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Users Guide

The ANL MATCH package consists of a set of 13 subroutines which

are linked to the current 12-foot and 15-foot versions of the ANL TVGP

program. Their purpose is to match the tracks from the various measured

views to obtain a proper matched set of tracks to be processed by TVGP.

The MATCH package can effectively handle up to 20 tracks per event mea-

sured in 2 or 3 views and in cases of ambiguous match solutions, allow up

to 10 match ambiguities. A basic assumption made is that the same num-

ber of tracks are measured in each view. MATCH can work in either two

or three measured views with the assumption that if only two views are

measured, the last point measured on each track is a good representation

of the true end-point of the track. This is not to say however that if this

assumption is false that MATCH cannot obtain a match solution. It is

true, however, that the probability of obtaining a match solution is inversely

proportional both to the number of tracks per vertex and to the momentum

of the tracks. Current uses of MATCH are in obtaining match solutions

for two-view K p (6. 5 GeV/c) evenis measured on POLLY III and in obtain-

ing match solutions Icr events with large numbers of tracks (3-10) produced

by an vp interaction in the FNAL 15-foot bubble chamber with a spectrum of

momentum values ranging from 5 - 2 5 GeV/c. Future plans are for the

current MATCH package to be incorporated into the POLLY III software

to be used as part of an on-line TVGP program.

The MATCH package is called from the TVGP routine REDGEN and

uses blank common and the labelled common blocks /OPTC1Z/ and /ANLIN/

of TVGP. Changes to REDGEN and/or the three common blocks mentioned

must be considered if MATCH is to be used properly. The user is expected

to supply a subroutine ETSUB to relate to MATCH the number of vertices

in the current event and the number of tracks at each vertex. (See the

detailed write-up for ETSUB. ) A set of two MATCH data cards read from



logical unit 5 is expected and must be supplied by the user. The various

data values to be entered and the proper format are detailed in subroutine

MACON. Debug facilities are incorporated in the MATCH package and the

degree of printout produced is dependent on the TVGP print flag parameter

IBCPAR(16).

IBCPAR(16) < 10 - No debug printout

10 « IBCPAR(16) <50 - Full debug printout from
MATCH

IBCPAR(16) ? 50 - Full debug printout from
MATCH and the logic handling
subroutine CLEAR3.

The full debug option capability can produce excessive printout for

events which have a large number of tracks and should only be used in the

initial phase of TVGP processing to determine the necessary MATCH con-

stants. A sample printout of the debug option is produced at the end of this

report. Further diagnostics may be obtained from a proper use of the

dummy supplied routine MATPLT (see detailed write-up). A possible

printout using MATPLT follows the debug printout. The two data cards

read in by MATCH should be the last two cards of the input data stream

from unit 5. A sample of the current data values used by the K p and vp

experiments are shown in Table I.

I do not claim that MATCH will be successful for all cases in obtain-

ing a proper match solution. Much depends on the accuracy of the mea-

sured points, the optical distortions of the chamber, and the proper set of

input match data values. In the case of the K p experiment where there

are typically 2 or 3 tracks per vertex and two vertices per event, it has

proven to be > 95% successful with very few match failures, if any. This

is not true in the vp experiment where high momentum tracks are involved

and large numbers of tracks can be produced at an interaction vertex. It

has however proven to be very useful in checking solutions for which ths



tracks have been manually matched. It is not uncommon to find that

MATCH has found a different solution than that of the measurer and in

most cases the solution it does find is the correct match.

A detailed write-up of each subroutine follows. The reader is ad-

vised to first read through the subroutine MATCH to get an overall view

of the method of matching which is used and the terminology which is

employed in the write-ups of the other routines. Tape copies (9 track or

7 track) will be furnished upon request. Since this package is designed

for use by the ANL version of TVGP, the interested user should be famil-

iar with this package and the TVGP routine REDGEN in particular if he

wishes to link the current MATCH package to any other existing geometry

package. Copies of the ANL 12-foot and 15-foot TVGP programs, includ-

ing the subroutine REDGEN, can also be furnished upon request.



Table I - SAMPLE MATCH DATA VALUES

Description (K p) Parameter Name (see MACON)

Beam ID

Charge of the beam track

Beam momentum (MeV/c)

Error in beam momentum (MeV/c)

Beam Azimuth (radians)

Error in beam azimuth (radians)

Nominal field (kilogauss) negative
if pointing into cameras

Nominal demagnification

Range of triple estimator for good
curvature match

Range of triple estimator for good
end-point match

Floating multiplier for acceptable
triads

Floating multiplier for number of
acceptable ambiguous solutions

Prematched solution

Forced beam track indicator

KMINUS-P
-1

(6. 5)10 3

(2 .0 ) ID3

3. 14

0. 30

18. 1

110.

(0.0, 0.0)

(1.0, 10+ 5)

ANTINEUTRINO

0

(2 .0 )10 5

(5.O)1O5

6.28

7.24

25.3

150.

(io~1 2 , io"4)

(20 . ,170 . )

5. 0 2.0

IHOLL

ISINBM

PBM

EPBM
AZBM

EAZBM

BFIELD

DEMAG

(FLIM, FMAX)

(TOMIN, TOMAX)

CONS

01

0

0

1.10

3

_l

CRVRAT

ISPEC

KBFGRC



BLOCK DIAGRAM OF MATCH PACKAGE
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A LFAR

This subroutine is called by MATCH to calculate the track geometry

features sagitta, curvature and the angle and tangent of the mid-point. For

each measured track in all measured views, ALFAR is entered with the first

point, the serial mid-point, and the last point of the track (i. e. X(I), Y(I), I =

1, 2, 3). The coordinates are in the TVGP 'ideal' film plane - 1 cm from the

lens, all optical distortions removed.

Sagitta (signed)

The line passing through points (x ,y,) and (x , y_) is

The line passing through (x , y ) and (x , y ) is
c. c. P P

y . = - — x , + b , , b , = y _ + —
7 -1- m - L l i ' 2 m

Solving for x , y :
P P

y - mx = bTP P L

y + — x = bp m p J.

x = (b - b T ) m / ( m 2 + l )

y = mEb + b / ( m 2 + l )
P -1- J_J



(x2 - x ) = -m [(y2 - Y l ) - m(x 2 - Xj)] / (m 2 + 1)

<y2 - yp) = l(y2 - YX) 2

= ( m 2 + l ) ( y - y )

2
. s =

This can be written in the equivalent form:

2
2 L i 2 l M y 3 y 2 ' l y 2 y l " 3 2 ' J

s = 1 z
(y3 - y j ) + ( x 3 - X j )

s =

s < 0 =̂  Clockwise rotation

s > 0 =$• Counterclockwise rotation.

The sagitta is defined by multiplying 's ' by the sign of the magnetic field

(SINFLD).

. ' . Sagitta = SINFLD*s

Curvature

Find the center of the circle generated by the three (x, y) points. Call

this center (x , y ). Then the curvature is defined asc c



Define: ANUM -- (x^ - x}) + (y2 - y^

BNUM = (x^ - x^) + (y2. - y\)

Then the coordinates (x , y ) are defined by

(y3-y2)ANUM -
X =

c

= [ANUM/2 - xc(

Tangent to the track at its mid-point

It is assumed that the three (x, y) points fit a circle. Thus, the tan-

gent to the mid-point of the track must be parallel to the chord joining the

first and last points. For the purposes of track ordering, we would also

like the angle of the tangent to be measured counterclockwise from the

positive x-axis.

Define: SG = sign(y -y,)

The azimuthal angle (ALFA) tangent to the track at its mid-point is thus

ALFA = tan '1 (Cy3-yj)/(x3-Xj)) + (1 - SG)TT .

Cosine of the angle of turn of the track

cos (3 = A ' B = ^ | = A • B (CURV)2

\A\\S\ |A|2



." . ANGLE cosP {(a^-Kc)(x^-Kj -i <Yj - yc)(y3 - yc>] • (CURV)

For debugging purposes, we would like to flag a track which has turned
o

through more than 180 . ••

If the track has turned through more than 180 ,

0 < 90° , but a > 90°

cos a = -cos 6 -
( y3 "

|23

If cos a < 0 >̂ a > 180° so we set ANGLE - -2. 0.

Remarks

For 2-point tracks, sagitta = CURV = ANGLE = 0. 0. ALFA and its

tangent are calculated using the straight line connecting the points. Note

for two-point tracks that the mid-point is taken to be the same as the last

point. If a track contains only cne point, all parameters are set to zero.

Only the signed sagitta of the track is actually used by the track match-

ing routines when checking charge balance, but the other parameters are

useful for ordering the tracks by charge character and provide useful debug-

ging information.

CALLED BY: MATCH
SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED: None
COMMON BLOCKS USED: None
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CLEAR3

CLEAR3 is a logic clearing program called by subroutine MATCH

to determine the acceptable triads for complete match solutions. There

may be more than one, only one, or no solutions possible.

Usage:

CALL CLEARi(IDEBUG, NVWS, MTFLG, IMF)

Description of parameters:

IDEBUG - Debug print flag set in subroutine MATCH

NVWS - Input number of views (may be 2 or 3)

MTFLG - Output error indicator for the number of acceptable
triads used by CLEARS

0 - Number of possible triads in solution set is small
enough to be handled by CLEAR3

1 - More than 100 possible triads found to be acceptable.
Dimensions of array MAL in /MATCOM/ could be
exceeded so processing has been terminated.

IMF - Input flag set by subroutine MATCH and used by CLEAR3
for charge balance checking.

Remarks:

1) Debug output is written to logical unit IPRNTU (set in MA CON)

only if the TVGP print flag IPRNTF=IBCPAR(16) is greater

than or equal to 50.

2) For dimensional considerations, only 10 solutions are accepted.

If more than 10 solutions are possible, only the 'best' 10 form

the solution set.

3) If more than one solution is found, the solution set is ordered

so that the last solution is the one which is considered 'best'

by CLEAR 3.

4) The final solution set is stored in the array NFSOL(J, JV, JSOL)
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which is equivalence*! to the /MATCOM/ array FUNC.

NFSOL(J, JV, JSOL)=NFSOJL{Track No., View No., Solution No. )

and has maximum dimensions of (12, 3, 10).

Ex. NFSOL(1, 2, 3)= 5 implies that for the third solution, the

fifth measured track in view 2 corresponds to the first track of

the topology.

Method:

It is assumed that subroutine MATCH has cycled through all possible

triples of the measured tracks and stored the appropriate triple estimator

in the 3-dimensional array FUNC of /MATCOM/, (i. e. the triple estimator

for the triple (I, J, K) appears in FUNC(I, J, K)). First we must ask which

of these triples are good candidates for the match solution. An upper limit

value (FMAX) has been already constructed by MATCH based on the input

data from subroutine MAC ON. To filter out the best triples (i. e. smallest

values) and increase speed, we start •with an upper limit estimator value of

FMAX4=1/4*FMAX. Cycling through all the views and all the measured tracks,

we call subroutine SETMAT to filter out the 'best' triples based on the cur-

rent FMAX4 value. For each triple accepted by SETMAT, the appropriate

measured track numbers are stored in the array MAL(ICNT, I) of /MATCOM/.

MAL(ICNT, I)=track number of the measured track in view I for the ICNT

accepted triple. Only 100 accepted triples are allowable at any time. If the

number of acceptable triples should ever exceed 100, an error condition is

noted and CLEAR3 exits with no solution. After constructing the array MAL,

we count the number of triples that contain each measured track in each view

and store these values in IADD. IADD(I, IND)-total number of acceptable

triples which contain track I in view IND. To get at least one match solution,

IADD(I, IND) must be greater than or equal to one for all tracks in all views.

If IADD(I, IND)=1 for all I and IND values and the number of acceptable triples

equals the number of tracks as determined from the topology, the solution

must be unique, the NFSOL array is constructed and CLEAR3 exits with one
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unique solution.

If some measured track in a measured view does not appear in one of

the already accepted 'best' triples, the current value of FMAX4 is doubled,

and we repeat the cycle calling SETMAT to try to pick up a triple or set of

triples containing the measured track. We can only repeat this process until

FMAX4=FMAX after which if we have any measured track unaccounted for

in the set of 'best1 triples, CLEAR3 gives up and returns with no solution.

It is possible and quite likely for high momentum experiments that the -um-

ber of acceptable triples is larger than the expected value as determined

from topology, every measured track in all views appear in at least one

'best' triple and could appear in more than one 'best' triple. This leads to

ambiguous solutions and CLEAR3 resorts to the construction of a three-

dimensional lattice (3 views) or a 2-dimensional grid (2 views) to determine

which set of 'best' triple values could logically form a match solution; there

may be more than one solution possible. The use of such a 'correlation lat-

tice1 follows the ideas set forth by Penny and Burkhard in 1961. As a con-

crete example, let us study the case of ?n event having 3 charged tracks

measured in 3 different views; a topology code of C2. Let us suppose that

CLEAR3 has filtered out these corresponding triples as 'best':

(1,1,1) (3,1,2) (3,2,1) (2,3,1) (3,2,3) (2,3,2) (1,2,3)

(3,3,3) (1,3,3).

These triples are entered as solid dots on the corresponding 3-dimensional

cube (correlation lattice). The coordinates of the cube correspond to the

number of tracks measured in the respective views. First we ask if

there are any planes of the cube which contain a unique point (solid dot).

If so, we would immediately remove all points in planes perpendicular to

this plane and passing through the unique point since such 'other' points

could not possibly form a solution. In our example, there are no such

points. Starting with the top plane of the lattice, we pick a starting point

and try to construct a logical path down through all the lower planes connect-

ing dots until we form a logical match solution. We do this for all points
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(dots) on the top plane, being careful to exclude points in lower planes which

have already been found to be members of another complete path. The total

number of possible complete logic paths which can be formed gives us the

total number of match solutions possible and the respective triples which

comprise each match solution. In our example, the only logical match solu-

tions obtained are:

1) (1,1,1) (2,3,2) (3,2,3)

2) (1,2,3) (2,3,1) (3,1,2).

To the right of our cubic lattice is shown the corresponjing construction for

only two measured views in which case our cube deteriorates to a two-

dimensional grid. To each ambiguous solution, we assign ar overall esti-

mator or CURFUN value to be used to see if any ambiguous solution can be

automatically rejected. If all tracks in all views have definite assignable

charge (set in MATCH) but the total charge of the match solution is incon-

sistent with that for the event, we automatically reject that solution from

further consideration. The CURFUN values assigned to each solution are

just the average values of the triple estimators for the triples comprising

each solution. If more than 10 solutions are possible, we keep only the set

of 10 having the smallest CURFUN values. If only one solution is found from

the lattice, CLEAR3 exits with one solution. If more than one solution has

been found consistent with the charge balance check, we search for the solu-

tion having the smallest CURFUN value, :CURMIN'. If the value is larger

than the upper limit estimator value set in subroutine MA CON, we accept

the solution as 'best' and disregard the others. If we can not automatically

disregard any solutions, we follow the following steps:

1) Reorder the solutions so that the last solution is the one with

smallest CURFUN value.

2) Let CURMAX = upper limit estimator value set in MACON.

(If CURMAX . LT. 1. 0) set CURMIN = LOG (CURMIN).
e

3) For each solution IJ form:
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Structure of Solution Lattice

v t e w ±

(3 Views) (2 Views)

LOGICAL PATHS

1) (1 .1 ,1) —(2,3,2) —(3, 2, 3)

2) (1,2, 3)--(2, 3, 1) —(3, 1,2)
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RATIO=CURFUN(IJ)/CURMIN (CURMAX. GE. 1.0)

= CURMIN/LOG (CURFUN(IJ)) (CURMAX. LT. 1. 0)
e

If RATIO is less than 0 or greater than the parameter CRVRAT (set in

MACON), we disregard solution IJ. (In essence we disregard all solutions

which are more than CRVRAT times the minimum CURFUN found. ) The

remaining 'filtered' solutions then comprise the final match solution set

and CLEAR3 is exited.

CALLED BY: MATCH
SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED: SETMAT, MATPLT
COMMON BLOCKS USED: /MATHST/, /MATCHL/, /MATCOM/
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DOMACH

DOMACH is the main driver routine for the match package. It sets

up the variables to be used by MATCH, performs the necessary bookkeeping

of the solutions returned by MATCH per vertex and readjusts pointers in

the input record so that TVGP can assume that the tracks in each view

have been ordered properly to reflect the correct MATCH solution. DOMACH

is called by the TVGP routine REDGEN and according to an input/output flag

(MAMBIG) will either process a new event through MATCH or pick up another

ambiguous solution of the same event for TVGP to process.

Usage:

Call DOMACH (MAMBIG)

Parameters:

MAMBIG - Input/output flag directing the logic flow of DOMACH.

On the initial call to DOMACH, MAMBIG must be equal to zero. For

all subsequent calls to DOMACH, MAMBIG becomes an input variable

set by the previous call to DOMACH.

MAMBIG = 0 Tells DOMACH to begin matching for a
new event.

= J(J ^ 0) Tells DOMACH to do the necessary book-
keeping for solution J of a previously
matched event. (Note: An event can have
as many as 10 match solutions, thus J can
run from 1 to 9.)

On output from DOMACH, the value of MAMBIG tells you how many

more solutions are left from the solution set for the current event to be

processed through TVGP.

Remarks:

1) The success of the match package is noted by the variable IFAIL
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in blank common.

IFAIL - 0 A solution set has been found.

200 No match possible.

Z05 Either one of the missing views was negative or
there were two missing views and the user chose
not to process two-view events.

206 Too many acceptable triads for the match rou-
tines to handle. (See CLEAR3.)

2) Debug printout is written to logical unit 3.

3) Dimensional considerations restrict an event to a maximum of

12 tracks/vertex, 20 tracks/event, and 3 measured views.

Method:

Since DOMACH is primarily a bookkeeping program, the orde • of steps

taken is rather simply structured. Let us first suppose DOMACH is entered

for a new event. The following steps are taken:

1) Find the number of views and save all pointers to the tracks in

each view.

2) Call the user routine ETSUB to get the number of vertices, the

number of tracks/vertex and the total charge/vertex.

3) Cycling over the vertices:

a) Call MATCH to get a match solution at the current vertex.

If there is no match at any one vertex, set IFAIL parameter

and return.

b) Call TRKORD to order the tracks of the current vertex by

charge.

c) If the current vertex is not the first, do the necessary

bookkeeping to the NTSL array (event solution array) to

include the solutions at the current vertex.

d) Set JSOL to the maximum number of solutions found for the

event.
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4) Bump the MAMBIG value by - 1 .

5) Reorder the track location pointers in the input record to re-

flect the match solution JSOL and return.

If DOMACH is entered with MAMBIG equal to N (N. NE. 0), set JSOL

to MAMBIG and go directly to step 4).

CALLED BY: REDGEN (TVGI- routine)
SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED: ETSUB, MATCH,

TRKORD
COMMON BLOCKS USED: BLANK COMMON (TVGP)

/ANLIN/
/MATCOM/
/DOMACH/
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ETSUB

ETSUB is not properly a member of the MATCH subroutine package.

It is a user-supplied subroutine which for the current event calculates the

number of vertices, the number of expected tracks/vertex and the total

charge/vertex.

Usage:

CALL ETSUB (NVTXS, NVTXT)

Parameters:

NVTXS - Number of vertices. (If there is no beam track

for this event, set NVTXS negative,)

NVTXTd, 1) - The number of tracks at v e r f x I.

NVTXTd, 2) - The total charge at vertex I.

Remarks:

1) NVTXT must be dimensioned to NVTXT(7, 2).

2) ETSUB is called once per event by DOMACH.

3) All the necessary information can be decoded from the

Palmer Code contained in words 44-48 of the array IN in

the labelled common block /ANLIN/. (See Appendix. )

CALLED BY: DOMACH
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GETXFY

Given three points on a track (X(I), Y(I) I - 1,2, 3) and a y-value (YV)

of a point such that Y(l) < YV < Y(2), the corresponding x-value (XV) of the

point is determined through iterative use of linear inverse and Lagrange

interpolation.

Suppose the input points (X(I), Y(I) 1 = 1, 2, 3) and YV are as shown in

th« diagram. The first step (S ) is to construct X<- by linear inverse inter
l

polation.

Then we use Lagrange interpolation to find the corresponding Y point and
o

check to see if it equals YV. Note that this is essentially a cubic fit to the

curve.

Y 2 +

If the relative error in Y is greater than 0. 1%, we iterate the process

after first changing the order of the three leference points.
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YS>YV YS<YV

Up to ten iterations are allowed. If no convergence is obtained after ten

iterations, the last X value found is chosen as XV. The program is suffi-

ciently flexible to handle the case where points X. and X are interchanged

(i. e. a YV value near the end of a track). If the curvature is so large that

two Y values are possible (see diagram below), then the program exits with
S

the value of X .
S

' » •

r »

r,

i
i

i
i
i

i

— _ , —
i

i _

i
i

- > <
1

i

i
i

i

- ~ ^ \

i i

\

\
\

J
V *'

1 " 1
1i

If for any reason, GETXFY experiences difficulties (i. e. Yo or X fall out
o o

of rangev multi Y values possible, or input points illogical), the program
o

exits and MATCH performs strict linear inverse interpolation only.

CALLED BY: MATCH
SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED: None
COMMON BLOCKS USED: /MATT M/



MACQN

Subroutine MACON reads in all necessary constants if matching is to be

done and calculates the projected beam curvature and its error on the TVGP

film plane if matching is to be done.

Usage:

CALL MACON (IMTGO)

Parameters:

IMTGO - Output flag indicating whether matching is to be done.

1 — Match all events.

-1 — No matching is to be done.

Remarks:

MACON is called only once by the TVGP routine REDGEN.

MACON reads from logical unit 5 two cards defining all the necessary

match constants. The initial debug print unit is set to 3 but can be

overwritten by the second match card. If an end-of-file is read on

the first card, IMTGO is set to -1 and no matching is to be done.

DATA CARD 1

FORMAT (3A4, ZX, 12. 13, 6F10.4)

CONTENTS

IHOLL(l-3) Three 4-character words to define the

beam.

IPRNTU Match debug print unit.

ISINBM Charge of the beam track.

PBM Beam momentum (MeV/c).

EPBM Error in beam momentum (MeV/c).

AZBM Beam azimuth (radians).
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EAZBM

BFIELD

DEMAG

Error in beam azimuth (radians).

Nominal field (kilogauss), negative if
pointing into cameras.

Nominal demagnfication used to calculate
the projected curvature of the beam on the
TVGP film plane.

DATA CARD 2

FORMAT (6E10. 3, 14X, 312)

CONTENTS

CRVRAT

FLIM
FMAX
CONS

TOMIN
TOMAX|

ICHMBR

ISPEC

For ambiguous match solutions, let EMIN
be the minimum mean triple estimator of
all solutions. Those solutions whose mean
triple estimator is . GT. CRVRAT*EMIN
are rejected as bad match solutions.

For three-view triples, all triple estima-
tors less than FLIM are accepted and all
estimators greater than FMAX are rejected.
CONS is a constant multiplier which effects
the number of possible triples accepted as
match candidates. Larger CONS values
imply more accepted triples. (Normally
1.0^ CONS =S 2. 5. ) (If curvature match
is not desired, set FLIM=FMAX=0. 0. )

Minimum and maximum range values for the
end-point matching of tracks. (If end-point
matching is not desirable, set TOMIN=
TOMAX=0.0. )

Parameter defining chamber
12 - - 12-foot ANL chamber
15 - - 15-foot FNAL chamber.

Debug parameter useful for checking al-
ready 'prematched1 solutions.
0 - Has no effect on match solutions.
1 - If the match solutions do not contain

the 'prematched1 solution, this solu-
tion is added to the match solution set
before exiting from MATCH.
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('Prematched1 solution is the order of
the tracks as they appear in the track
banks of the input record. )

2 - Same as ISPEC=1 but only for 2-view
events.

3 - No match solution — same as ISPEC=1.
Match solution found — same as ISPEC=2.

KBFORC Beam track flag
0 - Do not force any track to be the beam

track.
-1 - Force the first track of the first vertex

in each view to be the beam track.
-2 - Force the last track of the first vertex

in each view to be the beam track.

Calculated quantities:

Sign of field

SINFLD = sign(l., BFIELD)

Projected curvature of beam on TVGP film plane

CPBM = 0. 3 * ABS(BFIELD) * DEMAG/PBM

Error in projected curvature

EPBM = CPBM * EPBM/PBM

EPBM is stored in the variable PBM before exiting
MA CON.

CALLED BY: REDGEN (TVGP routine)
SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED: None
COMMON BLOCKS USED: /MATCOM/
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MATCH

Subroutine MATCH attempts to find all possible matches at a vertex

of the measured tracks in two or three views.

Usage:

CALL MATCH (IVTXX, NVWS, IFAIL, ISTOP)

Parameters:

IVTXX - Vertex number of current vertex.

NVWS - Number of views.

IFAIL - Flag indicating status of MATCH routine.
0 - A MATCH solution has been found.

205 - One of the missing views is negative, or the
number of measured views is less than two or
greater than three.

206 - Too many acceptable triads for MATCH to handle.
A solution set cannot be formed.

ISTOP - ISTOP(12, 3) is an input array designating the stopping
quality of the tracks in each view.
ISTOP(I, J) = 0 Track I in View J is not a stopper.
ISTOP(I, J) = 256 Track I in View J is a stopping track.

Remarks:

1) MATCH is called by the subroutine DOMACH for each vertex of

the current event.

2) Full debug printout is written to logical unit IPRNTU (set in

MACON) if the TVGP print flag (IPRNTF = IBCPAR(16)) is . GE. 10. If

IPRNTF is . GE. 50, full debug printout from the logic handler CLEAR3

is produced as well. (NOTE: Full debug printout is excessive and should

only be used in the determination of the constants needed to determine

the acceptable triads.)

3) MATCH assumes that the same number of tracks at the current

vertex have been measured in each of the views. Some attempt is made



to work with differing numbers of tracks, but the routine is not writ-

ten in general to handle this facility.

4) Definitions:

Triple (or triad) - Any combination of 3 tracks taken one
from each view. For two-view tracks,
the third member of the triple is carried
as a dummy track.

Estimator - A number assigned to every possible triad
(or FUNC value) indicating how well these tracks match.

Solution set - The set of triads comprising the match
solution. There may be one member of
the set implying a unique solution, more
than one member of the set implying am-
biguous solutions, or no member of the
set implying no solution.

5) Two-view events will be matched assuming the end-points of the

tracks in one view have corresponding end-points in the other view. If

two-view events are not to be processed, set TOMIN=TOMAX=0. 0 in

labelled common /MATCHL/.

6) Matching is done in the 'ideal' TVGP film plane - 1 cm from the

lenses with 'all optical distortions removed'. The (x, y) coordinates

of the track in this coordinate system appear in the array PTSV cf the

labelled common block /ANLIN/.

7) Every experiment will require a new set of MATCH constants to

obtain the best match solutions for every event. It is advised that full

debug printout be used in the early stages only to ascertain the order

of these unknown constants.

Method:

The current version of MATCH follows very closely the methods out-

lined in Refs. 1), 2), and 8). I will first give a general overview of the pro-

gram and then go into specifics.
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Kat:h track of the- vertex leaves its own characteristic path of bubbles

in the bubble chamber. The method of handling the rays from corresponding

points in different views is done in either of two ways or a combination of

both depending upon the number of views measured and to some extent the

desire of the user. The two methods employed are called:

A) END-POINT MATCH

B) CURVATURE MATCH.

End-point matching as the name implies uses only the end-points of the

measured tracks to assign an estimator value for the possible triples.

Curvature match uses the full range of points on all tracks to obtain an

estimator value for each triple. Since this method uses all track points and

as such completely follows the trajectory of the tracks, we designate it as the

'curvature' match. Let us examine a track bubble in the chamber and its

rays to each of the view cameras. As in the accompanying diagram, the

rays intersect the TVGP 'ideal' film plane at what we term 'corresponding'

points.

A) END-POINT MATCH

In the END-POINT match, we use only the last point of each measured

track and assume them to be the definite end-points of the tracks. The tracks

will have a definite end-point if, for instance, they enter the walls or bottom

of the chamber, clearly form another interaction or are stopping tracks. Even

if the tracks go out the top of the chamber or the last point of the tracks is

not a well-defined end-point, the END-POINT facility may still find a unique

match. (In such cases, the probability of obtaining a unique match is inversely

proportional to the total number of tracks in the event.) For each triple of

tracks, we first calculate a space point which is the closest point of approach

of the rays from the ideal film plane points in each of the possible view pairs.

NOTE: The use of pairs of views implies that END-POINT match can be used

to effectively handle the case of only two measured views. For two views,

there is only one possible view pair. For three views, there are three possible
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view pairs. After calculating the initial space point for a particular view

pair, we project the space point back into the various film coordinate sys-

tems and compare these values to those calculated by the TVGP routine

FIDO from the input track data point values. A chi-square estimator is

then formed for this view pair and set to be the triple estimator for that

triple of tracks. For three views, we choose the triple estimator to be the

maximum chi-square value of the three two-vie JV combinations. Note that

in the case of three measured views, we could just as easily have used all

three corresponding points to approximate the space point and thus eliminate

the need for view pairs. However, if two tracks of the triple are correct

but one is wrong, the constraints of the fit to the space point are such as

to minimize the effects of the incorrect track and useful information is lost.

If the three tracks of the triple are indeed a correct match, then the chi-

square value for each view pair should be approximately equal, thus the

decision was made to choose the maximum value to represent an estimator

for the triple. In the case of a triple comprised of two correct tracks and one

bad track, the view pairs involving the bad track will give chi-square values

several orders of magnitude larger than the view pair involving the correct

tracks. The technique employed here is based on the similar approach of

the ANL subroutine LSVERT in TVGP. Reference 8) contains a complete

description of the optical assumptions employed and the method of obtaining

the intial space point and projecting it back into the film coordinate systems.

B) CURVATURE MATCH

Let us look again at our track bubble in the chamber. The optical rays

from the bubble to each of the three camera lenses will intersect the 'ideal'

film plane at particular points. These three points of intersection form a

triangle which is similar to the triangle formed by the cameras. The

similarity of the triangles implies that the internal angles of the triangle

joining the cameras and that the ratios of corresponding sides in the triangles
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must be equal. Since we must hav three points to uniquely determine the

triangle in the 'ideal' film plane, CURVATURE match can only be used for

events measured in three views. Suppose we have a triple of tracks mea-

sured in three views. How do we form an estimator for the triple? Let us

start by choosing the track in View 1 as our reference or 'best' track.

Starting with the second measured point of this track, we ask for its cor-

responding points on the tracks in Views 2 and 3. The true corresponding

points in Views 2 and 3 will not in general be any of the measured track

points in these views, so we construct three 'preferred' coordinate systems,

the (12) system, the (23) system and the (31) system s H that if we rotate

the tracks of view I and J into the (IJ) 'preferred' system, the corresponding

points on the tracks will have the same y-coordinate value. This is easily

accomplished if we orient the x-axis of the preferred (IJ) system to lie along

the line joining the cameras in Views I and J. The coordinate systems are

as pictured below.
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The rotations involved are fully described by the accompanying set of equa-

tions.

ROTATIONS AND REFLECTIONS

Define: x = -x, y = -y

(12) COORDINATE SYSTEM

x(12) - x cos a + y sin a

y(lZ) = -x sina + y cosa

A fl A A

x(-x + x ) y(-y ? + y )

x(12)= ZL ~ + ~ ~

-x(-i

y ( l 2 ) =
| 1 2 | |12 |

Reflect in y(12)

y(12) = l ^ Z - ^~~-

x(12) = x • RMAT(1, 1, 3) + y • RMAT(2, 1, 3)

y(12) = x • RMAT(2, 1, 3) + y • RMAT(2, 2, 3)

(31) COORDINATE SYSTEM

x(31) = x cos(ir -p) + y sin(ir -p)

y(31) = -x sin(ir -P) + y cos(ir -P)

x(x - x )
x(31) =

, - y ,
y(31) =

|n|

-y,) y(x -x

j l l
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x{i 1) x • KMATfl, 1, 2) I y • RMATIZ, 1, 2)

y( i ! ) x • RMATI2, 1, 2) -» y • RMATIA 2, 2)

(23) COORDINATE SYSTEM

x(23) = x c o s p + y s i n p ( p = ^ / 2 y }

y(23) = -x sin p + y cos p

A A A ft

x(-x + x ) y ( -y + y )
x(23) =

y(23)

23 23

I " I |?3

x(23) = x • RMAT(1, 1, 1) + y • RMAT(2, 1, 1)

y(23) = x • RMATI2, 1, 1) + y • RMAT(2, 2, 1)

ARRAYS USED IN MATCH FOR ROTATIONS

PCAM(l.I) = minus the space x-coordinate of the camera in measured

View I.

PCAM(2,1) = minus the space y-coordinate of the camera in measured

View I.

FACT(l) = 1/ |23|2

FACT(2) = 1/ |13|2

FACT(3) = 1/ 112 | 2

Let us return to our reference track in View 1. To find its correspond-

ing point in View 2, we rotate both tracks into the (12) coordinate system.

Now for the second point of the reference track in View 1, we know the cor-

responding point in View 2 -will have the same y-coordinate value. We search

the points of the track in View 2 until we find a pair of measured track points

whose y-values include the desired y-value of the point in View 1. Using these

two points in View 2 and the next consecutive track point in View 2, we ask



34

the subroutine GETXFY to give us the x-value of the corresponding track

point in View 2. GETXFY uses inverse linear and Lagrange interpolation

to accomplish this. Strict linear inverse interpolation is not used because

of the increased optical distortion effects of the lZ-foot and 15-foot cham-

bers. After finding the correrponding point in View 2, we repeat the process

for the tracks in Views 1 and 3, this time using the (31) coordinate system.

Now we undo the rotations and obtain the corresponding points in the 'ideal'

film plane. These three points now form a triangle in the 'ideal' film plane

and an estimator is attached to this triple indicating its degree of similarity to

the triangle formed by the cameras. Suppose the film plane triangle and the

camera triangle are as pictured below:

©

Fti-p

Define:

RT1 = Ittj/Qj + 9

RT2 = |L 1 2 /C + C

RT = (RT1 + RT2)'

- 6. 0

The value RT represents our degree of similarity for the measured point in

View 1. Now we cycle over all points of our reference track up to but not

including the last point and for each point construct an RT value. A chi-

square value for our reference track in View K is now formed as
N

(N = number of points on theZJ (RT) * (PL)
1=1

K N
(PL)

1= 1

reference track for which
corresponding points have
been found.)



35

The weight factor (PL) equals the length of the track from the first measured

point to point I. This is done so that reference points close to the beginning

of the track will carry considerably less weight since in almost all cases

they will have definite corresponding points in the other tracks.

Because of bad stereo effects and/or optical distortions, we must

cycle over each track of the triple using each as our reference track. In

this way, we obtain three x values for each triple. In general, the smallest

X value becomes the estimator for the triple with the following restrictions.

1) If for any reference track K the value of N in the expression for

X,. is equal to 1 and that reference track has more than 3 points, we flag

the triple as 'bad1.

2) If for any reference track K the value of N equals zero, we flag

the triple as 'bad'.

Triples flagged as 'bad' cannot be considered as part of a match solu-

tion. If all tracks of the triole contain only two points, the CURVATURE

match will have obvious problems, so MATCH forces the triple estimator

for this case to be 'good' and leaves it to the logic handler CLEAR3 to decide

if this triple is really a good match possibility.

For high momentum tracks, the usefulness of CURVATURE matching

is not so obvious since there is very little real curvature information and

the tracks will in all probability be very close to each other in space. Can

we effectively use the END-POINT match and combine it with the CURVATURE

match if necessary? The answer is YES. MATCH allows for the usage of

either END-POINT or CURVATURE match or a combination of both. Let us

make the following definitions:

RAT - triple estimator value calculated by either END-POINT or

CURVATURE matching.
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TCMIN, TOMAX lower and upper values for expected 'good' triples

from an END-POINT match (see MACON)

THRMIN, THRMAX = lower and upper values for expected 'good'

triples from CURVATURE match (see MACON).

Then the logic flow of determining the appropriate match facility to be used

is as shown below:

|NO. of Views
—iizz
|TOMIN=TJOMAX

YES

- T
= 0. 0?|—NO—'

END-POINT match)
Form RAT value J

12 views ?)• -YES

NO

jfHRMJN= THR MAX = b_._0]-»-YES-
fNO

--«—

[CURVATURE match]
JForm RAT value. |

I YES
Scale RAT so
THRMIN^RAT^THRMAX.

I

—[CONTINUE] <

Once we form triple estimators for all possible triples of tracks, we call

subroutine CLEAR? to logically determine which set of triples comprise a

match solution.

Specifics of MATCH Routine

1 ) See if there is more than one track in each view. If not, the solu-

tion is unique and we return.

2) Loop over all tracks in all views and calculate the total charge/view,

the number of tracks/view, and the number of unsigned tracks/view.

3) Looping over tracks and views, check for charge balance.

Tracks may be assigned ambiguous charge if theii sagitta is less than the

value SAG set in DOMACH or if an assignment of ambiguous charge is neces-

sary to obtain charge balance.

4) Calculate the intrinsic angles of the triangle formed by the camera

lenses and set up the proper rotation coefficients to be used later in obtaining
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the triple estimators for CURVATURE match only.

5) Zero out the triad estimators (FUNC values).

6) Loop over all possible track combinations to form triples of tracks

(one track from each view). This loop can be performed a maximum of 3

times.

For each triple:

a) If no track of the triple Is a stopping track or all tracks of the

triple are stopping tracks, then go to b). Otherwise, flag the triple as bad

(RAT=105- FMAX) and go to 7).

b) If this is not the first vertex of the event, continue processing.

If it is and we know that the first or last track has already been prematched

(as indicated by KBFORC = -1 or -2), we flag the correct triple as good
-40)

(RAT=10 and all other triples which contain these tracks as bad (RAT-

IO5-FMAX). We then go to 7).

c) If this is the first time we are forming triple estimators, we

only look at triples for which charge balances. If this is the second time

we are forming triple estimators, we ignore: charge balance. If this is the

third time we are forming triple estimators, we go directly to 7) after multi-

plying the maximum triple estimator value {FMAX) by 10. 0.

d) If all tracks of the triple are Z-point tracks, we set RAT-10

and go to 7).

e) For each triple we use either the END-POINT MATCH or the

CURVATURE match or both to obtain a triple estimator.

7) We store the estimator (RAT value) for the triple in the 3-dimensional

array FUNC having first cleared the last three bits of RAT since thes" bits

are used by subroutine CLEAR3.

8) After looping over all possible triples, we call subroutine CLEAR3

to get a match solution. If we do not get a solution on the first call to CLEAR3,

we go back to step 7) and try again ignoring charge balance. If after the second

call to CLEAR3 we do not get a solution, we go back to step 7) and try a last

time after increasing the FMAX value. If we still do not get a solution, we
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exit with the number of solutions (NTSL) equal to zero. If we do not get a

match solution set, we see if the user has set the ISPEC option (see sub-

routine MACON) and proceed accordingly before exiting.

CALLED BY: DOMACH
SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED: ALFAR, CLEAR3,

GETXFY, YTH, MATPLT, M3INV, AND(X, Y).

Note: AND(X, Y) performs a logical AND of X and Y. This is an intrin-
sic function for the IBM-FORTRANH compiler only.

COMMON BLOCKS USED: BLANK COMMON (TVGP)
/OPTC12/ (TVGP)
/MATHST/
/MATCHL/
/MATCOM/
,'ANLIN/ (TVGP)
/DOMACH/

References:

1) V. Pless - 'A Proposed Solution to the MATCH Problem1 -

ANL-7346, Argonne National Laboratory - June 1967.

2) P, L. Bastien, J. N. Snyder and V. Pless - 'A Track

Matching Program for Bubble Chamber Photographs' -

Comp. Phys. Comm., 2(1971), pp. 394-419-

3) C. Grosso, G. Rinaudo and A. E. Werbrouch - 'Computer

Track Matching in Bubble Chambers' - Nucl. Instru. and

Methods 48 (1967) pp. 71-76.

4) R. G. Glasser - 'ANL Match Program Short Description' -

Argonne National Laboratory - High Energy Physics Division

(unpublished) - June 1972.

5) W. Manner - 'Track Matching in Bubble Chamber Geometry

Programs' - POLLY Note No. 18, Argonne National Laboratory -

High Energy Physics Division - March 1968.

6) A. D. Bx/den - 'Computer Programs for Matching Images

from Three Views in a Bubble Chamber' - RHELR-235 -

January 1972, p. 35.



7) T. Day, A. Johnson, and F. Solmitz, TVGP, Alvarez Group

Programming Note, P-117 (unpublished).

8) G. F. Gieraltowski - 'Film Setting Error Parameters in TVGP

and the Two Point Reconstruction Program - LSVERT' - High

Energy Physics Div. - Programming Note No. 48 - Argonne
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MATPLT

This is a dummy routine whose purpose is to histogram the triple esti-

mators created by the MATCH routine. It is left as a dummy routine so that

the user can load in his own histogramming package at load time. The triple

estimator value and histogram indicator number are stored in the labelled

common block /MATHST/ (see Appendix).

Subroutine MATPLT is designed to be a useful tool for debugging and

for setting the appropriate match constants correctly. An ENTRY point

'FINISH' is included so the user can properly close out his histogramming

package after the last event has been processed by TVGP. (It is left to the

user to place the appropriate call to FINISH in GPWRIT or RDANL.)

CALLED BY: MATCH, CLEAR3
SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED: None
COMMON BLOCKS USED: /MATHST/ (see Appendix).
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M3INV

Calculate the inverse of a 3 x 3 symmetric matrix.

Usage:

CALL M3INV (A, DET)

The 3 x 3 matrix to be inverted is stored in the array A in the follow-

ing form

l AZ A3

• A4 A5

• ' A 6

The determinant of the matrix is stored in DET. The inverse is calculated

in place so on output, A contains the inverse of the desired matrix.

CALLED BY: MATCH, LSVRT(in TVGP)
SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED: None
COMMON BLOCKS USED: None
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PERTER

This subroutine performs a logical permutation of three input variables.

Usage:

CALL PERTER (N, I, J, K, IN, JN, KN)

Description of parameters:

N - Position in output list where the first variable

is to be stored. (1. LE. N. LE. 3)

I, J, K - The three input variables to be permuted.

IN, JN, KN - Output variables into which I, J, K are stored.

The value of N determines the order of the permutation. The permu-

tation is then performed cyclically.

CALLED BY: SETMAT
SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED: None
COMMON BLOCKS USED: None
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SETMAT

SETMAT is the basic filtering program called by subroutine CLEAR3.

Based on the tr iple estimator values, it determines which triples a re accept-

able as match candidates.

Usage:

CALL SETMAT (IND, I, NVWS, IMF, EFMAX)

Description of parameters:

IND - Input view to be held constant in the search for acceptable

triples.

I - Track number of track in view IND to be held constant in

the search for acceptable tr iples.

NVWS - Number of views

IMF - Input flag set by subroutine MATCH and passed by subroutine

CLEAR3. The upper limit for the estimators of acceptable

triples is determined differently by SETMAT based on the

value of IMF.

EFMAX - Output variable equal to the upper limit for acceptable triples

having track I in view IND.

Remarks:

1) SETMAT is called only by subroutine CLEAR3.

2) SETMAT uses variables in common /MATCOM/ (see Appendix).

3) Dimensional considerations of the a r ray MAL in /MATCOM/ restr ict

the number of acceptable triples to 100.

Method:

Estimators have already been determined in subroutine MATCH for all

possible triples of tracks from the 2 or 3 measured views. (If only two views

are measured, the track number in view 3 is always 1.) These estimators
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;tr<: stcir*'<J in tfx- array I'UNC(I, J, K) (sec common /MATCOM/). It is also

assumed that the last three hits of each FUNC value have been set to zero

before the first call to SETMAT. The input variables I and IND fix a parti-

cular track in a particular view. SETMAT then searches through all the re-

maining combinations of tracks and views and finds the minimum FUNC value

{FMINN).

Example: 1=3, IND=2

SETMAT searches through all FUNC(J, 3, K) values where J and K

take on all possible track number values.

The only triples excluded in this search are those whose value has been set

to be 'bad' by subroutine MATCH (i. e. FUNC value equals COCON (see

Appendix for /MATCOM/}}, Once FMINN has been determined, an upper

limit for acceptance is determined based on the IMF input value:

IF(IMF. LE. 2) EFMAX=min(CONS*FMINN, FMAX4)

IF(IMF. GT. 2) EFMAX=max(CONS*FMINN, FMAX4)

CONS is in /MATCOM/ and set by subroutine MA CON.

FMAX4 is in /MATCOM/ and set by subroutine CLEAR3.

All possible triples havi.ig track I in view IND are now filtered and only those

triples whose estimator (FUNC) value is less than EFMAX are accepted as

possible match candidates. These triples are then stored in the array

MALtfCNT, I), ICNT being the counter for the accepted triple and I being the

view. Since SETMAT is called many times by subroutine CLEAR3, the last

three bits of the accepted triples (i. e. FUNC values) are flagged so that on sub-

sequent calls to SETMAT, these triples will not be counted more than once.

If more than 100 acceptable triples have already been found (i. e. ICNT. GE.

100), on any call to SETMAT, no more triples are accepted and SETMAT

exits.

CALLED BY: CLEAR3
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SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED:
PERTER
OR(X, Y) - performs a logical inclusive OR of X and Y.

This is an Intrinsic function for the IBM-FORTRANH
compiler only.

AND(X, Y) - performs a logical AND of X and Y. This is an in-
trinsic function for the IBM-FORTRANH compiler
only.

COMMON BLOCKS
USED:

/MATCOM/
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TRKORD

For each match solution of each vertex of an event, TRKORD is entered

via a call from DOMACH. It finds the beam track if there is one for the pri-

mary vertex, then orders all remaining tracks by charge, those with posi-

tive sign first followed by all tracks with ambiguous charge.

Usage:

CALL TRKORD (NVTX. ICHRG, NVWS)

Description of parameters:

NVTX - The vertex number.

(It is negative if there is no beam track for the event. )

ICHRG - Total charge at vertex NVTX.

NVWS - Number of measured views.

Remarks:

1) Beam constants must be known from a previous call to subroutine

MA CON.

2) Track characteristics must be known from a previous call to

subroutine ALFAR. Such a call exists in MATCH.

3) TRKORD is called by subroutine DOMACH for each solution of

each vertex of the current event.

Method:

If NVTX is negative, we do not search for a beam track and go directly

to the charge ordering section of TRKORD. If we need to find a beam track at

the primary vertex, we first ask if the user already knows that the first mea-

sured track or the last measured track in each view is the beam track (i. e.

see KBFORC in common /MATCOM/). If so, we search the match solution

triples for this track and reorder the tracks so that the beam track occurs

first in the solution. If we have no prior knowledge of the beam track, we
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cycle over all tracks in all views to determine which track is the beam track

based on charge, azimuth and film plane curvature considerations. If the

triple representing any track has the correct charge, and its average azimuth

and curvature fall v/ithin the tolerances set by subroutine MACON, this triple

is then flagged as a good beam track candidate. If there is more than one

beam track candidate or if no track is a good beam track, the triple whose

azimuth is the closest to the beam azimuth is chosen as the beam track.

The match solutions are then reordered so that the beam track triple

appears first. If a definite beam track has been found, its sign is set to be

minus the sign of the beam. A test on total charge balance is next performed

and if we find only one track of ambiguous charge, we set it to have the cor-

rect sign. Now we perform the charge ordering portion of TRKORD. Disre-

garding the beam track, we first order all tracks of positive charge to follow

the beam track in the match solution. Then we order all tracks of ambiguous

charge next. Those triples with negative charge will then automatically fol-

low in the match solution. After charge ordering is done, we exit TRKORD.

Tests for good beam track candidate:

For each triple of tracks in the match solution:

TEST 1

The total sign of the triple must be minus the sign of the beam track,

unless the beam is neutral. It must be minus the sign of the beam because

all tracks are measured outward from the vertex.

TEST 2

The absolute error of beam azimuth and the average triple azimuth

must be less than the error in the beam azimuth.

TEST 3

Let SAG be the minimum sagitta of the tracks (i. e. if the track sagitta
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is less than SAG, the track has ambiguous charge).

Let ANKLE = angle of tangent to a track at its mid-point.

Let CURV = curvature of a track.

Let EPBM = error in projected curvature as found in subroutine MA CON.

For those tracks of the triple for which

CURV > SAG*|ANKLE |,

form the beam length on film as:

L = |ANKLE|/CURV .

Define the error in the projected curvature of the beam as:

ERCBM = EPBM (L ?2.0)
av

ERCBM = EPBM/L5/2 (L < 2. 0)
av av

The absolute error of the projected curvature of the beam on the TVGP film

plane and the average curvature must be less than ERCBM. Only those

triples which successfully pass all three tests can be considered as good

beam track candidates.

CALLED BY: DOMACH
SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED: None
COMMON BLOCKS USED: /MATCOM/
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YTH

This subroutine is for the FNAL 15-foot BC optics. Depending upon

an input variable (I), it relates the field angle (T) to the image height (Y)

on the film plane or vice-versa. This transformation is approximate and

only for the lenses (i. e. ignores the windows). Y is in centimeters, T is in

radians.

The polynomial expression for T into Y and vice-versa were obtained

from the following data for the FNAL bubble chamber lens as supplied by

Optical Research Associates, 550 North Rosemead Blvd., Pasadena, CA

91107 (3/10/72).

Field Angle (degrees) Image Height (inches)

0.0 0.0
4.5 .112335
9.0 .224888

13.5 .337894
18.0 .451625
22. 5 .566408
27.0 .682661
31.5 .800940
36.0 .922021
40.5 1.047054
45.0 1.177907
49.5 1.318076
54.0 1.476000

Note: This data implies Y =3 . 74904 cm.
max

T = 54. 0 deg. = . 94248 rad.
max 6

The polynomial expansions are as follows:

T = CjY + c2Y3
 + c3Y5 + c4Y? + C gY9

Y = ajT + a2T3 + a3T5 + a ^ 7 + agT9 + a ^ 1 1
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( .275' . 166

c. - . 001061617

c 3 = -.4309289E-04

c,, = .8238782E-06
4

c & = -.7169469E-07

<>. (> 11244

.2047306

-.04030262

.5980015

-.8435869

.5472297

When converting from field angle to image height, it is assumed that on input

Y = cos(T). On output T is the field angle and Y the corresponding image

height.

CALLED BY: MATCH, various routines in 15-foot TVGP
SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED: None
COMMON BLOCKS USED: None
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APPENDIX A

LABELED COMMON BLOCKS AND THEIR CONTENTS
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Common Block /ANLIN/

COMMON/A NLJN/ IN(2000), PTSV(400, 7), VPTSV(400, 7)

IN - Input record information for the event.

PTSV - Track coordinate information in the various TVGP film planes,

and pupil shift coordinate information.

VPTSV - Contains information similar to the array PTSV but only for the

various vertices of an event.

The contents of the arrays IN, PTSV, and VPTSV are as follows:

The array IN

WORD CONTENTS

1 (No. of words in record)-l or -1 for EOF
2 No. of fiducials in View 1.
3 No. of fiducials in View 2.
4 No. of fiducials in View 3.
5 No. of fiducials in View 4.
6 No. of vertices in View 1.
7 No. of vertices in View 2.
8 No. of vertices in View 3.
9 No. of vertices in View 4.

10 No. of tracks in View 1.
11 No. of tracks in View 2.
12 No. of tracks in View 3.
13 No. of tracks in View 4.
14 Pointer to ID block (block of event information).
15 Pointer to fiducial labels.
16 Pointer to x-coordinates of fiducials.
17 Pointer to y-coordinates of fiduciais.
18 Pointer to vertex labels (currently set to 0).
19 Pointer to vertex x-coordinates.
20 Pointer to vertex y-coordinates.
21 Pointer to track labels including stopping tracks.
22 Pointer to No. of hits (currently set to 0).
23 Pointer to No. of misses (currently set to 0).
24 Pointer to widths (currently set to 0).
25 Pointer to No. of points/track/view.
26 Pointer to location of points /track/view.
27 Pointer to track x-coordinates



28 Pointer to track y-coordinates.
29 No. of words in ID block.
30 Roll - (4 digits)
31 Frame - (4 digits)
32 Event No. - (1 digit)
33 Measurement No. - (1 digit)
34 Type (currently set to 0)
35 Zone (currently set to 0)
36 Missing views (1 or 2 digit number)
37 Experiment No. - (3 digits)
38 Operator No. - (2 digits)
39 Machine No. - (1 digit)
40 Measurement date - YYMMDD
41 Measurement program version (currently set to 0)
42 Magnetic field - (4 digits)
43 10* scan No. + rules No.

44-48 Palmer Code (topology)
49-58 Zones
59-78 Comments

Information pointed to by pointer words.
rec. _ _

N. B. A pointer word points to one location below the starting address of the

desired information (i. e. if IN(16)-179, then the fiducial x-coordinates

begin at IN(180)).

N. B. If the measurements were done on the ANL POLLY III, words 18, 22,

23, 24,34, 35 and 41 may not be zero.

The array PTSV

(1, 1) - (400, 1) X-coordinates ordered consecutively by track and
view of all tracks in the TVGP 'ideal1 film plane
(1 cm from lens, all optical distortions removed).

(1, 2) - (400, 2) Y-coordinates ordered consecutively of all tracks
in the TVGP 'ideal' film plane.

(1, 3) - (400, 3) X-coordinates ordered consecutively of all tracks in
the TVGP 'tilted' film plane.

(1, 4) - (400, 4) Y-coordinates ordered consecutively of all tracks in
the TVGP 'tilted' film plane.

(1, 5) - (400, 5) Spatial x-coordinates ordered consecutively of pupil
shifts for all points.
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(1,6) - (400, 6) Spatial y-coordinates ordered consecutively of pupil
shifts for all points.

(1, 7) - (400, 7) Spatial z-coordinates ordered consecutively of pupil
shifts for all points.

The array VPTSV

This array is constructed similarly to the array PTSV but contains

only the corresponding information for the vertices of the event.

The arrays PTSV and VPTSV are set up by the TVGP routine REDGEN.
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Common Block /DOMACH/

COMMON / DOMA CH / NCTL, NTRKT, LOCS, LOCH, LOCM, LOCW,

LOCN, LOCL, NTTSL(20, 3, 10}, ISVH(20, 3),

ISVH{20, 3), ISVL(20, 3), ISVM(20. 3), ISVN(20, 3),

ISVN(20, 3), iSVS(20. 3), ISVW(20, 3), ISTOP(12, 3),

JFAIL

NCTL - Total number of tra.ks for the event as determined from the
input record.

NTRKT- Location counter pointing to track information in ISVL, ISVN,
and ISVS arrays.

LOCS - Pointer to stopping information in input record.
LOCH - Pointer to hits information in input record.
LOCM - Pointer to misses information in input record.
LOCW - Pointer to widths information in input record.
LOCN - Pointer to number of points/track information in input record.
LOCL - Pointer to label information in input record.
NTTSL - Full event solution array

NTTSLd, J, K) = measured track number for event track I in
view J of solution K.

ISVH - Array of hit information.
ISVL - Array of label information.
ISVM - Array of misses information.
ISVN - Array of number of points /track/view information.
ISVS - Array of stopping information.
ISVW - Array of widths information.
ISTOP - Array of stopping information/vertex.

ISTOP(I, J) - 0 implies track I in view J is not a stopper.
= 256 implies track I in view J is a stopper.

JFAIL - Match fail code for current vertex.

/DOMACH/ is necessary for overlay purposes only and must be inserted into

the main root of an overlay structure.
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Common Block /MATCHL/

COMMON/MATCHW TOMIN, TOMAX, THRMIN, THRMAX, ICHMBR

TOMIN, TOMAX - Minimum and maximum range values for the triple
estimators formed when matching using the END-POINT
match facility. (If end-point matching is not desirable,
set TOMIN=TOMAX=0. 0. )

THRMIN, THRMAX - Minimum and maximum range values for the triple .
estimators formed when matching using the CURVATURE
match facility. (If curvature matching is not desirable,
set THRMIN=THRMAX=O. 0. )

ICHMBR Parameter defining bubble chamber
12 - ANL 12-foot bubble chamber
15 - FNAL 15-foot bubble chamber
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Common Block /MATCOM/

COMMON/MATCOM/ AZBM, COCON, ISPEC, CONS, EAZBM,

EPBM, FLIM, FMAX, FMAX4, ICNT,

IPRNTF, IPRNTU, ISINBM, ITRY, NSL,

NTR, NTOPOL, NTSL, NTTSIN, PBM, SAG,

CRVRAT, SINFLD, ALFA(12, 3), ANKLE(12, 3),

PCAM(2, 3), CURV(12, 3), FUNC(12, 12, 12),

IADD(12, 3), MAL(100, 3), NRT(12, 3),

NSIN(12, 3), NTOT(1253), NTRK(3), SINE(12, 3),

TANG(12, 3), KBFORC

DIMENSION NSOL(12, 3, 10)

EQUIVALENCE (NSOL(1, 1, 1), FUNC(1, 1, 1))

AZBM
COCON

IPSEC

CONS
EAZBM
EPBM
FLIM, FMAX

FMAX4

Beam azimuth in radians.
Flag variable set up by MATCH and used by subroutine
SETMAT. It equals 10^ * maximum triple estimator with
the last 3 bits set to 0.
Debug parameter useful for checking already 'prematched'
solutions.
0 - Has no effect on match solutions.
1 - If the match solutions do not contain the 'prematched'

solution, this solution is added to the match solution
set before exiting from MATCH. The 'prematched'
solution is assumed to be the order in which the tracks
appear in the track bank for each view. )

2 - Same as ISPEC=1 but only for 2-view events.
3 - No match solution — same as ISPEC=1

Match solution found -• same as ISPEC=2
See FLIM, FMAX.
Error in beam azimuth (radians).
Error in beam momentum (MeV/c).
For three-view triads, all triples with an estimator
. LE. CONS*FMIN are accepted as possible solutions.

However, two limits are imposed. All triple estimators
greater than FMAX are rejected. (If curvature match is
not desired, set FLIM=FMAX=0. 0. )
Fraction of FMAX used in subroutine CLEAR3 and SETMAT
to filter out acceptable triads.
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ICNT

IPRNTF
IPRNTU
ISINBM
ITRY

NSL

NTR
NTOPOL

NTSL
NTTSIN
PBM
SAG

CRVRAT

SINFLD

ALFA(12, 3)

ANKLE{12, 3;

PCAM(2, 3)

CURV(12,3)
FUNC(12, 12, 12)

Counter used in subroutine CLEAR3 to see how many tracks
are acceptable.
TVGP debug print flag.
Debug logical print unit set by subroutine MA CON.
Charge of the beam track.
Counter used by subroutine CLEAR3 to determine how
many times subroutine SETMAT has been entered with
a new value of FMAX4.
Variable used by subroutine TRKORD to designate the
current match solution to be processed by TRKORD.
Total number of tracks at the current vertex.
Total number of tracks at the current vertex as
determined by topology.
Total number of match solutions found.
Total charge at the current vertex.
Beam momentum (MeV/c).

Minimum sagitta of tracks. If any track has a sagitta
. LT. SAG, its charge is assumed to be ambiguous.
Variable used by subroutine CLEAR3 to filter the final
solution set. Let CURFUN(IS) be the average triple
estimator for solution IS and CURMIN be the minimum
value of the array CURFUN. Let RATIO=CURFUN(IS)/
CURMIN if the maximum triple estimator is greater than
1.0. If the maximum triple estimator is less than 1. 0,
let RATIO=LOG(CURMIN)/LOG(CURFUN(IS)).
Solution 'IS' is rejected if RATIO is . LT. 0 or . GT. CRVRAT.
Sign of the magnetic field (magnitude =1.0)
(see subroutine MACON).
ALFA(I, J) is the tangent to track I in view J at its mid-
point.
ANKLE(I, J) is the cosine of the angle of turn of track I
in view J.
PCAM(lr J) is minus the x-coordinate (in space) of the
camera in view J.
PCAM(2, J) is minus the y-coordinate (in space) of the
camera in view J.
CURV(I, J) is the curvature of track I in view J.
FUNC(I, J, K) is the quality estimator assigned by subroutine
MATCH to the triple (or triad) of track I in view 1, track J
in view 2, and track K in view 3.
N. B. This array is also equivalenced to the array NSOL
(12, 3, 10) which on output from subroutine MATCH contains
the match solution. NSOL (I, J, K) contains for the K-th solu-
tion, the number of the track in view J which is associated
with the match solution track I.
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IADf)(12, i) IADD(I, J) is used by subroutine CLEAR3 and SETMAT and
is equal to the total number of acceptable triads which con-
tain track I in view J.

MAL(1QO, 3) MAL(I, J) is used by subroutine CLEAR3 and SETMAT and
is equal to the track number in view J for the acceptable
triad I .

NRT(12, 3) Location pointer used by subroutine MATCH to get the (x, y)
coordinates of the tracks from the track bank.

NSIN(12, 3) NSIN(I, J) is the sign of track I in view J.
NTOT(12, 3) NTOT(I, J) is the total number of points measured for track

I in view J.
NTRK(3) NTRK(I) is the number of tracks in view I for the current

vertex.
SINE(12, 3) SINE(I, J) is the sign of track I in view J.
TANG(12, 3) TANG(I, J) is the tangent to track I in view J at its mid-point.
KBFORC Beam track flag used by subroutine MATCH and TRKORD.

0 - Do not force any track to be the beam track.
-1 - Force the first track of the first vertex in each view

to be the beam track.
-2 - Force the last track of the first vertex in each view to

be the beam track.
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Common Block /MATHST/

COMMON/MATHST7 VAL, JFLAG

VAL - Value of triple estimator.
JFLAG - Histogram indicator

1 - VAL is the triple estimator for the END-POINT match.
2 - VAL is the triple estimator for the CURVATURE match.
3 - VAL is the triple estimator for the two-view triples compris-

ing the match solution set only.
4 - VAL is the triple estimator for the 3-view triples comprising

the match solution set only.

N. B. For JFLAG=1, 2, the values of VAL do not include triples which

are forced to be good or forced to be bad by MATCH.
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Th«* cummoii blocks, /O1JTC12/ and blank common •which are intrinsic

to the- AN!. 12-fool, 15-foot TVGP program arc used by DOMACIIand MATCH.

The parameters used by these subroutines are listed below:

blank common

DOMACH: BCPAR, OSPAR, IFAIL, IDBLK
MATCH: BCPAR, OSPAR

/OPTC12/

MATCH: EMAG, II, TRANS

MAR 2 8 IS/o
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SAMPLE DEBUG PRINTOUT FROM THE MATCH PACKAGE
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- C . C l c 2 ,
-0.11167,
-O.Ol'V"*,

-0.016 7,

PCHJ

0. U171h-lC

34.73-,

~-AT= 0 . 7 ^
c9.23<i
« 1 . 9 6 0
3 0 . 7 3 1

c, 7\
V' !EW i

1 *

it!:. 7JO

^ ^ i . a l o
2 2 '3 . •. 7 3
<'22. JJ5

I + 2
i + 3
3 • 1

0 .12431E-1C

C.19911E-10
PCHI

. 0.29674E-13
0.99137E-12
0.15635E-li
0.3596 iE - l l

,55 5 5)
, - c 3 5 l
c7<:C)

, ft I t I

15<)
ido)

V I5h 3
-3.C
-0.C1
- . ) . ' ! 151,

-a.ou"-,

r . 0ba2)
C.CtSi)
0,07b;))
C.CEC7)
C.(

WCT

2 .
3 .

5 '.
b.

HGT
1 .

3 .

t
I - C

J
I

(
"JO

-C. 0201 ,
-0.0163,
-J.0169,

U . C l d l , C.
3.024(3 , 0,
X,V) IN SIAVE
CC'<KES PONDING

-0^0162 ,
- J . 0 1 S 9 ,

0 .01R5,
C. C160,

I -I
( -
I - 0
1 - C . 0 1 2 8 ,

0 .6717) i
0.8802) (
0.8^321 I
0. 5.072» (
0.9259) I

X,Y) IN SLAVE
0.Q649) I
0.C680I I
0 .07 10 ) (
0.0752) t

VlitaS
I'GINT

-0.017b,
-C.C150,
-C.C134,
- 0 . 0 1 2 1 ,
-C.C1X5.1
-0.0140,

VIEhS
C.6077,
0.6146,
C.62C5,
0.6264,

rlATtrt fLAMClC

C.0OS3)
J.073i)
0.07 9b I
C.CP6 7)
0.0972)

"C. 46 001'

0.4711)
0.4779)



73

*i h C >* " o - i
*t j -a <-* f\j r- *n
Ci « ̂  x a a ftj
n t i r a n T> .7-
• • • • « • •

C" ^ f" J T O O

J"\ fi* rj. O 15. _^ f\j
<r »*3i ̂ jm otr
rA **J —• —* - • —' l ~ l

* - » - O * " O O O O O O ^
* S ; T » - * • * • • • • < £
— » - r * a J ' 3 O O - 3 0 0 —
u o ~ 1 1 1 1 1 1 ui
a o. .> a.

U < O — " U -"•• — — — — — O

* ; ^ « w » — « — . - ^ — ^ ^
U'JC ^j P* fl 1*1 U* J' ;J
a o -o ? -*i o rr Ti r. -* n.
t/j u> !** •-• a "* r* T ̂**i —* ••/* t\
u j u . c 4- T >f t 1̂  ir> ai
O. Ot • — 3f O
tiao>ouu?uoa Q

G <•-» *< o ̂
" ? L J f c • . - • • • • • • • . t J

—• ^- M ry m -n -4- *

• • • • • • •

*-» o r- o »-' *:3 o
1 1 1 I I 1 1
±1 w" :u tu JJ lu -*J . 1

O J a "^ T • " O O
4) 1 3 Ift -i .« J\ Ji
"i 71 -T ̂  - ^ ri 1

I • I

C
if

I -

£
a •

r— •

u o u r. o

in r» p» x i*~ ̂  a-
a a o o tj c u
I I I i I I I

l i l UJ UJ UJ [2j tU (U
lO h ̂  'J O 03 ,fl p;
rvj a a ^ f SJ f̂  ̂
*— - ^ O —1 U O P-
fi a .ft c- o iri fv

o ooouru

irui— ?»i m m ffl tn

I • I

' -r T- c cr cr 'J1 '
. r* o CT* cr 5» rj-

^ j . CP ty
1

I I

~ "

—

F
U

N
C

0 0

11 11
-4 »^

—• r\j

(M - <

F
U

N
C

F
U

N
C

I

tr
0

n

^^

ru

F
U

N
C

I

<,-
C"

11

I N

0 -

a

11

cr
u

11

f\i t\i

- •

I M

e
_j

X

11

r j

-

F
U

N
C

I

z.

•a

X •

2

O

•oe—co



HISTOGRAM I " l : TRIPLE ESTIMATOR FOR END-POINT MATCH
I N - 872 H I - 13673 IO« 0 HTIN-O.872O3E J3

5.00QQE 01—I . . . .

EV/X.
HTHI>

1.00006 00
0.13673E OS

BIN •
WTLO-

S.OOOOE 00
0. C

XNIN« 0 .0
XHAX- 5.0500E 02

I X
4.5000E 01—t X

|_ - —X

4.0000E 01 — I

XX
XX

- A X .
XX

i
i

I X XX
L
I
I

xxxx
xxxx

I
3.000QE 01—I

XXXXX
XXXXX
JSXXXX

xxxxx
»>»»X X

I XXXXX X X
I XXXXX XX X

2.5000E 0 1 — I XXXXXXXX X
I XXXXXXXX X

. 1 XXXXXXXX X •
I XXXXXXXXX X
f U \* " ' ̂ ? *̂  H W \M V ^t

.--l.JSJUUXXXXX X
I XXXXXXXXX X
I xm>xxxxxx

2 .

I XXXXXXXXXXX X
1.5000E 01 — IXXXXXXXXXXXX X

LXXXUXXXXXXXXXX .
IXXXXXXXXXXXXXXX
IXXXXXXXXXXXXXXXXX

/? * T?t. -r * >)

to OC XAD

/7T

1.0000E 01— IXXXXXXXXXXXXXXXXX XX
IXXXXXXXXXXXXXXXXX XX
LlXXXXXXXXXXXXlUXXXXXX
IX XXXXXXXXXXXXXXXXXXXX

X
X
X
X

X X
X X

X ..
X

ixxxmxxxxxxxxxxxxxxx x x xxx
.OQ-- IXXXXXXXJJXXXXXXXXXXXXXXX -XX XXX

IXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
IXXXXXXXXXXXXXXXXXXXXXXXXXX*XXX

0 . 0 -
I XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

. I * — - * * -» .

XX
XX)
XX
XX)

XXX!
XXX!

xxx;

X
X
X X
X X
xxxx

xxxxxxxxxx
xxxxxxxxxx

X

xxxxx

x_
XX
XX
XX
XX
xxx
xxx
xxxx
xxxxx

X
X
X

_x
X
X
X
X XXXX X

X
XXX

X
xxx
xxxx
xxxx

X
X

X XX
xxxxxx

xxxxxxxxxxxxxxxxxxxxxxxx

XX
X XX
X XXX.
X XXX

xxxxx

X
X XX
XXXX

X
X X
X X
X X

XX X
XXXXX

X
X
X
X

XXXXXXXXXXXXXXXXXXXXXXXJ(XJ(XJ!XXJtXXXXXXXXXXXXXXXX-.XXXXXXXXX)(X XXX X
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxmxxxxxxxxxxx

^̂

LOH£B_
BIN
EDGE

0.L5294E 03

0
0

0 .

I
5.000
E I

• STCMft
14433E 03 0.

J_
I.000
E 2

76S42E 02

t
I .
E

0.

500
2

947:

I
2 .
E

FSIC-,2
!4E 02

000
2

0.

2.500
E 2

MEDIAN
85625E 02

1.
3.000
E 2

XL>|
0.22962E

1
3
E

02

I
.500 4

2 E

0.33377E

.000
2

03

I
4.500
E 2

0.17837E 03

I
5
E

0

1
.000

2
LXR=XLl/2

.15540E 03



HISTOGRAM • - 2 ; CCG OF ESTIMATOR FOR CURVATURE MATCH
IN- 6130 H I - 13 LO- 0 WTIN-0.6U00E 0*

2.0000E 02—1

EV/X- *.0O0OE 00
HTHI- 0.13000E 02

BIN > 2.9934E-01
MTLO- 0.0

XNYN—2. 76316 01
XMAX- 2.6023E 00

I.BOOOE 02—

1.6000E 02- -

1.40J0E 02—

1.2000E 02—

l.OOOOE 0 2 - -

a.ooooE o i —

6.0000E OL—

4.00QOE 0 1 —

2 . 00'JOE 0 1 —

T (7V*L • ?•)

X X
X X X X X

XX XX X X X
XX XXXX X X
XXXXXXXXX X

x
X
X

XXXXXXXXX

-<;.y

xx ;
x x x xx

xxxxxx x xxx
X XXXXXXX X XXXXXXX

xxxxxxxxxxxxxxxxxxxxxxxx
__xxx_ _ xxxxxxxxxxxxxxxxxxxxxxxxx

XXX XX XXXXXXXXXXXXXXXXXXXX~XXXXXX

X
X
XX

0.0 1*

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx,
'xxxxxxxxxxxxTtxxxxxxuxxxxxxxxxxxxxxxx
.—-Hi— — * — _ * _ _ *_.,

X XXXXXXXXX
X X XXXXXXXXXXXXXX X
X X XXXXXXXXXXXXXXX X
X XXXXXXXXXXXXXXXXXX XX
XXXXXXXXXXXXXXXXXXXX XX

xxxxxxxxxxxxxxxxxxxx xx
X XXXXXXXXXXXXXXXXXXXX XX

XX XXXXXXXXXXXXXXXXXXXX XX
XX XXXXXXXXXXXXXXXXXXXX XX

n te x xxxxxxxxxxxxxxxxxxxxxxxxxxx
SAP XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
- ^ XXXXXXXXXXXXXXXXXXXMXXXXXXXXXX X

X XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX X
x xxxxxxxxxxxxxxxxxxxxxiixyxxiixxxxxx x

XX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXJIXXXXXXXXXXX
XXXXXXXXXKXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXKXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

- 0

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
X X>XXXXXXXXiiXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX>X*>>)i>X
XXXXXXXXXXKXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXX>>)i)l)lll>XXXXX)lXk)i>)IXX X
XXXXJCXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxmixxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
wm M M , ^ M , M ^ | M M . MM _ L _ . _ * _ .11 . _ I .IL..I-1U ^wr- -1 I- II- inr... m. <li.i"i :a-n - 1 r r T w t - > » ..• .i'.i.. n. M .»••

tOWER
BIN
60GE

00000005205535774916*8716*7*925779 ^09630635*706 7097*86 lT*060909lll6826?2aOB5016U*I080«S<348416531230
_ L 1
-2.763 -2.464 -2 .16*

. E l E l E l
_ _ MEAN _ _ SIGMA FSIG1

-0.S7296E 01 0.5E601E 01 0.69B92E 02

I _
-1.365
E l

I
-1.566
E l

F5IG2
"

-1.266
E l

_M|pJLAN

I
-9.671
EO

JL
-6.677

E O
-3.68*

E O
-C.690
fi 0

2.303
EO

_|pJL . _ _ J : | . _ r

0.94312E 02" -0.7507+E01 -0.1*756E 02 -0.31853E 01 -6.»9708E 01 0.57B55E 01



HISTOGRAM • « 3 : MATCH SOLUTION TRIPLE ESTIMATOR - 2 VIEW
IN- 190 HI> 42 L0« 0 HTIN>0.19000E OJ

Q2-- 1

EV/X- 2.0000E 00 BIN • 5.OOOOE 00
MTHI' 0.42000E 02 WTLO 0.0

XMIN» 0 . 0
XHAX" 5 . OSOOE 0 2

9.J0GQE 0 1 —
L

8.OOOOE 0 1 —

. Ql—

6 .

5 .

4 .

3 .

2 .

U.

OOOOE

OOOOE

3QQQE

OOOOE

OOOOE

. 1
I

01—I
I
IX
IX
IX _ ..

01—IX
IX
IX .
IX
IX

ai—Ijt
IX
IX

IX
01—IX

IX
IX
IX

I X .
01 —IX

IX
IX.
IX
IXX X

flOOOE- tUr-- l .XX.Jl
IXX X
IXXXXX

o-

xxxx x _ .
IXXXXXKXXXXXXXXXXXXXXX

-I* * _ J—•-
X X X X X

B I N
EDGE

0.0
E 0

5.000
E 1

S?RMt •

1.000
E 2

• PSTG1

1..._ L
1.500 2.000
E 2 E 2

I _ .
2.500
E 2

-MEDIAN—
0.86289E 02 0.12052E 03 0.82296E 02 3.9312*E 12 0.25000E 02

I ... . I
3.000 3.500
E 2 E 2
.ausiu

0.26939E Cl 0.23TCTE 03

I
4.000
E 2

I
4.500
E 2

0.U9B8E 03

1 I
5.000
E 2

XArXLI/2
0.UT19E 03



KISIOGRAM • - 4: MATCH SOLUTION TRIPLE ESTIMTOS - 3 VIEN !V/X"
KH" TT2 H I" 0 LO- 478 WT IN-0.772OOE 03 I'THI"

5. OOOOE 01—1

I.OOOOE 00
0.0 MTLC-

2.9934E-01
0.47R00E 03

rHIN"-2.7631E 01
XHAX- 2.6023E 00

4.5000E 0 1 —

4.0000E 0 1 - -

3.5000E 0 1 —

3.0000E 01 —

2.5O0OE QI—

2.OOOOE

1.5OOOE

IX
IX

01—IX
IX
IX
IX
IX

0 1 — I X
IX
IX
I*

in
C l — I X

IX
IX
IX X
IX X XX

X
x"
X
x _
X

XX
XX
XX
XXX
XXX
XXX
XXX
XXX
XXX
XXX
XXX
XXX

xxxx

X
X
X
X
X

xxxx
xxxx
xxxx
XXXX X
xxxxxx
xxxxxx

xxxx xxxxxx
xxxx xmexx

xxxxx xxxxxx
xxxxx xxxxxx

xxxxxxxxxxxxxx

X
X
X
X

XX

X
X
X X
X X
XXX X

X_XXXXXXXXXXXXXX XXX X
x xxxxxxxxxxxxYxxxxxxx
X XXXXXXXXXXXXXXXXXXXX

xxxx xx_xxxx_xxxxx_xxxxxxxxxxxx
xxxxSxxxxxxxx xxxxx xxxxxxxx /.xx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXX)UXJ(XXXXXX
xxxxxxxxxxxxxi'xxxioxxxxmxxx x

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX X
XXXXXXXXXXXXXXXXXXXXWXXXXXXXXX X
xxxxxxxxxxifxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXIIXXXXXXXXXXXX

HATfiLT (j~VAt,~ V )

—J

rtt*"** • • /o

X
X
X

X X
5.OOOOE 0 0 — I X X XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXX X

0.0

I X XXJiIiXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XX
txxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xx
IXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
I xxxmxxxxxxxxxxxxxxxxxxxx'xji xxxmxxxxxxxxxxxx

;xx x
(XX X X
IXXXX XXX
['XXXXX XXX

X
XX

OOCCCCQCOOOOQOOQOOpOOQOOOOOOOOOOOOQOOpOOOOOpOOOOOOaOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOPOOOOCOOCOOOOOOOOOO
20000000 i232i u i f ii22"22212222 22 i~2i2n6IoaoGc6dod"doaaQOoooo6^

LOWER
BIN
EDGE

-2,,763
E l

-2^464
E l

-2 .164
E l

!
-1.865

E l
-1 .566

E l

-0.20539E 02 0.358S6E 01 0.66S99E 02 0.968Q9E 02

_l _ • _ I I
- 9 . 6 7 1 . -6 .677 -3 .684

E 0 E 0 E 0
XL-16I XR^B4t

-0.2Q47-IE 02 -0.2444SE 02 - 0 . 17223E 02 -6.2CIB3VE02

-1 .266
I- 1

-0.690
Z 0

!
2.303
E 0
_ J_XR-J(L_» / 2

J .36U1E 01


