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Excitation in Solid *He
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P-T-B Phases of "He
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B-T Phases of Solid He (v = 24.2 o /W‘D[?«)
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Multiple Exchange in *He
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Exchange Hamiltonian, High-T Expansion

(1) (2)
Z +322}37+K Z( Bjid + Py + -+

exchange
i<j i<j i< j<k<l
bee hcp
Jy =, —06J, Ty = Jpp = J4 = 2J]
jZ = ‘]nnn o 4Jt j2 - J;qn o 4‘];
K=K, K=K,
Susc: y=C/(T-6,+B/T+-..")
4J1+3J2+18Kp bcc
hep

where kg, =1 - ~
3J1 + 3.]2 + 9K§q

Pressure: P =R[59W p K 3p ]‘i‘
& 2 k & 2

where p = tanh x, x = AyB/2kgT

Entrophy: S =R [In(2 cosh x) - x tanh x]
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Calculated Exchange Parameters
(Ceperley and Jacucci, Monte Carlo)

bee, v =24.22 cm’/mole

Type of exchange Exchange frequency (mK)
Jin -0.487+0.015
Jow -0.067+0.005
T, -0.193+0.010
7, -0.0057=0.0009
K, -0.269+0.016
K- -0.034+0.004
K, -0.0065+0.0016
Ky -0.00054+0.00025
K, -0.012+0.0035
K -0.0020+0.0006
F -0.0016+0.0002
S, -0.037+0.008
S, -0.0108+0.0011

hcp, v =19.4 cm’/mole

Type of exchange Exchange Frequency (1K)
T -2.4
I -3.3
Jr -4.8
Jr -2.4
J’;_ | - 0.5
Kgq -14




Comparison between Experiment and Theory
(bee, v=124.22)

Physical Experiment Fit to® Calculation”
quantities - e5,Be, Ty | NS
0., -1.8+0.1 -2.17 -1.81

e.(C) 6.8 6.80

Copi 7.8+0.4 7.80 8.05

Ciys 3.84 4.61 4.06
Ty 0.934 (1.03) 1.2
T, 0.850 0.994

B¢, 0.452 0.436 0.76
B. 0.390 0.376

Be, (22.3) 14.66 212
T, 1.15 1.062

B¢ 0.6 0.479 11

a - Stipdonk and Hetherington: 3-param, MF

b - Roger and Hetherington: 6-spin, CCA
Sun and Hetherington
Godfrin and Osheroff
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Demagnetization of Okamoto et al.
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Cell for Pressure Measurement
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bece Demagnetization (Calculated)

V = 20.10 cm®/mole
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AP (Pa)

bce Demagnetization (v = 20.10 cm’/mole)
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hcp Demagnetization (v = 19.6 cm’/mole)
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Conclusions and Questions
e bce demagnetized to antiferromagnetically ordered state

e hcp: S>0.46 R In 2, pressure increase, no ordering;
S <0.23 R In 2, pressure decrease, ordered state

o Pressure decrease signature of ferromagnetic state
(calculations needed)

e Ferromagnetism not proven, T¢ not measured, ~ 17 uK
e Warm up time not measured

AQ =TAS = 10°1J,

for Q =1 nW, AT = 1000 sec.

e Future work (in ordered state): magnetization, ferro-
magnetic resonance, calculations, etc.

e Needed: time, money
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