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. FEATURES OF VERTEX DETECTION AT L.H.C. 

Before discussing the features of a possible vertex detector it is meaningfull to 
clarify why a vertex detector would be needed for experimentation at the new machine 
considered in the present workshop. There are two motivations, at least, for which 
might be essential : 

1. The identification of the events with more than one interaction and the 
measurement of the vertex positions. In Fig. 1 and 2 two and seven, typical 
interactions, respectively, obtained in UA1, are superimposed on the same 
picture. An high resolution vertex detector is likely to separate the events in 
the case of Fig. 1 but not in the configuration of Fig. 2. 

Fig. 1 - Two typical UA1 events superimposed on the same picture. 
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Fig. 2 - Seven typical UAl events superimposed on the same picture. 

2) The search for secondary verteces and a precise measurement of their position. A 
tagging of the events including short lived particles (as heavy flavours) will be 
indispensable and could be used also in a high level trigger. A precise 
measurement of the production and decay points will enable lifetime measurements 
and the association between tracks and verteces. 

The above mentioned reasons give support to the presence of the vertex detector at 
the L.H.C. machine. 

An analysis, even rough, of the vertex detector performances, based on the pattern 
recognition and on currently available techniques (see below) makes clear that the high 
repetition rate option is strongly favoured. In this hypothesis, with a luminosity of 
>\» 3* 1 0 3 2 cm" !s"' and a time between bunch collisions 25 ns, we expect < N > = 1 
as number of events per bunch collisions, e.i. 36.8% of events with 0 interaction, 
36.8% with 1 and 26.4% with more than 1 event. Two or three events per crossing bunch 
can be separated and 25 ns of repetition time does not appear to be a major problem. 

For the highest luminosity option, the machine luminosity is supposed to be 

= 6*10' 2 cm" 2s'', t^ = 165 ns and consequently < > = 10. This means that 54% 

of the crossing bunches have more than 10 events and only the 6.7% less than 5. 

It looks hard the separation of the interactions in most of the cases, under such a 

condition. 
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The precision and the granularity in the space of the vertex detector is connected 
directly to the high resolution needed for the vertex identification and with the 
possibility to detect individual particles inside the jet. From A. Ali calculations 
(presented in this workshop) we learned that 30% of the total heavy flavour 
production cross sections can be detected assuming •v. 20 vim as error on the impact 
parameter measurement and reasonable cuts on the main kinematical parameters [p 15 
GeV/c, E T > 20 GeV, lui < 2 ] . 

Using ISAJET some expectations can be obtained on the expected jet features 
working at /s = 10 TeV, the probability to have only one track in an angular bin > 
20 prad exceeds 70%. This means that cells of 0.5x0.5 mm* are quite enough for 
detecting individual particles in a jet and the constraints on the granularity are 
fixed by the resolution requirements. 

Then we conclude that a set of detectors with 25 urn of pitch and a spatial 
resolution exceeding this figure could fit all the previous requirements. However is 
not necessary to have a bidimensional read out of 25x25 tarn2 pixel. One coordinate 
might have just the precision required by the tracking of particles in a jet. 

An exercise on the feasibility of a vertex detector with the performances 
described before has been done on the basis of current techniques and on improvements 
we expect during the next ten years. In this frame we have tried to extrapolate the 
present trend for the techniques as silicon microstrip detectors C C D . , plastic 
scintillating fibers and to examine the new possibilities open by the superconducting 
detectors. 

In the high repetion option the time interval between two successive bunch 
crossing is supposed to be 20-25 ns. Thus only detector with both short transit time 
and short electronics processing time are taken into account. 

Solid state devices look attractive, because they already enable to match the 
L.H.C. requirements. Developments in the plastic scintillating fiber technique may 
provide also a fast and fine grain vertex detector. 

2. SOLID STATE DEVICES 

Both semiconductor and superconductor detectors have interesting features 

regarding a possible application as microvertex detector at L.H.C. 

2.1 Semiconductor detectors 

The semiconductor, devices (mainly silicon detectors) are a major intrument in 
high energy physics for a review on the subject see réf. [1]. They are attractive 
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because they i) achevé high resolution, ii) operate with short charge collection time; 
iii) do not present problems when working in strong magnetic fields, in vacuum ; iv) 
are adequate for experiments with geometric constraints. In the following microsptrip 
detectors and CCDs are considered. 

2.1.1 Microstrip detectors 

A microstrip detector is a silicon device in which the junction side or the rear 
side is made by strip electrodes. The strip pitch is the distance between the middle 
of two adjacent interstrips Fig. 3. Microstrip detectors can be currently made with 
strip pitch of 25 vm and strip length of 6 cm. Large area devices may be 
manufactured by using 4" wafers. 

No major technological problem is foreseen for narrowing the strip pitch. However 
the S-rays generated during the energy loss and the charge diffusion processes may 
degrade the two particle resolution for very small interstrip distances. 

Fig. 3 - Section view of a microstrip detector. 

The intrinsic time resolution is given by the transit time T , namely the time 

necessary to e-h (electrons-holes) pairs to be collected 

Particle 

~300u.m 
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where x is the thickness of the detector, is the drift velocity, y is the 
electron/hole mobility and V is the applied reverse bias voltage. As an example, in 
order to get T = 6 ns for holes and T F C 2 ns for electrons, it is possible to 
use a 200 ym thick detector operated at an usual voltage of about 100 V. 

Compared with the currently used 300 ym thick devices, the signal is reduced to 
2/3. However the signal-to-noise ratio is expected to be kept to about 9-10, because 
the performance of the associated electronics is expected to be improved in the coming 
years [2]. For preamplifier processing times of - 10 ns and detector capacitances of 
5-100 pF, the expected standard deviation of the noise distribution is between 2.9-4.5 keV. 

An improvement of the electronics performance is also needed in order to achieve a 
quasi bidimensional microstrip readout, it is under development a device, in which both 
the junction and rear sides are made by strip electrodes, crossed at 90°. The two 
coordinate association is made easier by comparing (for the two view) the energy 
deposited by the charged relativistic particles. The two views will see the same 
energy loss, except for the smearing effect due to the noise of the associated 
electronics. 

A silicon microvertex detector has been already proposed for DELPHI experiment at 
LEP [3]. It consists of three concentric cylinders of silicon microstrip detectors. 
The full detector length of about 42 cm is obtained by bonding together 7 detectors 
with 6x2.5 cm 2 active area, 300 ym thickness and 25 ym pitch strips Fig. 4. The 
microplex readout prototype [4] has been developed Fig. 3. The technology is standard 
but the design is unusual, combining Large Scale Integration (L.S.I.) with low noise. 
The signal-to-noise ratio would be - 10 and the preamplifier risetime = 30 ns. 

0/27 wires per "Cell" 

Fig. 4 - Lay-out of one silicon cylinder of the proposed microvertex for DELPHI 
experiment at LEP. 
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Fig. 5 - L.S.I, chip scheme : each preamplifier has a transverse width of 
about 35 urn. 

2.1.2 CCDs 

The Charge Coupled Device (CCD) is a very low noise system. Usually it consists 
of a matrix of about 600x100 pixels, each of 22x22 pm 1. The charge generated in a 
cell is shifted down by a clocking system. By counting clock pulses the x,y 
coordinates of the charge are determined [5]. The x,y precision of 5.5 vm and two 
track resolution of 44 urn are the main advantages of such a device. However what is 
a limitation is the slow clocking system. 

For the SLC machine at Stanford (U.S.A.) a vertex system for the SLD detetector 
comprising two concentric cylindrical arrays of CCD is planned. By carefully locating 
the detector along the beam pipe [6], dead zone are eleminated. In total there are 200 
CCDs or 5x10 7 pixels. 
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A possible development is to build a device with two separate areas Fig. 6. A 
large depletion depth is used to detect the particle passage. This charge is shifted 
to an insensitive zone (small depletion depth) and stored there until it can be 
readout. The transfer time would take about 100 ns. By overlaping two detectors 
clocking in opposite derection, one gets a time resolution of about 100 ns (namely the 
transit time from one pixel to the other). 
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Fig. 6 - Proposed CCD device having a sensitive zone to detect relativistic 
particles and a storage zone for readout. 

2.1.3 Radiation damage 

Collisions of ionizing particles and of secondary electrons my lead to the 
displacement or désintégration of atoms in the silicon crystal, causing damage to it. 
The main effect - head on collision - requires more than 200 KeV in order to displace 
an atom. Vacancies, left behind by displaced atoms form defects as localized energy 
levels in the forbidden band - gap, become recombination centres. The interstitial 
(ejected) silicon atom migrates either to dislocations in the crystal or to the crystal 
boundary. 

So far, there are few published results, concerning the high energy machine 
environment background, which could be practically useful. 

A study of effect of muons was made [7], using different detectors and continuosly 
monitoring them via their leakage current. The degradation is worse for 
high-resistivity p-type silicon detectors and for surface - barrier compared to ion 
implanted ones. 



- 289 -

A more recent study [7] was performed on ion implanted silicon junction detectors 
which were exposed to doses of high energy hadrons produced by 24 GeV/c proton beam at 
CERN-PS, up to fluences of 8.3xl0 1 3 particles/cm 2. It was found that the bias 
voltage has to be increased to obtain full depletion and charge collection. Also a 
considerable increase in leakage current occured. 

At the present, tests regarding the effect of radiation on the machine 
environments are performed on 1 cm 2 ion implanted silicon detectors at CERN-SPS. 
Preliminary results show that up to ÎO^-IO 5 rad only an increase of leakage current 
occurs, but no major degradation of charge collection. 

Work has been devoted to making CCDs radiation resistant. CCDs with 10 6 rad 
resistance have been obtained so far [6]. 

No systematic study of the radiation effect has been performed on the associated 
electronics. 

2.2 Superconducting detectors 

Little work has been done in the field of superconductors as particle detectors 
[9]. The amount of energy needed to breack a Cooper pair *) is about 10" 3 eV. Thus 
very thin superconductors may lead to the creation of a large amount of carriers. To a 
first approximation, the energy loss process leading to carrier generation, can be 
considered as a local heating. In this way (for local temperature lower than the 
critical one), the current - voltage (I-V) characteristic is moved to that one 
corresponding to the increased temperature. Thus a device giving a response 
proportional to the amount of energy loss could be feasible in principle. Its response 
time might be in the range 10-100 ns. 

Very fast (1-10 ps) and digital responses are obtained by employing Josephson 
junction. The Josephson junction are made by inserting a very thin interspacer (about 

o 

10 A thick) between two superconductors. In this way, a supercurrent may flow (across 
the two superconductor and consists of Cooper pairs. When carriers are generated, the 
supercurrent equilibrium is modified and the system switches (in 1-10 ps) to a finite 
voltage state. 

A great deal of work is necessary in order to have these devices operational as 
particle detectors. However they look very attractive. 

*) The ground state in a superconductor occurs when superelectrons are coupled in 
pairs (Cooper pairs), i.e. with equal and apposite momenta, via electron-photon 
interaction. 
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3. PLASTIC SCINTILLATING 

The plastic scintillating fibers can by easily arranged to make a vertex 
detector. Currently they are manufactured with a diameter of about 100 um, but it 
might be reduced in the coming years. Their decay time is about 2-3 ns and can be 
associated to photodiodes arrays readout by a CCD device. 

4. TRACK PROJECTION CHAMBER 

A track projection chamber using a photoionizing gas, TEA (tri-ethil-amonia) mixed 
with argon [10] has been developed. The readout consists of an optical system with an 
image intensifier (whose magnification factor is about 1 0 5 ) , a photodiode array 
followed by ADC readout. 

The intrinsic characteristic of the device are : two particle separation of about 
1mm, a dead time of about 50 ns (by changing gas pressure, 15 ns may be obtained) and 
an accuracy of about 50 um (hopefull 15 um are obtainable). The system provides a 
bidimensional information. 

5 CONCLUSION 

Microstrip silicon detectors have already most of the requirements (including the 
L.S.I, microplex readout), although a further development is foreseen in order to get 
the necessary electronics performance and a quasi bidimensional redout. 

The CCDs devices are very attractive for their pixel size of 22x22 urn2. 
However they need to improve their readout time. 

In general it seems feasible to have a microvertex detector with a sufficient high 
granularity in order i) to untangle more than one vertex in an interaction, ii) to tagg 
short - lived particles and iii) to track individual particles in a jet. This 
microvertex can operate with a resolving time of 25 ns. 
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