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Abstract 

The development of a low frequency (80 MHz) superconducting RFQ cavity demands 
adequate performance both from the power coupling line and from the cold fine 
frequency tuning device. 

Besides providing adequate mechanical stiffness through a proper design of the cavity it 
is necessary to control phase and amplitude of the resonator with respect to a master 
clock while the resonant frequency changes in a +/- 10 Hz window. The total power 
required to load the resonator and to control such a frequency jitters amounts to 1 kW 
(with U=4.2 J), nearly fully reflected. This asks for a special care in the design of the input 
coupling line with respect to a typical low P resonator. 

The novel and somewhat complicated design of the superconducting RFQ requires a 
large fine tuning range at 4 K (- 100/+100 kHz). The design of the tuner is an evolution of 
the +/- 15 kHz tuner of ALP1 Quarter Wave Resonator (QWR). 

Introduction 

The superconducting (s.c.) RFQ cavities of the ALP1 linac accelerator, made in bulk- 
niobium, work at 80 MHz frequency. 

The quality factor (Q) expected, from experience with other Nb cavities at L.N.L., is 
supposed to be in the range 5x1 08/5x1 09 . The stored energy U is 4.2 J at operational Ea 
(from a simulation with the code M.A.F.I.A.) [ I  ,2]. 

Two different inductive 50 R RF lines couple power into the cavity; they terminate with 
copper wire loops of different size. 
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One of the lines is movable and it is meant both for the Q-value measurement of the S.C. 

cavity and for the multipactor conditioning when the RFQ is normal conducting (n.c.). 
This RF line can work up to about 100 W. 

The second one is used to overcouple the S.C. cavity with 1 kW forward power C.W. 

(nearly full reflection)and is hence designed to stand 2kW total power. The overcoupling 
line is designed to support a considerable C.W. power. Therefore the coaxial line has been 
provided with precision connectors to avoid overheating and possible consequent short 
circuit. 

All RF lines are in contact with the cavity at 4 K and therefore they must be well insulated 
from the room temperature region of the cryostat and thermally connected to the 77 K 
region. 

The fine-tuning apparatus is based on pushing or pulling the thin part of the two end 
plates of the RFQ by means of a rotating camshaft. It is a development of the LNL QWR 
tuner concept, offering a larger frequency window and being fairly compact in the 
longitudinal dimension. 

The RF 50Q lines 

We have two different inductive couplers for the RFQ cavity. (Fig 1 a, 1 b) 

The first one (called "measurement line") is both meant for multipactoring (m.p.) 
conditioning when the cavity is n.c. and to measure Q versus accelerating field (Ea) of the 
S.C. resonator (fig la). The second one (the "power line") (fig I b) is a RF line used to 
overcouple and to control in operation the S.C. cavity with respect to a master oscillator. 
Both are designed to be removable from the cryostat, if necessary, without a disassembly 
of the liquid helium reservoir. 

Two different lines were proposed, in order to avoid possible damage to a line sized for 
2kW when moving its precise coaxial connectors. 
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Fig 1 : The measurement line (la) used to mukipactoring conditioning when the cavity is 
n.c. and to measure Q vs. E, of the S.C. cavity. The power line (1 b) used to overcouple 
and to control in operation the S.C. cavity with respect to a master oscillator. 

The measurement line 

The measurement line inside the cryostat consists of a flexible commercial cable 
connected to the body of the coupler through a coaxial stainless-steel cable. 

The line is terminated with an inductive coupler: differently from the inductive coupler 
used for ALP1 QWR's, the critical coupling to the cavity is obtained not with a larger or 
smaller penetration of the loop into the cavity, but by rotation of the final loop with respect 
to the magnetic field flux; consequently the mechanical part of the coupler will have a 
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smaller overall dimension than a coupler movable by penetration and it can be adjusted 
with an equipment similar to that used for the ALP1 QWR tuner. 

Starting from the Faraday's law we can calculated the loop surface S, intercepting the 
magnetic flux in the critical coupling condition (&= 500 ). 

We assume to know, by the MAFIA computation code, the magnetic field near the loop 
and the power dissipated by the cavity when the stored energy is U=4.2 J. With a Qo- 

value of 5x108 the surface value for the critical coupling is Snac.=l . l x l 03  m2 in n.c. 

regime and Ss.c.= 4mm2 in S.C. regime ; the angle 0 between direction of the magnetic 
field and the normal to the loop surface is calculated by: Ss.c.=Sn.c.~inO, so we find 

0=0.20. If the maximum Qo-value for the RFQ were 5x1 09, we would have Snmc.=l 2x10- 

m2 and a Ssmc.= 1.8 mm2 with 0=0.0560 

Critical coupling is obtained by rotation steps of 0.0070 of amplitude from 00 to 1800 of 
the loop with respect to the flux lines . In this way we attain the minimum angle required 
by both Qo-values, with a small percentage of Ssmc. indetermination (4% & 12% 
respectively). 

The rotation is obtained by a rotating vacuum feedthrough with a stepping motor and a 
1 :I 20 reducer. 

The power dissipation on the coupler, due to its attenuation [5], when it is in operation 
with 100 W power, is: PI diss=4 mW; in fact the thermal insulation of the RF 50R line, 
which works at 4 K, from the part of the cryostat which works at 77 K is obtained by a 
stainless steel, 50 R,copper plated cable, similar to that of the coupler of the QWR for 
ALPI. It is supposed that the attenuation of the entire RF line will be better then O.ldB at 
160 MHz from the high similarity of the RFQ measurement line to the RF line of the QWR. 

The thermal gradient in the cryostat between the 77 K shield and the 4 K cavity leaves a 
gradient of AT= 55 K on the final part of the RF line and the coupler, with a consequent 
heat leakage dQ/dT= 0.14 W. 

When this line is not used the loop will be parallel to the flux's magnetic field H; therefore 
an amount of power will be dissipated along the loop because of the skin-depth effect. 
The mean power dissipated <Pdiss> is a function of the parallel component of the 
magnetic field HI/ and of the copper loop's surface resistivity Rs [3,4]; assuming that the 
B value is the average value in the region calculated with M.A.F.I.A. the dissipated power - 
at a stored energy of 41 is: 
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The dissipation is sufficiently small for not compromising the S.C. condition of the cavity 
and is tolerable in terms of the He dissipation, but it is necessary to take it into account to 
determine the resonator quality factor. 

The power line 

An adequate mechanical stiffness and a proper design of the cavity limit the resonant 
frequency foreseen jitters to +/- 10 Hz. These frequency fluctuation have to be included in 
the resonator bandwith in order 

In order to phase & amplitude lock the RFQ to the linac ALP1 master oscillator frequency 
[6]. It is necessary to increase the bandwidth by the means of overcoupling (coupling 
coefficient P = 50) 

If the stored energy of the S.C. cavity is: U = 4.2 J and if we need a frequency window 
AF=20Hz the required Q loaded is ~1=f/df=4x106; but Q1=2dU/Pt~t, and then 

Ptot=500W. This Ptot ~hould be Pmax/2, where Pmax is the maximum power from the 
amplifier, for optimum control [A. The rest is reactive power. The total power Ptot, 
required from the amplifier, is thus I kW. 

Hence the final power for the RF lines is 2kW C.W. because of the nearly full reflection 
condition. 

It is possible to withdraw this line from the RFQ when the other coupler works removing 
the loop by 40 mm into a @=20 mm. collar, so as to avoid any possible interference with 
the Qo-measurement; in this way even the most penetrating mode in a circular waveguide 
of 20 mm diameter, is attenuated by 16 dB/cm. [3] . A RF 50 SZ feedthrough, calibrated for 
2 kW power, connects the internal coupler line to the external measurement device. The 
entire line can be pulled out of the cavity by a bellow on the top flange of the cryostat. All 
connectors are of type EIA 718"; these are precision connectors linked by a flange to 
minimise insertion loss. The final coupler parts were made in stainless steel in the LNL 
workshop and will be gold plated; the cable is a commercial 500 one, with a attenuation 
of 2.7 dBI100m and a maximum average power of 5.7 kW in air at 80 MHz, 1 / 2  outer 
diameter, with the outer conductor of solid corrugated copper. We plan to test its 
performance in vacuum soon. 

The design of the RF coupling line should be such that its cryogenic load to the cryostat 
is minimum. 
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The power dissipation on the coupler when the system is in full reflection mode 
(I  kW+l kW) is Pldiss=340mW; the power dissipation on the coaxial cable because of its 
attenuation (only along the internal conductor), is P2diss=2.7 W. 

The thermal gradient in the cryostat between the 77 K shield and the 4 K cavity, leaves a 
gradient of AT=26 K on the coupler with a consequent heat dissipation dQ/dt=728mW. 
Finally, even if we assume that 100% of these dissipation (3.7 W in total) is a thermal load 
to the liquid helium, this is still only a 40% with respect to the power consumed by the 
cavity in operation (1 0 W are available for the RFQ from the cryogenic system). 

The RFQ's fine tuning system 

The RFQ cavity has a fine-tuning system based on pushing or pulling the thin part of two 
bottom plates. The frequency window (k 100kHz) [9] is conservatively large, but believed 
to be appropriate for a cavity of a completely novel geometry. In order to achieve it, each 
end plate can be deformed by as much as +/-I .5 mm. 

cav i t y ' s  bo t tom plate 

f lange on t h e  bottom p ~ a t d  
(ERGAL  55) end less  s c r e w  (s ta in less-s tee l )  

spur  gear  ( m u s r n e t a l ~  

Fig 2: The fine tuning of the RFQ cavity is based on a bushing coupled through a spur 
gear to an endless screw which in turn is rotated by a stepping motor. 

In the final configuration the two SRFQ's will be hosted in the same cryostat. In order to 
minimise the drift space between the two; the overall longitudinal dimension of each tuner 
was kept within 50 mm. The mechanics of each tuner (fig.2) is based on a bushing 
coupled through a spur gear to an endless screw which in turn is rotated by a stepping 
motor through a 1 : I  0 reducer, a rotating vacuum feedthrough and an adjustable length of 
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the stainless steel tubing with flexible joints; the tuner system is coupled to the bottom 
plate of the cavity with a flange made of ERGAL55 that ensures a good thermal 
conduction between the cavity and the tuner system while providing very good resistance 
to mechanical stress (ERGAL55's thermal conductivity at 20°C C~=130W/m K; minimum 

breaking load of extruded ERGAL B1=540 ~ / m m ~ [ 8 ] )  

The choice of the materials, for the parts of the tuner, has also taken into account the 
different mean linear expansion of the various materials, to avoid any friction at 4 K. 

The thermal dissipation of the entire tuner system due to the irradiation from the shield of 
the cryostat (at 77 K) produce a thermal gradient, calculated by Stephan-Boltzmann 
formula, AT1 =0.03 K. 

The walls of the cavity are at 4 K, but the tuner system and the bottom plate are coupled 
to the cavity by a flange located outside of the helium bath, and then the RF dissipation on 
the bottom plate, estimated 0.2 W [I], leaves a thermal gradient between the centre of the 
flange and its connection to the liquid He dewar. The gradient is AT2=0.15 K if the 
bottom plate is made of bulk Cu with a layer of S.C. material (either Nb or Pb) and 
AT3=1.5K if the bottom plate is made of bulk Nb. This is the reason why the bottom 
plates will be made with a S.C. layer deposited on to a copper substrate. We can 
overcome this gradient by a thermal short circuit from the middle of the bottom plate to 
the helium bath. 

Conclusion and future developments 

We think that the choice of two separated RF lines is a reliable and flexible solution that 
allows multipacting conditioning even at room temperature, provides accurate Q vs. Ea 
curves and maintains the cavity locked by means of overcoupling. The thermal 
dissipation of the lines is tolerable in terms of cryogenic load. The measurement line is 
very similar to the coupler line of the QWR for ALP1 that showed to be reliable and than 
no problem is expected. We will soon test the behaviour in vacuum of the power line in 
the previously mentioned power reflected condition. 

Before mounting the fine tuner on the bulk Nb cavity, we will test the performances of the 
mechanical components in liquid nitrogen and the tuning range on the RFQ prototype, 
made in stainless-steel, which is close to completion [lo]. 
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