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CHAPTER 1. INTRODUCTION

This thesis is based on my work in the MARK-J group at DESY,
Hamburg, Germany, in a collaboration of groups from Aachen, DESY, MIT,
NIKHEF-H and Beijing.

The MARK-J detector / l . l / utilizes PETRA, the world's highest energy
electron-positron colliding beam storage ring now in operation.
Electron-positron collisions provide a particularly clean way to study the
nature of the fundamental constituents of matter and their interactions
because of the point-like nature of leptons. Experiments at PETRA are thus
free of the complications that arise in studies of hadron-hadron or
lepton-hadron collisions, where the hadrons themselves have a complex
internal structure which must be understood in detail before new informa-
tion on the large q2 interactions of the constituents can be extracted.

The MARK-J detector was proposed during the spring of 1976. The
detector employs calorimetry to measure the hadronic and
electromagnetic energy flow. Large-area arrays of drift chambers together
with the large magnetized iron toroids which form the main body of the
detector distinguish hadrons from muons and determine the muon
momenta. A compact inner detector is used to measure the vertex and
the directions of charged tracks. The major components of the detector
are constructed using simple technology. This made it possible to install
the major part of the detector, as well as the associated electronics and
data acquisition hardware, in a period of only six months from May to
October 1978. The MARK-J was thus ready for data taking at the start of the
physics runs at PETRA in October 1978 and its first preliminary physics
results were presented at DESY by the end of 1978.

The detector which identifies and measures the energy and direction
of muons, electrons, charged and neutral hadrons with close to uniform
efficiency and with almost 4TT acceptance, is capable of fulfilling a broad
range of physics objectives. Some of the prime physics goals of the exper-
iment are:

• To study the various QED processes and to check the universality of
the known charged leptons in their electromagnetic interactions. At
PETRA the available cm. energy is Vs = 40GeV (qs up to lÖOOGeV3).
Thus the MARK-J can probe the validity of QED with an order of magni-
tude greater sensitivity than that previously available in earlier collid-
ing beam experiments performed at storage rings at SLAC, DESY,
ADONE and CEA in the range of q8S50GeV2.
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• To measure the total hadronic cross section and thereby the structure
and energy dependence of the total crpss section. To search for new
thresholds in the hadronic final state continuum and to look for more
J-like particles, which appear as sharp resonances.

• To search for new quark flavors by studying the energy and angular
distribution of inclusive muon production in hadronic events.

• Using the distributions of pie and /xhadron final states to search for
the existence of new charged leptons heavier than the tau.

• To study the topology of hadronic events by measuring the direction
and energy of charged and neutral particles. In particular, at PETRA
energies, the fragmentation of hard glucns emitted in association with
quarks leads to the production of multi-jet events. Study of the prop-
erties of these jets enables one to make a direct comparison with the
predictions of QCD /1.2/. The rate of 3-jet events relative to 2-jet
events makes it possible to measure directly the strong interaction
coupling constant aa.

• To measure the charge asymmetry expected from the interference of
the weak and electromagnetic interactions in the production of ,n+/i~
pairs. Diagrams in which either a virtual photon or a Z° vector boson
is exchanged both contribute to fi+fi~ production. The interference can
be understood in terms of the standard Glashow-Weinberg-Salam
(GWS) model /1 .3 / . This model predicts a forward-backward charge
asymmetry in muon pair production. Because the expected
asymmetry is small and because higher order QED processes also
produce a charge asymmetry at small angles the measurement of
asymmetry requires attention in reducing and understanding system-
atic errors in the detector design.

In chapter 2 the PETRA machine and some of the details of the MARK-J
detector will be described. The detector which contains about 400 counters
with photomultipliers for measuring electromagnetic and hadron showers,
and approximately 8500 wires in the drift chambers to measure the muon
trajectories, needs an elaborate trigger system. As my work in the MARK-J
group was concentrated on the development, installation and running of
the trigger system, the main part of this thesis will concentrate on this
subject.

In chapter 3 the fast electronic trigger of the experiment will be
described in detail. An important ingredient for the various triggers to col-
lect the events of interest is formed by the so-called total energy trigger
which is described in chapter 4. In chapter 5 the various electronic com-



ponents which form the interface between the experiment and the on-line
computer will be described. The on-line system itself and the data col-
lection programs are presented in chapter 6

In order to calibrate the various components of the detector, special
measurements are performed, which will be described in chapter 7. Finally
we end this thesis with a presentation of some of the main results in
Bhabha scattering, the measurement of the total hadronic cross section
and the asymmetry measurement in muon pair production.

Introduction
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CHAPTER 2. PETRA AND THE MARK-J DETECTOR

2.1 PETRA

PETRA / 2 . 1 / (Positron Electron Tandem Ringbeschleuniger Anlage) at
DESY in Hamburg, Germany is the highest energy electron-positron collid-
ing beam machine in the world. It began operation in the autumn of 1978

The ring, with a circumference of 2.3 kilometers, has eight straight
sections, of which two are reserved for the RF accelerating cavities. At
present four, out of six, experimental areas are occupied. The remaining
two will also be used for RF in the future. Figure 1 shows the layout of the
PETRA e+e" storage ring and the location of the four experiments.

In the first year of operation, PETRA has run at centre of mass ener-
gies between 12GeV and 31.6GeV with an average luminosity of
2*1030cm"Es"1. The luminosity is an important machine parameter defined
as:

L = N / <T (cm"8 sec"11»

where N is the event ra te and <r is the cross section. In 1980, more RF cavi-
ties were installed to enable PETRA to reach a centre of mass energy of
36.7GeV.

In the beginning of 1982, the beam optics was modified and low beta
quadrupoles were installed at the four interaction regions. The average
luminosity was increased by a factor 3.5 to a peak luminosity of
15*1030em~8s~t. In the summer of 1982, more RF power was added and
PETRA is now able to reach a c m . energy of 40GeV.

So far, PETRA has been running with two e- and two e+ bunches cross-
ing every 3.8^s. At a beam energy of 17GeV, the average beam life time is
about 3 hours. Under normal conditions beam injection takes about half
an hour.

2.2 THE MARK-J DETECTOR

The design of an electronic trigger system depends very much on the
structure and the characteristics of the detector. The MARK-J detector

PETRA and the MARK-J Detector
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Figure 1. Layout of the DESY site at Hamburg, West Germany with the PETRA e+e~ storage ring,g, y h g g,
showing the location of the detectors: PLUTO and CELLO in the N-E hall, TASSO in the
S-E hall, MARK-J in the S-W hall and JADE in the N-W hall, respectively.



/ 2 .3 / is shown in Fig.2 to Fig.5. It is designed to identify and distinguish
charged and neutral hadrons, electrons and muons, and to measure their
directions and energies. The detector layer structure is best understood
by referring to Fig.6. Particles leaving the interaction region first pass
through the aluminium beampipe. A four layer inner track detector, com-
posed of 2500 drift tubes labelled DT in Fig.2 and Fig.3, surrounds the
beampipe. The drift tubes /2.4/, which are arranged perpendicular to the
beampipe, are used to reconstruct the position of the event vertex. They
are insensitive to the neutral particles, so they can be used to distinguish
charged from neutral particles in the off-line analysis.

The particles then pass through 18 radiation lengths of
electromagnetic shower counters, used to identify and measure the energy
of electrons and photons. This inner calorimeter is divided into three lay-
ers of shower counters, called A, B, and C respectively. Each counter is
constructed of 5.0mm thick pieces cf scintillator alternated with lead plates
of equal thickness. The thickness of one lead plate and one layer of
scintillator corresponds to one radiation length. The A and B counters are
each 3 radiation lengths thick while the C counter corresponds to 12 radi-
ation lengths. They are arranged to form a square box around the
beampipe. The four quadrants of the box are called UP, DOWN, LEFT and
RIGHT (RIGHT is on the inside of the accelerator ring). The A layer consists
of 20 shower counters (5 per quadrant), followed by 24 B counters (6 per
quadrant) and 16 C counters (4 per quadrant). Each shower counter is
viewed by two phototubes, one at each end. The energy loss of the particles
in each counter is determined from the charge output of the phototubes.

The longitudinal position of the particles can be determined by com-
paring the pulse heights from the phototubes at the two ends of the
counter. The difference in arrival time between the two pulses provides a
second measurement of the longitudinal position. The azimuthal position
can be determined from the position of the shower counter element in
which the hit was observed.

Outside the A ,B ,C counters are twelve planes of drift chambers /2.5/ ,
labelled S and T, which measure the tracks of charged particles emerging
from the inner electromagnetic calorimeter. The hadron calorimeter K
/2,6/ consists of 192 scintillation counters, arranged in four layers,
sandwiched between iron plates. Primary hadrons penetrating the inner
shower counters and secondary particles produced by hadronic showers
initiated in inner layers, deposit most of their energy in the calorimeter K.
By comparing the energy sampled by the K counters and the inner A, B ,C
counters, one can distinguish hadrons from electrons and identify mini-
mum ionizing particles.

PETRA and the MARK-J Detector 9
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Figure 2. The MARK-J detector in end view seen from the side where
positrons enter the detector. The bottom right shows the
coordinate system and the definition of the azimuthal
angle <p.
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Figure 3. The MARK-J detector in side view. The top shows the
coordinate system and the definition of the polar angle i>.



Figure 4. The MARK-J detector when it was moved into the PETRA
beam line in October 1978.
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The layer structure of the MARK-J detector as seen by a
particle emerging from the interaction point at right angle
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scintillator or one radiation length.
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In the end cap regions there are U, V chambers and H counters.
Their function is equivalent to that of the S, T chambers and K counters.

Muons are identified by their ability to penetrate the iron of the
hadron calorimeter. In the middle of the iron yoke 32 muon trigger count-
ers marked D are situated. They are used to trigger on single and multiple
muon events. For two-muon events, the time difference between D count-
ers in opposite quadrants is used for rejecting the cosmic ray events. The
initial muon trajectory is measured in the inner drift chambers S and T
and the drift tubes. Adjacent to the D counters in the middle of the iron
the 2 layers of the Q chambers determine a point along the muon trajecto-
ry in the bending plane. Outside the magnetized iron yoke (1.75T) the
bending angle and position of the muons are measured in the 10 planes of
the drift chambers P.

'Covering the end cap regions in the forward and backward direction,
there are 16 E counters and 8 R chambers (12 planes). The E counters are
used to trigger on muons produced in the forward and backward
directions and to reject cosmic rays. The R chambers determine the angles
of the muons outside the magnet yoke like the P chambers.

Before the installation of the R chambers, the luminosity monitor
/2 .7 / consisted of two arrays of twenty-eight lead glass blocks located
5.8m from the interaction point in the forward and backward direction.
They were designed to measure Bhabha events (elastic e+e~ scattering) at
small angles (about 30 mrad). Scintillators in front of the lead glass
defined the acceptance and the lead glass counters measured the energy
of the electron pairs. Alternatively the luminosity could be determined by
measuring Bhabha events at large angles in the inner calorimeter count-
ers. The two luminosity measurements agreed with each other within 3%.
With the installation of the mini beta quadrupoles in febrary 1981, the lead
glass counters were taken out. Since then the luminosity has been meas-
ured using only the inner detector.

2.3 THE MARK-J DATA TAKING PROCEDURE

Figure 7 shows the flow chart of the MARK-J data taking system
including the timing of each part. As described above, PETRA has been
running with 2*2 bunches, so that electrons and positrons collide every
3.8/us, i.e. 260000 times per second. With a luminosity of l*1031cm"as"1 and
a beam energy of 17GeV, one expects about 13 real hadron events and 2
muon events per hour and 10 electron pair events per minute. However,
the number of background signals produced by the detector is many times
larger. For example, the singles rate in the innermost shower counter A is

PETRA and the MARK-J Detector 15



about 10 kHz. These signals originate mainly in beam-gas scattering and
cosmic rays. In order to reduce thé data taking rate to a level that can be
handled by the on-line computer, the electronic trigger system has to
reduce this rate to about lHz. To obtain this reduction in the trigger rate,
the MARK-J trigger system is arranged in three stages.

The first stage is a fast, loose trigger generated from the hit informa-
tion of the A, B, C, D and E counters. By combining this information in dif-
ferent ways, seven different trigger signals are produced that correspond
roughly to different final states of the e+e~ interaction: hadron events,
Bhabha events, single muon events and muon pair events. This stage of
the decision taking circuitry requires about 150ns and the total trigger
rate is about 300Hz at a beam energy of 17GeV. All of the analog to digital
conversions are initiated by this first stage trigger. This conversion
requires 100/us, in total.

The second stage trigger is a total energy trigger. It sums the total
energy deposited in the inner calorimeter A, B and C counters. For hadron
and Bhabha events this energy has to be larger than 25% of the beam
energy, for single muon events it has to be larger than 13%. This decision
takes about 70/xs. If the total visible energy of one of these event types is
less than this threshold value, the total energy trigger sends e. clear
signal to the CAMAC crates and clears all the CAMAC modules. The system
is then ready for the next trigger. If on the other hand the trigger condi-
tion is satisfied, the CAMAC modules continue to convert all the signals
from the detector into digital signals. After the total energy trigger, the
rate is about 5 Hz. For muon pair events the total energy trigger is not
applied.

The third stage trigger is an on-line selection which is done by the
Microprogrammable Branch Driver (MBD) /2.8/. The MBD is the interface
between the on-line computer and CAMAC. It is a completely software pro-
grammable microprocessor. As an on-line filter, the MBD first reads an
input register to see which kind of trigger has occurred. Then it does dif-
ferent tests depending on the type of the trigger. For muon triggers a
wire pair test of the S and T chambers is carried out in the microprocess-
or. For Bhabha and hadron triggers, a new total energy test and an energy
balance check is carried out. An on-line luminosity measurement is a
by-product of the MBD total energy test in this stage. For an accepted
event, the MBD reads in all the information of the chambers and counters
from the corresponding CAMAC modules and decides which data words are
useful, i.e. whether their value is greater than the pedestal suppression
value in case of the ADC's or less than the overflow value in case of the
TDC's. Only valid data are written into the on-line computer. Thus the

16
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Figure 7. The flow chart of the MARK-J data taking process. The MBD
is a microprogrammable branch driver, PDP11/55 is the
on-line computer.
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average length of the output for one event is only about 500 16-bit words.
For the triggers that are accepted, the deadtime is about 30ms, for a
rejected trigger it is typically 3ms.

The on-line computer is a PDP11/55. In addition to writing data to
magnetic tape, selected quantities are histogrammed and displayed
on-line on colour video monitors. The histograms are also printed out in
hard copy for the record. The singles rates from the A, B and C counters
and the rates for selected coincidences and some of the crucial
discriminators are also written onto magnetic tape. If any of these rates
is outside preset limits, warning messages are displayed. After the micro-
processor preselection, the data rate written on magnetic tape is about
lHz. The resulting deadtime is about 5%.

In addition to the purely on-line functions, the PDP11/55 is used
between runs and during the shut-downs for calibrating the
time-digitizing electronics (TDC) for drift chambers and counters and the
pulse height digitizing electronics (ADC) for the counters. It is also used to
calibrate the "zero time" of the counter TDC's by taking cosmic ray trig-
gers during shut-downs. This will be described in detail in chapter 7.

18
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CHAPTER 3. THE FAST ELECTRONIC TRIGGER SYSTEM

3.1 INTRODUCTION

The function of the fast electronic trigger system is to set certain cr i -
teria to reject processes that cannot have originated in an e+e~ inter-
action and to label accepted events roughly according to the
characteristics of the different possible final states of the e+e~
interaction. The criteria for rejecting events must be loose enough to
accept all the real events, but must on the other hand be strict enough to
decrease the background contribution to the total trigger ra te significant-
ly. As the time interval between e+ and e- bunch crossings is 3.8/u.s the fast
electronic trigger system must be able to make a decision within this
period.

The MARK-J fast electronic trigger system consists of 17 NIM crates
containing about 160 NIM modules. Figure 8 shews the NIM crates in the
MARK-J counting room. The input to the system is formed by the following
signals:

40 signals from the 20 A counter elements;
48 signals from the 24 B counter elements;
32 signals from the 16 C counter elements;
64 signals from the 32 D counter elements;
32 signals from the 16 E counter elements;

1 beam gate signal (BG) related to the time of the
bunch crossing.

Using these 217 signals the fast electronic trigger system generates
seven output trigger signals called H, BB, TC, QM, SM, EM and SGE. These
trigger signals are related to the final s tates of the e+e~ interaction in a
way shown in Table 3-1. In addition, an eighth trigger signal, called BMG, is
generated which is only used for background monitoring and has no con-
nection with real events. It requires only the beam crossing signal BG and
is generated &fter every 100 accepted events.

The Fast Electronic Trigger System 21



Figure 8. A photograph of the fast trigger electronics crates in the
MARK-J counting room.



Table 3-1

The Physical Process and the Fast Electronic Trigger

PROCESS RELEVANT TRIGGER

e+e~ —> hadrons H
e+e~ —> e+e" or 77 BB, TC
e + e - _ > fj+fj,- QM, EM
e+e~ —> fj, + (hadrons, electrons, photons) SM, SGE

3.2 TESTING OF THE COUNTER ARRAYS

In a detector of this type, in -which event identification and energy
measurement depend on the detailed response of calorimeter counters, it
is essential that the behaviour of the counter packages is investigated in
particle beams of various types and energies. Thus one quadrant of the
complete A, B and C assembly was brought to CERN and set up on a mova-
ble table in a test beam. The response of the counters to electrons, pions
and muons at various energies, incident angles and positions was meas-
ured. A total of 200 spectra covering a range of beam momenta from
0.5GeV to lO.OGeV and angular ranges of 15°<i?<90°, 0°<p><45° were meas-
ured. Pulse heights and timings of each phototube were recorded on
magnetic tapes and analyzed off-line. The response of the A, B and C
arrays was then assessed by combining their pulse heights with proper
weights chosen to optimize the energy resolution.

To relate the pulse height in the phototubes of each counter element
of the A, B, C arrays to the deposited energy, the signals of tne two tubes
at the ends of the counter are added, and the light attenuation in the
scintillator is taken into account. The average attenuation length is meas-
ured to be about 100cm for the A, B and C counters. In a more detailed cal-
ibration using Bhabha events a specific attenuation length is assigned to
each individual counter element.

The average pulse heights are shown in Table 3-2. These data repre-
sent the situation when the particles hit the centre of the counters
perpendicularly. The energy loss of a high energy electron in the counters
is also shown in Table 3-2.
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Table 3-2

The Average Pulse Heights of the A, B and C Counters
for High Energy Electrons

Counter

A
B
C

Phototube

XP 2230
XP 2230
RCA 4525

Pulse Height

40 mV
40 mV
12 mV

Energy Loss

35 MeV
35 MeV

140 MeV

3.3 GENERATION OF COMMON INPUT SIGNALS FOR THE FAST ELECTRONIC
TRIGGER LOGIC

The signals from the individual elements of the A, B, C, D and E count-
er arrays are not used directly in the final trigger logic. Instead, in terme-
diate signals are produced tha t represent the response of an entire array
or of an entire quadrant of each counter array. For the A counter array,
for example, signals called AU, AD, AL and AR are generated that represent
the response of the up, down, left and right quadrant of the A counter
array respectively. Two other signals, DA2 and DA3 indicate tha t at least
two or three counter elements in the entire A counter array were hit. For
the B, C and D arrays similar signals are generated. The E counter array
has an entirely different geometry and will not be described in detail. Its
logical function is similar to that of the D counters.

The schematic diagram of the electronic circuitry for the generation
of these intermediate signals is shown in Fig.9 for the A counter array.
For the B and C counters the circuitry is completely analogous. The D and
E counter signals are handled slightly different. This will be discussed in
section 3.6. In order to simplify the circuit diagram only one A counter is
shown. The output of each phototube goes through a long cable (45 meter)
to the counting room. There it is first split into two signals in an
at tenuator box. One of the output signals of this box is sent to ADC cir-
cuits for the energy measurement after being at tenuated by a factor of 16,
16 and 8 for A, B and C counters respectively. The second output signal of
the at tenuator box is amplified / 3 . 1 / by a factor of 10 and then goes to a
discriminator DIS / 3 . 1 / to be used in the trigger logic.

Four signals come out of the discriminator DIS. One of them is a feed
through of the analog input signal and goes to the appropriate fan-in
module AU, AD, AL or AR. The other three output signals are standard NIM
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pulses with a width of 30ns. One goes to a CAMAC sealer for recording the
singles rate of the counter, the second is used as a stop signal for a TDC
registering the light transit time in the counter element, the third signal
goes to an OR-moduIe ORF / 3 . 1 / .

There is one OR circuit for each counter element. In these modules
the discriminator output signals from the two phototubes of each counter
element are combined to produce a standard output signal when the
counter element is traversed by a particle. The output signals of the
OR-modules for the 20 A counter elements are fed into a majority logic
module AT /3 .1 / . When N elements of the A counter array register a hit,
the output pulse height of AT is N*50mV. This signal is increased to
N*125mV by an amplifier and passed on to two discriminators DA2 and DA3
which have a threshold of 150mV and 300mV respectively. Thus DA2 gives
an output signal when at least two A counter elements are hit (Aë2), DA3
when at least three A counter elements are hit (Aê3). These output signals,
and similar signals for the B and C counters, are used in various places in
the fast trigger logic and are indicated by the following symbols:

DA2 or (Aë2)
DA3 or (AS3) for the A counter array

DB2 or (Bê2)
DB3 or (B^3) for the B counter array

DC2 or (Cë2) for the C counter array

The linear fan-in modules AU, AD, AL and AR produce output signals
which represent the total energy deposited in each quadrant of the A
counter array. For instance, a muon passing through the centre of an A
counter element and thus producing 40mV at the phototube will generate
a signal of 2*60mV in the corresponding fan-in module, 60mV for each
phototube. The output signals of these fan-in modules are important
intermediate signals for the fast trigger logic and are indicated by the fol-
lowing symbols:

AU, AD, AL, AR for the A counter array
BU, BD, BL, BR for the B counter array
CÜ, CD, CL, CR for the C counter array



3.4 GENERATION OF THE HADRON TRIGGER

At the high energies of the PETRA machine, an event of the type

e+e~ > hadrons

produces many particles striking the detector and consequently many of
the counters in the inner calorimeter will register a hit. Most of the total
energy will be deposited in these counters in the form of electromagnetic
and hadronic showers. Since the centre of mass system of the reaction
coincides with the centre point of the detector system, the energy distrib-
utions -will be more or less symmetric with respect to that point due to
momentum and energy conservation. Three criteria are used to register a
candidate hadronic event. They concern the following parameters:

1. The number of A, B and C counter elements that have been hit.

2. The total energy loss in the A, B and C counters.

3. The energy balance between opposite quadrants of A, B and C counter
arrays.

Figure 10 shows a typical hadron event, obtained at a beam energy of
17GeV, after reconstruction by the off-line analysis program. One can see
clearly that many A, B and C counters have been hit. Most of the energy
has been deposited in the UP and DOWN quadrants. The hadron calorimeter
K has also registered hits.

A schematic diagram of the hadron trigger logic is shown in Fig.ll.
Criterion 1 is applied by testing the input signals DA3 and DB3. The coinci-
dence of DA3 and DB3 is called QN which indicates that at least three A and
three B array elements were hit. For applying the criteria 2 and 3 the
input signals AU through CR are used which represent the energy deposit
in each quadrant of the A, B and C counter arrays.

The output signals of AU through CR,120mV, lOOmV and 120mVper mi-
nimum ionizing particle for the A, B and C array respectively, are sent to
twelve discriminators called DAU, DAD, DAL, DAR etc.. which have threshold
settings of 160rnV\ As this threshold corresponds to the passage of at least
2 minimum ionizing particles, a single muon in a quadrant is not regis-
tered. A coincidence between discriminator signals from opposite
quadrants (criterion 3) is registered by the coincidence units / 3 . 1 / AUD,
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Figure 10. A hadron event in the MARK-J detector shown in two
projections. The small circles are chamber hits. The
diamonds are counter hits. The small dots near the
vertex are drift tube hits. The lines show the
reconstructed directions of energy flow.
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Figure 11. Schematic diagram of the hadron fast trigger logic.

ALR etc.. The output signals of the 6 coincidence circuits go to a majority
logic module / 3 . 1 / called S which gives an output when at least 2 coinci-
dences between opposite quadrants are observed (Në2).

Normally if, for example, the hadrons are scattered in the UP DUWN
direction, there will be output in AUD, BUD and CUD. So setting S to Nè2 is
a rather loose and safe condition. The beam background in most cases
does not penetrate into the B and C counters, but it certainly can trigger
an output in both ALR and AUD and cause an output from S. For that rea-
son the hadron trigger rate can be very high (more than 400Hz) when
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beam conditions are unfavourable. This problem was solved by the total
energy trigger which will be discussed in chapter 4.

1 3 ° n S
»•

QN

50 ns

30
«03»

Figure 13. The timing relation between S and QN. It shows that the
timing of H is determined by QN.

Finally, the hadron trigger is generated by the coincidence of QN and
S. The timing of QN and S is shown in Fig.12. One can see from this figure
that the output timing of H depends on QN. This is because S involves all
the A, B, C counter signals and QN is generated by the A and B counters
only. It has much less jitter than S.

3.5 GENERATION OF THE BHABHA TRIGGER

The Bhabha event trigger is made to detect the e+e" elastic scattering
events:

These events are characterized by a large energy deposit in opposite
quadrants of the A, B and C counters, but little energy deposit in the outer
counter layers. The criterion for registering a Bhabha event is an energy
deposit of at least 220MeV in two of the A plus B counter quadrants.
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Figure 13. A Bhabha event in the MARK-J detector.



Figure 13 shows a Bhabha event obtained at a beam energy of 17.5GeV.
The magnitude and direction of the deposited energy, which was calculated
by the off-line analysis program, is shown. There is almost no energy
deposited in-the K counters.
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Figure 14. The fast trigger logic for Bhabha events.

A schematic diagram of the fast trigger logic for selecting Bhabha
events is shown in Fig. 14. The signals from each quadrant of A and B
counters (see Fig.9) go first through an attenuator and are then added, per
quadrant in TU, TD, TL and TR (linear fan-in/fan-out /3.1/). The output
signals of these units, representing the total energy deposit in each quad-
rant of A and B counters, are sent to four discriminators called DTU, DTD,
DTL and DTR. Their thresholds are set at 175mV which corresponds to a
total energy deposit in the quadrant of about 220MeV for one high energy
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electron. This can be seen from the following calculation where the upper
quadrant has been taken as an example.

A minimum ionizing particle, e.g. a high energy electron or muon,
passing perpendicularly through the quadrant produces an output pulse
AU of 120mV and an output pulse BU of lOOmV (see section 3.4). According
to Table 3-2, this corresponds to an energy loss of 35MeV in the A counter
and in the B counter. The pulse heights AU and BU produced by one pass-
ing high energy electron are therefore-

AU: 120 mV per 35 MeV energy loss
BU: 100 mV per 35 MeV energy loss

These signals are attenuated by a factor 4 before entering TU, so that
the output signal of TU is:

220 mV/4 per 70 MeV energy loss or
175 mV per ~220 MeV energy loss

The last relation was checked by a detailed off-line analysis of the
calorimeter response to electron showers.

On cursory examination, the Bhabha trigger should be generated by
the coincidence of the opposite quadrants, i.e. the coincidence of DTU and
DTD or DTL and DTR. But this is not completely right because a trigger
formed in this manner is not efficient for those events which are hitting
the corners of the detector. This will be best understood by looking at
Fig. 15, which is an end view of the detector. Suppose the e+e~ reaction
generates an electron pair plus a photon, then the electron pair will not be
exactly back to back. Thus in case that one of the electrons passes near a
corner of the detector, the other electron may no longer hit the opposite
quadrant but the adjacent quadrant of the detector. If only opposite
quadrants are required, these events may be lost. Therefore, the Bhabha
trigger is generated by a majority coincidence / 3 . 1 / called BB. It requires
at least two of DTU, DTD, DTL and DTR to have an output.
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Figure 15. A Bhabha event with a photon released in the MARK-J
detector. Only the A counters are shown here. A back to
back electron-positron pair is shown. The hits are
registered in adjacent quadrants rather than opposite
quadrants.

The TC trigger is a pure C counter energy trigger. It is used to detect
some large angle Bhabha scattering events that might be missed when the
particles penetrate the counters almost perpendicularly. In these cases
the shower may not be fully developed in the A and B counters (6 radiation
lengths perpendicular to the beam axis) and most of the energy may be
deposited in the C counters. The requirement of at least 220MeV in the A
and B counters may not be fulfilled for these events. The logic diagram of
the TC trigger is shown in Fig. 16. All the energy from CU, CD, CL and CR is
summed in SC by a linear fan-in circuit. SC then represents the total
energy in the C counters. The SC output pulse is fed into a discriminator
DTC and becomes a TC trigger. The threshold of DTC is 500mV, which corre-
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sponds to an energy deposit in the C counter of more than 1.2GeV. The TC
trigger logic is very simple and its trigger rate is very low because the C
counter is well shielded by the A and B counters.

Y 8

CU

CD

Y8

CL

CR

SC

500mV

DTC TC

623

Figure 16. The TC trigger logic which is used to detect the large
angle Bhabha events.

3.6 GENERATION OF THE MUON TRIGGER

In the MARK-J experiment a muon event is defined as an event in
which one or more muons are produced with an energy high enough to
penetrate through an average of 70cm of iron and to reach the D or the E
counters. The muon trigger logic for these events therefore depends
strongly on the output of the D and E counters. The circuitry for the E
counters, generating the trigger signals EM and SGE will not be discussed
in detail, but it is similar to that of the D counters.

The muon triggers are made for detecting the following kind of
events:
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e + e - > M+/U" muon pair events (QM and EM trigger)

e+e" > fi + (hadrons, electrons or photons)
single muon events (SM and SGE trigger)

Two typical muon events are shown in Fig. 17 and Fig. 18. Figure 17 is a
single muon event at a beam energy of 17.3GeV. A muon is emitted with
one of the hadron jets and penetrates to the outer chambers. Figure 18 is
a muon pair event at a beam energy of' 17.5GeV. Two back to back high
momentum muons leave clear tracks in the inner and outer chambers.

The D counters are the main detector components to define a muon
track at the trigger level. The handling of the D counter signals is different
from those of the A, B and C counters for the following reasons:

• The D counters are larger, they are 4.5 meter long and 30cm wide. The
time difference between the two signals emerging from the phototubes
at each end can be greater than 25ns, depending on the location of the
particle trajectory.

• The D counters are situated amidst the iron and as a consequence are
well shielded against possible background from the circulating beams.
Their main background comes from cosmic rays.

Figure 19 shows the trigger electronics for the QM and SM triggers.
The two phototube signals from one D counter are led to two
discriminators and their output pulses are fed into a module "624" /3 .1 / .
The 624 is an octal meantimer which was designed to equalize the light
transit time in the counters by providing an output at a fixed time inde-
pendent of the location of the particle trajectory. It accepts the two
discriminator outputs, feeds them through a delay line element in oppo-
site directions and gives an output pulse at a time when the pulses
overlap. The delay line element has 17 pickoff points giving a time resol-
ution of 0.5ns. In fact, the flight time of the muons from the interaction
point to a D counter depends on the angle between the beam line and the
path of the muon. So the output of the meantimer still has a few ns
spread. However, compared to the time distributions of the original
signals, the spread is an order of magnitude smaller.
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Figure 18. A muon pair event in the MARK-J detector.
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All the meantimer outputs are OR-ed by four logical fan-in circuits
/ 3 . 1 / called DU, DD, DL and DR according to the physical location of the
counters. The signals of DU, DD, DL and DR are put into coincidence with
the beam gate signal BG in order to reject the cosmic rays. The output
signals of the coincidence circuits are called DUG, DDG, DLG and DRG. The
input timing of the coincidence is shown in Fig.20.

DU , . 2 0 '

BGF

ns

Figure 20. The timing between DU and BGF. The narrow gate
coincidence between D counter signals and beam gate
rejects more than 99% of cosmic ray background.

In order to reduce cosmic rays as much as possible, BGF (see Fig. 19)
is only 3ns wide and the outputs of DU, DD, DL and DR are 20ns wide. A
cosmic ray can only give a trigger when it arrives within a time gate of
20ns+3ns = 23ns. As the bunch crossing rate is 260kHz, the gate is open
260,000*23* 10"°s = 0.006s per second. Consequently more than 99% of the
cosmic rays are rejected.

The logic OR of DUG, DDG, DLG and DRG is called D. The physical mean-
ing of the signal D is that at least one D counter has been hit during the
bunch crossing time. The single muon trigger SM is then the coincidence of
D, DA2, DB2 and DC2. These last three signals were defined in section 3.3.
The SM trigger rate is less than 2Hz.

QM is the double muon event trigger. It selects the events in which
two muons come out of the interaction region back to back. To apply this
test the D counter array is divided into 84 groups of counter elements,
each group covering an azimuthal angular range of approximately 15°. In
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Figure 31. The geometry corresponding to the DX logic.

the corners of the D counter array there are two counter elements per
group, in the middle of the sides only one element. The event selection is
done by a special logic module.labelled DX in Fig. 19, which has 34 inputs,
one for each of the 15° sections of the D counter array. The 16 counter
elements in the corners are OR-ed two by two in module DX1 (see Fig.19),
providing 8 inputs to DX. The remaining 16 counters elements provide the
other 16 input signals for DX. When a signal arrives at any one of the
inputs, the circuit logic requires that there must be at least one signal
within the opposite 7 sections. This is shown schematically in Fig.21. It
means that DX gives an output only when the muons are coplanar within,
on average, 50°.
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The coincidence of D, DX, DA2 and DB2 is the double muon trigger QM.
The QM trigger rate is very stable. Independent of the beam current or
beam energy, it is always about 0.35Hz. This is because DX is very powerful
in rejecting the background associated with the beam, so that most of the
QM triggers are from cosmic rays. These cosmic ray events can be easily
rejected in the off-line analysis by checking the time difference between
the opposite D counters and by reconstructing the Z-position of the event
vertex.

3.7 GENERATION OF THE BEAM GATE AND COMPUTER TRIGGER SIGNAL

All the trigger signals described above are not directly used for trig-
gering events of interest. They are all brought into a coincidence with the
beam gate signal BG which is related to the moment of crossing of the two
electron and positron bunches at the interaction point. This signal is also
used as a starting point of the time measurement for the whole system.
The electronics for BG is shown in Fig.22.

PUB PUF

-K *

3.5HS

Figure 22. The generation of the beam gate signal.

42



Inside the beampipe about 7 meters away from the interaction point,
there are two parallel copper plates /3 .2/ which are installed symmet-
rically on both sides of the interaction point. They act as two capacitors.
The one on the electron side is called PUB (Pick Up Back), the other one is
called PUF (Pick Up Front). An electron bunch travelling towards the back
pick up plates will first generate a negative pulse and then a positive
pulse. The positron bunch travelling towards the front pick up plates will
first generate a positive pulse followed by a negative pulse. As the
arrangement of the pick up plates is symmetric around the interaction
point, the PUB and PUF signals occur at the same time. After about 47ns,
the positron bunch arrives at PUB and the electron bunch at PUF again
producing two coincident signals. This is shown in Fig.23.

PUB

PUF

47 ns

Figure 23. The signals from the Pick up Back and Pick up Front
capacitors.

The output from PUF is first inverted by a pulse transformer, f l ^
the PUF and PUB signals are amplified and go into two discriminato^Th*
discriminator output signals are sent to a coincidence circuit. The ouftjjfiit
signal of the coincidence circuit is called PU and occurs once every 3.8/xs.
PU triggers a time delay circuit PUGG which produces a pulse with a width
of 3.5/u.s. This pulse is sent back to inhibit PU. In this way PU will not be
triggered by the second pulse from the same bunch crossing, which is 47ns
later, nor by any noise signals before the arrival of the next bunch cross-
ing. The output of PU, shaped by a discriminator, is used as the beam gate
signal and is called BG. It represents the time of the bunch crossing.
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Figure 24. The generation of the computer trigger.



The logic diagram for the generation of the master trigger for the
on-line computer is shown in Fig.24. All the signals from the fast electron-
ic trigger logic are OR-ed in a logic fan-in module / 3 . 1 / . Its output is
called MJ1. This signal is brought in a coincidence with a signal GAF, which
is the beam gate signal inhibited by the computer busy signal. The coinci-
dence of MJ1 and GAF is the master trigger and is called MJF. The timing
of MJF is shown in Fig.25. It depends on GAF except for a few events which
come later than GAF. These events are mostly from cosmic rays and can
be rejected later by the off-line analysis. Since the timing of MJF depends
on GAF, all the triggers will have a common start time with respect to the
beam gate.

The output of MJF is used for triggering the computer, but also as the
start signal for the TDC's of the counters and chambers and for the count-
er ADC gates. The signal for the computer trigger is first delayed by 100/U.s
in a delay circuit / 3 . 1 / . This time is necessary for the ADC and TDC units
in the CAMAC to convert the analog signals to digital information. The
output of the delay circuit is called INT and is used to start the reading of
the CAMAC modules. To ensure that there is no response to any triggers
during the reading process, INT triggers also a flip-flop circuit to inhibit
GAF. When the reading process is finished the flip-flop is reset. This proce-
dure introduces a dead time of about 5% for the MARK-J under normal
operating conditions. A detailed description of this procedure is given in
chapter 5.

The computer trigger INT is also controlled by three other signals,
shown in Fig.24. They are the console start, computer start and alarm. By
means of these three signals, data taking can be interrupted either manu-
ally by the operator or automatically by the alarm system. The alarm sys-
tem includes checks on the high voltages of all the counters and
chambers, on the low voltage power supplies of the chamber amplifiers
and on the power supply for the magnet, the chamber gas flow, the tem-
perature of the beampipe and of the electronic crates, the beam spill etc..
In three cases, when any of the counter high voltages is abnormal (128V
above or below the reference voltage), when the magnet power supply fails
or when a beam burst takes place, the alarm system will shut off the trig-
ger and warn the operators. This ensures that the data accepted by the
computer are valid.

3.8 SUMMARY OF TRIGGER CONDITIONS AND TRIGGER RATES

Finally, all the trigger conditions from the fast electronic trigger sys-
tem are summarized in Table 3-3. The corresponding typical rates for
three different beam energies are given in Table'3-4.
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Figure 25. The timing of MJ1, GAF and MJF. The dashed lines show a
typical background pulse from cosmic rays.

Table 3<\

Fast Electronic Trigger Summary

Trigger Type Trigger Condition

DA3*DB3*SH Hadron

BB Bhabha

TC Bhabha

QM Muon Pair
EM Muon Pair

Tup, Tdown, Tleft, Trfght 2 2.
(T i 220MeV)
Tc 2 1.2GeV

DA2*DB2*D»DX
DA2*DB2*EX

SM Single Muon DA2»DB2*DC2*D
SGE Single Muon DA2*DB2*DC2*E
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Table 3-4

Typical Rates in the Fast Trigger Electronics

General:

Beam energy (GeV)
e-
e+

current
current

Luminosity
BG
MJ1
MJF
Dead t i me

(mA)
(mA)
(1030

(kHz)
(Hz)

(Hz)
(X)

Event Trigger Rat

H:

BB:

DA3
DB3
S
H

DTU
DTD
DTL
DTR
BB
TC

Muons:

QM:

EM:

SM:

SGE:

DA2
DB2
D
DX
QM

EX
EM

DC2
SM

E
SGE

(Hz)
(Hz)
(Hz)
(Hz)

(Hz)
(Hz)
(Hz)
(Hz)
(Hz)
(Hz)

(Hz)
(Hz)
(Hz)
(Hz)
(Hz)

(Hz)

(Hz)

(Hz)
(Hz)

(Hz)
(Hz)

7.02
5.95
!>.97
1.25
260.3
5.57
4.32

3

11.0
9.21
7.57
4.18
260.2
63.0
51.6

5

21.11
4.86
4.77
4.68
260.3
93.4
85.7
8

3210
147
6.8
2.56

16.5
40.1
45.8
16.7
3.19

2720
880
90

41.0

94.3
247
247
85.8
26.0

5570
616
71.9
355
0.35

2.52
0.0

181
0.46

19800
0.18

27200
3246
278
350
0.32

18.8
0.13

270
0.67

33347
2.86

10180
411
279

79.7

33.6
75.4
78.3
47.1
10.9
0.09

30501
1357
2858

348
0.49

472
1.09

284
0.91

56643
9.72
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The measurements in Table 3-4 were taken at the first 100 seconds
after the beginning of the run. The change of the rates of H and QM during
a run is shown in Fig.37. The rates for H and BB depend strongly on the
beam conditions. On the other hand, the rates for the muon pair trigger
QM and single muon trigger SM are very stable and almost independent of
the beam energy (see also Fig.37). This is due to the fact that these rates
are determined by the cosmic rays going through the centre of the detec-
tor inside the beam gate. The EM and SGE trigger are more beam condition
dependent due to the location of the E counters and their shieldings.
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CHAPTER 4. THE TOTAL ENERGY TRIGGER

4.1 INTRODUCTION

From Table 3-4, one can see very clearly that the highest rates from
the fast electronics are found for the hadron and the Bhabha triggers. The
rates for these triggers are a few hundred Hz at high energy, while the
muon triggers are less than lOHz. The expected rates for real hadron and
Bhabha events are of the order of O.OOlHz and O.lHz respectively at a
luminosity of 1031cm~8s~1 and at 30GeV centre of mass energy. The total
energy trigger has been developed to make the selection for these events
more efficient by reducing the background trigger rate.

When the fast NIM trigger MJF starts the TDC and ADC conversion, it
starts at the same time the total energy trigger circuit. This circuit first
determines the trigger type. For the SM, QM or EM triggers no further
action is taken. If the trigger is H, TC, BB or SGE, a total energy test (in the
A, B and C counters) is carried out by the circuits. The total energy
requirement for hadron events and Bhabha events is about 12% of the total
centre of mass energy; for SGE it is 6%. For example, at a beam energy of
17GeV, the energy requirement is 4GeV for hadron and Bhabha candidates
and 2GeV for single muon (SGE) triggers. If the total energy measured in
the A, B and C counters is less than this value, a clear signal is generated
to clear all the CAMAC, TDC and ADC modules. If the total energy is more
than this value, the event is read out by the MBD for further analysis.

4.2 GENERATION OF THE TOTAL ENERGY SIGNAL

The total energy circuitry hes to generate a signal which is propor-
tional to the total energy measured in the counters. The electronics for
generating this signal is shown in Fig.26.
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Figure 26. The generation of the total energy signal.

The units SA, SB and SC are three linear fan-in modules in which all
the signals from the A, B and C counters are added. After attenuation the
outputs of these linear fan-ins are added in a linear fan-in TE. The atten-
uation factor is different for the three counter arrays to take the different
geometry and average phototube gain into consideration when summing
up the energies. The TE output is sent into a modified integrator / 4 . 1 / .
An integrator is used because the total energy is proportional to the total
charge coming from the phototubes and not necessarily proportional to
the pulse height. The principle of the integrator is shown in Fig.27.
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Figure 27. Schematic diagram of the integrator.

The input signal first goes through a buffer amplifier and is then
gated by an input gate signal. The gate output controls a current source
charging a capacitor C. The voltage on C is proportional to the integrated
input pulse area when the gate signal is active. This voltage goes through
another buffer amplifier to the output. The gate signal is also used to trig-
ger a delay circuit which generates a reset to discharge the capacitor
after 25>s. The maximum output of the integrator is IV and the time
needed for charging up to this voltage is 20/i.s.

4.3 GENERATION OF THE TOTAL ENERGY TRIGGER

As described above, the height of the output pulse of the integrator is
proportional to the total energy deposited in the A, B and C counters. In
our case, lOOmV corresponds to lGeV energy. This signal is sent to four
discriminators /4 .2 / as shown in Fig.28. The setting of these
discriminators depends on the beam energy. At 17GeV, the threshold is
400mV for the H, BB and TC and 200mV for the SGE, corresponding to 4GeV
and 2GeV respectively. The output signals of these discriminators, togeth-
er with all the trigger signals from the fast electronics, are sent to a
special circuit in which the CAMAC fast clear signal is generated.
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Figure 28. The electronics of the total energy trigger.

The gate signal comes from the master trigger MJF. It first triggers a
monostable circuit to generate a pulse of l//s to enable all the inputs and
is then delayed 70^s to generate the clear signal for the CAMAC units. From
Fig.29a and b one can see that the timing of the discriminator output
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Figure 29. The timing diagram of the total energy trigger.:

a) The output of the integrator.
b) The output of the discriminator, signalling that the

total energy is above the threshold.
c) A hadron trigger signal from fast trigger logic which

requires the total energy cut.
d) The hadron trigger signal c lengthened to 30/ts.
e) Coincidence signal between b and d lengthened to

40/Lts.
f) Master trigger signal lengthened to 35/us.

Coincidence between e and f inhibits"CAMAC clear "g.
g) The CAMAC clear signal.

signals can vary over a rather large range (about 20^s), due to the fact
that the output of the integrator is sloping and the timing of the
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discriminator output depends on the threshold value. So all the trigger
signals that require a total energy cut, e.g. a hadron trigger H (see
Fig.29c), first trigger a monostable circuit, which produces a pulse of 30/xs
(see Fig.29d) in order to cover this time range. If the energy of the event
is big enough there will be an output signal from the corresponding AND
gate, which triggers a monostable circuit giving an output pulse width of
40/i.s (see Fig.29e). All the triggers which do not need a total energy cut are
OR-ed and trigger another 40/y.s monostable circuit. The 40/J.S pulse width
of these last two monostable circuits is chosen such that there is enough
time to inhibit the clear output for a trigger from QM, SM, EM and BMG or a
trigger which satisfied the total energy requirement. In that case the
event will be read out. Otherwise all the data in CAMAC will be cleared.

After the total energy cut, the total trigger rate is about 5Hz. Com-
pared to the raw trigger rate MJF (see Table 3-4), this is a large reduction,
showing the effectiveness of the total energy trigger in rejecting the false
hadron and Bhabha triggers. A drawback is the fact that the total energy
trigger takes 70/is, which is rather slow. This is mainly due to the slow
integrator. Therefore another integrator circuit was developed which
takes less than 500ns to integrate. With this integrator the total energy
trigger in the MARK- J experiment can be applied within the time interval
of 3.8/j.s between two bunch crossings.
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CHAPTER 5. CAMAC BRANCHES AND MBD

5.1 INTRODUCTION

The data acquisition computer for the MARK-J experiment is a
PDPll/55 which is used mainly for monitoring the experiment and passing
the data from the CAMAC system on to a magnetic tape drive. The interface
between the CAMAC branches and the PDP is a Microprogrammable Branch
Driver or MBD. The MBD is connected to the CAMAC branches through a
standard branch highway connector and to the PDP 11 through the PDP
UNIBUS. A schematic block diagram of the CAMAC branches and the MBD is
shown in Fig.30.

5.2 CAMAC BRANCHES

All the data from the MARK-J detector are read in through two main
CAMAC branches as shown in Pig.30. The branch A consists of two sealer
crates which are monitoring the singles ra tes of the A, B, C, D, E counters
and various signal ra tes in the electronic trigger system, e.g. output ra tes
of coincidence circuits and discriminators. The readout of this branch is
time-driven, that is, it is read and cleared every 100 seconds by the com-
puter. The counter high voltages are also read out in this branch once
every half an hour through an interface module / 5 . 1 / .

The branch B is trigger-driven. It consists of 25 crates divided into 4
subbranches. They are connected to the main branch through four branch
selectors / 5 . 2 / . The subbranches 2, 3 and 4 consist of 18 crates in total.
These contain all the TDC modules for the drift chambers and the drift
tubes. The subbranch 1 consists of seven crates. Six of these contain the
counter TDC and ADC modules. The remaining one is the control crate.

The control crate is a normal CAMAC crate tha t contains six special
modules for control purposes.

1. A "Status A" module / 5 . 3 / which accepts the master trigger from the
fast electronics and generates a LAM (look at me)signal.

2. A "LAM Grader" module /5.4/ which accepts the LAM signal, gives it the
highest priority, and then interrupts the MBD.

3. An "Output Register" module /5 .5/ which accepts the control signals
from the on-line PDP computer. Five signals are generated by this
module, they are:
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Figure 30. The CAMAC branches and MBD's.

• Computer release: to signal that the computer is ready to accept
new data, see Fig.24.

• Clear: for clearing all the CAMAC crates after the computer has
read an event.

• Start: for starting the electronic trigger system.
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• Stop: for stopping the electronic trigger.

• MJP: A signal sent to a sealer to record the number of events read
by the computer.

4. An "Input Register" module / 5 . 6 / which is used to generate a so-called
Trigger Bit Word. The trigger type information is translated in this
module into an 8-bit word to be read by the computer.

5. A "Trigger Output Register" module / 5 . 5 / which accepts from the
computer information on the trigger type of each event written to
tape. The output signals are sent to sealers for recording.

6. A "Word Generator" module / 5 . 7 / which generates the minimum
wire-pair requirement described later.

5.3 MICROPROGRAMMABLE BRANCH DRIVER

The Microprogrammable Branch Driver (MBD) is basically a computer
which can execute instructions like addition, subtraction, shifts and log-
ical operations. It can also test conditions after operations involving
CAMAC reads and writes. It has an operation cycle time of 350ns and a
memory of 4K 16-bit words. As a third stage trigger, it is used to make
decisions on the available CAMAC data. Each decision is made in 2 to 5ms,
depending on the nature of the trigger and the amount of data in the
CAMAC system. The MBD is operated in such a manner that the PDP never
sees the data unless a trigger is accepted. In this way, the dead time due
to the data transfer on the PDP UNIBUS is minimized. The MBD reads from
and writes to the PDP via DMA (Direct Memory Access).

The MBD has its own set of binary codes Its programs are written and
compiled on the PDP and down loaded by it. This offers a very flexible way
of adjusting the trigger criteria. If necessary, under different beam optics
conditions or for different physics goals, different subprograms can be
used. The data acceptance criteria can be selected by the switches of a
word generator in the control crate described above.

The flow chart of the data taking MBD program / 5 . 8 / is shown in
Fig.31. When the MBD program is started by the PDP11, after initializing
the CAMAC crates and removing the fast electronic inhibit (see Fig.24), it
goes into a wait state. When a master trigger arrives, it reads in the t r ig-
ger bit word and uses its contents to decide what action should be taken.
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The first step is a decision whether the energy deposit in the
calorimeter should be calculated. If the trigger is a muon event, the MBD
skips the energy computation. If the trigger is a hadron or Bhabha event,
the energy deposited in counter arrays is calculated in two stages:

• First, the energies deposited in the A, B and C counters are added. If
the sum is less than 1/12 of the total centre of mass energy, the event
is rejected.

• For events having passed the first test, the K counter energy is
included in the calculation and the requirement for acceptance is 1/6
of the centre of mass energy.

If the hadron or Bhabha triggers fail the first test the 192 K counter
ADC's do not have to be read into the MBD at all. This energy test is very
powerful in eliminating beam-gas events. It takes on the average 2ms to
execute.

As a by-product of the energy calculation, the energy sum and the
energy balance in the A counters are used to count the large angle Bhabha
events. This gives an extremely reliable luminosity measurement.

The second step for all the triggers is the reading of the drift cham-
ber and drift tube information into the memory of the MBD. If the trigger
is a hadron or a Bhabha trigger, the third step, the wire pair test, is
skipped.

The wire pair test counts the number of double-planes with adjacent
hits in the inner wire chambers (S, T, U and V). The structure of the
MARK-J drift chambers is shown in Fig.32. The wire pair test is based on
the idea that a real hit in the chamber involves two staggered and hence
adjacent drift cells, one in each layer of a double plane. The MBD first
reads in the minimum requirement for the number of hit pairs which is
selected via the CAMAC word generator described above. The value cur-
rently in use is 3. Then the MBD scans through the data stored in its
memory and calculates the number of double planes with adjacent hits. If
the number is less than the preset limit, the event is rejected. If the wire
pair requirement is satisfied, the MBD reads in all the data and transfers
them to the PDP. This test is effective against accidental triggers due to
spurious signals in the D counters. Since the wire addresses are stored in
the MBD memory, the PDP data bus is not used unless an event is
accepted. The decision to accept or reject a muon trigger takes 4 msec on
the average, depending on the number of wires hit in the drift chambers.
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Figure 32. The geometry of a MARK-J drift chamber cell. A wire pair
hit caused by a passing track is shown.

The fourth and last step is the data transfer to the PDP11. During
this process the meaningless words are not read through. That is, TDC
overflows are rejected and ADC channels with values less than or equal to
the preset pedestal values are suppressed. In the MARK-J, with 400 count-
ers and 8500 wires, the average event length is about 500 16-bit words for a
beam energy of 17.5GeV. Each data tape contains about 20K events and
about 3 tapes are written per day under normal running conditions.

Finally in Table 5-1 we compare, for three energies, the rates of the
triggers from the fast electronics with the corresponding tape-written
rates. It can be seen clearly that the final rate written on the tape is
about two orders of magnitude smaller.
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Table 5-1

Trigger Rates from the Fast Electronics (A)
Compared with the Event Rates Written OR Tape (B)

Beam Energy (GeV) 7.02 11.0 21.11

H
BB
TC
QM
EM
SM
SGE

Total

Hadron
Bhabha
Bhabha
Muon Pair
Muon Pair
Single Muon
Single Muon

Event Rate

2
3

0
0
0
0

A
.56
.19
-
.35
.0
.46
.18

B
0.20
0.40
-

0.33
0.0
0.41
0.05

0.84

A
41.0
26.0
-

0.32
0.13
0.69
2.86

B
0.29
0.58
-

0.30
0.0
0.45
0.25

1.13

A
79.7
10.9
0.09
0.49
1.09
0.91
9.72

B
0.22
0.24
0.02
0.40
0.01
0.33
0.33

0.83
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CHAPTER 6, ON-UNE ANALYSIS

6.1 INTRODUCTION

Detectors for high energy physics experiments have become large and
complicated systems consisting of all sorts of physical, electronical and
chemical components such as scintillation counters with their
photornultipliers, chambers with different gas components and associated
electronics, and magnets with their power supplies. In the MARK-J detec-
tor the output signals of the different detector components go through
more than ten thousand electronic devices and modules. Those signals are
handled by several computers which are situated in what is called the
counting room. The on-line computer with its data acquisition program
has become one of the crucial elements of a counter experiment. During
the normal data taking phase of the experiment the counting room is the
heart of the experiment and the on-line activities take place there.
Figure 33 shows a photograph of the on-line computer. Figure 34 is a pic-
ture of the racks containing the trigger electronics in the background and
the six colour video monitors in the foreground used for displaying
histograms.

Apart from the two CAMAC branches with the electronic hardware
connected to the on-line computer system various other control units are
present in the counting room such as:

• High voltage supplies for the chambers and counters with their moni-
tors to check their settings.

• A gas chromatograph to check the composition of the gas in the drift
tubes and drift chambers.

• A system which checks the flow of the argon-isobuthane mixture to
and from the chambers. Alarms are given if possible leakages are
detected.

• Temperature measurements are registered of the beam pipe at sensi-
tive locations and of the coils of the magnet near scintillation count-
ers and drift chambers. Also here alarms are given when the
temperature exceeds dangerous levels.

6.2 THE ON-UNE COMPUTER SYSTEM

The main on-line computer is a PDP11/55. This computer has 32K
words of bipolar memory and 92K words of core memory. It runs under the
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Figure 33. The on-line PDP 11/55 computer system in the MARK-J
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DEC RSX-11M time sharing operating system. The structure of the on-line
system connecting the PDP11/55 via a UNIBUS to various peripherals is
shown schematically in Fig.35. The following different components can be
distinguished:

• The data input flow is connected via the so-called CAMAC branches A
and B and the MBD's with the computer. In chapter 5 this part of the
system has been described.

• Six colour video monitors are used for displaying the histograms and
sampled events visualized in certain detector projections. Time
dependent quantities such as the dead time, luminosity etc. can also
be displayed. Different colours are used to overlay data from different
runs to detect variations over long periods of time.

• Hard copies of the histograms can be made on a Versatec
Printer/Plotter and a Textronics storage scope is used to display the
data of the chamber TDC calibrations.

• Instructions to the data acquisition program can be given via two ter-
minals. One is a teletype for operations like starting or finishing a run.
It automatically types out the messages of the monitored
time-dependent quantities on paper which is kept for the record. The
other one is a video terminal for program development and normal
operations.

• The storage devices are two moving-head disks of 13.5M bytes each and
a 0.5M bytes fixed-head disk. One of the moving-head disks is used for
storing the system files and the other one is mainly used for storing
the on-line monitor files. The fixed-head disk is used for storing
histograms of ADC and TDC spectra and event samples.

• The main output device is a 1600 bpi 9-track magnetic tape drive. The
data for the off-line analysis are written by this unit. In case of a
break down of the tape drive, the output data can either be directed
via a link to the DESY main computer (IBM system) or to the VAXl 1/780
of the MARK-J group.

During the actual running of the experiment, the PETRA data
(beam energy, currents of the e+ and e- bunches, beam live time, RF
frequency etc.) are sent to the PDP11 via the IBM link. This informa-
tion can then be used by the on-line data acquisition program and
sent to the output tape as a special record.
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6.3 DATA COLLECTION PROGRAM

6.3.1 Introduction

The MARK-J acquisition program is called Data Collection Program
(DCP). It was developed on the basis of the experience gained at CERN
where a similar program was used succcesfully over a period of three
years in an experiment at the Intersecting Storage Rings.

The program can execute different tasks with a hierarchy of priorities
to minimize the dead time. It also allows different operations like reading
and processing of data to proceed simultaneously. Two main tasks can be
distinguished:

• The source tasks are those programs which organize the input data
and store it in a global common buffer area (DCPBUF) of 12K words.

• The receive tasks are those programs using the data stored temporar-
ily in the buffer area and directing it to the various output
peripherals.

Figure 36 gives a schematic block diagram of the program with its
various input and output devices. The input from the CAMAC branches,
console and IBM link are located at the left side of the picture and serve
the source tasks of the program. The buffer area in the memory of the
PDP 11/55 is sketched in the centre of the drawing followed to the right by
the receive tasks. Output files and peripherals are connected with this
par t of the program. Another part of the memory contains the parameter
block (DCPPMB). A buffer control program is also included and organizes
the data transfer for the various tasks.

6.3.2 Source Tasks

During normal data taking there are three subprograms (BEGIN,
TRIGIN and FINISH) which have to be used to direct the measurements to
the appropriate buffer areas.

• BEGIN

At the beginning of a run the subprogram BEGIN initiates the run.
The operator has to specify on the teletype the logical number of the
output tape, the file name, the run number and beam energy, in order
to proceed. This information ia written on the output tape when the
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BEG command is executed after passing through the buffer area (see
Fig.36). This subprogram also instructs the MBD program to initialize
the CAMAC branches. Then the system waits for the start signal. After a
program hang up or a system crash, the BEGIN task is used to resume
the run.

• TRIGIN

After the start signal for the data taking process is given the
TRIGIN task is used to control the data flow of the triggered events. An
event which has passed the tests of the fast electronic trigger, the
total energy requirement and the MBD on-line filter is written into the
buffer area. The information written there consists of two parts. The
first part has a fixed length and consists of the event type (H, BB, QM
etc.) and the number of fired elements of the detector (number of
TDC's and ADC's). This part contains the general information of the
event. The second part has a variable length and contains the raw
measurements of the fired TDC's and ADC's.

The data of an event from the various detector elements are
associated with particular address numbers and the data are written
into the buffer area in a certain order. It can happen that for the drift
chamber data the information is not in the correct sequence and then
the correspondence between data and address numbers will be wrong.
In this case the event will have a certain code number (code 3) to
indicate that the event cannot be used for analysis. Code 1 is used for
the normal events and a Code 2 is generated in case of events contain-
ing too much information to be stored in the remaining buffer area.
Special events from calibration runs like pedestal data for the counter
ADC's or from cosmic ray runs have their own code number in order to
distinguish them in the off-line analysis from the normal events.

FINISH

The FINISH task is used for finishing a run and closing the output
tape or file. It specifies the end-run condition code and writes the end
of run block on the tape. The end of run block contains the general
information of the run like running time, the number of events writ-
ten on the tape, the number of events used to fill the histograms etc..

Several other tasks are performed during the data taking process and
use the time when the computer is not handling the normal data flow.
They are time-driven and can be summarized as follows:

PETRIN
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The PETRIN task is used to read the PETRA data. Ten seconds after
the start of a run, PETRIN reads the PETRA data block into the buffer
area via the IBM link. Afterwards the PETRIN task will be active every
100 seconds.

• SCALIN

The SCALIN task is used to read the sealer data from the CAMAC
branch A. Again it is time driven, executed every 50 seconds. The
sealers occupy two CAMAC crates and they are read out by SCALIN
alternately.

• DVMSIN

The DVMSIN task is used to control the data flow generated by the
counter high voltage supplies. It occurs 20 seconds after the start of a
run and is then active every 30 minutes. A receive task (MONITR)
checks the counter voltages to ensure that the counters are working
properly.

Special subprograms are used for calibration purposes. The RANDIN
task is used for testing the counter ADC's. A LRS 2249 12-channel module
/ 6 . 1 / is used for all the analog signals from the phototubes of the count-
ers (A, B, C, K, D and E). By supplying a set of voltage3 in the range of 0 to
20V to all the channels, their linearities and slopes can be calibrated in
detail. This test is performed every few months during a machine
shut-down or during the time the PETRA machine group undertakes its
beam studies.

Finally a special program named CAL is used for the calibration of the
drift chamber and drift tube TDC's. This will be discussed in more detail in
chapter 7.

6.3.3 Receive Tasks

After the start of a run the receive or output tasks are waiting for the
buffer area to be filled by the source tasks. When activated, they process
the data and direct them either to an output peripheral or to a disk file
(see Fig.36). After this operation the buffer area is free and the source
programs can then again use this memory space. Four different tasks can
be distinguished:

• MAG0UT
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This subprogram has the highest priority and it controls the data
flow to be written directly onto magnetic tape. As soon as a buffer is
filled, it is written by MAGOUT and then released for the other tasks.

MONITR

This task is used for creating monitor and summary files on the
disk (Fig.36). With special commands (MON and SUM) these files can be
displayed on the terminal, the colour video screen and the
printer/plotter.

In the MARK-J experiment, the counter high voltages and many
coincidence rates of the fast electronic trigger are on the monitor file.
In case that one or more of these instantaneous quantities is outside
certain preset limits, warning messages are printed on the teletype.

The summary file contains the time dependent quantities such as
"computer on" time, the master trigger rate and the rate of events
accepted by the PDP11/55. Also the individual trigger rates (H, BB, QM
etc.) and some of the discriminator rates (DA3, DB3, DTU, DTD etc.) are
written on the summary file. They can be displayed in the form of two
dimensional plots during data taking. Beam conditions and the
behaviour of certain detector components are checked regularly in
this way.

Figure 37 shows some of the monitored quantities from run 3414
to 3422 taken at beam energies of 17.5GeV. Along the X-axis of the
three diagrams the time in minutes is plotted. Figure 37a shows the
behaviour of the hadron (H) trigger rate which contains the hadron
events. Background from beam-gas interactions and synchrotron
radiation completely dominate this rate. At time zero, the rates are
high (about 400Hz) and they decrease almost linearly with time follow-
ing the decrease of the beam currents. After about 200 minutes a new
beam filling occurs and the same pattern repeats itself. Sometimes
part of the beam current was lost suddenly (e.g. at T~1000 minutes)
which causes the rate H to decrease immediately.

Figure 37b shows the QM trigger rate for the same runs. This
trigger contains the events due to one photo annihilation into muon
pairs. It is completely dominated by the background from cosmic rays
and therefore shows an almost constant rate of 0.6Hz nearly inde-
pendent of the circulating e+, e- beams.

Finally in Fig.37c the luminosity as function of time is plotted. In
the MARK-J detector this quantity is measured on-line by counting
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Bhabha events with the A shower counters. The cross section for
e+e~ — > e+e~ in the geometrical set up of the counters can be cal-
culated and the rate is measured continuously. As expected, after a
now beam filling, L is high and decreases with decreasing beam cur-
rents. The variations are due to the limited statistics as the A count-
ers cover the solid angle only in the i9 region of 12°<i9<168° and the
Bhabha cross section peaks in the very forward and backward regions.

HSTGRM

The HSTGRM task is used for creating and updating the histogram
files. The program selects from the buffer area the various measured
quantities to be histogrammed. It is controlled by a command called
HIS, which can be used to create or copy a histogram file. In addition
it can add, replace or update histograms in a file, insert or delete
histograms, change or set processing routines and functions.

In order to speed up the histogramming, the active histogram file
is stored and updated on the fixed-head disk. Up to 900 different dis-
tributions can be made and the limit in the number of histograms is
only due to the available disk space. The current contents of any of
the histograms can be made visible with the command DSP, which is a
program for generating a printed copy or a TV display. Examples of
the variables that can be displayed are (see Fig.38):

1. The arrival times of the pulses of the counters (TDC measure-
ments).

The shower counters have a phototube at each end and the
plots in Fig.3B-la and b are the TDC values as measured by the
phototubes located at the side of the incoming e+ beam (Al) and
on the opposite e- side (A2). The spectra should be symmetrical
around the centre value, which is the case for the Al distribution.
The central value should also coincide with the time of the beam
gate signal (see Fig.38-7a). The A2 spectrum shows a more compli-
cated structure due to the background coming from the
circulating e- bunches which results in the accumulation of hits
at earlier times.

2. The pulse height spectra of the counters (ADC measurements).

Figures 38-2a and b show the ADC spectra (ADCA1 and ADCA2)
as measured for the phototubes Al and A2. They show a normal
behaviour and changes in their shape indicating malfunctioning
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Figure 38. Examples of histograms for on-line monitoring.
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can easily be detected by inspecting and comparing them with a
standard set of distributions.

3. The frequency distributions of TDC and ADC spectra.

By plotting the number of times the counters of a certain
array like the A or B counters have been hit the non-appearence
of hits for a particular counter immediately shows its malfunc-
tioning. Figure 3B-3a and b show the frequency distribution of the
TDC pulses and ADC pulses for the B counter array. The four-fold
structure in these distributions is due to the box arrangement of
the B counters. The distributions start with the counters in the
centre of the so-called "LEFT" quadrant and then run through the
array clock wise. In the middle of the quadrants the solid angle of
one B counter element is larger than for one in the corners. As a
consequence the frequency of the hits in the middle counters will
be larger than in the corners if the particles are produced uni-
formly in azimuth. This pattern is clearly visible in both spectra.
In Fig.38-4a and b the frequency distributions of the TDC and ADC
spectra for the D counters are displayed. The rate in these count-
ers is dominated by the background of cosmic rays simulating a
muon pair event. This fact influences the shape of the spectra and
one expects more hits in the D counters of the "UP" and "DOWN"
quadrants. This is indeed the case.

4. The word length of the records written onto magnetic tape.

If something is wrong with the data transfer from the CAMAC
crates to the computer one of the possible ways of detecting this
mistake is to check the number of words for the various event
types. In Fig.38-5a the distribution of the word length for the
hadron events is plotted. If part of the information would be
missing this would lead to a truncated histogram. In Fig.38-5b the
same distribution for the muon pair events is plotted. These
events have considerably less information written on the tape as
they consist mainly of two back to back tracks hitting only a few
counters and have only two muon tracks through the drift cham-
bers.

5. Bit patterns of the units in the CAMAC crates.

To check whether the channels of the CAMAC modules are
functioning properly the bit pattern of the ADC's and TDC's are
histogrammed. An example of this type of histograms is shown in
Fig.38-6a and b. As only certain value ranges for the ADC and TDC
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are expected the shape of this histogram should be constant from
run to run. A missing bit in a crate will be immediately apparent
by a hole in the histogram. A stuck bit will show up as a sharp
peak at the corresponding bit number.

6. The TDC spectrum and bit pattern of the beam gate signal.

As the beam gate signal determines the starting point of all
the time measurements, it is very important to check its
behaviour. It should have a very precise and well defined timing.
This is indeed the case as shown in Fig.38-7a. As a consequence
the bit pattern of the TDC module measuring the time of the beam
gate should have a characteristic shape. This distribution is shown
in Fig.38-7b.

So far we have given a few examples of the histograms which can
be checked on-line. Many more are possible like the TDC measure-
ments of the drift chambers and drift tubes. They also have their
characteristic shapes which can be compared with reference distrib-
utions to detect possible errors like missing wires and wrong gas mix-
tures.

• SAMPLE

This subprogram simply copies the selected data buffer into a
disk area. This SAMPLE file can be printed by the operator for
inspection. Sampled events can be displayed on the colour TV by the
command PHS. The counter and chamber information are then dis-
played in the end and side view of the detector so that the events can
be scanned on-line and investigated to detect possible mistakes.

In the MARK-J experiment, during one filling of the PETRA machine, on
average 30% of the events are processed by the HSTGRM task. As the trigger
input task and the magnetic tape output task have the highest priority, no
appreciable increase in dead time is observed due to the histogramming
and monitoring tasks.

In summary it can be said that the many ways of checking the data
realised within the data acquisition program have been found extremely
useful for the operation of the experiment. In the first phase of the exper-
iment they have been crucial to obtain reliable physics results in a very
short time.

On-line analysis 81



REFERENCE:

6.1 2249 12 Channel A-to-D Converter

LeCroy Technical Information Manual 1978

82



CHAPTER 7. TESTS AND CALIBRATIONS

7.1 INTRODUCTION

After the installation of a large detector the various components are
subject to changes. During data taking the detector condition will change
gradually, e.g.:

• The scintillators may become yellow due to radiation damage:

• The variations of the photomultiplier gains will change the energy
measurements;

• changes in the gas composition will decrease the efficiency of the drift
chambers and tubes;

• Drifts and damage of parts of the electronics will destroy some of the
data.

Therefore, after the installation it is very important to run tests and
calibrations during and between data taking periods and these should
simulate the actual conditions as closely as possible. This has led to the
addition of special counters for timing purposes and a pulser system for
the calibration of the drift chamber and drift tube electronics.

Regular checks of the electronics are also necessary. In the MARK-J
experiment the fast trigger electronics including all the thresholds, output
pulse shapes and logical functions of the NIM modules are tested every few
months. All the CAMAC modules including the determination of the pedes-
tals, gains and linearities are checked every two or three months. The
TDC's for the drift chambers and tubes are calibrated every eight hours.
The timing (zero time) and gains of the counters are calibrated during a
shut-down by cosmic ray measurements using a special counter set--up.

Without all this, the experimental data will lose their sense of reality,
the physics analysis may lose its reliable basis and may lead to wrong
results.
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7.2 COSMIC RAY CALIBRATION

7.3.1 Electronics Zero Time

The signals from all the scintillation counters after passing the
discriminators are used to form the various triggers as discussed in chap-
ter 3. In order to make stable and reliable coincidences with the
discriminator outputs their timings have to be aligned precisely. This is
particularly important for the D counter signals because they have a
±10ns gate (see Fig.20) in coincidence with the beam gate signal which has
a length of only 3ns. Therefore a common time base for all the counters,
the so-called electronic zero time is defined as the time registered for a
certain counter, responding to a particle produced at the interaction point
and penetrating the counter through its centre. In other words the zero
time can be considered the time measured by the TDC for a hypothetical
counter reduced to a point and placed at the interaction point. With this
definition all the different counter signals can be made to have the same
timing.

Since the timing of the discriminator output is recorded by a TDC
that measures the time difference between a s tar t and a stop signal, this
difference can be adjusted by changing certain cable lengths. These
adjustments are made such that the zero time is at the centre of the full
range of the TDC. The modules used for the measurements are the 2228A's
/ 7 . 1 / which have 8 channels with 11 bits per channel and a full range of
100ns.

In order to measure the zero time precisely one has to analyze its
components. The different contributions to the total delay time T between
the emission of a particle at the interaction point and the time at which
the discriminator generates an output pulse are shown schematically in
Fig .39. The total delay time can be written as:

T = t l + t2 + t3 + t4 + t5
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Figure 39. The contributions to the time delay between the
interaction and the discriminator output.

The flight time t l of a relativistic particle from the interaction point
to the centre of a counter can be calculated from the known geometrical
counter element position in space. The travel time of the light in the
scintillator from the middle of the counter to one of its ends, t2, has to be
measured for every counter. The cable delay time t4 from the phototube
output to the discriminator input is known from the cable length used.
The delay of the discriminator circuitry itself, t5, can be measured. The
transit time, t3, between the production of the electrons at the
photocathode and the .arrival time of the pulse at the anode of the
phototube depends on the high voltage applied and the phototube used.
For the A and B counters t3 is about 20 to 30ns and for C counters it is
about 90ns. Since the gain of the tubes is slowly decreasing in the course
of an experiment, one compensates for this effect by increasing the volt-
ages. This however immediately causes a change in t3. For example,
increasing the A counter high voltage by 100 Volts will decrease t3 by 1.0 to
1.5ns. Therefore the calibration of the zero time is not only important
after the installation of the detector but also during the running periods.

Special counters, the so-called T counters, have been installed on the
top of 4 of the 8 P chambers to determine the zero time for all the detec-
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tor counters. One of them is clearly visible in the photograph of Fig.5 and
Fig .40 shows their possition schematically in the end view. They cover the
cosmic rays going through the middle of the detector perpendicular to the
beam.

T5 T4

Figure 40. The calculation of the counter zero time by means of T
counter trigger. CC is a cosmic ray track, M is one of the
counter elements.

The T counters have phototubes at each end numbered Tl, T2, T8 as
indicated in Fig.40. The signals are first sent to discriminators (see Fig.41)
and then the two signals from the same counter are sent to a meantimer.
There are four of these units called IT, 3T and 2T, 4T. The coincidence
between IT and 3T is TM1 and similarly we have TM2 from the coincidence
of 2T and 4T. The OR signal of TM1 and TM2 is the master trigger TM for the
cosmic ray runs. As the counters from which IT and 4T are derived are
located on top of the detector and the cosmic rays pass these counters
first, the timing of TM will be determined by IT or 4T rather than 3T or 2T.
This is shown in Fig.42.

To ensure that the TM trigger is not generated by TM1 and TM2
simultaneously a majority logic module / 3 . 1 / is used to form a veto signal
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Figure 41. The TM trigger logic for cosmic ray runs.

(Fig .41). If more than 4 signals enter this unit the
cosmic ray trigger.

output inhibits the

Before starting a cosmic ray run the electronic off-sets of the TDC
circuits are checked and adjusted if necessary. Then all other triggers
have to be disconnected from MJl so that only TM determines the master
trigger. A DC level replaces the beam gate signal in MJF (see Fig.41). The TM
trigger rate is 0.6 to Ö.BHz.

For each ot the cosmic ray events the on-line computer uses the TDC
information to determine which T counters were fired and then decides on
the correction values to be used to calculate the cosmic ray zero time to.
This time can be written as:
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Figure 42. The coincidence of IT (4T) and 3T (2T) showing that the
timing of the T counter trigger TM is determined by IT
(4T).

tO = tm + At

where tm is the time measured by counter element M (A, B, C or D) fired
by the cosmic ray and At is a known correction for the displacement away
from the interaction point of counter M. As these corrections only depend
on geometrical positions, they can be calculated beforehand for all the
counters and applied to the measurements. The results of a cosmic ray
run are then the histograms of tO for each of the counter TDC's. Figure 43
shows an example for one of the D counter TDC's. The zero time is defined
in the centre of the half height of this TDC spectrum. In this way a set of
zero times is obtained for all the counters and the differences between
them are then adjusted by changing their cable length to within 0.5ns. It
should be noted that the At correction depends on the incident angle of
the cosmic rays, but for the D counters this effect is only 0.3ns. An overall
accuracy for the electronic zero time of xO.7ns is obtained and considered
to be adequate.
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Figure 43. The TDC spectrum of one of the D counters found by using
the cosmic ray trigger.

7.2.2 Calibration of the Counter Gain

By measuring the counter response to the minimum ionization
caused by the cosmic ray muons one can calculate the gain of the
photomultipliers and its change as function of time. The cosmic ray data
for the determination of the electronic zero time can also be utilized for
this purpose by analyzing the pulse height measurements as registered by
the ADC's. The analysis takes place off-line and the following corrections
have to be applied and calculated:

1. The pedestal values have to be subtracted from the ADC measure-
ments.
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2. <p and -i? angles for the cosmic rays are calculated using the informa-
tion from the D counters and Q chambers respectively. With these, the
measured values are corrected to represent the situation of normal
incidence to the counter surfaces.

3. The Z-position of the cosmic rays in the various counters is obtained
using also the Q chamber measurements.

This last point is particularly important as the light attenuation in
the scintillator is Z-dependent. By correcting the ADC measurements for
the effects mentioned under 1) and 2), the pulse height as function of the
Z-position of the cosmic rays in the counters can be investigated. In
Fig.44 these measurements are displayed for a particular A, C and K
counter. These distributions can be parametrized by a simple exponential
form:

z/X
<ADC> = Ao e

where Ao is the average pulse height at position Z = 0 and X is the atten-
uation length.

As indicated by the straight lines in Fig.44 th<s data agree well with the
chosen parametrization. Using the fitted X the corrected pulse height dis-
tributions independent of Z can now be calculated and they are shown in
Fig.45. The distributions show the normal expected Landau behaviour /7.2/
for the energy loss of a particle traversing matter. By calculating the
average position of the pulse height distribution and comparing this value
with the value obtained earlier in the course of the experiment the change
in the gain of a phototube is obtained. These changes are stored on a cali-
bration file which is used in the off-line analysis. If the shifts exceed
certain values the high voltages are adjusted on-line accordingly.
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Figure 44. The ADC distributions of A, C and K counters as a function
of Z-position after pedestal subtraction and i? and <p angle
correction.
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7.3 THE TDC CALIBRATION OF THE CHAMBER

7.3.1 Introduction

The time digitizers for the approximately 8500 drift chamber wires
and 2500 drift tube wires are modules LRS 2770 / 7 . 3 / . In front of the TDC
every sense wire has its own preamplifier and discriminator. The TDC's
have 8 bits per channel and a unit consists of 96 channels. The full scale of
one channel corresponds to lfis for the drift chambers and 500ns for the
drift tubes. The TDC circuit operates in the so-called common stop mode
which means that the TDC start signal is the pulse from the individual
sense wire and the stop signal is a common signal for all the channels
generated by the trigger system. As the time for digital conversion only
begins with the start signal derived from a fired sense wire, a short time
corresponds to a large TDC value. The stop signal is generated after the
maximum possible drift time. The relationship between drift time and
measured value for a particular channel is shown schematically in Fig.46.

3 0 0 ^
intercept

200 -

TDC
CHANNEL

100

t
0 200 400 600

-»- Drift time ( ns )

Figure 46. A typical conversion curve for the drift chamber TDC.

The aim of the calibration is to supply the TDC characteristics (the
intercept value at t = 0 and the slope parameter) for each channel to the
off-line analysis. The line in Fig.46 has to be determined for each channel
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in order to measure the muon trajectories through the detector with suf-
ficient precision. Since these parameters are unstable and different from
channel to channel, the calibration is done every 8 hours in the periods of
the normal data taking.

7.3.2 TDC Calibration

The calibration is controlled by a special program of the on-line com-
puter. The preamplifiers and discriminators connected to the sense wire,
are also included in the tests.

A sequence of pulses with different delay times is generated to meas-
ure the position and slope of the staight line shown in Fig.46 for each
channel. For normal calibrations 20 measurements are taken, which corre-
sponds to time intervals of 50ns and 25ns for the drift chambers and tubes
respectively. With an other version of the program 200 data points can be
measured to determine the straight line parameters in even more detail.

A block diagram of the testing set-up is shown in Fig.47. When the
program starts, the computer first sends the delay time value to a delay
pulse genarator /7.4/ via the CAMAC system. Then a trigger signal is
produced by a CAMAC output register. This signal is sent to the start pulse
generator which is mounted on the detector. The circuit diagram of the
start pulse genarator is shown in Fig.48.

The signal arriving at the detector triggers a monostable circuit
which produces a 30ms wide pulse. This pulse drives a mercury relay. The
capacitor C in Fig.48 is connected to a high voltage of about -170 Volts.
When the relay is triggered the capacitor C discharges through the 510
resistor and the outside circuits. The output pulse from the start pulse
generator is distributed to all the preamplifier boards where they are cou-
pled to each individual input of the preamplifiers via a capacitive coupling.
This simulates a real signal generated on the sense wire. The signal is then
amplified and discriminated and goes through a long cable to the TDC
module as the start signal.

One of the outputs from the start pulse generator is delayed and
shaped and then triggers the delay pulse generator. This unit generates an
output which is delayed a certain time according to a preset value from
the computer. This output is sent to all the TDC modules as the common
stop signal. After 40/tts, which is the conversion time for the TDC circuit,
the computer reads in all the data from the TDC modules and the program
will start again with the next delay time. The whole calibration for the
drift chambers and tubes takes about 10 minutes.
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Figure 48. The start pulse generator.

After all the data have been accumulated, the computer calculates
the slope and the intercept for every channel and stores the results on the
disk. A comparison is made with a reference file containing a standard set
for these parameters. If differences occur the following information is
printed:

• The channel numbers for which the variation from one delay point to
the next is greater than a certain value.

» The channel numbers for which the deviation of a measurement from
the linear fit is larger than a certain value.

• Shifts in the slope and intercept parameters.

• Missing wires.

• Missing test points.

The possible problems can be due to malfunctioning TDC modules or
IC chips and if so they have to be changed.

The new calibration results are written on the tape at the beginning
of every run so that they can be automatically used by the off-line analy-
sis. Failures of TDC modules during the runs can not be corrected using
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the calibration results and these modules have to be checked and repaired
by the operators during data taking.

7.4 OFF-LINE CALIBRATION OF THE COUNTER TDC'S

The calibrations of the counter zero times and gains is refined after
data taking in the off-line analysis using Bhabha events. As the drift tubes
give a very accurate measurement of the Z-position of the charged tracks,
the place of incidence on the A, B and C counters can be calculated pre -
cisely (Ztub). This measurement can be used to calibrate the Z-position
(Zctr) derived from the counter TDC measurements.

Zctr is determined by using the time difference between the two
phototube signals as follows:

Zctr = v/2 j ( Tl -Tol ) - ( Tr - Tor )

where v is the velocity of light in the scintillator, the Tl (left) and Tr
(right) are the TDC measurements of the left and right phototubes cor-
rected for time slewing due to pulse height differences. Tol and Tor are the
zero times of the counters. Their definitions are:

Tol = Tl
Tor = Tr when Z = 0 or tf = 90°
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Figure 49. The calculation of the zero time using Bhabha events.

Tol and Tor can be calculated using the hits at Z # 0 by correcting
the time of flight difference (ATf, see Fig.49) and the transmission time of
light in the scintillator(Tz).

Tor = Tr + Tz - ATf
Tol = Tl - Tz - ATf

where Tz is defined as the flight transmission time from the hit position to
the counter centre (Z = 0).

In Fig.50 the difference between Zctr and Ztub is plotted for the A and
B counters restricting the data to IZtubl < 100mm. The resolution is
found to be a = 16mm which corresponds to a % 0.14ns.

A more detailed study of systematic effects can be made by plotting
the difference <Ztub-Zctr> as function of the Ztub position (Fig.5l). Devi-
ations over the length of the counter are seen which are not completely
understood at the moment, but the distortion in Zctr can be corrected
using this dependence.
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CHAPTER 8. OPERATING EXPERIENCE AND PHYSICS RESULTS .

8.1 OPERATING EXPERIENCE WITH THE MARK-J DATA TAKING SYSTEM

The MARK-J detector was installed in the PETRA beam line in October
1978. The development of the MARK-J trigger system can be divided into
three periods :

1. Prom October 1978 to the end of 1979

This was the first year of running for PETRA and the four exper-
imental groups. The beam energy went from 6.5GeV to 15.8GeV. During
this period the MARK-J experiment has been operating with only the
fast NIM trigger (see chapter 3).

2. From the beginning of 1980 to the beginning of 1981

As a consequence of going to higher energies, the trigger ra te
from the fast electronics for the hadron and Bhabha events s tar ted to
exceed the limit of the allowable dead time (about 20%). This was
mainly due to beam-gas background giving ra ther symmetric and
thus balanced energy deposits in the inner calorimeter, so that the
suppression of the hadron trigger ra te by "S" (see 3.4) was no longer
effective. To solve this problem, two additions were considered:

a. The installation of a total energy trigger.

b. A wire pair requirement in the inner S and T chambers.

Addition a) was realized by summing up all the phototube signals from
the inner calorimeter by a linear adder and integrating it by an
integrator gated by the fast trigger signal (described in chapter 4).
Addition b) was realized by installing an adjacent wire pair counting
algorithm in the MBD (described in chapter 5). These two require-
ments, especially the total energy trigger, turned out to be very
effective to cut down the rate. The installation of these two parts
changed the MARK-J trigger from a single level trigger system to one
consisting of three levels.

3. From the beginning of 1981 to 1983

During the second running period, it was felt tha t we needed
more sophistication in the triggers. Firstly, a faster integrator was
installed in the total energy trigger circuit because the dead time
caused by the energy trigger was still considerable
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(150/zs * 300Hz ~ 4.5%). With the new integrator (see chapter 4), the
dead time was cut down to a negligible level (10/i.s • 300Hz ~ 0.3%).
Secondly, a wire pair test for the hadron events, which was used dur-
ing the second period, was removed for physics reasons because the
acceptance of the events at small scattering angles was limited by this
requirement. Instead, the MBD energy tests on hadron and Bhabha
triggers described in chapter 5 was installed at beginning of 1981.

Concerning the computer system an essential change took place in
1981 when a PDP-VAX link was installed. The on-line computer was con-
nected to the VAX11/780 through a serial link and the two computers
operated under a unified operating system RSX-11M. At the beginning, this
link was prepared for emergencies in case the PDP11 tape drive broke
down. In fact this never happened. In the spring of 1983, a new program
was installed at the VAX. All the CAMAC readouts written on the magnetic
tape by the PDP11 are now also sent to the VAX through the link. A simpli-
fied but almost complete data reduction program can now be executed on
the VAX. Moreover, a variety of detector monitor programs has been
installed at the VAX and can be performed on-line.

As mentioned before, we have started the experiment by supplying
the TM cosmic ray trigger and the pulser system for the counter TDC and
chamber TDC calibrations (see 7.2 and 7.3). This has never been changed
so far.

For the ADC calibration we are planning to install, in the near future,
an independent set of high sensitivity ADC's for the A, B and C counters
parallel to the existing ADC's, so that we can take cosmic ray data in
between PETRA beam crossings. The counter gain calibration will then be
performed continuously during the data taking period.

In conclusion, since the installation of the MARK-J trigger and data
taking system in 1978, the MARK-J experiment has been taking data suc-
cessfully for over 4 years and produced many important physics results.
Though the basic design of the trigger and data taking system has been
adequate, it has experienced changes and developments according to the
experimental needs. The design, construction and the management of the
data taking system is far from a trivial job in such a large and complex
experiment as the MARK-J. The quality and the reliability of the exper-
imental data, on which all the physics results are based, can only be
ensured by the adequate and careful operation of the whole data taking
system, such as the trigger, on-line monitor and calibration.
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8.2 PHYSICS RESULTS

8.3.1 Introduction

Three important physics results obtained with the MARK-J detector
will be presented, namely the measurement of the Bhabha scattering
process, the measurement of the total hadronic cross section R and the
measurement of the total cross section and charge asymmetry of muon
pair production. Special attention will be given to the way in which the
physics results may be affected by the data taking system and the detec-
tor calibration.

8.3.2 Bhabha Scattering

The analysis of elastic e+e~ scattering (Bhabha scattering) has,
besides its own physical merits / 8 .1 / , two practical applications in the
general analysis of the data. They are:

• Measurement of the integrated luminosity using small angle Bhabha
scattering. This parameter is needed to calculate all other cross
sections.

• The off-line calibration of the time zeros and relative gains of the
counters using large angle Bhabha scattering, as discussed in
chapter 7.

A typical Bhabha event is shown in Fig. 13. As seen in the figure, this
type of events is characterized by two well collimated energetic showers
in the electromagnetic calorimeter, only small energy deposits in the
hadron calorimeter, and in most cases two charged particle tracks in the
drift tube arrays. In order to do an event selection one must first deter-
mine the amount and the position of the energy deposited in each
counter. With these, one defines an energy flow vector Ei for each
calorimeter element which is hit. The direction is determined by the posi-
tion of the hit and of the interaction point. The Ëi can then be combined
into "counter tracks" Pi by summing up all vectors which are close
together, i.e. within a cone of 30° half opening angle. The selection of
Bhabha events is then performed by demanding:

1. Each event has at least two counter tracks P*l and Pz, which have
| Pi | > l/3*Ebeam.
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2. At least 90 % of the energy of Pi and Pz is deposited in the inner
calorimeter.

3. The two tracks must be almost back to back, i.e. the acollinearity
angle f is less then 50°, see Fig.52.

$

Figure 52. Definition of the acollinearity angle f and the production
angle i9.

4. The number of tracks in the drift-tubes is less then five.

The results are shown in Fig.53 where we plot the measured differen-
tial cross section sdcr/dcosi? for data taken at various energies around
Vs = 35GeV and corresponding to an integrated luminosity of éOpb"1.
Since we do not distinguish the electric charge of the particles within the
drift tube array, the distribution has been folded around i> = 90°, where i>
is the production angle (see Fig.53). The measured cross section has been
corrected for QED radiative effects to order a3 /8 .2/ and can thus be com-
pared to the lowest order QED cross section which is also shown in the
figure. The data are consistent with the QED prediction over 3 orders of
magnitude.

106



I I I I I I

j I

0.5 1.0

icos e

Figure 53. The 35 GeV data for Bhabha scattering compared with the
prediction of QED. The dots are bigger than the statistical
errors.
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Figure 54. The relative deviation from QED for Bhabha scattering.
The curve is the result of a fit using the electroweak
theory.

At i> values near 90° small deviations from QED are expected due to
the effects of the weak interaction. In order to look for these effects in
more detail, we plot in Fig.54 the relative deviation as fuction of COST?. The
definition of the deviation for each costf interval is:

6 = ( Ndata - Nqed ) / Nqed

One can see that at this energy (Vs = 35GeV) the data are still con-
sistent both with pure QED (6=0) and with the small deviations expected
from the unified theory of electroweak interactions /1.3/ , /8.3/ .
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Since these deviations are only of the order of a few percent a large
effort must be made to keep the systematic errors at least small. This
involves e.g. the calibrations of drift tubes and counters, as a small shift
in & from the dominant small angle region to the sparsely populated large
angle region could destroy the effect. Also a small trigger inefficiency for
large angle Bhabha events would be dangerous. The separation of back-
ground from e+e~ —> T+T~ or e+e~ —> hadrons is also crucial for this
analysis and can only be done in a reliable way if the whole data-taking
chain has been checked to work correctly.

8.2.3 Multi-Hadronic events

A typical multi-hadronic event is shown in Fig. 10. This type of events
is characterized by the large number of counters involved, significant
energy deposit in the hadron calorimeter, and many charged tracks
recorded in the drift-tube arrays. The off-line selection criteria for hadron
events are /8.4/:

1. The total measured energy Evis is more than 50% of the cm. energy.

2. The measured energy is balanced within 50% of Evis in both longitudi-
nal and transverse directions with respect to the beam line.

3. The distribution of the showers in the calorimeters is incompatible
with a purely electromagnetic nature for the final state.

In Fig.55 we show the distribution of the Evis/Ecms for the high ener-
gy data. In the same figure we show the corresponding distribution in
case the calibration (gain and pedestal) was not updated for a period of 3
months. As can be seen the measured energy peak has shifted about 6%
and the energy resolution has also deteriorated.

The measurement of the parameter R is of particular interest in e+e~
physics. Changes in the R value as a function of energy indicate the
occurence of new particles or interactions. The R is defined as:

R = &(»+* • Hudron.) /

where the apotnt is the QED cross section for the pair production of spin
1/2 point-like particles in e+e~ annihilation.

Figure 56 shows the MARK-J results /8 .5 / of R from a cm. energy of
13GeV to the highest PETRA energy of 38.3GeV. The data correspond to a
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Figure 55. The distribution of Evis/Ecms for high energy hadronic
events. The dashed histogram shows the corresponding
distribution obtained when using a three months old
calibration.

total integrated luminosity of 96.94pb~x and 36K events collected from 1978
to the end of 1982. As can be seen clearly, the measurements are consist-
ent with a constant R value over this energy range. The average value is :

R = 3.86 ± 0.22
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Figure 56. The total cross section for e+e" —> hadrons, normalized
to the point-like cross section, as a function of centre of
mass energy. The dashed line indicates the QCD
prediction for five quarks. The dashed-dotted line shows
the value expected if a new quark with charge 2/3 were
also produced.

The prediction of the theory of quantum chromodynamics (QCD) /1.2/
for e+e~ production of hadrons through pair production of the five already
known quarks (labelled u, d, s, c and b) is R
ment with our data.

3.9. This is in good agree-

For reasons of symmetry in the classification of quark and lepton
families a sixth so-called "top" or t quark is expected to exist. If the cm.
energy were high enough to produce this quark the R value would rise to
R = 5.3 on average, while characteristic resonance effects would occur
near the threshold energy, as has been observed for the c /8.6/ and the b
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quark /8.7/. So far the data have shown that the mass of the t quark must
be higher than 20GeV. The MARK-J collaboration will continue to search for
this quark as the PETRA energy increases.

The systematic error in R is of the order of 10 % overall and 5 % point
to point. A large fraction of this is due to the luminosity measurement
which in turn depends on a correct treatment of small angle Bhabha
events through the whole data acquisition system.

8.2.4 Muon Pair Production

A typical muon pair event is shown in Fig. 18. There are only two
charged particles coming out of the vertex in opposite directions and pen-
etrating with high momentum through the whole detector. Muon pair
events are selected according to the following criteria /8.8/:

1. Two D counters must be hit. The difference in the mean-time of the
two counters must be smaller then 5ns after time-of-flight correction.

2. Two tracks are observed in the outer muon chambers (P or R).

3. The measured vertex position must originate from a cylindrical space
(r=5cm, l=20cm) around the beam interaction point.

The muon pair trigger "QM" is mostly triggered by cosmic rays which
are in coincidence with the beam gate. Normally, there are only ~5 real
muon pair events on one tape at a beam energy of 17GeV, compared to 5k
triggers caused by cosmic rays. Therefore the separation of cosmic rays is
essential for the event selection. The distribution of the mean-time dif-
ference mentioned in 1) is shown in Fig.57. As can be seen the separation is
very clear.
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Figure 57. The mean-time difference of the two D counters for
events triggered by the muon pair trigger. The peak on
left corresponds to the real events and the peak on right
to the cosmic rays. The distribution shows that the real
events and cosmic rays are clearly separated by ~9ns.

After applying the three cuts mentioned above, the remaining cosmic
rays are estimated to be less than 0.1% of the total event sample. For the
events which passed the cuts, the momenta of the two tracks are fitted by
matching the tracks in the inner (S or T) and outer (P or R) chambers. The
momentum of the highest energy track Pmax and the acollinearity angle
of the muon pair <f, defined as in Fig.52, are plotted against each other in
Fig.58.
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Figure 58. Distribution of Pmax versus the acollinearity angle f for
muon pairs selected by criteria 1) - 3) in the text.

In this figure one can clearly distinguish two classes of events, one at
high Pmax and small f coming from e+e~ annihilation into a muon pair
(ly process) and the other at low Pmax and various f angles coming from
e+e~ > e*e~fj,+fi~ (2y process) where the two final state electrons have
disappeared in the beam-pipe. Finally, we apply the cuts on Pmax and <"
to select the genuine annihilation events. The cuts are PmaxëO.5*Ebeam
and f£20°. The measured total cross section corrected for the a3

radiative effects is plotted in Fig.59 as a function of the centre of mass
energy together with the prediction from QED. The background from the
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2rf process is estimated to be less than 0.2% and the contribution from
other processes is negligible. The data are in good agreement with the
QED prediction over a wide energy range from 12 to 36.6GeV.

MARK J

2C 30

-Vs (GeV)
Figure 59. The total cross section for e+e" fi+/M~ as a function of

cm. energy. The line indicates the QED prediction.

The new gauge theory developed by Glashow, Salam, Weinberg and
others / 1 . 3 / to unify the electromagnetic and the weak force predicts the
existence of the heavy particle Z° (mass ~ 90'JeV) as a mediator of the
neutral part of the weak force. Although the pure weak contribution to
the cross section is expected to be very small at PETRA energies, the inter-
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ference between electromagnetic (e+e~ —> y —> A1"1"/1*") an(* weak
(e+e~ —> z° —> fi+(J,~) amplitudes produces a measurable charge
asymmetry in the angular distribution of the muons. This distribution is
plotted in Fig.60 for data at Vs = 35GeV. An asymmetry is clearly visible
at this energy, corresponding to more negative muons being produced in
the backward hemisphere of the detector, i.e. in the direction of the
positron beam. Defining the asymmetry A as:

F-B
A =

F+B

where F (B) is the number of negative muons observed in the forward
(backward) hemisphere. We obtain

A = ( -8.1 ± 2.1 ) %

after corrections for acceptance and higher order QED effects.

The systematic error in this important result has been thoroughly
investigated /B.8/. Acceptance asymmetries are reduced to < 1% by taking
equal amounts of data with opposite magnetic field polarity. This has been
checked with an extensive analysis of 20000 cosmic ray muons. Trigger
inefficiencies have been found to contribute < 0.5%. Assignment of the
wrong charge to both muons contributes 0.1% and event selection < 0.3%.
All together the systematic error is estimated to be less than 1%. Thus we
can confidently compare our result with the prediction of the
Glashow-Weinberg-Salam theory which is A = (-7.6±0.6)% and conclude
that the agreement is excellent.
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Figure 60. The angular distribution of muon pairs produced in a \y
or Z° process. The angle a? is the angle between the
incoming electron and scattered negative muon. The
dashed line shows the symmetric lowest order QED
prediction and the full line corresponds to the
Glashow-Weinberg-Salam theory.
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SUMMARY

In th i s t he s i s t h e d a t a t ak ing s y s t e m of t h e MARK-J d e t e c t o r a t DESY,
Hamburg, is described, in particular the three-stage trigger system and its
hardware realization to which the author of this thesis made substantial
contributions.

The MARK-J detector utilizes PETRA, the world's highest energy
electron-positron storage ring ( 20+20 GeV ) to study the production of
leptons and hadrons in e+e" collisions. The detector was designed to iden-
tify the emerging high energy muons, electrons and charged or neutral
hadrons within almost 47r acceptance. By measuring the energies and
directions of these particles experimental data are obtained that provide
sensitive tests for the validity of current theories of fundamental particle
interactions. Some of the prime physics goals of the MARK-J experiment
are discussed in Chapter 1.

The MARK-J detector employs calorimetry to measure the hadronic
and electromagnetic energy flow. A compact inner detector is used to
measure the vertex and the direction of the charged tracks. A large toroid
of magnetized iron surrounds the inner region of the detector and forms a
part of the hadron calorimeter. Hadrons can be distinguished from muons
because the latter are observed in the large-area arrays of drift chambers
outside the iron where the hadrons cannot penetrate. This feature makes
it possible to study muon events and hadron events containing a muon.
The toroidal magnetic field is used to determine the muon momenta. The
properties of the PETRA machine and the general design features of the
MARK-J detector and its data taking system are described in Chapter 2.

A fast electronic trigger is the first trigger stage in the data taking
system. This trigger stage consists of 17 NIM crates containing about 160
NIM modules. Discriminators and coincidence circuits are used as the main
logic components to select events of different types. In Chapter 3, the
principle of the fast trigger logic and its hardware realization are dis-
cussed.

In Chapter 4 the second trigger stage of the MARK-J detector, the
so-called total energy trigger, is described. The basic idea of the total
energy trigger is to reject events for which the total energy deposit is less
than a preset limit. This task is performed by specially designed hardware.
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The third trigger stage is described in Chapter 5. It performes, for
Bhabha and hadron events, an on-line energy balance check. For muon
events it sets a lower limit to the number of hits observed in the drift
chambers inside the iron yoke. These tests are performed in software by
the so-called Microprogrammable Branch Driver, an interface between the
detector and the on-line PDP11 computer.

Chapter 6 contains the description of the on-line computer system
and the data collection program. Histograms of some of the monitored
time-depedent quantities are shown as examples of the on-line tests per-
formed by the computer.

Frequent detector calibration is necessary to ensure the reliability of
the experimental data. In the MARK-J experiment two independent on-line
calibration systems are used to calibrate the counters and chambers. The
principle of their operation and the associated electronics are discussed in
Chapter 7. The off-line calibration of the counters by large angle Bhabha
events is also described in this chapter.

Since 1978 the MARK-J detector has successfully taken data. The
design of the trigger and data taking system proved to be adequate. How-
ever, small changes were made over the years to adapt the system to the
increasing energy and luminosity of PETRA. In Chapter 8 the development
of the system is reviewed and some of the most important physical results
obtained on Bhabha scattering, Multihadron production and Muon pair
production are summarized.
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SAMENVATTING

In dit proefschrift wordt he t da ta acquisit ie sys teem beschreven
waarmee de signalen van de vele te l lers en dr i f tkamers van de MARK-J
de tec to r worden geïn terpre teerd , geselecteerd en opgeslagen op
magneetband. In het bijzonder het drietraps trigger systeem en de hard-
ware waaruit dit is opgebouwd worden besproken, omdat schrijver dezes in
de realisering hiervan een belangrijk aandeel heeft gehad.

De MARK-J detector is één van de experimentele opstellingen bij
PETRA, de 20GeV + 20GeV electron-positron opslagring in het DESY
laboratorium te Hamburg. De detector is ontworpen voor het bestuderen
van lepton en hadron productie in e+e~ botsingen. Dit type gebeurtenissen
kan met grote efficiëntie worden herkend en de in de botsing ontstane
hoog energetische muonen, electronen en geladen of neutrale hadronen
kunnen over bijna de volledige 4n ruimtehoek om het interactiepunt
worden waargenomen. Meting van de energie en de richting van deze
deeltjes levert experimentele gegevens waarmee de geldigheid van huidige
theorieën over de wisselwerking van elementaire deeltjes nauwkeurig kan
worden getoetst. Enige van de belangrijkste fysische doelstellingen van het
MARK-J experiment worden besproken in Hoofdstuk 1.

De energiestroom van het interactiepunt uit naar buiten wordt in de
MARK-J detector gemeten met calorimeters. De plaats van de vertex en de
richting van de geladen deeltjes worden in een compacte binnenste detec-
tor gemeten. Daaromheen bevindt zich een grote toroide van
gemagnetiseerd ijzer, waarvan de binnenste helft tevens deel ui tmaakt van
de hadron calorimeter. Hadronen kunnen van muonen worden
onderscheiden doordat de hadronen en hieruit voortgekomen secundaire
deeltjes in het ijzer worden geabsorbeerd, terwijl i e muonen worden
waargenomen in de grote driftkamers buiten het ijzer. Zowel
gebeurtenissen waarin alleen muonen worden geproduceerd, alsook
gevallen waarin naast hadronen ook een muon ontstaat, kunnen in deze
opstelling worden bestudeerd. Door bepaling van de richting van de
muonsporen aan de binnenzijde en aan de buitenzijde van het
gemagnetiseerde ijzer kan de impuls van de muonen worden gemeten. De
eigenschappen van de PETRA versneller en de algemene kenmerken van de
MARK-J detector en het systeem voor gegevensverwerking worden in
Hoofdstuk 2 beschreven.
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De eerste trap in het trigger systeem is een snelle electronische trig-
ger bestaande uit 17 NIM crates die ongeveer 160 NIM modules bevatten. De
logische componenten waarmee de verschillende soorten gevallen worden
geselecteerd zijn voornamelijk discriminatoren en coincidentiecircuits. De
grondideeën van de snelle trigger logica en de realisatie in hardware
worden besproken in Hoofdstuk 3.

In Hoofdstuk 4 wordt de tweede trap van het MARK-J trigger systeem,
de zogenaamde totale energie trigger, behandeld. In grote trekken heeft
de totale energie trigger tot doel om die gebeurtenissen te verwerpen
waarvoor de totale in de detector gedissipeerde energie een bepaalde
drempelwaarde niet bereikt. Dit doel wordt verwezenlijkt met behulp van
speciaal voor dit doel ontworpen en gebouwde electronische schakelingen.

De derde trap van het trigger systeem wordt beschreven in
Hoofdstuk 5. In deze trap wordt voor de Bhabha en hadron gebeurtenissen
getest of de energiedissipatie in tegenovergestelde richtingen ongeveer
gelijk is. Voor muon gebeurtenissen wordt getest op het aantal draden van
de binnenste driftkamers waarop een deeltje werd geregistreerd. Deze
tests worden uitgevoerd door een programma in de zogenaamde Micropro-
grammable Branch Driver, een interface tussen de detector en de on-line
PDP11 computer.

Het on-line computer systeem en het programma voor het
controleren en opslaan van de experimentele gegevens worden in
Hoofdstuk 6 besproken. Als voorbeeld van de controlemogelijkheden die de
computer biedt, worden histogrammen getoond van enige van de vele
tijdsafhankelijke grootheden die tijdens het experiment worden
geregistreerd.

Een geregelde ijking van de vele detectorcomponenten is van groot
belang voor het verkrijgen van betrouwbare resultaten. In het MARK-J
experiment worden tijdens het experiment twee onafhanklijke systemen
gebruikt om de tellers en driftkamers te ijken. Het principe waarop deze
systemen berusten en de werking van de bijbehorende electronica worden
behandeld in Hoofdstuk 7. De tellers worden achteraf nogmaals geijkt met
behulp van de Bhabha gebeurtenissen die zijn waargenomen. Deze
methode, waarbij dus gebruik wordt gemaakt van de gegevens die op
magneetband zijn weggeschreven, wordt ook in dit hoofdstuk besproken.

De MARK-J detector heeft sedert 1978 met veel succes gegevens
verzameld. Het trigger systeem en het systeem voor gegevensverwerking in
het algemeen bleken goed op hun taak berekend. Omdat de energie en
luminositeit van de PETRA versneller voortdurend toenamen zijn echter in
de loop der jaren toch kleine veranderingen nodig geweest. Van deze
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ontwikkelingsgeschiedenis wordt in Hoofdstuk 8 een kort overzicht
gegeven. Tevens worden daar enige van de belangrijkste fysische resultaten
samengevat die op het gebied van Bhabha verstrooiing, multihadron
productie en muon paarproductie zijn verkregen.
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1. Acoustic emission is still the best technique so far for non-destructive safety

tests of large chemical containers under normal operating conditions.

M.C. Ho, S.X. Wu, Acoustic emission and its Applications,

Electronic Technology and its Applications, Shenyang, China, vol. 4 1976.

2 . The attractive feature of the FAMP system is the dual port memory (DFM) by

which one can communicate with other processors or peripherals without

interruptions or delays.

L.O. Hertzberger et a l . , FAMP: An Example of Multiprocessing in High Energy

Physics,

NHCHEF-H/83-6, 1983.

3 . Test programs for intelligent hardware like computers and microprocessors written

by commercial firms should be written with the aim to find infrequent errors,

not with thi? purpose to prove that the equipment is working properly.

4 . Presenting Chinese characters, In a computer environment, by strings of ASCII

characters can only be considered as a first step towards a more efficient and

user friendly Chinese typewriter.

Olympla 1011 Electronic Memory Typewriter for Chinese Characters and Latin

Letters,

Olympla production note, 1982.
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5. To fully exploit the advantages of using the so-called programmable array logic

(PAL) for the design and lay-out of electronic circuits a standardized procedure

should be developed to produce readable circuit diagrams.

Programmahle Array Logic Handbook,

Monolithic Memories 1981.

6. Implementing a second level trigger with multiprocessor systems allows to take

full advantage of the inherent parallelism In Hie problem and thus provides

maximum speed. A further Improvement in the trigger speed can be obtained by

not reading all the data before processing starts by only accessing this data If

required.

7. The simple relationship between ADC measurement and position of a particle track

in the shower counters of the MARK-J detector used by Buikman is not completely

right due to the dependence of shower development on Incident angle.

Aspects of Electromagnetic and Weak Interaction In Electron Positron Annihilation

at PETRA,

D. Buikman, Thesis, University of Amsterdam, 1982.

8. At present there exists a rich abundance of sophisticated text editing computer

programs, whereas die facilities to get text on paper are poor. The opposite

situation would be a better solution from a practical point of view.


