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Introduction o

Belle is a luminosity frontier B-factory experiment run until 2010.
— Upgrade for superKEKB and Belle Il (to achieve 40 times peak luminosity).
Particle identification (PID) system will be replaced with new detectors.
Belle PID
Aerogel Cherenkov Counter (ACC).
Threshold type PID detector.
— Effective momentum range is
not wide enough for all particles
from various B meson decays.

-+

Belle Il PID
Two detector systems cover the
whole momentum range.
- Barrel part:
Time Of Propagation counter (TOP).
- Forward endcap part:
Aerogel Ring Imaging

CHerenkov detector (ARICH).
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Overview of ARICH detector O

Belle IT

- [dentify particle by difference of Cherenkov angle emitted in aerogel radiator.
Cherenkov angle cosoc = 1/n

(n: aerogel refractive index, B: particle velocity)

- Proximity focusing due to limited space between drift chamber and
electromagnetic calorimeter.

- Aerogel radiator in the focusing configuration
(2 layers of aerogel with different refractive indices).
— |ncrease photon yield without degrading the single photon resolution.
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Requirement for system

- Requirement from physics analysis:
K/m separation is essential for many B decay modes sensitive to new
physics: B’— K*(—K*rn™)y/ B'—p—n*n")y, B'>K'n /n*n ...
Target: K/n separation at >50 confidence level @ p =4 GeV/c.

Separation = A0cv/Np.e./6C
AOc: Difference of Cherenkov angle between K and = (~23 mrad)

oc. Observed Cherenkov angle resolution. } = Highly depends on

Np.e : Detected number of photo electron. detector performance.

- Survives in Belle Il environment for 10 years.
Radiation hardness both for y/neutron.

- Works in high background environment.

- Covers acceptance of other sub-detectors

along beam direction.
— Round shape detector in endcap region.

Instrumentation for Colliding Beam Physics (INSTR14) , Novosibirsk, 26 February 2014



Photon detector

- Detect photon position with good resolution.
- Number of detected Cherenkov photon is not large. |
(~10 photons/charged track)
= Hybrid Avalanche Photo Detector (HAPD)
Is developed with Hamamatsu Photonics K. K. =
5 mm pitch pixelated 12x12 channels cathode APD.
High gain with hybrid amplification process.
Total gain ~7x10°.
= capability for single photon.

Bi-alkali Bombardment ain = 1500

photocathode pho N
420 HAPDs are used in total for ARICH.
—8kV
APD design is optimized considering AT
results of y /neutron radiation
hardness test. multi-channel APDAPD gain = 50
Intermediate
Tolerance for >10 years Electrode Film on Active aria

Active

[A/C]

Belle Il operation. (1000 Gy v,
P+

] OX-I 012 neutron / sz) [thinner/thin/Normal]
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Validation for HAPD B

Before installation to ARICH, all HAPD samples are checked.
- Leakage current and noise level without illuminating light.
- S/N and 2D scan with laser light source and readout ASIC.

- Quantum efficiency (QE) of photocathode.
— Confirm data sheet performance/Check unexpected problem

and feedback to Hamamatsu.
HAPD various factors

item typical | requirement
QE A=400nm 28% >=24%
bias voltage 250-500V
each ch at
leakage current Vb-10V <= TuA
. seach ch at
avalanche gain V=10V >=30
HV -8.5kV <= 300pA
bombardment gain -8kV 1800 >=1500
Total gain gg:igg >=45000
# of dead <10
__channels _
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Validation for HAPD <O

Noise-bias dependence Signal-to-noise check
without light (Pulse hight qu changing threshold)
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Validation for HAPD <O

Belle IT

| 20140203_2J5616_SA01_40_7k_2D_all |

Channel hit map with laser emission = R
In some samples, E.
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—~ oo C32) count - 765849 large noise is > ®
q) . m 1200
= - overlapped at
) 800
S ”'_j\ beginning of scan. = "
> * ~ Noisy channels )
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£ -4 -2 0 2 4 6
X (channel) e | 000
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©
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o SR ENERNS e ] the time after exposing to environmental
20 30 40 50 60 70 D 10 20 30 40 50 60 70 .
X (mm) X (rmm) light. (sample dependent)
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Validation for HAPD <O

Belle I
Quantum efficiency (QE) scan on photocathode with light (A =400nm
: : s ~ 40
- Average QE in effective area satisfies | .
. LIJ [ ]
requirement (>24%) C sl .
O i o, .
- No damage on photocathode. £ Ry
- Flatness of distribution. 2 a0l T
© - AR
S S : 2
— £ — | .,"...
EJ} ;60 % 25 - * 5

_Samples QE<24% at
o0 L Hamamatsuy are discarded
20 25 30 35 40
measured QE (%)

Measured QE is consistent with

S data sheet from Hamamatsu

< In some sample, hin & few O

s unexpected low QE WIthIn a Tew 7.

. . Some of measured QE are below
region along diagonal _ .
line of photocathode. requ1rem§n ' _
o T T — Checking the discrepancy

X (mm) — Under investigation. |
between data sheet is real.
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Validation for HAPD <O

Mass production of HAPD has been started in last September.
Validation measurement keeps up with sample delivery from
Hamamatsu.

All produced 450 HAPDs will be measured before ARICH
construction starts.

History of HAPD measurement

- 2011 20is | ! 2003 2014 2015
150 [Number of HAPD :

0 ) Deli q HAPD R&D ,_ | . HAPDpraduction,

(ol - - clivere AIP[? production
< B + Measured APD spec frozen i
L 100+ , A Electronics R&D gl - ctronids production
“— / : : 3

O : ‘ | countgr assembly 1n5ta|lation

a')' i Mechaniqal structure tegt&design pfoduction
Q B Aerogel radiator R&D i produgtion :assen?b y

g 50 __ : counter installation —
= I cabling&piping&cosmic ray test —p

0 ) n jh‘—* 1 7 1 | 1 1 1 1 | 1
0 10 20

Week from Sep. 2013
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HAPD front-end readout o

Belle IT

144 channels of signal from HAPD is digitized by ASIC in front-end board.
Data from 5 or 6 front-end boards is integrated by merger board.
— send to Belle Il global DAQ readout through optics cable (BelleZLink).

ARICH readout electronics . Front-end board with 4 ASICs

HAPD Front-end Board / and Spartan6 FPGA

trigger
in

c:-pt{;:lal « Merger board prototype with
capie

(for DAQ) Virtex5 FPGA .
Power supply Belle2Link

(for trigger FPGA

(Virtex5 XC5VLX50
\ FEE IE

Connecters
(KEL SSL00-40L3-0500)

. . I50mm
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HAPD front-end readout o

Settings of ASIC (gain, peaking time, offset level) are controlled by FPGA.
Hit information is stored on shift register in FPGA and send to back-end
In response to trigger input from Belle Il global DAQ.

Mass-production of ASIC for front-end electronics starts.

input | DOUT
—_ s

hit info. [ Shift register trigger

Preamp Shaper Comparator >36ch * III.IIII * Rl S :
. ) . ! |to back-end Wpackage
ASIC = j FPGA Tamsmmmmmmsm -

0 1 2

Prototype of merger is ready and tests (slow control, readout, FPGA

configuration:--+) are ongoing.
Merger and FEE test

Start of data Event packed header
v——=. I:|'>ezesaaeaoaeee1vsaaeeaae1|azesea 3 01 00 00 00 09 00 63 00 0
TMnm@abmmHmdm;i  - Red cable e 59700 0309 607009000705 900910660 60 WB| e Gt H0Ga 90]68 0099 65100 0600 60
awﬁUmgerEs = ¥ FEE power line 69 60 09 00 6 00 60 65 09 00 B 00 09 BB 9 00 BB BB bV VO N TV B 0O 09 B9 6O 09 60 B 00 B
== 00 00 92 00 03 £0 43 00 B3 00 B3 80 /Y 40 ) 99 P 88 89 00 99
= = 9 00 52 0 02 09 09 B9 09 20 09 e oo o0 m oo e ap <N data (connecter #00) g oo oy
connecter #00 00 80 02 0O 02 £0 00 00 0D £0 5 00 B 80 B 90 /O 90 A1 95 O 92 BO 02 /O A 8O 03 2O 91 PO MY
" 99 60 99 03 09 20 09 ee[e2 o6 e oLl . "~ 01 09 90 60 90 0 05 60 99 60 09 0 09
= 0 09 0o b3 oo o) oo o9 20 83 oe connecter H#0| 22 2 92 20 92 20 93 20 99 20 99 00 99
20 D2 20 92 80 9 00 99 20 99 8O o uv o vu oo v vo OO DO 99 8O 9 0O 92 £O 99 80 9 £0 B
connecter #0| B0 09 60 09 20 99 00 09 20 9D 06 M D0 0D 08 M 90 09 0o 00
50 B9 00 63 B9 B9 06 B3 BB b9 8 B 80 0o e e s <N data (connecter #O01) oo o o
29 93 89 A2 89 A 09 Y 97 AI 82 A 99 N1 86 MY 91 /O 91 PO GA 4D 92 O A1 PY 93 8O 9A PO 85

An FEEs generated test data. £ 99 00

Data from 2 front-end boards is correctly transferred
through merger. Further test is ongoing.
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Aerogel radiator <o

Belle I

- Distance between aerogel and HAPD window ISt sample for ARICH construction

Is 200 mm. = refractive index ~1.04-1.06
From beam test results, we decide to use
combination of two aerogels whose refractive
iIndices are1.045 and 1.055.

- Need to be transparent to suppress photon
scattering.
Target transmission length @ A = 400 nm:
>40 mm for refractive index = 1.045,

>30 mm for refractive index = 1.055. = 60
£ 50

In total, 280 tiles are used for ARICH. 5 40
Mass-production has been started. f 30
At the end of January, 150 tiles are available. :§ 20
100 tiles are checked. 10
92% samples are crack-free and most of them £ o

1.040 1.045 1.050 1.055 1.060

satisfies requirements for optical performance. .
Refractive index

Instrumentation for Colliding Beam Physics (INSTR14) , Novosibirsk, 26 February 2014 13
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Beam test <o

Setup prototype ARICH with 6 HAPDs in real geometry and check
performance for hadron beam @SPS in CERN and electron beam @DESY
and Fuji exp. hall in KEK.

Picture in light shielding box
Several setups and checks of performance. §

- Different refractive index of aerogel.

- At different track incident angles.
- Readout front-end ASIC settings.

- Neutron/y irradiated HAPD.

MWRPC for tracking

( Aerogel E

Light shielding box

beam
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- Simple performance estimation from
cumulative Cherenkov angle distribution:

= 14.1 mrad, Npe = 11.4.

AOc

= K/ separation = 5.5¢

Beam test result

Incident angle = O

(SPS 120 GeV/c hadron beam,
incident angle = O° case, similar for

non-zero incidence)

- Neutron/vy irradiated HAPD works well
after HV/readout parameter tuning.

Noise level

2 21012 n/em?2
X1 O /cim

E 14000 . . 814
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Belle IT

Incident angle = 30°
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Simulation study O

Belle IT
GEANT4 based study with full Belle || Kaon efficiency for Kaon efficiency for
_ _ _ _ high momenta track low momenta track
configuration is done and analysis software (p = 3.0-3.5 GeV/c) (p = 0.7-1.0 GeV/c) -

. L . ‘é\io()E 1 €100§ 1
(reconstruction, probability calculation:--) £ £% l_g-g
. . > 7o§ > 70%— —0:7
Is developing.

— Confirm good PID performance for several . . B
conditions. (background level, HAPD spec.::*)= E | &

. . %(:) 30 40 50 60 70 80 90 100 10 0.5 %(E) 30 40 0 70 80 0 100 i10 0

Accumulative photon hit X (cm) X (cm)
map in ARICH (100 tracks) Kaon efficiency for several conditions
i e Eies 10 (7 mis-identification tate = 2%)
1001~ . R ; :_ - V::: : .11 1 —_— ¢>; —
: 5 "_.~ ' .,": RMSx 60, p - 2.0 GeV/C 5 15 ’_,.--—..----____”_\“ Faa
i .5 . ".:.' g :.):. . =" .QMSY 63. = T h_cherenkovAngle_pi § 098:_
s /T liaZ e O\ S ' v oo | 2 0.96F — A1D1Q2B1
E - 'l e 1:: N --;'.\_ .::{".q BOOOE_ £ It aoara0 | X 0.945— — AID1Q2B2
~ r LA @'/ \ Ve #| - P(;OD 7501+5sg 0'92:
> 0:_| ;\....,','; : | W | 5000 o 02722+ 0 0001 o9kt f:) | A1D1Q2B3
> ] el
'505. -' " ad . o ‘;.‘" 30005— + _ 0.865 — A1D1Q3B2
MR - TR PN 4 —_— T, T 0.84
- gy e .v..ﬁ': S e 2000f ogoBdy: | A1D1Q3B3
o e L : + - I ER
100 ~_ L 1000k — KT, K ogllli v o1
T e T T 6.5 1 1.5 2 2.5 3 3.5 4
100 50 0 50 100 N B, Wy - Momentum (GeV/c)
X (cm) B1 — +0 background hits (0.56 bkg photons per ring)

Cherenkov angle (rad) D2 — +70 background hits / m~2  (0.95 bkg photons per ring )

D3 — +140 background hits / m"2 (1.35 bkg photons per ring)

- photon hit position in ARICH —_—
Q2 — Q.E. peak = 30% Q3 - Q.E. Peak = 24%

m track cross point on ARICH
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Summary

- For endcap PID in Belle Il, ARICH detector will be installed.
ldentify charged particles using information of Cherenkov ring image.

- To detect Cherenkov photon position with high efficiency, a new device

(HAPD) has been developed.
Hybrid amplification with electric field between photocathode and sensor part

and 5 mm pixelated 144 channels APD (total gain ~7x10°3).
HAPD samples after neutron/y irradiation corresponding to 10 years Belle I
operation perform well in beam test.

- Production of HAPD, aerogels and electronics components for ARICH

have been started.
Validations for each component are ongoing without any serious problem.

- Both results of beam test with prototype ARICH and GEANT based
simulation shows excellent performance on K/ separation.

- ARICH will be installed at beginning of 2015.

Instrumentation for Colliding Beam Physics (INSTR14) , Novosibirsk, 26 February 2014
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PID impact on physics analysis <o

Belle IT

30
25
20
15

nts/(0.025GeV)

ot,%r B's

10 Bl H

0—)

background

Belle experimental data

o'y signall (657 million BB sample)

AE: energy difference between
reconstructed B? and beam

backgrquihd , . background, & '
0.2 o) 0.2 0.4
AE (GeV)
Belle Il 7.5 ab-! expectation from MC
with Belle PID with Belle Il PID (TOP+ARICH)
2 = g 3007 = Y
= 400 - aoKYy 2 : noKY
200 —
200 — -
100 ~
0_ . I DR 0' . N
-04 -0.2 0 0.2 04 -04 -0.2 0 0.2 04
AE AE
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HAPD radiation hardness o

Requirement for 10 years Belle Il operation: y ﬁ ﬁ ﬁ l ﬂ ﬂ ﬂ
HAPD should keep performance for irradiation of  gfciiiiiiiit g™ o=="""""%
- @ m (3]
- OOO Gy y %é Interlayer dielectric film E%
_ ] 12 2 C)|| AL1(N) R ——, AL1(P)
OX] O ﬂeUtrOn / cm ﬁ+(40l|]\f) ] 55?555 ;ﬂwh
) : 7
APD degradatIOH scenarios 1. Positive charges accumulate in the interlayer dielectric
film and/or the protection layer against alkali
= For y: 2. P layer under it changed to “N” layer
3. P-"N” junction around the APD sensitive region breaks
Charge around structure on APD surface. down
— Degrade breakdown HV and can not reach enough p———
. + i
APD gain. P_eeer
about
- For neutron: 10pum
Neutron induce lattice defects in bulk and leakage neutron
current Increases. ﬁ‘
— S/N becomes worse. soumd | v
. L. . \[=
= Perform irradiation tests and determine APD N*= @ :electron

. . ... O :hole
design and materials to minimize the effect. Y ,
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HAPD radiation hardness test <O

v irradiation tests

Prototype APD with different configuration (active area window film material,
w/ or w/o alkali protection layer/intermediate electrode...) are tested.
Apply bias during irradiation and measure leakage current.

IIC!I
wi alkali i
protection layer £
_ _ Normal P+
w/ intermediate “o
electrode APD d t .
- hAPD (dose vs current) Thin P+ )

eakﬂ.& A/ 8232 A o~ qu?;l&dowf . . f OK 8231 E
- 8231 B < ' 4 l i 't"l HT
© B232 C 1 ( ...f )

% Normal P+

current (uA)
L
,r:
\‘“‘x.
M
\
\
A
O
E? g
current
N\
LA
\

g3z g +2 ’ ﬁ - ;Al
o 7 5 Normal P+
" - . - EA03E [ ]
ﬁ : :3236:8 8 | : “C"
14 ucn B236_C "] w/ partial alkali
o w/o alkali l ese0 | protection layer
70 “| protection layer, N e e e o
O w/ intermediate 1000 0 lntegrated dose (Gy) 1000
electrode
integrated dose (Gy) APD design to prevent breakdown

Remove alkali protection layer

Intermediate

= Changing the structure configuration Electrode
on APD surface prevents breakdowns.

Film on Active aria
[A/C]

P+
[thinner/thin/Normal]
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HAPD radiation hardness test o

Neutron irradiation test
HAPD is irradiated by neutron beam from accelerator.

Neutron flux > 1.0x10'2 n/cm?

Setup @ MLF in JPARC

Film type A thin P+layer

[ KA067/200ns//A36_344_7k.dat | [ KA067/200ns//A36_344_7k.dat | | [ KA067/100ns//A36_344_7k.dat | KA067/100ns//A36_344_7kdat | |_KAO67/100ns/A36_344_8.5k.dat | (AT
5000 | Entries 2048 25000 Entries 50842 #3000 | Entries 220:2
= 56.25 = . =k -
BusooE- M1-Mped: 22016.6 53.76 %soof M1-Mped: 23747.4 41_§g §4500: M1-Mped: 28482.5 /61.22
> = 4 E e .
Ry000E- M2-M1: 23037.6 +’51422 ~y000E M2-M1: 20142.5 at0 | Plooof M2-M1: 24609.2 285
E l0.17 £ . E - 157
3500 noise: 6291.8 o] sk noise: 4261.86 o I noise: 4725.05 S
3000 S/N: 3.49925 fgzg 30007 S/N: 5.57207 (1)71; 3000 S/N: 6.02798 ;413
2500 S/N(M2-M1/ped): 3.66152 Eo;so 2500 S/N(M2-M1/ped): 4.72623 oz (  2s00F —S/N(M2-M1/ped): 5.20823 047
E i+ 19.4 E q E E
2000~ M2 99.6+ 0.3 2000~ M2 100.2 £ 0.2 2000 gnz 119.3+ 0.2
= S2 15.2+0.3 E s2 11.39+ 0.29 E 2 13.03 + 0.25
e p9 141.6 + 36.1 e p9 1570+ 23.5 100E p9 1246+ 16.5
1000F- p10 4.82+0.27 1000E- p10 -7.257 + 0.183 10005 p10 -4.411+ 0.109
S00E- s00E- S00E-
E ol e L i o5 L ot e, L
O 1c|)0 250 3(1)0 4('»0 550 600 0 100 200 300 400 500 600 "0 100 200 300 400 500 600
ADC counts ADC counts ADC counts
KA086/200ns//A36 339 7k.dat | [ KA086/200ns//A36_339_7k.dat KA086/100ns//A36_339_7k.dat ] } KA086/100ns//A36_339_7k.dat KA086/100ns//A36_339_8.5k.dat | l KA086/100ns//A36_339_8.5k.dat
=— Entries 2048 Entries 2048 Entries 2048
&S00 l 53.12 | L2000 55.56 | | LO00F 4.07
§4500f_ M1-Mped: -20310.7 54.64 gnsooE M1-Mped: 10734.6 ;4/173 §4500 M1-Mped: 16732 Bl-gg
E / 129
=000 M2-M1:42817.1 742 | P00 M2-M1: 33879.1 60.3 | P00 M2-M1:21501.4 57.4
c . ] S . D.114 E . .139
3500E- noise: 5579.62 P9 3s00F noise: 3065.61 2| 3s00F noise: 4237.7 o
B 0.37 E 0 E
30001 S/N: -3.64015 p78.0 3000F S/N:3.50162 69.3 3000F S/N: 3.94837 67.5
c 6.78 E 0.12 E 0.35
25001 S/N(M2-M1/ped): 7.67384 gg’g 2500~ S/N(M2-M1/ped): 11.0513 i4‘1;-§ 2500 S/N(M2-M1/ped): 5.07384 %gﬁ
2000E M2 5150+ 4.04 | 20005 M2 1029+22 | 2000 M2 87.3+05
E s2 64.65 + 2.25 = s2 43.83+2.32 E s2 13.26 + 0.82
1500k p9 141.3+30.7 100F p9 -456.5 + 58.6 Lig p9 -9.023 + 80.072
10005 p10 -0.154+0.367 | 10005 p10 24.96+3.38 | 1000)- p10 10.93 + 0.67
E . = L T E b L, oE - L B L
% 100 300 0 200 500 600 % 100 200 300 400 500 600 % 100 200 300 400 500 600
ADC counts ADC counts ADC counts

Shaping time = 200 ns, Shaping time = 100 ns, Shaping time = 100 ns,
HV = —7kV HV = -7kV HV = -8.5kV
= Film material and P/P+ layer structure improves S/N. [t can be further improved

by increasing of HV and optimization of shaping time in front-end electronics.
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Source of the time dependent noise

Possible source: |- HV and/or bias

2. exposure to the light KA0225,822
= L i Ex =l
3500 o 3508 - -
2 - T - 4
£ . < .
QO Q
R B n o=
O o
c - c -
Y Y
o " o -
* . *
3 hrs 3hrs  3hrs 6 hrs 1hr 1hr
on
HV J
bias | |
off
Exposing
to the light
(opened the ‘ . . .
black box) Noise increases after exposing HAPD to the light
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Quench of noise induced by light ':B

sample A
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D

HAPD lifetime for normal use <£
Life test Tost @ HPK

Life test :1000hours operation w/ 70mC/10d anode current

Finished above test for two HAPD chips
(KAO136 ChipC, ZJ5591 ChipC)

HAMAMATSU i g e e
KA0136 chipC £J5591 chipC
@ = FHEETEAE -Photocathode Voltage: -8kV @ = FIESTEAE -Photocathode Voltage: -8kV
-AD Reverse Bias Voltage: +341V -AD Reverse Bias Voltage: +341V
Anode: 70mC/10y *Guard Voltage: +175V Anode: 70mC/10y -Guard Voltage: +175V
-Operating Time: 1000h -Operating Time: 1000h
1.4E-06 1.4E-06
1.2E-06 | i i 1.2E-06
rotos L 20131018(&) | o606 | 2013/11/20(%k) _ | 2013/12/28(1)
< f = 11:09 2120
§ soe0r § soe07 £ -
5 | 3 i""'wvhu"vh )
§ 6.0E-07 ! - - 1000hT70mC % 6.0E-07 ' / - 1000hTT70mC
= 4.0E-07 . 4.0E-07 ———
2013/12/27(%&)
20E-07 | : : - 2.0E-07 15:30
0.0E+00 | . : . : 0.0E+00 . -
400 600 800 1000 0 200 400 600 800 1000
Operating Time [h] Operating Time [h]

yright © Hamamatsu Photonics K K. All Rights Reserved

- HAPDs are not broken after 1000 hours operation

- Leakage current of APDs are below 0.1uA for all the channels
- degradation of QE is not seen R
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Typical HAPD performance

30
(data sheet) X
g 2
KA0041 5, _/ \\
.. 400nm 26.2 % g
uantum efficienc 5 10
Q Y I peak 28.9 % ° \
Maximum high voltage ~8500 Vv ’
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N 200 300 400 500 600 700
One avelen nm
Bad channel (E; Nonc 1400 Havetenah o
D chi 1200 |
A 3 7 7 1 000 I ngle p.e.
Maximum high voltage B 368 v . ”
2 800 t+
for each APD chip C 364 g
D 3717 £ 600 f
A-ch22 161900 (8.5kV, 377V) 400 |
Maximum gain B-ch22 164600 (8.5kV, 368V)
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Wavelength dependence of Cherenkov photon
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1 (threshold scan@SAQ3)

Before Gamma Irradiation

KAO58

Film A g
Electrode O

P+ thin

Neutron
8.5*10M11

*measured
by SAO03(X-FAB,QFP) |
(shaping time 100ns) o ez 04 08 08

chip A-34ch:326.5V(17.26pA)
HV:-8.5kV

noise(gaus0) = 5464.03[e-]
2pe - 1pe = 39137.45[e-]

S/N(2pe-1pe/sigma0) = 7.16

After Gamma Irradiation

chip A-34ch: 326.5V(17.02pA)
HV:-8.5kV

noise(gaus0) = 5665.96[e-]
2pe - 1pe = 39763.47[e-]

S/N(2pe-1pe/sigma0) = 7.02

*Noise Level & Total Gain dose not change before and after irradiation.
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