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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 {rom 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 iracks per event mea-
sured in 2 or 3 views and in cases of ambigzuous match solutiens, aillow 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 prcbability 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 - 25 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 /OPTC12/ and /ANLIN/
of TVGP. Changes to REDGEN and/or the three commmon 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) 2 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 irom 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 shculd be the last two cards of the input data stream
froin unit 5. A sample of the current data values used by the K pandvp

experiments are shown in Table L.

I do not claim that MAT CH 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 mornentum 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 th=



tracks have been manually matched. It is not uncormnmon 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 wrife—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
T 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) (v p) Parameter Name (see MACON)
Beam ID KMINUS-P ANTINEUTRINO IHOLL
Charge of the beam track -1 0 ISINEM
Beam momentum (MeV/c) (6.5) 103 (2.0) 105 ~ PBM
Error in beam momentum (MeV/c) (2.0) 133 (5. 0) 105 EPBM
Beam Azimuth (radians) 3,14 6,28 AZBM
Error in beam azimuth (radians) 0. 30 7.24 EAZBM

Nominal field (kilogauss) negative

. A 18.1 25,3 BFIELD
if pointing into cameras
Nominal demagnification 110. 150. DEMAG
Range of triple estimator for good (0.0, 0. 0) (10-12. 10—4) (FLIM, FMAX)
curvature match
. 3 +

Range ?f triple estimator for good (1.0, 10 5) (20.,170.) (TOMIN, TOMAX)
end-point match

loati < s
F .oatmg multiplier for acceptable 5.0 2.0 CONS
triads
Floating multiplier for number of 1.01 1. 10 CRVEAT

acceptable ambiguous solutions
Prematched solution 0 3 ISPEC
Forced beam track indicator 0 -1 KBFCRC
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BLOCK DIAGRAM OF MATCH PACKAGE
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ALFAR

This subroutine is callad by MATCH to calculate the track geometry
features sagitta, curvature and the angle and tangent of the mid-point. For
each measured ¢{rack 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), ¥(I),I =
1, 2, 3). The coordinates are in the TVGP 'ideal' film plane - 1 cm from the

lens, all opticaldistortions removed.

Sagitta (signed)

‘-l.,'hl

2 2 2
s = (x?_-xp) + (YZ‘YP)

The line passing through points (xl, yl) and (x3, y3) is

(v, -vy)
=mx_ +b m = 3 1 b, =
Y= ML 7 P Tk -xp) L~ 177"
The line passing through (xz, yz) and (xp, yp) is

1
Yo=emxotbl . B Ey,tox,

Solving for xp, y.:

-mx =b
p p L

Xx =0b
p L
x =(b, =-b_ Jm/{ 2+1
p n L m )

_ 2 2
y = m b, +b /(m"+1)

+ L
Yot m



2
(xz-xp) = -m[(yz-yl)-m(xz-xl)]/(m +1)
2
(YZ-YP) = [(YZ_YI)-m(XZ-xl)] /(m +1)

(x, -xp) = -m(y?_-yp)

2
s

2 2
+1)(y, -
(m )(y2 yp)

"

2 2 2 2

. 2
Z _ [(YZ-YI)(X3"XI) = (Y3-Yl)(x2'xl)]
= 2 .

S 2
(y3-yy) * x5-x,)

This can be written in the equivalent for:n:

2
2 Ly -xMys-y,) -y, -y )xg - %,)]

=3 =

2 2
(yg-yy)h + (xg-xy)

I xlyg oy, - v Yy Mg - xp)

s =
2 2.1/2

8 <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 (%, y) points. Call
this center (xc, yc). Then the curvature is defined as

2 2,-1/2
CURV = [(xl -xc) + (yl -yc) ]



i ANUM--(Z Z)+(Z Z)
Define: = x, - x] Y, - yl
2 2 2 2
BNUM = (x5 - %,) + (y5 - ¥,)

Then the coordinates (xc. yc) are defined by

(¥, - ¥,)ANUM - (y, -y,)BNUM

c 2[(x2 - xl)(Y3 - YZ) - (yz -yl)(x3 -xz)]

i
i

[ANUM/2 - xc(x.2 -xl)] /(y2 - yl) .

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 (y3 - yl)
The azimuthal angle (ALFA) tangent to the track at its mid-point is thus

ALFA = tan "' ((y5 - yy)/(xg-x))) + (1-SGm .

Cosine of the angle of turn of the track

ey, ,) (x3, ;)
A A 8
C‘c,fo)
— ‘. - - - 2
cos B = B _A ]23=A-B(CURV)



2
ANGLE - cosB ,[(xl -xC)(xg-xC) 4 (yl -yc)('y.5 -yc)] « {CURYV)

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

through more than 180°. P

(e, 1)

If the track has turned through more than 1800,
5 <90° , buta>90°
(g - xp)lxp - %)) + (y5 -y, MY, - vy

2] - |5

cosa = -cost =

Ifcosa <0 3 a> 180O 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 signea 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

SUBROQUTINES AND FUNCTION SUBPROGRAMS REQUIRED: None
COMMON BLOCKS USED: None
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CLEAR3

CLEARS3 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 CLEARJ(IDEBUG, NVWS, MTFLG, IMF)

Description of parameters:

IDEBUG - Debug print flag set in subroutins MATCH
NVWs - Inp&1t number of views (may be 2 or 3)

MTFLG - Output error indicator for the number of acceptable
triads used by CLEAR3

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 MACCN)

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 sei is ordered
so that the last solution is the one which is considered 'best'
by CLEAR3.

4) The final solution set is stor=d in the array NFSOL(J, JV, JSOL)
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which is equivalenced to the /MATCOM/ array FUNC.

NFSOL(J, JV, JSOL)=-NF50L{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 MA TCH 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, X})). First we must ask which
of these triples are good candidates for the match solution. An upper limit
valve (FMAX) has been already constructed by MATCH based on the input
data from subroutine MACON, To filter out the best {riples (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 nummbers 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 conditios is
noted and CLEAR3 exits with no solution. After —onstructing the array MAL,
we count the number of triples that contain each measursad 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.
1f IADD(I, IND)=1 for all I and IND values and the number of acceptable triples
equals the rumber of tracks as determined from the topology, the solution

must be unique, the NFSOL arrav 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 'best’ triples, CLEAR3 gives un 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
arnbiguous sclutions and CLEAR2 resortis 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 sclution; there
may be more than one solution possible. The use of such a 'correlation lat-
tice' follows the ideas set forth by Penny and Burkhard in 1961, As a con-
crete example, let us study the case of #u event having 3 charged tracks
measured in 3 different views; a topology code of CZ2. 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 erntered as solid dots on the corresponding 3-dimensional
cube (cerrelation 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 thelattice, we pick a starting point

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

ing dots until we form a logical match solution. We do this for all points



(dots) on the top plane, being careful to exclude points in lower planes which
have already been found to be memhers of another complete path. The total
number of possible complete logic paths which can be formed gives us the
total number of match solutions passible and the respective triples which
comprise each match solution. In our example, the only logical match solu-
tions obtained are:

1) (1,1,1) (2,22 (3,2,3)

2) (1,2,3) (4,3, 1) {(3,1,2).
To the right of our cubic lattice is shown the corresponding 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 Le used to see if any ambiguous sclution 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 MACON, 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 = LOGe(CURMIN).

3} For each solution 1J form:
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Structure of Soluticn Lattice

view 1

(3 Views) (2 Views)

LOGICAL PATHS

1) (1,1, 1)--(2, 3,2)--(3, 2, 3)
2) (]s 21 3)"‘21 3: 1)“‘3: 1: 2)
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RATIO=CURFUN(ILT}/CURMIN (CURMAX. GE. 1.0)
=CURMIN/LOGe(CURFUN(IJ)) (CURMAX. LT.1.0)

If RATIO is less than 0 or greater than the parameter CRVRAT (set in
MACON)])}, we digregard 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/outputflag 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



2)
3)
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in blank cornmon.
IFAIL = 0 A solution set has been found.
200 No match possible.

205 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.)

Debug printout is written to logical unit 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)

2)

3)

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

each view.

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

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

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) Cali TRKORD toc 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. §), set JSOL
to MAMBIG and go directly to step 4).
CALLED BY: REDGEN (TVG3GI routine)

SUBROUTINES AND FUUNCTION SUBPROGRAMS REQUIRED: ETSUB, MATCH,
TRKORD

COMMON BLOCKS USED: BLANK COMMON (TVGP)
/ANLIN/
/MATCOM/
/DOMACH/
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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.)

NVTXT(, 1) - The number of tracks at vertex 1.
NVTXT(I, 2) - The total charge at vertex 1.

Remarks:

1)
2)
3)

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

ETSUB is called once per event by DOMACH.

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) 1= 1,2,3) and a y-value (YV)
of a point such that Y(1) < YV < Y(2), the corresponding x-value (XV) of the
point is determined through iterative use of linear inverse and Lagrange

interpolation.
Yo |- — —

Y3}— - -

v

Yop - — — -

Suppose the input points (X(I), Y(I) I =1, 2,3) and YV are as shown in
the diagram. The first step (Sl) is to construct Xg by linear inverse inter-

polation,

XS = Xl v (Y1 —YV)(XZ-XI)/(Yi -YZ)

Then we use Lagrange interpolation to find the corresponding YS point and
check to see if it equals YV. Note that this is essentially a cubic fit to the
curve.

X -x -X - - - X _ -
(Xg - ¥pXg - %) X X Xg - X5) (Xg - X )Xg-X

Y, + Y2+

)
- 2
S (X1 -Xz)(Xl-X3) 1 (XZ-XI)(XZ-X3)

Y
(X3 »-Xl)(X3 -Xz) 3

Y

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

after first changing the order of the three : eference points.
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Y > YV Y <YV
Xy ¥y) = (Xpp X)) Ky Yg) = (Xya ¥y)
Xy Yg) = X ¥p) L Y =Xy Yy
(Xp ¥p) = (X3 X5) (X3 ¥3) = (X3 ¥5)

Up to ten iterations are allowed. If no convergence is obtained after ten
iterations, the last XS value found is chosen as XV. The program is suffi-

ciently flexible to handle the case where points X, and X3 are interchanged

1
(i.e. a YV valuz 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
1
L£]
T
¥
1 A

If for any reason, GETXFY experiences difficulties (i. e, YS or XS fall out

of range, multi YS values possible, or input points illogical), the program

exits and MATCH performs strict linear inverse interpolation only.

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

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 (IMTGQO)

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, 2X, 12, 13, 6F10.4)

CONTENTS
IHOLL(1-3) Three 4-characier 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).



EAZBM
BFIELD

DEMAG

DATA CARD 2
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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.

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

CONTENTS

CRVRAT

FLIM
FMAX
CONS

TOMIN '
TOMAX j

ICHMEBR

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 <€ 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 deifining chamber
12 -- 12-foot ANL chamber
15 -- 15-foot FNAL chamber.

Debug parameter useful for checking al-

ready 'prematched’' solutions.

0 - Has no effect on match solutions.

1 - If the match solutions do not contain
the 'prematched' solution, this solu-
tion is added to the match solution set
before exiting from MATCH.
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('Prematched' 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.

Caiculated gquantities:

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
MACON.

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

Subrouiine 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(1Z, 3) is an input array designating the stopping
quality of the tracks in each view.

ISTOPRP(L,J)= O Track I in View J is not a stopper.

ISTOP(I, J) = 256 Track Iin View J is a stopping track.

Remarks:
1) MATCH is called by the subroutine DOMACH for ea:h 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 sho‘uld i
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 rcutine 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 B
the set implying 2 unique solution, more )
than one member of the set implying am- '
biguous sclutions, 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 witn 'all optical distortions removed'. The (x, y) coordinates

of the track in this coordinate system appear in the array PTSV cof 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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Fach 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
zs 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 fron: 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 eifectively 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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TVGP Ideal Filmm Plane
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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 es*timator 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-vic~¥ 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-
sguare value for each view pair should be approximately equai, 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 havr 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 4 that if we rotate
the tracks of view I and J into the (1J) '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,

Y2 & —

Y| -

‘PasrerRrEeo’ LamMeEnA

CCCRIENATE SysTeEns
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The rotations involved 2re fully described by the accompanying set of equa-

tions.

ROTATIONS AND! REFLECTIONS

Define: x = -x, ;: -y

(12) COORDINATE SYSTEM

x(12) = x cosa + y sina

y(12) = -x sina + y cosa

x(-;: +9<) y(-§ +;r)
x(12) s —2—L "2 71

e

12 2|

“x(-y, +yy)  y(-%,+x,)
(12) = z‘ v, 2 %

|12] |72

Reflect in y(12)

XY, -v,)  ylx, -x,)
y(12) = 1-. 2 . l-’ 2
jiz | |12 ]

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

%(31) = x cos(w -B) + y sin(w -B)
y(31) = ~x sin(7 -B) + y cos(w -8)

x(x5 - %) N ¥(y;-vy)

x(31) = — —
j13 ] [13]

(¥, -¥,)  yix, -x)

$31) = 3.. 1 3_. 1
I3 13|
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x(31)  x - RMAT(1,1,2) t y- RMAT(2,1, 2)
y(31)  x - BMAT(2,1,2) 4 y - RMAT(¢, 2, 2)

(23) COORDINATE SYSTEM

x(23) = x cosp + y sinp (p =3n/2 -¥)

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

"
+

x(23)

y(23) B = -

x(23) = x « RMAT(1,1,1) + y - RMAT(Z, 1, 1)
yi23) = x - RMAT(2,1,1) + y - RMAT(2, 2, 1)

ARRAYS USED IN MATCH FOR ROTATIONS

PCAMI(], I) = minus the space x-coordinate of the camera in measured
View L

PCAM(Z,I) = minus the space y-coordinate of the camera in measured
View I,

FACT(1) = 1/]23]°

FACT(2) = 1/ |13 [

FACT(3) = 1/ |12 |‘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 ir View 1. Using these

two points in View 2 and the next consecutive track point in View 2, we ask
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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 12-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:

FLum PLANE ® CAMERAS

Define:
RTL= |a,; /0, +6 /a +a,/d,+8,/a,+a/0,+0,/a; -6.0]
RT2 = [L),/C 4 C /Ly, +L,3/Cyy#Coullyst Ly /C a4 Cra/Ly o -6.0]

RT (RT1 + R’I‘Z)Z

1]

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
2 (R’I‘)I ¥ (PL)I (N = number of points on the
2 1I=1 reference track for which
XK~ N corresponding points have
Zi (PL), been found. )

I=1
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The weight factor (PL)I 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 xz values for each triple. In general, the smailest
xz 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 'bad'.

2) 1If for any reference track K the value of N equals zero, we flag

the tripie as 'bad’'.

Triples flagged as 'bad' cannot be considered as part of a match solu-
tion. If all tracks of the triple contain only two points, the CURVATURE
match will have obvious problems, so MATCH forces the triple estimator
for this casc to be 'good' and leaves it to the logic handl:r 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-POQINT 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:

END-POINT match|
. 1 2 N ;
|No. ofr’;hewsj . j Form RAT va.luq_J
[TOMIN=TOMAX=0. 0?|—NO

+ YES [THR MIN= THRMAX=0, 0|~ YES >
NO __ . _YNO . ;
——¢ ———— - -4~ - [TOMINSRAT<TOMAX??|
 YvEs -
Y Scale RAT so <
I‘HRMINs‘RATSTHRMA}_(.J

orm RAT value.

S . 1
EURVATURE mat(il <>~ 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 meoere 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 thei. sagitta is less than the
value SAG set in DOMACH or if an assignment of ambiguocus charge is neces-
sary to obtain charge balance.

4) Caiculate 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 wvalues).
6) Loop over all possible track combinaticns to form triples of tracks
{one track from each view). This loop can be performed a maximum of 3
times.
For each triple:
aj If no track of the triple .s a stopping track or all tracks of the
triple are stopping tracks, then ge to b). Otherwise, flag the triple as bad
(RATzlGS- 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 incicated by KBFORC = -1 or -2), we flag the correct triple as good
RAT=10"0
l05- FMAX). We then go to 7).

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

c) If this is the first times 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-
plving the maximum triple estimator value {FMAX) by 10. 0.
d) If all tracks of the triple are Z-point tracks, we set RA'[’=10-20
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-dimensiconal
array FUNC having first cleared the last three bits of RAT since these 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 CLEARS3
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 trv a last

time after increasing the FMAX value. If we still do not get a soluticn, we
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exit with the number of solutions (NTSL) equal to zero. If we do not get a
matich solution set, we see if the user has set the ISPEC option {see sub-

routine MACON) and proceed accordingly before exiting.

CALLED BY: DOMACH

SUBROU TINES 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)
/OPTCl12/ (TVGP)
/MATHST/
/MATCHL/
/MATCOM/

/ANLIN/ (TVGP)
/DOMACH/

References:

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

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. Bryden - 'Computer Programs for Matching Images
from Three Views in a Bubble Chamber' - RHELR -235 -

January 1972, p. 35.
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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
S T
A4 AS
A6

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

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,1, 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 - QOutput 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 SUSBPROGRAMS REQUIRED: None
COMMON BLOCKS USED: None
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SETMAT

SETMAT is the basic filtering program called by subroutine CLEAR3.
Based on the triple estimator values, it determines which triples are 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.
1 - Track number of track in view IND to be held constant in

the search for acceptable triples.

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 - Qutput variable equal to tahe 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 array MAL in /MATCOM/ restrict
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



44

are stored in the array FUNC(L J, K) (seec common /MATCOM/). It is also
assumed that the last three hits of cach 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: I=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 thase 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 MACON.

FMAX4 is in /MATCOM/ and set by subroutine CLEAR3.
All possible triples having 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
MAL(ICNT, 1), 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: CLEARS3
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SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED:

PERTER

OR(X, ¥) - 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,

/MATCOM/

COMMON BLOCKS
USED:
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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 numnber.
(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) TRKCRD is called by subroutine DOMACH for each solutiocn of

each vertex of the current event.
*.iethod:

If NVTX is negative, we do not search for a beam track and go directly
to the charge ordering saction 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 within the tolerances set by subroutine MACON, this triple
is then flagpged 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 beamn, 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 sclution. After charge ordering is done, we exit TRKORD.

Tests for good heam 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 (Lav z2.0)
/2

v

ERCBM = EPBM/L5 (L <2.0)
a 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. Cnly 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 up<n
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 cbtained
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 (degreesj Image Height (inches)

0.0 0.0

4.5 . 112335

9.0 . 224888
13.5 .337894
18.0 . 45625
22.5 . 556408
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
max

1

54.0 deg. = . 94248 rad.

The polynomial expansions are as follows:

T 9

3 5 . 7
clY+c2Y +c3Y vc4Y +c5Y

11

Y T

u

3 5 7 g
aleaZT +a3T +a4T +a5'1' +36
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“ L. 275%36€ y 35.631244
¢, - -. 001061617 a, . 2047306
¢y = -.4309489E-04 a, - -. 04030262
Cy= - 8238782E-06 a4 = . 5980015
Cg = =» 7169469E-07 ag = - 8435869
a, - . 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 /JANLIN/

COMMON/ANLIN/ 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)-1 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 fiducials.

18 Pointer to vertex labels (currently set to 0).

19 Pointer to vertex x-coordinates.

20 Pointer to veriex 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
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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 Operater 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
79-end of

rec Information pointed to by pointer words.

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 I, 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 'ideal' 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/DOMACH/ NCTL, NTRKT, LOCS, LOCH, LOCM, LOCW,

NCTL

NTRKT

LOCS
LOCH
LOCM
LOCW
LOCN
LocL
NTTSL

ISVH
ISVL
ISVM
ISVN
ISVS
ISVW
ISTOP

JFAIL

1

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

Total number of tra.xs for the event as determined from the
input record.
L.acation counter pointing to track information in ISVL, ISVN,
and ISVS arravys.
Pointer to stopping information in input record.
Pointer to hits information in input record.
Pointer to misses information in input record.
Pointer to widths information in input record.
Pointer to number of points/track information in input record.
Pointer to label information in input record.
Full event solution array
NTTSL(I, J, K) = measured track number for eventtrack l in
view J of solution K.
Array of hit information.
Array of label information.
Array of misses information.
Array of number of points/track/view information.
Array of stopping information.
Array of widths information.
Array of stopping information/vertex.
ISTOP(I, J) = O implies track ] in view J is not a stopper.
= 256 implies track I in view J is a stopper.
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/MATCHL/ 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 i
estimators formed when matching using the CURVATURE
match facility. (If curvature matching is not desirable,
set THRMIN=THRMAX=0.0.)

ICHMER - 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(12, 3), NTRK(3), SINE(12, 3},
TANG(12, 3), KBFORC

DIMENSION NSOL(1Z, 3, 10)
EQUIVALENCE (NSOL(1,1,1), FUNC(1,1,1))

AZBM
COCON

IFPSEC

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.

Dcbug 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.



ICNT

IPRNTF
IPRNTU
ISINBM
ITRY

NSL

NTR
NTOPOL

NTSL
NTTSIN
PBEM
SAG

CRVRAT

SINFLD

ALFA(12, 3)
ANKLE(12, 3;

PCAM{Z, 3)

CURV(12, 3)
FUNC(12, 12, 12)
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Counter used in subroutine CLEAR3 to see how many tracks
are acceptable.

TVGP debug print flag.

Debug logical print unit set by subroutine MACON.

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 minimurm
value of the array CURFUN, Let RATIO=CURFUN(IS)/
CURMIN if the maximum triple estimator is greater than
1.0, I 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(1; 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.

CURYV({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 ir 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. WNSOL(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 1.



IADID(12Z, %)

MAL(100, 3)

NRT(12, 3)

NSIN(12, 3)
NTOT(14, 3)

NTRK(3)
SINE(12, 3)

TANG(12, 3)
KBFORC
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IADD({(1, 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(Y, J) is used by subroutine CLEAR3 and SETMAT and

is equal to the track number in view J for the acceptable

triad I.

Location pointer used by subroutine MATCH to get the (x,¥y)

coordinates of the tracks from the track bank.

NSIN(I, J) is the sign of track I in view J.

NTOT(I, J) is the total number of points measured for track

Iin view J.

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

vertex.

SINE(I, J) is the sign of track I in view J.

TANG(I, J) is the tangent to track I in view J at its mid-point.

Beam track flag used by subroutine MATCH and TRKORD,

0 - Do not force any track to be the heam 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/MATHST/ 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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The cammon blocks, /OPTCI2/ and blank common which are intrinsic
to the ANL 12-font, 15-foot TVGE program arc used by DOMACITIand MAT CH.

The paramcters used by these subroutines are listed below:

hlank common

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

/OPTCl12/

MATCH: EMAG, II, TRANS

RECEIMED gy 11 MAR 18 19ry
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APPENDIX B

SAMPLE DEBUG PRINTOUT FROM THE MATCH PACKAGE



L T Y Yy L Ly L Ly P L e L T L IR _ — . L .

L15-FV. BUPELE CHAMZER EVENTS
MATCH CONSTAANTS

DESCRIETICN VALUF CARBNETER NAMF
BEAM 1D. ANT IN:UTR L0 THULL
CHARGE OF THE BE2M TRACK o . 2. o ISIneM . L. . . .
BEAM MCEEATUR (MEV/C) Cacll3E Co paAM
ERROR IN REApP MOMENTUM ([MEV/C) . CedDIUE & EPbM Pymny yArEaliLes SEmc Boan £ Kuswn reo € THC
BEAM B2 (MUTF (RADTANS) 6.2 300 azBwv
ERRLR [N EEEM AZINMUTE {RACIANS) . Te24CC TAcnM PEAST ACASUATO IMACK T CACN VIO’
NOMINAL FIELD, [KILOGALSS) yNRGATIVE
IF FCINYIAG INTO CAMCRAS N . 25.22CC CLBEIELD . I
NOMINAL DEMAGRIFICATICN 153.900C DEMAG
- RANCE OF TRIPLE ESTIMATOR FCR GOON
CURVATURE BATCH { 0 10CE=23y Zo)INE=CS) (FLIFFNAX)
RANGE QJF TRIPLE ESTIMATUKR FLR GCCD
ENUPO INT MATCH I Q.2CCC v2y J.173%¢ 0a) (TCMINLTENMSX)
LFLOQATING MULTLPLICY FCR ACCEFTAELE TRJIPLES ¢« 200V Cuds . . . e
FLOATING MLLYIPLIER FaR AYMDER (F ACCEPTARLE
ANMB ICUCUS SCLUTINANS 11077 Chkyral
PREMATCHED SCLUTILM INDJICATCR 3 15PEC
-1 KBFCRE &= Folkell [FERST TAACK KN LACH yTos ' apveM,

FORCED BEAM TRACK INDICATOR
SEERREREIREB AR IR RCR IR AR SRR IT AN PRI IR ISR RN RN RSB RA BRI RN S B A AR IR RRARFAVRN R DR KD UNEC R T AL

CALCULATED FRCJECTEC CURVATURE OF BeAM AND EFKDR=  Co56G2433E~07 0. 14231230-11

£9
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L R L L L Y e L Ly Y LI LAYy Y
MATCH DEBLG PRINTCUT FCR:

( ROLL= 43 FRAME=1343 EvT.d=l MISSING. VIEw= 4 TCFCLCCY =NL=T~7 e )
ATCFCL 2 NTTS IN= 0 SAG= 0.5954473€=23 VERTEX 2
RY¥ex -
. ISTOPC 1y, 1)= C
. ISTCFL 25 1)= O o T o e e . -
ISTOPL 1, &d= C
ISTCPL 2, 2)= O No STorpeEns
ISTCPL 14 3)= G
ISTOP( 2, 3)= C
THEFE ARE 9 FOINTS FOR TRACKIL iIN VIFWl _
THERE ARE 7 POINTS FCR TRACKL IMN VIEW? . . —e i — —
THERE ARFE 10 POINTS FUOR TRACKL 1IN VIEW3
THERE ARE 9 FCINTS FCR TRACKZ IN VIEWL
THEWE AKE 6 FOINTS FCR TRACKZ (N VIEWZ
THERE ARE 5 POINTS FUR TRACK: 1IN VIEW3
\
TRACK VIEW SINE ALFA Uy Ta N ANGLE
i 1 =o.7+3lF~23 241435C °C 2e53924f 71 ~l.39eNC Q0 ZabS30CE-CL
1 2 =7.3754E-03  2.2157E )0 2eu?2lf M1 ~=1.3275c 00 3. 1¢EQE=-C1
1 3 ~0.T394E~CJ 202207 CC 2228438 Cl  ~1.J171% J0 3.4302E-31
\ 2 1 B a0ld9YE~N4 GeD)2Y9E~-D1 lecdl8E C1 le4S815: £C e EQSLFE-C]
2 2 6. 27657-C3 1l.499¢0 JC T.6763E 2D leddgaE J1 3.07152F~-C1
2 3 l.J0SCF~-02 Leodl?E CC 2.t050E (1 ~1.039%F 31 =1.344l[=61

TRACK SIGNS FCLLCW
=] 14 Red s AP URRRS = | |SERXSSHIVRER RN AF— ]

MSIRK= U
( Lly Ly 1) JeldlE C3
aappm————
! Goop
' wkex TARACK |
t 2y 2y 2) Qe (iE 03
BAD
FILM CCCROINATYFS OF TRACK
VIEW 1
{ Cs6CL2,y 0e4556)
{ 048079, 1.43343)
( Cablély Na4641)
( Ce62C3y Te@ 10€)
{ Net25T, )4 T09)
{ Ce6322y Qe a¥Eq)
{ 0a6375, D e4963)
¢ 0a€416, VeS113)
{ Cal422y 0.517C)
: PT. N0s BEST VIEW RT _
i 2 1
' [ 3 1 QeT71334F-C5
' 4 1 0.22737E-10
5 1 C. BLEBS5E-11
- & 1 0.32742E~1C
7 1 Qe22737E~1G
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PT., NC. BEST VIEW RT
1 2 2 Ce 3638UE~11
: 3 2 0.58208E-10 _
t 4 2 " 0.22T37E~-10
5 2
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ROV Y ' 1R,597 cengedd I+ 2
1394721 RUeT3n 2249 4 300 K |
A B, 34 JE%. 130 3+ )
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29 134 €5, 224 cldenle Lo+ 2
264787 91,980 2é5enl2 o+ 3
23,232 30.731 2224325 241
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VIEW ¢ VIGW 3
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0,14698(-10 5. { =-0.01€2y _ C.50721 { -C.C115, .
Cul9SLIE-10 G { =-J401499, 0.9259) { -0.0140,
PCHI WGT . {XeY) IN SLAVE VIEWS
.. 0.296T4E=-13 1. { ~0.0185, 0.0649) t Ce60717,
0.99137€~12 Za t -C.0l60, 0.Co80) | 0.6146,
0.15635E-11 3. ( =0.01%4%, 0.0710)}) ( 0. 52C5,
0. 35961E-11 49, { -C.0128, 0.0752) { 0,6264,

UeD0S53)
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Je073¢)
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£.0887)
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€.4600)

_o2e4623)
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0.4779)
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HISTOGRAM @§= 12 TRIPLE ESTIMATOR FOR END-PDINTY MATCH EV/X= 1.00008 00 BIN = 5,0000E 00 XMIN= 0.0
INa 8712 HI= {34173 LQO= o] WTIN=Q.B8T203E J3 WTHI= 0.136T73E 05 WTLO=s 0. ¢ XRAX= 5. 0500E 02

— 5:0000€ Of=~=X e . e e e e e I -
1
1
L _ e e e e e e e _

4.5000 ! X
« 5000 Qf=~ X

e e kL  Marmer  (gvAeer)
1 XX
1 xR

e B SR ¢. o L i . el . . . —

ﬁ-OQQQE Ol‘-l XX

f X XX

L X MR e L . . e . Lo . -
T XXXX
1 XXXX

e . 3450005 _QL-=1 _AMNXX X . _ A : A oL .
T XXXXX
T XXAXX

I SR .+ 3 § S _ _
I XXXXX

3.0000E Ol~-1 XXx3X X
L XXXXX X X B . I
1 XXXXX X X |
[ ARAXX XX X
1 XAANXXKE X . . - | .
2.5000E Ol=-=1 XXXXXXXX X
L xomoon x. _ PR0eary Goce | cokarmgezie
I XXXXXXXXX X - o
1 X¥aangsux |
o _2.00C0E 0l-=1 XAXANXXXX X . . -
I XXXXXXXXX X , :
T XXRRRXAXXXX |
e L XXXXXXXXXXX - o ..
1 XXXXXXXXXXX X

Sugses7s Tonax v Borween 113 ans 777

5120000 QD= IXXXXXXXXAAXXRXXXXXAAXLXX XX XXX X XXTXAXAK XXX XXX . X XXXX = XXXX X X XX X XXX X
IXXXXRXAXKXRXXRXAAKXXXXKKXXXXXXKK X XXEAXXXXX XXX  XXXX X XXXX X XXXX XX XXXAXX X XXX X XX XX X X
IXXXAXAXKXXKXAEXKNXKKXXAXXKXXAX IXXXEXXXXALXXLX XXAXK XXKKXKXXKXAXAXXXXXXXXXXAX XXAXA  XAXX NAXXX XX X

e JEXXEXX A XX XRXXALKA XXX KRR LXRL FAXER XXX LEXXAXKXXXAKERK X XAKRAXAXRNXKZXAXARAALRXAARKKE KX XKXXXAXKX XXX X
lXXX!KXKXKXXKX!XXXXKXXIXXXXXKXXX XXX xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx:xxxxxxxxxxxxxx:x:xuxxxxxxxxx

. ®

165000 QL==IXXXXAXXXXXKX X | ¢
e LXXMAXXXKXAXXX XX . o 14 N
IXXXXXXXXXXXXXXX KA
IXXXXRXXXXXXXXXXXX X
e DAXANAAXAXAXXXXXXK. X A | A & b -
1.0000E OL==IXXXXXXXXXXXXXXXXX XX X Xx X
TXXXXXXXXXXXXKXXKXX XX X | X XX X
e ZDEXXNRXKXXXXRRARXAXAX X X X ) % X KX X o X
IXXAKXXLXXXAXXXXAXXXAX X X X Xx XXX XX x X b X XX x X
TAXXXAAKXXXXXXAXXXXXXX X X XXX X XXOIXXXXX X X XXX X XXK xxx X X xx X X X
X X % .
X

o.o_--__--—-l*_--_--_.-*-_ e s o v o e MYt e o o o o

_____*___“__ﬁ_-__,_41nnnnnngnonnnnnooonoannnnnnnnnnonnunnnnonnncnoycuoouuqnooounnngooqaununoqoouqougooooooncgooooonqpouoo
" 1233443223121111101100001960000000303203000800001100002000000000000000000000000000000Q00C00A0000000C00

52973656T0894642280175642548661637786667645957241063231366T7534356T63543545T4426357T125344234837134216

— . \pwER Y. ___1._ . . r .. ..L. S SR 1. ... 1. D S N IS S 1. 1
BIN Q.0 5.000 1.000 1.500 2.000 2,500 3.000 3.500 4.000 4.500 5.000
EDGE E O E 1 E 2 E 2 E 2 E 2 E 2 E 2 E 2 E 2 E 2
{ - -SIGMA . ESIGY FSIG2 MEDIAN _ . . _ A=l6% __XR=R4% . {XRexL1/2 . (XR-XL}£2

e "MEAN N ——
Q.15294E 03 0.18483E 03 0.T6842E 02 0. 94T 34E a2 O« 85625E 02 0.22962E 02 0«33377E 03 0.17B37E 03  0.15540F 03
R e e

rL




HISTOGAAN #=
INe 6130  HI=
2.0000€ 02~-1

1

I
| 4

13 LO=

1.8000E 02~-1
L

""1.6000E Q3-~~

1
1
1
I
1
1
1
I
__§a4000E Q2--1

T
1
I

1
1. 2000 02--1
1

1
1
1
“1.0000E 02--1
I
1
I

1
_ _8.0000F 01~-1

640000€ Q1--

i
}

T g 0 g 70 b B

" 440000E O1--

X

Z.OOUOE 0l-~ XXX

27 LCG OF ESTIMATOR FOR CURVATURE MATCH

0 WTIN=Q.81300E 04

T 8IN = 2 993eE-01
WILO= 0.0

EV/X® A.0000€ 00
WTHI= 0,13000€ 02

- X
X XX
X% XX X X
XX XXXX X
AXXAXXXKX
AXXNAXN KX
XEXAXXXXX
XXXAXXXXX
XX XXXXAXXXXXXXXX X
XX XXAXXXXXXXXXXXX X
X OAXAXAXARXXNXRANRXXX XX
o XXXXXXXXXXXXXAXXXXKX XX
P AAXAAXNAAXRXAXKKXAAN XX

b B B ¥

3 I 3¢ M M ¢ X

X% x

«C.d X XAXXXXXXXXXXXXXXXRXXX XX

PRBACLY GacD

XX XXXXXXXXKXXXXKXXXXXX XX
XX KXXXRAAAAXXXKXXXKXXX XX
AXXXXXXXXAAXXENKXRNXAXX XXX
LYKCLY o 80 X XXXXXXXXXXXXKXXXXNXHXNX XX XX
gAD KARXXXXXXXXXNXXNXXK KRN XXX K AXXX
> AXXREAXAAXXAXXXXXAXRXAXAAXAXXXX X

-

X

XX

X X X XX
L RXXXKK K XXX
X X XEXARX X XX XXXXX
AXXXRARXXXRA XXX KR XXX XXX X
ERXXXAXXAXXXXR XKL XK XXX XXX X

X XXXXXXXKKXXXXXKXXXXXXANXXAXXXXX X
X OARXXXXXXXEXXXXXAXAXRX X ERRAXAXANX X
XX XXXXXAXAXXXNXXXXHAXXXAXXXXNX XXX N XNX
XX XXXXXXXKAHIHK X ZHKIKIXXIKXXXX KK KK XX XK
XXXXXXXAXAXXXEXXXXXAXXNXH XX BXXHXXRRK X XX
XXXKXXKXKILX KKK KEIXAIA K HIK KN XXX HMRXX XWX
B RRAXAXXXKNXXXK XXX XXX KARR XA XK XRAANL XK X XX
X XKXXXXXKXKXXX!IXXXIX!IIXIIFIIXXXXXXXllllX
KXXXKXXXXKXKXXXXXXXXXXXHXXX XX XXX XXKAK %X XXX
X X)XIXXXlXlh!IXXXXIIXXXXXXXXXXIXXXXXXXIXXIIXXX
XXXAXXXXAKKXKKKKAXXXXXX XXX XXAXK XX AKX X KX XN RANR
XXXAXXXXKKREXXXXXXXAXXXKXNXXXXXXXXK XX KX XXX XXX AX
XXXAXXXXKXKXKXX XXX AAAXAAAX XD RAN IR IRXXRRARKRADRNXK X
KXXX!XKXKKXXKXXXXKXXXXXXXXXXX!KXX!XXXXXXXXXXXXXXXX
XXERANAXXXXXXKNKX AN NXKAXEKXR XXX XX XXXXKAXX KK NXXXXRX
XXXXEXXXXXKXXX XXX XXLXIAXXXXAKR KK IXXKKAKKK N XXX N UXK

2 2.5 8 84

T XWIN==2.
XMAXs 2, 6023 00

7831E 0l

HareeT (avac=z)

XXX *iﬁXXXKXIXXXIXXXXXXXKXXXKXXXX XXXXXIXXXXXXKXX!XXXXXXIX!XXXKKXXI!XXKXXXXXXXXXXXIXI
AXXXXXXXXXAXXXKXXXXXKXXXKXKA XXX XX XKEK KX XXXXKRERZAAXKXEXRXXNOAXAX IR AR AAXXANK AR BRK XXX XK X
AXXXXXAXXKXKXXRXXX INXAXXXXXXXRXKXKXKKEXK K XLXXXAK XXX KX XXAX XXX A AXXKXA XA XA XX XA R IAX R XXX XAKXXX XN X
XXXXXAXXKXXKENXAAXK AKX AKX AN XXX KKK PXRXAKRRAAX XK KR KX X AKX RXKNXNXX XK KKNX R KKK XXX KXXRR XX KX X
[+ PR ) Lo C ) K o ST p— -
~0000000000000000000006000C00000000000000000000000000000001 101 LLL1LLALLILLLLLL111011000008CU000000000

T000000001232111111222233239333323223322344 34444 1555776687990193123242554565546353293299678542330 111100
000000052055357749164871667492577970963063547067097486174060905111682672308501614410804543484 16531230

{
i

_;HHﬂ[—ﬂﬂx— -

L AOwWER ¢ . ¢ . .ov . ...v. .. 1 - LS S N SRR I 1 2 1
BIN =2, 768 T m2.464 20164 ~1.865 ~1.568 ~1.266 S9.67L <8 677 ~3.684  ~C.490 2.303
€0GE . E 1 E 1 E £ 1 € 1 £ | € o E o E 0 £ 0 £ 0

N STGMA ___ESIGL FSIG2 _  MEDIAN Mmlex MMuB4T {XReXL)/S2 (XR=XL) /2

0.87296E 01  0.5660LE 01  0.69892€ 02  0.94312€E .02 -~0.750784E 01 ~0.1AT56E 02 =D.31853E 01 ~0.89708E 01  0.57B5SE 01

O —————t————

s




7 HISTOGRAM #= 31 MATCH SOLUTION TRIPLE ESTIMATOR - 2 VIEW EV/Xe 2,00006 00  BIN = 5.0000F 00 XMIN= 0.0
IN 190  HI= 42  Lo= 0  WTIN=0.19000E 03 WTHI= 0.42000E 02  WTLD® 0.0 XMA X= 5.G5006 02
e La0ONOE 02=~% L v , ) , .
1

1

——— — e
I

9.J0G0€ 0i--1

T L

1

[

Mareer (7vae3)

.

8.0000E€ 01-~1

1

O U SO U
1

I
e _Te0QQQE Q)-=1_. . . . ...
I

1

[ S
1

6.0000€ Ql-~T

X
1x
e IX_ .
5.0000E O01-~1IX
X
e S b 3 e e
X
Ix
— .-4%.0000€ Ql--1X_ .
X
Ix
e e e - S AX L L
IX
3.0000E Ol-=1IX
. . Ix
IX
x
. 1x.. .. . -
2.0000E€ OL-~1X
X ST Tomnax wi70
e R ¢ S
I
IXX X
e Aa000QE_ Cl=elXX X . . . U -
IXX X
TXXXXX

I Axaxx XXXX X . . . .. . -
IXMXXKRN XX XXRN XX XX NNK AR X X xXx X xXx R x
Q.0 I* * e [ B il e et S e e
—— e - .-00G€£000000000000000300:2000000023000.1200000000000000000000000000000000000000022Q0000C0C0000000QCQ000
5101000000000000000000000000600£0006009000004000000000000000020000000000000000000000000C0CC0000000000
637273345443352222223001300101001111119001008102111001003£20120202010001020C0020010011CC1C001100G0000

Py ” X -

——LOWER . 1 1 e oL | S I ... H I ¢ 1 1 1 1
- BIN 0.0 5.000 1.000 1.500 2.000 20500 3. 000 3.500 4%.000 4,500 5.000
E 1 E 2 € 2 E 2 E 2 E 2 E 2 E 2 E & E 2

EDGE : E 0
e cMEAN - -SEGMA - - PSIGL - BSIG2 - - MEDRAN . Xlal6% __ XR=B4%  __LXReNL)/Z2 __ {MR-XL}/2
0.86289E 02 0.12052E 03 0.82296E 02 3.93L24E 32 0.25000€ 02 0. 26939E 0Ot 0.227CTE 03 0. LL988E 03 D«LLTL9E 03
. 4 )

9L



HISTOGRAM @  4: MATCH SOLUTION TRIPLE ESTIMATON - 3 VIEW  iy/X= 1,0000€ 00  BIN = 2.9934€-01 ~ yMIN=~-Z.T631E Ol

INs 772 . HI= 0 LO= 478  WTIN=0,77200E 03 \'THI® 0.0 WTLCs 0.4TBO0E 03  XMAX= 2.6023E 00
S.0000E Qd~-1 e
1
! ‘
R S [ R e -
4.5000€ Q1--1
o e o _ MaTerr (ruacs)

I

1
4.0000€ Ql--1

1
— . 1 e -
! .
1
_3.5000€ O1--1
1 N X
1 X
. A S | o x
T X X
3.0000E 0L-—1 X X
b Xl xxxx
f X FRTIT
1 Xx X Xnxx
1 XX K OKXXX X
2.50G0E 01--1 XX X KXXXXX
I XXX XX XXXXAX
o 1 XXX XXXX XAXXXX o o
Ix XXX XXX ARNNAN X
1 XXX XXXXX XAXXAX X
__2.0000 Ol--1x XXX XKXXX XXXXXK X% x )
1K XXX X ORKERX XIXANX X -6
I XXX X AXXXXXXRXXXX XX xxx X SET THRAAX = ~ /0
L _ DX XXX X XXXXXXXXXXXXXX XXX X B
1x XXX TH EXAKANAKAKXAXXXKK KKK
1.5000€ 0X--1IX XXXX X XXKXXNXXXXXHUNXAXXXAXX
[, .t o XRXX XAXRAXXXXXXXNXNXXNXXXXN
X XXXXEXXXXXXXAXKXXX XXX KX XXX £ XX
' X XAXXXXXXXXXXK XXXXXXXKXAXRAN XA
o i AXKXXXXXXXXNXXXAXX XXX AXXRXKXX
1. 0000F C1--1X KAXAXXXXXXXANIXXXNZXNANAXKKXK X
X XXXXXXXXXXKXXXKAXXXXXXXXXXXXXX X X
e IX L XKXXXXXKXXXXXXXXXXKKEXXKXXXKXX X K| L .
UK T NXXXXXXAXXHEXAAXXXE XXXXXAXKX XXX X

IX X XX XXXXXXXXXXXNXXAKXKXXHXXXXRRXXX XXX XX
_5+0000E J0~=1IX X XXXXXXXXXXXXXAXXXAXXXXAAXAXIXNNXXXX XXX X | X

TXXXNIOXXXXAXAX XXX XK XKL XXX XKAAK K HKAKK KX xxtxx X
IXXXXXXXXKXXXXXXXXHXXKXXKXX XXX KXXRXXRXXXKXAK Xghun % X
e IXXEXXXAXXKAXXXXXXXXKXAXXAKXXNXAMXAXKAAXKKHAANKEAKAR KXX X X . o
TXEXNIRAXXXXXXXKKXXNXX KXXEX NN ANXXKRRXXKXXXXKNKKKRARXK XXX X X%
0.0 14 — ——— * . . " .

}00CCGGOGOOOOOUDOODOOOOQODDODOOQDQQQQDODOQOODDO100000000000000000060OUOOOBOOOGQOOOOnOOOOC006000000000974

T T T T 2000000002321 1E01112232212229221021211000000¢06000000000000000000000000060000000000000000000000G3000300
2374665937245248496134538999456628068734556294454221324020000000000021 06066C00006000000€0000000000000

o LOWER X1 1 1 . r L xR v 1. 1
BIN ~2,763 T -2.465  ~2.164  -1.865  ~1.566  ~L.268  ~9.87L. -6.677 -3.686  ~0.690 2.303
EDGE E 1 E 1 E 1 E 1 E 1 [ E 0 E o E 0 T o € 0

—— . MEMAN __ SIGMA  _ _FSIG] F51G2 ___MEDIAN Xi=16% XRaBSY  (XRMAL}FY  EMR-XLD/2
~0.2053%E 02 0.35896E 0i  0.66599E 02 0.56809E U2 -0.204THE 02 -0.24445€ 02 -0.K7323E 02 -0.20B34E G2 Q.36L11E OL

LL




