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INTRODUCTION

Future particle colliders require a detector with superior jet energy resolution to distinguish W and Z boson hadronic decays on an event-by-event basis. A favored method to improve the jet energy resolution is to apply Particle Flow Algorithms (PFAs) that measure the energy of the various components of a jet with the part of the detector capable of the highest resolution for that component. For example, charged particles are measured with the tracker which has very high momentum resolution, gammas are measured by the electromagnetic calorimeter and neutral hadrons by the combined electromagnetic and hadronic calorimeter. For this technique to work effectively, an excellent tracker in a high magnetic field and a dense calorimeter with high granularity and placed preferably inside the coil are required. The high granularity is necessary to identify the charged and uncharged energy deposits so as to avoid double counting, for instance, of the charged components which have already been measured within the tracker.

In this context a so-called Digital Hadron Calorimeter (DHCAL) using Resistive Plate Chambers (RPCs) as active elements and 1 cm x 1 cm readout pads with a single bit readout is being developed. This program is an integral part of the program of the CALICE collaboration [1], which develops imaging calorimeters for use in future lepton colliders.
This talk reports on the design, construction, quality control, and installation of the DHCAL in the Fermilab test beam [2].

EXPERIMENTAL

The DHCAL uses an absorber structure originally developed for the CALICE Analog HCAL and Tail Catcher/Muon Tracker (TCMT) see Fig. 1. The HCAL section consists of 38, 1.74 cm thick steel plates. The TMCT has two sections, a thin section with eight 1.9 cm steel plates and a thick section with 10.2 cm plates.
The active layers, called cassettes, to be inserted between the absorber plates, are built out of three 32 cm x 96 cm Resistive Plate Chambers (RPCs), stacked on top of each other and thus creating a 96 x 96 cm2 active surface area. The readout of the chambers is segmented into 1 x 1 cm2 pads each with a single threshold or 1-bit resolution. In total 52 layers were instrumented giving close to 480,000 readout channels.
The cassettes were assembled and tested at ANL and transported by truck to the Fermilab Test Beam Facility where they were installed between the steel absorbers of the HCAL and TCMT stacks. After inserting the cassettes, high voltage, low voltage, and data cables and gas tubes were installed. Fig. 1 shows a photograph of the completed installation at the test beam. The system was first calibrated with muons. Pion and positron runs were then performed at energies from 2 GeV to 60 GeV, and protons at 120 GeV. 
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Figure 1: Photograph of DHCAL installation at test beam.
RESULTS

The construction of the DHCAL prototype (+TCMT) was completed in February 2011. A series of test beam runs at the Fermilab test beam facility have been very successful and the detector works extremely well. High quality data has been collected and analysis is on-going. An example pion event can be seen in Fig. 2.
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Figure 2: Example of a pion event.
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