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The HITRAP project (overview) 
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Experiments with cold, highly charged ions
at extremely low velocities:
- collisions with gases and surfaces
- laser and x-ray spectroscopy
- g-factor measurements
- mass spectrometry
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HITRAP re-injection channel at GSI

"An Ion Trap Facility for Experiments with Highly-Charged Ions"
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Laser spectroscopy of highly charged ions

• Test of QED at extreme fields (1016 V/cm and 104 T)
• Use hydrogen- and lithium-like ions
• Measure (1s, 2s) ground state hyperfine splittings
• Need experimental resolution of ~10-6

• HFS wavelengths Z>70 in visible laser spectroscopy
• Use standard laser systems 
• Use Penning trap, resistive cooling and rotating wall technique
for trapping, cooling and compression of ion cloud, respectively

Estimated experimental resolution ~10-7

Test of (higher order) QED to a few percent
Experiments to be performed in 2009-2010



Hyperfine splitting in hydrogen-like ions

Hydrogen-like 207Pb81+ (1s) 2S1/2 (I=1/2, F=0 F=1) 
Above calculation gives λ=970(40) nm
Full calculation yields λ=1020(4) nm
Experiment gives λ=1019.7(2) nm (and τ=50 ms)

1H0 207Pb81+

Zeeman splitting
is 2.8x1010 Hz 
at B=1 T



Hydrogen- and lithium-like ions
Similar calculations for H-like and Li-like ions
Lithium-like 209Bi80+ (1s22s) 2S1/2 (I=9/2, F=4 F=5)
Simple calculation givesλ=1448(50) nm
Full calculation yields λ=1555.4(4) nm (797 meV)
Experiment gives λ=1512(48) nm  (820 meV)

λ=1567(10) nm  (791 meV)



How to extract the QED information?

The ratio hardly depends on the nuclear structure!
(    is the Bohr-Weisskopf effect)

V.M. Shabaev, Phys. Rev. Lett. 86, 3959 (2001).



The Penning trap

axial confinement
by electric field
(axial freq. ωz )
~250 kHz

Electric ~ 10 V
Magnetic ~ 1 T

radial confinement
by magnetic field
(cyclotron freq. ωc )
~ 500 kHz

PLUS

ExB drift about
trap centre
(magnetron freq. ωm )
~ 50 kHz



OFHC trap electrodes



after gold plating it always looks better
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RETRAP in Berkeley Lab (USA)



electronic racks



RETRAP magnet and beamline
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RETRAP @ HITRAP – Step 4





August 2007



August 2007



August / September 2007



Stairs to platform
(September 2007)



HITRAP "Wanne" (December 2007)



(higher) cage surrounding SPECTRAP (December 2007)



"Podestfläche" - access for cryogen dewars (December 2007)



stairs to HITRAP facility (December 2007)



another view on the new cage (December 2007)



Timeline for experiments

2008: installation and tests at the HITRAP facilty

207Pb+, 2P1/2 
2P3/2 (I=1/2, λ~710 nm) magnetic moment

2009: measurements of ground state HFS in

209Bi80+ (~1555 nm) 635 nm @ 400 MeV/u in the ESR 

2010: measurements of ground state HFS in

207Pb81+ (~1020 nm), and in

209Bi82+ (~244 nm) and 209Bi80+ (~1555 nm) QED test (% level)

tim
e



EXTRA SLIDES



Next steps:

see if the helium dewar is still intact vacuum test

fix the broken welds (LHe heat shield + LN2 turret)

insert (new) trap

re-assemble the magnet system

test the vacuum of the system

first tests with LN2

tests with LHe and charging of the magnet

still in December 2007

March 2008?



Laser systems which could be used:

• Ar+ pumped dye laser, tunable   200 - 700   nm
• Ti:Sapphire laser, tunable   700 - 990   nm

asked for in BMMF proposal (Gerhard Birkle, TUD)
• New Focus TLB 6326, tunable 1470 - 1545 nm
• Coherent Verdi pumplaser (18W)
• Upgrade and frequency stabilisation Coherent 899
• Technoscan frequencydoubler
• Optics...





Cylindrical open-endcap Penning trap

Technical specifications:
• Superconducting magnet magnetic field ~1 T (∆B~10-3 T)

• Resistive cooling temperature ~10 K (cooling time ~20 s)

• Rotating wall technique ion cloud d~3 mm, 105 ions (freq. ~1 MHz)

• Expected fluorescence ~4x103 counts/sec (background ~102 counts/sec)



Resistive cooling (electronic detection)
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Rotating wall technique

Cloud rotation around trap axis induces Lorentz force 
which compresses the cloud radially

density ~
m ω(ωc−ω)

q2
torque ~

A

∆ω T

rotating wall frequency ramp: ωm ωc/2



Loading, cooling and compressing the ion cloud

ωm ωc/2



Feynman diagrams of QED effects

time

space

"Self energy" is the emission
and reabsorption of a 
virtual photon by an electron

"Vacuum polarisation" is the creation
and reannihilation of a virtual 
electron-positron pair by a photon



Theory versus Experiment

T. Beier, Phys. Rep. 339, 79 (2000).
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The famous RETRAP... 
(electrode structure)
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