NOT INCLUDE
PROPER END-OF-DATA CARD. From CARDIN. A card with 51 in columns
71 and 72 must follow the data cards.
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(c). CARD *--1IS MISSENG. From CARDIN, Cards 1,5,9, and .10 must be

. entered.

(d). - CARD ---1IS MISSING , o , o
_ALTHOUGH CARD - .-1S PRESENT. From CARDIN. For the three

pa1rs of cards (2, 6), (3,7); and (4 8), if.one member of the palr is present

so must the other member be present.

(e). ALTHOUGH ONLY CENTER-OF-MASS QUANTITIES WERE TO BE"
CALCULATED, PANG OR PACKAGE OUTPUT FORMAT WAS SPECIFIED.
If DATA(5,9) is 2.0, DATA(1,10) must be greater than 1.0,

(f). THE MASS> .+.IS NOT IN THE TABLE MK = +++. From SETUP. The

mass entered on the data cards was not within 0,1 MeV of any mass in the

mass table. If MK = 1, the mass is the beam track mass; if MK = 2, itis
the target mass; if MK = 3, it is the mass of an outgoing particle; and if

MK = 4, it is one of the masses on cards 21 .through 34,

(g). PANG FORMAT CARD ERROR NUMBER :--, From LINK., The pro-
gram expected to find a card with card number 21 through 34 with the number

shown on the diagnostic.in word one of the card.

(h). PROGRAM STOP-RANDOM NUMBER EQUALS ZERO., From BEAM.,

(i). PROGRAM STOP-EFFICIENCY TOO LOW IN ... TRIES, ---EVENTS
WERE GENERATED., ATTEMPTS AND SUCCESSES AT VERTICES - -

From BEAM., The numbers at the end are up to four pairs cf numbers,

which indicate the number of times the generation of a vertex was attempted

and the number of times that it was successfully generated.

(j). PROGRAM STOP--HAZARD ERROR ---IN TRACK -:--OF VERTEX: -

From FAKE, Error 1%x1010 indicates that there was an error return from
PINTOR or RINTOP. Error 2x10%0 indicates that HELIX couldn't find that
the particle left the chamber., Error 3X 1010 jndicates that PLANE couldn t
find that the particle left the chamber '

(k), PROGRAM STOP - - -ERR ERROR - - - IN TRACK - - - OF VERTEX" - -
From FAKE. The length of the track is negative. ’ o

(1), PROGRAM STOP--MODFY ERROR::+IN TRACK:--OF VERTEX"- -~
From FAKE, There is an error return from PINTOR or RINTOP,
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(m). REDUNDANCY CHECK ON TAPES AT EVENT NUMBER :-+. From

OUT. There is a bad tape or a malfunction of the equipment. The program

prints out an instruction to the operator to dial on a new tape. If there is
immediately a redundancy check with this tape also, the next diagnostic is

printed out.

(n). REDUNDANCY CHECK OCCURRED SUCCESSIVELY ON TWO NUMBER
5 TAPES ‘ | '

IX. PROGRAM EFFIGIENCY

In FAKE, in contrast to most data-processing programs,the time it takes
to process a given number of events can vary greatly from one mode of

operation to another. For simple one-vertex two-body events with a total of
eight mass interpretations, for example, FAKE will generate about 50 events
per minute on the 7090 computer. The generation may be much slower if the
program is inefficient in finding a sﬁitable beam track or in generating a
suitable interaction. It can gd much faster if only unmodified data are cal -
culated or if in some other way only part of the program is ﬁsed.

In the case of the beam track it is advisable to set XMAX to a number
just longer than the maximum length of a beam trac.k in the chamber. The
efficiency for generating beam tracks will generally be about equal to the
ratio of the average length of a beam track in the chamber to XMAX. (This
is not true for stopping tracks or short-lived particles.)

The most imp;artant influence upon the rate of event generation is the
method of vertex generation. As a general rule the generation of two- and
three-body vertices in considerably faster than the operation of the rest of
FAKE and therefore in these cases the vertex-generation procéss does not
have much influence upon the speed of the program. The generation efficiency
for two-body events is usually nearly 100%. Only when the oroduction is very
near threshold should this efficiency get small, Not until the efficiency of
event generation is on the order of a few percent is the time for vertex
generation comparable with the time of operation of the rest of the program.
Three-body vertices can usually be generated with an efficiency of about 50%.
This efficiency for three-body events, as well as for events with hi'gher
multiplicity, is optimized if the heaviest particles are put first, that is, if
track 1 or 2 is the heaviest particle and higher-numbered tracks are lighter

particles,
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- Four-body generation can be expected to have -aﬁ efficiency of generation
of a few percent five-body generation less than 1% and six-body generatlon _
much smaller yet. FAKE may generate only about 15 five-body events on the
7090 and only a couple of six-body events per minute, _ | _

If, in the generation, by using subroutine MATRIX, the phase ‘space is
multiplied by a matrix element, the efficiency of generation will usually be
reduced, In the case of multiplication by a resonance, the efficiency will
get smaller as the width of the resonance -becomes smaller, So if the reso-
nance width is very small its insertion into matrix will reduce the efficiency
| greatly. However, a very narrow resonance can be entered by using sub-
routine RESMAS with very little loss in efficiency. o
| If DATA(S, 1) is left zero, the program will run faster than if it is
nonzero. _ ‘

When there are secondary vertices there are aciditional factors that
affect the speed of the program. Whereas the efficiency for obtaining an
interacting (decaying) beam track is high bec_ause the beam track is forced
to interact (decay) in or very near to the chamber, the efficiency for fi’ndingi
a secondary particle that interacts (decays) may.be poor. " The efficiency for
finding that a secondary parficle interacts (decays) is the same ae the actual
probability that it actually would occur, The effidency for occurrence of
these thingsvcoul_d be increased by changi.ng the cross section or lifetime that
‘the program believes that the particle has, at the expense of not reproducing
correctly the spatial and momentum distributions of the secondary events,
The efficiency for-generating the secondary vertex will be proportional to
the number in the fourth word of the vertex data card,

If the operation of the program takes too long, one can learn something

v‘about where the program was inefficient by investigating the numbers printed

out at the end of.the run that tell the number of attempts at beam track genera-

tion and the number of attempts and successes at generating each vertex,
Before proceeding with a lorg run of FAKE it is wise to do a couple of
short runs to check whether the operation is acceptable; whether the output
is usable by the subseouent program, whether the distribution of the events
in the chamber is reasonable, etc. A good check to make, particularly if
eornething new is being attempted, is to run with DATA(5, 11) equal to 2 and
use neither card 17 nor card 18, When this is done the XZ for the correct

: hypotheeis should be zero. In practice this XZ will not be zero for the primary

*
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interaction if beam averaging is done in PACKAGE. Beam averaging has to |

2

be suppressed in order to get zero XZ values. Also the x“ will not be zero

if there is a two-point charged track. (See p. 16 for an explanation. )

X, SOME SUBROUTINES USED BY FAKE

Table VI lists the subroutines used in FAKE, other than the standaxrd
library subroutines., Many of these have already been described and some
do not need to be described. However, some of them deserve further
explanation.v |

FNORM(x) is a function that produces é. random number that is from
a population that is approximately normally distributed with mean zero and
variance one, It obtains such a random number by adding twelve random
numbers from RANF together and subtracting 6 from the sum. Clearly
such a process doesn't produce a distribution which is exactly Gaussian,
since it has a cutoff at 6 standard deviations. However, .the distribution is
very nearly Gaussian, RANF(R), LODRANF(R), and STORANF(R)_ all come
together, LODRANF takes an initail random number and enters it into
RANDF , which generates random numbers that come from a population
that is uniformly distributed between zero and one, STORANF extracts
the last octal random number from R_ANF. - The argument R in RANF(R)
is a dummy index and has no significance. i ‘

ROTATE (K, R, PR, J.) rotates a vector with components [PR(1,J)] through. -
an angle R, If K=1, the rotation is clockwise about the y axis, If K=2,
the rotation is counterclockwise about the z axis, SHIFT (J) is a function.
The statement EL=SHIFT(J) takes J, an integer.:' in the decrement, and
converts it to an integer in the address, THREEP(P, PC,I) is a subroutine
that imposes momentum conservation upon threé scalar momenta P(J). It
outputs the three components of the momenta PC(I,J) for each particle,
with particle one in the y direction and the other two in the x-y plane. If
I1=0, the three vectors sum to zero. If L.=1, the second and third vectors
sum to the first, . | 7 |

WRITE(N, R, IRR) is a subroutine that writes out the N words R(1) through
R(N) on tape 5 in binary form,. 1If, on exit IRR =1, there was an RTT failure
on tape 5; if, on exit, IRR =2, A5 is in an RTT condition; if, on exit IRR = 3,

everything is normal,
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Table VI, Subroutines used by the FAKE Program

- (Those labeled with "F'' at the left are functions rather than subroutines)

Name . Where used
ARTNF = - . ROTANG, MODFY
BEAM . . . . FAKE
BLRRF o " FAKE
CARDIN - - " FAKE
CHANGE CARDIN
CLEAR ' CARDIN
CONS72 o " CARDIN
F . DSOUT . —_— : ouT
DUMPP _ © FAKE
END : f © FAKE
. ERR (JK, BLRF) - o FAKE -
‘F  FNORM (x) o BEAM, MODFY
" 'GENPCM (IBEGIN, LOPP) * “FAKE, GENV
GENV(I) FAKE
~ HAZARD (JF, BLRF, BMMK) FAKE, BEAM
F ' HELIX (veryvlong list) HAZARD
JKA (JK,J,K) _ LINK
LINK SETUP
LODRAN (R) ' CARDIN
" LORENZ : * FAKE - S
MATRIX . FAKE
MODERR (JF, BLRF}).  MODFY
MODFY {JF, BLRF) .. FAKE .
ouUT - _ FAKE
PLANE (very long list) . HAZARD
; PINTOR (very long list) ‘HAZARD, MODFY
.F . RANF (R) . -many places-
'RESET o FAKE '
RESMAS _ . ) " FAKE .
RINTOP o .. HAZARD, MODFY
ROTANG (ANG) " GENPCM
-ROTATE (K, R, PR, I) GENPCM
. SETUP . . FAKE
F SHIFT (J) " ' SETUP, LINK, OUT
F STORAN e .. END, BLRRF
TABLE . - CARDIN
THREEP (P, PC, I) ' . GENPCM
TRANS HELIX

WRITE.(N, R, IRR) : OUT, END, BLRRF
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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 in
this report. o

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.
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