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Projects that | have worked on ...

® RD42 Collaboration (Diamond Detector
Development) (1995-6, 2006-11)

e ZEUS Collaboration for HERA at DESY
(1995-2006)

® LHC Machine-Experiment Interface group
(2005-2008)

® CMS Collaboration for LHC at CERN
(2006-11)

® RD51 Collaboration (Micro Pattern
Gaseous Detectors) (2013—)

® European Spallation Source (2011-2022)
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EUROPEAN

What am | going to talk about ...

SOURCE

® You have been learning about: Systems-on-Chip Based on FPGA for Scientific Instrumentation and Reconfigurable
Computing
® Detailed courses on how to perform a very particular and valuable technical skill

* Here, | am going to give a bird’s eye view of how a large data acquisition system might look, utilising these skills you
have been looking at ...

* Am going to go through - with very broad strokes and very little detail - what needs to be taken into account in the
design of the data acquisition system ....

* Like everyone, | will show this from my own experience - of the detector data acquisition system for the European
Spallation Source ...



Basic Principles of Neutron Detectors

® Need to produce a measurable electric signal

* Not possible to directly detect slow neutrons - energy is too low

* Need to use nuclear reactions to convert neutrons into charged particles
® Then indirectly detect the charged particles in a charged particle detector
e Amplify, digitise, process as needed.

e Store data on disk

hotons
P collect

n or charge . :
charge or »—’— write to disk

hot
S amplify digitise algorithm

gain order may be different, or step skipped

View Data
converter Monitor Data
Act on data (control)

Analyse Data

Data Acquisition

What is your end goal?2 @ Data acquisition is about being able to extract the information from the sensors to be able to carry
out the measurements of interest as simply and best as possible
e Optimisation can be done for performance, cost, simplicity, off-the-shelf, size, energy usage, ...
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“horses for courses




Instrumentation

GTC@La Palma

Bleeding edge Instrumentation enables novel and future science
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What is the aim of the European Spallation Source?
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Neutrons SECET)
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1932: Chadwick discovers "a
radiation with the more
F»e«t:u,l.i.ar Proyer&es" , the

neubtron,

1994 Nobel Prize in Physics
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Applications of Neutron Science C(§

Charge neutral S=1/2 spin Nuclear scattering

Deeply penetrating Directly probe magnetism Sensitive to light elements
. and isotopes

150 men

Li motion in fuel cells Solve the puzzle of High-Tc
superconductivity

Help build
electric cars

Efficient high speed trains

Urate oxidc

Probing length scales and dynamics

R e
e

23 N

Red Blood

Cells
~7000 nm




Neutron Science Pushes the cuRopEnN
Boundaries

SOURCE

e}"’\o‘Q
\Se ESS intensity allows studies of:
- Complex materials

- Weak signals

- Important details

- Time dependent phenomena



Visions for the coming decade ...




~ The European Spallation Source:
view to the Southwest in 2025 &
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e He-3 Crisis
e Schedule: 10 years until initial operations start







Helium-3 Crisis
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50000 | ;
I I reaction ...
0 .
o \ o o A o N
O 0 QO Q Q N
N D A P AP AP

&
*Comment: seems to be some naivety at the

moment as stocks are being emptied rapidly
Aside ... maybe He-3 detectors are anywaj

not what is needed for ESS?
eg rate, resolution reaching the limit ...

Crisis or opportunity ... ¢

For almost all instruments, detectors are a
limitation on performance
Opportunity to implement modern DAQ



Schedule ... 4

* 10 years until first neutrons ...

19
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Instruments and their Requirements
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EUROPEAN

S [nstrument Design

* Instrument Design is about selecting the phase space of interest and maximising that
® Phase space here primarily means flux (6D: position, divergence) and neutron energy/
wavelength
® Remember that as the neutron energy is not measurable, need to use time-of-flight or
diffractive scattering to determine neutron energy
® Remember Liouville’s theorem:
* Phase space density is constant for conservative force fields
o It implies that high resolution measurements are low flux and vice-versa

- - 3.5
Chopper m=5.5 3.5 25 1 m=2 I m=2.5 I
Moderator PS PP Instrument : ! 1 0.0 Detector
Shutt ! elliptic - ballistic guide' ! exchangable Beam
? =il ' 60mMmx60mm ! | Stop
e o) ) : T
. : Al — : .
L light I ' l I Monitor I 1 Monitor
! l BC BC ' ' ' ' '
' shutter i : : : : :
1 .
SW|tCh | 611 m ! ! !
Om ! 6.15 m 23.70 m 58.90 m 71.84 m 76.50 m 79.00 m

6.25-6.95m
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* The purpose of the instruments is to probe
with neutrons some aspect of a sample

outgoing neutron detector

sample measure X,y (=0)

sometimes measure t

n
g r——— -
define E and direction E typically not measured

in instrument design

* Very generically, this can be divided into elastic and inelastic categories
* elastic: gives information on where atoms are
¢ inelastic: gives information on what atoms do (ie move)

® This is measuring the cross sections:

elastic inelastic

do d’c

Ny 1,20, jnaﬂ“scizgi

i +20) dodE v)
® cross section / scattering probability e double differential cross section /
into a solid angle, as a function of scattering probability into a solid angle,
wavelength, scattering angle and as a function of wavelength, scattered
aximuthal angle wavelength sc i

aximuthal.d



Science Drivers for the Reference Instrument

Suite from the Technical Design Report §§§§{§ng

Multi-Purpose Imaging

General-Purpose SANS

Broadband SANS ®
o &

Surface Scattering ° T g~

° N 5 A Q"'
Horizontal Reflectometer ® ﬁ I
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Vertical Reflectometer g~ 1 © o
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Thermal Powder Diffractometer — ¢ -
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Bispectral Power Diffractometer 6* 1 & )
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Pulsed Monochromatic Powder 7 6»
Diffractometer A B .-~
Materials Science le'fractometer]' /_\

Extreme Conditions Instrument -
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Single-Crystal Magnetism )
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Diffractometer

Macromolecular Diffractometer 5 6*
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Cold Chopper Spectrometer

n

Bispectral Chopper Spectrometer
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Thermal Chopper Spectrometer
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Cold Crystal-Analyser
Spectrometer
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Vibrational Spectroscopy
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Backscattering Spectrometer
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High-Resolution Spin-Echo
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Wide-Angle Spin-Echo

Fundamental & Particle Physics

@ ue&m

magnetism & superconductivity

ﬁ life sciences

ge soft condensed matter engineering & geo-sciences
3

C
‘j l chemistry of materials r archeology & heritage conservation

ﬁ energy research fundamental & particle physics
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NSS Project scope: 15 neutron instruments

+ test beamline + support labs

' Helmholtz-Zentrum Nuclear Physics

=+ A\ (Cinstitute
ESS Lead Pa rtners for ‘ Zentrumfﬁfeﬂ:!tes::;| aurtl:dl':('lzjstenforsc:hung
instrument construction iy 'I]m ng)

Technische Universitét Monchen
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QQ

Consiglio ‘/\‘ ¢ I*‘\ FREIA s LOKI

Nazionale delle \
Ricerche ‘
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@

SKADI

+Data Acquistion on Monitoring

JULICH oy =g I
9 0LicH _+l%) from the Facility (Accelerator,
ESS Instrument Layout (September 2017) ‘ '

Target, ...
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Requirements Challenge for Detectors for ESS:

beyond detector present state-of-the art

Rate Requirements

factor by which requirements
m exceed state-of-the-art
imegng

>
1 10 100 1000 Instantaneous
1 = state-of-the-art Rate Capability (log)

detector area Resolution and Area Requirements

A
(1,1) = state-of-the-art
!

~

The farther the box from the (1,1)
21 ’ . :
R reference point, the bigger the
’ challenge for detectors.

Resolution
improvement

1 L ! | | > factor
1 2 3 4 +00




EUROPEAN

Typical Detector Requirements SPALLATION

SOURCE

Size: from 0.25m"2 up to 30m~2
Position resolution: 100um - 10mm
Time Resolution: <1us

Rate and DAQ requirements very much defined by the instrument and data topology
Can be >MHz/channel instantaneous in some cases
Average rates much lower

Every instrument is very much a bespoke individual design ...

For a good user experience ...

... It’s important to design the detector to the individual detector

... it’s important to make sure that the DAQ can cope with the, and has a homogeneous look
and feel

27



InSh'U meni' COn‘l'rOI T Instru.n?e'nt Control, Data

Acquisition, GUI (DMSC)

System Design

| EPICS (ICS
2 1cs) , 1

* Need a modular system to cope B B b e B LVCB:JBTDI @B L CBJ t CBJ CB+J_J e B0l
E— Yy | v |  E— =y '

with diversity in design | | | ] ] ]

i i 3 — | | 1 1 ‘ |
e Use EPICS as the control system for |
the DAQ Shutter Collimation Monitors PSS Sample Detector
o« o Table
e Use GCC&IGI’CH'OI' hmlng system: only Chopper Chopper Vacuum Sample
.« . ol Environment
1 timing system needed for the facility
Beam Extraction + Bunker Area Beam Transport & Conditioning Area Sample Area

® Can access monitoring & diagnostic

data across the facility data Figure 3. Topology of the modular instrument control concept for a 160m long Neutron
Scattering Instrument at ESS. (CB = Control Box, BDI = Bulk Data Interface)

EPICS

* High rate & high number of — L
channels = high data volume | oMsC
* Use a dedicated data interface Control Box+  BDI

Strobe | Commands+‘ Neutron |
Meta Data Data |

* Unify the data where you actually Timer | [Stamping

want to Uﬁ|ise I|' Read out electronics

Front end electronics

* Where possible use network equipment & standard PCs: lower the expert know
e Use FPGAs only where performance needed ..

Detector
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Collaborations

@

Share Victory. Share Defeat.
Everyone should play to their strengths
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\ LINKOPING UNIVERSITY

& Science &Technology & Science & Technology Facilities Council
@ Facilities Council < |SIS

BNy iisner @© @

Consiglio Nazionale Ricerche

CDT GmbH
Detektoren fiir Neutronen GmbH CASCADE
StéteroggestraBe 71 | 21339 Lineburg Detector

Julich Centre for Neutron Science

Tel.: +49 (0) 4131/248932 Technologles

222 Helmholtz-Zentrum

+s:s Geesthacht N\ b .y jideas

Zentrum fiir Material- und Kiistenforschung National Laboratory for Sustainable Energy

m CUSYLAB IFe ,J J 0 LIC H Mittuniversitetet

Institute for Energy Technology FORSCHUNGSZENTRUM MID SWEDEN UNIVERSITY
p- - - VY ;N e , L TR B e \NEams s R Xy Lamm
. = OB Q\, oo tsewans D s ISIS: () opac B (@] L THON CHNCES



Neutron
Converter

CSPEC
TREX
ESTIA

MAGIC
HEIMDAL
LOKI

BIFROST

VESPA

MIRACLES

Beam Various
Monitors

TestBeam Line

Detectors for ESS Instruments

Detector Type Number of Front-End
Channels Type/ASIC

MWPC
MWPC
MWPC
MWPC
GEM
MWPC
MWPC
MWPC

Straws

Tube

Tube

Tube

Scintillator

Various

MWPC

MWPC/GEM/IC

MWPC

ca. 10

ca. 10

ca. 10

ca. 10
ca. 1000
<100

<100

<100

>1000

>1000

>1000

>1000

N/A

N/A

>100

1-100

ca. 10

ca.20k
ca. 15k
ca. 6k
ca. 4k
ca. 15k
400k
165k
250k
5k

ca. 100

ca. 100

ca. 100

25000

ca. 1M

40

50

ca. 1k

VMM3A
VMM3A
VMM3A
VMM3A
VMM3A

IDEAS/IDE3465

TIMEPIX4

Delay Line + Custom FPGA

Discrete Preamp / ADC
OHWR FMC-
ADC-100m14b4Cha

VMM3A

( : \ EUROPEAN
SPALLATION

SOURCE

Step change # channels cf.
current instruments
From 100’s to 10k’s

Need for using ASICs to
handle large channel count at
moderate cost

Different detector partners
means a variety of choices for
front-end

Key requirement for DAQ
system is to be able to
integrate a multiplicity of
detector types and
approaches

Unify the “look and feel”
within the electronics DAQ

31



Neutron Detector Type Number of Channels Front-End

MWPC ca. 10 ca.20k

MWPC ca. 10 ca. 15k

Uil ( ; \ \ EUROPEAN
SPALLATION

VMM3A SOURCE

MWPC ca. 10 ca. 6k VMM3A

MWPC VMM3A

ca. 10 ca. 4k

GEM ca. 1000 ca. 15k VMM3A

MWPC <100 400k
Have managed to settle on 3 main front ends for 13/16
instruments:

MWPC <100 165k

HEIMDAL - MWPC <100 250k

_- - b ;
BIFROST - Tube >1000 ca. 100
VESPA - Tube >1000 ca. 100

e CAEN R5560 for detectors using charge division
(He-3 PSDs and Boron Straws). 4 instruments.

e CIPIX for diffraction detectors using CDT Jalousie
detectors. 3 instruments.

MIRACLES Tube >1000 ca. 100 ] ] ]
e VMMS3A for Boron wire detectors (MultiGrid,
“- ciiintor VA 25000 IDEAS/IDE3465 MultiBlade and GEM detectors). 6 instruments.
Various N/A ca. 1M TIMEPIX4
MWPC >100 40 Delay Line + Custom FPGA
Beam Monitors Various MWPC/GEM/IC 1-100 50 Discrete Preamp / ADC

OHWR FMC-ADC-100m14b4Cha

- - - - o

32
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Detector Electronics Integration Models SPALLATION
DETECTOR FRONT END : DATA COLLECTION * ESS GLOBAL ©¢ COTS
(OR BEAM MONITOR) (DIGITIZATION) : (INTO MODULES) : INTERFACE | COMPUTING

_______ ) : . neri
S = FPGA Data Collection Gsa(e:kc
Ere BOARD ADAPT - Signal Processing -
S =gle
FE FPGA
BOARD ADAPT

C

=
BOARD

Generic
Back
End

Data Collection

Signal Processing

Generic
Back
End

Data Collection
Signal Processing

e X
i 1 Data Collection Gsneliic
- 1 Signal Processing EanCd
XX
. "
= i Data Collection Sgecilc
e i Signal Processing Eé:%
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EEEQLE‘E%N Data: Calculation, Simulation, Prototype Data

* As you have heard, simulation is a very powerful tool

o ... but the computer will always lie to you ... Analytical

Calculation
Simulation

e Data from prototype tests is golden

* Lack of ability to trigger independently on the neutron
means some degree of arbitrariness in defining the
measurement

® Checking that your measured data is correct is
complicated

e Additionally, always try and calculate analytically or
“back of envelope” what your expectation is
® (Or at least upper and lower limits)

Data from prototypes

e Use all 3 of these together to understand the
performance of your prototypes

® Expect “features” and non-agreement and investigate
them

® [terative




Definitions and Standards ConL Lo

SOURCE
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Detector Rate and Data Rate SPALLATION

SOURCE

River Network

Important to define what is meant by rate when it is quoted: 1

Global time-averaged incident/detection rate: the total
number of neutrons per second entering/recorded by the
entire detector

Local time-averaged incident/detection rate: the total 1
number of neutrons per second entering/recorded in a
detector pixel, channel or unit

Global peak incident/detection rate: the highest
instantaneous neutron incident/detection rate on the whole
detector

Local peak incident/detection rate: the highest
instantaneous neutron incident/detection rate on the
brightest detector pixel, channel or unit

Schematic drawing ICS (timing/slow control) DMSC (science data)
. Stefanescu et al., JINST12 (2016) PO1019 X i
Gb/s 2 x 100 Gb/s
Backend Master
. Internal Routing and Aggregation
Any DAQ system is vulnerable to x ‘ |
“flooding” at any point in the system e i J ez s J wre |
Importqnt to with realistic data as much| | " ! [2x6Ghr:
as pOSS]ble . AZSiSEer and FEA [+~ FEA [+ FEA FEA [« FEA [+ FEA FEA [« FEA [+ FEA
Pattern & quantity darEr el e B e Em B ... B S
VMM hybrid  x 400 MB/s
ADC ADC ADC ADC ADC Apc 7.3 MHits/s ADC ADC ADC
4 MHits/s

Detector Channels

Readout Architecture is described in BrightnESS Deliverable D4.1:
https://dx.doi.org/10.17199/BRIGHTNESS.D4.1




 En Diffraction

Sizes probed = “atomic structures” = 0.1 nm - 10 nm

\ .
N 4 4
\ / //
/ /

o\ / dsin®

Position and intensity of diffraction peaks gives atomic positions




Detectors are tools

Basically, in some form, T 1
you want to measure mend -
Bragg’s equation -
Ak

nA = 2d sin -

i r

=

Define the neutron wavelength wijth your instrument design

Detectors allow you to measure theta

It means that you can calculate “d”

Therefore the detector should be designed to give you the most
appropriate measurement of scattering angle for a instrument class

EUROPEAN . L5 <D &,
*. SPALLATION (3
& SOURCE

“horses for courses ”

3n







Selecting phase space ...

Pre- and post sample A distribution (McStas)

10°% ater sample, 2m collimation ® PreSender
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o
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...
8888888882222%%000000. . ° e PostSample
' @000 @ ::::.. oo0q 7Y
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180

Scattering angle [deg]
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40

20

What does data look like?

Neutron Diffraction

IIIIIIIIIIIIIIIIIIIIII

Il]l

L

1

Pk

)
\ I

"Ij ) “.f‘!‘f'r‘ h .‘u |

| "'I‘_ "\i : LA '
IlIllllIllllIllll]llllIllllllllllllll

0

1 2 3 4 5 6 7 8
Wavelength [A]  (Time of flight)

Powder Diffraction

=S AN P2

14 28 42 (3.409 A, 134.4 ms) 21 35 49 (2.809 A, 110.8 ms)
15 29 43 (3.309 A, 130.5 ms) 22 36 50 (2.739 A, 108.0 ms)
16 30 44 (3.215 A, 126.8 ms) 23 37 51 (2.672 A, 105.4 ms)
17 31 45 (3.124 A, 123.2 ms) 24 38 52 (2.608 A, 102.9 ms)
18 32 46 (3.040 A, 119.9 ms) 25 39 53 (2.548 A, 100.5 ms)
19 33 47 (2.959 A, 116.7 ms) 26 40 54 (2.489 A, 98.2 ms)
20 34 48 (2.882 A, 113.6 ms)

1.800 to 2.019 Angstroms
2.019 to 2.237 Angstroms
2.237 to 2.456 Angstroms
2.456 to 2.675 Angstroms
2.675 to 2.894 Angstroms
2.894 to 3.112 Angstroms
3.112 to 3.331 Angstroms
3.331 to 3.550 Angstroms

EUROPEAN
SPALLATION
SOURCE

LT T

27 5379 (1.812 A, 71.4 ms)
22 43 64 (2.236 A, 88.2 ms)
18 35 52 (2.752 A, 108.5 ms)
17 33 49 (2.920 A, 115.1 ms)
19 37 55 (2.602 A, 102.6 ms)
15 29 43 (3.327 A, 131.2 ms)
27 52 77 (1.856 A, 96.4 ms)
26 50 74 (1.933 A, 76.2 ms)
24 46 68 (2.103 A, 82.9 ms)
22 42 62 (2.306 A, 90.9 ms)
21 40 59 (2.424 A, 95.6 ms)
20 38 56 (2.553 A, 100.7 ms)
28 53 78 (1.833 A, 72.3 ms)

Protein Diffraction

Data is sparse and peaky

42
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What does data look like? SPALLATION
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Reflectometry, Small Angle Scattering, Spectroscopy

2.0
18 400 .
1.6 -
4
1.2 g —— Multi-Grid (100 meV)
1.0 % -=-- 3He-tubes
08 £ :
0.6 - )
0.4 = ‘\\
0.2 —200
0 N )
5 10 15 .
ToF (ms) 400 Wy ,,l
3 —400 —200 . (I(;lm) 200 400 B ,
10 it
« Small Angle Neutron |I|i|| |
1 Scatterin g ~40 -20 0 20 40 60 80 100
| 3 " E - Er[meV] delta(Time of flight)
0 2 4 6 8 10 12 14 10° SpeCtroscopy
neutron wavelength (A) (Tlme of ﬂlght)
Reflectometry Different types of instruments have very

different data characteristics 43



Scientific Results from CRISP: Scattering from
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Fe/Si Supermirror

Results Off-specular scattering from Fe/S1 supermirror

F. Piscitelli et al, Journal of

) Specular Reflectivity
Instrumentation13 P05009 (2018)

All features have been clearly identified

arXiv:1803.09589 0.14
G. Mauri et al., Proc. Royal Society J 0
A474 (2018) 20180266 0.12 10 h
arXiv 1804.03962 Technology
o1 demonstrated,
o ready for
Supermirror edge — 3 deployment
(m=3.8) = =
o z
noe 102 E
Correlated roughness _
domains from the layers 004 - No Transmitted beam,
' total reflection
3
002 g '/ 10 Spin-flip scattering signal,
Si edge from the layers
0 | |

-0.04 -0).02 ()
pips [A1]

Transmitted beam
through the sample
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Detector Data Acquisition System




Data Acquisition Chain for ESS Instruments @

Most detectors for instruments are provided by in-kind partners

The integration of the DAQ for the instruments is done at the backend readout electronics
e Upstream the DAQ looks different for different instruments.

e In general ESS instruments have a very high number of channels

e However there was a desire to reduce the number of integrations: 3 main types.

e Downstream, there is a compute layer (the EFU: event formation unit) to form the events

e Aim is to do whatever can be done in standard PCs is done (i.e. reduce development effort in
the electronics).

e Integration includes facility time (ICS timing) and slow control (EPICS)

Maintenance:

e Integration needs to be as simple as possible to reduce level of effort needed.




brightness

7 Y Detector Electronics G@ soanon

« Standardised Instrument Data Acquisition at the Electronics Backend: All instruments will use the "Master Module" using a commercial
FPGA dev board (VCU118)

« Front-ends handled using 12 data rings of “assistor" boards
o Facility ("accelerator”) timing distributed to the front-end via the rings

Software layer:
Schematic drawing ICS (timing/slow control) DMSC (science data) ) ]
T . Event Formation Unit
Backend Master l
Master Module Internal Routing and Aggregation
» MFE |e——— ——p MIFE |t 12 rings —p MIFE  |e=
_ 4 4 v v v
ASSISter andl FEA [T FEA [*—>| FEA FEA [*> FEA [+ FEA FEA [*® FEA [*™| FEA
adapter | b-—|| - - - b +—---1 - pF-- }----
FEE FEE FEE FEE FEE FEE o000 FEE FEE FEE
VMM hybrid
ADC ADC ADC ADC ADC ADC ADC ADC ADC

Detector Channels

47
Readout Architecture is described in BrightnESS Deliverable D4.1:
https://dx.doi.org/10.17199/BRIGHTNESS.D4.1



FMC+
(24 x GTY)

User Clock Input SMAs

SYSMON Header

USB-JTAG Connector
JTAG Header
USB-UART Connector

Samtec FireFly Interface
(4 x GTYs)

QSFP28
(4 x GTYs)

QSFP28
(4 xGTYs)

brightness

Science & Technolog
@ Facilities Council

EUROPEAN
SPALLATION
SOURCE

Master Module

(101 00/1000%3?1?#2&«1 Ethernet) RLDRAMS T2-bit XCVUSP-LGA2104E
1l (2 x 36 Components) FMC « Standardised Instrument Data Acquisition at
] SRR G- usere0s LN Electronics Backend: All instruments will
use the "Master Module" using a commercial
A _ 'l FPGA dev board (Xilinx VCU118)
O '35:03.44:5A 1%
Pmod Headers
> e B 9 o : _ f— PMBus Header

= - sy SN d ',_;: éa ‘: ¢ - '::'
1'-“--'-"==¢C Xllj o  VRIEXS

FOULIR ML fasien 101 u

01 ’lu; 37

QSPI Flash User Push Button
I Memory Switches
DDR4 80-bit PCle Edge Connector DDR4 80-bit
(5 x16 Components) Gen3 x16, Gend x 8 (5 x 16 Components)
Bottom Side of Board (16 x GTYs)




ESS Readout Architecture (VMM Implementation) C(f spaLLATN

‘ DMSC (science data) ‘ ‘ ICS (timing/slow control) ‘

| I

VCU118 Backend Master

KC705 Assistor |« - KC705 Assistor }—— » KC705 Assistor
Hybrid Hybrid o000 Hybrid o000
Up to 31 Up to 12
VMM | VMM VMM | VMM VMM | VMM .
nodes rings

Detector Channels

Steven Alcock, Detector Group, 25th March 2022



EUROPEAN
detector readout with VMM I

Readout chain NMX righiness B

KC705

Frontend Assister card (FEA) (IRCYNEVA DAQ software

: Event
SWItCh = L Formation

Gd-GEM Kintex 7

2x 100 Gbit/s U”i[t)l(\i';g)
Ethernet (data) at

: FMC to
Readout strips HDMI

Ring 1

card, max.

5 hybrids VCU118
Ex Backend

Master
module

Connector

Ethernet

RD51 hybrid (config)

Ring n
LVDS - HDMI cable
2 x 400 Mbit/s

Power (data/config) Fibre 2 x 6 Gbit/s
(data/config)

Ring 12

MAAAAAAAAAAN
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ICS EPICS Slow Control Integration 1/2 SPALLATON

« Averysimple UDP-based Ethernet protocol has been implemented on the backend
Master for configuration and monitoring of the entire readout system.

« UDP was selected instead of TCP for ease of firmware implementation. A Master-Slave
configuration is adopted whereby the EPICS IOC is the Master, and every command
must be acknowledged by the backend Master (which is actually the slave in this
context). In other words, link reliability is achieved in the application layer of the stack.

« Each Instrument will have a dedicated I0OC and a dedicated backend Master,
provisioning a 32-bit address space for each readout system.

« The backend Master forwards read/write requests to the relevant register based on the
address.

e To reduce cabling and simplify grounding, read/write requests to registers on front end
nodes are sent over the same 8B/10B fibre used for timing distribution.

« ICS have implemented a baseline IOC which handles generic read/write requests, and
are actively working on Instrument-specific functionality.

Steven Alcock, Detector Group, 25th March 2022



ICS EPICS Slow Control Integration 2/2 C sPALLATON

1 Gb Ethernet

EPICS IOC Server
UDP Stack |< >

Backend Master

Local registers |

| Address Mux ‘

Steven Alcock, Detector Group, 25th March 2022

Ring O Ring 11
Slow control 00 Slow control
orotocol orotocol Rggister Space Base Address Range
Ring O 0x0000_0000 256M
Ring 1 0x1000_0000 256M
Ring 2 0x2000_0000 256M
B/10B Fibre links Ring 3 0x3000_0000 256M
Ring 4 0x4000_0000 256M
Ring 5 0x5000_0000 256M
Ring 6 0x6000_0000 256M
Front End Assister Node O \H{\t End Assister Node N Ring 7 0x7000_0000 256M
Ring 8 0x8000_0000 256M
Slow control Slow control Ring 9 0x9000_0000 256M
protocol protocol Ring 10 0xA000_0000 256M
Local registers Local registers Ring 11 0xB000_0000 256M
Ring Config 0xCO00_0000 4K
Board Config  OxC000_1000 4K
DMSC Config  OxC000_2000 4K
Timing Config 0xCO00 3000 4K
100 G Config  OxCO00 4000 8K
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DMSC Neutron Event Integration 1/2 SPALLATION

SOURCE

« The standardised “front end assistor” (FEA) firmware makes the ESS clock and
timestamp available to the rest of the Instrument-specific “front end electronics” (FEE),
which is responsible for detector data acquisition and signal processing.

« Timestamped neutron event data is transmitted over the 8B/10B fibre links to the
backend Master.

« Each fibre ring can support approximately 10 Gbps: a 12-ring system can theoretically
egress approximately 120 Gbps.

« The backend Master aggregates this data into jumbo frames associated with the
current 14 Hz ESS accelerator pulse time, and these jumbo frames are then sent to the
DMSC Event Formation Unit via UDP packets over one or two 100 Gb Ethernet links.

Steven Alcock, Detector Group, 25th March 2022
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DMSC Neutron Event Integration 2/2 SPALLATION

Backend Master 100 Gb Ethernet DMSC EFU Server
‘ Packet Mux I >
UDP Stack UDP Stack
Frame Buffer Frame Buffer
Ring O 000 Ring 11
Data protocol Data protocol

8B/10B Fibre links

Front End Assister Node 0 Front ﬁ}{Assister Node N
Ring data Ring data
protocol protocol
Local DAQ/DSP Local DAQ/DSP

Steven Alcock, Detector Group, 25th March 2022
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VMM | nteg ration TV

« The VMMS3A is the primary choice of ASIC for the MultiBlade, MultiGrid and NMX
detectors in order to satisfy high channel count requirements.

o Significant development (the VMM Hybrid) already undertaken by CERN RD51 to read
out and control this ASIC, but targeting the SRS readout system.

e Best solution in terms of design-reuse is to implement the FEA logic on a separate
FPGA board — a so-called “Assistor Board”:

e The current assistor board is a commercial off-the-shelf Xilinx development board (the
KC705).

« The SRS FEC firmware has been ported to the KC705, allowing the VMM hybrid to be
controlled and read out using existing firmware. A new interface has been written to
the ESS assistor logic.

« This work does not preclude the use of custom solutions in the future with smaller
size/weight/power/cost.

Steven Alcock, Detector Group, 25th March 2022
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Front-End Integration for ESS Instruments SPALLATION

SOURCE

Assister Specification Document (;‘ SPALLATION Front End User |nterface

Chess document: ESS-2055809 e I -
. Clock & Timestamp
M AXI4-Stream
<« :
S , Ring (Backend)1 = ! Clock > ,,=
* FEA assister is an FPGA which 9 ) . . A——
. . | - Y\
glues the integration together -] Configuration '
, < AXI4-Lite >
* FEA (front end assister) N v
f1rmvyare communicates with 5' Neutron Data
the ring/backend 5
» FEE (front end user firmware) i <AX'4'Stream
communicates with frontend S
ASIC like VMM3a or ADC FE Assister User
- FEA and FEE part of firmware Firmware
communicate via AX|4 streams ﬁ
For FE integration models see & Science & Technology
BrightnESS Deliverable Report: D4.1 — Integration Plan @ Facilities Council 18

for Detector Readout. Scott Kolva et.al. 2017
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Front End Electronics: VMM3A ASIC .) SouRCE

VMM3a is the 4th version of an ASIC developed by Brookhaven National lab for the ATLAS New

Small Wheel upgrade at CERN

ASIC developed to read out Micro Pattern Gaseous detectors (MPGD)

ASIC is high rate, sub-ns time resolution

RD51 VMM3A hybrid common ESS-CERN project: successful
integration of the VMM3a ASIC into the CERN Scalable Readout
System (SRS) during BrightnESS

7.3 Mhits/s per VMM3a ASIC

Per single VMM3a channel 4 Mhits/s

Works well also for wire-based gaseous detectors

ih
140 —way HRS connector FX10A

analogue signals VMM2 U9 (Flash) / channel 127

3 | G
HDM'\., ..

Master/slave ‘

J4 optional ke i
AUX power " ¢, SICUEEENEERY %
: 28 xinput AC

¢ Coupling and

and spark
protection network

J10 (JTAG -12C)

u1's FPGA | S
partan L s © . }UZ ¢h, 0-63

. ma

HDMI default 2% VMM3a ASICs
analogue signals VMM1  below glob top

channel 0
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A\

dgro-vmmd4.cslab.esss.lu.se:1 (stevenalcock) - Remote Desktop Viewer

Remote View Bookmarks Help

VM M Inte g ration =& Comnect | «» G 2 [ B SendCtrl-Alt-Del

Places

4% Applications

Wireshark Network Analyzer

*pdpl [Wireshark 1.10.14 (Git Rev Unknown from unknown)]

File Edit View Go Capture Analyze Statistics Telephony Tools Internals Help

o Dataseen from VMM input ©©e 4 BEREXGC Q¢>2%vay BB sl EBMER
C h a n n e I th ro ug h to d ata eg reSS Filter: v | Expression... Clear Apply Save
No. Time Source Destination Protocol Length Info

from M aster M Od u | e 1 6.000000000 192.168.1.5 192.168.1.100 ESSR/VMM3A 8992 Source port: bctp Destination port: cslistener
2 0.000006145 192.168.1.2 192.168.1.1600 ESSR/VMM3A 8992 Source port: bctp Destination port: cslistener
° Th ro ugh d ata ri ngs 3 0.000635090 192.168.1.2 192.168.1.100 ESSR/VMM3A 8992 Source port: bctp Dest%nat%on port: csl%stener
4 0.000651062 192.168.1.5 192.168.1.100 ESSR/VMM3A 8992 Source port: bctp Destination port: cslistener
. . 5 0.001287267 192.168.1.2 192.168.1.1600 ESSR/VMM3A 8992 Source port: bctp Destination port: cslistener
E nd-e nd data N elect Fronics 6 0.001311423 192.168.1.5 192.168.1.160 ESSR/VMM3A 8992 Source port: bctp Destination port: cslistener
7 0.001936822 192.168.1.2 192.168.1.1600 ESSR/VMM3A 8992 Source port: bctp Destination port: cslistener
8 0.001953035 192.168.1.5 192.168.1.100 ESSR/VMM3A 8992 Source port: bctp Destination port: cslistener
= 9 0.002587484 192.168.1.2 192.168.1.100 ESSR/VMM3A 8992 Source port: bctp Destination port: cslistener
4 > 10 0.002607622 192.168.1.5 192.168.1.1600 ESSR/VMM3A 8992 Source port: bctp Destination port: cslistener
1 i S 11 0.003238650 192.168.1.2 192.168.1.1600 ESSR/VMM3A 8992 Source port: bctp Destination port: cslistener
R i ) 12 0.003241928 192.168.1.5 192.168.1.100 ESSR/VMM3A 8992 Source port: bctp Destination port: cslistener
\_R \ » \ ¥ y 13 A AA3RRARA7 192 1AR 1 2 192 168 1 10A FSSR/\V/MM3A R992 Snurce nnrt: hetn  NDestination nort: cslistener

» Frame 1: 8992 bytes on wire (71936 bits), 8992 bytes captured (71936 bits) on interface ©

» Ethernet II, Src: 0e:05:05:00:00:05 (0e:05:05:00:00:05), Dst: 04:3f:72:f2:f1:32 (04:3f:72:f2:f1:32)

» Internet Protocol Version 4, Src: 192.168.1.5 (192.168.1.5), Dst: 192.168.1.100 (192.168.1.100)

» User Datagram Protocol, Src Port: bctp (8999), Dst Port: cslistener (9000)

» ESSR Header

» Readout 1, Ring 5, FEN 1, VMM: 1, CH:56, Time 1614073922 s 96146358.75 ns, Overflow 1043, BC 103, OTHR 1, ADC 145, TDC:104 GEO ©
» Readout 2, Ring 5, FEN 1, VMM: ©, CH:45, Time 1614073922 s 96146358.75 ns, Overflow 1043, BC 103, OTHR 1, ADC 144, TDC:114 GEO ©
» Readout 3, Ring 5, FEN 1, VMM: 1, CH:59, Time 1614073922 s 96146358.75 ns, Overflow 1043, BC 103, OTHR 1, ADC 131, TDC:104 GEO ©
» Readout 4, Ring 5, FEN 1, VMM: 1, CH:60, Time 1614073922 s 96146358.75 ns, Overflow 1043, BC 103, OTHR 1, ADC 140, TDC:113 GEO ©
» Readout 5, Ring 5, FEN 1, VMM: ©, CH:47, Time 1614073922 s 96146358.75 ns, Overflow 1043, BC 103, OTHR 1, ADC 142, TDC:120 GEO ©
» Readout 6, Ring 5, FEN 1, VMM: 1, CH:63, Time 1614073922 s 96146358.75 ns, Overflow 1043, BC 103, OTHR 1, ADC 127, TDC:105 GEO ©
» Readout 7, Ring 5, FEN 1, VMM: 0, CH:49, Time 1614073922 s 96146358.75 ns, Overflow 1043, BC 103, OTHR 1, ADC 140, TDC:111l GEO ©
» Readout 8, Ring 5, FEN 1, VMM: 0, CH:51, Time 1614073922 s 96146358.75 ns, Overflow 1043, BC 103, OTHR 1, ADC 136, TDC:128 GEO ©
» Readout 9, Ring 5, FEN 1, VMM: 0, CH:53, Time 1614073922 s 96146358.75 ns, Overflow 1043, BC 103, OTHR 1, ADC 137, TDC:119 GEO ©
» Readout 10, Ring 5, FEN 1, VMM: 0, CH:55, Time 1614073922 s 96146358.75 ns, Overflow 1043, BC 103, OTHR 1, ADC 128, TDC:115 GEO ©
» Readout 11, Ring 5, FEN 1, VMM: 0, CH:57, Time 1614073922 s 96146358.75 ns, Overflow 1043, BC 103, OTHR 1, ADC 128, TDC:133 GEO ©
» Readout 12, Ring 5, FEN 1, VMM: 0, CH:59, Time 1614073922 s 96146358.75 ns, Overflow 1043, BC 103, OTHR 1, ADC 128, TDC:137 GEO ©
» Readout 13, Ring 5, FEN 1, VMM: 0, CH:61, Time 1614073922 s 96146358.75 ns, Overflow 1043, BC 103, OTHR 1, ADC 132, TDC:115 GEO ©
» Readout 14, Ring 5, FEN 1, VMM: 0, CH:63, Time 1614073922 s 96146336.25 ns, Overflow 1043, BC 102, OTHR 1, ADC 124, TDC: 64 GEO ©
» Readout 15, Ring 5, FEN 1, VMM: 1, CH: 0, Time 1614073922 s 96238518.75 ns, Overflow 1044, BC 103, OTHR 1, ADC 144, TDC:122 GEO ©
» Readout 16, Ring 5, FEN 1, VMM: 1, CH: 1, Time 1614073922 s 96238518.75 ns, Overflow 1044, BC 103, OTHR 1, ADC 138, TDC:119 GEO ©
» Readout 17, Ring 5, FEN 1, VMM: 1, CH: 2, Time 1614073922 s 96238518.75 ns, Overflow 1044, BC 103, OTHR 1, ADC 134, TDC:115 GEO ©
» Readout 18, Ring 5, FEN 1, VMM: 1, CH: 3, Time 1614073922 s 96238518.75 ns, Overflow 1044, BC 103, OTHR 1, ADC 152, TDC:113 GEO ©
» Readout 19, Ring 5, FEN 1, VMM: 1, CH: 4, Time 1614073922 s 96238518.75 ns, Overflow 1044, BC 103, OTHR 1, ADC 146, TDC:112 GEO ©
» Readout 20, Ring 5, FEN 1, VMM: 1, CH: 5, Time 1614073922 s 96238518.75 ns, Overflow 1044, BC 103, OTHR 1, ADC 151, TDC:129 GEO ©
0000 04 3f 72 f2 f1 32 e 65 05 00 00 05 08 00 45 00 AL 2.0 L. E.

0010 23 12 60 00 00 00 05 11 Of 22 cO a8 01 05 cO a8 #....... e,

0020 01 64 23 27 23 28 22 fe 00 00 00 00 45 53 53 48 Ld#'#(". ....ESSH

0030 f6 22 05 02 42 dO 34 60 33 78 60 00 42 dO 34 60 ."..B.4" 3x .B.4°

0040 f9 7f 00 00 53 20 00 60 65 01 14 00 42 dO 34 60 ....S .. ....B.4

0050 27 68 82 00 67 00 91 80 06O 68 01 38 05 01 14 00 ‘h..g... .h.8....

0060 42 do 34 60 27 68 82 00 67 00 90 80 00 72 60 2d B.4 'h.. g....r.- 59

0070 05 01 14 00 42 do 34 60 27 68 82 0O 67 00 83 80 ....B.4" 'h..g...

O # File: "/tmp/wireshark_pcapng_p4p1..

Packets: 400 -

Displayed: 400 (100.0%) - Dropped: 0 (0.0%)

[ ‘E’ stevenalcock@dgro-vmm4:~/q... i ‘ *p3pl [Wireshark 1.10.14 (... ‘VMM3aApcapng [Wireshark 1... || g~ Vivado Lab Edition 2019.1 ‘ *p4pl [Wireshark 1.10.14 (..
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Engineering the whole system ...
It's not just digital ...
... or only about data transport and manipulation ...

‘-
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ca. 1-2m services path from VMM3As to Assistor crate
Detector rack ca. 15-20m distant




Backend Readout Electronics @

Electronics DAQ system works
Electronics DAQ system scales
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MultiGrid

VMM3A and assister inside
electronics box
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from electronics box to
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CSPEC [

MultiGrid dete

Aim: Testing
detector on LE

Status:
2X2 day test in M
Vessel ready
Coatings, Blade ¢@8
Preparation for g3
Successful mock|

Aim: final S
for constru e



MultiGrid Electronics Box

Assistor board 2

Assistor board 1

EMI shielding on top of 2x VMM hybrids
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. VMM3a with black cooler, without fan
D: Steady-State Thermal_Aluminium1050

Temperature

Type: Temperature
Unit: °C

Time: 1

60

55 e o0 o =1

56.761 Max
52.902
49.042
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22.028
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i
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Temperature [C]
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35
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D: Steady-State Thermal_Aluminium1050
Temp_Distribution_PCB

Type: Temperature

Unit: °C

Time: 1
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41324
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29746
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7 |
one Zone Entry Point (ZEP)

P . c ‘ boundary
r I n C | p e Distribution Panel Conductive structure
= T T
ke] L1 : :
Sensitive part of detector will be § L2 L | I |
surrounded by Faraday cage o _ 'L\f’ | , i
w) i | S 1 PB
. = PE - \ I ; """"""" |
i.e. Faraday cage encompasses from o PE ' : ; Generalised Load
voltage supply (in rack) through detector w L ! |
sensitive element, through to Front End | :
ASIC : N .
: T PB/
: ! FB/EMC
For NMX this Faraday cage encompasses ! :
the detector module, | : Noisy Load Detector array/
As this is the metallic object that surrounds SERN ! ' Sensitive Load
readout plane NN T T | rTTTTT rTT T T
Therefore this should be isolated from : EEE , ' PE | Notel1 7777 " Note 2
robot/support | BR B : | i |
| | | { 1 L . —_—— i =
| | | | I '
It is always wise to forsee bonding points at ! | | B ! B
all isolated points - as it may be necessary ! ] | | Cabinet
to connect later | e n B e W
: ue B ] PB
Details of NMX grounding will be drawn up ! R BEEREEE I
. ! { ' { { 1
Autumn this year ' pE | | BB !
I I
I B o e o o e e e e e e G G e G G G e G G S e e G e e e

NB Faraday cage
Note 1: This detector-corresponding part is supplied by its own UPS and therefore galvanically

separated from the cabinet.
Note 2: The detector-complex is isolated from everything except the PB/FB connectors shown.

Figure 9 Principle drawing of earthing and bonding in a generic zone. ZEP in orange frame.



NB Caveat: indicative. R k DRAFT NOt f|na| B Switches/patch panels to provide access
This diagram is not ac ( : : l< i _ to networks for timing distribution, event
. : | " data, and controls. Only routed in via
uptodate.. _ electronlcs [ J< optical fibre.
New version coming [ Control Box I
o The standard detector rack is [ MRF IFB300 V. ‘B
NB all networks, & similar considered part of the readout 1 | | _
will be obtically decoupled back-end. - Server to act as controls interface and to
P y P host the PCle Event Receiver (EVR) and
o an interface board ("IFB300") to provide
B S timing signal to ESS back-end readout
system.
Power and ground
Prototype Rack exists in Utgard and Mas’c[)eertel\(;ltg;jﬁlzd-om
it is starting to be populated to Up 1o eight (8) horizontal units in th
: : ; p to eig orizontal units in the
determine Conﬂguratlon The ESS readout back-end All' LV HV to detector upper frame will host the multichannel
Exar_npl for LOKI provides a common interface for Low and High Voltage system, supplying
detector front-ends including CAEN (or Wiener) multichannel system e.g. bias for the detector(s).

controls and time distribution.

Six (6) horizontal units of Space | | § | = T ——————
in the lower frame are reserved
for the double-converting
Uninterruptable Power Supply
(UPS) which will be grounded <.
through the mains input and

supply floating ground for all

downchain detector electronics.
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Some Final Thoughts ...
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Mood Message for the Development so far ... ESE&TT’?SN
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® Development time is long: typically 10 years from
conception to utilisation
® Solve challenges one at a time, and remain calm



) sz, Time from first proposal of a neutron source to
operation at full specification

KH Andersen & CJ Carlile 2016 J. Phys.: Conf. Ser. 88 Proc ECNS Zaragoza 2015
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Collaborations for Construction Phase %

Big projects are very very difficult

Berlin airport ...
*Every military contract ...
*Your local hospital ...

It’s not going to be smooth ...
... don’t worry about this months crisis ...

\* ‘- Focus on the goal and the vision and work towards
'_"“.'- < thIS
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2013-4 Proposal Round |. . ] ] i
et Supmison | || = *Here is the timeline for a thermal
A Deesoiom| %_ chopper spectrometer with one concept
Instrument Construction E for deteCtor teChnOIOgy
Phase 1: Conceptu%élgzstzg% ,,,,, ;
Phase 2 Detallog oarss| % *note: 10 years from concept to
Csatlotion| t»—% (potential) utilisation
Ready For Hcoji? %?75%?81;;%% """ -
Detector wem *note: neither the proof of concept nor
Multi-Grid DeveIO;mznt __ . p . p
Proof of Concept - construction phases dominate the
Prototype 2| Ny i . .
Do o P [ timeline, but rather the numerous
esign Optimisation | — Hn . .
IN6 Demonstrator
ING Demonstator | = prototyping and demonstration phases

Optimisation for Bispectral Instrument
Design for ESS Instrument

Report| ® Design friction: Only review decisions made if you
Technology Demonstrator | ‘@ t . tlm en %r,
Ready for Deployment| JUS IN -] rea"y rea"y need to
* | have seen many systems redesigned without any need
to ... wasted effort.

Performance and Costing Report| —lfi’% |n between

Detector Construction | .
Final Design Verification | 1
In-Kind Contracts HH

Coatings

Mechanics

Assembly

Testing

Final Electronics Design
Electronics Production

Electronics Testing | S H ® Get it Worklng - keep it Worklng -
Detector Integration and Calibration | . .
Installation and Commissioning | % o Clnd fhen Onl)’ fhen |mprove it 74
Detector Ready For Neutrons -
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An aside on Project Management ... SPALLATION

SOURCE

[20101[2011 ][2012][2013][2014 ][2015 (2016 [2017][2018 ][ 2019 [[2020]

2013-4 Proposal Round

N R — * You must to use “waterfall” project management
k=

2013-4 Proposal Selection
Instrument Decision PY (G antt Charts, etC) .
* Most appropriate for “known’” builds

Instrument Construction
Phase 1: Conceptual Design

Tollgate 2
Phase 2: Detaih%g l]l)eSig%’ %4;
ollgate > [ ] h
Construction bﬁl eg O u Se "
Installation

Commissioning

Ready For F0BRissonize = * Focuses on immediate issues and critical path
Detector  Use it to make sure that decisions are made, and interfaces

Multi-Grid Development

" gy % L understood and to understand progress

Design Optimisation
IN6 Demonstrator
IN5 Demonstrator

Optiniatio o Bl Tt % - However, detectors are very much a hi-tech item ...
esign for nstrument

el Demonsenter || 4t in time? e - ... agile technique much better reflects actual work

Ready for Deployment

Detector Construction E m ethOdO Iogy

Final Design Verification

tnGind Contracts ﬁ * You don’t know what exactly you will achieve during R&D

Mechanics . .

Assembly - Be aware that this might better reflect day-day work

"Blectronics Production

Electronics Testing

Detector Integration and Calibration

Tostllation and Copunissioning - 3rd method: “successive principle”.

Detector Ready For Neutrons -

- * Focus on the goal, and work back from these.
» Use non-experts to evaluate schedule given by experts ...

» Making progress and getting things done is complex in big
projects ...
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® From "the mythical man month”

Jor measuring the size of @ job is @ dangerous and decepnve MYy L Many women are T '4Kes nipe ~** U8 Sche
M.andn:uhm WM‘“ to&wmomh"nomat

Men and months are interchangeable commodities only whe,  iracteristic because of the lequenﬂj anu:f%dgb..:: i"‘ y

‘u“ﬂhmmmymd&nmm%.
tion among them (Fig. 2.1). This is true of reaping wheat or pickjy,
cotmnhnotm.m:dmdymohymm%
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® From "the mythical man month”

for measuring the size of a job is a dangerous and decepnive Mym. Iy e Legy

implies that men and months are interchangeable. 1
Men and months are interchangeable commodities only whe,

a task can be partitioned among many workers with no communi,
tion among them (Fig. 2.1). This is true of reaping wheat or pickip,

cotton; it is not even approximately true of systems progr%

Months

Months

Men

| Time versus number of workers—perfectly partitionable




EUROPEAN

Tea MWO rk coe ® A pleasant working atmosphere ... SPALLATION
e A working culture that is open to diversity
® Creativity ...

SOURCE

A 7 t‘t -m. -rD; wl




SOURCE

Thoughts ... spnLaTn

o Detector & DAQ development takes time
« Very difficult to go from concept to beam line in less than a decade

e e.g. Multi Grid started 2009/10. On ESS instrument ca. 2024/25
o Detector development time >> Instrument construction time

o This should be our aspiration level for a (every?) decade ... :

« Computing and electronics have become

i l Rate Requirements

ubiquitous and very cheap
factor by which requirements .
Ememd [ | exceed state-of the-ar o Future detectors will be much more
imaging | S . :
1 10 100 1000 instantaneous designed around electronics
1=state-offthe-art . 7 Rate Capability (Iog) | o
nrase actor Resolution and Area Requirements « Don't divide DAQ &detector efforts
1 i (1,1) = state-of-the-art m
2+ e o eger « Simulation will play a much bigger role in
: o the challenge for detectors. .
ol e 'S ey Reflectometry  goupggl T ey inf e::\ll:ioenn . : H 1
; : : > factor « Specialisation and collaboration
1 2 3 4 ' converter
..and cost improvement of a factor ) Photons RN

of few ... H= cherge or

photons

> > » E disk / “dmsc-land”

amplify digitise algorithm =
gain order may be different, or step skipped =
“Converter” “Electronics”

“Detector”



Summary

* Every DAQ system has different requirements: “horses for courses”

® Used ESS as an example for how a data acquisition system is de5|gne
* What do you actually want to do with the DAQ system?
* What is important?

W A

® Optimise your time. Recycle what you can

* You will underestimate the amount of time for changes (
® Only change what you need to. |
* Don’t be afraid to take off the shelf solutions.

r,.*

®* What can go wrong?
® Remember: typically 10 years concept to implementation .
* Don’t forget all the engineering factors ... not just data transport ...

* Make sure that you define what you want to measure clearly and
unambigiously

® Publish whatgou do: too many of the best results remain forgotten and
are redone 3-10 years later

o It's all about people ...
cmd how they work with each other

ightn SS f nded b h n Union Framework Programme for
0, under grant agreement 676548
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