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Neutron Events o
Timing System

nED is a driver for the
various types of readout

TN cards, and a framework
Read for dealing with neutron
—>  Out events.
D e';':; o ADARA is a custom
Neutrons protocol for streaming
> - events to disk.
Bunched Mult_lple
: Drift
in pulses Tubes nED produces a V4
at 60Hz channel for online
visualization.
Optical ADARA | Nexus
Reciver File
Events are composed of V4 V4
(pixel D, time of flight) pairs. nED framework * Clients
8 bytes for one event.
¥ OAK RIDGE
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Neutron Events (2) - using pvData

structure

time_t timeStamp

NTScalar proton_charge
double value

Il Time-of-Flight values for N neutron events
NTScalarArray time_of_flight
uint[] value

/l Pixel IDs for N neutron events
NTScalarArray pixel
uint[] value

Example ‘pvget’:

[mkp@bl99-dassrv1 ~]$ pvget neutrons
neutrons
structure
time _t timeStamp 2015-04-28T09:34:51.844 35
epics:nt/NTScalar:1.0 proton_charge
double value 6e+08
epics:nt/NTScalarArray:1.0 time_of_flight
uint[] value [63755,94783,45297,83246,74134,86331,85143,60222,84875,73684]
epics:nt/NTScalarArray:1.0 pixel
uint[] value [946,2093,735,2358,938,2858,453,2843,869,2647]

%OAK RIDGE
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ADnNnED Driver Features

Integrate event data for X/Y plot (also means mapping pixels to 2-D X/Y plot)
Integrate TOF data for 1-D spectrum

Calculate multiple ROI for all plots

Filter events going into TOF spectrum based on a X/Y ROI

Filter events going into X/Y plot based on a TOF ROI

Monitor multiple V4 channels (each nED instance is one V4 channel)
Handle data from N detectors in one channel, or spread between channels.
Support put_callback on a start acquisition for high level software
Adjustable binning on TOF spectrum

Calculate d-space, energy transfer, etc, based on pixel ID and TOF.

Detect error conditions (missing packets, bad timestamps).

Pause acquisition without resetting data

g,OAK RIDGE
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ADnED uses areaDetector framework

A lot of the functionality is free (waveform, ROls, Statistics, binning, etc).
What we developed:

« ADnNED driver:
* Monitors V4 channels
Filter events based on ROls
Performs pixel mapping & optional calculations (eg. d-space)
Integrates events based on detector pixel ID ranges
« Produces 1-D NDArray objects for N detectors

* NDPIluginROIStat (released in ADCore 2-2)

 ADNEDPIixelROI:
e Custom ROI plugin to convert 1-D NDArray to 2-D NDArray

 ADnEDMask:
« Pass/Reject an ROl in 1-D or 2-D NDArray.

« ADnEDNomalization:
« Background subtract and normalize 1-D array (To-Do)

« ADnEDTransform:
 Library of calculations for d-space, etc. ¥ OAK RIDGE
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2-D XY ,
NDArray —_— Stat Profile Arrays
nED ADNEDPixelROI
T AN AN XY XY
ROI ROI 8 ROIs
1-D o Mask ROIStat
1-D to 2-D (Rebinning)
V4 NDArray
Buffer AX/Y 2-D XY Array
rray
Det1
v ———————
Det2
Event | _pe====- Frame
Handler > > Handler
_______ 1-D
DetN NDArray —
© 1-D (TOF, D-space, Q, etc) 1D
ADnED NDArray ROI-St ¢ | 8ROIs
ADnEDTransform a
1-D 1D 1-D 1-D
RO N ; i ROI Mask
Event Handler: omaiization (rebin)
+ Consume events from multiple nEDs 1-D 1-D Array
» Filter events based on XY ROl or TOF ROI Array
* Apply pixel mapping (logical ID to X/Y space)
* Frame correction on TOF
» Convert TOF to d-space, delta-E, etc.
» Sort events into detectors.
Plugin chain is repeated for each detector. %OAK RIDGE

Frame handler creates NDArray objects at a'slow rate (eg. 10 Hz)
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ADnED Top Level Screen

(21 BL1B ADnED Main & ’

—~ADNnED Control —ADNnED Data Frame Control
Start Stop Acquire Frame Control & Period Enable 500 500 ms
Not Paused Acquiring Events Number Of Frames 3286
nED Source PV 0 BL1B:Det:Neutroi BL1B:Det:Neutror Frame Rate 2.00 Hz Max
nED Source PV 1 Pool Used Mem 2.4896E0 MB 1.7592E13 MB
nED Source PV 2 Pool Used Buffers 0 -1
nED Source PV 3 I0C CPU Load 3.2 %
Number Of Detectors 7 7
Number Of Channels 1 1
—ADnED Data

Pixel ID Ranges

Pulse Count 98648 Detector Start End Event Rate Event Total

Total Event Rate 314925 e/s 1 Group5 (154 64512 82943 76126 e/s 1.2799E8 Plots |
Proton Charge 1.7221E-5C 2 Group4 (122 52224 64511 73209 e/s 1.2122E8 Plots |
Integrated Proton Charge 1.6908E0 C 1.6908E12 pC 3 Group3 (67 ¢ 37888 52223 111871 e/s 1.8569E8 Plots |
Sequence Count 104939 0 0 0 4 Group2 (31 ¢ 14336 37887 35430 e/s 5.8796E7 Plots |

Sequence ID 130981° 0 0 0 Setup More Detectors

Missing Sequence ID 0 0 0 0 Mapping Setup Allocate Space Status Ok
Num Missing Sequence 0 0 0 0
Timestamp Status Ok Ok Ok Ok

Update Period 1000 1000 ms

Overall Status Ok K RIDGE
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ADnED XY Pilot

{4 VISION

Y Axis

0 50
ROIs

1 Yes

2 Yes

3 No

4 No

s BL16B IED XY 23
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X Axis
Start X Size X
0 0 266 266
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0 0 0 0
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Intensity widget + some rules
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Start Y

o © o©

68
50

Auto Scale Control

Yes Start X 0 0

Mean Intensity 886 Size X | 266 266
Scale Factor ' 10 StartY 0 0
Offset |0 SizeY 68 68
Image Max 8859
Manual Max 30000
Profile Plots ROI Filter (Uses ROI1)

Enable

Disable

X Size 266 Start X 0
Y Size 68 Size X 266
_ Profile Plots StartY 0
Crosshair Profiles SizeY 68
X Size 266
Size Y Min Max Mean Total
68 0 17999 886 16024175
50 0 9972 434 1084040
0 0 0 0 0
0 0 0 0 0

More

g,OAK RIDGE
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ADnED

XY Plot (2)
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ADnED Time of Flight Spectrum

(TOF)

2 VISION  |i2] BL16B BSD TOF X |

K5k mlm|a]d£]ala|oft | o]e| @)
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0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33.33
Time Of Flight
~ROIls ~X Axis Scale
Start X Size X Min Max Mean Total A -
uto es

1 Ves |Yes 0.00 | 0.00 33.33 3333 1 242523 35477 118257838

2 No |No 0.00 | 0.00 0.00 |0.00 0 0 0 0 End 33.3340

3 No [No 0.00 | 0.00 0.00 | 0.00 0 0 0 0 Size 33334

lRAn RAan |

4 No |Ne 0.00 | 0.00 0.00 | 0.00 0 0 0 0 Bin Size 0.0010

More Max Size 333340

—Array Control
Horizontal Binning |10 | 10
Divisor Control Disable
Divisor |1 |1
Min Update Period 0.000s | 0.000 s
Transformation None
Post Trans Scale 1.00

Post Trans Offset 0.00

Detailed Setup

—ROI Filter on Pixels (Uses ROI1)

Control Filter Disable | Disable

ROI Start Bin 0

ROI Size Bin 333340

~X/Y ROI Filter on TOF

Filter Status  Disable

—Plot Autoscale Control

[ Enable Autoscale J

{ Disable Autoscale J

%OAK RIDGE
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ADnED User Friendly Screen

i1 USANS s Alignment Scan & BL1A Trans XY and TOF &%
-2247 1055
-2000 90 4
80 o
-1500 270 4
=
@
) @60
% 5
< Oc ]
> -1000  §°°
E40 -
4
30 A
-500
20
10 4 [
0 T T - 1 o T “-l H
0 2 4 6 8 10 12 14 16
Time Of Flight
Trans X/Y ROI1 ~Trans TOF ROI1
Start X |0 0 Total in ROI 230110 Start |8.32 8.32 Total in ROI 224678
Size X |8 8 Rate in ROI 1810 e/s Size |9.32 9.32 Rate in ROl 1767 e/s
startY [0 0 | More | More |

SizeY |128 128

Apply as filteron TOF ~ Disable | Disable

Trans X/Y Profile Plots

Apply as filteron X/Y  Disable | Disable

| Pprofile Plots | | Crosshair Profiles |

~Trans Total

Total 2.3016E5 2018 e/s

Detailed XY Plot Detailed TOF Plot

UAK RIDGE
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New 2-D plot types

51 BL4B Detector Views &3

Y/TOF Plot
304 -

* Y/TOF 2-D Plot
« X/TOF 2-D Plot
» Pixel ID/TOF Plot

0 20 40 60 80 100 120 140 160 180 200 220 256 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
X Time Of Flight (ms)

Autoscale: Manual Max: 100 More Autoscale: Scale Max: 100 More

_—

X/Y Plot ROI Y/TOF Plot ROI
i Min Max Mean Total Rate Min Max Mean Total Rate
[ 0 49 4 29520 Oe/s 0 0 0 0 Oe/s
Beam/Detector Status
| Total Counts: 36004 Events Oels

| Proton Charge: 2409.1 mC
Beam Power: 1003.17 kW

Data Collection: Idle Not Paused

%OAK RIDGE
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Can now define up to 20 detectors

52 BL1B 1-D Plots 23
Group 5 (154 deg) Group 4 (122 deg)
Linear More Detail Linear More Detail
4.09E06 = 5.09E06 -
23.00E06 ] €4.00E06>
H £3.00£06 ]
52.00£06 5
i £2.00E06
H 2
1.00E06 1.00E06 1
0.00E00 T T T T T T T T T 0.00E00 T T T T T T T T T
0.1 5 10 15 20 25 30 35 40 45 499 0.1 5 10 15 20 25 30 35 40 45 499
[} [
Start Size Min Max Mean Total Start Size Min Max Mean Total
ROl 0.100 0.100 49.900  49.900 0 4089220 351045 112334411 ROl 0.100 0.100 49.900  49.900 0 5094915 331653 106129038
~Group 3 (67 deg) ~Group 2 (31 deg)
Linear More Detail Linear More Detail
6.62E06 3.37E06
H £
£4.00E06 ] £2.00E06 ]
5 5
3 3
H H
22.00E06 21.00E06
0.00E00 T T T T T T T T T 0.00E00 T T T T T T T T T
0.1 5 10 15 20 25 30 35 40 45 499 0.1 5 10 15 20 25 30 35 40 45 499
a [y
Start Size Min Max Mean Total Start Size Min Max Mean Total
ROl 0.100 0.100 49.900  49.900 0 6623516 535938 171500027 ROl 0.100 0.100 49.900  49.900 0 3368529 172729 65273261
~Group 1 (15 deg) ~Group 6 (7 deg)
Linear More Detail Linear More Detail
1.58E06 2.08E06
! £1.50E06
£1.00E061
5 51.00£06]
H H
25.00E05 - 2
= *5.00E05
0.00E00 T T T T T T T T T 0.00E00 T T T T T T T T T
0.1 5 10 15 20 25 30 35 40 45 499 0.1 5 10 15 20 25 30 35 40 45 499
a [y
Start Size Min Max Mean Total Start Size Min Max Mean Total
ROl 0.100 0.100 49.900  49.900 0 1578647 54396 17406605 ROl 0.100 0.100 49.900  49.900 0 2079417 33449 10703629

Can switch these between TOF, d-space and Q at runtime.
We use pcasPy to deal with this.

OAK RIDGE
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ADnED So Far

* Deployed on 8 beamlines at SNS (will be on all 18)
» Being tested at the CSNS.

ADNED can be used as-is with all the plugins and OPls:
 Example I0C in the ADnED module.

» Driver and required plugins are built into an single template.
 Templated st.cmd

To-Do

« Background subtraction / normalization plugin
 Use V4 NTNDArray plugin instead of StdArray plugin

(convert at the same time we move to CS-Studio Display Builder)
* Actually write some documentation.

ADNED:
https://github.com/areaDetector/ADnED
Simulation event server:

https://github.com/kasemir/EPICSV4Sandbox % OAK RIDGE
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