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technique presented in this work results from a decade-
long R&D programme carried out by the University of
Warsaw (UW) in collaboration with the University of Con-
necticut, CT, USA and the Extreme Light Infrastructure
Nuclear Physics / IFIN-HH, Bucharest-Magurele, Roma-
nia, to build and use in experiment a full-scale demonstra-
tor of the TPC dedicated to ELI-NP [6–8].

2 Detector and data acquisition system
The apparatus consists of a low-pressure vessel, an internal
TPC structure and external front-end electronics attached
on top of the vessel (see Figure 1).

The internal detector structure is composed of: a drift
cage, micro-pattern amplification structures and a seg-
mented readout anode (see Figure 2). The electron drift
cage consists of: a 4 mm-thick cathode plate made of
aluminium and 12 field shaping 2 mm-thick aluminium
electrodes having 16 mm pitch, for a total drift length of
196 mm, and with uniformity of the drift electric field bet-
ter than 1% in the entire active volume. Primary ionisa-
tion charge is amplified by a stack of three 50 µm-thick
Gas Electron Multiplier (GEM) foils [9] interlaced with
3 mm-wide transfer gaps. The induced signals are col-
lected by a segmented multi-layer PCB anode. The active
area is a 330× 200 mm2 rectangle with chamfered corners
at 30◦ and consists of many tessellated diamond-shaped
gold-plated pads (1 mm edge, Via in Pad technology). The
pads are arranged along three main axes at 60◦ with re-
spect to each other, and which form three independent lin-
ear sets of strips (U, V, W) with 1.5 mm pitch (see insert
in Figure 2). Such a redundant planar 3-coordinate system
allows for unambiguous creation of virtual pixels on a 2D
plane for a given instant of time provided that measured
track topologies are relatively simple, e.g. several straight
tracks in a single recorded event. Most of the strips are
split in half and read out by two independent electronic
channels in order to further reduce ambiguity for more
complex event topologies. The U-strips are parallel to the
nominal gamma beam trajectory. In total 1018 electronics
channels are being read out: 264 for U, 376 for V and 378
for W strips, respectively. The third cartesian coordinate
along the drift electric field, !Edrift, is determined from drift
time assuming known electron drift velocity.

The TPC internal structure is immersed in a stainless
steel vacuum vessel of 170 dm3 volume with horizontally-
oriented UVW readout PCB. The top lid and side
walls of the vessel are equipped with several vacuum
ports for installing high voltage and analogue signal
feedthroughs, gamma beam windows and radioactive cali-
bration sources. The vessel is connected to a low-pressure
gas system consisting of: a high-pressure gas cylinder with
a double-stage pressure regulator, an upstream mass-flow
controller unit, two precise gas dosing valves at inlet and
outlet ports, a set of vacuum and pressure gauges, a pro-
grammable Proportional-Integral-Derivative (PID) pres-
sure control unit, a downstream dry four-stage diaphragm
pump and a turbo-molecular pump. After initial evac-
uation of the vessel down to vacuum levels of 10−5 −
10−4 mbar, the detector is operated in an open loop flow
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Figure 1. Half-section view of the Warsaw TPC detector.
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Figure 2. Details of internal structure of the Warsaw TPC
with superimposed artistic rendering of 16O photo-disintegration
event. The concept of UVW readout strips is illustrated in the
bottom-left insert.

mode with gas exchange rates varying between 1 and 4
detector volumes per day.

The data acquisition (DAQ) system is based on the
General Electronics for TPCs (GET) [10]. Analogue sig-
nals from the readout anode are extracted via 4 vacuum
feedthroughs and routed to 4 commercial ASIC and ADC
(AsAd) front-end cards equipped with custom-designed
protection boards and electromagnetic shielding. Each
AsAd card contains 4 ASIC for GET (AGET) chips with
64 active channels and 4 blinded channels for evaluating
characteristic fixed-pattern noise. Inside each AGET chip
signals undergo amplification and shaping stages, which
are followed by a Switched Capacitor Array (SCA) acting
as an analogue memory buffer with 512 time cells. Signal
sampling frequency can be adjusted from 1 to 100 MS/s (in
7 steps), dynamic range from 120 fC to 10 pC (in 4 steps)
and characteristic shaping time from 70 ns to 1 µs (in 16
steps). Upon receiving the event accept signal all stored
charges are digitised by a 12-bit ADC and transmitted out-
side of the AsAd board to the main 1024-channel DAQ
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Figure 1. Half-section view of the Warsaw TPC detector.
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with superimposed artistic rendering of 16O photo-disintegration
event. The concept of UVW readout strips is illustrated in the
bottom-left insert.
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The Warsaw eTPC



Readout – Warsaw eTPC

Readout
Planar, 3-coordinate, redundant 
strip arrays, ~1000 channels
GET electronics
100 Hz triggering



Mikolaj Cwiok, Sarah Stern and Deran Schweitzer assembling the PC Readout Board, Warsaw, June, 2019  
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The HIgS Measurements, April & August 2022, ~240 Hours



First Analyses: (~ 5% of data)
Done By Hand
Just like old fashion Bubble Chamber
(A lot of clicking)



2nd reprocessing 
of 8.66 MeV dataset

using automatic reconstruction

WarsawTPC

Video meeting: UW + UConn + SHU + ELI-NP

Mikołaj Ćwiok

25/11/2024
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Example of good dE/dx fit : 2-prong

5

Eg = 8.66 MeV



Mateusz Fila, Ph.D. Thesis, Warsaw 2023
https://repozytorium.uw.edu.pl/bitstreams/5049fd46-45eb-4b32-9edb-fa121cba7812/download
Complete Angular Distributions, 20 Angular Bins down to ~1.3 MeV

94 Chapter 5. Analysis
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100 Chapter 6. Results

6.1.1 Total cross-section
An experimental total relative cross-section (including both E1 and E2 transitions)

of the 16O (“, –) 12C reaction was obtained by the division of the measured energy re-
construction by fitted “-beam energy spectra (see Figure 5.22). Without an absolute
“-beam intensity a cross-section obtained this way is known with the respect to a mul-
tiplicative factor. For every experimental this normalization factor is expected to have
a di�erent values, while the energy points of the same run should follow the same fac-
tor with a possible correction for e�ciency. Due to this a shape of the relative total
cross-section can be qualitatively compared with a theoretical prediction.

The Figure 6.1 presents a comparison of relative total cross-section with a cross-
section calculated basing on the R-matrix fit by deBoer [1]. No major contradictions
were observed. The deviance from the R-matrix fit can might result from underestima-
tion of the detector resolution or shortcomings of the deconvolution method. Another
possibility is the discrepancy between the “-beam energy spectrum delivered during
the run and a spectrum measured during the calibration run.
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Figure 6.1: Relative total 16O (“, –) 12C cross-section qualitatively compared with de-
Boer’s R-matrix fit [1]. Each group of energy points was scaled to align with the
theoretical values. The deviance from the deBoer’s R-matrix fit might be explained by
underestimation of the detector resolution or discrepancy between deconvolved HPGe
“-spectrum and real spectrum delivered during the experimental run.

Calculated curve was smeared with 50 keV resolution.
Phase shifts for l=1 and l=2 12C(a,a) scattering calculated with AZURE with deBoer parameters .

Full circles – constructive interf.
Empty circles – destructive interf.

https://repozytorium.uw.edu.pl/bitstreams/5049fd46-45eb-4b32-9edb-fa121cba7812/downloa


Conclusions
                       TPC data of unprecedented quality:

1. Low background, if any
2. Measurement in one detector (response, simple Monte Carlo)
3. Complete angular distribution (0° – 180°) 
     (Measured at 17-20 bin-angles)  
4.  First Physics Result, First Agreement with Unitarity (over Jp = 1- Resonance)
5.  New Criteria for Judging Data (Agreement with QM over 1- Resonance)
6.  Further data measured at HIgS: Warsaw TPC, 2022, New Proposal 2025

In Honor of 2025: The International Quantum Year:
Please do not publish or analyze data that disagree with QM
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