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It is shown that by incorporating a nonisotropic conductive thin film in a dielectric loaded
super-conductive structure, it is possible to design an accelerator cavity wherein the maximum
magnetic field at the surface of the superconductive material is below the critical value, although the
gradient on axis may exceed 50 MV/m. © 2007 American Institute of Physics.
�DOI: 10.1063/1.2794432�

Gradient enhancement in the future acceleration struc-
ture of the International Linear Collider may have significant
implication on its length and thus on its cost. Although su-
perconducting �SC� technology facilitates fabrication of
cavities of very high quality factors Q�109–1010 �Refs. 1
and 2� compared to room temperature technology, it has an
inherent limitation in the form of the maximum magnetic
field allowed at the structure’s surface. Specifically, this must
be kept below the critical magnetic field of the supercon-
ductor �Hc1 in case of type II� otherwise, vortices penetrate
the SC layer and cause strong rf dissipation. For the case of
widely used bulk Nb, this field is of the order of Hc1

Nb=1.35
�105 A/m,3 coinciding with the Q-drop magnetic field
achieved recently in a Nb cavity.4 In an attempt to overcome
this difficulty, Gurevich5 at Jefferson National Laboratory
proposed to enhance the rf field allowed at the surface of a
Nb cavity by coating it with a multilayer structure composed
of alternating dielectric and superconductive layers resulting
in effectively higher Hc at the vacuum-material interface;
each layer in this configuration is thinner than the penetration
depth.

Dielectric materials are widely used in optics for high-
power components due to their inherent low loss. Bragg
waveguides or mirrors composed of alternating layers of dif-
ferent dielectrics harness the ability to “rotate” the electro-
magnetic field components and generate a specified field at a
given location, as was demonstrated recently.6 The concept
was adopted at Argonne National Laboratory by Jing et al.7

in the design of a room-temperature structure to be used in a
dielectric wake-field accelerator. In this case, for loss reduc-
tion, the magnetic field at the metallic wall of a cylindrical
waveguide was reduced by employing a TM03 mode in a
four-layer dielectric-loaded configuration.

In this letter, we consider the possibility of using a
single-layer dielectric-loaded superconducting cavity in or-
der to support high accelerating gradient E0 �the longitudinal
electric field amplitude on the z axis� and achieve a high
R /Q �R being the shunt impedance and Q the quality factor
of the structure�. However, in order for such scheme to be-
come feasible, the dielectric layer chosen must satisfy two
important conditions: withstand very high electric field �high
breakdown threshold� and have ultralow loss tangents,
namely, of the order of 10−9–10−10 �Refs. 8 and 9� in order to
avoid degradation of the quality factor of the SC structure.

To demonstrate the concept, consider an azimuthally
symmetric waveguide, made of superconductive material,
loaded with a concentric dielectric layer, as depicted in
Fig. 1, Rint and Rext denoting the internal and external radius
of the dielectric layer. Further, it is assumed6 that an azi-
muthally symmetric TM mode oscillating at a given angular
frequency � is propagating with a phase velocity Vph=c and
thus, in the vacuum region, the electromagnetic field is given
by

Ez = E0e−j��/c�z,

Er = �0H� =
j

2

�

c
rE0e−j��/c�z, �1�

where �0=��0 /�0 is the impedance of the vacuum. Simi-
larly, in the dielectric layer, the field components are given
by

Ez = �AH0
�2� + BH0

�1��e−j��/c�z,

Er =
Z

�� − 1
H� =

j
�� − 1

�AH1
�2� + BH1

�1��e−j��/c�z, �2�

where Z��0
��−1/� is the transverse wave impedance, the

argument of the Hankel functions is kr, k����−1/c denot-
ing the transverse wave number, and A and B are the ampli-
tudes of the outgoing and the incoming waves in the dielec-
tric layer, respectively. By further imposing the continuity of
the tangential field components �Ez ,H�� at the vacuum-
dielectric interface and imposing Ez to be zero at the external
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FIG. 1. Schematic cross section of the dielectric loaded cylindrical acceler-
ating structure.
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