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A continuous monitoring of the beam currents in the 
accelerator beam lines requires a non-intercepting meas-
urement method. This method must operate at a wide 
frequency range in order to sense currents of bunched and 
continuous beams, from several kHz down to DC. An 
improved CCC optimally fulfils these requirements for 
the FAIR and the CSR beam parameters. 

DARK CURRENT MEASUREMENTS 
(DESY-CCC) 

The dark current, due to emission of electrons in high 
gradient fields, is an unwanted particle source. Two issues 
are of main concern: 

 Additional thermal load 
 Propagating dark current 

Previous studies showed that the second case seems to be 
the more critical one. It limits the acceptable dark current 
on the beam pipe "exit" of a TESLA 9-cell cavity to ap-
proximately 50 nA. 

To demonstrate the function of the CCC and to charac-
terize its current sensitivity test measurements were suc-
cessfully done at the cryogenic laboratory of Jena Univer-
sity. As signal source a programmable current generator 
was used to simulate the expected dark electron beam 
pulses. The solid line in Fig. 4 shows a plot of the beam 
simulation signal and the dotted line represents the 
SQUID response of the CCC. The phase shift between 
both pulses is caused by the measurement bandwidth of 
the whole system. 

Figure 4: Beam simulation signal (solid line) and output 
signal of the SQUID based CCC (dotted line). 

The spectral flux noise density of the whole system in 
the white noise region was measured in our laboratory 
and a level of 8×10-5 

0/ Hz was observed. This value 
corresponds to a noise limited current resolution of the 
CCC of 13pA/ Hz which is much better than required.  

In the final test phase the system was installed in the 
HoBiCat test stand at BESSY, combined with a 9-cell 
cavity. As a result of additional noise contributions due to 
the core material of the pick-up coil, mechanical vibra-
tions of the test facility and external disturbing magnetic 
fields the current resolution was decreased and a resolu-
tion of about 1 nA/Hz was achieved [10].  

CONCLUSIONS 
A SQUID-based CCC is the most sensitive device 

available for non-destructive low current beam measure-
ments in a wide frequency range from DC to several kHz. 
To achieve a high resolution, shielding and noise isolation 
must be highly sophisticated. The properties of the ferro-
magnetic core material set the fundamental limits for 
noise reduction. According to our investigations nano-
crystalline Nanoperm alloys provide significant ad-
vantages for the CCC due to their high permeability and 
low noise level at liquid helium temperatures. This mate-
rial allows us to reduce the overall noise by about 40 % in 
the frequency range from 1 Hz to 2 kHz. Compared to 
[11], a current sensitivity of 11×10-12 A/ Hz against 
40×10-12 A/ Hz at 100 Hz could be achieved. 

At the Facility for Antiproton and Ion Research (FAIR), 
presently in the planning phase at GSI, a set of beam 
diagnostic instruments is foreseen to detect the large vari-
ety of ion beams ranging from less than 104 antiprotons 
up to high intensity of 5 × 1011 uranium ions. 

On-going developments are discussed for non-
intercepting devices, such as the cryogenic current com-
parator, purpose-built for the detection of lowest beam 
intensities not only at FAIR but also for the Cryogenic 
Storage Ring at the MPI Heidelberg. 
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