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Abstract This paper is intended to demonstrate the feasibility of 
unconventional rcsonafors, where a single resonating mode exists, 
useful for the acceleration. Unlike conventional cavities, in these 
structures the interacticn region communirates through very large 
aprrturrs witfz non-reflecting terminations. The special geonzctry 
of thP structure permits to trap in the intcractiolz region a single 
highQ rcsorzatiny nzoiie, u;hereas ail HOMs art’ heavily damped, 
being strorzgly coupled to the terminations. These structtires can br 
nnmed “Single Trapped h4oda Rrsorzatcrs” (STMRI. A model of 
STMR opt-rating at 3.34 GHz has been developed and tested. Bofh 
numerical simulations and experimental tesfs showed that tfze 
shuni impedance ana’ the Q-factor of t.hc, accelem!ing mods OYP 
cofrpmblt~ with !hosc of 11 ClOSL~,i cnl~itl{. 

Introduction 

Coupled bunch instabilities cause serious troubles in the 
operation of synchrotron radiation machines, where many bunches 
must circulate for long times. It is well known that these instabili- 
ties are strongly dependent on the oscillating fields excited by the 
bunches in the RF cavity. In a conventional cavity, due to the high 
Q of the parasitic higher order modes (HO\4sj, the oscillations 
excited by the transit of a bunch through the interaction region can 
survive for a time long enough to interact significantly rvith the 
other bunches and, possibly, to start increasingly strong bunch cw 
cillations [1,2]. A sufficient condition to avoid this effect is 

n Lo, 
Q-M w, 

where Q and u;, are the quality factor and the resonating frequency 
of a parasitic mode, w, is the revolution frequency and M is the 
number of the bunches. This conditions ensures that the oscillations 
induced by anv bunch are damped to a negligible value when the 
next bunch cr&es the interaction region. As the cavity is a nearly 
lossless structure, usually the Q factors of HOMs do not fulfil the 
above requirement. ?osszblc cures consist in coupling these modes 
to external resistive loads by means of suitable coupling devices, in 
order to introduce a substantial damping and to shorten the 
‘memory” of the interaction structure [3,4,5]. Due to the crowding 
of the cavtty modes in the frequency spectrum of the bunches, it is 
not surprising that an effective damping of d the “dangerous” 
parasitic modes is in practice an hopeless enterprise, if conven- 
tional cavity resonators are employed for the acceleration. 

This paper is intended to demonstrate the feasibility of 
unconventional resonators, where a s&& resonating mode exists, 
useful for the acceleration. Unlike conventional cavities, these 
structures are nearly open, as the interaction region communicates 
through very large apertures with absorbing terminations. The 
special geometry of the structure permits to trap in the interaction 
region a single high-Q resonating mode which, unlike all other 
modes, is decoupled from the terminations. As a result the 
impedance seen by the bum is a smooth function of the frequency, 
except in a very narrow band around the frequency of the acceler- 
ating field. This means that the HOMs oscillations are immedi- 
ately damped. These structure can be named “Single Trapped 
Mode Resonators” WMR). 

(0) Work carried out in the framework of a consulting agreement betwwn 
University of Pavia and SINCROTRCNE TRIESTE. 

Feasibility of STMRs. 

The structures we are considering have a N-fold symmetry 
axis, coincident with the beam axis (fig. 1). They consist of a central 
body connected to N lateral waveguides. The RF-polver is fed into 
the central body by a suitable coupling device. 
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Fig. 1 

The lateral waveguides are below cutoff at the operating ft-<i- 
quency. In order to simplifv the discussion let us refer to the cylu- 
Jrical-structure shown’in iig. 2 It has a 3-fold symmetry axis (z- 
axis) and is laterally surrounded by three uniform rectangular 
waveguides. 

Y 
P1g. 2 

At first wc’ consider a situation where the waveguidits dre 
shorted at the terminal sections 1 ,2,3. In this situation the structure 
becomes a cavity resonator, whose modes can be classified as 
TM”,,,,, and TE,,,, respect to z. If such a c.avity would br used fol 
acceleration, the longitudinal and transverse shunt impedance 
(which drive the instabilities) should be affected only by TM.,,, 
(monopole) and TM,,, (dipole) resonating modrs. In fact, onl! 
TM,,,, have a noIl-zero E, component on the axis (accelerating 
modes), and only TM I,,~ have a non-zero V,.E, on the axis 
(deflecting modes) (61. For this reason the real part of the lon- 
gitudinal impedance exhibits resonant peaks at the frequencies of 
TMm, modes, whereas the the analogous peaks in the transverse 
impedance are placed at the resonant frequencies of Thlz,,, modes. 
Due to the high Q-factors of these modes, all resonant peaks are 
very narrow, so that, when the lateral waveguides are shorted, the 
considered structure shocld exhibit a very long memory, like any 
conventional accelerating cavity. 

It is well known that TM modes of a cylindrical resoziator do-- 
pend on the eigenfunctions I#,“,, = $,,,,(x,y) and on the eigenvnlues 
k,,$, of the following two-dimensional problem: 

y hm + Mn h-m = 0 over the surface S (fig. 2) 

4J11111 = 0 along the boundary of S 
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Fig. 3 
It is remembered that the resonating frequencjrs and the axial 
electric field for a TM,, mode are given by 

E, = &,” cos (y ) 

~vhcre c is the vfl,.)city of light and b is the height of the cavity. Due 
to the complicate shape of S the eigenfunctions/eigenvalues have 
to be determined numerically. Suitably choosing the dimensions r, 
a, L we succeeded in obtaining the mode patterns shown in fig.3, 
v,rhich represent the contour lines of the first six eigenfunctions. 
Note that the eigtnfunction qer is evanescent inside the lateral 
lvaveguides, whereas all other eigenfunctions exhibit standing 
\\‘ave patterns therein. Furthermore, the amplitude of these last 
eigenfunctions does not differ so much in the waveguides and in 
the central region. This means that the coupling between the cen- 
tral body and the waveguides is very strong for all modes, except 
the TM 01~ ones. 

Now suppose that the wavcguidcs are terminated by matched 
loads. It is evident that all modes, except the TMotp ones, are 
heavily damped. TMaip modes are practically unaffected, their 
fields being negligible at the absorbing terminations. Since all de- 
flecting modes are damped, the transverse impedance becomes 
broadband, whereas the longitudinal impedance still exhibits the 
resonant peaks deriving from the TMorr mode trapped in the cen- 
tral body. 

Note that the TM010 mode can be used for the acceleration be- 
cause it has a constant longitudinal electric field on the beam axis. 
This mode has to be confined as much as possible inside the central 
body in order to maximize its shunt impedance and to reduce the 
length of the waveguides. The narrower the waveguides are, the 
better the confinement is. Therefore the width of the waveguides 
must be optimized by a cut and try procedure, making it as small as 
possible, compatibly with the need of avoiding the trapping of 
modes other than TM,),,, ones. The mode patterns shown in fig. 3 
are obtained with the following dimensions: r = 30 mm; a = 35 mm; 
I, = 73 mm, h = 35 mm With these values the fundamental mode 
frequency (3.342 CHz) lies in the S-band, which is convenient for 
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the realization of an experimental model. 
The following table gives the numerically obtained values of 

the most relevant parameters of the dominant mode (copper walls 
assumed). For comparison the same values are given for a piil- 
box cavity having the same height and same TM010 resonating fre- 
quency. Note that the shunt impedance of the STMR is about 20% 
below that of the pill-box resonator, a results that appears to be 
acceptable. 

In the considered structure the complete suppression of HOMs 
is not achieved yet, due to the modes TMorl, TMalz, which, 
unavoidably, remain trapped together with the fundamental 
mode. These modes can be easily suppressed on the basis of the 
following considerations. Their resonating frequencies are well 
above the cutoff frequency of the dominant (TEro) mode of the lat- 
eral waveguides, and they are decoupled from the waveguides 
only because their fields vary in the z-direction like cos(nz/b), 
cos(2nz/b),..., whereas the fundamental mode of the waveguides is 
z-independent. In other words the decoupling depends on the ex- 
istence of the symmetry plane perpendicular to the z-axis. On the 
contrary the accelerating mode TMero resonates at a frequency 
where the waveguides are below cutoff. Therefore it is evident 
that it is possible to damp the residual HOMs, without affecting 
the accelerating mode, by deforming someway the structure in or- 
der to eliminate the symmetry plane. This can be obtained in many 
different ways, for example by introducing a small offset in the z- 
direction between the central body and the waveguides (fig. 4). The 
effectiveness of this cure is apparent in the experimental results 
discussed in the next section. 
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The use of a structure having a 3-fold symmetry axis seems to 
be the best choice. In fact, in the case of a 2-fold symmetry axis, 
some deflecting modes remain trapped (fig. 5). Of course, the 
trapping ccluld be avoided destroying the axial symmetry, but this 

would deteriorate the symmetry of 

I 

the accelerating mode. On the 
other hand the use of a 4-fold 
symmetry axis would not give par- 
ticular advantages from the point 

Rg. 5 of view of the HOMs suppression, 
and r\ruuld reduce the clearance for the insertion of the RF feed 
Finally it is evident that the order of symmetry cannot be raised at 
will, because the consequent narrowing of the waveguides would 
calm an increasing number of HOMs to remain trapped. 

Experimental results 

An experimental model of the previously described STMR was 
made in order to verify the effectiveness of HOMs suppression. 
Simple transmission measurements have been performed in order 
to evidence resonance spectra. A pair of capacitive probes or a pair 
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of small loops placed on the axis were used to evidence T?&,,, and 
TMl,.resonances. For shortness only the results obtained with the 
probes are reported. 

For comparison fig. 6a shows the TMonp mode spectrum ob- 
tained when the waveguides are detached from the central body 
and substituted with conducting plates. This is a typical spectrum 
of a cavity, and exhibits a crowd of lines at high frequencies. Fig. 6b 
shows the spectrum when the matched waveguides are inserted 
without offset. The suppression of most of the modes is evident. As 
expected the residual lines occur at frequencies which coincide 
practically with those listed in fig. 3 for the TMolp modes. Finally 
fig.6c shows the spectrum obtained after the introduction of a 4 
mm offset between the waveguides and the central body. The 
complete suppression of HOMs is achieved. 

The measurements performed with the loops confirmed the 
complete suppression of TMl,, modes. 

Further transmission measurements were performed between 
loops and/or probes placed in different positions. These measure- 
ments evidenced that all other HOMs (both TE and TM) were 
suppressed too. In conclusion the tested structure was really uni- 
modal. 

Other non-cylindrical 3-fold symmetric structures were tested. 
In this case the size of the waveguides were adjusted experimen- 
tally by cut and try. Though the length of this procedure could not 
permit to optimize the structures, the obtained results confirmed 
that in principle a satisfying level of mode suppression can be 
achieved using waveguides coupled to the central body trough very 
large apertures. 

_Conchisjons 

‘I he feasibility of a STAIR was demonstrated. The proposed 
structures appear to be of practical utility for particle accelerators, 
because their shunt itnpedances are comparable with those of 
conventional cavities and because their realization seems to not 
give rise to serious problems. In particular the realization of the 
waveguide vacuum windows and absorbing loads is very simple, 
because they have to handle small powers, being placed in regions 
where the accelerating field is negligible. Furthermore, the radlnl 
size of the structure can be reduced by bending the waveguides, or 
by replacing them with more fanciful transmitting structures. 

Our experience showed that small modifications of the struc- 
ture are important if one aims at a really good mode suppression. 
Though the design of the structure can be carried out experimen- 
tally, only a computer simulation can allow the simultaneous opti- 
mization of mode damping, shunt impedance and, possibly, of 
other parameters. In the case of non-cylindrical structures the 
optimization would rely on the availability of a very powerful 3D 
computer code, probably better than the Ones available up to now. 
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