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We report measurements of the spin-spin relaxation time T2 in bcc He for pressures 
clcse to the melting curve minimum. The relaxation mechanisms enable us to set limits 
for the vacancy concentration clo»e tomelting. Ourmeasured density dependence of Tj is 
less than has been reported at lower molar volumes. 

INTRODUCTION 
The access to the quantum crystal properties of 
solid ^F.'by NMR has proved particularly useful 
in the studies of vacancy properties and spin 
exchange. Extending the molar volume range under 
investigation we have measured T2 at low frequen
cy (j= » 298 kHz) in solids of molar volumes v 
in a TOZ range of v I D a x • 24,94 cnr* in the bcc 
phase. Depending on the temperature range, two 
different modulations of the dipolar hamiltonian 
compete for the spin-spin relaxation [1] as 
shown in Figure 1. At sufficiently high tempera-
ture, region I, the vacancies whose concentra
tion varies exponentially with the temperature 
are the most efficient mechanism. When T decrea
ses they become less efficient and the modula
tion of the dipolar hamiltonian is due to the 
exchange, region II, a mechanism independent of 
T. This can be written T 2 » MT 1 max(l/r , u e) 
where T is the vacancy correlation frequency 

c 1/2 
for NMR, u - ' » ' • « •>•'"• (M 4/M 2) M, and M, the second 
and fourth moments of the NMR line. 

EXPERIMENTAL PROCEDURE 

The sample is prepared by the blocked capillary 
method in a cell made of Stycast 1266 in thermal 
contact through a sintered copper heat exchanger 
with the temperature controlled mixing chamber 
of a dilution refrigerator. The pressure is 
measured by a BeCu strain gauge located at the 
bottom of the cell and v is deduced at melting 
pressure from Grilly [2], The NMR coil, packed 
wich P t powder of 20U grains for thermometry 
purposes, is totally immersed in the -*He sampl» . 
T 2 is measured using a conventional sequence 90-
180 of coherent pulse*. The signal is received 
both on a storage oscilloscope and in a data 
acquisition system following a phase sensitive 
detection. The temperature is deduced from a 
SrTiO- capacitance (Lake shore) calibrated 
against the 3He melting curve [2]. 

RESULTS AND DISCUSSION 
In the upper section of figure 1 we show T? mea-
3 .regents as a function of temperature for 
v »24.66 cm3 and in the lower section we show 
this sample's position on the P,T diagram. We 

Fifl.I. Temperature dependence of T2 for 
v»22.5 cm^ (taken from ref.l) showing the two 
characteristic regions. Measurements reported 
in this paper are all at larger v and are inde
pendent of T as shown for the sample v»24.66 cm 
Lower section shows the all solid temperature 
limits relative to the melting curve. 

found Ti to be independent of temperature for 
0.009 • T < I K with the sxtent of the temperature 
range investigated depending on v, as shown in 
figure 1, 23.Z8 cm 3 - v < 24.91 cm J. 
This T independent behavior of T2 is characte
ristic of the exchange relaxation mechanism and 
enables us to set an upper limit on the number 
of thermal vacancies in the solid jpon melting. 

Let us suppose that both vacancy and exchange 
modulations of the dipolar hamiltonian are 
efficient for spin-spin relaxation. In a first 
approximaf'.on let us make the assumption that 
the cotisation function describing the relar.at ion 
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where a, 3 , Y are numerical coefficients. J t and 
K- are expected to have different v dependence 
and it is suggested the J t/K p decreases as v 
decreases [6] . 
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Fig.2. T2 dependence on the molar volume is 
discussed in the text. 
In a recent paper Delrieu and Sullivan [7], using 
a different model have calculated the v depen
dence of Kp taking into account the displacement 
of the surrounding atoms during the excr.ange. 
3Ln Kp/3Ln v is found to be of the order of 15 
for v ~ 24.5 c:t|3 and increases as v decreases. 
Qualitativ.-ly the same trend is expected in the 
v dependence of ?Ln Jt/iLnv allowing for Jc/Kp 
to decrease with v. 
These theories could account for the observed 
Y_ "15 at high v as compared to Y_ - 20 at 
/ 2 '2 
lower v. 
We thank N. Sullivan and J.M. Delrieu for illumi
nating conversations. 
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