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RDC6 Priorities that FIMS Addresses

e Advancing gaseous detectors to
the fundamental sensitivity limit.

11 | | R

e Developing new gas amplification
structures for challenging

environments.

e Establishing production facilities
in the United States.

e Intelligence in the front-end
electronics.

EHT = 5.00 kV/ Signal A = InLens Date :16 Oct 2026
WD =12.0mm Width = 666.7 um UC Berkeley Nanolab 3
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nLens Date :16 Oct 2026 EHT = 5.00 kv Signal A = InLens. Date :16 Oct 2026
Width = 644.7 ym UC Berkeley Nanolab WD =11.8mm Width = 207.7 ym UC Berkeley Nanolab

Signal A = InLens Date :16 Oct 2026 EHT = 5.00 kV/ Signal A = InLens Date :16 Oct 2026
Width = 73.89 ym UC Berkeley Nanolab WD =11.8mm Width = 856 4 um UC Berkeley Nanolab
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Single-Charge Detection

[Making every primary charge count.]

]

e Targeting the high-precision limit of MPGDs.

e Utilizing low noise to push charge collection
and detection to the single-electron limit with
low thresholds and low gas gains.

e [n practical terms:
( o Optimal resolution.
k o Maximum efficiency.
\ ©  Minimum IBE
\\\5 \ o Optimal readout.
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Low-Gain, Integrated-Grid, Pixelated MPGDs of SAAWAI‘V
NOA
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Low-Gain, Integrated-Grid, Pixelated MPGDs of HAWALT
MANOA
Electric fields
collect charge and Crid
cause avalanches. — > —
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Low-Gain, Integrated-Grid, Pixelated MPGDs

Electric fields
collect charge and

Grid
cause avalanches.
Time = 0.49 ns, Gain =2
200 -
Electrons
¢ Positive lons
1501 ¢ Negative lons
Gas gain needs to be higher |
than the pixel threshold. ~— ~ £
. - \ -
More gain means more ions. \ N gol
\
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Low-Gain, Integrated-Grid, Pixelated MPGDs
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Electric fields
collect charge and
cause avalanches. R

Time = 1.02 ns, Gain = 80

Electrons
Positive lons
Negative lons

Ion trajectories should _ _ -~ 7
terminate on the grid. , ’
Otherwise is back-flowing. — =~

ik }9;;-..,.
-20 0 20 40
X (um)
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Electric fields
collect charge and
cause avalanches. R

Time = 1.62 us, Gain = 80

Electrons

Positive lons
Negative lons
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G3P1x A Low-Noise ASIC

[
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Design Specs:
e 2 usshaping with 3 ENC
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Maximizing Efficiency

[Making every primary charge count.]

1  —
e To getideal efficiency:
o Collection of all primary charges.
o Detection of all avalanches.
o No losses in readout.
e Considerations:
o Field strengths and geometry.
( o Thresholds and noise.
\\BK\ o Signal development and front-end electronics.
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Collecting Charges Mol of HAWALT
MANOA
Hits Grid
Cannot generate an \ Attachment
avalanche Creates a
negative ion
[ J l J
Fr—————==-=-=-- 1
Transferrefi <. | Negative Ion Drift |
Through Grid h *{ Can generate an :
Can generate an : avalanche :
avalanche - - -
Thanks to Kentaro Muichi for a version
of Garfield++ that allows this.
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Many Single-Electron Avalanches

Probability: P(n)

0.012 -

0.010 -

0.008 A

0.006 A

0.004 -

0.002 A

0.000 -
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— Pélya Fit: 6 = 1.23
- = Gain: n = 80.9
B Simulated Data

n

1 (6+ 1) 1m0 —(6+1)2
P = =T+ ( )e .

ngim = 80.7 = 0.8
g = 81.0 4 1.0
Orir = 1.23 4 0.05

50 100 150 200 250 300 350 400
Avalanche Size: n
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Applying a 10e Threshold

* Threshold (10e)

0.012 - + Cut from Fit
Remaining Fit
0.010 + Gain: n = 80.9
Below Threshold
£ Detected Data
8- 0.008 -
2 Tth
= T(0+1,(0+1)%)
© 0.006 - n
0
(o]
a

0.004 -

0.002 -

0.000 -

0 50 100 150 200 250 300 350 460
Avalanche Size: n
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Mapping Efficiencies
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Net Efficiency Contours

250 1.0
| Enet = 95% Enet = 95%
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|
1.0 Detection i
— b FIMS with
: E:Z':‘”Cy G3Pix:
vz | \ - ENC=3e
§ 0.8 - Occupancy / Cain = 100 e
S A l| e FIMS with G3Pix Shaping = 2 s
= 0.6 A l| e Higher ENC (10e)
T || |l e Higher Gain (250e)
g ;,l| 1 e Shorter Shaping (25ns)
0041 T T T T F~ 51 |
S | Noise Occupancy b- e . .
% : (Rice) : l‘ : Detection Efficiency
O 0.2 Unaffected by | " ! (1=6<2) _
O | gainorENC | \ || Unaffected by shaping
L A time
\ \\
0.0 =
10~% 10° 10! 102 103

Threshold-to-Noise Ratio (TNR = n/ENC)
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I/ \‘
Instant Reset
Immediate

ready-state

||
[
Pixel Pad >

— - Pixel ID
DAl e gt P~ I At i (IbA)

Comparator

,
,
’
7
3
&
=
5
®
~
— f————————————

}_1 Output Data
Clock

Programmable Delay

/
Signal Amplification ‘
and Shaping Programmable Threshold
Tuned for low noise Low Threshold

Tuned for efficiency

Reset Logic
Tuned for minimal deadtime
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Signal Development

Induced Current Integrated Charge

0.00 1

—0.02 \

€ o)
O | : = . .
= =008 Fast electron signal v Slow ion tail
5 (<1 ns) 5 73] (~ 100 ns)
5 @)
O —0.06 -
—4
= == == mm e e mm mm mm m— e e |
0108 I Exploring interesting reset |
=51 : patterns to negate this tail. |
____________ |
_010 T T T T T T
1071 10° 10! 102 ip-2 10° 10! 102
Time Relative to Peak + 1 (ns) Time Relative to Peak + 1 (ns)
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G3Pix - A Low-Noise ASIC

(Design Specs: A
e ” usshaping
with 3 ENC

K. TSMC 180 )

L SPA
Designed by Pen e o
1
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Testing G3Pix

Gain: Shaper / CSA

Voltage (V)

Charge Injection on 20 fF CSA 0.05 1
a4 ;
2N - — 12e”
3.0 — 240 0.04 1
Zes — 6le” ’
g2 — 122"
%15 - g
B — 184 e” 2003
s —— 245 e %
50 100 150 200 20 4.0 Ms [a] 0.02 1
Injected Charge (e~)
0.01 A
_1 B
-2 ' i ‘ ' ' ' 0.00 -
5 10 15 20 25 30
Time (us)
103 4 — 20fF
, — 7fF
1024
101 d
10— et Toee
10—1 J
10-2]
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Frequency (Hz)
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== ENC=9.0le"

9 ENC

-30 -20 -10 0 10 20 30 40
Deviation from Mean (e ™)

Peak at ~4 us.
Linear gain response. p \
Consistent shaper gain. : Why not 3 ENC? |
I |
I

— s . . . . .y

Measuring 9 ENC. We're :}‘:Zrkm*q on

—-——— e o e = =
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The Flexible, Ideal MPGD System

UNIVERSITY
of HAWAI'l®
MANOA

An ultra-low noise ASIC.
o  Measuring 9 ENC.

With an integrated-grid
amplification structure.

o Geometry chosen to maximize efficiency. |

With instant'reset Capability- 100 pm EHT = 5.00 kv Signal A = InLens Date :16 Oct 2026

WD =12.0 mm Width = 666.7 um UC Berkeley Nanolab w

o Interesting pattern to negate ion tail. 1

(

.

Pixel ID
Time of Arrival (ToA)

<
Making every primary
charge count.

Digital Hit Logic

Programmable Threshold
Programmable Delay

J
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Summary

e Initial Track
o Reconstructed Track

e Operational Limits:
o  Efficiency targets (detection and/or collection).
o  Gas breakdowns / discharges.
o  Noise occupancy.

e Signals and Front-End:
o Fastelectron and slow ion contributions.
o Instant reset, with interesting pattern.
o Eventrejection at the hit level through
machine-learning (not covered here).

e (3Pix:
o0  An ultra-low-noise ASIC.
o  Measuring 9 ENC (but might be less).

Tanner Polischuk | CPAD 2026
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Thank y0u! 700 Time = 0.01 ns, Gain = 1

o Electrons

. e Positive lons
Peter Lewis: 150 - « Negative lons

peter.mandeville.lewis@hawaii.edu

100
Tanner Polischuk:

tanner.polischuk@hawaii.edu 504

z (um)

Check out James Harrison’s poster: 0
A Complete lon Screening

Amplification Structure e e S o)
-40 -20 0 20 40
X (um) 25
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Backups
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Simulating Negative lon Drift

20 < e Populate with electron
10 A o o Immediate attachment
0 ) —— o Negative ion drift
B gl %3 e Electron detachment
% | 7 . e Electron avalanche

o Re-attachment/detachments

\:k‘ ]

s o 30 o : iz = £ 2 Thisusesa thresholcll-'basled model
for detachment. Verification of a

scattering-based model is ongoing.
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Simulation Workflow ‘ QD o

z (um)

X (um)

UNIVERSITY
of HAWAI'l®

N
w
(wd/A%) Ybusas plald

40

z (um)

°| Gmsh — Elmer — Garfield++ [

28
Tanner Polischuk | CPAD 2026



Polya Parameterizations

Normalized Probability: n x P(n)

=
N

1.0 1

o
©
A

o
)
f

o
>

0.0

P(n) =

n

n

A

T+ 1)
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T+ 1)

i — 6=0.0 1.0
i -— 0=1.0
H —- 8=25
.~ i S 6=5.0 0.8 1
A Nl : -=-=- Mean Gain (n) w
7/ : * P >
o Ve " L% 9
NN c
N .2 0.6
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1 i
i &
_ ]
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! @
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1, : 0.2
: i
] 1
I : L 2 —
L7 i T 0.0

05

1.0

15 2.0 255 3.0 35 40
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1071 100 10! 102
Gain-to-Threshold Ratio (GTR): n' / ng,
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Different Geometries and Gases

MANOA
104 o 2.00 1 Sim Overflow
o —— GridPixArco2
1.751 —— GridPixT2K
-+- FIMSArcoz
10% 1509 -4~ FIMST2K
® 1.25
IS ,g
% 2 £ 1.00
& 104 g
S 0.751
Chefdeville et al.
Sim Overflow 0.50 1
10%4 —— GridPixArCO2
—— GridPixT2K 0.25 | -
-4-- FIMSArco2 L
-4-- FIMST2K 0.00
10 20 40 60 80 100 10° 10t 102 10° 10¢
Amplification Field (kV/cm) Polya Gain: n
GridPix: Square unit cell, circular holes, octagonal pads. 5 100
FIMS: Hexagonal unit cell, circular holes, hexagonal pads. §
L & 0.95 '
Data: 10.1016/j.nima.2005.11.065 & P R o S e Y .
s o ,,L\r’ e (i i t-y st R S AR
. ' 0.90 g
ArCO2: Ar/CO, - 80/20 (Penning = 0.51) = A
. . (0]
T2K: Ar/CF,/isobutane - 95/3 /2 (Penning = 0.385) 085 . . ' .
101 102 103 10*

Gas Gain: n
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https://www.sciencedirect.com/science/article/abs/pii/S0168900205021418

UNIVERSITY
of HAWAI'l®

Efficiency Contours

MANOA
Collection Detection
250 pre 250 1.0
E‘ E"‘ ———ie =t Ecol = &pet
e 0.9
~ N
bt
200 - R 200 - 0.8
‘b
D —
E -—\/__—JLQQ% —
2 150 150
o
o)
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©
@ 100 100
R
o
[V
50 1 50

0.1 0.2 0.3 0.4 0.5 0.6
Optical Transparency Optical Transparency
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Net Efficiency and Gain Contours

Aouapy3

250 1.0
Enet = 95% Enet = 95%
500 © Enet = 90% — = Enet = 90% 0.9
* Enet = 75% | _ = ENet = 75% q
200 0.8
ENet = 50% B YV N | eesss ENet = 50%
400 1 n =100 — n =100
+ n=1000 -=: n=1000 |
S Breakdown Region 150 —— Breakdown Region _|
©
& 300 s
E e ———— —
Q
[T
100
200
-~ le+p3 e
100 | 50

20 50 60 70 0.1 0.2 0.3 0.4 0.5 0.6
Amplification Length (um) Optical Transparency
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Reset Time and Pileup

1.0

1.0 1: 0.9
d — O. 7 cm /
0.8 - - i
a E 0.6 -
G 061 g =
é |: 0.5 g
i Diffusion-limited floor @ Q
ol & 0.4
or =50 ,um/\/cm
—}— 10 ns deadtime
/ -+- 25 ns deadtime %2
0.2 1 O-T — 70 ll/m/ —}— 775 ns deadtime
0 100 150 250 300 "
Initial Drift Distance (cm) o0 , 0.0
] ] B Initial Driflt0 Distance (cm)
Nuclear recoils in T2K gas (95/3/2 Ar/CF4 /Isobutane).
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Induced Signals

MANOA
0.005 |
Jﬂ‘f 0.0
o
0.000 i — — - ,
e- ﬂli _01_
—0.005 1 ‘= —0.2 1 P
0 o G *  lon Signal
Q . -034 X s s aaaaaaa
= -0.010 )
© ©
= <
o U -0.41 PR - -
@ —— CentralPad — CentralPad | | N e I Electron Signal |
=0,015 +—="yopPad - = TopPad \ o e |
— BottomPad ~¥271 —— BottomPad ~
—— RightTopPad —— RightTopPad \
-0.020+ ____ RightBottomPad —0.6 { —— RightBottomPad \\\
= —— LeftTopPad \
LeftTopPad .
LeftBottomPad =0.7 1 LeftBottomPad S~ Total Signal
—0.025 1 | , - ' '
10-1 100 10! 107! 10° 10! 102
Time (ns) Time (ns)
For primary pad: For neighbor pads:
®  Rapid, negative electron signal. ®  Rapid, positive electron signal.
e Long, negative ion signal. e  Long, negative ion signal.
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Transient Signals

Weighting Field for
Individual Pad

o
n

o
>

lenyuajod Buiybiapm

Charge (fC)

-0.2

For neighbor pads:

e  Rapid, positive
electron signal.

® Long, negative

All Induced Signals

—— CentralPad \

—— TopPad S
—— BottomPad
—— RightTopPad
—— RightBottomPad
—— LeftTopPad
LeftBottomPad

— ..

UNIVERSITY
of HAWAI'l®
MANOA

These change baselines.
Can be solved by also
resetting neighbours

ion signal.

Tanner Polischuk | CPAD 2026
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FIMS with G3Pix Operational Regime MANOA
10— A ETE——— —==_Occupancy []
\ — Efficiency
g 0.8 “ I Operation
7] \
9 :
E ______ \
w o064 & 1 | FIMS with
— I Occupancy bound | _‘l Efficiency bound G3Pix:
c % il i . ix:
N P L (>55%) ENC=3e
$'0.41 \ Gain = 100 e
8 “ Shaping = 2 ps
= \
o \
S 0.2- \‘
\
\
0.0 .
10-? 100 10! 102 103

Threshold-to-Noise Ratio (TNR = n/ENC)
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G3Pix - More Testing Results

CSA Output (P24)

1024
o 101 4
N
T
- 100 A
3
a 10714
()]
<
1024 10° 4
<
v 1024
. . . . O
2 3 4 5 6 7 ~
10 10 10 10 10 10 = 101
Frequency (Hz) o
©
0
i Shaper Output (P6) % 10
10 E 10—1_
©
O
10724

102 103 104 10° 106 107
Frequency (Hz)

ASD (uV / VHz)

102 103 104 10° 106 107
Frequency (Hz)
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CMOS ENC and Shaping

MANOA
—«— Injection = 245e~ 10 -
102 4 —*— Injection = 490e~ S .
s . . % input transistor Detector current shot noise
| —e— (Cadence Simulation e thermal noise Ry thermal noise
2 , —e— LTSpice Simulation 5
®] o, _ W
= o -+ Digital Floor = 8.4e S 10° 4
y PR Simulated Floor = 2.7e™ | & ] 1/f NOISE input transistor
wn g w
s | TR . B | G3Pix (2 us) <
=2 % CURRENT NOISE LTAGE NOISE
o 8 series noise parallel noise
9 10! 102 -
= Jrsucssesasnesnisussnssunseranssisasanesteseintssrsncnsefursnsntsanensanesesseanesaconcrt ot STTTIETTIOVE ...
&= : 0.01 0.1 1 10 100
[ \ SHAPING TIME (us)
—0— o
10° 10!
Shaping Time: T (us) No Series Noise
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