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Specific heat and Curie temperature evaluation
on triangular lattice: Exchange frequencies for
3He adsorbed on grafoil, evaluated by path .

. integral techniques.
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Abstract

We compute, using path integrals, the cyclic-exchange frequencies of a
monolayer of 3He adsorbed on graphite in the incommensurate solid phase.
Interactions between helium atoms are treated with the Aziz potential;
between an helium atom and the plan of graphite we use an interaction
potential which depends only on the distance above the surface. The
specific heat (Cv) and the magnetic susceptibility (x) are evaluated from
the calculated multiple-exchange hamiltonian. The Cv value converges
with the 2-, 3- and 4-body exchange cycles while larger cycles are needed
for the convergence of the x value. For the density 0.0785 a.tom/Az, we
find that the variations of Cv is antiferromagnetic, whereas the variations
of x is ferromagnetic. - :

Recents measurements of the specific heat (Cv)[1] and on the magnetic sus-
ceptibility (x)[2] have been performed on 3He adsorbed on graphite. In this
paper, we are concerned with the incommensurate phase of a solid monolayer,
where the coverage ranges between 0.07 and 0.11 atom/Az. At low tempera-
ture, the magnetic effects due to spin exchanges dominate the thermodynamics.
Here we study the case of a perfect lattice with periodic boundary conditions.
At sufficiently low temj)eratu;e, the hamiltonian is given by:

H=-) (-)PJpP (1)
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where P is a spin permutation and Jp the exchange frequencies[3). In the
experiments, the temperature is generally larger than the Jp’s, and the thermo-
dynamic properties can be calculated from their high temperature expansion:
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where Je’,, is a quadratic form of the Jp’s and the Curie temperature O is a
linear combination of the Jp'’s. When only the 2- and 3-body exchanges are
included in Eq. 1, one finds J.q = |J2 — 2J5) and © = -3(J, - 2J3), which
implies that both measurements of Cv and yx at high temperature should give
the same information (Jer = 136)). In the bulk 3He, larger cycles do contribute
to Jeg and ©[4). This fact has to be tested for 3He adsorbed on graphite.

For the two-dimensional triangular lattice, the expressions for Jog and ©

reads: .
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where J, stands for the exchange frequency of the n-body cycle of the nearest
neighbors. Jy stands for the hexagonal shape; the other 6-body cycles of the
same length as well as exchanges including second nearest neighbors give much
smaller contributions.

These exchange frequencies have been evaluated by path integral Monte

of 3He adsorbed on graphite[5]. Our main approximation is to neglect the
corrugation, and thus keep for the interaction helium-graphite only its main
part, that is its z-dependency. The potential well has a depth of -200K whereas
the variations of this potential in the plan direction is of the order of 10K. In
table I are the results for these exchanges. We see that the 3-body exchange
value dominates the others, thus giving a “ferromagnetic” behavior. Within the
statistical uncertainties, we can estimate that at this density the values of Jeft
and © are almost converged with the 4-body cyclic exchange. At the density
0.0785° atom/Az, the value of J.q is still half of the experimental value[l].,
Be_qa.t.x:se(the contributions of the 2-, 3- and 4-body cyclic’ exchange are dom-
inant for the 3He monolayer, we will study the corresponding multi-exchange
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o &N L LA
Jp [366+26 119+£8 225+14 66+.7 12613

Jett 36.6 201 149 169 166
6/3 . 36.6 -201 - -134 -167 -159

Table 1: Exchange frequencies in uK for a density 0.0785 atom/Az. Conver-
gence of Jeg and ©, given by Eq. 4 and 6, with respect the cycle length; the
values in the ith column includes all cycles of previous columns.

hamiltonian with respect to the various possible exchange ratios. In fact, be-
cause the 3-body exchanges map on the 2-body ones, one can write a one-
parameter dimensionless hamiltonian:

H H/Jeﬂ = (cos ¢ — j_ sin ¢)H2 + \/lf singHy | 7

where Hj is the sum over the first nelghbors permutations and Hy is the sum
over the 4-body cyclic permutations; the parameter is the angle ¢ determined by
tang = V2J,/(J2~-2J5+ & 374)- This hamiltonian is diagonalized on a periodic
sample of 16 sites (tnangular lattice) for each value of the parameter ¢. From the -
complete spectrum, we calculate the variations of Cy (T') and x(T') with respect
to the temperature. We find that 10% of J4 is enough to completely change
from a pure Heisenberg case. The transition from a ferromagnetic behavior to
an antiferromagnetic behavior does not occur at the same value of the parameter
¢ for Cy and x: 1txsfor¢~lforxandforandfor¢~3foer As an
example, for the density 0.0785 atom/A of this study, with this hamiltonian,
the variations of Cy should be still antiferromagnetic whereas those of x should
be ferromagnetic (see figure).
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Figure 1: Specific heat Cy(T') (bottom) and magnetic susceptibility x(T) (top)
versus temperature T. Results are calculated from exact diagonalization on
a 16-spin periodic sample ; dot-line : antiferromagnetic (¢ = 0); dash-line :
ferromagnetic (¢ =.x); full line : J3, Js and J4 given in table 1 (¢ = 2.92). .
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