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Sharp Phase Field Method

3ième partie :



“Classical” Phase Field Method
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<latexit sha1_base64="BY7pf5g4Ti6mSEIf5Xi3CcCIc/0=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4MaSSMGCm4IbFy4q2Ac0oUwmk3bo5MHMjVhCNv6KGxeKuPUz3Pk3TtsstPXAhcM593LvPV4iuALL+jZKK6tr6xvlzcrW9s7unrl/0FFxKilr01jEsucRxQSPWBs4CNZLJCOhJ1jXG19P/e4Dk4rH0T1MEuaGZBjxgFMCWhqYR7fYUTzEDQfYI2TnuW1h5wr7A7Nq1awZ8DKxC1JFBVoD88vxY5qGLAIqiFJ920rAzYgETgXLK06qWELomAxZX9OIhEy52eyBHJ9qxcdBLHVFgGfq74mMhEpNQk93hgRGatGbiv95/RSChpvxKEmBRXS+KEgFhhhP08A+l4yCmGhCqOT6VkxHRBIKOrOKDsFefHmZdC5qtlWz7+rVZr2Io4yO0Qk6Qza6RE10g1qojSjK0TN6RW/Gk/FivBsf89aSUcwcoj8wPn8ANEmUzg==</latexit><latexit sha1_base64="BY7pf5g4Ti6mSEIf5Xi3CcCIc/0=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4MaSSMGCm4IbFy4q2Ac0oUwmk3bo5MHMjVhCNv6KGxeKuPUz3Pk3TtsstPXAhcM593LvPV4iuALL+jZKK6tr6xvlzcrW9s7unrl/0FFxKilr01jEsucRxQSPWBs4CNZLJCOhJ1jXG19P/e4Dk4rH0T1MEuaGZBjxgFMCWhqYR7fYUTzEDQfYI2TnuW1h5wr7A7Nq1awZ8DKxC1JFBVoD88vxY5qGLAIqiFJ920rAzYgETgXLK06qWELomAxZX9OIhEy52eyBHJ9qxcdBLHVFgGfq74mMhEpNQk93hgRGatGbiv95/RSChpvxKEmBRXS+KEgFhhhP08A+l4yCmGhCqOT6VkxHRBIKOrOKDsFefHmZdC5qtlWz7+rVZr2Io4yO0Qk6Qza6RE10g1qojSjK0TN6RW/Gk/FivBsf89aSUcwcoj8wPn8ANEmUzg==</latexit><latexit sha1_base64="BY7pf5g4Ti6mSEIf5Xi3CcCIc/0=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4MaSSMGCm4IbFy4q2Ac0oUwmk3bo5MHMjVhCNv6KGxeKuPUz3Pk3TtsstPXAhcM593LvPV4iuALL+jZKK6tr6xvlzcrW9s7unrl/0FFxKilr01jEsucRxQSPWBs4CNZLJCOhJ1jXG19P/e4Dk4rH0T1MEuaGZBjxgFMCWhqYR7fYUTzEDQfYI2TnuW1h5wr7A7Nq1awZ8DKxC1JFBVoD88vxY5qGLAIqiFJ920rAzYgETgXLK06qWELomAxZX9OIhEy52eyBHJ9qxcdBLHVFgGfq74mMhEpNQk93hgRGatGbiv95/RSChpvxKEmBRXS+KEgFhhhP08A+l4yCmGhCqOT6VkxHRBIKOrOKDsFefHmZdC5qtlWz7+rVZr2Io4yO0Qk6Qza6RE10g1qojSjK0TN6RW/Gk/FivBsf89aSUcwcoj8wPn8ANEmUzg==</latexit><latexit sha1_base64="BY7pf5g4Ti6mSEIf5Xi3CcCIc/0=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4MaSSMGCm4IbFy4q2Ac0oUwmk3bo5MHMjVhCNv6KGxeKuPUz3Pk3TtsstPXAhcM593LvPV4iuALL+jZKK6tr6xvlzcrW9s7unrl/0FFxKilr01jEsucRxQSPWBs4CNZLJCOhJ1jXG19P/e4Dk4rH0T1MEuaGZBjxgFMCWhqYR7fYUTzEDQfYI2TnuW1h5wr7A7Nq1awZ8DKxC1JFBVoD88vxY5qGLAIqiFJ920rAzYgETgXLK06qWELomAxZX9OIhEy52eyBHJ9qxcdBLHVFgGfq74mMhEpNQk93hgRGatGbiv95/RSChpvxKEmBRXS+KEgFhhhP08A+l4yCmGhCqOT6VkxHRBIKOrOKDsFefHmZdC5qtlWz7+rVZr2Io4yO0Qk6Qza6RE10g1qojSjK0TN6RW/Gk/FivBsf89aSUcwcoj8wPn8ANEmUzg==</latexit>

• Numerics :  discrete grid,  grid spacing d
• No pinning :  d << L  ⟶ limitation on accessible linear dimension
• 3D simulations computationally intensive 

Continuous formulation ⟶ diffuses interfaces !!! : 

x/d
<latexit sha1_base64="stRJ6KhFJVu90pEzMxWziZDQQzg=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4qkkV7LHgxWMF0xbaUDabTbt0dxN2N2IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemHKmjet+O2vrG5tb26Wd8u7e/sFh5ei4rZNMEeqThCeqG2JNOZPUN8xw2k0VxSLktBOOb2d+55EqzRL5YCYpDQQeShYzgo2V/Cd0iaJBperW3DnQKvEKUoUCrUHlqx8lJBNUGsKx1j3PTU2QY2UY4XRa7meappiM8ZD2LJVYUB3k82On6NwqEYoTZUsaNFd/T+RYaD0Roe0U2Iz0sjcT//N6mYkbQc5kmhkqyWJRnHFkEjT7HEVMUWL4xBJMFLO3IjLCChNj8ynbELzll1dJu17zrmr1++tqs1HEUYJTOIML8OAGmnAHLfCBAINneIU3RzovzrvzsWhdc4qZE/gD5/MHusmN8Q==</latexit>

What we want : 

l ⌧ d
<latexit sha1_base64="3kp1xGnS33vlkjLMHuIThcKlNs4=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV7LHgxWMF+wFtKJvNpl262YTdiVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXpFIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJJpxtsskYnuBdRwKRRvo0DJe6nmNA4k7waTu7nffeLaiEQ94jTlfkxHSkSCUbRSV5KBlCQcVqpuzV2ArBOvIFUo0BpWvgZhwrKYK2SSGtP33BT9nGoUTPJZeZAZnlI2oSPet1TRmBs/X5w7I5dWCUmUaFsKyUL9PZHT2JhpHNjOmOLYrHpz8T+vn2HU8HOh0gy5YstFUSYJJmT+OwmF5gzl1BLKtLC3EjammjK0CZVtCN7qy+ukU69517X6w0212SjiKME5XMAVeHALTbiHFrSBwQSe4RXenNR5cd6dj2XrhlPMnMEfOJ8/gjuO/g==</latexit>

• A phase field method with sharp interfaces on a grid with a finite grid spacing
• with no pinning on the grid, even if the interface thickness    and grid spacing     are such that :    
• Ideally : interface width reduced to only one grid point !

l
<latexit sha1_base64="IQI5CCePH2BemG5gCWkYbhJyXjQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV7LHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUFINS2a24C5B14uWkDDkag9JXfxizNEJpmKBa9zw3MX5GleFM4KzYTzUmlE3oCHuWShqh9rPFoTNyaZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTVjzMy6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmhD8FZfXiftasW7rlSbN+V6LY+jAOdwAVfgwS3U4R4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9wPn8A0lWM6g==</latexit>

d
<latexit sha1_base64="53ARHIOsvPkLtIzgWINbcwR0oXI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV7LHgxWML9gPaUDababt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8iFn1FipGQ5KZbfiLkDWiZeTMuRoDEpf/TBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0iohGcbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmmHNz7hMUoOSLRcNU0FMTOZfk5ArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt3pTrtTyOApzDBVyBB7dQh3toQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwBxjWM4g==</latexit>
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 A discrete formulation !

Discrete free energy functional :

Consider a 1D lattice :
n� 1 n+ 1n

�n d

<latexit sha1_base64="E241b6oNQTPiLp9/gUnLmgQ4FwA="></latexit>
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<latexit sha1_base64="HANEBiKcrfRdI8gKauUXaeRiRz0=">AAACCnicbZDLSgMxFIYzXmu9jbp0Ey1CpbRMSkGXBTcuK9gLtMOQSTNtaCYzJBmhDLN246u4caGIW5/AnW9j2s5CW38IfPznHE7O78ecKe0439ba+sbm1nZhp7i7t39waB8dd1SUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT25m9e4DlYpF4l5PY+qGeCRYwAjWxvLss/IgHjMvFRWUVXKsoqxazzm79OySU3PmgquAciiBXC3P/hoMI5KEVGjCsVJ95MTaTbHUjHCaFQeJojEmEzyifYMCh1S56fyUDF4YZwiDSJonNJy7vydSHCo1DX3TGWI9Vsu1mflfrZ/o4NpNmYgTTQVZLAoSDnUEZ7nAIZOUaD41gIlk5q+QjLHERJv0iiYEtHzyKnTqNeTU0F2j1GzkcRTAKTgHZYDAFWiCW9ACbUDAI3gGr+DNerJerHfrY9G6ZuUzJ+CPrM8fyMWZog==</latexit><latexit sha1_base64="HANEBiKcrfRdI8gKauUXaeRiRz0=">AAACCnicbZDLSgMxFIYzXmu9jbp0Ey1CpbRMSkGXBTcuK9gLtMOQSTNtaCYzJBmhDLN246u4caGIW5/AnW9j2s5CW38IfPznHE7O78ecKe0439ba+sbm1nZhp7i7t39waB8dd1SUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT25m9e4DlYpF4l5PY+qGeCRYwAjWxvLss/IgHjMvFRWUVXKsoqxazzm79OySU3PmgquAciiBXC3P/hoMI5KEVGjCsVJ95MTaTbHUjHCaFQeJojEmEzyifYMCh1S56fyUDF4YZwiDSJonNJy7vydSHCo1DX3TGWI9Vsu1mflfrZ/o4NpNmYgTTQVZLAoSDnUEZ7nAIZOUaD41gIlk5q+QjLHERJv0iiYEtHzyKnTqNeTU0F2j1GzkcRTAKTgHZYDAFWiCW9ACbUDAI3gGr+DNerJerHfrY9G6ZuUzJ+CPrM8fyMWZog==</latexit><latexit sha1_base64="HANEBiKcrfRdI8gKauUXaeRiRz0=">AAACCnicbZDLSgMxFIYzXmu9jbp0Ey1CpbRMSkGXBTcuK9gLtMOQSTNtaCYzJBmhDLN246u4caGIW5/AnW9j2s5CW38IfPznHE7O78ecKe0439ba+sbm1nZhp7i7t39waB8dd1SUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT25m9e4DlYpF4l5PY+qGeCRYwAjWxvLss/IgHjMvFRWUVXKsoqxazzm79OySU3PmgquAciiBXC3P/hoMI5KEVGjCsVJ95MTaTbHUjHCaFQeJojEmEzyifYMCh1S56fyUDF4YZwiDSJonNJy7vydSHCo1DX3TGWI9Vsu1mflfrZ/o4NpNmYgTTQVZLAoSDnUEZ7nAIZOUaD41gIlk5q+QjLHERJv0iiYEtHzyKnTqNeTU0F2j1GzkcRTAKTgHZYDAFWiCW9ACbUDAI3gGr+DNerJerHfrY9G6ZuUzJ+CPrM8fyMWZog==</latexit><latexit sha1_base64="HANEBiKcrfRdI8gKauUXaeRiRz0=">AAACCnicbZDLSgMxFIYzXmu9jbp0Ey1CpbRMSkGXBTcuK9gLtMOQSTNtaCYzJBmhDLN246u4caGIW5/AnW9j2s5CW38IfPznHE7O78ecKe0439ba+sbm1nZhp7i7t39waB8dd1SUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT25m9e4DlYpF4l5PY+qGeCRYwAjWxvLss/IgHjMvFRWUVXKsoqxazzm79OySU3PmgquAciiBXC3P/hoMI5KEVGjCsVJ95MTaTbHUjHCaFQeJojEmEzyifYMCh1S56fyUDF4YZwiDSJonNJy7vydSHCo1DX3TGWI9Vsu1mflfrZ/o4NpNmYgTTQVZLAoSDnUEZ7nAIZOUaD41gIlk5q+QjLHERJv0iiYEtHzyKnTqNeTU0F2j1GzkcRTAKTgHZYDAFWiCW9ACbUDAI3gGr+DNerJerHfrY9G6ZuUzJ+CPrM8fyMWZog==</latexit>

�n
<latexit sha1_base64="W7/B4hxGPKPMpkDj4jZLpGR9OW0=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBbBU0mkoMeCF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74ST27nfeeLaiEQ94DTlQUxHSkSCUbRSt5+OxSBXs4Fb9WreAmSd+AWpQoHmwP3qDxOWxVwhk9SYnu+lGORUo2CSzyr9zPCUsgkd8Z6lisbcBPni3hm5sMqQRIm2pZAs1N8TOY2Nmcah7Ywpjs2qNxf/83oZRjdBLlSaIVdsuSjKJMGEzJ8nQ6E5Qzm1hDIt7K2EjammDG1EFRuCv/ryOmlf1Xyv5t/Xq416EUcZzuAcLsGHa2jAHTShBQwkPMMrvDmPzovz7nwsW0tOMXMKf+B8/gBavJAe</latexit><latexit sha1_base64="W7/B4hxGPKPMpkDj4jZLpGR9OW0=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBbBU0mkoMeCF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74ST27nfeeLaiEQ94DTlQUxHSkSCUbRSt5+OxSBXs4Fb9WreAmSd+AWpQoHmwP3qDxOWxVwhk9SYnu+lGORUo2CSzyr9zPCUsgkd8Z6lisbcBPni3hm5sMqQRIm2pZAs1N8TOY2Nmcah7Ywpjs2qNxf/83oZRjdBLlSaIVdsuSjKJMGEzJ8nQ6E5Qzm1hDIt7K2EjammDG1EFRuCv/ryOmlf1Xyv5t/Xq416EUcZzuAcLsGHa2jAHTShBQwkPMMrvDmPzovz7nwsW0tOMXMKf+B8/gBavJAe</latexit><latexit sha1_base64="W7/B4hxGPKPMpkDj4jZLpGR9OW0=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBbBU0mkoMeCF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74ST27nfeeLaiEQ94DTlQUxHSkSCUbRSt5+OxSBXs4Fb9WreAmSd+AWpQoHmwP3qDxOWxVwhk9SYnu+lGORUo2CSzyr9zPCUsgkd8Z6lisbcBPni3hm5sMqQRIm2pZAs1N8TOY2Nmcah7Ywpjs2qNxf/83oZRjdBLlSaIVdsuSjKJMGEzJ8nQ6E5Qzm1hDIt7K2EjammDG1EFRuCv/ryOmlf1Xyv5t/Xq416EUcZzuAcLsGHa2jAHTShBQwkPMMrvDmPzovz7nwsW0tOMXMKf+B8/gBavJAe</latexit><latexit sha1_base64="W7/B4hxGPKPMpkDj4jZLpGR9OW0=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBbBU0mkoMeCF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74ST27nfeeLaiEQ94DTlQUxHSkSCUbRSt5+OxSBXs4Fb9WreAmSd+AWpQoHmwP3qDxOWxVwhk9SYnu+lGORUo2CSzyr9zPCUsgkd8Z6lisbcBPni3hm5sMqQRIm2pZAs1N8TOY2Nmcah7Ywpjs2qNxf/83oZRjdBLlSaIVdsuSjKJMGEzJ8nQ6E5Qzm1hDIt7K2EjammDG1EFRuCv/ryOmlf1Xyv5t/Xq416EUcZzuAcLsGHa2jAHTShBQwkPMMrvDmPzovz7nwsW0tOMXMKf+B8/gBavJAe</latexit>

�n = f(nd� x0)
<latexit sha1_base64="4mSt0phJprj/qLatOmyigakzpL8=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSxCBS2JFPQiFLx4rGA/oAlhs920SzebsLsRS6l/xYsHRbz6Q7z5b9y2OWj1wcDjvRlm5oUpZ0o7zpdVWFldW98obpa2tnd29+z9g7ZKMkloiyQ8kd0QK8qZoC3NNKfdVFIch5x2wtH1zO/cU6lYIu70OKV+jAeCRYxgbaTALnvpkAXiKqoK5J32zx4C5ySwK07NmQP9JW5OKpCjGdifXj8hWUyFJhwr1XOdVPsTLDUjnE5LXqZoiskID2jPUIFjqvzJ/PgpOjZKH0WJNCU0mqs/JyY4Vmoch6Yzxnqolr2Z+J/Xy3R06U+YSDNNBVksijKOdIJmSaA+k5RoPjYEE8nMrYgMscREm7xKJgR3+eW/pH1ec52ae1uvNOp5HEU4hCOoggsX0IAbaEILCIzhCV7g1Xq0nq03633RWrDymTL8gvXxDaP/k2c=</latexit><latexit sha1_base64="4mSt0phJprj/qLatOmyigakzpL8=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSxCBS2JFPQiFLx4rGA/oAlhs920SzebsLsRS6l/xYsHRbz6Q7z5b9y2OWj1wcDjvRlm5oUpZ0o7zpdVWFldW98obpa2tnd29+z9g7ZKMkloiyQ8kd0QK8qZoC3NNKfdVFIch5x2wtH1zO/cU6lYIu70OKV+jAeCRYxgbaTALnvpkAXiKqoK5J32zx4C5ySwK07NmQP9JW5OKpCjGdifXj8hWUyFJhwr1XOdVPsTLDUjnE5LXqZoiskID2jPUIFjqvzJ/PgpOjZKH0WJNCU0mqs/JyY4Vmoch6Yzxnqolr2Z+J/Xy3R06U+YSDNNBVksijKOdIJmSaA+k5RoPjYEE8nMrYgMscREm7xKJgR3+eW/pH1ec52ae1uvNOp5HEU4hCOoggsX0IAbaEILCIzhCV7g1Xq0nq03633RWrDymTL8gvXxDaP/k2c=</latexit><latexit sha1_base64="4mSt0phJprj/qLatOmyigakzpL8=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSxCBS2JFPQiFLx4rGA/oAlhs920SzebsLsRS6l/xYsHRbz6Q7z5b9y2OWj1wcDjvRlm5oUpZ0o7zpdVWFldW98obpa2tnd29+z9g7ZKMkloiyQ8kd0QK8qZoC3NNKfdVFIch5x2wtH1zO/cU6lYIu70OKV+jAeCRYxgbaTALnvpkAXiKqoK5J32zx4C5ySwK07NmQP9JW5OKpCjGdifXj8hWUyFJhwr1XOdVPsTLDUjnE5LXqZoiskID2jPUIFjqvzJ/PgpOjZKH0WJNCU0mqs/JyY4Vmoch6Yzxnqolr2Z+J/Xy3R06U+YSDNNBVksijKOdIJmSaA+k5RoPjYEE8nMrYgMscREm7xKJgR3+eW/pH1ec52ae1uvNOp5HEU4hCOoggsX0IAbaEILCIzhCV7g1Xq0nq03633RWrDymTL8gvXxDaP/k2c=</latexit><latexit sha1_base64="4mSt0phJprj/qLatOmyigakzpL8=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSxCBS2JFPQiFLx4rGA/oAlhs920SzebsLsRS6l/xYsHRbz6Q7z5b9y2OWj1wcDjvRlm5oUpZ0o7zpdVWFldW98obpa2tnd29+z9g7ZKMkloiyQ8kd0QK8qZoC3NNKfdVFIch5x2wtH1zO/cU6lYIu70OKV+jAeCRYxgbaTALnvpkAXiKqoK5J32zx4C5ySwK07NmQP9JW5OKpCjGdifXj8hWUyFJhwr1XOdVPsTLDUjnE5LXqZoiskID2jPUIFjqvzJ/PgpOjZKH0WJNCU0mqs/JyY4Vmoch6Yzxnqolr2Z+J/Xy3R06U+YSDNNBVksijKOdIJmSaA+k5RoPjYEE8nMrYgMscREm7xKJgR3+eW/pH1ec52ae1uvNOp5HEU4hCOoggsX0IAbaEILCIzhCV7g1Xq0nq03633RWrDymTL8gvXxDaP/k2c=</latexit>

f(x)
<latexit sha1_base64="njOku7un31Aqx67SSUOl7f6bzLc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisYD+gDWWz3bRLdzdhdyOW0L/gxYMiXv1D3vw3btIctPXBwOO9GWbmBTFn2rjut1Pa2Nza3invVvb2Dw6PqscnXR0litAOiXik+gHWlDNJO4YZTvuxolgEnPaC2W3m9x6p0iySD2YeU1/giWQhI9hkUlh/uhxVa27DzYHWiVeQGhRoj6pfw3FEEkGlIRxrPfDc2PgpVoYRTheVYaJpjMkMT+jAUokF1X6a37pAF1YZozBStqRBufp7IsVC67kIbKfAZqpXvUz8zxskJrzxUybjxFBJlovChCMToexxNGaKEsPnlmCimL0VkSlWmBgbT8WG4K2+vE66Vw3PbXj3zVqrWcRRhjM4hzp4cA0tuIM2dIDAFJ7hFd4c4bw4787HsrXkFDOn8AfO5w9oKY3D</latexit><latexit sha1_base64="njOku7un31Aqx67SSUOl7f6bzLc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisYD+gDWWz3bRLdzdhdyOW0L/gxYMiXv1D3vw3btIctPXBwOO9GWbmBTFn2rjut1Pa2Nza3invVvb2Dw6PqscnXR0litAOiXik+gHWlDNJO4YZTvuxolgEnPaC2W3m9x6p0iySD2YeU1/giWQhI9hkUlh/uhxVa27DzYHWiVeQGhRoj6pfw3FEEkGlIRxrPfDc2PgpVoYRTheVYaJpjMkMT+jAUokF1X6a37pAF1YZozBStqRBufp7IsVC67kIbKfAZqpXvUz8zxskJrzxUybjxFBJlovChCMToexxNGaKEsPnlmCimL0VkSlWmBgbT8WG4K2+vE66Vw3PbXj3zVqrWcRRhjM4hzp4cA0tuIM2dIDAFJ7hFd4c4bw4787HsrXkFDOn8AfO5w9oKY3D</latexit><latexit sha1_base64="njOku7un31Aqx67SSUOl7f6bzLc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisYD+gDWWz3bRLdzdhdyOW0L/gxYMiXv1D3vw3btIctPXBwOO9GWbmBTFn2rjut1Pa2Nza3invVvb2Dw6PqscnXR0litAOiXik+gHWlDNJO4YZTvuxolgEnPaC2W3m9x6p0iySD2YeU1/giWQhI9hkUlh/uhxVa27DzYHWiVeQGhRoj6pfw3FEEkGlIRxrPfDc2PgpVoYRTheVYaJpjMkMT+jAUokF1X6a37pAF1YZozBStqRBufp7IsVC67kIbKfAZqpXvUz8zxskJrzxUybjxFBJlovChCMToexxNGaKEsPnlmCimL0VkSlWmBgbT8WG4K2+vE66Vw3PbXj3zVqrWcRRhjM4hzp4cA0tuIM2dIDAFJ7hFd4c4bw4787HsrXkFDOn8AfO5w9oKY3D</latexit><latexit sha1_base64="njOku7un31Aqx67SSUOl7f6bzLc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisYD+gDWWz3bRLdzdhdyOW0L/gxYMiXv1D3vw3btIctPXBwOO9GWbmBTFn2rjut1Pa2Nza3invVvb2Dw6PqscnXR0litAOiXik+gHWlDNJO4YZTvuxolgEnPaC2W3m9x6p0iySD2YeU1/giWQhI9hkUlh/uhxVa27DzYHWiVeQGhRoj6pfw3FEEkGlIRxrPfDc2PgpVoYRTheVYaJpjMkMT+jAUokF1X6a37pAF1YZozBStqRBufp7IsVC67kIbKfAZqpXvUz8zxskJrzxUybjxFBJlovChCMToexxNGaKEsPnlmCimL0VkSlWmBgbT8WG4K2+vE66Vw3PbXj3zVqrWcRRhjM4hzp4cA0tuIM2dIDAFJ7hFd4c4bw4787HsrXkFDOn8AfO5w9oKY3D</latexit>

• look for a function        such that, if                           ,                                   is function of      independent of      !!!  x0
<latexit sha1_base64="dv5dYu+mAqUcMf+1tthYXHxzZ+U=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Dd1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwX2jZE=</latexit><latexit sha1_base64="dv5dYu+mAqUcMf+1tthYXHxzZ+U=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Dd1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwX2jZE=</latexit><latexit sha1_base64="dv5dYu+mAqUcMf+1tthYXHxzZ+U=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Dd1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwX2jZE=</latexit><latexit sha1_base64="dv5dYu+mAqUcMf+1tthYXHxzZ+U=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Dd1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwX2jZE=</latexit>

 ⟶ Procedure :

 ⟶ Question :

 such that, if                     is the equilibrium profil,                   is also an equilibrium profil            

• i.e. look for a function        such that, if                            ,  Eq. 1 becomes an ODE independent of      !!!x0
<latexit sha1_base64="dv5dYu+mAqUcMf+1tthYXHxzZ+U=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Dd1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwX2jZE=</latexit><latexit sha1_base64="dv5dYu+mAqUcMf+1tthYXHxzZ+U=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Dd1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwX2jZE=</latexit><latexit sha1_base64="dv5dYu+mAqUcMf+1tthYXHxzZ+U=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Dd1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwX2jZE=</latexit><latexit sha1_base64="dv5dYu+mAqUcMf+1tthYXHxzZ+U=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Dd1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwX2jZE=</latexit>

�n = f(nd� x0)
<latexit sha1_base64="4mSt0phJprj/qLatOmyigakzpL8=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSxCBS2JFPQiFLx4rGA/oAlhs920SzebsLsRS6l/xYsHRbz6Q7z5b9y2OWj1wcDjvRlm5oUpZ0o7zpdVWFldW98obpa2tnd29+z9g7ZKMkloiyQ8kd0QK8qZoC3NNKfdVFIch5x2wtH1zO/cU6lYIu70OKV+jAeCRYxgbaTALnvpkAXiKqoK5J32zx4C5ySwK07NmQP9JW5OKpCjGdifXj8hWUyFJhwr1XOdVPsTLDUjnE5LXqZoiskID2jPUIFjqvzJ/PgpOjZKH0WJNCU0mqs/JyY4Vmoch6Yzxnqolr2Z+J/Xy3R06U+YSDNNBVksijKOdIJmSaA+k5RoPjYEE8nMrYgMscREm7xKJgR3+eW/pH1ec52ae1uvNOp5HEU4hCOoggsX0IAbaEILCIzhCV7g1Xq0nq03633RWrDymTL8gvXxDaP/k2c=</latexit><latexit sha1_base64="4mSt0phJprj/qLatOmyigakzpL8=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSxCBS2JFPQiFLx4rGA/oAlhs920SzebsLsRS6l/xYsHRbz6Q7z5b9y2OWj1wcDjvRlm5oUpZ0o7zpdVWFldW98obpa2tnd29+z9g7ZKMkloiyQ8kd0QK8qZoC3NNKfdVFIch5x2wtH1zO/cU6lYIu70OKV+jAeCRYxgbaTALnvpkAXiKqoK5J32zx4C5ySwK07NmQP9JW5OKpCjGdifXj8hWUyFJhwr1XOdVPsTLDUjnE5LXqZoiskID2jPUIFjqvzJ/PgpOjZKH0WJNCU0mqs/JyY4Vmoch6Yzxnqolr2Z+J/Xy3R06U+YSDNNBVksijKOdIJmSaA+k5RoPjYEE8nMrYgMscREm7xKJgR3+eW/pH1ec52ae1uvNOp5HEU4hCOoggsX0IAbaEILCIzhCV7g1Xq0nq03633RWrDymTL8gvXxDaP/k2c=</latexit><latexit sha1_base64="4mSt0phJprj/qLatOmyigakzpL8=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSxCBS2JFPQiFLx4rGA/oAlhs920SzebsLsRS6l/xYsHRbz6Q7z5b9y2OWj1wcDjvRlm5oUpZ0o7zpdVWFldW98obpa2tnd29+z9g7ZKMkloiyQ8kd0QK8qZoC3NNKfdVFIch5x2wtH1zO/cU6lYIu70OKV+jAeCRYxgbaTALnvpkAXiKqoK5J32zx4C5ySwK07NmQP9JW5OKpCjGdifXj8hWUyFJhwr1XOdVPsTLDUjnE5LXqZoiskID2jPUIFjqvzJ/PgpOjZKH0WJNCU0mqs/JyY4Vmoch6Yzxnqolr2Z+J/Xy3R06U+YSDNNBVksijKOdIJmSaA+k5RoPjYEE8nMrYgMscREm7xKJgR3+eW/pH1ec52ae1uvNOp5HEU4hCOoggsX0IAbaEILCIzhCV7g1Xq0nq03633RWrDymTL8gvXxDaP/k2c=</latexit><latexit sha1_base64="4mSt0phJprj/qLatOmyigakzpL8=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSxCBS2JFPQiFLx4rGA/oAlhs920SzebsLsRS6l/xYsHRbz6Q7z5b9y2OWj1wcDjvRlm5oUpZ0o7zpdVWFldW98obpa2tnd29+z9g7ZKMkloiyQ8kd0QK8qZoC3NNKfdVFIch5x2wtH1zO/cU6lYIu70OKV+jAeCRYxgbaTALnvpkAXiKqoK5J32zx4C5ySwK07NmQP9JW5OKpCjGdifXj8hWUyFJhwr1XOdVPsTLDUjnE5LXqZoiskID2jPUIFjqvzJ/PgpOjZKH0WJNCU0mqs/JyY4Vmoch6Yzxnqolr2Z+J/Xy3R06U+YSDNNBVksijKOdIJmSaA+k5RoPjYEE8nMrYgMscREm7xKJgR3+eW/pH1ec52ae1uvNOp5HEU4hCOoggsX0IAbaEILCIzhCV7g1Xq0nq03633RWrDymTL8gvXxDaP/k2c=</latexit>

f(x)
<latexit sha1_base64="njOku7un31Aqx67SSUOl7f6bzLc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisYD+gDWWz3bRLdzdhdyOW0L/gxYMiXv1D3vw3btIctPXBwOO9GWbmBTFn2rjut1Pa2Nza3invVvb2Dw6PqscnXR0litAOiXik+gHWlDNJO4YZTvuxolgEnPaC2W3m9x6p0iySD2YeU1/giWQhI9hkUlh/uhxVa27DzYHWiVeQGhRoj6pfw3FEEkGlIRxrPfDc2PgpVoYRTheVYaJpjMkMT+jAUokF1X6a37pAF1YZozBStqRBufp7IsVC67kIbKfAZqpXvUz8zxskJrzxUybjxFBJlovChCMToexxNGaKEsPnlmCimL0VkSlWmBgbT8WG4K2+vE66Vw3PbXj3zVqrWcRRhjM4hzp4cA0tuIM2dIDAFJ7hFd4c4bw4787HsrXkFDOn8AfO5w9oKY3D</latexit><latexit sha1_base64="njOku7un31Aqx67SSUOl7f6bzLc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisYD+gDWWz3bRLdzdhdyOW0L/gxYMiXv1D3vw3btIctPXBwOO9GWbmBTFn2rjut1Pa2Nza3invVvb2Dw6PqscnXR0litAOiXik+gHWlDNJO4YZTvuxolgEnPaC2W3m9x6p0iySD2YeU1/giWQhI9hkUlh/uhxVa27DzYHWiVeQGhRoj6pfw3FEEkGlIRxrPfDc2PgpVoYRTheVYaJpjMkMT+jAUokF1X6a37pAF1YZozBStqRBufp7IsVC67kIbKfAZqpXvUz8zxskJrzxUybjxFBJlovChCMToexxNGaKEsPnlmCimL0VkSlWmBgbT8WG4K2+vE66Vw3PbXj3zVqrWcRRhjM4hzp4cA0tuIM2dIDAFJ7hFd4c4bw4787HsrXkFDOn8AfO5w9oKY3D</latexit><latexit sha1_base64="njOku7un31Aqx67SSUOl7f6bzLc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisYD+gDWWz3bRLdzdhdyOW0L/gxYMiXv1D3vw3btIctPXBwOO9GWbmBTFn2rjut1Pa2Nza3invVvb2Dw6PqscnXR0litAOiXik+gHWlDNJO4YZTvuxolgEnPaC2W3m9x6p0iySD2YeU1/giWQhI9hkUlh/uhxVa27DzYHWiVeQGhRoj6pfw3FEEkGlIRxrPfDc2PgpVoYRTheVYaJpjMkMT+jAUokF1X6a37pAF1YZozBStqRBufp7IsVC67kIbKfAZqpXvUz8zxskJrzxUybjxFBJlovChCMToexxNGaKEsPnlmCimL0VkSlWmBgbT8WG4K2+vE66Vw3PbXj3zVqrWcRRhjM4hzp4cA0tuIM2dIDAFJ7hFd4c4bw4787HsrXkFDOn8AfO5w9oKY3D</latexit><latexit sha1_base64="njOku7un31Aqx67SSUOl7f6bzLc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisYD+gDWWz3bRLdzdhdyOW0L/gxYMiXv1D3vw3btIctPXBwOO9GWbmBTFn2rjut1Pa2Nza3invVvb2Dw6PqscnXR0litAOiXik+gHWlDNJO4YZTvuxolgEnPaC2W3m9x6p0iySD2YeU1/giWQhI9hkUlh/uhxVa27DzYHWiVeQGhRoj6pfw3FEEkGlIRxrPfDc2PgpVoYRTheVYaJpjMkMT+jAUokF1X6a37pAF1YZozBStqRBufp7IsVC67kIbKfAZqpXvUz8zxskJrzxUybjxFBJlovChCMToexxNGaKEsPnlmCimL0VkSlWmBgbT8WG4K2+vE66Vw3PbXj3zVqrWcRRhjM4hzp4cA0tuIM2dIDAFJ7hFd4c4bw4787HsrXkFDOn8AfO5w9oKY3D</latexit>

Interface at equilibrium :
�F

��n
= 0 g0(�n)�

�

d2
(�n+1 + �n�1 � 2�n) = 0

<latexit sha1_base64="2HqoHGX/xxH48cm7elCfO56GvYc="></latexit><latexit sha1_base64="2HqoHGX/xxH48cm7elCfO56GvYc="></latexit><latexit sha1_base64="2HqoHGX/xxH48cm7elCfO56GvYc="></latexit><latexit sha1_base64="2HqoHGX/xxH48cm7elCfO56GvYc="></latexit>

Eq. 1

↵ = tanh(
2d

l
)

<latexit sha1_base64="JMJttfNDhxEAumddO7SzYbK32qU=">AAACA3icbVBNS8NAEN3Ur1q/ot70EixCvZSkFPQiFLx4rGA/oAllstm0SzebsLsRSgh48a948aCIV/+EN/+N2zYHbX0w8Hhvhpl5fsKoVLb9bZTW1jc2t8rblZ3dvf0D8/CoK+NUYNLBMYtF3wdJGOWko6hipJ8IApHPSM+f3Mz83gMRksb8Xk0T4kUw4jSkGJSWhuaJCywZw7WrgI9rbigAZ40gz1h+MTSrdt2ew1olTkGqqEB7aH65QYzTiHCFGUg5cOxEeRkIRTEjecVNJUkAT2BEBppyiIj0svkPuXWulcAKY6GLK2uu/p7IIJJyGvm6MwI1lsveTPzPG6QqvPIyypNUEY4Xi8KUWSq2ZoFYARUEKzbVBLCg+lYLj0HnoHRsFR2Cs/zyKuk26o5dd+6a1VaziKOMTtEZqiEHXaIWukVt1EEYPaJn9IrejCfjxXg3PhatJaOYOUZ/YHz+ALc5l4I=</latexit><latexit sha1_base64="JMJttfNDhxEAumddO7SzYbK32qU=">AAACA3icbVBNS8NAEN3Ur1q/ot70EixCvZSkFPQiFLx4rGA/oAllstm0SzebsLsRSgh48a948aCIV/+EN/+N2zYHbX0w8Hhvhpl5fsKoVLb9bZTW1jc2t8rblZ3dvf0D8/CoK+NUYNLBMYtF3wdJGOWko6hipJ8IApHPSM+f3Mz83gMRksb8Xk0T4kUw4jSkGJSWhuaJCywZw7WrgI9rbigAZ40gz1h+MTSrdt2ew1olTkGqqEB7aH65QYzTiHCFGUg5cOxEeRkIRTEjecVNJUkAT2BEBppyiIj0svkPuXWulcAKY6GLK2uu/p7IIJJyGvm6MwI1lsveTPzPG6QqvPIyypNUEY4Xi8KUWSq2ZoFYARUEKzbVBLCg+lYLj0HnoHRsFR2Cs/zyKuk26o5dd+6a1VaziKOMTtEZqiEHXaIWukVt1EEYPaJn9IrejCfjxXg3PhatJaOYOUZ/YHz+ALc5l4I=</latexit><latexit sha1_base64="JMJttfNDhxEAumddO7SzYbK32qU=">AAACA3icbVBNS8NAEN3Ur1q/ot70EixCvZSkFPQiFLx4rGA/oAllstm0SzebsLsRSgh48a948aCIV/+EN/+N2zYHbX0w8Hhvhpl5fsKoVLb9bZTW1jc2t8rblZ3dvf0D8/CoK+NUYNLBMYtF3wdJGOWko6hipJ8IApHPSM+f3Mz83gMRksb8Xk0T4kUw4jSkGJSWhuaJCywZw7WrgI9rbigAZ40gz1h+MTSrdt2ew1olTkGqqEB7aH65QYzTiHCFGUg5cOxEeRkIRTEjecVNJUkAT2BEBppyiIj0svkPuXWulcAKY6GLK2uu/p7IIJJyGvm6MwI1lsveTPzPG6QqvPIyypNUEY4Xi8KUWSq2ZoFYARUEKzbVBLCg+lYLj0HnoHRsFR2Cs/zyKuk26o5dd+6a1VaziKOMTtEZqiEHXaIWukVt1EEYPaJn9IrejCfjxXg3PhatJaOYOUZ/YHz+ALc5l4I=</latexit><latexit sha1_base64="JMJttfNDhxEAumddO7SzYbK32qU=">AAACA3icbVBNS8NAEN3Ur1q/ot70EixCvZSkFPQiFLx4rGA/oAllstm0SzebsLsRSgh48a948aCIV/+EN/+N2zYHbX0w8Hhvhpl5fsKoVLb9bZTW1jc2t8rblZ3dvf0D8/CoK+NUYNLBMYtF3wdJGOWko6hipJ8IApHPSM+f3Mz83gMRksb8Xk0T4kUw4jSkGJSWhuaJCywZw7WrgI9rbigAZ40gz1h+MTSrdt2ew1olTkGqqEB7aH65QYzTiHCFGUg5cOxEeRkIRTEjecVNJUkAT2BEBppyiIj0svkPuXWulcAKY6GLK2uu/p7IIJJyGvm6MwI1lsveTPzPG6QqvPIyypNUEY4Xi8KUWSq2ZoFYARUEKzbVBLCg+lYLj0HnoHRsFR2Cs/zyKuk26o5dd+6a1VaziKOMTtEZqiEHXaIWukVt1EEYPaJn9IrejCfjxXg3PhatJaOYOUZ/YHz+ALc5l4I=</latexit>

2�n±1 � 1 =
(2�n � 1) ± ↵

1 ± (2�n � 1)↵
Then :

Eq. 1 : g0(�) =
�

d2
{ 1� ↵2

1� ↵2(2�� 1)2
� 1}(2�� 1)

Solution : 

f(x) =
1

2
(1 + tanh

2x

l
)

<latexit sha1_base64="LKcbCWC+qZKyvCnV/ci5T3i4a5s=">AAACEnicbVDLSgMxFM3UV62vUZdugkVoUcqkFHQjFNy4rGAf0Cklk2ba0ExmSDLSMsw3uPFX3LhQxK0rd/6NaTsLbT1w4XDOvdx7jxdxprTjfFu5tfWNza38dmFnd2//wD48aqkwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbG9/M/PYDlYqF4l5PI9oL8FAwnxGsjdS3y35pUobX0PUlJglKk2paQueuxmK0kKqTNOGpe1Hu20Wn4swBVwnKSBFkaPTtL3cQkjigQhOOleoiJ9K9BEvNCKdpwY0VjTAZ4yHtGipwQFUvmb+UwjOjDKAfSlNCw7n6eyLBgVLTwDOdAdYjtezNxP+8bqz9q17CRBRrKshikR9zqEM4ywcOmKRE86khmEhmboVkhE0S2qRYMCGg5ZdXSataQU4F3dWK9VoWRx6cgFNQAghcgjq4BQ3QBAQ8gmfwCt6sJ+vFerc+Fq05K5s5Bn9gff4AAx+caA==</latexit><latexit sha1_base64="LKcbCWC+qZKyvCnV/ci5T3i4a5s=">AAACEnicbVDLSgMxFM3UV62vUZdugkVoUcqkFHQjFNy4rGAf0Cklk2ba0ExmSDLSMsw3uPFX3LhQxK0rd/6NaTsLbT1w4XDOvdx7jxdxprTjfFu5tfWNza38dmFnd2//wD48aqkwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbG9/M/PYDlYqF4l5PI9oL8FAwnxGsjdS3y35pUobX0PUlJglKk2paQueuxmK0kKqTNOGpe1Hu20Wn4swBVwnKSBFkaPTtL3cQkjigQhOOleoiJ9K9BEvNCKdpwY0VjTAZ4yHtGipwQFUvmb+UwjOjDKAfSlNCw7n6eyLBgVLTwDOdAdYjtezNxP+8bqz9q17CRBRrKshikR9zqEM4ywcOmKRE86khmEhmboVkhE0S2qRYMCGg5ZdXSataQU4F3dWK9VoWRx6cgFNQAghcgjq4BQ3QBAQ8gmfwCt6sJ+vFerc+Fq05K5s5Bn9gff4AAx+caA==</latexit><latexit sha1_base64="LKcbCWC+qZKyvCnV/ci5T3i4a5s=">AAACEnicbVDLSgMxFM3UV62vUZdugkVoUcqkFHQjFNy4rGAf0Cklk2ba0ExmSDLSMsw3uPFX3LhQxK0rd/6NaTsLbT1w4XDOvdx7jxdxprTjfFu5tfWNza38dmFnd2//wD48aqkwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbG9/M/PYDlYqF4l5PI9oL8FAwnxGsjdS3y35pUobX0PUlJglKk2paQueuxmK0kKqTNOGpe1Hu20Wn4swBVwnKSBFkaPTtL3cQkjigQhOOleoiJ9K9BEvNCKdpwY0VjTAZ4yHtGipwQFUvmb+UwjOjDKAfSlNCw7n6eyLBgVLTwDOdAdYjtezNxP+8bqz9q17CRBRrKshikR9zqEM4ywcOmKRE86khmEhmboVkhE0S2qRYMCGg5ZdXSataQU4F3dWK9VoWRx6cgFNQAghcgjq4BQ3QBAQ8gmfwCt6sJ+vFerc+Fq05K5s5Bn9gff4AAx+caA==</latexit><latexit sha1_base64="LKcbCWC+qZKyvCnV/ci5T3i4a5s=">AAACEnicbVDLSgMxFM3UV62vUZdugkVoUcqkFHQjFNy4rGAf0Cklk2ba0ExmSDLSMsw3uPFX3LhQxK0rd/6NaTsLbT1w4XDOvdx7jxdxprTjfFu5tfWNza38dmFnd2//wD48aqkwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbG9/M/PYDlYqF4l5PI9oL8FAwnxGsjdS3y35pUobX0PUlJglKk2paQueuxmK0kKqTNOGpe1Hu20Wn4swBVwnKSBFkaPTtL3cQkjigQhOOleoiJ9K9BEvNCKdpwY0VjTAZ4yHtGipwQFUvmb+UwjOjDKAfSlNCw7n6eyLBgVLTwDOdAdYjtezNxP+8bqz9q17CRBRrKshikR9zqEM4ywcOmKRE86khmEhmboVkhE0S2qRYMCGg5ZdXSataQU4F3dWK9VoWRx6cgFNQAghcgjq4BQ3QBAQ8gmfwCt6sJ+vFerc+Fq05K5s5Bn9gff4AAx+caA==</latexit>

 ⟶ Choice :
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<latexit sha1_base64="ZI0x9ekW6d8SDgbgS3l2nZ9QlL0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSwzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp3FQ9t+q1apVGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/P04zi</latexit><latexit sha1_base64="ZI0x9ekW6d8SDgbgS3l2nZ9QlL0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSwzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp3FQ9t+q1apVGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/P04zi</latexit><latexit sha1_base64="ZI0x9ekW6d8SDgbgS3l2nZ9QlL0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSwzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp3FQ9t+q1apVGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/P04zi</latexit><latexit sha1_base64="ZI0x9ekW6d8SDgbgS3l2nZ9QlL0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSwzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp3FQ9t+q1apVGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/P04zi</latexit>

The Sharp Phase Field pour Method (S-PFM)
Finel et al,  PRL (2018)
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⟶ Exemple :  

l

d
= 1

<latexit sha1_base64="/JJ7vdaH0SRyZqkcZBbiZ7yNNiM=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiol6EghePFewHtKFsNpt26WYTdjdCDfklXjwo4tWf4s1/4zbNQVsfDDzem2Fmnp9wprTjfFuVtfWNza3qdm1nd2+/bh8cdlWcSkI7JOax7PtYUc4E7WimOe0nkuLI57TnT2/nfu+RSsVi8aBnCfUiPBYsZARrI43s+jCUmGQ8z4Ic3SB3ZDecplMArRK3JA0o0R7ZX8MgJmlEhSYcKzVwnUR7GZaaEU7z2jBVNMFkisd0YKjAEVVeVhyeo1OjBCiMpSmhUaH+nshwpNQs8k1nhPVELXtz8T9vkOrw2suYSFJNBVksClOOdIzmKaCASUo0nxmCiWTmVkQm2CShTVY1E4K7/PIq6Z43Xafp3l80WpdlHFU4hhM4AxeuoAV30IYOEEjhGV7hzXqyXqx362PRWrHKmSP4A+vzBwNWkps=</latexit><latexit sha1_base64="/JJ7vdaH0SRyZqkcZBbiZ7yNNiM=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiol6EghePFewHtKFsNpt26WYTdjdCDfklXjwo4tWf4s1/4zbNQVsfDDzem2Fmnp9wprTjfFuVtfWNza3qdm1nd2+/bh8cdlWcSkI7JOax7PtYUc4E7WimOe0nkuLI57TnT2/nfu+RSsVi8aBnCfUiPBYsZARrI43s+jCUmGQ8z4Ic3SB3ZDecplMArRK3JA0o0R7ZX8MgJmlEhSYcKzVwnUR7GZaaEU7z2jBVNMFkisd0YKjAEVVeVhyeo1OjBCiMpSmhUaH+nshwpNQs8k1nhPVELXtz8T9vkOrw2suYSFJNBVksClOOdIzmKaCASUo0nxmCiWTmVkQm2CShTVY1E4K7/PIq6Z43Xafp3l80WpdlHFU4hhM4AxeuoAV30IYOEEjhGV7hzXqyXqx362PRWrHKmSP4A+vzBwNWkps=</latexit><latexit sha1_base64="/JJ7vdaH0SRyZqkcZBbiZ7yNNiM=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiol6EghePFewHtKFsNpt26WYTdjdCDfklXjwo4tWf4s1/4zbNQVsfDDzem2Fmnp9wprTjfFuVtfWNza3qdm1nd2+/bh8cdlWcSkI7JOax7PtYUc4E7WimOe0nkuLI57TnT2/nfu+RSsVi8aBnCfUiPBYsZARrI43s+jCUmGQ8z4Ic3SB3ZDecplMArRK3JA0o0R7ZX8MgJmlEhSYcKzVwnUR7GZaaEU7z2jBVNMFkisd0YKjAEVVeVhyeo1OjBCiMpSmhUaH+nshwpNQs8k1nhPVELXtz8T9vkOrw2suYSFJNBVksClOOdIzmKaCASUo0nxmCiWTmVkQm2CShTVY1E4K7/PIq6Z43Xafp3l80WpdlHFU4hhM4AxeuoAV30IYOEEjhGV7hzXqyXqx362PRWrHKmSP4A+vzBwNWkps=</latexit><latexit sha1_base64="/JJ7vdaH0SRyZqkcZBbiZ7yNNiM=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiol6EghePFewHtKFsNpt26WYTdjdCDfklXjwo4tWf4s1/4zbNQVsfDDzem2Fmnp9wprTjfFuVtfWNza3qdm1nd2+/bh8cdlWcSkI7JOax7PtYUc4E7WimOe0nkuLI57TnT2/nfu+RSsVi8aBnCfUiPBYsZARrI43s+jCUmGQ8z4Ic3SB3ZDecplMArRK3JA0o0R7ZX8MgJmlEhSYcKzVwnUR7GZaaEU7z2jBVNMFkisd0YKjAEVVeVhyeo1OjBCiMpSmhUaH+nshwpNQs8k1nhPVELXtz8T9vkOrw2suYSFJNBVksClOOdIzmKaCASUo0nxmCiWTmVkQm2CShTVY1E4K7/PIq6Z43Xafp3l80WpdlHFU4hhM4AxeuoAV30IYOEEjhGV7hzXqyXqx362PRWrHKmSP4A+vzBwNWkps=</latexit>

↵ = tanh(
2d

l
)

<latexit sha1_base64="JMJttfNDhxEAumddO7SzYbK32qU=">AAACA3icbVBNS8NAEN3Ur1q/ot70EixCvZSkFPQiFLx4rGA/oAllstm0SzebsLsRSgh48a948aCIV/+EN/+N2zYHbX0w8Hhvhpl5fsKoVLb9bZTW1jc2t8rblZ3dvf0D8/CoK+NUYNLBMYtF3wdJGOWko6hipJ8IApHPSM+f3Mz83gMRksb8Xk0T4kUw4jSkGJSWhuaJCywZw7WrgI9rbigAZ40gz1h+MTSrdt2ew1olTkGqqEB7aH65QYzTiHCFGUg5cOxEeRkIRTEjecVNJUkAT2BEBppyiIj0svkPuXWulcAKY6GLK2uu/p7IIJJyGvm6MwI1lsveTPzPG6QqvPIyypNUEY4Xi8KUWSq2ZoFYARUEKzbVBLCg+lYLj0HnoHRsFR2Cs/zyKuk26o5dd+6a1VaziKOMTtEZqiEHXaIWukVt1EEYPaJn9IrejCfjxXg3PhatJaOYOUZ/YHz+ALc5l4I=</latexit><latexit sha1_base64="JMJttfNDhxEAumddO7SzYbK32qU=">AAACA3icbVBNS8NAEN3Ur1q/ot70EixCvZSkFPQiFLx4rGA/oAllstm0SzebsLsRSgh48a948aCIV/+EN/+N2zYHbX0w8Hhvhpl5fsKoVLb9bZTW1jc2t8rblZ3dvf0D8/CoK+NUYNLBMYtF3wdJGOWko6hipJ8IApHPSM+f3Mz83gMRksb8Xk0T4kUw4jSkGJSWhuaJCywZw7WrgI9rbigAZ40gz1h+MTSrdt2ew1olTkGqqEB7aH65QYzTiHCFGUg5cOxEeRkIRTEjecVNJUkAT2BEBppyiIj0svkPuXWulcAKY6GLK2uu/p7IIJJyGvm6MwI1lsveTPzPG6QqvPIyypNUEY4Xi8KUWSq2ZoFYARUEKzbVBLCg+lYLj0HnoHRsFR2Cs/zyKuk26o5dd+6a1VaziKOMTtEZqiEHXaIWukVt1EEYPaJn9IrejCfjxXg3PhatJaOYOUZ/YHz+ALc5l4I=</latexit><latexit sha1_base64="JMJttfNDhxEAumddO7SzYbK32qU=">AAACA3icbVBNS8NAEN3Ur1q/ot70EixCvZSkFPQiFLx4rGA/oAllstm0SzebsLsRSgh48a948aCIV/+EN/+N2zYHbX0w8Hhvhpl5fsKoVLb9bZTW1jc2t8rblZ3dvf0D8/CoK+NUYNLBMYtF3wdJGOWko6hipJ8IApHPSM+f3Mz83gMRksb8Xk0T4kUw4jSkGJSWhuaJCywZw7WrgI9rbigAZ40gz1h+MTSrdt2ew1olTkGqqEB7aH65QYzTiHCFGUg5cOxEeRkIRTEjecVNJUkAT2BEBppyiIj0svkPuXWulcAKY6GLK2uu/p7IIJJyGvm6MwI1lsveTPzPG6QqvPIyypNUEY4Xi8KUWSq2ZoFYARUEKzbVBLCg+lYLj0HnoHRsFR2Cs/zyKuk26o5dd+6a1VaziKOMTtEZqiEHXaIWukVt1EEYPaJn9IrejCfjxXg3PhatJaOYOUZ/YHz+ALc5l4I=</latexit><latexit sha1_base64="JMJttfNDhxEAumddO7SzYbK32qU=">AAACA3icbVBNS8NAEN3Ur1q/ot70EixCvZSkFPQiFLx4rGA/oAllstm0SzebsLsRSgh48a948aCIV/+EN/+N2zYHbX0w8Hhvhpl5fsKoVLb9bZTW1jc2t8rblZ3dvf0D8/CoK+NUYNLBMYtF3wdJGOWko6hipJ8IApHPSM+f3Mz83gMRksb8Xk0T4kUw4jSkGJSWhuaJCywZw7WrgI9rbigAZ40gz1h+MTSrdt2ew1olTkGqqEB7aH65QYzTiHCFGUg5cOxEeRkIRTEjecVNJUkAT2BEBppyiIj0svkPuXWulcAKY6GLK2uu/p7IIJJyGvm6MwI1lsveTPzPG6QqvPIyypNUEY4Xi8KUWSq2ZoFYARUEKzbVBLCg+lYLj0HnoHRsFR2Cs/zyKuk26o5dd+6a1VaziKOMTtEZqiEHXaIWukVt1EEYPaJn9IrejCfjxXg3PhatJaOYOUZ/YHz+ALc5l4I=</latexit>
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<latexit sha1_base64="ZI0x9ekW6d8SDgbgS3l2nZ9QlL0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSwzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp3FQ9t+q1apVGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/P04zi</latexit><latexit sha1_base64="ZI0x9ekW6d8SDgbgS3l2nZ9QlL0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSwzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp3FQ9t+q1apVGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/P04zi</latexit><latexit sha1_base64="ZI0x9ekW6d8SDgbgS3l2nZ9QlL0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSwzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp3FQ9t+q1apVGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/P04zi</latexit><latexit sha1_base64="ZI0x9ekW6d8SDgbgS3l2nZ9QlL0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSwzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp3FQ9t+q1apVGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/P04zi</latexit>

Landau potential
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<latexit sha1_base64="3b3qZL91ypWPby3uTOIDB7MIMb8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4qkkF9Vjw4rGi/YA2lM1m0i7dbMLuRiylP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZIphg2WiES1A6pRcIkNw43AdqqQxoHAVjC8mfqtR1SaJ/LBjFL0Y9qXPOKMGivdP52HvVLZrbgzkGXi5aQMOeq90lc3TFgWozRMUK07npsaf0yV4UzgpNjNNKaUDWkfO5ZKGqP2x7NTJ+TUKiGJEmVLGjJTf0+Maaz1KA5sZ0zNQC96U/E/r5OZ6Nofc5lmBiWbL4oyQUxCpn+TkCtkRowsoUxxeythA6ooMzadog3BW3x5mTSrFe+iUr2rlmuXeRwFOIYTOAMPrqAGt1CHBjDowzO8wpsjnBfn3fmYt644+cwR/IHz+QMNHo2Z</latexit>

l

d
= 1

<latexit sha1_base64="Z3qdTmjY/osVvq2hwImfNXLdbO4=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkpSBXsRCl48VrAf0Iay2WzapZtN2N0INeSXePGgiFd/ijf/jds2B219MPB4b4aZeX7CmdKO822VNja3tnfKu5W9/YPDqn103FVxKgntkJjHsu9jRTkTtKOZ5rSfSIojn9OeP72d+71HKhWLxYOeJdSL8FiwkBGsjTSyq8NQYpLxPAtydIPckV1z6s4CaJ24BalBgfbI/hoGMUkjKjThWKmB6yTay7DUjHCaV4apogkmUzymA0MFjqjyssXhOTo3SoDCWJoSGi3U3xMZjpSaRb7pjLCeqFVvLv7nDVIdNr2MiSTVVJDlojDlSMdongIKmKRE85khmEhmbkVkgk0S2mRVMSG4qy+vk26j7l7WG/dXtVaziKMMp3AGF+DCNbTgDtrQAQIpPMMrvFlP1ov1bn0sW0tWMXMCf2B9/gAFPpKh</latexit>

no pinning even for sharp interfaces

⟶ same interface energy (10-14) :�int ' 0.44263�d�1
<latexit sha1_base64="yqK7VzR57V8E58R9Cgz96rF3wAQ=">AAACEXicbVBPS8MwHE3nvzn/VT16CQ5BQUc7h7rbwIvHCdYN1jnSNN3CkrYmqTBKP4MXv4oXDypevXnz25htPejmg8Djvd8vyXtezKhUlvVtFBYWl5ZXiqultfWNzS1ze+dWRonAxMERi0TbQ5IwGhJHUcVIOxYEcY+Rlje8HPutByIkjcIbNYpJl6N+SAOKkdJSzzxyJe1z1EtpqDLNObm3KrVa9ezUPXaZvsdH0L9LT+ysZ5atijUBnCd2TsogR7Nnfrl+hBNOQoUZkrJjW7HqpkgoihnJSm4iSYzwEPVJR9MQcSK76SRSBg+04sMgEvqECk7U3xsp4lKOuKcnOVIDOeuNxf+8TqKCi65OGyeKhHj6UJAwqCI47gf6VBCs2EgThAXVf4V4gATCSrdY0iXYs5HniVOt1CvWda3cqOdtFMEe2AeHwAbnoAGuQBM4AINH8AxewZvxZLwY78bHdLRg5Du74A+Mzx/Zipx3</latexit><latexit sha1_base64="yqK7VzR57V8E58R9Cgz96rF3wAQ=">AAACEXicbVBPS8MwHE3nvzn/VT16CQ5BQUc7h7rbwIvHCdYN1jnSNN3CkrYmqTBKP4MXv4oXDypevXnz25htPejmg8Djvd8vyXtezKhUlvVtFBYWl5ZXiqultfWNzS1ze+dWRonAxMERi0TbQ5IwGhJHUcVIOxYEcY+Rlje8HPutByIkjcIbNYpJl6N+SAOKkdJSzzxyJe1z1EtpqDLNObm3KrVa9ezUPXaZvsdH0L9LT+ysZ5atijUBnCd2TsogR7Nnfrl+hBNOQoUZkrJjW7HqpkgoihnJSm4iSYzwEPVJR9MQcSK76SRSBg+04sMgEvqECk7U3xsp4lKOuKcnOVIDOeuNxf+8TqKCi65OGyeKhHj6UJAwqCI47gf6VBCs2EgThAXVf4V4gATCSrdY0iXYs5HniVOt1CvWda3cqOdtFMEe2AeHwAbnoAGuQBM4AINH8AxewZvxZLwY78bHdLRg5Du74A+Mzx/Zipx3</latexit><latexit sha1_base64="yqK7VzR57V8E58R9Cgz96rF3wAQ=">AAACEXicbVBPS8MwHE3nvzn/VT16CQ5BQUc7h7rbwIvHCdYN1jnSNN3CkrYmqTBKP4MXv4oXDypevXnz25htPejmg8Djvd8vyXtezKhUlvVtFBYWl5ZXiqultfWNzS1ze+dWRonAxMERi0TbQ5IwGhJHUcVIOxYEcY+Rlje8HPutByIkjcIbNYpJl6N+SAOKkdJSzzxyJe1z1EtpqDLNObm3KrVa9ezUPXaZvsdH0L9LT+ysZ5atijUBnCd2TsogR7Nnfrl+hBNOQoUZkrJjW7HqpkgoihnJSm4iSYzwEPVJR9MQcSK76SRSBg+04sMgEvqECk7U3xsp4lKOuKcnOVIDOeuNxf+8TqKCi65OGyeKhHj6UJAwqCI47gf6VBCs2EgThAXVf4V4gATCSrdY0iXYs5HniVOt1CvWda3cqOdtFMEe2AeHwAbnoAGuQBM4AINH8AxewZvxZLwY78bHdLRg5Du74A+Mzx/Zipx3</latexit>

⟶ interface energy is exactly invariante by translation  !
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S-PFM in 3D
2D - 3D :

�int• no solution          such that         is exactly invariant by translation along all directions

• no way to recover exact translational and rotational invariances on a discrete lattice
g(�)

⟶ we proceed as follows :  

• select a plane family               along which we impose continuous translational invariance(h1k1l1)
<latexit sha1_base64="B4GBzrexoyhTfRNu0XgycltkSjo=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0mkoN4KXjxWMLaQhrDZbtqlm92wuxFK6M/w4kHFq//Gm//GbZuDtj4YeLw3w8y8OONMG9f9dtbWNza3tis71d29/YPD2tHxo5a5ItQnkkvVi7GmnAnqG2Y47WWK4jTmtBuPb2d+94kqzaR4MJOMhikeCpYwgo2VgsYo8saRxyPvIqrV3aY7B1olXknqUKIT1b76A0nylApDONY68NzMhAVWhhFOp9V+rmmGyRgPaWCpwCnVYTE/eYrOrTJAiVS2hEFz9fdEgVOtJ2lsO1NsRnrZm4n/eUFukuuwYCLLDRVksSjJOTISzf5HA6YoMXxiCSaK2VsRGWGFibEpVW0I3vLLq8S/bN403ftWvd0q06jAKZxBAzy4gjbcQQd8ICDhGV7hzTHOi/PufCxa15xy5gT+wPn8AQbcj+0=</latexit><latexit sha1_base64="B4GBzrexoyhTfRNu0XgycltkSjo=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0mkoN4KXjxWMLaQhrDZbtqlm92wuxFK6M/w4kHFq//Gm//GbZuDtj4YeLw3w8y8OONMG9f9dtbWNza3tis71d29/YPD2tHxo5a5ItQnkkvVi7GmnAnqG2Y47WWK4jTmtBuPb2d+94kqzaR4MJOMhikeCpYwgo2VgsYo8saRxyPvIqrV3aY7B1olXknqUKIT1b76A0nylApDONY68NzMhAVWhhFOp9V+rmmGyRgPaWCpwCnVYTE/eYrOrTJAiVS2hEFz9fdEgVOtJ2lsO1NsRnrZm4n/eUFukuuwYCLLDRVksSjJOTISzf5HA6YoMXxiCSaK2VsRGWGFibEpVW0I3vLLq8S/bN403ftWvd0q06jAKZxBAzy4gjbcQQd8ICDhGV7hzTHOi/PufCxa15xy5gT+wPn8AQbcj+0=</latexit><latexit sha1_base64="B4GBzrexoyhTfRNu0XgycltkSjo=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0mkoN4KXjxWMLaQhrDZbtqlm92wuxFK6M/w4kHFq//Gm//GbZuDtj4YeLw3w8y8OONMG9f9dtbWNza3tis71d29/YPD2tHxo5a5ItQnkkvVi7GmnAnqG2Y47WWK4jTmtBuPb2d+94kqzaR4MJOMhikeCpYwgo2VgsYo8saRxyPvIqrV3aY7B1olXknqUKIT1b76A0nylApDONY68NzMhAVWhhFOp9V+rmmGyRgPaWCpwCnVYTE/eYrOrTJAiVS2hEFz9fdEgVOtJ2lsO1NsRnrZm4n/eUFukuuwYCLLDRVksSjJOTISzf5HA6YoMXxiCSaK2VsRGWGFibEpVW0I3vLLq8S/bN403ftWvd0q06jAKZxBAzy4gjbcQQd8ICDhGV7hzTHOi/PufCxa15xy5gT+wPn8AQbcj+0=</latexit>

g(�) =
�

4

3X

i=1

�i
⌫i
d2i

miX

k=1

{↵i(~ri(k))2 � 1

↵i(~ri(k))2
log[1� ↵i(~ri(k))

2(2�� 1)2]� (2�� 1)2}
<latexit sha1_base64="M8lPTaCAPB9KMgk8NjZd/zYzIHY="></latexit><latexit sha1_base64="M8lPTaCAPB9KMgk8NjZd/zYzIHY="></latexit><latexit sha1_base64="M8lPTaCAPB9KMgk8NjZd/zYzIHY="></latexit>

↵i(~ri(k)) = tanh(
~ri(k).~u

w
)

<latexit sha1_base64="pwi0bMwjytsXiPsODqNY2KokKpk=">AAACJHicbZDNSgMxFIUz/tb6N+rSTbAI7aZMpaCCQsGNywrWFjpDuZNm2tBMZkgylTL0Zdz4Km5cWHHhxmcxbWdRWy8EvpxzL8k9fsyZ0o7zba2tb2xubed28rt7+weH9tHxk4oSSWiDRDySLR8U5UzQhmaa01YsKYQ+p01/cDf1m0MqFYvEox7F1AuhJ1jACGgjdewbF3jchw4rukNKsDQwKJVuXQ2iX3QDCSRdMHAZz24JHqfP41LHLjhlZ1Z4FSoZFFBW9Y49cbsRSUIqNOGgVLvixNpLQWpGOB3n3UTRGMgAerRtUEBIlZfOthzjc6N0cRBJc4TGM3VxIoVQqVHom84QdF8te1PxP6+d6ODKS5mIE00FmT8UJBzrCE8jw10mKdF8ZACIZOavmPTBRKNNsHkTQmV55VVoXJSvy85DtVCrZmnk0Ck6Q0VUQZeohu5RHTUQQS/oDX2gifVqvVuf1te8dc3KZk7Qn7J+fgEgdKNU</latexit><latexit sha1_base64="pwi0bMwjytsXiPsODqNY2KokKpk=">AAACJHicbZDNSgMxFIUz/tb6N+rSTbAI7aZMpaCCQsGNywrWFjpDuZNm2tBMZkgylTL0Zdz4Km5cWHHhxmcxbWdRWy8EvpxzL8k9fsyZ0o7zba2tb2xubed28rt7+weH9tHxk4oSSWiDRDySLR8U5UzQhmaa01YsKYQ+p01/cDf1m0MqFYvEox7F1AuhJ1jACGgjdewbF3jchw4rukNKsDQwKJVuXQ2iX3QDCSRdMHAZz24JHqfP41LHLjhlZ1Z4FSoZFFBW9Y49cbsRSUIqNOGgVLvixNpLQWpGOB3n3UTRGMgAerRtUEBIlZfOthzjc6N0cRBJc4TGM3VxIoVQqVHom84QdF8te1PxP6+d6ODKS5mIE00FmT8UJBzrCE8jw10mKdF8ZACIZOavmPTBRKNNsHkTQmV55VVoXJSvy85DtVCrZmnk0Ck6Q0VUQZeohu5RHTUQQS/oDX2gifVqvVuf1te8dc3KZk7Qn7J+fgEgdKNU</latexit><latexit sha1_base64="pwi0bMwjytsXiPsODqNY2KokKpk=">AAACJHicbZDNSgMxFIUz/tb6N+rSTbAI7aZMpaCCQsGNywrWFjpDuZNm2tBMZkgylTL0Zdz4Km5cWHHhxmcxbWdRWy8EvpxzL8k9fsyZ0o7zba2tb2xubed28rt7+weH9tHxk4oSSWiDRDySLR8U5UzQhmaa01YsKYQ+p01/cDf1m0MqFYvEox7F1AuhJ1jACGgjdewbF3jchw4rukNKsDQwKJVuXQ2iX3QDCSRdMHAZz24JHqfP41LHLjhlZ1Z4FSoZFFBW9Y49cbsRSUIqNOGgVLvixNpLQWpGOB3n3UTRGMgAerRtUEBIlZfOthzjc6N0cRBJc4TGM3VxIoVQqVHom84QdF8te1PxP6+d6ODKS5mIE00FmT8UJBzrCE8jw10mKdF8ZACIZOavmPTBRKNNsHkTQmV55VVoXJSvy85DtVCrZmnk0Ck6Q0VUQZeohu5RHTUQQS/oDX2gifVqvVuf1te8dc3KZk7Qn7J+fgEgdKNU</latexit>

~u :
<latexit sha1_base64="8VUoLBLQ+3B1hFUBJZNZxrkyAh8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lF/DoVvHisYGyhDWWznbRLN5u4uymU0D/hxYOKV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bo45TxdBjsYhVK6AaBZfoGW4EthKFNAoENoPh7dRvjlBpHssHM07Qj2hf8pAzaqzU6oyQkZTcdMsVt+rOQJZJLScVyNHolr86vZilEUrDBNW6XXMT42dUGc4ETkqdVGNC2ZD2sW2ppBFqP5vdOyEnVumRMFa2pCEz9fdERiOtx1FgOyNqBnrRm4r/ee3UhFd+xmWSGpRsvihMBTExmT5PelwhM2JsCWWK21sJG1BFmbERlWwItcWXl4l3Vr2uuvfnlfpFnkYRjuAYTqEGl1CHO2iABwwEPMMrvDlPzovz7nzMWwtOPnMIf+B8/gB9No8a</latexit><latexit sha1_base64="8VUoLBLQ+3B1hFUBJZNZxrkyAh8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lF/DoVvHisYGyhDWWznbRLN5u4uymU0D/hxYOKV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bo45TxdBjsYhVK6AaBZfoGW4EthKFNAoENoPh7dRvjlBpHssHM07Qj2hf8pAzaqzU6oyQkZTcdMsVt+rOQJZJLScVyNHolr86vZilEUrDBNW6XXMT42dUGc4ETkqdVGNC2ZD2sW2ppBFqP5vdOyEnVumRMFa2pCEz9fdERiOtx1FgOyNqBnrRm4r/ee3UhFd+xmWSGpRsvihMBTExmT5PelwhM2JsCWWK21sJG1BFmbERlWwItcWXl4l3Vr2uuvfnlfpFnkYRjuAYTqEGl1CHO2iABwwEPMMrvDlPzovz7nzMWwtOPnMIf+B8/gB9No8a</latexit><latexit sha1_base64="8VUoLBLQ+3B1hFUBJZNZxrkyAh8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lF/DoVvHisYGyhDWWznbRLN5u4uymU0D/hxYOKV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bo45TxdBjsYhVK6AaBZfoGW4EthKFNAoENoPh7dRvjlBpHssHM07Qj2hf8pAzaqzU6oyQkZTcdMsVt+rOQJZJLScVyNHolr86vZilEUrDBNW6XXMT42dUGc4ETkqdVGNC2ZD2sW2ppBFqP5vdOyEnVumRMFa2pCEz9fdERiOtx1FgOyNqBnrRm4r/ee3UhFd+xmWSGpRsvihMBTExmT5PelwhM2JsCWWK21sJG1BFmbERlWwItcWXl4l3Vr2uuvfnlfpFnkYRjuAYTqEGl1CHO2iABwwEPMMrvDlPzovz7nzMWwtOPnMIf+B8/gB9No8a</latexit>

unitary vector perpendicular to planes (h1k1k1)
<latexit sha1_base64="x4nVNlNhjPiHfx4ZCovOyk14moE=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBHqpsyI+NgV3Lis4NjCdCiZNNOGZpIhyQhl6Ge4caHi1r9x59+YTmehrYcEDufcy733RCln2rjut7Oyura+sVnZqm7v7O7t1w4OH7XMFKE+kVyqboQ15UxQ3zDDaTdVFCcRp51ofDvzO09UaSbFg5mkNEzwULCYEWysFDRGfW9cvLN+re423QJomXglqUOJdr/21RtIkiVUGMKx1oHnpibMsTKMcDqt9jJNU0zGeEgDSwVOqA7zYuUpOrXKAMVS2S8MKtTfHTlOtJ4kka1MsBnpRW8m/ucFmYmvw5yJNDNUkPmgOOPISDS7Hw2YosTwiSWYKGZ3RWSEFSbGplS1IXiLJy8T/7x503TvL+qtyzKNChzDCTTAgytowR20wQcCEp7hFd4c47w4787HvHTFKXuO4A+czx8F8I/u</latexit><latexit sha1_base64="x4nVNlNhjPiHfx4ZCovOyk14moE=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBHqpsyI+NgV3Lis4NjCdCiZNNOGZpIhyQhl6Ge4caHi1r9x59+YTmehrYcEDufcy733RCln2rjut7Oyura+sVnZqm7v7O7t1w4OH7XMFKE+kVyqboQ15UxQ3zDDaTdVFCcRp51ofDvzO09UaSbFg5mkNEzwULCYEWysFDRGfW9cvLN+re423QJomXglqUOJdr/21RtIkiVUGMKx1oHnpibMsTKMcDqt9jJNU0zGeEgDSwVOqA7zYuUpOrXKAMVS2S8MKtTfHTlOtJ4kka1MsBnpRW8m/ucFmYmvw5yJNDNUkPmgOOPISDS7Hw2YosTwiSWYKGZ3RWSEFSbGplS1IXiLJy8T/7x503TvL+qtyzKNChzDCTTAgytowR20wQcCEp7hFd4c47w4787HvHTFKXuO4A+czx8F8I/u</latexit><latexit sha1_base64="x4nVNlNhjPiHfx4ZCovOyk14moE=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBHqpsyI+NgV3Lis4NjCdCiZNNOGZpIhyQhl6Ge4caHi1r9x59+YTmehrYcEDufcy733RCln2rjut7Oyura+sVnZqm7v7O7t1w4OH7XMFKE+kVyqboQ15UxQ3zDDaTdVFCcRp51ofDvzO09UaSbFg5mkNEzwULCYEWysFDRGfW9cvLN+re423QJomXglqUOJdr/21RtIkiVUGMKx1oHnpibMsTKMcDqt9jJNU0zGeEgDSwVOqA7zYuUpOrXKAMVS2S8MKtTfHTlOtJ4kka1MsBnpRW8m/ucFmYmvw5yJNDNUkPmgOOPISDS7Hw2YosTwiSWYKGZ3RWSEFSbGplS1IXiLJy8T/7x503TvL+qtyzKNChzDCTTAgytowR20wQcCEp7hFd4c47w4787HvHTFKXuO4A+czx8F8I/u</latexit>

• solution :

di = ||~ri(.)||
<latexit sha1_base64="ji9VEhB8Xok/n3S+ikHWu3KR5p8=">AAACEXicbVDLSgMxFM34rPU16tJNsAjtZpiRgroQCm5cVrC20A5DJpNpQzMPkjtCGfoNbvwVNy5U3Lpz59+YtgPW1gMJh3POJbnHTwVXYNvfxsrq2vrGZmmrvL2zu7dvHhzeqySTlLVoIhLZ8YligsesBRwE66SSkcgXrO0Pryd++4FJxZP4DkYpcyPSj3nIKQEteWYt8Di+wj2dgd+bYunxqlWb1z2zYlv2FHiZOAWpoAJNz/zqBQnNIhYDFUSprmOn4OZEAqeCjcu9TLGU0CHps66mMYmYcvPpSmN8qpUAh4nUJwY8VecnchIpNYp8nYwIDNSiNxH/87oZhBduzuM0AxbT2UNhJjAkeNIPDrhkFMRIE0Il13/FdEAkoaBbLOsSnMWVl0nrzLq07Nt6pVEv2iihY3SCqshB56iBblATtRBFj+gZvaI348l4Md6Nj1l0xShmjtAfGJ8/NsScGg==</latexit><latexit sha1_base64="ji9VEhB8Xok/n3S+ikHWu3KR5p8=">AAACEXicbVDLSgMxFM34rPU16tJNsAjtZpiRgroQCm5cVrC20A5DJpNpQzMPkjtCGfoNbvwVNy5U3Lpz59+YtgPW1gMJh3POJbnHTwVXYNvfxsrq2vrGZmmrvL2zu7dvHhzeqySTlLVoIhLZ8YligsesBRwE66SSkcgXrO0Pryd++4FJxZP4DkYpcyPSj3nIKQEteWYt8Di+wj2dgd+bYunxqlWb1z2zYlv2FHiZOAWpoAJNz/zqBQnNIhYDFUSprmOn4OZEAqeCjcu9TLGU0CHps66mMYmYcvPpSmN8qpUAh4nUJwY8VecnchIpNYp8nYwIDNSiNxH/87oZhBduzuM0AxbT2UNhJjAkeNIPDrhkFMRIE0Il13/FdEAkoaBbLOsSnMWVl0nrzLq07Nt6pVEv2iihY3SCqshB56iBblATtRBFj+gZvaI348l4Md6Nj1l0xShmjtAfGJ8/NsScGg==</latexit><latexit sha1_base64="ji9VEhB8Xok/n3S+ikHWu3KR5p8=">AAACEXicbVDLSgMxFM34rPU16tJNsAjtZpiRgroQCm5cVrC20A5DJpNpQzMPkjtCGfoNbvwVNy5U3Lpz59+YtgPW1gMJh3POJbnHTwVXYNvfxsrq2vrGZmmrvL2zu7dvHhzeqySTlLVoIhLZ8YligsesBRwE66SSkcgXrO0Pryd++4FJxZP4DkYpcyPSj3nIKQEteWYt8Di+wj2dgd+bYunxqlWb1z2zYlv2FHiZOAWpoAJNz/zqBQnNIhYDFUSprmOn4OZEAqeCjcu9TLGU0CHps66mMYmYcvPpSmN8qpUAh4nUJwY8VecnchIpNYp8nYwIDNSiNxH/87oZhBduzuM0AxbT2UNhJjAkeNIPDrhkFMRIE0Il13/FdEAkoaBbLOsSnMWVl0nrzLq07Nt6pVEv2iihY3SCqshB56iBblATtRBFj+gZvaI348l4Md6Nj1l0xShmjtAfGJ8/NsScGg==</latexit>

⌫i =
3

mi
<latexit sha1_base64="EmoK6ivydPTwZ7QFWjJX4qfxgls=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyXRgm6EghuXFewDmhIm00k7dDIJMxOhhuCvuHGhiFv/w51/47TNQlsPXDiccy/33hMknCntON9WaWV1bX2jvFnZ2t7Z3bP3D9oqTiWhLRLzWHYDrChngrY005x2E0lxFHDaCcY3U7/zQKVisbjXk4T2IzwULGQEayP59pEnUp+hay+UmGQXeRb5LPftqlNzZkDLxC1IFQo0ffvLG8QkjajQhGOleq6T6H6GpWaE07zipYommIzxkPYMFTiiqp/Nrs/RqVEGKIylKaHRTP09keFIqUkUmM4I65Fa9Kbif14v1eFVP2MiSTUVZL4oTDnSMZpGgQZMUqL5xBBMJDO3IjLCJgdtAquYENzFl5dJ+7zmOjX3rl5t1Is4ynAMJ3AGLlxCA26hCS0g8AjP8Apv1pP1Yr1bH/PWklXMHMIfWJ8/VqyVGQ==</latexit><latexit sha1_base64="EmoK6ivydPTwZ7QFWjJX4qfxgls=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyXRgm6EghuXFewDmhIm00k7dDIJMxOhhuCvuHGhiFv/w51/47TNQlsPXDiccy/33hMknCntON9WaWV1bX2jvFnZ2t7Z3bP3D9oqTiWhLRLzWHYDrChngrY005x2E0lxFHDaCcY3U7/zQKVisbjXk4T2IzwULGQEayP59pEnUp+hay+UmGQXeRb5LPftqlNzZkDLxC1IFQo0ffvLG8QkjajQhGOleq6T6H6GpWaE07zipYommIzxkPYMFTiiqp/Nrs/RqVEGKIylKaHRTP09keFIqUkUmM4I65Fa9Kbif14v1eFVP2MiSTUVZL4oTDnSMZpGgQZMUqL5xBBMJDO3IjLCJgdtAquYENzFl5dJ+7zmOjX3rl5t1Is4ynAMJ3AGLlxCA26hCS0g8AjP8Apv1pP1Yr1bH/PWklXMHMIfWJ8/VqyVGQ==</latexit><latexit sha1_base64="EmoK6ivydPTwZ7QFWjJX4qfxgls=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyXRgm6EghuXFewDmhIm00k7dDIJMxOhhuCvuHGhiFv/w51/47TNQlsPXDiccy/33hMknCntON9WaWV1bX2jvFnZ2t7Z3bP3D9oqTiWhLRLzWHYDrChngrY005x2E0lxFHDaCcY3U7/zQKVisbjXk4T2IzwULGQEayP59pEnUp+hay+UmGQXeRb5LPftqlNzZkDLxC1IFQo0ffvLG8QkjajQhGOleq6T6H6GpWaE07zipYommIzxkPYMFTiiqp/Nrs/RqVEGKIylKaHRTP09keFIqUkUmM4I65Fa9Kbif14v1eFVP2MiSTUVZL4oTDnSMZpGgQZMUqL5xBBMJDO3IjLCJgdtAquYENzFl5dJ+7zmOjX3rl5t1Is4ynAMJ3AGLlxCA26hCS0g8AjP8Apv1pP1Yr1bH/PWklXMHMIfWJ8/VqyVGQ==</latexit><latexit sha1_base64="EmoK6ivydPTwZ7QFWjJX4qfxgls=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyXRgm6EghuXFewDmhIm00k7dDIJMxOhhuCvuHGhiFv/w51/47TNQlsPXDiccy/33hMknCntON9WaWV1bX2jvFnZ2t7Z3bP3D9oqTiWhLRLzWHYDrChngrY005x2E0lxFHDaCcY3U7/zQKVisbjXk4T2IzwULGQEayP59pEnUp+hay+UmGQXeRb5LPftqlNzZkDLxC1IFQo0ffvLG8QkjajQhGOleq6T6H6GpWaE07zipYommIzxkPYMFTiiqp/Nrs/RqVEGKIylKaHRTP09keFIqUkUmM4I65Fa9Kbif14v1eFVP2MiSTUVZL4oTDnSMZpGgQZMUqL5xBBMJDO3IjLCJgdtAquYENzFl5dJ+7zmOjX3rl5t1Is4ynAMJ3AGLlxCA26hCS0g8AjP8Apv1pP1Yr1bH/PWklXMHMIfWJ8/VqyVGQ==</latexit>

F =
X

~r

{ g(�(~r)) + �

2

nX

i=1

�i
⌫i
d2i

miX

k=1

||�(~r + ~ri(k))� �(~r)||2 }
<latexit sha1_base64="H9NAuwXz3iURk0xoahIZuJLzTAk="></latexit>

nX

i=1

�i = 1
<latexit sha1_base64="Q6M7nhO5vs08BJViJuwwnwvwBMU=">AAACAnicbVDLSgNBEOz1GeNr1ZN4GQyCp7AbA3oJBLx4jGAekKzL7GSSDJmZXWZmhbAEL/6KFw+KePUrvPk3Th4HTSxoKKq66e6KEs608bxvZ2V1bX1jM7eV397Z3dt3Dw4bOk4VoXUS81i1IqwpZ5LWDTOcthJFsYg4bUbD64nffKBKs1jemVFCA4H7kvUYwcZKoXvc0akIM1bxx/cSdfpYCBwyVEF+6Ba8ojcFWib+nBRgjlrofnW6MUkFlYZwrHXb9xITZFgZRjgd5zuppgkmQ9ynbUslFlQH2fSFMTqzShf1YmVLGjRVf09kWGg9EpHtFNgM9KI3Ef/z2qnpXQUZk0lqqCSzRb2UIxOjSR6oyxQlho8swUQxeysiA6wwMTa1vA3BX3x5mTRKRf+iWLotF6rleRw5OIFTOAcfLqEKN1CDOhB4hGd4hTfnyXlx3p2PWeuKM585gj9wPn8AonWWOw==</latexit>

• extend gradient terms to       neighbours, with weighting coefficients     !nth
<latexit sha1_base64="rIEuYzsJSri25FMigVicpBxQCME=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmAcka5idTJIxszPLTK8QlvyDFw+KePV/vPk3TpI9aLSgoajqprsrSqSw6PtfXmFtfWNzq7hd2tnd2z8oHx61rE4N402mpTadiFouheJNFCh5JzGcxpHk7WhyPffbj9xYodUdThMexnSkxFAwik5qqfsMx7N+ueJX/QXIXxLkpAI5Gv3yZ2+gWRpzhUxSa7uBn2CYUYOCST4r9VLLE8omdMS7jioacxtmi2tn5MwpAzLUxpVCslB/TmQ0tnYaR64zpji2q95c/M/rpji8CjOhkhS5YstFw1QS1GT+OhkIwxnKqSOUGeFuJWxMDWXoAiq5EILVl/+S1kU18KvBba1Sr+VxFOEETuEcAriEOtxAA5rA4AGe4AVePe09e2/e+7K14OUzx/AL3sc35caPSA==</latexit><latexit sha1_base64="rIEuYzsJSri25FMigVicpBxQCME=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmAcka5idTJIxszPLTK8QlvyDFw+KePV/vPk3TpI9aLSgoajqprsrSqSw6PtfXmFtfWNzq7hd2tnd2z8oHx61rE4N402mpTadiFouheJNFCh5JzGcxpHk7WhyPffbj9xYodUdThMexnSkxFAwik5qqfsMx7N+ueJX/QXIXxLkpAI5Gv3yZ2+gWRpzhUxSa7uBn2CYUYOCST4r9VLLE8omdMS7jioacxtmi2tn5MwpAzLUxpVCslB/TmQ0tnYaR64zpji2q95c/M/rpji8CjOhkhS5YstFw1QS1GT+OhkIwxnKqSOUGeFuJWxMDWXoAiq5EILVl/+S1kU18KvBba1Sr+VxFOEETuEcAriEOtxAA5rA4AGe4AVePe09e2/e+7K14OUzx/AL3sc35caPSA==</latexit><latexit sha1_base64="rIEuYzsJSri25FMigVicpBxQCME=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmAcka5idTJIxszPLTK8QlvyDFw+KePV/vPk3TpI9aLSgoajqprsrSqSw6PtfXmFtfWNzq7hd2tnd2z8oHx61rE4N402mpTadiFouheJNFCh5JzGcxpHk7WhyPffbj9xYodUdThMexnSkxFAwik5qqfsMx7N+ueJX/QXIXxLkpAI5Gv3yZ2+gWRpzhUxSa7uBn2CYUYOCST4r9VLLE8omdMS7jioacxtmi2tn5MwpAzLUxpVCslB/TmQ0tnYaR64zpji2q95c/M/rpji8CjOhkhS5YstFw1QS1GT+OhkIwxnKqSOUGeFuJWxMDWXoAiq5EILVl/+S1kU18KvBba1Sr+VxFOEETuEcAriEOtxAA5rA4AGe4AVePe09e2/e+7K14OUzx/AL3sc35caPSA==</latexit><latexit sha1_base64="rIEuYzsJSri25FMigVicpBxQCME=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmAcka5idTJIxszPLTK8QlvyDFw+KePV/vPk3TpI9aLSgoajqprsrSqSw6PtfXmFtfWNzq7hd2tnd2z8oHx61rE4N402mpTadiFouheJNFCh5JzGcxpHk7WhyPffbj9xYodUdThMexnSkxFAwik5qqfsMx7N+ueJX/QXIXxLkpAI5Gv3yZ2+gWRpzhUxSa7uBn2CYUYOCST4r9VLLE8omdMS7jioacxtmi2tn5MwpAzLUxpVCslB/TmQ0tnYaR64zpji2q95c/M/rpji8CjOhkhS5YstFw1QS1GT+OhkIwxnKqSOUGeFuJWxMDWXoAiq5EILVl/+S1kU18KvBba1Sr+VxFOEETuEcAriEOtxAA5rA4AGe4AVePe09e2/e+7K14OUzx/AL3sc35caPSA==</latexit>

�i
<latexit sha1_base64="/aNHoiuteYNQmyEopeIUPYQIgaI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2A9oQ5lsN+3S3STuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBI9Yy3AjWDdRDGUgWCeY3M79zhNTmsfRg5kmzJc4injIKRordfsjlBIHfFCuuFV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8MbPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXqt5VtXZfrzTqeRxFOINzuAQPrqEBd9CEFlAQ8Ayv8OY8Oi/Ou/OxbC04+cwp/IHz+QMCPI/n</latexit>

• need             degrees of freedom(n� 1)
<latexit sha1_base64="DSIF0E+RSWVATEoyP9Jkcaz+m8A=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahHiyJFPRY8OKxgmkLbSib7bZdutmE3YlQQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewsbm1vVPcLe3tHxwelY9PWiZONeM+i2WsOyE1XArFfRQoeSfRnEah5O1wcjf3209cGxGrR5wmPIjoSImhYBSt5FfVlXfZL1fcmrsAWSdeTiqQo9kvf/UGMUsjrpBJakzXcxMMMqpRMMlnpV5qeELZhI5411JFI26CbHHsjFxYZUCGsbalkCzU3xMZjYyZRqHtjCiOzao3F//zuikOb4NMqCRFrthy0TCVBGMy/5wMhOYM5dQSyrSwtxI2ppoytPmUbAje6svrpHVd89ya91CvNOp5HEU4g3Ooggc30IB7aIIPDAQ8wyu8Ocp5cd6dj2VrwclnTuEPnM8fckaNuw==</latexit><latexit sha1_base64="DSIF0E+RSWVATEoyP9Jkcaz+m8A=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahHiyJFPRY8OKxgmkLbSib7bZdutmE3YlQQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewsbm1vVPcLe3tHxwelY9PWiZONeM+i2WsOyE1XArFfRQoeSfRnEah5O1wcjf3209cGxGrR5wmPIjoSImhYBSt5FfVlXfZL1fcmrsAWSdeTiqQo9kvf/UGMUsjrpBJakzXcxMMMqpRMMlnpV5qeELZhI5411JFI26CbHHsjFxYZUCGsbalkCzU3xMZjYyZRqHtjCiOzao3F//zuikOb4NMqCRFrthy0TCVBGMy/5wMhOYM5dQSyrSwtxI2ppoytPmUbAje6svrpHVd89ya91CvNOp5HEU4g3Ooggc30IB7aIIPDAQ8wyu8Ocp5cd6dj2VrwclnTuEPnM8fckaNuw==</latexit><latexit sha1_base64="DSIF0E+RSWVATEoyP9Jkcaz+m8A=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahHiyJFPRY8OKxgmkLbSib7bZdutmE3YlQQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewsbm1vVPcLe3tHxwelY9PWiZONeM+i2WsOyE1XArFfRQoeSfRnEah5O1wcjf3209cGxGrR5wmPIjoSImhYBSt5FfVlXfZL1fcmrsAWSdeTiqQo9kvf/UGMUsjrpBJakzXcxMMMqpRMMlnpV5qeELZhI5411JFI26CbHHsjFxYZUCGsbalkCzU3xMZjYyZRqHtjCiOzao3F//zuikOb4NMqCRFrthy0TCVBGMy/5wMhOYM5dQSyrSwtxI2ppoytPmUbAje6svrpHVd89ya91CvNOp5HEU4g3Ooggc30IB7aIIPDAQ8wyu8Ocp5cd6dj2VrwclnTuEPnM8fckaNuw==</latexit><latexit sha1_base64="DSIF0E+RSWVATEoyP9Jkcaz+m8A=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahHiyJFPRY8OKxgmkLbSib7bZdutmE3YlQQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewsbm1vVPcLe3tHxwelY9PWiZONeM+i2WsOyE1XArFfRQoeSfRnEah5O1wcjf3209cGxGrR5wmPIjoSImhYBSt5FfVlXfZL1fcmrsAWSdeTiqQo9kvf/UGMUsjrpBJakzXcxMMMqpRMMlnpV5qeELZhI5411JFI26CbHHsjFxYZUCGsbalkCzU3xMZjYyZRqHtjCiOzao3F//zuikOb4NMqCRFrthy0TCVBGMy/5wMhOYM5dQSyrSwtxI2ppoytPmUbAje6svrpHVd89ya91CvNOp5HEU4g3Ooggc30IB7aIIPDAQ8wyu8Ocp5cd6dj2VrwclnTuEPnM8fckaNuw==</latexit>

• look for a           and weighting coefficients                         to fulfil Eq. 1 and translational invariance along    (h1k1l1)
<latexit sha1_base64="AgZvnuGkJBDtsFr8att/qVeJTrc=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBahXkq2FvRY8OKxgq2FNITNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLjut1Pa2Nza3invVvb2Dw6PqscnPZNkmvEuS2Si+yE1XArFuyBA8n6qOY1DyR/Dye3cf3zi2ohEPcA05X5MR0pEglGwklcfB2QSEBmQy6BacxvuAnidkILUUIFOUP0aDBOWxVwBk9QYj7gp+DnVIJjks8ogMzylbEJH3LNU0ZgbP1+cPMMXVhniKNG2FOCF+nsip7Ex0zi0nTGFsVn15uJ/npdBdOPnQqUZcMWWi6JMYkjw/H88FJozkFNLKNPC3orZmGrKwKZUsSGQ1ZfXSa/ZIFeN5n2r1m4VcZTRGTpHdUTQNWqjO9RBXcRQgp7RK3pzwHlx3p2PZWvJKWZO0R84nz+c6JAe</latexit>

g(�)
<latexit sha1_base64="uZQIC5AYzTXWForO9hLJ+PnJxbY=">AAAB7nicbVBNSwMxEJ34WetX1aOXYBHqpexWUY8FLx4r2A9ol5JNs21oNhuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvVIIb63nfaG19Y3Nru7BT3N3bPzgsHR23TJJqypo0EYnuhMQwwSVrWm4F6yjNSBwK1g7HdzO//cS04Yl8tBPFgpgMJY84JdZJ7WGlp0b8ol8qe1VvDrxK/JyUIUejX/rqDRKaxkxaKogxXd9TNsiItpwKNi32UsMUoWMyZF1HJYmZCbL5uVN87pQBjhLtSlo8V39PZCQ2ZhKHrjMmdmSWvZn4n9dNbXQbZFyq1DJJF4uiVGCb4NnveMA1o1ZMHCFUc3crpiOiCbUuoaILwV9+eZW0alX/slp7uCrXr/M4CnAKZ1ABH26gDvfQgCZQGMMzvMIbUugFvaOPResaymdO4A/Q5w+bvI8N</latexit>

{�1, ..., �n�1}
<latexit sha1_base64="VV4AEtU6JR1ud3WfqWUS0H1qXn0=">AAACBnicbVDLSgMxFM34rPU16lKEYBFc1GGmirosuHFZwT6gMwyZNNOGJpkhyQhl6MqNv+LGhSJu/QZ3/o1pOwttPXDh5Jx7yb0nShlV2nW/raXlldW19dJGeXNre2fX3ttvqSSTmDRxwhLZiZAijArS1FQz0kklQTxipB0NbyZ++4FIRRNxr0cpCTjqCxpTjLSRQvvIz/0+4hyFXtVxnGrxyMWZN/bHoV1xHXcKuEi8glRAgUZof/m9BGecCI0ZUqrruakOciQ1xYyMy36mSIrwEPVJ11CBOFFBPj1jDE+M0oNxIk0JDafq74kccaVGPDKdHOmBmvcm4n9eN9PxdZBTkWaaCDz7KM4Y1AmcZAJ7VBKs2cgQhCU1u0I8QBJhbZIrmxC8+ZMXSavmeOdO7e6iUr8s4iiBQ3AMToEHrkAd3IIGaAIMHsEzeAVv1pP1Yr1bH7PWJauYOQB/YH3+AGvrl8g=</latexit>

�(h1k1l1) = �(h2k2l2) = ... = �(hnknln)
<latexit sha1_base64="EJDsiQ4J10Lj3DaXVq9Af9jfkzQ=">AAACJXicbVDLagIxFM3Yl7Uv2y67CZWCboaJCO2igtBNlxbqA1RCJkYNk8kMSaYg4s9001/ppotKKXTVX2nUQVrtgQuHc+7l3nv8WHBtPO/LyWxt7+zuZfdzB4dHxyf507OmjhJFWYNGIlJtn2gmuGQNw41g7VgxEvqCtfzgbu63npjSPJKPZhyzXkiGkg84JcZKOH/b1XwYkuIIowAjgVGpulLKAS4LXC5Voeu6sApXhgywFFiWcL7gud4CcJOglBRAijrOz7r9iCYhk4YKonUHebHpTYgynAo2zXUTzWJCAzJkHUslCZnuTRZfTuGVVfpwEClb0sCF+ntiQkKtx6FvO0NiRnrdm4v/eZ3EDG56Ey7jxDBJl4sGiYAmgvPIYJ8rRo0YW0Ko4vZWSEdEEWpssDkbAlp/eZM0yy7yXPRQKdQqaRxZcAEuQREgcA1q4B7UQQNQ8AxewTuYOS/Om/PhfC5bM046cw7+wPn+Adq6olc=</latexit><latexit sha1_base64="EJDsiQ4J10Lj3DaXVq9Af9jfkzQ=">AAACJXicbVDLagIxFM3Yl7Uv2y67CZWCboaJCO2igtBNlxbqA1RCJkYNk8kMSaYg4s9001/ppotKKXTVX2nUQVrtgQuHc+7l3nv8WHBtPO/LyWxt7+zuZfdzB4dHxyf507OmjhJFWYNGIlJtn2gmuGQNw41g7VgxEvqCtfzgbu63npjSPJKPZhyzXkiGkg84JcZKOH/b1XwYkuIIowAjgVGpulLKAS4LXC5Voeu6sApXhgywFFiWcL7gud4CcJOglBRAijrOz7r9iCYhk4YKonUHebHpTYgynAo2zXUTzWJCAzJkHUslCZnuTRZfTuGVVfpwEClb0sCF+ntiQkKtx6FvO0NiRnrdm4v/eZ3EDG56Ey7jxDBJl4sGiYAmgvPIYJ8rRo0YW0Ko4vZWSEdEEWpssDkbAlp/eZM0yy7yXPRQKdQqaRxZcAEuQREgcA1q4B7UQQNQ8AxewTuYOS/Om/PhfC5bM046cw7+wPn+Adq6olc=</latexit><latexit sha1_base64="EJDsiQ4J10Lj3DaXVq9Af9jfkzQ=">AAACJXicbVDLagIxFM3Yl7Uv2y67CZWCboaJCO2igtBNlxbqA1RCJkYNk8kMSaYg4s9001/ppotKKXTVX2nUQVrtgQuHc+7l3nv8WHBtPO/LyWxt7+zuZfdzB4dHxyf507OmjhJFWYNGIlJtn2gmuGQNw41g7VgxEvqCtfzgbu63npjSPJKPZhyzXkiGkg84JcZKOH/b1XwYkuIIowAjgVGpulLKAS4LXC5Voeu6sApXhgywFFiWcL7gud4CcJOglBRAijrOz7r9iCYhk4YKonUHebHpTYgynAo2zXUTzWJCAzJkHUslCZnuTRZfTuGVVfpwEClb0sCF+ntiQkKtx6FvO0NiRnrdm4v/eZ3EDG56Ey7jxDBJl4sGiYAmgvPIYJ8rRo0YW0Ko4vZWSEdEEWpssDkbAlp/eZM0yy7yXPRQKdQqaRxZcAEuQREgcA1q4B7UQQNQ8AxewTuYOS/Om/PhfC5bM046cw7+wPn+Adq6olc=</latexit><latexit sha1_base64="EJDsiQ4J10Lj3DaXVq9Af9jfkzQ=">AAACJXicbVDLagIxFM3Yl7Uv2y67CZWCboaJCO2igtBNlxbqA1RCJkYNk8kMSaYg4s9001/ppotKKXTVX2nUQVrtgQuHc+7l3nv8WHBtPO/LyWxt7+zuZfdzB4dHxyf507OmjhJFWYNGIlJtn2gmuGQNw41g7VgxEvqCtfzgbu63npjSPJKPZhyzXkiGkg84JcZKOH/b1XwYkuIIowAjgVGpulLKAS4LXC5Voeu6sApXhgywFFiWcL7gud4CcJOglBRAijrOz7r9iCYhk4YKonUHebHpTYgynAo2zXUTzWJCAzJkHUslCZnuTRZfTuGVVfpwEClb0sCF+ntiQkKtx6FvO0NiRnrdm4v/eZ3EDG56Ey7jxDBJl4sGiYAmgvPIYJ8rRo0YW0Ko4vZWSEdEEWpssDkbAlp/eZM0yy7yXPRQKdQqaRxZcAEuQREgcA1q4B7UQQNQ8AxewTuYOS/Om/PhfC5bM046cw7+wPn+Adq6olc=</latexit>

Eq. 1 

(h2k2l2)
<latexit sha1_base64="YHZATxTmPSUfpOcRvd++J8wo+9A=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahXkoSCuqt4MVjBWMLaQib7aZdutmE3Y1QQn+GFw8qXv033vw3btsctPXBwOO9GWbmRRlnStv2t1XZ2Nza3qnu1vb2Dw6P6scnjyrNJaEeSXkq+xFWlDNBPc00p/1MUpxEnPaiye3c7z1RqVgqHvQ0o0GCR4LFjGBtJL85Dt1J6PLQvQzrDbtlL4DWiVOSBpTohvWvwTAleUKFJhwr5Tt2poMCS80Ip7PaIFc0w2SCR9Q3VOCEqqBYnDxDF0YZojiVpoRGC/X3RIETpaZJZDoTrMdq1ZuL/3l+ruProGAiyzUVZLkozjnSKZr/j4ZMUqL51BBMJDO3IjLGEhNtUqqZEJzVl9eJ57ZuWvZ9u9Fpl2lU4QzOoQkOXEEH7qALHhBI4Rle4c3S1ov1bn0sWytWOXMKf2B9/gALcY/w</latexit><latexit sha1_base64="YHZATxTmPSUfpOcRvd++J8wo+9A=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahXkoSCuqt4MVjBWMLaQib7aZdutmE3Y1QQn+GFw8qXv033vw3btsctPXBwOO9GWbmRRlnStv2t1XZ2Nza3qnu1vb2Dw6P6scnjyrNJaEeSXkq+xFWlDNBPc00p/1MUpxEnPaiye3c7z1RqVgqHvQ0o0GCR4LFjGBtJL85Dt1J6PLQvQzrDbtlL4DWiVOSBpTohvWvwTAleUKFJhwr5Tt2poMCS80Ip7PaIFc0w2SCR9Q3VOCEqqBYnDxDF0YZojiVpoRGC/X3RIETpaZJZDoTrMdq1ZuL/3l+ruProGAiyzUVZLkozjnSKZr/j4ZMUqL51BBMJDO3IjLGEhNtUqqZEJzVl9eJ57ZuWvZ9u9Fpl2lU4QzOoQkOXEEH7qALHhBI4Rle4c3S1ov1bn0sWytWOXMKf2B9/gALcY/w</latexit><latexit sha1_base64="YHZATxTmPSUfpOcRvd++J8wo+9A=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahXkoSCuqt4MVjBWMLaQib7aZdutmE3Y1QQn+GFw8qXv033vw3btsctPXBwOO9GWbmRRlnStv2t1XZ2Nza3qnu1vb2Dw6P6scnjyrNJaEeSXkq+xFWlDNBPc00p/1MUpxEnPaiye3c7z1RqVgqHvQ0o0GCR4LFjGBtJL85Dt1J6PLQvQzrDbtlL4DWiVOSBpTohvWvwTAleUKFJhwr5Tt2poMCS80Ip7PaIFc0w2SCR9Q3VOCEqqBYnDxDF0YZojiVpoRGC/X3RIETpaZJZDoTrMdq1ZuL/3l+ruProGAiyzUVZLkozjnSKZr/j4ZMUqL51BBMJDO3IjLGEhNtUqqZEJzVl9eJ57ZuWvZ9u9Fpl2lU4QzOoQkOXEEH7qALHhBI4Rle4c3S1ov1bn0sWytWOXMKf2B9/gALcY/w</latexit>

... (hnknln)
<latexit sha1_base64="rFlUfPp9qNfEddjPE/lWNS1mlVA=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Wol5BIQcFLwYvHCvYD2hA22027dLMJuxulxP4ULx4U8eov8ea/cdvmoK0PBh7vzTAzL0w5U9p1v6219Y3Nre3STnl3b//g0K4ctVWSSUJbJOGJ7IZYUc4EbWmmOe2mkuI45LQTjm9mfueBSsUSca8nKfVjPBQsYgRrIwV2xXEc1L+ujQIxDgQPxHlgV13HnQOtEq8gVSjQDOyv/iAhWUyFJhwr1fPcVPs5lpoRTqflfqZoiskYD2nPUIFjqvx8fvoUnRllgKJEmhIazdXfEzmOlZrEoemMsR6pZW8m/uf1Mh1d+TkTaaapIItFUcaRTtAsBzRgkhLNJ4ZgIpm5FZERlphok1bZhOAtv7xK2heO5zreXb3aqBdxlOAETqEGHlxCA26hCS0g8AjP8Apv1pP1Yr1bH4vWNauYOYY/sD5/AAERkn8=</latexit><latexit sha1_base64="rFlUfPp9qNfEddjPE/lWNS1mlVA=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Wol5BIQcFLwYvHCvYD2hA22027dLMJuxulxP4ULx4U8eov8ea/cdvmoK0PBh7vzTAzL0w5U9p1v6219Y3Nre3STnl3b//g0K4ctVWSSUJbJOGJ7IZYUc4EbWmmOe2mkuI45LQTjm9mfueBSsUSca8nKfVjPBQsYgRrIwV2xXEc1L+ujQIxDgQPxHlgV13HnQOtEq8gVSjQDOyv/iAhWUyFJhwr1fPcVPs5lpoRTqflfqZoiskYD2nPUIFjqvx8fvoUnRllgKJEmhIazdXfEzmOlZrEoemMsR6pZW8m/uf1Mh1d+TkTaaapIItFUcaRTtAsBzRgkhLNJ4ZgIpm5FZERlphok1bZhOAtv7xK2heO5zreXb3aqBdxlOAETqEGHlxCA26hCS0g8AjP8Apv1pP1Yr1bH4vWNauYOYY/sD5/AAERkn8=</latexit><latexit sha1_base64="rFlUfPp9qNfEddjPE/lWNS1mlVA=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Wol5BIQcFLwYvHCvYD2hA22027dLMJuxulxP4ULx4U8eov8ea/cdvmoK0PBh7vzTAzL0w5U9p1v6219Y3Nre3STnl3b//g0K4ctVWSSUJbJOGJ7IZYUc4EbWmmOe2mkuI45LQTjm9mfueBSsUSca8nKfVjPBQsYgRrIwV2xXEc1L+ujQIxDgQPxHlgV13HnQOtEq8gVSjQDOyv/iAhWUyFJhwr1fPcVPs5lpoRTqflfqZoiskYD2nPUIFjqvx8fvoUnRllgKJEmhIazdXfEzmOlZrEoemMsR6pZW8m/uf1Mh1d+TkTaaapIItFUcaRTtAsBzRgkhLNJ4ZgIpm5FZERlphok1bZhOAtv7xK2heO5zreXb3aqBdxlOAETqEGHlxCA26hCS0g8AjP8Apv1pP1Yr1bH4vWNauYOYY/sD5/AAERkn8=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xIzVwXvw7XEUIn6BfLhTWVtraqk=">AAAB73icbZBLSwMxFIXv+Ky1auvWTbAIdTPMuFFwI7hxWcE+oB2GTHqnDc1khiSjlLE/xY0LRfw37vw3po+Fth4IfJyTcG9OlAmujed9OxubW9s7u6W98n7l4PCoWqu0dZorhi2WilR1I6pRcIktw43AbqaQJpHATjS+neWdR1Sap/LBTDIMEjqUPOaMGmuF1ZrruqR/3RiFchxKEcrzsFr3XG8usg7+EuqwVDOsfvUHKcsTlIYJqnXP9zITFFQZzgROy/1cY0bZmA6xZ1HSBHVQzFefkjPrDEicKnukIXP394uCJlpPksjeTKgZ6dVsZv6X9XITXwUFl1luULLFoDgXxKRk1gMZcIXMiIkFyhS3uxI2oooyY9sq2xL81S+vQ/vC9T3Xv/egBCdwCg3w4RJu4A6a0AIGT/ACb/DuPDuvzseirg1n2dsx/JHz+QO2k5Eo</latexit><latexit sha1_base64="xIzVwXvw7XEUIn6BfLhTWVtraqk=">AAAB73icbZBLSwMxFIXv+Ky1auvWTbAIdTPMuFFwI7hxWcE+oB2GTHqnDc1khiSjlLE/xY0LRfw37vw3po+Fth4IfJyTcG9OlAmujed9OxubW9s7u6W98n7l4PCoWqu0dZorhi2WilR1I6pRcIktw43AbqaQJpHATjS+neWdR1Sap/LBTDIMEjqUPOaMGmuF1ZrruqR/3RiFchxKEcrzsFr3XG8usg7+EuqwVDOsfvUHKcsTlIYJqnXP9zITFFQZzgROy/1cY0bZmA6xZ1HSBHVQzFefkjPrDEicKnukIXP394uCJlpPksjeTKgZ6dVsZv6X9XITXwUFl1luULLFoDgXxKRk1gMZcIXMiIkFyhS3uxI2oooyY9sq2xL81S+vQ/vC9T3Xv/egBCdwCg3w4RJu4A6a0AIGT/ACb/DuPDuvzseirg1n2dsx/JHz+QO2k5Eo</latexit><latexit sha1_base64="T3T++7xFKM9iIUGD7v2orJE5EbM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSxCvYREBAUvBS8eK9gPaEPYbDft0s0m7G6UEvtTvHhQxKu/xJv/xm2bg7Y+GHi8N8PMvDDlTGnX/bZKa+sbm1vl7crO7t7+gV09bKskk4S2SMIT2Q2xopwJ2tJMc9pNJcVxyGknHN/M/M4DlYol4l5PUurHeChYxAjWRgrsquM4qH9dHwViHAgeiLPArrmOOwdaJV5BalCgGdhf/UFCspgKTThWque5qfZzLDUjnE4r/UzRFJMxHtKeoQLHVPn5/PQpOjXKAEWJNCU0mqu/J3IcKzWJQ9MZYz1Sy95M/M/rZTq68nMm0kxTQRaLoowjnaBZDmjAJCWaTwzBRDJzKyIjLDHRJq2KCcFbfnmVtM8dz3W8O7fWuCjiKMMxnEAdPLiEBtxCE1pA4BGe4RXerCfrxXq3PhatJauYOYI/sD5/AP/Ckns=</latexit><latexit sha1_base64="rFlUfPp9qNfEddjPE/lWNS1mlVA=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Wol5BIQcFLwYvHCvYD2hA22027dLMJuxulxP4ULx4U8eov8ea/cdvmoK0PBh7vzTAzL0w5U9p1v6219Y3Nre3STnl3b//g0K4ctVWSSUJbJOGJ7IZYUc4EbWmmOe2mkuI45LQTjm9mfueBSsUSca8nKfVjPBQsYgRrIwV2xXEc1L+ujQIxDgQPxHlgV13HnQOtEq8gVSjQDOyv/iAhWUyFJhwr1fPcVPs5lpoRTqflfqZoiskYD2nPUIFjqvx8fvoUnRllgKJEmhIazdXfEzmOlZrEoemMsR6pZW8m/uf1Mh1d+TkTaaapIItFUcaRTtAsBzRgkhLNJ4ZgIpm5FZERlphok1bZhOAtv7xK2heO5zreXb3aqBdxlOAETqEGHlxCA26hCS0g8AjP8Apv1pP1Yr1bH4vWNauYOYY/sD5/AAERkn8=</latexit><latexit sha1_base64="rFlUfPp9qNfEddjPE/lWNS1mlVA=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Wol5BIQcFLwYvHCvYD2hA22027dLMJuxulxP4ULx4U8eov8ea/cdvmoK0PBh7vzTAzL0w5U9p1v6219Y3Nre3STnl3b//g0K4ctVWSSUJbJOGJ7IZYUc4EbWmmOe2mkuI45LQTjm9mfueBSsUSca8nKfVjPBQsYgRrIwV2xXEc1L+ujQIxDgQPxHlgV13HnQOtEq8gVSjQDOyv/iAhWUyFJhwr1fPcVPs5lpoRTqflfqZoiskYD2nPUIFjqvx8fvoUnRllgKJEmhIazdXfEzmOlZrEoemMsR6pZW8m/uf1Mh1d+TkTaaapIItFUcaRTtAsBzRgkhLNJ4ZgIpm5FZERlphok1bZhOAtv7xK2heO5zreXb3aqBdxlOAETqEGHlxCA26hCS0g8AjP8Apv1pP1Yr1bH4vWNauYOYY/sD5/AAERkn8=</latexit><latexit sha1_base64="rFlUfPp9qNfEddjPE/lWNS1mlVA=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Wol5BIQcFLwYvHCvYD2hA22027dLMJuxulxP4ULx4U8eov8ea/cdvmoK0PBh7vzTAzL0w5U9p1v6219Y3Nre3STnl3b//g0K4ctVWSSUJbJOGJ7IZYUc4EbWmmOe2mkuI45LQTjm9mfueBSsUSca8nKfVjPBQsYgRrIwV2xXEc1L+ujQIxDgQPxHlgV13HnQOtEq8gVSjQDOyv/iAhWUyFJhwr1fPcVPs5lpoRTqflfqZoiskYD2nPUIFjqvx8fvoUnRllgKJEmhIazdXfEzmOlZrEoemMsR6pZW8m/uf1Mh1d+TkTaaapIItFUcaRTtAsBzRgkhLNJ4ZgIpm5FZERlphok1bZhOAtv7xK2heO5zreXb3aqBdxlOAETqEGHlxCA26hCS0g8AjP8Apv1pP1Yr1bH4vWNauYOYY/sD5/AAERkn8=</latexit><latexit sha1_base64="rFlUfPp9qNfEddjPE/lWNS1mlVA=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Wol5BIQcFLwYvHCvYD2hA22027dLMJuxulxP4ULx4U8eov8ea/cdvmoK0PBh7vzTAzL0w5U9p1v6219Y3Nre3STnl3b//g0K4ctVWSSUJbJOGJ7IZYUc4EbWmmOe2mkuI45LQTjm9mfueBSsUSca8nKfVjPBQsYgRrIwV2xXEc1L+ujQIxDgQPxHlgV13HnQOtEq8gVSjQDOyv/iAhWUyFJhwr1fPcVPs5lpoRTqflfqZoiskYD2nPUIFjqvx8fvoUnRllgKJEmhIazdXfEzmOlZrEoemMsR6pZW8m/uf1Mh1d+TkTaaapIItFUcaRTtAsBzRgkhLNJ4ZgIpm5FZERlphok1bZhOAtv7xK2heO5zreXb3aqBdxlOAETqEGHlxCA26hCS0g8AjP8Apv1pP1Yr1bH4vWNauYOYY/sD5/AAERkn8=</latexit><latexit sha1_base64="rFlUfPp9qNfEddjPE/lWNS1mlVA=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Wol5BIQcFLwYvHCvYD2hA22027dLMJuxulxP4ULx4U8eov8ea/cdvmoK0PBh7vzTAzL0w5U9p1v6219Y3Nre3STnl3b//g0K4ctVWSSUJbJOGJ7IZYUc4EbWmmOe2mkuI45LQTjm9mfueBSsUSca8nKfVjPBQsYgRrIwV2xXEc1L+ujQIxDgQPxHlgV13HnQOtEq8gVSjQDOyv/iAhWUyFJhwr1fPcVPs5lpoRTqflfqZoiskYD2nPUIFjqvx8fvoUnRllgKJEmhIazdXfEzmOlZrEoemMsR6pZW8m/uf1Mh1d+TkTaaapIItFUcaRTtAsBzRgkhLNJ4ZgIpm5FZERlphok1bZhOAtv7xK2heO5zreXb3aqBdxlOAETqEGHlxCA26hCS0g8AjP8Apv1pP1Yr1bH4vWNauYOYY/sD5/AAERkn8=</latexit><latexit sha1_base64="rFlUfPp9qNfEddjPE/lWNS1mlVA=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Wol5BIQcFLwYvHCvYD2hA22027dLMJuxulxP4ULx4U8eov8ea/cdvmoK0PBh7vzTAzL0w5U9p1v6219Y3Nre3STnl3b//g0K4ctVWSSUJbJOGJ7IZYUc4EbWmmOe2mkuI45LQTjm9mfueBSsUSca8nKfVjPBQsYgRrIwV2xXEc1L+ujQIxDgQPxHlgV13HnQOtEq8gVSjQDOyv/iAhWUyFJhwr1fPcVPs5lpoRTqflfqZoiskYD2nPUIFjqvx8fvoUnRllgKJEmhIazdXfEzmOlZrEoemMsR6pZW8m/uf1Mh1d+TkTaaapIItFUcaRTtAsBzRgkhLNJ4ZgIpm5FZERlphok1bZhOAtv7xK2heO5zreXb3aqBdxlOAETqEGHlxCA26hCS0g8AjP8Apv1pP1Yr1bH4vWNauYOYY/sD5/AAERkn8=</latexit>

(n� 1)
<latexit sha1_base64="DSIF0E+RSWVATEoyP9Jkcaz+m8A=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahHiyJFPRY8OKxgmkLbSib7bZdutmE3YlQQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewsbm1vVPcLe3tHxwelY9PWiZONeM+i2WsOyE1XArFfRQoeSfRnEah5O1wcjf3209cGxGrR5wmPIjoSImhYBSt5FfVlXfZL1fcmrsAWSdeTiqQo9kvf/UGMUsjrpBJakzXcxMMMqpRMMlnpV5qeELZhI5411JFI26CbHHsjFxYZUCGsbalkCzU3xMZjYyZRqHtjCiOzao3F//zuikOb4NMqCRFrthy0TCVBGMy/5wMhOYM5dQSyrSwtxI2ppoytPmUbAje6svrpHVd89ya91CvNOp5HEU4g3Ooggc30IB7aIIPDAQ8wyu8Ocp5cd6dj2VrwclnTuEPnM8fckaNuw==</latexit><latexit sha1_base64="DSIF0E+RSWVATEoyP9Jkcaz+m8A=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahHiyJFPRY8OKxgmkLbSib7bZdutmE3YlQQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewsbm1vVPcLe3tHxwelY9PWiZONeM+i2WsOyE1XArFfRQoeSfRnEah5O1wcjf3209cGxGrR5wmPIjoSImhYBSt5FfVlXfZL1fcmrsAWSdeTiqQo9kvf/UGMUsjrpBJakzXcxMMMqpRMMlnpV5qeELZhI5411JFI26CbHHsjFxYZUCGsbalkCzU3xMZjYyZRqHtjCiOzao3F//zuikOb4NMqCRFrthy0TCVBGMy/5wMhOYM5dQSyrSwtxI2ppoytPmUbAje6svrpHVd89ya91CvNOp5HEU4g3Ooggc30IB7aIIPDAQ8wyu8Ocp5cd6dj2VrwclnTuEPnM8fckaNuw==</latexit><latexit sha1_base64="DSIF0E+RSWVATEoyP9Jkcaz+m8A=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahHiyJFPRY8OKxgmkLbSib7bZdutmE3YlQQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewsbm1vVPcLe3tHxwelY9PWiZONeM+i2WsOyE1XArFfRQoeSfRnEah5O1wcjf3209cGxGrR5wmPIjoSImhYBSt5FfVlXfZL1fcmrsAWSdeTiqQo9kvf/UGMUsjrpBJakzXcxMMMqpRMMlnpV5qeELZhI5411JFI26CbHHsjFxYZUCGsbalkCzU3xMZjYyZRqHtjCiOzao3F//zuikOb4NMqCRFrthy0TCVBGMy/5wMhOYM5dQSyrSwtxI2ppoytPmUbAje6svrpHVd89ya91CvNOp5HEU4g3Ooggc30IB7aIIPDAQ8wyu8Ocp5cd6dj2VrwclnTuEPnM8fckaNuw==</latexit><latexit sha1_base64="DSIF0E+RSWVATEoyP9Jkcaz+m8A=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahHiyJFPRY8OKxgmkLbSib7bZdutmE3YlQQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewsbm1vVPcLe3tHxwelY9PWiZONeM+i2WsOyE1XArFfRQoeSfRnEah5O1wcjf3209cGxGrR5wmPIjoSImhYBSt5FfVlXfZL1fcmrsAWSdeTiqQo9kvf/UGMUsjrpBJakzXcxMMMqpRMMlnpV5qeELZhI5411JFI26CbHHsjFxYZUCGsbalkCzU3xMZjYyZRqHtjCiOzao3F//zuikOb4NMqCRFrthy0TCVBGMy/5wMhOYM5dQSyrSwtxI2ppoytPmUbAje6svrpHVd89ya91CvNOp5HEU4g3Ooggc30IB7aIIPDAQ8wyu8Ocp5cd6dj2VrwclnTuEPnM8fckaNuw==</latexit>

• to recover rotational invariance, select             other families                                 and impose :                                
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Why FCC grid ?
• maximise isotropy 

• adapted to elastic solvers for discrete elastic fields

d
<latexit sha1_base64="3oSk6DNuEkGOvzu//4N3O24b0zM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2FZoQ9lsJu3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBVcG9f9dkobm1vbO+Xdyt7+weFR9fikq5NMMeywRCTqIaAaBZfYMdwIfEgV0jgQ2Asmt3O/94RK80Tem2mKfkxHkkecUWOldjis1ty6uwBZJ15BalCgNax+DcKEZTFKwwTVuu+5qfFzqgxnAmeVQaYxpWxCR9i3VNIYtZ8vDp2RC6uEJEqULWnIQv09kdNY62kc2M6YmrFe9ebif14/M9GNn3OZZgYlWy6KMkFMQuZfk5ArZEZMLaFMcXsrYWOqKDM2m4oNwVt9eZ10r+qeW/fajVqzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/Ds4za</latexit><latexit sha1_base64="3oSk6DNuEkGOvzu//4N3O24b0zM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2FZoQ9lsJu3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBVcG9f9dkobm1vbO+Xdyt7+weFR9fikq5NMMeywRCTqIaAaBZfYMdwIfEgV0jgQ2Asmt3O/94RK80Tem2mKfkxHkkecUWOldjis1ty6uwBZJ15BalCgNax+DcKEZTFKwwTVuu+5qfFzqgxnAmeVQaYxpWxCR9i3VNIYtZ8vDp2RC6uEJEqULWnIQv09kdNY62kc2M6YmrFe9ebif14/M9GNn3OZZgYlWy6KMkFMQuZfk5ArZEZMLaFMcXsrYWOqKDM2m4oNwVt9eZ10r+qeW/fajVqzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/Ds4za</latexit><latexit sha1_base64="3oSk6DNuEkGOvzu//4N3O24b0zM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2FZoQ9lsJu3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBVcG9f9dkobm1vbO+Xdyt7+weFR9fikq5NMMeywRCTqIaAaBZfYMdwIfEgV0jgQ2Asmt3O/94RK80Tem2mKfkxHkkecUWOldjis1ty6uwBZJ15BalCgNax+DcKEZTFKwwTVuu+5qfFzqgxnAmeVQaYxpWxCR9i3VNIYtZ8vDp2RC6uEJEqULWnIQv09kdNY62kc2M6YmrFe9ebif14/M9GNn3OZZgYlWy6KMkFMQuZfk5ArZEZMLaFMcXsrYWOqKDM2m4oNwVt9eZ10r+qeW/fajVqzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/Ds4za</latexit><latexit sha1_base64="3oSk6DNuEkGOvzu//4N3O24b0zM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2FZoQ9lsJu3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBVcG9f9dkobm1vbO+Xdyt7+weFR9fikq5NMMeywRCTqIaAaBZfYMdwIfEgV0jgQ2Asmt3O/94RK80Tem2mKfkxHkkecUWOldjis1ty6uwBZJ15BalCgNax+DcKEZTFKwwTVuu+5qfFzqgxnAmeVQaYxpWxCR9i3VNIYtZ8vDp2RC6uEJEqULWnIQv09kdNY62kc2M6YmrFe9ebif14/M9GNn3OZZgYlWy6KMkFMQuZfk5ArZEZMLaFMcXsrYWOqKDM2m4oNwVt9eZ10r+qeW/fajVqzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/Ds4za</latexit>

⟶ strategy for choosing  plane family                 that receives continuous translational invariance :(h1, k1, l1) :
<latexit sha1_base64="Zsa4l6LgPeY9yl6E7lXgPgf53IU=">AAAB93icbVDLSsNAFJ3UV62PRl26GSxCBSkTqY+6KrhxWcHYQhvCZDpph04mYWYi1NAvceNCxa2/4s6/cdoG1OqBC4dz7uXee4KEM6UR+rQKS8srq2vF9dLG5tZ22d7ZvVNxKgl1Scxj2QmwopwJ6mqmOe0kkuIo4LQdjK6mfvueSsVicavHCfUiPBAsZARrI/l2uTr0neORKe47R/DStyuodoqcxpkDUQ3N8E2cnFRAjpZvf/T6MUkjKjThWKmugxLtZVhqRjidlHqpogkmIzygXUMFjqjystnhE3holD4MY2lKaDhTf05kOFJqHAWmM8J6qBa9qfif1011eOFlTCSppoLMF4UphzqG0xRgn0lKNB8bgolk5lZIhlhiok1WJROCs/jyX+Ke1Bo1dFOvNOt5GkWwDw5AFTjgHDTBNWgBFxCQgkfwDF6sB+vJerXe5q0FK5/ZA79gvX8BTK2RDg==</latexit><latexit sha1_base64="Zsa4l6LgPeY9yl6E7lXgPgf53IU=">AAAB93icbVDLSsNAFJ3UV62PRl26GSxCBSkTqY+6KrhxWcHYQhvCZDpph04mYWYi1NAvceNCxa2/4s6/cdoG1OqBC4dz7uXee4KEM6UR+rQKS8srq2vF9dLG5tZ22d7ZvVNxKgl1Scxj2QmwopwJ6mqmOe0kkuIo4LQdjK6mfvueSsVicavHCfUiPBAsZARrI/l2uTr0neORKe47R/DStyuodoqcxpkDUQ3N8E2cnFRAjpZvf/T6MUkjKjThWKmugxLtZVhqRjidlHqpogkmIzygXUMFjqjystnhE3holD4MY2lKaDhTf05kOFJqHAWmM8J6qBa9qfif1011eOFlTCSppoLMF4UphzqG0xRgn0lKNB8bgolk5lZIhlhiok1WJROCs/jyX+Ke1Bo1dFOvNOt5GkWwDw5AFTjgHDTBNWgBFxCQgkfwDF6sB+vJerXe5q0FK5/ZA79gvX8BTK2RDg==</latexit><latexit sha1_base64="Zsa4l6LgPeY9yl6E7lXgPgf53IU=">AAAB93icbVDLSsNAFJ3UV62PRl26GSxCBSkTqY+6KrhxWcHYQhvCZDpph04mYWYi1NAvceNCxa2/4s6/cdoG1OqBC4dz7uXee4KEM6UR+rQKS8srq2vF9dLG5tZ22d7ZvVNxKgl1Scxj2QmwopwJ6mqmOe0kkuIo4LQdjK6mfvueSsVicavHCfUiPBAsZARrI/l2uTr0neORKe47R/DStyuodoqcxpkDUQ3N8E2cnFRAjpZvf/T6MUkjKjThWKmugxLtZVhqRjidlHqpogkmIzygXUMFjqjystnhE3holD4MY2lKaDhTf05kOFJqHAWmM8J6qBa9qfif1011eOFlTCSppoLMF4UphzqG0xRgn0lKNB8bgolk5lZIhlhiok1WJROCs/jyX+Ke1Bo1dFOvNOt5GkWwDw5AFTjgHDTBNWgBFxCQgkfwDF6sB+vJerXe5q0FK5/ZA79gvX8BTK2RDg==</latexit>

⟶ to minimise pinning along other directions !

• maximise the inter-reticular distance between planes  : (h1k1l1) = (111)
<latexit sha1_base64="zx2Ljhm7aS+LFAG+VpY1srh Rg2g=">AAAB+3icbVBNSwMxEJ2tX7V+rfXoJViE9lI2UtCLUPDisYJthXZZsmnahmazS5IVy9K/4sWDIl79I978N6b tHrT1wcDjvRlm5oWJ4Np43rdT2Njc2t4p7pb29g8Oj9zjckfHqaKsTWMRq4eQaCa4ZG3DjWAPiWIkCgXrhpObud99ZErzWN6bacL8iIwkH3JKjJUCt1wdB3gSYBHg2jWqYoxrgVvx6t4CaJ3gnFQgRytwv/qDmKYRk4YKonUPe4nxM6IMp4LNSv1Us4TQCRmxnqWSREz72eL2GTq3ygANY2VLGrRQf09kJNJ6GoW2MyJmrFe9ufif10vN8MrPuExSwyRdLhqmApkYzYNAA64YNWJqCaGK21sRHRNFqLFxlWwIePXlddK5qGOvju8alWYjj6MIp3AGVcBwCU24hRa0gcITPMMrvDkz58V5dz6WrQUnnzmBP3A+fwAX8pHS</latexit><latexit sha1_base64="zx2Ljhm7aS+LFAG+VpY1srh Rg2g=">AAAB+3icbVBNSwMxEJ2tX7V+rfXoJViE9lI2UtCLUPDisYJthXZZsmnahmazS5IVy9K/4sWDIl79I978N6b tHrT1wcDjvRlm5oWJ4Np43rdT2Njc2t4p7pb29g8Oj9zjckfHqaKsTWMRq4eQaCa4ZG3DjWAPiWIkCgXrhpObud99ZErzWN6bacL8iIwkH3JKjJUCt1wdB3gSYBHg2jWqYoxrgVvx6t4CaJ3gnFQgRytwv/qDmKYRk4YKonUPe4nxM6IMp4LNSv1Us4TQCRmxnqWSREz72eL2GTq3ygANY2VLGrRQf09kJNJ6GoW2MyJmrFe9ufif10vN8MrPuExSwyRdLhqmApkYzYNAA64YNWJqCaGK21sRHRNFqLFxlWwIePXlddK5qGOvju8alWYjj6MIp3AGVcBwCU24hRa0gcITPMMrvDkz58V5dz6WrQUnnzmBP3A+fwAX8pHS</latexit><latexit sha1_base64="zx2Ljhm7aS+LFAG+VpY1srh Rg2g=">AAAB+3icbVBNSwMxEJ2tX7V+rfXoJViE9lI2UtCLUPDisYJthXZZsmnahmazS5IVy9K/4sWDIl79I978N6b tHrT1wcDjvRlm5oWJ4Np43rdT2Njc2t4p7pb29g8Oj9zjckfHqaKsTWMRq4eQaCa4ZG3DjWAPiWIkCgXrhpObud99ZErzWN6bacL8iIwkH3JKjJUCt1wdB3gSYBHg2jWqYoxrgVvx6t4CaJ3gnFQgRytwv/qDmKYRk4YKonUPe4nxM6IMp4LNSv1Us4TQCRmxnqWSREz72eL2GTq3ygANY2VLGrRQf09kJNJ6GoW2MyJmrFe9ufif10vN8MrPuExSwyRdLhqmApkYzYNAA64YNWJqCaGK21sRHRNFqLFxlWwIePXlddK5qGOvju8alWYjj6MIp3AGVcBwCU24hRa0gcITPMMrvDkz58V5dz6WrQUnnzmBP3A+fwAX8pHS</latexit><latexit sha1_base64="zx2Ljhm7aS+LFAG+VpY1srh Rg2g=">AAAB+3icbVBNSwMxEJ2tX7V+rfXoJViE9lI2UtCLUPDisYJthXZZsmnahmazS5IVy9K/4sWDIl79I978N6b tHrT1wcDjvRlm5oWJ4Np43rdT2Njc2t4p7pb29g8Oj9zjckfHqaKsTWMRq4eQaCa4ZG3DjWAPiWIkCgXrhpObud99ZErzWN6bacL8iIwkH3JKjJUCt1wdB3gSYBHg2jWqYoxrgVvx6t4CaJ3gnFQgRytwv/qDmKYRk4YKonUPe4nxM6IMp4LNSv1Us4TQCRmxnqWSREz72eL2GTq3ygANY2VLGrRQf09kJNJ6GoW2MyJmrFe9ufif10vN8MrPuExSwyRdLhqmApkYzYNAA64YNWJqCaGK21sRHRNFqLFxlWwIePXlddK5qGOvju8alWYjj6MIp3AGVcBwCU24hRa0gcITPMMrvDkz58V5dz6WrQUnnzmBP3A+fwAX8pHS</latexit>

⟶ for rotational invariance :

(h3k3l3) = (220)
<latexit sha1_base64="FHJIm7oMv0HksyNcNYhggvzUQ14=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSxCeylJW9CLUPDisYL9gDaEzXbbLt1swu5GLKF/xYsHRbz6R7z5b9y2OWjrg4HHezPMzAtizpR2nG8rt7W9s7uX3y8cHB4dn9inxY6KEklom0Q8kr0AK8qZoG3NNKe9WFIcBpx2g+ntwu8+UqlYJB70LKZeiMeCjRjB2ki+XSxP/PrUr3O/XrlB5VrNqfh2yak6S6BN4makBBlavv01GEYkCanQhGOl+q4Tay/FUjPC6bwwSBSNMZniMe0bKnBIlZcub5+jS6MM0SiSpoRGS/X3RIpDpWZhYDpDrCdq3VuI/3n9RI+uvZSJONFUkNWiUcKRjtAiCDRkkhLNZ4ZgIpm5FZEJlphoE1fBhOCuv7xJOrWq61Td+0ap2cjiyMM5XEAZXLiCJtxBC9pA4Ame4RXerLn1Yr1bH6vWnJXNnMEfWJ8/ItSR2Q==</latexit><latexit sha1_base64="FHJIm7oMv0HksyNcNYhggvzUQ14=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSxCeylJW9CLUPDisYL9gDaEzXbbLt1swu5GLKF/xYsHRbz6R7z5b9y2OWjrg4HHezPMzAtizpR2nG8rt7W9s7uX3y8cHB4dn9inxY6KEklom0Q8kr0AK8qZoG3NNKe9WFIcBpx2g+ntwu8+UqlYJB70LKZeiMeCjRjB2ki+XSxP/PrUr3O/XrlB5VrNqfh2yak6S6BN4makBBlavv01GEYkCanQhGOl+q4Tay/FUjPC6bwwSBSNMZniMe0bKnBIlZcub5+jS6MM0SiSpoRGS/X3RIpDpWZhYDpDrCdq3VuI/3n9RI+uvZSJONFUkNWiUcKRjtAiCDRkkhLNZ4ZgIpm5FZEJlphoE1fBhOCuv7xJOrWq61Td+0ap2cjiyMM5XEAZXLiCJtxBC9pA4Ame4RXerLn1Yr1bH6vWnJXNnMEfWJ8/ItSR2Q==</latexit><latexit sha1_base64="FHJIm7oMv0HksyNcNYhggvzUQ14=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSxCeylJW9CLUPDisYL9gDaEzXbbLt1swu5GLKF/xYsHRbz6R7z5b9y2OWjrg4HHezPMzAtizpR2nG8rt7W9s7uX3y8cHB4dn9inxY6KEklom0Q8kr0AK8qZoG3NNKe9WFIcBpx2g+ntwu8+UqlYJB70LKZeiMeCjRjB2ki+XSxP/PrUr3O/XrlB5VrNqfh2yak6S6BN4makBBlavv01GEYkCanQhGOl+q4Tay/FUjPC6bwwSBSNMZniMe0bKnBIlZcub5+jS6MM0SiSpoRGS/X3RIpDpWZhYDpDrCdq3VuI/3n9RI+uvZSJONFUkNWiUcKRjtAiCDRkkhLNZ4ZgIpm5FZEJlphoE1fBhOCuv7xJOrWq61Td+0ap2cjiyMM5XEAZXLiCJtxBC9pA4Ame4RXerLn1Yr1bH6vWnJXNnMEfWJ8/ItSR2Q==</latexit><latexit sha1_base64="FHJIm7oMv0HksyNcNYhggvzUQ14=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSxCeylJW9CLUPDisYL9gDaEzXbbLt1swu5GLKF/xYsHRbz6R7z5b9y2OWjrg4HHezPMzAtizpR2nG8rt7W9s7uX3y8cHB4dn9inxY6KEklom0Q8kr0AK8qZoG3NNKe9WFIcBpx2g+ntwu8+UqlYJB70LKZeiMeCjRjB2ki+XSxP/PrUr3O/XrlB5VrNqfh2yak6S6BN4makBBlavv01GEYkCanQhGOl+q4Tay/FUjPC6bwwSBSNMZniMe0bKnBIlZcub5+jS6MM0SiSpoRGS/X3RIpDpWZhYDpDrCdq3VuI/3n9RI+uvZSJONFUkNWiUcKRjtAiCDRkkhLNZ4ZgIpm5FZEJlphoE1fBhOCuv7xJOrWq61Td+0ap2cjiyMM5XEAZXLiCJtxBC9pA4Ame4RXerLn1Yr1bH6vWnJXNnMEfWJ8/ItSR2Q==</latexit>

(h2k2l2) = (200)
<latexit sha1_base64="oe8p4hj+u8W9yzL26JyfNnKDjT4=">AAAB+3icbVDLSgNBEOyNrxhfazx6GQxCcgmzS0AvQsCLxwjmAcmyzE4myZDZBzOzYljyK148KOLVH/Hm3zhJ9qCJBQ1FVTfdXUEiuNIYf1uFre2d3b3ifung8Oj4xD4td1ScSsraNBax7AVEMcEj1tZcC9ZLJCNhIFg3mN4u/O4jk4rH0YOeJcwLyTjiI06JNpJvl6sT3536rvDd2g2quhjXfLuC63gJtEmcnFQgR8u3vwbDmKYhizQVRKm+gxPtZURqTgWblwapYgmhUzJmfUMjEjLlZcvb5+jSKEM0iqWpSKOl+nsiI6FSszAwnSHRE7XuLcT/vH6qR9dexqMk1Syiq0WjVCAdo0UQaMglo1rMDCFUcnMrohMiCdUmrpIJwVl/eZN03LqD6859o9Js5HEU4RwuoAoOXEET7qAFbaDwBM/wCm/W3Hqx3q2PVWvBymfO4A+szx8bG5HU</latexit><latexit sha1_base64="oe8p4hj+u8W9yzL26JyfNnKDjT4=">AAAB+3icbVDLSgNBEOyNrxhfazx6GQxCcgmzS0AvQsCLxwjmAcmyzE4myZDZBzOzYljyK148KOLVH/Hm3zhJ9qCJBQ1FVTfdXUEiuNIYf1uFre2d3b3ifung8Oj4xD4td1ScSsraNBax7AVEMcEj1tZcC9ZLJCNhIFg3mN4u/O4jk4rH0YOeJcwLyTjiI06JNpJvl6sT3536rvDd2g2quhjXfLuC63gJtEmcnFQgR8u3vwbDmKYhizQVRKm+gxPtZURqTgWblwapYgmhUzJmfUMjEjLlZcvb5+jSKEM0iqWpSKOl+nsiI6FSszAwnSHRE7XuLcT/vH6qR9dexqMk1Syiq0WjVCAdo0UQaMglo1rMDCFUcnMrohMiCdUmrpIJwVl/eZN03LqD6859o9Js5HEU4RwuoAoOXEET7qAFbaDwBM/wCm/W3Hqx3q2PVWvBymfO4A+szx8bG5HU</latexit><latexit sha1_base64="oe8p4hj+u8W9yzL26JyfNnKDjT4=">AAAB+3icbVDLSgNBEOyNrxhfazx6GQxCcgmzS0AvQsCLxwjmAcmyzE4myZDZBzOzYljyK148KOLVH/Hm3zhJ9qCJBQ1FVTfdXUEiuNIYf1uFre2d3b3ifung8Oj4xD4td1ScSsraNBax7AVEMcEj1tZcC9ZLJCNhIFg3mN4u/O4jk4rH0YOeJcwLyTjiI06JNpJvl6sT3536rvDd2g2quhjXfLuC63gJtEmcnFQgR8u3vwbDmKYhizQVRKm+gxPtZURqTgWblwapYgmhUzJmfUMjEjLlZcvb5+jSKEM0iqWpSKOl+nsiI6FSszAwnSHRE7XuLcT/vH6qR9dexqMk1Syiq0WjVCAdo0UQaMglo1rMDCFUcnMrohMiCdUmrpIJwVl/eZN03LqD6859o9Js5HEU4RwuoAoOXEET7qAFbaDwBM/wCm/W3Hqx3q2PVWvBymfO4A+szx8bG5HU</latexit><latexit sha1_base64="oe8p4hj+u8W9yzL26JyfNnKDjT4=">AAAB+3icbVDLSgNBEOyNrxhfazx6GQxCcgmzS0AvQsCLxwjmAcmyzE4myZDZBzOzYljyK148KOLVH/Hm3zhJ9qCJBQ1FVTfdXUEiuNIYf1uFre2d3b3ifung8Oj4xD4td1ScSsraNBax7AVEMcEj1tZcC9ZLJCNhIFg3mN4u/O4jk4rH0YOeJcwLyTjiI06JNpJvl6sT3536rvDd2g2quhjXfLuC63gJtEmcnFQgR8u3vwbDmKYhizQVRKm+gxPtZURqTgWblwapYgmhUzJmfUMjEjLlZcvb5+jSKEM0iqWpSKOl+nsiI6FSszAwnSHRE7XuLcT/vH6qR9dexqMk1Syiq0WjVCAdo0UQaMglo1rMDCFUcnMrohMiCdUmrpIJwVl/eZN03LqD6859o9Js5HEU4RwuoAoOXEET7qAFbaDwBM/wCm/W3Hqx3q2PVWvBymfO4A+szx8bG5HU</latexit>

and

• optimisation procedure on the weighting terms                  of the gradient terms :

• select 2 other families : 

• extend gradient terms up to 3rd neighbours

�2 and �3
<latexit sha1_base64="Z/vZG27YRk67wVSqxx89oBCGDck=">AAACCHicbVA9SwNBEN2LXzF+RS0tXAyCVbhLRC0DNpYRzAckIcxtNsmS3b1jd04MR0ob/4qNhSK2/gQ7/42X5ApNfDDweG+GmXl+KIVF1/12Miura+sb2c3c1vbO7l5+/6Bug8gwXmOBDEzTB8ul0LyGAiVvhoaD8iVv+KPrqd+458aKQN/hOOQdBQMt+oIBJlI3f9wegFLQLdE28geMKegendBULee6+YJbdGegy8RLSYGkqHbzX+1ewCLFNTIJ1rY8N8RODAYFk3ySa0eWh8BGMOCthGpQ3Hbi2SMTepooPdoPTFIa6Uz9PRGDsnas/KRTAQ7tojcV//NaEfavOrHQYYRcs/mifiQpBnSaCu0JwxnKcUKAGZHcStkQDDBMspuG4C2+vEzqpaJXLpZuzwuVizSOLDkiJ+SMeOSSVMgNqZIaYeSRPJNX8uY8OS/Ou/Mxb8046cwh+QPn8wfkSZiQ</latexit>

(units:�d�2)
<latexit sha1_base64="L7v0oLTsryAw32IqHVlIX1FxVwo=">AAACCHicbVDLSgMxFM3UV62vUZcuDBahgpaZUlBcFdy4rGAf0Kklk0nb0ExmSO6IZejSjb/ixoUibv0Ed/6N6WOhrQcCh3Pu4eYePxZcg+N8W5ml5ZXVtex6bmNza3vH3t2r6yhRlNVoJCLV9IlmgktWAw6CNWPFSOgL1vAHV2O/cc+U5pG8hWHM2iHpSd7llICROvZhwQP2AGkiOejLkXfqCRMOCA7u0rPS6KRj552iMwFeJO6M5NEM1Y795QURTUImgQqidct1YminRAGngo1yXqJZTOiA9FjLUElCptvp5JARPjZKgLuRMk8Cnqi/EykJtR6GvpkMCfT1vDcW//NaCXQv2imXcQJM0umibiIwRHjcCg64YhTE0BBCFTd/xbRPFKFgusuZEtz5kxdJvVR0naJ7U85XyrM6sugAHaECctE5qqBrVEU1RNEjekav6M16sl6sd+tjOpqxZpl99AfW5w/c5pko</latexit><latexit sha1_base64="L7v0oLTsryAw32IqHVlIX1FxVwo=">AAACCHicbVDLSgMxFM3UV62vUZcuDBahgpaZUlBcFdy4rGAf0Kklk0nb0ExmSO6IZejSjb/ixoUibv0Ed/6N6WOhrQcCh3Pu4eYePxZcg+N8W5ml5ZXVtex6bmNza3vH3t2r6yhRlNVoJCLV9IlmgktWAw6CNWPFSOgL1vAHV2O/cc+U5pG8hWHM2iHpSd7llICROvZhwQP2AGkiOejLkXfqCRMOCA7u0rPS6KRj552iMwFeJO6M5NEM1Y795QURTUImgQqidct1YminRAGngo1yXqJZTOiA9FjLUElCptvp5JARPjZKgLuRMk8Cnqi/EykJtR6GvpkMCfT1vDcW//NaCXQv2imXcQJM0umibiIwRHjcCg64YhTE0BBCFTd/xbRPFKFgusuZEtz5kxdJvVR0naJ7U85XyrM6sugAHaECctE5qqBrVEU1RNEjekav6M16sl6sd+tjOpqxZpl99AfW5w/c5pko</latexit><latexit sha1_base64="L7v0oLTsryAw32IqHVlIX1FxVwo=">AAACCHicbVDLSgMxFM3UV62vUZcuDBahgpaZUlBcFdy4rGAf0Kklk0nb0ExmSO6IZejSjb/ixoUibv0Ed/6N6WOhrQcCh3Pu4eYePxZcg+N8W5ml5ZXVtex6bmNza3vH3t2r6yhRlNVoJCLV9IlmgktWAw6CNWPFSOgL1vAHV2O/cc+U5pG8hWHM2iHpSd7llICROvZhwQP2AGkiOejLkXfqCRMOCA7u0rPS6KRj552iMwFeJO6M5NEM1Y795QURTUImgQqidct1YminRAGngo1yXqJZTOiA9FjLUElCptvp5JARPjZKgLuRMk8Cnqi/EykJtR6GvpkMCfT1vDcW//NaCXQv2imXcQJM0umibiIwRHjcCg64YhTE0BBCFTd/xbRPFKFgusuZEtz5kxdJvVR0naJ7U85XyrM6sugAHaECctE5qqBrVEU1RNEjekav6M16sl6sd+tjOpqxZpl99AfW5w/c5pko</latexit><latexit sha1_base64="L7v0oLTsryAw32IqHVlIX1FxVwo=">AAACCHicbVDLSgMxFM3UV62vUZcuDBahgpaZUlBcFdy4rGAf0Kklk0nb0ExmSO6IZejSjb/ixoUibv0Ed/6N6WOhrQcCh3Pu4eYePxZcg+N8W5ml5ZXVtex6bmNza3vH3t2r6yhRlNVoJCLV9IlmgktWAw6CNWPFSOgL1vAHV2O/cc+U5pG8hWHM2iHpSd7llICROvZhwQP2AGkiOejLkXfqCRMOCA7u0rPS6KRj552iMwFeJO6M5NEM1Y795QURTUImgQqidct1YminRAGngo1yXqJZTOiA9FjLUElCptvp5JARPjZKgLuRMk8Cnqi/EykJtR6GvpkMCfT1vDcW//NaCXQv2imXcQJM0umibiIwRHjcCg64YhTE0BBCFTd/xbRPFKFgusuZEtz5kxdJvVR0naJ7U85XyrM6sugAHaECctE5qqBrVEU1RNEjekav6M16sl6sd+tjOpqxZpl99AfW5w/c5pko</latexit>

⟶ we get :

�(111) 0.671991
�(200) 0.671989
�(220) 0.671990

<latexit sha1_base64="wO9W5emYKpsmnQPJgr7PI/wHKjM="></latexit>

��

�
' 2 10�6 !

<latexit sha1_base64="rSC4594s7RS5HFoptePPPxTFVHM=">AAACG3icbVDLSgMxFM3UV62vqks30SK40DJTpQpuCrpwWcE+oFNLJr3ThiYzY5IRytD/cOOvuHGhiCvBhX9j2s5CqwfCPZxzLzf3eBFnStv2l5WZm19YXMou51ZW19Y38ptbdRXGkkKNhjyUTY8o4CyAmmaaQzOSQITHoeENLsZ+4x6kYmFwo4cRtAXpBcxnlGgjdfIl15eEJu4lcE2wq1hPkFGSVlME3OGSe4gd+zY5Ko/c891cJ1+wi/YE+C9xUlJAKaqd/IfbDWksINCUE6Vajh3pdkKkZpTDKOfGCiJCB6QHLUMDIkC1k8ltI7xvlC72Q2leoPFE/TmREKHUUHimUxDdV7PeWPzPa8XaP2snLIhiDQGdLvJjjnWIx0HhLpNANR8aQqhk5q+Y9okJS5s4xyE4syf/JfVS0Tkulq5PCpVyGkcW7aA9dIAcdIoq6ApVUQ1R9ICe0At6tR6tZ+vNep+2Zqx0Zhv9gvX5DRLYoBA=</latexit>

�2 0.1736
�3 0.2545

<latexit sha1_base64="/b/ibRezGZ7jAJjUoHsVRUKMp8Q="></latexit>

for
l

d
=

2

3
<latexit sha1_base64="2kjzuB6u9pcIByaQ3RETJURx2V4=">AAACAHicbZDLSsNAFIZPvNZ6i7pw4WawCK5K0oq6EQpuXFawF2hDmUwm7dDJJMxMhBKy8VXcuFDErY/hzrdx2mahrT8MfPznHM6c3084U9pxvq2V1bX1jc3SVnl7Z3dv3z44bKs4lYS2SMxj2fWxopwJ2tJMc9pNJMWRz2nHH99O651HKhWLxYOeJNSL8FCwkBGsjTWwj/uhxCTjeRbkN3Ou5Vk9H9gVp+rMhJbBLaAChZoD+6sfxCSNqNCEY6V6rpNoL8NSM8JpXu6niiaYjPGQ9gwKHFHlZbMDcnRmnACFsTRPaDRzf09kOFJqEvmmM8J6pBZrU/O/Wi/V4bWXMZGkmgoyXxSmHOkYTdNAAZOUaD4xgIlk5q+IjLBJQZvMyiYEd/HkZWjXqm69Wru/qDQuizhKcAKncA4uXEED7qAJLSCQwzO8wpv1ZL1Y79bHvHXFKmaO4I+szx9EmJbL</latexit>

-2 -1  0  1  20.0

0.5

1.0

x / d

    
    

    
    

    
    

    
   "

l
<latexit sha1_base64="IQI5CCePH2BemG5gCWkYbhJyXjQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV7LHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUFINS2a24C5B14uWkDDkag9JXfxizNEJpmKBa9zw3MX5GleFM4KzYTzUmlE3oCHuWShqh9rPFoTNyaZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTVjzMy6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmhD8FZfXiftasW7rlSbN+V6LY+jAOdwAVfgwS3U4R4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9wPn8A0lWM6g==</latexit>



Quality of the S-PFM (1)
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<latexit sha1_base64="zME9N4FIDXHb+7peU8sTvQzUIyE=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVklrQjVBw47KCvUAbymQyaYdOJmFmIpSQja/ixoUibn0Md76N0zYLbf1h4OM/53Dm/H7CmdKO822V1tY3NrfK25Wd3b39A/vwqKPiVBLaJjGPZc/HinImaFszzWkvkRRHPqddf3I7q3cfqVQsFg96mlAvwiPBQkawNtbQPhmEEpOM51mQ3yy4nmeX+dCuOjVnLrQKbgFVKNQa2l+DICZpRIUmHCvVd51EexmWmhFO88ogVTTBZIJHtG9Q4IgqL5sfkKNz4wQojKV5QqO5+3siw5FS08g3nRHWY7Vcm5n/1fqpDq+9jIkk1VSQxaIw5UjHaJYGCpikRPOpAUwkM39FZIxNCtpkVjEhuMsnr0KnXnOdmnvfqDYbRRxlOIUzuAAXrqAJd9CCNhDI4Rle4c16sl6sd+tj0Vqyiplj+CPr8wdCsJbF</latexit><latexit sha1_base64="zME9N4FIDXHb+7peU8sTvQzUIyE=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVklrQjVBw47KCvUAbymQyaYdOJmFmIpSQja/ixoUibn0Md76N0zYLbf1h4OM/53Dm/H7CmdKO822V1tY3NrfK25Wd3b39A/vwqKPiVBLaJjGPZc/HinImaFszzWkvkRRHPqddf3I7q3cfqVQsFg96mlAvwiPBQkawNtbQPhmEEpOM51mQ3yy4nmeX+dCuOjVnLrQKbgFVKNQa2l+DICZpRIUmHCvVd51EexmWmhFO88ogVTTBZIJHtG9Q4IgqL5sfkKNz4wQojKV5QqO5+3siw5FS08g3nRHWY7Vcm5n/1fqpDq+9jIkk1VSQxaIw5UjHaJYGCpikRPOpAUwkM39FZIxNCtpkVjEhuMsnr0KnXnOdmnvfqDYbRRxlOIUzuAAXrqAJd9CCNhDI4Rle4c16sl6sd+tj0Vqyiplj+CPr8wdCsJbF</latexit><latexit sha1_base64="zME9N4FIDXHb+7peU8sTvQzUIyE=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVklrQjVBw47KCvUAbymQyaYdOJmFmIpSQja/ixoUibn0Md76N0zYLbf1h4OM/53Dm/H7CmdKO822V1tY3NrfK25Wd3b39A/vwqKPiVBLaJjGPZc/HinImaFszzWkvkRRHPqddf3I7q3cfqVQsFg96mlAvwiPBQkawNtbQPhmEEpOM51mQ3yy4nmeX+dCuOjVnLrQKbgFVKNQa2l+DICZpRIUmHCvVd51EexmWmhFO88ogVTTBZIJHtG9Q4IgqL5sfkKNz4wQojKV5QqO5+3siw5FS08g3nRHWY7Vcm5n/1fqpDq+9jIkk1VSQxaIw5UjHaJYGCpikRPOpAUwkM39FZIxNCtpkVjEhuMsnr0KnXnOdmnvfqDYbRRxlOIUzuAAXrqAJd9CCNhDI4Rle4c16sl6sd+tj0Vqyiplj+CPr8wdCsJbF</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="W0uGzOjkOlf+Xaqwr4btsenzEww=">AAAB9XicbZBLSwMxFIXv1FetVUc3LtwEi+CqzNSFbgTBjcsK9gHtUDJppg3NZIbkjlCG2fhX3LhQxL/izn9j+lho64HAxzkJN/eEqRQGPe/bKW1sbm3vlHcre9X9g0P3qNo2SaYZb7FEJrobUsOlULyFAiXvpprTOJS8E07uZnnniWsjEvWI05QHMR0pEQlG0VoD96QfacpyWeTD4mbBjSK/LAZuzat7c5F18JdQg6WaA/erP0xYFnOFTFJjer6XYpBTjYJJXlT6meEpZRM64j2LisbcBPl8gYKcW2dIokTbo5DM3d8vchobM41DezOmODar2cz8L+tlGF0HuVBphlyxxaAokwQTMmuDDIXmDOXUAmVa2L8SNqa2BbSdVWwJ/urK69Bu1H2v7j94UIZTOIML8OEKbuEemtACBgW8wBu8O8/Oq/OxqKvkLHs7hj9yPn8AykSVaA==</latexit><latexit sha1_base64="W0uGzOjkOlf+Xaqwr4btsenzEww=">AAAB9XicbZBLSwMxFIXv1FetVUc3LtwEi+CqzNSFbgTBjcsK9gHtUDJppg3NZIbkjlCG2fhX3LhQxL/izn9j+lho64HAxzkJN/eEqRQGPe/bKW1sbm3vlHcre9X9g0P3qNo2SaYZb7FEJrobUsOlULyFAiXvpprTOJS8E07uZnnniWsjEvWI05QHMR0pEQlG0VoD96QfacpyWeTD4mbBjSK/LAZuzat7c5F18JdQg6WaA/erP0xYFnOFTFJjer6XYpBTjYJJXlT6meEpZRM64j2LisbcBPl8gYKcW2dIokTbo5DM3d8vchobM41DezOmODar2cz8L+tlGF0HuVBphlyxxaAokwQTMmuDDIXmDOXUAmVa2L8SNqa2BbSdVWwJ/urK69Bu1H2v7j94UIZTOIML8OEKbuEemtACBgW8wBu8O8/Oq/OxqKvkLHs7hj9yPn8AykSVaA==</latexit><latexit sha1_base64="iJlxHP2Uvoz+Wr1ZRfLIdmaapUs=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVklbQjVBw47KCvUAbymQyaYdOJmFmIpSQja/ixoUibn0Md76N0zYLbf1h4OM/53Dm/H7CmdKO822V1tY3NrfK25Wd3b39A/vwqKPiVBLaJjGPZc/HinImaFszzWkvkRRHPqddf3I7q3cfqVQsFg96mlAvwiPBQkawNtbQPhmEEpOM51mQ3yy4nmeNfGhXnZozF1oFt4AqFGoN7a9BEJM0okITjpXqu06ivQxLzQineWWQKppgMsEj2jcocESVl80PyNG5cQIUxtI8odHc/T2R4UipaeSbzgjrsVquzcz/av1Uh9dexkSSairIYlGYcqRjNEsDBUxSovnUACaSmb8iMsYmBW0yq5gQ3OWTV6FTr7lOzb13qs3LIo4ynMIZXIALV9CEO2hBGwjk8Ayv8GY9WS/Wu/WxaC1Zxcwx/JH1+QNBcJbB</latexit><latexit sha1_base64="zME9N4FIDXHb+7peU8sTvQzUIyE=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVklrQjVBw47KCvUAbymQyaYdOJmFmIpSQja/ixoUibn0Md76N0zYLbf1h4OM/53Dm/H7CmdKO822V1tY3NrfK25Wd3b39A/vwqKPiVBLaJjGPZc/HinImaFszzWkvkRRHPqddf3I7q3cfqVQsFg96mlAvwiPBQkawNtbQPhmEEpOM51mQ3yy4nmeX+dCuOjVnLrQKbgFVKNQa2l+DICZpRIUmHCvVd51EexmWmhFO88ogVTTBZIJHtG9Q4IgqL5sfkKNz4wQojKV5QqO5+3siw5FS08g3nRHWY7Vcm5n/1fqpDq+9jIkk1VSQxaIw5UjHaJYGCpikRPOpAUwkM39FZIxNCtpkVjEhuMsnr0KnXnOdmnvfqDYbRRxlOIUzuAAXrqAJd9CCNhDI4Rle4c16sl6sd+tj0Vqyiplj+CPr8wdCsJbF</latexit><latexit sha1_base64="zME9N4FIDXHb+7peU8sTvQzUIyE=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVklrQjVBw47KCvUAbymQyaYdOJmFmIpSQja/ixoUibn0Md76N0zYLbf1h4OM/53Dm/H7CmdKO822V1tY3NrfK25Wd3b39A/vwqKPiVBLaJjGPZc/HinImaFszzWkvkRRHPqddf3I7q3cfqVQsFg96mlAvwiPBQkawNtbQPhmEEpOM51mQ3yy4nmeX+dCuOjVnLrQKbgFVKNQa2l+DICZpRIUmHCvVd51EexmWmhFO88ogVTTBZIJHtG9Q4IgqL5sfkKNz4wQojKV5QqO5+3siw5FS08g3nRHWY7Vcm5n/1fqpDq+9jIkk1VSQxaIw5UjHaJYGCpikRPOpAUwkM39FZIxNCtpkVjEhuMsnr0KnXnOdmnvfqDYbRRxlOIUzuAAXrqAJd9CCNhDI4Rle4c16sl6sd+tj0Vqyiplj+CPr8wdCsJbF</latexit><latexit sha1_base64="zME9N4FIDXHb+7peU8sTvQzUIyE=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVklrQjVBw47KCvUAbymQyaYdOJmFmIpSQja/ixoUibn0Md76N0zYLbf1h4OM/53Dm/H7CmdKO822V1tY3NrfK25Wd3b39A/vwqKPiVBLaJjGPZc/HinImaFszzWkvkRRHPqddf3I7q3cfqVQsFg96mlAvwiPBQkawNtbQPhmEEpOM51mQ3yy4nmeX+dCuOjVnLrQKbgFVKNQa2l+DICZpRIUmHCvVd51EexmWmhFO88ogVTTBZIJHtG9Q4IgqL5sfkKNz4wQojKV5QqO5+3siw5FS08g3nRHWY7Vcm5n/1fqpDq+9jIkk1VSQxaIw5UjHaJYGCpikRPOpAUwkM39FZIxNCtpkVjEhuMsnr0KnXnOdmnvfqDYbRRxlOIUzuAAXrqAJd9CCNhDI4Rle4c16sl6sd+tj0Vqyiplj+CPr8wdCsJbF</latexit><latexit sha1_base64="zME9N4FIDXHb+7peU8sTvQzUIyE=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVklrQjVBw47KCvUAbymQyaYdOJmFmIpSQja/ixoUibn0Md76N0zYLbf1h4OM/53Dm/H7CmdKO822V1tY3NrfK25Wd3b39A/vwqKPiVBLaJjGPZc/HinImaFszzWkvkRRHPqddf3I7q3cfqVQsFg96mlAvwiPBQkawNtbQPhmEEpOM51mQ3yy4nmeX+dCuOjVnLrQKbgFVKNQa2l+DICZpRIUmHCvVd51EexmWmhFO88ogVTTBZIJHtG9Q4IgqL5sfkKNz4wQojKV5QqO5+3siw5FS08g3nRHWY7Vcm5n/1fqpDq+9jIkk1VSQxaIw5UjHaJYGCpikRPOpAUwkM39FZIxNCtpkVjEhuMsnr0KnXnOdmnvfqDYbRRxlOIUzuAAXrqAJd9CCNhDI4Rle4c16sl6sd+tj0Vqyiplj+CPr8wdCsJbF</latexit><latexit sha1_base64="zME9N4FIDXHb+7peU8sTvQzUIyE=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVklrQjVBw47KCvUAbymQyaYdOJmFmIpSQja/ixoUibn0Md76N0zYLbf1h4OM/53Dm/H7CmdKO822V1tY3NrfK25Wd3b39A/vwqKPiVBLaJjGPZc/HinImaFszzWkvkRRHPqddf3I7q3cfqVQsFg96mlAvwiPBQkawNtbQPhmEEpOM51mQ3yy4nmeX+dCuOjVnLrQKbgFVKNQa2l+DICZpRIUmHCvVd51EexmWmhFO88ogVTTBZIJHtG9Q4IgqL5sfkKNz4wQojKV5QqO5+3siw5FS08g3nRHWY7Vcm5n/1fqpDq+9jIkk1VSQxaIw5UjHaJYGCpikRPOpAUwkM39FZIxNCtpkVjEhuMsnr0KnXnOdmnvfqDYbRRxlOIUzuAAXrqAJd9CCNhDI4Rle4c16sl6sd+tj0Vqyiplj+CPr8wdCsJbF</latexit><latexit sha1_base64="zME9N4FIDXHb+7peU8sTvQzUIyE=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVklrQjVBw47KCvUAbymQyaYdOJmFmIpSQja/ixoUibn0Md76N0zYLbf1h4OM/53Dm/H7CmdKO822V1tY3NrfK25Wd3b39A/vwqKPiVBLaJjGPZc/HinImaFszzWkvkRRHPqddf3I7q3cfqVQsFg96mlAvwiPBQkawNtbQPhmEEpOM51mQ3yy4nmeX+dCuOjVnLrQKbgFVKNQa2l+DICZpRIUmHCvVd51EexmWmhFO88ogVTTBZIJHtG9Q4IgqL5sfkKNz4wQojKV5QqO5+3siw5FS08g3nRHWY7Vcm5n/1fqpDq+9jIkk1VSQxaIw5UjHaJYGCpikRPOpAUwkM39FZIxNCtpkVjEhuMsnr0KnXnOdmnvfqDYbRRxlOIUzuAAXrqAJd9CCNhDI4Rle4c16sl6sd+tj0Vqyiplj+CPr8wdCsJbF</latexit>

free energy density kinetics

simulation : 256x256x256

growth of a single precipitate

(111) plane

(110) profil

� = 1

� = 0

precipitate :

matrice :

�F > 0

h(�) = 3�2 � 2�3
<latexit sha1_base64="I7vFUtaRFq9O7Rz5LMnLJE/nufo=">AAACAXicbZBPS8MwGMbT+W/Of1VP4iU4hHlwtNtAPQgDLx4nWDfY6kizdAtL05KkwijDi1/FiwcVr34Lb34b064H3Xwh5MfzvC/J+3gRo1JZ1rdRWFpeWV0rrpc2Nre2d8zdvTsZxgITB4csFB0PScIoJ46iipFOJAgKPEba3vgq9dsPREga8ls1iYgboCGnPsVIaalvHowqvWhET+AlrKdwXzutZXe9b5atqpUVXAQ7hzLIq9U3v3qDEMcB4QozJGXXtiLlJkgoihmZlnqxJBHCYzQkXY0cBUS6SbbCFB5rZQD9UOjDFczU3xMJCqScBJ7uDJAayXkvFf/zurHyz92E8ihWhOPZQ37MoAphmgccUEGwYhMNCAuq/wrxCAmElU6tpEOw51deBKdWvahaN41ys5GnUQSH4AhUgA3OQBNcgxZwAAaP4Bm8gjfjyXgx3o2PWWvByGf2wZ8yPn8AnpqVKg==</latexit><latexit sha1_base64="I7vFUtaRFq9O7Rz5LMnLJE/nufo=">AAACAXicbZBPS8MwGMbT+W/Of1VP4iU4hHlwtNtAPQgDLx4nWDfY6kizdAtL05KkwijDi1/FiwcVr34Lb34b064H3Xwh5MfzvC/J+3gRo1JZ1rdRWFpeWV0rrpc2Nre2d8zdvTsZxgITB4csFB0PScIoJ46iipFOJAgKPEba3vgq9dsPREga8ls1iYgboCGnPsVIaalvHowqvWhET+AlrKdwXzutZXe9b5atqpUVXAQ7hzLIq9U3v3qDEMcB4QozJGXXtiLlJkgoihmZlnqxJBHCYzQkXY0cBUS6SbbCFB5rZQD9UOjDFczU3xMJCqScBJ7uDJAayXkvFf/zurHyz92E8ihWhOPZQ37MoAphmgccUEGwYhMNCAuq/wrxCAmElU6tpEOw51deBKdWvahaN41ys5GnUQSH4AhUgA3OQBNcgxZwAAaP4Bm8gjfjyXgx3o2PWWvByGf2wZ8yPn8AnpqVKg==</latexit><latexit sha1_base64="I7vFUtaRFq9O7Rz5LMnLJE/nufo=">AAACAXicbZBPS8MwGMbT+W/Of1VP4iU4hHlwtNtAPQgDLx4nWDfY6kizdAtL05KkwijDi1/FiwcVr34Lb34b064H3Xwh5MfzvC/J+3gRo1JZ1rdRWFpeWV0rrpc2Nre2d8zdvTsZxgITB4csFB0PScIoJ46iipFOJAgKPEba3vgq9dsPREga8ls1iYgboCGnPsVIaalvHowqvWhET+AlrKdwXzutZXe9b5atqpUVXAQ7hzLIq9U3v3qDEMcB4QozJGXXtiLlJkgoihmZlnqxJBHCYzQkXY0cBUS6SbbCFB5rZQD9UOjDFczU3xMJCqScBJ7uDJAayXkvFf/zurHyz92E8ihWhOPZQ37MoAphmgccUEGwYhMNCAuq/wrxCAmElU6tpEOw51deBKdWvahaN41ys5GnUQSH4AhUgA3OQBNcgxZwAAaP4Bm8gjfjyXgx3o2PWWvByGf2wZ8yPn8AnpqVKg==</latexit>

gtot(�) = g(�) � �F h(�)
<latexit sha1_base64="RhIZoUkxu2LI3bXhxeWq1JMKPkg=">AAACHHicbZDLSgMxFIYz9VbrbdSlm2ARKtQy0wp2IxQUcVnBXqBTSiZN29DMheSMUIY+iBtfxY0LRdy4EHwbM+0stPVAwsf/n0NyfjcUXIFlfRuZldW19Y3sZm5re2d3z9w/aKogkpQ1aCAC2XaJYoL7rAEcBGuHkhHPFazljq8Sv/XApOKBfw+TkHU9MvT5gFMCWuqZlWEvhgCmBScc8VN8iYcpYafoFM+Sy7lmAgi+cYqjudcz81bJmhVeBjuFPEqr3jM/nX5AI4/5QAVRqmNbIXRjIoFTwaY5J1IsJHRMhqyj0SceU914ttwUn2iljweB1McHPFN/T8TEU2riubrTIzBSi14i/ud1IhhUuzH3wwiYT+cPDSKBIcBJUrjPJaMgJhoIlVz/FdMRkYSCzjOnQ7AXV16GZrlkV0rlu/N8rZrGkUVH6BgVkI0uUA3dojpqIIoe0TN6RW/Gk/FivBsf89aMkc4coj9lfP0Aqa+ejw==</latexit>



a growing precipitate :

Sphericity criteria to test the rotational invariance :

Rmin

Rmax
<latexit sha1_base64="7/JZGZVXSygmhLs1ZA5fxzRS6/M=">AAACAHicbZBPS8MwGMbT+W/Of1UvgpfgEDyNVgTnbeDF4xTrBlspaZZuYUlaklQcpV78Kl48qHj1Y3jz25h1PejmA4Efz/u+vHmfMGFUacf5tipLyyura9X12sbm1vaOvbt3p+JUYuLhmMWyGyJFGBXE01Qz0k0kQTxkpBOOL6f1zj2RisbiVk8S4nM0FDSiGGljBfZBP5IIZzdBxqnI8wLQQ57DwK47DacQXAS3hDoo1Q7sr/4gxiknQmOGlOq5TqL9DElNMSN5rZ8qkiA8RkPSMygQJ8rPigtyeGycAYxiaZ7QsHB/T2SIKzXhoenkSI/UfG1q/lfrpTpq+hkVSaqJwLNFUcqgjuE0DjigkmDNJgYQltT8FeIRMpFoE1rNhODOn7wI3mnjouFcn9VbzTKNKjgER+AEuOActMAVaAMPYPAInsEreLOerBfr3fqYtVascmYf/JH1+QPNy5dI</latexit><latexit sha1_base64="7/JZGZVXSygmhLs1ZA5fxzRS6/M=">AAACAHicbZBPS8MwGMbT+W/Of1UvgpfgEDyNVgTnbeDF4xTrBlspaZZuYUlaklQcpV78Kl48qHj1Y3jz25h1PejmA4Efz/u+vHmfMGFUacf5tipLyyura9X12sbm1vaOvbt3p+JUYuLhmMWyGyJFGBXE01Qz0k0kQTxkpBOOL6f1zj2RisbiVk8S4nM0FDSiGGljBfZBP5IIZzdBxqnI8wLQQ57DwK47DacQXAS3hDoo1Q7sr/4gxiknQmOGlOq5TqL9DElNMSN5rZ8qkiA8RkPSMygQJ8rPigtyeGycAYxiaZ7QsHB/T2SIKzXhoenkSI/UfG1q/lfrpTpq+hkVSaqJwLNFUcqgjuE0DjigkmDNJgYQltT8FeIRMpFoE1rNhODOn7wI3mnjouFcn9VbzTKNKjgER+AEuOActMAVaAMPYPAInsEreLOerBfr3fqYtVascmYf/JH1+QPNy5dI</latexit><latexit sha1_base64="7/JZGZVXSygmhLs1ZA5fxzRS6/M=">AAACAHicbZBPS8MwGMbT+W/Of1UvgpfgEDyNVgTnbeDF4xTrBlspaZZuYUlaklQcpV78Kl48qHj1Y3jz25h1PejmA4Efz/u+vHmfMGFUacf5tipLyyura9X12sbm1vaOvbt3p+JUYuLhmMWyGyJFGBXE01Qz0k0kQTxkpBOOL6f1zj2RisbiVk8S4nM0FDSiGGljBfZBP5IIZzdBxqnI8wLQQ57DwK47DacQXAS3hDoo1Q7sr/4gxiknQmOGlOq5TqL9DElNMSN5rZ8qkiA8RkPSMygQJ8rPigtyeGycAYxiaZ7QsHB/T2SIKzXhoenkSI/UfG1q/lfrpTpq+hkVSaqJwLNFUcqgjuE0DjigkmDNJgYQltT8FeIRMpFoE1rNhODOn7wI3mnjouFcn9VbzTKNKjgER+AEuOActMAVaAMPYPAInsEreLOerBfr3fqYtVascmYf/JH1+QPNy5dI</latexit>

Rmin
<latexit sha1_base64="B3l0POyNsirede6kaKVPKCD2/Dk=">AAAB7XicdVDJSgNBEK1xjXGLevTSGARPYSLicgt48RjFMYFkCD2dmqRJd8/Q3SOEIR/hxYOKV//Hm39jZxHi9qDg8V4VVfWiVHBjff/DW1hcWl5ZLawV1zc2t7ZLO7t3Jsk0w4AlItHNiBoUXGFguRXYTDVSGQlsRIPLsd+4R214om7tMMVQ0p7iMWfUOqlx08klV6NOqVyt+BMQ/xf5ssowQ71Tem93E5ZJVJYJakyr6qc2zKm2nAkcFduZwZSyAe1hy1FFJZown5w7IodO6ZI40a6UJRN1fiKn0pihjFynpLZvfnpj8S+vldn4PMy5SjOLik0XxZkgNiHj30mXa2RWDB2hTHN3K2F9qimzLqHifAj/k+C4clHxr0/KtdNZGgXYhwM4giqcQQ2uoA4BMBjAAzzBs5d6j96L9zptXfBmM3vwDd7bJ+71j3U=</latexit><latexit sha1_base64="B3l0POyNsirede6kaKVPKCD2/Dk=">AAAB7XicdVDJSgNBEK1xjXGLevTSGARPYSLicgt48RjFMYFkCD2dmqRJd8/Q3SOEIR/hxYOKV//Hm39jZxHi9qDg8V4VVfWiVHBjff/DW1hcWl5ZLawV1zc2t7ZLO7t3Jsk0w4AlItHNiBoUXGFguRXYTDVSGQlsRIPLsd+4R214om7tMMVQ0p7iMWfUOqlx08klV6NOqVyt+BMQ/xf5ssowQ71Tem93E5ZJVJYJakyr6qc2zKm2nAkcFduZwZSyAe1hy1FFJZown5w7IodO6ZI40a6UJRN1fiKn0pihjFynpLZvfnpj8S+vldn4PMy5SjOLik0XxZkgNiHj30mXa2RWDB2hTHN3K2F9qimzLqHifAj/k+C4clHxr0/KtdNZGgXYhwM4giqcQQ2uoA4BMBjAAzzBs5d6j96L9zptXfBmM3vwDd7bJ+71j3U=</latexit><latexit sha1_base64="B3l0POyNsirede6kaKVPKCD2/Dk=">AAAB7XicdVDJSgNBEK1xjXGLevTSGARPYSLicgt48RjFMYFkCD2dmqRJd8/Q3SOEIR/hxYOKV//Hm39jZxHi9qDg8V4VVfWiVHBjff/DW1hcWl5ZLawV1zc2t7ZLO7t3Jsk0w4AlItHNiBoUXGFguRXYTDVSGQlsRIPLsd+4R214om7tMMVQ0p7iMWfUOqlx08klV6NOqVyt+BMQ/xf5ssowQ71Tem93E5ZJVJYJakyr6qc2zKm2nAkcFduZwZSyAe1hy1FFJZown5w7IodO6ZI40a6UJRN1fiKn0pihjFynpLZvfnpj8S+vldn4PMy5SjOLik0XxZkgNiHj30mXa2RWDB2hTHN3K2F9qimzLqHifAj/k+C4clHxr0/KtdNZGgXYhwM4giqcQQ2uoA4BMBjAAzzBs5d6j96L9zptXfBmM3vwDd7bJ+71j3U=</latexit>

Rmax
<latexit sha1_base64="OhfFBGuhdg9hAYTBB9BRc/5Ote4=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4ChMRl1vAi8cojgkkQ+jpdJIm3T1Dd40YhnyEFw8qXv0fb/6NnUWI24OCx3tVVNWLEiks+v6Hl1tYXFpeya8W1tY3NreK2zu3Nk4N4wGLZWwaEbVcCs0DFCh5IzGcqkjyejS4GPv1O26siPUNDhMeKtrToisYRSfVr9uZovejdrFUKfsTEP8X+bJKMEOtXXxvdWKWKq6RSWpts+InGGbUoGCSjwqt1PKEsgHt8aajmipuw2xy7ogcOKVDurFxpZFM1PmJjCprhypynYpi3/70xuJfXjPF7lmYCZ2kyDWbLuqmkmBMxr+TjjCcoRw6QpkR7lbC+tRQhi6hwnwI/5PgqHxe9q+OS9WTWRp52IN9OIQKnEIVLqEGATAYwAM8wbOXeI/ei/c6bc15s5ld+Abv7RPx9Y93</latexit><latexit sha1_base64="OhfFBGuhdg9hAYTBB9BRc/5Ote4=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4ChMRl1vAi8cojgkkQ+jpdJIm3T1Dd40YhnyEFw8qXv0fb/6NnUWI24OCx3tVVNWLEiks+v6Hl1tYXFpeya8W1tY3NreK2zu3Nk4N4wGLZWwaEbVcCs0DFCh5IzGcqkjyejS4GPv1O26siPUNDhMeKtrToisYRSfVr9uZovejdrFUKfsTEP8X+bJKMEOtXXxvdWKWKq6RSWpts+InGGbUoGCSjwqt1PKEsgHt8aajmipuw2xy7ogcOKVDurFxpZFM1PmJjCprhypynYpi3/70xuJfXjPF7lmYCZ2kyDWbLuqmkmBMxr+TjjCcoRw6QpkR7lbC+tRQhi6hwnwI/5PgqHxe9q+OS9WTWRp52IN9OIQKnEIVLqEGATAYwAM8wbOXeI/ei/c6bc15s5ld+Abv7RPx9Y93</latexit><latexit sha1_base64="OhfFBGuhdg9hAYTBB9BRc/5Ote4=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4ChMRl1vAi8cojgkkQ+jpdJIm3T1Dd40YhnyEFw8qXv0fb/6NnUWI24OCx3tVVNWLEiks+v6Hl1tYXFpeya8W1tY3NreK2zu3Nk4N4wGLZWwaEbVcCs0DFCh5IzGcqkjyejS4GPv1O26siPUNDhMeKtrToisYRSfVr9uZovejdrFUKfsTEP8X+bJKMEOtXXxvdWKWKq6RSWpts+InGGbUoGCSjwqt1PKEsgHt8aajmipuw2xy7ogcOKVDurFxpZFM1PmJjCprhypynYpi3/70xuJfXjPF7lmYCZ2kyDWbLuqmkmBMxr+TjjCcoRw6QpkR7lbC+tRQhi6hwnwI/5PgqHxe9q+OS9WTWRp52IN9OIQKnEIVLqEGATAYwAM8wbOXeI/ei/c6bc15s5ld+Abv7RPx9Y93</latexit>
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(110) profil
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<latexit sha1_base64="z5bxzv2sqHKWUJnPf9PWDNhSCuw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU8lKQS9CwYvHCvYD2lA2m027dLOJu5tCCfkdXjwo4tUf481/47bNQVsfDDzem2Fmnp8Iro3rfjuljc2t7Z3ybmVv/+DwqHp80tFxqihr01jEqucTzQSXrG24EayXKEYiX7CuP7mb+90pU5rH8tHMEuZFZCR5yCkxVvIGoSI0E3kW5Ld4WK25dXcBtE5wQWpQoDWsfg2CmKYRk4YKonUfu4nxMqIMp4LllUGqWULohIxY31JJIqa9bHF0ji6sEqAwVrakQQv190RGIq1nkW87I2LGetWbi/95/dSEN17GZZIaJulyUZgKZGI0TwAFXDFqxMwSQhW3tyI6JjYHY3Oq2BDw6svrpHNVx24dPzRqzUYRRxnO4BwuAcM1NOEeWtAGCk/wDK/w5kydF+fd+Vi2lpxi5hT+wPn8AdXCkhQ=</latexit><latexit sha1_base64="z5bxzv2sqHKWUJnPf9PWDNhSCuw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU8lKQS9CwYvHCvYD2lA2m027dLOJu5tCCfkdXjwo4tUf481/47bNQVsfDDzem2Fmnp8Iro3rfjuljc2t7Z3ybmVv/+DwqHp80tFxqihr01jEqucTzQSXrG24EayXKEYiX7CuP7mb+90pU5rH8tHMEuZFZCR5yCkxVvIGoSI0E3kW5Ld4WK25dXcBtE5wQWpQoDWsfg2CmKYRk4YKonUfu4nxMqIMp4LllUGqWULohIxY31JJIqa9bHF0ji6sEqAwVrakQQv190RGIq1nkW87I2LGetWbi/95/dSEN17GZZIaJulyUZgKZGI0TwAFXDFqxMwSQhW3tyI6JjYHY3Oq2BDw6svrpHNVx24dPzRqzUYRRxnO4BwuAcM1NOEeWtAGCk/wDK/w5kydF+fd+Vi2lpxi5hT+wPn8AdXCkhQ=</latexit><latexit sha1_base64="z5bxzv2sqHKWUJnPf9PWDNhSCuw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU8lKQS9CwYvHCvYD2lA2m027dLOJu5tCCfkdXjwo4tUf481/47bNQVsfDDzem2Fmnp8Iro3rfjuljc2t7Z3ybmVv/+DwqHp80tFxqihr01jEqucTzQSXrG24EayXKEYiX7CuP7mb+90pU5rH8tHMEuZFZCR5yCkxVvIGoSI0E3kW5Ld4WK25dXcBtE5wQWpQoDWsfg2CmKYRk4YKonUfu4nxMqIMp4LllUGqWULohIxY31JJIqa9bHF0ji6sEqAwVrakQQv190RGIq1nkW87I2LGetWbi/95/dSEN17GZZIaJulyUZgKZGI0TwAFXDFqxMwSQhW3tyI6JjYHY3Oq2BDw6svrpHNVx24dPzRqzUYRRxnO4BwuAcM1NOEeWtAGCk/wDK/w5kydF+fd+Vi2lpxi5hT+wPn8AdXCkhQ=</latexit><latexit sha1_base64="z5bxzv2sqHKWUJnPf9PWDNhSCuw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU8lKQS9CwYvHCvYD2lA2m027dLOJu5tCCfkdXjwo4tUf481/47bNQVsfDDzem2Fmnp8Iro3rfjuljc2t7Z3ybmVv/+DwqHp80tFxqihr01jEqucTzQSXrG24EayXKEYiX7CuP7mb+90pU5rH8tHMEuZFZCR5yCkxVvIGoSI0E3kW5Ld4WK25dXcBtE5wQWpQoDWsfg2CmKYRk4YKonUfu4nxMqIMp4LllUGqWULohIxY31JJIqa9bHF0ji6sEqAwVrakQQv190RGIq1nkW87I2LGetWbi/95/dSEN17GZZIaJulyUZgKZGI0TwAFXDFqxMwSQhW3tyI6JjYHY3Oq2BDw6svrpHNVx24dPzRqzUYRRxnO4BwuAcM1NOEeWtAGCk/wDK/w5kydF+fd+Vi2lpxi5hT+wPn8AdXCkhQ=</latexit>

20 30 40 50 60 700.990

0.992

0.994

0.996

0.998

1.000

!"

#"

$"

%"

&"

'"

("

time (a.u.)

  R
m

in
 / R

m
ax

R
m

ax
 / d

  Rmin / Rmax

  Rmax / d
  
  
  
  
  
  

d
<latexit sha1_base64="3oSk6DNuEkGOvzu//4N3O24b0zM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2FZoQ9lsJu3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBVcG9f9dkobm1vbO+Xdyt7+weFR9fikq5NMMeywRCTqIaAaBZfYMdwIfEgV0jgQ2Asmt3O/94RK80Tem2mKfkxHkkecUWOldjis1ty6uwBZJ15BalCgNax+DcKEZTFKwwTVuu+5qfFzqgxnAmeVQaYxpWxCR9i3VNIYtZ8vDp2RC6uEJEqULWnIQv09kdNY62kc2M6YmrFe9ebif14/M9GNn3OZZgYlWy6KMkFMQuZfk5ArZEZMLaFMcXsrYWOqKDM2m4oNwVt9eZ10r+qeW/fajVqzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/Ds4za</latexit><latexit sha1_base64="3oSk6DNuEkGOvzu//4N3O24b0zM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2FZoQ9lsJu3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBVcG9f9dkobm1vbO+Xdyt7+weFR9fikq5NMMeywRCTqIaAaBZfYMdwIfEgV0jgQ2Asmt3O/94RK80Tem2mKfkxHkkecUWOldjis1ty6uwBZJ15BalCgNax+DcKEZTFKwwTVuu+5qfFzqgxnAmeVQaYxpWxCR9i3VNIYtZ8vDp2RC6uEJEqULWnIQv09kdNY62kc2M6YmrFe9ebif14/M9GNn3OZZgYlWy6KMkFMQuZfk5ArZEZMLaFMcXsrYWOqKDM2m4oNwVt9eZ10r+qeW/fajVqzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/Ds4za</latexit><latexit sha1_base64="3oSk6DNuEkGOvzu//4N3O24b0zM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2FZoQ9lsJu3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBVcG9f9dkobm1vbO+Xdyt7+weFR9fikq5NMMeywRCTqIaAaBZfYMdwIfEgV0jgQ2Asmt3O/94RK80Tem2mKfkxHkkecUWOldjis1ty6uwBZJ15BalCgNax+DcKEZTFKwwTVuu+5qfFzqgxnAmeVQaYxpWxCR9i3VNIYtZ8vDp2RC6uEJEqULWnIQv09kdNY62kc2M6YmrFe9ebif14/M9GNn3OZZgYlWy6KMkFMQuZfk5ArZEZMLaFMcXsrYWOqKDM2m4oNwVt9eZ10r+qeW/fajVqzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/Ds4za</latexit><latexit sha1_base64="3oSk6DNuEkGOvzu//4N3O24b0zM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2FZoQ9lsJu3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBVcG9f9dkobm1vbO+Xdyt7+weFR9fikq5NMMeywRCTqIaAaBZfYMdwIfEgV0jgQ2Asmt3O/94RK80Tem2mKfkxHkkecUWOldjis1ty6uwBZJ15BalCgNax+DcKEZTFKwwTVuu+5qfFzqgxnAmeVQaYxpWxCR9i3VNIYtZ8vDp2RC6uEJEqULWnIQv09kdNY62kc2M6YmrFe9ebif14/M9GNn3OZZgYlWy6KMkFMQuZfk5ArZEZMLaFMcXsrYWOqKDM2m4oNwVt9eZ10r+qeW/fajVqzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/Ds4za</latexit>

9

Quality of the S-PFM (2)



Interfacial kinetic properties :
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⟶  comparison S-PFM / “classical” PFM :

0 50 1000.0

0.2

0.4

0.6

          t / t0

f 2/
3

  d/w = 3
  d/w = 2
  d/w = 1
  continuous limit

  d/w = 2
  d/w = 1
  d/w = 0.60

S-PFM

“classical” PFM

⟶ For a precision on the interface velocity of env. 1.7% : 

 Curvature-driven collapse of a single precipitate :

t/t0
<latexit sha1_base64="NyGoV91xC2eAxc8VSgNLHZiR4F4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU01EsMeCF48VTFtoQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbRSB8kVwYE7qNbcursAWSdeQWpQoDWofvWHCctirpBJakzPc1MMcqpRMMlnlX5meErZhI54z1JFY26CfHHujFxYZUiiRNtSSBbq74mcxsZM49B2xhTHZtWbi/95vQyjRpALlWbIFVsuijJJMCHz38lQaM5QTi2hTAt7K2FjqilDm1DFhuCtvrxO2td1z617Dze1ZqOIowxncA6X4MEtNOEeWuADgwk8wyu8Oanz4rw7H8vWklPMnMIfOJ8/8U2OnA==</latexit><latexit sha1_base64="NyGoV91xC2eAxc8VSgNLHZiR4F4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU01EsMeCF48VTFtoQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbRSB8kVwYE7qNbcursAWSdeQWpQoDWofvWHCctirpBJakzPc1MMcqpRMMlnlX5meErZhI54z1JFY26CfHHujFxYZUiiRNtSSBbq74mcxsZM49B2xhTHZtWbi/95vQyjRpALlWbIFVsuijJJMCHz38lQaM5QTi2hTAt7K2FjqilDm1DFhuCtvrxO2td1z617Dze1ZqOIowxncA6X4MEtNOEeWuADgwk8wyu8Oanz4rw7H8vWklPMnMIfOJ8/8U2OnA==</latexit><latexit sha1_base64="NyGoV91xC2eAxc8VSgNLHZiR4F4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU01EsMeCF48VTFtoQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbRSB8kVwYE7qNbcursAWSdeQWpQoDWofvWHCctirpBJakzPc1MMcqpRMMlnlX5meErZhI54z1JFY26CfHHujFxYZUiiRNtSSBbq74mcxsZM49B2xhTHZtWbi/95vQyjRpALlWbIFVsuijJJMCHz38lQaM5QTi2hTAt7K2FjqilDm1DFhuCtvrxO2td1z617Dze1ZqOIowxncA6X4MEtNOEeWuADgwk8wyu8Oanz4rw7H8vWklPMnMIfOJ8/8U2OnA==</latexit><latexit sha1_base64="NyGoV91xC2eAxc8VSgNLHZiR4F4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU01EsMeCF48VTFtoQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbRSB8kVwYE7qNbcursAWSdeQWpQoDWofvWHCctirpBJakzPc1MMcqpRMMlnlX5meErZhI54z1JFY26CfHHujFxYZUiiRNtSSBbq74mcxsZM49B2xhTHZtWbi/95vQyjRpALlWbIFVsuijJJMCHz38lQaM5QTi2hTAt7K2FjqilDm1DFhuCtvrxO2td1z617Dze1ZqOIowxncA6X4MEtNOEeWuADgwk8wyu8Oanz4rw7H8vWklPMnMIfOJ8/8U2OnA==</latexit>

15 20 25 30
0.0

0.5

1.0

x / (√2/2 d)

    
    

    
    

" 

 d/w = 3     ;  S-PFM
  d/w = 0.6 ; "2-"4

(t0 = d2/µ�)
<latexit sha1_base64="TV47xz/GJP0bToRzGpTCHOgQnBA=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxCBalJEXUjFNy4rGAf0MQwmUzaoTOTMDMRSu3CX3HjQhG3/oY7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rYXFpeWV1cJacX1jc2vb3tltqiSTmDRwwhLZDpEijArS0FQz0k4lQTxkpBX2r8d+64FIRRNxpwcp8TnqChpTjLSRAnu/rAPnKrqvwlOPZ96Jp2iXo+PALjkVZwI4T9yclECOemB/eVGCM06Exgwp1XGdVPtDJDXFjIyKXqZIinAfdUnHUIE4Uf5wcv8IHhklgnEiTQkNJ+rviSHiSg14aDo50j01643F/7xOpuNLf0hFmmki8HRRnDGoEzgOA0ZUEqzZwBCEJTW3QtxDEmFtIiuaENzZl+dJs1pxnYp7e1aqnedxFMABOARl4IILUAM3oA4aAINH8AxewZv1ZL1Y79bHtHXBymf2wB9Ynz+bF5SC</latexit><latexit sha1_base64="TV47xz/GJP0bToRzGpTCHOgQnBA=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxCBalJEXUjFNy4rGAf0MQwmUzaoTOTMDMRSu3CX3HjQhG3/oY7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rYXFpeWV1cJacX1jc2vb3tltqiSTmDRwwhLZDpEijArS0FQz0k4lQTxkpBX2r8d+64FIRRNxpwcp8TnqChpTjLSRAnu/rAPnKrqvwlOPZ96Jp2iXo+PALjkVZwI4T9yclECOemB/eVGCM06Exgwp1XGdVPtDJDXFjIyKXqZIinAfdUnHUIE4Uf5wcv8IHhklgnEiTQkNJ+rviSHiSg14aDo50j01643F/7xOpuNLf0hFmmki8HRRnDGoEzgOA0ZUEqzZwBCEJTW3QtxDEmFtIiuaENzZl+dJs1pxnYp7e1aqnedxFMABOARl4IILUAM3oA4aAINH8AxewZv1ZL1Y79bHtHXBymf2wB9Ynz+bF5SC</latexit><latexit sha1_base64="TV47xz/GJP0bToRzGpTCHOgQnBA=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxCBalJEXUjFNy4rGAf0MQwmUzaoTOTMDMRSu3CX3HjQhG3/oY7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rYXFpeWV1cJacX1jc2vb3tltqiSTmDRwwhLZDpEijArS0FQz0k4lQTxkpBX2r8d+64FIRRNxpwcp8TnqChpTjLSRAnu/rAPnKrqvwlOPZ96Jp2iXo+PALjkVZwI4T9yclECOemB/eVGCM06Exgwp1XGdVPtDJDXFjIyKXqZIinAfdUnHUIE4Uf5wcv8IHhklgnEiTQkNJ+rviSHiSg14aDo50j01643F/7xOpuNLf0hFmmki8HRRnDGoEzgOA0ZUEqzZwBCEJTW3QtxDEmFtIiuaENzZl+dJs1pxnYp7e1aqnedxFMABOARl4IILUAM3oA4aAINH8AxewZv1ZL1Y79bHtHXBymf2wB9Ynz+bF5SC</latexit><latexit sha1_base64="TV47xz/GJP0bToRzGpTCHOgQnBA=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxCBalJEXUjFNy4rGAf0MQwmUzaoTOTMDMRSu3CX3HjQhG3/oY7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rYXFpeWV1cJacX1jc2vb3tltqiSTmDRwwhLZDpEijArS0FQz0k4lQTxkpBX2r8d+64FIRRNxpwcp8TnqChpTjLSRAnu/rAPnKrqvwlOPZ96Jp2iXo+PALjkVZwI4T9yclECOemB/eVGCM06Exgwp1XGdVPtDJDXFjIyKXqZIinAfdUnHUIE4Uf5wcv8IHhklgnEiTQkNJ+rviSHiSg14aDo50j01643F/7xOpuNLf0hFmmki8HRRnDGoEzgOA0ZUEqzZwBCEJTW3QtxDEmFtIiuaENzZl+dJs1pxnYp7e1aqnedxFMABOARl4IILUAM3oA4aAINH8AxewZv1ZL1Y79bHtHXBymf2wB9Ynz+bF5SC</latexit>

(110) profil

ability of S-PFM to reproduce the “exact” interfacial kinetics

l/d = 1
l/d = 2
l/d = 10/3

l/d = 2/3
l/d = 1
l/d = 2

l/d = 2/3
l/d = 10/3

S-PFM :  d /w = 3           ⟶      1 grid point in the interface        
“classical” PFM :  d /w = 0.6         ⟶     8 grid points in the interfacel/d = 10/3

l/d = 2/3



S-PFM with a conserved order-parameter (concentration)
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⟶ solution :

state variables : c and 𝜙 

• coupling between c and 𝜙 may play a rôle into the interface profil

• look for a                         such that a planar interface keeps the S-PFM interface profil even in c and 𝜙 are coupled !

⟶ free energy density :

⟶ kinetics :

⟶ but :



Simulation box = 256x256x256 
FCC grid (111) planec

<latexit sha1_base64="0FTx/GasYqtxaMq60K+6/0UHkrc=">AAAB53icdVDLSgNBEOz1GeMr6tHLYBA8Lbsiai4S8OIxAdcEkiXMTnqTMbOzy8ysEEK+wIsHFa/+kjf/xslD8FnQUFR1090VZYJr43nvzsLi0vLKamGtuL6xubVd2tm90WmuGAYsFalqRlSj4BIDw43AZqaQJpHARjS4nPiNO1Sap/LaDDMME9qTPOaMGivVWadU9tyK51dOffKb+K43RRnmqHVKb+1uyvIEpWGCat3yvcyEI6oMZwLHxXauMaNsQHvYslTSBHU4mh46JodW6ZI4VbakIVP168SIJloPk8h2JtT09U9vIv7ltXITn4cjLrPcoGSzRXEuiEnJ5GvS5QqZEUNLKFPc3kpYnyrKjM2maEP4/JT8T4Jjt+J69ZNy9WKeRgH24QCOwIczqMIV1CAABgj38AhPzq3z4Dw7L7PWBWc+swff4Lx+AKQEjQQ=</latexit><latexit sha1_base64="0FTx/GasYqtxaMq60K+6/0UHkrc=">AAAB53icdVDLSgNBEOz1GeMr6tHLYBA8Lbsiai4S8OIxAdcEkiXMTnqTMbOzy8ysEEK+wIsHFa/+kjf/xslD8FnQUFR1090VZYJr43nvzsLi0vLKamGtuL6xubVd2tm90WmuGAYsFalqRlSj4BIDw43AZqaQJpHARjS4nPiNO1Sap/LaDDMME9qTPOaMGivVWadU9tyK51dOffKb+K43RRnmqHVKb+1uyvIEpWGCat3yvcyEI6oMZwLHxXauMaNsQHvYslTSBHU4mh46JodW6ZI4VbakIVP168SIJloPk8h2JtT09U9vIv7ltXITn4cjLrPcoGSzRXEuiEnJ5GvS5QqZEUNLKFPc3kpYnyrKjM2maEP4/JT8T4Jjt+J69ZNy9WKeRgH24QCOwIczqMIV1CAABgj38AhPzq3z4Dw7L7PWBWc+swff4Lx+AKQEjQQ=</latexit><latexit sha1_base64="0FTx/GasYqtxaMq60K+6/0UHkrc=">AAAB53icdVDLSgNBEOz1GeMr6tHLYBA8Lbsiai4S8OIxAdcEkiXMTnqTMbOzy8ysEEK+wIsHFa/+kjf/xslD8FnQUFR1090VZYJr43nvzsLi0vLKamGtuL6xubVd2tm90WmuGAYsFalqRlSj4BIDw43AZqaQJpHARjS4nPiNO1Sap/LaDDMME9qTPOaMGivVWadU9tyK51dOffKb+K43RRnmqHVKb+1uyvIEpWGCat3yvcyEI6oMZwLHxXauMaNsQHvYslTSBHU4mh46JodW6ZI4VbakIVP168SIJloPk8h2JtT09U9vIv7ltXITn4cjLrPcoGSzRXEuiEnJ5GvS5QqZEUNLKFPc3kpYnyrKjM2maEP4/JT8T4Jjt+J69ZNy9WKeRgH24QCOwIczqMIV1CAABgj38AhPzq3z4Dw7L7PWBWc+swff4Lx+AKQEjQQ=</latexit>

�
<latexit sha1_base64="dMtMv7e4BfhFblIL9dvWnriOVvA=">AAAB6nicdVBNS8NAEJ34WetX1aOXxSJ4ComI2osUvHisYGyhDWWz3TRLdzdhdyOU0L/gxYOKV3+RN/+Nm7aCnw8GHu/NMDMvyjjTxvPenYXFpeWV1cpadX1jc2u7trN7q9NcERqQlKeqE2FNOZM0MMxw2skUxSLitB2NLku/fUeVZqm8MeOMhgIPJYsZwaaUelnC+rW65zY8v3Hqo9/Ed70p6jBHq1976w1SkgsqDeFY667vZSYssDKMcDqp9nJNM0xGeEi7lkosqA6L6a0TdGiVAYpTZUsaNFW/ThRYaD0Wke0U2CT6p1eKf3nd3MTnYcFklhsqyWxRnHNkUlQ+jgZMUWL42BJMFLO3IpJghYmx8VRtCJ+fov9JcOw2XO/6pN68mKdRgX04gCPw4QyacAUtCIBAAvfwCE+OcB6cZ+dl1rrgzGf24Buc1w/v245c</latexit><latexit sha1_base64="dMtMv7e4BfhFblIL9dvWnriOVvA=">AAAB6nicdVBNS8NAEJ34WetX1aOXxSJ4ComI2osUvHisYGyhDWWz3TRLdzdhdyOU0L/gxYOKV3+RN/+Nm7aCnw8GHu/NMDMvyjjTxvPenYXFpeWV1cpadX1jc2u7trN7q9NcERqQlKeqE2FNOZM0MMxw2skUxSLitB2NLku/fUeVZqm8MeOMhgIPJYsZwaaUelnC+rW65zY8v3Hqo9/Ed70p6jBHq1976w1SkgsqDeFY667vZSYssDKMcDqp9nJNM0xGeEi7lkosqA6L6a0TdGiVAYpTZUsaNFW/ThRYaD0Wke0U2CT6p1eKf3nd3MTnYcFklhsqyWxRnHNkUlQ+jgZMUWL42BJMFLO3IpJghYmx8VRtCJ+fov9JcOw2XO/6pN68mKdRgX04gCPw4QyacAUtCIBAAvfwCE+OcB6cZ+dl1rrgzGf24Buc1w/v245c</latexit><latexit sha1_base64="dMtMv7e4BfhFblIL9dvWnriOVvA=">AAAB6nicdVBNS8NAEJ34WetX1aOXxSJ4ComI2osUvHisYGyhDWWz3TRLdzdhdyOU0L/gxYOKV3+RN/+Nm7aCnw8GHu/NMDMvyjjTxvPenYXFpeWV1cpadX1jc2u7trN7q9NcERqQlKeqE2FNOZM0MMxw2skUxSLitB2NLku/fUeVZqm8MeOMhgIPJYsZwaaUelnC+rW65zY8v3Hqo9/Ed70p6jBHq1976w1SkgsqDeFY667vZSYssDKMcDqp9nJNM0xGeEi7lkosqA6L6a0TdGiVAYpTZUsaNFW/ThRYaD0Wke0U2CT6p1eKf3nd3MTnYcFklhsqyWxRnHNkUlQ+jgZMUWL42BJMFLO3IpJghYmx8VRtCJ+fov9JcOw2XO/6pN68mKdRgX04gCPw4QyacAUtCIBAAvfwCE+OcB6cZ+dl1rrgzGf24Buc1w/v245c</latexit>

S-PFM with a conserved order parameter

l

d
=

2

3
<latexit sha1_base64="MHBko9HZsOmW3+DUcA9GB0qVm9o=">AAACAHicdVDLSsNAFL2pr1pfURcu3AwWwVVJqqhdCAU3LivYB7ShTCaTduhkEmYmQgnZ+CtuXCji1s9w5984fQg+D1w4nHMv997jJ5wp7TjvVmFhcWl5pbhaWlvf2Nyyt3daKk4loU0S81h2fKwoZ4I2NdOcdhJJceRz2vZHlxO/fUulYrG40eOEehEeCBYygrWR+vZeL5SYZDzPgvxixqt5dpz37bJTqTlu7dRFv4lbcaYowxyNvv3WC2KSRlRowrFSXddJtJdhqRnhNC/1UkUTTEZ4QLuGChxR5WXTB3J0aJQAhbE0JTSaql8nMhwpNY580xlhPVQ/vYn4l9dNdXjuZUwkqaaCzBaFKUc6RpM0UMAkJZqPDcFEMnMrIkNsUtAms5IJ4fNT9D9pVSuuU3GvT8r12jyOIuzDARyBC2dQhytoQBMI5HAPj/Bk3VkP1rP1MmstWPOZXfgG6/UDtSmXGA==</latexit><latexit sha1_base64="MHBko9HZsOmW3+DUcA9GB0qVm9o=">AAACAHicdVDLSsNAFL2pr1pfURcu3AwWwVVJqqhdCAU3LivYB7ShTCaTduhkEmYmQgnZ+CtuXCji1s9w5984fQg+D1w4nHMv997jJ5wp7TjvVmFhcWl5pbhaWlvf2Nyyt3daKk4loU0S81h2fKwoZ4I2NdOcdhJJceRz2vZHlxO/fUulYrG40eOEehEeCBYygrWR+vZeL5SYZDzPgvxixqt5dpz37bJTqTlu7dRFv4lbcaYowxyNvv3WC2KSRlRowrFSXddJtJdhqRnhNC/1UkUTTEZ4QLuGChxR5WXTB3J0aJQAhbE0JTSaql8nMhwpNY580xlhPVQ/vYn4l9dNdXjuZUwkqaaCzBaFKUc6RpM0UMAkJZqPDcFEMnMrIkNsUtAms5IJ4fNT9D9pVSuuU3GvT8r12jyOIuzDARyBC2dQhytoQBMI5HAPj/Bk3VkP1rP1MmstWPOZXfgG6/UDtSmXGA==</latexit><latexit sha1_base64="MHBko9HZsOmW3+DUcA9GB0qVm9o=">AAACAHicdVDLSsNAFL2pr1pfURcu3AwWwVVJqqhdCAU3LivYB7ShTCaTduhkEmYmQgnZ+CtuXCji1s9w5984fQg+D1w4nHMv997jJ5wp7TjvVmFhcWl5pbhaWlvf2Nyyt3daKk4loU0S81h2fKwoZ4I2NdOcdhJJceRz2vZHlxO/fUulYrG40eOEehEeCBYygrWR+vZeL5SYZDzPgvxixqt5dpz37bJTqTlu7dRFv4lbcaYowxyNvv3WC2KSRlRowrFSXddJtJdhqRnhNC/1UkUTTEZ4QLuGChxR5WXTB3J0aJQAhbE0JTSaql8nMhwpNY580xlhPVQ/vYn4l9dNdXjuZUwkqaaCzBaFKUc6RpM0UMAkJZqPDcFEMnMrIkNsUtAms5IJ4fNT9D9pVSuuU3GvT8r12jyOIuzDARyBC2dQhytoQBMI5HAPj/Bk3VkP1rP1MmstWPOZXfgG6/UDtSmXGA==</latexit><latexit sha1_base64="MHBko9HZsOmW3+DUcA9GB0qVm9o=">AAACAHicdVDLSsNAFL2pr1pfURcu3AwWwVVJqqhdCAU3LivYB7ShTCaTduhkEmYmQgnZ+CtuXCji1s9w5984fQg+D1w4nHMv997jJ5wp7TjvVmFhcWl5pbhaWlvf2Nyyt3daKk4loU0S81h2fKwoZ4I2NdOcdhJJceRz2vZHlxO/fUulYrG40eOEehEeCBYygrWR+vZeL5SYZDzPgvxixqt5dpz37bJTqTlu7dRFv4lbcaYowxyNvv3WC2KSRlRowrFSXddJtJdhqRnhNC/1UkUTTEZ4QLuGChxR5WXTB3J0aJQAhbE0JTSaql8nMhwpNY580xlhPVQ/vYn4l9dNdXjuZUwkqaaCzBaFKUc6RpM0UMAkJZqPDcFEMnMrIkNsUtAms5IJ4fNT9D9pVSuuU3GvT8r12jyOIuzDARyBC2dQhytoQBMI5HAPj/Bk3VkP1rP1MmstWPOZXfgG6/UDtSmXGA==</latexit>



S-PFM with a conserved order parameter and elastic fields
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Inhomogeneous elasticity :

concentration field phase field

C11 = 197 GPa

C12 = 144 GPa

C44 = 90 GPa
<latexit sha1_base64="UXVgRR1BvPObYaCuHkU1XHVjj+Y="></latexit><latexit sha1_base64="UXVgRR1BvPObYaCuHkU1XHVjj+Y="></latexit><latexit sha1_base64="UXVgRR1BvPObYaCuHkU1XHVjj+Y="></latexit>

�
<latexit sha1_base64="gDWtRNf2n4zEKjI+T1lFn323Tv8=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1IsEvHiM4CaBZAmzk9lkzDyWmVkhLPkHLx5UvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vZXVtfWNzdJWeXtnd2+/cnDYNCrThIZEcaXbMTaUM0lDyyyn7VRTLGJOW/Hoduq3nqg2TMkHO05pJPBAsoQRbJ3U7A6wELhXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpOrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK9d1/z7i2r9pkijBMdwAmcQwCXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8A8dCO5A==</latexit><latexit sha1_base64="gDWtRNf2n4zEKjI+T1lFn323Tv8=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1IsEvHiM4CaBZAmzk9lkzDyWmVkhLPkHLx5UvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vZXVtfWNzdJWeXtnd2+/cnDYNCrThIZEcaXbMTaUM0lDyyyn7VRTLGJOW/Hoduq3nqg2TMkHO05pJPBAsoQRbJ3U7A6wELhXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpOrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK9d1/z7i2r9pkijBMdwAmcQwCXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8A8dCO5A==</latexit><latexit sha1_base64="gDWtRNf2n4zEKjI+T1lFn323Tv8=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1IsEvHiM4CaBZAmzk9lkzDyWmVkhLPkHLx5UvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vZXVtfWNzdJWeXtnd2+/cnDYNCrThIZEcaXbMTaUM0lDyyyn7VRTLGJOW/Hoduq3nqg2TMkHO05pJPBAsoQRbJ3U7A6wELhXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpOrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK9d1/z7i2r9pkijBMdwAmcQwCXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8A8dCO5A==</latexit>

�0
<latexit sha1_base64="ZXBZ9hgquV+OyLrYyouSnYs3Sds=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUC9S8OKxgrGFNpTJdtMu3U3C7kYooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzwlRwbVz32ymtrK6tb5Q3K1vbO7t71f2DR51kijKfJiJR7RA1EzxmvuFGsHaqGMpQsFY4up36rSemNE/iBzNOWSBxEPOIUzRWanUHKCWe9qo1t+7OQJaJV5AaFGj2ql/dfkIzyWJDBWrd8dzUBDkqw6lgk0o30yxFOsIB61gao2Q6yGfnTsiJVfokSpSt2JCZ+nsiR6n1WIa2U6IZ6kVvKv7ndTITXQU5j9PMsJjOF0WZICYh099JnytGjRhbglRxeyuhQ1RIjU2oYkPwFl9eJv55/bru3l/UGjdFGmU4gmM4Aw8uoQF30AQfKIzgGV7hzUmdF+fd+Zi3lpxi5hD+wPn8AVQgjxU=</latexit><latexit sha1_base64="ZXBZ9hgquV+OyLrYyouSnYs3Sds=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUC9S8OKxgrGFNpTJdtMu3U3C7kYooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzwlRwbVz32ymtrK6tb5Q3K1vbO7t71f2DR51kijKfJiJR7RA1EzxmvuFGsHaqGMpQsFY4up36rSemNE/iBzNOWSBxEPOIUzRWanUHKCWe9qo1t+7OQJaJV5AaFGj2ql/dfkIzyWJDBWrd8dzUBDkqw6lgk0o30yxFOsIB61gao2Q6yGfnTsiJVfokSpSt2JCZ+nsiR6n1WIa2U6IZ6kVvKv7ndTITXQU5j9PMsJjOF0WZICYh099JnytGjRhbglRxeyuhQ1RIjU2oYkPwFl9eJv55/bru3l/UGjdFGmU4gmM4Aw8uoQF30AQfKIzgGV7hzUmdF+fd+Zi3lpxi5hD+wPn8AVQgjxU=</latexit><latexit sha1_base64="ZXBZ9hgquV+OyLrYyouSnYs3Sds=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUC9S8OKxgrGFNpTJdtMu3U3C7kYooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzwlRwbVz32ymtrK6tb5Q3K1vbO7t71f2DR51kijKfJiJR7RA1EzxmvuFGsHaqGMpQsFY4up36rSemNE/iBzNOWSBxEPOIUzRWanUHKCWe9qo1t+7OQJaJV5AaFGj2ql/dfkIzyWJDBWrd8dzUBDkqw6lgk0o30yxFOsIB61gao2Q6yGfnTsiJVfokSpSt2JCZ+nsiR6n1WIa2U6IZ6kVvKv7ndTITXQU5j9PMsJjOF0WZICYh099JnytGjRhbglRxeyuhQ1RIjU2oYkPwFl9eJv55/bru3l/UGjdFGmU4gmM4Aw8uoQF30AQfKIzgGV7hzUmdF+fd+Zi3lpxi5hD+wPn8AVQgjxU=</latexit>

C11 = 193 GPa

C12 = 113 GPa

C44 = 132 GPa
<latexit sha1_base64="eN/zQwJwCkJMQSgnfNoNHdXaaN8="></latexit><latexit sha1_base64="eN/zQwJwCkJMQSgnfNoNHdXaaN8="></latexit><latexit sha1_base64="eN/zQwJwCkJMQSgnfNoNHdXaaN8="></latexit>l

d
= 1

<latexit sha1_base64="4DhuzPwjD27yYiIrzDBquhM8ZuY=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU8mKoB6EghePFewHtKFsNpt26WYTdzeFEvI7vHhQxKs/xpv/xm2bg7Y+GHi8N8PMPD8RXBvX/XZKa+sbm1vl7crO7t7+QfXwqK3jVFHWorGIVdcnmgkuWctwI1g3UYxEvmAdf3w38zsTpjSP5aOZJsyLyFDykFNirOT1Q0VoJvIsyG/xoFpz6+4caJXggtSgQHNQ/eoHMU0jJg0VROsedhPjZUQZTgXLK/1Us4TQMRmynqWSREx72fzoHJ1ZJUBhrGxJg+bq74mMRFpPI992RsSM9LI3E//zeqkJr72MyyQ1TNLFojAVyMRolgAKuGLUiKklhCpub0V0RGwOxuZUsSHg5ZdXSfuijt06frisNW6KOMpwAqdwDhiuoAH30IQWUHiCZ3iFN2fivDjvzseiteQUM8fwB87nD9dDkhk=</latexit><latexit sha1_base64="4DhuzPwjD27yYiIrzDBquhM8ZuY=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU8mKoB6EghePFewHtKFsNpt26WYTdzeFEvI7vHhQxKs/xpv/xm2bg7Y+GHi8N8PMPD8RXBvX/XZKa+sbm1vl7crO7t7+QfXwqK3jVFHWorGIVdcnmgkuWctwI1g3UYxEvmAdf3w38zsTpjSP5aOZJsyLyFDykFNirOT1Q0VoJvIsyG/xoFpz6+4caJXggtSgQHNQ/eoHMU0jJg0VROsedhPjZUQZTgXLK/1Us4TQMRmynqWSREx72fzoHJ1ZJUBhrGxJg+bq74mMRFpPI992RsSM9LI3E//zeqkJr72MyyQ1TNLFojAVyMRolgAKuGLUiKklhCpub0V0RGwOxuZUsSHg5ZdXSfuijt06frisNW6KOMpwAqdwDhiuoAH30IQWUHiCZ3iFN2fivDjvzseiteQUM8fwB87nD9dDkhk=</latexit><latexit sha1_base64="4DhuzPwjD27yYiIrzDBquhM8ZuY=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU8mKoB6EghePFewHtKFsNpt26WYTdzeFEvI7vHhQxKs/xpv/xm2bg7Y+GHi8N8PMPD8RXBvX/XZKa+sbm1vl7crO7t7+QfXwqK3jVFHWorGIVdcnmgkuWctwI1g3UYxEvmAdf3w38zsTpjSP5aOZJsyLyFDykFNirOT1Q0VoJvIsyG/xoFpz6+4caJXggtSgQHNQ/eoHMU0jJg0VROsedhPjZUQZTgXLK/1Us4TQMRmynqWSREx72fzoHJ1ZJUBhrGxJg+bq74mMRFpPI992RsSM9LI3E//zeqkJr72MyyQ1TNLFojAVyMRolgAKuGLUiKklhCpub0V0RGwOxuZUsSHg5ZdXSfuijt06frisNW6KOMpwAqdwDhiuoAH30IQWUHiCZ3iFN2fivDjvzseiteQUM8fwB87nD9dDkhk=</latexit><latexit sha1_base64="4DhuzPwjD27yYiIrzDBquhM8ZuY=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU8mKoB6EghePFewHtKFsNpt26WYTdzeFEvI7vHhQxKs/xpv/xm2bg7Y+GHi8N8PMPD8RXBvX/XZKa+sbm1vl7crO7t7+QfXwqK3jVFHWorGIVdcnmgkuWctwI1g3UYxEvmAdf3w38zsTpjSP5aOZJsyLyFDykFNirOT1Q0VoJvIsyG/xoFpz6+4caJXggtSgQHNQ/eoHMU0jJg0VROsedhPjZUQZTgXLK/1Us4TQMRmynqWSREx72fzoHJ1ZJUBhrGxJg+bq74mMRFpPI992RsSM9LI3E//zeqkJr72MyyQ1TNLFojAVyMRolgAKuGLUiKklhCpub0V0RGwOxuZUsSHg5ZdXSfuijt06frisNW6KOMpwAqdwDhiuoAH30IQWUHiCZ3iFN2fivDjvzseiteQUM8fwB87nD9dDkhk=</latexit>
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S-PFM 

”classical” PFM

2048x2048

2048x2048

M. Degeiter, PhD, 2019

Microstructures in Ni-based super-alloys



Polycrystalline grain growth is one of the most 
important microstructure evolutions in 

engineering processes.

Ni - 14%W ; 100 °C - 10 mn

S-PFM : a multi-phase field extension for polycristals (1)

15

Grain growth by “classical” Phase Field Method

⟶

• nbr of grains in a representative stationary state : 
• nbr of initial grains needed to reach this stage :
• interface thickness << grain sizes :
• grid step <<interface width :

na nbr of voxels 

na

precision on slope 

⎯  1 5.20 %

⎯  1.5 1.06 %

⎯   2 0.04 %

Collapse of a circular grain :

• square grid, grid step :
• interface thickness :

ϕ1=1
ϕ2=1

ϕ3=1

A multi-phase field S-PFM : (Dimokrati et al,  Acta Mat., 2020) 



S-PFM : a multi-phase field extension for polycristals (2)

16

Statistical analysis of grain size distribution :

R / < R >t /t0 = 100
< R > = 7.9d N = 166000 < R > = 19.3d N = 12400

t /t0 = 3000
G

SD

2 ✓
<latexit sha1_base64="YJSqGRPkOuVYnCqcysNTziYFEWw=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkVFL0UvHisYD+kCWWz3bRLN5uwOxFK6a/w4kERr/4cb/4bt20O2vpg4PHeDDPzwlQKg6777aysrq1vbBa2its7u3v7pYPDpkkyzXiDJTLR7ZAaLoXiDRQoeTvVnMah5K1weDv1W09cG5GoBxylPIhpX4lIMIpWeqz6Nz4OONJuqexW3BnIMvFyUoYc9W7py+8lLIu5QiapMR3PTTEYU42CST4p+pnhKWVD2ucdSxWNuQnGs4Mn5NQqPRIl2pZCMlN/T4xpbMwoDm1nTHFgFr2p+J/XyTC6CsZCpRlyxeaLokwSTMj0e9ITmjOUI0so08LeStiAasrQZlS0IXiLLy+TZrXinVeq9xfl2nUeRwGO4QTOwINLqMEd1KEBDGJ4hld4c7Tz4rw7H/PWFSefOYI/cD5/AEflkAs=</latexit>

simulation
theoretical shape : 

Triple junction properties  

(when no junction drag)

Question : behaviour of triple junctions ?
(Dimokrati et al,  Acta Mat., 2020)


