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Processing and Its Integration
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® Analog approach
® Digital approach
® Acquisition modes

® Integration within the sequencer
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Obtain a numerical or graphical representation
of the events arriving at the detector
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Store the data on a non volatile support
(e g. local hard dlsc orf‘ le server)
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@® Handle High Event Rate

® Minimize Dead-Time

® Accurate Timing
® High Data Throughput

® Synchronization With Other Operations
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¢ Digital

‘ Address: 0x7f66
[. Analog] ‘ Pulse-Shape: JL

A

‘ ‘Current/Voltage:

Phase: A\

N
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Digital 1/0

Sampling ADC

Peak-Sensing ADC

Digitizers

Multi-Channels Analyzers



Detector

Timing

L

Charge = Energy

Position and/or Trajectory
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DECAY TIME
RISE TIME

PREAMPLIFIER

k IpE,q.;; AMPLITUDE = EMERGY
SHAPING AMPLIFIER

FAST AMPLIFIER

ZERO CROSSING
CFD
This delay doesn' dapand
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® Analog approach
O Digital approach
® Acquisition modes

® Integration within the sequencer
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Samples >

Very high throughput of data

ACQUISITION WINDOW

. Requires DPP to reduce flux
F oy —_
T to relevant quantities
jam  hhhihiy MMMMMJMMMM
Sampling Clock
TRIGGER
PRE POST TRIGGER = Time
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- Noise and base-line variation can generate bad triggers

== LOSs of pulses due to pile-up

Missed Pulse

Bad Trigger

e el T e e e e i e e [l e e e e i e e e | TSN

+

Input Signal

Triggaf

= Time
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‘ RC filter (mean) for high frequency noise
+ CRN filter (derivative) for low frequency noise

s Transform signal in bipolar for better timing (zero crossing)

Threshald

Eﬁr 1‘ 1‘ - i




il

NEUTRONS
FOR SCIENCE @

INFUT -
T
1T e

CR Filter ﬂ yd .

1* darivative | S— —
T
(1T &
CR’ Filter:
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Precise time determination independent
from pulse height
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A trapezoidal filter

transform typical
exponential decay signal
e o s Into a trapezoid whose
height is proportional to

the amplitude of the pulse

[l S peaking area

TRAPEZOID

———————————

Moving Average Window Size
for the calculation of the trap. baseline

A
\ 4
A
\ 4
A
\ 4

Trapezoid Rise/Fall ‘Trapezoid Flat Top (m)
Time (k)



------------------------------------------------------------------------------- MR SHOLD

ENERGY LIST

T

SAVE TO MEMORY (n pulses)

>
TIME

+ Classical approach would count only one pulse

Digital approach separates pulses as far as trapezoids
do not overlap
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Detection System Acquisition System
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% Low cost per channel and reliability.
% Low dead-time in the acquisition.

% Synchronization and correlation among several channels
(coincidence).

x All in FPGA, flexibility in tuning and calibration.

DISADVANTAGES

% Setting up the system requires time and a knowledge of the
relevant parameters.

% Loss of resolution with fast signals. We are limited by the bit
number and sampling rate.
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PowerPC VME based cards using PMC or MFCC

modules for multi-detector acquisition

1 LIVE
1 DISPLAY
RAW DATA : DN .
FROM B N
DETECTOR Aele =
STORAGE

Its main role is to rearrange the data according
to the user’s need before the final storage
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§* Motherboard: RIO2 - 8062
/ ® Clock: 400 MHz

®* Memory: 32 Mb

®* PMC: GPIO 8405

Data from detector

Readout from FIFO
(PCIl) and storage
in RAM




Mol el A

_ | sClock: 400 MHz
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® Motherboard: RIO3 - 8064

®* Memory: 256 Mb
®* PMC: MFCC 8443 (128 Mb)

Data from detector

Transfer FIFO -> cache

Transfer cache -=> RAM

il

DMA MFCC -> RIO3
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from the source to the

/ Events are arranged detector in channels
) ) as a f of time from an from 100ns to 100ms
Kinetic initial TOP in channels
from 100ms to 100s

- For each Kinetic time slice

o
® ToF - Kinetic the events are arranged
Events are arranged in in ToF
ToF and a number of
® ToF - Extern slices are generated
by an external signal i -
- Events are arranged in
. Doppler speed slices according to
Acquires energy the information delivered
/ by the Doppler drive
. En ergy spectra_ from peak-
sensing ADCs
— Full digital acquisition,
® DPP energy and time are

recorded in list-mode




Module
Spartan-2
40 Mhz

44 10 (2.5V)

Module
Virtex-4
100 Mhz

(3.3V compatible TTL)

71101

VAT

Pick-Up

Interface SSI

Interface
DOPPLER

Phase

Measurement
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O Integration within the sequencer
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Edit iew Hardware

Settings

& Devices

< M Bt3_617_1

b Bl a201s1 h.3)
. Rio2Acq_H [ch. 5]

RioZDPP_H

Plot

Post trigger samples %

Global parameters

Wersion 5.41b

Listmode size 16384 | Everts

[] List Mode  [] Inverse polarity

Input DC offset

Histogram @
Signals @

ADC resolution |‘15 bits T ‘ [[] Scope mode

Channel parameters

Rize time ns U8 pnuplot graph
Decay time 50000 | ns
Average window ‘.32 o] | 20000
— 15000
Baseline average ‘ 256 |3 |
) ) 10000
Peak average ‘ 64 2 |
' ) 5000
Trapezoid rise/decay 8000 [ ns %
> o
2
Trapezoid flat top ns =1
= -5000
it
Flat top dela: 1000 | ns =
P ceiay @ 10000
Sampling time ‘.10 ns | | 15000
) 1 -20000
Wrte param | | Readinfos |
-25000
-30000
4538.12, -44594.3
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Emulation Mode

Trapezoid

Input — 4
Peaking

Trigger —

2000 4000 EDOD 8000 10000 12000 14000 16000 18000

Time (1 sample = 10ns)
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Hardware

< & Instrumerts
[ E Acquiring data
b Axis
b Choppers
= 4 Instrumert settings
4, menitor1
(1, moritor2
o muti
€ Tie
(], Mesk
Sample Description
o Beamstop
é Tof Settings
b 4, Sample environmert
b o admin

] Parameter survey

;.
TofParameters

TOF parameters
Number of channels

Charnel wicth

Acquisition card
Channel wicth 0.00 s

Delay 0.00 s

File Edit View Help
e -
= 0 Instrumerts

b E Acquiring data
by Axis
b \Jp Choppers
=l Instrumert settings
\L monitor1
(1, monitor2
4, muti
& TotParameters
(’ Title
(4, Mask
Sample Description

B BeamStop

b g, Sample environment
b g admin

[ parameter survey

o’
é TofSettings

Wavelength

Chopper speed
15
Elastic peak postion E]

Number of channels

Chopper ratio

Nomad

Summary

Netran velocity

Pl 12000 RPM 96,00 *
P2 12000 RPM 117.81°
FO 9600 RPM 25.00 *
co 12000 RPM 6178
M1 12000 RPM 17383
] 12000 RPM 187
Time frame 12500ms

Analyser time frame 12473 ms

Channel width 12788

Delay 1397 08 s

aE [-0.00. 108 ] mev
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Nomad
File Edit \iew

Hardware
l-E IN16Settings
= & Instruments
3 E Acquiring data Doppler-

TOF parameters

e 1~ y . Summary
[ % Axis Set Doppler by | Speed & | mis [] With mirror sense

Actual wavelength 6.27 &
3 \’ Choppers o

Amplitude mm 000 mm Number of channels Actual AE 0.00 peV
v ¥ Instrument settings Actual Speed 0.00m/fs
N P E—— Amplitude 0.00 mm
U Title Speed profile ‘ Sine ol n 000
_i Instrumert Parameters —_— = 0.00 ps
[ osop | Status @ Resdy

3 dy Sample environmerit

b o admin

L] Parameter survey
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— Working
Area

Selectlon Wanted field Gauss Actualfield 0.000 Gauss
Area ] Enable regulation

4 o Alarms

< [l Experiment
» Experimentinfo

E Count

B8 RemoteAcquisition
E Scan KinEnergy

& scanq

v £)  ForLoop 200

@ For[ $i] = [ 0.0] to [ 0.0] D step 11 points Currentvalue 0.0 &3

| Com posite
Box

Execution

]
Control
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T As 7 = = T !
[emperature Watchdog

f/ Stable & Accurate

T Y
Temporary NUMOR NUMOR
Time ———>

@ Double Buffering

- Reduce the dead-time between successive acquisitions

- Allow high data throughput from acquisition electronics
to the final storage

- Necessary for list-mode (up to 1Tb per day)
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digital acquisitionsﬁ Which is the best?

& Examples of ILL's acquisitions

€ Implementation of acquisition functionalities
within the control software

Thanks for your attention
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