THRESH - BASIC CERN CEOMETRY PROGRAMIE

by

Hiss A.M. Cnops

General description of THRESH for heavy 1iiquid cheaabers

THRESH was written for the geometrical reconstruction of

events in hydrogsn, sc that we can assume that tracks are very

close to helices,

However, before any helix-fitting is done,‘points are
reconstructed in space, teking into account the refraction of the
lightrays in the different media., These general principles can

also be used for heavy liquid events,

We could consider THRESH as divided into two parts :

- the first one consisting in reconstructing points in
space,

- the second one, consisting of the helix fit through

these points.

I will describe THRESH as it is used up to now, thus with the
helix fit, but for heavy liquid this helix fit could be repiaced

by a more adequate method, as the one proposed by M. Huybrechts.

The first part has also to be improved to give more

accurate reconstructed points in space. This was not imperative
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for tracks in hydrogen, because these recconstructed points are only

used to find a first approximation of the helix.
Improvements which are proposed, are
1) the choice of the 2 best views is made for each

measurcment in turn, as prescribed by H., Burmeister;

2) a secondary order interpolation to find corresponding

points in space, as prescribed by W.G. Moorhead,

A very general flow of the THRESH for heavy liquid is
shown on page 3%, while a more detailed flow, with the characteristics

of the different programmes now used, is given on page 37.
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Introduction

The programme Gescrited here is the IBiM 709 version of the
Mercury programme, described by W.G. Moorhsad in (ref, 5) %o whaich I

shall make frequent reference.

The original translation of the Mercury programme into Fortran
was done at Sacley, as part of a collaboration. The Saclay progamme
is called GAP 2 (ref 4), and has been considerably modified for CERN

needs, to become THRESH,

For several months a new set of programmes (ref.1) has been
used in the IEP group to enalyss bubble chamber events. These programmes

are REAP, TERESH, GRIND and COOK,

RLAP is a Ferrenti-Mercury programme Whvch reads the paper tapes
coming from the measuring machines, orders the data in econstructlon
11sts, und gives an output in BCD onto a.mdgnetic tape. - The readlng and
sorting part of this progromme consists of the input progv me of _

G.R. Macleod (re- 2 ) The way in which the measurements have tovbe.done
and conventLons for lebelling points and tracks are given in the report
(ref,Q), The magnetic tape. being RBAP output. contains for each event

a. set of BCD rocords

THFESH reads this magnetic tape, one event at & time, and does
the geometr: :al recsustruchicn in space of zach cvent. TERDSH is a
programme written for IBM 709, *the calculations being written in FORTRAN,
and the routines dealing with cutpu’ on tayes in FAP \ref 3) This
report handles the way in which the event is reconstructed in space.

More details about the prégramme will be found in the manual,

GRIND and COOK are flnally the programmes which analyse
hys1cally the events (ref. 5).
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 General description of THRESH

The geometrical reconstruction in space of an event is made,

using measurcments on a maximum of 4 stereoscopic views.

It is assumed that the bubble chamber is in a uniform magnetic
field, perpendiculer to the front glass, so that the changed particles
can be considered to describe helices; For each track, THRESH finds the
parameters of this helix, and its location in the bubble chamber with
respect to an orthogonal axis system (see fig 1) of which the x ~ y
plane is defined by the position of fiducial merks. The measurements on
the different views are all transformed to a common reference system which
is defined by the apparent positions of the fiducial marks on the back of
the front glass, The data needed to make up this reference system e.g.
camers co—ordinatés, refractive indices and thicknesses of the different
media, are kept in a "TITIE 1", and are relevent for a whole series of
events, i.e. an experiment. "TITIE 1" for the different experiments are
kept on a magnetic tape: the "General Data tape'" from which.THRESH selects

the TITIE 1 approvriate for the events being reconstructed.

The measurements of a whole event arc read from the output tape
from REAP, or any other tape which gives this data in the same format, and
the reconstruction is made. In general outline, the metuod is followed
which was used in the previously used geometry programme (ref. 6). The
least squores helix fitting procedure is still used, but elsewhere some
modifications have been made, of which the most important is a different
method of finding the first approximation of the helices. ‘

A flow diagram gives the sequence in which the calculations are
done in THREuH. More details about the programme itself can‘be found

in the THRESH manual, in which future changes will be noted.
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I. The refercnce system

THRESH starts by reading the serial number of the event to be
processed, and checks if the TITLE 1 which has to be used for this event
is already into store., If it was not, it reads the correct TITLE 1 and
does the following calculations, which are used for all the events, using
this TITLE 1,

1) Sines and cosines of the angle between the x-axis and the

line Jjoining eech pair of cameras.

2) The apparent positions (F', G¢') (see fig. 1) of the
fiducial marks on the plane z = 0. The formulas given in CERN 60-33
(p.33) are used.,

When these calculations are finishéd the complete event is read

in and stored.

ILG_'L( r'g’
Tt
\ \
~
N R S m_“\:??\shMﬁ I
G | \\ z
| ..
! T~
f!?ﬂ./;b . . l ma R
7T L C{MLC{ glaas
Fig, 1 P,Q,R are the co-ordinates of the camera )

N
F,G.H the co-ordinates of 2 fiducial mark  given in TIT

(here on the back glass)
P',G" - co-ordinates of the apparent position of that
fiducial mark. o ’

The axis system is : 2z = 0 in the back of the frontglass

z is positive towards the cameras.
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1T, Coefficients of transformation o the »eference piane z.=.0

For eanb view in +urn we flnd the coefflclents, which descrlbe
the transformdtlon of IEP meaguremcntb on a photograph to the rbference

vplane z = O, We consider the most general transformatlon

o= o, o F 4 a G
12 3 (II.1)

a, +oF + oG
4 5 6

=
il

where F,G are the IEP messurenents, F',G' the apparent positions on

= 0 plane.

Equations (II.1) are solved for each view, by least squares to give
oy using the (F,G) of all the measured fiducial marks in the view.
We have already calculated independently (F‘,G‘) for these points, as

described in the previous section,

The method of least squares is used to give an estimate of the
quality of the measurements, because by back substitution (in 1I1.1) we
find again F',G*, which are compared with the values found in the previous
sectiqn . (the *olerance is given in the TITLE 1), Ve obtasin a test
on the constency of the film position when some fiducials are measured -

before and coue after the rest of the view.

. To find 6 1ndependent o by leqst squares, we need at least 4
, measured fldu01al maxrks, Fowever, when only 5 fiducials are measure@ the
programme w1ll also find the transformqtlon coefficients,. bat then we

assume two more cond;tlono

(11.2)
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which mean that the co-ordinate system on the photograph and the system in-.
the chamber defined by the TITLE 1 have to be orthogonal, and the megnification

to go from one system to the other has to be the same in x and y direction.

~ The upper signs are used when the systems are either both right-handed or

both left-handed - the lower signs are used when one system is right-

handed and the other left-handed.

Using conditions (II.2), we can again do thc back-substitution

and have an idea of the quality of the measurements.

When only two fiducials are measurcd in & view, it would still
be possible to find the transformation coefficients with conditions (II.2),

but in the TITLE should be mentioned which pair of signs is needed.,

Reconstruction of labelled points

A light-ray between a point in space and its measurement on a

photograph is described in the chamber by the equations

™
i

Fz+0 (111.1)
X X

= Fz+¢G (111.2)
Y y y

X
CERN 60-33 (p.31 (I.3), (I.4)). We call the line, which is described by

The formulas which give the coefficients Fx’ G, Fy’ Gy are given in

(III.l) and (III.2), a reconstruction line, For each measurement we can

find such a'reconstruction line"

If a point is measured in at least two views, its co-ordinates
in space (x, Y, z) are found as the intersection of its reconstruction
lines. Solving a system of equations (111.1), (III.2) by least squares,
using all the measurcments for this point, we find x, y, 2z with their

standard errors Ax, Ay, D z.
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If (ax + Ay +Az) is greater than a given value, given in the
TITLE 1, the result is rejected and the reconstruction is tried again using
one view less. If none of the possible combinations of two views give a
good reconstruction (i.e.EA > tolerance), the point is only reconstructed
if it is the beginning point of a track, since we need the co-ordinates of
the beginning point to moke a helix fit to the fréokQ”“‘We procced then in

the following way

We 1gnore the measurements given for this p01nt, und 1nstead we

use the flrst measurement on the track in one view for whlch we find the

‘co—ordlnates in space (A, Y z) by the method of near correspondlngs

p01nts (see Appendix A) using the two first Lsasuremonts on the track in

another view. This method is also used when the beginning point of a

- track is not.measured as a labelled point.

if a labelled point is measured only in one view, this point
will again be reconstructed only if it is a beginning point of a track;
the method of corresponding points is used again but using the given

measurement ~

Reconstruction of tracks

For each track the following steps are followed :

1) Some checks are made on the measurements of the
track on each photograph. »
' 2) The coefficients F Gx’ Fy, Gy of tﬁe:reconsrruction
llnes are found for each measurement.

' 3) : The p01nts in space arc found, oorrespondlng w1th all

' the measurements of one view.

4) A helix is fitted through these points, and its

parameters used as a first approximation.
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5) Errors are calculated using the first approx1mat10n.
‘6) The best helix is found by least squares us1ng the

measurements on all views,

1, Checks made on the photographs

a) The measurcments Xi’ Yi of the track are arranged by
considering the distance of these measurements to the measurement of the
apex, (or the first point on the track if the apex was not measured in
that view.) The measurements arc put in order of increasing distances
from the Beginning point,r If twldimeasurements at the same distance

from the beginning point, only the first will be kept.

b) We define a new orthogonal axis system (XT, YT) so that
XT passes through the first and last measurement on the track. There~
fore we rotate the X axis through an angle

Y -1
arctan + N1

%

In the system (X, YT), a circle is fitted to the

measurements by least squares.

{
4

2 2 )
a  +a; XT + 2, (XT + YT) T ‘(IV. 1,1)

If the measurement which is at the greatest orthogonal distance away
from this circle, is further away than the tolerance in fringes (given in
TITLE 1), this measurement is rejected and the circle refitted. If a
second bad measurement is found,the view will not be used to reconstruct

the track.

A
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2. Reconstruction line for each measurcment
For each measurement-pair on:the track we then find the
coefficients Fx' Gx’ Fy. GV which describe the light-ray
x = Fz + G (1v..2,1)

= Fz + G (Iv. 2,2)
y v v , ,

They are found as in CERN 60-33 (p.31 (I3), (I4)) as mentioned in

Bection III,

At this point we check if the beginning point of the track
was reconstructed. If it was not found as a labelled point, we find
it by the method of near corresponding points; as described in

Section III.

3+ Corresponding points on the helix

To find the first approximation of the track in space we use
. the method of near corresponding points, as described in Appendix A,
We have first to choose the two best views, and we will find the points

in space which correspcad with the measurements in view o,

a) View a is chosen to be the one on which we see the track
most nearly as an orthogonal projection, i.e. that in which the average

value of Fi + F; over all measurements is smallest.

b)  For view B we choose the one, such that the line joining the

two cameras o and B makes the greatest angle with the tangent to the
. *
track a% the beginning point

* :
For a very curved track it is better to choose view § again for each

measurenent.,

8650/



6650/

- 16 -

We write this condition as :

sin (¢ - &a’ﬁ) is meximum,

where ¢ is the angle between the x-axis and the tangent to the
track at the considered point. We find an approximation to this
angle ¢ by fitting a circle which passes through (A, B, C) (4, B,
C being the co-ordinates of the beginning point), and the inter-
sections (Xi, yi) of all the light-rays describing the measurements

in view o, with the plane z = C,

(x - A)2 + (y = 3)2 + A (x - &) + Ay (y = B) =0 (IV. 3,1)

Al K?
The centre of this circle is (4 - - s B-—% )
therefore
A
x - (A = El )
tan ¢ = - Y (IVv. 3,2)
2
y-(B=-5)

For each measurement on view a, we must find the two nearest
correspunding measurements on view B. Between these two we find by
linear interpolation the reconstruction line in view § for the point
whose measurement we consider in view o, In this way we find a set

of points xi, yi» %y with vhich we find a first approximation to the

helix.



4. First approximation of the helix

The helix

o]
it

o
i

The axis system (xz!,

which is fitted is described by :

o (cos & - 1) (1v, 4,1)
o sin § (1v. 4,2)
c 9 tan « ' ' (1v. 4,3)

y',z') ig the original system (x, ¥, z) rctated

through an angle g about the z-axis and translated to a new origin

(4, B, ¢). (See fig. 2).

The parasmeters which we have to find are

g
li

tan o

A,B,C

- p and B zre found

the radius of the helix
tangent of the dip angle

the asimuthal engle of the beginning point,

considering the x-axis as zero

the co-ordinates of the beginning point of
the traek, and which arc considered as known
in first approximation, calculated in

Section III.

by fitting‘a'ciréié by least squares through the

projections of the points (xi vy zi) on the plane z = 0.

(ii - A%+ (v, - B)° + A Gy - A) +a(y, - B) _ o
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thus
,....____'_____
0 =-A/A§ + A (IV. 4,4)
AV
Ao
B =arctan = (IV. 4,5)
1

To find an approximation for tang, we have to assign an asimuthal

angle Si tc each reconstructed point in space

9 = arctan - B (IV. 4,6)

For angle 9i smaller than 0.02 we use instead

(.Vi - B) cosp - (xi - 4) sinp
5T (IV. 4,7)
P

This gives us for tane using (IV. 4,3)

: B :
tano = ""—“—2“1 (IV. 4,8)
i

where Ei is taken over all points found in space.
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5. Brrors on first approximation

We can stimate errors’bn the parameters of the track in first
approximation. These will be given as results in the case that the
next’ step in flttlng a helix (IV. 6) to the track does not give

' sutls?actory results.

! ) 2 2
We can calculate variances 0,0 and co-variance g,
: Kl Ao A1sAo

'.ULpon;Al,)\,:2 the two parameters of the fitted circle from which we deduced

o end B, Since p and B are functions f-(kl, Kg) we can use the relation

2 For Vo 2 ar ¥ 2 , L, af
[ = o +| 3% o + == & o= 5 -
I TS SERANCLTY B A T B WA
and for co~variances
2 of,  8f, 2, of, of, 2 ofy ifg _
= 3N oA, B, AN
f1f2_ axl ) 1 kl axz ohl kz axl axz 1Mo
+ Gfl .'afz .
axz a;l : Alkz =

Using these formulas upon (IV. 4,4) and (IV. 4,5), we obtain

i —_
1 .2 2 2 2 2
Bp =0 == AT 07 + A, 0] + 2\ A, Oy
o 20 171 A 2 A 12 A n
o 2 b2
= 1
1. 2,522 )=
AR = o = 3 L& A Ay o)\1 - 2M A, OA1A2J
1 2 2 2
C = 0o = ——— (= A A0 +# (AT -25) o + AA,05 )
0,8 oJ¢] 16p5 1727 1 27 ThA, 17272,

For Atemoa we use

2(zi - p9y tgai)z
Ao, =

Y P As (¥ - 1)
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6. Final least squares fit of the helix

We found an approximate value for o, tga‘,ﬁ, A, B, C.
Por each messurement we have also»its reconstruction line (IV. 2).
The final fit consists in finding small corrections to the coefficients
of the helix so that the equations (Iv. 2,1 and IV. 2,2) and the
equations of the helix (IV. 4, 1 to 3) are simulteneously satisfied.
The method is described in CERN 60-33 (scction 5.4). To apply this

method we have to associate an azimuthal angle si with each measurement i,

ei is given by

v - (B -p sinﬁ)
9 = arctan - B (1v. 6,1)

X, - (A -p cosp)

in which p, g, A, B are the results from thc first approximetion.

xi, yi are fpund with formulas (IV. 2,1 and 2) in which we start for

the first measurement with z, = C.  So we find §, with (v, 6,1) and
hence a better z with (IV. 4,3), ond thus & better 8i° We are thus
doing the process twicc, the first time using the z value of the previous

neasurenent,

This last fit of the helix is an iterative process which
converges in normal cases. However, if this process does not converge,

we use the first approximation (Section IV. 4) as = satisfactory result.

Straight tracks

v - The assumption is made thet a track which should be reconstructed
as straight, has for its second label a letter which is further in the

alphabet than a letter given in TITLE 1.
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For these tracks the radius o is fixed to & large value which is given .-

‘in TITLE 1.

The calculations followed are the same as those for curved

”fracks except for the following @
‘1., for finding view B (Section IV, 3), we take for §

Y,

b = x5
s R

2, for the first approximation we have

5 - - by (Xi - 4)
z (y; - B)
\/< 8%+ (7, - B)°
end 9y = AL/

3 in the lcast squares fit (Section Iv, 6), the corrections
tog, tee, A, B, C are found in the same way as for
curved tracks, but Ap is not found, since p is fixed to a

constant value.
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Final remarks

1. About errors celculated in THRESH

The errors giveni{(for the parameters of the helices and points
are the standard crrors and co-variances resulting from the least squares
method as described in (App. III of ref. 6). Work is being done to

find an estiwmate of +he external errors (ref., 7 rnd g).
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APPENDIX A,

Method of near corresponding points

This method is used to find the co-ordinates (xi yi Zi) for
the measurements on a view a‘qf a track,

a _o o o o o
Given the measurement (X , Y ) defining FX, Gy, Fy, Gy in the

>

equations of the reconstruction line

o o v
x = F 2z + G .
X b'd
(5)
o o
= F 2 + G
v y ¥

The method congists in finding by ihterpolation between all the

a set of values FE, G, E?, GB such that:

X = FB z + Gﬁ
X

B p <6)
y o= RY z + Gy 

intersects the line (5) in space.
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The condition for intersection of lines (5) and (6) can be

written as

X

¢ = A = 0 »(7)
S e |
X X v y

The function ¢ is evaluated for the measurements on view B,
in succesion until there is a change in sign between two successive
measurements i, i + 1, A linear variation of F's and G's is assumed

between the two measurements i, i + 1., Thus we can write

B B B .
F = Fx + A (Fx - Fx.) and similarly for

i i+l i

Hence we can write (7) as

& (A) = 0

We find A which satisfies this equation by successive

approximations, starting with Ao = 0 and Al =1, We get a better

value KZ

KO ¢ (il) = Kl ¢ (hé)

¢ (Al) = ¢ (AO>
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which replaces AO or A, depending on whether d)(kz) has the same sign
aS(b(AO) or (b(Kl). Having found A, Fi, GE, Fﬁ, é; sre calculated =nd

hence, from eq.(5)

¢ - ¢ ¢ - G
Z = X X = - __L.—.——l : (8)
o a
Fo- FB Foo- FB
X X

One of the fractions in eq.(8) can taks the form (%J, entirely
due to choice of co-ordinate axis. In this case 2z is taken as the
velue of the other fraction of eq.(8). Finally we find x and y by

the formulas (5).

This method is also used to finé the co-ordinates of the

beginning of a track as mentionéd in Section IIT.
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B

Details on the existing programme in Marqh 1963

I give here = short description of what each subroutine

does :

Main programme

NOF

EVENT 2

BRER

ERREUR

GEOM C

6650/p

LYY

e

.o

.

. contains print instructions at beginning of run

reading cell cards and select cards.

is a FAP routine which_réads into an array NO (18)
all the possible combinations in groups of 2 and 3
of the integers 1, 2, 3, 4. This to be able to

retry reconstruction‘of points with different ﬁiewsa
is the reading routiné for an event;

reads into store the TITLE 1 required for the{éVént.
does calculations i,.té get up 2 %efereﬁce s&stem.
does czloulations II.

is called by different routines to construct the
norial systew of linear equations in the method of

least squares.
is a routine to solve a gystem of lincar equations.

finds the error matrix of the unknowns of the

linear system,

reconstructs the points in space, if at least 2 -

views are given,



FGXFGY

GEOM D

GEOM H

LSHELX

GEOM PR

SHUNT

0P

MXEQU

6650/p
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finds the coefficients of the reconstruction

lines (III, IV.2).

does calculations IV.l.

does calculation IV,1, a.

finds an approximation for the apex of a track

when it was not found by GEOM C,

finds the co-ordinates of a point in space,
knowing two near corresponding measurements on

View 3.

findé the parameters Gf Kz of the circle IV.3, 1,
finds the near corresponding measurements on
View g,

finds IV.6.1.

does the final least squares helix fit.

is the BCD output routine.

places the results in order to go ingo Grind.

FAP output routine

entries (INTOP
(oPCHK
(op

an entry into MXPACK : & FAP programme handling
with natrices.

This entry is to solve a linear system.



Feults and reiections

A whole event will only be rejected if

l) no call cards are given for the experiment

2)  the required TITLE 1 is not on the General
data tape

3)  +the output tape of REAP is bad |

4) ' lesé than two views are availabie to do thel

reconstruction - a view can be rejected if :

a) not enough (< 3) fiducials are measured

b) a fiduciel merk is vadly measured

A labelled point can have :

1) not enough measurements
2) not enough good views for the point

3) errors on the co-ordinates too large

4 track wil'. be reconstructed if at least two good

views are available,
A view can be rejected for different reasons :

1) reasons giving fault 1 or 2

2) more than 50 points ﬁeasured on the track

3) less than 3 points‘ " " " "

4) less then 3 points after rejecting a point
(1v.1, »)

6650/p
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Fault number

5) more than 1 point cut of tolerance (IV.1, b) 11
6) the distance of the apex to the circle (1v.1.1)

is greater than the tolerance, and more than one

view is given for the apex ' 10

7)  the radius of cirele (IV.1.1) is <O ' 24

When a track is not reconstructed its parameters are put to zero,
and its radius put to a negative big number (10 x max. meas. radius

in TITLE 1).
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GRIND manual

A programme for the geometrical
reconstruction of curved tracks in
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matrix.
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tracks in bubble chambers.
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L. Montanet

¥.G, Moorhead
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DISCUSSION FOLLOWING THE TALK OF MISS A, M. CNOPS

Werbrouck:

Cnops:

Glasser:

Cnops:

What is the approximate reconstruction time
in THRGSH for a track about 50 cm long and

measurcd on 3 views?

One cvent consisting of 4 - 5 tracks uses
20 -~ 30 seconds of IBM 709 tims, including
input and output, The greztest part of this

time is taken by the rcconstruction,

What is the main reason why tracks fail to

converge in THRESH?

The main reason is because the first approxima-
tion is bad, ard this could be due to the

wrong choice of viecws,

Goldschmidt-Clermont: Tor about 50% of the cases where a track

6650/p

does not converge, we seem Lo have a good first

approximation,
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IMPROVEMENTS TO THRESH FOR HEAVY 1LIQUID

PROGRAMMES OF OTHER LABORATORIES

THRESH HUYBRECHTS MOORHEAD BURMEISTER | ECOLE POLYTECHNIQUE MILAN RUTHERFORD TURIN
REAP output (BCD) <10 points/track/view |Mangiaspago output |Optical constants IBM cards from
Input camera position 2 views/track fiducial positions digitalized mangiaspago
fiducials - refract. mass, direction, etc. |BCD on film. or projector.
indices etc. Prack co-ordinates Points every 1-2 cm
vertex co-ordinates |[in 81l 3 views
fiducial co-ordinates
for each event 2 or
3 views.
Ref. system apparent fiducial app. fid. (2 fid. Fit made to true One pair of apparent
transformation | marks meas. fiducial positions on|fiducial marks whose
coeff. (minimum 3) film. 6 coefficients |positions are calou-
found for each view. |lated ai the beginning
Min. of 2 fiducials |[of each run.
on a view, max of 10
Reconstruction | with measurements on With measurements As corresponding points
of apices minimum of 2 views from 2 or three views |in two combinations
of principal view with
auxiliary
Tracks :
checks of fits circle in each fits to parabola on Reconstruction asin|Fits circle or Compatibility between
measurements view, rejects bad front window - rejects |THRESH.Possibility |parabola on front the two views
measurements bad measurements of 2-point tracks window, rejects bad
measurements indicat-
ing which they were
choice of views|1° pivotal for each by hand - principal, Mainview selected on |Principal view chosen
20 antipivotal (for measurement |secondary. length and stereo for each point as that
each meas. if choice of 2 criterion view opposite the x
necessary) best views axis most nearly parallel
to the segment under
consideration as seen
in a control view x
axes correct optic
axes
points in space| corresponding with method of corresponding points Reconstruct points on|quadratic interpolation
measurements in near corresp. on principal view - mainview by method of|if 3 or more points are
pivotal view - Method points second reconstitute points finding corresponding|measured along the
of near corresponding order inter- in space points, weight the track
points (linear inter- polation two sub-views to
polation) obtain best value
parameters of helix-fit to points no curve fitting. optim. length project on front Fit with parabola or [no curvature although
curve in space corrections |Max. likelihood parabola window fit parabola straight line to the points are suitable
to parameters, by estimation of para- fitting - curvature in middle optimum length of to enter a curvature
least squares method,|meters - curvature with mass hypothesis— curve for azimuth and{calculation. The
using measurements obtained from a momenta at end - busi- dip separately, and length of the track
of all views. weighted average of ness for stopping with three different |corrected for measure-
angles between {iracks optim. length - mass assignments for [ment errors
successive cords. azimuth with end point the track (K,mn, P)
closest to optim.
length id.f.dip.
kinks track measured in The program detects Track measured in Kinks are measured The program follows
several parts, each kinks parte. Combination|as such and program kinks small enough
being reconstructed done by GAP990 takes momentum from that the range still
separately - range or from section|has significance
combination of parts with max. length. afterwards.
done in GRIND Produces y ray
angles by weighting
angles obtained from
electron tracks
output binary tape id THRESH- cards) p, )4;, —— BCD tape — cards binary tape and printed output one
print) and print paper print out card per event used
for making histo-
in production working, but not yet development working but [in production in production grams scatter
connected to THRESH not yet con- diagrams, checking
nected with weights and
THRESH calculating polari-
zation.
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