The Ramsey technique in high-
precision mass spectrometry
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lon motion In a Penning trap %
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?B three characteristic harmonic motions:

e modified cyclotron motion (frequency £,)

e axial motion (frequency £)

e magnetron motion (frequency f)
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e Ring electrode (four segments)

e Dipolar excitation at f_: increase of the magnetron radius

e Quadrupolar excitation at f_: conversion from magnetron
into reduced cyclotron motion

e Coupling of the radial motions: f, = f, + f.
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Frequency determination ?
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Ramsey excitation in a Penning trap
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Lineshape as a function of detuning & of the driving field:
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Two-fringe excitation
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Different excitation schemes g
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3-fringes:
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Line width
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Uncertainty of frequency determination
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Step-size optimization: Experimental approach %
&S

0 20 40 60 80 100
D[:ITm T I T I T I T I T 4":'{‘}
h|
0.0765 - 380
0.0760 - 360 "
3
—
N a 340 E
— 0.0755 =)
~, =
K>> 0.0750 - 220 q‘.;
£
0.0745 - II' 300 =
- 280
0.0740 -
260
0.0735
T I : | T | ' I '
0 20 40 G0 a0 100

Missing frequency point Michael Dworschak

www.quantum.physik.uni-mainz.de/mats e



Non-destructive single ion FT-ICR detection %
Pickup-Elektrode S
ion current mass
Al_' O ™ signal spectrum
L | Low Noise IA
/ ™, . Amplifier
y ( \"i _> Iy —
| ] — _ '-.x ] . FFT-Analyzer {—
RM.___. ; e ———————————
- - 5
~_
,FT-ICR"

Pickup-Elektrode

Applications

very small
signal ~fA

fourier-transform-ion cyclotron resonance

Development of cryogenic traps for resonant detection.

— Mass measurements on superheavy rare elements

— High-accuracy mass measurements on longer-lived and stable ions
— Fast identification and effective use of stored ions
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