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The first one we never forget!!  



J. B. J. Fourier, Théorie Analytique de La Chaleur 
(1822)   

Heat Flux:   J / �rT
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d = 1 : J = Jx
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J = �
dT

dx
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Fourier’s Law    

Thermal Conductivity    ⌘ (T ) :
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One-dimensional system of size L:    

�(T, L) ⌘ (T )/L :
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Thermal Conductance    
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Fourier’s law holds for a variety of systems:    

200 years after J. Fourier    

Coal, rocks from coalfields, 2d materials, …    

Fourier’s law is violated for:    
Silicon nanowires, carbon nanotubes, low-
dimensional nanoscale systems, …    

Theoretical and computational 
investigations in many-particle systems    
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System of microscopic constituents: classical 
nearest-neighbour-interacting Heisenberg 
rotators    

H =
1

2

LX

i=1

L2
i +

1

2

X

hiji

(1� Si · Sj)

<latexit sha1_base64="cuXB6fopCSmPTGf7NxSQ1FL/WWo="></latexit><latexit sha1_base64="cuXB6fopCSmPTGf7NxSQ1FL/WWo="></latexit><latexit sha1_base64="cuXB6fopCSmPTGf7NxSQ1FL/WWo="></latexit><latexit sha1_base64="cuXB6fopCSmPTGf7NxSQ1FL/WWo="></latexit>

Li ⌘ (Lix, Liy, Liz) ; Si ⌘ (Six, Siy, Siz)
<latexit sha1_base64="G7O2IAqoGIYoUJsIVgpqQ3mHzxc="></latexit><latexit sha1_base64="G7O2IAqoGIYoUJsIVgpqQ3mHzxc="></latexit><latexit sha1_base64="G7O2IAqoGIYoUJsIVgpqQ3mHzxc="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="wEzNviiF0BmTv3T+IaRH5amyfys="></latexit><latexit sha1_base64="wEzNviiF0BmTv3T+IaRH5amyfys="></latexit><latexit sha1_base64="LHu/qsyeS/H6+3yWdkp1b1D3WlQ="></latexit><latexit sha1_base64="G7O2IAqoGIYoUJsIVgpqQ3mHzxc="></latexit><latexit sha1_base64="G7O2IAqoGIYoUJsIVgpqQ3mHzxc="></latexit><latexit sha1_base64="G7O2IAqoGIYoUJsIVgpqQ3mHzxc="></latexit><latexit sha1_base64="G7O2IAqoGIYoUJsIVgpqQ3mHzxc="></latexit><latexit sha1_base64="G7O2IAqoGIYoUJsIVgpqQ3mHzxc="></latexit><latexit sha1_base64="G7O2IAqoGIYoUJsIVgpqQ3mHzxc="></latexit>



Equations of motion     (i = 2, 3, · · ·L� 1) :
<latexit sha1_base64="Yurw2qwoHdOVkKo5cMDg1YuWris="></latexit><latexit sha1_base64="Yurw2qwoHdOVkKo5cMDg1YuWris="></latexit><latexit sha1_base64="Yurw2qwoHdOVkKo5cMDg1YuWris="></latexit><latexit sha1_base64="Yurw2qwoHdOVkKo5cMDg1YuWris="></latexit>

Ṡi = Li ⇥ Si
<latexit sha1_base64="GWgGnjyZ4EeDyekapIcHe+GHAvs="></latexit><latexit sha1_base64="GWgGnjyZ4EeDyekapIcHe+GHAvs="></latexit><latexit sha1_base64="GWgGnjyZ4EeDyekapIcHe+GHAvs="></latexit><latexit sha1_base64="GWgGnjyZ4EeDyekapIcHe+GHAvs="></latexit>

L̇i = Si ⇥ (Si+1 + Si�1)
<latexit sha1_base64="i9L5hlbEvQlmLQP2mqklkhE97Pc="></latexit><latexit sha1_base64="i9L5hlbEvQlmLQP2mqklkhE97Pc="></latexit><latexit sha1_base64="i9L5hlbEvQlmLQP2mqklkhE97Pc="></latexit><latexit sha1_base64="i9L5hlbEvQlmLQP2mqklkhE97Pc="></latexit>

Rotators at extremities (Langevin dynamics):    

L̇1 = �L1 + S1 ⇥ S2 + eh
<latexit sha1_base64="1/sUt2qmHuF3JX7QmFoW1g8OyQg="></latexit><latexit sha1_base64="1/sUt2qmHuF3JX7QmFoW1g8OyQg="></latexit><latexit sha1_base64="1/sUt2qmHuF3JX7QmFoW1g8OyQg="></latexit><latexit sha1_base64="1/sUt2qmHuF3JX7QmFoW1g8OyQg="></latexit>

L̇L = �LL + SL ⇥ SL�1 + el
<latexit sha1_base64="EPn6URocS5gnPt0FOevPl4T9z38="></latexit><latexit sha1_base64="EPn6URocS5gnPt0FOevPl4T9z38="></latexit><latexit sha1_base64="EPn6URocS5gnPt0FOevPl4T9z38="></latexit><latexit sha1_base64="EPn6URocS5gnPt0FOevPl4T9z38="></latexit>

eh ⌘ (ehx, ehy, ehz) ; el ⌘ (elx, ely, elz)
<latexit sha1_base64="3fjulCAba0op9zdN2iHu7gKOib0="></latexit><latexit sha1_base64="3fjulCAba0op9zdN2iHu7gKOib0="></latexit><latexit sha1_base64="3fjulCAba0op9zdN2iHu7gKOib0="></latexit><latexit sha1_base64="3fjulCAba0op9zdN2iHu7gKOib0="></latexit>

Gaussian white noise for each Cartesian component:  

hehµ(t)i = helµ(t)i = 0
<latexit sha1_base64="MT0wrKJXfcS/5V41qZypwiWQm6s=">AAACKHicbZDLSsNAFIYnXmu9RV26GSxC3ZREBN2IRTcuK9gLNCFMpqft0MkkzEyEEvo4bnwVNyKKdOuTOG2zqG0PDHz8/zmcOX+YcKa044yttfWNza3twk5xd2//4NA+Om6oOJUU6jTmsWyFRAFnAuqaaQ6tRAKJQg7NcPAw8ZsvIBWLxbMeJuBHpCdYl1GijRTYdx4noscBQ5D1sRelo7K+wJ6cibd4zuYrbCewS07FmRZeBjeHEsqrFtifXiemaQRCU06UartOov2MSM0oh1HRSxUkhA5ID9oGBYlA+dn00BE+N0oHd2NpntB4qs5PZCRSahiFpjMiuq8WvYm4ymununvjZ0wkqQZBZ4u6Kcc6xpPUcIdJoJoPDRAqmfkrpn0iCdUm26IJwV08eRkalxXX8NNVqXqfx1FAp+gMlZGLrlEVPaIaqiOKXtE7+kLf1pv1Yf1Y41nrmpXPnKB/Zf3+Afy4pKU=</latexit><latexit sha1_base64="MT0wrKJXfcS/5V41qZypwiWQm6s=">AAACKHicbZDLSsNAFIYnXmu9RV26GSxC3ZREBN2IRTcuK9gLNCFMpqft0MkkzEyEEvo4bnwVNyKKdOuTOG2zqG0PDHz8/zmcOX+YcKa044yttfWNza3twk5xd2//4NA+Om6oOJUU6jTmsWyFRAFnAuqaaQ6tRAKJQg7NcPAw8ZsvIBWLxbMeJuBHpCdYl1GijRTYdx4noscBQ5D1sRelo7K+wJ6cibd4zuYrbCewS07FmRZeBjeHEsqrFtifXiemaQRCU06UartOov2MSM0oh1HRSxUkhA5ID9oGBYlA+dn00BE+N0oHd2NpntB4qs5PZCRSahiFpjMiuq8WvYm4ymununvjZ0wkqQZBZ4u6Kcc6xpPUcIdJoJoPDRAqmfkrpn0iCdUm26IJwV08eRkalxXX8NNVqXqfx1FAp+gMlZGLrlEVPaIaqiOKXtE7+kLf1pv1Yf1Y41nrmpXPnKB/Zf3+Afy4pKU=</latexit><latexit sha1_base64="MT0wrKJXfcS/5V41qZypwiWQm6s=">AAACKHicbZDLSsNAFIYnXmu9RV26GSxC3ZREBN2IRTcuK9gLNCFMpqft0MkkzEyEEvo4bnwVNyKKdOuTOG2zqG0PDHz8/zmcOX+YcKa044yttfWNza3twk5xd2//4NA+Om6oOJUU6jTmsWyFRAFnAuqaaQ6tRAKJQg7NcPAw8ZsvIBWLxbMeJuBHpCdYl1GijRTYdx4noscBQ5D1sRelo7K+wJ6cibd4zuYrbCewS07FmRZeBjeHEsqrFtifXiemaQRCU06UartOov2MSM0oh1HRSxUkhA5ID9oGBYlA+dn00BE+N0oHd2NpntB4qs5PZCRSahiFpjMiuq8WvYm4ymununvjZ0wkqQZBZ4u6Kcc6xpPUcIdJoJoPDRAqmfkrpn0iCdUm26IJwV08eRkalxXX8NNVqXqfx1FAp+gMlZGLrlEVPaIaqiOKXtE7+kLf1pv1Yf1Y41nrmpXPnKB/Zf3+Afy4pKU=</latexit><latexit sha1_base64="MT0wrKJXfcS/5V41qZypwiWQm6s=">AAACKHicbZDLSsNAFIYnXmu9RV26GSxC3ZREBN2IRTcuK9gLNCFMpqft0MkkzEyEEvo4bnwVNyKKdOuTOG2zqG0PDHz8/zmcOX+YcKa044yttfWNza3twk5xd2//4NA+Om6oOJUU6jTmsWyFRAFnAuqaaQ6tRAKJQg7NcPAw8ZsvIBWLxbMeJuBHpCdYl1GijRTYdx4noscBQ5D1sRelo7K+wJ6cibd4zuYrbCewS07FmRZeBjeHEsqrFtifXiemaQRCU06UartOov2MSM0oh1HRSxUkhA5ID9oGBYlA+dn00BE+N0oHd2NpntB4qs5PZCRSahiFpjMiuq8WvYm4ymununvjZ0wkqQZBZ4u6Kcc6xpPUcIdJoJoPDRAqmfkrpn0iCdUm26IJwV08eRkalxXX8NNVqXqfx1FAp+gMlZGLrlEVPaIaqiOKXtE7+kLf1pv1Yf1Y41nrmpXPnKB/Zf3+Afy4pKU=</latexit>

hehµ(t)eh⌫(t0)i = 2�µ⌫Th�(t� t0) ; helµ(t)el⌫(t0)i = 2�µ⌫Tl�(t� t0)
<latexit sha1_base64="oWnpXjSClCwW8N4rkTgLDy7EaoU=">AAAC2HicjVJNa9tAEF2paZuqH3GbYy9LTah7aJBCoYUSCOmlxxTiJNQyYrQa20tWK3V3VDDCIYeEkmt/Wm75Ff0LXVs6OIkPGVh4896b/ZjZtFTSUhjeeP6jtc dPnq4/C56/ePlqo/P6zZEtKiOwLwpVmJMULCqpsU+SFJ6UBiFPFR6np9/m+vFvNFYW+pCmJQ5zGGs5kgLIUUnn31asQI8VckzqCY/zatajDzw2DbnLl2S1Qg6DlfVNoufJ+2X7Do8zVARJ7ZwLAz901llL9+ij85995fGvCjIerDy8SR66t7q9d9LphtvhIvh9ELWgy9o4SDrXcVaIKkdNQoG1gygsaViDISkUzoK4sliCOIUxDhzUkKMd1ovBzPiWYzI+KoxbmviCXa6oIbd2mqfOmQNN7F1tTq7SBhWNvgxrqcuKUIvmoFGlOBV8PmWeSYOC1NQBEEa6u3IxAQOC3F8IXBOiu0++D452tiOHf3zq7u237Vhnb9k71mMR+8z22Hd2wPpMeH2v9i68S/+nf+7/8a8aq++1NZvsVvh//wNerd4l</latexit><latexit sha1_base64="oWnpXjSClCwW8N4rkTgLDy7EaoU=">AAAC2HicjVJNa9tAEF2paZuqH3GbYy9LTah7aJBCoYUSCOmlxxTiJNQyYrQa20tWK3V3VDDCIYeEkmt/Wm75Ff0LXVs6OIkPGVh4896b/ZjZtFTSUhjeeP6jtc dPnq4/C56/ePlqo/P6zZEtKiOwLwpVmJMULCqpsU+SFJ6UBiFPFR6np9/m+vFvNFYW+pCmJQ5zGGs5kgLIUUnn31asQI8VckzqCY/zatajDzw2DbnLl2S1Qg6DlfVNoufJ+2X7Do8zVARJ7ZwLAz901llL9+ij85995fGvCjIerDy8SR66t7q9d9LphtvhIvh9ELWgy9o4SDrXcVaIKkdNQoG1gygsaViDISkUzoK4sliCOIUxDhzUkKMd1ovBzPiWYzI+KoxbmviCXa6oIbd2mqfOmQNN7F1tTq7SBhWNvgxrqcuKUIvmoFGlOBV8PmWeSYOC1NQBEEa6u3IxAQOC3F8IXBOiu0++D452tiOHf3zq7u237Vhnb9k71mMR+8z22Hd2wPpMeH2v9i68S/+nf+7/8a8aq++1NZvsVvh//wNerd4l</latexit><latexit sha1_base64="oWnpXjSClCwW8N4rkTgLDy7EaoU=">AAAC2HicjVJNa9tAEF2paZuqH3GbYy9LTah7aJBCoYUSCOmlxxTiJNQyYrQa20tWK3V3VDDCIYeEkmt/Wm75Ff0LXVs6OIkPGVh4896b/ZjZtFTSUhjeeP6jtc dPnq4/C56/ePlqo/P6zZEtKiOwLwpVmJMULCqpsU+SFJ6UBiFPFR6np9/m+vFvNFYW+pCmJQ5zGGs5kgLIUUnn31asQI8VckzqCY/zatajDzw2DbnLl2S1Qg6DlfVNoufJ+2X7Do8zVARJ7ZwLAz901llL9+ij85995fGvCjIerDy8SR66t7q9d9LphtvhIvh9ELWgy9o4SDrXcVaIKkdNQoG1gygsaViDISkUzoK4sliCOIUxDhzUkKMd1ovBzPiWYzI+KoxbmviCXa6oIbd2mqfOmQNN7F1tTq7SBhWNvgxrqcuKUIvmoFGlOBV8PmWeSYOC1NQBEEa6u3IxAQOC3F8IXBOiu0++D452tiOHf3zq7u237Vhnb9k71mMR+8z22Hd2wPpMeH2v9i68S/+nf+7/8a8aq++1NZvsVvh//wNerd4l</latexit><latexit sha1_base64="oWnpXjSClCwW8N4rkTgLDy7EaoU=">AAAC2HicjVJNa9tAEF2paZuqH3GbYy9LTah7aJBCoYUSCOmlxxTiJNQyYrQa20tWK3V3VDDCIYeEkmt/Wm75Ff0LXVs6OIkPGVh4896b/ZjZtFTSUhjeeP6jtc dPnq4/C56/ePlqo/P6zZEtKiOwLwpVmJMULCqpsU+SFJ6UBiFPFR6np9/m+vFvNFYW+pCmJQ5zGGs5kgLIUUnn31asQI8VckzqCY/zatajDzw2DbnLl2S1Qg6DlfVNoufJ+2X7Do8zVARJ7ZwLAz901llL9+ij85995fGvCjIerDy8SR66t7q9d9LphtvhIvh9ELWgy9o4SDrXcVaIKkdNQoG1gygsaViDISkUzoK4sliCOIUxDhzUkKMd1ovBzPiWYzI+KoxbmviCXa6oIbd2mqfOmQNN7F1tTq7SBhWNvgxrqcuKUIvmoFGlOBV8PmWeSYOC1NQBEEa6u3IxAQOC3F8IXBOiu0++D452tiOHf3zq7u237Vhnb9k71mMR+8z22Hd2wPpMeH2v9i68S/+nf+7/8a8aq++1NZvsVvh//wNerd4l</latexit>



dEi

dt
= �(Ji � Ji�1)

<latexit sha1_base64="PlZ1vzVHGoTbip7a8i8wipiQNGs="></latexit><latexit sha1_base64="PlZ1vzVHGoTbip7a8i8wipiQNGs="></latexit><latexit sha1_base64="PlZ1vzVHGoTbip7a8i8wipiQNGs="></latexit><latexit sha1_base64="PlZ1vzVHGoTbip7a8i8wipiQNGs="></latexit>

Continuity equation:    

Ei =
1

2
L2
i +

1

2

X

j=i±1

(1� Si · Sj)

<latexit sha1_base64="DZBc0uxflV8bRDqE0+uXY+7h4Dk="></latexit><latexit sha1_base64="DZBc0uxflV8bRDqE0+uXY+7h4Dk="></latexit><latexit sha1_base64="DZBc0uxflV8bRDqE0+uXY+7h4Dk="></latexit><latexit sha1_base64="DZBc0uxflV8bRDqE0+uXY+7h4Dk="></latexit>

Stationary state:    
(dEi/dt) = 0 ) Ji = Ji�1

<latexit sha1_base64="CB4mFJW1rFewzSwtMC0yVKFkvcw=">AAAECHicjVNdi9NAFM2mfqzxY7v6KMhgKbbUrkkRFKSwKIIsPqza7i40NUwmk3Z2Jx/OTFbKEN988a/44oMivvoTfPPfeJMGTHcrOBC4c8659557yfgpZ1LZ9u8Ns3Hh4qXLm1esq9eu39hqbt88kEkmCB2ThCfiyMeSchbTsWKK06NUUBz5nB76J88K/vCUCsmSeKQWKZ1GeBazkBGsAPK2zTttl+N4ximinp4jN8ryjuoiVy </latexit><latexit sha1_base64="CB4mFJW1rFewzSwtMC0yVKFkvcw=">AAAECHicjVNdi9NAFM2mfqzxY7v6KMhgKbbUrkkRFKSwKIIsPqza7i40NUwmk3Z2Jx/OTFbKEN988a/44oMivvoTfPPfeJMGTHcrOBC4c8659557yfgpZ1LZ9u8Ns3Hh4qXLm1esq9eu39hqbt88kEkmCB2ThCfiyMeSchbTsWKK06NUUBz5nB76J88K/vCUCsmSeKQWKZ1GeBazkBGsAPK2zTttl+N4ximinp4jN8ryjuoiVy </latexit><latexit sha1_base64="CB4mFJW1rFewzSwtMC0yVKFkvcw=">AAAECHicjVNdi9NAFM2mfqzxY7v6KMhgKbbUrkkRFKSwKIIsPqza7i40NUwmk3Z2Jx/OTFbKEN988a/44oMivvoTfPPfeJMGTHcrOBC4c8659557yfgpZ1LZ9u8Ns3Hh4qXLm1esq9eu39hqbt88kEkmCB2ThCfiyMeSchbTsWKK06NUUBz5nB76J88K/vCUCsmSeKQWKZ1GeBazkBGsAPK2zTttl+N4ximinp4jN8ryjuoiVy </latexit><latexit sha1_base64="CB4mFJW1rFewzSwtMC0yVKFkvcw=">AAAECHicjVNdi9NAFM2mfqzxY7v6KMhgKbbUrkkRFKSwKIIsPqza7i40NUwmk3Z2Jx/OTFbKEN988a/44oMivvoTfPPfeJMGTHcrOBC4c8659557yfgpZ1LZ9u8Ns3Hh4qXLm1esq9eu39hqbt88kEkmCB2ThCfiyMeSchbTsWKK06NUUBz5nB76J88K/vCUCsmSeKQWKZ1GeBazkBGsAPK2zTttl+N4ximinp4jN8ryjuoiVy </latexit>

Ji =
1

2

⇣
Si · Ṡi+1 � Si+1 · Ṡi

⌘

<latexit sha1_base64="5Y3m9lvXeB7cS91VnBG1K3Gyhtk="></latexit><latexit sha1_base64="5Y3m9lvXeB7cS91VnBG1K3Gyhtk="></latexit><latexit sha1_base64="5Y3m9lvXeB7cS91VnBG1K3Gyhtk="></latexit><latexit sha1_base64="5Y3m9lvXeB7cS91VnBG1K3Gyhtk="></latexit>



Temperatures of reservoirs:    

Th = T (1 + ") ; Tl = T (1� ") ) T =
Th + Tl

2<latexit sha1_base64="jHUWqOmdTYYFEKf8t8ZS7GbWdIc="></latexit><latexit sha1_base64="jHUWqOmdTYYFEKf8t8ZS7GbWdIc="></latexit><latexit sha1_base64="jHUWqOmdTYYFEKf8t8ZS7GbWdIc="></latexit><latexit sha1_base64="jHUWqOmdTYYFEKf8t8ZS7GbWdIc="></latexit>

Details of simulations    

" = 0.125 ; 0 < T  3.5
<latexit sha1_base64="ene3Odhu061FHdEDz4+jXQeW9/4="></latexit><latexit sha1_base64="ene3Odhu061FHdEDz4+jXQeW9/4="></latexit><latexit sha1_base64="ene3Odhu061FHdEDz4+jXQeW9/4="></latexit><latexit sha1_base64="ene3Odhu061FHdEDz4+jXQeW9/4="></latexit>

Integration time step:    dt = 0.005
<latexit sha1_base64="MJ7TtW8wnoQQtc2cv0zCiQEdlZo="></latexit><latexit sha1_base64="MJ7TtW8wnoQQtc2cv0zCiQEdlZo="></latexit><latexit sha1_base64="MJ7TtW8wnoQQtc2cv0zCiQEdlZo="></latexit><latexit sha1_base64="MJ7TtW8wnoQQtc2cv0zCiQEdlZo="></latexit>

Transient time:    5⇥ 107 time units
<latexit sha1_base64="Pgg1t4DgV+CfJ3QkmA8DpyznHN0="></latexit><latexit sha1_base64="Pgg1t4DgV+CfJ3QkmA8DpyznHN0="></latexit><latexit sha1_base64="Pgg1t4DgV+CfJ3QkmA8DpyznHN0="></latexit><latexit sha1_base64="Pgg1t4DgV+CfJ3QkmA8DpyznHN0="></latexit>

Ji = Ji�1
<latexit sha1_base64="uugsF/1qIC7+aoiYs775eHsjUVs="></latexit><latexit sha1_base64="uugsF/1qIC7+aoiYs775eHsjUVs="></latexit><latexit sha1_base64="uugsF/1qIC7+aoiYs775eHsjUVs="></latexit><latexit sha1_base64="uugsF/1qIC7+aoiYs775eHsjUVs="></latexit>

(within 3 decimal digits at least)    
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Thermal conductivity:    



Remarks:    
Crossover between two regimes:     T ' 0.3

<latexit sha1_base64="rAz5wrG7S87/irNAfROgpuYnp8c="></latexit><latexit sha1_base64="rAz5wrG7S87/irNAfROgpuYnp8c="></latexit><latexit sha1_base64="rAz5wrG7S87/irNAfROgpuYnp8c="></latexit><latexit sha1_base64="rAz5wrG7S87/irNAfROgpuYnp8c="></latexit>

i) Low-temperature regime:    

(L, 0) ⌘ lim
T!0

(L, T ) ⇠ L
<latexit sha1_base64="r4YNfHXQ+xgB0TNFRJV4f+GeONQ="></latexit><latexit sha1_base64="r4YNfHXQ+xgB0TNFRJV4f+GeONQ="></latexit><latexit sha1_base64="r4YNfHXQ+xgB0TNFRJV4f+GeONQ="></latexit><latexit sha1_base64="r4YNfHXQ+xgB0TNFRJV4f+GeONQ="></latexit>

Classical model     

ii) High-temperature regime:    (T ) ⇠ T�2.25
<latexit sha1_base64="zc5vIzORhp9PxBm3AKWwdgP4luU="></latexit><latexit sha1_base64="zc5vIzORhp9PxBm3AKWwdgP4luU="></latexit><latexit sha1_base64="zc5vIzORhp9PxBm3AKWwdgP4luU="></latexit><latexit sha1_base64="zc5vIzORhp9PxBm3AKWwdgP4luU="></latexit>
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Thermal conductance:    �(L, T ) ⌘ (T )/L
<latexit sha1_base64="GgXdhl9AiiMDVJ7iG5SnNU69EdI="></latexit><latexit sha1_base64="GgXdhl9AiiMDVJ7iG5SnNU69EdI="></latexit><latexit sha1_base64="GgXdhl9AiiMDVJ7iG5SnNU69EdI="></latexit><latexit sha1_base64="GgXdhl9AiiMDVJ7iG5SnNU69EdI="></latexit>



q-exponential:     
expq(u) = [1 + (1� q)u]1/(1�q)

+ ; (exp1(u) = exp(u))
<latexit sha1_base64="N2227NfYy+DnjYX44mcWpEdpncw="></latexit><latexit sha1_base64="N2227NfYy+DnjYX44mcWpEdpncw="></latexit><latexit sha1_base64="N2227NfYy+DnjYX44mcWpEdpncw="></latexit><latexit sha1_base64="N2227NfYy+DnjYX44mcWpEdpncw="></latexit>

[y]+ = y, for y > 0 (zero otherwise)
<latexit sha1_base64="ID18CQbKRMa3NUmLNKpntRGHyv4=">AAAFrnicjVRbb9MwFM62Fka5bfDIi8VUkarrlhSmIUHQBEJCEw8bdBfRdJHruK0351LH2ShW+HX8At74Nxyn6ZZtRSJSpHO+853bZ8v9mLNEWtafhcWlSvXO3eV7tfsPHj56vLL65DCJUkHoAYl4JI77OKGchfRAMsnpcSwoDvqcHvXPPuj40TkVCYvCjpzEtBfgYcgGjGAJkLe69KvuchwOOUXUUyPkBmlmygZyxRR0UCnM54 </latexit><latexit sha1_base64="ID18CQbKRMa3NUmLNKpntRGHyv4=">AAAFrnicjVRbb9MwFM62Fka5bfDIi8VUkarrlhSmIUHQBEJCEw8bdBfRdJHruK0351LH2ShW+HX8At74Nxyn6ZZtRSJSpHO+853bZ8v9mLNEWtafhcWlSvXO3eV7tfsPHj56vLL65DCJUkHoAYl4JI77OKGchfRAMsnpcSwoDvqcHvXPPuj40TkVCYvCjpzEtBfgYcgGjGAJkLe69KvuchwOOUXUUyPkBmlmygZyxRR0UCnM54 </latexit><latexit sha1_base64="ID18CQbKRMa3NUmLNKpntRGHyv4=">AAAFrnicjVRbb9MwFM62Fka5bfDIi8VUkarrlhSmIUHQBEJCEw8bdBfRdJHruK0351LH2ShW+HX8At74Nxyn6ZZtRSJSpHO+853bZ8v9mLNEWtafhcWlSvXO3eV7tfsPHj56vLL65DCJUkHoAYl4JI77OKGchfRAMsnpcSwoDvqcHvXPPuj40TkVCYvCjpzEtBfgYcgGjGAJkLe69KvuchwOOUXUUyPkBmlmygZyxRR0UCnM54 </latexit><latexit sha1_base64="ID18CQbKRMa3NUmLNKpntRGHyv4=">AAAFrnicjVRbb9MwFM62Fka5bfDIi8VUkarrlhSmIUHQBEJCEw8bdBfRdJHruK0351LH2ShW+HX8At74Nxyn6ZZtRSJSpHO+853bZ8v9mLNEWtafhcWlSvXO3eV7tfsPHj56vLL65DCJUkHoAYl4JI77OKGchfRAMsnpcSwoDvqcHvXPPuj40TkVCYvCjpzEtBfgYcgGjGAJkLe69KvuchwOOUXUUyPkBmlmygZyxRR0UCnM54 </latexit>

Stretched q-exponential distribution:     

Pq(u) = P0 expq(��|u|⌘) (0 < ⌘  1)
<latexit sha1_base64="sd6hV8KOJpP1s5qzws5sW62CPb4="></latexit><latexit sha1_base64="sd6hV8KOJpP1s5qzws5sW62CPb4="></latexit><latexit sha1_base64="sd6hV8KOJpP1s5qzws5sW62CPb4="></latexit><latexit sha1_base64="sd6hV8KOJpP1s5qzws5sW62CPb4="></latexit>

“Shrinked” q-exponential distribution:     

Pq(u) = P0 expq(��|u|⌘) (⌘ > 1)
<latexit sha1_base64="F4t722yoYziOhjFgwqKqCgfi/ZE="></latexit><latexit sha1_base64="F4t722yoYziOhjFgwqKqCgfi/ZE="></latexit><latexit sha1_base64="F4t722yoYziOhjFgwqKqCgfi/ZE="></latexit><latexit sha1_base64="F4t722yoYziOhjFgwqKqCgfi/ZE="></latexit>
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Remarks:    
�(L, T ) = A expq(�Bx⌘)

<latexit sha1_base64="XB5cjMjLjREDs+kbsomCW1Ibehk="></latexit><latexit sha1_base64="XB5cjMjLjREDs+kbsomCW1Ibehk="></latexit><latexit sha1_base64="XB5cjMjLjREDs+kbsomCW1Ibehk="></latexit><latexit sha1_base64="XB5cjMjLjREDs+kbsomCW1Ibehk="></latexit>

x = L0.475T, q = 2.28± 0.04, ⌘ = 2.88± 0.04,
<latexit sha1_base64="7CVfYK+1GukaRNw+VExkq11AT94=">AAAHLXicnVVNb9tGEGXSSk3VL6c59jKoIZSCRIWkLdhBwyBxUKAwfHBbOQkgSsSKXEkbLz9ELh2rG/YH9dK/UhToIUXRa/9GZylKphMXKEpAwOybNzNvhrPiNOEsE6b55tbt995vND+482Hro48/+fSznbufP8viPPXpmR/zOH0xJRnlLKJngglOXyQpJeGU0+fT86fK//yCphmLo6FYJXQcknnEZswnAiHvbuNp2+UkmnMK1J </latexit><latexit sha1_base64="7CVfYK+1GukaRNw+VExkq11AT94=">AAAHLXicnVVNb9tGEGXSSk3VL6c59jKoIZSCRIWkLdhBwyBxUKAwfHBbOQkgSsSKXEkbLz9ELh2rG/YH9dK/UhToIUXRa/9GZylKphMXKEpAwOybNzNvhrPiNOEsE6b55tbt995vND+482Hro48/+fSznbufP8viPPXpmR/zOH0xJRnlLKJngglOXyQpJeGU0+fT86fK//yCphmLo6FYJXQcknnEZswnAiHvbuNp2+UkmnMK1J </latexit><latexit sha1_base64="7CVfYK+1GukaRNw+VExkq11AT94=">AAAHLXicnVVNb9tGEGXSSk3VL6c59jKoIZSCRIWkLdhBwyBxUKAwfHBbOQkgSsSKXEkbLz9ELh2rG/YH9dK/UhToIUXRa/9GZylKphMXKEpAwOybNzNvhrPiNOEsE6b55tbt995vND+482Hro48/+fSznbufP8viPPXpmR/zOH0xJRnlLKJngglOXyQpJeGU0+fT86fK//yCphmLo6FYJXQcknnEZswnAiHvbuNp2+UkmnMK1J </latexit><latexit sha1_base64="7CVfYK+1GukaRNw+VExkq11AT94=">AAAHLXicnVVNb9tGEGXSSk3VL6c59jKoIZSCRIWkLdhBwyBxUKAwfHBbOQkgSsSKXEkbLz9ELh2rG/YH9dK/UhToIUXRa/9GZylKphMXKEpAwOybNzNvhrPiNOEsE6b55tbt995vND+482Hro48/+fSznbufP8viPPXpmR/zOH0xJRnlLKJngglOXyQpJeGU0+fT86fK//yCphmLo6FYJXQcknnEZswnAiHvbuNp2+UkmnMK1J </latexit>

A = 0.492± 0.002, B = 0.33± 0.04
<latexit sha1_base64="hHS3s2m0QGVAsE1ftovGvWFdHb4=">AAAHLXicnVVNb9tGEGXSSk3VL6c59jKoIZSCRIWkLdhBwyBxUKAwfHBbOQkgSsSKXEkbLz9ELh2rG/YH9dK/UhToIUXRa/9GZylKphMXKEpAwOybNzNvhrPiNOEsE6b55tbt995vND+482Hro48/+fSznbufP8viPPXpmR/zOH0xJRnlLKJngglOXyQpJeGU0+fT86fK//yCphmLo6FYJXQcknnEZswnAiHvbuNp2+UkmnMK1J </latexit><latexit sha1_base64="hHS3s2m0QGVAsE1ftovGvWFdHb4=">AAAHLXicnVVNb9tGEGXSSk3VL6c59jKoIZSCRIWkLdhBwyBxUKAwfHBbOQkgSsSKXEkbLz9ELh2rG/YH9dK/UhToIUXRa/9GZylKphMXKEpAwOybNzNvhrPiNOEsE6b55tbt995vND+482Hro48/+fSznbufP8viPPXpmR/zOH0xJRnlLKJngglOXyQpJeGU0+fT86fK//yCphmLo6FYJXQcknnEZswnAiHvbuNp2+UkmnMK1J </latexit><latexit sha1_base64="hHS3s2m0QGVAsE1ftovGvWFdHb4=">AAAHLXicnVVNb9tGEGXSSk3VL6c59jKoIZSCRIWkLdhBwyBxUKAwfHBbOQkgSsSKXEkbLz9ELh2rG/YH9dK/UhToIUXRa/9GZylKphMXKEpAwOybNzNvhrPiNOEsE6b55tbt995vND+482Hro48/+fSznbufP8viPPXpmR/zOH0xJRnlLKJngglOXyQpJeGU0+fT86fK//yCphmLo6FYJXQcknnEZswnAiHvbuNp2+UkmnMK1J </latexit><latexit sha1_base64="hHS3s2m0QGVAsE1ftovGvWFdHb4=">AAAHLXicnVVNb9tGEGXSSk3VL6c59jKoIZSCRIWkLdhBwyBxUKAwfHBbOQkgSsSKXEkbLz9ELh2rG/YH9dK/UhToIUXRa/9GZylKphMXKEpAwOybNzNvhrPiNOEsE6b55tbt995vND+482Hro48/+fSznbufP8viPPXpmR/zOH0xJRnlLKJngglOXyQpJeGU0+fT86fK//yCphmLo6FYJXQcknnEZswnAiHvbuNp2+UkmnMK1J </latexit>

Defining    x = L�T
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scales with        at high 
temperatures (for             ) if    

�(L, T )
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L ! 1
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L�1
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⌘�

q � 1
= 1
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Criterion for validation of 
Fourier’s law    



Conclusions
Fourier’s law validated for a system of 
Heisenberg (n=3) rotators in d=1   

General condition for Fourier’s law:    

Previous works have validated Fourier’s law 
for a system of XY (n=2) rotators in d=1,2,3   

⌘(n, d)�(n, d)

q(n, d)� 1
= 1

<latexit sha1_base64="TCZ/hGiXduwjRiR32uJVWDnk0KM="></latexit><latexit sha1_base64="TCZ/hGiXduwjRiR32uJVWDnk0KM="></latexit><latexit sha1_base64="TCZ/hGiXduwjRiR32uJVWDnk0KM="></latexit><latexit sha1_base64="TCZ/hGiXduwjRiR32uJVWDnk0KM="></latexit>

Nonextensive statistical mechanics: also 
applicable to out-of-equilibrium regimes   













Temperatures of reservoirs:    

Th = T (1 + ") ; Tl = T (1� ") ) T =
Th + Tl

2<latexit sha1_base64="jHUWqOmdTYYFEKf8t8ZS7GbWdIc="></latexit><latexit sha1_base64="jHUWqOmdTYYFEKf8t8ZS7GbWdIc="></latexit><latexit sha1_base64="jHUWqOmdTYYFEKf8t8ZS7GbWdIc="></latexit><latexit sha1_base64="jHUWqOmdTYYFEKf8t8ZS7GbWdIc="></latexit>

dEi

dt
= �(Ji � Ji�1)
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Continuity equation:    

Ei =
1

2
L2
i +

1

2

X

j=i±1

(1� Si · Sj)
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Stationary state:    
(dEi/dt) = 0 ) Ji = Ji�1
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a) FPE Associated with BG Entropy   

   Nonlinear Fokker-Planck Equation:

   Remark:
Spins:    



J. B. J. Fourier, Théorie Analytique de La Chaleur   



   Critical phenomenon: collective effect in 
a many-particle system, associated with 
significant changes      

Phase transitions 

Self-organized criticality   

Appropriate description, critical point,  
critical quantities   

Critical phenomena in biological systems   



Conclusions
   Critical Phenomenon:

tQSS / (UC � U)�⇠ (U ! UC from below)
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Conjecture: 

⇠ =
n+ 3

n+ 1
(n�component rotators)
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⇠ ' 3/2 (Heisenberg; 0  ↵/d  1) (in progress)
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⇠ ' 5/3 (XY; 0  ↵/d  1)
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