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heat transport in solid (non-diffusive) media
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�<latexit sha1_base64="EB9eJvCmI6rk89LG8aou7V629oM="></latexit>

J =
X

i

�
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�

=
X

i

R�i ėi +
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Ṙiei +Ri ėi
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<latexit sha1_base64="EB9eJvCmI6rk89LG8aou7V629oM="></latexit>

J =
X

i

�
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�

=
X

i

R�i ėi +
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<latexit sha1_base64="qCh/DXrwqpvsvqgrgRbCJFxBtkc=">AAAB5nicbZBLS8NAFIVv6qvGV9SlIINFEISSVEFXUnDjsoJ9gCnlZjpNhs4kYWYilNKda3fi1rU70T/jvzG12bT1rM49516Yb4JUcG1c98cqrayurW+UN+2t7Z3dPWf/oKWTTFHWpIlIVCdAzQSPWdNwI1gnVQxlIFg7GN5O+/YTU5on8YMZpawrMYz5gFM0edRzjv1EshCJLzHVJiGz8ZwTP0QpsedU3Kr7J7JsvMJUoFCj53z6/YRmksWGCtR6jMpwKtjE9jPNUqRDDNmYykDxMDLzKUqtRzKYkFOJJtKL3TT8r3vMzOC6O+ZxmhkW03wl7waZIDnOFJn0uWLUiFFukCqev4fQCBVSk3+MbeeM3iLRsmnVqt5FtXZ/WanfFLRlOIITOAMPrqAOd9CAJlB4hg/4gm8rsl6sV+tttlqyiptDmJP1/gu6EYvQ</latexit>
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<latexit sha1_base64="n1i1VHQC2rjdwzNP0LtmETu6zrA=">AAAB7HicbZA5T8NAEIXX4QrhMlDSWASkUBDZiKuMoKEMEjkkHFnrzcRZZS/trhFRlD9ATYdoqaGEf8K/wQE3SXjVp/dmpHkTK0aN9f1vp7CwuLS8Ulwtra1vbG652ztNI1NNoEEkk7odYwOMCmhYahm0lQbMYwateHA9yVsPoA2V4s4OFXQ4TgTtUYJtZkXuQYiV0vLRCxUNu8AsroSSQ4IjcZwDP4rcsl/1f+XNQ5BDGeWqR+5H2JUk5SAsYdiYEdaWEgbjUpgaUJgMcAIjwmNNk76ddjE3ZsjjsXfIse2b2Wxi/pfdp7Z32RlRoVILgmQjWdZLmWelNynudakGYtkwA0w0ze7xSB9rTGz2nlIp6xjMNpqH5kk1OK+e3Z6Wa1d52yLaQ/uoggJ0gWroBtVRAxH0hN7RJ/pyhPPsvDivf6MFJ9/ZRVNy3n4AaxqOmw==</latexit>
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<latexit sha1_base64="Gri+Kn9ozGy65ibXem9Bu1Yos04=">AAACF3icbVC7TsMwFHXKq4RXgZHFokIqS9UUJFhAlVjYKBJ9SKSNnFu3tWonke1UqqJ8CJ/BwMyGWBkRK/wHLs3SlrP43HPulXyOH3GmdKXyaeVWVtfWN/Kb9tb2zu5eYf+gqcJYAm1AyEPZ9ominAW0oZnmtB1JSoTPacsf3Uz91phKxcLgQU8i2hFkELA+A6KN5BXu3BGJInKF3b4kkDhp0kyxq2LhJYFIMcwe12cDjkt4bEaczRKfdqvY1STuusAkzCyvUKyUK3/Ay8TJSBFlqHuFZ7cXQixooIETpRIiNQNOU9uNFY0IjMiAJiB8yQZDPa8SodRE+Ck+EUQP1aI3Ff/zHmPdv+wkLIhiTQMwK8brxxzrEE87wj0mKWg+MYSAZOY/GIbE9KNNk7ZtMjqLiZZJs1p2zsrV+/Ni7TpLm0dH6BiVkIMuUA3dojpqIEAv6At9ox/ryXq13qz32WrOym4O0Rysj18Kop9Q</latexit>
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<latexit sha1_base64="Gri+Kn9ozGy65ibXem9Bu1Yos04=">AAACF3icbVC7TsMwFHXKq4RXgZHFokIqS9UUJFhAlVjYKBJ9SKSNnFu3tWonke1UqqJ8CJ/BwMyGWBkRK/wHLs3SlrP43HPulXyOH3GmdKXyaeVWVtfWN/Kb9tb2zu5eYf+gqcJYAm1AyEPZ9ominAW0oZnmtB1JSoTPacsf3Uz91phKxcLgQU8i2hFkELA+A6KN5BXu3BGJInKF3b4kkDhp0kyxq2LhJYFIMcwe12cDjkt4bEaczRKfdqvY1STuusAkzCyvUKyUK3/Ay8TJSBFlqHuFZ7cXQixooIETpRIiNQNOU9uNFY0IjMiAJiB8yQZDPa8SodRE+Ck+EUQP1aI3Ff/zHmPdv+wkLIhiTQMwK8brxxzrEE87wj0mKWg+MYSAZOY/GIbE9KNNk7ZtMjqLiZZJs1p2zsrV+/Ni7TpLm0dH6BiVkIMuUA3dojpqIEAv6At9ox/ryXq13qz32WrOym4O0Rysj18Kop9Q</latexit>
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in crystals

vnn0 = vn(q)�⌫⌫ 0�qq0

<latexit sha1_base64="DVJGSFOGyeEogvvnLNeG1cPJ1FA=">AAACInicbVDLSgMxFM34rPU16tJNsAh1U2aKr41QEEFwU8E+wKlDJk3b0GRmzKNQhvkbf8A/cO1OXIjgQv/EtM6iD88inJxzL8k5QcyoVI7zaS0sLi2vrObW8usbm1vb9s5uXUZaYFLDEYtEM0CSMBqSmqKKkWYsCOIBI42gfznyGwMiJI3COzWMSYujbkg7FCNlJN++8foojtGF1xEIJ26a1FNPau4nXsDhoxfqFPvmLI6vR4MJ/lCGnkJ6QvHtglNyxoDzxM1IAWSo+vaL146w5iRUmCEpEyQUxYykeU9LEiPcR12SYB4I2u2paRVxKYc8SOEhR6onZ72R+J93r1XnvJXQMNaKhNiMGK+jGVQRHPUD21QQrNjQEIQFNf+BuIdMOcq0OPVKwNO8iezOBpwn9XLJPS2d3B4XKldZ+BzYBwegCFxwBirgGlRBDWDwDD7AN/ixnqxX6816/xtdsLKdPTAF6+sX0dWkcA==</latexit>
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<latexit sha1_base64="Gri+Kn9ozGy65ibXem9Bu1Yos04=">AAACF3icbVC7TsMwFHXKq4RXgZHFokIqS9UUJFhAlVjYKBJ9SKSNnFu3tWonke1UqqJ8CJ/BwMyGWBkRK/wHLs3SlrP43HPulXyOH3GmdKXyaeVWVtfWN/Kb9tb2zu5eYf+gqcJYAm1AyEPZ9ominAW0oZnmtB1JSoTPacsf3Uz91phKxcLgQU8i2hFkELA+A6KN5BXu3BGJInKF3b4kkDhp0kyxq2LhJYFIMcwe12cDjkt4bEaczRKfdqvY1STuusAkzCyvUKyUK3/Ay8TJSBFlqHuFZ7cXQixooIETpRIiNQNOU9uNFY0IjMiAJiB8yQZDPa8SodRE+Ck+EUQP1aI3Ff/zHmPdv+wkLIhiTQMwK8brxxzrEE87wj0mKWg+MYSAZOY/GIbE9KNNk7ZtMjqLiZZJs1p2zsrV+/Ni7TpLm0dH6BiVkIMuUA3dojpqIEAv6At9ox/ryXq13qz32WrOym4O0Rysj18Kop9Q</latexit>
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<latexit sha1_base64="DVJGSFOGyeEogvvnLNeG1cPJ1FA=">AAACInicbVDLSgMxFM34rPU16tJNsAh1U2aKr41QEEFwU8E+wKlDJk3b0GRmzKNQhvkbf8A/cO1OXIjgQv/EtM6iD88inJxzL8k5QcyoVI7zaS0sLi2vrObW8usbm1vb9s5uXUZaYFLDEYtEM0CSMBqSmqKKkWYsCOIBI42gfznyGwMiJI3COzWMSYujbkg7FCNlJN++8foojtGF1xEIJ26a1FNPau4nXsDhoxfqFPvmLI6vR4MJ/lCGnkJ6QvHtglNyxoDzxM1IAWSo+vaL146w5iRUmCEpEyQUxYykeU9LEiPcR12SYB4I2u2paRVxKYc8SOEhR6onZ72R+J93r1XnvJXQMNaKhNiMGK+jGVQRHPUD21QQrNjQEIQFNf+BuIdMOcq0OPVKwNO8iezOBpwn9XLJPS2d3B4XKldZ+BzYBwegCFxwBirgGlRBDWDwDD7AN/ixnqxX6816/xtdsLKdPTAF6+sX0dWkcA==</latexit>
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<latexit sha1_base64="Gri+Kn9ozGy65ibXem9Bu1Yos04=">AAACF3icbVC7TsMwFHXKq4RXgZHFokIqS9UUJFhAlVjYKBJ9SKSNnFu3tWonke1UqqJ8CJ/BwMyGWBkRK/wHLs3SlrP43HPulXyOH3GmdKXyaeVWVtfWN/Kb9tb2zu5eYf+gqcJYAm1AyEPZ9ominAW0oZnmtB1JSoTPacsf3Uz91phKxcLgQU8i2hFkELA+A6KN5BXu3BGJInKF3b4kkDhp0kyxq2LhJYFIMcwe12cDjkt4bEaczRKfdqvY1STuusAkzCyvUKyUK3/Ay8TJSBFlqHuFZ7cXQixooIETpRIiNQNOU9uNFY0IjMiAJiB8yQZDPa8SodRE+Ck+EUQP1aI3Ff/zHmPdv+wkLIhiTQMwK8brxxzrEE87wj0mKWg+MYSAZOY/GIbE9KNNk7ZtMjqLiZZJs1p2zsrV+/Ni7TpLm0dH6BiVkIMuUA3dojpqIEAv6At9ox/ryXq13qz32WrOym4O0Rysj18Kop9Q</latexit>
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sound damping at low frequency

๏ an  crossover is observed in the 
sound damping coefficient, as estimated 
from the harmonic DSF 

๏  

๏ experimentally, one observes two frequency 
crossovers, :  
๏ the first, temperature-dependent, is due to 

the weakness of anharmonic effects at 
low temperature;  
๏ the second, temperature-independent, 

is possibly due to LT mixing determined 
by the line broadening itself

ω4 → ω2
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conclusions
๏ the combination of the Green-Kubo theory of linear response with the (quasi-) 

harmonic approximation for lattice vibrations allows us to bridge and naturally 
extend the Boltzmann-Peierls kinetic theory of heat transport in crystals with 
the Allen-Feldman harmonic model in glasses 

๏ results from computer simulations performed on finite glass models can be 
easily and accurately extrapolated to the thermodynamic limit, leveraging 
hydrodynamic arguments 

๏ the Allen-Feldman harmonic model of heat transport in glasses is inevitably 
affected by an infrared singularity when the thermodynamic limit is performed 
properly; a finite conductivity can only result from finite-size finite effects, 
which can inadvertently mimic boundary scattering in experiments 

๏ anharmonic effects are essential to predict a finite conductivity in bulk 
glasses 
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