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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)
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708 Scientists Comparison with 1165 Scientists Source: ICHEP 2024

(315 Faculty, 124 PDs, 269 PhDs) LHCDb: (459 Faculty, 282 PDs, 424 PhDs)



State of the Project and German Impact

90 papers submitted & 81 accepted as of last week
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Our goal is to achieve 40 - 45 papers / year
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Current Status of Data Taking
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Currently Run 1 data (+ when relevant Belle data) used for physics ; Run 1 + 2 results in preparation



Belle |l versus Belle / BaBar data

Belle 1l achieves higher statistical power than Belle & BaBar
due to improved detector & modern analysis techniques.
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https://arxiv.org/pdf/2305.19116 _
Rough rule of thumb: 05005 3010 2015 2020 2025 2030 2035 2040

Year

1/fb of Belle |l data is worth 2/fb of BaBar or Belle data®

* exceptions of course do exist

— Much effort ongoing to shift this fraction even further with new triggers,
better reconstruction, novel ideas etc. Seee.g. https:/arxiv.org/pdf/2506.11196



Ongoing run: 2025c & 2026ab

Will have for the first time a continuous ' 7 month run

The next run has #1 Push our recorded dataset to 1/ab

two goals :
#2 Reach luminosities of ~1035 cm-2s-1

e rpm Need close communication with SuperKEKB team 80% of running time
KEKB —

to balance this; physics (#1) will be priority dedicated to physics

* SuperKEKB Main Ring operations started Nov 5th
Schedule: * Brief Christmas shutdown Dec 24th - Jan 7th

* Continue run until end of May




Current Status

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

Gradually reduced ,B;k to get to target optics,
reached today & ~ 104 cm-2 s-

_____________________________
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» Belle |l data taking eff. > 94.5%



Belle || Timelines

Belle Il 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

Project plan (as envisioned in 2022)

MEXT
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Mid-term review of
Program in 2026 (TBC)

Preparations for Long
shutdown 2 (start in 2032)

Goals for 2033-2042 period:

Reach 6 x 103> cm-2 s-1
to record data set of 50/ab



BMFTR Contributions

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

Ongoing funding period:

total: 47 Mio. €

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

status Sept. 2024

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



E S P P V FI What 's best experimental scenaric e
I eW O n aVO r for flavour physics? i
Full exploitation of Completion of Full =CC programme

the HL-LHC SuperKEKB/Belle Il ___ ...

* LHCb Upgrade II * 50¥eb e‘e colksions at SiNAcan Z pole run
(320/1b) Y(4S) resonance (likely - bty to /ary /s " ana *
- Enlarged Javour 1O reque interaction cetactors optmesed

= = y3ica programme o region upgrade) corsidenng flavour
ESPP: full exploitation of HL-LHC (LHCDb, RCAS VS 99+ pawiaingconpiapd* M

-~ gecicaned fianvour prysic:
« Data taking competed by ~2042 expenment

ATLAS, CMS) & Belle Il for flavor a priority by 2041 e

Complemented by dedicaled kacn, pion, muon anc EDM expenmznts

ESPP Venice workshop M ‘?ﬁ‘

Excerpt from ESPP Physics Briefing Book :

T —

In the domain of b-hadron, c-hadron and 7-lepton physics, major progress is anticipated
through the full exploitation of existing experimental facilities up to the 2040s, particularly

of LHCb Upgrade II and Belle II experiments. Thanks to these programmes, this 1s one of

the areas of particle physics where the largest gain, in terms reduced statistical and systematic

uncertainties, 1s expected in the next 20 years. https://cds.cern.ch/record/2944678
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Belle || Germany Priorities for 2027-2030

Planned Activities

Physics

Operation of PXD; key contributions to Software,
Performance, Operations, Physics, and Trigger

In the current funding period we
have funding for R&D submissions
of VTX /OBELIX and other activities

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

Bonn

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

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

Semileptonic, missing energy,
amplitude anal.

LMU

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

Semileptonic and generic
NP searches

pending succession
Allen Caldwell

MP

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

KIT

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

tau, TDCPV, quantum

Dark sector, LLPs.
coherence

GieBen

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)

QCD exotics (next: gluon hybrids).

Gottingen

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

Semileptonic, B—Tv.

DESY

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

Mainz

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

Tau, Missing Energy,

QCD exotics (next: gluon hybrids). TDCPV

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




LS2 & Upgrade Motivation | s

Int.

'y
50/ab e
Fun 2 Run 3
To reach 6 x 1035 cm=2 s-1 & 50/ab plan for
long shutdown 2 in 2032 to upgrade IR o e
Redesign of final focusing magnets 09720 “
. >
(QCS) essentlal 2024 2032 ca. 2043
Current IR optics complicated, large chromatic xy coupling occurs when
going to high luminosities
Proposed QCS modifications
g S T T T T T T T
e QCIP 100 mm closer to IP ;} RN @225 /,//\\\ /,f‘\\ E
e Enlarge dynamic aperture of LER c ~ \ Ejﬂ:?‘i:/\\\ \ 7/ R _
e Extend the beam lifetime |% 3 | / | 3 E AN Pt '/’_'\THL\'V’%H{' SERRRRERRS
e Change conductor of QCIP from NbTi | _ "F (IS TN _,
to Nb3Sn E o i ;’ IR ’ [ 5 R | "
e Decrease risk of beam-induced 2Mul;-‘;.'{A"‘{"‘Al}l"\‘}‘/“‘iuuliuuiuwé j:E-HI{IW{ENlU{m —
quench = o/ \ i o NS .
E Y \ / 3 S /\ J}?\ ;
e Install a compensation solenoid £ 3 \j E e Y ~200um E
between the IP and QCIP Y S S D D DD DD DD DSDDE | S I S ST DD DU
+ Simplfy IR optics I
® Reduce chromatic xy coupling g 2 g g g g g g
° Reduce emittance growth at IR Orbit with Current Design Candidate for new Design

Y. Arimoto @ARC Dec. 2024




Compensation
solenoids

Distance between
QCIP and electro
beam at different

distances fro

The dlstance between the beam
pipes becomes shorter as the
beamline gets closer to the IP.

Y. Arimoto @ARC Dec. 2024

5500 ! ! :
== Nb3Sn: 4.7 K-13.0 K
5000 - = NbTi:47K-9.0K ||
4500 . .
Operation points
4
000 O One layer magnet
E 3500 () Two layer magnet
£ 3000 ® Current QC1P
?-« 2500
3
= 2000
1500
1000
500

Limited space, need to
produce thin coil with large

packing factor

|deally use new material
(Nb3Sn versus NbTi) to gain
larger quenching temperature
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margin
New QC1P New QC1P Present
QcCi1pP
Nb;Sn NbTi
# of 1 2 1 2 2
layer
Temp. 4K 8K 1K 2.5K 2K
margin




Belle Il Upgrade Program

Timeline:

Finalize haseline

Define upgrade baseline T L
AP gl . upgrade configuration
» BPAC/ARC review B _
'DR review

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

e CMOS-based pixel and strip detectors
* Polarized beams for measurement of
Weinberg angle in running region

L
-~

2025 2026 2027 2028 2029 2030 2031 2032 2033
Prepare TDR 4 Construction
EDR (under discussion)
Upgrade Working Scenario:
e QCS envelope change _
== VTX (5 layers) .
== |TT (TOF = Time of Flight, STL = =1
Strip Transition Layer) o
e CDC replacement w/o SL0/1 5 VD
e ECL electronics E ~——
 TOP electronics & PMTs © PXD———
* KLM New RPC frontend L . =
== Trigger :_'“!
« ChiralBelle &
c}] ..... o

B = German Groups are
interested in participating

__Silicon tracking?

Costs: ca. 40 Mio. €/ 7.2 BYen




Hit rate up to 120 MHz / cm?

Belle Il Vertex Detector Upgrade: VI X [t imestameingso- 100ns

Resolution < 15 um — pitch of 30-40 um
TID ~ 1 MGy

NIEL fluence ~ 5 X 10'* neq/cm?

CMOS DMAPS based new vertex detector, building on 32&3rggt:r‘i’;/g:;get<3w )
BMFTR and German R&D  — cf. Talk from Jochen Dingfelder '

OBELIX chip, based on AW~ 2
TJ'MOHOPiXZ R&D first submission imminen
Sketcgtjv‘ziﬁ?gﬁmc“ip TJMonopix2 2 Inner layers (iIVTX) 16 ladders with 4 sensors each
300 pum 300 pm

Full silicon modules

18812 um
100 pm

Matrix of 33 x 33 um?
Height: 464 rows = 15312 pm
Width: 896 columns = 29568 um

later: DMAPS sensors ~1 mm
. ~30mm  ~100um g?p RDL metal (Cu) / Mounting hole

<~ pads

Total height

3-4 Outer layers (o0VTX)

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




1 cm

Requirements: (WIP)

Belle Il CMOS Strip Transition Layer: STL it rato up to 30 MHz / om

Fast time stamping 50 - 100 ns

TID ~ 0.25 MGy

NIEL fluence ~ 1.5 X 10'* neq/cm?
_ . . . 200-300 mW/cm?

CMOS strip detectors to instrument former inner drift chamber  |Total material budget < 1-2%

layers along with timing detector, building on BMFTR and
German R&D - cf. Talk from Jochen Dingfelder

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

Possible configuration

4.1 ém

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

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

Belle Il studying placement and tracking Possible Location

performance

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



Partners for the next Funding Period

Project partners of ongoing funding period
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German UniverSitieS Projekipartner

Bonn, KIT, Mainz, LMU, Goéttingen, GieBen

Juztus-Lish g-Ur vars it Galien

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

Georg-August-Lr versiat Gottingen
Karlsruhe Insbivl Tor Technologie (KIT)

Johannes Gulenberg Unversilat Maine

New Dortmund (Prof. Kevin Kroninger, maybe NN)

Ludwige-Maximilians-Unvarsitat Monchen

(Semerkung: Die awelliper Prajekilelter sind in Fetidruck markier.)

Kowinsche Friodnor\Wihe ms-Universilal Bonn - Prol. Dr. Flerian Bermnlochner

Frol. Ur. Jochen Dingraider
Frol. Br. Slavamira Sta'kova

Or. Markoss Prim

Apl. Praf. Dr. Saren Lange
Frol. Cr. Claudia Holwe
Praof. Dr. Ariane Fray

Prof. Dr. Torben Ferber

Cr. Pablo Goldenzwely

Frol. Cr. Frank Simor
Frol. Ur. JOrgen Bacer

Praof, Dr. Concettina Sfienti
Prol. Or, Waligng Cradl

" Prof. Dr. Thomae Kuhr

Interested in contributing to silicon strip / STL Dautschas Elestronen-Synchrciron

BOI‘II‘I new PrOfeSSOI‘ShIp planned “‘ color meets flavor Hableilerlabor der Max-Planck-Gesallsclhall

Mzax-F ance-Institut fiir Physik Mincyen

' Dr. Armine Rogtomyan

Dr Carsten Niabyw
Frol. Ur. Kerstr lackmem
Jun.~~rof. Dr, Thibavd Humair

Dr. Jebernsa Ninkovic

Dr. Hans-Giinthar Moser
Prol. Cr. Christan Kies ng

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

DESY ist daran interessiert, die Mdglichkeit eines Beitrags zum Belle II-Upgrade basierten auf der Performance
von SuperKEKB und Belle Il 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 anschlussféhig.

MPP / HLL  More clear after new Director positions are filled
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Core-Invest Needs for next Funding Period(s)

Current Belle |l funding is ca. 6.5 Mio. € / period

German Key Upgrade Activities: VTX + STL + Trigger

VTX Total Cost 5.9 Mio. € BMFTR Participation 20% 1.18 Mio. €
5 Layer Option 20272030 555 T €  2030-2033 625 T €
STL Total Cost 3.7 Mio. € BMFTR Participation 33% 1.23 Mio. €
2027-2030 560 T€  2030-2033 670 T €
Trigger Total Cost 1.05 Mio. € BMFTR Participation 20% 0.21 Mio. €
2027-2030 70 T € 2030-2033 140 T €
K Reopobn Mk

2026 2027 2028 2029 2030 2031 2035 z 2 62 Mio. €

Q12 | Q34 | Q12 ([Q34 | Q12 |Q34 | Q12 | Q34 | Q12 | Q34 | Q12 | Q34 Q12 | Q34

Split across

funding periods
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Dringlichkeit & Bundesinteresse

ESPP recommends “full exploitation of flavor”

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

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

The full operational budget for SuperKEKB is provided by Japan

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

Connection to Hightech agenda via R&D, pixel and education of young talent

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



Sustainability & Technology Transfer

Belle Il is actively working in evaluating & committed to reduce its carbon footprint

Sustainability Task Force

Mandate:

» Gather data to quantify the overall carbon footprint of our
Belle Il related activities;

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

Members:

* Andreas Gellrich, David Jaffe, Raymundo
Bueno Rivera, Karin Schonning, Lorenz Gartner,
Paul Gebeline, Shohei Nishida (KEK contact),
Tom Browder, Thomas Kuhr (chair)

gy~

@ BELLEZ-NOTE-XX-YYYY-222
Versan XY

BelNe 1 Nuenier 6, 2123

Sustainability Task Force Report:
Belle 11 Footprint and Proposals for its

Reduction
"Ol '] LA B ‘:11'“ ;:fll- M rj;“,’i:l ." r"-':: -'2."_\ mwo {le n s Ri'-.":‘:i. K' 7i 1 :U ' '—:l‘";“!". M -.‘ omns
Gartzar®, Panl Gebelaoe®, Shobei Miahlda™, Tomw Browded®, 'Thocss Sua®
DESY
SN
Mrovradngd Asluumn Jr Sl
o lpests o sly R
LR Mavah
Y Lepersity of ‘?‘s'tk“ﬁ(- Report In
D NER .
* Uisiweatty of Hexai preparation
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The technology developed as part of FSP T09 Belle Il and the Belle Il 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.
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Summary

Belle Il & 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

Finalize haseline
upgrade configuration
TDR review

Define upgrade baseline
» BPAC/ARC review

2025 2026 2027 2028 2029 2030 2031 2032 2033

Prepare TDR Construction

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

)
=

3\Ci Belle Il R(D)
£ 121 LHCb R(D)
X 20 X 100 ?E L B BellellR(D")
c A LHCbR(D")
//—“\‘ > 8| .
~ ~ ~ = 6 A
Today h 2030s 2040s £
U 4
C
Belle Il Belle Il Belle Il 3 , A A
0.5 ab-1 10 ab-1 50 ab-1 o u =
k J k J \ J 0 Current 2030s 2040s
Time Period

Envisioned German contributions to core cost 2.62 Mio. € ~1.2 Mio. € in 27-30




Backup



Belle Il only: 64

Publications Meta-Analysis  gelieii+ Belle: 17

Belle only: 4
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Topic # of Publications Dataset
b—oswl/X 1 PRL, 3 PRD Belle I
R(D/D*) & R(X) 1 PRL, 2 PRD Belle Il
Other LFU/LFV 3 PRL,1PRD Belle I,

Dark Matter / Dark Photon /
ALPs

7 PRL, 1 PRD, 1 JHEP

7 Belle ll, 1 Belle

g-2

1 PRD

Belle Il

Exotic and non-exotic
Hadrons

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

4 Belle Il, 1 Belle + Belle Il

Lifetimes

3 PRL, 2 PRD

Belle Il

PRD: 41
PRL: 21
JHEP: 20
EPJC: 1
CPC: 1



CDC Status

Observed significant gain drop & instabilities

that affect performance

Slng/e run (I) 1.05-

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
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Run gain in 2024 vs time
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Expect ~6% gain
dropat1 C/cm

Estimated from Belle
drift chamber



Run gain in 2024 vs time
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— Prepare for lower HV operation to reduce risk of Malter & aging

Performance impact of this under study Change entire gas volume in under 3
days, instead of 28 days

— Increase gas flow by factor of 10 & cosmic studies

— 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, ...
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VTX Cost Estimate

Total Cost for different options

I 7 P R N I

5 layers 1,600 2,000 1,400 5,900 Unit = k€
6 layers 1,800 2,500 800 1,700 100 6,600

Time profile for 5 layers With 10% contingency costs
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10% 10% 20% 20% 20% 10% 10% 10% = 110% to cover
590 590 1180 1180 1180 590 590 590 contingency costs
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STL Cost Estimate

Radius Length Staves Modules

17 cm 0,85m 30 6x30

34cm 1,58 m 60 11x60

200mm wafer

Long stave for outer layer

Short stave for inner layer = silicon

@ 1680 modules (both versions) plus 20% yield results in about 670 wafers

@ 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

TOtaI COSt ca- 3-7 Mio € ~ Power Supplies & air Cooling etc

@ 400kEUR




Trigger Board Cost Estimates

Belle Il UT4

Belle Il UT3

New design: UT5

Preliminary block diagram

Versal VP1802
| Noc || GPIO |

Ethernet
PHY
micro
processor

NIM RJ45 LVDS NIM FireFly (MPO-8) JTAG/ QSFPDD (MPO-16)
x 20 UART x8

And for LS2: UT6 board
Require 15 boards with a cost of ca. 70 k€ per board

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