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our extreme field physics in traps
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precision spectroscopy of

forbidden transitions in HCI (optical laser / MW)
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background: QED and fundamental constants 
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laser-induced reaction / analysis

typical problems: what exactly was the target?

what exactly are the products?

for charged particles both can be controlled by use of a Penning trap

applications may be different but tools can be the same



use of a Penning trap

non-linear photoionisation

giant resonances

strong-field effects

the Penning trap as a universal tool

for the study of reactions induced by 

a high-intensity laser

main motivation: non-destructive 

real-time analysis 

of multiphoton ionization processes 

with high resolution

- good ion localization and extended 

storage times (minutes)

- well-controlled and clean 

environment for various reactions

- numerous manipulation techniques

- non-destructive detection
„transparent“ experiment



Penning trap principles
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techniques (1) : ion selection
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by resonant ejection of all unwanted ions

SWIFT (stored waveform inverse Fourier transform)

timescale: ms



techniques (2) : ion cooling
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techniques (3) : compression by rotating wall
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techniques (4) : ion positioning

ion position control

relative to laser focus

by potential asymmetry

ms, mm 

shot-to-shot scan of

the effective laser

field strength



combination: experimental cycle (example)

- ion capture from external source or in-trap production

- possible ion cooling to 4 K or below

- ion selection („clean target“) e.g. by „SWIFT“

- ion centering / positioning and compression by „rotating wall“

0 s

5 s

@ 10 Hz
- laser interaction, e.g. multiphoton ionisation

- non-destructive detection (charge state evolution)

PREPARATION

- product ions still in trap for further measurements...

INVESTIGATION



FTICR mass spectrometry

limit: of order 1000 charges (broad band), single ion (resonant)

non-destructive detection

10 Hz seconds



setup schematic

Penning trap in a dry superconducting magnet:

high operation stability, high resolution, yet easy transport and flexible use

1m

@ PHELIX, FLASH (II), JETI, POLARIS,...



EXA2011, Wien, September 5, 2011,  Wolfgang Quint
PHYSIKALISCHES INSTITUT
UNIVERSITÄT HEIDELBERG

precision trapprecision trap
analysis trapanalysis trap

Lωh

B
r

m
e

Larmor frequencyCyclotron frequency

222
zc ωωωω ++= −+ ( ) ( ) zzz ωωω ∆=↓−↑ ''

Determination of the Proton g-Factor

B
m
eg

p
L 2
=ωB

m
e

p
c =ω

c

Lg
ω
ω2=

kHz5.82
kHz6902

MHz292

⋅≈
⋅≈
⋅≈

−

+

πω
πω
πω

z



EXA2011, Wien, September 5, 2011,  Wolfgang Quint
PHYSIKALISCHES INSTITUT
UNIVERSITÄT HEIDELBERG

A Single Trapped Proton and
the Continuous Stern-Gerlach Effect

Proton measurement is 10 000 times harder compared to electron g-2 measurement.

B2 = 0.3 T/mm2

∆νz= 190 mHz

axial frequency shift
due to spinflip:
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Next step: Apply double-trap method.
Magnetic field in precision trap is
more homogeneous by 4 orders
of magnitude → improvement to
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The Ion g-Factor Team in Mainz
(before spinflip)
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The Ion g-Factor Team (after spinflip)
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Bound Electron Magnetic Moment Measurement 
on Hydrogen-like Silicon 28Si13+




