
Alexander J. Silenko 
Research Institute for Nuclear Problems, BSU, Minsk, Belarus 

Joint Institute for Nuclear Research, Dubna, Russia 
 

September 4, 2017 

 Potential for a discovery of 

new spin-dependent effects 

in the framework of the EDM 

experiments 



2 

   OUTLINE 

                        
 Violation of the Lorentz and CPT symmetry 

 Cartan torsion of spacetime 

 Is the spin tune independent of the beam 

polarization? 

 Analytical description of spin dynamics in 

oscillating fields rotating the spin about 

horizontal axes 

 Spin dragging 

 Summary 



3 

Violation of the Lorentz and 

CPT symmetry 
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CPT violation results in a difference between 

particles and antiparticles. Violation of the Lorentz 

symmetry makes different frames (e.g., being at rest 

and moving relative to the galactic center) to be 

nonequivalent. 

Phys. Rev. D 90 (2014) 076009 
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The rate of change of the spin expectation value for the 

μ− due to Lorentz violation is given by 

The corrections to the μ± anomaly frequencies are 

given by 

Comment: storage ring experiments with the e± 

beams can be more sensitive 
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Atomic experiments with comagnitometers 
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While atomic experiments with comagnitometers 

are the most sensitive, storage ring experiments 

may be performed with other objects 
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Parameters of the Lorentz-violating nucleon-nucleon 

potential can be bounded 
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Conclusion: results of the deuteron EDM experiment 

can be used for constraining Lorentz and CPT 

symmetry 
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The angular velocity of spin precession caused by 

the Lorentz violation can be discovered with 

clockwise and counterclockwise deuteron beams. 

However, there are also other possibilities caused 

by nontrivial polarization effects. The absolute 

value of the polarization vector oscillates. The 

Lorentz violation causes the rotation of tensor and 

vector polarizations with different frequencies (J. 

Noordmans, private communication). 

The last property can be checked with the transition 

to the frame rotating with the angular velocity of the 

spin rotation. In any case, the polarization vector in 

this frame is not constant  '
0 .
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When there is no any spin-tensor interaction, S’ is constant 

in the frame rotating with the angular velocity of the spin 

rotation. In this case, components of the polarization tensor 

rotate with a twice bigger frequency as compared with 

components of the polarization vector. 

 A.J. Silenko, General dynamics of tensor polarization of 

particles and nuclei in external fields, J. Phys. G. : Nucl. 

Part. Phys. 42, 075109 (2015). 

The best conditions for an observation of spin-tensor 

interactions are provided by the use of an initially tensor-

polarized beam because such a beam acquires a final vector 

polarization. 
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Cartan torsion of spacetime 
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Christoffel symbols Cartan spacetime torsion tensor 

  

      .S

The Cartan spacetime torsion does not influence a 

particle motion but affects the spin 

The classical limit of the quantum-mechanical 

Hamiltonian obtained by Y. N. Obukhov, A. J. Silenko, 

and O. V. Teryaev, Phys. Rev. D 90, 124068 (2014) for a 

Dirac particle in a magnetic field is given by 
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ω is the angular velocity of the Earth rotation. 

Riemann-Cartan spacetimes 



19 

The strongest restriction extracted from the experimental data 

presented by C. Gemmel et al., Eur. Phys. J. D 57, 303 (2010) is 

About 1% of the angular velocity of the Earth rotation  

(|ω| =7.29 × 10-5 rad/s). 
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Conclusion 1: The effect of the Cartan torsion of 

spacetime on the spin does not depend on the 

matter structure. In any case, it appears as a 

correction to the measured frequency of the Earth 

rotation.  

Conclusion 2: An absolute precision of the spin 

rotation frequency measured in storage ring EDM 

experiments cannot be so high as the 

corresponding precision in atomic experiments with 

comagnitometers. Therefore, it is not expedient to 

bound the Cartan torsion in the storage ring EDM 

experiments.  
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Is the spin tune independent of 

the beam polarization? 
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We consider the case in which there is the main magnetic 

(or quasimagnetic) field rotating the spin about the 

vertical axis z and the oscillating magnetic (or 

quasimagnetic) field rotating the spin about one or two 

horizontal axes x, y (or eρ, eϕ). 
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Analytical description of spin 

dynamics in oscillating fields 

rotating the spin about 

horizontal axes 
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The instantaneous plane of particle motion does not coincide 

with the horizontal plane, and the instantaneous plane of 

rotation of vector N=p/p is not horizontal. The angle Φ between 

two positions of the rotating vector N in the tilted plane is not 

equal to the angle ϕ between two corresponding horizontal 

projections. Therefore, the instantaneous angular velocity of 

particle motion is changed. The infinitesimal angle of particle 

rotation in the xy plane, dϕ, is given by 

A. J. Silenko, Equation of spin motion in storage rings in the cylindrical coordinate 

system, Phys. Rev. ST Accel. Beams 9, 034003 (2006). 
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As a rule, o is a rather small correction. These equations are 

exact. 

The instantaneous angular velocity of spin rotation in the 

horizontal plane,   , is characterized by the change of angle ψ 

determining the spin orientation in this plane.  
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As a rule, O is a rather small correction. These equations are 

exact. 

The equations of the spin motion needed for next 

calculations are either exact (for a circular 

horizontal field, clockwise or counterclockwise) or 

obtained in the approximation of weak horizontal 

fields. The exact case takes usually place at 

resonance conditions.  For storage ring 

experiments, the above-mentioned approximation is 

very good. 
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We have the oscillating horizontal magnetic field 

For particles in a storage ring, we 

should take into account the Thomas-

Bargmann-Mishel-Telegdi equation 
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Spin evolution at frequencies far from the resonance 

(clockwise and counterclockwise beams  

are taken into account) 
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Next step is the consideration of the case in which 

the vector B∥ (or (v × E)∥) circumscribes an ellipse. It 

is important for taking into account the vertical BOs. 
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We present the following relations in order to 

demonstrate a nontriviality of the final result: 

We can now use the general theory developed in 

A. J. Silenko, Equation of spin motion in storage rings in 

the cylindrical coordinate system, Phys. Rev. ST Accel. 

Beams 9, 034003 (2006) and can calculate the spin tune 
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Finally, we can check that this result obtained for an 

arbitrary initial polarization agrees with the Farley 

formula for the vertical BO (pitch). 

Taking into account the denominator results in 
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F. J. M. Farley, Pitch correction in (g-2) experiments, Phys. Lett. 

B 42, 66 (1972). 
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We can conclude that in the nonresonance case the 

angular frequency of the spin rotation about the 

vertical axis does not depend on the initial beam 

polarization. When a1
2 and a2

2 are small as 

compared with ω0
2 ̶ ω2, the correction is small. 

However, this result is obtained on the assumption that 

the action of the perturbing fields is much weaker than 

that of the main field. This assumption means the 

adiabatic approximation, wherein the time scale over 

which a time-dependent Hamiltonian varies is long 

compared to typical quantum-mechanical oscillation 

periods. In this case, a quantum-mechanical system 

remains in the same eigenstate but develops a 

dynamical phase factor. This is the geometric (Berry) 

phase. What happens when this assumption is not 

satisfied? 
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Spin dragging 
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The adiabatic approximation is violated in the 

very simple case which is well known in the 

theory of magnetic resonance. 

It is generally accepted to consider the spin 

motion in the frame rotating with the angular 

velocity of the oscillating field, ω. If we have a 

rotating horizontal magnetic field or can neglect 

one of two horizontal magnetic fields rotating in 

opposite directions, the angular velocity of the 

spin rotation in the above-mentioned rotating 

frame is given by 

 0 0' .    z   ' '
Ω ω ω e eE= E
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Motional (unstable) spin axis 

E

0 ω ω

ze

e

'Ω

If the spin direction is 

collinear to Ω', it remains 

unchanged in the frame, 

rotating with the angular 

velocity ω. For this spin 

direction, the angular 

velocity of the spin rotation 

in the above-mentioned 

rotating frame is, therefore, 

equal to ω. The adiabatic 

approximation is violated 

because torques caused by ω0 ̶ ω and      are 

mutually balanced.   

E
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Conclusion 1: The spin precession frequency has a 

resonance-like dependence on the initial beam 

polarization. When adiabatic approximation is valid and 

the initial spin direction is far from the directions (θ,π/2) 

and (-θ,-π/2), the spin precession frequency does not 

depend on the initial beam polarization and is close to 

ω0 . However, the spin precession frequency becomes 

equal to ω in the narrow intervals of spin directions 

close to Ω' and −Ω'. This is a new resonance-like 

spin effect. In the narrow intervals of directions, the 

spin is dragged by the rotating horizontal field. 

The spin precession frequency remains the same in 

narrow intervals of spin directions close to Ω' and −Ω'. 



41 

Conclusion 2: The new resonance-like spin effect 

can be observed in the framework of a preparation 

of storage ring EDM experiments. It is sufficient to 

take |ω0 ̶ ω|/|ω0+ω|   0.1. In this case, a weaker 

horizontal field rotating either clockwise or 

counterclockwise can be neglected. Then, 

experiments for initial beam polarizations far from 

the resonance directions, (θ,π/2) and (-θ,-π/2), and 

close to these directions give different spin 

precession frequencies. To confirm this 

conclusion, we need to monitor an evolution of the 
spin defected from the vertical at an angle of about 

0.1 rad. 
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Summary 
 We can constrain Lorentz and CPT symmetry in the 

framework of the storage ring EDM experiments. 
While atomic experiments with nuclear spins 
performed by the Berlin group is potentially more 
sensitive, this group does not work with deuterons.  

  It is not expedient to bound the Cartan torsion in 
the storage ring EDM experiments because the 
absolute precision of the measured spin rotation 
frequency cannot be so high as the corresponding 
precision in atomic experiments performed by the 
Berlin group.  

 We have a possibility to discover the new spin effect 
of a resonance-like dependence of the spin rotation 
frequency on a direction of the initial beam 
polarization.  
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