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Half-Wave resonators (HWR) are particularly effitién a beam velocity range of 0.063<« 0.4
and a frequency between 150 MHz and 350 MHz. Tlaey efficiently accelerate high power hadrons
beams just after the RFQ, at the same frequencyRH¢é the preferred technology for the EURISOL
beam acceleration between the RFQ exit and ~60 MeV/

1. Half-wave resonator s developments at 352 MHz

The first development was performed on HWR at 332z\Making experience from previous
development for the SPES project. The design oftwe cavities at different beta (0.31 and 0.17) is
shown in figure 1. Two different shapes for theeneonductor were used (flattened and cylindrical).
They are characterized by a double-wall coaxialcstire with an integrated helium vessel (Fig. 2)e T
beam port aperture is 30 mm, and they are equippéda 1+5/8"port for a coaxial RF coupler. Two
more 16 mm diameter ports are available for RF-pigk

Fig. 1:B 0.17 (left) and3 0.31 (right) 352 MHz HWR geometry

The outer niobium wall (helium jacket) is made e&ctor-grade niobium. TH&0.17 cavity
top and bottom plate is made of titanium and welttethe resonator, while for tHe 0.31 prototype,
these plates were made of stainless steel connecthd cavity by means of an indium seal. Theupes
of the two fabricated cavities are shown in figBre

The calculated RF parameters are given in the ttfigure 3.
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Fig. 2 : Pictures of the two 352 MHz HWR prototypes

By 0.17 0.31
U/E,? 0.067 | 0.086 | J/(MV/m)’
B,/E, 12 10.4 mI/(MVin)
E/E, 5.8 3.9
Ra/Op 1230 | 1180 Qm
R.x Oy 55 66 Q
Tuning dfidh ~70 ~107 kH=/mm
Active length L 180 224 min
Maximum Length L,, 232 286 mm
Aperture a 30 30 mm
Design E, 5 6 MVim

Fig. 3: Main RF parameters of the two 352 MHz HWR prgpets

Both prototypes have been tested at 4.2 K at Legnarertical cryostat (Fig. 4).

The results are shown in Fig. 5 and Fig. 6. Vergdyresults were obtained with a maximum

accelerating field of 6.8 MV/m for the low beta oa@d 7.9 MV/m for the high beta. One has to mentio

pressure rinsing).

that these good performances were obtained destéack of a standard cavity preparation (no high
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Fig. 4 : Half-wave resonator mounted on the cryostatrirjast before the cold test
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Fig. 5: Test results at 4.2 K of tf0.17 HWR
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Fig. 6 : Test results at 4.2 K of tif0.31 HWR

2. Half-wave resonator s developmentsat 176 MHz

The previous HWR design at 352 MHz was adapted/&tNIHz to take into account the

evolution of the EURISOL driver reference layoutvd different betaf 0.09 andp 0.16) were also
studied and optimized (see Fig. 7). The RF paramere given in the table of fig. 8
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Fig. 7: 176 MHz,(3 0.09 HWR (left) and RF field distribution (middleragnetic; right: electric).
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Resonator tyg HWR1 HWR?2 units

B 0.08t 0.15¢

U/E” 0.13¢ 0.17¢ J/(MV/m*
Bo/Ea 12.4 11.7 mT/(MV/m
E/Ea 5.8 4.2

R's#Qo (Ea” L /(QoP)) 121F 1181 Qm

Rsx Qo 31.¢ 38.2 Q

Active length 18C 224 mn
Maximum Length 23z 28¢€ mirr
Aperture diameter 3C 3C mn
Design E, 5 6 MV/rr

He Pressure detunir 1 3.7 Hz/mba
Lorentz force detunir -3.6 -1 Hz/(MV/m~

Fig. 8 : Main RF parameters of the two 176 MHz HWR.

3. Cold Tuning System (CTS) for Half-Wave Resonators

A Cold Tuning System (CTS) is a mandatory ancillapgtem for a resonant accelerating
structure in order to be able to tune a cavitydaeghe module. The high efficiency (quality factof)a
superconducting cavity leads to a quite narrowdesgy bandwidth, putting strong requirements on the
CTS in terms of resolution and adjusting frequeraryge.

For the HWR, the proposed solution for the CT3é&sfollowing (see fig. 9 & 10): a 1.25 mm
thick niobium membrane is closing a port locatedton cavity at the opposite side of the power ceupl
port. A mechanical system composed of a steppingma screw-nut system and a L-shaped lever can
push or pull on the niobium membrane, deformirgnil changing the inner cavity volume thus resulting
in a cavity frequency change.
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Fig. 9 : Pictures off HWR cold tuning systems parts.

The CTS for half wave resonator has been succéss@dted at cold temperature in a vertical
cryostat. The system could provide a 100 kHz tumargge, with a 10 nm mechanical resolution giving
aboutl Hz of frequency resolution.
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Fig. 10 : Sketch and picture on the cold tuning systemmtenion the HWR.

4. Power couplersfor Half-Wave Resonators

The 352 MHz half wave resonator and spoke cavitmsld use the same power coupler
design. The only difference is due to the differpatver coupler port aperture between the HWR and
spoke. The complete description of the power caugdssign is not given in this report, as it hasnbee
presented in the deliverable n°3.

To check that the spoke coupler could be adapteth@¢ohalf-wave, calculations of the
mechanical transition between the two diameterg leaen performed. The results are given in thedigu
11. The results show that the coupler could bdyadapted to the HWR, with only a small degradatio
of the S11 parameter.
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101 S;;=-57dB @ 352.2 MHz
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Fig. 11 : S11 comparison of the original coupler designtifie spoke cavities with its adaptation to the
half-wave resonators.

Fig. 11 : Picture of the power coupler prototypes at 3322V
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