LA-UR-12-26641

Approved for public release; distribution is unlimited.

Title: List Mode Module Data Acquisition Experience
Author(s): Mayo, Douglas R.
Intended for: LANL/CEA Workshop

e
)
» Los Alamos

MATIONAL LABORATORY
EST.1543

Disclaimer:

Los Alamos National Laboratory, an affirmative action/equal opportunity employer,is operated by the Los Alamos National

Security, LLC for the National NuclearSecurity Administration of the U.S. Department of Energy under contract DE-AC52-06NA25396.
By approving this article, the publisher recognizes that the U.S. Government retains nonexclusive, royalty-free license to

publish or reproduce the published form of this contribution, or to allow others to do so, for U.S. Government purposes.

Los Alamos National Laboratory requests that the publisher identify this article as work performed under the auspices of the

U.S. Departmentof Energy. Los Alamos National Laboratory strongly supports academic freedom and a researcher's right to publish;
as an institution, however, the Laboratory does not endorse the viewpoint of a publication or guarantee its technical correctness.



List Mode Module Data Acquisition
Experience

LANL/CEA Workshop
November 29th, 2012
Douglas R. Mayo

AAAAAAAAAAAAAAAAAA UNCLASSIFIED Slide 1

EST.194
Operated by Los Alamos National Security, LLC for the U.S. Department of Energy’ s NNSA /N ¥ v .‘v
NI A D



EVOLUTION OF DATA ACQUISITION

= Hardware, Software, and Analysis Techniques are Coupled

m  Counter/Scalars (NIM)
e Totals Counting

= Shift Registers (NIM - FPGA)
* Coincidence Counting
e Multiplicity Counting

= Time Tagging (VME/CAMAC)

* Expansion of Analysis Capabilities

= List Mode Data Acquisition (FPGA)
e Multiple Channel
e Can Analyze Data Multiple Ways

=  Waveform Digitization
* Non-3He based systems
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NEW DEVELOPMENTS
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MOTIVATION

= Existing Data Collection Capabilities (Shift Registers) are very limited.
Changing Gate-width, Pre-delay, and Cycle length requires retaking measurement.

Single Channel input

m List Mode Data Acquisition Allows for Different Processing Capabilities

Timing Experiments Possible

Multiple Channel Inputs

Improved Passive/Active Data Acquisition
Local Coincidence Veto

Triggering Levels

Continuous Monitoring

Other Trigger Inputs

Various Analysis Tools

Expanded Post-processing capabilities
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MOTIVATION

= The NPOD detector system is a
fielded neutron detector consisting
of 15 3He tubes embedded in
polyethylene, read out by an
integrated data acquisition system.
The motivation for this project is to
modify the electronics to increase
functionality and allow use as an
active interrogation detector. In
particular, high-speed networking
capabilities are being added to allow
multiple units to operate as single
virtual detector.

.NPOD Mockup :Mezzanine Board Bottom
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MOTIVATION

=  Commercially Available Electronics
. Not in house built boards
. Standard Interfaces
. Embedded PC
*  Flexibility

=  Firmware
. VHDL time stamping multiple channel input

*  Ability to accelerate data analysis using custom
VHDL

m Software

e Commercial Operating Systems
— Embedded Linux
— Windows Operating Systems

. Real-Time data merging

*  Support for real-time data analysis using
multiple algorithms in C++.
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LIST MODE DATA ACQUISITION

= Development Status

* Useof a commercial component provides a powerful
flexible module housing communications, processor,
memory, field programmable gate array (FPGA), and
interface connectors

* Detector logic is written in very high level description
language ( VHDL) which is loaded into the FPGA fabric.

*+ Detector Logic can be reused when faster hardware is
required.

* Detector power and interface circuitry is all that is
needed to be designed in-house.

* Data transfer rates of 2Mhz are possible with gigahertz
Ethernet.
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FURTHER DDEVELOPMENTS

» Los Alamos

NATIONAL LABORATORY UNCLASSIFIED Slide 8

EST.1943

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy’ s NNSA I A [ =3%]]
NS




NEW DEVELOPMENTS WITH CANBERRA
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>50MHZ
UNATTENDED OPERATION
MULTI-CHANNEL ETHERNET

EXP BUS

\ SD INTERFACE sp
- I poRe

Dragonball Master Processor Board

DMPB
PARALLEL
B —
PORT

serial TO FRONT
PANEL
EXP BUS

IN1

IN2

IN3

IN4
GATE

EXP BUS
AN —
Low Voltage Power Supply Board
(LVPS)
+-12V —m
5V «
High Voltage
H/OUT «—————————— PS
(HVPS)
> Los Alamos
NATIONAL LABORATORY UNCLASSIFIED Slide 9
EST.1943
Operated by Los Alamos National Security, LLC for the U.S. Department of Energy’ s NNSA /N N b
INNSE



APPLICATIONS

= Benchmark Subcritical Neutron Measurements
m Safeguards Applications

m Portable Neutron Diagnostics

= Analysis Tools and Techniques Comparisons
m Algorithm Development

= Signature Development
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NOT STRAIGHT FORWARD

m Utilizing Commercial Hardware
e Features
 Unfounded Claims and Capabilities
e Development Tools
 Development Lifecycle and Support

m Clocks
e Accuracy is few in 106
 Two system clocks would drift apart 1.3 us each second
e How to Synch Clocks or Have Common Clocks
e Waiting on Atomic Clock Chip few in 10-°
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