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e µ τ

νe νµ ντ

u d c s t b

colour

hadrons
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α,α W± Z

C ×
L × Y

• C

• L× Y

electroweak

L× Y



u c t
+2

3MeV/c2 +0.07
−0.11 GeV/c2 ± ± GeV/c2

d s b −1
3MeV/c2 +25

−35 MeV/c2 +0.17
−0.07 GeV/c2

e µ τ −1
MeV/c2 MeV/c2 ± MeV/c2

νe e νµ µ ντ τ
0

< eV/c2 < MeV/c2 < MeV/c2

leptons
quarks

ψ

ψL

ψR

ψ = ψL + ψR,

ψL = PLψ with PL =
(1 − γ5)

2
,

ψR = PRψ with PR =
(1 + γ5)

2
,

γ5 = iγ0γ1γ2γ3,

PL PR γµ

L

L =
(1 − γ5)

2
l,



l = e, νe, µ, νµ, τ, ντ R eR, µR, τR

(
νe

e

)

L

,

(
νµ

µ

)

L

,

(
ντ

τ

)

L

,

T = 1
2 SU(2) νl

l Tz
1
2 −1

2

W+, W−, Z0

γ

W 1
µ , W 2

µ , W 3
µ for SU(2)L,

Bµ for U(1)Y .

Q = Tz +
1

2
Y,

Tz Y

Y = −1 Y = −2

L = Lleptons + Lgauge.

Lleptons

Lleptons = L̄iγµ

(
∂µ − 1

2
ig′Bµ +

1

2
igτjW

j
µ

)
L + R̄γµ (i∂µ − g′Bµ)R,



g τj SU(2)L

U(1)Y
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2
‡

Lgauge

Lgauge = −W j
µνW

jµν − 1

4
BµνB

µν ,

W j
µν = ∂µW j

ν − ∂νW
j
µ + gεjklW k

µW l
ν ,

Bµν = ∂µBν − ∂νBµ.

Y = 1

φ

•
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Ge

•

Dφ†Dφ =

∣∣∣∣

(
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1

2
igW j

µτj +
1

2
ig′IBµ

)
φ

∣∣∣∣
2

,

I

•

LH = V (φ) = µ2φ†φ + λ(φ†φ),

< φ >0 =

(
0

v/
√

2

)

‡ 1
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Gev√

2
,

(
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W 3
µ

)
=

(
cos θW sin θW

sin θW − cos θW

) (
Aµ

Zµ

)
,

θW Aµ Zµ

g g′ e θW
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e

sin θW
, g′ =

e

cos θW
,

g′

g
= tan θW .

Zµ =
−g′Bµ + gW 3

µ√
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, Aµ =
gBµ + g′W 3

µ√
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,

mZµ =
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, mAµ = 0.
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µ W 2

µ
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=
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2
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1 i
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µ

W 2
µ

)
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W±
µ

W±
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W 1
µ ∓ W 2

µ√
2

,

mW±
µ

=
gv

2
.

W±
µ Zµ Aµ

Jµ
± = ±L̄γµτ±L,

Jµ
3 = L̄γµτ3L,

Jµ
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φ̄ = iσ2φ
∗,

SU(2)L Yφ̄ = −1

(
u
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,

(
c

s̃

)
,

(
t
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)
,
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θc

(
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=

(
d cos θc + s sin θc

−d sin θc + s cos θc

)
,
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 = VCKM
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 ,

VCKM =





Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb



 ,

VCKM Vij

(i) (j)

Vij



×
VCKM

V †
CKMVCKM = VCKMV †

CKM = ,

3∑

k=1

V ∗
kjVkj = 0 (i, j = 1, 2, 3 and i (= j),

3∑

k=1

|Vkj|2 = 1 (j = 1, 2, 3),

VudV
∗
ub + VcdV

∗
cb + VtdV

∗
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α = arg

(
− V ∗
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V ∗
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, β = arg

(
−V ∗
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, γ = arg
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.
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LQCD =
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µν
α ,

Gα
µν

Gα
µν = ∂µAα

ν (x) − ∂νA
α
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αβγAµβAνγ,

fαβγ Aα
µ α
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g2

s

4π
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∂αs(Q2)

∂ln(Q2)
= β

(
αs(Q

2)
)
,

Q β α

β(α) = −β0α
2 + O(α3) + ...

•

•
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s

b → s b → d
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•

•

•

•

I F

A(I → F ) = 〈F |Heff |I〉 =
∑

i

Ci(µ)〈F |Oi(µ)|I〉,

Heff Ci

Oi

µ

O(1GeV )

b → sll

Heff(b → sll) = Heff (b → sγ)− GF√
2
V ∗

tsVtb [C9V (µ)Q9V (µ) + C10A(µ)Q10A(µ)] ,



b → sγ

Heff(b → sγ) = −GF√
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tsVtb
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Ci(µ)Qi(µ)
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+ C7γ(µ)Q7γ(µ) + C8G(µ)Q8G(µ)
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GF√
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C7 C9 C10 O7γ O9V O10A
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e

16π2
s̄ασµν(mbPR)bαF

µν ,

O9V =
e

16π2
(s̄αγ

µPLbα)(l̄γµl),

O10A =
e

16π2
(s̄αγ

µPLbα)(l̄γµγ5l),

Ceff
7 Ceff

9

Ceff
7 Ceff
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Ceff
7 = C7 − C3/3 − 4C4/9 − 20C5/3 − 80C6/9,

Ceff
9 = C9 + Y (q2),

Y (q2) O1 O6
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γ Z
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K∗ FL
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=

3
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]
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ŝ0
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ŝ0
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−

1∫

0

d cos θK
d3Γ

dq2d cos θKdφ

φ K − π

S5

S5 =
4

3





π/2∫

0

+

2π∫
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R
,

∆I = αK (lnR0 − lnRI) ,
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mm K

K = πtFR2
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t µm
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∆Neff ∆Neff
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c
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ka =
1

τa
= k0a exp

(
− Ea

kBT
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(1 − exp(kY t)) ,
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HV channel Pin # Conductor # Pin # HV channel

CABLE-CH_HV_0 2 2 2

CABLE-CH_RET_0 13 13 13

CABLE-CH_HV_1 3 3 3

CABLE-CH_RET_1 14 14 14

CABLE-CH_HV_2 4 4 4

CABLE-CH_RET_2 15 15 15

CABLE-CH_HV_3 5 5 5

CABLE-CH_RET_3 16 16 16

CABLE-CH_HV_4 6 6 6

CABLE-CH_RET_4 17 17 17

CABLE-CH_HV_5 7 7 7

CABLE-CH_RET_5 18 18 18

CABLE-CH_HV_6 8 8 8

CABLE-CH_RET_6 19 19 19

CABLE-CH_HV_7 9 9 9

CABLE-CH_RET_7 20 20 20

CABLE-CH_HV_15 43 43 43

CABLE-CH_RET_15 32 32 32

CABLE-CH_HV_14 44 44 44

CABLE-CH_RET_14 33 33 33

CABLE-CH_HV_13 45 45 45

CABLE-CH_RET_13 34 34 34

CABLE-CH_HV_12 46 46 46

CABLE-CH_RET_12 35 35 35

CABLE-CH_HV_11 47 47 47

CABLE-CH_RET_11 36 36 36

CABLE-CH_HV_10 48 48 48

CABLE-CH_RET_10 37 37 37

CABLE-CH_HV_9 49 49 49

CABLE-CH_RET_9 38 38 38

CABLE-CH_HV_8 50 50 50

CABLE-CH_RET_8 39 39 39

Legend: HV Bias HV Return
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HV channel Pin # Name Pin # HV channel

2 PPCH_IN_HV_0 1

13 PPCH_IN_RET_0 2

3 PPCH_IN_HV_1 3

14 PPCH_IN_RET_1 4

4 PPCH_IN_HV_2 5

15 PPCH_IN_RET_2 6

5 PPCH_IN_HV_3 7

16 PPCH_IN_RET_3 8

6 PPCH_IN_HV_4 1

17 PPCH_IN_RET_4 2

7 PPCH_IN_HV_5 3

18 PPCH_IN_RET_5 4

8 PPCH_IN_HV_6 5

19 PPCH_IN_RET_6 6

9 PPCH_IN_HV_7 7

20 PPCH_IN_RET_7 8

43 PPCH_IN_HV_15 1

32 PPCH_IN_RET_15 2

44 PPCH_IN_HV_14 3

33 PPCH_IN_RET_14 4

45 PPCH_IN_HV_13 5

34 PPCH_IN_RET_13 6

46 PPCH_IN_HV_12 7

35 PPCH_IN_RET_12 8

47 PPCH_IN_HV_11 1

36 PPCH_IN_RET_11 2

48 PPCH_IN_HV_10 3

37 PPCH_IN_RET_10 4

49 PPCH_IN_HV_9 5

38 PPCH_IN_RET_9 6

50 PPCH_IN_HV_8 7

39 PPCH_IN_RET_8 8

Legend: HV Bias HV Return
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HV channel Pin # Name Pin # HV channel

1 PPCH_OUT_HV_0 9

2 PPCH_OUT_GUARD_0 8

3 PPCH_OUT_RET_0 7

4 PPCH_OUT_HV_1 12

5 PPCH_OUT_GUARD_1 11

6 PPCH_OUT_RET_1 10

7 PPCH_OUT_HV_2 15

8 PPCH_OUT_GUARD_2 14

9 PPCH_OUT_RET_2 13

10 PPCH_OUT_HV_3 18

11 PPCH_OUT_GUARD_3 17

12 PPCH_OUT_RET_3 16

1 PPCH_OUT_HV_4 21

2 PPCH_OUT_GUARD_4 20

3 PPCH_OUT_RET_4 19

4 PPCH_OUT_HV_5 24

5 PPCH_OUT_GUARD_5 23

6 PPCH_OUT_RET_5 22

7 PPCH_OUT_HV_6 27

8 PPCH_OUT_GUARD_6 26

9 PPCH_OUT_RET_6 25

10 PPCH_OUT_HV_7 30

11 PPCH_OUT_GUARD_7 29

12 PPCH_OUT_RET_7 28

1 PPCH_OUT_HV_15 6

2 PPCH_OUT_GUARD_15 5

3 PPCH_OUT_RET_15 4

4 PPCH_OUT_HV_14 51

5 PPCH_OUT_GUARD_14 50

6 PPCH_OUT_RET_14 49

7 PPCH_OUT_HV_13 48

8 PPCH_OUT_GUARD_13 47

9 PPCH_OUT_RET_13 46

10 PPCH_OUT_HV_12 45

11 PPCH_OUT_GUARD_12 44

12 PPCH_OUT_RET_12 43

1 PPCH_OUT_HV_11 42

2 PPCH_OUT_GUARD_11 41

3 PPCH_OUT_RET_11 40

4 PPCH_OUT_HV_10 39

5 PPCH_OUT_GUARD_10 38

6 PPCH_OUT_RET_10 37

7 PPCH_OUT_HV_9 36

8 PPCH_OUT_GUARD_9 35

9 PPCH_OUT_RET_9 34

10 PPCH_OUT_HV_8 33

11 PPCH_OUT_GUARD_8 32

12 PPCH_OUT_RET_8 31

Legend: HV Bias HV Return Guard
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HV channel Pin # Conductor # Pin # HV channel

9 9 9

8 8 8

7 7 7

12 12 12

11 11 11

10 10 10

15 15 15

14 14 14

13 13 13

18 18 18

17 17 17

16 16 16

21 21 21

20 20 20

19 19 19

24 24 24

23 23 23

22 22 22

27 27 27

26 26 26

25 25 25

30 30 30

29 29 29

28 28 28

33 33 33

32 32 32

31 31 31

36 36 36

35 35 35

34 34 34

39 39 39

38 38 38

37 37 37

42 42 42

41 41 41

40 40 40

45 45 45

44 44 44

43 43 43

48 48 48

47 47 47

46 46 46

51 51 51

50 50 50

49 49 49

6 6 6

5 5 5

4 4 4

3 3 3

2 2 2

1 1 1

Legend: HV Bias HV Return Guard
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HV channel Pin # Pin # HV channel
9 PP-DET_HV_0 9
8 PP-DET_HV_0 8
7 PP-DET_HV_0 7
12 PP-DET_HV_1 12
11 PP-DET_HV_1 11
10 PP-DET_HV_1 10
15 PP-DET_HV_2 15
14 PP-DET_HV_2 14
13 PP-DET_HV_2 13
18 PP-DET_HV_3 18
17 PP-DET_HV_3 17
16 PP-DET_HV_3 16
21 PP-DET_HV_4 21
20 PP-DET_HV_4 20
19 PP-DET_HV_4 19
24 PP-DET_HV_5 24
23 PP-DET_HV_5 23
22 PP-DET_HV_5 22
27 PP-DET_HV_6 27
26 PP-DET_HV_6 26
25 PP-DET_HV_6 25
30 PP-DET_HV_7 30
29 PP-DET_HV_7 29
28 PP-DET_HV_7 28
33 PP-DET_HV_8 33
32 PP-DET_HV_8 32
31 PP-DET_HV_8 31
36 PP-DET_HV_9 36
35 PP-DET_HV_9 35
34 PP-DET_HV_9 34
39 PP-DET_HV_10 39
38 PP-DET_HV_10 38
37 PP-DET_HV_10 37
42 PP-DET_HV_11 42
41 PP-DET_HV_11 41
40 PP-DET_HV_11 40
45 PP-DET_HV_12 45
44 PP-DET_HV_12 44
43 PP-DET_HV_12 43
48 PP-DET_HV_13 48
47 PP-DET_HV_13 47
46 PP-DET_HV_13 46
51 PP-DET_HV_14 51
50 PP-DET_HV_14 50
49 PP-DET_HV_14 49
6 PP-DET_HV_15 6
5 PP-DET_HV_15 5
4 PP-DET_HV_15 4

Legend: HV Bias HV Return Guard
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