TREF-anchored signal definition of the DUT

Fixed-anchor signal extraction and timing definition
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TREF CFD defines the event time
anchor

Same-length pre-signal window
used for baseline reference

dt=t DUT -t REF

The DUT charge is integrated in a
fixed 20-bin window placed
relative to the TREF CFD anchor,
to avoid the pedestal bias of
peak-centering while retaining the
main part of the DUT pulse for the
selected events in this run
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How does the trench-region signal spectrum compare to a nearby non-trench region?
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The trench-related region shows a
lower-charge population than the
off-trench reference region, which is
consistent with the local efficiency
loss.



Example event showing the fixed TREF-anchored signal definition

° REF waveform defines the time anchor.
° DUT signal is integrated in a fixed 20-bin window relative to that anchor.
e  Asame-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) After baseline subtraction and TREF anchoring
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: color scale: 75-100%
3.05[—
s
2951 ‘
29
e, =980 £03%
T e, =985 £04%
2850
85 ¢ =985 £04%
24 23 22 -21 =2 18 17
Track x (mm)
DUT3 irradiated, Pixel 1+2
3.1 I I _—
3.05/—
s
2,95/
29
e, =981 £02%
D £,,=989 +03%
2850 ¢ =988 +03%
24 23 22 21 =2 19 -18 -7

Track x (mm)

Efficiency

Efficiency

0.95

0.85

0.75

Track y (mm)

Track y (mm)

215

21

2.05

n

1.95

1.3

1.25

12

1.15

1.05

-2.4

DUT1 non-irradiated, Pixel 3+4

£, =981 £02%
&0 =994 £02%
£, =985 £04%
23 22 -21 -2

-19 18 -7

Track x (mm)

DUT3 irradiated, Pixel 3+4

e, =94 +03%
‘pair
£, =980 £04%
&pn =985 £0.4%
23 22

-1.9

2.1 -2 -18 -17

Track x (mm)

Efficiency

Efficiency

y (mm)

y (mm)

DUT1 non-irradiated, Pixel 1+2 track statistics

3.1

3.05

29

2.85

S
2'8—2.5 -24 23 -22 21 -2

-19 -18 -1.7 -16
x (mm)

DUTS3 irradiated, Pixel 1+2 track statistics

3.05

2.95

29

2.85

2‘8—2.5 -24 23 -22 21 -2 -19 -18 -1.7 -16

X (mm)

Typical local statistics: about 40—43 tracks/bin

Tracks / bin

Tracks / bin



Efficiencies Binning: 17.5 ym x 37.5 ym
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Threshold and CFD scans with track-based fixed-anchor selection
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Trench-centered timing x-projection plots

Timing projected in x after aligning each pair to its own trench center

Grey band: apparent trench-related region from the efficiency x-profile

No strong universal timing degradation is observed
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Direct local AToA RMS map on the efficiency grid
Same-grid timing map tested in a separate rerun
Per-cell timing statistics are too sparse for a stable final 2D presentation

Used as a validation cross-check, not as the main timing result



2D local timing map

DUTS irradiated, Pixel 3+4
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Effective IPD estimate from the efficiency dip

DUTS3 irradiated, Pixel 3+4
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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



. 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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Efficiency x projection: localized trench-related band

Efficiency (%))

TTTII1TT[TTITlTTTI[TTII]IITTTIT!T

Efficiency (%)

100

95

90

85

80

75

70

65

100

95

90

85

80

75

70

65

DUT1 non-irradiated, Pixel 1+2
. ;

e +%++

——

T

AXpp =117 pym, o =34 pm

Colo v Vv o b Ly idpaaiiey oy |y o Ly o Lya o 1o

-22 -218 -2.16 -2.14 -212 -21 -208 -2.06 -2.04 -202
Track x (mm)

DUTS3 irradiated, Pixel 1+2

++ F ++ % ++ F

TITTTINTTIT[TTTI[TTIIIT!IIXITTI

[ AXgo =117 pm, o =34 pm:

’Tw\lllll‘llr‘\lx|| Yoo 1 oo a0 1aaa Lo |1y

=2.16 -2.14 -212 -21 -2.08 —206 -2.04 -2.02 -2 -1.98
Track x (mm)

)

Efficient

Efficiency (°/<|)

95

90

85

80

75

70

65

95

90

85

80

75

70

65

DUT1 non- |rrad|ated Plxel 3+4
-

e ro e

Tl!ll\[TTlTl\ITI‘IIIIIII\I‘ITT\

[ AXyo =117 pm, o =34 um

I B IO BN 7774, ¢ ¢/ T A I R
21 -208 -206 -204 202 |2 -198 —196 —1.94 —192
Track x (mm)

DUT3 irradiated, Pixel 3+4
- e

N

|T\\\‘]IIT[T!TI[!TII'\III;I\!I[

TT

[ AXpyp = 11.7 pm,

G‘=3.4 prri

_‘Iy‘.l\”\”y\‘.‘-.;...]‘.>I\HI..'M
-2.06 -2.04 -2.02 -2 -198 -196 -194 -192 -19 -1.88
Track x (mm)

Center-y efficiency projected in x
Shaded band: trench-related
inefficient region

Used to localize the trench-related

response dip



Timing projected in x near the trench
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observed



Interesting testbeam runs to analyse >>

Important: calibration for Chubut2 board with PIN TI-LGAD to be done



Ongoing analysis: Batch 1 -> March TB 2026; 100 um x 25 um CROC

Batch 1
) HV plane 1 (V)
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Batch 1 -> 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; run 13231 -> checked another batch -> improvement of
associated tracks for the CROC ; batch 3 has masked columns in CROC

Batch 2+3
Wafer  Version Trench parameter Fluence # daughterboard Chubut CH1,2 Chubut CH3,4
W5 V2 TW1-2 0 V2TW1 V2TW2 Angled
W5 v2 W23 2.5e15 V2TW2 V2TW3
w2 V2 TW2-3 2.5e15 V2TW2 V2TW3 CH3+4 not used for Batch 3
W5 V2 TW4-6 1.5E15 V2TW4 V2TW6 CH3+4 not used for Batch 2
Batch 4
Wafer  Version Trench parameter Fluence # board Chubut CH1,2 Chubut CH3,4
MB13 w2 Viva  TW5 1.5e15 VITW5 V2TW5 Angled DUTS5 from March26
MBH#7 w2 Viv2  TW5 2.5e15 VITW5 V2TW5 DUT14 from March26
MB14 w2 V2 -2 250E+15 V2TWE V2TPW2 (DUT13 from Oct25)
MB15 w5 v2 Fevas 25645 VT V2FWE DUT10 from March Sample broken
Update: w2 Vivz  TW5 1.5e15 VITW5 V2TW5 DUTB from Oct 25
W5 V2 TW4/6 2.5e15 V2TW4 V2TW6 DUT 9 from March
Batch 6
Wafer  Version Trench parameter Fluence # daughterboard Chubut CH1,2 Chubut CH3,4
55um w11 Vi-2 TW5 VITWS VITW5 Angled
w11 V2 TW2-3 V2TW2 V2TW3
Wit v2 FW4-E VP4 VETWE FRIPS—broken
w11 V34 TW5 V3TW5 VATWS
Replacement: W3 Vvi-2 TW5S VITWS V2TW5 Zurich Sample
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Track position in global coordinates of those which had been associated to a cluster
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Next step: Testbeam October 2024 -> regenerate plots with the new TB analysis
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(a) Unirradiated TW5, 50 V.
S/Npeax = 48, S/ Ny = 13
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(b) Irradiated TW4, 530 V.
S/Npeak =68, S/Ncut = 25
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(¢) Irradiated TW6, 530 V.
S/Npeak =68, S/Ncut = 25



