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- Belle detector:

The Belle detector installed at KEKB has made  at the interaction point:

many ground-breaking discoveries, including the  These focusing magnets compress the
beams to achieve a higher rate of electron-
positron collisions.

The cavities which accelerate the particles using high frequency electromagnetic fields, the
klystrons which supply the high frequency electromagnetic waves to the cavities, and so on.

Electrons evidence for CP violation.

‘ Without crab cavities ’ { With crab cavities ’

_

"‘“E__ Head-on

Magnets

-u_,qq_f_ollision
. _— . . : Croessing angle 1.3’ Crossing angle 1.3’
The electromagnets which make the magnetic fields keeping the particles : - Positrons v, gang — Lﬁﬂ" 9ang
in their orbits, their power sources, and so on. Superconducting cavity: : - 4 | —
= " s el The superconducting cavity installed in the electron Electron Positron
- oy = | ring. The cavity is made of superconducting materials, /’ T BTTe e
Electromagnets in the arc region: which create a high acceleration voltage. KEK’s super- _
EIeCtrOmagnetS gUide beams in a Circle, and are one of Conducting techno|ogy is among the most advanced in 1 N Electron Positron
the critical accelerator components. More than 2,000 the world. = ;. Sgubr?l(lzign 88ubr;l(l:i2n

3 .
.
Control room:

Accelerator scientists control KEKB’s many pieces of
equipment from the central control room. Many monitors
are lined up to display the current status of the

accelerator. The central control room also controls
equipment at sub-control rooms located around the ring.

Crab cavity Crab cavity

electromagnets of various types are employed.

Beam Diagnostics System

The collection of systems which, during operation, check the state of the
beam in the accelerator to see if it is traveling according to design.

Each bunch makes a bunch crossing 100 thousand times every second. Around 1,400 bunches circulate in each ring.

The above shows schematic views of electron-positron collisions. Electrons and positrons travel forming bunches inside the
accelerator rings. Each ring circulates around 1,400 bunches, making a bunch crossing every 6 or 8 nanoseconds at the center of
the Belle detector (A nanosecond is a billionth of a second). At KEKB, each bunch is only 110 micrometers in width, 2 micrometers
in height, and 7 millimeters in length, the smallest size realized by a ring collider. Any slight deviation of the beam trajectory can
result in severe luminosity loss. Many state-of-the-art hardware and software components are employed at KEKB to make sure that
the bunch crossing always occur at the centers of the bunches.

Vacuum System

The containers which maintain the vacuum state along the beam’s path.
There are various types of component around the accelerator.

Steerable mask:
Masks installed inside beam ducts prevent off-trajectory
particles from hitting the detector, reducing the detector
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Normal--conducting radio-frequency cavity (ARES):

Beam Transport System

noise. The ducts themselves are movable, allowing
control over the distance between beam and mask. They
are installed in various locations in the rings.

The ARES cavities provide energy to the beams by
accelerating them with the electromagnetic waves. The
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. L . three-cavity combination is a unique design developed Py | e
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positiron bunches do not collide head-on

Control System

The system which remotely controls all the components of the accelerator.

Injector

This is a large and complex accelerator, which supplies the KEKB rings with
positrons and electrons.

A beam position monitor block:

A button-shaped electrode monitors the beam position
by detecting the electrical signals from the beam. The
monitor blocks are integrated into the beam ducts. Each
ring employs more than 400 beam position monitor
blocks.

Horizontal kicker:

The horizontal kicker suppresses unwanted beam
oscillation in the horizontal direction while running the
accelerator. The horizontal kicks are provided by
radio-frequency electromagnetic waves which are
transmitted via thick cables.

Injection point:
This is the entry point of the beams delivered from the
injector into the storage ring. An electromagnet installed
at this point pulses the magnetic field inside at high
frequency in order to efficiently feed new beams into the
circulating beams in the storage ring.

Injector:

The powerful linear accelerator provides KEKB’s double
rings with 8 billion electron-Volt electron beams and 3.5
billion electron-Volt positron beams. The injector is a
multi-purpose accelerator, also feeding beams to other
electron accelerators located at KEK.

Solenoid magnets for positron ring:
Solenoid magnets are installed over the entire
positron ring to suppress the harmful build-up of
electron clouds. KEKB showed a dramatic increase
in luminosity after their installation.

at the interaction point, but instead cross
at an angle, because the electron and
positron beam trajectories themselves
cross at an angle. However, recent simula-
tions showed that head-on collisions
would bring about higher luminosity.

Crab cavities produce radio-frequency
electromagnetic fields, which kick the
head and tail of each bunch in opposite
directions so that, in effect, the bunches
make head-on collisions.




