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A super B-factory?

ÁB factories ( e+e - collisions at ãs = 10.58 GeV)
ÅBaBar (PEPII) & Belle (KEKB) stopped in 2008/2010 

Åaccumulated ~ 1000 fb -1

Åvery successful analysis techniques

ÁNew inputs
ÅATLAS / CMS Ƃ Higgs but no non-SM particles

ÅLHCb/B-factories intriguing tensions in flavour physics

ÁMotivations for a super B -factory
ÅComplementary search for New Physics / LHC

ÅPrecision test of Standard Model

ÅDirect search for new light particles

ÅHadronic physics
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Luminosity frontier

Ý The Belle II physics book
PTEP 12 (2019)  123C01

With billions of ὄὄȟὧӶὧ,†Ӷ†pairs

ÅClean environment (few particles / event)

ÅKnown initial state ᴼkinematic constraints

ÅFinal state always starts with pairs ( ήή, ὰὰ)

https://doi.org/10.1093/ptep/ptz106


Outline

ỆThe projects

ỆSuperKEKB& Belle II

ỆStatus

ỆLuminosity, data taking & performance results

ỆFirst results

ỆProspects 

ỆNext expected results

ỆSuperKEKB& Belle II in the next 10 years
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SuperKEKBcollider

ÁRecipe to high luminosity

& specific beam crossing features

Crossing angle (83 mrad ) + crab waist (80%)
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e- 7GeV

e+ 4GeV

High currents:

> 1A

Nano -scale beam size:
Ȓx×Ȓy ~ 10µm × 60 nm

Ǣy*<< 1 mm

top view

x

z

Cost = severe beam induced background



SuperKEKB/ Belle II Luminosity status

ÁMachine progress

ÁData taken

ÅOn -resonance 74 fb -1

- Analysis ready in Summer 2020 exploit ~35 fb -1

- Analysis ready in Winter 2019 -20 exploit < 10 fb -1

ÅOff -resonance 6 fb -1 ( MǴ(4S) -60MeV)

KEKB
SuperKEKB

2020 Nominal

Energy (GeV) LER/HER 3.5 / 8 4 / 7

Current (A) LER/HER 1.6/1.2 0.7/0.6 2.8 / 2.0

ά.ŜŀƳ ǎƛȊŜέ y̡* (mm) 5.9 0.8 0.3

Instant. Lumi. (cm-2.s-1) 2.1x1034 2.4x1034 ~6x1035
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6 fb -1 +4 fb -1

+64 fb -1

<

First collisions April 2018

Final goal 50 ab -1

See ICHEP talk by Yukiyoshi Onishi
òHighlights from SuperKEKB..."

https://indico.cern.ch/event/868940/contributions/3815760/


Belle II detector

ÁPlanned for better performances / Belle under:
ÅHigher beam -background rate

ÅHigher trigger rate (30 kHz)
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KLongand muon detector (KLM)
Resistive Plate Chambers (barrel outer layers)
Scintillator + WLSF + {ƛtaΩǎ(end-caps, inner 2 barrel layers)

Particle Identification 
TOP detector system (barrel)
Prox. focusing Aerogel RICH 
(fwd)

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

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

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

Beryllium beam pipe
2cm diameter

Belle II collab

~1000 researches / 26 countries

SuperCond. Solenoid
1.5 T magnetic field

Final focusing magnets

new

new

new

new

upgraded

upgraded

new



Special data taking conditions in 2020

ÁNon -stop operation with COVID -19 pandemic
ÅSocial distancing requirements

ÅStrong developments for close to or fully remote sub -system operation

ÅHuge commitment from Japanese colleagues & residents in Japan

- Only 40 people on site from March to July
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Cartoon by Matsuoka -san

Belle II data taking 

efficiency ~ 85%

(target for coming run  90%)



Tracking performance 

Á tag & probe technique with e+e -Ƃȓ+ȓ-
ÅLepton -ID tags the event

Å3 prongs provide probe

ÅSimilar technique to evaluate fake rate /track:  ὶÆÁËÅπȢωχπȢστÓÔÁÔπȢπφÓÙÓÔϷ
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Ý Track finding algo : BELLE2-PUB-TE-2020-001 
Ý BELLE2-NOTE-PL-2020-014

https://arxiv.org/abs/2003.12466


Vertexing performances

Á D0 lifetime
ÅMeasurement with 3 channels: 

D0ŸK- +́, K- +́ 0́, K- +́ +́ -́

ÅEstimated vertex resolution ~40 ȋm

Ý†Ὀ τρςȢσ ςȢπÓÔÁÔÆÓ
World Average (410.1Ñ1.5) fs

Á B0 lifetime 
ÅSmaller Ǵ(4S) boost: 0.42 (Belle) Ƃ 0.28 (Belle II)

ÅAverage distance between B -mesons 200ȋm Ƃ 130ȋm

ÅHadronic channels B Ÿ D(*) - +́/ɟ+

ÅEstimated resolutions

- Time: Ǥt ~ 1 ps ª Ǥt ~ 80 ȋm

- Dominated by òtagó-side

Ý†ὄ ρȢτψ πȢςψÓÔÁÔπȢπφÓÙÓÔÐÓ

World Average (1.519 Ñ0.004) ps
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ÝBELLE2-CONF-PH-2020-003

https://arxiv.org/abs/2005.07507


Particle identification: leptons

ÁUsing fully reconstructed channels
ÅExtract both efficiencies & mis-ID probability from data

ÅFor various leptonID & angular acceptance
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Particle identification: hadrons

ÁUsing fully reconstructed channels

ÅD*+ Ƃ D0(K-ȏ+) ȏ+

ÅSlow ȏfrom D* tags D0 flavour Ý K & ȏ identified in data
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CDC
TOP ARICH

K-ID >0.5



Full Event Interpretation

ÁB exclusive reconstruction in tag -side

ÅCritical tool for signal channels with missing particles

Å104 channels identified via successive (200) Boosted Decision Trees

- Provides classifier ᴕÔÁÇwith eff -purity calibrated on data

ÅTag side with fully hadronic or semileptonic decays

ÁRediscovery of charmless B decay 

ÅMissing 4-momenta ÝὓÍÉÓÓ

Ýꜞὄ ᴼ“ὰ’ ρȢυψ πȢτσÓÔÁÔπȢπχÓÙÓÔρπ

World Average (1.50± 0.06) x10-4
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ÝBELLE2-CONF-PH-2020-005

ÝBELLE2-CONF-PH-2020-007

https://arxiv.org/abs/2008.06096
https://arxiv.org/abs/2008.08819


Dark Matter searches

The Belle II way: light dark sector access via light mediators
Ý implies New Physics & DM

Ý already competitive measurements

ÁNew light Zõ
ÅCouples (gõ) both to SM particles & DM constituents

- only 2nd & 3 rd SM generations 

ÅSearch for

ὩὩ ᴼ‘‘ὤᴂO ÉÎÖÉÓÉÂÌÅ$-

ὩὩ ᴼὩ‘ᴜὤᴂO ÉÎÖÉÓÉÂÌÅ$-

ÅExploit recoil mass against ll-system

ÁOther searches on -going
ÅAxion Like Particles

ÅDark photons
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See Wednesday talk by Marcello Campajola

òDark Sector first results at Belle II "

Ý PRL 124 (2020) 141801

https://indico.cern.ch/event/868045/contributions/3996059/
doi:https://doi.org/10.1103/PhysRevLett.124.141801


Time-dependent analysis for B -physics

ÁMajor tool for
ÅSM precision test, CP violation ( ȕ1)

ÅNP sensitivity ὦO ήήίή όȟὨȟί

ÁMixing B0ŸD- +́

Ýɝά ὄ πȢυσρπȢπτφÓÔÁÔπȢπρσÓÙÓÔÐÓ
World Average (0.5065± 0.019) ps

ÁMain analysis steps
ÅTime-resolution : see lifetime measurement

ÅFlavour tagger : effective efficiency~34 % 
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Ý BELLE2-CONF-PH-2020-004

Á Initial sin2ȕ1 measurement B0ŸJ/ɣKS

ÝÓÉÎς• πȢυυ πȢςρÓÔÁÔπȢπτÓÙÓÔ
World Average 0.685 ± 0.019

e -
e+

B0
CP

t

signal
reco ,.

B0
flavor tag

(4S)

https://arxiv.org/abs/2008.02707


Semileptonic B-decays

ÁMajor tool for
ÅSM precision test, CKM elements | Vub |, | Vcb |

ÅLepton Flavor Universality test

ÅBuild Y=D*l system to separate signal/background

Ýꜞὄ ᴼὈᶻὰ Ӷ’ τȢφπ πȢπυÓÔÁÔπȢρχÓÙÓÔπȢτυ Ϸ

World Average 5.05± 0.14) %

ÁUntagged exclusive analysis
Å2 channels ὄ ᴼὈᶻὰ Ӷ’and  ὄ ᴼὈὰ Ӷ’

Å Partial decay rates Ǥȯunfolded over 

hadronic recoil parameter ύ
ᶻ ᶻ

ᶻ
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Prediction with 
hadronic form factor
Ý | Vcb| extraction

https://arxiv.org/abs/2008.07198


Charmless B-decays

ÁMajor tool for
ÅSM precision test: Unitarity Triangle ȕ2, isospin sum rules

ÅSensitive to NP through loop contributions

ÁCurrent focus
ÅTwo- to Three - body decays with branching fractions ~ 10 -6

- Reconstruction efficiency range =15 -40%

ÅChallenging ὩὩ ᴼήήbackground (continuum)

- Boosted Decision Tree feed by 39 discriminating variable 

ÅFor flavour -specific channels extract charge asymmetry 

Ÿ Probe direct CP -violation

- Correction of instrumental -induced asymmetries with data 
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Ý BELLE2-CONF-PH-2020-001
results below are updated

ɝὉ Ὁᶻ ί
ς

World average compatible

https://arxiv.org/abs/2005.13559


Tau physics

ÁMajor tool for

ÅLepton Flavor Violation with various decays Ű Ÿeɔ, ɛɔ, ɛɖ, lŬ, lll é

ÅSM precision test with Űcharacteristics

ÁTau mass measurement

ÅPseudomass technique ( «ARGUS)

ÅEvent selection: 3 charged -ȏ/ 1 prong (+ ȏ0)

Ýά† ρχχχȢςψ πȢχυ πȢσσ-Å6ȾÃς

World Average 1776.86 ± 0.12 MeV/c 2
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ὓ ὓ ςὉÂÅÁÍὉ Ὁ ὖ ά

Ý BELLE2-CONF-PH-2020-010

https://arxiv.org/abs/2008.04665


Prospects for SuperKEKBschedule overview

ÁTill 2026
ÅContinuous machine tuning

- Beam optics ( ȁy*Ÿ0.5 mm)

ÅBeam background mitigation

(current limiting factor in 2020)

- New collimators 

ÁUpgrade foreseen in 2026
ÅòLongó shutdown

ÅNew final focussing magnets (QCS)

ÅNew beam pipe for interact. region

ÅPartial RF power upgrade

Nominal luminosity 6x1035 cm -2.s-1

Lint = 50 ab -1 after a few years
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