
coefficient wdt acquires great importance. Experiments are in
preparation at LINP and Los Alamos. Currently, indirect
estimates from experimental data of the Jones group indicate
that wdt ~0.003, a factor of two lower than the theoretical
lower bound. Should this result be verified it will be possible
to obtain Xc s;200 fusion cycles. Finally, a recent commun-
ciation from the Jones group reported 160 + 10 fusion events
catalyzed by a single muon in a deuterium-tritium mixture at
liquid hydrogen temperatures.

In conclusion, research of the last several years has sig-
nificantly changed our understanding of the muon catalysis of
nuclear fusion reactions. The main breakthrough was the dis-
covery of a resonance mechanism for the formation of dd/z-
and dt//-molecules that is responsible for a high rate of cataly-
sis, especially in d-//-t-fusion. The upper bound on the num-
ber of dt-fusion events catalyzed by a single muon has not yet
been firmly established, but apparently it may be asserted that
it is greater than 150. This implies that muon catalysis can be
seriously discussed as a potential source of energy.

An expanded version of this report is published in "Pro-

ceedings of the XX winter school at LINP" (Leningrad,
1985).
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V. S. Panasyuk. New types of synchrotrons as dedicated
generators of synchrotron and x-ray radiation. The wide ap-
plication of synchrotron radiation for various purposes be-
gan at electron storage rings originally constructed for re-
search in high-energy particle physics. In such research the
long lifetime of the electron beam is of principal importance,
which complicates the construction of storage rings. Dedi-
cated sources of synchrotron radiation are basically similar
in construction to classical storage rings with the difference
that the energy of the accelerated electron beam is signifi-
cantly lower than that achieved in the prototypes.

It should be noted, however, that in some cases it is
unnecessary to employ synchrotron radiation continuously.
This is especially true when the peak power of pulsed synch-
rotron radiation markedly exceeds the power of continuous
radiation. It is shown in Ref. 1 that for a given spectral range
of wavelengths it is advantageous to increase the power of
the radiation by increasing the strength of the guiding mag-
netic field and simultaneously decreasing the orbit radius of
the beam. Limitations on field strength produced by electro-
magnets with ferromagnetic cores may be removed by em-
ploying electromagnets used for generating ultra-high mag-
netic fields.2 If currently achievable magnetic fields of
several hundred kilogauss are used for guiding the beam, the
optimal electron orbit radius for radiation in the visible and
soft x-ray spectral ranges shrinks to several centimeters.
This significantly simplifies the technical construction of a
cyclic accelerator because high magnetic fields are achieved
in small volumes.

Given the small dimensions of the high-field magnetic
system it is advantageous to employ the simplest injection of
particles and to accelerate them at the beginning of the cycle,
similarly to a cyclotron with soft focussing of the beam.
Synchronicity between the angular frequency of the parti-

cles and the fixed frequency of the ultra-high-frequency ac-
celerating field right up to a fixed-radius orbit is automati-
cally maintained by the rising slope of the pulse of a strong
magnetic field.3-4 For construction reasons the ultra-high-
frequency voltage is best generated in a cylindrical resonator
(the//ul mode), possibly in the electromagnetic cavity it-
self. An example of such technology is the "Troll" synchro-
tron,5 which has the beam orbit radius of 1.7 cm, intensity of
10'° electrons in the accelerating cycle and a final energy of
50 MeV.

For purposes of optical radiometry6 pulsed synchro-
tron radiation of microsecond duration is appropriate. Tech-
nological application may require pulses of tens of millisec-
onds. Obviously a long-lived circulating beam in the range of
strong magnetic fields supplements the application regions
of dedicated sources examined above. However, the genera-
tion of strong continuous magnetic guiding fields is current-
ly possible mainly through the use of superconducting sole-
noids, in which case the achievable field strength is
significantly lower than if ordinary high (ultra-high) mag-
netic field electromagnets are used. Among the types of ac-
celerators and electron storage rings examined, synchrotron
radiation of a long-lived beam falls in the vacuum ultraviolet
wavelength range. In these machines the particle accelera-
tion technique discussed above is combined with the motion
of an electron beam in a magnetic guiding field, where the
guiding field is a superposition of a time-varying and a con-
stant high magnetic fields.7-8

The idea of maintaining synchronicity between the an-
gular frequency of charged particles and the fixed frequency
of the high-frequency accelerating field as the particles are
accelerated from thermal to relativistic velocities in a pulsed
magnetic guide field also proved to be fruitful in cyclic accel-
erators with an electromagnet containing continuous poles
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and a ferromagnetic core. A flat accelerating structure,
much like cyclotron dees (TEM wave), is positioned
between the poles. The pulsed operation of the electromag-
net necessary for the described acceleration technique, re-
quires either a laminated iron core or a ferrite core, in which
cases the accelerating pulse frequency may reach hundreds
of kilohertz resulting in a higher average power of the elec-
tron beam or x-ray bremsstrahlung. Of course particle ener-
gy in this very simple synchrotron is a few MeV. It is also
certainly possible to produce a long-lived electron beam in a
large magnetic system with unlaminated core and dee accel-
erating structure using methods presented in.7'8 In such a
case the principles cited in Ref. 1 are probably invalid; the
device becomes equivalent to a classical dedicated electron
storage ring, but with continuous poles of the guide field
electromagnet and an internal particle source. In some cir-
cumstances, such as when the guide field electromagnet of a
cyclotron or the like is "vacant," an application may be
found for synchrotron radiation—such an arrangement ap-
pears sensible.

In conclusion let us note that in the course of developing
high-frequency autogenerators for inducing the accelerating
voltage in cyclic accelerators a new type of capacitive cou-
pling between the accelerating resonator and the generator
tubes was constructed. Using these autogenerators linear
charged particle accelerators were developed—some are al-
ready in use as portable x-ray machines.9JO
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