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— 1) Fake Hits

*  Corry Module AnalysisEfficiency produces ,fake_rate” plots

= In events with hit(s) in our DUT, but no track e VAW3/thr/ 1
(intercept) — pixels / clusters considered ,fake / 08
noise”“

*  Earlier there was a bug in Corry code (logic was inverted)
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- Fixed by merge request from me, now in main repo

. Problem: Telescope inefficiencies

- We require all 6 telescope planes to have hits for
track reconstruction
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- If>=1 planes do not detect particle (due _
inefficiencies or scattering) - no track - DUT hit
considered fake, even though there was a particle
causing the hit.

0.0

- Fake rate far too high 50 100 150 200 250 300 350 400
VThr [mV]

- We can’t conclude noise rate in [Hz] Histogram in Overflow

Actually “pretty” noisy
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EE— AnalysisNoise
Telescope
* Implemented Corry module AnalysisNoise plane * Hits

Distance DUT cluster and veto-plane cluster

* Not using tracks but using correlations

vetoDistance
Entries 4141303
Mean 6800
Std Dev 4003

25000

- Initially all DUT clusters considered noise DUT

20000
* Telescope planes have to ,veto“ hit at
DUT to not be considered noise / fake

15000

10000

- Is there a hit on any telescope plane in a
distance d < radius R from the 2D projection ]

H 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

Of the hlt On the DUT distance[um]

- Problem: Susceptible to noisy telescope _
planes (noisy plane could veto everything)

Adenium_0 | 616397

5000

* Data from testbeam spring 2024, backside biased Adenium 1 | 599547
(W3) Vienna sample at Veias = 190V and Vi, = S
50mV Adenlum_2 596332

Adenium_3 | 619348
Adenium_4 | 655894
Adenium_5 | 592310

Telepix | 461475
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Allowing a radius of 10cm
(every hit, no matter how
far off, at any telescope
plane can veto noise)

Analyzed 300k tracks each

Basically results in no noise
at all

AnalysisNoise results
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Zoomed
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EE— 2) Large ToT values

ToT vs. time residual

$ 350 residualsTimeVsTot 1800
H g = Entries 241698
* ToT histograms show feature at ~256 LSBs B aof Meany e |
2k Std Dev x 1059 {40
. ) _g - Std Dev y 3.939
* Found when looking for timewalk LIS
2001~ 1000
. - - . . :_ 800
 What s it, where is it coming from?
100 — o0
° o) C 400
DO we care: 50— 200
ol e Ly ey Ly e A T s 0
200  -150  —100 -50 100 150 200
time,,,, - timey, [ns]
ToT ToT
hPixelRawValues " — hPixelRawValues
2 Entries 622960 S E Entries 622960
g Mean 6.872 3 60— Mean 254.1
: Std Dev 4.42 * C Std Dev 1.233
50—
of
30;
20?—
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| AT 0;‘.@”.‘\.‘ g n il s el e il e el ]
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275
ToT (LSB)
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_— Large ToTs (just plot everything #1)

0- Index Heatmap (64x64) 7 . . Correlation Plot of TSLE and TSTE
4 Only looking at hits from 10 1 i
o] : N £ ToT > 200 _ ﬂ W |
16- £ ) Wos w |
5 2 ‘
201 I | | i
>>_< ;g 5 4 " - Histogram of Tot Values I:— 0.6 ‘ ‘ I
B 32 £ 5 \
£36- 3 200 o4 ‘ ‘
32 " g150 = ‘ ‘
a8 . g L \
52:. . £100 % 0.2 |
56- .° . 50 U ‘
60 0.0 .
5“°¢ﬁﬁ£§§§2@22§@$$3$8@ L %60 510 530 PET %0 o 0 50 100 150 200 250
Index X xt Value
Histogram of Double Columns Reason for |arge TOTS Scatter Plot of Digital Addresses
01 1. . s 1 :
ToT = TSTE — TSLE ~ :
40 20 -
. see Correlation plot: S O
> :
g TSLE>TSTE - ToT<0 & | °
. © '
.0 — looks like overflow - & :
(v a
we add 256
10 100
120
@ 10 15 20 0 5 10 15 20 25 30

Double Column Digital Double Column 6
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Histogram of TSLE Values

Large ToTs (just plot everything #2)

50 100 150 200 250
TSLE
Histogram of TSLE Gray-Encoded Values
50 100 150 200 250

TSLE (Gray Encoded)

Number of Times Bit was '1*
]
8

Decoded
(“normal”)
timestamps show
pattern with
distance of ~32
LSBs

Bit Count for TSLE
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Bit Count for TSTE
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Histogram of TSTE Values
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Histogram of TSTE Gray-Encoded Values
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TSTE (Gray Encoded)
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_— Large ToTs (Threshold)

* Plotting #Pixel in which ToT > 250 vs.

« Comparison with noise plots earlier
- Noisy pixels seem to be reason for
large ToT values . Jol iy ||| ||| | |I| |I

G0 50 100 151 250 300 350 400 Go

0 200 400
Threshold (mV) Threshold (mV)

Large ToT values for V-W8
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3) Time Residuals S
® F residualTime
Lg. 8000 Entries 182295
 Comparing track time (from TLU or Telepix) —— heen ol
with RD50-MPW4 time allows to depict g
timing resolution 6000;
_ 5000 -
e Secondary peak at -6400ns arises from 2000F
falsely assigned overflow counter: 256 * B
25ns = 6.4us (Hits remain in FIFO while TS 3000
overflow occurs) 2000
* Main peak shows timing resolution of F _—
~ [ L [ 1 ! Lo | - 1
9.5ns _8000-6000-400623000 0 2000 4000 6000 8000
Time residual Time residual tIrneref tIrnedut [nS]
2000 residualTime 8 residualTime Time residual
1800 o 850 § 8000 i v 8 residualsTime
1322 Std Dev 9.271 #7000 Std Dev 9.512 E 7000; ;’;‘::s ‘;;;Z ° M ore bln S
6000 -_—3 Std Dev 9512
1200 5000 i  Structure (3
1222 — 4000- /1 nS) from
600 w00 3000 Telepix
400 2000 2000/ . o)
200 1999 o | ||l|h” ‘””| hitor ()
bl IAARTAR AR I ]
06440 6420 6400 6380 _ 6360 % 30 20 10 0 10 20 30 40 075020 0 0 10 20 P
time, time,, [ns] time . time,, [ns] HME, g timey, (1] 9

ref ref
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EE— Time Residuals (t-Offset)
Time residual
*  Peaks in Time Residuals shows offset é 25000/ _tesidualTime
@ r Mean 138.2
- toiset > 0; tomset < 200NS ** 20000; Std Dev 13.84
*  Was much more pronounced in spring 2024 TB (up to 6.4us seen 15000/
there (wrong CONF_REG_TS_CTRL value used)) ron00k-
*  Varies from run to run -
5000|—
* < 8clock cycles (25ns clock) needed for TO signal of TLU to reset O 621000 100~ 500 300400 500
TS of MPW4 time,time,, [ns]
Time offset of main peak Time offset of main peak
1E14 3E14
160 4 t-offset Mean + Sigma 4 t-offset Mean + Sigma
’ 160
150
5140 HH HH ’ m H ' H I H H HV-scan runs _ o
5 ' ’ ’ HH H! | from Oct. 24 TB 3,
5 130 5
B 120 ' 130
110
120
220 230 240 250 260 320 330 340 350 360
Run Number Run Number
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EE— Time Residuals (Wrong overflow)
ToT
. . . r hTot
Shifting time by -6.4us 4000 - e
. . . 3500i Mean 8.617
- Only look into hits associated to track (only secondary peak at B - P
-6.4pus evaluated) 3000/
2500
. ToT looks pretty ,normal* =
2000
. TSLE and TSTE at edges of 8 bit TS region 1500
1000
. Could be ,normal“ overflow
500
. Is this somehow correctable? % 500980 3200 550
- | would not know how
TS-TE TS-LE ToT no overflow
£ 800} hTSTE 2 -00F hTSLE 2 E hTotRaw
E 700l Entries 27748 % ; Entries 27748 % 3000; Entries 27748
Mean 182.1 # 600¢ Mean 236.2 ++ F Mean 45.48
600F Std D 102.3 E o Std Dev 104.8
E L 500— Std Dev 11.79 2500:
500} F g
B 400— 2000
400F = -
g = 1500
300 300; -
200— 200 1000
1000 100 500
o- N R I SR N S N LR okt A B C - 0:‘|.H.|‘.Jk””\.”.\‘
0 50 100 150 200 250 0 50 100 150 200 250 —200 —100 0 100 200
TS-TE (LSB) TS-LE (LSB) ToT (LSB)
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EE— In-time Efficiency

* Scanning in-time efficiency by cutting on
time diff between track time and DUT

1.0¢ —— 1E14Topside/ F
* Done via “timecut_abs” parameter of
DUTAssociation module 0o
* Done exemplary for 1E14 topside biased g

sample from Oct. testbeam

y

* 3 efficiency increase regions observed

In-time

©
N

* Attime-cut of 25ns € ~ 78.8%

0.6

0 1000 2000 3000 4000 5000 6000
Absolute Time Cut (ns)
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as . = . .
I
-time Eff IClency (| ncrease reglons)
o
w0 oW
st me oo
0:62 —— 1E14Topside/ 0.820 —— 1E14Topside/ 1168 —— 1E14Topside/
: g e
& [
0.80 it ] /Q/I/J ] 1
0.815
. . v
2 2 2
5078 @ 3
] g ]
E E oo HJ E 0.90 /
£0.76 £ H% £
£ £ 0.805 WHH = ]
0.85 T
0.74
T J
0.800 :
0.72 0.80
25 0 25 50 75 100 125 2000 2500 3000 3500 4000 6000 6100 6200 6300 6400 6500 6600 6700
Absolute Time Cut (ns) Absolute Time Cut (ns) Absolute Time Cut (ns)
Time residual Time residual Time residual Time residual Time residual Time residual
idualTi
it 2 residualTime = s g 80 residualTime 2 residualTime H residualTime
8000 niies E i Enties 145959 = ven o7 5 Enres 149160 = Enves 149266 E Entr 182295
Mon omon| 5 8000 el g 8000 oz § 70 e 5 5000 ol = =
7000 * 7000  suve  sess #7000 * 50 SwDev a4 * 7000 swow e * 7000 o o2
6000 6000 6000 - 6000 6000
5000 5000 m 5000 @ 5000 5000
4000 ~ 4000 ‘ AL 4000 4000 4000
3000 3000 B L \ 3000 0 3000 3000
2000 2000 1FJ I 2000 20 2000
1000 1000 » 5 1000 10 1000
0 RIS, % e i .. il ” N - o
-5 -10 -5 0 5 10 15 40 20 0 -2500200015061000-500 0 500 1000 150020002500 000 -3000 -2000 1000 0 1000 2000 3000 4000 05000 4000 2000 0 2000 4000 6000 26006 4000 —2000 O 2000 4000 6000
time, ,-time,, [ns] time,,time,,, [ns] time, ,time,,, [ns] time,,-time,, [ns] time,,-time, [ns]

Few hits show time offset O(3us) Including overflow peak

Cutti ' k
utting on main pea Why?
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In-time Efficiency (other samples)
10| —— 1E14Backside r 1001 —— 3E14Backside r
[ i
% 0.95 T
0.9 ! 0.90 ‘i
> i > i
[©) O -
g 1 $0.85 ——
Sos e il S e 1
T Goso| |
£ £
S % 0.75
£o0.7 £
0.70
0.6 0.65
0.60
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000
Absolute Time Cut (ns) Absolute Time Cut (ns)

1E15 not possible as only no Ovflw-Cnt based timestamp available
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