model, it is heartening that the calculation captures the cor-
rect trends in the unusual temperature and frequency depen-
dences.
The cluster size distribution N(T') can also be obtained
independently from a simulation of the disordered antiferro-
agnet. We impose the requirement that the exchange con-
stants J; in the cluster are large enough that the spin excita-
tion can propagate across the cluster before it dephases with
the rotating magnetic field. The resuits of this analysis have
been published elsewhere* and agree well with the above de-
termination of N(T').

lil. METAL

The electrons are now delocalized, and travel by the
nuclear spins at the Fermi velocity, leading to a motionally
narrowed linewidth (AH,,,)o~A%/E;. In a disordered
metal, the diffusive motion of the electron spin leads to a

orrection to this ballistic linewidth.>* In particular, while
the spin is diffusing, repeat visits to the same phosphorus
nuclear spin reduces the amount of motional narrowing,
leading to a broader line. This effect can be expected to in-
crease as the spin diffusion slows down. Indeed one can show
analytically,? not too close to the metal-insulator transition,
that the renormalized linewidth AH, , is given by

D
AH, ,(T) = (AH,;5) —2—,
1/2( ( 1/2 ODS(T)
where D, is the temperature dependent spin diffusion coeffi-
cient and Dy =~v;/ /3 is the bare Ioffe-Regel spin diffusion
constant. The broadening of the line has now been related to
he slowing down of spin diffusion. A quantitative under-

standing of the decrease of D, is not as easy as on the insulat-
ing side. Perturbation theory in disorder shows that long
wavelength spin and density fluctuations enhance the spin
susceptibility and suppress D, by the same temperature de-
pendent factor.® The prediction of our analysis here would
therefore be that the linewidth and the susceptibility remain
directly proportional to each other with falling tempera-
tures. Experimentally this expectation is borne out very
well.?

IV. CONCLUSION

We have presented a unified picture of the slowing down
of spin diffusion in insulating and metallic Si:P. ESR has
been shown to be a powerful experimental probe in under-
standing the nature of spin excitations, and amenable to a
theoretical analysis. Such an analysis is an important ingre-
dient in a complete understanding of the nature of the metal-
insulator transition in a disordered system such as Si:P.



