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Dynamic susceptibility measurements on thermally isolated cerium magnesium nitrate show that all lattice oscillators participate 
in the Orbach spin-latt ice relaxation process. The observed environmental influence on the relaxation behaviour when the 
crystal is in direct contact with liquid helium can be explained with a thermal conduction model. 

1. Introduction 

In the direct and Orbach spin-lattice relaxation 
processes only narrow phonon bands are involved 
in the recovery. Phonon-bottleneck theories assume 
that the surplus energy in the resonant bands is 
transferred either to the other phonon modes or 
directly to the bath. Which one of these two relaxa- 
tion paths is actually effective can be deduced from 
dynamic susceptibility measurements by compar- 
ing the results when the crystal is placed in liquid 
helium with those when it is thermally isolated 
(vacuum). In the latter case the difference between 
the isothermal and adiabatic susceptibility, X T -  
Xad, is a factor y smaller [1]: 

Y "~ (XT --  Xad)vac/  (XT --  Xad)liq 

= c /(cH + ct . ) .  

C u is the spin specific heat at constant field and 
C~_ is the effective lattice specific heat. If the entire 
lattice is coupled to the spin system one would find 
a C~. value equal to the calorimetric value C L 
whereas if only narrow phonon bands are coupled 
to the spins the measured C~. would be in the or- 
der of 10-3CL . By performing these "liquid-vac- 
uum" measurements on potassium chromium 
alum, where the direct process is dominant, we 
found the lattice participation ratio C~./C L to be 
neither 1 nor in the order of 10 -3 but varying from 
0.5 at 2 K to 0.9 at 4.2 K [1]. In order to investigate 
whether a similar partial lattice participation also 
occurs in Orbach systems we examined the relaxa- 
tion behaviour of cerium magnesium nitrate 
(CMN), where the resonant phonon bands lie on 
the high frequency side of the phonon spectrum. 

2. Experimental results 

Using a mutual inductance bridge we carried 
out a series of liquid-vacuum experiments on a 

CMN single crystal (size 8 × 3 × 2 mm 3) at tem- 
peratures between 2 and 4.2 K. The magnetic field 
(up to 20 kOe) was applied perpendicular to the 
c-axis of the crystal. Although the spin-lattice re- 
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laxation time constant %1 which obeys %1 = AH~ 
exp(36.25/T) [2] is very small at T = 4.2 K (~- - 6 
x 10 -6 s at H -  20 kOe) we still observed sub- 
stantial relaxation effects in our liquid experiments 
at frequencies as low as 30 Hz and we could not 
reach the isothermal limit of the dispersion (fig. 1). 
These low-frequency relaxation effects, which be- 
come particularly important at fields above 10 kOe, 
are not due to the intrinsic relaxation process but 
originate from a limited heat transfer in the lattice 
or bath. Our thermal conduction model [1] predicts 
that the thermal conductivity ×He of liquid helium 
leads to a bottleneck in the energy transfer when 
rgCR/XHJsl > 1, where r 0 is the effective radius of 
the sample (the lattice thermal conductivity X L of 
CMN is much larger than hH, ). At T = 4.2 K and 
H = 17.9 kOe this ratio equals 1.6 X 104 so the 
model predicts a large influence of the thermal 
conductivity of the helium on the observed suscep- 
tibility. With the thermal conduction model we 
calculated the dispersion and absorption curves at 
this temperature and field. In the calculations the 
crystal was represented by a cylinder with a radius 
of 1.5 mm, a specific heat C L = 1.26 × 10 3 j / m 3 K  
[3] and a thermal conductivity h L = 1.50 x 103 
W / m K  [4]. The spin specific heat C n and the 
paramagnetic saturation factor K = XT(H)/xT(O) 
were calculated with the molecular field model as 
CH = 1.45 × 103 j / m 3 K  and K =0.94.  For ,the 
spin-lattice relaxation time we used the observed 
value 7.5 × 10 - 6  S. Finally, the bath was repre- 
sentedby CH~ = 5.65 × 103 J / m 3 K  and XH~ ---- 2.66 
× 10 - 2  W / m K  and the thermal resistance be- 
tween the crystal and bath neglected (all these data 
are at T = 4.2 K and H -- 17.9 kOe). The figure 
shows a good agreement between calculations and 
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Fig• 1. Dispersion X'(p) and absorption X"(p) curves of C M N  at 
4.2 K and 17.9 kOe, relative to xT(H = 0). 17: l iquid-hel ium 
contact, O: vacuum, A :  gaseous helium at saturation pressure. 
The solid line is calculated with the thermal conduction model 

for l iquid helium conditions. 

measurements over the entire frequency range and 
similar results were obtained at lower temperatures. 
So we may  conclude, that the observed relaxation 
effects are due to the poor thermal conduction of 
liquid helium• 

This conclusion is further supported by the 
following observation. When the crystal is sur- 
rounded by gaseous helium at saturation pressure, 
the susceptibility remains constant up to 1 kHz and 
no relaxation effects are encountered at low 
frequencies (fig. 1). A simple explanation of this 
phenomenon may be that the thin helium film, that 
is formed on the crystal surface, has a large effec- 
tive heat capacity because of evaporation and 
readsorption of helium and that this adsorbed film 

is more effective in keeping the lattice temperature 
constant than bulk liquid helium. 

Fig. 1 also shows the results of the vacuum 
measurements at 4.2 K and 17.9 kOe. From the 
isothermal and adiabatic limits of the vacuum and 
saturated pressure dispersion curves the effective 
lattice specific heat C~ was calculated to be 1.24 z 
103 j / m 3 K .  This value is, within experimental 
error, equal to the calorimetric value given by 
Colwell [3]. This result was also obtained at lower 
temperatures down to 2 K and therefore we must 
conclude that in cerium magnesium nitrate all the 
lattice oscillators participate in the relaxation pro- 
cess. 

3. Conclusions 

1. The poor thermal conduction in liquid helium 
leads to a bottleneck in the heat transfer between 
the spin system of C M N  and bath. This environ- 
mental  influence can be explained with a thermal 
conduction model. 

2. A crystal can be effectively cooled by placing 
it in helium gas at the saturation pressure. 

3. Although the Orbach process is the dominant  
mechanism in the spin-latt ice relaxation all lattice 
oscillators participate in the observed relaxation. 
No partial lattice participation occurs. 
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