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Matter and the Universe
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Motivation

Search for Origin of CP Violation and New Physics
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Alternative Search Strategies for New Physics

Complementary approaches to study shortcomings of the SM 

Energy frontier
 direct search for production of new particles at the highest energies

 pp collider LHC

 to be complemented by future high energy 
e+e– collider: ILC / CLIC

Intensity frontier
 search in very rare processes for deviations 

between theory predictions and experiments
with ultimate precision

 see effects of „virtual“ new particles in loops

 (Super-)Flavour Factories, high intensity proton accelerators

Heavy Flavour
Physics
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LHC and Belle II/SuperKEKB yield complementary information

Possible future scenarios:
 LHC discovers new high-mass states

 then have to distinguish between alternative models

 this will inevitably require tighter constraints also from the flavour sector

 LHC does not find any new physics

 ability of high precision flavour experiments to probe mass scales far 
above the LHC reach through virtual effects is very important to establish 
scale of new physics ΛNP 

5

The Role of Flavour Physics
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Belle II and SuperKEKB in Japan
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SuperKEKB and Belle II

German Contribution:
Pixel Vertexdetector

PXD
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Belle II

10 µm

20 µm

pβ∗sin5/2(θ) [GeV/c]

z impact parameter 
resolution

Goal:
σz(Belle)

2

Goal:�
LKEKB · 50

Nano beam scheme

DESY joined Belle II 
in November 2011

6

SuperKEKB luminosity projection!

Goal of Be!e II/SuperKEKB"

9 months/year!
20 days/month!

Commissioning starts!
in early 2015.!

Shutdown!
for upgrade!
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SuperKEKB Schedule

7

Calendar 
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・・・ 
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Challenging Luminosity Goal of Belle II/SuperKEKB
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= 40 × LKEK

8 · 1035cm−2s−1

SuperKEKB luminosity projection!

Goal of Be!e II/SuperKEKB"

9 months/year!
20 days/month!

Commissioning starts!
in early 2015.!

Shutdown!
for upgrade!
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Growing Belle II Collaboration
 Recently significant influx from 

former SuperB members
 595 members from 95 institutions

 23 countries

9
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Germany 2nd largest country after Japan
 Belle II 3rd largest particle physics project in Germany after ATLAS and CMS

 DESY among 4 largest German groups

 University of Hamburg intends to join in the near future (Caren Hagner et al.)

German Participation in Belle II

10

BON
15

DESY
15

GIE
5

GOE
4HEI

4
KAR
16

LMU
3

MPI
17

HLL
5

TUM
7
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DESY Contributions

11
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DESY Activities around Belle II VXD

12

SynRad Background MC
27 

Grid/NAF/Data Preservation

Tracking, Alignment and Calibration

Slow Control & DAQ

Thermal Mock-up & CO2 Cooling Remote Vacuum ConnectionVXD Support Structure

DESY Testbeam

Support German Belle II groups by exploiting specific expertise available at DESY 
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Ongoing Analyses of Belle Data @ DESY
Measurement of forward-backward 
asymmetry AFB of muon pairs

 huge statistics of O(109) muon pairs yields 
sensitivity to weak mixing angle sin2θW 

Probing the QCD vacuum structure
 measure 2-hadron final states

 longitudinal jet handedness & correlation

Search for rare process
 present upper limit (BaBar)

 may help to understand anomalously large CPV in 
semileptonic neutral B-decays (like-sign dimuon 
charge asymmetry D0: 3.9σ from SM)

13
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from the raw charge asymmetry. This quantity does not
depend on the interpretation in terms of the charge asym-
metry of semileptonic decays of B mesons. We obtain

Ares ¼ ð#0:246$ 0:052ðstatÞ $ 0:021ðsystÞÞ%; (40)

The measured value of Ares differs by 4.2 standard devia-
tions from the standard model prediction

AresðSMÞ ¼ ð#0:009$ 0:002Þ%: (41)

XII. CONSISTENCY CHECKS

To study the stability of the result, we repeat this mea-
surement with modified selections, and with subsets of the
available data. The only difference compared to Ref. [11]
is Test D, where we applied a stronger criterion on the
muon IP, following the suggestion of Ref. [20]. In all tests
the modified selections were applied to all muons. For
completeness, we give the full list of tests performed:

(i) Test A1: Using only the part of the data sample
corresponding to the first 2:8 fb#1.

(ii) Test A2: Using only the part of the data sample
corresponding to the previous measurement with
6:1 fb#1 [11].

(iii) Test A3: Using only the part of the data sample
corresponding to the last 2:9 fb#1.

(iv) Test B: In addition to the reference muon selections
[11], we require at least three hits in the muon wire
chambers (layers B or C), and lower the !2 require-
ment for the fit to a track segment reconstructed in
the muon detector.

(v) Test C: Since background muons are mainly pro-
duced by decays of kaons and pions, their track

parameters measured in the central tracker and by
the muon system can differ. The background frac-
tion therefore depends strongly on the !2 of the
difference between these two measurements. The
requirement on this !2 is changed from 12 to 4.

(vi) Test D: The maximum value of the IP is changed
from 0.3 to 0.012 cm. This test is also sensitive to
possible contamination from cosmic-ray muons.

(vii) Test E: Using low-luminosity data with fewer than
three interaction vertices.

(viii) Test F: Using events corresponding to only two of
four possible configurations for the magnets, with
identical solenoid and toroid polarities.

(ix) Test G: Changing the minimum requirement on the
invariant mass of the two muons from 2.8 GeV to
12 GeV.

(x) Test H: Using the same muon pT requirement,
pT > 4:2 GeV, for the full detector acceptance.

(xi) Test I: Requiring the muon pT to be pT < 7:0 GeV.
(xii) Test J: Requiring the azimuthal angle " of the

muon track to be in the range 0<"< 4 or 5:7<
"< 2#. This selection excludes muons with re-
duced muon identification efficiency in the region
of the support structure of the detector.

(xiii) Test K: Requiring the muon $ to be in the range
j$j< 1:6. This test is sensitive to possible con-
tamination from muons associated with beam
halos.

(xiv) Test L: Requiring the muon $ to have j$j< 1:2 or
1:6< j$j< 2:2.

(xv) Test M: Requiring the muon $ to be in the range
j$j< 0:7 or 1:2< j$j< 2:2.

(xvi) Test N: Requiring the muon $ to be in the range
0:7< j$j< 2:2.

(xvii) Test O: Using like-sign dimuon events that pass
at least one single muon trigger, while ignoring
the requirement for a dimuon trigger.

(xviii) Test P: Using like-sign dimuon events passing
both single muon and dimuon triggers.

A summary of these studies is presented in Tables XV
and XVI. The last row, denoted as ‘‘Significance’’, gives
the absolute value of the difference between the reference
result (column Ref) and each modification, divided by its
uncertainty, taking into account the overlap in events be-
tween the reference and test samples. Both statistical and
systematic uncertainties are used in the calculation of the
significance of the difference. The !2 of these tests defined
as the sum of the square of all significances is !2 ¼ 17:1
for 18 tests. These tests demonstrate the stability of the
measured asymmetry Ab

sl, and provide a confirmation of the
validity of the method.
We also compare the dependence on the muon pseudor-

apidity $ð%Þ of the observed and expected charge asym-
metry in the inclusive-muon sample.We repeat the analysis
procedure, but measure all background contributions as a

-0.04

-0.02

0

0.02

-0.04 -0.02 0 0.02

SM

DØ, 9.0 fb-1

Standard Model

B Factory W.A.

DØ Bs→µDsX

DØ Ab
sl

DØ Ab
sl 95% CL

ad
sl

as sl

FIG. 16 (color online). Comparison of Ab
sl in data with the SM

prediction for adsl and assl. Also shown are the measurements of
adsl [3] and assl [19]. The error bands represent the $1 standard
deviation uncertainties on each individual measurement. The
95% CL band is also given for this Ab

sl measurement.
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B(B → Kττ) < 10−3

B → K(∗)ττ
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Belle II offers very rich Physics Program

Search for New Physics
 Detailed studies of CP violation to improve 

understanding of the origin of matter – anti-
mater dominance in the universe

 Explore large variety of physics channels

 Study flavour structure with unprecedented 
precision using few times 1010        pairs

 Measurements are complementary to direct 
searches performed at LHC

 Enhanced sensitivity through study of 
strongly suppressed higher-order 
processes

 Search for rare or forbidden decays

LFV

15
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Challenges and Milestones
High luminosity operation at SuperKEKB 
requires much improved detector

 German groups provide novel DEPFET pixel 
vertex detector PXD for Belle II

DESY contributes crucially to VXD project
 Infrastructure (cooling, installation)

 Testbeam & background simulation

 Tracking, alignment & calibration

 Computing & software & data storage

Physics analysis of Belle I data
POF-3 Milestones

 Install & commission VXD in 2016

 Align detector & start physics programme

 Ramp up SuperKEKB and accumulate ~ 10ab-1

Ambitious Luminosity Goal

Challenging Detector Upgrade

16
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Material
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Belle II Detector

18

Peter Kri!an, Ljubljana 

!"!#$%&'())*+,!-.)

/&(0$%&'()*1,!-.)

KL and muon detector: 
Resistive Plate Counter (barrel) 
Scintillator + WLSF + MPPC (end-caps) 

Particle Identification  
Time-of-Propagation counter (barrel) 
Prox. focusing Aerogel RICH (fwd) 

Central Drift Chamber 
He(50%):C2H6(50%), small cells, long 
lever arm,  fast electronics 

EM Calorimeter: 
CsI(Tl), waveform sampling (barrel) 
Pure CsI + waveform sampling (end-caps) 

Vertex Detector 
2 layers DEPFET + 4 layers DSSD 

Beryllium beam pipe 
2cm diameter 

Belle II Detector 
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DEPFET Collaboration

19

China CAS Institute for High Energy Physics (CAS), Beijing Zhen'An Liu

Czech Rep PRA Charles-University Prague Zdenek Dolezal

Germany BON HyperlinkUniversity of Bonn Norbert Wermes
DES DESY Hamburg Carsten Niebuhr
GIE University of Gießen Sören Lange
GOE University of Göttingen Ariane Frey
HEI University of Heidelberg Peter Fischer
KAR University of Karlsruhe Thomas Müller
LMU Ludwig-Maximilans-University Munich Jochen Schieck
MPI Max-Planck-Institute for Physics, Munich Christian Kiesling 
HLL Semiconductor Laboratory Munich Hans-Günther Moser
TUM Technical University of Munich Stephan Paul

Poland KRA Institute of Nuclear Physics, Krakow Maria Rozanska

Spain IFV Instituto de Fisica Corpuscular (IFIC), Valencia Carlos Lacasta
UBA University of Barcelona Angel Dieguez
CNM Centro Nacional de Microelectronica, Barcelona Enric Cabruja
IFB Inst. de Fisica d'Altes Energies (IFAE), Barcelona Mokhtar Chmeissani
IFC Inst. de Fisica de Cantabria (IFCA), Santander Ivan Vila Alvarez

PL
TC

 SP Germany
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Timeline of Flavour Experiments

20

Interplay with other important projects at the intensity frontier:
 rare kaon decays (NA62, KLOE2, KOTO,...)

 lepton flavor violation (Mu2e, COMET, MEG, Mu3e, ...)

 light quark factories (BESIII, VEPP-2000,CLEO-c, ...)

LS1 LS2

LS3 LS4

Belle II, 50ab-1 

SuperB, 75ab-1 

LHCb, 7fb-1 
LHCb*, O(50fb-1) 

2010 2015 2020 2025 2030

today

Belle, 1ab-1
1999-2010 

BaBar, 0.6ab-1
1999-2008 cancelled

~3fb-1

~5fb-1per year
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Timeline of Flavour Experiments

20

Interplay with other important projects at the intensity frontier:
 rare kaon decays (NA62, KLOE2, KOTO,...)

 lepton flavor violation (Mu2e, COMET, MEG, Mu3e, ...)

 light quark factories (BESIII, VEPP-2000,CLEO-c, ...)

LS1 LS2

LS3 LS4

Belle II, 50ab-1 

SuperB, 75ab-1 

LHCb, 7fb-1 
LHCb*, O(50fb-1) 

2010 2015 2020 2025 2030

today

Belle, 1ab-1
1999-2010 

BaBar, 0.6ab-1
1999-2008 cancelled

~3fb-1

~5fb-1per year

40 

1fb–1 at 7TeV at LHCb  ≈  
(1-5)ab–1 at Belle before tagging
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The Fate of Anti-Matter
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> No evidence for anti-matter annihilation 
radiation

> So far no evidence for anti-nuclei in 
cosmic rays 
- eagerly waiting for AMS results ...
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Early 
Universe

Today

Matter         Anti-matter

Matter
anti-matter
annihilation
 photons

Big
Bang

> Sakharov: a matter-dominated universe requires: 
1. baryon number non-conservation
2. C- and CP-violation 
3. thermal non-equilibrium

> All three conditions are satisfied in the SM, but: 
- SM-Higgs too heavy to drive 1st order phase 

transition
- CP-violation in CKM-sector is too small to explain η
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Early 
Universe

Today

Matter         Anti-matter

Matter
anti-matter
annihilation
 photons

Big
Bang

> Sakharov: a matter-dominated universe requires: 
1. baryon number non-conservation
2. C- and CP-violation 
3. thermal non-equilibrium

> All three conditions are satisfied in the SM, but: 
- SM-Higgs too heavy to drive 1st order phase 

transition
- CP-violation in CKM-sector is too small to explain η

The Fate of Anti-Matter

21

> No evidence for anti-matter annihilation 
radiation

> So far no evidence for anti-nuclei in 
cosmic rays 
- eagerly waiting for AMS results ...

Consequences:
> CPT is not conserved or
> there must be additional sources of CP-violation

- in the quark-sector (baryogenesis) or
- in the lepton-sector (transferred to quark sector, 

leptogenesis)
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„Golden Modes“ of SuperB Factories
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Areas where SuperB Factories can provide important insight into New 
Physics complementary to other experiments (LHCb): 

Emiss:
B(B→ τν), B(B → Xcτν), B(B → hνν),... 

Inclusive: 

B(B → sγ), ACP(B → sγ), B(B → sll ), ...
Neutrals:
S(B → KSπ0γ), S(B → η’ KS), S(B → KSKSKS), B(τ → µγ), B(Bs → γγ), ...
   

A.G. Akeroyd et al., arXiv: 1002.5012 B. O’Leary et al., arXiv: 1008.1541
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Physics Reach of Super Flavour Factories vs LHCb
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A.Lusiani (INFN & SNS, Pisa) The SuperB physics programme

Observable/mode Current LHCb SuperB Belle2 LHCb upgrade theory
now (2017) (2021) (2021) (10 years of now

5 fb−1 75 ab−1 50 ab−1 running) 50 fb−1
τ Decays

τ→ µγ (×10−9) < 44 < 2.4 < 5.0
τ→ eγ (×10−9) < 33 < 3.0 < 3.7 (est.)
τ→ ### (×10−10) < 150 − 270 < 244 < 2.3 − 8.2 < 10 < 24

Bu,d Decays
BR(B → τν) (×10−4) 1.64 ± 0.34 0.05 0.04 1.1 ± 0.2
BR(B → µν) (×10−6) < 1.0 0.02 0.03 0.47 ± 0.08
BR(B → K ∗+νν) (×10−6) < 80 1.1 2.0 6.8 ± 1.1
BR(B → K+νν) (×10−6) < 160 0.7 1.6 3.6 ± 0.5
BR(B → Xsγ) (×10−4) 3.55 ± 0.26 0.11 0.13 0.23 3.15 ± 0.23
ACP(B → X(s+d)γ) 0.060 ± 0.060 0.02 0.02 ∼ 10−9
B → K ∗µ+µ− (events) 250 5000 10-15k 7-10k 65,000 -
BR(B → K ∗µ+µ−) (×10−6) 1.15 ± 0.16 0.06 0.07 1.19 ± 0.39
B → K ∗e+e− (events) 165 400 10-15k 7-10k 5,000 -
BR(B → K ∗e+e−) (×10−6) 1.09 ± 0.17 0.05 0.07 1.19 ± 0.39
AFB(B → K ∗#+#−) 0.27 ± 0.14 0.040 0.03 −0.089 ± 0.020
B → Xs#+#− (events) 280 8,600 7,000 -
BR(B → Xs#+#−) (×10−6) 3.66 ± 0.77 0.08 0.10 1.59 ± 0.11
S in B → K0Sπ

0γ −0.15 ± 0.20 0.03 0.03 -0.1 to 0.1
S in B → η′K0 0.59 ± 0.07 0.01 0.02 ±0.015
S in B → φK0 0.56 ± 0.17 0.15 0.02 0.03 0.03 ±0.02

B0s Decays
BR(B0s → γγ) (×10−6) < 8.7 0.3 0.2 − 0.3 0.4 - 1.0
AsSL (×10

−3) −7.87 ± 1.96 4. 0.02 ± 0.01
D Decays

x (0.63 ± 0.20% 0.06% 0.02% 0.04% 0.02% ∼ 10−2
y (0.75 ± 0.12)% 0.03% 0.01% 0.03% 0.01% ∼ 10−2 (see above).
yCP (1.11 ± 0.22)% 0.05% 0.03% 0.05% 0.01% ∼ 10−2 (see above).
|q/p| (0.91 ± 0.17)% 10% 2.7% 3.0% 3% ∼ 10−3 (see above).
arg{q/p} (◦) −10.2 ± 9.2 5.6 1.4 1.4 2.0 ∼ 10−3 (see above).

Other processes Decays
sin2 θW at

√
s = 10.58GeV/c2 0.0002 clean

EPS-HEP 2011 – International Europhysics Conference on High-Energy Physics, Grenoble, July 21-27 2011 23

Charm mixing

ca
nc

el
le

d

arXiv:1109.5028v2 [hep-ex] 19 Oct 2011
The impact of SuperB on flavour physics
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Projected sensitivities for CKM measurements

Φ1
Φ2

Φ3

ca
nc

el
le

d

15

TABLE III: Experimental sensitivities for SuperB precision CKM measurement modes. Where appropriate, the sensitivity
for other experiments is also indicated. The current state of the art is also shown, with α and γ taken from UTFit [55],
and the remainder of the observables taken from HFAG. Entries marked with (est.) for Belle II are estimated from the
SuperB results, scaling by the difference in integrated luminosity. In order to control theoretical uncertainties on the
charmonium β measurement, one has to be able to measure Bd → J/ψπ0 or Bs → J/ψK0

S. The precision for the former
has been determined for SuperB integrated luminosities, however while LHCb will be able to measure the latter, the
precision on this control channel is not yet know, and is indicated by a ‘?’.

Observable/mode Current LHCb SuperB Belle II LHCb upgrade theory

now (2017) (2021) (2021) (10 years of running) now

5 fb−1 75 ab−1 50 ab−1 50 fb−1

α from uud 6.1◦ 5◦a 1◦ 1◦ b 1− 2◦

β from ccs (S) 0.8◦ (0.020) 0.5◦ (0.008) 0.1◦ (0.002) 0.3◦ (0.007) 0.2◦ (0.003) clean

S from Bd → J/ψπ0 0.21 0.014 0.021 (est.) clean

S from Bs → J/ψK0
S ? ? clean

γ from B → DK 11◦ ∼ 4◦ 1◦ 1.5◦ 0.9◦ clean

|Vcb| (inclusive) % 1.7 0.5% 0.6 (est.) dominant

|Vcb| (exclusive) % 2.2 1.0% 1.2 (est.) dominant

|Vub| (inclusive) % 4.4 2.0% 3.0 dominant

|Vub| (exclusive) % 7.0 3.0% 5.0 dominant

a
This estimate is based on the study in Ref. [56], combined with the expectation that the B → πππ approach will be systematics

limited at this level [57]. Ignoring systematic errors one may reach a precision of 3
◦
with 10 fb

−1
of data.

b
It is not clear how well any LHCb upgrade might be able to measure this angle, however it is unlikely to be competitive with

SuperB.

FIG. 2: Correlation between BR(τ → µγ) and BR(τ → µµµ) in the LHT for the symmetry breaking scale f = 500 GeV.
The solid lines indicate expected SuperB sensitivities.

can be used to test for right handed currents include the time-dependent CP asymmetry parameters measured

in B0 → K0
Sπ

0γ, a mode which is only accessible in an e+e− environment.

The set of inclusive observables encompassing b → sγ and b → s�� transitions can be used to constrain the

MSSM with generic soft SUSY-breaking terms. These measurements are essentially constraints on off-diagonal
entries of the squark mixing matrices as functions of the average SUSY mass. Figure 4 shows the constraints

that can be achieved on the real and imaginary parts of the mass insertion parameter (δd23)LR for a SUSY scale

1 TeV (top plot) and the region of mass insertions and SUSY masses where a deviation from the SM larger than

3σ can be observed at SuperB (bottom plot). SUSY searches at the LHC are starting to rule out the parameter

space for low energy scales ∼ 1 TeV, and it is possible that by the time SuperB starts running, there will be

no evidence for new physics. In this case combinations of flavour observables, such as those described here, can

provide a window to probe to energies beyond the reach of the LHC. For mass insertions ∼ 0.1 the energy scale

probed by SuperB is 10 TeV, and for larger values the scale increases. Direct searches for SUSY at the LHC

The impact of SuperB on flavour physics

arXiv:1109.5028v2 [hep-ex] 19 Oct 2011
The impact of SuperB on flavour physics
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Super Flavour Factory Potential
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B. Golob, Status of Belle II      FPCP, May 2013 

Requirements for SBF 

Requirements  
    !(102) higher luminosity 

 
 
  complementarity to other intensity  

    frontiers experiments (LHCb,  
    BES III, ....);  
 
 
 
 
   accurate theoretical predictions to  

     compare to 
 

Adopted from G. Isidori et al., Ann.Rev.Nucl.Part.Sci. 60, 355 (2010) 

Super B factory 

LHCb 

K experiments 

"(B Xs )                                                                                                   6%          Super-B 
"(B Xd )                                                                                                   20%        Super-B 
S(B )                                                                                                     0.15        Super-B 
"(  )                                                                                                      3 10-9     Super-B (90% U.L.) 
"(B+ D )                                                                                                  3%          Super-B 
"(Bs )                                                                                                 0.25 10-6    Super-B (5 ab-1) 
 sin2

W @ (4S)                                                                                           3 10-4     Super-B  

Introduction Inclusive 
Neutrals 

Emiss Summary 

18/19 

SM Theory Present Future FutureObservable
prediction error result error Facility

|Vus| [K → π"ν] input 0.5% → 0.1%Latt 0.2246± 0.0012 0.1% K factory

|Vcb| [B → Xc"ν] input 1% (41.54± 0.73)× 10−3 1% Super-B

|Vub| [B → π"ν] input 10% → 5%Latt (3.38± 0.36)× 10−3 4% Super-B

γ [B → DK] input < 1◦ (70+27
−30)

◦ 3◦ LHCb

SBd→ψK sin(2β) ∼< 0.01 0.671± 0.023 0.01 LHCb

SBs→ψφ 0.036 ∼< 0.01 0.81+0.12
−0.32 0.01 LHCb

SBd→φK sin(2β) ∼< 0.05 0.44± 0.18 0.1 LHCb

SBs→φφ 0.036 ∼< 0.05 — 0.05 LHCb

SBd→K∗γ few × 0.01 0.01 −0.16± 0.22 0.03 Super-B

SBs→φγ few × 0.01 0.01 — 0.05 LHCb

Ad
SL −5× 10−4 10−4 −(5.8± 3.4)× 10−3 10−3 LHCb

As
SL 2× 10−5 < 10−5 (1.6± 8.5)× 10−3 10−3 LHCb

ACP (b → sγ) < 0.01 < 0.01 −0.012± 0.028 0.005 Super-B

B(B → τν) 1× 10−4 20% → 5%Latt (1.73± 0.35)× 10−4 5% Super-B

B(B → µν) 4× 10−7 20% → 5%Latt < 1.3× 10−6 6% Super-B

B(Bs → µ+µ−) 3× 10−9 20% → 5%Latt < 5× 10−8 10% LHCb

B(Bd → µ+µ−) 1× 10−10 20% → 5%Latt < 1.5× 10−8 [?] LHCb

AFB(B → K∗µ+µ−)q2
0

0 0.05 (0.2± 0.2) 0.05 LHCb

B → Kνν̄ 4× 10−6 20% → 10%Latt < 1.4× 10−5 20% Super-B

|q/p|D−mixing 1 < 10−3 (0.86+0.18
−0.15) 0.03 Super-B

φD 0 < 10−3 (9.6+8.3
−9.5)

◦ 2◦ Super-B

B(K+ → π+νν̄) 8.5× 10−11 8% (1.73+1.15
−1.05)× 10−10 10% K factory

B(KL → π0νν̄) 2.6× 10−11 10% < 2.6× 10−8 [?] K factory

R(e/µ)(K → π"ν) 2.477× 10−5 0.04% (2.498± 0.014)× 10−5 0.1% K factory

B(t → c Z, γ) O
(
10−13

)
O
(
10−13

)
< 0.6× 10−2 O

(
10−5

)
LHC (100 fb−1)

TABLE VIII: Status and prospects of selected Bs,d, D, K and t observables (based on information from

Ref. [46, 91, 92]). In the third column “Latt” refer to improvements in Lattice QCD expected in the next

5 years. In the fourth column the bounds are 90%CL. The errors in the fifth column refer to 10 fb−1 at

LHCb, 50 ab−1 at Super-B, and two years at NA62 (“K factory”). In the third and fifth column the errors

followed by “%” are relative errors, whil the others are absolute errors. For entries marked “[?]” we have

not found a reliable estimate of the future experimental prospects.
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Requirements for SBF 

Requirements  
    !(102) higher luminosity 

 
 
  complementarity to other intensity  

    frontiers experiments (LHCb,  
    BES III, ....);  
 
 
 
 
   accurate theoretical predictions to  

     compare to 
 

Adopted from G. Isidori et al., Ann.Rev.Nucl.Part.Sci. 60, 355 (2010) 

Super B factory 

LHCb 

K experiments 

"(B Xs )                                                                                                   6%          Super-B 
"(B Xd )                                                                                                   20%        Super-B 
S(B )                                                                                                     0.15        Super-B 
"(  )                                                                                                      3 10-9     Super-B (90% U.L.) 
"(B+ D )                                                                                                  3%          Super-B 
"(Bs )                                                                                                 0.25 10-6    Super-B (5 ab-1) 
 sin2

W @ (4S)                                                                                           3 10-4     Super-B  

Introduction Inclusive 
Neutrals 

Emiss Summary 

18/19 

Super−B
Super−B
Super−B
Super−B
Super−B
Super−B
Super−B

Adopted from G. Isidori et al., 
Ann.Rev.Nucl.Part.Sci. 60, 355 (2010)
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Belle Detector Performance

26

Table 1
Performance parameters expected (or achieved) for the Belle detector

Detector Type Configuration Readout Performance

Beam pipe Beryllium double wall Cylindrical, r ¼ 20 mm He gas cooled
0:5=2:5=0:5 ðmmÞ ¼ Be=He=Be

EFC BGO Photodiode readout segmentation: 160$ 2 RMS energy resolution:
32 in f; 5 in y 7.3 % at 8 GeV

5.8% at 3:5 GeV

SVD Double-sided Si strip Chip size: 57:5$ 33:5 mm2 f: 40:96k sDzB80 mm
Strip pitch: 25 (p)/50 (n) mm z: 40:96k
3 layers: 8/10/14 ladders

CDC Small cell drift chamber Anode: 50 layers A: 8:4k srf ¼ 130 mm
Cathode: 3 layers C: 1:8k sz ¼ 200–1400 mm
r ¼ 8:3–86:3 cm spt=pt ¼ 0:3%

ffiffiffiffiffiffiffiffiffiffiffiffiffi

p2t þ 1
p

&77pzp160 cm sdE=dx ¼ 6%

ACC Silica aerogel 960 barrel/228 end-cap Np:e:X6
FM-PMT readout K/p separation: 1:2opo3:5 GeV=c

TOF Scintillator 128 f segmentation 128$ 2 st ¼ 100 ps
r ¼ 120 cm; 3-m long K/p separation: up to 1:2 GeV=c

TSC 64 f segmentation 64

ECL CsI Barrel: r ¼ 125–162 cm 6624 sE=E ¼ 1:3%=
ffiffiffiffi

E
p

(towered structure) End-cap: z ¼ &102 cm and þ196 cm 1152 (F) spos ¼ 0:5 cm=
ffiffiffiffi

E
p

960 (B) (E in GeV)

KLM Resistive plate counters 14 layers y: 16k Df ¼ Dy ¼ 30 mr
ð5 cm Feþ 4 cm gap) f: 16k for KL

2 RPCs in each gap B1% hadron fake

Magnet Supercon. Inner radius ¼ 170 cm B ¼ 1:5 T

QC2LE

QC2LP

QC1LE

QC2RE

QC2RP

QC1RE

BL1RPQC3RP QC4RP

BL2LP
BL1LP

QC3LP

QC4LP BC3LP

BC2LP
BH2RE

BC2LE

BC1RE

BC2RE

BH1LE

BC3LE

5 10 15 20 25 30m

QCS-L

QCS-R

elect ron

posit ron

1

2

3 m

Fig. 2. Layout of the interaction region for the beam crossing angle of 711 mr:

A. Abashian et al. / Nuclear Instruments and Methods in Physics Research A 479 (2002) 117–232 125
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Thermal VXD Mockup and CO2 Cooling

27

Hot water 
chiller

CO2 Distributor
Beam pipePXD dry volume end caps

Vacuum 
pump

Vacuum isolated 
transfer lines (8m)Paraffin chillerBeam pipe 

heating

> VXD cooling based on evaporative 
2-phase CO2 cooling

> Common development with ATLAS
- CERN, NIKHEF, MPI, (DESY)
- high level of synergy 

> Verify concept of VXD heat management

> Optimise layout of transfer lines, inlet and 
outlet tube geometry

Cooling Block

design MPI

CO2 System MARCO

PXD Detail
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Remote Vacuum Connection & VXD Installation

> Extremely tight space constraints around IP

> Only very limited or even no access possible to 
vacuum flanges between IR and QCS beam pipes 
on left side

> Proposal for alternative installation procedure 
based on novel hydraulic RVC designed by DESY
- requires close interaction with SuperKEKB machine 

group (magnet, vacuum)

28

no access

36;<=> ?=%(. @. 3ABInstallation Mockup @ MPI RVC Mockup @ DESY
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Tracker Alignment

Alignment and calibration with 
MillePede using General Broken 
Lines interfaced via GENFIT

              Linearization of the track 
model to calculate corrections to 
initial values of global alignment 
and calibration parameters

              Fast global track refit taking 
multiple scattering into account

Alignment and calibration task 
force lead by DESY
Milestones:

 Test of alignment framework with
Jan 2014 testbeam data ongoing

 CDC cosmics alignment: May 2015
 VXD cosmics alignment: Oct 2015

29

u s

measurement 1 2 3 nmeas
thin scatterer 1 2 3 4 5 6 nscat-1 nscat

k uint

kink interpolation
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> Full Belle mdst data set copied to DESY in 2013
- contribution to data preservation effort
- needed for AFB analysis

> DESY contributed very visibly to first large Grid 
Belle II MC production challenge

> Belle II Computing MoU recently signed
- GRIDKA as Tier1
- DESY as Tier2

Nagoya
1.5PB + 260TB

RCNP
300TB

PNNL
1PB disc
1PB tape

Peking
~10TB

Hangyang, 
Kyungpook
, Yonsei
20TB each

KISTI
50TB+200TB

IITG
30TB soon

NTU
~26TB

Vienna
50TB

JSI
O(10) TB

DESY
0.5PB

TIFR
~6TB each

EKP
few TB
GridKa
few TB

Melbourn
e
1PB requested

VPI
25 TB

Distribution of Belle I physics data skims

Computing & Data Preservation

30
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Belle II Computing Model
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KEK  Data  Center PNNL  Data  Center

Regional  Data  Center

GRID  site Cloud  site Computer  cluster  site

Local  resource

Europe  2Europe 1Asia

MC  production  site

Raw  Data  Center

Raw  data
mdst  Data
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or Raw  data  storage

   and  processing
Raw  data  duplex.
 processing

Belle II  Computing  Model
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Computing Hardware Resources for Belle II
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Preliminary  estimates  depend  on
 many  unknown  parameters

.  accelerator  performance

.  data  reduction

.  performance  of  simulation/reconstruction

.  analysis  requirements, ...

CMS
=671kHS

LHCb
=173kHS

CMS(2013)=74PB
ATLAS(2013)=68PB

LHCb(2013)=16PB

ATLAS(2013)
=95PB

CMS(2013)=60PB

LHCb(2013)=11PB

ATLAS
=843kHS

2013

Hardware  Resources  for  Belle II
5
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Nano-Beam Scheme for SuperKEKB
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„Nano-Beam“ scheme (P. Raimondi, DAΦNE):
Squeeze vertical beta function at the IP (β*y) by minimizing longitudinal size of overlap region of the two 
beams at the IP, which generally limits effective minimum value of βy∗ through hourglass effect.
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/ Nuclear Physics B Proceedings Supplement 00 (2012) 1–6 3

KEKB SuperKEKB

Parameter LER HER LER HER

Beam energy [GeV] 3.5 8 4 7

Half crossing angle [mrad] 11 41.7

Horizontal emittance [nm] 18 24 3.2 5.0

Emittance ratio [%] 0.88 0.66 0.27 0.25

Horizontal beta function at IP [mm] 1200 32 25

Vertical beta function at IP [mm] 5.9 0.27 0.31

Beam currents [A] 1.64 1.19 3.60 2.60

Beam-beam parameter 0.129 0.090 0.0886 0.0830

Luminosity [10
34

cm
−2

s
−1

] 2.1 80

Table 1: Parameters of the KEKB and SuperKEKB accelerators.

reach its design performance in the year 2020, an in-

tegrated luminosity of 50 ab
−1

will be collected until

2022. The projected SuperKEKB performance is illus-

trated in Fig. 1.

Several improvements with respect to the KEKB ac-

celerator lead to the increase in luminosity by almost

two orders of magnitude. The factors affecting the lu-

minosity, L, are given in the formula

L = γ±
2ere

�
1 +
σ∗y
σ∗x

�
I±ξy,±
β∗y,±

RL

Rξy
, (1)

where γ is the Lorentz factor, σ∗y/σ
∗
x the beam size as-

pect ratio, I the beam current, β∗y the vertical beta func-

tion at the interaction point, ξy the beam-beam param-

eter, and RL/Rξy a geometrical factor. The subscript ±
refers to the product of the corresponding quantities for

the low energy positron (LER) and high energy electron

(HER) beams.

The main increase in luminosity comes from a signif-

icantly smaller beam size at the interaction point, called

nano beam scheme [10]. By new quadrupole magnets in

the interaction region the beta functions are reduced in y
direction from 5.9 mm to 0.27/0.31 mm for HER/LER,

and in x direction from 120 cm to 3.2/2.5 cm.

Since the beam-beam parameter is proportional to�
β∗/�, the emittance � has to be reduced to keep the

beam-beam parameter at a similar level as at KEKB.

A reduction of the emittance from 18/24 nm to 3.2/5.0

nm is obtained by installing a new electron source and a

new damping ring, in addition to a redesign of the HER

and LER lattices. The last contribution to the luminos-

ity gain comes from higher beam currents. They are

increased from 1.6/1.2 A to 3.6/2.6 A.

The higher luminosity also leads to higher back-

ground levels. The effect of background source, like

radiative Bhabha scattering, Touschek scattering, and

beam-gas interactions, on the detector performance is

assessed in detailed simulation studies. A further conse-

quence of the design for a luminosity of 8×10
35

cm
−2

s
−1

is the reduction of the beam energy asymmetry from

3.6/8 GeV to 4/7 GeV and an enlargement of the cross-

ing angle from 22 mrad to 83 mrad. A summary of

the main accelerator parameters for KEKB and Su-

perKEKB can be found in Tab. 1.

The ground-breaking ceremony at KEK on Novem-

ber 18, 2011, was the formal start of the SuperKEKB

project. The first new LER dipole magnets were in-

stalled in the tunnel on February 7, 2012. The construc-

tion of the new damping ring has started this year as

well.

4. Detector

Because of the increased level of background, the

Belle II detector has to cope with higher occupancy and

radiation damage than the Belle detector. Furthermore

the increased event rate puts high demands on trigger,

data acquisition, and computing. To be able to operate

at the conditions at the SuperKEKB collider, the com-

ponents of the Belle detector are either upgraded or re-

placed by new ones. Figure 2 shows the components of

the Belle II detector and their main features. A detailed

description of the detector can be found in Ref. [4].

The innermost part of the tracking system consists of

two layers of silicon pixel sensors (PXD) based on the

DEPFET technology. It is surrounded by four layers

of double sided silicon strip detectors (SVD). With the

excellent spatial resolution of the PXD an impact pa-

rameter resolution in beam direction of ∼ 20 µm can be

achieved leading to an improved determination of the

vertex position. The larger outer radius of the SVD

compared to Belle gives an increase in efficiency of

Reduced energy asymmetry

 HER 8 –> 7 GeV:

reduced synrad, Ec

 LER 3.5 –> 4 GeV:

better beam lifetime τTouschek∝γ3

 smaller Lorentz boost:

need better vertex resolution
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Peter Kri!an, Ljubljana 

e- 2.6 A 

e+ 3.6 A 

To get x40 higher interaction rate 

Colliding bunches 

Damping ring 

Low emittance gun 

Positron source 

New beam pipe 
& bellows 

Belle II 

New IR 

TiN-coated beam pipe 
with antechambers 

Redesign the lattices of HER & 
LER to squeeze the emittance  

Add / modify RF systems 
for higher beam current 

New positron target / 
capture section 

New superconducting 
/permanent final focusing  
quads near the IP 

Low emittance 
electrons to inject 

Low emittance 
positrons to inject 

Replace short  dipoles 
with longer ones (LER) 

KEKB to SuperKEKB 
From KEKB to SuperKEKB
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VXD Slice Test  @ DESY Testbeam in Jan 2014
PCMAG @ TB24/1Major Belle II milestone

 operate 2 PXD + 4 SVD sensors in B-field 
of 1T with final electronics + CO2 cooling

 perform full system test

 integration of SC system based on EPICS

 establish data-size-reduction scheme 
using HLT feedback to the PXD-readout 
(RoI)

 test reconstruction & alignment framework
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Integration of PXD DAQ into Belle II DAQ 

x1/10

x1/3

7-20 GB/s

Slow Control

A.Campbell


