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First observation
of CP violation
in B meson decay

D⁰ D⁰ mixing
̶ Exotic charged particle
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Integrated luminosity projection in SuperKEKB　
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SuperKEKB opens New physics

Antimatter

An matter particle and its antimatter counterpart are identical in most respects 
except for their charges, which are opposite. For example, an electron and a 
positron are identical except for the fact that electron is negatively charged while 
the positoron is positively charged. Scientists believe that back at the beginning 
of the Universe, the Big Bang generated almost equal amounts of matter and 
antimatter.

Luminosity

In order to make significant discoveries, we require large amounts of high-quality 
data. The more frequently the electrons positrons collide with each other, the 
larger the amount of interesting data that will be produced. This requires a high 
luminosity, or rate of collisions per cross-sectional area. KEKB, a precursor to 
SuperKEKB, achieved the world’s highest instantaneous luminosity as well as the 
largest integrated luminosity, a measure of the total amount of data collected at 
the detector. SuperKEKB aims for 50 times higher integrated luminosity, with a 40 
times higher instantaneous luminosity. 
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The SuperKEKB project is our response to the challenge of solving 

Nature’s fundamental puzzles by upgrading the present KEKB 

electron-positron collider and the Belle detector. The KEKB accelerator, 

together with its state-of‒the‒art detector Belle, demonstrated the 

violation of CP symmetry proposed by Dr. Makoto Kobayashi and Dr. 

Toshihide Maskawa, who received the 2008 Nobel Prize in Physics. 

The KEKB collider has been a leader in the race to provide the world’s 

highest luminosity ̶ the measure of how efficiently an accelerator 

produces particle collisions. With this upgrade, we are bringing the 

luminosity up to 8×10³⁵ cm-² s-¹, or 40 times  greater than KEKB ’s

previous record. This 40-fold improvement in luminosity allows us to 

explore an unknown world, where no human has gone before, to 

discover new physics beyond the standard model.

New findings at the high luminosity frontier
The vertical scale shows the integrated luminosity: the total data 

delivered by the KEKB accelerator. As the integrated luminosity 

increases, so do the important discoveries. Some of these discoveries 

already hint at new physics. At SuperKEKB, a 50-fold increase in 

integrated luminosity is expected about several years after the inauguration 

of the project. What fresh discoveries await us? KEK is eager to find out. 

the results of huge numbers of B meson decays produced by 

electron-positron collisions. We then examine these data in the light of 

various physical models to isolate any small signal that hints at new 

phenomena and to identify any genuinely new physics. 

Searching for new physics
It is believed that equal amounts of matter and anti-matter were 

produced at the very beginning of our universe. But somehow all 

the anti-matter seems to have disappeared. To explain this big 

mystery, scientists believe that there is more “new physics” beyond 

the standard model, which is the theory that currently describes 

quite accurately the behavior of the elementary particles. In the 

standard model, some questions remain unanswered, and “new 

physics” is expected to give answers. To address these, dozens of 

theoretical candidates for some new physics have been proposed. 

Experimentally, those models emerge from tiny deviations from the 

quantitative predictions of the standard model.  In the SuperKEKB 

project, we make a variety of ultra-high precision measurements of 

Evolving toward the Belle II
The Belle detector will be upgraded to take full advantage of the 

high luminos i ty of  the SuperKEKB accelerator .  The 40 - fo ld 

luminosity upgrade yields collision data that must be recorded at the 

rate of 30,000 events per second. To achieve this, our data acquisition 

system is reinforced by introducing seamless parallel data processing. 

In addition, we must detect signals from B meson as precisely as 

possible. To do this, new cutting-edge detectors will be installed. 

Novel pixelated solid-state detectors can improve the accuracy of 

particle trajectory measurements while new Cherenkov detectors are 

capable of identifying the correct particle species.

In this way, the Belle detector evolves towards “Belle Ⅱ”, which will 

be ready for the next adventure in resolving questions in nature. 



Toward a 40-fold luminosity We need a certain rate 

of electron-positron 

collisions, or ‘luminosity’, in order to produce a large number of interesting

interactions of B mesons and anti-B mesons. SuperKEKB is seeking 40 times greater 

luminosity than its predecessor, KEKB. Two key terms to achieve this challenging 

goal are “nano-beam” and “higher currents”.
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New shape for the beam pipe

SuperKEKB’s beam pipe has a unique shape. The high-current 
electron-positron collider must deal with the electron-cloud effect in the 
positron ring, as well as excessive heating in the beam pipe due to the strong 
radiation. As countermeasures, we have developed a clever beam pipe with 
two small antechambers, one on the left and one of the right. The beam pipe 
will be lined with titanium nitride to reduce electron emission. 

In order to maximize the luminosity, the bunches 

of both electrons and positrons must be extremely 

small .  Even through each bunch contains a 

hundreds of billion particles, the density of the 

particles is still low because electrons and positrons 

are extremely small .  The bunch size for the 

SuperKEKB will be as small as 0.02 millimeter across 

and 0.0001 millimeter ‒ a hundred nanometers - high. 

A variety of technical modifications to the accelerator 

will be applied to realize the “nano-beam”, such as 

replacement of the magnets in the positron ring 

and precise alignment of the magnets, which 

should produce 20 times more luminosity.   

Accelerating cavities

Beam particles lose energy while circling in the accelerator rings. Accelerating 
cavities replenish the energy. SuperKEKB will have two types of cavities: ARES 
cavities, and superconducting cavities. The doubled beam current of 
SuperKEKB would cause problems such as heating up of many cavity  

components, which would cause the release of adsorbed gas. A great 
deal of R&D is underway to cope with these issues, aimed at 

re-optimizing these components, and improving the 
coolant flow for safer and more efficient 
operation.

Positron source

Positrons, the antimatter partners of electrons, do 
not exist naturally on Earth. To produce them, a 
high-flux electron beam will bombard a tungsten 
target. SuperKEKB introduces a new electron gun 
to make a high-intensity electron beam to produce 
more positrons. SuperKEKB also employs a “flux 
concentrator”, a system to capture and collect 
positrons efficiently.

For SuperKEKB, we aim for still higher luminosity by increasing the current 

‒ 2.6 amperes for the electron beam and 3.6 amperes for the positron 

beam. Increasing the beam current means increasing the number of 

particles in a bunch. To achieve this,  numerous technical  

developments are underway, such as a new electron gun to 

produce a high-quality electron beam, and an 

upgrade of the radio-frequency system 

to  inject more power into the 

accelerating cavities.  

The damping ring

To realize a nano-size beam, it is essential to have a ”low emittance” 
beam ‒ one with beam bunches whose particles are confined in a 
small  volume and are travel ing in nearly the same direction.  
However, beam bunches do not have this quality when created. A 135 
meter-circumference damping ring for positrons will solve this problem. 
The bunches will travel through a series of magnets that will keep the 
particles on track and focused in their circular orbits around the ring. 

New magnets to nano-size the beam

In the positron ring, one hundred new 
4-meter-long magnets will be introduced to 
focus the positron beam into tiny bunches. 
Magnets with another new design will also 
be placed around the curved sections of 
the positron ring to retain the momentum 
and beam size. 

New beam-crossing scheme

The luminosity will also be boosted by a new 
configuration of the beam-beam collision with a 
deeper crossing angle. The small and thin bunches in 
the electron and positron beams will collide with each 
other at a 4.8 degree tilt, with the beams crossing over 
in a 0.3-millimeter cross sectional area.
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Doubling the beam currents 

Nano-beam scheme




