
G. Drake, J. Repond, D. Underwood, A.B. Wicklund, S. Kuhlmann, S. Magill, L. Xia,  Argonne National Laboratory

J Butler, et al, Boston University

M. Oreglia, et al, University of Chicago

Presented by D. Underwood, Argonne National Lab.
RPCs as a Medium for Digital Hadron Calorimetry

for the Linear Collider

The purpose of this project is to develop a digital hadron calorimeter (DHCAL) using Resistive Plate Chambers (RPCs) as active medium. RPCs are  ideally suited for such a calorimeter: they are simple in design, cheap  to build, reliable and robust, and the readout can be segmented into small pads of say 1 cm2, as required for a DHCAL at the Linear Collider.  Work on developing these chambers has been underway at Argonne for about two years.  Several single-gap and multi-gap chambers operating in avalanche mode have been built and have been tested thoroughly with sources and cosmic rays. Tests with up to 64 pads of 1 cm2 each are ongoing. Furthermore, considerable effort is dedicated to the development of the readout system, a challenge by itself given the large number of channels, of order 400K for the prototype and 50x106 for the entire DHCAL.

I. INTRODUCTION

Particle-Flow Calorimetry with a digital calorimeter of fine spatial resolution plus charged particle tracking may give jet energy resolutions of 30%/root(E)  Such resolution involves utilizing momentum measurement in tracking for the charged particles, calorimeter measurement of the energy of neutrals such as K0 and neutrons, and elimination of the confusion between the two in the calorimeter.  It is because of the confusion term that high spatial resolution for tracking inside the calorimeter is required. 
Particle flow algorithms are currently being developed on the basis of Monte-Carlo simulation of hadronic showers, However, this is clearly not adequate, given the large differences among different shower simulation programs. These differences are illustrated in Fig 1.  

Real data is needed for improving and verifying simulations of hadronic showers. Our program is to obtain data on showers with a prototype Digital Hcal in a test beam. The results will  

provide a basis for the comparison of the performances of the analog and digital calorimeter approaches. 
Work on developing Resistive Plate Chambers has been underway for a couple of years at Argonne.   Several multi-gap chambers and single-gap chambers operating in avalanche mode have been built and have been tested thoroughly with sources and cosmic rays. Tests with 25 to 64 pads of 1 cm2 each are ongoing. Furthermore, considerable effort is dedicated to the development of the readout system.   A program of ASIC development is underway to provide readout of the cubic meter prototype with 400K channels. Several smaller systems are in use now and may be developed further.
The project is being carried out by a collaboration of Argonne National Laboratory, Boston University, University of Chicago, and Fermilab.   As a first major milestone, the collaboration aims at providing a 1 m3 prototype section for test beams in 2005/6. 

Tests with particle beams will validate both the technology and the detailed Monte Carlo digital approach to hadron calorimetry. 

Here we report primarily on development and tests done with cosmic rays.  All of our RPCs are glass, and we have done measurements on  both 2-gap and 1 gap chambers. We have done studies of the gas, and found a mixture which provides large avalanche signals while providing a good working voltage plateau with no streamers and low noise.  We have several ways of reading out RPC signals. For analog readout  we use the CDF Rabbit ADC system with 1 fC/tic. This can be used for single pads or up to 32 pads.  It is useful for Streamer mode or Avalanche mode.  Also, one can use a fast digital oscilliscope along with amplifiers on the RPC readout plane. An example is shown in figure 2.   For digital readout (1 bit / pad) we have two systems. A system which uses  64 amplifiers on the chambers and a VME discriminator and double buffer readin card  has been used for most of our recent measurements. A small amount of  integration of the signal is done before the video amplifiers because they are slower than the fast RPC signals. With this system we have been able to measure the efficiency, pad multiplicity from single particle hits, and the noise rate. 


Another system has been developed based on shift register readout, similar to shifting out pixels in a digital camera or silicon vertex detector.  This has the amplifier, comparator, and shift registers all on the RPC readout plane.  With surface mount chips, the entire assembly of RPC and readout with shift registers fits in a 1 cm calorimeter slot. This system is presently used to read out only 32 pads, but was designed to be economically scalable in size to large systems.  Data collectors for each plane with the appropriate functionality for  each system size will have to be developed. 

A readout system based on  an ASIC for each 64 pads of a large prototype calorimeter is also being developed.  6250 ASICs will cover the 400K channels which cover 40 planes in 1 m^3.  This will  have digital pipeline and time stamp on the ASIC, in addition to amplifiers, comparators,  latches, and  readout buffer.    The asics on the pad boards would read out to buffering data collectors on the edge of each RPC pad board, and these in turn will read out through VME card data collectors.  A 42 page specification for the ASIC was written during the last year. The design work on the ASIC is being done at Fermilab.   Further development is needed for the 8 layer PC boards on the chamber in order to isolate the clock from the low level signals.  Also, the data collectors are yet to be designed.   We are still awaiting funding for a system of 400K channels for the 1 meter^3 prototype.   
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Figure 3  Oscilliscope traces showing signals from a central “hit” pad and two adjacent pads simultaneously. The pad sizes are 1 cm. The amplitudes in the two side pads are less than 10% of the amplitude in the hit pad. 
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Figure 1.  Results of a study by  G. Mavromanolakis  showing the large variations among simulations of hadronic showers.
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Figure 2.  Structure of an RPC.
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Fig 4  Average Avalanche and Sftreamer charges vs Voltage for the 1-Gap chamber with the gas Freon:Isobutane:SF6 94:5:0.5.  
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Fig 5.  Charge distribution for avalanche signal with  non-optimal gas.  More of the signal is above pedestal with the currently used  gas  mixture.
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Fig 6.  Plateau for Avalanche operation, and transition to Streamer operation at higher voltage with a 1-Gap chamber.
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Fig 6.  Efficiency vs pad hit multiplicity for a 1 gap chamber with optimum gas.  This is measured by varying the discriminator threshold level. There appears to be a universal curve independent of voltage within the plateau range.  The discriminator levels are different at each voltage. 
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Fig 8.  An example of a signal pick-up pad board which is placed near  the RPC resistive paint  (with an insulator).  Pads of 1 cm^2 are used for multiplicity measurements.  
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Fig 9.  System architecture for the ASIC based readout system.
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