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Frascati test beam
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Status of the analysis

Few points to account

1. MC estimate to be improved (~ 30%)

— Detailed geometry
— Beam misalignment and/or profile smearing

2. Data points must be corrected (min<CH=>, 8-bit, pickup noise) (<15%)
3. Fit model must be revised
4. Allpix? simulation for the charge collected

Current status

MC improved with all the details of the geometry. Data biasing (min<CH=>, 8-bit)
studied in detail and error constrained to 15%. Analysis of the BTF data ongoing,
data correction to be accounted yet. Fit model worked out in the general case of
uniform initial charge distribution, moving in an arbitrary E(z) = E, + E; z + E, Z?
field; implementation of the fit model in ROOT ongoing,.
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Status of the analysis

Few points to account

v' MC estimate improved (~ 30%)
— Detailed geometry
— Beam misalignment and/or profile smearing
v' Data points corrected (min<CH>, 8-bit, pickup noise) (<15%)
o ol I ed
= Allpix? simulation for the charge collected

Current status
MC improved with all the details of the geometry. Data biasing (min<CH=>, 8-bit)

studied in detail and error constrained to 15%. Data corrections accounted.
Analysis of the BTF data completed. Fit model worked out in the general case of
uniform initial charge distribution. Fit results for uniform E in the next slides.
Allpix? simulation under development.
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Overview of 'data corrections’

1. Mostly accounted to fix the bias we introduced when measuring the signal
using the <min(CH)> function. More details will be available in a report of the
Frascati testbeam I'm writing

2. At very HV, many acquisitions were polluted by internal discharges. In these cases it is
recorded a saturation signal of the amplifier, which clearly affects the average over N
triggers. In an ensemble of 0.8-1k triggers, this matters and these signals have to be
removed in order to read an accurate value of the average signal.
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Overview of 'data corrections’

2. At very HV, many acquisitions were polluted by internal discharges. In these cases it is
recorded a saturation signal of the amplifier, which clearly affects the average over N
triggers. In an ensemble of 0.8-1k triggers, this matters and these signals have to be
removed in order to read an accurate value of the average signal.
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Overview of 'data corrections’

2. At very HV, many acquisitions were polluted by internal discharges. In these cases it is
recorded a saturation signal of the amplifier, which clearly affects the average over N
triggers. In an ensemble of 0.8-1k triggers, this matters and these signals have to be
removed in order to read an accurate value of the average signal.
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' (before SmallPad bonding) (before SmallPad bonding)
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Overview of 'data corrections’

3. Charge multiplicity has been corrected using recorded average data by the
lead-glass calorimeter (BTF data).

4. Beam characteristics (sigma X, sigmay) variations have been accounted in the

estimate of deposited charge. e g
Pufle w5 B oA

Iuy. = . = en oo | Conditional Formatas (
< Format Painter = = | B Merge & Center B % 9 W Farmatting v Table

File  Home Insert  Pagelayout Formulas Data Review View  Help
X Clipboard [ Font [ Alignment & Mumber [
cut " AT =K e E B E
- - L2 ! Normal Bad Good Neutral S
Be Calibri 1 A A o 25 Wrap Text General -7 — | & s . e tAGIGE 4 AHIES
opy ~
Paste I u 4 O = &0 0y | Conditional Formatas||calculation Input M In¢
i m - o v A 2 o ~ = 3 H 1
« <F Format Painter A Merge & Center E-% 9 %8 Formatting ~ Table ¥ - s < o £ = ! ® .
Clipboarel [ Font m Alignment [} Number [ Stybes. :1“"
12
Al166 = =52*AG166 + AH166 o
4,
A [] ® o 3 F G H 1 1 K L M N o [ Q R 15|
24 445 600 2087 2753 o
25 1447 29 3079 27.32
26 450 8E3 3101 26.90
= a1 w1 3056 2632 112 MonteCarlo reverse Vbias measures
28 1452 289 2006 2658 119 Carica depositats da MC. ] sigma (sx, sy) mm
29 1455 500 3112 2708 120 filename  Sigma fascio X [mm]Sigma fascio ¥ [mm] Sigma gun % Sigma gun ¥ [mm] charge triggers pad edep110. stddev ec edep15( stddev edep15D
% 0 | ean 3041 3606 1210 ¥0_542 146 123753 so7 362 17" 2138 113 2871
3 122/%0_¥0_SX2 214 160 196978 136828 500 a7 047 111 2709 142
= 123 '0_Yo_SX2 214 165 196378 142213 s0a a3 wes 111 7w 138
13 124 'X0_¥D_SX2 213 166 1.95901 1.4528% 500 587 "LP 1594 106 26.83 1.40
5 125 '%0_¥0_SX1 1.50 130 171134 1.06523 a7 980 "LP* 1969 104 2658 131
= 126/X0_Y0_SX2 204 130 186200 106523 an ag7 "' 096 099 2047 136
127 0_YO_SX2 213 184 135901 164673 1014 1032 P 478 06E 638 035
= 128 'XD_¥D_SX2 213 184 1.95901 1.64673 1028 1050 "SP* 488 0.66 6.50 0.82
z 1230 ¥0_5X2 213 184 135901 164673 1017 1334 5P 481 068 64l 084
= 130/X0_Y0_SX2 213 187 195901 167903 1012 892 '5p' 41 067 625 0.3
39 Reverse s 131/'X0_YD_SX2 213 188 195901 168980 1016 959 'SP 4.75 067 628 085
40 Wbias [-V] SmallPad 150 [mV] SmallPad 110 [mV] Charge [#e] sp150 signal = sig - sigl_Owsp110 signal sig|_OVBTFfilename Pos. tav. ¥ Pos. tav. ' Centroidi Centroic Sigma fascio X Sigma fascio ¥ Triggers SmallPad 150 noise RMS [mV] SmallPad 110 noise RMS [mV] 132 X0 ¥0_5X2 213 186 135301 166826 1048 435 'SP 486 068 649 0.90
4 0 100.33 108.19| 00 00 101 128 213 184 1032 529 133
42 200 7577 262.35 1731 1521 1008 084 129 213 184 1050 30365 31697 134%0_Y0_5x2 218 173 201285 152827 315 681 ‘s> 445 064 556 0.4
43 400 476.25 440.47| 3748 a3 1011 7 401 084 129 213 184 1334 311 31842 135 X0_Y0_SX2 18 17 201285 152827 430 681 5P 18.92 110 2541 144
44 500 543.6. 585.2] 5443 475.0 1051 098 115 213 187 92 9414 30.569 136 X0_Y0_SX2 218 173 201285 152827 915 681 1 341 144 ange 198
45 800 820.5] 7188 7465 1053 099 -1.24 213 188 959 28128 30.017 (sig with 895 triggers) 137 XD_YD_SX2 218 173 2.01285 1.52827 430 681 LP 239 045 316 0.64
45 1000 935.1 11273 1101 100 120 213 186 495 28.866 “H‘s) 138
a7 e______________________________________________________________________________|
42 140
49 Punti exira 41
Z? 1000 1038 scarica 1000 1056 142 <min(CH)> correction
i 143 Correzione da <min(CH)> ad amplezza segnale
Reverse Vbias measures
53 Risultati fit (veloce) Risultati fit (veloce) has
54 2encil pod rev bias signal vs vbias (small pad) semcll pad 14500 <i .
55 Slope 110 Slope 110 err. 12000 S Slope 110 Siope 110 err. J— 146 Linear regression parameter for the <RMS> (you enter the value of undiscretized value of <RMS> and read the one that is returned by the D50}
56 1.250857 0.150876583 4.062 0.1920093 i almy
57 Constant 1Const. 110 err. s . Constant 110 Const. 110 err. s0000 - R 23832
58 -104.762 91.36055009 -20 116.2674053
00 o000 150 SmaliFad Linear for <max(CH= fy the smax{
zg 5";’2;1; 5"’"";;‘;;&;3]“ \ Stope 150 w358 Slope 150 err. T 1517 SmallPad 150 noise SMAlIPBEIS0FUE [f SmallPad 11 (SmaliPadi0 true V] RS [miv] m qlmv] SrmallPad150 true [mv]
X ! 0 . . - : e : : — % i
B0 Cortant Comat. 150 e H Cormmnt 150 G 150 a, e analisi | analisi_oldMinCH | analisi_oldMC  |Jdafilscantavolol]  dati_vbias BN znalisi_RMS | analisi_oldCal [JEER
62 -12.7619 18.81609289 4000 * 78,33333333 114.11708 Ready T Accessibility: Investigate
63 Slaope ratio - Slope ratio i
64 150/110  150/110 err. . 150/110 150/110err. joenn
65 0.7633 117601 o0 & 10724 8.71E-02 a0 e
66 o 200 a0 o0 00 1000 1200 0
67

0150 110

analisi | analisi_oldMinCH | analisi_oldMC _dati vbias GEHMINCELISICHM analisi RMS | analisi_oldCal |[sEl{RYisIEENe)(s|\V(@

15/06/2022 | P. Grutta - Biweekly GBP meeting




= CCEAVEE[k_, V_] —Abs[kv[l kV(Exp[—]—l]) ;

E
CCEAVEH[K , V] _Abs[kv[l kv(l Exp[ ]]],

Energy deposited
uniformly over
thickness dM'P)

Carriers generation Propagation in

Hecht[k_, V_] ==Ab8[kV[1-EXP[ﬁ]]]; (Q= E/27eV)
= e

uniform field E=V/d

Problem
The hole contribution cannot be clearly

distinguished from the electron one. <CCE>(V) for 110um sapphire

0.10

Fitting data, by assuming hole’s
contribution is negligible, can give an
idea of the (\mu\tau), product.

0.08 — CCEAv E( 01825 V)+CCEAng(°565 v)

0.06 - — CCEAng(—&"’;, V)
Comparison with both alpha i 110
experiments parameter and literature 0.04 - o CCEAng(° 5625’ V)
can be useful to test the Hecht 10

assumptions for the internal field. 0.02
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2.Fitting <CCE(V)>
Forward bias

LargePad

110 um wafer

Giving for the mutau product:
| 194 +/- 0.05 um2/V &
200 150 um wafer &

y Giving for the mutau product: 2’

§ oo 316 +/- 0.08 um2/V P
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2.Fitting <CCE(V)>
Reverse bias

LargePad
110 um wafer
Giving for the mutau product: &
2.08 +/- 0.07 um2/V &9
150 um wafer o*&
Giving for the mutau product: 2
3.22 +/- 0.1 um2/V R

o
SmallPad o

110 um wafer
Giving for the mutau product:
2.7 +/-02 um2/V

150 um wafer
Giving for the mutau product:
33+/-03um2/V



CCE

CCE(V _ ) for 110um
bias
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Reverse bias measures are .
believed to be most accurate 3 o011
0.16

given

1. the availability of
calorimeter data an d
LeCroy notebooks data;

2. thelk triggers statistics
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CCE(VbiaS) for 110um (reverse bias)
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CCE

CCE(V _ ) for 110um
bias
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Fit results confirmed the
preliminary analysis with a

UT =10 = 3.3 um2V

However, data points have
large uncertainties due to
the lack of statistics and
auxiliary data (fitpix) for
deposited charge
reconstruction.
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CCE(VbiaS) for 110um (reverse bias)
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CCE(V _ ) for 110um CCE(V ) for 110um (reverse bias)
bias bias
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DSO ADC resolution

The DSO used was a LeCroy Waverunner 640zi [datasheet]
Default ADC resolution is 8-bit: therefore, with a vertical scale of 1V/div we have:
7777777777777777777777777777777777777777777777777777 8*1000mV/278 = 31.25 mV resolution (8 being the # of vert. divs)

Indeed, this can be appreciated by this picture.
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Cursors X1 X2 DeltaX Yi@Xx1 Y2@Xx2 DeltaY Y3 Y4
value 7.5249 ps 7.6912 s 166.3 ns 226 mv 242 mv 16 mv 2751 mv 2247 mv
Measurements Amplitude Max Mean Min Area Base Top Rms
value 133 mvV 275 mv 220 mv 142 mvV 209.020 nWb 142 mvV 275 mv 221 mv
Measurements Delay Duty Fall 90-10 Fall 80-20 Rise 10-90 Rise 20-80 Period Frequency
value 7.44801 ps 85.000 % 364.80 ns 363.61 ns 19.20 ns 18.40ns 40.00 ns 25.00 MHz

This matter for the measurement of
¢ the electronic noise
* the signal, which we measured using <min(CH)> and which is a function of f(<min(CH)>)
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https://cdn.teledynelecroy.com/files/pdf/waverunner-6zi-datasheet.pdf

ADC

biasing with an example 1/2

The electronics noise

4% ] £ n
= = (=]

[N
=
IIII|IIII|IIII|IIII|IIII

average of the ADC-reconstructed RMS [mV]

—
]

o

...... RMS is the sigma of a gaussian simulating electronicnoise &

HMS_{discr}gis calculated for sail:h trigger - using a ;’cimsdwindow of urliabls size (i l]usfiiuksampl

=AMS= is lhai average over 1ﬂl]l]§maasur& of the HME’&

—— 2000 samples

—— 4000 samples

— 10000 samples

25).

o

| | | | | | | | | | | |
10 20 30 40 50
actual RMS [mV]

Assume that the electronics noise is
completely randomic, and it's normally
distributed with a certain sigma (‘actual
RMS').

This noise overlays the actual signal, and
this waveform is then fed in the DSO
front-end where the analog signal is

qguantized over the 8-bit resolution (31.25
mV)

Dithering from signal+noise sampling
make the measure of the RMS noise
meaningful, as illustrated here

The Fig. shows that if we read <RMS> =32 mV - e.g. the RMS is calculated in a 2k

sample window (2us) and the average over 1k triggers — the true unbiased RMS
value is 32 -2.67 =293 mV.
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ADC biasing with an example 2/2

The electronics noise

A = <max(CH)> - <CH> * Incidentally, this toy model shows that
2 dithering allows to measure the <RMS>
w228 noise with a precision smaller than the
ADC resolution.

« However, to the pure electronics noise we
have to add another noise distrubing the
sighal measure: the noise from the
environment

— Waveforms (right)
— Trace of RMS noise (left)
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The difference A depends from the intensity of the <CH> itself, given that the
sampling rate is fixed and the shaping time determines the temporal width of the
peak.

54
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