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8.5.5 The electromagnetic calorimeter (EMCAL)

A state-of-the-art, high-resolution electromagnetic Pb-scintillating fibre EMCAL, of the type built by KLOE [KLOE], is proposed. It offers adequate energy resolution to perform muon and electron identification in the momentum range of interest for MICE.

Structure and layout

The proposed EMCAL, built by gluing 1-mm-diameter blue scintillating fibers between 0.3 mm thick grooved lead plates, has a uniform and quite symmetric Pb–scintillating-fiber structure, with a fiber spacing of 1.35 mm. When layers are superimposed, fibers are located at the vertices of adjacent quasi-isosceles triangles, forming a homogeneous and compact structure with a fiber to lead volume ratio of  2 to 1. Compared with the KLOE-standard mixture of 1 to 1, the choice is dictated by the softer muon spectrum to be detected in MICE.

The resulting composite, with a density of ~ 3.7 g cm–3 , a Moliere radius of ~ 3.5 cm and a radiation length X0 of ~ 2.5 cm , gains considerable stiffness, and can be easily machined to the shape required for the final assembly.

This ‘spaghetti’ design offers the possibility of fine sampling and results in optimal lateral uniformity of the EMCAL. Fibers run mostly transversely to the particle trajectories, reducing sampling fluctuations due to channeling, i.e., showers developing along the fibers’ direction, an effect particularly important at the low energies of interest. Finally, the very small lead foil thickness (~ 0.05 X0) results in a quasi-homogeneous structure and a high efficiency for minimum ionizing particles and low energy electrons.

An EMCAL module of 120 × 120 cm2 of active area, 16 cm thick, consisting of ~ 180 lead and fiber layers, can be built using the facilities of the Frascati (LNF) workshop formerly used for the construction of the KLOE EMCAL [KLOE]. The lead and fiber planes are perpendicular to the beam axis. The EMCAL is built in four layers, each made of  30 cells 4 × 4 cm wide and 120 cm long.

Fabrication of components

The grooved lead foils are obtained by rolling 0.3 mm thick foils in a special shaping machine. The drawing of the lead foil cross section where the fibers are glued is shown in Figure 8-30.
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Figure 8-30. Detail of the grooved Pb foils  

          ( 0.5 mm thick on top used for KLOE  compared to the 0.3 mm thick foil bottom chosen for MICE)

Based on KLOE experience, the optical fibers will be Pol.Hi.Tech. type 044 [POL], emitting in the blue-green region and meeting, at reasonable cost, the MICE technical specifications. Great care will be taken to maximize the efficiency of the light collection system and to ensure uniform photocathode illumination. KLOE experience suggests to use light guides consisting of a tapered mixing part, where the quadrangular entrance face transforms smoothly to its inscribed circle, plus a Winston cone concentrator [Welford], matching the area of the EMCAL element to the sensitive area of the photocathode face. If it is possible to shield against the residual magnetic fields, a suitable readout choice, at both ends of each cell, is the 1-1/8 inch R1355 Hamamatsu phototube. This tube, already used in the HARP experiment, has a transit-time spread of less than 1 ns. In this case, the area concentration factor is ~ 2.65, with a light collection efficiency of ~ 85%. Figure 8-31 and Figure 8-32 show the housing of a voltage divider, photomultiplier and light guide and a partial assembly with the fiber-lead module.
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Figure 8-31. Voltage divider, PMT, and light guide housing
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Figure 8-32. EMCAL  Assembly (12out 120 ligth guides per side are shown) 

Front-end electronics

The deposited energy will be digitized by conventional ADCs, e.g., the VME CAEN 792, already used in the HARP experiment. An unbiased cross-calibration of all EMCAL readout elements will be obtained both from cosmic rays and test-beam muons. A rough measurement of the impact point on the EMCAL will be derived from the ratio of pulse heights on two ends of the fired cell. A more precise reconstruction of the impact point, with independent timing information for trigger purposes, can be achieved by implementing a TDC readout of the first two layers of cells.

Energy and timing resolution, particle identification

The fibres have a decay constant of ~ 2.5 ns, an attenuation length of ~ 3.5 m, and a yield of about 80 photoelectrons per minimum ionizing particle (mip) crossing the center of one of the 40 × 40 cm EMCAL cells. Based on the response of the KLOE electromagnetic EMCAL [Adinolfi] to electromagnetic showers of similar energies at the DAPHNE (-Factory, the expected energy resolution is (E ~ 5% /E (E in GeV), fully dominated by sampling fluctuations. The time resolution was measured in KLOE, with modules 4 m long, and is also very good, (t ~ 54ps /E , giving a precise measurement of the impact point along the fiber. The KLOE EMCAL test beam data [Antonelli] show that the distributions of total energy are Gaussian, with almost no tails. The response of the EMCAL to electrons and photons in the energy range 20–300 MeV is linear, independent of incident angle [Antonelli]. The signal deposited by a minimum ionizing particle in a single cell is equivalent to that of a 30 MeV electron or photon. In the momentum range of interest for MICE, muons mostly punch through, whereas electrons leave essentially all their energy in the first two layers. In combination with the downstream Cherenkov, the measurement of energy deposition and of its longitudinal profile in the EMCAL should provide an electron rejection of 99.9%. A preliminary simulation of the EMCAL performance on muon detection and muon-electron separation with various selection cuts has been performed. 

The results, based on the beam profile and energy spectrum generated by G4MICE (v. 0-9-1) are shown in Figure 8-33 and Figure 8-34.

Cosmic ray tests are foreseen, together with tests of detector response to low energy electrons, hopefully at the Beam Test Facility in the DAPHNE complex of LNF.
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      Figure 8-33. Muon detection efficiency at the EMCAL as a function of the muon momentum.
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Figure 8-34. Electron-muon separation in EMCAL using the baricenter method.

Construction schedule

INFN technical manpower will mould the light guides, and design and fabricate the mechanical supports for photomultipliers and patch panels. Some substantial refurbishing and tuning of the KLOE tooling machinery will be needed. Lead foil grooving, construction of light guides, production of fibers, gluing of layers of lead with fibers, machining of the assembled modules and final gluing of light guides will be contracted to external firms. The completion of the construction project will take one year after approval of funding.
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The focus coils in the AFC module





Details of the Tracker Solenoid





The Final Cherenkov Detector





201 MHz Cavity Conceptual Design
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