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SuperKEKB Timeline
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● Phase 1 (2016) → Accelerator commissioning
● Phase 2 (2018) → First collisions; partial detector; 

background study; physics possible
● Phase 3 (2019) → Nominal Belle II start

QCSTimeline for machine upgrade
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Startup work

KEKB operation

SuperKEKB  LER & HER construction

Phase 1
w/o QCS
w/o Belle II

Renovation for Phase 2
Phase 2
w/ QCS
w/ Belle II (no VXD)Positron damping ring (DR) construction

DR commissioning Belle II VXD 
installation

Phase 3 w/ full Belle II

Injection Linac upgrade

IR upgrade

HER & LER beam tuning
First IR BG study [link]

Collision tuning
First Belle II BG study [link]

Physics run
Comprehensive Belle II BG study

TOP PMT replacement,
PXD completion

Crab waist scheme
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Peter Križan, Ljubljana 

electrons))(7GeV))

positrons)(4GeV))

KL and muon detector: 
Resistive Plate Counter (barrel) 
Scintillator + WLSF + MPPC (end-caps) 

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

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

EM Calorimeter: 
CsI(Tl), waveform sampling (barrel) 
Pure CsI + waveform sampling (end-caps) 

Vertex Detector 
2 layers DEPFET + 4 layers DSSD 

Beryllium beam pipe 
2cm diameter 

Belle II Detector
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electrons		(7	GeV)

positrons	(4	GeV)Vertex	Detector	
2	layers	Si	Pixels	(DEPFET)	+	  
4	layers	Si	double	sided	strip	DSSD

Central	Drift	Chamber	
Smaller	cell	size,	long	lever	arm

Particle	Identification		
Time-of-Propagation	counter	(barrel)		TOP	
Prox.	focusing	Aerogel	RICH	(forward)	ARICH	
Central	Drift	Chamber

Beryllium	beam	pipe	
2cm	diameter	  

Final	focus	system	QCS	
Set	of	super	conducting	
magnets	very	close	to	the	IP

Trigger		
Hardware	<	30kHz	
Software	<	10kHz

New	for 
Belle	II

eeFACT Hong Kong 2018 Phillip URQUIJO
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Central Drift Chamber 
He(50%):C2H6(50%), small cells, long 
lever arm,  fast electronics (Core 
element)

EM Calorimeter: 
CsI(Tl), waveform sampling (barrel+ endcap)

Vertex Detector 
2 layers DEPFET + 4 layers DSSD

Beryllium beam pipe 
2cm diameter

Belle II Detector 
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Belle subdetector installation

● Barrel Cherenkov PID detector (TOP) installed 

May 2016
● Drift chamber (CDC) installed October 2016
● Endcap Cherenkov PID detector (ARICH) 

integration completed last week (left)

● Central vertexing detectors (SVD+PXD) 

assembling; will be integrated after Phase 2

● Other installation and upgrade work ongoing
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Belle subdetector installation

● Barrel Cherenkov PID detector (TOP) installed 

May 2016
● Drift chamber (CDC) installed October 2016

17

Belle subdetector installation

● Barrel Cherenkov PID detector (TOP) installed 

May 2016TOP

ARICH

VXD

Only 1st layer of PXD fully installed

EM	Calorimeter	
CsI(Tl),	waveform	sampling	electronics

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

Super	conducting	solenoid	
1.5	T	B-field

Taken	over 
from	Belle

Belle II TDR arXiv:1011.0352

https://arxiv.org/abs/1011.0352
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Status of Belle II Collaboration

27 countries
123 institutions
1151 members
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America

Europe Russia

Asia

Japan

Status Active

Zeilenbeschriftungen Anzahl von B2id
Germany 236
Japan 171
U.S.A. 119
Italy 109
China 73
India 64
France 60
Canada 41
South Korea 41
Taiwan 40
Russia 40
Austria 33
Australia 26
Slovenia 25
Mexico 14
Israel 10
Czechia 8
Poland 7
Armenia 7
Ukraine 6
Spain 5
Thailand 5
Viet Nam 4
Turkey 4
Saudi Arabia 4
Sweden 2
Malaysia 1
Gesamtergebnis 1155

Country																																		Members
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6

This table assumes that all secondments declared are recognised by REA 
(the sum of split secondments must exceed 1 PMs to be recognised (paid) by REA)

WP1 secondment status 



carsten.niebuhr@desy.de18.11.22, JENNIFER2 General Meeting: Belle II Status and LS1

Belle II Data Taking before LS1
Total integrated luminosity of 428 fb-1

- roughly corresponding to entire BaBar dataset
- premature run end due to budget limitations
- Lpeak = 4.65x1034cm-2s-1

�6
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Belle II Data Taking before LS1
Total integrated luminosity of 428 fb-1
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Impact of injection background
- increasing dead time due to injection veto
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2019 2020 2021 2022

9

10%

Injection veto 
dead time
TOP busy

Run time fraction for physics runs

Dead time fraction for physics runs

3/1 4/1 5/1

Belle II trouble
SALS
HV ramp-up/down

Running

D06V1 
damaged

87.1%
last week

11.2%
last week

6/1

3/1 4/1 5/1 6/1
We have improved our operation one-by-one by means of the automatization, 
simplification and visualization of the system, follow-up of each issue, 
thanks to huge efforts by subsystem experts. However, 90% of the data taking efficiency 
is a challenging target under a high beam background.

Dead time fraction in 2022 

time since injection

Daniel Pitzl, DESY

Belle II performance, 14.9.2022

• time since injection

‣ on mdst

• CDC hits, dEdx:

‣ K from D*, ϕ

‣ protons from Λ

• TOP?
HER

LER

veto

50

Hz

buc 36

10 μs/turn Injection veto
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Belle II Data Taking before LS1
Total integrated luminosity of 428 fb-1

- roughly corresponding to entire BaBar dataset
- premature run end due to budget limitations
- Lpeak = 4.65x1034cm-2s-1

Impact of injection background
- increasing dead time due to injection veto
- performance degradation as a function of time 

since last injection in 
‣ CDC (hit efficiency, dE/dx (µ,s), trigger efficiency) 

‣ ECL (e.g p0 mass resolution)
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2019 2020 2021 2022

8BPAC,  24/10/2022P. Rados  

π0 performance

• Injection background causes loss of ECL data for low-energy hits. 
 

Higher pedestal → lower amplitude → more hits below the 1 MeV 
threshold are discarded. 

• Recent data had a noticeable decrease of occupancy soon  
after LER injection (first ~10 ms). 

• Effect is clearly seen in π0 mass peak and resolution, particularly for the 
most recent higher background period (exp26). 

‣ M(π0): 133 MeV→128 MeV

‣ !(π0): 6 MeV→ 8 MeV

• To reach more comprehensive 
understanding, plan to visit  
more data samples

Mikhail Remnev
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5BPAC,  24/10/2022P. Rados  

• Study of dE/dx mean and resolution 
vs time after injection, using radiative  
electrons.

• LER injection is shown here, which 
typically has the larger effect.

⇒  dE/dx group has plans for   
 calibration to recover the   
 performance in future prompt  
 and re-processed data 
 (see backup slide for details).

• Early injection (< ~20 ms):  
 

clear shift + degradation  
in resolution.  
Becoming worse in higher  
luminosity/current runs. 
 

• Later injection time,  
stabilises to normal dE/dx ~ 1.0

time since LER injection (µs) time since LER injection (µs)

lower background periods (b30-32) higher background periods (b33-36)

time since LER injection [µs] time since LER injection [µs]

Jitendra Kumar

dE/dx 
mean

dE/dx 
resolution

CDC dE/dx
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 performanceK0
S

6BPAC,  24/10/2022P. Rados  

•  reconstructed in events. 
Fit the mass distribution — double gauss (signal) & first oder polynomial (bkg).
K0

S D*+ → [D̄0 → K0
s π+ π−]π+

• Split into low (b26-34) and high (b35-36) beam background running periods.  

‣ Lower  yield at higher backgrounds.  
More displaced vertex → more dependent on CDC tracking → lower efficiency.

K0
S

‣ Close to LER injection: reduced # CDC hits, clear trend to larger bkg rates

Sascha Dreyer

larger  
background

# of CDC hits on tracks

06/21-05/22

05/22-06/22
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Belle II Data Taking before LS1
Total integrated luminosity of 428 fb-1

- roughly corresponding to entire BaBar dataset
- premature run end due to budget limitations
- Lpeak = 4.65x1034cm-2s-1

Impact of injection background
- increasing dead time due to injection veto
- performance degradation as a function of time 

since last injection in 
‣ CDC (hit efficiency, dE/dx (µ,s), trigger efficiency) 

‣ ECL (e.g p0 mass resolution)
Other detector issues
- CDC: steady decrease of gain / efficiency
- TOP: degrading QE of PMTs (/replace in LS1)
- KLM: efficiency drop in one sector (gas problem)
- PXD: beam current-dependent ladder 

deformation  
- increasing rate of SEUs in several detectors
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2019 2020 2021 2022

QE monitor

• QE variation for the run period of 2022 February - 2022 April
– Blue line; each PMT, red line; average in slot

• No clear large degradation found

5QE monitor

• QE variation for the run period of 2022 February - 2022 April
– Blue line; each PMT, red line; average in slot

• No clear large degradation found

5
TOP PMT Status

QE variation

• Updated using data by the end of 2022c
– Updated correction by gain variation, hit selection
– Still more checks in the analysis
– Will cross-check with cosmic-ray data

6

Strange behavior
Checking on the
effect of beam
background and
tracking quality
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Strange behavior
Checking on the
effect of beam
background and
tracking quality

Belle II tracking, 7.7.2022D. Pitzl, C. Niebuhr (DESY): PXD movement 13

L2.4.1: vary beam currents

• alignment: e26 at 160×200 mA2

840×1050 mA2

920×1150 mA2

520×650 mA2

400×500 mA2

640×800 mA2

720×900 mA2

at run start: ≈constant lumi state: depends on beams

begin of fill

• PXD L2.4.1 vs SVD tracks: -δz

• data: e26

‣ May 2022

Exp 26

1080×1350 mA2

PXD ladder bowing

8BPAC,  24/10/2022P. Rados  

π0 performance

• Injection background causes loss of ECL data for low-energy hits. 
 

Higher pedestal → lower amplitude → more hits below the 1 MeV 
threshold are discarded. 

• Recent data had a noticeable decrease of occupancy soon  
after LER injection (first ~10 ms). 

• Effect is clearly seen in π0 mass peak and resolution, particularly for the 
most recent higher background period (exp26). 

‣ M(π0): 133 MeV→128 MeV

‣ !(π0): 6 MeV→ 8 MeV

• To reach more comprehensive 
understanding, plan to visit  
more data samples

Mikhail Remnev
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• Study of dE/dx mean and resolution 
vs time after injection, using radiative  
electrons.

• LER injection is shown here, which 
typically has the larger effect.

⇒  dE/dx group has plans for   
 calibration to recover the   
 performance in future prompt  
 and re-processed data 
 (see backup slide for details).

• Early injection (< ~20 ms):  
 

clear shift + degradation  
in resolution.  
Becoming worse in higher  
luminosity/current runs. 
 

• Later injection time,  
stabilises to normal dE/dx ~ 1.0

time since LER injection (µs) time since LER injection (µs)

lower background periods (b30-32) higher background periods (b33-36)

time since LER injection [µs] time since LER injection [µs]

Jitendra Kumar

dE/dx 
mean

dE/dx 
resolution

CDC dE/dx
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 performanceK0
S

6BPAC,  24/10/2022P. Rados  

•  reconstructed in events. 
Fit the mass distribution — double gauss (signal) & first oder polynomial (bkg).
K0

S D*+ → [D̄0 → K0
s π+ π−]π+

• Split into low (b26-34) and high (b35-36) beam background running periods.  

‣ Lower  yield at higher backgrounds.  
More displaced vertex → more dependent on CDC tracking → lower efficiency.

K0
S

‣ Close to LER injection: reduced # CDC hits, clear trend to larger bkg rates

Sascha Dreyer

larger  
background

# of CDC hits on tracks

06/21-05/22

05/22-06/22

9

10%

Injection veto 
dead time
TOP busy

Run time fraction for physics runs

Dead time fraction for physics runs

3/1 4/1 5/1

Belle II trouble
SALS
HV ramp-up/down

Running

D06V1 
damaged

87.1%
last week

11.2%
last week

6/1

3/1 4/1 5/1 6/1
We have improved our operation one-by-one by means of the automatization, 
simplification and visualization of the system, follow-up of each issue, 
thanks to huge efforts by subsystem experts. However, 90% of the data taking efficiency 
is a challenging target under a high beam background.

Dead time fraction in 2022 

time since injection

Daniel Pitzl, DESY

Belle II performance, 14.9.2022

• time since injection

‣ on mdst

• CDC hits, dEdx:

‣ K from D*, ϕ

‣ protons from Λ

• TOP?
HER

LER

veto

50

Hz

buc 36

10 μs/turn Injection veto
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Detector Performance

�7

Performance
Physical Review Letters 127, 211801 (2021)

7

Twice as good resolution as Belle

Momentum resolution better than Belle

𝐾/𝜋 ID still slightly worse than Belle
but improving High photon detection efficiency

Improved Pt resolution wrt Belle

Vertex resolution twice as good as Belle

charm @ Belle II ICHEP2020

➡ Belle II potential in many charm sectors 
is clear on paper (extrapolated from 
Belle), now being confirmed with data


➡ Reconstruction performance is 
improving, in many cases comparable 
or better (proper time resolution) to 
Belle


➡ Stay tuned for many results on charm 
from Belle II in the next years!

Conclusions
and prospects

17

BABAR

Belle II

Belle

factor 2 improved  resolution at Belle IIt

D0 → Kπ
D*+ → D0π+
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Figure 2: Fit to the proper-time distributions of D⇤
-tagged D0 ! K�⇡+

candidates

reconstructed with 2019 Belle II data. The extracted lifetime in this channel is (412.4±
3.4) fs, the estimated average proper time resolution is (97± 8) fs.

2

Preliminary

m
D*+ → D0π+

s
D0 → Kπ

t [ps]

�   LifetimeD0

Performance
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Momentum resolution better than Belle

𝐾/𝜋 ID still slightly worse than Belle
but improving High photon detection efficiency

K/p ID still slightly worse than Belle

Performance
Physical Review Letters 127, 211801 (2021)
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Twice as good resolution as Belle
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𝐾/𝜋 ID still slightly worse than Belle
but improving High photon detection efficiency

High photon detection efficiency
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New Belle II Results @ 2022 Spring and Summer Conferences

�8

8
Physics: From ICHEP to Moriond and beyond

189 fb-1

→ D. Tonelli

6
Physics - the last three months

Moriond 2022 

• Lepton-mass moments — paper, world best 

• Λ⁺c lifetime — paper, world best 

• Darkhiggstrahlung  — paper,  world best 

• B⁰ lifetime and mixing  — paper 

• BF and ACP of B⁰→ K⁰π⁰  

• BF, ACP, andf fL of B⁺→ ρ⁺ρ⁰  
• |Vub| tagged 

• |Vcb| tagged 

• BF of B → K(*)ℓℓ 

• BF of B⁰ → K⁰Sπ⁰γ

Now intensive effort for ICHEP 
is converging. Ωc lifetime

τ → l α 
sin 2Φ1
B → Ks Ks Ks
Z' → τ τ
B → π0π0

Moriond 2022 ICHEP 2022
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SuperKEKB Activities during LS1

�9

2022/9/15 4
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New IR Beam Pipe

Production delayed due to gold delamination issue
Beam pipe should be ready for diamond mounting in 
January/February  

�10

Cooling test by ILClab group
• With new cooling block (for PXD) to
mitigate hot spot heating issue 
(Cooling test with phase2 beam pipe 
for calibrating FEM parameters)

New cooling block 
Will be mounted on the LS1 pipe

14

FWD side New Cooling block  

Avoid interfering with the Diamond sensor. 
Make the contact area with respect to the manifold as large as possible. 
Make the gap 0.1 mm and fill it with silicone-based thermal grease or adhesive. 

Cooling block 

Mount block 

Diamond sensor 

There are open space only top and side 
area  

Be careful not to damage the weld 
area as much as possible 

Cutting lower side because  
Of conflicting Paraffin pipe 

17 

Kohriki 

We need PXD master gauge to check mount block position, so please send it back to KEK 

Thermal FEM simulation

Mitigation of hot spot issue

F
igu
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4.3

R
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1
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0
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120

Add 10µm Au on outer surface of 
inner Be pipe after Be-Ti brazing

HERLER

Physics acceptance

IP

PXD L1

PXD L2

Beryllium Titanium

Shadow
x

z

Be (600 mmt) Titanium 1.2mmt

10 mmt gold

Schematic view of the delaminated IP beam pipe 

Removing delaminated gold film

10 mmt Gold for SR 
Gold film partially peeled IP pipe (inner cylinder)

Action:
Acceptance criteria need to be defined

5

Schedule impact on the IP pipe production

• IP pipe completion is delayed about 1-2 weeks.(~third week of Nov.)
– exact delivery date is not decided yet, but this is pessimistic estimation.

8

Current schedule
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PXD Completion
Present PXD incomplete 
- only 10/20 ladders (8/8 inner, 2/12 outer) 

installed
- very good vertexing performance so far
‣ but not guaranteed for future higher 

luminosity ⇒ higher background / occupancy 

Ongoing efforts to build 2nd, complete PXD2 
- same technology but improved 

manufacturing processes and more time
- module production & half-shell assembly 

finished
- testing ongoing (with some delays)
- PXD2 to be installed during LS1

�11
Torben FERBER Institut für Experimentelle Teilchenphysik (ETP)

LS1 Upgrades für Belle II

8

PXD1

PXD2 (Halbschale)

• Verlust von PID-Effizienz bei gleichzeitigem Ausfall 
benachbarter Photodetektoren

Neue Microchannel Plate-PMTs für Time-
Of-Propagation Detektor

Einbau des PXD2
• Bislang nur eine vollständige Lage und zwei Ladder installiert

• Höhere Okkupanz erfordern Einbau von zwei vollen Lagen wie 

geplant

Neues Strahlrohr
• Goldbeschichtung zur Reduktion von Synchrotron-Untergrund

• Austausch defekter Ausleseboards

• Modifikation der Hochspannungsversorgung

Zentrale Driftkammer (CDC)

Torben FERBER Institut für Experimentelle Teilchenphysik (ETP)

LS1 Upgrades für Belle II

8

PXD1

PXD2 (Halbschale)
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benachbarter Photodetektoren

Neue Microchannel Plate-PMTs für Time-
Of-Propagation Detektor

Einbau des PXD2
• Bislang nur eine vollständige Lage und zwei Ladder installiert

• Höhere Okkupanz erfordern Einbau von zwei vollen Lagen wie 

geplant

Neues Strahlrohr
• Goldbeschichtung zur Reduktion von Synchrotron-Untergrund

• Austausch defekter Ausleseboards

• Modifikation der Hochspannungsversorgung

Zentrale Driftkammer (CDC)

PXD2

Introduction
● SuperKEKB, Belle II,  and the Belle II Vertex Detector

The Pixel Vertex Detector (PXD)
● Working Principles
● PXD Modules and Calibration
● PXD Detector

PXD in Belle II in 2021
● PXD Operation and Performance
● VXD Performance
● Operational Challenges: backgrounds,

beam-losses, irradiation and aging

PXD2 2022 Upgrade 
● Future of PXD

Outline

5

PXD in Belle II

PXD assembly
● mechanical ladder frame SCB
● provide cooling via 2-phase CO

2
 

and forced N
2
 flow

10

Installation 2018 at KEK
● PXD + BP + SVD marriage
● VXD installation in

PXD
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Status of PXD2 Half-Shells
Both PXD2 half-shells successfully assembled at MPP 
and safely transported to DESY for commissioning 
- perform full electrical tests to ensure no damage 

during ladder mounting
- perform source measurements with 90Sr source to 

optimize working point
After finishing first half-shell found two ladders where  
glue joint between modules opened 0 can’t leave like 
this
- testing of second half-shell presently on hold

Main questions to be answered
- why and how could this happen?
- how can we prevent this to happen in Belle II?

Input for ongoing discussion on LS1 schedule
- PXD2 production schedule
- status of new beam pipe
- operation budget in JFY2023
- expected electricity price in 2023

Decision to be taken at collaboration meeting in February

�12

Sep 20, 2022 Anselm Baur 9

Half-Shell Test Stand at DESY

Tests and Measurements:

● Full electrical test if all ladders still functional after mounting

● Source measurements using Sr90 source

● Pixel hit eNciency, noise, …

● Examining cross-talk between modules

● Crosscheck performance with mass-testing results

● Stress-tests: undergo several cooling cycles and thermal states

with the half-shell

Test Setup:

● Full DAQ readout chain to operate modules

● CO2 cooling of the HS in a monitored low humidity volume

● HS power consumption: 190 W (~9 W/module)

● CO2 temperature: 0 – 15 °C (KEK -20°C)

● N2: matrix cooling and dry volume

● Half-Shell operation limited by number of available 

power supplies . operate W HS at once

new

Sep 20, 2022 Anselm Baur 12

Damage on 1st Half-Shell

After Testing 1st Half-Shell:

● 2 broken inner ladders L1a, L1b

● Kink height of ~1.5 mm

● Equivalent thermal expansion of Si at ~140 K (this we did not have)
● Ladder were still under tension, relaxed when releasing screws

● Outer ladders not a<ected

● Unclear if L1a and L1b still functional

Half-Shells Designed to Cope With Thermal Stress:

● Forward SCB not /xed on BP . guiding/sliding pins

● Forward modules have elongated hole

elongated hole which allows 

ladder to move longitudinal

Possible Causes (Combination?):

● S.th. prevented SCB from gliding under thermal/mechanical stress

● Ladder tightening torque too high . no module gliding

● Explanation of large kink, an asymmetric process must have 

periodically enhanced stress . accumulated bending

● InQuence of massive Al beam pipe mockup 

(Al ~10 times higher thermal expansion than Si)

● Glue looses strength at ~60 °C under stress (tests at MPP)

● Incident: once CO2 cooling broke down in forward SCB 

(ASIC temperatures up to 80-90  °C for a few seconds)

2022-06-07 PXD2 prepara�on - paschen@physik.uni-bonn.de 7

SECOND HALF-SHELL HS-1P4 PRODUCTION 

− Need

− 4 L1 ladders

− 6 L2 ladders

View
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2022-09-09 PXD2 update - paschen@physik.uni-bonn.de 5

LADDER BOWING: PXD2
− Opening the FWD screws immediately released tension in L1a/b ladders 

− Over a week L1a relaxed further and straightened out almost completely 

− L1c/d ladders showed slight tension, but no kinks

− L2 ladders and carbon tubes found straight

→ Tensions of all L1 ladders released and screws re-3ghtened with 13 mNm

→ HS ready for transport to MPP as soon as possible for dismantling

06.09.AEer	releasing	FWD	screw
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Status of TOP PMT Replacement
Laboratory tests suggest that quantum 
efficiency will quickly drop after exceeding 
certain threshold of integrated charge on 
photo cathode

�13

Work done by VXD and CDC group

• Loosen and move cables
• Open CDC covers, disconnect cables and remove front-end boards
• Move cooling pipes 

3

MCP-PMT access after LS1

• Need to access with VXD cables

• Looks possible to access lower part
– Work for slot16 in coming November is 

good practice.

– Bad PMTs and bad electronics in slot4-8 
need to be replaced during VXD work.

• Need to confirm:
Can we access lower part in summer 
shutdown even after VXD installation?
– Although number of PXD cables will be 

doubled, the lower part of CDC plate 
looks accessible.

9

Number of PMTs
5

Installed
224 conventional MCP-PMTs.
220 ALD MCP-PMTs

Ready to install
257 life-extended ALD MCP-PMTs

Spares produced in 2016-2018: 81
New production in 2019-2020: 176

224 + 33

Would like to change bad ALD PMTs also

Æ No enough spares to replace PMTs in unit 
of PMT module

Number of PMTs for relative QE change
Conv. ALD

<0.8 39 27
<0.85 68 36
<0.9 115 55

Number of PMTs not measured due to trouble
with readout or HV:  Conv.:10, ALD:20

PMT QE projection (updated after 2022c)

• Projection after LS1 largely depends on the beam BG rate and run time.
– After LS1, the accumulated charge will increase rapidly, due to high BG rate 

(5MHz/PMT) and also luminosity BG rate assumed.

2

Next summer
shutdown
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Status of TOP PMT Replacement
Laboratory tests suggest that quantum 
efficiency will quickly drop after exceeding 
certain threshold of integrated charge on 
photo cathode
- observed loss of QE not fully understood  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QE variation

• Updated using data by the end of 2022c
– Updated correction by gain variation, hit selection
– Still more checks in the analysis
– Will cross-check with cosmic-ray data

6

Strange behavior
Checking on the
effect of beam
background and
tracking quality
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Status of TOP PMT Replacement
Laboratory tests suggest that quantum 
efficiency will quickly drop after exceeding 
certain threshold of integrated charge on 
photo cathode
- observed loss of QE not fully understood  

 
Ongoing: Dismounting of slot16 PMTs
- open CDC and TOP window 
- dismount boardstacks, HV modules and 

PMTs

�13
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Conclusions
Despite many challenges, the first years of operation of SuperKEKB / Belle II were very successful

The machine group achieved world record specific luminosity of 4.65x1034cm-2s-1 (b*y  =1mm)

The next big milestone after LS1 is to reach 1035cm-2s-1

Belle II collected 427 fb-1, which is roughly the entire BaBar data size

With this data, many results have already been obtained in a wide variety of physics areas, some of 

which are world best

Several issues have been identified that will be addressed by SuperKEKB team and Belle II in the 

ongoing LS1
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