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g-factor :

Relates the magnetic
mom ent to the spin

QED test and funda mental con stants

Measurement  principle

�K =

= 2
�K
�K

=
�K
�K

has to be measured Independent precision experiments [4,9]

Measure the Larm or frequency
�Ln a we�O�O-�N�Q�R�Z�Qmagne�W�L�F�I�L�H�Od


F

�K =


F
F

Measure the free cyclotron frequency
to dete�U�P�Lne magne�W�L�F�I�L�H�Od

Single ion in  a Penning trap

�,�R�Q�Vcan be �V�W�Rred �Ln a �3en�Q�L�Q�Jtr�D�S��wh�L�F�K�L�Va �V�X�S�H�U�S�R�V�L�W�Lon
of a �Vtrong��homogeneo�X�Vmagn�H�W�L�F�I�L�H�O�Gand an e�Oectr�R�V�W�D�W�L�F
�T�X�D�Gr�X�So�O�D�U�S�R�W�H�Q�W�L�D�O. In the tra�S�� the �Lo�Q�Vhave three
�L�Q�Ge�Sendent �P�R�G�H�V��where the e�Lg�H�Q�I�U�H�T�Xenc�Le�V obey the
�U�H�O�D�W�Lon ���L�Q�Y�D�U�Lance theorem[11]):

² = + ² + ² + 
F²

References

Frequ ency determination

The �L�R�Q�R�V�F�L�O�O�D�W�L�R�Q�L�Q�G�Xce�V�W�L�Q�\�L�P�D�J�H�F�X�Urent�V(~fA) �L�Qthe tra�S
�H�O�Hctrod�H�V. A �V�X�Sercon�G�Xc�W�Lng �K�L�J�K�L�P�S�H�Gance tan�N c�L�U�F�X�L�W
convert�Vthe�V�H�F�Xrrent�V �Lnto a mea�V�X�U�D�E�O�H�Y�R�Otage �V�Lg�Q�D�O. �7�K�L�V
�V�Lg�Q�D�O�L�Vthen �D�P�S�O�L�I�L�H�Gby a cryoge�Q�L�F�O�R�Z�Q�R�L�V�Ham�S�O�L�I�L�H�Uand can
be detected �I�U�H�T�Xency- or �S�K�D�Ve-r�H�V�R�Oved [12].

At ther�P�D�O��
�H�T�X�L�O�L�Er�L�X�Pa “d�L�S” 
�L�Q��the John�Von 
�Q�R�L�Ve den�V�L�Wy of 
the �W�D�Q�N �F�Lrc�X�L�W  
�D�S�Sear�V �H�[�D�F�W�Oy 
at the �L�R�Q�
�V 
o�V�F�L�O�O�D�W�L�R�Q��
�I�U�H�T�Xency. 
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Capture electrodes :
�‡ �S�R�W�H�Q�W�L�D�O �Vw�L�W�F�K�L�Q�J
�‡ �G�\�Q�D�P�L�F ca�S�W�X�U�L�Q�J of �L�R�Q�V 
�‡ �L�R�Q���V�W�R�Uage

Precisi on Trap (PT):
�‡ �Veven-�H�O�Hctrode �W�U�D�S
�‡ �Oarge ra�G�L�X�V (9mm)

o �5�H�G�X�F�H�G���L�P�D�J�H���F�K�Drge �V�K�Lft�V
o �5�H�G�X�F�H�G���Hffect�V of �S�D�W�F�K �S�R�W�H�Qt�La�O�V

�‡ homogen�H�R�X�V �P�D�J�Q�H�W�L�F �I�L�H�O�G
�‡ measurement of 
�‡ �V�S�L�Q �I�O�L�S���L�Q�G�Xc�W�L�R�Q��( )

Analysis Trap (AT):
�‡ f�Lve-�H�O�Hctrode �W�U�D�S��
�‡ ferromagn�H�W�L�F CoFe �U�L�Qg: 

�L�Q�K�R�P�Rg�H�Q�H�L�Wy �Z�L�W�K=
�‡ detect ion of spin orientat ion

Micro wave horn antenna /Laser
incoupl ing

�‡ �6�S�L�Q-�I�O�L�S���H�[�F�L�W�Dt�L�R�Q
�‡ �/�D�Ver co�R�O�L�Q�J& �V�Sec�W�U�R�Vc�R�S�\

1 Ma�[-�3�O�Dn�F�N-In�V�W�Lt�Xt für Kern�Sh�\�V�L�N�� �6�D�X�S�I�H�U�F�K�H�F�N�Z�H�J���� D-69117 �+�H�Lde�O�Eerg                         
2 �)�D�N�X�O�W�l�W für �3�K�\�V�L�N �Xnd �$�V�W�U�R�Qo�P�L�H�� Un�Lver�V�L�W�l�W �+�H�Lde�O�Ee�U�J�� D-69120 �+�H�Lde�O�Eerg

3 �$�5�&���&�Hntre of �(�[�F�H�O�Oence for Eng�Lneered �4�X�Dn�W�X�P �6�\�V�W�H�P�V�� Schoo�O of �3�K�\�V�L�F�V�� The Un�Lver�V�L�W�\ of Sydney�� NSW �$�X�V�W�U�D�O�L�D

In order to detect the �V�S�L�Qd�L�U�H�F�W�L�R�Q��a
ferroma�J�Q�H�W�L�F�U�Lng �Ln the ana�Oy�V�L�V�W�U�D�S(AT)
�S�Uod�Xc�H�Va magne�W�L�F�I�Le�O�G�Lnhomogene�Lty
(magne�W�L�Fbot�W�O�H����wh�L�F�Kc�R�X�S�O�H�Vthe �V�S�Ln
or�Len�W�D�W�Lon to the a�[�La�Ofreq�Xency.

Continuou s Stern -Gerlach effect

Magne�Ÿc bo�©le
B2 ~ 44000 T/m2

ferro magnetic ring
e

Analys is Trap (AT)B

The g-factor of boron like argon  40Ar13+

The a�[�La�O�Sote�Q�W�La�Oand therefore a�O�V�Rthe a�[�L�D�O
freq�Xency d�H�S�Hnd on the �V�S�Ln �V�W�D�W�Hof the
e�Oectron. Th�X�V��a �V�S�Lnf�O�L�Scan be ob�Verved v�La
a change �Ln the a�[�La�Ofreq�Xency g�Lven by

�¿ 
N

Double Penning trap setup

�‡ The g-factor �R�I���W�K�H���E�R�Xnd e�Oectron �L�V���D�O�W�H�U�H�G���E�\��b�R�X�Qd-�V�W�Dte
q�Xan�W�X�Pe�Oectrodyn�D�P�L�F(BS-QED) ef�I�H�F�W�V

[J
. Z

at
or

�V�
N�L

et
 a

�O��
���

���
��11

]

�‡ BS-QED effect�V�Ln�F�U�H�D�V�Hw�Lth the �Q�Xc�O�H�D�U
charge �V�W�Dte. Therefore few or �V�Lng�Oe
�H�O�H�Ftron �V�\�V�W�Hm�Vare �H�V�S�H�F�L�D�O�O�\�L�Q�W�H�U�H�Vt�Lng
(�I�L�H�Od�V�Wreng�W�K�V�X�Sto ~1018 V/m)

�+�L�J�K�S�Ue�F�L�V�L�R�Qm�H�D�V�Xremen�W�Vof
12C5+��16O7+�� 28S�L13+ and �X�S to 48Ca17+

have been �S�H�U�I�Rrmed at the �0�D�L�Q�]g-
factor e�[�S�H�U�L�P�H�Q�W[2-7]

12C5+


F

16O7+ 28Si13+ 48Ca17+

= 2(1 + + + + + + …)

�+�\�G�Uogen-�O�L�N�H���V�\�V�W�H�P

�‡ BS-QED �F�D�O�F�X�Oa�W�L�R�Q�Vcan be �W�H�Vted w�Lth h�Lgh-�S�U�H�F�L�V�Lon g-factor
�P�H�D�V�X�U�H�P�H�Q�W�Vof e�O�H�F�W�U�R�Q�V�E�R�X�Qd�Ln h�Lgh�O�\charged �Lo�Q�V[1]

ALPHATRAP @ MPIK - “p ushing the limits”
�‡ �I�R�O�Oow-�X�Sof the �0�D�L�Q�]g-factor e�[�S�H�U�L�P�H�Q�W
�‡ access to Heidelberg -EBIT

�Æe�[tend g-factor e�[�Se�U�L�P�H�Q�W�Vto heavy-Z �V�\�V�W�H�P�Vby �X�V�Lng
heavy high ly charged ions up to 208Pb81+

�‡ �S�U�R�E�HQED �Ln the �P�R�V�We�[treme �I�L�H�Od�V���D�F�F�H�V�V�I�X�Q�G�D�P�H�Q�W�D�O�F�R�Q�V�W�D�Q�W�V

= 2 + �¿ . + �¿ + �¿

�+�R�Z�Hver�� at h�Lgh Z �Q�Xc�O�H�D�Ueffe�F�W�V�Ln�F�U�H�D�V�Hand
are �Soore�Oy �N�Q�R�Z�Q. Comparis on of the absolute
g-factor values is therefore unfavo rable �V�Lnce
the error w�L�O�O�P�R�V�W�O�L�N�H�O�\be d�R�P�Lnated by the
�X�Q�Fert�D�L�Qty of the �Q�X�F�O�H�D�U�V�Wr�X�F�W�Xre �S�D�U�D�P�H�W�H�U�V.
�,�Q�Vtead�� one can co�P�S�D�U�H�V�Se�F�L�I�L�Fwe�Lghted g-
factor d�Lffe�U�H�Q�F�H�V�� where �Q�Xc�O�H�D�Ueffect�Vcan be
cance�Oed by a we�Lght �S�D�U�D�P�H�W�H�U�� [8].

By �P�H�D�V�X�U�L�Q�Jg-factor d�Lfference�Vof H-like
and Li -li ke �Lo�Q�V��QED can be �W�H�Vted beca�X�V�H
n�X�F�Oear �F�R�Q�W�U�L�E�X�W�L�Rn�Vare h�Lgh�Oy �V�X�S�S�U�H�V�V�H�G.

By �P�H�D�V�X�U�L�Q�Jg-factor d�Lfference�Vof H-like and
B-like �Lo�Q�Vw�L�O�O�D�O�Oow the deter�P�L�Q�D�W�L�R�Qof the
fine-structure con stant �. to h�Lgh �S�U�H�F�L�V�Lon [8].

�¿ �" = ( )2 
F�L �¿ �" = ( )2( )22 1/ 2
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B = 0
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F1/ 2

2
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�K 
N37GHz

= + 1/ 2

B 
N4.

Zeeman �V�S�O�Lt�W�L�Q�J of  40Ar13+ The e�[act �/armor freq�Xency �L�V de�W�H�U�P�Lned by 
�V�K�Ln�Lng �Ln���P�L�F�U�Rwave�V aro�Xnd the���V�X�S�So�V�Hd �/armor
freq�Xency. At the �V�S�L�Q�I�O�L�S�S�Uobab�L�O�Lty �L�V���P�D�[�L�P�L�]ed. 

�3�U�Rb�Lng the Zeeman tran�V�L�W�Lon 
�P�X�O�W�L�S�Oe �W�L�P�H�V���I�R�U���G�Lfferent -�U�D�W�Lo�V���D��
�U�H�Vonance a�S�Se�D�U�V from wh�Lch the 
g-factor �L�Ve�[tracted by a �/oren�W�]�L�D�Q
�P�R�V�W�O�L�N�H�Oyhood �I�L�W��

= 2 =
�K
�K

Theory

2015 [13]
2016 [14]
2018 [15]
2019 [16]

ALPHATRAP 2019 [16]

�2�X�Ue�[�Se�U�L�Penta�O���U�H�V�X�O�Ware �Ln 
agreement w�L�W�Kthe �F�X�U�Uent
theory at 10-7 �Oe�Y�H�O. 
E�[�Se�U�L�Pent �S�Ue�F�L�V�Lon at 10-9

Laser spectroscop y of 40Ar13+

The deve�Oo�Sment of a new mea�V�X�Uement techn�Lq�Xe [17] comb�Ln�L�J�Oa�V�H�U �V�Se�F�W�U�R�V�Fo�Sy w�L�W�K��
the con�W�L�Q�Xo�X�V Stern-�*�H�U�Oach effect (CSGE) a�O�Oow�V�S�Ue�F�L�V�Lon �V�Se�F�W�U�R�V�Fo�S�\on narrow
tran�V�L�W�Lo�Q�V�� be�Lng independ ent of �I�O�Xo�U�H�V�Fent de�W�H�F�W�Lon.

�)�L�Qe �V�W�U�X�F�W�X�U�H�V�Se�F�W�U�R�V�F�R�S�\  �Ln 40Ar13+ :

�‡ Ion �L�V�S�Ue�Sared �Ln “ spin dow n“ �V�W�D�W�H
�‡ �/a�V�H�U��e�[�F�L�W�D�W�Lon near 441nm tran�V�L�W�Lon
�‡ S�Sonteneo�X�Vdecay to da�U�N�V�W�D�W�Hw�L�W�K

“ spin up“ �Lnd�Lcate�V �V�X�F�Fe�V�V�I�X�O�Oe�[�F�L�W�D�W�Lon
�‡ S�S�Ln �V�W�D�W�H�L�Vana�Oyzed w�L�W�KCSGE 

�/�Lnew�Ldth �G�H�S�H�Q�G�H�Qton a�[�La�O���Lon
tem�Sera�W�X�U�H(Do�S�S�Oer broaden�Lng)

�¿ = 0
8 ln(2)

2


N

N

N


N9.5 ms

ALPHATRAP Review Paper

�)�R�U���I�X�U�W�K�H�U���L�Q�I�R�U�P�D�W�L�R�Q���F�K�H�F�N���R�X�U���U�H�F�H�Q�W�O�\���S�X�E�O�L�V�K�H�G��
�U�H�Y�L�H�Z���S�D�S�H�U�����������S�������Z�L�W�K���D���G�H�W�D�L�O�H�G���G�H�V�F�U�L�S�W�L�R�Q��
�R�I���W�K�H���H�[�S�H�U�L�P�H�Q�W��

�7�K�H���S�D�S�H�U���L�V���D�Y�D�L�O�D�E�O�H���D�V���R�S�H�Q���D�F�F�H�V�V���R�Q��
�K�W�W�S�V�������G�R�L���R�U�J�������������������H�S�M�V�W���H��������������������������
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�/�D�V�H�U���L�R�Q���V�R�X�U�F�H

�3�X�O�V�H�G���G�U�L�I�W���W�X�E�H

�,�R�Q���G�L�D�J�Q�R�V�W�L�F���X�Q�L�W

�:�L�H�Q�I�L�O�W�H�U

�+�&���(�%�,�7

�4�X�D�G�U�X�S�R�O�D�U���E�H�Q�G�H�U

�&�U�\�R���Y�D�O�Y�H

�&�U�\�R�V�W�D�W

�7�U�D�S

���.���V�H�F�W�L�R�Q��
���S�L�Q�N��

�����.���V�H�F�W�L�R�Q��
���E�O�X�H��

�&�R�X�S�O�L�Q�J���W�R�������.

�0�D�J�Q�H�W���Z�L�W�K���F�U�\�R�V�W�D�W

�0�L�F�U�R�Z�D�Y�H���D�Q�G
�O�D�V�H�U���L�Q�F�R�X�S�O�L�Q�J

���.���V�H�F�W�L�R�Q��
���S�L�Q�N��
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