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The Belle II Experiment at SuperKEKB
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Motivation

SuperKEKB / Belle II Upgrade
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Current Constraints on Unitarity Triangle 

Good consistency of all measurements and their agreement with CP violation 
in               mixing, εK, and with SM predictions
Spectacular confirmation of CKM model as dominant source of flavour and CP 
violation
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Consistency of Different Determinations

„New Physics flavour problem“ - i.e. tension between
- relatively low (TeV) scale required to stabilize EW scale
- high scale needed to suppress FCNC
Any extension of SM must be able to preserve these features
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Consistency of the KM mechanism

dm sm & dm

ubV

-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

ex
cl

ud
ed

 a
re

a 
ha

s 
C

L 
> 

0.
95

Winter 12

CKM
f i t t e r

K

K

sin 2
(excl. at CL > 0.95)

 < 0sol. w/ cos 2

-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

ex
cl

ud
ed

 a
re

a 
ha

s 
C

L 
> 

0.
95

Winter 12

CKM
f i t t e r

CP allowed only CP violating only

)(

ubV

-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

ex
cl

ud
ed

 a
re

a 
ha

s 
C

L 
> 

0.
95

Winter 12

CKM
f i t t e r dm

K

K
sm & dm

sin 2
(excl. at CL > 0.95)

 < 0sol. w/ cos 2

-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

ex
cl

ud
ed

 a
re

a 
ha

s 
C

L 
> 

0.
95

Winter 12

CKM
f i t t e r

Tree only Loop only

Validity of Kobayashi-Maskawa picture of CP violation
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Origin and Dynamics of Flavour ?

While the SM describes flavour 
physics very accurately, it does not 
explain its mysteries

- why are there three generations?

- why does the fermion spectrum 
cover so many orders of 
magnitude?

- why is mixing for quarks so 
different from that of neutrinos?

- why is there this strong hierarchy?

- why is the CP-violating phase of 
the CKM-matrix unsuppressed?
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CKM vs. PMNS 

Why these values? Are the two related? Are they related to masses? 
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Two Frontiers to Search for New Physics
Two complementary approaches to study shortcomings of the Standard 
Model and to search for so far unobserved processes and particles (i.e. 
New Physics). Energy frontier and intensity frontier

Energy frontier: 
- direct search for production of unknown particles

at the highest achievable energies
- detection of „real“ new particles

Intensity frontier: 
- search for rare processes, deviations between

theory predictions and experiments with ultimate
precision
- see effects of „virtual“ new particles in loops
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2 Introduction

new form of matter that interacts through gravity and possibly through very weak couplings to the SM

fields; hence the term “dark.” In addition, the observed asymmetry of matter and antimatter in the universe

remains unexplained by the SM.

These considerations point to the existence of new physics, defined as laws and symmetries of Nature that

lie beyond the SM. Currently, numerous imaginative theories for new physics have been proposed, but

experiments have yet to provide guidance pointing to the correct fundamental theory. Much of the worldwide

effort in particle and nuclear physics is driven by searches for evidence of new particles and interactions.

The three-frontier model of particle physics was defined by the Particle Physics Project Prioritization Panel

in its 2008 report [1] and is often represented by the Venn diagram in Fig. 1-1. It has proven beneficial

for various levels of communication and is now widely used and recognized. Each frontier employs different

tools and techniques, but all frontiers work together to address the same fundamental questions.

At the cosmic frontier, physicists use the universe as an experimental laboratory and observatory, taking

advantage of naturally occurring events to observe indications of new interactions. Research focuses on

understanding dark energy and dark matter, employing a variety of instruments to measure particles on or

close to Earth. This program is pursued worldwide with a leading component in the United States.

At the energy frontier, experiments explore the highest possible energies reachable with accelerators, directly

looking for new physics via the production and identification of new states of matter. This has the advantage

of direct observation in a laboratory setting, but is limited by the kinematical reach of high energy colliders.

This work is now being carried out at the LHC at CERN, which collides protons at a center of mass energy

of 7-8 TeV, increasing to 14 TeV in the next few years.

At the intensity frontier, experiments use intense sources of particles from accelerators, reactors, the sun and

the atmosphere to explore new interactions. This involves ultra-precise measurements to search for quantum

effects of new particles in rare processes or effects that give rise to tiny deviations from SM predictions. This

technique has the asset of exploring very high energy scales, although pinpointing the correct underlying

theory is more complex. This program is currently pursued worldwide.

Figure 1-1. Illustration of the three frontiers of particle physics from [1].

Fundamental Physics at the Intensity Frontier

Heavy Flavour
Physics
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Energy versus Intensity Frontier
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Indirect discovery of New Physics 
in quantum loops via high precision 
measurements, searching for small 
deviations from the SM.

Peter Kri!an, Ljubljana 

New Physics reach 

NP mass scale 
(TeV) 

NP coupling   

Belle 

Belle II 

energy frontier vs. intensity frontier 

NP flavour viol. coupling

Illustrative sketch
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Recent LHC results push energy scale of New Physics higher
- increased fine-tuning required for explanation of EW scale
This, however, reduces the New Physics Flavour Problem
-  chances to see New Physics in flavour physics have in fact increased!

Fine-Tuning / Naturalness
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Figure 1: Fine-tuning arising from different observables and parameters as a function of the

overall soft SUSY breaking scalar scale m0 (for details see Sect. 3). The blue curve corresponds

to the electroweak fine-tuning in m2
Hu

. The yellow line is for the flavour changing decay µ → e γ
with respect to the off-diagonal slepton mass termm2

µ̃RẽR
, red gives the fine-tuning forK0 ↔ K̄0

oscillations with respect to the off-diagonal squark mass m2
s̃d̃
, and finally the green curve arises

from the CP violation fine-tuning discussed in Sect. 4.

As above this fine-tuning decreases with increasing superpartner masses due to decoupling.

However, the decrease is somewhat slower (cf. the red line in Fig. 1).

Looking at the different fine-tunings plotted in Fig. 1 we can clearly see that an increasing

overall mass scale makes the electroweak fine-tuning worse while the ones arising from flavour

(and CP) get relaxed. This suggests, that when different fine-tunings are combined the minimal

value should be in an intermediate TeV-scale region. This is what we will look at in the next

sections.

3 Interplay between the electroweak and flavour fine-tunings

Having identified two (or even several) quantities that require fine-tuning we need a measure

for the combined degree of unnaturalness.

The question of fine-tuning is related to the amount of parameter space available to repro-

duce the observed quantities (see [12] for a discussion). For a more fine-tuned parameter the

parameter space producing a result of the right order of magnitude is small. However, this

parameter space can be small for two reasons 1) The measurement of the quantity in question

is simply very precise, or 2) The value of the quantity is truly unnatural. For a fine-tuning we

are only interested in the latter. Let us consider the case where a quantity is unnaturally small.

Then the precision of the measurement is factored out if one asks how much parameter space

reproduces the measured value or below. This amount of parameter space relative to the natural

volume of parameter space is measured by the typical fine-tuning measures (see Sect. 3): taking

the natural parameter space interval (or volume), 1/F is the fraction of this interval (or volume)

that gives a value of the observable with the measured value or below. Alternatively one can

say, drawing random values from the parameter space, the probability is ∼ 1/F , to obtain a

parameter value that gives a value for the observable equal to the measurement or below. This

probability interpretation also compels us to bound the possible fine-tuning from below by 1.

Practically this can be achieved my taking the maximum of the calculated fine-tuning and 1.

This probabilistic picture naturally generalizes to a fine-tuning in several variables and

observables. If we have two independent fine-tunings, F1 and F2 in terms of two independent

parameters, the resulting fine-tuning is given by the product,

Ftot = F1F2. (3.1)

5

Electroweak fine-
tuning to m2Hu

Overall soft SUSY breaking scalar scale m0 [TeV]

K0 mixing

CPV

µ → e γ

mH=125 GeV

Jäckel / Khoze
arXiv: 1205.7091
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Hints of Deviations from SM at Intensity Frontier
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Agreement with no CP violation CL = 2.0x10−5 
But not yet at 5σ level ...

aCPind = (0.027 ± 0.163 )% 
ΔaCPdir = (−0.678 ± 0.147 )%
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Hints of deviations from SM at few ! level 

HFAG, preliminary 

Introduction Inclusive 
sin2"1 Neutrals 
Emiss General requirements 

Significance decreased w.r.t. 2011
(new hadronic tag Belle data)

Significance increased w.r.t. 2011
(new time integrated D0–>h+h- results from CDF)
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KEKB –> SuperKEKB Goals and Prospects
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SuperKEKB
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- check if KM scheme of SM correct
- provide quantitative test of KM 

mechanism of CP violation 
- CKM parameters were known well 

enough to make a safe prediction of 
required luminosity

- understand origin of masses and mixing 
parameters and search for New Physics

- understand origin of matter-antimatter 
asymmetry in the universe

- no minimum luminosity for guaranteed 
success

/ Nuclear Physics B Proceedings Supplement 00 (2012) 1–6 2
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Figure 1: Projected SuperKEKB luminosity.

Since the measurement of an unexpectedly large dif-

ference between the CP asymmetries of D0 → K+K−
and D0 → π+π− decays by LHCb and CDF [5, 6] the

interest in the charm sector has grown. At Belle II,

these asymmetries will be measured with a precision of

around 0.07, and in the D+− > KS π+ decay mode with

around 0.05. Furthermore, with measurements of the

D0
mixing parameters x and y with a projected preci-

sion below a permil and expected improvements of the

CP violation parameters |p/q| and φ by about a factor of

three the Belle II experiment will play an important role

in the search for NP in the charm sector.

The large neutrino mixing angle θ13, first observed by

Daya Bay [7], increased the attention payed to the lep-

ton sector. If NP is hidden here, the Belle II experiment

has chances to see it in lepton flavor violating decays,

like τ→ µγ or τ→ µη, where the sensitivity can be in-

creased by an order of magnitude or more with respect

to current results.

Finally also B0

s decays can be studies in runs at the

Y(5S ) center of mass energy. While most B0

s measure-

ments will be dominated by LHCb, the clean environ-

ment and well defined initial state of e+e− collisions

allows to perform some measurements that can not or

hardly be done at LHCb, like B(B0

s → γγ) where the

sensitivity of Belle II is about 3 × 10
−7

.

B factories are in particular superior in the measure-

ment of decays involving one or more neutrinos, like

B → D(∗)τν where BaBar has measured branching ra-

tios that are inconsistent with predictions of the SM as

well as type II two-Higgs-doublet models [8]. Such

measurements are possible because no other particles

than the two B mesons are produced in the Y(4S ) de-

cays. If one of the B mesons can be reconstructed, ei-

ther fully in a hadronic decay or partially in a semilep-

tonic decay where only the neutrino is not detected, then

all other particles in the detector can be assigned to the

other B meson and checked for their consistency with

the studied signal B decay. In case of a full reconstruc-

tion of the tag side B meson even the momentum of the

signal B meson can be determined and exploited in the

signal selection. This unique feature of B factories is

one of the examples that illustrates the complementarity

to the flavor physics program at hadron colliders. Fur-

ther details and projected sensitivities can be found in

Ref. [9].

3. Accelerator

The SuperKEKB e+e− collider is an upgrade of the

KEKB accelerator and designed to reach an instanta-

neous luminosity of 8×10
35

cm
−2

s
−1

, forty times higher

than the KEKB record luminosity. Its commissioning

is planned for the year 2015. Expecting that it will
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Luminosity Goals of Super Flavour Factories
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Experimental Flavour Landscape 2011 - 2030
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Experimental Flavour Landscape: 2011 - 2030
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FIG. 1: Time scales of data taking anticipated for existing, approved, and proposed flavour physics experiments discussed
in this document. One can see that LHCb, BES III and NA62 will have completed their currently defined run programmes
prior to the SuperB and Belle II. Any upgrade of LHCb would achieve final results sometime after the Super Flavour
Factories will have achieved their goals.

• On the time-scale that SuperB will accumulate 75 ab−1, it is expected that Belle II will be able to integrate
50 ab−1 at the Υ (4S). One would then expect that SuperB will outperform Belle II in terms of precision
by about 20% in general for measurements that are not limited by systematic uncertainties. Where mea-
surements will be limited by systematic uncertainties, the expectation of the ultimate precision reached
depends on assumptions that have entered into extrapolations, and differences between experiments should
be interpreted as a possible range of the ultimate precision attainable.

• SuperB can run at energies below the Υ (2S), and will run at both the Υ (1S) and ψ(3770). This provides
SuperB with a significantly broader physics programme through the direct searches for light scalar mesons
(Higgs and Dark Matter), tests of lepton universality, searches for Dark Forces, and so on. Measurements
at charm threshold will feed back into the B physics programme of all flavour experiments: for example
reducing model uncertainties in the measurement of the Unitarity triangle angle γ, and improving the
precision of charm mixing measurements. Other charm threshold measurements will also enable lattice
QCD to be tested more precisely in a regime where calculations are better understood. This will impact
upon the corresponding work in B decays.

• The electron beam at SuperB will be polarised to at least 80% for running at the Υ (4S). The polarized
electron beam provides SuperB with the ability to perform precision electroweak studies in an energy
regime free from hadronic uncertainties related to b fragmentation that otherwise limit the interpretation of
SLC/LEP measurements, and also provides an additional kinematic variable to support background fighting
techniques in rare and Lepton Flavour Violating (LFV) τ decay studies. The benefits of polarisation for τ
LFV are model dependent.

More details on the Belle II experiment and physics programme can be found in Ref. [13].

B. BES III

The physics programme of BES III, an e+e− experiment running at charm threshold, will overlap significantly
with the SuperB measurements made at charm threshold. The anticipated data sample to be accumulated at
the ψ(3770) by BES III is 10 fb−1 by the middle of the this decade [14]. In comparison, SuperB expects to be

The impact of SuperB on flavour physics

5 fb-1

50 fb-1

75 ab-1

50 ab-1
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The impact of SuperB on flavour physics

5 fb-1

50 fb-1

75 ab-1

50 ab-1

40 

1 fb–1 at 7TeV at LHCb  ≈  
(1-5) ab–1 at Belle before 
tagging
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Clean Environment at B-Factories
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Nearly hermetic detectors
Fully reconstruct one of the Bʻs to 
- tag B flavor/charge
- determine B momentum
- exclude decay products of one B from 

further analysis
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„Golden Modes“ of Super B Factories

13

Areas where Super B 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. OʼLeary et al., arXiv: 1008.1541
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Example: Constraints on Charged Higgs from B →τν
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Figure 5.19: 95.5% C.L. exclusion region (left) and 5σ discovery region (right) of charged Higgs
at 5 ab−1 (top) and 50 ab−1. In the left plots, the green area shows the exclusion region at
Super B Factory. In the right plots, the red area shows the discovery region, while the green
area shows the present exclusion region.
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An example: Hunting the charged Higgs 
in the decay B-   
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In some supersymmetric extensions it can also  
proceed via a charged Higgs   

In addition to the Standard Model Higgs to be discovered at the 
LHC, in New Physics (e.g., in supersymmetric theories) there could 
also be a charged Higgs. 

The charged Higgs would influence the decay of a B meson to a 
tau lepton and its neutrino, and modify the probability for this 
decay. 
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Figure 5.18: The 95.5% C.L. exclusion boundaries in the [MH+ , tan β] plane obtained from the
measured branching fraction of B− → τ−ν.

The assumption on the error of |Vub| is reasonable because |Vub| can be constrained not only
from its measurement from semi-leptonic B decays but also from many other measurements on
the unitarity triangle. On the other hand, the precision of fB depends on the development of
the lattice calculation, and it is not clear whether this assumption is valid. It is essential to keep
its error at the similar size as |Vub|.

5.4.3 B → !ν

The expected branching fractions of B → µνµ and B → eνe are by several orders lower than
B → τντ as listed in Table 5.8. On the other hand, these modes are experimentally easier to
study than B → τντ due to a single neutrino and a monochromatic lepton in the final state. In
fact, B → µνµ is almost within a reach of present B factories.

The strategy of the analysis is as follows. Because B+ → $+ν" is a two-body decay, the lepton
has a fixed momentum in the signal B meson (Bsig) rest frame, with pB

" equal to approximately
half of the B meson mass, pB

" ∼ mB/2. The lepton momentum in the CM frame, p∗" , is related
to pB

" by

pB
" # p∗"

(
1 −

|%p ∗
Bsig |
mB

cos θ"-Bsig

)
(5.30)

where %p ∗
Bsig is the momentum of the Bsig in the CM frame and cos θ"-Bsig represents the cosine

of the angle between the directions of the signal lepton and Bsig in the CM frame.
Since the neutrino is not detected in the Bsig decay, we need to obtain %p ∗

Bsig using the
information of the companion B meson (Bcomp) recoiling against Bsig. The quantity |%p∗Bsig | is

approximately given by
√

E2
beam − m2

B # 0.32 GeV/c using the beam energy in the CM frame
(Ebeam), while cos θ"−Bsig is related to the angle between the direction of the signal lepton and
the momentum of Bcomp(θ"−Bcomp) by cos θ"−Bsig = − cos θ"−Bcomp . Thus, equation (5.30) can
be expressed in terms of two measurable quantities, p∗" and cos θ"−Bcomp :

pB
" # p∗"(1 + 0.065 cos θ"−Bcomp). (5.31)
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Belle O(1) ab-1

2HDM-II

BR2HDM

BRSM

(B → lν) =

�
1− tan2 β

m2
b

m2
H±

�2

BRexp(B
+ → τ+ν) = (1.67± 0.30)× 10−4
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Prospects for Lepton Flavour Violation

15

Peter Kri!an, Ljubljana 

LFV and New Physics 
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Neutral Higgs mediated decay. 
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Integ. Lum.  ab-1  

          model         Br( )     Br( lll ) 
mSUGRA+seesaw  10-7        10-9 
SUSY+SO(10)    10-8        10-10 
SM+seesaw     10-9        10-10 
Non-Universal Z’  10-9        10-8 
SUSY+Higgs     10-10        10-7 

! lepton flavor violation 

4 

! " l#  

•  SUSY + seesaw 
•  Large LFV 

! " 3l, l$%

•  Neutral Higgs mediated decay 
•  Important when MSUSY >> EW scale 

experimental 
sensivity 

mode Br(! " µ#) Br(! " 3l) 

mSUGRA + 
seesaw 

10-7 10-9 

SUSY + SO(10) 10-8 10-10 

SM + seesaw 10-9 10-10 

Non-universal Z’ 10-9 10-8 

SUSY + Higgs 10-10 10-7 

The full range of ! LFV modes is only accessible at a Super B 
factory! 
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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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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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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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Belle II Collaboration
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20 countries, 67 institutions, ~450 collaborators

Germany second largest after Japan  
German contribution: Pixel Detector PXD
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DESY joined Belle II in November 2011

20

MEMORANDUM OF UNDERSTANDING
between

the Belle II International Collaboration
at the High Energy Accelerator Research Organization, KEK

High Energy Accelerator Research Organization, KEK 
1-1 Oho, Tsukuba-shi

Ibaraki 305-0801, Japan

the Federal Ministry of Education and Research
Heinemannstr. 2, 53175 Bonn

the Deutsches Elektronen-Synchrotron
Notkestraße 85, 22607 Hamburg

the Max-Planck-Gesellschaft
Hofgartenstr. 8, 80539 München18.11.2011

Groundbreaking Ceremony
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PXD Overview
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�

PXD Mechanics Mechanical Mockup Service Space Mockup MPI Contributions

Mechanical Mockup

MPI is producing a mechanical Mockup verify mechanical design and spacial
requirements

� including all components (e.g. carbon tubes)
� using latest beampipe mockup we received from KEK
� all parts with correct dimensions, not necessary �nal materials
� not functional for thermal or electrical studies

Karl-Heinz Ackermann, Christian Kiesling, Martin Ritter Status of PXD Mockup at MPI

10 cm

Belle

Belle II

10 µm

20 µm

z impact parameter 
resolution

pβ∗sin5/2(θ) [GeV/c]

Installation in 
Belle II: 08/2015

Mechanical mock-up
2 layers: @1.4(2.2) cm

Thickness: 75 µm, 0.4%X0

Vertex Detector

25!

A prototype ladder using the first 
6-inch DSSD from Hamamatsu has 
been assembled and tested.

Beam Pipe   r = 10mm 
DEPFET 

 Layer 1  r = 14mm 
 Layer 2  r = 22mm 

DSSD 
 Layer 3  r =  38mm  
 Layer 4  r =  80mm 
 Layer 5  r = 115mm 
 Layer 6  r = 140mm

Mechanical mockup of pixel detector

Prototype DEPFET pixel sensor and readout

DEPFET: 
http://aldebaran.hll.mpg.de/twiki/bin/view/DEPFET/WebHome

PXD

SVD
HEPHY, KEK

VXD = PXD+SVD
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DEPFET Principle
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DESY Activities around Belle II PXD
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SynRad Background MC CO2 System Remote Vacuum Connection

27 

Grid/NAF/Data Preservation

Tracker Alignment and Calibration

Slow Control & DAQ

&

#$%&$'&()"&*")('"
$)"&**+,"
-$.),'&/"0&,1%

2,*'"3,$-"
/()'4(1"4((-"

3())7%,"

DESY Testbeam

Thermal Mock-up for VXD
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Summary
SuperKEKB / Belle II offer very rich physics potential 
- start of physics run in 2016
- collect 50 ab-1 by ≈ 2022
- physics program complementary both to ATLAS/CMS and to LHCb

Interesting and very challenging upgrade projects

DESY joined Belle II in November 2011 and Belle in July 2012
- DESY activities center around PXD project as support for German 

university groups
- despite having joined relatively late DESY has already gained quite some 

visibility by taking over responsibilities in several important areas
- physics analyses of Belle data just starting at DESY as preparation for 

Belle II analyses
‣ explore feasibility of Weinberg angle measurement

‣ studies of CPV/mixing in charm sector

‣ ...
24
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Projected Sensitivities at SFF versus LHCb+

26

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
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Status Lepton Flavour / Number Violation for τ‘s
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48 LFV/LNV modes searched (LHCb’s pµ+µ−/pµ−µ− to be added)

All limits are below 10−7, some are almost reaching 10−8
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All limits are below 10−7, some are almost reaching 10−8
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