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Motivation for B Factories

« 1964, Cronin, Fitch: Discovery of CP violation in K° system,
small effect O(103)

- 1972, Kobayashi, Maskawa:

> CP violation possible,
If there are 6 quark flavors

v 1974, Burton, Richter: Discovery of charm quark
v 1977, E288: Discovery of bottom quark
v 1995, CDF, DO: Discovery of top quark

> CP violation?
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(C)KM-Matrix

=+

> Flavor changing coupling of W to quark pairs: /,W

u > > d
Vud
/ Vg Vi Vi, \ . Complex elements V,

> 18 parameters

Ve =| Va Ve Vo . Unitarity (VW' = 1) +

quark phases
th Vts th > 4 free par.:

3 angles + 1 phase (£P)

> CP violation determined by just one parameter
> Prediction of large CP violation in B° system

- Experimental verification needed — B factories




Measurement of CP Violation

« Measurement of phase requires interference between
two diagrams
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- Time dependent asymmetry measurement:
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Time Dependent CP Measurement
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« Asymmetric beam
energies = At = Az / cBy

Entanglement

‘IT'S K+ = af(t) — af(At)
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KEKB Accelerator

Superconducting
cavities (HER

Belle detector
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Crab Cavities

« 22 mrad crossing angle between beams

« Rotate bunches to have
head-on collisions

Head-on
Collision
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KEKB Performance

Crab Crossing
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World Record Luminosity
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Physics Objective of Belle
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Baryon Asymmetry in the Universe

 Big bang: Equal amount of matter and antimatter
e Today: Only matter left T

 Requirements (1967, Sakharov):

- Baryon number violation
- Departure from thermal equilibrium

> C and CP violation

x CP violation in the SM by many orders of magnitude
too small to generate observed asymmetry

- Need sources of CP violation beyond the SM
> Super B factory
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Time Dependent £P in b —» ggs Decays
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Rare Decays: B —» 1v
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> Vub from other measurements - Measurement of fB

« Two Higgs doublet model: ) 2
B(BY — tv)=B(B" - 17v)su (1 — mB tan 5)

mH

> T, from lattice QCD - H* discovery or limit on H* mass




Full Reconstruction

e’ K-
« Hundreds of exclusive decay modes — efficiency O(0.1%)

> Type and momentum of other B known
> Remaining particles belong to other B
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B - Kyvv

 Theoretically clean mode
> SM: B(Bt » K*vv) = (3.8 ¥§:¢) x 10°
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More Places to Look for New Physics
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Even More Places to Look for New Physics

Lepton flavor violation CP violation in D% mixing
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The Unexpected
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Physics at Super B Factory

Physics at Super B Factory
February 11, 2010
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Flavor Physics in the LHC Era
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e SuperKEKB Accelerator
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Aim For 50 ab?!

Peak luminosity (em™s™)
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Accelerator Design: Nano Beam Scheme

Beam-Beam parameter *
Lorentz factor P EY a \/(By /EY)
Beam current

\ Geometrical
r/ 3R \ I g /\ reduction factors
’}/_I_ G,}} +9oy+ | RL (crossing angle,

L p— — 1 | ? i | hourglass effect)
| :,}.- sl [ |

2er,{ _0.)P,. R: |

Vertical beta function at IP
Beam aspect ratio at IP ‘

B (cm) B (mm) g, e (nm) 1., (A) L(cm2s?)
KEKB w/ crab 120/120 5.9/59  0.13/0.09 18/24 1.6/1.2 2.11 x 1034
SuperKEKB  3.2/25  0.27/0.30 0.09/0.08 3.2/4.3 3.6/2.6 80x 103




SuperKEKB Upgrade

=N Belle ||
e 2.6 A$> .

New Superconducting /
permanent final focusing
quads near the IP

Replace short \
dipoles with long -
ones in LER . ]
Redesign the lattices of HER and
LER to squeeze the emitance.

C
New damping ring

T
N

I New positron target

Larger crossing angle A
20 =22 mrad - 83 mrad ‘i

[Beam Channel]

Smaller asymmetry

35 / 8 GeV - 4 / 7 Gev New low emmitance
electron source
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Projection of Luminosity
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Background Estimates
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Projected background level
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Belle Il detector
has to provide
equal or even better
performance
despite 10-20 times
higher background
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Belle || Detector

> Higher background, higher event rate ucting coi |

Mﬁ

CTCU VLR EEEEEL

f 4

W

a 3 A AN
(RS

k2

' CDC
PXD(2 layers) ri e

310 570 - =

ey,

[\ gadds

cell chamber

Sl

0
D
)
/

l R220 \

Belle e e

~ 573(Cryostat) | 600(Cryostat)
f

R1145

R1250

2980

LA |

T Thomas Kuhr LAPP Annecy Seminar 10.12.2010 Page 33



Vertex Detectors

r conducting coil

4 layer silicon

- 24FH““““ ““"‘"‘7“\‘%*%’%“)&
strip detector R RR T LT O rr s ez
Barrel PID i
2 layer DEPFET coc
pixel detector _ PXD(2layers)
§ —
o
Improved
E vertex
=g resolution
OSSD layers : - Larger radius
DEPFET pixel layers —...
plxe AYEr'S s, = . e 5 Better KS
efficiency
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Vertex Detectors

| Hl:r;zlact parameter resolution z0 | Im p roved

B Impact
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Drift Chamber

r conducting coil

Drift = BB
Chamber ——W— | ;
| o |t
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1200 mm
> Better momentum
New CDC
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Particle Identification

Super conducting coil

Time of
propagation =

“Focusing”
RICH

|
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R260

nq{| No ni<no
charged particle
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gJ
GC cherenkowangle K
crystal / /
ns

g0
q, /ﬂ'
backward-going /|< I_ >

——> z-component of unit velocity

/I

> Improved particle identification
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Particle Identification

Endcap PID (ARICH):

96% kaon efficiency

at 1% pion fake prob.
at 4 GeV

Barrel PID (TOP):
>99% kaon efficiency
at <0.5% pion fake prob.
for B = py
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Calorimeter, K and Muon Detection

K and pu /

Detector

e Scintillators
In end-caps

> Improved
beam
background
tolerance
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« Wave form sampling

> Better signal to
background separation
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Data Acquisition / High Level Trigger

GIObaI DAQ DeSi n * Timing dist. scheme is not > DeSIQned for
g inéluded in this figure. |n Ut rate
~0.1Mchan. =800 COPPERS o HLT farms P
= . GbE ~10 units of of 30 kHz
g3 R R0 e
B e L = pC|  One challenge:
= SRR
- — PXD event data
Dzltx - reduction
—» — <
*gttx — 3 1 MB - ~200 kB
S gn![ﬂelqk o (all other Belle Il detectors
ata lin = —
é. a together ~100 kB)
) — RocketiO .
= SiEE—AeARe
O =i — SR
ROCke.t ,"O | é i 40 readout units @@
over fiber | Q‘E%D*@
— HLEsfon g '[%D, ,fj
Ettx it =2 | o | |2 dige-o
—» —t — | g : i :
Near detector E-hut ' Control room % ﬂg@} " o
ﬁ B - 4-_
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o

« Computing at Belle Il
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Estimated Data Rates

Event Size [kB] Rate [HZ] Rate [MB/s]

High rate scenario for Belle Il DAQ:
Belle Il 300 6,000 1,800

LCG TDR (2005):
ALICE (HI) 12,500 1,250

ATLAS 1,600

LHCb 2,000
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Belle Computing: Centralized at KEK

~1 ab'data KEK is a main big computing center

Raw data processing
Data archiving
me MC production (+remote sites)

Analysis use




Considerations for Belle Il Computing

« 50 times more data in ~10 years

> O(50) times more computing resources

= Can not expect KEK to provide all resources
= Have to enable all Belle I| member institutes to contribute

> Distributed computing system
based on grid services (gLite)

- Can benefit from existing
LCG infrastructure

- Profit from experience of
LHC experiments and their
well-established and matured solutions




Belle II Computing Model

Raw Data Storage

and Processing

7N

| Detector )\»Q' 3
NS

MC Production

and Ntuple
Production

KEK

Grid Site

Q Tape == Raw Data
[ ] cPU —3 mDST Data
- =3 mDSTMC

£ pisk

Grid Sité,

Ntuple
Analysis

2
K ----- -E ﬁ

g MNiuples

MC Production
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L

Local Resources
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&
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Cloud Computing

 Resource demands vary with time
« Fair-share can solve this issue only to some extent
> Cloud computing allows to buy resources on demand

> Well suited to absorb peaks in varying resource demand

a) missing b)
7)) 79
@ _ @
o provided o
-] -}
o) o)
7] 7))
) o)
e nd

requested requested

Time Time




Belle MC Production on the Cloud

CPU usage by JobGroup

7 Days from 2010-04-18 to 2010-04-25 | | ° 170M events (36 TB)
| produced in 6 days

ol 250 VMs with 8 cores | Throughput by Channel

7 Days from 2010-04-18 to 2010-04-25
T

days

Data transfer
to grid sites

2010-04-19 2010-04-20 2010-04-21 2010-04-22 2010-04-23 2010-04-24 2010-04-25
Max: 79.49, Average: 12.11

O 000049 716 W 000045 209
Generatad on 2010-04-25 10:54:18 UTC H-I-L H_‘ H_H_III'L
o Rl {[k I L

2010-04-19 2010-04-20 2010-04-21 2010-04-22 2010-04-23 2010-04-24 2010-04-25
Max: 46.79, Min: 0.15, Average: 4 62, Current: 0.30

« Amazon Spot Instances

B DIRAC Amazon.us -> kek2-se.cc kek jp 46.5

O 2 O U S D / 1 O k eve nts O DIRAC Amazon.us -> gridka-dcache. fzk.de 1.1

% W DIRAC Amazon.us -= dcache.ijs.si 06
- E DIRAC Amazon-test us -= gridka-dcache fzk de 0.2

B DIRAC Amazon-test.us -> kek2-se.cc.kek.jp 0.1

Generated on 2010-04-25 10:49:36 UTC
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Framework

* Inspired by frameworks of Belle (basf) + other experiments

v Used for simulation, reconstruction, analysis, and DAQ

v ROOT I/O

as data format Module chain

v Software bus .'/\ ; ’ Path
with dynamica”y Module| |Module| |Module| [Module
loaded modules #1 2 #3 #4

v Pythqn ¥ 7 y v
steering DataStore

v Parallel

processing




Outline
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e Status of Project
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Technical Design Report

TDR published

T. Abe et al.
KEK-REPORT-2010-1, Oct 2010,
arXiv:1011.0352 [hep-ex]
(~470 pages)

ort
Lo} Desiglt Repor
il -

Bl 1L Tech!

TDR review in May:

The committee is very
iImpressed by the TDR
produced by the Belle Il
collaboration,
and does not have any major
technical concern.




Belle Il Collaboration

> June 2004: Letter of Intent
> March 2008: First proto collaboration meeting

> December 2008: New collaboration founded

2
el <

> ~350 members
55 institutes from 13 countries

KIT



International Collaboration
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Belle Il Organization

Institutional Board:
Chair: L. Piilonen

Executive Board:
Chair: A. Aihara

Physics
Coordinator:
B. Golob

Spokesperson:
P. Krizan Speakers
. . Committee:
Project Managgr. Chair: Y. Sakal
M. Yamauchi
Technical Computing
Coordinator: Coordinator:
Y. Ushiroda T. Hara / T. Kuhr




Funding

 Top | Access | For Visitors | Map & Guide X — GO
>Top >PressRelease >this page last update: 10/06/23

I Press Release E

KEKB upgrade plan has been approved

June 23, 2010
High Energy Accelerator Research Organization (KEK)

The MEXT, the Japanese Ministry that supervises KEK, has announced that it will appropriate a budget of 100 oku-yen
(approx $110M) over the next three years starting this Japanese fiscal year (JFY2010) for the high performance upgrade

program of KEKB. This is part of the measures taken under the new "Very Advanced Research Support Program" of the
Japanese government.

"We are delighted to hear this news." says Masanori Yamauchi, former spokesperson for the Belle experiment and
currently a deputy director of the Institute of Particle and Nuclear Studies of KEK. "This three- year upgrade plan allows
the Belle experiment to study the physics from decays of heavy flavor particles with an unprecedented precision. It
means that KEK in Japan is launching a renewed research program in search for new physics by using a technique
which is complementary to what is employed at LHC at CERN."

[ Media Contact] Youhei Morita,
Head of Public Relations Office, KEK
tel +81-29-879-6047
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Approval Process

v Review by MEXT (Ministry for Education, Culture, Sports,
Science and Technology) in July

v Positive decision by MEXT in August
« Approval by Ministry of Finance expected in December
« Approval by Diet expected in March 2011

« If approved by Diet:
SuperKEKB groundbreaking ceremony in April 2011




KEKB and Belle Shutdown

v KEKB and Belle shutdown
on June 30™
to start upgrade
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KEKB Disassembly
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Belle Disassembly
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y Super
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Summary

v Belle/KEKB performed remarkably well
and confirmed the KM theory

x But we know there has to be more CPV

> Still many places where NP can hide KEKB.

> Need much more data to find or exclude this NP

v 50 ab? in 2020 possible with nano-beam @
scheme at SuperKEKB s

v Belle Il detector and computing system @LKBM

are designed for conditions at
next generation B factory

> Looking forward to friendly competition
with SuperB and LHCb
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Backup




Wolfenstein Parametrization

V., V. V, A= 0.22,A=0.82
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Unitarity Triangle

Graphical representation of unitarity condition: >, V V=6,
¢ e.g. forj=1, k=3: VeVt VeaVeptVigViy,=0

Vo T Vg

el

b <

<l
TN

¢ ¢
O
B’ W W B
l :
¢ ¢

Vi t Vi

SM =
closed triangle




Interference

« Measurement of phase requires interference between
two diagrams

C

?

0 ~ | | —
B h 0 I I 0 Cs
VCS B W : : W B _ _ 7
d > d ———4+——4 - W

S Vg t Vg b Vg s
0
K Iy
d

- Same final state only due to K° mixing:
> KO/K® — Ko — - CP(2m)=+1 = CP(J/yK°) =: g, = -1
> KO/KO - K° — 3m CP(3m)=-1 = CP(J/yK°) =: E = +1




Time Dependent Asymmetry

I'(B° — f)-TI(B — f) Decay to
afp(t) = D(B0 = f) - T(B° = f) CP eigenstate f
(1= |A4]?) cos(Amt) — 2Im(A ¢) sin( Amt)
R L+ [Ag|?

A cos(Amt) + S sin(Amt)

Mixing Decay
Br) = p|B°)+4q|B)

Bu) = »|B°)—4q|B) i A7 | Decay
Ap = — — | amplitude
p- PAr | A
SM: S = -£.sin(2¢,) f




B° Reconstruction

_______

| ARGUS function

Gaussian

M:(Gev;'):

1wk CGaussian

~ Ismooth ond known background
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KIT



Integrated Luminosity

s TOtA logged luminosity = 1018 fb i

. CONEINUOUS el
P |nject|on ’

: crab
h
i crossing -

: |
1l | =m | | I ] /I I —|
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|
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Comparison KEKB/PEP-II

Integrated Luminosity

1000
' |On-resonance:
| 4S:711 fb™!
800_ 5S:121 fb™*
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i -1
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Physics at Belle |l

Observable Belle 2006 SuperkKEKB "LHCbH
(~0.5 ab™1) (5 ab™1) (50 ab=1) (2 fb™1) (10 th™1)
Hadronic b — s transitions
AS; ko 0.22 0.073 0.029 0.14
AS, ko 0.11 0.038 0.020
ASko koo 0.33 0.105 0.037 - -
Adjogo 0.15 0.072 0.042 ; -
Apsict 0.17 0.05 0.014
oS (0K g) Dalitz 3.3° 1.5°
Radiative/electroweak b — s transitions
Sk ron 0.32 0.10 0.03 - -
B(B — X.7) 13% 7% 6% - -
Acp(B — X&) 0.058 0.01 0.005 - -
Co from App(B — K*(+(™) - 11% 4%
(1o from Apg(B — K*(t(7) - 13% 4%
C'7/Cq from App(B — K*(Ti™) - 5% 7%
Ry 0.07 0.02 0.043
B(BT — Ktwv) < 3 Bsu 30% - -
B(Bﬂ — ff*“vﬂ) it < 40 B 35% - -
Radiative/electroweak b — d transitions
S, - 0.3 0.15

B(B — Xav) - 247 (syst.) - _



Observable Belle 2006 SuperKEKB "LHCH
(~0.5 ab™1) (5 ab™1) (50 ab=1) (2th~1) (10 fb~1)
Leptonic/semileptonic B decays
B(BT — 7tv) 3.bo 10% 3% - -
B(BT — putv) T < 24Bsy 4.3 ab™! for 5o discovery - -
B(Bt — D7rv) - 8% 3% - -
B(B” — Drv) - 30% 10% - -
LFV in 7 decays (U.L. at 90% C.L.)
B(t — pvy) [1079] 45 10 5 - -
B(r — un) [107°] 65 5 2 - -
B(t — pppe) [107Y] 21 3 1 - -
Unitarity triangle parameters
sin 2 0.026 0.016 0.012 ~0.02 ~0.01
Go (7m) 11° 10° 3° - -
Ga (pT) 68° < ¢ < 95° 3° 1.5° 10° 4.5°
o2 (pp) 62° < o < 107° 3° 1.5° - -
¢2 (combined) 2° < 1° 10° 4.5°
b3 (DK )) (Dalitz mod. ind.) 20° 7° 20 8°
o3 (DK™) (ADS+GLW) - 16° 5° 5-15°
b3 (D7) - 18° 6°
¢3 (combined) 6° 1.5° 4.2° 2.4°
V| (inclusive) 6% 5% 3% - -
|Vub| (exclusive) 15% 12% (LQCD) 5% (LQCD) - -
i 20.0% 3.4%
g 15.7% 1.7%




Observable Belle Belle/SuperKEKB LHCBH'
(2 fb=1) (10 th=1)
B, physics (25 th™1) ( 5ab!)
B(Bs — ) < 87x107° 0.25 x 1076 - -
ATSYY /T, (Br(B. — ngjDi*)}) 3% 1% (model dependency) - -
AT, /T (Bs — fop t-dependent) - 1.2% - -
0o (with By — J/1¢ etc.) - - - 0.02 0.01
B(Bs — ptp™) - 6 fb1 for 5o discovery
¢z (Bs — KK) - 7-10°
03 (B — DK - 13°
T decays (3t~ (500 fh1)
B(T(1S) — invisible) <25x107% <2x107*
(~0.5 ab™1)* (6 ab™1) (50 ab™1)
Charm physics
D mixing parameters
0.25% 0.12% 0.09% 0.25%"
y 0.16% 0.10% 0.05% 0.05%"T
OK = 10° 6° 4°
la/p| 0.16 0.1 0.05
0 0.13 rad 0.08 rad 0.05 rad
Ap 2.4% 1% 0.3%
New particles®
vy — Z(3930) — DD* > 30
B — KX(3872)(— D"D*?) 400 events
B — KX (3872)(— J/uynta™) 1250 events
B — KZ%(4430)(— /7 ) 1000 events
ete”™ — ysrY (4260)(— J/ata—) 3000 events
FElectroweak parameters (~10 ab™ 1)
sin? O _ 3 % 104




Belle Il Detector Components

Component Type Configuration Readout Performance
Beam pipe Beryllium Cylindrical, inner radius 10 mm,
double-wall 10 pm Au, 0.6 mm Be,
1 mm coolant (paraffin), 0.4 mm Be
PXD Silicon pixel Sensor size: 15x100 (120) mm~ 10 M impact parameter resolution
(DEPFET) pixel size: 50x50 (75) pm? O ~ 20 pm
2 layers: 8 (12) sensors (PXD and S5VD)
SvVD Double sided Sensors: rectangular and trapezoidal 245 k
Silicon strip Strip pitch: 50(p}/160(n) - 75(p),/240(n) pm
4 layers: 16/30/56 /85 sensors
CcDC Small cell 56 layers, 32 axial, 24 stereo 14 k Opg = 100 pm, 0. = 2 mm
drift chamber r=16- 112 cm op, [Pt = +/ (0.2%p:)? + (0.3%/8)2
-83 <=2 <159 cm Ope/Pr = /(0.1%p:)? + (0.3%/B)? (with SVD)
OdE/der = 5%
TOP RICH with 16 segments in ¢ at r ~ 120 cm Bk Npe. ~ 20, 0¢ = 40 ps
quartz radiator 275 cm long, 2 cm thick quartz bars K /7 separation :
with 4x4 channel MCP FMTs efficiency = 99% at < 0.5% pion
fake prob. for B — pv decays
ARICH RICH with 4 cm thick focusing radiator T8 k Npo ~13
aerogel radiator and HAPD photodetectors K /m separation at 4 GeV /e
for the forward end-cap efficiency 96% at 1% pion fake proh.
ECL CsI(TI) Barrel: r = 125 - 162 cm 6624 F="roywol%
(Towered structure) End-cap: z = 1152 (F) Tpos = 0.5 cm/VE
-102 cm and +196 cm 960 (B) (E in GeV)
KLM barrel: RPCs 14 layers (5 cm Fe + 4 cm gap) B: 16k, ¢ 16 k Ag = Al = 20 mradian for Ky
2 RPCs in each gap ~ 1 % hadron fake for muons
end-caps: 14 layers of (7 — 10) x 40 mm? strips 17Tk Mg = Al = 10 mradian for K
scintillator strips read out with WLS and G-APDs op/p = 18% for 1 GeV /e K,
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Comparison Belle Il / LHCb

e'e” has advantages in... LHCb has advantages In...
CPVin B—¢K, n'K,,... CPV in B—=J/K;

CPV in B—Kn Most of B decays not
B—Kwvv, TV, DOy iﬂClUding v ory

Time dependent

Inclusive b—spup, see
measurements of B,

t—uy and other LFV

_ B, ,—uu
DCD° mixing o

B_and bottomed baryons
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