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The design and construction of the ZEUS forward tracking detector is described. The detector consists of 3 large planar drift chambers mounted in the forward direction with respect to the proton beam and a smaller rear detector of the same type. Test beam measurements performed at DESY show a single wire spatial resolution of 105 μm and a dE/dx resolution of 8.8%. The resolution of the three dimensional track coordinates and slopes provided by one chamber are found to be 90μm and 2.7 mrad, respectively.

В статье описана разработка отслеживающего датчика. Датчик состоит из трех планарных отсеков дрейфа, установленных в прямом направлении относительно протонного луча и тылового датчика такого же типа. Испытательные измерения луча, выполненные в DESY, показывают единственное пространственное разрешение - 105мкм с точностью до 8.8 %. Решение трехмерных координат наклонов и трека, предоставленных в одном отсеке составляют  90мкм и 2.7мрад соответственно.

1 Introduction

In this paper we present a brief description of the chamber construction. Details can be found in [1] and [2].

Table 1: FTD (RTD) Cell Parameters

	inner cell dimensions
	24 x 48 mm2

	number of sense wires/cell
	6

	number of potential wires/cell
	7

	number of field strips/cell
	10

	material of sense wire
	W + 3% Re, gold plated

	diameter of sense wire
	30 μm

	material of potential wire
	Mo, gold plated

	diameter of potential wire
	121 μm

	voltages
	

	sense wire
	1860 V

	potential wire
	0 V

	field strip Sl-5
	-550 V

	field strip S2-4
	-50 V

	field strip S3
	630 V

	cathodes
	-1140 V

	drift field
	≈1.25 kV/cm

	gas mixture
	Ar/ethane (50/50) + ethanol

	gas pressure
	atmospheric

	drift velocity
	52 μm/nsec

	max. drift time at max. B
	350 nsec

	gas gain
	≈5 x 104


2 Gas System

The gas system for the FTD's/RTD is a simple open flow system without re-circulation with three independent gas lines. The components are mixed in the gas house using regulators con​trolled by mass flow meters. This mixture is bubbled through temperature controlled ethanol. Two summary gas flow meters in the gas house (up- and downstream of the chambers) check for leaks in the system. Individual combinations of flow meters and mechanical regulators in the experimental hall distribute the gas among the four chambers according to their different volumes. The gas leaving the chambers is pumped back to the gas house and exhausted over the roof of the gas house. During the commissioning of the detector a non-flammable gas mixture of Ar/CO2/C2H (88/10/2) was used instead of the nominal Ar/C2Hfl (50/50) mixture.

3 High Voltage System

The six different potentials needed for each drift cell (sense wires, potential wires, cathodes, and three types of field shaping strips) are supplied via individual cables from the HV electronics in the electronics hut. No resistor chains are used. This allows measuring the individual chamber currents directly and in an unbiased way and it avoids additional power dissipation inside or close to the chambers. Additional HV channels are used for supplying the cathodes and field strips of all cells close to the beam, which are subdivided in order to reduce the gas gain in case of high backgrounds. In total there are 40 HV channels, connected to one CAEN SY127 HV crate [3]. In order to prevent excessive currents in the chambers the distribution system is equipped with two types of switches for each channel. A passive diode circuit increases the effective internal resistance of the HV channel to 100 MΩ, resulting in a fast breakdown of the HV. An additional reed relay interrupts the line when 10 μA are reached. This relay can also be opened by hand if a local problem occurs while the other cells can still be operated. It has the important feature that the HV remains constant even if the chamber currents change due to varying background conditions.

4 Analog Electronics

Signal amplification is done in two stages, by pre-amplifiers mounted on the chamber and by post-amplifiers in the electronics hut with adjustable gain to match the signal amplitude to the dymanic range of the flash-A DCs. The analog electronics was designed and built by the University of Siegen [4].

4.1 Pre-Amplifiers

Signals from the sense wires are fed into the pre-amplifiers via 470 pF capacitors on the Kap- ton foils. The charge sensitive pre-amplifier is mounted on a motherboard inside the outer aluminium support structure (fig. 1). It is a low power SMD hybrid (2.3 Ч 6.8 cm2) with 6 channels corresponding to the 6 sense wires of a cell dissipating about 1 W. The amplifier has a conversion factor of 1 mV / 5000 e0 and an equivalent noise charge of about 3500 e0. The signal rise time is about 4 ns, corresponding to a bandwidth of 90 MHz. Each hybrid is equipped with a test signal input, which is capacitively coupled to all 6 input channels. The output provides a bipolar signal connected to the post-amplifier by a 50 m long twisted pair cable.
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Figure 1 - Mounting of on-chamber ancillaries on the aluminium support structure.

4.2 Post-Amplifiers

The post-amplifier a 2 channel hybrid - consists of three parts: a differential amplifier with adjustable gain, a pulse shaping pole-zero filter and another amplifier. The difference of the bipolar input signal is amplified by the first amplifier stage and fed into the pole-zero filter. This filter is used to shorten the falling edge of the pulse to reduce pile-up effects. The gain and pulse shaping of each hybrid was carefully adjusted to ensure equal response of all channels.

5 Digital Electronics

Due to the short HERA bunch crossing interval of 96 ns the sampling frequency of the FADC's is 104 MHz. For the same reason the processing of the FADC outputs called for a special development of the various modules. To keep the readout electronics for all chambers of the inner tracking system as uniform as possible only the FADC modules are different for the planar chambers (FTD's and RTD) and for the central tracking device (CTD). The latter FADC modules as well as all components of the environmental electronics were designed and built by the Rutherford Appleton Laboratory and partly by the other British ZEUS groups while the FADC modules for the FTD's/RTD are a design of the University of Siegen.

In a Siegen-type module the FADC data can be pipelined for a maximum of 40μs (hard​ware limit). On a positive first level trigger signal (FLT) which has to appear within a maximum of 5μs (FLT limit) a selectable block of data is transferred to a primary event buffer. While copying the data to a secondary event buffer they are processed by a digital filter of the FIR type, providing an effective data reduction at the earliest possible stage and thus a minimum deadtime of the front-end electronics.

The contents of the secondary event buffers of all FA DC modules in a crate are collected by a readout controller which is part of a transputer network. The same network performs the extraction of the drift time and the dE/dx information and stores the results until the arrival of a second level trigger signal. After a positive decision the data of an event are passed to the ZEUS event builder.

3 Conclusions

In one chamber, the energy loss of a particle is sampled 18 times along its track. To reduce the effect of the long Landau tail in the determination of the mean energy loss per particle, a "truncated mean" was calculated, where the samples with the largest energy loss were not used. Only events with at least 15 recognized pulses with drift times larger than 50 ns and with a reconstructed particle track were considered for the following analysis. The amount of truncation for an optimum particle separation was estimated to be about 30% [5]. We eliminated in this analysis only 17-20% of the samples (3 out of 15-18) because of the low number of reconstructed pulses per event that we had under certain conditions.
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