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The FAIR 

accelerator facility presently under construction at GSI 
will supply a wide range of beam intensities for physics 
experiments. Design beam intensities range from 2.5×1013 
protons/cycle to be delivered to the pBar-target and 
separator for production of antiprotons, to beams of e.g. 
109 ions/s in the case of slowly extracted beams. The 
large intensity range demands for dedicated beam current 
monitors for precise, non-destructive beam intensity 
measurements in the synchrotrons, transport lines and 
storage rings of the FAIR facility.  This report describes 
GSI developments of purpose-built beam current 
monitors for the SIS100 synchrotron and high-energy 
beam transport lines (HEBT) of FAIR. Prototype 
measurements with a SQUID-based Cryogenic Current 
Comparator and a resonant beam charge transformer are 
presented, and possibilities for further upgrades are 
discussed. 

 

 

-
up to 4 11 U28+ ions/s with energies of 400-

2700 MeV/u, either in single bunches of 30-90 ns, or as 
slowly extracted beam with extraction times of several 
seconds, for the radioactive ion beam program of FAIR. 
For the production of antiprotons it is required to deliver 
2.5 13 protons per pulse at an energy of 29 GeV with a 
repetition rate of 0.2 Hz and a bunch length of 50 ns. In 
addition, it is foreseen that FAIR accelerators operate in a 
highly multiplexed mode, i.e. deliver beams to up to four 
different experiments inside one machine super-cycle. 
The various modes of operation for SIS100 demand for a 
high dynamic range of the intensity measurements inside 
SIS100 and the HEBT beam lines. 

-

 

 
In the past years studies towards a novel kind of DC 

current transformer (NDCCT) were performed at GSI [2]. 
The development of a NDCCT is motivated by well-
known flaws of the present GSI-built DCT, i.e. erroneous 
signals for high beam currents above ~70 mA and for 
bunch frequencies around 1.2 MHz. Whereas these 
parameters are rarely used for the operation of the 
existing SIS18 synchrotron, it will be the standard 
operation mode for the future SIS100 synchrotron. In 
principle the NDCCT consists of two sensitive GMR 
(Giant Magneto Resistance) sensors installed in both gaps 
of a split ferrite toroid. The prototype setup includes a 
differential pre-amplifier. In a second stage the AC signal 
from a sense winding on the split toroid is fed to a local 
feedback path, thus allowing measuring also non-DC 
beam currents by detecting the high-frequency 
components within the same device. 

The project goal is a dynamic range of ~
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7 protons) has been achieved. For high current 
operation however, the resolution drops to 100 nC 
( 11 protons), insufficient for transmission control or 
interlocks. Because the peak detector is prone to any 
noise contribution at the selected oscillation maximum, a 
more sophisticated post analysis of the oscillation is 
performed in software. Previous studies have shown that 
an improvement of the RT sensitivity by one order of 
magnitude could be achieved by 

- [3].  
Precise baseline correction of the raw RT signal is 

important since any offset directly affects the amplitude 
of the maxima. Moreover, all oscillation parameters, like 
resonant frequency 0 and decay time constant , are 
fixed by hardware, i.e. the LCR equivalent circuit [11]. 
With these parameters the evaluation of the total beam 
pulse charge can be derived from a straightforward 
envelope-fit of a number of distinct maxima, thus impro-
ving the overall RT sensitivity and resolution. In addition, 
by applying an adequate FFT filter, offset correction and 
flexible noise filtering is achieved. The algorithm consists 
of the following steps: adequate FFT filtering including 
offset correction, identification of maxima and minima 
until a pre-set threshold for signal-to-noise is crossed, 
application of a robust estimator of the exponential decay 
curve and finally evaluation of the amplitude

-
Kr33+ ions at 300 MeV/u.  

 
Figure 4: Raw RT signal (top) and post-processed data 
(bottom), see text. 

 
-

-

-

 

 
For the wide range of beam intensities at FAIR 

purpose-built beam current monitors are developed at 
GSI. First tests with the NDCCT for synchrotron 
installation show a good resolution threshold at high 
bandwidth. In first beam tests the upgraded CCC proved 
good reproduction of the spill structure, and improved 
current resolution in the sub-nanoampere range. To 
optimize the absolute accuracy of the RT a sophisticated 
post-processing shows promising results.  
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