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Electronic Readout Simulation

* Demonstrate the prove of concept of readout electronics
simulation;
— Evaluate signal reconstruction algorithms for electronic readout.
— Align simulated data with expected experimental data.
— Evaluate the propagation of readout electronics effects in physical analyses.
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Electronic Simulation Workframe
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Electronic Simulation Workframe
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Events Simulations (LEC)

* The probability distribution of the interval between events is not yet known.

e Since the signal is digitized (@80 MHz), each event in the detector occupies one sample of
discrete time.

e Channel occupancy is 5%.
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Event Simulation (TPC)
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Wavetform Characteristic Pulse (LEC)

* Represents the expected response of the detection system.

* This response occurs when an ideal digital impulse is applied to the system's input.

1 T T
—@— Readout Characteristic Pulse
R22 —
R1B R19 270 7 3
5t e = 1 S
— —
L 3
R OPA
us 4 25 R26 R E
OPABY i _ 30 s =
% A2 —evs vouT—2— — — — - FILTER-2p1-1 =
i 20p N ¢ gy E
B I i = It <
PM_1_DU 5 N ) ’Fi —_— 8
— La Lot L L c13 N
: T S50 T 50¢ T T 500p B
1R21 ©
155 IS
—
[e]
- Z
~ GND
GND

0 0.05 0.1 0.15 0.2 0.25 0.3
Time [us]

Tiago Q. (UERJ) HIBEAM/NNBAR Electronic and Readout 01/07/2025



Waveform Characteristic Pulse (TPC)

* SAMPA Shaper

Pulse Waveform
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Sampling Deviation

 Sampling deviation refers to the discrepancy between the actual signal's peak and the closest
sampling point, which can affect the accuracy of signal reconstruction.

* The sampling deviation has been randomly and uniformly selected chosen within the range of -2
ns to 2 ns.
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Convolved Signal (LEC)

Convolved Signal
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Convolved Signal (TPC)

Electronic Readout Signal

Samples

Tiago Q. (UERJ) HIBEAM/NNBAR Electronic and Readout 01/07/2025


file:///C:/Users/Tiago PC/Documents/_HIBEAM - NNBAR/SignalPulses.fig

Electronic Noise

* A normal distribution is assumed, and a standard deviation of

2 MeV (~2% of the maximum amplitude) is chosen.
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Electronic Readout Signal (LEC)
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Simulation Review

* This simulator workflow allows:
- Other shaper circuits;
- Time constants of sensor elements;
- Different detectors and different channels;

* A future proposal under study is the hardware implementation
(FPGA-based) for a detector emulator.

e Data-driven energy recovery techniques can be parametrized and
tested using the simulator:

- Winer Filter.
- Sparse Deconvolution.
- Neural Filter (TFLN).
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SAMPA DAq for TPC
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SAMPA DAq Report
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SAMPA DAq Report
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SAMPA DAq Report
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SAMPA Communicator
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SAMPA Analyzer
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Conclusions and Next Steps

The control and data acquisition using the SAMPA chip will be the next major step;

It is crucial to study the communication protocol in detail to avoid unnecessary data processing and
bandwidth overload;

Evaluation of the feasibility of developing a dedicated platform for SAMPA operation and integration;

Systematic analysis of the readout channels and their impact on particle identification using the
simulated readout chain;

Implementation of signal reconstruction algorithms on FPGAs, aiming at real-time processing and
compatibility with the SAMPA output
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