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Bo Gyeong SEO, Jun Seop SHIN, Shin Hyung KIM

Department of Physics, Kyungpook National University i i




* %

*

*

Knu

i
T
N
(€D)
(@)
0
@)
(@)

o) (sv O ] (o)

L ' ' ;VTOTTHRESHOLD
HaGCROC % " S ik EEEEETE SEENEE

=
:?“.\

[ S

KCU105 =
(FPGA) % ¢ =

E AP, VTOoArHRESHOLD
. | "
I ToT
START ToA TDC START ToT TDC
25 ns 2~200ns

e ToT:2~200ns

e Do Range:25ns |  Maria suggestion (Ideal) :
IRising edge i TOA resut 10 -11¥bits]
Dciminetor| RS > | Rising < ~ 20 ns (time difference of each end)
: its ‘f‘—' H I
: stopTDC Towoyv Fpnoe: 2200m8 Falling < ~70 ns (beam bunch crossing)
TOT resyllt [12 bits]

| * Dynamic range : 160 fC - 320 pC

ToT IRising edge
1
Discriminat ——
iscriminator : Start TDC
| IRFU CHANNEL PART :
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Preamp parameter

remove high frq noise

sharp filtering

Cd (pF)

Rf (Ohm)

Cf (fF)

Cf comp (fF)

5,10, 20

10K, 20K, 40K, 80K

50, 100, 200, 400

50, 100, 200, 400

Cd (gain) : 0.2,0.1,0.5,0.25
4bit, parallel connection

At the conveyor output and at the
preamplifier input. To ensure the
preamp stability

In parallel, these resistors provide 15
values to be adjusted with the Cf and
Cf_comp values

Added with the Cf_comp capacitors,
provide the preamplifer constant time
with Rf

Same purpose than Cf capacitors but
connected differently to improve the
preamplifier stability.

Hybrid 111
& Parallel 100

1111
Hybrid
1111
1111
Indiv 111
0100
Settings at 2605 TB, KEK

0001
0001
1111
0001
1111
0100
1111

0001
0001
0001
0100
0100
1111
1111

Knu

Summing | _Rf | _Cf | Cd | Cf comp_

1111
1111
1111
1111
1111
1111
1111



* Dynamic range (Npe) Knu
Measured Npe (2507 CERN TB) & expected current
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- st nd rd rd ok 77/
= 9 .
0.5 600 1100 700 280 i
1 700 1800 1500 600 87 e
2 1000 2800 3000 1200 1.79 Area : 9 cm? Area : ~4.5 cm?
3 1100 3800 4500 1800 )
4 1150 4500 6000 2400 1.83 T T |°%
5 1300 5500 7500 3200 ) s
4 x 10 / 40 %
— Attenuation needed! §axw & ;
Or lower HV... 2 » 2
S14,40.7 VY
Spe current = 0.4 pC
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Energy & Preamp scan

Hybrid, 15!, default

CH 18 ADC
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* Delay scan (parallel, 4ch sum)

Parallel :

CH 16 ADC

‘Run 330

wiidiaaliaslisalia
12 14 16 I8

GH 18 ADC

N

- aala

Run 332

fffff

width too wide. Both ADC and TOT saturated
— did a delay scan to find width manually

l'ri'l-i‘ll-rI'I'P‘lrl-'III"I'I‘I'!II‘r"'IL'l"l'
B Oz 4 & B IO 12 14 BB M 20

Run 331 (delay 20 from Run 330)

CH 19 ADC

rilaaal |

[F]

Run 333 (delay 20 from Run 330)

Knu
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1GeV, 3
* 3cm x 3cm x 32cm Calorimeter

 3cm length Lightguide
» Mean Edep : 208 MeV (simulated)
» Mean Npe : 1500 photons (25TB CERN)

HV:43V

Preamp : default
No Cable : minimum attenuation

No cable (board directly in contact with H2ZGCROC)

Samtec loose : no signal
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Hybrid summing

+ 1GeV, 3¢ . - - e
« HV: 16 array each (Notice HV module, 40.5 ~ 41 V) - “ =
= E B T
* Preamp : default T E = S
hd Hybrld Sum — Op Amp —> HZGCROC . CH 33 Peak CHB3TOT -
| i ; =
1 - B m
F8R—— Hybria " -
el —— sum o
o]
- :
[feh— Hsy‘?f:d Output 1, J9
- swm/" % (w/ op amp)
-_ Hybrid Output 2, J8
[eRl—— sum sw1-2/ » (w/o op amp)
St e S
[1ch—— Hybrid LIS
[eR—— sum
.
SiPM

Signal : 5 m SMA cable, cable attenuation



* »

»
*

* %

Parallel (3 output)

1GeV, 31
HV : 16 array each (Notice HV module, 40.5 ~ 41 V)
Preamp : default

Parallel sum — Op Amp — H2GCROC

Parallel summing

Pp— Output 1, J3

(4ch summing)

Non-inverting Inverting summing Inverting amp (x1)
amp(x1) amp (x1)
Output 2, J4
sw2-2 (w/o op amp)
/ o
Output 3, J5
Sw2- (w/ op amp)
Ve o ’
SW2 gt

CH 19 ADC

CH19 ADC

CH 18 ADGC

Delay 20 sample

Delay 20 sample

Knu
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£* Parallel 4ch summing Knu
« 1GeV, 3 i
» HV: 16 array each (Notice HV module, 40.5 ~41V) “r
* Preamp : default -
« Parallel 4ch sum — Op Amp — H2GCROC L
Parallel (3 output) ii» ( Ouput: Hﬁ; )

SV’V‘_‘O/): No;;r;\(/::t)lng Invertairrl?ps(tiqw)ming Inverting amp (x1)

[ich——AAn—]

%—W |j @

[fch——AAA—] ° o Output 2, J4

ch|—  AAA—] swzz O " (wlo op amp)

[ich——AAA—] ’j © Output 3, J5

[fch} WA o o swa1 P . ’ (w/zpar'np)

[ieh——AAn— sw2 =

B

::z:—/\/\/\— Sw1_8° o

Tch_\/\/\/\_

10
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Preamp : Default
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* Cosmic ray : MIP

Beam 100, Hybrid summing

CH 18 ADC
T ch 19
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I 5id Dov 6537
" T [, FTSTEN B TR SR
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00
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2 4 & & 10 12 14 1e 18 20
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* Cosmic ray : MIP
Beam 230, Parallel

CH 18 Peak

h_peak_19

Counts

Entrias 2
Moan 458.8
Hid Dov 4114
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Cosmic ray : MIP

Beam 522, Parallel 4ch

CH 19 ADC
[EERE]
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Beam 160

* ADC - TOT equivalent

CH 18 ADC CH 19 Peak CH18 TOT CH 19 TOA
, hi_ch_19 g h_peak 18 Fi_iol_19 hi_ioa_18
1000 I Enfiias 350257 : 1200 Entrias 18408 AGDD Enirios 350257 g 160 —_— — f — ——|entios 350257
i N ean & 1o a B Moan  E12.3 o Moan « 10 3 F— _ —_  ——— |Weanx it
! L Meany 238.7 ? L Sid Dow 233 F Moany 2857 4 I - _ —{ncany 2705
; B0 Sl Dow % 5477 3 S Do i 5.477 F — . — =|smpmvxsary
H [ St Do y 209.2 10— o M8 Do y 5815 800 —__: - S Do y 152.9
L 000 — == B
00— 00 F ==
I F b = 600
L L o =]
00~ so0 |- 2000 =
: L F 400
F : ol = :
i AN~ o —
L F ——
r t \ 1ooo —
of wob N : == 20
N N F — 3
: : b r = :
PSR PO P T FOOY TN T R I PN oW o S T ORI NI L
) &8 1w 12 14 18 18 20
Sample Peak ADC TaT
CH 19 ADC CH 19 Peak CH13TOT CH19TOA
RS AR L] Fi_tol_19 Fi_wa 18
! o0 = o P TH] 2 T e i A0 = Eniios 15283 g 1000~ L = e iseem
H F == P a I Moan 20| 3 E Moany som| 3 F - —==Mean s 5.039
! L Meany  SE.83 G sl S Dee 220 800 Meany 1156 r = _ Meany 25.25
' a0l St Do 4,924 N F i Dow s 4.524 F T — — |t Dow s 4524
i L T + E Sid Dow y 30,46 80— pp— smomy *251
! ves| i B = = e
F 3000 F =
L 200 E r [
eoar- [ -_ [ .= - S
L r 2500 60— = —— =
: [ g [ == ——
40— e 2000 L E —_ ==
: a0 o a00[~ = - -
i~ 100 — r _ L _— —_
L 1000 = L = -
L E _— 200~ =
o — — sof- sl = r ] - =
L N E = [ [ | —
Loaloasl | | I I T e AR R 0- n T Qo_' (TN RN ETEN PR T TR PR N QC.'
B TR F T R T e mn o 109T & & 10 12 14 16 18 20 Z 4 & & 10 1z 14 18 18 20
Sample Paak ADC ot ToA

Get tail — Expect saturated ADC into ADC
Compare with ToT value
— ADC - ToT equivalent function?

Knu
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* Light guide efficiency + light mixing test KNnu

L?ﬁ? « Different light guide at each calorimeter end
Nominal QL j’ 7]. Wrapped with Al Mylar
20691 Efficiency
23.505 » HV: calibrated

Hexagonal
* Notice summing board : get summed signal

21.463
&
‘2,
5\00
21.509

S Light mixing
Trapezoidal — * HV: not calibrated
2 Lsld 8 Individual : get 16 array signal
&~ o ~|
N
20.691
Side view
Op Cookie + Op Cookie +
Op grease Op grease
— I

Nominal Hexagonal
16
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200

000

800

600

400

200

Efficiency : BT and B
Run 523

Run 524

Run 525

Counts

500

400

200

100

Peak ADC - pedestal mode

CH 3 Peak ADC CH 4 Peak ADC
[h_peakADC_CH3| [h_peakADC_CHA|
C Ereries 10012 H 120‘]__ Ereries 10012
L Mean  7i&7| 3 L Mean 7613
F SidDev 3454 2 F SidDev 3840
r 1000
r 800~
L 800
L 400
F 200~
0 2000 4000 6000 BOOO 10000 12000 14000 0 0 2000 4000 6000 BOOO 10000 12000 14000
Peak ADC - pedestal mode eak ADC - pedestal mode
CH 3 Peak ADC CH 4 Peak ADC
[o_peakADC_CH3 [F_peasADC_CHE
= Ewes izl £ F Enies 10172
£ Mean 1600 3 700F Mean 1713
C StdDev 6066 © C SidDev 6448
E s00f-
E 500F
£ w0
E 300F
E 200F
E 100F
S [T R B Lol
0 2000 4000 GODD 8000 10000 12000 14000 0 2000 4000 GUDG BDDD 10000 12000 14000
Peak ADC - pedestal mode Peak ADC - pedestal mode
CH 3 Peak ADC CH 4 Peak ADC
h_peakADC_CH3) [F_peakADT_CHa
F Ewes wose| £ [ Enties 10084
r Mean 2315 3 F Mean 2486
- SidDev 9058 © 500 - Sid Dev 9646
- 00
E 300
L 200
= 100F
' T f| I N y Ll ]y
D 2000 4000 60[)0 BG[)O 100()0 |2l)00 14[)1]0 0 2000 4000 8000 8000 1GD00 12000 14000

Peak ADC - pedestal mode

Run 526

CH 3 Peak ADC CH 4 Peak ADC

[h_peaxADC_CH3. h_peaxADC_CH4

% Entries 10000 % E Ersies 10000

3 Mean 3826 3 450:_ Mean 4092

8 400 pop) I F Sdbev 1274
o 400
350 E
F 350F
E 300
250 E
E 250F
200F E
E 200
150 150
100E 100F
sof- sof-

P = I T S S N S N P S B IR I o R A I W
0 2000 4000 6000 8000 10000 12000 14000 0 2000 4000 6000 8000 10000 12000 14000
Peak ADC - pedestal mode Peak ADC - pedestal mode
e-
BT1-50 B1-50
-

v

GeVlc

762
1715
2489
4093

Mean ADC

BT BT/B
716 0.940
1601 0.936
2318 0.931
3827 0.935

17
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* Efficiency : BH and B Knu

CH 3 Peak ADC CH 4 Peak ADC Ru n 527

[P_pearADD_CHA [ peaRADC Crie CH 3 Peak ADC CH 4 Peak ADC
! 1200F Envies 10100 ¢ F Ervies 10100 [ peakADC_CHa n_peasADC_CHi
i L H [ . X _ 3
} L Mean 6386 H F Mean 6544 £ asofF Enwles 10020 2 5001 Entles 10020
- Subey 3448 12001 Sdbev 3218 3 = Mean 3811 3 t Mean 3676
1000 L © a0k supev 1220] © SDev 1157
r 1000 E 4001~
800 " 380 L
L 800~ 3001~ L
soor - 2505 ot
r 800 E r
400 F 200 E 200
C a0~ E [
L L 150 £
2001 r E L
L 200 100/ 100
oL ol 501 L
0 2000 4000 000 8000 10000 12000 14000 0 2000 4000 600D BOOD 10000 12000 14000 E C
Peak ADC - pedestal mode Peak ADC - pedestal mode ok 0
0 2000 4000 6000 8000 10000 12000 14000 0 2000 4000 6000 B8O00O 10000 12000 14000

RU n 529 Peak ADC - pedestal mode Peak ADC - pedestal mode

) e- .
_g : CH 3 Peak ADC m‘ Em} CH 4 Peak ADC m Op COOkIe 7 Op COOkIe
§ oot - E
F 7001
] ni 10 | ]
500 E
F 500 -
3 = BH1-50 V _
- N BT —» BH
E e
B was not changed
" o i i 1ot Tt i "t oo o Yl ot it o
Run 528 GeVic | B | BH | BT | BHB
CH 3 Peak ADC CH 4 Peak ADC
£ w00 e | B, F e 1 656 690 1 05
S"’“E‘ oy 5 E Sue_ s .
. 2 1453 1532 1.05
wof.
ot 3 2134 2250 1.05
200F- m;
wf 5 3877 3812 1.02
Sesearggie Clsedeeegpee

Mean ADC 18
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* To do lists

ADC - TOT equivalent function

Signal Landau fitting with ADC, TOAand TOT

See preamp & summing board difference, and decide which setup to use

See linearity of each setup

19
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Light guide dimension

|

Mean 004375

L

L R T T
Trapezoid Wide side
AVG : -0.044

STD :0.032

0.1

0.15 0.2

Value

Counts

Square side
AVG:0.133
STD:0.032

-
n
IIIII|fl\IIII‘I\I‘II\I\I\[I\I‘II\I\I\'

m
F
E

Fis

i

TR B
0.15 0.2
Value

8 ries 0
c lean 01135
C Std Dev .04722

=

6

55

4

3

2
1=

e L b 1 L b b b b

—q)AZ -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2

Val

Trapezoid Narrow side
AVG:0.114
STD : 0.047

Knu

41—

2l—

D e
Trapezoid height

AVG : 0.061
STD : 0.021

s LG length
“r AVG:0.076
- STD:0.012

Gl b b
-02 -015 -0.1 -0.05 0

G tech requirements :
Length :+ 0.1 mm
Side : 0.3 mm

20
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“E* Backup

21
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Effective applied voltage

Yy

2.36V

Effective applied voltage: HV - 2.36 V

-

SiPM

CHOADC

|\‘
|

Current conveyor

ER
L
Az

20

.........

.......

40V

Ch 8, offset of 2.34 V

No signal
Only pedestal

Pre-amp
L 2 AL
[ er ¥ |
::\'[ — -3
:-:l.l = =
e w
'\.:r[
el —
|'.§ ————t
arrin

Knu

D_
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* RCDAQ

o " RCDAQ

Stopped Run 56

KCU105 +
H2GCROC

L

x_____l

|| I s = ] 4
XA
/1 = AW/ '
{ I
= il
= N a1 >
'] 5 / K 1 '
- - N - L/
. y n — ¢

RCDAQ : DAQ integrator
Notice + RCDAQ integration ongoing
RCDAQ + Notice DAQ common decoder by J.W.Lee

23
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* ASIC error

CH 19 ADC

257 — 256
“Missing code” in the ASIC

CH 19 Peak

R T ] [F e T ]
! oo - E'"'"—' Tede  (BEAT
i ' = E [ Soaw f - B
(] r] L. BE D W31
: aso |- T Pt
w0 |- 0l
asn|- tenf-
20 1o
] o 5ﬂ_—
1 Lissl 1 1 L | | 1 [ 0 1 1
B T R TR T I R TR TR T T ™ R T [
Bample Pask AT

delay40 - is the lower 5 bit of the ADC
delay65 - is the 6th and 7th ADC bit
 Can be adjusted by changing the delay

24
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Polarity

We Eot View Qotons Jools

CHoacc

o4 asc
o~ AR
b — e

BN g
wf
P4

« Sometimes, polarity goes opposite

Solution

- 3
o | ————
wl
-
B APV TP I PO PR PP I Y IO PPV RN PR PPN PPTRPI P TOY PO T I TV TRPY Y PO FYN TP P IO
Somre o omre
CH o ACC O 1 ADC O 2 ADC O 1 ADC
e oy e
3 | v s e | =
i - | R
k e i - g s o8
- R — o T ——— - —— . "W—
- o —___ - -
- = s ok
lllllllll J " L " Jossd 4 L L " " "
L aa ¥ L anc 2 A 3 S o ma 2n: s a3
‘o oy N
O3 a0C O s ADC
[y
| v
{ e
-t b e e~
= ) = e T ———————— ]
- - o
R dd e o
3 . FYPTTI N AT TNY PP POV PRPT PPUY FPPY PPY FRPY 1
Mg T Y Y ML ZRC anc an
bowe 0 TR
O % ADC O ADGC 1 % ADC
ax e » T ax n:m
o |'ﬂ — - e F — - |'I> = ~
. H — p— H —
B oy - — e g
— p— ] ——— i
b
-
L Gasluabaiban el

......
.......

.....
vvvvvvvv

* Do pedestal scan at h2gcalibx
* Get few points for the injection, then stop

« Polarity comes back to normal

Knu
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Maria simulation

MIP peak MPV for Each Layer - NKS

29
2 ._‘_\/\_/\\//‘
27

=1 MIP peak MPVs vs SciFi/Pb layer for n =1

x\_\/_\ |

MIP MPV e-going end
—e— MIP MPV p-going end

2 4 8 10 12

6
Layer Number

MIP peak MPV for Each Layer - NKS

-
5

—a— MIP MPV e-going end

=R~ v}

—— MIP MPV p-going end |

MIP peak MPVs vs SciFi/Pb layer for n =0

MIP peak MPV [nphe]

S = N oW s W @

2 5 10 12

]
Layer Number

8 phe taken for illustration of the
worst case scenario (40 of pedestal)

Npe per layer (5 GeV muon, 90 deg)
MIP : ~10 Npe per SiPM

© o o
w
&
2

* Estimated Npe (Maria simulation)

Max (P99.99) charge per SiPM array

gamma E=10GeV 3to50deg

—— e-going end
—— p-going end

Max (P99.99) charge per cell [nC]

0.0 2 4 6 8 10 12
Layer Number
Layer2 LA A LR R AL )
nphe e-going end (poisson)
10° nphe p-going end (poisson)
104 §
>
g 107 4
L
=]
o
Q
T 192
10! 4
10°

0 1000 2000 3000 4000 5000 6000 7000
Nphe

Npe per layer (10 GeV photon, 3-50 deg)
Best light yield : ~6250 Npe per SiPM

~N

Max (P99.99) charge per cell [nC]

o

Frequency

=)

o

FS

Knu

Max (P99.99) charge per SiPM array

electron E=50GeV eta=1.4

—— e-going end
—— p-going end

2 4 6 8 10 12
Layer Number

Usiyara e e v
104 4 nphe e-going end (poisson)
nphe p-going end (poisson)
103 4
>
v
c
107 4 E
o
@
&
10! 4
100 4
0 5000 10000 15000 20000 25000

. Nphe _

Npe per layer (50 GeV e-, 1.4 eta)
No precise E measurement required
But PID needed

~ 23750 Npe
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Measured Npe (2507 CERN TB) & expected current

* Dynamic range (Npe)

MPV Npe per SiPM (9 cm?)

T

0.5 600

Npe (4.5cm?) | pC (4.5cm?) - ey

700 350 140

. 1100

1 700 1800 1500 750 300

2 1000 2800 3000 1500 600 1.79
3 1100 3800 4500 2250 900
4 1150 4500 6000 3000 1200 1.83
5 1300 5500 7500 3750 1600

— Attenuation needed!
Or lower HV...

Area : 9 cm?

x 108

x 108 || = = = PDE (A=450 nm)

x 108

x 106 7

x 106 —"

21730 m

.
4

) /

" |

Knu

27.847 mm

-

24998 mm

(Ta=25 °C)

—Gain
—-—Crosstalk

*
6 ’,
x 10 g e

0

0 1 2 3 4

Overvoltage (V)

S14,40.7 V.
Spe current = 0.4 pC

50

40

30

20

10

Crosstalk probability, photon detection efficiency (%)

27

Area : ~4.5 cm?
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* JLab beam test KNu

Spec
Energy (GeV)

 Dynamic range : 160 fC ~ 320 pC (?)

05~2 Low gain (ADC only)
0.5~ 2 High gain (ADC + ToT)  Real energy range : ~ 10 GeV
2~6 Low gain (ADC only)
2~6 High gain (ADC + ToT) Decide..
Gain Conveyer : 0.025 ~ 0.325 * 1. Pre amp parameter (shaper) — ?
Vo4 « 2. Summing logic (current dynamic range) — 6 setup?
XFVToTTHRESHOLD « 3. ADC or ToT, with different energy range (Gain) — 4 ?

Ps.
« 1. Beam deadtime (1Gbe bottleneck, ~ 6.6 kHz estimated)
 2.# of SiPM & calorimeter module (summing, SFIL etc..)

VTOoATHRESHOLD

> t

= ToT .
START ToA TDC START ToT TDC

28
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Setup

LVDS
PN

Discriminator,
And |ogiC

Clock board

FG (Clock)

—
Trigger
BICDAQ
N
S A8VTIL

NKFADC

Knu
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- RCDAQ

Running

1Gsetup_KCU.sh

AL SE LU . ST

mlp_test setup.sh setup AstroPix.sh  setup KCU@.sh

setup CAEN.sh
Run:all

setup KCU1l.sh

15t int eventtype
t subeventid
st char *ipaddr
st int port =
st int trigger =
int nr_packets=20);

~dag_device h2gcroc3();

H2GCROC & RCDAQ manual
https://docs.qoogle.com/document/d/14aa6CHx2kalQcyo qyt25AQd

teardown_all.sh

EL6MQvQgxUE9rOWO0DO0/edit?tab=t.q9ycssygb2di

Analyze

int process_event (Event * e)

1

= F f1ay - -
LT (le) return

Packet *p = e-=getPacket|

if (p)
All channels
h_ch_all
2 1000~ Enbies  BJ05678a007
2 C e Bean x 10
E p— Mean y 403714
O 8OO —_— Sie Dev 5477
2 - St Dew e 2389
600 — —_
___=—__
400~ —_—
200 —
0
r —
_500 i I I Ll N
2 4 [ 8 10 12 14 16 18 20
Sample index
All channels peakADC
" h_peak_all
£ Enftries 4581936
3 10° Mean 2.942
e Std Dev 3.251
10°
10 E
10°
107 E
10
B L T I I N P Y O Y PR
=200 200 400 &00 80O 1000 1200
peakADC

Offline analysis
Online monitoring in progress

30
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https://docs.google.com/document/d/14aa6CHx2kaIQcyo_qyt25AQdEL6MQvQqxUE9rOW0DO0/edit?tab=t.q9ycssyg52di
https://docs.google.com/document/d/14aa6CHx2kaIQcyo_qyt25AQdEL6MQvQqxUE9rOW0DO0/edit?tab=t.q9ycssyg52di
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“E* Backup
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Preamp

* %
i

Notice SiPM Fee board preamp

+4.5Y

SIGNAL »

RB1
100/1005

F

. N LMHE723MF
8
i\
i
J
4 ﬁ
RB3
2471005

ced
100nF/16Y/1005

uel

IOI.IT_CH )

R82
100/1005

—MA—
l cez
I 4100nF/16V,/1005

[asy

Knu
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LED setup

NPE

SiPM Lambda study

SiPM LED voltage - NPE SiPM LED voltage - Lambda

" TB CERNZ5
2, . 25000 —a—R §14+5cmlG
200" —o—R $13+5emLG
ik —s—R §14+8cmlG
20000 —o—R $13+8cmLG
180
140
13000

41

/Shpeollineatﬁmng{NPEfMeV]

/ S14+5emLG: 2253 £ 0.24
513+ 6cm LG 2249 £ 0.38
514 +8cm LG: 21.97 £ 019
513 + 8em LG : 20.61 £ 0.35

o
LED[V] LED[Y]

SiPM LED-Lambda Graph

i .
0 €00 400 800 800 1000 1200
Edep (MeV, simutated)

25CERN NPE

SiPM LED-NPE Graph

SiPM LED voltage — NPE graph with led (Wavelength 465 nm ~ 470 nm) LED volt

SiPM npe = SiPM Lambda (Photometry with Poisson dist.) X SiPM PDE (50 %) 1.79V 1232 2465
With 25CERN result, we can get the LED voltage range (1.77 V ~ 1.89 V) 18V 1688 3376
1.79 V = SiPM NPE : 1232, Lambda : 2465 183V 4340 8681

1.89 V = SiPM NPE : 28743, Lambda : 57487 185V 8150 16299

1.89V 28743 57487
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