
Belle II: status and prospects
Jim Libby (IIT Madras)
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Overview

• Introduction to Belle II

• Some recent(-ish) highlights

• CP violation

• Anomalies

• Beyond Bs – dark sector searches

•Prospects
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Why Belle II?
• 𝑒+𝑒− → Υ 4𝑆 → 𝐵 ത𝐵 provides a source of B meson decays in a low multiplicity and 

kinematically constrained environment

• Belle and BABAR collected 1.5 ab−1 of such data → Belle II to collect 30 times more

• Approximately one billion B pairs per ab−1
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1) Further exploration of KM mechanism

2) Penguins a plenty

3) Not just Bs

• 𝜎 𝑏ത𝑏 ≈ 𝜎 𝑐 ҧ𝑐 ≈ 𝜎 𝜏+𝜏−

• quarkonium
• dark sector and
• 𝑒+𝑒− → 𝜋+𝜋−γ for gμ− 2



Belle and BABAR achievements
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Belle II’s rival LHCb in a slide
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• 13 TeV pp collisions 

• trillion bb/2 fb−1

• 6 fb −1 @ 13 TeV

• + 3 fb −1 @ 7/8 TeV

• Forward geometry gets both b
quarks in acceptance and boosted –
exploit b lifetime to separate 
background

• RICHes for /K separation

• Full trigger bandwidth for B physics

• Has been driving flavour physics for 
the past decade so you might ask….



But isn’t LHCb doing everything already? 
Complementarity
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50



“Moore’s” Law of Luminosity
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The path to higher luminosity
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The path to higher luminosity
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83 mrad
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SUPERKEKB
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Asymmetric energy: 8 GeV electron 3 GeV positron



Integrated luminosity – so far
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Belle II Collaboration

O(1000) physicists from 26 countries

India: ~50 at IITX (X=M, H, G, BBS), MNIT, 
IISER Mohali, TIFR, PU, PAU, UPES
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The detector
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Belle II – Silicon Vertex Detector
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Only one layer of pixels for Phase III



SVD performance
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PRL 127, 211801 (2021)



RECENT RESULT: CP VIOLATION
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Visualising CP violation:
the unitarity triangle
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The Golden Mode
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CP violation in the ‘interference of mixing and decay amplitudes’ – decay time dependent
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Time-dependent CPV violation
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Tagging power
= (1-2)2

 30%

Chiara La Licata ICHEP
Conference note in preparation

Δ𝐸 = 𝐸𝐵 − 𝐸bea𝑚 (in c.m. frame)
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What next? Gluonic penguin modes 𝐵0 → 𝜙𝐾𝑆
0 and 𝐵0 → η′𝐾𝑆

0 - BSM physics can shift SCP and ACP



RECENT-ISH RESULT: ANOMALY RELATED
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Overview of modes with anomalies

• Flavour changing neutral current b→sll at loop level only

• Tree level b→c semileptonic
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Pro Con

b→sll New physics reach 
O(10 TeV)

One
experiment

b→c Three experiments New
physics 
near the 
EW scale



b→s - PRL 127, 181802 (2021) 
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RECENT RESULT: DARK SECTOR
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Z’ → invisible – to be submitted to PRL
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Z’ → invisible – to be submitted to PRL
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BELLE II PROSPECTS
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Belle II data taking plan

1
5

/1
1

/2
0

2
2

IC
TS

 H
o

ri
zo

n
s 

m
ee

ti
n

g

29

High backgrounds from 
the beams have made 
stable running at high 
luminosity difficult

We have not 
accumulated data at 
the rate anticipated

Long shutdown 
ongoing: accelerator 
and detector 
improvements 

Path to 2 x 1035 cm−2s−1

but thereafter more 
work required

We are here

Long shutdown 1 (LS2) 
for upgrade of detector and IR



• Many plans and 
possibilities
• + polarized 

beams for sin2θW

• Work on a 
Conceptual Design 
Report begun to be 
delivered in 2023

• Followed by a 
Technical Design 
Report in 2024

• Shutdown end of 
2026 or 2027 for 
installation
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Upgrade plans



Conclusions

• Belle II is up and running since 2019

• First significant results are coming in B, charm, tau, dark sector 
and spectroscopy

• We have a BABAR sized data set in hand to do much more in the 
next year of shutdown
• Measurements are benefiting from improved techniques, e.g., 

machine learning

• Then onward to 1035 cm−2s−1 and a few ab −1 data set by 2026
• Unique reach for missing energy, neutral, tau and dark sector

• Path to 50 ab −1 unclear but active upgrade programme underway 
so this can be delivered by the middle of the next decade
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https://arxiv.org/pdf/2207.06307.pdf - Belle II Snowmass
Nitty gritty and up to date predictions of what we can acheive

https://arxiv.org/pdf/2207.06307.pdf

