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Theoretical foundations of 

spacetime torsion
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The covariant derivative of the metric is called the nonmetricity:
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The contorsion is defined by
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Dirac particle in gravity with 

torsion



9

Schwinger gauge:

 0 00 , i i ie V e W K        

The quantum theory is based on the covariant

Dirac equation:
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General metric:
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Yu. N. Obukhov, A.J. Silenko and O.V. Teryaev, Phys. Rev. D 84, 024025 

(2011); 88, 084014 (2013); arXiv:1410.6197.

Nonunitary transformation of the initial equation 

brings the Dirac Hamiltonian:
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Foldy-Wouthuysen

transformation for a Dirac 

particle with allowance for 

spacetime torsion
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Foldy-Wouthuysen Hamiltonian:
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Angular velocity of spin rotation conditioned by 

the spacetime torsion:
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Extension of the covariant 

Dirac equation on the 

anomalous magnetic and 

electric dipole moments
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Dirac particle in magnetic field and rotating 

frame

Dirac Hamiltonian
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Foldy-Wouthuysen Hamiltonian
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Spin-1/2 particle with an anomalous magnetic 

moment in magnetic field and rotating frame

Dirac Hamiltonian

Foldy-Wouthuysen Hamiltonian
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The angular velocity of spin rotation
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Experimental bounds on spin-

torsion coupling
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 Kobzarev – Okun relations define form 
factors at zero momentum transfer

I.Yu. Kobzarev, L.B. Okun, Gravitational Interaction of Fermions.

Zh. Eksp. Teor. Fiz. 43, 1904 (1962) [Sov. Phys. JETP 16, 1343 (1963)].

Motion of gyroscopes and particle spins in 
Riemannian spacetimes is the same. However, 
the spacetime torsion couples to atomic spins 

but not to gyroscopes!

Kobzarev – Okun relations result in the absence of 

the anomalous gravitomagnetic moment and the 

gravitoelectric dipole one

Equivalence Principle for the spin and its 

experimental verification
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Yu. N. Obukhov, A.J. Silenko and O.V. Teryaev, Spin-torsion coupling 

and gravitational moments of Dirac fermions: theory and experimental 

bound; arXiv:1410.6197.
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The restriction on the 
anomalous 
gravitomagnetic moment 
may be obtained from 
experimental data:

B. J. Venema, P. K. 
Majumder, S. K. 
Lamoreaux, B. R. Heckel, 
and E. N. Fortson, Phys. 
Rev. Lett. 68, 135 (1992).

by the analysis in A.J. 
Silenko and O.V. Teryaev, 
Phys. Rev. D 76, 
061101(R) (2007).

201 199( Hg) 0.369 ( Hg) 0.042

(95% C.L.)
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 The absence of the gravitoelectric dipole moment results in the

absence of direct spin-gravity coupling

see the discussion in B. Mashhoon, Lect. Notes Phys. 702, 112 (2006).

W ~ g S

We have extracted the new restriction of about 0.9% from the experimental 

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

before correction

after correction
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Classical limit of this Hamiltonian is given by

Spin-dependent part of the Foldy-Wouthuysen

Hamiltonian for atoms at rest:

For Venema et al experiment
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New experiment of the same collaboration:

For Gemmel et al experiment
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In this experiment,  the Ramsey-Bloch-Siegert shift 

has been taken into account
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16 1cos 10  m .   T

An approximate estimate can be given:
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Other experiments and estimates
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Kostelecky et al estimate:
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R. Lehnert, W.M. Snow, H. Yan, A first experimental limit on 

in-matter torsion from neutron spin rotation in liquid 4He,

Phys. Lett. B 730, 353 (2014).
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Summary

 Dirac particle in gravity with torsion is considered 
and the Dirac Hamiltonian is obtained

 Foldy-Wouthuysen transformation for the 
relativistic Dirac particle is performed with 
allowance for spacetime torsion

 The covariant Dirac equation is extended on the 
anomalous magnetic and electric dipole moments 
and the relativistic Foldy-Wouthuysen
transformation is fulfilled

 New experimental bounds on spin-torsion 
coupling are found
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