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NATURE OF THE PHYSICAL PROBLEM,

The purpose of this program is to calculate the position of
sparks in spark chambers based on the measurements of their pro-
jection in film in two views.

METHOD OI' SOLUTION.,

The calculation of the spatial coordinates of a spark is based
on the geometrical relationships between the spatial position of the
spark, the spatial positions of two cameras viewing the chamber con
taining the spark and, for each such camera, the spatial position of
the intersection point of a ray from the spark to the camera with a
chamber face, these intersection points being determined by homo-
graphic transformations applied to the measured spark image coor-
dinates, '
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RESTRICTIONS.,

The program assumes two orthogonal views of each chamber,
The number of chambers is limited only by DIMENSION statements
(to 10 chambers). Similarly, DIMENSION statements limit the input
data for one event to 500 words, and the maximum number of sparks
per event to 20,

Otherwise the program is quite general; there are practical-
ly no restrictions on the spatial configuration of the spark chamber
system, on the types of events which may be processed or on the
format of the event data, such formats being specified by the user in
the program input,

LLONG WRITE-UP,

1. - Introduction.

The program presented here is part of a chain of programs,
developed at the University of Bari, for the analysis of nuclear events
in systems employing optical spark chambers as particle detectors. It
has been used for the study of the pi-minus backward charge exchange
at various energies and it is being used for the full solid angle study of
pp annihilation in neutral and charged bosons,

In the type of experiment being considered here, a set of par-
ticles, resulting from the interaction of a beam particle in a target
are observed by photographing the sparks formed as a result of the
interactions of these particles in a system of particle detectors (spark
chambers). Each detector is photographed in (at least) two stereosco-
pic views ; in this way, the spatial positions of a spark may he deter-
mined by projecting a photogram on a measuring table and measuring
the table coordinates of its two images,

Fig, 1 shows the essential features of the experimental appa-
ratus, A spark chamber, having the form of a rectangular parallele-
piped is viewed in two oi‘thogonal directions (only orthogcnal views are
forseen in the program GEOMP), The optic axis of each view lies in a
plane parallel’to the chamber plates ; it is orthogonal to a pair of cham
ber faces, this pair consisting of an optical face and a non-optical face
where the sense of the optic axis is from the optical face to the non-op
tical face. On each optical face there are (at least) four fiducials (lu-
minous marks), called optical fiducials and likewise there are (at least)
two non-optical fiducials on each non optical face,

The two orthogonal views of a detector are called the direct and
- stereo view, Typically one physical camera is employed, each view of
each chamber being realized by means of a sequence of appropriately
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FIG. 1 - Basic elements of the experimental apparatus,
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positioned mirrors, Because of the mirrors, the one physical camera
acts like many cameras (two for each detector, one for each detector
view) ; because different views correspond to different mirror sequen-
ces ‘or light paths, different spatial positions are associated with the
diverse effective cameras,

As will be described in detail in Section 3, the table coordina-
tes of the fiducial images are utilized for the calculation of spark spa-
tial coordinates, However it is not necessary to measure all of the ma
ny fiducials for each photogram, A standard measuring table coordinate
system (called the MISTIC system) is established by measuring, for
one arbitrarily selected photogram, the table coordinates of all fiducial
images, including the coordinates of the images of four (spatially co-
planar) special fiducials (hereafter called "crosses"), All table mea-
surements for subsequent photograms will be referrable to the MISTIC
system if the cross image coordinates are measured for these photo-
grams,

As indicated above, the optical syctem is designed such that each
film photogram records both views of all detectors, When a photogram
is projected on the measuring table the images of the crosses and the
images of the optical and non optical fiducials corresponding to each
detector view are visible ; the fiducial images corresponding to a spe-
cific view lie within a certain subarea of the table plane as foreseei by
the optical sysiem design, Having projected an arbitrarily selected
photogram on the measuring table, rectangular figures may be traced
in the table plane where each such figure circumscribes the table plane
subarea corresponding to a particular detector view (it encloses a par
ticular set of (optical, non optical) fiducial images with some room to
spare). The set of figures so obtained will be called the MAP (see
. Fig. 2) locus of table plane points corresponding to a detector view is
called a region; a region is defined by measuring the coordinates of
the apices of its boundary, In order to relate the MAP to the standard
MISTIC system, the crosses are also measured,

Reassuming the preceeding, to each view of each detector there
corresponds : one effective camera; an (optical, non optical) face pair;
optical fiducials on the optical face and non optical fiducials on the non
optical face ; and one MAP region,

In the following Sections we will discuss:

2, - Coordinate systems used;

3. - Calculation sequence and methods ;

4, - Information flow and program organization;

5. - The description of the input data and program input section;
6. - The role of the program user;

7.~ The description of bank data;



8. - The description of output data and output section;
9,~ Test run and error codes,
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2. - Coordinate systems,

Frequent subsequent reference will be made to the various co
ordinate systems defined as follows :

CENTRAL SPACE : three-dimensional coordinate system to which all
reconstructed spark positions are finally refer-
red,

LOCAL : three-dimensional coordinate system associated
' with a detector,

OPTICAL FACE :two-dimensional coordinaic system formed by two
axes of the CENTRAL SPACE (or LOCAL) system
in the plane containing an opticsal face,

FID : the generic two~dimensional measuring table co-
ordinate system,

MISTIC : the standard measuring table coordinate system.,

MAP ‘ : the measuring table system where MAP region
boundary apices are measured,

3, - Calculation sequence and methods,

The program is logically divided in two parts : calculation of
parameters characterizing the experimental apparatus and calculation
of spark spatial coordinates, In this section the sequence of calcula-
tions summrized (see also Fig. 5 of Section 4) and then various speci
fic calculations are discussed in detail,

The calculation of parameters is performed in the following
sequence,

a) The coefficients of the homographic transformation from the MAP
to the MISTIC system are calculated, using the cross coordinates
in these two systems. Using these coefficients, the coordinates of
the apices of the MAP region boundaries are transformed from the
MAP to the MISTIC system,

b) The coefficients of the homographic transformation from the MISTIC
to the OPTICAL FACE system are calculated for each optical face,
using the coordinates of the optical fiducials in these two systems,

c) For each (optical, non optical) face pair a point on the optical face
corresponding to each non optical fiducial is determined by homo-
graphically transforming the measured coordinates of the non opti-
cal fiducial from the MISTIC system to the OPTICAL FACE system
(using the appropriate coefficients determined in step b)). Then the



spatial coordinates of the effective camera viewing each (optical,
non optical) face pair is determined using the (input) spatial coor-
dinates of non optical fiducials, the position of their corresponding
points on an optical face and the (input) measured spatial coordina-
tes of the optical faces,

It should be noted that all spatial coordinates referred to here
may optionally correspond to coordinates in a LOCAL detector system
or in the CENTRAL SPACE system,

For each photogram the calculation of spark space coordinates
is performed according to the following sequence,

d) The coefficients of the homographic transformation from the FID
to the MISTIC system are determined using the cross coordinates
measured in these systems,

e) The spark images corresponding to the direct and stereo views of
the spark having been identified (see Section 6), the measured co-
ordinates of these spark images are transformed from the FID to
the MISTIC system,

f) Identifying the MAP regions containing the spark direct and stereo
view images, the detector containing the spark is identified, more
specifically, for each view an (optical, non optical) face pair of
this detector is identified together with the effective camera view-
ing this face pair,

g) Using the direct and stereo view épark coordinates (now in the MI-
STIC system), the spatial coordinates of the cameras correspon-
ding to these views, and the spatial coordinates of the optical faces
viewed by these cameras, the spark spatial coordinates are calcu
lated,

h) If the above spatial coordinates were LOCAL system coordinates,
the spark space coordinates are finally transformed from the LO-
CAL system of the detector containing the spark to the CENTRAL
SPACE system using (input) rotation~-translation coefficients rela-
ting that LOCAL system to the CENTRAL SPACE system.

3.1, - Evaluation of homogréphic coefficients,

The calculation of the coefficients of the various homographic
transformations referred to above is performed by a single subrouti-
ne (MIST) according to the following general procedure,

Given the coordinates of four points in two different planes,
subroutine MIST computes the coefficients (a>> i) of the homographlc
transformation from the (X,Y) to the (X', ¥') plane using

L
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In formula (1), (Xi’ Yi) and (X{, Yi) are known for i=1,4 and consi-
dering that one of the coefficients can take any arbitrary value, the
problem is simply to solve a system of 8 linear equations in 8 unknowns;
this is accomplished by inverting the matrix of the coefficients and mulii
plying by the vector of known terms,

3.2, - Calculation of camera position,

The geometrical relationships utilized for the determination
of the effective camera position are shown in Fig, 3; P and Q are non
optical fiducials with images P" and Q" in the film planc of the came-
ra (the plane containing the MISTIC system).
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FIG,.3 -~ A camera viewing a spark chamber, The camera coordi
nates X,, Y, are determined by the coordinates of the fiducials 2,

Q, P' and Q! as in Eq, (2) and (3) of the text,



The points P! and Q' are respectively the intersection points
of the rays PP" and QQ" with the detector optical face viewed by the
camera, The coordinate Xy of point P' is determined by homograph
ically transforming the (MISTIC systemn) coordinates of image P" to
the optical face, in the same way the coordinate Xg of point Q' is de
termined,

Using the known spatial coordinate Y, of the optical face and
the known spatial coordinates (YN, X ) and (¥ ,Xg) of the non optical
face fiducials (all in an arbitrary XYOZ system), the spatial camera
(lens) coordinates (YL, XL) are determined as follows,

From the geomeiry of the figure:

1

Tan: B = (YO—Y-L)/(XI-XL) (YN“YQ)/(XO_X]_) E)

!

1]

tan p = (Yo-Yp)/(Xy-Xp) = (Y=Y )/(Xg-X,) .

Solving for YL and XL "

Yy & ¥ ¥

L = Yom (Y=Y )(Xg-X1)/(Xg+X =X,y -X ) (2)

Nr
1l

p, = X HY =Y MK -X )/ (Y-Y ) = B
3

= XY -¥) MKy -X0) /(Y=Y )

The homographic transformations referred to above yield also
the Z coordinates of the points P' and Q' on the optical face, The geo
metrical relationships in the YZ plane are completely analoguous to
those in the YX plane ; replacing the X's by Z's in Fig, 3,

¥, B Yo-(YN-YO)(zg'-zl)/(23+zl-zz-zo) - (4)

2y, = ZyHY - L)(Zl_zo.)/(YN-Yo) N -

= ZyHY =Yy NZg-Zg) [(Y-Y ) -

For each pair of fiducials on a non optical face, the expressions
(2), (3), (4), (5) yield two values for Yy, and one for X; and Zj. The
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camera coordinates may be calculated by averaging the values of (XL,
X1 ZL) determined for the diverse non optical fiducial pairs, The ca
mera coordinates obtained according to the above procedure will be in
the'’ CENTRAL SPACE {or LOCAL) coordinate system to which the (in
put) spatial cecordinates of the optical face, and non optical fiducials,
are referred,

With the above method small inaccuracies in fiducial coordi-
nate measurements or small imperfections in the optical system may
result in large inaccuracies in the determination of the camera coor-
dinate (YL) in the direction orthogonal to the optical face, For this
reason the expressions (2), (4) are not used for the determination of
this coordinate, Instead, its value is specified (for each effective ca
mera) in the program input, (The input value is the length of the opti
cal path through the sequence of mirrors which corresponds to the
effective camera),

3. 3. - Space point reconstruction.

Tig, 4 displays the geometrical relationships utilized for the
calculation of spark space coordinates. Light rays from a point (spark)
P in the detector form the images Py and P, respectively in the (MI-
STIC) {iim planes of two cameras, these planes having coordinates Yg
and Xf in an arbitrary XYZ coordinate system,

The coordinate X4 of the intersection of ray PP, with optical
face 1 is determined by homographically transforming coordinates of
the image P from its MISTIC plane to optical face 1; similarly the
coordinate Y9 is determined from the homographic transformation of
image Pq.

Using the coordinates X, and Y, together with the space co-
ordinates Y, and X, of the optical faces and the space coordinates
(Xl, YL) and (XL, Yl) of the cameras, the spark space coordinates
(X3, Y3) are determined as follows,

From the geome'try of Fig, 4 :

tan 0 (Y,')--YL)/(XZ—Xl) = (Yq-Y,)/(X3-X,) ,

1]
13

tan = (Xo-X[)/(Yp-Y;) = (X4-X )/(Y4=Y,) .

Evaluating these expressions for Xg and Yg ,

2 Yo'Y2+Xo(Y2'Y1')/(Xo"XL) _X2(YO_YL)/(X2_X1)
2 (Y- ¥y W (X=Xy ) - (Y- Y7 )/ (Xg-Xy) :

(

,._
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Y3 = Y (X=X )¥,-Y)/(X -X;) .

2

The above mentioned homographic transformations of the spark
images to the optical faces also both yield values for the spark Z spa-
ce coordinate ; the values so obtained are averaged,

The spark spatial coordinates calculated according to the above
procedure will be in the CENTRAL SPACE (or LOCAL) coordinate sy-
stem to which the spatial coordinates of the optical faces and cameras
arc referred,

: It should be observed that in the above discussion the (MISTIC)
film planes associated with the two effective cameras were assumed to
lie respectively in XZ and YZ planes, in correspondance with the fact
that the optical faces viewed by these cameras lay respectively in XZ
and YZ planes of the spatial (LOCAL or CENTRAL SPACE) system,
However there is only one physical MISTIC film plane and correspon-
ding MISTIC coordinate system, For each optical face, the spatial o
ordinate axis corresponding respectively to the MISTIC system X and
Y axes are specified in the program input and also the spatial axis or-
thogonal to the optical face is specified (see Section 5, 3), Using this
information, the XYZ three vectors specifying the spatial positions of
the cameras and the spatial positicns of the spark images on the opti-
cal faces may be unambiguously identified and combined according to
the above procedure in order to determine the spatial position of the
spark, .

3.4, - Coordinate transformations,

In general, a LOCAL detector system is related to the CEN-
TRAL SPACE system by a rotation and a translation, The transfor-
mation of spark coordinates from a LOCAL to the CENTRAL SPACE
system may be expressed as:

where R. and R:L respectively denote the components of the spark po
sition vector in the LOCAL and CENTRAL SPACE systems, D; deno
tes the coordinates of the origin of the LOCAL system in the CENTRAL
SPACE system, and T;; denotes an element of the rotation matrix, cor
responding to the cosine of the angle between axis i of the LOCAL sy-
stem and axis j of the CENTRAL SPACE system., ;

) HE
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4, - Information flow and program organization,

13,

The information flow from the required input data to the recon
structed space point (spark position) is shown in Fig, 5; in the dia-
gram, boxes at the end point of arrows are the results of calculations

which depend on boxes at the beginning of the arrows,

Basic input data

to the program corresponds to a box with only outgoing arrows, With-
in each box the result is identified ; the coordinate system or systems
to which it pertains is given in parenthesis, an arrow indicating the

sense of coordinate system transformations as appropriate,

In the figure, the general case where all input spatial coonrdi-
nates are referred to LOCAL detector systems is assumed; if these
coordinates are input in the CENTRAL SPACE system the word "IL.O-
CAL" should be read "CENTRAL SPACE" and obviously the final co-
ordinate transformation from the LOCAL to the CENTRAL SPACE sy-
stem is unnecessary,
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FIG., 5 - The information flow from the input date to the spark space
coordinate calculation,
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Fig, 6 displays the logical organization of the program in the
form of a flow chart, The numbers 1-15 identify groups of routines ;
each such group performs a specific higher level function or functions,
these group functions being summarized in the following,

Group 1 : reads and interprets Control Cards (see Section 5, 1), spe-
cifying general run parameters;

Group 2 :reads Paramecter Cards defining the MAP, various coordi-
nate systems and camera positions (see Section 5, 2), com
putes a set of homographic coefficients to transforin from
the MAP system fo the MISTIC system ; transforms region
apex coordinates from the MAP system to the MISTIC sy-
stem ;

Group 3 : reads Experimental Data Cards (sece Section 5, 3) defining
the particle detectors;

Group 4 : for all optical faces, computes the coefficients of the homo
graphic transformation from the MISTIC to the OPTICAL
FACE system, Then the camera positions are calculated;

Group 5 : controls the reading of Event Cards, It reads one event at
a time, the event data being stored in the input vector VET'T;

Group 6 : GEOM is the main control routine for the geometrical re-
construction of the event; it is called once for each event;

Group 7 : initializes event bank EVBK(I) and point banks PTBK(I, J};

Group 8 : checks and fransfers event data information from the input
vector VETT to the appropriate posgitions in the event bank
and point banks (see Section 6), All subsequent references
td these data are referred to these banks (defined in Sect, 7);

Group 9 : checks that all necessary information are ready in the banks;

Group 10: computes coefficients for the FID-MISTIC homographic trans
formation; '

Group 11: transforms all spark image coordinates to the MISTIC sy-
stem;

Group 12: checks for all the measured points that the coordinate in
point banks are direct and stereo view of the same point;

Group 13: computes coordinates of the reconstructed spark in the
CENTRAL SPACE coordinate system ;

Group 14: availablé for special user calculations ;

Group 15: outputs results (see Section 9),
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5, - The description of the input data and program input section,

The input to the program consisis of:

1) Control Cards ; containing run parameters and event card formats,

2) Parameter Cards ; defining the Map, coordinate systems, and ca-
meras,

3) Experimental Data Cards ; defining the particle detectors,

4) Event Cards ; containing identification and measurement informa-
tion for events,

A1l the data mentioned are read by subroutine Input which reads
a card, performs conversion on the data and checks if the data corre-
sponds to a specified format,

It operates in four modes under control of the calling routine:

Mode 1 : the format specifies a type (floating, integer, alphanumeric)
for each data item and the field width;

Mode 2 : the format specifies a type for each data item;

Mode 3 ; ~ card is skipped;

Mode 4 : no format is given for the data (we will refer to this as 'free
format!),

The difference between the method used in this routine and the
possibility implied by being able to read format statements in a For-
tran program, is that this routine checks if the input agrees with the
format statements and returns a failure code to the program if it does
not, It is also possible to read data and perform conversion (according
to the form of the data itself) and then check if its conversion agrees
with a specified format ; in this case the field width is not necessary in
the format specification and the data are simply separated by commas,
if the format is not given this check is not done,

If no error is detected all the information relative to a set of
data are saved in the right format in the input vector VETT, Errors
in event cards kill the event, errors in the other input cards termina
te the run, !

5.1, - Control cards,

15t card  : NTT, NTP, IOLD Format 315
ilﬁzormation abou’t; 1.:ape unﬁs
NTT  unit number for binary output
NTP  unit number for BCD output

IOLD flag = 0 if the binary output must be added to an old
output tape.

fj{)'-:
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ond card ; identification card, From 1 to 80 alphanumeric characters,
These information are written as first record on the BCD
output and on the binary output,

3¥d card : KIND, IFL1, LFLAG Format 315

fl read parameters (4), (5) section 3, 2

KIND = ’1
2 compute parameters (4), (5) section 3, 2
7 IFL1 # 0 and KIND = 2 parameter cards will be punched

LFLAG : flag specifying if the measurements defining the
geomelry of the experimental apparatus are gi-
ven in CENTRAL SPACE (LFLAG = 0) or LOCAL
(LFLAG = 1) system,

4 card  : IMOD, IDIM, N, IFL Format 415

IMOD flag specifying if the measurements relative to
one event (in the FID system) obey a given for-
mat or if they are simply separated by commas;

1 with format
IMOD = 5 ithout format,

IDIM maximum possible number of information x"elat_i

ve to 1 event

N number of control cards following

IFL flag specifying if the measurements (in FID system)
are in octal (IFL = 8) or decimal (IFL = 10),

5th o (4+N)th card; "Format cards™ specifying formats for the event
data cards, A format card, itself in 'free format' with the
general form nyT{wy,noToWo,...., describes a data card
containing n; data items of type Ty and field width wy fol
lowed by Ny data items of type Ty and field width wo, ete.,
where the T; may be the letters I (Fortran integer) or F
(Fortran "F" format),

th card : associlates the format cards with the event data cards,

It is in 'free format! with the general form nl(L), nz(J), i
signifying that the set of cards for one event is composed of
ny cards having the format specified by the L"" format card,
followed by ny cards having the format specified by the Jti
card, etc,

(5+N)

26
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5.2. - Parameter cards,

These cards consist of :

(1) “set of parameters defining regions of the photogram ; cards (2-4)
are repeated for all MAP regions,

NAME

NREG

IRD

IFACE

IRS

IPRP

NP

IDT

ICOOR

ICROD

CARD FORMAT/COLUMNS

- MEANING

1 15 1-5
2 110 1-10
110 11-20
110 21-30
571 3140
110 41-50
110 5160
3 5(215,X)  10-65
";4-; 5(215,X)  10-65

Number of regions in the
MAP

Serial region number di-
rect view

Optical face serial number
(1 or 2) for this region
Serial region number ste-
reo view

1,2,3 if x,y,2 axis is pexr
pendicular to the optical
face

Number of coordinate pairs
which define this region

Serial number of detector
associated to this region

Region apex coordinates,
MADP system

Coordinates of crosses in
MADP system,

(2) set of parameters specifying rotation matrices and translation vec
tors for transformation of points from LOCAL system to CENTRAL
- SPACE system = if -LFLAG = 0 the set of cards (2-5) must be omit
ted (otherwise they are repeated for all detectors),

NAME CARD FORMAT/COLUMNS MEANING
NDS 1 110 - 1-10 Number of detectors
DD(I, K) 2 3F10 1-30 Forl=(1,2,3), (x,v,2)

s U

origin of LOCAL system
K in CENTRAL SPACE sy
stem
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NAMIE CARD FORMAT /COLUMNS MEANING

T L,K) 8 Y . TT(I, J,K) = cos 075,
; K ;i
TT(L,2,K) 4 ~ 3F10 1-30 ®/; = angle between axis I
TT(I, 3,K) 5 4 of LOCAL system K and
’ axis J of CENTRAL SPA-
CE system,

(3) number and coordinates of crosses measured in the MISTIC co-
ordinate system,

NAME CARD FORMAT/COLUMNS MEANING

NPS i 15 6-10 Number of measured crog
ses

VPS 2 10178 1-80 Coordinates (x, y) of cros-
ses

If the program is running with parameter KIND =1, also the fo]lm'ving
data must be provided within the Parameter Cards:

(4) sets of homographic coefficients to transform from MISTIC co-
_ordinate system to OPTICAL FACE coordinate systems, and

(5) apparent camera positions relative to the optical faces of a detec
tor, Cards (1-4) are repeated for each detector, (2-4) for each
optical face,

NAME CARD TFORMAT/ C OLUMN MEANING

NES(K) 4 15 © 6-10 Number of optical faces
' for detector K

NPRF(J) 2 ~15 6-10 1,2, 8 if x, vy, z axis CEN-
. TRAL SPACE (or LOCAL)
system is perpendicular to
optical face J

CCS(L, J; K) " T'10 11-80 Camera coordinates (I=
=1, 3)
NCX 3 I5 6-10 Number of homographic

coefficients relative to fa
ce J of detector K

HCT(M, J,K) 4 10 1-80 Homographic coefficients
(M =1, NCX).
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5, 3, - Iixperimental data cards,

If the program is running with parameter KIND =2, the follo-
wing data musti be provided for each detector, The set of cards (2-4)
is repeated for each face, The cards pertaining to a non optical face
musl immediately follow those for its corresponding optical face,

NAME CARD TFORMAT/COLUMN MEANING

NFS 1 110 1-10 Number of faces

NRE 2 110 1-10 Sequencial face number
KPRF 110 11-20 1,02, 3 3L 2, ¥ woanis UEN-

TRAL SPACE (or LOCAL)
coordinate system is ortho
gonal to this face

NI 110 21-30 Number of fiducial lights
on this face

IOPF I10 31-40 Flag = 0 if this face is opti

cal

IDST e & X 41-50 Camera coordinate normal
to face, ignored if IOPF
non zero

1T 110 51-60 1, 2,3 if x, v, z axis CEN-

TRAL SPACE (or LOCAL)
coordinate system is pa-
rallel to MISTIC system

X axis

VvV ‘ 110 61-70 1,2,3if x,y,z axis CEN=
: TRAL SPACE (or LOCAL)
coordinate system is pa-
rallel to MISTIC system
y axis

POSI I'10 71-80 Coordinate of opticzal face
. plane in CENTRAL SPACE
(or LOCAL) system

FDX 3 F8 "1-80 Fiducial coordinates (x,y)
in MISTIC system

TFIDU 4 - F8 1-80 Fiducial coordinates (x,y, z)
in CENTRAL SPACE (or LO
CAL) system,
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5.4. - Events cards,

These cards contain the information necessary to identify one
event (see Section 6), the measurements of the images of sparks to
be reconstructed and the measurements of the images of crosses;
these measurements are in the IF'ID coordinate system.,

6., - The role of the program user. -

G. 1. - Subroutine user,

The strategy used for the input of event data may be summari
zed as follows., Using the format information specified on the Control
Cards, subroutine Input reads all the event data into a vector VETT,
Then, in subroutine User, the user transfers these data into an event
bank, EVBK, and point banksg, PTBIK ; all quantities for subsequent cal
culations are taken from these banks, '

The first card for an event contains general information about
the event and following cards contain coordinate pairs for measured
points (crosses and sparks). The contents of EVBK and the PTBK are
defined in Section 7 ; where the quantities which should be set in User
are indicated,

As necessary, the general event information may include quan
tities defining the expected number of cross coordinates and spark ima
ge coordinates, Using this information and a mesurement Sequenhce con
vention, subroutine User knows how many and which coordinate data to
transfer to the EVBK and PTBK banks (in particular, the coordinates
referring to the direct and stereo views of the same spark may be iden
tified) and errors in the event data may be detected (User may return
an error code which kills the event - see Section 9).

The region number limits - PTBK (13) and PTBK (14) associated
with a spark may be usefull (for detecting errors) when the user has
a-priori knowledge as to the possible locations of certain images, Ot-
herwise, these limits would just correspond to the first and last region
number, :

User rhust transfer the cross coordinates to EVBK and the spark
image coordinates to the PTBK and must define EVBK (25), EVBK (26),
If these quantities are not defined the event will be killed,

The general event information may include event identification
information such as roll and frame number (EVBK(1) - EVBK(24)) and
an event type code identifying particle codes to be associated with
sparks (PTBK(1)). PTBK(1l) and EVBK(1)-EVBK(24) are not used by
the program but since they are written on the binary output, they should
be set if the user wishes to record this information,

267,
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6. 2. - Subroutine Ucale,

At the end of each event, when all the event information exists
in the EVBK and PTBK banks, subroutine Ucalc is called, At this point
the user can do any desired calculation utilizing the bank data, The re
sults of such calculations may be stored in EVBK(38)-EVBK(50) if it
is desired that these resulls be preserved on the binary output tape,

Before doing any calculations, Ucalc should check the error co
de stored in EVBK(37) to see if the event had been killed,

7. - The description of bank dala, -

TI'or each event which is analyzed the program builds one 'event
bank' and a number of 'point banks' equal to the number of physical
sparks, These banks summarize the more important information per-
tinent to an event; some of these quantities, at the end of each event,
are written on tape (sce Section 8),

Event Bank (EVBK)

LOCATION TYPE SET IN DESCRIPTION

EVBK(1) Lo SER, Information relative to the identifi-

7 cation of the event like frame, roll,
EVBK(1) Ushh date, special flags, event type code,
EVBK(24) USER particle type code, etc,
EVBK(25) 1 USER Number of measured spark images
EVBK(26) 1 USER Number of measured cross images
EVBK(27) ' F USER _ _

(x,y) cross coordinatz pairs

EVBK(27) ¥ USER :
EVBK(36) F USER
EVBK(37) I ERROR Error code (see error code list,

(Section 9)

EVBK(38) ) UCALC  Available for results of special cal
ion y 1 tl
EVBK(38) UCALC culation performed by the user

EVBK(50) © UCALC



Point Bank (PTKB)

LOCATION ~ TYPE S8SETIN
PTBK(1) I USER
PTBK(2) i USER
PTBK(3) F USER
PTBK(4) I MAP
PTBK(5) I MAP
PTBK(6) I MAP
PTBK(T) I MAP
PTBK(8) Lf MAP
PTBK(9) I MAP
PTBK(10) I USER
PTBK(11) F USER
PTBK(12) I MAP
PTBK(13) I USER
PTBK(14) I ~ USER
PTBK(15) r GEOM
PTBK(16) F GEOM
PTBK(17) F GEOM
PTBK(18) F GEOM
PTBK(19) F SPACE

23.

DESCRIPTION

Code

Spark image x coordinate direct view
('ID system)

Spark image y coordinate direct
view (I'ID system)

Serial region number direct view

Optical face serial number for direct
view

1,2, 3 if direct view optic axis paral-
lel to x,y, z space axis

1,2, 3 if stereo view optic axis paral-
lel to x_ y, z space axis

Number of detector containing spark

Optical face serial number for sterec
view

Spark image x coord, stereo view

(FID system)

Spark image y coord, stereo view
(F'ID system)

Serial region number stereo view
Lower limit region number
Upper limit region number

Spark image x coord, direct view
(MISTIC system)

Spark image y coord, direct view
(MISTIC system)

Spark image x coord, stereo view
(MISTIC system)

Spark image y coord, stereo view
(MISTIC system)

Spark image x coord, direct view
(OPTICAL FACE system)

& h’ et
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LOCATION TYPE SETIN DESCRIPTION

PTBK(20) F SPACE  Spark image y coord, direct view
(OPTICAL FACE system)

PTRI(21) ¥ SPACE  Optical face coordinate direct view

PTBK(22) Ir SPACTH Spark image x coord, stereo view

(OPTICAL FACE system)

PTBK(23) T SPACIE  Spark image y coord, stereo view
(OTPICAL FACE system)
PTBK(24) i) SPACH Optical face coord, stereo view
PTBK(25) F SPACE X :
coordinates of the reconstruc-
PTBK(26) F SPACE vy J‘ ted spark point in CENTRAL
PTBK(27) F SPACE Bl Sl SyRtEL

8. - The description of the output data and output section, -

Here the binary and hard copy (BCD) program ouput are descri
bed,
The BCD output consists of :

a) the control Cards (see Section 5, 1);

b) the Parameter Card input data;

c¢) the Experimental data input;

d) for each event: the event error code and, for each spark in the event,
the associated error code, measured direct and sterco view film co-
ordinates and reconstructed spatial coordinates;

e) a summoary of the run after all events have been processed,

Section 9 contains an example of this output,

The subroutine Output (IND) writes the binary output tape under
control of the arg‘umaent'(IND)_ First a label record is written (IND=1),
the record being a copy of the second Control Card, Then one event re
cord is written for each event (IND=2), Finally, an end of file is writ-
ten (IND=3), The label and event record formats and contents are as
follows,

LABEL RECORD ;

WORD CONTENTS

1 ' - Number of words in the record minus one

2-21 The second Control Card, four card characters per word
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EVENT RECORD 3

WORD CONTENTS
1 Number of words in the record minus one
2 Number of words from the event bank
3 Number of point banks for the event
4 Number of words from each point bank

5-54 Event bank EVBK(I), I= 1,50

55 PTBK(1)

56 PTBIK(8)

57-59 PLBII25), PTBE(2 6), PTBK(27)

60 PTBK(2)

61 PTBK(3)

62, 63 PTBK(10), PTBK(11)

Words 55~063 are repeated for all point banks utilized for the event,

9,= BErrof codes =~

The following Table I displays errors which may be detected
by the program, Values of the error code, IFAIL, greater than fifty
kill an event ; the value of this code is written (by subruoutine ERROR),
for each event and for each point on the BCD and binary output, Unu-
sed values of IFAIL may be utilized in subroutine User (where the user
must recall that IFAIL values greater than fifty kill an event),

TABLE I
Errors, their codes, sources and significances,

IFATL ROUTINE MEANING

T .20 MAP Direct view image found in region differing
- from region set in User for that image

L ) MAP -+ Stereo view image found in region differing
from region set in User for that image

61 TEST No spark image measurements
- 63 Y TEST '~ Spark image coordinate missing
65 TEST Ove‘rflow array dimension
66 TEST Optic axis identifier (PTBK(6)) out of range
71 MAP _Direct view spark image not contained in

any map region

‘.
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MEANING

IR AIL ROUTINE

72 MAT

73 MAP

74 MAP

60 SPACE
100 EVENT
101 INPUT
102 CONTRL
105 PARAM
106 RDSS

Stereo view sparl image not contained in
o
any map region

Direct and stereo view spark images found
in regions not corresponding to a sterco
view pair

Direct view region number out of allowed
range (as sel in User)

The two views of a spark are inconsistent
(inequalily of space coordinate common to
both views)

Event data overflows input vector (VETT)
Data disagree with specified format
Error in control cards

Error in parameter cards

Error in experimental data cards,



