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Abstract 2 HIGHER ORDER MODE DAMPERS

TRIUMF has built a simplified version of a full scaleThe design of the higher-order-mode dampers was
copper lined wooden model of the 40 MHz CERN cavityestricted to damping the TMO longitudinal modes
for the PS upgrade program for LHC. SUPERFISH wa@nonopole modes) up to 1 GHz. One of the major
used to design the wooden model so that the field patteenstraints was that the Q of the fundamental mode should
of the fundamental accelerating mode as well as the higheat be reduced by more than 5%. The physical location of
order modes were in close agreement with the modees ports on the outer walls of the cavity were determined
calculated by MAFIA on the CERN all metal cavity.from SUPERFISH calculations of electric field
Extensive measurements have been done to identify ttenfiguration of the higher-order-modes up to 1 GHz.
monopole and the dipole modes of the cavity model. ThHegure 1 is the SUPERFISH plot of the electric field of the
design goal was to damp the impedance of all the highfendamental frequency of the CERN cavity.

order modes up to 1 GHz to less than @ &nd not
attenuate the shunt impedance of the fundamental mode
more than 5%. Threk/4 antennae terminated with SD
were employed to damp all the monopole modes up to 8
MHz. One of the antennae uses an external matchi
circuit. The monopole dampers are being fabricated
TRIUMF to be tested on the CERN cavity with 300 kv
and 600 kV gap voltages. MAFIA calculations on the
CERN cavity show that most dipole modes can be damp
by not copper plating a 30 cm radius part on the inside
the gap capacitor of the cavity. This enables the resistivi
of the exposed stainless steel surface to be used to achi
damping.

1 INTRODUCTION

A new fixed-frequency RF system (40 MHz, 300 kV), is
being implemented in the PS, as part of the LHC injectt
preparation. While a full metal 40 MHz cavity was bein¢ trerssisengmsen  rse- wam

fabricated at CERN, a wooden model was constructed ﬁbure 1 : SUPERFISH plot of 40 MHz cavity mode for

TRIUMF to design higher-order-mode dampers, a pow?[(Ie CERN cavity. Outline of the wooden model is also
coupler and frequency tuners. SUPERFISH was used ﬁﬁown
o .

design the wooden model so that the field patterns of t
fundamental accelerating mode as well as the higher oqu[

modes were in close agreement with the r_nodes calcgla}%(ir of the cavity. A large number of higher order modes
by MAFIA otn thhe CERN 3” m?tal_dca\tl_lty.thExtensweaﬁve strong electric fields in this area. One can couple to
medastLArerr(;_enls aved eenf ﬂ(})he 0 !{ en 'fz; | eFmonotp se fields without strongly perturbing the H-field of the

an € dipole modes of Ihe cavily model. From hffjndamental mode. However, the modes at 260 MHz, 386

measurements on the model cavity and MAF'%HZ, 442 MHz and 815 MHz have strong E-fields in the
calculations, shunt impedances of the damped modes h?‘(

evident that the electric field is relatively weak at the

been estimated. The higher-order-mode dampers whi ddle of the cavity and orthogonal to the gap axis. The

. -fields of these higher-order-modes can be coupled by
have been designed and constructed at TRIUMF, are to - ; .
installed on the 40 MHz CERN cavity. &ctric antennae but at the same time some coupling to

the E-field of the fundamental mode is unavoidable. The



modes are damped by inserting electric field probé$é ( D260 and D504 are designed with water cooling for the
antennae) at the dedicated ports for the dampers. The nfoxger contacts and the antennae rods. No cooling is
dangerous mode is at 397 MHz which has an R/Q of 5.38ovided for damper D650. There exists a non cooled
calculated at a radius of 7.2 cm and a shunt impedancevefsion of damper D504.

120 Q. With a 5% loss of the fundamental Q due to the D260
damper, the peak voltage induced at thed5@rmination
2.1 Design of HOM dampers of this antenna for a gap voltage of 300 kV is less than 1

kV. The duty cycle of the rf is less than 0.1%. Average

Modes were identified by observing the phase of theower dissipated in the 5@ termination is 4.0 W
particular resonance at the gap at a radius of 23 cm fréh@ximum. The other dampers couple less strongly to the
the longitudinal axis of the cavity. This is done by usin§/ndamental mode and hence peak voltage and average
four loosely coupled capacitive probes placegower at the 5@ termination are significantly lower.
symmetrically at this radius. The monopole modes could

be identified by noting that the voltage signals on th2.2 Measurements

probes were in phase. Quality factors for all the monopole

modes with and without various antennae (terminated witkn HP Network Analyzer was exclusively used for all
50 Q) mounted on the cavity were measured. The lengte@mping measurements. No power coupler was installed
and the diameters of the antennae rods were optimizedotthe cavity during these measurements. Loosely-coupled
provide the lowest Q for the modes. The length teapacitive probes were used for Q measurements (S21
diameter ratio is an important factor in designing a broa&tattering parameter) of the cavity for the longitudinal
band antenna. Although each antenna was optimized fom@des up to 1 GHz. Figure 3 shows the frequency
specific mode, it also damped other modes which haggectrum from 1 MHz to 1 GHz. The upper trace is for the
strong E-fields in the same location. A total of thregavity with no dampers and the lower trace is for the
antennae were designed to damp most of the modes ugayity with all the three dampers installed. Table 1 shows
850 MHz. Figure 2 is a photograph of the three antenndbe undamped and damped Q and shunt impedance for all
The rods are constructed from OFHC copper and atlee monopole modes up to 900 MHz. The damgeahts
supported by commercially available ceramic vacuufipedance was computed from the R/Q obtained from
feedthroughs. MAFIA and multiplying this ratio by the loaded measured
Q. It can be seen from the table that the shunt impedances
for all the modes up to

Table 1 : Damping of monopole modes with three
antennae.

fMHZ QO R/Q QL Rshunt Effective
KO Antenna
loaded
39.478 12900 31.13 1220 380
260.747 | 26100| 1.29| <50 <0.07 D260
284.0 16200 0.01 | <10 <0.01 D510
394.367 | 14500| 5.33| 410 2.18 D510
444.89 18700 0.92 [ <10 <0.05 D260
503.347 | 15860| 5.82 | <10 <0.01 D510
557.903 | 7700 | 0.01| 6000 0.06 -
Figure 2 : Photograph of the HOM dampers. 611.133 | 11150) 1.08f 410] 0.44 D650
655.308 | 22800| 051 460 0.240 D650
. 2.224 | 23000 0.85| 10000 8.5 D650
_Dampers are designated as D260,_D504 and D650. DCS@L713 9000 136 | 2900 6.66 -
is located at the rear of the cavity and the other tWOg13656 | 16000 0.01 <100] <001 D260
dampers are at the middle of the outer radial wall of t€ges2.611 | 4070 2.15 1800| 3.87 D510
cavity. D260 and D504 are mounted on 100 mm flande876.039 | 12450| 0.79 [ <10 <0.01 D650

off-centered by 25 mm so that their position can be
optimized for best damping. All the dampers are provide8s50 MHz are lower than 50Q with the exception of the

with removable tips of different lengths for fine tuninghigher-order-modes at 394 MHz, 732 MHz and 774 MHz.
when installed in the CERN all metal cavity. Dampers
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Figure 3 : Frequency spectrum of the model cavity with and without HOM dampers.

The shunt impedances are 2.1,18.5 K2 and 6.6 & damp the dipole modes. Identification and measurements
respectively. The mode at 732 MHz could be furtheof the dipole modes are reported elsewhere [2]
damped by installing a fourth damper near the
accelerating gap in the cavity. Unfortunately, there is no 3 CONCLUSION
port that could be provided to do this.
The mode at 503 MHz could only be damped when Bhe dampers which have been described in this paper
reflective filter is installed between damper D504 and th&yve been tested on the wooden model. They have been
50 Q termination. This filter is a capacitance input pioptimized for best performance up to 850 MHz. They are
filter. ready for installation on the CERN cavity and are well

within the time frame of the project.
2.3 Additional damping
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