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Calibration with PLP Led and comparisons with the CAEN led

| performed calibrations with both methods:

« method A: peaks id, only applicable to amplitude. In this case we first perform a linear fit and
then have to charge through the fit on the wf to derive the tau.

« method B: obtain the mean and standard deviation of the histogram of the amplitude or the

integral and from this we derive the p1 of the linear fit which gives us the conversion factor to
the number of photons

In the following slides | have summarised the results of all the work done for the calibrations for
the 2 methods.

In the backup slides you will find details of how these calibrations were carried out




Summary SiPM 6x6 Calibration with PLP Led with method A (only amplitude)

SiPM Gain Gain Power po + error p1 + error t(ns) +error(ns) conversion Integral/ampl | Conversion
amplitude [mVin,,] factor (1 — | itude facto p;t(1 —
conversio _1500 e_ls‘;)o)

n e )
6x6 28 15 3,7 0,2 3,36+0,02
518,045
25,12 154,19+0,48 154,18 147,73
6x6 28 6 0,45+0,1 3,331£0,02
513,42
6x6 18 15 - -
7,94 156,42+0,49 156,41 146,90 195,51
6x6 18 6 0,20+0,06 1,25+0,01

Summary SiPM 6x6 Calibration with CAEN Led with method A (only amplitude)

SiPM Gain Gain Power po + error p1 + error t(ns) +error(ns) conversion Integral/ampl | Conversion
amplitude [MmVin,,] factor (1 — | itude facto
conversio _5600 (1 -

" ) P
e )
6x6 28 25,12 ! 14,120,2 3,37:0,01 156,5+0,4 153,11 515,98
6x6 18 794 7 1,56+0,07 1,142+0,005 157,04+0,04 1536 175.41
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Summary SiPM 6x6 Calibration with PLP Led with method B integral

SiPM Gain Gain range po + error py + error
amplitude [mVns/n,]
conversion

6x6 28 25,12 0-600 -3,35%*e"5+2,6*eM 555,5+8

6x6 18 7,94 0-600 -7,1%e"4£2503 222+2

Summary SiPM 6x6 Calibration with CAEN Led with method B integral

SiPM Gain Gain range po + error p1 + error
amplitude [mVns/ng,]
conversion

- - * *a/\

6x6 28 25.12 0-700 2,3*e"b+2 7*eMM 614,7+4

6x6 18 794 0-700 -8,2*eM+1714 226,3+1,95
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Summary SiPM 6x6 Calibration with PLP Led with method B amplitude

SiPM | Gain | Gain po +error | py+error T(ns) Constant | Integral/a | Conversio
amplitude [mVin,,] + error(ns) factor mplitude n
conversion Range 5-1500 | factor factor

charge p1t(1 —
1— _1500
T(_1500 e T)
e 1)
ox6 128 | 5519 8l 3788005 | 15410+048 | 154,18 | 147,73 222'8017’
ox6 118 1794 1,001 1392001 156 401049 | 156,41 | 146,90 %7'4“1’
A

Summary SiPM 6x6 Calibration with PLP Led with method B inte]q//al

SiPM Gain Gain range po + error p; + error
amplitude [mVns/ng]
conversion

6X6 28 25,12 0-600 -3,35*%e"5+2,6*e" 555,548

6X6 18 7,94 0-600 -7,17e"4£2503 222+2
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<—— Compare the two

calibrations, with the same
method B but one for
amplitude and the other
one with integral, and we
can see that these values
are close to each other



Summary SiPM 3x3 Calibration with PLP Led with method B integral

SiPM Gain Gain range po + error p1 +error
amplitude [mVns/n,,]
conversion

3x3 28 25,12 0-400 -2,4*eM+756 68,35+1

3x3 18 7,94 0-400 -4186£129,3 24,6x0,4

3x3 0-400 -179+48 5,3+0,2

Summary SiPM 3x3 Calibration with CAEN Led with method B integral

SiPM Gain Gain range po + error p1 + error
amplitude [mVns/ng,]
conversion

3x3 28 25,12 0-400 -2,32*e"+332 67,5+0,3

3x3 18 7,94 0-400 -4977+36,62 23,02+0,1

3x3 0-400 1837+84,14 6,8+0,2
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Summary SiPM 3x3 Calibration with PLP Led with method B range fit 5-600 amplitude

SiPM Gain Gain po + error py +error t(ns) conversion Integral/am Integral=A*
amplitude [MmVin,,] + error(ns) factor plitude conversion
conversion charge factor

(l—e <)

3x3 28 25,12 -6,9:0,3 | 1,54+0,02 56,21+0,00 | 56,21 50,52 86,56

3x3 18 7,94 -0,98:0,03 | 0,48420,006 | 53334007 | 53,33 51,71 25,81

3x3 -

- 0,004+0,001 | 0,0495+0,001 | 44,15+0,09 44,15 50,24 2,185
Summary SiPM 3x3 Calibration with PLP Led with method B integral ]
SiPM Gain Gain range Do + error p, + error Compare the two
litud [MVns/n,,, . . .
conversion mrste T calibrations, with the
3x3 28 25,12 0-400 -2,4%eM£756 68,35+1 same method B but one
3x3 18 7,94 0-400 418641203 24,6104 for amplitude and the
33 0-400 179448 5,3£0,2 other one with integral,
and we can see that
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these values are not
really comparable



Summary SiPM 3x3 Calibration with PLP Led with method B range fit 5-600 amplitude

Gain p0 errorp0  pl error pl tau Integral conversion
28 -6,9 0,3 1,54 0,02 56,21 86,5614
18 -0,98 0,03 0,484 0,006 53,33 25,81138
passivo 0,004 0,001  0,0495 0,001 44,15 2,185422
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p1_amplitude

Comparison Method B with amplitudes and integrals

| plotted the fit p1 values on the amplitude gain coefficient, using the formula:
G(dB) = 20 log(Amplification inAmplitude) =—————> Amplification in Amplitude = 10°/20

for the passive was taken as amplification= 1

p1_AMplitude vs Amplification in Amplitude p1_Charge vs Amplification in Amplitude

u "I 0457171 | S
o )S(?I . 001262000124 5900 1 2 76410910 * Mregrale .| the integral means the B-
140 < 80H 26610037 ; . .

= a "k method applied directly to
120 o the integral of our wf, and
E F the calculation means
08; E derived using the p1 of the
s 40 B-method applied to the
081~ 3of- amplitude and the formula:
0.4 20 600
o2F 105— I=pit(l—e 7)
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Studies on this discrepancy

1. | studied the bias, generating an exponential for the descending part of the wf and
then defined another function where to this generated exponential | added the
Gaussian noise with m=0 and sigma given by the rms of the first 100 points of the wf
(the baseline), finally | calculated the bias for each frame. So here | do a study on the

single wf

2. Case study with passive preamplifier: | first studied the individual wf's, what | noticed
was the presence of a lot of noise, so | performed a study on the average wf by
deriving the maximum and variance of the latter and then performed a fit with the
variance values of the maximum on the maximum for the various laser powers and
performed a fit to derive the pl value;



1) Passive preamplifier studies with bias

Segnale simulato con rumore reale run_454_30908

Segnale simulato con rumore reale run_455_30819
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| generated an exponential for the
descending part of the wf (in blue) and °
then defined another function (in red) : 2'2
in which to this generated exponential
| added the Gaussian noise with m=0
and sigma given by the rms of the first .
100 points of the wf (the baseline), 0
finally | calculated the bias for each s
frame. Here are some of the frames .
for the various runs
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1) Passive preamplifier studies case with bias

-This is the calibration performed on
the amplitude where we subtracted the

FCC NA Work in progress Calibration with method B

bias g 024

£ F [«@/nd 0.8093/3
-this bias was calculated by going to ~ o023 | Prob 0.8472
generate an exponential for the - p? O'gizggfo'ggfg?g
descending part of our wf and then | o2z LP 2 =0.00199
defined another function in which to this =
generated exponential | added the -
Gaussian noise with m=0 and sigma 02—
given by the rms of the first 100 points -
of the wf (the baseline), in the end | 019
calculated the bias for each frame as: 018
bias=max(exp+noise)-max(exp_puro) 0.17 —

2ol b b b e e by

and then | calculated the average bias "o '8 2 22 24 Mean of the Amp|§u§e Hismg??am

to subtract from my amplitude



Variance

1) Passive preamplifier studies comparison with the case without bias

0.17

0.186

0.15

0.14

0.13

0.12

0.1

01

FCC NA Work in progress

Calibration with method B

%2 / ndf
Prob
p0

pl

3.465/3

0.3254

—0.02675 + 0.002891
0.04952 £ 0.0009643

Without bias

removal
1 | | | | | 1 | | 1 | | 1 | | | | | | | 1 | | 1 | | | | A/I
2.6 2.8 3.2 4 36 3.8
n of the Amplitude Histogram

Variance

0.24

0.23

0.22

0.21

0.2

Calibration with method B

F I|IIII|IIII|I

FCC NA Work in progress

%2/ ndf
Prob
p0

pi

0.8093/3

0.8472

0.09703 + 0.002979
0.04725 +0.001397

With bias
removal

1.6

1.8

2.4 2.6 2.8 3
Mean of the Amplitude Histogram

as can be seen despite the addition of the bias, the value of p1 does
not change.



1) Passive preamplifier studies with bias

Bias run_454 Bias run_455 Bias run_456
Iean: 0.90 900 E"EHI’]: 0.91 Mean: 0.94
1000{Std Dev: 0.27 800 Std Dev: 0.26 1000 Std Dev: 0.27
Entries: 30909 Entries: 30820 Entries: 31177
soo— 7005_ 800 —
C 600 — L
600 500 600 —
- 4005— L
- F 400 |—
400 a00f- B
- 2000 r
200— E 200 —
N 100 L
olu P AN AR RPN AR AAAN AR Wit L oE Ll e b L e oL N ETRIEN I AP AR ARTATE PRI L
0.2 18 2 22 0.2 0.4 06 0.8 1 1.2 1.4 1.6 1.8 0.2 04 1.8 2
Bias run_457 Bias run_458
Mean: 0.98 Mean: 0.98
1000 Std Dev: 0.27 1000 Std Dev: 0.27
Entries: 31897 Entries: 31411
Here are the calculated o so0-
bias histograms for the - -
: L 600 |—
various runs 800 L
400 400 —
200 200—
L. e b Lo b L b Ly Y el 1 I RN I EUNEEN VUNE EATE AR,
9204 8 2 22 0%z 04 18 2




2) Passive preamplifier studies case on wf for LASER Power 15

Waveforms run454-event 7845 Waveforms run454-event 457 Waveforms run454-event 564
357
254
304
25 204
s 204 = s 15
E E E
= T "
i 5 B
H N H
b b b
< < £ 109
z H H
e 104 € =
2 £ 2
5] & G osq
05+
- 0.0 1
00 +--
-05
—05-
—200 0 200 400 600 800 —200 0 200 400 600 800
Time [nanasecon di] Time [nanosecondi]

osecondi
Waveforms run454-event 14

Waveforms run454-event 64

& As we can see, these wf are not
s like those seen for the 6x6 cases
° at various gains and 3x3 at gains
B 28 and 18.
. " We can also say that the

“ me descending part of these wf does

WWW g not have an exponential trend
0.0 4== - 1 | ———

- 2
600 800 Time [nanasecondi] 5

Channel 1 AmpiezzalmV]
&
Channel 1 Ampiezza[mV]
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2) Passive preamplifier studies case on wf for LASER Power 5

Waveforms run458-event 1454

Waveforms run458-event 145
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Waveforms run458-event 64

10

zza[mV]

00 F--

Channel 1 Ampie:

-05

this case at laser power at 5
the shape of the wf worsens
with trends that are not
exponential at all



2) Passive preamplifier studies case on average wif

Graph Graph Graph
35 = -
E Waveform media 3 Waveform media >5[ Waveform media
3 i —#— Deviazione standard C —#&— Deviazione standard C —— De""am'je standard
£ Max ampiezza: 2.65 my s Max ampiezza: 2.32 my - Max ampie2za: 1.96 mv )
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25— Int fatto con il max*tau: 116.99 my ns C Int fatto con il max*tau: 102.39 my/ ns F Int fatto conil ma_x. tau: 86.47 myns
£ Integrale (trapezi): 141.82 +-55mVns  2|— Integrale (irapezi): 126.40 +/- 5.51 mV ns s C Integrale {trapezi): 107.32 +/- 5.50 mV ns
2 C B
£ Y =
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M . H ~ Integrale (trapezi): 78.53 +/- 5.43| — Integrale {trapezi): 68.77 +/- 5.41|mV ns
point by point variance, then| ¢ -
- . 11— L
took variance of the maximum ¢ -
1 n 05 —
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waveform and in red the point | -
: : ~05 05—
by point variance - .
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2) Passive preamplifier studies case on average wif

Varianza vs Max of wf

8 026
5 %?/NDF = 0.43
0.25 M
| performed a fit of the variance 0.4 1=0.0368
of the maximum on the ~—
maximum amplitude of the 0.23

average waveform
0.22
As we can see the pl value is
0,0368 which is smaller than
0,0495 and we don't like this ®

0.21

0.2

1.2 1.4 1.6 .
Max Valare



3) Fit on average wf

Sum Waveform Fit run_454 Sum Waveform Fit run_455 Sum Waveform Fit run_456
% r % 2.5; % 2;
5.0 i e
£ 25 . — 2 ef —
£ r C ChEMDF 0,001 C Ch2MDF - 0800
< r - L Tout < 47,00 008 na 14— T« 4755 0008
L ———— Dali spermentall C
Py ChENOF 0001 15— Irtfamp range (-100-600) nse 54.12 n 12 Intfamp rangs (-100-600) nee 54 631
C Taut = 46.78 4/~ 0.07 ra C =
L Intamp range (-100-600) ns= 53.48 ns = ! E
15— i 08—
. C 06
L 0'5} 0al-
= C 02f-
C - — 300 B R — R 500 I —
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= Taut e 4020 4503500 F Tt - 755008
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08— L
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the area, the tau and this value AT S I ST TSI T

T ! L
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|
Decisions

* Understanding whether method b is more robust for the amplitude or for the
case with integrals, the comparison unfortunately for the moment only
works for the 6x6 case but for the 3x3 there are problems

« The advantage of using the B-method with integrals is that we directly have
the calibration done on the charge and thus avoid having to create a model
to fit our wf to derive the tau.

« The disadvantage is that with integrals, we cannot compare with method A,
as the peak id is possible only for sipm 6x6.

-But we can use as a point in favour of method B the fact that in
amplitudes method A and B agree.



Backup Slides
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SiPM 6x6 at Gain 28 Calibration with PLP Led

| tried to calibrate the 6x6 sipm with

measurements taken with the PLP laser istogramma run_420 event_6457

to see if they matched the calibrations I

made previously o0 Mean 1615
Std Dev 1047

this waveform is the case where with the 40
lens system | was able to put myself in a

range of a few photons 20

20

10

o
%
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SiPM 6x6 at Gain 28 Calibration with PLP Led

Amplitude
ni_arnpiezzach3
— Entries 30642
1200 ~ Mean 36.97 I ntegral h_ampiezzach3
- Std Dev  11.52| 1000 Entries 30642
- E Mean 24228
B 900 Std Dev 7674
1000— 800
B 700E-
800— =
- 600
500 - 500
- 4007
400/ 300F-
B 200F-
200{— 100
B 0 : 1 1 I 1 1 1L 1 I 1 1L 1 I 1 1 1 1 I 1 1 =l x 1 03
B 10 20 30 40 50
0 L1 1 | 11 1 1 I 11 1 | L1 1 1 I 1 1 1 1 I 1 1 1 | L

10 20 30 40 50 60 70 80

From this we understand that we can only derive a calibration from amplitudes and not from
integrals, since with integrals we do not have a definition of peaks
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SiPM 6x6 at Gain 28 Calibration with PLP Led few photons and led power 15
Method A: pick id

Max vs Peak Position at Gain 28 run_420

Istogramma con Picchi Rilevati 6x6 gain28 wf pochi fotoni run_420 — B0
1 x° / ndf 5.794 1 15
2 || Prob 0.9830
1200 - E _f
= 50H p0 3.694 £ 0.186
m .
= H pt 3.3569 £ 0.020
1000 1 B
40—
o 800 B
g B
8 30—
E 600 —
400 A 20—
200 1 10l-
N B
ﬂ 0 [ L 1 1 I L1 L I 1 1 L I 1 1 L I 1 L L I 1 L L I L L L I L L 1 I L L 1
0 2 4 6 8 10 12 14 16

Peak Position
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SiPM 6x6 at Gain 28 Calibration with PLP Led with few and led power 6

Max vs Peak Position at Gain 18 run_422

Istogramma con Picchi Rilevati 6x6 gain28 wf pochi fotoni run_422 — 40
X~/ ndf 12.221/8
1000 | Prob 0.1417
p0 0.4495 + 0.1264
w0 p1 3.331 £ 0.024

600 4

Frequenza

400

200 1

0 1 2 3 4 5 6 7 8 9

N.B. | deleted these points that were wrong Peak Position
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SiPM 6x6 at Gain 18 Calibration with PLP Led few photons and led power 15

430 run Ampiezza con taglio 10-100 e piedistallo sottratto sipm 6x6 gain 28 filtrato

h_ampiezzach3
Entries 31607
Mean 36.87
Std Dev  7.065

900

800
. 700

In this case we are
not able to find 600
picks, even with

stringent cuts 500

400
300
200
100

IIIII|IIII|IIII|IIII|IIII|IIII|IIII|III i

20 25 30 35 40 45 50 55 60 65

a HH]HHIHH[IIIIIIIH[HH[HII|IIII|IIII|IIII

y
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SiPM 6x6 at Gain 18 Calibration with PLP Led few photons and led power 6

Max vs Peak Position at Gain 18 run_432

- _ o 1]l X/ ndf 6.945/9
100 - Istogramma con Picchi Rilevati 6x6 gainl8 pochi fotoni run_432 E. | Prob 0.6428
x | pO 0.2000 + 0.0620
= 10H p1 1.246 £ 0.010
1000 A
8l
800 -
2 6
L 600 4 -
g B
al
400 -
2
200 A L
D L L L I L 1 1 I 1 L L I L L L I L L 1 I 1
o- 0 2 4 6 8 10

Peak Position

N.B. | deleted this point which was wrong
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SiPM 6x6 at Gain 28 Calibration with CAEN Led

The LED emits light in pulses longer in time than a single photon,
generating packets of photons distributed over time. This can lead
to a convolution of the SiPM output, making it more difficult to
isolate the single-photon response. If the LED intensity is high,
saturation and photon pile-up effects can occur.

istogramma run_375 event_56

istogramma run_37.._
Entries 6250
Mean 166.2
Std Dev 1338

700

600
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400

300

200

100

o
l

-200 100 O 100 200 300 400 500 600 700



SiPM 6x6 at Gain 28 Calibration with CAEN Led few photons and led power 7

Max vs Peak Position at Gain 28 run_377

Istogramma con Picchi Rilevati 6x6 gain28 wf run_377
1200 100
= =
E E
3 90 | x#/ndf 11.82/21
1000 1 = C | Prob 0.9443
80 | po 1408 +0.1817
?D:— p1 3.366 =0.01415
80D E
60—
m —
= E
ER L 50—
g =
£ 40
400 1 30—
20
200 - F
10
0 E 1 1 1 1 ‘ 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
0 o] 10 15 20 25 30

Peak Position

Valore
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SiPM 6x6 at Gain 18 Calibration with CAEN Led few photons and led power 7

Istogramma con Picchi Rilevati 6x6 gainl8 LED CAEN run_379 Max vs Peak Position at Gain 18_sipm_6x6 run_379

30
1400 A g L
% b | wrnd 8.66 /21
1200 4 = o5 | Prob 0.9916
C po 1.564 =0.07066
1000 4 C pl 1.142 +0.005501
20—
8 C
§ 800 4 L
= [
H 15l
600 r
10—
400 A C
200 S
.u o i T 0 C 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 | 1 1 | 1 1 1 1 | 1 1 1 1
0 0 e 0 5 10 15 20 25 30
Valore Peak Position
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From Amplitude to Charge In this case | use the Sum of the waveform

@aveform Fit rur@

From the fit of the amplitude we get: A = p, + p1n,,

% 1200_—
To have the conversion in charge, we fit the g 1000:_
downslope front of our waveform. g [ -
. 800 — CHONDF - 1122.85
— Tau = 13.86 +~ 0.09ns
We fit with e 7, and we get factor . C e g dars
600 —
Taking as a function: 400
f(x)=Ae"* -
200 —
And going to do the integral of-
_ 3-’_- _ _3 _I - I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1
|_f0 f(x)dx — AT(l —e ) 500 0 500 1000 15_?%19[%]
a
We get the factor that we need to switch
from amplitude to charge
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Amplitude [mV]

SiPM 6x6 Calibration with PLP Led few photons fit of sumwaveforms

1200

1000

800

600

400

200

Sum Waveform Fit run_477

Amplitude [mV]

Diati sperimentali

Chi2/MDF = 112285

Taul = 13.66 +- 0.09 ns

Tauz = 154.18 +/- 0.4B ns

Int/ame range {5-1500 nsj= 147 73 ns

6Xx6 gain 28

| 1 | | | | | | | I |
0 500 1000 1500
Time [ns]
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350
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200

150

100
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-50

Sum Waveform Fit run_478

Dati spevimentali

Chi2HDF = 12754

Taul = 13.55 +/- 0.09 ns

Tau2 = 136.42 +/- 0.49 ns

Int/amg range {51500 nsl= 146.80 ns

6x6 gain 18

| | |
1500
Time [ns]
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SiPM 6x6 Calibration with CAEN Led few photons fit of sumwaveforms

Sum Waveform Fit run_375

E X/ ndf 452550 / 3495
E - po -24.07 £0.77
o 700 p1 6.712 £ 0.033
3 = p2 753.2£1.2
£ 600— p3 156.5 £ 0.4
=3 = p4 .31 88 + 058
— Dati sperimentali
< 500 L e 24 22
C Taul =871 +-003ns
: TauZ = 156.51 #-0.43 ns
400 :_ Int/amp range (5-1500 nsj= 157 58 ns
300
200E- 6Xx6 gain 28
100~ |
- —
:I 1 1 1 I 1L 1 1
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1 | 1
400

1 I 1
600

|
800
Time [ns]

a
o
o

400

Amplitude [mV]

300

200

100

Sum VWavetorm kit run_38/

% I ndf 308001/ 3495
B p0 -0.2088 £ 0.0132
- p1 6.642 + 0.054
B p2 409.7 + 0.4
p3 157.6 £ 0.6
p4 -16.21 + 0.50
Dati sperimentali 2.39_3
Chi2/NDF = 88.13
Taul =6.64 +/-0.05ns
TauZ = 157.64 +- 0.64 ns
Int/amp range (5-1500 nsj= 162.87 ns
6x6 gain 18

1 | 1
400

L
800
Time [ns]

600
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Summary SiPM 6x6 Calibration with PLP Led with method A (only amplitude)

SiPM Gain Gain Power po + error p1 + error t(ns) +error(ns) conversion Integral/ampl | Conversion
amplitude [mVin,,] factor (1 — | itude facto p;t(1 —
conversio _1500 e_ls‘;)o)

n e )
6x6 28 15 3,7 0,2 3,36+0,02
518,045
25,12 154,19+0,48 154,18 147,73
6x6 28 6 0,45+0,1 3,331£0,02
513,42
6x6 18 15 - -
7,94 156,42+0,49 156,41 146,90 195,51
6x6 18 6 0,20+0,06 1,25+0,01

Summary SiPM 6x6 Calibration with CAEN Led with method A (only amplitude)

SiPM Gain Gain Power po + error p1 + error t(ns) +error(ns) conversion Integral/ampl | Conversion
amplitude [MmVin,,] factor (1 — | itude facto
conversio _5600 (1 -

" ) P
e )
6x6 28 25,12 ! 14,120,2 3,37:0,01 156,5+0,4 153,11 515,98
6x6 18 794 7 1,56+0,07 1,142+0,005 157,04+0,04 1536 175.41

Analysis FCC Naples Lucrezia Borriello

Update 09/05/2025
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Calibrations SiPM 6x6 Gain 28 with other method

Another method is to base on the hypothesis that G o=
the n,, follows a Poissonian statistic so we have - /
that:
Q = any, <Q>=a<ny, >=au
Og = A0pe = AU =+Ja /< Q > :
<e>
o
&
=a . .
<Q> In this case we measure at different power of

the led




SiPM 6x6 gain 28 Calibration with PLP Led few photons with method B integral

| have studied the best range to perform the integral and then apply our method, here are the 2 ranges used
for the 6x6 from 0-600. The range was chosen to take as much of the wf information as possible

Waveforms run420-event 7845

50 4

40

304

a[mV]

subtraction of the :
baseline as the =
average of points @
Oto 10

104

T
—2‘00 lIJ 2(‘)0 460 600 800
Time [nanosecondi]

Analysis FCC Naples Lucrezia Borriello Update 09/05/2025 36



SiPM 6x6 gain 28,18 Calibration with PLP Led few photons with method B

integral range 0-600

EOE NA Work in progress Calibration with method B

@
g C
5 L | x2/ndf 3.029 /2
= o5g0— | Prob 0.2199
T | p0  -3.354e+05 +2.5809e+04
C | pl 555.5 + 7.946
2000 —
1500 —
1000 —
500
0 C 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |
0 1000 2000 3000 4000 5000 6000

Mean of the Charge Histogram
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Variance

1200

1000

800

600

400

200

ki

08 NA Work in progress Calibration with method B

%2/ ndf
Prob
p0

p1

54.04/3

1.1e-11
—7.078e+04 = 2503
222+1.792

| | | | 1
2000 3000 4000 5000 6000
Mean of the Charge Histogram
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SiPM 6x6 gain 28 Calibration with CAEN Led few photons with method B integral

| have studied the best range to perform the integral and then apply our method, here are the 2 ranges used
for the 6x6 from 0-700. The range was chosen to take as much of the wf information as possible

Waveforms run375-event 56

zza[mV]

nel 1 Ampie:

Chan

subtraction of
the baseline
as the average
of points 25 to

35 \
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SiPM 6x6 gain28 Calibration with CAEN Led few photons with method B integral

EOE NA Work in progress Calibration with method B

@ C @ 40 EQE NA Work in progress Calibration with method B
Q —
= — (=) -
o — Fl = —
§ eof— | x/nd 189.1/3 £ F [2@/nd 417172
C | Prob 9,676 -41 > 35 | prob 8 754810
ol | PO T7SBler04 22408e+04 | p0 -2.323405 +2.723+04
— et 586.3 + 2.901 30 | pt 614.7 +3.732
40 25—
C 20—
30— :
C 15—
20— =
: 10—
101~ 5
0_ 20 40 60 glo . . L 1 olo . . . 1 2|0 X1 03 0 : 1 1 | | | 1 1 | | 1 1 | | | 1 1 | | | 1 1 | | 1 1 | | | 11
0 10000 20000 30000 40000 50000 60000

Mean of the Charge Histogram Mean of the Charge Histogram
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SiPM 6x6 gainl18 Calibration with CAEN Led few photons with method B integral

© EQE NA Work in progress Calibration with method B
g -
§ 8000 Moo gt 304.3/3
> —
2000 | PTob 1.195e-65
= p0 —7.244e+04 + 1529
6000 p1 217.3+0.9641
5000 —
40003—
3000 —
2000 —
1000 —
_III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II

o

5000 10000 15000 20000 25000 30000 35000 40000

Mean of the Charge Histogram
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Variance

5000

4000

3000

2000

1000

=]

Calibration with method B

EOE NA Work in progress

- [ ¥2/ndf 140.9/2
L | Prob 2.554e-31
C | pO -8.212e+04 + 1714
- | p1 226.3+1.195
L. 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1
0 5000 10000 15000 20000 25000

Mean of the Amplitude Histogram
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Summary SiPM 6x6 Calibration with PLP Led with method B integral

SiPM Gain Gain range po + error py + error
amplitude [mVns/n,]
conversion

6x6 28 25,12 0-600 -3,35%*e"5+2,6*eM 555,5+8

6x6 18 7,94 0-600 -7,1%e"4£2503 222+2

Summary SiPM 6x6 Calibration with CAEN Led with method B integral

SiPM Gain Gain range po + error p1 + error
amplitude [mVns/ng,]
conversion

- - * *a/\

6x6 28 25.12 0-700 2,3*e"b+2 7*eMM 614,7+4

6x6 18 794 0-700 -8,2*eM+1714 226,3+1,95

Analysis FCC Naples Lucrezia Borriello Update 09/05/2025
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SIPM 3x3 gain 28 Calibration with PLP Led few photons with method B integral

| have studied the best range to perform the integral and then apply our method, here are the 2 ranges used
for the 3x3 from 0-400. The range was chosen to take as much of the wf information as possible

Waveforms run439-event 56
25

204

zza[mV]

nel 1 Ampie:

subtraction of the

baseline as the
average of points ™
Oto 10

T T T T T
—200 0 200 400 600 800
Time [nanosecoendi]
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SiPM 3x3 gain28-18 Calibration with PLP Led few photons with method B

integral range 0-400

60000

Varnance

55000

50000

45000

1 | 1 1
700 800 800

FCC NA Work in progress

Calibration with method B

%2/ ndf 0.9319/3
Prob 0.8177
po -2.407e+04 + 756
p1 68.35 + 0.8621

Gain28
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| | | | |
00 1100 1200
Mean of the Amplitude Histogram

Variance

7500

7000

6500

6000

5500

5000

4500

4000

3500

FCC NA Work in progress Calibration with method B

%2 / ndf 3.098/3
Prob 0.3768
p0 -4186+129.3
p1 24.58 + 0.3569

Gainl8

11 | I 11 | 11 1 | I 11 | 111 | 111 | 11 1 | 11 1 | 111
320 340 360 380 400 420 440 460 480
Mean of the Amplitude Histogram




o ECC MA Work in progress Calibration with method B
2 o
§ 1300 [ %2/ ndf 136.9/3 :
= E | Prob 1.739e-29 H
1250 | PO -381.2+43.89
c Pl 6.345+0.1857
1200—
1150 f—
1100 f—
1050 E—
1000 f—
950 f
:l 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 L1 | 1 1 1 1 | 1 1 1
210 220 230 240 250 260 270
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Mean of the Amplitude Histogram

vdridnoeg

1400

1200

1000

800

600

400

200

=]

I‘:’.III|III|III|III|III|III|III|

n

CC NA Work in progress

SiPM 3x3 passive Calibration with PLP Led few photons with method B integral

Calibration with method B

x2 / ndf
Prob
p0
pi

2.019/1
0.1553
-178.8 £ 48.46
5.337 £ 0.2105

50

100

150 200 250
Mean of the Amplitude Histogram
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SIPM 3x3 gain 28 Calibration with CAEN Led few photons with method B integral

| have studied the best range to perform the integral and then apply our method range used for the 3x3 from
0-400. The range was chosen to take as much of the wf information as possible

Waveforms run392-event 7845

300 4

250 4

200 4

150 4

Channel 1 Ampiezza[mV]

subtraction of the

baseline as the 100 ]
average of points O to
10 T
” _\

T T T
—200 o] 200 400 600
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SiPM 3x3 all gain Calibration with CAEN Led few photons with method B integral
range 0-400

o EQOE NA Work in progress Calibration with method B © Eﬁf‘,' NA Work in progress Calibration with method B
e C 2 140
§ 1200~ [ %/ naf 9.882/3 5 [ [#7/ndf 65.64/3
= C | Prob 0.0196 ” sl | Prob 3.668e—14
jovo - | PO ~2324e404 13323 | po 4977 +36.62
L | p 67.46+0.3138 vool- p1 23.02+0.1026
800 L E
B 80—
600 — C
C . 60— .
C Gain 28 C Gain 18
400 — r
- ant—
200 ; © FCC NA Work in progress Calibration with method B
B 2 E
C Il | 11 | ‘ 11 1 | 111 | 11 | ‘ 11 1 | 111 | 11| E 5400:_ xzfndf 1309/1 1 | 1| 1 1 ‘ L 11 1 ‘ 1 1 1| | 1| Il 1 | 1 11 1 | L 1 1
1] 2000 4000 6000 8000 10000 12000 14000 16 C | Prob 0.0002975 1000 2000 3000 4000 5000 6000
M fthe C 5200 - ;
ean of the B po 1837 +84.14 Mean of the Charge Histogram
5000— | pi 6.795+0.2151
4800 —
4600 —
4400
4200/ passive
4000 —
3800 —
3500 1 L 1 ‘ L 1 L L | L L 1 L | 1 L 1 1 ‘ 1 L L 1 ‘ L 1 L L
300 350 400 450 500 550
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Summary SiPM 3x3 Calibration with PLP Led with method B integral

SiPM Gain Gain range po + error p1 +error
amplitude [mVns/n,,]
conversion

3x3 28 25,12 0-400 -2,4*eM+756 68,35+1

3x3 18 7,94 0-400 -4186£129,3 24,6x0,4

3x3 0-400 -179+48 5,3+0,2

Summary SiPM 3x3 Calibration with CAEN Led with method B integral

SiPM Gain Gain range po + error p1 + error
amplitude [mVns/ng,]
conversion

3x3 28 25,12 0-400 -2,32*e"+332 67,5+0,3

3x3 18 7,94 0-400 -4977+36,62 23,02+0,1

3x3 0-400 1837+84,14 6,8+0,2

Analysis FCC Naples Lucrezia Borriello Update 09/05/2025
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SiPM 3x3 Calibration with PLP Led few photons fit of sumwaveforms

Sum Waveform Fit run@

S 3C
E C
@ -
-g -
= 25—
= -
E —
< : Dati sparimental
2 Chi2NDF = 41.94
= Taul =053 +/- nanns
r Tau2 =4391 +/-nanns
| Intlamp = 50.07 o
1.5 —
- i
11— :
u [ .
05— -
— -
0
TR PR T T N [ T R P R B [ R
-500 0 500 1000 1500

Time [ns]

As you can see we have no error
with this fit

-Range Fit -100-600

-The fit is obtained by using a
sigmoid+exponential+decreasing
exponential (which simulates the
behaviour of the RC) as a trait
function on the Sum of all wf



SiPM 3x3 Calibration with PLP Led few photons fit of sumwaveforms
Sum Waveform Fit run_480

| performed an other fit, at the suggestion of Massimo Della Pietra, with

a convolution of an exponential distribution, typical of the arrival times

; F
E F . . . . .
o a0F of Poissonian events, convolved with Gaussian resolution.
2 C
8 35
£ F G has the advantage of:
S0E- Chi2/NDF = 0.10 1) Having a ‘more solid’ foundation and more physically interpretable
C Tautl = 48.77 +/- 0.06 .
25— InETlfuamp =50.52 ns ” param?ters’ . . .
205 2) Having no discontinuities;
E 3) If you add the baseline constant, you can fit it over the entire range,
15 because it is defined over the entire R
10— Sum Waveform Fit run_480
- = -
51 s L
Of— E 10
— = ——— Dati sperimentali
:i | 1 1 1 1 | 1 | 1 1 1 1 | 1 1 1 1 | 1 1 - Chi2/NDF = 0.10
-500 0 500 1000 1500 L Taul = 49.77 +/- 0.06 ns
TI me [n S] | Int‘amp = 50.52 ns
- - - 1 =
Matrice di correlazione: F
[1.0, ©.23384509728564867, ©.18892218930105353, -0.6831272817474916] r
[0.23384509728564867, 1.0, 0.89462551736899166, -0.15309203297754487] -
[0.18892218930105353, ©.09462551736899166, 1.0, -0.0018372277997145557] 10
[-0.6831272817474916, -0.15309203297754487, -0.0018372277997145557, 1.0] S A R B

=500 500 1000 1500

Time [ns]



SiPM 3x3 Calibration with PLP Led few photons fit of sumwaveforms
Sum Waveform Fit run_480

Amplitude [mV]

40

35

30

25

20

10

Dati sperimentali
Chi2/NDF = 0.10
Taul = 49.77 +/-

0.06 ns

Int'amp = 50.52 ns

_LIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

I....I...vu\t\uuul

1
-500 0 500 1000

But I'm working on the RC part

1
15

00
Time [ns]

| performed a fit, at the suggestion of Massimo Della Pietra, with a
convolution of an exponential distribution, typical of the arrival times of
Poissonian events, convolved with Gaussian resolution.

has the advantage of:
1) Having a ‘more solid’ foundation and more physically interpretable
parameters;
2) Having no discontinuities;
3) If you add the baseline constant, you can fit it over the entire range,
because it is defined over the entire R

Sum Waveform Fit run_480

Amplitude [mV]

——— Dati sperimentali
Chi2/NDF = 0.10
Taul =49.77 +/-0.06 ns
Int‘amp = 50.52 ns

L ‘ L 1 1 1 | 1 1
1000 1500
Time [ns]

| L
=500



Summary SiPM 6x6 Calibration with PLP Led with method B amplitude

SiPM | Gain | Gain po + error py + error T(ns) Constant Integral/a | Conversio
amplitude [mVin,,] + error(ns) factor mplitude n
conversion Range 5-1500 | factor factor

charge p1T(1l —
1 _ _1500
T(_@ e )
e 1)
o6 128 o510 8l 3788005 | 154194048 | 154,18 147,73 322’801'7’
o6 118 1 704 -1,0£0.,1 1392001 1 156 404049 | 156,41 146,90 %7’4“1’
Error for Conversion factor:
General formula with partial derivatives oc = 7(1 — ¢ 1500/7)
Op1
ac \* [ac \*
— i - acC 5 1500 -qn;
o \/(aplcrpl) + (BT JT) o =n (1 B e—lannff) 7 ( > 8—1.;{10;?)

: — - 1500
Final formula oc = \/[r(l — e—ld“ﬂﬂ)crpl]2 + lpl(l — e~ 1500/7) 4 py 1 >
-

2
—1500/+ 2
= ! ] CFT
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Gain conversion factor at various temperatures

Vov (26°C) = Vpp(25°C) — Vpp
This is in case of temperature increase

|4
—0,034— 6T

|74
Vop(T°) = Vpp(25°) + 0,034 5~ 5T == from 25°C, or in case of temperature ) Vi (T°) = Vpp(25°)

decrease
G(26°C)
G(26°C) = aVy,(26°C) = calculated - a = Voy (26°C)

G(23°C) = aV,,(23°C)

We then have the 26°C gain and we want to know how much is the gain at 23°C:

SIPM | Vyp (V) Vep (V) Vo (26°) | G(26°C) a Vor(23°) | V5p(23°) | G(23°C)
tabulated | tabulated
25°C 25°C

6x6 40,7 38 2,67 3,461 1,30 2,77 37,93

3x3 44 39 4,97 1,236 0,25 5,07 38,93



Study of C/S Variation in angular scan with PWO

® \We studied the 2D histogram of the integrals of channel with the filter
dominated by contribution cherenkov on the integral of channel without filter
dominated by scintillation.

® Then we performed a linear fit, since if there were only scintillation the
slope would always be equal depending on the angle. | have done this for

all the runs of the angular scan
FCC NA - Preliminary

. x0 Ec NA - Praliminaryv histo2d ) -
§ 250— LA A I V A Y 1 l\.;lllllllluly Entries 20001 o |
i C Mean x 1.96e+04 P O 3.8 —
E N = |Meany _6.709e+04 2 -
& - : - & = stapet’x 1.055e+04 P N 36—
8 200— 5" -7 s@Devy 4.28e+04 O C
= L Foscl a4 ) -
o L - -
= = - 34—
s C - -
5 -
2 150— - -
= E 32—
C sl
100— r
- 28—
50— 2.6
C i 2.4(—
0 Ll i R R ] o S O (0 ) S, i B O | 0 Cov v b v bwv o b b b v by by bw v by gy
0 10000 20000 30000 40000 50000 60000 0

20 40 60 80 100 120 140 160 180

Integral ch1
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Study of C/S Variation in angular scan with BGO and BSO

Fit H2D vs Angles BGO e Fit H2D vs Angles BSO e
— a -
g T $ F
@ ~ % 0.9_—
= 1
E 2 C
g B 4:-"_‘ C
R © o085
B 08—
42— c
E 075
NN 0.7
- 0.65—
3.8
= 06
B :III|III|III|III|III|III|III|III|III|III
3'EO_L 1 | 1 11 | 11 1 | 11 1 Sln 11 I1 D|0I | I12|0I | IlI ‘lol | I1E|0I | I18|0I 1 0 80 100 120 140 150 180
Angles(degree) Angles(degree)
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Setup:

+ SiPM Hamamtsu S14160-6050HS:
-photosensitive area 6x6 mm?
-number of pixels= 14331

SiPM Hamamatsu S14160-3010PS:
- photosensitive area 3x3 mm?
- number of pixels= 89984

Preamplifier CAEN serie A1423B:
-Gain range from +18dB to +54dB

CAEN Led Driver SP5601

CAEN NIM HV Power supply module N1419ET
- 4 Ch Reversible 500 V/200 pA

Tektronix Oscilloscope MSOG66B:
- 1,5 GHz Bandwidth
- 6 Analog channels
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