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Direct production of new particles
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Looking Beyond the Standard Model
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Intensity frontier

Indirect sensitivity through loops

Current experimental situation 
• No clear evidence for Beyond Standard Model (BSM) physics at the high energy frontier 
• Intensity frontier offers indirect sensitivity to very high scales: recent observation of 

„Flavour Anomalies“ 
• Direct and indirect searches are complementary and must both be pursued!

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
e↵ort 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 di↵erent
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
e↵ects of new particles in rare processes or e↵ects 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
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Next Step at Luminosity Frontier: SuperKEKB
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SuperKEKB is the next luminosity frontier
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SuperKEKB and Nano Beam Scheme
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SuperKEKB
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The super B-factory at KEK (2018 start)

● A planned 40-fold increase in luminosity over KEKB (target: 8x1035 

cm-2s-1 instantaneous, 50ab-1 integrated), due to major upgrades:

○ “Nano-beam” scheme (below)

○ Doubled beam currents 

○ (large number of upgrades to RF, magnet, vacuum, etc. 

systems)

● First turns Feb. 10, 2016! Exciting times!

See Y. Onishi, ICHEP highlights, 8/08 
12:10 

IR Superconducting Magnets  
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BEAM-BEAM LIMITWITH HOURGLASS EFFECT IN HERA

G. H. Hoffstaetter∗, F. Willeke, Deutsches Elektronen–Synchrotron (DESY) Hamburg, Germany

Abstract
After the design luminosity had been exceeded in the

electron–proton collider HERA, the interaction regions
have been rebuilt to boost the luminosity by roughly a fac-
tor 4 and are now being commissioned. While the specific
luminosity is increased by a reduction of the beta functions
at the interaction point and by a reduced horizontal electron
emittance, the beam-beam tune shift of the e-beam will be
increased and the vertical proton beta function at the inter-
action point will become comparable to the proton bunch
length. To analyze these new beam dynamical conditions,
the beam-beam force’s effect on the tune spread and on
high order resonances under the presence of the hourglass
effect has been investigated, and accelerator studies have
been performed in conditions for which the tune spread
and the resonance strength are comparable to the luminos-
ity upgrade parameters. In these experiments the nominal
beam-beam parameter per experiment has been pushed to a
record high of 0.5. Based on these tests, the future perfor-
mance limits of the HERA e/p collider are discussed.

1 LUMINOSITY UPGRADE
With a luminosity of L = 0.2× 1032 cm−2s−1 and an

integrated luminosity of 67 pb−1, HERA has exceeded its
design luminosity in its phase 1 run period which ended in
September 2000. To increase the luminosity in a phase 2
period, an upgrade of the interaction region (IR) has been
implemented. The North and South IRs around the col-
liding beam experiments ZEUS and H1 have been rebuilt
[1, 2, 3] to move superconducting focusing magnets for
electrons or positrons from 7 m to 2 m distance from the
IP and to move the first focusing magnets for protons from
28 m to 11 m. The proton beam can now be strongly fo-
cused to β∗

x = 2.45m and β∗
y = 0.18m at the IP. The

previous values have been β∗
x = 7 m and β∗

y = 0.5m. The
new nominal HERA parameters are:

p e
Energy–p/e (GeV) 920 27.5

Emit. hor/vert (nm) 5.1/5.1 20/3.4
β∗at IP hor/vert (m) 2.45/0.18 0.63/0.26
Aperture hor/vert (σ) 12/12 20/20

p per bunch and e-cur. 1.03·1011 58 mA
Tune shift hor/vert (10−3) 1.6/0.4 34/51

Bunch Length (mm) 191 10.3

These parameters would lead to a luminosity of 0.74 ·
1032 cm−2s−1 which includes a reduction by 0.92 due to
the increase of the beta functions along the proton bunch
during collision (the hourglass effect).

∗Georg.Hoffstaetter@desy.de

2 INFLUENCE OF THE HOURGLASS
EFFECT
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Figure 1: The bunch size changes during the collision due
to the hourglass effect.

Figure 1 shows how the proton beam size during an
electron-proton collision can change when the bunch is
longer than the beta function at the interaction point (IP).
For short Gaussian bunches the luminosity is given by L =
fbN+N−/[2πΣxΣy] where the Σ are given by

√
σ2

1 + σ2
2.

Therefore the hourglass effect diminishes the luminosity
according to

Lhg

L =
∫∞∫

∞

ρ1(s1)ρ2(s2)
Σx(0)Σy(0)
Σx(s)Σy(s)

∣∣∣∣
s= s1+s2

2

ds1ds2 .

(1)
Here ρ1/2are the longitudinal densities of the two beams.
For Gaussian longitudinal densities, one integration can
be performed leading to 2√

2πΣs
exp(−2s+ξ

2Σ2
s

)ds instead of
ρ1(s1)ρ2(s2)ds2ds2 where ξ is the distance between the
bunches when one of them is at the IP. Well adjusted tim-
ing of the collisions leads to ξ = 0. If the hourglass
effect is only important in one plain, also the second in-
tegral can be computed analytically [4]. The effect of
this luminosity reduction on luminosity scans has been
analyzed in [5]. The beam–beam parameter is given by
ξx,y = Cbbβx,y/[2π(σ∗

x + σ∗
y)σ∗

xy] with Cbb = q∗N∗rc

qγ .
The star refers to the opposing beam, rc is the classical ra-
dius of the particle and N∗ is the numbers of particle per
bunch. The hourglass effect changes this tune shift,

ξhg
x/y(s1)
ξx/y

=
∞∫

∞

ρ2(s2)
β(s)σ∗

x/y(0)[σ∗
x(0) + σ∗

y(0)]
β(0)σ∗

x/y(s)[σ∗
x(s) + σ∗

y(s)]
ds2 ,

(2)
where again s = s1+s2

2 . The tune shift has an increasing
and a decreasing component. The beta function increases
with distance from the IP whereas the inverse beam size
of the opposing beam decreases with this distance. When
averaging the tune shift over the interaction time, it can
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Figure 1 shows how the proton beam size during an
electron-proton collision can change when the bunch is
longer than the beta function at the interaction point (IP).
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Nano-Beam scheme (P. Raimondi, DAΦNE):
Squeeze beta function at the IP (βx*,βy*) and 
minimize longitudinal size of overlap region to 
avoid penalty from hourglass effect. 

 
 
 
 
 
 
Strong focusing of beams down to vertical size 
of ~ 50nm requires low emittance beams and 
large crossing angle   0          
Need sophisticated final focus system (QCS). 
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Particle Physicist’s View

Once final focus system is in place achieving
design luminosity should be rather straightforward
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Achieving maximum luminosity at acceptable 
detector background is a complex multi-
dimensional optimisation task
Have to simultaneously avoid
- Electron clouds 

- Beam instability at high beam current operation
- QCS quenches 
- Collimator damage
- Detector background
- …

Spaghetti Diagram

�49
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BelleII background

Accelerator Physicist’s View
Y. Ohnishi
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SuperKEKB luminosity projection
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Phase 1 
w/o QCS/Belle II

Phase 2 
BEAST II, no VXD

Phase 3 
Physics run w/ VXD

SuperKEKB / Belle II Commissioning

�7

Final Focus System QCS

11

Belle and the BEAST 

Before Belle arrived at the IP

Phase 2 Set Up 

cmarinas@uni-bonn.de 
3 

Motivation for BEAST II: 
• Machine commissioning 
• Radiation safe environment for the VXD:  
 

• Two layers PXD 
• Four layers SVD 
• Dedicated radiation monitors 
 FANGS, CLAWS, PLUME 

BEAST II

Phase 3 VXD

In total 55  individual super conducting magnets

Background studies
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SuperKEKB / Belle II Commissioning

�7

Final Focus System QCS

11

Belle and the BEAST 

Before Belle arrived at the IP
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Motivation for BEAST II: 
• Machine commissioning 
• Radiation safe environment for the VXD:  
 

• Two layers PXD 
• Four layers SVD 
• Dedicated radiation monitors 
 FANGS, CLAWS, PLUME 

BEAST II

Phase 3 VXD

Now 

In total 55  individual super conducting magnets

Background studies
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Belle II Detector

�8

Peter Križan, Ljubljana 

electrons))(7GeV))

positrons)(4GeV))

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 

	Trigger	&	DAQ:	
		30	kHz	L1	
	10	kHz	HLT	output
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Improvements of Belle II versus Belle

�923

Smaller beam pipe radius (1 cm) allows placement of innermost PXD layer closer 
to the Interaction point (r = 1.4 cm) 
- significantly improves the vertex resolution (compensate for reduced bg by factor 1.5)
PXD is part of the vertex detector, larger SVD and larger CDC 
- increases KS efficiency, improves vertex and timing resolution, better flavour tagging 
PID: TOP and ARICH
- better K/p separation covering the whole momentum range

- fake rate reduced by factor 2-5
ECL and KLM consolidation
- improvements in ECL and KLM to  

compensate for larger background
Improved hermeticity 
- due to geometry and reduced boost
Improved trigger and DAQ
- 30 kHz L1 rate
- 10 kHz HLT output rate

mailto:carsten.niebuhr@desy.de


carsten.niebuhr@desy.de12th Terascale Detector Workshop, Dresden, 15.03.19  Belle II

Advanced & Innovative Technologies used in Belle II
Wide use of pixelated sensors play a central role 
- MCP-PMTs in the TOP 
- HAPDs in the ARICH 
- SiPMs in the KLM
- DEPFET pixel sensors 

Waveform sampling with precise timing. Front-end custom ASICs for all subsystems 
- KLM: TARGETX ASIC 
- ECL: New waveform sampling backend with good timing 
- TOP: IRSX ASIC 
- ARICH: KEK custom ASIC 
- CDC: KEK custom ASIC 
- SVD: APV2.5 readout chip adapted from CMS  

DAQ with high performance network switches, large HLT software trigger farm 

�10

Advanced & Innovative Technologies used in Belle II
Pixelated photo-sensors play a central role. Collaboration with Industry

1 MCP-PMTs in the iTOP
2 HAPDs in the ARICH
3 SiPMs in the KLM
4 DEPFET pixel sensors!

Waveform sampling with precise timing. Front-end custom ASICs (Application Specific
Integrated Circuits) for all subsystems.

1 KLM: TARGETX ASIC
2 ECL: New waveform sampling backend with good timing
3 TOP: IRSX ASIC
4 ARICH: KEK custom ASIC
5 CDC: KEK custom ASIC
6 SVD: APV2.5 readout chip adapted from CMS

DAQ with high performance network switches, large HLT software trigger farm
a 21th century HEP experiment.

X.L. Wang (Fudan) Belle II Experiment 11 / 50
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KLM: KLong and Muon Detector

�11
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Electromagnetic Calorimeter (ECL)

�12

Electromagnetic calorimeter reconstruction in Belle II (Torben Ferber) �13

Offline reconstruction
 For the case of the large pile-up noise the Belle algorithm for cluster reconstruction is not optimal

Belle 1: sum of the E
i
 in 5x5 matrix E

i
>0.5 MeV

Other approach: Sum of N most energetic hits, N depends on energy and background

Cluster reconstruction

To get the photon energy: cluster energy is corrected by function depending on E, angles 

and the background level

Background level is estimated from multiplicity off time events

 

Measured per event

#crystals in energy sums

 [GeV]trueE
1−10 1

 / 
E 

[%
]

E
σ

0

5

10

15
BGx0.0 (no material) FWD
BGx0.0 FWD
BGx0.1 FWD
BGx1.0 FWD

 [GeV]trueE
1−10 1

 / 
E 

[%
]

E
σ

0

5

10

15 BGx0.0 (no material) Barrel
BGx0.0 Barrel
BGx0.1 Barrel
BGx1.0 Barrel
BGx1.0 Barrel (MC5)

 [GeV]trueE
1−10 1

 / 
E 

[%
]

E
σ

0

5

10

15

20

25 BGx0.0 (no material) BWD
BGx0.0 BWD
BGx0.1 BWD
BGx1.0 BWD

Fig. 16: Photon energy resolution as function of true photon energy for FWD endcap (a),

barrel (b), and BWD endcap (c). Note the di↵erent y–axis ranges of the plots. A smooth

curve has been fitted to the points to guide the eye. An older implementation of ECL

reconstruction (used in MC5) is also plotted in (b).

the cost of requiring analysis specific optimisation. The uncertainty on the selection e�ciency

cannot be pre-determined using this method.

The likelihood selectors rely on likelihood ratios constructed in the following way. First,

the PID log likelihoods from each detector are summed to create a combined PID likelihood

for each of six long-lived charged particle hypotheses: electron, muon, pion, kaon, proton

and deuteron. Next, the di↵erence in log likelihood between two particle hypotheses is used

to construct a PID value L(↵ : �) according to

L(↵ : �) =
1

1 + eln L↵�ln L�

=

Q
det L(↵)Q

det L↵ +
Q

det L�
, (5)

where ↵ and � represent two di↵erent particle types and the product is over the active

detectors for the PID type of interest. The value L(↵ : �) is greater than 0.5 for a charged

track that more closely resembles a particle of type ↵ than one of type � and is less than

0.5 otherwise. More details on the PID types are given in the following sections.

The performance plots included in this section were generated from inclusive samples

of 106 cc̄ events generated during the fifth and sixth MC campaigns. These samples

were reconstructed with release-00-05-03 and release-00-07-00 of the Belle II software,

respectively.

68/689

Belle algorithm

arXiv:1808.10567 [hep-ex]

Belle II Simulation

R.	de	Sangro	(LNF-INFN) June	5-9,	2017 FCPC	2017	-	Prague,	Czech	Republic
Belle

E.M.	Calorimeter	(ECL)

26

Early	prototype	tested	at	Belle

Belle	calorimeter	

• 8736	CsI(Tl)	crystals		
• 6624	Barrel	
• 1152	Fwd	Endcap	
• 		960	Bwd	Endcap

• High	rates	(machine+physics)	⇒	upgrade	of	electronics	
- shorter	signal	shaping	
- waveform	fit	to	extract	signal	time	and	amplitude

CHAPTER 9. CALORIMETER (ECL)
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Figure 9.9: Measured time distributions for 5 MeV (left) and 100 MeV (right) cluster energy
depositions.
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Figure 9.10: Left: pile-up noise dependence on polar angle for new and old electronics. Right:
measured time resolution as a function of single-crystal hit energy.
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Electromagnetic	calorimeter	(ECL)

31

Eugenio Paoloni Pasadena  FPCP 2016

ECL: T he Electromagnetic Calorimeter

Higher backgrounds (Machine +  Physics)

Electronic upgrade: improved waveform features 
extraction ( ADC & fitting )

Cosmic rays commissioning ongoing

28

EM Calorimeter
Cope with higher particle rate 

1. Electronics upgrade: waveform sampling & fitting 
2. Endcap crystal update: (baseline option) pure CsI (short decay time)+ 

photopentode

15

Early prototype tested at Belle
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Early prototype tested at Belle

Belle Read-out electronic upgrade 

01/03/2017	 C.	Cecchi	

EARLY PROTOTYPE 
TESTED AT BELLE 

CHAPTER 1. MOTIVATION AND OVERVIEW

1.3 The Belle II overview

Figure 1.9: Upgraded Belle II spectrometer (top half) as compared to the present Belle detector
(bottom half).

The design of the Belle II detector follows to a large extent the scheme discussed in the Letter
of Intent [5] and its 2008 supplement, Design Study Report [6], with one notable exception: a
pixel detector now appears in the innermost part of the vertex detector. Other modifications are
due to the change in the accelerator design from the high current version to the “nano-beam”
collider, and are associated with the larger crossing angle, the need to have the final quadrupoles
as close as possible to the interaction point, and the smaller beam energy asymmetry (7 GeV/c
on 4 GeV/c instead of 8 GeV/c on 3.5 GeV/c).
For the Belle II detector, our main concern is to maintain the current performance of Belle
in an environment with considerably higher background levels. As discussed in detail in the
2008 Design Report [6], we evaluate the possible degradation of the performance in a high-
background environment by extrapolating from the present operating conditions of KEKB and
Belle by accounting for the scaling of each component of background with the higher currents,
smaller beam sizes and modified interaction region. From these studies, we assume a conservative
factor of twenty increase in the background hit rate. The physics event rate will be about 50
times higher.
The following changes to Belle will maintain a comparable or better performance in Belle II:

• just outside the beam pipe, the silicon strip detector is replaced by a two-layer silicon pixel
detector based on the DEPFET technology;

• the silicon strip detector extends from just outside the pixel detector to a larger radius

14

Belle Read-out electronic upgrade 

01/03/2017	 C.	Cecchi	

EARLY PROTOTYPE 
TESTED AT BELLE 
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Time Of Propagation Detector TOP

�13A.J. Schwartz    ICHEP 2016,  6 August 2016        13 
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 Installing Modules in the Magnet 

All 16 modules installed: 

Installing one of 16 modules into 
“Roman arch” configuration: Installation of last TOP module in May 2016

Barrel PID : Working Principle

5

Cherenkov photons emitted in the quartz radiator from the charged track o total 
internal reflection o registered at the end of the bar by a fast position sensitive 
detector of single photons.

K/S different Tc o different path length o different 
time of propagation. 

Tc is reconstructed from: hit position (x,y) in the 
photo detector plane and time of propagation

• 16 quartz bars: 2x1.25 m x 0.45 m x 2 cm 
• 32 (segmented anode 4x4) Micro-channel plate PMTs 
  Hamamatsu SL-10 MCP PMT

�� �.�e Belle IIDetector

Figure �.��:A single TOPmodule [��]. �emodule ismade from two synthetic fused silica blocks
which are glued together (�.�mm glue thickness). �e radius of the spherical mirror is ��� cm. All
values in the drawing are given in [mm].

within the radiator by total internal re�ection and are repeatedly re�ected o� the walls until
they reach the photo sensors located at the end of themodule (PMT in �gure �.��). �e photo
sensors are an array of � × �� square shapedmicro channel plate (MCP) photomultiplier tubes
(PMT), developed in collaboration with Hamamatsu [���]. In order to achieve a better spatial
distribution of the electrons and to allow for two rows of photo sensors, aquartzwedge is placed
in front of the PMTs. Each PMT consists of � × � pixels. A photocathode in each pixel con-
verts incident photons into electrons, which are then accelerated by an electric �eld. �is �eld
is generated by � MCP plates in the PMT, where the second plate is covered by an aluminium
layer to prevent ion feedback. �e accelerated electrons are guided by the �eld through �� µm
holes in each plate. Inside the hole, the electrons knock o� additional electrons from the walls,
thus amplifying the signal.

Figure �.��:�e K±/π± separation principle of the TOP [��].

�e separation of π± fromK±makes use of the fact that, according to equation �.� and the π±/K±
mass di�erence, a π± creates a wider Cherenkov cone than a K± carrying the samemomentum
(see �gure �.��). �is leads to a smaller number of re�ections and, in turn, a shorter �ight

MCP-PMT

qc is reconstructed from hit position (x,y) in the PMT and 
from time of propagation
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internal reflection o registered at the end of the bar by a fast position sensitive 
detector of single photons.

K/S different Tc o different path length o different 
time of propagation. 

Tc is reconstructed from: hit position (x,y) in the 
photo detector plane and time of propagation

• 16 quartz bars: 2x1.25 m x 0.45 m x 2 cm 
• 32 (segmented anode 4x4) Micro-channel plate PMTs 
  Hamamatsu SL-10 MCP PMT

Expected Performance

21

Detailed simulation performed in the Belle II software framework.
Results from release-00-05-00 : ccbar events with nominal background

Excellent K identification efficiency (small S
misidentification probability) over wide 
momentum range.
Belle II o 93% (4%)
Belle o 88% (9%)

Belle

�� �.�e Belle IIDetector

Figure �.��:A single TOPmodule [��]. �emodule ismade from two synthetic fused silica blocks
which are glued together (�.�mm glue thickness). �e radius of the spherical mirror is ��� cm. All
values in the drawing are given in [mm].

within the radiator by total internal re�ection and are repeatedly re�ected o� the walls until
they reach the photo sensors located at the end of themodule (PMT in �gure �.��). �e photo
sensors are an array of � × �� square shapedmicro channel plate (MCP) photomultiplier tubes
(PMT), developed in collaboration with Hamamatsu [���]. In order to achieve a better spatial
distribution of the electrons and to allow for two rows of photo sensors, aquartzwedge is placed
in front of the PMTs. Each PMT consists of � × � pixels. A photocathode in each pixel con-
verts incident photons into electrons, which are then accelerated by an electric �eld. �is �eld
is generated by � MCP plates in the PMT, where the second plate is covered by an aluminium
layer to prevent ion feedback. �e accelerated electrons are guided by the �eld through �� µm
holes in each plate. Inside the hole, the electrons knock o� additional electrons from the walls,
thus amplifying the signal.

Figure �.��:�e K±/π± separation principle of the TOP [��].

�e separation of π± fromK±makes use of the fact that, according to equation �.� and the π±/K±
mass di�erence, a π± creates a wider Cherenkov cone than a K± carrying the samemomentum
(see �gure �.��). �is leads to a smaller number of re�ections and, in turn, a shorter �ight

MCP-PMT

qc is reconstructed from hit position (x,y) in the PMT and 
from time of propagation

p K p

Barrel PID : W
orking Principle

5

Cherenkov photons em
itted in the quartz radiator from

 the charged track o
total 

internal reflection o
registered at the end of the bar by a fast position sensitive 

detector of single photons.

K/S
different T

c o
different path length o

different 
tim

e of propagation. 

T
c is reconstructed from

: hit position (x,y) in the 
photo detector plane and tim

e of propagation

K p
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Oct. 23, 2016 Aerogel RICH S. Nishida (KEK) BPAC 

2 

ARICH Highlight 

First Cherenkov Ring is observed!! 

Aerogel RICH: ARICH
Radiator
- Silica Aerogel n = 1.045-1.055
- transmission length > 40 mm

Photon detection
- Hybrid Avalanche Photo Detectors
- 420 units, 144 channels each, 5 mm pixelated

�14

ARICH: Principle of operation II

15

It is desirable to have as thick aerogel layer as possible, as this increases the 
number of emitted photons, but thicker aerogel also increases the uncertainty in 
the photon emission point.
Two aerogel layers with different refraction indices,  are chosen so that the two 
rings, overlap on the detector plane. 

Refractive index n1 = 1.045 and n2 = 
1.055

Proximity focussing

HAPD (Photon Detector) in ARICH

17

Requirements:
sensitive to single-photons 

provide two-dimensional position information  a5 mm 

pixel.

should be immune to 1.5T Magnetic field

tolerant to the high radiation environment (1000Gy 

for J and 1012cm2 for neutron in 10yrs) Hybrid Avalanche Photo-Detector

HAPD Working Principle
Incident photon is converted into photo-

electron by a bi-alkali photo-cathode (peak 

quantum efficiency of a30% at 400 nm.) 

electron accelerates in high electric field 

towards the segmented avalanche photo-

diode (144 pads of size 4.9 × 4.9 mm) a
300V reverse bias voltage

Avalanche gain a 40, bombardment gain a
1800.

Detection of a single photon results in an 

avalanche of about 70,000 electron.
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Aerogel RICH: ARICH
Radiator
- Silica Aerogel n = 1.045-1.055
- transmission length > 40 mm

Photon detection
- Hybrid Avalanche Photo Detectors
- 420 units, 144 channels each, 5 mm pixelated
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ARICH: Principle of operation II

15

It is desirable to have as thick aerogel layer as possible, as this increases the 
number of emitted photons, but thicker aerogel also increases the uncertainty in 
the photon emission point.
Two aerogel layers with different refraction indices,  are chosen so that the two 
rings, overlap on the detector plane. 

Refractive index n1 = 1.045 and n2 = 
1.055

Proximity focussing

HAPD (Photon Detector) in ARICH

17

Requirements:
sensitive to single-photons 

provide two-dimensional position information  a5 mm 

pixel.

should be immune to 1.5T Magnetic field

tolerant to the high radiation environment (1000Gy 

for J and 1012cm2 for neutron in 10yrs) Hybrid Avalanche Photo-Detector

HAPD Working Principle
Incident photon is converted into photo-

electron by a bi-alkali photo-cathode (peak 

quantum efficiency of a30% at 400 nm.) 

electron accelerates in high electric field 

towards the segmented avalanche photo-

diode (144 pads of size 4.9 × 4.9 mm) a
300V reverse bias voltage

Avalanche gain a 40, bombardment gain a
1800.

Detection of a single photon results in an 

avalanche of about 70,000 electron.

Aerogel RICH
Endcap PID

⇠⇠⇠⇠⇠⇠⇠:

Test Beam

Aerogel

Hamamatsu HAPD
"!
# 

RICH with a novel "focusing" radiator
Two layer radiator

Employ multiple layers with different n
!
Cherenkov images from individual layers
overlap on the photon detector

Cherenkov angle distribution

X.L. Wang (Fudan) Belle II Experiment 42 / 50

Expected Performance

21

Detailed simulation performed in the Belle II software framework.
Results from release-00-05-00 : ccbar events with nominal background

Excellent K identification efficiency (small S
misidentification probability) over wide 
momentum range.
Belle II o 93% (4%)
Belle o 88% (9%)

Belle

Aerogel RICH
Endcap PID

⇠⇠⇠⇠⇠⇠⇠:

Test Beam

Aerogel

Hamamatsu HAPD
"!
# 

RICH with a novel "focusing" radiator
Two layer radiator

Employ multiple layers with different n
!
Cherenkov images from individual layers
overlap on the photon detector

Cherenkov angle distribution

X.L. Wang (Fudan) Belle II Experiment 42 / 50
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Central Drift Chamber CDC

�15

Eugenio Paoloni Pasadena  FPCP 2016

Tracking Detectors

22

/19

Nanae Taniguchi (20161023)

15

Oct. 11 Oct. 12

Oct. 13 Oct. 13

support bar is inserted in Belle support bar is inserted in CDC

installed in Belle

2016

Belle II Belle
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Belle II Vertex Detector VXD

�16

Components	of	
the	Belle	II	SVD	

Ladders	

End	rings	

Carbon	fiber	
(CF)	cone	 End	flange	

PXD	
(independent	sub-detector	inside	SVD)	

Outer	CF	shell	

Beam	pipe	

2	

		

• Fast	–	to	operate	in	high	background	
environment	
• BeYer	resolu=on	at	IP	–	to	compensate	
reduc=on	of	boost	wrt.	Belle	I	
• Radia=on	hard	(up	to	100	kGy)	
• Self-tracking	capable	–	to	track	par=cles	
down	to	50	MeV	in	pT	

VXD	requirements�

17/03/15 Belle II - physics meeting 3

SVD-layers shift yields better reconstruction?

● Since Belle2 has 4 SVD-layers instead of 2 the positions towards the Belle1 layers are further 
away from the beampipe now. This should increase the fraction of Ks decaying inside these 
layers. Hence their daughtertracks travel through them and can be reconstructed using 
trackHits. 

Position of second outermost layer (fraction): 7cm → 11.5cm  (56% → 70%) 

Position of outermost layer (fraction):              8.8cm → 14cm (62% → 74%)

Greater	outer	
radius	enhances	Ks	
acceptance

Seminar,	DESY Phillip	URQUIJO

Silicon	Vertex	Detector

16

Ladders

End rings

Carbon fiber 
(CF) cone End flange

PXD  
(inside SVD à individual sub-detector)

Outer CF shell

Beam pipe

Some of Our Reference Plots

12

σ(d0) β pt Sin3/2 θ / (13.6MeV/c) vs pt

✦ Impact parameters resolutions are as good as 
expected when the PXD hits are correctly assigned 

✦ Transverse momentum resolution still needs some 
work  on the low momentum range

0 0.5 1 1.5 2 2.5 3 3.5 4

-210

Momentum resolution

•reference finder (still with PXD bug )
•MC ideal finder
•realistic finder ( w/o PXD )

Resolution	much	
better	than	
Belle&Babar

Acceptance Material budget Resolution

Factor 2 improvement
will compensate reduced
Lorentz boost
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SVD	ladders	

L6	Ladder	
(Kavli	IPMU)�

L5	Ladder	
(HEPHY)�

L4	Ladder	
(TIFR)�

L3	Ladder	
(Melbourne)�

FWD	module�

BWD	module�

Origami	+z	

Origami	ce�

Origami	-z�
BWD�

FWD�

Cooling	pipe�

Cooling	pipe�

Cooling	pipe�BWD	module	
(Pisa)�

FWD	module	
(Pisa)�

Layer� Ladders	
(spares)�

DSSDs	/	ladder		

6� 16	(4)� 5�

5� 12	(3)� 4�

4� 10	(2)� 3�

3� 7	(2)� 2�

3	

47	FW/BW	
+	spares	
(4)	

SVD Layout

APV25  front end readout ASIC
- # of input channels: 128 ch. 
- shaping time: 50 ns 
- radiation hardness: > 1MGy 
- maximum heat dissipation: 0.4W   => 

necessity of CO2 cooling 
- thinned to 100 μm for reduction of the 

material budget 

�17

SVD	silicon	sensors�

•  3	types	of	DSSD	sensors�

��

Se
ns
or
	th

ic
kn
es
s	

=	
30
0-
32
0μ

m
�

Sensors� Rectangular	
(Large)�

Rectangular	
(Small)� Trapezoidal�

#	of	p-strips� 768� 768� 768�

p-strip	pitch� 75μm� 50μm� 50…75μm�

#	of	n-strips� 512� 768� 512�

n-strip	pitch� 240μm� 160μm� 240μm�

DSSD	(Double-sided	Si	strip	detector)�

P+ stop

readout Al

readout Al

Si
P+ P+ P+

N+

N+

SiO2

SiO2N+

Rectangular	sensor	(HPK)�

41mm	

Trapezoidal	sensor	(Micron)�

61mm	

n-side	str
ip	

thickness:	
320mm	

thickness:	
300mm	

Strip	numbers	and	pitches� APV25	–	front	end	readout	ASIC�

•  Specifica=ons	
–  #	of	input	channels:	128	ch.	
–  shaping	=me:	50nsec	
–  radia=on	hardness:	>	1MGy	
–  max	heat	dissipa=on:	0.4W	

•  necessity	of	cooling	
–  Within	acceptance	thinned	
to	100µm	for	reduc=on	of	
the	material	budget�

��

APV25� APV25� APV25�

APV25
�

APV25	chips	in	ladder�

APV25	chip�

Kavli 
IPMU

HEPHY

TIFR

Melbourne

Pisa

Multi-continent project
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PXD Module based on DEPFET (HLL)

�18 Ladislav Andricek, MPG Halbleiterlabor

3 

Laser, MIP always create charge… 

1/21/2015 Eduard Prinker, Belle II PXD/SVD Workshop 

¾ “noisy bunches” create (junk) electrons within the PXD detector  

¾ these junk electrons have to be removed while the number of 
stored electrons in the internal Gate should not be changed! 

¾ by means of surface structuring, various deep implants and 
appropriate voltage combinations the internal Gate can be 
protected 

Internal amplification 
Low noise, low power consumption 
2 layers: @1.4(2.2) cm 
Pixel size: 50 x 75 µm² 
Max. occupancy: 0.5 hits/µm2/s (3%) 
Integration time: 20 µs (rolling shutter) 
Thickness: 75 µm, 0.21% X0 per layer

DCDB (Drain Current Digitizer) 
Analog front-end

Amplification	and	digitization	of	DEPFET	signals.	
▪ 256	input	channels	
▪ 8-bit	ADC	per	channel	
▪ 92	ns	sampling	time	
▪ new	version	w/	50ns	sampling	time		under	test	
▪ UMC	180	nm

DHP (Data Handling Processor) 
First data compression

IBM	CMOS	90	nm	(TSMC	65	nm)	
▪ Size	4.0	×	3.2	mm2	
▪ Stores	raw	data	and	pedestals		
▪ CM	and	pedestal	correction		
▪ Data	reduction	(zero	suppression)	
▪ Timing	and	trigger	control	
▪ Drives	data	link

SwitcherB - Row Control

AMS/IBM	HVCMOS	180	nm	
▪ Size	3.6	×	1.5	mm2	
▪ Gate	and	Clear	signal	
▪ 32x2	channels	
▪ Fast	HV	ramp	for	Clear

12 German institutes + contributions from 
China, Czech Republic, Poland and Spain
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Mounted PXD Modules for Phase 2

�19

L1 half-ladder (back side)L2 half-ladder

For final PXD ladder: butt-joint of 2 modules 

CO2 
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Background Monitoring in Phase 2

�20

Phase 2 Set Up 

cmarinas@uni-bonn.de 
3 

Motivation for BEAST II: 
• Machine commissioning 
• Radiation safe environment for the VXD:  
 

• Two layers PXD 
• Four layers SVD 
• Dedicated radiation monitors 
 FANGS, CLAWS, PLUME 

Beam Exorcism for A Stable ExperimenT 

… plus
 • µTPCs (fast neutrons&tracking)
 • He3 tubes (thermal neutrons)
 • PIN diodes (neutral vs charged)
 • diamonds (ionizing radiation rate)
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26. April 2018: First Collisions

�21

SuperKEKB CR
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26. April 2018: First Collisions

�21

Eugenio Paoloni ICPPA 2018

APRIL 26 2018: FIRST COLLISIONS!

 9

The scene at the experimental control room in Tsukuba Hall B3

This is scientific history in the making: SuperKEKB/Belle II joins 
DORIS/ARGUS, CESR/CLEO, and  PEP-II/BaBar and KEKB/Belle

SuperKEKB CR

Belle II CR

mailto:carsten.niebuhr@desy.de


carsten.niebuhr@desy.de12th Terascale Detector Workshop, Dresden, 15.03.19  Belle II
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Eugenio Paoloni ICPPA 2018

APRIL 26 2018: FIRST COLLISIONS!

 9

The scene at the experimental control room in Tsukuba Hall B3

This is scientific history in the making: SuperKEKB/Belle II joins 
DORIS/ARGUS, CESR/CLEO, and  PEP-II/BaBar and KEKB/Belle
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First Event  

SuperKEKB CR

Belle II CR
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Overview Phase 2 Operation

�22

History of Phase 2 Commissioning

�5

HER
collision
optics

LER
collision
optics

First Collision

�⇤
y = 6 mm
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Luminosity
improvement

Lpeak = 5.55 x 1033

(not optimized)

Beam
Current

Luminosity

High current trial

Vacuum scrubbing

Max 800 mA
(HER)

Max 860 mA
(LER)

≈ 1/4 x KEKB
≈ 1/2 x PEP II

Priority was given to machine tuning
Beam currents limited by background
Still a long way to go to final focus size 
(one order of magnitude in β*y)
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Luminosity
improvement

Lpeak = 5.55 x 1033

(not optimized)

Beam
Current

Luminosity

High current trial

Vacuum scrubbing

Max 800 mA
(HER)

Max 860 mA
(LER) Searches for Dark Matter at Belle II  (Torben Ferber) �10

Belle II: Data taking in Phase 2.

any available L1 trigger information. All runs were checked to have any L1 TRG information111

for at least 90% of their events, and runs otherwise removed.112

113

After these selections, the available dataset for this analysis corresponds to an integrated114

luminosity of about 295 pb�1 for runs that require CDC triggers, and 381 pb�1 otherwise.115

The integrated luminosity as function of time is shown in Figure 4. Runs accounting for116

2.5 pb�1 (all) and 1.0 pb�1 (recorded with 90% active L1 trigger) are not included in this117

figure because start or stop times were not recorded in the database.118

FIG. 4: Integrated luminosity delivered during all collision runs in 2018 (black), recorded

with 90% active L1 trigger (blue) and with CDC track triggers (after run 2509) (green).

Only runs where a start and stop time was recorded in the database are included in the

plot.

2.2. Monte Carlo samples119

Background samples are taken from the 10th central MC production campaign of the120

Belle II data production group (MC10) (???).121

7

Trigger ok
Trigger ok, track trigger available

0.05% of the Belle dataset
~0.05% Belle

≈ 1/4 x KEKB
≈ 1/2 x PEP II

Priority was given to machine tuning
Beam currents limited by background
Still a long way to go to final focus size 
(one order of magnitude in β*y)
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Towards Nano Beams: Vertical Beam Size 

�23

Beam size measured with Belle II lumi system using vertical offset scans 

Beam	size	measurement	w/	LumiBelle2
SalvatoreDi	Carlo (LAL)

• Beam	size	measured	using	vertical	
offset	scans

• BBWS	(beam	beam	weak	strong)	
simulation	suggests
– Beams	blow	up	when	aligned	(up	to	

30%)
– Additional	blow-up	during	vertical	

offsets	scans	(up	to	5%)
• Blow-up	must	be	corrected	for	in	

beam	size	measurement
• Planning	to	finalize	and	publish	this	

year
• Beam	blow	up	also	leads	to	non-

gaussian beam

10/18/18 Sven	Vahsen	@	B2GM	Plenary 10

final goal 
50 nm

σ⋆
y = εy β⋆

y
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Phase 2 Tracking & Vertexing

Width of distribution in very good 
agreement with expectation 
based on horizontal emittance  
εx = 4×10−6 mm, β*x = 200 mm, 
and crossing angle φx = 41 mrad  
 
 

Transverse impact parameter 
resolution estimated from 
measured vertical beam spot size
- vertical beam spot size < 2µm 

i.e. much smaller than expected 
VXD resolution

- d0 resolution of 12 μm (vs 10 μm 
expected) with PXD, about twice 
better than at Belle 

�24

Status of Belle-II in phase-II

• Z-vertex spread at 0.5 mm level (vs 1 cm at Belle-I): strong
focusing, large crossing angle, towards nano-beam scheme.

• Transverse impact parameter resolution of 12µm (vs 10µm
expected) thanks to PXD, about twice better vs Belle-I.

• However many problem remain, including high background,
requiring further machine and detector tuning.

5

Status of Belle-II in phase-II

• Z-vertex spread at 0.5 mm level (vs 1 cm at Belle-I): strong
focusing, large crossing angle, towards nano-beam scheme.

• Transverse impact parameter resolution of 12µm (vs 10µm
expected) thanks to PXD, about twice better vs Belle-I.

• However many problem remain, including high background,
requiring further machine and detector tuning.

5

σluminous
z =

εxβ*x
ϕx 2

Overlap Region at IP

�4

Ordinary collision (KEKB) Nano-Beam (SuperKEKB Phase2)

σ = 550 μm
σ = 4.5 mm

measurement at Belle II 
measurement at Belle 

The vertex distribution is constrained 
in the nano-beam scheme.bunch length

I. Adachi, T. Iijima

2φx
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Particle identification in 2018
• Central Dri* Chamber dE/dx & Time of 

propagation Cherenkov patterns - 2018 data
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FIG. 9: x � t plot, expected PDFs and impact point diagram of a kaon candidate tagged by a D?

decay.

Upper row: x � t plot superimposed to expected pattern in the pion (left, red), kaon (left, blue)
and proton (right, green) hypothesis. Each plot reports the corresponding log-likelihood value.

Bottom row: Sketch of the impact point and direction on the TOP bar. The coordinate system is

the one of the bar itself: with respect to the detector frame, z is unchanged, x runs along � and y is

the radial direction. The diagram shows the bar as seen from the IP. The impact point of the track

is marked by a colored spot, whose size and color is proportional to the track’s momentum. The

short line pointing to the impact point represents the direction of the incoming particle, projected

on the bar surface: it’s orientation represent the actual orientation of the track on the x� y plane,

while its length is proportional to the cosine of the dip angle (i.e. the angle at which the track

enters the bar). Shorter lines are associated to dip angles closer to 90
�
, i.e. to track that are

entering the bar perpendicularly to its surface.

The parameters reported on the right side of the impact point diagram are, in order: slot ID

(1-16), the track momentum p, the polar angle ✓IP and azimuthal angle �IP calculated at the IP,

the coordinates x and z of the impact point in the bar reference frame, the dip angle ✓dip, and the

azimuthal angle in the bar frame, respect to the z axis (�dip).
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• Hadron saturation correction determined “by hand”

Performance in prod3 collision data (hadron skim)
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FIG. 9: x � t plot, expected PDFs and impact point diagram of a kaon candidate tagged by a D?

decay.

Upper row: x � t plot superimposed to expected pattern in the pion (left, red), kaon (left, blue)
and proton (right, green) hypothesis. Each plot reports the corresponding log-likelihood value.

Bottom row: Sketch of the impact point and direction on the TOP bar. The coordinate system is

the one of the bar itself: with respect to the detector frame, z is unchanged, x runs along � and y is

the radial direction. The diagram shows the bar as seen from the IP. The impact point of the track

is marked by a colored spot, whose size and color is proportional to the track’s momentum. The

short line pointing to the impact point represents the direction of the incoming particle, projected

on the bar surface: it’s orientation represent the actual orientation of the track on the x� y plane,

while its length is proportional to the cosine of the dip angle (i.e. the angle at which the track

enters the bar). Shorter lines are associated to dip angles closer to 90
�
, i.e. to track that are

entering the bar perpendicularly to its surface.

The parameters reported on the right side of the impact point diagram are, in order: slot ID

(1-16), the track momentum p, the polar angle ✓IP and azimuthal angle �IP calculated at the IP,

the coordinates x and z of the impact point in the bar reference frame, the dip angle ✓dip, and the

azimuthal angle in the bar frame, respect to the z axis (�dip).
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FIG. 9: x � t plot, expected PDFs and impact point diagram of a kaon candidate tagged by a D?

decay.

Upper row: x � t plot superimposed to expected pattern in the pion (left, red), kaon (left, blue)
and proton (right, green) hypothesis. Each plot reports the corresponding log-likelihood value.

Bottom row: Sketch of the impact point and direction on the TOP bar. The coordinate system is

the one of the bar itself: with respect to the detector frame, z is unchanged, x runs along � and y is

the radial direction. The diagram shows the bar as seen from the IP. The impact point of the track

is marked by a colored spot, whose size and color is proportional to the track’s momentum. The

short line pointing to the impact point represents the direction of the incoming particle, projected

on the bar surface: it’s orientation represent the actual orientation of the track on the x� y plane,

while its length is proportional to the cosine of the dip angle (i.e. the angle at which the track

enters the bar). Shorter lines are associated to dip angles closer to 90
�
, i.e. to track that are

entering the bar perpendicularly to its surface.

The parameters reported on the right side of the impact point diagram are, in order: slot ID

(1-16), the track momentum p, the polar angle ✓IP and azimuthal angle �IP calculated at the IP,

the coordinates x and z of the impact point in the bar reference frame, the dip angle ✓dip, and the
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FIG. 9: x � t plot, expected PDFs and impact point diagram of a kaon candidate tagged by a D?

decay.

Upper row: x � t plot superimposed to expected pattern in the pion (left, red), kaon (left, blue)
and proton (right, green) hypothesis. Each plot reports the corresponding log-likelihood value.

Bottom row: Sketch of the impact point and direction on the TOP bar. The coordinate system is

the one of the bar itself: with respect to the detector frame, z is unchanged, x runs along � and y is

the radial direction. The diagram shows the bar as seen from the IP. The impact point of the track

is marked by a colored spot, whose size and color is proportional to the track’s momentum. The

short line pointing to the impact point represents the direction of the incoming particle, projected

on the bar surface: it’s orientation represent the actual orientation of the track on the x� y plane,

while its length is proportional to the cosine of the dip angle (i.e. the angle at which the track

enters the bar). Shorter lines are associated to dip angles closer to 90
�
, i.e. to track that are

entering the bar perpendicularly to its surface.

The parameters reported on the right side of the impact point diagram are, in order: slot ID

(1-16), the track momentum p, the polar angle ✓IP and azimuthal angle �IP calculated at the IP,

the coordinates x and z of the impact point in the bar reference frame, the dip angle ✓dip, and the

azimuthal angle in the bar frame, respect to the z axis (�dip).
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PARTICLE IDENTIFICATION WITH THE TOP
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No kaons identified

One kaon identified in the 
TOP.

Both kaons identified in 
the TOP.

  f ® K - K +  inclusive

Another 
example of 
TOP particle 
identification 
with early 
calibration and 
alignment.

Inclusive sample

Inclusive F/K+K- sample
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HD Colloquium, 22.01.2019  Status and Prospects of Belle II

Background Sources

�8

Beam-lifetime ~ 600 s  dominated by Touschek background
Total loss rate ~ 500 GHz in the ring
Requires operation in continuous injection mode @ 50 Hz repetition rate
Reduced energy asymmetry leads to reduced boost 

40x higher luminosity also means much higher background levels

HD Colloquium, 22.01.2019  Status and Prospects of Belle II

Background Sources
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Total loss rate in the machine from Touschek  ~ 500 GHz 
Beam-lifetime ~ 600 sec  => operation in continuous injection mode @ 50 Hz

40x higher luminosity also means much higher background levels
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Background in Phase 2
Multiple background sources expected 
at SuperKEKB
- Touschek (intra-beam) scattering will 

finally limit LER beam lifetime to 10 min
Observed background significantly 
higher than simulated 

- 0 Beam currents had to be limited to 
keep background tolerable
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HD Colloquium, 22.01.2019  Status and Prospects of Belle II

Background Sources

�8

Beam-lifetime ~ 600 s  dominated by Touschek background
Total loss rate ~ 500 GHz in the ring
Requires operation in continuous injection mode @ 50 Hz repetition rate
Reduced energy asymmetry leads to reduced boost 

40x higher luminosity also means much higher background levels

HD Colloquium, 22.01.2019  Status and Prospects of Belle II

Background Sources
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Background in Phase 2
Multiple background sources expected 
at SuperKEKB
- Touschek (intra-beam) scattering will 

finally limit LER beam lifetime to 10 min
Observed background significantly 
higher than simulated 

- 0 Beam currents had to be limited to 
keep background tolerable

�26

Reminder: Study of June Runs (Data)

HER

LER

Phase 2 V0 Bkgds :  Bryan Fulsom (PNNL)  :  B2GM  :  2019-02-05

Small cell chamber
P

V0 vertices for runs with HER beam only
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Background in Phase 2
Multiple background sources expected 
at SuperKEKB
- Touschek (intra-beam) scattering will 

finally limit LER beam lifetime to 10 min
Observed background significantly 
higher than simulated 

- 0 Beam currents had to be limited to 
keep background tolerable

Extrapolation to final phase 3 conditions 
has large uncertainties
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Reminder: Study of June Runs (Data)

HER

LER

Phase 2 V0 Bkgds :  Bryan Fulsom (PNNL)  :  B2GM  :  2019-02-05

Small cell chamber
P

Background Scale Factors (c)
We propose to use scale up the single-beam 
backgrounds by the following detector-
independent factors:

Touschek LER: no scale factor (1.0)
Beam-gas LER: scale factor = 2.0
Touschek HER: scale factor = 10
Beam-gas HER: scale factor = 20

These proposed scale factors represent a 
compromise based on what we have measured 
in Phase 2. They are somewhat lower that what 
has been measured for SVD and PXD, but will 
probably result in over-estimateded
backgrounds in outer detectors.

2/20/19 Sven Vahsen @ TB Meeting
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Background in Phase 2
Multiple background sources expected 
at SuperKEKB
- Touschek (intra-beam) scattering will 

finally limit LER beam lifetime to 10 min
Observed background significantly 
higher than simulated 

- 0 Beam currents had to be limited to 
keep background tolerable

Extrapolation to final phase 3 conditions 
has large uncertainties
New collimators are expected to reduce 
background by factor 4 in early phase 3

�26

Reminder: Study of June Runs (Data)

HER

LER

Phase 2 V0 Bkgds :  Bryan Fulsom (PNNL)  :  B2GM  :  2019-02-05

Small cell chamber
P Januart 2, 2019 Beam Background Group Meeting 23

New collimators in phase 3

V0 vertices for runs with HER beam only
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Join two modules to a ladder by gluing
- reinforcement of joint by glueing small ceramic inserts 

into V-grooves on the back side of the modules
Yield problem: out of 17 assembled ladders, 5 lost due to particles and other issues 
 
 
 
 

De-scoped PXD installed to meet schedule for start of phase 3
- full L1 (8 ladders) and 2 of 12 ladders in L2 
Meanwhile the assembly procedure has been revised
New PXD wafer production ongoing at HLL
Installation of complete PXD foreseen in summer 2020

PXD for phase3: ladder assembly

IAS Mini-Workshop, January 2019 Ladislav Andricek, MPG Halbleiterlabor20

Z Join two modules to a ladder Æ “gluing”
� V-grooves for small ceramic inserts on the back side Æ Reinforcement of the joint 

Z Yield issue: out of 17 assembled ladders, 5 were lost due to particles and other mistakes

Z Install de-scoped PXD to meet the schedule for the start of phase 3 (March 2019)
� Full L1 (8 ladders) and 2/12 ladders in L2

Z First physics runs and luminosity ramp up of Belle II with this pre-version of PXD

PXD for Phase 3

�27
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Z Install de-scoped PXD to meet the schedule for the start of phase 3 (March 2019)
� Full L1 (8 ladders) and 2/12 ladders in L2

Z First physics runs and luminosity ramp up of Belle II with this pre-version of PXD
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Phase 3 VXD Integration and Commissioning

�28

Oct 2018

Nov 2018

Sep 2018

Jan 2019
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Phase 3 Operation started this Monday

Plans for first weeks
- machine check-out
- vacuum scrubbing
- beam squeezing to by* = 3 mm
- collimator and injection tuning
- optimise continuos/trickle injection
- test gated mode operation
First ~ 2 weeks of April
- dedicated background studies with  

all Belle II sub-detectors switched on

�29

SuperKEKB 24-Hour Operation Summary
SuperKEKB will resume operation in March 2019.

  Also available are   [2-hour summary]   [Daily history]  

Y. Ohnishi, K. Furukawa, M. Satoh, SuperKEKB Commissioning Group, KEK
<webmaster@mail-linac.kek.jp> , Feb.9.2016 - Jul.26.2018.
[Linac Operation Log]  [KEKB Operation Log]  [Copy]  [Linac]  [SuperKEKB]  [Accelerator]  [Belle2]  [KEK]
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Summary and Conclusions
Belle II and SuperKEKB are very challenging upgrade projects 

Belle II successfully completed initial data taking in 2018 (Phase 2)
- study machine and backgrounds
- checkout detector and software
- collect ~0.5 fb-1 for initial physics (dark sector) 

Detector is now complete
- second layer of PXD to be installed in summer 2020  

Phase 3 operation of SuperKEKB started this week
- background mitigation high priority item
- ensure rapid luminosity ramp-up  

Looking forward to shed some light on recently observed flavour 
anomalies in the coming years

�30
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Neural z-Trigger Project

�32

Neural z Trigger Project 

9 Track 
Segments
from
Superlayers
of the CDC

9 x 3 inputs

81 nodes

z and
theta

z resolution
obtained
~ 2 cm

Neuro – Team: 
TUM / MPI :    Simulation, training, SC 
and DQM
KIT : Hardware implementation (VHDL)
(done, presently in validation phase)

Trigger Boards provided by KEK

Neural z Trigger Project 

9 Track 
Segments
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Superlayers
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81 nodes
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z resolution
obtained
~ 2 cm

Neuro – Team: 
TUM / MPI :    Simulation, training, SC 
and DQM
KIT : Hardware implementation (VHDL)
(done, presently in validation phase)

Trigger Boards provided by KEK

Neural Outputs in z and theta

z and cos(theta) distributions agree with naive expectation
(reco tracks still to be analyzed)  

Neural results from Hardware mostly compare to simulations

Neural Outputs in z and theta

z and cos(theta) distributions agree with naive expectation
(reco tracks still to be analyzed)  

Neural results from Hardware mostly compare to simulations

Cosmics triggered by ECL
Belle

MC

Input from standard 2D trigger / inclusion of stereo wires / Network
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Impact Parameter Resolution Study

�33

L1+L2

L1 only10

Phase II detectors in VXD volume

PXD + SVD form 6 layers in final Belle II geometry. Only one ladder per layer in +X. 
All ladder will be replaced for final Belle 2. 

- FANGS: Hybrid silicon pixel detector with FE-I4 front end  (ATLAS) 
- CLAWS: Plastic scintillators with SiPM readout (ILC)
- Plume: Double sided CMOS pixel detector (STAR)
- Diamond sensors for total ionizing dose measurement and for beam abort
  system (not shown)
- 3He detector for thermal neutron flux measurement (not shown)
- TPC for fast neutron flux measurement (not shown)

Towards ring center

PXDFANGS

PLUME

SVDPXD

SVD

VXD slice in horizontal plane

s*y < 2 µm

s*x ~ 20 µm
Vertical beam spot size s*y << d0 resolution
0 width of distribution is measure of resolution

d0 

PXD

L1 L2

Transverse impact parameter resolution in phase 2

Cross section of luminous region
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Residuals & pulls: different releases
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PXD Layer2: from Early Phase3 to Phase3

✦ The second layer of the PXD is crucial for resolving the PXD 
pattern in high background 

✦ Present background simulations suggest a small performance 
degradation  

‣ Crucial to check the real performances in the first month of data 
taking 

‣ Additional persons are needed to quickly look at the data
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Background Sources at SuperKEKB
Single beam (LER and HER)
- Touschek: intra-bunch Coulomb scattering
‣ squeeze beam => increase background

‣                                        => reduced energy asymmetry 

- beam gas: 
‣ elastic Coulomb scattering

‣ bremsstrahlung  

- synchrotron radiation: 

- injection background (50 Hz) 

Beam-beam:
- radiative Bhabha:
‣ (a) emitted photon (neutrons), (b) spent e+/e-  

- 2-photon process: 
�35

rate ∝ I2
beam / (nbσxσyE3

beam)

(Some) important beam backgrounds at Belle II

4

● Touschek: intra-bunch Coulomb scattering

○ Squeeze beam → more background

● Synchrotron: generated by upstream 

bending magnets

● Beam-gas: Coulomb or bremsstrahlung 

scattering of beam particles with gas in 

beampipe

● Radiative Bhabha (with collisions): 

● Injection: particles injected from linac 

off-orbit
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rate ∝ I p Z2
eff (∝ I2)

��� �. Expected background for the PXD

orbit

acceleration

acceleration

orbit

particle
direction

particle
direction

90°

γ
1

Figure �.��: �e le� �gure shows the emission of synchrotron radiation due to a transversal ac-
celerated charge in the rest frame of the charge. �e right �gure illustrates the narrow cone with
a half-opening angle of γ−� for the synchrotron radiation in the laboratory frame. Figure adapted
from [���]

.

On the other hand, the radiation power for transversal acceleration is

P⊥ = �
�

q�

m� c�
γ� �

d �p⊥
dt
�

�

(�.��)

with d �p⊥�dt being the transversal force acting on the particle. In comparison with equation
�.��, the additional factor γ� leads to amuch higher radiation power,making it by far the dom-
inating synchrotron radiation process for electron energies above a few MeV. From equation
�.�� one can see that the energy loss, de�ned as the radiated power per turn in a circular ac-
celerator, scales with the fourth power of the particle’s energy. �is imposes the limitation to
the maximum energy achievable at a circular accelerator. Restricting equation �.�� to singly
charged particles q = e and omitting longitudinal acceleration, the equation can be written as
[��]

Pγ =
�π
µ�

�r�e c
� (mc�)�

B�E�

where the force in equation �.�� has been replaced by the Lorentz force. �is equation describes
the instantaneous synchrotron radiation power of a single electron. If the de�ecting magnetic
�eld is replaced by the local bending radius ρ, the equation becomes

Pγ ∝ E4ρ−2

rate ∝ L

e+e− → e+e−γγ → e+e−e+e−

�.�Generation ofMonte Carlo events ���

�.� Generation of Monte Carlo events

�e analyses presented in this chapter revolve around the four fermion �nal state reaction
e+e− → e+e− l+ l− where the leptons in the �nal state are e±. �e lowest order Feynman dia-
grams, contributing to this pure QED process, are shown in �gure �.�.

Figure �.�:�e lowest order Feynman diagrams for the process e+e− → e+e−e+e−: a) multiperi-
pheral, b) bremsstrahlung, c) conversion and d) annihilation. a) and b) are t-channel diagrams,
c) and d) involve s-channel diagrams.

In the previous section itwas shown that the dominating contribution to the total cross-section
originates from the multiperipheral, two-photon Feynman diagram (diagram a in �gure �.�).
�e contribution of the other diagrams is small due to either their annihilation nature or be-
cause they are suppressed by photon propagators. �erefore, in the following, the process
e+e− → e+e−e+e− will o�en be called the two-photon process. In order to compare exper-
imental measurements with predictions from theory, distributions of various observables are
studied. Usually, those distributions are gained by performing amulti-dimensional integration
over a set of probability distributions. However, o�en it is not possible to �nd an analytic solu-
tion for the integrals and Monte Carlo methods are employed. �is leads to the term Monte
Carlo generator, describing a so�ware tool that generates events for one ormore speci�c pro-
cesses.

e+e− → e+e− (γ)

�.� Luminosity-dependent processes ���

of an atomic nucleus where the protons oscillate against the neutrons. �emost probable way
of de-exciting an heavy nucleus that has been excited by a photon is the emission of a single
neutron [���]. �e neutrons created by theGDRs can then hit the PXD and damage its sensors
and electronics, if this process is su�ciently frequent.

Theory

Two of the leading-order Feynman diagrams that contribute to the radiative Bhabha scattering
process are illustrated in �gures �.�� and �.��.

e+ e+

e� e�
�

Figure �.��:One of the four leading annihilation
Feynman diagrams for radiative Bhabha scatter-
ing.

Figure �.��: One of the four leading scattering
Feynman diagrams for radiative Bhabha scatter-
ing.

It turns out that the exact theoretical calculation of quantities such as the angular and energy
distributions of the photons and the total cross-section of the process is very complicated due to
the singular structure of thematrix elements. However, under the assumption of high energetic
incoming particles and small angle photon emission, the calculation can be simpli�ed. A full
treatment of this calculation, including the equation for the total cross-section, is given in [���].
Performing the calculation of the total cross-section for SuperKEKB and including a correction
for the �nite beam size (beam size e�ect) [���] results in

σRBB
tot (�) =

��
�
αr�e�� log �

�
�
� −

�
�
�� log �

√
�mecσ∗y
ħ

� +
γE
�
�+

+
�
�
�
��
�
log �

�
�
� −

��
�
��

(�.��)

where α is the �ne-structure constant, re the classical electron radius,me the electronmass and
γE the Euler-Mascheroni constant.

R.	de	Sangro	(LNF-INFN) June	5-9,	2017 FCPC	2017	-	Prague,	Czech	Republic

Belle

BEAST	II	-	Phase	1

• Injection	produces	high	backgrounds	

• Factory	mode:	to	compensate	for	shorter	
beam	lifetime	use	continuous	injection	→	
DAQ	Veto	

• Continuos	injection	@	100	Hz	during	
SuperKEKB-factory	operation	

• Belle	injection	ECL	DAQ	veto	scheme	
would	produce	35%	dead	time!	

• →	Study	injection	background	time	
structure	with	BEAST	crystal,	CLAWS	and	
scintillators	subsystems	

• Background	surge	~x100-x1000	in	]irst	ms	
after	injection
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Injection	Background
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Figure 98: Hit rates as a function of time after injection Tin j, recorded by CsI
(left) and LYSO (right) crystals in position F2, measured during LER injection.
Red open circles: run #3, Blue open squares: reference run #14 (colors online).
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Figure 99: Hit rates as a function of time after injection Tin j, recorded by CsI
(left) and LYSO (right) crystals in position F2, measured during HER injection.
Red open circles: run #9, Blue open squares: reference run #10 (colors online).

of about a factor of 10 of the injection background, which can in2686

part be ascribed to the di↵erent beam current at which the data2687

was taken (Irun10 = 139 ± 7 mA, Irun12 = 296 ± 2 mA versus2688

Irun13 = 309 ± 6 mA). Similar results we observe in the LER.2689

For the LER we show in Fig. 103 the e↵ect of changing the2690

septum angle. In this case, as well as for the HER, the e↵ect2691

observed on injection background is less visible than the previ-2692

ous case; the two data sets were taken at the same beam current2693

Irun14 = Irun17 = 195 ± 3 mA2694

The duration and amount of injection background showed2695

great variations throughout the BEAST running. We also ob-2696

served large variations in the same runs at di↵erent positions2697

and for di↵erent crystals. A common feature however, is that2698

most of the injection related activity dumps down by about two2699

(or three) orders of magnitude within about 1-1.5 ms after the2700

injection.2701

In the study of injection background discussed in the Belle II2702

TDR that we mentioned at the beginning of this section, it was2703

found that typically most noise hits occurred in the first 150 µs2704

after injection, and that later triggers are highly correlated in2705

time with the time of passage of the injected bunch near the in-2706

teraction point. Using the high resolution timing data recorded2707

by the digitiser we have looked for a similar behaviour in the2708

BEAST data. The digitisers record the time of each hit with 22709

ns precision, so each hit is assigned a well defined time after the2710

injection. The bunch revolution time around the machine arcs2711

is Trev=10.0614 µs. This means that every given bunch crosses2712
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Figure 100: Hit rates as a function of time after injection Tin j, recorded by CsI
crystals in position F2 during LER injection. Left: reference run #14; right: run
#3. The arrows indicate the position of the peaks that are used to measure their
period.
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Figure 101: Hit rates as a function of time after injection Tin j, recorded by CsI
crystals in position F2 during HER injection. Left: reference run #10; right:
run #9. The arrows indicate the position of the peaks that are used to measure
their period.The interpretation of the two di↵erent series observed in run #10 is
discussed in the text.

the interaction point every Trev µs, followed a few ns later by2713

the bunch right behind it, followed in turn by the next bunch2714

and so on. The time interval between subsequent bunches de-2715

pends on the fill configuration pattern. After Trev µs (one com-2716

plete turn) all the bunches filled in the machine will have passed2717

through the interaction point, and the next turn begins repeating2718

this pattern. Each bunch crosses the IP at its own time within2719

the time Trev of one turn, depending on its position in the train2720

of bunches filling the machine. So indicating with Tin j the time2721

after injection recorded by the digitisers in ns, we compute the2722

time within one turn as Tturn = Tin j mod Trev. In this way, if2723

one particular bunch crossing the IP (i.e. the injected bunch)2724

generates some background that produces hits in the crystals,2725

the hits will all have the same Tturn of that particular bunch.2726

We show in Fig. 104 (105) a plot of the time after injection2727

Tin j versus Tturn recorded by the crystals in position F3 during2728

the injection of the HER (LER). As the data shows, is clear that2729

the background hits are correlated in time with one bunche; this2730

is observed in both Thallium doped, pure CsI and LYSO crys-2731

tals, and in the projection on the Tturn axis it appears as a < 102732

ns wide peak. The observed di↵erence in overall hit rate be-2733

tween HER and LER injection confirms the observation made2734

earlier looking at the scaler data that the injection of the LER2735

produces higher backgrounds. The di↵erence observed in the2736

56

CsI	crystal

Subsequent	peaks	due	to	beam	
oscillation	(synchrotron)

backgrounds	decay	
~few	ms

Large	background	<1	ms

Time	after	injection

Old	Belle	ECL	veto
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Disentangling Background Sources in Phases 2 and 3

�36

Intro: Size-sweep scans

17

Targeting Touschek

● Ran beam at 5 different beam sizes and 

at 3 currents (15 runs total)

● Rewrite heuristic so beam-gas is flat:

● Fit measures sensitivities B (offset) 

and T (slope)

● Example, right

○ Observable from BGOs

○ Quality of linear fit validates 
model

Touschek

Beam-gas

Colors: size settings
Shapes: currentsObservable

I pZ2
eff

[a.u.]

I
nbσy pZ2

eff
[mA Pa−1 μm−1]

Phase 1 data

Observable = B ⋅ I pZ2
eff + T ⋅

I2

nb σy
Beam gas Touschek
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Disentangling Background Sources in Phases 2 and 3
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Observable = B ⋅ I pZ2
eff + T ⋅

I2

nb σy
Beam gas Touschek

Detector occupancy limit: ~2-3% (from tracking)
- extrapolation to phase 3: will be exceeded
Radiation dose limits: 10 Mrad (w/o injection)
- no safety margin for phase 3

Need > factor 2 reduction to operate VXD with 
good tracking performance in early Phase 3 
Need > factor 10 improvement in backgrounds 
for operation at design luminosity

Example of Phase 2 Result: SVD

January 10, 2019 US Belle II Science Readiness Briefing 8

• Large discrepancies between Data and MC for HER. Not seen in lifetime studies. Could be in SAD à Geant4 interface.
• Smaller Data vs MC discrepancies in LER. Partially understood, expected to improve with recent updates to Geant4 geometry.
• Also suspect that emittance control knob used in these studies needs improvement.

Example for phase 2:  LER Run SVD L3

Measured BG rates at the beam size scan

Hiroyuki Nakayama (KEK) Super Tau-Charm Factory 2018, 4th Dec. 2018, LAL 24

•Extracted beam-gas and Touschek coefficients 
(to be used for extrapolation to Phase 3)

Large discrepancies between Data and MC, 
especially in HER. Same/similar pattern in 
PXD. To be investigated further why we see 
such discrepancies (It is notable that our 
SAD loss rate in HER is much smaller than 
LER, almost zero)

Hikaru Tanigawa

Preliminary

Preliminary

0           5          10        15        20         25        30        35        40    x103

Use data/MC ratio in phase 2 as 
scaling factor for phase 3 MC
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QCS Quenches
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2018/10/16Antonio Paladino

Collimators in Phase 2

!7

D12 arc

D09 arc D06 arc

D02D01
Tsukuba straight section

SuperKEKB type

SuperKEKB type

KEKB 
type

KEKB 
type

SuperKEKB type

• KEKB type: only one movable jaw
• SuperKEKB  type:  two  independent 

movable jaws, lower impedance.

IR Touschek, beam-gas and injection backgrounds can be sensibly reduced with collimators.
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Pressure burst and QCS quench

730mA hit D02V1 …
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y = 3 mm
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Beam Current > 500 mA

QCS Quench 

�33

Number of QCS 
quench per day

HER Injection
HER Storage
LER Injection
LER Storage

Adjustment of the movable collimators

Belle II abort system 
(diamond abort)

Damage of collimator head 
in LER

Damage of collimator head 
in HER

The first trial 
of beta squeezing

The first collision 
tuning

Test of 
waist knob

Injection 
with ECK

injection kicker 
in LER(K2-3)

Collimators not optimized 
well when beta squeezing

RF phase scan 
Unstable region 

for BxB FB？

Synchrotron 
oscillation in LER

High temperature
due to Hot summer

Collimators are 
almost full open.
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Early Phase 3 Physics
Luminosity will largely depend on machine and detector performance
Plausible assumption of about 10 fb-1 by summer 2019

�38

Early Phase 3 Physics (March-June, 2019) Plan
We assume a plausible scenario with three months in which we integrate 
luminosity:  (2 fb-1, 4 fb-1, 4 fb-1) + 1 fb-1 continuum or ~11 fb-1 for Lepton-Photon 
2019 in Toronto, Canada. All detector subsystems, DAQ and trigger will be 
operating well. Software, calibrations and computing will be ready.

Semileptonic
- B→ π l ν and ρ l ν untagged (CLEO saw a signal with 2.66 fb-1)

Time Dependent CP Violation/Charm 
- D lifetimes (2 fb-1 )
- Doubly Cabibbo suppressed D0 → K+ π-, D0 → K+ π- π0 (10 fb-1)
- B lifetimes (2-10 fb-1)
- Time dependent B-anti B mixing (10 fb-1)

Radiative/Electroweak Penguins
- B→K* γ (b→s) (2 fb-1) rediscover penguins
- B→Xs γ (b→s) (~10 fb-1 depending on off-resonance data taking)

Hadronic B decays (not time dependent)
- B→K π (b→u) (10 fb-1)
- B→ Φ K (b→s) (10 fb-1)
- B→J/ψ K (with more significance 2-10 fb-1) P. Urquijo et al.

Demonstrate VXD 
physics performance

++ Dark Sector Physics 
Publications
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Building on Success of First Generation B-Factories
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B physics

CP violation

rare decays (FCNC, LFV, 
…)

precision metrology (CKM 
matrix, mb, …)

Charm physics

CP violation

branching ratios

excited stated

t physics

lepton flavour violation

precision measurements 

Spectroscopy

XYZ, bottomium, 
charmonium

QCD at low energies

Other 

hadronisation

dark photon searches

EW precision 
measurements (AFB, …)
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B physics

CP violation

rare decays (FCNC, LFV, 
…)

precision metrology (CKM 
matrix, mb, …)

Charm physics

CP violation

branching ratios

excited stated

t physics

lepton flavour violation

precision measurements 

Spectroscopy

XYZ, bottomium, 
charmonium

QCD at low energies

Other 

hadronisation

dark photon searches

EW precision 
measurements (AFB, …)

eeFACT Hong Kong 2018 Phillip URQUIJO

Summary
• Belle II will explore New Physics on the Luminosity or 

Intensity Frontier. 

• Belle II / SuperKEKB came online in 2018 - 
rediscovered heavy flavour : charm, beauty and τ. 

• We are ready to start a long physics run in the Super 
Factory mode (Phase 3). This requires high-efficiency 
data-taking by Belle II and extensive running by Super 
KEK-B, soon to be the world’s highest luminosity 
accelerator. 

• There is competition and complementarity with LHCb 
and BES III.

 35

E. Kou, PU (Editors) et al., arXiv: 
1808.10567 (688p), Submitted to PTEP

arXiv: 1808.10567 (688p), Submitted to PTEP 

1 Preface

1. Preface

The Belle II-Theory interface Platform (B2TiP) was created as a physics prospects working

group of the Belle II collaboration in June 2014. It o↵ered a platform where theorists and

experimentalists work together to elucidate the potential impacts of the Belle II program,

which includes a wide scope of physics topics: B physics, charm, ⌧ , quarkonium physics,

electroweak precision measurements and dark sector searches. It is composed of nine working

groups (WGs), which are coordinated by teams of theorist and experimentalists conveners:

WG1) Semileptonic and leptonic B decays, WG2) Radiative and Electroweak penguins,

WG3) �1 and �2 (time-dependent CP violation) measurements, WG4) �3 measurement,

WG5) Charmless hadronic B decay, WG6) Charm, WG7) Quarkonium(like), WG8) ⌧ and

low-multiplicity processes, WG9) New Physics. We organised workshops twice a year from

2014 until 2016, which moved from KEK in Japan to Europe and the Americas, gathering

experts in the respective fields to discuss with Belle II members.

One of the goals for B2TiP was to propose so-called “golden- and silver-channels”: we

asked each working group to choose among numerous possible measurements, those that

would have the highest potential impact and to focus on them for the writeup. Theorists

scrutinised the role of those measurements in terms of understanding the theory behind

them, and estimated the theoretical uncertainties, now achievable as well as prospects for

the future. For flavour physics, having tight control of hadronic uncertainties is one of the

most crucial aspects in the field, and this is considered as an important criteria to determine

the golden or silver-channels. Experimentalists, on the other hand, investigated the expected

improvements with data from Belle II. For the channels where the errors are dominated by

statistical uncertainties, or where systematic errors are reducible, the errors can decrease

rapidly as more data becomes available. The impact of the upgraded performance from

Belle II is a crucial element for reducing the uncertainties: we therefore include the latest

available studies of the detector e�ciency using Monte Carlo simulated events. We list the

golden(silver)-channel table in this first chapter, as a guide for the chapters that follow.

The book is not a collection of talks given at the workshops. The working conveners

attempted to construct a coherent document that can be used by Belle II collaborators, and

others in the field of flavour physics, as a reference. There were two books of a similar type

written in the past, “The BaBar book” [1] and “The Physics of the B factories” [2]. In order

to avoid too much repetition with respect to those references, we refer to them as possible

for introductory material.

We would like to thank the section editors and contributing authors for the many

stimulating discussions and their tremendous e↵ort to bring the book together.

1.1. Working Groups

The Belle II Theory Interface Platform working groups and convenors were assigned as

follows.

Leptonic and Semileptonic B decays

Experiment: G. De Nardo (Naples), A. Zupanc (IJS)

Theory: F. Tackmann (DESY), A. Kronfeld (FNAL, LQCD), R. Watanabe (Montreal)

9/689

Radiative and Electroweak Penguin B decays

Experiment: A. Ishikawa (Tohoku), J. Yamaoka (PNNL)

Theory: U. Haisch (Oxford), T. Feldmann (Siegen)

Time Dependent CP Violation of B mesons

Experiment: A. Gaz (Nagoya), L. Li Gioi (MPI Munich)

Theory: S. Mishima (Rome/KEK), J. Zupan (Cincinnati)

Determination of the Unitarity Triangle angle �3

Experiment: J. Libby (IIT Madras)

Theory: Y. Grossman (Cornell), M. Blanke (CERN)

Hadronic B decays and direct CP Violation

Experiment: P. Goldenzweig (KIT)

Theory: M. Beneke (TUM), C-W. Chiang (NCU)

Charm flavour and spectroscopy

Experiment: G. Casarosa (Pisa), A. Schwartz (Cincinnati)

Theory: A. Petrov (Wayne), A. Kagan (Cincinnati)

Quarkonium(like) physics

Experiment: B. Fulsom (PNNL), R. Mizuk (ITEP), R. Mussa (Torino), C-P. Shen (Beihang)

Theory: N. Brambilla (TUM), C. Hanhart (Juelich), Y. Kiyo (Juntendo), A. Polosa (Rome),

S. Prelovsek (Ljubljana, LQCD)

Tau decays and low-multiplicity physics

Experiment: K. Hayasaka (Nagoya), T. Ferber (DESY)

Theory: E. Passemar (Indiana), J. Hisano (Nagoya)

New physics and global analyses

Experiment: F. Bernlochner (Bonn), R. Itoh (KEK)

Theory: J. Kamenik (Ljubljana), U. Nierste (KIT), L. Silvestrini (Rome)

Further direct contributors to the chapters are given in the chapter headers.

1.2. Committees

The B2TiP workshop and book organising committee is comprised of

� Emi Kou (LAL)

� Phillip Urquijo (Melbourne)

An international advisory committee assisted in steering the coordination of the workshops

and report.

� Marco Ciuchini (Rome)

� Tim Gershon (Warwick)

10/689
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B-Factories versus LHCb
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Babar /
Belle

ATLAS / 
CMS LHCb

√s [GeV] 10.58 
[y(4S)] 7000 / 8000 7000 / 8000 

BB 
production 

coherent BB 
state incoherent BB state 

σbb [µb] in 
acceptance 

0.0011 75 94

L [fb-1] 550 / ~1000 ~30 3

bb pairs in 
acceptance 

[1011] 
0.01 22 3

Advantages of B factories
- much higher luminosity (x103)
- low background allows for the 

reconstruction of final states containing 
photons from decays of π0, ρ± , η, η′ 
etc. and KL0 reconstruction

- since the initial state is known, “missing 
mass” analyses can be performed to 
infer existence of new particles via 
energy/momentum conservation

- Full Event Interpretation for decays 
with n’s and inclusive measurements

- detection of decay products of one B 
allows flavour of the other B to be 
tagged (time dependent CP violation)

- large samples of τ leptons allowing for 
measurements of rare τ decays and 
searches for lepton flavour and lepton 
number violating τ decays 

Advantages of LHCb
- O(mb) vs O(nb) b cross section
‣ 106 times larger (105 in acceptance)

- O(104µm) vs O(102µm) decay length
‣ 102 times larger

- multiple scattering less important

  

-
e e+

( )4sU

Quantum entangled neutral 
B meson pair production

zD

Bphys

Btag

Δ t=
Δ z

βγ c

Resolution on 
Δt will be 

dominated by 
the resolution 
of the tagging 

side vertex

Time dependent measurements
Y(4S) is the first resonance just above the BB 
production threshold
Only BB pairs are produced, and are at rest in the 
Y(4S) frame

Δt probability parametrization

Belle ~ 200 mm

Belle II ~ 130 mm  

Luigi Li Gioi 3B2TIP

s(z) ~ 15 µm

mailto:carsten.niebuhr@desy.de


carsten.niebuhr@desy.de12th Terascale Detector Workshop, Dresden, 15.03.19  Belle II

PXD System Overview
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Switcher: Gate and Clear signals (rolling shutter mode: 100ns per pixel row)
DCD:       Drain Current Digitizer
DHP:       Data Handling Processor (common mode rejection, pedestal subtraction, zero-suppression)
DHH:       Data Handling Hybrid (FPGA: clock, timming, trigger; conversion to optical; clustering)

MPI
(HLL)

HD

BN
HD

TUM BN, GI, TUM

LMU, TMU

Mechanics, cooling:
MPI, KIT, IFIC, DESY

2m+15m

40cm

2 layers: @1.4(2.2) cm
Thickness: 75 µm, 0.4%X0

Pixels: 50 x 75 µm 
total of 8 Mpx 
readout: 20 µs

mailto:carsten.niebuhr@desy.de


carsten.niebuhr@desy.de12th Terascale Detector Workshop, Dresden, 15.03.19  Belle II

DEPFET Principle
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C. Kiesling, Dienstag-Seminar, DESY, Sep. 27, 2011 35

p-channel FET on a completely depleted bulk
invented at MPI, produced at HLL

A deep n-implant creates a potential minimum 
for electrons under the gate
(Ointernal gateP)

Signal electrons accumulate in the internal 
gate and modulate the transistor current 
(gq ~ 400 pA/e-)

Accumulated charge can be removed by a 
clear contact (OresetP)

DEPFET Principle

Fully depleted: large signal, fast signal collection

Low capacitance,  
internal amplification         

low noise
Transistor on only during readout:

low power

Depleted p-channel FET
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PXD Gated Mode Operation
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Statu of  Gated Mode 

“Continuous” injection
(ΔI/I very small)

OK on small PXD6 matrix,
now being verified on
a large PXD9 matrix

Laboratory test with ASICs
at full speed

Junk  charge 
not stored 
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Laser, MIP always create charge… 

1/21/2015 Eduard Prinker, Belle II PXD/SVD Workshop 

¾ “noisy bunches” create (junk) electrons within the PXD detector  

¾ these junk electrons have to be removed while the number of 
stored electrons in the internal Gate should not be changed! 

¾ by means of surface structuring, various deep implants and 
appropriate voltage combinations the internal Gate can be 
protected 
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Injection Scheme of SuperKEKB 

1/21/2015 Eduard Prinker, 7th Belle II VXD Workshop 

20 µs frame 

~ cooling: 4ms noisy /~ 400 packets 

¾ RF frequency  508 MHz 
¾ 2503 bunches 
¾ noisy bunches 100ns apart 

~ 16 ms “clean” 

¾ continuous injection every 20 ms Æ ~ 400 revolutions with two noisy bunches 

¾ mask noisy bunches: PXD deadtime = 20% 

¾ the best solution: gate the DEPFET during the passage of the noisy bunches 

 

 Æ100ns gate, with some rise and fall times, twice per frame 

SuperKEKB bunch pattern
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Belle II Collaboration
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860 members from 113 institutions in 26 countries

Role of DESY within Germany and beyond 
• Facilitating VXD commissioning, installation and 

integration 

• Test beam facility 

• Helmholtz detector lab (PERSY set-up) 

• Acting as computing hub 

• Grid & NAF at DESY 

• 50% of German share as Raw & Regional Data 
Center 

• Migration of Belle II collaborative tools to DESY 
in 2016/17

Europe 44%

Asia 38%
North America 17%

Germany

Japan

U.S.A.

Italy

0 45 90 135 180

Physicists PhD+MSc Technical

German Belle II institutions

# Inst. 

12 

14 

17 

9

Four largest countries by members / institutes
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Trigger Rates at Design Luminosity 8x1035 cm-2s-1 
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Chapter 12

Trigger

The total cross sections and trigger rates at the goal luminosity of 8× 1035 cm−2s−1 for several
physical processes of interest are listed in Table 12.1. Samples of Bhabha and γγ events will be
used to measure the luminosity and to calibrate the detector responses. Since the Bhabha and
γγ cross sections are very large, these triggers are pre-scaled by a factor of 100 or more; this is
straightforward due to their distinct signatures.

Physics process Cross section (nb) Rate (Hz)
Υ(4S)→ BB̄ 1.2 960

Hadron production from continuum 2.8 2200
µ+µ− 0.8 640
τ+τ− 0.8 640

Bhabha (θlab ≥ 17◦) 44 350 (a)

γγ (θlab ≥ 17◦) 2.4 19 (a)

2γ processes (θlab ≥ 17◦, pt ≥ 0.1GeV/c) ∼ 80 ∼ 15000
Total ∼ 130 ∼ 20000

(a) rate is pre-scaled by a factor of 1/100

Table 12.1: Total cross section and trigger rates with L = 8×1035 cm−2s−1 from various physics
processes at Υ(4S).

The requirements for the trigger system are

0. high efficiency for hadronic events from Υ(4S)→ BB̄ and from continuum;

1. a maximum average trigger rate of 30 kHz;

2. a fixed latency of about 5µs;

3. a timing precision of less than 10 ns;

4. a minimum two-event separation of 200 ns; and

5. a trigger configuration that is flexible and robust.
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How to increase Luminosity
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Beam Size Scaling(2)
● To keep final focus system chromaticity, QCS SHOULD be…

– Distance from IP L* → N-1 L*

– Effective length Leff → N-1 Leff

– Radius r → N-1 r

– Field gradient G → N2 G

– Maximum quadrupole field Bmax → N1 Bmax

– Excitation power nI → nI

– Current density nI/A →N2 nI/A

– On beam solenoid field map Bs(z) → Bs(N1 z)

(Typical beam size at QCS)

  

Beam Size Scaling(1)

● To keep hourglass limit, we HAVE TO scale…

– Luminosity: L → N L

– βx* → N-1 βx*

– βy* → N-1 βy*

– εx  → N-1 εx

– εy  → N-1 εy

Required to scale σ*
z,eff

By ε
x
 scaling, lattice coupling is kept.
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CM Energy Reach

�47Y(nS)	@	Belle	II,	MIAPP	October	2016 Phillip	URQUIJO

Accelerator	ECM	reach

53

Beam Energy

8

Start from Y(4S) operation at 
Phase-2

10 fb-1 at Y(6S) is requested 
by Belle II.
~20 days

(80 % efficiency with 8x1033)

5 months operation at Phase-2

ECM	max	with	constant	γβ=0.284	is	~	11.1	GeV
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Belle II DAQ System
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