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Data Acquisition System at SNS Instruments
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Data Acquisition Electronics
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Data Acquisition Software requirements

* Interfacing custom hardware

— Detector read-out electronics over custom communication channels
— Optical receiver PCle board (DMA and fast MSI interrupts)

* One or more neutron events pre-processing
— Time adjustment for selected neutron speed/wavelength
— Position calculation for detectors in development

— Geometrical distortion correction
— Others

* Publish data over Ethernet
— Custom TCP/IP protocol to save data for reduction and analysis
— EPICSv4 protocol to live view client !?

« EPICS integration
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nED modular design
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» One handler per each electronics

- Stackable pre-processing
* Arbitrary connectivity

« Optionally run in own thread
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EPICS Rationale

* SNS initiative to adopt EPICS

— EPICS used as accelerator control system since start-up (or before)
» Control system oriented API suits DAQ well
* Little or no performance penalty
« EPICS connectivity

— Process variables environment
— EPICS7 PV Access network protocol

« SNS first facility using PV Access in
production
» Before EPICS7 was even released

EPICS
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Compared to AreaDetector

« Similar but not same as areaDetector
— Based on asynPortDriver, architecturally same as areaDetector
— Data as stream of

[time-of-flight, pixel] events

— Two-way communication
between plugins

— Multi-publish/multi-subscribe™
plugin communication
(* new in areaDetector R3-0)

£ 2.50E02
2
=

/]
% 2.00E02
L

5.00E01

 Live view uses areaDetector | =

Read-out
electronics
: o . Optical |
Read-oul
i

centra Receiver 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300.96
d-out
lect S
Data
—n—n-n— ] Acquisition
Accelerator Timing & Info Software ;I
| td t \l/ Data Save
! & Reduction
. Optical | |
. Concentrator ReEEer
Read-out |
lectronics
— OAK RIDGE | $raLLatio
Meta data: Analysis 3 NEUTRON
Digital 10 National Laboratory | SOURCE




Deployment status

Wide Angular-Range

Nanoscale-Ordered Materials
Backscattering Diffractometer (NOMAD) - BL-1B
Spectrometer (BASIS) ¢

BL-2

>10,000,000 ev/s

Chopper Spectrometer

Fine-Resolution Fermi Chopper
Spectrometer (SEQUOIA] - BL-17

>4,000,000 ev/s

(ARCS] -BL-18

Ultra-Smali-Angle Neutron
Scattering Instrument
(USANS]-BL-1A

>10,000 ev/s

Spallation Neutrons and
Pressure Diffractometer
[(SNAP) - BL-3

Magnetism Reflectometer *
BL-4A

Liquids Rellectometer -
BL-4B

>1,000 ev/s )

Cold Neutron Chopper
Spectrometer [CNCS) - BL-5

>1,000,000 ev/s

Extended Q-Range Small-Angle Neutron
Scattering Diffractometer (EQ-SANS) - BL-6

>1,000,000 ev/s

Elastic Diffuse Scattering
Spectrometer
(CORELLI - BL-9

>1,000,000

Engineering Materials Dilfractometer
(VULCAN) - BL-7

>100,000 ev/s

| Instrument at SNS

Vibrational Spectrometer (VISION) -
BL-16B

>5,000,000 ev/s

1st installation
Jan 2015

Neutron Spin Echo Spectrometer
[NSEl1-BL-15 Hyhrid Spectrometer

(HYSPEC] - BL-14B

>10,000

Fundamental Neutron
Physics Beam Line -BL-13

Single-Crystal Diffractometer
(TOPAI)] - BL-12

Macromolecular
Neutron
Diffractometer
(MaNDi) - BL-11B

>50,000

Versatile Neutron
Imaging

(VENUS) - BL-10

Powder Difiractometer
(POWGEN) -BL-11A

>50,000 ev/s
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Maximum throughput

 Test scope: data transport throughput using EPICS
framework, not event pre-processing
» Test in lab measured 50 million ev/s = ~400 MB/s
— Two optical input channels maxed out
— No pre-processing
— Two publish channels, remote clients verifying data

* 5 times higher than present SNS needs

* Not CPU bound, input/output channels are bottlenecks
— CPU utilization ~5% on Intel(R) Xeon(R) CPU E5-2690
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