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Time Projection Chamber in a nutshell

« TPC has an active gas volume with a good position-sensitive electron collection system inside
an electric field and a charged particle will produce primary ionization along its track

nnnnnnnn

% The primary electrons drift under the action of the uniform electric field towards the end
equipped with an electron multiplier for collecting signal producing a 2d image of the track
s+ 3rd dimension from the drift time of electrons
% Information
> Angles, energy loss (from range or charge), particle identification
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Configuration particle tracking in TPC

% In the field of low-energy nuclear physics, Active- T e @ a
Target Time Projection Chambers (AT-TPCs), the g el o g% 1\
detector gas of the TPC is at the same time the target e NG (M B\
in which nuclear reactions take place SNy Z,; T, 2 0

% AT-TPC is advantageous for 4 detection efficiency o = B T
and event by event 3D track reconstruction a resonant scattering at ATTPC

« ATTPC, TexAT, ACTAR, Maiko are examples of P Suzuidetal., Phys. Rev. €87, 054301 (2043)
active target TPC used in low energy nuclear physics | o3
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Direct and sequential Hoer state decay in TexAT
TPC

proton-emission branches from an isomeric state in 54mNi
https://doi.org/10.1038/s41467-021-24920-0 (Actar TPC)
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Development of prototype small TPC
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Motivation for alpha tracking in TPC : Hoyle state decay

3 body kinematics in
CM frame
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Case study of elastic scattering events of “He + 12C
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Introduction to simulation framework

%+ Our goal is to find the amount of primary
ionization by a charge particle in a

sensitive volume of TPC and its transport Electron drift velocity

parameters respectively. Plgin;aryllonizatic;n :“Siigje and longitudinal and
. . . rift volume calculate iffusi
< The particle generation and tracking were - e o

governed by low energy ElectroMagnetic MAGBOLTZ
physics list Livermore, Penelope and PAL.

% Transport parameters of primary electrons
and ions has been obtained from

Transport of primary
electrons in Drift

MAGBOLTZ in Garfield++ package volume in COMSOL

% A Finite Element Method (FEM)
package, COMSOL used for time
evolution of primary electrons in drift
volume
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Simulation Framework for primary ionisation by alpha particle

¢ Energy deposition increases with square of the charge of incoming projectile
> Number of gaseous particle decreases With decreasing pressure »
m

— 48 —271'Na?"eczpi; In(2marTneny _9g2 5 29) p= g7

PV =nRT = NKgT

Primary lonisation vs y Primary lonisation vs Z

> Low pressure is suitable for low energy particle tracks in gaseous detector
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Transport properties of different gas mixtures

7
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7
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This simulation utilizes the
transport parameters from
Garfield++ to perform the
simulation.

Diffusion and drift velocity for
different drift field have been
calculated for different
pressure.

The positive ions and negative
electrons are considered to be
solute in the solvent gas
volume.

The hydrodynamics is
governed by convection and
migration mechanism which is
governed by drift-diffusion
reaction.
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Transport of primary electron in drift region of TPC (He:CO, 90:10)

Time=0 ns Electron Concentration (1/m~3)
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The Detector plane. is segmented into 26 1d

strips with 0.5 cm width
The simulation is performed with 800 V/cm drift

field and in atmospheric pressure
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Space charge effects in low energy nuclear physics experiments

< Tracking capabilities of TPC depends on H CE—
> Homogeneity of drift field ]
> |on BackFlow (IBF) due to secondary ionizatio j /\-_-
% Space-charge effects
> Distortion in electric field

particle track

> 0On lon mobility and impact on track distortion
> |Low-energy nuclear physics experiments are mainly
expected to be induced by the high ionizing beam particles

Jaspreet S. Randhawa et. al, NIM-A, 2019

“Beam induced space-charge effects in Time Projection
Chambers in low-energy nuclear
physics experiments”
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Seed cluster tracks
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Characteristic of 25 MeV 4He Beam

_ 12 - nA
pA = Z x pps x e x10°° | pps = AT
pps(2.3pAHe) = 2. = 7.18 x 10°

2%1.6%10 1% 1012
At(lnaHe) = 140ns,vqy = 570cm/s
Az = At xvg = 798nm

Sy Blem)
t: = o = o = 0.008772[3]

Nb = 140ns * 7.18 x 10 = 1

no. ofevents

= &7 = 1* 200 = 6.266 + 101
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Transport of primary electrons in presence of space charge
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Current on anode readout pads
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Effect of beam current on collected signal at readout
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Seed cluster and Reconstructed tracks
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Summary and Conclusion

** The hydrodynamic model, which is computationally less expensive in comparison
to particle model, has been found to perform satisfactorily in emulating the device
dynamics of an AT-TPC.

* The hydrodynamic model has been utilized for optimization of operational limit of

beam current and anode segmentation of the proposed SAT-TPC prototype to study

non-relativistic elastic scattering of “*He of energy 25 MeV with active gaseous
target 12C.

the beam current should be restricted to below 10 pA, where the signal amplitude

for the scattered particle tracks has been found to reduce by 25 — 30%.

The numerical investigation on the anode segmentation to optimize its dimension

has led to a choice of 4 mm x 4 mm for satisfactory tracking performance along

with cost effective production of the SAT-TPC prototype.
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