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8.2 Scintillators for timing, trigger and upstream PID.

Three time-of-flight (TOF) stations equipped with fast scintillators are foreseen. The first two stations (TOF0 and TOF1), upstream of the cooling section and placed after quadrupoles Q6 and Q9 respectively, will provide the basic trigger of the experiment, in coincidence with the beam particle signal. These two stations will have precise timing (around 70 ps) and will provide muon identification by time-of-flight (TOF) on a pathlength of about 10 m. The second of these stations will also provide the muon timing (vis a vis the RF phase) necessary for the measurement of the input longitudinal emittance. 

The coincidence with a third scintillator station of similar nature (TOF 2), downstream of the second measuring station, will select particles traversing the entire cooling channel. The variation of emittance due to losses and decays will thus be distinguishable from cooling.

 The TOF2 station will of course also record the muon timing for the measurement of the output emittance. 

TOF1 and TOF2 are shielded from the stray fields of the measuring solenoids by soft iron shields that reduce the magnetic field B, at the PMT position, from about 0.3 T to about 0.1 T. TOF1 and its iron shielding are symmetrical with TOF2, except for the diffusers.

As discussed in [Janot01], a 70 ps resolution (t)provides both effective (99 %) rejection of beam pions and adequate (50) precision in the measurement of the RF phase.

Other design criteria are efficiency, redundancy and quality of calibration. The design presented here satisfies these requirements. 

8.2.1 TOF stations structure

 In the present baseline design the three TOF stations have 48x48 cm2 active areas respectively. All stations have a similar design based on two 1” planes of crossed scintillator slabs along X,Y directions. The planes of the last stations (TOF 1, TOF 2) are equipped with 8 scintillator slabs, with dimensions 48x6x2.5 cm3. The first station (TOF 0) is made of two crossed planes (X-Y), each of twelve 48x4x2.5cm3 slabs. 

Bicron BC-404 (with 1.8 ns decay constant and 1.6 m bulk light attenuation length) is the most suitable choice for the scintillator material. BC-420 plastic scintillator, which is even faster than BC-404 but with a shorter attenuation length (1.5 ns decay constant and 1.1 m bulk light attenuation length), is another valuable option. 

A 1” thickness (t) per scintillator plane has been considered as a good compromise between intrinsic counter resolution, that goes as 1/sqrt(t), and presence of scattering material along the beamline.
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Performance ranging between 50 and 90 ps intrinsic resolution has been already published for single TOF planes of similar or slightly bigger dimensions [1], [2]. A 70 ps resolution fits quite well the requirements of this experiment. 

Scintillation counters structure and TOF plane assembly

Each scintillator slab, after a straight PMMA lightguide, is read at the two extremes by a fast photomultiplier. Figure 8.2-1 shows an exploded view of a scintillator bar, with the PMT holder and the fish-tail PMMA lightguides. Scintillation counters prototypes (see Figure

8.2-1 for a mechanical drawing) have been assembled in-house starting from DTF (diamond tool finish) scintillator bars from Bicron, to which home-made PMMA light guides, after a cylindrical PMMA collar, are glued with BC600 optical cement. Wrapping and assembly can be easily realized with tolerances less than 1-2 mm for the individual elements of each TOF plane, allowing an easy mechanical mounting 

[image: image13.wmf]
Figure 8.2-1 Exploded view of a scintillation counter, with details showing the scintillator active area, PMMA ligh-guides, PMMA collars, PMTs holders, …

A design with straight lightguides, along the counter main axis, has been chosen, instead of tilted lightguides, for easiness of mechanics mounting and better detector timing resolution. This has implied a careful study of PMTs choice and their magnetic shielding, as magnetic fields had components not only at small angle wrt the PMT axis but also orthogonally to it.

The structure of the assembly of the two crossed X/Y planes is shown for TOF0 in figure 8.2-2. A similar structure is foreseen for TOF1 and TOF2. The longitudinal thickness along the beamline is around 5 cm, due to the scintillation counters’ thickness.
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Figure 8.2-2. X/Y planes structure for TOF0 station. Scintillator bars (along X/Y), lightguides, PMT collars and PMT housings are shown. 

Figure 8.2-3 shows the CAD design for the X/Y planes of TOF0 : (a) front view and (b) top view. For TOF1 or TOF2 the same CAD design are shown in figure 8.2-4. Quotes are expressed in mm. 
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Figure 8.2-3. X/Y planes for TOF0 station: a) front view, b) top view. Quotes are expressed in mm. 
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Figure 8.2-4 X/Y planes for TOF1 or TOF2 stations: a) front view, b) top view. Quotes are expressed in mm.

Figure 8.2-5 shows the mechanics mounting of TOF1 station, with details of the X/Y planes and the support structure, realized with 5 mm L-shaped anticorrodal barrettes. Adjustment for not precise construction of single scintillation counters will be obtained by using a pressing screws system (shown in red in the figure). Similar structures are foreseen for TOF0 and TOF2.
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Figure 8.2-5 Mechanical structure of TOF1. The two X,Y planes are shown, with the mechanical support structure .

The support structure for each TOF station is similar and must fit into a limited space along the beamline direction (z). This has implied a very compact design, shown for the TOF0 detector in Figure 8.2-6. The structure is based on commercially available anticorodal X-shaped bars mounted to form a rigid structure screwed to the experimental Hall concrete basement.
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Figure 8.2-6. Support structure for the TOF0 detector. 

8.2.2 Scintillator counters readout 

The analog signal from PMTs could be fed, after a RG-213 cable 
 , to an active splitter chain that divides the signal 25% to the ADC line and 100% to a leading edge discriminator followed by the TDC line . The time-of-flight measurement is achieved combining leading-edge time measurements (from the TDC) with pulse-height informations for time-walk corrections (from the ADC). While TOF0 is in a moderate (B200 gauss) magnetic environment, due to the stray fields of the Q6 quadrupole, TOF1 and TOF2 are in a high magnetic environment (B~1000-2000 Gauss), even after the adoption of a soft iron shield after/before the MICE measuring solenoids. In addition TOF0 is in a very high rate environment ( 2.5 MHz), while TOF1 and TOF2 are in a high rate environment (~ .6-.4 MHz). 

This has prompted a dedicated R&D study for the choice of PMTs (see later for details).

As a consequence, the use of 1” Hamamatsu R4998 photomultipliers (20 mm useful diameter, 0.7 ns rise time,160 ps transit time jitter) with a standard magnetic shield is a valuable option for TOF0. Fine-mesh R7761 1.5” PMT’s (27 mm useful diameter, 2.1 ns rise time, 360 ps transit time jitter) with additional mu-metal or soft-iron shielding (to reduce B field compoinents) are instead to be used for TOF1 or TOF2. The main caracteristics of both photomultipliers are shown in table I.

	
	R4998 (H6553 assembly)
	R7761 (H8490 assembly)

	TTS (B=0 T)
	0.16 ns
	0.36 ns

	Anode pulse risetime
	0,7 ns
	2.1 ns

	Typical gain (B=0 T)
	5.7 x 106
	1.0 x 107

	Typical gain (B=0.5 T)
	 -
	3.0 x 106

	Max ouput current
	16A
	10A

	Max rate allowed (theor)
	 267 KHz 
	167 KHz

	
	
	


Table 8.2-1.  Main characteristics of adopted PMTs

Studies on R4998 PMTs

The main concern is thus rate for R4998 photomultipliers and magnetic field tolerance for R7761 photomultipliers. Rate effects for R4998 photomultipliers can be reduced by using a modified resistive divider with a booster for the last dynodes [3], as shown in figure 8.2-6. The shielding from moderate magnetic fields (B up to 100-200 Gauss) can be obtained with standard mu-metal shields (also shown in figure 8.2-6).

The theoretical maximum rate is determined by the maximum affordable output current. It is around 1.67 MHz for R4998 photomultipliers, with modified divider, and around 0.17 MHz for fine-mesh R7761 photomultipliers with a standard divider. 
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Figure 8.2-7. Modified divider for the H6533 assembly (R4998 photomultiplier). Individual power supplies (booster) are foreseen for the last dynodes DY8, DY9, DY10. The mu-metal shielding is also shown.

Laser light signals (see later for details), corresponding to ~ 300 p.e., have been sent via an optical fiber to the center of a typical R4998 PMT, to test its response. At B=0 gauss, Figure 8.2-7 shows the rate capability of this R4998 PMT with booster on/off on the last dynodes.
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Figure 8.2-8. Rate capability tests with booster on/off for a typical R4998 PMT.

A rate capability up to 1-2 MHz is evident with the booster on. With a proper detector segmentation, in the direction orthogonal to the beamline, this can well cope with the incoming 2.5 MHz particle rate

8.2.3. Detector calibration.
For the time inter-calibration of a single detector plane we propose to use cosmic rays, with a dedicated setup for the trigger (as done in the Harp experiment (4() or to use beam particles impinging in the overlap region of two superimposed X-Y scintillation slabs of the same TOF station. The time monitoring of the system will be done with a laser-based system, similar to the one used in the Harp experiment [5] and shown in figure 8.2-8. Studies are under way to assess if the expensive laser system 
 used in the Harp experiment could be refurbished and adapted to the present experimental setup.
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Figure 8.2-9. Layout of the laser calibration system of the Harp experiment at CERN PS. A similar layout is foreseen for the three walls of the MICE TOF system. A fast laser pulse is injected into the scintillator bars via optical fibers, giving the TDC STOP, while the TDC START is obtained by beam splitting the laser pulse to a fast PIN photodiode (30 ps risetime). 
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� Used instead of standard RG-58 coaxial cables, to minimize distortion


� Modified SYLP0 by Quanta Systems srl, Milano, Italy
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