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precise charged-particle detection
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Design Considerations

CB/TAPS experiment
triggered readout
low-latency hardware trigger
subdetectors must provide trigger
signals
deadtime (= 30 ps) after each event

max. event rate limited to ~ 10
kHz

INSIGHT
total expected data rate: ~ 2%

vV

UNIVERSITAT

triggerless, streaming DAQ
free-running subdetectors

send every hit to back-end
software trigger / event filter on
server farm
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INSIGHT DAQ pipeline UN|VERS|TAT;II

Detector Digitization Acquisition Transport Server farm

- Network switches (COTS) - Event building
- Standard protocols (IP/UDP) - Event-Filter software based
- GPU accelleration (e.g. Nvidia)
- FPGA accelleration (e.g. Xilinx Alveo)

Plastic
- —> [ e —>
scintillators storage

GEMs

i
J
|

Time-Sync
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FPGAs at INSIGHT ... umveasmu

... as DAQ workhorses

bridge between custom FE electronics and the commercial network world
handle synchronization of individual subdetectors
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vV

FPGAs at INSIGHT ... UNIVERSITAT

.. as DAQ workhorses
bridge between custom FE electronics and the commercial network world

handle synchronization of individual subdetectors

.. in special applications

tapped delay line TDCs for precise time measurements
processing of SADC waveforms (filtering, deconvolution, and feature extraction)
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Tapped Delay Line TDCs
INSIGHT requires precise timing:

Start

>
O'TOF < 100 DS :: Q-‘ :: Q—‘ |_>D Q—‘ ------- D 01
v

Y-

period of FPGA clocks (> 1.6 ns) istoo > 1 1
coarse Encoder
interpolate by measuring signal l e
propagation through a delay line

use FPGA resources (CARRY4) as a delay [1]

line
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FPGA-based TDCs at INSIGHT UNIVERSITAT

Ui

DiRICHd2 [2] iFTDC [4]
Lattice EPC5 Xilinx Artix 7
part of the DOGMA ecosystem [3] own HDL implementation
developed at GSI ones-counter-based encoding [5]
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The SADC

=
=
o
fm

@ 64 channels

— @ 14 bit @ 80MS/s
@ 2 Xilinx Kintex 7
FPGAs

(a) Panda SADC by P. Marciniewski (b) CB SADC by J. Millers

Benedikt Otto SADC firmware developments 2026-07-16



Firmware structure
Payload

Feature Extraction:
Filtering & @ baseline

ADCs Deserialization

. @ integral
Deconvolution o peak finder

@ pileup detection

baseline = 8105
integral = 8910
time = 1.234s

Tt

pileup = 0

Benedikt Otto SADC firmware developments 2026-07-16



Deconvolution: Steps

@ Define source and target waveforms

e Compute fft of both

@ Divide ffts

@ Perform inverse fft

Benedikt Otto SADC firmware developments 2026-07-16



Deconvolution: Optimization

amplitude

Benedikt Otto SADC firmware developments

*  imp(isolated deconvolution|

)

time / ps.

@ 379 coefficients, not implementable,

600 DSPs available

@ Observation: This deconvolution looks

very triangular

@ Fit coefficients with triangles

@ Triangles can be implemented using two

Moving Averages (MAs)

@ MAs are easy to implement

2026-07-16



Deconvolution: Parts

Custom filter ¢: ¢ =f + MA(16) * MA(18) x g

-

-~

h1

..........

e f: short FIR lowpass filter

ssssssssssssss

e MA(16) « MA(18): Trapezoid filter

e g: fitted deconvolution kernel

@ not optimized: ~400 coefficients

@ my approach: 16 coefficients

.............

Benedikt Otto SADC firmware developments
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Deconvolution: Implementation

e Coefficients and positions need to be quantized: 6 bit are enough

@ DSP are used when sensible

@ Don't need multiplication for powers-of-two

e Can group coefficients when they are a factor of power-of-two apart: -12, 3

= 2 channels per filter @ 160 MHz =3 DSPs needed per channel

FIR
in0 ’7 out0
clip

inl [ outl
deconv 1 MA16 H MA18

Benedikt Otto SADC firmware developments 2026-07-16
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Summary - FPGAS at INSIGHT UNIVERSITAT
.. as DAQ workhorses ... supported by a small team
move data from front end to the alsointerested in
network reusable HDL designs
synchronization of subdetectors testing

i i S good HDL tooling
.. in special applications

tapped delay line TDCs
processing of SADC waveforms
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INSIGHT Rates u

UNIVERSITAT I
" @ELSA 4x1.2M hits/s 40 MB/s 1.2M hits/s 90 MB/s 6M hits/s 450 MB/s
I n I.G H T Polarized target Si-pixel detector Crystal Barrel Magnet PANDA-FWEC-EMC

Investigation of the strong interaction
in the light flavor sector

Tagger Magnet

Tagger-hodoscope Gas Electron Multiplier detectors Straw tube detectors Time of Flight detector

30M hits/s 500 MB/s 2x2M hits/s 40 MB/s 3x10M hits/s 250 MB/s 2x5M hits/s 150 MB/s
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