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JUBB: RECOGNIZING PARTICLE TRACKS iNvCYLINDRICAL,SPARKYCHAMBERS

JUBB is the collective name for a group of Fortraﬁ routihés that recognize
tracks traveling through éylindrical spark chambers. It has been written specifically
for the SPEAR Magnetic Detector Experiment SP1, but with a considerable degree
of generality, so that it may be readily. used in other; similar situations. If
ﬁses only space coofdinates, and does not take into account information coming |
~ out of other parts -of the detector -- the shower counters, muon chambers, etc.
It doés.geometrical reconstruction exclusively. | |

We will describe JUBB in a very idealized fashion, absfracfing the algorithms
and the intentions from the grubby matrix of the'actuai SPi data anélysis prdgrém
and the physicai detector. We first outline tﬁe general problem of JUBB must
deal with; we then describe the data structures that JUBB sets up and manipulates,
which is to say that we describé the information JUBB receives’ and pfoduces'
and the method by which it is passed on for further~ana1}$is; and finally we'

describe the algorithms.JUBB uses for récognizing tracks.

1. The General Problem

SPEAR, the Stanford Poéifron-Electron Accelerating Ring, is a circdiar
colliding-beam particle accele;ator; located at the Stanford Linéar Acéelerator
Center (SLAC). .A_béam_of electrons cir;ulatés one way around the ring, and a
Beam of positrons;simulatnéously.circulates the other way; At specific interéction;
. regions thé beams are made‘to intersect; thus éhe partiqles ih thé beams are»made
to collide. The particies in the two beams have eéual but opposite mdmenta;
furthermore, the two particles in a collision are antiparticles of one énother,
Therefore, for purposes of this description, we may consider that‘tﬁey utteriy

annihiliate one another resulting in a motionless, featureless blob of pure energy.
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Thi§ eﬁergy must manifest itself as particles; these particles must fly
away from the locus of the blob. From the detection and analysis of these
resultant particlés, physicists attempt to understand whaf actually went on
during the collision.

To detect these particles, a series of concentric chindrical spark chambers
have been built surrounding one interaction region, with the axis of the cylinders
being the line of the beam. (We will ignore all other parts of the detector
besides the fhese spark chambefs, since these are all that JUBB is conéernéd.with.)
A coofdinate sttem is défined, with its origin being at the center of the inter-
action region (which equals the center of the Ehambers, the midpoint‘of their axis).
'The 'z' coordinate is taken as running along this ehamber axis. See fig. 1.

There is a constant magnetic field applied along this z axis. Chafged
particles coming out of the interaction region therefore move cirtularly transversely
to the beam, while proceeding linearly along the direction of the begm line. Thus
their orbit is a helix, and the axis of each heiix is parallel to the z-axis of
our coordinate sysfem.

As a charged particle passes thru a spark chamber, it causes that chamber
to'fire; via a logiéally-straight-forﬁard process, the location in space of this
spaik'is detérmined, and thus-a point along (or near) the orbit of some particle
‘is found. The coordinates of all the space points fpr é barticular event are
placed into a bank of words in the computer. It is JUBB's job to take such a
bank and threadvvalid particle orbits thru the points. Once such orbits are
défined, one may calculate the momenta of the particles thét'made_these points, -
‘and thus understand what went on during the collision.

Thus, we see that our problem reduces that of recognizing helices from their
intersections with concentric cylinders, given thatbthe axis of each helix]mustv

be parallél to the axis of the cylinders.
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Beam Line

Figure 1 [= 2 - axis

THE DETEcrdR'
‘ [Idealized]

Interaction Region
[= Origin of Coordigate System]

Cylindrical Spark Chambers
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-A”general constraint on thé program is the nécessity pf using it'dn-
line in monitoring the accelerator, as well as off-line in analyziné fhevdaté.
To see that the‘accelerator and detector are runhing properly,.one-must check that

“they are turning out bataches of points that do indeéd_ seem_to'define a valid
“event. ThUS; a'version of JUBB ¢xists which is extremeiy fast andvcompact, for
use in the small Eomputer that controls the aécelerator. For ease of maintaining
the software, thié Version differs as little as possible from the expanded,
rigorous version uséd iﬁ off;line event analysis. Idéaily, fhe on—liﬁe.version
would be exactly a subset of the off-line one.

‘JUBB.Eggins with a bank of coordinates for all the space points for an event.
Each coordinéfe contains several words of information; as we use the work
'coordinate' below, we mean this set of several (>3) éomppter words. The fu11
contents of each éoordinate are dutlined in comments appearing in Fortran
routine FLAMEON. The following words are of interestito JUBB:

(1, 2, 3) The cylindrical coordinates Qf the space point, (r, ¢, z)

(4, 5) The'(x,y)rrepresentation of r, ¢). Some of the algorithms
‘used in track4finding and -fitting work most naturally.in rectangular spéce.

(6) . 'A countér'of the'nﬁmber of tracks the point is used in.v This
counter isvintialized'to zero; as JUBB puts this point into a tréck, this counter
is bumped. |

These coordinateé afevsbrted by chamber, with thdse'for the outermoét
.chamber coming fifsti There is no ordering of points within each chamber.

Two points not on the z-axis are sufficient to define a helix constrained
.fo pass thru the z-axis (that is, the beamvline); thrée.points deterﬁine é.
general helix. JUBB's general strategy is to take pairs (or tripleté) of
points on adjacent chambers, determine the constrainedr(or unconstringdj helix

they define, calculate the intercepts of this helix with the ideal cylinders
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that represent the spark chambers, and then see if sparks were indeed made

on tHe chambers at approximately the predicted points ;n space. If so,

then a track is formed from the sparks -- the usage counters for each of the
coordinates is increased by one, and a 'track-list' is formed.  ('Track-lists'
are defined belowf) | |

We, of course, wish to perform the track-finding in as short a time as

»possible. The different algorithms that JUBB uses, vary widely in the amount

of computer time they burn up in building or rejecting a track. Therefore,
we may fequire that the initial pair (or triple) of points be unused in tracks
previously found; thbugh'subsequentlf—addéd points may have been used before.

(In some cases, we only require one of the initial pointS'to be unused.) Further-

- more, we perform the fastest algorifhms first; therefore, the set of possible

pairs may be much reduced by the time the slower algorithms begin to test thém.
The "track;lists" which JUBB turns out are defined-as follows:
1} First, theré is a count of the number of points in the track; cail
this number N.
2) Then come N WOrds, each containing a pointer to one of the coordinates

in the coordinate bank. The coordinate bank is part of a Fortran array; each

_ pointer is the sdbScript'in’that array at which the ‘first word of the coordinate

for the point in question is stored. The pointers are stored in "line-of-flight'
order -- that is to say, what we assume was the first spark created, will be
pointed to by the first pointer word; and so on.

Thus, if a track begins in the interaction region and passes out thru the

"~ outermost chamber, then the pointer to the coordinate on the innermost chamber

will appear first in the list. Then will'appear'the pointer for the coordinate
on the second-intermost chamber, and so on; with the pointer for the point-
on the outermost chamber being the Nth and last word of the list. We assume

that the direction of flight of the particle is away from the interaétion region;
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in a vanishingly-small proportion of intersting tracks that assumption will be
incorrect, and the pointers will be stored in reverse line-of-flight order.
There is no way this can be discovered by JUBB, however; it would not become
‘apparent until a“laterb part of the analysis process, when one'attempted:to hook
the tracks up into vertices.

For example, suppose we have a two-point track. The coordinate of the outer-
.most point is stored at works 116, 117, 118 ... in the array within thch the
coordinate is stéréd, and that for the innermost is in words 228, 229, 230 ...
in that array. Then the first word'of‘the track-1ist would be 2,'sinée there.are
two points in the tréck. The second word would be 228, since that is the sﬁb;'
script of the first word of the coordinate of the point close;f to the ihteractioh
region; and the third word would be 116. |

Tt sometimes occurs thét a sprak chambef does not fire when a particie
crosses it, resulting in a'missing coordinate for a track. Some of JUBB's
Scannérs ére allowed to construct.tréck-lists in which points aré missing, to
take care of thié situation. The positioﬁ in the track-1list for which no point
was found is filled with a number wthe value is léss than the 1owest_possiﬁle
value,of.a valid pointer; thisvdummy number carries some information about where
the missing point was‘exPected.to be. Also, it often occurs that a presumed érbit
Afohnd by JUBB has an unacceptably-bad leaSt—squares fit to a helix; in such a case,
the point whose coﬁtribution to the chi-square is‘gréatest will be thrdwn;out
_of the lisf, and its pléce in the list will be taken by another dummy subscript,
1inking in its own dummy fashion to tﬁe bad point. (This helix-fitting and-"
'point-heéving‘is donelby subroutines subordinéte to BUTT which are not diécuééed
in this writeup;) ‘These dummy subscripts are usefﬁl bbth for reconstructing .
the machinations of the program as it attempted to unraQeI a particular event,

and also for éttempting to recover from a bad initial reconstruction as discussed

below.
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3) Tﬁen come a series of words describing the frack as a whole. It
was originally intended that there should be perhaps a half-dozen of these
words, containing quantities such as the radius of curvaturé and dip angle
of the helix. In the off-line vérsion, as of this writing, the number of such
words has‘balloonedﬂﬁast 90. A listing of what each of these words contain

is found as comments to the Fortran liSting of subroutine BUTT.

JUBB's phildsophy is to pick.up all the helices it can find -- to make
track-lists for all feasible combinations of points. _Some of these are known
to be irrelevant even at thé time they are made; others mﬁst be thrown oﬁt'
further 50wn,thé'line, after JUBB is allvthru. Thérefore, a‘furthér level of
pointers is provided, to pick out those track-lists which we wish to consider
in further analysis of the event. The track-lists are kept in a Fortran array
(the same array that the coordinate bank is kept in, in fact); this further
arfay of pointers cohtains, for each track-list of qurrént interest, the subscript
of the array member which the first word of the track-list occupies. .

There are cufrently seven track-finding élgorithmé that have been programmed.‘
Each of £hem is embodied in a Fortran subroutine whose néme is a girl's name;
each of £hese roptines is also given a 'scaﬁner numbérf. The operative fiction
is thét JUBB (thé'néme is taken from Keith'Watérhouse's novel of the séme name)
bosses a gang of scanners, who pick over thé events in turn, each‘bulling'out
just as muéh informatioﬁ as she can. Thus, the subroutine JUBB consists simply
of calls to other subroutines ﬁhat do the actual work; .As a rule, it is not

desirable to use every scanner in every run; therefore, ordinarily, some of these.

calls are deleted.
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When one qf-the scanners finds a track, she puts together éxtraqk-list,
using subroutine PLANT to make up the list; and when ail the points are em-
plated, -the scanner calls subroutine.BUTT to compute ana fill in thé vaiues of
the after-pointer words. Thus, a basic flow-chart of thé program looks like

fig. 2.

2. Methods of Finding Tracks

We, here, describe the track-finding algorithms embodied in the various
scanning subroutines. By ''transverse section', below, we shall mean that
section of the detector taken transversely to the beam -- the r—phi-or'x—y plane.

Scanner number 1, Subroutine MARSHA, is the fastest and crudest of them all.
She can find the. tracks of two-Body events. Since the blob from which the two
particles coﬁe has zerobmemeﬁtum, the two particles of a:two-body event must
have equal but opposité momenta. Therefore, as seen from the end of the chambers,
~the oppositely-charged particles will describe two halves of one largé circlé.
Thus; in transversé section, the event will appear as é set of points IYing.along
a single circular arc that passes thru the origin; and in longitudinél section,
as a since curve'passing thru the event vertex (xo; Yy zo) in such fashion that
f(zo<+ z) = —f(zo - ;), where f describes the trajeétoryt ‘In most cases, of
course, the longitudinal momentum of the particlés is so great that the portion
bf.the sine-cﬁrve within the detector volume is virtuaiiy a straight line.

To defect this configufation of points, MARSHA hunts for a chamber with
exactly two points (rl, @1, Zl) and (r2,.¢2, zz)-on it. When such a chambef
is_found, we check that 2, T2, * 2, is within the interaction région. If it is,
we hold our presumed 2 and calculate y = (¢1'+ ¢2)/2. Gamma is then eithef'the
azimufh of the center of curvature of the supposed tracks, or that azimuth + m.

We then chéck the other chambers for coordinate pairs with z;coordinates

symmetrical about z,, and ¢'s symmetrical about y. If such are found, we list

the pair of tracks.
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Figure 2

BASIC FLOWCHART

" JUBB

. <
MARSHA - ELSIE © PEARL .
BUTT
ascotl | ZEST

T 9 o @

; [not described here]
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MARSHA's great and only virtue is extreme speed. éince the vast majority
of events seen are indeed two-body events, this algorithm is valuable.for éﬁ;
line use in checking that.the accelerator and detector are working properly.
In off—lineeveﬁtanalysis, however, MARSHA is generally not called. |

Scanner Number 2 is ELSIE. This routine finds fast, clean tracks coming -

.out of the interaction region, by looking for sets of points that form straight

“lines in both r versus ¢ and r versus z.

The rationale behind this process is as follows: As expressed in polar
(r, ¢) coordinates, the equation of a circle whose circumference passes thru

the origin, having radius p and center of curvature (p, o), is ordinarily written

r = 2p cos(qg + a)
which immediétely transforms to
1) | N ¢ = a i arcéosine(r/Zp).
But using the‘ordinaryvéeries expansion for arc-cosine, this is immédiately
equivalent to - _
) 6=at (/2 - t/2 - 1/6(x/20)° - 3/40(x/20)° - ...)

Furthermore, starting with the parametric equations

3) - L r(t) = V2p? - 2p2 cos (wt)
4) ' o z(t) =z +kt
one may derive the equation
5) ' o z(r) =1/2 +ptq arc-cosine(r/2p), where
q = w/2k,
= 2‘2‘
P=q"z;

this equation has a similar expansion in odd powers of r/2p with diminishing

coefficients.
Now, from the definition of a circle it is obvious that any r-coordinate

of a circle that passes thru the origin can never exceed 2p, its diameter
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of curvature. Therefore, r/2p < 1; indeed, for most tracks in the SPEAR
experiment, r/2p . << 1 for even the coordinates on the outermost chamber.:
Thus, we see that for tracks of a greater-than-minimal transverse momentum,
>both z and ¢ are virtually linear in r, for we may ignqre all terms of the
expanéion beyond the first.

ELSIE'svtactié, then, is tofpitk g point (rl, ¢1, zl)'on the outermost
chamber and match it with'gach point (rz, ¢2, zz) on the next chaﬁber in.

Then, using the radius r, of the third chamber in, we calculate the predicted

3
¢ fpr the point én this chamber, yia »
| b3 = ¢ +A(r1" T Y u,
u= (4 - 6/, - 1)
u is then the inverse of the slope of the track's image in r-¢ space.’
'if a poiht Qith such a‘¢ is found, we'then.check fhat_ifs z-coordinate
is also reaéohable, via a similar process. If points passvbn ail the chambers
. down to the innermost, then we figure we have a fast,_clean track, and create
‘a track-list for it.
We also check for tracks that never make it to the oUtérhost chamber,
by seeing if they leayevthe detector in z rather than in r. Suéh tracks are
also listed. As currently written, ELSIE will not accépt.a track in which
sparks are missing; :
Like the first algorithm, this one's greatest virtue”is speed. It is
Asufficient to héndle_the vast,majority of events that appear in the SPEAR
. detector. If a particﬁlar event has a great number of.points associated‘with.
it; however, this rouFine should not be used on it, because it quite_deiiberately‘
.emphasizes speed over exhaustive checking. |
Scanner Number 3 is PEARL. This routine embodies the most rigorous search

we make for tracks that pass thru (or near) the interaction region. It picks
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- up tracks with mlss1ng sparks and tracks which loop thru more than

" LBL-3653

180 in

the chamber -- that 1s, partlcles whose transverse momentum is so small that

they never make it to the outermost radius of the_detector, but instead turn‘v

back towards the center. This routine should find any discernible

segment whose extenSion.passes reasonably close to the ihteractioﬁ

PEARL:begins by matching pairs of previously—unmatched points
chambefs, stafting_with the outermost. Now if these two points do
iie on a single orbit paSsing_thrulthe interaetion fegion, then we
the diameter of curvature this track must have. We can eithef ese

derived from 2);

6) 2= (r) -.rz)/(¢2'- ¢;)

helical -
region..

on adjacent
indeed

can calculate

the approximation

or for slower (that is, smaller-radius) tracks, where this approximation breaks

down, we can use the exact relation

7) 20 = //(Zicos( dz - ¢1)r1 T, - rl2 - rzz)/sin?(¢2 - ¢1)

Once we have'this,Zp_ defined by the pair of points, then we may'eheck that

it is not greater than the maximum possible radius of curvature for a particle

coming out of an actual coliiding-beam interaction. This maximum is 33.3 E/B,

with E the interaction energy in Mev and B the magnetic field in gauss. If

the pair passes this test, then we may calculate the azimuth of the center of

curvature, o, from 1). If thlS o lies within the smaller wedge subtended by ¢1

and ¢2, then the supposed track would loop out51de the outer cy11nder of the

pair. This would mean.that the points could not be fnelghbors’ on

so we consider the pair no further.

the orblt,

For pairs that pass these tests, we can calculate the distance traveled

along the path in transverse section from the origin to each point

8) | Sy = 2p arc—51ne(rn/20).

via

Now at any point along the track, the distance traveled in transverse section,
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which is s,'muét be proportional to the distance traveled in z. We pick up
this constant of proportionality from

k= (z; - 2,)/(s; - s,)

and since then dz ‘= k ds, we have that

2o T Z, - k ?U
If this,z0 falls within the interaction region, then the two points do indeed
lie on a physically-meaningful possible orbit, and we can go on searching for

the rest of the points such a particle would have made.

‘We continue on in this fashion, working first in transverse section and

then expanding our view to take in the z dimension also. We have started at

the outside of‘the-detector, so we_work‘our,way inwgrds towards the origin
cylinder-by-cylinder. For each cylinder, we predict the coordinates of the spark
that the track should have made, and then search the céofdinate bank to see if ‘
such a point was indeed measured. If S0, we add this point to the frack-list;
if not, then we g0'on.looking on the next cylinder, and do not quit until too
many points have turned up missing.

After tracing our track back to the interaction region, we then reverse
our direction of search and try to add on points to the outer end'of the track.
This is neéessary, since scattering errors can accumulated along the track to
the extent that a good approximation to 2p cannot be oﬁtained from the outef-
most pair of poinf; on the track. And this is also necessary for tracing out

'loopers' -- tracks that turn thru more than 1800._ Note that it is easy for

 PEARL to tell when a track loops back -- it happens when fhe radius of the nexf

outward ¢y11nder to be grossed is greater than 2p.

It happens fairly often that PEARL will pick up a few points on a track
that does not, in fact; pass thru the interaction region, and make a paftial
track from them. She wili often be able to trace them thru three chamber;,

but miss the point expected on the inner chamber. Also, it is conceivable that
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errors frém wire.scattering can build up to such an extent that the QrBit
defined by the momentum vector at a point far downstream.fromvthe vertex
will no longer pass fhru the origin in Xy, even though the parficle came from
the primary vertex; This 1s especially likely in low-momentum tracks that loop
in the chamber. .Therefore; provision.has been made fof‘PEARL.to call routine
CONNIE when she misses expected points. This allows the ofbit to be re-
caiculated from the iast three points found, removing the éonstraint thattthe
track should pasé thru the interaction region. CONNIE.is further described
below.

If PEARL calls CONNIE and CONNIE finds some points,‘fhen we say that the
track was found by scanner number 4. This is a way of picking up relatively-
slow cosmic rays, electrons resulting from gamma-ray cohversion, and stray
particles that pass fairly near the interaction region.

PEARL works. If helices are there, she will findvthem. For a complex
.event, one with many points, it is best to let PEARL be the fifst to actuélly
work on it; "ELSIE and MARSHA should be disabled for Such events.

Scanner Number 5 is MILDRED. This foutine finds relatively straight
tracks that do not pass thru the interaction region. Tn particular, it will.'.
find most cosﬁicvray tracks. It forms a track-list for these, even though |
they are not really of interest, as a means of helping_t§ account for evefything
that goés on in the chémber. | |

MILDREDAbegins'by finding a pair of previously-unhséd bointsiwhich 1ie on
adjacent chambers. It checks that the one on the inner chamber of the péir lies
within the cone defined by the tangents to this chamber drawn from the point on
tﬁé outer chamber, since otherwise the two would not be ﬁeighbors on a straight
track. It then calcﬁlates the slope and intercepts of the stréight line thesé

two define, using cartesian coordinates. Then it calculates the distance of



-15- ' LBL-3653

closést approach of this line to the origin in transverse‘seétiOng this distahée
tells us the innermost chamber the straight line would intercept.

The routine then goes off hunting points along the straight line, first
one way, then the other. For the next chamber in line it calculates fhe.two‘
points of interception of the straight line with the ideal cylinder thét repre-
sents the chamber. Then it chooges the predicted poiht which is closer to the
last point added to the track, and hunts thru the coqrdinate banks for a point
sufficiently c105evto the ideal. If such is found, it is added to the track-
list and we'proceed to the ﬁext chamber, or if we are on the‘innermost chamber
réached; we Simply look again for the other point predicted on the chémber and
continue on looking outwards thru chambers of increasihg_radius.

MILDRED-doés'nOt neqessarily stop when She-misses a point. Instead, she
figures that the track is fact hgs-sdme curvature, enought for instance that
even_though three points on it line up to form a straight line witﬁin the errors
prescribed, a fourfh point lies outside the allowable tolerances. So she will
‘refigure'the heading of the straight line, using the'lasf two poinfs added as
the definers of the line, and with this new heading predict anew what the point
on the next‘chambér should be. MILDRED only quits when no points liés sﬁfficiently
close to this second prediction. - |

MILbRED attempts to trace its tracks out two sides df the detector.. Thus;
afteriit has traced the line from the original two points as far as possible
| in one direction, it will begin trying to find_points lying in the othér
direction from the ofiginal two also. | |

MILDRED is quite fast and is usually called in the off-line version. It
handles most cosmic rays that are not picked up by PEARL -- those whicﬁ pass too
. far from the interaction region for PEARL to bé able to begin them. 'However,‘
as is obvious from its method of search, it has a minimﬁﬁ xy momentum cutoff --

that is, the tracks it finds can deviate only so far from a straight line. The
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fact that it requires a pair of points on neighboring Chambers to be pfeVioUsly
unmatched will sometimes cause it to miss a track since PEARL is sometimes.a
little oyer—enthusiastic in assembling partial traéks. This has not been a problem
in the SPEAR experiment, since virtually all the tracks that MILDRED finds are,
in fact, of no physical interest, but are only of interest in accounting for all
the uninteresting things that happen in the chamber.

Scanner Number 6 is DOREEN. This routine app%ies the most generai search
of all to the remaining unmatched points. It should be able to find aﬁy helix
that has a sufficiently great radius of curvature to intercept at least three
chambers. Many of the tracks she finds are of no physical interest -- many are
" "knock-on electrons', that is, electrons in the body or atmosphere of the chamber
which are sprung freé from their atoms by a particle passing near by. But she
cduld also find partiéles emerging from the decay of long-lived strange particles --
"vees'" and "kinks', and electron pairs resulting from the conversion of a gamma
réy that resulted from the decay 6f a neutral pion.

Wé'begin with_one point which has not been previously used and conSider
this point to be the origin of a new translated coordin#te system. We will
be working'With the éartesian (x, y, z) representation of thé ;oordinates;.since
we will be contihually translating{ Having this one point, we now try to find
| two more points such that they define a helix whose axis is parallel to the chamber
axis. To do this we need a pair of points such that, in the translated coordinate
system, thé ratio 22'/21' -- the displacementg of the two points from the neQ
origin in z -- is edual.to the ratid _52/51 -- the disténces along the‘circle
defined by the two'new points and the new origin, of'eaqh from'thevnéw origin.
To get this second ratio, we must first calculate'the center of curvéture of the

circle, via straight-forward formulae we give here for reference. (x2',y:2',-zz')
is the translation of coordinate (xz,iyz, zz) to the new coordinate system in

which (xl, Yy zl)‘is taken to be the new origin. The formulae for center of

curvature (xc', yc') then are
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Then o, the track's radius of curvature, is simply found --

: b /—XCW'.;. yc'z

At this point, we,cgll CONNIE to add more ppints‘onto the heiix.
From the criferia she uses, DOREEN cannot be suré'that the three points she
.‘has used to define the helix are, in fact, neighbors on the orbit they defiﬁe;
for any three pointg on the orbit Will sétisfy the relétion dzlv/d's_l = dzz/ds2
She_tries to copé with the situation by considering fifst thé point'on aﬁ adjacent
‘chamber that i§ nearést to the original point in z; fhenvthe point next-nearest,
~and so on; for, as a general rule, tracks are monotonic in their z-coordinates
and when tﬁis is'so we'll pick up the first points nearést two néighbors‘first.
But this is hot an infalliﬁlé‘criteria. Theiefore, we allow CONNIE to réfihd
the first three points, for by predicting the next point on the orbit and then
searching forvit; CONNIE can pick up any intervening points_that.lie between twé,
of the first three.

'.The first thing CONNIE must decides is which willlbe the next cylihder to
be crossed by the track. At any point along the orbit.therevare only two
: possibilities -- a track either hité the next cylinder in fhe radial order in which
it has been traveling, or else it must pass back thru thé cylinder last passed
thru. Theréfqie, at any point it is sufficient to check whethervthe‘arc of the
_tfack in Xy intersécts the next cylinder in order or not.

Now, if D ig the distance between the track's cehtefvof cur?ature'and the7

origin in xy, and p is its radius of curvature, then the track's closest approach
to the center is D - p and its furthest regress, D + p. Therefore, if‘rc_is the

nominal radiué of the next chamber in order, we need merely check that

s
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‘,m—plirci0+p

If hot% then the track must loop.back fhru the same cylinder just pégsed thru;
CONNIE predicts the ¢ of the next point using the eqﬁatibn for a general

circle (not constrained to pass thru the origin) in pOlai‘coordinates, which

may be writteﬁ |

¢ = a + arc4cosine((r2+ D2 - pz)/2 r D)

Since T is méreiy the nominal radius of the chamber in,qupstion, it is simply
a matter of direct substitution to predict ¢. (D, o) is the coordinate of the
track's center of curvature, and p is its radius of curvathre.

The DOREEN/CONNIE combination has not been used in actual.productipn runs
at this.writing, and it is known that a few bugs remain.

Scanner Numbers 7 énd 8 do not'currently exist. . It'is planned that:Number 7
(LUANNE).will pick up points that were either missed by one of the earlier scanners
or fér which the earlier scanner made a poor choice -- the poorness of the chéice
being revealed by a high point x-square when a least-squares fit to a helix ié
made (by routines ASCOLI and ZEST, subordinate to BUTT). Its‘implementation_
.awaits a further rationalization ofrthe coordinate-bank and a more éophisticated
track list. And this waits upon the time when the pace of data-taking for the
SPEAR magnetic-detector experiment becomes less frantic.

LUANNE has the advantage over the earlier scanners in thét she can uSe:the
pfeliminaryvbest—fit bfbits to predict the locations of further points, father
than simply using the orbit defined by two (or three) points. We anticipate
it Qill be of some value in cleaning up events with a large number of sparks.

Scanner Number 8 (IDA MAE) wés originélly planned to choose the best track(s)
out of a sheath of tracks which have many of the same points in common. However,
| it is now clear that this tésk is inextriéibly intertwined with that of topological
rééOnStructioh;.that is, hooking the tracks up into vertices; and thus IDA MAE

-is permanently out to pasture.
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We have.novfigures‘oﬁ-the ectual running times of the various reﬁtines of
JUBB; however, we.do know that-their operation is a gratifyingly—smail part
of the total time used in completely analyzing an event. 'That is, the time
required for JUBB to find the tracks is considerably less than the‘time required‘
to do a_least-Squares fit of the found evenf. We mayealeo note that'the time used
in analyzing an event can be varied over ofders of magnitude, depending upoﬁ
which scanners are called on to analyze:it. | |

It is hard to give any figures fer accuracy, since we have no‘ethef method
of reconstructlng tracks that approaches these routines 1n‘accuracy | When it
can be seen that JUBB made a mistake, we change the program to take account
of the problem; andehen,JUBB cannot make sense of an event, neither can anybody
else. A study using simulated eveﬁts created by pregram HOWL>reported virtually-
100% . eff1c1ency for the tracklngvroutlnes -- which is to say, if helices are
created, they will be found. This is not to say that JUBB can make sense of

7anythingklike 100% of the real events it is faced with, hpwever._
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 "Twins'"'

As we have said, the SPEAR magnetic detector has four cylindrical
"chambers" from which:space coordinates are read out. Each of fheée "chambers"
has two spérk gaps,.hOWeVer, not.one. We now explain the_}étionale behind this,
and the complexitiés arising from it. |
The idea behind building the detector this way was to avoid tHe constrﬁction
‘of spurious space pdints. Consider the small section.of a-spark chamber dfawn
below. The’sélid lines may be taken to be wires'of Qne Charge lying in a plane
pérallel to the page; the dotted lines are then wires of the opposite chafge,
1ying in a plane parallel to the first plane and perhapsla centimeter removed
_ from the first pléne. Two charged particles pass-perpendicularly throughnthe
chambers; sparks then travel from a wire‘in one plane to a wire in the other,
approximateiy'along'the lines-of-flight of the particles.  These sparks, we‘shall
say, are at points g_énd b on our drawing; these sparks_thén cause read-outs on
wires p, q, 3,'and'§3
Now, of course, all our program knows about is_whiéh wires of the éhamber
actuélly pulsed.  We presume a spark occurréd at the point where twd‘pulsed
Wires cross, and we ;hen attempt to reconstruct tracks on the bésis of‘the spatial»
locations of these hypofhesized sparks. But note on our'draﬁing that sparks
could equally well have occurred at points c and d, given merely that wires p,

g, r, and s fired; for we have two wires crossing at these points also.

P <« 94

Small section of a
spark chamber
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It is fair to say that the difficulty of reconstructing tracks in this
detector was considerably over-estimated at the time this experiment was
designed. In particular, confusion of the (at-that-time-unwritten)_track
reconstructing program with spurious points was a possibilitybthat the original
designers wanted to avoid at all‘costs. Therefore, the four chambers were'
designed with dual spark gaps, the hope being that 'real' points would shon-
.up on both gaps, while the spurious wire-crossings would not have a mate
.on the alternate spark gap, and could on this basis be discarded. |

In'fact, this scheme seems to have gained us little. Few such spurious
points arise; and when they do, they do not seem to confuse JUBB. (No figures
are possible, since we have no way of doing a lcheck—scan' -- eyeball methods,
seem to be less-accurate than the programs.) A complimentary problem also arises,
in. that spark gap eff1c1enc1es are far from 100%, and, therefore, we cannot throw
away p01nts which appear on only one of the two spark gaps of a chamber, rather,'
we ordlnarlly assume that the missing spark 51mp1y got lost in the electronics.

This is:the origin of the‘numerous comments in the source-listing refer_
ring to '"two-wire crosSings“, "four-wire coordinates", etc. This is.merely.an
additional.slight complexity, and not noteworthy in itself. However, a greatv
mistake wasvmade in the setting up of data structures’to'take.care of this_complexity
and anyone.involved.in understanding, maintaining, or modifying JUBB needs to know
about this mistake, in order to work around it or (hopefully) to correct it. (It
has not seemed feasible to do the extensive recoding necessary for correction while
the experiment is actually running, which atvthis writingiit still is.) |

For each entry 1n the coordlnate bank -- that 1s, for each p01nt that
JUBB actually sees -- there is a flag-word g1v1ng various information about the

COordinate.- We have not discussed this flag-word before this point. If a point
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.on‘one spark gap of a chamber has no mate on the alternate sﬁark gap, the‘spatial
location of the one present spark is stored in.the coofdimate bank, with an

entry in the flag—word indicatihg that this is a two-wire crossing. If sparks on
the two gaps should matéh up, however -- 'matching upf means that the straight
line drawn thru the two passes appraximately thru the center of the interaction
region, the coordinate;system origin -- the location of only one spark is stored .
in the coordinate bank, with ifs flag-word indicating that this is one gap of

a four-wire crassing. The spatial location of the othéf spark is stored in an
array contained in iaBeled common block /TWIN/, with the subscript of the first
word of the coordinate in /TWIN/ being the same‘as the subscript of the first
word for the coordinate in the main coordinate bank -- this is how twins are

“accessed.

This method of sforage'has a sort of sophomoric niftiness to it, but has
led to innumerable problems in coding -- besides being utterly wasteful of starage.
'Time that should.have been spent on understanding and'improving-the track-re-
construction proceas has had to be squandered on coding around this mistake.
Indeed@ it is felt that no further development of JUBB should take place until
this correction is made -- which effectively means that'nd development is, in fact{
taking piaae. |

It is recbmmendéd'fhat anyone attempting to adopt JUBB to a new experiment
‘make the abolishment of /TWIN/ his first order of businesé.‘ Bésidesvimproving"

‘ tha understandibility and maintainability of thé program immeasurably, this will
. have the incidentalleffect,of acquainting one with virtually every nook and:cramny

of the routines; for almost everything has had to deal with the /TWIN/ block somehow.
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