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Chapterr 3 

Experimentall set-up 

Thee Large Electron Positron collider (LEP) [42] is the world's largest e+e~ storage ring and part 
off  the accelerator complex of CERN, the European Laboratory of Particle Physics near the city 
off  Geneva. At four points along the ring the beams collide, where large experiments are set up to 
studyy the e+e~ interactions: ALEPH [43], DELPHI [44], L3 [45] and OPAL [46]. In this chapter 
bothh the LEP accelerator and the DELPHI detector are described. 

3.11 The LEP collider 

LEPP as accelerator and storage ring 

Withh a circumference of 26.658 km and a maximum centre-of-mass energy of 209.2 GeV LEP is 
thee largest and most powerful e+e~ accelerator in the world. The ring has a quasi-circular shape 
consistingg of 8 short (about 500 m long) straight sections connected by curved sections and is sit-
uatedd in a tunnel between 50 and 150 meters underground. In accelerating particles to the highest 
energiess LEP is only the last step in the acceleration chain where the older accelerators of CERN 
functionn as an injector system. 

Electronss are produced using an electron-gun and accelerated in the LEP Injector Linac (LIL -
I)) to 200 MeV and subsequently collided onto a Tungsten target. The positrons, produced by 
conversionn in these collisions, are collected and, together with the electrons, further accelerated 
too 600 MeV (LDL-II ) and stored (in bunches) in the Electron-Positron-Accumulator ring (EPA). 
Twoo further acceleration steps are done in the Proton Synchrotron (PS) and the Super Proton Syn-
chrotronn (SPS) where the bunches are accelerated to energies of 3.5 and 22 GeV respectively and 
finallyfinally  injected into LEP. The complete turnaround time (fillin g LEP and complete acceleration) 
takess typically around 45 minutes. An overview of the full accelerator chain is given in figure 3.1. 

Inn LEP, electrostatic separators separate the e" from the e+ beam allowing them to be contained 
andd accelerated in the same elliptically shaped vacuum beam-pipe. Guiding the beams through 
LEPP requires a complex system of dipole (to bend) and quadrupole (to focus) magnets. Once 
LEPP is filled, the electron and positron bunches are accelerated using (super-conducting) Radio-
Frequencyy (RF) cavities located in the straight sections. Since charged particles undergoing cen-
tripetall  acceleration (with radius r) radiate energy proportional to E*/r (synchrotron radiation) 

21 1 
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ALEPH H 
Largee Electron-Positron storage ring (LEP) 
26.77 km, 45<E<104.6GeV 

LEPP Linear Injector System (LIL ) 
E(I)=2000 MeV, E(II)=600 MeV 

OPAL L 

Superr Proton Synchrotron (SPS) 
77 km, E=22GeV 

DELPHI I 

Protonn Synchrotron (PS) 
0.66 km E=3.5 GeV 

Electron-Positronn Accumulator (EPA) 
0.122 km, E=600MeV 

Figuree 3.1: An overview of the full CERN acceleration chain for the electrons and positrons. 

thee cavities must, in addition to supplying power for the acceleration, compensate for the energy 
losss of the particles. For an electron in a circular accelerator the size of LEP the energy loss is: 

AEAE = 2.09 x 1(T8 E £eam GeV per turn (3.1) ) 

Inn this expression the beam energy is given in GeV. Each electron (when LEP is operated at an 
energyy of 100 GeV per beam) loses more than 2 GeV per turn. With 4  10 12 particles orbiting 
LEPP at almost the speed of light the radiated power is around 20 MW. 

Afterr operating close to 91.2 GeV, the Z-pole, during the years 1989-1995 (LEP1), where data 
fromm millions of Z bosons were collected, the copper RF-cavities were replaced by super-con-
ductingg ones. In the years 1996-2000 (LEP2) the available RF-power increased each year. Start-
ingg at 130 GeV in 1995, LEP scanned a wide range of centre-of-mass energies reaching a maxi-
mumm on the 10th of October 2000 with collisions at a centre-of-mass of 209.2 GeV '. 

Luminosity y 

Eachh beam (e~ and e+) consists of 4 bunches each containing about 5  10 n particles. At four 
pointss in the ring the beams are squeezed and collided head-on. In the collision, the interaction 
ratee for a specific process depends on the cross section for that process (crpTOC) and the number of 
particless that traverse the interaction region per second per unit surface: 

dNdNn n 

(1/ / 
L(*)«Tp p 

NNee-N-Nee+n+nbunchbunchf f 
4ircr4ircr xx(Ty (Ty 

(3.2) ) 

Onlyy for 2 minutes and 43 seconds with an integrated luminosity of 0.0006 pb ] , but nevertheless ... a record. 
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Inn this expression L(t) is called the instantaneous luminosity, Ne- and N€+  are the number of 
e~~ and e+ per bunch, nbunch is the number of bunches and ƒ is the bunch revolution frequency in 
LEP.. The size of the beam at the interaction point in the plane perpendicular to the direction of 
motionn is represented by <r x and oy with typical values of 150 \im and 10 fxm in x and y respec-
tively.. The instantaneous luminosity changes continuously according to the machine conditions 
(inn turn this depends on parameters like the available RF-power, stability of electronics and the 
skilll  of the LEP operators) and at LEP2 it is typically a few times 10 31 cm_2s_1 and up to 10 32 

cm"2s_11 at the beginning of the fill. 

Thee total number of events produced by a specific process during a data-taking period can be 
determinedd by integrating the collected luminosity over this period: 

Nprocc = CTproc / L ( t ) d £ = CTproc £ ( 3 . 3 ) 

Thee most precise estimate of the integrated luminosity C is not obtained by closely monitoring 
thee machine parameters entering equation 3.2, but by using a reference process with a clear ex-
perimentall  signature and a large cross section that can be calculated to high precision. At LEP the 
processs best suited is small angle e+e" Bhabha scattering allowing the integrated luminosity to 
bee computed by: C = AWbha/^Bhabha ' w n e re ^Bhabha i s m e effective Bhabha cross section after 
correctionss for acceptance and efficiency. The integrated luminosities collected by the DELPHI 
detectorr at the various centre-of-mass energies during the period 1996-1999 are given in table 
3.1.. £s are given in units of p b1 and have a typical uncertainty of 6 %o. 

year r 
y/sy/s (GeV) 
££ (pb"1) 

1996 6 
1611 172 
10.00 10.0 

1997 7 
183 3 
54.7 7 

1998 8 
189 9 
158 8 

1999 9 
1922 196 200 202 
25.99 76.9 84.3 41.1 

Tablee 3.1: Integrated luminosities collected by the DELPHI detector at various centre-of-mass 
energiesenergies during the period 1996-1999. The data collected at centre-of-mass energies below 180 
GeVGeV are not analysed in this thesis. 

Dataa taking in 2000 

Inn the year 2000 no additional RF-power was available and the energy could not be increased 
significantly.. In that year a special effort was made to optimise die sensitivity for a possible Higgs 
signal,, sacrificing integrated luminosity for the highest centre-of-mass energy. A few tricks were 
usedd to increase the beam energy: enlarging slightly the bending radius of LEP, reinstalling old 
copperr cavities etc., resulting in a 3.5 GeV increase. When operated at maximum energy (no spare 
RF-power)) each trip of an RF-cavity is fatal and the beams are lost, resulting in an average beam 
life-timee of only 14 minutes (compared to several hours during normal operations). Optimal 
sensitivityy for the Higgs boson is however obtained by an operation scheme that combines a 
relativelyy long stable collision period (one or two spare klystrons) with a short period at the 
maximumm energy available at that moment. This scheme is called the mini-ramp scheme [47]. 
Thee various centre-of-mass energies LEP operated at are shown in figure 3.2. For most analyses 
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thee 2000 data are divided in two regions: centre-of-mass energies below and above 205.5 GeV, 
identifiedd as '205' and '207' respectively in the remainder of this thesis. 

II I S-perio d 

II I C-perio d 

LA J J 
2044 205 206 207 208 209 

Vss (GeV) 

Figuree 3.2: Number of (preselected) multi-jet events collected at the various centre-of-mass 
energyenergy ranges of LEP operation by the DELPHI detector in the year 2000. 

Afterr the 1st of September DELPHI had to be operated without 1/12 of the central tracking de-
tector.. In the rest of the thesis the period with the full tracking system operational is called the 
C-period.. The period after the 1st of September is labelled as the S-period. The integrated lumi-
nosityy collected during the different periods is shown in table 3.2. 

V^^ (GeV) 

C-period d 
S-period d 
yearr 2000 

CC (pb"1) 
<205.55 >205.5 

(205)) (207) 
75.66 87.8 
6.33 54.3 

82.00 142.2 

alll  energies 

163.4 4 
60.7 7 

224.2 2 

Tablee 3.2: Collected integrated luminosity by the DELPHI detector in the year 2000. The inte-
gratedgrated luminosity collected in the period before (C-period) and after (S-period) the 1st of Septem-
berber are given separately. 

Contraryy to many other analyses, the impact of the distorted reconstructed energy flow in the event 
forr multi-jet analyses is small. After a special effort of the DELPHI tracking group, the effect can 
bee summarised as loosing on average a single charged track per event. The reconstructed energy 
remainedd nearly unaltered, due to a trade-off between the increased(decreased) reconstructed 
neutral(charged)) energy. The effect on the final sensitivity of the analysis is found to be negligible. 
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3.22 The DELPHI detector 

Thee DELPHI detector (DEtector with Lepton, Photon and Hadron Identification) is a detector sur-
roundingg one of the e+e~ interaction regions. At LEP the laboratory system coincides with the 
e+e""  centre-of-mass system resulting in detectors symmetric around the interaction point cover-
ingg almost the full solid angle. The DELPHI detector consists of a cylindrical central part (barrel) 
coveringg polar angles between 40° and 140° and 2 circular 'plugs' (end caps) that allow particle 
detectionn down to polar angles of 2°. The DELPHI detector consists of various sub-detectors as 
cann be seen in the schematic (cut-open) view of the detector in figure 3.3. 

Thee coordinate system used in DELPHI has the 2-axis pointing along the electron direction, the 
i-axiss pointing towards the centre of LEP and the y-axis pointing upwards. The polar angle with 
respectt to the 2-axis is called 6, <j>  is the azimuthal angle and R=y/x2 + y2. 

Thee sub-detectors form two sub-systems: the tracking system close to the interaction point to 
reconstructt the 3-dimensional trajectories, charge and momentum of charged particles and the 
calorimetercalorimeter system to measure particle energies. In the next sections both systems and their char-
acteristicss will be briefly discussed. A more detailed description of the DELPHI detector and the 
performancee of the sub-systems can be found elsewhere ([44] and [48]). 

Figuree 3.3: Schematic view of the DELPHI detector. The barrel and a single end cap are shown. 
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3.2.11 Tracking detectors 

Thee tracking system reconstructs the 3-dimensional trajectory of charged particles. It consists of 
aa set of detectors close to the interaction point inside a uniform magnetic field of 1.23 T parallel 
too the beam axis. This field is provided by a large super-conducting solenoid with a radius of 2.6 
m.. The trajectory of a charged particle can be reconstructed using its ionisation when traversing 
aa medium and its reconstructed curvature allows determination of the charge and momentum of 
thee particle. To minimise the influence on the direction of the particle tracking devices must be as 
transparentt as possible. As a result the sensitive materials are gases or very thin layers of higher 
densityy materials. The various detectors that make up the tracking system in DELPHI are: 

•• Micro-vertex detector 
Thee detector closest to the interaction point is the micro-vertex detector [49] displayed in 
figuree 3.4. It is composed of a Silicon Barrel (VD) and a Very Forward Tracker (VFT). 

Thee VD consists of 3 cylindrical layers of micro-strip silicon detectors located at 6.6, 9.2 
andd 10.6 cm from the beam axis, covering polar angles from 25° to 155°. The inner layer is 
composedd of 2x20 modules and the outer layers are composed of 2x24 modules. All chan
nelss give either R<f> measurements (in all three layers) or z (in two and a half layers). Within 
eachh plane of detectors and between different planes there is significant overlap between 
sensitivee silicon regions, providing redundancy used in the (internal) alignment. The single 
hitt precision for 1 layer in R0 is 8 /xm. The single hit precision in z is a function of the 
incidencee angle, reaching 9 /xm for tracks incident at polar angles of 90°. The maximum 
numberr of hits on a track can be up to 6 in R0 (4 in z). The VD is an important detector 
whenn determining if particles originated from the primary interaction point, which is a key 
ingredientt of analyses involving heavy quarks. 

Thee upgrade of the DELPHI vertex detector was completed in 1997 with the installation 
off the Very Forward Tracker (VFT) allowing track reconstruction at smaller polar angles. 
Eachh of the VFT end caps consists of two layers of silicon pixel detectors2 and two layers 
off mini-strip detectors covering polar angles between 11° and 25°. 

•• Inner Detector (ID) 
Thee ID is composed of two parts: an inner high-resolution drift chamber (JET chamber, 
locatedd at radii between 12 cm and 23 cm) surrounded by 5 concentric layers of straw-
tubess (trigger layer), covering polar angles from 15° to 165°. The drift (wire) chamber is 
dividedd into 24 azimuthal sectors each providing up to 24 R0 measurements per track with 
aa resolution of 85 /mi each. The straw tubes provide additional (fast) R<f> measurements 
usedd in the first level trigger. Due to the stereo angle in 2 layers also some z information 
cann be extracted. 

•• Time Projection Chamber (TPC) 
Thee TPC is the main tracking device in DELPHI. It is located just outside the Inner Detector 
att radii between 35 cm and 111 cm and covers polar angles from 20° to 160°. The detector 
consistss of two drift volumes separated by a high voltage plane at z = 0. Particles traversing 

DELPHII was the first collider experiment where pixels were used in the tracking. 



Experimentall  set-up 27 7 

pixell  layer I 
(12°<9<21°) ) 

Outerr Layer 
(R=1066 mm, 8>23°) 

Closerr Layer 
(R=66mm,, 8>24°) 

Innerr Layer 
(R=92mm,, 9>21°) 

pixell  layer II 
(16°<8<26°) ) 

Figuree 3.4: The DELPHI vertex detector 

thee chamber ionise the gas. The electrons knocked free in the gas drift towards the end-
platess of the TPC due to the electric field parallel to the beam axis. Each end-plate consists 
off  6 multi-wire proportional chambers (MWPC's) that detect the drifting electrons. Each 
MWPCC has 192 anode wires and 16 circular cathode pad rows which results in a maximum 
numberr of 16 3-dimensional position measurements with a resolution of 250 /xm in R(j> and 
8800 fim in z (using drift time information). In addition to position information the TPC 
performss a dE/dx measurement used in particle identification. 

Outerr Detector (OD) 
Thee OD is located at about 2 meters away from the interaction point and consists of 5 layers 
off  drift-tubes subdivided in 24 sectors, covering polar angles between 40° and 140°. The 
singlee point resolution is 110 ̂ m in R0 and 3.5 cm in z. The OD is important in momentum 
estimationn (see table 3.3) since it provides a large lever arm in the track reconstruction. 

Forwardd Chambers (FCA and FCB) 
Inn the forward region (down to 11°) 2 detectors provide tracking information. The FCA 
iss located at |z|=160 cm and consists of 6 layers of drift chambers with combined track 
elementt precisions of <r(x)=290 /zm and a(y)=240 fim. The FCB is a drift chamber located 
att |z|=275 cm consisting of 3 groups of 4 wire planes with a track element resolution of 
a(x)=a(y)=150a(x)=a(y)=150 fim. 

Performancee of the tracking system 

Whenn reconstructing the event the track-elements provided by each sub-detector are combined in 
aa global track-fit, performed by the DELANA[50] programme. The combined tracking perfor-
mancee should not be shown only in the form of a simple list of the single hit precisions in each 
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off  the DELPHI tracking chambers. In this section the quality of the tracking system is demon-
stratedd by two examples: first by the momentum resolution for isolated high momentum tracks 
andd secondly by the achieved precision on the estimation of the primary vertex. The resolution on 
thee distance between tracks and the primary vertex (impact parameter resolution) will be given in 
sectionn 4.4 where it is discussed in relation to a quantity (impact parameter) used in the analysis 
off  multi-jet final states. 

1)) single track momentum resolution: 
Thee precision of the estimation of the momentum of the particle can be illustrated by the reso-
lutionn on the momentum of muons produced by Z—> [i +p~. For tracks containing information 
fromm all central tracking detectors (VD, ID, TPC and OD) the centre of the momentum resolution 
distributionn can be described by a Gaussian of width: 

a(l/p)a(l/p) = 0.57 x 10"3 (GeV/c)"1 

Thee tails of the distribution require a second Gaussian with a width of 1.04 x 10~3 (GeV/c)-1. 
Ass can be seen in table 3.3 the resolution deteriorates when going down to smaller polar angles 
ass could be expected by the increased influence of multiple scattering, the decreasing number of 
hits/detectorss that provide information on the tracks and the fact that the momentum (curvature) 
determinationn is extracted via the component transverse to the magnetic field. 

angularr region 
42°° < 9 < 90° 

0<36° ° 
0<25° ° 

Detectors s 
VD+ID+TPC+OD D 

ID+TPC+OD D 
VD+ID+TPC C 
VD+FCBB included 
FCBB included 

a(l/p)a(l/p) (GeV/c)"1 

0.66 x lO-3 

1.11 x 10"3 

1.77 x lO-3 

1.33 x 10"3 

2.77 x 10~3 

Tablee 3.3: Momentum resolution for 45.6 GeV/c GeV/c muons in different detector configurations. 

2)) Primary vertex reconstruction: 
Inn each event the point where the positron and the electron collide is called the primary vertex. In 
DELPHII  the primary vertex is reconstructed in every hadronic event using tracks from the event 
itselff  combined with the constraint that the vertex they form should be compatible with the beam 
spot,spot, defined as the interaction region of the electron and positron beams. The beam spot itself is 
determinedd every 200 events using tracks from all events, it is small (typical size is 150 /xm in x 
andd 10 /xm in y) and known to very good precision [51]. Using the beam spot as constraint the 
precisionn on the event-by-event primary vertex is: 

cr(x,cr(x, y, z) ~ (22,8,22) /xm 

Inn both the reconstruction of the beam spot and primary vertex determination the influence of 
trackss from interactions with the detector material and of secondary vertices is minimised. Deter-
miningg if a group of particles is compatible with the primary vertex is important when studying 
4-quarkk final states. In section 4.4 the resolution on the (closest) distance between a track and the 
primaryy vertex will be investigated. 
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3.2.22 Calorimeter detectors 

Too measure the energy of a particle, calorimeters perform a destructive measurement by stopping 
particless in their volume. In a cascade of interactions (shower) the particle deposits its energy 
inn the calorimeter, where the shower characteristics can be used to determine the energy of the 
incidentt particle. To stop particles calorimeters must consist of high density materials. Using 
highh granularity detectors allows in addition to reconstruct the position and the direction of the 
particle.. Different characteristics in showering of electrons and photons with respect to hadrons 
havee resulted in a separate electromagnetic and hadronic calorimeter to optimally reconstruct 
theirr energy. 

Electromagneticc Calorimeters 

Electromagneticc calorimeters measure the energies of incident electrons and photons. For high 
energyy (above 1 GeV) electrons and photons the dominant processes are bremsstrahlung and 
e+e""  pair production respectively. The secondary particles produced in these interactions are 
againn mainly e+, e~ and 7s. This cascade develops through repeated similar interactions and can 
bee characterised by the (material dependent) radiation length (X0). The number of particles in the 
showerr can be estimated and is a measure for the energy of the incident particle. In DELPHI a 
combinationn of three detectors ensures a good coverage over almost the full solid angle. After a 
shortt description of each, their main characteristics and resolutions are summarised in table 3.4. 
Hadronss traversing the electromagnetic calorimeters will deposit only a fraction of their energy. 

•• High density Projection Chamber (HPC) 
Thee HPC is a cylinder located in the barrel at radii between 208 and 260 cm (just before 
thee DELPHI solenoid when seen from the interaction point), covering the angular regions3 

betweenn 43° and 137°. It consists of 6 rings of 24 modules each containing layers of 
leadd plates (18 X0) inter-spaced with proportional gas chambers that detect the ionisation 
producedd by electrons or positrons from the shower. The high granularity results in an 
angularr precision for high energy photons of 1.0 mrad in 8 and 1.7 mrad in (f>. 

•• Forward ElectroMagnetic Calorimeter (FEMC) 
Inn each of the DELPHI end-caps the FEMC is the electromagnetic detector covering the 
angularr region between 8° and 35° (172° and 155°). Each consists of 4532 lead glass 
blockss placed at \z\ = 284 cm with a depth of 40 cm (20 Xo). Charged particles inside the 
electromagneticc shower produce Cherenkov photons that are detected at the end of each 
blockk by a photo-multiplier (triode). For showers above 2 GeV the precision on the impact t 
pointt in x and y is about 0.5 cm. 

•• Small angle Tile Calorimeter (STIC) 
Att 2.2 m on either side of the DELPHI interaction region the STIC is a calorimeter covering 
thee forward region between 29 mrad and 185 mrad. It consists of alternating layers of lead 
andd scintillator. This detector is important in the determination of the integrated luminosity 
byy identification of Bhabha events. 

33 Dead regions around 0=90° (A0=2°) and along (p (A<M)-2°) each 15°. 
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Thicknesss Energy resolution (E in GeV) 
HPCC 18XQ cr(E)/E = 0.043 © 0.32/ Ê 
FEMCC 20Xo cr(E)/E= 0.03 e 0.12/ Ë̂ ©0.1 l/E 
STICC 27 Xo cr(E)/E = 0.0152 ©0.135/VË 

Tablee 3.4: Characteristics (conversion depth and energy resolution) of the various sub-detectors 
formingforming the DELPHI electromagnetic calorimeter system. 

Hadronicc Calorimeter 

AA hadronic shower process is more complex and is dominated by a succession of inelastic ha-
dronicc interactions, characterised by multi-particle production. The number of charged particles 
producedd in the shower is a measure of the energy of the incident hadron. These charged particles 
aree detected using for example scintillators inside the converting material which is required to be 
aa very dense material like lead, iron or uranium. 

•• HAdron Calorimeter (HAC) 
Thee hadron calorimeter is installed in the return yoke of the DELPHI solenoid, covering 
aa large part of the solid angle (11° to 169°). It consists of about 19,000 limited streamer 
tubess placed between the 5 cm thick iron plates. The tubes are connected to readout boards 
coveringg a fixed angular region of A0 = 2.96° and A<j>  = 3.75° consisting of up to 64 pads. 
Inn the barrel region the energy precision is found to be: 

<r(E)/EE = 0.21 © 1.12/VË (E in GeV) 

Thee poor resolution is dominated by the large amount of material (magnet) the particles 
encounterr before reaching the calorimeter. 

Performancee of the calorimeter system 

Thee performance of the DELPHI calorimeter is investigated by studying the total reconstructed 
energyy (and its resolution) in multi-jet events at LEP2. Figure 3.5 illustrates the fact that in a 
typicall 4-quark event about 13% of the energy is not recovered. The energy resolution is also 
closee to 12%. The tools that are used, on the level of reconstructed jets, to account for this 
biass and to improve the understanding of the energy-flow to beyond the detector resolution are 
discussedd in section 4.3. 

3.2.33 Remaining sub-detectors, trigger and event reconstruction 

Remainingg sub-detectors 

Thee remaining sub-detectors that make up DELPHI are mostly used for particle identification. 
Althoughh not used in this thesis they are described shortly: 

•• Muon chambers (MUB, MUS and MUF) 
Thee muon chambers (layers of wire chambers) are located outside the hadronic calorimeter. 
Theyy are used for muon identification since the only charged particles that can reach them 
aree muons (above 2 GeV). 
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Figuree 3.5: Total reconstructed energy for simulated fully hadronic 4-fermion events at a centre-
of-massof-mass energy of 200 GeV. 

•• Very small angle tagger (VSAT) 
Thee VSAT is a detector located far away from the interaction point very close to the beam-
pipee to detect electrons and positrons coming from Bhabha scattering between 5 and 7 
mrad. . 

•• Ring Imaging Cherenkov detectors (RIB and RTF) 
DELPHII is the only LEP experiment that has large Cherenkov detectors (both in barrel and 
thee forward region). They are used for particle identification. 

•• Hermeticity detectors and Taggers 
Too achieve complete hermeticity for high energy photons scintillators are installed in order 
too cover 'blind' regions between the barrel and end-cap and between HPC modules. 

•• Time Of Flight detector (TOF) and Forward Hodoscope (HOF) 
Scintillatorr counters used to reject background events from cosmic radiation. They also 
providee a fast trigger for events from genuine e+e~ interactions. 

Trigger r 

Inn only a fraction of the beam crossings (beams cross every 22 /xs) an e+e~ interaction occurs. To 
storee the information from all sub-detectors at each bunch crossing is impossible since reading 
outt the information from all sub-detectors takes more time than the bunch crossing time. The 
goall of the DELPHI trigger system (described in detail in [52]) therefore is to select all events 
fromm e+e" interactions, while keeping the backgrounds from other processes at a low level. To 
copee with the high luminosity and large backgrounds the DELPHI trigger system is composed of 
fourr consecutive levels of increasing complexity. 
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Thee first two levels (Tl and T2) are hardware triggers synchronous with the beam cross overs 
(BCO)) and are required to take decisions after 3.5 and 39 JIS respectively. T3 and T4 are software 
filtersfilters where the full event information is used. Events that pass all triggers are written to storage 
tapes.. At LEP2 the typical rate for this is a few Hz. For hadronic events the trigger efficiency is 
veryy close to 100%. 

Eventt reconstruction 

Usingg the raw information from each sub-detector the event is reconstructed using the DELANA 
[50]]  programme. DELANA performs pattern recognition and does a full track reconstruction 
linkingg information from different sub-detectors: track elements, pedestal and distortion correc-
tions,, calibrations etc. The reduced information on the reconstructed event is written in a Data 
Summaryy Tape (DST) format. The information on the DSTs is accessible to the users, for exam-
plee within the SKELANA [53] framework. 

Detectorr simulation 

Inn order to compare the data with expectations the response of the DELPHI detector on simulated 
eventss needs to be modelled. The response is simulated using the DELSIM [54] (DELphi SIMu-
lation)) programme. It transforms the simulated particles into an event as it would be seen inside 
thee DELPHI detector. The raw (reconstructed) information on the simulated event is then passed 
throughh the same reconstruction chain as the real data events and finally written to tape. 


