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* Single Photoelectron (Spe) measurement

(a) Peak ADC Distribution Peak ADC Distribution Paak ADC Distribution
:§j Pedestal  BiasV 56V - . Bias V - 57V«j : 777777777777 BiasV 58V -
Different bias V. SPE measurement with LED Peak ADC il e i -
per SiPM array / s R I (WL :
] a0 o ;;d( AD-C o — o o
Peak ADC time window (b)
" 250 "I 2R B
: ‘ 140 l * F ::0“;5:,"[:’"':“3;‘?)“ = o
120; \ 200 B
: H ‘ = < o
10U ; 3 150 > -
- o e
: \ l Sl
b ‘1 . % . s13_2_cht 50 ove -oum
20:_ \ \ \ 5 sas s 565 57 575 S8 o! ss 555 % 565 &7 575 58
) . i i O;E‘ }km LL"F ' ﬂ‘ ﬁ f\{l [ HY
. .o 20t KL b - 'HW,/"‘ q fh“ Figure 1: (a) Single photoelectron gain of S13, with increasing bias voltage (b) Linear fitting
Slgnal x21 ampllfled o | y }# m ) \M of single channel. (c) Linear fitting of all 16 channels.

0700020003000 40005000 80007000 501
DAQ : FADC, 14 bits OP-AMP single event Baseline :
sS13#355V. MPV in single event



*
*

»
*

* Gain calibration
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Table 1: Bias voltage per SiPM channels.

channel.

S

g CH S131(V) S132(V) |S141(V) S142 (V)
15 1 55.22 54.70 40.93 40.94
= 2 55.37 54.72 41.11 40.96
0 3 55.02 54.54 40.98 10.86
S 1 55.20 54.75 41.00 40.97
g 5 55.15 54.53 40.97 40.89
9 6 55.18 54.55 10.95 10.76
= 7 55.19 54.70 40.91 40.98
3 8 55.22 54.65 40.96 40.93
& 9 55.20 54.78 40.88 40.80
= 10 5520 54.79 40.90 40.75
= 11 55.08 54.76 40.93 40.84
3 12 5525 54.60 40.87 10.84
& 13 55.20 54.69 40.88 40.81
= 14  55.28 54.59 40.88 40.77
B 15 5520 54.63 40.73 10.72
s 16 55.20 54.48 40.87 40.80

Measures V, cadown - 38 — 38.9
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Each voltage were chosen for same gain per
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1. Calorimeter

Pb plates & Scintillating fibers
No glue, wrapped with Kapton
tape

CERN beam test setup

2. Lightguide

Square, acrylic lightguides wrapped
with Al Mylar (5, 8 cm)

Bundled fiber for PMT

$14161-3050HS-04

3. Photon senser (Hamamatsu)
SiPM (S13 & S14
PMT
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Geant4 simulation (Energy deposition) Knu

Geant4 simulation

Energy deposition

3 calorimeter modules were not enough for full energy deposition
of beam particle (e-, 0.5 ~ 5 GeV/c)

1x3 simulation

* Enerqgy deposited within each module was obtained
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Photo detection efficiency

(Ta=25 °C)
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Photon detection efficiency does not include crosstalk and afterpulses.

S14160-3050HS-05, Hamamatsu
Photo detection efficiency

Intensity (a.u.)
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Normalized fluorescence Exciting wavelength : 350 nm

Luxium Single
Kuraray Single
Kuraray Double
Kuraray Double (old)
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Fluorescence spectra of scintillating fibers
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* Transmittance measurement Knu

0 Gtech cast acrylic light guides
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Wavelength (nm)

Transmittance measurement (KNU)
UV/Vis spectrophotometer (Cary 100)
Output / Input
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Efficiency : Transmission efficiency with Lightguide Length (Geant4)

1.0
o— 2
0.8 o— 2 a—" "
s
-2
5 06} .7 |
kS il
= A A —A— A
04t I A
Acrylic Lightguide AT T
+ aluminum Mylar A —®—omm Optical Lookie
Y 02 24— —eo—1mm Optical Cookie
b) c) —A—(0.5mm Air Gap
0.0 'R S S - E—
o 1 2 3 4 5 6 7 8
Lightguide Length (cm)

Efficiency = Collected photon / Thrown photon
Sublinear efficiency near ~5 cm
Optical cookie needed

1. Different Lightguide (LG) length
2. (a) 3 mm and (b) 1 mm Optical cookie, (c) 0.5 mm air gap
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Linearity : electron beam
2025 CERN PS T-10 beam line

=

Cherenkov

detector
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3 Calorimeter modules with different readouts
S14, S13 + 5¢m, 8cm Lightguide
PMT + bundling (reference)

NPE [experimental]
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- : . S14.+8cm Lé slope = 5. 6254 +0.005

= . S14 + 5cm LG: slope = 5.638 +0.06

1 | 1 1 | 1 1 . 1 . 1 |
0 200 400 600 800 1000

| Energy deposit [MeV, simulated]

Geant4 simulation
Energy deposition per
calorimeter

Energy : 0.5~5 GeV

Great linearity checked with electron beam
(3 cm x 3 cm Lightguides)
10
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Transmittance measurement (KNU)
UV/Vis spectrophotometer (Cary 100)
Output / Input

Lightguide materials
1. Borosilicate glass
2. Cast Acrylaamed

3. Extruded Acryl

Material : Transmittance measurement (UV/Vis)

1 3. Extruded_ Acryl
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Wavelength (nm)

Borosilicate glass : heavy and expensive
Scintillating fiber emission spectrum : 400 — 600 nm

— Cast acrylg,meq
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S14 Npe

NPE [experimental]

NPE [experimental]

R

6000

5000

4000

3000

2000

1000

5000

4000

3000

2000

1000

814 + 5cm LG

! 514+ 8cm L&: slope = 5.624 + 0.095

i $14.4+5cm LG: slope = 5.638 +0.06

(L+R)/2

o

L * L
200

L N ol o
400 600 800 1000
Energy deposit [MeV, simulated]

WllllfIWXII

1[II|[

® S14+L8emlG

| S14 + L 8cm LG: slope = 4.898 +0.088

W st4+L5emlc

8144 L'5em LG: slope = 4.755 10,051

1 ‘ 1
400 600 800 1000
Energy deposit [MeV, simulated]

v

6000

5000

4000

3000

NPE [experimental]

(]
o
o
o

1000

Knu

. @ S14+ch LG

5 S14+acmL;.sIope—527’2 + 0.088

. S14 +5cm LG slope = 5197 +0.056

| J.-S14.4. 5gm LG J R S

| | | 1
400 600 800
Energy deposit [MeV, simulated]

! !
1000

13



»
*

L 7000

S13 Npe
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* Lightguide simulation (by Tegan)

50 mm cookie S13-BIC NAAD vs. Layer
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NAAD vs layer number for 50 mm BIC lightguides of
Various shapes with a 1 mm optical cookie

Nominal ~ Trape > Hex

Photon emission all area

Efficiency

50 mm cookie S13-BIC Efficiency vs. Layer

5 Trapeioidal

B “#r Hexagonal
0.9— '
0.88(—

-II|II\|III|III|III|I+

: 1 1 Il 1 1 1 I 1 1 | I 1 1 1 | 1 1 1 I 1 1 1 i 1
0 2 4 6 8 10 12

Light Guide Layer
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* NAAD with Lightguide Length (Geant4)

Lightguide + aluminium Mylar

l a) b) c)

1. Different Lightguide (LG) length
2. (a) 3 mm and (b) 1 mm Optical cookie, (c) 0.5 mm air gap
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