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Abstract Commodity hardware running the open source operating system linux is playing various important roles in the field of high
energy physics. This paper describes the PC-Linux-based Data Acquisition System of STAR TOFp detector. It is based on the conven-
tional solutions with front-end electronics made of NIM and CAMAC modules controlled by a PC running Linux. The system had been
commissioned into the STAR DAQ system, and worked successfully in the second year of STAR physics runs.

Vol.27, No.3
Mar., 2003

Key words data acquisition system, TOFp, Linux

1 Introduction

The Time Of Flight patch (TOFp) is a sub-detector
of the STAR (Solenoidal Tracker At Rhic) detector at the
Relativistic Heavy lon Collider (RHIC) at Brookhaven
National Laboratory, USA. The goal of this detector is to
provide information that greatly extends the hadronic PID
capabilities of the experiment.

TOFp DAQ interface includes specific electronic
equipment, such as a personal computer, commercial
modules for the interface to the TOFp detector information
and other STAR subsystems ( Trigger and DAQ). The
goal of the DAQ system is to control the hardware and
read out the data, reformat and send data properly to the
STAR DAQ system, control some I/Q register modules to
properly communicate with the TOFp Local Trigger and
STAR Trigger, and visualize the raw data. Thus, the
DAQ system is very important to the TOFp project.

TOFp detector consists of total 47 Photo Multiplier
Tubes (PMTs ). Each tube have two signals to be digi-
tized: one for analog signal, the other for time signal. The
analog signal is digitized by a 10-bit CAMAC ADC module
(LeCroy 2249A), and the time signal by an 11-bit CAM-
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AC TDC module (LeCroy 2228A). There is a 60Hz clo-
k' input to the ADC module. A32-channel scanning 16-
bit A/D converter is used as temperature and threshold
voltage monitor. Thus, the total data volume is very small.
Linux, the free operating system, and an Intel X86 person-
al computer are chosen as the developmental platform for
the DAQ system. Although Linux is not a hard Real Time
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system  , it is suitable for our small data volume.

2 Architecture of the DAQ system

The TOFp DAQ sysiem consists of both hardware and
software. The hardware system consists of a CAMAC crate
and an Intel X86 PC. The software is developed on the
Linux operating system. C is the main programming lan-
guage. Fig.1 is the schematic diagram of the TOFp DAQ

system.
2.1 Hardware

The digitization of the signal from front-end electron-
ics is done in a CAMAC crate. There are 4 LeCroy 2249A
ADCs and 6 LeCroy 2228A TDCs in the crate. A Kinetic
System 3922 parallel bus crate controller in the CAMAC

crate communicates with a Kinetic System 2915 PCI Inter-
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Fig.1. TOFp DAQ schematic diagram.

face in the PC's PCI bus.

The TOFp DAQ system needs to communicate with
both Local trigger and STAR trigger, so some 1/0O register
is necessary. A Bira 2601 24bits I/O register is chosen to
communicate with STAR trigger, a Jorway 41 output reg-
ister and a self-made LAMG module with Local trigger.
LAMG is a single width CAMAC module which can accept
a trigger signal and generate a 1.AM signal to CAMAC bus
after a preset delay.

A system monitor is also very important for the nor-
mal svstem running. Thus, A crate venfication module in
the CAMAC crale 1s used for checking the CAMAC opera-
tions; a DTM-299 display monitor for program debugging;
a Kinetic System 3516 32-channel scan A/D converter for
temperature and threshold voltage monitoring.

The data readout and transfer is done by a PC with a
KS2915 PCI card and two NIC cards. The function of
KS82915 is to communicate with CAMAC crate and read
out the data. One of the NIC cards is used for communi-
cating with STAR DAQ in DAQ’s private subnet, another

for operator’s control in STAR subnet.

2.2 Software

‘The software is an important and complicated part of
the TOFp DAQ system. It consists of both the DAQ code

and a local monitor system.

First, a device driver is needed for the KS2915 PCI

%27 %

card . The vendor does not provide a driver for Linux, but
a driver for Linux 2.0 has been developed by KEK' and
IJNAL. So upgrading it to 2.2 kerel will satisfy our
requirement . Based on some documents about the change
of Linux device driver interface bhetween 2.0 and
2.2%" | this has been done successfully. Also, the BUS
Master (DMA) function of the card in the 2.0 driver does
not work at all because of the kemel memory used are not
allocated properly. After fixing this bug, the speed of
reading the ADC/TDC data increases significantly.

Now turn to the DAQ code. Fig.2 is the block dia-
gram. There are S programs running on the DAQ PC. To
simplify the operation procedure, they are spawned by one
program named tofp Mother. The functions of the five pro-
grams are run control, get-data, send-data, STAR DAQ
monitor and local DAQ monitor.
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Fig.2. TOFp DAQ block diagram.

It is important that DAQ can store the event data in
the local memory until further trigger information arrived .
The DAQ PC has a 128M memory. By edit /etc/lilo.
conf, add a line: append = “mem = 120M”, the operat-
ing system can only see the 120M memory, so about 8M
RAM (the actual size depends on the mother board) can
be used for event buffer. The program can access the
buffer by map system call on device /dev/mem. The
semaphores are used to control the operation of the event
buffer. They are created by tofp Mother program. so all
the programs can access them.

Two shared memory segments are also created by tofp

Mother. The system mnning status information are

1) Richard Gooch, Kemnel API Changes from 2.0 10 2.2,
http://www . atnf. csiro. au/people/rgooch/linx/dosc/ porting-10-2. 2.
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stored here.

The run control program communicates with STAR
DAQ. gets command and notifies other program, then re-
tumns the execution status to STAR DAQ. It will update
TOFp system status information too. The get-data program
reads out the data and saves them in a shared buffer, so
the send-data program can send the data 10 STAR DAQ.
The get-data also communicates with both STAR trigger
and TOFp local trigger. When the event buffer is full,
the get-data program will keep TOFp system busy, so
STAR trigger will not send further trigger information to
TOFp. Each time an event arrived or sent out, get/send-
data program will update the information stored in the
shared memory segments. The Round Robin scheduling
algorithm *' s applied to the get- and send-data program,
so they have higher priority than other programs and can
meet some time deadlines.

The STAR monitor program just sends some runtime
status information of the TOFp DAQ system to STAR DAQ
runtime system. The local monitor program sends a frac-
tion of the raw data to the local monitor system which will
display some histograms of the raw data, so one can get a
quick display of the running status of TOFp detector.

The local monitor system is running on another oper-
ating PC. A local monitor server program running as a
daemon receives the data from the DAQ system, and saves
them as histograms to a shared mapped root file. Another
program called as local monitor display can display the
histograms . All these programs are written with ROOT-*

library .
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3 Results of the DAQ system

During the second physics running of RHIC, TOFp
is one of the new detectors in the STAR system. This run-
ning lasted for about 8 months. In the first two months the
commissioning of both TOFp detector and DAQ system is
very successful . As for the DAQ system, the test result
shows DAQ can process up to 280 events per second. Due
to the limit of other large data volume detector (TPC),
the maximum speed, with which STAR can process, is
100Hz. The TOFp DAQ system is far above this limit.
Also, the local monitor program helps to monitor and re-
solve many problems of the TOFp detector, such as the
ADC failure because of the large ground shift in the TOFp
tray. By the end of run in late January, 2002, approxi-
mately 4 million AuAu collision events and 22 million pp

collision events were collected by the TOFp system.
4 Discussion

The running result shows that the TOFp DAQ system
can handle the requirements of the TOFp systemzb; . Linux
is suitable for the small data volume DAQ system. For

large data volume, a cluster can be considered .
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