RPCs as a Medium for Particle Flow Calorimetery, and Specifically for Digital Hadron Calorimetry 
(Dec 13, 2004 version)
     Resistive plate chambers with small readout pads appear to be an ideal type of detector for doing Particle Flow Calorimetry.  For the Particle flow method, the contribution of the calorimeter to the precise energy resolution comes in large part from the ability to reduce the confusion term between charged hadrons, electromagnetic showers, and  neutral hadrons.  Many simulations have shown that  digital calorimetry with pixels in the 1 to 2 cm range are the best way to do this.  The resolution for neutrons, K-zero, etc are adequate if one simply counts the number of ht pixels in each shower.  [Ref eg Paris Linear Collider Proceedings]
           Glass RPCs have been found to be stable in operation for long periods of time, especially  when run in avalanche mode, and the rate capabilities are adequate for the Linear Collider and for the test beam studies of Hadronic showers. Resistive plate chambers are inexpensive to build, the electronics can be simplified to one bit per readout pad, the signals in avalanche mode can be large enough to make the electronics less expensive.    
  Work on developing these chambers has been underway for  a couple of years at Argonne in the US, and some work has been done at IHEP, Serpukhov in Russia.  At Argonne, many  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  25 to 64 pads of 1 cm sq. each have been done.  The goals of the tests have been to understand the hit multiplicity of pads, to achieve more gain in Avalanche mode,   to simplify the RPC construction, to test different gas mixtures, and to understand the matching of electronics to the detector.
Resistive plate chambers have a relatively simple structure. They consist first of all of two or more plates having high electrical resistance. We are now using window glass, 0.8 to 1.1 mm thick,   although others have use balkelite and special glasses with somewhat lower resistance.  There is a gas volume between the plates in which ionization and electron multiplication takes place.  We are presently using a 1.2 mm gap between plates, and a special gas mixture which has been tested at Argonne and elsewhere.  There is a lower resistance coating on the outside of the resistive plates.  The resistance of this coating must be low enough to re-charge the glass locally after a signal hit, and high enough to allow the electric field of the electron avalanche in the gas to reach the external signal pick-up pads.  We have tested many kinds of coatings, and in particular have tested the influence of the resistivity on the hit multiplicity.  The pick-up pads are just squares on printed circuit board, coupled to the electronics.  We have done tests of the influence of the capacitance to ground of each pad on various signal characteristics.

At this point,  considerable effort is needed for  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.  This development is the primary focus of the hadronic calorimeter portions of this proposal.   The first stage of readout will be integrated with the signal pickup pad system inside the detector.       

The Calorimeter electronics has several stages. First, on the PC board inside the calorimeter which has the  pads, one needs amplification, discrimination, and digital storage.  We are planning on developing electronics which will be suitable for both the GEM readout and the RPC readout.   The gain and allowable noise of the amplifiers are determined by the charge spectrum of the RPC avalanche pulses or GEM pulses.  With our optimized gas mixture, the RPC signals have a mean of  a several  pico-Coulombs. However, since there is a broad range of pulse heights, the discriminator level must correspond to roughly 100 femto-Coulomb for high efficiency.  For the Linear collider, there is to be no external trigger of the calorimeter. It is planned to simply use self-triggering over patches inside the calorimeter.  The front end ASIC being developed would self trigger when some small number of channels had a signal over threshold.
The primary path of development for the first stage is based on development of an ASIC.  Design of this has been underway for some time, with Fermilab doing the explicit design work based on a specification by Argonne and one Fermilab person. This ASIC will read in 64 channels. It can self trigger as for Linear Colliser use,  or use an external trigger in the test beam.  It has a time stamp and digital pipeline and readout buffer.  [Ref  ASIC Design Spec.]  The printed circuit boards for the asics and signal pads are a challenging part of the project. 
  Because of the very large number of channels per plane of calorimetry, a stage of data concentrators is needed  before the highest level of DAQ.  These will be near the calorimeter.   At the highest level, the present plan is to develop VME readout boards, although this could be modified, based on newer and cheaper technology. [ Ref ALICE, STAR, ATLAS, COMPASS, etc using PCI cards direct to the PC]  The present cost estimate is for the VME based system.
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