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Introduction 

The MjcroSjtrip fias Counter (MSGC) consists of an insulating substrate, covered by a thin 

metal film on which a structure of long and narrow cathode and anode strips is etched.Fig. 1 

shows the cross section of such a device. Due to a difference in electrical potential between 

cathode and cathode strips, a high electrical dipole field occurs close to the anodes. In 

addition, a drift field is created by a negative voltage on a cathode plane situated at a few mm 

distance from the substrate. Electrons which are liberated by a passing charged particle, will 

thus move towards the substrate and sustain gas multiplication in the dipole field. 

It has been shown by several groups[l] that with this detector minimum ionizing particles 

can be observed. Since in general the charge induced by a particle is spread over more than 

one strip, the track position is calculated by determining the centre of gravity of the collected 

charge. In test beam experiments[2,3] a position resolution close to 30 urn and a two track 

separating power of 300 um have been measured. Another important feature is the fast 

capture of ions produced in the avalanche. Untike for wire chambers, these ions are almost 

completely collected on the neighbouring cathode strips and do not contaminate the drift 

space. Therefore, it is possible to operate these counters at rates up to a few hundreds of kHz 

per mm2. 

The ideas behind the present proposal have been presented to the Aachen 

conference^). The report of C.Daum [5] discusses the resolution of a similar tracker, so we 

refer to his results for a discussion of the momentum resolution and multiple scattering 

effects. 

Parameters of detectors for use In an LHC tracker 

The MSGC iike all gaseous detectors has several drawbacks whose influences have to be 

minimized as far as possible in the design of the tracker: 

1. The minimum track length in counter gas at atmospheric pressure has to be at least a few 

mm to approach 100 % detection efficiency. 

2. The signal collection speed is limited by the drift time over the full drift gap, so for high rate 

applications the risk of confusion occurs with tracks from other none-simultaneous 

interactions. 

3. For the high magnetic fields of several Tesla that may be anticipated within an LHC 

detector, the occurring, angle may lead to serious deviations of the drift trajectory. 

A specific feature of the MSGC is: 

4. A track whose projection on the strip surface is not parallel to the strip direction, spreads 

its ionisation projection over several strips. 

In the following we will discuss more in detail the special features of the MSGC and the 

way to optimize for an LHC tracker the width of the drift gap and the composition of the 

counter gas. The first parameter we consider is the width of the drift gap between cathode 

plane and substrate.The points (2)and (3) point to the use of a small gas gap, but (1) puts a 
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lower limit to this. 

However, increasing the gap not only causes more ionization, but also confines the 

acceptance region of the angle of incidence a . This is illustrated in figure 1 , where the 

ionisation of the track under angle a i is distributed over many strips. This phenomenon can 

be advantageous when the detector is used in a LHC tracker, since it reduces the response 

to heavily bent tracks. Appendix 1 discusses this point in conjunction to a tracker placed in a 4 

Testa field. As also the resolution improves when more primary electrons are collected, it 

would thus be profitable to use a big drift gap. 

This contradiction can be solved by decoupling the required track length from the 

thickness of the gas gap by using a big angle of incidence p (see fig 2.). In this case the track 

length in the gas is longer than the gap width, so the latter can be reduced. Note that the 

projection of the track onto the substrate can still be parallel to the anode strips. 

Based on these considerations, we will select the gap width. From a test beam 

experiment(3] we have learned that a track length of 2.9 mm is sufficient to obtain an 

efficiency of 97% using a Xe/DME/C02 mixture. In combination with p «= 60° this leads to a 

minimum gap width of 1.6 mm. At a drift velocity of 60 um/ns (see below), the electron 

collection time is now reduced to only 27 ns. 

We will now discuss the desired properties of the counter gas. Since the detector has to 

operate under a magnetic field strength of several Tesla, it is important to keep the Lorentz 

angle low. Recent investigation$[3] have shown that Xe/DME/C02 based mixtures pair a low 

mobility with a drift velocity of about 60 um/ns at a field of 8 kV/cm. Fig. 3 shows a few 

examples of drift velocity curves measured with a UV laser. Because of the low mobility, a 

Lorentz angle in the order of 50 mrad per Tesla can be expected for both Xe/DME/CC>2 

30/30/40 and for OME/CO2 60/40, resulting in a shift of the acceptance region of the angle of 

incidence a by the same amount. Note that due to the small drift gap, it is not difficult to raise 

the drift field to at least 10 kV/cm. 

Also the maximum gas gain that can be obtained, is a function of the counter gas 

composition. Measurements [3] have shown, that mixtures containing an important quantity of 

DME show rather high multiplication factors, considerably more than the number of 4000 

already attained for Xe/DME 88/12. A further improvement of the maximum attainable gain 

takes place by increasing the drift field to about 10 kV/cm. In this situation, the static charge on 

the cathode strips is reduced, while the charge on the anodes, which rules the gas gain, is 

increased.These statements have been verified in a test beam experiment. Figure 4 

illustrates the performance of the new gas mixtures compared to the earlier proposed Xe/DME 

mixture [2]. 

Even a low mobility gas does show a large Lorentz angle in a field of 4 Tesla. The way out 

here is to reduce the angle between the electric and magnetic fields in the drift gap. In doing 

so one limits the effective field causing the Lorentz angle to B'siny. 

A T y= 20° and Bf0t = 4T one obtains Be t f« 1 36T, leading to a Lorentz angle of 68mrad for 

the mixture citosen. 
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Set-up of MSGC's In an LHC tracktr 

The tracker is built around the beam pipe in a cylindrical volume between r» 400 and 

r = 900 mm. The (r,+) coordinate is measured by the detectors in concentric rings on discs 

around the beam pipe.positioned fike shown in figure 5. Figure 6 shows an impression of the 

orientation of the detectors on the discs. In figure 5 the discs have a conical shape such that 

the angle of incidence p of a high momentum track from the interaction point amounts to more 

than 60° over most of the angular region. The detectors are tiled with an angle 7*20° to 

achieve this and to limit the effective magnetic field. Due to the big value of p\ Hte discussed 

in the previous section, the detector drift gap can be 1.6 mm. Since for an LHC detector a 

magnetic field not more than 4 Tesla has been anticipated, the maximum Lorentz angle will be 

less than 68 mrad for substrates which are tilled under 20°, when using a low mobity gas 

mixture. For a track this would result in an offset much less than 100 urn, a valuewhichcan 

easily be corrected for. As figure 4 shows excelent efficiency for a 2.9 mm gas gap, one is 

inclined to sacrifice a bit of track length in the gas for ease of construction. Figure 6 shows a 

modified design, where the majority of the discs are perpendicular to the beam axis. This 

facilitates considerably the construction, assembly and alignment. 

The standard size of the substrates is 10x10cm2, a value which is given by the capacity of 

most of the machines used for the production process. An area of a few mm around the edge 

has to be sacrificed for handling during production. 

The anode strips are oriented such, that they point radially towards the beam. Therefore, 

a slight fan-out has to be given to the anode strips on the substrate, resulting in a pitch which 

varies along the strips. The biggest variation occurs for detectors which are situated on the 

ring between r- 400 and r« 500 mm. In this case the pitch runs from 178 to 222 urn. In 

appendix 2 it is shown, that even in this situation, proper functioning of the detector can still 

be expected. Since the amount of required fan-out is different in the 5 rings on the discs in 

the tracker, at least 5 different substrate patterns have to devised. The total sensitive 

substrate surface amounts to 227 m2 or about 25000 detectors. The last number might 

increase somewhat when one takes into account the requirements of the production process 

and some overlap with adjacent substrates. 

Figures. 5 and 7 show, that a high momentum particle from the interaction point will cross 

about 12 detectors. Based on a glass substrate of 150 urn thickness, for a track under B - 70° 

we obtain U • 0.05 for all substrates crossed by the track. This number is assumed to double 

by contributions from the cathode plane, overlap of a adjacent detector, and the support 

structure. The total amount of material in the detector would thus be about 10% of a radiation 

length. 

It is important to determine the coordinates (r,z) to an accuracy of 1 mm or better to be 

able to disentangle the many simultaneous vertices in the interaction region and to do a 

momentum measurement. This can be done when the detector substrates are tilted in the 

subsequent ring planes with alternatively + and - 20 mrad. For a position accuracy of 30 urn 

then follows the required accuracy in( r,z). Appendix 2 discusses some consequences of this 

geometry. 
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Preamplifiers and read out. 

Each anode strip has to be connected to a preamplifier and storage element. The signals 

horn the anodes are about 105 electrons thus a factor lour larger than the signals from a 350 

urn thick Silicon strip detector. The time structure of the pulses is very similar, so one can use 

the preampHier assemblies used with the Si strip detectors. These chips contain 128 

preamplifiers plus registers, read out in series. A few cables suffice to read a complete 

detector of 500 strips. 

At LHC one has to pipeline the analogue signals with 60MHz (16 nsec) clock frequency in 

tune with the bunch crossing rate. As the delay expected for the first level trigger is around 

one microsec., this pipeline has to be 64 positions deep. This has to be built in the chip if one 

wants to be able to interpolate the charges to define the position of the tracks. 

The recent tests of the counter with OME/CO2 have opened another interesting 

possibility: digital read out.This gas has such a low diffusion constant, that the charge 

projection on the strips is only one or two strips wide. The counter - gas combination can be 

tuned such, that both patterns occur with equal frequency, so that the two classes occupy 

each 100 urn of the total 200 urn step.Assigning the one strip hits to the middle of the strip 

and the two strip hits to the position between the strips hit, we have measured a resolution of 

44 um with a low discriminator threshold, so the efficiency per counter was 99%. 

The electronics for this mode of operation is extremely simple and can be easily constructed 

radiation hard. The data volume in this mode is one bit per hit instead of a 10 bit digitized 

amplitude, while no analogue data storage or data transmission is necessary. 

Count rate and occupancy 

The particle flux at the LHC luminosity L «1034 cm'2 and a total cross section of 100 mb 

(109 interactions/sec) is given according to Stevensonf6] by: 

N =1^ !2 ! secW2 (1) 
r 

At r« 400 mm this results in: N = 750 kHz cm2. The surface covered by one anode strip 

projected perpendicular to the tracks is given by 0.2 * 100 * cos 60°*10 mm2. At r - 400 mm a 

count rate of 75 kHz per strip could thus be expected. Because of the rejection of tracks with 

momenta under 1 GeV/c (see appendix 1) this number can at least be halved. To be on the 

safe side, we nevertheless take the upper limit at 50 kHz. Assuming a total pulse length of 

100 ns, a number which includes a 30 ns drift time and the shaping time of the preamps, and 

an average charge distribution over 2 anode strips, we get an occupancy of at most 1%. At 

LHC, during 100 ns 6 bunch crossings have occurred Since the maximum drift time is less 

than 30 ns, we can easily link the measured hits to a specific crossing. The irreductible 
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occupancy is thus brought down to .16%. 

However, for the calculation of the (r.z) coordinate with substrates tided at +20 mrad and -

20 mrad, an area of lOOmm^hastobetakeninloacxourt.lead^toareconsmJöion 

ambigu ty for 1.6% of the hts at r > 40 cm. 

G.Hznson et al. [7J have done extensive simulation work for the SSC. They analyzed the 

performance of a tracker made wih classical MVVPCs. so each channel had 100 times the sensitive 

area of a MSGC. Wth an occupancy exceeding 10% they remain optimistic about analyzing it an, so as 

tong as our expected occupancy remains wel below this value we can be confident, that the results 

wffl be meaningful. It is clear, that detaied MC calculations are needed to confirm this statement for the 

present design. 

Radiation damage 

Since the detector is made of glass and metal. I is not easly affected by high radiation 

levels. Therefore, only ageing can be expected from damage or deposits induced by the 

process of gas muffiplication on the anodes and the cathodes. No measurement on the Hfe 

time of the MSGC has been published yet, so we use here the number of 0.1 C/cmfor 

anodes in wire chambers. Assuming that we obtain including background a rate of about 

1 * 10s tracks per sec'cm2 at r » 400 mm, 50 primary electrons per track and a gain factor ol 

3000, we get 5.5 * 10~10 Ccmr1 sec'1 orSmC/cmforayearof 107sec. More than 10 years of 

operation is thus posstote. Note, that the signal current per strip will be 5 nA, so the current 

per detector of 500 strips will be 2.5 uA. 

Much more vulnerable on radiation damage are the preamps and analogue pipeline 

circuitry, as they receive the same radiation dose. As is commonly known, here radiation 

damage shows itself not immediately by failure but by degraded noise characteristics. The 

equivalent dose calculated from (1) is given by N • 400 Mrad / year for L »1034 cm'2, leading 

to 160 krad / year at r • 500 mm. The lifetime of the analog circuitry which is at present 

available, is limited to a few tens of krad. However, since the development of radiation hard 

electronics is steadily continuing[8,9], it may be expected that within 5 years from now 

sufficiently radiation hard preamps will be available. In contrast the circuitry necessary for the 

digital read out mode can be done in bipolar technology and consequently is much more 

radiation resistant. 

Conclusion. 
A tracker for the LHC made with microstrip gas detectors can stand the expected rate at LHC and 

will survive for years the radiation exposure if used at a radws bigger than 40 cm.The quality of data will 

be sufficient to reconstruct tracks and measure momenta up to 500 GeV/c in a design which takes 

care of the influences of electron drift and magnetic field. A big advantage of the presented design is 

the low sensitivity to tracks below a few GeV/c. Appendix 3 presents a first estimate of the cost of the 

instrument. 
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Figure captions. 

Fig. 1. Cross section of a microstrip gas detector. Both the thickness of the substrate 

and the gasgap are taken from an actual prototype. The figure shows two tracks, one 

under angle a - 120 mrad and another under a1 * 600 mrad. 

Fig. 2. Geometry of a track not perpendicular to the strip surface. 

Fig. 3. Driftvetocity as a function of driftfield for two Xenon mixtures: Xe/DME 88/12 and 

Xe/DME/C02 30/30/40 together with DME/C02 60/40. 

Fig. 4. Efficiency of a MSGC with 2.9 mm gas gap as a function of ampftude threshold 

for Xe/DME/C02 30/30/40 and DMBC02 60/40%. The curve for Xe/DME 88/12 

is taken with 3.3 mm gap. 

Tig. 5. Design of a tracker optimized as described in the text for 4 Tesla magnetic field. 

The tilt angle is limited to 20° in this case. 

Fig. 6. Layout of the detectors on a disc. The disc is covered with 5 rings, 

which contain 32,38,44,50 and 57 counters respectively. 

The total is 221 per disc. 

Fig. 7. Design of a tracker with simplified lay out. The tracklength in the forward direction is 

shorter than in figure 5, but the Lorentz angle is zero over most of the angular 

acceptance. 
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orientation microstrip detectors in LHC tracker 
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Appendix 1 . 

Low momentum tracks. 

Tracks passing the substrate under an angle a (see fig. 1.) will yield a broadened charge 

distribution over the strips. For a < 120 mrad aiid a drit gap with a width of 3 mm, the 

projection of the track on the substrate still covers less than two strips. As this broadening is 

not more than what is caused by diffusion, the effect of the inclination remains unnoticed, 

apart from a minor degradation of the position resolution. However, when a exceeds 120 

mrad, toss of efficiency can be expected since the fraction of the charge distributed to each 

individual strip may not be enough to pass the discrimination threshold. We expect that 

especially tracks with 0 2 300 mrad, whose projection is covering 5 or more strips, will be 

detected with tow efficiency. 

Since all anode strips are pointing towards the beam, for tracks originating from the 

interaction point the angle of incidence a depends on the particle momentum and the 

strength of the magnetic field. Below we Hst a few examples of calculated particle momenta for 

two different values of a on two different radii at a magnetic field of 4 Tesla. 

Please note.that the misalignement angle a is equal to half the bending angle. 

Badjjs, a-aOQmrad « - i20mrad 
40cm .8GeV/c 2.0GeV/c 

90cm 1.9GeV/c 4.36eV/c 

This leads to pmin „ 4 Gev/c for optimum resolution in the whole detector. 

Ail these momenta are proportional the the actual magnetic field. 

Circles produce signals up to 15 times smaller than hard tracks, so they are practically invisible. 

Anybody who ever contemplated pattern recognition at LHC will appreciate this, as the 

majority of tracks produced are around ,4GeV7c. 
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Appendix 2. 

Layout of the detectors. 

Gas gain of anoda strips with varying pitch 

To btnkf a tracker with anode strips all pointing towards the beam, a smaH fan-out of the 

strips is required. The maximum fan-out occurs for detectors situated between r « 400 mm 

and r« 500 mm. We assume, that the maximum size of a detector substrate wiH be 10x10 

cm2, so the final detectors wül be trapezoidal with height and maximum width equal to 10cm. 

This leads to a layout, wherein the pilch of the strips varies from 222um to l78umfor 

detectors placed between r« 40cm and r - 50 cm. 

The behaviour of the electrical field as a function of the «stance to the anode was calculated. 

The calculation was done along the drift path towards the anode, a ine perpendicular to the 

substrate and centered on the anode., while keeping the externally applied voltages 

constant.Fig. 2.1 shows that the curves calculated for a pitch of 178 um and a for a pitch of 

222 um almost coincide, especially for field strengths above 30 kV/cm where most of the gain 

takes place. Therefore, the gain is expected to remain equal along the anode strips for varying 

pitch. 

The conclusion is, that the tracker will need detectors with 5 different layouts, but as each 

batch still contains several thousand detectors, this is not a serious problem. 

Second coordinate read out. 

Currently most MSGCs have substrates thicker than 0.5 mm and the induced signals on 

the backside are small. This is understandable if one considers the gas amplification process 

on the strips, which occurs in the strong dipole field between neighbouring strips. This field 

extends typically 200 urn above and below the surface of the substrate, so electrodes further 

away will pickup very little. This will change if we construct counters with substrates of 145 urn 

thick, so reading two coordinates from one plate becomes a possbUity.This property can be 

used, either to cover the back plane with strips perpendicular to the anode as a z coordinate 

detection, or to cover the back plane with rather big pads to provide a f ast trigger. 

Electronics and cooling. 

One needs to connect millions of preamplifiers to the detector, hence this electronics 

needs integration and the chips have to be mounted in the detector substrate. This 

technique is currently employed with silicon microstrip detectors: the chips containing 128 

preamplifiers plus registers are bonded to the strips. The read out is done serially on four 

chips for instance, so we need only one cable per detector substrate. This reduces the cable 

problem to managabfe size and reduces the power consumption to a few mW per channel.to 

about 1W per detector, or to 200W per complete disc of detectors. The space industry 

employs engineers specialized in control of heat flow and temperature inside satellites so 

we propose to consult these people about this problem. 
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Appendix 3. The BUDGET. 

_ 2.5Msfr 

_ 6Msfr 

_ 1Msfr 

_ 5Msfr 

1Msfr 

_ iMsfr 

2Msfr 

Total: - 20Mslr 

T«st and installation: 

1 day/Ktetector or 100 manyears in total. 

Time aehadula: 

2 year R&d, 1 year to start serial production. 
4 years production. 

Total: 7 years. 

Substrates (100 sir/piece) 

Preamps (.6sh/ch) 

Multiplexers etc. 

Readout (500fbusunits) 

Mechanics (f rame+alignement) 

HV + testapp. 

Computing 
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