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νi is the mean frequency in interval i 

Allan deviation: measure of instability 
Shot noise limit of the 
short-term stability: 

Microwave clocks with free atoms: 

Cs beam standard (PTB CS2):   
 TR = 8 ms, σy (1s) = 3.6×10-12 

Cs fountain:   
 TR = 800 ms, σy (1s) = 4×10-14 

A. Bauch, Meas. Sci. Technol. 14, 1159 (2003) 

G. Santarelli et al, PRL 82, 4619 (1999) 

Atomic frequency standard 
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Trapped atoms instead of ballistic 
Using of trapped atoms allows to: 
1. Increase TR 
2. Decrease the size of device 
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Trapping is a modification of the energy levels in some external field.  
For the clock states such modification should be equal (magic trap).  
It is impossible to compensate the difference in all orders of the potential 
energy, but possible in the 1st order („1st order magic“ trap),  
                                     in the 1st and 2nd orders, („2nd order magic“ trap),  
                                     etc. 

Clock transition in trapped 87Rb 

Energy levels in dc magnetic field: 
“1st order magic” DC field 

For small fields, the trapping potential is almost 
linear and almost equal for both the clock states, 
and the difference has a minimum at B = Bmagic 

(hyperfine splitting is subtracted) 
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Ioffe-Pritchard trap Energy levels: 
Spatial dependence of the adiabatic 
potential for different Zeeman states 
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Relative energy shift 
Trapping potential 

Trapping potential and relative energy shift as a functions of position 

P. Rosenbusch, Appl. Phys. B 95, 227 (2009) 

For „1st order magic“ conditions: 
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Second order magic conditions 
A few words about calculation 
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Hamiltonian 
It is possible either to apply Floquet theory directly, 
or to transform the Hamiltonian into the rotating 
frame using the following weak-field Floquet 
approximation (WFFA): 

9 
 Floquet theory: J. H. Shirley, Phys. Rev. 138, B979 (1965) 

≈ 
≈ 

Then we apply the unitary transformation 

It is valid, if and 

It gives in WFFA (in RWA only H(0) remains) 

and express the components of the RF field in 
the local frame where the z‘ is along the dc field 

In the absence of dressing: Breit-Rabi 
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Second-order magic conditions 
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Second-order magic values of dc Ioffe and rf field 

Relative energy shift for 1st- and 2nd order  
magic conditions 

Quantitative characterization 
 

The potential energy is determied mainly by 
dc field B0: 

The relative energy shift is 

Coefficients A0 and A3 
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The fields can be controlled up to some extent only. The second-order magic conditions should be robust! 
What happens if the magnitudes of Ioffe and rf fields are slightly differ from their magic values? 

Role of the field uncertainty 
Robustness to variation of field magnitudes 

Coefficients   α : 
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Role of the field uncertainty 
Robustness to variation of RF field polarization 

Coefficients   β : 

The polarization of rf field can be controlled up to some extent only.  
Non-perfect circular polarization gives the angular dependence of the relative energy shift 

Here the fields: 

Coefficients   γ : 
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Role of the field uncertainty 
Influence on the position-dependent shift 

Here we consider how the field uncertainties affect the position-dependent 
mean-square variation of the relative energy shift: 

Parameters: 

 T.Berrada et al, Nature Communications 4, 2077 (2013) 

with magnitude and polarization deviations without deviations 

Relative energy shift 
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Conclusion 

• We  propose  RF  dressing  as  a  simple and flexible technique to suppress 
position-dependent dephasing of atomic “clock” superposition states in a 
magnetic Ioffe-Pritchard trap.   

 
• We have identified “2nd-order magic” conditions for For 87 Rb 
 
• We have characterized  the  robustness  of  these “2nd-order magic” 

conditions to  deviations of the involved static and oscillating fields 

Conclusion 
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