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e Timing and tracking results
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Time reference-anchored signal definition of the DUT

Fixed-anchor signal extraction and timing definition
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Example event showing the fixed TREF-anchored signal definition

raw voltage (V)
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REF waveform defines the time anchor.
DUT signal is integrated in a fixed 20-bin window relative to that anchor.
A same-length pre-signal window is used for the baseline reference.

dt is the time difference between DUT and reference.

Representative raw DUT waveform (track event 31)
[~ Blue band: baseline window (bins 10-30)
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baseline-corrected voltage (V)

After baseline subtraction and TREF anchoring
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March TB 2026: 100 um x 25 um CROC, efficiency plots with the CROC included
select only tracks that passed through the CROC active region
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Pulse-integral distributions for TI-LGAD pixels before and after irradiation

DUT1_0 non-irrad pixel 1 DUT1_0 non-irrad pixel 2 DUT1_0 non-irrad pixel 3 DUT1_0 non-irrad pixel 4
Fixed oftset from TREF: 1.3 bins Fixed oftsatfrom TREF: 1.3 bins Fixed oftzet from TREF: 1. bins’ Fixed oftse from TREF: 1.8 bins
F H i £ r g : i
; Aloveris Alavents H Araverss g [ Aoverts
10° = 3 10 g 10 {
E above threshold E E bove threshold
n F
10 E 10° 10 E
107 107 10 E
10 10 10
1k 1 : 1k 1 1
E L 1 A R A [ L Liaol, L 1 I n e - P S PPN B 1ottt de it il
02 0 02 04 08 08 1 12 14 16 18 02 0 02 04 06 08 1 12 1a 16 18 02 0 02 04 06 08 _1 12 14 16 18 02 0 02 04 08 08 _1 12 14 16 18
Fixed anchored pulse integeal (¥ bin) Fixed anchored pulse ntegral (v bin) Fixed anchored pulse integral {V  bin) Fixed anchored pulse integral (V  bin)
DUT3 1.5e15 pixel 1 DUT3 1.5e15 pixel 2 DUT3 1.5e15 pixel 3 DUT3 1.5e15 pixel 4
Fixed offset from TREF: 26 bins Fixed offselfrom TREF: 27 bins Fixed offsetfrom TREF: 2.3 bins Fixed offset from TREF: 22 bins
o[- El 2 0k H £ 0tk 3 — —
10 E Al ovants H Al events H E H E — Allevants
E H § F § F
F ——— Evens above reesnoid F &
2 +eeeees G, ~025VER Z
w0 e 10 10
10° - 10 - 107
10 10 10 |
1 H 1 1
E A T A PP PRI EPPPIN EPPPN IPIPIPS B sl e d Al il
-02 o 02 04 06 8 1 12 14 16 18 04 06 1 12 14 1.6 18 02 o 02 04 06 1 12 14 16 18 0.2 o 02 04 06 8 1 12 1.4 16 1.8
Fixed anchored pulse integeal (V bin) Fixed anchored pulse integral (V bin) Fixed anchored pulse integral (V  bin) Fixed anchored pulse integral (V bin)
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Black distributions contain all events, blue distributions show events passing the pulse-integral threshold



How does the trench-region signal spectrum compare to a nearby non-trench region?

DUT1 non-irradiated, Pixel 1+2 DUT1 non-irradiated, Pixel 3+4
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Per-pad detection efficiency versus charge threshold

efficiency (%)
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. CH2: DUT1_W5_V2TW12-0e15-10 (top), thr=0.50

. CH1: DUT1_W5_V2TW12-0e15-10 (top), thr=0.50
CH9: DUT1_W5_V2TW12-0e15-10 (bottom), thr=0.50

v CH10: DUT1_WS5_V2TW12-0e15-10 (bottom), thr=0.50
CH4: DUT2_W5_V2TW23-25¢14-10 (top), thr=0.05

o CH3: DUT2_W5_V2TW23-25e14-10 (top), thr=0.05

s CH11: DUT2_W5_V2TW23-25e14-10 (bottom), thr=0.05
CH12: DUT2_W5_V2TW23-25¢14-10 (bottom), thr=0.05
CH6: DUT4_W5_V2TW4-15¢14-10 (top), thr=0.12

. CHS: DUT4_W5_V2TW4-15e14-10 (top), thr=0.12

Good pad-to-pad uniformity: channels from the same DUT show
very similar efficiency curves

The non-irradiated device maintains an efficiency of about 97-99%
over a broad threshold range

After irradiation, the efficiency curves shift toward lower thresholds,
indicating a reduction in collected charge.



Efficiency vs threshold

Efficiency (%)
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Effective IPD estimate from the efficiency dip

DUTS3 irradiated, Pixel 3+4
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> [ _{_ + e  Summed x projection for DUT3 irradiated, with an
= —
m [ . . - . .
o 95¢ error-function fit to the trench-related efficiency dip
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B with parameters:
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e Larger dip-region errors reflect lower local track statistics
e  Grey band: data-driven apparent trench-related region from the efficiency x-profile

e  Effective IPD: model-dependent response width of the dip, not physical trench width



Interpad distance evaluation
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Efficiencies

DUT1_0 Pixel 1+2 V2 TW2 DUT1_0 Pixel 3+4 V2 TW3
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DUT1_0 Pixel 1+2 track statistics
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normalized entries

DUT1_0 non-irrad pixel 1 DUT3 1.5e15 pixel 1

Pedestal-focused comparison Pedestal-focused comparison
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Threshold and CFD scans with track-based fixed-anchor selection
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Spur (PS)
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n_eg/cm? (red). Blue dashed lines indicate pixel boundaries. Resolution is uniform within the active area

with no degradation at the LGAD edges — direct evidence of the TI-LGAD full fill factor

Note: ~30-50 events per y-bin



Trench-centered timing x-projection plots

e  Timing projected in x after aligning each pair to its own trench center
e  Grey band: apparent trench-related region from the efficiency x-profile

e  No strong universal timing degradation is observed
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BACKUP SLIDES



Non irradiated W5 V2TW12 angle 10

Single-tralk v B PT (DUT gad-hit events)
After CROC ROl filter: 127574

Used (with TREF anchor): 96775
DUT pad-hit events (any userPixCigs bpx): 15435
CROC ROI: x=[1.10,3.40], y=[-0.80,1.00] rm
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DUTH CH9 efficiency (chi2<3.0, Clopper-Pearson)
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DUT2 CH11 (generic), integral DUT2 CH11 (generic), peak height Track position correlation (post- 2 cut)
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Timing projected in x near the trench
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No strong timing degradation is

observed



Preliminary Efficiency: Run 13231

y [mm]

DUT 1 DUT 2 DUT 4

Local Efficiency TGraph for CAEN_IJS_0 Local Efficiency TGraph for CAEN_IJS_1 Local Efficiency TGraph for CAEN_IJS_4
o.u: 1 g o.u: o 1 g o.o: ;: 1
o8- e > 06 = o > osf 'I . i

& 0.8 C 0.8 r 0.8
0.4 0.4 0.4

C 0.7 C 0.7 E 0.7
°'2:‘ 06 - 0.6 e 0.6

o:— 05 oF 0.5 oF 05

_0_2:_ 0.4 _0‘2:_ 0.4 _0.2:_ 0.4

: 03 e 03 : 03
-0.4[ -0.4F" -0.4F

C u 0.2 C 0.2 r 0.2

L L l- -
~0.6r- - 0.1 =060 0.1 =06 0.1

- [

= - -
0%504-03-02-01 0 01 02 03 04 05 ° 045204030201 0 0102 03 04 05 ° 085 04-03-02-01 0 01 02 03 04 05 °

x [mm] x [mm] x [mm]



Next step: Testbeam October 2024 -> regenerate plots with the new TB analysis
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. Validation of the fixed TREF-anchored signal window

Validation for the signal definition: peakPos - tTREF

. Observed DUT pulse remains inside the chosen window
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