Presentation notes
Wideroe Criterion
Suppose the is a uniformly distributed magnetic flux

Let's now investigate the magnetic field variation on the orbit of the
electron:

So, the flux through the orbit must change at twice the rate of the
magnetic field at the location of the orbit to maintain constant electron
orbit.

Phase Stability
The particle accelerators have a large number of sections (or one section
that is traversed over and over again). One method of achieving consistent
acceleration throughout the device is by adhering to the so called
"synchrotron condition", that is to assume that the particle will arrive at
each accelerating station at the same phase of the RF voltage.
By implication, there is a perfect particle that adheres to this perfect plan
for the accelerator system, I.e it has the right energy and traverse time
through the structure to receive the right increment of energy. But we are
also concerned with other particles that deviate slightly in energy and
transit time from the perfect particle. Finding out whether these particles
that start near the perfect particle in energy and transit time stay with the
ideal particle in this "phase space" constitutes a Phase Stability problem.
We will find that there is a strong stability condition that dictates that
particles near the ideal particle will remain nearby and oscillate about the
ideal particle in energy-transit time space.
Since these oscillations were first analyzed for a device called synchrotron,
they are called synchrotron oscillations.
The concern is that the particles that are diﬀerent in energy from the
perfect or synchronized particle arrive at a diﬀerent time in the RF cycle,
and will experience diﬀerent acceleration force. The question is whether
this diﬀerence in energy gain reinforces the disparity in transit time to the
next station (unstable case) or reduces it (stable case).

Synchrotron oscillations
We want to find the diﬀerence in the time it takes to traverse between two
accelerating sections as a function of the diﬀerence between the
momentum of a particle and the momentum of the synchronized particle.
Suppose we have a number of accelerating stations.

The progress of the ideal particle through the accelerator is charted in the
design of the device. In general however, a particle will deviate from the
design motion, and we wish to develop equations of motion that treat
those deviations:

One can show that

introduce

determined by the time and device being studied as well as
its particular design

So will particles close in phase space remain close? What follows applies
to circular accelerators, but the argument is nearly the same for linear
ones.

In this case we looked at three particles that start with diﬀerent energy and
the same phase. You can see that the diﬀerence between energies gets
reduced and so the does the phase slippage on the next station. This
reduction in both phase change and energy slippage from turn to turn is
the seed of stable oscillations.

1. There are two points in the phase space at which the particle
undergoes no phase motion:
• Ideal particle with
• Point on the separatrix, called
the unstable fixed point. The
closer point separation on the
unstable fixed point indicates
that the particle moves very
slowly in this region. In
particular, a particle on the
separatrix moving towards the
fixed point would require infinite
many turns to reach it.
Figure shows 3 stable fixed points

2. In the case of a circular
accelerator, where the harmonic number is generally greater 1, there could
be many stable points distributed and spaced by
3. The area within the separatrix is called a bucket in accelerator jargon, so
this figure depicts three stable buckets.
At LEP, ONLY 4 buckets are occupied. The length of LEP is 27 km and the
buckets are about a meter about. So just over a 0.1% of buckets are
occupied. Note that each bucket basically means a 2pi shift in the radial
frequency angle of the RF pulse.
Electrons in each bucket are called a bunch.
4. If the synchronous phase is zero or PI, the ideal particle is unaccelerated
and the phase stable region is the entire
these are called stationary buckets. For this case, a particle outside the
separatrix will simply oscillate in energy and may never leave the

accelerator. However, it is an
unstable particle because it will
continue drifting in phase.

