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Time Projection Chamber (TPC)

% 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

\

PROPOSAL TO INVESTIGATE THE FEASIBILITY OF A
NOVEL CONCEPT IN PARTICLE DETECTION

David R. Nygren | t

% 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

«* 3rd dimension from the drift time of electrons

% Information
> Angles, Energy (from range or charge), particle identification
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Nuclear physics experiments in active target TPC

% In the field of low-energy nuclear physics, Active-Target 40r 90
Time Projection Chambers (AT-TPCs), the detector gas of ] wge @ - L
the TPC 1s at the same time the target in which nuclear 7 ’ Toob TN
reactions take place = - ln 10Be s‘i N

%  Reconstruction of tracks created by charged particles leads i P S0 i .
to identify and measure their directionality which provides e'gbi e Vel N U
complete information about the reaction vertex kinematics 9075 0 5 10 %0~ *35: 6000

rcm] Bian [deg]

in low-energy nuclear and high energy physics
% AT-TPC is advantageous for 4n detection efficiency and
event by event 3D track reconstruction

a resonant scattering at ATTPC
D. Suzuki et al., Phys. Rev. C 87, 054301 (2013)
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Motivation for alpha tracking in TPC

3 body alpha decay kinematics in
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Introduction to simulation framework

% Our goal is to find the amount of primary
ionization by alpha particle in a sensitive

volume of TPC and its transport Electron dift velocity

parameters respectively. Primary lonization inside and longitudinal and
< The particle generation and tracking were PIuL V‘?'r:‘gza‘r’]?"lcu'ated transverse diffusion
. I 3 . .
governed by low energy ElectroMagnetic Coeff'c&:RthBcg'ﬁ”zated 2

physics list Livermore, Penelope and PALI.

¢ Transport parameters of primary electrons
and 1ons has been obtained from Transport of primary
. electrons in Drift
MAGBOLTZ in Garfield++ package e e e

/7
A X4

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

dE __ 9 9 7 ¢ 2me v VAW, ax 9 C __ _mP
— & = 2Narepgy G In(=—5—=) = 26"~ -27] P~ &7

Primary lonisation vs x
., 0
P [’ — nRT — N K BT g o = Primary lonisation vs Z
o

DieentPresure vaves

Xincm r
Primary lonisation vs Z 400F

£ 5000~

% Low pressure is suitable for nuclear reaction in gaseous detector
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Transport properties of different gas mixtures

R/
L X4

R

L X4

R/
L X4

R/
L X4

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
charged fluid in the gas
volume.

The hydrodynamics is governed
by convection and migration
mechanism which is governed
by drift-diffusion reaction.

Pralay Kumar Das (SINP)

S.Q

RD51 Collaboration Meeting

—
£
]
-
+ a —e- Ar:C02_70:30_760Torr
g X e+ ArC02_90:10_760Torr
e+ He:C02_90:10_760Torr
£0.12 \ —e-- Ar:CH4_90:10_760Torr
& ¥ —e-- ArCH4_90:10_100Torr
5 R B
\
20.10 >
it 2y
b= R
g iy
S0.08 R
S
s QN o
= -
B0.067 he 0 e L esgun e
2 A . =
= A 3. s
8. -
20.04 e =
= S¥ss T
© *, ~..
£ “:t:::--'--.-—:-‘"*'—‘:-::‘*
o SSgmzga. s
E 0.02 Reet EETEES SRS T
©
5 10! 10? 10°
3 Electric field in V/cm

l,’
5 v % ; LN e
. p P
%) 7 e ’
S e / X i
=g N ’ N, ’
4 A Y
E4 < A
O A \/f\
R /
= —e- Ar:C02_70:30_760Torr / LN AR
>, 3{ —* AnC02_90:10_760Torr vl “w $ B ,/:
= —e-- He:C02_90:10_760Torr /’ N v x
[ —e-- ArCHA_90:10 760Torr Ssee / - il
o -e- AtCH490:0 1000 S TtTTe- - Y ,}/
[32) / V4 -
> ’ % 7
= o % b
= e 7
-
&9 e
g . o LS
- P
et e
0 =g ¥55f5=“_¥'::"'
10! 10? 10°
Electric field in V/cm
IS
b
= R S—— . 5
- L3
] e ¥
c 0.150
c ~
@ 0.125 =
\
g Ar:C02_70:30, 75;:
e ARC02.70:30_760Tor
g O 100 ~e-- Ar:C02_90:10_760Torr
() —e-- He:C02_90:10_ 760Tor
c - —e-- Ar:CH4_90:10_760Tor
o 0.075 e —e-- Ar:CH4_90:10_] 100Torr
o= - Seo
7] . L S5
g ‘..‘.. ___________________________________________
5 0.050 Sea,
-
Y
) i Sy
$0.025 T 2
T me--
g0 Rt S O il .
> 25
c
© 10! 10?
'_

Date 06-12-2023 8

Electric field in V/cm



Transport of primary electron in drift region of TPC

%  The Detector plane is segmented into 10 1d b I :
. . . S x10
strips with 1 cm width :
% The simulation is performed with 150 V/cm 2
drift field and in atmospheric pressure : | g% , | ;
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Track Reconstruction

Hough transform is a feature classification technique use in image analysis and
computer vision by transforming the track parameter (x,y) to (r,8)
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Simulation of alpha particle track reconstruction of in drift region of TPC

(He:CO, 90:10)
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Simulation of alpha particle track reconstruction of in drift region of TPC

(He:CO, 90:10)

Time=0 ns Concentration (mol/m~3)

ent_amplitude(A)
»
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Optimising Readout geometry
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Development of prototype small TPC

Pralay Kumar Das (SINP)

we are developing a small TPC for tracking with 2*'Am
5.5 MeV alpha source

Pressure information in the chamber is measured
using BMP180 sensor and arduino nano

Change in pressure in the chamber 2.685 torr per hour
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Conclusion
We have studied the primary ionization using Geant4 and electron transport using

Hydrodynamic simulation (Garfield++ and Comsol) in TPC.

7/
L X4

% Drift time information which is required for measuring z coordinate of the track
determined from the time evolution of charge collection at the anode of TPC.

Reconstruction of tracks using Hough Transformation

K/
L X4

Future Work:
¢ Time and position information from the segmented TPC readout

% Development of prototype time projection chamber
¢ Track reconstruction of alpha cluster decay and (p,a) reactions
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