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Abstract in the case of white noise; on the other hand, when a 42

. o N Hz mechanical vibration is applied for a long enough
A device which is capable to reduce significantly thqime, the frequency error can reach such an amplitude

amplitude of mechanical vibrations in superconductingn t the phase-lock system capabilities are exceeded. In

quarter wave regonators was designed, const_ructed 3H8 ALPI linac cryostats this condition can appear, for a
tested. This device can eliminate the necessity of f minutes, almost everyday: this could make the

tuners and related electronics in many SuDercondUCﬁ%eration of many resonators at the same time

cavities, resulting_in a significgnt cost saving both. in thEroblematic. We have exploited a new approach to this
construction and in the operation of superconducting IOWrobIem: we have added to the resonator a mechanical

beta linacs. dissipator, capable to absorb energy from the dangerous
1 INTRODUCTION mechanical mode and, consequently, to reduce its

. o ) . _amplitude. One problem in this approach is the difficulty
Mechanical stability is a very important requirement iny¢ building a device with a linear, or at least smooth,

superconducting cavities; their very small rf bandwidth, fesponse at liquid helium temperature: another problem is

consequence of their very high quality factor, makes Vot new resonant modes could be easily introduced by
difficult to lock them to an external frequency,

, , requirind;qding to the resonator new parts. To be acceptable, the
a very accurate tuning. The resonator eigenfrequency Cgfsinator must fulfill also the following requirements: it
be modified by mechanical deformations, caused mainjy, gt damp efficiently even very small oscillations, it

by mechanical noise in the environment and by liquigh s he simple and reliable, it must not affect the good rf
helium pressure fluctuations. In some cases frequenﬁ\érformance of the resonator; moreover, it should be

shifts are caused also by radiation pressure [1]. Differeghssiple to add the dissipator to the existing resonators
resonators have different response to these external, i modifying them.

solicitations; while usually slow frequency changes can
be compensated by slow mechanical tuning, fast 3 DISSIPATOR DESIGN

V|brat|on_s, p_artlcularly when they act close to 4rhe dissipator that we have developed consists of two
mechanical eigenfrequency of a resonator, can cause v in parts: an enforcing tube, welded to the stainless

wide frequency changes, making the phase-lock to Yeel flange connected to the top of the resonator,

faxternal referencg |mp033|ple. Overcoupl!ng aIIQW t rotruding inside the inner conductor and terminated with
increase the effective bandwidth; however, it requires

. f th f h h the rf I q disk, and a load which is tightly connected to the inner
Increase of the power flow through the Tt lines ance,nqctor and oscillates together with it. Load and disk

coqsequently, Iar.ger rf Power sources and more l'.qu'gre in contact and any oscillation of the inner conductor
helium consumption. This solution is often not sufﬂmen}nake them slide with respect to each other (see figure

and a }‘ast tuning device, either an Qlectronic or ﬁ‘.l). The device can be mounted and dismounted without
mechanical one, is needed, at the price of a h'ghglhy difficulty

complexity of the system and of an increase in liqui

helium dissipation [2]. 3.1 The enforcing tubeThe enforcing tube, a stainless
steel cylinder, must be as rigid as possible and its lower
2 THE LNL, LOW p CAVITIES APPROACH resonance must be higher than 150 Hz which is believed

The LNL low beta quarter wave resonators [3] ard® P€ @ tolerable frequency ; its length and its outer
cylindrical coaxial cavities with very good rf diameter (48 mm) result from a compromise which
performance; they have only one dangerous mechani@arantees a high enough resonant frequency and proper
resonance at 42 Hz, related to the oscillation of the inn&Pling of the inner conductor. Holes along the tube
conductor with respect to the outer one. The mechanicdloW liquid and gas helium flow. The bottom disk can be
quality factorQ,, of this mode is about 2000 (decay time-made of different shapes and materials; after examining
~8's). The eff“éct of this resonance can be observed Bva the static and the dynamic friction coefficients for

looking at the phase error signal when the resonator qgferent coupling materials our choice was a flat, brass

phase-locked at 80 MHz: hitting cryostat can induce aflisk-

oscillation which persists for many seconds. The higB.2 The loadThe load is made of stainless steel parts; it
mechanical),, prevents a fast setting up of the oscillatioris designed to sit automatically in the right position,
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move together with the inner conductor and slide over the the same rigid plane (see fig. 1). The mechanical
bottom disk. The lower surface of the load is of 40 mneigenfrequency of the inner conductor without dissipator
radius spherical, convex shape. Three pins are pushedibys=vk/m.), wherek =(8/5)E.ll/I.*, E is the Young

the load onto the inner conductor in order to provide theodulus of the material] is the geometrical moment of
contact. Due to the low temperature, it is impossible tmertia of the tube anth.=(1/5)M(I/I,)" . The dissipator
use springs and any contact at a desired pressure mustdae of massn, is located at the end of the enforcing tube
provided by gravity. and slides over the brass disk when the inner conductor
oscillates. The load mass will change this frequency to
o — = VikJ(m.+m,)). In a similar way we can calculate the
enforcing tube eigenfrequency:o= x/(kr/mr) where

gy k=(8/5) EI/I7 and m=(1/5M, . For very small

7 7 oscillations the two tubes will move together, coupled by
‘ the static friction force between load and disk, at a

frequency2,, = V{(k+k,)/(m+m+m,)}. If the oscillation
amplitude at the top of the inner conductor,, is
sufficient to overcome the static coupling force, i.e. if

N
N\
N
\
N

x;={m gs/(@’~a )X (mFmyrm)/[(m+m)mI}( J1)°

the two tubes will oscillate independently and the
dissipator will slide on the brass disk; assuming a rigid
enforcing tube the power dissipated will then be

P={(m+m;) &, 7(2Q,)H1 /1) %, H2 w,m,dglz(1 /1),

where g=9.8 ms, Q, is the mechanical quality factor of
the mode in absence of dissipator and s, d are the static
and the dynamic friction coefficients between brass and
stainless steel. For small oscillations the rf frequency
error induced by this deformation is proportional to the
displacement of the top of the inner conductéen X, .
These formulas allow us to choose the main parameters
of the device.

4 CONSTRUCTION AND MEASUREMENTS

We have built a few prototypes: the main differences
were the length of the enforcing tubes (36 and 50 cm), the
shape of the bottom disk (flat or spherical) and the disk
material. For our particular case a flat disk is sufficient;
however, a parabolic surfage=axX’ would introduce an
additional termP={8 m.,;m,dgc/(32)}(I,/1)°%,’ in the power
dissipation formula which would damp strongly at higher
amplitudes. Measurements were done at room temperature to
compare various prototypes; a test was done also at liquid
helium temperature to verify that the device would not affect
the resonator performance.

-
N

We have connected to the resonator a mechanical vibrator
(Bruer & Kjaer mod. 4808) driven by a spectrum analyser
HP 4195A which was reading at the same time the phase
error signal, proportional to the frequency error for small
Fig. 1. Schematic of the mechanical damper inserted in a quagggicillations, of the resonator locked to an external reference.
wave resonator We have calibrated our system in order to have a frequency
error signal of 1 mV/Hz. We have verified the linearity
3.3 Theory.A simple model allows us to calculate thebetween the applied vibration and the the frequency error up
main parameters of the device. We will assume that the about 200 Hz; then we have connected the dissipator and
inner conductor (of length. and massM. ) and the measured its effects. We have detected the peaks of the
enforcing tube (of length.and massVl, ) are connected common mode oscillation resonance and explored their

7). : o
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evolution at different vibrator amplitudes. We have done owvas present but it seemed always to be well within the rf
test sweeping the frequency of the vibrator and in steady statmtroller capabilities.
mode. The test in superconductive regime was done after

mounting a 50 cm Ion_g enforcing tube with a spherical 10%° - o WIT TS Tom Dota roseator
surface stainless steel disk. with long tube dissipator
stainless steel spherical disk
5 EXPERIMENTAL RESULTS 109 %Am%

— 3 A E
The results of our test are summarised in fig.2, where theg / By
maximum frequency error versus the vibrator input »‘i 17w %
power is plotted in three different cases: for the resonators 5MVIM 6.5 W
without dissipator, for the short and for the long tube & 108f 7 MV/m 3
dissipator, respectively. In the absence of dissipator the ALPI design
frequency error at the mechanical resonance is requirements
proportional to the square root of the vibrator power, as . , , , ,
expected: this means both that our vibrator is linear and 0 2 4 6 8 10

that the frequency error is proportional to the amplitude accelerating field (MV/m)

of the inner conductor oscillation. Fig. 3. Quality factor vs. accelerating field measured in the

1000 . . . . T T cavity equipped by a dissipator.
O short tube dissipator -
+ long tube dissipator ™ 6 CONCLUSIONS
B without dissipator | . .. . .

100 | m _ Mechanical dissipators appear to be an interesting
= u alternative to electronic fast tuners in superconductive
2 = oLt + guarter wave resonators; they can attenuate the frequency
< . " . * o o O error induced by environmental vibration by at least one
glo' . L o0 E order of magnitude and they seem not to present
? = g O drawbacks. Their construction cost is very modest and
§ 8o 7 7 they have no operation cost; it seems reasonable to install
% 1k E them even in resonators equipped with a fast tuner: the
= : : : : . ' effective tuning range of the system would be increased

1E-8 1E-7 1E-6 1E-5 1E-4 1E-3 0,01 0,1 . e . . ..
vibrator input power (W) significantly or, in alternative, the original fast tuner
could be changed with a less demanding one. In our
Fig. 2. Frequency error vs. vibrator input power. resonator, which is supposed to work with a 8 Hz

The effects of dissipators are rather strong; the belg?n.dw'dth’ the dissipator that we hgve tested_ IS
quivalent to a 100 Hz fast tuner. Particular attention

results were obtained with a 36 cm long enforcing tub@ . : . .
ust be paid to the design parameters in order to avoid

and a brass disk: this configuration starts working wem introducti f hanical it
even at very low level of external vibration and its € introduction of new mechanical resonances or setting

response is very smooth. No new strong resonances wéR of highQ, common V”Ode oscillations; other models

introduced, except for the expected common mod&>'"Y the same principles COUId. be developed .for
vibration at about 48 Hz, very weak in comparison wit uperconducting  resonators  of d|fferent geometries.
the original 42 Hz one. The attenuation of the frequend urther developments are foreseen in the next future at

error is very significant and increasing with the externér'\“;c t?h OS“?'S? thet ggsllgator fharac(;t(:rlstlcg ar:ldl to
vibration amplitude; instead of being proportional to th erfy the behaviour at 2.2 1, we planned to equip all fow

frequency error amplitude, the power losses seem §ta cavities with these devices.
increase with the fourth power of it. This means that other 7 ACKNOWLEDGMENTS
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