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What is an ideal TPC?  _, MANOA
. Primary charge

The goal' % _—" (subject to diffusion)

Can we do this stuff so - 2| e

well that we are limited % £

by fundamental physics il >

and not by technology? % Back-flowing ions from

: : L — amplification follow
(for any application) —field lines back up
(causes distortion)

Amplified charges
Amplification ﬁ/ (subject to diffusion)

The stuff: grid -
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What are some TPC metrics?

3D spatial resolution
e xandy: sensor pitch
e z: drift velocity x time resolution Aluminum

grid
Single charge detection efficiency

e Efficiency = pixel hits / primary charges

Insulating
Ion backflow .
pillars
e IBN: Number of back-flowing ions.
& IBN = lon Backflow Fraction (IBF) x Gain Pad

Potential applications:
High-luminosity colliders - IBN is critical
Directional dark matter - Resolution and
efficiency are critical

Adapted from:
produces one hit 5 sy 10.1088/1742-6596/460/1/012019

One primary charge
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https://www.researchgate.net/figure/The-microscopic-structure-of-a-GridPix-device_fig1_260703595
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Much better than diffusion
3D spatial resolution Electron drift: mm-cm
Negative ion drift: 100pm-mm

Ideal TPC Goals

x/y: 55um/\12 = 16pum
Z (t): comparable

Electron drift: >0.95

Sln.g!e charge >0.95 Negative-ion drift: ~0.60
efficiency: ¢
Ion backflow: IBN <1 (less than irreducible primary ions) ~0.01x2000 = 20

GridPix is very good, but still not “ideal”.

Tanner Polischuk | CPAD 2025


https://doi.org/10.1016/j.nima.2021.165706
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How to get there? MANOA
Grid must be 100% transparent
to downgoing primary charges.
‘ (fields and geometry)
Amplification grid [ | | | | |
The geometry of the grid
Gas gain has to be significantly higher Most ion trajectories should determines many of these factors.
than pixel threshold for efficiency. terminate on grid.
(fields, geometry, and gas) (geometry and diffusion)
But: more gain means more ions! Otherwise is back-flowing!
Pixel noise should be as low as possible

/ to allow for low thresholds.

Tanner Polischuk | CPAD 2025




UNIVERSITY

C e ; of HAWAI'T*
How to minimize the IBN = IBF x Gain? MANOA
Create fewer
—_— . —————> Low threshold
Capture ions? Low gain BRI
more ions? \\V
\ High efficiency
Optimize the Sets minimum )
- /
geometry gain e
! N .- -
It Minimum field )  ~~-—"°°
'/ strength
\\)‘ 100% field A caveat - Low gain also has downsides,
transparency namely a high gain variability.
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The Flexible, Ideal MPGD System
(FIMS) Collaboration

\ UNIVERSITY o
0 Of I_IijWP\I‘I® rererer H
MANOA BERKELEY LAB

At Lawrence Berkeley National Laboratory
Peter Sorensen, Carl Grace

UTA

At The University of Texas at Arlington
Yuan Mei

At The University of Hawaii at Manoa
Peter Mandeville Lewis,

Tanner Polischuk, Yubo Han,

James E Harrison IV, Sven Vahsen

Roots in a CPAD 2023 coffee break!
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FIMS Involvement

Design (UH)
Fabrication (LBNL)

| Optimize the |
\  geometry | o .

G3Pix (UTA/LBNL) /

A 3-electron noise ASIC!
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Current FIMS at UH

Design (UH)
___________ . / Design phase to minimize IBN

( .. | . . =
 Optimize the , and parameterize the efficiency.

geometry |

Not pictured: Readout system, including
ML/AI capabilities (LBNL/UH)
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FIMS Geometry

Pitch

Hole radius
Pad length
Standoff

. Hole radius

S

Standoff

/
/

) g.;(ﬂ_U\nit cell ,

\ /S

. ,\\‘"

/ / \\
/ N\
i A
\‘ /r’

Pillars not shown
Top-down view
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Simulated Single-e Gain Distributions

= Fitted Polya (6 = 0.56)

0.0005 4 == Fitted Polya (6 = 0.96)

01— 3 k== in=
----- Polya Gain = 2025e 0oL Polya Gain=74¢
--- Raw Gain = 1998e FrraRaw.Gaini=i12e
..... Trimmed Gain = 1847e +++-= Trimmed Gain = 68e
" i mmm simulation
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Reasonably fit with a

<—___ Asanelectron avalanche grows, the increasing number

Polya distribution.

(This is expected)
[10.1016/0029-554X(70)90818-9] Tanner Polischuk | CPAD 2025

of electrons makes more ionizations even more likely.
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https://www.sciencedirect.com/science/article/pii/0029554X70908189
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Efficiency Parameterization

MANOA
General Polya Distribution
il — 6=0.00 Parameterized Efficiency: n="6*% @+ U i
—— 6=1.00 fod :
0.8 4 — 6=2.00 T ™ e 0 ., SN SRR W SRR S
i If then consider
g6l  / 0 can be influenced ’
2 / - a of 10e.
2 by the geometry. : ; e —
% 04 & : — E=1.00
< § 07 ‘Would need a — geaes
é = ~ -=-=- 95% Efficiency
0:271 * 064 ;gain of ~200. N 6=0 Limit: 0.051
0.0 — - Here, a of ~60. ¥
00 05 10 15 20 25 30 35 40
Avalanche Size (n/n) 0.4 1 Here. a gain Of ~30
s ) .

" DO+ 0 +1)%
o — (ﬁ)Q e 0 relates to the gain = F(e + 1)
o

and gain variability. Low
(Large 0 — Less relative variability.) low gain, while maintaining

Tanner Polischuk | CPAD 2025 a high efficiency.

6+1 . | | ' . |
P(’n) = i (0 + 1) (E) 0 6_(0+1)% 0.0 0.2 T:Ir:shold/Gain Fractiomorfm o8 g
n I'@+1)

allows for
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Simulating Ion Backflow

GridPix Simulated lon Backflow

lon BackFlow Number lon BackFlow Fraction

w @® Ar/CO2 (80/20) bl ® Ar/CO2 (80/20)
5 zlfioz Error : gzr:jpix Guess
T2K Error 0.175 - —— Ar/CO2 Average
—— T2K Average
° . Ar/CO2 Err?)r
V. T2K Error
. p 0.150
IBN follows gain e 4
102 ® e © L ] L]
IBN = IBF x Gain Tt 0125 =3 o = ...‘..-.‘-. T "
L ]
[ ]
[
> ° PR ® i IBF is mostly
- [ ] - - -
% & independent of gain
[ ]
o ® 0.075 1
10? o .
™ o o9 © o o @ o o o O @
2 ° ° s e=TeT =g
) . 0.050 1 @ @
L . Garfield++
[ ] . . .y
. . simulations of | . Utilize the geometry and gas
) : GridPix geometry. composition to minimize the IBE. .
L ]
100 T T T 0.000 T T v
10! 102 103 10! 102 103
Gain Gain
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Capturing the Ions MANOA
) 200 ——Field lines from cathode .
; 150 1 |
Initial position of : i
all positive ions | |
100 4 |
Outside of i
bundle i
of i
| Y |
E " Field | |
Back-flowing Within bundle i
/ ions h bunr(ﬂe i
; -100 +— . — T
Unit ?\e“ Pa(‘i/ -200 -100 0 100 200
Hole o X (um)
Field Hypothesis:
bundle ) o | A small field bundle relative to the avalanche

- diffusion means more captured ions. 45
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A Complicated Multidimensional Problem...

Large pitch:
=> High field strength — high gain. X

Large hole radius or pad size:
=> Low field strength — low gain. ¢/
—>  Large field bundle — high IBN. ¥

\ Large standoff height:
=> Low field strength — low gain. ¢/
=>  Small field bundle — low IBN. ¢/

=>  Large drift distance — large gain variability. X

What is the sweet-spot?

' 1
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Design (UH)
Design phase - Developing an
optimizer to find an ideal geometry.
Leverage Al in the design process?
| Optimize the '
. geometry | R .
"""""" Fabrication (LBNL) : i
Grid structures! EEEEY T
G3Pix (UTA/LBNL)

Prototypes & test boards!
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G3Pix Test Boards (LBNL/UTA)
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G3Pix EVB
\ Designed by Peng Miao & Yuan Mei
) 2023-08
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Thank you!

Let us know if you're interested!

Peter Lewis:
petermandeville.lewis@hawaii.edu

Tanner Polischuk:
tanner.polischuk@hawaii.edu

If you have any wild geometry
suggestions, we have a grad student

who would love to test it! — : ~ Lanikai
= OO 5 g Pillboxes,

Sunset beach, Pupukea $ . ¥ » Lanikai
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