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Abstract

In this note the trigger system of the OPERA Precision Tracker (PT) is de-
scribed. The aim of this system is to provide a time reference for the drift
tubes composing this tracker, allowing calibration and alignment of the indi-
vidual tubes. There are three trigger stations per spectrometer, corresponding
to successive parts along the beam. Each trigger station consists of three RPC
planes which are part of the spectrometer internal tracker. The configura-
tion has been designed to allow flexibility on event selection in the electronic
tracker.



1 Introduction

The OPERA detector contains two magnetic spectrometers. Each spectrometer con-
sists of an iron magnet instrumented with Resistive Plate Chambers (RPCs) and of
drift tube planes before and after each magnetic section to measure particles deflec-
tion with added precision. The OPERA Precision Tracker (PT) [1] is composed of
10000 vertical drift tubes arranged in 12 walls. Its main purpose is the detection
of muons and the determination of their charge and momentum. The PT trigger
system has to provide a reference time signal which serves as a common stop for the
drift time measurement in the tubes. The PT and its trigger have to be sensitive to
through–going tracks, stopping muons and hadronic showers originating from beam
events as well as to cosmic particle tracks entering the OPERA detector at steep
angles.

Tracks going through the whole detector are high energy muons and can easily
be reconstructed by the two magnetic spectrometers, containing RPCs and the PT.
On the other hand, stopping muons and hadronic showers, which cross only part of
a spectrometer, have also to trigger a PT read–out. Finally, cosmics need as well to
be reconstructed in order to calibrate and to align the modules.

The trigger must have a low enough rate to guarantee the data transmission to
the DAQ, while keeping a high efficiency, especially for beam events.

2 The OPERA Timing System

2.1 Description

Twenty–two planes of RPCs with Bakelite electrodes are distributed inside the mag-
net yoke of each OPERA muon spectrometer. In addition two planes of RPCs,
equipped with oblique read–out strips and called XPCs, are placed upstream of each
spectrometer magnet, as shown in fig. 1. The RPC chambers are arranged in layers
of about 8 × 8 m2 read out by means of orthogonal strips.

Nine RPC planes per spectrometer are instrumented, in addition to their read–out
Front End Boards located on top of the spectrometers, with dedicated timing boards
attached to the strip side of the RPCs. The timing measurement is implemented
on groups of three RPC planes, each group providing the timing for one pair of PT
walls.

Fig. 2 shows the schematics of the RPC Timing System. To preserve the timing
resolution, the electrode readout signals are fed in a discriminator circuit on the
detector itself. Digitized outputs are sent (through LVDS drivers) to the off–detector
electronics where the plane OR signal is built. The OR signal and the single timing
board signals are sent to the PT trigger logic.

The on–detector electronics consist of fourteen timing boards per RPC plane.
The boards’ block diagram is shown in fig. 3, their layout is shown in fig. 4.
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Figure 1: PT trigger system scheme for one OPERA spectrometer.
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Figure 2: Principle of the OPERA timing system.
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Figure 3: Block diagram of the RPC timing boards.
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Figure 4: RPC timing board layout.

The good timing properties of the RPC detectors working in streamer mode
allow the use of a single threshold discriminator to detect RPC signals. Streamer
mode operation is characterized by a low spread in the detector output signal thus
minimizing the time walk of a single threshold discriminator.

To evaluate the electronic contribution to the timing, the board has been char-
acterized with respect to the input signal spread (time walk effect). Fig. 5 shows
the results of the measurements. For a spread of a factor 2 in the detector signal
amplitude, a maximum contribution of about 1 ns can be inferred from the plot
(discriminator threshold set to 15 mV).

Single threshold discriminator time-walkSingle threshold discriminator time-walk

Figure 5: Time walk measurements.
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Each timing plane (i.e. 14 Timing Boards) is managed by the OPE1 board (fig. 6).
To simplify the connections, all the signals from/to the OPE board are managed by
a Transition Board sitting on the rear side of the off–detector electronics timing
crate. This solution simplifies the system maintenance allowing (in case of failure)
the active card replacement without cable disconnection.

Figure 6: OPE board picture.

Besides implementing the plane OR timing signals the OPE board also provides
the power supply, thresholds and test pulse facility for the timing boards.

An embedded processor manages the interface between the experiment Slow Con-
trol (CAN standard) and the OPE board control logic. Finally fourteen scalers have
been implemented on the OPE board to monitor the Timing Boards counting rates.

2.2 Cosmic Ray Tests of the Timing Boards

The RPCs of the OPERA experiment are operated with a gas mixture composed of
Argon (Ar), Tetrafluoroethane (C2H2F4), iso–Butane (i–C4H10) and Sulfur hexaflu-
oride (SF6) in the volume ratios 75.4/20.0/4.0/0.6. This kind of mixture has been
chosen for its low cost and the reduced operating current. With respect to typical gas
mixtures for streamer mode operation of RPCs, the smaller Tetrafluoroethane quan-
tity is supposed to spoil the detector time resolution because of the lower primary
ionization.

Timing Board prototypes have been tested on small size RPC prototypes. The
set–up is composed of three RPCs piled up to define cosmic rays passing inside an
area of 50× 50 cm2 and by two RPCs under test at 5 cm distance from one another.
In order to reproduce the OPERA read–out, the two RPCs under test are read out
on the anode side by 16 copper strips, terminated on one end on their characteristic
impedance (25 Ω) and on the opposite end on 110 Ω (simulating the Front End
electronics). The strips are connected on the 110 Ω side to a Timing Board, providing

1Or Plane Electronics
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the digital OR of the signals. The cable length between the Timing Boards and the
OPE Boards (15 m) is also reproduced in this test set–up. In addition a 3 cm wide
scintillator strip is placed between the tested RPCs perpendicular to the read–out
strips, in order to give an absolute time reference. Fig. 7 shows the arrival time
distributions with respect to the scintillator for one RPC operating 400 V above
the efficiency knee with different threshold values applied. The lowest arrival times
correspond to signals discriminated on the avalanche primer, which carries the best
time information, while the long tails are due to signals discriminated on the following
streamer. High threshold values increase the number of signals discriminated on the
streamer and enlarge the distribution.

Figure 7: Arrival time distribution for one RPC under test with different applied
thresholds.

In order to estimate the time resolution with higher statistics and over a larger
detector area, the scintillator strip has been removed from the trigger and the time
of flight between the two RPCs under test is considered.

The RMS of the arrival time distribution is obtained by dividing the RMS of
time of flight distribution by

√
2. As shown in fig. 8, values lower than 7 ns are

obtained for the RMS of time of flight distribution which corresponds to a RMS of
arrival time distribution lower than 5 ns. Defining as time resolution the sigma of a
Gaussian fit to the time of flight distribution divided by

√
2, values around 2 ns at
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10 mV threshold and 4 ns for the other threshold values are measured.

Figure 8: Time of flight distributions for different applied thresholds.
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trigger station A B C

plane 1 XPC0 RPC10 RPC19
plane 2 XPC1 RPC11 RPC20
plane 3 RPC0 RPC12 RPC21

Table 1: Combinations of RPC and XPC planes for the three stations of one super
module.

3 The PT Trigger System

Fig. 1 shows the trigger system scheme for one super module. It consists of three
similar trigger stations (A, B, C) per super module. Each trigger station uses a
majority coincidence of at least three planes of XPCs or RPCs as shown in Table 1.
The trigger stations are made up of OPERA Trigger Boards (OTBs) which consist of
a master and slave combination (on the same board) located in the PT OSUB2/TDC3

crates. For two crates (max. 2 × 9 TDC boards) one master and two slave boards
are needed. Due to symmetry aspects and to keep the cable length as short as
possible the slave boards are placed in the middle of the crate as shown in fig. 9.
Each plane’s trigger signal is the OR of the readout strips of the RPCs or XPCs.
Because of the eight meters strip length, the plane OR signal delay is a function of
the particle impact point. The propagation delay can be compensated offline using
the spectrometer bi–dimensional readout. The maximum strip propagation delay
is about 30 ns. The OR signals are handled by the trigger master board of the
corresponding station A, B or C. To maintain a good time resolution with several
meters of cable, PECL4 standard signals are used and transmitted over twisted pair
cables. The pulse–width of the OR signals is about 115 ns. Within the input stage of
the OTB the signals are shaped by pulse–width modulators (PWMs) to 75 ns width.
Fig. 10 shows the block diagram of the trigger master board. At the input five 34
pin connectors receive the PECL signals. Thus the OTB can handle information of
up to five different XPC or RPC planes. The incoming OR signals are also output as
LVDS5 signals to have the possibility of time of flight measurements with the TDC
system and reject backward going cosmics during beam runs or alternatively study
the trigger timing. In addition the input signals coming from the 14 slices of each
trigger plane are also output for reference measurements.

Two global signals are implemented for validation and timing. The validation
signal generates the trigger and is built by the 2–of–3 majority logic (”Multiplicity
Logic”) of the plane OR signals. The adjacent PWM opens a gate for the timing
signal to fulfill the coincidence condition of the following logic AND. To compensate

2Opera SUpport Board
3Time to Digital Converter
4Positive Emitter Coupled Logic
5Low Voltage Differential Signal
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Figure 9: Backplane configuration inside the OSUB/TDC crate.
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Figure 10: Block diagram of the master board for the PT trigger.
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for different cable lengths, a delay is implemented for each input channel. The
timing line consists of five input OR circuits and a subsequent delay to shift the
pulse into the gate time. The coincidence between the delayed timing signal and
the validation signal generates the time reference used as stop for the PT TDC
system. To add flexibility concerning the number of planes used by the trigger,
several majority coincidences (e.g. 3–of–4, 4–of–5, all OR) can be implemented in
the multiplicity logic owing to the use of CPLDs6. The trigger condition as well
as the values for the delays and the gate can be controlled and monitored by the
Slow Control system (CAN standard) by means of a microprocessor (PIC 18F448).
To measure accurately the delays through the validation and timing line, a TDC
(MSC–TDC501) controlled by the microprocessor is implemented on the OTB. The
generated stop signal is delayed by more than the maximum drift time to ensure that
it arrives after all drift tube signals.

In addition to the three master OTBs, each super module holds one Overall
Trigger Board (OVTB). The master board outputs are connected to the OVTB
inputs via TTL drivers and LEMO cables. The OVTB contains a logic unit which
provides the OR of all its input signals. The OR signal is distributed by a fan–out to
the board’s output connectors, and is further transmitted to the six slave boards of
the corresponding super module over LEMO cables. The OVTB also holds CPLDs
and a PIC–microprocessor and is connected to the Slow Control system by CAN–bus,
so both input and output trigger rates can be measured and monitored.

Figure 11: Block diagram of the slave board for the PT trigger.

6Complex Programmable Logic Devices
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The slave board shown in fig. 11 splits the stop signal and converts the internal
TTL level into a differential LVDS level. These signals are sent to the TDC boards
over the rear Harting connector of the crate’s backplane. The possibility to use the
signals from the PT test pulse system as TDC stop signal has been implemented as
well on the slave board (”Stop Signals From OSUB”). To use this test pulse, the
OTB input channels can be disabled by the Slow Control.

The signal rate of a single RPC/XPC plane is about 1.2 kHz. With the OR
signal–width shaped to 75 ns an accidental trigger rate of

Rmax
trigger = 1.2 kHz · 1.2 kHz · (75 ns + 75 ns) · 3 ≈ 0.65 Hz

is expected. The influence of the time resolution of the TDC stop signal on the
accuracy of the PT has to be negligible. A contribution of 50 µm to the spatial
resolution is acceptable. This value is equivalent to a time resolution of 3.7 ns. The
RPC time resolution, described in section 2.2, of 2− 4 ns fulfills these requirements.
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