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Challenges

• Energies
MeV ... keV ... eV ...

• Intensities
µA ... nA ... pA ... fA ...

• Particles
protons, ions, 
antiprotons ...

Example: USR @ FAIR (GSI, Germany)

30 MeV � 300 keV � 20 keV � ~rest

USR = Ultra-low Energy Storage Ring



The Task

Development of Novel Beam 
Instrumentation for Future 
Low Energy Storage Rings
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Reconnaissance

• Intensity:
Cryogenic Current Comparator
Faraday Cup
Current Transformer
Capacitive Pick-Up

• Position:
Capacitive Pick-Up

• Transverse Profile:
Scintillating Screens
Microchannel Plate
Secondary Emission Monitor
Wire Scanner / Harp

Legend: “strikethrough” = too much / too many for a PhD student!
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Measurements

Measured with 200 keV and 50 keV protons at INFN-LNS, Catania, Italy

0.3 mm



Resolution and Sensitivity

Measured with 200 keV and 50 keV protons at INFN-LNS, Catania, Italy



Capacitive Pick-Up



Capacitive Pick-Up

Signal electrodes (Left, Right, Top, Bottom)
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Modelling



Stretched Wire Test Stand

PU amp ADC LabViewLP filter

54 dB46 dBVoltage gain

0.9 nV/√Hz0.5 nV/√HzInput noise

5 MOhm1 MOhmInput impedance

CustomSA-220F5PU amps

125 MHzBandwidth

16 bitResolution

128 MBMemory

200 MS/sSampling

4Channels

CS1642ADC

optional



Measurements vs. Simulations

x = k ∆Ux/ΣUx + δ



Faraday Cup



Floating 
shield BNC 

feedthrough SHV feedthrough

Triaxial cable 
for UHV use

Kapton
insulated wire

Floating 
shield 

connector

Faraday Cup 75 mm movement range

Trans-
impedance 
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Grounded shield 
(stainless steel)
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Beam collector
(OFHC copper) Beam



Modelling

Secondary 
electrons Primary 

beam



Measurements

Measured with 200 keV protons at INFN-LNS, Catania, Italy

Beam 
ON

Beam 
OFF

Beam 
OFF

Beam 
ON

Beam 
OFF

Beam 
OFF

-87 ± 2 fA

-544 ± 11 fA

-21 ± 0.5 fA

-5.0 ± 0.3 fA

-0.6 ± 0.3 fA
(no beam)

Each point averaged over 20 s
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Secondary Emission Monitor



Secondary Emission Monitor



Modelling
Incident 
protons

Secondary 
electrons

MCP voltage divider circuit



Modelling

300 keV antiprotons



Measurements

Ø 2 mm

Ø 2 mm

3 mm

2 mm

Measured with 200 keV protons at INFN-LNS, Catania, Italy



Summary

• Scintillators
• Sensitivity (CsI:Tl): ~fA for 200 keV protons

• Resolution: at least 0.3 mm, no limits reached

• Capacitive Pick-Up
• Linear response

• Resolution: ~0.5 mm, possible improvement

• Agreement with simulations: within 2.5%

• Faraday Cup
• Sensitivity: few fA with 10-20 s averaging

• Secondary Emission Monitor
• Sensitivity: at least fA, no limits reached

• Resolution: at least 2 mm, no limits reached
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More to follow


