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Requirements for the vPRISM

Electronics with no dead-time.
Standard commercial ADC + pulse shaping.

FPGA processing to find PMT hits and calculate
pulse time and charge.

0.1-1250 p.e. dynamic range (challenging).
Distinguish hits that differ by 10s of ns.

Keep the costs low:
— Avoid split-gain system.
— Use slowest & least precise ADC that will do the job.



Simulation Purpose

* Check system performance with various shapers, ADCs
(Fs and Ng,..) and signal processing algorithms.

 Parameters of interest:
— Time resolution
— Charge resolution
— Ability to distinguish piled-up pulsed
* Develop reliable electronics models:
— Make informed decisions concerning electronics design.

— Later, include the models into the simulation of the full
detector.
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Simulation Model - Simplified Approach
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Time Extraction — Digital CFD

SPICE waveform

0015 -001  -0.005 0 0005 001 0015
Sample index

Digital CF waveforms 005 . . : : : :
1+ | | | | | | d i 0.045 Offset 1 |
\ Interpolated waveform i
3
L / Estimated baseline 4
0.5 Q0 g"o
._.-‘ / Data samples : E S e [ .
0 J/ X . S ‘ H v D ADC samples (250 MSPS, 14 bits)
R~ / = 1 T T T T .
s Vi / L oo 400t
g S/ TR - D
2 .05 Delayed and " ~A . o O :
- _ \ / " Extracted time 4= © S
S inverted waveform \ ;.: (zero-crossing) . o 9 » MV‘
I" lr : 1
T i [ , 1 Q _GCJ 0o 1 2 3 4 85 6 7 8
\ /~ Constant fraction waveform : g s time [s] 10t
151 i |/ (interpolated + delayed) I o
1. ! / | c
§ i : E SPICE waveform
i) o © 005 ; ; ; ; ; ; ; ;
\ | 7
Ll \/ I =R Offset 2 .
1 1 1 1 1 1 1 ! m o ; .
0 100 200 300 400 500 600 700 800 : - 0O = ool
Sample no. O o0 '
-
———————————————————————————————————————————————————————————————— - O =
250 2 QO time [s] w10®
: © E ADC samples (280 MSPS, 14 bits)
Error 5 © 410 ' T ]
| wn
. . . - o
distribution - =k 1
§ 360 .
due to the ; 2
1 340 T
time offset : . :
: 0 1 2 3 4 5 5] 7 3
1 time [s] « 10"



Algorithm

No PMT randomization

Signal-level simulation only
— Savings in computation time

Generic approach

— Express results as a function
of SNR and shaper’s pulse
rise time (in samples)

— Results valid for various
ADCs (Fs and Ng1s)
Parameter set:
— Filter orders: 3to 12

— Pulse rise time:
1.0 to 5.0 samples

— SNR:10dB to 100 dB

For a given SNR and rise
time, choose CFD delay that
allows for the best time
resolution
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Results (5-th order Bessel filter) - 1/4

If | expect certain SNR and fix rise time of the shaper’s pulse, then
how would my time resolution depend on the sampling frequency?
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Results (5-th order Bessel filter) - 2/4

If | fix pulse rise time of the shaper’s pulse and sampling frequency of
the ADC, then how would my time resolution depend on the SNR?

Ctime VS SNR
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the time resolution depend on the rise time of the shaper’s pulse?
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Results (5-th order Bessel filter) - 3/4

If | expect certain SNR and already have an ADC, then how would
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Results (5-th order Bessel filter) - 4/4

If I already have an ADC, how would my time resolution depend
on the SNR and the rise time of the shaper’s pulse?
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Next Steps — Revised Model

I T 1
I ! I
1 . .
i : Noise Noise i
! i — Quantization !
1 . . 1
Looosgonncd I e s sl > Non-linearity |
AWG > Shape‘r
(Low Pass Filter)
Need to identify dominant noise
source - shaper or ADC?
Delta
function = o o -
: :
Bessel-type - Sampling 70 Matched |, Digital constant .

low pass filter " (no quantizaton) e +. _!’ filier |T_> fraction discriminator‘ Time

‘ Locmoooomn ;

____________ _:
Shaper noise I ‘ > Peakfinding =~ —> Time
(white) : ‘
—————————————— ' Add digital filtering to
Properly model output noise of improve SNR

> Least squares fitting —> Time

the shaper (it is not white) \
13



Next Steps - Matched Filtering (1/2)
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Next Steps - Matched Filtering (2/2)
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Summary

Design aids for shaper construction are ready

— 4t or 5t order Bessel low-pass filter should be OK — it can be
implemented using two amplifiers.

Finalized analysis of digital constant fraction approach
— Algorithm is extremely sensitive to SNR.

— Relatively short pulses (1.5 sample at the rising edge) give better results at
low SNR.

— Algorithm is nice (because it is simple), but with pure CFD approach we
will not achieve the required dynamic range and time resolution.

New shaper designs done — for 100 MHz, 250 MHz and 500 MHz;
1.5, 2.0 and 3.0 samples at the rising edge.

Prototypes assembled by TRIUMEF, first data taken.

Nest steps
— Update noise models
— Implement matched filtering into the simulation
— Tune model to match experimental data taken at TRIUMF

Need waveform-level modeling of the PMT response
— Already have an algorithm (tested with H8711-10 & published)
— Needs some tweaking



