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Precision measurements

Error of the electron g-2 is O(10-10).

Error of the atomic clocks O(10-15–10-18).

(From Wikipedia:atomic clock)

The calculation of the spectrum is too difficult.
(Even three body is disaster!)

Can we reduce the theoretical uncertainty?
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Isotope shift and the linearity

Isotope shifts follow a linearity.

Linearity for isotope pairs. 1963: W. H. King

Wave function dependence.

Isotope dependence.

Constant for isotope pairs.
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Isotope shift and the linearity

Isotope shifts follow a linearity.

Linearity for isotope pairs.

Wave function dependence.

Isotope dependence.

Constant for isotope pairs.
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2016, C. Delaunay et. al



  

Field shift

1969, E. C. Seltzer

Expand

in out

Def: 

NLO field shift



  

Particle shift

Light

Def: 

For heavy mediator

Similar to the field shift.

Sensitive to the e-n coupling

Keep the linearity

Non-linearity



  

Wave functions of ions

Single electron
 + 

The Thomas-Fermi potential

Ca+   2S
1/2 

→ 2P
1/2

 (397nm)     2D
3/2

 → 2P
1/2

 (866nm)

           4s  →  4p   (475nm)       3d  →   4p  (-1610nm)

Yb+   2S
1/2

 → 2P
1/2

 (370nm)     2D
3/2

 → 2D[3/2]
1/2

 (935nm) 
           6s  →  6p   (380nm)        4f  →     6s          (48.6nm)

s- & p-states are       , d- & f-states are        .

Numerically, good agreement with other results.

T.F.Semi-classical free electron gas.



  

Sensitivity and constraints
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NLO field shift limits the future sensitivity.

100 eV – 1 MeV is the main target.



  

Conclusion

Precision spectroscopy  + King’s linearity

New physics as the non-linearity

SM background of NLO field shift.

The scaling law at the heavy region.
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