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SHIPSHIPSHIPSHIP

• Radionuclide-production facility

• Transuranium elements

High-precision experiments

Experiments within the trap

Extraction of a well defined ion sample

Ion Ion Ion Ion TrapTrapTrapTrap

• Small phase space 

• Long storage time

• High mass selectivity

SHIPTRAPSHIPTRAPSHIPTRAPSHIPTRAP

MOTIVATIONMOTIVATIONMOTIVATIONMOTIVATION
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GAS CELL & EXTRACTIONGAS CELL & EXTRACTIONGAS CELL & EXTRACTIONGAS CELL & EXTRACTION

Extraction
RFQ(18 cm)

Nozzle ∅∅∅ ∅ 0.6 mm

Electrode (DC)

Entrance Window (∅∅∅ ∅ 20 mm)58 cm

25 cm

Funnel (RF + DC) 

Buncher

Lens



BUNCHERBUNCHERBUNCHERBUNCHER----RFQRFQRFQRFQ

• Length of RFQ: L = 1 m

• Segmented electrodes: l = 40 or 25 mm,  ltrap = 4 mm

• ø = 9 mm

• ro = 3.9 mm

• VRF = 140 V,  ΩRF = 2 π1 MHz  

+ (U - VRF cosΩRFt)

- (U - VRF cosΩRFt)

In: In: In: In: continuous beamcontinuous beamcontinuous beamcontinuous beam Out: Out: Out: Out: cooledcooledcooledcooled , , , , bunched beambunched beambunched beambunched beam

P = 10-3 mbar P = 10-5 mbar

-20 V

+2 VV



THE PENNING TRAP SYSTEMTHE PENNING TRAP SYSTEMTHE PENNING TRAP SYSTEMTHE PENNING TRAP SYSTEM

Purification trap

Measurement trap

Pumping barrier

P = 10-5 mbar 
Helium buffer gas

UHV

Inner diameter 

= 32 mm

3 mm

B-field
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�Determine atomic massesDetermine atomic massesDetermine atomic massesDetermine atomic masses

�Identify compositionIdentify compositionIdentify compositionIdentify composition of  of  of  of  

stored ion samplestored ion samplestored ion samplestored ion sample



LIMITATIONS TO LIMITATIONS TO LIMITATIONS TO LIMITATIONS TO 
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• Production cross section at SHIP < nb

� Production rates < 10-3 ions/s

• TOF technique requires ~ 1000 ions

• corresponds to 10 days of 
measurement time

� FT- ICR : short integration time possible

• corresponds < 1 day of 
measurement time
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Penning Trap
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He - Cryostat 
with Super

Conducting 
Inductivity

Nitrogen Reservoir 77K

300 K

77 K

4 K

Purification Trap Measurement Trap

isolation 
vacuum 
chamber

trap 
vacuum 
chamber

Superconducting 7 T Magnet

Single Single Single Single ion detection possibleion detection possibleion detection possibleion detection possible
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STOPPING 
CHAMBER

EXTRACTION 
SYSTEM

BUNCHING, 
COOLING 
SYSTEM

TRANSFER 
REGION

PURIFICATION 
SYSTEM

ION BUNCHES

Beam Time (19.-20.12.01):

40Ca + 140Ce � 180X 

Initial Beam energy: 4.9 MeV/u
Secondary beam:       250keV/u

DETECTOR

Ions from SHIP extracted from gas-cell
and detected behind the buncher -10 0 10 20 30 40 50 60 70 80 90

-20
0

20
40
60
80

100
120
140
160
180

VRF= 53 Vpp

TOFCa+= 30.6 µs
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CONCLUSIONCONCLUSIONCONCLUSIONCONCLUSION

study of chemical 
reaction kinetics
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