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Abstract

We have studied the decay T(15) - p*u using data taken by the Crystal Ball detector
at DORIS 1 We identified cosmic rays, beam interactions with the wall of the beampipe,
and two photon generated p pairs as major backgrounds in our search for this decay mude

We determined the branching ratio

BR(Y(1IS) -vputpp ) = 253 4 AT 1 46%

Our resull is iy good agreement with previous mneasurements of Lthis branching ratio




Introduction

Trying ta undesstand the physical principles of the world leads to questions sbout the
elementary constituents of matier and their interactions Each type of interachion must
clearly reveals its basic structure if it is observed without being influenced by other types
of interactions  Finding common principles of all interactions would allow a umfied de-
scription of all forces

The properties of the T pacticle, a bound state of the b quark and its antiparticle 8,
which interact nearly exclusively via the strong force, provide a rich soutce of informatior:
aboul the strong interaction. By anmibilation of ” and ¢” at the appropriate center of
mass energy the T can be produced in several well defined states of excitation Study-
itg transitions between these states as well ay their decays yields results which can be
compared with the prediction of theoretical models describing the strong interaction.

Since 1987 the Crystal Ball detector collected data of ¢ * ™ intersctions st the DORIS 11
starage ring at DESY at center of mass encrgies around the mass of thr Y. We searched
for the decay of the T parucle fronits ground state into a muon pair in an smount of dats
containing the inforniation of about 250,000 T decays A measurement of the percentage
of decays 1nto u* 5 can be used Lo derive ather pruperties of the T and may even provide
isflormation about the power of the strong interaction expressed in 1ts coupling constant

a,.

"

Chapter 1

Theoretical foundations

1.1 7 Physics
1.1.1  Elementary particles and interactions
Ow presenl kuowledge desaatbes the world besg made of 31y gus of particies or feedds

1. feptons
\
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with Lhree fundamental iateracons
I strong interaction
2 electroweah tnteraction
3 gravitation

The leptons and quarks are ordered according to their rasss in three generations. It
cannot be excluded that there exsst more than three generations In nature
The lepton generations are characterized by a lepton number, named ss the charged

leptans in each generation, which are the electron ¢, the muun & and the tauon 7.

leptons with identical charge differ only in this quantum number and 1n their mass. !

SThe Latter ie ot sure for the nevtisnor ¢, nnce their wasses are undistinguishable frem sere on todays
level ¢of expetiment < accuracy



This lepton universality s confirmed by the mteractions aof these leploss beng identical
besides effects of their diferent masses Quarks are classifivd by 6 different favore called
up u, down 4, strangre s, charin e, bottom b and wop 1 :

The interaction between particles s descnbed momodern gauge field theornies by ex-
change of intermediate vector bosons which are the field quanta of the gauge helds.

In interactions between elementary particles the mfluence of gravitation is completely
neghgible compared to the strong and eleciroweak interactions

The electroweal interaction is successfully described by the unified Elektroweak Theory
of Glashow, Salam and Weinberg combirung Quantum Electro Dynamics {QED) and the
weank interaction. All fundamental particles participate in this interaction The coupling
is mediated by the exchange of either a photon 7, a Z%r a W*  The photon does not
couple to neutral particles

In addition Lo eleciroweak interaction quarks interact strongh via gluon {g) exchange
This 1s described 1p Quantum Chromo Dynamics (QCD) analogously 10 QEI} 1n fact
this interaction dominates for quarks since 1ts couphng constant as higher. The running
coupling constant a, of the strong interaction vanes between 5 and .2 i the energy
region of 1 Lo 10 GeV, whereas the electroweak interaction 1s governed by the so called
fine structure constant @ = ;.

The strong force acts on a particle property called color 1n essentially the same way
electromagnetism acts on the electric charge Whereas there is only one type of electric
charge there are three different colors  The main difference however is, that the strong
forces gauge bosons carry color and therefore interact among themselves, whilst the 7 1s
electrically neutral Separating two quarks increases the gluon field energy between them
and produce new quatk-antiquark pairs oul of the vacuum leading to new bindings of the
imtial quarks. This phenomenon causing quarks never 1o be observed as single particles
15 known under the name confinement Observable particles are always color neutral

The only way Lo sindy quark properties is 1o investigate hadrons, which are bound
states of two or three quarks or antiquarks adding their eleciric charge 1o 1nteger multiples

of the unit charge.

1.1.2 Quarkonia

A quark bound state formed by a quark-antiquark pair 1s called meson. In most known
mesons (e g. 5.x,p, etc.) the quarks are moving relativisuically so that they cannot
be treated using the Schroedinger Equation In contrast 1o that, the two most heavy
quarks known by now, the charm quark ¢ and the bottomn quark b, build up essentially

nonrelativistic bound states, called quarkomia, namely the charmonium ¢¢  and the

IThere i» e unique experinental evidence fur the existance of the tup quark yet

bottomoninm b6 They can be treated by QCD in complete analogy 1o the way the
positrunaam systen s descnibed by QED Since the gluon- gluun interaction presents
QU fran denving mterquark putentials from fisst pninciples the measurement of o¢ and
bb cnergy devel spectra and ther decay paratueters becones very impurtant for testing

phenomenvlogical potential ansatzes and deterninining the strong coupling constant o,.

1.1.3  Energy level spectrum of bottomonium

The th states with the quantum numbers n 2** 'Ly = n 3%, sre called T(nS), wheie n is the
radial quantum nutuber  The heaviest established excited Y state is the T(65) [CLEOSY!.
As the T states carty the the quantumn numbers of the photon J¥¢ = 1~ they can
be directly produced in ¢'¢ annihilations into one virtual photon {see section 1.2.1 on
page 12} Figure 1 1 shows the T{18) to T{4S) resonances in the total cruss section of
¢'e¢ — hadrons. The data were 1aken by the CLEO detector at the CESR ¢’ ¢ storage
ring 1n Cornell(VSA} The production of the T states shows up in resonances of the
£ ¢ cross section when the ¢” ¢ center of mass energy comes close to the masses of the T

slates
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Figure 1.1° Total visible cross section of ¢’ ¢ —- hadrons versus the center of mass energy
measured by CLEO

The messured or expected energy level scheme of the bb system for levels below the
T{38) together with some electromagnetic and hadronic transitions is shown in figure 1.2

Known states besides the T are the n 2" L, = n 37, ; levels called xy mwesons  The
2 X
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The known states of the bb system are grven together with therr masses Hadronic and
redrative fransitions are 1ndicaled.

Figure 1.2 Eunergy level spectrurn of the bb Systen

bb states with spin 0 namely the n 'S5 me -meson and the n ' /) states sre not yat observed

1.1.4 T decays

The tatal widths of the T resonasnces T{1S) to T(3S5) are of the order of a few 10 keV.
This s far below the center of inass (CM) energy resolution of existing e*e” storage rings
like DORIS 1l being about 5MeV at CM energies around 10 GeV On the other side the
T(45) to T(6S) resonances are much brouder with Iy, ranging from 20 MeV to 110 MeV
|CASSEL8S|. As their masses hie above the energy threshold for open bottom preduction

they can decay directly into hadrons via the diagrem 1.3, Since this decay mode is not

b ,/}’

/I

Figure 1.3: Decay of the T(45) or higher T tesonances mto hadrons

allowed for the lower T-resonances their decays into hadror s are suppressed by the Okubo-
Zweig-lizuka (OZ1} rule, demanding continuous quark hines from the left Lo the 1ight side
for an OZ) allowed decay. This results in the small widths of the T states below the T{43}
The T{18) meson can decay via the disgrams 1.4, The total width is

Feoo = Tyge 4+ Fagy rﬁ + Ibti (L.}

where the [x's on the right hand side of equation 1.1 denote the partial decay widths.
They are defined by
N( T—X)

r, = .
X T N[ ol final states)

Tio = BR(T =« X) - Ty (1.2)
BR(Y -+ X} is called the brauching ratio {or the decay T -—~ X

l)ecays 1a one gluon are forbidden by color canservation since a single gluan is not color
neutral. Two gluon decays are not possible due Lo more sophisticated considerations

concerning spin coupling The decay info three 5 ’s 1s completely negligible.
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Figure 1.4 Possible decay modes of the T{1S5)

Assuming lepton universality we can express [, by T, > by sunply counting the lepton

generations since all leptons are light compared 1o my.
e 1
e _Imd = Iy ;:"‘r“ {1.3)

The diagrams describing the decay into a tepion pair and 1w a quark pair are identically
besides the coupling constant a1 the photon "decay”™ vertex, which is the charge of the

final state particles. We define a ratio R

-

1.

R= (1.4)

e

|

-

a{c’e” —Aadrons] - . - - .
arF'F'—T‘T-TJ in nonresonant QED ¢* ¢ annjhilation (see

equation ) 11). Calculating R we have to sum over the square of the charges Q of al}

which is identical to R =

quark Aavors accessable up to the ¢*e” CM energy my. This flavors are u,d s, and ¢

Rog. o wdrc®Qq g 3134844 10
Q! 1 3

(1)

The factor 3 originates from the three different quark colors available Radiative QCD
corrections are neglected in this calculation of R They would yield a correction factor
{1~ ‘%ﬂ] where s ts the CM energy squared. Using equations 1.1, 1.3, and 1.4 we can
express Lhe total width by

Pow = Typy 4 Ty + (43T, (1.6}

PWe omil the signs f u* u in subscriptr

i= (e:/t 'C')

Asswining a valye of 35 for the branching ratio B,, = BR{Y — p*y ) 4 which s

r
B, = "
Voot
we expect the ¥ to decsy with a probabitity of (3+ #)8,, = 19% via one photon
annihilation  Nearly all the remaoung 81% are 3 gluon decays since the ggg decay is

suppressed with respect 1o Lhe ggg decay by a factor of f.

1.1.5 Theoretical implications of 13,

In the previous chapter we showed that there are interdependences between B, , L
Iy, and Ty, . In addition to that we will see that the partial widths essentially depend
ot Jy{0}§ of the bb wave function and a,. In principle one may detcnnine each of these
quantities from a certain cambination of the others

For some of them there are no theoretical predictions. This 15 unfortunately true for
B,, and Ty , since one can only calculate partial widths.

The partial widths predictions suffer from inaccuracies in perturbative QCD. In ad-
dition [¢(0)[? is dependent on the g7 potential model chosen. There exists no unique

tenormalization schemne for the strong coupling constant a,, which can be wiitten

a,(Q%) = 3——“‘%6"‘“9‘,

(1t - §ughln 35
where n s denotes the nuinber of quark flavors sccessable at the four niamentum transfer Q
Especially the values of Q for a given process and the QCD scaling parameter A depend
on the renarmalization of a,.

These facts corrupt most of the possibilities of using B,,,, for the calculation of either
Iy 9(0)12 or 2, and thus testing perturbative QCD or potential models. In particular it
is not possible w dernne I, and hence [(0))? from a B,,, nessurement since I'yap canniot
be directly measured
In the following we list possible implications of B, .

1. A determunation of H,, and T, is the only way Lo obtain I'r,¢ by

Fiot = Pl

Bm-
since atl other partial wadths of the T are much more difficult to measure. T, is equal
o I'y , which can be determined by a scan over the resonance in ¢ ¢ production

of the T [PRINDILESS|

*Fur ennplicity we will refer from now on 1o the T{18) by T and to B,, (T(18)) by B,,




With help of boah, 8, and T ane may also calculate I',,,  Neglecung 'y,

My

equation 1.6 can be wnilten

P s Peap (31 R)F,,

= (ol - (34 R)) L, an

Il one could calculate both I'y, and Iy, sufficiently accurate using perturbative
QCD the strong coupling cunstant a, could be expreused by B, as follows:

The leptonse width of a vector meson 1s given by the QCD corrected Van-Royen-
Weisskopl Formula [BUCHABI]

. = xexi‘iwon' (- 5014 a) (18)
n = Af}‘ FPa

where ¢, = ~§ s the charge of the b quark, My s the T mass and A is the
theoretical uncertainty of T, die 1o higher order QCD and relativisticat corrections.
Buchmaller Jaims & - .15 for the T, whereas the first order correciion using a
typical value of a,{Q%) = 2 yields {fa, = 34

In the case of T, the higher order corrections are even mote impartant. Induding

first order corrections one gets [BRODSK Y 33!

1_ a i
Ty = 160(x7 - 9) f'i(.%_.) oy - (l + 9.04LQ2)) (19)
81 my x

For a, & .2 ont finds the first order correction of T'y,, to be .58 of the lowest order
value  Thes casts doutnt on the justification of evaluating I',,, using a perturbative
theory
The satio of Py over T, s independent of [1:(0)1? and can be expressed by H,, .
Combiming equatians t 7, 1.6 and 1.9 one ends up with

a}(Q”) !
. - =

B S R LR {1.10)

(1+ 9,042
Rll-u;fz_ . (l - ;fu,(?)?)]T)
So ax, depends only on B,,,, and R which is well known

Note. that a, on the left side of equation 1.10 has in general to be evaluated at
different Q7 in the numerator and the denominator which 1s indicated by the prime.
‘The values for the four momentum transler to be inserved differ

frum @ = my|BUCHMBI{ to @ = m, [CELMT79]

and from Q' = 482my [MACKENZSI] to Q' = .157m, [BRODSKY83]

depending on the a, renormalization scheme chosen.

16

There 15 need for more work on theorelical side toctuding hgher order corrections
or even ponpertarbative QUD until B, can be used fur a precision measurement

of a,

4. Last but not least B, (T(18)} is imporniant for analyse. 1rying to observe transitions
from higher T or 33 states to the T(1S) The T{18) 1s generally tagged by its decay
into {epton pairs ete or p*u”  So B, is used Lo extract the transition tate of a
process of the type Y(25) -~ aaT(15) — xmp*pu” by

BR{Y(2S) — aa Y(IN) -~ wxptyu )

BR{T{25) = aaT(15)) = -——-=- B—R- (‘f("l's,'f_‘.’;;]"T'l"““‘—“

1.2 Processes at e*e storage rings

Inceractions of e* and ¢ at storage rings with & CM eaergy of around /s = 100V’
asv descnibed m high accuracy by QED. Etfecie of the weak 1orce can be neglected since

At~ O(10°3). There are two types of QED processes important ot CM energies
“w "

arcund 10 GeV involving one or two virtual photons.

1.2.1 QED one 5 processes
Bhabha scatteriog

The elastic scattering of ¢ ¢ has the biggest cross section among the processes dvseribed
by the exchange of one virtual photon. The two Feynman diagrains contnibuting to this
Bhabha scattering are shown in figure 1.5. The diagram with the space-like virtnal 7 s

ot et e

' /eh ~ -~

2 -
o - \
¢ e ~ -
sjtime-like 7 exchange blspace-like 7 exchange
Figure 1.5: Bhabha scattering diagramis

dominating The differential cross section peaks very strongly at small nngles with respect
to the beam direction.
Nonresonant lepton and quark pair production
Replacitig the e* ¢ pair in the final state of the diagram 1.5a one gets the nonresonant

QLD production of heavier lepton pairs or quarb pairs {fig 1 €) The corresponding bigher

13



et

e P e”
2, T
ajLlepton pair production b}Quark pair production

Figure 1.6: Other QED continuum processes

order diagrams with a vacusrn polarisation of the photon (see fig. 1.7) lead to resonant
effects in the e e cross section (see fig. 1.1). The ratio R of the cross sections of the two

nonresonant diagrams 1.5a and 1.5b

a(e*e” — hadrons)

= e |

{1.11)

was already mentioned in section 1.).4 on page 8. There we showed, that R depends only
on the number of quark flavors accessable up to the CM energy /5.
The differential cross section for nonresonant production of u*u”or r 17 as well as
the total cross section is given by QED:
dg—(i——'dir;-u& = j—:ﬂ(l + cos? 8 + (1 — %) sin? 8)
gra? (3 A7) (1.12)
3s 2

Orfete — PAITRIE Ak B BT

where 3 1s the velocity of the final state iepton divided by the velocity ¢ of light and &
is the polar angle with respect to the incident electrons Far § GeV muons § is about 1

and equation 1.12 simphifies o

dofete —pp”) ol X
an — = Is-(lvcos )
(ete ) {1a? 86.9nb (1.13)
oule — kel _ _°toFnb
wiee e 3s 5:GeV 1

Resonant production of lepton pairs

At the CM energy of V5 = my the ¢*¢ cross section shows a resonance due to the
production of the T mediated by one virtual photon. The final state u pairs from T
decays via the disgram 1.7 are not distinguishable from the u pairs produced by the

nonresonant process of diagram 1.6a since Lhe ypu vertex is identical in both diagrams.

12

Figure 1.7: T production and decay into a lepton pair

At DORIS 1] the cross section for the production of the T is about 9nb. Us.ng
B,, = 3% we find
ofete =T = ptp7)=2Ind
compired Lo
alete” — ptpT )= 9Tub
from equation 1.13 with /s = myp. Thus the number of pairs from T decays is sb..ut

{our times smaller than the number of u pairs from the nonresonant QED process.

1.2.2 QED two 4 processes
Processes of the type c?e™ — e’ e 7y — ¢*¢” X asshown in figure 1.8 are culled twofto-
ton production of the final state X. In difference Lo the one photon annihilation cross rec-

e’ e’

X

- e

Figure 1.8 Production of X by a QED two photon process

tion
o « ! the two photon cross section tends to increase with pawers of In 34, Since the two
photons can be emitted close 1o their mass shell, one can describe the photons simil.rly
to bremsstrahjung with a spectrum N{E,} L!Z Integrating this spectrum one go's &
factor In 373

The increase of the cross section with In ;j‘?overwhelms st /s ~ 10GeV the a? rup-
pression of the two photon process compared to the one photon process.

For /s = 9.46GeV numerical calculations yield a total cross section

Sufcte —e'e u*u) = 62nb

13



compared to the one photon nonresonant QED process

Opaf(e e — u'pu") = 97nb

1.3 Determination of B,, (T(1S))

As we saw there are the continuum process (fig. 1.6a) and the resonance decay process
(fig. 1.7) contributing to the number of u* u~ pairs produced via one virtual 5 . Supposing
there is no additional background in a pu* u~ selection at /s = my one has to subtract
the continuum contribution N()~) from the total number of muons N(7~0< + )< ) in
order to get the number Ny_ , of resonance decays into pt u~.

Nt s = NP0 9= ) - N(r<)

As there is no sufficiently large amount of continuum data near the T(1S) resonance
available, we use data taken at CM energies below the T(2S) resonance and on the T(4S)
resonance as a2 continuum sample. The rauon pair contribution from the T(4S) decays
is negligible, since this state is lying above the OZI threshold. The value of B,, (T(4S))
which is due to lepton universality equal to B, (T(4S)) is [PDG84|

B.. (T(4S)) =174 7-10"%

We determine B, (T(1S)) by dividing the number of T(1S) decays to muons by the
total number of T(1S) mesons produced. As the T(1S) decays either into lepton paire

4+

e*e  p'p ,1*r orinto hadrons, we can write

Ny_
B, = 114
o Ny~ nadrons + 3N'f—'m‘ ( )

14

Chapter 2

Experimental setup

2.1 The DORIS II storage ring

The data used in this analysis were taken at the DORIS Il e e storage ring at the
Deutsches Elektronen Synchrotron (DESY) in Hamburg, FRG, by means of the Crys-
tal Ball detector.

This detector was built in Stanford, Culifornia. There it collected date ut the SPEAR
' e storage ring at the Stanford Linear Accelerator Center (SLAC), being operated at
CM energies in the region of the charmonium ¢t states. After the discovery of the T
mescn in 1977 [HERBT77|,[INNEST77] two upgrades of the existing DOppel-Rlug-Speicher
(DORIS) took place at DESY in order to achieve the ability of producing the T meson
in its ground state and several radially excited states with a high rate. The Crystal Ball
detector was moved to DESY in 1982,

Todays layout of the DORIS Il ring is shown in figure 2.1. The electrons are provided
by the linear accelerator LINAC I whereas the positrons come from LINAC 11 being in-
termediately stored in the Positronen-Intensitats-Akkumulator ring PIA After injection
into the DESY synchrotron both beams are accelerated to their final energy and injected
into DORIS 11
During the so called High Energy Physics (HEP) period at DORIS Il — the ring is alter-
nately used for HEP and as a source for synchrotron radiation — in general two bunches
are circulating in the ring with a frequency of about 10°H z, each of them consisting out of
10'" - 10" particles. They are spread less than Imm in vertical, about 1mm in horizontal
direction perpendicular to the beam and guussian distributed along the beam axis with a
width of ¢ = 1.7em. The two detectors operating at DORIS 11 are built up around the
two interaction regions at the south side (ARGUS detector) und the north side (Crystal
Ball detector) of the ring. ’

For studying background events not stemming from e* e interactions there are two addi-
tional modes of DORIS 1l operation. The separated beam mode is performed by means
of separator plates preventing the two bunches from colliding by applying an additional

15
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Figure 2.1: The DORIS Il ring at DESY

electric field just before and after the interaction region. This separalor plates were in use
until begin of 1984. If the ring is supplied with only one bunch (¢? or ¢7) we call this
single beam made.

At present the beams may be accelerated up 10 2 maximum CM energy of 1) 2 GeV
running at currents of about 35 mA just after an injection decreasing to about 20 mA
within about 1h. The collecting of data between two injections is called a run

The amount of ¢* ¢~ interactions per time taking place in a storage ring is measured by
a number, called tuminosity ¢, which is calculated at DORIS 11 by measunng the Bhabha
scattenng process (see section 1.2.1) with its well known cross section. If you observe a
rate of nprosra = ﬂvﬁ:ﬂ“ Bhabha events, and the visible cross section corrected for
detector acceplance and seleclion efficiency is given by 6 anasra, the lununosity 1s defined
by

NBAabha

(= [6] = nd=". s} {2.15)

OBnabha
Ohserving Ny events of a certain process in an amount of data with an integrated

£=/ld:

one can calculate the unknown visible cross section & of this process by

luminosity £ defined by

- Ny
Ox = —

L

DORIS 1I reaches an average luminosity of about 600nb ! - day ' with peaks above
1000nb ! - day !

2.2 The Crystal Ball detector

The Crystal Ball is a noumagnetic delector, composed of an array of Nal{TI) crystals
for particle detecton, energy loss, and angular measuremeats, a set of tube chambers for
charged particle identification and direction measurements, a Juminosily monitor and a

Time of Fhight {ToF) system. Al} components besides the To} system are shown in fig 2.2.

CRYSTAL BALL
Nal{T¢)

Nel(T1)End Cap

Figure 2.2: View of the Crystal Bali detector without the ToF systemn

The coordinate system is defined by the z axiy going in direction of flight of the
positrons, the y axis pointing upward and the x axis pointing towards the middie of
the DORIS Il ring. The origin s set in the center of the Crystal Ball. In polar cootdinates
the azimuthal angie 15 measured starting from the x axis. The polar angle ¥ refers to

the +2 direction.

2.2.1 Main ball

The underlying segmentation scheme of the ball is an icosahedron preserving sphetical
symmetry as much as nature allows for a regular polyhedron For more precise pasition
measurements of particles interacting in the ball the 20 surfaces of the icosahedron, called
major triangles are divided into four smaller ones, called minor triangles, which in
turn are further subdivided into 9 individual crystals alias modules (see fig. 2.3). Each
module 1s thus surrounded by 11 or 12 neighbours depending on its position in the najor

triangle
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Figure 2.3: Jargon for the Main Ball

There are 11 types of slightly different formed crystals designed to approach the spher-
ical surface as close as possible. The shape of an individual crystal is shown in figure 2.4
The smaller triangular side is facing the interaction region from a distance of about 25cm
Each crystal is wrapped in reflecting paper and aluminum foil for optical isolation. The
crystals are stacked into two hemispheres which can be mechanically separated by a hy-
draulic system and closed up 1o a distance of 3.5 to 8 mm. The opening of the Crystal
Ball provides the possibility of maintenance of the inner parts of the detector. It also
gives room Lo protect the Nal crystals against radiation damage during injection, the syn-
chrotron radiation period, and studies of the machine performance of DORIS 11. For that
purpose different sets of lead are used

Due to the hole for the beam pipe one does not find the expected number of 720 but only
672 crystals in the ball. They cover 93% of the solid angle. The 60 crystals surrounding
these holes and the imaginary minor triangles containing them are called tunnel modules
and tunnel minors, respectively For more details about the construction of the Main
Ball sce reference [OREGLIASO|

The length of the crystals corresponds to 15.7 electromagnetic radiation lengths of
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Figure 2.4. The shape of a single crystal

Nal(TI1) This reflects in a good energy resolution of

‘i'%ﬂ = ?\.'}‘% (2.16)

for electromagnetically showering pasticles (photons and electrons).

The light output at the end of each crystul is collected by a photomultiplier tube
(PMT) and converted into an electronic signal which finally srrives in the Crystal Ball
contro! room in a Integrate&Hold Module. Here the charge is integrated and hold on
capacitors of two RC circuits which differ by a factor of about 20 in their amplification.
The first one, called low channel covers a dynamic range corresponding to .5 - 330 MeV
deposited energy, whereas the high channel is able to integrate signals up to 6500 MeV
corresponding energy. This separation allows a good energy resolution for the wide range
of energies one crystal may see.

For the low channel, which provides the energy information for about 97% of all muons
passing our final cuts, no nonlinearities were found in the runperiods used for our analysis

The whole Crystal Ball is enclosed in a dryhouse st a dewpoint of - 50°C because
of the Nal crystals being highly hygroscopic. Too high a humidity would destroy the
transparency of their surfaces and their scintillating properties.

2.2.2 Endcaps

40 Nal(TI) crystals are installed as endcaps as shown in figure 2.2 on page 17, which extend
the solid angle coverage of the detector to 98% They can only offer 3 to 9 radiation lengths
due to space limitations by the position of the focussing mini-g magnets. Thus they have
a restricted energy resolution and can in general not be used for particle detection. They
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are much more a tool for rejecting events which are )lldefined by having 100 much energy

deposited 1o endeap crystals

2.2.3 Tube chamnbers

The decision whether a certain particle is considered to be charged or nol is called tagging
Charged particle tagging is performed using the information of several drift chambers with
charge division readout consisting of one double layer of drift tubes each. The geometry

of the 1983 setup with three chambers is shown in figure 2.5. Each layer is composed of

¢ .2
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All measurements ere in cm The number of tubes in cach layer are 64,76,and 160 for
chamber 1, £,and 3 respectively

Figure 2.5° The 3 chamber setup of the tube chambers

sluminum tubes with a radius of about 6cni having a stainless steel wire centered 1n the
middle 11 lies at a potenuial of about + 1800V, There 1s a current flow of jonizable gas
through the wbes Charged particles passing through the tulie leave ¢ -ion pairs along
their way in the gas The voltage and gas pressure are chosen so that these ¢~ reach their
maximum drift velocity and produce a charge avalanche which causes an ¢lectrical pulse Q
in the wire
From the pulse height asymmetry between the left (Q.) and right (Qr) end of the
wire one gets an information about the track location z along the wire by |BIZETTIgS]
1= {1 +R).£.9&.ﬁ'
2 QL+Qg
where L 1s the tube lengih and R depends on the wire and amplifier impedances. This
formula imiplies, that the resolution o, depends on L and therefore on the tube layer.
The performance of the tube chambers varied very drastically with time during Crystal

Ball history In the beginning the tubes were operated using "magic gas” (20% Isobuthane,
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4% Methylal, .25% Freon13B1, and Argon) in the streanier inode. In this mode the output
pulse is nearly independent from the primary ionisation.

However too high radiation exposure led to an organic growth of cracked Isobuthane
molecules on Lhe wires. This limited the operating valtage of the chambers. Thus the Lube
chamber efficiency of both innermost chambers decrense drastically right after starting
duta taking at DORIS 11. This can bee seen in hgure 2 6a (GELPHMANSS)
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Run Number Run Numbser

a) 'OR’ efficiency for chamber 1 b) "OR’ efficiency for chamber 3
The 'OR’ efficiency for a tube chamber 1s defined by the probdobilaty that at least one of
the two layers has a correlated tube Ait for Bhabdha electrons. The efficiency of chumber 1
15 good since run 10486. Chamber 2 behaved similarly and ie not shown here. After the
decrease of the efficiency of chamber 8 two new chambers were installed before run 13608
tncreasing the overall number of chambers to . The cfficizncy of the two new chambers

16 not shown in the plot.

Figure 2.6: "OR’ efficiencies of Lube chambers versus run number

So these two chambers were replaced in June 1983 before run 10486 by new ones
now being operated with a more radiation resistant Argon-COy mixture (20% CO;, 1%
Mecthane, Argon) in the limited proportional mode. This means that the output pulse
is proportional to the primary ionisation if the latier ia not too high. After some time
chamber three was also damaged by radistion and replaced by two new chambers before
run 13608 (compare figure 2.6¢).

In the run period from run 13757 to 14566 the tube chamber Anslog-to-Digital
Converter {ADC) used in the readout of the pulse heights was discovered 1o be nonlinear.
This caused s decrease in the 1.resolution of the drift tubes. Typical numbers of the z-
resolution o, for each chamber were determined by ||\'C”)N|GSS4] and |[BIZETTI8S) for the
4 chamber setup in the bad ADC and in the good ADC running periods. They are listed
in table 2.1. The difference of 2-resolutions for the good Lube chamber ADC between 1984

and 1985 can be explained by a different amount of noise hits in chamber 1 and a different
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[ TbadaDC 1984 ] good ALC 1984 | good ADC 1985 |
Tchamber # | length(cmy || T o.[cm)
1 648 33 174 T Tan T ]
3 196 344 I 58 151
3 394 293 094 ! 0.83
4 | %68 2 L N VLl S

Table 2 1- Comparison of z-resolution o, of the tube chambers
high voltage setting in chamber 4.

2.2.4 Luminosity monitor

In order to get a quick luminosity measurement for monitoring beam conditions the
Bhabha scattering under amall angles 15 measured  This is done by requiring certain
coincidence conditions in two oppotile arms of the lnminusity monitor showa in figure 2.7,

Each arm is composed of two scintillation rounters P and C and s lead scintillator sand-
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Figure 2.7: The Lununosity monitor

wich shower counter § As the counters are located iu the tunnel region of the ball at
a small angle of about 8° with respect to the beam pipe and the Bhabha cross section
is peaked strongly towards small scattering angles they are well suited Lo catch o lot of
Bliabha events in short Lme. The Small Angle Bhabha {SAB) luminosity 12 obtained by
dividing the number of Bhabha events found by the visible Bhabha cross section integrated
over the angle coverage of the counters

For analysis purposcs the Large Angle Bhabha (LAB) luminosity is used. It is calcu-
lated Irom the number of Bhabha electrons Ngyasn, scattered at angles greater than 30°
with respect 1o the beam direction. We find for the Crystal Ball

L= Nanaing -6 'CCV_T

2008nb

The systematical eeror of lununosity incasurements is 0% The SAl} and LAR luminossty

agree well within 6% for 87% of all runs [KLOIBER#)

2.2.5 Timwe of Flight system

There are two parts of the Crystal Ball detector where one may get a Tine of Flight {TcI)
information froms, the baf) itself aud the sc.otillation counters located on the roof of the

dryhouse Figure 2.8 shows their relative positions.

Figure 2.8 The roof ToF counters above the Crystal Batl

Major triangle timing

Each of the 20 major triangles of the Crystal Ball has its own timing information The
analog encrgy sum' of the 36 crystals of a major triangle which has a pulse shape with
& nise tme of about 23 ns and a decay tirae of 3K ns goes 1110 8 zero crossing Constant
Fraction Discriminatar (CFD). If the puiseheight is above a threshold corresponding to
an energy depusition of 90 MeV the output signal of the discriminator stops ¢ Tinie-to-

Digital-Converter (TDC) The TDC has a stepsize of 0 1as/count.

'Tunue! crystals are included in none of the energy sume wentioned



Headsphere and full ball tining

The analog energy sum of each the top and bottum hemisphere as well as the full bali
encrgy sumn are treated analogously The thresholds for the henusphere tinungs are set to
90 MeV whereas there sre two full ball CF)'s with different thresholds

Roof timiog

Additonal timing information comes from 94 plastic scintillation counters. They sre
atlached on the ruof of the dryhouse 3.20m above the beam line and at the two sidewalls
in direction of the beam axis at [z{ = 2.20m reaching down to 90m above the beam axis.
Their solid angle coverage is about 50% of the upper 2x of the Crystal Ball sphere. As
cosmic rays’ angular distribution is peaked at vertical directions they are able to tag over
80% of the cosmic rays triggered by the Crystal Ball electronics.

The roofl counters give information on position, timing and pulse height of a hit. They are
read out by phototubes on both sides. The anode signals of these PMTs go to a threshold
discriminator and a TDC with a stepsize of Ins/count  As the number of TDC's to be
readout in data aquisition is hmited for technical reasans two phototubes of two counters
have a common TDC. The last dynodes each PMT is connected to an ADC providing
additional information about the pulse height and resolving the ambiguity of the TDC
information. From the timing difference as well as {rom the pulse height ratio at the two
ends of the counter it is possible Lo calculate the x-position of the hit along the counter
Lo a precision of about JGcm. The accuracy in ¢ (resp. in y for the sidewall counters) is
determined by the counter width of 20ctn to 25¢m for the different counters used There

is no shielding acting as a muon filter between the ball and the roof counters.

ToF calibration and resolution

All TDC’s measuring these timings are started by the trigger signal deciding to record
an eveni (Lrigger hold) and stopped by delayed signals from energy depositions in the
corresponding part of the detector. The calibration procedure corrects for delays of triggers
and cables so that the final timing is related to the bunch crosstng. This is made possible
by the hold signals of different triggers having their own fixed 1tme relation to the bunch
Crosaing.

The calibration procedure forces the major triangle timings fmajyor Of particles travelling
with speed of light (i.e Bhabha electrons and $ GeV muons) to be 0.0ns on the average
This is essentially done by assigning a delay constant t:‘""" to each crystal and cable
involved in the analog summing of the major triangle energy For a certain event the
timing is calculated by weighting the different delays with the corresponding part of the

analog sum (e.g. the crystul energy E,) and sublracting this vatue from the measured

2

time tyne »
£ s,

fowagor = troc = _ZE._

Requiring tma;er = 0 for & big enough number of Bhabha events the delay constants can
be adjusted with the help of a least square L. After that corrections for run dependent
dnifis are applied. These drifis are most probable due 1o changes in the petformance of
the CFD’s or TDC’s or in the position of the bunch crossing signal. Finally the walk of the
CFD's output pulse timing with the inpul pulse height is compensated, trigger dependent
shifts in tinving are removed and bad TuF hardware performance is flagged. Mure details
about the calibration algorithm can be found in reference [SK WARNB()

The roof timing is calibrated by using cosmic ray muons. They are selected by requiring
the ajor triangle tirning to be inconsisteat with annihilativn events, The calibration
process is described in [PRINDLEBS|
We define the ball timing as the mean value of the major triangle timings The ball
timing of Bhabha and muon eveats coming from the interaction region is 0 ns, too, The
chnice of time zero sets the bunch crossing time to about -1.5 ns which is the negative
ume needed to reach the ball mean radius of 45¢m from the interaction region with speed
of light. The roof timing refers to the same zero point 2. So the offset of 1.5 ns cancels
in calculations of the time differences between the roof counters and the major triangles.
Nearly all these considerations are also valid for cosmic ray particles The only exception
is due to the fact that cosmic ray particles generally penetrate the Crystal Ball by hitting
two major triangles within a nonzero time difference determined by the flight psth between
them. As the ball timing is averaged over the major triangle timings, it reflects for cosmic
ray events the time at which the cosmic particle ia between these two majors whereas for
beam related events it is given by the average time at which the particles pass through
the crystals
The calibration procedure yields a timing resolution for the major triangles of ~ 300ps
for 5 GeV showering particles like Bhabha electrons and ~ 800ps for minimum ionizing
particles hke muuns. The resolutions differ due to the different pulse heights and the
shightly different pulse shapes. In any case the time of flight is determined Lo an accuracy
of (1 ~ 3}-107% times the width of the Nal pulse.

The roof timing resolution is about 1.4 ns. [t is worse due to the larger TDC stepsize
and the usage of sunple threshold discriminators. However, taking the length of the flight
path into account, the velocity of particles can be measured miore accurately using the

roof tining rather thsn the major triangle timing

IThie war 6.1 true for all runpericods used. Thur scae Siming plote in this thesis may differ by 1.5ns
froau the expecied values
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Chapter 3

Data processing

3.1 Triggers

Mast of the events depositing energy in the Crystal Rall detector are interactions of the
beam electrons with the rest gas in the beampipe (beam-gas eventa), with the wall of the
beampipe (heam-wall events), or cosmic ray evenis In order to reduce this unwanted
data without loosing too much "goud events™ a sct of several hardware triggers is instalted.
They decide within the time of |us between the bunch crossings if an event ia kept or nat

Useful quantaties for trigger Jdecisions are the analog energy sum over mine crystals in
a minor triangle, the sum over the 36 crystals in a major trisngle and the otal energy
depasited in the ball. The tunnel minors and the endcaps are not included in any of this
analog energy sums  Trigger decisions are commonly based on energy balance over the
ball (beam-wall/beam-gas events tend to be boosied in one direction) or the total energy
Typically 4 eveats per sezond fulfill at least one of the trnigger conditions

The most impaortant triggers for this analysis are the Mupair trigger and the Topo20V

trigger

3.1.1 The Mupair trigger

The Mupair trigger fires, of the total energy exceeds 220 MeV and there are energy deposi-
tions of at least 90 MeV in two almost back Lo back minor triangles. This means that one
munor triangle and either its direct opponent or at least one of the three minor triangles
surrounding this opposite minor must contain energy above the threshold. The Mupair
trigger 1s vetoed by an energy deposition of more than 40 MeV in any of the two tunnel
regions in oider not to catch too much beamn-wall/beam-gas evenls having most of their

energy at small angles with respect Lo the beamn pipe
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3.1.2 The Topo20V trigger

The Topo20V tnigger requires at Jeast 150 MeV an each of the 20 approximmate hemspheres
one cab bulld up using major triangles So it Liiggers events with approximately balanced
energy. In the special case when there are only two energy depusitions in Lhe ball its
trigger conditions are equivalent to demand them to be 1n back-to-back major triangles.

The Topo20V trigger i3 vetoed by the same tunnel veto as the Mupair trigger. It has no

total energy requirements

3.1.3 The DBM trigger

An important trigger for studying beam reluted background is the Doris Bunch Marker
{DBM) trigger. It fires on every 107th bunch crossing corresponding (o a8 trigger rate of
} Hi regardlessf there is energy in the ball.
The DBM events collected by this trigger provide the only infocimation about spurjcus
energy randomly present in sl events taken.

3.2 Data acquisition

i no trgger hold occurs after a bunch crossing the capacitors of the Integrate& ticld
modules discharge.

After a trigger hold however the capacitors are isolated ang the charge on both the
low and the ingh charnels of each integrate&Hold module is digitized by 2 13 bit ADC
subsequently for all crystals. The tube chamber pulses are as well digitized by another
ADC. The roof ToF ADC s are read out by a Lecroy PD2280 prucessor which performs
pedestal subtracuion and dal s compression at a very eatly stage. All raw dalu are read out
into the memory of the PDP 11/551 anline computer whete they are compressed. From
there they are written on a temporary 250 Mb disk located in the Crystal Hall control
room  The disk is connected via a link Lo a disk at the DESY computer center. Several
times & day raw data are dumped from that onhne disk Lo raw data tupes

At a lower priority the PDP runs aiso tasks on a subsamiple of events in order Lo make

data quality checks.

3.3 Production

Before starting to produce the raw data tapes the calibration of the crystals, the tubes,
and the ToF system has Lo be performed in order to translate the raw counts into mean-
ingful numbers like energy, 2 or ¢ values of tube hits. and time of flight. Crystal cali-
bratton 1s done every two weaks using a procedure described in reference |SIEVERSS4)

and [MASCHS5 . Tube chamber caltbration uses well reconstructed Bhabha events in
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order to extract the calibration constants The ToF cahibration was alresds described in

e,

sectson 2 25 on page 24

The raw data are produced in several sieps

1 Energy step

The raw crystal ADC information 1s translated into energy

(2]

Connected regions step
Crystals with energy above 10 MeV, having at least one common edge, are combined
to counected regions

[23

Bumps step

For each connected region a search for local maxima (bumps) s performed requiring
an angle of at least 15° between two different bumps  Each bump is considered to be
caused by a different particle interacting in the Crystal Ball. The energy associated
with this particle 1s defined by the energy sum over the bump module and 1ts 12
(resp.11) surrounding crystals (see figure 3 1). I is currected for leaking effects and
called E13.

A2 ut.‘;l; bory A4 L‘Ci?n&orx

b vttt
AN
X

~.

éﬂé‘—
]
PAVAVAS

RI3E]

Figure 3.1: Definition of the energy E13

4. Charge decision and tracking
The two following steps are designed to decide if the bumps belong to a charged or
neutral particle The standard Charged Tracking Step is replaced in this ansalysis by

a new tracking routine calied TAGTRK We will discuss that routine in chapter 4.

{a) Charged tracking step
Standard Crystal Ball (CB) charged tracking is perforined by only using the

ficld all particies Ry on straight hines through the detector if une neglects scat-
tering eflects 5o one has Lo look for 3 number of aligned hitg 10 the drift tubes
This 1s done by starting al hits in the oulermost layers stepping towards Lhe
beam axis and trying to find hyts matching in @ and 8 within a cestain window.
The requirement of nearly identical o values for all aligned hits constrains the
detectable tracks to cross the beam axis. Tracks not originating fromn the beam
axis would have different @ values 1n different layers. If the pumber of hits
in this window 1s more than 3 (8) for the 3 (4) chamnber ut\g), respectively, &
straight line is fitted through these hits The standard CB tracking does not
use any information from the ball Tor the fitting of tube chamber tracks.

After completion of the tracking the directions of the tracks found in the tube
chambers are compared with those of the bump miwdules in the ball If there
is a bump module currelated with the tube chamber track both together are
called tracked charged track. For tracked charged tracks Lhe direction of the
track 1s defined by the tube chamber hits refered Lo the calculated event vertex.
Tracks in the tube chambers without matching bump module in the ball are

called uncorrelated chiarged tracks. They are ignored in most analyses.

{b

Charged tagging step

Charged particles causing 100 less tube hits due ta tube chamber inefficiencies
or geometrical reasons are not tracked charged in the previous step. To tag
these particles one looks for correlated tube hits in a # and ¢ window around
the bump module directions of bumps not yet belonging to a tracked charge
track A bump is called tagged charged track if there are encugh hits in
this window. Their mimimum nuinber allowed for tagging was 1 and 2 for the
3 and 4 chamber setup, respectively. All remaining bump modules are called

neutral tracks

5 ESORT step

The directions of the tagged charged and neutral iracks are calculated in a further
step called ESORT. It uses the energy deposition around a bump module to find the
mast probable center of the energy deposition in the ball. I is nol relevant for this
snalysis and described elsewhere |[GELPRBMANSES).

ToF step
Finally the raw TDC counts of the ball and roof TDC's are translated into lime.

For each raof counter hit the number of the best matching track is recorded

In order to reduce the amount of data the so called EOTAP cuts are applied during

information of the dnift cha s ] > )
10 e dnft chambers Ax the Crystal Balt detector has no magnetic the exerution of these steps  They select events of interest for the Crystal Ball analysis
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program The selected events are written to so called production tapes For our analysis

sbout 15 10° events on about 250 production Lapes have Leen investigated

3.4 Monte Carlo simulation of events in the Crystal Ball

I vrder to develope selection cuts wnd to calculate selection efficiencies 10)s vften neceasary
to study the expected signalure of a certain physical process in the Crysial Ball For that

purpose une generates events in a two step Monte Carlo sirnulation

o Tl pacticles and their four vectors are generated according to their predicted dis-

tribution with the help of rundem numbers.

e Each particle 1s transported through a simulation of the Crystal Ball geometry.
During this transport all interactions of this particle are taken into account with

their corresponding probability. Endcaps and ToF are not simulated.

The output data of this simulation are looking like data on raw data tapes eacept there is
the kinematic inforination of the MC event generator available for all particles We treat
the MC events as if they were real data by passing them through the same production
and selection steps

In our analysis we used MC events containing ey . and u partirles. The inter-
actiuns of electrons and photons were simulated by the Electron Gamua Shower code
EGS |[FORD78,. The muon simulation code was written by Chris Rippich {RIPPICHS3|.

Knock-on electrons (see page 41} produced by muons were treated using EGS
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Chapter 4

TAGTRK tracking

4.1 General description

The charged teacking step was redone in this snalysiz Ly using a new tracking routine
TAGTRK. It was spplied Lefore any cute on particle directiors and vertices were made.
To guarantee the possibility of verification of physics! results in the age of computers we
atiach the source code of this program n the appendix

TAGTRK is u tracking prograin requiring two tracks as input. In our case it s obricus
1o chose the two rauon candidales. ln other cases two arbitrary Lrucks of au eveut can be
selected.
The main differences to standard Crystal Ball tracking are the tuclusion of the bump
module in the track finding and Hitting process and the possibility of reconstructing vertices
away from the beam axis. In particular the latter point wes important for the muon
pair analysis as offaxis events like cosmic rays and beam-wall events huild up a major
background for annihilation muon pairs.

Calling TAGTRK one may add two options to onaxis tracking:

e Straight line offaxis tracking called " Cosmic Option”™
o Kinked line offaxis tracking called *Offx Option®
TAGTRK choses between an onaxis and an offaxis vertex, determines its coordinates,

performs a charged decision for both input tracks, and calculates their dicections.

4.2 Tracking algorithmn
The tracking i1a performed in the following steps:

1. Search lor the best track positions for each option
We atarl with projecting the tube chambers wnd the two buinp modules in the x-y
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plane as shown in figures 4.1 to 4.3. The geametrical size of a crystal results in & o

resolution of
_ 40mrad

% = sind

for a crystal Jocated at an polar angle 8. At the mean bal) radius of 45cm we
arrange 7 bins around each bump module so that the bin centers range from o - 30,
to p + 30, For each tracking option we use these bins in a different way in order

to define track candidates.

(a} Onaxis tracking
The track candidates for the Onaxis Hypothesis are straight lines drawn from
each bin center around both bump modules to the beam axis. So we get 7 track
candidates for each bump module.

(b

—

Offx tracking

For each bump module we draw a line through the beam axis perpendicular
to the connection line of the beam axis and the center of the bump module.
We again divide this vestical line into 7 bins with centers reaching up to the
radius of the firast tube chamber Jayer. For each bump module we connect ali
bin centers around the bump module with all bins on the vertical line resulting

in 49 track candidates for each bump module.

(c} Cosmic tracking
In the Cosmic Hypothesis we connect the bin centers around the two bump

modules with one another resulting in 49 track candidates for the whole event.

For each track position in each option we count the number of tube hits correlated
in this projection by a distance of less than one tube radius Weighting each track
position with the 4th power of this number ! we calculate a mean track position.
In most cases it is very near to the track position with most hits located on. The
coordinates of the mean track position are used as new start values for the algorithm
described above. We sgain divide the o region around this position in 7 bins using
only half the bin size of the first step. This iteration is repeated two times ending

up in a final bin size of } of the initial one.

1t looks sormnewhat unusual not to perform a x? fit but simply to count the number

of hits on each track candidete but in fact it is seasonable. The ¢ information of

AT -

the drift tubes is a kind of binary information. If a tube has recorded a hit and

the hit does belong to the track under investigation, the particle must have passed

(7

/igu!e 4.3. Trach positions for Cosmic Hypothesis

through the tube within one tube radius from ite center. Any fit which pulls the teack

'Our experience showed, that the algorithm works best, if the track positions are weighted this way.
However this exponent in not a crucial aumber for the tracking
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more than one tube radius away from this center does a wrong job. Vice versa any
tubehit which is more than one tube radjys away from the final track position does
not betong to the track assuming the track position to be right Correspondingly it
shou!d not be included in the fit. The process of counting the hits and taking the
position with the maximum number of matching hits accounts best for this facts
88 we will see from a comparisor of TAGTRK results with standard Crystal Ball
tracking in section 4.3.1. Ita only disadvantage is the danger of being misled by tube
hits of other tracks nearby in ¢ but not matching in 2. As there should be no such

tzacks 1n the case of our analysis we don't have to be concerned about that.

[}

- Detision between the tracking hypotheses 1{a),(b),{c)
We define an "onaxis significance” s,_,, by

8axss ‘= _”I'II(’oIIx;‘cwnuc) ~ b <sene <1,
where
bogfs = L] ("ul[z = "atul + Noffe ~ Agxis )
ofge = = o | Z0if2 T Mare Zeffs ~ Taxs
2 \Mosget Rario| 0 Posge t oz eraci2
s 1 (ncoamlt - ﬂm.l 4 Meosmic ﬂu;.* )
COami¢ <= o0 T I
2 \fcoumic + Ransltrackt  Prosmic + Rans liracty

and n stands foi the number of correlated hits for the final mean track position of

each hypothesis.

The onaxis significance is the more negative the more hits can be found for a track
candidate in either the Cosmic or the Ofx Hypothesis. If 5,,,, is greater than a
certain limit, which we set 1o -.1, the Onaxis Hypothesis is chosen. Else a decision
between Offx and Cosmic Hypathesis is made up in a way similar to the decision
between onaxis and offaxis Lracking.

In order to reduce faking of nffaxis vertices for events originating from the beam axis
the offuxis hypotheses have 1o fulfill two additional requirements:

* In the Cosmic case the track has to pass the beam axis by at leact a distance
of .25 cm. 1 the Offx case at least one track must have & distance to the axis
greater than .7 cm.

* The minimum pumber of tube hits on a track has Lo be in the Cosmic case for
the 3 chamber (4 chamber) setup 2 (2.5) for one haiftrack ? und 1 {1.5) for the
other halftrack. The corresponding numbers for the Offx Hypothesis are 3 {3.5)
for one and 1.5 (2) for the other track. Hits in the layers 1 and 2 are counted

only .5 mince there are often bean: related noise hits in this layers.

"The cosmic track is divided by ite nearest point to the beatn axis into two halfiracks
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By selecting the tracking hypotheris we have determined v of both tracks and the
x and y coordinates of the vertex. The ability of finding offaxis vertices is not

influenced by the z resolution of the chambers.

3. Charge decision
In the Onaxis case & track ia called charged if there are at least 1.5 (2.5) tube hits
correlated in p. If the event was tracked offaxis, both tracks are called charged

leaving Lhe implicit limite for tke number of tube hits nientioned above.

4. Straight line fit

Now we have to check, if all tube hits on both tracks bave consistent z information.
We connect each tube hit on both tracks with the corresponding bump module by a
straight line. We calculate for cach tube hit a intersection point of this line with a
line through (Zyuir,3e) paraliel to the beam axis. We reject bits with crossing points
lying more than Tcm away from more than half of the crossing points of &lf other
hits.

If the number of remaining hita is less than 2, the track is not included in the fit
and called tagged charged t7ack In the other cases we perform a two dimensional
straight line fit in the r-z plane where r ia the distance from the beum axis. For
both trachs we include the bump modules as sn additional fit poiat 2o that we are
able Lo track a charged track with two tube hits which is not pessible in standard
Crystal Ball teacking. From the fit we obtain 8 of bath tracks and the 2 cocrdinate
zytz of the event vertex. For neutral and tagged charged tracks the bump module
directions are used for #. If charged tracking is not possible for toth tracks, z,s is

set to ).

4.3 Results

4.3.1 Tracking resolutions

. . ) . o o
For the calculation of tracking resolutions we used MC events containing two x¢ mesons

and a muon pair. The tube chambers were simulated according to ths 3 chamber setup
with hit efficiencies and ¢ resolutions similar to the rea! performance sfier June 1983, We
compare the standard Crystal Ball tracking results with the results of TAGTRK called
for the two muon tracks. The resulting distributions of ., snd the deviation of the
tracked z,¢; from the MC generaied one are shown in figures 4.4 and 4.5. The peak at z,,
= 0 lor undetermined vertices shows up nearly exclusively in standard CB tracking which
has also worse z-resolution compared to TAGTRK. The difference in the resolution of
both tracking routines vanishes, if we exclude the bump module from the fit in TAGTRK
[MK85). By using TAGTRK we also find a better # resolution and less deviation from
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the MC generated o values of the tracks (figs. 4.6 and 4 7). The latter is achieved by
requiring the track to pass within a distance d < ryu, through the tubes, which were hit.
The tracking resolutions of TAGTRK for the applied tube chamber MC simulation are

o,,, = .78cm1 Olem
g, = 44.9rmrad 2 4mrad
2, = 6.8mrad (gaussian part)

A comparison of the z,,, distributions with data of mupair and Bbabha evenis of 3 chamber

runperioda after June 1943 lead 1o resuits in agreement with these MC studies

4.3.2 Faking of offaxis vertices

Tracking Bhabha event samples from runperiods with 3 chamber (4 charmber) setup we
find 311 .10% (.151 07%) of the events having offaxis vertices. As the beam width of
less than .1 em is considerably smaller than the minimum distance from the beam axis
allowed for offaxis tracks we regard these events to be faked offaxis by TAGTRK. The
offaxis faking is reproduced by MC tube chamber simulation in a satisfactory way, so that
we include it in the MC efficiency calculations of cur final cuts. In a sanmiple of MC mupair
events with 3 chamber setup we find .09 + .03% events with offaxis vertices.

Reasons for offaxis vertex faking may be
« Random ooise hits in the tube chambers
o systemstical binning inefficiencies of TAGTRK

o Scattering of the particles in the beampipe or the tube chambers for back-to-back
tracks in @ so that the Offix Hypothesis finds a vertex at the point where the scat-

tering occured {not included in MC simulations).

« systematical errors in the calibration of the tube p information (5ot included i MC

sirnulations)
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Chapter 5

nOnOug MO

4000 s =
TAGTRK ||} . . . ~
mean 4+ 5 mred Particle characteristics in the Crystal Ball
200 a 449 ¢t 4 mrad
detector
CH =
mean _’
200 ‘ ’
6.1 Energy loss
100 There are essectiatly threc different ways of particles leaving energy in the Cryatal Ball
detector:
electrumagnetic ahowering, hadronical interaction and {mimnum) lonisation.
We wil) discusa them brielly in the next subsections.
Figure 4 6 Deviation from the MC generated ¢ 5.1.1 Electromagnetic shower
"m0 MC A high energetic photon ot electeon (£ > 1M eV) entering the Nal crystals will deposit its
%00 TAGTRK ||{ energy by means of electron pair creation processes alternatiag with beemastrablung of the
Tacr A
e Ry ococ- FRR B | mred electrons Each electron radiates a photon which in turn may produce ancther electron
4 68 ¢ 1 mrad pair  This process leads Lo an electromagnetic shower. The Nul crystala with their
CB = 15.7 electromagnetic radiation lenghts are long enough tw collect the whole shower energy
mean Gg 3 l’ mr.: without considersble leakage at Ulieir ends. So the energy of electrons and plotons can be
2 mra

measured directly.

(gaussian parts}
5.1.2 Hadronic interaction

In contrast to electromagnetic interaction the 40 cm Hal correspond to only about 1

nuclear interaction length. This means that about 2/3 of strongly interacting particles

= u;: 010 o1 like charged pions undergo a nuclear interaction in the Crystal Ball. The rest leaves only
I
<r-a3 a part of its energy by iomsation and excilation {sce subsection 5.1.3). In any case no

direct energy measureinent is possible for those particles.
Figure 4.7 Deviation from the MC genecrated ¢ & g

5.1.3 Jlonisation

Since the probability for Lremssirahlung decreases with ;', of the 1adisting particle,

charged particles much heavier than electrons do not shower in the detector  This is
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true for muons (m, ~ 200m.} which in addition are not able to interact strongly. So
they loose energy only by ionisation or excitation of atoms. The mean encrgy loss per
unit length 15 given by the Bethe-Bloch formula {BETHE30], |BLOCH33) neglecting a

correction term for very low particle velocities

dE 1 2anQlet i 2m v W, .,
& " o) mer \" P08

where n is the electron density in the material, m, is the electron mass, v is the velacity of

- 287 - 5) (5.17)

the muon, Q its charge in unita of the electron charge, 8 = ¥, Wies in Lhe maximum energy
transfer 1o an stomic electron in a single collision, I is the mean ionisation potential of
Nal snd & is the density effect correction due to the dielectric polarisation of the material.

The most probable energy loss £,,,, in 8 thin absorber of thickness t was calculated first
by Landau [LANDAU44] and lateron corrected by Maccabee and Papworth [MACCAS9].

1 2xrnQ?e! 2 h 2m,v? ((‘,_:nv . h_.:q.:r‘—‘ “)
() Tmo? 3 1P - g

Eyw‘ =

-8+ 198 - 6) (5.18)

The densily effect correction § was expressed by Sternheimer [STERNHS2]

6=0 X < Xo
E=4606X+C+alX, - X)™ Xo< X <X (5.19)
§=4606X+C Xy < X

where X = log (;£) of the muon.

With the values for Nai recommended by Sternheimer [BELLAMY67) C = ~595,a =
.3376,m = 2623, Xp = 215, X, = 3.0,7 = 427.3¢V, and the electron density of Nal
n = 9.43-10°*m ™3 we obtain the moat probable energy loss E,,.; of muons in the Crystal
Ball (¢ = .406m) ahown in figure 5.1. For Jower muon energies (7 < 4} the real behaviour
differs from this curve, since the initial assumption of a thin absorber is no longer justified,
if the most probable energy loss becomes a considerable fraction of the muon kinetic
energy. We find Ep, 4 &= Epa for ¥ = 3. The minimum jonisation occurs around
4= 7]-3_-;-, = 5.5. The relativistic rise in £, for higher 7y is compensated by the density
effect resulting in a platenu lying only 10% above the minimum. That is why particles
with 7 values in this region are commonly called minimumn ionizing likewise.

For a muon energy of E, = 4.130G¢V = }my(s) corresponding to X = 1.651 and
7 = 44.77 we Bind E,,5 = 217McV. The most prabable energy loss for muons with
E, = 5.285GeV = {my(ys) and (7 = 50.02) lies only by .6 MeV above this value. The
measured maximum of the energy distribution of muons from T(1S) decays in the Crystal
Ball at about 216 MeV (fig. 9.2) sgrees very accurately with these predictions.

The statistical distribution of the energy loss by ionisstion (Landsu-Distribution) can-
nol be expressed analytically and has to be tabulated IBGRSCI!GI] or simulsted by MC
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Figure 5.1: Maost probable energy loss of nuons in the Crystal Ball

[ISPIRIANT3] I shows a tail Lowards higher energies which is due Lo the production of
knock-on electrons alias é-raye. é-rays are electrons which have received much mure en-
ergy than the typical binding energy 1 in & collision with the incident particle. For muons
with the initial energy of 4.73 MeV the niaximum encigy W, transferred Lo an electron

in a ‘head-on’ collision is 1.43 GeV.

5.2 Muon pattern

In addition to the amount of energy deposition its spread {pattern) over a certain number
of crystals provides additional information sbout the type of particles detected. ln the
following we will restrict ourselves to a description of the patterns imnportant for this
analysis

E13 being the sum of the energies deposited in the group of 13 crystals (fig. 3.1) sround
the bump module is generally used to determine the energy belonging to a track since this
area is about the size of a typical electromagnetic shower. As muons do not shower in the
Crystal Ball they usually deposite their energy in much less than 13 modules. However due
to the finite bunch length of the ¢* ¢ beams a muon traverses not always a single crystal
If we project the Crystal BaH sphere into a plane ss shown in figure 5.2 for some crystals,
the projection of a muon track coming from (0,0,0) would be a single point whereas it
would be hine with length £ if the muon origin is {0,0,z) For small z < rya elementary
geomeLrical considerations yield { « z. Entering the Crystal Ball in » certain area hatched

in figure 5.2 a muon with a projected track length ¢ would intersect at least two modules
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If the entry point of @ muon al the inner ball radius lica vn the hatched region, and the
projecied lenght of the muon track wathin the ball is £, the muon traverses more than one
crystal The fat hines indicate the borders of the crystals.

Figure 5.2° Entry area lor muons traversing more than one crystal

during its pass through the ball. In first order approximation this area is proportional to ¢
f £ is ctnall compared to the diatneter of & crystal, which holds for most possible z values
These considerations show, that the probability of a (minimum) ionizing particle fike a
muon to traverse more than one module, resulting in the bump module energy being less

then E13, 1s in good spproximation proportivnal to its z,, .

(Elum‘:

£13 < I) X ey
To be independent from 8-ray effects cuusing a patiern ranging from 8 < Piﬁ* < 1 we
plot p( -"L?l‘s" < B) versus z.(, in figure 5 3a The crosses are MC generated (y}pu events
plotted versus the MC generated 1,4, with a 0, = 1.2cm. The open circles are taken
from the + ToF sample of annihilation g pairs Lagged by the ToF counters as described in
section 7 on page 49 One clearly sees the expected behaviour if one takes into sccount
that the dsta curve includes an addivanal fulding with tbe finite 2 resolution of about 8
em of TAGTRK Multiple scattering effects in the Nal can be neglected in this handwaving
considerations The expected total scatiering angle of 5 Ge\' muons after passing through
the Crystal Ball is about 1° This has to be compared with 3° deviation from the radial
direction a1 the inner ball radius if the muon started at (0.0,1 2)cm

If we define E2 as the energy sum over the two crystals with the highest enetgies in

E13, simitar considerations lead Lo

E2 2
P(Eij < l) o 2y,

As the probability of traversing at lcast three modules is very small for 2 muon the Eﬁ%(x]
dependence s strongly wmfluenced by the s-ray production as can be seen from the fact

that p( f‘?‘ < 9{) at z=01s nonzero 1n figare 5.3b Figure 5.3 proves, that fr:) is much
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less sensitive on 2,4, than g5 - Cutling ou Ec'ils makes us neariy indepeadent of changes

of the bunch Jength with time or energy ! and possibie deviations of the MC bunch length

from reality

"There are indications from tube chamber independent etudies {WACHS26) 1hat the bunch length is

about JOF larger at T(48) CM energy compared e T(18) CN energy
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Chapter 6

Data selection

6.1 Data samples used

We used data collected by the Crystal Ball between July 1983 and Sepltember 1985 In
order to reduce time dependent systematics (e.g. tube chamber performance) we chose

for every T(1S5) sample a continuum sample comparable in date, tube chamber setup and

integrated luminosity. The ples are listed in table 6.1. We did not use samples from
the periods where the chamber efficiency was low due to radistion damage (sec figures 2.6

on page 21).

6.2 The selection cuts
6.2.1 Preselection cuts

The most prominent features of 4 pair events are their collinearity and their energy de-
positions  One has to look for events with two nearly back-to-back tracks with typical
minimum ionizing energy depositions and nothing else in the ball. A typical muon pair
event is shown in figure 6 1 in a niercator Jike projection of the Crystal Ball The lines
indicate the minor triangles, the size of the denotes the amaunt of energy deposition. The
two big holes in the projection are the beam tunnels. Besides the ball projection there are
twa projections of the drifi chambers from different points of view. Full squares indicate
tube hits correlated with the tracks.

The preselection used for u pair events matches essentially with the criteria of the
EOTAP data production selection for muon pairs {GAISERS3].

1. Total energy in the Main Ball plus Endcaps
Etorar < 1000AfeV

2. Exactly two tracks 1n (he Main Ball esch with an energy deposition of
L10A eV < E13 < 400Af eV
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Typical annthilation muon pairs are characterized by their energy depoaitions, pattern, and
collinearity.

Figure 6.1: Typical example of an muon pair event
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sample CM " date runs L number of | tube triggers {b) Number of tracku (including uncorrelated charged trecks)
_energy () chambers | ADC | enabled 2 < Nyyaers < 6

[~ Tesonance sam;:lea_—
[ res 1] T(l?)m T Tl B3 T 1120001378 205 | 3 :o-;j Topo?OV..\iupair_- 2 Exactly two tracks in the Main Ball with euergy depuosition of
Tres Il | Y(1S) | summer 83 | 1080010975 ] 3 &7 3 good | Topo20V Mupair 185Afe} < E13.< 400AfcV
Tres 111 | T(IS) | summer 84 | 1428514566 | 755] 4 | bad | Topo?0V 7
res IV | T(15) summer 84 | 14566-1493% | 14.22 4 good | Topo20V 3. These two tracks nearly back-to-back

coutinuum samples

(a) Toual acollineariy angle 8,4 from tracked directionus

-~ Ds < 20°
cont ! | 9.98 GeV | summer 83 10951-11009 1.93 3 good | Topo20V Mupair i
11066-11078 {b) Acollinearity in y> projection A, from racked directions
cont {1 | T(45) fall 83 | 1141911643 | 3.34 3 good | Topo20V Mupair B < 7
{¢) Total acollinearity angle V4, from bump module directions {not z,;, corrected)
13701-13752 .52 good . 1
cont Il T{4S) |summer 84 i Mupair Dy < 36.9°
13872-14205 7.89 bad

4. Debris energy Eypn, defined as the enezgy sum over all modules in the Muin Ball

A% S BS 1667 . ) . .
cont | T(45) | summer 168961766 1928 ! good | Mupeir besides the modules Lelonging to the E13 sum of the two tracks

Eictria < 30MeV

Table 6.1. Data samples used

5. Pattern
3. These two tracks nearly back-to-back with a total acollinearity sngle ¥y, from f"l!s> 94
bump module directions (pot z,¢, corrected)
cos(180° = 94ny) < = B {P4mp < 36.9%) 6. Timing requirements
4. No track in the Main Ball with £13 > 50Af¢V besides the two muon candidates (a) Bal! timing
{tsautl < 4ns for runperiods with no bad ToF hardware
5. Number of tracks (including uncorrelated charged tracks) {tmayor.,] < 6ns for runperiods with bad ToF hardware in lower hemisphere

25 Nieaerr £6 imi
S Nieack {b) Roof timing difference

We find sbout 10% of the inspected events passing this preselection. troof — tmasor,, > Ons for events with matching roof counter hit

6.2.2 Final cuts 7. Event vertex
Event vertex of TAGTRK not offaxis
The number of events passing the preselection cuta are about 60 times the number of muon

pairs one would expect from the QED continuum cross section of equation 1.13 using an 8. Trigger threshold cuts

estimated selection efficiency of 50%. The final set of cuts will reduce Lhis overwhelming (a) Tunnel energy Evun in ench tunnel region
(un

t of b " 4 ] .
smount of background to a number much lower than the number of " good” 4 pair events Eren,, < 30MeV

We apply following final cuta on the preselected data:
(b) Energy of the mincr triangle, which contains the bump module

1 General cuts left [rom preselection Emuinoe > 110MeV

{a) Total enerzy in the Main Ball plus Endcaps (c) Energy of the major triangle, which contains the bump module

Erotar < 1000M eV ‘ Emajor > 160MeV

"Thie remainder from preselection is mentianed omly for completeness Events Fasaing cut 3a could fail
prs this cut only if they would bave a |o,,,| > Scm correspoadiag o wore than 4o,
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{d) Event fulfills
the Topo0V trigger conditions with a major triangle threshold of 160 MeV
OR
the Mupair trigger conditions with a minar triangle threshold of 110 MeV

in the following chapter we will discuss 1n more detail how these cuts sct on the
different backgrounds  We will be able to identily backgrounds nat onginating from
¢* e interactions {cosmic rays, beam-wall evenis) as well as background events from two

photon physics.
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Chapter 7

Backgrounds to e"e™ — putu”

For background studies we split our preselected sample into faur subsamples using the roof
ToF counter information. The two tracks referred to are always the two rauon candidates

selected by cut 2 of our preselection

» +ToF sample
There 15 a roofhit for the upward pointing track matching better thatu 30° with the
track dicection. The time difference {4 between roof timing and the correspunding
major triasngle tilning is positiv:

tag = Leoos = tmayor,, > 0.

-ToF sample

identical requirements as for the 4 ToF sample but

trocs * tmayors, S 0.

*

missing ToF sample
One of the two tracks poiats towards the ToF counters in a ‘fiducial’ direction of

50" <« ¢ < 1307 but there is no matching roof ToF hit.

*

noTaF sample
No track has a correlated roof counter hit and there is no track with a direction of

50" < ¢ < 330

The + Tof sample is suppused Lo be the cleanest muon pair sample since it contains no
cosmic ray events and no background stopping in the ball. Events in the -Tof sample are
exclusively cosmic rays The "fiducial’ ¢z region of the missing ToF sample is 5° smaller on
both sides than the minimum  region covered by all ToF counters Within this ¢ region
the roof counters cover the whole upper ball hemisphere besides soine tunnel modules.
These facts make sure, that we have nu ‘missing’ ToF events caused by uncertainties in
the track direction measuteinent of TAGTRK (o, = .6°) or multiple scattering in the

ball {¢5 = 1° for 5 GeV muons) The number of missingToF events due to roof counter
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etficiencies 15 estimated to be about 29 of the missing ToF sanuple passing our final cuts
(s¢e section 7.1.1)  So the missingToF samiple is maiuly comprised of events with the
upward panting particle stopping in the ball Auy background found in the missing ToF
sample can be scaled to the whole  region by muluplyng it with f = i_‘ulyAOW = 2.2540
1 s flat distributed wn @

For the following studies we tracked the preselected ssmple of the summer 1983 1S

runperiod

7.1 Background not originating from e"e interactions
7.1.1 Cosmic ray muons

As there i3 a continuous flux of cosmic ray muons passing through the Crystal Ball it
frequently occures, that a cosmic ray muon hits the ball within the trigger timing window
of 116 ns around the time of the beam crossiug. Il it comes near enough to the inter-
action reglon, the minor triangle through which the particle enters the ball and the one
through which 1t leaves will appear to be roughly back-1o-back seen from the interaction
region. Such a cosmic ray muon fulfilies the requirements of the triggers designed to catch
anmhilation g pairs. In fact, must of the Mupar trigger holds are caused by cosmic rays.

As the cosinic rays are not correlated with the beam crossing their ball timing defined
n section 2 2.5 is umformly dhstributed within the trigger window The ratio of the beam-
related events (including beam-wall ‘bearn-gas interactions) to the cosmic ray background
is about 2:3 in the preselected sample The ball timing distribution of figure 7.1 shows
the Raut costmic background and the bearn related events in the peak around tyy = Ons

Using the sidebands with ty,n > 4ns we get a cosmuc ray sample winch is unbiased in
its Might direction through the Crystal Ball We find the angular distribution of figure 7.2
where the cosine of the zenith angle defined as the difference between the cosmic ray
direction and the vertical direction (0,1,0) is plotied. The sreas which can be rejected by
the ToF or offaxis tracking cuts explained later are indicated.

As the Mupair taigger requires nearly back-to back minor triangles to be hit, there
are favourite directions lor cosmic rays satisfying the wrigger conditions. These directions
are given by the straight hnes between the centers of two back-to-back minor triangles.
On the olher side. cosmic rays may more easily fail the trigger conditions, if they arrive
10 directions, determined by the connection of the corners of two back-to-back minor
tniangies This can be seen in figure 7.3 where we have plutted pversus coe @ of Lhe cosmic
ray directions The difference between the minima corresponds Lo the basis length of
a tunor toangle  The picture reflects the symmetry of an icosahedron with respect to
rotations about ’—(f» The structure in the zenith angular distributien s also due to this

eflect
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Figure 7.2: Zenith angle distribution for cosine rays
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The direction distribution of coamic ray cvents shows a structure, which is a combined
effect of the trigger requirements and the ball granulerity.

Figure 7.3: Directions of cosmic ray events

We find B4.4% of the cosmic ray events with a ToF hit matching better than 30°
with the track direction. The deviation a of the hit from the track direction is shown in

figure 7.4. It is defined by
(4 - !.,u) 3 ?
Id - £yl

where d - £, is the veclor pointing {rom the vertex to the roof counter hit p is the

a = arccos (

unit direction vector of the upward pointing track. We see, that the matching of the roof
counter hits with the track directions ia obviously much better than 30°.

The cosmic ray events with matching ToF hit can be rejected by requiring
taf = troof ~ tmajor,, > One

Figure 7.5 shows this timing difference for the +ToF and the -ToF sample after the pre-
selection. One finds the cosmic ray pesk at -11ns ! and the annihilstion peak at +11ns.
Figure 7.5 does not show the actual timing difference resolution of a,,,, = 1.6ns since it 18
smeared out by the difierent distances of the roof counter bits. The peaks are separated
by more than 130, ,. As the cosmic ray sngular distribution is strongly peaked towards
the roof counters and beam related background stopping in the ball is not present in the

+ ToF sample we find in the £ ToF samples a ratio of beam related events to cosmic rays

Yere footnole 2 on page 25 if you are worried about the prak position
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The solid line shows the matching of track direction and roof hit. Setting 1., = {0,0,0}
ond using the bump module coordinates for the track direction yields the dashed curve.

Figure 7.4: Matching of roofl counter hits with cosmic ray directions
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The time of Might difference between roof and ball allows & complete separation of cosmic
rays from eanihilation events.

Figure 7.5: Timing difference bLetween roof counters and balt
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uf 118 which as much higher than the value dernved from the ball unung distesbution of

ull events
For Turther reduction of the remannng 15 65 of all cosnue ray events we use the vertex

. 14
information We define p,p = VI,,,,, + v, as the clusest distance of both (halltracks to

the beam axnis TAGTRHK fiads the vertex to be significantly offaxis for 90 4% of the events

number of coamicy 1984 45 pmod AOC
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With Aelp of offaris tracking we can eassly tag cosmic rays up to a nearest track distance
of 15cm to the beam amis.

Figure 7.6 Distance from beamaxis for cosmic ray events tracked oflaxis

i our total cosmic ray sample. The distribution of g, (figure 7 G) for these events shows
that offaxis tracking starts to be maximum efficient at about g, = TScrn and Lags cosnie
rays up to a distance of more than 14 ¢m frorn the beam anis The decreasing number of
events {owards higher gy, 15 mainly due to the back-to-back bump module requirements
both of trigger and preselection and partially caused by the decreasing number of layers
available for tracking We show a Lypical cosmic ray event in figure 7.5,

Combining both ToF and offaxis vertex culs we reject about 95.4% of the cosmic ray
events ss indicated in figure 7.2. The cosmic ray background remaining after all cuts
within a ball timing of jtyay! < 4ns was esumated by using the ball timing sidebands
4ns < |tyay| < 10ns For the runpeniods with bad major triangle timing resalution for one
or more majors in the lower ball hemisphere (T{4S) run periods 1984 and 1985} we did
noL cul on .y but on [l,,._,,‘,,"! < 6ns estimating the rernaining background analogously
All major triangle Limings of the upper hennsphere worked well in all runpenods

In our final u pair sample we subtract the cosmic ray background calculated this way

for each run period separately from the number of muon pairs found  Averaged over all
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runperiods we find a cosnuc ray background of 252 1% (see fig.7.7.13).

We can calculate the roof ToF counter inefficiencies by estimating the number of cosmic
ray events in the missingToF sample using the ball timing sidebands. We find .15% of a!l
cosmic ray events expected to enter the ‘fiducial’ o region in the missing ToF sample This
results in an average roof counter efficiency of 99.85 + .05%. As we don’t reject events

with missing ToF hit we are anyway not sensitive to roof counter inefficiencies.

7.1.2 Beam-wall and beam-gas events

Evidence for beam-wall/beam-gas background comes from applying our u pair preselec-
tion Lo separated beam runs. We study the +ToF and the missingToF sampte which
are essentially free from cosmic ray background. The number of events in this subsam-
ples passing our preselection ia 3846 corresponding to about 1% of sll events inspected
(including cosmic rays)

We find 50.2% of these events having offaxis vertices The projection of the vertex
coordinates in the x-y plane in figure 7.8 shows most of the vertices lying on & ring around
the beam axis with & radius of 6.2 cm. The same feature is seen for 18% of the +ToF
and missingToF events from colliding beam dats. As the beam pipe has a mean radius

of 5.6 cm, we regard these events to come from beam-wall interactions The systematical

are to the first layer This systematics is even enlianced by the fiest layer radius being a
bin center in Oflx tracking (sce page 32).

Whereas the beam-wali/beam-gas bachground with offaxis vertices can be ecasily re-
jected by usiug Lhis feature, the events not tracked offaxis need further study. These events
may originate from beam-gas interartions on the beam axis or from offaxis intersctions
with too few tubehits so that TAGTRK is not able 16 reconstruct the vertex. Remeinber
that TAGTRK requires two chaiged input tracks in order to determuine an offaxis vertex.

From the fact that our +ToF separated beam sample contains only $7 events com-
pared to 3783 events in the mussingToF sample we deduce thar particles stemming from
beam-walli/beam-gas events have too low energy to make it thraugh the hall into the roof
counters. So we can assume our preselected +ToF sample from colliding beam runs to
contain nearly no beam-wall/beam-gas background. We use this samiple for comparison
wilh the separated beain dats.

Figure 7.9 shows the total acollinearity distribution for both samples. Back-te-back
tracks have a acollinearity of 0“. Ay of both tracks is plotted in figure 7.10.  Since

My preseleclion
o - v . e <1

®»  colhding besms
-YoF

y(vertex) [em] separaled beams y(vertex} [cm) colhding beams
100 - v 100 v
0 1 £14 4
[T 1 00 . . 4
%0 4 Y . 1
100 . N 100 " .
-0 -80 e 60 w00 -100 S0 1 50 00
x(verten)  fem) x{verten) {em)

00

0o

130 200 a0 20 >0
scollinesrity angle (s,u) [degree}

separaled becams
not offamis

TAe offazis vertices show an image of the beempipe as well for separated as for colliding
bearm dala.

Figure 7.8: Projected view of the vertex coordinates in the + ToF and missingToF sample
vertex shift of .6 cm towards the radius of the first tube chamber layer, which is mounted
closely around the beam pipe, can be explained by the tracking algorithm. Since there are

a lot of particles around in beam-wall events generating hite particularily in the innerinost

layers, TAGTRK is likely to find the more hits on Lhe tracks the closer the track candidates
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Figure 7.9: Acollinearity of u pair candidates for separated beam and + Tol colliding beam
samples

possible bremastrahlung 1n the process ¢*¢” — (y)u* #~ is mainly initial state radiation
favaurately emitted in forward direction of the incident particles, the Ay distribution for
good u* u”events 1s expected to be even more pesked at 0° than the total acollinearity.
In cur separated beatns data Loth distributions are essentially flat

Another characteristical feature of beain-wall/beam-gas events is is the large amount of

energy spread all over the ball duc to the big number of Jow energetic particles produced
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Figure 7.10. Ap of p patr candidates {or separat«d beamn and + Tof coliding beam samples

in such a collision. To ge1 hold of that we define a debris energy by summing up the
energy 1o all crystals of the main hali incleding the wunnel crystals, but without the 26
crystals belonging to the energy sum of E13 of either muon candidate This debris energy
can be nonzero also for good muon pairs due to radiative photons and the existence of
a spurious energy backgraund in every evenl Figure 7 1) shows the debris energy o
be well peaked below 30 Me\' for the +ToF colliding beam sample whereas most of the
beamn-gas/beam-wall events lie above this Lt

Finally we compare the E13 disthibution of the two preselected samples in figure 7.12.
Whereas we see a distribution similar to Lhe expected Landau distribution for the +ToF
collsding beamn sample. the E13 energy is peaked towards lower values for the separated
beam sample The cut on £13 > 185M eV’ derived for rejecting two photon generated

muon pairs (see section 7.2 3} does alsa reject a big amount of beam-wall/beam-gas events

Only 2 events of our separated bearns’ + Tof and missingToF samples pass the final
cuts It is very difficult to say, to which colliding beams' luminosity a certain sample of
separated beam events would correspond. So we try to find another ool 1o estimate the
remalning beam-wall ‘beam-gas background in our final u pair sample.

We compare the i, distzibutions of onaxis and offaxis vertices for u pair candidates
in separated beam data (figure 7.13). The most prominent difference between these dis-
tributions 1s, that TAGTRK 1s nearly always able to determine a z,,, for offaxis events,
whereas for 2% of the events not tracked offaxis, it does not find encugh hits and sets

Zur 1o O ¢ (The small amount of events with undetermined z,,, in the offaxis sample
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Figure 7.13. Distributions of z,4; for separated beam data

comes from TAGTRK catching too many hits not belonging to the input Lracks in their z
information but matching in v So it may happen that TAGTRK regards nearly al hits
as not matching in z to a straight line fit and sets z,,, to 0 cm.) The assymetry in the
2, distribution is caused from different contributions of both bunches to the number of
separated beam events which i1s confirmed by ¢ resp. ¢ single beam data.

From the fact that we hardly ever find & 4 pair event candidate consistent with two
charged tracks originating at the beam axis in scparated beam runs, we conclude that our g
pair background is essentially beam-wall interaction and less likely beam-gas interaction .
However we have no unique explanation of the kind of events we see  We observe a bLali
tuming shift of 1.2 ns for these events leading to a estimation of < 8 >= < to= 6 I we
assume, that the particles leave their whole kinetic energy of roughly 200 MeV in the ball
their mass would be around | GeV (protons?). A typical event is showsi in figure 7.14.

Rejecting all offaxis tracked events in our data selection we assure 825 of our remain-
ing bean-wall background having a undetermined z,,, We assign a systematical error of
18% 1o this number. From our preselection we know, that a negligible part of about 1.5%
of the beam-wall events has a ToF hit. So we estimate the beam-wall background in the
missingToF sample by calculating the excess of events with undetermined z., in the
mussingToF sample 10 companson to the + ToF sample As the beam-wall background is
found to be flat distributed in p we scale the missingToF beam-wall background to the
whole sample by multiplication with 2.25

We find an averaged beam-wall background of 4% 4 1% = 1% 1o our final p pair

sammple  The values for the single runperiods range from 0% to 1.1%. We subtract the

5S¢ we will refer to this type of buckground by beam-wall background from now on
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The typical characleristics of the beam-wall background tn our analysis ere vertex coordi-
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Figure 7.14: Typical beam-wall event from separated beam data

61



bearmn wall background for each runperiod separately

7.2 Backgrounds from ¢'¢ interactions
7.2.1 Overview

All processes with twa detected parsticles in the final state having pattern and energy
depositions similar to muons may be hackground processes Lo e’ ¢” — ptu™ Similar to
u? u”may be cliarged pion pairs with one third of them besng {miminum} ionizing in the
ball, low energy electrons pairs with small shower radii, and muon pairs originating from
other processes than e¢*e” -« p*u™.

let us consider all QED one photon and two photon processes with e¥e™ u* u"or

x*a” pairs in the final state

One v QED processes

e Production of electson pairs
The Feynman diagrams with onc virtua! photon contributing to ¢* ¢ production are
the Bhabha scattering diagrams of figure 1.5 and the T decay diagram of figure 1.7
The final state elecirons of these processes have bean energy and deposit their total
energy in the detector Thus the process ¢*e” — e” ¢ 15 no background Lo muon

paits

Production of tav pairs

Assuming leplon untversality the process e ¢ -+ r7 1 via nonresonant production
(fig. 1.6a) or T decay (fig. 1.7) occurs with the same cross section as e*e”™ — p* u™ if
one neglects the influence of the r mass in equation 1.12 The branching ratio of the
7 decaying inlo 1wo undetected neutrinos and a muon is 18.5% |PDG84). Additional
phase space considerations reduce the ratio of r produced muons to genuine muons

from 1857 = 034 1o a ratio of the visible cross sections of

ole’e” —rtr” ﬂﬂ'p'_l/,,ﬁ,t’.y.)( .

oy
d(cte — u'p) *

if one applies callinearity cuts on the g 's. That is why we neglect this background.

I’roducuon of charged pion paurs

The resonance production of # * x " is exclusively mediated by one photon anaihiiation
{hg 7.15a) The x* = production via 3 gluon decay of the T (fig. 7.15b} is G-panity
supressed, since strong interaction conserves G-parity. G s defined by the behaviour
of the wave function after a 180" rotation around the Iy direction in strong lsospace

followed by charge conjugation C. As the T meson is s 1sosingulett with C = -1t
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a) allowed une N decay  b) forbidden: three g decay

Figure 7.15: Allowed and forbidden decay modes of T -~ x¥x~

has & = -1 whereas the pion pair has G = {~1}-(-1) = 41
For the charmonium state J/¥ vie find a ratio of |PDGB84)
BRUIY =55 ) oo
R
BR(J/¥ - x*x") -¥e

Since the number of hadruns possible to be produced increases with vnergy, more

hadronic final state chanacls are opened for the T decays resulting in an even bigger
ratio of Lhese branching ratios.

BRY —»ptp}) | BRU/Y = uin)

BR(T —x*tx"}  BR(J/¥ —~2'2")

The #1x~ production vis the QED nonresonanl process ¢*e” — xa'a™ is by the

same factor smaller than the muon pair production since the vertices delining the

ratios
ofcte —utp”) CBR(Y — yutp’)

ofc e —vxtx- TBR(Y ~aa7)

Vazmy

are in lowest order identical. Thus the one photon QED x*x hackground is coni

pletely neghgible.

Surnming up we did not find any one photon QED process 1o be a considerable back-

ground to ee” = p* 7 in our analysis

Two v QED processes

The second type of possible background processes 1s the two photon production of ¢*e”,
g p or stz The resulting event may look like » single lepton or pion pair st the
incident electrons generally escape undetected under simall angles with respect to the
beam direction The two most important diagratns for ete™ — ¢'e p*yu  are showo in
figure 7 16. For this process the total cross section ancreases like JCOURAUSI]

Gpafete ettty ) o In? (é' —"') In (9'—"—"») {7.20)

m,
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Figure 7.16. Multiperipheral diagrams of the two photon production of & u pair

The law of increase of the visible cross section with the beam energy is very sensitive to
the set of cuts spplied since the angular distribution of the final state particles depends
on the beam energy.

In the next sections we will study the three types of two photon processes in more

detsil using MC simulations

7.2.2 The process e'c” -+ cte ete”

We generate MC events of the Lype e*¢” — ¢*c ¢*e” at a heam energy of 4.73 GeV by
using the double equivalent photon approximation This approximation was developed by
Weizsacker and Williams |WEIZ34] by assuming two independent fluxes of real photons
in beam direction. It is believed to work well for 50 called 'no tag’ measurements as in our
case, where both incident electrons are not detecied, since they escape through the beam
pipe  In this case the weight of the virtual photons with momentun directions close Lo
the beam direction becomes high in the photon propagator since those photons are near
ta their mass shell

On the MC generator Jevel we require an invariant mass of at least 250 MeV for the
electron pair produced by the two photons  Since the cross section 1s strongly peaked
towards low invanant masses, this cut considerably reduces the number of events wo pro-
duce. It does not throw away any evenls. which would pass our final energy and collinearity
requirements. We generate 41+ 10% events corresponding Lo a cross section of 64 nb

The most prominent feature of these electron pairs separating them from minimum
ionizing particles is their energy patiern in the Crystal Ball. Selecting the electron track
with the lower value of f% in each event we find the distribution of our MC events passing
the u pair preselection shown in figure 7.17. Whereuas {munimuem) tonizing particles cause
a energy pattern which strongly peaks at f.—i:l. none of these elecirons depousttes its
whole energy in only two crystals. The shower spread leads to a mest probable pattern of
E2/'E13 around 87
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Figure 1.17: The energy pattern é—:“—‘s of MC generated e*¢™ — e*c ¢’ e electrons

Applying our preselection cuts to the eTe™ -+ e'e"e*e”™ MC events we find 2000
events corresponding to a visible cross section of 3.1nb.
No event passes our final cuts This leads to a visible cross section of less than 3.6 pb at
the 90% CL for Ei,om = 4.73GeV . Scaled to the visible nonresonant QEL cross section of
e*e” — u*u ut this bean energy (see equation 9.22) the ¢* ¢~ — ¢'e” ¢*e” background

is less than .86% afier our final cuts Thus we can neglect it

7.2.3 The process e*e” — e’ e pu*y’

There are 12 Feynman diagrams of the order of contributing (0 e*e™ —o e*e p™p”
We suinulate this process using a MC evenl generator written by Behrends, Daverveldt
and Kleiss [BDKnp84] which takes into account only the two multiperipheral diagrams of ’
figure 7.16 Using a ‘T:: value for muons, which reproduces the most probable energy loss
for 4 73 GeV muons in the Crystal Ball {see section 9.2), we generate 150-10% MC events

of the process e*e™ — ete u*u” sl Ejum = 4.73G ¢V corresponding to a cross section of

oM (e e —eTe utyuT) =622 3nb

The error on 0y, caused by omitting the 10 other diagrams, was studied in [BDKpl84|.
Behrends, Daveveldt, and Kleiss find the correction of these dingrams to be -5% 1 5% for
a no tag measurement at Eyom = 17.5GeV. It should be of the same order of magnitude
in our case. We will see, thal we can neglect this error compared o other systeniatical

MC uncertainties.
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Most of the two photon p patr events will not pass our back-to-hack requirements of
the muoan pair selection. The acollinearity distributson of the muon pair on MC generator

leved s shown i figure 7.18

number of events ee~eeuu MNC

eﬂow‘kﬁ Ty — - ——r—r
15.0 10°
10.0 10?

5000 0

00

cos(180° - 1)

Only o small fraction of the e¥e™ — ¢*¢ ' i events would pass our acollinearity cut
fcos{180° - ) < - 94) on the grnevator level.

Figure 7 18 Acollineariiy of the p pair in the process ete” — e*e u'

The remaining muon pair background from two photon physics cannot be as easily dis-
tnguished from 5 GeV y pairs as the electron background As the two photon differential
cross seci0n 15 peaked towards low invariant masses of the muon pair we have Lo separate
high energy g 's from low energy u 's without direct measurement of their energy.

Figure 7.19 shows a comparison of the Ei3 distributions of g pairs from ete” -~
e e u'p and popairs with an energy sround 4.73 GeV We select the muon track with

the lower £13 and normalise the distnibutions to a common value.

We sec, that our MC produces a value for the most probable energy loss of two photon
produced muons, which lies roughly 5% lower than the E, . value for 5GeV muons.
Tlus 1s s somewhat bigger diflerence than expected from theory (compare figure 51 on
page 41} The rise towards lower values of E13 occuring for the two photon generated
muons i caused by Jow energetic muons being no longer minimum swonizing The cut on
E13 goes in between the peaks of these distributions

We hud 165 of the MC generated e*e” -~ e*'v u*p  events passing our final cuts

This corresponds to a visible cross section of

oM ee e p'u )= 684pbz 53pbt A,
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The minimum vontzing prak of the e*e™ ~ ete” u* y™ MO muons{/ 7/} pussng our pres-
election lies about 15% lower than the peak jor our + Tof sample {(\\) afier applying all
culs but the cuts on E13 and E'I:,

Figure 7.19: E13 distiibutions for & GeV u ’s and muons from e¥e” -~ e7e ptp”

In vhe following we will discuss the esuniaticn of the systematical error &,

As we cut on a sharply falling edge of the E13 distribution of the two photan muans
(see fig. 7.19), 7M€ 15 very sensitive to systematical ersors in the MC simulution of their
E13 energy It depends on the ‘:—f parameter of the MC muon simulation in a way, that
lowering this value by 4% would reduce 6™ (e e -~ e*e p" " ) by 42%. We cannot
estimate. how well our adjustment of this parameter for 5 GeV muons (see section 9 2)
teptoduces the energy distribution for muans below 1 GeVn MC simulations

We try to deternnne 3,,, using our nussing ToF sample. There are several hints, that
tnis sample 1s mainly composed of #*e™ — ete p?u”  Averaged over all runperiods the
number of events in the missing ToF sample is 4.2% of our whole sample. ‘This corresponds
to 2.25 - 4.2 = 9% of the +Tof muons entering the 'Aducial’ rouf counter ¢ region. From
these numbers and the background estimates of section 7.1 we can derive the amount of

background in our missingToF sample. We find
o The beam-wall background is approxunately ~g§ = 4%

o We assurne, that the average roof counter inefliciency of 15% found for cosmic rays
is also valid for annihilation muons. So there are approximately ~'-"} = 2% muons

from ete”™ — p*p” 10 the muissingToF sanple

« The cosmic ray background due Lo roofcounter ineffictencies is determined Lo be 5%
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from the t3,5 sidebands

e The 2, distribution of the missingToF sample shows essentially & gaussian pesak
around Ocm (sce fig. 720). This agrees with our previous considerations, where we
found considerably less than 10% background nol originating from e* ¢ “interactions

in the missingToF sample.

events/ 2em  missingToF semple

30.0 T
250 F :
20 Ff ]
150 | ]
100 | :
50 | 3
0.0 L 1 1 ﬂll_. Iy |

120 -90 -60 -30 00 30 60 €0 120
z{vertex) {(cm)

The gaussian peak comer from e*e”interactions, the peak al z = Ocn is assumed to be
matnly deam-wall events missed Lo be tracked offazis due to a lack of tube hits), and the
vertices beyond [z = Scm| are most probably due to cosmic ray events

Figure 7.20: 2,4, distribution of the missingToF sample

» The scaling of the number of missingToF events with the ete~CM energy gives

545 (missingToF)
—— = 1.0 i
3'5{missingToF) 105+ .08

This disagrees with the scaling of one photon QED processes with f

15
s
i 808

but is conristent with the scaling of the total two photon cross section of e¥e™ —
ete”putu™ (see equations 10.2€ and 10.27)

- 545‘9t~_.0—1-
{ e H) ) osa s 054

5IS(C+¢— — ‘tt—pﬁﬂ—)
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Unfortunately the number of events 1s not high enough to perform comparisons of the
mussingToF and MC e'e™ -« ¢'e” ut i E13 distribulions. Nevertheless these arguments
support the assurnption, that most of the missingToF sample is e?e™ ~ee¥e™ p*u”

However, there is an unknown percentage of e¥¢” — e'¢” u*u” events with high
envugh muon eucrgies 10 make a hit in the roof counters. So the number of missingTof
events provides only & luwer himit for vur two pholon generated muon background. We
correct for the trigger acceptances determined in chapter 8, for inefficient rool counters
and besm-wall events. Scaled over the whaole  region the corrected number of missingTol
events corresponds 16 a visthle cross section of ¢(missingToF) = 4344 211 2 1pb. This
yields a Jower limit of

G{e’e” —ete uTpT) > 40 4pb

at the 68% confidence level So we estimate A,,, of the two photon muun simulation by

A

the difference between ¢*'' and our lower imit from the missingToF sample. We find

Gle'e —cteuu )y = 6841534 280pb

This is 16.3 £ 1.3 £ 6.7% of our visible cross sectiva for the nonresonant QED process
ete — utuT al \Js = my

We can convince vurselves that also the resulting 68% CL upper limit of 96.4pb for
GMC{eve” — ete u'u }1s reasonable. Using the visible cross section from our miss-
ingToF sample we find. that at most 91%’:—‘;:—‘?—‘ = 55% of the two photon muons should
reach the rool ToF counters. We cannot deduce this number froin MC alone since there
1s na ToF simulation in the Ciystal Ball MC at DESY.

With this upper himit we estimate the energy threshold for a muon just reaching the
ToF counters For that we use the kinetic energy distribution on the MC generator level
for two photon muons passing our final cuts {fig. 7 21). We get a lower limit of about 300
MeV for this threshold. which s of the expected order of magnitude.

7.2.4 The process ¢*¢” -~ e¢'e n’x”

We did not have 38 MC simulation for the process e*e™ — e*e” a* a~. So we try to perform
a comparison to the amount of visible muon pairs from 1wo photon interactions. We cannot
apply the ssmpleminded argument that the total cross section of e¥¢” —c¢*e"n*x" is a
factor of 10 stnaller than the cross sectionof ¢*e¢™ — ¢" ¢ u* p™ | since the processes have
different invariant mass thresholds of the final state pair. Experimental results from DCI
JCOURAUS1; show that the ratio of detected y pairs Lo x pairs in a tagged measurement
{one or two of Lthe inconiing elecirons are detected 1n the final state) above a invariant
pair mass of 300 MeV is roughly 6:1 We assume 1o see the same ralio in our case.

However, our final cuts enhance this ratio by a factor of 9, since only 1/3rd of the pions
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Let us assume, that all muons above a cectain limit of E,,, veach the voof If therr fraction
15 55% of all muons, then the kinetec energy limit is about 300 MeV

Figure 7.21: The kinetic energy of two photon generated MC muons passing our final cuts
would be {miniraum) ionizing and pass our pattern cuts. The rest would undergo hadronic
reactions leading to energy depositions spread over mure than only two crystals From

this argunents we conclude. that the ¢*¢” — ¢’ ¢”»* x~ barkground should be roughly

2% of the e*e™ — c'e u'u background. Therefore we neglect Lhis background
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Chapter 8

Trigger acceptances

For the different runperiods used in ous anslysis different trigpers were ensbled in the
Crystal Ball data taking {sce taole 6.1). Calculating our selection etficiency we have to
ask. if any events passing our final cuts could have failed the tiigger requireracnis and are
missing in our final data sample for this reason.

Hardware Lrigger base Lheir decision on tngger bits, which ere set for inajor ami minor
triangles, if these contain energy sbove a threshold. The nonnnal trigger threshold men-
tioned in section 3.1 are values at which these Lits ure set with an efficiency of 90% and
the veto bit is set with 10% efficiency. Small changes of the real trigges threshold with
time could introduce large changes in the efficiencies around the thireshold encrgy since
the threshold behaviour is very stuep.

Thie final cuts 8a-c {sece page 47) are little tighter than the Lardware trigger thresholds
in order to become independent of these effects. The inefficiencies of the correspand-
ing bitsetting is negligible for energy depositions sbove these cuts. This is proven by
iPRINDLESS; for the tunnel veto and minor triangle bits and by [MARSIS8G] for the ma-
jor triangle bit If we can neglect the bit inefficiencies above our saftware thresholds, the
cut Bd ' is stronger than the "OR’ of the hardware requirements of Topo20V and Mupair
trigger

As there are runperiods where only one of both triggers was enabled, we have to define
a trigger acceptance a'*? for our final selection cuts:

trig
where N{Mupar)v(Toped0¥) wore the number of events in our final sasaple if we would have
toth Mupair and Topo20V triggers enadled and N'™# 15 the number of events triggered
by the trigger "trig’ in this final sample

Unfortunately things are even more complicated  Siace different physical processes

have diflerent angular distributions, the trigger acceptances depend cn the processes un-

"Thanke to Hetuut Marsizshe for provading the tngges sunulanion program needed for thie cul
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der study.

We abreviate several sets of prucesses by using the subscripts listed in table 8.1 In

chapter 10 we will see, that we need Lhe following acceptances in order 1o culculate B, :

TopotoV [ TepuditV  Mupawe  Topo201
Aees » 97 ] 285y

Muparr

,and all

We determine these acceplances combining our information from real events and from MC

events.

1. The 'Fes’ acceptances
The acceptance gz is related to all events in our final sample but the process
T — u*pu~. So we can calculate it using an ofltesonance data sample where both
the Topo20V and the Mupair trigger were enabled. We use the continuum sample
1I, since it is the only one where both triggers worked properly. * The results are
listed in table 8.2.

We crosschecked these values by a comnparison with the MC generated {)uu events
yielding results for a(,),,. They are listed in the same able. The difference between
(41 and ai; may be caused partially by the twa photon p pair background which
is obviously not present in (y}uu MC events, by trigger threshold effects still present
for the Topo20V trigger, and by systematical MC errors. As we do not know the
relative influence of these eflects, we take the difference between (5. a0d a5 as

systematical error for a7z and its ratios.

5]

. The ’res’ acceptance
We assume. that Lhe tnigger acceptance a,,, for the resonant process is identical
with that for the lowest order nonresonant process. The latter is simujated by the
'soft photon’ events in our (7)up MC (see chapter 9.2). Neglecting the two photon

process we can write

aTore2ov  alore2ov ]

rer L= MC _ 021
gForeov Top;v?ﬁ\’l T
res [T TYR PO

The ratio was determined from the (7)upu MC. Its error can be neglected compared

v . . .
Toro?™ The resulting aT2"2™ s |isted in table 8.2, too.

Lo the error on a;; el

3. The "y4" acceptances

Our final sample for ¢*¢” — e e " u* y~ MC events as well as our missingToF

’Duzmg the rune 10800 to 11378 the two minor triangles #12 and #54 were not included in the total
energy sum used Jor the hardware triggers. That caused an inefficiency for the Mupair teigges, if one
muon entered one of these major triangles. However, since the Tope20V trigger doer nol use the total
energy. it should have caught all thore missed events. Thir comes from a fortunate coincidence of our
cuts, the Topc20V trigger requirements, and the hocation of these minors in the ball.
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Tdisgrams subscripts used

P e
D

N ‘5:»( [

—_— 1

=
)v»{fwf:gt,_,

The resonant u* u~ production via Y decays s called ‘res’, the nonresonant u* u” peir
production via one photon including firat order corrections is called {9)up’, the lowest
order process is called 'up', the two photon production is called vy’ and all proccases
beaides the resonant T production are called ¥es. The latter sct of processes contains all
remaining background in our final sample.
Furtheron we will use the following type of abbreviation for certain values:

at(d)],

res

B

(3

where
a: name of variable, ¢.9. efficiency ¢, cross section o, viaible cross acction 3, ..

©: data sample, characterized either by its CM energy {e.g. '15° or 'cont’, whick in turn
may be 45’ and '9.98GeV’) or ita trigger actup {e.g. 'Mupair’,'Topo20V') or an
inder t

abbreviation for the set of processes as listed in the table above

o

d: CM encrgy, at which the visible cross aection of this processcs is calculated (3 may be
scaled from the CM energy '8’ of the sample to another CM energy)

: method, by which the value wes caleulated, e.g. "MC’ or 'data’

®

Table 8.1: Abbreviations used

13



not used

not useq

Table 8.2 Trigger acceptances for the final sample
sample, which is mainly e*e™ — ¢Ye  p* ™ | is too small Lo calculate a,4 with high

enough statistical confidence. However, we find vulues for these samples, which are

nol significantly different from a;;,. Thus we set

Gy = i

“

Chapter 9

MC simulation of the process e'¢” — (y)u*p”

9.1 M™MC generator

We sirnulate the nonrescnant QED processete™ — (y)utp™ using 8 MC generator written
by Behrends and Kleiss (KLEISS82 . It generates p pair events including corrections of
the order a®, which describe miviat oc final state radiation of a phcton. The 1nitial siate
radiation dominates du= (o the high muon mass.

There are three parameters important for this analysis:

Eiam: ¥min. 3nd kmay

® Eicara is the energy of the incident efectrons. Gur data were (ahen at three different
beam energies, which were 4.730 GeV (T(15}). 4.990 GeV (below T(25)), and 5.285
GeV (T(45)). For each beam energy we generated about 20 10* MC events.

)

kpun s the so calied hard-soft limit Tor the radiation of a photon. Photons with an
energy of less than ETV" = kgpp - Ejam are assurned 10 be undetected. fa this case

the photon s generated with £, = OAMel’.

Our final cuts reject events with Egur,, < 30Mel . This causes yup events with a
photon of more than 30 MeV in the ball to be rejected The spurious energy back-
ground (see fig. 9.3) may even lower this limit. We choose km,q = .00) corresponding
to EY™" « 5McV in order to be less dependent on changes cf the spurious encrgy

background with time. }

kmax gives the maximum photan energy generated by ET9F = Koy Ejeam- The
generated cross section of (4)uu depends on this value. However, since no events
above k = .55 pass our final collinearity and total energy cuts, the visible cross

section does not depend on k., as Jong as it is sbove .55 We chose the default

'Fot tow [ow values of k.. the MO generator creates evenlr with negative weight, which may distert the
generated distributions. In our cise the fraction of evente wilh negative weights is leer than 1%, We
etudied MC saniplee of 2000 events each, generated with k.., = 001, 005, and .01, respectively. Since
we did nct nutice any digaificant changes in the resuliing visitile cross secticr, we neglect thie eflect.
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2% 3ni

value of kpyy = 9995 resubting in a total cross section of .4 = ‘—"—5‘7% = t4d-al,

where o', is the lowest order cross section front equation 1.13.

We merge DBM events with our MC events by adding the energies in each crystal
in order to simulate the spurious energy background. For each run used in our analysis
we sclect 1 DBM event per 1 nb™! integrated luminosily by a random selection. MC
events and DBM events of the same beam encrgy are merged together for each runperiod
separalely. Thus we get for each data sample a corresponding MC sample with the merged
energy background for this runperiod.

For statistical reasons we merge the DBM events of the resonance samples | and 11 together

on one MC sample, called resonance MC sample J/11.

9.2 Comparison of the data with MC simulations

If we omit the cuts on E13 and E}':T’sv we can compare the energy distribution and pattern
of our data with the MC predictions. The + ToF sample is most suited for that, since it
contains a negligible amount of cosmic ray background and beam-wall events. It never-
theless may contain up to .55-16.3% = 9% two photon generaled i pairs (see section 7.2).
However, these muons should have high enough energy to behave similar to S GeV muons
So the systematical error introduced by Lhis contamination is much less than 9%.

We adjust the % parameter for muons in the Crystal Ball so, that the most probable
energy luss for the MC muons from Ejum = 4.73G eV matches with the measured value
for T(1S) data The generated E13 distribution of the MC muons shows approximately
the behaviour of the 4 ToF sample(fig. 9.2). The relative deviations introduce systematic
MC errors of less than 5% for any cut on E13.

The pattern distributions of MC muans do not as well agree with our data as E13
does. The MC sitnulated f% pattern peaks much stronger at 1, i.e the muon energy is
essentially deposited in one or two modules more often than it is in the real data {(fig. 8.2).
We contribute this to a inaccurate treatment of the §-ray process in the MC simulation
of the Crystal Ball.

We correct for this effect by multiplying the number of MC events passing our final
cuts by a correction factor gzsg;3. Bowever, we will see that our cut on Il»:’_z: is not very
sensitive to this disagreement. We define the cut efficiency lor the cut on ELE.\ by

E2/ENY 7 \_‘N!._.,_
o £
where Ny, is the number of events passing our final cuts and N"“I.Er:.‘ 1s the same nuinber

if we would drop the !?':2'3 cut. We find the correction factor éga; g3 by dividing the cut
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The E13 distributions for MC muons and our + ToF sample omitling the cuts an energy
and patlern show g reasonable egreement

Figure 9.1: Comparison of the E13 distributions muons fromn MC and data
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Figure 9.2: Companson of the ffs distributions muons from MC and data
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Table 9.1 Visible cross sections and selection efficiencies determined by MC simulation

efficiencies fur the t ToF sample and the MC samiple

ToF
‘Figrs 9131 004
bpagrs = gbe = 2T 0 o 0644 005 (8.21)
E37E1S

9.3 Visible cross sectious

We apply our fnal cuts on the {y)pu MC data samples and correct the final number of
events by bgy,pys {see previous section). For calculaling B, we will as well need the
cut efficiency ¢, an x pairs front T decays as the visible cross sectivn 0y,),, for the
nonresonzat g pair production including the first order bremsstrahlung corrections The
bremsstralilung contribution tc the process T -~ u*u’ 18 aegligible. The beam energy
spread of 5 Me\" allows only very lowenergetic initial state radiation, since the condition
\'s = my has 10 be fullilled Thus we can use the selection efficiency ¢, for the solt
photon events of our (y)uu MC generator in order to calculate ¢, {see section 10.3}.

The visible cross sections @ are connected with the selection efficiencies ¢ by

s t
Fia)um — Uaus * al'lhulM‘.‘

Fun = Cun Tuu'QEp
where "MC' denotes the MC generaled cross section and "QED refers Lo the lowest order
QED cross section of equation 113 The results for ¢, and 6y,),,, are listed in table 9.1.
The staustical errors on & are dominated by the statistical errors on the cut efliciency on
the merged MC events The stalistical error on «,,, is dominated by the number of MC
evenls with soft photons

We scale the visible cross section 34y, { Ecar) for each sample to the corresponding

visible crous section 64y, (15) 8t /% = myp5) by
. sEom
ol‘tluntlb) B ‘1'\ '0[1)»;4(":(‘”)

where

SV oY 398GV ?

AR (— : ) RN TE!
2s 9.46C eV

and

e 10.57GeV\?
- = (77) = | 248
N 946GV

From the valoes in table 9.1 we find tive mean lummasity weiglited visible cross section at
\fi = yas)
(31 un(18)) = 4205 & 6 1 425 (9.22)

9.4 DDBM ratios

The differences between 6M,FUS) for the different MC samples comes mmainly frem the
merged DBM events. The dependence on the photon and muon energy distribution, which
slightly changes with Ey, m, is negligible. We caculate s relative DBM currection by 5ae{see

table 9 1} for each sample by
Siaten(1).

{8.23)
6i‘l|m-(ls)> .

Shane =
The statistical errors on &}, are 2% Lo 6% The s) stetnatical erroc on DBM simulation
of spurious energy was estimated to be 3% |PRINDLESS].

The cutl on Egepes, iv Mot seasitive un changes in dppar. We find a mivan squared
spread of 3% i1n 8ppar between the different runperiods, which is considerably higher than
the errors on épuas. So the fraction of events with spurtous energy of less then 30MeV
in the ball varies by about 3% with the runperiod. The distribution of Eju., for the

resonance sample IV is shown in figure 9.3.
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The Egpry, distribulion gives an impression of the spurious energy randomly present in all
events. It may contain real contributions from low energetic photons from bremsstrahlung

Figure 9.3. The Egepr,, distribution of our final sample
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Chapter 10

Determination of By,

10.1 The number of events in the final samples

We correct the number of events passing our final cuts for the cosmic ray and beam-wall
background as discussed in section 7.1. The corrected number of events N

N = Npew + Nigpuu + Ny (10.24)

is listed in table 10.1. We calculate the two photon generated u pair background N, for
each runperiod by
NEom = o!ritEon) . pBire . 5 (18) - roy(Ecm) (10.25)

The ratio r.q(Ecae) for the visible cross sections of e*e™ — ete p*u~ at different CM
energies Ecpy is approximately equal to the ratio of the total cross sections:

- 1(E, E,

inlBen) _ om(Een) _ 10" (5% 1o (522) -
in(1S) T on(1S) et (TEe) e ()

However, the angular distribution of two photon generated u pairs is more strongly boosted
in beam direction for higher Ecp. We have not enough MC events to calculate the

rn(Ecm) =

sample Ecm L N Ny 5(15) )
(et™") (»b) (s.d)
res | 1S 2051 [1165+36 | 140+ 12+58 | 50819158 | -1.6
res Il 1S 3565 | 2088 + 47 | 244+ 16+ 102 [ 526+ 144+ 60| -0.9
res 1l 1S 7.550 | 41354 66 | 469+ 22+ 195 | 5391 10+ 61 | +0.1
res IV 1S 14.219 | 7902+ 90 | 883+ 30+ 368 [ 5467162 | +1.1
cont | 9.98GeV | 1.927 | 889+ 31 136+ 12+ 57 | 42419153 | +04
cont 11 45 3.340 [ 1379+ 38 | 2414 16+ 100 | 428+ 15+ 57 | +0.7
cont 111 4S 8412 | 3606+ 65 | 602+ 25+ 250 | 47211161 | +5.0
cont IV 4S 10.284 | 7972493 | 1379+ 37+ 574 | 415272 55 -0.3

Table 10.1: Number of events and corrected visible cross section for the final data sample



influence of this effect on rq,. Since the visible cioss section for a no tag measurement
does not decresse with increasing beain energy [COURAUBI|, we assign a systematical
error of

By =1y~ 1

to the ratio of the visible cross sections We find

r3q(15) =1
r,4(9.98CeV) = 1.0276 % 0276 (10.27)
r(48) = 1.0543 % .0543

However, the dotninant error on N.,, is the error on 3., The resuiting values for N, are
listed in table 10.1.

In order to compare our 8 data samples, we calculate the visible cross section § corre-
sponding to N - N, (ece equation 10.24). We correct this cross section for the trigger
acceptances and DBM ratios, which depend on the runperiods. We scale ou: corrected
value to /& = my(s). The final value $(15) is given by

) N- N,

4
SUS) = g 5

(10.28)

Since about Jth of the events in our resonance szmples should be T — u* u™ (se page 13)
we use

ot = % (‘ . qToporev

(ot 4 1 aToperoV) for resil} and resiV
tng Mupair

(rhup for contll] and contiV
JRETI else

the results of ${15) are again listed in table 10.1. Their systematical error is dominated
by the 10% ersor on the integrated luminosity £ The contribution from the error on N,
is higher for the continuum than for the resonance sample. The corrected cross sections
for the 1S data are higher than the corresponding values for the continuum samples, since
the 1S data contsin the T decays in additicn.

10.2 Discussion of the different types of data used

Before we discuss this results we have to remember that we are using three different types

of data samples:

» Data from the 3 chamber setup of 1983 with both Topo20V and Mupair trigger
enabled.

« Data from the 4 chamber setup of 1984 and 1885 with different triggers for the

resonance and the continuurm sample.
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s Dats from the 4 chamber setup of 1984 with a bad nontinear Tube chamber ADC

and different triggers (or the resonance and the continuum sample.

We corrected lor the different trigger acceptances and determined the errors on this correc-
tion. We hoped to get rid of other systernatical effects depending on the samples by using
resonance and continuum samples which are believed to have the same systematical errors
(¢.g. number of chambers, bad ADC}. We have Lo be aware of chaunges in the chamber
performance, since the tube chamber information is esaential for this snalysis.

Since therc is no obvious reason, that our selection efficiency should depend strongly
on the number of chambers, we mainly have to be concerued about the infuence of the
bad tube chamber ADC. We calculate a luminosity weighted mean value {(S{15)) as well
for the resonance as for the continuum data. We use ouly the date with good ADC for this
mean value in order to check the systematical errors introduced by the bad tube chamber
ADC. We find

(525 1S, ) = 5385 6 £ 610b

(Strm1s)|, )= a7 62550

(vjss

We express the deviation of each sample from this wesn value by

_ $'08) - (5(1S))

§ e
BatarS'(18)

where we used thie statistical error A, 8ince the systernatical errors of the continuum
samples and the resonance samples have the same origin und the same sixe, respactively.
They cancel in the subtruction of the mean value.

The results are listed in the last column of table 10.1. We find, that the bad ADC
sample contll] shows a deviation of 5 s.d., whereas all other samples agree within 1.6 s.d.
with their corresponding mean values. \We do not understand this big effect in detail.
Surprisingly enough we do not see this eff+ct in the bad ADC resonance samiple (res 111},

Assuming, that the bad ADC is the source of the deviation, we would have to add
a systematial error on the bad ADC data, which can be estimated from the size of the
effect seen. This systematical error may in addition depend on changes in the amount of
random hits or differences in the high voliage setting of the chambers (vee table 2.1 for
an estimnate of the influence of the latter effects on the chamber z resolution). In fact,
the values for §pyas in table 9.1 show, that the contlll sample hay the biggest amount
of mpurious energy in the ball, which is generally connected with noise hits in the tubes.
There were as well many changes in the tube chamber HV during this runperiod. Thus
the systematicai error introduced by the bad ADC mey be rundependent. The result for
the resll] sample does therefore nect exclude, that the deviastion of the contll] sample is
cnused by the bad ADC.
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All these considerations show, that we cannot sufficiently rely on the quality of the
bad ADC data. Including them in the calculstion of B,, would introduce systematical
errors of unknown size. We conclude, that the result of our analysis is more reliable, if
we do not use the bad ADC data at all. Since this decision is based on real systematic

differences between Lhe samples, it does not bias our result on B, .

10.3 The selection efficiency for T — ptpu”

There are two ways of calculating the selection efficiency ¢,,, for u pairsfrom T — p* u~.

1. Using the MC values
We assume, that our MC simulates the lowest order process ete” — u*u™ in a
satisfactory way. Then the selection efficiency ¢, for u pairs from T — u*pis
equal to the efficiency clf, for ete~ — utu~ , mnce the angular distributions of
these processes are identical in fowest order. We must not use (55 since it contains

the continuum DBM events.
We calculate Lhe mean luminosity weighted value for (;f‘ c from table 9.1 excluding
the MC sample reslll

(tres) = (Guulpse) = 4992 B2 5.0%

The systemnatical error is exclusively due to 10% MC uncertainties.

2. Trying to correct for systematical MC errors
If we believe our continuum data to reflect the true visible cross section of e*e™ —
(¥)u* u™, we can correct l‘l‘fiM(‘ with the ratio of the visible cross sections for this

process determined from data and from MC. respectively.

MG

(s 1s0,,.)

Since this value depends pow on a ratio of MC simulated values, the systematical

{7)uu

(smnt (18)

{¢res) =

etrors on MC cancel partially. The error on ¢, is dominated by the error on the
cotrected visible cross section S(‘,"’,’:”(IS)L‘“ in our data, which in turn has roughly
equal contributions from AL and Ad,,. We find from table 9.1 (excluding the
sample cont 1I1)

( S{;’j‘,‘,(ls)im) = 43311+ 43pb
The deviation of this MC prediction from our data (see page 83) is about 4%, which
in well within all systematical errors. Using this result yields

(tres) = 481+ 1.0 6.3%
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sample _--‘-}\.’gf R.}: AN,
resl-contl 190112158 | 0974 00T+ 030 1422x1
resli-contll | 2444 164 102 | 308 0071 067 | 756+ 5= 36
“TesIV-contIV | 883 1 301 386 | 250% 004+ 065 | 2291 9z 111

Table 10.2: Correctians for the two photan induced background

We use the first calculation of ¢,,, since it has sinaller errors. It does not depend on
errors from the luminosity measurement and the size of the two photon generated muon

background. We use for each sample

2 [

free = tun MC

10.4 The final results

Subtracting the final number of events in the continuum samples from the 1S samples, the
systematical errors on the luminosity £ and the DBM ratio dpgam cancel. The error on
., cancels only partially, since the two photon cross section increases with beam energy.

We take this into account by expressing 8, from equation 1.14

B - N\'—wu
“ Ny adrons + INT 0

with the help of the carresponding ratios

trng(15) 315 15
G — 1 (15 7yl ahll‘ﬂ L scont o
Niow = ragllS) 15 ( T Tingleant) " Geont " peont N ANy, (10.29)
Ores “ el 8o (Vun

10.4.1 Correction for the e'¢” — ¢ ¢ u*u” background

The correction for the increase of the two photon cross section is expressed by

, nplls - rme
AN,, =orShopis 5 (18)- (r“(cant)- ;i,,:,-p - l) (10.30)
= NiT Ry
alS
where we defined R, := (rﬂ(ront) . E%‘% - 1]. The values for N5 (see equation 10.25)
(>}

.
are listed in table 10 1. We find for AN, the results of table 10.2 The statistical errors

on R,, sre due Lo the statistical errors for the DBM samples. The systematical error
ars

;'1.1:';5 due to changes in the
iep

Nal{T1} calibration was calculated to be .3% from the fact, that the change on the position

is dominated by the error on ry,. The systematical error of

of a 200MeV peak from minimum ionizing particles between different calibrations is about

2MeV |HEIMLSG . The systematical error on AN, 1s dominated by Ad.,.
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Table 10.3: The final number of events for T — u*pu~

sample | Eeag £ Niag NY . padeons

s e

_LES_' IS 2.0.“:1 20826 | 15610 1 1249
res 11 s 3.565; 37792 28864 1 2309

rcsl_V 1S 14.219

Bba M LN 163036 | 128284 + 10263
cont [9.98GeV | 4.640 ;

13141

Table 10.4: The number of hadrons from T — hadrons

10.4.2 The number of T — u*y~

Combining all these results we find for the number of decays T — u*u” the values in
table 10.3. In order to have a comparison between the 3 chamber data from 1983 and
the 4 chainber data from 1984 and 1985, we combine the samples I and 1l first, before
we calculate Lhe result for all samples. We will discuss the quantitative influence of the
difierent systematical errors later. In the calculation of our final systematical errors we
first added the errors from each source linearly (MC trigger,y7) and combined the resulting

errors 1n quadrature.

10.4.3 The number of T — kadrons

The number of hadrons in our final sample aze obtained by requiring the events to fulfill
the conditions of two different hadron selection routines INERNSTS85,. We again have to
subtract the norresonant contribution from ¢*¢™ — hadrons

conf Ej.&'

. _ 1 15 M cunt
Ny < hadrons = (T.; - (th T aE Tt Nyod (10.31)
The efficiency of this hadron selection was determined to {CLARESS)
€hag = 921 08

The results are Jisted in table 10.4
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Experiment B,
CPLCTO 78 [ 221 2.0%
DASP 80 20131 5%
LENA 81 |35114% 4%
CUSH83 | 271 3¢ 3%
CLEO B3 | 27+ 31 .3%
ARGLUS 85 29+ 41 5%
CB 85 251 .3+.3%
ARGUS83' [ 2.8+ 41 3%
CLEQ 85 | 28% 2% 2%
[ Average 272 .'i%_}
{We added the statistical and systematical errora of oll measurements in guadroture and
weighted eack measurement with its ¢rror)

Table 10.5: Previous measurements of B,

10.4.4 Calculation of 8,
We combine the results for the periods 1 and 1I. We fad
E,, =217% .36 .33%

The systematicsl errors originate roughly equally from the systemnatical MC errors, the
error on the number of two photon niuons and the puruber of hadrons. They lie between
8% to 10% of B,, .

The results for the period IV is

B,, =265+ .20% 53%

Here the error on trigger acceptances is dominating. It is rougly 14% of B, whereas the
oLher errros give contributions from 7% to 10%. The error on the trigger acceptance ratio
is ¢nly present in the sample IV.

We can calculate the significance of the difference between these two measurements
by adding the errors in quadrature which are not common for both samples, ie. the
statistical error and the error induced from the trigger acceptance ratio. We find the
deviation between the two measurements of B,, to be 860. So we can combine Lhe

measurements by sdding the number of events. We get

B,, =253% 172 46%

with the following relative contributions of the systematical ertors:

L 1 with independent

"The laat two values come from measuremenis of T(25) — »*x " ¢*e™ ¢
measurements of T(25) — v ¥~ T(15)

&7



- tngger acceprances 119
- systematical MC error 100
- erfor an ep.y 81

-error on 0., 7%

Previous sneasurements of B, are shown in table 105 BMUMU| Our result is in

good agreement with the world average
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Conclusions

We saw, that using the tube chambers of the Crystal Ball detecior and a new tracking
routine enabled us to identify and to reject backgrounds to the process e*e” — u*p” |
wlhich are not due 1o ¢* ¢ " interactions (i.e. cosmic ray muons and beam-wall interactions).
However, we noticed, that & good chamber performance is a0 unconditional basis for that.
We had to exclude dats samples from our measurement, which were taken with a bad
tube chamber ADC. Detailed reasons for that were not known.

Our final muon sample siill contains about 16% background fruin two photon u pair
production. By subtracting the nonresonant contribution to e*e”™ — u* u” and correcting
for the two photon induced background we extracted the branching ratio of T{15) —

#* 1. The resulting value of
B,, =253% .17% 46%

agrees well with previous measurements. This shows, that the Crysial Ball is well suited
to measure not only showering particles, but also charged minimurmn ionizing particles.
However, it may be possible 1o reduce the systeniatical error of this measurement.
More studies on trigger bit inefficiencies together with changes of sorne cuts should reduce
the error on the trigger acceplances. One may also quest for a better understanding of

the MC simulation of mucns in order to reduce the systematical MC errors.
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Appendix

In the following we list the code of our famous tracking routine TAGTRK in order to

provide everybody’s possibility o verify elementary particie physics resulta on elementary

source program level. In addition it may be used to discoursge anybody who is interested in

high energy physics. But notice, understanding physics is much easier than understanding
a FORTRAN program!
In case, that there happens to be really one human being, who wants to read this

routine, we give some hints, how to go through this code.

»

Forget aboul Lhe first statements in Lhe main routine TAGTRK They only write
oul parameters, check the input, and do some initialisations. The program really
starts with *CALL FNDHIT".

Look in the headers of each subroutine to know whalt it is doing, following the
sequence, in which these routines are called by the main program. If you have read
the chapter 4 before, you may get a slight glance of what is going on. Otherwise you
probably understand nothing.

If you are really sure that you want to know more details:

The important parameters and variables are in COMMON blocks.

The COMMON block EQUIV contains the data which are analysed

The COMMON block TBANALCM contains some information about the tube cham-
bers

The COMMON block TTUSERCM contains sll parameters and options, which may
be set or changed by the user.

The COMMON block TAGTRKCM containe the variables, which are handed over
between the subroutines.

You will find these COMMON blocks at the end of the code. There exist descriptions
of the important parameters in the COMMON blocks EQUIV and TTUSERCM.
These descriptions are attached at the end of the code, too. In the description of
the TTUSERCM common block, you will find, in which subroutine all its strange

parameters are used.

i you have really followed these hints up to here, you can either stop now and be
happy, that life does not yet really depend on computer programs, or, you say 'good
bye' to all your friends for quite a while, sit down and try to understand all the
idiosyncrasies of FORTRAN, tracking, and the Crystal Ball driit chambers. Make

your own choice!

1. The_source_code_of TAGTKE

SUBROUTINE TAGTRK{1TR _JTR)

THIS IS TrE MAIR ROUTING OF A TRACKING FROGRAM FOR TWO IRACKS
ITR AND JTR ARL TRACK NUMBERS OF ThE InPUT TRACKS
TRACKING OPTIONS MAVE 10 BC SET IN COMUONS TTUSERCM
RCSULTS ARt EITHER RETURNED IN TFUSERCY COMMAINS
OR WRITTEN IN THE EVENT BLOCK
00 "H TAGTRK™ FOR MORE INFORMATION ABOUT FTUSERCM

CREATED B5/11/21 W

NOOOHOGNOOOO

TALRO TAGTRKOM

BAACRO TTUSERCM

DAACRO £QUIV

c
LOGICAL FIRST, LDEF
DATA FIRST/ TRUE ./

INITIALIZATION
1§ {.NOT.FIRST) GO0 10
FIRSY = _FALSE
WRITE(6,1500) JHEAD(6), JHEAD(?)
[ IF THERE ARE NO USER TRACKING CUTS SET THEM GEFAULT
CALL CUTSET{LDEF)
mntgs.tsm

c
<

WRITE(6,1520) LOUT

WRITE(6,.1530) LOFFX,LCOSM

IF {LDEF) WRITE(6,1540

IF (.NOT.LDEF) WRITE(6,1541

WRITE(S, 1550) HAX]SM, HOF F)d, MCOSMM FACZ , SAX ] S
1500 FORMAT(" * TAGYRK CALLED FIRST FOR EVENT' 17,' RUN°,17)
1510 FORMAT(/, OPTIONS /TROPT/ AND CUTS /TRCUTS/ USED:'./)
1520 FORMAT{7X,‘WRITE NEW TRACKING RESULTS [N EVENT BLOCK: LOUT =*,L4)
1530 FORMAT({7X, ‘OFFAXIS TRACKING: LOFFX =* L4

. L/ TX, "COSMIC TRACKING: LCOSM »° L4)
1540 romug/.' —-—3> ALL TRACKING CUTS DEFAWLY:‘. /)
o

1541 FORMAT —> NO T ALL TRACKING CUTS DEFAULT: ./}

1550 FORMAT
s IX.'MIN § OF HITS FOR CHARGED ONAX1S TRACK HAX I Sh= " F6.2
o /I "MIN § OF HITS FOR AT LEAST OME OFFAXIS TRACK HOFFXM=' F§ 2
* /. IX. 'MIN § OF HITS FOR AT LEAST OME COSWM HALF TRACK HCOSMM«' FE.2
./, 7% ‘FACTOR FOR MIN § OF HITS OF 2ND COSM/OFFX YRK: FAC2«' F6.2
./ 7%, 'MIN SIGNI¥ ICANCE FOR ONAX]IS TRACKING:' X, "SAXISw=' F6 2./)

T 10 CONTINUE

c

< CHECK IF TAGTRX S CALLED PROPERLY
NTRKS = JHEAD(44)
IF(JTR.GT.NTRKS .OR. ITR.LE.O mn[}s,wso ) TR, NTRKS
IF(JTR.GT _NTRKS .OR JTR.LE.O) WRITE(6 1560) JTR NTRKS
IF(1TR.GT.NTRKS .OR JTR.GT.NTRKS} RETURN
IF{JTR.LE.O OR. JTh LE 0} RETURN

1560 FORMAT(" >ERROR IN TACTRK. TRACK-#'.18.° INVALID (NTRXS=‘ 15, '}")
c

IF (1TR €0.JTR) WRITE(6.156%) 1IR

JF (ITR €0 JTR) RETURN
1565 FORMAT (' >ERROR> TAGTRK CALLED W1TH IDENTICAL TRACK § ' .13}
c

ESOR1 = RTRK(1TRK{|TR}+12
ESORY = nmx(llnx(ﬂk%o\zg
1F{ESOR] EQ 0.) WRITE(6,1570) ITR
IF(ESORS .EQ 0.) MRITE(6.1570) JIR
IF(ESORI.EQ.0. .OR. ESORJ.ED.D ) RETURN
1570 FORMAT(® >ERROR> TAGTRK CALLED W)TM ESORO TRACK # *,15)
<

IF(1TUBE LE 0.OR.LTUBE .LE.Q) RETLRN
CALL MOVZER{HAXIS] 24)
CALL GETCHM(JHEAD(?))
CALL CONTUB
c
C—— SET CUTS ON MINIsM § OF HITS FOR SECOND TRACK
HOFF X2 = HOFFXMeFAC2
NOFFX2 = INT(MOFFX2)
HCQSM2 = HCQOSMM=FAC2
NCOSM2 = )NT(HCOSM2)

[+
C—— EHO OF INITIALIZATIONS, START OF TRACKING
c

Comm LOOK [NG FOR HITS
CALL FNOHIT{ITR JTR}

[
Commvm MOVE TRACKS ARCUND, COUNT HITS, LOOK FOR THEER CEWTER OF GRAVITY
C AND START OVER AGAIN {M4OV TIMES)
[
DEY = wwP

DO 20 im1. MOV
1F {LOFFX) TALL MVETRO
3t




CALL WMVETRY
IF (LTOSM) CALL WVE TR2

=

(LFFx) CALL COUNTO
CALL COUNTY
© {LCOSM) CALL COUNT2

IF {1 EQ MOV) GOTO 11
1F (LOFFa) CaLl COGO
CaLL COG1
IF {LCOSM) CaLt COG2
OfV = DEV/GAIN
coT0 20
1 IF {LOFFX) CALL HMAXD
CALL HAX)
IF (LCOSM) CALL reaax2
20 CONTIMK
[«
Cemae—e UECIDE ABOUE AXTS/OFF X/COSM HYPOTHESHS
CALL DECIDE
C
Commas REJECT HITS TOO FAR 4WAY IN ZET
CALL 2ETREJ

Cr—= CALL AFPROPRIATE FITTING ROUTINES
CALL CALFiT

c

Commm WRITE OUT RESULTS IN EVENT BLOCK
IF (LOUT) CALL TRKQUT(ITR JIR)
IF (LIRCOR) CALL CORRIR(ITR, JTR)

o

RE TURN
END

4vsseescccescacenvee END OF MAIN PROGRAM ®e¢ecessstsssscsssvssnsannnsne

SUBROUTINE CUTSE T(LDEF)

SETTING THE TRACKING CUTS TO DEFAULT VALLES IF NOT SET BY USER
AND CHECKING 1F ALL CUTS ARE DEFAULT

RMACRCG TAGTRKOM

SMACRO TTUSERCM

JMACRO EQUIY

LOGICAL LDEF

DATA KXM1 HCSMI HOXMU /1.5.2.,
DATA HXM? HCSM2 HOXM2 /2.5.2.5
DATA FAC,5XM /.5 - 1/

anG H65HOO

3./
.35/
C
NLAYS=JTUBE{ I TUBE+1)
C
IF {NLAYS.GT.6; GOTO 10
C ——HAS USER SET CUTS BY MIMSELF?
1I¥ (LCUT} GOTO 20
HAX|SM = HXM1
HCOSMM = HCSMY
HOFFXM « HOXM?
20 (DEF = HAXISM.EG.HXMT _AND. HCOSMM.EQ.HCSM1 . AND. HOFFXM.EQ.HOXMI
* _AND. FAC2 EQ.FAC _AND. SAXISM.EQ.SXM
RETURN

10 CONT INUE
€ ——HAS USER SET CUTS BY KIMSELF?
IF (1.CUT) GOTO 30
HAX]SM = HXM2
HCOSIM = HCSM?
HOFF X » HODM2
30 LDEF w HAXISM.EQ.HXM2 AND. MCOSMZ. £Q.HMCSM2 . AND. HOFF)M.EQ.HOXMZ
* AND. FAC2.EQ.FAC AMD. SAX[SM.EQ.SXM
RETURN

END
C
C
9200000000000 r0a0080sstnsiasasasecstocninartestvntsocnrese
C
<

SUBROUTINE FNDHIT(ITR,JTR)

C

YMACRO TAGTRKCM

XMACRO TTUSERCM

IMACRO EQUIY

XMACRC TBANALCM
DIMENSJON PHCSL{B).PHCSR(8) ,DPHCS(8)
LOGICAL LCROSS,LCSL.LCSR,LOX] ,LOXJ, LX} LXJ
DATA MSKPHT /2FFFF 0000/

C
(——PRELIMINARILS
C

CALL MOVZER(1Xx,7896)
NLAYS=MIN{ JTUBE {1 TUBE+1),3)

RINNL=RULAYER{ 1)
Cormmmsa(GE T TRACK PARMMETER
c TRACK )
C OPH] ARE MODULEDISFANCE/(SORT{B)}*SIN(THETA) )= R M &
IMOO = JTRK(LTRK(1FR}+16)
CALL DCCENT(IMOD UL, VI CSTHLY
SNTH] = SORT(S -CSTHL=+2)
Rl = RBALL*SNTHI
PHIL = AMOD(ATAN2(YI.UI)+P12,PL2)
OPHI| = OTHETA/SNTHI
WINDO =« WWP-DPHI| + OPHIT(1)/2.
X1LOW = PHIDIF (PHI! WINDO
XIHIG = PHISUM(PHII , WINGO

<
Cm-—-TRACK J
00 - .:mxilmx(ua)ns)
CALL DCCENT (MO0, UL, VJ CSTHY)
SNTHJ = SQRT{1.-LSTHI*«2)
RJ = RBALLSSNTHJ
Pr1d = AMOO{ATANZ{VJS UJ)+R12,PI2}
DPr1J = DTHETA/SNTHY
WINUO = WWPeDPHIJ ¢ DPHIT(1)/2.
XJLOW = PHIDIF (PH1J WINDO
XJHIG = m:smépuu,uum
[ THE MOVE TRACK ROUTINES MCED JNITIAL CENTRE VALUES OF 1 AND Pl
PriiCui = PHII
PHICMI w PRI

4
Commmn THE FOLLOWING 1S FOR FINDING QOSMIC TRACKS
IF {.NOT .LCOSM) GOTO 2¢

[ THE MOVE TRACK ROUTINES NEED INITIAL CENIRE VALUES OF R AND P!
RICM2 = R1
RJCM2 = RJ
PHICM2 « PHLI
PHICM? = PHIJ
c
C———LO0K FOR "RIGHT AND "LEFT™ ANGLE IN "V’

PHIL = PIIIMAXEPN”.PHIJ
PHIR = PHIMIN(PHII.PHIJ
C THIS IS FOR AVOIDING DIVIDE CHECKS IF PHIL = PHIR 8Y ACCI(EHT
1F {ABS{PHIOPN(FHIL . PhIR)) .GE..020) GO+ 10
PHIL = PM]SW%PN[L..OID
PHIR = PHIDIF (PHIR, .010
10 CSOPH w COS(PHIL-PHIR
SNOPH = SIN(PHIL-PHIR
C~——GET PARAMETERS OF RIGHT ANDY LEFT TRACK
LINV w PHIOPN(PHMI |, PHIY) *PHIOPN{PHIL ,®HIR . LT.0.
IF (LINV) GOTO 15
OPHIL DPHIT}

-
DPHIR « DPMEJ
SNTHL = SNTH)
SNTHR = SNTHJ
CSTHL = CSTHE
CSTHR = CSTHJ
GOTO 16

15 CONTINUE
OPHIL = DPHIJ
OPHIR = DPHIL
SNTHL = SNTHJ
SNTHR = SNTHI
CSTHL = CSTHJ
CSTHR « CSTHI

16 CONTINUE

c
c PROJECTION OF TRACKS TN PHI PLANE
c CALC SIN({DELTA)} WETH DELTA=PHI-PHOVTX
RL « RSALL*SNTHL
RR = ROALL*SNTHR
SLR = SORT(RLe*2 + RR+s2 — 2.RL°RA*CSDPH)
SHOEL = m.—an-csom;/sm
SNOER » (RR—RL*CSDPH}/SLR

[

C——CALCWRATE PHI AND RHO OF SUPPOSED COSMIC VERTEX
RHOVTX = RL*RR*ABS(SNOPH)}/SLR
PHOVTX = PHISUM(PHIR ASIN{SNDER))

4

C——ERROR PROPAGATIONS FOR AIL THIS STUFF
DROTL = RHOVIX®(1 ~RL*SMDEL /SLR)CSTHL /SNTHL
DROTR = Rnov!n?t,-nkosmm/sm “CSTHR/SNTR
DRDP = (RHOVIX®e2~RL"RReCSDPH)/SLR

c
USRDTL = —RBALL*CSTHL (CSDPHISNOEL * SNDER)/SLR
DERDTR = RBALLSCSTHR®(1.-SHOER*»2)/5(R
DSROP = (RHOVTX¢SNOER-RL «SNDPH)/SLR

c
DPODP = RL*SNDEL/SLR
IF {SNDER.GE.1) SNDER-O
DPOOSR = 1./SORT(1.-SNDER**2)

c

DRHC = SORT{{DROTL**24DRDTR**2)*DTHETAse2
A1



% +(DPHIL ¢ «2+DPH|Res2)+DROP v =2)

RHAOMIN = AMAX1(D  RHOVTX-WwR+DRHO}
c
Comme STUFF FOR FINDING OFFAXES HITS
29 IF ( ~OT LOFFX) GOTO 30
C=——THE MOYE TRACK ROUTINES NEED INITIAL CENTRE VALLES OF R AND PHI
PHICMQ = PHIY
PHICMO « PHIJ
RICMD = RI
RICMO = RJ
C 115 1S R(CENTRE) OF CORRESPONDING LINE (1<->K / J<->L) THROUGH AXIS
RXCMO = O
RGO « O.

C—— TRACK |
SNOPH) = SIN(WwP<OPHII)
SS1 = RINNLS#2 + Rl*%2 -2 *RINNL*R]*SNOPHI
Al = RINNL - R1+SNOPHL
B) = (1.-SNDPHI®s2) » Riv*2 / S5]
C— TRACK J
SNOPHJ = SIN{WWP<DPH1J)
SSJ = RINNL®%2 + RJes2 -2 sRINNL *RJ*SNDPHJ
AJ = RINNL - RJ>SNOPHY
B = (1.-SNDPHJ+e2) o RJee2 / S5y

LOOP THROUGH LAYERS CALCULATING PHI WINDOWS
AND LOOKING FOR MITS

OOTO

30 LCROSS = .FALSE .
DO 60 LAY=1,NLAYS
Commssnmf |RST COSMIC W] NDOW
¢ -DON"T LOOK FOR “COSMIC™ HITS, 1F NOT LCOSM
[ OR COSMIC TRACK DOESK"T CROSS LAYER
IF { .NOT.LCOSM) GOFOQ 39
IF {RHOMIN.GT .RLAYER(LAY))} GOTO 39
Coemr——E1LSE COSMIC TRACKX CROSSES THIS AND FOULWING LAYERS
LCROSS = .TRUE.
1IF {RHOVTX .LT, RLAYER(LAY)) GOTO 35
C————COSMIC TRACK MAY CROSS THIS LAYER WITHIN ERROR OF RHOVTX
[ LOOK IN PHOVTX +— P1/4 FOR HITS
PHCSL LAYi  PHOVTX

PHCSR{LAY) = PHOVTX
DPHCS{LAY} = P1/(4."wwP)
GOI0 X6
C———COSMIC TRACK CROSSES LAYER
C CALC EXPECTED PHICOSM AND DPHICOSM
c NOTE, THAT WAX(DPHCS) =) (PI/Q,}/([ OF R.M.S.IN PHI WINOOW)
35 EPS w ACOS{RMOVTX/RLAYER(LAY))
Mi?“k = PHISIM(PHOVIX , EPS)
PHCSR{LAY) = PHISUM{PHOVTX ,~£PS)

DPODR = 1./50RT{RLAYER{LAY)®»%2 -~ RHOVTX*s2)

0POOPR = DPQDR*DRDP ¢ 1.-DPODP

OPCOPL = DPODR*DROP «

DPHCS(LAY) = SQRT( DP(DSR'OSRDTLODP‘OOR‘DRDTL;'DTPETA se2
+( (DPODSR+DSRDTR+DPOOR*DRDTR ) $DTHETA) # 02
+(DPOOPL *DPHIL }+ 2+ (DPODPR*DPHIR )+ #2

DPHCS{LAY) = AMINY(DPHCS{LAY) PL/(4. *wwP))

. PHCSL (LAY} PHCSR{LAY) ,DRDP DPOOP ,DPHCS (LAY

* "PHCSL(LAY) PHCSR(LAY) DRDP OPODP DPHCS(LAY) *, ./ 14, 9F7.2

“wn

coOnn0

———CALC PHE WIHDOWS (+— WwP*(R.M.5.))
36 WINDO = WWPeDPMCS{LAY) + DPRIT(LAY)/2

CSRLOW = PN!DIF%P’CSR LAY)  WINDG)
CSRHIG = PMIMIN{PHCSR{LAY)+WINOQ, PHOVT X
CSLLOW = PnlwnximcsL LAY —w!mo.movn;
CSLHIG = PHISUM{PHCSL (LAY) ,WINOO)

[

o NOW OFFAX 1S W INDOW

39 IF (.NOT_LOFFX) GOTO 40

RRAT = RINNL/RLAYER{LAY)

DPHOXI = ABS(ASIN{ BI*RRAT —~ A1+SORT((1.-BI*RRAT#¢2)/551))}
. + DPHIT(LAY)/2.

OXILOW = mlolf{mn.mxl

OXIHIG = PHISUM(PHL],0PHOX]

OPHOXJ = ABS(ASIN( BJ*RRAT — AJ*SORT((1.-BJ'RRAT®+2)/552)})
. + DPHIT(LAY)/2.
OXJLOW & PHIDIF (PH1J, DPHOXY
OXJHIG = PHISWM Puw.Ome.ug
c
ComumasGET ALL TUBE HITS WITHIN PHI WINDOWS
<0 LOFF=JTUBE ( I TUBE+LAY+1)
IF(LOFF .LE. 0) GO T0 60
LPT=1TUBE+LOFF
NHTSLY=JTUBE (LPT
IF(MHTSLY LE. 0) GO 10 60
JMAX =44 I N(NHTSLY, 160}
9
C———L00P THROUGH HITS WITHIN LAYER
nY

0O 50 J=1,JMAX
WTalPT+8e(J-1)
HETPHI=RTUBE (MPT et}

C REJECTION OF LOW PULSEHE IGHT HITS
IFLAC=JTUBE (WP Te3)
PHT =1 AND (MSKPHT | 1FLAG)/65536.

C MAKE SURE THAT TBPHWMN [S MOMZERO
PHRATAPHT JAMAXY ( TEPHWMN(LAY ), 20.)
IF {PHRAT LY. PHRMIN(LAY)) GOTO 50

If ( NOT.LCOSM .OR. .NOT . LCROSS) GOTO 44

LOOK FOR “COSMIC™ MITS OF LEFT TRACK
LCSL = CSUHIC GE _MITPHI .AND. HITPM] .GE .CSLLOW
IF ({CSLHIG—CSLLOW).LT.0.)
. LCSL = CSLMIG.GE HITPHI _OR. HITPMI.GE.CSLLOW
[F {.MOT.LCSL) GOTO 42
1IF (LINV) GOTO 41
ICS{LAY} = ICS{LAY) + t
MICS = NICS + 1t
IPTCS(LAY, ICS(LAY)) = MPT
GOTO 42
o CONT 1R
JCS(LAY) = JCS{LAY) +
NJCS = NJCS + )
JPICS(LAY,JCS(LAY)) = WPT

C

[
C LOOK FOR “COSMIC™ MITS OF RIGHT TRACK
42 LCSR = CSRHIG.GE HITPHI .AND. HITPHI .GE.CSRLOW
IF ((CSRHIG-CSRLOW) .LT.0.)
. LCSR « CSRMIG.GE.HITPHI _OR. M]TPH].GE.CSRLOW
IF {.NOT.LCSR) GOTO 44
1F {LINV) COTO 43
JCS(LAY) = JCS(LAY) +
NJCS = NICS + 1
JPTCS(LAY JCS{LAY)) = MPT
GOTO 44
43 CONT [ NUE
ICS{LAY) = ICS(LAY) ¢
NICS = NICS + 1
IPTCS(LAY, ICS{LAY}) = WPT

c
c LOOK FOR “OFFAXLIS™ HITS OF TRACK |
“ IF (.NOT.LOFFX) GOTO 46
LOXI = OXIMIG.GE HITPH]  AND. HITPH(.GE .OXILOW
1IF ((OX1HIG-OXILOW) .LT.0.}
L] 10X) « OXIHIG.GE MITPHI .CR. HITPHI.GE.OX|LOW
IF (.NOT.LOXI) COTO 45
10X (LAY) = JOX{LAY) + 1
NIOX = NIOX + 1
1PTOX(LAY, IOX{LAY)}) = MPT

c
c

LOOK FOR “OFFAXIS™ M[TS OF TRACK J
45 LOXJ = OXJHIG.GE HITPHI .ANG. VHLTPHI.GE.OXJLOW
1F ((OXJHIG—OXJLOW) .LT.0 .}

. LOX4 = OXJHIG.GE . HITPHI OR. HITPHJ .GE.OXJLOW
IF (.NOT.LOXJ) COTQO 46

JOX(LAY) = JOX{LAY) + 1

NJOX » NJOX + 1

JPTOX{LAY JOX{LAY}) = WPT

c
C———L00K FOR “AX]1S" HITS OF TRACK 1
46 LXE = XIHIG.GE HITPH] .AND. HITPH].GE.X[LOW
IF ((XIHIG-XILOW) .LT.0.)
. X} = XIHIG.GE MITPHI _OR. HETPHI.GE.XILOW
IF {.NOF.LXI) GOTO 47
IX{LAY) = IX{LAY) ¢ 1
NIX = NIX + 1
IPTX(LAY, IX{LAY)) = WPT
c
[ LOOK FOR "AXIS* HITS OF TRACK J
47 LXd = XJHIG.CE.HITPHI .AMD. HITPMI.GE.XJLOW
IF ((XJHIG-XJLOW} LT 0.)
. LXJ = XJHIG.GE .HITPH] _OR. WITPH|.GE.XJLOW
IF {.NOT.LKJ) GOTO 50
C TAKE THIS HIT
JX{LAY) = JX(LAY) + 1
NJX = NJX + 1
JPEX{LAY JX{LAY}) = WPT
50 CONT 1 MUE

60 CONTINUE
c
RETURN
END
[
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SUBROUT INE MVE TRC

00 06

a7



C  WMOVETRACK ROUTINE FOR OFFAXIS OPTION
C LOFFXx = TRUE
C
[

IMACRO TAGTRRCM
TMACRD TTUSERCM
TMACRO TBANALLW
<
C--—STARYT CtLY FOR OFTAX}S OPTION
C AND |f THERE ARE ENOUGH HITS AT ALL
IF NOT LOFFX) Rf TURN
IF (NIOX LT NOFFX2 OR  NJIDX LY. NOFFX2) RETURN
IF {NIOX LT HOFFXM AND NJOX LT HOFF Xul) RETURN
C
CommebdOVE TRACK | {OWLY IR PH] DIRECTION)
[

STEP = 2 «DEVSDPHI] / (NBINS-1)
PRIIMO[1) = PHICWMO - DEV*DPHEE
SNPI»OEI; - SINéPﬂlIuﬂSI;g
CSPIMO(1} = COS(PHIIMO{1
RIMO{!) = RBALL*SNTHI
DO 10 (=2 MNBINS
PHIIMO(1) = PHIIMO(I-)) + STEP
SNPIMO(1) = SIN Pnllnoglg;
CSPIMO(1) = COS(PHLINO(]
RIMO(]) = RIMO(1)
10 CONRT INUE

c
CommCALC BINS ON ORTHOGOHAL LINE TO TRACK THROUGH AX1S
C  FIX RSTEP SO THAT MAX OF R 1S RLAYER{1) AT FIRST CALL (DEV=WWP)
RSTP = 2 sRLAYER(1)/{NBINS-1) » DEV/wwP
RKMO(1) = RKCMQ 4 RLAYER{)) * DEV/wwP
PHIKMO(1) @ PHICMO — SIGN{P1/2. ,RKMO{1})
SHPKMO \§ « SIN mlxm%1“
CSPKMO(1) = COS(PHIXMO(1
DO 20 1=2.NAINS
RKMO{})} = RKMO(}-1) - RSTP
Pﬂlmlogli = PHICMO ~ SIGN{P1/2. ,RxMO(1))
SNPKMO(T1) = SIN(PHIKWO ]g;
CSPxMO(1) = COS{PHINKMI(]
20 CONTIMKE

[
CormetOVE TRACKX J {ONLY JN PH] DIRECTION)
c
STEP = 2 *DEV+DPHIJ) / {NBINS-1)
PHIJMO{1) = PHICMO - DEV=DPHIJ
SNPJMO(1) = Sm§m“m2|;%
CSPIMO{1) = COS(PHIIMO(1
RJMO{1) = RBALLeSNTHJ
0O 30 ~2 NBINS
PriJMO({1) = PHIJMC([-1) + STEP
SWJWél = SIN(PHIJMO(1
CSPuMO{1) = COS{PH1JMO(]
RJWO(1) = RIWO(1)
30 CONT ENUE

¢
CmmmCALC BINS ON ORTHOGONAL LINE TO TRACK THROUGH AXTS
C  F1lx RSTEP SO THAT MAX OF R 1S RLAYER(1) AT FIRST CALL (DEV=wwd)
RSTP « 2 *RLAYER(!)/{NBINS-1) » DEV/wWP
RLMO(1) w» RLCMO + RLAYER(1) * DEV/WP
PHILMO(1) = PHJCMO - SIGN(P1/2. .RLMO(1))
SPPLMD(I; - S!n(rulwo}\;g
CSPLMO( 1) = COS{PHILMI(1
DO 40 1=2 NBINS
ﬁwo(:) a RLMO(I1-1} — RSTP
PHIL\K) = PHJCMO — SIGN(PI/Z LRLMO(1))
smuao - sm(m[woﬁ }
cspwo(l - COS(PHILMO( I
40 CONTINUE

RETURN
END

SUBROUT INE MVE TR

o noonn

[ —
C  MOVETRACK ROUTEINE FOR ONAXIS ( XeYsO ) TRACKING |
fom—

c

DIACRO TAGTRKCM

QMCRO TTUSERCH

[
C—MOVE TRACK | {ONLY IN PHI DIRECTION)
c
IF (NIX_LE.O) GOTO 15
SYEP = 2 +DEVADPHI! / (MBINS-1}
PHIIMI{1) = PHICMI - DEV=DPHII
DO 10 =2 NOINS

¢
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PHIIMI(1) = PHLIMI(I-1) 4 STEP
10 CONTINUE
4
{—MOVE. SECOND TRACK (AGAINM ONLY IN PH}}
18 IF (RJX LE.O) RETURK
STEP = 2 *DEVEDPHLY / (NBINS-1)
PHIIMI(1) = PHICUY ~ DEY*DPHIJ
DO 20 =2 NSINS
PHIJMI(]) = PHIMWMI()-1V) + SIEP
20 CONTINUE

RETURM
END

(o}
C
Cetontsoccseeetoasetonnssesiasanssnscesnsanssatsiosssorannshorassssons
[
[

SUBROUT INE WVETR2

MOVL TRACK ROUTINE FOR COSMIC TRACK t
LCOSM =  TRUE k

nnnnpn

DAACRG TAGTRKCM
XMACRO 1TUSERCM
DATA OROFF/.2/

[+
IF (.NOT.LCOSM) RETURN
IF (NICS.LT.NCOSM2 .OR. MJCS.LT.NCOSM2) RETURN
IF {NICS.LT.HCOSMM .AND. NJCS.LT.HCOSMM} RETURN
c

C—CALCULATE SIN AND COS OF ANGLE DELTA BETWEEH SUPPOSED VIX AND THE

C  TEMPORARY BEST TRACK COORDINATES (R7CMZ,PHZCM2)

CSOPM & COS{PHICM2-PHICM2)

S14 = SORT(RICM2+%2 + RJCMZe+2 -~ 2. «RICM2*RICKZ*CSOPH)
c ADD OFFSET TO ERROR DR, FORCING DR » O

DRI = RBALL-(AQSéCSlHI +OROFF }oDTHETA

DRS = KBALL™ (ABS{CSTHI }+DROFF J+DIHETA

<
SnOF | - fRIM—RJOA?'CSDFH /She
SNOES w (RICM2-HICUM2+CSDPH) /SI1Y
CSDE] w SORT{1.-SHDEf**2
CSDEJ = SORT{1 ~SNDEJ*+2

<

C—NOW THE SCALING FOR STEPS WITH COUBINED ERRORS IN PH1 ANO R
C  FIRST FOR TRACK !}
€ {NOTE,THAT SIN{DELYAI)=:SNOEI CAN BE < D t)

St DRISSHOEI

$2= -OPH1I*RICM2CSOE}

C CORRECT FOR THE RIGHT & LEFT TRACK HAVING DIFFERENT SIGN OF DR»Tiw)

1F {LINV) S2=-52
SS= SQRT{S1ee2 + S2ve2)

c
C-—CALCIWLATE BIN VALUES IN Ml AND R FOR TRACK |
DPMIMX w DEV « OPHIle S1/SS
DRMX = DEV * DRI < 52/SS
PHISTP = 2. «DPHIMX/{NBINS-1
RSTP - 2.¢DRMX / (NBINS-1
PHIIM2(1) = PHICMZ - OPHIMX
swelu2{1) = sm(PmmzH{
csp1m2{1) = COS{PHIIM2(}
RIM2(1) = RICM2 - DRMX
00 10 1=2,NBINS
PHIIMZ(1) « PHITM2(I-1) + PHISTP
sweiw(1} - SIN(PMIIMQEI;;
csPiu2(1) = cos(PH)Iuz(l
RIM2(1} = RIM2(I-1) + RSTP
10 CONTINUE
c
C—SAME FOR TRACK J
St= DRJSSNDEJ
$2= DPH1J*RICM2+CSOES

C CORRECT FOR THE RIGHMT & LEFT TRACK HAVING DIFFERENT SIGN OF DR+OPHI

IF {LINV) 52=—52
SSe SQRT(S1%e2 + S2¢e2)

OPHIMX = DEV * DPrlJje S1/SS
DRMX = DEV * DR} ¢ S2/SS
PHISTP = 2+DPHIMX/! m]ns—lg
HSTP = 2+DRMX / (NBINS-)

PH I M2 » PHICM2 - DPHIMX
SHP JM2 - SIN(PHIJMZE ;;
CSPJMZ COS(PﬂIJMZ

u2(|) - RJO-!Z -
DO 20 I=2 ,NBINS

PHIJM2(1) « PHIJW2(I-1) + PHISTP
SNPUM2(J) = SIH[PHIJM2 l;z
CSPIM2(E) ~ COS{PHIIMZ(]))}
RUM2([) = RIM2({1-1) ¢ RSTP

93



20 CONTINVE
RETURN
END
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SUBROUTINE COUNTO

COUNTS HMITS PHYSICALLY LOCATED ON TRACK CANDIDATES 1
FOR LOFFX = TRUE i

NOOOOH ONOOD

TMACRO TAGTRKCM
TMACRO T TUSERCH
YMACRO E£QUIYV
XMACRO TBANALCM
DILENSION SPHE(8,40),CPHI(B,40).SPKJ(8,40),CPHI(B, 40)

If (.NOT.LOFFKX} RETURN
tF (NIOX.LT.NOFFX2 .OR. NJOX.LT.NOFFX2) RETURN
IF (NIOX.LY HOFFXM .AND. HJOX.LT.HOFFXM) RETURN
c
C——PRELLIMINARIES
NLAYSedd IN{JTUBE ( [TUBE+1),8})
CALL, MOVZER{ON]O,968)

00 30 LYal,NLAYS
NHITS = fOX{LY
IF (NHITS.LE.0) COTO 15
DO 10 IHm1, NHITS
WPT = [PTOX{LY.IH)
smliu.m =SiN R!ua(éwr + 1
CPHI(LY, TH)=COS(RTUBE (MPT + :H
10 CONY INUE
s N]TS - JOI(LY;
IF (NH1YS.LE.Q) GOTO 30
DO 20 JH=1,NHITS
WPT = JPTOX{LY,JH)
smsu,m;-sm RTUBE (WPT + )
CPHI{LY, JH)wCOS{RTUBE (MsPT + 1
20 CONTINUE
30 CONTINUE

[
C———FOR EACH BIN CALC DISTANCE HIT-TRACK
DO 140 NBl=1,NBINS
SP1e=SHP 1MO(NB [
CP1«CSPIMO(NB [
R1=RIMO(NBI)
00 130 NBK=1,NBINS
SPK=SNPIM) rekg
CPK=CSPIGK | NBK
RK=ABS (RKMO(NBK ) )
c RIOE) CAN BE < 0. |
CSDPH « CP[*CPK4SP] #SPK
SIK = scﬂr}nl--z 4 RK*#2 — 2. sR1*RK*CSOPH)
A = Rl*RK*(SP1*CPK—CPL+SPK}
DO 120 LY=1,NLAYS
WITS = 10X(LY
IF (NMITS.LE.O) GOTO 120
RM = RLAYER(LY
DO 110 IHe1 NHITS
SP"-SPHI(LYJN}
CPH=CPHI (LY, IN
B = RKeRHe (SPK*CPH-CPK*SPH
C = RH*RI® sm-cm—cw-smg
DY = ABS{A#84C)/S1K
C—————————1 00K IF TRACK GDES THROUGH TUBE (DT < TUBERADIUS)
IF {DT.GT_TRAD{LY)) GOTO 110
ONIO(NB1 ,NBX) = ONIO(NBI NBK}+MWE1(LY)
19 CONT INUE
120 CONTINUE
130 CONTINX
140 CONTINUE

DO 240 NBJ=1,NBINS
SPJ=SNP MO m:;
CPU=CSPIMO(NBY
R=RIMO{NEJ )

DO 230 MBL=) NDINS
s&-muo}mn.
CPLCSPLMO{NBL
RL=ABS (RLMG(NBL })

[+ RLMG CAN BE < 0. |
CSDPH = CPJSCPL+SPJeSPL
SJL « SORT(RJ*e2 + RL**2 - 2.*RJ*RL+*CSOPH)
A = RJeRL(SPJCPL-CPI*SPL)
00 220 LY=1,NLAYS
NHITS = JOX(LY
1F (NR1TS.LE Q) GOTO 220

He

AH = RLAYER(LY)

DO 210 JH=1 KNHITS

SPr=SPRI(LY, JH)

CPHmCPHI(LY . JH)

B = RL*RHe ($Pt *CPH-LPL *SPH

C = RHeRJ* (SPHCPI—CPH*SPJ

OT = ABS(A+8+C)/SJL

LOOK JF TRACK GOES THROUGH TUBE {07 < TUBERADIUS)

C——=a
IF (DT.GT TRAD(LY)) GOTO 210
ONJO(NBS NBL) = ONJO{NBJ NBL)+HwE [{LY)
210 CONTINUE
220 CONTINUE
230 CONT INUE
240 CONTINUE
c
RE TURN
END
c
c
Coensecs eBveccccarsessenaantantNsBRRARPIOOS scasnecsssusccocey
c
c
SUBROUT INE COUNTY
c
[~
C  COUNTS HITS PHYSICALLY LOCATED ON TRACK CANDIDATES |
€ FOR X=YeD HYPOTHESIS '
[
c

TMACRO TAGTRXCM

C——PRELIMINARIES
NLAYS=MIN(JTUBE (1 TUBE+1) ., 8)
CALL WMOVZER{ON11,88)

IF (NIX.LE.Q) GOTO 110

C—TRACK [:
DC 100 LYe1 NLAYS
AHITS = IX(LY)
IF (NHITS.LE.O) GOYO 100
DO 50 IH=1,NHITS

c LOOK IF TRACK GOES THROUGH TUBE (DT < TUBERADIUS)
PHIHIT=RTUBE (IPTX(LY IK) + 1)
DO 20 NB=1,NBINS
OT = ABS (RLAYER{LY) * SIN{PH}IM1(NB)-PHINIT))
IF (DT.LT.TRAD{LY)) ONI1{NB) = ONI1{NB) + WWELI(LY)
20 CONT I NUE
50  CONTINUE
100 CONT INUE
c
110 IF (NJX.LE.O} RETURN
C—TRACK J:

DO 200 LYe1,NLAYS
NHTTS @ JX(LY)
IF (NHETS.LE.O) GOTO 200
DO 150 IH=1,NHITS
C———————— 100k IF TRACK GOES THROUGH TUBE (DT < TUBERADIUS)
PHIMIT=RTUBE (JPTX(LY I1H) ¢ 1)
DO 120 NB=1,N8INS
DT = ABS (RLAYER{LY) * SIN(PHIJMI(NB)}-PHINIT))
IF (DT.LT.TRAD(LY)} ONJI{NB) = ONJI(NB) + HWEI(LY}
120 CONT THUE
150 CONY INUE

200 CONT [NUE
<
RETURN
END
[~
[
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SUBROUT INE COUNYZ

COUNTS HITS PHYSICALLY LOCATED OM TRACK CANDIODATES |
FOR LCOSM = _TRUE. 1

N0 00

TMACRO TAGTRKCM
XMACRO TTUSERCM
KMACRO EQUIV
TMACRO THANALCW

DIMENSTON SPHI{B,40).CPK1{8,40),SPHJ(B,40) CPHI(8,40)
c

IF (NICS.LT.NCOSM2 .OR. NJCS.LT.NCOSMZ) RETURN
IF (NICS. LY HCOSMM AND  NJCS.LT.HCOSMM) RETURN

a4t

IF ;.K}T -LCOSM) RETURN



<
O ——FRELIUINAR
NUAYSeh | N{JTUBE (JTUSE +1) ,B)
CALL MOVIER{ONIZ 1452)

0O 30 LYe) NLAYS
NHITS = ICS(LV{
IF (8HITS LE D) GOTO 1%
DO 10 IrH=d WMITS
MPT = [PTCS(LY,IH}
SPH) (LY. IM)=SIN(RTUBE (MPT + 1
c&‘ul(u,ln;-cos RIUGE (WPT « 1;;
10 cont INUE
15 NHITS = JCS(L\’;
IF (4TS LE ) GOTO 30
DO 20 JH=1,MHIS
MPT = cPICS(LY,JH)
SPNJ(L\',JHg-S]N RTUBE (MPT « 1;;
CPHJ(LY, JH)=COS(RTUBE (MPT + 1
20 CONT ENUE
30 CONTINUE
s
C———FOR EACH BIN CALL DISTANCE HIT-TRACK
DO 140 RBI=1 ,KRBINS
SP1=SNP iM? (N3]
CPI=CSP IMI (N8}
RI=RIM2(NE1)
DO 130 NBJ~1 NBINS
SF JaSNP IM2 mJg
CPI=CSPIM2{NBJ
Ry=RJMZ(NBJ)
CSOPH = CP1*CPJ4SP1eSP)
Si1d = S‘.ﬁ‘[ﬂl"2 4 HJe»2 ~ 2 4R1*RISCSOPH}
A = RL*RJ*(SP}*CPI-CPi*SPY)
C———————LUOP THROUCH TUBE HITS
DO 120 LY=1.NLAYS
RH = ﬁLAY[RéLY
NHITS = ICS LYi
IF (MiiT1S.LE.O) GOTO 11t
——————~———F R TRAK ]
DO 110 1M1 NHITS
SPH=SPHI(LY 1K
CPH=CPHI{LY  1H
B = RJSRH® (SPJCHH-CPI*SPH
Lo mn-nlotw-cpl-cpu-smg
OT = ABS{A+B+(}/S14
e o e~ 0CX IF TRACK GOES THROUGH TUBE (DT < TUBERADIUS)
IF (DT.GT.TRAD{LY)) GOTO 110
ONI2{NB1 HBJ) = ONI2(NBI1 NGJ)+HWEE(LY)
ONLJ2{NBi NBJ) = ON1J2(NBI NOJ)+HwE1(LY)

110 CONTINUE
1m NHITS = JCS(LY
IF (NHITS.LE.0) GOTO 120
Cm————————NOW FOR TRACK 4

DO 115 JHal NHITS
SPA-SPHJ§LY,JN
CPH=CPH LV.JK;
B = RJ*RHe {SPJCPH-LPI*SPH
C = RH*R]*(SPH*CP[~CPH*SP]
D1 = ABS{A+B+C)/SlJ
C———————————00K IF TRACK GOES THROUGH TUBE (DT < TUBERADIUS)
IF (DT .GT._TRAD(LY}} GOTO 118
ONJZ({NB] NBJ) = ONJ2(N81 ,NBJ)+HWEI{LY)
ONTJ2(NBI,NBJ) = ON1JZ(NBI,NBJ)+WEI(LY)
15 CONTINUE
120 CONT INUE
130 CONT INJE
140 CONT INUE

RE TURN
END
Lo}
C
Coesanaensvoces

c

ssennacee

SUBROUT INE COGC
c
s
C CALCUWLATES THE CENTRE OF GRAVITY IN THE ARRAY ONIO & ONJO |
€ FOR OFFAX1S HYPOTHESIS
CIN Nloéﬂi ARE OF RITS FOR TRACK |
C IN ONJO(N OF HITS FOR TRACK J
[~

C
VIACRO TAGTRK M
JMACRO TTUSERCM

IF (.NOT.LOFFX) RETURN
1F (NJOX_LT.NOFFXZ ,OR. NJOX.LT.NOFFX2} RETURN
I1F (N1OX LT HOFFIM AND. NJOX.LT.HOFFXM) RETURN

a0

RMACRQ TTUSERCM
C

C FIRST TRACK |
Lf (NIX.LE.O) COTO 100
[«
$il=0
$02=0
00 10 li=1 ,NBINS
IF (ONEI(1E) . LE.O ) COTO 10
ON = ONL1{IL)*"NEXP
Sl = SIL ¢+ bI » ON
SO2 = 502 + ON
10 CONTENUE
c
C-——CALC THE CENTRC OF GRAVITY
IF (S02.CT 0,; ARAX! = S511/502
IF {S0Z2.LE.O.) XMAX] = (NBINS#1}/2.

c

C——F INO CORRESPONDING R AND PHI VALLES

1f éxw\xt.u.t,) XWMAX =1,

IF {XMAXL.GE .FLOAT{NBINS}) XMAX)=FLOAT(NIINS)-.01

1BIH = INT{XMAX])

OF SET = AMOO(XWAX], 1.}

PHICMI = (1.-OF SET)PHEEIMI(LBIN) + G SET*PHI 1M1 (181N+1)

NOW TRACK §
04 IF (MJX.LE.0) RETURN

n 0o

$J4=0.

502=0.

00 20 JJ=1, NEINS
IF (OMY1{9J) .LE.O.) GOTO 20
ON = OHJE{JJ)» HEXP
SJJ = SIJ 4 JJ * ON
502 = S02 + ON

20 CONTINUE

C———CALC THE CENTRE OF GRAVITY
W %502 GT.0.) XMAXS = SJJ/502
iF {SC2 LE .0.) XMmAxs + (NDINS#1)/2.

¥ §mu,u,1.) XMAX =T .

IF (XWAXJ.GE FLOAT{MEINS)) XbAXJ~F LOAT{NEINS)}~.01

JBIN = INT{XMAXJ)

OF SET = AMOD(XWMAXJ 1.}

PHJCMY w (1. —d’su)-mum(.lsm) + OFSEYePHIJMI{JBINH1)

oo

RUTURN
END

R T T T R R L PR N R

SUBROUTINE COG2

a6 OaO0n000

C CALCULATES THE CENTRE OF GRAVITY IN THE ARRAY ONIJ2
C FOR COSMIC MYPOTHESIS

C IN ONIJZ{K.L) ARL § OF HITS FOR TRACK 1 & J

[=

c

XMACRO TAGTRKCH

XMACRO TTUSEROM

c
1F {.NOT.LCOSM) RETURN
IF (NICS.LT.NCOSM2 .OR. NJCS.LV.NCOSM2) RETURN
IF (NICS.LT.HCOSMM .AND. NJCS.LT.HCOSWM) RETURN

S$1i=0.
SJJ=0.
$02-0.
DO 11 i1 NOINS
00 10 JU»1,HBINS
IF (ON1J2(11,94).LE.O.) GOTO 10
ON = ONIJ2(11,24)* *NEXP
SIL = S11 + 11 + ON
S4J = SI) 4 JJ o ON
S02 = 502 + ON
0 CONT [
11 CONTINUE

c
C——CALC THE CENTRE OF GRAVITY
1F (S02.LE.0.) GOTO 20
Xmax] = SI1/502
MMAXS = 5JJ/502
GOTO 2%
20 XMAX] = (NBENS+Y}/2.
XMAX S = XMAXE
21 CONTINUE

MR



Comeem FIRST TRACK | ANO CORRESPONDING ORTHOGANAL LiME
S11=0.
SKK=0 .
500=0
DO 11 11=1 NBINS
DO 10 XK=1 NBINS
1IF {ONLO(1] ,xK).LE O ) GOTO 0
ON = CNLO(]] ,KK}eoNEXP
SIt = S1) + 11 « ON
SKK = SKK + KK * ON
SO0 = SO0 +« ON
10 CONT ENUE
11 CONTINUE

c
C——CALC THE CENTRE OF GRAVITY
1F {SCO.LE.0.) GOTO 20
XMAX] « S$11/500
XMAXK = SKK/SOO
€OT0 21
20 XMAX] = (NBINS+1}/2.
XMAXK = XMAX]
21 CONTINUE

C~——F 110 CORRESPONDING R AND PH] VALUES
c TRACK 1:
IF (OAAX] AT.1.) XuAXTwt,
1F (OMAXE.GE FLOAT({NBINS)} XMAX]wF (OCAT(NBINS)-.01
IBIN = INT(XMAX])
OF SET = AMOD{XMAX],t.)
PHIOMD = (1. —OF SET)*PHIIMO(IBIN) ¢ OFSET*PHIJMO(IBIN41)
RICMO « (V.-OFSET)*RIMO{IBIN) + OF SETeRIMO(IBIN#1)
c CORRESPONDING ORTHOGONAL LINE :
IF §mxx.u‘|.) XMAXKe1
IF (XMAXK . GE.FLOAT{NBINS)) YMAXK«F LOAT{NBINS)~ 01
KOIN = INT{XMAXK)
OFSET @ AMOD{XMAXK, 1.}
RKCMO = {1.-OF SET) *RKMO{KBIN) + OF SET*RKMO(KEBIH+1)

C

Commn HON THE SAME FOR TRACK ¥
Sdd=0
SLL=0

DO 111 Ju=1,NBINS
DO 110 LL=1,NBINS

IF (ONJO(JJ.LL).LE.0.) GOTO 11D
ON @ ONJO{JJ,LL)**NEXP
SJJ = SJJ + JJ o ON
SLL = SLL « LL = ON
SO0 « SO0 + ON

110 CONTINUE

111 CONTINUE

c
C——CALC THE CENTRE OF GRAVITY
¥ (S00.LE.0.) GOTO 120
XMAXS = S4J/S00
XMAXL « SLL/SOD
©OTO 121
120 XuAXJ) = (NBINS+1)/2.
MAKL = XMAXJ
121 CONTINUE

[
C——F I1ND CORRESPONDING R AND PHI VALLES
< TRACK 41
1F (0MAXJ.LT.1.) XMAXJ=T.
IF (X4AXJ.GE . FLOAT(NBINS)) XWAXJ~fLOAT{NBINS)-. 01
JBIN = INT(XMAXJ)
OFSET = AMOD({XMAXJ,1.)
PHIOO = (1. —OFSCT)*PHISMO(JBIN) ¢ OF SET*PHIJMO(JBIN41)
RICMO = (1, ~OF SET)*RIMO{JBIN) + OF SETeRJIMO(JBIN41)
c CORRESPONDING ORTHOGONAL LITNE:
IF (XMAXL.LT.1.) JMAXL=1.
1F (XMAXL .GE .FLOAT{NBINS)) XMAXL=FLOAT{NBINS)-. 01
LBIN = [NT(XMAXL)
OF SET = AMOO{XMAXL.1.)
RLCMO = {t.-OFSET)*RLMO(LBIN) + OF SETSRLMO(LBIN#1)

C
RETURN
END

c

c
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SUBROUT INE COG Y

CALCULATES THE CENTRE OF GRAVITY IN THE ARRAYS ONIY AND ONJ1 |
FOR ONAX!S HYPOTHESIS i
IN ON1Y RESP. ONJ1 ARE § OF HITS FOR TRACK | & J 1

DOoOOOMOO

TMACRO TAGTRKCM

L===t |NU CURRLIMUNUI, R AN PRl VAL D
c TRACK |
1F {XMAX].LT 1.} xMAXj=1
If éxmn GE .FLOAT(NBINS)) XMAXI=FLOAT(MBINS)-.0}
18BN = ENT{XMAK])
OF SET = AMOD(XMAX| 1
PHICM2 = (1 ~OF SET)*PMIIM2{IBIN) + OFSET=PHIIW2{IBIN¢1}
RICM2 = {3 —OF SET)*RIMZ{IBIN} ¢+ OF SET+RIM2(IBIN+1)
[+ TRACK |
IF {xaAx S LT 1.} XMaxJs)
1 %xmu,c{ FLOAT(NBINS)) XWAXJ=FLOAT(NBINS)-. 0}
JBIN = INT(XMmAXJ}
OF SET = AMOD(XMAXJ, 1.}
PHICM2 = (1. —DFSET)ePHIJUZ(JBIN) + OF SETaPHIJM2{JBIN4Y)
RICM2 = (1. -OF SET)*RUMZ{JBIN) ¢ OFSET*RIMZ(JIBIN+Y)

RE TURN
END

B R P R R A TR

SUBROUT I'E  HIWMAXD

LOOKS FOR THE R,PHI WITH MAXIMA § OF MITS ON A TRACK
FOR OFFAX!S HYPOTHESTS
IN ONIO(M.N) ARE § OF MITS FOR TRACK |
IN ONJO u,.& ARE § OF HITS FOR TRACK J
QUTPUT: PHIOX, PHJOX, POXYTX ,ROXVTX
HOFF X1, HOFFXJ

oQOO0O0O0ODn OONMNo

XMACRO TAGTRKCM
XMACRO TTUSERCM
KMACRO TBANALCM
c
If (.NOT.LOFFX) RETURN
IF {NIOX.LT.NOFFX2Z .OR. NJOX LT .NOFFX2) RETURN
IF {NJOX_ LY HOFFXM _AND. NJOX.LT.HOFFXM) RETURN

MIDBIN « (NBINS+1)/2
NSIDE = MIDBIN-§
IMX = MIDBIN
KMX = W]DBIN
X = MIDBIR
(X » MIDBIN
c
C TAKE THAT (PHI.R) WITH MAX § OF HITS FOR TRACK I (ONIO)
C IF THERE 1S NO SINGLE MAXIMUM, TAKE THAT NEARER TO WIDOLE BIN
C INITIALIZE WITH WORST VALWES
HOFFX] = 0.
MNDIF a NBINSes2
DO 11 {1=1,NBINS
DO 10 KK=1,NBINS
ONDIF = ONIO(1),KK) ~ HOFFXI
IF (ONDIF) 10,8.9

8 MIDIF & (I11-MIOBIN)*%2 + (KK-MIDBIN)*e2
IF (MIDIF .GE. MNOIF) GOTO 10
9 HOFFX1 « ONIG(IL.KK)
i e 11
KX = KK

MNDIF = MIDIF
10 CONT [NUE
11 CONTINUE
[
C———DO NOT CONTINUE IF THERE ARE NOT £NOUGH KLTS
IF {HOFFX1.LY.HOFFX2) GOTO 999
PHIOX] = PHITMO(TMX)
ROX! = RIMO(IuX)
PHIOXK = PHIKMO{KMX)
cn RKMO WMAY BE .LT. Z2EROC
ROXK = ABS({RIGMO(KMX))

c
C TAKE THAT (PHI,R) WITH MAX § OF HITS FOR TRACK J (ONJO)
C IF YHERE 15 NO SINGLE MAXIMUM, TAKE THAT NEARER TO MIDOLE BIN
C INITIALIZE wITH WORST VALLES
HOFFXJ = 0.
MOIF = NEINSee2
00 21 JJ=1 ,MBINS
DO 20 LL=1,NBINS
ONDIF = ONJO(JJ.LL) - HOFFXJ
If (OMDIF) 20.18.19

18 MIDJF & (JJ-MI0BLH)**2 + (LL-MIDBIN)*»2
IF (WMIDIf .GE. MNOIF) GOTO 20
19 HOFFXJ » ONJO(JJ,LL)
JX - 4
LMX = LL

MNCIF = MIDIF
20 CONTINUE
21 CONTINUE



C
Co——00 NOT CONTINUE |F THERE ARC MNOT ENOUGH HITS
IF (HFFXJ LT HOFFX2) GOTO 999
IF (RQ¥EX] LT HOFFXM AND  HOFFXJ LT HOFFXM) GO10 999
PHIGRY = PHIJMO{ JMX )
ROYJ = RIMO(JMX)
PHIOXL = FHILMO{LMX}
[ol RLMO MAY BE LY ZERO
ROXL = ABS{NFLMO{LMX)}

o}
C
Commeme NOW CALC NEW {FH].RHO) CF VERTEX AND PHIS OF TRACKS SEEN FROM V1X
c
Y)| = ROXx}*SIN(PHIOXI]
YJ = ROXJSIN(PHIOXJ
YK = ROXK*SIH(PHIOXK
YLL = ROXL*SIH({PHIOXL
X)1 = ROX|*COS(PHIOX]
X2 = ROXJCOS(PHIONY
XKK = ROXX*COS(PHIOXX
XLL = ROXL~COS(PHIOXL
[o}
YIK = Y1l - YKK
YJL = YJJ - TYik
XIK = x|} - XEK
WL o= XJJ - KL
YKAL = YKK=X1] - Y}|*AKK
YLXd = YLLeXJU - YJJexii
c

DEY = YIKSXJL = YJLOXIK
c HO VERTEX IF DET = O.
\f {DET.€0.0 ) GOTO 99%
XX {xlx-mu - XJUeYKX1)/0ET
YY = (YIKeyLXd - YJLovKXSY/0EY

ROXVYX = SQR1(XX*e2 4 YYee2)
POXVIX = AMOD(ATANZ(YY, XX)+PI2,PI2)
C CALCULATED NEAREST OISTANCE OF BOTH TRACKS TO BEAM AXIS
Al = ROXVYX*ROX1+SIN{POXVTX—PH]OX1
AJ = ROXVIX*ROXJ*SIN{POXYIX-PHIOXJ
Sl = ROKVT!--Z*NDJ!I--2-2.-ROKVT!-ROX!0COS§POXVYX—PHIOXI§
SJ & ROKYTX®*24ROXJ*2-2. sROXVTX*ROXJ *COS (POXVTX-PHIOXJ
C THIS IS FOR AVOIDING DIVIDE CHECKS; Al ,AJ ARE O ANYWAY IF S],Sym0.
IF {SI.LE.O.) SI=t.
IF (SJ.LE.O.) Sd=1.
RMEAR| = ABSEA! /SORT(SI
RNEARJ » ABS{AJ)/SORT({SJ
C DON“T ACCEPT VERTICES NOI PASSING KHOCUTS
IF (ROXVTX.GY . ROXMAX) GOTC 999
1F (RNEARL.LT ROXMIN .AND. RNEARJ.LT.ROXMIN) GOTC 999
PHIOK = m)oiumzsrlx,nx wlz,PlZg
PHIOX = AMOD(ATANZ(YJL, XJU)+P12,P12
REJURN

c
C-——- VERTEX MOT ACCEPTED OR NOT ENOUGH MITS, SET HITS EQUAL ZERO
999 MOFFX] = 0.
HOFFX) = O.
RETURN
€ND
c

(eesessssrsvvrasares

SUBROUTINE  HMAX1

LOOKS FOR THE PH] WITH MAXIMUAL § OF HITS ON A TRACK
FOR AX]S HYPOTHESIS

QoOO0On0 00

TUALRO TAGTRKCM
WAACRO TTUSEROM
c
MIDBIN = (NBINS+1)/2
NSIDE = MIDBIN-1
M = MIDBIN
JUX = M10BIN

c
C TAKE THAT PH] WITH GREATEST § OF HIT ON TRACK
€ 1F THCRE 1S NO UNIQUE MAXIMUAM, TAKE THAT NEARER TO THE WMIDDLE BIN
C BEGIN wWITH TRACK |
IF (NIX.LE.0) GOTO 25
PHIX = anm?;
HAXIS] = ONI1{1
WIDIF = MIDBIN - 1
00 10 1B=2 MIDBIN
IF (ONI1(1B) .LY. HAXIS[} GOTO 10
HMAXIS| = ON[1(1B)
I « 1B
MIDJF = MIDBIN - I8
10 CONY INUE

g4%

DG 20 |!B=1 NSIOE
18 = LIDBIN + ]11B
ONDIF = ONLI(1B) - HAXIS)
1F (ONDIF) 20,18.1%
8 IF {118 GE.MIDIF) COTO 20
19 HAXIS| = ONTL(1BY
M = IB
MIOIF » §18
20 CONTINUE
PHIX = PHI IW1( IuX)

CONTINUE wlTH TRACK &

onNnnon

25 1IF (NJX_LE.D) RETURN
PHJIX = PulJulEtg
HAXISS = ONJ1(1
MIDIF = MIOBIN - 1
DO 30 18~2,MIDBIN
IF (ONJT(JB) .LT. HAX]ISJ) GOTO O
HAX[SJ = ONJ1(IB)
JMX = |8
MIOIF = MIDBIN - iB
30 CONVINUE
DG 40 118~ HSIOE
18 = MIDBIN + 11B
ONDIF = OMJI(1B) - HAXISS
IF (ONDIF) 40.38.39
38 IF (1IB GE.MIDIF} GOIU 40
39 HAX]S) = ONJ1(18)
JMX = |8
MIDIF = 118
40 CONTINUE
PHIX = PH]JMT(JINX})
RE TURN
[1.1]
Cc
C

Covotntuioestesssnssnonsseesincevettvistrinsoonioncessorcsnnss.socsons

SUBROUTINE HMAX2

OO 00

C LOOKS FOR THE R, PHI WITH MAXEMM § OF HITS ON A TRACK
€ FOR COSWIC HYPOTHESIS

C IH ON1J2(M N) ARE § OF HITS FOR TRACK | & J

C OUTPUT: PHICS,PHJICS, PCSVTX, RCSVTX, HCOSMY  1ICOSMJ

C.

c

TUACRO TAGTRKCM

UCRO TTUSERCM
LOGICAL LCSINV

[
IF {.NOV .LCOSM) RETURN
IF {NICS.LT.NCOSM2 .OR. NJCS.LY NCOSMZ) RETURN
IF {NICS.LT.HCOSMM .ANO. NJCS.LT.HCOSWM) RECTURN
c

WMIDBIN = (NBINS#1)/2
NSIDE = MIDGIN-}

IMX = MIDBIN

JuX = MIDBIN

[
C TAXE THAT PHI WITHK MAX § OF H|TS FOR BOTH TRACKS (ON1J2)
C IF THERE 1S NO MAXIMUM, YAKE THAT NCARER TO WIODLE BIN
€ INITIALIZE WITH WORST VALUES
X w 0.
MND[F « NBINSee2
00 11 Il=1,NBINS
00 10 Jy=1,NBINS
ONDIF = ON1J2{11,49) — OHaAX
IF (OMOLF) 10,8.9

8 MIDIF = (I1-MIDBIR)**2 ¢ (JJ-MIDBIN)**2
IF (MIDIF .GE. MOIF) GOTO 10
9 ONMAX = ON1J2()1,34)
M = 11
Jux = JJ

MNOLF = MIDIF
10 CONT INUE
1) CONT INUE

c
C KEEP MUMBER OF HITS ON EACH TRACK FOR ROUTINE DECIDE
PHICST = PHI[M2( [MX)
RCSI = RIM2{ 1400}
PHICSJ @ PHIJM2{JMX)
RCSJ = RJM2(JuX)
HCQSM] = oulzﬁlux.m!
HCOSMJ = ONJ2{ IMX, JUX
c
Cee—SET A OF VITS EQUAL ZERO IF THERE ARE NOT CNOUGH W1TS
1€ .mosm.u.rcosuzg cn10 use
1F {HCOSMJ.LY HCOSM2) GOTO 993
Al



1F (HCOSM].LT HCOSMM .AND. MCOSMJ.LT . MCOSMM) COTO 999
C
C
C CALCULATE NEW RHOVTX AND PHIVIX AND PHI™S SENN FROM VERNX
C FIRST LOOK AGALIN WHICH IS THE RICHT AND LEFT TRACK [N PHl
PHICSL = PHIMAX(PHICS],PMICSJ
PHICSR = PHIMIN(PM]CS] ,PHICS)
LCSINY « PHIOPN(PHICSI ,PHICSJ)}*PHIOPN{PHICSL ,PHICSR) .LT. 0.

c
CSDPH = COS?PMlCS]-PHICSJ
SNDPH = SIN PHICSLPHICSJ}
S1J w SQRT(RCSI*+2 + RCS4e»2 ~ 2.+RCS|+RCSI+CSDPH)
SNDE] = (RCSI-RCSJ+CSOPH)/SIY
DELT] = ASIN{SNDEI)
c

RCSVTX = RCS1*RCSJ*ABS(SNOPH) /S 14
C REJECT VETICES 70O NEAR THE BEAM AXIS
¥ RCSVTIALT.RCSHIN; COTO 999
1F {ncsvn.cr.ncsmx GOTO 999

IF (LCSINV) GOTO 105
PCSVTX = PHIDIF (PHICS],DELT])
PHICS = PRISUM(PCSVIX,P1/2.
PHJCS = PHIDIF PCSVII.Pllz.;
6OTG 106
105 PCSVTX = PV(ISLN(P){[CS].DCLTI)
PHICS = PHlDlF?PCSVTx,PI/z.
PHICS = PHISUM(PCSYTX . P1/2.
106 RETURN
¢

C— NOT ENOUGH HITS, SET HITS EQUAL ZERO
999 HCOSM] = 0.
HCOSMJ = 0.
RE TURN
END

oo
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SUBROUTINE OECIDE

co oo

C -DECIDES IF THE TRACK{S) SHOULD BE FITTED ONAXIS, OFFAXIS OR COSMIC
C —SELECTS THE FINAL SET OF HITS WHICH ARE GOING

C YO BE USED FOR FITTING IN ARRAY ILYPT(M NHIT)

C ILYPT{1 NHIT): LAYER § ILYPT(2,NHIT): POENTER TO HIT

Cam

C
KMACRO TAG TRKCM
XMACRO TTUSERCM
TMACRO TBANALCM
AMACRO EQUIV
c

DATA SCSOXM /0./

NLAYS=MIN(JTUBE{ 1 TUBE+1).8)
Crmemem RESET RESULTS

C

NHIT =0
NH1TJ=0
Lxm FALSE .
LOX=_FALSE .
LCS=.FALSE.
c
Commm CALCULATE SIGNIF[CANCE FOR EACH HYPOTHES!S (AX1S,OFFX,COSM)
SCOSM = 0.
IF {MCOSMI+RAXIS].GT.0.)
*  SCOSM = SCOSM 4 (HCOSMS-HAX1S])/{HCOSMI+HAX1S1)
IF (HOOSMJ#HAX]SJ.GT.0.)
s SCOSM = SCOSM + (HCOSMJ-HAXISJ)/{HCOSMJ+HAXISS)
SCOSM = SCOSM/2Z.
¢
SOFFX = O.
IF (MOFFXI+HAX1SI.GT.0.)
©  SOFFX = SOFFX + {HOFFXI-HAXISI)/(HOFFX]1+HAXISE)
IF (HOFFXJ4+HAXISJ.GT.0.
v SOFFX = SOFFX + (HOFFXJ-HAXISJ)/(HOFFXJ+HAXTSJ)
SOFFX = SOFFX/2.
SAXIS @ —AMAX](SCOSM, SOFFX)
[+
C——DECIDE OFFX OR COSMIC

SCSOX = O,
If (HCOSMI+HOFFX1.GT.0.)

e SCSOX » SCSOX + (HCOSMI~HOFFX)}/(HCOSMI+HOFFX])
IF {HCOSMJ+HOFFXJ.GT.0.)

*  SCSOX = SCSOX + {HCOSMJ-HOFFXJ)/(HCOSMJ+HOFFX))
SCSOX = SCSOX/2.

4
Comm MAKE P THE DECISION
LX = SAXIS.GE. SAXISM
1¢ (LX) GOTO 200 asd

LCS = SCSOX .GT.SCSOXM
1 (LCS) COTO 100

Comems F1T OFFAXIS
LOX = TRUE.
MHIT] = HOFFXL
HA1TS = HOFFXJ
C ————— CALC OF VIX AND PH1"S SLEN ¥ROM VERTEX ALREADY DONE [N HMAXO
RHOVIX = ROXVIX
PHIVIX = POXVTX
C———LOOK FOR HITS LYING ON TRACK
CSOPH = COS{PHIOX1-PHIOXK)
S1K « SORT(ROXL**2 + ROXK*+2 - 2.+ROX|*ROXX*CSOPH)
A = ROX1+ROXK*SEN(PHIOXI-PHIOXK)

DO 20 LY=1 _KLAYS
TRACK 1
MHITS = 10X(LY
IF (WHITS.LE£.0) GOTO 20
DO 10 IH=1_NHiTS
WY = 1PTOX(LY, IM)
PHIHITaRTUBE (MPT + 1)

B = ROXK*RLAYER(LY)*SIN PH]OIK—PHIH]T%
€ = RUAYER(LY)*ROXI>SIN(PHIHIT—PH]OXI

DT = ABS(A+84C)/SIK
If (DY.CT.TRAD(LY}) GOTO 10
C——————+HERE WE HAVE A HIT ,STORE 7S POINTER AND LAYER WUMBER
C IN ARRAY FOR HITS USED FOR FIT
NHIT] = NHITT + 1
IL\’PYsl.!&IlTl - LY
ILYPT{2.MH1T1) = w7
10 CONT INUE
20 CONTINUE

C

C-———HNOw TRACK J
CSDPH » COS(PHIOXJ—PHIOXL )
SJL = SQRT(ROXJ+*2 + ROXL®*2 — 2. *ROXJ*ROXL*CSDPH)
A = ROXJ*ROXL*SIN{PHIOXJ-PHIOXL)

DO 40 LYw1,NLAYS
NHLTS = JOX(LVi
IF (NHITS.LE.0) GOTO 40
DO 30 JH=1 NHETS
MPT = JPTOX(LY,JH)
PHIH] T=RTUBE (MPT + 1)

B = ROXL*RLAYER{LY)*SIN(PHIOXL—PHIHIT
C = RLAYER(LY)*ROXJ*SIN(PHIHIT-PHIOKI

DT = ABS(A+B4C)/SJL
If (DT.GT.TRAD(LY)} GOTO 30
C——— HERE WE MAVE A HIT _STORE ITS POINTER AND LAYER NUMBER
C IN ARRAY FOR MITS USED FOR FIT
NHITY = NHITS + 1
JLYPT%‘,NNHJ =LY
JUYPT{2 NHETJ) = w7
30 CONT I NUE
40 CONTINUE
RETURN
¢

<
Comens F17 COSMIC
[

[ CALC OF VTX AND PHI“S SEEN FROM VERTEX ALREADY DOHE 1IN HMAXD
100 RHOVIX = RCSVTX
PHIVTX = PCSVTX
HHETI = HCOSMI
HHITJ = HCOSMJ
[

C~—— LOOK FOR HITS LYING ON TRACK )
CSDPH = COS(PHICS]-PRICSJ)
S[J = SORT(RCSI**2 + RCSJ**2 - 2.%RCS]*RCSJ*CSDPH)
A = RCS]*RCSJ*SIN(PHICSI-PHICSJ)

DO 120 LY=1,NLAYS
C————TRACK ]:
RHITS = ICS(LY{
1F (NHITS.LE.O) GOTO 111
DO 110 IH=1 KNHITS
WPT = 1PTCS{LY,IH)
PHIHI T=RTUBE (MPT + 1)

ig]

B = RCSJPRLAYER{LY)*SIN(PHICSJ-PHIHIT
C = RLAYER{LY}*RCS1*SIN(PHIHIT-PHICS!

DY = ABS{A+B+C)/S1J
IF {DT.GT.TRAD(LY}) ©OTO 110
e ———HERE WE HAVE A HIT ,STORE 175 POINTER ANO LAYER NUMBER
> IN ARRAY FOR HITS USED FOR FIT
NITY = NMITL + 1
43



JILYPY( . M{ITI) = LY
IYPT(2. MH1T1) = Mot
110 CONT IRUE
C————TRACK J
1M1 NHITS = JCS(LY)
IF (NHITS LE 0} GOTO 120
DO 115 Jh=1,M{LTS
WPT = JPTCS{LY,JH)
PHIHI TaRTUBE (WPT ¢ 1)

C
B = RCSJRLAYER{LY)*SIN(PHICSJI-PHINIY
C = RLAYER(LV)‘RCS!'SIN(PHIHII-PMICSI;
C
DT = ABS(A+B+C)/S1J
¥ {OT.GT.TRAD(LY)) CGTO 115
C-———————-~HERE WE HAVE A HJ1 ,STORE [TS POINTER AND LAYER NUMBER
c IN ARRAY FOR H]TS USED FOR FIT
NHITJ = NHETY + 1
JLYPT{1, MH1TY) = LY
JLYPY Z.MI'I.I; - WPT
1% CONT INUE
120 CONTINUC
RETURN
[
c

Commmef [T AXTS
200 RHOVTX = 0.
PHIVTX = O.
HHIT] = HAXIS)
HHITS = MAXISY
DO 220 LY=1,HLAYS
C————LOOK FOR HITS LYING ON TRACK |
IF (HAXISD.LT.HAXISM) GO10 211
NHITS = IX(LY)
If (NBITS.LE.D) GGTO 211
DO 210 1H=1 ,KHITS
WPT = IPTX(LY, IH)
PHIHIT=RTUBE (MPT + 1)
Cc DT 1S DISTANCE TRACK ~ TUBE CENTER
DT = ABS (RLAYER(LY) *» SIN(PHIX-PHIHI1))
IF (DT.GT TRAL{LY)) GOTO 210
Crm— e -HERE WE AAVE A MIT ,STORE TS FOINTER AND LAYER NUMBER
c IN ARRAY FOR H1TS USED FOR FRIFIT
NHIT] « MHITE 4 1
ILYPT{1, MHTTL) = LY
TLYPT(Z.NHITL) = WPT

n 1f (HAXISJ L) . HAX1SM) GOTO 220
HHITS = Jx(LY)
iF (MHETS.LE D) GOTO 220
00 215 JH=1,NiITS
WPT @ JPTX(LY,JH)
PHIHIT=RTUBE (MPT + 1)

DY = ABS (RLAYER(LY) * SIN(Pan-PH[N[t))
IF (DT.GT.TRAD(LY}} GOTO 2
c——-—-—-+£R£ WE HMAVE A HIT ,STORE ns POINTER AND LAYER NUMBER
IN ARRAY FOR HITS USED FOR FIT
NHITS = NRITY + 1
JLVPTEI JNHETI) = LY
JLYPT(2,NHITY) = WPT
215 COMT [NUE
220 CONTINUE
RE TURN
ENO
c
c
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SUBROUT [NE ZETRE)

—REJECTS HITS NOT TO BE USED FOR Z AND THETA FITYING
BECAUSE OF BAD 2 OR LOW PULSE HEIGHT
=FILLS R AND £ INTO ARRAYS USED FOR FIT

OO0OON0ON 0o

BUCRO TAGTRKCM
YNACRO TTUSERCHM
XMACRO EQUIV
TMACRO TBANALCM
C
DIMENSION RLEFFI(B), RLEFFJ(8)
DATA MSKZBD/Z00001100/  MSKPHT/2ZFFFFO000/, IRES/ .04/

CALL MOVZER(ZPREL 964)
NLAYS=MIN(JTUBE{1TUBE+1) .B)

o
Comamu FIRSY CALC EFFECTIVE LAYER RAOIL
IF (LOX) GOTO 11

1¥ (LCS) GOTO 13

DO-10 LY=3 NLAYS
RLEFFI{LY)} = RLAYER(LY)
RUEFFJ(LY) = RLAYER{LY)

10 CONYINUE
Go10 15
[
11 RCORRI| = SORT( AMAX1{ RHOVIX++2-ROXK**2 0. );
IF (PHIOPH(PHIOX PHIOXK) sPHIOPN(PHIVTX, PHIOXK) .GE O.)
s RCORR] = -RCORR}
RCORRY =~ SORT( AMAXY( RHOVIX*«2-ROXL**2 .0, )g
1F (PHIOPN{PHJOX ,PHIOXL ) *PHIOPN{PHIVTX PHIOXL).GE .Q.)
¢« RCORRJ =~ ~RCORRJ
DO 12 LY=~1 NLAYS
RLAY2 = RLAYER(LY)**2
RLEFFI(LY) = SORT{ AMAX1( RLAY2~ROXK**2 .0. + RCORR1
RL(F!’J2L7§ - S(mE AMAXE( RLAY2-ROXL**2 O ;; + RCORRY
12 CONTINUE
GOY0 15
c
13 CONTIHUE

DO 14 LY=1,NLAYS
RLAY2 = RLAYER{LY)=<2
RLEFFI{LY) < SORT{ AMAX1{ RLAYZ-RHOVTX*+2 ,0. ))
RLEFFJ(LY) = RLEFFI(LY)
14 CORTINUE

[~
Comsmmem 7 REJECTION FOR TRACK 1
c

15 IF (NHETI.LE.Q) GOTQ 40
DO 35 Nl=1 ,NH]ITI

C-———1S THERE BAD 2 OR LOW PULSE HEIGHTT
IFLAG=JTUBE { ILYPT(Z,N1)+3)
IF (IAND(MSK2BD, [FLAG) NL.0) GOTO 4
PHT=]AND(MSKPHT , IFLAG ) /65536
PHRAT=PHT /AMAXH( TBPHMNCILYPT(t,N1))}.20.)
1F (PHRAT .LY.PHAMIN(ILYPT(1,N1)}) COTO 34
ELSE CALCULATE PRELIMINARY Z£7Y

NZ ~ NZ + 1

lJl(NZ) - NI

kel

- RTUBE{ILYPT(2,H1)+2)*SNTRI ~ RIEFFI{ILYPT{1.N1)}+CSTH1

Ma = SNTH] = RLEIFI(ILYPT(1,N1))/REALL
ZPREL(NZ) = HA/HO

GOTO 35
34 ILYPT(2Z.NI) = ~1LYPI(2,N])
35 CONTINUE

€
€ NOW TRACK J
40 IF (NH)TJ.LE.O)} GOTO 43
DO 42 NJ=1 KHITJ
HETGHT?

IFLAGMITUBE (JLYPT(2. NJ)+3

1F (IANDEHSKZBD iFLI-G; NE D) GOTO 41
PHT= | AND (MSKPHT, [FLAG)/65536.
PHRAT=PHT /AMAX 1 ( THPHN(JLYPT(1,NJ)),20.)
1F (PHRAT.LT.PHRMIN(JLYPT{1.N))}) GOTO 41

C———— ELSE CALCULATE PRELIMINARY ZETY
NZ = NZ 41

C i FOR TRACK J couNr HITS NEGATIVE (SEE BELOW)
1J2(NZ) =~

HA » RTUBE(JLYPT(Z N2)42) »GNTHS — RLEFFJ(JILYPT(1,.NJ))*CSTHY

HB = SNTHJ -~ RLEFFJ(JLYPT(1,.NJ))/RBALL
IPREL(NZ) = HA/HB

GOTO 42
41 JLYPT(2,NJ) = -JLYPT(2,NJ)
42 CONTINUE

C
C——— LOOK FOR FAR AWAY 2ET VALUES AND FLAG THEM IN LIZFAR & LJZFAR
c REJECTS ZET VALUES OF HWITS, IF ZPREL
c {XING POINT OF STRAIGHT LINE BETWEEN BUMPMOOULE AND HIT WITH AXIS)
C 1S MORE THAN DZMAX AWAY FROM MORE THAN THE HALF OF ALL ZPREL"S
c
43 IF (NZ.LE.O) GOTQ 145
DO 45 l=1,NZ
NOUT = O

DO 44 Ju3 NI
DI = ABS({ZPREL())-ZPREL(J))
IF (DZ.GT.DZMAX) NOUT=NOUT+t
44 CONTINUE
IF {MOUT .LE.NZ/2) GOTO 45
C—— ELSE FLAG HITS (1UZ>0 MEANZ TRACK I, 1JZ<0 MEANS IRACK J}
1€ uzi:;.c:.o uzrm?uz(l);-.muc,

16 (197(1) .07.0) LUZFAR(-1JZ(1})}=.TRUE.
45 CONTINUE
C—— FiLL TRACK J HITS WITH POSITIVE POINTER IN FETI
145 N1 = 0

IF (NHITI.LE .0) GOTO 148
OC 47 Ni=) NHITY
IF En.rn(z,m LT.0) GOTO 47

IF (LIZFAR{NI)) GOTC 46
(R4 ]



C——— ELSE JAKE THIS MIT FOR FITTING

NF] ow N« 1
FITI(1 . N1) = RUEFFICILYPT(1 R1))
rller.wl = RTUBE(ILYPY(2 NI)e2}
FIVI{I.NFE) = V. /{ZRESSTLENG{ ILYPT(3 . N1))) =22
GOTO 47
46 ILYPT(2.N1) = —ILYPT(2 NI)
47 CONTINUE

C IF wWEJGHT FOR BUMP MOOULE SET 0. DON"T TAXE 17
148 IF (BaPWEL.LE.O.) GOYO 48

c
C LAST FIT POINT IS BUMP MOOME

N =M+
e g.no!.;on FITI{1,NF1) = SORT((RBALL*SNTH]}®+2-RHOVTX*s2)
IF {LOX) FITI{1,NF1) = SQRT((RBALL*SNTH])e+2-ROXK**2) + RCORRL
FIT1(2,0F 1) = RBALL*CSTH)
FITE(I.NF1) = BMPWE[/(RBALLOSNTHI*DTHETA} =02

C—— FELL TRACK 4 KITS WITH POSITIVE POINTER IN FITJ
48 NFJ = 0
IF (MITI.LE.C) GOTO 150
DO SO NJ=1 NHITY
IF (JLYPT(2.NJ).LT.0) GOTO 50
IF (LJZFAR{NJ)) COTO 49
C~——— ELSE TAKE THIS HIT FOR FITTING
NFJ = NFJ 41

FITJ(1.NFJ) = RLEFFJ(ILYPT(1,Hy))
FITJ(2,MFJ} = RTUBE(JLYPT(2,NJ)+2)
FITI(3.MFJ} = 1. /(2RESTLENG{JLYPT(1,NJ)))ve2
c0Y0 50
49 JLYPT(2,NJ) @ -JLYPT(2.NS}
50 CONTINUE

(2]

IF WEIGHT FOR BUMP MODULE SET 0, DON™T TAKE 1T
150 1F (DWMPWE] . LE.O.) RETURN

c
€ LAST FIT POINT IS BUMP MOOWLE
NS » NFJ ¢ 1
13 s,uor.Lox) FITJ(Y,NFJ) = SORT((RBALL*SNTHJ)*+2-RHOVTXs*2)
IF {LOX} FITJ{1,NFJ) = SORT{(RBALL*SNTHJ)*#2-ROXL*#2)} + RCORRJ
rnJEz.u‘Jg = REALLCSTHY
3.NFJ

FITY = BMPWE 1/ (RBALL*SNTH. e DTHETA) e *2
c
RETURK
€MD
c
¢
D90 00000000e0snsssesossssensssosessseesaeessaunressesssntevessntonssans
c
c
SUBROUTINE CALF1T
c
C

C -DECIDES IF TRACK SHOULD BHE CALLED TRACKED,TAGGED OR NEUTRAL
C —CALLS APPROPRIATE FITTING ROUTIKRES FOR AXIS . OFFX AND COSMIC
C AND PUTS FIT OUTPUT IN COMMON HCWTRK
C
[
SMACRO TAGTRKCM
TUACRO TTUSERCM
<
Comemvaf |RST AXIS
¥ sLCS GOTO 200
IF (LOX) GOTO 60
C LOOK HOW MANY TRACKS ARE CHARGED (MAXIS > HAX)SM)
IF {(MAXIS].GE .HAXISM .AND. HAXISJ.GE .HAXISM) GOTO 80
IF (HAXISI. LT.HAXISM .AND. MAXISJ.GE HAXISM) GOTO 60
TF (HAXIS!.CE HAXISM _AHD. HAXISJ.LT HAXISM) GOTO 40

CCCCOCODCCLOCOCCCCCCOCCCCCLCee
C DON“T FIT AT ALL. SIMPLY TAKE OCCENT VALUES
CALL NEUI
CALL NEUJ
XVIX = 0.
YVIX = 0.
VIX = 0.
RETURN
c
CLLCOCCCCCLOCCCCOCCCCCCOCCCeee
€ TRACK 1 IS CHARGED~AXIS. TRACK J IS NEUTRAL-AXIS
C SET TRK J NEUTRAL
40 CALL NEUJ
C ARE THERE ENQUGH YALID CHAMBER MITS FOR FITTING
1F (NF1.LT.MINF]) GOTO 50
CALL TR«I
RETURN
c ELSE DON"T FIT BUT TAG THIS TRACK
50 CALL TAGI
XVIX = 0.
YVIX = 0.
IVTX = 0.
RETURN

R0

CCCCCCCOCCCCO0CCECCECCCCCECese
C TRACK J |S CHARGED-AX1S. TRACK | IS NEUTRAL-AXIS
C SET TRK | MEUTRAL
50 CALL NEUL
C ARE THERE EMOUGH VALID CHAMBER HITS FOR FITTING
1F (M J.LY . MINF1) GOTO 70
CAtt TRKJ
RE TURN
c ELSE DON™T F1T BUY TAG THIS TRACK
70 CALL TAGY
XVIX = D,
YVIX = 0.
IVNTX = O,
RE TURN

<
CCCLCTLCCECLCCCCCOCCOCCLCtlecce
C THIS ENTRY JS AS WELL FOR AXIS AS FOR OFFAXIS TRACKS !
C TRACK 1 1S CHARGED, TRACK J 1S CHARGED
C ARE THERE ENOUGH VALID CHAMBER HITS FOR FITTING JRACKS ?
a0 CONTIMUE
IF (NFI.LT . MINF] LOR. NFJ. LT MINFI) GOTO 85
CALL TRXIY
RETURN
35 1F (NF1.LT.MINFI) CALL TAGI
IF (MFJ LT . MINFI) CALL TAGY
IF (N1 .GE WINFIT) CaLL TRXI
IF (W0 .GE . MINF1) CALL TRKJ
IF (MFI.LT.MINF1 (AND. NFJ.LT.MINFL) GOTO 90
RETURN
c ELSE NO Z-VERTEX
$0 XVTX = RHOVIX*COS(PHIVTX
YVTX = RHOVIX*SIN(PHIVTX
2¥yTX = O.
RE YURN
[}
Commet . RE. COWE S COSMIC

C
C——IF THERE WERE NO VALID HITS CALL COSMIC TRACK TAGGED
200 IF (NFI+NFJ LT .MINF1) GOTO 210
CALL FITLIN
CALL TRRCOS
RETURN
210 CALL TAGI
CALL TAGY
C SEY ZVIX EQUALS O
XVTX = RHOVTX*COS{PHIVIX
YVTX = RHOVEX*SIN(PHIVTX
ZVIX = O.

SUBROUTINE TRXCOS
PUT THE FITTED VALUES FOR AN COSMIC TRACK INTO COMMON MNENTRK

OO0 naao o

DATA MSKTRK/V/

MSKPS] = MSKTRK
MSKPSJ = MSKTRK
THE = AMOO(ATAN(1./COTTH}+PI .PI)
C TRACK | &k J ARE BACK TO BACK BY DEFINITION
TH) « Pl - THI

PH] = PHICS
PHJ = PHJCS
21 = COS{TH]

ZJ = COS{THJ

Y1 = SIN(THI }*SIN(PHI
YJ = SIN(THJ)*SIN(PH)
X1 & SIN(THI )*COS(PHI
XJ » SIN(THJ)*COS{PHJ

0

XYTX = RHOVTX*COS PHIVTX;
YVIX = RHOVIX*SIN(PHIVTX
IVTX = ZETVIX

RETURN

ENC

rﬂﬁﬁ

SUBROUTINE TRK1J
FITS TRACK | AND J TOGETHER WITH KINKED L INES AND MARKS THEM TRACKED
e

GO0 O

R R RN



XMACRO TAGTRKCM

KMACRO TYUSERCM

[
DATA WSKIRK/Y1/

C
CALL FLIRI

¢
MSAPS] = MSKTRK
THI ~ AMOD(ATAN{1 /COTTHI)eP1,P1)
IF (LX) PHI = PHIX
IF (LOX) PH] = PHIOX
Z1 = COS(THI)
Y] = SIN mlg-SlN(Pﬂlg
x] = SIN(TNI)=COS{PNI

WSKPS) = WSKTRK

THS = AMDO{ATAN{1 /COTTHJ)+PI P1)
1F (LX) PHJ = PHIX

1§ {LOX) PHJ » PHJOX

cos
SIN
SIN

~
<
]

THY
THJ ) *SIN{PHJ
THJ)*COS{PtJ

AVIX = RHOVIX*COS{PHIVTX
YVIX = RHOVTX*SIN{(PHIVTX
IVIX m ZCTVTX

[aX«Ks]

SUBROUTINE TRKJ
[
C FITS ONLY TRACK J AND MARXS IV TRACKED
[

XACRO TAGTRKCM
XMACRO TTUSERCW
4
DATA MSKTRK/V/
c
MSXPS) = WSKTRK
CALL FITLIN

XVTX » RHOVIX*COS(PHIVTX
YVIX = RHOVIX*SIH(PHIVTX
IVIXK = ZETVIX

THY = moo(nm(l /COTW)WI P1)
IF %I.)() PHY =

IF {LOX) PHJ o Pwox

2J = COS(THJ
YJ = sm{'mJ

'SIN}PNJ
XJ = SIN(THJ

*COS{PHY

RE TURN
END

SUBROUT INE  TRX |
FITS ONLY TRACK 1 AND MARKS 1T TRACKED

Do 0060

JMACRO TAGTRKGM
XMACRG TTUSERCH
C

DATA MSKTRK/1/

WSKPS] = MSKTRK
CALL FITLIN

XVTX = RHOVIX*COS{PHIVTX
YVIX = RHOVIXeSIN(PHMIVTX
IVIX = ZETVIX

THI = AMOD(ATAN(1. /COTTH)+PI,PI)
IF }u) PH] « PHIX

IF (LOX) PHI = PHIOX

2] = COS mli

Yl = SIN(TRI
X1 = SIN(THI

*SIN{PHI
*COS(PHI

RE TURN
END

aon

SUBROUT INE TAGY

SETS TRACK PARAMETER FOR TAGGED TRACK J

[ XzXe}

|

322

TMACRO YACTIKCM
MACRO TTUSERCH
c
CATA MSKTAG/6/
C IF OFFAXIS. TAKE FOR TAGGFD TRACX PHICGFFX SEEN FROM (0.0.0)
C ELSE TAKE PHIAXIS
I (LO!; PHI = PRIOXJ
1f (LCS) PHY = PHICSY
17 (LX) PH2 = PHUX
€ FOR THETHMA TAKE DCCCNT DIRECTION
THS = ACOS(CSIHJY
19 = CSTH2
YJ = Suhu-sluému)
XJ = SNTHI+COS{PHJ}
C PARTICLE STATUS MASK IS TAGGEOD

MSKPSJ=MSKTAG
<

RETURN

[ o]
4
[«
<

SUBROUT [NE TAG)
c
C SETS TRACK PARAMETER FOR YAGGED VRACK |
c

DATA MSKTAG/6/
C IF OFFAXIS, TAKE FOR TAGGED TRACK PHi SEEN FROM (0.0.0)
C €LSE YAKE PHIAXIS
IF (LOX) PHI = PHlOXI
1F {LCS) PHi = PHICSI
IF (LX) PHI = PHIX
C FOR THETHA TAKE OCCENT DIRECTION
THI = ACOS{CSTHI)
21 = CSTH]
Yl - SNTNI-SIN%PNI
XE = SNTRICOS(PH]
€ PARTICLE STATUS MASK 1S TAGGED
WSKPS | -SKYAG

RETURN
END

SUBROUTINE KEUJ

0o oOn

C SEYS TRACK PARAMETER FUR MCUTRAL JRAZX ¢
c

JMACRQ TAGTRKCH
XMACRO TTUSERCM
c

DATA WMSKNEU/O/
£ TAKE DCCENT DIRECTIONS FOR ALL PARAME TERS
PHI = PHIS
THS = ACOS{CSTHJ)
2J = CSTHS
YJ = SNTHISSIN(PHI
XJ = SNTHJ=COS(PHJ

€ PARTICLE STATUS MASK 1S REUTRAIL
MSKPSJ=MSKNEY
RE TURN
[14]
[
£
SUBROUT [NE NEU!
C
C SETS TRACK PARAMETER FOR MEUTRAL TRACK |
[

XMACRO TAGTRKCM
WALCRO TTUSERCY
C
DATA WSKNEU/O/
€ TAXE DOCENT DIRECTIONS FOR ALL PARNETERS
PHI = PHIT
TH] = ACOS(CSYNI)
2] = CSTHL
Y[ - SNTNI-SINEPNI;
X] = SNTHMI+CQS({PH]
C PARTICLE STATUS MASK ]S MEUTRAL
MSKPS | =MSKNEU
C
RETURN
END
c

(49000 0aarasetaqnnsasasssanacsanaonssr ni-eonvtessiotscattonvannssssve

423



[
c
SUBROUTINE TRKOUT{}IR, JIR)
[
C WRIFES RESULTS OF TRACKING IN COMMON EVENT
<

TMACRO TAGTRKCM

KMACRO T TUSERCM

TMACRO EQUIV

c
LOCICAL QCHGCH,QCHGTT ,ONOT
DIMENSION MSKCOR(4) MRSTHI(4) MRSTLO( 4}, MSKBBB(4)
DATA MSKCRG/?/ MSKNEU/ZFFFFFFF8/
DATA MSKCOR/ZO0000QYF , Z00001F00 . ZOG 1F 0000 . 23 000000/
DATA WMSKBEB/Z00000001 , 200000100 . 200010000 , 201000000/
DATA WRSTHI/ZFFFFFF00, 2F FFF000Q, ZF FD00O00 , 200000030/
DATA WMRSTLO/ZO0O0D0A0 , ZOOO0I0FF , 20000F 7 FF , ZOOFFFFFF/

NLAYS~MIN{JTUBE{1TUBL+1),8)
RHEAD(49) = SAXIS

c

€ REPLACE VERTEX
RYTX(IVIX+3) = XVTX
Rv1xElvTxno - YVTX
RVTX(IVTX431) = ZVIX

REPLACING FOR TRACK )
I1TPT « ITRK(ITR)

REPLACE PARTICLE TYPE
QCHGEB = WOD(JTRK{ITPT), 1000} .GE. 100
QCHGTT « IAND{MSKXPSI ,MSKCRG) .GT. 0
IFACT = D
IF {OCHGCE .AND. .uor,ocu;n; 1IFACT = -1
IF {.NOT_QCHGCB .AND. QCHGTT} IFACT = 3
JTRK{ITPT) = JIRK(ITPY) 4 1FACT«100
C REPLACE PARTICLE STATUS
IPSTEM = lm(nsxncu.um((lwru;)
JTRK(1TPT41) = I0R(IPSTEM,NSKPS]
REPLACE TRACK DIRECTION
amxénpuz = X1
RTRK{I1TPT+3) = YI
RTRK{ITPT44) = 21
RTRK(1TPT+5) = PHI

2]

c
C DELETE BITS FOR TRACK | CORRELATED WITH HITS
C IF TRACK 1S CB-HEUTRAL YOU CAN LEAYVE 1T
1F (.NQY.QCHGCB) GOTO 70
DO 60 LAY=1,NLAYS
LOFF=JTUBE { | TUBE 4LAY+1)
IF(LOFF .LE. 0) GO TO 60
LPT=1TUBE+LOFF
mlSLY—J'ﬂB&(LFT;
IF(NHTSLY .LE. 0} GO TO 80
JMAX=MIN(NHTSLY, 160)
C———LOOP THROUGH HITS WITHIN LAYER
DO 50 Jei,JMAX
MPT=LPT+50(J-1)
1TROOR=JTUBE (MPT+4)
00 40 I=t,4
c GET CORRELATED TRACK NMUMBERS FOR THIS HIT
ITRC = |ANO(ITRCOR . MSKCOR( 1))/ MSKBEB{1)
1F (1TRC.NE.ITR) GOTO 40
c ELSE RESET THIS CORRELATION, SHIFT THE REST TO THE RIGHT
MSKHE = lmni.nua( wtng,msmi&lgg,’zu
HSKLO = JAND(JTUBE(MPT+4) ,MRSTLO(]
JYUBE (MPT44) = IOR{MSKH1 ,MSKLO)
40 CONT INUE
50 CONT THUE
60 CONT ENUE

NOW SETUP NEW CORRELATIONS FOR CHARGED TRACK |
DO NOTHING FOR NEUTRAL TRACK
70 1F (.NOT.QCHGTT) GOTC 100

LOOP THROUGH POINTERS OF HIYS USED FOR AXIS TRACKING
IF (NHITI.LE.0) GOTO 100

a 06 o0n

00 80 I=1,MHIT)
weT = [LYPT(2,1)
1S HIT USED ONLY FOR PHI (MHPT<O) OR BOTH FOR PHI AND THETHA(MHPT>Q)
ITRCC = {TR + 32
IF (MT.GE.0) GOTC 78
MPT = - WPT
17RCC = 1TR
78 1 TROOR=J TUBE (P T+4)
QNOY = . TRUE .
DO 79 J=1,4
C FIND OU1 WHICH BITS ARE ALREADY SET
1§ {LAND{MSKCOR(J), 1TRCOR) .GT.0) GOTO 79
c ELSE WE HAVE THE LOWEST FREE BYTE
JTUBE (MHPT+4) = JTURE (MHPT+4) +MSKBBB(J) = TRCC
Ry

o

ONOT = .FALSE.
79 CONTINUE
C IF THERE"S NO BYTE FREE, TAKE HIGHEST ONE
1F (ONOT)  JTUBE {M#PTe4) = JTUBE (MHPT44) +MSKBBB(4)*1TRCC
BO CONTINUE

a6 6

REPLACING FOR TRACK J
100 CONT INUE
JTPT = TRK(JTR)

c

C REPLACE PARTICLE TYPE
OCHGCB = MOD(JTRK(JIPT),1000) .GE. 100
QCMGTT = JAND(MSKPSJ MSKCRG) .GT. D
IFACT = 0

IF (QCHGCB .AND. .nor.ocncn; IFACT » ~1

I¥ }.uotlocrccs LAND. QCMGTT) JFACT = 1
JIRK(JTPT) & JTRK(JTPT) + IFACT-100

C REPLACE PARTICLE STATUS
JPSTEM = lm(usxucu,nnx(nmn;)
JTRK{ITPT41)} = JOR(JPSTEM, MSKPSJ

C REPLACE TRACK DIRECTION
RTRK{JTPT42} = XJ
RIRK{JTPT+3} =
RTRK{JTPT+4} = 24
RTRK{JTPT45) =

C
€ OELETE B1TS FOR TRACK J CORRELATED WITH MHITS
€ IF TRACK 15 CB-NEUTRAL YOU CAN LEAVE 1T
IF (.NOT.QCHGCB) GOTO 170
DO 160 LAY=1 HLAYS
LOFFwJTUBE ( I TUBE+LAY+1)
IF(LOFF .LE. O} GO TO 160
LPT=1TUBE +LOFF
mTSLV-.IIUBE{LPYg
1IF{RHTSLY .LE. 0} GO TO 160
JMAX=MIN(NHTSLY, 160)
C——~~—100f THROUGH HITS WITHIN LAYER
DO 150 Ju=i, JUAX
WPT=LPT+5e(J-1)
JTRCOR=J TUBE (MPT+4)
DO 140 I=1,4
c GET CORRELATED TRACK NMBERS FOR THIS HIT
JTRC = FAND(JTRCOR ,MSKCOR(1))AISKBBE(1)
IF {JTRC.NE.JTR) GOTO 140
4 ELSE RESET THIS CORRELATION, SHIFT THE KEST YO THE RIGHY
MSKHI = JTAND(JTUBE(MPT+4) MRSTHI(I)}/256
MSK{LO = [AND{JTUBE (MPT+4) MRSTLO(I
JYUBE (MPT+44) = IOR(MSKHI ,MSKLO)
140 CONT INUE
150 CONTINUE
160 CONTINUE

NOW SETUP NEW CORRELATIONS FOR CHARGED TRACK J
DO NOTHING FOR NEUTRAL TRACK
170 1F (.NOT.QCHGTT) RETURN

LOOP THROUGH POINTERS OF HITS USED FOR AXIS TRACKING
IF (NMITJ.LE.O) RETURN

G 00 O0n

DO 1B0 I=1 NHITYS
MPT = WYPT(2,1)
IS HIT USED ONLY FOR PHI (MHPT<O) OR BOTH FOR PHI AND THETHA(MHT>Q)
JIRCC = JTR + 32
IF (MPT.GE.0) GOTO 178
MPT » - W7
JIRCC = JTR
178 JTRCORWJTUBE (MHPT+4)
ONOT = .TRUE.
DO 179 J=1.4

iz

C FIND OUT WHICH BITS ARE ALREADY SET
IF (TAND{MSKCOR(J),JTRCOR) .GT.0) GOTO 178
c ELSE WE HAVE THE LOWEST FREE BYTE
JTUBE (MHPT+4) = JTUBE(MHPT+4) 4MSKBBE(J)*JTRCC
ONOT = .FALSE.

179 CONT INUE
C IF THERE™S NO BYTE FREE, TAKE HIGHEST ONE
IF (QNOT)  JTUBE(MPT+4) = JTUBE(MHPT+4) +MSKEBE(4)*ITRCC
180 CONTINUE
RE TURN
END

N T T T Y Y TN

SUBROUT INE CORRIR( TR, JTR)

THIS ROUTINE CORRECTS ALL 1R TRACKS IN THE EVENY
TO THE NEW VERTEX BY CALLING THEM ONLY TAGGED AND
TAKING THE DCCENT DIRECTION OF THE BUMPMODULE AS REW DIRECTION

A

OO0 ONONO6



BUALRO TAGTRKCM
TUACRO TTUSERCH
TMACRO EQUIV
DATA MSKTRK/1/ MSKTAG/&/ MSKRST/ZFFFFFFFE/
c
NTRKS = JREAD(44)
DO 10 =1 NTRKS
IF (1.£0.1TR .OR. 1.£Q.JTR) GO0 0O
1TPT = ITRK{1}
C IF THIS IS AN IR TRACK, If CALL T VAGGED
IF (1AND(JTRK{ETPT41) MSKTKK) .LE.O) GOTO 10
JTRK(1TPT41} = IANO{JTRK(1TPT+1), MSKRSY)
JTRK{ITPT#$) = IOR(JTRK{ITP1+1) MSKIAG)
18P = JTRK(STPT+16)
CALL DCCENT( 1B U,V w)
RIRK(ITPT+2) = U
RIRK(1TPT+3) = v
RTIRK(1TPT+4) = w
RIRK{§TPT+5} = AMOOD(ATAN2(Y.U)+P12,P12)
10 CONTINUE
RETURN
END

PR T R R Y PR Y T

SUBROUTINE FJTKNK

FITS 2 KINKED STRAIGHT LINES USING LEAST SQUARES
Y1 « COTYH] * X1 4+ ZETVIX
Y2 = COTTHS » X2 4 ZETVIX
INPUT: FIFI(1,1)} : XI = RLAYER
Fiti(2 2 ¥l = 2ETHIT
FITE(S : WEIGHT

o0oooOOON0 aoco0o

XMACRO TAGTRKCM
XMACRD TTUSERCM

c

C FIRST SUM P ALL DATA
wi=0,
X1=0.
Y1=0
XX1=0.
X¥1=Q.
W2=0.
X2=0.
Y2=0,
XX2=0,
XY2e0.

DO 10 1=1 W]
w1 o~ W)+ FITEH(S
X1 = X3 ¢ FITL J I 'F[Tls
YU = YT ¢ FITI(3,1}eFiV]
XXt = XX1 4 FITE(3,1)eFIT] |
XYV = XY1 & FITE(S,1)+FI1TI(?, ‘flTl(2 P
10 CONTINUE
D0 20 I=1,NFJ
w2 « W2 + FIT4{3,1
X2 « X2 + FIT4(3,) 'FH'JE?.I
Y2 = Y2 + FITI{3,1)eFITJ(2.1
XX2 = XX2 + F"Jé!.l SFLITI{1.1)0e2
XY2 = XY2 + FITd(3.1)eFITS{1, 1)eFITI(2.1)
20 CONTIME

C FIT CONSTANTS ARE:
W W o+ w2

COTYNJ- WeXXTOXYZ — XX10X29Y2 — X1°XPOXY2 — XX1#X2#Y1+ XPeX2#XY1)
/

WOXXT4XXZ - XXT10X29X2 ~ X1eXiwXX2)
CO"HI = (WeXT1 — X1*Y1 = X1°Y2 4 COTTHI*X1eX2)/{WeXX1 — XieX1)
ZETVIX = (Y3 4 Y2 - COYTHI*X1 — COTTHJ*X2)/W

c
RETURN
END

C

c

0o a e m s e s ntearattstonerraantostessiossatetobatesstustodnundsnions
C
[
SUBROUTINE FITLIN
[+
C FIT A STRAIGHT LINE USING LEAST SOQUARES

C ZETHIT = COTTHA RLAT[R 0 ZI'.‘IVIX
c Y - A

C INPYT: FITI(T1.1) : RLAYER

C FiTI{2.1 :ZETHII’

4 FITI(3.1) : weicHY Qf ZETHIT
[+

THACRO TAGTRKCM
XMACRO TTUSERCM

<
€ FIRST S UP ALL DATA
(=13

Swa0.

SXeQ

SY=0

S¥X=0

SXY=0.

C FOR WOT COSMICS ONLY THE §17 ARRAY WITH N > MINF] IS CriOSEN

IF (.NOT.LCS .AND. NFLE.LY.MINF1) GQTQ 11

IF éWI,LE-O) cOT0 11

00 10 1=1.M1
Sw - Sw o+ FITI{3.}
§X = SX ¢ F1T7) s.l -rnl}l 1
SY = SY + F17) TS
SXX = SXX + rlu(s 1 0(1!1} I;.'z
SXY = SXY + FITE{3,1)+F IV} FIT1(2.1)

10 CONTINUE
noaF }.m!,lcs LAND. WFJLLT.MINCL) GOTO 20
1F {NF4.LE.O) COTO 23
DO 20 1=t NFJ
€ 131 FOR COSMICS YOU HAVE TO SET RLATER FOR OME TRACK HEGATIVE

IF (LCS) FITH{1,1) = —FiTe{1, 1}

Sw= SWae FITHI, L

SX = SX 4 FIYJ(3.I -FIIJF,IE

SY = SY + FITJ(3,[)eF1T3(2,1

SXX = SXX ¢ FITJ(3,1 oFIIJi\.Il--z

SXY = SXY + FITJ(3,1)oF1T4{(V.1}+F1T4(2,1)
20 CORTINUE

Cc
€ F1T CONSTANTS ARE:
21 COTTH = (SWeSXY — SX*SY)/{SweSXX ~ SXeSX)
ZETVIX = (SY - COTTM=5X)/SW

RE JURN
£ND

eroseesan NOW SOME USEFUL ROUTINES FOR HANDLING PHI VALUES essvsessce

CREATED B5/2/12 8Y
THE TWO ANGLES PHI ARE REGARUED AS 'wO LINES I[N A UNITCIRCLE
FORMING A “¥*. THE DIFFERENT FUNCTIONS CALCULAYE THE PHI OF IHE
~LEFT LINE : 0 <= PHIMAX 2104
—RIGHT LINE : 0 <= PHIUIN < 2P1
-MIDOLE : <= PHIMID < 2PI
—OPENING NﬁLE -PI <= PHIOPN < PI
~EU : 0 <= PHiSM < 2P!
~DIFFERENCE : 0 <= PHIDIF < 2P

AAAAAA

FUNCTION PHIMAX(PH]| PH12)

“ hnnnnnnnnnnnhhhhn

DATA PI,TwOP!/3.14153926535.6 283185307/
PHIT « AMOD(PHI1,TWOP])
IF {PHII.LT.0.) PHI1=PH])+TWOP1

PH1J = AMOD{PHI2, TWOP1)
IF {PHIJ.LT.0.) PHIJ=PH]IJ+TWOP]
PHIOPH = PH]1-PHIJ-INT((PHII-PHIJ}/P]}eTwoP]
IF (PHIOPN) 1,2,3

1 PHIMAX=PH]J
RETURN
2 PHIMAX=AMAX 1 {PHIT ,PHIJ)
RETURN
3 PHIMAX=PHI |
RETURH
END
[
[
[
FUNCTION PHIMIN(PH]I 1 PHI2)
<
DATA P1,TWOP1/3.1415926535,6.283185307/
PHII « AMOD({PHI1,TWOPL)
IF (PHIJ.LT.0.) PHII=PH]T+TWOP)
PHIJ = AMOD(PHI2,TWOP))
IF (PHEJ.LT.0.) PHIJ=PH]J+TWOP|
PHIOPN = PHI1-PHLJ=INT((PHII-PHII)/PI)*TWOP]
IF {PHIOPW) 1,2.3
1 PHIMIN=PHI]
RETURN
2 PHIMIN=AMINT{PHI | .PHIJ)
RETURN
3 PHIMIN-PHIJ
RETURN
END
¢
[
c
FUNCTION PRIMID(PHI Y, PHI2)
c

DATA PL,TWOPI/3.'415926535,6 2683185307/
PH)] = AMOD(PHIY, TWOP1)
R



1F (PHIL.LT.O. ) PHI|=PH]|]14TWOP]

PHIJ « AMOD(PM]12 TwoP])

1F {PHMIJ.LT O ) PHIJ=PH| JoTwCP)

PHIMID =(PHI[4+PH] J~ INT((PHI1-PH1J) /P ) s TwOP1)/2
IF {PHIMID LT . O.) PH)uID=PHIMID+ TWOF |

RETURN

ENO

noaG

FUNCT]ION PHIOPN(PM]1 PHiZ)

2}

DATA Pl TWOP1/3.1415926535,8 283185307/
PHIL = AMOD{PHIY, TwOP()

IF (PH11.LT.0.) PHII=-PH]1+TwoP]

PHIJ = AMOO(PHIZ, TwOP1)

IF (PHIJ.LT.0.) PHis=PH] e TWOP]

PHIOPN = PHII~PHIS-INT{{PHiI-PHIJ)/P1)*TwOP|
RE TURN

END

FUNCTION PHISUM({PH11 PH|2)

o oon

DATA TWOP1/6.283185307/

PHISUM = AMOD(PH{Y+PHIZ, TWOP1)

16 (PHISUM.LT.0.) PHISUM=PH] SN+ TWOP L
RETURN

ENO

FUNCTION PHIDIF (PRI, PHI2)

0 000

DATA TWOP1/6.283185307/

PHIDIF = AMOO(PHII-PHI2, TWOPI)

IF (PHIDIF.LT7.0.} PHIDIF=PRIDIF+TWOP]
RETURN

END
C
C
Covsvavensns THESE ARE THE MAGCIC VALUES OF TAGTRK sessssssccsesasescae

[
BLOCK DATA

[+
WHACRO TAGTRKOM
KMACRO TTUSERCM

[

4 DEFALRY VALUES OF TRACKING OPTIONS
DATA LCOSM/.FALSE./, LOFFX/ FALSE./, LOUT/.FALSE./, LCUT/.FALSE./
DATA LIRCOR/ FALSE./

DEFAULT OF TRACKING CUTS NOT DEPENDING ON CHAMBER SETUP
DATA FAC2/.5/. SAXISM/-.%V/

WEIGHT FOR MITS IN EACM LAYER FOR COUNTING HITS ON TRACK
OATA MWET /.51, .51 6%1./

WEIGHT FOR BUMPMODULE [N THETA FIT COMPARED TO DEFAULT SETTING
DAYA BvPWE1/1./

CUTS FOR REJECTING HIT IN Z FITTING
DATA PHRMIN/B®1 ./, DIMAX/T./

MINIMM MMBER OF NOT 2-REJECTED MITS FOR FIT INPUT (ELSE YAG)
INCLUDING BUMP MODWKE 1F BMPWEL.NE.O.
DATA MINFI/3/

CUTS FOR RHOVTX OF OFFX/COSM TRACKING
DATA ROXMIN/.7/. ROXMAX/7.4/. RCSMIN/.25/, RCSMAX/100./

WIDTH OF WINDOW FOR HIT FINDING IN R.M.S. {wwP: PH] / wwR : RHO)
OF BINS FOR TRACK MOVING,
OF CALLS TO MOVE TRACKS, RESOLUTION GAIN PER CALL

DATA WWR/3./ , wR/3./ . NBINS/T/ . NIOV/3/ , GAIN/2./

EXPONENT OF § OF ONTRACK HITS FOR CALCULATION OF CENTER OF GRAVITY
DATA NEXP/4/

DATA PI,P12 /3.1415927.6.2831853/,RBALL/45./ . DTHETA/ . 040/
END

m o6 0DoO0 G0 H00 00 0 60 o0

az?

1. The COMMON EQUIV

C EOQUIV COMMDN  ON  CBPUBY 183  (1-DIsx)

C  LAST UPDATE OW 831227

C mod 85022 RBC  make rbadd dimsnsionad 1o 50 mo forive dosan’l
c comploin

c

COMION/E VENT /ROAT (8000)
COMMON/CONST /JCONST(100) ,RCONST(100)
COMION/SCRAT/SCR (200)
REALS4 D(R?l JRVTX(1) RTRK(1) ERES{1) , RSPK(1) RREAD(50) ROMMS(1}
REAL®4 RECTK( 1) RTUBE(V1) RTOF (1) RUSE (1) RAUX{ 1)} ROAT RCOKRST SCR
INTEGER JOAT(1),JHEAD{50) . 1PT(100} . CREG( 1)} . BUMP{1) JRES( 1), JUSE(Y
INTEGER vix() ,J‘IRK(U,.ISPK(!),JM(I)J{CTK(\)_JTIE(E! ,nu’EJ
INTEGER |U'.IEK“J“.1”.ISPKJWl.lTRK?lg.lAUI.JAUKU
INTECER LRAN LENER,LCR LEBMP LSPK LVTX LTRC(1) LAUX
INTECER®2 RAw(1)
EQUIVALENCE (JHEAD(1) . JDAT(1) ENCR{ 1) ,RAW(1) CREG{1) B (1),
2 JSPK(1) . RSPY{1) RHEAD{1) RTUBE (1)}, JTUBE (1) . RDAT{1))
EQUIVALENCE(JRES(1) ERES{1) JVTX(1),ITRX(1) RYTX{1} RTRr{1),
2 ROMUS(1), JORMS (1) RECTK{1) JECTK(1).JTOF (1) ,RTOF (1), ROAT{1),
3 JUSE{1) RUSE(1},JAUX{ 1) RAUX(1)}
EOUIVALENCE (IPT{1) . ROAT{31))
€ POINTER EQUIVALENCES
EQUIVALENCE (IRAW JPT(1)). (1ENER IPT(3)) {ICR IPT(8)).

2 IDP,IP'I(T; ISP IPT(8)) . (IRES IPY{11) ), (IVIX, IPT(13)),
3 §IK.IF¥(15 L1045, 1PT(17) .(IICW,IPIEW;;,
4 (WFITIPT(21}) (1TUBE IPT(23) ). (1TOF . IPT(25) ). (1TRK(1) IFT(41)),

S (tUsL, IPT(27)). (1auUx, IPT(29)

C BLOCK LEMCTH EQUIVALENCES
EQUIVALENCE (LRAW, IPT(2)), (LENER JPT(4)) (LCR, 1P¥(8)},
2 (nw.m(a;;.um.wmo) LLRES IPT{12)), (LVIX,IPT{14)).
S (L 1PT{16)), (LONIS_TPT(18}) , (LLCIX, IPT(20}},
. (L”‘.l”(!?; ALTUBE  IPT(24)), (LTOF L 1PT(26) )}, (LTRK(1).IPT(71)},
S (LUSE,1P1{28) ), (Laux, IPI{30}

€ AUXILIARY TRACK COsdON

cs COMMON/AUXTRX /1 JAUX( 64 ) . IRAUX{84) L JAUX  LRAUX

Ay



2. The COMMON TBANALCM
Ce THANAL COMan  ene

C VERSION FOR 1000 TUBES 840508
4

s
3

$
3

1
2
3

COMMON, TBSE OM/NLAYER NTUBE (10) RTUBCA{10)  RLAYER{ 10}, TLENG{10),

TPHI10{10) ,DPHI {10} TRAD(10) ,KYTUBS, J10{10) . 1TEMO(10),
YSFM“D],NYTIMS_TBKTQ‘\éZG
COMMGRN/TBLAL2/TBPHI (1000}, TBPED(2, 1000) , TBGAIN{1000) ,
IB1MP (2, 1000), TBALPH{ 2. 1000) , TBZCR(1000) , TELEN{ 1000).
TBPHA(1000) , TBTCAL(3,125)
DIMENSION TBPEDT (1), Yan.P\(|) TBALPI(I) TBTCAI(1)
EQUIVALENCE (TBPFO1{1) ¥BPED(1, 1
THIWP1 IBIWU |
TBALPY rsnw
TBICAT vanu
COMMON/TBRAWZ,'NWDO , YCDAT(Z iDOO) ICTIM(125)

330

28/07/85 603141411 MEMBER MAME  TAGTRKCM {COMMON) fFORTRAN

3. The COMMON TAGTRRCM
c
c
£ INTCRNAL COMMORS FOR YAGTRK PROGRAM
C CREATED 85/7/28 W
c .
LOGICAL LI2FAR, LJZFAR LINV
c

COMMON /TRINIT/ DEV MOFFX2,NOFF X2, HCOSM2 | NCOSM2
COMUON /TRKPAR/ 1600 . SNYMI ,CSTHF PHII,DPME]

. WO SNTHY ,CSTHY PHTD  DPHLE S

- ARy

COMON /TRHITS/ IX{4),4x(8).1PTX(8,40) JPTX(8, 40) NIX . RJX

. L1ox(8) sox B; Ii"FDXéO 40),JPTOX(B ., 40) ,NIOX NJOX
L4 LICS(8) , JCS(8) . IPTCS(B.40) , JPTCS(8, 40 ,NHICS KJCS
COMMON AOVED/  PHI IO 11 JRID ‘! Pri0( 1t ,RJW?!I;

. PH!KN) S0 ll LPHILLO(11) RGWG(11

. RIM PHICMO  RICMO , Ik T, RLOWD

cmcn /SON\O/ SM‘Iu) 1 CSPIH')[H SHPI2( 1 csmwén;

swwc LCSPO{ 1) SNPLMI(11) ,CSPLMO( 1)
ooum NOVEL/ PHI lm(n mum §
co-uou NOVE2/ PH]IMZ(H) ﬁha(n) PHIMZ(11) wou2{11)

2 RICM2 PHJIOMZ  RICM2

couaou /scsz/ SNPllu(H) CSPII-G(H) SNFRE2(11) . CSPazZ(1)
COMMON /ONTRYFD/ OHIO(31,11) ONJC(11,11)
COMMON /ONTRKY/ ONET1(11) Cma1(11)
COMJION /ONTRKZ/ ONTZ(VY .11}, 0022{1 8}, 13) ONT32(11.11)
COMMON /MAXBIN/ HAXIST HAX)S) HOFFX| HOFFXJ HCOSM] HCOUL!
COMUCN VTP / PHIX, PHIX, PHIOXK  PHIDX , PHICS . PHICS
COMMON /VTXPOS/ RHGVTX PHIVTX
COMMON  /TROVTX/ PRHICS| . RCS],PMICS) . RCSY
. PHIOX| . ROX) ,PMIOXJ,ROXJ PHIOXK ROXK PH)OXL ROXL
. PHOVIX, MVTI PCSVIX RCSVT X, POXVYX , ROXYTX
COMMONt /INFLT/  ILYPT 2 30). JLYPY(Z 30) NMIT] Nk T
COMMON /REJZEY/ IPREL 60) 1J2(80). LIZU.RMO) LJ2rAR{60) N2
M /F1I0AY/ VITl(! 30) . WF1.FITJ(3.30

LCOTTH COTTHI ,COTTHI . IEIVU
M FYRVALY/ Pl P12 RBALL,DTHETA

00030000
00003100
00000200
00000300
00000410
00000603
00000701
C0000850
00001 3500
00001400
00001500
00001700
00001800
00001801
DOU01802
DKAQ1803
Q0001804
06001805
2000180G¢
0000210
0o0o1811
00001820
00001830
00001840
00001500
0C00C1910
00002100
00002010
00002101
00002110
00002120
00002130
00002140
00002200
00002303
00002304
00002305
00002307



[
C
C

[
[
c

4. The COMMON THTUSERCM

23/10/8% 603141410 MUBER NAME TTUSEROM (COMMON)

COMMON FOR TAGTRK PROGRAM TO BL INCLUDED BY USER
FOR A DESCRIPTION LOOK [NTO F31KOE.VTX. S{&COMDESC)
CREATED 85/10/23 .

LOGICAL LOFFX LCOSM,LOUT ,LCUT L IRCOR
COMMON /TROPT/ LOFFX LCOSM,LOUT, L1RCOR
COMMON /TRCUTS/ HAXISM, HOF f Xad HCOSMM  FAC2 , SAX1SM, LCUT

LOGICAL LX,LOX ACS
COMMON /TRKNEW/ PHI,TH)  X1,Y1 .2}

. SPHYLTHY XY, Y2, 24

B JXVTX, VTR, IVTX

COMMON /TRSIL T/ SAX]S SOFFX SCOSM, LX,LOX LCS
COMMON /PARTST/ MHIT] HHITJ MSKPS ] MSKPS)

OOMUOH /TREXPT/ ML 1{8) . PHRMIN(8) DDA MINF ] NEXP

- JROXMIN, ROXMAX , RCSMIN, RC SMAX
. JBVPWE ] WWR i NB INS . NWOY GAIN
732

FORTRAN

00000000
00000200
00000300

00000510
00000600

00000800
00000900
00001000
00001100
00001300
00001400
00001500
00001510
00001520
00001600
00001700
00001710
00001800

1. Description of EQUIV

This sutse! describes the sleuctuie of Ihe avenl dolo buffar
Tnte bulfer is dasigned 20 thal, upon complation of (he deairsd wstagas

of onglysis, il moy be simply writlen out 1o taps, with no rearronge-
ment o+ insesrfion ol dalta from olhec commons To tultil) 1his objec-
Live 0nd sOve 10ps s3poce, as well Qs core space, the buflfer ie

compored of o aweber of varrable lenglh blocka ot informotion {the
tiral block is ticed length) A block of poinlers 1e vsed 1o fing
ona’s woy ofound in the buffer. For 1he progrommaer/oebugger’s bene~
fit, the poinlera are nomed, wia o sel of EQUIVALENCES The desire
for tronepestobilitly 1o the online computar has complicoted {he struc~
lure slightly. and some compiomises hove bean made 10 ochisve thia

goa! (e Q.. The “bump quality’ word (s conalroinsd 10 be integer, ond
a few words on the POP must be INTEGEA+4). wos) of these complica-
fions will be rsosonably tronsparenl, beccuss they are alrecdy taken

¢ose of in o speciol COMMON-DIMENSION-EQUIVALENCE file which the pro-
grommer sinply includes in his progrom (on the triplex, thiw fileiw
WYL CB FCP .DOCS(EQUIV). ot DESY il is "104XTL.CO COMAIN(EQUIV)').

For hondy teference, Lhis tile iw included here:

C§»

C EQUIV COMMOR  ON  CBPUBY 193 (§-D15K)
C LAST UPDATE ON 831227

[

COMMON/E VENT /ROAT (8000 )
COMMON/CONST / JCONST( 100) ,RCONST (100)
COMMON/SCRAT /SCR(200}
REAL*4 ENER(1),RVTX(3} RIRK{1)} ERES{1) RSFK(1) RHCAD(1) ROMIS(1)
REAL®4 RECTK{%) RTUBL (1) RTOF (1) RUSE{1) RAUX(1) ,RDAT,RCONST SCR
INTEGER JOAT(1),JHEAD(SC), IPY(100) .CREG(1). B { 1) JRES(1)
ENTEGER JVIX{1) JTRK( 1), JSPK(1),JOMMS{1), JECTK( 1), JTUBE(1)
INTEGER JTOF (1), JUSE(t
INTECER TRAW, JENER,ICR, IBMP, ISPK, IVEX, FTRK( 1) FAUX JAUX(1)
INTEGER LRAW LEMER LCR,LBMP LSPK LVIX LTRK{1) LAUX
INTEGER*2 RAw(1)
EQUIVALENCE (SHEAD( 1) . JOAT(V) ENER(1) RAW( 1} CREG(1).8P(1).
2 JSPX(1).RSPR(1).RHEAD{1) RTUBE(1), JTUBE(1) ROAT(1})
€QUI YALENCE(JRES{1) ERES{ 1), avIX{1} JTRK(1) RVTX{1} RIRK{1),
2 ROHMS{1),JOMMS (1) RECTIK{1) , JECTK{1) . JTCF () RTOF (1} .ROAT{1),
3 JUSE(1) . RUSE(1), JAUX(1) RAUX{1))
€QUIVALENCE (1PT(1).RDAT(S1))
C POINTER EQUIVALENCES
EQUIVALENCE ( IRAW, IPT(1)), (1ENCR, 1PT(3)). (1CR, IPT(5)).
2 (160:P, IPT(7 4é1w.191(9)).(1nts,191(\\)).(lvrx.wr(ls)).
3 (Imc, IPT(15)). {1085, 1PT{17)), (1ECTK, TPT(18)).
& {1617, 1PT(21)) . (1TuBE , tPT(23)), (1ToF . 1pT(25)).
S (TR 1), IPT(41}),{1USE,IPT(27)),(1AUX 1PT(28}}
€ BLOCK LENGTH EQUIVALENCES
EOUIVALENCE (LRAW . JPT{2) ). (LENER, IPT(4)) . (LCR,IPT(6)},
2 LM.IPI(O; .ELSPK.IPT{IO)}.(LRES,IPT(l?)),(LvIK‘If‘T(IA)),
3 (LaC IPT(16) ), (LOaS  IPT(18) ), (LECTX, IPT{20 ;
4 (LFIT_IPT(22)).{LTUBE  IPT(24)).(LTOF ,IPT(26}).
S (LTRW{1).1PT{71)) (LUSE.IPT(28)), (LAUX,1PT{30))
€ AUXILIARY TRACK COMMON
COMMON/AUXTRK /1 JAUX(64) . IRAUX( 64 ) ,LJAUX  LRAUX
[ 13

The major vorioble nomes oad iheir purpuse are linted balom:

Arcoy Nowe Function

JHEAD Heodst dlock

197 Pointer block

RAW Row dola {"FASCOM')

ENER Ensrgies in Nal cryatais

CREG Connected rugions

e Bumpy block

JSPK INTEGER*4 spurh chomber dala

RSPK REAL = " h

JECTK INTEGER endcap wporh chomber dota
RECTK REAL " " ~ -

JRES INTEGER*4 snargy reniguois bloch pointern
ERES €Energy residuatls block

JVTX INTEGER*4 intaraction vertes block voluas
RVTX REAL . = " "
JIRK INTEGER®4 trock bank valuse

RYRK REAL - - "

RDAT REAL wooiysis resulls

JDAT INTEGER=4 onolysis reautts

SCR Scralch areo for temporaty mlorage
JTuBE INTEGER Tube chomber hil data

RTUBE REAL Tube chomber hit dala

JTOF INTEGER Time of flight doto

RTOF REAL Yime of flight data

Jaux IRTEGER quridiary track dain

AN



Raux REAL auxitrary 1racs doto
1 JHEAD BLGN
JHEAD( 1) & ALwder of wotds 1n recocd

78Cofd type (=3 107 phys«cs evants)

(PR
[

o dolg involved. see ¢ g the Garser & Jrron PRODUCTIOH
mareo)

¢ ~ evanl stolus
3 = toilyce stolus
6 « svent number
T« run number
RHE AD e; - beom energy in MeV {(rsal)
JHEAD( 9) = wvenl dots and hour éy"r—ld\zhh)
0 = onolys:s dale ond hour (yymmdshh)

" feret IFAIL code

42 = tost IFAIL ¢ode
43 = icol. colidration § (JCAL=OD(IHEAD(43) 1000))
44 -« aumder of irocks in traock bank
4% = hardeare contigurotian word
Bl {(powar of 2} Meoning
o Tube chombera

t Tube chomber z to be wesd in trocking
2 Rezarvad for future tube chomber uwe
3 - - - - - -
4 DORIS endcap configuration

RHEAD = lolal enargy in Na) in Me¥

RHEAD = run number of meigad DBM evant {for Monts Curlo only),

valus of C means no DBM evant hos besn merged (o la
Steve Leffler, i.e uning DBMMRG)

A bil in the svent stotus word ie sel il the appropriole
Phose of the ongiysie has besn completed.

The fariure stotus word contoins 32 bits of informatlion, whete
eoch bil cotrawpands o on IFAIL code word. in tequance A
diftaranl bl ond IFAIL word are assigned for soch phase of the
onolysis A Di1 n the fgilure stotus
ward i set only it an error (JFAJL .NE  O) hos occurred in thol
phase ol onalysis See DOCS(FAIL) for a detailed descriplion of the
failure codes

1. IPT BLOCK

The IPY array conlaine the poiniecs nesdad to find
ona’s way avound in /EVENT/. (Note 1hal there ara cccesionally
oddilional pointars in the blocka painted to by these IPT
pointers, o.9.. in the row dato block). The following is o
it af Ihe iPT pointers.

STANDARD NAME DEFINITION ARRAY REFERENCED
IRAW stort of row doto bufter (FASCOM) Raw
LRAW 1ength -
1ENCR start of snergies ENER
LENER langth -
ICR slort of connectlad regions block CREG
LCR tengtlh
1 slort of Sumps block BAP
LBP length
15PK stort of spark chomber block JSPK RSPX
LSPK tength
[RES start of reaidual energisa Dicck JRES ,ERES
LRES fength
Ivix slort of inleroction verten block JVTX RVEX
Lvix tenglh
MG atorl Montle Corle block JMC , RMC
LMC lenglh
1ECTX storl of endcop chomber bank JECTK ,RECTK
LECTK langth
1F13 stort of SQUAW it bank
LF1Y length
TTUBE slart of tube chomber block JTUBE ,RTUBE
LTuee teagth
1T0F slofl of tiame of ftighl block JIOF RYOF
LYOF langlh

1TRK (1) trock dank for pariicle J1 JTRK ,RTRK

ITRX(30) track bonk for particle §30
LYRK(1) {ength of record for porticla )

LTR» (30) tengih of record for particle #30

1aux slort of complete aumiliary trgck bilock JAUX,RAUX
LAUX length N " . “
N B The obove 7 poinlers ore naty o
a1

svenl type {bil potiern. msaning (s dependent or the kind

use of 1/0 roulines Pointers (o andividual
trocks are descrrhed btelow

Pointers 4nd (englns oce sol to 1efo 11 1he biock doas not

axind The "stordard” ncmes lor Lhe pointere ore on oltempl 10 nake

i{he code mores underitandable ond more consralent omong subioulines
Il EMNERCY BLOCK

This block containe Ihe crystal energias in ENCR{IEHER)
thru ENER{IENER«I91)

iv CONMECIED REGIONS (CONREG) BLOCK

All words 1n 1he cunneclied ragipns block ure INTEGIR. The biock
#tiuciure follows

CREG(ICR ) = NRFG (§ of connecied regions)
P3 = Ndl = f modulss in connscled regian )
2 = firal modula in con reg. 1

NI1+2 = N2 » § modules in con. reg. 2

Vi1l VERIEX DESCKIPTION BLOCK

This block contoine verlex information such as pomition
ond numbers of particles

RVTX, JVTX INDEX CONTENTS
1¥TXe0 # of vartican
1 pointer 1o verias number 2 (1! iV eaists)
2 vertax typ

QG medns p ory varlax
=1 means ‘junk’ vartes (tor liccke not arijiaating
feom o physice vertex}

3 # of porlicles feom verler

4 § of charged portictes frum vartaex
5 ’ of e+ ot &~ from vertex

3 of mucha from veriex

7 # of gomwos frem vartax

8 $ of neutrol mtrange particles from sartar
9 % of wvertex

10 Y

1" 2

12 atcror in X of vartan

13 Y

14

15 X-Y cofrelation

16 Y-Z cottelation

The firat vartex is clways tha primory vertex. Additionot
verticea each hove o block lika the one cbove, sxcepl Lhat the
“# of vertices™ word is replaced by the length of the verlex
block.

IX. PARTICLE TRACK BANK

Coch particle tound is deacribed dy o record in the
trock bonk. The pointas 1o the 11h pacticle is given by
ITRK(1) The tollowing descridbes the dotlo etructure
for the Ith particle.

JTRK.RTRK Index Contenty
1TRK(1)e0 “particle type”
+1 perticle stlatus
+2 x direclion cosine egin{theto -co:(pm;
3 y s thela}esin(phi
4 T =cos{thalo
5 ph1 {azimutha) ongis aboul beom)
[ serar in :o-(lhnag
? ecror in phi
-] coe{thela)~phi correigtion
s vertaz
0 snacgy calculated according to method #1 - forget it
1" ENERYY onergy (implemented 400411) ~ beat for shower,
NB: nonzero sven for not cosrslcted charged Lracke |
12 ESORT energy ~ nonrero for reutrale ond zorrsloled
chorged lracie
111 thisq or contide Y]
14 nearesl conneciea region number (O it none)
8 nearust bump aunber in conneclead csgion (O it nons)
58 nearsst Hunp module - use in cvotls 1o ENERIS
17 JPUY = [ointer 1o medtile Trausreed catnrmne - an

Azl



"w submogute €ntered | 1-4B)

19 COS{ongle 1o neorest bunp module)

20 wofo 1 ot ttacking chomber flags (mnol fully impls-

ra} 2 mented for 0)d chombet! setup,

22 3 tot use with {ubss ses below)
P00 MO « § of modulew traverted

+ 1 # ot 1irst module Lrove d

+ 2 polh fangth in tirel moduls

+24NI00-1  Jorl modute troversed
424 H 00 poth langih in lost modute

The verlan number gives both Lhe initial varles for a
pacticle ond its end vertes {if any, a.g . fofr o sironge particls)
VERTLX § = INJTIAL VERTEX § + 100-END VERTEX §
The verter §'s cortespond 1o 1he ordering in the inleroction
descriplion block {¢ g . tha primary svenl vertes in always
vartax 3

The “porlicts Lype” describes. o3 for as known, whol kind
of particle im invelved. The potticle type tode i» as follows-
Note: this in TENTATIVE —

Lat PT sland for Lhe particis type word.

10000 <= P1 particle s nat from ate~ intesraction
(#.9.. "junk' trocks found in endcap chomber
rouline fall inte thia category. These
tracks moy, of course. have somslhing lo do
wilh the event o0s showar leakoge from the
boll tunnel module

1000 <= PT < 10000 associoted wilh ste- inleraclion, but
not from the primary verter {e.9.,
porlicle is o slronge decay producl)

Q <= PT < 1000 particles from primary warlex

PT modulo 1000 » 100 charged particle
< 100 neutrol partlicle

PT modulo 100 = 1 gommo or electron
2 auon
3 minimum ionizing in ball
4 nol minimun ionizing in ball
10-19 atrange porticle
11 kgon
12 lomdo
13 sigmo
20-39 hadron, other thon identified sirangs
20 pion

40-49 resecved for PIFIT

For exomple. PT=1 iy 0 gommo from lhe interoction, PT=101
is an elactiron from the interoclion, ond PT=10101 is on
extianeous elsciron, nol osvocioted with the event

The porticie status corraloten the parlicle with the hordware
and softedrs in which it is tound/atudied. The bits in thia word
hove Lhe folioming meonings:

STATUS WORD BIT MEANING WHEN SET
{powar of teo)}
o 1) Trock i3 found «n IRTRKS (centrot WS chombars)
or TBTRAX {tube chombars)
1 E 2; Togged charged by OFFTAG, ICEOMe) >
2 “ 2 >

Nole — if togged wilh JCEQM=3, Lhen bolh of
Lhe cbove bils are set.

3 | 8) Heutrol = PIF1T Lreock
Chorged ~ reserved

“4 16) ESORT bit 1

S 32 2

3 64

? 126 @ thfit lo this track wos ottempled from offtag

L] 256 offtag-tkiit f11 succeastul, oand lrack passes
wilhin RZMIN of Lhe xwy=0 line.

9 5\2; OHS flag ~ match found up to OHMS plane &

10 1024 OH4S f10Q ~ molch found in plones 7 or 8

Note - it both 8 and 10 eet. Lhen match was
faund in planes % or 10 1t pit 10 is
sel, and malches wers lound in ol least
S planes, then trock is colled ¢ muon
(type 102).

1 ( 2048) TOF tlog - mateh found wilh lime of flight counter

and within cosine 0.87

The connecled region, bimp ond bump madule numbera ore el
negotive for o thaiged trock whenever the (rock hos nol besn
found 1o be corrwloled with 1he corresponding Quantity

Ale

Teacking chonber (1091

The traching chamber (lags aliow one 1o sae¢ asactly which
hils bove besn corrgloled milh the (rock {01 leosi for Vhe canieald
chombers) For the ceniral chombess the structura 1s a8 101 (ows

wWord 1 - inner spork chombart

2 - outer sparh chombet

3 - proporiiono) chomber
Within each word, one byte per plans i oblocoled, Vhe most LI of
nificonl byle corresponding 1o the innermost plone The byle
conlains the oumber of the “row' in iha wpork c¢homber bank where
ihe hil corseloled mith the (rock occurs. It the byte in zero, it
means that no hit hos been cofreloted wilh the trock tor Lhis plons.

For runs with tubs choudsrs oaly | byte is used for sach layer.
The most significont byle of word 1 iw lor the innermost loyer ond
contoins the number of the hil wilhin the tayer gsvociolad wilh
the Ttock. 11 yaro ne Bit in Lhis loyer is owsociglied The second
byle ia for tha nexl layer and 80 on. For 6 loyers only 1 and 1/2
wotds ate used.

X]. Tube Chomber Block

The (ube chombes Liock ¢ontains informalion oboutl tha physicol
locotions of hits in the tube chombers. The struclure is as fotloma:

WORD CONTENTS
JYUBE {1 TUBE ) tube chonmber calibration number
+1 § of loyers (NLAYER)
2 oftsel lor loyer § 1 (LAYOFF{1})
3 2 2
+NLAYER$1) NLAYER MAYER

Nole: It there are no hits in loyar § 1, then LAYOFF{}) =« O.
Lat LAYPY(})}=ITUBE+LAYOFF(I} in 1he following:

JTUBE (LAYPT(]) } # ot nits in loyer § 1 (HHITS(D))
1 phi for nit §1 in loyer
2 2 - e
+3 flog* = = = = -
¥ha Nigh 16 bita of 1he flog word contain
the hil pulse haight (i.e the sum of the
pulse heights ot the lwo enda, pedestal
sublrocled).
The lowasl byte contoina the wicre number
within the loyer.
The second lowest byls containa flag dite
with meonings:
Bit 8 - reconstructed z in larger thon
tube half-isngth, or is unreliable
for some other reoson (a.g. hard-
wore problems).
9 - pulsu height gt 4000.
10 — only tubs in group of B that fired
11 - supposedly dead tude [TBPHA(NT)=0)
12 ~ bod 2 flog.
One omplifisr dead or domoged (only
the PH] informalion is va ). At e
olso mat if for ony receon the pulne
halght infarmslion is hnown 1o be
unreligbie.

13 — 6 or more tubes wilhin the some group

of «ighl have hits in the tuba blochk.

44 trock numbers for trocks which areconsiderad
to be correloted wilh this nit. Tha trach
hunbefe o¢te packed ons/byte. lowesl firsl,
ollowing tor up lo 4 trocks for o mingle hil.
1t the ¢ coordinole 0l30 corvrelates then 32
is added lo the trach § before placing it In
the appropriote byte.

+5 tow pulse height information ( NOT pedestol

subirocted ). The upper two bytes confoin Lhe

pulas height for the -2 end of {he wire whila
{he lomesr two byles contloin Lhe pulse height
for ihe +7 end (bolh ore 142 worde}.

+6 phi for nit §2 la loyer §1

‘mmediotely feliowing Lhe Kit inficrmolion tor eoch loyer ie the timlng
‘nlormotion for thol layer
Tet ITIMPT{1)=lAYPT{{)1+5¢m1115{)}e1 in the tolloming
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JTUBL (1T 1T 1) ) # o) grours of B ir iayer 1 which have ol

(eos1 one Pyt (NEHIT(])) 2. Description of TTUSERCM
+1 1iming =ord for turst group ot 8 (a loyer | 0 g

mith ol lsos! one hii hets are demcripliars of TTIUSERCM commnn blocas wued in TaGTRK
+2 secand (oniy « o0d ii. ore reolly imporlont fur use)

for intarenied people there are al30 Ninin to audroutlings
whece these voriobies ore 38t colculoled of used

“NBHIT{}) tost t. uwer oplions ond culs
defoult vaiues ars ael in CUTSET rrup TAGTReMH()
The jow byle of & timing word Contorns the grouvp of 8 number }‘hty ore used in nearly oll avbroulines)
The neat nigher 4 bils contoina Ihe number of tudes wilh hita in
the group ¢! 8 Tne high 16 bitn of Lhe «ord contoins the timing LOGICAL LOFFX L COSM,LOUT, LCUY, L IRCOR
informolon tolen Sirect)y from the row dola (range 1-8191) COMMON /TROPT/ LOFFX LCOSH. LOUT
COMOH /TRCUTS, HAX] S, HOFF XU HCOSMM FALZ SAXISM LCUT

LOFFX  olfass traching switch (defoult: {olse

LLOSH : cosmic 1raching smitch zoﬂnull. m..g

LOUT : senulty writlon outl in svent buffar (default: false)

LIRCOR: oli other IR trocks in lhe svent ars olso currecied
lo the new rvis by ca:ling Lhes togged ond toking
lhe bump module difection

LCUT : usar chosew own cuts on trocking (default: falue)
it you sel tCUT= trus you hove ([1) to apecify a (|
foltowing porometers {1hey ore nol set otherwisa)
HAX)SM, HOFF XM, HCOSMM
{—> hite In the two innermost loyers ofe counted .5
according to HwE}
HAX|SM: minimum § of hite for celling on onaxis Lrock chosged
(default for LCUT=tolise (3chmbr/dchmpr-sslup): 1.5/2 S)
HCOSMM: minimum § of hile on ot lecet one cosmic hallflraca
o toke cosmic hypothenis inlo occounl
{the other Rolftrock has to have ot lsasi HCOSMNSFAL2 hits)
(detouil for LCUTafalsa {3chmbr/4chmhr-sstup): 2.0/2.%)
HOFFXM: minimum § of Nita on ot lecsl ons offanise track
1o lobe offoxis hypothesis into occount
the othar truck has to have ot leost POFFXMEAC2 nits
defoult for LCUT=falan (3chwbr/4chabr-satup): 3.0/3 5
FAC2 : multiplicolion foctar for gelling minimum § of hits lor
2nd trock in atta/cosa hypolhe {see nbove}
setting TAC2 to 0. aliows offa fracking with only vne
trock hoving hils {lha necond is atil) called tujged:)
(detoult (el setupa): .3)
. SAXISM: minimus onaxlin mignificonce sguis tor tracking event onosi
{-1. <= sazis <» 1)
chose values wilhin —. 2 <= gucism <= O
(defautt (ali eatups): -.3%)
{SAXISM 1L.-.1 will decrecse oficais ond cown eficiane
SAXISM gt -V will increcse ovaratiaing and ovucovling;

i+, trocking rasulls relurned
{catculoted in DECIN resp. CALFIT)

LOGICAL LX 10X LCS

COMMON /TRKAEW/ PHI . TH) X1, ¥}, 21

. LPHY THY XU, Y 29

. VTN, YVTK, ZVTX

COMMON /TRSULT/ SAX]S SOFFX, SOOSM . LX, LOX LLS
COMUON /PARIST/ WML T] HHIN ] MSKPS ) MSKPSY

Pl THE X LY. 2) naw divection of fiist trachk
PHI L THI XJ 7. 24 ;. nee diteclion of mecond trock
XVIX YV¥IX 2vTz vertau coordingtes

LX: event trocked onovis wilh significance SAX)S
LOX avanl trackea otffoxis with signilicance SOFFX
LCS: wvanl trached cosmic wilh signifticonce SCOSM

HHITI: § of corretoted hitw in phi for first track

HHITY § ol corsatated Ailm in phi for second track
(bolh counled vecording to HWE)

icle stotus mask of first trock

te stotus mank of second tiock

(0:nevtrat, t:tracked charged. 6:togged chorged)

iiji. only fer axperle
COMION /TREXPT/ HwE 1{08) , PHRMIN{B) DIMAX MIMF | NEXP

e ,ROXMI N, ROXMAX , RCSM | N RCSMAX
h LEMPWE ] AR WP NB INS MOV, GA LN
WL weight far hit in soch lgyer in hilcounting

Jafoult. .81, 81,1 v ..+ .1 1. 1)
§uud in COUNTO,COUNT , COUNT2)

PHAMIN: minimus pulsehsighl of hite used for Vracking, i. e
rotio with respect to standord CB tracking cut TE&PHN
defoutt- v 1., 0 (v 1. 1. 4. 1)

veed in FHONIT,ZETREJ(obsolete})

ajscl poromeler 10 theto tilllng for hils lying loo

tor oway in ge!

fawta 1y 7 feml)

DZWAX

=B
? a1



(ussd in 2FAR)
MINF]  minimum § of Ni1s for thelo filling
(inciuding bumpmoduie, 11 BFWE] gt 0.)
scnurq.a trocks. which ars nol fitled are coilad lagged)
datavlt 3}
used 1n CALFIT FITLIR)
NEXP tasget ot
(uses 1n COGO,COGT,COG2)
ROXMIN /
ROXMAX * wvenls cre onfy trocked offaxis if
tho{vta) < ROXMAX
ond at 1s0s! one Lroch hos a neorest distonce 10 oxis of
fneoci rosar) > ROXMIN
Edo!oun. 1/ 7.4 (ca))
used 1a HMAXO)
RCSWIN /
RCSMAX: svents ore only trached cosmic
it RCSMIN < rho(vix) < RCSMAX
éd'!Oull: .25 / 100 (ca})
vsed in HUAX2)
BMPWE]: weight for bumpmodule in thata filling with respect to
defautl voiue. If BMPWE} . 1a.0. (he bumpmoduie won"t be ussed
Ed-fouil;l.)
uyeed in ZETREJ}
R forgel it
{used in FNDMIT)
wne width of window in phi oround bumpeod (in f of r.m.e.)
in which TAGTRK is looking for correiatsd hits
ond moving track condidates around
detoult: 3.)
used in FNOHIT MVETRO MVETRY MVETR2,..)
NBINS: § of bins for moving trock condidalas around
default: 7)
used in MVETRO MVETRY MVETR2,..)
MMOV:  f of ftoops in Lrock moving ond hitfinding
}d-luull: 3)
used in TAGIRK)
GAIN: pracision gain in eoch of tha NMOV laops
defoult: 2.)
usad in TAGTRK)

it you want 1o moke lhe offoxis/cosmic trocking o bit foster
{toking some inefficiencies inic occount)

you con 1ry with the tollowing volues: {~> ca. 1/3 foster)
WP 3, NBINS: 7 NMOY: 2 GAIN: 3.
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