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Abstract

We have studied the decay T(15) — pu” using data taken by the Crystal Ball detector
st DORIS 11. We identified cosmic rays, beam interactions with the wall of the beampipe,
and two photon generated pairs as major back grounds in our search for this decay node.

We determined the branching ratio

BR(Y(15) — plp) =253 AT 4 46%

Our result is iy good agreement with previous measurements of this branching ratio.



Introduction

Trying to understand the physical principles of the woild leads to questions about the
elementary constituents of matier and their interactions. Each type of interaction most
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 unified de-
scription of all forces

The properties of the T pasticle, a bound state of the b quark end its antiparticle b,
which interact nearly exclusively via the strong force, provide a rich source of information
aboul the stroug interaction. By annihilation of €” and €7 st the sppropriate center of
mass energy the T can be produced in several well defined states of excitation. Study-
ing transitions between these states as well as their decuys yields results which can be
compared with the prediction of theoretical models describing the strong interaction.

Since 1982 the Crystal Ball detector collected data of ¢ * e™interactions st the DORIS 1
storage nng a1t DESY at center of mass encrgies around the mass of the T, We searched
for the decay of the T parvicle from its ground stale inlo & Muon par in an amount of data
containing the informntion of about 250,000 1 decays. A measurement of the percentuge
of decays into ¥ p~can be used Lo derive other properties of the Y and may even provide
information about the power of the strong interaction expressed in its coupling constant

a,.

L&)

Chapter 1

Theoretical foundations

1.1 7T Physies
1.1.1 Elementary particies and interactions

Our present knowledge describes the world beiog made of 3 types of particles ur fields

() () () o (2)
() () (1)er o 1)

1. leptons

2 guarks

3. gauge fields

(syinbols) LRR2L A~ ¥ ____"-
with three fundamental interactions
1 strong interaction
2 electroweuk interaction
3 gravitation

The leptons and quarks are ordered according to their raass in three generations. It
cannol be excluded that there exist more than three gencrations in nature.
The lepton generations are characterized by a lepton number, named as the charged

leptons in =ach generation, which are the electron ¢ , the muon u and the tauon 7.

Leptons with identical charge differ only in this quartum number and in their mass.

FThe latter ie nol sure for Uie neuttinos ¥, since their masser aie undirtinguishable from zero on todays
level of experimentsl accuracy.



This lepton universality is confirmed by the interactions of these leptons being identical
besides effects of their dilferent masses. Quarks are classified by 6 different Havors called
up u, down d, strange s, charm e, bottom b and top 1 2

The interaction between particles is described in modern gauge field theories by ex-
chaunge of intermediate vector bosons which are the field quanta of the guuge fields.

In interactions between elementary particles the influence of gravitation is completely
negligible compared Lo the strong and electroweak interactions.

The electroweak interaction is successfully described by the unified Elcktroweak Theory
of Glashow, Salam and Weinberg combining Quantum Electro Dynamics (QED) and the
weak interaction. All fundamental particles participate in this interaction. The coupling
is mediated by the exchange of either a photon 7 , a 2% a W1, The photon does not
couple to neutral particles

In addition to electrowesk interaction quarks interact strongly via gluon (g) exchange
This is described in Quantum Chromo Dynamics (QCD) analogously to QED. In fact
this interaction dominates for quarks since its coupling constant is higher. The runmng
coupling constant a. of the strong interaction varics between 5 and .2 in the energy
region of 1 to 10 GeV, whereas the electroweak interaction is governed by the so called
fine structure constant a = 7.

The strong force acts on a particle property called color in 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 is
electrically neutral, Separating two quarks increases the gluon field encrgy between them
and produce new quark-antiguark pairs out of the vacuum leading to new bindings of the
initial quarks. This phenomenon causing quarks never o be observed as single particles
is known under the name confinement. Observable particles are always color neutral.

The only way to study quark properties is 1o investigate hadrons, which are bound
states of two or three quarks or antiquarks adding their electric charge Lo integer multiples

of the unit charge.

1.1.2 Quarkonia

A quark bound state formed by a quark-antiquark pair is called meson. In most known
mesons (¢.g. ©.7,p, etc.) the quarks are moving relativistically so that they cannot
be treated using the Schroedinger Equation. In contrast to that, the two most heavy
quarks known by now, the charm quark ¢ and the bottom quark b, build up essentially

nonrelativistic bound states, called quarkonia, namely the charmonium ¢z and the

I There is ne unique experimental evidence {or the existance of the 1op quark yet

bottomonium bb They can be treated by QCD in con?p]rtc analogy Lo the way the
positronium system 3s described by QED. Since the gluon- gluon interaction prevents
QCD from deriving interquark potentials from first principles the measurement of ¢t and
bb energy level spectra and their decay parameters becomes very important fur testing

phenomenological potential ansalzes and deterinining the strong coupling constant o,

1.1.3  Enecrgy level spectrum of bottomonium

“The bb states with the quantum numbers n 24l p, = 38 are called T (n8), where n is the
radial quantum number. The leaviest established excited T state is the T(6S) |CLEOBA].
As the T states carry the the quantum numbers of the photon JPC = 177 they cun
be directly produced in ¢* ¢~ annihilations into one virtual photon (see section 1.2.1 on
page 12). Figure 1.1 shows the T(1S) to T(4S) resonances in the total cross section of
¢* ¢ — hadrons. The data were taken by the CLEO detector at the CESR ¢ ¢ storage
ring in Cornell(USA). 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

slales,
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Figure 1.1: Total visible cross section of ¢'e” — hadrons versus the center of mass energy
measured by CLEO

The measured or expected encrgy Jevel 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 L, = 3z levels called s mesons. The
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Figure 1.2: Encrgy level spectrum of the bb System

bb states with spin O namely the n 'Sy my -meson and the n ! Py states are not yot observed.

1.1.4 7T decays

The total widths of the T resonances T(18) to T(3S) are of the order of a few 10 keV.
This 15 far below the center of mass (CM) energy resolution of existing e* ¢” storage rings
like DORIS Il being about 5MeV at CM energies around 10 GeV. Oa the otlier side the
T(4S) Lo T(6S) resonances are much brouder with Iy ranging from 20 MeV to 110 MeV
|CASSELBS|. As their masses lie above the energy threshold for open bottom production

they can decay directly into hadrons vis the diagram 1.3. Since this decny mode is not
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Figure 1.3: Decay of the T(4S) or higher T resonaaces into hadrons

allowed for the lower T-resonances their decays into hadrors are suppressed by the Okubo-
Zweig-lizuka (OZ1) rule, demanding continuous quark lires from the left Lo the right side
for an OZI ullowed decay. This results in the small widths of the T states below the T(45)
The T(18) meson can decay via the diagrams 1.4. The total width is

Per =Tygy + Ty +Tg 4T (1)

where the T'x's on the right hand side of equation 1.1 denote the partial decay widths.
They are defined by

N(T — X)

b= NIT — all final states)

Tior = BR(T — X) -1 (1.2)

BR(Y — X} is called the brancbing ratio {or the decay T — X,
Decays 1 one gluon are forbidden by color conservation since a single gluon is not color
neutral. Two gluon decays are not possible due to more sophisticated considerations

concerning spin coupling. The decay into three 7 's is completely negligible,
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Figure 1.4 Possible decay modes of the T(18)

Assuming lepton universality we can express Ty by T 3 by simply counting the lepton

gencerations since all leptons are light compared Lo my.

- x 5 !
Pee =Tuy =T =3-Fy (1.3)

The diagrams describing the decay into a lepton pair and nto a quark pair are identically
besides the coupling constant at the photon "decay” vertex, which is the charge of the

final state particles. We define a ratio R

R= 9 (1.4)

. . . . te® = . ay s .
which is identical to R = 1&%_—:—:?:’—:‘? in nonresonant QED ¢*e” annihilution (sec
equation 1.11). Calculating R we have to sum over the square of the charges Q of all

quark flavors accessable up to the ¢*e”CM cnergy rny. This flavors are uds, and c.

3 Eq:u,d,l_t Qi = :, 19
2 3

Q5

The factor 3 originates from the three different quark colors available. Radiative QCD

=i

R=1

=3

(1.5)

4 1
atat
1

corrections are neglected in this calculation of R. They would yield a correction factor
{1+ qd) where s is the CM energy squared. Using equations 1.1, 1.3, and 1.4 we can

express the total width by

P = Tyyp + Togy + {430 (1.6)

IWe omit the signs of p*u’in rubncripte

Assumning a value of 3% for the branching ratio B,, = BR(T — ptpT ) which s

r
B, = ki
rlu'
we expect the T to decay with a probability of (34 R)B., = 19% via one photon

annihilation, Nearly all the remaining B1% ure 3 gluon decays since the g decay is

suppressed with respect o the ggg decay by a factor of "~'

1.1.5 Theoretical implications of By,

In the previous chapter we showed that there are interdependences between By + Tean o
P,y und Ty - In addition to that we will see that the partial widths essentially depend
on | (D) of the bb wave function and a,. In principle one may detcrmine each of these
quantities from a certain combination of the others.

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

The partial widths predictions suffer from inaccuracics in perturbative QCD. In 1d-
dition |¢(0)[* is dependent on the ¢ potential model chosen. “There exists RO UNIque

renormalization scheme for the strong coupling constant a,, which can be wiitten

16x

AR =
w42 3011 - Eng)ln

where ny denotes the number of quark flavors sccessable at the four momentum transfer Q
Especially the values of Q for a given process and the QCD scaling parameter A depend
on the renormalization of a,. '

These facts corrupt most of the possibilities of using B, for the calculation of either
.. 'w(0))F or o, and thus testing perturbative QCD or potentia! modcls. In particular it
is not possible to derive ', and hence |y(0)|? from a By, measurement since I'gop cannot
be directly measured.

In the following we list possible implications of B, .

1. A determination of B,, and T, is the only way to obtain [ by
Fhu
By

»

1'—‘lrll' =

since all other partial widths of the T are much more difficult to measure. Ty, is equal
1o Iy , which can be determined by a scan over the resonance in ¢*e¢” production

of the T [PRINDLESS].

*For simplicity we will refer fram now on e the T{15) by T and to B, (T(15)) by B,
¥ Y



L d

With help of both, B, and T,, , one may also ealculate I'yyy Neglecting Tny,

equation 1.6 can be written

Iy =Ty - (3+ R,
= (B: -3+ R)) ui {-7)

_If one could calculate both T, and Iy, sufficiently accurate using perturbative

QCD the strong coupling constant a, could be expreused by B, as follows:
The leptonic width of & vector meson is given by the QCD corrected Van-Royen-
Weisskopl Formula |BUCHMS1|

rw-ﬂM—wwmwnﬁgmwﬂim (1.8)

where ¢, = -; is the charge of the b quark, My 1s the T mass and A is the
theoretical uncertainty of I, due to higher order QCD and relativistical corrections,
Buchmiller claims & = .15 for the T, whereas the first order correction using a

typical value of a,(Q%) = .2 yields jfa, = 34

In the case of Ty, the higher order corrections ate even more important. Including
first order corrections one gets [BRODSKY83|

rﬂi = .!E’..%’S_iqg_) QJ(Q ) N(n)lz ( +90‘0,(Q )) “9)

For &, &= .2 one finds the first order correction of Tyy, to be .58 of the lowest order
value. This casts doubt on the justification of evaluating Ty, using a perturbative
theory.

The ratio of 'y, over Iy, 1s independent of 19(0)]* and can be expressed by By, .

Combining cquations 1.7, 1.6 and 1.9 one ends up with

’(Q”}

...,

=C(a,) - - (34 R) (1.10)

o T Bu

10(x - 9) (1+9.042:48%)

h Cla,)= - e
where (Cl ) Fl!a‘r; {1~ '“'O,(Q’)i A)
So a, depends only on B, and R which 15 well known.

Note. that a, on the left side of equation 1.10 has in general to be evaluated at
different Q% in the numerator and the denominator which is indicated by the prime.
The values for the four momentum transfer to be inserted differ

from Q = my|BUCHMSL} o @ = m, |[CELMT9]

and from Q' = 482my [MACKENZE1| to Q" = .167my [BRODSK Y83

depending on the a, renormalization scheme chosen,

10

There is need for more work on theoretical side including higher order corrections
or even nonperturbative QCD wntil B, can be uwsed for a precision measurerent

of a,.

4. Last but not least By, (T(15)) is impoertant for analyses trying to observe transitions
from higher T or xu states Lo the T(15). The T(1S) is generally tagged by its decay
into lepton pairs ¢*e”or ¥ pu” So By, is used Lo extract the Lransition rate of a
process of the type T(25) — xxT(15} — xxp*tu” by

BR(Y(28) — xx T{15) -+ xxp*p’ )

BR(T(1S) — 4" )

BR(T(25) — xxT(15)) =

1.2 Processes at ¢*e storage rings

Inceractions of ¢ and ¢” al storage rings with a CM energy of around s = 10GeV
€ E

sre described in high accuracy by QED. Effects of the weisk lorce can be neglected sinee

~ 0007 3). Thete are two types of QED processes impertant at CM energies
i
amuud 10 GeV involving one or twe virtual photons.

1.2.1 QED one 7 processcs
Bhabha scattering

The elastic scattering of eT¢~has the biggest cxoss section among the processes described
by the exchange of one virtual photon. The two Feynman diagrains contributing ta this
Bhabha scattering are shown in figure 1.5. The diagram with the space-like virtual 7 is

e‘, et er

L
. e \ /
e
e — e’
ajtime-like 7 exchange b)space-like 7 exchange

Figure 1.5: Bhabha scattering diagrams

dominating. The differential cross section peaks very strongly at small angles with respect

to the beam direction.

Nonresonant lepton and quark pair production

Replacing the ¢*¢ pair in the final state of the diagrain 1.5a one gets the nonresonant

QED production of heavier lepton pairs or quark pairs {fig. 1 6). The corresponding higher

11
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a)Lepton pair production b)Quark pair production

Figure 1.6: Other QED continuum processes

order disgrams with a vacuum polarisation of the photon (see fig. 1.7) lead to resonant
effects in the e ¢ cross section (see fig. 1.1). The ratio K of the cross sections of the two

nonresonant diagrams 1.5a and 1.5b

a(e*e” — hadrons)

R = olee =) |,

(1.11)
was already mentioned in section 1.1.4 on page 8. There we showed, that R depends only
on the number of quark favors accessable up to the CM energy /5.
The differential cross section for nonresonant production of p* u”or 17 as well as
the total cross section is given by QED:
da(ete” — p* urtr7) a

2
2 a2
o = 4s,ﬂ(l+cos 8+ (1 - B*)sin’ &)

arulete” —ptpT 7TrT) =

15123[3_5:) (1.12)

3s 2

where @ is the velocity of the final state lepton divided by the velocity ¢ of light and @
is the polar angle with respect to the incident electrons. For 5 GeV muons 8 is about 1
and equation 1.12 simplifies to
dofete —ptpuT) _ o 2
s e o (IrcoesTh
a0 rlade ik

oerlete ) 4xa’ 86.9nb (1.13)
T o s
tot & HoH 3s §-GeV -2

Resonant production of lepton pairs

At the CM cnergy of V& = my the e'¢ cross section shows a resonance due to the
production of the T mediated by one virtual photon. The final state p puirs from T
decays via the diagram 1.7 are not distinguishable from the p pairs produced by the

nonresonant process of diagram 1.6u since the yup vertex is identical in both diagrams.

Figure 1L.T: T production and decay into a lepton pair

At DORIS 11 the cross section for the production of the T is about 9nb. Using
B,, == 3% we find
oflete =T —p'p’)= 27nb
compured to
olcte” —utu)= 97ub
from equation 1.13 with /s = mr. Thus the number of g pairs from T decays is abiout

four times smaller than the number of p pairs from the nonresonant QED process.

1.2.2 QED two 7 processes

Processes of the type ¢te”™ — '™y — e*e™ X ns shown in figure 1.8 are culled two plio-
ton production of the final state X. In difference to the one photon annibilation cross ec-

- *

e e

X

e~ e
Figure 1.8: Production of X by u QED two photon process

Lion
o « ! the two photon cross section tends Lo increase with powers of In 30 . Since the two
photons can be emitted close Lo their mass shell, one can describe the photons simil.rly
to bremsstrahlung with a spectrum N(E,) = E‘:' Integrating this speclrum one geis &
factor In -17:.1

The increase of the cross section with In g% overwhelms at 5 ~ 10GeV the o? rup-
pression of the two photon process compared to the one photon process.

For /5 = 9.46G eV numerical calculations yield a total cross section

gilete — e uTp )= 62nb

13



compared to the one photon nonresonant QED process

Grar{ete” — B 7)) = 9Tnb

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* 4~ pairs produced via one virtual 5 . Supposing
there is no additionsl background in & p* k" selection at /5 = my one has to subtract
the continuum contribution N(~<) from the total number of muons N 0~ + 3 )in
order to get the number Ny_,,0f resonance decays into % p~,

Ny = N(M’HJ - N(r)

As there is no sufficiently large amount of continuumn data near the Y(1S) resonance
availuble, we use dats Laken at CM encrgies below the T(25) resonance and on the T(4S)
resonance 45 a conunuum sample. The muon pair contribution from the T(4S) decays
is negligible, since this state is lying above the OZ1 threshold. The value of B, (T(48))
which is due to lepton universality aqual to B, (T(48)) is [PDG84]

B (T(45)) =174 .7-107°

We determine B, (Y(18)) by dividing the number of T(1S) decays to muons by the
total number of T(18) mesons produced. As the T(135) decays either into lepton pairs

e’ w777 or into hadrons, we can write

Nroui

B, = -
Ny hadrons + 3Ny,

(1.14)

M

Chaptler 2

Experimental setup

2.1 The DORIS II storage ring

The duta used in this analysis were taken at the DORIS 1l ¢*c™storage ring at the
Deutsches Elekironen Synchrotron (DESY) in Hamburg, FRG, by means of the Crys-
tal Bzll detector.

This devector was built in Stanford, California. There it collected dats ut the SPEAR
¢ e storage ring at the Stanford Linear Accelerator Center (SLAC), being opernted at
CM energies in the region of the charmenium ¢t states, Alter the discovery of the T
mesen in 1977 [HERB77),{INNESTY] two upgrades of the existing DOppel-Ring-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 | whereas the positrons come [rom LINAC 11 being in-
termediately stored in the Positronen-Intensitits-Akkumulator ring PIA. After iujection
into the DESY synchrotron both beams are accelersted to their final energy and injected
into DORIS 11
During the so called High Energy Physics (HEP) period at DORIS 11 -— the ring is alter-
nately used for HEP and as a source for synchrotron rudiation — in general two bunches
are circulating in the ring with a frequency of about 10°H =, cach of them consisting out of
10" - 10" particles. They ure spread less than Imm in vertical, about lmm in horizontal
direction perpendicular to the beam and guussian distributed along the beam axis with »
width of @ = 1.7em. The two detectors operating at DOKIS Il sre built up arourd the
two interaction regions at the south side (ARGUS detector) und the north side (Crystal
Ball detector) of the ring. '

For studying background cvents not stemming from c* ¢ inteructions there are two addi-
tional modes of DORIS Il 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 1l ring at DESY

electric field just before and after the interaction region. This separator plates were in use
until begin of 1984. If the ring is supplied with only one bunch (e* or e”) we call this
single beam mode.

AL present the beams may be accelerated up to a maximum CM energy of 11.2 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 e*e” interactions per time taking place in a storage ring is measured by
» number, called luminosity ¢, which is calculated at DORIS 11 by measuring the Bhabha
scattering process (see section 1.2.1) with its well known cross section. If you observe a
rate of npnatha = ﬂﬂ;r“-‘ Bhabha events, and the visible cross section corrected for
detector acceptance and selection efficiency is given by 6 fhasha, the luminosity is defined
by

M habha

= |6 = nb™ s (2.15)

G Bhabha
Observing Ny events ol a certain process in an amount of data with an integrated

£=fwt

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

luminosity [ defined by

- Ny
ax = —

Vit
DORIS 1] reaches an average luminosity of about 600nb~! - day™! with peaks above
1000nb ™! - day ™!

2.2 The Crystal Ball detector

The Crystal Ball is & nonmagnetic detector, composed of an wsrray of Nal(Tl) crystals
for particle detection, energy loss, and angular measurements, a set of tube chambers for
charged particle identification and direction measurements, a luminosity monitor and a

Time of Flight (ToF) system. All components besides the ToF system are shown in fig 2.2,

CRYSTAL BALL
Nol(T2)

NoI{T1)End Cop

Figure 2.2: View of the Crystal Ball detector without the ToF system

The coordinate system is defined by the z axis going in direction of flight of the
positrons, the y axis pointing upward and the x axis pointing towards the middle of
the DORIS 11 ring. The origin is set in the center of the Crystal Ball. In polar coordinates
the azimuthal angle @ is measured starting from the x axis. The polar angle & refers to

the +z direction.

2.2.1 Main ball

The underlying segmentation scheme of the ball is n icosahedron preserving spherical
symmetry as much as nature allows for & regular polyhedron. For more precise position
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
curn are forther subdivided into 9 individual erystals sliss modules (see fig. 2.3). Each
module i thus surrounded by 11 or 12 neighbours depending on iLs position in the major

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 systemn and closed up to 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 detecior. It also
gives room to protect the Nal crystals against radiation damage during injection, the syn-
chrotron radiation period, and studies of the machine performance of DORIS ]I. 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 crystels 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 [OREGLIAS0]

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

Nal(T1). This reflects in a good energy resoluticn of

U(E) = 2'3% (:‘15}
for electromagnetically showering particles {photons and electrons).

The light output at the end of cach crystal is collected by a pholomultiplier tube
(PMT) and converted into an electronic signal which finally arrives 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 » 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 sble to integrate signals vp to €500 MeV
corresponding energy. This separation allows u good energy resolution for the wide range
of energies one crystal may see.

For the low channel, which provides the energy information for about 57% 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 & dryhouse at a dewpoint of - 50°C because
of the Nal crystals being highly hygroscopic. Too high a humidity would destroy the

transparency of their surfaces znd their scintillating propertics.

2.2.2 Endcaps

40 Nal(Tl) crystals arc installed as endcaps as shown in figure 2.2 on page 17, which extend
the solid angle coverage of the detector 10 98% They can only offer 3to0 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 purticle detection. They
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are much more a tool for rejecting events which are illdefined by having too much cnergy

deposited 1 endcap crystals.

2.2.3 Tube chanbers

The decision whether a certain particle is considered to be charged or not 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

¢ N1
+ kst
ac.r

Buam Pipe

s

\ // 4\“’"‘\:‘:% -

Disctrenics Layers 3-8

All measurements are in ¢m. The number of tubes in cach layer are 64,76,and 160 for
chamber 1,8,and 8 respectively.

Figure 2.5: The 3 chamber setup of the tube chambers

aluminum tubes with a radius of about .6cm having a stainless steel wire centered in the
middle. It lies at a potential of about -+1800V. There is a current flow of ionizable gas
through the tubes. Charged particles passing through the tube leave ¢~ -ion pairs along
their way in the gas. The voltage and gas pressure are chosen so that these ™ reach their
rmaximum drift velocity and produce a charge avalanche which causes un electrical pulse Q
in the wire.

From the pulse height asymmetry between the left (QL) and right (Qgr) end of the
wire one gets an information about the track location z along the wire by |BIZETTI85]
L QuL-Qr
2 QL+Qr

where L is the tube length and R depends on the wire and amplifier impedances. This

z=(1+R):

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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Efficiency

1% Methylal, .25% Freon13B1, und Argon) in the strenmer mode. In this mode the output
pulse is nearly independent from the primary ionisation.

However too high radiation exposure led Lo an organic growth of cracked lsobuthane
molecules on the wires. This limited the operating voltage of the chambers. Thus the tube
chamber efficiency of both innermost chambers decrense draatically right alter slarting

duta taking at DORIS 11, This can bee seen in figure 2.6a |G ELPHMANSS)

Efficiency

pry

1 1 1 e | 1 Lo
i1ees Dl e PR h.l“ AR 11008 L) Ll T
Run Number Run Number

a) "OR’ efficiency for chamber 1 b) 'OR' efficiency for chamber 3
The "OR’ efficiency for a tube chamber ia defined by the probability that at least onc of
the two layers has a correlated tube hit for Bhabhe electrons. The efficiency of chumber 1
is good since run 10486. Chamber 2 behaved similarly and is not shoun here. After the
decreasc of the cfficiency of chamber 8 two new chambers were inatalled before run 13608
increasing the overall mumber of chambers to . The cfficiency of the two new chambers
is not shown in the plot.

Figure 2.6: 'OR’ efficiencics of tube 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 (adiation resistant Argon-CO; mixture (20% COz, 1%
Methane, Argon) in the limited proportional mode. This means that the output pulse
is proportional to the primary ;onisation if the latter is not too bigh. After some time
chamber three was also damaged by radiation 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 disf:ovcrcd to be nonlinear.
This caused a decrease in the z-resolution of the drift tubes. Typical numbers of the z-
resolution o, for each chamber were determined by |K6NlGSS!] and |BlZETTlBS] 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 z-resolutions for the good tube chamber ADC between 1984
and 1985 can be explained by & different amount of noise hits in chumber 1 and a different
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bad ADC 1984 | good ADC 1984 | good ADC 1985
chamber # | length(em) a,(em)
1 64.8 3.4 1.74 2.28
2 49.6 3.44 1.58 1.51
3 39.4 293 0.94 0.83
4 36.8 275 1.04 0.75

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 small angles is meusured. This 13 done by requiring certain

coincidence conditions in two oppozite arms of the luminosity monitor shown in figure 2.7,

Each arm is composed of two scintillation counters P and C and o lead scintillator sand-
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Figure 2.7: The Luminosity monitor

wich shower counter S. As the counters are located in the tunnel region of the ball at
a small angle of about B° with respect to the beamn pipe and the Bhabha cross section
is peaked strongly towards small scattering angles they are well suited to catch a lot of
Bhabha events in short time. The Small Angle Bhabha (SAB) luminosity is obtained by
dividing the number of Bhabha events found by the visible Bhabha cross section integrated
over the angle coverage of the counter.

For analysis purponscs the Large Angle Ehabha (LAB) luminosity is used. It is calcu-
lated from the number of Bhabha electrons Npgpgpna scattered at angles greater than 30°
with respect to the beam direction. We find for the Crystal Ball

L= Nprasha - 6 -GeV ™2
B 2208nb
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The systematical error of luminosity messurements is 10%. The SAT and LAR luminosity
agree well within 6% for 87% of all runs [KLOIBERS1).

2.2.5 Time of Flight system

There are two parts of the Crystal Ball detector where one may get a Time of Flight (ToF)
information from, the ball iself and the seintillation counters located on the roof of the

dryhouse. Figure 2.8 shows Lheir relative positions.

Figure 2.8: The roof Tol counters above the Crystal Ball

Major triangle timing

Each of the 20 major triangles of the Crystal Ball has its own timing information. The

analog energy sum! of the 36 crystals of a major triangle which has a pulse shape with

a rise time of about 25 ns and & decay titne of 300 ns goes into » zero crossing Constant
Fraction Discriminator (CFD). If the pulscheight is above & threshold corresponding to
an cnergy deposition of 90 MeV the output signal of the discriminator stops a Time-lo-
Digital-Converter (TDC) The TDC has a stepsize of 0.1ns/count.

'Tunnel erystals are included in none of the energy sume mentioned



Hemisphere and full ball tining

The analog energy sum of each the top and bottom hemisphere as well as the full ball
energy sum are treated analogously. The thresholds for the hemisphere timings are set to
90 MeV whereas there are two full ball CFD's with different thresholds.

Roof timiog

Additional timing information comes from 94 plastic scintillation counters. They are
attached on the roof of the dryhouse 3.20m sbove the beam line and at the two sidewalls
in direction of the beam axis at || = 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 Lo tag over
80% of the cosmic rays triggered by the Crystal Ball electronics.

The roof 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 PMT's 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 limited for technical reasons two phototubes of two counters
have s 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 from the pulse height ratio at the two
ends of the counter it is possible to calculate the x-position of the hit along the counter
to a precision of about 10cm. The accuracy in z (resp. in y for the sidewall counters) is
determined by the counter width of 20cm to 25cm 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 limings are started by the trigger signal deciding to record
an event (trigger 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 crossing. This is made possible
by the hold signals of different triggers having their own fixed time relation to the bunch
crossing.

The calibration procedure forces the major triangle timings tmajor of particles travelling
with speed of light (i.c. Bhabha electrons and § GeV muons) to be 0.0ns on the average.
This is essentially done by assigning a delay constant l:‘""" 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 (r g the crystal energy E,) and subtracting this valve from the measured
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Requiring fmajer = 0 for a big enough number of Bhabha events the delay constants can

be adjusted with the help of a least square fit. After that corrections for run dependent
drifts are applied. These driflts are most probable due to changes in the performance 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 input pulse height is compensated, trigger dependent
shifts in timing are removed and bad ToF hardware performance is flagged. More details
about the calibration algorithm can be found in reference |SK WARNS4|.

The roof timing is calibrated by using cosmic ray muons. They are selected by requiring
the major triangle timing Lo be inconsistent with annihilation events. The calibration
process is described in |[PRINDLESS].

We define the ball timing as the mean value of the major triangle timings. The ball
timing of Bhabha and muon events coming from the interaction region is 0 ns, too. The
choice of time zero sets the bunch crossing time to about 1.5 ns which is the negative
lime needed Lo reach the ball mean radius of 45cm from the interaction region with speed
of light. The roof timing refers to the same zero point %, 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 Lriangles within a nonzero time difference determined by the flight path 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 is between these two majors whereas for
beam related events it is given by the average time at which the particles pass through
the erystals.

The calibration procedure yiclds a timing resolution for the major trinngles of ~ 300ps
for 5 GeV showering particles like Bhabha clectrons and ~ 800ps for minimum ionizing
particles like muons. The resolutions differ due Lo the different pulse heights und the
slightly different pulse shapes. In any case the time of flight is determined Lo an accuracy
of (1 - 3)-10°2 times the width of the Nal pulse.

The roof timing resolution is about 1.4 ns. It is worse due to the larger TDC stepsize
and the usage of simple threshold discriminators. However, taking the length of the flight
pusth into account, the velocity of particles can be measured more accurately using the

roof timing rather than the major triangle timing.

3Thie was netl true for all runperiods used. Thir some timing plots in this thesie may differ by 1.5nr
from the expected values.
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Chapter 3

Data processing

3.1 Triggers

Most of the events depositing energy in the Crystal Ball detector are interactions of the
beam electrons with the rest gas in the beampipe (beam-gas events), with the wall of the
beampipe (beam-wall events), or cosmic ray events. In order to reduce this unwanted
data without loosing too much "good events™ a set of several hardware triggers is installed.
They decide within the time of 1us between the bunch crossings if an event is kept or not.

Usefu) quantities for trigger decisions are the analog energy sum over nine erystals in
a minor triangle, the sum over the 36 crystals in 2 major triangle and the total energy
deposited 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 boosted in one direction) or the total energy.
Typically 4 events per sezond fulfill at least one of the trigger conditions.

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

trgger.

3.1.1 The Mupair trigger

The Mupair trigger fires, if the total energy exceeds 220 MeV and there are energy deposi-
tions of at Jeast 90 MeV in two almost back to back minor triangles. This means that one
minor 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 is vetoed by an energy deposition of more than 40 MeV in any of the two tunnel
regions in order not to catch too much beam-wall/beam-gas events having most of their
cnergy st small angles with respect 1o the beam pipe.

3.1.2 The Topo20V trigger

The Topol20V trigger requires at least 150 MeV in each of the 20 approximate hemispheres
one can build up using major triangles. So it triggers events with approximately balanced
energy. In the special case when there are only twe energy depositions in the ball its
trigger conditions are equivalent to demand them to be in back-Lo-back major triangles.

The Topo20V trigger is veloed by the same tunnel veto as the Mupair uigger. 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 to o trigger rate of
.1 Hz regardless if there is energy in the ball.

The DBM events collected by this trigger provide the only information about spurious

energy randomly present in all events tuken.

3.2 Data acquisition

If no trigger hold occurs after a bunch crossing the capacitors of the Integrate&blold
modules discharge.

After a trigger hold however the capacitors are isolated angd the chirge on both the
low and the high channels of each Integrated:lold module is digitized by a 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 processer which performs
pedestal subtraction and dula compression st a very carly stage. All raw data are read out
into the memory of the PDP 11/55t online computer where they are compressed. From
there they are written on a temporary 250 Mb disk located in the Crystal Ball control
room. The disk is connected via a link to n disk at the DESY computer center. Several
times a day raw data are dumped from that online disk Lo raw data tupes

At a lower priority the PDP runs also tasks on a subsample of events in order to 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 systern has to be performed in order to translate the raw counts into mean-
ingful numbers like energy, z or ¢ values of tube hits, and time of flight. Crystal cali-
bration is done every two wesks using a procedure described in reference |SIEVERS84)

and [MASCH85,, Tube chamber calibration uses well reconstructed Bhabha events in
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order Lo extract the calibration constants. The ToF calibration was already described in ficld all particles Ry on straight lines through the detector if one neglects scat-
section 2.2.5 on page 24, tering effects. So one has to look for & number of aligned hits in the drift tubes.
The raw data are produced in several steps. This is done by starting at hits in the outermost layers stepping towards the

beam axis and trying to find hits matching in and 8 within s certain window.
1. Energy step ) ; . . .
) o ) The requirement of nearly identical values for all aligned hits constrains the

The raw crystal ADC information is translated into encrgy. s —
i detectable tracks to cross the beam axis. Tracks not onginating fromn the beam

2. Connected regions step axis would have diffcrent @ values in different layers. Il the number of hits
Crystals with energy above 10 MeV, having at least one common edge, are combined in this window is more than 3 (8) for the 3 (4) chamber setup, respectively, a
to connected regions straight line is fitted through these hits, The standard CB tracking does not

use any information from the ball for the fitting of tube chamber tracks.
3. Bumps step . . . z .
F X d regi § forteaa . b : After completion of the tracking the directions of the tracks found in the tube
or each connected region a search for local maxima (bumps) is med iri ; .
E y * ( pe) iz pa.:r ormed/rEauiriog chambers are compared with those of the bump modules in the ball. I there
an angle of at least 15° between two different bumps. Each bump is considered to be 2 .
A B dieiane hetiols ing Ging in the Crystal Ball. Tt e is a bump module correlated with the tube chamber track both together are
cause a different particle interacting in the Crystal Ball. e en ssociat L
K .y ) . P & : b he energy associate culled tracked charged track. For tracked charged tracks the direction of the
with this particle is defined by the energy sum over the bump module and its 12 . ;
. y . track is defined by the tube chamber hits refered to the calculated event vertex.
(resp.11) surrounding crystals (see figure 3.1). It is corrected for leaking effects and

alled E13 Tracks in the tube chambers without matching bump module in the ball are
calle ;

cnlled uncorrelated charged tracks. They are ignored in most analyses.

—

A2 welphbors A4 ueig,.éo,: (b) Charged tagging step

brrip o eliale Charged particles causing too less tube hits due to tube chamber inefficiencies

or geometrical reasons are not tracked charged in the previous step. To tag

%;%;A“ these particles one looks for correlated tube hits in a & and  window around
Aeé?AVévA

VALV AV,

\VAVAVAYA

the bump module directions of bumps not yet belonging to a tracked charge
track. A bump is called tagged charged track if there are enough hits in
this window. Their minimum number allowed for tagging was 1 and 2 for the
4 and 4 chamber setup, respectively. All remaining bump modules are called

neutral tracks

5. ESORT step

Figure 3.1: Definition of the energy E13 The directions of the tagged charged and neutral tracks are calculated in a further

step called ESORT. It uses the energy deposition around a bump module to find the

4. Charge decision and tracking most probable center of the energy deposition in the ball. It is not relevant for this
The two following steps are designed 1o decide if the bumps belong to a charged or analysis and described elsewhere |GELPHMANSS).

neutral particle. The standard Charged Tracking Step is replaced in this analysis by 6. ToF step

a new tracking routine called TAGTRK. We will discuss that routine in chapter 4. Finally the raw TDC counts of the ball and roof TDC's are translated into time.
(a) Charged tracking siep For each roof counter hit the number of the best matching track is recorded.
Standard Crystal Ball {CB) charged trucking is performed by only using the In order to reduce the amount of data the so called EOTAP cuts are applied during

information of the drift chambers. As the Crystal Ball detector has no magnetic the execution 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

about 15- 10% events on about 250 production tapes have been inveatigated.

3.4 Monte Carlo siimulation of events in the Crystal Ball

In order to develope selection cuts and to calculate selection efliciencies it is often necessary
to study the expected signature of a certain physical process in the Crystal Ball, For that

purpose one generates events in a two step Monte Carlo sirnulation

* The particles and their four vectors are generated according to their predicted dis-
tribution with the help of randem numbers.

e Each particle is 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 except there is
the kinematic information of the MC event generator available for ol particles. We treat
the MC events as il they were real data by passing themn through the same production
and selection steps.

In our analysis we used MC events containing ¢4 , and p particles. The inter-
actions of electrons and photons were simuluted by the Electron Camma Shower code
EGS [FORDT78|. The muon simulation code was written by Chris Rippich |[RIPPICHB3].

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

TAGTREK tracking

4.1 General description

The charged tracking step was redone in this mnalysis by using o new tracking routine
TAGTREK. It was applicd before any cuts on particle directiors and vertices were made.
To guarantee the possibility of verification of physical results in the age of computers we
attach the source code of this progrum in the appendix. l

“TAGTRHK is a tracking programn requiring two tracks as inpul. lu our case it is obvicus
1o chose the two muon candidates. In other cases two arbitrary trucks of an eveut can be
selected.
The main differences to standard Crystal Ball tracking are the incluzion of the bump
module in the track finding and fitting process and the possibility of reconstructing vertices
away from the beam axis. In particular the latter point wey important for the muon
puir anaslysis as offaxis events like cosmic rays and besm-wall events build up a major
buckground for annihilation muon pairs.

Calling TAGTRK one may add two oplions to onaxis tracking:

» Straight line offaxis tracking called " Cosmic Option”
» Kinked line offaxis tracking called ™ Offx Option™
TAGTRK choses between an onaxis and an offaxis vertex, determines its coordinates,
pecforms u charged decision for both input tracks, and calculutes their directions.
4.2 Tracking algorithm
The tracking is performed in the lollowing, steps:

1. Search for the best track positions for each option
We start with projecting the tube chambers and the two bumnp modules in the x-y
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plane as shown in figures 4.1 o 4.3. The geometrical size of n crystal results in & @
resolution of

40mrad
%= Tyind
for a crystal located at an polar angle 8. At the mean ball radius of 45cm we
arrange 7 bins around each bump medule s0 that the bin centers range from ¢ - 30,
10 @ + 30,. For each tracking option we use these bins in o different way in order

to define track candidates.

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

Offx tracking
For each bump module we draw a line through the beam axis perpendicular

(b

to the connection line of the beam axis and the center of the bump module.
We again divide this vertical line into 7 bins with centers reaching up to the
radius of the first tube chamber layer. For each bump module we connect all
bin centers sround the bump module with all bins on the vertical line resulting

in 49 track candidates for each bump module.

(¢) 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 correlsted
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 again divide the g 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.

It looks somewhat unusual not to perform a ¥? fit but simply to count the number
of hits on ench track candidate but in fact it is reasonable. The  information of
the drift tubes is a kind of binary information. If a tube has recorded a hit and
the hit docs belong to the track under investigation, the particle must have passed

through the tube within one tube radius from its center. Any fit which pulls the track

1Qur experience showed, that the algorithm worke beat, if the track positions are weighted this way.
However thie exponent in not a crucial number for the tracking.
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more than one tube radius away from this center does s wrong job. Vice versa any
tubehit which is more than one tube radius away from the final track position does
not belong to the track assuming the track position to be right. Correspondingly it
should 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
as we will see from a comparison of TAGTRK results with standard Crystal Ball
tracking in section 4.3.1. Its only disadvantage is the dunger of being misled by tube
hits of other tracks nearby in 2 but not matching in z. As there should be no such

tracks in the case of our analysis we don't have to be conceraed zbout that.

e

. Decision between the tracking hypotheses 1(a),(b),(c)
We define an "onaxis significance” 8,5, by

Bamns 1= ""m:{“of]x,axwm-c) =1 < 8ume £ 1.

lr-ulZ)
lrncll)

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

where
i ffe = Raxis

Moffz ¥ Mazia

- 1 Raffz — Nazes
tergrt= 2 (“njfx 4 Maris

trackl

! 1 neosmic = Raxis Meosmic = Mazis
Seosmc (= = o | —oumie © _azie pho L LR

2

Neoomic T Naxve ltrackl Ngoamic + Rass

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 544, is greater than a
certain limit, which we set to -.1, the Onaxis Hypothesis is chosen. Else a decision
between Offx and Cosmic Hypothesis is made up in a way similar to the decision
between onaxis and oflaxis tracking.

In order to reduce faking of offaxis vertices for events originating from the beam exis

the offuxis hypotheses have to fulfill two additional requirements:

e In the Cosmic case the track has to pass the beam axis by at least a distance
of .25 cmr. In the Offx case st lesst one track must have a distance to the axis
greater than .7 em.

e The minimum number 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 halftrack ? and 1 (1.5) for the
other halftrack. The correspending numbers for the Ofx 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 since there are often bean: related noise Lits in this layers.

The conmic track is divided by ils nearest poinl Lo the beam axie inlo two Lalfiracke
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By selecting the tracking hypothesis we have determined  of both tracks and the
x and y coordinates of the vertex. The ability of finding offaxis vertices it not

influenced by the z resolution of the chamnbers.

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

leaving the implicit limits for the oumber of tube hits mentioned above.

4. Straight line fit
Now we have to check, if all tube hits on both tracks have consistent x information.
We connect each tube hit on both tracks with the corresponding burnp module by a
straight line. We caleulate for cach tube hit a intersection point of this line with a
line through (zuiz,Yuix) parallel to the beam axis. We reject kits with crossing points
lying more than Tem away from more than hall of the crossing points of ull other
hitas.

If the number of remaining hils is less than 2, the track is not included in the it
and called tagged charged track In the other cases we perform a two dimensional
straight line fit in the r-z plane where r ia the distance from the beam axis. For
both tracks we include the bump modules as an additional fit poiat so that we are
able Lo track a charged track with two tube hits which is not pessible in standard
Crystal Ball tracking. From the fit we obtain 8 of both tracks and the z coordinate
2,1z of the event vertex. For neutrzl and tagged charged wracks the bump module
directions are used for 8. M charged tracking is not possible for both tracks, zyex is

set Lo 0.

4.3 Results
4.3.3 Tracking resolutions

For the calculation of tracking resolutions we used MC ¢vents containing two xY mesons
and a muon pair. The tube chambers were simulated according to the 3 chamber setup
with hit efficiencies and z resolutions similar to the real performance after 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 z, snd the deviation of the
tracked zue; from the MC generaied one are shown in figures 4.4 and 4.5. The peak at zys
= 0 for undetermined vertices shows up nearly exclusively in standard CB tracking which
has zlso worse z-resolution compared to TAGTRK. The dificrence in the resolution of
both tracking routines vanishes, if we exclude the bump module from the fit in TAGTRK
[MK85). By using TACTRK we also find a better # resolution and less deviation from
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the MC generated @ values of the tracks (figs. 4.6 and 4.7). The latter is achieved by
requiring the track to pass within a distance d < ria, through the tubes, which were hit.
The tracking resolutions of TAGTRK for the applied tube chamber MC simulation are

a,,, = .18emz Olem
s 44 9rrad £ Amrad
g, = 6.8mrad

(gnussian part)

A comparison of the zyuix distributions with data of mupair and Bhabha events of 3 chamber

runperiods after June 1983 lead to results in agreement with these MC studies.

4.3.2 Faking of offaxis vertices

Tracking Bhabha event samples from runperiods with 3 chamber (4 chamber) setup we
§ind .31 .10% (.15 £ .07%) of the cvents having offaxis vertices. As the beam width of
less than .1 cm is considerably smaller than the minimum distance from the beam axis
allowed for offaxis tracks we regard these events to be fuked offaxis by TAGTRK. The
offaxis faking is reproduced by MC tube chamber simulation in & satisfactory way, so that
we include it in the MC efficiency calculations of our final cuts. In & sample of MC mupair
events with 3 chamber setup we find .09 + .03% events with offaxis vertices.

Rensons for offaxis vertex faking may be
» Random noisc hits in the tube chambers
o systematical 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 Ofix Hypothesis finds a vertex at the point where the scat-

tering occured (not included in MC simulations).

o systematical errors in the calibration of the tube w information (not included in MC

simulations)
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Chapter 5

Particle characteristics in the Crystal Ball
detector

5.1 Energy loss

There are essentially three different ways of particles leaving energy in the Crystal Bull
detector:
electromagnetic showering, hadronicsl interzction and (mishinum) ionisation.

We will discuss them brielly in the next subsections.

5.1.1 Electromagnctic shower

A high energetic photon or election (£ > 1McV) entering the Nal crystals wall deposit its
energy by means of electron pair creation proceases alternatiag with bremastrahluag of the
electrons. Each electron radiztes a photon which in turn may produce ancther electron
pair. This process leads to an electvomagnetic shower. The Nal crystals with their
15.7 electromagnetic radiation lenghts are long enough to collect the whole shower energy
without considerable leakage st their ends. So the energy of electrons and plotons can be

racasured directly.

5.1.2 Hadronic interaction

In contrast Lo electromagnetic interaction the 40 ecm Nul correspond to only about 1
nuclear interaction length. This means that about 2/3 of strongly interacting particles
like charged pions undergo a nuclear interaction in the Crystal Ball. The rest leaves only
a part of its energy by jonisation and excitation (sce subsection 5.1.3). In any cuse no

direct energy mesasurement is possible for those particles.

5.1.3 Jonisation

Since the probability for bremsstrahlung decremses with ;’1 of the radiating 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 encrgy only by ionisation or excitation of atoms. The mean encrgy loss per
unit length is given by the Bethe-Bloch formula [BETHE30], |BLOCH33] neglecting a
correction term for very low particle velocities
dE 1 2xnQ%¢! 2m v W,
T3 () mf,z : ('" HE ,g;)al o e 5)

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

(5.17)

the muon, Q its charge in units of the electron charge, 8 = ¥, Wy ia the maximum encrgy
transfer Lo an atomic electron in a single collision, ! is the mean ionisation potential of
Nal and & is the density effect correction due to the diclectric polarisation of the material.

The most probable energy loss E;.0 in o thin absorber of thickness t was calculated first
by Landau [LANDAU44] and latcron corrected by Maccabee and Papworth [MACCAS&9].

1 2enQle 12'""’3({3%31"'—:.?5’—‘"
[ral  mer AT (1 - )

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

Eprob =

) - %+ 198 - .s) (5.18)

§=0 X < Xo
6 =4606X +C+a[X, - X)™ XNo< X <X (5.19)
5=4606X+C X, < X

where X = log (£) of the muon.

With the values for Nal recommended by Sternbeimer [BELLAMY67| C = -5.95,a =
3376,m = 2.623,Xp = 215, X, = 3.0,I = 427.1¢V, and the electron density of Nal
n = 9.43-107m=3 we obtain the most probable energy loss Epyop of rauona in the Crystal
Ball (t = .406m) shown 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 Epop & Egun for 7 = 3. The minimur ionisation occurs around
= -;YIL_; = 5.5. The relativistic rise in E,o4 for higher 7 is compensated by the density
effect resulting in a platesu lying only 10% above the minimum. That is why particles
with 7 values in this region are commonly called minimum ionizing likewise.

For o muon energy of E, = 4.730GcV = ;"‘TUS) corresponding to X = 1.651 and
4 = 44.77 we find Eprop = 217McV. The most probable energy loss for muons with
E, = 5.285GV = }my(s) and (7 = 50.02) lies only by .6 MeV above this value. The
measured maximum of the energy distribution of muona from T(15) decays in the Crystal
Ball at about 216 McV (fig. 9.2) agrees very accurately with these predictions.

The statistical distribution of the energy loss by ionisation (Landau-Distribution) can-

not be expressed analytically and bas to be tabulated iBéRSCHGl] or simulated by MC
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Figure 5.1: Most probable energy loss of muons in the Crystal Ball

IISPIRIAN'I:S]. It shows a tail towards higher energies which is due to the production of
knock-on electrons alias 8-rays. é-rays are electrons which have received much more en-
ergy than the typical binding energy | in & collision with the incident particle. For muons
with the initial energy of 4.73 MeV the maximum energy Wamazr trunsferced to 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 about the type of particles detected. In the
following we will restrict ourselves to a description of the patterns imnportant for this
analysis.

E13 being the sum of the energics deposited in the group of 13 crystals (fig. 3.1) around
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 depesite 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 Ball sphere into a plane as 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 line with length £ if the muon origin is (0,0,2). For small z < ryau clementary
geometrical considerations yield { oc 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 pownt of o muon af the inner ball radius lics in the hatched region, and the
projected lenght of the muon track wathin the ball is £, the muon traverses more than onc
crystal. The fat lincs indicate the borders of the crystals,

Figure 5.2: Entry area for muons traversing more than one crystal

during its pass through the ball. In first order approximation this arex ts proportional to £
if € is small compared to the diarncter of a crystal, which holds for most possible z values
These considerations show, that the probability of a (minimum) jonizing particle like a
muon to traverse more than one module, resulting in the bump module energy being less
then E13, is in good approximation proportional to its Zuwr -

(_Ekﬂ

E13 < 1) X Tz

To be independent from b-ray effects causing a patiern ranging from 8 < Eﬁ? < 1 we

plot p(%’;‘l';i < .B) versus z,; in figure 5.3a. The crosses are MC generated (7)up events
plotted versus the MC generated z,; with a ¢, = L.2cm. The open circles are taken
from the + ToF sample of annihilation u pairs tagged by the ToF counters as described in
section 7 on page 49. One clearly sees the expected behaviour if one takes into account
that the data curve includes an additional folding with the finite z resolution of about .8
em of TAGTRK. Multiple scattering effects in the Nal can be neglected in this handwaving
considerations. The expected total scattering angle of 5 GeV muons after passing through
the Crystal Ball is about 1°. This has to be compared with 3° deviation from the radial
direction at the inner ball radius if the muon started at (0,0,1.2)cm.

Il we define EZ as the energy sum over the two crystals with the highest energies in
E13, similar considerations lead to

E2 3
P (:ET% < 1) o ¥y

As the probability of traversing at least three modules is very small for & muon the }f-"—l";[z)
dependence is strongly nfluenced by the é-ray production as can be seen from the fact
that p( EE-]‘": < .94) at z=0 1s nonzero in figure 5.3b. Figure 5.3 proves, that {% is much
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is much more acnailive for ~(53F than for ;‘%

Figure 5.3; Puttern dependence from zyix
8

less sensitive on 2, than Ei:,'—;"—. Cutling ou }?-,3! makes us nearly wndependent of changes
of the bunch length with time or energy ! and possible deviations of the MC bunch length

from reshty.

IThere are indications (rom tube chamber independent studies |WACHSB6] that the bunch length is
about 10% larger at T(48) CM energy compared 1 Y[15) CM 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 September 1985. In
order to reduce time dependent systematics (e.g. tube chamber performance) we chose
for every T(1S) sample a continuum sample comparable in date, tube chamber setup and
integrated luminosity. The samples are listed in table 6.1, We did not use samples from
the periods where the chamber efficiency was low due to radiation damage (sec figures 2.6
on page 21).

6.2 The selection cuts
6.2.1 Preselection cuts

The most prominent features of u 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 encrgy depositions and nothing else in the Lall. A typical muon pair
event is shown in figure 6.1 in a mercator like prejection of the Crystal Ball. The lines
indicate the minor triangles, the size of the denotes the amount of energy deposition, The
two big holes in the projection are the beam tunnels. Besides the ball projection there are
two projections of the drift chambers from different points of view. Full squares indicate
tube hits correlated with the tracks.

The presclection used for j pair events matches essentially with the criteria of the
EOTAP duta production selection for muon pairs |GAISERS3]. .

1. Total energy in the Main Ball plus Endcaps
Etucat < 1000M eV

2, Exactly two tracks in the Main Ball each with an cnergy deposition of

110MeV < E13 < 400MeV

44

Plabsy Vim ut Grpanat Bt

bncae 3.8 At st O 10

e f0U00, Lu.=  112.Ecan B4
Llote 431, EBegege= 204 MaV
s - FapeEm. reCa, VIRBAL. T, A0

. Butatten wglen  B& 300 M. s
L b o Cvan1  data: 60023, 100
500 pgiyzic dare:1A/E3, 200
@200 Teiggar ainx TR HIOWOCILXD KD
el QOLOOOD

- 100
O ds MO0
S 0 o tracke
ﬁ = 20 Dumoorroloted chorgad ™
. . CR o s g Onewtrel -

Zcannasled roylons
: S Yy X AT Q.01 11D om
. ' Lol TR W (l-xlr-- . :ﬂ
. < .. S L2 m one B w6L 175 120 1T
' 2V N2 M En B LD W IO

Y

Typical annihiletion muon pairs are characterized by their energy depoaitions, peltern, and

collinearity.

Figure 6.1: Typical example of an muon pair event
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sample CM date runs L nuinber of | tube | triggers
energy {p¥~") | chambers | ADC | enabled
[ resonance samples
[ res 1 T(:S) fall B3 | 11202-11378 | 2.05 3| good | Topo20V Mupair
res 11 T(1S) summer 83 | 10800-10925 3.67 3 good | Topo20V Mupair
res 1] T(18) | summer 84 | 1428514566 | 7.55 T4 bad | Topo20V
res 1V T(15) | summer B4 | 14568-14934 | 14.22 4 good | Topo20V

continuurn samples

0951-

cont [ | 9.98 GeV | summer 83 - 1.93 3 good | Topo20V Mupuair
11086-11078

cont II T(4S) fall 83 | 11419-11643 3.4 3 good | Topo20V,Mupair

o 2

cont IIl | T(4S) | summer 84 AL AR G 2 4 eved Mupair
13872-14205 7.89 bad

cont IV T(4S) | summer 85 | 16896-17667 | 19.28 1 good | Mupair

Table 6.1: Dats samples used

3. These two tracks nearly back-to-back with a total scollinearity angle dymp from
bump module directions (not 2., corrected)
cos(180° = Ypmp) < —.B (Jamp < 36.9%)

4. No track in the Main Ball with £13 > 50MecV besides the two muon candidates

5. Number of tracks (including uncorrelated charged tracks)
2< Nlruch <6

We find sbout 10% of the inspected events passing this preselection.

6.2.2 Final cuts

The number of events passing the preselection cuts are about 60 times the number of muen

pairs one would expect from the QED continuum cross section of equation 1.13 using an

estimated selection efficiency of 50%. The final sct of cuts will reduce this overwhelming

amount of background to a number much lower than the number of "good” y pair events,
We apply following final cuts on the preselected dsta:

1. General cuts left from preselection
(a) Total energy in the Main Ball plus Endcaps

E‘,h; < 1000M eV
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(b} Number of tracks (including uncorrelated charged trucks)
2 Miyacir £ 6

2. Exactly two tracks in the Main Ball with encrgy deposition of
185AfcV < E13.< 4001V

3. These two tracks nearly back-to-back
{a) Total acollinearity angle ¥,y from tracked directious
Geep < 207
{b) Acollinearity in ¢ projection Ay, from tracked directions
Aoy < T°
{¢)} Total acollinearity angie Sym, from bump module directions (not z,:x corrected)
ymp < 36.9°

4. Diebris energy Egun, defined ss the energy sum over all modules in the Main Ball
besides the modules belonging to the E13 sum of the two tracks
Edctrns < 3CMeV

5. Pattern
Fh> %4

6. Timing requirements
(a) Ball timing

[tsant] < 4ns for runperiods with no bad Tol hardware
[tmasor.,| < 6ns for runperiods with bad ToF hardware in lower hemisphere

(b) Roof timing difference

troof = tmayor., > Ons for events with matching roof counter hit

7. Event vertex
Event vertex of TAGTRK not offuxis

8. Trigger threshold cuts
(a) Tunnel cnergy Eun in each tunnel region
Etun,,, < 30MeV
(b) Energy of the miner triangle, which contains the bump module
Epunor > 110M eV
{c) Energy of the msjor triangle, which containe the bump module
Enmayor > 160MeV

'This remainder from preselection is menticned oaly for completeness, Events passing cut 3a could fail
this cut only if they would have a |z...| > S¢m corresponding Lo mote than 4o,.
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(d) Event lulfills
the Topo20\ trigger conditions with a major trisngle threshold of 160 MeV
OR

the Mupair trigger conditions with a minor trisngle threshold of 110 MeV

In the following chapter we will discuss in more detail how these cuts act on the
different backgrounds. We will be able to identify backgrounds not originating from
¢* e~ interactions (cosmic rays, beam-wall events) as well as background events from two

photon physics.
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Chapter 7

Backgrounds to ete” — ptu”

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

selected by cut 2 of our preselection.

o +ToF sample
There is a roofhit for the upward pointing track matching better than 30 with the
track dicection. The time difference 45 between roof timing and the corresponding
major trisngle Liming is positiv:
tdif = Lesey — tmajors, > O

e -ToF sample
Identical requirements as for the + ToF sample but

fmo] - 'mnjo!..r S 0.

missingToF sample
One of the two tracks points towards the ToF counters in a 'fiducial' direction of

50" < < 130° but there is no matching roof Tok hit.

» noTaF sample i
No track has a correlated ruof counter hit and there is no track with a direction of
50" < < 130°.

The 4 Tof sample is supposed 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’ @ 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 some tunnel modules.

These facts make sure, that we have no 'missing’ ToF events caused by uncertainties in

the track direction measurement of TAGTRK (o, = .6°) or multiple scattering in the
ball (o5 = 1° for 5 GeV muons). The number of missing ToF events due to roofl counter
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inefliciencies is estimated to be about 2% of the missingToF sample passing our final cuts
(see section 7.1.1). So the missingToF sample is mainly comprised of events with the
upward pointing particle stopping in the ball. Any buckground found in the missingToF
sumple can be scaled Lo the whole @ region by multiplying it with f = ﬁ% = 22510
it s flat distributed 1n .

For the following studics we tracked the preselected sample of the summer 1983 1S

runperiod.

7.1 Background not originating from ¢'e interactions
7.1.1 Cosmic ray muons

As there is 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 %16 ns around the time of the beam crossing. If it comes near enough to the inter-
action region, the minor triangle through which the particle enters the ball and the one
through which it leaves will appenr to be roughly buack-to-back seen from the interaction
region. Such a cosmic ray muon fulfilles the requirements of the triggers designed to catch
snnihilation g pairs. In fact, most of the Mupair trigger holds arc caused by cosmic rays.

As the costnic rays are not correlated with the beam crossing their ball timing defined
in section 2.2.5 is uniformly distributed within the trigger window. The ratio of the beam-
related events (including beam-wall /beam-gas interactions) to the cosmic ray background
is about 2:3 in the presclected sample. The ball timing distribution of figure 7.1 shows
the Aat cosmic background and the beamn related events in the peak around tyn = Ons.

Using the sidebands with tyey > 4ns we get a cosmic ray sample which is unbiased in
its flight 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 plotted. The areas which can be rejected by
the ToF or offaxis tracking cuts explained later are indicated.

As the Mupair teigger requires nearly back-to back minor triangles to be hit, there
are favourite directions for cosmic rays satisfying the erigger conditions. These directions
are given by the straight lines between the centers of two back-to-back minor triangles.
On the other side. cosmic rays may more easily fail the trigger conditions, if they arrive
in directions, determined by the connection of the corners of two back-te-back minor
triangies. This can be seen in figure 7.3 where we have plotted pversus cos8 of the cosmic
ray directions. The difference between the minima corresponds 10 the basis length of
» minor trisngle. The picture reflects the symmetry of an icosahedron with respect to

360"

rotations about 32 The structure in the zenith angulzer distribution is also due to this

cfiect,
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The ball timing shows a flat cosmic background and a bunch crosaing related peak around
Ly = Ons.

Figure 7.1: Ball timing of the preselected data sample
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The doubly hatched arca indicules the cosmic ray cvenls tugged by the roof counters. The
single one shows the gain in cosmic ray rejection by TACTRKA.

Figure 7.2: Zenith angle distribution for cosmic rays



L' cosmic ray evenls

cos@

The dircction distribution of cosmic ray evenls shows a siruclure, which 15 a combined
effect of the trigger requircments and the ball granularity.

Figure 7.3: Directions of cosmic ray events

We find 84.4% of the cosmic ray events with » ToF hit matching better than 30°
with the track direction. The deviation « of the hit from the track direction is shown in

figure 7.4. It is defined by
& = nrccos ((é -Tuz)" é)
Id = fyeel
where d = £, is the vector pointing from the vertex to the roof counter hit. p is the
unit direction vector of the upward pointing track. We see, that the matching of the roofl
counter hits with the track directions is obviously much better than 30°.

The cosmic ray events with matching ToF hit can be rejected by requiring
taif = troof = bmajore, > Ons

Figure 7.5 shows this timing difference for the +4+ToF and the -ToF sample after the pre-
selection. One finds the cosmic ray peak at -11ns ! and the annihilation peak at +11ns.
Figure 7.5 does not show the actual timing difference resolution of gy, = 1.6ns since it is
smeared out by the different distances of the roofl counter hits. The peaks are separated
by more than 13¢y,,. As the cosmic ray angulur 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 2ToF samples a ratio of beam related events to cosmic rays

Igee footnote 2 on page 25 if you are worried about the peak position
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The solid line shows the maiching of track direction and roof hit. Selling r,; = (0,0,0)
ond using the bump module coordinales for the track direction yields the dashed curve.

Figure 7.4: Matching of rool counter hits with cosmic ray directions
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The time of flight difference between roof and ball allows a complete acparation of cosmic
rays from annihilation cventa.

Figure 7.5: Timing difference between roof counters and ball
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of 1:18 which is much higher than the value derived from the ball tming distribution of

ull events.

For further reduction of the remaining 15 6% of all cosmic riay events we use the vertex

information. We define puy = /23, + y2,, as the closest distance of both (half)tracks wo

the beam axis. TAGTRK finds the vertex to be significantly offaxis for 90.4% of the events

nurnber of coamicy 1904 A3 yooud HOC
400 O — - - ¥ T —

2000 r 5

o | o

1000 - ‘I —’\[\L\TH -1
: hWL’VVLL
00 ‘_ 1 X L L " )
0.0 Z0 4.0 8.0 a0 100 12.0 140
Sle (em)

With help of offaxis tracking we can rasily tag cosmic rays up Lo a neares! track distanece
of 75¢m to the beam azis.

Figure 7.6: Distance from beamaxis for cosmic ray events tracked offaxis

in our total cosmic ray sample. The distribution of g,y (figure 7.6) for these events shows
that offaxis tracking starts to be maximum efficient at about g, ;= T5¢m and tags cosmic
rays up Lo o distance of more than 14 cm from the beam axis. The decreasing number of
events towards higher py; 1s 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 typical cosmic ray event in figure 7.7,

Combining both ToF and offaxis veriex cuts we reject about 96.4% of the cosmic ray
events as indicated in figure 7.2. The cosmic ray background remaining after all cuts
within a ball timing of |tya| < 4ns was estimated by wsing the ball timing sidebands
4ns < |tyou| < 10ns. For the runperiods with bad major triangle timing resolution for one
or more majors in the lower ball hemisphere (T (48) run periods 1984 and 1985) we did
not cul on f,y but on II,,.,,\,,“! < 6ns estimating the remaining background analogously.
All major triangle timings of the upper hemisphere worked well in all runperiods.

In our final g pair sample we subtract the cosmic ray background cslculated this way

for each run period separately from the number of muon puirs found. Averaged over all
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runperiods we find a cosmic ray background of 25+ 1% (see fig.7.7.1).

We can caleulate the roof ToF counter incfficiencies by estimating the number of cosmic
ray events in the missingToF sample using the ball timing sidebands. We find .15% of all
cosmic ray events expected Lo enter the ‘fiducial’ @ region in the missingToF 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 Lo roofl counter incfficiencies.

7.1.2 Beam-wall and beam-gas events

Evidence for beam-wall/beam-gas background comes from applying our p pair preselec-
tion to separated beam runs. We study the +ToF nnd the missingToF sample which
are essentially free from cosmic ray background. The number of events in this subsam-
ples passing our preselection is 3346 corresponding to about 1% of all events inspected
(including cosmic rays).

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

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

ylvertex) [em] peparated beams ylvertex) jem] colliding beams
1090 T 0.0 v T
so | 1 s0 £ 4
00 1 00 b
=50 R 30 b i
=100 h -10.0
=100 =30 co 0.0 wo =100 =50 00 30 100
x(vertex)  [em)] x{vertex) [em]

The offazis vertices show an image of the beampipe as well for scparated as for colliding
beam data.

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 hits particularily in the innermost
Jayers, TAGTRIK is likely to find the more hits on the tracks the closer the track candidates
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are to the first layer. This systematics s even enhanced by the first layer radius being a
bin center in Offx tracking (see page 32).

Whereas the beam-wall/beam-gas background with offaxis vertices can be easily re-
jected by using this feature, the events not tracked offaxis need further study. These events
may originate from beam-gas interactions on the beam axis or from offaxis interactions
with 100 few tubehits so that TAGTRK is not able Lo reconstruct the vertex. Remember
that TAGTRK requires two charged input tracks in order to determine an offaxis vertex.

From the fact that our +ToF scparated beam sample contains only 57 cvents com-
pared Lo 3789 events in the missing ToF sample we deduce that particles stemming from
beam-wall/beam-gas cvents have too low energy 1o make it through the ball into the rool
counters. So we can assume our preselected +ToF sample from colliding beam runs to
contain nearly no beam-wall/beanmi-gas background. We use this sample for comparison
with the separated beam data.

Figure 7.9 shows the total acollinearity distribution for both samples. Back-to-back

wracks have a acollinearity of 0. A of both tracks is plotted in figure 7.10. Since

pu preseleclion

s colhding beams
=VoF
scparsted beams
not offaxix

20 20 00 3o =00 .0 0o 0
scollincarily angle (u.u) [degree]

Figure 7.9: Acollinearity of y pair candidates for separated beam and =+ Tol colliding beam
samples

possible bremsstrahlung in the process e¥e¢” — (4)p* ™ is mainly initial state radiation
favourately emitted in forward direction of the incident particles, the Ay distribution for
good p* u”events is expected to be even more peaked at 0° than the total acollinearity.
In our separated beam data both distributions are essentially flat.

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

energy spread all over the ball due to the big number of low energetic particles produced
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Figure 7.10: Ay of u pair candidates for separated beam and + Tof colliding beam samples

in such a collision. To get hold of that we define a debns energy by summing up the
energy in all crystals of the maimn ball including the tunnel 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 background in every event. Figure 7.11 shows the debris energy to
be well peaked below 30 MeV for the +ToF colliding beam sample whereas most of the
beam-gas/beam-wall events lie above this imit.

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

mnuon pairs (see section 7.2.3) does also reject a big amount of beam-wall/beam-gas events.

Ouly 2 events of our separated beamns’ +Tof and missingToF sumples 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 tool to estimate the
remaining beam-wall/beam-gas background in our final u pair sample.

We compare the 2., distributions of onaxis and offaxis vertices for p pair candidates
in separated beam data (figure 7.13). The most prominent difference Letween these dis-
tributions 1s, that TAGTRK 1s nearly always able to determine a 2,0, for offaxis events,
whereas for 82% of the events not trucked offaxis, it does not find enough hits and sets

zuir 100 cm. (The small amount of events with undetermined 2., in the offaxis sample
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Figure 7.13: Debris energy for separated beam and + Tof colliding beam samples
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Figure 7.12: E13 distributions for separated beam and +Tof colliding beam samples
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1f a separated beams’ u pair candidate is not tracked offazis, we hardly ever find enough hits
Lo determine a zyz We use this feature Lo estimate our remaining beam-wall background.

Figure 7.13: Distributions of zyr for separated beamn data

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

From the fact that we hardly ever find a u pair event candidate consistent with two
charged tracks originating at the beam axis in separated beam runs, we conclude that our p
pair background is essentially beam-wall interaction and less likely beam-gas interaction 3
However we have no unique explanation of the kind of events we see. We observe 2 ball

timing shift of 1.2 ns for these events leading to a estimationof < B >=< ¥ >= 6. Ilf we
assume, that the particles leave their whaole kinetic energy of roughly 200 MeV in the ball
their mass would be around 1 GeV (protons?). A typical event is showsi in figure 7.14.

Rejecting all offaxis tracked events in our data selection we assume 82% of our remain-
ing beam-wall background having a undetermined z.,; We assign a systematical error of
18% to 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 zy; in the
missing ToF sample in comparison to the +ToF sample. As the beam-wall background is
found to be flat distributed in ¢ 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% 2 .1% % .1% in our final 4 pair

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

35, we will refer to thie type of buckground by beam-wall background from now on
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The typical characteristics of the beam-wall background in our analysis are vertex coordi-
nates, debris energy and accolincarity.

Figure 7.14: Typical beam-wall event from separated beam duta

61



beam-wall background for each runperiod separately.

7.2 Backgrounds from ¢'¢ interactions
7.2.1 Overview

All processes with two detected particles in the final state having pattern and energy
depositions similar to muons may be buckground processes to e”e” — ptu” . Similar to
p* 4~ may be charged pion pairs with one third of them being {miminum) ionizing in the
ball, low energy electrons pairs with small shower radii, and muon pairs originating from
other processes than e*e”™ — u*u”.

Let us consider all QED one photon and two photon processes with e¥e™,u™ p"or

x* x~ pairs in the final state.
A

One v QED processes

» Production of electron pairs
The Feynman diagrams with one virtual photon contributing to ¢ ¢” production are
the Bhabha scattering diagrams of figure 1.5 und the T decay diagram of figure 1.7.
The final state electrons of these processes have beam energy und deposit their total
+

energy in the detector. Thus the process ¢Te” — e'¢ is no background to muon
gy P 4

pairs.

Production of tau pairs

Assuming lepton universality the process ¢7¢” == r"17 via nonresonant production
(fig. 1.6a) or T decay (fig. 1.7) occurs with the same cross section as ete” —ptpm il
one neglects the influence of the 7 mass in equation 1.12, The branching ratio of the
r decaying inte 1wo undetected neutrinos and a muon is 18.5% [PDGB4|. Additional
phase space considerations reduce the ratio of 7 produced muons Lo geauine muons

from .185° = .034 to a ratio of the visible cross sections of

alete — p*p”)

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

I'roduction of charged pion pairs

The resonance production of x * x  is exclusively mediated by one photon annthilation
(fig. 7.158) The x” x" production via 3 gluon decsy of the T (fg. 7.15b) is G-parity
supressed, since strong interaction conserves G-parity. G is defined by the behaviour
of the wave function after » 180" rotation around the Iy direction in strong lsospace

followed by charge conjugation C. As the T meson is a 1sosingulett with C=-1it

w ol
4) allowed: one 5 decay  b) forbidden: three g decay

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

has & = -1 whereas the pion pair has G = (=1)-(~1) = +1.

For the charmonium state J/¥ vie find u ratio of [PDG84|
BR(J/V — p"y”)
BR(J/% = x"x7)

Since the number of hadrons possible o be produced increases with energy, more

560
= 670135,

hadronic final state chanacls are opeaed for the T decays resulting in sn even bigger
ratio of Lthese branching ratios.

BR(Y -+ p*u”) BRI/ - p'p")

BR(T — x*x-) ~ BR(J/¥ —a%n")

The x*x~production viz the QED nonresonant process ete” — xTu” is by the

same factor smaller than the rauon pair production since Lhe vertices defining the

ratios
olee )| BROC—utw)
- e xtx" = —— "
ofcte xtx )\5:'"1 BR(T —~ax"2")

are in lowest order identical. Thus the one photon QED =z~ background is com-
pletely negligible.
Summing up we did not find sny one photon QED process 10 be a considerable back-

ground to e*e” — p” u” in our analysis,

Two 7 QED processes

The second type of possible buckground processes is the two photon production of ¢” 7,
w p or x*x” . The resulting event may look like a single lepton or pion pair as the
incident electrons generally escape undetected under simall angles with respect to the
beam direction. The two most important diagrams for ete™ — ete™ u p” are shown in

figure 7.16. For this process the total cross section increases like [COURAUSI]

2 4. - Evcam Eleam s
oraafete” = el ety ) & Inz(—:-;l'—-)ln (-;?:-) (7.20)
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Figure 7.16: Multiperipheral diagrams of the two photon production of a ¢ pair

The law of increase of the visible cross section with the beam energy is very sensitive Lo
the set of cuts applied 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

detail using MC simulations.

7.2.2 The process e*e” —etec'e”

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

On the MC generator level we require an invariant mass of at Jeast 250 MeV for the
electron pair produced by the two photons. Since the cross section is strongly peaked
towards low invariant masses, this cut considerably reduces the number of events Lo pro-
duce. 1t does not throw away any events, 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
jonizing particles is their energy pattern in the Crystal Ball. Selecting the electron track
with the lower value of ﬁ, in each event we find the distribution of our MC events passing
the u pair presclection shown in figure 7.17. Whereas (mimmum) iomzing particles cause
a energy pattern which strongly peaks at 5—:,:!, none of these electrons deposites its
whole energy in only two crystals. The shower spread leads Lo a most probable pattern of
E2/E13 sround .87.
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Figure 7.17: The encrgy pattern £5 of MC generated ¢%¢” — ete"cte” electrons

Applying our presclection cuts to the ete™ — ete~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 Jess than 3.6 pb at
the 60% CL for Eiam = 4.73GcV. Scaled to the visible nonresonant QEL cross section of
ete™ — u* " at this beam energy (see equation 9.22) the " ¢” — ¢* ¢ ¢* ¢ background

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

7.2.3 The process ¢*¢” — e'e™p'p”

There are 12 Feynman disgrams of the order of contributing to e*e” — eteTpTuT .
We simulate this process using a MC event generator written by Behrends, Daverveldt
and Kleiss [BDKnp84] which takes into account only the two multiperipheral diagrams of
figure 7.16. Using o %E: value for muons, which reproduces the most probable energy loss
for 4.73 GeV muons in the Crystal Ball (sce scction 9.2), we generate 150-10® MC events

of the process ete™ — e*e utp” at Epeam = 4.73G eV corresponding Lo & cross section of

oM™ ey pT) = 624 3nb

The error on oy, caused by omitting the 10 other diagrams, was studied in |[BDKpl84].
Behrends, Daveveldt, and Kleiss find the correction of these dingrams to be - 5% % 5% for
a no tag measurement al Epeam = 11.5G ¢V, It should be of the same order of magnitude
in our case. We will see, that we can neglect this error compared to other systematical

MC uncertainties.
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Most of the two photon u pair events will not pass our back-to-back requirements of
the muon pair selection. The acollinearity distribution of the muon pair on MC generator

level s shown in figure 7.18.

numher of evenls ec=ceuu MC
20.010’_ T —r T —r—r—r
15.010° —
10.0 107 ~
5000 0 ¥
0.0 e e o R e A R LAY o

-1.0 -05 00 0s 10
cos(180° - o)

Only o small fraction of the c*e” — e e~ ut u cvents would pass vur acollinearity cut
{ras(1B0® ~ ¥) < -.94) on the genevator level.

Figure 7.18: Acollinearity of the u pair in the process ete” —eteutp”

The remaining muon pair background from two photen physics cannot be a5 casily dis-
linguished from 5 GeV p pairs as the clectron background. As the two photon differential
cross section is peaked towards low invariant masses of the muon pair we have 1o separate
high energy p '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 e*e” —
eTe '~ and p pairs with an energy around 4.73 GeV'. We select the muon track with

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

We see, that our MC produces a value for the most probable energy loss of two photon
produced muons, which lies roughly 15% lower than the Ep . value for 5GeV muons.
This is a somewhat bigger difference vhan expected from theory (compare figure 5.1 on
page 41). The rise towards lower values of E13 occuring for the two photon generated
muons is caused by low energetic muons being no longer minitnum ionizing. The cul on
E13 goes in between the peaks of these distributions

We find 165 of the MC generated e¢*e™ — ¢7¢” u* p” events passing our final cuts

This corresponds 10 a visible cross section of

GMC(ete — e e u'pT) = 6BAphz D3pbd By,

66

number of events / 5 MeV

3000 e = _
_?
Oﬂ:. P 1 i .

1000 100 2000 2500 3000 350 4000

lower EI3 MeV

The minimum tonizing prak of the ete™ — e¥e”pp” MC muons(///) pussing our pres-
clection lies ubout 15% lower than the peak for our 4 Tof sample (\\\) afier applying ull
cuts but the cuts on E13 and £5.

Figure 7.19: E13 distubutions for & GeV u's and muons from e e” - eTe” o

In the following we will discuss the estimaticn of the systematical error A, .

As we cut on a sharply falling edge of the E12 distribution of the twu pholun muons
(see fig. 7.19), #MC is very sensitive to systematical errors in the MC simulution of their
E13 energy. It depends on the 5‘5 parameter of the MC muon simulation in a way, that
lowering this value by 4% would reduce GMC(eme —~ ete " ) by 42%. We cannot
estimate, how well our adjustment of this parameter for 5 GeV rmuons (see section 9.2)
reproduces the energy distribution for muons below 1 GeV in MC simulations

We try to determine A,,, using our missingToF sample. There are several Lints, that
thss sample is mainly composed of #¥e™ — etemptu . Averaged over all runperiods the
number of events in the missingToF sample is 4.2% of our whole sample. This corresponds
1o 2.25 - 4.2 2= 9% of the +Tof muons entering the 'fiducial’ rool counter region. From
these numbers and the background estimates of section 7.1 we can derive the amount of

background in our missingToF sumple. We find
o The beam-wall background is approximately '0‘5 = 4%.

o We assume, that the average roof counter inefficiency of 15% found for cosmic rays
is also valid for annihilation muons. So there nre approximately 2% & 2% muons

from e'e” — p*p” in the missingToF sample.

« The cosmic ray background due to roofcounter inefficiencies is determined to be 5%
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from the t,,y sidebands.

o The zy; distribution of the missingToF sample shows essentially a gaussian pesk
around Ocm {see fig. 7.20). This agrees with our previous considerations, where we
found considerably less than 10% background not originating from €™ e interactions

in the missing ToF sample.

evenls/.2em  missingToF sample
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200 F L
150 | 4
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50 b

0.0 1 I I T V1
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The gaussian peak comes from e interactions, the peak at z = Ocm is assumed to be
mainly beam-wall cvents {missed to be tracked offezis duc to a lack of tube hits), and the
vertices beyond |z = Sem| are moat probably duc to cosmic ray cvenls.

Figure 7.20: z,,, distribution of the missingToF sample

e The scaling of the number of missingToF events with the ¢ ¢~ CM energy gives

%5 (missingToF)
—_—— = 1.0 J
15 (missingToF) K508

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

515
i .808

but is consistent with the scaling of the total two photon cross section of ¢*e™ —
e*e~u*u~ (scc equations 10.2€ and 10.27)

: 545 (ete” — et ut T
-,5( — N “_) = 1.054 £ .054
FV5(cte — eteptpT)
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Unfortunately the number of events is not high enough to perform comparisons of the
missingToF and MC e'e™ — ¢'e™p"u” E13 distributions. Nevertheless these arguments
support the sasumption, that most of the missingTuF sample is e e” —ele pt .

However, there is an unknown percentage of e%¢” — e*e utu- events with high
enough muon energies to make a hit in the rool counters. So the number of missingTofl
events provides only u lower Jimit for our two photen generated muon background. We
correct for the trigger acceptances determined in chapter 8, for inefficient roof counters
and beam-wall events., Scaled over the whole @ region the corrected number of missing Tof
events corresponds o a visible cross section of 5(missingToF) = 43.4: 2.1 2.1pb. This
yields a lower limit of

G(ete” —ete T ") > 40.4pb

at the 685 confidence level. So we estimate A, of the two photon muon simulation by

the difference between M€ and our lower limit from the missingToF sample. We find
Gete” —ete utuT)=684:£532 28.0pb

This is 16.3 = 1.3 + 6.7% of our visible cross section for the nonresonant QED process
cte” —utp” at /s = my.

We can convince ourselves that also the resulting 88% CL upper limit of 96.4pb for
GMC(e"e” — eept " ) is reasonable. Using the visible cross section from our miss-
ingToF sample we find. that at most %FE = 55% of the two photon muons should
reach the roof ToF counters. We cannot deduce this number from MC alone since there
is no ToF simulation in the Crystal Ball MC at DESY.

With this upper limit 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 Jimit of about 300
Me\ for this threshold. which is of the expected order of magnitude.

7.2.4 The process ¢'e¢” ——¢'e " n'n”

We did not have a MC simulation for the process ¢*e”™ — ¢*e"x*x ™. Sowery to perform
a comparison Lo the amount of visible muon pairs from two photon interactions. We cannot
apply the simpleminded argument that the total cross section of e*e” — ¢ atn" is 2
factor of 10 smaller than the cross section of e7e” — ¢’ p™p™ , since the processes have
different invariant mass thresholds of the final state pair. Experimental results from DCI
[COURAUSI; show that the ratio of detected pairs to x pairs in a tagged measurement
{one or two of the incoming electrons are detected in the final state) above a invariant
pair mass of 300 MeV is roughly 6:1. We assume 1o see the same ratio 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 cestain limit of Ey,. reach the roof. If their fraction
s 55% of all muons, then the kinetic energy limil 15 about 300 MeV.

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

this arguments we conclude, that the e*¢” — e* e x" 7~ background should be roughly

2% of the e*e” — ¢'e” u*p~ background. Therefore we neglect this background.
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Chapter 8

Trigger acceptances

For the different rﬁnperind.-. used in owr analysis different triggers were enabled in the
Crystal Ball data taking (sec taole 6.1). Calculating our sclection efficiency we have to
ask, if any events passing our final cuts could have failed the trigger requireracnts and are
missing in our final data sample for this reason.

Hardware Lrigger base their decision on trigger bits, which ave set for snajor and minor
triangles, if these contain energy above a threshold. The nominal trigger threshold men-
tioned in scction 3.1 are values at which these bits ure set with an efficiency of 90% and
the veto bit is set with 10% efficiency. Small changes of the real trigger threshold with
time could introduce large changes in the efficiencies around ihe threshold energy since
the threshold behaviour is very steep.

The final cuts 8a-c (sce page 47) are little tighter than the hardware trigger thresholds
in order 1o become independent of these effects, The inefficiencies of the correspond-
ing bitsetting is negligible for energy depositions sbove these cuts. This js proven by
[PRINDLESS!} for the tunnel veto and minor triangle bits and by [MARSIS86| for the ma-
jor triangle bit. If we can neglect the bit inefficiencies above our saftware thresholds, the
cut 8d ! is stronger than the "OR’ of the hardware requirements of Topo20V snd Mupair
trigger. '

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

Nirs

qll"l' fo
T N{Mupasr)v{Tope20V)

where N(Mupar}v{Tepe20V} yece the number of events in our final sample if we would have
both Mupair and Topo20V triggers enabled and N7 iy the number of events triggered
by the trigger "trig’ in this final sample.

Unfortunately things are even more complicated Since different physical processes

have different angular distributions, the trigger acceptances depend on the processes un-

YPhanks 1o Helmut Matsiske for providing the trigger simulation program needed for this cut
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der study.

We abreviate several sets of processes by using the subscripts Disted in table 8.1, In

chapter 10 we will see, that we need the following acceptances in order o calculate By,

TopozoV | Tepe20V  Muparr  TopolOV
avuP" Ay a 999

3 Mupair
VA ’ v and ay
We determine these acceptances combining our information from real events and from MC

events,

1. The '¥cs' acceplances
The acceplance a;g; is related to all events in our final sample but the process
T — u*u~. So we can calculate it using an offresonance data sample where both
the Topo20V and the Mupair trigger were enabled. We use the continuum sample
11, since it is the only one where both triggers worked properly. 2 The results are
listed in table 8.2.

We crosschecked these values by u comparison with the MC generated (7)pu events
yielding results for a(,),,. They are listed in the same table. The difference between
(), and a7 may be caused partially by the two photon u pair background which
is obviously not present in (y)upu 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 effects, we take the difference between agy),, and ar; as

systematical error for ay: and 1ts ratios.

15

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

process we can write

Topa20V
Topo20V ay T I
G o= MC = ) 021
Topaz0v Topaz20V AR
L (7 )n ME

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

oV . g T .
to the error on ar e **™ . The resulting aT2r**" is listed in table 8.2, too.

3. The 'y4' acceptances

Our final sample for ¢te™ — "¢ u*u™ MC events as well as our missingToF

?During the rune 10800 10 11378 the two minor triangler #12 and # %4 were not included in the 1otal

energy sum used for the hardware triggers. That caused an inefficiency for the Mupair trigger, il onc
muon entered one of these major triangles. However, since the Tope20V trigger doee nel use the total
energy. it should have caught all there missed eventa. This comes from a fortunate coincidence of our
cuts, the Tope20V trigger requiremients, and the lucation of these minors in the ball,

2

disgrams subscripts used
" : res
L Hp

()

—_— T

el _
)—-(+‘;-—(+X+... "

The resonant p* u- production via T decays iz called 'rea’, the nonresonant u* p” pair

production via one photon including firat order corrections is called '(7)pp’, the lowest
order process is called 'up’, the two photon production is called "1y ', and all proccascs
besides the reaonant 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 Jor certain values:

ot(d)],

where
a: mame of variable, c.g. efficiency ¢, cross section @, visible cross section &, ..

bb: data sample, characterized cither by it CM energy (e.g. 1S’ or 'cont’, which in turn
may be 4S' and '9.98GeV’) or ita trigger sctup {e.g. "Mupair’,"Topo20V’) or an

wndez 1.

: abbreviation for the act of proccasca az listed in the table ebove

L

d: CM encrgy, at which the visible cross aection of this proceasce is calculated (& may be
scaled from the CM encrgy 'b' of the sample to another CM energy)

n

: method, by which the value was calculated, c.g. 'MC" or 'data’

Table 8.1: Abbreviations used
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(3)mrianc F?i[!_,'[_, ] """LH'_‘J.:.!..

TG00 s 3% | 908 84 3.2% 93,71 Bz 3.2%
MU 907 1 1% | 9924 24 05% | not used |

i | 9432 .003 | 915+ 008 £ 028

not uscd

Table 8.2: Trigger acceptances for the final sample
sample, which is mainly e?e™ — ' ¢”p*u™ | is too small Lo calculate a4y with high

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

not significantly different from aea. Thus we set

Aoy 2= Aicn
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Chapter 9

MC simulation of the process e*e” — (Y)u™p”

9.1 MC generator

We simulate the nonresonant QED process e* e” — (7)u' p” using a MC generator written
by Behrends und Kieiss [KLUEISSBZ. It geaerates p pair events including corrections of
the order a®, which describe mitial or final state radistion of a photon. The 1aitial state
radiation dominates due to the high muon mass.

There are three parameters important for this analysis:

Eicam: Emin, 20d kmay

o Epcae s the energy of the incident electrons. Qur data were (aken at three different
beam energics, which were 4.730 GeV (T(18)), 4.990 GeV (below T(25)), and 5.285
GeV (T(48)). For each beam energy we generated about 20 10° MC events.

3

Ko 35 the so called hard-soft hmit for the radiation of a photon. Photons with an
energy of less than ET"™ = kaua - Ejeam are assumed Lo be undetected. In this case

the photon is generated with E, = OAel".

Our final cuts reject events with Egpe, < 30MeV. This causes ypup events with a
photon of more than 30 Me\V in the ball to be rejected  The spurious energy back-
ground (see fig. 9.3) may even lower this limit. We choose kpun = .001 corresponding
ta Ey™" & 5McV in order to be less dependent on changes cf the spurious encrgy

background with time. *

kumor gives the maximum photon energy generated by ETF = kmaz - Eieam. The
generated cross section of (7)pu depends on this value. However, since no evenls
sbove k = .55 pass our final collincarity and total energy cuts, the visible cross

section does not depend on kar, us long as it is above .55. We chose the default

VFor toe Jow values of ke the MO generator creates eventr with negative weight, which may distert the
grnerated dintributions. In our case the fraction of events with negative weights ir lesr than 1%. We
studied MC manples of 2000 events each, generited with k... = .(01,.005, and .01, respectively. Since
we did not wotice any significant chaagen in the rerulting virible croes mecticr, we neglect this effect.
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valve of knuy = 9995 resulting in a total eross section of oy = L220eh = 1ad-0f,,

where af!, is the lowest order cross section from 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 select 1 DDBM event per 1 nb™! integrated luminosity by a random selection. MC
events and DBM events of the same beam encrgy are merged together for cach runpenod
separately. 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 1l together

on one MC sample, called resonance MC sample 1/11.

9.2 Comparison of the data with MC simulations

If we omit the cuts on E13 and {‘135, 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 & negligible amount of cosmic ray background and beam-wall events. It never-
theless may contain up to .55-16.3% = 9% two photon generated u pairs (see section 7.2).
However, these muons should have high enough energy to behave similar Lo 5 GeV muons.
So the systematical error introduced by this contamination is much less than 9%.

We adjust the ‘;‘g parameter for muons in the Crystal Ball so, that the most probable
energy loss for the MC muons from Eiecam = 4.73G ¢V maiches with the measured value
for T(18) dats. The generated EI3 distribution of the MC muons shows approximately
the behaviour of the + ToF sample(fig. 9.2). The relative deviations introduce systematic
MC errors of less than 5% for any cut on EI13,

The pattern distributions of MC muons do not as well agree with our data as E13
does. The MC simulated {,73 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. 9.2).
We contribute this (o 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 fpasprs. However, we will see that our cut on E£'|:.i is not very
sensitive 1o this disagreement. We define the cut efficiency for the cut on f‘fa by

Nim
CER eIy T
Moo £,
waMmBMnmmmhmmwwmwmmnm“mNMFﬁwwmwmmm
"E

if we would drop the }‘;2»3 cut. We find the correction [actor 82 £1s by dividing the cut
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The EI8 distributions for MC muons and our + ToF sample omilting the cuts on energy
and pattern show a rcasonable agreement,

Figure 9.1: Comparison of the E13 distributions muons from MC and data

& of evenls

10010* st . v v
—- . dala
80O O -
e MC
P
—
8000.0 B
-
4000.0 L=
s
2000 O =
i
i P
00 .
06 07 08 09 10

E2/E13

The g“l;, distributions for MC muons and our + ToF sample omitling the culs on cnergy
and pattern show a systematic difference.

Figure 9.2: Companson of the é‘::;n distributions muons from MC and data
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MCsample | Ecp o1 00l Ecr) [ 90 (15) T boom
I P ~ (pb) - by | ]
res I,’ll 15 496+ B 41352 1.5 4135415 0834
res 11 15 5054 .7 41532 1.3 |a153413| 93876
res IV 15 5002 8| 4168109 | 4168109 | 9912
cont |1 985GV | 5234 B 3872=1.8 | 4310427 | 1.0250
Ccont 11 48 5104 7| 3344+ 16 |4173+£20]| .9924
“cont 11 45 502+ 7| 320609 |[4001:1.2] .9515
cont 1V TS 543+ 7| 349.1%0.7 | 4357 0.9] 1.0361

Table 9.1: Visible cross sections and selection efficiencies determined by MC simulation

efficiencies for the + ToF sample und the MC sample

(vr..{'

_Cea/pas 913 % .004

55;-,1513— '(m-:— = 54m = 964+ .005 (9.2])
EI/EN -

9.3 Visible cross sections

We apply our final cuts on the (7)up MC data samples and correct the final number of
events by fgzyp1y (see previous section). For calculating B,, we will as well need the
cut efficiency ¢,., on u pairs from T decays as the visible cross section &(,),, for the
nonresonant g pair production including the first order bremsstrahlung corrections, The
bremsstrahlung contribution to the process T -= p™u™is negligible. The beam energy
spread of 5 MeV allows only very lowenergetic initial state radiation, since the condition
V3 = my has to be fullilled. Thus we can use the selection efficiency ¢, for the soft
photon events of our (y)up MC generator in order to calculate ¢, (see section 10.3).

The visible cross sections & are connected with the selection efficiencies ¢ by
a =5 -a l
(es = Cadis " Tlorhun |y g0

T = S U....qup

where 'MC' denotes the MC generated cross section and 'QED” refers to the Jowest order
QED cross section of equation 1.13. The results for ¢, and ,),, are tisted in table 9.1.
The statistical errors on & are dominated by the statistical errors on the cut efficiency on
the merged MC events. The statistical error on ¢, is dominated by the number of MC
events with soft photons.

We scale the visible cross section &), (Ecnm) for cach sample to the corresponding
visible cross section 31, (15) st \/& = my5) by

- s M .
Fuu(18) = “8 ()l Ecm)
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where

-

soomieV (9.930:\:)'_ -
ol 9.46GeV )

and

4 57 v 2
z(ﬁ’j_ci.) = 1.248

l L3

£ 9.46GV
From the values in table 9.1 we find the mean luminosity weighted visible cross section at

V= my(1s)

8

(Bup15)) = 4205+ €4 425 (9.22)

9.4 DBM ratios

The differences between &[.,,,,,(IS) for the different MC samples comes mainly frem the
merged DBM events. The dependence on the photon and muon energy distribution, which
slightly changes with By, im, is negligible. We caculate u relative DBM correction Spgas(see

table 9 1) for each sampie by

& = &;ﬁlnu(]""‘) (G 23)
. ?\61‘”#:‘“-3_)} .

The statistical errors on &)y, are 2% to 6%. The sy stematical error on DBM simulation
of spurious energy was estimated to be .3% |[PRINDLESS].

The cut on Egura i5 most seasitive on changes in Sppa. We find a mesn aquared
spread of 3% in §pppe between the different runperiods, which is considerably higker than
the errors on bppas. So the fraction of events with spurious energy of less than 30MeV
in the ball varies by about 3% with the runperiod. The distribution of Ejns for the

resonance sample 1V is shown in figure 9.3,
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The Egipms distribution gives an impression of the spurious energy randomly prescnt in all
events. It may contain real contributions from low energetic photons from bremsstrahlung.

Figure 9.3: The Egprir distribution of our final sample
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Chapter 10

Determination of B,

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 s discussed in section 7.1. The corrected number of events N
N = Neewt Nigpuut Nuoy (10.24)
is listed in table 10.1. We calculate the two photon generated p pair background Ny, for
each runperiod by
NE = affEom) . LBoM . 3 (1) r( Eom) (10:25)

The ratio roo{ Eca) for the visible cross sections of cte™ — ¢*e"ptu” at different CM
encrgies Ecg is approximately equal 1o the ratio of the total cross sections:

rer(Bosg) = SxilEem) | om(Bon) In? (522 ) 1n (55%)
\Eom) = 3.45(15) 7.+(15) _]nz (M)ln(:;.’ln"_"l)

A

(10.26)

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

sample Ecm L N Ny s$(15) [
(pp7") (»t) {s.d.)
res 1 1S 2051 | 1165+36 | 140+ 1258 | 508+ 19 58 -1.6
res 11 15 3.565 | 2088 £ 47 | 244 £ 16£ 102 | 5261460 -09
res 11 15 7.550 | 4135 % 66 | 469X 22+ 195 [ 539+ 104 61 | +0.1
res IV 1S 14210 | 7902+ 90 | 883 £ 30£ 368 | 546762 | +1.1
cont | 9.98GeV | 1.927 | 88931 136+ 1257 | 424£19+£53 | +04
cont II 45 3.340 | 1379 £ 38 | 241 16+ 100 | 428 = 154 57 +0.7
cont Il 45 8412 | 3606 £ 65 | 602+ 25+ 250 | 472+ 11X 61 +5.0
cont IV 45 10.284 | 7972+ 93 | 1379 37 £ 574 | 415 T+ 55 -0.3

Teble 10.1: Number of events and corrected visible cross section for the finsl data sample
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influence of this effect on r,,. Since the visible cross section for » no tag measurement
does not decresse with incressing beam energy [COURAUBY|, we assign » systematical
error of

Arqq = Tqq — 1

to the ratio of the visible cross sections. We find

ra(15) =1
r4{9.98GcV) = 1.0276 % .0276 (10.27)
roo(45) = 1.0543 & .0543

However, the dominant error on No, is the error on ,,. The resulting values for N, are
listed in table 10.1.

In order to cornpare our 8 data sampley, we calculate the visible cross section § corre-
sponding to N = No,. (sce equation 10.24). We correct this cross rection for the trigger
acceptances and DBM ratios, which depend on the runperiods. We scale our corrected
value to /8 = mys). The finsl value §(15) is given by
3 x Babw
Spam - atma 415 L

5(15) = (10.28)

Since aboul jth of the events in our resonance semples should be T — u% ™ (see page 13)

we use
a'™ = ,', (4 . u{_l"l'::w +1- nf;‘:""mv) for resil] and reslV
Mupai
atn = l1)“:: ' for contlll and contlV

a™i =1 else

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

10.2 Discussion of the different types of data used

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

of data samnples:

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

« Data from the 4 chamber setup of 1984 and 1985 with different riggers for the

resonance and the continuum sample.
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» Data from the 4 chamber setup of 1984 with a bad nonlinear Tube chamber ADC

and different triggers for the resonance and the continuum sample.

We corrected for the different trigger scceptances and determined the errors un this corree-
tion. We hoped to get rid of other systernatical effccts depending on the samples by using
resonance and continuum samples which are believed ro have the same systematical errors
{e.g. number of chambers, bad ADC). We have Lo be aware of changes in the chamber
performance, since the tube chamber information is ewsential for this analysis.

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 influence of the
bad tube chamber ADC. We calculate » luminosity weighted mean value (5(15)) a3 well
for the resonance as for the continuum data. We use only the Jata with good ADC for this
mean value in order to check the systematicul errors introduced by the bad tube chamber
ADC. We find

(5.'.5.*[-,).,.(15) _,M_) =538 % €+ 61pb
(s, 19)],,) = 41T £ € £ 558

We express the deviation of each sample fromn this menn value by

o S08)=(50S)
i Baae5'(15)
where we used the statistical error Ager since the systematical errors of the continuum
samples and the resonance samples have the same origin and the same size, respactively.
They cancel in the subtruction of the mean value.

The results are listed in the lest column of table 10.1. We find, that the bad ADC
sample contlll shows a deviation of 5 5.d., whereas all other samples agree within 1.6 5.d.
with their corresponding mean values. We do not understand this big effect in detail.
Surprisingly enough we do not sce this ef=ct in the bad ADC resonance sample (res 101).

Assuming, that the bad ADC is the source of the deviation, we would have to add
& systematial error on the bad ADC data, which can be estimated from the size of the
efect seen. This systematical error may in addition depend on changes in the amount of
random hits or differences in the bigh voltage setling of the chambers (see table 2.1 for
an estimate of the influence of the latter effects on the chamber z resolution}. In fact,
the values for Spuas in Lable 9.1 show, that the contlll sample has the biggest amount
of apurious 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 systematical error introduced by the bad ADC may be rundependent, The result for
the resll] sample does therefore nct exclude, that the deviation of the contlll sumple is
coused by the bad ADC.



All these considerations show, that we cannot sufficiently rely on the quality of the
bad ADC data. Including them in the calculation 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 resl systematic

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

10.3 The selection efficiency for T — p*p”

There are two ways of calculating the selection efficiency ¢,c. for p pairs from T — p*p”.

1. Using the MC values
We sssume, that our MC simulates the lowest order process e*e¢™ — ptp ina
satisfactory way. Then the selection efficiency ¢ for u pairs from T — p*u”is
equal to the efficiency 35 for ete~ — ptu™ , since the angular distributions of

ree

conl since it contains

these processes are identical in lowest order. We must not use ¢
the continuum DBM events.

We calculate the mean luminosity weighted value for '.15

the MC sample reslIl.

& from table 9.1 excluding

(Ges) = {Guulpge) = 4992 82 5.0%
The systematical error is exclusively due to 10% MC uncertainties.

2. Trying vo correct for systematical MC errors

If we believe our continuum data 1o reflect the true visible cross section of ete” —

(v)u*p™, we cun correct ¢, with the ratio of the visible cross sections for this

process determined {rom dau and from MC, respectively.
nt
lepan)i= (S(‘_‘:‘”(l dula) ( | )
el (swnl {lS) Coam MC

(V)uu

Since this value depends now on a ratio of MC simulated values, the systematical
errors on MC cancel partially. The error on ¢, is dominated by the error on the
corrected visible cross section Sl‘,:’]'":u(IS)l in our data, which in turn has roughly
equal contributions from AL and Ad.,. “c find from table 9.1 (excluding the
sample cont 1)

(S{;’;‘;,(IS)M) = 4331+ 43pb
The deviation of this MC prediction from our data (sec page 83) is about 4%, which

is well within all systematical errors. Using this result yields

(€rer) = 4812 1.0£ 6.3%

84

sample NIT [2H ANy,
resl-contl 1401 12 % S8 .097 4 .007 & .030 4+2x7
resil-contll 244+ 164 102 | .308 & .007 £ .067 15+ 5% 36
resIVocontlV | 883 = 304 386 | 2591 .004 £ 065 | 2294 91 111

Table 10,2: Corrections for the two photon induced background

We use the first calculation of ¢, since it has smaller 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

§ e ok
frer = Cumlpge

10.4 The final results

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

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

Ny —su

B =
£ Ny~ hadrons + INY—u

with the help of the corresponding ratios

tng(18) ;1S 15
‘ I 15 _ Ons Opyun . L7 preont o
Nt = 50T s ( T Tirgleont) | geend  eont N + ANy, (10.29)
Qres “Crg L] [1l.uu

10.4.1 Correction for the e”¢” — ¢* e p*p~ background

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

ik
AN, = o). 0155 a15)- (r.n(canl)- e 1) —
= NS Ry,
alS
where we defined R, = (r.n(cout) . _(‘:2:" - 1. The values for N.:.f (see equation 10.25)

()uu
are listed in table 10.1. We find for AN, the results of table 10.2 The statistical errors

on R,, are due 10 the statistical errors for the DBM unmples The systematical error
is dominated by the error on r,. The systematical error of ——'—'115 due Lo changes in the
Nal(T1) calibration was calculsted to be .3% from the fact, !.iml| I.II:; change on the position
of 2 200MeV peak from minimum ionizing particles between different calibrations is about

2MeV [HEIMLEG , The systematical error on AN, is dominated by Ag.,.
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[ _L resl-contl resll-contl] T reslVecontIV
Grer trer 149632 B4 5.0% 496z B3 505 | 464 B T 19% |
- NTS T 1165= 36 2088 2 47 7902 4 90
STUNOW  1011=36=3 | 1820251238 164174 93 183 |
AN, Tat227 751 5= 46 299% 9 % 111
10304 1734 135 | 3694 + 278 2 682 |
NY<uu
47242 3272 776

Table 10.3: The final number of events for T — pu*p”

sample | Eqp L Naae Ny - hradrons
| (p"h)
res 1 IS 2051 1 20826 | 156104 1249
res 11 1S 3565 | 37792 | 28864 4 2309
res 1V 1S 14.219 | 1630506 | 128284 4 10263
cont | 9.98GeV | 4.640 | 13141 |

Table 10 4: The number of hadrons from T -— hadrons

10.4.2 The number of T — ' p”

Combining ull these results we find for the number of decays T — u*p” the values in
Lable 10.3. In order to have a comparison between the 3 chamber data from 1983 and
the 4 chamber data from 1984 and 1985, we combine the samples 1 and 11 first, belore
we calculate the result for all samples. We will discuss the quantitative influence of the
different systematical errors later. In the calculation of our finzl systematical errors we
first added the errors from each source linearly (MC trigger,77) and cumbined the resulting

errors in quadrature.

10.4.3 The number of T — hadrons

The number of hadrons in our final sample are obtained by requiring the events Lo fulfill
the conditions of two different hadron sclection routines [NERNST85]. We again huve to

subtract the nonresonant eontribution from ¢*¢” — hadrons

. 1 seont El.‘\' -
N1~ nadrons = g (N:fd = SIS Feamt Nt (10.31)
The efficiency of this hadron selection was determined to [CLAREBS]|

Chag = 924 .08

The results are listed in table 10.4
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Experiment B
TPLUTO 79 | 222 2.0%
DASP B0 20131 .5%
LENA 81 35+ 144 4%
CuUSB 83 274 312 .3%
CLEO 83 27+ .3%x.3%
ARGUS 85 | 29+ .4t .5%
CB 85 25%.3+.3%

ARGUS 83" [ 2.8+ 4% 3%
CLEO 85 28 2+ .2%
[ Average [ 27 2%

{We added the statiatical and systematical errors of all measurcments in guadrature and
weighted each measurement with its evror)

Tsble 10.5: Previous measurements of By,

10.4.4 Calculation of B,,
We combine the results for the periods 1 and 1L We find
B, = 2174 .36k .33%

The systematicel errors originate roughly equally from the systemnntical MC errors, the
error on the number of two photon muons and the nurnber of hudrons. They lie between
8% to 10% of B,, -

The results for the period 1V is

B,, =2.65%.20% 55%

Here the error on trigger scceptances is dominating. It is rougly 14% of B, whereas the
other errros give contributions from 7% to 10%. The crror on the wrigger acceptance ratio
is cnly 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, i.e. the
atatistical error and the error induced from the trigger acceptance ratio. We find the
deviation between the two measurements of By, to be 860, So we can cambine the

measurements by adding the number of events. We get
B,, =253% .17z 46%

with the following relative contributions of the systematical errors:

1The last two values come from measuremente of T(25) — xtr et e” combined with independent
measurements ofT(25) — v ¥ T(215)



- trigger acceptances: 1'%
- systematical MC error 10%
- error on thay 85

- error on g44: 1%

Previous measurements of B, are shown in table 10.5 [BMUMU]|

good agreement with the world average.
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Our result is in

Conclusions

We saw, that using the tube chambers of the Crystal Ball detector and a new tracking
routine enabled us to identify znd to reject backgrounds to the process eteT — utuT
which are not due to e* ¢” interactions (i.e. cosmic ray muons and beam-wall interactions).
However, we noticed, that a good chamber performance is an unconditional basis for that.
We had to exclude data samples from our measurement, which were taken with a bad
tube chamber ADC. Detailed reasons for that were not known.

Our Fnal muon sample still eontsins about 16% background from two photon u pair
production. By subtracting the nonresonant contribution 1o e*e™ — ptp~ and correcting
for the two photon induced background we extracted the branching ratio of T(15) —
p*u”. The resulting value of

B,, =2.53%.17% .46%

e

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

the MC simulation of muons 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 to verify elementary particle physics results on elementary

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

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

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

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

Look in the headers of each subroutine to know what 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 & 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 all parameters and options, which may
be set or changed by the user.

The COMMON block TAGTRKCM contains 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

poarameters are used.

Il you have really followed these hints up to here, you can cither 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, nit down and try to understand all the
idiosyncrasies of FORTRAN, tracking, and the Crystal Ball drift chambers. Make

your own choice!

=

SUBROUT INE TAGTRK (1 TR, JIR)

THIS 1S THE WMAIN ROUTINE OF A TRACKING PROGRAM FOR TwQ TRACKS
ITR AND JTR ARE TRACK NUAMBERS OF THE InPUT TRACKS
TRACKING OPTIONS HAVE TO BC SCT IN COsONS TTUSERCM
RESULTS AREL C1THER RETURNED IN TTUSERCM COMMONS
OR WRITYEN IN THE CVENY BLOCK
DO “H TAGTRK™ FOR WORE INFORMATION ABOUT TTUSCROM

OOoO0O0OO0O0O00

CREATCD 85/11/21 MK

TMACRO TAGTRKCM
TMACRO TTUSERCM
TACRO EQULY

c
LOGICAL FIRST, LDEF
DATA FIRST/.TRUE./
c
c INITIALIZATION

1F (.NOT.FIRST) COTO 10

FIRST = .FALSE.

WRITE(6.1500) JHEAD(6).JHEAD(T)
() IF THERE ARE NO USER TRACKING CUTS SET THEW DEFAULT

CALL CUTSET(LDEF)
ml'rr.;&.rsmg
WRI1TE(6.1520) LOUT
WRITE(S,1530) LOFFX, LCOSM

13 (LOEF) WRITE(6.1540

IF (.NOT.LDEF) WRITE(6.1541

WRITE(6.1550) HAX ] SM , HOF F 04, HCOSMM , FAC2 , SAX | Sud
1500 FORMAT(® =eees TAGTRK CALLED FIRST FOR EVENY'.17.° RUN",17)
1510 FORMAT(/," OPTIONS /TROPT/ AND CUTS /TRCUTS/ USED:"./)
1520 FORMAT(7X, "WRITE NEW TRACKING RESULTS IN EVENT BLOCK: LOUT =" .L4)
1530 FORMAT(7X, "OFFAXIS TRACKING: LOFFX =", L4

. /T, TCOSMIC TRACKING: LCOSM =" L4)

1540 Fomfi/.' ——> ALL TRACKING CUTS DEFAULY:®

./)
1541 FORMAT(/," ——> N O T ALL TRACKING CUTS DEFAULT: ", /)
1550 FORMAT
® X, "MIN § OF HITS FOR CHARGED ONAXIS TRACK: HAX ] Sh=" F6.2
o./.7%."MIN § OF HITS FOR AT LEAST ONE OFFAX]S TRACK: HOFFXM-".FE.2
o /.7X."MIN § OF HITS FOR AT LEAST ONE COSM HALFTRACK:HCOSMU-".FE.2
=,/ 7X,"FACTOR FOR MIN § OF HITS OF 2ND COSM/OFFX TRK: FAC2=" F6.2
o 7.7%. "MIN SICNIFICANCE FOR ONAX]S TRACKING:',9X, SAXISM='.F6 2./)
"10 CONTINUE
c
c CHECK IF TAGTR% 1S CALLED PROPERLY
NTRKS = JHEAD(44)
IF(1TR.GT,NTRKS .OR. l'rR.u:.o; mn:is.l:.so 1TR, NTRKS
IF(JTR.GT.NTRKS .OR, JTR.LE.O) WRITE(6,1560) JTR,NTRKS
IF(ITR.GT.NTRKS .OR. JTR.GT.NTRKS) RETURN
IF(ITR.LE.O .OR. JTR.LE.O) RETURN
1560 FORMAT(" >ERROR LN TAGTRK: TRACK-{'.15.® INVALID (NTRKS=",15.7)")

IF (ITR.EQ.JTR) WRITE(6,1365) ITR

IF (1TR.EQ.JTR) RETURN
1565 FORMAT(' >ERROR> TAGTRK CALLED WITH 1DENTICAL TRACK #r.13)
c

ESOR] = R'IRK(ITRx(HRgﬂI;
ESORJ = RTRK(ITRK(JTR)}+12
lFsESORI.ED.O.) HRI.TE(B.'IS?D} 1TR
1F(ESORJ.EQ.0.) WRITE(6,1570) JTR

IF(ESOR].EQ.0. .OR. ESORJ.EQ.D.) RETURN
1570 FORMAT(® »ERROR> TAGTRK CALLED WlTH ESORQ TRACK § '.15)
c

IF (1TUBE .LE.0.OR.LTUBE .LE.0) RETURN
CALL MOVZER(KAXISI.24)
CALL GETCHM(JHEAD(7))

CALL CONTUB
c
C—— SET CUTS ON MINIWMAL § OF HITS FOR SECOMD TRACK
HOFFX2 = HOFFXM=FAC2
NOFFX2 = INT(HOFFX2)
HCOSAM2 = HCOSMI=FAC2
NCOSM2 = INT(HCOSMZ)
<
g— END OF INITIALIZATIONS, START OF TRACKING
Comee LOOKING FOR HITS
CALL FNOHIT(ITR,JTR)
c
Come MOVE TRACKS AROUND, COUNT HITS, LOOK FOR THEIR CENTER OF CRAVITY
c AND START OVER AGAIN (rawOV TIMES)
&

DEV = waP
DO 20 [m1, MOV
IF (LOFFX) CALL MVETRO

Aa



TALL WVETRY
IF (LCOSM) CALL MVLTRZ

1IF {LOFFX) CALL COUNTD
CalLL COUNTI
If (LCOSM) CALL COUNT2

IF (1.C0O. NaOV) GOTO 11
IF (LOFFX) CALL COCO
CALL COG1
IF (LCOSM) CALL COG2
CEV = DEV/GAIN
GOTO 20
11 IF (LOFFX) CALL PBAXO
CALL HUAX1
IF {LCOSM) CALL HMAX2
20 CONTINUE

—— DECIDE ABOUT AX1S/0FFX/COSM HYPOTHESES
CALL DECIDE

c
Comm= REJECT HITS TCO FARL AWAY IN ZET
CALL ZCIREJ
c
C——= CALL APPROPRIATE FITTING ROUTINES
CALL CALFIT
C
G WRITE OUT RESULTS IN EVENT BLOCK
1F ﬁLOUT) CALL TRXOUT(ITR,JTR)
1F (LIRCOR) CALL CORRIR{1TR,JTR)
€
RETURN
END
C
c
(essssssssccancasnses END OF MAIN PROGRAM sesesensesssssssncosnconscasae
Cc
c
SUBROUTINE CUTSET(LDEF)
c
c SETTING THE TRACKING CUTS TO DEFAULT VALUES IF NOY SET BY USER
C  AND CHECKING IF ALL CUTS ARE DEFAULT

EMACRO TAGTRKCM

TMACRO TTUSERCM

FMACRO EQUIV
LOGICAL LDEF
DATA HXMI HCSMT HOXMT /1.5,2..3./
DATA HXWZ,HCSM2 HOXM2 /2.5.2.5.3.5/
DATA FAC,SxM /.5,-.1/

NLAYS=JTUBE (1TUBE+1)

IF (NLAYS.GT.6) GOTO 10
——HAS USER SET CUTS BY HIMSELF?
IF (LCUT) GOTO 20
HAY ]Sk = HXM1
HCOSKM = HCSM1
HOFF XM = HOXM1
20 LDEF = HAXISM.EQ.HXM1 .AND. HCOSHM,EQ,HCSM1 .AND. HOFFXM.EQ.HOXMI
= _AND. FACZ.EQ.FAC .AND. SAXISM.EQ.SXM
RETURN

a o 6

10 CONT INUE

€ ——HAS USER SET CUTS BY WIMSELF?
(F (L.CUT) GOTO 30
HAXLSM = HXM2
HCOSMM = HCMZ
HOFFXM = HOXM2

30 LDEF = HAXISM.EQ.HXMZ .AND. MCOSMA.EQ.HCSM2 .AND. HOTFXM,EQ.HOXMZ
« .AND. FAC2.EQ.FAC .AMD. SAXISM.EQ.SXM

RETURN
c

END
c
Cc
Cosemsssnssssssanassessssnnsanssasescasanssasensssssonsssccssasssscens
[

SUBROUT INE FNDHIT(ITR,JVR)

(4

YMACRO TAGTRKCM

TMACKO TTUSERCM

TMACRO EQUIV

FTMACRO TBANALCM
DIMENSION PHCSL(8).PHCSR(8),DPHCS(8)
LOGICAL LCROSS.LCSL.LCSR,1LOX],LOXJ,LX].LXJ
DATA MSKPHT/ZFFFF 0000/

c

C———PREL IMINARICS

[+
CALL MOVZER(1X.7896)
NLAYS=IN(JTUBE (1TUBE+1),8)

n

RINNL=RLAYER(1)
ComGET TRACK PARAMETER
C TRACK ]
[+ DPHI ARE uoDULE'DlSIANCEf[SDRT[B}-SIN(':bi‘IA))- RM S,
100 = JTRK?HHK(IIH)HG)
CALL DCCENT(1M0D, Ul VI CSTHI)
SNTHL = SORT(1.-CSTHI==2)
Rl = REALL=SNIHI
PHI1 = AMOD(ATANZ(VI.UL)+PIZ, P12}

OPHI] = DTHETA/SNTHI
WINDO = wwP=DPHI1 + OPHIT(1)/2.
XILOW = PHIDIr%PHII W INDO
XIHIG = PHISUM(PHIL, wWINCO

C

c TRACK
JMOD = JTRK(ITRK(JTR)416)
CALL OCCENT(JMOD,UJd,VJ,CSTHY)
SNTHJ = SORT(1,=CSTHJ==2)
RJ = RBALL*SNTHJS
PHIS = AMOD(ATANZ(VJ UI)+PLZ P12}
DPHIJ = DTHETA/SNTHJ
WINDD = WwP=DPHIJ + DPHIT(1)/2.
XJILOW = PHIDIF&PHIJ.W[NDO;
XJHIG = PHISW(PHIJ, WINOO

c

C——THE MOVE TRACK ROUTINES NCED [MITIAL CENTRE VALUES OF R AND PHI1
PHICML = PHIL
PHICMT = PHIJ

[
Commmen THE FOLLOWING 1S FOR FINDING COSMIC TRACKS
IF (.NOT.LCOSM) GOTO 29
C——THE MOVE TRACK ROUTINCS NEEQ INITIAL CENTRE VALUES OF R AND Prl
RICMZ = R1
RJICMZ = RJ
PHICMZ = PHLL
PHJCM2 = PH1J
[
C———IL00K FOR "RIGHT" AND "LLFT" ANGLE INM "V©
PHIL = Pu:mxﬁwu.mu;
PHIR = PHIMIN(PHI1_PHIJ
c THIS 1S FOR AVOIDING DIVIDE CHECKS IF PHIL = PHIR BY ACCIDENT
iF (AB_S(PhICPN(PH]L.PhIR)).GE..020) GO0 10
PHIL = PHISUM(PHIL,.010
PHIR = PHIDIF(PHIR, .010
10 CSOPH = COS PH!L—PH]R;
SNDPH = SIN(PHIL-PHIR
CrummemGET PARAMETERS OF RIGHT AND LEFT TRACK
LINY = PHIOPN(PHII.PHIJ)*PHIOPN(PHIL . PHIR).LT.O.
IF {LINV) GOTO 15

DPHIL = DPHIL
DPHIR = DPH1J
SNTHL = SNTHI
SNTHR = SNTHJ
CSTHL = CSTHI]
CSTHR = CSTHJ
GOTO 16

15 CONTINUE
DPHIL = DPHIJ
DPHIR = DPHII
SNTHL = SNTHJ
SNTHR = SNTHI
CSTHL = CSTHJ
CSTHR = CSTHI

16 CONTINUE

[
(= PROJECTION OF TRACKS IN PHI PLANE
< CALC SIN(DELTA) WITH DELTA=PHI-PHOVTX
" RL = RBALL=SNTHL
RR = RBALL=*SNTHR
SLR = SORT(RL**2 + RR=2 = 2.*RLeRR=CSDPH)
SMDEL = RL—RR-CSDPH;/SL‘R
SNDER = (RR-RL=CSDPH)/SLR

c

C———CALCULATE PHI AND RHO OF SUPPOSED COSMIC VERTEX
RHOVTX = RL*RR*ABS(SNOPH)/SLR
PHOVTX = PHISUM(PHIR,ASIN(SNOER))

c
c

ERROR PROPAGATIONS FOR ALL THIS STUFF

DROTL = RHGVTx-fi —al.-smEL/SLR;-csmL/sutuL
DROTR = RHOVTX={1.-RR=SNOER/SLR)=CSTHR/SNTHR
DRDP = (RHOVTX==2-RL=RR+CSDPH)/SLR

DSROTL = ~REALL=CSTHL={CSOPHFSNDEL * SNDER) /SLR
DSRDTR = RBALLCSTHR={1.—~SHOER==2)/SLR
DSROP = (RHOVTXeSNDER-RL=SNOPH}/SLR

DPOOP = RL*SNOEL/SLR
IF (SNDER.GE.1) SNOER=Q.
DPOOSR = 1, /SGRT(1.—SHOER=*2)

DRHO = SORT((DRDTL=*240RDTR==2)*DTHETA®=2
Al



3 +{DPHIL®=2+DPHIR==2)=DRDP**2)

RHOMIN = AMAX1(0., RHOVTX-wwR+DRHO)
c
Comme— STUFF FOR FINDING OFFAX1S HITS
29 IF (.NOT.LOFFX) GOTO 30
THE MOVE TRACK ROUTINES NEED INITIAL CENTRE VALUES OF R AND PHI
PHICMO = PHII
PHJCMO = PHIJ
RLICMO = RI
RJCMO = RJ
C THIS 15 R(CONTRE) OF CORRCSPONDING LINE (1<-»K / J<=>L) THROUGH AXIS
RKCMO = O
RLCMO = 0.

C

C—— TRACK 1
SNDPHI = SIN(WwP=DPHI1)
SS] = RINNL®*2 + RIes2 =2.*RINNL*RI*SNOPHI
Al = RINNL = RI=SNOPHI
Bl = (1.-SNOPH1==2) * Rl*=2 / SSI
C—— TRACX J
SNDPHJ = SIN(WWP=DPHIJ)
SSJ = RINNL=*2 + RJ==2 —2.=RINNL=RJ=SNDPHJ
AJ = RINNL - RJ*SNOPHJ
BJ = (1.-SNOPHJ=22) = RJ*=2 / SSJ

LOOP THROUGH LAYERS CALCULATING PHI WINDOWS
AND LOOKING FOR HITS

nﬁTﬂ

30 LCROSS = .FALSE,
DO 60 LAY=1,NLAYS
Crmmm—f |RST COSMIC W1NDOW
C———-DON"T LOOK FOR “COSMIC™ HITS, IF NOT LCOSM
c OR COSMIC TRACK DOESN"T CROSS LAYER

IF E.NOT.LCOSH) GOTO 39

1F (RHOMIN.GT.RLAYER(LAY)) GOTO 39
C——————=£LSE COSMIC TRACK CROSSES THIS AND FOLLWING LAYERS

LCROSS = .TRUE.

IF (RHOVTX .LT. RLAYER(LAY)) GOTO 35
C——————COSMIC TRACK WMAY CROSS THIS LAYER WITHIN ERROR OF RHOVTX
c LOOK IN PHOVTX +— P1/4 FOR HITS

PHCSL (LAY) = PHOVTX
PHCSR(LAY) = PHOVTX
DPHCS(LAY) = P1/(4.°wwP)
GOTO 36
C—————COSMIC TRACK CROSSES LAYER
[~ CALC EXPECTED PHICOSM AND DPHICOSM
[+ NOTE, THAT MAX(DPHCS) =i (PI/A.g/(l OF R.M.S.IN PH1 WINDOW)
35 EPS = ACOS(RHOVTX/RLAYER(LAY))
PH:S_L%LAY; - PH]SIM§PHOVTK.EPS)
PHCSR(LAY) = PHISUM(PHOVTX,—EPS)

DPOOR = 1./SORT(RLAYER(LAY)**2 — RHOVTX=+2)
DPOOPR = DPODR=DRDP + 1.-DPOOP
DPODPL = DPOOR=DRDP + DPODP
DPHCS(LAY) = SQRT(((DPODSR*DSROTL+DPOOR=DRDTL ) *DTHETA 2
3 +( (DPOOSR=DSROTR+DPOOR=DROTR ) *DTHETA ) = =2
$ +(DPODPL *DPHIL )= =2+ (OPODPR*DPHIR) *=2
DPHCS(LAY) = AMINI(OPHCS(LAY),P1/(4.*wwP))
c . PHESL(LAY) . PHCSR{LAY) , DROP . DPOOP . DPHCS (LAY
c o, "PHCSL(LAY) ,PHCSR(LAY) ,DRDP ,DPODP.DPHCS(LAY) *../. H.9F7.2g
c
C=——CALC PHI WINDOWS (+— wwP=(R.M.S.))
36 WINDO = WWP=DPHCS(LAY) + DPHIT(LAY)/2.
CSRLOW = PHIDIF (PHCSR(LAY ) .WINDO
CSRHIG = PHIMIN(PHCSR(LAY )+W]1NDO,PHOVTX
CSLLOW = PHIMAX(PHCSL (LAY —wlnoo.Pnov‘rxg
CSLHIG = PHISUM(PHCSL (LAY) ,WINDO)
c
G NOW OF FAX1S WINDOW
39 IF {.NOT.LOFFX) GOTO 40
RRAT = RINML/RLAYER({LAY)

c
DPHOX1 = ABS{ASIN{ BI*RRAT = AI=SORT((1.-BI*RRAT==2}/S51})))
- + DPHIT(LAY)/2.
OX|LOW = PHIDIFEPH]I_DMH
OXIHIG = PHISUM(PHI],DPHOXI
(-

DPHOXJ = ABS(ASIN{ BJ*RRAT = AJ*SORT((1.-BJ*RRAT==2)/55J)))
. + DPHIT(LAY)/2.

OXJLOW = PHIDIF(PHIJ,DPHOXJ

OXJHIG = PHISUM PﬂlJ.DPHOXJ;

c
C———GET ALL TUBE HITS WITHIN PHI WINDOWS
40 LOFF=JTUBE { 1TUBE+LAY+1)

IF(LOFF .LE. 0) GO TO 60
LPT=1TUBE +LOFF
NHTSLY=JTUBE (LPT
IF(NHTSLY .LE. 0) GO TO 60
JMAX=MIN{NHTSLY, 160)

c LOOP THROUGH HITS WITHIN LAYER

RY

00 50 J=1,JuAX
W Ta PTe5e(J=1)
HITPHI=RTUBE (MPT+1)
C REJECTION OF LOW PULSEHEIGHY HITS
IF LAG~JTUBE (MPT+3)
PHT=1AND (MSKPHT , IFLAG) /65536
C MAKE SURE THAT TBPHMN IS NONZERO
PHRAT=PHT /AMAX 1 ( TEPHAN(LAY ), 20.)
IF (PHRAT.LT,PHRMIN(LAY)) GOTO 50
Cc
IF {.NOT.LCOSM .OR. .NOT .LCROSS) GOTO 44

c
C———L00K FOR “COSMIC" HITS OF LEFT TRACK
LCSL = CSLHIG.GE.HITPHI .AND. HITPMI GE.CSLLOW
IF ((CSLHIG-CSLLOW).LT.0.)
- LCSL = CSUHIG.GE.HITPHI ,OR. HITPHI.GE.CSLLOW
IF (.NOT.LCSL) GOTO 42
1F (LINV) GOTO 41
1CS{LATY) = 1CS{LAY) + 1
NICS = NICS + 1
IPTCS(LAY, ICS(LAY)) = MPT
GOTO 42
4 CONT INUE
JCS(LAY) = JCS(LAY) + 1
NJCS = NJCS + 1
JPTCS(LAY,JCS(LAY)) = MPT

LOOK FOR “COSMIC™ HITS OF RIGHT TRACK
42 LCSR = CSRHIG.GE.HITPHI .AND, HITPH1.GE.CSRLOW
1F ((CSRHIG—CSRLOW).LT.0.)
. LCSR = CSRHIG,GE.HITPHI .OR. HITPHI.CE.CSRLOW
IF (.MOT.LCSR) GOTO 44
IF (LINV) COTO 43
JCS(LAY) = JCS(LAY) + 1
NJCS = NJCS + 1
JPTCS(LAY_ JCS(LAY)) = WMPT
COTO 44
43 CONT INUE
1CS(LAY) = 1CS(LAY) + 1
NICS = NICS + 1
IPTCS(LAY, ICS(LAY)) = WPT

c
[ LOOK FOR “OFFAXIS™ HITS OF TRACK I
44 IF (.NOT.LOFFX) GOTO 46
LOX] = OXIHIG.GE.HITPHI .AND. WITPHI GE.OXILOW
IF ((OXIHIG-OXILOW).LT.0.)
. LOX] = OXIHIG.GE.HITPHI .OR. HITPH].GE.OXILOW
IF (.MOT.LOXI) GOTO 45
IOX{LAY) = IOX(LAY) + 1
NIOX = NIOX + 1
IPTOX(LAY.10X(LAY)) = wPT

c
c

LOOK FOR “OFFAXIS™ HITS OF TRACK J
45 LOXJ = OXJHIG.GE.HITPHI .AND. 11TPHI.GE.OXJLOW
IF ((OXJHIC—OXJLOW).LT.0.)
- LOXJ = OXJHIG.GE.HITPHI .OR. HITPHI.GE.OXJLOW
IF (.NOT.LOXJ) GOTO 46
JOX(LAY) = JOX(LAY) + 1
NJOX = NJOX + 1
JPTOX(LAY,JOX(LAY)) = MPT
c
c

LOOK FOR ~AXIS™ HITS OF TRACK |
46 LXI = XIHIG.CGE.HITPH! .AND. HITPH].CE.XILOW
IF ((XIMIG-XILOW).LY.0.)
. LX! = XIHIG.GE .HITPHL .OR. HITPHI.GE.XILOW
IF (.NOT.LXI) COTO 47
IX(LAY) = IX(LAY} + 1
NIX = NIX + 1
IPTX(LAY, IX{LAY)) = WPT
c
C———LOOK FOR “AXIS™ HITS OF TRACK J
47 LXJ = XJHIG.GE.HITPHI .AND. HITPHI.GE.XJLOW
IF ((XJHIG-XJLOW).LY.0.)
. LXJ = XJHIG.GE.HITPH] .OR. HITPHI.GE.XJLOW
IF (.NOT.LXJ) GOTO 30
C TAXE THIS HIT
JX(LAY) = JX(LAY) + 1
NJX = NJX + 1
JPTX(LAY,JX(LAY)) = MPT
50 CONT INUE

60 CONTINUE

RETURN

END
c
c
Cosessssssasssiananssnnusnasasatsssonannsnseressssnannnnasissscscsnans
c
c

SUBROUT INE MVETRC
c
C




€ MOVETRACK ROUTINC FOR OFFAXIS OPTION " PHIIMI(1) = PHIJuI(1=1) 4 STEP
c LOFFX = TRUE. » 10 CONTINUE
c
g L——aaOVT. SECOMD TRACK (AGAIN ONLY 1IN PHI)
FMACRO TAGTRKCM c
TMACRO TTUSCRCW 4% IF (NJX.LE.O) RETURN
:mcna THANALCM STEP = 2 *DEVSDPHIY / (NBINS-1)
C-—-—START OHLY FOR OFFAXIS OPTION E‘;';‘;‘El},‘n‘,’ﬂ;m‘ DEVDHLY
£ AND IF THERE ARE ENOUCH HITS AT ALL PHIJMI (1) = Prlym1(1-1) + STEP
IF (.NOT . LOFFX) RETURN 20 CONT INUE
IF (NIOX.LT.NOFFX2 .OR, NJOX,.LT.NOFFX2) RETURN c
IF (NJOX.LT.HOFFXM _AND. NJOX. LT . HOFF Xu) RLCTURN RE TURN
c END
CometOVE TRACK 1 (O4LY 1N PHI DIRECTION) c
c c
STEP = 2.DEV=DPHI1 / (NOBINS-1) Cesssssassssessanasennsacanstsssnsuntansnanssrasansssnnananesrasananes
PHIIMO(1) = PHICMO — DEV=DPHI] c
SNP!UO%I - smiwnmr;g c
CsPIMO{1) = COS{PHIImO(1 SUBROUT INE MVETRZ
RIMO(1) = ROALL=SNTHI c
DO 10 1=2,NBINS [~
PHIIMO(1) = PHIIMO(L=1) + STEP C  MOVLCTRACK ROUTINE FOR COSMIC TRACK 1
SNPIHO%I = SIN(PHIIMO 1;; C  LCOSH = .TRUE. 1
CSPIMO(1) = COS(PHIIMO(I C:
RIMO(1) = RIMO(1) c
10 CONTINUG TMACRO TAGTRKCW
g JOUACRO TTUSERCM
CommCALC BINS CN ORTHOGOMAL LINE TO TRACK THROUGH AXIS DATA DROFF/.2/
& FIX RSTCP SO THAT MAX OF R 15 RLAYER(1) AT FIRST CALL (DEV~WWP) e
RSTP = 2.*RLAYER(1)/(NBINS-1) = DEV/wwP I i.nonl.oosu) RETURN
RKMO(1) = RKCMO + RLAYER(1) = DEV/wwP IF (NICS.LT.MCOSM2 .OR. NJCS.LT.NCOSMZ) RETURN
Pﬂlkuﬂzti = PHICMO = SIGN(PI/2.,RKMO(1)) IF (NICS.LT.HCOSMM AND. NJCS.LY.1COSMd)} RETURN
SNPKMQ( 1) = SIN(PHIKMO 1“ c
CSPKMO(1) = COS PH:KHOEi C—— CALCULATE SIN AND COS OF ANMGLE DELTA BETWEEW SUPPOSED VTX ANO THE
0O 20 I=2.NBINS C  TEMPORARY BEST TRACK COORDINATES (R?CwMz,PH?CMZ)
RKMO( 1) = RKMO(1-1) — RSTP CSOPH = COS(PHICM2-PHICM2)
PHIFKMO(1) = PHICMO — SIGN(P1/Z..RKM0(1)) S1J = SORT(RICM2e=+2 + RJCWZee2 — 2.*RICM2*RJICMZCSDPH)
supmogli = SIN anuo&lg; c ADD OFFSET TO ERROR DR. FORCING DR > Q
CSPKMO(1) = COS(PHIKMO(]L DRI = knu.:.-zms CSTHI MF;-DTHL‘YA
20 CONTINUE DRJ = RBALL® wsfcsnu +OROFF ) *DTHETA
[ c
Com—tdOVE TRACK J (ONLY IN PHI DIRECTION) SWDE! = §a1cu2-a.1mz-csoﬁn /St
(34 NCEJ = (RJCM2-RICM2=CSOPH)/S1J
STEP = 2.+DEV<DPHIJ / (NBINS-1) CSDE] = SORT(1.,=SNDEl==2
PHIJMO(1) = PHJCMO = DCV=DPHIJ C5SDEJ = SORT(1,=~SNDEJ==2
SNP JMO 1; - SluEPHuuﬂ?” ¢
CSPJMO(1) = COS(PHIJMO(1 C——NOW THE SCALING FOR STEPS WITH COUBINED ERRORS IN PHl AND R
RJMO(1) = RBALL=SNTHJS € FIRST FOR TRACK }
DO 30 1=2,NBINS € (NOTE.THAT SIN(DELYAN)=:SNDE] CAM BE < O 1}
PRIJMO(]) = PHIJMO(I-1) + STEP S1= DRI*SNDE!
SNPMO(1) = SIN(PHIJMO IB S2= —DPHI | *RICM2=CSDE]
CSPJMO(1) = COS(PHIJMO(L C  CORRECT FOR THE RIGHT & LEFT TRACK HAVING DIFFERENT SIGN OF DR-Liwl
RJMO(1) = RJLO(1) 1F {LINV) S2==S52
30 CONTINUE S5= SORT(S12%2 + S52°°2)
C c
C==eCALC BINS ON ORTHOGONAL LINE TO TRACK THROUGH AXIS C——CALCULATE BIN VALUES [N PHl AND R FOR TRACK 1
¢ FIX RSTEP SO THAT MAX OF R IS RLAYER(1) AT FIRST CALL (DEV-wwP) DPHIMX = DEV = DPHIle® S1/SS
RSTP = 2.*RLAYER(1)/{NBINS=1) = DEV/wwP ORMX = DEV = DRI =« 52/5S
RLMO(1) = RLOMO + RLAYER(1) * DEV/wwP PHIST® = 2.*DPHIMX/ Nﬁms-:g
PHILMO(1) = PHJOMO - SIGN(PI1/2..RLMO(1)) RSTP = 2.+DRWX / (NBINS=1
sanmE1 = SIN PHILuoitgg | PHIIMZ(1) = PHICM2 — DPHIMX
csPLMO(1) = COS(PHILMO(Y SNPIM2(1) = SIH(PHHMZEIR
0O 40 1=2,NBINS csPIMz(1) = COS(PHIIM2(1
RLMO(1) = RLMO(1=1) = RSTP RIM2(1) = RICM2 = DRMX
PHILMO(1) = PHJCMO = SIGN(PI1/2..RLMO(1)) DO 10 I=2 NBINS
SNPLMO(1) = SIN(PHILHOSIB PHIIMZ(1) = PHIIMZ(1-1) + PHISTP
CSPLMA(1) = COS(PHILMO(L [ snPlu:zgt - SIN PHIIM2’!.;;
40 CONTINUE : CSPIMZ(I) ~ Cos(PHIIL2(1
c RIMZ(I) = RIM2(1-1) ¢ RSTP
RETURN 10 CONTINUE
END c
c C—SAME FOR TRACK J
c S1= DRJ*SNDEJ
c-'---....‘--n---olU-I-l------.-‘---cnc....cu---l-----c---.lo‘.---l--- sz_ DPHIJ'RJGHR‘CSDEJ
< C  CORRECT FOR THE RIGHT & LEFT TRACK HAVING DIFFERENT SIGN OF DR=DPHI
c IF (LINV) 52==52
SUBROUT INE MVETRY S5~ SQRT(S1e%2 4 S2=s2)
c c
¢ DPHIMX = DEV » OPHIJ® S1/5S
C  MOVETRACK ROUTINE FOR ONAXIS ( X=Y=0 ) TRACKING | DRMX = DEV * DRJ = S52/SS
Coneme PHISTP = 2+DPHIMX/ NBINS—-‘I;
c KSTP = 2+DRMX / (NBINS-1
TMACRO TAGTRKCM PHIJMZ(1) = PHICMZ = DPHIMX
TAACRO TTUSERCM SNPJM2 1§ - SlePHIJMZfl
c CSPJM2{1) = COS(PHIIM2(1 3
C—MOVE TRACK 1 (ONLY IN PH] DIRECTION) RJIM2(1) = RJCMZ — DRMX
c DO 20 I=2,NBINS
IF (NIX.LE.O) GOTO 15 PHIJM2(1) = PHlJMZ(I-1) + PHISTP
STEP = 2.*DEV=DPHI1 / (NBINS-1) SNPJM2(1) = SIN(PHINMZ IR
PHIIMI(1) = PHICM1 = DEV=DPMII csPumM2( 1) = COS(PHIJM2(1))
DO 10 1=2,NBINS RUM2(1) = RIM2(1-1) + RSTP



20 CONTINUE

RETURN
END
[
c
c...Aan------‘-------------.aqu------------.-.--.-.-o------------o----
c
€
SUBROUT INE COUNTO
c
C
c COUNTS HITS PHYSICALLY LOCATLD ON TRACK CANDIDATES ]
c FOR LOFFX = .TRUL.
C:
Cc

TMACRO TAGTRKCM
TMACRO TTUSERCM
TMACRO EQUIV
FMACRO TBANALCM
DIMENSION SPH1(B.40),CPHI(B,40).SPHJ(B,40).CPHJ(8,40)

IF (.NOT.LOFFX) RETURN
1F Eumx.n.wrrxz LOR., NJOX.LT.NOFFX2) RECTURN
IF (NIOX.LT.HOFFXM .AND, NJOX.LT.HOFFXM) RETURN
c
c PREL IMINARIES
NLAYS~=MIN(JTUBE (ITUBE+1).8)
CALL MOVZER{ONIO,.968)
c

DO 30 LY=1,NLAYS
NHITS = mx(u;
IF (WMITS.LE.O) GOTO 15
DO 10 [H=1_NHITS
MPT = IPTOX(LY,IH)
smtiu.lni-smﬁmuﬁ[{mi + 133
CPHI (LY. IH)=COS(RTUBE (MPT + 1
10 CONTINUE
15 NHITS = JDX(L\‘}
IF (NHITS.LE.O) GOTO 30
DO 20 JH=1,NHITS
MPT = JPTOX(LY,JH)
SPHJ LT_JH;-SIN RTUBE (MPT + 1
CPHJ(LY . JH)}=COS(RTUBE (MPT + 1
20 CONT INUE
30 CONTINUE

¢
C———FOR EACH BIN CALC DISTANCE HIT-TRACK
DO 140 N8l=1,NBINS
SPI-SrPIHDENBI
CPI=CSPIMO(NBL
RI=RIMO(NB])
DO 130 NBK=1,NSINS
SPK=SNPKMO MBK;
CPK=CSPKMO(NBK
RK=AGS (RKMO (NBK) )
c RKM) CAN BE < 0. 1§
CSOPH = CP|=CPK4SPI*SPK
SIK = sm‘rﬁal-oz + RK=*2 — 2.=RI*RK*CSDPH)
A = RI=RKe(SP]+CPK~CP]=SPK)
DO 120 LY=1,NLAYS
NHITS = 1OX(LY
¥ (ml‘rs.u:.oi GOTO 120
RH = RLAYER(LY
DO 110 1H=1 NHITS
SPH=SPHI (LY. IH
CPH=CPHI(LY.IH
8= Rx-nu-ispx-cm—cpx-spn
C = RH=R1*{SPH*CP1-CPH=SPI
DT = ABS(A+8+C)/S1K
C——————— 100K IF TRACK COES THROUGH TUBE (DT < TUBERADIUS)
IF (DT.GT.TRAD(LY)) GOTO 110
ONIO(NS1,NBK) = ONIO(NBI,NBK)+HWEI(LY)

110 CONTTNUE
120 CONT INUE
130 CONT I NUE
140 CONTEINUE

c

DO 240 MOJ=1 _NOINS
SPJ=SNPJMO HBJg
CPJ=CSPJMO(NBJ
Ru=RJMO (NG )

DO 230 NBL=1.NBINS
SPL=SNPLMO (NBL
CPL=CSPLMO(NBL
RL=ABS (RLMO(NBL))

c RLMO CAN BE < 0, |
CSDPH = CPJ=CPL4+SPJ*SPL
SJL = SORT(RJe*2 + RL=*2 = 2.*RJ*KL*CSOPH)
A = RJ=RL=(SPJ=CPL-CPJ+SPL)
DO 220 LY=1,NLAYS
NHITS = JDK(LY%
1f (NWITS.LE.O) GOTO 220

Ar

RH = RLAYER(LY)

DO 210 JH=1_NHITS
S?H—SPHJELT,JH;
CPR=CPHJ (LY, JH
B = RL*RH={SPL=CPH-CPL=SPH
C - RH-RJ-}SPH-CPJ—CPH'SPJ
DT = ABS{A+8+C)/SJL

[~ LOOK If TRACK COES THROUGH TUBE (DT < TUBERADIUS)
IF (DY.GT.TRAD(LY)) GOTO 210
ONJO(NEJ NBL) = ONJO(NBJ NBL)+HWET(LY)
210 CONT I NUE
220 CONT INUL

230 CONT I NUE
240 CONT INUE

RETURN
END
Cc
c
C-lI-l-l--l"!l'l--l.ll----..'-l----ll.l..ll'.‘--.-. ssssssRsssssssne
g
c
SUBROUT INE COUNT1
c
c:
C  COUNTS MITS PHYSICALLY LOCATED ON TRACK CANDIDATLS 1
C  FOR X=Y=-0 HYPOTHESIS 1
C=
[+

TMACRO TAGTRKCM
XKMACRO TTUSERCM

C———PRELIMINARIES
NLAYS=MIN(JTUBE (ITUBE+1),8)
CALL MOVZER(ON11,88)

IF (NIX,LE.C) COTO 110

c
C—TRACK 1:
DO 100 L¥=1_NLAYS
NHITS = EX(LY)
IF (NHITS.LE.O) GOTO 100
DO 50 IH=1.NHITS
c LOOK IF TRACK GOES THROUGH TUBE (DT < TUBERADIUS)

PHIHIT=RTUBE (IPTX(LY.1H) + 1)
DO 20 NB=1,NBINS
DT = ABS (RLAYER{LY) = SIN(PH] 1M1 (N8)-PHIRIT))
1F (DT.LT.TRAD(LY)) ONI1(NB) = ONII(N8) 4 rwE1(LY)
20 CONT INUE
50 CONT INUE
100 CONTINUE
[+

110 IF (NJX.LE.Q) RETURN
C—TRACK J:
DG 200 LY=1,NLAYS
NHITS = JX(LY)
IF (NHITS.LE.O) GOTO 200
DO 150 IH=1,NHITS
LOOK [F TRACK GOES THROUGH TUBE (DT < TUBERADIUS)
PHIHIT=RTUBE(JPTX{LY,IH) + 1)
DO 120 NB=1,NSINS
DT = ABS (RLAYER(LY) = SIN(PHIJM1(NB)-PHIHIT))
IF (DT.LT.TRAD(LY)) ONJI(NB) = ONJI(NB) + HWEL(LY)
120 CONTINUE
150 CONT INUE
200 CONTINUE

RETURN
END

[
c

Censescasssssssnssscssnasanssssssanssassnisssssanssensencestsasannstes

SUBROUT INE COUNT2

Tﬂ o0

C  COUNTS HITS PHYSICALLY LOCATED ON TRACK CANDIDATES |
C FOR LCOSM = ,TRUE. I
C

c
TMACRO TAGTHKCM
JMACRO TTUSERCM
XMACRO EQUIV
TMUACRO TBANALCM
DIMENSION SPHI(B.40),CPHI(8,40),SPHI(8,40) .CPHI(8.40)
c
IF (.NOT.LCOSM) RETURN
IF (NICS.LT.NCOSMZ .OR. NJCS.LT, NCOSM2) RETURN
IF (NICS.LY.HCOSMM .AND. NJCS.LT.HCOSk) RETURN

RS



£

c PRELIMINARIES
NLAYS=sIN(JTUBE(1TUBES1) ,B)
CALL MOVZER(ONIZ,1452)

c

DO 30 LY=1_NLAYS
NHITS = 1(:5(1.1;
If (NHITS.LE O) GOTO 135
DO 10 1H=% NHITS
WPT = IPTCS(LY,1H)
SPHI LY.lH;-S]HE!!‘(UBEEW'{ v 1
CPHI (LY, IH)=COS{RTULE (T 1“
10 CONT INUE
15 NHITS = JCS[LY;
1F (NKITS.LE.D) GOTO 30
DO 20 JH=1.NHITS
MPT = oPTCS(LY.JH)
SPHJ{LY,JH)=SIN(RTUBE(MPT + 1
anJ('_\*,JH;-cos aTuﬂ[ELPT + -B
20 CONT LNUE
30 CONTINUE
«
C———FOR [ACH BIN CALC DISTANCE HIT-TRACK
DO 140 NE1=1_NHINS
SP1=SNP M2 (NS
CP1=CSP 1M (N8I
RI=-RIM2(NB1)
DO 130 NBJ=1,HBINS
sm-snp.mzsNan
CPJ=CSPJMZ (NBJ
RJ=RJIMZ(NBJ)
CSOPH = CP1*CPJ+SP1°5PJ
Sld = smrgklnz + RJ==2 = 2.*R1=RJI*CSDPH)
A = R1*RJ*(SPL=CPI-CPi=SPJ)
f—————LOOP THROUCH TUBE HITS
DO 120 LY=1,NLAYS
RH = R\.A\'ERSLY
NHITS = 1CS(LY
IF (NHITS.LE.O) GOTO 111
C———— ——————FOR TRACK 1
DO 110 lH=1,NHITS
SPFPSPHIELY.IH
CPH=CPHI (LY. IH
8= RJ-RH'(SPJ-CPH-—CPJ-SPH;
L s KreR1e(SPH*CP1-CPHSP1
DT = ABS(A+B+C)/S1J
t—————————L0CK IF TRACK GOES THROUGH TUBE (DT < TUBERADIUS)
1f (DT.GT.TRAD(LY)) GOTO 110
ON12(NBI NBJ) = ONIZ(NBI ,NOJ)+HWET (LY)
ONIJ2(NBi NBJ) = ONLJ2(NBT,NDJ)+HWE T (LY)
110 COMTINUE
111 NHITS = .scs{ug
1F (NM1TS.LE.O) GOTO 120
[—— (e L e )
DO 115 JH=1.NHITS
SPA=SPHI(LY . JH
CPH=CPHJ L‘r_.mg
8 = RJ=RM=(SPJ*CPH-CPJ*SPH
C = RH=R1=*(SPH=CP1-CPH*SP!
D1 = ABS(A+B+C)/S1J
G 100K _IF TRACK GOES THROUGH TUBE (DT < TUBERADIUS)
IF {DT.GT.TRAD(LY)) GOTO 113
ONJ2(NB].NBJ) = ONJ2(NBI,NBJ)+HWEL(LY)
ONIJ2(NBI.NBJ) = ON1J2(NB1,NBJ)4HWE I {LY)
15 CONTINUT
120 CONT INVE
130 CONTINUE
140 CONTINUE

RETURN

END
|

i
.'-----..'--.-.-cc-.---‘.n.-------no.-u------u'-l----..---

sssssnsen

SUBROUT INE COGO

0o 00000

e

C CALCULATES THE CENTRE OF GRAVITY LN THEL ARRAY ONIO & ONJO |
C FOR OFFAXIS HYPOTHESIS ]
C IN ONIO(N) ARE OF HITS FOR TRACK 1 1
C IN ONJO(N) ARE OF HITS FOR TRACK J 1
[

c
KMACRO TAGTRKCM
FOACRO TTUSERCM

If (.NOT.LOFFX) RETURN
1F (N10X.LT.NOFFX2 .CR. NJOX.LT.NOFFX2) RETURN
IF (NIOX.LT.HOFFXM .AND. NJOX.LT.HOFFXM) RETURN

KACRO TTUSERCM
c

€ FLRST TRACK 1
IF (NIX.LE.0) GOTO 100

C
S1l=0.
$02=0.
DO 10 I1=1,NBINS
1F (ONI1(h1).LE.O ) COTO 10
ON = ONIT(11)==NEXP
S11 = SE1 + 11 = ON
502 = S02 + ON
10 CONTINUE
[

C-———CALC THE CENTRL OF GRAVITY
I &502.61,0.3 XMAX] = S11/502
IF {SOZ.LE.0.) XMAX] = (NBINS#1}/Z.

c

G IND CORRESPONDING R AND PHI VALLES

TF (XMAX].LT.1,) XMAXI=1.

IF ixmxl.c[.non(wms)) XadAY. 1 =FLOAT(NI3INS)-. 01

IBIN = INT(XAX])

OFSET = AMOD(XMAXI, 1.}

PHICM1 = (L.—OFSET)=PHLIMI(1BIN) + CFSET *PHIIMI(1BINST)

ROW TRACK |
100 IF (MJX.LE.0) RETURN

6 00

SJ4=0.

502=0.

00 20 JJ=1.HBINS
1F (OMJ1(J9).LE.0.) GOTO 20
ON = ONJ1(JJ)==NEXP
SJd = SJJ + JJ = ON
502 = S02 + ON

20 CONTINUE

c
C——CALC THE CENTRE OF GRAVITY
1F 502.01.0.; XWAX = SJJ/502

1 {502 .LE.0.) XMAXJ = (NDINSe1)/2.
c

IF (XMAXJ.LY.1.) XMAXJD=T.

IF {XMAXJ.GE .FLOAT(NBINS)) 0. AXJ=FLOAT{NBINS)-.01

JBIN = INT(XmAXJ)

OFSET = AMOD(XMAXJS, 1.}

PHJICMY = {1.—OF SET)~FHIJIM1 {(JBln) + OFSET=PHIJMI(JBIN+1)
c
c

RETURN

END
c
[
c-.....-.......-...--...-.............-..-.-.......--....-....-..u-....
¢

SUBROUTINE COG2
c
[om—

C CALCULATES THE CENTRE OF GRAVITY 1IN THE ARRAY ONIJ2Z
C FOR COSMIC KWYPOTHESIS

C IN ONIJ2(K,L) ARC § OF HITS FOR TRACK | & J

v

c
ZMACRO TAGTRKCM
TUACRO TTUSERCM
c

IF (.NOT.LCOSM) RETURN
IF (NICS.LT.NCOSM2 .OR. NJCS.LT.NCOSM2) RETURN
IF (NICS.LT.HCOSMM .AND. NJCS.LT.HCOSMM) RETURN
SI1=0.
SJJ=0.
502-0.
0O 11 11=1_NBINS
0O 10 JJ=1.NBINS
IF (On1J2(11,J3).LE.0.) GOTO 1C
ON = ON1J2(1],JJ)=*NEXP
SIL = S11 + 11 » ON
SJJ = SJJ ¢ JJ = ON
S02 = SO2 + ON
10 CONT I NUE
11 CONTINUE

<
C———CALC THE CENTRE OF GRAVITY
if (S02.LE.D.) GOTO 20
XMAX] = S11/502
XMAXS = SJJ/502
GoTo 21
20 XMAX] = (NBINS#1)/2.
XMAXS = XMAX]
21 CONTINUE

F142



C—— FIRST TRACK 1 AND CORRESPONDING ORTHOGANAL LINC
S11=0.
SKK=0 .
SO0=0.
DO 11 Il=1 NBINS
DO 10 KK=1,NBINS
IF (ONLO(11.KK).LE.0.) GOTO 10
ON = ONIO(11,KK)==NCXP
SIl = S11 + 11 = ON
SKK = SKK + KK = ON
SO0 = SO0 + ON
0 CONT INVE
11 CONTINUE

c
C——CALC THE CENTRE OF GRAVITY
1F (S00.LE.0.) GOTO 20
XMAX] = S11/500
XMAXK = SKK/S00
GOTO 21
20 XWMAXL = (NBINS+1)/2.
XMAXK = XMAX]
21 CONTINUE

c
C——F [ND CORRESPONDING R AND PHI VALUES
c TRACK 1:
IF (XMAXT.LT.1.) XMAX]=1,
1F (XMAX[.CE.FLOAT(NBINS)) XMAX]=FLOAT(NBINS)-.01
IBIN = INT(XMAX1)
OF SET = AMOD(XMAXI,1.)
PHICMO = (1.~OFSET)*PHIIMO(IBIN) + OFSET=PHIIMO(IBIN41)
RICMO = (1,-OFSET)*RIMO(IBIN) + OFSET*RIMO(IBIN+1)
c CORRESPONDING ORTHOGONAL LINE:
IF }mxx.u.n) XMAXK=1 .
IF (XMAXK .GE.FLOAT{NBINS)) XMAXK=FLOAT(NBINS)~-.01
KBIN = INT(XMAXK)
OFSET = AMOD(XMAXK,1.)
RKCMO = (1.-OF SET)*RKMO{KBIN) + OFSET+RKMO(KBIN+1)

[+
Com— NOW THE SAME FOR TRACK J
SJ4=0.
SLL=0.
S00-0.
00 111 JJ=1,NBINS
DO 110 LL=1,NSINS
If (ONJO{JJ,LL).LE.Q.) GOTO 110
ON = ONJO(JJ,LL)*=*NEXP
SJdJ = SJJ + JJ = ON
SLL = SLL + LL = ON
S00 = SO0 + ON
110 CONT INUE
111 CONTINVE

c
C——CALC THE CENTRE OF GRAVITY
1IF (S00.LE.0.) GOTO 120
WMAX] = SJIJ/S00
XMAXL = SLL/SO0
GOTO 121
120 XMAXJ = (NBINS+1)/2.
XMAXL = XWAXJ
121 CONTINUE

[
C——F IND CORRESPONDING R AND PHI VALUES
c TRACK J:
IF (XMAXJ.LT.1.) XMAXJ=1.
IF (XOMAXJ .GE .FLOAT(NBINS)) XMAXJ=FLOAT(NBINS)-.01
JBIN = INT(XMAXJ)
OFSET = AMOO(XMAXJ.1.)
PHJICMO = (1.-OF SCT)=PHIJMO(JBIN) + OFSET=PHIJMO(JBIN#1)
RICMO = (1.—OFSET)=RJIMO(JBIN) + OFSET*RJIMC(JBIN#1)
c CORRESPONDING ORTHOCONAL LINE:
IF §mx|..|.'r.|.) AMAXL=1,
IF (XMAXL.GE.FLOAT(NBINS)) XMAXL=FLOAT(NBINS)-.01
LBIN = INT(XMAXL)
OFSET = AMOD(XMAXL,1.)
RLCMO = (1.-OFSET)*RLMO(LBIN) + OF SET*RLMO(LBIN+1)

c

RETURN

(£}
<
Coeesssssssasarsansensesstssasasessasesensasscssssssansannnsssnsnnnnes
c

SUBROUTINE COG1
c
[omm—

C CALCULATES THE CENTRE OF GRAVITY IN THE ARRAYS ONI1 AND ONJ1
C FOR ONAXIS HYPOTHESIS

C IN ONI1 RESP. ONJ1 ARE § OF HITS FOR TRACK | & J

C

c
TUACRO TAGTRKCM

Lt INU LUNRL S UG e R A P VALULD
c TRACK 1:
TF(XMAXT. LT, 1.) XMAXI=1
IF (XMAX],CE .FLOAT(NBINS)) XMAX1=FLOAT{HBINS)-.01
181N = INT(XMAX])
OFSET = AMOD(XMAXI 1.)
PHICMZ = {1.-OFSET)=FHIIMZ(IBIN) + OF SET=PHI IM2( IBIN+1)
RICMZ = (1.—OFSET)*RIM2(1BIN) + OFSET=RIM2(181N41)
[ TRACK 1:
IF (XMAXJ.LT.1.) XMAXJ=1.
1F (XMAXJ.GE .FLOAT{NEBINS)) XMAXJ=FLOAT(NBINS)-.01
JBIN = INT(XMmaxJ)
OFSCT = AWMOD(XMAXJ,1.)
PHICMZ = (1.-OFSET)=PH1JMZ(JBIN) + OFSCT=PHIJM2(JBIN+Y)
RJCM2 = (1.-OFSET)*RJM2(JBIN) + OF SET=RJM2(JOIN#1)

RETURN
END

[

c

Gesssssansasssassncssatasssnancmnanstesssssunssnacssrsensanansasscssss

SUBROUT INE HMAXQ

LOOKS FOR THE R,PHI WITH MAXIMUM § OF HITS ON A TRACK
FOR OFFAXIS HYPOTHESIS :
IN ONI.OEH.N ARE § OF HITS FOR TRACK |
IN ONJO(M,N) ARE § OF HITS FOR TRACK J
OUTPUT: PHIOX,PHJOX,POXVTX, ROXVTX
HOFFX 1, HOFFXJ

oQoOO00O0O000 00

XMACRO TAGTRKGH
XMACRO TTUSERCW
THMACRO TEANALCM

c
IF (.NOT.LOFFX) RETURN
IF (NIOX.LT.NOFFX2 .OR. NJOX.LY.NOFFX2) RETURN
IF (NIOX.LT.HOFFXM .AND. NJOX.LT.HOFFXM) RETURN
c

MIDBIN = (NBINS+1)/2
NSIDE = MIDBIN-1
[MX = MIDBIN

KMX = MIDBIN
JMX = MIDBIN
LMX = MIDBIN

c
C TAKE THAT (PHI.R) WITH MAX § OF HITS FOR TRACK 1 (ONIO)

C IF THERE 15 NO SINCLE MAXIMUM, TAKE THAT NEARER TO MIDOLE RIN

C INITIALIZE WITH WORST VALUES
HOFFX] = Q.
MNDIF = NBINS=*2
0O 11 I1=1.N8INS
DO 10 KK=1 NBINS
ONDIF = ONIO(L1,KK) — HOFFX1
If (ONDIF) 10.8.8

B WIDIF = (11-MIDBIN)<=2 + (KK-MIDBIN)=*2
If (MIDIF .GE. MNDIF) GOTO 10
9 HOFFX] = ON10(11.KK)
X = 11
KMX = KK

WNDIF = MIDIF
10 CONT INUE
11 CONTINUE

c
C———DO NOT CONTINUE IF THERE ARE NOT ENOUCH HITS
IF (HOFFXI.LT.HOFFX2) GOTO 999
PHIOX] = PHIIMO(IMX)
ROXI = RIMO(IMX)
PHIOXK = PHIKMO(KMX)
C 111 RKMO MAY BE .LT. ZERO
ROXK = ABS(RKMO(KMX))

[+
€ TAKE THAT (PHI.R) WITH MAX § OF HITS FOR TRACK J (ONJO)

€ IF THERE 1S NO SINCLE MAXIMUM, TAXE THAT NEARER TO MIDOLE BIN

C INITIALIZE WITH WORST VALULS
HOFFXJ = O.
MNDIF = NBINSe=2
DO 21 JJ=1,M8INS
0O 20 LL=1,NBINS
ONDIF = ONJO(JJ,LL) — HOFFXJ
1IF (ONDIF) 20,18,19

18 MIDIF = (JJ-MIDBIN)==2 + (LL-MIDBIN)=*2
IF (MIDIF .GE. MNDIF) COTO 20
19 HOFFXJ = ONJO(JJ.LL)
JMX = JJ
LMX = LL

MNDIF = MIDIF
20 CONT INUE
21 CONTINUE

@Al



c
C-——0O0 NOT CONTINUE IF THIRE ARC NOT ENOUGH HITS
IF (M¥FXJ LT HOFFX2) GOTO 999
IF (HOFFX] LT HOFTXM AND HOF FXJ . LT, HOFFXM) GOTO 999
PHIOXJ = PH]JMO(JuX)
ROXJ = RJMO(JMX)
PHIOXL = PHILMO(LMX)

o RLMO WMAY BE LT. ZERQ
ROXL = ABS{HLMO(LMX))
=
C
G NOW CALC NCW (FHI_RMO) GF VERTEX AND PHIS OF TRACKS SEEN FROM VIX
<
Y11 = ROXI=SIN(PHIOXI
YJJ4 = ROXJ=SIN(PHIOXJ
YEK = ROXK=SIN(PHIOXK
YLL = ROXL=SLW({PHIOXL
%11 = ROX1=COS{PHIOXI
%JJ = ROXJ=COS(PHIOXJ
XKK = ROXK'COSEPHIDKK
XLL = ROXL=COS(PHIOXL
[+
YIK = Y1l = YKK
YJL = Y4J = YLL
XIK = X1I = XKK
WJL = XJJ = XL
YKAL = YKK=X11 = Y11=XKK
YLXJ = YLL=XJJ = YJJ=XLL
c
DET = YIK*XJL = YJLeXIK
1O VERTEX IF DET = O.
IF (DLT.EQ,0.) GOTO 999
XX - Ele’YLKJ - xJL-Ynxl}/DE1
YY = (YIKeYLXJ = YJIL*YKX1)/DET
c

ROXVTX = stm‘ﬁxx--z + YY==2)
POXVTX = AMOD{ATANZ(YY,XX)+P12.P12)
C CALCULATED NEAREST DISTANCE OF BOTH TRACKS TO BEAM AXIS
Al = Feoxwx-aoxl-s:n(mmx—vmoxi;
AJ = ROXVTX*ROXJeSIN(POXVTX-PHIOXJ
S1 = ROXVTX=e24ROX]=#2:-2. *ROXVTX=ROX] *COS (POXVTX-PHIOX1
SJ = ROXVTX®*2+¢ROXJ®*2-2. *ROXVTX*ROXJ*COS (POXVTX-PH10XJ
€ THIS 15 FOR AVOIDING DIVIDE CHECKS: Al.AJ ARL O ANYWAY IF SI,SJ=0.
1F ESI.LE.O. Sl=1.
IF (SJ.LE.O.) Sd=1.
RMEAR] = ABS&AIR/SDR'I%SI
RNEARJ = ABS(AJ)/SORT(SJ
€ DONT ACCEPT VERTICES MOT PASSING RHOCUTS
IF smxvu.ci.noxmx) GOTO 999
IF (RNEARI.LT.ROXMIN .AND. RNCARJ,LT.ROXMIN) GOTO 999
PHIOX = m%a‘lmzivm.xmgwxz.mz
PHJOX = AMOD(ATANZ{YJL,XJL)+Pi2,PI2
RETURN

c
C—- VERTEX HOT ACCCPTED OR NOT ENOUGH MITS, SET HITS EQUAL ZERO
999 HOFFX] = O

HOFFXJ = 0.
RETURN
END
c
c
Uu-----‘.l.------l.-Cu-------c-lu.-l--t.‘nlo'a------t.lo..-------c..--
c
{
SUBROUT INE HMAX1
c
<
C LOOKS FOR THE PHI WITH MAXIMM § OF HITS ON A TRACK
C FOR AXIS HYPOTHESIS
[of
(o]

YMACRO TAGTRKCM
FMACRO TTUSERCM
c
MIDBIN = (NBINS+1)/2
NSIDE = MIDBIN-1
INX = WIDBIN
JuX = MIDBIN

c
& TAKE THAT PHI WITH GREATEST f OF HIT ON TRACK
C If THCRE 1S5 NO UNIQUE MAXIMUM, TAKE THAT NEARER TO THE WIDDLE BIN
C BEGIN WITH TRACK 1
IF (NIX.LE.O) GOTO 25
PHIX = PHIIMI(Y
HAX1S] = ONI1 |;
MIDIF = WIDBIN - 1
DO 10 1B~-2.WIDBIN
IF (OWI1(1B) .LT. HAXISI) GOTO 10
HAXISI = ONI1(1B)
IMX = 1B
MIDIF ~ MIDBIN - iB
10 CONTINUE

DO 20 116=1,NSIDE
18 = MIDBIN + 1B
ONDIF = ONL1(18) - HAXIS]
IF (ONDIF) 20,1819

8 1€ (11B.CE.MIDIF) GOTO 20
19 HAKIST = ONL1(1B)

I = 18

WIDLF = §18

20 CONT IRuL
PRIX = PHLIMI(1MX)

CONTINUE W1TH TRACK J

Oooon

25 IF (NJX.LE.D) RETURN
PHIX = PHIJMI(1
HAX1SS = or«mﬁla
MIDIF = MIDBIN = 1
DO 30 1B=2 MIDBIN
IF (ONJ1(1B) .LT. HaXISJ) COTO 30
HAX1SJ = ONJ1(1B)
Jux = 1B
MIDIF = MIDBIN - iB
30 CONYINUE
0O 40 11B=1.WSIDE
18 = MIDBIN + 11B
ONDIF = ONJ1(1B) = HAXISJ
If (ONDIF) 40,38,39
38 IF (11B.GE.MIDIF) COIO 40
39 HAX1SJ = OnJ1(1B)
Jux = 1B
MIDIF = 11B
40 CONTINUE
PHJIX = PHIJMI(JMX)
RETURN
END

aooo

ISR e L I TR T LR LA R R LS Rl AR

SUBROUTINE HMAXZ

TO [z X3]

C LOOKS FOR THE R,PHI WITH MAXIMWA § OF MITS ON A ‘TRACK 1
C FOR COSMIC HYPOTHES]S |
C IN ON1J2(M.N) ARE § OF HITS FOR TRACK I & J ]
C CUTPUT: PHICS , PHICS , PCSVTX, RCSVTX  HCOSMI , 1iCOSMS 1

OLCRO TAGTRKCM
TMACRO TTUSERCM
LOGICAL LCSINV

c
1F {.NOY.LCOSM) RETURN
IF (NICS.LT.NCOSM2 .OR. NJCS.LY . NCOSH2) RETURN
IF {MICS.LY.HCOSMM .AND. NJCS.LT.HCOSHM) RETURN
c

MIDBIN = (NBINS+1)/2
NSIDE = MID8IN-1

1MX = MIDBIN

JMX = MIDBIN

[+
C TAKE THAT PHI WiTH MAX § OF HITS FOR BOTH TRACKS (on1J2)
© IF THERE 1S NO MAXIMUA, TAKE THAT NCARER TO WIDOLE BIM
C INITIALIZE wl1TH WORST VALUES

ONMAX

MNDIF = NBINS==2
00 11 11=1,NBINS
DO 10 JJ=1,NBINS
ONDIF = OMIJ2(11.J3) = Craaax
IF (ONDIF) 10.8,9

-] MIDIF = (I7-MIDBIN)==2 + (JJ-MIDBIN)=*2
1F (MIDIF .GE. WMNDIF) GOTO 10
9 Otax = ONIJ2(11,44)
o= 11
X = 39

MNDIF = MIDIF
10 CONT INUE
11 CONTINUE

c
& KEEP NUMBER OF MITS ON EACH TRACK FOR ROUTINE DECIDE
PHICST = PHIIM2(1MX)
RCS1 = RIM2(IMX
PHICSS = PHLIJM2 (JMX)
RCSJ = RJIMZ(JMX)
HCOSMI = ONI2 1ux.;uxg
HCOSMJ = ONJZ( IMX, JMX

SET 4 OF WITS EQUAL ZERO IF THERE ARE MOT CNOUGH HITS
17 ls&-lCOSu'l .LT.I‘COSHJ% GNTO ese
IF {HCOSMJ.LTY . HCOSMZ) COTO 993

AAL



1IF (HCOSMI LT .HCOSMM |, AND. HCOSMJ . LT . HCOSM) GOTO 999
(o
[
C CALCULATE MNEW RHOVTX AND PHIVTX AND PHI"S SENN FROM VERKEX
C FIRST LOOK AGAIN WHICH 1S THC RICHT AND LEFT TRACK 1M Pl
PHICSL = PHIMAX(PHICSI,PHICSJ
PHICSR = PH[H]N%PHICS] PHICSJ
LCSINV = PHIOPN(PHICSI ,PHICSY =PHIOPN(PHICSL ,PHICSR) .LT.0.

c
CSDPH = COS§PH]CSI-FHICSJ
SNOPH = SIN(PHICSI-PHICSJ
S1J = SORT(RCSI==2 + RCSJ=+2 = 2,=RCS]1<RCSJ=CSOPH)
SNDC1 = (RCSI-RCSJ=CSDPH)/S1J
DELT1 = ASIN(SNDEL)
c

RCSVTX = RCS1=RCSJ=ABS{SNOPH)/S1J
C REJECT VETICES TOO NEAR THE BEAM AXIS
IF gRCSVTX.LT.RCSMlNg GOTO 999
IF (RCSVTX.GT.RCSMAX) GOTO 999

1IF (LCSINV) GOTO 103
PCSVTX = PHIDIF (PHICS] . DELTI)
PHICS = PHISWEPCSVT!.PI/L
PHJCS = PHIDIF(PCSVTX.P1/2.
GOTO 106
105 PCSYTX = PHISUM(PHICSI ,DELYI)
PHICS = PH[D]F&PCSVT)(,PI;Q.;
PHJCS = PHISUM(PCSVTX.P1/2.
106 RETURN

c
C— NOT ENOUGH HITS, SET HITS EQUAL ZERO

HCOSMJ = O
RETURN
END
c
[+
Ceossnssnasscsnasnsncnsnssstoressssssanasssanananeancascstosssnsssnass
c
c
SUBROUTINE DECIDE
c
c

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

C TO BE USED FOR FITTING IN ARRAY ILYPT(M,NHIT)
C ILYPT(1.NHIT): LAYER ILYPT(2,NHIT): POINTER TO HIT
c-

Cc

TMACRO TAGTRKCM
TMACRO TTUSERCM
TMACRO TBANALCWM
IMACRO EQUIV

c
DATA SCSOXM /0./

NLAYS=MIN{JTUBE (I TUBE+1).8)
C—— RESET RESULTS

NHIT =0

NHITJ=0

Lx=.FALSE.

LOX=.FALSE.

LCS~.FALSE.

c

G CALCULATE SIGNIFICANCE FOR EACH HYPOTHESIS (AX1S,OFFX COSM)
SCOSM = O

IF (HCOSMI4HAXISI.GT.0.)
*  SCOSM = SCOSM + (HCOSMI-HAXISI)/(HCOSMI+HAXISI)
IF (HCOSMJ+HAXISJ.GT.0.}

*  SCOSM = SCOSM + (HCOSMJ—HAXISJ)/(HCOSMJ+HAX1SJ)
SCOSM = SCOSM/2.

SOFFX = 0.

IF (HOFFXI+HAX1S1.GT.0.)

«  SOFFX = SOFFX + (HOFFXI=HAXIS1)/(HOFFXI+HAXISI)
IF (ROFFXJ+HAX1SJ.GT.0.

« SOFFX = SOFFX + (HOFFXJ=HAXISJ)/(HOFFXJ+HAX1S)
SOFFX = SOFFX/2.

SAXIS = —AMAX1(SCOSM,SOFFX)

c
C——DECIDE OFFX OR COSMIC
SCSOX = 0.
IF (HCOSMI+HOFFX1.GT.0.)
+  SCSOX = SCSOX + (HCOSMI-HOFFX])/(HCOSMI+HOFFX1)
IF (HCOSMJ+HOFFXJ.GT.0.)
e  SCSOX = SCSOX # (HCOSMJ—HOFFXJ)/(HCOSMI+HOFFXJ)
SCSOX = SCSOX/2.

c
Co—— MAKE UP THE DECISION
LX = SAXIS.GE.SAX]SM
IF (LX) GOTO 200 F?/f

LES = SCS0X.GT.SCSOxM
IF {LCS) COTO 100

C—— F11 OFFAX1S
LOX = ,YRUE.
HHIT] = HOFFXI
HHITJ = HOFFXJ
C ———— CALC OF VTX AND PHI™S SEEN FROM VERTEX ALREADY DONE  IN FBAXD
RHOVTX = ROXVTX
PHIVTX = POXVTX

C LOCK FOR HITS LYING ON TRACK |
CSOPH = COS(PHIOXI-PHIOKK)
S1K = SORT(ROX1++2 + ROXK=*2 = 2. =ROX| *ROXK*CSDPH)
A = ROX1+ROXK=SIN(PHIOXI-PHIOXK)

C

DO 20 LY=1,NLAYS
C—————TRACK I:
NHITS = :ox(ug
IF (NHITS.LE.O) GOTO 20
00 10 IH=1,RHITS
WPT = IPTOX(LY.IH)
PHIHIT=RTUBE (MPT + 1)

B = ROXK*RLAYER(LY)*SIN PHIO)(K—PH]HIT;
c=- agmzn(u)-noxl-smszHn-pmon
c
DT = ABS(A+B+C)/S1K
I (DY.GT,TRAD(LY)) GOTO 10
G HERE WE HAVE A HIT ,STORE 1TS POINTER AND LAYER NUGLR
c IN ARRAY FOR HITS USED FOR FIT
NHITE = NHITI + 1
u.rp'rin_mm - Ly
ILYPT(2.NHITI) = MPT
10 CONTINUE
20 CONTINUE

c

C———hOW TRACK J
CSDPH = COS(PHIOXJ-PHIOXL)
SJL = SORT(ROXJ**2 + ROXL**2 = 2.+ROXJ*ROXL*CSDPH}
A = ROXJ*ROXL*>SIN(PH1OXJ—PHIOXL)

DO 40 LY=1 ,NLAYS
NHITS = JOX(LY
IF (NHITS.LE.Q) GOTO 4C
DO 30 JH=1,NHITS
MPT = JPTOX(LY,JH)
PHIH] T=RTUBE (MPT + 1)

B = ROXL*RLAYER({LY)=SIN PHIOXL—PHIH]YE
€ = RLAYER(LY)=ROXJ*SIN(PHIHIT=PHIOXJ
c
DT = ABS{A+B+C)/SJL
IF (DT.GT.TRAD(LY)) GOTO 30
C——————HERE WE HAVE A HIT ,STORE ITS POINTER AND LAYER NUMBER
c 1IN ARRAY FOR MITS USED FOR FIT
NHITJ = NHITJ + 1
JL'{PTE!.NH]TJ - LY
JLYPT(2.NHITJ) = MPT
30 CONT INUE
40 CONTINUE
RETURN

— 17 COSMIC

OoO0000

CALC OF VTX AND PHI"S SEEN FROM VERTEX ALREADY DOHE 1N HMAXO
100 RHOVTX = RCSVTX
PHIVTX = PCSVTX
HHIT] = HCOSMI
HHITJ = HCOSMJ

c

C—— LOOK FOR HITS LYING ON TRACK 1
CSDPH = COS(PHICSI-PHICSJ)
§1J = SORT(RCSI==2 + RCSJe*2 = 2,*RCSI=RCSJ=CSOPH)
A = RCSI=RCSJ=SIN(PHICSI-PHICSJ)

[

DO %20 LY=1,NLAYS
C—————TRACK 1:
NHITS = ICS(LY
IF (mns.u:.u? GOTO 111
0O 110 IH=1,NHITS
wPT = IPTCS(LY. IN)
PHIHIT=RTUBE (MPT + 1)

B = RCSJ*RLAYER(LY)*SIN PHICSJ—PHlang
C = RLAYER{LY)*RCSI*SIN(PHIHIT-PHICSI
c
OT = ABS(A+8+C)/S1J
IF {(DT.GT.TRAD(LY)) COTO 110
Qe —HERE WE HAVE A MIT ,STORE ITS POINTER AND LAYER NUIER
(o IN ARRAY FOR HITS USED FOR FIT
NHITI = NHITI + 1
a43



ILYPTF.NH!T] - LY
ILYPT 2,unn|; - T
1o CONT INUE
¢ ————1RACK J
1M1 NH1TS = JCS(LY)
IF (NHITS LE 0) GOTO 120
DO 115 Jr=1 ,NHITS
WPT = JPTCS(LY.JH)
PHIHIT=RTUBL (WPT + 1)

[
B = RCSJRLAYER(LY)*SIN(PHICSJ-PHINIT
C = RLAY(R(LY)-RCSI'SIN(PH1HIT-PH]CSI;
o]
OT = ABS(A«B+C)/S1J
1F (DT.GT.TRAD{LY)) GOTO 115
¢ __HCRE WE HAVE A HI1 ,STORE 1TS POINTER AND LAYER NUMOER
c IN ARRAY FOR MITS USED FOR FI1T
NHITJ = HHITJ + 1
JLYP'I’E\_NHITJ; - LY
JLYPT(2.NRITJ) = MPT
115 CONTINVE
120 CONTINUC
RETURN
c

c
CrmmmeF 1T AXLS
200 RHOVIX = O,
PHIVTX = O.
HHIT1 = HAXIE!
HHITJ = HAX15J
DO 220 LY=1,HLAYS
C—————LOOK FOR HITS LYING ON TRACK I
IF (MAXIS].LT HAXISM) COTO 211
NHITS = 1X(LY)
1F (HHITS.LE.Q) COTO 211
00 210 In=1,NHITS
WPT = TPTX(LY.IH)
PHIHIT=RTUBE (MPT + 1)
c DT 1S DISTANCE TRACK — TUBE CENTER
OT = ABS (RLAYER(LY) °® SIN(PHIX-PHIKIT))
IF (DT.GT TRAD(LY)) GOTC 210
G -HERE WE AAVE A HIT .STORE 1TS POINTER AND LAYER NUMOER
c IN ARRAY FOR MITS USED FOR PHIFIT
NHITD = NHITI 4 1
ILYPTi'I.MHITlg - LY

ILYPT(2.NHITL) = WPT
210 CONT INUE
C——m——TRACK J:
PR IF (HAXISJ.LT.M!ISM) GOTO 220

HHITS = JX(LY)
If (NMITS.LE.O) GOTO 220
00 215 JH=1 ,NITS
WPT = JPTX(LY.JH)
PHIHIT=RTUBE (MPT + 1)
c
DT = ABS (RLAYER(LY) = SIN(PHJX=PHIHLT))
IF (DT.GT.TRAD(LY)) GOTO 215
Co———————HCRE WE HAVE A HIT ,STORE ITS POINTER AND LAYER MUWMBER
¢ IN ARRAY FOR HITS USED FOR FIT
NHITS = NHITJ + 1
JLYPT(1.NHITJ) = LY
JLYPT(2.NHITY) = uPT
215 CONT INUE

220 CONTINUE
RE TURN
END
c
(ot
c----o-----|.---n-o-u------o------l¢------c.'n----c------copu---'-lo--
C
c
SUBROUTINE ZETREJ
(<]
c

€ -HEJECTS w1TS NOT TO BE USED FOR T AND THETA FITTING
C BECAUSE OF BAD Z OR LOW PULSE HEIGHT

C =FILLS R AND Z INTO ARRAYS USED FOR FIT

Com

c

TUACRO TAGTRKCOM
FMACRO TTUSERCM
ZMACRO EQUIV
FMACRO TBANALCW

[
DIMENSION RLEFF1(8).RLEFFJ(B)
DATA MSKZBD/Z00001 105/.MSKPHT/ZFFI’I’OOOO/.ZRES/.OA/
i
CALL MOVZER(ZPREL,964)
NLAYS—MIN(JTUBE (1TUBE+1) .8)
c
G FIRST CALC EFFECTIVE LAYER RADII

¥ (LCS) GOTO 13

w10 LY-l,NLAYS
m.arr'lsu) - RLAYER(LY)

RLEFFJILY) = RLAYER(LY)
10 CONTIHUE
GOTO 15
c
11 RCORRL = SORT({ AMax)( RHOVTX »=2-KROXK==2 ,0. )
1F {PHlOPN(PHIOX.F'HIDKK)-PH[OPN(PHIVTX.PHIOKK;,('-E 0.)
L RCORR! = —RCORRI1
ROORRJ = SORT( AMAX1( RHOVTX==2-ROXL==2 ,0. );
¥ (Pnlwntpwox.PHlotL)-FHIOPN(PH]VT:,PHIOIL .GE.0.)
L RCORRJ = —RCORRJ
DO 12 LY=1,NLAYS
RLAYZ = RLAYER{LY)==2
RLEFF L{LY) = SORT( AMAX1({ RLAY2-RO¥K=:2 0. %; 4+ RCORR]
R‘.EFE'JELY - SORTE ALAXY [ RLAY2-ROXL=*2 b 1 + RCORRJ
12 CONTINUE
GOTO 13
[+

13 CONT IHUE
DO T4 LY=1_.NLAYS
KRLAY2 = RLAYER(LY)®==2
RLEFF1 LY; - SORT( AMAXI( RLAY2-RHOVIXe*2 .0. ))
RLEFFJ{LY) = RLEFFL{LY)
14 CONTLNUE

c
2 REJECTION FOR TRACK 1

15 1F (NHITI.LE.Q) GOTO 40
DO 35 Nl=1 NHITI
C———15 THERE BAD Z OR LOW PULSE HEICHTT
IFLp.c—JTuBE(ILYPt(z.Nl)oS)
1F (1mn§usu:au.lruc;.m.'.o) coTO 24
PHT=1AND (MSKPHT , IFLAG)/63536.
PHRAT=PHT /AMAX1 (TBPHWN( LLYPT (1 N1)}.20.)
1F (Pnn.n.Lr.PmumuuPTu,nt))) COTO 34
(e ELSE CALCULATE PRELIMINARY ZET
NZ = NZ + 1
19Z(NZ) = NI
HA = RTUBE(lLYPl{!.N:)w?)'SNTHI - RLEFF1(ILYPT(31.N1})=C5THI
W8 = SHTHI = RUEFF 1{ILYPT(1,N1))/ROALL
IPREL(NZ) = HA/M3
cOTO 35
34 ILYPT(2.N1) = =ILYPT(2.H1}
35 CONTINUE

[

C NOW TRACK J
40 IF (NHITJ.LE.OQ) GOTO 43

DO 42 NJ=1,NRITJ

15 THERE BAD Z OR LOW PULSE HEFGHT?
IFLAG=JTUBE (JLYPT(2,NJ)43) a
IF (lmnéusr(zso.ln».c;.w..o) GOTO 41
PHT=1AND (MSKFHT . IFLAG) /65536
PnRA‘r-PHVMAm(TBPM(J:.YPTU JNJ)).20.)
1F (PHRAT.L'I..PHRHIN(JL\’PTU.NJ))) GOTO 41

>

C———-= ELSE CALCULATE PREL IMINARY ZET
NZ = NZ + 1
c 111 FOR TRACK J COUNT HITS MNEGATIVE (SEE BELOW)

1JZ(NZ) = =NJ

HA = RTUBE(JLYPT(2.NJ)+2)*SNTHJ — RLEFFJ{JLTP'!(:.MJ))-CS‘INJ
HE = SNTHJ - RLEFFJ(JLYPT(1.NJ))/REALL

ZPREL(NZ) = WA/HB

GOTO 42
41 JLYPT(2.8J) = =JLYPT(2.NJ)
42 CONTINUE

<
G LCOK FOR FAR AWAY ZET VALUES AND FLAG THEM IN LIZFAR k LJIFAR
c REJECTS ZET VALUES Of MITS, IF ZPREL
[+ (XING POINT OF STRAIGHT LINE BETWEEN BUMPMODULE AND WIT WITH AXIS)
[ 1S MORE THAN DZMAX AWAY FROW MORE THAN THE HALF OF ALL ZPREL™S
c
43 IF (NZ.LE.O0) GOTO 145
DO 45 I=1.NZ
NOUT = O

DO 44 J=1.NZ
DZ = ABS(ZPREL(1)-ZPREL(S))
IF (DZ.CY.DZMAX) NOUT=NOUT+1
44 CONT INUE
1F (MOUT.LE.NZ/2) GOTO 45
C————ELSE FLAG HITS (1JZ>0 MEANZ TRACK 1. 1JZ<0 MEANS 1RACK J)
I IJZEI .GE.O; LIZFAREIJZ(I);-.TRUE.

1 Lez(1).07.0) LazFar(=1az(1 J=.TRUE .
45 CONTINUE
c
C—— FILL TRACK ] HITS WITK POSITIVE POINTCR IN FITI

145 NF1 = O
IF (NWIT1.LE.O) COTO 142
DC 47 Ni=1,NHITI
IF ElLYPT(:.NI;.'_T,O) coTo 47
1F (L1ZFAR(N1)) GOTC 46 i



C————— CLSE TAKE THIS HIT FOR FITTING CCCCCCCCCCCCCCCCCCCCCCCCeeeeee
NF] = NF1 + C TRACK J 15 CHARGED-AXIS, TRACK 1 IS NEUTRAL-AXIS

FITI(1.,NFI) = RLEFFI1(ILYPT(1,N1)) C SET TRK I NEUTRAL
FITI(2,NF1) = RTUBE(ILYPT(2,N1)+2) 60 CALL NEUI
FITI(3,NF1) = 1, /(ZRES=TLENG(ILYPT(1,N1)))==2 C ARE THERE ENOUGH VAL 1D CHAMIER HITS FOR FITTING
COTO 47 IF (NFJ.LT.MINFI) COTO 70
46 ILYPT(2,N1) = =1LYPT(2.NI) CALL TRKJ
47 CONT INUE RETURN
C IF WEIGHT FOR Bua® MODULE SCT 0. DON™Y TAKE IT c ELSE DONT FIT BUT TAG THIS TRACK
148 IF (BuPwEl . LE.D.) GOTO 48 70 CALL TAGJ
c XVTX = 0.
C LAST FI1T POINT IS BUM® WMODULE YVIX = O.
NFl = NFL + 1 IVTX = 0.
If (.NOT.LOX) FITI(1.NF1) = SORT((RBALL=SNTH1)==2-RHOVTX**2) RETURN
IF ELOX) FITI(1.NF1) = SORT((ROALL=SNTHI)==2-ROXK==2) + RCORRI c
FIT1 z.NFI; = RBALL*CSTHI CCCCCCLCCCCCCCCCCCCceCCeeece
FITI(3,NF1) = BMPWEL/(RBALL*SNTHI=DTHETA)**2 C THIS ENTRY IS AS WELL FOR AX1S AS FOR OFFAXIS TRACKS 1
& € TRACK 1 1S CHARGED. TRACK J IS CHARGED
C—— FILL TRACK J HITS WITH POSITIVE POINTER IN FITJ C ARE THERE ENOUGH VAL1ID CHAMBER HITS FOR FLTTING TRACKS 7
48 NFJ = 0 80 CONTINUE .
IF (NHITJ.LE.C) GOTO 130 If (NFI.LT.MINF1 .OR. NFJ.LT.MINF]) GOTO B85
DO 50 NJ=1,NHITJ CALL TRKIJ
1F iaum(?.w .LT,0) GOTO 50 RETURN
1F (LJZFAR(NJ)) GOTO 49 55 IF (NFI.LT.MINF1) CALL TAGI
C———— ELSE TAKE THIS HIT FOR FITTING IF (NFJ.LT.MINF1) CALL TAGJ
NFJ = NFJ + 1 IF (NF1.GE.MINFI) CALL TRKI
FITJ(1.NFJ) = RLEFFJ(JLYPT(1,NJ)) 1F (NFJ.GE.MINFI) CALL TRKJ
FITI(2,NFJ) = RTUBE(JLYPT(Z,NJ)+2) IF {NF1.LT.MINF1 .AND. NFJ.LT.MINFI) GOTO 90
FITJ(I.NFI) = 1. /(ZRES*TLENG(JLYPT(1.NJ)))==2 RETURN
GOTO 50 c ELSE NO Z=-VERTEX
49 JLYPT(2,NJ) = —JLYPT(2.NJ) 90 XVTX = anVtx-Cosimlwx
50 CONTINUE YVTX = RHOVTXeSIN(PHIVTX
C IF WEIGHT FOR BUMP MODULE SET 0. DON"T TAKE IT ZVTX = 0.
150 IF (DMPWED.LE.O0.) RETURN RE TURN
c c
€ LAST FIT POINT IS BUMP MODULE o HE RE. COME'S. COSMI1C
NFJ = NFJ + 1 c
IF (.NOT.LOX) FITJ(1,NFJ) = SORT((RBALL=SNTHJ)==2-RHOVTX**2) E——IF THERE WERE MO VALID HITS CALL COSMIC TRACK TAGGED
IF (Lox) FITJ(1,NFJ) = SORT( (RBALL=SNTHJ }=+2-ROXL=*2) + RCORRJ 200 IF (NFI+NFJ.LT.MINF1) GOTO 210
FITJELI‘J = REALL*CSTHJ CALL FITLIN
FITJ(3.NFJ) = BMPWE]/(RBALL*SNTHJ*DTHETA) =2 CALL TRKCOS
c RETURN
RETURN 210 CALL TAGI
END CALL TAGJ
c € SET ZVTX EQUALS O.
e XVTX = RHOVTX+COS Pulwx;
C-.---.--..o.--ul-l----------l..'o..n--n--.---------o.o....-c-ll------ W'l'x - Hmwx.slu P‘Hl\l‘[x
c ZVIX = O.
c RETURN
SUBROUTINE CALFIT c
c C THE END-
e END
C -DECIDES IF TRACK SHOULD BE CALLED TRACKED,TAGCGED OR NEUTRAL c
C —CALLS APPROPRIATE FITTING ROUTINES FOR AXIS,OFFX AND COSMIC c-
C AND PUTS FIT OUTPUT IN COMMON NLCWTRK ¢
c SUBROUTINE TRKCOS
c [+
TMACRO TAGTRKCM C PUT THE FITTED VALUES FOR AN COSMIC TRACK INTO COMMON NEWTRK
TMACRO TTUSERCM c
c XMACRC TAGTRKCM
C——F IRST AXIS TMACRO TTUSERCM
IF iLCS GOTO 200 [+
IF (LOX) GOTO 80 DATA MSKTRK/1/
C LOOK HOW MANY TRACKS ARE CHARGED (HAXIS > HAXISM) c
IF (HAXISI.CE.HAXISM ,AND. HAXISJ.GE.HAXISW) GOTO 80 MSKPS] = MSKTRK
IF (MAXISI.LT.HAXISM .AND. HAXISJ.GE.HAXISM) GOTO 60 MSKPSJ = MSKTRK
1F (HAXIS!.CE.HAXISM .AMD. HAXISJ,LT.HAXISM) GOTO 40 THI = AMOD(ATAN(1./COTTH)+P1.P1)
[ C TRACK 1 & J ARE BACK TO BACK BY DEFINITION
CCCCOCCCOCCCCCCCCCCCCCCCCCeece TH = P1 - THI
C DON™T FIT AT ALL., SIMPLY TAKE DCCENT VALUES PHI = PHICS
CALL NEUT PHJ = PHJCS
CALL NEUJ 21 = COS(THI
XYTX = 0. 2J = COS(THY
YVTX = 0. Y1 = SIN(THI)*SIN(PHI
IVTX = 0 YJ = SIN(THJ)*SIN(PHJ
RETURN X1 = SIN{TH1)*COS(PHI
c XJ = SIN(THJ)*COS(PHJ
CCLELECCOCCCCCCCCCCCCClCCeee c
C TRACK 1 1S5 CHARCED-AXIS,. TRACK J 1S5 NCUTRAL-AXES XVTX = RHOVTX=COS(PHIVTX
C SET TRK J NCUTRAL YVIX = nuowx-smipmvrx
40 CALL NEUJ

IVTX = ZETVTX
C ARE THERE EMOUGH VALID CHAMBER HITS FOR FITTING

1IF (NFI.LT.MINF1) GOTO 50
CALL TRKI
RETURN
c ELSE DON“T FIT BUT TAG THIS TRACK
50 CALL TAGI
XVTX = 0.
YVIX = O.
IVTX = 0.
RETURN

Tﬂﬁn

SUBROUTINE TRKIJ
FITS TRACK | AND J TOGETHER WITH KINKED LINES AND MARKS THEM TRACKED
At

oo O

H2e



ZMACRO TAGTHKCM
TMACRO TTUSLRCM

DATA MSKTRK/1/
CaLL F1TRHK

MSKPS] = MSKTRK

THI = AMOD(ATAN{1./COTTHI)+PL,P1)
1F (LX) PHI = PHIX

IF ELox} PHI = PHIOX

71 = COS(TH!

Yl = SIN§1H1§-51H(PHIg

%1 = SIN(THI)=COS(PnI1

MSKPSJ = MSKTRK

THJ = AMOD(ATAN(1./COTTHJ}+P1.P1)
IF (LX) PHJ = PHJX

IF ELOK) PHJ = PHJOX

ZJ = COS(THJ
Yd = SlNgTHJE

XJ = SIN({THJ)=COS(PHJ

'SINSPHJ;
XVTX = RHOVTIX=COS(PHIVTX
YVTX = RHOVIX=SIN(PHIVTX
ZVTX = ZETVIX

RETURN
END

c

[+

[om—
SUBROUT INE TRKJ

FITS ONLY TRACK J AND WARKS IT TRACKED

ono O

DMACRO TAGTRKCH
KMACRO TTUSERCW
c

c

DATA MSKTRK/1/

MSKPSJ = MSKTRK
CALL FITLIN

XVTX = RHOVTX=COS(PHIVTX
YNTX = RHOVTX=SIHN(PHIVTX
IVTX = ZETVTX

THJ = AWMOD(ATAN(1./COTTH)+P1.PI)
IF Er.x) PHJ = PHJX

1IF (LOX) PHJ = PHJOX

24 = COS(THJ
Y = SINETHJ 'SINEPHJ
XJ = SIN{THJ)=COS PHJ;

(2]

RETURN
END

SUBROUTINE TRKI

FITS ONLY TRACK 1 AND MARKS 1T TRACKED

o000 000

JMACRO TAGTRKGM
TMACRO TTUSERCM

c
DATA MSKTRK/1/
c
MSKPS! = MSKTRK
CALL FITLIN
c
XVTX = mex-cosrmwx
YVIX = RHOVIX*SIN(PHIVTX
ZVIX = ZETVTX
c
THI = AMOD(ATAN(1./COTTH)+PI1,PI1)
1F (LX) PHI = PHIX
IF (LOX) PHI = PHIOX
21 = COS(THI
Y1 = SIN(THI)=SIN{PHI
X1 = SIN(THI -coszpm
c
RETURN
END
c
e
c
SUBROUTINE TAGJ
c
C SCYS TRACK PARAMETER FOR TAGGED TRACK J
o

FMACROD YAGTRKCM
CACRO TTUSERCM
C

UATA MSKTAG/6/

C IF OFFAXIS, TAKE FOR TACGFD TRACK PHIOFFX SEEN FROM (0.0.0)

C ELSE TAKE PHIAXIS
3 (mx{ PHJ = PHIOXJ
\F %LCS PAJ = PHICSJ
iIr (LX) PHJ = PHJX
€ FOR THETHA TAKE DCCENWT DIREGTION
THJ = ACOS(CSTHJ)
2J = CSTHJ
¥J = SNTHJ=SIN(PHJ
XJ = SNTHJ'CDSEPHJ
¢ PARTICLE STATUS MASK 1S TAGGED

MSKPSJ=MSKTAC
RETURN
END

C

T

c

SUBROUT INE YAGI

Cc
C SETS TRACK PARAMETER FOR TAGCED VRACK 1
c

TMACRO TAGTRKCM
XMACRO TTUSERCM
c

DATA WMSKTAG/6/

C IF OFFAXIS, TAKE FOR TAGGED TRACK Pril SEEN FROM (0.0.9)

C ELSE YAKE PHIAXIS

IF LOX; PHI = PHIOXI

1 (LCS) PHI = PHICSL

1IF (LX) PHI = PHIX

C FOR THETHA TAKE DCCENT DIRECTION
THI = ACOS(CSTHI)
21 = CSTHI
¥I = SNTHI=SIN(PHI
X[ = SNTH1=COS(PHI

C PARTICLE STATUS WASK IS TAGCED
WSKPS I=MSKTAG

RETURN
END

SUBROUT INE REUJ

O 000

C SETS TRACK PARAMETER FOR MCUTRAL TRACK J

c
MUACRO TAGTRKCM
JOMACRO TTUSERCM
c
DATA MSKNEU/O/

€ TAKE DCCENT DIRECTIONS FOR ALL PARAMETERS

PHS = PHIJ
THJ = ACOS(CSTHJ)
ZJ = CSTHY
Y - surru-smﬁmu
XJ = SNTHJ*COS(PHJ

C PARTICLE STATUS MASK 1S NEUTRAL

MSKPSJ=MSKREU
RETURM
ENC

c

po—

SUBROUT [NE NEUT

<
C SETS TRACK PARAMETER FOR NEUTRAL TRACK 1
c

TMACRO TAGTRKOM
JMACRO TTUSERCM

[
DATA MSKNEU/O/
€ TAXE DCCENT DIRECTIONS FOR ALL PARAMETERS
PH] = PHII
THI = ACOS(CSTHI)
2] = CSTHI

¥I = SNTHI+SIN(PHI
X1 = SNTHI*COS(PH]
& PARTICLE STATUS MASK 1S NEUTRAL

MSKPS | =uSKNEU
c

RETURN

END
=
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SUBROUTINE TRKOUT(1TR,JTR)

o 00

C WRITES RESULTS OF TRACKING [N COMMON EVENT
(o}

TMACRO TAGTRKCM

FMACRO TTUSERCM

FMACRO ECOQUIV

c
LOGICAL QCHGCB, QCHGTT,ONOT
DIMENS 10N MSKCOR(4) ,MRSTHI (4) MRSTLO(4)  MSKBEB(4)
DATA MSKCRG/7/ MSKNEU/ZFFFFFFF8/
DATA MSKCOR/Z00000C1F , 200001F00,2001F 0000, Z1F 000000/
DATA MSKBEB,/Z00000001,200000100,200010000, 201000000/
DATA MASTHI/ZFFFFFFOO,2FFFFO000, 2FF 000000, 200000000/
DATA MRSTLO/Z00000000, ZO00000FF , ZO000F FFF  ZOOFFFFFF/

NLAYS=MIN{JTUBE (1 TUBL+1),8)
RHEAD(49) = SAXI1S

oo

REPLACE VERTEX
RVTX(IVTX+9) = XVTX
RVTX lVTXt10g = YVTX
RVTX(IVTX#11) = ZVTX

REPLACING FOR TRACK 1
LTPT = ITRK{ITR)

o0 00

REPLACE PARTICLE TYPE
QCHGCB = MOD(JTRK(1TPT),1000) .GE. 100
QCHGTT = IAND(MSKPSI ,MSKCRG) .GT. O
IFACT = 0
IF (QCHGCE .AND. .NOT.QCMGTT) IFACT = -1
IF (.NOT.QCHGCB .AND. QCHGTT) IFACT = 1
JTRK(1TPT) = JTRK(ITPT) + IFACT=100
C REPLACE PARTICLE STATUS
IPSTEM = IAND(MSKNCU,JTRK(ITPT+1))
JTRK(ITPT#1) = lm(lPsr:u.usxpsng
C REPLACC TRACK DIRECTION
RTRK(1TPT42

RTRK(ITPT43) = YI
RTRK(ITPT+4) = Z1
RTRK(1TPT+5) = PHl

CELEYC BITS FOR TRACK | CORRELATED WITH HITS
IF TRACK 15 CB-NEUTRAL YOU CAN LEAVE IT
IF (.NOT.QCHGC8) GOTO 70
DO 60 LAY=1,NLAYS
LOFF=JTUBE ( I TUBE+LAY+1)
1IF(LOFF .LE. 0) GO TO &0
LPT=[TUBE+LOFF
NHTSLY=JTUBE(LPT
1IF (NHTSLY .LE. Q) GO TO 60
JMAX=MIN(NHTSLY, 160)
C———LOOP THROUGH HITS WITHIN LAYER
DO 50 J=1,JMAX
MPT=LPT+5=(J-1)
[ TRCOR=J TUBE (MPT+4)
DO 40 I=1.4
c GET CORRELATED TRACK NUMBERS FOR THIS HIT
ITRC = [AND(ITRCOR,MSKCOR(1))/MSKBBB(1)
IF (ITRC.NE.ITR) GOTC 40
c ELSE RESET THIS CORRELATION, SHIFT THE REST TO THE RIGHT
MSKH] = 1AND§JTUBE;LPT+4§.NRSTHI l;;/zss

aooo0

MSKLO = TAND(JTUBE (MPT+4) MRSTLO(]
JTUBE (MPT44) = [OR(MSKHI ,MSKLO)
40 CONT INUE
50 CONT | NUE
60 CONTINUC

NOW SETUP NEW CORRELATIONS FOR CHARGED TRACK I
0O NOTHING FOR NEUTRAL TRACK
70 IF (.NOT.QCHGTT) COTO 100

LOOP THROUGH POINTERS OF HITS USED FOR AXIS TRACKING
IF (NHITI.LE.O) GOTO 100

0O BO I=1,NHITI
MPT = ILYPT(2.1)
IS HIT USED ONLY FOR PHI (MHPT<0) OR BOTH FOR PHI AND THETHA(MHPT>0)
ITRCC = ITR + 32
1F (M#PT.GE.0) GOTO 78
MeT = - MiPT
1TRCC = ITR
78 1 TRCOR=JTUBE (MHPT+4)
ONOT = . TRUE .
DO 79 J=1.4
C FIND OUT WHICH BITS ARE ALREADY SET
IF (1AND{MSKCOR(J),1TRCOR).GT.0) GOTO 79
€ ELSE WE HAVE THE LOWEST FREE BYTE
JTUBE (MHPT+4) = JTUBE(MHPT+4) +MSKBBB(J)=1TRCC
@Y

o 00 000

(2]

ONOT = .FALSE.
79 CONT INUE

C IF THERE™S WO BYTE FREE, TAKL HIGHEST OnC
IF (ONOT) JTUBE (MPT+4) = JTUBL (MiPT44) +MSKBBB(4) = 1TRCC
B0 CONTINUE

c

c

C REPLACING FOR TRACK J

1060 CONTINUE

JTPT = 1TRK(JTR}

c

C REPLACE PARTICLE TYPE
OCHGCE = MOD(JTRK(JTPT),1000) .CE. 100
QCHGTT = IAND(MSKPSJ MSKCRG) .GT. ©
IFACT = ©
IF tocrcca LAND. .HoT.ocncﬂg IFACT = =1
IF (.NOT.QCHGCB .AND. QCHCTT) LFACT = 1
JTRK(JTPT) = JTRK(JIPT) + IFACT=100

C RCPLACE PARTICLE STATUS
JPSTEM = lANO(HSKNEU.JTRK(JTPTHg)
JTIRK(JTPT+1) = 1OR(JPSTEM, MSKPSY

C REPLACE TRACK DIRECTION
RTRK(JTPT+2) = XJ
RTRK(JTPT43) = YJ
RTRK(JTPT+4) = ZJ
RTRK(JTPT+5) = PHJ

c

C DELETE BITS FOR TRACK J CORRELATED WITH HITS

C IF TRACK 1S CB-NEUTRAL YOU CAN LEAVE IT

IF (.NOT.QCHGCB) GOTO 170
DO 160 LAY=1,NLAYS
LOFF=JTUBE (1TUBE+LAY+1)
IF(LOFF .LE. 0) GO TO 160
LPT=1TUBE4LOFF
NHTSLY=JTUBE (LPT
IF (NHTSLY .LC. 0) GO TO 160
JMAX=MIN(NHTSLY, 160)
C———1L0OP THROUGH HITS WITHIN LAYER
DO 150 J=1, JMAX
WPT=LPT+54(J=1)
JTRCOR=JTUBE (MPT+4)
DO 140 [=1,4
c GET CORRELATED TRACK NUMBERS FOR THIS MIT
JTRC = IAND(JTRCOR,MSKCOR(1))/MSKaB8(1)
IF (JTRC.NE.JTR) GOTO 140
c ELSE RESET THIS CORRELATION. SHIFT THE REST TO THE RIGHT
MSKH]1 = [AND(JTUBE(MPT+4 ,uzsn-u{l 3/255
MSKLO = [AND(JTUBE (MPT+4) MRSTLO(I
JTUBE (MPT+4) = [OR(MSKH1.MSKLO)

140 CONT INUE
150 CONT INUE
160 CONTINUE

NOW SETUP NEW CORRELATIONS FOR CHARGED TRACK J
DO NOTHING FOR NEUTRAL TRACK
170 IF (.NOT.QCHGTT) RETURN

LOOP THROUGH POINTERS OF HITS USED FOR AXIS TRACKING
IF (NHITJ.LE.O) RETURN

0o OO0 o060

DO 180 [=1,NHITJ
MHPT = JLYPT(2.1)
C 1S HIT USED ONLY FOR PHI (MHPT<O) OR BOTH FOR PHI AND THETRA(MPT>0)
JYRCC = JTR + 32
IF (MHPT.GE.O) GOTO 178
MHPT = = MHPT
JTRCC = JTR
178 JTRCOR=JTUBE (MHPT+4)
ONOT = . TRUE
0O 179 J=1,4
C FIND OUT WHICH BITS ARE ALREADY SET
1F (IAND(MSKCOR(J).JTRCOR).GT.0) GOTO 179
c ELSE WE HAVE THE LOWEST FREE BYTE
JTUBE (MHPT+4) = JTUBE (MHPT+4) +MSKBBE(J)=JTRCC
GNOT = .FALSE.

179 CONT 1NUE
C IF THERE™S NO BYTE FREE, TAKE HIGHEST OnE
IF (ONOT) JTUBE (MHPT+4) = JTUBE(MHPT+4) +MSKBEBB(4)=ITRCC
180 CONTINUE
RETURN
END
C
c
Ceesnscsnssssnscsnsnssscsscannns sasssssvyussssssss
[+]
c
SUBROUT INE CORRIR(1TR,JTR)
c
C THIS ROUTINE CORRECTS ALL IR TRACKS IN THE EVENT
C  TO THE NEW VERTEX BY CALLING THEM ONLY TAGGED AND
< TAKING THE DCCENT DIRECTION OF THE BUMPMODULE AS NEW DIRECTION
[+

A



FMACRO TAGTRKCM
TUACRO TTUSERCH
ZMACRO EQUIV
DATA usx‘ms:/l/,usxhc/l./,usms'l/zrrrrrrn:,t

NTRKS = JHEAD(44)
DO 10 I=1,NTRKS
IF (1.€0.17R .OR. 1.£Q.JTR) GOTO 10
1TPT = 1TRK(1)
¢ IF THIS 15 AN IR TRACK, IF CALL IT TAGGED
IF (IAND(HRK(HPT'\).HSKTRK).LE.0; coT0 10
JTRK lTPTﬂ% = [AND(JTRE(1TPT+1 JMSKRST)
JTRK(ITPT+1) = TOR{JTRK(1TPT+1)  MSKTAG)
1BLP = JTRK(1TPT+16)
CALL DCCENT( 16UP U V. W)

RTRK(1TPT+2) = U
RTRKE]TPT+3 -V
RTRK(!TPTQA% - .
RTRK(1TPY45) = AMOD (ATANZ(V,U)+P12.P12)
10 CONTINUE
RETURN
END
Cc
Cc
c---.o-----.----------‘--o.------o..----.-o.-------.-o-----qu---u-n.-
c
c
SUBROUTINC F ITKNK
[
€ FITS 2 KINKED STRAIGHT LINES USING LEAST SQUARES
C Y1 = COTTHI = X1 + ZETVIX
C Y2 = COTTHJ = X2 + ZETVTX
C INPUT: FITI(1,I) : X1 = RLAYER
c FITI(2.1) & Y1 = ZETHIT
c FITI(3.1) : wEIGHT

c
FMACRO TAGTRKCM
TUACRO TTUSERCM

C FIRST SUM UP ALL DATA
Wi=0.

X1=0.
¥1=0.
XX1=0.
XY1=0.
w2=0.
X2=0.
Y2=0.
XX2=0.
XY2=0.
0O 10 1=1,W1

w1l = W1 % FITI(3.1
X1 = X1 ¢ FITI(3,I 'FIIIEI.I;
¥1 = Y1 + FITI(3,1)=F171 2.1
XX1 = XX1 4+ FlTIiJ.l)-FITI(\.I;°°2
XY1 = XY1 + FIT] 3. 1)=FITI(1.1 F1T1(2.1)

10 CONTINUE

DO 20 I=1,NFJ

w2 = w2 + FITJ(3.1
X2 = X2 + FITJ(3,1)*FITd 1,1;
Y2 = Y2 + FITI(3.1)=FIT4(2.1
XX2 = XX2 + FITJ{J,I -FITJ%I.I ee2
Y2 = X¥2 + FITJ(3.1)=FITI(1.0 «F1TJ(2.1)

20 CONTINUE

[

C FIT CONSTANTS ARE:
W= Wl o+ W2
COTTHI= En-x:t-)n’z — AX1eX2eY2 = X1sX1°XY2 — XX1eX2°Y14 X1=X2XY1)
H J{wexx1eXX2 = XH1eX22X2 — X1eX1°XX2)
COTTHI = s*')ﬁ"l  le¥1 - X172 4 COTTHJeX12X2)/(W*XX1 = X1°X1)
ZETVIX = (Y1 + Y2 = COYTHI=X1 - COTTHJ*X2) /W

RETURN
END
C

C-"'-'--"'"--""'--“"“'"”""-""'-"-

sssscssssiessansssas

c
c
SUBROUTINE FITLIN
c
C FIT A STRAIGHT LINE USING LEAST SQUARCS
C ZETHIT = COTTHA = RLAYER + ZETVTX
C Y - A - X + B
C INPUT: FITI(Y.0) RLAYER (X
[ FITI{2.1) @ ZETHIT (Y
c FITI(3.1) : WEIGHT OF ZETHIT
c

JMACRO TAGTRKCM
TUACRO TTUSERCM
c

Sw=0.
SXwe0 .
SY=0,
SXX=0
SXY=0.

C FOR NOT COSMICS ONLY THE FI¥ AKRAY WITH NF > MINF1 1S CHOSCN

c

5}
[+

aon

tF s.NOT.LCS UAND. NFILLT.MINF1) GOTO W
iF (MF1.LE.0) GOTO W1
DO 10 J=1,MF1
SW o= SW rm$.\.|
Sx = SX + F171(3,1 -FHIEI.I)
sy = sy « FATI(3ader1TI(2. 1)
SXX = SKX + FIHE),I «FI1T1 I_lg--2
SXY = SWY + FITI(3.1)+FITI(V.] “F171(2.1)
10 CONTLNUE
11 IF (.NOT.LCS .AND. NFJ.LT.MINF1) GOTO 21
IF (NFJ.LE.O) GOTO 21
DO 20 I=%,NFJ
{11 FOR COSMICS YOU MAVE 10 SET RLAYER FOR ONE TRACK HEGATIVE
IF (LCS) FITJ(3.1) = =F1T3(1.1)
Swo= SW o+ FITI(I.0
SX = SX + fIIJ;S,l SFITJ(1,
SY = SY + FITJ(3,1)FITJ(2,
SXX = SXX + F:TJ%J.W-FITJE\.I%--Z
SxXY = SXY + FITJ(3.1)+FITI(1.1 SFITI(2.0)
20 CONTINUE

~——

F1T CONSTANTS ARE:
21 COTTH = (Sw=SXY — SX=SY)/(Sw=5XX - SX=S%})
ZETVTX = (SY = COTTHeSX)/SW

RE TURN
ENO

erassesse NOW SOME USEFUL ROUTINES FOR HANDLING PH1 VALUES ¢esvessess

CREATED 85/2/12 3Y

THE TWO ANGLES PH] ARE REGARDED AS TwC LINCS IN A UNITCINCLE
FORMING A “V™. THE DIFFERENT FUNCTIONS CALCULATE THE PHIL OF e
~LEFT LINE % 0 <= PHIMAX < 201

~RIGHT LINE : 0 <= PHIMIN < 2PI

=MIDOLE : 0 <= PHIMID < 2P1

—OPENING ANGLE: =1 <= PHIOMN < PL

=S : O <= PHISLM < 4PI

~DIFFERENCT H 0 <= PHIDIF < 2Pl

(2] nnnnﬂn.’)nnnnnnn

FUNCTION PHIMAX(PHI |, PHI2)

DATA Pl.'mrl/s.14159265:5.6.253155507/
PHI1 = AMOD(PHI1,.TWOP1)

IF (PHI1.LT.0.) PHI1=PHII+TWOPL

PHIJ = AMOD(PH12.TWOP1)

IF (PH1J.LT.0.) PHIJ=PHIJ+TWOPI

PHIOPN = PHII—PHIJ=INT((PHII-PHIJ)/P1)=TwOP]
IF (PHIOPN) 1.2.3

PHIMAX=PHIJ

RETURN

PHIMAX=AMAX1 (PHIL1,PHIJ)

i
;
:

000

«©

FUNCTION PHIMIN(PHIT, PHIZ)

DATA P1.TWOP1/3.1415926535,6.283185307/
PHII = AWMOO(PHI1, TWOPI)

IF (PHII.LT.0.) PHII=PHII+TWO?I

PHIJ = AMOO(PHIZ2.TWOP1)

IF (PHLJ.LT.0.) PHIJ=PHIJ+TWOP |

PHIOPN = PHI1=PHIJ=INT((PHII-PHIJ)/PL}=TWORL
1F (PHIOPN) 1.2.3

PHIMIN=PHI I

RETURN

PHIMIN=AMINT (PH1 T . PH1J)

RETURN

PHIMIN=PHIJ

RETURN

END

Wk o

(2] [sXade]

FUNCTION PHIMID(PHIT, PHI2)

DATA P1 LTWOP /3. 1415926535,6.2683183307/
PHI 1 = AMOD(PHIT,TWOR1)
A2



IF (PHI1.LY.0.) PHI1=PHII+TWOPI

PHIJ = AMOD(PHIZ, TwOP1)

IF (PH1J.LT.0.) PHLJ=PH]J+TWOP]

PHIMID =(PHI1+PHIJ=INT((PHI1=PHIJ)/P1)=TwOP1)/2
IF (PHIMID.LT.O0.) PHIMID=PHIMID+TwOP |

RETURN

END

FUNCTION PHIOPN(PHI1 PHI2)

0O 000

OATA P1,TWOP1/3.1415926535,6.283185307/
PHIY = AMOD(PHIT,TWOPI)

IF (PH11.LT.0.) PHII=PHI1+TwOP]

PHIJ = AMOO(PHIZ, TwOPI)

IF (PHIJ.LT.0.) PHIJ=PHIJ+TWOP]

PHIOPN = PHII=PHIJ=INT((PHII-PH1J)/P1)=TwOP1
RETURN

END

FUNCTION PHISUM(PH11,PHI2)

0o 000

DATA TWOP1/6.283185307/

PHISUM = AMOD(PHIT+PHI2,TWOP1)

IF (PHISUM.LT.0.) PrlSUM=PHISUM+TWOP]
RETURN

END

FUNCTION PHIDIF (PHIT,PHI2)

DATA TWOPI1/6.283185307/

PHIDIF = AMOD(PH11-PHI2,TWOPI)

1F (PHIDIF.LY.0.) PHIDIF=PHIDIF+TWORI
RETURN

ENO

o 000

c

c
Ceossassnsas THESE ARE THE MAGIC VALUES OF TAGTRK sesssccsssssscscsnss
c

BLOCK DATA

c
TMACRO TAGTRKCM
TMACRO TTUSERCM

c
c DEFAULT VALUES OF TRACKING OPTIONS
DATA LCOSM/.FALSE./., LOFFX/.FALSE./, LOUT/.FALSE./. LCUT/.FALSE./
DATA LIRCOR/.FALSE./
c
c DEFAULT OF TRACKING CUTS NOT DEPENDING ON CHAMEBER SETLP
DATA FAC2/.5/. SAXISM/-.1/
c
€  WEIGHT FOR HITS IN EACH LAYER FOR COUNTING HITS ON TRACK
DATA HeEl /.51,.51.6°1./
C  WEIGHT FOR BUMPMOOULE IN THETA FIT COMPARED TO DEFAULT SETTING
DATA BWPWEL/1./
c
€ CUTS FOR REJECTING HIT IN Z FITTING
DATA PHRMIN/B=1./, DIMAX/7./
c
€ MINIMAM NUMBER OF NOT Z-REJECTED HITS FOR FIT INPUT (ELSE TAG)
[+ INCLUDING BUMP MODULE IF BMPWEL.NE.O.
DATA WINFI/3/
c
C CUTS FOR RHOVTX OF OFFX/COSM TRACKING
DATA ROXWMIN/.7/. ROXMAX/7.4/, RCSMIN/.25/. RCSMAX/100./
c
c WIDTH OF WINDOW FOR HIT FINDING IN R.M.S. (WwP: PH1 / WwR : RHO)
c OF BINS FOR TRACK MOVING,
[+ OF CALLS TO MOVE TRACKS, RESOLUTION GAIN PER CALL
c DATA WWR/3./ , WwP/3./ . NBINS/7/ . NMOV/3/ . GAIN/2./
c EXPONENT OF J§ OF ONTRACK HITS FOR CALCULATION OF CENTER OF GRAVITY
DATA NEXP/4/
c

DATA P1.P1Z /3.1415927.6.2831853/ ,RBALL/45./ . DTHETA/. 040/
END

1. The COMMON EQUIV

aoO0O00

c

EOUIV COMON  On  CBPUBY 193 (1-DISK)

LAST UPDATE ON 831227

mod 850221 RBC moke rheod dimansionsd 1o 30 se forivs doesn'l
complain

COMJON/EVENT /ROAT (8000)
COLION,/CONST fJCONST (100) .RCONST (100)
CO80N,/SCRAT/SCR (200)
REAL*4 ENCR(1 .Mx(!),amn(l).ERES(i)_HSPNU).RmAﬂ(:o).RM{!)
REAL=4 RECTK(1 ,RTLBE?I),RTU’F),RUSEU).RAU!(\).RDAT_RCONST.SCR
INTECER JDA‘IF L JHEAD({30) , 1PT{100) .CREG(1) .BUMP (1), JRES(1 .JUSEEI;
INTEGER JVIX(1).JTRK(1),JSPK(1),JOmS (1), JECTK( 1), JTUBE(1 WTOF (1
INTEGER [RAW, IENCR.ICR, IBWP, 1SPK, IVTX, 1TRK 1;.1AUK,JAU¥.(1
INTEGER LRAW,LENCR,LCR, LEMP LSPK,LVTX LTRK(1),LAUX
INTEGER*2 RAW(1)
EOUIVALENCE (JHEAD(1),JDAT (1) [ENCR(1),RAW(1) ,CREG(1) . BLP(1),
2 JSPK(1).RSPX(1).RHEAD (1) RTUBE(1),JTUBE(1) RDAT(1))
EOUIVALEPCE(JRES('I),ERESEl;,JWx(I].JTRKU LRYTX(1).RTRK(1),
2 ROMS(1),JOMS (1) RECTK(Y JJECTK (1), JTOF (1) RTOF (1).ROAT(1),
3 JUSE(1).RUSE(1).Jaux(1),RAUX(1))
EQUIVALENCE (IPT(1) ,RDAT(31))
POINTER EQUIVALENCES
EOUIVALENCE (1RAW, IPT(1)). (1ENER, IPT(3)), (1CR.IPT(5)).
2 (18w, 1PT(7)).(1SPK, IPT(9)). (IRES, IPT(11)), (IVIX.IPT(13)),
3 (1MC,IPT(15)). (105, 1PT(17) .(Itcm.lptzn }
a4 (IFI1T,IPT(21 g_:nmc.lpr(:a 3. (1T0F  1PT(25)) . (1TRK (1) IFT(41)),
s (1UsL,IPT(27)).(1aux, IPT(29)
BLOCK LENGTH EQUIVALENCES
EQUIVALENCE (LRAW, 1PT(2)) . (LENER, IPT(4)). (LCR,IPT(6)).
2 LBIP.IF‘T(B; .(LSP«.lm(:o)g,(LRts,lp'ruz})_tLvu.wuu)),
3 (LMC,IPT(18)), (LORS. IPT(18 .(L[CTK,IPTEZO;;.
4 (LFIT,IPT(22 g,(nuec.wt(zn Y. (LTOF  1PT(26)) . (LTRK(1),IPT(71)).
5 (LUSC.1PT(28)). (LAUX,IPT(30) ’
AUXILIARY TRACK COMMON
COMMON/AUXTRK /| JAUX(64) . IRAUX (64) .LJAUX, LRAUX

CSee

Hy



5

The COMMON TBANALCM

Cc
c

THANAL

COwsa0n

VERS]ON FOR 1000 TUBES 840508

COMJON, TESE OM/NLAYER  NTUBL (10)
4 TPnlo(lo}.DPni':(lo},TRADEm LNTTUBS,JT0{10).1T1M0{10).
§ TEFHN(10) NTTIMS TBXTRA

COMA0N/TBCAL2/TEBPHI (100
3 TB1wP(2,1000), TBALPH
3 TBPHA(1000),T
DIMCNSION TBRPED1(1).TB

EQUIVALENCE

1
2
]

COMMON/TBRAWZ,/NWDO . TCDAT (2, 1000) , TCTIM(125)

T8PE0I(1
TBIMP1(1
TBALP1 (1
TEICAI (Y

28

LTBPED(1.1
LTBLe (11
LTBALPH(T,
LTBTCAL(Y,

;

1
1

NTUBCB(10) . RLAYER(10)  TLENG(10).

0), TBPED(2.1000) , TBCAIN(1000).
{2.1000), YBZCN(1000) . TELEN(1000).
BTCAL(3.125)

11 (1).TBALP1(1) , TBTCAI(1)

3. The COMMON TAGTRKCM

0D N0O000

1
28/07/85 603141411 LEMOER WAL TACTRKCM (CCntOn) FORTRAN

INTERNAL COMMONS FOR TAGTRK PROGRAM
CREATED B5/7/28 W

LOGICAL LIZFAR, LJZFAR LINV

COMuON TRINIT/ DEV,MOFFX2, NOFF X2, HCOSM2  NCOSML

COMUON /TRKPAR/ 1M00, SNTHI CSTH] PHIT DPHI]

- L JLO0 , SNTHJ ,CSTHY . PrilJ ,DPHIY

° LNV

COMMON JTRHITS/ lx(.e.)..lx(s).lPTxtu.w).Jr"rx(u_m)-utu.mx
.1ox a;.Joxﬁag.1!'10:%3_w}.wro:ga.w;,ulox.wox
“1cs(s) ics(8) . 1PICS (8. 40) . JPTCS(B,40) NICS, NICS

COMMON /MOVED/ mtlw{ng_mm 11;.PHI.J|-IQ 1" ,n.;w&n

- JPHI(11) R0 {11)  PHILLO(11)  RLMO(11

. TPHICMO, RIGMO, PHICMO  RICLD  RKCMO  RLOWD

COMUON /SOMVED/ smm:%n},csmm 11§.sm.m:(n§_csmwﬁng

- LSUPRMO(11) ,CSPa0 (11 LSHPLM) (11) , CSPLMO( 1]
CoMON MMOVET/  PHLIMI(11) PrluI(11

. LPHICMY , PHIOMY

COMON AOVER/ PH]qu(n).kmz(n).Pﬂuu&(n)_ﬁau:('ln

° _PHICM2 R1[M2 ,PHICH2 RICU2

COMMON /SOVE2/ 5NP1I~|2{1|).CSPILQ('I1},!.NF'JM2{1‘I).CSPJL\.':(1\)
COMMON fONTREO/ oNI0{11,11),0RJC(11.11)

COMION JONTRKY/ mnin)_cma[n)

COMJON /ONTRK2/ ON12 11,11).0002(10, 1) ON132(11.11)

COMMON /MAXB 1N/ MAX1ST . MAX1SJ HOFFX T, HOFF XJ, MCOSM]  HCOUML!
COoMuON NTXPHL/ PHLX . PHJX, PHIOX  PHIOX ,PHICS  PRICS

COMMON /NTXPOS/ RHOVTX PHIVTX

COMMON /TROVTX/ PH1CSI.RCS], PHICSJ. RCSJ

. _PH10X 1 ,ROX] .PHIOXJ .ROXJ  PH10XK [ROXK.PHIOXL ,ROXL
- " PHOVTX , RHOVTX, PCSVT X RCSVTX, POXVTX ROXVTX
comion JINTIT/ lLYPTEZ.SO).JLWT(?.BO).MIITI,WITJ

CoMION /REJZET/ ZPREL 60).12(60).L1ZFAR(60) ,LIZMAR(6D) N2
COMMON /F LTDAT/ FITI(3.30) ,PF1.FITJ(3,30) .

- LCOTTH,_COTTHI  COTTHS  ZETVIX

COMMON fTRVALY/ P1,P12 RBALL.DTHETA

00001300
0001400
00001500
00001700
00001800
Go001801
00001802
00001803
COU01804
C0001805
20001806
oCo01B10
0000181y
00001820
00007230
0000V 040
00001500
000C1910
00002000
00002010
00002101
00902110
00002120
00002130
00002140
0oc02200
00002303
00002104
00002305
0Do002307



4. The COMMON TTUSERCM

23/10/85 603141410 MEWBER NAME  TTUSERCM (COMMON)

COMON FOR TAGTRK PROGRAM TO BE INCLUDED BY USER
FOR A DCSCRIPTION LOOK INTO F31KOS.VTX.S(&COMDESC)
CREATED 85/10/23 wX . -

LOGICAL LOFFX,LCOSM, LOUT,LCUT,LIRCOR
COMMON /TROPT/ LOFFX,LCOSM,LOUT,LIRCOR
COMMON /TRCUTS/ HAX 1 SM, HOFF XM, HCOSMM, FAC2, SAXISM, LCUT

LOCICAL LX,LOX,LCS
COMMON /TRKNEW/ PHI THI X1.Y1,Z1
. P THY  XJ YD TS
LXVTX YVTX, IVTX
CDLON JTRSULT/ MXIS WFK SCOSM, L%, LOX,LCS
COMUON /PARTST/ HHIT], HHITJ MSKPS], MSKPS)

COMMOH /TREXPT/ HWE ] (8) ,PHRMIN(S) , DIMAX  MINF |, NEXP

. JROXMIN_ROXMAX _RCSMIN, RCSMAX
. LBuPWE | WWR WP NBINS MOV GATN
R

FORTRAN

00000000
00000200
00000300
00000500
00000310
00000500
00000700
00000800
00000900
00001000
00001100
00001300
00001400
00001500
00001310
00001520
00001600
00001700
00001710
00001800

I11. Description of the COMMON blocks

1. Description of EQUIV

This subset describes Lhe struclure ol the avent dala duffer,
Thin duffer is designed 3o Lhal, upon complelion of the desired slages
of analysis, it moy be simply wriltlen oul lo lape. wilh no reorronge-
ment or inaertion of doto from olher commona. To fulfill Lhis objec—
live ond save lope spoce, a8 well as core apace, Lhe buffer s
composad of o number of varioble length blocka of informotion (the
tiral block im fixed langth). A block of pointars is used to fing
one's way around in the buffar. For the progrommer/cabugger’s bene—
tit, the pointars aore nomed, via o sel of EQUIVALENCEn. The desnire
for transportobility to the online computer haa complicoled 1he wtruc-
ture mlightly, ond some compromiscs have been made 10 ochisve lhis
goal (s.9., the "bump qualily’ word is conailroined lo be ger, ond
o few words on Lhe POP must be INTEGLR=4). Most of these complico-
tions will be recascnably Lranaparent, becouse lhey are alrecdy loken
core of in o apsciol COMMON-DIMENSION-EQUIVALENCE file which lhe pro—
grommer aimply includes in his progrom (on the triplex, this filain
WYL.CH.FCP . DOCS(EQUIV), al DESY it is "104XTL.CB COMWON(EQUIV)').

For handy raference, thia file is included hare:

Cs-
C EQUIV COMMON  ON  CBPUBY 193  (I-DISK)
C  LAST UPDATE On 831227
c
COMJON /EVENT /RDAT (B000)
COMMON /CONST /JCONST ( 100) ,RCONST (100)
COMUON/SCRAT /SCR(200)
REAL*4 ENER(1).RVTX(1) . RTRK(1) ERES(1) ,RSPK{1) RHCAD(1) ROHSS(1)
REAL=4 RECTK(1 RTlﬂEEU JRTOF (1) ,RUSL(1) ,RAUX(1) ,RDAT ,RCONST  SCK
INTCGER JOAT (1) .JHEAD(50), IPT(100).CREG(1) Bl (1), JR£$2 ;
INTEGER JVTX(1 ,JTRK%I .JSPI((1).JMS(I).JECTK(!).JTLBE 1
INTEGER JTOF (1), JUSE(?
INTECER ]RJ\H.IEhER.ICR.IEIP.ISPK.IVTX.ITRK(I;.IAUK,JMJX(”
INTEGER LRAW,LENCR,LCR,LEMP LSPK, LVTX,LTRX(1) LAUX
INTEGER=2 RAW(1)
COUIVALENCE (JHEAD( 1), JDAT(1) ,ENER(1) ,RAW(1) .CREG(1) .BUWP(1),
2 JSPK(1).RSPK(1).RHEAD{1) ,RTUBE(1),JTUBE(1} .RDAT(1))
[OUIVALENCE(JRES{'I).ERES(I; LIVTX(1),JTRE( 1) RVTX(1) RTRK(1),
2 ROMS(1),JOHMS (1)  RECTK(1) ,JECTK(1). .Horh) RTOF (1) .RDAT(1).
3 JUSE(1).RUSE(1),JAUx(1) RAUX(1))
EQUIVALENCE (IPT(3).RDAT(51))
C POINTER EQUIVALEMCES
EOUIVALEMCE(lRAu 1PT(1)). (1ENER, IPT(3) ). (ICR,IPT(5)).
2 (IB-P,IPT(? lsm( 1PT(9)). (IRES, IPT(11)), (IVTX,1PT(13)).
3 (Iuc, tP‘tus lorus IPT(17)).(IECTK, lPT%\!
4 (IFIT,1PT(21 ) (1TuUBE, IPT(23 ) (170F , 1IPT(25
s (ITRK(1), 1PT(41)). (wsc 1PT(27)). (1AUX, 1Pf{zs})
€ BLOCK LENGTH EQUIVALENC
EQUIVALENCE (LRAW, 191(2)) (LENER,IPT(4)),(LCR,IPT(6)).
2 (LBwP, lPT(B LSP'C IPT(10)).(LRES. 197(12)) (LVTX.IPT(14)),
3 (L, ]PT('IG |.0ms 1PT(18 g (LECTK, :91240;
% (LF1T,1PT(22)). (LTUBE  1PT(24)), (LTOF . IPT(26
5 LTRK(I) 1PT(71)).(LUSE, 1PT(28)). (LAUX, lPr(:o))
€ AUXILIARY TRACK COMMON
COMMON/AUXTRK /1 JAUX (64 ) . IRAUX( 64 ) , L JAUX , LRAUX
Cge-

The major variable nomes ond their purpesc ore |isted beloa:

Array Nome Function
JHEAD Haadar block
1PT Pointer block
RAW Row data ('FASCOM")
ENER Energies in Nol crystals
CREG Connecled regions
BLP Bumps blochk
JSPK INTEGER=4 -pr.rh :I\o—b.r datc
RSPK REAL
JECTK INTEGER endcap lpork chmbu dole
RECTK REAL
JRES INTCGER*4 snargy residuols block pointers
ERES Energy reslducls block
JVTX INTEGER=4 -nuruhon vertex blo:L -ulu--
RVTX REAL
JTRK INTEGER=4 lroch banl( \ralucn
RTRK REAL
RDAT REAL anolysis ul

JDAT INTEGER*4 anclysis results

SCR Scrolch areo for temporary mlofoge
JTUBE INTEGER Tube chomber hil deoto
RTUBE REAL Tube chomber hit dota

JTOF INTEGER Time of flight doto

RYOF REAL Time of 1)ight dalo

JAUX INTEGER ouwiliory track dnin

A1l



RAUX RCAL nuxiliary track doto

1 JHEAD BLOCH

JHEAD( 1) = nuader of words 1n record
2 record Lype (=3 for physics svanta)

3 = svent type (bel pollern, meaning i3 dependent or Lhe kind
w1 dolo involved. 3ee =.9. the Goizer & lrion PRODUCTION
mamo)

= svent mtatus

foilure alotus

avenl number

fun number

nn[wé g = beom energy in MeV érgol)

9 wvent date and hour (yymmddnh)

10 = onolymis dale and hour (yymmddhh)

11 = firat IFAIL code

@ e
"

42 = loat IFAIL code
43 = icol, colibrotion § (JCAL=wOD(JHEAD(43),1000))
44 =~ number o! traocks in track bank
4% = hardware configuralion ward
Bit (power of 2) Meaning
o Tube chombera

1 Tube chomber x 1o be wsed in lrocking
2 Reserved for future tube chomber use
3 - - - “ "
4 DORIS andcop configurotaion

RHEADE.Bi = total enargy in MNal in MeV

RHEAD(30) = run number of merged DBM event (for Monts Corlo only),

volus of O means no DOM event hos been merged {0 lo
Stave Leffler, i.e. using DBMWRG)

A bit in the svent stotum word is set if the oppropriatle
phase of the onalysis has been compleled.

The foilure slotus word contoins 32 bits of information, whare
each bil correspondas lo en IFAIL code word, in sequence A
ditferent bit and IFAIL word are osaigned lor sach phose of the
analysins. A bit in the failure stolus
word is sel only il an error (IFAIL .NE. 0) hos occurred in that
phose of onolysis. See DOCS{FAIL) for o detoiled description of the
foilure codes.

11, IPT BLOCK

The IPT arroy conlains tha pointers necoded to find

way oround in /EVENT/. (Nole that thers ore occomionally
Linonal pointars in the blocks pointed to by these 1PT
pointers, e.g.. in the row doto block). The following is o
list of the IPT pointars.

STANDARD NAME DEFINITION ARRAY REFERENCED
1RAW stort of row doto buffaer (FASCOM) Raw
LRAW langth o
1ENER atart of energies ENER
LENCR length -
ICR stort of connectled regions block CREG
LCR fength
182 atart of bumps block BULWP
LBuP length
15PK atorl of spark chomber block JSPK ,RSPK
LSPK lengih
IRES stort of rasiducl energies block JRES ERES
LRES langth
IVTX stort of interoction vertex block JVTX RVTX
LVTX langth
e stort Monte Carlo block JMC  RMC
LMC langth
1ECTK start of endcop chomber bonk JECTK ,RECTK
LECTK langth
IF1T stort of SOUAW fit bonk
LFIT langth
1TUBE start of lube chomber block JTUBE ,RTUBE
LTUBE langth
1TOF stort of time of flight block JTOF _RTOF
LTOF tangth

1TRK(1) track bonk for particle f1 JTRK,RTRK

1TRK So) trock bank for particle §30
LTRK(1) length of record for particle

LTR (30) langth of recor¢ for particle §30
TAux start of complete ouxiliaory frock block JAUX,RAUX
LAUX langth - " = -

N B The above 2 pointers are onlv for

Al

uvee of |/0 roulines, Pointera 1o individual
Lrocks are deaCribed Lelow

Pointers ond lenglhs ore sel 10 tafo 11 the block does natl
exial. The "stondard” ncmes lor Lhe pointers are an allempl 10 nake

Lhe code more underslondable ond mare Consialanl among awbroulines

it ENERCY BLOCK

This block contoins the crystal energies in ENCR(IENER)
thru ENERLIENCRe79Y) .

v, CONNCCTED REGIONS (CONRLG) BLOCK

Altl words in Lhe connecled regions block are INTEGIR., The block
structurs followa:

NREG (f of conneciled regions)
= Nl = § modules in connacled raegion 1
= first modula in con. reg. 1

CREG(ICR )
*
t.uloz - N2 = f modules in con. ie9. 2

Vill. VERTEX DESCRIPTION BLOCK

Thim Block containe verlen informotion such an position
ond numbara of particlies.

RVTX,JVTX INDEX CONTENTS
IVIX+40 § of varticen
i pointer iv verlas number 2 {if it exists)
z vertex type:

0 means primory vartex
-1 means “junk®' verlex (for liockn nol originating
irom o physics vertex)

3 § of porlicles from verter

4 #§ ¢! charged particles from verlax
H] ’ of b of s~ from vartaex

6 of muons from verlex

7 § of gommos frem vertex

B # of neutral atrange parlicles from verter
9 X of verlex

10 T

i1 2

12 arror in X of varlen

13 Y

14 Z

15 X=Y correlotlion

16 Y-Z correlotion

The first vertex im always the primary verlen. Additional
vertices eoch have o block like the one agbove, sxcept that the
“f of vertices™ word is reploced by the length of lhe varfex
block.

IX. PARTICLE TRACK BANK
Each particle found is described dy o record In the
trock bank. The pointar to the Ith particle is given by
ITRK(I). The following describes the doto struclure
for the lth porticle.
JTRK ,RTRK Index Contents

TTRK(1)+C "particle type”
+1 porticle stotus

+2 x dirsction comine =sin(ihelo 'cos(phi;

3 ¥ =sin{theto)*sin(phi

4 ] =cos(thato

5 phi  (ozimuthal ongle obout buam)

[ srror in co-(lh-log

7 error in phi

-] col(lhalug-—phi corralalion

8 vertex §

10 energy colculated occording to method f1 « forget it

" ENER13 anergy (implemented 300411) - best Tor shower,
ME8: nonzero even for not correlcled charged Lrachs |

12 ESORT energy = nonrero for reutrals ond corrsloled
tharged tracks

13 ehing or contldanca level

14 nearesl connectes region number (0 i none)

5 mecrentl bump nuwber in conneciled region (0 il none)

nearant bump modula § - um calls to ENEHIY
IPUON = gointer to mrdgte traversed infnrmnt inn

Azl




0 SuDmOQule entered (1-10)

19 COS{ongle to neoresi bump module)

20 w0r@ 1 of trocking chomoer tiags [(nol ltully imple-

21 2 mented 1or old chomber melup;

22 3 for use with tubes sec below)
1PMOD N0 = § of modules lraversed

1 § of firsl module trovermad

+ 2 poth lenglh in firal module

+2+M20D-1  lost module troversed
+ 2= haa00 polh lengin in lostl module

The vertex number gives bolh the initiel vartas for o
particle ond its end vertex (i1 ony, e.g., for a slronge particla) :
VERTEX § = INITIAL VERTEX § + 100-END VERTEX §
The verlen §"8 correspond to Lhe ordering in the intaraction
descriplion block (e.Q., the primary evenl verlex is alwaoys
vertex § 1).

The “particle type” describes, a3 far o3 known, whol kind
of particle sn involved. The particle typs code is as follows:
Note: this is TENTATIVE —

Let PT staend for the particle lypo word.

10000 <= PT particle is not from e+e— inleroction
(e.g.. "junk’ trocks found in endcap chamber
routine foll into this cotegory. These
Lrocks moy, of course, have somsthing to do
with the evenl am shower leokoge from the
bol! tunnel modules.)

1000 <= PT < 10000 ossocioled wilh e+e— interaction, but
not from the primary vertex (e.g..
particle is o strange decoy product)

0 <= PT < 1000 particle from primory vertex

PT modulo 1000 >= 100 charged porticle
< 100 neutrai porticle

PT modulo 100 = 1 gommo of eleclron
2 muon
3 minimum ionizing in ball
4 nol minimum ionizing in ball
10—19 atraonge particle
1 kaon
12 lomda
13 sigme
20=-39 hadron, other thon identifiad slrange
20 pion

40-49 remorved for PIFIT

For axomple, PT=1 is o gommo from the interaction, PT=101
i3 on alectron from the interoclion, ond PT=10101 is an
exlrgneous eleciron, nol os3zocioled with lhe event.

The porticlie stolus correlaotes the parlicle with Lhe hordwore
and softwore in which it is found/studied. The bits in this word
hove the following meonings:

STATUS WORD BIT MCANING WHEN SET
(power of two)
o ( 1) Trock is found in IRTRKS (centrol WS chonmbers)
or TBTRAK (lubs chombers)
1 ﬁ 2; Tagged charged by OFFTAG, JCEOM=1 —>
2 4 —

2
Note - if togged with ICEQM=3. then both of
the obove bils are set.

3 ( 8) Meutrol = PIFIT treck
Charged - reserved

4 16 ESORT bit 1

5 32 2

6 64 3

7 128 @ tkiit to this track wos atlempled from offtag

a 256 of ftog=tkfit it succeanful. ond trach passes
within RZMIN of the x=y=0 line.

-] E 512; OHS flog — match found up to OHMS plone 6

10 1024 OHaS flog — motch found in plones 7 or B

Note — if both 9 and 10 set, then molch was
found in plones 9 or 10. 1f bit 10 is
sal, aond molches were found in al leost
% plones, then track is colled o muon
(type 102).

11 ( 2048) TOF flag = motch found with time of flight countar

and within cosine 0.87

The connscled region., bump and bump module numbers are set
negotive for o.charged trock whenever the trock has not been
found to be correloled with the corresponding quantity

Rle

Trocking chomber floga

The trocking chomber flags 010w one to see caoctiy which
hitm hove been correloled wmith Lhe trock (ot teost for the central
chambars) Ffor the centrol chambers ihe alructure s os follows:

word 7 - inner spark chombar

2 - ouler spark chomber

3 - piopartional chomber
hin each word, one byte per plons is ollocoled, the moal mig—
nificent byls corresponding 10 lha innermoat plone. The byte
containe the numbar of the “row’ In thes spork chombar bank where
ihe nil correloled with the trock occurs, If the byle is zaro, il
maons that no hil hos been correloted wilh Lhe trock for this plone.

For runs with tube chombers only 1 byle is used for soch layer.
The most significont byle of ward 1 is for 1he innermo loyer and
tontoins the numbar of the hit within the layer ossociated wilh
1he 1rock. 1t 2ero no hil in this loyer is ossccioled. Ths sscond
byle im for the naxt loyer and mo on. For 6 laoyers only 1 and 1/2
worda orfe used.

X1. Tube Chomber Bilock

The tube chombur Llock contoins informolicn wboul Lhe phyaical
localions of hits in the tube chombers. Tha slruclure is as followa:

WORD CONTENTS
JTUOE (1 TUBE ) tube chomber colibraticn number
+1 # of loyers (NLAYER)
+2 offset t1or layer § 1 (LAYOFF(1))
3 2 2
+NLAYER#1) NLAYER  NLAYER

Mote: If there are no hits in layer f 1, then LAYOFF(}) = O.
Let LAYPT(1)=I1TUBE+LAYOFF(1) in the following:

JTUBE (LAYPT(1) ) § of hits in layer § 1 (HHITS(1))
*1 phi for hit 1 in loyer §1
+2 T
+3 flag = = = = = -
Tha high 16 bite of tha flog word conlain
the hil pulse height (i.e the sum of the
pulse heighta ot the two ends, padeatol
subtrocled).
The lowssl byte conloins Lhe wire number
within the loyer.
The second lowestl byte contains flog dits
with meanings:
Bit 8 = reconstructed z is larger thon
tube holf-length, or is unralioble
for some other recson (a.g. hard-
ware problems).
9 — pulse height gt 4000.
10 = only tube in group of B that fired
11 = supposedly decd tube (TEPHA(MT)=0)
12 = bed 3 Tlog.
One omplifier dood or domaged (only
the PHI informotion is wvolid): it is
olso mel il for ony regson the pulnme
halght information known to be
unreliable.
13 = 6 or more tubes wilhin the swome group
of sighl have hits in ths tube block.
+4 trock numbers for trocks which oreconsidersd
10 be correloted wilh this hit. The track
numbers are packed one/byle. lowest first,
ollowing for up to 4 tracks for o single hit.
It the z coordinate also correlgtes then 32
in odded te the track § before plocing It In
the appropriate byle.
+5 row pulse height informotion ( NOT pedestal
sublrocted ). The upper two byles contaln the
pulse height for the -Z end of the wirs while
the lower two bytes contain the pulae hsight
for the +Z end (both are 1+2 words).
+6 phi for nit #2 In loyer §1

Immedictely lollowing the Ril informalion for aoch loyer ie the tliming
informotion tor thet loyer.
let ITIMPT(I)=LAYPT(])145=NHITS{1)47 in the following"

A1l



JTUBL (1T1@T( 1) ] § of groups of B «n loyer | which hove ot
least one it (NEMIT(1)) 2. Description of TTUSERCM
1 1iming word for {irat group o' 8 in layer |

wilh al legsl one hit

.2 hars o desciiplions ol TTUSEROM comnon bloces uned in Vallle
second (enly «. ond 11, era reolly important for uss)
. . for interested people Lhare are alao hinls to wubtout inas
whare thess voricbles ore set.colculoted or used

~NOHIT(1) lont i. user oplions ond culs
default values are sel in CUTSEY resp TAGTRRED)

The low byle of 0 timing werd contoins Lhe group of B numbes. 2!!\-; are used in nearly all subroulinas)

The neat higher 4 bits conloina the number of tubes wilh hits in

the group of 8  Tne nign 16 bits of the ward contoina the timing LOGICAL LOFFX, LCOSM, LOUT,LEUT, LIRCOR

information token directly from the row dule (range 1-8191). COMJON /TROPT/ |LOCF X, LCOSM, LOUT

COnaOn /TRCUTS," HAX | SM, MOFF Xod, HCOSMM , F ACZ , SAX 1 SM, LCUT

LOFFX : offosis troching awitch (defoull: folse

LCOSM : commic tracking “.uh defoult, luu-g

LOUT : renults written out event buffer (defoull: falae)

LIRCOR: @il other IR tracks the sven! ore also correcled
1o the new zvtx by colling them toggyed ond toking
the bLump module direchion

LCUT : usar choses own cuts on tracking (defoult: falss)
if you sel LCUT= trua, you have (I1) to spucify o | |
following parometers (they ore nol set otherwise)

HAX]SM, HOFFXM, HCOSMM
(—> hite in the two innermost loysra ars counted .3
according to HWWE]

HAX1SM: minimws § of hits for calling on onoxla track chorged
{defaull fer LCUT=folse (3chubr/4cimor-setup): 1.5/2.5)

HCOSMd: minimum J of hits on ot lscst one coamic halftroek
to toke cosmic hypotlhesia into account
(the other halfirock has to have of least HCOSMMeFAG2 hits)
(a-lauu for LCUT=false (3chmbr/dchmbr=satup): 2.0/2.5)

HOFFXM: minimum § of hite on ot leowt one offaxis trock

to loke offoxia hypothesis into account

the othar truck has 1o have ot leost HOFFXMeFAC2 niu;

E afoult for LCUT=Talae (Schnhv,ﬂclu-br—l.luo! 3.0/3 5

multiplicotion foclor for getting minimum § of hits for

2nd truck in offs/cosm hypolhesis (ses above)

selting FAC2 to 0. allows offuxis trocking with only cus

trock heving hits flM second is atill called togped!)

(defeult (r.-ll

J SAX1SM: mininum onaxis signif

{=1. <= soxia <= 1.)

chose valves wilhin —.2 <= guxism <= O.

(dafoutt (all setups): —.1)

(SAxISw .1 .1 will decrecse offaxins ond cosmic sficienc
SAXISW .gt.~.1 will increcse ovnrotixing and overco

Fac2

ance soxle for tracking event ononxiw

it. trocking resulls returnad
{calculoted in DECIOL resp. CALFIT)

LOGICAL LX.LOX LCS

COMMON /TRKNEW/ PHI, THI X1 ,Y1,Z1

- JPHY L THY XY YD L2

. SXVTX, YVTX, ZVTX

COLMON /TRSULT/ SAX1S,SOFF X, SCOSM, LX,LOX,LCS
COMUON /PARTST/ MALTL HHIT) MGKPS ], MSKPSS

PHI . THI . XT.¥1.2Z] : new direction of firmt troch
FHI,THJ XJ, 7. 2J : new direction of mecond Lrack
KVIX YVTX, 2ZvTX ; werlex coordinales

LX: event trocked onoxis wilh significance SAXIS
LOX: avent trockea offouis with mignificonce SOFFX
LCS: event trocked cos wilh sigaiticonce SCOSM

HHITi: § of correloted hilte inm phi for first track
HHITJS: § of correloted hila in phi for second trock
(bolh counted according lo HWC1)
WSKPSI: particle status mask of first track
MSKPSJ: particle stotus mask of second tiack
(O:neutral, 1:trocked charged, 6:loggud cherged)

fii. only lor experts
COMuON /TREXPT/ nwf ] (8),PHRMIN(E) DZMAX  MIFF | _NEXP

. ROXMIN, ROXMAX ,RCSMIN , RCSMAX

- JAPWE ] wWR, WP NB INS MOV GATH

HWC: waight for hit in oo:h loy-l 'r- hitcounting
Jdefault: .51,.5t 1. F [g Tkt g |
su-.a in COUNTO, counl Doumz]

PHRMIN; minimum pulssheighl of Rits used for trocking, i. e.

rolio with respec! to stondard CE tracking cut TEPHAMN
defoult: 1.,%.,1.,1.,%.,0..1.,1,
used in FNDHIT, ZETREJ(nblellla]) 2
DILVAX:  rejectl porometer in lhela litling for hila hying oo
far oway in zel
A1z faefa 11 7 femd) s



(used in ZFAR)
MINF | minimum § of hils for thate filling
(inciuding bumpmodule, i1 BMWE] .gt. 0.)
chorged tracks, which ors nol fitted ore called togged)
édnlnull, 3)
uveed in CALFIT FITLIN)
NEXP torgetl 41
(umed in COGO,COCY,COC2)
ROXMIN /
ROXMAX: evenls ofe oniy tracked offoxis if
rho(vts) < ROXMAX
and al leosl one lroch hos @ necrea! dialance to axis of
tneori,rnearj > ROXMIN
detoull. .7/ 7.4 (cm))
iulcﬂ in HuAXOD)
RCSMIN /
RCSMAX: events ore only lracked cosmic
it RCSMIN < rho(vix) < RCSMAX
default: .25 / 100, (cm))
Eund in HUAX2)
BPWE ] . weighl for bumpmodule in theto fitling wilh respect to

default volue, !f EBMPWE] . 1a.0. Lhe bumpmodule won™t ba wsed

sdofeult:h)
used in ZLTREJ)

L forget it
(used in FNDHIT)
WP widlh of window in phi around bumpmod (in § of r.m.u.)

in which TACTRK is looking for correlated hits
ond moving trock condidates around
defoult: 3.
used in FNDHIT MVETRO,MVETR1.MVETR2,..)
NBINS: § of bins for moving lrack condidales around
defoult: 7)
used in MVETRO.MVETRY MVETRZ,..)
NUOV J of loops in trock moving end hitfinding
idcluult: 3)
used in TAGTRX)
GAIN: precision gain in each of the NMOV loops
default: 2.
used in TAGTRK)

i1 you wont to moke the offoxis/cosmlc trocking o bit foster
(toking some inefficiencies into occount

you con try with the following volues: (-> ca. 1/3 foster)
WP 3. NBINS: 7 NOV: 2 GAIN: 3.
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