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The spin-lattice relaxation time in solid He' at T-0.6 K is calculated under the assumption that a 
ferromagnetically polarized nuclear-spin region exists around a vacancy. 

PACS numbers: 67.80.Jd 

Nuclear magnetic resonance in crystalline He3 i s  The velocity of the FPR i s  low compared to the vacan- 
usually described under the assumption that several cion velocity v ,  -RA/ii, where R i s  the radius of the 
types of quasiparticles exist in this quantum crystal.' FPR. The perturbing term $v(t) induces transitions in 
In particular, in the spin-lattice relaxation process the the spectrum ~ ~ ( 6 )  of the states of the adiabatic ap- 
energy of the radio-frequency magnetic field is  trans- proximation. 
ferred from the Zeeman nuclear-spin system (2) to the 
lattice [the phonon thermostat (P)]  through the delocal- The probability per unit time for transition between 

two steady states li) and I f )  depends on the spectral ization of the vacancies bacancions (v)] and tunneling 
density of the mean square of the fluctupting-about the He3 atoms [system of excitations (T)]. 
equilibrium value v= 0-components of the instantan- 

At a He3-crystal temperature T - 0.6 K, the spin-lat- eous FPR velocity vector : 
tice relaxation proceeds according to the scheme ZT- 
VP (the dash denotes a "bottleneck"). There is  no w,,=- I-- ; ( ;)= l < f l i k l t )12~"2 )" .  (2) correct theory, i. e. , one that is compatible with the L-x,u.~ 

condition wTT,<< 1, which is realized for the quantum The spectral density (v:) i s  the Fourier transform of 
crystal ( w ,  is  the He3 atoms' tunneling frequency and the correlation function &&t)vk(0)): 
Tv is  the mean lifetime of a vacancion a t  a site), for D 
this temperature region. Thus, for example, in Ref. (3) 

1 Zane adopts Richards' approach; which is, however, 
suitable only in the opposite limit, w ,rV >> 1. where D i s  the diffusion coefficient4t5; d i s  the effec- 

tive mass of the FPR, i. e. , the coefficient attached 
Below we calculate the characteristic time of energy to v2/2 in the expansibn of the FPR free energy about 

transfer in a bottleneck under the assumption that a the minimum. 
vacancion produces ferromagnetically polarized region 
(FPR) of nuclear spins around itself. The Brownian 
motion of the FPR induces transitions between the ener- 
gy levels of the vacancion in the potential well, which, 
to the vacancion, is what the FPR represents. The 
diffusive motion of the FPR occurs a s  a result of the 
passage through it of the fluctuation currents of the T 
excitations. Thus, the mechanism under consideration 
ensures the transfer of energy from the T system to 
the V system, from which the energy i s  rapidly re-  
moved by thermal phonons. ' 

The motion of a vacancion with quasimomentum p 
and energy c (p) is  made up of i ts  coherent motion in the 
FPR potential well and the Brownian motion (with step 
of the order of the interatomic distance a )  of the center 
of gravity of the FPR in the crystal. In the system of 
coordinates moving together with the FPR the vacancion 
energy i s  c ,(p - mv), where m = -m,,3 is the 'bare 
mass" of the vacancion and v i s  the instantaneous FPR 
velocity. In the laboratory system of coordinates the 
vacancion Hamiltonian in the linear-in v-approxima- 
tion i s  

where eo@) is  the vacancion Hamiltonian in the sta- 
tionary FPR, M -iiz/a2A i s  the effective vacancion 
mass, and A i s  the vacancion band width. 

Because of the strong coupling between the vacan- 
cion system V and the lattice P, the vacancions in the 
FPR a r e  a t  the ground energy level, which corresponds 
to the 1s state of a particle in an infinitely deep spheri- 
cal potential well. The first excited level corresponds 
to the lp state, and i s  described by the wave function 

where m = 0, +1 i s  the magnetic quantum number, j ( x )  
is  a spherical Bessel function, and the Y,,(B, (P) a r e  the 
first-order spherical functions, normalized to unity, 

The slow transfer of energy from the T to the V sys- 
tem in the "bottleneck" i s  realized during the 1s - lp 
vacancion transitions. We neglect the transitions to 
the higher levels. Notice that the well depth which is 
of the order of A, is adequate for the existence of only 
the levels under consideration. ' 

The system V is strongly coupled to the phonon ther- 
mostat P, whose temperature T, is  prescribed by the 
experimental conditions and i s  constant: T,<< q0- 13.5 
K (Ref. 81, where rp, i s  the activation energy of a vacan- . 
cy (the bottom of the vacancion band). Therefore, the 
temperature of the V system can be assumed to be 
equal to zero. For our calculation the inverse transi- 
tions of the vacancion a r e  unimportant, since the 
energy emitted in these transitions i s  rapidly 
transferred to the P system. Then for the 
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power dissipated in the V + P system we have, after 
making allowance for (41, the expression 

The observable spin-1attice.relaxation time i s  in- 
troduced through the relation /3= / 3 / 8 / 7 ,  where /3 i s  the 
common reciprocal temperature of the strongly coupled 
Z and T systems. It i s  related with the characteristic 
time T,-, of energy transfer in the bottleneck a s  fol- 
lows: 

where k, = aE,/ap, E ,  being the energy of one of the 
systems in question. ' In particular, k T =  -3N(Zi1)'/4, 
where N i s  the number of spins in the system and 1 is  
the exchange integral for the nuclear spins of ~ e ~ .  

Assuming that the considered process is  the only 
channel through which the energy of the Z + T system 
changes, we obtain 

where Nv is the number of FPR, which coincides with 
the number of vacancies in the crystal. 

The substitution into (5) of the values R - 10" cm and 
0-  lo-= cm2/sec from Refs. 3-5 and the requirement 
that the result (6) agree with the experimental data given 
in Ref. 8 yield for the FPR effective mass the estimate 
&- 10-1g-10-20 g= lo4-105mHe3. Then taking (5) into 
account, we obtain from (6) the expression: 

where kB i s  the Boltzmann constant. Let u s  note that 
the accuracy of the experiments reported in Ref. 8 i s  
not high enough for them to be used to verify the temp- 
erature dependence of the preexponential factor in (7). 

In conclusion I express my thanks to A. F. Andreev, 
G. E. Gurgenishvili, A. A. Nersesyan, and G. A. Khar- 
adze for extremely useful discussions. 
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