MICROMEGAS: results and prospectsI. GiomatarisCEA/Saclay, DAPNIA,91191 Gif-sur-Yvette Cedex. FranceIntroductionA lot of effort has been invested in the development of the Microstrip Gas Chamber (MSGC) [2] in order tobe used as tracker for the LHC project. This technique allows good localization accuracy and double trackresolution. However, it is necessary to operate it with a relatively low gas gain because of the presence of theinsulator near the amplification region and because of the fragility of the structure. Recently a new preamplification structure, called GEM [3], has been introduced which can give anadditional gas gain, and compensates the lack of gain of the original MSGC. Other concepts of novelproportional counters have been proposed recently: CAT [4], MICRO-DOT [5]. A review of recently developedgaseous detectors can be found in reference [6].MICROMEGAS [1] is a high gain gaseous detector, which can stand up alone without a need of anadditional preamplification. It combines high accuracy, high rate capability, excellent timing properties androbustness. These results were confirmed by a similar structure having wider amplification gap and thickermetallic grid [7].1. Detector descriptionA detailed description of Micromegas is given in [1,8,9]. It is a two-stage parallel plate avalanche chamberthat has a narrow amplification gap defined by the anode plane and a cathode plane made by a Ni electroformedmicromesh. Several 15x15 cm2 chambers with a conversion gap of 3 mm, an amplification gap of 100 or 50 mmwith a strip pitch of 317.5 mm have been designed and fabricated. The parallelism between the micromesh gridand the anode is maintained by spacers of 150 mm in diameter, and placed every 2 mm. They are printed on athin epoxy substrate by conventional lithography of a photoresistive polyamide film. The thickness of the filmdefines the amplification gap. This is a cheap and simple process that allows the construction of large detectorswith excellent uniformity (10%) and energy resolution over the whole surface.1. Electric field configurationThe knowledge of the shape of the electric field lines close to the micromesh is a key issue for an optimaloperation of the detector and especially for an efficient transfer of electrons to the amplification gap. Theelectric field is homogeneous in both the conversion and the amplification gap. It exhibits a funnel like shapearound the openings of the microgrid: field lines are highly compressed towards the middle of the openings, intoa small pathway equal to a few microns in diameter. The compression factor is directly proportional to the ratioof the electric fields between the two gaps.Figure 1 displays details of the field lines near the grid used in the present test (50 mm opening pitch).

2transmission, and to reduce a part of ion cloud, produced in the avalanche, to escape into the conversion gap.2. Advantage of the small gapAn interesting property of MICROMEGAS is that, thanks to its narrow gap, locally small variations of theamplification gap, due to, for instance, mechanical defects, do not induce gain fluctuation; they arecompensated by an inverse variation of the amplification coefficient. This behavior can be explained by asimple theory :The electron multiplication (M) in the uniform electric field between two parallel plates in a gas at apressure p, is described by:M = ea d (1)Where d is the gap of the two parallel electrodes and a is the 1-st Townsend coefficient, which represents themean free path of the electron between two ionizations. A good approximation of this coefficient is given byRose and Korff formula:a = p A e-Bp/E , (2)where E is the electric field and A, B are parameters depending on the gas mixture.At high electric field values of the 1-st Townsend coefficient saturates because its value approaches themean free path given by the inelastic collision cross-section. The electric field is E = V/d where V is the appliedvoltage. By substituting equation (2) in (1) we get:Log(M) = A p d e-Bpd/V. (3)The multiplication factor M is a function of the quantity pd. Figure 2 shows M as a function of the gap (d) fora typical mixture of Ar + 5% DME, and for V=300, 350 and 400 Volts at 1 bar.

3

40500001000001500002000002500000100200300400500600700800

50x1002x1064x1066x1068x10610x10612x10614x10616x10618x106350400450500

60657075808590

GainE (kV/cm)5% Isobutane8%Cyclo6,5% CyclohexeneXe mixturesFigure 5. Gas gain measured in various Xe mixtures as a function of the applied potential.

6Mixtures of high-Z gases, such as Krypton or Xenon, are relevant for many applications in X-ray digitalradiography, crystallography and synchrotron radiation studies. A lot of tests have been performed in ourlaboratory to optimize the operation of our detector, using such gas mixtures. The general conclusion is that themaximum achievable gas gain increases with heavier hydrocarbon quenchers with lower ionization potentials.As an example, Figure 5 shows the gas gain measured as a function of the applied voltage and for variousquenchers added to the Xenon carrier gas. The maximum achievable gas gain is increasing as one goes from theIsobutane (4500) to Cyclohexane (104), and finally to Cyclohexene (3.104). Such high gas gain gives therequired margin factor when a detector has to cope with very-high X-ray environments, or at high-pressureoperations.6. Signal development and time resolutionA signal induced on the anode strips is a sum of the electron and ion signal. The charge signal is mainlydue to the positive ion drifting to the micromesh electrode, which takes place typically within 100ns, dependingon the amplification gap and the gas mixture. Figure 6 shows the preamplifier response for an Argon + 10%Isobutane gas mixture and for various gaps. A reduction of the amplification gap from 100 to 50 micronsreduces the signal rise time by a factor 3. Using a gap of 30 mm the rise time is only 17ns, another reduction of afactor of two. So, in the latter case, shaping of the signal around 17ns allows to catch-up the fully inducedcharge and therefore permits a comfortable operation of the detector at moderate gains. One must also take intoconsideration that the ion collection time decreases by using higher ion mobility carrier gas (Ne or He).

7

8Table IResolution MICROMEGASs (mm)PITCH (mm)Gas mixtureInstitute80317Ar+10% iC4H10Saclay60317Ar+10% DMESaclay45200Ar+25% CO2Ne+10% DMESubatechUNI-Mulhouse241250100He+10% DMECF4+20% iC4H10Saclay8.Rate capability and comparison with other detectorsMany tests have shown that the rate capability of the gaseous detector strongly depends on the type of theincident particle beam. Two particular cases will be distinguished.8.1. Rate capability with X-ray particlesThis environment is relevant for applications in the medical field. Detailed results with various mixturesand various fluxes are presented in reference [11]. We have observed that gas gain does not saturate with rate,up to fluxes of 109/mm/s. Systematic studies in the laboratory show that the maximum achievable gas gaindecreases with the flux. At a flux of 107/mm2/s and X-rays of 8 keV energy, the gas gain is higher than 103,which allows a full detection efficiency.8.2. Rate capability with charged particles.Investigations, using high flux of incident beta particles, low energy protons or high-energy muons, haveshown that the detector has a similar behavior to the X-rays, i.e., MICROMEGAS can cope with very high ratesof these particles. However, undesirable effect has been observed when the incident beam is composed by high-energy hadrons: a high discharge rates proportional to the incident hadron flux.It is believed that large ionization deposits trigger discharges. These deposits are probably released byrecoil nuclei produced by charged particles, especially hadrons, traversing the detector. As ionization losses areproportional to z2, the recoil nuclei resulted from elastic or quasi-elastic interactions, with energy in the MeVregion, are quite efficient to produce heavy ionization in the gas. A typical example is a nuclear interaction onthe Argon nuclei producing fully ionized Argon nuclei having a 1 MeV kinetic energy. The whole energy willbe lost within 100 microns producing about 105 electron-ion pairs in the conversion gap. This enormousquantity of charges is again multiplied by the detector gain in the amplification gap, exceeding the Rather limit(a few 107), thus triggering a breakdown. Taking into account the nuclear collision length for hadrons, which isabout 104 cm in Argon, the probability to produce such process in the conversion gap is of the order of 10-6.This spark probability produces a serious limitation when the detector has to deal with very high hadron flux.In the case of muons the corresponding cross section is several order of magnitudes lower, therefore theprobability to induce sparks is negligible. MICROMEGAS has been tested with ~5*107 muons in a smallarea (a few cm2) without serious loss of its performance.It is quite important to note that in MICROMEGAS the induced sparks are not propagating in the wholearea of the detector, instead they are limited in area to maximum of a few mm2, and the duration of this

9phenomena doesn�t exceed 100ns. The possible consequences the discharges vary from a dead time to adestruction of the electronics or even the detector itself.Dead timeAs it has been already mentioned that the discharges are local and have very low duration inMICROMEGAS. Large RC charging circuits, which can produce significant dead times, have to be avoided.Destruction of the electronicsSeveral protections have been tested: protecting diodes, a small resistor or an appropriate capacitor,between the anode strip and the front-end chip, can prevent damage of the electronics.Destruction of the detectorThis is a serious problem in delicate micro-strip detectors. For example, MSGC detectors are easilydamaged by the sparks, because of a presence of the insulator and thin delicate anode strips surrounded by aregion of a strong electric field. Adding a preamplification stage, using, for example, a GEM structure, providesadditional safety to the MSGC. However, GEM itself suffers of high capacitance, large stored charge that isdangerous when it is released: the released charge is again multiplied in the second amplification structure thatcan be damaged. Moreover the GEM structure consisting of million of individual multipliers is quite delicate;any short-circuit due to defects or discharges is not tolerable. In both cases, the sparking rate must be reduced toa very low level, i.e., to at most a few sparks per hour or so.In comparison, MICROMEGAS is extremely robust; the detector has been tested with a sparking rate of1000 sparks/s in small 1 mm2 area. After a total accumulated number of sparks of 107/mm2 the detector was stillalive without any loss of its performances.9. Radiation resistanceParallel plate detectors exhibit high radiation resistance. The electric field is homogeneous over the wholeamplification gap and accumulation of undesirable effects, like polymerization during the avalanche process,has a little effect. The radiation resistance of the detector has been tested in the laboratory using an intense X-ray generator. With a gas mixture of Argon + 6% Isobutane, the gas gain of the detector remained stable up to atotal accumulated charge of 18.3 mC/mm2, which corresponds to about 10 years of LHC operation at the fullluminosity, and at 40 cm from the interaction point [11].10. New developments2. Two dimension read-outIn High-Energy experiments, the two-dimension read-out is usually not a crucial demand, because thetracking of charged particles can be performed using several X-Y planes. In some medical applications,employing, for example, the scanner technique, one-dimensional read-out is usually sufficient. For example,anode strips pointing to the X-ray source can be used.In some applications, however, the two dimensional read-out is mandatory. A straightforward way is to usethe anode pads. Any pad size is compatible with MICROMEGAS, but a careful study of the implementation ofthe electronic chain is required. A drawback is the increase of the number of the read-out channels, especiallywhen a high accuracy is required. In order to decrease the number of electronic channels, a second planeconsisting of strips perpendicular to the anode strips is required. Several solutions are presently underinvestigation. For example, the Nantes group has investigated a solution based on strips printed on a thin 50micron FR4 insulator on the backside [12]. These strips are perpendicular to the anode strips that are printed onthe upper side of the insulator. The first attempt has shown a quite important suppression of the pick-up signal

10on the second strip plane. A second study used the resistive anode strips and the charge division method. Recentresults obtained in a particle beam are promising. Our group is pursuing a novel way to resolve this problem:micromesh made of strips. The first results are encouraging.2. Photo-detectorThe first idea is to benefit, as it has been already discussed, from the very high gas gain obtained with He-based gas mixtures. Such mixtures have a low sensitivity to the ionizing particles and are ideal for the photoncounting.The second idea is the design of a special configuration of the photo-cathode, deposited on top of themetallic grid of MICROMEGAS, that will allow achieving high gas gains, and at the same time fullysuppressing the dangerous effect of photon feedback. The first results are encouraging; the detection efficiencyof single electrons is close to 100% and the time resolution in the sub-nanosecond range [13], is below 1ns.3. Micro-TPCThe idea has been recently mentioned in the last Vienna Conference [14]. It is a new concept of a TPC-likestructure, surrounding the beam pipe, mounted very close (about 1 cm) from the interaction point of a particlecollider. The MICROMEGAS detector covers the two end plates of the TPC and has fine anode pads (about 200micron) as read-out elements. A sketch of the micro-TPC is shown in Figure 8. It illustrates a cylindrical TPC with a 10 mm internalradius, 30 mm external radius and a length of 80 mm.