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PHYSICAL REVIEW LETTERS 24 NovEMBER 1975

Two-, Three-, and Four-Atom Exchange Effects in bee * He

J. H. Hetherington and F. D, C, Willard
Fhysics Departwent, Michigan State University, East Lansing, Michigan 48824
(Received 22 September 1975)

We have made mean-field calculations with a Hamiltonian obtained from two-, three-,
and four-atom exchange in bee solid "He. We are able to fit the high-temperature experi-
ments as well as the phase diagram of Kummer étf al. at low temperatures. We find two
kinds of antiferromagnetic phases as suggested by Kummer's experiments.

We have been able both to fit the high-tempera-
ture solid-"He magnetic data'"® and, through
mean-field theory, to obtain a phase diagram
like that of Kummer ef al.”® We consider only
three mechanisms of exchange,” ! two-atom,
three-atom rings, and four-atom rings, and ad-
just their strengths to fit the data.

The Hamiltonian we take is of the form'?

3‘3:-%2'}2 Jvai'ahu_ﬂ-ﬁ'zla(
v

ters ¥ with an overall positive sign,

Without the ¢* terms in 3¢ only these two struc-~
tures are possible in mean-field theory when on-
ly J, and J, are nonzero. Without proof, we
have assumed that consideration of these two
phases is adequate even when the o' terms are
present.

The computation proceeded by examining at
each value of T and B all solutions of the mean-
field equations for the scaf, naf, and paramag-

i) netic phases and choosing the solution with low-
est free energy.
The high-temperature experiments can be sum-
marized by noting that the partition function Z
can be expressed in general in the form'®

- 23 Mgt F)) @ T,
ifkl

where the sum over v indicates a sum over the
neighbors of site 2. The ¢’s are Pauli spin ma-
trices, Ordinary two-atom exchange contributes
negatively to J,. Three-atom-ring exchange con- N1InZ =In2 + §e,8%+. ..
tributes positively to J, and J,. Four-atom-ring

exchanges are of two kinds because there are two AEEA RS LA ST LT @
j Solid helium 3: a nuclear antiferromagnetic element
META willard, F.D.C. O citstion | oy Bxport

Abstract

[en] Results of experiences on nuclear magnetic structure of ordered solid helium 3 owing to quantum exchange
at 0.5 mk are briefly exposed

[fr] On expose brievement les resultats d’experiences sur la structure magnetique nucleaire, due a I'echange

quantique de I'helium 3 solide ordonne vers 0,5 mk

Original Title L'helium 3 solide: un antiferromagnetique nucleaire
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physics paper
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