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SuperKEKB/Belle II: Next generation B-factory 

CP violation in B-meson decay was discovered by predecessors 
—KEKB/Belle (1ab-1) and PEP-II/BaBar (550 fb-1).

e+e- beams collide at the energy of Y(4S) res. (10.58 GeV) and pairs of 
neutral B-mesons are produced in a quantum entangled state.

B-factory
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In B-Factories, e+ and e- collide at 10.58 GeV to make Y(4S) 
resonance decaying into B+B- and B0B0 in 96% of the time. 
Belle and BaBar played a crucial role in establishing large 
CP violation in the B-meson system in the SM and 

Υ(4S)
e- e+

B

B
BB threshold

B-Factory idea
• Asymmetric collider ,  

 coherent  pairs 

• Boost of center-of-mass ( )  measure of  

• High luminosity  precision measurements 

• Hermetic detector, high precision in vertexing  closed 
kinematics

e+e− Ecm = m(Υ(4S)) = 10.58 GeV
⇒ BB

βγ = 0.28 ⇒ Δz
⇒

⇒
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Figure 8. Background-subtracted !t distributions for B0 →
J/ωK0

S (top) and B0 → J/ωK→0 (bottom) in the full r
range (points) and the best-fit function (lines) for opposite-
and like-flavor B pairs and the corresponding asymmetries.

VI. SUMMARY

We report on a new B flavor tagger, GFlaT, for Belle II
that uses a graph-neural-network to account for the cor-
related information among the decay products of the tag-
side B . We calibrate it using flavor-specific hadronic B
decays reconstructed in a (362±2) fb→1 sample of Belle II

data and determine an e!ective tagging e”ciency of

ωtag = (37.40± 0.43± 0.36)%, (8)

where the first uncertainty is statistical and the second is
systematic. For comparison, using the same data, we de-
termine ωtag = (31.68± 0.45)% for the Belle II category-

based flavor tagger.4 The GFlaT algorithm thus has an
18% better e!ective tagging e”ciency.
We demonstrate GFlaT by measuring S and C for

B0
→ J/εK0

S ,

S = 0.724 ± 0.035 ± 0.009, (9)

C = ↑0.035 ± 0.026 ± 0.029, (10)

with a statistical correlation between S and C of ↑0.09.
This measurement supersedes our preliminary result [16]
and agrees with previous measurements [2–4, 39]. The
statistical uncertainties are 8% and 7% smaller, respec-
tively, than they would be if measured using the category-
based flavor tagger, as expected given GFlaT’s higher
e!ective tagging e”ciency. From S, we calculate ϑ1 =
(23.2± 1.5± 0.6)↑.5
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4
Systematic uncertainties were not explicitly computed for the
category-based flavor tagger, as they are expected to be very
similar to and fully correlated with those from GFlaT.

5
The other solution ω/2→ ε1 is excluded from independent mea-
surements [50]
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Belle II Physics Program Belle II Physics Book (PTEP)

)* angle
• f3 is accessible at tree level: theoretically very clean, df3/f3 ~ 10-7 *

• Measured via the interference between %U → ,S-Uand %U → V,S-U

WK!XXY.
W[\]^Y. = 8F_J(`aUbc)

dB strong CP conserving phase

Uncertainty on f3
from 3-body D0 decay

Three approaches depending on D0 decay
channels:
• CP eigenstates: ()(*, +)+*, etc.
• Doubly Cabibbo suppr.: ()+*
• Multi-body (Dalitz analysis): (,+)+* ,

(,+)+*+-. Improving precision: model
independent approach and strong phase
measurements from BESIII.

suppressed

favored |Vub|

|Vcb|

* J. Brod, J. Zupan, JHEP 01 (2014) 05112

Belle II Physics Book
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Summary

• Within the next years Belle II will be able to address the inclusive/exclusive
|Vcb|/|Vub| tension by measuring semileptonic B decays with missing energy.

• The use of advanced tagging techniques, i.e. FEI, together with untagged analyses
will allow to reach a precision of ~1% on |Vub| and ~1.5% on |Vcb|.

• Belle II will also deliver a high precision measurement of the f3 angle, exploiting
the Dalitz analysis of multi-body D0 decays in the B→ DK process.

Belle II: 50 ab-1
LHCb: 23 fb-1

UT in a decade
SM scenario

Assumptions:

Eiasha WAHEED

Belle II prospects for  φ3 (3)

Improving precision: Model independent approach 
and strong phase measurements from charm factory 

• Belle II will deliver a high precision measurement 
of the angle, exploiting the Dalitz analysis

UT (CKM Fitter) in a decade  
Assumptions:  
Belle II: 50 ab-1  

LHCb: 23 fb-1 

Foreseen φ3 precision of ~1.5o
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CKM
f i t t e r

As of 2021

Belle II’s unique capabilities:

• Missing energy decays:  

- Evidence of B→Kνν (PRD109.112006),  
- Measurements of B → D(*) τ ντ (PRD110.072020)

• Dark Sector (neutrals, missing energy): e+e-  → γa, a → γγ (PRL125.161806)

• τ leptons

https://doi.org/10.1093/ptep/ptaa008

https://academic.oup.com/ptep/article/2019/12/123C01/5685006?login=false
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.072020
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.161806
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CHAPTER 2. SUPERKEKB

severe than before. Described here are the basic vacuum system designs mainly for arc sections
of the rings. A design for the IR will be presented elsewhere.

Figure 2.14: Beam chamber with antechambers for the LER.

2.6.2 Beam chamber

Beam chambers for the arc sections have an antechamber structure [18]. A beam chamber
consists of a beam channel and two antechambers at both sides. A schematic view of an an-
techamber for the LER is shown in Fig. 2.14 . The beam goes through a beam channel, and the
SR passes through an antechamber located at the outside of the ring (SR channel) and hits the
side wall of the antechamber. The beam chamber should be nearly circular in order to minimize
the incoherent tune shift due to the image charge.
Pumps are provided in an antechamber (pump channel) at the inside of the ring. The pump
channel is connected through a screen with many small holes. Two cooling channels are provided
on the outside of the antechambers. A beam position monitor (BPM) section will be fabricated
in a block, as in the present KEKB, with the same cross section as that of the beam chamber.
When a single-pipe chamber is used in some sections, in a straight section for example, tapers
are required at the transitions from an antechamber structure to a single-pipe one. The cross
section, as shown in Fig. 2.14, fits within the present magnets except for vertical correctors.
One advantage of the antechamber scheme is that the power density of the SR can be reduced.
Since the incident point of SR on the side wall is far from the emitting point, the incident SR
power density is diluted. The antechamber scheme also has the advantage of a small beam
impedance. Since the pumping channels are located in the antechamber, the pumping holes
have little effect on the beam. Photon masks are also placed in the SR channel. For the LER,
the antechamber structure is very important in reducing the effects of the photoelectrons, as
described later.
In the case of the HER, if an antechamber structure with a horizontal half-width of 90 mm is
used, the maximum SR power density at a beam current of 2.62 A is approximately 11 kW/m
(19W/mm2), which is almost the same level to the case of the present KEKB HER (1.4 A).

42

QCS magnets Belle II detector
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First e+e- nano beam accelerator (βy*= 0.3 mm)
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Belle II Detector Belle II TDR, arXiv:1011.0352

Electrons (7 GeV)

Positrons (4 GeV)
Vertex Detector (VXD):  

2 layers Si Pixel (DEPFET) → PXD 
+ 4 layers Si Double Sided Strips 

(DSSD) → SVD

Central Drift Chamber (CDC) 
He (50%), C2H6 (50%)

Particle Identification: 
Time-of-Propagation (TOP) for barrel 

and Aerogel RICH  (ARICH) for endcap

KL and Muon Detector (KLM) 
RPC for barrel and Scintillator 

+ SiPM for endcapEM Calorimeter (ECL) 
CsI (Tl), waveform sampling electronics
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• Achievements  
‣ World record luminosity:  

4.7 x 10 34 cm-2s-1 (June 2022)

‣ Integrated luminosity:  

~540 fb-1 recorded (max 2.5 fb-1/day)

‣ Physics publications: 45 papers as of Sep 2024


• Long Shutdown 1 (LS1) 

Long Shutdown 
(LS1)

Weekly luminosity 
Total luminosity
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‣ PXD completion, Non-linear collimator, additional beam monitors 

Status of SuperKEKB

PXD detector
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Higher Luminosity Increases Backgrounds

Many sub-detector systems lack the margin to handle higher 
backgrounds at the target luminosity.

KEK (High Energy Accelerator Research Organization)

PXD L1 Occupancy [%]

PXD L2 Occupancy [%]

SVD L3 Occupancy [%]

CDC Hit Rate [x50 kHz/wire]

TOP ALD Hit Rate [x2 MHz/PMT]

ARICH photon rate [MHz/HAPD]

Barrel KLM L3 hit rate [x5 MHz]

0
1
2
3
4
5
6
7
8
9

10
Intermediate scenario Conservative scenarioOptimistic scenario Rate limit

Be
am

 b
ac

kg
ro

un
d 

ra
te

ICHEP 20242024/07/18 5

n Severe beam-induced background at high luminosity
– Secondary particles from beam-halo and radiative photon scattering in the IR material
– Very low-momentum particles from beam collisions through two-photon process (!'!( → !!!!)

n In future operation, background rates getting closer or reaching system limits.
– Tracking system (Strip Si + drift chamber CDC) and central PID (TOP) are main concerns.

n Also, pixel Si detector is damaged due to sudden beam loss. Resulting in ~2% dead area.
– The cause and the measures are being understood, such that frequency could be reduced in future.

Pixel
silicon

Strip
silicon

Drift
chamber

Cherenkov
PID

Resistive Plate
Chamber

TOP ARICH

Extrapolated beam background rate at target luminosity (6×10!# cm-2s-1 )

neutron effect

L1 L2

Occupancy [%]

L3 Occupancy [%]

Hit rate [x50 kHz/wire]

Hit rate [x2 MHz/PMT]

Hit rate [MHz/HAPD]

L3 hit rate [x5 MHz]

Beam-induced background rates impact detector performance 
and longevity.
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Belle II Upgrade Program

• Difficult to reach βy* = 0.3 mm without IR modification

• LS2 upgrade: a redesigned IR, an enhanced detector,  

and increased robustness against beam-backgrounds 

• Establish nano beam scheme for future HEP (Synergy with FCC-ee)

LS1

Early 2030’s

2.8 x1035 cm-2s-1 
6 x1035 cm-2s-1 

LS2

~15 ab-1

~50 ab-1

Now
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SuperKEKB IR Upgrade towards βy* = 0.3 mm

Interaction Region Upgrade
Motivations: 
• Limit beam-beam effects, preserve 

beam lifetime

05/30/24 CC  - FPCP 2024 12

Different scenario are under investigation

1) Moderate scale modification: new QC1 with 
larger physical aperture closer to the IP -  
keeping the boundary as is
• R&D on Nb3Sn quadrupole magnet

2) Larger scale modification (in addition to 1) -                 
requires detector modification 
• Optical evaluation of the anti solenoid 

field profile
• R&D on Nb3Sn thin solenoid
• New cryogenic system for anti solenoid

coils

• A new QC1 Magnet 

‣ Move QC1P 100 mm closer to the IP

‣ Utilize Nb3Sn to support higher current


• Install a new compensation solenoid near the IP

• Minimize chromatic X-Y coupling between the IP and QC1

QC1P

Required
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Vertex Detector Upgrade: VTX

• A full VXD upgrade is required with IR modification

• DEPFET Pixel → CMOS Pixel 

• Monolithic Active Pixel Sensor (MAPS) technology (sensor + readout)

• OBELIX (Optimised BELle II monolithic pIXel) Sensor, based on TJ-Monopix2 

prototype (developed for HL-LHC ATLAS)

• Max. radius 14 cm and length 70 cm • Pixel Pitch: 30-40 um with single-point resolution < 15 um

• Material Budget: 0.1-0.8% X0 per layer

• Rad tolerance: total ionizing dose of 100 Mrad and NIEL fluence 

Required
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Tracking and Vertexing Performance

• Low momentum tracking 
‣ Improved efficiency for detecting soft pions, essential for R(D*) 

analysis. B → D* l+ v decay (D* → D0 π-soft) .

• Vertex Resolution: 
‣ Up to a 35 % improvemnet in vertex resolution along the z-axis, 

critical for time dependent CP analysis

Residual of B decay Vertex
   

Tracking Efficiency
https://arxiv.org/abs/2406.19421

https://arxiv.org/abs/2406.19421


12 Nov21, 2024,  Keisuke Yoshihara

Drift Chamber (CDC): Front-End Electronics

• CMOS 65nm 8-chan ASIC (ASD + FADC)

• FPGA (Xilinx Kintex-7)

• QSFP module (~100 Gbps)

• Low power consumption

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 20

0.2

0.4

0.6

0.8
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1.2

1.4

 0.003±slope: 0.842 

 0.001±intercept: 0.000 
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Figure 5.23: (Left) Relationship between wave height and input charge of channel
0. The red line represents the results of linear fitting. (Right) Gain values for each
channel. The red solid and dashed lines represent the mean and mean±RMS values
of the gain.

e-

Figure 5.24: Photograph from the electron-beam test.

Time resolution is determined through a fitting process applied to the residual distri-
bution, which is calculated as:

residual = (tA + tC)⇥
1

2
� tB (5.3)

where ti represents the timing of particle detection, and i corresponds to the wire
ID, as explained in Fig. 5.25. For performance comparison between the new module
and the existing one, data was also collected using the same setup with the current5

module. The residual distributions are displayed in Fig. 5.26 The measured time res-
olution of the new module is 4.23 ns. This is slightly worse than the current module’s
performance, but since there are more charged particles at ⇠1GeV and multiple scat-
tering dominates, the impact of the CDC performance is negligible. Further detailed
performance evaluations are still ongoing.10

99

Readout Electronics Upgrade

• Beam tests at KEK to evaluate time- 
resolution and basic performance.


• Irradiation tests for ASIC, QSFP, and FPGA, 
with gamma rays and neutrons

Performance Characterization beam test at KEK

Required
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Drift Chamber (CDC): Chamber Replacement

• Projected ~6% gain drop at an accum. 
charge of 1 C/cm per wire foreseen.

‣ Currently, the inner layers have 

accumulated ~0.1 C/cm

Aging Effect

• Replacing the small cell or the entire 
CDC with new chambers or silicon 
detectors

Upgrade Options

https://arxiv.org/pdf/2203.07287

small cell

• Hybrid approach: Combination of silicon 
layers and a TPC with an LGAD timing layer

KEK (High Energy Accelerator Research Organization)

n ~6% gain drop with an accumulated 
charge in a wire of 1 C/cm is expected 
from extrapolation of test chamber 
measurement for Belle CDC.
– The study was done up to 0.16 C/cm and 
observed ~1% gain drop.

n Accumulated charge in wires of drift 
chamber during Run 1
– Inner layer: ~0.1 C/cm
– Outer layer: ~0.02 mC/cm

n No siginificant gain drop is seen yet in 
Belle II.

ICHEP 20242024/07/18 21

Layer

US Belle II 

0.1 C/cm

Present

Proposed

R&D Phase
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Time of Propagation Detector (TOP)

and potential thermal and mechanical stresses need to be carefully evaluated.
Moreover, the projected high rates of Single Event Upsets (SEUs) is problematic, as

some number of them are not recoverable and will lead to increasing data taking loss.
There are concerns about the radiation tolerance of the fiber optic transceiver modules
connecting the front-end to the back-end electronic boards. Simulations indicated a5

fairly low radiation of 10 Gy/year with a corresponding expected lifetime of 20 years
larger than intrinsic lifetime, but the real background can be largely underestimated.

Figure 6.2: Expected QE degradation for the three different generations of MCP-PMTs
installed in the TOP detector: conventional, ALD and life-extended ALD. Horizontal
axis shows the year and vertical axis is the relative QE.

The timescale for replacement of the TOP photosensors is related to the level of
background during the next years. Fig. 6.2 shows a projection of the expected PMT
quantum-efficiency (QE) degradation. The Monte Carlo expected background was10

considered for the components related to the luminosity (Bhabha scattering, two-
photon processes) and a maximum limit of 5 MHz/PMT for the other components
(beam-gas, Touschek). The expected gradual increase in peak luminosity described
in [102] was taken into account. In this case, the QE of normal ALD type PMTs will
drop below 80 % starting from 2027 and all PMTs will reach this level of QE degra-15

dation at around the current luminosity target. Some MCP-PMTs showed a faster
than expected reduction in QE considering their accumulated charge. One possible
explanation is that they operated at a higher temperature for some time due to a tem-
porary overheating of the electronics. Quantum-efficiency measurements performed
in the laboratory as a function of the accumulated charge show a faster degradation20

at higher temperatures (Fig. 6.3). New readout electronics with reduced power con-
sumption can help to increase the MCP-PMT’s lifetime.

Planning has started for these upgrades, which could take place during a long

104

We continuously monitor beam-background levels 
and the degradation of Quantum Efficiency (QE)
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TOP Upgrade Plan

• Conventional PMTs will be replaced 
with lifetime-extended ALD-PMTs 
(Atomic Layer Deposition) for a higher 
accumulated charge.


• Further improvement may be pursued.

• ASoC (Analog to Digital Conversion 
System on Chip) under development 
by Nalu LLC. 


• Features 2.5 GSa/s and  
4-channels, with reduced power 
consumption.

MCP-PMT Replacement

Readout Electronics Upgrade

R10754-07-M16 Hamamatsu

ASoC Eval Board from Nalu

US Belle II 

Required

R&D Phase

https://science.osti.gov/-/media/np/pdf/sbir-sttr/SBIR-STTR-2020/day-2/Mostafanezhad_2020_DOE_NP_Exchange_Meeting-Nalu_SBIR_ASoC.pdf
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KL and Muon Detector (KLM)

• Reduced charge will increase rate capability, and 
minimize sensitivity to background neutron flux.


• Identify a suitable gas mixture, (e.g., SF6)

• Install low-noise preamp near the detector.

• Better time resolution and higher  
KL efficiency. 


• Substantial work, including re-designing 
electronics for feature extraction.

RPC streamer mode to avalanche mode

Replace RPCs with Scint. in the barrel

US Belle II 

R&D Phase
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Trigger Hardware Upgrade to UT5

• Upgrading to UT5 will enable advanced ML-based algorithms 

• Optical transmission speed will be significantly improved. 

• ML-based tracking algorithms in CDC TRG improves vertex 
resolution from 10 to 5 cm and reduce the TRG rate by 50%.


• ECL TRG: substantial reduction in pile-up effects.

Artix7Artix7

2023/10/26 Yun-Tsung Lai (KEK IPNS) @ 2023 CEPC workshop 8

Universal Trigger boards: UT3 and UT4

● Most of the major logics in Belle II TRG are implemented in these two Universal Trigger 
boards.

● Different from Front-End electronics, TRG device requires FPGA with large amount of 
logic cells and IO bandwidth due to the complexity of the algorithm design.

● Interface:

● QSFP optical link.

● Lemo and RJ45 for clock input 
from accelerator.

● LVDS.

● VME 6U: Power, slow control, 
flash memory access.

2023/10/26 Yun-Tsung Lai (KEK IPNS) @ 2023 CEPC workshop 8

Universal Trigger boards: UT3 and UT4

● Most of the major logics in Belle II TRG are implemented in these two Universal Trigger 
boards.

● Different from Front-End electronics, TRG device requires FPGA with large amount of 
logic cells and IO bandwidth due to the complexity of the algorithm design.

● Interface:

● QSFP optical link.

● Lemo and RJ45 for clock input 
from accelerator.

● LVDS.

● VME 6U: Power, slow control, 
flash memory access.

UT3 UT4

Required
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ML/AI in the Belle II Upgrade

• FPGA implementation with HLS

• NN-based single track trigger

• DNN track trigger 

• Real-time waveform discrimination 

on the front-end board (ECL) 

• Improved Reconstruction

• GNN-based tracking

• GNN for B-meson rec. (link) 

• Beam abnormality detection

• ML/AI for beam diagnositcs 

monitors (e.g., BOR)

1.2 Reconstruction packages

A GNN (Graphic Neural Network) named “GFlaT” uses a dynamic-graph-convolutional-
neural-network that has been used for jet tagging at LHC experiments. GFlaT uses the
non-signal tracks as nodes and track pairs as edges in a graph network. The GFlaT NN
improves the e!ective tagging e”ciency from 31.7% to 37.4%. [2] Fig. 2(a) shows the perfor-
mance improvement due to the GFlaT network. Similarly, a CNN using the electromagnetic
calorimeter (ECL) data shows significant improvement in the AUC (area under curve) of
ROC (Receiver Operating Charcteristic) curves shown in Fig. 2(b).

(a) (b)

Figure 2: (a) The plot on the left shows improved tagging separation using GFlaT, particu-
larly at the two ends. (b) The plot on the right shows better e”ciency using ECL data due
to the CNN compared to earlier techniques.

GNNs show promise for central drift chamber tracking while CNNs are used for calorime-
ter reconstruction. Belle II uses cellular automata in SVD reconstruction, and we expect that
GANs and other techniques will also be used in background simulation. We conclude that
the use of ML/AI techniques at the reconstruction level continue to be developed at Belle
II and will be increasingly used in all data elements of the experiment and their analyses.

1.3 ML/AI for Analysis and O!ine Computing

BDTs (Boosted Decision Trees) are routinely used in Belle II analysis. Gradually advanced
AI/ML techniques are playing a more significant role. For example, the flavor tagger per-
formance (for distinguishing b and anti-b quarks in CP violation measurements) was sig-
nificantly enhanced by the use of GNNs. A charm flavor tagger was developed using ML
techniques. In general, use of ML/AI techniques from computer vision shows great promise.

The possibility of fitting data by converting multi-dimensional distributions into images
and using CNNs for regression has been tried on generator level B → K→l+l↑ Monte Carlo
(MC) data and seems promising.

Another interesting development has been the harnessing of quantum computing for
Belle II, which has been investigated by the Melbourne group. [5]

3

7

Previous work - NN training
• NN was evaluated by utilizing both data and full-sim samples 

(ee→μμγ, D*+ → π+D0[→π - K+]), showing improved performance in 
photon/pion separation compared to multi-template fit
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6.5.3 Separation of Photons and Pions

Using equation 6 one can calculate the classification variable C for each pulse

shape. The distribution of C is shown in Figure 49. Under the assumption

that the selections described in chapter 4.3 provide sets of pulse shapes from

only photons or hadrons, one can further calculate the pion rejection rate

versus the photon e�ciency, as shown in Figure 50 - 52. Fittype 2 is not

presented, since not enough pulse shapes with this fittype were available. In

case of simulation the neural network has a stronger separation power than

the multi-template fit for all fittypes. For data unexpected turning points are

observed, especially for fittype 0. These might be a result from the di↵erence

of simulation and data, for example regarding the background. This can lead

to a less precise prediction by the neural network if inferred on data, since it

is trained on simulation. This could be further investigated in a subsequent

work.

(a) (b)

Figure 49: Normalised distribution of the classification variable C for simu-
lation (a) and data (b) for di↵erent pulse shape analysis techniques.
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6.1.4 Separation of Photons and Pions

In order to use the neural networks to discriminate between hadronic and

electromagnetic interactions, a classification variable C, with

C =
Hadron Intensity

predicted
� Hadron Intensity O↵set(Ecrystal

predicted
)

�Hadron Intensity(E
crystal

predicted
)

, (6)

is defined as the hadron intensity, corrected for an energy-dependent o↵-

set, divided by the energy-dependent hadron intensity resolution from Figure

30a. The energy-dependent o↵set of the hadron intensity prediction is taken

as the mean of the hadron intensity prediction for photons. The variable C

is calculated for each pulse shape and the resulting distribution is plotted in

Figure 31. Figure 32 shows the pion rejection rate versus the photon e�-

ciency that would result from di↵erent cut values on C. This is shown for

the di↵erent fittypes. The neural network outperforms the multi-template fit

for fittypes 0 and 1. For fittype 2 and -1, the multi-template fit cannot be

used but the neural network provides good discrimination.

Figure 31: Normalised distribution of the classification variable C for the
neural network and the multi-template-fit.
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(a) (b)

Figure 50: Pion rejection rate versus the photon e�ciency for fittype 0,
simulation (a) and data (b).

(a) (b)

Figure 51: Pion rejection rate versus the photon e�ciency for fittype 1,
simulation (a) and data (b).
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Summary

• To fully exploit physics opportunities at Belle II and to cope with higher 
beam background, the detector upgrade is crucial.


• Key Upgrades:

‣ Interaction Region (IR): Need modification for high luminosity

‣ Vertex Detector (VTX): MAPS technology to improve vertex 

resolution.

‣ CDC and TOP: Improved capability for higher beam backgrounds 

• Join us:

‣ KLM Postdoc opening: https://inspirehep.net/jobs/2829210

‣ Other Belle II Postdoc positions available (See hepinspire)

https://inspirehep.net/jobs/2829210
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Thank you!
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Backup
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 October 17, 2022,  Keisuke Yoshihara 22

• In the nano-beam scheme with large 
crossing angle, effective bunch  
length (d) can be much shorter (βy* ~σz) 

• Small βx* and small emittance (εx) are 
also the key → positron DR 

• Positron beam energy from 3.5 to  
4.0 GeV to increase beam lifetime  
(still ~O(10) min maximum)

head-on collision

large angle collision
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Beam size blow-up due to collisions in large βy

Due to hourglass effect, the luminosity does not increase 
when βy* < σz . 
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Chapter 2

SuperKEKB

2.1 Machine Parameters

2.1.1 Nano-Beam Scheme

The KEKB B-Factory will be upgraded to SuperKEKB using the same tunnel as KEKB [1]. The
upgrade is based on the “Nano-Beam” scheme, which was first proposed for the Super B factory
in Italy [2]. The basic idea of this scheme is to squeeze the vertical beta function at the IP
(β∗y) by minimizing the longitudinal size of the overlap region of the two beams at the IP, which
generally limits the effective minimum value of β∗y through the “hourglass effect.” Figure 2.1
shows a schematic view of the beam collision, which is a plane figure, in the Nano-Beam scheme.
The size of the overlap region d, which is considered to be the effective bunch length for the
Nano-Beam scheme, is much smaller than the bunch length (σz). The length d is determined
by the horizontal half crossing angle (φ) and the horizontal beam size at the IP (σ∗x) via the
following equation:

d ∼=
σ∗x
φ
. (2.1)

The hourglass condition in the Nano-Beam scheme is expressed as

β∗y > d, (2.2)

instead of that for a usual head-on collision of

β∗y > σz. (2.3)

To shorten the length d, a relatively large horizontal crossing angle and extremely small hori-
zontal emittances and horizontal beta functions at the IP for both beams are required.
The luminosity of a collider is expressed by the following formula, assuming flat beams and equal
horizontal and vertical beam sizes for two beams at the IP:

L =
γ±
2ere

(

I±ξy±
β∗y±

)

(

RL

Rξy

)

, (2.4)

where γ, e and re are the Lorentz factor, the elementary electric charge and the electron classical
radius, respectively. The suffix ± specifies the positron (+) or the electron (−). The parameters
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• Small vertical beam size (σy~60 nm): 
βy* ~0.3mm (x 1/20) 

• Larger beam current (x 2)

Squeezing vertical β function (βy*) at Interaction Point (IP)

Nano beam scheme



Machine parameters (at design)

parameters
KEKB SuperKEKB

units
LER HER LER HER

Beam energy Eb 3.5 8 4 7.007 GeV

Half crossing angle φ 11 41.5 mrad

# of Bunches N 1584 2500

Horizontal emittance εx 18 24 3.2 5.3 nm

Emittance ratio κ 0.88 0.66 0.27 0.24 %

Beta functions at IP βx*/βy* 1200/5.9 3.2/0.27 2.5/0.30 mm

Beam currents Ib 1.64 1.19 3.6 2.6 A

beam-beam param. ξy 0.129 0.090 0.0886 0.081

Bunch Length sz 6.0 6.0 6.0 5.0 mm

Horizontal Beam Size sx* 150 150 10 11 um

Vertical Beam Size sy* 0.94 0.048 0.062 um

Luminosity L 2.1 x 1034 8 x 1035 cm-2s-1

 October 17, 2022,  Keisuke Yoshihara

Note: beam energy changed because positron beam (Touschek) lifetime is too 
short while accepting smaller boost ( βγ = 0.42 → 0.28 ) of decayed particles.
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24 Nov20, 2024,  Keisuke Yoshihara

Machine and Detector Upgrade Overview - LS1

Machine upgrades

- Additional beam loss 

monitors around the ring

- Neutron background 

shielding 

- Non-linear collimator

- RF cavity replacement, 

faster kicker magnets, …

Detector upgrades

- Installation of complete PXD

- Replacement of TOP’s 

photomultipliers

- Improved CDC gas distribution 

and monitoring

- DAQ system upgrade to PCIe40



25 Nov20, 2024,  Keisuke Yoshihara

TPC



26 Nov20, 2024,  Keisuke Yoshihara

VTX specification

Requirements for VXD Upgrade in LS2

13cmarinas@ific.uv.es

Improve physics reach per ab-1

3Belle II Germany 2022 – Lars Schall20.09.2022

VXD Upgrade Requirements 

● Several upgrade proposals made (see also 

Snowmass Whitepaper [arXiv:2203.11349])
● Focus on DMAPS VTX upgrade proposal

Upgrade motivation:
● Cope with larger background activity
● Improve momentum & impact param. 

resolution in low p
T
 region

● Simplify tracking chain with all layers 

involved
● Simplify operation without special modes nor 

data reduction (e.g. ROI selection)

→ Upgrade planned for long shutdown 2 (LS2)

Requirements to VXD

Radius range 14 – 135 mm

Tracking & Vertexing performance

Single point 
resolution

< 15 μm

Material budget
0.2% Χ

0
 / 0.7% Χ

0

inner- / outer- layer

Robustness against high radiation environment 
(innermost layer)

Hit rate ~ 120 MHz/cm²

Total ionizing dose ~ 10 Mrad/year

NIEL fluence ~ 5e13 n
eq

/cm²/year

Upgrade motivation:

• Cope with larger background activity

• Improve momentum and impact parameter 
resolution in low pT region

• Simplify tracking chain with all layers involved

• Contribution to Level 1 trigger

• Operation without data reduction

Key sensor specifications:
• Pixel pitch 30-40 µm
• Integration time ≲100 ns
• Power dissipation ≲ 200 mW/cm2
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SuperKEKB synergy with FCC-ee
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Belle II Publications


