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Belle II & SuperKEKB
Belle II operates at KEK recording collisions of  near e+e− s ∼ 10.58 GeV

Provides clean laboratory to study beauty, charm and light quarks, -leptonsτ

Physics program very broad covering precision measurements, searches for exotic 
states of matter, precision QCD for g-2, light dark matter, … Gudrun Hiller’s  

talk yesterday
KEK Laboratory

4  detector with

excellent tracking, neutral, PID

π

Complementary 
to LHCb
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Germany is major contributor to Belle II: 
237 / 1195 Members (= ~ 20%)

(30 Postdocs, 56 PhD students, 65 MSc. & BSc. students,           

 55 technical members, 27 Group leaders & Staff, 5 Emeriti & Visitors)

Well represented in the management of the collaboration: 
Institutional Board chair, Spokesperson-elect, 3 of 8 Physics sub-groups coordinated by 
German group members, several coordinators in performance, software, PXD project leader, …

Strong involvement in physics: 18 of 40 
published Belle II papers from German groups

    Four largest countries by members / institutes 
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Belle II Collaboration Structure
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Existing German Contributions to Belle II

Major technology contribution: Silicon Pixel Detector (PXD) based on 
depleted p-channel field-effect transistor (DEPFET) design

Sketch of DEPFET pixel:

192’000 pixels

Invented, designed and built in Germany

Ca. 8 m Active area: Ca. 2 x 6 cm

50 μm = 50 × 10−6 m

75 μm

Other key contributions: Software & Reconstruction, Computing,        
Use of Artificial Intelligence and Deep Learning, Triggering with FPGAs, ….

Machine Learning 
to automatically identify 
and reconstruct decays

Pattern recognition 
Algorithms for Track 
reconstruction

Belle II Software 
Framework
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The current status and plans to ca. 2030

Run 2 of experiment started Jan 29th 2024  

Run 1 LS1 Run 2

Collected ca. 0.55/ab = BaBar

→ During Run 1: Achieved world record inst. luminosity of 4.71 × 1034 cm−2 s−1
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Run 2 of experiment started Jan 29th 2024  Collected ca. 0.55/ab = BaBar

SuperKEKB : 
Luminosity frontier e+e- collider
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Run 2 of experiment started Jan 29th 2024  Collected ca. 0.55/ab = BaBar
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Luminosity frontier e+e- collider

5

Here

1. Introduction

2030

SuperKEKB: 
Luminosity frontier 

 collidere+e−

Current status: 
Sudden beam losses of unknown origin hinder 
the collider to reach stable operations

SBL:
Phenomenon that part of the beam is suddenly lost 
in ~1 turn. Uncontrolled beams can cause QCS 
quenches,  damage to accelerator component and 
detector.

Damaged collimators

Fireball hypothesis?
SBL is triggered by a hot microparticle 
“fireball”, similar to the mechanism as is 
observed in vacuum breakdown of 
accelerating cavities.
Counter-measure: Coat collimator heads 
with copper (the same material as the duct)11

2. Status: Before LS1:Challlenges

→ Devoting significant fraction of running time for 
machine studies to understand instabilities

SuperKEKB & Belle II goals until 2030   & collect ca. 5/ab∼ 2 × 1035 cm−2 s−1

The current status and plans to ca. 2030

Other challenges to 

reach high luminosities:

- Low injection eff.

- Low beam lifetime

- Vertical emittance growth

→ Cause damage

to collimators &


detector
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KEK (High Energy Accelerator Research Organization)

2.4A/1.92A (Nb=2346)

2.8A/2.24A (Nb=2346)Run 1

! = 5×10!"

! = 1×10!#

! = 2×10!#
($∗ = ). + mm

($∗ = ). , mm

($∗ = ). - mm

2.0A/1.6A (Nb=2346)

n A specific luminosity ~5x1031 cm-2s-1 was achieved with a small bunch number (393) at βy*=1.0mm.
n Increasing beam currents ILER=~2.4A with 2346 bunches for the luminosity of L=~1x1035 cm-2s-1.
n Squeezing βy* allows further increase up to L=2.4x1035 cm-2s-1.

2

Specific luminosity measurement
with a small bunch number at βy*=1.0 mm

Bunch current product

Scaled by
N_bunch
and 1/βy* 

Extrapolated luminosity 
with large bunch numbers and squeezed βy*

!!"!""!# (mA2)

Then reach  

by ca. 2030

2 × 1035 cm−2 s−1

Next immediate Goal: reach 1035 cm−2 s−1

Currently explore different 
strategies on how this can be 
reached

The current status and plans to ca. 2030

Extrapolated from specific luminosity

at low bunch current product

SuperKEKB & Belle II goals until 2030   & collect ca. 5/ab∼ 2 × 1035 cm−2 s−1

Run 2 of experiment started Jan 29th 2024  Collected ca. 0.55/ab = BaBar

→ During Run 1: Achieved world record inst. luminosity of 4.71 × 1034 cm−2 s−1
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Accelerator and Detector Upgrade

With current machine configuration, maximally achievable                               
inst. luminosity ca. 2 × 1035 cm−2 s−1

KEK and SuperKEKB team started discussions on how this can be rectified

→ Falls short of desirable design value of 6 × 1035 cm−2 s−1

- Upgrade of accelerator (linac & RF) and redesign of IR region on 
the table


- Timeline: ca. 2030 and after demonstrating operations with  
& delivering ca. 5/ab 

1035 cm−2 s−1

- Opens possibility for upgrade of Belle II itself during a long shutdown 2 
(LS2)
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SuperKEKB & future Higgs factory

cmarinas@ific.uv.es 5

ARC March 2024

From the P5 report and from international accelerator laboratories:
Need to make e+e- nanobeams work well at SuperKEKB for the future of HEP.

The Central Role of SuperKEKB-Belle II in HEP   SuperKEKB & Belle II in the ARC, P5 and FCC-ee mid-term review  :

How SuperKEKB will achieve its target luminosity might influence design 
choices of e.g. FCC-ee or CEPC

SuperKEKB & Belle II can be seen as Higgs factory technology demonstrators
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Ongoing: FCC & SuperKEKB

Knowledge transfer with CERN 
team already happening

FCC team interested in learning on a running machine about optics, 
sudden beam loss, vacuum, injection efficiency

DESY also interested in knowledge 
transfer 

374 days of secondments CERN → KEK (12 visitors)  
ca. 170 days KEK → CERN (3 visitors)

→ KEK member in FCC collaboration during CDR and feasibility study phase 

SuperKEKB lattice included in xsuite to simulate 
IP feedback, machine vibrations, collimation, 
optics, impedance, beam-beam effects

Frank Zimmermann & FCC-ee team

G. Broggi 



#

 production rate similar to FCC-ee; top-up injection with short (<10 min) 
beam lifetimes works
e+
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Ongoing: FCC & SuperKEKB

Knowledge transfer with CERN 
team already happening

FCC team interested in learning on a running machine about optics, 
sudden beam loss, vacuum, injection efficiency

374 days of secondments CERN → KEK (12 visitors)  
ca. 170 days KEK → CERN (3 visitors)

→ KEK member in FCC collaboration during CDR and feasibility study phase 

Relevant concepts for FCC-ee that SuperKEKB has already demonstrated:

FCC-ee type virtual crab waist works (K. Oide, Phys. Rev. Accel. Beams 19, 111005)

Smallest  ever considered for FCC-ee: 1 mm and 0.8 mm β*y
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Further motivation for a Belle II upgrade
No spares for central detectors in case of accidents or unforeseen 
degradation ; many unforeseen issues appeared as well (high lumi = terra incognito)

Many Belle II groups working in R&D collaborations (DRD3,DRD7,DRD8,…)  working on 
technologies that will allow us to maximize physics output

SuperKEKB and Belle II can be seen as Higgs factory technology 
demonstrators

Belle

BELLE2-REPORT-2024-042
KEK-REPORT-2024-1

4 July 2024

The Belle II Detector Upgrades
Framework Conceptual Design Report

Abstract

We describe the planned near-term and potential longer-term upgrades of the Belle
II detector at the SuperKEKB electron-positron collider operating at the KEK labora-
tory in Tsukuba, Japan. These upgrades will allow increasingly sensitive searches for
possible new physics beyond the Standard Model in flavor, tau, electroweak and dark
sector physics that are both complementary to and competitive with the LHC and other
experiments.
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Belle

BELLE2-REPORT-2024-042
KEK-REPORT-2024-1

4 July 2024

The Belle II Detector Upgrades
Framework Conceptual Design Report

Abstract

We describe the planned near-term and potential longer-term upgrades of the Belle
II detector at the SuperKEKB electron-positron collider operating at the KEK labora-
tory in Tsukuba, Japan. These upgrades will allow increasingly sensitive searches for
possible new physics beyond the Standard Model in flavor, tau, electroweak and dark
sector physics that are both complementary to and competitive with the LHC and other
experiments.
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4 Detector Upgrade plans summarized in https://arxiv.org/abs/2406.19421

TDR planned for 2027

https://arxiv.org/abs/2406.19421
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Long shutdown 2 (LS2) between ca. 2030-2032

Currently foresee upgrades that require no role-out of the 
detector (would add at least 1 year)

LS2: ca. 2030 - 2032
Disclaimer : timelines under 

discussion (!)

Accelerator plans:

Note: 1B JPY = 6.6 MEuro

Linac and high power RF reinforcements 8B JPY
Increase 
beam current 
by  x 1.3

Mechanical isolation of SuperKEKB 
magnets; improve AC in power supply 
building; fast BPM readout electronics

3-4B JPY Increase 
stability

Likely funding source: MEXT & KEK

Baseline scenario:
Timelines shown here under internal 
discussion to balance needs of various 
groups (detector, physics, accelerator)
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LS2: ca. 2030 - 2032
Motivation for IR redesign :
• Simplify IR (straighten orbits)

• Reduce chromatic x-y coupling

• Suppress emittance growth

R&D ongoing, different options being explored, possibility envelope of IR 
will change:

(Case 2) IR upgrade option 
                  (New QCS with New VTX)
• New QCS with New VTX

• For better luminosity

8

Current Envelope

Possible Redesign

• New RVC design

• Magnet material study 

ongoing (FEM analysis, 
coil winding test)


• Mechanics design under 
study

Goal of new design: Increase Luminosity by x 2 No cost 
estimate atm

Likely funding 
source: MEXT & 

KEK

Increase beam 
lifetime & inst. 
luminosity

Impact of SBLs & beam hot spots may 
be mitigated by additional redesign of 
vertex detector



# 17

Detector Upgrade

Redesign of interaction region (or necessity for having a spare) 

# 73

What’s next ?

Belle II’s first long-shutdown is 
completed

Started data taking, currently 
record 2/fb per day (goal for this 
year is to get this up to 5/fb)

Many exciting results out or in the pipeline      
(also using Belle data)

19.09.22, Belle II Germany Meeting: Belle II Status and LS1

SuperKEKB Long-term Operation Plans

�26

M. Masuzawa

Our next big milestone to achieve 1×10!"$%#&$%
Increase the peak to f()×10!"$%#&$% before LS2

QCS design work restarted.2022/9/15 5

LS1 LS2

PXD
TOP

IR
RF

13

International Task Force (ITF) was organized about a year ago
Discussions lead by the following sub-groups
• Optics
• Beam-beam
• Sudden beam loss
• Linac
• TMCI

Using this LS1 period :
We will focus on putting efforts into seeking an upgrade path to 6×10!"
• Carrying out more beam-beam simulations, including crab waist, impedance, lattice errors, etc., to guide 

the upgrade path.
• Considering increasing the number of focused task-force groups to other key areas such as IR/QCS.

Approaches from
New ideas, innovative ideas, etc.
Feasibility study (hardware)

Many useful suggestions on improving the machine 
performance have been made through our activities.

International Task Force (ITF)

SuperKEKB long-term operation plan meeting

QCS
Collimators
Injection

LS1

Long-term operation plan meeting 

Topics shifted from QCS(IR) to 
collimators/injection/BG

Because
• No great idea on IR/QCS
• Collimator/injection/BG issues 

seemed more immediate and 
critical problems to be solved 
during the machine operation.

• We needed to prepare (including 
which upgrade items to do) for 
LS1.

2022/9/15 3

SuperKEKB long-term operation plan meetings

ITF general meetings

?

New record for inst. luminosity:   
with  

4.65 × 1034 cm−2 s−1

β*y = 1 mm

Next goal is to record 1/ab of collision 
data and achieve 1035 cm−2 s−1

Belle II Upgrade: VTX - DMAPS

18cmarinas@ific.uv.es

• 5 straight layers barrel, using CMOS pixel sensors

• Low material : 0.2% X0 (L1+L2) - 0.5% (L3) - 0.8% X0 (L4+L5)

• Moderate pixel pitch ~ 30 μm2

• Time precision 50-100 ns
• Option for track-triggering with a fast low-space-granularity

• iVTX: innermost 2 layers, self-supported, air cooled

• oVTX: 3 outer layers, CF structure, water cooled

• Overall service reduction and operation simplification

Also started thinking about upgrades for 
LS2 ; re-design of IP in discussion 

→ would require new inner detectors e.g. CMOS based concept (VTX)
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Sensor development strategy (reminder)
Start from existing large matrix
• Depleted MAPS in modified Tower 180 nm tech

- Various experiments: ALICE, ATLAS-ITK R&D, CBM
• TJ-Monopix2 (2x2 cm2 proto) as forerunner

- Developed within ATLAS-ITK
- Detection performances fit Belle II requirements

In-pixel features
- Pitch 33 μm
- Time-counter 50 ns
- Digitisation 7 bits
  Time-over-Threshold

Characterisation for
• Detection efficiency ✅
• Position time resolutions ✅
• Radiation tolerance (✅)
• Temperature range (✅)

Dedicated development: OBELIX
• Inherit matrix but extended
• New digital logic (trigger,…)
• Voltage regulator

Test beams 2022, 
2023 (CDR)

Test beams 
July 2024

Concepts in CDR,
tests of fabricated chips for TDR

International consortium of 15 partners with strong German 
participation (Bonn, Göttingen, LMU) and interest of DESY

→ Development of new CMOS-based tracking detector VTX

Design based of TJ-Monopix2
• Developed originally for ATLAS-ITk

• German initiative with CERN

• First CMOS-based vertex detector 

used in e+e−

OBELIX (Optimized BELle II pIXel)

4

OBELIX (Optimized BELle II pIXel) sensor

4

OBELIX (Optimized BELle II pIXel) sensor

VTX costs :

to 3 years after the final sensor (OBELIX-2) is submitted to fabrication and without
contingency.

5.1.5 VTX cost estimate
The VTX cost is estimated from various sources, first the experience of the previous
ALICE-ITS2 detector cost, then the part prices actually found during the R&D phase
(typically for the cost of the sensors, the ladder structure and flex cables). Cross-
checking the estimates obtained from these two sources, the cost breakdown is pro-
vided in table 5.3.

Table 5.3: Breakdown of the current cost estimate of the VTX in kEUR without any
contingency.

Component Development Production Total (kEUR)
Sensors 380 1130 1510
Ladders 120 1400 1520
Assembly 130 630 760
DAQ & services 280 1060 1340
Installation - 100 100
Total 910 4320 5230

Considering the development stage of the project and the possibility of large price
fluctuations from the semiconductor industry, it is reasonable to apply a rough 50 %
contingency on the production cost and estimate that an envelope of 7800 kEUR will
cover the project finalisation.

5.1.6 R&D and technology options

5.1.6.1 DuTiP sensor

One of the promising technology options is a monolithic sensor using Silicon-On-
Insulator (SOI) technology. The sensor concept optimized to Belle II upgrade, called
DuTip (Dual Timer Pixel), was invented [91] based on PIXOR striplet detector [92].
The DuTiP prototypes are fabricated using the SOI technology.

General concept of DuTiP

Under large track density environments, a global shutter readout mode based on
level 1 trigger would be adopted to realize a fast readout with low occupancy allowing
for small data transfer rates. Hit information is to be stored in the pixel detector dur-
ing the trigger latency. Even if a second hit arrives at the same pixel during this period,
this information would be also kept. To satisfy these requirements, DuTiP concept was
invented.

Fig. 5.14 shows the block diagram of the DuTiP. The analog part consists of a
pre-amplifier, shaper, and comparator which are the usual configuration for a binary

92

Likely funding 
source: National 


Agencies
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Detector Upgrade

Central Drift Chamber strongly affected by high backgrounds

Baseline plan: new FE electronics, but also explore scenarios of

a (partial) replacements

Time of Propagation 
Replacement of aging PMTs, new FE electronics, cooling system

Electromagnetic Calorimeter

Shaper DSP, new FE electronics, more performant FPGAs, explore SiPM for timing

K-Long and Muon Detector
RPC proportional mode, new FE electronics, HV system, gas recirculation system

Trigger
New FPGA boards (UT5) and plan to focus on additional triggers for LLPs

Likely funding 
source: National 


Agencies
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Aftermath
To fully exploit the experimental program, Belle II will pursue an upgrade

Belle II TimelineUpgrade Plan – Baseline Scenario

cmarinas@ific.uv.es 7

KEK (High Energy Accelerator Research Organization)
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LS3

Baseline

• Run 1: 0.5 ab-1

B-factory level measurements

• Run 2: 5 ab-1

Precision measurements

• Run 3 50 ab-1

Rare phenomena
③

②

①

①

②

③

Internal 
use only

Interactions started with MEXT to discuss funding of program until 2043

1

2

3

2024 2030 2032 ca. 2043

Int.

Luminosity

50/ab

5/ab

0.5/ab

LS2LS1

2

1

Run 2 Run 3

Belle II has the intention to run until the end of HL-LHC / beg. of FCC-ee

3
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A Word on Sustainability

Energy saving in Accelerator facility

Higher luminosity
with lower power

More efficient evacuation
with NEG coating

Lower loss SC RF cavity  

More efficient klystron

Highly efficient injectors  

Tape library better than 
HD system in power

Higher efficiency RF acceleration 
with magnetic cores

SC magnets for beam line

Tsukuba 

Hall

Feasibility study on solar 
power generation on sight  

(ca. 25% of electricity demand)

Electricity footprint in Japan post Fukushima very different than than e.g. in 
Geneva → CO2 emissions factor of 6 higher

Japanese government committed in 2020 to net zero by 2050

KEK (Tsukuba + Tokai) are among the largest academic emitters of 
CO2   (ca. 155’000 tC02e/a, ca. 80’000 tC02e/a from SuperKEKB) 

KEK GD committed to reduction of footprint, direct action on accelerator 
infrastructure planned: 

Belle II also discussing how emissions can be reduced  

(ca. 3400 tC02e/a Det. Operation & Gas emissions, 400 tC02e/a Computing, 1000 tC02e/a Travel) 
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Executive Summary for ESPP

“SuperKEKB and Belle II allow the demonstration of concepts relevant for a future Higgs 
factory “

Belle II has a very strong physics case, complementary to LHCb or other 
existing facilities : Belle II to LHCb is a bit like the LHC to FCC-ee for Higgs:  unbiassed 

& clean access to B-Meson decays

SuperKEKB is a Higgs factory demonstrator: 

Belle II Upgrade opportunity to test technologies for FCC-ee / CEPC detectors

E.g. VTX tracker based on CMOS conceivable design choice for Higgs factory 
experiments

Many concepts relevant for a high luminosity  facility can be tested  
knowhow transfer very useful and desired (cf. FCC team secondments)

e+e−

Also lessons from SuperKEKB: 
- Design luminosity of SuperKEKB too optimistic, let’s be careful with the 

FCC-ee / CEPC design

- Actual beam conditions very different from simulations 

- Sudden beam losses of the type observed in SuperKEKB have never been 

seen at PEP-II or KEKB ; origin unclear
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Impact on Flavor physics if Belle II does not record 50/ab

Answer depends on what luminosity will be achievable, but …

Rare decays program will be severely impacted 

Some examples from the Belle II Physics book : arXiv:1808.10567

2 Introduction

Table 4: Belle II Golden/Silver observables for the pure-leptonic and the semi-leptonic B

decays. The theory column indicates the robustness against the theory uncertainties. The

discovery column shows the integrated luminosity at which the discovery of new physics is

possible. The Sys. limit column indicates at which integrated luminosity the experimental

systematic uncertainty dominates. The vs LHCb/BESIII, Belle columns show the originality

and the competitiveness against those experiments. The anomaly column indicates whether

there is an existing hint of new physics and the NP columnshows whether the observable is

sensitive to new physics models.
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will be used for precision studies of b ! d� transitions, inclusive transitions will be studied

through various techniques, and lepton flavour universality violation will be studied thanks

to the low radiation length in the tracking volume allowing for precise reconstruction of

electrons, muons and tau leptons.

Time dependent CP violation in B decays. The prospects for time-dependent CP vio-

lation of B mesons and the determination of the CKM angles �1 and �2 are presented in

this chapter, summarised in Tables 7 and 8. Sensitivity studies based on Belle II simulation

for �1 measurement with the penguin dominated modes, B ! �K0
S , ⌘0K0

S , ⇡0K0
S , are per-

formed. The theoretical progress on the penguin pollution for high precision measurement of

�1 with the tree level processes is discussed. A Belle II sensitivity study on the challenging

B ! ⇡0⇡0 time-dependent CP asymmetry measurement for �2 determination is performed.

The subsequent �2 measurement will rely on isospin relations: theoretical estimates of the

isospin breaking e↵ects on the �2 determination are reviewed.

Measurement of the UT angle �3. The prospects for measuring the CKM UT angle

�3 with tree-level measurements of B ! D(⇤)K(⇤) decays are presented in this chapter,

summarised in Tables 9 and 10. It is expected that Belle II will ultimately reach a precision

of 1 to 2 degrees on this angle through use of a variety of channels and extraction techniques.

29/688

Semileptonic

2 Introduction

Table 6: Belle II Golden/Silver observables for the radiative and the electroweak penguin

B decays. See the caption in Table 4 for more details. The precision limit of the B ! Xs�

measurement estimated simply by estimating the point where the statistic uncertainties

dominate. However, the systematic uncertainties may be further reduced by adding more

data.
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Table 7: Expected errors on several selected observables related to the measurement of time

dependent CP violation in B decays and the measurement of the UT angles �1 and �2.

Observables Belle Belle II

(2017) 5 ab�1 50 ab�1

sin 2�1(B ! J/ K0) 0.667 ± 0.023 ± 0.012 0.012 0.005

S(B ! �K0) 0.90+0.09
�0.19 0.048 0.020

S(B ! ⌘0K0) 0.68 ± 0.07 ± 0.03 0.032 0.015

S(B ! J/ ⇡0) �0.65 ± 0.21 ± 0.05 0.079 0.025

�2 [�] 85 ± 4 (Belle+BaBar) 2 0.6

S(B ! ⇡+⇡�) �0.64 ± 0.08 ± 0.03 0.04 0.01

Br.(B ! ⇡0⇡0) (5.04 ± 0.21 ± 0.18) ⇥ 10�6 0.13 0.04

S(B ! K0⇡0) �0.11 ± 0.17 0.09 0.03

Tau and low multiplicity physics. The prospects for tau and low multiplicity physics are

presented in this chaper, summarised in Tables 14 and 15. The measurement of the lepton

flavour violating ⌧ decays will be improved by orders of magnitude by Belle II experiment.

The sensitivity of di↵erent decay channels to theoretical models are discussed by using the
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2 Introduction

Table 15: Belle II Golden/Silver observables for ⌧ physics and low multiplicity.

Proc
ess

Obse
rva

ble

Theo
ry

Sy
s. dom

. (D
isc

ove
ry)

[ab
�

1 ]

vs
LHCb/B

ESII
I

vs
Belle

Anom
aly

NP

• ⌧ ! µ� Br. ? ? ? >50 ? ? ? ? ? ? ? ? ? ?• ⌧ ! ``` Br. ? ? ? >50 ? ? ? ? ? ? ? ? ? ?• ⌧ ! K0
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Tau and low multiplicity

+ loss on input from CKM parameters
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Discussion Items Facility Talks

2)    Facility talks (Thursday morning and Thursday early afternoon) 

a) General experimental introduction to the respective facility  
a. note: the physics questions should have been answered already by the physics talks 

on Wednesday afternoon. So a short recap of the physics should be sufficient here.  

b) What are the current estimates on time schedule, costs and possible funding? 
c) What are the current organisational structures (collaboration and international 

composition)? 
d) Where is still R&D needed? Are there potential risk of failure? 
e) What is the (political) status of the facility? Are possible sites proposed? 
f) Are there specific German interests in the facility? Do special strengths of German 

groups play a role?  
g) What is the political situation of the facility in other countries or international 

organizations? Is there special support expected?  
h) What are the estimates wrt. sustainability? Try to be as concrete as possible. (tunnel, 

components, running) 
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A little Japanese Lesson

MEXT = Ministry of Education, Culture, Sports, 
Science and Technology

BPAC = Belle II Program Advisory Committee 

ARC = Accelerator Review Committee

KEK = High Energy Accelerator Research 
Organization
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Status of IR Redesign Studies at KEK

LS2 IR discussion at KEK
• There are several key topics to reach a reasonable LS2 IR design

• QC1 magnet study(Nb3Sn) : (QCS group)
• FEM analysis
• Coil winding test

• Mechanics design around tip of QCS (QCS and Belle group)
• Vacuum seal (beam pipe, thermal isolation)
• Thermal isolation (space for super insulator)
• Mechanical integration 

• New RVC design(IPNS mechanics)
• FEM analysis is ongoing
• Mock test is on considering

• Bellows pipe design(Vacuum, Belle)
• Bellows shape 
• BPM

• New IP beam pipe(Belle+vacuum)
• Belle group is in charged of this
• The base design will keep, but shorter
• Bellows pipe ad IP pipe should be 

• IR integration options
• If New RVC is usable, IR integration (incl. VTX integration) procedure can be 

similar with current VXD integration steps.
• If New RVC can not usable, VTX need to assemble at IR. If any problem of 

VTX or IP pipe was found, all of parts need to be disassembled at IR. 9

QC1 magnet studies (Nb3Sn) 

FEM analysis and coil winding tests

Mechanics design around tip of QCS

Vacuum seal ; thermal isolation ; 
mechanical integration

New RVC (remote vacuum 
connection) design 

FEM analysis ongoing

New IP beam pipe

Base design being studied. Idea is 
to keep it similar but shorter
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MEXT Roadmap for SuperKEKB & Belle II
MEXT – Roadmap

cmarinas@ific.uv.es 18
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Intensity frontier needs massive increase in Luminosity
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SuperKEKB Beam Parameters:

ℒBelle II = 6 × 1035 cm−2 s−1

ℒBelle = 2.11 × 1034 cm−2 s−1

x30

Belle II Germany Meeting, Sep. 14th, 2020:   Belle II Status

LER / HER KEKB SuperKEKB L-Factor
Energy [GeV] 3.5 / 8 4.0 / 7.0 

Crossing angle 2fx [mrad] 22 83
by* [mm] 5.9 / 5.9 0.27 / 0.30 x 20
bx* [mm] 1200 32 / 25 

I± [A] 1.64 / 1.19 3.6 / 2.6 x 2
ex = sx x sx’ [nm] 18 / 24 3.2 / 4.6 

ey = sy x sy’ [pm] 140 / 140 13 / 16

xy±  ~ (by*/ey)1/2 /s*x 0.129 / 0.09 0.09 / 0.09 x 1
# of bunches 1584 2500

Luminosity [1034 cm-2 s-1] 2.1 80 x 40

SuperKEKB and Nano Beam Scheme

�3

SuperKEKB

3

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  

N. Ohuchi 
 

2015/02/23 1 SuperKEKB Review 2015 

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

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

y = 0.5 m. 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

p

e

p

p

p

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 ρ1/2 are 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

Proceedings of EPAC 2002, Paris, France
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Hourglass effect
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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 
very low emittance beams and large Piwinski angle (~20)  0          
Need sophisticated and complex final focus system (QCS) 
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Collision Scheme 
High Current Scheme Nano-Beam Scheme 
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vertical 𝛃 function x 1/20
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geometric 
factorsbeam size aspect ratio

Lorentz factor

Luminosity of a circular collider:

Key: Nano beam scheme

Squeeze vertical beam spot size down to ca. 50 nm using

superconducting focusing magnets

Idea from P. Raimondi

→ Major upgrade of accelerator and 
detector needed

final focusing magnets near the IP
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Global Warming Potential

Belle II Germany Meeting, 25.09.2023Thomas Kuhr Page 4

Detector

➢ Power consumption in JFY2022: 2.96 GWh → 1400 tCO2e

➢ Information about gases collected by Caspar Schmitt

HFC-134a KLM 1300

Ca. 2000 tCO2e/a
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Travel to Japan

Belle II Germany Meeting, 25.09.2023Thomas Kuhr Page 6

Travel


