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Disclaimer 
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The talk was prepared thinking on the students in the audience. So, I 
kept everything as basic as I could.

Many parts of this talk are based on previous talks by colleagues at the 
Belle II experiment. Particularly, thanks to Tom Browder, Ami 
Rostomyan, Francesco Tenchini, Navid K. Rad, and Alejandro De Yta.



What is Belle II?
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Belle II is an international 
collaboration

Workshop HEP Sonora 2021

• Belle II detectors is based in 
Japan in the SuperKEKB
collider

• Belle II now has grown to 
~1000 researchers from 26 
countries

• Around 330 are students

• Mexico joined Belle II in July 
2013

• First collisions in 2018.
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B factories …
• The B Factories focused on 

establishing large CP violation in 
the B Meson System in the SM and 
constraints on the CKM matrix. 

• PEP II/BaBar stopped in 2008 while 
KEKB/Belle completed operations 
in 2010.

5
A single irreducible complex phase explains all CPV



Some history…

The B factory experiments, Belle and BaBar, 
discovered large CP violation in the B system in 
2001, compatible with the SM and provided a 
large range of CKM measurements. These 
provided the experimental foundation for the 
2008 Nobel Prize to Kobayashi and Maskawa.
In the meantime, the LHC was constructed in 
2008, ATLAS and CMS completely changed the 
nature of high energy physics. Of particular 
importance was the landmark discovery in 2012 
of the Higgs boson. 

This discovery was recognized by the 2013 
Physics Nobel Prize to Englert and Higgs.
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Complementarity

• ATLAS and CMS and the LHC, known as 
high pT experiments, established tight 
constraints on direct production of high 
mass particles (e.g. M(Z’), M(W’)>3 TeV, 
vector-like fermions > 800 GeV) and 
limits on SUSY. This search continues 
with the high luminosity LHC.

• Paradigm shift: inspired by intriguing 
results from LHCb and the potential of 
Belle II, the possibility of finding new 
physics in flavor has emerged as a 
complementary route to the LHC.
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European strategy 
group (ESG) final report 
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SuperKEKB, the first new collider in particle physics since the LHC in 2008 (electron-positron (e+e-) rather than 
proton-proton (pp)). Operates on the Upsilon(4S) resonance with 7 GeV(e-) on 4 GeV(e+) beams.

Phase 1:
Background, Optics 
Commissioning 
Feb-June 2016.
Brand new 
3 km positron ring.

Phase 2: Pilot run without VXD
Superconducting Final Focus, add 
positron damping ring, 
First Collisions (0.5 fb-1). 
April 27-July 17, 2018

Phase 3: à Physics running (spring 
2019 to present).
Have integrated 213 fb-1 so far.

Accelerator innovations: nano-beams and crab waist 
optics (rather than large beam currents)

L(design,2020) = 6.5 x 1035/cm2/sec
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Physics at Belle II
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Belle II Physics mind map



Luminosity: status and plans
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Belle II Integrated Luminosity

Lpeak~3.1 x 1034/cm2/sec

World records: 
1.96 fb-1/day, 
12 fb-1/week,
40 fb-1/month

New world record, 
above the B factories 
(3 X PEP-II) and LHC, 
with a product of beam 
currents 3.5 times 
lower than KEKB.
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FAQ: How can an international experiment and 
accelerator operate during a global pandemic ?

Developed a “social distancing” scheme for on-site shifts in the Belle II and 
SuperKEKB control rooms. Mobilized remote shifters around the world –
depended heavily on internet chat utilities for communication and monitoring.

SuperKEKB/Belle II was and is operating during the COVID-19 pandemic with 
protocols  in place to maximize safety and minimize the risk of infection. Difficult with 
travel restrictions and a very heavy load on a skeleton crew at KEK (~40 people). 

Figure credit: K. Matsuoka
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Mexico @ Belle II

• Cinvestav: 3+5

• Universidad Autónoma de Sinaloa: 
2 + 1

• IF UNAM: 1+1
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Some first 
physics finding 
from Belle II 
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We will look at several examples of these 
mediators in early Belle II data including a special 
Z’ and an axion. Prospects for a dark photon will 
be mentioned.

From a pre-Snowmass meeting
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Belle II First Physics. A novel result on the dark sector (Z’ ànothing) 
recoiling against di-muons or an electron-muon pair. Both possibilities 
are poorly constrained at low Z’ mass and in the first case, could 
explain the muon g-2 anomaly.

Dark Sector:
Previously limited by Triggering, QED backgrounds and theoretical 
imagination.  Now new possibilities of triggering, more bandwidth.

Also examine a  lepton flavor violating NP 
signature in the dark sector Coupling g’

There are a variety of 
possible dark sector 
portal particles:
Vector, Scalar, 
Pseudo-scalars.

They may decay to lepton 
pairs, photon pairs, or
Invisible particles
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Physics at Belle II
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Monte Carlo simulation of a  Z’ àinvisible event

W
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• Bkg dominated by 
• e+e- àτ+ τ- γ
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However, in data we do 
not find any excess in 
recoil mass.



With 278 pb-1 from 
the Phase 2 “pilot 
run”

• I. Adachi et al. (Belle II 
Collaboration)
• Phys. Rev. Lett. 124, 141801 –
PRL Editor’s Choice
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Near term 
prospects for Z’ 
àinvisible
• Uses Phase 3 data on tape. Adding 
in KLM triggers may allow us to 
“break through” the g-2 band.
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Search for ALPs (Axion Like Particles) at Belle II

Examine the three photon final 
state:

An extra term was  introduced 
in the QCD Lagrangian by 
Peccei, Quinn to solve the 
strong CP problem in 1977. 
Wilczek introduced a particle 
interpretation called the Axion. 
Expected to be very light 
(microeV or millieV).   

The ALP is a pseudo-scalar 
with two-photon coupling8/19/21 Workshop HEP Sonora 2021 28



We fit M(γγ)2 in bins at low 
mass and M(recoil)2 at high 
mass. No significant excess 
is found.

  e
+e− →γ a→γ (γγ )
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F. Abudinén et al. (Belle II Collaboration)
Phys. Rev. Lett. 125, 161806 (2020)

The Belle II mass range is 200 MeV to 9.7 GeV, 
far above the keV mass range suggested by the 
Xenon1T excess.

Final ALPS results 
with 445 pb-1 of 
pilot run (Phase 2) 
data

https://arxiv.org/abs/2006.09721

Plan to update with two 
orders of magnitude more 
dataàone order of 
magnitude improvement in g

Revised plot includes LEPII recast, NA64
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Sensitivity for 
the “dark photon”
with the signature:
e+e- àγ + nothing

Latest dark photon sensitivity plot

This is the most 
difficult dark 
sector signature 
(in progress).
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Belle II physics by Mexican 
groups
• Tau physics

• Exotics

• Rare decays



Mexican 
measurements 

involvement
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Tau lepton mass

LFV tau to lepton + boson

LFV tau to 3leptons

LFV tau to mu gamma
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Many other things 
going on in Belle II
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Remarks

W
orkshop HEP Sonora 2021 • Belle II is working well and is now producing physics. 

SuperKEKB has broken the world-luminosity record and is 
now a “Super B Factory”.

• World-leading results already on the dark sector (Search for 
Z’àinvisible and ALPs PRL’s)

• A number of bàs processes have hints of NP.  (New: pay 
attention to BàK ν νbar, Belle II has demonstrated 
improved sensitivity). Along with BàD(*) τ ν, these will be 
studied in detail at Belle II in the coming years.

• A decade-long program of discoveries ahead. Belle II is 
fully engaged in the rare and precision and dark sector 
frontiers, and instrumentation, computing and accelerator 
frontiers.
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