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Introduction

1. Chiral Belle
2. Belle II drift chamber replacement/upgrade
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Why Chiral Belle?

• Polarised  beam allows access to precision 
electroweak observables, e.g. to probe vector 
and axialvector interference in Standard Model. 

• Can use left-right detection asymmetries to probe 
SM vector couplings for different fermion flavours 
(charm, beauty, tau):  
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Expected precision on gc,b
V
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‘Chiral Belle’ -> Left-Right Asymmetries
At 10.58 GeV - Z- interference for s-channel Born:

Chiral Belle Status 

Chiral Belle is in the 
unique position to 
resolve whether this 
tension is early sign 
of  e:b universality 
violation signally 
New Physics or a 
fluctuation

Large improvements
over LEP for
c-quark and
b-quark couplings

<Pol> is average 
beam polarization
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Tension in existing 
measurements of 

, can be resolved 
by Chiral Belle. 
gb

V20 ab-1

Measurement
Current  
average

Chiral Belle 
(20ab-1)

±0.0077 ±0.002

±0.0070 ±0.001

±0.0010 ±0.001

gb
V

gc
V

gτ
V

Expect significant 
improvement over LEP+SLD

Current best average from: 
Physics Reports 427 (2006) 5—6



Sensitivity to sin2 θW

• The weak mixing angle is 
energy dependent (due to 
the running of the gauge 
couplings).  

•  is measured 
precisely at the Z-pole by 
LEP and SLD. 

•  is known less 
precisely at low .

sin2 θW

sin2 θW
Q2
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Running of sin2W : Parity Violation window to the Dark Sector

● Adapted from Fig. 3 of H. Davoudiasl, H.S. Lee and W.J. Marciano, Phys.Rev.D 92(5),2015 “Low Q2 
weak mixing angle measurements and rare Higgs decays”

● Red bar shows expected ±1 sigma uncertainty 0.00018 with 40 ab-1 at Chiral Belle
● Also sensitive to parity violation induced by exchange of heavy particles e.g. a hypothetical TeV-

scale Z’ boson, which if couples only to leptons will be produced @ Belle II but not in pp collisions

● Separately sensitive to e,   c, b

Dark blue band shows Q2-dependent shift in sin2 θW due to 
15 GeV parity-violating dark Z

Differences between SM and two benchmark scenarios of dark Z

Projected Chiral Belle 
uncertainty

Upgrading SuperKEKB with e- Polarized Beams: 
Chiral Belle          unique probe of Dark Sector

Chiral Belle Status 15

 at low  can be a sensitive 
probe of dark sector extensions of SM 
with dark photons/dark Z bosons

sin2 θW Q2

Phys. Rev. D92 (2015) 035008



Tau g − 2
• Tau anomalous magnetic 

moment can be highly 
sensitive to presence of 
new virtual particles.

• Expect BSM contributions 
to  to be 
significantly enhanced

aτ = (g − 2)τ /2
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Decreasing correction 
size to g

aτ ∼ aμ ( mτ

mμ )
2

Z0
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Tau g − 2
• Expect precision at the level of 10-5 with Chiral Belle  

(up-to 1000x more precise than existing measurements). 
• Experimental uncertainties can be  

significantly reduced by measuring  
charge-dependent left/right asymmetries.
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decomposed into 
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Lorentz structures

See e.g  
[Phys. Rev. D106 (2022) 093007] 
[JHEP 07 (2025) 172] 



Polarised beams

• Target 70% longitudinal polarisation 
of the electron beam at the IP. 

• Generate transversely polarised 
beam with spins in the vertical 
direction. 

• Rotate spins before/after IP using 
spin rotator magnets. 

• Monitor polarisation using a 
Compton polarimetry system. 
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e- beam polarization in SuperKEKB

Chiral Belle Status 

Polarized electron gun

Spin rotators

21



Spin rotators

• Replace existing ring dipoles by combination  
of a dipole and solenoid. 
- Enables running with same machine  

geometry with/without polarisation by  
enabling/disabling the solenoid field.

• Introduce skew-quadrupoles to compensate for  
x—y couplings from the solenoid. 

• A prototype spin-rotator magnet will be produced by BNL 
(exploiting expertise with direct wind magnets). 
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(BNL expertise in construction of direct wind magnets suitable for these magnets)

Follows Uli Wienands’s (Argonne National Laboratory) idea and direction:
 
• Replace 2 existing ring dipoles on each side of the IP with the dipole-

solenoid combined function magnets and keep the original dipole strength 
to preserve the machine geometry 

• Avoids repositioning of other magnets in the ring

• Install 6 skew-quadruple on top of each rotator section to compensate for 
the x-y plane coupling caused by solenoids 

Original machine can be recovered by turning off solenoid and 
skew-quadrupole fields + retune with only the dipoles

Compact spin rotator 

Chiral Belle Status 27

Designed by  
U. Wienand  
(Argonne National Lab)



Polarimetry

• Precise knowledge of polarisation is essential for the  
Chiral Belle programme. 
- Target 0.5% precision on .

• Two methods will be used to monitor the polarisation: 
- Compton polarimetry  

[JINST 18 (2023) P10014] 
Target 1% precision in 5 minutes of running.  

- Data-driven tau pair reconstruction  
[Phys. Rev. D108 (2023) 092001], 
BaBar obtain 0.4% precision in 424fb-1. 

⟨polarisation⟩
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Compton polarimeter

• Plan to introduce a 
Compton electron 
detector system just 
before the IR.

• Scatter polarised 
electrons from circularly 
polarised laser source 
and measure the 
energy of the scattered 
photons/electrons.
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The laser will thus be placed on an optical breadboard below the main SuperKEKB ring a147

bit upstream from the BLA2LE dipole, where the orientation of the electron beam polarization148

is expected to be parallel to that at B2IP, up to residual misalignments [6]. The design of the149

vacuum chamber at the Compton interaction point follows several constraints. Crossing angle in150

the horizontal plane must be avoided to reduce the e!ect of synchrotron radiation on the laser151

mirrors. A vertical crossing plane is not convenient either for integration purposes. The interaction152

chamber is thus designed such that beams cross with some non vanishing azimuthal angle. A first153

design of the chamber is shown in Fig. 2. This design exploits the current beam pipe design of154

SuperKEKB modified to allow interaction with the laser beam. The e!ect on the beam impedance155

of this modification is found negligible and safe for the electron beam. Projected crossing angles in156

the horizontal and vertical planes are about 8 and 4 degrees respectively. It corresponds to a polar157

angle of 8.9 degrees and an azimuthal angle of 28 degrees.158

Figure 2. Drawing of the laser and electron beams interaction chamber. Boxes named laser and diag are
placeholders for the laser and the diagnostics for the laser light that will be used to ensure that alignment and
polarization of the laser are optimized. Not shown are electronics that will be located below the optical table
and that will be shielded against the ambient radiation of the accelerator.

The laser must comply with the need of colliding bunches at 250 MHz. In the past only CW159

or low frequency Q-switched lasers have been implemented in Compton polarimeters [14, 31].160

Nowadays the modelock laser technology [32] is very mature and being routinely used, including161

in the industry, see for instance Ref. [33] for an overview. This allows to consider the use of an162

Ytterbium oscillator locked on the reference frequency of the accelerator. In order to increase the163

sensitivity of the Compton polarimeter it is of interest to use second harmonic generation (SHG)164
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Figure 1. Schematic drawing of the main SuperKEKB ring, where the current B2E dipole to be replaced
by spin rotators is identified. The location of the Compton polarimeter is also shown as well as Belle II
interaction point.

modified by replacing the four existing B2E dipoles by newly designed combined function magnets.100

Accelerator tune and chromaticity are matched to that of the current SuperKEKB lattice by adjusting101

strengths of quadrupoles located at a dispersion-free section and retuning sextupoles in arc sections.102

With this proposed solution, it is found that the orientation of the polarization vector is parallel to103

that at B2IP in a region located about 120 to 140 meters upstream B2IP. This part of the lattice104

presents the advantage that there is little existing instrumentation, and thus would facilitate the105

installation of a Compton polarimeter with minimal modification of the existing lattice.106

The Compton polarimeter consists in a laser system and a detector for scattered particles. The107

laser system and a related vacuum chamber must be inserted in the accelerator tunnel to allow108

interaction of laser and electron beams. The scattered electrons and/or photons must then be109

measured to infer the electron beam polarization. Design and implementation of these detectors110

in the SuperKEKB ring is also an important subject of study. The (Born level) cross-section for111

Compton scattering [26, 27] reads112

𝐿𝑀

𝐿𝑁𝐿𝐿𝑂

=
𝑃

2
𝑀

𝑄𝐿

(
𝑅0(𝑃, 𝑁𝐿) + 𝑆𝑁𝑅𝑁 (𝑃, 𝑁𝐿, 𝑂) + 𝑆𝑂 (𝑆𝑃𝑅𝑂 ,𝑃 (𝑃, 𝑁𝐿) + 𝑆→ cos (𝑂 ↑ 𝑂𝑀) 𝑅𝑂 ,→(𝑃, 𝑁𝐿))

)
.

(2.1)
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R&D at University 
of Manitoba

MuPIX11 sensors 
at Manitoba.

HVMAP pixel  
sensors electron 
detection.



Simulation of spin and beam lifetime

• Simulation of the Belle II HER 
ring carried out with BMAD.  
[NIM A 558 (2006) 356—359]

• Particle tracking over 20k 
turns shows excellent 
preservation of the beam 
polarisation with long 
polarisation lifetimes. 
- Requires small change in 

HER energy (~0.7%). 
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Inject transversely polarized beam at the HER  injection point

Transverse polarization 
survival rate in HER

KEK Injection Linac polarization Bmad studies

Chiral Belle Status 

• Tracking 100 particles for 20000 turns in the HER with BMAD
• This study estimates polarization lifetime > 10 hours

Y. Peng’s (UVictoria)

Po
la

riz
at

io
n

No. Turns
104

0.9999992

0.9999999

1.0000000

2x1045x103 1.5x103

0.9999996

0.9999997

0.9999998

0.9999993

0.9999995

0.9999994

0

35

Y. Peng 
UVic



Chiral Belle Status 

Large Ion Pump

High Voltage Insulator

Small Ion Pump

Extension Arm

Evaporation Chamber

UHV Gate Valve
Cathode Chamber v2

Conceptual Design of Polarized Electron Gun - Holder
Alexandre Beaubien
(EPECR KEK-TRIUMF Scholar)
working with Mitsuhiro Yoshida (KEK) 

Cathode Holder

Design from: N. Yamamoto, PhD Thesis

93

Polarised source
• Conceptual design developed for 

source for Touschek lifetime 
measurement to validate 
polarisation lifetime.

• Beam produced by pulsed  
laser incident on a  
photocathode.

• Cathode design  
optimised to  
minimise  
emittance.
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A. Beaubien  
(UVic, EPECR KEK-TRIUMF scholar)  
M. Yoshida (KEK)



• Source assembled and and  
prepared for testing at KEK. 

• Plan to merge the source 
with the existing LINAC. 

• Use Wien-filter spin rotator 
to obtain transversely 
polarised beams with spin  
in vertical direction. 

Polarised source
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Source anode delivered in Sept 2025 

Chiral Belle Status 

A. Beaubien, M. Yoshida
95

Source anode delivered in Sept 2025 

Chiral Belle Status 

A. Beaubien, M. Yoshida
95



Chiral Belle project staging

• Complete R&D on spin rotators,  
polarised source and Compton  
polarimeter. 
- Carry out validation of the beam lifetime  

studies using Touschek lifetime. 

• Construction phase for final  
components aiming for installation  
in LS2 (2032—2033).  
Initial running with specific  
polarisation runs. 
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Funded by CFI  
at $4.17M

Anticipate application for 
CFI-IF in “2029” round



Belle II detector upgrade 

• New IR design (QCS) to  
reach higher instantaneous 
luminosities.

• PXD/SVD replaced with  
new VTX detector.

• New fast-timing layer and 
transition layer detectors 
replace inner drift chamber 
volume. 

• New outer drift chamber (oDC) 
replacing CDC.

16



Belle II detector upgrade 
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The CDC is currently the main 
tracking detector of Belle II:  
- Provides a momentum measurement.  
- Provides particle identification 

through .dE /dx

• New IR design (QCS) to  
reach higher instantaneous 
luminosities.

• PXD/SVD replaced with  
new VTX detector.

• New fast-timing layer and 
transition layer detectors 
replace inner drift chamber 
volume. 

• New outer drift chamber (oDC) 
replacing CDC.



Why replace the CDC?
• Inner regions see large  

accumulated charges  
(from beam backgrounds): 
- High detector occupancies.
- Gain drop due to 

polymerisation.
- Induced sustained chamber 

currents in inner most regions. 
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+

+

Anode  
(sense wire)

Cathode  
(field wire)

Ions can form an 
insulating layer 
(polymerisation)
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Moving outwards towards tracker…

For the central drift chamber (CDC)

But… we do particle identification and tracking with the CDC… we don’t want to lose those!

Abandon this volume… 

Big issues are aging and occupancy; 
both are far worse in inner region*… 
we don’t think the drift chamber 
technology can survive there!

* there’s a rough 1/r scaling 



Outer drift chamber
• Highest occupancy, inner region of the detector removed.
• New mechanical structure needed: 

- Support from NSERC—MRS requested  
for design effort. 

• Replacement of readout  
electronics to improve radiation  
hardness and cross-talk. 

• R&D on gas mixtures and  
field wire coating to improve  
Malter effect.
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CDC test chamber construction workshop

● Outcome
○ Two prototypes were built, tested, and subsequently transported to Uppsala
○ In preparation: document describing i) construction phase, ii) tests performed, iii) some 

troubleshooting steps  

3

51 cm

23 cm

11 cm

Small test chambers 
have been produced 
for irradiation test 
by Uppsala, Torino, 
Bonn and KEK



Drift chamber simulation

• Simulation studies performed in BASF2 + a 
standalone simulation with simplified setup 
using: 
- Garfield++ for simulation of drift cells. 
- Geant4 for detector simulation. 
- Genfit for track reconstruction. 

• Aim to test different layer/cell configurations 
to optimise detector performance (smaller 
inner cells, all stereo layers etc). 
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Cluster counting

• PID performance can be improved by counting ionisation 
events rather than just measuring .
- Remove influence from long Landau tail.  

• Idea proposed for Super-B factory, FCC-ee (IDEA) and 
CEPC drift chamber concepts. 

• For Belle II this would require: 
- Faster electronics. 
- Modified gas mixture (and gas system)  

e.g. 90:10 He:iC4H10 rather than 50:50 He:C2H6.

dE/dx

21



Cluster counting
• Studies ongoing for Belle II.

• Can cluster count based either on derivatives of the pulse 
shape or use multivariate forecasting techniques (LSTM).

22

Figure 1: Analytic evaluation of particle separation capabilities achievable with
dE/dx (dashed curves) and dN/dx (solid curves). The region between 0.85
GeV/c and 1.05 GeV/c, where a di↵erent technique is needed, is highlighted
in yellow.

Garfield

Geant4 Geant4

Garfield

4.5σ 7.5σ

3.1σ
6.3σ

Figure 2: Particle separation capability results from a simulation of the ioniza-
tion process in 200 drift cells, 1 cm wide, in He/iC4H10 90/10 gas mixture that
has been performed both in Garfield++ (top) and in Garfield-modelled Geant4
(bottom) by using the energy loss method (left) and CC technique (right).

of Garfield++ simulation results about the ionization process
in He-based gas mixtures, an algorithm which reproduces the
cluster number and cluster size distributions using the energy
deposit information by Geant4 has been developed under the
assumption of a 100% CC e�ciency [6]. From Figure 2, we
observe that the dNcl/dx improves particle separation capabili-
ties and Garfield++ is in good agreement with analytical calcu-
lations up to 20 GeV/c, then falls much more rapidly at higher
momenta.

3. Cluster counting technique applied to beam test data

To validate the simulations results, a first beam test, using a
165 GeV/c muon beam on a setup made of 1 cm and 2 cm size
drift tubes, equipped with Mo, Al, and W sense wires in the
10 - 40 µm diameter range, has been performed at CERN/H8
beam line by collecting data with the gas mixtures He/iC4H10
90/10 and 80/20, by making a scan in high voltage and angle be-
tween the wire direction and ionizing tracks. Fulfilling the main
requirements for an e�cient CC on the readout electronics (1
GHz bandwidth and at least a 1 GS/s sampling rate at 12 bits),
entirely based on a DRS system [7], has been crucial. The most
e�cient CC algorithms are the Running Template Algorithm
(RTA), scanning the waveform with an electron peak template
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Figure 3: Example of real waveforms collected from 2 cm size drift tubes
(90/10 He/iC4H10). The blue and red arrows represent the cluster and electron
peaks found with the DERIV and RTA algorithms.

Figure 4: Distribution of the number of clusters for 1 cm size drift tubes in
He:IsoB 90/10 fitted with a gaussian.

and its iterative subtraction, and the Derivative Algorithm (DE-
RIV), imposing cuts on the waveform amplitude, the first and
second derivatives (see Figure 3). They define the limiting ef-
fects for a fully e�cient CC (space charge e↵ect + attachment
+ recombination) which is approximately 80% in He/iC4H10
90/10 gas mixture. Figure 4 shows the distribution of the num-
ber of clusters for a particular configuration. The gaussian fit
indicates a mean value µ very close to the expected one and
a sigma almost equal to the square root of µ, confirming the
Poisson nature of the distribution.

4. Conclusion and Future Perspectives

Using preliminary CC algorithms gave promising results in
reproducing the expected physical distributions. As a next step,
the experimental setup will undergo new tests in muon beams
with momenta over the full range of interest for the future lep-
ton machines, to assess the particle identification capabilities of
the cluster counting approach with optimized algorithms.
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For IDEA concept  
[NIMA 1046 (2023) 167734],  
demonstrated to give  
significant  
improvements in  
separation power



oDC staging

• New Canadian effort (Tom Blake, Steve Robertson, Andreas 
Warburton).

• Near term opportunities for engagement on  
mechanical design and gas system. 

• Longer term opportunities for engagement  
on fast electronics and modified gas system  
for cluster counting. 

• We are in contact with Fabrice Retiere and plan to submit an 
application for resources from the TRIUMF detector group 
soon. 
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Anticipate application for 
CFI-IF in “2029” round




