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State of the Project and German Impact

1250 Members (315 Faculty, 124 PDs, 269 PhDs, 169 MSc, 94 BSc, 261 Technical)

Germany makes up 20% 
of all members

Reflected in several key 
leadership positions
Spokesperson, significant 
representation in key coordinators 
& physics convenor positions

708 Scientists 

(315 Faculty, 124 PDs, 269 PhDs)

Comparison with 
LHCb: 

Source: ICHEP 20241165 Scientists 

(459 Faculty, 282 PDs, 424 PhDs)

Belle II Germany
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State of the Project and German Impact
90 papers submitted

Our goal is to achieve 40 - 45 papers / year

LHCb
Belle II50

Expected 

# additional 

papers (ca. 20)

& 81 accepted as of last week

Belle II

Expected 

# additional 

papers (ca. 13)

50
LHCb
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Current Status of Data Taking

Currently Run 1 data (+ when relevant Belle data) used for physics ; Run 1 + 2 results in preparation

Run 1 
(2019-2022)

6.4/fbℒint =

74/fbℒint =

LS1

213/fbℒint =

430/fbℒint =

575/fbℒint =

Run 2 
(2024-…)

Detector upgrade 

(e.g. installation of full 

PXD)

New record 
luminosity  
(Dec 2024)

ℒins = 5.1 × 1034 cm−2 s−1

Lower weekly 
luminosity due

unstable beam 

conditions
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Belle II achieves higher statistical power than Belle & BaBar 
due to improved detector & modern analysis techniques.

→ Much effort ongoing to shift this fraction even further with new triggers,                 
better reconstruction, novel ideas etc.

 1/fb of Belle II data is worth 2/fb of BaBar or Belle data*

* exceptions of course do exist

2/fb

See e.g. https://arxiv.org/pdf/2506.11196

Rough rule of thumb: 

Belle II versus Belle / BaBar data

1/fb
estimated

achieved

https://arxiv.org/pdf/2305.19116

Uncertainty on mτ
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Ongoing run: 2025c & 2026ab

Push our recorded dataset to 1/ab 

Reach luminosities of ~1035 cm-2 s-1

#1

#2

The next run has 
two goals : 

7 month runWill have for the first time a continuous

Schedule:
* SuperKEKB Main Ring operations started Nov 5th 

* Brief Christmas shutdown Dec 24th - Jan 7th

* Continue run until end of May

Need close communication with SuperKEKB team 
to balance this; physics (#1) will be priority

80% of running time 
dedicated to physics
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Current Status

33

3

November December

January 2026

Immense effort over summer to remove vacseal 
residues in LER & HER, construction of new 
egun, etc.

Vacuum scrubbing finished Nov 17th, since 
then collision tuning for physics run

Plan for next 
months

Gradually reduced  to get to target optics, 
reached today  cm-2 s-1 

β*y
ℒ ≃ 1034

1.   Beam pipe cleaning (HER/LER)
2.   Remaining collimator works (HER)
3.   Beam pipe realignment at the LER injection point (LER) 
4. Reinforcement of radiation shielding at NLC and expansion of radiation-controlled area (LER)
5. Installation and conditioning of the new RF gun (Linac)

2025/09/29 3

Current status

: completed

: completed

: In progress

: In progress

: In progress

：completed

：in progress

1.   Beam pipe cleaning (HER/LER)
2.   Remaining collimator works (HER)
3.   Beam pipe realignment at the LER injection point (LER) 
4. Reinforcement of radiation shielding at NLC and expansion of radiation-controlled area (LER)
5. Installation and conditioning of the new RF gun (Linac)

2025/09/29 3

Current status

: completed

: completed

: In progress

: In progress

: In progress

：completed

：in progress

Belle II data taking eff. > 94.5%
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Belle II Timelines
Belle II project organized in 10-year plans of MEXT

Ongoing period 2023 - 2032

MEXT covers operational costs of SKB 
(ca. 50 Mio. € / year), maintenance & 
partially upgrade activities

Goals for this period:

Record 5-10/ab of collision data

Establish operations with nano-beams 
at few 1035 cm−2 s−1

Mid-term review of 
Program in 2026 (TBC)

Preparations for Long 
shutdown 2 (start in 2032)

Goals for 2033-2042 period:

Reach 6 x 1035  cm-2 s-1      
to record data set of 50/ab

Project plan (as envisioned in 2022)
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BMFTR Contributions

Seite

BMBF priorities:

• experiment: PXD/operation/trigger/service

• computing

ErUM-Pro:  

• Belle II (inkl. FSP): 6,5 Mio. €

Elementary Particle Physics

PT.DESY | ErUM-FSP-Belle II | Maren Meinhard

Project funding ErUM-Pro 2024-2027

total: 47 Mio. € 

status Sept. 2024

17

Project 
funding

ErUM-Pro

17

ATLAS
21,4

CMS
10,3

LHCb
7,9

NA62
0,6 BELLE II

6,5

BMFTR and German partners (HGF via DESY, MPP) designed, 
constructed, and operate crucial aspects of the experiments:

Ongoing funding period:

Japan will contribute >150 Mio. € during the ongoing funding period

Germany hosts collaborative services, contributes 
heavily to reconstruction, software, trigger, etc.

Belle II PXD
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ESPP View on Flavor

ESPP Venice workshop

ESPP: full exploitation of HL-LHC (LHCb, 
ATLAS, CMS) & Belle II for flavor a priority

Excerpt from ESPP Physics Briefing Book :

266]. The bounds on all the SMEFT operators containing third-generation quark and lepton
doublets within this general setup—considering separately flavour, electroweak (EW), and high-
energy observables (Drell-Yan processes and heavy-quark production in pp collisions)—are
shown in Fig. 5.16 in the two reference cases of up or down alignment. As can be seen, the
completion of the HL-LHC and Belle-II programs would imply major improvements of the
flavour bounds, and a further major improvement is possible later on with FCC-ee. Note also
that in some cases flavour bounds exceed the electroweak ones, while in other cases it is the
opposite: a general feature that holds in many realistic SM extensions with new TeV-scale
dynamics [266, 267].

The best way to illustrate the interplay of flavour and EW observables in indirect searches,
is to analyse them assuming a non-vanishing NP signal. The current tension between data and
SM predictions in R(D(→)) provides a useful testing ground in this respect. This tension can be
described within a minimal setup consisting in the two third-generation semileptonic operators
O(1,3)

ωq discussed in the context of Fig. 5.16. To fit current data it is also necessary to introduce
a parameter, ! , to describe the misaligment of the quark doublet in these operators (q3) from
pure down-alignment (q3 = qb + !|Vts|qs, where qb(s) are the SU(2)L fields associated to b(s)
quarks). The setup is thus described by three parameters: the two Wilson coefficients and !
(see Refs. [208, 268] for more details). The current preferred region for the model parameters
and future prospects (from HL-LHC and Belle-II, and FCC-ee) are shown in Fig. 5.17. Future
prospects are obtained assuming central values for flavour and EW observables corresponding
to the current best-fit values of the model (corresponding to an effective NP scale around 2 TeV)
and relative uncertainties as in the expected projections. The main message emerging from this
exercise is the importance of using different observables both to validate a possible NP signal
and to decode its interpretation. In this respect, FCC-ee represents the best opportunity given
the expected improvements in both flavour and EW observables.

5.6 Conclusion
Flavour physics is a highly diversified area of research, characterised by its unique and wide-
ranging sensitivity to physics beyond the SM. It is only through the combined exploration of
flavour, Higgs and electroweak domains that the structure of physics beyond the SM can be
uncovered via indirect searches. Within the flavour domain, the complementarity of the different
measurements is of paramount importance. Consequently, a multifaceted programme involving
small-, medium- and large-scale experiments is an indispensable part of the future strategy for
particle physics.

Current bounds on particle EDMs and LFV in µ ↑ e transitions provide the most stringent
constraints on the scale of NP in models with generic flavour structure. The large portfolio of
future projects planned in these two unique areas has an outstanding discovery potential. Unique
information about NP could also be obtained from kaon physics along three main directions: the
rare KL decay program at KOTO II, dedicated studies of KS,L ↑ µ+µ↓ interference (possible at
LHCb Upgrade II), and exploring opportunities for a next-generation K+ ↑ ∀+##̄ experiment.
High-intensity facilities for pions and neutrons, at PSI and the European Spallation Source, have
the potential of significantly enhance the overall reach of SM consistency tests via improved
determination of |Vud| and related measurements.

In the domain of b-hadron, c-hadron and ∃-lepton physics, major progress is anticipated
through the full exploitation of existing experimental facilities up to the 2040s, particularly

83
of LHCb Upgrade II and Belle II experiments. Thanks to these programmes, this is one of
the areas of particle physics where the largest gain, in terms reduced statistical and systematic
uncertainties, is expected in the next 20 years.

Despite this major progress, a significant fraction of interesting observables, particularly
those involving neutrals and missing energy, would remain under-explored, significantly limit-
ing the overall discovery potential of the flavour programme. The critical factor for this pro-
gramme is the total number of Z bosons produced at a future e+e→ collider, provided that the
detectors are suitably designed for heavy-flavour physics. A dataset of only a few 109 Z bosons
would fall short of delivering significant improvements beyond what is projected from the full
LHCb Upgrade II and Belle II programmes. In contrast, a facility such as the FCC-ee, capable
of producing 6 ↑ 1012 Z bosons, would have a major impact. Given that a large fraction of the
measurements would not be dominated by experimental systematic uncertainties, even more
Z bosons would be beneficial. Data taken at energies beyond the WW and tt̄ thresholds also
permit measurements relevant to the flavour physics programme.

In parallel to these experimental efforts, the essential role of theoretical developments
should also be emphasized. Improvements in the precision of SM predictions, which are within
the reach of future LQCD efforts, are needed to match the anticipated experimental accuracy.

84

ESPPU2026 - Open Symposium (Venice, June 2025) - Marie-Helene Schune - Flavour WG report

• The heaviest charged lepton and the only one which can decay into 
hadrons 

• In many models NP couples preferentially to the third family 

• Search for decays that are forbidden in SM

• Tests of SM through : precision measurements

• Short lifetime (~2.9 10-13 s) and neutrinos : experimentally demanding 
⇒ most of the results are coming from e+e- colliders but ./(: → 3#) where 
all are contributing 

BR(Z0 → :+ :- ) = 3.4%

16

The " lepton

billions of #+ #- pairs produced

e+ e- colliders

Fig. 5.13: Current and expected relative uncertainty on the LFU ratios (left) R(D→) and R(D),
and (right) RK→0 and RK+ , in the 1.1 < q2 < 6 GeV2 range, for different experiments.

sary to observe this decay at the SM level (B ↑ 10↓7) would require approximately 6↔1012 Z
bosons, with the exact sensitivity being highly dependent on the detector performance [ID196].

Future data will open new opportunities for probing NP in FCNC processes with b ↗ s!!̄
modes. These decay modes are of particular interest as they are free from long-distance charm-
loop contributions and are predicted with high precision within the Standard Model. The first
evidence of this decay has been obtained recently by Belle II as B(B+ ↗ K+!!̄) = (2.3 ±
0.5+0.5

↓0.4) ↔ 10↓5, which is 2.7∀ above the SM prediction [254]. In the longer term, the best
precision for measurements at e+e↓ colliders is expected with the K→0!!̄ mode. The B0 ↗ K→0

form factors will be determined from LQCD with an uncertainty at the percent level. The trend
on the expected uncertainty on these decays is shown in Fig. 5.14-right. Other modes such
as B0 ↗ KS!!̄ , B0

s ↗ #!!̄ and !0
b ↗ !!!̄ will also be accessible and will complement the

exploration of b ↗ s!! transition [255].
One of the most theoretically clean and sensitive probes of NP are the B0

(s) ↗ µ+µ↓

decays. Being CKM, loop- and helicity-suppressed, they are predicted to be very rare in the SM:
B(B0

s ↗ µ+µ↓) = (3.66±0.14)↔10↓9 and B(B0 ↗ µ+µ↓) = (1.03±0.05)↔10↓10 [256].
While the B0

s decay is measured to be in agreement with SM with a precision of the order of
8% [15] the B0 mode has not yet been observed. Measurements at LHC are performed by
the ATLAS, CMS and LHCb experiments, with an uncertainty that is expected to be 4% and
12% for B0

s and B0, respectively, at the end of HL-LHC [ID223]. Future e+e↓ colliders will
not surpass these precisions, due to the lower number of B mesons produced [ID196]. The
foreseen precision for the measurement of the B0 branching fraction is shown in Fig. 5.14 (left).
Additional variables related to the B0

s ↗ µ+µ↓ decay will also become precisely measured
and will provide more comprehensive tests. The effective lifetime [257] allows the degeneracy
between any possible contribution from new scalar and pseudoscalar mediators to be broken.
The current precision of 23–30% will decrease to 5% [ID223]. At future e+e↓colliders, high
flavour tagging efficiency (of order of 25%), together with excellent mass resolution, will help
the time-dependent measurement of CPV. The precision on the measurement of mixing-induced
CPV is expected to be comparable, and of the order of 20%, at the end of the full LHCb program

79

Belle II

LHCb

https://cds.cern.ch/record/2944678

LHCb
(300 fb�1)

Belle II
(50 ab�1)

LCF
(2 109 Z0)

LEP3
(1.4 1012 Z0)

FCC-ee
(6 1012 Z0)
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European Strategy
for Particle Physics

Fig. 5.6: Left: number of b-hadron species produced within the detector acceptance for various
facilities (note the logarithmic scale). Right: approximate periods for future predictions and
their definitions.

for this challenging measurement, thanks to the large production cross-section of neutral kaons
and the capability to implement kaon tagging. A tagged analysis using the full 300 fb→1 dataset
expected from LHCb Upgrade II would allow a precision investigation of these interference
effects, with projected sensitivity on |Im(VtsV

↑
td)| reaching below 50%, offering a unique test of

CPV in the kaon sector [214].
Kaon observables provide powerful tests of the SM, offering exceptional sensitivity to the

flavour structure of NP through precision measurements of rare decays and CKM parameters.
These measurements are a vital component of the global flavour physics programme.

5.4 Large-scale facilities
The number of different types of b-hadron species produced at the various facilities described
in Sect. 5.2.1 is shown in Fig. 5.6 (left). While e+e→colliders record the full set of events, only
a subset passes the trigger requirements at the LHC. In the following, future projections will be
provided for several approximate periods defined in Fig. 5.6 (right).

It is important to note that, in order to fully explore the spectrum of flavour physics at the
Z pole, the detectors must satisfy a set of stringent performance requirements [ID141, ID196].
Precise reconstruction of all decay vertices—especially those of the primary interaction point,
the b-hadron, c-hadron and ! lepton—is essential. Achieving this requires not only the use of
high-resolution silicon vertex detectors but also the use of ultra-light detector materials to min-
imise multiple scattering and bremsstrahlung emission. Excellent tracking and high hermeticity
are essential for reducing background levels and ensuring the best achievable reconstruction of
decay modes involving missing energy. Effective charged-hadron identification (p/K/∀ sep-
aration), along with reliable electron and muon separation, over the full momentum range is
critical. Additionally, the electromagnetic calorimeter must have not only excellent energy res-
olution but also good transverse and longitudinal segmentation.

Some extrapolations exhibit greater uncertainty than others due to their stronger depen-
dence on detector design parameters, which are not yet well defined. However, it should be
noted that historically the field has often outperformed its own projections as new analysis and
data-processing techniques are developed, allowing the projected sensitivities to be achieved or
even exceeded.

71
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Belle II Germany Priorities for 2027-2030
Operation of PXD; key contributions to Software, 
Performance, Operations, Physics, and Trigger

Meaningful participation to Belle II Upgrade in R&D & Core-Costs

Bonn LMU KIT

Gießen Göttingen Mainz

PXD expertise/operation, DATCON, 
VTX & STL upgrade, CDC R&D 
(test chambers, Malter mitigation), 
neutron ID, upgrade tracking

B-meson tagging (exclusive FEI, 
inclusive, deep learning), SysVar

CDC & ECL trigger firmware 
and upgrades; CDC+VXD and 
degraded-detector tracking; 
PXD DHH, STL Upgrade (e.g. 
Interconnects)

PXD operation (incl. power 
supplies); tracking software 
maintenance and VTX 
development; modernization of 
software framework (AI/
heterogeneous computing) 
RunDB, PubDB

PXD operation to LS2; ROI 
selection, monitoring, and ML-
based ROI rescue. PXD 
background studies (incl. 
synchrotron radiation; time-
dependent/injection studies next). 
ML in SBL/MDI; ITT 
instrumentation (Timing for PID)

PXD shifts; VTX upgrade 
simulation/performance/
benchmarks; prototype 
characterization. STL involvement; 
SuperKEKB background studies, 
BGNet; transformer-based flavor 
tagging (TFlat).

PXD expertise/operation; Run 
coordination,  DAQ and firmware 
for upgrade (VTX and STL),

Semileptonic and generic 
NP searches

Semileptonic, missing energy, 
amplitude anal. Dark sector, LLPs.

QCD exotics (next: gluon hybrids).

QCD exotics (next: gluon hybrids).

Semileptonic, B→τν.

Ph
ys

ic
s

Pl
an

ne
d 

Ac
tiv

iti
es MPP

PXD operation, CO2 cooling for 
PXD and SVD, PID, PWA, NN
Trigger

tau, TDCPV, quantum 
coherence

DESY

Tau, Missing Energy, 
TDCPV

pending succession 
Allen Caldwell

PXD operation, Performance, PID, 
potentially upgrade (VTX/STL, see 
later slides)

In the current funding period we 
have funding for R&D submissions 

of VTX / OBELIX and other activities

+ immense support from German theory community
(KIT, Siegen, Mainz, ..) (most not funded by BMFTR)
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LS2 & Upgrade Motivation

To reach 6 x 1035  cm-2 s-1 & 50/ab plan for 
long shutdown 2 in 2032 to upgrade IR

Current IR optics complicated, large chromatic xy coupling occurs when 
going to high luminosities

Redesign of final focusing magnets 
(QCS) essential

Orbit with Current Design Candidate for new Design

Δ
y

(m
m

)
Δ

x
(m

m
)

β x
,

β y
(

m
)

IR Orbit comparison

“V21-r0g0”
New IR

“sler_1704”
The current IR (design lattice)

~200μm

~10μm

When set to the same scale

A. Morita2023/10/26 UWG meeting Oct.26, 2023

From UWG meeting Oct.26, 2023

2025/2/24 M.Masuzawa (KEK), BELLE II Upgrade Workshop 15

New IR

Y. Arimoto @ARC Dec. 2024
K. Oide

• No effects from the Detector 
solenoid

• No need to place the QCS 
magnets with a large offset/roll 
angle

• Straight orbit through the IP Aiming for this
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QCS and IR

17cmarinas@ific.uv.es

Reinforcing detector and machine close 
cooperation

Initial ideas to integrate VTX and new 
accelerator components

Examples:

Winding test of mirror magnet completed 
with Nb3Sn wire

New RVC mock-up test successful, 
including vacuum connection

Cone support and hydraulic services

2025/2/24 M.Masuzawa (KEK), BELLE II Upgrade Workshop 19

New IR

Y. Arimoto @ARC Dec. 2024

Requirements for the conductor

• Limited space
• Thin coil
• Large packing factor

• Against quench
• Larger temperature margin

• Flux creep
• Smaller filament size

Limited space, need to 
produce thin coil with large 
packing factor

2025/2/24 M.Masuzawa (KEK), BELLE II Upgrade Workshop 25

QC1P R&D progress
Two-layer option

Y. Arimoto@ARC

New QC1P New QC1P Present
QC1P

Nb3Sn NbTi

# of 
layer

1 2 1 2 2

Temp. 
margin 

4K 8K 1K 2.5K 2K

Nb3Sn 1 layer →2 layer
• Lower current density
• Larger temperature margin
• Better control of higher order 

multipoles 

No experiences with such thin 
Nb3Sn coil manufacture 

Insulation during heat 
treatment and  epoxy 
impregnation issues need to 
be solved.

NbTi cable becomes a candidate
• No major technical problems
• We have experiences
• Temp. margin not that much larger than the present QC1P.

Ideally use new material 
(Nb3Sn versus NbTi) to gain 
larger quenching temperature 
margin

2025/2/24 M.Masuzawa (KEK), BELLE II Upgrade Workshop 25

QC1P R&D progress
Two-layer option

Y. Arimoto@ARC

New QC1P New QC1P Present
QC1P

Nb3Sn NbTi

# of 
layer

1 2 1 2 2

Temp. 
margin 

4K 8K 1K 2.5K 2K

Nb3Sn 1 layer →2 layer
• Lower current density
• Larger temperature margin
• Better control of higher order 

multipoles 

No experiences with such thin 
Nb3Sn coil manufacture 

Insulation during heat 
treatment and  epoxy 
impregnation issues need to 
be solved.

NbTi cable becomes a candidate
• No major technical problems
• We have experiences
• Temp. margin not that much larger than the present QC1P.

First winding tests in collaboration 
with FNAL successfully completed
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Belle II Upgrade Program
Timeline:

Upgrade intends to push the state-of-the-art, e.g.

• QCS envelope change 
• VTX (5 layers) 
• ITT (TOF = Time of Flight, STL = 

Strip Transition Layer) 
• CDC replacement w/o SL0/1 
• ECL electronics 
• TOP electronics & PMTs 
• KLM New RPC frontend 
• Trigger 
• ChiralBelle

= German Groups are 
interested in participating

Costs: ca. 40 Mio. € / 7.2 BYen

Upgrade Working Scenario:

• CMOS-based pixel and strip detectors 
• Polarized beams for measurement of 

Weinberg angle in running region

EDR (under discussion)
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M. Babeluk, M. Barbero, J. Baudot et al. Nuclear Inst. and Methods in Physics Research, A 1048 (2023) 168015

Fig. 3. Sketch of the all silicon ladder concept of the iVTX. Four dummy sensors with a length of about 30mm are shown in blue on the silicon support structure (grey) with a
width of about 22mm and a length of about 140mm. The yellowish lines indicate power and data transition lines, one line of both to each chip. Power is supplied to the ladder
by a flex cable (left), which also transmits data to and from the chips in for the final chips.

Fig. 4. Eye openings of the iVTX data transmission lines at four different positions on the ladder.

Fig. 5. Prototype of the layer 5 truss, which is the longest truss. It is made from thin carbon fibre structures and evolved from the ALIC ITS2 space frame concept.

overall support is provided by the remaining thicker frame around the
active area.

Signal quality at the far end, power delivery, and the full assembly
process are to be tested. Eye diagrams from simulation with a transfer
rate of 640 Mbps are depicted in Fig. 4, indicating that data rates of
320 Mbps will be possible.

In total five demonstrators can be produced on a 200mm wafer. First
thinned multi-chip CMOS demonstrator ladders have been produced
and characterised with different thickness and geometries, showing a
homogeneous thickness over an area of 10 cm2.

2.2. oVTX development

The oVTX is not self-supported, as the distance required to cover
the acceptance is too large, the mechanical integrity is provided by a
carbon fibre support structure called truss, as depicted in Fig. 5. This

structural design evolved from the ALICE ITS2 space frame concept [9].
With a length of 70 cm and a weight of only 5.8 g it is able to carry more
than 40 sensors in two rows next to each other with a small overlap,
achieving a very low material budget. In order to cool the sensors a
cold-plate concept is in development, as shown in Fig. 6. The sensors
are glued to the cold-plate, which is then mounted to the truss. For
each sensor row, a polyimide cooling tube runs over all sensors and
turns back at the other end, such that the heated coolant leaves on the
same side. Depending on the thermal testing, it will either be guided
back to the cooling system, or fed into another ladder.

An explosion drawing of a fully assembled layer 5 ladder is shown
in Fig. 7. In addition to the carbon fibre structure (bottom), two cold
plates for the two neighbouring sensor rows are shown, as well as
the flex cables for power and data transmission (top). With the truss
assembled, first thermo-mechanical tests were performed. These first
tests demonstrated that the first resonance frequency is at 200Hz, which

3
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Belle II Vertex Detector Upgrade: VTX

Hit rate up to 120 MHz / cm2


Fast time stamping 50 - 100 ns

Resolution < 15   pitch of 30-40 

TID ~ 1 MGy

NIEL fluence ~ 

200-300 mW/cm2

Total material budget < 3.5% X0 

μm → μm

5 × 1014 neq/cm2

Readout concept of the future Belle II Vertex Detector

Christian Irmler
christian.irmler@oeaw.ac.at

on behalf of the VTX Upgrade Group

Readout concept of the future Belle II Vertex Detector

Christian Irmler
christian.irmler@oeaw.ac.at

on behalf of the VTX Upgrade Group

Abstract

For a proposed upgrade of the Belle II experiment an R&D program has been established to develop a new vertex detector (VTX) made from a single type of depleted active monolithic pixel
detector named OBELIX. The chip will provide two LVDS data links with a transmission speed of about 339 MHz. To read out the OBELIX data it is foreseen to utilize optical links based on
the lpGBT chip and the VTRx+ transceiver module, both developed at CERN. We will present a first concept of the VTX readout system and discuss its technical requirements.

The Belle II VTX Upgrade Proposal

An upgrade of the Belle II Vertex Detector is aimed for the long shutdown 2 of the SuperKEKb accelerator in 2032

Improved space-time granularity & lower material budget

Reduced occupancy to improve tracking performance at increased beam background due to luminosity increase

6 layers using the same DMAPS sensor: The OBELIX (Optimized BELle II pIXel) Chip

Fully pixelated design for low occupancy and fake-rate at high hit rates

iVTX (2 inner layers): Self supported all silicon design, exploring di!erent cooling options: air and passive cooling
utilizing heat-drain material as well as liquid cooling with thin Al-pipes → 0.3% X0

oVTX (4 outer layers): Carbon fiber support, liquid cooled → 0.6% X0 Fig. 1: 3D model of the 6 layer VTX design
Fig. 2: VTX layer arrangement

The OBELIX-1 Chip

Matrix derived from TJ-Monopix2

464 rows and 896 columns

Timestamping: 47 ns

Up to 10 s trigger latency

Hitrates up to 120MHz/cm2

Power: 200 to 300mW/cm2

TID: 1MGy, NIEL: 5↑ 1014 neq/cm2

Main clock frequency: 169.629 MHz
Fig. 3: OBELIX-1 flooplan

New on-chip features

Trigger unit

Precision timing measurement

Transmission for trigger contribution

LDOs for wide LV supply voltage range

32 temperature sensors across the chip

VTX Readout Concept

Fig. 4: Conceptional block diagram of the VTX readout chain

Each OBELIX chip provides two data links running at 339.258 MHz. The main link is used
to transmit the hit data, while the second povides track trigger information at low latency.
Both data streams are 8bit10bit encoded.

Limited cabling space on both sides of the VTX requires conversion to optical signals on
or immediately after the detector modules.

Plan to use the combination of the lpGBT (Low Power Giga Bit Transceiver) chip and
the VTRx+ optical transceiver, both designed for HL-LHC by CERN.

For oVTX, the lpGBT chips and the VTRx+ tranceivers will be integrated into the flex
circuits carrying the OBELIX sensors. In contrast, for iVTX, a dedicated PCB located few
tens of cm away from the sensor modules is foreseen, due to space constraints.

Radiation hard DC/DC conververtes and optical fanouts will be placed in the so-called
dock-box area, which is about 2m away from the detector and provides su”cient space.

Each lpGBT chip will serve between 4 (iVTX) and 12 (oVTX layer 6) OBELIX chips.
Consequently, the hit and trigger data from these chips will be merged by the lpGBT and
must be split again in the back-end electronics.

Powerful FPGA boards are required as back-end electronics for the following tasks:
Receive and decode the data from the lpGPT chips; split hit and trigger data; interface
with the Belle II DAQ and the Belle II trigger system; receive configuration data from slow
and run control and forward it to the OBELIX chips.

Evaluation of lpGBT and VTRx+

lpGBT and VTRx+ are designed for 40MHz, but for Belle VTX, they will be operated at
42.4MHz, which is out of specified range and needs to be verified.

We performed loop-back tests with emulated OBELIX data, which are generated and sent
from a Kintex UltraScale FPGA KCU105 Evaluation board to a lpGBT chip via one of
its electrical links (eLink). The data are encoded and forwarded to the VTRx+ transceiver
by the lpGBT via the high speed link at ↓10.24 Gb/s. The data are then transmitted
via optical fiber and received by the KCU105 board through an SFP+ interface. Finally,
they are read from the FPGA board by a PC via ethernet connection and compared to the
original pattern. With this test setup the full data transmission chain from the electrical
signals on the eLinks up to the optical receiver at the back-end was tested at various lpGBT
operation frequencies and supply voltages.

Sample size and test parameter range:

–The test was performed with 61 lpGBT chips from 8 di!erent wafers.

– lpGBT operation frequency: 338MHz↔350MHz, which corresponds to a lpGBT base
frequency range of 42.25MHz↔ 43.75MHz.

–VDD: 1.1V, 1.2V and 1.3V

–All measurements performed at environmental temperature without any cooling.
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Fig. 5: Maximum frequency up to which the lpGBT

chips passed the test at nominal VDD
Fig. 6: VDD dependency of the maximum frequency

All chips achieved a maximum frequency of >42.55MHz at nominal VDD, which is above
the required value.

Three chips did not work properly at 1.1V and/or 1.3V, resulting in bit errors.

It is clearly seen that the maximum frequency improves with decreasing VDD.

Summary and Outlook

To minimize the amound of cables and to ensure reliable data
transmisssion, the readout of the Belle II VTX will be based on
high speed optical links.

It is planned to use the lpGBT chip and VTRx+ module as
front-end part of the optical link to read out the OBELIX chips.

At Belle II the chips will be operated at a clock frequency, which
is higher than the specified maximum operation frequency.

First measurements of 61 lpGBT chips show that operation at
frequencies well above the required 42.4MHz is possible. Fig. 7: Draft design of oVTX flex

with integrated lpGBT and VTRx+

An irradiation campaign and further tests with irradiated chips are planned for 2026.

Initial trials have begun to integrate the lpGBT chips and VTRx+ modules directly onto
the aluminum flex of the VTX sensor modules, see figure 7.

A powerful FPGA-based solution is envisioned for the back-end system; however, no con-
crete platform decision has been made yet.

CMOS DMAPS based new vertex detector, building on 
BMFTR and German R&D

2 Inner layers (iVTX)  16 ladders with 4 sensors each

3-4 Outer layers (oVTX)

Full silicon modules

→ cf. Talk from Jochen Dingfelder

VTX collaboration forming (More official steps will be taken in December meeting in Pisa)

Belle II Bonn

Figure 3: (Left) TJ-Monopix2 chip designed by Bonn and developed in collaboration with CERN. (Right) Current VTX design
with 2 inner and 3 outer layers.

single piece of silicon, 14 cm long, with four integrated CMOS sensors. The kapton is connected on
the backward side of the silicon, creating a streamlined and compact design. This is followed by the
outer layers, layer 3 to layer 5 utilize a slightly more conventional approach. The support structure
will be made of carbon fiber, providing stability and durability. A cooling plate with polyamide pipes is
incorporated, along with a long kapton strip. The CMOS chips are wire bonded to this kapton strip,
ensuring proper connectivity and functionality.

Within the VTX collaboration besides the German partner institutions members from University of
Pisa, CPPM-Marseille, IPHC-Strasbourg, IFIC-Valencia, HEPHY-Vienna and the KEK Laboratory
signalled a strong commitment to devote resources to develop and build a new Belle II tracking
detector for LS2. German institutions would fulfil a critical role to ensure the success of the project.

Engaging into the VTX upgrade project will allow Germany to carry over technology it funded through
its R&D initiatives to the prototyping and eventual construction of a CMOS-based tracking detector.
The VTX collaboration is very active in producing mechanical prototypes and testing the involved
technology. A conceptual design report (CDR) is being prepared and a full technical design report
(TDR) will be available in 2025. The current design allows first estimated to for full project costs. A
5 layer detector will cost ca. 5’000’000 e. The involved Italian groups are in preliminary discussions
regarding cost sharing and funding. Valencia and KEK have already committed monetary funds to
finance mechanical studies, first wafer productions, power supplies, initial consumables, the kapton
strips, and cabling.

The availability of support in the upcoming funding period will play a decisive role for the German
groups to be a part of the international VTX consortium. This will allow the groups to benefit from
their decade long investment in the development of CMOS detectors and play a leading role in their
application in a large scale particle physics experiment.

Preliminary simulation studies show that the VTX will boost the reconstruction efficiency for low-
momentum particles, providing higher efficiencies for e.g. slow pions, whose reliable reconstruction
are essential for measurements of Vcb from B ! D ⇤`⌫̄` and lepton-flavor universality ratios R (D ⇤

).
Furthermore, the VTX will solve the high occupancy issues of the central drift chamber (CDC), as it
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OBELIX chip, based on  
TJ-Monopix2 R&D

M. Babeluk, M. Barbero, J. Baudot et al. Nuclear Inst. and Methods in Physics Research, A 1048 (2023) 168015

Fig. 1. A CAD rendering of the VTX layout. The baseline concept contains 5 straight
barrel layers filling the current VXD volume.

of the experiment while guaranteeing high tracking and vertexing
performance towards the high luminosity of 6ω 10

35 cmε2sε1, the VTX
collaboration is developing a new fully pixelated CMOS detector to
replace the VXD in the timescale of 2027 [3]. This new detector is one
of four proposals for the (partial) replacement of the VXD; the other
three proposals are a new DEPFET pixel detector as replacement for the
current DEPFET based PXD, a refined strip detector with smaller strip
pitch in 𝜔 direction and a reduced sensor thickness as replacement for
the current strip detector, and a silicon on insulator pixel detector to
cover the full VXD volume similar to the VTX.

The remaining part of this document first introduces the concept
of the VTX and the underlying technology in Section 2, followed by a
conclusion and outlook to further developments in Section 3.

2. Concept of the VTX

In its innermost part, the Belle II experiment is currently equipped
with two layers of DEPFET [4] pixels (PXD) at radii of 1.4 and 2.2 cm,
and four layers of double sided silicon strip sensors (SVD) [5] at
radii between 3.9 and 13.5 cm, which together form the VXD, which
corresponds to the configuration defined in the technical design report
for Belle II. Its main task is the precise estimation of decay vertices in
addition to very low momentum track finding. The VXD is surrounded
by the central drift chamber (CDC) as the main tracking device, ranging
from 16 cm to 112 cm in radius. The PXD is also needed to be able
to resolve the vertices of decaying 𝜀 mesons to enable measurements
of oscillation of neutral 𝜀 mesons, which requires the resolution of
the impact parameters 𝜗

0
and 𝜔

0
to be in the order of 10 ϑm. As the

difference in flight length between both particles is only about 150 ϑm
due to a boost of 𝜛𝜚 = 0.28 caused by the asymmetric beam energies
of 7GeV (4GeV) of the electrons (positrons), a highly granular vertex
detector is mandatory.

To achieve the target instantaneous luminosity, the nano beam
scheme [6] is used. While the vertical beam size already is reduced
significantly to previous accelerators and experiments, further reduc-
tion is foreseen for the next years to shrink the beam size in the
interaction point to tens of nm in the vertical direction. This requires
strong focusing of the beams, resulting in large amounts of beam in-
duced backgrounds, which especially affects the VXD as the innermost
detector.

The goal of the VTX is to develop a fully pixelated detector based on
Depleted Monolithic Active Pixel Sensors (DMAPS) using industry stan-
dard CMOS processes, which is foreseen to replace the full VXD after
2027. The currently proposed concept includes five layers using sensors
based on the TowerJazz 180 nm process, as depicted in Fig. 1. The figure
shows the central beam pipe surrounded by the two innermost layers

Fig. 2. Design schematic for the OBELIX chip.

(called iVTX) in the centre at radii of 1.4 and 2.2 cm, which are followed
by the three outer layers (called oVTX) at radii of 3.9, 9, and 14 cm. The
radii and the number of layers are not yet final but need further studies
for optimisation. Low material budget is essential, as the particles in
Belle II are very soft, thus multiple Coulomb scattering needs to be
minimised. Considering the high background level expected in the VTX,
with hit rates up to 120MHzϖcm

2 in the innermost layer, corresponding
to TID of 10 Mrad/year and NIEL of 5ω1013neq/cm2/year, the expected
power consumption of the fast DMAPS chip under development will be
about 200mWϖcm

2.
In the VTX design we plan to have a material budget of 0.1% 𝜍

0
for

the two innermost layers, about 0.3% 𝜍
0
for the two following layers

and about 0.8% 𝜍
0
in the outermost layer. In order to achieve the very

low material budget, the two innermost layers are designed to be self-
supported air cooled all-silicon ladders, while the three outer layers are
water cooled and on a carbon fibre structure for support, which is also
visible in Fig. 1.

The sensor size is foreseen to be 3 ω 2 cm2, with pixel pitches of
30 ϑm to 40 ϑm in both directions. The sensor under development, called
OBELIX, is derived from the existing TJ-Monopix2 chip [7,8]. Several
different front end flavours exist, and the final decision on one flavour
has not yet been made. Timestamp clock signals of down to 25 ns can
be used to be able to cope with the target hit rate of 120MHzϖcm

2.
Compared to the TJ-Monopix2, which features a triggerless archi-

tecture with no memory on the periphery, the digital logic needs to
be adapted to fit the needs of Belle II. OBELIX will have a triggered
readout architecture, with a fixed latency of about 5 ϑs, and will be
operated up to 30 kHz trigger rate. With the foreseen short acquisition
window of about 100 ns, we can limit the data throughput to 320 Mbps,
even with the high target hit rate expected. A schematic layout of the
OBELIX chip is shown in Fig. 2. The active area of about 3 ω 1.5 cm2

covers the main part of the chip. In the periphery an additional area of
about 3 ω 0.3 cm2 is required for data (pre-)processing and triggering
as well as LDO regulators, data transceiver, and monitoring circuits.
A first design prototype of the new chip will be submitted in autumn
2022.

2.1. First iVTX demonstrator

Fig. 3 shows a schematic drawing of the iVTX demonstrator ladder
with an overall length of about 140mm and a width of about 22mm.
Instead of actual sensors the ladder is equipped with four dummy chips
with integrated surface resistors. These resistors are used to mimic the
estimated heat load in order to test the cooling concept. In addition,
it is also equipped with redistribution layers (RDL) for power and data
to connect every chip with the flex cable at the end of the ladder. The
sensitive areas are thinned down to about 40 ϑm to test the mechanical
integrity of the assembly and to develop the thinning process. The

2

Sketch of OBELIX chip TJMonopix2

first submission imminent
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Belle II CMOS Strip Transition Layer: STL

Requirements: (WIP)

Hit rate up to 30 MHz / cm2


Fast time stamping 50 - 100 ns

TID ~ 0.25 MGy

NIEL fluence ~ 

200-300 mW/cm2

Total material budget < 1-2% X0 

1.5 × 1014 neq/cm2

CMOS strip detectors to instrument former inner drift chamber 
layers along with timing detector, building on BMFTR and 
German R&D

CMOS Strip Sensors

2

Ingrid M. Gregor - ITT Volume Meeting

• “Classic” strip sensors: very few foundries  

• First step of development: sensor in CMOS technology:  

• n-in-p sensor 150nm LFoundry technology 
•  thickness,  strip pitch (~0.2%) 
• Different formats through stitching technique

150 ± 10 um 75.5 um

Edge region 

Stitch Line

A B B B C

Center region 
4.1 cm

1
cm

Regular Implant — 40 Strips

Low Dose 30/55 Implant — 40 Strips

Our goal: to show that large strip detectors can be fabricated using 
commercial CMOS technology with no negative impact on their performance 
➡  Develop an alternative technology for large area applications  
     (also part of ECFA DRD3)

Sensor Front-end chip

Microstrips detector

Up to 5 stitches have been successfully 
used to achieve strip lengths of up to 4.1 cm

ITT updates  @ 10.22.2025

1. Implementation to basf2:  feature/update-of-vtx-6layers-geometry-ITT-debug
○ Extend the VTX classes to include time information 
○ Add 1-layer fast-timing detector
○ Simulation and (current)mc_reconstruction works fine (no crash, results look fine)
○ More thoughts about ITT for tracking:

■ Retrain sector map with ITT included -> could VTX group contribute to that?
■ Simulation studies to understand the tracking performance step-by-step(next page)

○ And TOF-based PID (mid-term plan: implement it into basf2)

ITT: r= 22cm

Possible Location

CMOS Strip Sensors

2

Ingrid M. Gregor - ITT Volume Meeting

• “Classic” strip sensors: very few foundries  

• First step of development: sensor in CMOS technology:  

• n-in-p sensor 150nm LFoundry technology 
•  thickness,  strip pitch (~0.2%) 
• Different formats through stitching technique

150 ± 10 um 75.5 um

Edge region 

Stitch Line

A B B B C

Center region 
4.1 cm

1
cm

Regular Implant — 40 Strips

Low Dose 30/55 Implant — 40 Strips

Our goal: to show that large strip detectors can be fabricated using 
commercial CMOS technology with no negative impact on their performance 
➡  Develop an alternative technology for large area applications  
     (also part of ECFA DRD3)

Sensor Front-end chip

Microstrips detector

More detailed studies with full-silicon sensor 
prototypes planned next year                                  
(by Dortmund, Bonn, DESY, Freiburg)

→ cf. Talk from Jochen Dingfelder

German and international Groups interested in project (In discussions with Valencia, Nikhef)

150 nm LFoundry passive prototype   Pitch 75.5 um, Thickness 150 um

Belle II studying placement and tracking 
performance 

Both Layers

1Ingrid M. Gregor - Belle II Strip Tracker

Radius Length Staves Modules

17 cm 0,85m 30 6x30

34 cm 1,58 m 60 11x30

long module

short module

short module

Long stave for outer layer

Short stave for inner layer

200mm wafer

Possible configuration
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Partners for the next Funding Period

DESY ist daran interessiert, die Möglichkeit eines Beitrags zum Belle II-Upgrade basierten auf der Performance 
von SuperKEKB und Belle II zu evaluieren. DESY betrachtet dabei eine Beteiligung im Bereich der geplanten 
CMOS-Strip- (oder Pixel-)Lagen in Kooperation mit weiteren deutschen Instituten nach Abschluss der Arbeiten 
an den HL-LHC-Detektoren als vielversprechend und inhaltlich sehr gut anschlussfähig.

DESY Prof. Ulrich Husemann, Director of Particle Physics at DESY

MPP / HLL More clear after new Director positions are filled

German Universities

Bonn, KIT, Mainz, LMU, Göttingen, Gießen

are interested in continuing LS2 Upgrade 
Activities on VTX, STL and Trigger + Continued 
Operation of PXD and other activities

 New Dortmund (Prof. Kevin Kröninger, maybe NN)

Interested in contributing to silicon strip / STL

Project partners of ongoing funding period

Bonn new Professorship planned
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Core-Invest Needs for next Funding Period(s)

2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

Q12 Q34 Q12 Q34 Q12 Q34 Q12 Q34 Q12 Q34 Q12 Q34 Q12 Q34 Q12 Q34 Q12 Q34 Q12 Q34

Anticipated LS2 Upgrade Period  
(Length under discussion)

EDR

German Key Upgrade Activities: VTX + STL + Trigger

TDR

Current Belle II funding is ca. 6.5 Mio. € / period

VTX

STL

Trigger

Total Cost 5.9 Mio. € BMFTR Participation 20%

Total Cost 3.7 Mio. € BMFTR Participation 33%

Total Cost 1.05 Mio. € BMFTR Participation 20%

1.18 Mio. €

1.23 Mio. €

0.21 Mio. €

2027-2030 555 T € 2030-2033 625 T €

2027-2030 560 T € 2030-2033 670 T €

2027-2030 70 T € 2030-2033 140 T €

2.62 Mio. €∑

1.185 Mio. € 1.435 Mio. €27
-3

0

30
-3

3Split across 
funding periods

5 Layer Option
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Dringlichkeit & Bundesinteresse

Given the current timelines, meaningful participation in the upgrade only possible within 
the next two funding periods, with contribution needed in the 2027-2030 period

Japan is a long term strong and reliable partner in our international research landscape ; they 
are pivoting to also think of playing a role in future CERN projects (FCC-ILC collaborations)

Japan is Wertepartner, i.e. a democracy with joint interests on the global stage

Belle II upgrade transforms important R&D lines into tools that are needed to answer 
urgent scientific questions (cf. ESPP assessment on the impact of Flavor)

Without funding from the Federal Ministry of Research, Technology, and Space 
financing the German activities are not possible ; there exist no funding possibilities for 
the proposed research and upgrade activities from other institutions

The full operational budget for SuperKEKB is provided by Japan

ESPP recommends “full exploitation of flavor”

German groups played significant part in the experiment in the past; intend to keep this role

Connection to Hightech agenda via R&D, pixel and education of young talent
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Sustainability & Technology Transfer
Belle II is actively working in evaluating & committed to reduce its carbon footprint

IB Meeting, 29.09.2025 Page 1

Sustainability Task Force

Mandate:

● Gather data to quantify the overall carbon footprint of our 
Belle II related activities;

● Propose measures to reduce emissions and improve 
sustainability to the management and the collaboration.

Members:

● Andreas Gellrich, David Ja,e, Raymundo 
Bueno Rivera, Karin Schönning, Lorenz Gärtner,
Paul Gebeline, Shohei Nishida (KEK contact), 
Tom Browder, Thomas Kuhr (chair)

The technology developed as part of FSP T09 Belle II and the Belle II Upgrade have 
strong potential to be used beyond particle physics. 

The DEPFET and CMOS sensor have excellent spatial resolution and low-noise performance, 
making them applicable for future accelerator experiments, X-ray satellite missions, 
autoradiography, digital radiography, and Free-Electron Laser (XFEL) applications. Other 
applications could be found in medical imaging (e.g. proton therapy and proton CT), for which high 
radiation tolerance is a must. Mature manufacturing could also enable broader spin-off innovations.

Report in 
preparation
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Summary
Belle II & SKB have started operations after summer shutdown ; in 
physics collisions ; goal is to double data set by Summer 2026

Both are pursuing upgrade by 2032 to prepare for high luminosity operation

Need federal funding to continue fulfilling German pledges to operate 
Belle II detector & meaningful participate in upgrade

Envisioned German contributions to core cost 2.62 Mio. € 

Today

Belle II 
 0.5 ab-1

2030s

Belle II 
 10 ab-1

2040s

Belle II 
 50 ab-1

 100× 20×

Fig. 5.13: Current and expected relative uncertainty on the LFU ratios (left) R(D→) and R(D),
and (right) RK→0 and RK+ , in the 1.1 < q2 < 6 GeV2 range, for different experiments.

sary to observe this decay at the SM level (B ↑ 10↓7) would require approximately 6↔1012 Z
bosons, with the exact sensitivity being highly dependent on the detector performance [ID196].

Future data will open new opportunities for probing NP in FCNC processes with b ↗ s!!̄
modes. These decay modes are of particular interest as they are free from long-distance charm-
loop contributions and are predicted with high precision within the Standard Model. The first
evidence of this decay has been obtained recently by Belle II as B(B+ ↗ K+!!̄) = (2.3 ±
0.5+0.5

↓0.4) ↔ 10↓5, which is 2.7∀ above the SM prediction [254]. In the longer term, the best
precision for measurements at e+e↓ colliders is expected with the K→0!!̄ mode. The B0 ↗ K→0

form factors will be determined from LQCD with an uncertainty at the percent level. The trend
on the expected uncertainty on these decays is shown in Fig. 5.14-right. Other modes such
as B0 ↗ KS!!̄ , B0

s ↗ #!!̄ and !0
b ↗ !!!̄ will also be accessible and will complement the

exploration of b ↗ s!! transition [255].
One of the most theoretically clean and sensitive probes of NP are the B0

(s) ↗ µ+µ↓

decays. Being CKM, loop- and helicity-suppressed, they are predicted to be very rare in the SM:
B(B0

s ↗ µ+µ↓) = (3.66±0.14)↔10↓9 and B(B0 ↗ µ+µ↓) = (1.03±0.05)↔10↓10 [256].
While the B0

s decay is measured to be in agreement with SM with a precision of the order of
8% [15] the B0 mode has not yet been observed. Measurements at LHC are performed by
the ATLAS, CMS and LHCb experiments, with an uncertainty that is expected to be 4% and
12% for B0

s and B0, respectively, at the end of HL-LHC [ID223]. Future e+e↓ colliders will
not surpass these precisions, due to the lower number of B mesons produced [ID196]. The
foreseen precision for the measurement of the B0 branching fraction is shown in Fig. 5.14 (left).
Additional variables related to the B0

s ↗ µ+µ↓ decay will also become precisely measured
and will provide more comprehensive tests. The effective lifetime [257] allows the degeneracy
between any possible contribution from new scalar and pseudoscalar mediators to be broken.
The current precision of 23–30% will decrease to 5% [ID223]. At future e+e↓colliders, high
flavour tagging efficiency (of order of 25%), together with excellent mass resolution, will help
the time-dependent measurement of CPV. The precision on the measurement of mixing-induced
CPV is expected to be comparable, and of the order of 20%, at the end of the full LHCb program
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between any possible contribution from new scalar and pseudoscalar mediators to be broken.
The current precision of 23–30% will decrease to 5% [ID223]. At future e+e↓colliders, high
flavour tagging efficiency (of order of 25%), together with excellent mass resolution, will help
the time-dependent measurement of CPV. The precision on the measurement of mixing-induced
CPV is expected to be comparable, and of the order of 20%, at the end of the full LHCb program
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~1.2 Mio. € in 27-30
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Publications Meta-Analysis

Topic # of Publications Dataset

b → s 𝜈𝜈 / X 1 PRL, 3 PRD Belle II

R(D/D*) & R(X) 1 PRL, 2 PRD Belle II

Other LFU/LFV 3 PRL, 1 PRD Belle II,

Dark Matter / Dark Photon / 
ALPs

7 PRL, 1 PRD, 1 JHEP 7 Belle II, 1 Belle

g-2 1 PRD Belle II

Exotic and non-exotic 
Hadrons

2 PRL, 1 PRD, 1 JHEP, 
1 PRD (submitted)

4 Belle II, 1 Belle + Belle II

Lifetimes 3 PRL, 2 PRD Belle II

Belle II only: 64
Belle II + Belle: 17
Belle only: 4

PRD: 41 
PRL: 21
JHEP: 20
EPJC: 1
CPC: 1
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CDC Status
Observed significant gain drop & instabilities 
that affect performance

CDC: gain drop contributions

19/06/2025 G. Rizzo, K. Nakamura - TC report 5

• Understand gain drop from aging is crucial for long term operation
• Analysis of gain evolution during beam data used to measure the various 

components: related to gas & CDC current/BG → aging effects
• Preliminary results suggest significant higher aging than Belle I CDC studies
• Not confirmed from past cosmic data available (only a few points) 
• also “wrong” dependence from H2O observed & possible other acceleration of aging 

in 2024c (Nafion tube used to control H2O content introduce contaminant? )

• A dedicated cosmic ray data-taking campaign is now ongoing with controlled 
O2, H2O and H2 conditions to measure gas-related contributions → important to 
better understand aging & contaminant contribution in beam data

pressure H2O

Run gain in 2024 vs time Input data vs time  

O2

H2 I_CDC

integrated 
charge 

I_CDC x fresh 
gas

• CDC gain drop and gain instabilities affect performance
• significant changes during single run period 

• CDC gain depends on: 
• Gas conditions → pressure, H2O, O2, H2 content 
• Background: storage/inj. ∝ CDC current, space charge, changes of HV
• Contaminants: produced in avalanche, ∝ fresh gas flow&CDC current 
• Aging effects (irreversible) due to integrated charge on sense wire

• Additional aging of cathode wire → current blow-up/Malter effects → could 
prevent operation of affected layers 

• All these inputs can change significantly during data taking with 
significant gain variations 

Carsten’s analysis @ 
TB meeting Feb 26th 

= aging 

I_CDC x 
fresh_gas =  
contaminant 

H2O has 
wrong 
slope?  

Aging larger 
than in Belle I ? 

More 
contaminant 
in 2024c ? 

Single run (!)

Gain does depend on Gas conditions, 
background, contaminations, aging effects

See indications that aging progressing faster 
than expected Dedicated cosmic run ongoing with 

controlled gas conditions to clarify situation

14-18 January 2024                           ICNFP2025 – Kolymbari, Greece07-11 July 2025                                                    EPS-HEP 2025   14

Belle II tracking upgrade

Option 1: keep current CDC, compensating aging 
degradation with lower HV and different gas mixture.
Option 2: replace CDC with a new drift chamber, 
possible use of timing layers in the inner region.

New CDC readout more radiation tolerant 
has been developed. The goals:
- ASIC evaluation module within 2025; 
- start FE modules production within 2026.

Old New

Inner layers accumulated  ~ 0.15 C/cm.
Expected 6% gain decrease at  1 C/cm.

Layer #

2018
2019 Spring
2019 Autumn
2020 Spring
2020 Autumn
2021 Spring
2021 Autumn
2022 March
2022 Apr. - June 
2024 Feb. - June 
2024 Oct. - Dec.

Inner CDC layers

CDC present

Timing layers

CDC upgrade

Electronics upgrade

Inner layers @

ca. 0.15 C / cm

Expect ~6% gain 
drop at 1 C / cm
Estimated from Belle 
drift chamber
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Observed significant gain drop & instabilities 
that affect performance

CDC: gain drop contributions

19/06/2025 G. Rizzo, K. Nakamura - TC report 5

• Understand gain drop from aging is crucial for long term operation
• Analysis of gain evolution during beam data used to measure the various 

components: related to gas & CDC current/BG → aging effects
• Preliminary results suggest significant higher aging than Belle I CDC studies
• Not confirmed from past cosmic data available (only a few points) 
• also “wrong” dependence from H2O observed & possible other acceleration of aging 

in 2024c (Nafion tube used to control H2O content introduce contaminant? )

• A dedicated cosmic ray data-taking campaign is now ongoing with controlled 
O2, H2O and H2 conditions to measure gas-related contributions → important to 
better understand aging & contaminant contribution in beam data

pressure H2O
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O2
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integrated 
charge 

I_CDC x fresh 
gas

• CDC gain drop and gain instabilities affect performance
• significant changes during single run period 

• CDC gain depends on: 
• Gas conditions → pressure, H2O, O2, H2 content 
• Background: storage/inj. ∝ CDC current, space charge, changes of HV
• Contaminants: produced in avalanche, ∝ fresh gas flow&CDC current 
• Aging effects (irreversible) due to integrated charge on sense wire

• Additional aging of cathode wire → current blow-up/Malter effects → could 
prevent operation of affected layers 

• All these inputs can change significantly during data taking with 
significant gain variations 

Carsten’s analysis @ 
TB meeting Feb 26th 

= aging 

I_CDC x 
fresh_gas =  
contaminant 

H2O has 
wrong 
slope?  

Aging larger 
than in Belle I ? 

More 
contaminant 
in 2024c ? 

Single run (!)

Gain does depend on Gas conditions, 
background, contaminations, aging effects

See indications that aging progressing faster 
than expected Dedicated cosmic run ongoing with 

controlled gas conditions to clarify situation

→ Prepare for lower HV operation to reduce risk of Malter & aging  
Performance impact of this under study

→ Aging studies with test chamber ongoing 

Investigations if intense electron beam facility at Tohoku University 
can be used for irradiation 


Effort to engage new groups ongoing (IHEP, Bonn gas detector group, Hawaii, UPenn, …)

→ Increase gas flow by factor of 10 & cosmic studies

Change entire gas volume in under 3 
days, instead of 28 days

CDC Status
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VTX Cost Estimate

Sensors Ladders Assembly System Instal TOTAL

5 layers 1,600 2,000 800 1,400 100 5,900
6 layers 1,800 2,500 800 1,700 100 6,600

Unit = k€

S1 2028 S2 2028 S1 2029 S2 2029 S1 2030 S2 2030 S1 2031 S1 2031 S1 2032 S2 2032

895 0 270 895 180 535 2,415 535 90 90

Sensor  

pre-prod Sensor  

prod Ladder   

struct. fa
b

System 

parts 1/2 System 

parts 2/2

With 10% contingency costsTime profile for 5 layers

Cost Split

Austria China France Germany Italy Japan Spain UK

10% 10% 20% 20% 20% 10% 10% 10%
590 590 1180 1180 1180 590 590 590

= 110% to cover 
contingency costs

Total Cost for different options
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STL Cost Estimate
Both Layers

1Ingrid M. Gregor - Belle II Strip Tracker

Radius Length Staves Modules

17 cm 0,85m 30 6x30

34 cm 1,58 m 60 11x30

long module

short module

short module

Long stave for outer layer

Short stave for inner layer

200mm wafer

Both Layers

1Ingrid M. Gregor - Belle II Strip Tracker

Radius Length Staves Modules

17 cm 0,85m 30 6x30

34 cm 1,58 m 60 11x30

long module

short module

short module

Long stave for outer layer

Short stave for inner layer

200mm wafer

Both Layers

1Ingrid M. Gregor - Belle II Strip Tracker

Radius Length Staves Modules

17 cm 0,85m 30 6x30

34 cm 1,58 m 60 11x30

long module

short module

short module

Long stave for outer layer

Short stave for inner layer

200mm wafer

Both Layers

1Ingrid M. Gregor - Belle II Strip Tracker

Radius Length Staves Modules

17 cm 0,85m 30 6x30

34 cm 1,58 m 60 11x30

long module

short module

short module

Long stave for outer layer

Short stave for inner layer

200mm wafer

Both Layers

1Ingrid M. Gregor - Belle II Strip Tracker

Radius Length Staves Modules

17 cm 0,85m 30 6x30

34 cm 1,58 m 60 11x30

long module

short module

short module

Long stave for outer layer

Short stave for inner layer

200mm wafer

Estimates
Silicon  

1680 modules (both versions) plus 20% yield results in about 670 wafers 
160k Submission x 2  = 320kEUR  
Production 3,5kEUR per Wafer  -> 2,35 Mio   

Assembly/testing of sensor-modules (sensors=modules)  
100kEUR  

Power boards and bus tapes  
100kEUR 

Staves (carbon structure with kapton tapes on top) 
250kEUR 

Global support 
150kEUR  

Power Supplies & air Cooling etc   
400kEUR  

2Ingrid M. Gregor - Belle II Strip Tracker

in total ~3.7 Mio 

Total cost: ca. 3.7 Mio €

11x60

6x30
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Trigger Board Cost Estimates

And for LS2: UT6 board

2025/06/06 Yun-Tsung Lai (KEK IPNS) @ DRD7.5a monthly meeting 5

Belle II Level-1 Trigger board upgrade: UT5

Belle II UT3
Belle II UT4

Xilinx Virtex-6 

xc6vhx380t, xc6vhx565t

11.2 Gbps with 64B/66B

Xilinx UltraScale 
XCVU080, XCVU160
25 Gbps with 64B/66B

New design: UT5
Preliminary block diagram

● Optical link: mainly QSFP28

● No Processing System (PS)

● VME for SLC

● All logics design based on PL

● Trying to use other than QSFP28 (FireFly, etc) 
with smaller form factor.

● QSFP-DD for PAM4 in daughter board.

● Versal has Processing System (PS)

● Still VME for SLC

● Prabably no AI engine in UT5

● But we are still open for the potential for UT6

● Aiming for prototyping in 2026

Require 15 boards with a cost of ca. 70 k€ per board

→ German contribution 20% (3 boards) = 210 k€


