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TB analysis: status

What's new
Efficiency
e Implementation on spatial check for efficiency calculation
e Study of efficiency as function of time window used for coincidences
e Study of efficiency as function of fiducial distance of hit on det1 respect to expected hit
e Study of efficiency vs VCASN




*after alignment some row or col values are

Efficiency shifted outside the sensor area

New algorithm

1.

2.
3.
4

With tracks from previous tracking algorithm (one cluster on all planes), perform alignment and
tilt correction

Cut events out of sensor area [0,512] *

Select events in time coincidence with time window (tw) between external planes 0,2

Look for clusters on plane 1 in same time window (tw) applying spatial cut:

282

Example for

abs (cluster center - expected hit) < d [pixel]

280

(squared fiducial area around the expected hit on det1) u
NOTE: If there is more than one cluster on plane 1,
select the closest to the expected hit.

272 Il hit pixels

@ expected hit
8 clz center detl

Compute efficiency as

# complete coincidences 0,1,2
# complete coincidences 0,1,2 + # incomplete coincidences 0,2 1

ef ficiency =



Part 1 of the analysis:
Find the right time window to make coincidences

y

Study of efficiency as function of different tw and spatial thresholds on det1 hits



Efficiency: study of efficiency as function of spatial threshold on det1 hit and coincidences tw

tracking with different tw, varying pixel distance for cut on DUT

VCASN = 5 long default run

S R R | ool o-—===-
“l ———————— - P o-———"" °
0.99 1 ’, “.’_‘ o
1 “.—
@ @
1 ./
o
i
"
1"
0.98 1 #
"
> »
= "
< i
T X
2 i
§ |
0.97 4 ::
4
i
|
:'
|
g -4- tw=10
‘ b- tw=25
-4- tw=41
-4- tw=10-25
0.95 | | | v
0 ) i t 8o 100

Efficiency calculated for different tw used to
make coincidences (expressed in timestamps)

distance in pixels for cut on detl
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outliers row %

Efficiency: study of efficiency as function of spatial threshold on det1 hit and coincidences tw

Outliers on row and col for different tw and spatial threshold

3.0 1
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VCASN = 5 long default run
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Col
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Outliers grows with spatial threshold — if spatial thr. increases we include events with big residuals

and so residual histos tails grow.

Outliers grows as tw decreases — if the tw is too short coincidences could be split




Efficiency: spatial cut study VCASN =5
tracking with tw = 25 ts (symmetric window)
varying pixel distance for cut on DUT

with cut = 3 pixels, efficiency = 0.99164
with cut = 5 pixels, efficiency = 0.99418
with cut = 50 pixels, efficiency = 0.99637

VCASN = 5 long default run, tw = 25
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From analysis of part 1:
TW =25, TW =41 and TW = -10/+25 are very similar in terms of efficiency and
outliers%, much better than TW = 10.
For now we use TW = 25 (~ 5 us)

’

Part 2 of the analysis:
Find the right spatial threshold using coincidences with tw = 25

'

Study of efficiency as function of spatial threshold of det1 hit looking at:

e CQutliers
e Resolutions




TW =25



Efficiency: Study of spatial threshold on det1 hit @ TW = 25 spatial threshold analysed

. : d=1,23,4,5,7,10, 15, 20, 25,
resc?lutlon VS S[_)atlal CUt 40, 50, 60, 70, 80, 90 100, 200, 300,
outliers vs spatial cut 400, 500

with cut = 3 pixels —» eff =99,16% — outliers =2.26% row - 2.17% col
— resolution = 4.630 um row - 4.731 um col
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Efficiency: Study of spatial threshold on det1 hit @ TW = 25

efficiency + resolution Row vs spatial cut

efficiency + resolution Col vs spatial cut

with cut = 3 pixels —» eff =99,16%

spatial threshold analysed

d=1,23,4,5,7,10, 15, 20, 25,
40, 50, 60, 70, 80, 90 100, 200, 300,

400, 500

— outliers = 2.26% row - 2.17% col

— resolution =4.630 um row - 4.731 um col

VCASN = 5 long default run TW = 25
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Residual comparison: with and without spatial cut
TW = 25, no spatial cut

Residual on rows

10*

LR

w

10

LRI BRI

T

outli

rs =2

h_row
Entries 201622
Mean 5.422e-6
Std Dev 0.007322
Constant 22178 + 66.2733

Mean  1.694e-5 + 1.188e-5
Sigma 0.004630 + 0.000011

.60 %

Residual on col

FETEN EETETE BTETErE ErErEr |
-0.1 -0.08 -0.06 -0.04 -0.02

0

0

| P B B A
.02 0.04 006 0.08 0.1

Residual row [mm]

% of outliers
decreases

e
o
w

LRRELLL B

R

LRRRLLL|

outlie

h_col
Entries 201622
Mean 2.924e-5
Std Dev 0.007406
Constant 21703 + 65.1490

Mean 7.363e-5 + 1.227e-5
Sigma 0.004732 + 0.000011

PRI PR BT R B |
-0.1 -0.08 -0.06 -0.04 -O0.

| I IR B
.02 0.04 006 0.08 0.1

Residual col [mm]

TW = 25, spatial cutd =3

Residual on rows

w

10

™

10

10

URLRELIL B SRR LLL B R

T

S

outliers = 2

Il

.26 %

h_row
Entries 200832
Mean 1.521e-6
Std Dev 0.006921
Constant 22176 + 66.2684
Mean 1.705e-5 + 1.187e-5
Sigma 0.004630 + 0.000011

'
o

oo ol O BT o ol
-0.06 -0.04 -0.02 0 0.02
-3 pix |

Residual on col

P PP P B
0.04 0.06 0.08 0.1
Residual row [mm]
X

10*

w

10

S

10

10

TT

outlie

rs=217 %

+3 pi
h_col
Entries 200832
Mean 3.251e-5
Std Dev 0.006969
Constant 21702 + 65.1490
Mean 7.328e-5 t+ 1.227e-5
Sigma 0.004731 + 0.000011

'
o,

By

NP I ST I L J I | I I [
-0.08 -0.06 -0.04 -002 0 0.02 0.04 006 008 0.1

-3 pix |

Residual col [mm]
+3 pix



Study on efficiency parameters: tw - spatial cut
Recap

175
d = 3 means considering a matrix 7x7 around expected hit o

TW=10,d=3 | TW=25,d=3 TW=41,d=3

efficiency 98.30% 99.16% 99.17%
outliers row 2.33% 2.26% 2.26%
outliers col 2.28% 2.17% 2.17%
sigma row (resolution) [um] 4.625 4.630 4.630
sigma col (resolution) [um] 4.707 4.731 4.732

TW = time window in which look for coincidences (timestamps)
d = spatial cut on det1 hits (pixel)

Y

TW =-10/+25,d =3

99.17%

2.25%

217%

4.630

4.731
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Study on efficiency parameters: tw - spatial cut
Recap

d = 5 means considering a matrix 11x11 around expected hit

TW=10,d=5 TW=25,d=5
efficiency 98.62% 99.42%
outliers row 2.50% 2.36%
outliers col 2.45% 2.28%
sigma row (resolution) [um] 4.626 4.630
sigma col (resolution) [um] 4.707 4.732

TW = time window in which look for coincidences (timestamps)
d = spatial cut on det1 hits (pixel)

TW=41,d=5
99.43%
2.36%
2.28%
4.631

4.733

275 um

\J

TW =-10/+25,d =5

99.42%
2.36%
2.28%
4.630

4.732
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Efficiency: Study of spatial threshold on det1 hit @ TW = 25
Efficiency with and without borders hits

VCASN = 5 long default run, tw = 25
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d=3

no cut — efficiency = 0.9916

cut [5,507] — efficiency = 0.9922
cut [10,502] — efficiency = 0.9926

d=5

no cut — efficiency = 0.9942

cut [5,507] — efficiency = 0.9947
cut [10,502] — efficiency = 0.9951
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From analysis of part 1:
TW =25, TW =41 and TW = -10/+25 are very similar in terms of efficiency and

outliers%, much better than TW = 10.
For now we use TW = 25 (~ 5 us)

From analysis of part 2:
Still consideringd = 3 or d = 5 as best cut

13



Efficiency vs threshold (VCASN) scanondett @ TW=25+d=5

Efficiency vs VCASN @ TW = 25
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BACKUP



VCASN = 5 long default run, tw = -10/+25

Efficiency: spatial cut study VCASN =5
tracking with tw = [-10, 25] ts (asymmetric window)
varying pixel distance for cut on DUT
with cut = 3 pixels, efficiency = 0.99166 ot T
with cut = 5 pixels, efficiency = 0.99418 s |7
with cut = 50 pixels, efficiency = 0.99632 LW
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Efficiency: spatial cut study VCASN =5
tracking with tw = 10 ts (symmetric window)
varying pixel distance for cut on DUT

with cut = 3 pixels, efficiency = 0.9830
with cut = 5 pixels, efficiency = 0.9862
with cut = 50 pixels, efficiency = 0.9915

VCASN = 5 long default run, tw = 10

1.00

0.99 4

efficiency
o
&

154
0
~

0.96 -

0.95

O L L et @ -
o® =
X ad
..r
i
1
I
1
I
]
'
]
'
1
]
]
i
1
1
1
]
1
I
)
]
]
]
]
¢
0 100 200 300 400 500

distance in pixels for cut on detl

VCASN = 5 long default run, tw = 10

1.000

0.998

0.996

>
v
c
a
e
k5
0.994
/.
s
¢
/
0.992 ./
/
/
o
!
/
.
h
/
/
/
0.990 4
0 100 200 55 R —
distance in pixels for cut on detl
100 VCASN = 5 long default run, tw = 10
_________ - -@=m====
_____ PSS SR
0.99 — =
&
L
o
.
f
¢
'
i
0.98 ’l
> ]
o T
c 1
[} i
g i
= H
o |
0974+
|
i
i
i
i
i
|
096 1;
0

20 80

40 60
distance in pixels for cut on detl

100



VCASN = 5 long default run, tw = 41
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Efficiency: spatial cut study VCASN =5
tracking with tw = 41 ts (symmetric window)
varying pixel distance for cut on DUT
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Cut coincidences with expected position on det1 outside confidential area

— step 0: align det2 using results from correlation plot (showed in previous
presentation)

— step 1: 3D line using position on external planes

— step 2: make residuals and use mean of gaussian fit to align det1 (7st time)

— step 3: plot resRow vs Col and resCol vs Ros to extract tilt angle

— step 4: correct for tilting angle

— step 5: make residuals and use mean of gaussian fit to align det1 (2nd time)

— step 6: cut events out of sensor area [0,512] *

— step 7: find coincidences within spatial cut on det1

— step 8: calculate efficiency

*after alignment some rowCenterAlign or colCenterAlign values are shifted outside the
sensor area



Study on efficiency parameters: tw - spatial cut

Recap
pixel
distance
d=3
d=5
d=20

d =250

d =100

tw=10

eff = 0.9830
outliers row = 2.33%
outliers col = 2.28%

eff = 0.9862
outliers row = 2.50%
outliers col = 2.45%

eff = 0.9897
outliers row = 2.77%
outliers col = 2.72%

eff =0.9915
outliers row = 2.94%
outliers col = 2.88%

eff = 0.9934
outliers row = 3.12%
outliers col = 3.05%

tw =25

eff =0.9916
outliers row = 2.26%
outliers col = 2.17%

eff = 0.9942
outliers row = 2.36%
outliers col = 2.28%

eff = 0.9958
outliers row = 2.49%
outliers col = 2.41%

eff = 0.9964
outliers row = 2.55%
outliers col = 2.46%

eff = 0.9969
outliers row = 2.60%
outliers col = 2.52%

Long default run VCASN =5

tw = 41

eff =0.9917
outliers row = 2.26%
outliers col = 2.17%

eff = 0.9943
outliers row = 2.36%
outliers col = 2.28%

eff = 0.9957
outliers row = 2.49%
outliers col = 2.40%

eff = 0.9963
outliers row = 2.54%
outliers col = 2.46%

eff = 0.9969
outliers row = 2.59%
outliers col = 2.51%

tw =-10/+25

eff =0.9917
outliers row = 2.25%
outliers col =2.17%

eff = 0.9942
outliers row = 2.36%
outliers col = 2.28%

eff = 0.9957
outliers row = 2.48%
outliers col = 2.40%

eff = 0.9963
outliers row = 2.54%
outliers col = 2.46%

eff = 0.9968
outliers row = 2.59%
outliers col = 2.50%



