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Abstract

The discriminator analyzes total amplitudes of output signals of 24 photo multipliers of the        TO ALICE detector and also generates output of the logic signals corresponding to excess total signals of the established thresholds.

ALICE (A Large Ion Collider Experiment) [1] is one of the four experiments at LHC (the Large Hadron Collider) currently under construction at CERN. ALICE consists of a multitude of sub-detector systems with clearly defined tasks. Two small forward detectors  (T0 and V0) will play a dominant role in the fast ALICE trigger [2]. Since they are absolutely essential to the operation of ALICE they are designed with partial overlap in functionality. V0, made of two scintillator rings, provides larger rapidity coverage (a big advantage in p-p collisions) but has a limited time resolution ((1ns), not sufficient to yield precision interaction time needed for TOF (time of flight) measurements nor to determine vertex position with accuracy of a few centimeters. 
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Fig.1. Overview ALICE array

This will be the role of the T0 detector. To fulfill ALICE requirements T0 detector must reach time resolution of at least 50 ps (for each detector unit) and maintain sufficient multiplicity resolution to distinguish between central, semi-central and minimum bias collisions. The later feature is needed in the fast trigger and as a backup of V0 functionality. In addition both T0 and V0 must deliver a wake-up signal to TRD (Transition Radiation Detector) – the main lepton detector in ALICE. This wakeup must be generated and delivered to TRD within 200 ns of the actual collision – well ahead of the level 0 trigger.

Physics objectives

T0 detector is required to fulfill the following functions:

1. To supply main signals to the ALICE LVL0 trigger.

2. To deliver an early (prior to the LVL0 trigger) “wake–up” trigger to the TRD.

3. To give a start signal with good time resolution for the time–of–flight (TOF) particle identification system in ALICE.

The trigger functions [3] requested from T0 are as follows:

· to deliver an approximate measured of the event vertex position,

· to give a rough estimate of event multiplicity, and

· inform that at least one of the arms of T0 detector has registered a valid pulse.

The first feature is crucial for discriminating against beam gas interactions. With 50 ps time resolution one should obtain ±1.5cm accuracy in vertex determination. If the vertex position falls within the predefined values, an LVL0 trigger signal called T0 – vertex will be produced.

The second feature (multiplicity determination) will be an important back–up option for V0 that covers a considerably larger pseudo–rapidity range. For T0 the covered pseudorapidity range is 2.9 <|η| < 3.3 on the C - side and 4.5 < |η| < 5 on the A - side. The measured multiplicity will be compared to 2 pre–set values to generate one of the three possible trigger signals: T0 (minimum bias), T0 (semi–central), or T0(central) corresponding to low, intermediate, and high multiplicities. There will be only two threshold values because the minimum bias signal is identical with T0–vertex (sufficient multiplicity to have triggered both halves of the T0 detector). Since T0 detector generates the earliest LVL0 trigger signals, all these signals should be generated strictly on–line without the possibility of any off–line corrections.

The detector T0 consists of two arrays of Cherenkov counters, 12 counters in each array. A Cherenkov counter is based on a fine-mesh photomultiplier tube Russian             PMT-187 30 mm in diameter, 45 mm long optically coupled with a Cherenkov radiator        30 mm in diameter and 30 mm thick. One array (C - side) is placed rather close to the center of the vertex. Its position (~70 cm from the vertex) is limited by the position of the muon absorber. On the opposite to the muon absorber side, the distance of the Cherenkov counter array (A - side) is 350 cm along with the other forward detectors (FMD, V0).

The early wake–up signal to the Transition Radiation Detector has also to be produced strictly on–line. The T0 detector is the only ALICE sub–detector capable of delivering a high–precision start signal for the TOF detector. This T0 signal must correspond to the real time of the collision (plus a fixed time delay) and be independent of the position of the vertex. The required precision of the T0 signal must be better or at least equal to that of TOF detector       (s = 50ps). The function of generating T0 start will not be doubled by any other detector in ALICE so the quality of T0 time resolution will directly influence the quality of TOF identification. In favorable cases, mostly for HI collisions, one may expect some further improved of T0 time resolution in off–line analysis. For that purpose it is important to read out and store the time and amplitude from each PMT of the T0 array.
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Fig. 2. Photography of the prototype of T0-C array

T0 Multiplicity Discriminator

The Multiplicity Discriminator (MPD) generates three logical signals corresponding to the three preset levels for the desired particle multiplicity. The output of MPD goes to TSM (Trigger Signal Module) where all the other T0 trigger signals are converted to the form acceptable by the Central Trigger Processor (CTP). In addition to the trigger function MPD generates analogue sum that will be digitized and stored by ALICE DAQ. The block diagram of the first prototype that was successfully tested at CERN in July 2004 is shown in Figure 3.

[image: image3.jpg]Output 1
NIM

Output 2

Threshold NI

8bit

Output 3
NIM

Input 1

Input 12




Fig. 3. Functional diagram of prototype of the MPD unit

The 12 analog signals originating either from T0-A or from T0-C arrive at the input of an analog sum (S). The summed signals are presented to comparators (D1, D2, D3) [4] and one analog output. The threshold voltages, set with 8-bit resolution, correspond to the low, middle, and high level of multiplicity. These voltages are shaped by the multi-channel digital to analog converter (DAC) using the digital octal codes written to the data registers allowing for a remote control. After additional stretching, the output signals from the comparators come to the outputs of low (Output1), middle (Output2), and high (Output3) levels of multiplicity.

The prototype of the MDP unit was installed in the CAMAC modules. It provides the following parameters:

· Number of inputs: 12;

· Maximum amplitude of the signal at each input: 3 V, minimal duration: 3 ns;

· The output signal at the Out1 - Out3 outputs is in the NIM standard with the 10 ns duration;

· The maximum amplitude of the signal at the Out4 output: 3 V.

Threshold characteristics of first prototype of MPD were measured on the real signals of detectors at the beam of CERN’s accelerator in July 2004 (Fig.4, Fig.5.). 
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Fig. 4.Overwiev test array MPD-unit
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Fig.5. Linearity of the threshold characteristic of the MPD unit

At present time the new improved version of 24-input discriminator was developed in VME standard. The functional diagram of this MPD is shown in Fig.6. 
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Fig.6. Functional diagram of the MPD installed in the VME module


MPD module has VME 1U width and 6U height. As a FPGA chip it was decided to use XILINX XC95108 chip [5]. 
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