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1. General principle

A time projection chamber with GEM readout (TPG) is being developed as an alternative to scintillating fibers. This type of device can produce a large number of points on each track with a minimal amount of material, at the expense of a longer integration time.  It is also inexpensive. 

A sketch of the envisaged device is shown in figure 1 for the downstream spectrometer.  An identical one will be installed in the upstream spectrometer.  The operational principles of the device are as follows. The sensitive volume of 1m long and 30 centimeter diameter is situated in the homogeneous magnetic field region of the spectrometer solenoids. The electric field provided by a field cage surrounding the sensitive volume is parallel to the guiding magnetic field. The charges produced by ionization of muons are collected on the far side of the chamber with respect to the cooling section, so as to ensure a minimum of material between the emittance measurement and the cooling channel. The charges are amplified by GEM foils, and read-out on a plane of pads from which the signal is shaped in preamplifiers and digitized by flash-ADCs . The total length of the chamber corresponds to about 120  samplings at a drift velocity of 1.7 cm/s, so that the device provides for each track 120  2D points times three coordinates. The chamber will be filled with low mass gas (a Helium dominated mixture) thus reducing multiple scattering and offering very small conversion probability for X-rays resulting from the cavities dark current.
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Possible sketch of the downstream spectrometer of MICE
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Fig. 1 View of the downstream spectrometer of MICE with a TPG as  tracking device. 
2. Characteristics and performance of the chamber

A complete definition of the operational parameters of the chamber will only be possible after a full scale test to be performed in spring-summer 2003 using the HARP TPC magnet, field cage, digitizing electronics and gas system at CERN. The proponents of the project have been previously involved in the conception, construction and operation of the HARP TPC, and can provide a large fraction of the electronics. 

Operation of drift chambers with a helium-based mixture is quite customary, and performance figures will be given here for a 90%He, 10% methane mix at atmospheric pressure.  An electric field of 500 V/cm provides a drift velocity of about 1.7cm/s. The maximal potential of -50 kV is situated in the plane of the field window and needs to be degraded in less than 5cm of insulator in the outward direction of the solenoid, this can be done with solid insulator such as Teflon, and in less than about 50 cm in the direction of the liquid hydrogen absorbers ,this can be done with a suitable gas, e.g. low pressure N2, or with vacuum. 
The most probable number of primary ionization electrons along a minimum ionizing muon is calculated to be 12 per cm. These electrons will drift toward the GEMs with a transverse diffusion of 1.4 mm.(z[m], and a similar longitudinal diffusion. The GEMs are made of 50-micron thick foils with holes of 70 microns diameter at a pitch of 150 microns, as shown in Fig.2. They introduce a small additional diffusion, each primary electron producing a “spray” of about 1mm transverse diameter on the readout plane. This parameter is not well known and will be measured in the forthcoming tests. The read-out board described in Fig.3 has a pitch of 450 microns, contributing also very little to the resolution. If the exposure time of MICE during the RF pulse is of the order of 500 microseconds, the available ADCs allow digitization in 1024 time slots of 500 ns second each. Each track is then sampled in 120 time slots of 500 ns, 0.85cm long, containing 10 primary electrons each, giving 120 points with a spatial resolution of the order of 500.(z[m] microns each.  In a perfect chamber this would give a transverse momentum resolution of ? 0.2 MeV/c ?.(to be verified, action Mario) 
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Fig. 2 Photograph of the GEM showing the 70 microns diameter holes at a pitch of 150 microns, and description of the electric field lines in the Gas Electron Multiplier (GEM) foils.
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Fig 3: The TPG read-out: left: the 3 GEM foils providing amplification to the hexaboard. Right: the hexaboard structure with a third of the pads (blue) connected in strips at 30o, one third at 120o (red), and one third at 90o (green). 

The amplification in each GEM will depend on the high voltage, but it is planed to work at an amplification level of 20-50 per GEM, giving a total signal of 104 to 105 electrons on the pad plane per primary electron. These will be read-out by a hexaboard as described in Fig.3. The signal is distributed among several individual hexagons. The hexagons could in principle be readout individually, but for cost reasons the hexagons will be connected to form strips in three orientations  Each primary electron will thus give signals in at least three projections. The strip signals, will be collected from the pad plane and send over flat cables of 16 channels each to the preamp boards.  In the present design, each preamp board will collect 48 channels. The signal will be shaped to a length commensurate to the sampling frequency of 500 ns, and then sent to the FADCs. The FADCs from the HARP TPC will be used. .

Prototype preamp boards in “HARP” style and adapted to MICE geometry have been produced and delivered. The channel count is 667 per coordinate, a total of 4000 for two TPGs. 
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Fig 4. Description of the elements of the TPG. 
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Fig 5. Simulation of 100 microseconds of data taking with the upstream MICE TPG. Vertical axis is the strip number in each of the three projections (u,v,w at 30, 90 and 150 degrees). Horizontal axis is the time slot number. Each time slot is 500 ns. The muon rate is assumed to be 0.1 per ISIS proton bunch, i.e. 3 per microsecond. 
3. Sensitivity to background
The long integration time of the TPC is compensated by the small amount of material and by the large number of samplings on each track. The total amount of sensitive material in the TPG is 0.02 g/cm2 to be compared with a total of 0.8 g/cm2 for the scintillating fiber tracker, with material having a similar absorption length for photons. (The spectrum will be cut-off at about 10 keV by the absorption in the aluminum windows).  Thus the ratio of background hits to signal hits in a short time window would be smaller in the TPG by a factor of the order of 1200. The integration time of the TPG is  50 microseconds against 5 nanoseconds for the fiber tracker, so that the ratio of background to signal is about 8 in favor of the fiber tracker with all fibers readout and a time resolution of 5 nanoseconds. The TPG will give more than 100 points so that the effect of the larger background per point should be compensated by the higher redundancy of the detector.  

A photon flux yielding  1 MHz of counting rate in a 1mm thick 10 cm long scintillating fiber would yield 1-2 additional hits per time slot in the TPG. This should not affect tracking performance significantly. 

A more quantitative discussion needs a more complete simulation, which is in progress. 
4. Program of Tests
The tests of a TPC with GEMs read-out will be carried with several aims:

First, the capacity to shield the detector against RF electromagnetic radiation will be tested on a small chamber built in Frascati, equipped with electronics similar to that which will be used for the final detector. This will be done at CERN with the help of the RF group who will provide a tunable antenna radiating at 200 MHz.  
Then the exact performance of the read-out system, diffusion properties in the gas and especially in the GEMs will be tested in a 0.7 T magnet with the HARP solenoid and field cage. This will be a test of a full size readout board, in which an already sizeable amount of electronic channels will be involved (600). If the test is successful the readout board could be part of one the final MICE trackers. 

At the same time the response of the TPG and in particular of the GEMs to RF field emission should be tested.  The effect of photon conversions in the TPG gas is easily calculable, their effect on the GEMs themselves is not. The 88 MHz test cavity at CERN will be powered at the beginning of 2003. Alternatively, one could bring a small chamber to the labG at Fermilab. This may be a critical issue and should proceed quickly. 
5. Cost and time scales
Study of immunity to RF noise, both from the outside and from inside of the beam pipe (Nov 2002 to Apr 2003)
Test a full-scale prototype of the readout plane in the HARP TPC infrastructure (solenoid, field cage, beam)

Construction Nov 2002 -> Apr 2003

Tests with cosmic rays Apr 2003 -> Sep 2003

Test with beam in Sep 2003

If the test will be successful, this will be one of the 2 readout planes for MICE

Full design of the field cage and the mechanical structures validated by the test by the end of 2003

start construction in winter 2004

A detailed schedule is being prepared, and it will made available as soon as possible

(to be completed by Emilio) 
The total cost of the test in 2003 is estimated at 100 kCHF.   The cost of the field cage will be estimated from existing ones. The overall cost should be well below 500 k€.
The low cost is possible due to the existence and ownership of the HARP TPC electronics.  




















