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State of the Collaboration

691 Collaborators (311 Faculty, 124 PDs, 256 PhDs)

Number of Collaboration Members
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Belle Il Collaboration Members by Country and Gender

Comparison with LHCb:

B Male

m Female
B Other
B Not Set

Collaboration keeps growing,
new faculty from Canada, India,
and Saudi Arabia admitted
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1165 Collaborators  Scurce:ICHER 2024
(459 Faculty, 282 PDs, 424 PhDs)



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



Belle |l versus Belle / BaBar data

Belle 1l achieves higher statistical power than Belle & BaBar
due to improved detector & modern analysis techniques.
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It is 15% less precise than the Belle measurement, bu
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.

Rough rule of thumb:

https://arxiv.org/pdf/2505.02912

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

* exceptions of course do exist
— Much effort ongoing to shift this fraction even further with new triggers,
better reconstruction, novel ideas etc.

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



Summer 2025 # o

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

Inclusive |V, | , updated inclusive tag B — Kuvw, B — Kt

Highlights R(D), T > £y, 7 lifetime, Run 1 + 2 A" — uu search

Y

Belle I| @ EPS-HEP and Lepton-Photon



Summer 2025 # 6

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

iohliohts Inclusive |V, | , updated inclusive tag B — Kvw, B — Kt
I R(D), t — ¢y, tlifetime, Run 1 + 2 A’ — pu search

Dashboard Settings [ Logout (Florian Bernlochner)
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Paper Submission Status

83 paper submitted (75 accepted as of August 31st) :
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Note that LHCb has twice the # of PDs & PhD students

Our goal is to achieve 40 - 45 papers / year




SKB Status & Preparations

Much work ongoing over summer shutdown:

e
- <

- Removal of stains from vacuum sealant > Belows ¢ amger\ar Oho

-

- Construction of new electron gun
- New enhanced shielding near non-linear collimator @ Oho

SKB Work Schedule We are here

1

Linac : - : Sudden beam loss frequency
RF un(e-) Processing and Additional processing High power processi Installation
9 Assembly and freq. adjustment EEEEN ;>
Fas';"ll‘f":ker e y £ a Number of beam abort accompanied by pressure burst
| Power supply discharge ove to sector afety
countermeasures spection at D10L02
BT e- é A 2 10 i
ECS Vacumworks BPMnrodification

)

After
Cleaning

o

BT e+ é
Bending magnets
MR a éé
VACSEAL Removal

D04 wigder D10wigder D11 wigder

MR Concrete shielding manufacturing Installati
Oho radiation shield Beamline shield nstallatio

LER Injection point ﬁ * * »
Septum

re-alignment Suveying Horizontal ande  Septum
carection  inspection Baking

DR->Linac lllllllllll.> q

2nd fast kicker Instalation Comnis

Operati Linec é Lirac(9/8), DR 8T (10/20)
peration Brsngy ==l SuperKEKB MR (11/!

and abort at the same time
»

N

o

Frequency of events in which pressure bu

20241110

2024-11-12
2024-11-26
2024-12-03
2024-12-10
2024-12-17

2024-10-15
2024-10-22
2024-11-05




Work on LER & HER progress:
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8. Ceramic chamber replacement,

4. Collimator jaw

LER -----------o-- _replacement (DO2V1) "
1. Internal check and cleaning ¢

Cleaning

5. Collimator
relocation
(DO6V2->D03V4)
2.
Cleaning

6. Collimator jaw .
replacement (DO5V1)
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5. Collimator

Investigation of mis-alignment relocation

----------------------- (D06V2->D03V4)

Internal inspection and cleaning of beam pipes in IR -
Completed

\

Cleaning of beam pipes in the Oho wiggler section - Completed

Cleaning of beam pipes in the Nikko wiggler section

9

Replacement of damaged jaws in the D02V1 collimator

- Completed

Relocation of the DO6V2 collimator to DO3V4 - Completed
Replacement of damaged jaws in the DO5V1 collimator

- Completed

Cleaning of MO-flanges known to have used VACSEAL
(location: around CCG DO1_L10, DO1_L15)

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.

-—_——— e ——— e —— —_— —— ———— o — —

2. IP feedthrough
replacement

3.D09V3 W AT
replacement 3,

— Completed
W= To be done

1. Internal check and cleaning

4.
Cleaning

f

Internal inspection and cleaning of beam pipes in the IR -

Completed

Replacement of an ion pump feedthrough - Completed

- Vacuum leak was caused by abnormal discharge in the HV
connector.

Replacement of the damaged jaw in the DO9V3 collimator

- A new collimator with a cooling water channel is being

manufactured. Installation is scheduled for the beginning of Nov.

Cleaning of MO-flanges known to have used VACSEAL.

(location: SUS flanges around CCG D02_H22)

Drawing of HER vertical collimator with water channel

# 10
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Expansion of radiation protection area @ Oho
to allow expanded use of non-linear collimator

[K. Watanabe]

June 2025

Oct 2024
R y

,
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Location of collimators
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New RF gun 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

Inner structure without choke

New RF gun

RF contact Emax x 0.4
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Cathode
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e
Choke structure
yielding discharges
- A4 ——
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-1 1/ ” 0.5mm
- = ,| |
1 L~ Y ' Anode
Heatable | E
cathode plug max i
Pulling hammer
i i
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Belle |l Status & Preparations

Preparations for 2025c¢ in full swing: Selection of activities

PXD will remain initially off ; progress on fast shutdown

LER abort signal at CCR

10 T T T T

Investigations ongoing if signal
2024 11:03 23:57:50 | 4 — .
o L= from clearing electrodes can be
Abor J | used as a precursor signal for SBL

Abort trigger

About 30 us for shutdown seem reachable, but

: system needs still improvements to avoid

B L S S dangerous voltage crossings that might damage
Time [us] switchers

Voltage [V]

IIIIIIIIIIIIIIIII

-

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



ARICH cooling issues solved

Observed significantly reduced flow rate, which

lead to cooling issues in 2024c

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

End yoke was opened in June to gain access

Flexible tube

(FEP-TF1/4)

N Couple

ARICH

For disconnection
h during endcap
extraction.

Coupler

Stainless
steel

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.
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KLM firmware upgrade and progress on sudden turn off (STO)

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

Started in January 2024

- PLC
New firmware indicates that the board was -

iInterlocked, but no signal in the log

Fanout

Before

Crate interlock

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

However, STO events still show up

After

Shorting connectors

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



CDC gain drop investigations

Observed significant gain drop & instabilities

that affect performance

Slng/e run (I) 1.05-

Gain does depend on Gas conditions,

background, contaminations, aging effects

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

controlled gas conditions to clarify situation
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Run gain in 2024 vs time

1.25 T 1 T T T T

gain drop investigations 3
119 Fit result - space charge effect (1)
Observed significant gain drop & instabilities L
that affect performance WL )
Gain does depend on Gas conditions, e
background, contaminations, O: 4
0.85
08
0.75 - - - -

NN OO TTT TSIV OOOON g scOOrrrrra NN

— Prepare for lower HV operation to reduce risk of Malter & aging

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

— Increase gas flow by factor of 10 & cosmic studies

— Aging studies with test chamber ongoing

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

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



#18

2025¢ & 2026a Timeline

The next run has two goals :  Push our recorded dataset to 1/ab

Need close communication with SuperKEKB <« 80% of running time
team to balance this; physics will be priority dedicated to physics

_ 1y

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

Reaching stable run conditions in
2025c/2026ab will be key

Plan: 7 month run —

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)



Sketch of 2025c¢ run plan:

Note: no machine maintenance days included (!)
just to to give a rough idea

MR operation
starts

October November December

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

T 30 | Winter
Scrubbing ends & shutdown

2025¢ (cosmic run
starts)

First collisions

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

/

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

Start with ¥ = 1 mm and ¥ = 60 mm for HER / LER

Gradually increase beam currents

(17 days / 3 weeks)

(1 CR on-site, one remote ; 1 BCG shifter)

Shift booking opened ; most shifts in 2025¢ covered ; strategy unchanged

# 19



Sketch of 2025c¢ run plan:

MR operation
starts

November

# 20

Note: no machine maintenance days included (!)
just to to give a rough idea

December

October
S M T W T F S
1 2 3 4
5 6 7 8 9 10 11

12 13 14 15 16 17 18
19 20 21 22 23 24 25
26 127| 28 29 30 31

f

2025¢ (cosmic run
starts)

S M T W T F S
1

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

Scrubbing ends &
First collisions

Machine Studies (4 days / 3 weeks)

High bunch current & beam-beam effect
New Sextupole settings

Etc.

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

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

Winter
shutdown

Once LER beam current exceeds 2 A — [/ will be squeezed further
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Note: no machine maintenance days included (!)
just to to give a rough idea

Sketch of 2026ab run plan:

Start of 2026a Start of 2026b
January February March April
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 7 112 3 4

41 5167 |8 9 10 8 9 10 11 12 13 14 8 9 10 11 12 13 14 5 6 7 8 9 10 11
1 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 20 721 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

MR operation starts

May

S oMo TowWeT 5 2 Machine Studies (4 days / 3 weeks)

3 4 56 7 8 9 Try to squeeze [

10 11 12 13 14 15 16 Shorter damping time in LER

17 18 19 20 21 22 23 Try synchrotron injection in HER

24 25 26 27 28 29 30

31

Fiscal year

2025

2026

2025b

2026b

Beam current will increase gradually

6 7 8
00O 2025¢ 2026a
OO

2026c¢ 2027a



Belle || @ European Strategy of Particle Physics
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@ Marie-Helene Schumer @ ESPP 25
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Belle |l impact on
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key observables

Rel. uncertainty on R(D)(%)
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Belle Il impact on key observables

arXiv:2503.24155v1 [hep-ex] 31 Mar 2025

The Belle II Experiment at SuperKEKB
Input to the European Particle Physics Strategy

The Belle II Collaboration

esppu-conveners@belle2.org

Belle II is an intensity-frontier experiment at the SuperKEKB collider in Tsukuba, Japan. Over
the coming decades, it will record the decays of billions of bottom mesons, charm hadrons, and tau
leptons produced in 10 GeV electron-positron collisions. The experiment’s low-background environment
and precisely known kinematics enable high-precision measurements of hundreds of Standard Model
(SM) parameters while probing for new particles at mass scales far beyond the direct reach of high-
energy colliders. We project Belle II’s sensitivity for key measurements - where it will be uniquely
positioned or world-leading - over datasets ranging from 1 to 50 ab—!. By exploring previously uncharted
regions of non-SM parameter space with high precision, Belle II will either reveal new physics or set
stringent constraints, guiding future experimental and theoretical efforts. Additionally, we outline near-
term upgrades to the Belle II detector and SuperKEKB accelerator, which will enhance sensitivity in
searches for new physics beyond the SM across flavor, tau, electroweak, and dark sector physics. These
improvements will ensure that Belle II remains both complementary to and competitive with the LHC
and other experiments.

https://arxiv.org/abs/2503.24155

# 24
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Venice Meeting Feedback

Successful completion of Belle Il physic program to 50/ab priority of
European HEP community

What is best experimental scenario
for flavour physics? |
Full exploitation of Completion of Full FCC programme
the HL-LHC SuperKEKB/Belle Ill |, ... __ ...

* LHCb Upgrade I « 50/ab e*e™ collisions at - significant Z pole run
(300/fb) Y (4S) resonance (likely - ability to vary vs " and *

to require interaction - detectors optimised

region upgrade) considering flavour

Fstep 2025 Plan: Increase beam e
¥ steo 2025 & Later squeerng uoto 0 £,
L>24 % 10%cmigt

&w.t-mwu 3 stag
1) detector update  COC. VX, T07.
[ fina) fecut QCs miagoet

* Enlarged flavour
physics programme at

ATLAS and CMS (3/ab)  « Data-taking completed ~ * FCC-nhwith
by ~2042 - dedicated flavour physics

= Data taking completed experiment
by ~2041 - sufficient R&D lead-time

Complemented by dedicated kaon, pion, muon and EDM experiments

_‘---“‘-m{

_M“

In line with KEK’s vision as presented by Asai-san ; large emphasis on role CERN

and other labs can play in understanding ¢ e~ high luminosity frontier @ SKB



Int.
Upgrade & LS2 Plans
A
o0/ab Run 2 Run 3 e
To reach 50/ab and 6 x 103> cm=2 s-1 plan
for long shutdown 2 in 2032 to upgrade IR o e
Redesign of final focusing magnets 0.5/ab ﬂ
1 >
(QCS) essential 2024 2032 ca. 2043
Current IR optics complicated, large chromatic xy coupling needed
to achieve high luminosity
Proposed QCS modifications
£ S T T T T T T T
e QCIP 100 mm closer to IP = N @iﬂz e /,f‘\\ E
e Enlarge dynamic aperture of LER z ~ tzjsz Ji\\ \ // /\ e _
e Extend the beam lifetime |% - / \ 3 A I ‘\/I_'\‘“*“\u”"*"”{' i
e Change conductor of QCIP from NbTi o ioar N ,
to ﬂiﬁ;nn - e E uﬂz?: \ ‘}/ h\\\‘ : 213: Nt H . :
e Decrease risk of beam-induced 2'”-”01;_"‘"i““i‘“"E‘"\‘i‘/""%"“"""%"“~,é j:gé_""I""I""i“‘\‘l'/\‘“{""%‘ﬁ‘#{m _
quench | | € ”;f%/ \ J ; ;ZE: / ‘s ,’;\ - :
e |nstall a compensation solenoid E " \/ 3 " ol 200 pm E
between the IP and QCIP Sk 3

e Simplify IR optics

* Reduce chromatic xy coupling

e Reduce emittance growth at IR

Y. Arimoto @ARC Dec. 2024

Orbit with Current Design

Candidate for new Design




Compensation
solenoids

Distance between
QCIP and electro
beam at different

distances fro

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

Y. Arimoto @ARC Dec. 2024

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

Limited space, need to
produce thin coil with large

packing factor
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|deally move to new material
(Nb3Sn versus NbTi) to gain
larger quenching temperature

margin
New QC1P New QC1P Present
QcCi1pP
Nb;Sn NbTi
# of 1 2 1 2 2
layer
Temp. 4K 8K 1K 2.5K 2K
margin




Belle Il Upgrade Activities

Change in IR envelope necessitate construction
of new inner tracking detectors

B vxo l coc " PID B ec B magnet ] kum

E.g. VXD (PXD, SVD) » CMOS based VTX

PMOS NMOS

-w w
n-well p-well n-well

deep p-well

depletion region

p-type substrate

r/mm Layer Ladders Sensors

140 I L5 31 2x24|

89.5 L4 40 16

Fully pixelated detector

Low material budget (~2.5 % Xo)

5 layers design:

e 2 inner layers (iVTX)
e 3 outer layers (oVTX)

6 layers also still under discussion

Proposed pixel sensor: OBELIX

X1NO

X1A!
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Activities ongoing in most subdetector, first results documented in CDR:

https://arxiv.org/pdf/2406.19421

BELLE2-REPORT-2024-042
KEK-REPORT-2024-1
4 July 2024

Upgrade also
discussed in ESPP
Belle || submission

The Belle II Detector Upgrades
Framework Conceptual Design Report

Abstract

We describe the planned near-term and potential longer-term upgrades of the Belle
IT detector at the SuperKEKB electron-positron collider operating at the KEK labora-

arXiv:2503.24155v1 [hep-ex] 31 Mar 2025

The Belle II Experiment at SuperKEKB
Input to the European Particle Physics Strategy

The Belle II Collaboration

esppu-conveners@belle2.org

Belle II is an intensity-frontier experiment at the SuperKEKB collider in Tsukuba, Japan. Over
the coming decades, it will record the decays of billions of bottom mesons, charm hadrons, and tau
leptons produced in 10 GeV electron-positron collisions. The experiment’s low-background environment
and precisely known kinematics enable high-precision measurements of hundreds of Standard Model
(SM) parameters while probing for new particles at mass scales far beyond the direct reach of high-
energy colliders. We project Belle II's sensitivity for key measurements - where it will be uniquely
positioned or world-leading - over datasets ranging from 1 to 50 ab. By exploring previously uncharted
regions of non-SM parameter space with high precision, Belle II will either reveal new physics or set
stringent constraints, guiding future experimental and theoretical efforts. Additionally, we outline near-
term upgrades to the Belle II detector and SuperKEKB accelerator, which will enhance sensitivity in
searches for new physics beyond the SM across flavor, tau, electroweak, and dark sector physics. These
improvements will ensure that Belle II remains both complementary to and competitive with the LHC
and other experiments.

https://arxiv.org/abs/2503.24155

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.

106.19421v2 [hep-ex] 4 Jul 2024

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

Upgrade priorities & timeline: Example for
CDC (draft)

No: replace with new CDC

Keep inner layers?

1. Establish limitations of current detectors

No: abandon SLO/1 Yes

2. TDR by 2027

3 . L82 p | an n ed i n 2 032 ‘I Construct new oCDC. What do we do with the iCDC volume (ITT)? Construg
I

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

) Design Report MEXT Review
Definition of .
Internal revie . .
Working Plan view Engineering
and ° Design Report
Milestones Technology
Demonstrators
BPAC Review M E X T
MINISTRY OF EDUCATION,
. . . . CULTURE, SPORTS,
Possible date for MEXT interim review

(under discussion) to approve update timeline

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 have a strong footprint in software, computing, algorithms, trigger
DESY collaborative services & NAF are essential infrastructure for Belle I

Very good exposure and long-term involvement ; should be maintained

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

We need to discuss what our strategy is. l.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
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In case the MEXT review is in 2026, we need to keep pulling our weight in the

upcoming run to help Belle Il 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

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

[Annual plan] (Japanese fiscal year) 2023 2024 2025 2026 2027 | 2028 2025 2030 2031 2032 2033
i » o ¥ o n . 11‘! al'ld
Researchitems I*year| 2 3 4= S5 6 7® 8" o 10 later Remarks

1. Continue operation and improve Continue performancg
accelerator performance in parallel with S N B e S B e improvement after 10

accumulating physics data YERS. This will
: Integrated .
Performance indicator — luminosity (/ab) be Chal Ienglng
2.Maintenmce/upgmeofmajorcompomm ‘.-.. SEEREEsEEEESN ERaann .--...-.-.’
Systematically conduct Main ring | > IRupgrade, BT remediation, ——

LLLEELLEEE] LELL High'pOWEf RF reinforcement Minor items excluded .
renewal of aging components Energy efficiency improvement Search for efficient More like Iy
to improve energy efficiency. [P F— 'L R 4. —— measuresintermsof
Achieve the target Injector _ budget (electricity) between

rformance by modifying the Injector upgrade accordingto collision
pe ¥ & I | performance and 5-10/ab
interaction region (IR). Bellell [ ===P o - d
Improve the performance of Replacement of vertex detector, photosensors, etc. o e;xgp::ﬁoms
the‘nJeCtorandbeam ‘.-.. LA A A AR R A RERR LARRERNEERERRRARMNERERERREEERRESERRERNENR LERSESNDN] ..." reqUired.

transport line (BT) for efficient Measures for radiation, renewal of aging components, etc.

operation.
Startof IR End of IR Completiory
- and of aging
Performance indicator upgrade detector component
renewal

upsrade

o T T LA o g L LR e T P R R R Y e Fa e Lt g R A A O G R e (e P L LI

3. Report physics results obtained by TR
analyzing the data, publish them in Resuks Result
academic papers, and disseminate them on dark on leptor] on P

- matter universaly violation
widely. Open up anew paradigm in search ity etc. ote.
elementary particle physics, or show the e1c.
next path necessary for that, 'S f
Performance indicator 5 \ / 40 “ 190 Num. of publications
\

¥~ Here we are exceeding

Here we are making good progress .
99 brog expectations
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Summary

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

No major showstoppers ; expect significant reduction of SBLs

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

Showed several key results at summer

B+: performance comparison [Fixed signal window]

conferences ; aim directly for publications —
1.75 4 Belle |l :I—_ 3ata: MC 15
ata: MC 16 v1Runl
Improvements in understanding Belle 15| Run1/2(Relg) data: MC 16 v1 Run1&2

paying off to increase value of data even further

T~

Upgrade Project is progressing

Efficiency [%]
3

Belle |l

- - . ) 0.25 - Run 1 (Rel6)
Contributions shaping up ; aim for

demonstrators and TDR in 2027 SO R S
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Submitted to PRD

B+ — K+1/17 reinterpretatiOn arXiv:2507.12393

Belle Il established first evidence for BT —» K vp

* — BF 2.7 sigma above SM ...

Phys. Rev. D 109, 112006 (2024) ... could this be due to NP? b—
Uu

# 35

arXiv:2311.14647
- SM ;’\‘\"l(‘ll'zlg(‘ n(BDTy)
S il : 0.92 0.94 0.96 0.98 1.C
| —— Belle II (362 fb'!. combined) r ; ; ;
: 2.340.7 This analysis 3000 J
5——01—' Belle II (362 fb!, hadronic) [ i Belle II :
E i L1411 This analysis . P [Ldt=(362+42)fb! EEE B* K up
f —— Belle IT (362 fb™!, inclusive) S 9000 : =3 BB
] 2.740.7 This analysis '%3 I BB
: L Belle II (63 fb!, inclusive) &S B Continuum
: : = 19415 PR C%! : ; { Data
. —er Belle (711 fb-!, semileptonic) O 1000 : :
: 1.0+ 0.6 PRDY6. u.ullm - '—|_|—
: — ® Belle (711 fb', hadronic) :
: 2.041.6 PRDS7, 111103 0
_...__ : BABAR (418 fb!, semileptonic) 5
I 0.2+ 0.8 PRDS2, 112002 —
J’ BABAR (429 fb'!, hadronic) 5 s
: : | | 1.54+1.3 l’lltl)NT. 112005 l _5k | | 1 | | 1 | | 1 | |
' 1 4 8 251 4 8 251 4 8 25L1 4 8 25
0 9 4 6 8 10 F F F
10° x Br(BT—K " vp)
g heck, si lysi 2 =2 m o i
ow to check, since analysis assumes Gree = 7 My = SE¥ ~ (p,+p;

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

-1 (— T ———————0.92

4 10°
8 L
Key idea: derive correction map 7 — I
— 4 -
2 C% st f o
2 onp(q7) O, 1% - S Joos 2 [
W(q ) — 9) ~o 4 @5 410~
: - JOTSORORRSROROUOOOO L. .- 4098 ||
Which for a binned likelihood fit 1 110~
Essentially is encoded in a mapping matrix °l | ]| | ]
= 5 10 15 0 B
q° [GeV?]
WET Analysis: SM Gy =6.6£0.1 and all others zero — — x SM
. Mode
dB 3 4GF « 2 |V*V |2 \V )\BK'C]2 """"" Symmetry axes
3 [ 2
dg2 ~ TP\ V2 2 ) VTR (4m)d3M
Belle II preliminary
)\BK 2 2 2 [ L£dt = (362+42) fb !
: C C .
[24q2 ‘f+(q )‘ |Cvr + Cvr| i
(M2 — M2 |
5 | folg® ‘ |Cst, + Csr)| S
8 (my — my)”
2ABK 2 5
+ s [#r(@)] [On q N
3(Mp + Mk) S '

—1680816—1680816—1680816

Map will be published on HepData; allows

outsiders to make correct interpretations Cvi+ Cvr Cse + Csr Cry



Precision Determinations of |V, |

Submitted to PRD
arXiv:2506.15256

Efficiency e

Inclusive Tag Reconstruct B — D¢V, with inclusive tagging

e = 0(100)%

Consistency of By, Large BF (~ 29%), but need to reject sizable

. . = contamination from B — D*/7,
Semileptonic Tag S
L= O(l)% _B*\€ ;
e O S = After Multivariate B — D*£D, Sianal : Bka < 1 : 4
- ; . . = .
. and continuum suppression 9 9
Hadronic Tag T
e=001)% —
Exact knowledge of B i
5 = Use cos 0y to separate Signal < [-1.1]
& Bkg AN
Belle IT Prelim%\( [L£dt =365
A py:ph-f-p/ | B B— Div Bt - D% "y,
QO 20000 FCJ B—D*w Prefit
= | 1 True D
~ —~ | 1 Fake D
& = 15000 |- BN Continuum
T 8 | w MC all. unc.
= Lepton ~ [t Damm
<) £ 10000 -
~ + D § L
Signal-B .
@] O i
( = oY St
P Z, () bevsevereerersvesastastantatay st s iaaet
/ Zg ”@_5 EL | | L | |
—4 -3 -2 -1 0 1 2

From inclusive tag

# 37
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Precision Determinations of |V, | sumtedwrr

Inclusive Tag Reconstruct B — D¢V, with inclusive tagging
e = O(100)% |
Consistency of B Large BF (~ 2%), but need to reject sizable

W B—( . . 9 >X< —_—
- Semileptonic Tag = contamination from B — D*/v,
E) €= 0(1)% _B\E g
O ...0 ] [l —
£ Knowledge of By, & = After Multivariate B — D*£D, Sianal : Bka < 1 - 4
= : : : =1
, and continuum suppression J 9
Hadronic Tag T
e=00.1)% —E<<<
Exact knowledge of By,, Measurement Theory input from
l LQCD |
ml% + mlz) — q2 dI’ v
Reconstruct in bins of w = vg - v = e [1,1.5] — = |V, | X F2(w)
2mDmB dW
«104 | | Belle II prelimi‘naryf Ldt=365fb~! 5
1.4¢ B+ — Dletv, x2/ndf =335.4/318 - E:giku Ccl
1.2} Postfit ; True D @
1.0p C<D
08 2023 Belle I B » D"+ 4
=0.6f
0.4} . . B
0.2 m
0.0 ‘ 5
2. 3 + S
£ *++“n+++*++*++%+++++ s bttt g e e bt ]
0 2‘0 4‘0 6‘0 8‘0 : . . - _CDI
(cos Oy, w) bin 36 38 10 12 11
Most precise from this decay ; Tl x 103
| V| X 107 = (39.2 £ 0.4 £0.6) —» Mostprea e Val x 10
more precise than Belle Il B — D*¢1,



SearCh fOr B — XSDE To be submitted

Efficiency e

Inclusive Tag /__é
e = 0(100)% ? Tag Side - -
Consistency of By,, % Slgnal side
) _
Semileptonic Tag /IE c:_S: 70 Ll
e=om% —iK > |2 = /
Knowledge of By,, Ty = B
= =+ N\

. T |dentified » X
Hadronic Tag Vs \)
e=001)% — DV
Exact k led f B —

xact knowledge o 0 / 7 'y
€

Bey = (2.9 = 0.3) X 10> [JHEP02 (2015) 184]
B<6.4x10 *at 90% C.L. [ALEPH, EPJC 19 (2001) 213]



Search for B — X v

# 40
To be submitted

Efficiency e

Inclusive Tag

= 0(100)% Gé

= .
Consistency of By,, %

Semileptonic Tag ~
— 0% LS

Knowledge of By,, v

Hadronic Tag /
e = 0(0.1)% E<<<
Exact knowledge of B

tag

uonjeurIojuy

Tag Side

7Tfrclentified

T

—0

B B..

Signal side

.7

DO

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

| SIg
@ - » X G

.0
‘0
.0
0
v,
. '
— [

v
BORY B*
Taalr K*
Kr |[K*n¥F Kg«ﬂ'o K*q0 ngi
Kon|K*nFx0 Kgﬂi7ﬁ Kg7r07r0 KEgFpt Kgﬁiﬂo K*x070
K3r|K*nFrtaT KgWiW¥7TO KEgnFa070 | KEgFatq0 ngiijwi Koﬂ'iﬂ'oﬂ'o
Kan Kiﬂ'q:ﬂ'iW:FWOKgWiWq:WiW:FKgTFiﬂ':FWOWO KiW¥WiW$WiKg7Ti7T:F7Ti7TO KEnFata040
3K KiK¢Kg KTKFK*
3K |K*KTK*rF K*K¥K%nO KE*KFK*r0 KQK*K¥r*

Capture ~90% of X, BF



Search for B — X v

To be submitted

Efficiency e

number of candidates

Inclusive Tag

s

e = O0(100)% :
Consistency of By,, %
S
Semileptonic Tag - o
- 0(1)% —B(\D\; 2
Knowledge of By,, Ty =
S
=
Hadronic Tag /
e=0(0.1)% E<<<
Exact knowledge of By,,
Use BDT to suppress
Backgrounds:
x10°
C [ ] charged
10/ Belle Il simulation j Ldt=365.4b" mmm vy
L == dad
L = s§
8 — Signalx 300
- Most
6
powerful

Ece, (GeV)

variable Excp

Tag Side

Signal side

# 41

7T 1%
B’ T
N sig
T Identified @ > X,
DO /
0 .
7T / U 4
Use SEM (Sum-over-exclusive-
Modes) method to reconstruct X
v
BORBO B*
Taalr K*
Kr |K*rn¥F ngo K*n0 ngi
Kor | K*nFx0 Kgﬂi7ﬁ Kg7r07r0 K*nFgt Kgﬁiﬂo K*7070
K3rn|KE*nFatnT KgWiW$7TO KEnFa070  |KEgFatq0 ngiijwi Koﬂiwowo
KAr Kiﬂ'q:ﬂ'iW:FFOKgWiWq:ﬂ'iW:FKgWiW$7TO7TO Kiﬂ':FWiW:FWiKgTFiW:FW 70 KEgFata070
3K KiKiKg KEKTK*
3K |K*KTK*rF K*K¥K%nO KE*KFK*r0 KQK*K¥r*

4 4.5

Capture ~90% of X, BF
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SearCh fOr B — XSDE To be submitted

Efficiency e

0.0 < M;** < 0.6 GeV/c® 0.6 < My ° < 1.0 GeV/c? 1.0 < M™ < 2.0 GeV/c?
Inclusive Tag /_é £ 700 : Belle Il ==BB,
e = O(100)% ? 2 S = | Ldt=36541" i =0
Consistency of By,, % 600; I _LLF:gg
= 500 = : —'—;ZS?GNAL
Semileptonic Tag - g -
e— O(W)% —]{\If = W00F . SR
Knowledge of By,, Ty = 300 .
- :
Hadronic Tag 200 (= =
e=00.1)% 100 :_L:__._.=.=l
Exact knowledge of
s 11'% b iy : '
. : i Y
%3-§§'+'*;++T+z‘++‘
: _ 0.7 2 e 8 o 12 14
Flt BDT X MXS . bin index
, Combined:
2.5 %107 (0.0 < M, <0.6 GeV/c’) . e .
_ _ S BB —->Xvr)=[11.6=x57 (stat) .75 (syst)] X 107
BB—Xwv)<< 1.0 X 107* (0.6 < M, < 1.0 GeV/c?) 5= Smi) [ 8'_64( ) 115 (syst)]
. 5 BB —Xww) <3.6xX 1077 (90%CL)
| 3-5%10 (1.0 < My )
Main systematic uncertainties: Most stringent limit of inclusive rate !
* MC statistics
 +20% bkg normalization from sidebands By, =(29+03)x 10"

: 4
o Mode”mg of XS decays B<6.4X%X10 "at 90% C.L.



Search for r — 3u

J. High Energ. Phys. 2024, 62 (2024)

Belle llis also a7 factory:  o(ete”™ = 7777) =0.92nb @ Y(4S)

2 il P°  1S° I\V° i Ihh Ah
© i =
8 10'55— [ ] L . ; EEEgm [ | - ] ] - 0 - —E
© C g, u . = . m ]
; -6 i ) mmE " "o 1
L 107 ° " AN E
%I E v viv T oy v v E
- i v vy v ¥ M Y Y v v v
@ 107 ' oy AT ' Sy V3
E [ R ICTEEE N P :
— 10k | = CLEO
O - 5 v BaBar
& Fl o Belle
> ol TR 9 | .« Boien
. ~H - +H ° elie
G 107 ..Sensitivity ~10- SR
O [ ¢ o [ J ® o ®e 1
o B S ° x
o~ 10-10 L rrrrrrrrrrrrrrrrrrad
8 =R T E T RRA R &&6983 oo 11@ 11:&!:4 B EXMRARS Pe's X v <I<<I<
090 TR0 0's §'s o' ® 0203350 kk ﬁgzzxzowx‘”@imk’b&ﬁ B v
mjmﬁmjmﬁmjmjmjmjﬁﬁggxx
Model Reference T— MY T HHM
- _ SM+ v oscillations EPJ C8 (1999) 513 10-40 10-9°
Test lepton flavor conservation ; _
NP dels b I thi SM+ heavy Majve ~ PRD 66 (2002) 034008 109 10-10
many MOoaels brea t IS Non-universal Z' PLB 547 (2002) 252 109 108
symmetry SUSY SO(10) PRD 68 (2003) 033012 10 10-10
mSUGRA+seesaw  PRD 66 (2002) 115013 107 109
SUSY Higgs PLB 566 (2003) 217 10-10 107

# 43



Events per 0.04 a.u.

H 44

T — ppp
— i I . — * _—
e _://:_ - Signal window with AFE3, = E* \V/S/2
t — anything & M 3
Reconstruct 7 — puu 5 . 7;;:124 . e E
= - ~ I B —— Sidebands =
& second 7 inclusively S Beoww=sxwt e 105
Z]J 0.2 E
| Belle I Data iy i .
7 /ﬁdt:424fb_1 i Signal E ee,lf,u> 7] '-8)
80 1 B(r—p ptpT)=4x10"° HEE qg Y 0.1 i =
| St ] 10273
I B BB : i =
ol BDT selection [ 00 .
 f Bkg Signal - Lo
2 with 32 variables SR R g -
0 ‘ + 4—% —0.3 . ‘ :--.: T : : -‘ ‘ : ... . I — I
0.0 0.2 0.4 0.6 OBSDT s uljo 1.70 1.75 1.80 1.85
p o MBM [GGV/CQ]

Most stringent limitof & < 1.9 X 107° @ 90 % CLg

CMS: B <2.9x%x107° @90 % CLg LHCb: % < 4.6 X 1072 @ 90 % CLg
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Search for r — ef? 2207 18936

Similar approach: 7 — e£’¢

- = Fit region Belle II simulation -
| . . + + F,.+ —
Also use BDT for background 05 L Dindresion — 110
suppression using ROE, trained i
on sidebands =
O
Define signal window in O,
— _ . N
AE,,, =E . —1\/s/2:M,,, 3
=
Signal extraction via fitin M, ,,
T pFpFet Belle II preliminary [ £dt=428fb!
8 -_ —— Signal === Total PDF
NU Background ¢ Data
§ L
sor T —> €Ul
S|
S 4
~ | s
£ i
E 2 [} ¢
N \ Nexp Nobs Chg B (107%) Big (107%) Byt (10~°)
[ P ||.-.|.-.-||.L;;'.\:|-.-. el — — 4.3 2.64
0 + + +
14 15 16 17 18 1.9 20 cec 6'1—%2 o 052 209 0 2.7 sl
) e"etpy™ | 12175 12 —0.40"7 0 2.1 1.6
Megg [GeV/c ] 4.3 1.28
e~pte” | 105755 17 —2.901758 0 1.7 1.6
No significant excesses seen; most poptem | 207756 18 —2.507145 0.48+0-90 1.6 2.4
. - - . — — +4.5 +1.93
stringent upper limits in all modes poetnT | 75Ty 9 —0.34T, 0 1.4 1.3




CPVinD — nn

Only experimentally established observ.
of CPV in charm by LHCDb

AAp(D° — KK, nzw) = (—15.4£2.9) x 10~

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

Isospin conjugate modes D" — z'x 0 and

DT 770 of great interest, as either free from
rescatterlng diagram or connected via

# 46

I I I

I I T I I 1

I 1 I I T I 1
P8 Beauty and Charm
L% | Beauty

and Charm, (11] L

~
P TR NN TN N TR S

LHCb:
Preliminary ]
Summer 2024 1

0.2
d
aA+A

0.3

)

LHCb Belle Il

LHCb & Belle |l
R=aAApxtn) + BAA (707" + vy AAp(nt7°)

— RHFLAY — (09 +3.1)x 1073

If all individual AACP #=0and R=0
indicate NP contributions




Select e"e~ — ¢C decays and reconstruct
D™t — D%z to tag production flavor

Goal is to measure

A7T07TO
N[D*t —(D°=m7)nT]|-N[D*~ =(D°—=n°7n°)n ]
N[D*+ — (D0 —n070) g +]|+ N[D*~ = (D0 —70x0)r—] °

/

to determine

0_0 *
AT ™ = Acp(DY — 7070 + A5 T + AT
4 4 X
I N\
D** Production asymmetry ~ Detection
asymmetry

0_0
Determine A" in2D fitinm. oo : Am =m —
7070 - 7+ 7070

m

71070

Candidates per 4 MeV/c?

Candidates per 0.2 MeV/c2

Phys. Rev. D 112, 012006 (2025) # 47

arXiv: 2505.02912

900F 1
Belle Il | L dt =428 fb~
800 mﬂ-O ﬂ-O /
+ ) —4— Data
700 T )
otal fit
600 - D’— K(S)no
500 L~ 1 Combinatorial Back.

2.1
m(7°m°) [GeV/c?]

Belle II [ L dr =428 fb™!
—+— Data

1800
1600 — Total fit
1400 B ' K(n

VA Combinatorial Back.

Am[GeV/c?]

Improvement of 20%

Acp(D° — 2%2% = (030 £0.72£020)x 1072 - R= (1.5+2.5) x 107



AE [GeV]

And much more ...
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