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G-FACTOR MEASUREMENT IN A PENNING TRAP



Experimental Setup
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Experimental Setup (ALPHATRAP)

cryogenic temperatures (4.2K)
ü Vacuum better than 10-17 mbar

ü basically no rest gas
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A look into our toolbox - the Penning trap
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• Reduced cyclotron
frequency:

• Magnetron drift
frequency:

• Axial frequency:

2222
zc wwww ++= -+ü Free cyclotron frequency

~2ˊĀ 20 MHz (140Ghz)

~ 2ˊĀ 9 kHz (9kHz)

~ 2ˊĀ 600 kHz (50MHz)

Trap eigenfrequencies

(Brown-Gabrielse invariance theorem)

THE PENNING TRAP

B

• Larmor frequency: ~ 2ˊĀ 140 GHz
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A

Cryogenic ultra low-
noise amplifier

en = 800pV/ ãHz
in Ò 4fA/ ãHz

IMAGE CURRENT DETECTION
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Axial frequency
indicates spinflips:

Magnetic bottle

ferromagnetic
ring

B

e
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Capture electrodes
• Potential switching
• Dynamic ion capture/storage

Precision trap
• 18mm diameter
• Homogeneous B-field: measure = ⱷ╛/ⱷ╬
• Compensation ring for PT: improved

B-field homogeneity

Analysis trap
• 6mm diameter
• Ferromagnetic ring electrode: spin detection

Beryllium trap
• Be ions storage & detection

Microwave horn
• mm – wave  coupling
• Laser access

Double Penning trap
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QED of  Bound States

Range accessible
in the Mainz HCI

experiment

up
 to

 IP
 ~

 5
ke

V ü Probe validity of QED in the
strongest fields
ü Precision experiment

with heavy, highly
charged ions

ü Strongly coupled
(ZŬå1) electron, beyond
the Furry picture

ü Extract nuclear
structure information

Range accessible
by ALPHATRAP

up
 to
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 ~

 1
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QED of  Bound States

ü Probe validity of QED in the
strongest fields
ü Precision experiment

with heavy, highly
charged ions

ü Strongly coupled
(ZŬå1) electron, beyond
the Furry picture

ü Extract nuclear
structure informationo Unique access to strong field QED in few electron

systems
o Investigate discrepancies at high ZŬ
o ALPHATRAP demonstrates HCI lifetimes > weeks
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Hydrogen-like tin 118Sn49+
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Ὣ = 1.910 562 058 962 (73)stat(42)stat(910)ext
Ὣtheo = 1.910 561 821 (299)
Ὣtheo = 1.910 561 975 (39)
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Best test in fields
> 1015 V/cm
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