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Overview
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Quadrupole moments of unstable nuclei 
can be measured by optical methods

Restriction for the lifetime of nuclei: 
610  sτ −>

see Yu. P. Gangrsky, Soros Educ. J. 6, N 8, 93 (2000).
Another method:

Spin rotation and oscillation of nuclei (I≥1) 
at channeling in straight and bent crystals

Second-order spin interactions transform
vector and tensor polarizations each to other

V. G. Baryshevsky and A. A. Sokolsky, Pis’ma
v Zs. Tekh. Fiz. 6, N 23, 1419 (1980).

straight crystals
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We consider the spin dynamics in bent 
crystals because their use allows to avoid 
hitting quasi-channeled and dechanneled

nuclei into a polarimeter

We suppose that the use of planar channeling in 
crystals permits to measure quadrupole

moments of unstable nuclei with the lifetime of
710  sτ −≥
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Basic equations
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For positive-charged nuclei, the harmonic 
potential can be used:
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Nonrelativistic nuclei
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Operator of quadrupole nomentum tensor:
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Resulting expression for the Hamiltonian:
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We use the matrix Hamiltonian for determining
the evolution of the spin wave function:
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Initial matrix Hamiltonian:
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Spin dynamics of nuclei
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The polarization vector and tensor:

The spin matrices:

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


13

Connection between the polarization vector 
and tensor and the spin amplitudes:
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When the direction of the initial tensor
polarization is defined by the spherical
angles θ and ψ,

Initial tensor polarization is the most favorable
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Final polarization:
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When the direction of the initial vector
polarization is defined by the spherical
angles θ and ψ,
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Final vertical polarization:
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For straight crystals, the formulas derived 
coincide with those obtained by Baryshevsky and 

Sokolsky

Vertical polarization is caused by the quadrupole
moment. For the initial tensor polarization, the 

spin-tensor interaction is the only reason of the 
final vector polarization

The effect of appearance of a vector 
polarization of a tensor-polarized nuclear

beam can be discovered!
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Conclusions
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2
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charge density

a is very different for channeled, 
quasi-channeled and dechanneled nuclei

The use of bent crystals allows to avoid hitting 
quasi-channeled and dechanneled nuclei into 

a polarimeter. Excluding such nuclei 
significantly decrease a systematical error. 

velocity of nuclei 7 7~10 m/s, ~1 m 10   !sv l τ −⇒ ≥
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Quadrupole moments of unstable nuclei 
up to 10-29 m2 (0.1 b) can be measured
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Summary
n Spin dynamics of polarized beams in bent 

crystals caused by electric quadrupole moments 
of nuclei is calculated by matrix method

n The results agree with those by Baryshevsky and 
Sokolsky

n Channeling of polarized beams in bent crystals 
can be successfully  used for measuring 
quadrupole moments of unstable nuclei with

n The effect of appearance of a vector polarization 
of a tensor-polarized nuclear beam can be 
discovered

n Quadrupole moments of unstable nuclei up to  
10-29 m2 (0.1 b) can be measured

710  sτ −≥
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