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Hydrogen-like Bismuth
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HFS in other systems
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Contributions to the HFS
lithium-like

�E HFS =
a(aZ3)

n3

gI

mp

2I + 1
(j + 1)(2l + 1)
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�
1 + m

M

� 3

�
�
A(aZ)(1 � d)(1 � e) +

B(aZ)
Z

+
C(Z; aZ)

Z2 + cQED + cSQED

�

Valotka A V et al 2008 Phys. Rev. A 78 62507

A(aZ): Relativistic factor.
d: Nuclear charge distribution correction.
e: Nuclear magnetization distribution correction. Bohr-Weisskopf e�ect
cQED: One-electron QED correction.

B(aZ)=Z: Interelectronic-interaction correction of �rst-order in 1/Z.
C(Z; aZ)=Z2: 1=Z2 and higher-order interelectronic-interaction correction.
cSQED: Screened QED correction.

a: �ne structure constant, Z: atomic number, g I : g-factor of the nucleus, I : spin of the nucleus,
m, mp, M: electron-, proton-, nucleus-mass, n: main quantum number, j, l: angular quantum numbers.



Testing QED

�E (1s) = �E (1s)
Dirac(1 � e(1s)) + �E (1s)

QED

�E (2s) = �E (2s)
Dirac(1 � e(2s)) + �E int (1 � e(int) )

+�E (2s)
QED + �E SQED

Shabaev V M et al 2001 Phys. Rev. 86 3959

�E Dirac One electron relativistic values.
e One electron Bohr-Weisskopf corrections.
�E QED: QED corrections.
�E int : Interelectronic-interaction contribution.
e(int) : Bohr-Weisskopf correction on �Eint .
�E SQED: "Screened QED e�ect",

combined interelectronic-interaction QED correction.
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Testing QED

e(2s)

e(1s)
= f( aZ) = 1 :0782(3); for Z = 83

e(int)

e(2s)
= f int (aZ)

x = f( aZ)
�E (2s)

Dirac � fint (aZ)�E int

�E (1s)
Dirac

= 0 :16886; for Z = 83:

Shabaev V M et al 2001 Phys. Rev. 86 3959
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Testing QED

� 0E = � 0Enon� QED + � 0EQED

� 0Enon� QED = �E (2s)
Dirac + �E int � x�E (1s)

Dirac

� 0EQED = �E (2s)
QED + �E SQED � x�E (1s)

QED

Contribution �E (2s) � �E (1s) � 0E
Dirac value 844:829 876:638 � 31:809
Interelectronic interaction
� 1=Z � 29:995 � 29:995
� 1=Z2 and higher orders 0:25(4) 0:25(4)
QED � 5:052 � 5:088 0:036
Screened QED 0:194(6) 0:194(6)
Total � 61:32(4)

Volotka A V et al 2009 Phys. Rev. 103 33005
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Why Bismuth?
Hydrogen H-like Bi Li-like Bi

1H 209Bi82+ 209 Bi80+

I 1/2 9/2 9/2
t 11 Ma 351(16) ms 50 ms

�E 5 :9� 10� 6eV 5:0841(8) eV 797:1 meV
� 0 21:1 cm 243:87(4) nm 1555:4 nm

Doppler e�ect

H-like Bi l "#
Lab = l 0

1
g(1 � b)

= 592:2 nm

Li-like Bi l ""
Lab = l 0

1
g(1 + b)

= 640:6 nm

b = 0 :71 (400 MeV/u)
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... und dann kam

Libelle

Lithium likeBismuthExperiment withLaserLight at ESR
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Experimental Approach

Ekin = 392.9 MeV/u, g = 1.42

Laser excitation

t = 0

Ref. Bunch
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Main Development
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Photomultiplier
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Dye Laser Cobra Strech
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Laser Collinear



Laser Anti Collinear



Laser Transport
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Laser Beam Pro�le
Near �eld Far �eld, 50 m, anticollinear

Far �eld, 80 m, collinear Far �eld, 80 m, collinear



Beam Stabilization



Beamtime
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HFS Li-like Bi Spectra!
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Scan469-471+473-475, Mo. 8.8, 13:03
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Scan481-489, Mo. 8.8, 14:36

Hardware gated, Software gated
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Preliminary
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Summary

Thirteen years after the �rst beamtime ...

We have found �E(2s) in lithium-like bismuth.

Data analysis is ongoing.

Libelle team is happy.

Spectrap can now determine the �E(1s) and �E (2s) more
accurately (relative accuracy of 10� 6).

Test of bound-state QED on the level of a few percent in the
strongest electromagnetic �elds available.
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