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Abstract ID : 1

The Front-End Electronics and the Data Acquisition
System for a Kinetic Inductance Detector

Abstract

The Data Acquisition System (DAQ) and the Front-End electronics for an array of Kinetic
Inductance Detectors (KIDs) are described. KIDs are superconductive detectors, in which
electrons are organized in Cooper pairs. Any incident radiation could break such pairs gen-
erating quasi-particles, whose effect is increasing the inductance of the detector. Electrically,
any KID is equivalent to a parallel RLC resonant circuit. An array of N KIDs is composed
of N pixels, each one resonating on its own frequency. A feed line passes close to each KID
and delivers a unique Stimulus signal containing all the resonant frequencies. If one of the
KIDs was hit by some radiation, its inductance would change and the corresponding sine
component in the readout signal would have its intensity reduced and its phase shifted.
The DAQ system we developed is a hardware/software co-design, based on state machines
and a Microprocessor embedded into an FPGA. A commercial DAC/ADC board is used
to interface the FPGA to the analog environment of the array of KIDs. The DAQ system
generates a Stimulus signal for an array of up to 128 KIDs, by creating and adding up
128 sinusoids parted by one MHz. The Stimulus is in the form of a Look-Up Table and
it is provided to the DAC device. The analog signal generated is up-mixed with a 3 GHz
carrier wave and it then travels through the KIDs array. The read-out signal from the
detector is down-mixed with respect to the 3 GHz sine wave and it is read back by the ADC
device. The microprocessor stores the read out data via a PCI bus into an external disk. It
also elaborates the Fast Fourier Transform of the acquired read out signal: this allows to
extrapolate which KID interacted and the energy of the impinging radiation. Simulations
and tests have been performed successfully and experimental results are presented.
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Abstract ID : 9

Development and test of the DAQ system for a
Micromegas prototype installed into the ATLAS

experiment

Abstract
Ourania Sidiropoulou on behalf of the ATLAS Muon Collaboration
A Micromegas (MM) quadruplet prototype with an active area of {0.5 m2} that adopts the
general design foreseen for the upgrade of the innermost forward muon tracking systems
(Small Wheels) of the ATLAS detector in 2018-2019, has been built at CERN and is going
to be tested in the ATLAS cavern environment during the LHC RUN-II period 2015-2017.
The integration of this prototype detector into the ATLAS data acquisition system using
custom ATCA equipment is presented. An ATLAS compatible ReadOutDriver (ROD) based
on the Scalable Readout System (SRS), the Scalable Readout Unit (SRU), will be used in
order to transmit the data after generating valid event fragments to the high-level Read Out
System (ROS). The SRU will be synchronized with the LHC bunch crossing clock (40.08
MHz) and will receive the Level-1 trigger signals from the Central Trigger Processor (CTP)
through the TTCrx receiver ASIC. The configuration of the system will be driven directly
from the ATLAS Run Control System. By using the ATLAS TDAQ Software, a dedicated
Micromegas segment has been implemented, in order to include the detector inside the
main ATLAS DAQ partition. A full set of tests, on the hardware and software aspects, is
presented.
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Abstract ID : 10

Pyrame, a rapid-prototyping framework for online
systems

Abstract
High-energy physics experiments produce huge amounts of data that need to be processed and
stored for further analysis and eventually treated in real time for triggering and monitoring
purposes. In addition, more and more often these requirements are also being found on
other fields such as on-line video processing, proteomics and astronomical facilities.
The complexity of such experiments usually involves long development times on which simple
test-bench prototypes evolve over time and require increasingly performant software solutions
for both data acquisition and control systems. Flexibility and wide application range are,
therefore, important conditions in order to keep a single software solution that can evolve
over the duration of the development period.
Existing solutions such as LabView provide proprietary solutions for control applications
and small scale data acquisition, but fail on scaling to high-throughput experiments, add an
important performance penalty and become difficult to maintain when the complexity of
the software flow increases. Other lower-level solutions such as LabWindows/C, Matlab or
TANGO allow to build more complex systems but still fail on providing an integrated and
close to turn-key solution for the specific needs of prototypes evolving from bench-based
tests to distributed environments with high data-throughput needs.
The present work reports on the software Pyrame, an open-source framework designed with
high-energy physics applications in mind and providing a light-weight, distributed, stable,
performant and easy-to-deploy solution. Pyrame is a data-acquisition chain, a data-exchange
network protocol and a wide set of drivers allowing the control of hardware components.
Data-acquisition throughput is on the order of 1.7 Gb/s for UDP/IP and Pyrame’s protocol
overhead is about 1.6 ms per command/response using the stock tools.
Pyrame provides basic blocks (modules) for hardware control or data acquisition. It contains
an important number of modules to manage commonly used hardware: high and low voltage
power supplies (Agilent, CAEN, Hameg, Keithley...), pattern generators (Agilent), digital
oscilloscopes (LeCroy), motion controllers (Newport) and bus adapters (GPIB, USB, RS-232,
Ethernet, UDP, TCP. . . ). Generic modules give a unified access to machines from different
generations and native or emulated functions depending on the possibilities of the machines.
Pyrame also provides service modules, including: a multimedia and multistream high-
performance acquisition chain; a variable module allowing to share data between all the
hardware modules; and a configuration management module allowing to save or load an
image of the global configuration of the system at any time.
These blocks can be assembled together through Pyrame’s software bus and protocol to
quickly obtain complete systems for test benches. The framework is very flexible and provides
a wide range of options, allowing the system to evolve as fast as the prototype.
In order to ease the development of extensions, Pyrame uses open standards: TCP and XML.
They are implemented on most platforms and in most languages making the development
of new modules fast and easy. The use of TCP/IP eases the distribution of code on
multi-computer setups, but also its use on embedded platforms.
Multiple test-beams at DESY have validated the stability of the system. In particular,
our tests have involved data acquisition sessions of hundreds of hours from up to 10
simultaneous Si-based particle detectors distributed over multiple computers. Very long
calibration procedures involving hundreds of thousands of configuration operations have also
been performed. On another optical bench, simultaneous control and data acquisition of
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oscilloscopes, motorized stages and power supplies confirmed the same level of stability for
long acquisition sessions.
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Abstract ID : 17

Performance evaluation of the ATLAS IBL
Calibration

Abstract
With the installation of the Insertable B-Layer in 2014 the Pixel Detector of the ATLAS
experiment has been extended by about 12 million pixels. Scanning and tuning procedures
have been implemented by employing newly designed read-out hardware which is now able to
support the full detector bandwidth even for calibration. The hardware is supported by an
embedded software stack running on the read-out boards. Compute-intensive operations that
are necessary during the calibration process are performed on a small cluster of commodity
servers, which are included in the ATLAS TDAQ framework. In order to exploit the
potential of this heterogenious data processing architecture to significantly speed-up detector
calibration, timing and performance of the various software components is critical.
We present a timing model including the hardware and software components and procedures
that are involved in the calibration process. By instrumenting these components at critical
locations we are then able to accurately evaluate the timing of a calibration scan, analyze
the performance, and eventually locate and eliminate bottlenecks in the chain.
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Abstract ID : 21

Data Acquisition for the New Muon g-2 Experiment
at Fermilab

Abstract
A new measurement of the anomalous magnetic moment of the muon, aµ ≡ (g − 2)/2, will
be performed at the Fermi National Accelerator Laboratory. The most recent measurement,
performed at Brookhaven National Laboratory and completed in 2001, shows a 3.3-3.6
standard deviation discrepancy with the standard model value of g-2. The new measurement
will accumulate 20 times those statistics, measuring g-2 to 0.14 ppm and improving the
uncertainty by a factor of 4 over that of the previous measurement.
The data acquisition system for this experiment must have the ability to create deadtime-free
records from 700 µs muon spills at a raw data rate 18 GB per second. Data will be collected
using 1296 channels of µTCA-based 800 MSPS, 12 bit waveform digitizers and processed in
a layered array of networked commodity processors with 24 GPUs working in parallel to
perform a fast recording of the muon decays during the spill. The system will be controlled
using the MIDAS data acquisition software package. The described data acquisition system
is currently being constructed, and will be fully operational before the start of the experiment
in 2016.
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Abstract ID : 29

The ATLAS Data Flow system for the second LHC
run

Abstract
After its first shutdown, LHC will provide pp collisions with increased luminosity and energy.
In the ATLAS experiment the Trigger and Data Acquisition (TDAQ) system has been
upgraded to deal with the increased event rates. The Data Flow (DF) element of the TDAQ
is a distributed hardware and software system responsible for buffering and transporting
event data from the Readout system to the High Level Trigger (HLT) and to the event
storage. The DF has been reshaped in order to profit from the technological progress and to
maximize the flexibility and efficiency of the data selection process.
The updated DF is radically different from the previous implementation both in terms of
architecture and expected performance. The pre-existing two level software filtering, known
as L2 and the Event Filter, and the Event Building are now merged into a single process,
performing incremental data collection and analysis. This design has many advantages,
among which are: the radical simplification of the architecture, the flexible and automatically
balanced distribution of the computing resources, the sharing of code and services on nodes.
In addition, logical farm slicing, with each slice managed by a dedicated supervisor, has
been dropped in favour of global management by a single farm master operating at 100 kHz.
The Data Collection network, that connects the HLT processing nodes to the Readout and
the storage systems has evolved to provide network connectivity as required by the new
Data Flow architecture. The old Data Collection and Back-End networks have been merged
into a single Ethernet network and the Readout PCs have been directly connected to the
network cores. The aggregate throughput and port density have been increased by an order
of magnitude and the introduction of Multi Chassis Trunking significantly enhanced fault
tolerance and redundancy.
We will discuss the design choices, the strategies employed to minimize the data-collection
latency, the results of scaling tests done during the commissioning phase and the operational
performance after the first months of data taking.
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Abstract ID : 33

The ATLAS Trigger Core Configuration and
Execution System in Light of the ATLAS Upgrade

for LHC Run 2

Abstract
During the 2013/14 shutdown of the Large Hadron Collider (LHC) the ATLAS first level
trigger (L1T) and the data acquisition system (DAQ) were substantially upgraded to cope
with the increase in luminosity and collision multiplicity, expected to be delivered by the
LHC in 2015.
To name a few, the L1T was extended on the calorimeter side (L1Calo) to better cope with
pile-up and apply better-tuned isolation criteria on electron, photon, and jet candidates. The
central trigger (CT) was widened to analyze twice as many inputs, provide more trigger lines,
and serve multiple sub-detectors in parallel during calibration periods. A new FPGA-based
trigger, capable of analyzing event topologies at 40 MHz, was added to provide further
input to forming the level 1 trigger decision (L1Topo). On the DAQ side the dataflow was
completely remodeled, merging the two previously existing stages of the software-based high
level trigger into one.
Partially because of these changes, partially because of the new trigger paradigm to have
more full event analysis, the high level trigger (HLT) execution framework and the trigger
configuration system had to be upgraded, tools and data content had to be adapted to the
new ATLAS analysis model. In this paper we describe this work:
The algorithm execution framework was changed to seamlessly work within the merged HLT,
the data access providers were adapted to the new dataflow. The event building, at which
point all data are retrieved from the readout system, can now dynamically change with
progressing event feature extraction, allowing a more flexible adjustment to dataflow con-
straints. The cost monitoring framework which analyzes data access and CPU consumption,
even prior to data taking, was extended to work within the merged system, several other
improvements followed.
The HLT execution was moved to a memory-saving multi-process application, in which many
event processors are forked after the system configuration. They thus share common data
such as geometry and conditions information, leading to a dramatic reduction in the overall
memory consumption. Compared to Run 1 many more event processors can run on each
machine.
Upon request from the ATLAS physics groups a new kind of data stream was implement, in
which only a small subset of the reconstructed trigger objects and no detector data is stored.
Since the trigger reconstruction in Run 2 almost compares to the offline in resolution, these
data make search analyses that require high statistics feasible.
As a consequence of these changes, the new ATLAS data model, and the new dual environment
analysis approach, the tools that are provided for trigger aware analysis had to be completely
restructured. In particular the reduction and specialization of data content in derived data
sets was posing a challenge for the trigger, a new trigger data slimming was invented.
The database driven trigger configuration system, which describes the physics implemented
at L1 and HLT, needs to reflect all changes in the L1 and HLT system. It now incorporates
the configuration for the new L1Topo trigger, has extended the configuration capabilities
of the L1Calo and CT and the describes are merged HLT. A new system for automatically
adjust the trigger prescale factors to the dropping luminosity during a run was devised and
implemented.
We also present measurements of the trigger execution on first data with the new ATLAS
trigger algorithms and selection.
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Abstract ID : 34

Upgrade of the ATLAS Level-1 Trigger with event
topology information

Abstract
The Large Hadron Collider (LHC) in 2015 will collide proton beams with increased luminosity
from 1034 up to 3 × 1034 cm−2 s−1. ATLAS is an LHC experiment designed to measure
decay properties of highly energetic particles produced in these proton-collisions. The high
luminosity places stringent physical and operational requirements on the ATLAS Trigger in
order to reduce the 40 MHz collision rate to an event storage rate of 1 kHz, thereby retaining
events with valuable physics content. The hardware-based first ATLAS trigger level (Level-1)
has an output rate of 100 kHz and decision latency of less than 2.5 µs. It is composed of
the Calorimeter Trigger (L1Calo), the Muon Trigger (L1Muon) and the Central Trigger
Processor. In 2014, there will be a new trigger system has been added: the Topological
Processor System (L1Topo system).
The L1Topo system consists of a single AdvancedTCA shelf equipped with three L1Topo
processor blades. It processes detailed information from L1Calo and L1Muon in individual
state-of-the-art FPGA processors to derive desitions based on the topology of each collision
event. Such topologies are the angles between jets and/or leptons or global event variables
based on lists of pre-selected/-sorted objects. The system is designed to receive and process
up to 6 Tb/s of real time data. The talk is about the relevant upgrades of the Level-1 trigger
with focus on the topological processor design and commissioning.
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Abstract ID : 35

Upgrade of the ATLAS Control and Configuration
Software for Run 2

Abstract

The ATLAS data acquisition (DAQ) system is controlled and configured via a software
infrastructure that takes care of coherently orchestrating the data taking. While the overall
architecture, established at the end of the 90’s, has proven to be solid and flexible, many
software components have undergone a complete redesign or re-implementation in 2013/2014
in order to fold-in the additional requirements that appeared in the course of LHC’s Run
1, to profit from new technologies and to re-factorise and cleanup software. This paper
describes the approach that was taken to plan, organise and carry out this software upgrade
project. It highlights the main technical choices that have guided the overall work, describes
the major achievements and outlines how the control and configuration software may be
further improved or re-shaped in the future.
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Abstract ID : 36

A Validation System for the Complex Event
Processing Directives of the ATLAS Shifter

Assistant Tool

Abstract

Complex Event Processing (CEP) is a methodology that combines data from different
sources in order to identify events or patterns that need particular attention. It has gained
a lot of momentum in the computing world in the past few years and is used in ATLAS
to continuously monitor the behaviour of the data acquisition system, to trigger corrective
actions and to guide the experiment’s operators. This technology is very powerful, if experts
regularly insert and update their knowledge about the system’s behaviour into the CEP
engine. Nevertheless, writing or modifying CEP directives is not trivial since the used
programming paradigm is quite different with respect to what developers are normally
familiar with. In order to help experts verify that the directives work as expected, we have
thus developed a complete testing and validation environment. This system consists of three
main parts: the first is the persistent storage of all relevant data streams that are produced
during data taking, the second is a playback tool that allows to re-inject data of specific
data taking sessions from the past into the CEP engine and the third is a reporting tool
that shows the output that the directives loaded into the engine would have produced in the
live system. In this paper we describe the design, implementation and performance of this
validation system, highlight its strengths and short-comings and indicate how such a system
could be re-used in similar projects.
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Abstract ID : 37

ATLAS TDAQ System Administration: evolution
and re-design

Abstract

The ATLAS Trigger and Data Acquisition (TDAQ) system is responsible for the online
processing of live data, streaming from the ATLAS experiment at the Large Hadron Collider
(LHC) at CERN. The online farm is composed of ˜3000 servers, processing the data readout
from ˜100 million detector channels through multiple trigger levels. During the two years of
the first Long Shutdown (LS1) there has been a tremendous amount of work done by the
ATLAS TDAQ System Administrators, implementing numerous new software applications,
upgrading the OS and the hardware, changing some design philosophies and exploiting
the High Level Trigger farm with different purposes. During the data taking only critical
security updates are applied and broken hardware is replaced to ensure a stable operational
environment. The LS1 provided an excellent opportunity to look into new technologies
and applications that would help to improve and streamline the daily tasks of not only the
System Administrators, but also of the scientists who will be working during the upcoming
data taking period (Run-II). The OS version has been upgraded to SLC6; for the largest
part of the farm, which is composed by netbooted nodes, this required a completely new
design of the netbooting system. In parallel, the migration to Puppet of the Configuration
Management systems has been completed for both netbooted and localbooted hosts; the
Post-Boot Scripts system and Quattor have been consequently dismissed. Various new
ATCA-based readout systems, with specific network requirements, have also been integrated
into the overall system. Virtual Machine (VM) usage has been investigated and tested and
many of our core servers are now running on VMs. This provides us with the functionality of
rapidly replacing them in case of failures and increasing the number of servers when needed.
Virtualization has also been used to adapt the HLT farm as a batch system, which has been
used for running Monte Carlo production jobs that are mostly CPU and not I/O bound. In
Run-II this feature could be exploited during the downtimes of the LHC. A new Satellite
Control Room (SCR) has also been commissioned and in the ATLAS Control Room (ACR)
the PC-over-IP network connections have been upgraded to a fully redundant network. The
migration to SLC6 has also had an impact on the Control Room Desktop (CRD), the in
house KDE-based desktop environment designed to enforce access policies while fulfilling the
needs of the people working in the ACR and the SCR. Finally, monitoring the health and
the status of ˜3000 machines in the experimental area is obviously of the utmost importance,
so the obsolete Nagios v2 has been replaced with Icinga, complemented by Ganglia for
performance data. This paper serves for reporting “What”, “Why” and “How” we did in
order to improve and produce a system capable of performing for the next 3 years of ATLAS
data taking.
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Abstract ID : 41

FELIX: a High-throughput network approach for
interfacing to front end electronics for ATLAS

upgrades

Abstract
The ATLAS experiment at CERN is planning the full deployment of a new, unified link
technology for connecting detector front-end electronics on the timescale of the LHC Run 4
(2025). It is estimated that roughly 8000 Gigabit Transceiver links (GBT), with transfer rates
probably up to 9.6 Gbps, will replace existing links used for readout, detector control and
distribution of timing and trigger information. In particular the links used for readout are
often detector-specific. Already in Run 3 this technology will be deployed in conjunction with
new muon detectors, additional muon first-level triggering electronics and new on-detector
and off-detector liquid argon calorimeter electronics to be used for first level triggering.
A total of roughly 2000 GBT or GBT-like links (for connecting to off-detector trigger
electronics) will be needed. A new class of devices will need to be developed to interface
many GBT links to the rest of the trigger, data-acquisition and detector control systems. In
this paper we present FELIX, the Front End LInk eXchange. The purpose of FELIX is to
route data from and to multiple GBT links via a high-performance general purpose network
capable of a total throughput that could be of O(20 Tbps).
FELIX is designed to be used as a multi-purpose routing device; data can be forwarded to
or from multiple destinations connected to the network, e.g. data-acquisition, monitoring,
detector control, calibration, or configuration systems. The system will be capable of handling
special bi-directional low-latency channels, such as needed for transferring Timing, Trigger
and Control, TTC, signals via GBT links or for GBT-to-GBT Direct-Output-Low-Latency
connections to first level trigger electronics. The software layer will integrate support for data
sampling, quality-of-service prioritization, load balancing based on a round-robin scheme
and automatic failover.
FELIX is the central element of a new readout architecture that replaces the legacy point-
to-point links with a switched network. The new architecture will be more dynamic, flexible
and adaptable. By replacing point-to-point links with a switched network, the number of
single points-of-failure can be reduced and a more robust and fault-tolerant system can be
built, also implementing traffic equalization schemes.
In preparation for the deployment in Run 3 and to support the ongoing detector and
trigger electronics development, a FELIX technology demonstrator is planned to be available
early 2015, using commercial-off-the-shelf server PC technology in combination with a
commercial FPGA-based PCIe Gen3 I/O card interfacing to up to 24 GBT links and with
TTC connectivity provided by an FMC-based mezzanine card. Dedicated firmware for
the Xilinx Virtex-7 FPGA installed on the I/O card alongside an interrupt-driven Linux
kernel driver and user-space software will provide the required functionality. On the network
side, the FELIX demonstrator connects to an Ethernet-based network. Extensions to other
high-performance network technologies, such as Infiniband are possible and will be discussed
in the paper.
In this paper we introduce a new approach to interfacing to on-detector and trigger electronics
on the basis of GBT link or GBT-like link technology for ATLAS in Run 3 and Run 4,
highlighting the innovative elements and advantages. We will then derive the functional
and performance requirements on FELIX and present the design and implementation of the
FELIX demonstrator. Furthermore, we will show throughput performance results as well as
networking and data processing benchmarks. We intend to show that our design is a viable
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solution for a multi-purpose routing device in the anticipated ATLAS architecture of LHC
Run 4.
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Abstract ID : 52

Online-Analysis of Hits in the Belle-II Pixeldetector
for Separation of Slow Pions from Background

Abstract

The impending Upgrade of the Belle experiment is expected to increase the generated data
set by a factor of 50. This means that for the planned pixeldetector, which is the closest
to the interaction point, the data rates are going to increase to over 20 GB/s. Combined
with data generated by the other detectors, this rate is too big to be efficiently send out to
offline processing. This is makes the employment of online data reduction schemes necessary,
in which background is detected and rejected in order to reduce the data rates. In this
paper an approach for efficient online data reduction for the planned pixeldetector of Belle-II
is presented. The approach centers around the usage of an algorithm, the NeuroBayes,
that is based on multivariate analysis, allowing the identification of signal and background
by analysing clusters of hits in the pixeldetector on FPGAs. The algorithm is leveraging
the fact that hits of signal particles can have very different characteristics, compared to
background, when passing through the pixeldetector. The applicability and advantages in
performance are shown through the D* decay. In Belle-II these decays produce pions with
such a small transversal momentum, that they barley escape the pixel detector itself. In a
common approach like extrapolation of tracks from outer detectors to RoIs, these pions are
simply lost, since they do not reach all necessary layers of a detector. Meanwhile usage of
the cluster analysis succeeds in separating those pions from background, allowing to retain
the data. For that characteristics of corresponding hits, like the total amount of charge
deposited in the pixels, are used for separation. The capability for effective data reduction is
underlined by a background reduction of at least 90% and signal efficiency of 95 %, for slow
pions. An implementation of the algorithm for usage on Virtex-6 FPGAs, that are used at
the pixeldetector, was performed. It is shown that the resulting implementation succeeds in
replicating the efficiency of the algorithm, implemented in software, while throughputs that
suffice hard realtime constraints, set by the read out system of Belle-II, are achieved and
efficient use of the resources present on the FPGA is made.
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Abstract ID : 58

Online data handling and storage at the CMS
experiment

Abstract

The CMS experiment at CERN is one of the two general-purpose detectors on the Large
Hadron Collider (LHC) in the Geneva area, Switzerland. Its infrastructure has undergone
massive upgrades during 2013 and 2014, which lead to major changes in the philosophy of
its DAQ (Data AcQuisition) system. One of the major components of this system is the
Storage Manager, which is responsible for buffering the online data generated at the level of
the readout units (RUs), which crosses the computing farm undergoing different processing
and filtering stages all the way to the builder units (BUs). The Storage Manager at CMS
is made up of three components: the distributed file system, the Merger service and the
Transfer System. In the production DAQ system there will be around 50 BUs which will
concurrently write their output data at an expected aggregated rate of 2 GB/s. A merger
service has been put in place to aggregate this data. Counting the merger reading of the
data provided by the BUs, its writing back of the merged data and the final reading for
transfer to Tier0, an estimated bandwidth of 7GB/s in concurrent r/w mode is needed.
Moreover, the Storage Manager has to be able to cope with being disconnected from Tier0
for 1 week, so an estimated of 250TB of total usable disk space is required. A unified name
space file system (Lustre) has been chosen in order to cope with these requirements. Three
different implementations of the merger service are proposed, each one providing different
advantages: robustness, easy debugging, bandwidth requirements reduction. The merger
is also providing the bookkeeping needed for establishing the handshake protocol between
the Transfer System and the Tier0 facility at CERN, which ensures data consistency and
integrity throughout the transfer process. Even if the handshake protocol itself is identical to
the one from the Run1, some adjustments needed to be performed in the Transfer System in
order to accommodate the new structures providing the required meta-information related to
the acquired data. In addition to the nominal transfer of data to Tier0, the Transfer System
needs to intelligently distribute the data, for a number of data streams need to be (also)
stored locally in the CMS network for various consumers to process on site. In this article
we present the various technological and implementation choices of the three components of
the Storage Manager.
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Abstract ID : 68

The new ALICE DQM client: a web access to
ROOT-based objects

Abstract
A Large Ion Collider Experiment (ALICE) is the heavy-ion detector designed to study the
physics of strongly interacting matter and the quark-gluon plasma at the CERN Large
Hadron Collider (LHC). The online Data Quality Monitoring (DQM) plays an essential
role in the experiment operation by providing shifters with immediate feedback on the data
being recorded in order to quickly identify and overcome problems.
An immediate access to the DQM results is needed not only by shifters in the control room
but also by detector experts worldwide. As a consequence, a new web application has been
developed to dynamically display and manipulate the ROOT-based objects produced by the
DQM system in a flexible and user friendly interface.
This paper describes the architecture and design of the tool, its main features and the
technologies that were used, both on the server and the client side. In particular, we detail
how we took advantage of the most recent ROOT JavaScript I/O and web server library to
give interactive access to ROOT objects stored in a database. We describe as well the use of
modern web techniques and packages such as AJAX, DHTMLX and Jquery, which has been
instrumental in the successful implementation of a reactive and efficient application.
We finally present the performance of this application under normal and peak load and how
code quality was ensured. We conclude with a roadmap for future technical and functional
developments.
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Abstract ID : 70

A New Event Builder for CMS Run II

Abstract

The data acquisition system (DAQ) of the CMS experiment at the CERN Large Hadron
Collider (LHC) assembles events at a rate of 100 kHz, transporting event data at an
aggregate throughput of 100 GB/s to the high-level trigger (HLT) farm. The DAQ system
has been redesigned during the LHC shutdown in 2013/14. The new DAQ architecture
is based on state-of-the-art network technologies for the event building. For the data
concentration, 10/40 Gb/s Ethernet technologies are used together with a reduced TCP/IP
protocol implemented in FPGA for a reliable transport between custom electronics and
commercial computing hardware. A 56 Gb/s Infiniband FDR CLOS network has been chosen
for the event builder with a throughput of 4 Tb/s. This paper will discuss the software
design, protocols and optimizations for exploiting the hardware capabilities. We will present
performance measurements from small-scale prototypes and from the full-scale production
system.

Primary author(s) : MOMMSEN, Remi (Fermi National Accelerator Lab. (US))

Co-author(s) : BAWEJ, Tomasz Adrian (University of Wisconsin (US)); BEHRENS, Ulf
(Deutsches Elektronen-Synchrotron (DE)); BRANSON, James Gordon (Univ. of California San
Diego (US)); CHAZE, Olivier (CERN); CITTOLIN, Sergio (Univ. of California San Diego
(US)); DARLEA, Georgiana Lavinia (Massachusetts Inst. of Technology (US)); DELDICQUE,
Christian (CERN); Dr. DOBSON, Marc (CERN); DUPONT, Aymeric Arnaud (CERN); ER-
HAN, Samim (Univ. of California Los Angeles (US)); FORREST, Andrew Kevin (University
of Kent (GB)); GIGI, Dominique (CERN); GLEGE, Frank (CERN); GOMEZ CEBAL-
LOS RETUERTO, Guillelmo (Massachusetts Inst. of Technology (US)); Dr. HEGEMAN,
Jeroen (CERN); HOLZNER, Andre Georg (Univ. of California San Diego (US)); MASETTI,
Lorenzo (CERN); MEIJERS, Frans (CERN); MESCHI, Emilio (CERN); NUNEZ BARRANCO
FERNANDEZ, Carlos (CERN); O’DELL, Vivian (Fermi National Accelerator Laboratory
(FNAL)); ORSINI, Luciano (CERN); PAUS, Christoph (Massachusetts Inst. of Technol-
ogy (US)); PETRUCCI, Andrea (CERN); PIERI, Marco (Univ. of California San Diego
(US)); Dr. RACZ, Attila (CERN); SAKULIN, Hannes (CERN); SCHWICK, Christoph
(CERN); STIEGER, Benjamin (CERN); SUMOROK, Konstanty (Massachusetts Inst. of Tech-
nology (US)); Mr. VEVERKA, Jan (Massachusetts Inst. of Technology (US)); WAKEFIELD,
Christopher Colin (Staffordshire University (GB)); ZEJDL, Petr (CERN); ANDRE, Jean-marc
Olivier (FNAL); MOROVIC, Srecko (CERN); ANASTASIOS, Andronidis (CERN)

Presenter(s) : MOMMSEN, Remi (Fermi National Accelerator Lab. (US))

Track Classification : A01 DAQ; A07 Experiment frameworks for WAN distributed
computing; A13 Monitoring; T04 Data handling/access; T08 Software design; T13 Networking
Contribution Type : oral presentation

Track Status: SUBMITTED

Submitted by MOMMSEN, Remi on Monday 13 October 2014

December 6, 2014 Page 23



21st Internatio� . . . / Report of Abstracts The Application of DAQ- . . .

Abstract ID : 77

The Application of DAQ-Middleware to the J-PARC
E16 Experiment

Abstract
1. Introduction
We developed a DAQ system of the J-PARC E16 Experiment by using the DAQ-Middleware.
We evaluated the DAQ system and confirmed that the DAQ system can be applied to the
experiment. The DAQ system receives an average 660MB/spill of data (2-seconds spill
per 6 seconds cycle). In order to receive such a large quantity of data, we need a network-
distributed system. DAQ-Middleware is a software framework of a network-distributed DAQ
system. Therefore, the framework is a useful tool for the DAQ system development. In our
talk, we are going to talk about useful features of DAQ-Middleware, an architecture and
DAQ performance of the J-PARC E16 Experiment DAQ system.
2. The J-PARC E16 Experiment
The aim of the J-PARC E16 Experiment is to measure mass spectra of vector mesons in
nucleus using electron pair decays with a huge statistics. For such purpose, a high intensity
proton beam is used and the interaction rate of the experiment becomes 1 × 1010. To cope
with such high intensity and the rate, we plan to use the Gas Electron Multiplier (GEM)
Tracker and strip read outs. Figure1 shows the estimation of data transfer to DAQ PCs.

Figure 1: Estimation of data transfer to DAQ PCs

3. DAQ-Middleware
DAQ-Middleware is a software framework of a network-distributed DAQ system. The
framework consists of some software components called DAQ-Components. The frame-
work provides the basic functionalities, such as communication between DAQ-Components,
transferring data, starting and stopping the DAQ system. DAQ-Components can be set on
separate computers.
4. DAQ system for the E16 Experiment
The DAQ system performs following functions.

• store all data on storage devices

• build and monitor event data from a part of all events

Figure2 shows architecture of an entire DAQ system.
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Figure 2: Architecture of an entire DAQ system

The DAQ system consists of two stages. 1st stage PCs read and store all data. The 2nd
stage PC builds and monitors event data from a part of all events.
Figure3 shows DAQ-Component architecture on one 1st stage PC.

Figure 3: 1st stage for the DAQ system

Blue boxes of the figure represent DAQ-Component. Gatherer reads data from one read-out
module. Merger receives data from multiple Gatherers and sends the data to Dispatcher.
Dispatcher sends data to Logger and Filter. Logger stores data on storage devices. Filter
sends data, which meet specific conditions, to a next DAQ-Component on the 2nd stage PC.
1st stage consists of multiple PCs which have these DAQ-Components.
Figure4 shows DAQ-Component architecture on one 2nd stage PC.

Figure 4: 2nd Stage for the DAQ system

Blue boxes of the figure represent DAQ-Component. Merger receives data from multiple
Filters on the 1st stage PC and sends the data to Eventbuilder. This Merger is the same
as one of the 1st stage PC. Eventbuilder builds event data from received data. Monitor
analysis and monitor the event data.
5. Evaluation for the DAQ System
Because we did not have enough PCs, we evaluated 1st stage and 2nd stage separately.

Figure 5: Specification of evaluation PC

5.1 1st stage evaluation

December 6, 2014 Page 25



21st Internatio� . . . / Report of Abstracts The Application of DAQ- . . .

Figure 6: The environment of 1st stage evaluation

We measured maximum throughput of one 1st stage PC. Figure6 shows the environment
of the evaluation. Because we did not have read-out modules, we used the emulators
instead of those. Data format of the emulators was the same as that of the read-out
modules. We installed DAQ-Components of the 1st stage to an evaluation PC. Figure5
shows the specification of the evaluation PC. We prepared the 2nd stage PC which is
installed Skeltonsink. Skeltonsink received data and is used only for 1st stage evaluation.
Each emulator sent test data to the evaluation PC at a maximum rate. As shown in Table
1, one event data size is 45KB per one read-out module and event rate is 2000Hz.

Figure 7: Evaluation result of 1st Stage PC

Figure7 shows the evaluation result. The points mean measured value, line means ideal
value. When the number of emulators was up to 7, measured value matched ideal value.
The result shows the evaluation PC can process up to 7 emulators, when read-out modules
send data at a maximum rate. One evaluation PC can process around 600MB/s of data at a
maximum. During this evaluation, we observed data loss size. There was no data loss when
the number of emulators was up to 7.
5.2 2nd stage evaluation

Figure 8: The environment of 2nd stage evaluation

We evaluated 2nd stage. Figure8 shows the environment of the evaluation. We installed
DAQ-Components of the 2nd stage on the evaluation PC. Figure5 shows specification of the
evaluation PC. We assumed that 50 read-out modules transferred 45kB/event of data and
event rate was 10 Hz after passing Filter. In this case, the 2nd PC received 22MB/s of data.
We confirmed that the evaluation PC was able to process 22MB/s of data losing no data.
This result shows the evaluation PC has an enough capability.
5. Conclusion
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The DAQ system of the J-PARC E16 Experiment consists of two stages. One evaluation PC
on 1st stage can process 600MB/s of data at a maximum. Average total data transfer Rate
to DAQ PCs is 330MB/s. Therefore, 1st stage can be developed by one PC or a few PCs.
2nd stage can be developed by one PC. Therefore, we were able to confirm the DAQ system
can be applied to the experiment by a few PCs.
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FPGAs go wireless

Abstract

We present a feasibility study of a RF transmitters and modulators based on parametric
softcores fully embedded in a general purpose FPGA fabric, without using external com-
ponents. This architecture aims at providing wireless physical layers to I-o-T and NFC
protocols with programmable hardware. We show preliminary results with latest generation
7-series XILINX FPGA.
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Abstract ID : 108

The LHCb Data Aquisition and High Level Trigger
Processing Architecture

Abstract

The LHCb experiment at the LHC accelerator at CERN collects collisions of particle bunches
at 40 MHz. After a first level of hardware trigger with output of 1 MHz, the physically
interesting collisions are selected by running dedicated trigger algorithms in the High Level
Trigger (HLT) computing farm. This farm consists of up to roughly 25000 CPU cores in
roughly 1600 physical nodes each equipped with 2 TB of local storage space. This work
describes the LHCb online system with an emphasis on the developments implemented
during during the current long shutdown (LS1). We will elaborate the architecture to
treble the available CPU power of the HLT farm and the technicalities to determine and
verify precise calibration and alignment constants which are fed to the HLT event selection
procedure. Precise calibration and alignment constants are determined and verified in a
separate data acquisition activity as soon as data from particle collisions are delivered by
the LHC collider. We will describe how the constants are fed into a two stage HLT event
selection facility using extensively the local disk buffering capabilities on the worker nodes.
With the installed disk buffers, the installed CPU can be used during periods of up to ten
days without beams. These periods in the past accounted to more than 70 % of the total
time.
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Developments and applications of DAQ framework
DABC v2

Abstract
The Data Acquisition Backbone Core (DABC ) is a C++ software framework that can
implement and run various data acquisition solutions on Linux platforms. In 2013 version 2
of DABC has been released with several improvements. These developments have taken into
account lots of practical experiences of DABC v1 with detector test beams and laboratory
set-ups since first release in 2009. The plug-in interfaces for user code implementation, and
configuration procedures have been simplified. Internally the framework has been enhanced
by means of smart references and object cleanup mechanisms. Moreover, for monitoring and
control a http web server, or a proprietary command channel access have been provided.
In May and August 2014, DABC v2 was applied for production data taking of the HADES
collaboration’s pion beam time at GSI. It replaced the functionality of the established
HADES event builder software hadaq, receiving frontend data via multiple Gigabit UDP
streams, combining them, and storing them to RFIO tape and local disks. DABC was
transparently integrated to the existing HADES DAQ environment, and the EPICS based
control system. Additionally, the HADES quality monitoring process was fed online with
data samples by a DABC “streamserver” socket instead of reading intermediate disk files,
improving reaction time and stability. A maximum of 16 eventbuider processes on 4 Linux
server machines were processing data of 32 subevent inputs. Each of the eventbuilder
processes could be configured to run either dabc or hadaq software. In the first beamtime
block just one single quality monitoring node was replaced by dabc; finally in August
eventbuilding was completely handled by DABC.
GSI standard DAQ systems often use PCIe boards PEXOR/KINPEX that receive data
via optical gosip protocol from various front-end hardware. For DABC v2 corresponding
plug-ins and drivers have been developed to handle reading out such systems on Linux
platform. Functionalities of the previous DAQ solution with the established multi-platform
framework MBS have been re-implemented with DABC v2 and were compared with the
same hardware against MBS.
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Abstract ID : 215

The Performance of the H.E.S.S. Target of
Opportunity Alert System

Abstract

The High Energy Stereoscopic System (H.E.S.S.) is an array of five imaging atmospheric
Cherenkov telescopes located in the Khomas Highland in Namibia. Very high energy gamma
rays are detected using the Imaging Atmospheric Cherenkov Technique. It separates the
Cherenkov light emitted by the background of mostly hadronic air showers from the light
emitted by air showers induced by gamma rays. Using the fifth, larger telescope of the array
with a huge mirror area of 600 m2, it was possible to lower the energy threshold down to ≈
30 GeV. With this unique ability to observe large amounts of gamma rays in the high energy
gamma-ray regime (< 100 GeV) by using the large effective area of the fifth telescope at
these energies, the H.E.S.S. experiment is ideally suited to observe short time scale transient
events like gamma-ray bursts (GRBs). Originally detected by the Vela satellites in 1967,
GRBs are among the most energetic processes in the known Universe. Extrapolating the
spectrum of long duration GRBs (i.e. a GRB duration of the order of a few seconds or
above) measured by current satellite experiments like Fermi, which measured gamma rays
up to 95 GeV for GRB 130427A, a detection of these phenomena with the H.E.S.S. array
is possible. This presentation will give an update on the H.E.S.S. Target of Opportunity
(ToO) alert system. It is used for an immediate and fully automatic response to a prompt
GRB alert received via the Gamma-Ray Coordinates Network (GCN). The key feature of
this system is a fast repointing of the whole array to a new observation position. The recent
decrease of the response time to a ToO alert of more than 50 % achieved by improvements
in hard- & software as well as the overall performance of the system will be discussed.

Primary author(s) : BALZER, Arnim (Universiteit van Amsterdam); Dr. FÜßLING, Matthias
(DESY Zeuthen); Dr. HOFVERBERG, Petter (Max-Planck-Institut für Kernphysik); Dr.
PARSONS, Robert Daniel (Max-Planck-Institut für Kernphysik)

Co-author(s) : H.E.S.S., Collaboration (H.E.S.S. Site Namibia)

Presenter(s) : BALZER, Arnim (Universiteit van Amsterdam)

Track Classification : A01 DAQ
Contribution Type : oral presentation

Track Status: SUBMITTED

Submitted by BALZER, Arnim on Tuesday 21 October 2014

December 6, 2014 Page 31



21st Internatio� . . . / Report of Abstracts A scalable monitoring for the . . .

Abstract ID : 217

A scalable monitoring for the CMS Filter Farm
based on elasticsearch

Abstract

A flexible monitoring system has been designed for the CMS File-based Filter Farm making
use of modern data mining and analytics components. All the metadata and monitoring
information concerning data flow and execution of the HLT are generated locally in the form of
small “documents” using the JSON encoding. These documents are indexed into a hierarchy
of elasticsearch (es) clusters along with process and system log information. Elasticsearch
is a search server based on Apache Lucene. It provides a distributed, multitenant-capable
search and aggregation engine. Since es is schema-free, any new information can be added
seamlessly and the unstructured information can be queried in non-predetermined ways.
The leaf es clusters consist of the very same nodes that form the Filter Farm thus providing
“natural” horizontal scaling. A separate “central” es cluster is used to collect and index
aggregated information. The fine-grained information, all the way to individual processes,
remains available in the leaf clusters. The central es cluster provides quasi-real-time high-level
monitoring information to any kind of client. Historical data can be retrieved to analyse
past problems or correlate them with external information. We discuss the design and
performance of this system in the context of the CMS DAQ commissioning for LHC Run 2.
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Abstract ID : 218

File-based data flow in the CMS Filter Farm

Abstract

During the LHC Long Shutdown 1, the CMS DAQ system underwent a partial redesign
to replace obsolete network equipment, use more homogeneous switching technologies, and
prepare the ground for future upgrades of the detector front-ends. The software and hardware
infrastructure to provide input, execute the High Level Trigger (HLT) algorithms and deal
with output data transport and storage has also been redesigned to be completely file-based.
This approach provides a complete decoupling between the HLT algorithms and the input
and output data flow. All the metadata needed for bookkeeping of the data flow and the
HLT process lifetimes are also generated in the form of small “documents” using the JSON
encoding, by either services in the flow of the HLT execution (for rates etc.) or watchdog
processes. These “files” can remain memory-resident or be written to disk if they are to be
used in another part of the system (e.g. for aggregation of output data). We discuss how this
redesign improves to the robustness and flexibility of the CMS DAQ and the performance of
the system currently being commissioned for the LHC Run 2.
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Abstract ID : 219

THE DAQ NEEDLE IN THE BIG-DATA
HAYSTACK

Abstract
Technology convergences in the post-LHC era
In the course of the last three decades HEP experiments have had to face the challenge of
manipulating larger and larger masses of data from increasingly complex and heterogeneous
detectors with hundreds of millions of electronic channels. The traditional approach of
low-level data reduction using ad-hoc electronics working on fast analog signals, followed
by global readout and digitisation, and a final stage of centralised processing in a more or
less monolithic system has reached its limit before the LHC era. LHC experiments have
been forced to turn to a distributed approach, leveraging the appearance of high speed
switched networks developed for digital telecommunication and the internet. This has led to
a generation of experiments where the use of custom electronics, analysing coarser-granularity
analog or digital “fast” data, is limited to the first phase of triggering, where predictable
latency and real time processing, as well as reliable, low-jitter clock and trigger distribution,
are a necessity dictated by the limits of the front end readout buffers. Low speed monitoring
(temperatures, pressures, etc.) and controls (thresholds, calibrations, voltages, etc.) have
remained decoupled and considered an altogether separate realm in the detector design and
operation.
We believe that it is now time for the HEP community to prepare for the next “revolution”.
Already, the mass of persistent data produced by e.g. the LHC experiments means that
multiple pass end-to-end offline processing is becoming increasingly burdensome. Some
experiments (e.g. ALICE) are moving towards a single-pass system for data reduction, relying
on fast calibration feedback loops for zero suppression and low-level pattern recognition
into the online system. The pristine “raw” channel readouts become thus volatile and no
longer permanently stored. Others (e.g. LHCb) read out every channel for each beam
crossing and delegate the entirety of the data reduction, reconstruction and selection to a
fully software system. The latter approach is particularly attractive if low power techniques
can be developed to counter the negative effects of the consequent increase in material
budget for services and cooling in the active areas of the detector. Further developments
can be envisaged. On the one hand very large scale integration paired with progress in
radiation hard technologies, as well as the appearance of high-bandwidth bidirectional optical
links, both on and off-silicon, could make intelligent very-front-end electronics and high-
speed low-power readout a possibility already in the next decade, thus lifting strict latency
limitations. At the same time, the traditional distinction between readout, trigger and
control data channels will become increasingly artificial, paving the way to the possibility
of running fully programmable algorithms at on- or near-detector electronics. On the
other hand, boosted by the “big data” industry, massively parallel and distributed analysis
of unstructured data has become ubiquitous in commercial applications. Apart for their
attractiveness for use in monitoring of both detector parameters and data flow, as well as
data analysis, these technologies indicate in our opinion a possible evolutionary path for
future DAQ and trigger architectures. In particular, a new trend is emerging from the data
mining and analytics world which consists in “bringing the algorithm to the data”. For HEP
experiments, this might mean to abandon the consolidated paradigm represented by the triad
low-level trigger - event building - high level trigger. How close can we bring our algorithms
to the detector ? Can we take advantage of the ideas, software (and hardware) technologies
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developed for data mining and search engines ? Can we imagine a future detector with
extremely deep multi-stage, asynchronous or even virtual pipelines, where data streams from
the various detector channels are analysed and indexed in quasi-real-time, and the final
selection is operated as a distributed “search for interesting event parts” ? Can we push
these ideas even further, removing the inflexible notion of pre-processed datasets and paving
the way to completely new forms of selection and analysis, that can be developed, tested
and implemented “online” as aggregation and reduction algorithms making use of the full,
unstructured information from the experiment and directly returning the high-level physics
quantities of interest ? We investigate the potential impact of these different developments
in the design of detector readout, trigger and data acquisition systems in the next decades.

Primary author(s) : MESCHI, Emilio (CERN)

Presenter(s) : MESCHI, Emilio (CERN)

Track Classification : A01 DAQ
Contribution Type : oral presentation

Track Status: SUBMITTED

Submitted by MESCHI, Emilio on Tuesday 21 October 2014

December 6, 2014 Page 37



21st Internatio� . . . / Report of Abstracts DEAP-3600 Data Acquisition . . .

Abstract ID : 235

DEAP-3600 Data Acquisition System

Abstract
DEAP-3600 is a dark matter experiment located at SNOLAB in Ontario, Canada. The DEAP
detector uses 3600kg of liquid argon to search for the interactions of Weakly Interacting
Massive Particles (WIMPs), a dark matter candidate. Light from the WIMP interactions is
imaged using an array of 255 PMTs. A critical challenge for the DEAP experiment is the
large background from 39Argon beta decays which occur at a rate of 3.6kHz. Beta decays
are efficiently eliminated by pulse shape discrimination.
The DEAP Data AcQuisition (DAQ) system has been designed to handle the very large
39Ar event rate without compromising the detection of other interaction occurring at a
much lower rate. Key features of the DEAP DAQ include: i) factor of 5 to 10 online 39Ar
event rejection using a custom trigger board by analyzing 22 waveforms sampled at 45MS/s
in an FPGA housed in a custom board, ii) digitization and pulse processing of the PMT
signals using commercial CAEN 250MS/s FADCs iii) Data acquisition software designed
using MIDAS DAQ toolkit providing online pulse feature extraction and event filtering
capabilities. The full DAQ is capable of providing a factor of 50 to 100 data rate reduction
by filtering out beta decays during regular data taking and the capability to handling data
rates of 200-300MB/s during calibration runs
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Abstract ID : 260

The Electronics, Online Trigger System and Data
Acquisition System of the J-PARC E16 Experiment

Abstract

1. Introduction

The J-PARC E16 experiment aims to investigate the chiral symmetry restoration in cold
nuclear matter and the origin of the hadron mass through the systematic study of the mass
modification of vector mesons. In the experiment, e+e− decay of slowly-moving φ mesons
in the normal nuclear matter density are intensively studied using several nuclear targets
(H, C, Cu and Pb). The dependence of the modification on the nuclear size and the meson
momentum will be measured for the first time.

2. Experiment

The experiment will be performed in 2016 at the high-momentum beam line of the J-PARC
hadron experimental facility, where a 30-GeV proton beam with a high intensity of 1 × 1010

per pulse (2-second spill per 6-second cycle) is delivered to experimental targets. Since the
material budget around the targets is sensitive to the e+e− measurement, thin detector
systems are under construction. The targets are surrounded by GEM Trackers (GTR) with
three tracking planes to achieve the good resolution of 100 µm in the high rate environment
of 5 kHz/mm2. The electrons (positrons) are identified by two types of counters. One is
the Hadron Blind Detector (HBD), which is a threshold type gas Cherenkov detector using
GEM, and the other is the Lead-glass EM calorimeter (LG).

3. Trigger electronics

The first level trigger is decided by the three fold coincidence of ∼620-ch from the GTR,
∼940-ch from the HBD and ∼1000-ch from the LG. Cathode foils which face to the read
out strips of the most outside GTR and pads of the HBD are divided into trigger segments.
A pulse fired on the GEM cathode foils are fed into an amplifier-shaper-discriminator (ASD)
ASIC, which has been developed by our group in cooperation with Open-ItOpen-It. The LG
signals are discriminated by a commercial fast comparator. In order to gather the trigger
primitives, which are sent from the GTR, HBD and LG in parallel LVDS signals, a trigger
merger board (TRG-MRG) has been developed. The TRG-MRG produces time stamps of
the trigger primitives with a resolution of less than 4 nsec by using a Xilinx Kintex-7 FPGA.
The time stamps are serialized by the FPGA and transmitted to a global trigger decision
module via optical fibers at each link rate of 5 Gbps or more. The global trigger module
utilizes a Belle-II Universal Trigger Board 3. The first level trigger as well as a global clock
of ∼125 MHz is distributed by Belle-II FTSW boards via Category-7 LAN cables to the
front-end-modules described bellow.

4. Readout electronics

The numbers of readout channels amount to ∼56k, ∼36k and ∼1k for the GTR, HBD and
LG, respectively. In the current design, waveforms from all of the readout channels will be
recorded by using analog memory ASICs to obtain timing and charge deposit information
and to distinguish pulse pile-up in the high rate environment for the offline analysis. The
waveform from the GTR and HBD are stored with a 25 nsec cycle in APV25s12 chips and
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then transferred to the Scalable Readout System, which has been developed by the CERN
RD51 Collaboration2 (an R&D collaboration for MGPDs). The LGs are read out by custom
made boards, which employ DRS42 chips to record the pulses at 1 GHz. Those modules
digitize the waveforms and perform the zero suppression at online. The data are collected
by the 22 using gigabit Ethernet and 10G Ethernet links. The expected data rate is 660
MB/spill with the event rate of 2k/spill after zero suppression.

5. Summary

This is an overview talk on the electronics and trigger system for the J-PARC E16 experiment.
Other contributions for the detail of the DAQ software, trigger ASIC, and so on are also
prepared and submitted by coauthors.

References

1 1 (in Japanese)
2 2
3 3
4 4
5 5 (in Japanese)
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Abstract ID : 311

The data acquisition system of the XMASS
experiment

Abstract
XMASS is a multi-purpose low-background experiment with a large volume of liquid xenon
scintillator at Kamioka in Japan. The first phase of the experiment aiming at direct detection
of dark matter was commissioned in 2010 and is currently taking data.
The detector uses ˜830 kg of liquid xenon viewed by 642 photomultiplier tubes (PMTs).
Signals from 642 PMTs are amplified and read out by 1 GS/s digitizers (CAEN V1751)
as well as ADC/TDC modules. To reduce data size, we implemented an on-board data
suppression algorithm in digitizers. The trigger is generated based on the number of hit
PMTs within a 200 ns coincidence window. Recently, it is pointed out that the XMASS
detector has also a great potential to detect supernova neutrino burst, and therefore several
DAQ upgrades and system extensions are proceeding for this purpose.
We will present the overall design and performance of the XMASS data acquisition system
and the status of DAQ upgrade for supernova neutrino burst detection.
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Abstract ID : 315

Investigation of High-Level Synthesis tools’
applicability to data acquisition systems design based
on the CMS ECAL Data Concentrator Card example

Abstract
High-Level Synthesis (HLS) for Field-Programmable Logic Array (FPGA) programming is
becoming a practical alternative to well-established VHDL and Verilog languages. This paper
describes a case study in the use of HLS tools to design an FPGA-based data acquisition
systems (DAQ). We will present the implementation of the CERN CMS detector ECAL
Data Concentrator Card (DCC) functionality in HLS and lessons learned from using HLS
design flow.
The DCC functionality and a definition of the initial system-level performance requirements
(latency, bandwidth, and throughput) will be presented . We will describe how its packet
processing control-centric algorithm was implemented with VHDL and Verilog languages.
We will then show how the HLS flow could speed up design-space exploration by providing
loose coupling between function’s interface design and function’s algorithm implementation.
We conclude with results of real-life hardware tests performed with the HLS flow-generated
design with a DCC Tester system.
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Abstract ID : 326

Monitoring tools of COMPASS experiment at CERN

Abstract
Nowadays, all modern high energy physics experiments are substantially dependent on fast
and reliable data acquisition systems that are able to collect large quantities of data supplied
by various detectors. To ensure smooth and errorless operation, it is necessary to control
and monitor the behavior and state of processes running in the system.
COMPASS is a high energy particle experiment with fixed target located at SPS at CERN
laboratory in Geneva, Switzerland. This poster briefly introduces the data acquisition system
of COMPASS and is mainly focused on the part that is responsible for the monitoring of
the nodes in the whole newly developed data acquisition system of the experiment.
The technical shutdown of CERN during years 2013 and 2014 has been used to upgrade
the data acquisition system of the COMPASS experiment. Both new harware, which uses
PFGA cards for event building, and new software has been developed and deployed. The
monitoring of the system is managed by tools called Message Logger and Message Browser.
The Message Logger is a simple console application that collects informative and error
messages. The messages are received via standard switched network and the communication
is handled by the DIM library. The DIM library is a communication tool originally designed
and developed for the DELPHI experiment at CERN. It provides C++, JAVA, and Python
interfaces. The relevant collected messages are then saved into the central COMPASS DAQ
MySQL database.
The Message Browser is a tool with a graphical user interface created in Qt framework based
upon a MVC (model - view - controller) design pattern. It is used to fetch and display
messages previously stored by the Message Logger. It also features so called “online mode”
which serves for acquisition of new messages via network at the time of their origin (this
works similarly to the Message Logger). This functionality saves time and system resources
- the new messages are displayed immediately and the program does not need to poll the
database for new messages. Even though the Message Browser is connected to other nodes
via the DIM service, it is designed to run independently from the other nodes (it requires
only the database to be connected). Therefore it allows quicker response from the operators
of the experiment in case of unexpected behavior or crash of the data acquisition system of
the experiment. The Message Browser is also equipped with ordering and rich and intuitive
filtering options (by all parameters of the messages).
The central data acquisition database stores system configuration and the messages. The
Message_log table is expected to be the largest table in the database. Because the Message
Browser requires high amount of data from the database, the Message_log table uses the
MyISAM storage engine that is optimized for environments with heavy read operations.
For further increase in speed, several indices are created on some of the columns, most
importantly on the Stamp column (ordering by the time of the creation of the message is
most important).
The poster also contains performance tests of the created monitoring tools.
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Abstract ID : 352

Data-analysis scheme and infrastructure at the
X-ray free electron laser facility, SACLA

Abstract
An X-ray free electron laser (XFEL) facility, SACLA, is generating ultra-short, high peak
brightness, and full-spatial-coherent X-ray pulses 1. The unique characteristics of the X-ray
pulses, which have never been obtained with conventional synchrotron orbital radiation, are
now opening new opportunities in a wide range of scientific fields such as atom, molecular
and optical physics, ultrafast science, material science, and life science. More than 100
experiments have been performed since the first X-ray delivery to experimental users in
March 2012. In this paper, we present an overview of SACLA data acquisition (DAQ) and
analysis system with a special emphasis on the analysis scheme and its infrastructure. In
the case of serial femotosecond protein crystallography experiments 1, a typical experiment
collects diffraction image patterns of order of 106, which demands heavy load to the data
analysis system. Each pattern is recorded by a 2000 × 2000 pixel detector that consists of
eight Multiport Charge-Coupled Device (MPCCD) sensors 1. The resolution of the single
MPCCD sensor is 1024 × 512 pixel and data depth of each pixel is 16 bits. The DAQ
system consists of detector front-ends 1, data-handling servers, hardware-based event-tag
distribution system 1, event-synchronized database 1, two cache storages, tape archive
system, and physically-segregated two network system 1. The DAQ has data bandwidth of
maximum 6 Gbps to support other experiment setups with various detector configuration of
up to twelve MPCCD sensors. In addition to the currently operational beamline BL3, BL2
will operate concurrently through a fast-switching operation mode in 2015. To support this
operation mode, the cache storage with capacities of 200 TB (250 TB) is assigned to the
beamline BL2 (BL3) respectively 1. These capacities correspond to the accumulated data
size for one week operation. Experimental data are periodically moved into the tape archive
system. The tape archive system has a capacity of 7 PB, and extendable up to 26 PB by
installing additional tape cartridges.
The analysis section has two functions: one is run-by-run analysis to monitor the experimental
conditions, and the other is off-line analysis. To implement these functions, the analysis
system consists of a PC cluster and a supercomputer. The PC cluster is based on x86_64
processors and has a computing power of 14 TFLOPS. A 160 TB storage is connected to
the PC cluster via Infiniband QDR network. To pick up raw image data, the PC cluster
is connected to the cache storages and the tape archive system via 10 Gigabit Ethernet.
The run-by-run analysis is performed using the PC cluster. The results are saved on the
storage in HDF5 format [9]. The PC cluster is also used for off-line analysis, using analysis
code developed by the scientific community, such as CrystFEL [10] and SITENNO [11]. The
supercomputer with 90 TFLOPS SPARC-based processors (Fujitsu FX10) was installed for
the data analysis that requires higher computing power. Storage of the supercomputer is
100+500 TB Lustre-based file system (Fujitsu FEFS). Another 1 PB Lustre file system is also
connected to both the supercomputer and the PC cluster to interaccess the experimental data
from the two systems. Data analysis that requires much higher computing power is foreseen.
For these cases, we are developing a joint analysis mode using both the supercomputer and
the 10-PFLOPS K computer [12]. The results of the feasibility study on data transfer and
quasi-realtime job submission to the K computer will also be discussed.
1 T. Ishikawa et al., “A compact X-ray free-electron laser emitting in the sub-angstrom
region”, Nature Photonics 6, 540-544 (2012).
2 M. Sugahara et al., Nature Methods submitted.
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3 T. Kameshima et al., “Development of an X-ray pixel detector with multi-port charge-
coupled device for X-ray free-electron laser experiments”, Rev. Sci. Instrum. 85, 033110
(2014).
4 A. Kiyomichi, A. Amselem, et al., “Development of Image Data Acquisition System for 2D
Detector at SACLA”, Proceedings of ICALEPCS2011, WEPMN028 (2011).
5 T. Abe et al., “DEVELOPMENT OF NEW TAG SUPPLY SYSTEM FOR DAQ FOR
SACLA USER EXPERIMENTS”, Proceedings of IPAC2014, TUPRI108 (2013).
6 M. Yamaga et al., “Event-Synchronized Data Acquisition System of 5 Giga-bps Data
Rate for User Experiment at the XFEL Facility, SACLA”, Proceedings of ICALEPCS2011,
TUCAUST06 (2011).
7 T. Sugimoto et al., “Large-bandwidth Data-acquisition Network for XFEL Facility, SACLA”,
Proceedings of ICALEPCS2011, WEBHAUST03 (2011).
8 K. Okada, et al., “UPGRADE OF SACLA DAQ SYSTEM ADAPTS TO MULTI-
BEAMLINE OPERATION”, Proceedings of PCaPAC2014, WCO205 (2014).
[9] The HDF Group, http://www.hdfgroup.org/HDF5/.
[10] T. A. White, et al.. “CrystFEL: a software suite for snapshot serial crystallography”. J.
Appl. Cryst. 45, pp.335–341 (2012).
[11] Y. Sekiguchi et al., “Data processing software suite SITENNO for coherent X-ray
diffraction imaging using X-ray free electron laser SACLA”, Journal of Synchrotron Radiation
21/ 4, 600-612 (2014).
[12] M. Yokokawa, et al., “The K computer: Japanese next-generation supercomputer
development project”, ISLPED ‘11 Proceedings of the 17th IEEE/ACM international
symposium on Low-power electronics and design, pp.371-372 (2011).
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Abstract ID : 363

Online tracking with GPUs at PANDA

Abstract
The PANDA experiment is a next generation particle detector planned for operation at the
FAIR facility, currently under construction in Darmstadt, Germany. PANDA will detect
events generated by colliding an antiproton beam on a fixed proton target, allowing studies
in hadron spectroscopy, hypernuclei production, open charm and nucleon structure.
The nature of hadronic collisions means that signal and background events will look very
similar, making a conventional approach, based on a hardware trigger signal generated by a
subset of the detectors to start the data acquisition, unfeasible. Instead, data coming from
the detector are acquired continuously, and all online selection is performed in real-time. A
rejection factor of about 1000 is needed to reduce the data rate for offline storage, making
the data acquisition system computationally very challenging.
Adoption of Graphical Processing Units (GPUs) in many computing applications is increasing,
due to their cost-effectiveness, performance, and accessible and versatile development using
high-level programming paradigms such as CUDA or OpenCL. Applications of GPU within
HEP include Monte Carlo production, analysis, low- and high-level trigger.
Online track reconstruction of charged particles plays an essential part in the event recon-
struction and selection process. Our activity within the PANDA collaboration is centered
on the development and implementation of particle tracking algorithms on GPUs, and on
studying the possibility of performing online tracking using a multi-GPU architecture. Three
algorithms are currently under development, using information from the PANDA tracking
system: a Hough Transform; a Riemann Track Finder; and a Triplet Finder algorithm, a
novel approach finely tuned for the PANDA STT detector. The algorithms are implemented
on the GPU in the CUDA C language, utilizing low-level optimizations and non-trivial data
packaging in order to exploit to the maximum the capabilities of GPUs.
This talk will present details of the implementation of these algorithms, together with
first performance results, and solutions for data transfer to and from GPUs based on
message queues for a deeper integration of the algorithms with the FairRoot and PandaRoot
frameworks, both for online and offline applications.
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Abstract ID : 366

Judith: A Software Package for Synchronised
Analysis of Test-beam Data

Abstract

The Judith software performs pixel detector analysis tasks utilising two different data streams
such as those produced by the reference and tested devices typically found in a testbeam.
This software addresses and fixes problems arising from the desynchronization of the two
simultaneously triggered heterogeneous data streams by detecting missed triggers in either
of the streams. The software can perform all tasks required to generate particle tracks using
multiple detector planes: it can align the planes, cluster hits and generate tracks from these
clusters. This information can then be used to measure the properties of a particle detector
with very fine spatial resolution. It was successfully used by the authors at DESY in a
KarTel telescope with an ATLAS Diamond Beam Monitor module as a DUT as well as more
recently by other groups testing pixel detectors at CERN PS and SPS.
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Abstract ID : 436

High Speed Fault Tolerant Secure Communication
for Muon Chamber using FPGA based GBTx

Emulator

Abstract
The Compressed Baryonic Matter (CBM) experiment is a part of the Facility for Antiproton
and Ion Research (FAIR) in Darmstadt at the GSI. This experiment will examine heavy-ion
collisions in fixed target geometry and will be able to measure hadrons, electrons and muons.
Muon Chamber (MUCH) is used to detect low momentum muons in an environment of high
particle densities. Basic read out chain of MUCH consists of MUCH-XYTER (Front End
Electronics), Gigabit Transceiver (GBTx), Data Processing Board (DPB), First level event
selector interface board (FLIB) 1. MUCH- XYTER is a self-triggered Application-Specific
Integrated Circuit (ASIC), which is directly connected to the detector and send the receive
data to the GBTx through serial peripheral interface (SPI) like E-link. GBTx will be
connected to the DPB through 4.8 Gbps optical link. In between DPB and FLIB there
will be 10 Gbps optical link and at the end FLIB will be connected to the data acquisition
system through Peripheral Component Interconnect Express (PCIe). As a part of the
implementation of read out chain of MUCH in India, we have implemented FPGA emulator
of GBTx 1. GBTx is a radiation tolerant ASIC that can be used to implement multipurpose
high speed bidirectional optical links for high energy physics (HEP) experiments. It is
developed by CERN. It consists of packet generator, scrambler-descrambler, encoder-decoder,
interleaver-deinterleaver, gearbox, and transceiver.Packet generator is used to generate test
pattern (either static or dynamic) to test the optical link. Scrambler is used to scramble the
data so that clock can be recovered properly in the receiver side. In the encoder block single
error correcting (15, 11) Reed-Solomon (RS) encoding is used to mitigate error occurred in
the communication channel due to radiation. Interleaver is used to simply interleave the
encoded data to make the coded data more robust against burst error. Gearbox is used to
divide the 120 bit data frame into three 40 bit wards. These 40 bit wards are transmitted
through multi gigabit transceiver (MGT) and reference clock used for MGT is 120 MHz.
In the receiver side apart from the predefined block one frame aligner block is also used.
Frame aligner is used to detect header in the data frame properly in the receiver side. GBTx
will be used in highly irradiated area and more prone to be affected by multi-bit error. To
mitigate this effect instead of single bit error correcting (15, 11) RS code we have used
two bit error correcting (15, 7) BCH code 1. It will increase the redundancy, which in
turn increases the reliability in the coded data. So the coded data will be less prone to
be affected by noise due to radiation. Normally in the wired communication between any
two fixed points there will be no such security issue. But when multiple stations will be
used for long distance communication the question of security will come into play. So to
make the data transmitting through optical fiber more secure, we use advanced encryption
standard (AES) (a symmetric key cryptography) 1 is used after channel coding. The AES
is a specification for the encryption of electronic data established by the U.S. National
Institute of Standards and Technology (NIST) in 2001. AES encryption algorithm acts as a
block cipher. The data will be always 128 bit block but the key size can be select from 128
bit, 192 bit or 256 bit. Here for testing purpose we used AES- 128 and AES- 256. In this
paper our key contributions can be summarized as follows: • Implementation of multibit
error correcting BCH code to make optical communication more robust against
error due to radiation. • Implementation of AES along with GBTx to make the
data communication more secure. We have implemented GBTx emulator on two Xilinx
Kintex-7 boards (KC705). One will act as transmitter and other will act as receiver and they
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are connected through optical fiber using small form-factor pluggable (SFP) port. We have
performed the run-time verification of the system using Xilinx Chipscope Pro Analyzer and
also measured the resource utilization, throughput and power utilization of the implemented
design.
References: 1. FLES/DAQ summary and Outlook, 24th CBM week, Walter F.J. Müller,
FAIR, Darmstadt 2. S. Baron, M. Barros Marin, “GBT-FPGA user guide,” Version 1.00.
3. Error Detection and Correction using BCH code, Hank Wallance, 2001. 4. A.M
Deshpande, M.S Deshpande, D.N Kayatanavar, “FPGA implementation of AES encryption
and decryption,” International Conference on Control, Automation, Communication and
Energy Conservation (INCACEC), 2009.
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Abstract ID : 439

A design study for the upgraded ALICE O2
computing facility

Abstract
An upgrade of the ALICE detector is currently prepared for the Run 3 period of the Large
Hadron Collider (LHC) at CERN starting in 2020. The physics topics under study by
ALICE during this period will require the inspection of all collisions at a rate of 50 kHz for
minimum bias Pb-Pb and 200 kHz for pp and p-Pb collisions in order to extract physics
signals embedded into a large background.
The upgraded ALICE detector will produce more than 1 TByte/s of data. Both collision
and data rate impose new challenges onto the detector readout and compute system. Some
detectors will not use a triggered readout, which will require a continuous processing of the
detector data.
Although various online systems are existing for event based reconstruction, the application
of a production system for time-based data processing and reconstruction is a novel case
in HEP. The project will benefit from the experience gained with the current ALICE High
Level Trigger online system, which already implements a modular concept combining data
transport, algorithms and heterogeneous hardware. Processing of individual events will
however have to be replaced by the continuous processing of the data stream segmented
according to a time-frame structure.
One challenge is the distribution of data within the compute nodes. Time-correlated data sets
are received by the First Level Processors (FLP) and must be coherently transported to and
aggregated on the Event Processing Nodes (EPN). Several approaches for the distribution
of data are being studied. Aggregated time-frame data is processed on the EPN with
the primary goal to reconstruct particle properties. On-the-fly and short-latency detector
calibration is necessary for the reconstruction. The impact of the calibration strategy to
the reconstruction performance is under study. Based on the partially reconstructed data,
events corresponding to particular collisions can be assembled from the time-based data.
The original raw data are then replaced by these preprocessed data. This transformation
together with the application of lossless data compression algorithms will provide a data
volume reduction of a factor of 20 before data is passed onto the storage system.
Building on messaging solutions, the design and development of a flexible framework for
transparent data flow, online reconstruction, and data compression has started. The system
uses parallel processing on the level of processes and threads within processes in order to
achieve an optimal utilization of CPU cores and memory. Furthermore, the framework
provides the necessary abstraction to run common code on heterogeneous platforms including
various hardware accelerator cards.
We present in this contribution the first results of a prototype with estimates for scalability
and feasibility for a full scale system.
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Abstract ID : 458

Recent Developments in the Infrastructure and Use
of artdaq

Abstract
The artdaq data acquisition software toolkit has been developed within the Fermilab Scientific
Computing Division, and it is being used by a growing number of high-energy and cosmology
experiments. It currently provides data transfer, event building, run control, and event
analysis functionality. The event analysis functionality is provided by the art framework,
which has also been developed at Fermilab and which is used for offline reconstruction and
simulation by many experiments at Fermilab. The format that is used to store the data is
ROOT.
Recent enhancements to the toolkit include a custom vector class to improve the performance
of buffer allocation, configurable options for dealing with back-pressure, and improved
organization of the software packages that are part of the toolkit. The enhancements that
are currently in development include the addition of web-based control and monitoring
interfaces, improved monitoring of DAQ system performance, and improved handling of
online monitoring data.
Artdaq is successfully being used for the DarkSide-50, LArIAT, LBNE 35 ton prototype,
and Mu2e experiments. In addition, a demo system has been developed so that prospective
and new users can gain experience in using the toolkit to develop their own DAQ system.
We will describe the functionality that is currently available in the toolkit, the advantages
that are gained by its use, our experience in deploying it to experiments, future plans, and
opportunities for integrating with commercial off-the-shelf hardware modules.
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Abstract ID : 488

Evaluation of ’OpenCL for FPGA’ for Data
Acquisition and Acceleration in High Energy Physics

applications

Abstract
The proposed upgrade for the Large Hadron Collider LHCb experiment at CERN envisages a
system of 500 Data sources each generating data at 100 Gbps, the acquisition and processing
of which is a challenge even for state of the art FPGAs. This challenge splits into two, the
Data Acquisition (DAQ) part and the Algorithm acceleration part, the later not necessarily
immediately following the former.
Looking first at the DAQ part, a Header Generator module was needed to packetize the
streaming data coming in from the front-end electronics of the detectors, for easy access
and processing by the servers. This necessitates FPGA architectures that not only handle
the data generated by the experiment in real-time but also dynamically adapt to potential
inadequacies of other components, such as the network and PCs, while ensuring system
stability and overall data integrity. Since the data source has no flow control, this module
needs to modify the stream data by dropping datasets in a controlled fashion in the event of
receiving a back pressure signal from the downstream modules. Also needed was a front-end
source emulator capable of generating the various data patterns, that can act as a test bed
to validate the functionality and performance of the Header Generator. Such a system was
earlier designed and realized in VHDL. The results from this were presented as a paper,
‘Dynamically Adaptive Header Generator and Front-End Source Emulator for a 100 Gbps
FPGA based DAQ’ presented at the IEEE Real-Time Conference earlier in 2014 (RT2014).
While this process has been traditionally carried out using hardware description languages
(HDLs), the possibility exists of using OpenCL to design a DAQ system. This has the
potential to simplify development for physicists using the tools, who are more familiar with
traditional software as opposed to HDLs, so they can understand the system and make
modifications in the future. This is challenging due to fact that the OpenCL language is
designed for Parallel Processing and not really targeted at real-time DAQ and there are
major challenges in representing the cycle-accurate data acquisition and processing system
in OpenCL. However, OpenCL for FPGAs may be applicable from a high level synthesis
perspective. Achieving this will enable the movement of the entire FPGA design flow for
High Energy Physics applications to OpenCL, rather than just the algorithm acceleration
portion that involves parallel processing.
For the algorithm acceleration part, the Hough transformation will be implemented in
OpenCL. This is a method to reconstruct lines from points in 2D/3D space and can be
used to identify particle tracks from hits in the VELO detector elements. Variations of this
algorithm are also used for feature identification on the data from other detectors too.
This work explores the feasibility of implementing Data Acquisition and Processing system
on OpenCL and evaluates the performance of this OpenCL implementation with the HDL
based implementation. Development is using the Altera OpenCL compiler for FPGA.
This work was is funded under ICE-DIP, a European Industrial Doctorate project in the
European Community’s 7th Framework programme Marie Curie Actions under grant PITN-
GA-2012-316596.
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Abstract ID : 506

Pilot run of the new DAQ of the COMPASS
experiment

Abstract
This contribution focuses on the deployment and first results of the new data acquisition
system (DAQ) of the COMPASS experiment utilizing FPGA-based event builder. The new
DAQ system is developed under name RCCARS (run control, configuration, and readout
system).
COMPASS is a high energy physics experiment situated at the SPS particle accelerator at
CERN laboratory in Geneva, Switzerland. After two years of preparations and commissioning,
the physics data taking started in 2002. The original DAQ consisted of several layers and was
based on software event building paradigm. The detector frontend electronics continuously
preprocess and digitize data in approximately 300000 channels, the data are readout when
trigger signal arrives and are concentrated into 250 custom VME modules. These modules
were connected to the event building network using 90 Slinks. The network consisted of
two types of servers: readout buffers and event builders. Readout buffers served for data
reception and buffering which allowed to distribute the load over the entire SPS accelerator
cycle. The collected event fragments were transferred over the switched gigabit Ethernet
to the event builders that assembled full events. Full events were written into the local
disk space and afterwards send to the central CERN storage facility CASTOR. The system
was controlled by adapted ALICE DATE package which implemented run control, event
sampling, monitoring, run keeping, and configuration functionality.
Since 2002, number of channels increased from 190000 to approximately 300000, trigger rate
increase from 5 kHz to 30 kHz; the average event size remained roughly 35 kB. In order to
handle the increased data rates and mainly cope with aging of the system, it has been decided
to develop a new DAQ system during technical shutdown of CERN accelerator in 2013-2014.
Custom FPGA based data handling cards (DHC) are responsible for building of events in
the new system, thus replacing the event building network. The cards have been designed
in Compact AMC form factor and they feature 16 high speed serial links, 4GB of DDR3
memory, Gigabit Ethernet connection, and COMPASS Trigger Control System receiver.
There are two different versions of firmware: multiplexer and switch. The multiplexer card
combines data from 15 incoming Slinks send them into one outgoing, whereas the switch
combines data from up to 8 multiplexers and distributes the full events to the readout engine
servers equipped by spillbuffer PCI-Express cards that receive the data. DHC cards memory
allows to store date of one spill and to distribute the load over the accelerator cycle period.
Readout engine servers are also used for monitoring of data consistency and data quality
checks.
As the DHC cards perform data flow control and event building, the software serves for
configuration, run control, and monitoring. For these purposes, we have developed special
software package. The main part of the software is implemented in the C++ language
with the Qt framework; JavaScript, PHP, TCL, Python languages are used for support
tasks. MySQL database has been selected as storage of system configuration and logs.
Communication between processes in the system is implemented using the DIM library.
Several types of processes are present in the system. The master is the most important
process; it exchanges information and commands between user interface and slave processes.
Slaves monitor and configure the DHC cards, process data, and provide interface for data
access. User interface can run either in control or in viewer mode. However, only one instance
of user interface may be present in the control mode. Message logger collects messages from
all processes involved in the RCCARS and stores them in the database. Message browser is
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a graphical tool which allows to display and to filter these logs. The RCCARS is configured
trough the web interface.
The RCCARS has been deployed for the pilot run starting from the September 2014. In
the paper, we present performance and stability results of the new DAQ architecture, we
compare it with the original system in more details.
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Abstract ID : 508

The CMS BRIL Data Acquisition system

Abstract
(BRIL) Beam Radiation Instrumentation and Luminosity is a new project within CMS. It
consists of several independent sub-detectors for measuring the luminosity, monitoring the
beam conditions, and the protection of CMS from serious radiation damage. It is beneficial
for the project in the long run to use a single software infrastructure for data acquisition.
Similar to CMS central daq, BRIL daq manages distributed and heterogeneous subsystems.
The difference is that it has no event building and requires less data throughput. We present
the design of the BRIL DAQ system build on the XDAQ and RCMS framework in CMS.
XDAQ is the C++ framework for distributed data acquisition system. Its event-driven
architecture enables large numbers of loosely coupled software components and services to
exchange information in near real-time.
A BRIL DAQ component is a XDAQ process containing several applications. There are three
tiers of BRIL DAQ components: sources, processors and central processors. A source is the
hardware readout unit, a processor is responsible for local data aggregation and reduction,
and a central processing component aggregates and further reduces data from all subsystems.
Different central processors serve different purposes such as data storage, luminosity selection
or online data quality monitoring.
XDAQ b2in eventing in publish/subscribe mode is used as data transport mechanism
between components. The publish/subscribe model is chosen because it guarantees maximum
decoupling of data senders and receivers.
RCMS is the run-control framework in CMS. It is written in Java and with built-in web
and database supports. To write a RCMS component means to implement a function
manager(FM) with a state machine, state transitions and event callbacks. Some state inputs
are visible to the run control and monitoring web page allowing external intervention. State
inputs, configurations or other parameters of choice can be stored in the database.
There are about 15 to 20 XDAQ processes running in the BRIL linux cluster. The global
configuration and control of them is achieved by a single generic function manager driven by
several configuration groups. The division of such groups is decided by the life cycle pattern
of the processes. This design is simpler than function manager hierarchy used in the CMS
central daq but is sufficient to control BRIDAQ processes which are stateless.
The fact that each XDAQ process containing a HTTP server allows the data acquisition
and the control system to collaborate seamlessly via SOAP messaging.
Finally, we present some first experience of using the new BRIL daq system.
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The NOvA DAQ Monitor System

Abstract
The NOνA (NuMI Off-Axis νe Appearance) experiment is a long-baseline neutrino experiment
using the NuMI main injector neutrino beam at Fermilab and is designed to search for νµ
($\bar{\nu}{\mu})to\nu{e}(\bar{\nu}_{e}$) oscillations. The experiment consists of two
detectors; both positioned 14 mrad off the beam axis: a 220 ton Near Detector constructed
in an underground cavern at Fermilab and a 14 kton Far Detector constructed in Ash River,
MN, 810 km from the beam source. The detectors have similar design, and consist of planes
of PVC extrusion cells containing liquid scintillator and wavelength shifting fibers. The
fiber ends are readout by Avalanche Photodiodes (APDs). The primary task for the Data
Acquisition (DAQ) system is to concentrate the data from the large number of APD channels
(340000 channels at the Far Detector, 20000 channels at the Near Detector), buffer this data
long enough to apply an online trigger, and record the selected data.
The health and performance of the DAQ system is monitored with a DAQ Monitor system
which monitors 180 custom data concentrator modules, over 200 buffer farm nodes, and 40
manager nodes at two detector sites separated by 810 km. The DAQ Monitor system is based
on an open source third-party product, the Ganglia distributed monitoring system. Ganglia
provides much of the functionality needed for the DAQ Monitor system “out-of-the-box”
with the ability to collect standard computing performance metrics such as CPU usage,
memory usage, and network transfer rates. Ganglia also provides the basis for displaying
this information in a web display and storing this information in a database.
We have augmented the Ganglia system for the specific needs of the NOνA DAQ Monitor
system in the form of a custom metric client application interface which is used for purposes
of constructing and distributing custom metrics by the components which make up the DAQ
system. Using the custom metric client interface, monitored quantities specific to each DAQ
component are sent at regular time intervals, displayed on the Ganglia web display and
stored in the Ganglia database. Examples of custom metrics are trigger rates, data rates and
sizes, and data corruption monitored rates. The Ganglia base has also been enhanced with a
server side application used to read the monitored data from the Ganglia database, compare
it to configurable thresholds, and issue warnings when monitored data falls out-of-range.
The design of the NOνA DAQ Monitor system will be discussed as will experience with its
deployment on the NOνA Near and Far detectors.

Primary author(s) : KASAHARA, Susan (University of Minnesota)

Presenter(s) : KASAHARA, Susan (University of Minnesota)

Track Classification : A01 DAQ; A13 Monitoring
Contribution Type : oral presentation

Comments:
Submitted on behalf of the NOvA DAQ group. The presenter will be a member of the
NOvA collaboration.

Track Status: SUBMITTED

Submitted by KASAHARA, Susan on Saturday 25 October 2014

December 6, 2014 Page 60



21st Internatio� . . . / Report of Abstracts 40-Gbps Data-Acquisition Syst� . . .

Abstract ID : 517

40-Gbps Data-Acquisition System for NectarCAM

Abstract
The CTA experiment will be the next generation ground-based gamma-ray instrument. It
will be made up of approximately 100 telescopes of at least three different sizes, from 6 to
24 meters in diameter.
The previously presented prototype of a high speed data acquisition (DAQ) system for
the Cherenkov Telescope Array has become concrete within the NectarCAM project, one
of the most challenging camera projects due to his 40-Gbps average output rate on 265
Ethernet 1000baseT links, bundled to 40Gbps on SFP+ links and reduced to 10Gbps after
event-building. Design constraints included procurement of a maximum of components as
COTS products for an operation period of at least 30 years. Hence the results of the generic
hardware characterisation are supposed to serve as a reference for similar setups.
Tests of single components and the whole data acquisition chain have been carried out
with standard network analysing tools as well as a purpose-built SBC cluster providing 320
physical gigabit Ethernet ports. In order to mimic the total synchronicity (some nanoseconds)
of the 265 camera front-end modules, we implemented a light-weight PTP synchronisation
that can synchronise the outputs of all boards to an average of approximately 100ns. A
multi-purpose system with FPGA boards delivering Ethernet packets on 48 ports with the
same characteristics as the real front-end has completed specific aspects of our test. We
will present the results of all tests that could be performed ahead of the delivery of the first
complete real camera hardware foreseen for 2015.
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Timing in the NOvA detectors with atomic clock
based time transfers between Fermilab, the Soudan

mine and the Nova Far detector.

Abstract

The NOvA experiment uses a GPS based timing system to both internally to synchronize the
readout of the DAQ components and to establish an absolute “wall clock” reference which
can be used to link the Fermilab accelerator complex with the neutrino flux that crosses the
NOvA detectors. We describe the methods that were used during the commissioning of the
NOvA DAQ and Timing systems to establish the synchronization between the Fermilab beam
and the NOvA far detector. We present how high precision atomic clocks were trained and
transported between the MINOS and NOvA detectors during a Northern Minnesota blizzard
to validate the absolute time offsets of the experiments and make the first observation of
beam neutrinos in the NOvA far detector.

Primary author(s) : NORMAN, Andrew (Fermilab)

Co-author(s) : NINER, Evan (Indiana University); HABIG, Alec (Univ. of Minnesota
Duluth)

Presenter(s) : NORMAN, Andrew (Fermilab)

Track Classification : A01 DAQ
Contribution Type : oral presentation

Track Status: SUBMITTED

Submitted by NORMAN, Andrew on Sunday 26 October 2014

December 6, 2014 Page 62



21st Internatio� . . . / Report of Abstracts Development of New Data Acq� . . .

Abstract ID : 522

Development of New Data Acquisition System at
Super-Kamiokande for Nearby Supernova Bursts

Abstract
Super-Kamiokande (SK), a 50-kiloton water Cherenkov detector, is one of the most sensitive
neutrino detectors. SK is continuously collecting data as the neutrino observatory and can
be used also for supernova observations by detecting supernova burst neutrinos.
It is reported that Betelgeuse (640ly) is shrinking 15% in 15 years (C.H.townes et al. 2009)
and this may be an indication of the supernova burst. Based on the Livermore model,
the simulation study predicts 30MHz neutrino events observed in the SK detector for the
neutrino burst from a supernova within a few hundreds of light years. The current SK data
acquisition (DAQ) system can record only about first 20% of the events. To overcome this
inefficiency, we developed a new DAQ system that records the number of hit PMTs so that
we can store high-rate events and obtain a time profile of the number of neutrinos emitted
at the supernova. This system uses the outputs from the number of hits from existing
electronics modules as inputs and it is synchronized to the existing DAQ system. Therefore
the data is easily checked the correlation to that from the existing electronics. The data is
transferred to the computers with SiTCP, an implementation of TCP/IP stack in FPGA
without CPU. Part of the data are stored in the 4GB DDR2 memory before it transferred
and this makes it possible to record detailed time structure of the superonva signal. The
design and the production of the new modules were completed and we tested basic functions
and the interference with the existing system. The firmware for the module is prepared and
now being installed in SK. We will report the development and the status of the operation.
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MAD – Monitoring ALICE Dataflow

Abstract

ALICE (A Large Ion Collider Experiment) is the heavy-ion detector designed to study the
physics of strongly interacting matter and the quark-gluon plasma at the CERN Large
Hadron Collider (LHC). Following a successful Run 1, which ended in February 2013, the
ALICE data acquisition (DAQ) entered a consolidation phase to prepare for Run 2 which
will start in the beginning of 2015. A new software tool has been developed by the data
acquisition project to improve the monitoring of the experiment’s dataflow, from the data
readout in the DAQ farm up to its shipment to CERN’s main computer centre. This software,
called ALICE MAD (Monitoring ALICE Dataflow), uses the MonALISA framework as core
module to gather, process, aggregate and distribute monitoring values from the different
processes running in the distributed DAQ farm. Data are not only pulled from the data
sources to MAD but can also be pushed by dedicated data collectors or the data source
processes. A large set of monitored metrics (from the backpressure status on the readout
links to event counters in each of the DAQ nodes and aggregated data rates for the whole
data acquisition) is needed to provide a comprehensive view of the DAQ status. MAD also
injects alarms in the Orthos alarm system whenever abnormal conditions are detected. The
MAD web-based GUI uses WebSockets to provide dynamic and on-time status displays
for the ALICE shift crew. Designed as a widget-based system, MAD supports an easy
integration of new visualization blocks and also customization of the information displayed
to the shift crew based on the ALICE activities.
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Performance of the NOvA Data Acquisition System
with the full 14 kT Far Detector

Abstract
The NOvA experiment studies neutrino oscillations with 2 functionally identical detectors
separated by a baseline of 810km. The 14 kT far detector in Ash River, Minnesota, comprises
344,064 channels of liquid scintillator detection cells read out via wavelength-shifting fiber
into 32-channel Avalanche Photo Diodes (APD). A custom designed Front End Board (FEB)
continuously digitizes and zero-supresses the output signals from each APD. The smaller near
detector located at Fermilab has 20,192 channels that are readout in an identical manner.
Both detectors are internally synchronized by a GPS-based timing system with maintains
a readout-to-readout synchronization to better than 15.6 ns across the full detector. The
timing system also provides a universal time base, which is used provide synchronization
and correlation between the geographically separated detectors and the Fermilab accelerator
complex.
The NOvA Data Acquisition (DAQ) system for the far detector comprises 168 powerPC-
based custom computers for reading out and collating data from FEBs, a farm of 196
COTS linux nodes for buffering data for trigger decisions and event building, another 10 for
dedicated DAQ functions such as run control, data logging, and DAQ system monitoring.
Data is transferred between the detector and the DAQ computing via a multiple bandwidth
multilayer networks and fabric routing.
The performance of the recently completed DAQ on the full near and far detectors will be
reviewed. The scaling characteristics of the network data flow, event building systems, and
DDS based message passing layers will be covered in detail highlighting the computing and
operational challenges of bringing the full DAQ and readout system online.
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The NOvA Data Acquisition Error Handling System

Abstract
The NOvA experiment studies neutrino oscillations with 2 functionally identical detectors
separated by a baseline of 810km. The Data Acquisition (DAQ) system for the far detector
in Ash River in Minnesota comprises more than 10,000 Front End Boards, and a cluster of
168 custom PPC-based, and 206 COTS x86 linux nodes performing a variety of functions.
An Error Handling system has been developed to facilitate operation of this expansive
system, using status messages generated by DAQ applications, a dedicated “rule engine” for
analyzing status messages for specific or general patterns, and an Error Handler for taking
pre-defined actions based on the outcome of the message analysis.
The performance of the Error Handling system in the context of production data-taking on
the near and far NOvA detectors will be presented.
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