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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: → 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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What is Belle II?
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Belle II is an international 
collaboration • 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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Physics at Belle II
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Belle II Physics mind map
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Several physics analyses @ Belle II:
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https://www.belle2.org/

Dark sector searches  Belle and Belle II
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Search for LFV  𝜏 → 𝑙 + 𝛼(𝑖𝑛𝑣𝑖𝑠𝑖𝑏𝑙𝑒)
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• LFV process not present in the SM but 
appears in several NP models.

• Search for a two-body decay spectrum:
o Signal is a monochromatic peak in the tau 

rest frame
o The tau rest frame not accessible due to the 

missing neutrino.

• Approximate tau rest frame by: 
o 𝐸𝜏 ≈

𝐸𝑐𝑚

2
o Direction of the  given by the opposite to 

the 3 direction.
o This is called the tau pseudo-rest frame.

• Search over irreducible background of 
𝜏 → 𝑙𝜈𝜈
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The effect of the pseudo-rest frame
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𝑥 =
2𝐸𝑙

𝑚𝜏

2-body decay case

𝑚𝛼 = 1.4 𝐺𝑒𝑉
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The effect of the pseudo-rest frame
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3-body decay case (𝜏 → 𝑙 ҧ𝜈𝑙𝜈𝜏)
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Search for LFV  𝜏 → 𝑙 + 𝛼(𝑖𝑛𝑣𝑖𝑠𝑖𝑏𝑙𝑒)
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Could we do better?
Let us try to use all kinematic 
information

• Particles h are visible particles

• Particles N are invisible particles

• Particle X is the mother particle
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Kinematics 
endpoints

• A, B, C, and D coefficients depends on observed 
information.

• 𝜇𝑖 are the normalized masses to the cms energy 
𝑠
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𝜏 → 𝑒 + 𝛼
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• Blue is signal with 𝛼
mass equal to 1 GeV

• Red is 3-body decays



In fact, we can do better
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PHYSICAL REVIEW D 102, 115001 (2020)



Remarks:
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• For the search of a new boson in LFV  𝜏→𝑙+𝛼, we can improve for zero mass of the new 
boson up to 15 times better upper limit, which in a simple scaling is like requiring 225 
more data.

• The method can be applied to 1x1 topology as well.

• Not presented here, but this can be applied to measure the tau mass, providing more 
events in the endpoint than the pseudo-mass endpoint.   
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