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Abstract: This paper

deals with the design of high § TE resonators for high efficiency RF pulse

compression.

This kind of resonator is used to double the energy gradient of linear accelerators. In order to study the in-

fluence of the geometry of the resonator on the QO,

this code an

a computer code named OSCAR2D was developed.
optimum geometry for TE storage cavities was

By means of

found. The results of the computer simulation are

shortly compared with the experimental measurements performed on a TE cavity prototype.

1. - Introduction,

[

to double
the without
modifications of accelerating sections and RF systems,
by
The pulse compressor makes
to store the RF energy.

As
energy gradient of a linear accelerator,

oroved elsewhere , 1t's possible

installing a pulse compressor after the klystron.
use of a high @ resonator

A feasibility study of a similar system started
at INFN Frascati Laboratories with the goal to double
the energy of the 400 MeV linac. The results of this
investigations that the storage
at least,

cavities must
10 Such

high 5alues of Q can be achieved with TE mode resona-

show
exhibit a quality factor of, very

tors .

Our report presents the various kinds of usable
taking into account the problems given by
the degeneration of TE modes into low Q TM modes.

cavities,

A computer code is which allows the
of the parameters (frequency, ¢ ,

etc.) of the TE cavities with azimuthal symmetry for

presented,
calculation main
resonance modes independent from azimuth.

2. — Definition of the protlem.

It has been demonstrated at SLAC,
sible to increase the energy gain of an electron linac

that it is pos-
for a given klystron peak power. The peak power fed to
accelerating sections can be increased by means of a
device ccnsisting of twe high @ resonant cavities, a 3

dB coupler and a fast phase shifter.

To achieve the best efficiency,
inside the cavity must be as much as possible constant
during the length of RF pulse. The length of pulse fed
to  the section must be equal tc the
filling time of the section. The loaded Q of an accele-

the energy stored

accelerating

rating section is nearly 10, therefore, for a good
operation cf the system, the storage cavities need a
Q of 10 at least; the working frequency must be, of
course, the same of the accelerating section, i.e.
2856 MHz.

3. - Steorage cavities design.

The TE modes azimuthally invariant in cylindrical
resonators have been considered as resonance modes for
the storage cavities of the pulse compression systen;
such resonators have very high quality factor so that
they can satisfactorily be used to store the RF energy .

The analytical solution for the fields in TE reso-
cylindrical shape) well

the @ a given
aoreal resonator

nators_ (spherical or is

calculate for
Nevertheless,
ideal one so that the

in fact:

kncwn and can
material conductivity.
is slightly different from an
analytical computation cannot be performed,
the real resonator has a different geometry due to
the coupling windows, the tuning devices, etc. so to
change the field distribution and the quality factor;

b) the TE mode 1is normally degererated with a low Qo
™ modeognd one must introduce a perturbation inside
thencavity in order tc remove the coupling between the

and to avoid the energy

we

\
a)

modes transfer from each to

other,

The perturbation acts in a well known way on the
frequency; 1its effect on *the guality factor is less
In order to take into account these effects,
designing TE storage cavities, the finite difference
code OSCAR 2D has been extended for the calculation
of the first TE modes for resonators having azimuthal
symmetry. The methcd wused by the is briefly
described in ref.[AJ

known. in

code

The program was modified in the following way for
the solution of TE modes:
i) the Helmholtz eigenvalue equation is used

> o> g , :
Vx (JxE) = kK E, with E:(O,E\\'),o), k=t /e (1)

which follows from Maxwell equations. If E does not

depend an? (1) becomes the scalar equation:

rijr,z); (2)

0 on the resonator

2
d 1 dF d 2
aF - - + = + k F =
2 r dr 2

dz

0, where F =

dr

. L >  p
ii) The boundary condition E x n =
can be expressed for F as the Dirichelet condi-
is imposed with high

wall,
tion F = 0. Such a condition
accuracy on the boundary of the resonator by using a
second order bidimensional Taylor expansion. Our ap-
proximation for the Dirichelet condition works equally
well whether the resonator boundary is coincident with
lines of the discretization grid or not.

4. - Choosing the rescnator geometry.

The OSCAR2D code allows for the optimization of
the resonator geometry. Two different shapes can be

used: the sphere and the cylinder.
The shaped resonators have a quality

factor 20% higher than cylindrical cavities, but the

spherical
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TEOll degenerates with TM 11 and three times with it-
self because the orientatign of the field is not fixed
in a sphere. This is a disadvantage, 1n fact It's ne-
cessary to know where the maximum and minimum of the
field are located in order to determine the position
of the coupling

(loop or window) and tuning devices.

A perturbation of the geometry is needed to remo-
ve the degeneration of the modes and to provide an
orientation of the fields to position the tuning and

coupling devices.

The perturbation modifies the resonator geometry
decreasing the Q of 10%. The advantage of a very high
quality factor is lost.

A cylindricél cavity has then been considered. In
this case, the only degeneration, which can be easily

is degeneration between TE and TM_ . From
onm Inm

removed,
the perturbation theory one has:
Af Avy
—f‘zb(r (3)
o o
where fo and VO are respectively the resonant frequen-
cy and volume of the unperturbed resonator and & is a
coefficient proporticnal to the energy stored in the

removed volume.

In fig. 1,
in the r,z plane, is presented.

a section of the selected resonator,

r

=

Fig. 1 - Axial section of resonator.

A suitable perturbation of the resonator is car-
ried out by removing the corners as shown in the figu-
re. Being the TM H field close to its maximum value
in the removed vofhme, the frequency shift of degenera-

te T™ is high.
In is hig

5. ~ Optimization of the mode.

Once the geometry of the resonator has been cho-
sen, the next step is the calculation of the parame-
ters a aqd o by the O0SCAR2D code, keeping the ratio
2R/L = 1

The previous condition guarantees the best Q@ for
. o
the unperturbed resonator. We define the magnetic geo-

metry factor:
JJ Ji, - Zd v

2 -
JJ Hies
. 5
G is related to the shape and the cavity mode to be
used.

C( :?mf,’a,bia

(5)
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We also have:

Q e (6)
o R
S
where
Kﬁﬂo

R, = \—— (7)

S Q
is the surface resistance of a cenductor having the

conductivity G at the frequency fi jt is the permeabi-
Mo
lity of vacuum. ’

In Figs. 2, 3, 4, 5 we show the variation of G
with the parameters a and o for first fcur TE

Oln
modes. It can be seer from these figures, that tﬁe
geometry factor G reaches a maximum for each mode and

this maximum value is greater than the facter G_of the

unperturbed cavity {a=0). Now taking R_= 14x10 and
f = 28%6 MHz, the value of TEOlA mode corresponding to
the maximum of G is
G 1860 .
Q = — = = = 140.000
o R -
S 14x10

This value satisfies the requirements of a cavity for
energy storage.

6. - Conclusions.

The results of simulation have been verified by
means of a 2856 MEz brass modified resonator operated
on the TE and b=6.5 cm (see
fig. 4). The difference between the calculated frequen—
cy and the measured one is within 1 MHz. The geometric
factor G=13004L is 10% lower than the value we expect-
ed. The difference is rprobably due to the
smoothness of the surfaces and to the imperfect know-
ledge of the conductivity of the used brass alloy.

mode with a= 6 cm

imperfect

We finally conclude that OSCAR2D coce can be suc-—
cessfully used to design energy storage cavities and
to demonstrate that a carefully optimization of the
geometry of a cylindrical resonator allows both the
removal of degenerations and an improvement of the qua-
lity factor by about 20%.

These performances permit the TE cavities to be

used as storage cavities in pulse compressor with a
lower mode (TE 1 ) instead of higher modes ( EOlB)
used elsewhere. s an example, if a Q ofl0 is
needed a TE can be used, allowing (%or a wider

separation of Unwanted modes and a less critical mecha-
nical construction.

The use of modified resonators on modes higher
than the TE
wider safety margins against unwanted losses, dues to

will guarantee higher Q allowing for

bad processing or contamination of the cavity surface
during operation.
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Fig. 2 - Variation of G with a, b for TEOll mode.
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Fig. 3 - Variation of G with a, b for TEO12 mode .
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Fig. 4 - Variation of G with a, b for TEOlS mode .
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Fig. 5 - Variation of G with a, b for TEOlA mode.
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