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1. CALICE

The CAlorimetry for a LInear Collider Experiment (CALICE) [1] collaboration consists of 297 physicists from 53 institutions, located in 16 countries coming from the four regions (Africa, America, Asia and Europe). This R&D collaboration aims to design and develop highly granular calorimeters for experiments at the future International Linear Collider (ILC) [2].
The physics program of the ILC requires the reconstruction of multi-jet final states, and the separation of W and Z bosons in their hadronic decay mode by means of the di-jet invariant mass. This translates into an unprecedented jet energy resolution of about 30%/√E. In the Particle Flow Algorithm (PFA), the overall detector performance is optimized by reconstructing each particle individually in the detector which gives the best measurement. Charged particles energy will be measured in the tracker and therefore the corresponding showers in the calorimeters have to be individually reconstructed. Separating out particles close together in hadronic jets requires excellent spatial resolution of the calorimeters and hence very high granularity and compactness never achieved so far.
The CALICE collaboration is considering all types of sampling calorimeters and different technological designs in an integrated study.
· An electromagnetic calorimeter using silicon as the active detector and tungsten as the absorber: SiW ECAL.
· An electromagnetic calorimeter using scintillator as the active part readout by Multi-Pixel Photon Counter (MPPC, generically known as silicon photomultiplier) and tungsten as the absorber: ScECAL.
· A hadron calorimeter with steel absorber and scintillator tile with analog readout via novel photo-detectors and moderate granularity: AHCAL.
· A hadron calorimeter with steel absorber and gas-based (GEM or RPC) option with very high granularity and one bit readout so called digital readout: DHCAL.
· A hadron calorimeter with steel absorber and gas-based (Micromegas or RPC) option with very high granularity and two bits readout so called semi-digital readout: SDHCAL.
· A Tail Catcher Muon Tracker with scintillator strip read by Silicon PhotoMultiplier.

With about 3000 m2 active area and 30 Million channels, a good choice for a sampling hadronic calorimeter at ILC is a gaseous active medium with embedded one bit readout (DHCAL) or two bits readout (SDHCAL) electronics. Such a calorimeter has to provide high Minimum Ionising Particle (MIP) efficiency, low multiplicity as well as no performance degradation due to high rate, hadronic showers and aging. Technologically, the challenges come from the large area (up to 1.8x3.5m2) and the little thickness (< 8mm) of a single gaseous detector, the ease of calibration and the low cost.
This proposal concerns the Micromegas-SDHCAL developments. In 2010 we aim to test a 1 m2 Micromegas chamber with embedded semi-digital readout which is the first compulsory step towards a 1 m3 SDHCAL of 40 stainless steel layers (2 cm thick) interleaved with 1 m2 active area (6 mm thick). The 1m3 SDHCAL will be a technological prototype that will demonstrate the feasibility of a very low power consumption calorimeter with scalable active medium area as well as a physical prototype since no existing calorimeter provides such detailed information on the hadronic shower structure. The PFA relies on calorimeter simulation models which could only be validated and upgraded with the data taken with a 1 m3 prototype. In particular, prototypes with digital and semi-digital readout will have strong impact on the final detector architecture, optimisation and cost estimation.
It is also foreseen to test the Micromegas 1 m2 prototype inside the tungsten CALICE structure in November 2010 with most probably some additional 1 m2 planes. This test will be discussed in more details in a separate request.
2. The Micromegas-SDHCAL
2.1. Description
The Micro Mesh gaseous structure (Micromegas) is a gaseous detector, based on the micro-pattern detector technology [3], today widely used by many experiments: COMPASS, CAST, NA48, n-TOF, T2K and ILC TPC project. Our prototypes consist of a commercially available 20 m thick mesh which separates the drift gap (3 mm) from the amplification gap (128 m). This simple structure allows full efficiency for MIPs. The mesh is supported by insulating pillars placed according to a square pattern every 2.5 mm which provides good gas gain uniformity over the whole mesh area. Due to the fast collection of the amplification charge (a few tens of ns), the rate obtained with Micromegas chamber is much higher than that of Glass RPCs. Moreover, the tiny size of the electron avalanche, longitudinal as well as lateral, results in fast signals without physical cross talk and low multiplicity. The chosen bulk technology based on industrial PCB processes, offers a robust detector with working voltages lower than 500 V. Micromegas is therefore a very appealing option for a DHCAL optimized for the PFA. 
In 2007 and 2008 several prototypes were realised and extensively tested with an 55Fe X-ray source and in test beam at CERN. In the year 2009, Micromegas chambers with different embedded electronics were tested as well as their behaviour in electromagnetic and hadronic showers.
2.2. Existing Micromegas prototypes
Three different kinds of prototypes with 1 cm2 pad size were built at LAPP: one type with analog readout for characterization and two types with embedded semi-digital ASICs.
The analog readout is performed with boards from the CEA laboratory equipped with 6 GASSIPLEX chips (96 channels in total), connected to VME ADCs and featuring high resolution charge determination (10 bits, 0.4 fC per ADC Count). The data acquisition is performed by the CENTAURE program from SUBATECH-Nantes [4]. Three Micromegas with 6x96 pads and one Micromegas with 12x32 pads (see Fig. 1) were designed for this analog readout.
 (
Mesh: 
325 LPI mesh
Spacers: 128
 
m height
               
300 
m diameter
)

Fig. 1.  12x32 cm2 Micromegas chamber with 384 pads of 1 cm2 designed for analog readout.

Two mixed-signal ASICs are foreseen for the semi-digital readout, the HARDROC [5] and the DIRAC [6]. The former was chosen as a baseline for the 1 m3 European DHCAL project in order to get rapidly the digital readout of either Micromegas or Glass RPC. Whereas the latter is a long term R&D which aims to obtain a low cost ASIC with an easy signal routing implementation on the detector PCB, easy calibration and digital readout down to Micromegas MIP charges.

Chambers with embedded front end electronics (HARDROC or DIRAC) are called Active Sensor Unit (ASU). They are readout by the Detector Interface Board (DIF) designed at LAPP in the frame of the DHCAL CALICE data acquisition system [7]. It provides HDMI and USB connections. For the moment the USB connection is used. The acquisition framework is based on CrossDaq and is developed at IPN in Lyon. The prototypes with digital readout designed and tested sofar are:
· Three 8x32 cm2 ASUs with 4 HARDROC1 chip each (Figure 2 (a));
· Four 8x8 cm2 ASUs with 1 DIRAC2 chip each (Figure 2 (b));
· One 32x48 cm2 ASU with 24 HARDROC2 chips (Figure 2 (c))

All Micromegas Bulks are realized by lamination at high temperature of photosensitive foils and a mesh laid on a PCB with different signal routing depending on the readout. By photolithography, the photoresistive material is etched producing 128 m high pillars. A thin copper foil, glued to part of the calorimeter absorber medium (2 mm thick plate out of a 2 cm thick absorber), defines the drift cathode. The top of the chamber is therefore not contributing to the active medium thickness as it is part of the absorber. The drift gap is realized with a 3 mm thick frame which also provides the gas inlets (see Fig. 1 and Fig. 3 top).
2.3. Developments in early 2010
The 1m2 prototype is an assembly of six Active Sensor Units (ASUs). Each ASU is a 32x48 cm2 PCB with 24 ASICs each. Our choice was to lay one mesh per ASU instead of a 1 m2 mesh on the 6 ASUs, essentially to avoid destructive sparks from the increased capacity of a too large area mesh. Moreover no facility can yet perform the complete bulk construction procedure on a 1 m2 area. The chamber is closed by two plates of 2 mm thick stainless steel (Figure 3 top). This prototype should not exceed a total thickness of 6 mm (without absorber). It is scheduled to test this prototype in a beam in June 2010. The 1 m2 design is foreseen for large quantity production in order to build a 1 m3 SDHCAL prototype. A mechanical prototype (not equipped with electronics and mesh) has been realised to validate the design (Figure 3 bottom).










Fig. 2 (a): 8x32 cm2 ASU with 256 pads of 1 cm2 equipped with 4 HARDROC1 chips and spark protections. From left to right: ASIC and mesh side.
Fig. 2 (b): 8x8 cm2 ASU with 64 pads of 1 cm2 equipped with a DIRAC1 chip. From left to right: electronic side without and with lamination mask, pad side with the mesh.













Fig. 2 (c): 32x48 cm2 ASU with 1536 pads of 1 cm2 equipped with 24 HARDROC2 chips inside a gas test box. From left to right: ASIC and mesh side.

















Fig. 3: Design of the 1m2 Micromegas prototype formed by 6 ASUs (top). Gas tightness test setup of the mechanical prototype (bottom).

3. Beam test results in 2009
3.1 Analog readout prototypes with GASSIPLEX ASICs
In the summer 2008, four prototypes with analog readout were assembled in a stack and tested at the H2 line of the SPS-CERN. A total acquisition time of 5 days has allowed the collection of about 200k muon and 200k pion events without absorber plus 250k pion events with an upstream 30 cm iron block and 1.8 cm iron absorbers between each prototype. The analysis of the events is now completed and results on signal magnitude and uniformity, efficiency, pad multiplicity and threshold dependence are published in JINST [8].

The same detector stack was tested in 2009 at the CERN/PS in May/June and September/October in the T10 zone (we are grateful to D. Attie, P. Colas and W. Wang from Saclay/Irfu for their participation to the second test period). The behaviour of Micromegas in electromagnetic and hadronic showers was for the first time investigated. The setup is depicted in Figure 4: a Cerenkov counter to separate electrons and positrons from hadrons, three small chambers for tagging single particle events, a variable number of absorber plates (2 cm of stainless steel each) and the large 12x32 cm2 chamber where the energy deposited by the shower particles is measured. The longitudinal and transverse profile of the energy and number of hits were hence measured (Figure 4). Measurements of electron shower profiles were performed in May/June and will appear in JINST as proceedings of the June 2009 MPGD conference in Crete Island [9]. Data from hadrons were collected in September/October and their analysis is still on-going.





















Fig. 4 : Test setup of the GASSIPLEX chambers with absorbers (top): the chambers are labeled G1 to G4 and the scintillators S1 to S5. Longitudinal profile of the number of hits in 2 GeV/c electron showers for two different thresholds (bottom).


3.2 Digital readout prototypes with DIRAC ASICs
The DIRAC chip was embedded on an 8x8 cm2 PCB with additional spark protections (Figure 2 (b)) [6]. For the first time a prototype with a bulk laid on a PCB with embedded electronics reaching a total thickness of 12 mm including 2 mm absorber was operational and exposed to 200 GeV/c pions at the H2 beam line in summer 2008. The beam profile was recorded. More details on this test can be found in a JINST proceeding of the June 2009 MPGD conference [10].

Further tests with a stack of prototypes are compulsory to measure threshold dependence, efficiency and multiplicity. Hence a stack of four chambers with 1 DIRAC per chamber was tested at the CERN/PS on the T9 zone. A time slot from October the 30nd to November the 6th, not initially booked for CALICE Micromegas, was proposed by the PS coordinator to perform these tests.

A few hundreds of useful events only were recorded because the chips were damaged quickly after the beginning of the data taking, likely by gas discharges. The analysis of the data is on-going and the first figures on efficiency and pad multiplicity comply with the expectations (Figure 5). In addition, important conclusions concerning the protection of the electronics against sparks have been drawn and will be useful for the design of future DIRAC based prototypes.

















Fig. 5: Photograph of a stack of four DIRAC2 chambers (top). Profile of a 6 GeV/c hadron beam recorded in the four 64 pad DIRAC2 chambers. The units of the x and y-axis are in cm (bottom).


3.2 Digital readout prototypes with HARDROC ASICs

Several 8x32 cm2 ASUs were realized with four HARDROC chips each, embedded on one PCB (see Fig 2 (a)). Three prototypes have been exposed to 7 GeV/c pions at the end of the November 2008 beam test at the T9 line of the CERN/PS. The analysis of the collected data revealed several of problems with the chip configurations and the DAQ chain. Important conclusions were drawn and usefully applied during the May/June 2009 test campaign in the CERN/PS/T10 zone. The beam profile from 2 GeV/c electrons recorded in each chamber is shown in Figure 6 (left ). The very low efficiency derived from these data (close to 20 % while more than 90 % was measured with GASSIPLEX prototypes) can be explained by a shaping time of the HARDROC much shorter than the actual Micromegas signal. This should be improved in the next version of the HARDROC circuitry. The measured multiplicity is compatible with former tests with GASSIPLEX prototypes.













Fig. 6: Profile of a 2 GeV/c electron beam recorded in the three chambers equipped with 4 HARDROCs (left), the three non responding HARDROCs were turned off. Profile of a 6 GeV/c hadron beam traversing the chamber parallel to the pad plane of an ASU equipped with 24 HARDROCs (right), the x and y-axis units are in cm.

The assembly of the 1 m2 prototype planned for the beginning of 2010 will require 6 ASUs of 32x48 cm2. Prior to that, each ASU should be tested in a gas box with an X-ray source and/or with beam particles. The first ASU was hence placed in the PS/T9 beam line in October/November 2009. To circumvent the issue of the too short shaping time the chamber was installed so as to have the beam particles traversing parallel to the anode pad plane rather than perpendicular to it. The increased primary ionization charge (1 cm pad size instead of the 3 mm drift gap) partly compensates for the short shaping time.

The beam profile was recorded for four different chamber positions. The hit distribution in the pad plane from these four runs is shown in Figure 6 (right). Clearly some chips are not responding at all and the reason for this is being investigated in the lab. The efficiency of the responding chips varies a lot, between 10% and 90%. The reason for these large variations is also under investigation.


4. Beam test request for 2010
4.1. Beam period  
The main goal that will be pursued in 2010 is to validate the construction of a 1 m2 Micromegas chamber and measure its performance (efficiency, multiplicity, uniformity) in a beam. The 32x48 cm2 ASUs that form this prototype are going through some commissioning steps in the lab: HV training in air and in gas, calibration of the chips, electronic chaining of ASUs by pair, response to 55Fe X-rays and cosmic particles in the gas box.
 
We require one beam test period in 2010 between early June and mid July.
To compensate for the too short shaping time, the detector will be also placed in a horizontal position so that the beam particles traverse the gas volume parallel to the anode plane.
A measurement of the efficiency to a precision of 1% requires about 104 hit per pads, that is about 104 track per pad row. Scanning each of the 100 rows, the total number of desired trigger is 106. With an acquisition rate of 100 Hz and an effective running efficiency of 5 % (ratio of spill duration to time without spill within one SPS cycle) the measurement period should last for a week. During a few days we also plan to take some data in the standard calorimeter configuration with the beam particles impinging normally on the anode pad plane. Considering 3 days to install the setup, connect cables, flush the gas mixture and raise the high voltage and 2 days for removal, we ask for a time slot of two weeks.

4.2. Beam line and Experimental setup

The response and efficiency measurement should be performed with a charge deposition over each pad as uniform as possible (similar dE/dx for all recorded tracks). We thus request a beam of high momentum particles (larger than 100 GeV/c) of muons or hadrons so that all particles are on the Bethe and Bloch relativistic rise and have the same mean energy loss. With our experience in 2008 we could easily install and commission our setup in the SPS/H2 beam area. The H4 line dedicated to tests within the RD51 collaboration would be also well suited.

The group will provide its own trigger devices (scintillation counters) as during the past beam tests. We will also provide an X-Y table with control from outside the beam area. This table is sufficiently large to support our 1 m2 prototype, the weight of which should not exceed 50 kg.
We request three (or more) CERN delay wire chambers (DWC) or other tracking devices with about 1 mm resolution for checking the beam profile.  In order to correctly measure the efficiency and noise the beam should be clean of pile up events.

We again ask CERN for providing network access, electrical power, gas supply for our Micromegas and for beam instrumentation devices (DWC) as well as technical support to move, install and align the Micromegas stack. We need a counting room but also expertise and support for operating the beam line.
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