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g(19F)/g(6Li)  6.5, g(19F)/g(107Ag)  45

|a|  0.1, T1/2=0.84 s.

The process under study is random walk in disordered meduim. 
It is managed by magnetic dipole-dipole interactions only.



Layout of the neutron beta-NMR spectrometer (ITEP, Moscow). It includes a 
unit for obtaining polarized neutrons (1, 3, 6 - collimators for neutrons, 
2 - neutron-polarizer mirror, 4 - polarized-neutron-beam chopper, 5 - spin 
flipper for reorienting the polarization of the neutron beam incident on the 
sample, 10 - analyzer mirror, and 11 - neutron detector) and a unit for 
measuring the asymmetry of the emission of electrons from the decay of beta-
nuclei (7 - electromagnet, 8 sample under study, and 9 scintillation telescope 
counters for detecting electrons from the decay process)

















Main problem of numerical simulation -
infinite disordered sample in finite computer program. 
We use infinite crystal with large disordered unite cell,
containing 100<Nd<4000 spins of 6Li. As a result we can 
apply Bloch’s theorem and receive Bloch’s eigenvalues and 
eigenfunctions for matrix with dimension Nd Nd and than 
we can calculate observable values, applying integration 
over Brillouin’s zone. 
Results are stable within 2% for Nd>400 spins.
Main problem in experiment.
10 s-1, and measurements at t3 s are required, while 
T1/2=0.84 s.  small statistics – long measurements.
Related problem: Concentration c=10% (corresponding to 
10 s-1) is not small enough to neglect the correlations of 
local fields – dependence of      on rij is important =
= correlation of local fields on impurity spins.
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- spin-diffusion propagator for ordered spins

AWK-theory



Static correlation: rq(t=0)0
The effect exists in absence of flip-flop motion of surrounding 
spins and is near 50% for nearest neighbors.

Dynamical correlation: |rq(t)| starts to increase with time, then decays,
that increases total influence of correlations of local fields on 
cross-relaxation form-functions.
As a result the form function                     has deviations about 
20% even for r at 4-th coordination sphere. Deviation for form 
function at                                  can be much more significant.
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Spin diffusion on ordered lattice

     ,   0eff
eff

d G t w G G G
dt

   xy rx xy ry xy xyr

     2

0 0
( ) /A z z z

effG t t A t A Axy x y y

 2

0
( ) ( )cAg t A t A  r r

Why this way is correct?
It produce NMR-form-function in satisfactory agreement with 
experimental data in range g()10-5g(0)
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NMR form-function: theory vs experiment. 
Gulko et al. JETP Lett. 1993, PPN 1996





Described conception of spin dynamics is 
developed by our group for description of 
spin delocalization in disordered systems. 
It is extended now to satisfactory description 
of correlation functions for many problems 
both for ordered and magnetically diluted 
paramagnetic spin systems.



D are main values of the diffusion tensor.
The relation for P00(t) does not include correlation of local field.



Preasymptotic effect - reoscillation. 
Illustration for the case of ordered 
system (simple cubic lattice, exact 
solution).
1 – P00(t).
2 - diffusion asymptote.
3 - false asymptote.
The reoscillation was unknown to 
the community both for ordered 
and disordered systems before our 
studies.



In order to incorporate results of numeric analysis we use
P00(t)=F(t)G(t),
where F(t) is given by preceding formula, and correction function G(t) is 



Concentration of 6Li is c = 0.1006(4). Dependences for fields of strength 200, 691, and 1200 G 
(from bottom to top). Corresponding χ2/n = 99/64, 96/64, and 92/64; the fitted parameter values are 
c = 10.10(4)% and a0 = 10.62(6)%, c = 9.97(6)% and a0 = 11.56(8)%, and c = 10.09(6)% and a0 = 10.82(5)%.



Concentration of 6Li is c = 0.0530(2). Dependences for fields of strength 200, 691, and 1200 G (from 
bottom to top). Corresponding χ2/n = 74/64, 69/64, and 95/64; the fitted parameter values are c=5.32(2)% 
and a0 = 10.05(5)%, c = 5.32(2)% and a0 = 10.43(4)%, and c = 5.33(2)% and a0=10.86(3)%.



Concentration of 6Li is c = 0.0330(3). Dependences for fields of strength 200, 691, and 1200 G (from 
bottom to top). Corresponding χ2/n = 125/64, 55/64, and 168/64; the fitted parameter values are c = 3.43(3)%
and a0 = 9.86(4)%, c = 3.25(3)% and a0 = 10.33(4)%, and c = 3.40(3)% and a0 = 10.29(3)%



Conclusions
1. Kinetics of delocalization of nuclear polarization in 
disordered spin subsystem is studied in experiment and 
theory. 
2. Existence of the spin diffusion in disordered spin 
subsystem is established. 
3. Full numerical-analytical description of the kinetics is 
constructed. 
4. Pronounced preasymptotical effects are revealed.
5. Field dependence of the kinetics is measured. 
6. Field dependence of the kinetics is described taking into 
account both static and dynamic correlations of local field.
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