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Thermal conductivity measurements were performed on bilayer manganite La1.2Srl.SMn207 down 
to 0.1 K and up to 7.5 T. Due to the fact that ferromagnetic magnons can be largely gapped with 
a magnetic field, we could separate the magnon contribution to the thermal conductivity as well 
as the specific heat. Consequently, we find evidence for the transport of heat by 2-dimensional 
ferromagnetic magnons which are scattered by electrons. Assuming that the Wiedemann-Franz 
law is obeyed we find a self consistent analysis which shows a phonon thermal conductivity at low 
temperatures proportional to T1.7 . This is evidence that structurally glassy dynamics persist down 
to very low temperatures in the manganites. 

PACS numbers: 

Int ro . 
Coupling of spin, charge, and lattice degrees of free­

dom is ubiquitous in strongly correlated materials. This 
is strikingly manifest in the manganites, where a system 
with strong electron-phonon coupling undergoes a metal­
insulator transition which can be tuned by magnetic field. 
Thermal conductivity which can transport heat by elec­
trons, phonons, and magnons, presents a unique opportu­
nity to study the role and coupling between these various 
interactions. 

The bilayer manganite La1.2Sr1.SMn207 is a particlu­
arly unique situation, which is a 2-D ferromagnet at low 
temperatures which is also metallic. Thermal conductiv­
ity has proven to be a very effective tool in studying the 
transport properties of ferromagnets [1-6], as magnetic 
spin excitations may either transport heat or act as a 
source of scattering. We examine low temperature be­
cause there we can extract the features of the data which 
are unique to the reduced dimensionality of the bilayered 
manganite we chose to study. 

Here we demonstrate that up to 50% of the heat at 
0.5 K is transported by 2-D ferromagnetic magnons. By 
comparing thermal conductivity with specific heat mea­
surements we are able to extract mean free paths, which 
provides an additional length scale of 1 ""m. We are also 
able to separate the phonon thermal conductivity, which 
shows rather remarkably, similar behavior to that found 
in metallic and insulating amorphous glasses. 

Experimental D etails 
Single crystals of La1.2Sr1.8Mn207 were grown by the 

traveling solvent floating zone method. Crystal quality 
was confirmed by X-ray and in-plane resistivity was in 
good agreement with previously published data[7]. Heat 
capacity was measured in a Quantum Design Physical 
Properties Measurement System using a quasi-adiabatic 
relaxation method. Thermal conductivity was measured 

using the standard one heater, two thermometer setup 
in a dilution refrigerator. The data gave identical results 
whether the thermometer calibrations were performed in­
situ or from a separate calibration run. Au contact pads 
were sputtered onto the sample, and Pt leads were at­
tached with silver epoxy. The sample dimensions for the 
Jlla and J llc sample were 1= 1.33 mm, w = 0.17 mm, t = 
0.067 mm and I = 1.10 mm, w = 1.56 mm, t = 1.34 mm, 
respectively, with an absolute uncertainly of 15% due to 
the uncertainty in measuring the geometric factor. The 
same leads were used for both the resistivity and thermal 
conductivity measurements. 

Figure 1 presents the in-plane and out-of-plane ther­
mal conductivity data for La1.2Sr1.8Mn207 for several 
magnetic fie lds. The total thermal conductivity, '" is a 
sum of heat carried by electrons, phonons, and magnons. 

'" = "'e/ + "'ph + "'mag 

The most striking feature of the data is that upon ap­
plication of a magnetic field the in-plane thermal con­
ductivity is dramatically suppressed (a 50% decrease at 
0.5 K) . Below, we describe how we separate the various 
contributions of the thermal conductivity to identify this 
effect as the result of a suppression of magnon conduc­
tivity as a function of magnetic field. 

The dashed curves in figure 1 provides an estimate of 
"'el based on the Wiedemann-Franz law ("'el = LoT/ p 
where Lo is the Sommerfeld coefficient), which can be 
seen to be a fairly negligible contribution over the ma­
jority of the measured temperature range, and is also 
essentially independent of the magnetic field. To sep­
arate the phonon and magnon terms we utilize the fact 
that in a ferromagnet the magnon spectra will be gapped 
by a magnetic field . Consequently, the phonon thermal 
conductivity will rise as a function of magnetic field if 
magnon scattering is significant. Indeed, this is what 
occurs in La1.2Sr1.sMn207 at high temperatures in the 
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vicinity of the metal-insulator transition[12] . However, 
a field-dependent decrease in the thermal conductivity 
must be attributed to heat transport by magnons in zero 
field, which is subsequently suppressed as the number of 
magnons available to transport heat is reduced by the 
opening of a gap with magnetic field. This type of be­
havior has been documented in a variety of ferro magnets 
[1- 5] . 

We are able to rule out the possibility of both the 
phonon conductivity increasing concomitant with an 
even greater decrease of the magnon conductivity, on the 
basis of our c-axis transport data. The electrical resistiv­
ity perpendicular to the Mn02 is roughly 3 orders of mag­
nitude larger than for conduction in the plane, and thus, 
the charge contribution can be safely ignored. From neu­
tron scattering work we know that the magnon dispersion 
is roughly 100 times stronger in-plane than perpendicu­
lar to the planes[9], and consequently, one can estimate 
the ratio of magnon thermal conductivity "'':/:ag/"';;"ag as 
roughly 100. However, phonon dispersions, even for lay­
ered structures, are much more isotropic. As can be seen 
in figure la, the magnitude for the c-axis thermal conduc­
tivity in zero field is comparable to the in-field thermal 
conductivity in the plane, which we are attributing to 
be largely dominated by the phonon conductivity. Fur­
thermore, there is relatively little field dependence to the 
thermal conductivity when heat is transported perpen­
dicular to the planes, which suggests that "'ph is indeed 
field independent, and that magnons do not significantly 
scatter phonons below 3 K. 

Consequently, in figure 2 we plot the temperature de­
pendence of the in-plane thermal conductivity for each 
component of heat transport. "'el is obtained using the 
Wiedemann-Franz law. By assuming that the entire 
magnon conductivity has been gapped out in high fields 

. (valid up to 1.5 K) we obtain the phonon conductivity by 
subtracting the small charge conduction component from 
the high field data "'ph = ",(5T) - "'el. With the sum of 
the field-independent phonon and electron conductivity 
given by the in-field data the remainder of the zero field 
data gives the magnon contribution present in zero field 
"'rrtag(OT) = ",(OT) - ",(5T). 

This now permits us to discuss the various scatter­
ing mechanisms which are responsible for the observed 
behavior. The charge conductivity by the electrons is 
in good agreement with previous reports which demon­
strate a J T dependence due to weak localization effects 
in a quasi-2D material [13, 14]. 

To further analyze the thermal conductivity data we 
utilize the kinetic theory formulation for the thermal con­
ductivity which may be expressed as a sum over all pos­
sible heat carrying modes with the form: 

'" = -b fCve dw (1) 
where D is the dimensionality of the system, C is the 

specific heat, v = \lkE is the velocity of the particles, 
and eis their mean free path. 

Analysis of our heat capacity data shown in (fig­
ure 4) find that the phononic specific heat is given by 
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FIG. 1: (color online)(a)In-plane thermal conductivity of 
La1.2Sr1.8Mn207 as a function of magnetic field for JIlal IH 
and c-axis thermal conductivity for JI Icl IH. 

Cph = 0.28mJ /moIK 4T 3 , in agreement with previous 
analysis[ll]. In the case of phonons, there simply aren't 
enough phonons (or magnons) around for Umklapp scat­
tering of phonons off of other bosonic modes to be rel­
evant at temperatures below 3 K. Consequently, at low 
temperatures the mean free path is typically limited by 
the boundaries of the sample, in which case the familiar 
T3 law for the specific heat translates into a T3 depen­
dence of the thermal conductivity. In our case, however, 
an additional scattering mechanism is involved as the low 
temperature thermal conductivity is more appropriately 
described by a different power law", h rv T1.7. Phonons 
scattered by electrons produces a T"f or T power law be­
havior in "'ph depending on whether one is in the clean 
(Qdomee » 1) or dirty limit, respectively. With an elec­
tronic mean free path of 20 A [19] we may safely con­
clude that we are in the dirty limit which then does not 
give the correct temperature dependence. Both the mag­
nitude and the temperature dependence found here has 
been observed previously in insulating and metallic glassy 
systems below 1 K [8], where it has been attributed to 
the accoustic phonons being scattered by two-level sys­
tems created by the structural glassy state. By assuming 
that the phonons are isotropic (an assumption supported 
by the c-axis thermal transport data), and using the spe­
cific heat data, we get a reasonable estimate for the mean 
free path as a function of temperature shown in figure 3. 
Note, that the presence of two-level systems should give 
an additional T linear contribution to the specific heat 
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FIG. 2: (color online) Separation of the in-plane thermal con­
ductivity of La1.2Srl.SMn207 into electronic, phononic, and 
magnon contributions. 

at low temperatures. However, this is estimated to be ::::: 
2j.lJ/gK2T (cite Stephens), which is only 10% of the mea­
sured linear term which was previously attributed solely 
to an electronic contribution. Thus, we conlude that the 
phonon conductivity in La1.2Sr1.8Mn207 below 3 K is 
well described by phonons scattering off of two-level sys­
tems, expected for a strongly disordered lattice. 

For magnons, the dispersion has been determined by 
neutron scattering to be Emag = 6. + 2SJa(2 - cos(qx) ­
cos(qy)) + 4SJ'(1 - cos(qz/2)) , with an effective spin S 
= 1.8, Ja = 4.8 meV, and J' = 0.026 meV [9, 10]. For a 
ferromagnet 6. = 6.0 +gj.lB (H +41TM), where 6.0 = 0.04 
± 0.02 meV is a consequence of spin anisotropy[lO], and 
magnetic field gaps the spin waves. Given this dispersion 
we correctly account for the heat capacity data shown in 
figures 4 and 5. Note that the low temperature upturn 
is nominally attributed to the expected nuclear Schot­
tky contribution; however , we offer no explanation for 
the fact that this contribution decreases with increasing 
magnetic field. 

With the measured magnon dispersion used as input 
for equation (1), and with the measured magnon ther­
mal conductivity in zero field we can extract the mean 
free path, which is plotted in figure 3. Here we find a 
mean free path which is constant with a value of ~1 j.lm. 
This value is much too small to be considered limited by 
the boundaries of the sample. Magnon-magnon scatter­
ing is expected to be irrelevant for temperatures below at 
least 0.35 J a = 19 K [3]. Alternatively, in metallic ferro­
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FIG. 3: (color online) mean free path of heat carrying collec­
tive excitations in La!.2Sr!.sMn207 . eel is obtained from ref 
[19]. 
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FIG. 4: (color online) raw heat capacity data of 
La1.2Sr1.8Mn20 7. 

magnets which have observed magnon conductivity, the 
scattering appears to be well described by magnons scat­
tering off of electrons in the dirty limit (qee « 1)[2]. 
From transport as well as ARPES measurements the 
electron mean free path is estimated to be less than 
20 A [19] . qdom is obtained from the dispersion and is 
roughly qdcm = J(1.8kB T / D) which is approximately 
1/28A at 1 K providing evidence that we are indeed in 
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FIG. 5: (color online) Assuming that the electrons and 
phonons are field independent, then C(H = 0) - C(H) probes 
just the magnon and nuclear contributions. The low tem­
perature limiting behavior is as expected for 2D magnons 
(E = Dk2 with a spin stiffness D = 90 K. Note, naively 
the nuclear contribution should increase with increasing field , 
and thus there should be a low temperature downturn (not 
upturn). 

the dirty limit. Note, that in the dirty limit, the size of 
the magnon conductivity is inversely related to the den­
sity of states, which is perhaps why we can observe such 
a sizeable contribution in this poor metal. Given the 
inhomogeneous nature of the manganites [18], it would 
be interesting to find out if the length scale of t he elec­
tronic/magnetic/sturctural inhomogeneity is relevant for 
the heat conduction. 

Discussion 
The current results also have relevance for the discus­

sion of thermal conductivity in cup rate materials, which 
are also layered materia ls often with strong amounts 
of disorder due to doping in the charge-reservoir lay­
ers. Both La1.2Sr1.8Mn207 and tmderdoped cuprates 
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In conclusion, we have demonstrated the first (to our 
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total thermal conductivity at 0.5 K. FUrthermore, from 
the phonon thermal conductivity we have presented evi­
dence of glassy dynamics in the form of accoustic phonons 
scattering off of two-level systems, which supports the 
inhomogeneous nature of the manganites as well as the 
strong coupling of spin , lattice, and charge degrees of 
freedom. 
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