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→
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Bd → K∗µ+µ−
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b → s
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fermions bosons quarks leptons

leptons quarks



e µ τ

νe νµ ντ

u d c s t b

colour

hadrons

baryons

mesons

γ
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
g′

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

•

LY ukawa = −Ge[(L̄φ)R − R̄(φ†L)],

Ge

•

Dφ†Dφ =

∣∣∣∣

(
∂µ +

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
2



µ2 < 0

< φ >0 φ

ml =
Gev√

2
,

(
Bµ

W 3
µ

)
=

(
cos θW sin θW

sin θW − cos θW

) (
Aµ

Zµ

)
,

θW Aµ Zµ

g g′ e θW

g =
e

sin θW
, g′ =

e

cos θW
,

g′

g
= tan θW .

Zµ =
−g′Bµ + gW 3

µ√
g2 + g′2

, Aµ =
gBµ + g′W 3

µ√
g2 + g′2

,

mZµ =
gv

2 cos θW
, mAµ = 0.

W 1
µ W 2

µ

(
W+

µ

W−
µ

)

=
1√
2

(
1 −i

1 i

) (
W 1

µ

W 2
µ

)

,



W±
µ

W±
µ =

W 1
µ ∓ W 2

µ√
2

,

mW±
µ

=
gv

2
.

W±
µ Zµ Aµ

Jµ
± = ±L̄γµτ±L,

Jµ
3 = L̄γµτ3L,

Jµ
em = R̄γµR − 1

2
L̄γµ (1 − τ3) L,

τ± = 1
2 (τ1 ± iτ2)

(
u

d

)

L

,

(
c

s

)

L

,

(
t

b

)

L

,

uR dR cR bR tR sR

φ



φ̄ = iσ2φ
∗,

SU(2)L Yφ̄ = −1

(
u

d̃

)
,

(
c

s̃

)
,

(
t

b̃

)
,

d̃, b̃, s̃

θc

(
d̃

s̃

)
=

(
d cos θc + s sin θc

−d sin θc + s cos θc

)
,





d̃

s̃

b̃



 = VCKM





d

s

b



 ,

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

∗
tb = 0,

α = arg

(
− V ∗

tbVtd

V ∗
ubVud

)
, β = arg

(
−V ∗

cbVcd

V ∗
tbVtd

)
, γ = arg

(
−V ∗

ubVud

V ∗
cbVcd

)
.



γ

γ

SU(3)C

C

SU(3)C

LQCD =
∑

q

q̄(x)
(
i /D − mq

)
q(x) − 1

4
Gα

µνG
µν
α ,

Gα
µν

Gα
µν = ∂µAα

ν (x) − ∂νA
α
µ(x) + gsf

αβγAµβAνγ,

fαβγ Aα
µ α

αs

αs =
g2

s

4π
,



∂αs(Q2)

∂ln(Q2)
= β

(
αs(Q

2)
)
,

Q β α

β(α) = −β0α
2 + O(α3) + ...

•

•

b b →
s

b → s b → d

Bd → K∗µ+µ− Bd → K∗e+e− B+ → K+µ+µ− B+ → K+e+e−

Bs → φµ+µ− Bd → K∗µ+µ−

Bd → K∗µ+µ−



∆F = 2 K0 − K̄0 B0 − B̄0

D0 − D̄0 ∆F = 1 b → s

Bd → K∗µ+µ−

Bd → K∗µ+µ−

K∗ → K+π−

b → sγ

Bd → K∗µ+µ−



Bd → K∗µ+µ−

•

•

•

•

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√
2
V ∗

tsVtb

[(
6∑

i=1

Ci(µ)Qi(µ)

)

+ C7γ(µ)Q7γ(µ) + C8G(µ)Q8G(µ)

]

.

A(I → F ) =
GF√

2
VCKM

∑

i

Ci(µ)〈F |Oi(µ)|I〉,

Ci

Oi

Ci

C7 C9 C10 O7γ O9V O10A

O7γ =
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

9

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

Ceff
9 = C9 + Y (q2),

Y (q2) O1 O6
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b su, c, t

W+

Z, "
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!

!
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Bd K*

!
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d
b su, c, t

W
#

W

Bd → K∗µ+µ−

Bd → K∗µ+µ−

Bd → K∗µ+µ−

b → s

1.10+0.29
−0.26 × 10−6

Bd → K∗µ+µ−

γ Z

W

Bd → K∗µ+µ−

K∗ FL

S5

d2Γ

dq2d cos θl
=

3

8

[
(1 + cos2 θl)HT (q2) + 2 cos θlHA(q2) + 2 sin2 θlHL(q2)

]
,

q θl Bd B̄d

µ+(µ−)

HT HA HL



θl θK∗ φ B̄d → K̄∗µ+µ−

q2

Ψ Ψ(2S)

AFB Bd → K∗µ+µ−

AFB

θl < π/2



θl > π/2

AFB(q2) =

1∫

0

d cos θl
d2Γ

d cos θldq2 −
0∫

−1

d cos θl
d2Γ

d cos θldq2

1∫

−1

d cos θl
d2Γ

d cos θldq2

.

AFB

ŝ0

C9 C7

R
{
Ceff

9

}
= −2m̂b

ŝ0
Ceff

7

1 − ŝ0

1 + M2
K∗ − ŝ0

.

ŝ0 = q2
0/M

2
Bd

m̂b = mb/MBd



FL S5

FL S5 K∗ FL

K∗ K∗

FL(q2) =

1/2∫

−1/2

d cos θK
d2Γ

dq2d cos θK

/ 1∫

−1

dcosθK
d2Γ

dq2d cos θK

θK K∗

FL

FL(q2) =
1

9



16

1/2∫

−1/2

d cos θK
d2(Γ + Γ̄)

dq2d cos θK

/
d(Γ + Γ̄)

dq2
− 11



 .

S5

K∗ π

S5(q
2) =

π/2∫

−π/2

dφ FBK∗(q2, φ) −
3π/2∫

π/2

dφ FBK∗(q2, φ)

2π∫

0

1∫

−1

d cos θKdφ d3Γ
dq2d cos θKdφ

,

FBK∗(q2, φ) =

0∫

−1

d cos θK
d3Γ

dq2d cos θKdφ
−

1∫

0

d cos θK
d3Γ

dq2d cos θKdφ

φ K − π

S5

S5 =
4

3





π/2∫

0

+

2π∫

3π/2

−
3π/2∫

π/2



 dφ




1∫

0

−
0∫

−1



 d cos θK
d3(Γ − Γ̄)

dq2d cos θKdφ

/
d(Γ + Γ̄)

dq2
,

ŝ0 AFB S5



q2
0(S5)

q2
0(S5) =

−mBmb(C
eff
7 + C ′eff

7 )

Ceff
9 + m̂b(C

eff
7 + C ′eff

7 )
,

mB mb

C ′eff
7 Ceff

7

AFB FL S5

Bd → K∗µ+µ−

B B̄

Bd → K∗µ+µ−

B B̄ Bd → K∗µ+µ− Bd → K∗µ+µ−

1.35+0.40
−0.37 ± 0.10 ×10−6

10.7+1.1
−1.0 ± 0.9 ×10−7

1.06 ± 0.14 ± 0.09 ×10−6

fb−1 pp̄

B B̄ Bd → K∗µ+µ−

Bd → K∗µ+µ−

•

• B → J/ψK∗ B → ψ(2S)K∗

J/ψ ψ(2S)

• → → ∗π π



(∗)π

GeV/c2

• e+e− → qq̄ q = u, d, c, s
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l

AK(∗)
CP RK(∗)

AK(∗)
I AK(∗)

I

d

u

AK(∗)

I =
Γ(B0 → K(∗)0l+l−) − rΓ(B± → K(∗)±l+l−)

Γ(B0 → K(∗)0l+l−) + rΓ(B± → K(∗)±l+l−)
,

r 0 +

q2 q2 0.1 <

q2 < 7.02 GeV2/c4 q2 > 10.24 GeV2/c4 AK(∗)
CP RK(∗)

q2 AK(∗)
I

q2

q2 AK(∗)µ+µ−

I ≈ −0.26+0.50
−0.34 ± 0.05 AK(∗)e+e−

I ≈
−0.66+0.19

−0.17 ± 0.02

σ

AFB FL

q2 AFB

B →
K∗l+l−

∗

AFB(q2)

σ
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B → φµ+µ−

q2 K∗

K∗0



0

0.5

1

0

0.5

1

F L
A FB

q2(GeV2/c2)

A I

-1

0

1

0 2 4 6 8 10 12 14 16 18 20

)2/c2 (GeV2q
0 2 4 6 8 10 12 14 16 18

FBA

-0.5

0

0.5

1

1.5

2

Data
SM

SM
7=-C7C

)-µ+µ*0 K 0(BFBA

-1CDF Run II Preliminary L=4.4fb

Bd → K∗µ+µ−

J/ψ ψ(2S)
K∗ FL

AI

AFB

K∗

FL

AFB

Bd → K∗µ+µ−

Bd → K∗µ+µ−

Bd → K∗µ+µ−



km m

TeV

MHz 34 cm−2s−1

MeV

GeV

GeV

GeV



TeV

T



km
TeV
TeV
TeV
A

34 cm−2s−1

× 11

µm
µrad
cm



b

b

± mrad yz ± mrad xz

m z

b b b̄

% b

2 ×
1032 cm−2s−1

b

mm

TeV

z
y x



250mrad

100mrad

M1

M3
M2

M4 M5

RICH2
HCAL

ECAL
SPD/PS

Magnet

T1T2
T3

z5m

y

5m

 5m

10m 15m 20m

TTVertex
Locator

RICH1

0
1

2
3

1

2

3

b   [ra
d]

b    [rad]

bb̄ p p



b

b c

mm

mm

φ

µm

b



R sensor

strips
readout chips

routing lines

 sensor

84
 m

m

16
 m

m

2048 strips 
 read out

2048 strips 
 read out

φ

•

•
µm µm

≈ ◦

•



1.6 < η < 4.9

|z| < 10.6 cm

•

fb−1† 1.3 × 1014

MeV neq cm2

5 × 1012 neq cm2

•
◦C ◦C

mm

n+ n

p

n+ n+ on n

φ R φ

† fb−1



+

µm

R φ

R

R
◦ φ µm µm

φ

φ

µm µm

µm µm

◦ mm
◦ mm

φ
◦ φ



φ

µm µm
µm µm
mm mm
mm mm
mm mm
mm mm

◦ ◦

◦ ◦

% %

φ

φ



◦C

n+

φ

MHz

m

−8 mbar



−4 mbar

mbar

mbar mbar

W

◦C

2



mm

mm x y

µm

x y

V V

v



4 10 4

θmax

p

n
θmax β p

θC

θC v

cos θC =
1

βn
,

n β = v/c

θC

4 10

1 < p <

15 GeV/c 4 10

10 < p < 60 GeV/c

4

4

50 < p < 150 GeV/c

GeV/c

δp/p ≈ % Tm



250 mrad

Track

Beam pipe

Photon
Detectors

Aerogel

VELO
exit window

Spherical
Mirror

Plane
Mirror

C4F10

0 100 200 z (cm)

Magnetic
Shield

Carbon Fiber
Exit Window

120 mrad

Flat mirror

Spherical mirror

Central tube

Quartz plane

Magnetic shieldingH
P

D

enclosure

2.4 m

300 mrad

CF
4

x u v x



x

±5◦ u
◦ v ◦

v x



µm %

mm

mm % 2 %

µm

B

mm

mm



mm mm

0

σ(E)

E
=

10%√
E

⊕ 1%,

GeV

mm mm

σ(E)

E
=

80%√
E

⊕ 10%,

GeV

pT

B

cm

GeV

ns



MHz 2×1032 cm−2s−1

MHz

kHz

MHz

MHz

b

ET

pT

% B

% B %

B

kHz %



  

VELO MUONSPD/PS 
ECAL+HCAL

2048 2592019420

B

B φX J/ψX D∗X µ±X µ±hX µ+µ−X h

X

kHz



kB



INFR. DCS DAQ TFC LHC

ECS

SubDetN

DCS

SubDetN

DAQ

SubDet2

DCS

SubDet2

DAQ

SubDet1

DCS

SubDet1

DAQ

SubDet1

LV

SubDet1

TEMP

SubDet1

FEE

SubDet1

TELL1

LV

Dev1

LV

Dev2

LV

DevN

SubDet1

GAS

FEE

Dev1

FEE

Dev2

FEE

DevN

Control

Unit

Device

Unit……

Legend:

C
o
m

m
a
n
d
s

S
ta

tu
s 

&
 A

la
rm

s

• Gauss

B

• Boole

• Brunel



• DaVinci

Bd → K∗µ+µ−

Bd → K∗µ+µ−



•

V mA

V mA

V

•



•

•

•

•



Cn=1 Cn=1

C:

3 contacts

Cn=1
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51 contacts
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: 51 pin SLG.H51.LLZG T=14

: 51 pin SLG.H51.LLZG T=96

: 51 pin SLG.H51.LLZG T=176

Power supply
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Detector
patch panel (6 units)

Detector cable 
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44 units: L=6.6m
44 units: L=8.1m

C : male connector

C : female connector

Cn: number of connectors per unit

Pn: number of pins per unit

L: length

D: diameter

T: total number

P : male pin FFA.05.403.ZLA1

P : female pin ERA.05.403.ZZL1
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n+ n %

%
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∆I = αΦeqV,

α Φeq MeV neq/cm2 V

α

Φeq

R R2 z

Φeq

Φeq(R) =

(
RI

R

)2

F,

F RI

∆I

∆I =

∫ Ro

RI

dI(R) =

∫ Ro

RI

αΦeq(R)dV =

∫ Ro

RI

αK
dR

R
,

∆I = αK (lnR0 − lnRI) ,

RI mm RO

mm K

K = πtFR2
I ,

t µm

fb−1

≈ 1.3 × 1014 MeV neq/cm2

F 1015× MeV neq/cm2



 )2 cmeq 1 MeV n15Fluence ( 10
0 0.2 0.4 0.6 0.8 1

 C
 ( 

m
A 

)
°

10
 I

0

0.05

0.1

0.15

0.2

0.25

◦C

α ≈ 4 × 10−17 A/cm ◦C ◦C

∆I20◦C ≈ 3.92 mA.

◦C

∆I−10◦C

◦C

∆I−10◦C ≈ 0.251 mA.

> 1015 MeV neq/cm2

1015 MeV neq/cm2

mA

mA



Time ( years )
0 1 2 3 4 5

 )2
/c

m
eq

 1
 M

eV
 n

14
Fl

ue
nc

e 
( 1

0

0

1

2

3

4

5

6

 C
 )

°
Te

m
pe

ra
tu

re
 ( 

20

10

0

10

20

30

40

Vdep

Vdep =
|Neff |d2q0

2εε0
,

0 ε0 ε

µm

Neff

ρ

≈



∆Neff ∆Neff
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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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