
First amplifier stage with 
tuning capacity

• resonant amplification
• beam current 2.5 µA
• amplifier gain 450

• non-resonant amplification
• beam current 15 µA
• amplifier gain 735

Position Pickups for the Cryogenic Storage Ring
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The ring and its diagnostics elements

The Cryogenic Storage Ring, currently under construction at the Max-Planck-Institut für Kernphysik in Heidelberg, will be used to cool molecular ions 
to their rotational ground state. This, amongst other planned experiments, demands a very low level of blackbody radiation and a vacuum in the XHV 
range (10-15 mbar, 10-13 mbar room temperature equivalent) which is achieved by cryogenic cooling of the ion beam vacuum enclosure to 2-10K. 
The projected beam current will be in the range of 1nA - 1µA. The resulting low signal strengths together with the cold environment, put strong 
demands on the pickup amplifier electronics. We plan to make use of a resonant amplifying system. Using cooled coils made from high purity 
copper, we expect quality factors of ~1000.

Preliminary mechanical design

One corner of the ring with the electrostatic optic al elements

Position Pickup principle
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Beam to signal current Conventional and resonant amplification

Proof of amplification principle at the Test Storag e Ring (TSR)

knot rule:

weak coupling:
0.04 pF

strong coupling:
4 pF

Equivalent circuit of a pickup with both electrodes 
resonantly amplified

Strong crosstalk due to ever present capacity 
between electrodes makes simultaneous resonant 
measurement at both electrodes of one pickup 
impossible. 

positioning 
stage

wire

TSR pickup

impedances:

Increase of signal by the size of the quality 
factor Q of the resonant circuit!

Crosstalk due to coupling capacity Calibration of the TSR pickups 
with a wire

Resonant and non-resonant signal strengths

Inductance with its shielding case

Q~100

Conclusions

• Achieved increase of sensitivity 
of a factor of ~90 (~Q) 

• Resonant determination of beam   
displacement possible

• Strong HF-buncher signal present 
in the pickup signal reminds us to 
take extra care in shielding 
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