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3 bars with CITIROC ASIC readout are taken into account for this
analysis: L1, L3 and S1.

Bar

L1
(BC-404)

L3
(BC-408)

s1
(BC-408)

Channels

L1EOS3
L1T1S3
L1T1S1
L1E1S3

L3EOS3
L3T1S1
L3T1S3
L3E1S3

S1EQS3
S1T1S3
S1T1S1
S1E1S1

Type

EndCapl
Top 1
Top 2

EndCap2

EndCapl
Top 1
Top 2

Endcap2

EndCapl
Top 1
Top 2

EndCap2

SiPM size [mm?]

3x3
3x3
1x1
3x3

3x3
1x1
3x3
3x3

3x3
3x3
1x1
1x1

S3E181

S2E181

S1E181

SO0E181

T 4 cm
PSD scheme
33 SZ 31 SO 5cm
| 837083 || s2T1s1 || s1T0s1 || SoT1s3 |
LOT0S3 ‘| LoToS1
Lietss | L1 LISt [l LiT1ss
>
: X
L2E1S3 L2 1270s3 i L270S1
L3T183

L3E1S3 L3

L3T181 |

EndCap1: 1 SiPM 3x3mm

Top1: PCB with

3 SiPM 3x3mm
}17

Top2: PCB with

3 SiPM 1x1Tmm

EndCap2: 1 SiPM 1x1mm

Hamamatsu SiPMs S14160-3015 (3x3 mm?2) & $14160-1315 (1.3x1.3 mm?)
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| 53T0S1

527183

S1T083

SO0T151

S3E0S3  S2E0S3  S1E0S3 SOE0S3

LOEOS3

L1E0S3

L2E0S3

L3E0S3



S3ETS1  S2E1S1  STE1ST  SOE1S1

4cm
PSD scheme
S3 S2 || s1 || SO Scm
S3T0S3 {| S2T181 $1T0S1 S0T1S3
Y|
LOE1S3 LO voross LOTOS1 LOEO0S3
u
LE1S3 L1 umst L1T1S3 L1EOS|
X;
L2E1S3 L2 oross L2ros1 L2E0S3
L3E1S3 L3  smist L3T183 L3E0S3
$3T081 {| 527183 || 517083 || SOT1S1

The pedestal peak and width in ADC counts are taken as the mean and sigma of a
Gaussian fit to the data (considering a run without beam). No beam.

L1 - High Gain (HG) L1 - Low Gain (LG)

1200 3500

—J L1E0S3 1200 [ L1E1S3 [ L1E0S3 [ L1E1S3

3000 3000

1000 1000
2500 2500

800 800
2000 2000

600 600
1500 1500

400

400 1000 1000
200 Mean = 1687.9 +/- 0.7 200 Mean = 1672.2 +/- 0.8 Mean = 1714.0 +/- 0.4 Mean = 1708.5 +/- 0.5
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1000
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Mean = 1703.6 +/- 0.8 Mean = 1627.5 +/- 0.7 Mean = 1572.1 +/- 0.5 Mean = 1653.0 +/- 0.4
200 200 500 500 -
Sigma = 77.0 +/- 0.5 Sigma = 73.8 +/- 0.6 j Sigma = 28.1 +/- 0.6 Sigma = 25.4 +/- 0.3
01— : 4 ; - . - 0l - . G . - 0 y y y y p y 05—~ y y y y T y
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Similar distributions have been obtained for L3 and S1 bars.
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Pedestal peak evaluation

The pedestal peak and width obtained with the Gaussian fit are summarized in the table below.

Channels

Mean [ADC]

HG

Sigma [ADC]
HG

Mean [ADC]
LG

Sigma [ADC]
LG

L1EOS3
L1T1S3
L1T1S1
L1E1S3

L3EOS3
L3T1S1
L3T1S3
L3E1S3

S1E0S3
S1T1S3
S1T1S1
S1E1S1

1687.9 £+ 0.7
1703.6 £ 0.8
1627.5 +0.7
1672.2 £0.8

1684.7 + 0.7
1688.6 £ 0.8
1562.8 £ 0.8
1574.4 £0.8

1555.1 £0.7
1709.8 £0.7
1624.4 £ 0.7
1709.9 £ 0.7

75.4+0.5
77.0+0.5
73.8+0.6
75.2+£0.6

79.6 £ 0.6
76.9+£0.6
82.3+0.7
77.6 £0.6

78.0£0.6
77.6 £0.6
74.6 £0.5
71.0+£0.5

1714.0 £ 0.4
1572.1 £0.5
1653.0£0.4
1708.5 £ 0.5

1677.2 £ 0.6
1649.4 £ 0.4
1641.4 £ 0.6
1678.9 £ 0.5

16379 +£0.4
1736.9 £ 0.5
17199 +£0.4
1725.1 £ 0.5

26.4+£0.3
28.1+0.6
25.4+0.3
25.9+0.5

26.1+0.4
26.0+0.4
26.3+0.6
24.4+0.3

24.2+£0.3
24.4+£0.3
24504
22.8+0.4
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MIPs evaluation

The MIP value in ADC counts can be estimated as the MPV of the Langaus fit
(convolution between a Landau function and Gaussian distribution).

L1 - High Gain (HG)

L1 - Low Gain (LG)

S3E1ST

S2E1S1

S1E1ST

SOE1S1

PSD scheme
S3

$37T0S3

S2

s2T181

S$1

S17081

S0

S0T1S3

4cm

Scm

YA

LIE1S3 L1 L1T181

LOTOS1

L1T1S3

LOE0S3

L1E0S3|

L2E1S3 L2 etoss

L2701

weiss| L3 amst |

L3T1S3

S37081

527183

$1T0S3

S0T1S1

S3E0S3  S2E0S3  SIE0S3  SOE0SE

n~ beam (15 GeV)
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—— Langaus fit 2900 —— Langaus fit
[ L1E0S3 1750 (=3 13E1S3
Pedestal Pedestal
1500
1250
1000
750 |
\ [
B 500
MPV = 5076 +/- 8 /
Sigma = 250 J B
igma = 511.1 +/- 1.9 3 Sigma = 527.6 +/- 1.7
2 v 2 L
B .
T 0 = T
2000 4000 6000 8000 10000 200! 4000 6000 8000 10000
HG [adc counts] HG [adc counts]
—— Langaus fit —— Langaus fit
[ 1T1s3 [/ uTis1
Pedestal 4000 Pedestal
3000
2000
MPV = 3040 +/- 7 1000 MPV = 2003 +/- 8
Sigma = 339.7 +/- 0.7 Sigma = 238.7 +/- 1.0
)
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—— Langaus fit —— Langaus fit
[ L1E0S3 B800Q [ L1E1S3
Pedestal 7000 Pedestal
6000
5000
4000
3000
MPV = 2003.1 +/- 1.2 2000 MPV = 2038.5 +/- 0.8
Sigma = 80.8 +/- 2.1 1000 | Sigma = 93.3 +/- 1.1
& -
T 0 - = ™
1000 2000 3000 4000 5000 1000 2000 3000 4000 5000
LG [adc counts] LG [adc counts]
= 20000 -
—— Langaus fit —— Langaus fit
[ 11T1S3 17500 [ uT1s1
Pedestal Pedestal
15000
12500
10000
7500
5000
MPV = 1672.3 +/- 0.6 MPV = 1670.9 +/- 0.4
Sigma = 57.3 +/- 0.7 2500 Sigma = 45.3 +/- 0.4
1000 2000 3000 4000 5000 1000 2000 3000 4000 5000

LG [adc counts]

LG [adc counts]
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Note: to make the fit converge, it is necessary to narrow the fit range around the peak value

L2E0S3

L3053



MIPs evaluation

The MIP value in ADC counts can be estimated as the MPV of the Langaus fit
(convolution between a Landau function and Gaussian distribution).

10/03/2023

L3 - Low Gain (LG)

S3E1ST  S2E1ST  S1E1ST  SOE1S1

4cm
PSD scheme Y —
S3 S2 || s1 || SO Som
S0T1:
A
LO ‘Lotos3 LOEO0S3
ngngngng L1 L1T1S1 L1E0S3
xi
L2 otos3 L2T0S1 L2E0S3
333333 L3 st ’ LaT1s3 132083,
S3T0S1 {| S2T1S3 || $1T0S3 || SOT1S1

400
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1500
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1000
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—— Langaus fit 600 —— Langaus fit
[ L3E0S3 [ ] L3E1S3
Pedestal 500 Pedestal
400
300
200
MPV = 2358.0 +/- 3.2 MPV = 2075.4 +/- 2.6
100
Sigma = 92.2 +/- 4.0 Sigma = 100.7 +/- 3.7
= 0
1000 2000 3000 4000 5000 1000 2000 3000 4000 5000
LG [adc counts] LG [adc counts]
—— Langaus fit —— Langaus fit
[ L3T1S1 800 [ L3T1S3
Pedestal Pedestal
600
400
MPV = 1660.5 +/- 0.9 200 (MPv =18531 +-1.9)
Sigma = 23.9 +/- 1.2 Slgma 61.3 +l 2.1
1000 2000 3000 4000 5000 1000 2000 3000 4000 5000

LG [adc counts]

LG [adc counts]

Note: to make the fit converge, it is necessary to narrow the fit range around the peak value

ssssssssssssssssssssssss

n~ beam (15 GeV)

For L3 bar only the LG distributions are taken into
account, because the HG was significantly saturated.




MIPs evaluation

The MIP value in ADC counts can be estimated as the MPV of the Langaus fit

(convolution between a Landau function and Gaussian distribution).

S1 - High Gain (HG)

120 —— Langaus fit —— Langaus fit
[ S1E0S3 120 ] S1E1S1
100 Pedestal Pedestal
( 100
80
80
60 60
40 40 | Y e
A
20 20 I A T
J‘quw J Sigma = 554 +/- 36
. ; 5 e W,
2000 4000 6000 8000 10000 2000 4000 6000 8000 10000
HG [adc counts] HG [adc counts]
200 —— Langaus fit 350 —— Langaus fit
[ siTis3 7' SITISL
175 Pedestal 300 Pedestal
150 250
125
200
100
150
75
50 100
25 Sigma = 401 +/- 23 20 Sigma = 23 +/- 31
b ;
0
2000 4000 6000 8000 10000 2000 4000 6000 8000 10000

HG [adc counts]

HG [adc counts]
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SISt s2E1St | stErst || SoE1st
PSD scheme —
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S3T0S3 || S2T181 §i S1T0S1 S0T1S3
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5=
L2E1S3 L2 otos3 L2101
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200 —— Langaus fit ] —— Langaus fit
[ S1EO0S3 500 —] SI1E1S1
400 Pedestal Pedestal
400
300
300
200
200
100 MPV = 2089.6 +/- 3.3 100 J MPV = 1958.9 +/- 2.6
& [sigma =79.2 +/-3.6 J Sigma = 88.2 +/- 3.9
0 i / i
1000 2000 3000 4000 5000 1000 2000 3000 4000 5000
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809 3 siT1s3 1400 1 simist
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0
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LG [adc counts]

Note: to make the fit converge, it is necessary to narrow the fit range around the peak value
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MIPs evaluation

The MIP values obtained with the Langaus fit to the data for the 3 different bars are summarized in the table

below.

Channels

L1EOS3
L1T1S3
L1T1S1
L1E1S3

L3EOS3
L3T1S1
L3T1S3
L3E1S3

S1EO0S3
S1T1S3
S1T1S1
S1E1S1

MPVs HG [ADC]

5076 + 8
3040 +7
2003 +8
5348 +9

6562 + 40
3103 £ 16
1799 £ 10
4377 £ 30

MPVs LG [ADC]

2003.1 +1.2
1672.3 £ 0.6
16709 0.4
2038.5 +0.8

2358.0 £3.2
1660.5 £ 0.9
1853.1+1.9
2075.4 £ 2.6

2089.6 + 3.3
1827.2 £+ 1.7
1721.8+1.0
1958.9+2.6

Beam

m~ (15 GeV)

7~ (15 GeV)

e (1GeV)
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From a comparison between pedestals (slide 5) and
MIPs positions, it is clear that in some cases (for the TOP
SiPMs with 1Imm? size) it is very difficult to distinguish
the signal from the pedestal.



Attenuation coefficients

The MPVs taken from the Langaus fit to the data are plotted as a function of the x
coordinate, and fitted with an exponential function (for the EndCap SiPMs):

f(x) = Ae*’* 4+ C

PSD sch -
seneme s3 1l s2 st so S

LOE1S3 LO  voross LOTOS1 LOEOS3

sl 1| @OO00eeCIEIETD

L2E1S3 L2 2os3 Lotost ||| Leeos3

aaaaaa L3  amist L3T1S3 L3E0S3

ssssssssssssssssssssssss

n~ beam (15 GeV)

where A represents the attenuation coefficient of the signal inside the bar. Here the plots for the bar L1.

L1 - High Gain L1 - Low Gain
) ] 1 2400 g 1 1 1
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4 e | 4 2200 i
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g e T Y| g 200 — ¥
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o ! : Lo U 2000 - ! : !
kel 1 1 ] o 1 1 1
£ 5000 ' : | & - ' |
2] |} ] v | 1
z e - > : : E_ 1900 1 : : ‘&,
= 4000 - > I iy &4 . s : i |
B i H H 1800 - e ' i {
" ' 1 [} 1 1 1 1
3000 1 = ! ! { & & i H {
*‘:8::; i i 5 1700 - ‘*.--.\‘ ".,,.—' i i i
1 L = 1 1 3 - bl LE S 1 o 1 \I
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Note that the TOP channels
present some “sharp” peaks in
coincidence with the presence of
the SiPMs (their positions are
represented by the vertical dashed
lines).
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Attenuation coefficients

The MPVs taken from the Langaus fit to the data are plotted as a function of the x
coordinate, and fitted with an exponential function (for the EndCap SiPMs):

f(x) = Ae*’* 4+ C

ssssssssssssssssssssssss
m

PSD scheme I/
om

LOE1S3 LO  voross LOT0S1 LOEOS3

L1E1S3 L1 L1T181 LTS3

L2E1S3 L2 2os3 Lotost ||| Leeos3

333333 L3  amist Legoss

sssssssss

ssssssssssssssssssssssss

n~ beam (15 GeV)

where A represents the attenuation coefficient of the signal inside the bar. Here the plots for the bar L3.
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2400
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N
N
o
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N
o
o
o

1800

1600
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L3 - Low Gain
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Note that the TOP channels
present some “sharp” peaks in
coincidence with the presence of
the SiPMs (their positions are
represented by the vertical dashed
lines).
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PSD scheme 5;1 5121 ‘5111 S(; : :#
n - B e LO  vorosz LOTOS1 LOE0S3
****** L1 umst L1T1S3 L1E0S3
Attenuation coefficients ]
Leiss| L2 Lemoss L2T0S1 L2£083
LLLLL 3 L3 Lsmist LaT1s3 L3E083
The MPVs taken from the Langaus fit to the data are plotted as a function of the y -
coordinate, and fitted with an exponential function (for the EndCap SiPMs): e” beam (1 GeV)

fy) =4e¥* +C

where A represents the attenuation coefficient of the signal inside the bar. Here the plots for the bar S1.
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£ 6000 | Sy i £ 2100{ 4 | ; present some “sharp” peaks in
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-4~ SITI1S3 | “~e---e | | V-e-il e
E -4- S1T1S1 :_-.---.--—o—--O”" E o-—-—0__ R — - g
: i ! | : 1700 { } * ! b
-6 -4 -2 0 2 4 -6 -4 -2 0 2 4
Y (cm) Y (cm)

10/03/2023 12



Attenuation coefficients

The results provided by the application of the exponential fit to the EndCap channels are summarized in the
table below.

Attenuation coefficients [cm]

Channels * Material Beam HG LG « There is a good consistency between HG
L1EOS3 8C.404 S 19.2 +1.8 27+14 and LG for the L1 channels, while for S1 the
L1E1S3 - r € 31.5+1.1 321+1.2 results are very different.

L3EOS3 _ - 43 £ 3 .

L3E1S3 BC-408  m™ (15 GeV) ) 12109 The results b'et\fveen the t'w? EndCaps are
S1E0S3 0 110 334 £ 2 consistent within the statistical error of the
S1E1S1 BC-408  e” (1GeV) 106 + 8 339 4 18 fit only for the S1 bar.

Expected light attenuation length*: 140 cm (BC-404), 210 cm (BC-408)

*The typical 1/e attenuation length of a 1x20x200cm cast sheet with edges polished as measured with a bialkali photomultiplier tube coupled to one end.
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L1 - High Gain L1 - Low Gain

8000 = - 2300 —
n tt t. ff. . t s : \ s
It is possible to evaluate the attenuation coefficients given by the ..,
combination of the two EndCaps for each bar (scaling the END-1 1 T
. . . X (cm) X (cm)
SiPM with respect to the END-0 one in x/y = 0). - owcan
2800 —
$ EO+E1
Again, an exponential fit is applied to evaluate the attenuation e
coefficients (which are summarized in the table).
Channels Material Beam Attenuation coefficients [cm] 2200+ | — | | |
HG LG - e _SLG [adcocounts] ° 1 ®
L1EOS3 & L1E1S3  BC-404  m~ (15GeV)  25.3+1.0 30.2 £0.8 S1.- High Gain S1- Low Gain
¢ ¥ e
L3E0S3 & L3E1S3  BC-408 7~ (15 GeV) - 15.5+ 0.4 oz & » men
S1E0S3 & S1E1S1  BC-408 e” (1GeV) 55+ 15 325%5 Sawo |
-6 -4 -2 Y(com) 2 4 6 -6 -4 =2 Y(com) 124 4 6
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HG-LG gain calibration

The scatterplots between the HG and LG distributions are
obtained after the pedestal subtraction. Then a linear fit is
applied, using the sigma of the HG pedestal as y-error.

The results for the EndCaps SiPMs are summarized in the table.

L1 Channels S1 Channels

Calibration slope

Calibration slope

L1EOS3 8.5784 +0.0012 S1EO0S3 8.226 + 0.004

L1E1S3 8.8175+ 0.0011 S1E1S1 8.306 + 0.004

* The HG has a tabulated amplification factor 10 time greater than LG.
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PSD scheme P
e
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|
Gain scan = momm
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aaaaaa IS L3E0s3
A gain scan was performed fixing the position of the beam in (x,y)=(-2,2). a7
The MPVs taken from the Langaus fit are plotted as a function of the gain. n~ beam (15 GeV)

From the CITIROC datasheet, the expected HG and LG amplification gain is calculated up
to gain 62 and reported in the plot.

It can be noted that the experimental data

G000

=
=
=

g

MPVs [adc counts)

3000

2000

L1 - High Gain

-§- L1E0S3 —— Theoretical curve
L1IE1S3

== L1T153

-@- L1T151

55 56 57 55 59 &0 Bl 82 &3

10/03/2023

500

L
=
=
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100

reproduce quite well the trend of the theoretical curve (up to gain 61).
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Conclusions

* For the Top 1x1 mm? SiPMs it’s quite impossible to distinguish between the signal and the
pedestal (especially for the LG).

* The attenuation coefficients obtained from the exponential fit to the EndCap SiPMs show a good
consistency between HG and LG for L1 channels, while for S1 they are very different. However, the
results between the two EndCaps are consistent within the statistical error of the fit only for the
S1 bar. These discrepancies should be better understood.

* Looking at the calibration curves (scatterplots HG vs LG) it seems that the HG has an amplification
factor more than 8 times greater than that of LG.

* The gain scan shows that the experimental data reproduce quite well the trend of the theoretical
curve up to gain 61, although most of the PS data were acquired with gain 63 (which turns out to
be over the limit of the reported maximum gain).
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Pedestal peak evaluation

The pedestal peak and width in ADC counts are taken as the mean and sigma of a
Gaussian fit to the data (considering a run without beam).
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L3 - Low Gain (LG)
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The pedestal peak and width in ADC counts are taken as the mean and sigma of a

Gaussian fit to the data (considering a run without beam).
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L1E0S3 L1T1S3

* The HG has an amplification factor 10 time greater than LG
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HG-LG gain calibrati z
# 2000 2000
The pedestals are removed from both the HG and LG e
distributions, by applying the following cut:
ADC > p+ 20 - "
where u and o are the mean value and sigma given by the
GaUSSian pedeStaIS fit' 00 2000 4000 000 S::;): 31:1:;:6100“14 00 1 0 y y . Slop‘eza.ﬁgf H-W'M 10°
A linear fit is applied to the calibration curves, by applying as error st . S7
on y axis equals to the width of the HG pedestal. 2
L1 Channels  Calibration slope  S1 Channels Calibration slope § o
L1EOS3 8.2505 + 0.0011 S1E0S3 7.917 + 0.004
L1T153 8.0748 i 0.0022 SlTlS3 8.262 i 0.008 ° 4000 L;?angc ciit::g]mnﬂﬁ 12000 14000 100 ° 2000 4ODOLGGTZL‘)SC ci%%?g]lODOO 12000 14000 10
L1T151 8.694 + 0.004 S1T1S1 8.739 + 0.0013 s
L1E1S3 8.4477 +0.0011 S1E1S1 8.664 + 0.004




