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The Belle II Detector
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electron  (7GeV)

positron (4GeV)

KL and muon detector: (KLM)
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC (end-caps, inner 2 barrel layers)

Particle Identification (TOP+ARICH)
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (fwd)

Central Drift Chamber (CDC)
He(50%):C2H6(50%), Small cells, long 
lever arm,  fast electronics

EM Calorimeter: (ECL)
CsI(Tl), waveform sampling 

Vertex Detector (PXD+SVD)
2 layers DEPFET + 4 layers DSSD

Beryllium beam pipe
2cm diameter

0110001

Lots of Data

ComputingSVD: L.Zani, #275 Tues @ 11.50

PXD: B.Spruck, # 225 Tues @ 11.25

TOP: G.Pinna Angioni, #349



The SKB/Belle II program
• Phase 1(2016): no detector, no collision, test the rings

• Phase 2 (2018): first collisions with complete 
accelerator

• Incomplete detector: Vertex detector replaced by 
dedicated background detector (Beast 2)

• Phase 3 (2019-): luminosity run with complete detector
• Pixel Detector (PXD): layer 1 + only 2 ladders in layer 2
• Full 4-layers strip detector (SVD)
• First physics paper appeared in January 2020

• New and difficult accelerator. Additional operational 
complexity during the pandemic.

• Record peak luminosity 3.81 × 10��cm-2s-1.

• Path  to reach 2 × 10��cm-2s-1 identified.

• Still large factors to reach the target peak luminosity of  
6.5 × 10��cm-2s-1.
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2019

2020

2021 267fb-1



Path to the future

Steep path to higher luminosity
• A. Machine performance and stability

• Beam blow up due to beam-beam effects
• Lower than expected beam lifetime
• Transverse mode coupling instabilities
• Low machine stability
• Injector capability
• Aging infrastructure

• B. Backgrounds in the detector
• Single beam: Beam-gas, Touchek, 
• Luminosity: Radiative Bhabha, Two 

photons
• Injection backgrounds

Mitigation measures
• A. Consolidate machine

• International task force at work to help
• Many countermeasures under 

development
• A major redesign of the Interaction 

Region may be required to go beyond  
~2 × 10��cm-2s-1.

• B. Consolidate the detector
• Install  a complete PXD
• Complete installation of  more robust 

TOP PMTs

• C. Improve detector
• Upgrade program to make the detector 

more robust against backgrounds and 
with improved performance
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Timeline of upgrade work
• Long Shutdown 1 (LS1) planned for 2022-23 

• Motivated by the installation of a complete PXD.
• Start of LS1 used to be in Dec 22. Advanced to July 22 because of reduction in 2022 

running time caused by soaring electricity costs. 

• Long Shutdown 2 (LS2): end of 2026 or 2027 
• Motivated by a (still to be defined) redesign of the IR, with superconducting quadrupole 

replacement. 
• Window of opportunity for significant detector updgrades, but large uncertainties
• Prepare technology choice for a full VXD replacement 

• Longer term upgrades: >2032
• Not clear at this time how to realize a significant luminosity increase 
• Study the physics case and start technology R&D for an extreme-luminosity detector
• Interesting possibility of beam polarization under active study; maybe possible on a 

more rapid timescale
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Short term luminosity projections
• Base scenario: conservative 

extrapolation of SKB parameters from 
2021 

• Target scenario: extrapolation including 
possible improvement during LS1

• LS1 starts in summer 2022 for 15 
months to replace VXD. There will be 
other maintenance/improvement work 
on machine and detector.

• We resume machine operation from fall 
2023.

• An International Taskforce (aiming to 
conclude in summer 2022) is discussing 
additional improvements.
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LS2?
480fb-1
510fb-1



Motivation and for Belle II upgrades

• Improve detector robustness against backgrounds
• Provide larger safety factors for running at higher luminosity 

• Increase longer term subdetector radiation resistance
• Develop the technology to cope with different future paths

• For instance if a major IR redesign is required to reach the target 
luminosity

• Improve physics performance: get more physics per ab-1.

• A number of ideas are being developed and reviewed 
internally for the different time scales
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Belle II Upgrades
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electron  (7GeV)

positron (4GeV)

KLM: Replacement of barrel RPC with scintillators, 
upgrade of readout electronics, possible use as TOF 

TOP: Replace readout electronics to 
reduce size and power, 
replacement of MCP-PMT with 
extended lifetime ALD PMT, study 
of SiPM photosensor option

CDC: Replacement of the readout 
electronics (ASIC, FPGA) to improve 
radiation tolerance and x-talk  

ECL: Crystal replacement with pure CsI and 
APD; pre-shower; replace PIN-diodes with 
APD photosensors.

VXD: options
- DEPFET
- Thin Strips
- SOI-DUTIP
- DMAPS

QCS replacement and 
IR redesign

0110001

Lots of Data

Computing

Trigger: K.Unger #201 

VXD: C.Bespin #151, Thurs@12.15 

ARICH: possible photosensor 
upgrade on longer term TRIGGER: Take 

advantage of electronics 
technology development. 
Increase bandwidth, 
open possibility of new 
trigger primitives

STOPGAP: Study of fast CMOS to 
close the TOP gaps and/or provide 
timing layers for track trigger



Upgrades main ideas and time scale
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EOI Upgrade ideas scope and technology Time scale

DEPFETs Adiabatically improved replacement of existing PXD system LS2

DMAPS Fully pixelated Depleted CMOS tracker, replacing the current VXD. Evolution from 
ALICE ITS developed for ATLAS ITK.

LS2

SOI-DUTIP Fully pixelated system replacing the current VXD based on Dual Timer Pixel concept on 
SOI

LS2

Thin Strips Thin and fine-pitch double-sided silicon strip detector system replacing the current 
SVD and potentially the inner part of the CDC

LS2

CDC Replacement of the readout electronics (ASIC, FPGA) to improve radiation tolerance 
and x-talk 

< LS2

TOP Replace readout electronics to reduce size and power, replacement of MCP-PMT with 
extended lifetime ALD PMT, study of SiPM photosensor option

LS2 and later

ECL Crystal replacement with pure CsI and APD; pre-shower; replace PIN-diodes with APD 
photosensors.

> LS2

KLM Replacement of barrel RPC with scintillators, upgrade of readout electronics, possible 
use as TOF

LS2 and later

Trigger Take advantage of electronics technology development. Increase bandwidth, open 
possibility of new trigger primitives

< LS2 and later

STOPGAP Study of fast CMOS to close the TOP gaps and/or provide timing layers for track trigger > LS2

TPC TPC option under study for longer term upgrade > LS2



Belle II Upgrades 
Description
A very quick tour through the technical description of the upgrades



VXD Upgrade -Requirements

Feb 23, 2022

• Be prepared for a major 
interaction region redesign

• Allow large safety factors against 
backgrounds

• Take advantage of technology 
development

• Possible performance 
improvements

• Impact parameter and vertexing 
resolution

• Tracking performance for low pT 
tracks

• Lower trigger latency
• L1 trigger capabilities
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Thin DSSD option - replace SVD
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DEPFET Option - Replace PXD
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SOI Option - Fully pixelated VXD
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CMOS DMAPS Option - Fully pixelated VXD
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CDC Electronics 
• Improve radiation tolerance, 

• Reduce cross-talk and power 
consumption

• New ASIC, new FPGA, optical 
modules

• First prototypes in Apr 2022

• Installation in LS2
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EOI status for CDC readout upgrade

• similar design to the current 
electronics 
• readout 14336 signal channel 
• located inside detector 
• all functions are in one board

1

E xpression of Interest for C D C readout upgrade

N an ae Tan igu ch i (K E K )

2021/01/20

1 Introduction

M ain m otiv ation is to im p rov e rad iation toleran ce of read ou t electron ics located in sid e d etector. B ased on
rad iation test w i th gam m a ray of 60 C o, op tical tran sceiv er m od u le u sed for C D C T R G is ex p ected to be d ead
at 300-400 G y. W e w i l l reach 300-400 G y before th e en d of B el le- II , sin ce ex p ected rad iation d ose at th e target
lu m in osi ty is arou n d 100G y /y ear. In ad d i tion , error rate of F P G A is h igh er th an w e ex p ected . W e p lan to
rep lace th e cu rren t read ou t board w ith u p grad ed n ew on e. F P G A an d op tical tran sceiv er sh ou ld be rep laced
w ith m ore rad iation h ard on es. D esign for A S IC of A m p -S h ap er -D iscr im in ator is rev ised an d FA D C ch ip is
d esign ed by ex p ert in K E K in stead of u sin g com m ercial on e. Im p rov em en ts of tim e w alk w i th faster FA D C
an d p ow er con su m p tion red u ction are ex p ected .

2 U pgrade proposal

2.1 S cope of the proposed upgrade

W e p lan to rep lace th e cu rren t read ou t board w ith u p grad ed n ew on e. A t least, low v ol tage cable for p ow er
su p p ly w i l l be re-u sed , oth ers ( op tical fi bers for D A Q , cat7 cables for receiv in g clock an d tr igger sign al an d
for fi rm w are d ow n load ) are basical ly re-u sed as w el l i f th ere is n o ch an ge. U p grad ed electron ics sh ou ld be
com p atib le w i th th e cu rren t D A Q /T rigger sy stem an d statu s of u p grad e for D A Q /T rigger sy stem s are con sid er ed
in th e d esign .

2.2 P roposed technological solution or solutions (multip le options are possib le)

B asic con cep t is sim i lar to th e cu rren t electron ics. A t th e m om en t, th ere is n o con crete can d id ate for rad iation -
h ard op tical tran sceiv er an d F P G A . W e w i l l fi n d sev eral can d id ates in p rod u cts d ev elop ed for th e p u rp ose an d
by referr in g to th e lead in g p rojects an d n eed to p erform rad iation test by ou rselv es.

1

sign al  in pu t

A S D
FA D C

FPGA

pow er su pply

firm w are d ow n load
trigger/ c lock

B el le2 L in k
w ire h i ts ® C D C T R G



TOP
• Install Life-extended Atomic Layer 

Deposition PMTs
• in 2022 for standard PMTs
• possibly in LS2 for ALD PMTs

• Study of  SiPM as possible PMT 
replacement

• Require cooling system
• Longer time scale

• Electronics upgrade
• IRSX ASIC 8-channel 250 μm CMOS -

-> TOPSoC ASIC 32-channel 130 μm 
CMOS

• Feature extraction inside ASIC
• Reduced power consumption
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1) Pure CsI +APD

2) Pre-shower in front of ECL

ECL
Hypotheses for long term upgrades

• CsI(Tl) -->  pure CsI 
• Improves pile-up
• WLS employed to improve Equivalent Noise Energy

• Preshower detector
• Help reduce background and pileup

• PiN diodes --> APDs
• Reduce ENE and 

improve resolution

• All complex and 
expensive options

• Longer time scale
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KLM
• RPCs -> scintillator bars + WLS fiber + SiPM

• Already done in first layers and endcap

• Increase rate capability

• Readout electronics upgrade
• More compact readout

• Data push architecture possible

• Possible  use as TOF detector
• Required time resolution around 30ps

• Improve KL identification

• Ongoing studies of scintitllators and SiPM 
readout arrangement for high time resolution
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Trigger
• More powerful UT4 board for new CDC Front End  

• Avoid merger boards, more bandwidth, use all 
CDC TDC and ADC information

• Many trigger improvements possible.  

• Detailed technical documents in preparation
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STOPGAP
• Take advantage of development of fast CMOS sensors
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STOPGAP - Belle II Barrel PID Extension
● TOP Quartz bars do not overlap, geometric acceptance only ~94%
● Fill in the quartz gaps with timing sensors: 1-2m2 active area to fill gaps

– Pure timing could potentially/eventually replace Belle II barrel PID: ~20m2 
active area

● Feasible with ~50ps single MIP sensors (based on full MC study)

 3

Timing Layers in Belle II Vertex Upgrade
● Toy study: a double timing layer with (very) moderate 

requirements can reliably provide track trigger 
information from temporal coincidence alone
– Also provides excellent pion/kaon separation for pT < 1GeV
– Separating layers yields momentum estimate and z-cut

• Interesting concept for longer term upgrades. R&D needed



Polarized electron beam
Physics case:  precision sin2 θW measurements from  b, c, e, μ & 
τ,  probing its running and universality. 

Planning 70% polarization  with 80% polarized source.

NEW HARDWARE FOR POLARIZATION UPGRADE:

• Low emittance polarized Source: electron helicity can be 
flipped bunch-to-bunch by controlling circular polarization 
of source laser illuminating a GaAs photocathode (à la SLC). 
Inject vertically polarized electrons into the 7 GeV e- Ring, 
needs low enough emittance source to be able to inject.

• Spin rotators: Rotate spin to longitudinal before Interaction 
Point (IP) in Belle II, and then back to vertical after IP using 
solenoidal and dipole fields

• Compton polarimeter: monitors longitudinal polarization 
with <1% absolute precision, provides real time polarimetry. 
Use tau decays from e+e-→ τ + τ- measured in Belle II to 
provide high precision absolute average polarization at IP. 
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e- spin vector around ring

Project under active development



Physics and 
performance challenges

• Identify crucial performance 
challenges impacting physics 
reach

• Tracking at low momentum
• Vertex and IP resolution
• Calorimetry energy resolution and 

lepton ID
• Trigger efficiency
• K/pi separation
• KL detection
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Summary and outlook
• Belle II and SuperKEKB have started a successful physics run

• Machine improvements are being studied and implemented to reach target luminosity

• Detector upgrade ideas are being explored and R&D is in progress
• more robustness against background and radiation damage 
• more physics performance
• readiness for interaction region redesign 

• The Belle II upgrade organization is in place
• Upgrade Working Group and Upgrade Advisory Committee have been established to help establish 

priorities and direct the effort
• Belle II Upgrades Whitepaper will be submitted to Snowmass process

• The transition to a construction project is needed soon
• SKB International Task Force should reach conclusion by summer 2022
• The preparation of an Upgrades Conceptual  Design Report should start afterwards, ready in 2023

• Longer term perspectives 
• Important to start exploring a longer term plan for SKB and Belle II

• There’s lots of physics at high luminosity
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Thanks !



Additional material



Upgrades and physics performance

• s
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Physics competition
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