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d/ Vud Vus Vub d

=1 Va Vs Vi $ (1.1)
v Vie Vis Vi b
1.1 CKM CP
1.1 18
Unitary 6
1.1 (A \pn) 4 Wolfenstein
d 1-% A AN(p—um) ] [ d
s | = - -2 AN? s [+0(\Y) (1.2)
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CKM
1.1 1.2 3 1 Via Vw
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1.1: Unitarity triangle

B
1.1
Vi Vaa [Vial — known, |V,,| — decay mode: b — wly,
Ve Vea |[Vea| — known, |V| — decay mode: b — cluy
Vis* Vi BOBO mixing: b+—t+—d
b1 IDCPV: B°(t) — J/VYKg & BO(t) — J/VUKg
b2 IDCPV: BO(t) — 770 / 7¥n~ & BO(t) — 7°7° / ntm™
b3 DCPV: B* — (D° D° D¢p)K* | B%(B°) — (D° D° D¢p)Ks
1.1: Unitarity Triangle
1.2 KEKB
B° B J/YKg
B 5.28GeV /c
J ¢ K 1074 10°°
CPp B
108 B
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0 1 [ns]
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8> - (1.5)
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Pthreshold
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m c
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TOF
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K/n
K/m A-RICH(Aerogel-
Ring Imaging CHerenkov)
1 ACC 2 A-RICH
3 A-RICH

2.1 EndcapACC
K/m ACC n

K/x
ACC 2

e EndcapACC
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Rayleigh
400 [nm]
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Ok — 0,
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proximity focusing mirror focusing
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A-RICH
3
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2.2: RICH
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1.001900
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1.006 1.060
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2.3:

Cherenkov

RICH

2.3.1
A-RICH Cherenkov

Cherenkov

A-RICH

P Belle
1.5T B [T] p [m]

plGeV/d = 0.3p[m] B[T] (2.4)
A-RICH
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2.4: 2.0GeV
1.5T
Super-KEKB Belle
ACC
A-RICH
Belle Endcap
30cm
A-RICH
ACC

ASIC
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A-RICH

promixity focusing

80% mm
90%
1.5T
1
(A-RICH 30cm )
2.2: Super-KEKB RICH
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3 HAPD(Hybrid
Avalanche Photo

Diode)
Belle ACC EndCap A-RICH
K/1t A-RICH
ACC HAPD
HAPD
3.1 HAPD
A-RICH Belle Belle
1.5 [T]
A-RICH

4
Hybrid
Avalanche Photo Diode; HAPD
HAPD Avalanche
Photo Diode APD Avalanche
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3.1.1 APD(Avalnanche Photo Diode)
APD PN Si

e PN

PN P N
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GaAs

108 102
1072 108
1072 102

1072
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e PD(Photo Diode)

PN

3.2 HAPD
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3.1:

APD(Avalanche Photo Diode)

P N

APD

PMT
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(b RAFEAATR| (D) EFRE AT

3.2: PN

Gain 107 108
HAPD

8 keV
APD(Avalanche Photo Diode)
APD 3.64 [eV]
10°
Avalanche
10 HAPD

HAPD PMT

Gain

144ch HAPD

8kV

APD Si

APD

10* Gain

APD
APD N
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3.4: HAPD
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14 channels HAPD

(a) 144 channels HAPD

O72+0. 2 3040. 5

144-I4.8 4 o
L

TIITITT T I —1

(b) 144 channels HAPD

3.5: 144 channel HAPD
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H discription /value | unit ‘

parameter
photon response 160-850 nm
photocathode material multi-alkali -
64 x 64 mm

outline of effective area

synthetic quartz -

input window
4.9x4.9 each mm

pixel outline
number of pixels 144(12x12) -
number of stem pins anode 144(64 x4 chips) -
cathode 4(1x4 chips) -
maximum supply voltage photocathode -8500 \Y
AD(2 chips, 2 of 4 chips dead) 388 each \Y%

3.2: 144 channels HAPD

H discription/value ‘ unit |

parameter
quantum efficiency(at 420nm) 6.6 %
capacitance of APD(at V4p =300V) 80 pF
AD supply voltage (gain=10) 360 \Y
bombardment gain 1200 -
total gain(chip-A,ch-22) 11800 -
3.3: 144 channels HAPD
-)
HAPD
(ClearPulse 580K)
ClearPulse 4417 MCA Amptek
PocketMCA
HAPD BIAS HV
3.7
?? HAPD HV =8kV
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, BIAS = 300V

Predocattmde

[ £ mchid Siokm THE J

3.6: BIAS

™

llearPuls

3.7:

A-RICH
Uniformity

SetUp 100pm HAPD
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X-Y
Channel

3.4.1

3.8

HAPD
20000 [e]
HAPD

3.9

S/N 1.5
HAPD

3.10

2mm

Test

1

S/N

S/N 4
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8kV/3.6eV >< 10 =
APD
APD Dead Layer
1
1
13
1
1
S/N 4
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3.5

150 ¢

100

HAPD

HAPD

3.8:

Single (LED)

BIAS

APD
HAPD
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Uniformity

3.10: HAPD  Uniformity

38



4  HAPD

HAPD
144ch  HAPD
A-RICH Counter 144 ch/HAPD 700

HAPD
ASIC(Application Specific Integrated Circuit)

4.1 ASIC

4.1.1
HAPD 700

e HAPD

4 A-RICH
EndCap
10
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RICH

HAPD Hit
On Oft Bit
Analog
3 4.1
Signal
,J’FEH!I]}I V( ._;n, Eﬂmpﬂrﬂﬁlr Shift registe;,
B ¥ il
FFag =k T OB —

HAPDMSDIE S ity | HtREBOEYHME,

| | Trigger Chain®H & (1ecksrnms
£64)

4.1: Signal

4.1.2
ASIC HAPD
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10V/pC  5V/pC

Pole-Zero

HAPD
1.25 20
SET

4.2: Analog

41

-160

v

150
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OFF-



4.1.3

Signal
Signal Analog
16 DFF(D-type flip-flop)
16
1 10[MHz]
1.6 16[us]
4.2 ASIC
HAPD ASIC  third version
7S03” A-RICH ASIC 2004
First Version ”S01” Second Version ”S02”
S03 ’S017S02’
4.2.1 S01
”S01” 2004 HPD(APD PD ) ASIC
4.1 ‘So1¢
2
° Channel OFFSET
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Analog

4.3

4.2.2 S02

7780277 7S017
'S01’ 'S02’

’S02’

S02

e S02
4000[e]

DC Channel

S0 -ofTset

amBoTY

Oifsct IR BOACO I B

4.3: S01-OFFSET

Version.

C,4 = 80pF
( 422 )
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2004
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4.22

Noise

[

EICIE

4.4: S02 S03 BIAS
VDD VSS
(49 )
4.4
MOS
RC
( 4.11 )
Z x| < Ay
= I
GAIN 1+ Au
Au




A GAIN

503 4.22

4.5: 502 S03

° S02

DAC
ADJ Q Q
4.6

e HAPD Shaping time
0.3 us 2.0 ps

Tanner ?T-SPICE”
(412  4.15)
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4.6: S02  S03 ADJ

4.3 IC
HAPD ASIC CMOS Complementary Metal
Oxide Semiconductor
VDEC
CMOS 0.35 [ m]
PolySi 2
3
3.3 [V]
4.93 =< 4.93 [mm?2)]
144
QFP160
IC IC

IC
4.16
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NOISE_S02

3 | [ T 80pF ) |_-
{ (L] I
z | T
2 // |
:@ "; .
- /Af% 10pF |
|
0 . _;.; ettty M IG
4.7: S02 NOISE
4.3.1 IC
4.17 IC IC
4.1
4.4
ASIC+HAPD
ASIC
[ ]
e Threshold Scan
[ ]
[ ]
[ ]
ASIC LVDS

LVDS
ASIC
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cd vs enc (c¢f=0.1pF)
WO #000[e]
4500 v ol

1000 F = w L

i i i i i i i i 'l
-0 0 10 20 30 40 50 B0 7D BO 90
ed (pF)

4.8: S02 NOISE;

e Analog Digital
ASIC

VETO 4.22
4.27
HAPD 2pe[24000]e]]

10%
4.2 3
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Viliage Magnitude(dB)

-

4.9: S02 VDD

Visltage MagnitudeidB )

Froquencyi ek

4.10: S02 VSS
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Vallage (mV)
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4.11: S02
NOISE_ 503
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4.12: S03 NOISE
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4.13: S03
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4.14: S03
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Vallage (mV)
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4.15: S03

4.16: S03
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4.17: 1C

i
i
i
1
E

ASIC

1200[e]@80pF

12000[e]

1.3 2.0 [V]

18 [channel/chip]

LVDS

8bit

S/N

10.0

10 [kHz/channel

5 [kHz]

50 [mW /channel]

4.1: ASIC

(mV] ‘

(mV] |

16

18

70

80

160

160

4.2:
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18mV

217600

4.21: S03:

PILSE_S03

150 1

[0
asb—iavckbiE

Pre-Amp amy

S0

|
1
|
|

Vaoltage (mV)

q"}cﬂ-'- =
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-50 - 1.||

Timel )

4.22: S03:
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4.25: S03:
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4.27: S03-VETO
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Threshold
4.28

EROERIZLETRGEE

18 lunn 2005
18:41:18

4.28: S03

Signal
Threshold Scan
Mean Sigma

e Threshold Scan

S03
S03

Bit
Bit

4.29
Threshold Scan
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[ Graph | [ ¥/ i 3.608 /18
E [ { Mean 173.3 £ 0.7232
E 1I:H:I: ﬂma 13.214 1.053
= !

; L
£ ool
= I
T ¢
3 5,;,5'
-!II:I; '.
ﬂl:li-
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4.29:
Threshold Scan Mean Sigma
9 ASIC
0.5
9 ASIC
4.31 Threshold Scan  Mean
s02 Peak
S03
0 pF
S02  S03 2pe
S02  4000[e] s03 2000[e]
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photo_electron_number
4.30:
0 pF
OFFSET OFFSET
OFFSET ASIC
Comperator ASIC

OFFSET Ch

S01 S02

OFFSET S03 OFFSET

—160[mV] 150[mV]] 10[mV]]

4.33 OFFSET DAC 4.34 OFFSET

Ch Mean ASIC



BRENE ~Peak Voltage

a 20 4ﬂ'mF]EO 80 100
4.31: S02 vs S03
45 S03
S03
[ ]
S02
Band-width 4.32
22pF 4.32
Ch
HAPD HAPD 80pF
[ ]
ASIC[S03]
RC 4.35
S03
RC
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Moise Level

&00D
5000
4000
2 a0
2000
1000
0

0 0 40 il 80 100

=i
4.32: S02 vs S03
Chip 2
??
46 HAPD
S03 HAPD
1
46.1
e HAPD ASIC
HAPD 80pF

HAPD
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dac_check

z * minus
g * plus
g — 8% (minus
d — #7 (plus)
Kfaﬁ.m[m'-f]
4.33: OFFSET DAC
ADC
e HAPD ASIC
HAPD ASIC LED
1 A-RICH
S03
4.37
e 2005 12
Chrenkov
A-RICH
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DAC adjustmen?

180
160
5‘14-0
120
£ ~DACa0
) -+ DAC correction ch1!
2 80
40 | OFFSET: 10mV=20mY
0
0
0 5 10 15 i)
channal
4.34: OFFSET
4.6.2
4.39 ADC
ADC Amptek MCAS8000A
2
HAPD
HAPD
4.40
Noise
BeamTest
ASIC Noise
441 HAPD
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Clock
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4.35: S03

150[mV]

T3 i0ul

Pedstal
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4.36: S03

HAPD Socket

4.37: HAPD+ADIC  SetUp
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Jphoto electron’s
2photo electron’s

Iphoto electron

4.38:

ASICT O Ea—FRALVEADCH TR

20000 -

17500

15000

12500

Count

10000
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4.39: ADC Pedstal
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