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Overview

* DPP Strategy for high resolution amplitude measurements

* |deal pulse model
 Pulses classification criteria
* Single pulse model
e Pulse plus reflection model
* Improved pulse model

* Noise analysis

e Burst regime qualitative description
* FFT
e Autocorrelation



Digital Pulse Processing Strategy
for High Resolution Amplitude Measurement
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Data alignment

* Data is obtained by 2 ADCs interleaved

* Each ADC has a different offset
Xodd — Xeven = d
d is subtracted form x,,., and a new signal is created with its values

aligned
b . : # Alignment> ol




The Abdus Salam

(CTP International Centre Multidisciplinary Laboratory

for Theoretical Physics

Run: 86372 Spill: 201 Event: 19019 Cell: 15 25
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Pulses Selection Ciriteria

Run: 86372 Spill: 201 Event: 18951 Cell: 58 0

* Barycenter position:

Value must be between lower and higher
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This is used to reject negative pulses I PR RS
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Fitting Model : CR-RCN Shaper Single Pulse

* F(t, to, T, 0ff,a,N) =3 oN ((t—to))Ne_(t_—tO)

of f := offset
to:=time of arrival
a:= amplitude

T:= exponential time

N:= order
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Fitling results
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Fitting Model: Main Pulse Plus Reflection

F(t,to,T,Off;a;N;k;td) =

(of f
_ N (t-ty)
eN ((t Tto)) e_TO
NN
_ N (t-tp)
eN ((t TtO)) e_TO
NN

off +a

N

+k=*xa

off +a
\

of f = offset

to:= time of arrival

a:= amplitude

T:= exponential time

k:= reflection attenuation factor

t:=time delay

(t — (to+tg))\" _(t=(totta))

Jto >t

Jtot+tg >t >t

Gt =ttty

| Reflection of
PMT puise

Matching reflection
on Shaper cutput



Best Model N 8.0 Chisqr 6.49

Residuals Average

Fitting results

TO Historgram, Mean: 5.81

—6

-4

=2 0 2 4 6 8 10

Tau Histogram, Mean: 0.69

0.15 1
0.10 1
0.05 1 * ! .
0.00 . .
0051 . o0 ® - Leg L]
~0.10 1

-0.15 4

T T T T T T

0 5 10 15 20 25
Residuals Average Autocorrelation

0.00

0.25

| T | |
050 075 100 125 150 175 2.00
K Historgram, Mean: 0.24

1l0+1-®

0.8

0.6

0.4

0.2
e®
L]

-0.2 .

(1]
0.0 ® egg0® ......OC..O..CQOOC

0 5 10 15 20 25

30

0.2

0.4 0.6 0.8 1.0 12 14 16

Amp Histogram, Mean: 36.70

350 1
300 4
250
200

150

T T T T T T T
500 1000 1500 2000 2500 3000 3500 4000

Offset Historgram, Mean: 0.34

0.0

02 04 06 08 10 12 14 16
Time Delay Historgram, Mean: 6.55

0.2 0.4 0.6 0.8 1.0 12 14 1.6

10



The Abdus Salam
International Centre ST
(CTP for Theorelical Physics Multidisciplinary Laboratory

N value analysis
e Fit with fixed N: {1,..,12} vs Accumulated x?of all fits
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Tau vs N
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Gaussian-like
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Noise

B Gaussian @ Semigaussian [JPileup @ DoublePulse ®ENoise




Best Model weighted leastsq Residuals Average T0, Mean: 7.21 Amp, Mean: 61.15
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Issues

* Not ideal data (muon runs)
* Poor fit on pulse rising time

Proposals
e New model
* New hadronic data
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Overlay Plots

Plot of 1 million traces and no filters Plot of 224507 trace, filtered by barycenter
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Overlay plots from previously categorized channels

Plot of a single channel categorized as Semi Gaussian Plot of a single channel categorized as Gaussian
(31,24) (52,8)
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New model

F(tl tO; dt; T, Offl k )

foff, lf t < tO
—2t+t0(—2T26t0/T +et/T(t + to? + 2tr + 272 — 2t(tp + 1')))
+ T , ifdi+ty>t=>t
off tae norm(z) if di +to 0
- +—
y T norm(t)
—2t+t, .
e T (—2ref0/T + e/T(t2 + t? + 20T + 212 — 2t(ty + 1)) ) + : if t 2 d; +to
—2t+(tg+d¢)
\e e (—2e%e(orad/T 4 et/ (t2 + (tg + d,)? + 2tT + 207 = 2t(to + T + dy)))
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New model hints:

* Consideration of non ideal charge sensitive amplifier:

0 i<t 0, i <t
—_ ! . — . = —_ i_ 0
Sl A, l>t0 Sl A(l—e( t)/T), i>t0
* New time constant .
WELET; =g
* Required normalization
norm(r) e 4(T+T*Pr0(iuctL0g [E]) (_ZTZ
2(‘L'+‘L'*ProductLog [é]) 1 1 2
+ e T (212 — 4t (‘L’ + 7 * ProductLog [Te]) +4 (T + 7 * ProductLog [é]) )



Best Model leastsq Residuals Average TO, Mean: 9.04
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On red the reduced chi-square, green the Bayesian information
criterion, Akaike information criterion.
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Thanks for your attention
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Experimental Setup at CERN

10 ¢ v

‘ \ ‘ Oscilloscope connected to PMT output of

B Oscilloscope connected to shaper output

Shaper board
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SoC-FPGA Oscilloscope

LabView GUI Plot of acquired data from
CIAA+ADC500.

Data is plotted in real time on a PC via
Ethernet.




Pulses before Shaper

Signals sampled at 250MSPS
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Spectrum of Signal Before Shaper

Decimation factor: 2, Effective sampling frequency: 250 Mhz
FFT
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Specirogram of a Slice of the Signal before Shaper
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Pulses After Shaper

Signals sampled at 250MSPS
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Spectrum of Signals after Shaper

Decimation factor: 2, Effective sampling frequency: 250 Mhz
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Spectrogram of a Slice of the Signal after the Shaper
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Burst Noise

Burst noise in spectrogram
Baseline noise
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ADC Value

Noise Analysis after Shaper

Decimation factor: 2, Effective sampling frequency: 250 MSPS

Two noise regimes identified h Burst noise 15KS
s0o ! RMS = 80.0459
STD =1.81031
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Burst and Baseline noise Comparison

Baseline noise Baseline noise FFT
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Burst Noise Comparison In Two Different Traces
In Frequency Domain
Both are 15KS in length and 250MSPS effective
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Comparison of Autocorrelation of Both Noise Regimes
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The red rectangles emphasize similarities between the
bursts of noise and the baseline. This similarities indicate
that the noise itself presents a complex pattern.
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Mwmwﬂww The autocorrelation of the burst noise.

AMoamdean bsinag - The autocorrelation of the baseline.

The difference of the autocorrelations.




Burst Noise Comparison In Two Different Traces

Both are 15KS in length and 250MSPS effective
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Conclusions

* Satisfactory ideal pulse model identified
* Observed complex noise structures. It may need further analysis.

* Data analysis procedure has been defined:
* Model parameters extraction
* Noise autocorrelation function

Next Steps:

Design of a reconfigurable digital pulse processor for amplitude measurement ECAL2
FIR optimization

Pile-up rejection strategy implementation



