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SYSTEM OPERATION 

Cryogenic System 
The cleaned and processed cavity is connected to the 

VTF insert; the insert is suspended from the top flange of 
the cryostat assembly with the cavity supported by one of 
several baffle plates, which are used as a means of 
reducing heat loss by temperature graduation. The cavity 
vacuum was maintained at 4 x 10-8 Torr by a turbo pump, 
which is connected to the cavity via a stainless steel tube 
to maintain the ultra high vacuum (UHV) conditions 
required. A new, longer cavity test insert was procured 
solely for the purpose of the performance testing the 1.3 
GHz Shakespeare cavities, this facilitated testing over a 
longer duration, as being lower in the cryostat the cavity 
would remain submerged for longer. A drawing of the 
insert configuration is shown in Figure 2. 

 
Figure 2: Insert assembly. 

The cavity is cooled down via direct injection of liquid 
helium and the low thermal mass of the components along 
with the potential risk of ‘Q disease’ makes rapid 
cooldown not only possible but essential. The liquid 
helium is transferred manually via a siphon tube from a 
standard 500 l transport dewar and is injected into the 
helium vessel close to the cavity at the bottom of the 
cryostat. Additionally the liquid helium is used to cool the 
radiation screens and cryostat neck at the same time. The 
rapid cooldown is assisted by pressurising the transport 
dewar with helium gas to around 8 psi (~0.55 bar). 

Cooldown to 4.2 K takes approximately 5 hours and 
consumes in the region of 150 l of liquid helium during 
this process. Once the system is cold the cryostat fills 
with liquid helium to a level of around 250 l.  

To achieve the required 2 K operating temperature it is 
necessary to reduce the pressure inside the helium bath to 
30 mbar, thus reducing the vapour pressure of the liquid 
helium to a level where boiling now occurs at 2 K.  To 
achieve these parameters the system is evacuated using an 
external vacuum pumping system, which has to be of a 
sufficient capacity to handle the boil off resulting from 
depressurisation as well as the static (fixed) and dynamic 
(during testing) heat loads. The vacuum pumping system 
is currently completely manually controlled, so pump 

downs are operator maintained to ensure that the vacuum 
pump is not over cooled. Mass flow is maintained at 
approximately 7 kg/h by balancing the flow of gas around 
the bypass. Reduction from 4.2 K to 2 K takes 
approximately 2 hours and reduces the helium level by 
approximately 50% (Figure 3). The 30 mbar pressure ‘set 
point’ is not currently maintainable as the by-pass valve 
installed to control the pressure was too large.  

 

 
Figure 3: 2 K cooldown. 

During these tests the pressure eventually reduced to a 
base level of 13 mbar. For future tests it is planned to 
replace the by-pass valve with a needle valve and to add a 
2 K heat exchanger to the system, this along with control 
valves and frequency control on the 2 K vacuum pump 
will improve the stability of the system and should allow 
the pressure to be controlled to approximately ± 1 mbar. 
(Figure 4) 

 
Figure 4: 2 K heat exchanger. 

 
Phase Lock Loop System 

In SRF cavities a small mismatch in frequency can lead 
to a large portion of the input power being reflected due 
to the high unloaded quality factor (Qo). In an operational 
accelerator the cavities are tuned to maintain the 
frequency of the cavity to that of the RF source, but this is 
not deemed to be a cost effective method for VTF 

TUPO008 Proceedings of SRF2011, Chicago, IL USA

366 06 Ancillary systems



operation thus the frequency of the RF source is 
modulated to the varying frequency of the cavity.  

The low level RF (LLRF) system used to monitor and 
control the RF within the cavity incorporates a Labview 
based PLL system which modulates the RF drive to the 
cavity. A heavily attenuated cavity probe signal is fed 
back into the LLRF system, where a RF detector converts 
the RF signal in to a modulated DC signal. This signal is 
then fed back into the compact RIO system along with the 
forward and reflected power signals. A phase detector 
compares the cavity RF to the RF source; any changes in 
the cavity tune causes a change in the phase detectors DC 
outputs. The FPGA is used to run the PLL system, and 
changes in the phase detector outputs produces an error 
signal, which is then used to drive the dc-coupled 
frequency modulator (DCFM) input into the signal 
generator. This signal generator then provides the input 
drive to the amplifier and ensures the RF source stays 
locked to the frequency of the cavity. The set-up is shown 
in Figure 5. The system is capable of being operated 
under both continuous wave (CW) and pulsed conditions 
to allow conditioning and evaluation of the cavity to be 
performed. Additionally incorporated in the set-up is an 
interlock system which ensures that the cavity is fully 
protected. 

 

 

Figure 5: RF schematic. 

CAVITY TESTING 
Extensive tests were performed on the system at 4 K to 

ensure that the system was functioning correctly, which 
ensured that the level of helium boil off was kept to a 
minimum and allowed the interlock system to be verified. 

The cavity was cooled down to 2 K and the RF system 
was fully calibrated. The cavity was then characterised at 
approximately 2 K. The pulsed input was increased in 
1 dB steps from -12 dB to +7 dB; the accelerating 
gradient was measured at <4 MV/m. The cavity showed 
poor results (Figure 6), which is believed to be possibly 
due to ‘Q-disease’ caused by hydrogen in the bulk 
niobium. This may have been caused by errors in the 
processing of the cavity and may be due to poor 
temperature control during the Buffered Chemical 

Polishing (BCP) process or due to the fact that 
insufficient thickness of material was removed during the 
BCP etches performed.    
 

 
Figure 6: Cavity test performance at 2K. 

Thus it is planned to reprocess the cavity, performing 
further BCP etches, along with a high pressure rinses and 
a vacuum bake for 10 hours at 600 ºC so that further 
characterisation tests can be performed. 

SUMMARY 
The re-location of the VTF system has been 

successfully achieved, thus allowing the characterisation 
tests of the UK’s first single cell 1.3 GHz SRF cavity to 
be performed. However, the system was not able to 
control the pressure at 2 K due to an over-size by-pass 
valve.  

It is intended to process the cavity again and perform 
further characterisation tests, and for these tests the by-
pass valve will be replaced with a needle valve to gain 
better control of the pressure stability. In the future it is 
planned to add a 2 K heat exchanger to the system, which 
along with control valves and frequency control on the 
2 K vacuum pump will allow the system to automatically 
control the pressure. 
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