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Introduction

Large Hadron Collider (LHC):

is the largest particle accelerator in the world

Various experiments, but among them LHCb

Improvement of measurements = Upgrade

Vertex Locator (VELO) detector upgraded!




Vertex Locator (VELO)

First sub-detector particles encounter
Measures the ionising particles paths

52 Modules along travelling direction
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Vertex Locator (VELO)

One module =4 sensors with 3 VeloPix ASICs each

~43 mm

Sensor

~15 mm

Application-Specific Integrated Circuits (ASICs)
Digital to Analog Converter (DAC)




Velopix

ASIC

256x256 pixels/ASIC

200 um n-on-p Silicon depletion zone

Detection Process:

e Creation of electron-hole pairs (ehp)
e Collect current
e Digital signal [DAC]

Application-Specific Integrated Circuits (ASICs)
Digital to Analog Converter (DAC)

Routing layer

Al readout strips

Electric field

n* strip implants

l holes n-bulk

p*-type backplane
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electrons[ T

ASIC Pixel Schematic with incident ionising particle
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Signals, Noise and Thresholds

Threshold [DAC] : minimum signal amplitude required for a pixel to register a hit.

[DAC] = Unit used by ASICs. Associates a Digital value to an Analog voltage or current.

Global Threshold Thyopey: 1| T—“""'Better choice

Discern between noise or hit from
particle.

T ""‘ L“'Too much noise
. ||,|J[,'

- A
i 5 LU LT
Sensor signal (X) — E il | " l 1K1 I' || "" |
AND  -— Output ml ' | |
Thglobal (Y)— |
Analog ; Dlgltal Time (arbitrary unit)

Figure 3: A simulation on the noise of a pixel.

Digital to Analog Converter (DAC)
https://fse.studenttheses.ub.rug.nl/24770/1/bPHYS_2021_VosM.pdf



https://fse.studenttheses.ub.rug.nl/24770/1/bPHYS_2021_VosM.pdf

Overview

Calibration and project goal:

e Conversion factor or Gain, K [e-/DAC]

Controlled scenario with radiation source = K [e-/DAC] for ASIC

e Compare to VeloPix ASIC design paper estimate
Kt [e-/DAC] = 15.45 + 0.51

Application-Specific Integrated Circuits (ASICs)
Digital to Analog Converter (DAC)

Pixel rows

. VP3-1 ASIC Flux from Fe55 X-rays, cold data

128
Pixel columns



Overview

Calibration goal:

e Conversion factor or Gain, K [e-/DAC]

Controlled scenario with radiation source = K [e-/DAC] for ASIC

e Compare to VeloPix ASIC design paper estimate

K.t [e-/DAC] = 15.45 + 0.51
Other goals:

e Exploreindividual vs ASIC behaviour

e Explore possible biases

Application-Specific Integrated Circuits (ASICs)
Digital to Analog Converter (DAC)

Pixel rows

K [e-/DAC| =z + Az

. VP3-1 ASIC Flux from Fe55 X-rays, cold data
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Theory: Signals, Noise and Thresholds

Pixel-to-pixel variations exist = can be fixed with small configuration setting in pixels

= Trim setting: Acts as current offset added to input signal

Sensor signal (X) — :
AND = Output  Hilgetected = Signalinput + Trim > Thgopar

Thglobal (Y)— :
................................................ ALTTITITEPETTE W 0 THm:
Analog i Digital Dot
. 103} { 1500.4 +/-28.4
. : ey
Equalisation process: 2 o
s 102} | 1406.1 +/-3.4
1. Best Trim setting matrix g
2. Global threshold and noise baseline for ASIC 101} { Wasked:
3. Masked pixel matrix

1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700

DAC Threshold



Theory: Signals, Noise and Thresholds

Fe55 source:

e 60% Auger e- with energy 5.19 keV, not measured
e 28% X-rays with energy 5.9 keV
e 12% other not relevant processes

Only X-ray flux detected on ASIC
E, = 5.9keV

VP3-1 ASIC Flux from Fe55 X-rays, cold data

192

Pixel rows
-
N
=]

64

128
Pixel columns
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#hits/(s pixel)

Theory: Signals, Noise and Thresholds

Flux vs Threshold scan
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ST=2s621ms from resultscalibration cold
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Flux and fit on pixel 127x128

E0=1530.5+0.3, f=0.00348+0.00087, s=2.14+0.36
Fit on average pixel, ASIC.

E0=1535.0+0.5, f=0.00033+0.00002, s=16.71+0.15
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Threshold (DAC)
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Theory: Source and Detection

o Electron

Processes: hv>E;
E7 = 5.9keV """ E,
1. Photoelectric effect, £y = 1.12eV

O Hole

E — Efy — Eg =>E ~ Efy h = Planck’s constant

v = frequency of incident light.
2. Average electron-hole pair-creation energy in Si: Eepp = 3.69 £0.11 eV /ehp
E, 5900 eV
E.hp 3.69 eV/ehp

Energy deposition

> Nehp = = 1598.92 ehp

> target = Ey — Ey , Nenp

K e | mno  E 1
DAC | target  Egp (Ey — Ep)

p+-type backplane
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Theory: Flux Models

Flux model structure

e Blue: Signal 1 pixel 1-1)- s\/lz_ﬂe-%(—%—

e Black: charge sharing f-%erfc(
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Theory: Flux Models

Flux model structure
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Integrating from
our threshold E to
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Graph by MD Galati
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Theory: Flux Models

Other possibilities:

1 E—E0 2
Fio(B) = Af - 5 (%e—(7>

+(EO—E)°erfc(E_EO)) +A(L- 1) s\/lg 'erfC(Es?/]_zgo)

S

_ 1 E—-F
Fi(E)=Af- l(EO —E)- erfC(E EO) + A1 - f)- . erfc( 0) Notation
2 S sV 8w svV/2 Fl 0

b

Using a different parametrization: AB model 4* = %fA, B* = %(1 — f)A | Model'name, with term0

FusnB) = - (e (7 1 (B0 By () 4 - b -exe (2

Fup(E) = A* - (E0 — E) erfc(£=22) + B* - ﬁ : erfc< ES—E20)
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Theory: Flux Models

Other possibilities:

_ 2
S _(ESEO)

Fio(E) = Af - %(_e

+(EO—E)°erfc(E_EO)) +A(L- 1) s\/lg 'erfC(Es?/]_zgo)

VT $
1 E-E 1 E - E0
Fi(E)=Af-—(E0— E) - erfc 0 +A(1—-f)- - erfc Notation
2 § sV 8w svV/2 E
/1,0
Using various s parameters: 2s model Model name, with term0

Foso(E) = Af - %(%6_(%)2 + (E0 — E) .erfc(E;EO)> FAQ-f)- 32\1/5 .erfC(E—EO)

Fyy(B) = $fA- (B0 - B)erfe( Z222) + 1(1— ))A- —L— - erfe( =22

Fos ap(E) = A* - (E0 — E) - erfc(E;—IEO) + B*. 32\1/% -erfc(b;;%o)
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Data and other specifics

Setup:

e Module at Nikhef for testing
e Cooling system used for data taking

Some data specifics:

e Two module temperatures, with same distance
e “Module production” equalisation
e MiniDAQ2 (data acquisition equipment)

Set | Label | Module Temp. | ASIC ST nacq | Thry,i, | Thry,e, | Three, | Total time (h)

1 Cold -20°C VP3-1 | 28621 ms | 50 1480 1600 1 4.36
2 | Warm 20°C VP3-1 | 25621 ms | 100 1480 1600 i 8.73

16



Data and other specifics

CLI-1/VPO-1 2 x 20s971ms

Filtering: K i
6000000 5 18
. 14
Anomalies are removed. , .
£ 4000000 X 10
% 8
. . . g.
Acquisitions that are empty or o : ;
. 2000000 % 4
considered bad o : :
'.” ..........,””“‘ ]
0 B . . i asaags - NA
1350 1400 1450 1500 1550 1600 1650
DAC Threshold
. VP3-1 (t= 25621ms)
3.0 :: . . : . 20.0
o 17.5
25 192
176 15.0
15 é 128 5 10.0 é
£ m z
% i 75
1.0 i
& 5.0
05 : -
0.0 = 7 N 00
-, NA ‘Z . = - NA

0 16 32 48 64 80 9 112 128 144 160 176 192 208 224 240 256

thr=1494, acq=18

thr=1527, acq=78
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Data and other specifics

Fitting and Pixel Categorisation:

Good: fit found and x* < x2

Bad: fit found but x> > X or unphysical
parameters

Fit not found: not converging

Cut data: no enough data, faulty or masked

s(25t)

1

x> with o = 0.05 and dof = n — 4

236

Pixel rows

>

Good fit

Bad fit

Fit not found

Cut data

18



Data and other specifics

Average behaviour of pixels:

e Mean
e ASIC

o Represents the average flux on the whole ASIC.

o Takes into account bad fit pixels > not an accurate representation?
e ASICgood

o Uses only good fit pixels > probably less biased

Throughout analysis looking at:
Distributions + Mean, ASIC & ASICgood

Can we say anything about the individual pixels from looking at the ASIC flux?

19



Analysis

Fit the data to the Flux equation allows us to:

F(E)=Af- %(%6_(@)2 + (E0 — E) .erfc(E;E())) +A(1—f)- 3\/1§ .erfc<Es_\/§0)

e Categorise pixels il

—_ Fiton pixel 129x128
E0=1521.4+0.3, {=0.0023+0.0006, 5=2.39:+0.32
Bad fiton pixel 129x128, fixed EO, fand s 1

Fit on average pixel.
E0=1534.9:4£0.3, {=0.00031+0.00002, s=17.72+0.18

@ Flux on pixel 129x128
@ Flux on average pixel

i

e Obtain physical parameters: EO

Flux (hits/s)

0.6

e Target and gain K[e-/DAC]

0350 1190 500 510 530
Threshold (DAC) :
Y
Eo 20

ASIC / average



Analysis: Flux

Individual vs Average/ASIC

ST=2s621ms from resultscalibration cold ST=2s621ms from resultscalibration warm

Flux and fit on pixel 127x128 Flux and fit on pixel 127x128

E0=1530.4+0.3, f=0.00342+0.00086, 5=2.16+0.36 1.6 E0=1547.6+0.2, f=0.00214+0.00027, s=2.82+0.25
Fit on average pixel, ASIC. 5 Fit on average pixel, ASIC.

E0=1532.4+0.3, f=0.00030+0.00001, s=17.33+0.11 E0=1548.4+0.1, f=0.00055+0.00001, s=13.06+0.04

e
o

1.4 4 144
1.24 1.29
¥ 1.0+ Y10
3 2
£ £
X 0.8 X 0.8
w [
0.6 0.6
0.4 0.4 4
0.2 0.2 4
0.0 T T T y 0.0 T T T T u
AS I C / 1480 1500 1520 1540 1560 1580 1600 1480 1500 1520 1540 1560 1580 1600
Threshold (DAC) Threshold (DAC)
ave rage (a) Flux over threshold from the cold dataset. (b) Flux over threshold from the warm dataset.

Figure 9: Average and individual pixel 127 x 128 flux comparison for both the cold and warm dataset. The pink
data points and line correspond to the individual pixel and the green data points and line to the average/ASIC
flux.
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Flux (hits/s)

Analysis: Flux

Individual vs Average/ASIC

ST=2s621ms from resultscalibration cold

Flux and fit on pixel 124x125
E0=1541.2+0.2, f=0.00288+0.00048,

Flux and fit on pixel 125x127
E0=1548.6+0.5, f=0.00143+0.00026,

Flux and fit on pixel 126x127

5=2.04+0.21

5=4.89+0.47

ST=2s621ms from resultscalibration warm

Flux and fit on pixel 124x126
E0=1548.5+0.3, f=0.00195+0.00025, s=3.21+0.24

Flux and fit on pixel 126x126
E0=1549.3+0.4, f=0.00123£0.00019, s=4.29+0.34

Flux and fit on pixel 127x125

~ 'E0=1549.8+0.3, f=0.00261+0.00047, 5=2.63+0.31 E0-1543.40.2, f=0.00483£0.00086, 5=1.49+0.20
Flux and fit on pixel 127x126 Flux and fit on pixel 128x127
12 E0=1528.9+0.3, f=0.00205+0.00047, s=2.03+0.22 E0=1556.9+0.5, f=0.00139+0.00019, s=5.84+0.43
. Flux and fit on pixel 128x127 124 Flux and fit on pixel 129x125
E0=1521.3+0.2, f=0.00228+0.00046, 5=2.40+0.22 E0=1543.1+0.2, f=0.00220+0.00029, s=2.69+0.21
104 Fit on average pixel, ASIC. & Fit on average pixel, ASIC.
- ~ E0=1532.4%0.3, =0.000300.00001, s=17.3320.11 1.0 F0=1548.440.1, f=0.00055+0.00001, 5=13.060.04
2
£
0.8 1 % 0.8 1
z
0.6 4 0.6
0.4 4 0.4 4
0.2 4 024
0.0 T T T T ? 0.0 T T T
1480 1500 1520 1540 1560 1580 1600 1480 1500 1540 1580 1600

Threshold (DAC)

Threshold (DAC)
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Analysis: Fitting

Individual vs Average/ASIC

Best flux model used here: F

Fraw Jthr — Fﬁt ,thr
AF, raw ,thr

Tthr
AF, raw ,thr

Pthr =

Flux (hits/s)

5
s
3
o
&

Residuals

°
@

Flux (hits/s)

°
o

0.4

0.2

0.0

0.0100

0.0075

0.0050

0.0025

0.0000

-0.0025

-0.0050

=0.0075

-0.0100

-

Pulls
o

ST=2s5621ms from resultscalibration warm

PR

ASIC—

fit on average pixel ASIC
E0=1548.4:£0.1, f=0.000550.00001, 5=13.06:0.04

Fit on average pixel, ASICgood.

E0=1544.7:0.1, f=0.00052:£0.00001, 5=11.800.04

Flux on average pixel, ASIC, warm

Flux on average pixel, ASICgood, warm

oo

ASICgood

1480 1500 1520 1540 1560 1580 1600
Threshold (DAC)
Residuals of ASIC Curve
~@~ ASIC
~8- AsiCgood

IWaY.:

1480 1500 1520 1540 1560 1580 1600
Threshold (DAC)
Pulls of ASIC Curve
o~ AsiC
~8- AsiCgood

A

1480

1500 1520 1540
Threshold (DAC)

Threshold (DAC)

1560 1580 1600
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Analysis: Fitting

Individual vs Average/ASIC

Best flux model used here: F

Pthr

Tthr

Fraw Jthr — Ffit ,thr

AF, raw ,thr

AF, raw ,thr

Flux (hits/s)

Residuals

[
o
3

0.75

ST=2s5621ms from resultscalibration cold

Flux and fit on pixel 126x126
T E0=1560.00.5, f=0,00178+0.00037, 5=4.220.57

Thmand i onpicel 126x129

0.3, 7=0.00186::0.00045, 5=2.410.30

ﬂux and m on pixel 127x126
E0=1528.9:£0.3, =0.00205£0.00047, 5=2.03£0.22
Flux and fit on pixel 128x126
E0=1521.8:0.2, f=0,00320£0.00069, 5=1.89:0.20
Flux and fit on pixel 128x129
E0=1535.5£0.2, f=0.00439::0,00084, 5=1.3020.16
Fit on average pixel ASIC.
E0-1532.4£0.3, f=0.000300.00001, 5=17.33£0.11
Fit on average pixel, ASICgood
E0=1530.20.2, £=0.00033:£0.00001, 5=14.26:0.08
@ Flux on average pixel, ASIC, cold
@ Flux on average pixel, ASICgood, cold

1480 1500 1520 1540 1560 1580 1600
Threshold (DAC)

Residuals of ASIC Curve

~0- Pixel 126x126
~&- Pixel 126x128
~&~ Pixel 127x126
~@- Pixel 128x126
~8- Pixel 128x129
—8- Asic

—8- ASiCgood

1480 1500 1520 1540 1560 1580 1600
Threshold (DAC)

Pulls of ASIC Curve

~o- Pixel 126x126
~&- Pixel 126x128
~8- Pixel 127x126
—8- Pixel 128x126
~@- Pixel 128x129
-8 Asic

~8- AsiCgood

1480 1500 1520 1540 1560 1580 1600
Threshold (DAC)
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ST=2s5621ms from resultscalibration cold

Flux and fit on pixel 126x126
5. f

175 5-4.22:057
[ ] [ ] [ ] 522412030
An Is: Fittin
° , 5=1892020
125
 5=1.3020.16
[ 51733401
7 100 it o , ASICgood
Z ~— £0=15302+0.2, f=0.00033£0.00001, 5=14.28+0.08
x @ Flux on average pixel, ASIC, cold
2075 @ Flux on average pixel, ASICgood, cold
° °
Individual vs Average ASIC e
0.25

Best ﬂUX mOdel used here: F].,O 1480 1500 1520 1540 - 1560 1580 1600

Threshold (DAC)
Residuals of ASIC Curve

Pixel 126x126
Pixel 126x128
Pixel 127x126
Pixel 128x126
Pixel 128x129
Asic
AsiCgood

Tthr Fraw Jthr — F ,thr

Pthr — =
AF, raw ,thr AF, raw ,thr

IZZXEEL

Residuals

° ;
] 1480 1500 1520 1540 1560 1580 1600
° Threshold (DAC)

Pulls of ASIC Curve

ixel 126x126
ixel 126x128
Pixel 127x126
Pixel 128x126
ixel 128x129

Fits are still acceptable — ]

ASIC: ....................................
Regions with clear fitting issues — |

1480 1500 1520 1540 1560 1580 1600
Threshold (DAC)



Analysis: Fitting

Pixel Categorisation

Fittype parameter Fittype parameter
. ype p 255 ype p
Good fit, 19.17% A Good fit, 14.32%
192 | 192
Bad fit, 43.4% Bad fit, 55.48%
w w
3 H
— 128 — 128
[ [}
X X
a a
Fit not found, 0.31% Fit not found, 0.2%
64 64 -
Cut data, 37.12% Cut data, 30.0%
0 : — : 0 : .
0 64 128 192 256 0 64 128 192 256
Pixel columns Pixel columns
(a) Cold dataset. (b) Warm dataset.

Figure 13: Heatmaps showing fit type category given to the individual pixels for the cold and warm dataset.
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Analysis: Fitting

Pixel Categorisation

Pixel rows

Fittype parameter

256

192

128

64 -

128
Pixel columns

(a) Cold dataset.

192

Good fit, 19.17%

Bad fit, 43.4%

Fit not found, 0.31%

Cut data, 37.12%

Pixel rows

Fittype parameter

256
Good fit, 14.32%
192 4
Bad fit, 55.48%
128 A
Fit not found, 0.2%
64
Cut data, 30.0%
0 T — — T
0 64 128 192

Pixel columns

(b) Warm dataset.

Figure 13: Heatmaps showing fit type category given to the individual pixels for the cold and warm dataset.
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Analysis: Fitting

Testing other flux models

6788 | warm

Fee] ] cold

Fes] =l 7151 |
Fas.0 = 4914 |

Fas 1 ol 12073 |
Fag,0 1 555 12433 |

F14 | 12470

Main model used | .o 9376 | 28
2 é ; EIB é 110 1|1 1‘2 1|3 1|4 1|5 1|6 1]7 1|8 1|9 2IO |

Percentage of good pixels w.r.t. total pixels [%]
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Analysis: Fitting

Testing other flux models

2s model:

It does not fit well

Main model used

Foe an 6788 72|57 warm
J \ cold
Fye 5977 |] 1817

Fas.0 TR 4914 |
Fas - sz ] 12073 |
Fag,o0 1 s34 | 12433 |
F14 S 12470
Fio S5 12518 !
2 é ; EIB é 110 1|1 1‘2 1|3 1|4 1|5 1|6 1|7 1|8 1|9 2IO

Percentage of good pixels w.r.t. total pixels [%]
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Analysis: Fitting

Testing other flux models

F 1 6788 | warm
248 7257
28 mOdeI | cold
5977
i fa ] 7151 |
It does not fit well
Fas,01 8 4914 |
AB model: Fas 9242 | 12075 |
Equivalent to Fag.0 1 6340 | 12053 |
\ F1 4 5237 | 12470
Main model used | .o 9376 | 28

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Percentage of good pixels w.r.t. total pixels [%]



Analysis: Parameters

Parameter distributions (good pixels only)

EO Distribution

T
Mean = 1532.27 +0.12

=== ASIC = 1532.38 +0.28

—=—- ASICgood = 1530.17 +0.18

500 4

400 A

w
o
o

Frequency

N

o

o
L

100 -

o.
1500 1510 1520 1530 1540 1550 1560 1570
EO Value

EO: Threshold of flux drop

Frequency

f Distribution

s Distribution

2000 A 7
Mean = 0.0027 +0.0000 Mean = 2.59 +0.01
—=- ASIC = 0.0003 +0.0000 —=- ASIC = 17.33 40.11
6000 + -—- ASICgood = 0.0003 +0.0000 1750 A ——- ASICgood = 14.28 +0.08
1 1
1 1
1 1
5000 1500 4 ' :
1 1
1 1
1250 A | ]
4000 A o I 1
v I 1
5 1 1
3 1000 ! !
I
g . 1| Cold
1 1
750 1 1
1 1
2000 - : H
500 - . -
I 1
1000 - i i
250 | 1
1 1
1 1
1 1
0- T : : : r : 0 ¢ - : — ~
0.00 001 002 003 004 0.05 006 00 25 50 75 100 125 150 175
f Value s Value

f: Charge sharing fraction

s: Spread around EO,
Sharpness of flux drop
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Analysis: Parameters

Parameter distributions (good pixels only)

EO Distribution f Distribution s Distribution
T 2000 4 7
Mean = 1532.27 +0.12 Mean = 0.0027 +0.0000 Mean = 2.59 +0.01
5004 ==+ ASIC = 1532.38 +0.28 —=- ASIC = 0.0003 +0.0000 —=- ASIC = 17.33 40.11
——- ASICgood = 1530.17 +0.18 6000 + ——- ASICgood = 0.0003 +0.0000 1750 4 ——- ASICgood = 14.28 +0.08
1 1
1 1
1500 - i i
200 4 5000 ] !
1 1
1 1
1250 A 1 1
- 5. 4000 - - - .
£ 300 o 9 ! |
3 H 3 1000 : '
i Q ¢ I
& 2000 & i i COId
1 1
200 750 i i
1 1
2000 - : !
1 1
500 ! !
1007 1000 ! !
] 250 i i
1 1
1 1
1 1
0- 0- - : - : - : 0- : - - — -
1500 1510 1520 1530 1540 1550 1560 1570 000w 001 002 003 004 005 0.06 0.0 5 50 75 100 125 150 175

s Value

EO Value

|
Vo

Difference between individual vs ASIC = |s ASIC value a good choice? 2

f Value



Analysis: Target

We know that:

All pixels should agree on the energy deposition

Shift in Ey due to pixel variations

Flux (hits/s)

We can use target = Ey — Ej, to: Cold

S
o

S
S

e Correct for pixel-to-pixel variations

e
o

S
o

e Obtain energy deposition

=
o
T

Fit on pixel 127x128

E0=1542.4:£0.3, {=0.0028::0.0005, $=2.67:0.32

27x128, fixed EO, fand s
0021:+0.0004, s=2.82+0.35

=0.
pixel 128x129, fixed EO, fand s

129x128
1=0.0014::0.0003, $=5.84:0.54

1=0.001 3
29x128, fixed EO, fand s

1520
Threshold (DAC)
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Analysis: Target

Calculation of target = Ey — E, > need Ej,
Individual pixel values

e Fj using the best prediction from equalisation

ASIC and ASICgood

® Fyasic = Ey, targetasic = Egasic — Evasic

Frequency

500 A

400 A

w
o
o

200 4

100 ~

target Distribution

Mean = 113.19 +0.12
—=—- ASIC = 113.38 +0.28
—=—- ASICgood = 111.11 +0.18

80 90 100 110 120 130 140 150
target Value
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Analysis: Target and e-/DAC

500 A

400

Frequency
w
=]
S
f

200 4

100 4

d

x>z rxxxxu T

80

100 120
Target [DAC]

140

Distributions for calibration_baseline

warm , skewness: -0.54, kurtosis: 0.09
Mean = 122.70 +- 10.86

ASIC = 125.43 +- 0.08

ASICgood = 121.72 +- 0.08

cold , skewness: 0.07, kurtosis: -0.63
Mean = 113.19 +- 13.58

ASIC = 113.38 +- 0.28

ASICgood = 111.11 +- 0.18

eDAC

800 -

600 -

400 -

200 A

1
1
1
u

10

12

14

RN
16 18 20 22 24
K [-e/DAC]

warm , skewness: 1.18, kurtosis: 2.59
Mean = 13.14 +- 1.26

ASIC = 12.75 +- 0.38

ASICgood = 13.14 +- 0.39

cold , skewness: 0.45, kurtosis: -0.19
Mean = 14.33 +- 1.76

ASIC = 14.10 +- 0.42

ASICgood = 14.39 +- 0.43
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Analysis: Gain K [e-/DAC]

Mean gain and uncertainty SEM = o/+/n

—r
T T
: : warm, Mean = 13.14+0.01
1 1 l® cold, Mean = 14.33+0.02
; i lel AsiC
L ! l®l AsICgood
i 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
I 1
1 1
calibration - I M

1
i i

o 1! ® !

- 11 g T
I 1
1 1
a .
b § |
1 1
1 1
1 1
I i
i 1
1 1
I i
1 1
1 I
1 1

12.25 12.50 12.75 13.00 13.25 13.50 13.75 14.00 14.25 14.50 14.75
K [e-/DAC]

15.00
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Systematic uncertainties and biases

Exposure time influence

Warm dataset has twice as much exposure time

Set | Label | Module Temp. | ASIC ST nacq || Thry,i, | Thry,ee | Three, || Total time (h)
1 Cold -202C VP3-1 | 2 s621 ms 50 1480 1600 1 4.36
2 Warm 20°C VP3-1 | 28621 ms || 100 1480 1600 1 873

New dataset variations with equal exposure time on both warm and cold:

calibration_nacq50: using acquisitions in the [0,50] range.

calibration_acq0to25: acgs in [0,25] range

calibration_acg25t050: acqs in [25,50] range
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Systematic uncertainties and biases

Exposure time influence

i i warm
: : — cold
calibration_acq25to50 A ! ! —e—
| :
I 1
1 1
1 1
1 1
1 1
calibration_acq0to25 : : t—e—i
: :
1 1
1 1
1 1
1 1
1 1
1 1
calibration_nacq50 A ! |—T—|
1
1 1
1 1
1 1
1 1
1 1
1 1
calibration - J I—‘—|
i i
1 1
T 1 T T T P T T 1 T
13.0 13.1 13.2 13:3 13.4 14.1 14.2 14.3 14.4 14.5
K [e-/DAC] K [e-/DAC]
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Systematic uncertainties and biases

Exposure time influence

Dataset ID

calibration_acq25to50 A

calibration_acq0to25 A

calibration_nacqg50 -

12308‘
8486
12056‘
8921
12518 |
9696

calibration -
9376 |

12518 !
|

warm
cold

11.0 11.5 12.0 12.5 13.0 13.5 14.0 14.5 15.0 15.5 16.0 16.5 17.0 17.5
Percentage of good pixels w.r.t. total pixels [%]

8.0 18.5 19.0 19.5 20.0
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Systematic uncertainties and biases

Exposure time influence

T T
: : warm K[e-DAC] = 13.14+0.01+0.44
1 | = cold K[e-DAC] = 14.33+0.02+0.16
1 1
I B —— ASIC
i | —— AsiCgood
I 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
. . |
calibration 4 g I"I

1 1
1 1

o ! & 1

- 11 - T
1 1
1 1
Py N
o g g
1 1
1 1
I 1
1 1
I 1
1 1
I 1
I 1
1 1
1 1

T T T L T T L T ! = T
12:25 12.50 1275 13.00 13:25 13.50 13.75 14.00 14.25 14.50

Assign a systematic uncertainty to the gain K[e-/DAC]
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Systematic uncertainties and biases

Exposure time influence

T T
: : warm K[e-DAC] = 13.14+0.01+0.44
1 | = cold K[e-DAC] = 14.33+0.02+0.16
1 1
I B —— ASIC
i | —— AsiCgood
I 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
. . |
calibration 4 g I"I

1 1
1 1

o ! & 1

- 11 - T
1 1
1 1
Py N
o g g
1 1
1 1
I 1
1 1
I 1
1 1
I 1
I 1
1 1
1 1

T T T L T T L T ! = T
12:25 12.50 1275 13.00 13:25 13.50 13.75 14.00 14.25 14.50

K [e-/DAC]

Assign a systematic uncertainty to the gain K[e-/DAC]

ASIC Gain makes a good prediction of Mean Gain 2



Systematic uncertainties and biases

Pixel coordinate bias

EOASICglobalfit =1534.9068, Spread = 77.0207

256

192 |

Cold

Pixel rows
=]
o0
.

64

Pixel columns

Ey, — EQASIC

40

—10

—20

—30

EOASICglobalfit =1550.5340, Spread = 81.

0260

256

Pixel rows
]
o

64

64

.
128
Pixel columns

10

256

No correlation of pixel coordinate and value of EO

30

20

=20

—30

—40

Warm



Systematic uncertainties and biases

VPO-0
Pixel coordinate bias i S z i T el
mean_tF = 1590.34 Trim OxF, odd col
. . . 10? - ?,52;‘:_; 3=2-nla8n {7 Trim 0x0, even col
Pattern observed in equalisation sk oirtemp) = v
Groups: even and odd columns + 16ths rows ; it
é 102
Based on equalisation approach: g
10' ; :

1. Same 3 groups ﬂ
100 ﬂ

1200 1300 1400 1500 1600 1700 1800
Threshold [DAC]

2. Analyse each group with same procedure

1900

2000
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Frequency

Systematic uncertainties and biases

Pixel coordinate bias

Target Distributions for resultscalibration_separation eDAC
300 4 300
0 cold even [ cold even
—— Mean = 113.47 +- 0.17 —— Mean = 14.30 +- 0.02
0 cold odd 250 4 0 cold odd
250 + —— Mean = 112.90 +- 0.17 —— Mean = 14.37 +- 0.02
I cold rows [ cold rows
—— Mean = 114.00 +- 0.47 —— Mean = 14.23 +- 0.06
200 200 A
150 4 150 4
100 A 100 4
50 - 50 A
0- 0-
70 80 90 100 110 120 130 140 150 10 12 14 16 18 20
Target [DAC] K [-e/DAC]

37



Systematic uncertainties and biases

Pixel coordinate bias

1 1 1
1 1 warm
: : — cold
rows - + & H
1 1
] 1
I I
I I
I 1
I I
1 1
1 1
odd i ——e—o
1
i i
I I
1 ]
1 1
1 1
1 1
1 I
even A : —e— :
I
i i
] 1
I 1
1 1
1 1
] 1
calibration 4 ! —e—|
] ]
I I
1 I
1 1
T T —f A T T T
13.0 13.1 13.2 133 141 14.2 14.3 14.4 14.5
K [e-/DAC] K [e-/DAC]

Disagreement on mean gain among groups. Bias coming from pixel position.
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Conclusions

K [e-/DAC] obtained for two datasets with Fe55 irradiation:

—— cold K[e-DAC] = 14.33+0.02+0.16
—— Estimate K[e-/DAC] = 15.45+0.51
= ASIC

= ASICgood

warm K[e-DAC] = 13.14+0.01+0.44

[ ]

calibration o

.

>
R T P o mr et e ]
b

12.25 12.50 12.75 13.00 13.25 13.50 1375 14.00 14.25 14.50 14.75 15.00 15:25 15.50 15.75
K [e-/DAC]

Estimate and cold Mean differ by 2.07c

Mean Gain found is still somewhat compatible with Paper Estimate

16.00
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Conclusions

K [e-/DAC] obtained for two datasets with Fe55 irradiation:

calibration -

R T P o mr et e ]

warm K[e-DAC] = 13.14+0.01+0.44
—— cold K[e-DAC] = 14.33+0.02+0.16
—— Estimate K[e-/DAC] = 15.45+0.51
= ASIC

= ASICgood

.

[ ]

12.25 12.50 12.75

Maybe lower temperatures = Mean gain from data approaches Estimate Gain?

13.00

13.25 13.50

1375

14.00 14.25 14.50
K [e-/DAC]

14.75 15.00 15:25

Label | Module Temp. | ASIC | Total time(h) | Gain K, 4, [e-/DAC]
Cold —-20°C VP3-1 4.36 14.33 £0.02 £ 0.16
Warm 20°C VP3-1 8.73 13.14 +0.01 = 0.44

15.50

15:75

16.00
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Conclusions

Summary:

Method to obtain Gain from irradiation of ASICs

ASIC flux is not bad predictor for Mean Gain

Positional bias observed

Label | Module Temp. | ASIC | Total time(h) | Gain K,,cq, [e-/DAC]
Cold —-20°C VP3-1 4.36 14.33 £ 0.02 £ 0.16
Warm 20°C VP3-1 8.73 13.14 +0.01 +£0.44
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Conclusions

Future:

Repeat analysis with new data and new

equalisation running on MiniDAQ3

Better determination of sys. uncertainty

Repeat on other ASICs and temperatures

Label | Module Temp. | ASIC | Total time(h) | Gain K,,cq, [e-/DAC]
Cold —-20°C VP3-1 4.36 14.33 £ 0.02 £ 0.16
Warm 20°C VP3-1 8.73 13.14 +0.01 +£0.44

41



Thank you for your attention.

Questions or suggestions?



Extra slides



Vertex Locator (VELO)

Table 1. Specifications of the upgraded VELO compared to those of the original version.

2009-2018 2022
RF box inner radius (minimum thickness) | 5.5mm (300 pm) | 3.5 mm (150 pm)
Inner radius of active silicon detector 8.2mm 5.1 mm
Total fluence (silicon tip) [#1eq/ cm?] 4x 10" ~8x 101
Sensor segmentation r — ¢ strips square pixels
Total active area of Si detectors 0.22 m? 0.12m?
Pitch (strip or pixel) 37-97 pm 55 pm
Technology n-on-n n-on-p
Number of modules 42 52
Total number of channels 172 thousand 41 million
Readout rate [ MHz ] 1, analogue 40, zero suppressed
Whole-VELO data rate 150 Gbit/s ~ 2Thit/s
Total power dissipation (in vacuum) 800 W ~2kW




Vertex Locator (VELO)

VP3-1 ASIC Flux from Fe55 X-rays, warm data

-
NN :

. VP3-1 ASIC Flux from Fe55 X-r.

P > 80
70
192
60
i 50
3 2
(S ° 2
— 128 - 128 40 8
¢ X T
o [-%



Vertex Locator (VELO)

Pixel rows

192

128

64

64

128
Pixel columns

oy

80

70

60

50

40

30

20

10

Hits/s

Pixel rows

256

Fittype parameter

192 A

128

64 4

64

128
Pixel columns

192

256

Good fit, 14.32%

Bad fit, 55.48%

Fit not found, 0.2%

Cut data, 30.0%




Flux over thr

Flux vs Thr [DAC]

40
i $ mean
ST=2s621ms from results,cw2
35 1 ¢ : d — Fiton piel 129128 :
E0=1521.440.3, 1=0.0023+0.0006, $=2.39+0.32
14 [ Bad fiton pixel 129x128, fixed EO, fand s
Fit on average pixel.
30 < T E0=1534.9+0.3, {=0.00031+0.00002, s=17.72+0.18
® @ Flux on pixel 129x128
1.2 |® ® Fiux on average pirel
25 1 : [] |
= 1.0}
:
S com | —
@ 20 g
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= x
* 15 4 Z ;
i 0.6F
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ST=25621ms from ibration warm

125

1.00

Flux (hits/s)

iy and i on el 261126
4,1-0.00123:0,00019, 5-4.29+0.34

_ fwcand m o) D\xel 126x127
0002100322 671522

76005, 120.002140 00027, 5=2.822025
__ Fluxand ficon pixel 1263129
, £=0.00257+£0.00033, 5=3.0040.25

— Fluxandfion pixel 120128
120 20110:0.00018/5m6.52:044
sl

3095520.00001, 5-13.0620.04

it on average pixel, ASICGo0d.
E0=1544.720.1, 1=0.00052£0.00001, 5=11.80£0.04
@ Fluxon average pixel, ASIC, warm

@ Fluxon average pixel, ASICgood, warm

ST=2s5621ms from resultscalibration cold

1480

1500

1520

‘Threshold (DAC)
Residuals of ASIC Curve

1580 1600

Flux and fit on pixel 126x126
E0=1560.0:£0.5, f=0.00178:+0.00037, $=4.220.57

412030

126
00205+0.00047, 5=2.030.22
1128x126

003200.00069, 5=1.89+0.20

Flux and fit on pi
E0=1521.8+0.2,

___ Flux and fit on pi
E0=1535.50.2, f=0.00439x0.00084, 5=1.30£0.16

Fit on average pixel ASIC.

E0=1532.40.3, f=0.000300.00001, 5=17.33+0.11

Fit on average pixel, ASICgood

E0=15302+0.2, f=0.00033:£0.00001, 5=14.28+0.08

@ Flux on average pixel, ASIC, cold

@ Flux on average pixel, ASICgood, cold

~o- Pixel 126x126

1500 1520 1540 1560 1580 1600
Threshold (DAC)

Residuals of ASIC Curve

Pixel 126x126 |
Pixel 126x128
Pixel 127x126
Pixel 128x126

Pixel 128x129
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AsiCgood

IZZXEEL

1500 1520 1540 1560 1580 1600
Threshold (DAC)

Pulls of ASIC Curve
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EO Analysis

Heatmap of EO

Cold

250 parametgr, averag¢=1529.5433:t0.0026

192

Pixel rows
I}
oo

Pixel columns

1544

1540

1536

1532

1528

1524

1520

1516

25%0 parametgr, average=1540.7221 +0.0026

192

Pixel rows

—

%}

>3
T

:
128
Pixel columns

102

1556

1544

1540

1536

1532

1528
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Analysis: Target

Calculation of target = Ey — E, - need E}
Individual pixel values

e Fj using the best prediction from equalisation

oA Eynoise width of either Trim0 or TrimF
ASIC
target asic = Egasic — mean(Ep)
Ata'rgetASIC' = \/(AEOASIC)2 + (AEbASIC)2

ASICgood (same as ASIC)

500 A

400 4

w
o
o

Frequency

200 A

100 A

target Distribution

(1L
Mean = 122.70 +10.87 11

——- ASIC = 125.43 +5.86 i

—=- ASICgood = 121.72 +5.86

80 100 120
target Value

140




Frequency

Separation: even, odd, 16th rows

Means

300 A

250

200 -

150 A

100 4

50

80

100 120 140
Target [DAC]

NRL R By

Distributions for resultscheck_separation gpac

warm even, skewness: -0.55, kurtosis: 0.08
Mean = 123.09 +- 11.05

cold even, skewness: 0.07, kurtosis: -0.66
Mean = 113.47 +- 13.71

warm odd, skewness: -0.57, kurtosis: 0.16
Mean = 122.21 +- 10.71

cold odd, skewness: 0.08, kurtosis: -0.61
Mean = 112.90 +- 13.44

warm rows, skewness: -0.52, kurtosis: 0.08
Mean = 123.32 +- 10.58

cold rows, skewness: 0.02, kurtosis: -0.58
Mean = 114.00 +- 13.41

400 +

300

200 A

100 -

! il

12.5

warm even, skewness: 1.17, kurtosis: 2.36
Mean = 13.10 +- 1.27

cold even, skewness: 0.45, kurtosis: -0.24
Mean = 14.30 +- 1.77

warm odd, skewness: 1.23, kurtosis: 2.98
Mean = 13.19 +- 1.25

cold odd, skewness: 0.46, kurtosis: -0.14
Mean = 14.37 +- 1.75

warm rows, skewness: 1.09, kurtosis: 1.81
Mean = 13.07 +- 1.20

cold rows, skewness: 0.54, kurtosis: 0.09
L Mean = 14.23 +-1.72

NIRR RNIRN RN

15.0 175 20.0 225
K [-e/DAC]



Frequency

Separation: even, odd, 16th rows

ASIC

Target Distributions for resultscheck_separation epac
300 A [0 warm even, skewness: -0.55, kurtosis: 0.08 E E [0 warm even, skewness: 1.17, kurtosis: 2.36
=== ASIC = 125.67 +- 5.86 [ === ASIC = 12.72 +- 0.70
il [ cold even, skewness: 0.07, kurtosis: -0.66 I : [ cold even, skewness: 0.45, kurtosis: -0.24
250 4 _'[ I -==- ASIC = 113.48 +-5.78 400 A i : -==- ASIC = 14.09 +- 0.83
1 [0 warm odd, skewness: -0.57, kurtosis: 0.16 H 0 warm odd, skewness: 1.23, kurtosis: 2.98
—== ASIC = 125.28 +- 5.86 : === ASIC = 12.76 +- 0.71
200 4 *‘ [ cold odd, skewness: 0.08, kurtosis: -0.61 1 [ cold odd, skewness: 0.46, kurtosis: -0.14
‘ -== ASIC = 113.07 +-5.78 300 A === ASIC = 14.14 +- 0.84
: 71 warm rows, skewness: -0.52, kurtosis: 0.08 :LL [ warm rows, skewness: 1.09, kurtosis: 1.81
1 ‘ —== ASIC = 125.86 +- 5.86 H === ASIC =12.70 +- 0.70
1507 il [ cold rows, skewness: 0.02, kurtosis: -0.58 I [ cold rows, skewness: 0.54, kurtosis: 0.09
=== ASIC = 114.05 +- 5.78 200 A . -== ASIC = 14.02 +- 0.82
100 A 1
1 100 -
50 (1 EmEE (]
0 J Il 1m]] R - 0 L= ﬂl].m[
80 100 120 140 100 125 15.0 175 20.0 225

Target [DAC] K [-e/DAC]



Frequency

Separation: even, odd, 16th rows

ASICgood

300 A

250 A

200 A

150 A

100 4

50

80 100

120
Target [DAC]

0

Distributions for resultscheck_separation epac

warm even, skewness: -0.55, kurtosis: 0.08
ASICgood = 122.19 +- 5.86

cold even, skewness: 0.07, kurtosis: -0.66
ASICgood = 111.71 +- 5.77

warm odd, skewness: -0.57, kurtosis: 0.16
ASICgood = 121.23 +- 5.86

cold odd, skewness: 0.08, kurtosis: -0.61
ASICgood = 110.67 +-5.77

warm rows, skewness: -0.52, kurtosis: 0.08
ASICgood = 122.16 +- 5.86

cold rows, skewness: 0.02, kurtosis: -0.58
ASICgood = 112.21 +- 5.77

q
400 - b
E
3004 (it
1§ 5 h
iflgl
200
IERA
100 A ﬂ i
o R | e
100 125 150 17.5 200 225
K [-e/DAC]

warm even, skewness: 1.17, kurtosis: 2.36
ASICgood = 13.09 +- 0.74

cold even, skewness: 0.45, kurtosis: -0.24
ASICgood = 14.31 +- 0.85

warm odd, skewness: 1.23, kurtosis: 2.98
ASICgood = 13.19 +- 0.75

cold odd, skewness: 0.46, kurtosis: -0.14
ASICgood = 14.45 +- 0.87

warm rows, skewness: 1.09, kurtosis: 1.81
ASICgood = 13.09 +- 0.74

cold rows, skewness: 0.54, kurtosis: 0.09
ASICgood = 14.25 +- 0.85
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Frequency

Baseline inclusion approaches

_newbaseline: shift in generation of flux files.

Target

500 4

400 4

w

[=]

o
1

200 4

100 A

100 120
Target [DAC]

140

Distributions for resultsultimate_newbaseline

warm , skewness: -0.50, kurtosis: -0.10
Mean = 122.75 +- 10.77

ASIC = 125.07 +- 0.05

ASICgood = 121.62 +- 0.09

cold , skewness: 0.19, kurtosis: -0.72
Mean = 114.05 +-12.91

ASIC =111.18 +-0.23

ASICgood = 111.13 +- 0.20

_baseline

warm , skewness: -0.54, kurtosis: 0.09
Mean = 122.70 +- 10.86

ASIC = 125.43 +- 0.08
ASICgood = 121.72 +- 0.08
cold , skewness: 0.07, kurtosis: -0.63
Mean = 113.19 +- 13.58

ASIC = 113.38 +- 0.28

ASICgood = 111.11 +-0.18

calibration

warm , skewness: -0.54, kurtosis: 0.09
Mean = 122.70 +- 10.87
ASIC = 125.43 +- 5.86
ASICgood = 121.72 +- 5.86

cold , skewness: 0.07, kurtosis: -0.63
Mean = 113.19 +- 13,58

ASIC = 113.38 +-5.78

ASICgood = 111.17 +-5.77

eDAC

700 -
600

500 1 ﬂ :

400 - } H

300~ I Hr
200~

100 -

04 . | ‘hk“m

10 12 14 16 18
K [-e/DAC]

20

[ warm , skewness: 1.03, kurtosis: 1.46
—— Mean = 13.13 +- 1.23

=== ASIC =12.78 +- 0.38

----- ASICgood = 13.15 +- 0.39

[ cold, skewness: 0.25, kurtosis: -0.61
—— Mean = 14.20 +- 1.61

—==- ASIC = 14.38 +- 0.43

----- ASICgood = 14.39 +- 0.43

_baseline
[0 warm , skewness: 1.18, kurtosis: 2.59
—— Mean = 13.14 +- 1.26
=== ASIC =12.75 +-0.38
----- ASICgood = 13.14 +- 0.39
[ cold , skewness: 0.45, kurtosis: -0.19
—— Mean = 14.33 +- 1.76
=== ASIC = 14.10 +- 0.42
----- ASICgood = 14.39 +- 0.43

calibration
3 warm , skewness: 1.18, kurtosis: 2.56
—— Mean = 13.14 +- 1.26
=== ASIC=12.75+-0.71
----- ASICgood = 13.14 +-0.74
cold , skewness: 0.45, kurtosis: -0.19
—— Mean = 14.33 +- 1.76
=== ASIC = 14.10 +- 0.83
----- ASICgood = 14.38 +- 0.86



Double s parameter in Flux equation

E0 f s s2 target Distribution
Mean = 1545.44 +10.75 600 Mean = 0.0025 +0.0013 6000 Mean = 62803832.96 +203785731.34 Mean = 3.76 +1.70 Mean = 122.58 +10.39
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KASIC = n_ehp/targetASIC
uKASIC = KASICknp.sqrt((n_ehp_err/n_ehp)*x2 + (utargetASIC/targetASIC)*%2)

KASICgood =n_ehp/targetASICgood
uKASICgood = KASICgood*np.sqrt((n_ehp_err/n_ehp)*x2 + (utargetASICgood/targetASICgood)*%2)
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Frequency

Target

300 A

250 4

200 A

150 A

100 A

50 A

80 100 120 140
Target [DAC]

Difference in Target Counts (Even - OddPistributions for resultscheck_separation

Distributions for resultscheck_separation

cold even, skewness: 0.07, kurtosis: -0.66
Mean = 113.47 +- 0.17

cold odd, skewness: 0.08, kurtosis: -0.61
Mean = 112.90 +- 0.17

eDAC

300

250 A

200 A

150

100 A

50 -

10
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14 16
K [-e/DAC]

Difference in eDAC Counts (Even - Odd)

18
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3 3 -0.002
~0.004
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70 80 90 100 110 120 130 140 150 10 12 14 18 20

Target [DAC]

K [-e/DAC]

20

cold even, skewness: 0.45, kurtosis: -0.24
Mean = 14.30 +- 0.02

cold odd, skewness: 0.46, kurtosis: -0.14
Mean = 14.37 +- 0.02



Approaches on baseline inclusion

Shifting EO by baseline before or after fit should lead to the same target result.

Calibration: shift after fitting. Get EO, then >
target = Ey — Ejy

targetasic = Eoasic — mean(Ey)

baselinewhilefit: shift while fitting. Get target directly from fit, also for ASIC

Atarget ASIC = \/ M

_newbaseline: shift in generation flux files

tar = Eyasic — me )

Ata =1/ (AE04s1¢0)" + SASTC)”



Approaches on baseline inclusion

baselinewhilefit approach

Fit on pixel 126126
E0-128340.5, 1-0.0012:£0,0003, 5=42940.44
12

28
E0=131,640.3, 1-0.0021£0.0004, 52824035

Fit on pixel 128x127
01419406, 1-0.0014.£0,0003, 525844053

Fit on pixel 128x129
E0=128540.4, 10,0026 40,0004, 523004035

allpizels , i _10 + — Loy 011 10,0000, 8-632:056
its _ its - s o 140,74 : 56324
hitsasicanr = ), hitsijen =5-10°  hitsggreinr = 6.3 - 10 e ’ — BRI lonsssoomon, st sasore
Z».; 2. ) e et
3 + 3 + ® ® Flux on pixel 126127
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N
\

\
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Approaches on baseline inclusion

_newbaseline approach

allpizels

hits asrcenr = Z hits; jenr = 5-10°  hits gsrc.ne = 6.3 - 10

ST=2s621ms from resultsultimate, cwbaseline

__ Fiton pixel 126x126
£0-130.640.5, 1-0.0015£0,0003, 5=4.05:0.43
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shift introduced in flux files generation and no use of baselineASIC

\

\
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i IDAC]¥
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new baseline method




Frequency

Approaches on baseline inclusion

baselinewhilefit: shift while fitting. Get target directly from fit, also for ASIC

500 1

400 -

300

200

100 A

Target

= x x5 x5 xxx Tk

100 120

Target [DAC]

Distributions for calibration_baseline

[ warm , skewness: -0.54, kurtosis: 0.09
—— Mean = 122.70 +- 10.86

=== ASIC = 125.43 +- 0.08
----- ASICgood = 121.72 +- 0.08
[ cold, skewness: 0.07, kurtosis: -0.63
—— Mean = 113.19 +- 13.58

=== ASIC =113.38 +-0.28

----- ASICgood = 111.11 +- 0.18

calibration

[ warm , skewness: -0.54, kurtosis: 0.09
—— Mean = 122.70 +- 10.87
=== ASIC = 125.43 +- 5.86
----- ASICgood = 121.72 +- 5.86

[ cold, skewness: 0.07, kurtosis: -0.63
—— Mean = 113.19 +- 13.58

-== ASIC =113.38 +-5.78

----- ASICgood = 111.17 +- 5.77

eDAC

800 -

600 -

400 A

200 A

1
1
1
u

10

12

16 18 20 22 24
K [-e/DAC]

warm , skewness: 1.18, kurtosis: 2.59
Mean = 13.14 +- 1.26
ASIC = 12.75 +- 0.38
ASICgood = 13.14 +- 0.39
cold , skewness: 0.45, kurtosis: -0.19
Mean = 14.33 +- 1.76

ASIC = 14.10 +- 0.42

ASICgood = 14.39 +- 0.43

calibration

warm , skewness: 1.18, kurtosis: 2.56
Mean = 13.14 +- 1.26
ASIC = 12.75 +- 0.71
ASICgood = 13.14 +- 0.74

cold , skewness: 0.45, kurtosis: -0.19
Mean = 14.33 +- 1.76

ASIC = 14.10 +- 0.83

ASICgood = 14.38 +- 0.86



Sample Quantiles

How Gaussian is the data?

QQ Plot target
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Conclusions

K [e-/DAC] obtained for two datasets of Fe55:
Comparing (cold) ASIC and ASICgood to :

. Comparing cold dataset to KASIC ...
L I 1o NCr-1Ia M0 i s tance in standard deviations from KASIC: -0.51

Comparing cold dataset to KASICgood ...
Distance in standard deviations from KASICgood: 0.12

® Estimate Gain Comparing cold to KASIC ...
Distance in standard deviations from KASIC: -1.97

Comparing cold to KASICgood ...

Distance in standard deviations from KASICgood: -1.54



