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Neutron Experiment Information Flow
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Neutron Experiment Information Flow
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Do the experiment!

e Configure the instrument

e Set up sample environment

e Count neutrons on a detector

* Record data and metadata to disk
 Keep an archive
* Have a catalogue



Neutron Experiment Information Flow

11 Expervment 2. Data 3. Data 4. Data
Planning collection reduction visulisation mterpretat\om ‘ 6. Publication
of results l d

Process the Data

e Convert detector data to useful space
(Q,E d z..)

* Record processed data to disk

* Match up with sample environment
data



Neutron Experiment Information Flow
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Look at the data

* Visualize data in appropriate way
* Explore data



Neutron Experiment Information Flow
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Analyze the data

Extract scientific/physical
information from neutron data
* Model fitting

e Peak finding

e Comparison with simulation

results
. P?7??



Neutron Experiment Information Flow
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What is an experiment in reality?

* Planning
* Setup
* Acquisition

e Reduction & re-reduction

experiment(s) ’ e Analysis
Ry — . keep gc?lng until either the coffee or
E, T, P,t etc.) beam time runs out
data reduction '«» visualization J
reduced data, I(Q)@ I
data analysis modeling 1

adjustable
narameters

[publication, presentation}

archival, printing




Instrument Control Architectures

* Some existing frameworks:

e Sardana (Photon Python/QT Tango FW)
* NoMad (C++ VME framework )
 GDA (Photon Java Eclipse RCP python EPICS FW)

* SNS development (C++ epics CSS development)

e |SIS IC development (C++ CSS BOY EPICS
development)

e GumTree (Java, EPICS, C/ObjC, Python)



[

Pick Path

SHCHR.

Igor Pro  File Edit

|_File Catalog

Data Analysis

Data Reduction and Visualization

Macros Windows Graph Misc Motofit SANS Help

File Catalog Show File Catalog

Help Feedback v set SAM file

[ RawData [ Reduction | 1-D Ops | 2-D Ops | Misc Ops ]_I

Show Mask

set BGD file
N
set EMP file

ask

v set DIV file

v R
E

set ABS params

set MASK file
T

i
set AVERAGE params
AVTYPE=CroulariSAVE=YesNAME= Auto!

Save Protocol
Recall Protocol
Delete Protocol

Reduce A File

Untitled

oader (StriarOr Defaul

lnitialize()
DolgarMenu “Control” “Retrieve All ¥indows"

22" ,"Load NCNR SANS Reduction Macros™) )

Aim to remove instrument geometry and
engineering details from data

Thus can be very instrument specific
Often needs to be written by instrument

MANTID

scientist

& oa s BE G e8| ’a

Helvetica

2

B it U ¥ x, B [ |

06

Results Log

Gudrun Input File: D:\Admin\a_ANALISI\a_wacid: drun, y d\

5_neat.dat

INSTRUMENT

BEAM

NORMALISATION

SAMPLE for

SAMPLE ace

SAMPLE BACKGROUND
CONTAINER for-1

CONTAINER ace-1

Instrument name.

Gudrun input file directory: |s\gudrun_analyses\neat_dianalysis _Browse

Browse | Data file type
Browse

Groups file name |groups_18_clean? dat

Browse

Data file directory |D:\Admin\a_ANALISNa_wacids\exp_highc\raw

Detector c:

ration file name | Detector_withNIMROD dat
User table column number for phi values 4
Deadtime constants file name 'SLSdeadtime cor
Spectrum number(s) for incident beam monitor |1

Wavelength range [A] for monitor normalisation |0

Spectrum number(s) for transmission monitor 2

Incident monitor quiet count constant 0.0006 | Transmission monitor quiet count constant 0.0006
Channel numbers for spike analysis |0 0 Spike analysis acceptance factor 5
Wavelength range to use [A] and step size 005 | 495 | 01

No. of smooths on monitor and vanadium 100 | 25

Subtract single atom scattering? (] ~Subtract wavelength-binned data? (-]

Type of x-scale for final DCS: Hin Max stepsize
QA 0025 | [s00 00s
© dsspacing [A] o125 | bso | [ooor |
© wavelength [A] 005 | 5o 0001
© energy [meV] 1 s000 | oot
© TOF mus] 100 20000 | o001

Show group parameter panel

Groups acceptance factor 04 Merge power 0 | Statistical weighting on merge? [
Incident flight path [m] |11.016
Spectrum number to output diagnostic files 0

Neutron scattering parameters file [sears91_gudrun dat

| Browse

Trying to find beam-centre-scale-factor1
Failed to find beam-centre-scale-factort
Trying to find beam-centre-scale-factor2
Failed to find beam-centre-scale-factor2

¥ ISIS SANS

Geometry  Masking  Logging ~ AddRuns  Di

Run Numbe: Reduction Settings

1D Analysis

User file:

Data Directory: A

Load Mask

(© Single run mode | Batch mode

Scattering
Sample

Gan

Options
| Plot Result

Reduce

| Load Data

D]

N

| Multi-period

" Log Colette cmds

December 2013/ + 2 others

Transmission

Sample [ol
Gan |

Save
Filename:

ot | INexus = NISTQxy = CanSAS |RKH |CSV

2D Reduce ) Zera Errar Save Result Save Other

Manage Directories

Instrument:  LOQ B

Workspaces

Load Delete
Sot | Save
Filter Workspaces

Group

Workspaces

006 Algorithms

Execute

Browse

Arithmetic
CorrectionFunctions
Crystal
DataHandling
Diagnostics
Diffraction

Events

18IS

Inelastic
MDAlgorithms
Muon
Optimization
PythonAlgorithms
Quantification

YYYYYYYVYYYVYVYYVY

Details




Data Analysis

Domain Specific — users often have their own favourite tools
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Data Archiving and Cataloguing

Initial metadata (sample history, user, proposal)

Inform automatic reduction and processing parameters
(per sample, per exposure)

Domain specific information

Integrate external information (experimental log etc.)
Keep a record of raw, reduced and processed data
User interfaces required, on site and off




Instrument Control, Data Acquisition, Data
Reduction and Data Storage

NEUTRON TECHNOLOGIES
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Challenge : Data Rates

Data on disk is useless

|

Need to be able to process it to scientific results

Real Time™ Processing and Visualisation

e NIST SANS VAX Data : 88 kb per detector image

e |SIS SANS Event Data File : 50 — 100 Mb

* ESS SANS Event Data Rate : 100s of Mb / s



4D Data Volumes in an RRM Spectrometer

Model fitting to sliced &

diced volumes using _ _
Vates 1x 200+ Gb file1x 200+ Gb file
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Real Time Processing of Imaging Data

VG sfcudior Hseqlfqrﬂfinal render

+ psi tools for image c
PSI/ DLS and or octopus
Reconstruction
Code

10+Gb/s
~14-100MB/s

3500k images



How is our software written?

Software Wizards!



How is our software written?

COMPUTER PROGRAMMING
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How is our software written?

Instrument Teams must include software expertise

“Hero Developer” Model

Domain expertise

Direct translation of knowledge to
code

Low communication overhead

“Hit by a bus” problem:
Continuity
Responsiveness

“Professional Development Team”
Model

Software engineering expertis
Continuity
Responsiveness

Communication overhead

Lack of domain expertise
Translation required from science
knowledge to code



How is our software written?

Instrument Teams must include software expertise

“Professional Development Team”

“Hero Developer” Model Model
Domain expertise * Software engineering expertis
Direct translation of knowledge to * Continuity
code * Responsiveness

Low communication overhead

“Hit by a bus” problem: ¢ Communication overhead
Continuity * Lack of domain expertise
Responsiveness * Translation required from science

knowledge to code

Distributed Scientific
Development Team Model




Designing Software

)

“super users” “most users” “some users’

* Clear requirements in terms
software engineers understand

* |terative development model

e Understanding of manpower
requirements

Working with software engineers ...

... is the same as working with hardware
engineers ...

... except “everything is possible in
software”.



Summary

» Software is a vital and complex part of modern neutron scattering
instruments and facilities

* Think about how users will interact with your instrument — what is
good for the instrument scientist/engineer may not be good for the
user

* Development model is moving from “hero coder” to “distributed
teams” — scientists should be part of development teams

* Instrument teams must have software expertise and engage with
the various software teams at facilities



