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State of the Collaboration

691 Collaborators  (311 Faculty, 124 PDs, 256 PhDs) + MSc / BSc / Technical 
= 1226 Members

Comparison with LHCb: 1165 Collaborators 

(459 Faculty, 282 PDs, 424 PhDs)

Source: ICHEP 2024

Collaboration keeps growing, 
new faculty from Canada, India, 
and Saudi Arabia admitted
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State of the Experiment

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

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

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

1/fb 2/fb

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

https://arxiv.org/pdf/2505.02912

https://arxiv.org/pdf/2305.19116
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Rough rule of thumb: 

Belle II versus Belle / BaBar data
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Aim to publish as many Run 1 (+Belle) analyses as possible until end of 2025

Summer Conference Plan 

FPCP (June) - 5 new results

EPS (July), LP (August), CKM (September) 10 plenary & 34 parallel talks

20 analyses at RC stage towards CWR1; 10 more at WG level with good 
chance to be ready

Highlights
Inclusive  , updated inclusive tag , 


, ,  lifetime, Run 1 + 2  search
|Vub | B → K(*)νν B → Kττ

ℛ(D(*)) τ → ℓγ τ A′￼→ μμ

Belle II @ EPS-HEP and Lepton-Photon
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Aim to publish as many Run 1 (+Belle) analyses as possible until end of 2025

Summer Conference Plan 

FPCP (June) - 5 new results

EPS (July), LP (August), CKM (September) 10 plenary & 34 parallel talks

20 analyses at RC stage towards CWR1; 10 more at WG level with good 
chance to be ready
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Inclusive  , updated inclusive tag , 


, ,  lifetime, Run 1 + 2  search
|Vub | B → K(*)νν B → Kττ
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Review Procedure & Tools
Flow improving; new analysis data 
base; large variance in review
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Start CWR1 to Submission

Average with outliers: 143 days (was 158 on 2025-02)

Average (<270 days): 121 days (was 128 on 2025-02)

4-4.5 months 
between CWR1 & 
submission

Reasons complex, PubCom and 
PC(s) are actively working on 
improving the situation
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Extremely proud that Laura Zani won the 

Young Experimental Physicist


Prize of the European Physical Society  

for her work on Belle II 
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Paper Submission Status
83 paper submitted (75 accepted as of August 31st) :

Our goal is to achieve 40 - 45 papers / year

LHCb
Belle II50

Note that LHCb has twice the # of PDs & PhD students

Expected 

# additional 

papers (ca. 20)



# 9

SKB Status & Preparations 

•
•

•

5

Belows chamber near Oho

Much work ongoing over summer shutdown: 

After 

Cleaning

- Removal of stains from vacuum sealant 
- Construction of new electron gun

- New enhanced shielding near non-linear collimator @ Oho

SKB Work Schedule We are here

Dec.Nov.Oct.Sep.Aug.Jul.Jun.MayApr.

Linac
RF gun(e-)

Linac
Fast kicker

BT e-
ECS

BT e+
Bending magnets

MR
VACSEAL Removal

MR
Oho radiation shield

LER Injection point 
re-alignment

DR->Linac
2nd fast kicker

Operation

Main work schedule until 2025C runs

2

Processing and 
Assembly

High power processing Installation

D04 wiggler D10 wiggler

Linac(9/8), DR・BT (10/20)
SuperKEKBMR(11/5)

D11 wiggler

Beamline shieldConcrete shielding manufacturing Installation

Power supply discharge 
countermeasures

Move to sector 4 

BPM modificationVacuum works

Linac
BTstudy

Safety 
Inspection

Additional processing 
and freq. adjustment 

Horizontal angle 
correction.

Septum 
inspection

Septum 
BakingSurveying

CommissioningInstallation

Sudden beam loss frequency



# 10Work on LER & HER progress: 

Vacuum Tasks - LER
1. Internal inspection and cleaning of beam pipes in IR →

Completed

2. Cleaning of beam pipes in the Oho wiggler section → Completed

3. Cleaning of beam pipes in the Nikko wiggler section

→ Ongoing (May - July) 
4. Replacement of damaged jaws in the D02V1 collimator

→ Completed
5. Relocation of the D06V2 collimator to D03V4 → Completed

6. Replacement of damaged jaws in the D05V1 collimator

→ Completed
7. Cleaning of MO-flanges known to have used VACSEAL

(location: around CCG D01_L10, D01_L15 )

8. A) Replacement of ceramic chambers in the kicker magnets (to 
reduce residual kicks)

B) Alignment check and correction of beam pipes around the 
injection point.

5. Collimator 
relocation
(D06V2→D03V4)

LER 4. Collimator jaw 
replacement (D02V1)

8. Ceramic chamber replacement,
Investigation of mis-alignment

2. 
Cleaning

3. 
Cleaning

：vented and work completed

1. Internal check and cleaning

6. Collimator jaw 
replacement (D05V1)

5. Collimator 
relocation 
(D06V2→D03V4)

：section scheduled for work

15

7. 
Cleaning
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4. Replacement of damaged jaws in the D02V1 collimator

→ Completed
5. Relocation of the D06V2 collimator to D03V4 → Completed
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(location: around CCG D01_L10, D01_L15 )

8. A) Replacement of ceramic chambers in the kicker magnets (to 
reduce residual kicks)

B) Alignment check and correction of beam pipes around the 
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6. Collimator jaw 
replacement (D05V1)
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：section scheduled for work

15

7. 
Cleaning

Vacuum Tasks - HER

1. Internal inspection and cleaning of beam pipes in the IR →
Completed

2. Replacement of an ion pump feedthrough  → Completed
- Vacuum leak was caused by abnormal discharge in the HV 

connector.

3. Replacement of the damaged jaw in the D09V3 collimator
- A new collimator with a cooling water channel is being 

manufactured. Installation is scheduled for the beginning of Nov.

4. Cleaning of MO-flanges known to have used VACSEAL.
(location: SUS flanges around CCG D02_H22)

：vented and work completed
：section scheduled for work

HER
2. IP feedthrough
replacement

1. Internal check and cleaning

3. D09V3
replacement

16

4. 
Cleaning

Drawing of HER vertical collimator with water channel
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Vacuum Tasks - HER

1. Internal inspection and cleaning of beam pipes in the IR →
Completed

2. Replacement of an ion pump feedthrough  → Completed
- Vacuum leak was caused by abnormal discharge in the HV 

connector.

3. Replacement of the damaged jaw in the D09V3 collimator
- A new collimator with a cooling water channel is being 

manufactured. Installation is scheduled for the beginning of Nov.

4. Cleaning of MO-flanges known to have used VACSEAL.
(location: SUS flanges around CCG D02_H22)

：vented and work completed
：section scheduled for work

HER
2. IP feedthrough
replacement

1. Internal check and cleaning

3. D09V3
replacement

16

4. 
Cleaning

Drawing of HER vertical collimator with water channel

Completed
To be done
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Expansion of Radiation Control Area around Oho

15

Oct 2024
June 2025 

D05V1 D05V1

e+ e+

A fence is being constructed to establish the boundary of the 
radiation control area until Sep 2025.

Radiation control area (< 20µSv/h)

OhoOho

[K. Watanabe]

Expansion of radiation protection area @ Oho

Relocation of D06V2 collimator to D03V4

Vacuum Tasks – LER Collimators (D03V4 Relocation)

12

QD5P.41

Location of D06V2

before after

Location of D03V4

QD5P.41
D03V4

CCG/IP D03_L04

before after

D03V4

Name Tip Material
(): longitudinal length in mm Tip Condition

D06V1 Ti (10) Healthy

D05V1 Top: Ti (10)
Bottom: Ta (10) Healthy

D03V4 Hybrid: Ta (3) + C (7) Healthy
D02V1 Ta (10) Healthy

LER vertical collimators and jaws

Location of collimators
• The D06V2 collimator was relocated to D03V4 as a countermeasure 

against SBLs to reduce losses at the IR and D02V1 regions.

CCG/IP D03_L04

D06V2

Vacuum Tasks – LER Collimators (D03V4 Relocation)

12

QD5P.41

Location of D06V2

before after

Location of D03V4

QD5P.41
D03V4

CCG/IP D03_L04

before after

D03V4

Name Tip Material
(): longitudinal length in mm Tip Condition

D06V1 Ti (10) Healthy

D05V1 Top: Ti (10)
Bottom: Ta (10) Healthy

D03V4 Hybrid: Ta (3) + C (7) Healthy
D02V1 Ta (10) Healthy

LER vertical collimators and jaws

Location of collimators
• The D06V2 collimator was relocated to D03V4 as a countermeasure 

against SBLs to reduce losses at the IR and D02V1 regions.

CCG/IP D03_L04

D06V2

to protect the IR and D02V1 better against SBLs

to allow expanded use of non-linear collimator
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New RF gun

Choke structure 
yielding discharges

Emax

Anode

Heatable 
cathode plug

Emax x 0.7

current RF gun

Inner structure without choke

RF contact Emax x 0.4

Cathode 
plug Emax

Anode

New RF gun
• New RF gun has no choke as countermeasure against discharge

• Frequency tuning is now on progress until 28th July and its high-power test is scheduled after the tuning

• If no trouble in the high power operation, the gun is to be installed in the middle of August

• In case of trouble, the current RF gun is to be repaired by changing the damaged cathode plug with a new one

Pulling hammer

New RF gun

push-pull pins machined 
on the gun's body

New RF gun under frequency tuning by using push-pull pins

Choke structure 
yielding discharges

Emax

Anode

Heatable 
cathode plug

Emax x 0.7

current RF gun

Inner structure without choke

RF contact Emax x 0.4

Cathode 
plug Emax

Anode

New RF gun
• New RF gun has no choke as countermeasure against discharge

• Frequency tuning is now on progress until 28th July and its high-power test is scheduled after the tuning

• If no trouble in the high power operation, the gun is to be installed in the middle of August

• In case of trouble, the current RF gun is to be repaired by changing the damaged cathode plug with a new one

Pulling hammer

New RF gun

push-pull pins machined 
on the gun's body

New RF gun under frequency tuning by using push-pull pins

New gun has no choke as a countermeasure against discharges

Due to mishap in fabrication the RF frequency of the cavity has been changed, but 
successfully retuned. Tested at 5 MW, further conditioning ongoing. If successful 
installation will follow
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Belle II Status & Preparations 
Preparations for 2025c in full swing: 

PXD will remain initially off ; progress on fast shutdown

Investigations ongoing if signal 
from clearing electrodes can be 
used as a precursor signal for SBL

(Ca. 50 us)

• PXD still OFF  at the start of 2025c, could be turned ON for some periods if conditions are “reasonably” under 
control → understand SBL situation & define safe condition for turning PXD ON,  evaluate risks vs benefits

PXD

19/06/2025 G. Rizzo, K. Nakamura - TC report 3

• R&D on fast PXD power shutdown to bring quickly PXD in a safe condition
• now shutdown O(500 μs) not fast enough → designed new fast shutdown board, active pull-down 
• Promising tests ongoing:  ~ 30 us reachable, but still needs improvements to avoid dangerous voltage 

crossing  that could cause the same switcher damage as from SBL!
• Schedule: now optimize resistor values (more measurements & simulation) → production of the boards, 

final irradiation in MAMI to confirm → installation may be in summer 2026 
• CAVEAT: PXD fast shutdown effective ONLY if SBL precursor signals are available at least ~30us 

BEFORE large beam loss at IR
• Important to understand which fraction of SBL could have clearing electrode precursor signals

Dangerous 
crossing voltage

• DHH readout upgrade completed & successfully tested with PXD ON in June
• to double data bandwidth + relocate DHE/DHC outside the radiation area (accessibility & reduce SEU)
• Initial tests confirmed basic functionality, communication issues with few modules are currently being 

investigated. Testing will continue in Aug-Sep.
• A major concern is the departure of the DHH expert from the group: smooth knowledge transfer to KIT essential, 

but a successor to take over the DHH system hasn’t been identified yet.

Clearing 
electrode signal
precursor of SBL 

• Actions to mitigate SBLs and effects of high IR losses from SKB
• Vacseal removal (probably not the only cause of SBLs) & LER collimator relocation (D6V2 à D3V4), simulation 

indicates it should mitigate IR loss in SBL

• MDI effort on further accelerating abort signals + more CLAWS (faster) beam abort & use signals  from 
clearing electrode, sensitive to precursor effects of SBL (several 10 us BEFORE beam loss) →precursor 
signals can be used to turn PXD OFF BEFORE large loss at IR happens, even avoiding beam abort About 30 us for shutdown seem reachable, but 

system needs still improvements to avoid 
dangerous voltage crossings that might damage 
switchers

DHH readout upgrade almost completed & successfully tested with PXD on; PXD 
leader will be present at KEK in case we decide to switch system on ; working on 
concept on how a decision graph will look like about turning the PXD on

Selection of activities



#

Aug. 29, 2025
ARICH Water Flow ReinforcementS. Nishida (KEK) TB

2

ARICH Cooling Water Problem

Coupler

For disconnection 
during endcap 
extraction.

• ARICH suffered the cooling water flow problem in 2024c run.
✓ After the run, we found water with green muddy impurities.
✓ We suspected that they were the source of clogging.

➢ Replacement of the chiller during LS1 and the anti-corrosion 
agent added after LS1 were suspected to related.

• The forward end yoke was opened in June, and we found that the couplers 
were clogged.
✓ Swell of the O-ring (made of chloroprene rubber) was found.
✓ Water flows well when we bypass the couplers.

14

ARICH cooling issues solved

Observed significantly reduced flow rate, which 
lead to cooling issues in 2024c 

About 13% of ARICH needed to be turned of to keep 
temperature manageable

End yoke was opened in June to gain access

Investigation with boroscope revealed clogged couplers at the FEP tube ends. Removing 
the couplers restored full flow and inspections confirmed no serious issues inside the 
ARICH aluminum pipes.

Aug. 29, 2025
ARICH Water Flow ReinforcementS. Nishida (KEK) TB

2

ARICH Cooling Water Problem

Coupler

For disconnection 
during endcap 
extraction.

• ARICH suffered the cooling water flow problem in 2024c run.
✓ After the run, we found water with green muddy impurities.
✓ We suspected that they were the source of clogging.

➢ Replacement of the chiller during LS1 and the anti-corrosion 
agent added after LS1 were suspected to related.

• The forward end yoke was opened in June, and we found that the couplers 
were clogged.
✓ Swell of the O-ring (made of chloroprene rubber) was found.
✓ Water flows well when we bypass the couplers.
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KLM firmware upgrade and progress on sudden turn off (STO)

5

  STO by hitting the cables and countermeasures

• We successfully produced STO events by hitting the cable in the air, at least twice.

- Therefore, external vibration was strongly suspected as the cause of STO. 

- Wind from air conditioners or people walking around the crates. 
At a STO on 12th June, TOP group worked in E-hut to turn on the detector.

• It is still unknown which part was the cause, but we stopped identifying the exact point of cause. 
Cabling was rearranged not to use multiple cables but a single cable connected to the crate. 

- In principle, interlock reaction is never changed; all channels are turned off immediately.

- Less components give more stability. (And easy trouble shooting.)

- And, all cables are fixed on the crates. No vibration anymore. PLC Fanout

PLC

Crate interlock

Before

After
Shorting connectors

STO: New HV module turns off suddenly without warning or error

Started in January 2024 

New firmware indicates that the board was 
interlocked, but no signal in the log

Suspected cabling and reorganized cabling to 
avoid fanout and give more stability 

Discussion with CAEN engineers ongoing ; 
fallback is to use old module 

However, STO events still show up
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CDC gain drop investigations

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
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CDC gain drop investigations

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

→ 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
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2025c & 2026a Timeline

Push our recorded dataset to 1/ab 

Show that there is path to reach luminosities of ~1035 cm-2 s-1

Need close communication with SuperKEKB 
team to balance this; physics will be priority

80% of running time 
dedicated to physics

The next run has two goals : 

Schedule: * SuperKEKB Main Ring operations plan to start Nov 5th 

* Christmas shutdown Dec 24th - Jan 7th

* Continue run until end of May (precise date will depend on Budget)

Plan: 7 month run → Reaching stable run conditions in 
2025c/2026ab will be key
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Sketch of 2025c run plan: 

2025c (cosmic run 
starts)

S M T W T F S S M T W T F S S M T W T F S S M T W T F S
1 2 3 4 1 1 1 2 3 4 5

5 6 7 8 9 10 11 2 3 4 5 6 7 8 2 3 4 5 6 7 8 6 7 8 9 10 11 12
12 13 14 15 16 17 18 9 10 11 12 13 14 15 9 10 11 12 13 14 15 13 14 15 16 17 18 19
19 20 21 22 23 24 25 16 17 18 19 20 21 22 16 17 18 19 20 21 22 20 21 22 23 24 25 26
26 27 28 29 30 31 23 24 25 26 27 28 23 24 25 26 27 28 29 27 28 29 30

30 31

S M T W T F S S M T W T F S S M T W T F S S M T W T F S
1 2 3 1 2 3 4 5 6 7 1 2 3 4 5 1 2

4 5 6 7 8 9 10 8 9 10 11 12 13 14 6 7 8 9 10 11 12 3 4 5 6 7 8 9
11 12 13 14 15 16 17 15 16 17 18 19 20 21 13 14 15 16 17 18 19 10 11 12 13 14 15 16
18 19 20 21 22 23 24 22 23 24 25 26 27 28 20 21 22 23 24 25 26 17 18 19 20 21 22 23
25 26 27 28 29 30 31 29 30 27 28 29 30 31 24 25 26 27 28 29 30

31

S M T W T F S S M T W T F S S M T W T F S S M T W T F S
1 2 3 4 5 6 1 2 3 4 1 1 2 3 4 5 6

7 8 9 10 11 12 13 5 6 7 8 9 10 11 2 3 4 5 6 7 8 7 8 9 10 11 12 13
14 15 16 17 18 19 20 12 13 14 15 16 17 18 9 10 11 12 13 14 15 14 15 16 17 18 19 20
21 22 23 24 25 26 27 19 20 21 22 23 24 25 16 17 18 19 20 21 22 21 22 23 24 25 26 27
28 29 30 26 27 28 29 30 31 23 24 25 26 27 28 29 28 29 30 31

30

Calendar Templates by Vertex42.com © 2022 Vertex42 LLC. Free to Print.

September October November December

January February March April

May June July August

https://www.vertex42.com/calendars/2025.html

Scrubbing ends &

First collisions

Winter 
shutdown

MR operation 
starts

Note: no machine maintenance days included (!)

just to to give a rough idea

Physics Collisions start Nov 17th and have stable physics run until Dec 24

Vacuum scrubbing will start on Nov 5th until Nov 17th up to ca. 1.8 A in LER 
Nominal tuning ; study large vertical emittance in HER and other studies

Start with  and  for HER / LER  β*y = 1 mm β*x = 60 mm

Gradually increase beam currents

(17 days / 3 weeks)

Shift booking opened ; most shifts in 2025c covered ; strategy unchanged
(1 CR on-site, one remote ; 1 BCG shifter)
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Sketch of 2025c run plan: 

2025c (cosmic run 
starts)

S M T W T F S S M T W T F S S M T W T F S S M T W T F S
1 2 3 4 1 1 1 2 3 4 5

5 6 7 8 9 10 11 2 3 4 5 6 7 8 2 3 4 5 6 7 8 6 7 8 9 10 11 12
12 13 14 15 16 17 18 9 10 11 12 13 14 15 9 10 11 12 13 14 15 13 14 15 16 17 18 19
19 20 21 22 23 24 25 16 17 18 19 20 21 22 16 17 18 19 20 21 22 20 21 22 23 24 25 26
26 27 28 29 30 31 23 24 25 26 27 28 23 24 25 26 27 28 29 27 28 29 30

30 31
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1 2 3 1 2 3 4 5 6 7 1 2 3 4 5 1 2

4 5 6 7 8 9 10 8 9 10 11 12 13 14 6 7 8 9 10 11 12 3 4 5 6 7 8 9
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18 19 20 21 22 23 24 22 23 24 25 26 27 28 20 21 22 23 24 25 26 17 18 19 20 21 22 23
25 26 27 28 29 30 31 29 30 27 28 29 30 31 24 25 26 27 28 29 30

31
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1 2 3 4 5 6 1 2 3 4 1 1 2 3 4 5 6

7 8 9 10 11 12 13 5 6 7 8 9 10 11 2 3 4 5 6 7 8 7 8 9 10 11 12 13
14 15 16 17 18 19 20 12 13 14 15 16 17 18 9 10 11 12 13 14 15 14 15 16 17 18 19 20
21 22 23 24 25 26 27 19 20 21 22 23 24 25 16 17 18 19 20 21 22 21 22 23 24 25 26 27
28 29 30 26 27 28 29 30 31 23 24 25 26 27 28 29 28 29 30 31

30

Calendar Templates by Vertex42.com © 2022 Vertex42 LLC. Free to Print.

September October November December

January February March April

May June July August

https://www.vertex42.com/calendars/2025.html

MR operation 
starts

Scrubbing ends &

First collisions

Winter 
shutdown

Machine Studies (4 days / 3 weeks)

High bunch current & beam-beam effect

New Sextupole settings

Etc. 

Once LER beam current exceeds 2 A →  will be squeezed furtherβ*x

Note: no machine maintenance days included (!)

just to to give a rough idea
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Sketch of 2026ab run plan: 

Start of 2026a

S M T W T F S S M T W T F S S M T W T F S S M T W T F S
1 2 3 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4

4 5 6 7 8 9 10 8 9 10 11 12 13 14 8 9 10 11 12 13 14 5 6 7 8 9 10 11
11 12 13 14 15 16 17 15 16 17 18 19 20 21 15 16 17 18 19 20 21 12 13 14 15 16 17 18
18 19 20 21 22 23 24 22 23 24 25 26 27 28 22 23 24 25 26 27 28 19 20 21 22 23 24 25
25 26 27 28 29 30 31 29 30 31 26 27 28 29 30
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1 2 1 2 3 4 5 6 1 2 3 4 1

3 4 5 6 7 8 9 7 8 9 10 11 12 13 5 6 7 8 9 10 11 2 3 4 5 6 7 8
10 11 12 13 14 15 16 14 15 16 17 18 19 20 12 13 14 15 16 17 18 9 10 11 12 13 14 15
17 18 19 20 21 22 23 21 22 23 24 25 26 27 19 20 21 22 23 24 25 16 17 18 19 20 21 22
24 25 26 27 28 29 30 28 29 30 26 27 28 29 30 31 23 24 25 26 27 28 29
31 30 31

S M T W T F S S M T W T F S S M T W T F S S M T W T F S
1 2 3 4 5 1 2 3 1 2 3 4 5 6 7 1 2 3 4 5

6 7 8 9 10 11 12 4 5 6 7 8 9 10 8 9 10 11 12 13 14 6 7 8 9 10 11 12
13 14 15 16 17 18 19 11 12 13 14 15 16 17 15 16 17 18 19 20 21 13 14 15 16 17 18 19
20 21 22 23 24 25 26 18 19 20 21 22 23 24 22 23 24 25 26 27 28 20 21 22 23 24 25 26
27 28 29 30 25 26 27 28 29 30 31 29 30 27 28 29 30 31

Calendar Templates by Vertex42.com © 2022 Vertex42 LLC. Free to Print.

September October November December

January February March April

May June July August

https://www.vertex42.com/calendars/2026.html

MR operation starts

Machine Studies (4 days / 3 weeks)
Try to squeeze  

Shorter damping time in LER

Try synchrotron injection in HER

β*y

Beam current will increase gradually

Note: no machine maintenance days included (!)

just to to give a rough idea

Start of 2026b

   01. October 2024 
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Figure 1: Belle-II running periods from FY 2021 to FY 2026. 

4. Closing Report for FY 2023 

4.1. Overview 

The M&O budget for FY 2023 was approved at a sum of 324,049 kYen, shared between the 
overseas funding agencies (142,875 kYen) and KEK (181,174 kYen, including Japanese 
universities).  
 
Table 1 summarizes the actual spending in FY 2023 in comparison to approved budget. 
  

FY 2023 M&O Summary Total Funding Agencies KEK 
Approved, planned budget 324,049 142,875 181,174 
Actual spending 283,013 115,805 167,208 
   Difference 41,036 27,070 13,966 
Revenue (w/o 5% admin. fee) 281,549 114,341 167,208 
Net asset beginning FY 2023 40,072 40,072 - 
Net asset end FY 2023 38,607 38,607 - 

Table 1: M&O situation in FY 2023 (in kYen). 

The actual spending was 41,036 kYen less than planned, 27,070 kYen in the international 
account and 13,966 kYen in the KEK account (which includes the Japanese universities). The 
details are discussed in section 4.3. 

4.2. Revenue 

A few countries/organizations did not transfer their contribution for FY 2023 in time for 
various reasons: 

• China: Peking University has left Belle II and stopped paying contributions; Fudan 
University only paid partially; 

• India: IISER and IITM could not pay; IITM plans to pay this year; 
• Mexico was exempted but did manage to pay partially; 
• Poland: A new MoU between IFJ and KEK has to be concluded and is under 

preparation; the situation is however unclear due to issues with the Russian war on 
Ukraine; 

• A technical problem delayed the payment from Spain until August 2024; 
• Thailand: A professor moved institute and left Belle II; the respective contribution 

cannot be paid. 
• The situation with the missing payments from Russia is discussed in section 9. 

Operation period in JFY2024

• I assume Matsuoka’s schedule for the budget estimation of 
JFY2024.  7 months operation. 
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Belle II @ European Strategy of Particle Physics

3q → 2q

 quarks               e                  

b → s  Bs ⟷ Bs
b → s   Rbs (e/)         b → s   b → s  
b → c   Rbc (e/)         b → c  
 

3q → 1q b → d  Bd ⟷ Bd 
b → d   Rbd (e/)          b → d   b → d  
b → u   Rbu (e/)         b → u  
 

2q → c → u  D ⟷ D
c → u   Rcu (e/)       c → u  
c → s   Rcs (e/)
c → d   Rcd (e/) 
 

2l

1l

 →     →  qq   →    →  ee            →  
 → e   → e qq   →  ee  → e ee            → e 

2q 
 1q

3l →

_

_

_

72026 ESPPU – Open Symposium (Venice, June 2025)                     G. Isidori - Status and open questions in Flavour Physics

How to address the challenges @ large-scale facilities [b,c,] 

__ B(B → K )
B(B → K *)


 

B(Bs → )
B(B → K* )
AFB(B → K *)


 

R/(D),  
R/ (D*), … 
 

N.B.: several observables for each transition
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F=2 (F=1)quarks LFV(→e) LFV( →e) EDMs

Expected  improv.
Current bound

92026 ESPPU – Open Symposium (Venice, June 2025)                     G. Isidori - Status and open questions in Flavour Physics

I. Bounds on effective scales for generic (unit) couplings

Most of the improv.  here 
comes from improved

CKM determination

ESPP2026 Preliminary 

CKM-like 
couplings

(MFV)

ESPPU2026 - Open Symposium (Venice, June 2025) - Marie-Helene Schune - Flavour WG report 14

2030s 2040s 2050s 

LHCb 50 fb-1

Belle-II 10 ab-1
LHCb-UII 300 fb-1

Belle-II 50 ab-1

5 Giga : 5.109 Z0

2 TeraZ : 2.1012 Z0

6 TeraZ : 6.1012 Z0

LHCb
(+ ATLAS & CMS) 

Belle-II
e+e- @"(4S)

e+e- @ Z0 pole 
(+WW) 

Indicative timeline 

LHCb
(+ ATLAS & CMS) 

Belle-II
e+e- @"(4S)

# and D physics : 
BESIII + STCF (1 ab-1/y) 

Marie-Helene Schumer @ ESPP 25

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

Large scale facilities and experiments

! Log scale
1013

1011

109

b-hadrons in detector acceptance

LHCb Belle-II LCF 6 TeraZ

13

The Z0 pole 2050s
$( )! → +,+ ~ 15%

LHCb
(+ ATLAS & CMS) 

Belle-II
e+e- @"(4S)

Running + upgrades

e+e- @ Z0 pole 
(+WW) 
Proposals

Some extrapolations are ‘wilder’ than 
others due to larger dependence on the 
detector design which is not known

Once data is recorded, new analysis 
technics are usually found and foreseen 
sensitivities are reached … or even 
surpassed ! 
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Belle II impact on key observables
B Program  Programτ

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

cLFV : # → %
$%(# → 3)) 90 % CL UL 

17

Belle II and STCF (5 ab-1) : best limits until Tera-Z experiments  enters the game. 
Steady gain from now to 2050s
TeraZ : improvement of the limits by up to one order of magnitude, down to few 10-11 for BR(τ→ 3µ) and few 10-9 for 
BR(τ→µγ)

$%(# → )+) 90 % CL UL 

Clean and narrow peak in reconstructed mass ⇒ 
~ background free ⇒ doable in pp environment

More challenging (mass resolution due to the 
$ and radiative events pollution) 

today          2030s           2040s           2050s today          2030s           2040s           2050s

10-7

10-8

10-9

10-8

10-9

10-10
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FCNC : b→s ℓℓ BR and  LFU tests

2040s : experimental precision below 1%  

// =
∫FΓ . → 0#!##

F8$ F8$

FΓ . → 0&!&#
F8$ F8$ 8$ = Hℓℓ

$

32

$%($I → 5(∗I)66̅)

Theory improvements needed by a factor 10

Current TH uncertainty

Phys. Rev. D 109, 112006 (2024)

10%

1%

today          2030s           2040s           2050s

4(R
K

) 

2030s             2040s                 2050s

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

/ B(*)
(∗) =

./ .(*) → B(*)
(∗):!'-

./ .(*) → B(*)
(∗)ℓ!'ℓ ℓ = #, &

0.2 0.3 0.4 0.5
R(D)

0.2

0.25

0.3

0.35

0.4

R(
D

*)

HFLAV SM Prediction
 0.004±R(D) = 0.296 

 0.005±R(D*) = 0.254 

68% CL contours

total 0.025±R(D) = 0.347 
total 0.012±R(D*) = 0.288 

 = -0.39ρ
) = 41%2χP(

BaBar

LHCb
Belle II

Belle

Average

HFLAV
Spring 2025

Comparing b→c "# and b→cℓ# with ℓ=$ or e 

3.8 - tension with SM 

LHCb-UII and Belle-II : improvement of a factor 10 in precision. 
With TeraZ sample can reach permil level. Theoretical uncertainties can also improve.

Possibility to measure the whole family (not only R(D) and R(D*) ) 
Interest to connect with universality test of the : lepton  30

4( R(D)) 4(R(D*))ESPPU2026, preliminary

today    2030s    2040s       2050s today    2030s    2040s       2050s

ESPPU2026 - Open Symposium (Venice, June 2025) - Marie-Helene Schune - Flavour WG report 46

Fully leptonic decays (B→ℓ%) 

BR(B → l 𝜈)

Belle II
LHCb

GigaZ

TeraZ

STCF

Belle II

LHCb / CMS
Belle II

STCF

Flavor Working Group  @ ESPP 25
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Belle II impact on key observables
B Program  Programτ
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FCNC : b→s ℓℓ BR and  LFU tests

2040s : experimental precision below 1%  
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$%($I → 5(∗I)66̅)

Theory improvements needed by a factor 10

Current TH uncertainty

Phys. Rev. D 109, 112006 (2024)
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Fully leptonic decays (B→ℓ%) 

BR(B → l 𝜈)

Belle II
LHCb

GigaZ

TeraZ

STCF

Belle II

LHCb / CMS
Belle II

STCF

Flavor Working Group  @ ESPP 25

https://arxiv.org/abs/2503.24155
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Venice Meeting Feedback
Successful completion of Belle II physic program to 50/ab priority of 
European HEP community

In line with KEK’s vision as presented by Asai-san ; large emphasis on role CERN 
and other labs can play in understanding  high luminosity frontier @ SKBe+e−
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Upgrade & LS2 Plans
To reach 50/ab  and 6 x 1035  cm-2 s-1 plan 
for long shutdown 2 in 2032 to upgrade IR

Current IR optics complicated, large chromatic xy coupling needed 
to achieve high luminosity

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 move to 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 Activities

4
Tobias Blesgen – blesgen@uni-bonn.de27.08.2025

● Planned luminosity increase  →  changes to beam pipe geometry
● Need to adjust innermost vertex detector system

Change in IR envelope necessitate construction 
of new inner tracking detectors

E.g. VXD (PXD, SVD) → CMOS based VTX
5

Tobias Blesgen – blesgen@uni-bonn.de27.08.2025

● Fully pixelated detector

● Low material budget (~2.5 % X0)

● 5 layers design:
● 2 inner layers (iVTX)
● 3 outer layers (oVTX)

● Proposed pixel sensor: OBELIX

6
Tobias Blesgen – blesgen@uni-bonn.de27.08.2025

● Op�mized BELle II pIXel Sensor

● 896 x 464 ac�ve pixels (33 μm x 33 μm)

● 2.9 x 1.5 cm2 matrix area

● Based on TJ-Monopix2

● Triggered readout

● Current status:

● First revision (OBELIX-1) in Bnal design stage

5
Tobias Blesgen – blesgen@uni-bonn.de27.08.2025

● Fully pixelated detector

● Low material budget (~2.5 % X0)

● 5 layers design:
● 2 inner layers (iVTX)
● 3 outer layers (oVTX)

● Proposed pixel sensor: OBELIX

6 layers also still under discussion
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Activities ongoing in most subdetector, first results documented in CDR:

Collaboration ramping up upgrade R&D activities; Management actively 
recruiting new groups ; preparing creation of Upgrade Project Office

Belle

BELLE2-REPORT-2024-042
KEK-REPORT-2024-1

4 July 2024

The Belle II Detector Upgrades
Framework Conceptual Design Report

Abstract

We describe the planned near-term and potential longer-term upgrades of the Belle
II detector at the SuperKEKB electron-positron collider operating at the KEK labora-
tory in Tsukuba, Japan. These upgrades will allow increasingly sensitive searches for
possible new physics beyond the Standard Model in flavor, tau, electroweak and dark
sector physics that are both complementary to and competitive with the LHC and other
experiments.
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https://arxiv.org/pdf/2406.19421

Upgrade also 
discussed in ESPP 
Belle II submission
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Possible date for MEXT interim review 

(under discussion) to approve update timeline

Proposed Steps Towards LS2 (2032)

2cmarinas@ific.uv.es

Technology 
Demonstrators 

-
BPAC Review

Baseline 
Configuration

-
Internal review

2025 2026 20282027 20322029

Production
MEXT Review

IntegrationTechnical 
Design Report

Definition of 
Working Plan 

and 
Milestones

Engineering 
Design Report

Main action steps towards detector integration in 2032 

Year

Proposed Steps Towards LS2 (2032)

13cmarinas@ific.uv.es

2025 2026 20282027

MEXT Review
Definition of 

Working Plan 
and 

Milestones Technology 
Demonstrators 

-
BPAC Review

Baseline 
Configuration

-
Internal review

No concrete details yet, but plan to cover the following:

• Show solid physics results until then

• Demonstrate a path for high luminosity reach

• Strong physics case to complete the program

• Innovative detector concept

• Large fraction of non-JP groups bringing funding

MEXT interim review for the current 10-year program up to 2032
Aim: Approval of the recently updated luminosity projection and change of LS2 timing to 2032

Note: KEK and Belle II management strong support Long Shutdown 2 R&D activities

Technical 
Design Report

Engineering 
Design Report

1. Establish limitations of current detectors

2. TDR by 2027 

3. LS2 planned in 2032

Upgrade priorities & timeline: Keep current CDC?

Keep inner layers? Upgrade of services, electronics, 
procedures, etc. 

Construct CDC clone

Tracking-only: expand VTX or other 
existing silicon sensor

Baseline: empty 

YesNo: replace with new CDC

YesNo: abandon SL0/1

Tracking-and-timing: add TOF detector 
with some amount of extra silicon 

tracking

Construct new oCDC. What do we do with the iCDC volume (ITT)?

These three scenarios appear to be the main options; within each we still 
have choices about, for example, number of layers, layer position, sensor 
technology, granularity, etc. 

Intend to establish clear path to demonstrators & decision logic on choices 

Example for 
CDC (draft)

Alternative slot in 2026 (!)

?
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German Participation & Priorities*
* this is of course my personal view, please complain to me during the coffee break ;-)

We need to ensure the operational safety of the PXD until the upgrade

This includes that we find a mode of operation to keep know-how intact whilst 
going into a purely operations mode

We need to formulate a coherent upgrade participation and increase our 
footprint there

We need to discuss what our strategy is. I.e. are we planing on a joint-overarching 
project? Or participation on several projects? 

Other important points: Sustainability ; Career development Opportunities for 
ECR ; Reasonable timelines for PhDs 

We have a strong footprint in software, computing, algorithms, trigger 

DESY collaborative services & NAF are essential infrastructure for Belle II

Very good exposure and long-term involvement ; should be maintained 
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Here we are exceeding 

expectations

~2/ab could be recorded if we can run for 7 months and at 1x1035

Here we are making good progress

In case the MEXT review is in 2026, we need to keep pulling our weight in the 
upcoming run to help Belle II and push out many high-quality results 

The review will formulate a recommendation to prolong the program past 2032 ; we 
are doing very well on some metrics, but are behind in terms of integrated luminosity

This will

be challenging


More likely 
between

5-10/ab
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Summary

SKB and Belle II preparations for next data taking in full swing

Moving to Release 8 

Hadronic tag (FEI) Calibration                                                      Particle ID
14

All data and skims available – Stefano Lacaprara’s talk
Performance getting ready – Sasha Glazov’s talk
Good reason’s to move 

Belle II

Run 1 (Rel6) Belle 

Belle II

Run 1/2 (Rel8) 

+40%

No major showstoppers ; expect significant reduction of SBLs

Belle II had a very productive year ; aim for ~40 papers in 2025

Showed several key results at summer 
conferences ; aim directly for publications

Upgrade Project is progressing

Contributions shaping up ; aim for 
demonstrators and TDR in 2027

Improvements in understanding Belle II 

paying off to increase value of data even further
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R. Tiwary , D. Tonelli , E. Torassa , N. Toutounji , K. Trabelsi , I. Tsaklidis , M. Uchida , I. Ueda ,
Y. Uematsu , T. Uglov , K. Unger , Y. Unno , K. Uno , S. Uno , P. Urquijo , Y. Ushiroda , S. E. Vahsen ,

R. van Tonder , G. S. Varner , K. E. Varvell , M. Veronesi , A. Vinokurova , V. S. Vismaya , L. Vitale ,
R. Volpe , B. Wach , M. Wakai , H. M. Wakeling , S. Wallner , E. Wang , M.-Z. Wang , X. L. Wang ,
Z. Wang , A. Warburton , M. Watanabe , S. Watanuki , M. Welsch , C. Wessel , E. Won , X. P. Xu ,
B. D. Yabsley , S. Yamada , W. Yan , S. B. Yang , J. Yelton , J. H. Yin , Y. M. Yook , K. Yoshihara ,
C. Z. Yuan , Y. Yusa , L. Zani , V. Zhilich , J. S. Zhou , Q. D. Zhou , X. Y. Zhou , and V. I. Zhukova

(The Belle II Collaboration)

We search for the rare decayB+ → K+ωω̄ in a 362 fb→1 sample of electron-positron collisions at the
ε (4S) resonance collected with the Belle II detector at the SuperKEKB collider. We use the inclusive
properties of the accompanying B meson in ε (4S) → BB events to suppress background from other
decays of the signal B candidate and light-quark pair production. We validate the measurement
with an auxiliary analysis based on a conventional hadronic reconstruction of the accompanying B
meson. For background suppression, we exploit distinct signal features using machine learning meth-
ods tuned with simulated data. The signal-reconstruction e!ciency and background suppression
are validated through various control channels. The branching fraction is extracted in a maximum
likelihood fit. Our inclusive and hadronic analyses yield consistent results for the B+ → K+ωω̄
branching fraction of [2.7± 0.5(stat)± 0.5(syst)] ↑ 10→5 and

[
1.1+0.9

→0.8(stat)
+0.8
→0.5(syst)

]
↑ 10→5, re-

spectively. Combining the results, we determine the branching fraction of the decay B+ → K+ωω̄
to be

[
2.3± 0.5(stat)+0.5

→0.4(syst)
]
↑ 10→5, providing the first evidence for this decay at 3.5 standard

deviations. The combined result is 2.7 standard deviations above the standard model expectation.

I. INTRODUCTION

Flavor-changing neutral-current transitions, such as
b → sωω̄ and b → sεε, where ε represents a charged lep-
ton, are suppressed in the standard model (SM) of par-
ticle physics, because of the Glashow-Iliopoulos-Maiani
mechanism [1]. These transitions can only occur at
higher orders in SM perturbation theory through weak-
interaction amplitudes that involve the exchange of at
least two gauge bosons. Rate predictions for b → sεε

have significant theoretical uncertainties from the break-
down of factorization due to photon exchange [2]. This
process does not contribute to b → sωω̄, so the corre-
sponding rate predictions are relatively precise.

The b → sωω̄ transition provides the leading ampli-
tudes for the B

+ → K
+
ωω̄ decay in the SM, as shown in

Fig. 1. The SM branching fraction of the B
+ → K

+
ωω̄

decay [3] is predicted in Ref. [4] to be

B(B+ → K
+
ωω̄) = (5.58 ± 0.37) ↑ 10→6

, (1)

including a contribution of (0.61 ± 0.06) ↑ 10→6 from
the long-distance double-charged-current B

+ → ϑ
+(→

K
+
ω̄)ω decay. The B

+ → K
+
ωω̄ decay rate can be signif-

icantly modified in models that predict non-SM particles,
such as leptoquarks [5]. In addition, the B

+ meson could
decay into a kaon and an undetectable particle, such as
an axion [6] or a dark-sector mediator [7].

In all analyses reported to date [8–13], no evidence for
a signal has been found, and the current experimental
upper limit on the branching fraction is 1.6↑10→5 at the
90% confidence level [14]. The study of the B

+ → K
+
ωω̄

decay is experimentally challenging as the final state con-
tains two neutrinos that are not reconstructed. This pre-
vents the full reconstruction of the kinematic properties
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W
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+
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+
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u
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+
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FIG. 1. Lowest-order quark-level diagrams for the B+ →
K+ωω̄ decay in the SM are either of the penguin (a), or box
type (b): examples are shown. The long-distance double-
charged-current diagram (c) arising at tree level in the SM
also contributes to the B+ → K+ωω̄ decay.

of the decay, hindering the di!erentiation of signal dis-
tributions from background.

In this study the signal B meson is produced in the
e
+
e
→ → ϖ (4S) → B

+
B

→ process. The at-threshold pro-
duction of BB pairs helps to mitigate the limitations due
to the unconstrained kinematics, as the partner B meson
can be used to infer the presence and properties of the
signal B. An inclusive tagging analysis method (ITA)
exploiting inclusive properties from the B meson pair-
produced along with the signal B, is applied to the en-
tire Belle II data set currently available, superseding the
results of Ref. [13], where this method was first used. In
addition, an auxiliary analysis using the well-established

  reinterpretationB+ → K+νν Submitted to PRD

arXiv:2507.12393

+ NP?

Belle II established first evidence for B+ → K+νν

18

TABLE II. Sources of systematic uncertainty in the HTA (see caption of Table I for details).

Source Correction Uncertainty type, Uncertainty size Impact on ωµ

parameters

Normalization of BB background Global, 1 30% 0.91
Normalization of continuum background Global, 2 50% 0.58
Leading B-decay branching fractions Shape, 3 O(1%) 0.10
Branching fraction for B+ → K+K0

LK
0

L q2 dependent O(100%) Shape, 1 20% 0.20
Branching fraction for B → D→→ Shape, 1 50% < 0.01
Branching fraction for B+ → K+nn̄ q2 dependent O(100%) Shape, 1 100% 0.05
Branching fraction for D → K0

LX +30% Shape, 1 10% 0.03
Continuum-background modeling, BDTc Multivariate O(10%) Shape, 1 100% of correction 0.29
Number of BB Global, 1 1.5% 0.07
Track finding e!ciency Global, 1 0.3% 0.01
Signal-kaon PID p, ε dependent O(10–100%) Shape, 3 O(1%) < 0.01
Extra-photon multiplicity nωextra dependent O(20%) Shape, 1 O(20%) 0.61
K0

L e!ciency Shape, 1 17% 0.31
Signal SM form factors q2 dependent O(1%) Shape, 3 O(1%) 0.06
Signal e!ciency Shape, 6 16% 0.42
Simulated-sample size Shape, 18 O(1%) 0.60

FIG. 15. Observed yields and fit results in bins of the ϑ(BDT2) ↑ q2rec space obtained by the ITA simultaneous fit to the
o”- and on-resonance data, corresponding to an integrated luminosity of 42 and 362 fb↑1, respectively. The yields are shown
individually for the B+ → K+ϖϖ̄ signal, neutral and charged B-meson decays and the sum of the five continuum categories.
The yields are obtained in bins of the ϑ(BDT2)↑ q2rec space. The pull distributions are shown in the bottom panel.

not alter the ITA result significantly. The ITA sample
with removed overlapping events is used for the compat-
ibility checks. The ITA and HTA measurements agree,
with a di!erence in signal strength of 1.2 standard devi-
ations.

XIII. CONSISTENCY CHECKS

Several checks are performed to test the validity of the
analysis.

Simulation and data events are divided into approxi-
mately same-size statistically independent samples (split
samples) according to various criteria: data-taking pe-
riod; missing-momentum direction; momentum of the
rest-of-event particles; number of photons, charged par-
ticles, and lepton candidates in the event; kaon direction;

q2
rec =

s
4

+ m2
K − sE*K ≃ (pν + pν)2

Phys. Rev. D 109, 112006 (2024)

arXiv:2311.14647

→ BF 2.7 sigma above SM …

… could this be due to NP?

How to check, since analysis assumes 

SM shapes and efficiencies …
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Figure 2. The B+ → K+ωω̄ di!erential branching fraction
prediction from Eq. (7). Individual contributions are shown
here with the combinations of vector, scalar and tensor Wilson
coe”cients set to unity, respectively. The uncertainties shown
(bands) stem from the hadronic parameters.

BSZ parametrization [27], which is truncated at the sec-
ond order. The eight resulting hadronic parameters are
obtained from a joint theoretical prior probability density
function (PDF) comprised of the 2021 lattice world aver-
age based on results by the Fermilab/MILC and HPQCD
collaborations [11, 28]. Theoretical predictions are ob-
tained from the EOS software [29, 30]. The predicted
kinematic distributions of the respective vector, scalar
and tensor operators are shown in Fig. 2.

To obtain a marginal posterior for the WET Wilson co-
e!cients, we introduce 11 additional parameters to the
B+ → K+ωω̄ statistical model. These include three un-
constrained parameters of interest,

ω = [CVL + CVR, CSL + CSR, CTL], (8)

along with eight nuisance parameters that parameter-
ize the hadronic form factors. The latter set comprises
8 correlated parameters, which are decorrelated using
the eigendecomposition of their covariance matrix (see
App. B of Ref. [1]). The three nuisance parameters
for the hadronic parameters entering the SM prediction,
which were already present in the statistical model, are
removed to avoid double counting. We exploit the sym-
metry of Eq. (7) and sample only in the octant of the pa-
rameter space where all Wilson coe!cients are positive,
and symmetrize the samples afterward. To this end, we
choose uniform priors for all Wilson coe!cients in the
range [0, 20], in the chosen parametrization. Uniform
priors are justified by neither wanting to assign prefer-
ence to any part of the parameter space, nor anticipat-
ing inference based on a non-linear transformation of the
Wilson coe!cients in this study. Ranges are chosen to
cover the full posterior. The marginal posterior is shown
in Fig. 3. There is a clear deviation from the SM in the
vector sector, as expected from the result of Ref. [2]. Fur-
ther, we find that the posterior distribution peaks around
a non-zero value for the tensor contribution. This indi-
cates that a pure SM signal template does not provide the
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Figure 3. The marginalized posterior for the Wilson coe”-
cients in Eq. (7). We adopt the convention that CVL + CVR,
CSL+CSR and CTL are real valued. Diagonal and o!-diagonal
panels show the 1-dimensional and 2-dimensional sample den-
sity PDFs on a linear scale, respectively. The overall scale is
omitted, as all relevant information is contained in the shape
of the distribution. The contours indicate 68% and 95% cred-
ible intervals. The dashed black lines and cross mark the SM
point; the dash-dotted yellow lines and cross indicate the pos-
terior mode; dotted red lines mark the symmetry axes used
for sample symmetrization.

best description of the data (see Appendix A). From the
1-dimensional marginal posterior distributions, we can
calculate the highest density credible intervals (HDI)3 at
68% and 95% probability on the absolute values of the
Wilson coe!cients. The posterior mode and the credible
intervals are shown in Table I.

Table I. The mode of the posterior, and HDI at 68% and 95%
for the (sums of the) WET Wilson coe”cients in Eq. (7),
derived from the posterior in Fig. 3.

Parameters Mode 68% HDI 95% HDI

|CVL + CVR|
|CSL + CSR|
|CTL|

11.3

0.00

8.21

[7.82, 14.6]

[0.00, 9.58]

[2.29, 9.62]

[1.86, 16.2]

[0.00, 15.4]

[0.00, 11.2]

To provide a baseline for comparison, we assess the
e”ect of neglecting kinematic shape information by com-
puting credible intervals using a simplified reinterpre-
tation approach. Technically, this is implemented by

3 The smallest possible credible interval at a given probability
level.

36 4

0 5 10 15 20

q2 [GeV2]

25

8

4

8

4

8

4

8

4

-1

q2 re
c

[G
eV

2 ]

25
-1

↑
↓

25
-1

↑
↓

25
-1

↑
↓

1

0.98

0.96

0.94

0.92

�(
B

D
T

2)

10�3

10�2

10�1

100

E
ve

nt
s

(w
ei

gh
te

d)

Belle II preliminary
simulation

Figure 1. The ITA binned joint number densities. The hori-
zontal axis corresponds to the generated q2. The vertical axis
represents the binning used in the B+ → K+ωω̄ analysis [2].
The heatmap shows the weighted signal events.

with the weight factor w(q2) = ω1(q2)/ω0(q2). For an ap-
plication to a binned likelihood, such as the B+ → K+εε̄
likelihood [2], the reweighting step of Eq. (3) becomes

n1,x =
∑

q2 bins

n0,xq2 wq2 , (4)

where the subscripts represent bin indices. The discrete
joint number density n0,xq2 and weights wq2 = ω1,q2/ω0,q2

can be obtained from the continuous counterparts by in-
tegrating over the corresponding bin intervals, as detailed
in Ref. [1]. This reweighting process only requires knowl-
edge of the joint null number density n0,xq2 , the basis of
the model-agnostic likelihood. Together with the weight
factor wq2 , this is su!cient information to predict the
number density based on any alternative theory, enabling
the statistical inference of relevant parameters. This rein-
terpretation method, integrated within the pyhf frame-
work [20, 21], is implemented in the redist software [22].

To obtain the joint number density n0,xq2 , we use sim-
ulated SM signal events from the B+ → K+εε̄ analy-
sis [2], satisfying all selection criteria. These include in-
formation on the generated and reconstructed squared
momenta, q2 and q2rec, as well as the classifier responses
ϑ(BDT2) and ϑ(BDTh). The number of q2 bins for n0,xq2

is determined by the di”erences between the null and the
anticipated alternative distributions. The null distribu-
tion is the B+ → K+εε̄ SM prediction based on the form
factors from Ref. [11]. The WET predicts a broad distri-
bution in q2. With future studies in mind, the binning
strategy is optimized to capture localized features in the
q2 spectrum, resulting in 100 equally spaced q2 bins in
the kinematically allowed region plus one negative q2 bin
for events falling outside of this region. An example of
n0,xq2 for the ITA is shown in Fig. 1.

In this reinterpretation study, we build on the
HistFactory likelihood [19], to construct a Bayesian pos-

terior for parameter inference. Starting from the likeli-
hood,

p (n,a|ω,ε) = p(n|ω,ε) p(a|ε), (5)

with observed and auxiliary data, n,a, respectively, and
unconstrained parameters of interest ω and constrained
nuisance parameters ε, we construct the posterior model

p (ω,ε|n,a) ↑ p (n|ω,ε) p (ε|a) p (ω) . (6)

The likelihood for constraining nuisance parameters with
auxiliary data, p(a|ε), is translated into a prior for
all constrained parameters p(ε|a) ↑ p(a|ε) p(ε) with a
normally distributed initial prior p(ε), as detailed in
Ref. [23]. Additionally, a prior for unconstrained pa-
rameters p (ω) is introduced. The bayesian pyhf frame-
work [23] implements the posterior, using pymc [24] as a
back-end for sampling.

A commonly-used framework to describe NP scenarios
without using a UV-complete theoretical model is the
WET. Following Ref. [1], we consider six local operators
of mass dimension six [25], where we assume massless
neutrinos and consider operators as sums over neutrino
flavors. The resulting di”erential branching fraction for
B+ → K+εε̄ as predicted by the WET is given by [25,
26]

dB
dq2

= 3ϖB

(
4GF↓

2

ϱ

2ς

)2

|V →
tsVtb|

2

↓
φBKq2

(4ς)3M3
B

·
[
φBK

24q2
∣∣f+(q2)

∣∣2 |CVL + CVR|2

+

(
M2

B ↔ M2
K

)2

8 (mb ↔ ms)
2

∣∣f0(q2)
∣∣2 |CSL + CSR|2

+
2φBK

3 (MB + MK)2
∣∣fT (q2)

∣∣2 |CTL|2
]
,

(7)

where MB ,MK are the masses of the B meson and
the kaon, respectively, mb and ms are the masses of
the b and s quarks in the MS scheme, respectively,
φBK ↗ φ(M2

B ,M
2
K , q2) is the Källén function, GF is the

Fermi constant, ϱ is the fine structure constant, ϖB is
the lifetime of the B meson, and Vij are the Cabibbo-
Kobayashi-Maskawa quark mixing matrix elements. The
hadronic matrix elements are described by three indepen-
dent hadronic form factors f+(q2), f0(q2) and fT (q2).
The complex-valued Wilson coe!cients Cωε represent
the couplings of each contributing operator, where ↼
stands for vector (V), scalar (S), and tensor (T) oper-
ators, respectively, and ↽ represent left- (L) or right-
handed (R) fields. Due to sensitivity to only the ab-
solute values of the three linear combinations of Wil-
son coe!cients, this analysis treats each linear combi-
nation as a real-valued number. When using the WET
formalism as in Ref. [1], the only non-zero operator in
the SM is CSM

VL = 6.6 ± 0.1 [4]. In this reinterpretation
study, the form factors are parametrized following the

Implementing the proposal of L. Gärtner et al. Eur.Phys.J.C 84 (2024) 7, 693 
Model-independent analysis possible

Key idea: derive correction map

w(q2) =
σNP(q2)
σSM(q2)

Which for a binned likelihood fit

Essentially is encoded in a mapping matrix
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Figure 1. The ITA binned joint number densities. The hori-
zontal axis corresponds to the generated q2. The vertical axis
represents the binning used in the B+ → K+ωω̄ analysis [2].
The heatmap shows the weighted signal events.

with the weight factor w(q2) = ω1(q2)/ω0(q2). For an ap-
plication to a binned likelihood, such as the B+ → K+εε̄
likelihood [2], the reweighting step of Eq. (3) becomes

n1,x =
∑

q2 bins

n0,xq2 wq2 , (4)

where the subscripts represent bin indices. The discrete
joint number density n0,xq2 and weights wq2 = ω1,q2/ω0,q2

can be obtained from the continuous counterparts by in-
tegrating over the corresponding bin intervals, as detailed
in Ref. [1]. This reweighting process only requires knowl-
edge of the joint null number density n0,xq2 , the basis of
the model-agnostic likelihood. Together with the weight
factor wq2 , this is su!cient information to predict the
number density based on any alternative theory, enabling
the statistical inference of relevant parameters. This rein-
terpretation method, integrated within the pyhf frame-
work [20, 21], is implemented in the redist software [22].

To obtain the joint number density n0,xq2 , we use sim-
ulated SM signal events from the B+ → K+εε̄ analy-
sis [2], satisfying all selection criteria. These include in-
formation on the generated and reconstructed squared
momenta, q2 and q2rec, as well as the classifier responses
ϑ(BDT2) and ϑ(BDTh). The number of q2 bins for n0,xq2

is determined by the di”erences between the null and the
anticipated alternative distributions. The null distribu-
tion is the B+ → K+εε̄ SM prediction based on the form
factors from Ref. [11]. The WET predicts a broad distri-
bution in q2. With future studies in mind, the binning
strategy is optimized to capture localized features in the
q2 spectrum, resulting in 100 equally spaced q2 bins in
the kinematically allowed region plus one negative q2 bin
for events falling outside of this region. An example of
n0,xq2 for the ITA is shown in Fig. 1.

In this reinterpretation study, we build on the
HistFactory likelihood [19], to construct a Bayesian pos-

terior for parameter inference. Starting from the likeli-
hood,

p (n,a|ω,ε) = p(n|ω,ε) p(a|ε), (5)

with observed and auxiliary data, n,a, respectively, and
unconstrained parameters of interest ω and constrained
nuisance parameters ε, we construct the posterior model

p (ω,ε|n,a) ↑ p (n|ω,ε) p (ε|a) p (ω) . (6)

The likelihood for constraining nuisance parameters with
auxiliary data, p(a|ε), is translated into a prior for
all constrained parameters p(ε|a) ↑ p(a|ε) p(ε) with a
normally distributed initial prior p(ε), as detailed in
Ref. [23]. Additionally, a prior for unconstrained pa-
rameters p (ω) is introduced. The bayesian pyhf frame-
work [23] implements the posterior, using pymc [24] as a
back-end for sampling.

A commonly-used framework to describe NP scenarios
without using a UV-complete theoretical model is the
WET. Following Ref. [1], we consider six local operators
of mass dimension six [25], where we assume massless
neutrinos and consider operators as sums over neutrino
flavors. The resulting di”erential branching fraction for
B+ → K+εε̄ as predicted by the WET is given by [25,
26]

dB
dq2

= 3ϖB

(
4GF↓

2

ϱ

2ς

)2

|V →
tsVtb|

2

↓
φBKq2

(4ς)3M3
B

·
[
φBK

24q2
∣∣f+(q2)

∣∣2 |CVL + CVR|2

+

(
M2

B ↔ M2
K

)2

8 (mb ↔ ms)
2

∣∣f0(q2)
∣∣2 |CSL + CSR|2

+
2φBK

3 (MB + MK)2
∣∣fT (q2)

∣∣2 |CTL|2
]
,

(7)

where MB ,MK are the masses of the B meson and
the kaon, respectively, mb and ms are the masses of
the b and s quarks in the MS scheme, respectively,
φBK ↗ φ(M2

B ,M
2
K , q2) is the Källén function, GF is the

Fermi constant, ϱ is the fine structure constant, ϖB is
the lifetime of the B meson, and Vij are the Cabibbo-
Kobayashi-Maskawa quark mixing matrix elements. The
hadronic matrix elements are described by three indepen-
dent hadronic form factors f+(q2), f0(q2) and fT (q2).
The complex-valued Wilson coe!cients Cωε represent
the couplings of each contributing operator, where ↼
stands for vector (V), scalar (S), and tensor (T) oper-
ators, respectively, and ↽ represent left- (L) or right-
handed (R) fields. Due to sensitivity to only the ab-
solute values of the three linear combinations of Wil-
son coe!cients, this analysis treats each linear combi-
nation as a real-valued number. When using the WET
formalism as in Ref. [1], the only non-zero operator in
the SM is CSM

VL = 6.6 ± 0.1 [4]. In this reinterpretation
study, the form factors are parametrized following the

WET Analysis: 

Map will be published on HepData; allows 
outsiders to make correct interpretations

SM  and all others zeroCVL = 6.6 ± 0.1
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Figure 1. Distribution of cos ωBY after signal selection shown separately for the charged and neutral modes and electron and
muon events. The Belle II data are the points with error bars. The stacked histograms show the expected distributions prior to
the fit, normalized to the luminosity and after applying the corrections described in Sec. IIID. Sec. III E describes the di!erent
components. The hatched area represents the statistical and systematic uncertainties of the simulated samples. The panels at
the bottom of each distribution show the di!erence between data and simulation divided by the combined uncertainty.

both B → D and B → D
→ templates; (2) the signal

templates contain tails that migrate into neighbouring
bins of w, and therefore, varying the input distribution
a!ects the magnitude of the bin-to-bin migrations.

To propagate these e!ects into the fit, the covariance
matrices of the B → D and B → D

→ form factors in
Refs. [5, 23] are decomposed into their eigendirections.
A nuisance parameter is assigned to every eigencompo-
nent and constrained to vary within the corresponding
uncertainty. Variations of the B → Dωεω form factor are
fully correlated over all signal templates, while variations
of the B → D

→
ωεω parameters simultaneously a!ect all

feed-down background templates. There are 8 (5) pa-
rameters for the Dωεω (D→

ωεω) form factor shapes.

3. Xcεϑω model

Exclusive semileptonic B decay modes other than B →
D

(→)
ωεω are adjusted to their measured branching frac-

tions [10] and allowed to vary within their experimen-

tal uncertainty. Unmeasured modes (B → Dϑωεω and
B → D

→
ϑωεω) are added to fill the gap to the inclusive

semileptonic B decay rate in equal parts and are allowed
to vary in the fit with a 100% uncertainty. In total, 24
nuisance parameters are used to account for systematic
variations of the Xcωεω model.

4. D meson branching fractions

The D
0 → K

↑
ϖ
+ and the D

+ → K
↑
ϖ
+
ϖ
+ branching

fractions are re-scaled to the latest world average values
and allowed to vary within their respective uncertain-
ties [10] (two parameters).

5. Charged particle tracking

Di!erences between track finding e”ciencies in data
and simulation for tracks above 300 MeV are determined
in e

+
e
↑ → ϱ

+
ϱ
↑ events, in which one ϱ lepton decays

D*
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Figure 4.2.: Illustration of the interplay between the di�erent tagging methods. The trade-
o� is always between information/purity and e�ciency. This originates from
the constraints on the reconstructed B mesons, e.g. for the hadronic and
semileptonic tag candidate a specific decay has to be reconstructed, whereas
the inclusive tag candidate is constructed without any requirement on the
specific decay. For this analysis, the most important key performance indicator
of the tagging variant is e�ciency. Figure taken from [25].

lower energetic track is rejected.

Photons are reconstructed from calorimeter clusters where no charged track is located in
the proximity.

Particle candidates surviving this selection are used to form a Btag candidate.

4.1.1. Inclusive Btag Reconstruction

After cleansing the ROE from beam remnants and reconstruction artifacts, the remaining
tracks and neutral clusters are combined to the inclusive Btag candidate. Its four-vector in
the center-of-mass frame is given by

p
µ

cms =
AÒ

p
2
cms + m

2
B

pcms

B

, (4.1)

with pcms =
q

pi ’p œ ROE. The momentum magnitude of the four-vector is constrained
by the kinematics of the two-body decay �(4S) æ B+B≠. This information is used to
fix the magnitude of the momentum component p to the value of 332 MeV, which yields
a much better momentum resolution compared to the reconstructed magnitude of the
momentum from the sum of all ROE tracks and clusters. Thus only the direction of the
inclusive Btag is determined from the reconstructed tracks and clusters.

To further improve the resolution of the inclusive tag candidate, the error of the momentum
distribution is studied. There is no information available on the specific decay mode of
the tag-side B when using this inclusive approach. Therefore, no information is available

Introduction

8

● B±/0 ➝ D0/±ℓ𝜈
○ The 2nd largest branching fraction (~2%) of B decays
○ Clean mode

■ Only one large physics background: B ➝ D*ℓ𝜈 feed down
■ Implement a D* veto

○ Only one form factor (D meson is a scalar)
○ ➝ small statistical, theoretical uncertainties

● Event selection and classification
○ Cut on Event shape, Bsig vertex fit quality, Btag mass

■ Suppress continuum, other BB̄ backgrounds
○ Selected events ➝ 1 signal + 4 backgrounds (see plot)
○ Signal and backgrounds are well separated in cos𝜃BY .

■ [-1, 1] if missing only one particle
■ Use as the fitting variable

B ➝ Dℓ𝜈

Large BF (~ 2%), but need to reject sizable 
contamination from B → D*ℓν̄ℓ

Use  to separate Signal  

& Bkg
cos θBY ∈ [−1,1]

From inclusive tag

Lepton 
+ D

Signal-B

Neutrino

Reconstruct  with inclusive taggingB → Dℓν̄ℓ

cos θBY

Submitted to PRD

arXiv:2506.15256

After Multivariate  
and continuum suppression

B → D*ℓν̄ℓ Signal : Bkg = 1 : 4
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Figure 4.2.: Illustration of the interplay between the di�erent tagging methods. The trade-
o� is always between information/purity and e�ciency. This originates from
the constraints on the reconstructed B mesons, e.g. for the hadronic and
semileptonic tag candidate a specific decay has to be reconstructed, whereas
the inclusive tag candidate is constructed without any requirement on the
specific decay. For this analysis, the most important key performance indicator
of the tagging variant is e�ciency. Figure taken from [25].

lower energetic track is rejected.

Photons are reconstructed from calorimeter clusters where no charged track is located in
the proximity.

Particle candidates surviving this selection are used to form a Btag candidate.

4.1.1. Inclusive Btag Reconstruction

After cleansing the ROE from beam remnants and reconstruction artifacts, the remaining
tracks and neutral clusters are combined to the inclusive Btag candidate. Its four-vector in
the center-of-mass frame is given by

p
µ

cms =
AÒ

p
2
cms + m

2
B

pcms

B

, (4.1)

with pcms =
q

pi ’p œ ROE. The momentum magnitude of the four-vector is constrained
by the kinematics of the two-body decay �(4S) æ B+B≠. This information is used to
fix the magnitude of the momentum component p to the value of 332 MeV, which yields
a much better momentum resolution compared to the reconstructed magnitude of the
momentum from the sum of all ROE tracks and clusters. Thus only the direction of the
inclusive Btag is determined from the reconstructed tracks and clusters.

To further improve the resolution of the inclusive tag candidate, the error of the momentum
distribution is studied. There is no information available on the specific decay mode of
the tag-side B when using this inclusive approach. Therefore, no information is available

Large BF (~ 2%), but need to reject sizable 
contamination from B → D*ℓν̄ℓ

Reconstruct  with inclusive taggingB → Dℓν̄ℓ

After Multivariate  
and continuum suppression

B → D*ℓν̄ℓ Signal : Bkg = 1 : 4

Reconstruct in bins of  w = vB ⋅ vD =
m2

B + m2
D − q2

2mDmB
∈ [1,1.5]

9

Figure 2. Fitted distributions of cos ωBY in bins of w in the D0e, D0µ, D+e and D+µ samples. The Belle II data are the points
with error bars. The stacked histograms are simulated events normalized according to the fit result. Sec. III E describes the
di!erent components. The panels at the bottom of each distribution show the di!erence between data and fit results, divided
by the statistical uncertainty.

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10

|Vcb | × 103 = (39.2 ± 0.4 ± 0.6) Most precise from this decay ; 

more precise than Belle II B → D*ℓν̄ℓ

Yield extraction and |Vcb| determination

● Fit cos𝜃BY to extract signal yields in 10 bins of 𝑤
○ Simultaneous fit in 4 channels: D-e+, D-µ+, D0e-, D0µ-

○ Yields ➝ distribution of [decay width vs. 𝑤] with 10 𝑤 values

● Fit the [decay width vs. 𝑤] distribution to extract |Vcb|

9

Phys. Rept. 245, 259 (1994)

∝ signal yield QED correction form factor

q2 = (pB - pD)2

|Vcb|= (39.2 ± 0.4 (stat.) ± 0.6 (sys.) ± 0.5 (th.)) ×10−3

The most precise measurement to date using B ➝ Dℓ𝜈
Result is compatible with the HFLAV exclusive average

dΓ
dw

= |Vcb |2 × ℱ2(w)

Inclusive
Exclusive

Theory input from 
LQCD

Measurement

Precision Determinations of |Vcb | Submitted to PRD

arXiv:2506.15256
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Figure 4.2.: Illustration of the interplay between the di�erent tagging methods. The trade-
o� is always between information/purity and e�ciency. This originates from
the constraints on the reconstructed B mesons, e.g. for the hadronic and
semileptonic tag candidate a specific decay has to be reconstructed, whereas
the inclusive tag candidate is constructed without any requirement on the
specific decay. For this analysis, the most important key performance indicator
of the tagging variant is e�ciency. Figure taken from [25].

lower energetic track is rejected.

Photons are reconstructed from calorimeter clusters where no charged track is located in
the proximity.

Particle candidates surviving this selection are used to form a Btag candidate.

4.1.1. Inclusive Btag Reconstruction

After cleansing the ROE from beam remnants and reconstruction artifacts, the remaining
tracks and neutral clusters are combined to the inclusive Btag candidate. Its four-vector in
the center-of-mass frame is given by

p
µ

cms =
AÒ

p
2
cms + m

2
B

pcms

B

, (4.1)

with pcms =
q

pi ’p œ ROE. The momentum magnitude of the four-vector is constrained
by the kinematics of the two-body decay �(4S) æ B+B≠. This information is used to
fix the magnitude of the momentum component p to the value of 332 MeV, which yields
a much better momentum resolution compared to the reconstructed magnitude of the
momentum from the sum of all ROE tracks and clusters. Thus only the direction of the
inclusive Btag is determined from the reconstructed tracks and clusters.

To further improve the resolution of the inclusive tag candidate, the error of the momentum
distribution is studied. There is no information available on the specific decay mode of
the tag-side B when using this inclusive approach. Therefore, no information is available

Search for B → XsννThe Belle Experiment
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[PRELIMINARY ]

∘ BSM =(2.9 ± 0.3)× 10
−5

[JHEP 02 (2015) 184 ]

∘ B < 6.4 × 10
−4

at 90 % C.L. [ALEPH, EPJC 19 (2001) 213 ]

∘ using Belle II sample of 362 fb
−1

∘ Hadronic B - tagging
∘ Sum- of - exclusive from 30 decay modes (∼90 % of inclusive )

B(B→Xs νν) <

2.5 × 10
−5 (0.0 < MXs

< 0.6 GeV /c2)

1.0 × 10
−4 (0.6 < MX

s
< 1.0 GeV /c2)

3.5 × 10
−4 (1.0 < MX

s
)

B(B→Xsν ν) < 3.6 × 10
−4

at 90% C.L.

⇒ The most stringent upper limit on B→Xs ν ν decay

∘ For background suppression , use BDT
( include sum of remaining energy in ECL )

∘ signal extraction in (BDT output) × MXs
plane

' 'Measurements of electroweak penguin and 
LFV B decays with missing energy at Belle and Belle II ' '

(V.Bertacchi)

To be submitted
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Figure 4.2.: Illustration of the interplay between the di�erent tagging methods. The trade-
o� is always between information/purity and e�ciency. This originates from
the constraints on the reconstructed B mesons, e.g. for the hadronic and
semileptonic tag candidate a specific decay has to be reconstructed, whereas
the inclusive tag candidate is constructed without any requirement on the
specific decay. For this analysis, the most important key performance indicator
of the tagging variant is e�ciency. Figure taken from [25].

lower energetic track is rejected.

Photons are reconstructed from calorimeter clusters where no charged track is located in
the proximity.

Particle candidates surviving this selection are used to form a Btag candidate.

4.1.1. Inclusive Btag Reconstruction

After cleansing the ROE from beam remnants and reconstruction artifacts, the remaining
tracks and neutral clusters are combined to the inclusive Btag candidate. Its four-vector in
the center-of-mass frame is given by

p
µ

cms =
AÒ

p
2
cms + m

2
B

pcms

B

, (4.1)

with pcms =
q

pi ’p œ ROE. The momentum magnitude of the four-vector is constrained
by the kinematics of the two-body decay �(4S) æ B+B≠. This information is used to
fix the magnitude of the momentum component p to the value of 332 MeV, which yields
a much better momentum resolution compared to the reconstructed magnitude of the
momentum from the sum of all ROE tracks and clusters. Thus only the direction of the
inclusive Btag is determined from the reconstructed tracks and clusters.

To further improve the resolution of the inclusive tag candidate, the error of the momentum
distribution is studied. There is no information available on the specific decay mode of
the tag-side B when using this inclusive approach. Therefore, no information is available

Search for B → XsννThe Belle Experiment

Belle recorded 711 fb�1 on the ⌥(4S) resonance.
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[PRELIMINARY ]

∘ BSM =(2.9 ± 0.3)× 10
−5

[JHEP 02 (2015) 184 ]

∘ B < 6.4 × 10
−4

at 90 % C.L. [ALEPH, EPJC 19 (2001) 213 ]

∘ using Belle II sample of 362 fb
−1

∘ Hadronic B - tagging
∘ Sum- of - exclusive from 30 decay modes (∼90 % of inclusive )

B(B→Xs νν) <

2.5 × 10
−5 (0.0 < MXs

< 0.6 GeV /c2)

1.0 × 10
−4 (0.6 < MX

s
< 1.0 GeV /c2)

3.5 × 10
−4 (1.0 < MX

s
)

B(B→Xsν ν) < 3.6 × 10
−4

at 90% C.L.

⇒ The most stringent upper limit on B→Xs ν ν decay

∘ For background suppression , use BDT
( include sum of remaining energy in ECL )

∘ signal extraction in (BDT output) × MXs
plane

' 'Measurements of electroweak penguin and 
LFV B decays with missing energy at Belle and Belle II ' '

(V.Bertacchi)

Use SEM (Sum-over-exclusive-
Modes) method to reconstruct Xs

Capture ~90% of  BFXs

To be submitted
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Figure 4.2.: Illustration of the interplay between the di�erent tagging methods. The trade-
o� is always between information/purity and e�ciency. This originates from
the constraints on the reconstructed B mesons, e.g. for the hadronic and
semileptonic tag candidate a specific decay has to be reconstructed, whereas
the inclusive tag candidate is constructed without any requirement on the
specific decay. For this analysis, the most important key performance indicator
of the tagging variant is e�ciency. Figure taken from [25].

lower energetic track is rejected.

Photons are reconstructed from calorimeter clusters where no charged track is located in
the proximity.

Particle candidates surviving this selection are used to form a Btag candidate.

4.1.1. Inclusive Btag Reconstruction

After cleansing the ROE from beam remnants and reconstruction artifacts, the remaining
tracks and neutral clusters are combined to the inclusive Btag candidate. Its four-vector in
the center-of-mass frame is given by

p
µ

cms =
AÒ

p
2
cms + m

2
B

pcms

B

, (4.1)

with pcms =
q

pi ’p œ ROE. The momentum magnitude of the four-vector is constrained
by the kinematics of the two-body decay �(4S) æ B+B≠. This information is used to
fix the magnitude of the momentum component p to the value of 332 MeV, which yields
a much better momentum resolution compared to the reconstructed magnitude of the
momentum from the sum of all ROE tracks and clusters. Thus only the direction of the
inclusive Btag is determined from the reconstructed tracks and clusters.

To further improve the resolution of the inclusive tag candidate, the error of the momentum
distribution is studied. There is no information available on the specific decay mode of
the tag-side B when using this inclusive approach. Therefore, no information is available

Search for B → XsννThe Belle Experiment
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[PRELIMINARY ]

∘ BSM =(2.9 ± 0.3)× 10
−5

[JHEP 02 (2015) 184 ]

∘ B < 6.4 × 10
−4

at 90 % C.L. [ALEPH, EPJC 19 (2001) 213 ]

∘ using Belle II sample of 362 fb
−1

∘ Hadronic B - tagging
∘ Sum- of - exclusive from 30 decay modes (∼90 % of inclusive )

B(B→Xs νν) <

2.5 × 10
−5 (0.0 < MXs

< 0.6 GeV /c2)

1.0 × 10
−4 (0.6 < MX

s
< 1.0 GeV /c2)

3.5 × 10
−4 (1.0 < MX

s
)

B(B→Xsν ν) < 3.6 × 10
−4

at 90% C.L.

⇒ The most stringent upper limit on B→Xs ν ν decay

∘ For background suppression , use BDT
( include sum of remaining energy in ECL )

∘ signal extraction in (BDT output) × MXs
plane

' 'Measurements of electroweak penguin and 
LFV B decays with missing energy at Belle and Belle II ' '

(V.Bertacchi)

Use SEM (Sum-over-exclusive-
Modes) method to reconstruct Xs

Capture ~90% of  BFXs

Use BDT to suppress 
Backgrounds:


𝐵 → 𝑋𝑠𝜈 ҧ𝜈

22

● 365 𝑓𝑏−1 on-resonance data is used for this analysis

● Hadronic tagging method is used

● 30 decay modes are reconstructed for the sum of exclusive method

𝑒− 𝑒+
Υ(4𝑆)

𝐵𝑠𝑖𝑔

𝑋𝑠

ҧ𝜈

𝜈

𝐵𝑡𝑎𝑔

tag side

reconstructed
signal side

 It covers ~93% of entire 𝑋𝑠𝜈 ҧ𝜈 decay based on Monte Carlo sample, 
with assuming 𝐾0 equally decays into 𝐾𝑆

0 or 𝐾𝐿
0 

→(4S)
ν

ν̄
ℬ

τ
τ𝖡→𝖪

𝖲𝖪𝖬𝟧 𝖲𝟦𝟣𝟧

 SEARCHB Υ XSσσ̄
G. DE MARINO (IJS) — LEPTON-PHOTON 2025 

•  JHEP02(2015)184 
- Theoretically clean and sensitive to several possible sources of NP  
  (complementary to the exclusive  searches)  JHEP12(2021)118 

• Only measurement from ALEPH   EPJC 19,2130227(2001) 
Only possible at e+e- experiments

𝖿𝗈𝗋(𝖲𝖱→𝖪νν̄) = (𝖣.× ± 𝖡.𝟢) − ′𝖡𝒪ℒ

𝖾(*)

𝖿𝖦𝖥 < 𝟤.𝗍 − ′𝖡𝒪𝗍

𝟢𝟤ℒ 𝗂𝖢𝒪′

10

ℓ

τ+

τ𝖡ℓ

ℓ ℓ

τ+

Rest Of Event

𝒫𝒫𝖯𝖥 (𝗎𝗒𝖤)

Strategy 

• Btag ↦ full reconstruction in hadronic modes 
Bsig ↦ 30 exclusive decay modes 

• Multivariate analysis (BDT) for background suppression ↦ output  
- Most powerful variable: the sum of remaining energy in calorimeter 

𝖼
𝒫𝒫𝖯𝖥

𝗇≤𝗒𝗉𝖬𝗌𝖬𝗀𝟣≤𝖺, 𝟩𝟣𝟩𝗒≤ 𝖬𝗀 𝟩≤𝗒𝟩𝟣≤𝟣𝟦𝖬𝟥𝗀

Most 
powerful 
variable 
EECL

To be submitted
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Figure 4.2.: Illustration of the interplay between the di�erent tagging methods. The trade-
o� is always between information/purity and e�ciency. This originates from
the constraints on the reconstructed B mesons, e.g. for the hadronic and
semileptonic tag candidate a specific decay has to be reconstructed, whereas
the inclusive tag candidate is constructed without any requirement on the
specific decay. For this analysis, the most important key performance indicator
of the tagging variant is e�ciency. Figure taken from [25].

lower energetic track is rejected.

Photons are reconstructed from calorimeter clusters where no charged track is located in
the proximity.

Particle candidates surviving this selection are used to form a Btag candidate.

4.1.1. Inclusive Btag Reconstruction

After cleansing the ROE from beam remnants and reconstruction artifacts, the remaining
tracks and neutral clusters are combined to the inclusive Btag candidate. Its four-vector in
the center-of-mass frame is given by

p
µ

cms =
AÒ

p
2
cms + m

2
B

pcms

B

, (4.1)

with pcms =
q

pi ’p œ ROE. The momentum magnitude of the four-vector is constrained
by the kinematics of the two-body decay �(4S) æ B+B≠. This information is used to
fix the magnitude of the momentum component p to the value of 332 MeV, which yields
a much better momentum resolution compared to the reconstructed magnitude of the
momentum from the sum of all ROE tracks and clusters. Thus only the direction of the
inclusive Btag is determined from the reconstructed tracks and clusters.

To further improve the resolution of the inclusive tag candidate, the error of the momentum
distribution is studied. There is no information available on the specific decay mode of
the tag-side B when using this inclusive approach. Therefore, no information is available
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TABLE I: Summary of dominant systematic uncertainties and
the total contribution from subdominant uncertainties on the
B(B → Xsωω̄) in the entire MXs range. The impact on the
branching fraction uncertainty εB from each source is esti-
mated by fixing the corresponding nuisance parameter in the
minimization procedure and subtracting its uncertainty in
quadrature from the total uncertainty. Due to correlations
among sources, the quadrature sum of individual systematic
uncertainties does not equal the total systematic uncertainty.

Source Impact on εB [10→5]

MC statistics 6.4

Background normalization 6.2

Branching ratio of major B meson decay 2.4

Non-resonant Xsωω̄ generation point 2.3

O selection e!ciency 2.3

Photon multiplicity correction 2.0

qq̄ background e!ciency 1.9

Other subdominant contributions 2.9

Total systematic sources 12.3

tics of the background MC sample. A systematic uncer-301
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< 0.6GeV/c2, 0.6 <303
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< 1.0GeV/c2, and 1.0 < M reco
Xs

< 2.0GeV/c2. This304

uncertainty is estimated from the ratio between data and305

MC samples in the M tag
bc and O sideband regions, where306

the maximum observed deviation is 15%. To estimate the307

systematic uncertainty of the photon multiplicity correc-308

tion factor, we compare the photon multiplicity distri-309

butions in data and MC sample with B0
tag-X

±
su candi-310

dates. ±100% of the residual di!erence is assigned as311

the systematic uncertainty. The mass point at which the312

non-resonant B → Xsωω̄ sample starts to populate is313

set to be MXs = 1.1GeV/c2. We assign a systematic314

uncertainty of ±0.1GeV/c2 to this mass point, which is315

conservatively estimated from the MXs distribution of316

B → Xsε decays [21]. Uncertainties on the branching317

fraction of the leading B meson decay [28] are also in-318

cluded as a systematic uncertainty. The full list of other319

subdominant contributions about the systematic uncer-320

tainties is included in the Supplemental Material [30].321

The distribution of the bin index after the fit is shown322

in Fig. 2. The results of branching fractions are summa-323

rized in Table II. The observed signal yield is not signif-324

icant, and upper limits (ULs) of the branching ratio are325

determined by CLs method [40]. CLs values are shown326

in the Supplemental Material [30]. The central value of327

B(B → Kωω̄) is [0.5+0.9
→0.8(stat)

+0.9
→0.8(syst)] ↑ 10→5, consis-328

tent with the value [1.1+0.9
→0.8(stat)

+0.8
→0.5(syst)] ↑ 10→5 ob-329

tained in the dedicated B+
→ K+ωω̄ analysis [6].330

After unveiling, a bug in the single-candidate selection331

procedure was discovered and corrected. This correction332

resulted in a 2.6% change in the expected upper limit333

from the MC sample and a 0.6% change in the observed334

FIG. 2: The bin index distribution after the fit, for data
and histogram templates. The background templates are
separated into 6 categories: charged B meson decay, neu-
tral B meson decay, and four types of e+e→ → qq̄ back-
ground (q = u, d, s, c).

TABLE II: E!ciencies (ϑ), signal yields (Nsig), and
branching-fraction (B) central values and upper limits, where
the subscripts obs and exp indicate observed and expected
values, respectively. The e!ciencies are determined from the
fit, since they depend on nuisance parameters. They are re-
lated by B = Nsig/(2↑NBB ↑ ϑ), where NBB is the number
of BB̄ pairs. The expected upper limit is calculated from MC
with the SM expectation. The first and second uncertainties
are statistical and systematic, respectively. Mmax

Xs
is the mass

of the B meson.

B [10→5]

MXs
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GeV/c2

]
ϑ Nsig Central value ULobs ULexp

[0, 0.6] 0.26% 10+18
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→0.8 2.5 2.4
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→2.7 10.1 7.3
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+13.7
→11.5 34.4 27.4

Full range 0.09% 80+61
→59

+92
→78 11.7+8.9

→8.6
+13.3
→11.3 35.7 26.5

upper limit from data.335

In summary, we have searched for B → Xsωω̄ de-336

cay with a hadronic tagging method using 365.4 fb→1 of337

”(4S) and 42.7 fb→1 of o!-resonance data samples col-338

lected by the Belle II experiment. No significant signal339

is observed, and we set the 90% C.L. upper limits on the340

branching ratios 2.5↑ 10→5 for 0.0 < MXs < 0.6GeV/c2,341

1.0 ↑ 10→4 for 0.6 < MXs < 1.0GeV/c2, and 3.5 ↑ 10→4
342

for 1.0GeV/c2 < MXs . We also extract the branching343

fraction for the entire MXs region by adding the branch-344

ing ratio at the three MXs regions. The central value is345

given by346

B(B → Xsωω̄) = [1.2+0.9
→0.9(stat)

+1.3
→1.1(syst)]↑ 10→4,347
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TABLE I: Summary of dominant systematic uncertainties and
the total contribution from subdominant uncertainties on the
B(B → Xsωω̄) in the entire MXs range. The impact on the
branching fraction uncertainty εB from each source is esti-
mated by fixing the corresponding nuisance parameter in the
minimization procedure and subtracting its uncertainty in
quadrature from the total uncertainty. Due to correlations
among sources, the quadrature sum of individual systematic
uncertainties does not equal the total systematic uncertainty.
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MC statistics 6.4

Background normalization 6.2

Branching ratio of major B meson decay 2.4

Non-resonant Xsωω̄ generation point 2.3

O selection e!ciency 2.3

Photon multiplicity correction 2.0

qq̄ background e!ciency 1.9

Other subdominant contributions 2.9

Total systematic sources 12.3

tics of the background MC sample. A systematic uncer-301

tainty of ±20% is assigned to the background normal-302
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uncertainty is estimated from the ratio between data and305

MC samples in the M tag
bc and O sideband regions, where306

the maximum observed deviation is 15%. To estimate the307

systematic uncertainty of the photon multiplicity correc-308

tion factor, we compare the photon multiplicity distri-309

butions in data and MC sample with B0
tag-X

±
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dates. ±100% of the residual di!erence is assigned as311

the systematic uncertainty. The mass point at which the312

non-resonant B → Xsωω̄ sample starts to populate is313

set to be MXs = 1.1GeV/c2. We assign a systematic314

uncertainty of ±0.1GeV/c2 to this mass point, which is315

conservatively estimated from the MXs distribution of316

B → Xsε decays [21]. Uncertainties on the branching317

fraction of the leading B meson decay [28] are also in-318

cluded as a systematic uncertainty. The full list of other319

subdominant contributions about the systematic uncer-320

tainties is included in the Supplemental Material [30].321

The distribution of the bin index after the fit is shown322

in Fig. 2. The results of branching fractions are summa-323

rized in Table II. The observed signal yield is not signif-324

icant, and upper limits (ULs) of the branching ratio are325

determined by CLs method [40]. CLs values are shown326

in the Supplemental Material [30]. The central value of327

B(B → Kωω̄) is [0.5+0.9
→0.8(stat)

+0.9
→0.8(syst)] ↑ 10→5, consis-328

tent with the value [1.1+0.9
→0.8(stat)

+0.8
→0.5(syst)] ↑ 10→5 ob-329

tained in the dedicated B+
→ K+ωω̄ analysis [6].330

After unveiling, a bug in the single-candidate selection331

procedure was discovered and corrected. This correction332

resulted in a 2.6% change in the expected upper limit333

from the MC sample and a 0.6% change in the observed334

FIG. 2: The bin index distribution after the fit, for data
and histogram templates. The background templates are
separated into 6 categories: charged B meson decay, neu-
tral B meson decay, and four types of e+e→ → qq̄ back-
ground (q = u, d, s, c).

TABLE II: E!ciencies (ϑ), signal yields (Nsig), and
branching-fraction (B) central values and upper limits, where
the subscripts obs and exp indicate observed and expected
values, respectively. The e!ciencies are determined from the
fit, since they depend on nuisance parameters. They are re-
lated by B = Nsig/(2↑NBB ↑ ϑ), where NBB is the number
of BB̄ pairs. The expected upper limit is calculated from MC
with the SM expectation. The first and second uncertainties
are statistical and systematic, respectively. Mmax

Xs
is the mass

of the B meson.
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+13.3
→11.3 35.7 26.5

upper limit from data.335

In summary, we have searched for B → Xsωω̄ de-336

cay with a hadronic tagging method using 365.4 fb→1 of337

”(4S) and 42.7 fb→1 of o!-resonance data samples col-338

lected by the Belle II experiment. No significant signal339

is observed, and we set the 90% C.L. upper limits on the340

branching ratios 2.5↑ 10→5 for 0.0 < MXs < 0.6GeV/c2,341

1.0 ↑ 10→4 for 0.6 < MXs < 1.0GeV/c2, and 3.5 ↑ 10→4
342

for 1.0GeV/c2 < MXs . We also extract the branching343

fraction for the entire MXs region by adding the branch-344

ing ratio at the three MXs regions. The central value is345

given by346

B(B → Xsωω̄) = [1.2+0.9
→0.9(stat)

+1.3
→1.1(syst)]↑ 10→4,347
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[PRELIMINARY ]

∘ BSM =(2.9 ± 0.3)× 10
−5

[JHEP 02 (2015) 184 ]

∘ B < 6.4 × 10
−4

at 90 % C.L. [ALEPH, EPJC 19 (2001) 213 ]

∘ using Belle II sample of 362 fb
−1

∘ Hadronic B - tagging
∘ Sum- of - exclusive from 30 decay modes (∼90 % of inclusive )

B(B→Xs νν) <

2.5 × 10
−5 (0.0 < MXs

< 0.6 GeV /c2)

1.0 × 10
−4 (0.6 < MX

s
< 1.0 GeV /c2)

3.5 × 10
−4 (1.0 < MX

s
)

B(B→Xsν ν) < 3.6 × 10
−4

at 90% C.L.

⇒ The most stringent upper limit on B→Xs ν ν decay

∘ For background suppression , use BDT
( include sum of remaining energy in ECL )

∘ signal extraction in (BDT output) × MXs
plane

' 'Measurements of electroweak penguin and 
LFV B decays with missing energy at Belle and Belle II ' '

(V.Bertacchi)
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TABLE I: Summary of dominant systematic uncertainties and
the total contribution from subdominant uncertainties on the
B(B → Xsωω̄) in the entire MXs range. The impact on the
branching fraction uncertainty εB from each source is esti-
mated by fixing the corresponding nuisance parameter in the
minimization procedure and subtracting its uncertainty in
quadrature from the total uncertainty. Due to correlations
among sources, the quadrature sum of individual systematic
uncertainties does not equal the total systematic uncertainty.
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Non-resonant Xsωω̄ generation point 2.3
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conservatively estimated from the MXs distribution of316
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subdominant contributions about the systematic uncer-320
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The distribution of the bin index after the fit is shown322

in Fig. 2. The results of branching fractions are summa-323

rized in Table II. The observed signal yield is not signif-324

icant, and upper limits (ULs) of the branching ratio are325

determined by CLs method [40]. CLs values are shown326

in the Supplemental Material [30]. The central value of327
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FIG. 2: The bin index distribution after the fit, for data
and histogram templates. The background templates are
separated into 6 categories: charged B meson decay, neu-
tral B meson decay, and four types of e+e→ → qq̄ back-
ground (q = u, d, s, c).

TABLE II: E!ciencies (ϑ), signal yields (Nsig), and
branching-fraction (B) central values and upper limits, where
the subscripts obs and exp indicate observed and expected
values, respectively. The e!ciencies are determined from the
fit, since they depend on nuisance parameters. They are re-
lated by B = Nsig/(2↑NBB ↑ ϑ), where NBB is the number
of BB̄ pairs. The expected upper limit is calculated from MC
with the SM expectation. The first and second uncertainties
are statistical and systematic, respectively. Mmax

Xs
is the mass

of the B meson.

B [10→5]

MXs

[
GeV/c2

]
ϑ Nsig Central value ULobs ULexp

[0, 0.6] 0.26% 10+18
→17

+18
→16 0.5+0.9

→0.8
+0.9
→0.8 2.5 2.4

[0.6, 1.0] 0.12% 37+27
→25

+31
→26 3.8+2.8

→2.6
+3.2
→2.7 10.1 7.3

[1.0,Mmax
Xs

] 0.06% 33+44
→42

+63
→53 7.3+9.6

→9.3
+13.7
→11.5 34.4 27.4

Full range 0.09% 80+61
→59

+92
→78 11.7+8.9

→8.6
+13.3
→11.3 35.7 26.5

upper limit from data.335
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cay with a hadronic tagging method using 365.4 fb→1 of337
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TABLE I: Summary of dominant systematic uncertainties and
the total contribution from subdominant uncertainties on the
B(B → Xsωω̄) in the entire MXs range. The impact on the
branching fraction uncertainty εB from each source is esti-
mated by fixing the corresponding nuisance parameter in the
minimization procedure and subtracting its uncertainty in
quadrature from the total uncertainty. Due to correlations
among sources, the quadrature sum of individual systematic
uncertainties does not equal the total systematic uncertainty.

Source Impact on εB [10→5]

MC statistics 6.4

Background normalization 6.2

Branching ratio of major B meson decay 2.4

Non-resonant Xsωω̄ generation point 2.3

O selection e!ciency 2.3

Photon multiplicity correction 2.0

qq̄ background e!ciency 1.9

Other subdominant contributions 2.9

Total systematic sources 12.3

tics of the background MC sample. A systematic uncer-301

tainty of ±20% is assigned to the background normal-302

ization in each M reco
Xs

region: M reco
Xs

< 0.6GeV/c2, 0.6 <303

M reco
Xs

< 1.0GeV/c2, and 1.0 < M reco
Xs

< 2.0GeV/c2. This304

uncertainty is estimated from the ratio between data and305

MC samples in the M tag
bc and O sideband regions, where306

the maximum observed deviation is 15%. To estimate the307

systematic uncertainty of the photon multiplicity correc-308

tion factor, we compare the photon multiplicity distri-309

butions in data and MC sample with B0
tag-X

±
su candi-310

dates. ±100% of the residual di!erence is assigned as311

the systematic uncertainty. The mass point at which the312

non-resonant B → Xsωω̄ sample starts to populate is313

set to be MXs = 1.1GeV/c2. We assign a systematic314

uncertainty of ±0.1GeV/c2 to this mass point, which is315

conservatively estimated from the MXs distribution of316

B → Xsε decays [21]. Uncertainties on the branching317

fraction of the leading B meson decay [28] are also in-318

cluded as a systematic uncertainty. The full list of other319

subdominant contributions about the systematic uncer-320

tainties is included in the Supplemental Material [30].321

The distribution of the bin index after the fit is shown322

in Fig. 2. The results of branching fractions are summa-323

rized in Table II. The observed signal yield is not signif-324

icant, and upper limits (ULs) of the branching ratio are325

determined by CLs method [40]. CLs values are shown326

in the Supplemental Material [30]. The central value of327

B(B → Kωω̄) is [0.5+0.9
→0.8(stat)

+0.9
→0.8(syst)] ↑ 10→5, consis-328

tent with the value [1.1+0.9
→0.8(stat)

+0.8
→0.5(syst)] ↑ 10→5 ob-329

tained in the dedicated B+
→ K+ωω̄ analysis [6].330

After unveiling, a bug in the single-candidate selection331

procedure was discovered and corrected. This correction332

resulted in a 2.6% change in the expected upper limit333

from the MC sample and a 0.6% change in the observed334

FIG. 2: The bin index distribution after the fit, for data
and histogram templates. The background templates are
separated into 6 categories: charged B meson decay, neu-
tral B meson decay, and four types of e+e→ → qq̄ back-
ground (q = u, d, s, c).

TABLE II: E!ciencies (ϑ), signal yields (Nsig), and
branching-fraction (B) central values and upper limits, where
the subscripts obs and exp indicate observed and expected
values, respectively. The e!ciencies are determined from the
fit, since they depend on nuisance parameters. They are re-
lated by B = Nsig/(2↑NBB ↑ ϑ), where NBB is the number
of BB̄ pairs. The expected upper limit is calculated from MC
with the SM expectation. The first and second uncertainties
are statistical and systematic, respectively. Mmax

Xs
is the mass

of the B meson.
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→11.5 34.4 27.4

Full range 0.09% 80+61
→59

+92
→78 11.7+8.9

→8.6
+13.3
→11.3 35.7 26.5

upper limit from data.335

In summary, we have searched for B → Xsωω̄ de-336

cay with a hadronic tagging method using 365.4 fb→1 of337

”(4S) and 42.7 fb→1 of o!-resonance data samples col-338

lected by the Belle II experiment. No significant signal339

is observed, and we set the 90% C.L. upper limits on the340

branching ratios 2.5↑ 10→5 for 0.0 < MXs < 0.6GeV/c2,341

1.0 ↑ 10→4 for 0.6 < MXs < 1.0GeV/c2, and 3.5 ↑ 10→4
342

for 1.0GeV/c2 < MXs . We also extract the branching343

fraction for the entire MXs region by adding the branch-344

ing ratio at the three MXs regions. The central value is345

given by346

B(B → Xsωω̄) = [1.2+0.9
→0.9(stat)

+1.3
→1.1(syst)]↑ 10→4,347
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TABLE I: Summary of dominant systematic uncertainties and
the total contribution from subdominant uncertainties on the
B(B → Xsωω̄) in the entire MXs range. The impact on the
branching fraction uncertainty εB from each source is esti-
mated by fixing the corresponding nuisance parameter in the
minimization procedure and subtracting its uncertainty in
quadrature from the total uncertainty. Due to correlations
among sources, the quadrature sum of individual systematic
uncertainties does not equal the total systematic uncertainty.

Source Impact on εB [10→5]

MC statistics 6.4

Background normalization 6.2

Branching ratio of major B meson decay 2.4

Non-resonant Xsωω̄ generation point 2.3

O selection e!ciency 2.3

Photon multiplicity correction 2.0

qq̄ background e!ciency 1.9

Other subdominant contributions 2.9

Total systematic sources 12.3
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tainty of ±20% is assigned to the background normal-302

ization in each M reco
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< 0.6GeV/c2, 0.6 <303

M reco
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< 1.0GeV/c2, and 1.0 < M reco
Xs

< 2.0GeV/c2. This304

uncertainty is estimated from the ratio between data and305

MC samples in the M tag
bc and O sideband regions, where306

the maximum observed deviation is 15%. To estimate the307

systematic uncertainty of the photon multiplicity correc-308

tion factor, we compare the photon multiplicity distri-309

butions in data and MC sample with B0
tag-X

±
su candi-310

dates. ±100% of the residual di!erence is assigned as311

the systematic uncertainty. The mass point at which the312

non-resonant B → Xsωω̄ sample starts to populate is313

set to be MXs = 1.1GeV/c2. We assign a systematic314

uncertainty of ±0.1GeV/c2 to this mass point, which is315

conservatively estimated from the MXs distribution of316

B → Xsε decays [21]. Uncertainties on the branching317

fraction of the leading B meson decay [28] are also in-318

cluded as a systematic uncertainty. The full list of other319

subdominant contributions about the systematic uncer-320

tainties is included in the Supplemental Material [30].321

The distribution of the bin index after the fit is shown322

in Fig. 2. The results of branching fractions are summa-323

rized in Table II. The observed signal yield is not signif-324

icant, and upper limits (ULs) of the branching ratio are325

determined by CLs method [40]. CLs values are shown326

in the Supplemental Material [30]. The central value of327

B(B → Kωω̄) is [0.5+0.9
→0.8(stat)

+0.9
→0.8(syst)] ↑ 10→5, consis-328

tent with the value [1.1+0.9
→0.8(stat)

+0.8
→0.5(syst)] ↑ 10→5 ob-329

tained in the dedicated B+
→ K+ωω̄ analysis [6].330

After unveiling, a bug in the single-candidate selection331

procedure was discovered and corrected. This correction332

resulted in a 2.6% change in the expected upper limit333

from the MC sample and a 0.6% change in the observed334

FIG. 2: The bin index distribution after the fit, for data
and histogram templates. The background templates are
separated into 6 categories: charged B meson decay, neu-
tral B meson decay, and four types of e+e→ → qq̄ back-
ground (q = u, d, s, c).

TABLE II: E!ciencies (ϑ), signal yields (Nsig), and
branching-fraction (B) central values and upper limits, where
the subscripts obs and exp indicate observed and expected
values, respectively. The e!ciencies are determined from the
fit, since they depend on nuisance parameters. They are re-
lated by B = Nsig/(2↑NBB ↑ ϑ), where NBB is the number
of BB̄ pairs. The expected upper limit is calculated from MC
with the SM expectation. The first and second uncertainties
are statistical and systematic, respectively. Mmax

Xs
is the mass

of the B meson.
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MXs
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ϑ Nsig Central value ULobs ULexp

[0, 0.6] 0.26% 10+18
→17

+18
→16 0.5+0.9

→0.8
+0.9
→0.8 2.5 2.4

[0.6, 1.0] 0.12% 37+27
→25

+31
→26 3.8+2.8

→2.6
+3.2
→2.7 10.1 7.3

[1.0,Mmax
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] 0.06% 33+44
→42

+63
→53 7.3+9.6

→9.3
+13.7
→11.5 34.4 27.4

Full range 0.09% 80+61
→59

+92
→78 11.7+8.9

→8.6
+13.3
→11.3 35.7 26.5

upper limit from data.335

In summary, we have searched for B → Xsωω̄ de-336

cay with a hadronic tagging method using 365.4 fb→1 of337

”(4S) and 42.7 fb→1 of o!-resonance data samples col-338

lected by the Belle II experiment. No significant signal339

is observed, and we set the 90% C.L. upper limits on the340

branching ratios 2.5↑ 10→5 for 0.0 < MXs < 0.6GeV/c2,341

1.0 ↑ 10→4 for 0.6 < MXs < 1.0GeV/c2, and 3.5 ↑ 10→4
342

for 1.0GeV/c2 < MXs . We also extract the branching343

fraction for the entire MXs region by adding the branch-344

ing ratio at the three MXs regions. The central value is345

given by346

B(B → Xsωω̄) = [1.2+0.9
→0.9(stat)

+1.3
→1.1(syst)]↑ 10→4,347
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TABLE I: Summary of dominant systematic uncertainties and
the total contribution from subdominant uncertainties on the
B(B → Xsωω̄) in the entire MXs range. The impact on the
branching fraction uncertainty εB from each source is esti-
mated by fixing the corresponding nuisance parameter in the
minimization procedure and subtracting its uncertainty in
quadrature from the total uncertainty. Due to correlations
among sources, the quadrature sum of individual systematic
uncertainties does not equal the total systematic uncertainty.

Source Impact on εB [10→5]

MC statistics 6.4

Background normalization 6.2

Branching ratio of major B meson decay 2.4

Non-resonant Xsωω̄ generation point 2.3

O selection e!ciency 2.3

Photon multiplicity correction 2.0

qq̄ background e!ciency 1.9

Other subdominant contributions 2.9

Total systematic sources 12.3

tics of the background MC sample. A systematic uncer-301

tainty of ±20% is assigned to the background normal-302

ization in each M reco
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< 0.6GeV/c2, 0.6 <303

M reco
Xs

< 1.0GeV/c2, and 1.0 < M reco
Xs

< 2.0GeV/c2. This304

uncertainty is estimated from the ratio between data and305

MC samples in the M tag
bc and O sideband regions, where306

the maximum observed deviation is 15%. To estimate the307

systematic uncertainty of the photon multiplicity correc-308

tion factor, we compare the photon multiplicity distri-309

butions in data and MC sample with B0
tag-X

±
su candi-310

dates. ±100% of the residual di!erence is assigned as311

the systematic uncertainty. The mass point at which the312

non-resonant B → Xsωω̄ sample starts to populate is313

set to be MXs = 1.1GeV/c2. We assign a systematic314

uncertainty of ±0.1GeV/c2 to this mass point, which is315

conservatively estimated from the MXs distribution of316

B → Xsε decays [21]. Uncertainties on the branching317

fraction of the leading B meson decay [28] are also in-318

cluded as a systematic uncertainty. The full list of other319

subdominant contributions about the systematic uncer-320

tainties is included in the Supplemental Material [30].321

The distribution of the bin index after the fit is shown322

in Fig. 2. The results of branching fractions are summa-323

rized in Table II. The observed signal yield is not signif-324

icant, and upper limits (ULs) of the branching ratio are325

determined by CLs method [40]. CLs values are shown326

in the Supplemental Material [30]. The central value of327

B(B → Kωω̄) is [0.5+0.9
→0.8(stat)

+0.9
→0.8(syst)] ↑ 10→5, consis-328

tent with the value [1.1+0.9
→0.8(stat)

+0.8
→0.5(syst)] ↑ 10→5 ob-329

tained in the dedicated B+
→ K+ωω̄ analysis [6].330

After unveiling, a bug in the single-candidate selection331

procedure was discovered and corrected. This correction332

resulted in a 2.6% change in the expected upper limit333

from the MC sample and a 0.6% change in the observed334

FIG. 2: The bin index distribution after the fit, for data
and histogram templates. The background templates are
separated into 6 categories: charged B meson decay, neu-
tral B meson decay, and four types of e+e→ → qq̄ back-
ground (q = u, d, s, c).

TABLE II: E!ciencies (ϑ), signal yields (Nsig), and
branching-fraction (B) central values and upper limits, where
the subscripts obs and exp indicate observed and expected
values, respectively. The e!ciencies are determined from the
fit, since they depend on nuisance parameters. They are re-
lated by B = Nsig/(2↑NBB ↑ ϑ), where NBB is the number
of BB̄ pairs. The expected upper limit is calculated from MC
with the SM expectation. The first and second uncertainties
are statistical and systematic, respectively. Mmax

Xs
is the mass

of the B meson.
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MXs
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[0, 0.6] 0.26% 10+18
→17

+18
→16 0.5+0.9

→0.8
+0.9
→0.8 2.5 2.4

[0.6, 1.0] 0.12% 37+27
→25

+31
→26 3.8+2.8
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+3.2
→2.7 10.1 7.3
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] 0.06% 33+44
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+63
→53 7.3+9.6

→9.3
+13.7
→11.5 34.4 27.4

Full range 0.09% 80+61
→59

+92
→78 11.7+8.9

→8.6
+13.3
→11.3 35.7 26.5

upper limit from data.335

In summary, we have searched for B → Xsωω̄ de-336

cay with a hadronic tagging method using 365.4 fb→1 of337

”(4S) and 42.7 fb→1 of o!-resonance data samples col-338

lected by the Belle II experiment. No significant signal339

is observed, and we set the 90% C.L. upper limits on the340

branching ratios 2.5↑ 10→5 for 0.0 < MXs < 0.6GeV/c2,341

1.0 ↑ 10→4 for 0.6 < MXs < 1.0GeV/c2, and 3.5 ↑ 10→4
342

for 1.0GeV/c2 < MXs . We also extract the branching343

fraction for the entire MXs region by adding the branch-344

ing ratio at the three MXs regions. The central value is345

given by346

B(B → Xsωω̄) = [1.2+0.9
→0.9(stat)

+1.3
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To be submitted

∘ BSM =(2.9 ± 0.3)× 10
−5

[JHEP 02 (2015) 184 ]

∘ B < 6.4 × 10
−4

at 90 % C.L. [ALEPH, EPJC 19 (2001) 213 ]

∘ using Belle II sample of 362 fb
−1

Main systematic uncertainties:

• MC statistics

• ± 20% bkg normalization from sidebands

• Modelling of  decaysXs
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Search for τ → 3μ J. High Energ. Phys. 2024, 62 (2024)

Belle II is also a  factory :  τ

Summary of LFV projections. We provide a naive set of 50 ab�1projections for 90% C.L.

upper limits based on zero-background scenarios in Fig. 189. In this case, all limits follow

linearly with the increase in integrated luminosity, with a reasonable assumption that the

Belle II analyses will have the same e�ciency as that of Belle. As shown earlier in this section,

it may be feasible to reach zero-background in many channels, particularly those with all

charged particle final states. A simulation study of a challenging case was presented, that

of ⌧ ! µ�, which we found could conceivably be isolated from background with optimised

analysis techniques. It would be realistic to assume that some modes with neutrals may

eventually contain some irreducible background, in which case the improvement on the limits

will be approximately one order of magnitude, rather than two in the zero background case

presented in the figure.
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Fig. 189: Current 90% C.L. upper limits for the branching fraction of ⌧ LFV decays obtained in the CLEO,
BaBar, and Belle experiments. Purple boxes, blue inverted triangles, green triangles and yellow boxes show
CLEO, BaBar, Belle and LHCb results, respectively, while red circles express the Belle II future prospects,
where they are extrapolated from Belle results assuming the integrated luminosity of 50 ab�1.

15.3. CP violation in ⌧ decays

(Contributing authors: I. Bigi, K. Hayasaka, E. Kou, B. Moussallam, E. Passemar)

In the three-generation SM, the violation of CP is explained by the Kobayashi-Maskawa

mechanism. It predicts the CP violation in the quark sector as well as an absence of CP

violation in the lepton sector. Therefore, the study of CP violation in semi-hadronic ⌧ decays

o↵ers a unique search of physics beyond the SM, namely a new source of CP violation beyond

the Kobayashi-Maskawa mechanism. If ⌧ CP violation is observed, it implies that there exists

a new CP violating coupling in the ⌧ � ⌫⌧ and/or d � u or s � u current in addition to the

one induced in the SM by the K0 � K
0

mixing.

The first CP asymmetry measurement in ⌧ decays was performed using the decay rate

di↵erence between ⌧+ ! ⇡+K0
S ⌫̄⌧ and ⌧� ! ⇡�K0

S⌫⌧ :

A⌧ =
�(⌧+ ! ⇡+K0

S ⌫̄⌧ ) � �(⌧� ! ⇡�K0
S⌫⌧ )

�(⌧+ ! ⇡+K0
S ⌫̄⌧ ) + �(⌧� ! ⇡�K0

S⌫⌧ )
(508)

514/688

Sensitivity ~10-9

  

' ' τ center ' '
∘ Belle II is also a τ -factory !
∘ lepton �avour violating decays of the τ as NP probe

⇒ Lepton Kavor conservation accidental symmetry of SM, many NP models can
naturally break this symmetry

10−9

22

expected Belle II
sensitivity

55

Test lepton flavor conservation ; 
many NP models break this 
symmetry 

σ(e+e− → τ+τ−) = 0.92 nb Υ(4S)@
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Figure 4. Scatter plot of selected events in the (M3µ, !E3µ) plane for data (orange crosses) and
simulated signal (color-filled area). The SB region is shown as the red rectangle. The yellow ellipse
represents the signal region. Events outside the black rectangle, representing the ±20ω region, are
discarded.

signal side and ε→ → µ→ϑϑ̄ decays in the tag side, as well as improved muon identification.

The number of background events expected from simulation is 0.43. The inclusive-tagging

selection has a 37% higher e”ciency than that of the one-prong tagging method for a

similar level of background and is thus used as the final result.

5 Result

The distribution of events in the (M3µ, !E3µ) plane is shown in Fig. 4 for data and

simulated signal events. We observe one event in the signal region, Nobs = 1. Using a

signal e”ciency of ϖ3µ = (20.42± 0.06+1.02
→0.84)%, where the first uncertainty is statistical and

the second are systematic, and a number of expected background events Nexp = 0.7+0.6+0.1
→0.5→0.1

in the formula given in Eq. 5.1,

B(ε→ → µ→µ+µ→) =
Nobs ↑Nexp

L↓ 2ϱωω ↓ ϖ3µ
, (5.1)

we compute a branching fraction of B(ε→ → µ→µ+µ→) = (2.1+5.1
→2.4 ± 0.4)↓ 10→9, where the

first uncertainty is statistical and the second is systematic. The other inputs to Eq. 5.1

are the integrated luminosity L = 424 ± 3 fb→1 of the analyzed data sample; the ε -pair

production cross section ϱωω = 0.919 ± 0.003 nb, where a weighted average of the cross

sections at the di#erent data taking energies is used. The distributions of all selected events

in the ±20 ω region for data and simulation for the M3µ and !E3µ variables are shown in

Fig. 5.
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Reconstruct 

& second  inclusively 

τ → μμμ
τ

Figure 2. Comparison between data (black points with error bars) and simulation for the BDT
output distribution for events in the sideband region after the preselection. The various simulated
background processes are shown as a stack of color-filled histograms, with statistical uncertainties
displayed as hatched areas, while the signal is shown as a red histogram with an arbitrary scale.

We take into account the systematic uncertainty associated with the corrections to the

simulated muon-identification e!ciencies, derived from auxiliary measurements in data us-

ing J/ω → µ+µ→, e+e→ → µ+µ→ε, and e+e→ → e+e→µ+µ→ events. These corrections

are obtained as functions of momentum, polar angle and charge, and applied to events

reconstructed from simulation. The systematic uncertainty is obtained by varying the cor-

rections within their statistical and systematic uncertainties and estimating the impact of

these variations on the selection e!ciency. Adding the statistical and systematic variations

in quadrature, the result is a relative uncertainty in the signal e!ciency of +2.4
→2.1%.

The di”erence between data and simulation in track-reconstruction e!ciency is mea-

sured in e+e→ → ϑ+ϑ→ events, selecting ϑ→ → e→ϖeϖω and ϑ→ → ϱ→ϱ+ϱ→ϖω decays. A

discrepancy of 0.24% per track is observed, resulting in a systematic uncertainty of 1.0%.

The agreement between data and simulation for the trigger e!ciency is evaluated

using the ϑ→ → ϱ→ϱ+ϱ→ϖω control sample. In data, the trigger e!ciency is computed

using independent trigger selections: the e!ciency of the ECL-based trigger selection is

obtained using events triggered by the CDC, while the e!ciency of the CDC-based trigger

selection is evaluated using events passing the ECL trigger requirements. The agreement

between data and simulation e!ciencies is 0.5% for the ECL trigger selection and is 4.3%

for the CDC trigger selection. Given that the e!ciency of trigger selections based on the

ECL only is 88%, the weighted average of the discrepancies is computed to be 0.7% and

this is used as the systematic uncertainty of the trigger e!ciency. The possible bias coming
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SignalBkg
with 32 variables

samples as function of the particle momentum: di-photon events are used for the e!ciency

measurement below 1.5 GeV/c while J/” and di-muon events are used for higher momenta.

As an example, the muon identification e!ciency for the requirement Pµ > 0.5(0.95) is

92(89)% with a pion misidentification probability of 5(3)%, for particle momenta between

1.0 and 1.5GeV/c.

Since the decay ω→ → µ→µ+µ→ is a neutrinoless process, the invariant mass M3µ of

the reconstructed muons should be consistent with the mass of the ω lepton, except for

decays a#ected by final state radiation (FSR) from the ω or its decay products. The energy

E↑
ω in the c.m. system should be half of the e+e→ c.m. energy

↑
s/2 except for corrections

from initial state radiation (ISR) from the e± beams and FSR. Thus, the energy di#erence

$E3µ = E↑
ω ↓

↑
s/2 should be close to zero. These characteristic features are used to define

the signal region, which is hidden until the finalization of the selection procedure to avoid

any experimenter’s bias, and to optimize the selection criteria, which maximize the signal

e!ciency and suppress the contribution of background events. The distribution of signal

in the (M3µ, $E3µ) plane is broadened by detector resolution and radiative e#ects. The

radiation of photons from the initial state leads to a tail at low values of $E3µ while FSR

produces a tail at low value both in M3µ and $E3µ.

Previous B-factory experiments relied on the reconstruction of e+e→ → ω+ω→ events

where one ω decays to µ→µ+µ→ and the other ω , named the tag, decays into a final state with

a single charged particle. The background rejection strategy relied on a cut-based selection.

Here, we expand the search by using inclusive tagging to include a wider range of decays

for the tag ω lepton. We also optimize the signal e!ciency and reduce the background by

using boosted decision trees (BDT). To compare the sensitivity of the inclusive tagging

to the traditional one-prong tagging, we also perform a validation using a reconstruction

method similar to the one used previously by Belle [10] and BaBar [12].

3.2 Inclusive tagging selection

Signal candidate ω→ → µ→µ+µ→ decays are obtained by combining three muons originating

from the interaction point with a total charge equal to ±1, belonging to the same hemi-

sphere and having Pµ > 0.5. Instead of explicitly reconstructing the tagged ω lepton, we

use the inclusive properties of all other particles in the event. Photons are reconstructed

from ECL clusters within the CDC acceptance (17↓ < ε < 150↓) and not associated with

any tracks. Photons used for ϑ0 reconstruction must have an energy deposit of at least

0.1 GeV. Neutral pions are then identified as photon pairs with invariant masses within

0.115 < Mεε < 0.152 GeV/c2, which corresponds to a range of approximately ±2.5ϖ

around the known ϑ0 mass [39], ϖ being the Mεε resolution. All photons with energies

greater than 0.2 GeV, along with photons part of reconstructed ϑ0 candidates, are used

to define variables related to the kinematic properties of the event such as the missing

momentum, defined as the di#erence between the momenta of the initial e+e→ and that of

all reconstructed tracks and photons in the event, its mass and the thrust axis. This high

energy threshold for photon candidates aims to reduce photons from beam background.

All tracks and clusters that are not used in the signal reconstruction form the rest of the

event (ROE), whose kinematic properties are exploited for further background suppression.
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Figure 1. The signal distribution in the (Meωω,!Eeωω) plane for MC simulated ω→ → e→e+e→

decays. The blind region is the region inside the black lines, while the signal fit region is the one
between the red lines. The distributions for the other modes are given in the Additional Material
section.

the thrust axis, the missing momentum, defined as the di”erence between the momentum

of the initial e+e→ system and that of all reconstructed tracks and photons in the event,

and the corresponding missing mass.

We also use properties of the rest of the event (ROE) that correspond to the tracks

and photons not used in the reconstruction of the signal decays. The ROE is built from

the tracks with an additional requirement that their transverse momenta be larger than

0.075GeV/c. The mass of each ROE particle is assigned on the basis of the most likely

particle identification hypothesis. In addition, particles in the ROE are required to be

within the CDC angular acceptance, and the total charge of the ROE and signal tracks is

required to be 0.

One of the main background components is from radiative dilepton and four-lepton

events (low-multiplicity backgrounds). In addition, background can arise from e+e→ → qq

events, where pions are misidentified as muons. To suppress backgrounds from events with

misidentified leptons, we tighten the lepton identification criteria requiring at least one

electron and one muon with Pe,µ > 0.9. For the ω→ → e→e+e→ decay, all three electrons

must have Pe > 0.9. For some modes, the comparison between data and simulation outside

the blind region shows a large data excess, as illustrated in Fig. 2 for the ω→ → e→µ+e→

decay. This excess is consistent with low-multiplicity backgrounds such as four-lepton final

state processes with initial and final state radiation, which are not simulated. Processes

with converted photons are rejected using a minimal threshold on the invariant mass of

opposite lepton pairs computed assuming an electron mass hypothesis, Mω
ε1ε2

. This thresh-

old is set to 50MeV/c2 for the ω→ → e→e+e→ decay and 25MeV/c2 for the other decays. In

addition, the total visible energy in the c.m., E↑
vis, is required to be less than 10.4GeV, and
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Similar approach: τ → eℓℓ

Also use BDT for background 
suppression using ROE, trained 
on sidebands

Define signal window in 
 : ΔEeℓℓ = Eτ − s /2 Meℓℓ

Signal extraction via fit in Meℓℓ

Figure 5. Distribution of data events and fits to the Meωω variable. The background and signal
components of the PDF are shown in red and blue, respectively, while the black dashed line is the
total fitted PDF.
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Table 4. Number of expected and observed events, fitted value of Cbg and branching fractions,
and expected and observed upper limits at 90% C.L. The subscript exp refers to expected values
obtained from the fit to sidebands only.

Nexp Nobs Cbg B (10→8) BUL
exp (10→8) BUL

obs (10→8)

e→e+e→ 6.1+4.3
→2.9 5 0.52+2.64

→2.60 0 2.7 2.5

e→e+µ→ 12.1+5.7
→4.3 12 →0.40+1.67

→1.68 0 2.1 1.6

e→µ+e→ 10.5+5.3
→4.3 17 →2.90+1.48

→1.54 0 1.7 1.6

µ→µ+e→ 20.7+6.6
→5.5 18 →2.50+1.45

→1.52 0.48+0.90
→0.48 1.6 2.4

µ→e+µ→ 7.5+4.5
→3.2 9 →0.34+1.93

→1.94 0 1.4 1.3

The expected and observed limits are given in Table 4 and are more stringent than

previous searches for all modes except the ω→ ↑ e→µ+e→ final state.

8 Summary

We present a search for the LFV decays ω→ ↑ e↑ε±ε→ using a 428 fb→1 data sample

collected by the Belle II experiment. Using an inclusive-tagging reconstruction with a

BDT-based selection, the e!ciencies are higher by factors between 2 and 3.3 than those in

the most recent Belle analysis [14] for an expected number of background events compatible

with zero. No significant signal is found and we compute the upper limits at 90% C.L. The

bounds obtained, between 1.3 and 2.5 ↓10→8, are the most stringent to date for all modes

except ω→ ↑ e→µ+e→.
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CPV in D → ππ

charm BELLE & Belle II

➡ the first and only observation of CPV by LHCb  

•  

• followed by a 3.8σ evidence of direct CPV in D0 → π+π– 

• same-sign CP asymmetries in tension with expected 
~30% breaking of U-spin symmetry that predicts aKK = – aππ  

• observed CPV can be accommodated in the SM by large rescattering effects, 
but non-SM contributions (new physics, NP) are not excluded 

➡ it is essential to continue searching for CPV in charm hadrons 
to understand its origin and further constrain the SM 

• increase the number of channels/observables we look at 

• BELLE & Belle II mainly contribute with meson & baryon decays  
with neutral particles in the final state, allowing to test flavour and U-spin symmetries

−ACP(D0 → KK, ππ) = (Δ15.4 ± 2.9) × 10Δ4 [5.3σ]

CP Violation in Charm
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LHCb-CO
NF-2024-004

PR
L1

22
(2

01
9)

21
18

03
  

PR
L1

31
(2

02
3)

09
18

02

JHEP1907(2019)020

PRL131(2023)051802

Only experimentally established observ. 

of CPV in charm by LHCb

ΔACP(D0 → KK, ππ) = (−15.4 ± 2.9) × 10−4

Origin unclear; could be NP but also due to 
rescattering effects

Isospin-conjugate modes  and 
 of great interest, as either free from 

rescattering diagram or connected via

D+ → π+π0

D+ → π0π0

→ RHFLAV = (0.9 ± 3.1) × 10−3 If all individual  and  

indicate NP contributions

ΔACP ≠ 0 R = 0
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arXiv: 2505.02912Select  decays and reconstruct 

 to tag production flavor
e+e− → cc

D*+ → D0π+

Determine  in 2D fit in Aπ0π0
mπ0π0 : Δm = mπ+π0π0 − mπ0π0
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Figure 2: Distributions of m(ω0ω0) (top) and !m (bottom) for D0 → ω0ω0 candidates with cos εcms(D
→+) < 0 (left) and

cos εcms(D
→+) > 0 (right), with fit projections overlaid. The middle panel of each plot shows the distribution of the di”erence

between observed and fit values divided by the uncertainty (pull), the bottom panel shows the asymmetry between D0 and D0

candidates with the fit projection overlaid.

B. D0 → K↑ω+ control samples

The raw asymmetry of the tagged control sample
is determined from a fit to the !m distribution, in
which only two components are considered: the D→+ →
D0(→ K↑ω+)ω+ decays, and a background made of both
random-pion and combinatorial candidates. The !m
PDF of D0 → K↑ω+ decays is the sum of a Johnson’s
SU and a Gaussian function, with common location and
width parameters that are determined independently for
D0 and D0 decays to account for flavor-dependent mass
biases and resolutions. The background component is
modeled as (!m ↑ mω+)εe↑ϑ(!m↑mω+ ). The relative
fractions of the components, their asymmetries and all
shape parameters are floated in the fit (for a total of

14 floating parameters). Figure 3 shows the results of
the fits to the data. The measured yields of D→+ →
D0(→ K↑ω+)ω+ decays in the forward and backward
bins are 796 000±1 200 and 633 700±1 200, respectively.
The corresponding asymmetries, (↑0.86 ± 0.13)% and
(5.83± 0.13)%, are averaged to obtain

A↓Kω = (2.49± 0.09)% , (12)

where the uncertainties are statistical only.
For untagged decays, we fit to the m(K↑ω+) distribu-

tion, again considering only two components. The un-
tagged D0 → K↑ω+ decays are modeled using the sum
of a Johnson SU and a Gaussian function, with com-
mon mean and flavor-dependent width parameters. A
straight line is used to model the m(K↑ω+) distribu-
tion of the background with a flavor-dependent coe”-
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Figure 2: Distributions of m(ω0ω0) (top) and !m (bottom) for D0 → ω0ω0 candidates with cos εcms(D
→+) < 0 (left) and

cos εcms(D
→+) > 0 (right), with fit projections overlaid. The middle panel of each plot shows the distribution of the di”erence

between observed and fit values divided by the uncertainty (pull), the bottom panel shows the asymmetry between D0 and D0

candidates with the fit projection overlaid.

B. D0 → K↑ω+ control samples

The raw asymmetry of the tagged control sample
is determined from a fit to the !m distribution, in
which only two components are considered: the D→+ →
D0(→ K↑ω+)ω+ decays, and a background made of both
random-pion and combinatorial candidates. The !m
PDF of D0 → K↑ω+ decays is the sum of a Johnson’s
SU and a Gaussian function, with common location and
width parameters that are determined independently for
D0 and D0 decays to account for flavor-dependent mass
biases and resolutions. The background component is
modeled as (!m ↑ mω+)εe↑ϑ(!m↑mω+ ). The relative
fractions of the components, their asymmetries and all
shape parameters are floated in the fit (for a total of

14 floating parameters). Figure 3 shows the results of
the fits to the data. The measured yields of D→+ →
D0(→ K↑ω+)ω+ decays in the forward and backward
bins are 796 000±1 200 and 633 700±1 200, respectively.
The corresponding asymmetries, (↑0.86 ± 0.13)% and
(5.83± 0.13)%, are averaged to obtain

A↓Kω = (2.49± 0.09)% , (12)

where the uncertainties are statistical only.
For untagged decays, we fit to the m(K↑ω+) distribu-

tion, again considering only two components. The un-
tagged D0 → K↑ω+ decays are modeled using the sum
of a Johnson SU and a Gaussian function, with com-
mon mean and flavor-dependent width parameters. A
straight line is used to model the m(K↑ω+) distribu-
tion of the background with a flavor-dependent coe”-

Fit done in two regions of the detector to cancel prod. and detection asymmetry

Size of remaining contributions validated with D0 → K−π+
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e+e→ → cc data collected by Belle II between 2019 and
2022, which correspond to an integrated luminosity of
428 fb→1. To determine the production flavor of the neu-
tral D meson, we reconstruct D0 → ω0ω0 decays orig-
inating from D↑+ → D0ω+ decays. We refer to D0

mesons originating from identified D↑+ decays as tagged
decays, and to the low-momentum flavor-tagging pion as
the “soft” pion or ωs. To measure the CP asymmetry, we
determine the observed asymmetry between the number
of detected decays of opposite flavor,

Aω0ω0

=

N [D→+↓(D0↓ω0ω0)ω+]→N [D→↑↓(D0↓ω0ω0)ω↑]

N [D→+↓(D0↓ω0ω0)ω+]+N [D→↑↓(D0↓ω0ω0)ω↑]
.

(3)

This raw asymmetry is a sum of contributions from CP
violation, ACP ; from the forward-backward asymmetric
production of D↑+ mesons in e+e→ → cc events, AD→+

P ;
and from charge asymmetries in the detection e!ciency
of positive and negative soft pions, Aωs

ε :

Aω0ω0

= ACP (D
0 → ω0ω0) +AD→+

P +Aωs
ε . (4)

We use high-yield control samples of tagged and untagged
Cabibbo-favored D0 → K→ω+ decays, where CP viola-
tion can be neglected, to correct for the instrumental
asymmetries. The raw asymmetries of these decays are

AKω = AD→+

P +Aωs
ε +AKω

ε (5)

and

AKω,untag = AD0

P +AKω
ε , (6)

where AKω
ε is the detection asymmetry of theK→ω+ pair.

In e+e→ → cc events, charmed mesons are produced with
a forward-backward asymmetry due to ε-Z0 interference
and higher-order e”ects [27–29]. Since the acceptance of
the Belle II detector is not the same in the forward and
backward directions, a charge asymmetry in the produc-
tion of charmed mesons remains. Being an odd func-
tion of the cosine of the charmed-meson polar angle in
the e+e→ center-of-mass system, cos ϑcms, this production
asymmetry is suppressed by averaging the raw asymme-
tries from forward and backward decays:

A↔ f =
Af (cos ϑcms < 0) +Af (cos ϑcms > 0)

2
, (7)

for f = ω0ω0; Kω; Kω, untag. Assuming that the de-
tection asymmetries for di”erent decays can be made
identical by weighting the events, the CP asymmetry in
D0 → ω0ω0 is then

ACP (D
0 → ω0ω0) = A↔ω0ω0

↑A↔Kω +A↔Kω,untag , (8)

where the di”erence between the first two terms cancels
the soft-pion detection asymmetry, and the di”erence be-

tween the second and third terms cancels the K→ω+ de-
tection asymmetry. To avoid potential bias, the mea-
sured value of Aω0ω0

remained unexamined until the en-
tire analysis procedure was finalized and all uncertainties
were determined.

The paper is organized as follows. Section II provides
an overview of the Belle II detector and of the simulation
samples used in the measurement. The reconstruction
and selection of both the signal D0 → ω0ω0 and control
D0 → K→ω+ decays are presented in Section III. Sec-
tion IV discusses the weighting of the control modes to
match the kinematic distributions of the signal mode and
ensure an accurate cancellation of the detector asymme-
tries. Determination of the raw asymmetries is covered
in Section V, followed by a discussion of the systematic
uncertainties a”ecting the measurement in Section VI.
Final results are presented in Section VII, followed by
concluding remarks.

II. BELLE II DETECTOR AND SIMULATION

The Belle II detector [30, 31] operates at the Su-
perKEKB asymmetric-energy e+e→ collider [32]. It has
a cylindrical geometry and consists of a silicon vertex de-
tector comprising two inner layers of pixel detectors and
four outer layers of double-sided strip detectors, a 56-
layer central drift chamber, a time-of-propagation detec-
tor, an aerogel ring-imaging Cherenkov detector, and an
electromagnetic calorimeter made of CsI(Tl) crystals, all
located inside a 1.5 T superconducting solenoid. A flux
return outside the solenoid is instrumented with resistive-
plate chambers and plastic scintillator modules to detect
muons and K0

L mesons. For the data used in this paper
only part of the second layer of the pixel detector, cov-
ering 15% of the azimuthal angle, was installed. The z
axis of the laboratory frame is defined as the central axis
of the solenoid, with its positive direction determined by
the direction of the electron beam.

We use simulated event samples to identify sources of
background, optimize selection criteria, match the kine-
matic distributions of signal and control decays, deter-
mine fit models, and validate the analysis procedure. We
generate e+e→ → #(4S) events and simulate particle de-
cays with the EvtGen generator [33]; we generate con-
tinuum e+e→ → qq (where q is a u, d, c, or s quark)
with KKMC [34] and Pythia8 [35]; we simulate final-
state radiation with Photos [36, 37]; we simulate detec-
tor response using Geant4 [38]. Beam backgrounds are
taken into account by overlaying random-trigger data.
The data and simulation samples are processed using the
Belle II analysis software framework [39, 40].
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only part of the second layer of the pixel detector, cov-
ering 15% of the azimuthal angle, was installed. The z
axis of the laboratory frame is defined as the central axis
of the solenoid, with its positive direction determined by
the direction of the electron beam.

We use simulated event samples to identify sources of
background, optimize selection criteria, match the kine-
matic distributions of signal and control decays, deter-
mine fit models, and validate the analysis procedure. We
generate e+e→ → #(4S) events and simulate particle de-
cays with the EvtGen generator [33]; we generate con-
tinuum e+e→ → qq (where q is a u, d, c, or s quark)
with KKMC [34] and Pythia8 [35]; we simulate final-
state radiation with Photos [36, 37]; we simulate detec-
tor response using Geant4 [38]. Beam backgrounds are
taken into account by overlaying random-trigger data.
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Goal is to measure

to determine

 Production asymmetryD*+ Detection 
asymmetry

mπ0π0

Δm

ACP(D0 → π0π0) = (0.30 ± 0.72 ± 0.20) × 10−2

Belle (with 980/fb = 2.3 times the data): ACP(D0 → π0π0) = (−0.03 ± 0.64 ± 0.10) × 10−2

→ R = (1.5 ± 2.5) × 10−3
Improvement of 20%
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FIG. 7. The measured R(D+) and R(D+→) ratios (red
marker) with their corresponding 68.3% CI (red solid con-
tour) as well as 39.3% CI (red dashed contour), are compared
to the Standard Model prediction (black marker) and the
world average from Ref. [25] (green ellipse). Also displayed
are the Belle II R(D→) measurement using hadronic modes
to reconstruct Btag candidates (dark violet band) and the
constraint on R(D) and R(D→) from the inclusive R(Xω/ε)
analysis (blue band). An average of the two exclusive Belle II
R(D(→)) measurements (this analysis and the hadronic-tag re-
sult), as reported by HFLAV [58], is shown in orange. The
gray band shows the SM expectation for R(Xω/ε), obtained by
subtracting non-B → D(→)(ω↑/ε↑) ϑ components [24]. The
world average includes only the hadronic-tag Belle II mea-
surement, excluding both the inclusive R(Xω/ε) result and
the current measurement, to preserve a meaningful compati-
bility assessment of the present result with the existing world
average.
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3%, while uncertainties for µ, ω, and K are below 1%.
We account for a lifetime-dependent e!ect on PID by
introducing an additional systematic uncertainty, evalu-
ated using K0

S and ” decays. For very displaced vertices,
these uncertainties can reach up to 10%. The uncertainty
on the luminosity is 0.47% [19]. The limited number of
simulated events for each signal configuration introduces
systematic uncertainties at the level of 1–2% for most pa-
rameter configurations but can reach up to 10% for very
long lifetimes. We verify that our interpolation proce-
dure between simulated mass points does not introduce
a significant additional uncertainty. We estimate the un-
certainty introduced by splitting the mass region in the
ω+ω→ final state by varying the split point to 0.9 GeV/c2

and 1.2 GeV/c2, respectively, and take the maximum de-
viation from the nominal background level as the uncer-
tainty ε.

We find no events in the µ+µ→ final state, 8 events in
the ω+ω→ final state, and one event in the K+K→ final
state. The M(ω+ω→) distribution in the h↑ → ω+ω→ fi-
nal state is shown in Fig. 2. The statistical model used
to compute the signal significances and p-values is dis-
cussed in Appendix A. The largest local significance for
the model-independent search is 2.9ϑ, including system-
atic uncertainties, found near m(h↑) = 0.531 GeV/c2 for
the ω+ω→ final state for a lifetime of cϖ = 1.0 cm. Taking
into account the look-elsewhere e!ect [43], this excess has
a global significance of 1.1ϑ.

FIG. 2. Distribution of M(ω+
ω
→) together with the stacked

contributions from the various simulated SM background
samples for h

↑ → ω
+
ω
→ candidates. Simulation is normal-

ized to a luminosity of 365 fb→1 .

With the method described in Appendix B, we com-
pute 95% Bayesian credibility level upper limits on ϑsig =
ϑprod ↑ B (ϱ2 → ϱ1e+e→) ↑ B (h↑ → x+x→) using the
Bayesian Analysis Toolkit software package [44, 45]. The
observed upper limits, including systematic uncertain-
ties, are shown in the supplemental material [46]. Us-
ing a Je!reys prior [47] would decrease the upper limits

on ϑsig by up to 30% with respect to the uniform prior.
The systematic uncertainties weaken the limits, with the
largest increase of 2.5% occurring for heavy h↑ with small
lifetimes.
For the model-dependent interpretations, we multiply

the p-values in all relevant and kinematically accessible
analysis channels, again separately for various lifetimes.
For the calculation of the model-dependent upper lim-

its on ϑprod ↑B (ϱ2 → ϱ1e+e→) we multiply the individ-
ual likelihoods weighted by the theoretical h↑ branching
fractions from Ref. [48]. For each h↑ mass value, we deter-
mine the value of sin ς such that the resulting predicted
value of ϑprod ↑ B (ϱ2 → ϱ1e+e→), equals the 95% ex-
cluded ϑprod ↑ B (ϱ2 → ϱ1e+e→). To calculate the pre-
diction, we fix ϑprod and the ϱ2 branching fractions to the
theoretical values from Ref. [7] taking into account ISR.
Fig. 3 shows the observed upper limit on sin ς for one
specific choice of model parameters. Similarly, for each
m(ϱ1), we determine the value of y such that the result-
ing predicted value of ϑprod ↑ B (ϱ2 → ϱ1e+e→), equals
the 95% excluded ϑprod↑B (ϱ2 → ϱ1e+e→). Fig. 4 shows
the observed upper limit on y for a specific choice of
model parameters. In general, ϑprod increases with φ2,
the lifetime of the h↑ increases with 1/(sin ς)2, and the
lifetime of the ϱ2 increases with 1/φ2. Additional plots
and detailed numerical results for many more parameter
combinations can be found in the supplemental mate-
rial [46].

FIG. 3. Exclusion regions at 95% credibility level in the
plane of the sine of the mixing angle ε and dark Higgs mass
m(h↑) from this work (teal) together with existing constraints
at 90% confidence level from PS191 [49], E949 [50], NA62 [51,
52], KOTO [10, 53], KTeV [54], and BABAR [48, 55], and at
95% confidence level from MicroBooNE [10, 56, 57], L3 [10,
58], CHARM [48, 59], LHCb [48, 60, 61], Belle II [62], and
CMS [63] for ϑD = 0.1, m(A↑) = 3m(ϖ1), !m = 0.4m(ϖ1),
ϱ = 1.5 ↑ 10→3, and m(ϖ1) = 2.5 GeV/c2. Constraints col-
ored in gray with dashed outline are reinterpretations not
performed by the experimental collaborations. All constraints
except for the one from this work do not require the presence
of a dark photon or iDM.
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Figure 2: Distributions of m(ω0ω0) (top) and !m (bottom) for D0 → ω0ω0 candidates with cos εcms(D
→+) < 0 (left) and

cos εcms(D
→+) > 0 (right), with fit projections overlaid. The middle panel of each plot shows the distribution of the di”erence

between observed and fit values divided by the uncertainty (pull), the bottom panel shows the asymmetry between D0 and D0

candidates with the fit projection overlaid.

B. D0 → K↑ω+ control samples

The raw asymmetry of the tagged control sample
is determined from a fit to the !m distribution, in
which only two components are considered: the D→+ →
D0(→ K↑ω+)ω+ decays, and a background made of both
random-pion and combinatorial candidates. The !m
PDF of D0 → K↑ω+ decays is the sum of a Johnson’s
SU and a Gaussian function, with common location and
width parameters that are determined independently for
D0 and D0 decays to account for flavor-dependent mass
biases and resolutions. The background component is
modeled as (!m ↑ mω+)εe↑ϑ(!m↑mω+ ). The relative
fractions of the components, their asymmetries and all
shape parameters are floated in the fit (for a total of

14 floating parameters). Figure 3 shows the results of
the fits to the data. The measured yields of D→+ →
D0(→ K↑ω+)ω+ decays in the forward and backward
bins are 796 000±1 200 and 633 700±1 200, respectively.
The corresponding asymmetries, (↑0.86 ± 0.13)% and
(5.83± 0.13)%, are averaged to obtain

A↓Kω = (2.49± 0.09)% , (12)

where the uncertainties are statistical only.
For untagged decays, we fit to the m(K↑ω+) distribu-

tion, again considering only two components. The un-
tagged D0 → K↑ω+ decays are modeled using the sum
of a Johnson SU and a Gaussian function, with com-
mon mean and flavor-dependent width parameters. A
straight line is used to model the m(K↑ω+) distribu-
tion of the background with a flavor-dependent coe”-

Phys. Rev. D 112, 012006 (2025) 
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Figure 4: Distributions of m(K→ω+) for untagged D0 → K→ω+ candidates with cos εcms(D
0) < 0 (left) and cos εcms(D

0) > 0
(right) in data, with fit projections overlaid. The middle panel of each plot shows the distribution of the di!erence between
observed and fit values divided by the uncertainty (pull), the bottom panel shows the asymmetry between D0 and D0 candidates
with the fit projection overlaid.

shape parameters are flavor-independent. To verify this
assumption, we refit the data replacing individual shape
parameters with flavor-dependent ones. In all cases, the
parameter asymmetries are consistent with zero and sta-
tistically insignificant shifts are observed in the measured
ACP values. The default D0 → ω0ω0 model includes 37
parameters, where 16 are left floating and the remain-
ing 21 are fixed to the values obtained from simulation.
The robustness of this setup is checked by varying the
fixed parameters within their uncertainties. The impact
on A→ω0ω0

is found to be negligible compared to other
uncertainties.

We estimate the systematic uncertainty due to the
kinematic weighting by considering two sources of uncer-
tainty: the accuracy of the background-subtraction pro-
cedure to obtain the kinematic distributions of the signal
and control decays, and the choice of the variables used
in the weighting procedure. For background subtraction,
we rely on the sPlot method. Simulation shows that this
approach could introduce an absolute shift in the esti-
mated CP asymmetry of 0.05%. To test how the choice of
kinematic variables impacts the result, we develop an al-
ternative weighting procedure by replacing the momenta
of the soft pion, kaon, and pion with their transverse
momenta. The shift in ACP observed when using the al-
ternative weights is 0.07%. The sum in quadrature of
the two shifts is assigned as systematic uncertainty due
to the weighting procedure.

VII. FINAL RESULTS AND CONCLUSIONS

Using D↑+-tagged D0 → ω0ω0 decays reconstructed in
the data sample collected by Belle II between 2019 and
2022, which corresponds to 428 fb↓1 of integrated lumi-
nosity, we measure the time-integrated CP asymmetry in
D0 → ω0ω0 decays to be

ACP (D
0 → ω0ω0) = (0.30± 0.72± 0.20)% , (14)

where the first uncertainty is statistical and the second
systematic. The result is consistent with CP symmetry
and with the best existing measurement, from Belle [24].
It is 15% less precise than the Belle measurement, but it
is based on a data sample less than one-half the size. The
improved precision per luminosity is achieved through an
improved event selection, which exploits Belle II’s supe-
rior capabilities in the reconstruction of neutral pions.
We compute the isospin sum-rule of Equation (1)

using our result, LHCb’s measurement of Adir
CP (D

0 →
ω+ω↓) [7], the world-average value of Adir

CP (D
+ →

ω+ω0) [23], Belle’s measurement of ACP (D0 →
ω0ω0) [24], LHCb’s measurement of the indirect CP -
violation parameter !Y [25], the world-average values
of the D → ωω branching fractions [49], and the world-
average values of the D0 and D+ lifetimes [49]. The
direct CP asymmetry in D0 → ω0ω0 is obtained by sub-
tracting !Y from the time-integrated asymmetry assum-
ing universality [4], and that the average decay time of
the selected D0 → ω0ω0 decays is equal to the D0 life-
time [26]. All inputs are assumed to be uncorrelated.
We obtain R = (1.5± 2.5)↑ 10↓3, which shows that our
measurement of ACP (D0 → ω0ω0) improves the precision
of the sum rule by approximately 20% compared to the
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Figure 6. Scatter plots of selected events in the (M(ωK0
S), !E(ωK0

S)) plane for signal simulation

(violet) and data (orange). The elliptical SR is shown in red, the rectangular SR as a hatched green

area and the RSB is indicated as green horizontal lines. Plots show distributions for the electron

(left) and muon (right) channels for Belle (upper-row) and Belle II (lower-row). For the muon mode

in Belle one data event is observed in the SR.

To determine the expected limit sensitivity, we generate 10000 pseudo-experiments at

50 points uniformly distributed in the branching ratio range of (0→4)↑10→8 in two bins, one

for each experiment, each with their respective signal e”ciencies and expected background

yields. The total statistical and systematic uncertainties a#ecting each experimental input,

as discussed in Section 4, are combined in quadrature.

Figure 7 displays the CLs curves computed as a function of the branching fractions

for the combined Belle and Belle II datasets for the ε→ ↓ e→K0
S
and ε→ ↓ µ→K0

S
decays.

The dashed black line represents the expected CLs, while the green and yellow bands show

the ±1ϑ and ±2ϑ contours, respectively.

The expected limits, assuming an observed number of events consistent with the back-

ground estimation in Table 4, are 0.9↑ 10→8 and 1.2↑ 10→8 at 90 % C.L. for the electron

and muon channel, respectively. The observed limits in data after unboxing are 0.8↑ 10→8

and 1.2↑ 10→8 at 90 % C.L for the electron and muon channels, respectively.

6 Summary

We present a search for the LFV decays ε→ ↓ e→K0
S
and ε→ ↓ µ→K0

S
using 428 fb→1

of data collected by the Belle II experiment and 980 fb→1 of data collected by the Belle

– 15 –
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Figure 5. Distribution of data events and fits to the Meωω variable. The background and signal
components of the PDF are shown in red and blue, respectively, while the black dashed line is the
total fitted PDF.
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FIG. 2: The fitted results to M(ω!(1S)) distributions from data samples in (left) µ+µ→ and (right) e+e→ modes at
→
s = (a, b)

10.653, (c, d) 10.701, (e, f) 10.746, and (g, h) 10.804 GeV, respectively. Here, the points with error bars are the data samples.
The red curves show the fitted results. The blue curves show the total backgrounds. The black dot-dashed curves show the
εb0 signal, the purple dashed curves show the εb1 signal, and the blue dotted curves show the εb2 signal.

ties associated with the masses and widths of ωbJ . We
varied the mean of the signal PDF according to the uncer-
tainties of the ωbJ masses from Review of Particle Physics
[36], which are ±0.42 MeV, ±0.26 MeV, and ±0.26 MeV
for ωb0, ωb1, and ωb2, respectively. To account for possi-
ble di!erences in mass resolution between data and MC
simulation, dominated by the photon energy resolution,
we repeated the fit while varying the photon energy res-
olution scale factor (1.01 ± 0.01) within its uncertainty
by ±1ε.

The systematic uncertainties associated with the fit
model are estimated by changing the order of the back-
ground polynomial and the range of the fit. Due to the

small branching fraction for ωb0 → ϑ”(1S), we com-
pare the fit results without a ωb0 component for the
e+e→ → ϑωb1 and e+e→ → ϑωb2 processes. The ab-
solute uncertainties of branching fractions for ”(1S) →
µ+µ→ and ”(1S) → e+e→ are ±0.04% and ±0.08%, re-
spectively [36], which a!ect the ratio of yields between
the µ+µ→ and e+e→ modes in the simultaneous fit to
”(1S) → µ+µ→ and ”(1S) → e+e→. Therefore, in
the simultaneous fit, we change their branching fractions
within uncertainties.

Systematic uncertainties are incorporated into our cal-
culations of upper limits in two steps. First, in determin-
ing the additive systematic uncertainty from the masses

…
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