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Belle with improved rate immunityBelle with improved rate immunity

Background tolerant 
small cell

drift chamber

Faster calorimeter with wave form 
sampling and pure CsI

Si vertex detector with
very short strips

•• Asymmetric energy Asymmetric energy ee++ee−− collidercollider at at EECMCM=m=m((ϒϒ(4S)) (4S)) to beto be realized by realized by 
upgrading the existing KEKB upgrading the existing KEKB collidercollider..

•• Initial target: Initial target: 1010××higher luminosityhigher luminosity ≅≅ 22××10103535/cm/cm22/sec/sec
→→ 22××1010 99 BBBB and and ττ++ττ−− per yr.per yr.

•• Final goal: Final goal: LL=8=8××10103535/cm/cm22/sec/sec and and ∫∫L L dtdt = = 5050 abab--11

Crab cavityCrab cavity

3.5GeV e+

8GeV e−

New beamNew beam--pipespipes
with antewith ante--chamberchamber

DampingDamping
ring for ering for e++

New IR with crabNew IR with crab
crossing and crossing and 

smaller smaller ββyy**

More RF for higherMore RF for higher
beam currentbeam current

SR
beam

: Super-B Factory at KEK



Comparison with LHCb

e+e− is advantageous in… LHCb is advantageous in…

CPV in B→φKS, η’KS,…

CPV in B→KSπ0γ

B→Kνν, τν, D(*)τν

Inclusive b→sμμ, see

τ→μγ and other LFV
D0D0 mixing

CPV in B→J/ψKS

Time dependent 
measurements of BS

Bc and bottomed baryons

Most of B decays not 
including ν or γ

B(s,d)→μμ

These are complementary to each other !!



2006 2008 2010 2012 2014 2016 2018

KEK Roadmap

• KEKB

• PF/PF-AR

Detector R&D

• J-PARC

ILC
ILC R&D

construction

experiment + upgrade

PF-ERL

• R&D for Advanced Accelerator and Detector Technology

ERL

R&D   construction         experiment

C-ERL R&D

• LHC

construction         experiment + upgrade

construction               test experiment

construction         experiment + upgrade

experiment         upgrade              experiment + upgrade

Very
 Prel

im
ina

ry



•• Belle is an international  Belle is an international  
collaboration consisting of collaboration consisting of 
~400 physicists from 55 ~400 physicists from 55 
institutions in 14 countries.institutions in 14 countries.

•• It will be practical to build new detector by  It will be practical to build new detector by  
upgrading existing Belle, but the upgrading existing Belle, but the 

experimental experimental 
group will be a new group, not a simple group will be a new group, not a simple 
extension of the present Belle collaboration. extension of the present Belle collaboration. 

•• New participants are all welcomed to work on New participants are all welcomed to work on 
detector construction/physics, and accelerator     detector construction/physics, and accelerator     
construction.construction.

KEK is willing to conduct this program as an endeavor 
with strong international commitment.

KEK is willing to conduct this program as an endeavor KEK is willing to conduct this program as an endeavor 
with strong international commitment.with strong international commitment.

Japan

Asia
(non-Japan)

Europe

USA

Australia

Internationalization of the project



Three approachesThree approaches
toto

New PhysicsNew Physics

New particlesNew particles
and new interactionsand new interactions

LeptonLepton
physicsphysics

High Energy Physics in the Next DecadeHigh Energy Physics in the Next Decade

Energy frontier experiments   Energy frontier experiments   
LHC, ILC, LHC, ILC, ……

LHCLHC

ILCILC

Higgs, SUSY, Dark matter, Higgs, SUSY, Dark matter, 
New understanding of spaceNew understanding of space--timetime……

BB Factories, LHCb, Factories, LHCb, 
KK exp., nEDMexp., nEDM etcetc..

KEKB upgradeKEKB upgrade

CP asymmetry, Baryogenesis,CP asymmetry, Baryogenesis,
LeftLeft--right symmetry, New sourcesright symmetry, New sources

of flavor mixingof flavor mixing……

νν exp., exp., μμ LFV, LFV, ττ LFV,LFV,
ggμμ--2, 02, 0νββνββ ……

Neutrino mixing/masses, Neutrino mixing/masses, 
Lepton number nonLepton number non--

conservationconservation……
JJ--PARCPARC

Quark flavorQuark flavor
physicsphysics
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Physics at upgraded KEKB

New source of

CP violation

New source of 

flavor mixing

LFV t decays

SUSY breaking 

mechanism

Precision test 

of KM scheme

Super-high statistics

measurements:

aS, sin2qW, etc.

Charm physics

New resonances,

D0D0 mixing…
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Present upper

limits

Measurements

at upgraded KEKB

（ ab-1 ）

Reach of present

B factories

Reach of upgraded

KEKB

D
e
v
ia

ti
o
n
 f
ro

m
 S

M

Deviation from SM

Relevant to 

baryogenesis?

New source of CP 

violation

CP asymmetries of penguin dominated B decays

Searches for new sources of 

quark mixing and CP violation

http://superb.kek.jp/
http://www.kek.jp/
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A possible hint for NP: b→sqq

Smaller than bgccs 

in 7 of 9 modes

Theory : 

tends to 

positive 

shifts
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Search for right handed interaction

CP violation in B  KSp 0g 

P
re

c
is

io
n

 o
f 
th

e
 m

e
a
s
u

re
m

e
n
t

Present exp. precision

Reach of 

upgradedKEKB
SM

Sizable CP asymmetry is expected 

in B0Xg decay, if right-handed 

interaction exists in new physics.

Left-right summetry in new physics?

U-KEKB

T.Goto et al., 2007

http://superb.kek.jp/
http://www.kek.jp/
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B decays with more than one n

10ab-1

Bgtn decays

tan cotb um mb b+

b

u H+/W+

tanmt b

t +

B

n

Search region with

Bgtn decays

Provides a unique method to 

measure b-H±-u and

b-H±-c coupling strength.

Interactions of H±

Belle, 2006

400fb-1

Υe- e+

B

B
p

full reconstruction

0.2~0.3% for B+

D

http://superb.kek.jp/
http://www.kek.jp/


35

Precision test of KM scheme

M.Pierini

CKM2006



PEP-II

KEKBKEKB has 22 mrad horizontal crossing 
angle at the IP:

•Easier beam separation

•Simpler design around the IP.

•Less number of components.

•Less synchrotron radiation.

•Less luminosity-dependent background.

•Space for compensation solenoid, etc.



Input Coupler Liq. Helium Vessel

Stub Support

Coaxial Coupler

Copper Bellows80 K Liq. Nitrogen Shield

Notch Filter

RF Absorber

Aluminum
         End Plate

Aluminum
         End Plate

SUS Support Pipe

Crab Crossing @ KEKB

Crossing angle 22 mrad

Head-on (crab)
(Strong-strong simulation)

Crab Crossing can boost the beam-beam parameter higher than 0.15 !

Crab cavities were successfully 
produced and beam study has started 

in Feb. 2007.

K. Ohmi

K. Hosoyama, et al
First proposed by R. B. Palmer in 1988 for linear colliders.



22 mrad crossing

Crab Crossing
3.06 bucket spacing

Specific Luminosity

★ A number of measurements indicate effective head-on collision.

★ The vertical tune shift became higher than 0.088. Before crab, it was 0.055.

★ The specific luminosity / bunch was improved more than the geometrical  gain.

★ Need more time to achieve the goal (X2 specific luminosity).

before 
crab, tune shift was 

0.055

Simulation
22 mrad

Simulation
head-on

Crab Crossing
49 bucket spacing

the highest 
vertical beam-beam 
tune shift was about 

0.088.

Crab, high βx*



Why  the  specific  luminosit y  drops  faster  than  expected?

Speculations:
Lifetime  may be limited by the dynamic-β and dynamic emi�ance 
caused by beam-beam.

To save the lifetime, t wo beams have been collided with horizontal 
offset  by about 50 µm, which violates  the perfect horizontal 
symmetric collision.

The single beam vertical emi�ance may not be sufficiently small

Electron Cloud in the LER: Luminosit y becomes be�er for longer 
bunch spacing.

The SPOOABS nature in the optimum condition of the collision: Too 
many parameters.

Synchrotron-betatron resonance near the 1/2 integer tune.

.. and more ..



Three factors to determine the luminosity:

€ 

L =
γ±

2ere
1+

σ y*

σ x*

 

 
 

 

 
 
I±ξ±y
βy*

RL
Ry

 

 
 

 

 
 

Stored current:
1.7 / 1.4 A (e+/ e- KEKB) 
→ 9.4 /4.1 A (SuperKEKB)

Beam-beam parameter:
0.059 (KEKB) 

→ >0.24 (SuperKEKB)

Vertical β at the IP:

6.5/5.9 mm (KEKB) 
→ 3.0/3.0 mm (SuperKEKB)

Lorentz factor

Classical electron radius Beam size ratio
Geometrical repipeion factors due to 
crossing angle and hour-glass effect

Luminosity:

0.17 ×1035 cm-2s-1 (KEKB)

8×1035 cm-2s-1 (SuperKEKB)



Effects
Item Object Luminosity

New beam pipes
Enable high current

Reduce e-cloud
x1.5

New IR Small β* x2

e+ Damping 

Ring

Allow injection with small

increase e+ capture

if not, 

x0.75

More RF and 

cooling systems
High current x3

Crab Cavities Higher beam-beam param. x2 - x4

Preliminary

Items are interrelated.



(Already Obsolete)

Update  (3 or 4 years)



Comparison of Machine Parameters
symbol SuperB SuperKEKB unit

E 4.0 7.0 3.5 8.0 GeV

C 1.8 3.02 km

I 1.85 1.85 9.4 4.1 A

nb 1251 5018

N/bunch 5.5 11.8 5.1 x1010

εx 2.8 1.6 12 nm

εy/εx 0.4 0.5 %

βx* 35 20 200 mm

βy* 0.22 0.39 3 mm

σz 5 3 mm

θx* 48 30 to 0 mrad

ξx 0.0043 0.0025 0.27

ξy 0.15 0.30

RF Power 17 64 MW

L 10 (Weak‐Strong) 5.5*1 (Strong‐Strong*2) x1035 cm‐2s‐1
4*1 νx=.505/10 MW AC power reduction. Final goal is still 8x1035.  *2 more reliable rather than W-S.



Two Approaches
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L 32 L

5 1035

(L = 1.6 1034)

(crab waist)

(crab crossing)
 

x,y = x,y x,y

SuperB SuperKEKB

with keeping N+N-nb

Beam 
currents

Attractive !
 and * are reachable !

Huge power consumption.

HOM/CSR

No evident for tiny  and *.



M. Friedl  APV25 Readout, Chip Mounting, Repeater, FADC [3]/[14] 

 
 

 

  APV25 Front-End Chip 
   
   

   
preamp shaper

APSP S/H

inverter
pipeline

MUX gain

128:1
MUX

Differential
current

output amp

 
 

APV25  Developed for CMS Tracker 
   

Features  50ns (default) peaking time (cf. 800ns of current VA1TA) → significant 
occupancy reduction 

  40MHz (default) clock, 192-cell pipeline → no dead-time 

  Noise: 250 e + 36 e/pF (peak mode) – drawback of fast shaping 

  Multi-peak mode allows to several samples along shaping curve → 
additional occupancy reduction possible through peak time determination 



M. Friedl  APV25 Readout, Chip Mounting, Repeater, FADC [12]/[14] 

 
 

  Chip-on-Sensor Concept: “Origami” Module 
   
   

Top View  zylon rib

APV25 cooling pipe

4-layer kapton hybrid

integrated fanout
(or: second metal)

DSSD

single-layer flex 
wrapped to p-side

 
 

Side View  
APV25
(thinned to 100µm)

zylon ribcooling pipe

DSSD
Rohacell
Kapton

 
   

Cooling  Single aluminum pipe (D=2mm, wall=0.2mm) with water 

Side View 
(below) 

Total Material Budget: 
0.72% 

 
(cf. 0.48% for 

conventional readout) 



M. Friedl  APV25 Readout, Chip Mounting, Repeater, FADC [4]/[14] 

 
 

  Hit Time Reconstruction 
   
   

time [ns]

S
ig

na
l [

e]

IntCal fit

sample above threshold

sample below threshold

threshold

0 50 100 150 200 250 300

0

5000

10000

15000

20000

25000

30000

Speak

tpeak  
   

Method  Multiple samples around peak are recorded (typically 6) 

  Fit function is applied to each waveform to obtain amplitude and timing 

  Reference waveform taken from internal calibration 

  Being implemented in FPGA firmware (using lookup tables) 



Introduction to the Pixel Detector Upgrade for SuperB 4

Occupancy vs. DSSD radius

1

10

100

1000

0 2 4 6 8

radius (cm)

o
c
c
u
p
a
n
c
y
 
(
%
)

present

Must develop a detector 

with better hit handling 

capability

>1035 Luminosity Occupancy 
Problem

>100% occupancy!

Alternative (near term) Counter-measures:

• APV25 pipelined readout (shorter Ts)

• Striplets (short strips)
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Pixel Occupancy Scaling

• Work from following assumptions:

– Super-B canonical x20 background increase

– Assume 10% Layer 1 occupancy as “current”

– Strip area (L1) = 85mm x 50mm = 4.25M mm2

– Pixel spatial reduction:

– Pixel area = 22.5mm x 22.5mm = 506 mm2

– Reduction factor ~8400

– Low E g, reduced cross-section (~3% active thickness)

– Pixel temporal loss:

– 0.8ms SVD vs. 10ms PXD (could be improved)

– Increase factor ~ 12.5

– Grand total:

– 10% * 20 * 8400-1 * 12.5

– Can expect ~ 0.3% occupancy (no ghosting)
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DEPFET Principle

 fully depleted sensitive volume, charge collection by drift

 internal amplification  q-I conversion: 0.5 nA/e, scales with gate length and bias current

 Charge collection in "off" state, read out on demand

J. Kemmer & G. Lutz, 1987

DEpleted P-channel FET
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An Array of DEPFETs

Row wise read-out ("rolling shutter")

 select row with external gate, read current, 

clear DEPFET, read current again 

 the difference is the signal 

 only one roe active  low power consumption

 two different auxiliary ASICs needed

n x m

pixel

I
DRAIN

DEPFET- matrix

V
GATE, OFF

off

off

on

off

V
GATE, ON

gate

drain
V

CLEAR, OFF

off

off

reset

off

V
CLEAR, ON

reset

output

0 suppression

V
CLEAR-Control
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From ILC to superKEKB  Pixel Size

Super KEKB is more challenging than ILC

ILC super KEKB

Occupancy  0.13 hits/mm2/sec   0.4 hits/mm2/sec (initial)

Radiation <100 kRad/year > 1 Mrad/year

Duty Factor                        1/200                                               ~1

ILC needs excellent IP resolution over a large momentum range:

-: Low material  thin ladders down to the very forward region
-: Good single point resolution ( = 3..5 µm)  small pixels (24µm)

superKEKB is dominated by low momentum tracks (< 1GeV/c):

-: Low material!!! 
-: but IP resolution always dominated by MS error (beampipe & 0.14%X0 Si) of ~ 9 µm at 1 GeV/c

 Modest intrinsic resolution of  ~ 10 µm sufficient: pixels could be larger
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The DEPFET Ladder for SuperBelle PXD

Some important numbers for the baseline layout:

sensitive region : 1.15x7.25 cm2 (L1), 1.15x9.26 cm2 (L2)

material budget : 0.14% X0 (incl. frame, chips, bumps)

power/module   : DEPFETs   ~ 0.5 W

Switcher   ~ 0.2 W

DCD         ~ 3   W on each ladder end
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A new r/o chip - DCD

(Uni Heidelberg)

DCD: Drain Current Digitizer

-: improved input cascode (regulated) and current memory cells

-: integrated 8bit current based ADC per channel, 12.5 MHz sampling rate

-: designed for 40 pF load at the input (5cm Drain line), 12 µm r/o pitch

-: f/e noise: 34nA@40pF, 17nA@10pF, add 37nA for memory cells
 50nA@40pF at 40pF with gq=500pA/e  100 e- ENC in total

-: layout for bump bonding, rad. hard design

-: power consumption per channel 3.6 mW (measured)

-: digital hit processing done with 2nd chip/FPGA

Test chip DCD2: 6X12 channels
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Noise vs. shaping time  - 60Co irradiation

D1

D2

S
G1

G2
Cl Cl

Therm. noise 1/f IL

Non-irradiated
and after 913 krad 60Co




 Leaktotf

q

m qICa
g

kTg
ENC  2

2
2

1

3

8



2nd SuperKEKB Inaugural Meeting, KEK, July 2008 Ladislav Andricek, MPI fuer Physik, HLL 30

Row wise read-out  matrix signal

Switch to
row # n +1

„Signal“ sampling
in row # n

„signal“ level
pixel row # n

depends on integrated 
charge

Clear process

pixel returns 
to empty level
= reference 

level

„Baseline“ sampling
in row # n

„empty“ level
pixel row # n -1

stable reference if 
clear complete

I_Drain

Switch to
row # n 

settling
process

„empty“ level
pixel row # n -1

Pixel row 
# n -1  active

time

Offset
shift

Signal 
step

incomplete clear 
introduces additional noise

Measure

Measure

 Row wise CDS, time between the two samples ~10 ns!

 However, we need (almost..) complete clear 

 and … it's a luxury which costs a lot of time!

50 ns



CMOS MAPS option 9

Cont. Acq. Pixels (CAP) 1 Prototype

Column Ctrl Logic

1.8
mm 132col*48row ~6 Kpixels

CAP1: simple 3-transistor cell

Pixel size: 

22.5 mm x 22.5 mm

CAPs sample tested:  all 
detectors (>15) function.

Source follower buffering 
of collected charge

Restores potential to 
collection electrode

Reset

Vdd Vdd

Collection 
Electrode

Gnd

M1

M2

M3
Row Bus 
Output 

Column 
Select

charge collection in cluster

40

50

60
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110

1 2 3 4 5 6 7 8 9

# pixels in cluster

%
 c
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X
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Det1

Det2

Det3

Det4

NIM A541:166-171 (2005)



CMOS MAPS option 10

CAP2 – Pipelined operation

8 deep mini-pipeline 
in each cell

Pixel size 22.5 mm x 22.5 mm

3-transistor cell

132x48=6336 channels 50688 samples

TSMC 0.35mm

132 x 48

10ms frame acquisition speed achieved!

[IEEE Trans.Nucl.Sci.52 (2005) 1187]



CMOS MAPS option 11

CAP3: Full-size Detector Test/Lessons learned

CAP4 revision

Laser scan bench

Laser spot (backside illumination)

noise
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Monolithic Active Pixel Sensor

Current DSSD

Because of large
capacitance, 
DSSDs thick

-- MAPS can be made
VERY thin

300mm

MAPS

10mm

Key Features
•Thermal charge collection (no HV)
• Thin - reduced multiple-scattering, g
conversion, background g target 
• NO bump bonding – fine pitch possible 
(8000 x geometrical reduction)
• Standard CMOS process - “System on a 
Chip” possible (TSMC 0.35 and 0.25mm)



DEPFET
• Intense R&D has been done for ILC pixel sensors.

– Has been used in several experiments already.

• Technology available in MPI only.
• Sensor size: Limited by wafer size.

– Unfortunately, Not very rad-hard (deep submicron process じゃないから)
– Almost no gap in the acceptance.

• Small power consumption
– A cell is activated only when signal is read out.
– 解説：Bias 電圧をかけておけば、勝手に電荷がinternal gate にあつまって

くる。読み出したいときに、FETgateに必要な電圧をかける。そのときだけ読
み出しFETに電流が流れる。その電流がinternal gateにたまった電荷に応じ
て変化する。その変化量を測る。だから読んでない間は消費電力がない。
読み終わったらリセットしてリセット直後の電流を保存して引き算をすると、
リセットのふらつも補正できる。

• Limitations
– Reset swicher chip: Voltage swing > 8 V.
– switcher  chip の放射線耐性も問題ぢゃ。

• Doubly correlated sampling can be done.
– Low noise.（リセット直後の電圧を記録しておいて引き算）

• Thinning and back-side implantation is done. (The depletion region 
extends from back side).

• The DEPFET group has money, organized manpower. Rolling-shutter 
mode readout.

• 10 usecかけて全ピクセルを順番に読み出すが、ひとつのセルの読み
出しとリセットには50 nsec程度の時間が必要。つまり、0.5%のピクセ
ルが次々にdead になっている。しかし、場所が特定できるし、DSSDに
比べると量的にも無視できる。

• Data processing is done in subsequent chips on repeater system or in 
backend system.

• 正直言って、 DEPFETが動くならば、物質量・データ解析などで有利な
のあのでしょう。



CMOS pixel (CAPS/MAPS) 
• The same technology as commercial CMOS cameras.

– 5-10 M-pixel chips are in production.
– Deep sub-micron technology:  Intrinsic radiation hardness.

• Sensor is a thin epitaxial layer  (5-10 um thick).
– Signal is small:  No problem as the detector capacitance is also small.
– Sensor can be as thin as 10 um if technology available.  Actually NO.

• N-well is used to collect charge from the epitaxial layer. 
– N-type MOS transistors are not available. Only simple circuits can be made.
– New technology: Triple-well structure allow to used N- and P- type MOS transistors. Normal CMOS circuit can be 

constructed.

• Chip size is limited by the reticle （IC用のフォトマスク）size.  (for example, CAP3: 21x3 mm2)  いくら金を
使っても reticle は最大21mmx21mmなので、これ以上のサイズのセンサーは作れない。（SOIも同じ）

• 「Hawaii で何年やっても動くチップができない」と（日米でかなり金を出した高崎・幅に）糾弾されてい
る。が、（Varnerの説明によると）Europe のMIMOSA コラボレーションは１年に何回も試作をしていて、
マンパワーの差もありそれを考慮すれば健闘しているのかもしれない。

• Italian SuperB Detector のピクセルセンサーはMAPS を仮定して設計されている。
• Simplest circuit is “3-transistor cell circuit”, whose function is similar to DEPFET readout. In this case 

the power consumption must be similar to that of DEPFET.



SOI
• High resistivity wafer (sensor) and low resistivity (CMOS transistor circuit) are separated 

by buried oxide layer (BOX)
– Signal induced in the sensor can be processed by the CMOS circuit.
– Process is done by OKI electric, a big commercial foundry in Japan. 0.2 um process is used. Quality 

control is good.
– Depletion depth of 50-100 um has been achieved.

• Thinning after silicon process.

– 0.2 um technology  Radiation hardnexx > 30 Mrad.

• Full deep submicron CMOS technology can be used. 
– Complex/rad-hard circuit can be made.
– The DEPFET/CAP type readout is also possible.

• R&D in progress
– Silicon process once a year.
– So far response to laser light and beta source is confirmed.
– Chip size is limited by reticle size.
– Evaluation of Belle PIXEL (pixel-shaper-discriminator-digital pipeline) chip  will start soon.
– とらぬ狸の皮算用：今年のチップが動いたとして、2008年は「複雑な読み出し論理回路の追加」

または「高速読み出しの検討」、フルサイズ・フル機能のチップは2009年にサブミットになるだろう。
チップ完成は２０１０年

• 最新のまとめ： http://kds.kek.jp/conferenceDisplay.py?confId=1036
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Material Effect : vertexing 

B 

B e+e-
(4S)Y

Tagging side

CP side

π+

π−

hw σn

σw

hnσn+hwσw
f=

= σnf+σw(1-f)2 2
rms

hn

definition of vtx reso.

hnσn

 p (GeV/c)
50 1 2 3 4

 p (GeV/c)
50 1 2 3 4

B gπ π+ −

ZcpZtag

∆Z



Material Effect : vertexing 

def. 25ρ(3,4lyrs)+cooling tube

Zcp−Zcp
rec MC

Ztag−Ztag
rec MC

∆Z −∆Zrec MC

σ≅31µm σ≅30µm

σ≅109µm σ≅109µm

σ≅118µm σ≅116µm

B gπ π : 50,000 events+ −

38731 events

25892 events 25322 events

37901 events

noBG



Material Effect : vertexing 
CP side J/ψKs 

noBG

π π+ − D D+ −
−13 % −25 % −35 %σ35ρ/σdef

σ25ρ/σdef −6 % −11 % −19 %
σ≅31 g 35µm σ≅36 g 45µm σ≅43 g 58µm

g 40µmg 33µm g 51µm

σ25ρ/σdef −6 % −11 % −21 %
all SVD lyrs g 40µmg 33µm g 52µm

σ25ρ/σdef −6 % −11 % −19 %
g 40µmg 34µm g 51µm

σ25ρ/σdef no degradation
g 36µmg 31µm g 42µm

1+2 SVD lyrs only

3+4 SVD lyrs only

all SVD+CDC lyrs

all SVD+CDC lyrs

no degradation no degradation

localized materials on 3rd, 4th lyrs seem not to be a problem

σ25ρ/σdef no degradation
g 35µmg 30µm g 43µm3+4 SVD + cooling tube

no degradation no degradation



Material Effect : efficiency 
CP side J/ψKs 

noBG

π π+ − D D+ −
−6.4 %ε35ρ/εdef

ε25ρ/εdef

38731 g 36268 24859 g 23853 13225 g 11777

g 24369g 37441 g 12366

ε25ρ/εdef
all SVD lyrs g 24316g 38153 g 12520

ε25ρ/εdef
g 24556g 38289 g 12713

ε25ρ/εdef
g 24534g 38162 g 12559

1+2 SVD lyrs only

3+4 SVD lyrs only

all SVD+CDC lyrs

all SVD+CDC lyrs

Acceptable deficit ? or Can SVD self-tracking recover this ?

ε25ρ/εdef
g 24221g 37901 g 123883+4 SVD + cooling tube

−4.0 % −10.9 %

−3.3 % −2.0 % −6.5 %

−1.5 % −2.2 % −5.3 %

−1.1 % −1.2 % −3.9 %
−1.5 % −1.3 % −5.0 %

−2.1 % −2.6 % −6.3 %



Effect on Ks events (BgK γ) ∗
noBG

BgΚ γ vtx∗

σ≅ 163µm

3+4 SVD lyrs 
    + cooling tube

hits in all lyrs
σ≅ 78µm

Ksgπ π+ −100,000 events

default

σ≅ 77µm

σ≅ 188µm
hits in 3+4 lyrs

(Ks+IP)



Prelim
inary

CP side

noBG

BgΚ γ vtx∗

−7 % −15 %

σdef σ≅ 128µm

localized materials on 3rd, 4th lyrs seem not to be a problem

σ25ρ
3+4 SVD lyrs 
    + cooling tube no degradation

(hits in all lyrs) (hits in 3,4 lyrs) 
≅ 78µm ≅ 163µm

σ≅ 137µm ≅ 77µm ≅ 188µm

(>=2 lyr hits) 

Effect on Ks events (BgK γ) ∗

for events which Ks is not used for B-vertexing

Ksgπ π+ −

from the point of view of Ks(+IP) vertexing,
the advantage of the larger radius will be diluted.

100,000 events

14709 events 3089 events 3560 events

16527 events 3539 events 4056 events



Effect by 6th layer position

• Both of them are similar shape of 14cm(default) and shifted
• The best position for layer 5 is 2cm closer to the beampipe 

relative to layer 6

Vdiff

Ef
fic

ie
nc

y(
%

)

V
tx

 re
s(
μm

)

6th lyr pos:
green:13cm 
red:    14cm

(default)
blue:  15cm

Necessary Statistic to see CPV Necessary Luminosity to see CPV,
normalized by Current SVD



• Because all of B0 decay inside BeamPipe, 
π+ and π- have all layer hits of SVD

• This mode should not depend on 5th layer 
position

Ef
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VCP

Vdiff

R
at

io
( /

C
ur

re
nt

 S
V

D
)

Efficiency and Vtx resolution return the 
value “1” at leftside axis.
5th layer position does not affect to this 
decaymode

B0 -> π+π- mode



B0 -> φKS mode

• φ’s lifetime is very short, so its children
(K+ & K-) have all SVD layers hits

• Do not use the KS track for B-vertexing

• Efficiency and Vtx Resolution should 
not depend on 5th layer position
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VCP

VdiffEfficiency and Vtx Resolution return the “1” at 
leftside axis. 
This means same performance as Current SVD’s.

5th layer position does not affect to B->φKS mode



492/fb  σstat(sin2φ1) = 0.031
1/ab  σstat(sin2φ1) = 0.022

0.014

Y.Nakahama(CKM06)






