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New phase transitions of Composite 
Fermions

• Phase transition between Pfaffian and composite fermi 
liquid in bilayer graphene by turning magnetic field.


• Stoner transition of composite fermi liquids in AlAs  (arXiv:
1802.02167).



Zoo of fractionalized liquids
A gift from nature:

�xy = ⌫
e2
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Any phase of matter with 
fractional     must have 

fractionalized  
excitations  

�xx = 0
<latexit sha1_base64="O5IkFdiVp0JpQ8JB9Indh/3Qdvs=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IRS8eK7i20C4lm2bb0CS7JtnSsvR3ePGg4tU/481/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/8KjjVBHqk5jHqhliTTmT1DfMcNpMFMUi5LQRDm6nfmNIlWaxfDDjhAYC9ySLGMHGSkFbs57AnWw0mly7nXLFrbozoGXi5aQCOeqd8le7G5NUUGkIx1q3PDcxQYaVYYTTSamdappgMsA92rJUYkF1kM2OnqATq3RRFCtb0qCZ+nsiw0LrsQhtp8Cmrxe9qfif10pNdBlkTCapoZLMF0UpRyZG0wRQlylKDB9bgoli9lZE+lhhYmxOJRuCt/jyMvHPqldV7/68UrvJ0yjCERzDKXhwATW4gzr4QOAJnuEV3pyh8+K8Ox/z1oKTzxzCHzifPzvykfE=</latexit><latexit sha1_base64="O5IkFdiVp0JpQ8JB9Indh/3Qdvs=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IRS8eK7i20C4lm2bb0CS7JtnSsvR3ePGg4tU/481/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/8KjjVBHqk5jHqhliTTmT1DfMcNpMFMUi5LQRDm6nfmNIlWaxfDDjhAYC9ySLGMHGSkFbs57AnWw0mly7nXLFrbozoGXi5aQCOeqd8le7G5NUUGkIx1q3PDcxQYaVYYTTSamdappgMsA92rJUYkF1kM2OnqATq3RRFCtb0qCZ+nsiw0LrsQhtp8Cmrxe9qfif10pNdBlkTCapoZLMF0UpRyZG0wRQlylKDB9bgoli9lZE+lhhYmxOJRuCt/jyMvHPqldV7/68UrvJ0yjCERzDKXhwATW4gzr4QOAJnuEV3pyh8+K8Ox/z1oKTzxzCHzifPzvykfE=</latexit><latexit sha1_base64="O5IkFdiVp0JpQ8JB9Indh/3Qdvs=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IRS8eK7i20C4lm2bb0CS7JtnSsvR3ePGg4tU/481/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/8KjjVBHqk5jHqhliTTmT1DfMcNpMFMUi5LQRDm6nfmNIlWaxfDDjhAYC9ySLGMHGSkFbs57AnWw0mly7nXLFrbozoGXi5aQCOeqd8le7G5NUUGkIx1q3PDcxQYaVYYTTSamdappgMsA92rJUYkF1kM2OnqATq3RRFCtb0qCZ+nsiw0LrsQhtp8Cmrxe9qfif10pNdBlkTCapoZLMF0UpRyZG0wRQlylKDB9bgoli9lZE+lhhYmxOJRuCt/jyMvHPqldV7/68UrvJ0yjCERzDKXhwATW4gzr4QOAJnuEV3pyh8+K8Ox/z1oKTzxzCHzifPzvykfE=</latexit><latexit sha1_base64="O5IkFdiVp0JpQ8JB9Indh/3Qdvs=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IRS8eK7i20C4lm2bb0CS7JtnSsvR3ePGg4tU/481/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/8KjjVBHqk5jHqhliTTmT1DfMcNpMFMUi5LQRDm6nfmNIlWaxfDDjhAYC9ySLGMHGSkFbs57AnWw0mly7nXLFrbozoGXi5aQCOeqd8le7G5NUUGkIx1q3PDcxQYaVYYTTSamdappgMsA92rJUYkF1kM2OnqATq3RRFCtb0qCZ+nsiw0LrsQhtp8Cmrxe9qfif10pNdBlkTCapoZLMF0UpRyZG0wRQlylKDB9bgoli9lZE+lhhYmxOJRuCt/jyMvHPqldV7/68UrvJ0yjCERzDKXhwATW4gzr4QOAJnuEV3pyh8+K8Ox/z1oKTzxzCHzifPzvykfE=</latexit>

Gapless phases don’t have 
quantised �xy
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Composite Fermi Liquid



The composite Fermi liquid
Consider spin-full electrons at

Slave-boson

Electron

Spinfull  
neutral fermion

Spinless  
charged bosonc†�r = f†

�rb
†
r
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⌫b = ⌫e =
1
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Boson forms Laughlin state: Fermion forms fermi sea:



The composite Fermi liquid
Consider spin-full electrons at

Slave-boson

Electron

Spinfull  
neutral fermion

Spinless  
charged bosonc†�r = f†
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Laughlin stateMott - CDW

U(1) spinon Fermi surface Composite Fermi liquid

State of b

Phase of electrons

Name of f Spinon Composite fermion



at filling    :

Wave function of Composite 
Fermi Liquid

The key to quantum Hall energetics
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Particle

How to make particles stay as far way from each other as possible within a Landau level
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<latexit sha1_base64="IVZQbj45NvSe2awA2yDk2JUX91o=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WogiURQRcKRTcuK9gHNDVMppN22skkzEyENuQf3Pgrblwo4taNO//GaZuFth64cDjnXu69x4sYlcqyvo3cwuLS8kp+tbC2vrG5ZW7v1GUYC0xqOGShaHpIEkY5qSmqGGlGgqDAY6ThDa7HfuOBCElDfqeGEWkHqMupTzFSWnLNI6cq6aUTibDjJvSin8LSyKXHI7d/eJ84vkA4sdPE4XGaumbRKlsTwHliZ6QIMlRd88vphDgOCFeYISlbthWpdoKEopiRtODEkkQID1CXtDTlKCCynUx+SuGBVjrQD4UuruBE/T2RoEDKYeDpzgCpnpz1xuJ/XitW/nk7oTyKFeF4usiPGVQhHAcEO1QQrNhQE4QF1bdC3EM6CKVjLOgQ7NmX50n9pGxbZfv2tFi5yuLIgz2wD0rABmegAm5AFdQABo/gGbyCN+PJeDHejY9pa87IZnbBHxifPy9lnlw=</latexit><latexit sha1_base64="IVZQbj45NvSe2awA2yDk2JUX91o=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WogiURQRcKRTcuK9gHNDVMppN22skkzEyENuQf3Pgrblwo4taNO//GaZuFth64cDjnXu69x4sYlcqyvo3cwuLS8kp+tbC2vrG5ZW7v1GUYC0xqOGShaHpIEkY5qSmqGGlGgqDAY6ThDa7HfuOBCElDfqeGEWkHqMupTzFSWnLNI6cq6aUTibDjJvSin8LSyKXHI7d/eJ84vkA4sdPE4XGaumbRKlsTwHliZ6QIMlRd88vphDgOCFeYISlbthWpdoKEopiRtODEkkQID1CXtDTlKCCynUx+SuGBVjrQD4UuruBE/T2RoEDKYeDpzgCpnpz1xuJ/XitW/nk7oTyKFeF4usiPGVQhHAcEO1QQrNhQE4QF1bdC3EM6CKVjLOgQ7NmX50n9pGxbZfv2tFi5yuLIgz2wD0rABmegAm5AFdQABo/gGbyCN+PJeDHejY9pa87IZnbBHxifPy9lnlw=</latexit><latexit sha1_base64="IVZQbj45NvSe2awA2yDk2JUX91o=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WogiURQRcKRTcuK9gHNDVMppN22skkzEyENuQf3Pgrblwo4taNO//GaZuFth64cDjnXu69x4sYlcqyvo3cwuLS8kp+tbC2vrG5ZW7v1GUYC0xqOGShaHpIEkY5qSmqGGlGgqDAY6ThDa7HfuOBCElDfqeGEWkHqMupTzFSWnLNI6cq6aUTibDjJvSin8LSyKXHI7d/eJ84vkA4sdPE4XGaumbRKlsTwHliZ6QIMlRd88vphDgOCFeYISlbthWpdoKEopiRtODEkkQID1CXtDTlKCCynUx+SuGBVjrQD4UuruBE/T2RoEDKYeDpzgCpnpz1xuJ/XitW/nk7oTyKFeF4usiPGVQhHAcEO1QQrNhQE4QF1bdC3EM6CKVjLOgQ7NmX50n9pGxbZfv2tFi5yuLIgz2wD0rABmegAm5AFdQABo/gGbyCN+PJeDHejY9pa87IZnbBHxifPy9lnlw=</latexit><latexit sha1_base64="IVZQbj45NvSe2awA2yDk2JUX91o=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WogiURQRcKRTcuK9gHNDVMppN22skkzEyENuQf3Pgrblwo4taNO//GaZuFth64cDjnXu69x4sYlcqyvo3cwuLS8kp+tbC2vrG5ZW7v1GUYC0xqOGShaHpIEkY5qSmqGGlGgqDAY6ThDa7HfuOBCElDfqeGEWkHqMupTzFSWnLNI6cq6aUTibDjJvSin8LSyKXHI7d/eJ84vkA4sdPE4XGaumbRKlsTwHliZ6QIMlRd88vphDgOCFeYISlbthWpdoKEopiRtODEkkQID1CXtDTlKCCynUx+SuGBVjrQD4UuruBE/T2RoEDKYeDpzgCpnpz1xuJ/XitW/nk7oTyKFeF4usiPGVQhHAcEO1QQrNhQE4QF1bdC3EM6CKVjLOgQ7NmX50n9pGxbZfv2tFi5yuLIgz2wD0rABmegAm5AFdQABo/gGbyCN+PJeDHejY9pa87IZnbBHxifPy9lnlw=</latexit>

⌫
<latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit>

We get the bosonic Laughlin state at

z = x+ iy
<latexit sha1_base64="UIfKiIq72fc7hAsMALLEvd0Y0uY=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSIIQklE0ItQ9OKxgv2ANpTNdtIu3WzC7kaMpT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dpeWV1bb2wUdzc2t7ZLe3tN3ScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJn4zQdUmsfy3mQJ+hHtSx5yRo2Vmk9Xj6ecZN1S2a24U5BF4uWkDDlq3dJXpxezNEJpmKBatz03Mf6IKsOZwHGxk2pMKBvSPrYtlTRC7Y+m547JsVV6JIyVLWnIVP09MaKR1lkU2M6ImoGe9ybif147NeGlP+IySQ1KNlsUpoKYmEx+Jz2ukBmRWUKZ4vZWwgZUUWZsQkUbgjf/8iJpnFU8t+LdnZer13kcBTiEIzgBDy6gCrdQgzowGMIzvMKbkzgvzrvzMWtdcvKZA/gD5/MHqNuPHA==</latexit><latexit sha1_base64="UIfKiIq72fc7hAsMALLEvd0Y0uY=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSIIQklE0ItQ9OKxgv2ANpTNdtIu3WzC7kaMpT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dpeWV1bb2wUdzc2t7ZLe3tN3ScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJn4zQdUmsfy3mQJ+hHtSx5yRo2Vmk9Xj6ecZN1S2a24U5BF4uWkDDlq3dJXpxezNEJpmKBatz03Mf6IKsOZwHGxk2pMKBvSPrYtlTRC7Y+m547JsVV6JIyVLWnIVP09MaKR1lkU2M6ImoGe9ybif147NeGlP+IySQ1KNlsUpoKYmEx+Jz2ukBmRWUKZ4vZWwgZUUWZsQkUbgjf/8iJpnFU8t+LdnZer13kcBTiEIzgBDy6gCrdQgzowGMIzvMKbkzgvzrvzMWtdcvKZA/gD5/MHqNuPHA==</latexit><latexit sha1_base64="UIfKiIq72fc7hAsMALLEvd0Y0uY=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSIIQklE0ItQ9OKxgv2ANpTNdtIu3WzC7kaMpT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dpeWV1bb2wUdzc2t7ZLe3tN3ScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJn4zQdUmsfy3mQJ+hHtSx5yRo2Vmk9Xj6ecZN1S2a24U5BF4uWkDDlq3dJXpxezNEJpmKBatz03Mf6IKsOZwHGxk2pMKBvSPrYtlTRC7Y+m547JsVV6JIyVLWnIVP09MaKR1lkU2M6ImoGe9ybif147NeGlP+IySQ1KNlsUpoKYmEx+Jz2ukBmRWUKZ4vZWwgZUUWZsQkUbgjf/8iJpnFU8t+LdnZer13kcBTiEIzgBDy6gCrdQgzowGMIzvMKbkzgvzrvzMWtdcvKZA/gD5/MHqNuPHA==</latexit><latexit sha1_base64="UIfKiIq72fc7hAsMALLEvd0Y0uY=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSIIQklE0ItQ9OKxgv2ANpTNdtIu3WzC7kaMpT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dpeWV1bb2wUdzc2t7ZLe3tN3ScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJn4zQdUmsfy3mQJ+hHtSx5yRo2Vmk9Xj6ecZN1S2a24U5BF4uWkDDlq3dJXpxezNEJpmKBatz03Mf6IKsOZwHGxk2pMKBvSPrYtlTRC7Y+m547JsVV6JIyVLWnIVP09MaKR1lkU2M6ImoGe9ybif147NeGlP+IySQ1KNlsUpoKYmEx+Jz2ukBmRWUKZ4vZWwgZUUWZsQkUbgjf/8iJpnFU8t+LdnZer13kcBTiEIzgBDy6gCrdQgzowGMIzvMKbkzgvzrvzMWtdcvKZA/gD5/MHqNuPHA==</latexit>



Wave function of Composite 
Fermi Liquid
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<latexit sha1_base64="3Ae+AEWA8fgPUDHr5/CmHuevrsE="></latexit><latexit sha1_base64="3Ae+AEWA8fgPUDHr5/CmHuevrsE="></latexit><latexit sha1_base64="3Ae+AEWA8fgPUDHr5/CmHuevrsE="></latexit><latexit sha1_base64="3Ae+AEWA8fgPUDHr5/CmHuevrsE="></latexit>

zi
<latexit sha1_base64="oaxA/Vb01Ao+M1c0vqb0YBv9UsY=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWNFYwttKJvtpF262YTdjVBDf4IXDype/Ufe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vYfdJIphj5LRKJaIdUouETfcCOwlSqkcSiwGQ6vJ37zEZXmibw3oxSDmPYljzijxkp3T13erVTdmjsFWSReQapQoNGtfHV6CctilIYJqnXbc1MT5FQZzgSOy51MY0rZkPaxbamkMeogn546JsdW6ZEoUbakIVP190ROY61HcWg7Y2oGet6biP957cxEF0HOZZoZlGy2KMoEMQmZ/E16XCEzYmQJZYrbWwkbUEWZsemUbQje/MuLxD+tXda827Nq/apIowSHcAQn4ME51OEGGuADgz48wyu8OcJ5cd6dj1nrklPMHMAfOJ8/0SeNrg==</latexit><latexit sha1_base64="oaxA/Vb01Ao+M1c0vqb0YBv9UsY=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWNFYwttKJvtpF262YTdjVBDf4IXDype/Ufe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vYfdJIphj5LRKJaIdUouETfcCOwlSqkcSiwGQ6vJ37zEZXmibw3oxSDmPYljzijxkp3T13erVTdmjsFWSReQapQoNGtfHV6CctilIYJqnXbc1MT5FQZzgSOy51MY0rZkPaxbamkMeogn546JsdW6ZEoUbakIVP190ROY61HcWg7Y2oGet6biP957cxEF0HOZZoZlGy2KMoEMQmZ/E16XCEzYmQJZYrbWwkbUEWZsemUbQje/MuLxD+tXda827Nq/apIowSHcAQn4ME51OEGGuADgz48wyu8OcJ5cd6dj1nrklPMHMAfOJ8/0SeNrg==</latexit><latexit sha1_base64="oaxA/Vb01Ao+M1c0vqb0YBv9UsY=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWNFYwttKJvtpF262YTdjVBDf4IXDype/Ufe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vYfdJIphj5LRKJaIdUouETfcCOwlSqkcSiwGQ6vJ37zEZXmibw3oxSDmPYljzijxkp3T13erVTdmjsFWSReQapQoNGtfHV6CctilIYJqnXbc1MT5FQZzgSOy51MY0rZkPaxbamkMeogn546JsdW6ZEoUbakIVP190ROY61HcWg7Y2oGet6biP957cxEF0HOZZoZlGy2KMoEMQmZ/E16XCEzYmQJZYrbWwkbUEWZsemUbQje/MuLxD+tXda827Nq/apIowSHcAQn4ME51OEGGuADgz48wyu8OcJ5cd6dj1nrklPMHMAfOJ8/0SeNrg==</latexit><latexit sha1_base64="oaxA/Vb01Ao+M1c0vqb0YBv9UsY=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWNFYwttKJvtpF262YTdjVBDf4IXDype/Ufe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vYfdJIphj5LRKJaIdUouETfcCOwlSqkcSiwGQ6vJ37zEZXmibw3oxSDmPYljzijxkp3T13erVTdmjsFWSReQapQoNGtfHV6CctilIYJqnXbc1MT5FQZzgSOy51MY0rZkPaxbamkMeogn546JsdW6ZEoUbakIVP190ROY61HcWg7Y2oGet6biP957cxEF0HOZZoZlGy2KMoEMQmZ/E16XCEzYmQJZYrbWwkbUEWZsemUbQje/MuLxD+tXda827Nq/apIowSHcAQn4ME51OEGGuADgz48wyu8OcJ5cd6dj1nrklPMHMAfOJ8/0SeNrg==</latexit>

zj
<latexit sha1_base64="HSDMdOz/B/INKr/SpAcT4Ly7Vts=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsJ+3azSbsboRa+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ncLS8srqWnG9tLG5tb1T3t2710mmGPosEYlqhlSj4BJ9w43AZqqQxqHARji4mviNR1SaJ/LODFMMYtqTPOKMGivdPnUeOuWKW3WnIIvEy0kFctQ75a92N2FZjNIwQbVueW5qghFVhjOB41I705hSNqA9bFkqaYw6GE1PHZMjq3RJlChb0pCp+ntiRGOth3FoO2Nq+nrem4j/ea3MROfBiMs0MyjZbFGUCWISMvmbdLlCZsTQEsoUt7cS1qeKMmPTKdkQvPmXF4l/Ur2oejenldplnkYRDuAQjsGDM6jBNdTBBwY9eIZXeHOE8+K8Ox+z1oKTz+zDHzifP9Kqja8=</latexit><latexit sha1_base64="HSDMdOz/B/INKr/SpAcT4Ly7Vts=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsJ+3azSbsboRa+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ncLS8srqWnG9tLG5tb1T3t2710mmGPosEYlqhlSj4BJ9w43AZqqQxqHARji4mviNR1SaJ/LODFMMYtqTPOKMGivdPnUeOuWKW3WnIIvEy0kFctQ75a92N2FZjNIwQbVueW5qghFVhjOB41I705hSNqA9bFkqaYw6GE1PHZMjq3RJlChb0pCp+ntiRGOth3FoO2Nq+nrem4j/ea3MROfBiMs0MyjZbFGUCWISMvmbdLlCZsTQEsoUt7cS1qeKMmPTKdkQvPmXF4l/Ur2oejenldplnkYRDuAQjsGDM6jBNdTBBwY9eIZXeHOE8+K8Ox+z1oKTz+zDHzifP9Kqja8=</latexit><latexit sha1_base64="HSDMdOz/B/INKr/SpAcT4Ly7Vts=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsJ+3azSbsboRa+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ncLS8srqWnG9tLG5tb1T3t2710mmGPosEYlqhlSj4BJ9w43AZqqQxqHARji4mviNR1SaJ/LODFMMYtqTPOKMGivdPnUeOuWKW3WnIIvEy0kFctQ75a92N2FZjNIwQbVueW5qghFVhjOB41I705hSNqA9bFkqaYw6GE1PHZMjq3RJlChb0pCp+ntiRGOth3FoO2Nq+nrem4j/ea3MROfBiMs0MyjZbFGUCWISMvmbdLlCZsTQEsoUt7cS1qeKMmPTKdkQvPmXF4l/Ur2oejenldplnkYRDuAQjsGDM6jBNdTBBwY9eIZXeHOE8+K8Ox+z1oKTz+zDHzifP9Kqja8=</latexit><latexit sha1_base64="HSDMdOz/B/INKr/SpAcT4Ly7Vts=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsJ+3azSbsboRa+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ncLS8srqWnG9tLG5tb1T3t2710mmGPosEYlqhlSj4BJ9w43AZqqQxqHARji4mviNR1SaJ/LODFMMYtqTPOKMGivdPnUeOuWKW3WnIIvEy0kFctQ75a92N2FZjNIwQbVueW5qghFVhjOB41I705hSNqA9bFkqaYw6GE1PHZMjq3RJlChb0pCp+ntiRGOth3FoO2Nq+nrem4j/ea3MROfBiMs0MyjZbFGUCWISMvmbdLlCZsTQEsoUt7cS1qeKMmPTKdkQvPmXF4l/Ur2oejenldplnkYRDuAQjsGDM6jBNdTBBwY9eIZXeHOE8+K8Ox+z1oKTz+zDHzifP9Kqja8=</latexit>

Zero

Particle
We get the bosonic Laughlin state at

To get fermions: displace the zeroes as little as possible to be able to anti-symmetrize

zi
<latexit sha1_base64="oaxA/Vb01Ao+M1c0vqb0YBv9UsY=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWNFYwttKJvtpF262YTdjVBDf4IXDype/Ufe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vYfdJIphj5LRKJaIdUouETfcCOwlSqkcSiwGQ6vJ37zEZXmibw3oxSDmPYljzijxkp3T13erVTdmjsFWSReQapQoNGtfHV6CctilIYJqnXbc1MT5FQZzgSOy51MY0rZkPaxbamkMeogn546JsdW6ZEoUbakIVP190ROY61HcWg7Y2oGet6biP957cxEF0HOZZoZlGy2KMoEMQmZ/E16XCEzYmQJZYrbWwkbUEWZsemUbQje/MuLxD+tXda827Nq/apIowSHcAQn4ME51OEGGuADgz48wyu8OcJ5cd6dj1nrklPMHMAfOJ8/0SeNrg==</latexit><latexit sha1_base64="oaxA/Vb01Ao+M1c0vqb0YBv9UsY=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWNFYwttKJvtpF262YTdjVBDf4IXDype/Ufe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vYfdJIphj5LRKJaIdUouETfcCOwlSqkcSiwGQ6vJ37zEZXmibw3oxSDmPYljzijxkp3T13erVTdmjsFWSReQapQoNGtfHV6CctilIYJqnXbc1MT5FQZzgSOy51MY0rZkPaxbamkMeogn546JsdW6ZEoUbakIVP190ROY61HcWg7Y2oGet6biP957cxEF0HOZZoZlGy2KMoEMQmZ/E16XCEzYmQJZYrbWwkbUEWZsemUbQje/MuLxD+tXda827Nq/apIowSHcAQn4ME51OEGGuADgz48wyu8OcJ5cd6dj1nrklPMHMAfOJ8/0SeNrg==</latexit><latexit sha1_base64="oaxA/Vb01Ao+M1c0vqb0YBv9UsY=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWNFYwttKJvtpF262YTdjVBDf4IXDype/Ufe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vYfdJIphj5LRKJaIdUouETfcCOwlSqkcSiwGQ6vJ37zEZXmibw3oxSDmPYljzijxkp3T13erVTdmjsFWSReQapQoNGtfHV6CctilIYJqnXbc1MT5FQZzgSOy51MY0rZkPaxbamkMeogn546JsdW6ZEoUbakIVP190ROY61HcWg7Y2oGet6biP957cxEF0HOZZoZlGy2KMoEMQmZ/E16XCEzYmQJZYrbWwkbUEWZsemUbQje/MuLxD+tXda827Nq/apIowSHcAQn4ME51OEGGuADgz48wyu8OcJ5cd6dj1nrklPMHMAfOJ8/0SeNrg==</latexit><latexit sha1_base64="oaxA/Vb01Ao+M1c0vqb0YBv9UsY=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWNFYwttKJvtpF262YTdjVBDf4IXDype/Ufe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vYfdJIphj5LRKJaIdUouETfcCOwlSqkcSiwGQ6vJ37zEZXmibw3oxSDmPYljzijxkp3T13erVTdmjsFWSReQapQoNGtfHV6CctilIYJqnXbc1MT5FQZzgSOy51MY0rZkPaxbamkMeogn546JsdW6ZEoUbakIVP190ROY61HcWg7Y2oGet6biP957cxEF0HOZZoZlGy2KMoEMQmZ/E16XCEzYmQJZYrbWwkbUEWZsemUbQje/MuLxD+tXda827Nq/apIowSHcAQn4ME51OEGGuADgz48wyu8OcJ5cd6dj1nrklPMHMAfOJ8/0SeNrg==</latexit>

zj
<latexit sha1_base64="HSDMdOz/B/INKr/SpAcT4Ly7Vts=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsJ+3azSbsboRa+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ncLS8srqWnG9tLG5tb1T3t2710mmGPosEYlqhlSj4BJ9w43AZqqQxqHARji4mviNR1SaJ/LODFMMYtqTPOKMGivdPnUeOuWKW3WnIIvEy0kFctQ75a92N2FZjNIwQbVueW5qghFVhjOB41I705hSNqA9bFkqaYw6GE1PHZMjq3RJlChb0pCp+ntiRGOth3FoO2Nq+nrem4j/ea3MROfBiMs0MyjZbFGUCWISMvmbdLlCZsTQEsoUt7cS1qeKMmPTKdkQvPmXF4l/Ur2oejenldplnkYRDuAQjsGDM6jBNdTBBwY9eIZXeHOE8+K8Ox+z1oKTz+zDHzifP9Kqja8=</latexit><latexit sha1_base64="HSDMdOz/B/INKr/SpAcT4Ly7Vts=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsJ+3azSbsboRa+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ncLS8srqWnG9tLG5tb1T3t2710mmGPosEYlqhlSj4BJ9w43AZqqQxqHARji4mviNR1SaJ/LODFMMYtqTPOKMGivdPnUeOuWKW3WnIIvEy0kFctQ75a92N2FZjNIwQbVueW5qghFVhjOB41I705hSNqA9bFkqaYw6GE1PHZMjq3RJlChb0pCp+ntiRGOth3FoO2Nq+nrem4j/ea3MROfBiMs0MyjZbFGUCWISMvmbdLlCZsTQEsoUt7cS1qeKMmPTKdkQvPmXF4l/Ur2oejenldplnkYRDuAQjsGDM6jBNdTBBwY9eIZXeHOE8+K8Ox+z1oKTz+zDHzifP9Kqja8=</latexit><latexit sha1_base64="HSDMdOz/B/INKr/SpAcT4Ly7Vts=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsJ+3azSbsboRa+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ncLS8srqWnG9tLG5tb1T3t2710mmGPosEYlqhlSj4BJ9w43AZqqQxqHARji4mviNR1SaJ/LODFMMYtqTPOKMGivdPnUeOuWKW3WnIIvEy0kFctQ75a92N2FZjNIwQbVueW5qghFVhjOB41I705hSNqA9bFkqaYw6GE1PHZMjq3RJlChb0pCp+ntiRGOth3FoO2Nq+nrem4j/ea3MROfBiMs0MyjZbFGUCWISMvmbdLlCZsTQEsoUt7cS1qeKMmPTKdkQvPmXF4l/Ur2oejenldplnkYRDuAQjsGDM6jBNdTBBwY9eIZXeHOE8+K8Ox+z1oKTz+zDHzifP9Kqja8=</latexit><latexit sha1_base64="HSDMdOz/B/INKr/SpAcT4Ly7Vts=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsJ+3azSbsboRa+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ncLS8srqWnG9tLG5tb1T3t2710mmGPosEYlqhlSj4BJ9w43AZqqQxqHARji4mviNR1SaJ/LODFMMYtqTPOKMGivdPnUeOuWKW3WnIIvEy0kFctQ75a92N2FZjNIwQbVueW5qghFVhjOB41I705hSNqA9bFkqaYw6GE1PHZMjq3RJlChb0pCp+ntiRGOth3FoO2Nq+nrem4j/ea3MROfBiMs0MyjZbFGUCWISMvmbdLlCZsTQEsoUt7cS1qeKMmPTKdkQvPmXF4l/Ur2oejenldplnkYRDuAQjsGDM6jBNdTBBwY9eIZXeHOE8+K8Ox+z1oKTz+zDHzifP9Kqja8=</latexit>

di
<latexit sha1_base64="pVXjNBnUBjj+YavO0aO95jUE2DM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lstu3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJfqCUbTSfdQTvWrNrbszkGXiFaQGBZq96lc3SlgWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKhHpJ9qWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62TYvwxyodIMuWLzRf1MEkzI9G8SCc0ZyrEllGlhbyVsSDVlaNOp2BC8xZeXiX9Wv6p7d+e1xnWRRhmO4BhOwYMLaMAtNMEHBgN4hld4c6Tz4rw7H/PWklPMHMIfOJ8/r7mNmA==</latexit><latexit sha1_base64="pVXjNBnUBjj+YavO0aO95jUE2DM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lstu3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJfqCUbTSfdQTvWrNrbszkGXiFaQGBZq96lc3SlgWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKhHpJ9qWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62TYvwxyodIMuWLzRf1MEkzI9G8SCc0ZyrEllGlhbyVsSDVlaNOp2BC8xZeXiX9Wv6p7d+e1xnWRRhmO4BhOwYMLaMAtNMEHBgN4hld4c6Tz4rw7H/PWklPMHMIfOJ8/r7mNmA==</latexit><latexit sha1_base64="pVXjNBnUBjj+YavO0aO95jUE2DM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lstu3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJfqCUbTSfdQTvWrNrbszkGXiFaQGBZq96lc3SlgWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKhHpJ9qWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62TYvwxyodIMuWLzRf1MEkzI9G8SCc0ZyrEllGlhbyVsSDVlaNOp2BC8xZeXiX9Wv6p7d+e1xnWRRhmO4BhOwYMLaMAtNMEHBgN4hld4c6Tz4rw7H/PWklPMHMIfOJ8/r7mNmA==</latexit><latexit sha1_base64="pVXjNBnUBjj+YavO0aO95jUE2DM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lstu3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJfqCUbTSfdQTvWrNrbszkGXiFaQGBZq96lc3SlgWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKhHpJ9qWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62TYvwxyodIMuWLzRf1MEkzI9G8SCc0ZyrEllGlhbyVsSDVlaNOp2BC8xZeXiX9Wv6p7d+e1xnWRRhmO4BhOwYMLaMAtNMEHBgN4hld4c6Tz4rw7H/PWklPMHMIfOJ8/r7mNmA==</latexit>

dj
<latexit sha1_base64="rTVWAq/xKG9cNx7QtFafAQfrlGc=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWNFYwttKJvNtF272YTdjVBCf4IXDype/Ufe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vYfdJIphj5LRKJaIdUouETfcCOwlSqkcSiwGQ6vJ37zCZXmibw3oxSDmPYl73FGjZXuou5jt1J1a+4UZJF4BalCgUa38tWJEpbFKA0TVOu256YmyKkynAkclzuZxpSyIe1j21JJY9RBPj11TI6tEpFeomxJQ6bq74mcxlqP4tB2xtQM9Lw3Ef/z2pnpXQQ5l2lmULLZol4miEnI5G8ScYXMiJEllClubyVsQBVlxqZTtiF48y8vEv+0dlnzbs+q9asijRIcwhGcgAfnUIcbaIAPDPrwDK/w5gjnxXl3PmatS04xcwB/4Hz+ALE8jZk=</latexit><latexit sha1_base64="rTVWAq/xKG9cNx7QtFafAQfrlGc=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWNFYwttKJvNtF272YTdjVBCf4IXDype/Ufe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vYfdJIphj5LRKJaIdUouETfcCOwlSqkcSiwGQ6vJ37zCZXmibw3oxSDmPYl73FGjZXuou5jt1J1a+4UZJF4BalCgUa38tWJEpbFKA0TVOu256YmyKkynAkclzuZxpSyIe1j21JJY9RBPj11TI6tEpFeomxJQ6bq74mcxlqP4tB2xtQM9Lw3Ef/z2pnpXQQ5l2lmULLZol4miEnI5G8ScYXMiJEllClubyVsQBVlxqZTtiF48y8vEv+0dlnzbs+q9asijRIcwhGcgAfnUIcbaIAPDPrwDK/w5gjnxXl3PmatS04xcwB/4Hz+ALE8jZk=</latexit><latexit sha1_base64="rTVWAq/xKG9cNx7QtFafAQfrlGc=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWNFYwttKJvNtF272YTdjVBCf4IXDype/Ufe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vYfdJIphj5LRKJaIdUouETfcCOwlSqkcSiwGQ6vJ37zCZXmibw3oxSDmPYl73FGjZXuou5jt1J1a+4UZJF4BalCgUa38tWJEpbFKA0TVOu256YmyKkynAkclzuZxpSyIe1j21JJY9RBPj11TI6tEpFeomxJQ6bq74mcxlqP4tB2xtQM9Lw3Ef/z2pnpXQQ5l2lmULLZol4miEnI5G8ScYXMiJEllClubyVsQBVlxqZTtiF48y8vEv+0dlnzbs+q9asijRIcwhGcgAfnUIcbaIAPDPrwDK/w5gjnxXl3PmatS04xcwB/4Hz+ALE8jZk=</latexit><latexit sha1_base64="rTVWAq/xKG9cNx7QtFafAQfrlGc=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWNFYwttKJvNtF272YTdjVBCf4IXDype/Ufe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vYfdJIphj5LRKJaIdUouETfcCOwlSqkcSiwGQ6vJ37zCZXmibw3oxSDmPYl73FGjZXuou5jt1J1a+4UZJF4BalCgUa38tWJEpbFKA0TVOu256YmyKkynAkclzuZxpSyIe1j21JJY9RBPj11TI6tEpFeomxJQ6bq74mcxlqP4tB2xtQM9Lw3Ef/z2pnpXQQ5l2lmULLZol4miEnI5G8ScYXMiJEllClubyVsQBVlxqZTtiF48y8vEv+0dlnzbs+q9asijRIcwhGcgAfnUIcbaIAPDPrwDK/w5gjnxXl3PmatS04xcwB/4Hz+ALE8jZk=</latexit>
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<latexit sha1_base64="sI+4P8dZAmEH41Hn/QIWYFv7J7g="></latexit><latexit sha1_base64="sI+4P8dZAmEH41Hn/QIWYFv7J7g="></latexit><latexit sha1_base64="sI+4P8dZAmEH41Hn/QIWYFv7J7g="></latexit><latexit sha1_base64="sI+4P8dZAmEH41Hn/QIWYFv7J7g="></latexit>
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<latexit sha1_base64="54p/FtyTNqAL8rPI60Fua3RAtj4=">AAACEHicbVDLSsNAFJ34rPUVdelmsIhuLEkRdCMU3bisYB/QxDCZTtqhkwczN0IN+QQ3/oobF4q4denOv3GadqGtBy4czrmXe+/xE8EVWNa3sbC4tLyyWlorr29sbm2bO7stFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf3h1dhv3zOpeBzdwihhbkj6EQ84JaAlzzzKHD/AvdzjFyfiroadAYHsIccO8JApXLhD7XpmxapaBfA8saekgqZoeOaX04tpGrIIqCBKdW0rATcjEjgVLC87qWIJoUPSZ11NI6LXuVnxUI4PtdLDQSx1RYAL9fdERkKlRqGvO0MCAzXrjcX/vG4Kwbmb8ShJgUV0sihIBYYYj9PBPS4ZBTHShFDJ9a2YDogkFHSGZR2CPfvyPGnVqrZVtW9OK/XLaRwltI8O0DGy0Rmqo2vUQE1E0SN6Rq/ozXgyXox342PSumBMZ/bQHxifP6YnnFc=</latexit><latexit sha1_base64="54p/FtyTNqAL8rPI60Fua3RAtj4=">AAACEHicbVDLSsNAFJ34rPUVdelmsIhuLEkRdCMU3bisYB/QxDCZTtqhkwczN0IN+QQ3/oobF4q4denOv3GadqGtBy4czrmXe+/xE8EVWNa3sbC4tLyyWlorr29sbm2bO7stFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf3h1dhv3zOpeBzdwihhbkj6EQ84JaAlzzzKHD/AvdzjFyfiroadAYHsIccO8JApXLhD7XpmxapaBfA8saekgqZoeOaX04tpGrIIqCBKdW0rATcjEjgVLC87qWIJoUPSZ11NI6LXuVnxUI4PtdLDQSx1RYAL9fdERkKlRqGvO0MCAzXrjcX/vG4Kwbmb8ShJgUV0sihIBYYYj9PBPS4ZBTHShFDJ9a2YDogkFHSGZR2CPfvyPGnVqrZVtW9OK/XLaRwltI8O0DGy0Rmqo2vUQE1E0SN6Rq/ozXgyXox342PSumBMZ/bQHxifP6YnnFc=</latexit><latexit sha1_base64="54p/FtyTNqAL8rPI60Fua3RAtj4=">AAACEHicbVDLSsNAFJ34rPUVdelmsIhuLEkRdCMU3bisYB/QxDCZTtqhkwczN0IN+QQ3/oobF4q4denOv3GadqGtBy4czrmXe+/xE8EVWNa3sbC4tLyyWlorr29sbm2bO7stFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf3h1dhv3zOpeBzdwihhbkj6EQ84JaAlzzzKHD/AvdzjFyfiroadAYHsIccO8JApXLhD7XpmxapaBfA8saekgqZoeOaX04tpGrIIqCBKdW0rATcjEjgVLC87qWIJoUPSZ11NI6LXuVnxUI4PtdLDQSx1RYAL9fdERkKlRqGvO0MCAzXrjcX/vG4Kwbmb8ShJgUV0sihIBYYYj9PBPS4ZBTHShFDJ9a2YDogkFHSGZR2CPfvyPGnVqrZVtW9OK/XLaRwltI8O0DGy0Rmqo2vUQE1E0SN6Rq/ozXgyXox342PSumBMZ/bQHxifP6YnnFc=</latexit><latexit sha1_base64="54p/FtyTNqAL8rPI60Fua3RAtj4=">AAACEHicbVDLSsNAFJ34rPUVdelmsIhuLEkRdCMU3bisYB/QxDCZTtqhkwczN0IN+QQ3/oobF4q4denOv3GadqGtBy4czrmXe+/xE8EVWNa3sbC4tLyyWlorr29sbm2bO7stFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf3h1dhv3zOpeBzdwihhbkj6EQ84JaAlzzzKHD/AvdzjFyfiroadAYHsIccO8JApXLhD7XpmxapaBfA8saekgqZoeOaX04tpGrIIqCBKdW0rATcjEjgVLC87qWIJoUPSZ11NI6LXuVnxUI4PtdLDQSx1RYAL9fdERkKlRqGvO0MCAzXrjcX/vG4Kwbmb8ShJgUV0sihIBYYYj9PBPS4ZBTHShFDJ9a2YDogkFHSGZR2CPfvyPGnVqrZVtW9OK/XLaRwltI8O0DGy0Rmqo2vUQE1E0SN6Rq/ozXgyXox342PSumBMZ/bQHxifP6YnnFc=</latexit>



Composite fermions on Torus
Single particle translations form a discrete lattice on a finite size torus

Translation of particle i by vector d t̂i(d)
<latexit sha1_base64="zoMuwijlLAnZrdPV4EjTShs7Cks=">AAAB+3icbVBNS8NAEN34WetXrEcvi0Wol5KIoMeiF48V7Ac0IWy2m3bpZhN2J2IJ+StePCji1T/izX/jts1BWx8MPN6bYWZemAquwXG+rbX1jc2t7cpOdXdv/+DQPqp1dZIpyjo0EYnqh0QzwSXrAAfB+qliJA4F64WT25nfe2RK80Q+wDRlfkxGkkecEjBSYNe8MYEcioA3ci+M8LA4D+y603TmwKvELUkdlWgH9pc3TGgWMwlUEK0HrpOCnxMFnApWVL1Ms5TQCRmxgaGSxEz7+fz2Ap8ZZYijRJmSgOfq74mcxFpP49B0xgTGetmbif95gwyiaz/nMs2ASbpYFGUCQ4JnQeAhV4yCmBpCqOLmVkzHRBEKJq6qCcFdfnmVdC+artN07y/rrZsyjgo6QaeogVx0hVroDrVRB1H0hJ7RK3qzCuvFerc+Fq1rVjlzjP7A+vwBkl6UHQ==</latexit><latexit sha1_base64="zoMuwijlLAnZrdPV4EjTShs7Cks=">AAAB+3icbVBNS8NAEN34WetXrEcvi0Wol5KIoMeiF48V7Ac0IWy2m3bpZhN2J2IJ+StePCji1T/izX/jts1BWx8MPN6bYWZemAquwXG+rbX1jc2t7cpOdXdv/+DQPqp1dZIpyjo0EYnqh0QzwSXrAAfB+qliJA4F64WT25nfe2RK80Q+wDRlfkxGkkecEjBSYNe8MYEcioA3ci+M8LA4D+y603TmwKvELUkdlWgH9pc3TGgWMwlUEK0HrpOCnxMFnApWVL1Ms5TQCRmxgaGSxEz7+fz2Ap8ZZYijRJmSgOfq74mcxFpP49B0xgTGetmbif95gwyiaz/nMs2ASbpYFGUCQ4JnQeAhV4yCmBpCqOLmVkzHRBEKJq6qCcFdfnmVdC+artN07y/rrZsyjgo6QaeogVx0hVroDrVRB1H0hJ7RK3qzCuvFerc+Fq1rVjlzjP7A+vwBkl6UHQ==</latexit><latexit sha1_base64="zoMuwijlLAnZrdPV4EjTShs7Cks=">AAAB+3icbVBNS8NAEN34WetXrEcvi0Wol5KIoMeiF48V7Ac0IWy2m3bpZhN2J2IJ+StePCji1T/izX/jts1BWx8MPN6bYWZemAquwXG+rbX1jc2t7cpOdXdv/+DQPqp1dZIpyjo0EYnqh0QzwSXrAAfB+qliJA4F64WT25nfe2RK80Q+wDRlfkxGkkecEjBSYNe8MYEcioA3ci+M8LA4D+y603TmwKvELUkdlWgH9pc3TGgWMwlUEK0HrpOCnxMFnApWVL1Ms5TQCRmxgaGSxEz7+fz2Ap8ZZYijRJmSgOfq74mcxFpP49B0xgTGetmbif95gwyiaz/nMs2ASbpYFGUCQ4JnQeAhV4yCmBpCqOLmVkzHRBEKJq6qCcFdfnmVdC+artN07y/rrZsyjgo6QaeogVx0hVroDrVRB1H0hJ7RK3qzCuvFerc+Fq1rVjlzjP7A+vwBkl6UHQ==</latexit><latexit sha1_base64="zoMuwijlLAnZrdPV4EjTShs7Cks=">AAAB+3icbVBNS8NAEN34WetXrEcvi0Wol5KIoMeiF48V7Ac0IWy2m3bpZhN2J2IJ+StePCji1T/izX/jts1BWx8MPN6bYWZemAquwXG+rbX1jc2t7cpOdXdv/+DQPqp1dZIpyjo0EYnqh0QzwSXrAAfB+qliJA4F64WT25nfe2RK80Q+wDRlfkxGkkecEjBSYNe8MYEcioA3ci+M8LA4D+y603TmwKvELUkdlWgH9pc3TGgWMwlUEK0HrpOCnxMFnApWVL1Ms5TQCRmxgaGSxEz7+fz2Ap8ZZYijRJmSgOfq74mcxFpP49B0xgTGetmbif95gwyiaz/nMs2ASbpYFGUCQ4JnQeAhV4yCmBpCqOLmVkzHRBEKJq6qCcFdfnmVdC+artN07y/rrZsyjgo6QaeogVx0hVroDrVRB1H0hJ7RK3qzCuvFerc+Fq1rVjlzjP7A+vwBkl6UHQ==</latexit>

We can construct a Composite Fermion trial wave-function

For any given set of N distinct 

di = �l2ẑ ⇥ ki
<latexit sha1_base64="54p/FtyTNqAL8rPI60Fua3RAtj4=">AAACEHicbVDLSsNAFJ34rPUVdelmsIhuLEkRdCMU3bisYB/QxDCZTtqhkwczN0IN+QQ3/oobF4q4denOv3GadqGtBy4czrmXe+/xE8EVWNa3sbC4tLyyWlorr29sbm2bO7stFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf3h1dhv3zOpeBzdwihhbkj6EQ84JaAlzzzKHD/AvdzjFyfiroadAYHsIccO8JApXLhD7XpmxapaBfA8saekgqZoeOaX04tpGrIIqCBKdW0rATcjEjgVLC87qWIJoUPSZ11NI6LXuVnxUI4PtdLDQSx1RYAL9fdERkKlRqGvO0MCAzXrjcX/vG4Kwbmb8ShJgUV0sihIBYYYj9PBPS4ZBTHShFDJ9a2YDogkFHSGZR2CPfvyPGnVqrZVtW9OK/XLaRwltI8O0DGy0Rmqo2vUQE1E0SN6Rq/ozXgyXox342PSumBMZ/bQHxifP6YnnFc=</latexit><latexit sha1_base64="54p/FtyTNqAL8rPI60Fua3RAtj4=">AAACEHicbVDLSsNAFJ34rPUVdelmsIhuLEkRdCMU3bisYB/QxDCZTtqhkwczN0IN+QQ3/oobF4q4denOv3GadqGtBy4czrmXe+/xE8EVWNa3sbC4tLyyWlorr29sbm2bO7stFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf3h1dhv3zOpeBzdwihhbkj6EQ84JaAlzzzKHD/AvdzjFyfiroadAYHsIccO8JApXLhD7XpmxapaBfA8saekgqZoeOaX04tpGrIIqCBKdW0rATcjEjgVLC87qWIJoUPSZ11NI6LXuVnxUI4PtdLDQSx1RYAL9fdERkKlRqGvO0MCAzXrjcX/vG4Kwbmb8ShJgUV0sihIBYYYj9PBPS4ZBTHShFDJ9a2YDogkFHSGZR2CPfvyPGnVqrZVtW9OK/XLaRwltI8O0DGy0Rmqo2vUQE1E0SN6Rq/ozXgyXox342PSumBMZ/bQHxifP6YnnFc=</latexit><latexit sha1_base64="54p/FtyTNqAL8rPI60Fua3RAtj4=">AAACEHicbVDLSsNAFJ34rPUVdelmsIhuLEkRdCMU3bisYB/QxDCZTtqhkwczN0IN+QQ3/oobF4q4denOv3GadqGtBy4czrmXe+/xE8EVWNa3sbC4tLyyWlorr29sbm2bO7stFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf3h1dhv3zOpeBzdwihhbkj6EQ84JaAlzzzKHD/AvdzjFyfiroadAYHsIccO8JApXLhD7XpmxapaBfA8saekgqZoeOaX04tpGrIIqCBKdW0rATcjEjgVLC87qWIJoUPSZ11NI6LXuVnxUI4PtdLDQSx1RYAL9fdERkKlRqGvO0MCAzXrjcX/vG4Kwbmb8ShJgUV0sihIBYYYj9PBPS4ZBTHShFDJ9a2YDogkFHSGZR2CPfvyPGnVqrZVtW9OK/XLaRwltI8O0DGy0Rmqo2vUQE1E0SN6Rq/ozXgyXox342PSumBMZ/bQHxifP6YnnFc=</latexit><latexit sha1_base64="54p/FtyTNqAL8rPI60Fua3RAtj4=">AAACEHicbVDLSsNAFJ34rPUVdelmsIhuLEkRdCMU3bisYB/QxDCZTtqhkwczN0IN+QQ3/oobF4q4denOv3GadqGtBy4czrmXe+/xE8EVWNa3sbC4tLyyWlorr29sbm2bO7stFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf3h1dhv3zOpeBzdwihhbkj6EQ84JaAlzzzKHD/AvdzjFyfiroadAYHsIccO8JApXLhD7XpmxapaBfA8saekgqZoeOaX04tpGrIIqCBKdW0rATcjEjgVLC87qWIJoUPSZ11NI6LXuVnxUI4PtdLDQSx1RYAL9fdERkKlRqGvO0MCAzXrjcX/vG4Kwbmb8ShJgUV0sihIBYYYj9PBPS4ZBTHShFDJ9a2YDogkFHSGZR2CPfvyPGnVqrZVtW9OK/XLaRwltI8O0DGy0Rmqo2vUQE1E0SN6Rq/ozXgyXox342PSumBMZ/bQHxifP6YnnFc=</latexit>

{di}
<latexit sha1_base64="kSgzXlXApjxNOSivCef+hTLDluA=">AAAB9HicbVBNS8NAEJ31s9avqkcvi0XwVBIR9Fj04rGC/YAmlM1m0y7dbOLuplBCfocXD4p49cd489+4bXPQ1gcDj/dmmJkXpIJr4zjfaG19Y3Nru7JT3d3bPzisHR13dJIpyto0EYnqBUQzwSVrG24E66WKkTgQrBuM72Z+d8KU5ol8NNOU+TEZSh5xSoyVfC/PvSDCYTHgXjGo1Z2GMwdeJW5J6lCiNah9eWFCs5hJQwXRuu86qfFzogynghVVL9MsJXRMhqxvqSQx034+P7rA51YJcZQoW9Lgufp7Iiex1tM4sJ0xMSO97M3E/7x+ZqIbP+cyzQyTdLEoygQ2CZ4lgEOuGDViagmhittbMR0RRaixOVVtCO7yy6ukc9lwnYb7cFVv3pZxVOAUzuACXLiGJtxDC9pA4Qme4RXe0AS9oHf0sWhdQ+XMCfwB+vwBwuSSFA==</latexit><latexit sha1_base64="kSgzXlXApjxNOSivCef+hTLDluA=">AAAB9HicbVBNS8NAEJ31s9avqkcvi0XwVBIR9Fj04rGC/YAmlM1m0y7dbOLuplBCfocXD4p49cd489+4bXPQ1gcDj/dmmJkXpIJr4zjfaG19Y3Nru7JT3d3bPzisHR13dJIpyto0EYnqBUQzwSVrG24E66WKkTgQrBuM72Z+d8KU5ol8NNOU+TEZSh5xSoyVfC/PvSDCYTHgXjGo1Z2GMwdeJW5J6lCiNah9eWFCs5hJQwXRuu86qfFzogynghVVL9MsJXRMhqxvqSQx034+P7rA51YJcZQoW9Lgufp7Iiex1tM4sJ0xMSO97M3E/7x+ZqIbP+cyzQyTdLEoygQ2CZ4lgEOuGDViagmhittbMR0RRaixOVVtCO7yy6ukc9lwnYb7cFVv3pZxVOAUzuACXLiGJtxDC9pA4Qme4RXe0AS9oHf0sWhdQ+XMCfwB+vwBwuSSFA==</latexit><latexit sha1_base64="kSgzXlXApjxNOSivCef+hTLDluA=">AAAB9HicbVBNS8NAEJ31s9avqkcvi0XwVBIR9Fj04rGC/YAmlM1m0y7dbOLuplBCfocXD4p49cd489+4bXPQ1gcDj/dmmJkXpIJr4zjfaG19Y3Nru7JT3d3bPzisHR13dJIpyto0EYnqBUQzwSVrG24E66WKkTgQrBuM72Z+d8KU5ol8NNOU+TEZSh5xSoyVfC/PvSDCYTHgXjGo1Z2GMwdeJW5J6lCiNah9eWFCs5hJQwXRuu86qfFzogynghVVL9MsJXRMhqxvqSQx034+P7rA51YJcZQoW9Lgufp7Iiex1tM4sJ0xMSO97M3E/7x+ZqIbP+cyzQyTdLEoygQ2CZ4lgEOuGDViagmhittbMR0RRaixOVVtCO7yy6ukc9lwnYb7cFVv3pZxVOAUzuACXLiGJtxDC9pA4Qme4RXe0AS9oHf0sWhdQ+XMCfwB+vwBwuSSFA==</latexit><latexit sha1_base64="kSgzXlXApjxNOSivCef+hTLDluA=">AAAB9HicbVBNS8NAEJ31s9avqkcvi0XwVBIR9Fj04rGC/YAmlM1m0y7dbOLuplBCfocXD4p49cd489+4bXPQ1gcDj/dmmJkXpIJr4zjfaG19Y3Nru7JT3d3bPzisHR13dJIpyto0EYnqBUQzwSVrG24E66WKkTgQrBuM72Z+d8KU5ol8NNOU+TEZSh5xSoyVfC/PvSDCYTHgXjGo1Z2GMwdeJW5J6lCiNah9eWFCs5hJQwXRuu86qfFzogynghVVL9MsJXRMhqxvqSQx034+P7rA51YJcZQoW9Lgufp7Iiex1tM4sJ0xMSO97M3E/7x+ZqIbP+cyzQyTdLEoygQ2CZ4lgEOuGDViagmhittbMR0RRaixOVVtCO7yy6ukc9lwnYb7cFVv3pZxVOAUzuACXLiGJtxDC9pA4Qme4RXe0AS9oHf0sWhdQ+XMCfwB+vwBwuSSFA==</latexit>

Shao, Kim, Haldane, & Rezayi, PRL (2015).



Given a set of occupied states we can 
predict many body momenta

Composite fermion kinetic energy

Shao, Kim, Haldane, & Rezayi, PRL (2015).

Composite fermions on Torus



A smoother transition between 
the Pfaffian and the CFL

Imagine 2 components continuously rotating from 
N=0 LL into a N=1LL

A
B’
A’
B

In the N=1 LL of bilayer graphene one can achieve version of this:

|�i = �|0, "i+ (1� �)|1, #i
<latexit sha1_base64="Q8krhp3rjjHtcScOKUZ8tnIe+9Q="></latexit><latexit sha1_base64="Q8krhp3rjjHtcScOKUZ8tnIe+9Q="></latexit><latexit sha1_base64="Q8krhp3rjjHtcScOKUZ8tnIe+9Q="></latexit><latexit sha1_base64="Q8krhp3rjjHtcScOKUZ8tnIe+9Q="></latexit>

� ⇠ 0.2
<latexit sha1_base64="2QFf8lIgmT6VJPOqQ6Po84vz538=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0iKoMeiF48V7Ac0sWy2m3bp7ibsbpQS+j+8eFDEq//Fm//GbZuDtj4YeLw3w8y8KOVMG8/7dkpr6xubW+Xtys7u3v5B9fCorZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040vpn5nUeqNEvkvZmkNBR4KFnMCDZWegiGWAgcaCaQ59b71ZrnenOgVeIXpAYFmv3qVzBISCaoNIRjrXu+l5owx8owwum0EmSappiM8ZD2LJVYUB3m86un6MwqAxQnypY0aK7+nsix0HoiItspsBnpZW8m/uf1MhNfhTmTaWaoJItFccaRSdAsAjRgihLDJ5Zgopi9FZERVpgYG1TFhuAvv7xK2nXX91z/7qLWuC7iKMMJnMI5+HAJDbiFJrSAgIJneIU358l5cd6dj0VrySlmjuEPnM8fVI+Rug==</latexit><latexit sha1_base64="2QFf8lIgmT6VJPOqQ6Po84vz538=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0iKoMeiF48V7Ac0sWy2m3bp7ibsbpQS+j+8eFDEq//Fm//GbZuDtj4YeLw3w8y8KOVMG8/7dkpr6xubW+Xtys7u3v5B9fCorZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040vpn5nUeqNEvkvZmkNBR4KFnMCDZWegiGWAgcaCaQ59b71ZrnenOgVeIXpAYFmv3qVzBISCaoNIRjrXu+l5owx8owwum0EmSappiM8ZD2LJVYUB3m86un6MwqAxQnypY0aK7+nsix0HoiItspsBnpZW8m/uf1MhNfhTmTaWaoJItFccaRSdAsAjRgihLDJ5Zgopi9FZERVpgYG1TFhuAvv7xK2nXX91z/7qLWuC7iKMMJnMI5+HAJDbiFJrSAgIJneIU358l5cd6dj0VrySlmjuEPnM8fVI+Rug==</latexit><latexit sha1_base64="2QFf8lIgmT6VJPOqQ6Po84vz538=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0iKoMeiF48V7Ac0sWy2m3bp7ibsbpQS+j+8eFDEq//Fm//GbZuDtj4YeLw3w8y8KOVMG8/7dkpr6xubW+Xtys7u3v5B9fCorZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040vpn5nUeqNEvkvZmkNBR4KFnMCDZWegiGWAgcaCaQ59b71ZrnenOgVeIXpAYFmv3qVzBISCaoNIRjrXu+l5owx8owwum0EmSappiM8ZD2LJVYUB3m86un6MwqAxQnypY0aK7+nsix0HoiItspsBnpZW8m/uf1MhNfhTmTaWaoJItFccaRSdAsAjRgihLDJ5Zgopi9FZERVpgYG1TFhuAvv7xK2nXX91z/7qLWuC7iKMMJnMI5+HAJDbiFJrSAgIJneIU358l5cd6dj0VrySlmjuEPnM8fVI+Rug==</latexit><latexit sha1_base64="2QFf8lIgmT6VJPOqQ6Po84vz538=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0iKoMeiF48V7Ac0sWy2m3bp7ibsbpQS+j+8eFDEq//Fm//GbZuDtj4YeLw3w8y8KOVMG8/7dkpr6xubW+Xtys7u3v5B9fCorZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040vpn5nUeqNEvkvZmkNBR4KFnMCDZWegiGWAgcaCaQ59b71ZrnenOgVeIXpAYFmv3qVzBISCaoNIRjrXu+l5owx8owwum0EmSappiM8ZD2LJVYUB3m86un6MwqAxQnypY0aK7+nsix0HoiItspsBnpZW8m/uf1MhNfhTmTaWaoJItFccaRSdAsAjRgihLDJ5Zgopi9FZERVpgYG1TFhuAvv7xK2nXX91z/7qLWuC7iKMMJnMI5+HAJDbiFJrSAgIJneIU358l5cd6dj0VrySlmjuEPnM8fVI+Rug==</latexit>

� ⇠ 0.5
<latexit sha1_base64="XDwsSpSnKbh3CPB3ziONnvSzyYk=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBbBU0hE0WPRi8cK9gOaWCbbTbt0dxN2N0oJ/R9ePCji1f/izX/jts1BWx8MPN6bYWZelHKmjed9O6WV1bX1jfJmZWt7Z3evun/Q0kmmCG2ShCeqE4GmnEnaNMxw2kkVBRFx2o5GN1O//UiVZom8N+OUhgIGksWMgLHSQzAAISDQTGDPvehVa57rzYCXiV+QGirQ6FW/gn5CMkGlIRy07vpeasIclGGE00klyDRNgYxgQLuWShBUh/ns6gk+sUofx4myJQ2eqb8nchBaj0VkOwWYoV70puJ/Xjcz8VWYM5lmhkoyXxRnHJsETyPAfaYoMXxsCRDF7K2YDEEBMTaoig3BX3x5mbTOXN9z/bvzWv26iKOMjtAxOkU+ukR1dIsaqIkIUugZvaI358l5cd6dj3lrySlmDtEfOJ8/WRuRvQ==</latexit><latexit sha1_base64="XDwsSpSnKbh3CPB3ziONnvSzyYk=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBbBU0hE0WPRi8cK9gOaWCbbTbt0dxN2N0oJ/R9ePCji1f/izX/jts1BWx8MPN6bYWZelHKmjed9O6WV1bX1jfJmZWt7Z3evun/Q0kmmCG2ShCeqE4GmnEnaNMxw2kkVBRFx2o5GN1O//UiVZom8N+OUhgIGksWMgLHSQzAAISDQTGDPvehVa57rzYCXiV+QGirQ6FW/gn5CMkGlIRy07vpeasIclGGE00klyDRNgYxgQLuWShBUh/ns6gk+sUofx4myJQ2eqb8nchBaj0VkOwWYoV70puJ/Xjcz8VWYM5lmhkoyXxRnHJsETyPAfaYoMXxsCRDF7K2YDEEBMTaoig3BX3x5mbTOXN9z/bvzWv26iKOMjtAxOkU+ukR1dIsaqIkIUugZvaI358l5cd6dj3lrySlmDtEfOJ8/WRuRvQ==</latexit><latexit sha1_base64="XDwsSpSnKbh3CPB3ziONnvSzyYk=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBbBU0hE0WPRi8cK9gOaWCbbTbt0dxN2N0oJ/R9ePCji1f/izX/jts1BWx8MPN6bYWZelHKmjed9O6WV1bX1jfJmZWt7Z3evun/Q0kmmCG2ShCeqE4GmnEnaNMxw2kkVBRFx2o5GN1O//UiVZom8N+OUhgIGksWMgLHSQzAAISDQTGDPvehVa57rzYCXiV+QGirQ6FW/gn5CMkGlIRy07vpeasIclGGE00klyDRNgYxgQLuWShBUh/ns6gk+sUofx4myJQ2eqb8nchBaj0VkOwWYoV70puJ/Xjcz8VWYM5lmhkoyXxRnHJsETyPAfaYoMXxsCRDF7K2YDEEBMTaoig3BX3x5mbTOXN9z/bvzWv26iKOMjtAxOkU+ukR1dIsaqIkIUugZvaI358l5cd6dj3lrySlmDtEfOJ8/WRuRvQ==</latexit><latexit sha1_base64="XDwsSpSnKbh3CPB3ziONnvSzyYk=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBbBU0hE0WPRi8cK9gOaWCbbTbt0dxN2N0oJ/R9ePCji1f/izX/jts1BWx8MPN6bYWZelHKmjed9O6WV1bX1jfJmZWt7Z3evun/Q0kmmCG2ShCeqE4GmnEnaNMxw2kkVBRFx2o5GN1O//UiVZom8N+OUhgIGksWMgLHSQzAAISDQTGDPvehVa57rzYCXiV+QGirQ6FW/gn5CMkGlIRy07vpeasIclGGE00klyDRNgYxgQLuWShBUh/ns6gk+sUofx4myJQ2eqb8nchBaj0VkOwWYoV70puJ/Xjcz8VWYM5lmhkoyXxRnHJsETyPAfaYoMXxsCRDF7K2YDEEBMTaoig3BX3x5mbTOXN9z/bvzWv26iKOMjtAxOkU+ukR1dIsaqIkIUugZvaI358l5cd6dj3lrySlmDtEfOJ8/WRuRvQ==</latexit>

Pfaffian Polarized 
CFL

Un-polarized 
CFL



SU(2) magnet to SU(2) singlet

|�i = �|0, "i+ (1� �)|1, #i
<latexit sha1_base64="Q8krhp3rjjHtcScOKUZ8tnIe+9Q="></latexit><latexit sha1_base64="Q8krhp3rjjHtcScOKUZ8tnIe+9Q="></latexit><latexit sha1_base64="Q8krhp3rjjHtcScOKUZ8tnIe+9Q="></latexit><latexit sha1_base64="Q8krhp3rjjHtcScOKUZ8tnIe+9Q="></latexit>

Consider SU(2) 2-component system:

ED Spectrum 
Torus



Phase transition of polarized states

|�i = �|0, "i+ (1� �)|1, #i
<latexit sha1_base64="Q8krhp3rjjHtcScOKUZ8tnIe+9Q="></latexit><latexit sha1_base64="Q8krhp3rjjHtcScOKUZ8tnIe+9Q="></latexit><latexit sha1_base64="Q8krhp3rjjHtcScOKUZ8tnIe+9Q="></latexit><latexit sha1_base64="Q8krhp3rjjHtcScOKUZ8tnIe+9Q="></latexit>

Consider SU(2) 2-component system:

ED Spectrum Torus



spin up

spin down

Stoner transition of CFL states

|�i = �|0, "i+ (1� �)|1, #i
<latexit sha1_base64="Q8krhp3rjjHtcScOKUZ8tnIe+9Q="></latexit><latexit sha1_base64="Q8krhp3rjjHtcScOKUZ8tnIe+9Q="></latexit><latexit sha1_base64="Q8krhp3rjjHtcScOKUZ8tnIe+9Q="></latexit><latexit sha1_base64="Q8krhp3rjjHtcScOKUZ8tnIe+9Q="></latexit>

S2 = 0
<latexit sha1_base64="Ko91j1GlHY7xpeLcmr9UGe8xzLI=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CIUvXisaNpCG8tmu2mXbjZhdyKU0t/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl3321lZXVvf2CxsFbd3dvf2SweHDZNkmnGfJTLRrZAaLoXiPgqUvJVqTuNQ8mY4vJn6zSeujUjUA45SHsS0r0QkGEUr+feP1Su3Wyq7FXcGsky8nJQhR71b+ur0EpbFXCGT1Ji256YYjKlGwSSfFDuZ4SllQ9rnbUsVjbkJxrNjJ+TUKj0SJdqWQjJTf0+MaWzMKA5tZ0xxYBa9qfif184wugzGQqUZcsXmi6JMEkzI9HPSE5ozlCNLKNPC3krYgGrK0OZTtCF4iy8vk0a14rkV7+68XLvO4yjAMZzAGXhwATW4hTr4wEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A8Rajfw=</latexit><latexit sha1_base64="Ko91j1GlHY7xpeLcmr9UGe8xzLI=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CIUvXisaNpCG8tmu2mXbjZhdyKU0t/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl3321lZXVvf2CxsFbd3dvf2SweHDZNkmnGfJTLRrZAaLoXiPgqUvJVqTuNQ8mY4vJn6zSeujUjUA45SHsS0r0QkGEUr+feP1Su3Wyq7FXcGsky8nJQhR71b+ur0EpbFXCGT1Ji256YYjKlGwSSfFDuZ4SllQ9rnbUsVjbkJxrNjJ+TUKj0SJdqWQjJTf0+MaWzMKA5tZ0xxYBa9qfif184wugzGQqUZcsXmi6JMEkzI9HPSE5ozlCNLKNPC3krYgGrK0OZTtCF4iy8vk0a14rkV7+68XLvO4yjAMZzAGXhwATW4hTr4wEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A8Rajfw=</latexit><latexit sha1_base64="Ko91j1GlHY7xpeLcmr9UGe8xzLI=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CIUvXisaNpCG8tmu2mXbjZhdyKU0t/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl3321lZXVvf2CxsFbd3dvf2SweHDZNkmnGfJTLRrZAaLoXiPgqUvJVqTuNQ8mY4vJn6zSeujUjUA45SHsS0r0QkGEUr+feP1Su3Wyq7FXcGsky8nJQhR71b+ur0EpbFXCGT1Ji256YYjKlGwSSfFDuZ4SllQ9rnbUsVjbkJxrNjJ+TUKj0SJdqWQjJTf0+MaWzMKA5tZ0xxYBa9qfif184wugzGQqUZcsXmi6JMEkzI9HPSE5ozlCNLKNPC3krYgGrK0OZTtCF4iy8vk0a14rkV7+68XLvO4yjAMZzAGXhwATW4hTr4wEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A8Rajfw=</latexit><latexit sha1_base64="Ko91j1GlHY7xpeLcmr9UGe8xzLI=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CIUvXisaNpCG8tmu2mXbjZhdyKU0t/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl3321lZXVvf2CxsFbd3dvf2SweHDZNkmnGfJTLRrZAaLoXiPgqUvJVqTuNQ8mY4vJn6zSeujUjUA45SHsS0r0QkGEUr+feP1Su3Wyq7FXcGsky8nJQhR71b+ur0EpbFXCGT1Ji256YYjKlGwSSfFDuZ4SllQ9rnbUsVjbkJxrNjJ+TUKj0SJdqWQjJTf0+MaWzMKA5tZ0xxYBa9qfif184wugzGQqUZcsXmi6JMEkzI9HPSE5ozlCNLKNPC3krYgGrK0OZTtCF4iy8vk0a14rkV7+68XLvO4yjAMZzAGXhwATW4hTr4wEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A8Rajfw=</latexit>

S2 = Smax
z (Smax

z + 1)
<latexit sha1_base64="qtC7E9zDghShQwS7CksmYjbqEX4=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqAglKYJuhKIbl5XaC7RpmEwn7dCZJMxMxBoKbnwVNy4UcetLuPNtnLZBtPWHgY//nMOZ83sRo1JZ1peRWVhcWl7JrubW1jc2t8ztnboMY4FJDYcsFE0PScJoQGqKKkaakSCIe4w0vMHluN64JULSMLhRw4g4HPUC6lOMlLZcc6/aKZ1XOwlHdyP3vvBDx/aRa+atojURnAc7hTxIVXHNz3Y3xDEngcIMSdmyrUg5CRKKYkZGuXYsSYTwAPVIS2OAOJFOMrlhBA+104V+KPQLFJy4vycSxKUcck93cqT6crY2Nv+rtWLlnzkJDaJYkQBPF/kxgyqE40BglwqCFRtqQFhQ/VeI+0ggrHRsOR2CPXvyPNRLRdsq2tcn+fJFGkcW7IMDUAA2OAVlcAUqoAYweABP4AW8Go/Gs/FmvE9bM0Y6swv+yPj4Bu5zlww=</latexit><latexit sha1_base64="qtC7E9zDghShQwS7CksmYjbqEX4=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqAglKYJuhKIbl5XaC7RpmEwn7dCZJMxMxBoKbnwVNy4UcetLuPNtnLZBtPWHgY//nMOZ83sRo1JZ1peRWVhcWl7JrubW1jc2t8ztnboMY4FJDYcsFE0PScJoQGqKKkaakSCIe4w0vMHluN64JULSMLhRw4g4HPUC6lOMlLZcc6/aKZ1XOwlHdyP3vvBDx/aRa+atojURnAc7hTxIVXHNz3Y3xDEngcIMSdmyrUg5CRKKYkZGuXYsSYTwAPVIS2OAOJFOMrlhBA+104V+KPQLFJy4vycSxKUcck93cqT6crY2Nv+rtWLlnzkJDaJYkQBPF/kxgyqE40BglwqCFRtqQFhQ/VeI+0ggrHRsOR2CPXvyPNRLRdsq2tcn+fJFGkcW7IMDUAA2OAVlcAUqoAYweABP4AW8Go/Gs/FmvE9bM0Y6swv+yPj4Bu5zlww=</latexit><latexit sha1_base64="qtC7E9zDghShQwS7CksmYjbqEX4=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqAglKYJuhKIbl5XaC7RpmEwn7dCZJMxMxBoKbnwVNy4UcetLuPNtnLZBtPWHgY//nMOZ83sRo1JZ1peRWVhcWl7JrubW1jc2t8ztnboMY4FJDYcsFE0PScJoQGqKKkaakSCIe4w0vMHluN64JULSMLhRw4g4HPUC6lOMlLZcc6/aKZ1XOwlHdyP3vvBDx/aRa+atojURnAc7hTxIVXHNz3Y3xDEngcIMSdmyrUg5CRKKYkZGuXYsSYTwAPVIS2OAOJFOMrlhBA+104V+KPQLFJy4vycSxKUcck93cqT6crY2Nv+rtWLlnzkJDaJYkQBPF/kxgyqE40BglwqCFRtqQFhQ/VeI+0ggrHRsOR2CPXvyPNRLRdsq2tcn+fJFGkcW7IMDUAA2OAVlcAUqoAYweABP4AW8Go/Gs/FmvE9bM0Y6swv+yPj4Bu5zlww=</latexit><latexit sha1_base64="qtC7E9zDghShQwS7CksmYjbqEX4=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqAglKYJuhKIbl5XaC7RpmEwn7dCZJMxMxBoKbnwVNy4UcetLuPNtnLZBtPWHgY//nMOZ83sRo1JZ1peRWVhcWl7JrubW1jc2t8ztnboMY4FJDYcsFE0PScJoQGqKKkaakSCIe4w0vMHluN64JULSMLhRw4g4HPUC6lOMlLZcc6/aKZ1XOwlHdyP3vvBDx/aRa+atojURnAc7hTxIVXHNz3Y3xDEngcIMSdmyrUg5CRKKYkZGuXYsSYTwAPVIS2OAOJFOMrlhBA+104V+KPQLFJy4vycSxKUcck93cqT6crY2Nv+rtWLlnzkJDaJYkQBPF/kxgyqE40BglwqCFRtqQFhQ/VeI+0ggrHRsOR2CPXvyPNRLRdsq2tcn+fJFGkcW7IMDUAA2OAVlcAUqoAYweABP4AW8Go/Gs/FmvE9bM0Y6swv+yPj4Bu5zlww=</latexit>



3-fold (x 2) topological degeneracy  
of Moore-Read state

Pfaffian to CFL transition
|�i = �|0, "i+ (1� �)|1, #i

<latexit sha1_base64="Q8krhp3rjjHtcScOKUZ8tnIe+9Q="></latexit><latexit sha1_base64="Q8krhp3rjjHtcScOKUZ8tnIe+9Q="></latexit><latexit sha1_base64="Q8krhp3rjjHtcScOKUZ8tnIe+9Q="></latexit><latexit sha1_base64="Q8krhp3rjjHtcScOKUZ8tnIe+9Q="></latexit>

S2 = 0
<latexit sha1_base64="Ko91j1GlHY7xpeLcmr9UGe8xzLI=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CIUvXisaNpCG8tmu2mXbjZhdyKU0t/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl3321lZXVvf2CxsFbd3dvf2SweHDZNkmnGfJTLRrZAaLoXiPgqUvJVqTuNQ8mY4vJn6zSeujUjUA45SHsS0r0QkGEUr+feP1Su3Wyq7FXcGsky8nJQhR71b+ur0EpbFXCGT1Ji256YYjKlGwSSfFDuZ4SllQ9rnbUsVjbkJxrNjJ+TUKj0SJdqWQjJTf0+MaWzMKA5tZ0xxYBa9qfif184wugzGQqUZcsXmi6JMEkzI9HPSE5ozlCNLKNPC3krYgGrK0OZTtCF4iy8vk0a14rkV7+68XLvO4yjAMZzAGXhwATW4hTr4wEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A8Rajfw=</latexit><latexit sha1_base64="Ko91j1GlHY7xpeLcmr9UGe8xzLI=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CIUvXisaNpCG8tmu2mXbjZhdyKU0t/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl3321lZXVvf2CxsFbd3dvf2SweHDZNkmnGfJTLRrZAaLoXiPgqUvJVqTuNQ8mY4vJn6zSeujUjUA45SHsS0r0QkGEUr+feP1Su3Wyq7FXcGsky8nJQhR71b+ur0EpbFXCGT1Ji256YYjKlGwSSfFDuZ4SllQ9rnbUsVjbkJxrNjJ+TUKj0SJdqWQjJTf0+MaWzMKA5tZ0xxYBa9qfif184wugzGQqUZcsXmi6JMEkzI9HPSE5ozlCNLKNPC3krYgGrK0OZTtCF4iy8vk0a14rkV7+68XLvO4yjAMZzAGXhwATW4hTr4wEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A8Rajfw=</latexit><latexit sha1_base64="Ko91j1GlHY7xpeLcmr9UGe8xzLI=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CIUvXisaNpCG8tmu2mXbjZhdyKU0t/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl3321lZXVvf2CxsFbd3dvf2SweHDZNkmnGfJTLRrZAaLoXiPgqUvJVqTuNQ8mY4vJn6zSeujUjUA45SHsS0r0QkGEUr+feP1Su3Wyq7FXcGsky8nJQhR71b+ur0EpbFXCGT1Ji256YYjKlGwSSfFDuZ4SllQ9rnbUsVjbkJxrNjJ+TUKj0SJdqWQjJTf0+MaWzMKA5tZ0xxYBa9qfif184wugzGQqUZcsXmi6JMEkzI9HPSE5ozlCNLKNPC3krYgGrK0OZTtCF4iy8vk0a14rkV7+68XLvO4yjAMZzAGXhwATW4hTr4wEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A8Rajfw=</latexit><latexit sha1_base64="Ko91j1GlHY7xpeLcmr9UGe8xzLI=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CIUvXisaNpCG8tmu2mXbjZhdyKU0t/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl3321lZXVvf2CxsFbd3dvf2SweHDZNkmnGfJTLRrZAaLoXiPgqUvJVqTuNQ8mY4vJn6zSeujUjUA45SHsS0r0QkGEUr+feP1Su3Wyq7FXcGsky8nJQhR71b+ur0EpbFXCGT1Ji256YYjKlGwSSfFDuZ4SllQ9rnbUsVjbkJxrNjJ+TUKj0SJdqWQjJTf0+MaWzMKA5tZ0xxYBa9qfif184wugzGQqUZcsXmi6JMEkzI9HPSE5ozlCNLKNPC3krYgGrK0OZTtCF4iy8vk0a14rkV7+68XLvO4yjAMZzAGXhwATW4hTr4wEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A8Rajfw=</latexit>

S2 = Smax
z (Smax

z + 1)
<latexit sha1_base64="qtC7E9zDghShQwS7CksmYjbqEX4=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqAglKYJuhKIbl5XaC7RpmEwn7dCZJMxMxBoKbnwVNy4UcetLuPNtnLZBtPWHgY//nMOZ83sRo1JZ1peRWVhcWl7JrubW1jc2t8ztnboMY4FJDYcsFE0PScJoQGqKKkaakSCIe4w0vMHluN64JULSMLhRw4g4HPUC6lOMlLZcc6/aKZ1XOwlHdyP3vvBDx/aRa+atojURnAc7hTxIVXHNz3Y3xDEngcIMSdmyrUg5CRKKYkZGuXYsSYTwAPVIS2OAOJFOMrlhBA+104V+KPQLFJy4vycSxKUcck93cqT6crY2Nv+rtWLlnzkJDaJYkQBPF/kxgyqE40BglwqCFRtqQFhQ/VeI+0ggrHRsOR2CPXvyPNRLRdsq2tcn+fJFGkcW7IMDUAA2OAVlcAUqoAYweABP4AW8Go/Gs/FmvE9bM0Y6swv+yPj4Bu5zlww=</latexit><latexit sha1_base64="qtC7E9zDghShQwS7CksmYjbqEX4=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqAglKYJuhKIbl5XaC7RpmEwn7dCZJMxMxBoKbnwVNy4UcetLuPNtnLZBtPWHgY//nMOZ83sRo1JZ1peRWVhcWl7JrubW1jc2t8ztnboMY4FJDYcsFE0PScJoQGqKKkaakSCIe4w0vMHluN64JULSMLhRw4g4HPUC6lOMlLZcc6/aKZ1XOwlHdyP3vvBDx/aRa+atojURnAc7hTxIVXHNz3Y3xDEngcIMSdmyrUg5CRKKYkZGuXYsSYTwAPVIS2OAOJFOMrlhBA+104V+KPQLFJy4vycSxKUcck93cqT6crY2Nv+rtWLlnzkJDaJYkQBPF/kxgyqE40BglwqCFRtqQFhQ/VeI+0ggrHRsOR2CPXvyPNRLRdsq2tcn+fJFGkcW7IMDUAA2OAVlcAUqoAYweABP4AW8Go/Gs/FmvE9bM0Y6swv+yPj4Bu5zlww=</latexit><latexit sha1_base64="qtC7E9zDghShQwS7CksmYjbqEX4=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqAglKYJuhKIbl5XaC7RpmEwn7dCZJMxMxBoKbnwVNy4UcetLuPNtnLZBtPWHgY//nMOZ83sRo1JZ1peRWVhcWl7JrubW1jc2t8ztnboMY4FJDYcsFE0PScJoQGqKKkaakSCIe4w0vMHluN64JULSMLhRw4g4HPUC6lOMlLZcc6/aKZ1XOwlHdyP3vvBDx/aRa+atojURnAc7hTxIVXHNz3Y3xDEngcIMSdmyrUg5CRKKYkZGuXYsSYTwAPVIS2OAOJFOMrlhBA+104V+KPQLFJy4vycSxKUcck93cqT6crY2Nv+rtWLlnzkJDaJYkQBPF/kxgyqE40BglwqCFRtqQFhQ/VeI+0ggrHRsOR2CPXvyPNRLRdsq2tcn+fJFGkcW7IMDUAA2OAVlcAUqoAYweABP4AW8Go/Gs/FmvE9bM0Y6swv+yPj4Bu5zlww=</latexit><latexit sha1_base64="qtC7E9zDghShQwS7CksmYjbqEX4=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqAglKYJuhKIbl5XaC7RpmEwn7dCZJMxMxBoKbnwVNy4UcetLuPNtnLZBtPWHgY//nMOZ83sRo1JZ1peRWVhcWl7JrubW1jc2t8ztnboMY4FJDYcsFE0PScJoQGqKKkaakSCIe4w0vMHluN64JULSMLhRw4g4HPUC6lOMlLZcc6/aKZ1XOwlHdyP3vvBDx/aRa+atojURnAc7hTxIVXHNz3Y3xDEngcIMSdmyrUg5CRKKYkZGuXYsSYTwAPVIS2OAOJFOMrlhBA+104V+KPQLFJy4vycSxKUcck93cqT6crY2Nv+rtWLlnzkJDaJYkQBPF/kxgyqE40BglwqCFRtqQFhQ/VeI+0ggrHRsOR2CPXvyPNRLRdsq2tcn+fJFGkcW7IMDUAA2OAVlcAUqoAYweABP4AW8Go/Gs/FmvE9bM0Y6swv+yPj4Bu5zlww=</latexit>

(⇡,⇡)
<latexit sha1_base64="ujJAOpuN5EK6K7vBOJ3BKLbHk0g=">AAAB8HicbVBNSwMxEJ34WetX1aOXYBEqSNkVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+0crq2vrGZmGruL2zu7dfOjhsmjjVlDVoLGLdDolhgivWsNwK1k40IzIUrBWObqd+64lpw2P1YMcJCyQZKB5xSqyTHivdhJ+7OuuVyl7VmwEvEz8nZchR75W+uv2YppIpSwUxpuN7iQ0yoi2ngk2K3dSwhNARGbCOo4pIZoJsdvAEnzqlj6NYu1IWz9TfExmRxoxl6DolsUOz6E3F/7xOaqPrIOMqSS1TdL4oSgW2MZ5+j/tcM2rF2BFCNXe3YjokmlDrMiq6EPzFl5dJ86Lqe1X//rJcu8njKMAxnEAFfLiCGtxBHRpAQcIzvMIb0ugFvaOPeesKymeO4A/Q5w/Jlo+7</latexit><latexit sha1_base64="ujJAOpuN5EK6K7vBOJ3BKLbHk0g=">AAAB8HicbVBNSwMxEJ34WetX1aOXYBEqSNkVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+0crq2vrGZmGruL2zu7dfOjhsmjjVlDVoLGLdDolhgivWsNwK1k40IzIUrBWObqd+64lpw2P1YMcJCyQZKB5xSqyTHivdhJ+7OuuVyl7VmwEvEz8nZchR75W+uv2YppIpSwUxpuN7iQ0yoi2ngk2K3dSwhNARGbCOo4pIZoJsdvAEnzqlj6NYu1IWz9TfExmRxoxl6DolsUOz6E3F/7xOaqPrIOMqSS1TdL4oSgW2MZ5+j/tcM2rF2BFCNXe3YjokmlDrMiq6EPzFl5dJ86Lqe1X//rJcu8njKMAxnEAFfLiCGtxBHRpAQcIzvMIb0ugFvaOPeesKymeO4A/Q5w/Jlo+7</latexit><latexit sha1_base64="ujJAOpuN5EK6K7vBOJ3BKLbHk0g=">AAAB8HicbVBNSwMxEJ34WetX1aOXYBEqSNkVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+0crq2vrGZmGruL2zu7dfOjhsmjjVlDVoLGLdDolhgivWsNwK1k40IzIUrBWObqd+64lpw2P1YMcJCyQZKB5xSqyTHivdhJ+7OuuVyl7VmwEvEz8nZchR75W+uv2YppIpSwUxpuN7iQ0yoi2ngk2K3dSwhNARGbCOo4pIZoJsdvAEnzqlj6NYu1IWz9TfExmRxoxl6DolsUOz6E3F/7xOaqPrIOMqSS1TdL4oSgW2MZ5+j/tcM2rF2BFCNXe3YjokmlDrMiq6EPzFl5dJ86Lqe1X//rJcu8njKMAxnEAFfLiCGtxBHRpAQcIzvMIb0ugFvaOPeesKymeO4A/Q5w/Jlo+7</latexit><latexit sha1_base64="ujJAOpuN5EK6K7vBOJ3BKLbHk0g=">AAAB8HicbVBNSwMxEJ34WetX1aOXYBEqSNkVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+0crq2vrGZmGruL2zu7dfOjhsmjjVlDVoLGLdDolhgivWsNwK1k40IzIUrBWObqd+64lpw2P1YMcJCyQZKB5xSqyTHivdhJ+7OuuVyl7VmwEvEz8nZchR75W+uv2YppIpSwUxpuN7iQ0yoi2ngk2K3dSwhNARGbCOo4pIZoJsdvAEnzqlj6NYu1IWz9TfExmRxoxl6DolsUOz6E3F/7xOaqPrIOMqSS1TdL4oSgW2MZ5+j/tcM2rF2BFCNXe3YjokmlDrMiq6EPzFl5dJ86Lqe1X//rJcu8njKMAxnEAFfLiCGtxBHRpAQcIzvMIb0ugFvaOPeesKymeO4A/Q5w/Jlo+7</latexit>

(⇡, 0)
<latexit sha1_base64="hZDzfXi9gzacH9a5LmAkXClxh3I=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNuGJtmQZIWy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5keLMWN//9gpr6xubW8Xt0s7u3v5B+fCoZZJUE9okCU90J8KGciZp0zLLaUdpikXEaTsa38389hPVhiXy0U4UDQUeShYzgq2T2tWeYhf+eb9c8Wv+HGiVBDmpQI5Gv/zVGyQkFVRawrEx3cBXNsywtoxwOi31UkMVJmM8pF1HJRbUhNn83Ck6c8oAxYl2JS2aq78nMiyMmYjIdQpsR2bZm4n/ed3UxjdhxqRKLZVksShOObIJmv2OBkxTYvnEEUw0c7ciMsIaE+sSKrkQguWXV0nrshb4teDhqlK/zeMowgmcQhUCuIY63EMDmkBgDM/wCm+e8l68d+9j0Vrw8plj+APv8wfuw46i</latexit><latexit sha1_base64="hZDzfXi9gzacH9a5LmAkXClxh3I=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNuGJtmQZIWy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5keLMWN//9gpr6xubW8Xt0s7u3v5B+fCoZZJUE9okCU90J8KGciZp0zLLaUdpikXEaTsa38389hPVhiXy0U4UDQUeShYzgq2T2tWeYhf+eb9c8Wv+HGiVBDmpQI5Gv/zVGyQkFVRawrEx3cBXNsywtoxwOi31UkMVJmM8pF1HJRbUhNn83Ck6c8oAxYl2JS2aq78nMiyMmYjIdQpsR2bZm4n/ed3UxjdhxqRKLZVksShOObIJmv2OBkxTYvnEEUw0c7ciMsIaE+sSKrkQguWXV0nrshb4teDhqlK/zeMowgmcQhUCuIY63EMDmkBgDM/wCm+e8l68d+9j0Vrw8plj+APv8wfuw46i</latexit><latexit sha1_base64="hZDzfXi9gzacH9a5LmAkXClxh3I=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNuGJtmQZIWy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5keLMWN//9gpr6xubW8Xt0s7u3v5B+fCoZZJUE9okCU90J8KGciZp0zLLaUdpikXEaTsa38389hPVhiXy0U4UDQUeShYzgq2T2tWeYhf+eb9c8Wv+HGiVBDmpQI5Gv/zVGyQkFVRawrEx3cBXNsywtoxwOi31UkMVJmM8pF1HJRbUhNn83Ck6c8oAxYl2JS2aq78nMiyMmYjIdQpsR2bZm4n/ed3UxjdhxqRKLZVksShOObIJmv2OBkxTYvnEEUw0c7ciMsIaE+sSKrkQguWXV0nrshb4teDhqlK/zeMowgmcQhUCuIY63EMDmkBgDM/wCm+e8l68d+9j0Vrw8plj+APv8wfuw46i</latexit><latexit sha1_base64="hZDzfXi9gzacH9a5LmAkXClxh3I=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNuGJtmQZIWy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5keLMWN//9gpr6xubW8Xt0s7u3v5B+fCoZZJUE9okCU90J8KGciZp0zLLaUdpikXEaTsa38389hPVhiXy0U4UDQUeShYzgq2T2tWeYhf+eb9c8Wv+HGiVBDmpQI5Gv/zVGyQkFVRawrEx3cBXNsywtoxwOi31UkMVJmM8pF1HJRbUhNn83Ck6c8oAxYl2JS2aq78nMiyMmYjIdQpsR2bZm4n/ed3UxjdhxqRKLZVksShOObIJmv2OBkxTYvnEEUw0c7ciMsIaE+sSKrkQguWXV0nrshb4teDhqlK/zeMowgmcQhUCuIY63EMDmkBgDM/wCm+e8l68d+9j0Vrw8plj+APv8wfuw46i</latexit>
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Clean Pfaffian to CFL in bilayer 
graphene

Continuously rotating the N=0 LL into a N=1LL with field

|�i = �|0, "i+ (1� �)|1, #i
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CFL

Pfaffian

It would be a Pfaffian with a twist 

- SU(2) skyrmions and ferro-
magnet coexisting with Pfaffian 

physics
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Pfaffian Polarized 
CFL

Un-polarized 
CFL

B ~ 18 T B > 40 T



• Two components with rotated mass tensors rotated by          undergo a 
an analogue of the Stoner transition:

Ising Stoner Instability of Composite 
Fermion Metal

• Aluminum Arsenide 

⇡/2

mx/my ⇡ 5



The Hamiltonian of our study

mx/my 6= 1

Aluminum Arsenide: Two valleys 
with anisotropic mass

X

X 0

p ! p+A(r) !c =
B

p
mxmyN = 0LL

X

X 0

Landau level projection endows electrons with a “shape”

v0(q) =
2⇡e2

✏q veff (q) =
2⇡e2

✏q
Fi(q)F

⇤
j (q)

LL projection



Ground state polarization
Exact diagonalization on torus

Ne = 8

Ne = 10

Sz =
N1 �N2

2

No clear gap in spectrum



Numerics vs simple model

Trial wave function Exact diagonalization



Trial wave function

Exact diagonalization

Numerics vs simple model



DMRG phase diagram

Valley Stoner magnet:

DMRG results:



Connections with Aluminum Arsenide

X

X 0

Padmanabhan, Gokmen, and Shayegan PRB (2010)

N = 0LL

X

X 0

✏
E

Nearby FQH states appear 
to have spontaneous valley 
polarization:

⌫ = 1/2



Summary
Alternative platforms for fractional quantum Hall physics like 

Graphene, ZnO, AlAs, allow to realise a wealth of phase 
transitions between fractionalized phases of matter.

• Stoner transition of composite fermi liquids in AlAs  (arXiv:1802.02167).


• Quantum phase transition between Pfaffian and composite fermi liquid 
might be realisable in bilayer graphene with perpendicular field. 


• Sequence of phase transitions in ZnO (arXiv:1804.04565) and bilayer 
graphene (Nature 549, 360 (2017)) for a level crossing between N=0 and 
N=1 Landau levels.



Bosonization and shear sound in 2D Fermi liquids

Jun Yong Khoo 
MIT

Shear sound of interacting Fermi liquids

m⇤ > 2m0
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Should appear rather generically in 2D Fermi liquids  
when quasiparticles become twice as heavy as bare

arXiv:1806.04157



Bosonization of 2D Fermi liquids

pF (x, ✓) = pF0 + u(x, ✓)
<latexit sha1_base64="uiHonlp+4nAWgc0knZk0uzVsewY=">AAACFnicbVDJSgNBEO2JW4xb1KOXxiBE1DAjgl6EoBA8RjALZIahp9OTNOlZ6K4RwzBf4cVf8eJBEa/izb+xsxw08UHB470qqup5seAKTPPbyC0sLi2v5FcLa+sbm1vF7Z2mihJJWYNGIpJtjygmeMgawEGwdiwZCTzBWt7geuS37plUPArvYBgzJyC9kPucEtCSWzyJ3Vo5tT0fP2THNvQZkMPL2E1rZnaEk1nHLZbMijkGnifWlJTQFHW3+GV3I5oELAQqiFIdy4zBSYkETgXLCnaiWEzogPRYR9OQBEw56fitDB9opYv9SOoKAY/V3xMpCZQaBp7uDAj01aw3Ev/zOgn4F07KwzgBFtLJIj8RGCI8ygh3uWQUxFATQiXXt2LaJ5JQ0EkWdAjW7MvzpHlascyKdXtWql5N48ijPbSPyshC56iKblAdNRBFj+gZvaI348l4Md6Nj0lrzpjO7KI/MD5/AAGingI=</latexit><latexit sha1_base64="uiHonlp+4nAWgc0knZk0uzVsewY=">AAACFnicbVDJSgNBEO2JW4xb1KOXxiBE1DAjgl6EoBA8RjALZIahp9OTNOlZ6K4RwzBf4cVf8eJBEa/izb+xsxw08UHB470qqup5seAKTPPbyC0sLi2v5FcLa+sbm1vF7Z2mihJJWYNGIpJtjygmeMgawEGwdiwZCTzBWt7geuS37plUPArvYBgzJyC9kPucEtCSWzyJ3Vo5tT0fP2THNvQZkMPL2E1rZnaEk1nHLZbMijkGnifWlJTQFHW3+GV3I5oELAQqiFIdy4zBSYkETgXLCnaiWEzogPRYR9OQBEw56fitDB9opYv9SOoKAY/V3xMpCZQaBp7uDAj01aw3Ev/zOgn4F07KwzgBFtLJIj8RGCI8ygh3uWQUxFATQiXXt2LaJ5JQ0EkWdAjW7MvzpHlascyKdXtWql5N48ijPbSPyshC56iKblAdNRBFj+gZvaI348l4Md6Nj0lrzpjO7KI/MD5/AAGingI=</latexit><latexit sha1_base64="uiHonlp+4nAWgc0knZk0uzVsewY=">AAACFnicbVDJSgNBEO2JW4xb1KOXxiBE1DAjgl6EoBA8RjALZIahp9OTNOlZ6K4RwzBf4cVf8eJBEa/izb+xsxw08UHB470qqup5seAKTPPbyC0sLi2v5FcLa+sbm1vF7Z2mihJJWYNGIpJtjygmeMgawEGwdiwZCTzBWt7geuS37plUPArvYBgzJyC9kPucEtCSWzyJ3Vo5tT0fP2THNvQZkMPL2E1rZnaEk1nHLZbMijkGnifWlJTQFHW3+GV3I5oELAQqiFIdy4zBSYkETgXLCnaiWEzogPRYR9OQBEw56fitDB9opYv9SOoKAY/V3xMpCZQaBp7uDAj01aw3Ev/zOgn4F07KwzgBFtLJIj8RGCI8ygh3uWQUxFATQiXXt2LaJ5JQ0EkWdAjW7MvzpHlascyKdXtWql5N48ijPbSPyshC56iKblAdNRBFj+gZvaI348l4Md6Nj0lrzpjO7KI/MD5/AAGingI=</latexit><latexit sha1_base64="uiHonlp+4nAWgc0knZk0uzVsewY=">AAACFnicbVDJSgNBEO2JW4xb1KOXxiBE1DAjgl6EoBA8RjALZIahp9OTNOlZ6K4RwzBf4cVf8eJBEa/izb+xsxw08UHB470qqup5seAKTPPbyC0sLi2v5FcLa+sbm1vF7Z2mihJJWYNGIpJtjygmeMgawEGwdiwZCTzBWt7geuS37plUPArvYBgzJyC9kPucEtCSWzyJ3Vo5tT0fP2THNvQZkMPL2E1rZnaEk1nHLZbMijkGnifWlJTQFHW3+GV3I5oELAQqiFIdy4zBSYkETgXLCnaiWEzogPRYR9OQBEw56fitDB9opYv9SOoKAY/V3xMpCZQaBp7uDAj01aw3Ev/zOgn4F07KwzgBFtLJIj8RGCI8ygh3uWQUxFATQiXXt2LaJ5JQ0EkWdAjW7MvzpHlascyKdXtWql5N48ijPbSPyshC56iKblAdNRBFj+gZvaI348l4Md6Nj0lrzpjO7KI/MD5/AAGingI=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

2D Fermi liquids have an infinite number of slow variables

State is parametrized by 
space-time dependent 

Fermi radius

u(x, ✓)
<latexit sha1_base64="2jriwpBPLg2B440mhbcwt+8FtOU=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCBSmJCHosevFYwX5AE8pmu2mXbjZhd6KW2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmBYngGhzn2yqsrK6tbxQ3S1vbO7t7dnm/peNUUdaksYhVJyCaCS5ZEzgI1kkUI1EgWDsYXU/99j1TmsfyDsYJ8yMykDzklICRenY5rWZeEOLHyakHQwbkpGdXnJozA14mbk4qKEejZ395/ZimEZNABdG66zoJ+BlRwKlgk5KXapYQOiID1jVUkohpP5udPsHHRunjMFamJOCZ+nsiI5HW4ygwnRGBoV70puJ/XjeF8NLPuExSYJLOF4WpwBDjaQ64zxWjIMaGEKq4uRXTIVGEgkmrZEJwF19eJq2zmuvU3NvzSv0qj6OIDtERqiIXXaA6ukEN1EQUPaBn9IrerCfrxXq3PuatBSufOUB/YH3+AGWwk20=</latexit><latexit sha1_base64="2jriwpBPLg2B440mhbcwt+8FtOU=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCBSmJCHosevFYwX5AE8pmu2mXbjZhd6KW2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmBYngGhzn2yqsrK6tbxQ3S1vbO7t7dnm/peNUUdaksYhVJyCaCS5ZEzgI1kkUI1EgWDsYXU/99j1TmsfyDsYJ8yMykDzklICRenY5rWZeEOLHyakHQwbkpGdXnJozA14mbk4qKEejZ395/ZimEZNABdG66zoJ+BlRwKlgk5KXapYQOiID1jVUkohpP5udPsHHRunjMFamJOCZ+nsiI5HW4ygwnRGBoV70puJ/XjeF8NLPuExSYJLOF4WpwBDjaQ64zxWjIMaGEKq4uRXTIVGEgkmrZEJwF19eJq2zmuvU3NvzSv0qj6OIDtERqiIXXaA6ukEN1EQUPaBn9IrerCfrxXq3PuatBSufOUB/YH3+AGWwk20=</latexit><latexit sha1_base64="2jriwpBPLg2B440mhbcwt+8FtOU=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCBSmJCHosevFYwX5AE8pmu2mXbjZhd6KW2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmBYngGhzn2yqsrK6tbxQ3S1vbO7t7dnm/peNUUdaksYhVJyCaCS5ZEzgI1kkUI1EgWDsYXU/99j1TmsfyDsYJ8yMykDzklICRenY5rWZeEOLHyakHQwbkpGdXnJozA14mbk4qKEejZ395/ZimEZNABdG66zoJ+BlRwKlgk5KXapYQOiID1jVUkohpP5udPsHHRunjMFamJOCZ+nsiI5HW4ygwnRGBoV70puJ/XjeF8NLPuExSYJLOF4WpwBDjaQ64zxWjIMaGEKq4uRXTIVGEgkmrZEJwF19eJq2zmuvU3NvzSv0qj6OIDtERqiIXXaA6ukEN1EQUPaBn9IrerCfrxXq3PuatBSufOUB/YH3+AGWwk20=</latexit><latexit sha1_base64="2jriwpBPLg2B440mhbcwt+8FtOU=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCBSmJCHosevFYwX5AE8pmu2mXbjZhd6KW2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmBYngGhzn2yqsrK6tbxQ3S1vbO7t7dnm/peNUUdaksYhVJyCaCS5ZEzgI1kkUI1EgWDsYXU/99j1TmsfyDsYJ8yMykDzklICRenY5rWZeEOLHyakHQwbkpGdXnJozA14mbk4qKEejZ395/ZimEZNABdG66zoJ+BlRwKlgk5KXapYQOiID1jVUkohpP5udPsHHRunjMFamJOCZ+nsiI5HW4ygwnRGBoV70puJ/XjeF8NLPuExSYJLOF4WpwBDjaQ64zxWjIMaGEKq4uRXTIVGEgkmrZEJwF19eJq2zmuvU3NvzSv0qj6OIDtERqiIXXaA6ukEN1EQUPaBn9IrerCfrxXq3PuatBSufOUB/YH3+AGWwk20=</latexit>

Radius has commutation relations analogous to 1D



Bosonization of 2D Fermi liquids

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

u(x, ✓)
<latexit sha1_base64="2jriwpBPLg2B440mhbcwt+8FtOU=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCBSmJCHosevFYwX5AE8pmu2mXbjZhd6KW2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmBYngGhzn2yqsrK6tbxQ3S1vbO7t7dnm/peNUUdaksYhVJyCaCS5ZEzgI1kkUI1EgWDsYXU/99j1TmsfyDsYJ8yMykDzklICRenY5rWZeEOLHyakHQwbkpGdXnJozA14mbk4qKEejZ395/ZimEZNABdG66zoJ+BlRwKlgk5KXapYQOiID1jVUkohpP5udPsHHRunjMFamJOCZ+nsiI5HW4ygwnRGBoV70puJ/XjeF8NLPuExSYJLOF4WpwBDjaQ64zxWjIMaGEKq4uRXTIVGEgkmrZEJwF19eJq2zmuvU3NvzSv0qj6OIDtERqiIXXaA6ukEN1EQUPaBn9IrerCfrxXq3PuatBSufOUB/YH3+AGWwk20=</latexit><latexit sha1_base64="2jriwpBPLg2B440mhbcwt+8FtOU=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCBSmJCHosevFYwX5AE8pmu2mXbjZhd6KW2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmBYngGhzn2yqsrK6tbxQ3S1vbO7t7dnm/peNUUdaksYhVJyCaCS5ZEzgI1kkUI1EgWDsYXU/99j1TmsfyDsYJ8yMykDzklICRenY5rWZeEOLHyakHQwbkpGdXnJozA14mbk4qKEejZ395/ZimEZNABdG66zoJ+BlRwKlgk5KXapYQOiID1jVUkohpP5udPsHHRunjMFamJOCZ+nsiI5HW4ygwnRGBoV70puJ/XjeF8NLPuExSYJLOF4WpwBDjaQ64zxWjIMaGEKq4uRXTIVGEgkmrZEJwF19eJq2zmuvU3NvzSv0qj6OIDtERqiIXXaA6ukEN1EQUPaBn9IrerCfrxXq3PuatBSufOUB/YH3+AGWwk20=</latexit><latexit sha1_base64="2jriwpBPLg2B440mhbcwt+8FtOU=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCBSmJCHosevFYwX5AE8pmu2mXbjZhd6KW2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmBYngGhzn2yqsrK6tbxQ3S1vbO7t7dnm/peNUUdaksYhVJyCaCS5ZEzgI1kkUI1EgWDsYXU/99j1TmsfyDsYJ8yMykDzklICRenY5rWZeEOLHyakHQwbkpGdXnJozA14mbk4qKEejZ395/ZimEZNABdG66zoJ+BlRwKlgk5KXapYQOiID1jVUkohpP5udPsHHRunjMFamJOCZ+nsiI5HW4ygwnRGBoV70puJ/XjeF8NLPuExSYJLOF4WpwBDjaQ64zxWjIMaGEKq4uRXTIVGEgkmrZEJwF19eJq2zmuvU3NvzSv0qj6OIDtERqiIXXaA6ukEN1EQUPaBn9IrerCfrxXq3PuatBSufOUB/YH3+AGWwk20=</latexit><latexit sha1_base64="2jriwpBPLg2B440mhbcwt+8FtOU=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCBSmJCHosevFYwX5AE8pmu2mXbjZhd6KW2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmBYngGhzn2yqsrK6tbxQ3S1vbO7t7dnm/peNUUdaksYhVJyCaCS5ZEzgI1kkUI1EgWDsYXU/99j1TmsfyDsYJ8yMykDzklICRenY5rWZeEOLHyakHQwbkpGdXnJozA14mbk4qKEejZ395/ZimEZNABdG66zoJ+BlRwKlgk5KXapYQOiID1jVUkohpP5udPsHHRunjMFamJOCZ+nsiI5HW4ygwnRGBoV70puJ/XjeF8NLPuExSYJLOF4WpwBDjaQ64zxWjIMaGEKq4uRXTIVGEgkmrZEJwF19eJq2zmuvU3NvzSv0qj6OIDtERqiIXXaA6ukEN1EQUPaBn9IrerCfrxXq3PuatBSufOUB/YH3+AGWwk20=</latexit>

h✓,✓0 =
vF pF
2

✓
�(✓0 � ✓) +

F (✓0 � ✓)

2⇡

◆

<latexit sha1_base64="T6GBLe3sT2YPgYZyPDD7aJtXuLw="></latexit><latexit sha1_base64="T6GBLe3sT2YPgYZyPDD7aJtXuLw="></latexit><latexit sha1_base64="T6GBLe3sT2YPgYZyPDD7aJtXuLw="></latexit><latexit sha1_base64="T6GBLe3sT2YPgYZyPDD7aJtXuLw="></latexit> F (✓0 � ✓)
<latexit sha1_base64="4VmT1QtoJIWReLbCpUb3+kUicYQ=">AAAB/XicbZDJSgNBEIZ74hbjNi43L41BjAfDjAh6DAriMYJZIBlCT6cmadKz0F0jxCH4Kl48KOLV9/Dm29hZDhr9oeHjryqq+vcTKTQ6zpeVW1hcWl7JrxbW1jc2t+ztnbqOU8WhxmMZq6bPNEgRQQ0FSmgmCljoS2j4g6txvXEPSos4usNhAl7IepEIBGdorI69d11qYx+QHdETOiV63LGLTtmZiP4FdwZFMlO1Y3+2uzFPQ4iQS6Z1y3US9DKmUHAJo0I71ZAwPmA9aBmMWAjayybXj+ihcbo0iJV5EdKJ+3MiY6HWw9A3nSHDvp6vjc3/aq0UgwsvE1GSIkR8uihIJcWYjqOgXaGAoxwaYFwJcyvlfaYYRxNYwYTgzn/5L9RPy65Tdm/PipXLWRx5sk8OSIm45JxUyA2pkhrh5IE8kRfyaj1az9ab9T5tzVmzmV3yS9bHNwLuk6I=</latexit><latexit sha1_base64="4VmT1QtoJIWReLbCpUb3+kUicYQ=">AAAB/XicbZDJSgNBEIZ74hbjNi43L41BjAfDjAh6DAriMYJZIBlCT6cmadKz0F0jxCH4Kl48KOLV9/Dm29hZDhr9oeHjryqq+vcTKTQ6zpeVW1hcWl7JrxbW1jc2t+ztnbqOU8WhxmMZq6bPNEgRQQ0FSmgmCljoS2j4g6txvXEPSos4usNhAl7IepEIBGdorI69d11qYx+QHdETOiV63LGLTtmZiP4FdwZFMlO1Y3+2uzFPQ4iQS6Z1y3US9DKmUHAJo0I71ZAwPmA9aBmMWAjayybXj+ihcbo0iJV5EdKJ+3MiY6HWw9A3nSHDvp6vjc3/aq0UgwsvE1GSIkR8uihIJcWYjqOgXaGAoxwaYFwJcyvlfaYYRxNYwYTgzn/5L9RPy65Tdm/PipXLWRx5sk8OSIm45JxUyA2pkhrh5IE8kRfyaj1az9ab9T5tzVmzmV3yS9bHNwLuk6I=</latexit><latexit sha1_base64="4VmT1QtoJIWReLbCpUb3+kUicYQ=">AAAB/XicbZDJSgNBEIZ74hbjNi43L41BjAfDjAh6DAriMYJZIBlCT6cmadKz0F0jxCH4Kl48KOLV9/Dm29hZDhr9oeHjryqq+vcTKTQ6zpeVW1hcWl7JrxbW1jc2t+ztnbqOU8WhxmMZq6bPNEgRQQ0FSmgmCljoS2j4g6txvXEPSos4usNhAl7IepEIBGdorI69d11qYx+QHdETOiV63LGLTtmZiP4FdwZFMlO1Y3+2uzFPQ4iQS6Z1y3US9DKmUHAJo0I71ZAwPmA9aBmMWAjayybXj+ihcbo0iJV5EdKJ+3MiY6HWw9A3nSHDvp6vjc3/aq0UgwsvE1GSIkR8uihIJcWYjqOgXaGAoxwaYFwJcyvlfaYYRxNYwYTgzn/5L9RPy65Tdm/PipXLWRx5sk8OSIm45JxUyA2pkhrh5IE8kRfyaj1az9ab9T5tzVmzmV3yS9bHNwLuk6I=</latexit><latexit sha1_base64="4VmT1QtoJIWReLbCpUb3+kUicYQ=">AAAB/XicbZDJSgNBEIZ74hbjNi43L41BjAfDjAh6DAriMYJZIBlCT6cmadKz0F0jxCH4Kl48KOLV9/Dm29hZDhr9oeHjryqq+vcTKTQ6zpeVW1hcWl7JrxbW1jc2t+ztnbqOU8WhxmMZq6bPNEgRQQ0FSmgmCljoS2j4g6txvXEPSos4usNhAl7IepEIBGdorI69d11qYx+QHdETOiV63LGLTtmZiP4FdwZFMlO1Y3+2uzFPQ4iQS6Z1y3US9DKmUHAJo0I71ZAwPmA9aBmMWAjayybXj+ihcbo0iJV5EdKJ+3MiY6HWw9A3nSHDvp6vjc3/aq0UgwsvE1GSIkR8uihIJcWYjqOgXaGAoxwaYFwJcyvlfaYYRxNYwYTgzn/5L9RPy65Tdm/PipXLWRx5sk8OSIm45JxUyA2pkhrh5IE8kRfyaj1az9ab9T5tzVmzmV3yS9bHNwLuk6I=</latexit>

Landau function:

v†✓G✓,✓0w✓0 ⌘
Z

d✓d✓0

(2⇡)2
v(✓)G(✓, ✓0)w(✓0)

<latexit sha1_base64="laoF9+8seD3+oGPwcm7QHrWpmBI="></latexit><latexit sha1_base64="laoF9+8seD3+oGPwcm7QHrWpmBI="></latexit><latexit sha1_base64="laoF9+8seD3+oGPwcm7QHrWpmBI="></latexit><latexit sha1_base64="laoF9+8seD3+oGPwcm7QHrWpmBI="></latexit>

Quantum version of kinetic equation:



Mapping classical to quantum

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

u(x, ✓)
<latexit sha1_base64="2jriwpBPLg2B440mhbcwt+8FtOU=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCBSmJCHosevFYwX5AE8pmu2mXbjZhd6KW2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmBYngGhzn2yqsrK6tbxQ3S1vbO7t7dnm/peNUUdaksYhVJyCaCS5ZEzgI1kkUI1EgWDsYXU/99j1TmsfyDsYJ8yMykDzklICRenY5rWZeEOLHyakHQwbkpGdXnJozA14mbk4qKEejZ395/ZimEZNABdG66zoJ+BlRwKlgk5KXapYQOiID1jVUkohpP5udPsHHRunjMFamJOCZ+nsiI5HW4ygwnRGBoV70puJ/XjeF8NLPuExSYJLOF4WpwBDjaQ64zxWjIMaGEKq4uRXTIVGEgkmrZEJwF19eJq2zmuvU3NvzSv0qj6OIDtERqiIXXaA6ukEN1EQUPaBn9IrerCfrxXq3PuatBSufOUB/YH3+AGWwk20=</latexit><latexit sha1_base64="2jriwpBPLg2B440mhbcwt+8FtOU=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCBSmJCHosevFYwX5AE8pmu2mXbjZhd6KW2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmBYngGhzn2yqsrK6tbxQ3S1vbO7t7dnm/peNUUdaksYhVJyCaCS5ZEzgI1kkUI1EgWDsYXU/99j1TmsfyDsYJ8yMykDzklICRenY5rWZeEOLHyakHQwbkpGdXnJozA14mbk4qKEejZ395/ZimEZNABdG66zoJ+BlRwKlgk5KXapYQOiID1jVUkohpP5udPsHHRunjMFamJOCZ+nsiI5HW4ygwnRGBoV70puJ/XjeF8NLPuExSYJLOF4WpwBDjaQ64zxWjIMaGEKq4uRXTIVGEgkmrZEJwF19eJq2zmuvU3NvzSv0qj6OIDtERqiIXXaA6ukEN1EQUPaBn9IrerCfrxXq3PuatBSufOUB/YH3+AGWwk20=</latexit><latexit sha1_base64="2jriwpBPLg2B440mhbcwt+8FtOU=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCBSmJCHosevFYwX5AE8pmu2mXbjZhd6KW2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmBYngGhzn2yqsrK6tbxQ3S1vbO7t7dnm/peNUUdaksYhVJyCaCS5ZEzgI1kkUI1EgWDsYXU/99j1TmsfyDsYJ8yMykDzklICRenY5rWZeEOLHyakHQwbkpGdXnJozA14mbk4qKEejZ395/ZimEZNABdG66zoJ+BlRwKlgk5KXapYQOiID1jVUkohpP5udPsHHRunjMFamJOCZ+nsiI5HW4ygwnRGBoV70puJ/XjeF8NLPuExSYJLOF4WpwBDjaQ64zxWjIMaGEKq4uRXTIVGEgkmrZEJwF19eJq2zmuvU3NvzSv0qj6OIDtERqiIXXaA6ukEN1EQUPaBn9IrerCfrxXq3PuatBSufOUB/YH3+AGWwk20=</latexit><latexit sha1_base64="2jriwpBPLg2B440mhbcwt+8FtOU=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCBSmJCHosevFYwX5AE8pmu2mXbjZhd6KW2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmBYngGhzn2yqsrK6tbxQ3S1vbO7t7dnm/peNUUdaksYhVJyCaCS5ZEzgI1kkUI1EgWDsYXU/99j1TmsfyDsYJ8yMykDzklICRenY5rWZeEOLHyakHQwbkpGdXnJozA14mbk4qKEejZ395/ZimEZNABdG66zoJ+BlRwKlgk5KXapYQOiID1jVUkohpP5udPsHHRunjMFamJOCZ+nsiI5HW4ygwnRGBoV70puJ/XjeF8NLPuExSYJLOF4WpwBDjaQ64zxWjIMaGEKq4uRXTIVGEgkmrZEJwF19eJq2zmuvU3NvzSv0qj6OIDtERqiIXXaA6ukEN1EQUPaBn9IrerCfrxXq3PuatBSufOUB/YH3+AGWwk20=</latexit>

v†✓G✓,✓0w✓0 ⌘
Z

d✓d✓0

(2⇡)2
v(✓)G(✓, ✓0)w(✓0)

<latexit sha1_base64="laoF9+8seD3+oGPwcm7QHrWpmBI="></latexit><latexit sha1_base64="laoF9+8seD3+oGPwcm7QHrWpmBI="></latexit><latexit sha1_base64="laoF9+8seD3+oGPwcm7QHrWpmBI="></latexit><latexit sha1_base64="laoF9+8seD3+oGPwcm7QHrWpmBI="></latexit>

Quantum version of kinetic equation:

For every classical eigen-function of the kinetic Equation:

We can construct a quantum bosonic eigen-mode:

Canonical normalisation:



Mapping classical to 1D tight binding

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

u(x, ✓)
<latexit sha1_base64="2jriwpBPLg2B440mhbcwt+8FtOU=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCBSmJCHosevFYwX5AE8pmu2mXbjZhd6KW2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmBYngGhzn2yqsrK6tbxQ3S1vbO7t7dnm/peNUUdaksYhVJyCaCS5ZEzgI1kkUI1EgWDsYXU/99j1TmsfyDsYJ8yMykDzklICRenY5rWZeEOLHyakHQwbkpGdXnJozA14mbk4qKEejZ395/ZimEZNABdG66zoJ+BlRwKlgk5KXapYQOiID1jVUkohpP5udPsHHRunjMFamJOCZ+nsiI5HW4ygwnRGBoV70puJ/XjeF8NLPuExSYJLOF4WpwBDjaQ64zxWjIMaGEKq4uRXTIVGEgkmrZEJwF19eJq2zmuvU3NvzSv0qj6OIDtERqiIXXaA6ukEN1EQUPaBn9IrerCfrxXq3PuatBSufOUB/YH3+AGWwk20=</latexit><latexit sha1_base64="2jriwpBPLg2B440mhbcwt+8FtOU=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCBSmJCHosevFYwX5AE8pmu2mXbjZhd6KW2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmBYngGhzn2yqsrK6tbxQ3S1vbO7t7dnm/peNUUdaksYhVJyCaCS5ZEzgI1kkUI1EgWDsYXU/99j1TmsfyDsYJ8yMykDzklICRenY5rWZeEOLHyakHQwbkpGdXnJozA14mbk4qKEejZ395/ZimEZNABdG66zoJ+BlRwKlgk5KXapYQOiID1jVUkohpP5udPsHHRunjMFamJOCZ+nsiI5HW4ygwnRGBoV70puJ/XjeF8NLPuExSYJLOF4WpwBDjaQ64zxWjIMaGEKq4uRXTIVGEgkmrZEJwF19eJq2zmuvU3NvzSv0qj6OIDtERqiIXXaA6ukEN1EQUPaBn9IrerCfrxXq3PuatBSufOUB/YH3+AGWwk20=</latexit><latexit sha1_base64="2jriwpBPLg2B440mhbcwt+8FtOU=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCBSmJCHosevFYwX5AE8pmu2mXbjZhd6KW2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmBYngGhzn2yqsrK6tbxQ3S1vbO7t7dnm/peNUUdaksYhVJyCaCS5ZEzgI1kkUI1EgWDsYXU/99j1TmsfyDsYJ8yMykDzklICRenY5rWZeEOLHyakHQwbkpGdXnJozA14mbk4qKEejZ395/ZimEZNABdG66zoJ+BlRwKlgk5KXapYQOiID1jVUkohpP5udPsHHRunjMFamJOCZ+nsiI5HW4ygwnRGBoV70puJ/XjeF8NLPuExSYJLOF4WpwBDjaQ64zxWjIMaGEKq4uRXTIVGEgkmrZEJwF19eJq2zmuvU3NvzSv0qj6OIDtERqiIXXaA6ukEN1EQUPaBn9IrerCfrxXq3PuatBSufOUB/YH3+AGWwk20=</latexit><latexit sha1_base64="2jriwpBPLg2B440mhbcwt+8FtOU=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCBSmJCHosevFYwX5AE8pmu2mXbjZhd6KW2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmBYngGhzn2yqsrK6tbxQ3S1vbO7t7dnm/peNUUdaksYhVJyCaCS5ZEzgI1kkUI1EgWDsYXU/99j1TmsfyDsYJ8yMykDzklICRenY5rWZeEOLHyakHQwbkpGdXnJozA14mbk4qKEejZ395/ZimEZNABdG66zoJ+BlRwKlgk5KXapYQOiID1jVUkohpP5udPsHHRunjMFamJOCZ+nsiI5HW4ygwnRGBoV70puJ/XjeF8NLPuExSYJLOF4WpwBDjaQ64zxWjIMaGEKq4uRXTIVGEgkmrZEJwF19eJq2zmuvU3NvzSv0qj6OIDtERqiIXXaA6ukEN1EQUPaBn9IrerCfrxXq3PuatBSufOUB/YH3+AGWwk20=</latexit>

Mirror symmetry:

Even and Odd modes:

Angular momentum:

q̂
<latexit sha1_base64="/UkTvC1/5jLZCKF2jS7wfzixA8w=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOya5idzCZDZh/O9Cph2f/w4kERr/6LN//GSbIHTSxoKKq66e7yEyk02va3VVpZXVvfKG9WtrZ3dveq+wdtHaeK8RaLZay6PtVcioi3UKDk3URxGvqSd/zx9dTvPHKlRRzd4SThXkiHkQgEo2ike3dEMSOZ6wfkIc/71Zpdt2cgy8QpSA0KNPvVL3cQszTkETJJte45doJeRhUKJnlecVPNE8rGdMh7hkY05NrLZlfn5MQoAxLEylSEZKb+nshoqPUk9E1nSHGkF72p+J/XSzG49DIRJSnyiM0XBakkGJNpBGQgFGcoJ4ZQpoS5lbARVZShCapiQnAWX14m7bO6Y9ed2/Na46qIowxHcAyn4MAFNOAGmtACBgqe4RXerCfrxXq3PuatJauYOYQ/sD5/AFXvkmQ=</latexit><latexit sha1_base64="/UkTvC1/5jLZCKF2jS7wfzixA8w=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOya5idzCZDZh/O9Cph2f/w4kERr/6LN//GSbIHTSxoKKq66e7yEyk02va3VVpZXVvfKG9WtrZ3dveq+wdtHaeK8RaLZay6PtVcioi3UKDk3URxGvqSd/zx9dTvPHKlRRzd4SThXkiHkQgEo2ike3dEMSOZ6wfkIc/71Zpdt2cgy8QpSA0KNPvVL3cQszTkETJJte45doJeRhUKJnlecVPNE8rGdMh7hkY05NrLZlfn5MQoAxLEylSEZKb+nshoqPUk9E1nSHGkF72p+J/XSzG49DIRJSnyiM0XBakkGJNpBGQgFGcoJ4ZQpoS5lbARVZShCapiQnAWX14m7bO6Y9ed2/Na46qIowxHcAyn4MAFNOAGmtACBgqe4RXerCfrxXq3PuatJauYOYQ/sD5/AFXvkmQ=</latexit><latexit sha1_base64="/UkTvC1/5jLZCKF2jS7wfzixA8w=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOya5idzCZDZh/O9Cph2f/w4kERr/6LN//GSbIHTSxoKKq66e7yEyk02va3VVpZXVvfKG9WtrZ3dveq+wdtHaeK8RaLZay6PtVcioi3UKDk3URxGvqSd/zx9dTvPHKlRRzd4SThXkiHkQgEo2ike3dEMSOZ6wfkIc/71Zpdt2cgy8QpSA0KNPvVL3cQszTkETJJte45doJeRhUKJnlecVPNE8rGdMh7hkY05NrLZlfn5MQoAxLEylSEZKb+nshoqPUk9E1nSHGkF72p+J/XSzG49DIRJSnyiM0XBakkGJNpBGQgFGcoJ4ZQpoS5lbARVZShCapiQnAWX14m7bO6Y9ed2/Na46qIowxHcAyn4MAFNOAGmtACBgqe4RXerCfrxXq3PuatJauYOYQ/sD5/AFXvkmQ=</latexit><latexit sha1_base64="/UkTvC1/5jLZCKF2jS7wfzixA8w=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOya5idzCZDZh/O9Cph2f/w4kERr/6LN//GSbIHTSxoKKq66e7yEyk02va3VVpZXVvfKG9WtrZ3dveq+wdtHaeK8RaLZay6PtVcioi3UKDk3URxGvqSd/zx9dTvPHKlRRzd4SThXkiHkQgEo2ike3dEMSOZ6wfkIc/71Zpdt2cgy8QpSA0KNPvVL3cQszTkETJJte45doJeRhUKJnlecVPNE8rGdMh7hkY05NrLZlfn5MQoAxLEylSEZKb+nshoqPUk9E1nSHGkF72p+J/XSzG49DIRJSnyiM0XBakkGJNpBGQgFGcoJ4ZQpoS5lbARVZShCapiQnAWX14m7bO6Y9ed2/Na46qIowxHcAyn4MAFNOAGmtACBgqe4RXerCfrxXq3PuatJauYOYQ/sD5/AFXvkmQ=</latexit>



Mapping classical to 1D tight binding
Even and Odd modes:Angular momentum:

E
<latexit sha1_base64="o1sEXvFqUeKBMq6SR1NtvhgJRzs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRBI8t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1FipcdcvV9yqOwdZJV5OKpCj3i9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukdVH13KrXuKzUbvI4inACp3AOHlxBDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDmO2MyQ==</latexit><latexit sha1_base64="o1sEXvFqUeKBMq6SR1NtvhgJRzs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRBI8t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1FipcdcvV9yqOwdZJV5OKpCj3i9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukdVH13KrXuKzUbvI4inACp3AOHlxBDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDmO2MyQ==</latexit><latexit sha1_base64="o1sEXvFqUeKBMq6SR1NtvhgJRzs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRBI8t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1FipcdcvV9yqOwdZJV5OKpCj3i9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukdVH13KrXuKzUbvI4inACp3AOHlxBDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDmO2MyQ==</latexit><latexit sha1_base64="o1sEXvFqUeKBMq6SR1NtvhgJRzs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRBI8t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1FipcdcvV9yqOwdZJV5OKpCj3i9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukdVH13KrXuKzUbvI4inACp3AOHlxBDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDmO2MyQ==</latexit>

Continuum of modes

Isolated modes

Landau parameters  
play role of bond disorder



Even parity modes

Another sound

F0 > 0
<latexit sha1_base64="Yw2I2umQODIBtNiEIE76cPiQ7qU=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoCcpCuKxgrWFdinZdLYNzWaXJCuU0h/hxYMiXv093vw3pu0etPXBwOO9GWbmhakUxlL67RVWVtfWN4qbpa3tnd298v7Bo0kyzbHBE5noVsgMSqGwYYWV2Eo1sjiU2AyHN1O/+YTaiEQ92FGKQcz6SkSCM+uk5m2XkitKuuUKrdIZyDLxc1KBHPVu+avTS3gWo7JcMmPaPk1tMGbaCi5xUupkBlPGh6yPbUcVi9EE49m5E3LilB6JEu1KWTJTf0+MWWzMKA5dZ8zswCx6U/E/r53Z6DIYC5VmFhWfL4oySWxCpr+TntDIrRw5wrgW7lbCB0wzbl1CJReCv/jyMnk8q/q06t+fV2rXeRxFOIJjOAUfLqAGd1CHBnAYwjO8wpuXei/eu/cxby14+cwh/IH3+QNd045D</latexit><latexit sha1_base64="Yw2I2umQODIBtNiEIE76cPiQ7qU=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoCcpCuKxgrWFdinZdLYNzWaXJCuU0h/hxYMiXv093vw3pu0etPXBwOO9GWbmhakUxlL67RVWVtfWN4qbpa3tnd298v7Bo0kyzbHBE5noVsgMSqGwYYWV2Eo1sjiU2AyHN1O/+YTaiEQ92FGKQcz6SkSCM+uk5m2XkitKuuUKrdIZyDLxc1KBHPVu+avTS3gWo7JcMmPaPk1tMGbaCi5xUupkBlPGh6yPbUcVi9EE49m5E3LilB6JEu1KWTJTf0+MWWzMKA5dZ8zswCx6U/E/r53Z6DIYC5VmFhWfL4oySWxCpr+TntDIrRw5wrgW7lbCB0wzbl1CJReCv/jyMnk8q/q06t+fV2rXeRxFOIJjOAUfLqAGd1CHBnAYwjO8wpuXei/eu/cxby14+cwh/IH3+QNd045D</latexit><latexit sha1_base64="Yw2I2umQODIBtNiEIE76cPiQ7qU=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoCcpCuKxgrWFdinZdLYNzWaXJCuU0h/hxYMiXv093vw3pu0etPXBwOO9GWbmhakUxlL67RVWVtfWN4qbpa3tnd298v7Bo0kyzbHBE5noVsgMSqGwYYWV2Eo1sjiU2AyHN1O/+YTaiEQ92FGKQcz6SkSCM+uk5m2XkitKuuUKrdIZyDLxc1KBHPVu+avTS3gWo7JcMmPaPk1tMGbaCi5xUupkBlPGh6yPbUcVi9EE49m5E3LilB6JEu1KWTJTf0+MWWzMKA5dZ8zswCx6U/E/r53Z6DIYC5VmFhWfL4oySWxCpr+TntDIrRw5wrgW7lbCB0wzbl1CJReCv/jyMnk8q/q06t+fV2rXeRxFOIJjOAUfLqAGd1CHBnAYwjO8wpuXei/eu/cxby14+cwh/IH3+QNd045D</latexit><latexit sha1_base64="Yw2I2umQODIBtNiEIE76cPiQ7qU=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoCcpCuKxgrWFdinZdLYNzWaXJCuU0h/hxYMiXv093vw3pu0etPXBwOO9GWbmhakUxlL67RVWVtfWN4qbpa3tnd298v7Bo0kyzbHBE5noVsgMSqGwYYWV2Eo1sjiU2AyHN1O/+YTaiEQ92FGKQcz6SkSCM+uk5m2XkitKuuUKrdIZyDLxc1KBHPVu+avTS3gWo7JcMmPaPk1tMGbaCi5xUupkBlPGh6yPbUcVi9EE49m5E3LilB6JEu1KWTJTf0+MWWzMKA5dZ8zswCx6U/E/r53Z6DIYC5VmFhWfL4oySWxCpr+TntDIrRw5wrgW7lbCB0wzbl1CJReCv/jyMnk8q/q06t+fV2rXeRxFOIJjOAUfLqAGd1CHBnAYwjO8wpuXei/eu/cxby14+cwh/IH3+QNd045D</latexit>

Fl>0 = 0
<latexit sha1_base64="0yr8xcJ7dHVHlCey3wG0Yf8pZxA=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqWRF0ItSFMRjBfsB26Vk07QNzSZLMiuUpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMixIpLBDy7RVWVtfWN4qbpa3tnd298v5B0+rUMN5gWmrTjqjlUijeAAGStxPDaRxJ3opGt1O/9cSNFVo9wjjhYUwHSvQFo+Ck4K6byWsywVcEd8sVUiUz4GXi56SCctS75a9OT7M05gqYpNYGPkkgzKgBwSSflDqp5QllIzrggaOKxtyG2ezkCT5xSg/3tXGlAM/U3xMZja0dx5HrjCkM7aI3Ff/zghT6l2EmVJICV2y+qJ9KDBpP/8c9YTgDOXaEMiPcrZgNqaEMXEolF4K/+PIyaZ5VfVL1H84rtZs8jiI6QsfoFPnoAtXQPaqjBmJIo2f0it488F68d+9j3lrw8plD9Afe5w92xpAM</latexit><latexit sha1_base64="0yr8xcJ7dHVHlCey3wG0Yf8pZxA=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqWRF0ItSFMRjBfsB26Vk07QNzSZLMiuUpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMixIpLBDy7RVWVtfWN4qbpa3tnd298v5B0+rUMN5gWmrTjqjlUijeAAGStxPDaRxJ3opGt1O/9cSNFVo9wjjhYUwHSvQFo+Ck4K6byWsywVcEd8sVUiUz4GXi56SCctS75a9OT7M05gqYpNYGPkkgzKgBwSSflDqp5QllIzrggaOKxtyG2ezkCT5xSg/3tXGlAM/U3xMZja0dx5HrjCkM7aI3Ff/zghT6l2EmVJICV2y+qJ9KDBpP/8c9YTgDOXaEMiPcrZgNqaEMXEolF4K/+PIyaZ5VfVL1H84rtZs8jiI6QsfoFPnoAtXQPaqjBmJIo2f0it488F68d+9j3lrw8plD9Afe5w92xpAM</latexit><latexit sha1_base64="0yr8xcJ7dHVHlCey3wG0Yf8pZxA=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqWRF0ItSFMRjBfsB26Vk07QNzSZLMiuUpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMixIpLBDy7RVWVtfWN4qbpa3tnd298v5B0+rUMN5gWmrTjqjlUijeAAGStxPDaRxJ3opGt1O/9cSNFVo9wjjhYUwHSvQFo+Ck4K6byWsywVcEd8sVUiUz4GXi56SCctS75a9OT7M05gqYpNYGPkkgzKgBwSSflDqp5QllIzrggaOKxtyG2ezkCT5xSg/3tXGlAM/U3xMZja0dx5HrjCkM7aI3Ff/zghT6l2EmVJICV2y+qJ9KDBpP/8c9YTgDOXaEMiPcrZgNqaEMXEolF4K/+PIyaZ5VfVL1H84rtZs8jiI6QsfoFPnoAtXQPaqjBmJIo2f0it488F68d+9j3lrw8plD9Afe5w92xpAM</latexit><latexit sha1_base64="0yr8xcJ7dHVHlCey3wG0Yf8pZxA=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqWRF0ItSFMRjBfsB26Vk07QNzSZLMiuUpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMixIpLBDy7RVWVtfWN4qbpa3tnd298v5B0+rUMN5gWmrTjqjlUijeAAGStxPDaRxJ3opGt1O/9cSNFVo9wjjhYUwHSvQFo+Ck4K6byWsywVcEd8sVUiUz4GXi56SCctS75a9OT7M05gqYpNYGPkkgzKgBwSSflDqp5QllIzrggaOKxtyG2ezkCT5xSg/3tXGlAM/U3xMZja0dx5HrjCkM7aI3Ff/zghT6l2EmVJICV2y+qJ9KDBpP/8c9YTgDOXaEMiPcrZgNqaEMXEolF4K/+PIyaZ5VfVL1H84rtZs8jiI6QsfoFPnoAtXQPaqjBmJIo2f0it488F68d+9j3lrw8plD9Afe5w92xpAM</latexit>

vF q(1 + F0)/2
<latexit sha1_base64="HIjrCiJRPOGeETFPFY4Fb+Anz04=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAIESHuBkGPQSF4jGAekCzL7GQ2GTL7cGY2EJd8iRcPinj1U7z5N06SPWhiQUNR1U13lxdzJpVlfRu5tfWNza38dmFnd2+/aB4ctmSUCEKbJOKR6HhYUs5C2lRMcdqJBcWBx2nbG93O/PaYCsmi8EFNYuoEeBAynxGstOSaxbFbR4+obJ/XXevsouqaJatizYFWiZ2REmRouOZXrx+RJKChIhxL2bWtWDkpFooRTqeFXiJpjMkID2hX0xAHVDrp/PApOtVKH/mR0BUqNFd/T6Q4kHISeLozwGool72Z+J/XTZR/7aQsjBNFQ7JY5CccqQjNUkB9JihRfKIJJoLpWxEZYoGJ0lkVdAj28surpFWt2FbFvr8s1W6yOPJwDCdQBhuuoAZ30IAmEEjgGV7hzXgyXox342PRmjOymSP4A+PzB1/tkPA=</latexit><latexit sha1_base64="HIjrCiJRPOGeETFPFY4Fb+Anz04=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAIESHuBkGPQSF4jGAekCzL7GQ2GTL7cGY2EJd8iRcPinj1U7z5N06SPWhiQUNR1U13lxdzJpVlfRu5tfWNza38dmFnd2+/aB4ctmSUCEKbJOKR6HhYUs5C2lRMcdqJBcWBx2nbG93O/PaYCsmi8EFNYuoEeBAynxGstOSaxbFbR4+obJ/XXevsouqaJatizYFWiZ2REmRouOZXrx+RJKChIhxL2bWtWDkpFooRTqeFXiJpjMkID2hX0xAHVDrp/PApOtVKH/mR0BUqNFd/T6Q4kHISeLozwGool72Z+J/XTZR/7aQsjBNFQ7JY5CccqQjNUkB9JihRfKIJJoLpWxEZYoGJ0lkVdAj28surpFWt2FbFvr8s1W6yOPJwDCdQBhuuoAZ30IAmEEjgGV7hzXgyXox342PRmjOymSP4A+PzB1/tkPA=</latexit><latexit sha1_base64="HIjrCiJRPOGeETFPFY4Fb+Anz04=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAIESHuBkGPQSF4jGAekCzL7GQ2GTL7cGY2EJd8iRcPinj1U7z5N06SPWhiQUNR1U13lxdzJpVlfRu5tfWNza38dmFnd2+/aB4ctmSUCEKbJOKR6HhYUs5C2lRMcdqJBcWBx2nbG93O/PaYCsmi8EFNYuoEeBAynxGstOSaxbFbR4+obJ/XXevsouqaJatizYFWiZ2REmRouOZXrx+RJKChIhxL2bWtWDkpFooRTqeFXiJpjMkID2hX0xAHVDrp/PApOtVKH/mR0BUqNFd/T6Q4kHISeLozwGool72Z+J/XTZR/7aQsjBNFQ7JY5CccqQjNUkB9JihRfKIJJoLpWxEZYoGJ0lkVdAj28surpFWt2FbFvr8s1W6yOPJwDCdQBhuuoAZ30IAmEEjgGV7hzXgyXox342PRmjOymSP4A+PzB1/tkPA=</latexit><latexit sha1_base64="HIjrCiJRPOGeETFPFY4Fb+Anz04=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAIESHuBkGPQSF4jGAekCzL7GQ2GTL7cGY2EJd8iRcPinj1U7z5N06SPWhiQUNR1U13lxdzJpVlfRu5tfWNza38dmFnd2+/aB4ctmSUCEKbJOKR6HhYUs5C2lRMcdqJBcWBx2nbG93O/PaYCsmi8EFNYuoEeBAynxGstOSaxbFbR4+obJ/XXevsouqaJatizYFWiZ2REmRouOZXrx+RJKChIhxL2bWtWDkpFooRTqeFXiJpjMkID2hX0xAHVDrp/PApOtVKH/mR0BUqNFd/T6Q4kHISeLozwGool72Z+J/XTZR/7aQsjBNFQ7JY5CccqQjNUkB9JihRfKIJJoLpWxEZYoGJ0lkVdAj28surpFWt2FbFvr8s1W6yOPJwDCdQBhuuoAZ30IAmEEjgGV7hzXgyXox342PRmjOymSP4A+PzB1/tkPA=</latexit>

Only one bond is defective:

Mapping between even and odd sector problems

l = 0
<latexit sha1_base64="rtfocUZujlEgg4XtO+Y+uD0ziE0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYhrt1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfEK41x</latexit><latexit sha1_base64="rtfocUZujlEgg4XtO+Y+uD0ziE0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYhrt1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfEK41x</latexit><latexit sha1_base64="rtfocUZujlEgg4XtO+Y+uD0ziE0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYhrt1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfEK41x</latexit><latexit sha1_base64="rtfocUZujlEgg4XtO+Y+uD0ziE0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYhrt1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfEK41x</latexit>

l = 1
<latexit sha1_base64="U4w5KTPrjsgVQl3bbc0DWUAN1Es=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYhrr1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfFr41y</latexit><latexit sha1_base64="U4w5KTPrjsgVQl3bbc0DWUAN1Es=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYhrr1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfFr41y</latexit><latexit sha1_base64="U4w5KTPrjsgVQl3bbc0DWUAN1Es=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYhrr1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfFr41y</latexit><latexit sha1_base64="U4w5KTPrjsgVQl3bbc0DWUAN1Es=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYhrr1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfFr41y</latexit>

l = 0
<latexit sha1_base64="rtfocUZujlEgg4XtO+Y+uD0ziE0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYhrt1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfEK41x</latexit><latexit sha1_base64="rtfocUZujlEgg4XtO+Y+uD0ziE0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYhrt1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfEK41x</latexit><latexit sha1_base64="rtfocUZujlEgg4XtO+Y+uD0ziE0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYhrt1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfEK41x</latexit><latexit sha1_base64="rtfocUZujlEgg4XtO+Y+uD0ziE0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYhrt1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfEK41x</latexit>

l = 1
<latexit sha1_base64="U4w5KTPrjsgVQl3bbc0DWUAN1Es=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYhrr1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfFr41y</latexit><latexit sha1_base64="U4w5KTPrjsgVQl3bbc0DWUAN1Es=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYhrr1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfFr41y</latexit><latexit sha1_base64="U4w5KTPrjsgVQl3bbc0DWUAN1Es=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYhrr1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfFr41y</latexit><latexit sha1_base64="U4w5KTPrjsgVQl3bbc0DWUAN1Es=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYhrr1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfFr41y</latexit>

l = 1
<latexit sha1_base64="U4w5KTPrjsgVQl3bbc0DWUAN1Es=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYhrr1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfFr41y</latexit><latexit sha1_base64="U4w5KTPrjsgVQl3bbc0DWUAN1Es=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYhrr1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfFr41y</latexit><latexit sha1_base64="U4w5KTPrjsgVQl3bbc0DWUAN1Es=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYhrr1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfFr41y</latexit><latexit sha1_base64="U4w5KTPrjsgVQl3bbc0DWUAN1Es=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYhrr1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfFr41y</latexit>

· · ·<latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit>

· · ·<latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit>

l = 2
<latexit sha1_base64="h7tPXZMvmPy3kk+LbJDUTkIORMs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYjrWr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/yeMowgmcwjl4cAl1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/HM41z</latexit><latexit sha1_base64="h7tPXZMvmPy3kk+LbJDUTkIORMs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYjrWr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/yeMowgmcwjl4cAl1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/HM41z</latexit><latexit sha1_base64="h7tPXZMvmPy3kk+LbJDUTkIORMs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYjrWr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/yeMowgmcwjl4cAl1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/HM41z</latexit><latexit sha1_base64="h7tPXZMvmPy3kk+LbJDUTkIORMs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYjrWr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/yeMowgmcwjl4cAl1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/HM41z</latexit>

Odd parity 
modes

Implies existence of collective mode 
 other than zero sound in model with 

non-zero:

{F0, F1}
<latexit sha1_base64="SA85NYGoFOYSzfCa/+07W5wwvoE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBg5REBD0WheKxgv2AJITNdtsu3eyG3YlQQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZF6eCG3Ddb6e0tr6xuVXeruzs7u0fVA+POkZlmrI2VULpXkwME1yyNnAQrJdqRpJYsG48vpv53SemDVfyESYpCxMylHzAKQEr+UHejNyLZuQF06hac+vuHHiVeAWpoQKtqPoV9BXNEiaBCmKM77kphDnRwKlg00qQGZYSOiZD5lsqScJMmM9PnuIzq/TxQGlbEvBc/T2Rk8SYSRLbzoTAyCx7M/E/z89gcBPmXKYZMEkXiwaZwKDw7H/c55pREBNLCNXc3orpiGhCwaZUsSF4yy+vks5l3XPr3sNVrXFbxFFGJ+gUnSMPXaMGukct1EYUKfSMXtGbA86L8+58LFpLTjFzjP7A+fwBDEOQbw==</latexit><latexit sha1_base64="SA85NYGoFOYSzfCa/+07W5wwvoE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBg5REBD0WheKxgv2AJITNdtsu3eyG3YlQQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZF6eCG3Ddb6e0tr6xuVXeruzs7u0fVA+POkZlmrI2VULpXkwME1yyNnAQrJdqRpJYsG48vpv53SemDVfyESYpCxMylHzAKQEr+UHejNyLZuQF06hac+vuHHiVeAWpoQKtqPoV9BXNEiaBCmKM77kphDnRwKlg00qQGZYSOiZD5lsqScJMmM9PnuIzq/TxQGlbEvBc/T2Rk8SYSRLbzoTAyCx7M/E/z89gcBPmXKYZMEkXiwaZwKDw7H/c55pREBNLCNXc3orpiGhCwaZUsSF4yy+vks5l3XPr3sNVrXFbxFFGJ+gUnSMPXaMGukct1EYUKfSMXtGbA86L8+58LFpLTjFzjP7A+fwBDEOQbw==</latexit><latexit sha1_base64="SA85NYGoFOYSzfCa/+07W5wwvoE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBg5REBD0WheKxgv2AJITNdtsu3eyG3YlQQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZF6eCG3Ddb6e0tr6xuVXeruzs7u0fVA+POkZlmrI2VULpXkwME1yyNnAQrJdqRpJYsG48vpv53SemDVfyESYpCxMylHzAKQEr+UHejNyLZuQF06hac+vuHHiVeAWpoQKtqPoV9BXNEiaBCmKM77kphDnRwKlg00qQGZYSOiZD5lsqScJMmM9PnuIzq/TxQGlbEvBc/T2Rk8SYSRLbzoTAyCx7M/E/z89gcBPmXKYZMEkXiwaZwKDw7H/c55pREBNLCNXc3orpiGhCwaZUsSF4yy+vks5l3XPr3sNVrXFbxFFGJ+gUnSMPXaMGukct1EYUKfSMXtGbA86L8+58LFpLTjFzjP7A+fwBDEOQbw==</latexit><latexit sha1_base64="SA85NYGoFOYSzfCa/+07W5wwvoE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBg5REBD0WheKxgv2AJITNdtsu3eyG3YlQQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZF6eCG3Ddb6e0tr6xuVXeruzs7u0fVA+POkZlmrI2VULpXkwME1yyNnAQrJdqRpJYsG48vpv53SemDVfyESYpCxMylHzAKQEr+UHejNyLZuQF06hac+vuHHiVeAWpoQKtqPoV9BXNEiaBCmKM77kphDnRwKlg00qQGZYSOiZD5lsqScJMmM9PnuIzq/TxQGlbEvBc/T2Rk8SYSRLbzoTAyCx7M/E/z89gcBPmXKYZMEkXiwaZwKDw7H/c55pREBNLCNXc3orpiGhCwaZUsSF4yy+vks5l3XPr3sNVrXFbxFFGJ+gUnSMPXaMGukct1EYUKfSMXtGbA86L8+58LFpLTjFzjP7A+fwBDEOQbw==</latexit>



Shear vs zero sound

Zero sound is longitudinal

j k q
<latexit sha1_base64="3MWktNq/vDOt3MnUsinm5xKNmx4=">AAACBHicbVBNS8NAEN3Ur1q/oh57WSyCp5KIoMeiF48V7Ac0oWy2k3btZhN3N0IJPXjxr3jxoIhXf4Q3/43bNAdtfTDweG+GmXlBwpnSjvNtlVZW19Y3ypuVre2d3T17/6Ct4lRSaNGYx7IbEAWcCWhppjl0EwkkCjh0gvHVzO88gFQsFrd6koAfkaFgIaNEG6lvVzMvCPHdFGMvIZJwDhzjXLuf9u2aU3dy4GXiFqSGCjT79pc3iGkagdCUE6V6rpNoPyNSM8phWvFSBQmhYzKEnqGCRKD8LH9iio+NMsBhLE0JjXP190RGIqUmUWA6I6JHatGbif95vVSHF37GRJJqEHS+KEw51jGeJYIHTALVfGIIoZKZWzEdmSyoNrlVTAju4svLpH1ad526e3NWa1wWcZRRFR2hE+Sic9RA16iJWoiiR/SMXtGb9WS9WO/Wx7y1ZBUzh+gPrM8fR0qXNQ==</latexit><latexit sha1_base64="3MWktNq/vDOt3MnUsinm5xKNmx4=">AAACBHicbVBNS8NAEN3Ur1q/oh57WSyCp5KIoMeiF48V7Ac0oWy2k3btZhN3N0IJPXjxr3jxoIhXf4Q3/43bNAdtfTDweG+GmXlBwpnSjvNtlVZW19Y3ypuVre2d3T17/6Ct4lRSaNGYx7IbEAWcCWhppjl0EwkkCjh0gvHVzO88gFQsFrd6koAfkaFgIaNEG6lvVzMvCPHdFGMvIZJwDhzjXLuf9u2aU3dy4GXiFqSGCjT79pc3iGkagdCUE6V6rpNoPyNSM8phWvFSBQmhYzKEnqGCRKD8LH9iio+NMsBhLE0JjXP190RGIqUmUWA6I6JHatGbif95vVSHF37GRJJqEHS+KEw51jGeJYIHTALVfGIIoZKZWzEdmSyoNrlVTAju4svLpH1ad526e3NWa1wWcZRRFR2hE+Sic9RA16iJWoiiR/SMXtGb9WS9WO/Wx7y1ZBUzh+gPrM8fR0qXNQ==</latexit><latexit sha1_base64="3MWktNq/vDOt3MnUsinm5xKNmx4=">AAACBHicbVBNS8NAEN3Ur1q/oh57WSyCp5KIoMeiF48V7Ac0oWy2k3btZhN3N0IJPXjxr3jxoIhXf4Q3/43bNAdtfTDweG+GmXlBwpnSjvNtlVZW19Y3ypuVre2d3T17/6Ct4lRSaNGYx7IbEAWcCWhppjl0EwkkCjh0gvHVzO88gFQsFrd6koAfkaFgIaNEG6lvVzMvCPHdFGMvIZJwDhzjXLuf9u2aU3dy4GXiFqSGCjT79pc3iGkagdCUE6V6rpNoPyNSM8phWvFSBQmhYzKEnqGCRKD8LH9iio+NMsBhLE0JjXP190RGIqUmUWA6I6JHatGbif95vVSHF37GRJJqEHS+KEw51jGeJYIHTALVfGIIoZKZWzEdmSyoNrlVTAju4svLpH1ad526e3NWa1wWcZRRFR2hE+Sic9RA16iJWoiiR/SMXtGb9WS9WO/Wx7y1ZBUzh+gPrM8fR0qXNQ==</latexit><latexit sha1_base64="3MWktNq/vDOt3MnUsinm5xKNmx4=">AAACBHicbVBNS8NAEN3Ur1q/oh57WSyCp5KIoMeiF48V7Ac0oWy2k3btZhN3N0IJPXjxr3jxoIhXf4Q3/43bNAdtfTDweG+GmXlBwpnSjvNtlVZW19Y3ypuVre2d3T17/6Ct4lRSaNGYx7IbEAWcCWhppjl0EwkkCjh0gvHVzO88gFQsFrd6koAfkaFgIaNEG6lvVzMvCPHdFGMvIZJwDhzjXLuf9u2aU3dy4GXiFqSGCjT79pc3iGkagdCUE6V6rpNoPyNSM8phWvFSBQmhYzKEnqGCRKD8LH9iio+NMsBhLE0JjXP190RGIqUmUWA6I6JHatGbif95vVSHF37GRJJqEHS+KEw51jGeJYIHTALVfGIIoZKZWzEdmSyoNrlVTAju4svLpH1ad526e3NWa1wWcZRRFR2hE+Sic9RA16iJWoiiR/SMXtGb9WS9WO/Wx7y1ZBUzh+gPrM8fR0qXNQ==</latexit>

Shear sound is purely transverse

j ? q
<latexit sha1_base64="ohahTjffA7yaxE8q2P4gwf/DM+g=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRITFWCkGCsYGEsEn1ITVQ57k1r6jjBdpCqKAu/wsIAQqx8Bht/g5tmgJYjXen4nHvle0+QcKa043xbS8srq2vrlY3q5tb2zq69t99WcSoptGjMY9kNiALOBLQ00xy6iQQSBRw6wfh66nceQSoWizs9ScCPyFCwkFGijdS3DzMvCPF9jrGXgEwwLt4Ped+uOXWnAF4kbklqqESzb395g5imEQhNOVGq5zqJ9jMiNaMc8qqXKkgIHZMh9AwVJALlZ8UBOT4xygCHsTQlNC7U3xMZiZSaRIHpjIgeqXlvKv7n9VIdXvoZE0mqQdDZR2HKsY7xNA08YBKo5hNDCJXM7IrpiEhCtcmsakJw509eJO2zuuvU3dvzWuOqjKOCjtAxOkUuukANdIOaqIUoytEzekVv1pP1Yr1bH7PWJaucOUB/YH3+ACamlXc=</latexit><latexit sha1_base64="ohahTjffA7yaxE8q2P4gwf/DM+g=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRITFWCkGCsYGEsEn1ITVQ57k1r6jjBdpCqKAu/wsIAQqx8Bht/g5tmgJYjXen4nHvle0+QcKa043xbS8srq2vrlY3q5tb2zq69t99WcSoptGjMY9kNiALOBLQ00xy6iQQSBRw6wfh66nceQSoWizs9ScCPyFCwkFGijdS3DzMvCPF9jrGXgEwwLt4Ped+uOXWnAF4kbklqqESzb395g5imEQhNOVGq5zqJ9jMiNaMc8qqXKkgIHZMh9AwVJALlZ8UBOT4xygCHsTQlNC7U3xMZiZSaRIHpjIgeqXlvKv7n9VIdXvoZE0mqQdDZR2HKsY7xNA08YBKo5hNDCJXM7IrpiEhCtcmsakJw509eJO2zuuvU3dvzWuOqjKOCjtAxOkUuukANdIOaqIUoytEzekVv1pP1Yr1bH7PWJaucOUB/YH3+ACamlXc=</latexit><latexit sha1_base64="ohahTjffA7yaxE8q2P4gwf/DM+g=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRITFWCkGCsYGEsEn1ITVQ57k1r6jjBdpCqKAu/wsIAQqx8Bht/g5tmgJYjXen4nHvle0+QcKa043xbS8srq2vrlY3q5tb2zq69t99WcSoptGjMY9kNiALOBLQ00xy6iQQSBRw6wfh66nceQSoWizs9ScCPyFCwkFGijdS3DzMvCPF9jrGXgEwwLt4Ped+uOXWnAF4kbklqqESzb395g5imEQhNOVGq5zqJ9jMiNaMc8qqXKkgIHZMh9AwVJALlZ8UBOT4xygCHsTQlNC7U3xMZiZSaRIHpjIgeqXlvKv7n9VIdXvoZE0mqQdDZR2HKsY7xNA08YBKo5hNDCJXM7IrpiEhCtcmsakJw509eJO2zuuvU3dvzWuOqjKOCjtAxOkUuukANdIOaqIUoytEzekVv1pP1Yr1bH7PWJaucOUB/YH3+ACamlXc=</latexit><latexit sha1_base64="ohahTjffA7yaxE8q2P4gwf/DM+g=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRITFWCkGCsYGEsEn1ITVQ57k1r6jjBdpCqKAu/wsIAQqx8Bht/g5tmgJYjXen4nHvle0+QcKa043xbS8srq2vrlY3q5tb2zq69t99WcSoptGjMY9kNiALOBLQ00xy6iQQSBRw6wfh66nceQSoWizs9ScCPyFCwkFGijdS3DzMvCPF9jrGXgEwwLt4Ped+uOXWnAF4kbklqqESzb395g5imEQhNOVGq5zqJ9jMiNaMc8qqXKkgIHZMh9AwVJALlZ8UBOT4xygCHsTQlNC7U3xMZiZSaRIHpjIgeqXlvKv7n9VIdXvoZE0mqQdDZR2HKsY7xNA08YBKo5hNDCJXM7IrpiEhCtcmsakJw509eJO2zuuvU3dvzWuOqjKOCjtAxOkUuukANdIOaqIUoytEzekVv1pP1Yr1bH7PWJaucOUB/YH3+ACamlXc=</latexit>

In metals zero sound is transformed 
into plasma mode

E /
p
|q|

<latexit sha1_base64="WUL2Ysj8EdGkXtMP2+dutQnq5R4=">AAACAnicbVDLSgMxFM34rPU16krcBIvgqsyIoMuiCC4r2Ad0hpJJM21oJkmTjFCmgxt/xY0LRdz6Fe78G9PHQlsPBA7n3MvNOZFkVBvP+3aWlldW19YLG8XNre2dXXdvv65FqjCpYcGEakZIE0Y5qRlqGGlKRVASMdKI+tdjv/FAlKaC35uhJGGCupzGFCNjpbZ7eBNIJaQRMNADZbJRFkQxHOSjvO2WvLI3AVwk/oyUwAzVtvsVdAROE8INZkjrlu9JE2ZIGYoZyYtBqolEuI+6pGUpRwnRYTaJkMMTq3RgLJR93MCJ+nsjQ4nWwySykwkyPT3vjcX/vFZq4sswo1ymhnA8PRSnDNrE4z5ghyqCDRtagrCi9q8Q95BC2NjWirYEfz7yIqmflX2v7N+dlypXszoK4Agcg1PggwtQAbegCmoAg0fwDF7Bm/PkvDjvzsd0dMmZ7RyAP3A+fwD9mpfN</latexit><latexit sha1_base64="WUL2Ysj8EdGkXtMP2+dutQnq5R4=">AAACAnicbVDLSgMxFM34rPU16krcBIvgqsyIoMuiCC4r2Ad0hpJJM21oJkmTjFCmgxt/xY0LRdz6Fe78G9PHQlsPBA7n3MvNOZFkVBvP+3aWlldW19YLG8XNre2dXXdvv65FqjCpYcGEakZIE0Y5qRlqGGlKRVASMdKI+tdjv/FAlKaC35uhJGGCupzGFCNjpbZ7eBNIJaQRMNADZbJRFkQxHOSjvO2WvLI3AVwk/oyUwAzVtvsVdAROE8INZkjrlu9JE2ZIGYoZyYtBqolEuI+6pGUpRwnRYTaJkMMTq3RgLJR93MCJ+nsjQ4nWwySykwkyPT3vjcX/vFZq4sswo1ymhnA8PRSnDNrE4z5ghyqCDRtagrCi9q8Q95BC2NjWirYEfz7yIqmflX2v7N+dlypXszoK4Agcg1PggwtQAbegCmoAg0fwDF7Bm/PkvDjvzsd0dMmZ7RyAP3A+fwD9mpfN</latexit><latexit sha1_base64="WUL2Ysj8EdGkXtMP2+dutQnq5R4=">AAACAnicbVDLSgMxFM34rPU16krcBIvgqsyIoMuiCC4r2Ad0hpJJM21oJkmTjFCmgxt/xY0LRdz6Fe78G9PHQlsPBA7n3MvNOZFkVBvP+3aWlldW19YLG8XNre2dXXdvv65FqjCpYcGEakZIE0Y5qRlqGGlKRVASMdKI+tdjv/FAlKaC35uhJGGCupzGFCNjpbZ7eBNIJaQRMNADZbJRFkQxHOSjvO2WvLI3AVwk/oyUwAzVtvsVdAROE8INZkjrlu9JE2ZIGYoZyYtBqolEuI+6pGUpRwnRYTaJkMMTq3RgLJR93MCJ+nsjQ4nWwySykwkyPT3vjcX/vFZq4sswo1ymhnA8PRSnDNrE4z5ghyqCDRtagrCi9q8Q95BC2NjWirYEfz7yIqmflX2v7N+dlypXszoK4Agcg1PggwtQAbegCmoAg0fwDF7Bm/PkvDjvzsd0dMmZ7RyAP3A+fwD9mpfN</latexit><latexit sha1_base64="WUL2Ysj8EdGkXtMP2+dutQnq5R4=">AAACAnicbVDLSgMxFM34rPU16krcBIvgqsyIoMuiCC4r2Ad0hpJJM21oJkmTjFCmgxt/xY0LRdz6Fe78G9PHQlsPBA7n3MvNOZFkVBvP+3aWlldW19YLG8XNre2dXXdvv65FqjCpYcGEakZIE0Y5qRlqGGlKRVASMdKI+tdjv/FAlKaC35uhJGGCupzGFCNjpbZ7eBNIJaQRMNADZbJRFkQxHOSjvO2WvLI3AVwk/oyUwAzVtvsVdAROE8INZkjrlu9JE2ZIGYoZyYtBqolEuI+6pGUpRwnRYTaJkMMTq3RgLJR93MCJ+nsjQ4nWwySykwkyPT3vjcX/vFZq4sswo1ymhnA8PRSnDNrE4z5ghyqCDRtagrCi9q8Q95BC2NjWirYEfz7yIqmflX2v7N+dlypXszoK4Agcg1PggwtQAbegCmoAg0fwDF7Bm/PkvDjvzsd0dMmZ7RyAP3A+fwD9mpfN</latexit>

Shear sound remains linearly  
dispersing in metals

E = v?|q|
<latexit sha1_base64="zowrEi+J0ioleNuU1Re2GVIPIZQ=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIoBuhKILLCvYBTQiT6aQdOpmMM5NCSbPwV9y4UMStv+HOv3HaZqGtBy4czrmXe+8JBaNKO863tbS8srq2Xtoob25t7+zae/tNlaQSkwZOWCLbIVKEUU4ammpG2kISFIeMtMLBzcRvDYlUNOEPeiSIH6MepxHFSBspsA9vr+AwyDxBpMjhOPPCCD7m48CuOFVnCrhI3IJUQIF6YH953QSnMeEaM6RUx3WE9jMkNcWM5GUvVUQgPEA90jGUo5goP5ven8MTo3RhlEhTXMOp+nsiQ7FSozg0nTHSfTXvTcT/vE6qo0s/o1ykmnA8WxSlDOoETsKAXSoJ1mxkCMKSmlsh7iOJsDaRlU0I7vzLi6R5VnWdqnt/XqldF3GUwBE4BqfABRegBu5AHTQABmPwDF7Bm/VkvVjv1sesdckqZg7AH1ifP5BYlc4=</latexit><latexit sha1_base64="zowrEi+J0ioleNuU1Re2GVIPIZQ=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIoBuhKILLCvYBTQiT6aQdOpmMM5NCSbPwV9y4UMStv+HOv3HaZqGtBy4czrmXe+8JBaNKO863tbS8srq2Xtoob25t7+zae/tNlaQSkwZOWCLbIVKEUU4ammpG2kISFIeMtMLBzcRvDYlUNOEPeiSIH6MepxHFSBspsA9vr+AwyDxBpMjhOPPCCD7m48CuOFVnCrhI3IJUQIF6YH953QSnMeEaM6RUx3WE9jMkNcWM5GUvVUQgPEA90jGUo5goP5ven8MTo3RhlEhTXMOp+nsiQ7FSozg0nTHSfTXvTcT/vE6qo0s/o1ykmnA8WxSlDOoETsKAXSoJ1mxkCMKSmlsh7iOJsDaRlU0I7vzLi6R5VnWdqnt/XqldF3GUwBE4BqfABRegBu5AHTQABmPwDF7Bm/VkvVjv1sesdckqZg7AH1ifP5BYlc4=</latexit><latexit sha1_base64="zowrEi+J0ioleNuU1Re2GVIPIZQ=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIoBuhKILLCvYBTQiT6aQdOpmMM5NCSbPwV9y4UMStv+HOv3HaZqGtBy4czrmXe+8JBaNKO863tbS8srq2Xtoob25t7+zae/tNlaQSkwZOWCLbIVKEUU4ammpG2kISFIeMtMLBzcRvDYlUNOEPeiSIH6MepxHFSBspsA9vr+AwyDxBpMjhOPPCCD7m48CuOFVnCrhI3IJUQIF6YH953QSnMeEaM6RUx3WE9jMkNcWM5GUvVUQgPEA90jGUo5goP5ven8MTo3RhlEhTXMOp+nsiQ7FSozg0nTHSfTXvTcT/vE6qo0s/o1ykmnA8WxSlDOoETsKAXSoJ1mxkCMKSmlsh7iOJsDaRlU0I7vzLi6R5VnWdqnt/XqldF3GUwBE4BqfABRegBu5AHTQABmPwDF7Bm/VkvVjv1sesdckqZg7AH1ifP5BYlc4=</latexit><latexit sha1_base64="zowrEi+J0ioleNuU1Re2GVIPIZQ=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIoBuhKILLCvYBTQiT6aQdOpmMM5NCSbPwV9y4UMStv+HOv3HaZqGtBy4czrmXe+8JBaNKO863tbS8srq2Xtoob25t7+zae/tNlaQSkwZOWCLbIVKEUU4ammpG2kISFIeMtMLBzcRvDYlUNOEPeiSIH6MepxHFSBspsA9vr+AwyDxBpMjhOPPCCD7m48CuOFVnCrhI3IJUQIF6YH953QSnMeEaM6RUx3WE9jMkNcWM5GUvVUQgPEA90jGUo5goP5ven8MTo3RhlEhTXMOp+nsiQ7FSozg0nTHSfTXvTcT/vE6qo0s/o1ykmnA8WxSlDOoETsKAXSoJ1mxkCMKSmlsh7iOJsDaRlU0I7vzLi6R5VnWdqnt/XqldF3GUwBE4BqfABRegBu5AHTQABmPwDF7Bm/VkvVjv1sesdckqZg7AH1ifP5BYlc4=</latexit>

q̂
<latexit sha1_base64="/UkTvC1/5jLZCKF2jS7wfzixA8w=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOya5idzCZDZh/O9Cph2f/w4kERr/6LN//GSbIHTSxoKKq66e7yEyk02va3VVpZXVvfKG9WtrZ3dveq+wdtHaeK8RaLZay6PtVcioi3UKDk3URxGvqSd/zx9dTvPHKlRRzd4SThXkiHkQgEo2ike3dEMSOZ6wfkIc/71Zpdt2cgy8QpSA0KNPvVL3cQszTkETJJte45doJeRhUKJnlecVPNE8rGdMh7hkY05NrLZlfn5MQoAxLEylSEZKb+nshoqPUk9E1nSHGkF72p+J/XSzG49DIRJSnyiM0XBakkGJNpBGQgFGcoJ4ZQpoS5lbARVZShCapiQnAWX14m7bO6Y9ed2/Na46qIowxHcAyn4MAFNOAGmtACBgqe4RXerCfrxXq3PuatJauYOYQ/sD5/AFXvkmQ=</latexit><latexit sha1_base64="/UkTvC1/5jLZCKF2jS7wfzixA8w=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOya5idzCZDZh/O9Cph2f/w4kERr/6LN//GSbIHTSxoKKq66e7yEyk02va3VVpZXVvfKG9WtrZ3dveq+wdtHaeK8RaLZay6PtVcioi3UKDk3URxGvqSd/zx9dTvPHKlRRzd4SThXkiHkQgEo2ike3dEMSOZ6wfkIc/71Zpdt2cgy8QpSA0KNPvVL3cQszTkETJJte45doJeRhUKJnlecVPNE8rGdMh7hkY05NrLZlfn5MQoAxLEylSEZKb+nshoqPUk9E1nSHGkF72p+J/XSzG49DIRJSnyiM0XBakkGJNpBGQgFGcoJ4ZQpoS5lbARVZShCapiQnAWX14m7bO6Y9ed2/Na46qIowxHcAyn4MAFNOAGmtACBgqe4RXerCfrxXq3PuatJauYOYQ/sD5/AFXvkmQ=</latexit><latexit sha1_base64="/UkTvC1/5jLZCKF2jS7wfzixA8w=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOya5idzCZDZh/O9Cph2f/w4kERr/6LN//GSbIHTSxoKKq66e7yEyk02va3VVpZXVvfKG9WtrZ3dveq+wdtHaeK8RaLZay6PtVcioi3UKDk3URxGvqSd/zx9dTvPHKlRRzd4SThXkiHkQgEo2ike3dEMSOZ6wfkIc/71Zpdt2cgy8QpSA0KNPvVL3cQszTkETJJte45doJeRhUKJnlecVPNE8rGdMh7hkY05NrLZlfn5MQoAxLEylSEZKb+nshoqPUk9E1nSHGkF72p+J/XSzG49DIRJSnyiM0XBakkGJNpBGQgFGcoJ4ZQpoS5lbARVZShCapiQnAWX14m7bO6Y9ed2/Na46qIowxHcAyn4MAFNOAGmtACBgqe4RXerCfrxXq3PuatJauYOYQ/sD5/AFXvkmQ=</latexit><latexit sha1_base64="/UkTvC1/5jLZCKF2jS7wfzixA8w=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOya5idzCZDZh/O9Cph2f/w4kERr/6LN//GSbIHTSxoKKq66e7yEyk02va3VVpZXVvfKG9WtrZ3dveq+wdtHaeK8RaLZay6PtVcioi3UKDk3URxGvqSd/zx9dTvPHKlRRzd4SThXkiHkQgEo2ike3dEMSOZ6wfkIc/71Zpdt2cgy8QpSA0KNPvVL3cQszTkETJJte45doJeRhUKJnlecVPNE8rGdMh7hkY05NrLZlfn5MQoAxLEylSEZKb+nshoqPUk9E1nSHGkF72p+J/XSzG49DIRJSnyiM0XBakkGJNpBGQgFGcoJ4ZQpoS5lbARVZShCapiQnAWX14m7bO6Y9ed2/Na46qIowxHcAyn4MAFNOAGmtACBgqe4RXerCfrxXq3PuatJauYOYQ/sD5/AFXvkmQ=</latexit>

q̂
<latexit sha1_base64="/UkTvC1/5jLZCKF2jS7wfzixA8w=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOya5idzCZDZh/O9Cph2f/w4kERr/6LN//GSbIHTSxoKKq66e7yEyk02va3VVpZXVvfKG9WtrZ3dveq+wdtHaeK8RaLZay6PtVcioi3UKDk3URxGvqSd/zx9dTvPHKlRRzd4SThXkiHkQgEo2ike3dEMSOZ6wfkIc/71Zpdt2cgy8QpSA0KNPvVL3cQszTkETJJte45doJeRhUKJnlecVPNE8rGdMh7hkY05NrLZlfn5MQoAxLEylSEZKb+nshoqPUk9E1nSHGkF72p+J/XSzG49DIRJSnyiM0XBakkGJNpBGQgFGcoJ4ZQpoS5lbARVZShCapiQnAWX14m7bO6Y9ed2/Na46qIowxHcAyn4MAFNOAGmtACBgqe4RXerCfrxXq3PuatJauYOYQ/sD5/AFXvkmQ=</latexit><latexit sha1_base64="/UkTvC1/5jLZCKF2jS7wfzixA8w=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOya5idzCZDZh/O9Cph2f/w4kERr/6LN//GSbIHTSxoKKq66e7yEyk02va3VVpZXVvfKG9WtrZ3dveq+wdtHaeK8RaLZay6PtVcioi3UKDk3URxGvqSd/zx9dTvPHKlRRzd4SThXkiHkQgEo2ike3dEMSOZ6wfkIc/71Zpdt2cgy8QpSA0KNPvVL3cQszTkETJJte45doJeRhUKJnlecVPNE8rGdMh7hkY05NrLZlfn5MQoAxLEylSEZKb+nshoqPUk9E1nSHGkF72p+J/XSzG49DIRJSnyiM0XBakkGJNpBGQgFGcoJ4ZQpoS5lbARVZShCapiQnAWX14m7bO6Y9ed2/Na46qIowxHcAyn4MAFNOAGmtACBgqe4RXerCfrxXq3PuatJauYOYQ/sD5/AFXvkmQ=</latexit><latexit sha1_base64="/UkTvC1/5jLZCKF2jS7wfzixA8w=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOya5idzCZDZh/O9Cph2f/w4kERr/6LN//GSbIHTSxoKKq66e7yEyk02va3VVpZXVvfKG9WtrZ3dveq+wdtHaeK8RaLZay6PtVcioi3UKDk3URxGvqSd/zx9dTvPHKlRRzd4SThXkiHkQgEo2ike3dEMSOZ6wfkIc/71Zpdt2cgy8QpSA0KNPvVL3cQszTkETJJte45doJeRhUKJnlecVPNE8rGdMh7hkY05NrLZlfn5MQoAxLEylSEZKb+nshoqPUk9E1nSHGkF72p+J/XSzG49DIRJSnyiM0XBakkGJNpBGQgFGcoJ4ZQpoS5lbARVZShCapiQnAWX14m7bO6Y9ed2/Na46qIowxHcAyn4MAFNOAGmtACBgqe4RXerCfrxXq3PuatJauYOYQ/sD5/AFXvkmQ=</latexit><latexit sha1_base64="/UkTvC1/5jLZCKF2jS7wfzixA8w=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOya5idzCZDZh/O9Cph2f/w4kERr/6LN//GSbIHTSxoKKq66e7yEyk02va3VVpZXVvfKG9WtrZ3dveq+wdtHaeK8RaLZay6PtVcioi3UKDk3URxGvqSd/zx9dTvPHKlRRzd4SThXkiHkQgEo2ike3dEMSOZ6wfkIc/71Zpdt2cgy8QpSA0KNPvVL3cQszTkETJJte45doJeRhUKJnlecVPNE8rGdMh7hkY05NrLZlfn5MQoAxLEylSEZKb+nshoqPUk9E1nSHGkF72p+J/XSzG49DIRJSnyiM0XBakkGJNpBGQgFGcoJ4ZQpoS5lbARVZShCapiQnAWX14m7bO6Y9ed2/Na46qIowxHcAyn4MAFNOAGmtACBgqe4RXerCfrxXq3PuatJauYOYQ/sD5/AFXvkmQ=</latexit>



Shear sound and mass renormalization

Mode is expected to appear  
out of continuum when:

Mode is Landau damped in weakly interacting Fermi liquids

Mode is expected to appear  
when quasiparticles become twice as heavy:

vF0

vF
=

m⇤

m0
= 1 + F1

<latexit sha1_base64="PchVvAr4vR6lgHYuC1dcMsPsHfg=">AAACEXicbVDLSgMxFM3UV62vUZdugkUoCmVGBN0UikJxWcE+oK1DJs20oUlmSDKFMswvuPFX3LhQxK07d/6NaTsLbT1wuYdz7iW5x48YVdpxvq3cyura+kZ+s7C1vbO7Z+8fNFUYS0waOGShbPtIEUYFaWiqGWlHkiDuM9LyRzdTvzUmUtFQ3OtJRHocDQQNKEbaSJ5d6gYS4WTsJTUnTU2vpZW5xB9O04R7Tlpxz2qe69lFp+zMAJeJm5EiyFD37K9uP8QxJ0JjhpTquE6kewmSmmJG0kI3ViRCeIQGpGOoQJyoXjK7KIUnRunDIJSmhIYz9fdGgrhSE+6bSY70UC16U/E/rxPr4KqXUBHFmgg8fyiIGdQhnMYD+1QSrNnEEIQlNX+FeIhMHtqEWDAhuIsnL5Pmedl1yu7dRbF6ncWRB0fgGJSACy5BFdyCOmgADB7BM3gFb9aT9WK9Wx/z0ZyV7RyCP7A+fwDvd50G</latexit><latexit sha1_base64="PchVvAr4vR6lgHYuC1dcMsPsHfg=">AAACEXicbVDLSgMxFM3UV62vUZdugkUoCmVGBN0UikJxWcE+oK1DJs20oUlmSDKFMswvuPFX3LhQxK07d/6NaTsLbT1wuYdz7iW5x48YVdpxvq3cyura+kZ+s7C1vbO7Z+8fNFUYS0waOGShbPtIEUYFaWiqGWlHkiDuM9LyRzdTvzUmUtFQ3OtJRHocDQQNKEbaSJ5d6gYS4WTsJTUnTU2vpZW5xB9O04R7Tlpxz2qe69lFp+zMAJeJm5EiyFD37K9uP8QxJ0JjhpTquE6kewmSmmJG0kI3ViRCeIQGpGOoQJyoXjK7KIUnRunDIJSmhIYz9fdGgrhSE+6bSY70UC16U/E/rxPr4KqXUBHFmgg8fyiIGdQhnMYD+1QSrNnEEIQlNX+FeIhMHtqEWDAhuIsnL5Pmedl1yu7dRbF6ncWRB0fgGJSACy5BFdyCOmgADB7BM3gFb9aT9WK9Wx/z0ZyV7RyCP7A+fwDvd50G</latexit><latexit sha1_base64="PchVvAr4vR6lgHYuC1dcMsPsHfg=">AAACEXicbVDLSgMxFM3UV62vUZdugkUoCmVGBN0UikJxWcE+oK1DJs20oUlmSDKFMswvuPFX3LhQxK07d/6NaTsLbT1wuYdz7iW5x48YVdpxvq3cyura+kZ+s7C1vbO7Z+8fNFUYS0waOGShbPtIEUYFaWiqGWlHkiDuM9LyRzdTvzUmUtFQ3OtJRHocDQQNKEbaSJ5d6gYS4WTsJTUnTU2vpZW5xB9O04R7Tlpxz2qe69lFp+zMAJeJm5EiyFD37K9uP8QxJ0JjhpTquE6kewmSmmJG0kI3ViRCeIQGpGOoQJyoXjK7KIUnRunDIJSmhIYz9fdGgrhSE+6bSY70UC16U/E/rxPr4KqXUBHFmgg8fyiIGdQhnMYD+1QSrNnEEIQlNX+FeIhMHtqEWDAhuIsnL5Pmedl1yu7dRbF6ncWRB0fgGJSACy5BFdyCOmgADB7BM3gFb9aT9WK9Wx/z0ZyV7RyCP7A+fwDvd50G</latexit><latexit sha1_base64="PchVvAr4vR6lgHYuC1dcMsPsHfg=">AAACEXicbVDLSgMxFM3UV62vUZdugkUoCmVGBN0UikJxWcE+oK1DJs20oUlmSDKFMswvuPFX3LhQxK07d/6NaTsLbT1wuYdz7iW5x48YVdpxvq3cyura+kZ+s7C1vbO7Z+8fNFUYS0waOGShbPtIEUYFaWiqGWlHkiDuM9LyRzdTvzUmUtFQ3OtJRHocDQQNKEbaSJ5d6gYS4WTsJTUnTU2vpZW5xB9O04R7Tlpxz2qe69lFp+zMAJeJm5EiyFD37K9uP8QxJ0JjhpTquE6kewmSmmJG0kI3ViRCeIQGpGOoQJyoXjK7KIUnRunDIJSmhIYz9fdGgrhSE+6bSY70UC16U/E/rxPr4KqXUBHFmgg8fyiIGdQhnMYD+1QSrNnEEIQlNX+FeIhMHtqEWDAhuIsnL5Pmedl1yu7dRbF6ncWRB0fgGJSACy5BFdyCOmgADB7BM3gFb9aT9WK9Wx/z0ZyV7RyCP7A+fwDvd50G</latexit>

Large variety of systems with mass enhancement near critical 
points could host undamped shear sound:

• Overdoped metal in iron based superconductors (cuprates?)

• He3 adsorbed on graphite

• Quasi-2D heavy fermion materials (e.g. CeCoIn5)
• kappa-ET and dmit on the pressure induced metal side

Settai et al.

Hashimoto et al.



Response functions

l = 0
<latexit sha1_base64="rtfocUZujlEgg4XtO+Y+uD0ziE0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYhrt1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfEK41x</latexit><latexit sha1_base64="rtfocUZujlEgg4XtO+Y+uD0ziE0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYhrt1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfEK41x</latexit><latexit sha1_base64="rtfocUZujlEgg4XtO+Y+uD0ziE0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYhrt1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfEK41x</latexit><latexit sha1_base64="rtfocUZujlEgg4XtO+Y+uD0ziE0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYhrt1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfEK41x</latexit> l = 1

<latexit sha1_base64="U4w5KTPrjsgVQl3bbc0DWUAN1Es=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYhrr1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfFr41y</latexit><latexit sha1_base64="U4w5KTPrjsgVQl3bbc0DWUAN1Es=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYhrr1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfFr41y</latexit><latexit sha1_base64="U4w5KTPrjsgVQl3bbc0DWUAN1Es=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYhrr1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfFr41y</latexit><latexit sha1_base64="U4w5KTPrjsgVQl3bbc0DWUAN1Es=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYhrr1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfFr41y</latexit>

Density Longitudinal 
Current

Even 
Modes

l = 1
<latexit sha1_base64="U4w5KTPrjsgVQl3bbc0DWUAN1Es=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYhrr1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfFr41y</latexit><latexit sha1_base64="U4w5KTPrjsgVQl3bbc0DWUAN1Es=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYhrr1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfFr41y</latexit><latexit sha1_base64="U4w5KTPrjsgVQl3bbc0DWUAN1Es=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYhrr1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfFr41y</latexit><latexit sha1_base64="U4w5KTPrjsgVQl3bbc0DWUAN1Es=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPYhrr1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfFr41y</latexit>

Odd  
modes

Transverse 
Current

Sharp peak in the transverse current-current correlation 
function with spectral weight:



Summary

Mode is expected to appear  
out of continuum when:

Mode is Landau damped in weakly interacting Fermi liquids

Mode is expected to appear  
when quasiparticles become twice as heavy:

vF0

vF
=

m⇤

m0
= 1 + F1

<latexit sha1_base64="PchVvAr4vR6lgHYuC1dcMsPsHfg=">AAACEXicbVDLSgMxFM3UV62vUZdugkUoCmVGBN0UikJxWcE+oK1DJs20oUlmSDKFMswvuPFX3LhQxK07d/6NaTsLbT1wuYdz7iW5x48YVdpxvq3cyura+kZ+s7C1vbO7Z+8fNFUYS0waOGShbPtIEUYFaWiqGWlHkiDuM9LyRzdTvzUmUtFQ3OtJRHocDQQNKEbaSJ5d6gYS4WTsJTUnTU2vpZW5xB9O04R7Tlpxz2qe69lFp+zMAJeJm5EiyFD37K9uP8QxJ0JjhpTquE6kewmSmmJG0kI3ViRCeIQGpGOoQJyoXjK7KIUnRunDIJSmhIYz9fdGgrhSE+6bSY70UC16U/E/rxPr4KqXUBHFmgg8fyiIGdQhnMYD+1QSrNnEEIQlNX+FeIhMHtqEWDAhuIsnL5Pmedl1yu7dRbF6ncWRB0fgGJSACy5BFdyCOmgADB7BM3gFb9aT9WK9Wx/z0ZyV7RyCP7A+fwDvd50G</latexit><latexit sha1_base64="PchVvAr4vR6lgHYuC1dcMsPsHfg=">AAACEXicbVDLSgMxFM3UV62vUZdugkUoCmVGBN0UikJxWcE+oK1DJs20oUlmSDKFMswvuPFX3LhQxK07d/6NaTsLbT1wuYdz7iW5x48YVdpxvq3cyura+kZ+s7C1vbO7Z+8fNFUYS0waOGShbPtIEUYFaWiqGWlHkiDuM9LyRzdTvzUmUtFQ3OtJRHocDQQNKEbaSJ5d6gYS4WTsJTUnTU2vpZW5xB9O04R7Tlpxz2qe69lFp+zMAJeJm5EiyFD37K9uP8QxJ0JjhpTquE6kewmSmmJG0kI3ViRCeIQGpGOoQJyoXjK7KIUnRunDIJSmhIYz9fdGgrhSE+6bSY70UC16U/E/rxPr4KqXUBHFmgg8fyiIGdQhnMYD+1QSrNnEEIQlNX+FeIhMHtqEWDAhuIsnL5Pmedl1yu7dRbF6ncWRB0fgGJSACy5BFdyCOmgADB7BM3gFb9aT9WK9Wx/z0ZyV7RyCP7A+fwDvd50G</latexit><latexit sha1_base64="PchVvAr4vR6lgHYuC1dcMsPsHfg=">AAACEXicbVDLSgMxFM3UV62vUZdugkUoCmVGBN0UikJxWcE+oK1DJs20oUlmSDKFMswvuPFX3LhQxK07d/6NaTsLbT1wuYdz7iW5x48YVdpxvq3cyura+kZ+s7C1vbO7Z+8fNFUYS0waOGShbPtIEUYFaWiqGWlHkiDuM9LyRzdTvzUmUtFQ3OtJRHocDQQNKEbaSJ5d6gYS4WTsJTUnTU2vpZW5xB9O04R7Tlpxz2qe69lFp+zMAJeJm5EiyFD37K9uP8QxJ0JjhpTquE6kewmSmmJG0kI3ViRCeIQGpGOoQJyoXjK7KIUnRunDIJSmhIYz9fdGgrhSE+6bSY70UC16U/E/rxPr4KqXUBHFmgg8fyiIGdQhnMYD+1QSrNnEEIQlNX+FeIhMHtqEWDAhuIsnL5Pmedl1yu7dRbF6ncWRB0fgGJSACy5BFdyCOmgADB7BM3gFb9aT9WK9Wx/z0ZyV7RyCP7A+fwDvd50G</latexit><latexit sha1_base64="PchVvAr4vR6lgHYuC1dcMsPsHfg=">AAACEXicbVDLSgMxFM3UV62vUZdugkUoCmVGBN0UikJxWcE+oK1DJs20oUlmSDKFMswvuPFX3LhQxK07d/6NaTsLbT1wuYdz7iW5x48YVdpxvq3cyura+kZ+s7C1vbO7Z+8fNFUYS0waOGShbPtIEUYFaWiqGWlHkiDuM9LyRzdTvzUmUtFQ3OtJRHocDQQNKEbaSJ5d6gYS4WTsJTUnTU2vpZW5xB9O04R7Tlpxz2qe69lFp+zMAJeJm5EiyFD37K9uP8QxJ0JjhpTquE6kewmSmmJG0kI3ViRCeIQGpGOoQJyoXjK7KIUnRunDIJSmhIYz9fdGgrhSE+6bSY70UC16U/E/rxPr4KqXUBHFmgg8fyiIGdQhnMYD+1QSrNnEEIQlNX+FeIhMHtqEWDAhuIsnL5Pmedl1yu7dRbF6ncWRB0fgGJSACy5BFdyCOmgADB7BM3gFb9aT9WK9Wx/z0ZyV7RyCP7A+fwDvd50G</latexit>

Large variety of systems with mass enhancement near critical 
points could host undamped shear sound:

• Over-doped metal in iron based superconductors (cuprates?)

• He3 adsorbed on graphite surface

• Quasi-2D heavy fermion materials (e.g. CeCoIn5)
• kappa-ET and dmit under pressure induced metal
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