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BOUNDARY CONDITIONS AND SPIN.WAVES IN SPIN-POLARIZED QUANTUM GASES

Alexander E. MEYEROVICH

Department of Physics, University of Rhode Istand, Kingston, RI 02881 USA

Matroscopic boundary conditions are studied for spin dynamics in spin-polarized quanium gases. The constanis in
the boundary conditions are related to all possible microscopic processes {scaftering, depolarization, sticking, etc.).
important changes start with the formation of an absorbed boundary layer at low temperatures.

1. INTRODUCTICON

Spin-polarized quantum gases are usually studied
experimentally ai low temperatures and densities when the
mean free paths are relatively fong and boundary effects may
become noticeable {ses, &.g. review (1} and references
therein). The interaction of gas particles with the walls is
usually studied in terms of individual  scattering
probabiliies or in the frames of kinetic eguation (see,
e.g., (2)). However, some of the major phenomena in quantum
gases, including spin  waves, are often described
macroscopically in the frames ot "hydrodynamic" approach.
Therefore, it seems impertant to bridge the gap between
kinelic and hydrodynamic boundary conditions, and fo
understand a microscopic meaning and an order of magnitude of
macroscopic boundary constants,

The simplest macroscoplc (hydrodyhamic) boundary
condition for spin dynamics has the form ¢ = M + AniViM'

where M is the density of magneiic moment, nl. is the unit

vector normal to the boundary and directed into the gas. The
parameter A contains alt the information about the boundary
scattering. The situalions occurring most oHen correspond
efther 1o A - = (zero magnetic flow through the boundary; in
quantum gases it occurs, eg.,, for Ht at relatively high
temperaiures) or to A — 0 {(complete magnetic relaxation on

the wails; such case takes place for spin waves in 3He
systems when there is a localized absorbed helium layer on
the walls; for details see Ref.(1)}. The gquestion is to
formitlate conditions when 1t is possible to express all
relevant’ boundary information through the single constant A,
and 1o relate A to microscopic boundary parameters. Another
interesting question is what happens with Ht when the
temperature is lowered, mean free paths increase, collisions
with the walls bscome mere and mere important, and,
eventually a noticeable surface absorption of hydrogen atems
beging. Some experimental results have recenlly been
reported, (3). With intermediaie values of A, the positions
and widths of spin-wave resomances, e.g., in Ref(3), are
described by the eguation of{x = 0) + A¢)’((x = 0) = 0, where ¢

is the Adry function describing the density of the magnetic
moment,

M(x)=—MO¢([—x+(w-zT/Gm)(1+nz Ly+inHa)’),

MO is the scaling factor, t is the bulk exchange relaxation

time, 0 is the [buk) molecular field {requency, and G is the
magnetic field gradient.

2, SURFACE SCATTERING

At low temperatures (bul higher than the beginning of
infensive absorplion) the main mechanism of interaction with
non-magnetic walls is scattering glving rise to some
additional spin relaxation and spin diffusion aiong and
perpendicilar to the wall. H the walls are located at x = 0
and x = L, then the integration of Kinetic equation (1) with
an additional collision Integrai  correspending to  the
boundary scaltering leads 1o the following general
macroscopic equations in M and spin current Ji:

(/UM + (3/30] = - MAR[B(x) + 8{x - LIY",
(0 + Vo) + I(T/m)(3/07 )M = -ig (T/m)i(1/D -

-wn'}ni(n +JiiDi[5{x)+5'(x-L)],

k!
where 1* is the surface spin non-conserving (e.g., dipole)
relaxation time, D and D"are the {surace} spin diffusion
coefficients along and perpendicular to the surface, and 1 =
a Is the dimensionality factor. Then the coefficient A in the
macroscopic boundary condition is equal to

A=(2 ){(T/m)qzl{ﬂ +T)D + (MM {6 + i)/
where ¢ is the compenent of the wave vector along the
boundary, k= ¢ + kb'

The above description is valid only #f = and mZ/T are
mueh smalier than the bulk relaxation time =, the effective
“thickness" of the boundary layer is small, kbi << 1, and the

boundary condition on the "outer" side of the boundary (ie.,
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geep Inside the wall} corresponds to the absence of Spin
current. The last condition is viclated in case of magnetic
and, to some exteni, metal walis, and the first - # the
density of magnetic "imperfections” of the walt is high.

If there are very few magnetic impurities of centers on
the wall, the term with <* is less significant than the first
one whers D characterizes general imperfections of the wal
and the difference of the reflection- from the specular one
[in simplest cases, D ~ 1 T/m{1 - p), and p is the coefficient
of specularity of reflection]. This term is responsible for
the temperature dependence (or for the lack of it - while D
is sHll large) of spin wave resonances. Certainly, this does
not depend on whether the system is in hydrodynamic of
Knudsen regime. From this point of view, the surface
scattering is somewhat analogous 10 the elastic scattering by
non-magnetic impurities I the bulk, which results only in
some renormalization of the mass- (and, therefore, spin-
diffusion coefficient while the molecular field frequency, <L
respensible for the existence of spin waves and the position
of resonances, ramains unchanged. With lowering temparaturas
A usually remains imaginary, and practically does not change.
The change in density (and a possible transition to the
Knudsen regime) does not affect Qr, but changes the surface
contribution determined by the dimensionless parameter Qbm/T.

3. INTERACTION WITH THE ABSORBED LAYERS

The formation of the relatively dense boundary layers by
absarbed hiydrogen particles at low temperatures jeads 10 twe
effects: the set of boundary constants becomas ditferent, and
the number of equations doubtes reflecting the appearance of
additionial macroscopic variables: the surface density of the
magnetic moment m and the surface spin current j.

If one neglects the coupling of bulk and surface modes
which may be weak because of possible large difference in
densities and characteristic frequencies) then, effectively,
the boundary conditions remain the same as above, but with
considarable changes In the parameters invalved. The most
important change is the appearance of a large imaginary part
in the coeffigent D = D' + D" (the reat part in A} This
results in some efiective increase in & spin waves
attenuation, and was observed experimentally {3}

The origin of the coefticient D" is, in iact, nol a
dissipative, but a dephasing one. Since the boundary layer
consists of the same parlicles as the bulk of the gas, the
exchange with the boundary layer ieads to some
renormalization - near the surface - of the molecular field

0. The simplest way to Incorporate the “surface" molecular
field QS ~ ghnfm {n is the density of these 20 layers with

gpin  polarization o) into the above equafions is te
substitute D by a renormalized value with a large imaginary
patt, D - D1 - isz!T D). The large dephasing associated

with this imaginary partt is more noticeable axperimentally
than all other changes: it leads to a broadening of the lines
which were very narrow before (v and T are very large},
white all other effects lead only to (smail) changes of the
order /i N.

Al even lower temperatures, ons should also take into
account the coupling of ths suriace and buk modes. This
process is much more complicated, and will be discussed
separately. However, it Is worll meniioning that here one
deald with two different frequency regimes corresponding {0
different degrees of equilibration between surface and buik
variables during the oscillation. As a result, one wil
observe not only changes in values of boundary parameters,
hut also some frequency dispersion of all characteristics.

4, SUMMARY

The macroscopic boundary condions for the spin waves
in spin-polarized guantum gases are discussed. The relaticns
are estapiished between the coefficients i magro- and
microscopic  boundary  conditions, thus allowing the
gxplanation of the observed temperaiure and density
dependencies of spin-wave resonances. The most interesting
sffects occur when the absorbed boundary layer starts to form
leading to an appearance of the surface molecular field and
to broadening of resonances because of additional surface
dephasing. All possible surface processes are taken into
accouni, including the surface scattering, magnetic dipcle
and exchange interactions, stc.

(1) A.E. Meyerovich, Spin-polarized phases of SHe. in: Helium
Three, eds. W.P. Haiperin and L.P. Pitaevski {North -
Holland, Amsterdam, 1990).

{2) Jd.J. Berkhout and JT.M. Walraven, Sticking and thermal
accommodation of atomic hydrogen on liquid hefiurn
surfaces, in: Spin-Polarized Quanium Systems, ad. S.
Stringasi (World Scienific, Singapoare, 1988, pp. 201 -
208. .

{3) M.P. Bigelow, JM, Freed and D.M. Lee, Phys. Rev, Letl.
63 (1989), 1609.




