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-  Many	experiments:	cold	atom	systems,	nano-devices,	molecular	electronics		

-  Isolated	systems	–	effects	not	washed	out	by	coupling	to	environment		

-  Fine	control	of	parameters	

-  Many	systems	described	by	integrable	Hamiltonians																																																																																																																								

Quench	protocol:		release	bosons	in	optical	traps		

The	Lieb-Liniger	model	 The	sine-Gordon	model	

	Nonequilibrium	–	the	new	frontier	:	Old	and	new	questions	
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Time evolution - Quench protocol in isolated systems  
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•  Isolated	system	with	Hamiltonian																											depends	on		“work	parameter”				

•  Initial	state,									,	typically	ground	state	of		

•  Evolve	initial	state	under																												from															to																where																			

A = g(0)
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g(t)
<latexit sha1_base64="KNrqJUcWbvBXvtD0eMrbSi6Q1A0=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZldZnqFsOQXvHhQxKs/5M2/cTeJEF8FDUVVN91dQSyFRdf9cAorq2vrG8XN0tb2zu5eef+gZaPEMN5kkYxMJ6CWS6F5EwVK3okNpyqQvB2Mr3O/fc+NFZG+w0nMfUWHWoSCUcylYRVP++WKV3NnIO4v8mVVYIFGv/zeG0QsUVwjk9TarufG6KfUoGCST0u9xPKYsjEd8m5GNVXc+uns1ik5yZQBCSOTlUYyU5cnUqqsnagg61QUR/anl4t/ed0Ew0s/FTpOkGs2XxQmkmBE8sfJQBjOUE4yQpkR2a2EjaihDLN4Sssh/E9aZzXPrXm355X61SKOIhzBMVTBgwuoww00oAkMRvAAT/DsKOfReXFe560FZzFzCN/gvH0CaVKNzw==</latexit><latexit sha1_base64="KNrqJUcWbvBXvtD0eMrbSi6Q1A0=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZldZnqFsOQXvHhQxKs/5M2/cTeJEF8FDUVVN91dQSyFRdf9cAorq2vrG8XN0tb2zu5eef+gZaPEMN5kkYxMJ6CWS6F5EwVK3okNpyqQvB2Mr3O/fc+NFZG+w0nMfUWHWoSCUcylYRVP++WKV3NnIO4v8mVVYIFGv/zeG0QsUVwjk9TarufG6KfUoGCST0u9xPKYsjEd8m5GNVXc+uns1ik5yZQBCSOTlUYyU5cnUqqsnagg61QUR/anl4t/ed0Ew0s/FTpOkGs2XxQmkmBE8sfJQBjOUE4yQpkR2a2EjaihDLN4Sssh/E9aZzXPrXm355X61SKOIhzBMVTBgwuoww00oAkMRvAAT/DsKOfReXFe560FZzFzCN/gvH0CaVKNzw==</latexit><latexit sha1_base64="KNrqJUcWbvBXvtD0eMrbSi6Q1A0=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZldZnqFsOQXvHhQxKs/5M2/cTeJEF8FDUVVN91dQSyFRdf9cAorq2vrG8XN0tb2zu5eef+gZaPEMN5kkYxMJ6CWS6F5EwVK3okNpyqQvB2Mr3O/fc+NFZG+w0nMfUWHWoSCUcylYRVP++WKV3NnIO4v8mVVYIFGv/zeG0QsUVwjk9TarufG6KfUoGCST0u9xPKYsjEd8m5GNVXc+uns1ik5yZQBCSOTlUYyU5cnUqqsnagg61QUR/anl4t/ed0Ew0s/FTpOkGs2XxQmkmBE8sfJQBjOUE4yQpkR2a2EjaihDLN4Sssh/E9aZzXPrXm355X61SKOIhzBMVTBgwuoww00oAkMRvAAT/DsKOfReXFe560FZzFzCN/gvH0CaVKNzw==</latexit><latexit sha1_base64="KNrqJUcWbvBXvtD0eMrbSi6Q1A0=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZldZnqFsOQXvHhQxKs/5M2/cTeJEF8FDUVVN91dQSyFRdf9cAorq2vrG8XN0tb2zu5eef+gZaPEMN5kkYxMJ6CWS6F5EwVK3okNpyqQvB2Mr3O/fc+NFZG+w0nMfUWHWoSCUcylYRVP++WKV3NnIO4v8mVVYIFGv/zeG0QsUVwjk9TarufG6KfUoGCST0u9xPKYsjEd8m5GNVXc+uns1ik5yZQBCSOTlUYyU5cnUqqsnagg61QUR/anl4t/ed0Ew0s/FTpOkGs2XxQmkmBE8sfJQBjOUE4yQpkR2a2EjaihDLN4Sssh/E9aZzXPrXm355X61SKOIhzBMVTBgwuoww00oAkMRvAAT/DsKOfReXFe560FZzFzCN/gvH0CaVKNzw==</latexit>

H(t) = H[g(t)]
<latexit sha1_base64="p/tQIoFeutpHXEQT3QGp6xa9vxc=">AAAB83icdVDJSgNBEK2JW4xb1KOXxiDES5gRQS9C0EuOEcwCyRB6Oj1Jk56eobtGCEN+w4sHRbz6M978GzuLELcHRT3eq6KKFyRSGHTdDye3srq2vpHfLGxt7+zuFfcPmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0c3Ub91zbUSs7nCccD+iAyVCwShaqVsr4+lVrTOwze8VS17FnYG4v8iXVYIF6r3ie7cfszTiCpmkxnQ8N0E/oxoFk3xS6KaGJ5SN6IB3LFU04sbPZj9PyIlV+iSMtS2FZKYub2Q0MmYcBXYyojg0P72p+JfXSTG89DOhkhS5YvNDYSoJxmQaAOkLzRnKsSWUaWF/JWxINWVoYyosh/A/aZ5VPLfi3Z6XqteLOPJwBMdQBg8uoAo1qEMDGCTwAE/w7KTOo/PivM5Hc85i5xC+wXn7BBmfkGk=</latexit><latexit sha1_base64="p/tQIoFeutpHXEQT3QGp6xa9vxc=">AAAB83icdVDJSgNBEK2JW4xb1KOXxiDES5gRQS9C0EuOEcwCyRB6Oj1Jk56eobtGCEN+w4sHRbz6M978GzuLELcHRT3eq6KKFyRSGHTdDye3srq2vpHfLGxt7+zuFfcPmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0c3Ub91zbUSs7nCccD+iAyVCwShaqVsr4+lVrTOwze8VS17FnYG4v8iXVYIF6r3ie7cfszTiCpmkxnQ8N0E/oxoFk3xS6KaGJ5SN6IB3LFU04sbPZj9PyIlV+iSMtS2FZKYub2Q0MmYcBXYyojg0P72p+JfXSTG89DOhkhS5YvNDYSoJxmQaAOkLzRnKsSWUaWF/JWxINWVoYyosh/A/aZ5VPLfi3Z6XqteLOPJwBMdQBg8uoAo1qEMDGCTwAE/w7KTOo/PivM5Hc85i5xC+wXn7BBmfkGk=</latexit><latexit sha1_base64="p/tQIoFeutpHXEQT3QGp6xa9vxc=">AAAB83icdVDJSgNBEK2JW4xb1KOXxiDES5gRQS9C0EuOEcwCyRB6Oj1Jk56eobtGCEN+w4sHRbz6M978GzuLELcHRT3eq6KKFyRSGHTdDye3srq2vpHfLGxt7+zuFfcPmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0c3Ub91zbUSs7nCccD+iAyVCwShaqVsr4+lVrTOwze8VS17FnYG4v8iXVYIF6r3ie7cfszTiCpmkxnQ8N0E/oxoFk3xS6KaGJ5SN6IB3LFU04sbPZj9PyIlV+iSMtS2FZKYub2Q0MmYcBXYyojg0P72p+JfXSTG89DOhkhS5YvNDYSoJxmQaAOkLzRnKsSWUaWF/JWxINWVoYyosh/A/aZ5VPLfi3Z6XqteLOPJwBMdQBg8uoAo1qEMDGCTwAE/w7KTOo/PivM5Hc85i5xC+wXn7BBmfkGk=</latexit><latexit sha1_base64="p/tQIoFeutpHXEQT3QGp6xa9vxc=">AAAB83icdVDJSgNBEK2JW4xb1KOXxiDES5gRQS9C0EuOEcwCyRB6Oj1Jk56eobtGCEN+w4sHRbz6M978GzuLELcHRT3eq6KKFyRSGHTdDye3srq2vpHfLGxt7+zuFfcPmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0c3Ub91zbUSs7nCccD+iAyVCwShaqVsr4+lVrTOwze8VS17FnYG4v8iXVYIF6r3ie7cfszTiCpmkxnQ8N0E/oxoFk3xS6KaGJ5SN6IB3LFU04sbPZj9PyIlV+iSMtS2FZKYub2Q0MmYcBXYyojg0P72p+JfXSTG89DOhkhS5YvNDYSoJxmQaAOkLzRnKsSWUaWF/JWxINWVoYyosh/A/aZ5VPLfi3Z6XqteLOPJwBMdQBg8uoAo1qEMDGCTwAE/w7KTOo/PivM5Hc85i5xC+wXn7BBmfkGk=</latexit>

H(0) = H[A]
<latexit sha1_base64="4LHcLtcHz6W4gjfM+acw4qAnF1A=">AAAB8HicdVDJSgNBEK2JW4xb1KOXxiDES5gRQS9C1EuOEcwikyH0dHqSJt09Q3ePEIZ8hRcPinj1c7z5N3YWIW4PCh7vVVFVL0w408Z1P5zc0vLK6lp+vbCxubW9U9zda+o4VYQ2SMxj1Q6xppxJ2jDMcNpOFMUi5LQVDq8nfuueKs1ieWtGCQ0E7ksWMYKNle5qZff4ouZfBt1iyau4UyD3F/mySjBHvVt87/RikgoqDeFYa99zExNkWBlGOB0XOqmmCSZD3Ke+pRILqoNsevAYHVmlh6JY2ZIGTdXFiQwLrUcitJ0Cm4H+6U3Evzw/NdF5kDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGRUWQ/ifNE8qnlvxbk5L1at5HHk4gEMogwdnUIUa1KEBBAQ8wBM8O8p5dF6c11lrzpnP7MM3OG+f1RGPHA==</latexit><latexit sha1_base64="4LHcLtcHz6W4gjfM+acw4qAnF1A=">AAAB8HicdVDJSgNBEK2JW4xb1KOXxiDES5gRQS9C1EuOEcwikyH0dHqSJt09Q3ePEIZ8hRcPinj1c7z5N3YWIW4PCh7vVVFVL0w408Z1P5zc0vLK6lp+vbCxubW9U9zda+o4VYQ2SMxj1Q6xppxJ2jDMcNpOFMUi5LQVDq8nfuueKs1ieWtGCQ0E7ksWMYKNle5qZff4ouZfBt1iyau4UyD3F/mySjBHvVt87/RikgoqDeFYa99zExNkWBlGOB0XOqmmCSZD3Ke+pRILqoNsevAYHVmlh6JY2ZIGTdXFiQwLrUcitJ0Cm4H+6U3Evzw/NdF5kDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGRUWQ/ifNE8qnlvxbk5L1at5HHk4gEMogwdnUIUa1KEBBAQ8wBM8O8p5dF6c11lrzpnP7MM3OG+f1RGPHA==</latexit><latexit sha1_base64="4LHcLtcHz6W4gjfM+acw4qAnF1A=">AAAB8HicdVDJSgNBEK2JW4xb1KOXxiDES5gRQS9C1EuOEcwikyH0dHqSJt09Q3ePEIZ8hRcPinj1c7z5N3YWIW4PCh7vVVFVL0w408Z1P5zc0vLK6lp+vbCxubW9U9zda+o4VYQ2SMxj1Q6xppxJ2jDMcNpOFMUi5LQVDq8nfuueKs1ieWtGCQ0E7ksWMYKNle5qZff4ouZfBt1iyau4UyD3F/mySjBHvVt87/RikgoqDeFYa99zExNkWBlGOB0XOqmmCSZD3Ke+pRILqoNsevAYHVmlh6JY2ZIGTdXFiQwLrUcitJ0Cm4H+6U3Evzw/NdF5kDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGRUWQ/ifNE8qnlvxbk5L1at5HHk4gEMogwdnUIUa1KEBBAQ8wBM8O8p5dF6c11lrzpnP7MM3OG+f1RGPHA==</latexit><latexit sha1_base64="4LHcLtcHz6W4gjfM+acw4qAnF1A=">AAAB8HicdVDJSgNBEK2JW4xb1KOXxiDES5gRQS9C1EuOEcwikyH0dHqSJt09Q3ePEIZ8hRcPinj1c7z5N3YWIW4PCh7vVVFVL0w408Z1P5zc0vLK6lp+vbCxubW9U9zda+o4VYQ2SMxj1Q6xppxJ2jDMcNpOFMUi5LQVDq8nfuueKs1ieWtGCQ0E7ksWMYKNle5qZff4ouZfBt1iyau4UyD3F/mySjBHvVt87/RikgoqDeFYa99zExNkWBlGOB0XOqmmCSZD3Ke+pRILqoNsevAYHVmlh6JY2ZIGTdXFiQwLrUcitJ0Cm4H+6U3Evzw/NdF5kDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGRUWQ/ifNE8qnlvxbk5L1at5HHk4gEMogwdnUIUa1KEBBAQ8wBM8O8p5dF6c11lrzpnP7MM3OG+f1RGPHA==</latexit>

B = g(t)
<latexit sha1_base64="K67GXIc9mO4FcR3W50pBI4e6/C4=">AAAB7XicdVDJSgNBEK1xjXGLevQyGIR4CTMi6EUI8eIxglkgGUJPpydp09M9dNcIYcg/ePGgiFf/x5t/Y2cR4vag4PFeFVX1wkRwg5734Swtr6yurec28ptb2zu7hb39hlGppqxOlVC6FRLDBJesjhwFayWakTgUrBkOryZ+855pw5W8xVHCgpj0JY84JWilRvWyX8KTbqHol70pXO8X+bKKMEetW3jv9BRNYyaRCmJM2/cSDDKikVPBxvlOalhC6JD0WdtSSWJmgmx67dg9tkrPjZS2JdGdqosTGYmNGcWh7YwJDsxPbyL+5bVTjC6CjMskRSbpbFGUCheVO3nd7XHNKIqRJYRqbm916YBoQtEGlF8M4X/SOC37Xtm/OStWqvM4cnAIR1ACH86hAtdQgzpQuIMHeIJnRzmPzovzOmtdcuYzB/ANztsndfGOYg==</latexit><latexit sha1_base64="K67GXIc9mO4FcR3W50pBI4e6/C4=">AAAB7XicdVDJSgNBEK1xjXGLevQyGIR4CTMi6EUI8eIxglkgGUJPpydp09M9dNcIYcg/ePGgiFf/x5t/Y2cR4vag4PFeFVX1wkRwg5734Swtr6yurec28ptb2zu7hb39hlGppqxOlVC6FRLDBJesjhwFayWakTgUrBkOryZ+855pw5W8xVHCgpj0JY84JWilRvWyX8KTbqHol70pXO8X+bKKMEetW3jv9BRNYyaRCmJM2/cSDDKikVPBxvlOalhC6JD0WdtSSWJmgmx67dg9tkrPjZS2JdGdqosTGYmNGcWh7YwJDsxPbyL+5bVTjC6CjMskRSbpbFGUCheVO3nd7XHNKIqRJYRqbm916YBoQtEGlF8M4X/SOC37Xtm/OStWqvM4cnAIR1ACH86hAtdQgzpQuIMHeIJnRzmPzovzOmtdcuYzB/ANztsndfGOYg==</latexit><latexit sha1_base64="K67GXIc9mO4FcR3W50pBI4e6/C4=">AAAB7XicdVDJSgNBEK1xjXGLevQyGIR4CTMi6EUI8eIxglkgGUJPpydp09M9dNcIYcg/ePGgiFf/x5t/Y2cR4vag4PFeFVX1wkRwg5734Swtr6yurec28ptb2zu7hb39hlGppqxOlVC6FRLDBJesjhwFayWakTgUrBkOryZ+855pw5W8xVHCgpj0JY84JWilRvWyX8KTbqHol70pXO8X+bKKMEetW3jv9BRNYyaRCmJM2/cSDDKikVPBxvlOalhC6JD0WdtSSWJmgmx67dg9tkrPjZS2JdGdqosTGYmNGcWh7YwJDsxPbyL+5bVTjC6CjMskRSbpbFGUCheVO3nd7XHNKIqRJYRqbm916YBoQtEGlF8M4X/SOC37Xtm/OStWqvM4cnAIR1ACH86hAtdQgzpQuIMHeIJnRzmPzovzOmtdcuYzB/ANztsndfGOYg==</latexit><latexit sha1_base64="K67GXIc9mO4FcR3W50pBI4e6/C4=">AAAB7XicdVDJSgNBEK1xjXGLevQyGIR4CTMi6EUI8eIxglkgGUJPpydp09M9dNcIYcg/ePGgiFf/x5t/Y2cR4vag4PFeFVX1wkRwg5734Swtr6yurec28ptb2zu7hb39hlGppqxOlVC6FRLDBJesjhwFayWakTgUrBkOryZ+855pw5W8xVHCgpj0JY84JWilRvWyX8KTbqHol70pXO8X+bKKMEetW3jv9BRNYyaRCmJM2/cSDDKikVPBxvlOalhC6JD0WdtSSWJmgmx67dg9tkrPjZS2JdGdqosTGYmNGcWh7YwJDsxPbyL+5bVTjC6CjMskRSbpbFGUCheVO3nd7XHNKIqRJYRqbm916YBoQtEGlF8M4X/SOC37Xtm/OStWqvM4cnAIR1ACH86hAtdQgzpQuIMHeIJnRzmPzovzOmtdcuYzB/ANztsndfGOYg==</latexit>

g(t0)
<latexit sha1_base64="ueog4YZgTxvWq6FmUkvoUNbOIvQ=">AAAB7HicdVBNS8NAEN34WetX1aOXxSLWS9jE0NZb0YvHCqYttKFstpt26WYTdjdCKf0NXjwo4tUf5M1/46atoKIPBh7vzTAzL0w5UxqhD2tldW19Y7OwVdze2d3bLx0ctlSSSUJ9kvBEdkKsKGeC+pppTjuppDgOOW2H4+vcb99TqVgi7vQkpUGMh4JFjGBtJH9Y0Wfn/VIZ2Zf1qutVIbIRqjmukxO35l140DFKjjJYotkvvfcGCcliKjThWKmug1IdTLHUjHA6K/YyRVNMxnhIu4YKHFMVTOfHzuCpUQYwSqQpoeFc/T4xxbFSkzg0nTHWI/Xby8W/vG6mo3owZSLNNBVksSjKONQJzD+HAyYp0XxiCCaSmVshGWGJiTb5FE0IX5/C/0nLtR1kO7deuXG1jKMAjsEJqAAH1EAD3IAm8AEBDDyAJ/BsCevRerFeF60r1nLmCPyA9fYJKSCOQQ==</latexit><latexit sha1_base64="ueog4YZgTxvWq6FmUkvoUNbOIvQ=">AAAB7HicdVBNS8NAEN34WetX1aOXxSLWS9jE0NZb0YvHCqYttKFstpt26WYTdjdCKf0NXjwo4tUf5M1/46atoKIPBh7vzTAzL0w5UxqhD2tldW19Y7OwVdze2d3bLx0ctlSSSUJ9kvBEdkKsKGeC+pppTjuppDgOOW2H4+vcb99TqVgi7vQkpUGMh4JFjGBtJH9Y0Wfn/VIZ2Zf1qutVIbIRqjmukxO35l140DFKjjJYotkvvfcGCcliKjThWKmug1IdTLHUjHA6K/YyRVNMxnhIu4YKHFMVTOfHzuCpUQYwSqQpoeFc/T4xxbFSkzg0nTHWI/Xby8W/vG6mo3owZSLNNBVksSjKONQJzD+HAyYp0XxiCCaSmVshGWGJiTb5FE0IX5/C/0nLtR1kO7deuXG1jKMAjsEJqAAH1EAD3IAm8AEBDDyAJ/BsCevRerFeF60r1nLmCPyA9fYJKSCOQQ==</latexit><latexit sha1_base64="ueog4YZgTxvWq6FmUkvoUNbOIvQ=">AAAB7HicdVBNS8NAEN34WetX1aOXxSLWS9jE0NZb0YvHCqYttKFstpt26WYTdjdCKf0NXjwo4tUf5M1/46atoKIPBh7vzTAzL0w5UxqhD2tldW19Y7OwVdze2d3bLx0ctlSSSUJ9kvBEdkKsKGeC+pppTjuppDgOOW2H4+vcb99TqVgi7vQkpUGMh4JFjGBtJH9Y0Wfn/VIZ2Zf1qutVIbIRqjmukxO35l140DFKjjJYotkvvfcGCcliKjThWKmug1IdTLHUjHA6K/YyRVNMxnhIu4YKHFMVTOfHzuCpUQYwSqQpoeFc/T4xxbFSkzg0nTHWI/Xby8W/vG6mo3owZSLNNBVksSjKONQJzD+HAyYp0XxiCCaSmVshGWGJiTb5FE0IX5/C/0nLtR1kO7deuXG1jKMAjsEJqAAH1EAD3IAm8AEBDDyAJ/BsCevRerFeF60r1nLmCPyA9fYJKSCOQQ==</latexit><latexit sha1_base64="ueog4YZgTxvWq6FmUkvoUNbOIvQ=">AAAB7HicdVBNS8NAEN34WetX1aOXxSLWS9jE0NZb0YvHCqYttKFstpt26WYTdjdCKf0NXjwo4tUf5M1/46atoKIPBh7vzTAzL0w5UxqhD2tldW19Y7OwVdze2d3bLx0ctlSSSUJ9kvBEdkKsKGeC+pppTjuppDgOOW2H4+vcb99TqVgi7vQkpUGMh4JFjGBtJH9Y0Wfn/VIZ2Zf1qutVIbIRqjmukxO35l140DFKjjJYotkvvfcGCcliKjThWKmug1IdTLHUjHA6K/YyRVNMxnhIu4YKHFMVTOfHzuCpUQYwSqQpoeFc/T4xxbFSkzg0nTHWI/Xby8W/vG6mo3owZSLNNBVksSjKONQJzD+HAyYp0XxiCCaSmVshGWGJiTb5FE0IX5/C/0nLtR1kO7deuXG1jKMAjsEJqAAH1EAD3IAm8AEBDDyAJ/BsCevRerFeF60r1nLmCPyA9fYJKSCOQQ==</latexit>

|�i, ti = e�iHt|�ii
<latexit sha1_base64="j212c4NWy5UUHMQ5lIrXaPAHgOQ=">AAACFXicdZBLSwMxFIUz9VXra9Slm2ARXNQyI4JuhKKbLivYB7S1ZNLbNjSTGZI7Qhn7J9z4V9y4UMSt4M5/4/QF9XUgcDjfvSQ5XiiFQcf5tFILi0vLK+nVzNr6xuaWvb1TMUGkOZR5IANd85gBKRSUUaCEWqiB+Z6Eqte/HPHqLWgjAnWNgxCaPusq0RGcYRK17Nxdo9QTLZFD2tBMdSXQcwo38ZEo4pBO4Qy17Kybd8aizi8zQ1kyVallfzTaAY98UMglM6buOiE2Y6ZRcAnDTCMyEDLeZ12oJ1YxH0wzHv9qSA+SpE07gU6OQjpO5zdi5hsz8L1k0mfYMz/ZKPyL1SPsnDVjocIIQfHJRZ1IUgzoqCLaFho4ykFiGNcieSvlPaYZx6TIzHwJ/5vKcd518u7VSbZwMa0jTfbIPjkkLjklBVIkJVImnNyTR/JMXqwH68l6td4moylrurNLvsl6/wIGd54a</latexit><latexit sha1_base64="j212c4NWy5UUHMQ5lIrXaPAHgOQ=">AAACFXicdZBLSwMxFIUz9VXra9Slm2ARXNQyI4JuhKKbLivYB7S1ZNLbNjSTGZI7Qhn7J9z4V9y4UMSt4M5/4/QF9XUgcDjfvSQ5XiiFQcf5tFILi0vLK+nVzNr6xuaWvb1TMUGkOZR5IANd85gBKRSUUaCEWqiB+Z6Eqte/HPHqLWgjAnWNgxCaPusq0RGcYRK17Nxdo9QTLZFD2tBMdSXQcwo38ZEo4pBO4Qy17Kybd8aizi8zQ1kyVallfzTaAY98UMglM6buOiE2Y6ZRcAnDTCMyEDLeZ12oJ1YxH0wzHv9qSA+SpE07gU6OQjpO5zdi5hsz8L1k0mfYMz/ZKPyL1SPsnDVjocIIQfHJRZ1IUgzoqCLaFho4ykFiGNcieSvlPaYZx6TIzHwJ/5vKcd518u7VSbZwMa0jTfbIPjkkLjklBVIkJVImnNyTR/JMXqwH68l6td4moylrurNLvsl6/wIGd54a</latexit><latexit sha1_base64="j212c4NWy5UUHMQ5lIrXaPAHgOQ=">AAACFXicdZBLSwMxFIUz9VXra9Slm2ARXNQyI4JuhKKbLivYB7S1ZNLbNjSTGZI7Qhn7J9z4V9y4UMSt4M5/4/QF9XUgcDjfvSQ5XiiFQcf5tFILi0vLK+nVzNr6xuaWvb1TMUGkOZR5IANd85gBKRSUUaCEWqiB+Z6Eqte/HPHqLWgjAnWNgxCaPusq0RGcYRK17Nxdo9QTLZFD2tBMdSXQcwo38ZEo4pBO4Qy17Kybd8aizi8zQ1kyVallfzTaAY98UMglM6buOiE2Y6ZRcAnDTCMyEDLeZ12oJ1YxH0wzHv9qSA+SpE07gU6OQjpO5zdi5hsz8L1k0mfYMz/ZKPyL1SPsnDVjocIIQfHJRZ1IUgzoqCLaFho4ykFiGNcieSvlPaYZx6TIzHwJ/5vKcd518u7VSbZwMa0jTfbIPjkkLjklBVIkJVImnNyTR/JMXqwH68l6td4moylrurNLvsl6/wIGd54a</latexit><latexit sha1_base64="j212c4NWy5UUHMQ5lIrXaPAHgOQ=">AAACFXicdZBLSwMxFIUz9VXra9Slm2ARXNQyI4JuhKKbLivYB7S1ZNLbNjSTGZI7Qhn7J9z4V9y4UMSt4M5/4/QF9XUgcDjfvSQ5XiiFQcf5tFILi0vLK+nVzNr6xuaWvb1TMUGkOZR5IANd85gBKRSUUaCEWqiB+Z6Eqte/HPHqLWgjAnWNgxCaPusq0RGcYRK17Nxdo9QTLZFD2tBMdSXQcwo38ZEo4pBO4Qy17Kybd8aizi8zQ1kyVallfzTaAY98UMglM6buOiE2Y6ZRcAnDTCMyEDLeZ12oJ1YxH0wzHv9qSA+SpE07gU6OQjpO5zdi5hsz8L1k0mfYMz/ZKPyL1SPsnDVjocIIQfHJRZ1IUgzoqCLaFho4ykFiGNcieSvlPaYZx6TIzHwJ/5vKcd518u7VSbZwMa0jTfbIPjkkLjklBVIkJVImnNyTR/JMXqwH68l6td4moylrurNLvsl6/wIGd54a</latexit>

Sudden	quench		

	Quench	protocol	

t0 = 0
<latexit sha1_base64="eIXPvB9ihienikyl+/7VgB32F7I=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPoKeyKoBch6MVjBPOAZAmzk95kyMzsMjMrhCW/4MWDIl79IW/+jZtNhPgqaCiquunuCmLBjXXdD6ewtLyyulZcL21sbm3vlHf3miZKNMMGi0Sk2wE1KLjChuVWYDvWSGUgsBWMrqd+6x614ZG6s+MYfUkHioecUZtLx5dur1zxqm4O4v4iX1YF5qj3yu/dfsQSicoyQY3peG5s/ZRqy5nASambGIwpG9EBdjKqqETjp/mtE3KUKX0SRjorZUmuLk6kVBozlkHWKakdmp/eVPzL6yQ2vPBTruLEomKzRWEiiI3I9HHS5xqZFeOMUKZ5dithQ6ops1k8pcUQ/ifN06rnVr3bs0rtah5HEQ7gEE7Ag3OowQ3UoQEMhvAAT/DsSOfReXFeZ60FZz6zD9/gvH0CMrCNqw==</latexit><latexit sha1_base64="eIXPvB9ihienikyl+/7VgB32F7I=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPoKeyKoBch6MVjBPOAZAmzk95kyMzsMjMrhCW/4MWDIl79IW/+jZtNhPgqaCiquunuCmLBjXXdD6ewtLyyulZcL21sbm3vlHf3miZKNMMGi0Sk2wE1KLjChuVWYDvWSGUgsBWMrqd+6x614ZG6s+MYfUkHioecUZtLx5dur1zxqm4O4v4iX1YF5qj3yu/dfsQSicoyQY3peG5s/ZRqy5nASambGIwpG9EBdjKqqETjp/mtE3KUKX0SRjorZUmuLk6kVBozlkHWKakdmp/eVPzL6yQ2vPBTruLEomKzRWEiiI3I9HHS5xqZFeOMUKZ5dithQ6ops1k8pcUQ/ifN06rnVr3bs0rtah5HEQ7gEE7Ag3OowQ3UoQEMhvAAT/DsSOfReXFeZ60FZz6zD9/gvH0CMrCNqw==</latexit><latexit sha1_base64="eIXPvB9ihienikyl+/7VgB32F7I=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPoKeyKoBch6MVjBPOAZAmzk95kyMzsMjMrhCW/4MWDIl79IW/+jZtNhPgqaCiquunuCmLBjXXdD6ewtLyyulZcL21sbm3vlHf3miZKNMMGi0Sk2wE1KLjChuVWYDvWSGUgsBWMrqd+6x614ZG6s+MYfUkHioecUZtLx5dur1zxqm4O4v4iX1YF5qj3yu/dfsQSicoyQY3peG5s/ZRqy5nASambGIwpG9EBdjKqqETjp/mtE3KUKX0SRjorZUmuLk6kVBozlkHWKakdmp/eVPzL6yQ2vPBTruLEomKzRWEiiI3I9HHS5xqZFeOMUKZ5dithQ6ops1k8pcUQ/ifN06rnVr3bs0rtah5HEQ7gEE7Ag3OowQ3UoQEMhvAAT/DsSOfReXFeZ60FZz6zD9/gvH0CMrCNqw==</latexit><latexit sha1_base64="eIXPvB9ihienikyl+/7VgB32F7I=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPoKeyKoBch6MVjBPOAZAmzk95kyMzsMjMrhCW/4MWDIl79IW/+jZtNhPgqaCiquunuCmLBjXXdD6ewtLyyulZcL21sbm3vlHf3miZKNMMGi0Sk2wE1KLjChuVWYDvWSGUgsBWMrqd+6x614ZG6s+MYfUkHioecUZtLx5dur1zxqm4O4v4iX1YF5qj3yu/dfsQSicoyQY3peG5s/ZRqy5nASambGIwpG9EBdjKqqETjp/mtE3KUKX0SRjorZUmuLk6kVBozlkHWKakdmp/eVPzL6yQ2vPBTruLEomKzRWEiiI3I9HHS5xqZFeOMUKZ5dithQ6ops1k8pcUQ/ifN06rnVr3bs0rtah5HEQ7gEE7Ag3OowQ3UoQEMhvAAT/DsSOfReXFeZ60FZz6zD9/gvH0CMrCNqw==</latexit>

t0 = t
<latexit sha1_base64="QL2t7bTX0qZKxNoMIi9I21z5ToQ=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPoKeyKoBch6MVjBPOAZAmzk9lkyMzsMtMrhCW/4MWDIl79IW/+jZtNhPgqaCiquunuCmIpLLruh1NYWl5ZXSuulzY2t7Z3yrt7TRslhvEGi2Rk2gG1XArNGyhQ8nZsOFWB5K1gdD31W/fcWBHpOxzH3Fd0oEUoGMVcOr7EXrniVd0cxP1FvqwKzFHvld+7/Yglimtkklrb8dwY/ZQaFEzySambWB5TNqID3smopopbP81vnZCjTOmTMDJZaSS5ujiRUmXtWAVZp6I4tD+9qfiX10kwvPBToeMEuWazRWEiCUZk+jjpC8MZynFGKDMiu5WwITWUYRZPaTGE/0nztOq5Ve/2rFK7msdRhAM4hBPw4BxqcAN1aACDITzAEzw7ynl0XpzXWWvBmc/swzc4b5+ZwI3v</latexit><latexit sha1_base64="QL2t7bTX0qZKxNoMIi9I21z5ToQ=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPoKeyKoBch6MVjBPOAZAmzk9lkyMzsMtMrhCW/4MWDIl79IW/+jZtNhPgqaCiquunuCmIpLLruh1NYWl5ZXSuulzY2t7Z3yrt7TRslhvEGi2Rk2gG1XArNGyhQ8nZsOFWB5K1gdD31W/fcWBHpOxzH3Fd0oEUoGMVcOr7EXrniVd0cxP1FvqwKzFHvld+7/Yglimtkklrb8dwY/ZQaFEzySambWB5TNqID3smopopbP81vnZCjTOmTMDJZaSS5ujiRUmXtWAVZp6I4tD+9qfiX10kwvPBToeMEuWazRWEiCUZk+jjpC8MZynFGKDMiu5WwITWUYRZPaTGE/0nztOq5Ve/2rFK7msdRhAM4hBPw4BxqcAN1aACDITzAEzw7ynl0XpzXWWvBmc/swzc4b5+ZwI3v</latexit><latexit sha1_base64="QL2t7bTX0qZKxNoMIi9I21z5ToQ=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPoKeyKoBch6MVjBPOAZAmzk9lkyMzsMtMrhCW/4MWDIl79IW/+jZtNhPgqaCiquunuCmIpLLruh1NYWl5ZXSuulzY2t7Z3yrt7TRslhvEGi2Rk2gG1XArNGyhQ8nZsOFWB5K1gdD31W/fcWBHpOxzH3Fd0oEUoGMVcOr7EXrniVd0cxP1FvqwKzFHvld+7/Yglimtkklrb8dwY/ZQaFEzySambWB5TNqID3smopopbP81vnZCjTOmTMDJZaSS5ujiRUmXtWAVZp6I4tD+9qfiX10kwvPBToeMEuWazRWEiCUZk+jjpC8MZynFGKDMiu5WwITWUYRZPaTGE/0nztOq5Ve/2rFK7msdRhAM4hBPw4BxqcAN1aACDITzAEzw7ynl0XpzXWWvBmc/swzc4b5+ZwI3v</latexit><latexit sha1_base64="QL2t7bTX0qZKxNoMIi9I21z5ToQ=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPoKeyKoBch6MVjBPOAZAmzk9lkyMzsMtMrhCW/4MWDIl79IW/+jZtNhPgqaCiquunuCmIpLLruh1NYWl5ZXSuulzY2t7Z3yrt7TRslhvEGi2Rk2gG1XArNGyhQ8nZsOFWB5K1gdD31W/fcWBHpOxzH3Fd0oEUoGMVcOr7EXrniVd0cxP1FvqwKzFHvld+7/Yglimtkklrb8dwY/ZQaFEzySambWB5TNqID3smopopbP81vnZCjTOmTMDJZaSS5ujiRUmXtWAVZp6I4tD+9qfiX10kwvPBToeMEuWazRWEiCUZk+jjpC8MZynFGKDMiu5WwITWUYRZPaTGE/0nztOq5Ve/2rFK7msdRhAM4hBPw4BxqcAN1aACDITzAEzw7ynl0XpzXWWvBmc/swzc4b5+ZwI3v</latexit>

H(g(t)) = H[B]
<latexit sha1_base64="SEp8vShjxTs+ICbIqDxieuYB7qg=">AAAB9HicdVDJSgNBFHwTtxi3qEcvjUFILmFGBL0IIV5yjGAWmAyhp9NJmvQsdr8JhCHf4cWDIl79GG/+jZ1FiFvBg6LqPV5RfiyFRtv+sDJr6xubW9nt3M7u3v5B/vCoqaNEMd5gkYxU26eaSxHyBgqUvB0rTgNf8pY/upn5rTFXWkThHU5i7gV0EIq+YBSN5NWKgyKWStek5la9br7glO05iP2LfFkFWKLezb93ehFLAh4ik1Rr17Fj9FKqUDDJp7lOonlM2YgOuGtoSAOuvXQeekrOjNIj/UiZCZHM1dWLlAZaTwLfbAYUh/qnNxP/8twE+1deKsI4QR6yxaN+IglGZNYA6QnFGcqJIZQpYbISNqSKMjQ95VZL+J80z8uOXXZuLwqV6rKOLJzAKRTBgUuoQA3q0AAG9/AAT/Bsja1H68V6XaxmrOXNMXyD9fYJJMKQYQ==</latexit><latexit sha1_base64="SEp8vShjxTs+ICbIqDxieuYB7qg=">AAAB9HicdVDJSgNBFHwTtxi3qEcvjUFILmFGBL0IIV5yjGAWmAyhp9NJmvQsdr8JhCHf4cWDIl79GG/+jZ1FiFvBg6LqPV5RfiyFRtv+sDJr6xubW9nt3M7u3v5B/vCoqaNEMd5gkYxU26eaSxHyBgqUvB0rTgNf8pY/upn5rTFXWkThHU5i7gV0EIq+YBSN5NWKgyKWStek5la9br7glO05iP2LfFkFWKLezb93ehFLAh4ik1Rr17Fj9FKqUDDJp7lOonlM2YgOuGtoSAOuvXQeekrOjNIj/UiZCZHM1dWLlAZaTwLfbAYUh/qnNxP/8twE+1deKsI4QR6yxaN+IglGZNYA6QnFGcqJIZQpYbISNqSKMjQ95VZL+J80z8uOXXZuLwqV6rKOLJzAKRTBgUuoQA3q0AAG9/AAT/Bsja1H68V6XaxmrOXNMXyD9fYJJMKQYQ==</latexit><latexit sha1_base64="SEp8vShjxTs+ICbIqDxieuYB7qg=">AAAB9HicdVDJSgNBFHwTtxi3qEcvjUFILmFGBL0IIV5yjGAWmAyhp9NJmvQsdr8JhCHf4cWDIl79GG/+jZ1FiFvBg6LqPV5RfiyFRtv+sDJr6xubW9nt3M7u3v5B/vCoqaNEMd5gkYxU26eaSxHyBgqUvB0rTgNf8pY/upn5rTFXWkThHU5i7gV0EIq+YBSN5NWKgyKWStek5la9br7glO05iP2LfFkFWKLezb93ehFLAh4ik1Rr17Fj9FKqUDDJp7lOonlM2YgOuGtoSAOuvXQeekrOjNIj/UiZCZHM1dWLlAZaTwLfbAYUh/qnNxP/8twE+1deKsI4QR6yxaN+IglGZNYA6QnFGcqJIZQpYbISNqSKMjQ95VZL+J80z8uOXXZuLwqV6rKOLJzAKRTBgUuoQA3q0AAG9/AAT/Bsja1H68V6XaxmrOXNMXyD9fYJJMKQYQ==</latexit><latexit sha1_base64="SEp8vShjxTs+ICbIqDxieuYB7qg=">AAAB9HicdVDJSgNBFHwTtxi3qEcvjUFILmFGBL0IIV5yjGAWmAyhp9NJmvQsdr8JhCHf4cWDIl79GG/+jZ1FiFvBg6LqPV5RfiyFRtv+sDJr6xubW9nt3M7u3v5B/vCoqaNEMd5gkYxU26eaSxHyBgqUvB0rTgNf8pY/upn5rTFXWkThHU5i7gV0EIq+YBSN5NWKgyKWStek5la9br7glO05iP2LfFkFWKLezb93ehFLAh4ik1Rr17Fj9FKqUDDJp7lOonlM2YgOuGtoSAOuvXQeekrOjNIj/UiZCZHM1dWLlAZaTwLfbAYUh/qnNxP/8twE+1deKsI4QR6yxaN+IglGZNYA6QnFGcqJIZQpYbISNqSKMjQ95VZL+J80z8uOXXZuLwqV6rKOLJzAKRTBgUuoQA3q0AAG9/AAT/Bsja1H68V6XaxmrOXNMXyD9fYJJMKQYQ==</latexit>

H(t0) = H[g(t0)]
<latexit sha1_base64="Jdy0izPNTW9fhWKK1LDI2MESApQ=">AAAB9XicdVDJSgNBEK1xjXGLevTSGMR4CTMi6EUIeskxgllgMoaeTk/SpGehu0YJIf/hxYMiXv0Xb/6NPUmEuD0o6vFeFVU8P5FCo21/WAuLS8srq7m1/PrG5tZ2YWe3oeNUMV5nsYxVy6eaSxHxOgqUvJUoTkNf8qY/uMr85h1XWsTRDQ4T7oW0F4lAMIpGuq2W8Oj4our2su51CkWnbE9A7F/kyyrCDLVO4b3djVka8giZpFq7jp2gN6IKBZN8nG+nmieUDWiPu4ZGNOTaG02+HpNDo3RJECtTEZKJOr8xoqHWw9A3kyHFvv7pZeJfnpticO6NRJSkyCM2PRSkkmBMsghIVyjOUA4NoUwJ8ythfaooQxNUfj6E/0njpOzYZef6tFi5nMWRg304gBI4cAYVqEIN6sBAwQM8wbN1bz1aL9brdHTBmu3swTdYb5/fdZDL</latexit><latexit sha1_base64="Jdy0izPNTW9fhWKK1LDI2MESApQ=">AAAB9XicdVDJSgNBEK1xjXGLevTSGMR4CTMi6EUIeskxgllgMoaeTk/SpGehu0YJIf/hxYMiXv0Xb/6NPUmEuD0o6vFeFVU8P5FCo21/WAuLS8srq7m1/PrG5tZ2YWe3oeNUMV5nsYxVy6eaSxHxOgqUvJUoTkNf8qY/uMr85h1XWsTRDQ4T7oW0F4lAMIpGuq2W8Oj4our2su51CkWnbE9A7F/kyyrCDLVO4b3djVka8giZpFq7jp2gN6IKBZN8nG+nmieUDWiPu4ZGNOTaG02+HpNDo3RJECtTEZKJOr8xoqHWw9A3kyHFvv7pZeJfnpticO6NRJSkyCM2PRSkkmBMsghIVyjOUA4NoUwJ8ythfaooQxNUfj6E/0njpOzYZef6tFi5nMWRg304gBI4cAYVqEIN6sBAwQM8wbN1bz1aL9brdHTBmu3swTdYb5/fdZDL</latexit><latexit sha1_base64="Jdy0izPNTW9fhWKK1LDI2MESApQ=">AAAB9XicdVDJSgNBEK1xjXGLevTSGMR4CTMi6EUIeskxgllgMoaeTk/SpGehu0YJIf/hxYMiXv0Xb/6NPUmEuD0o6vFeFVU8P5FCo21/WAuLS8srq7m1/PrG5tZ2YWe3oeNUMV5nsYxVy6eaSxHxOgqUvJUoTkNf8qY/uMr85h1XWsTRDQ4T7oW0F4lAMIpGuq2W8Oj4our2su51CkWnbE9A7F/kyyrCDLVO4b3djVka8giZpFq7jp2gN6IKBZN8nG+nmieUDWiPu4ZGNOTaG02+HpNDo3RJECtTEZKJOr8xoqHWw9A3kyHFvv7pZeJfnpticO6NRJSkyCM2PRSkkmBMsghIVyjOUA4NoUwJ8ythfaooQxNUfj6E/0njpOzYZef6tFi5nMWRg304gBI4cAYVqEIN6sBAwQM8wbN1bz1aL9brdHTBmu3swTdYb5/fdZDL</latexit><latexit sha1_base64="Jdy0izPNTW9fhWKK1LDI2MESApQ=">AAAB9XicdVDJSgNBEK1xjXGLevTSGMR4CTMi6EUIeskxgllgMoaeTk/SpGehu0YJIf/hxYMiXv0Xb/6NPUmEuD0o6vFeFVU8P5FCo21/WAuLS8srq7m1/PrG5tZ2YWe3oeNUMV5nsYxVy6eaSxHxOgqUvJUoTkNf8qY/uMr85h1XWsTRDQ4T7oW0F4lAMIpGuq2W8Oj4our2su51CkWnbE9A7F/kyyrCDLVO4b3djVka8giZpFq7jp2gN6IKBZN8nG+nmieUDWiPu4ZGNOTaG02+HpNDo3RJECtTEZKJOr8xoqHWw9A3kyHFvv7pZeJfnpticO6NRJSkyCM2PRSkkmBMsghIVyjOUA4NoUwJ8ythfaooQxNUfj6E/0njpOzYZef6tFi5nMWRg304gBI4cAYVqEIN6sBAwQM8wbN1bz1aL9brdHTBmu3swTdYb5/fdZDL</latexit>

•  Process	depends	on	initial	state	and	on	Hamiltonian	
•  Local	characteristics:		calculate	evolution	of		local	observables,	correlations		..			
•  Global	characteristics:			quantum	work,		spread	of	entanglement	..	



  Nonequilibrium Thermodynamics -Work done in a quench 

•  During	the	quench	energy	is	pumped	into	the	system	-																																					:		work	is	done	

Work	– random	variable	:	involves	two	measurements	-	initial	and	final	energies,	
-	at	initial	time	-	yielding										and										with	probability													
-	at		final		time	-	yielding										and										with	probability	
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<latexit sha1_base64="Sy1oT/Chqk2MSkRsFDVvwYN6Cas=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZIa2rorunFZwT6gCWEynbRDJ5MwMxFq7Je4caGIWz/FnX/jpK2gogcuHM65l3vvCVNGpbLtD2NldW19Y7O0Vd7e2d2rmPsHXZlkApMOTlgi+iGShFFOOooqRvqpICgOGemFk8vC790SIWnCb9Q0JX6MRpxGFCOlpcCs3HvtMQ2oJxAfMQIDs2pb5816za1D27LthlNzClJruGcudLRSoAqWaAfmuzdMcBYTrjBDUg4cO1V+joSimJFZ2cskSRGeoBEZaMpRTKSfzw+fwROtDGGUCF1cwbn6fSJHsZTTONSdMVJj+dsrxL+8Qaaipp9TnmaKcLxYFGUMqgQWKcAhFQQrNtUEYUH1rRCPkUBY6azKOoSvT+H/pFuzHNtyrt1q62IZRwkcgWNwChzQAC1wBdqgAzDIwAN4As/GnfFovBivi9YVYzlzCH7AePsE32yTOQ==</latexit><latexit sha1_base64="Sy1oT/Chqk2MSkRsFDVvwYN6Cas=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZIa2rorunFZwT6gCWEynbRDJ5MwMxFq7Je4caGIWz/FnX/jpK2gogcuHM65l3vvCVNGpbLtD2NldW19Y7O0Vd7e2d2rmPsHXZlkApMOTlgi+iGShFFOOooqRvqpICgOGemFk8vC790SIWnCb9Q0JX6MRpxGFCOlpcCs3HvtMQ2oJxAfMQIDs2pb5816za1D27LthlNzClJruGcudLRSoAqWaAfmuzdMcBYTrjBDUg4cO1V+joSimJFZ2cskSRGeoBEZaMpRTKSfzw+fwROtDGGUCF1cwbn6fSJHsZTTONSdMVJj+dsrxL+8Qaaipp9TnmaKcLxYFGUMqgQWKcAhFQQrNtUEYUH1rRCPkUBY6azKOoSvT+H/pFuzHNtyrt1q62IZRwkcgWNwChzQAC1wBdqgAzDIwAN4As/GnfFovBivi9YVYzlzCH7AePsE32yTOQ==</latexit><latexit sha1_base64="Sy1oT/Chqk2MSkRsFDVvwYN6Cas=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZIa2rorunFZwT6gCWEynbRDJ5MwMxFq7Je4caGIWz/FnX/jpK2gogcuHM65l3vvCVNGpbLtD2NldW19Y7O0Vd7e2d2rmPsHXZlkApMOTlgi+iGShFFOOooqRvqpICgOGemFk8vC790SIWnCb9Q0JX6MRpxGFCOlpcCs3HvtMQ2oJxAfMQIDs2pb5816za1D27LthlNzClJruGcudLRSoAqWaAfmuzdMcBYTrjBDUg4cO1V+joSimJFZ2cskSRGeoBEZaMpRTKSfzw+fwROtDGGUCF1cwbn6fSJHsZTTONSdMVJj+dsrxL+8Qaaipp9TnmaKcLxYFGUMqgQWKcAhFQQrNtUEYUH1rRCPkUBY6azKOoSvT+H/pFuzHNtyrt1q62IZRwkcgWNwChzQAC1wBdqgAzDIwAN4As/GnfFovBivi9YVYzlzCH7AePsE32yTOQ==</latexit><latexit sha1_base64="Sy1oT/Chqk2MSkRsFDVvwYN6Cas=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZIa2rorunFZwT6gCWEynbRDJ5MwMxFq7Je4caGIWz/FnX/jpK2gogcuHM65l3vvCVNGpbLtD2NldW19Y7O0Vd7e2d2rmPsHXZlkApMOTlgi+iGShFFOOooqRvqpICgOGemFk8vC790SIWnCb9Q0JX6MRpxGFCOlpcCs3HvtMQ2oJxAfMQIDs2pb5816za1D27LthlNzClJruGcudLRSoAqWaAfmuzdMcBYTrjBDUg4cO1V+joSimJFZ2cskSRGeoBEZaMpRTKSfzw+fwROtDGGUCF1cwbn6fSJHsZTTONSdMVJj+dsrxL+8Qaaipp9TnmaKcLxYFGUMqgQWKcAhFQQrNtUEYUH1rRCPkUBY6azKOoSvT+H/pFuzHNtyrt1q62IZRwkcgWNwChzQAC1wBdqgAzDIwAN4As/GnfFovBivi9YVYzlzCH7AePsE32yTOQ==</latexit>

✏i
<latexit sha1_base64="URQT7eHZjdPSkZmqhCiOGAwmvBE=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunFZwT6wHUomzbShmWRIMkIp/Qs3LhRx69+482/MtBVU9MCFwzn3cu89UcqZNgh9OCura+sbm4Wt4vbO7t5+6eCwpWWmCG0SyaXqRFhTzgRtGmY47aSK4iTitB2Nr3K/fU+VZlLcmklKwwQPBYsZwcZKdz2aasal6LN+qYzci1rFDyoQuQhVPd/LiV8NzgPoWSVHGSzR6JfeewNJsoQKQzjWuuuh1IRTrAwjnM6KvUzTFJMxHtKupQInVIfT+cUzeGqVAYylsiUMnKvfJ6Y40XqSRLYzwWakf3u5+JfXzUxcC6dMpJmhgiwWxRmHRsL8fThgihLDJ5Zgopi9FZIRVpgYG1LRhvD1KfyftHzXQ653E5Trl8s4CuAYnIAz4IEqqINr0ABNQIAAD+AJPDvaeXRenNdF64qznDkCP+C8fQItD5E+</latexit><latexit sha1_base64="URQT7eHZjdPSkZmqhCiOGAwmvBE=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunFZwT6wHUomzbShmWRIMkIp/Qs3LhRx69+482/MtBVU9MCFwzn3cu89UcqZNgh9OCura+sbm4Wt4vbO7t5+6eCwpWWmCG0SyaXqRFhTzgRtGmY47aSK4iTitB2Nr3K/fU+VZlLcmklKwwQPBYsZwcZKdz2aasal6LN+qYzci1rFDyoQuQhVPd/LiV8NzgPoWSVHGSzR6JfeewNJsoQKQzjWuuuh1IRTrAwjnM6KvUzTFJMxHtKupQInVIfT+cUzeGqVAYylsiUMnKvfJ6Y40XqSRLYzwWakf3u5+JfXzUxcC6dMpJmhgiwWxRmHRsL8fThgihLDJ5Zgopi9FZIRVpgYG1LRhvD1KfyftHzXQ653E5Trl8s4CuAYnIAz4IEqqINr0ABNQIAAD+AJPDvaeXRenNdF64qznDkCP+C8fQItD5E+</latexit><latexit sha1_base64="URQT7eHZjdPSkZmqhCiOGAwmvBE=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunFZwT6wHUomzbShmWRIMkIp/Qs3LhRx69+482/MtBVU9MCFwzn3cu89UcqZNgh9OCura+sbm4Wt4vbO7t5+6eCwpWWmCG0SyaXqRFhTzgRtGmY47aSK4iTitB2Nr3K/fU+VZlLcmklKwwQPBYsZwcZKdz2aasal6LN+qYzci1rFDyoQuQhVPd/LiV8NzgPoWSVHGSzR6JfeewNJsoQKQzjWuuuh1IRTrAwjnM6KvUzTFJMxHtKupQInVIfT+cUzeGqVAYylsiUMnKvfJ6Y40XqSRLYzwWakf3u5+JfXzUxcC6dMpJmhgiwWxRmHRsL8fThgihLDJ5Zgopi9FZIRVpgYG1LRhvD1KfyftHzXQ653E5Trl8s4CuAYnIAz4IEqqINr0ABNQIAAD+AJPDvaeXRenNdF64qznDkCP+C8fQItD5E+</latexit><latexit sha1_base64="URQT7eHZjdPSkZmqhCiOGAwmvBE=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunFZwT6wHUomzbShmWRIMkIp/Qs3LhRx69+482/MtBVU9MCFwzn3cu89UcqZNgh9OCura+sbm4Wt4vbO7t5+6eCwpWWmCG0SyaXqRFhTzgRtGmY47aSK4iTitB2Nr3K/fU+VZlLcmklKwwQPBYsZwcZKdz2aasal6LN+qYzci1rFDyoQuQhVPd/LiV8NzgPoWSVHGSzR6JfeewNJsoQKQzjWuuuh1IRTrAwjnM6KvUzTFJMxHtKupQInVIfT+cUzeGqVAYylsiUMnKvfJ6Y40XqSRLYzwWakf3u5+JfXzUxcC6dMpJmhgiwWxRmHRsL8fThgihLDJ5Zgopi9FZIRVpgYG1LRhvD1KfyftHzXQ653E5Trl8s4CuAYnIAz4IEqqINr0ABNQIAAD+AJPDvaeXRenNdF64qznDkCP+C8fQItD5E+</latexit>

| ni
<latexit sha1_base64="+RGbWsdYYZfAup9BdNx2tZQ6dks=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZIa2rorunFZwT6gCWEynbRDJ5MwMxFq7Je4caGIWz/FnX/jpK2gogcuHM65l3vvCVNGpbLtD2NldW19Y7O0Vd7e2d2rmPsHXZlkApMOTlgi+iGShFFOOooqRvqpICgOGemFk8vC790SIWnCb9Q0JX6MRpxGFCOlpcCs3HttSQPuCcRHjMDArNrWebNec+vQtmy74dScgtQa7pkLHa0UqIIl2oH57g0TnMWEK8yQlAPHTpWfI6EoZmRW9jJJUoQnaEQGmnIUE+nn88Nn8EQrQxglQhdXcK5+n8hRLOU0DnVnjNRY/vYK8S9vkKmo6eeUp5kiHC8WRRmDKoFFCnBIBcGKTTVBWFB9K8RjJBBWOquyDuHrU/g/6dYsx7aca7fauljGUQJH4BicAgc0QAtcgTboAAwy8ACewLNxZzwaL8bronXFWM4cgh8w3j4B+E2TSQ==</latexit><latexit sha1_base64="+RGbWsdYYZfAup9BdNx2tZQ6dks=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZIa2rorunFZwT6gCWEynbRDJ5MwMxFq7Je4caGIWz/FnX/jpK2gogcuHM65l3vvCVNGpbLtD2NldW19Y7O0Vd7e2d2rmPsHXZlkApMOTlgi+iGShFFOOooqRvqpICgOGemFk8vC790SIWnCb9Q0JX6MRpxGFCOlpcCs3HttSQPuCcRHjMDArNrWebNec+vQtmy74dScgtQa7pkLHa0UqIIl2oH57g0TnMWEK8yQlAPHTpWfI6EoZmRW9jJJUoQnaEQGmnIUE+nn88Nn8EQrQxglQhdXcK5+n8hRLOU0DnVnjNRY/vYK8S9vkKmo6eeUp5kiHC8WRRmDKoFFCnBIBcGKTTVBWFB9K8RjJBBWOquyDuHrU/g/6dYsx7aca7fauljGUQJH4BicAgc0QAtcgTboAAwy8ACewLNxZzwaL8bronXFWM4cgh8w3j4B+E2TSQ==</latexit><latexit sha1_base64="+RGbWsdYYZfAup9BdNx2tZQ6dks=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZIa2rorunFZwT6gCWEynbRDJ5MwMxFq7Je4caGIWz/FnX/jpK2gogcuHM65l3vvCVNGpbLtD2NldW19Y7O0Vd7e2d2rmPsHXZlkApMOTlgi+iGShFFOOooqRvqpICgOGemFk8vC790SIWnCb9Q0JX6MRpxGFCOlpcCs3HttSQPuCcRHjMDArNrWebNec+vQtmy74dScgtQa7pkLHa0UqIIl2oH57g0TnMWEK8yQlAPHTpWfI6EoZmRW9jJJUoQnaEQGmnIUE+nn88Nn8EQrQxglQhdXcK5+n8hRLOU0DnVnjNRY/vYK8S9vkKmo6eeUp5kiHC8WRRmDKoFFCnBIBcGKTTVBWFB9K8RjJBBWOquyDuHrU/g/6dYsx7aca7fauljGUQJH4BicAgc0QAtcgTboAAwy8ACewLNxZzwaL8bronXFWM4cgh8w3j4B+E2TSQ==</latexit><latexit sha1_base64="+RGbWsdYYZfAup9BdNx2tZQ6dks=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZIa2rorunFZwT6gCWEynbRDJ5MwMxFq7Je4caGIWz/FnX/jpK2gogcuHM65l3vvCVNGpbLtD2NldW19Y7O0Vd7e2d2rmPsHXZlkApMOTlgi+iGShFFOOooqRvqpICgOGemFk8vC790SIWnCb9Q0JX6MRpxGFCOlpcCs3HttSQPuCcRHjMDArNrWebNec+vQtmy74dScgtQa7pkLHa0UqIIl2oH57g0TnMWEK8yQlAPHTpWfI6EoZmRW9jJJUoQnaEQGmnIUE+nn88Nn8EQrQxglQhdXcK5+n8hRLOU0DnVnjNRY/vYK8S9vkKmo6eeUp5kiHC8WRRmDKoFFCnBIBcGKTTVBWFB9K8RjJBBWOquyDuHrU/g/6dYsx7aca7fauljGUQJH4BicAgc0QAtcgTboAAwy8ACewLNxZzwaL8bronXFWM4cgh8w3j4B+E2TSQ==</latexit>

Pi!n = |h n|�ii|2
<latexit sha1_base64="ZexugCtaD5QSCtulD76qwsollNE="></latexit><latexit sha1_base64="ZexugCtaD5QSCtulD76qwsollNE="></latexit><latexit sha1_base64="ZexugCtaD5QSCtulD76qwsollNE="></latexit><latexit sha1_base64="ZexugCtaD5QSCtulD76qwsollNE="></latexit>

Pi = 1
<latexit sha1_base64="+q+J0Un/8bQNElNp+RTGavKycWE=">AAAB73icdVDLSsNAFJ3UV62vqks3g0VwFTIxtHUhFN24rGAf0IYymU7aoZNJnJkIJfQn3LhQxK2/486/cdJWUNEDFw7n3Mu99wQJZ0o7zodVWFldW98obpa2tnd298r7B20Vp5LQFol5LLsBVpQzQVuaaU67iaQ4CjjtBJOr3O/cU6lYLG71NKF+hEeChYxgbaRuc5Cx2QVEg3LFsc/rVderQsd2nBpyUU7cmnfmQWSUHBWwRHNQfu8PY5JGVGjCsVI95CTaz7DUjHA6K/VTRRNMJnhEe4YKHFHlZ/N7Z/DEKEMYxtKU0HCufp/IcKTUNApMZ4T1WP32cvEvr5fqsO5nTCSppoIsFoUphzqG+fNwyCQlmk8NwUQycyskYywx0Saikgnh61P4P2m7NnJsdONVGpfLOIrgCByDU4BADTTANWiCFiCAgwfwBJ6tO+vRerFeF60FazlzCH7AevsElRePqg==</latexit><latexit sha1_base64="+q+J0Un/8bQNElNp+RTGavKycWE=">AAAB73icdVDLSsNAFJ3UV62vqks3g0VwFTIxtHUhFN24rGAf0IYymU7aoZNJnJkIJfQn3LhQxK2/486/cdJWUNEDFw7n3Mu99wQJZ0o7zodVWFldW98obpa2tnd298r7B20Vp5LQFol5LLsBVpQzQVuaaU67iaQ4CjjtBJOr3O/cU6lYLG71NKF+hEeChYxgbaRuc5Cx2QVEg3LFsc/rVderQsd2nBpyUU7cmnfmQWSUHBWwRHNQfu8PY5JGVGjCsVI95CTaz7DUjHA6K/VTRRNMJnhEe4YKHFHlZ/N7Z/DEKEMYxtKU0HCufp/IcKTUNApMZ4T1WP32cvEvr5fqsO5nTCSppoIsFoUphzqG+fNwyCQlmk8NwUQycyskYywx0Saikgnh61P4P2m7NnJsdONVGpfLOIrgCByDU4BADTTANWiCFiCAgwfwBJ6tO+vRerFeF60FazlzCH7AevsElRePqg==</latexit><latexit sha1_base64="+q+J0Un/8bQNElNp+RTGavKycWE=">AAAB73icdVDLSsNAFJ3UV62vqks3g0VwFTIxtHUhFN24rGAf0IYymU7aoZNJnJkIJfQn3LhQxK2/486/cdJWUNEDFw7n3Mu99wQJZ0o7zodVWFldW98obpa2tnd298r7B20Vp5LQFol5LLsBVpQzQVuaaU67iaQ4CjjtBJOr3O/cU6lYLG71NKF+hEeChYxgbaRuc5Cx2QVEg3LFsc/rVderQsd2nBpyUU7cmnfmQWSUHBWwRHNQfu8PY5JGVGjCsVI95CTaz7DUjHA6K/VTRRNMJnhEe4YKHFHlZ/N7Z/DEKEMYxtKU0HCufp/IcKTUNApMZ4T1WP32cvEvr5fqsO5nTCSppoIsFoUphzqG+fNwyCQlmk8NwUQycyskYywx0Saikgnh61P4P2m7NnJsdONVGpfLOIrgCByDU4BADTTANWiCFiCAgwfwBJ6tO+vRerFeF60FazlzCH7AevsElRePqg==</latexit><latexit sha1_base64="+q+J0Un/8bQNElNp+RTGavKycWE=">AAAB73icdVDLSsNAFJ3UV62vqks3g0VwFTIxtHUhFN24rGAf0IYymU7aoZNJnJkIJfQn3LhQxK2/486/cdJWUNEDFw7n3Mu99wQJZ0o7zodVWFldW98obpa2tnd298r7B20Vp5LQFol5LLsBVpQzQVuaaU67iaQ4CjjtBJOr3O/cU6lYLG71NKF+hEeChYxgbaRuc5Cx2QVEg3LFsc/rVderQsd2nBpyUU7cmnfmQWSUHBWwRHNQfu8PY5JGVGjCsVI95CTaz7DUjHA6K/VTRRNMJnhEe4YKHFHlZ/N7Z/DEKEMYxtKU0HCufp/IcKTUNApMZ4T1WP32cvEvr5fqsO5nTCSppoIsFoUphzqG+fNwyCQlmk8NwUQycyskYywx0Saikgnh61P4P2m7NnJsdONVGpfLOIrgCByDU4BADTTANWiCFiCAgwfwBJ6tO+vRerFeF60FazlzCH7AevsElRePqg==</latexit>

En
<latexit sha1_base64="k+urbe/Mu+I1FUeF/HLQ/VhxeYQ=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXFMFlRfuANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJpe537mnUrFY3OlpQv0IjwQLGcHaSLdXAzEoV5B9Xq+6XhUiG6Ga4zo5cWvemQcdo+SogCWag/J7fxiTNKJCE46V6jko0X6GpWaE01mpnyqaYDLBI9ozVOCIKj+bnzqDJ0YZwjCWpoSGc/X7RIYjpaZRYDojrMfqt5eLf3m9VId1P2MiSTUVZLEoTDnUMcz/hkMmKdF8aggmkplbIRljiYk26ZRMCF+fwv9J27UdZDs3XqVxsYyjCI7AMTgFDqiBBrgGTdACBIzAA3gCzxa3Hq0X63XRWrCWM4fgB6y3T3qBjew=</latexit><latexit sha1_base64="k+urbe/Mu+I1FUeF/HLQ/VhxeYQ=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXFMFlRfuANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJpe537mnUrFY3OlpQv0IjwQLGcHaSLdXAzEoV5B9Xq+6XhUiG6Ga4zo5cWvemQcdo+SogCWag/J7fxiTNKJCE46V6jko0X6GpWaE01mpnyqaYDLBI9ozVOCIKj+bnzqDJ0YZwjCWpoSGc/X7RIYjpaZRYDojrMfqt5eLf3m9VId1P2MiSTUVZLEoTDnUMcz/hkMmKdF8aggmkplbIRljiYk26ZRMCF+fwv9J27UdZDs3XqVxsYyjCI7AMTgFDqiBBrgGTdACBIzAA3gCzxa3Hq0X63XRWrCWM4fgB6y3T3qBjew=</latexit><latexit sha1_base64="k+urbe/Mu+I1FUeF/HLQ/VhxeYQ=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXFMFlRfuANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJpe537mnUrFY3OlpQv0IjwQLGcHaSLdXAzEoV5B9Xq+6XhUiG6Ga4zo5cWvemQcdo+SogCWag/J7fxiTNKJCE46V6jko0X6GpWaE01mpnyqaYDLBI9ozVOCIKj+bnzqDJ0YZwjCWpoSGc/X7RIYjpaZRYDojrMfqt5eLf3m9VId1P2MiSTUVZLEoTDnUMcz/hkMmKdF8aggmkplbIRljiYk26ZRMCF+fwv9J27UdZDs3XqVxsYyjCI7AMTgFDqiBBrgGTdACBIzAA3gCzxa3Hq0X63XRWrCWM4fgB6y3T3qBjew=</latexit><latexit sha1_base64="k+urbe/Mu+I1FUeF/HLQ/VhxeYQ=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXFMFlRfuANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJpe537mnUrFY3OlpQv0IjwQLGcHaSLdXAzEoV5B9Xq+6XhUiG6Ga4zo5cWvemQcdo+SogCWag/J7fxiTNKJCE46V6jko0X6GpWaE01mpnyqaYDLBI9ozVOCIKj+bnzqDJ0YZwjCWpoSGc/X7RIYjpaZRYDojrMfqt5eLf3m9VId1P2MiSTUVZLEoTDnUMcz/hkMmKdF8aggmkplbIRljiYk26ZRMCF+fwv9J27UdZDs3XqVxsYyjCI7AMTgFDqiBBrgGTdACBIzAA3gCzxa3Hq0X63XRWrCWM4fgB6y3T3qBjew=</latexit>

•  For	a	sudden	quench	the	work	distribution:		(Talkner	et	al	’07				“Not	an	observable“		)	

dQ = 0
<latexit sha1_base64="WqUoQug1jsfuM5TEQoqpaDaJbGw=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFSY1tHUhFN24bME+oA1lMpm0Q2eSMDMRSugvuHGhiFt/yJ1/46StoKIHLhzOuZd77/ETzpRG6MMqrK1vbG4Vt0s7u3v7B+XDo66KU0loh8Q8ln0fK8pZRDuaaU77iaRY+Jz2/OlN7vfuqVQsju70LKGewOOIhYxgnUtB+wqNyhVkXzZqVbcGkY1Q3ak6OanW3QsXOkbJUQErtEbl92EQk1TQSBOOlRo4KNFehqVmhNN5aZgqmmAyxWM6MDTCgiovW9w6h2dGCWAYS1ORhgv1+0SGhVIz4ZtOgfVE/fZy8S9vkOqw4WUsSlJNI7JcFKYc6hjmj8OASUo0nxmCiWTmVkgmWGKiTTwlE8LXp/B/0q3aDrKdtltpXq/iKIITcArOgQPqoAluQQt0AAET8ACewLMlrEfrxXpdthas1cwx+AHr7RO4y44G</latexit><latexit sha1_base64="WqUoQug1jsfuM5TEQoqpaDaJbGw=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFSY1tHUhFN24bME+oA1lMpm0Q2eSMDMRSugvuHGhiFt/yJ1/46StoKIHLhzOuZd77/ETzpRG6MMqrK1vbG4Vt0s7u3v7B+XDo66KU0loh8Q8ln0fK8pZRDuaaU77iaRY+Jz2/OlN7vfuqVQsju70LKGewOOIhYxgnUtB+wqNyhVkXzZqVbcGkY1Q3ak6OanW3QsXOkbJUQErtEbl92EQk1TQSBOOlRo4KNFehqVmhNN5aZgqmmAyxWM6MDTCgiovW9w6h2dGCWAYS1ORhgv1+0SGhVIz4ZtOgfVE/fZy8S9vkOqw4WUsSlJNI7JcFKYc6hjmj8OASUo0nxmCiWTmVkgmWGKiTTwlE8LXp/B/0q3aDrKdtltpXq/iKIITcArOgQPqoAluQQt0AAET8ACewLMlrEfrxXpdthas1cwx+AHr7RO4y44G</latexit><latexit sha1_base64="WqUoQug1jsfuM5TEQoqpaDaJbGw=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFSY1tHUhFN24bME+oA1lMpm0Q2eSMDMRSugvuHGhiFt/yJ1/46StoKIHLhzOuZd77/ETzpRG6MMqrK1vbG4Vt0s7u3v7B+XDo66KU0loh8Q8ln0fK8pZRDuaaU77iaRY+Jz2/OlN7vfuqVQsju70LKGewOOIhYxgnUtB+wqNyhVkXzZqVbcGkY1Q3ak6OanW3QsXOkbJUQErtEbl92EQk1TQSBOOlRo4KNFehqVmhNN5aZgqmmAyxWM6MDTCgiovW9w6h2dGCWAYS1ORhgv1+0SGhVIz4ZtOgfVE/fZy8S9vkOqw4WUsSlJNI7JcFKYc6hjmj8OASUo0nxmCiWTmVkgmWGKiTTwlE8LXp/B/0q3aDrKdtltpXq/iKIITcArOgQPqoAluQQt0AAET8ACewLMlrEfrxXpdthas1cwx+AHr7RO4y44G</latexit><latexit sha1_base64="WqUoQug1jsfuM5TEQoqpaDaJbGw=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFSY1tHUhFN24bME+oA1lMpm0Q2eSMDMRSugvuHGhiFt/yJ1/46StoKIHLhzOuZd77/ETzpRG6MMqrK1vbG4Vt0s7u3v7B+XDo66KU0loh8Q8ln0fK8pZRDuaaU77iaRY+Jz2/OlN7vfuqVQsju70LKGewOOIhYxgnUtB+wqNyhVkXzZqVbcGkY1Q3ak6OanW3QsXOkbJUQErtEbl92EQk1TQSBOOlRo4KNFehqVmhNN5aZgqmmAyxWM6MDTCgiovW9w6h2dGCWAYS1ORhgv1+0SGhVIz4ZtOgfVE/fZy8S9vkOqw4WUsSlJNI7JcFKYc6hjmj8OASUo0nxmCiWTmVkgmWGKiTTwlE8LXp/B/0q3aDrKdtltpXq/iKIITcArOgQPqoAluQQt0AAET8ACewLMlrEfrxXpdthas1cwx+AHr7RO4y44G</latexit>

P (W ) =
X

n

� (W � (En � ✏i)) |h n|�ii|2
<latexit sha1_base64="97K+uAq4kYuTTao+OkKEqrFJtDI="></latexit><latexit sha1_base64="97K+uAq4kYuTTao+OkKEqrFJtDI="></latexit><latexit sha1_base64="97K+uAq4kYuTTao+OkKEqrFJtDI="></latexit><latexit sha1_base64="97K+uAq4kYuTTao+OkKEqrFJtDI="></latexit>

hW i
<latexit sha1_base64="gBwHSKxt5mGKT9r3xPMh0T0xKv8=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchSSGtu6KblxWsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984aSuo6IELh3Pu5d57wpRRqWz7w1hZXVvf2Cxtlbd3dvf2zcpBRyaZwKSNE5aIXogkYZSTtqKKkV4qCIpDRrrh5LLwu7dESJrwGzVNSRCjEacRxUhpaWBWfIb4iBHYhb6Ys4FZta3zRs31atC2bLvuuE5B3Lp35kFHKwWqYInWwHz3hwnOYsIVZkjKvmOnKsiRUBQzMiv7mSQpwhM0In1NOYqJDPL56TN4opUhjBKhiys4V79P5CiWchqHujNGaix/e4X4l9fPVNQIcsrTTBGOF4uijEGVwCIHOKSCYMWmmiAsqL4V4jESCCudVlmH8PUp/J90XMuxLefaqzYvlnGUwBE4BqfAAXXQBFegBdoAgzvwAJ7As3FvPBovxuuidcVYzhyCHzDePgH7L5PS</latexit><latexit sha1_base64="gBwHSKxt5mGKT9r3xPMh0T0xKv8=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchSSGtu6KblxWsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984aSuo6IELh3Pu5d57wpRRqWz7w1hZXVvf2Cxtlbd3dvf2zcpBRyaZwKSNE5aIXogkYZSTtqKKkV4qCIpDRrrh5LLwu7dESJrwGzVNSRCjEacRxUhpaWBWfIb4iBHYhb6Ys4FZta3zRs31atC2bLvuuE5B3Lp35kFHKwWqYInWwHz3hwnOYsIVZkjKvmOnKsiRUBQzMiv7mSQpwhM0In1NOYqJDPL56TN4opUhjBKhiys4V79P5CiWchqHujNGaix/e4X4l9fPVNQIcsrTTBGOF4uijEGVwCIHOKSCYMWmmiAsqL4V4jESCCudVlmH8PUp/J90XMuxLefaqzYvlnGUwBE4BqfAAXXQBFegBdoAgzvwAJ7As3FvPBovxuuidcVYzhyCHzDePgH7L5PS</latexit><latexit sha1_base64="gBwHSKxt5mGKT9r3xPMh0T0xKv8=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchSSGtu6KblxWsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984aSuo6IELh3Pu5d57wpRRqWz7w1hZXVvf2Cxtlbd3dvf2zcpBRyaZwKSNE5aIXogkYZSTtqKKkV4qCIpDRrrh5LLwu7dESJrwGzVNSRCjEacRxUhpaWBWfIb4iBHYhb6Ys4FZta3zRs31atC2bLvuuE5B3Lp35kFHKwWqYInWwHz3hwnOYsIVZkjKvmOnKsiRUBQzMiv7mSQpwhM0In1NOYqJDPL56TN4opUhjBKhiys4V79P5CiWchqHujNGaix/e4X4l9fPVNQIcsrTTBGOF4uijEGVwCIHOKSCYMWmmiAsqL4V4jESCCudVlmH8PUp/J90XMuxLefaqzYvlnGUwBE4BqfAAXXQBFegBdoAgzvwAJ7As3FvPBovxuuidcVYzhyCHzDePgH7L5PS</latexit><latexit sha1_base64="gBwHSKxt5mGKT9r3xPMh0T0xKv8=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchSSGtu6KblxWsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984aSuo6IELh3Pu5d57wpRRqWz7w1hZXVvf2Cxtlbd3dvf2zcpBRyaZwKSNE5aIXogkYZSTtqKKkV4qCIpDRrrh5LLwu7dESJrwGzVNSRCjEacRxUhpaWBWfIb4iBHYhb6Ys4FZta3zRs31atC2bLvuuE5B3Lp35kFHKwWqYInWwHz3hwnOYsIVZkjKvmOnKsiRUBQzMiv7mSQpwhM0In1NOYqJDPL56TN4opUhjBKhiys4V79P5CiWchqHujNGaix/e4X4l9fPVNQIcsrTTBGOF4uijEGVwCIHOKSCYMWmmiAsqL4V4jESCCudVlmH8PUp/J90XMuxLefaqzYvlnGUwBE4BqfAAXXQBFegBdoAgzvwAJ7As3FvPBovxuuidcVYzhyCHzDePgH7L5PS</latexit>

Hinitial, |�ii
<latexit sha1_base64="dknX8Trn8i8rUK7NCZTJi8SACPI="></latexit><latexit sha1_base64="dknX8Trn8i8rUK7NCZTJi8SACPI="></latexit><latexit sha1_base64="dknX8Trn8i8rUK7NCZTJi8SACPI="></latexit><latexit sha1_base64="dknX8Trn8i8rUK7NCZTJi8SACPI="></latexit>

Hfinal
<latexit sha1_base64="vunP56IsQoRxtjMZAPDvM/6GWuk=">AAAB+XicdVBNS8NAEN34WetX1KOXxSJ4KkkNbb0VvfRYwX5AW8pmu2mXbjZhd1Isof/EiwdFvPpPvPlv3LQVVPTBwOO9GWbm+bHgGhznw1pb39jc2s7t5Hf39g8O7aPjlo4SRVmTRiJSHZ9oJrhkTeAgWCdWjIS+YG1/cpP57SlTmkfyDmYx64dkJHnAKQEjDWy7Pkh7wO4hDbgkYj4f2AWneFUtl7wydoqOU3FLbkZKFe/Sw65RMhTQCo2B/d4bRjQJmQQqiNZd14mhnxIFnAo2z/cSzWJCJ2TEuoZKEjLdTxeXz/G5UYY4iJQpCXihfp9ISaj1LPRNZ0hgrH97mfiX100gqPZTLuMEmKTLRUEiMEQ4iwEPuWIUxMwQQhU3t2I6JopQMGHlTQhfn+L/SatUdJ2ie+sVaterOHLoFJ2hC+SiCqqhOmqgJqJoih7QE3q2UuvRerFel61r1mrmBP2A9fYJofKUTw==</latexit><latexit sha1_base64="vunP56IsQoRxtjMZAPDvM/6GWuk=">AAAB+XicdVBNS8NAEN34WetX1KOXxSJ4KkkNbb0VvfRYwX5AW8pmu2mXbjZhd1Isof/EiwdFvPpPvPlv3LQVVPTBwOO9GWbm+bHgGhznw1pb39jc2s7t5Hf39g8O7aPjlo4SRVmTRiJSHZ9oJrhkTeAgWCdWjIS+YG1/cpP57SlTmkfyDmYx64dkJHnAKQEjDWy7Pkh7wO4hDbgkYj4f2AWneFUtl7wydoqOU3FLbkZKFe/Sw65RMhTQCo2B/d4bRjQJmQQqiNZd14mhnxIFnAo2z/cSzWJCJ2TEuoZKEjLdTxeXz/G5UYY4iJQpCXihfp9ISaj1LPRNZ0hgrH97mfiX100gqPZTLuMEmKTLRUEiMEQ4iwEPuWIUxMwQQhU3t2I6JopQMGHlTQhfn+L/SatUdJ2ie+sVaterOHLoFJ2hC+SiCqqhOmqgJqJoih7QE3q2UuvRerFel61r1mrmBP2A9fYJofKUTw==</latexit><latexit sha1_base64="vunP56IsQoRxtjMZAPDvM/6GWuk=">AAAB+XicdVBNS8NAEN34WetX1KOXxSJ4KkkNbb0VvfRYwX5AW8pmu2mXbjZhd1Isof/EiwdFvPpPvPlv3LQVVPTBwOO9GWbm+bHgGhznw1pb39jc2s7t5Hf39g8O7aPjlo4SRVmTRiJSHZ9oJrhkTeAgWCdWjIS+YG1/cpP57SlTmkfyDmYx64dkJHnAKQEjDWy7Pkh7wO4hDbgkYj4f2AWneFUtl7wydoqOU3FLbkZKFe/Sw65RMhTQCo2B/d4bRjQJmQQqiNZd14mhnxIFnAo2z/cSzWJCJ2TEuoZKEjLdTxeXz/G5UYY4iJQpCXihfp9ISaj1LPRNZ0hgrH97mfiX100gqPZTLuMEmKTLRUEiMEQ4iwEPuWIUxMwQQhU3t2I6JopQMGHlTQhfn+L/SatUdJ2ie+sVaterOHLoFJ2hC+SiCqqhOmqgJqJoih7QE3q2UuvRerFel61r1mrmBP2A9fYJofKUTw==</latexit><latexit sha1_base64="vunP56IsQoRxtjMZAPDvM/6GWuk=">AAAB+XicdVBNS8NAEN34WetX1KOXxSJ4KkkNbb0VvfRYwX5AW8pmu2mXbjZhd1Isof/EiwdFvPpPvPlv3LQVVPTBwOO9GWbm+bHgGhznw1pb39jc2s7t5Hf39g8O7aPjlo4SRVmTRiJSHZ9oJrhkTeAgWCdWjIS+YG1/cpP57SlTmkfyDmYx64dkJHnAKQEjDWy7Pkh7wO4hDbgkYj4f2AWneFUtl7wydoqOU3FLbkZKFe/Sw65RMhTQCo2B/d4bRjQJmQQqiNZd14mhnxIFnAo2z/cSzWJCJ2TEuoZKEjLdTxeXz/G5UYY4iJQpCXihfp9ISaj1LPRNZ0hgrH97mfiX100gqPZTLuMEmKTLRUEiMEQ4iwEPuWIUxMwQQhU3t2I6JopQMGHlTQhfn+L/SatUdJ2ie+sVaterOHLoFJ2hC+SiCqqhOmqgJqJoih7QE3q2UuvRerFel61r1mrmBP2A9fYJofKUTw==</latexit>

W = Efinal � Einitial
<latexit sha1_base64="iPMHRkI4c3nRK+kfxT34bvl7LLU="></latexit><latexit sha1_base64="iPMHRkI4c3nRK+kfxT34bvl7LLU="></latexit><latexit sha1_base64="iPMHRkI4c3nRK+kfxT34bvl7LLU="></latexit><latexit sha1_base64="iPMHRkI4c3nRK+kfxT34bvl7LLU="></latexit>

		First	law	of	thermo’																																								but	system	isolated:																			,		so																																dE = dQ+ dW
<latexit sha1_base64="aU3cZqKYzUXWzdT/hnHtOWidk/A=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiCECYxtHUhFEVw2YJ9SBvKZDJph04ezEyEEvoVblwo4tbPceffOGkrqOiBC4dz7uXee7yEM6kQ+jCWlldW19YLG8XNre2d3dLeflvGqSC0RWIei66HJeUsoi3FFKfdRFAcepx2vPFV7nfuqZAsjm7VJKFuiIcRCxjBSkt3/vWF34SnfmdQKiPzvFaxnQpEJkJVy7ZyYledMwdaWslRBgs0BqX3vh+TNKSRIhxL2bNQotwMC8UIp9NiP5U0wWSMh7SnaYRDKt1sdvAUHmvFh0EsdEUKztTvExkOpZyEnu4MsRrJ314u/uX1UhXU3IxFSapoROaLgpRDFcP8e+gzQYniE00wEUzfCskIC0yUzqioQ/j6FP5P2rZpIdNqOuX65SKOAjgER+AEWKAK6uAGNEALEBCCB/AEng1hPBovxuu8dclYzByAHzDePgG+0o+3</latexit><latexit sha1_base64="aU3cZqKYzUXWzdT/hnHtOWidk/A=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiCECYxtHUhFEVw2YJ9SBvKZDJph04ezEyEEvoVblwo4tbPceffOGkrqOiBC4dz7uXee7yEM6kQ+jCWlldW19YLG8XNre2d3dLeflvGqSC0RWIei66HJeUsoi3FFKfdRFAcepx2vPFV7nfuqZAsjm7VJKFuiIcRCxjBSkt3/vWF34SnfmdQKiPzvFaxnQpEJkJVy7ZyYledMwdaWslRBgs0BqX3vh+TNKSRIhxL2bNQotwMC8UIp9NiP5U0wWSMh7SnaYRDKt1sdvAUHmvFh0EsdEUKztTvExkOpZyEnu4MsRrJ314u/uX1UhXU3IxFSapoROaLgpRDFcP8e+gzQYniE00wEUzfCskIC0yUzqioQ/j6FP5P2rZpIdNqOuX65SKOAjgER+AEWKAK6uAGNEALEBCCB/AEng1hPBovxuu8dclYzByAHzDePgG+0o+3</latexit><latexit sha1_base64="aU3cZqKYzUXWzdT/hnHtOWidk/A=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiCECYxtHUhFEVw2YJ9SBvKZDJph04ezEyEEvoVblwo4tbPceffOGkrqOiBC4dz7uXee7yEM6kQ+jCWlldW19YLG8XNre2d3dLeflvGqSC0RWIei66HJeUsoi3FFKfdRFAcepx2vPFV7nfuqZAsjm7VJKFuiIcRCxjBSkt3/vWF34SnfmdQKiPzvFaxnQpEJkJVy7ZyYledMwdaWslRBgs0BqX3vh+TNKSRIhxL2bNQotwMC8UIp9NiP5U0wWSMh7SnaYRDKt1sdvAUHmvFh0EsdEUKztTvExkOpZyEnu4MsRrJ314u/uX1UhXU3IxFSapoROaLgpRDFcP8e+gzQYniE00wEUzfCskIC0yUzqioQ/j6FP5P2rZpIdNqOuX65SKOAjgER+AEWKAK6uAGNEALEBCCB/AEng1hPBovxuu8dclYzByAHzDePgG+0o+3</latexit><latexit sha1_base64="aU3cZqKYzUXWzdT/hnHtOWidk/A=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiCECYxtHUhFEVw2YJ9SBvKZDJph04ezEyEEvoVblwo4tbPceffOGkrqOiBC4dz7uXee7yEM6kQ+jCWlldW19YLG8XNre2d3dLeflvGqSC0RWIei66HJeUsoi3FFKfdRFAcepx2vPFV7nfuqZAsjm7VJKFuiIcRCxjBSkt3/vWF34SnfmdQKiPzvFaxnQpEJkJVy7ZyYledMwdaWslRBgs0BqX3vh+TNKSRIhxL2bNQotwMC8UIp9NiP5U0wWSMh7SnaYRDKt1sdvAUHmvFh0EsdEUKztTvExkOpZyEnu4MsRrJ314u/uX1UhXU3IxFSapoROaLgpRDFcP8e+gzQYniE00wEUzfCskIC0yUzqioQ/j6FP5P2rZpIdNqOuX65SKOAjgER+AEWKAK6uAGNEALEBCCB/AEng1hPBovxuu8dclYzByAHzDePgG+0o+3</latexit>

dE = dW
<latexit sha1_base64="s4VjK6w61DW59BRYmXGU95l9R8I=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaOtBKIrgsYJpC20om82mXbrZhN2NUEJ/gxcPinj1B3nz37hpK6jog4HHezPMzAtSRqWyrA+jtLK6tr5R3qxsbe/s7lX3DzoyyQQmHk5YInoBkoRRTjxFFSO9VBAUB4x0g8lV4XfviZA04XdqmhI/RiNOI4qR0pIXXl+E3WG1Zpnnzbrj1qFlWlbDduyCOA33zIW2VgrUwBLtYfV9ECY4iwlXmCEp+7aVKj9HQlHMyKwyyCRJEZ6gEelrylFMpJ/Pj53BE62EMEqELq7gXP0+kaNYymkc6M4YqbH87RXiX14/U1HTzylPM0U4XiyKMgZVAovPYUgFwYpNNUFYUH0rxGMkEFY6n4oO4etT+D/pOKZtmfatW2tdLuMogyNwDE6BDRqgBW5AG3gAAwoewBN4NrjxaLwYr4vWkrGcOQQ/YLx9Ap9yjo8=</latexit><latexit sha1_base64="s4VjK6w61DW59BRYmXGU95l9R8I=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaOtBKIrgsYJpC20om82mXbrZhN2NUEJ/gxcPinj1B3nz37hpK6jog4HHezPMzAtSRqWyrA+jtLK6tr5R3qxsbe/s7lX3DzoyyQQmHk5YInoBkoRRTjxFFSO9VBAUB4x0g8lV4XfviZA04XdqmhI/RiNOI4qR0pIXXl+E3WG1Zpnnzbrj1qFlWlbDduyCOA33zIW2VgrUwBLtYfV9ECY4iwlXmCEp+7aVKj9HQlHMyKwyyCRJEZ6gEelrylFMpJ/Pj53BE62EMEqELq7gXP0+kaNYymkc6M4YqbH87RXiX14/U1HTzylPM0U4XiyKMgZVAovPYUgFwYpNNUFYUH0rxGMkEFY6n4oO4etT+D/pOKZtmfatW2tdLuMogyNwDE6BDRqgBW5AG3gAAwoewBN4NrjxaLwYr4vWkrGcOQQ/YLx9Ap9yjo8=</latexit><latexit sha1_base64="s4VjK6w61DW59BRYmXGU95l9R8I=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaOtBKIrgsYJpC20om82mXbrZhN2NUEJ/gxcPinj1B3nz37hpK6jog4HHezPMzAtSRqWyrA+jtLK6tr5R3qxsbe/s7lX3DzoyyQQmHk5YInoBkoRRTjxFFSO9VBAUB4x0g8lV4XfviZA04XdqmhI/RiNOI4qR0pIXXl+E3WG1Zpnnzbrj1qFlWlbDduyCOA33zIW2VgrUwBLtYfV9ECY4iwlXmCEp+7aVKj9HQlHMyKwyyCRJEZ6gEelrylFMpJ/Pj53BE62EMEqELq7gXP0+kaNYymkc6M4YqbH87RXiX14/U1HTzylPM0U4XiyKMgZVAovPYUgFwYpNNUFYUH0rxGMkEFY6n4oO4etT+D/pOKZtmfatW2tdLuMogyNwDE6BDRqgBW5AG3gAAwoewBN4NrjxaLwYr4vWkrGcOQQ/YLx9Ap9yjo8=</latexit><latexit sha1_base64="s4VjK6w61DW59BRYmXGU95l9R8I=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaOtBKIrgsYJpC20om82mXbrZhN2NUEJ/gxcPinj1B3nz37hpK6jog4HHezPMzAtSRqWyrA+jtLK6tr5R3qxsbe/s7lX3DzoyyQQmHk5YInoBkoRRTjxFFSO9VBAUB4x0g8lV4XfviZA04XdqmhI/RiNOI4qR0pIXXl+E3WG1Zpnnzbrj1qFlWlbDduyCOA33zIW2VgrUwBLtYfV9ECY4iwlXmCEp+7aVKj9HQlHMyKwyyCRJEZ6gEelrylFMpJ/Pj53BE62EMEqELq7gXP0+kaNYymkc6M4YqbH87RXiX14/U1HTzylPM0U4XiyKMgZVAovPYUgFwYpNNUFYUH0rxGMkEFY6n4oO4etT+D/pOKZtmfatW2tdLuMogyNwDE6BDRqgBW5AG3gAAwoewBN4NrjxaLwYr4vWkrGcOQQ/YLx9Ap9yjo8=</latexit>

| 0i
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  Nonequilibrium Thermodynamics -Work done in a quench 
•  												has	the	form	of	the	spectral	function:			
																					
-  Defined	for					

-  A	delta	function	at	threshold																		
			weighted	by	the	fidelity																																	transition	from	the	initial	state	to	the	ground	state	of		
	
	-		If								is	gapped	and	translation	invariant		-	continuum	of	excited	states	into			which										can	transition		
with																																		lowest	threshold	for	the	continuum.	
	
-  Power	like	behavior	at	threshold	
	
-  	Similarly	the	four-particle	emission	continuum	threshold									
																																																																	
-  It	there	are	bound	states											then	delta	function	may	appear	at	
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<latexit sha1_base64="IQudCfHEKr1I5llMUbBXxsq1Nag=">AAAB9XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oYplMJ+3QySTMTJRS+x9uXCji1n9x5984aSuo6IELh3Pu5d57wpQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+SyWZJLRJEp7ITogV5UzQpmaa004qKY5DTtvh6CL327dUKpaIaz1OaRDjgWARI1gb6ebebwxZj/kSiwGnvVIZ2We1iutVILIRqjqukxO36p160DFKjjJYoNErvfv9hGQxFZpwrFTXQakOJlhqRjidFv1M0RSTER7QrqECx1QFk9nVU3hslD6MEmlKaDhTv09McKzUOA5NZ4z1UP32cvEvr5vpqBZMmEgzTQWZL4oyDnUC8whgn0lKNB8bgolk5lZIhlhiok1QRRPC16fwf9JybQfZzpVXrp8v4iiAQ3AEToADqqAOLkEDNAEBEjyAJ/Bs3VmP1ov1Om9dshYzB+AHrLdPDKOS3g==</latexit><latexit sha1_base64="IQudCfHEKr1I5llMUbBXxsq1Nag=">AAAB9XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oYplMJ+3QySTMTJRS+x9uXCji1n9x5984aSuo6IELh3Pu5d57wpQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+SyWZJLRJEp7ITogV5UzQpmaa004qKY5DTtvh6CL327dUKpaIaz1OaRDjgWARI1gb6ebebwxZj/kSiwGnvVIZ2We1iutVILIRqjqukxO36p160DFKjjJYoNErvfv9hGQxFZpwrFTXQakOJlhqRjidFv1M0RSTER7QrqECx1QFk9nVU3hslD6MEmlKaDhTv09McKzUOA5NZ4z1UP32cvEvr5vpqBZMmEgzTQWZL4oyDnUC8whgn0lKNB8bgolk5lZIhlhiok1QRRPC16fwf9JybQfZzpVXrp8v4iiAQ3AEToADqqAOLkEDNAEBEjyAJ/Bs3VmP1ov1Om9dshYzB+AHrLdPDKOS3g==</latexit><latexit sha1_base64="IQudCfHEKr1I5llMUbBXxsq1Nag=">AAAB9XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oYplMJ+3QySTMTJRS+x9uXCji1n9x5984aSuo6IELh3Pu5d57wpQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+SyWZJLRJEp7ITogV5UzQpmaa004qKY5DTtvh6CL327dUKpaIaz1OaRDjgWARI1gb6ebebwxZj/kSiwGnvVIZ2We1iutVILIRqjqukxO36p160DFKjjJYoNErvfv9hGQxFZpwrFTXQakOJlhqRjidFv1M0RSTER7QrqECx1QFk9nVU3hslD6MEmlKaDhTv09McKzUOA5NZ4z1UP32cvEvr5vpqBZMmEgzTQWZL4oyDnUC8whgn0lKNB8bgolk5lZIhlhiok1QRRPC16fwf9JybQfZzpVXrp8v4iiAQ3AEToADqqAOLkEDNAEBEjyAJ/Bs3VmP1ov1Om9dshYzB+AHrLdPDKOS3g==</latexit><latexit sha1_base64="IQudCfHEKr1I5llMUbBXxsq1Nag=">AAAB9XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oYplMJ+3QySTMTJRS+x9uXCji1n9x5984aSuo6IELh3Pu5d57wpQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+SyWZJLRJEp7ITogV5UzQpmaa004qKY5DTtvh6CL327dUKpaIaz1OaRDjgWARI1gb6ebebwxZj/kSiwGnvVIZ2We1iutVILIRqjqukxO36p160DFKjjJYoNErvfv9hGQxFZpwrFTXQakOJlhqRjidFv1M0RSTER7QrqECx1QFk9nVU3hslD6MEmlKaDhTv09McKzUOA5NZ4z1UP32cvEvr5vpqBZMmEgzTQWZL4oyDnUC8whgn0lKNB8bgolk5lZIhlhiok1QRRPC16fwf9JybQfZzpVXrp8v4iiAQ3AEToADqqAOLkEDNAEBEjyAJ/Bs3VmP1ov1Om9dshYzB+AHrLdPDKOS3g==</latexit>

W = 2m+ �E
<latexit sha1_base64="KXy/yVC7IqQZiG5z7y807N0f7DU=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0UQhJDE0NaFUBTBZQX7gDaUyWTSDp1JwsxEqKVf4saFIm79FHf+jZO2gooeuHA4517uvSdIGZXKtj+MpeWV1bX1wkZxc2t7p2Tu7rVkkglMmjhhiegESBJGY9JUVDHSSQVBPGCkHYwuc799R4SkSXyrxinxORrENKIYKS31zVL7HLocnvRCwhSCV32zbFtntYrrVaBt2XbVcZ2cuFXv1IOOVnKUwQKNvvneCxOccRIrzJCUXcdOlT9BQlHMyLTYyyRJER6hAelqGiNOpD+ZHT6FR1oJYZQIXbGCM/X7xARxKcc80J0cqaH87eXiX143U1HNn9A4zRSJ8XxRlDGoEpinAEMqCFZsrAnCgupbIR4igbDSWRV1CF+fwv9Jy7Uc23JuvHL9YhFHARyAQ3AMHFAFdXANGqAJMMjAA3gCz8a98Wi8GK/z1iVjMbMPfsB4+wTZ9JHs</latexit><latexit sha1_base64="KXy/yVC7IqQZiG5z7y807N0f7DU=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0UQhJDE0NaFUBTBZQX7gDaUyWTSDp1JwsxEqKVf4saFIm79FHf+jZO2gooeuHA4517uvSdIGZXKtj+MpeWV1bX1wkZxc2t7p2Tu7rVkkglMmjhhiegESBJGY9JUVDHSSQVBPGCkHYwuc799R4SkSXyrxinxORrENKIYKS31zVL7HLocnvRCwhSCV32zbFtntYrrVaBt2XbVcZ2cuFXv1IOOVnKUwQKNvvneCxOccRIrzJCUXcdOlT9BQlHMyLTYyyRJER6hAelqGiNOpD+ZHT6FR1oJYZQIXbGCM/X7xARxKcc80J0cqaH87eXiX143U1HNn9A4zRSJ8XxRlDGoEpinAEMqCFZsrAnCgupbIR4igbDSWRV1CF+fwv9Jy7Uc23JuvHL9YhFHARyAQ3AMHFAFdXANGqAJMMjAA3gCz8a98Wi8GK/z1iVjMbMPfsB4+wTZ9JHs</latexit><latexit sha1_base64="KXy/yVC7IqQZiG5z7y807N0f7DU=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0UQhJDE0NaFUBTBZQX7gDaUyWTSDp1JwsxEqKVf4saFIm79FHf+jZO2gooeuHA4517uvSdIGZXKtj+MpeWV1bX1wkZxc2t7p2Tu7rVkkglMmjhhiegESBJGY9JUVDHSSQVBPGCkHYwuc799R4SkSXyrxinxORrENKIYKS31zVL7HLocnvRCwhSCV32zbFtntYrrVaBt2XbVcZ2cuFXv1IOOVnKUwQKNvvneCxOccRIrzJCUXcdOlT9BQlHMyLTYyyRJER6hAelqGiNOpD+ZHT6FR1oJYZQIXbGCM/X7xARxKcc80J0cqaH87eXiX143U1HNn9A4zRSJ8XxRlDGoEpinAEMqCFZsrAnCgupbIR4igbDSWRV1CF+fwv9Jy7Uc23JuvHL9YhFHARyAQ3AMHFAFdXANGqAJMMjAA3gCz8a98Wi8GK/z1iVjMbMPfsB4+wTZ9JHs</latexit><latexit sha1_base64="KXy/yVC7IqQZiG5z7y807N0f7DU=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0UQhJDE0NaFUBTBZQX7gDaUyWTSDp1JwsxEqKVf4saFIm79FHf+jZO2gooeuHA4517uvSdIGZXKtj+MpeWV1bX1wkZxc2t7p2Tu7rVkkglMmjhhiegESBJGY9JUVDHSSQVBPGCkHYwuc799R4SkSXyrxinxORrENKIYKS31zVL7HLocnvRCwhSCV32zbFtntYrrVaBt2XbVcZ2cuFXv1IOOVnKUwQKNvvneCxOccRIrzJCUXcdOlT9BQlHMyLTYyyRJER6hAelqGiNOpD+ZHT6FR1oJYZQIXbGCM/X7xARxKcc80J0cqaH87eXiX143U1HNn9A4zRSJ8XxRlDGoEpinAEMqCFZsrAnCgupbIR4igbDSWRV1CF+fwv9Jy7Uc23JuvHL9YhFHARyAQ3AMHFAFdXANGqAJMMjAA3gCz8a98Wi8GK/z1iVjMbMPfsB4+wTZ9JHs</latexit>

W = 4m + �E
<latexit sha1_base64="xqzgPxDz3jsZR7mLnGmqp30bu9o=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0UQhJDU0NaFUBTBZQX7gDaUyWTSDp1JwsxEqKFf4saFIm79FHf+jZO2gooeuHA4517uvcdPGJXKtj+MpeWV1bX1wkZxc2t7p2Tu7rVlnApMWjhmsej6SBJGI9JSVDHSTQRB3Gek448vc79zR4SkcXSrJgnxOBpGNKQYKS0NzFLnHLocnvQDwhSCVwOzbFtn9WrFrULbsu2aU3FyUqm5py50tJKjDBZoDsz3fhDjlJNIYYak7Dl2orwMCUUxI9NiP5UkQXiMhqSnaYQ4kV42O3wKj7QSwDAWuiIFZ+r3iQxxKSfc150cqZH87eXiX14vVWHdy2iUpIpEeL4oTBlUMcxTgAEVBCs20QRhQfWtEI+QQFjprIo6hK9P4f+kXbEc23Ju3HLjYhFHARyAQ3AMHFADDXANmqAFMEjBA3gCz8a98Wi8GK/z1iVjMbMPfsB4+wTdEpHu</latexit><latexit sha1_base64="xqzgPxDz3jsZR7mLnGmqp30bu9o=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0UQhJDU0NaFUBTBZQX7gDaUyWTSDp1JwsxEqKFf4saFIm79FHf+jZO2gooeuHA4517uvcdPGJXKtj+MpeWV1bX1wkZxc2t7p2Tu7rVlnApMWjhmsej6SBJGI9JSVDHSTQRB3Gek448vc79zR4SkcXSrJgnxOBpGNKQYKS0NzFLnHLocnvQDwhSCVwOzbFtn9WrFrULbsu2aU3FyUqm5py50tJKjDBZoDsz3fhDjlJNIYYak7Dl2orwMCUUxI9NiP5UkQXiMhqSnaYQ4kV42O3wKj7QSwDAWuiIFZ+r3iQxxKSfc150cqZH87eXiX14vVWHdy2iUpIpEeL4oTBlUMcxTgAEVBCs20QRhQfWtEI+QQFjprIo6hK9P4f+kXbEc23Ju3HLjYhFHARyAQ3AMHFADDXANmqAFMEjBA3gCz8a98Wi8GK/z1iVjMbMPfsB4+wTdEpHu</latexit><latexit sha1_base64="xqzgPxDz3jsZR7mLnGmqp30bu9o=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0UQhJDU0NaFUBTBZQX7gDaUyWTSDp1JwsxEqKFf4saFIm79FHf+jZO2gooeuHA4517uvcdPGJXKtj+MpeWV1bX1wkZxc2t7p2Tu7rVlnApMWjhmsej6SBJGI9JSVDHSTQRB3Gek448vc79zR4SkcXSrJgnxOBpGNKQYKS0NzFLnHLocnvQDwhSCVwOzbFtn9WrFrULbsu2aU3FyUqm5py50tJKjDBZoDsz3fhDjlJNIYYak7Dl2orwMCUUxI9NiP5UkQXiMhqSnaYQ4kV42O3wKj7QSwDAWuiIFZ+r3iQxxKSfc150cqZH87eXiX14vVWHdy2iUpIpEeL4oTBlUMcxTgAEVBCs20QRhQfWtEI+QQFjprIo6hK9P4f+kXbEc23Ju3HLjYhFHARyAQ3AMHFADDXANmqAFMEjBA3gCz8a98Wi8GK/z1iVjMbMPfsB4+wTdEpHu</latexit><latexit sha1_base64="xqzgPxDz3jsZR7mLnGmqp30bu9o=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0UQhJDU0NaFUBTBZQX7gDaUyWTSDp1JwsxEqKFf4saFIm79FHf+jZO2gooeuHA4517uvcdPGJXKtj+MpeWV1bX1wkZxc2t7p2Tu7rVlnApMWjhmsej6SBJGI9JSVDHSTQRB3Gek448vc79zR4SkcXSrJgnxOBpGNKQYKS0NzFLnHLocnvQDwhSCVwOzbFtn9WrFrULbsu2aU3FyUqm5py50tJKjDBZoDsz3fhDjlJNIYYak7Dl2orwMCUUxI9NiP5UkQXiMhqSnaYQ4kV42O3wKj7QSwDAWuiIFZ+r3iQxxKSfc150cqZH87eXiX14vVWHdy2iUpIpEeL4oTBlUMcxTgAEVBCs20QRhQfWtEI+QQFjprIo6hK9P4f+kXbEc23Ju3HLjYhFHARyAQ3AMHFADDXANmqAFMEjBA3gCz8a98Wi8GK/z1iVjMbMPfsB4+wTdEpHu</latexit>

W = mb + �E
<latexit sha1_base64="/ISNKkWdoedUBWacnz2woeH23co=">AAAB9XicdVBNS8NAEN3Ur1q/qh69LBZBEEISQ1sPQlEEjxVsK7SxbDabduluEnY3Sgn9H148KOLV/+LNf+OmraCiDwYe780wM89PGJXKsj6MwsLi0vJKcbW0tr6xuVXe3mnLOBWYtHDMYnHjI0kYjUhLUcXITSII4j4jHX90nvudOyIkjaNrNU6Ix9EgoiHFSGnptnPK+/5RLyBMIXjRL1cs86ReddwqtEzLqtmOnROn5h670NZKjgqYo9kvv/eCGKecRAozJGXXthLlZUgoihmZlHqpJAnCIzQgXU0jxIn0sunVE3iglQCGsdAVKThVv09kiEs55r7u5EgN5W8vF//yuqkK615GoyRVJMKzRWHKoIphHgEMqCBYsbEmCAuqb4V4iATCSgdV0iF8fQr/J23HtC3TvnIrjbN5HEWwB/bBIbBBDTTAJWiCFsBAgAfwBJ6Ne+PReDFeZ60FYz6zC37AePsEtziSAA==</latexit><latexit sha1_base64="/ISNKkWdoedUBWacnz2woeH23co=">AAAB9XicdVBNS8NAEN3Ur1q/qh69LBZBEEISQ1sPQlEEjxVsK7SxbDabduluEnY3Sgn9H148KOLV/+LNf+OmraCiDwYe780wM89PGJXKsj6MwsLi0vJKcbW0tr6xuVXe3mnLOBWYtHDMYnHjI0kYjUhLUcXITSII4j4jHX90nvudOyIkjaNrNU6Ix9EgoiHFSGnptnPK+/5RLyBMIXjRL1cs86ReddwqtEzLqtmOnROn5h670NZKjgqYo9kvv/eCGKecRAozJGXXthLlZUgoihmZlHqpJAnCIzQgXU0jxIn0sunVE3iglQCGsdAVKThVv09kiEs55r7u5EgN5W8vF//yuqkK615GoyRVJMKzRWHKoIphHgEMqCBYsbEmCAuqb4V4iATCSgdV0iF8fQr/J23HtC3TvnIrjbN5HEWwB/bBIbBBDTTAJWiCFsBAgAfwBJ6Ne+PReDFeZ60FYz6zC37AePsEtziSAA==</latexit><latexit sha1_base64="/ISNKkWdoedUBWacnz2woeH23co=">AAAB9XicdVBNS8NAEN3Ur1q/qh69LBZBEEISQ1sPQlEEjxVsK7SxbDabduluEnY3Sgn9H148KOLV/+LNf+OmraCiDwYe780wM89PGJXKsj6MwsLi0vJKcbW0tr6xuVXe3mnLOBWYtHDMYnHjI0kYjUhLUcXITSII4j4jHX90nvudOyIkjaNrNU6Ix9EgoiHFSGnptnPK+/5RLyBMIXjRL1cs86ReddwqtEzLqtmOnROn5h670NZKjgqYo9kvv/eCGKecRAozJGXXthLlZUgoihmZlHqpJAnCIzQgXU0jxIn0sunVE3iglQCGsdAVKThVv09kiEs55r7u5EgN5W8vF//yuqkK615GoyRVJMKzRWHKoIphHgEMqCBYsbEmCAuqb4V4iATCSgdV0iF8fQr/J23HtC3TvnIrjbN5HEWwB/bBIbBBDTTAJWiCFsBAgAfwBJ6Ne+PReDFeZ60FYz6zC37AePsEtziSAA==</latexit><latexit sha1_base64="/ISNKkWdoedUBWacnz2woeH23co=">AAAB9XicdVBNS8NAEN3Ur1q/qh69LBZBEEISQ1sPQlEEjxVsK7SxbDabduluEnY3Sgn9H148KOLV/+LNf+OmraCiDwYe780wM89PGJXKsj6MwsLi0vJKcbW0tr6xuVXe3mnLOBWYtHDMYnHjI0kYjUhLUcXITSII4j4jHX90nvudOyIkjaNrNU6Ix9EgoiHFSGnptnPK+/5RLyBMIXjRL1cs86ReddwqtEzLqtmOnROn5h670NZKjgqYo9kvv/eCGKecRAozJGXXthLlZUgoihmZlHqpJAnCIzQgXU0jxIn0sunVE3iglQCGsdAVKThVv09kiEs55r7u5EgN5W8vF//yuqkK615GoyRVJMKzRWHKoIphHgEMqCBYsbEmCAuqb4V4iATCSgdV0iF8fQr/J23HtC3TvnIrjbN5HEWwB/bBIbBBDTTAJWiCFsBAgAfwBJ6Ne+PReDFeZ60FYz6zC37AePsEtziSAA==</latexit>

mb
<latexit sha1_base64="wRXeCHlrXOXvzs0RUByLoGlC/44=">AAAB6nicdVDLSgMxFM34rPVVdekmWARXQ6YObd0V3bisaB/QDiWTZtrQJDMkGaEM/QQ3LhRx6xe582/MtBVU9MCFwzn3cu89YcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044ucr9zj1VmsXyzkwTGgg8kixiBBsr3YpBOCiVkXtRr1b8KkQuQjWv4uWkUvPPfehZJUcZLNEclN77w5ikgkpDONa656HEBBlWhhFOZ8V+qmmCyQSPaM9SiQXVQTY/dQZPrTKEUaxsSQPn6veJDAutpyK0nQKbsf7t5eJfXi81UT3ImExSQyVZLIpSDk0M87/hkClKDJ9agoli9lZIxlhhYmw6RRvC16fwf9KuuB5yvRu/3LhcxlEAx+AEnAEP1EADXIMmaAECRuABPIFnhzuPzovzumhdcZYzR+AHnLdPpUGOCA==</latexit><latexit sha1_base64="wRXeCHlrXOXvzs0RUByLoGlC/44=">AAAB6nicdVDLSgMxFM34rPVVdekmWARXQ6YObd0V3bisaB/QDiWTZtrQJDMkGaEM/QQ3LhRx6xe582/MtBVU9MCFwzn3cu89YcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044ucr9zj1VmsXyzkwTGgg8kixiBBsr3YpBOCiVkXtRr1b8KkQuQjWv4uWkUvPPfehZJUcZLNEclN77w5ikgkpDONa656HEBBlWhhFOZ8V+qmmCyQSPaM9SiQXVQTY/dQZPrTKEUaxsSQPn6veJDAutpyK0nQKbsf7t5eJfXi81UT3ImExSQyVZLIpSDk0M87/hkClKDJ9agoli9lZIxlhhYmw6RRvC16fwf9KuuB5yvRu/3LhcxlEAx+AEnAEP1EADXIMmaAECRuABPIFnhzuPzovzumhdcZYzR+AHnLdPpUGOCA==</latexit><latexit sha1_base64="wRXeCHlrXOXvzs0RUByLoGlC/44=">AAAB6nicdVDLSgMxFM34rPVVdekmWARXQ6YObd0V3bisaB/QDiWTZtrQJDMkGaEM/QQ3LhRx6xe582/MtBVU9MCFwzn3cu89YcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044ucr9zj1VmsXyzkwTGgg8kixiBBsr3YpBOCiVkXtRr1b8KkQuQjWv4uWkUvPPfehZJUcZLNEclN77w5ikgkpDONa656HEBBlWhhFOZ8V+qmmCyQSPaM9SiQXVQTY/dQZPrTKEUaxsSQPn6veJDAutpyK0nQKbsf7t5eJfXi81UT3ImExSQyVZLIpSDk0M87/hkClKDJ9agoli9lZIxlhhYmw6RRvC16fwf9KuuB5yvRu/3LhcxlEAx+AEnAEP1EADXIMmaAECRuABPIFnhzuPzovzumhdcZYzR+AHnLdPpUGOCA==</latexit><latexit sha1_base64="wRXeCHlrXOXvzs0RUByLoGlC/44=">AAAB6nicdVDLSgMxFM34rPVVdekmWARXQ6YObd0V3bisaB/QDiWTZtrQJDMkGaEM/QQ3LhRx6xe582/MtBVU9MCFwzn3cu89YcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044ucr9zj1VmsXyzkwTGgg8kixiBBsr3YpBOCiVkXtRr1b8KkQuQjWv4uWkUvPPfehZJUcZLNEclN77w5ikgkpDONa656HEBBlWhhFOZ8V+qmmCyQSPaM9SiQXVQTY/dQZPrTKEUaxsSQPn6veJDAutpyK0nQKbsf7t5eJfXi81UT3ImExSQyVZLIpSDk0M87/hkClKDJ9agoli9lZIxlhhYmw6RRvC16fwf9KuuB5yvRu/3LhcxlEAx+AEnAEP1EADXIMmaAECRuABPIFnhzuPzovzumhdcZYzR+AHnLdPpUGOCA==</latexit>

Silva,	Gambassi,	
Palmai,	Sotiriadis,	
Mussardo,	Calabrese,	
Goold	….	:			’08	–’18	

P (W ) ⇠ ✓(W � �E � 2m)(W � �E � 2m)↵
<latexit sha1_base64="8Bi2GHkRmsiCjprPkeTzTu6hO2A="></latexit><latexit sha1_base64="8Bi2GHkRmsiCjprPkeTzTu6hO2A="></latexit><latexit sha1_base64="8Bi2GHkRmsiCjprPkeTzTu6hO2A="></latexit><latexit sha1_base64="8Bi2GHkRmsiCjprPkeTzTu6hO2A="></latexit>

F = |h 0|�ii|2
<latexit sha1_base64="0ceRGHnQi4KAY7UaKuvgeCi5TyU="></latexit><latexit sha1_base64="0ceRGHnQi4KAY7UaKuvgeCi5TyU="></latexit><latexit sha1_base64="0ceRGHnQi4KAY7UaKuvgeCi5TyU="></latexit><latexit sha1_base64="0ceRGHnQi4KAY7UaKuvgeCi5TyU="></latexit>

Hf
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•  Reversible	and	irreversible	processes,		entropy	production,	spread	of	entanglement	

•  Fluctuation	theorems	:							Jarzynski	’97																																													Cohen-Galavotti	’95																											
Crooks	’99																																							and	more.	

				-	relate	equilibrium	and	nonequilibrium,	relate	forward	and	backward	evolution	
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•  Work	distribution	directly	measureable				



  Nonequilibrium  Dynamics –  Loschmidt amplitude 
•  Claim:		Work	distribution	is	related	to		Loschmidt		Amplitude			(Talkner	et	al		2007	)		
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Return	Probability		
Survival	probability	
Persistence	
	Scrambling	

Related	concepts:	

•  The	Loschmidt	amplitude	probes	the	full	Hilbert	space	of	states	

starting	from	and	weighted	by	overlaps	with	initial	state									|�ii
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•  May	exhibit	singularities	Dynamical	Quantum	Phase	Transitions		DQPT	(Heyl	’18	)																																																																																																																								
some	similarities	to	thermodynamic	phase	transitions,	Fisher	&Lee-Yang	zeroes	
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DQPT	depends	on	initial	state,	not	only	on	the	Hamiltonian	
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*<latexit sha1_base64="NdkMD5ugiC1UxMsJ2BX7VipXpbA=">AAAB73icdVBNS8NAEN3Ur1q/qh69LBbBU9jU0NZb0YvHCqYttKFstpt26WYTdzdKCf0TXjwo4tW/481/46atoKIPBh7vzTAzL0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEeiXksuwFWlDNBPc00p91EUhwFnHaCyWXud+6oVCwWN3qaUD/CI8FCRrA2UrfvJVjK+H5QriD7vFGrujWIbITqTtXJSbXunrnQMUqOCliiNSi/94cxSSMqNOFYqZ6DEu1nWGpGOJ2V+qmiCSYTPKI9QwWOqPKz+b0zeGKUIQxjaUpoOFe/T2Q4UmoaBaYzwnqsfnu5+JfXS3XY8DMmklRTQRaLwpRDHcP8eThkkhLNp4ZgIpm5FZIxlphoE1HJhPD1KfyftKu2g2zn2q00L5ZxFMEROAanwAF10ARXoAU8QAAHD+AJPFu31qP1Yr0uWgvWcuYQ/ID19gmdN5BY</latexit><latexit sha1_base64="NdkMD5ugiC1UxMsJ2BX7VipXpbA=">AAAB73icdVBNS8NAEN3Ur1q/qh69LBbBU9jU0NZb0YvHCqYttKFstpt26WYTdzdKCf0TXjwo4tW/481/46atoKIPBh7vzTAzL0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEeiXksuwFWlDNBPc00p91EUhwFnHaCyWXud+6oVCwWN3qaUD/CI8FCRrA2UrfvJVjK+H5QriD7vFGrujWIbITqTtXJSbXunrnQMUqOCliiNSi/94cxSSMqNOFYqZ6DEu1nWGpGOJ2V+qmiCSYTPKI9QwWOqPKz+b0zeGKUIQxjaUpoOFe/T2Q4UmoaBaYzwnqsfnu5+JfXS3XY8DMmklRTQRaLwpRDHcP8eThkkhLNp4ZgIpm5FZIxlphoE1HJhPD1KfyftKu2g2zn2q00L5ZxFMEROAanwAF10ARXoAU8QAAHD+AJPFu31qP1Yr0uWgvWcuYQ/ID19gmdN5BY</latexit><latexit sha1_base64="NdkMD5ugiC1UxMsJ2BX7VipXpbA=">AAAB73icdVBNS8NAEN3Ur1q/qh69LBbBU9jU0NZb0YvHCqYttKFstpt26WYTdzdKCf0TXjwo4tW/481/46atoKIPBh7vzTAzL0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEeiXksuwFWlDNBPc00p91EUhwFnHaCyWXud+6oVCwWN3qaUD/CI8FCRrA2UrfvJVjK+H5QriD7vFGrujWIbITqTtXJSbXunrnQMUqOCliiNSi/94cxSSMqNOFYqZ6DEu1nWGpGOJ2V+qmiCSYTPKI9QwWOqPKz+b0zeGKUIQxjaUpoOFe/T2Q4UmoaBaYzwnqsfnu5+JfXS3XY8DMmklRTQRaLwpRDHcP8eThkkhLNp4ZgIpm5FZIxlphoE1HJhPD1KfyftKu2g2zn2q00L5ZxFMEROAanwAF10ARXoAU8QAAHD+AJPFu31qP1Yr0uWgvWcuYQ/ID19gmdN5BY</latexit><latexit sha1_base64="NdkMD5ugiC1UxMsJ2BX7VipXpbA=">AAAB73icdVBNS8NAEN3Ur1q/qh69LBbBU9jU0NZb0YvHCqYttKFstpt26WYTdzdKCf0TXjwo4tW/481/46atoKIPBh7vzTAzL0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEeiXksuwFWlDNBPc00p91EUhwFnHaCyWXud+6oVCwWN3qaUD/CI8FCRrA2UrfvJVjK+H5QriD7vFGrujWIbITqTtXJSbXunrnQMUqOCliiNSi/94cxSSMqNOFYqZ6DEu1nWGpGOJ2V+qmiCSYTPKI9QwWOqPKz+b0zeGKUIQxjaUpoOFe/T2Q4UmoaBaYzwnqsfnu5+JfXS3XY8DMmklRTQRaLwpRDHcP8eThkkhLNp4ZgIpm5FZIxlphoE1HJhPD1KfyftKu2g2zn2q00L5ZxFMEROAanwAF10ARXoAU8QAAHD+AJPFu31qP1Yr0uWgvWcuYQ/ID19gmdN5BY</latexit>

*
<latexit sha1_base64="NdkMD5ugiC1UxMsJ2BX7VipXpbA=">AAAB73icdVBNS8NAEN3Ur1q/qh69LBbBU9jU0NZb0YvHCqYttKFstpt26WYTdzdKCf0TXjwo4tW/481/46atoKIPBh7vzTAzL0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEeiXksuwFWlDNBPc00p91EUhwFnHaCyWXud+6oVCwWN3qaUD/CI8FCRrA2UrfvJVjK+H5QriD7vFGrujWIbITqTtXJSbXunrnQMUqOCliiNSi/94cxSSMqNOFYqZ6DEu1nWGpGOJ2V+qmiCSYTPKI9QwWOqPKz+b0zeGKUIQxjaUpoOFe/T2Q4UmoaBaYzwnqsfnu5+JfXS3XY8DMmklRTQRaLwpRDHcP8eThkkhLNp4ZgIpm5FZIxlphoE1HJhPD1KfyftKu2g2zn2q00L5ZxFMEROAanwAF10ARXoAU8QAAHD+AJPFu31qP1Yr0uWgvWcuYQ/ID19gmdN5BY</latexit><latexit sha1_base64="NdkMD5ugiC1UxMsJ2BX7VipXpbA=">AAAB73icdVBNS8NAEN3Ur1q/qh69LBbBU9jU0NZb0YvHCqYttKFstpt26WYTdzdKCf0TXjwo4tW/481/46atoKIPBh7vzTAzL0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEeiXksuwFWlDNBPc00p91EUhwFnHaCyWXud+6oVCwWN3qaUD/CI8FCRrA2UrfvJVjK+H5QriD7vFGrujWIbITqTtXJSbXunrnQMUqOCliiNSi/94cxSSMqNOFYqZ6DEu1nWGpGOJ2V+qmiCSYTPKI9QwWOqPKz+b0zeGKUIQxjaUpoOFe/T2Q4UmoaBaYzwnqsfnu5+JfXS3XY8DMmklRTQRaLwpRDHcP8eThkkhLNp4ZgIpm5FZIxlphoE1HJhPD1KfyftKu2g2zn2q00L5ZxFMEROAanwAF10ARXoAU8QAAHD+AJPFu31qP1Yr0uWgvWcuYQ/ID19gmdN5BY</latexit><latexit sha1_base64="NdkMD5ugiC1UxMsJ2BX7VipXpbA=">AAAB73icdVBNS8NAEN3Ur1q/qh69LBbBU9jU0NZb0YvHCqYttKFstpt26WYTdzdKCf0TXjwo4tW/481/46atoKIPBh7vzTAzL0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEeiXksuwFWlDNBPc00p91EUhwFnHaCyWXud+6oVCwWN3qaUD/CI8FCRrA2UrfvJVjK+H5QriD7vFGrujWIbITqTtXJSbXunrnQMUqOCliiNSi/94cxSSMqNOFYqZ6DEu1nWGpGOJ2V+qmiCSYTPKI9QwWOqPKz+b0zeGKUIQxjaUpoOFe/T2Q4UmoaBaYzwnqsfnu5+JfXS3XY8DMmklRTQRaLwpRDHcP8eThkkhLNp4ZgIpm5FZIxlphoE1HJhPD1KfyftKu2g2zn2q00L5ZxFMEROAanwAF10ARXoAU8QAAHD+AJPFu31qP1Yr0uWgvWcuYQ/ID19gmdN5BY</latexit><latexit sha1_base64="NdkMD5ugiC1UxMsJ2BX7VipXpbA=">AAAB73icdVBNS8NAEN3Ur1q/qh69LBbBU9jU0NZb0YvHCqYttKFstpt26WYTdzdKCf0TXjwo4tW/481/46atoKIPBh7vzTAzL0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEeiXksuwFWlDNBPc00p91EUhwFnHaCyWXud+6oVCwWN3qaUD/CI8FCRrA2UrfvJVjK+H5QriD7vFGrujWIbITqTtXJSbXunrnQMUqOCliiNSi/94cxSSMqNOFYqZ6DEu1nWGpGOJ2V+qmiCSYTPKI9QwWOqPKz+b0zeGKUIQxjaUpoOFe/T2Q4UmoaBaYzwnqsfnu5+JfXS3XY8DMmklRTQRaLwpRDHcP8eThkkhLNp4ZgIpm5FZIxlphoE1HJhPD1KfyftKu2g2zn2q00L5ZxFMEROAanwAF10ARXoAU8QAAHD+AJPFu31qP1Yr0uWgvWcuYQ/ID19gmdN5BY</latexit>

G(t) = h�i| e�iHt |�ii
<latexit sha1_base64="asoaezXUUKQZn+xqA53UzewYkB8="></latexit><latexit sha1_base64="asoaezXUUKQZn+xqA53UzewYkB8="></latexit><latexit sha1_base64="asoaezXUUKQZn+xqA53UzewYkB8="></latexit><latexit sha1_base64="asoaezXUUKQZn+xqA53UzewYkB8="></latexit>

G(t) = h�i| e�iHt |�ii =
X

n

e�iEnt|h n|�ii|2
<latexit sha1_base64="1wN05gxCILpn/+yP3yirBWT2KT4="></latexit><latexit sha1_base64="1wN05gxCILpn/+yP3yirBWT2KT4="></latexit><latexit sha1_base64="1wN05gxCILpn/+yP3yirBWT2KT4="></latexit><latexit sha1_base64="1wN05gxCILpn/+yP3yirBWT2KT4="></latexit>



  Quench of an optical lattice: gapless scenario 
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<latexit sha1_base64="Qd4rAvKUQG80nBNVylTUvqM8beQ="></latexit><latexit sha1_base64="Qd4rAvKUQG80nBNVylTUvqM8beQ="></latexit><latexit sha1_base64="Qd4rAvKUQG80nBNVylTUvqM8beQ="></latexit><latexit sha1_base64="Qd4rAvKUQG80nBNVylTUvqM8beQ="></latexit>

-	Quench	protocol:	Release						neutral	bosons	from	a	deep	trap	N
<latexit sha1_base64="kry4aKGBkUAzwGtM/Svd6ftMmSo=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU9jE0NZb0YsnacG2QhvKZrtp1242YXcjlNBf4MWDIl79Sd78N27aCir6YODx3gwz84KEM6UR+rAKK6tr6xvFzdLW9s7uXnn/oKPiVBLaJjGP5W2AFeVM0LZmmtPbRFIcBZx2g8ll7nfvqVQsFjd6mlA/wiPBQkawNlLrelCuIPu8XnW9KkQ2QjXHdXLi1rwzDzpGyVEBSzQH5ff+MCZpRIUmHCvVc1Ci/QxLzQins1I/VTTBZIJHtGeowBFVfjY/dAZPjDKEYSxNCQ3n6veJDEdKTaPAdEZYj9VvLxf/8nqpDut+xkSSairIYlGYcqhjmH8Nh0xSovnUEEwkM7dCMsYSE22yKZkQvj6F/5OOazvIdlpepXGxjKMIjsAxOAUOqIEGuAJN0AYEUPAAnsCzdWc9Wi/W66K1YC1nDsEPWG+fBq+NFA==</latexit><latexit sha1_base64="kry4aKGBkUAzwGtM/Svd6ftMmSo=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU9jE0NZb0YsnacG2QhvKZrtp1242YXcjlNBf4MWDIl79Sd78N27aCir6YODx3gwz84KEM6UR+rAKK6tr6xvFzdLW9s7uXnn/oKPiVBLaJjGP5W2AFeVM0LZmmtPbRFIcBZx2g8ll7nfvqVQsFjd6mlA/wiPBQkawNlLrelCuIPu8XnW9KkQ2QjXHdXLi1rwzDzpGyVEBSzQH5ff+MCZpRIUmHCvVc1Ci/QxLzQins1I/VTTBZIJHtGeowBFVfjY/dAZPjDKEYSxNCQ3n6veJDEdKTaPAdEZYj9VvLxf/8nqpDut+xkSSairIYlGYcqhjmH8Nh0xSovnUEEwkM7dCMsYSE22yKZkQvj6F/5OOazvIdlpepXGxjKMIjsAxOAUOqIEGuAJN0AYEUPAAnsCzdWc9Wi/W66K1YC1nDsEPWG+fBq+NFA==</latexit><latexit sha1_base64="kry4aKGBkUAzwGtM/Svd6ftMmSo=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU9jE0NZb0YsnacG2QhvKZrtp1242YXcjlNBf4MWDIl79Sd78N27aCir6YODx3gwz84KEM6UR+rAKK6tr6xvFzdLW9s7uXnn/oKPiVBLaJjGP5W2AFeVM0LZmmtPbRFIcBZx2g8ll7nfvqVQsFjd6mlA/wiPBQkawNlLrelCuIPu8XnW9KkQ2QjXHdXLi1rwzDzpGyVEBSzQH5ff+MCZpRIUmHCvVc1Ci/QxLzQins1I/VTTBZIJHtGeowBFVfjY/dAZPjDKEYSxNCQ3n6veJDEdKTaPAdEZYj9VvLxf/8nqpDut+xkSSairIYlGYcqhjmH8Nh0xSovnUEEwkM7dCMsYSE22yKZkQvj6F/5OOazvIdlpepXGxjKMIjsAxOAUOqIEGuAJN0AYEUPAAnsCzdWc9Wi/W66K1YC1nDsEPWG+fBq+NFA==</latexit><latexit sha1_base64="kry4aKGBkUAzwGtM/Svd6ftMmSo=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU9jE0NZb0YsnacG2QhvKZrtp1242YXcjlNBf4MWDIl79Sd78N27aCir6YODx3gwz84KEM6UR+rAKK6tr6xvFzdLW9s7uXnn/oKPiVBLaJjGP5W2AFeVM0LZmmtPbRFIcBZx2g8ll7nfvqVQsFjd6mlA/wiPBQkawNlLrelCuIPu8XnW9KkQ2QjXHdXLi1rwzDzpGyVEBSzQH5ff+MCZpRIUmHCvVc1Ci/QxLzQins1I/VTTBZIJHtGeowBFVfjY/dAZPjDKEYSxNCQ3n6veJDEdKTaPAdEZYj9VvLxf/8nqpDut+xkSSairIYlGYcqhjmH8Nh0xSovnUEEwkM7dCMsYSE22yKZkQvj6F/5OOazvIdlpepXGxjKMIjsAxOAUOqIEGuAJN0AYEUPAAnsCzdWc9Wi/W66K1YC1nDsEPWG+fBq+NFA==</latexit>

-	Allow	them	to	evolve																																																								

-	Bosons	well	described	by	the	Lieb-Liniger		Hamiltonian			

Coupling:														repulsive,														attractive					c > 0
<latexit sha1_base64="pacsjw5LwcBogkYo+z3/QPd7VUo=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHUjRTcuK9oHtKFMppN26GQSZiZCCf0ENy4UcesXufNvnLQVVPTAhcM593LvPUHCmdIIfViFldW19Y3iZmlre2d3r7x/0FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOMLnK/c49lYrF4k5PE+pHeCRYyAjWRrolF2hQriD7vF51vSpENkI1x3Vy4ta8Mw86RslRAUs0B+X3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42P3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ7rfsZEkmoqyGJRmHKoY5j/DYdMUqL51BBMJDO3QjLGEhNt0imZEL4+hf+Ttms7yHZuvErjchlHERyBY3AKHFADDXANmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnxgYjas=</latexit><latexit sha1_base64="pacsjw5LwcBogkYo+z3/QPd7VUo=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHUjRTcuK9oHtKFMppN26GQSZiZCCf0ENy4UcesXufNvnLQVVPTAhcM593LvPUHCmdIIfViFldW19Y3iZmlre2d3r7x/0FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOMLnK/c49lYrF4k5PE+pHeCRYyAjWRrolF2hQriD7vF51vSpENkI1x3Vy4ta8Mw86RslRAUs0B+X3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42P3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ7rfsZEkmoqyGJRmHKoY5j/DYdMUqL51BBMJDO3QjLGEhNt0imZEL4+hf+Ttms7yHZuvErjchlHERyBY3AKHFADDXANmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnxgYjas=</latexit><latexit sha1_base64="pacsjw5LwcBogkYo+z3/QPd7VUo=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHUjRTcuK9oHtKFMppN26GQSZiZCCf0ENy4UcesXufNvnLQVVPTAhcM593LvPUHCmdIIfViFldW19Y3iZmlre2d3r7x/0FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOMLnK/c49lYrF4k5PE+pHeCRYyAjWRrolF2hQriD7vF51vSpENkI1x3Vy4ta8Mw86RslRAUs0B+X3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42P3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ7rfsZEkmoqyGJRmHKoY5j/DYdMUqL51BBMJDO3QjLGEhNt0imZEL4+hf+Ttms7yHZuvErjchlHERyBY3AKHFADDXANmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnxgYjas=</latexit><latexit sha1_base64="pacsjw5LwcBogkYo+z3/QPd7VUo=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHUjRTcuK9oHtKFMppN26GQSZiZCCf0ENy4UcesXufNvnLQVVPTAhcM593LvPUHCmdIIfViFldW19Y3iZmlre2d3r7x/0FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOMLnK/c49lYrF4k5PE+pHeCRYyAjWRrolF2hQriD7vF51vSpENkI1x3Vy4ta8Mw86RslRAUs0B+X3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42P3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ7rfsZEkmoqyGJRmHKoY5j/DYdMUqL51BBMJDO3QjLGEhNt0imZEL4+hf+Ttms7yHZuvErjchlHERyBY3AKHFADDXANmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnxgYjas=</latexit>

c < 0
<latexit sha1_base64="g2n4FrI/ZAl1+KujFaDfwHHvtjM=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtBVcFN24rGgf0IYymU7aoZNJmJkIJfQT3LhQxK1f5M6/cdJWUNEDFw7n3Mu99wQJZ0oj9GEVVlbX1jeKm6Wt7Z3dvfL+QVvFqSS0RWIey26AFeVM0JZmmtNuIimOAk47weQq9zv3VCoWizs9Tagf4ZFgISNYG+mWXKBBuYLs83rV9aoQ2QjVHNfJiVvzzjzoGCVHBSzRHJTf+8OYpBEVmnCsVM9BifYzLDUjnM5K/VTRBJMJHtGeoQJHVPnZ/NQZPDHKEIaxNCU0nKvfJzIcKTWNAtMZYT1Wv71c/MvrpTqs+xkTSaqpIItFYcqhjmH+NxwySYnmU0MwkczcCskYS0y0SadkQvj6FP5P2q7tINu58SqNy2UcRXAEjsEpcEANNMA1aIIWIGAEHsATeLa49Wi9WK+L1oK1nDkEP2C9fQIVDo2p</latexit><latexit sha1_base64="g2n4FrI/ZAl1+KujFaDfwHHvtjM=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtBVcFN24rGgf0IYymU7aoZNJmJkIJfQT3LhQxK1f5M6/cdJWUNEDFw7n3Mu99wQJZ0oj9GEVVlbX1jeKm6Wt7Z3dvfL+QVvFqSS0RWIey26AFeVM0JZmmtNuIimOAk47weQq9zv3VCoWizs9Tagf4ZFgISNYG+mWXKBBuYLs83rV9aoQ2QjVHNfJiVvzzjzoGCVHBSzRHJTf+8OYpBEVmnCsVM9BifYzLDUjnM5K/VTRBJMJHtGeoQJHVPnZ/NQZPDHKEIaxNCU0nKvfJzIcKTWNAtMZYT1Wv71c/MvrpTqs+xkTSaqpIItFYcqhjmH+NxwySYnmU0MwkczcCskYS0y0SadkQvj6FP5P2q7tINu58SqNy2UcRXAEjsEpcEANNMA1aIIWIGAEHsATeLa49Wi9WK+L1oK1nDkEP2C9fQIVDo2p</latexit><latexit sha1_base64="g2n4FrI/ZAl1+KujFaDfwHHvtjM=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtBVcFN24rGgf0IYymU7aoZNJmJkIJfQT3LhQxK1f5M6/cdJWUNEDFw7n3Mu99wQJZ0oj9GEVVlbX1jeKm6Wt7Z3dvfL+QVvFqSS0RWIey26AFeVM0JZmmtNuIimOAk47weQq9zv3VCoWizs9Tagf4ZFgISNYG+mWXKBBuYLs83rV9aoQ2QjVHNfJiVvzzjzoGCVHBSzRHJTf+8OYpBEVmnCsVM9BifYzLDUjnM5K/VTRBJMJHtGeoQJHVPnZ/NQZPDHKEIaxNCU0nKvfJzIcKTWNAtMZYT1Wv71c/MvrpTqs+xkTSaqpIItFYcqhjmH+NxwySYnmU0MwkczcCskYS0y0SadkQvj6FP5P2q7tINu58SqNy2UcRXAEjsEpcEANNMA1aIIWIGAEHsATeLa49Wi9WK+L1oK1nDkEP2C9fQIVDo2p</latexit><latexit sha1_base64="g2n4FrI/ZAl1+KujFaDfwHHvtjM=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtBVcFN24rGgf0IYymU7aoZNJmJkIJfQT3LhQxK1f5M6/cdJWUNEDFw7n3Mu99wQJZ0oj9GEVVlbX1jeKm6Wt7Z3dvfL+QVvFqSS0RWIey26AFeVM0JZmmtNuIimOAk47weQq9zv3VCoWizs9Tagf4ZFgISNYG+mWXKBBuYLs83rV9aoQ2QjVHNfJiVvzzjzoGCVHBSzRHJTf+8OYpBEVmnCsVM9BifYzLDUjnM5K/VTRBJMJHtGeoQJHVPnZ/NQZPDHKEIaxNCU0nKvfJzIcKTWNAtMZYT1Wv71c/MvrpTqs+xkTSaqpIItFYcqhjmH+NxwySYnmU0MwkczcCskYS0y0SadkQvj6FP5P2q7tINu58SqNy2UcRXAEjsEpcEANNMA1aIIWIGAEHsATeLa49Wi9WK+L1oK1nDkEP2C9fQIVDo2p</latexit>

| (t)i = e�itHLL | ii
<latexit sha1_base64="4kvi5Dz6yN4W9AE+VkRM7h9ZmyA="></latexit><latexit sha1_base64="4kvi5Dz6yN4W9AE+VkRM7h9ZmyA="></latexit><latexit sha1_base64="4kvi5Dz6yN4W9AE+VkRM7h9ZmyA="></latexit><latexit sha1_base64="4kvi5Dz6yN4W9AE+VkRM7h9ZmyA="></latexit>

-	How	to	calculate	evolution?			Use	partition	of	the	unity?		

-	But	what	are	the	eigenstates										and	how	to	calculate	overlaps?	|ni
<latexit sha1_base64="xOvvWwNHlkXf5z1+klWb6LbDymk=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunFZwT6kDWUynbRDZyZhZiKU2K9w40IRt36OO//GSVtBRQ9cOJxzL/feEyaMKu04H1ZhZXVtfaO4Wdra3tndK+8ftFWcSkxaOGax7IZIEUYFaWmqGekmkiAeMtIJJ5e537kjUtFY3OhpQgKORoJGFCNtpNt70ZdIjBgZlCuOfV6ven4VOrbj1FzPzYlX88986BolRwUs0RyU3/vDGKecCI0ZUqrnOokOMiQ1xYzMSv1UkQThCRqRnqECcaKCbH7wDJ4YZQijWJoSGs7V7xMZ4kpNeWg6OdJj9dvLxb+8XqqjepBRkaSaCLxYFKUM6hjm38MhlQRrNjUEYUnNrRCPkURYm4xKJoSvT+H/pO3ZrmO7136lcbGMowiOwDE4BS6ogQa4Ak3QAhhw8ACewLMlrUfrxXpdtBas5cwh+AHr7RN08ZDV</latexit><latexit sha1_base64="xOvvWwNHlkXf5z1+klWb6LbDymk=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunFZwT6kDWUynbRDZyZhZiKU2K9w40IRt36OO//GSVtBRQ9cOJxzL/feEyaMKu04H1ZhZXVtfaO4Wdra3tndK+8ftFWcSkxaOGax7IZIEUYFaWmqGekmkiAeMtIJJ5e537kjUtFY3OhpQgKORoJGFCNtpNt70ZdIjBgZlCuOfV6ven4VOrbj1FzPzYlX88986BolRwUs0RyU3/vDGKecCI0ZUqrnOokOMiQ1xYzMSv1UkQThCRqRnqECcaKCbH7wDJ4YZQijWJoSGs7V7xMZ4kpNeWg6OdJj9dvLxb+8XqqjepBRkaSaCLxYFKUM6hjm38MhlQRrNjUEYUnNrRCPkURYm4xKJoSvT+H/pO3ZrmO7136lcbGMowiOwDE4BS6ogQa4Ak3QAhhw8ACewLMlrUfrxXpdtBas5cwh+AHr7RN08ZDV</latexit><latexit sha1_base64="xOvvWwNHlkXf5z1+klWb6LbDymk=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunFZwT6kDWUynbRDZyZhZiKU2K9w40IRt36OO//GSVtBRQ9cOJxzL/feEyaMKu04H1ZhZXVtfaO4Wdra3tndK+8ftFWcSkxaOGax7IZIEUYFaWmqGekmkiAeMtIJJ5e537kjUtFY3OhpQgKORoJGFCNtpNt70ZdIjBgZlCuOfV6ven4VOrbj1FzPzYlX88986BolRwUs0RyU3/vDGKecCI0ZUqrnOokOMiQ1xYzMSv1UkQThCRqRnqECcaKCbH7wDJ4YZQijWJoSGs7V7xMZ4kpNeWg6OdJj9dvLxb+8XqqjepBRkaSaCLxYFKUM6hjm38MhlQRrNjUEYUnNrRCPkURYm4xKJoSvT+H/pO3ZrmO7136lcbGMowiOwDE4BS6ogQa4Ak3QAhhw8ACewLMlrUfrxXpdtBas5cwh+AHr7RN08ZDV</latexit><latexit sha1_base64="xOvvWwNHlkXf5z1+klWb6LbDymk=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunFZwT6kDWUynbRDZyZhZiKU2K9w40IRt36OO//GSVtBRQ9cOJxzL/feEyaMKu04H1ZhZXVtfaO4Wdra3tndK+8ftFWcSkxaOGax7IZIEUYFaWmqGekmkiAeMtIJJ5e537kjUtFY3OhpQgKORoJGFCNtpNt70ZdIjBgZlCuOfV6ven4VOrbj1FzPzYlX88986BolRwUs0RyU3/vDGKecCI0ZUqrnOokOMiQ1xYzMSv1UkQThCRqRnqECcaKCbH7wDJ4YZQijWJoSGs7V7xMZ4kpNeWg6OdJj9dvLxb+8XqqjepBRkaSaCLxYFKUM6hjm38MhlQRrNjUEYUnNrRCPkURYm4xKJoSvT+H/pO3ZrmO7136lcbGMowiOwDE4BS6ogQa4Ak3QAhhw8ACewLMlrUfrxXpdtBas5cwh+AHr7RN08ZDV</latexit>

HLL =
1

2m

Z
dx [�b

†(x)@2
xb(x) + c b

†(x)b(x)b†(x)b(x) ]
<latexit sha1_base64="b2jyY0wbI3ZuNez/dntUx2fOm5E="></latexit><latexit sha1_base64="b2jyY0wbI3ZuNez/dntUx2fOm5E="></latexit><latexit sha1_base64="b2jyY0wbI3ZuNez/dntUx2fOm5E="></latexit><latexit sha1_base64="b2jyY0wbI3ZuNez/dntUx2fOm5E="></latexit>

I.	Bloch	et	al	

| i(t)i = e�itHLL | ii = e�itHLL
X

n

|nihn| ii =
X

n

e�iEnt|nihn| ii
<latexit sha1_base64="c95NdIyNH0QE+DuVQts0mSMzGHE="></latexit><latexit sha1_base64="c95NdIyNH0QE+DuVQts0mSMzGHE="></latexit><latexit sha1_base64="c95NdIyNH0QE+DuVQts0mSMzGHE="></latexit><latexit sha1_base64="c95NdIyNH0QE+DuVQts0mSMzGHE="></latexit>

j = 1 · · ·N
<latexit sha1_base64="b6/whUxfrHkEaYWo9XYbdzUorhg=">AAAB8nicdVBNS8NAEN3Ur1q/qh69LBbBU0hqaetBKHrxJBVsLaShbDbbdu0mG3YnQin9GV48KOLVX+PNf+OmraCiDwYe780wMy9IBNfgOB9Wbml5ZXUtv17Y2Nza3inu7rW1TBVlLSqFVJ2AaCZ4zFrAQbBOohiJAsFug9FF5t/eM6W5jG9gnDA/IoOY9zklYCTv7szt0lCCxle9YsmxT+vVcqWKHdtxam7ZzUi5VjmpYNcoGUpogWav+N4NJU0jFgMVRGvPdRLwJ0QBp4JNC91Us4TQERkwz9CYREz7k9nJU3xklBD3pTIVA56p3ycmJNJ6HAWmMyIw1L+9TPzL81Lo1/0Jj5MUWEzni/qpwCBx9j8OuWIUxNgQQhU3t2I6JIpQMCkVTAhfn+L/Sbtsu47tXldKjfNFHHl0gA7RMXJRDTXQJWqiFqJIogf0hJ4tsB6tF+t13pqzFjP76Aest0/CSJDp</latexit><latexit sha1_base64="b6/whUxfrHkEaYWo9XYbdzUorhg=">AAAB8nicdVBNS8NAEN3Ur1q/qh69LBbBU0hqaetBKHrxJBVsLaShbDbbdu0mG3YnQin9GV48KOLVX+PNf+OmraCiDwYe780wMy9IBNfgOB9Wbml5ZXUtv17Y2Nza3inu7rW1TBVlLSqFVJ2AaCZ4zFrAQbBOohiJAsFug9FF5t/eM6W5jG9gnDA/IoOY9zklYCTv7szt0lCCxle9YsmxT+vVcqWKHdtxam7ZzUi5VjmpYNcoGUpogWav+N4NJU0jFgMVRGvPdRLwJ0QBp4JNC91Us4TQERkwz9CYREz7k9nJU3xklBD3pTIVA56p3ycmJNJ6HAWmMyIw1L+9TPzL81Lo1/0Jj5MUWEzni/qpwCBx9j8OuWIUxNgQQhU3t2I6JIpQMCkVTAhfn+L/Sbtsu47tXldKjfNFHHl0gA7RMXJRDTXQJWqiFqJIogf0hJ4tsB6tF+t13pqzFjP76Aest0/CSJDp</latexit><latexit sha1_base64="b6/whUxfrHkEaYWo9XYbdzUorhg=">AAAB8nicdVBNS8NAEN3Ur1q/qh69LBbBU0hqaetBKHrxJBVsLaShbDbbdu0mG3YnQin9GV48KOLVX+PNf+OmraCiDwYe780wMy9IBNfgOB9Wbml5ZXUtv17Y2Nza3inu7rW1TBVlLSqFVJ2AaCZ4zFrAQbBOohiJAsFug9FF5t/eM6W5jG9gnDA/IoOY9zklYCTv7szt0lCCxle9YsmxT+vVcqWKHdtxam7ZzUi5VjmpYNcoGUpogWav+N4NJU0jFgMVRGvPdRLwJ0QBp4JNC91Us4TQERkwz9CYREz7k9nJU3xklBD3pTIVA56p3ycmJNJ6HAWmMyIw1L+9TPzL81Lo1/0Jj5MUWEzni/qpwCBx9j8OuWIUxNgQQhU3t2I6JIpQMCkVTAhfn+L/Sbtsu47tXldKjfNFHHl0gA7RMXJRDTXQJWqiFqJIogf0hJ4tsB6tF+t13pqzFjP76Aest0/CSJDp</latexit><latexit sha1_base64="b6/whUxfrHkEaYWo9XYbdzUorhg=">AAAB8nicdVBNS8NAEN3Ur1q/qh69LBbBU0hqaetBKHrxJBVsLaShbDbbdu0mG3YnQin9GV48KOLVX+PNf+OmraCiDwYe780wMy9IBNfgOB9Wbml5ZXUtv17Y2Nza3inu7rW1TBVlLSqFVJ2AaCZ4zFrAQbBOohiJAsFug9FF5t/eM6W5jG9gnDA/IoOY9zklYCTv7szt0lCCxle9YsmxT+vVcqWKHdtxam7ZzUi5VjmpYNcoGUpogWav+N4NJU0jFgMVRGvPdRLwJ0QBp4JNC91Us4TQERkwz9CYREz7k9nJU3xklBD3pTIVA56p3ycmJNJ6HAWmMyIw1L+9TPzL81Lo1/0Jj5MUWEzni/qpwCBx9j8OuWIUxNgQQhU3t2I6JIpQMCkVTAhfn+L/Sbtsu47tXldKjfNFHHl0gA7RMXJRDTXQJWqiFqJIogf0hJ4tsB6tF+t13pqzFjP76Aest0/CSJDp</latexit>

x̄j = j�,
<latexit sha1_base64="OLEuSa69IBPPTGFiIjsXhOXL5VE=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgQkoSQ1sXQtGNywr2AU0Ik8m0nXbyYGYillDwV9y4UMSt3+HOv3HSVlDRAxcO59zLvff4CaNCGsaHtrC4tLyyWlgrrm9sbm3rO7stEacckyaOWcw7PhKE0Yg0JZWMdBJOUOgz0vZHl7nfviVc0Di6keOEuCHqR7RHMZJK8vR9x0c8u5t4Q3gOh9AJCJPoxNNLRvmsVrHsCjTKhlE1LTMnVtU+taGplBwlMEfD09+dIMZpSCKJGRKiaxqJdDPEJcWMTIpOKkiC8Aj1SVfRCIVEuNn0/Ak8UkoAezFXFUk4Vb9PZCgUYhz6qjNEciB+e7n4l9dNZa/mZjRKUkkiPFvUSxmUMcyzgAHlBEs2VgRhTtWtEA8QR1iqxIoqhK9P4f+kZZVNo2xe26X6xTyOAjgAh+AYmKAK6uAKNEATYJCBB/AEnrV77VF70V5nrQvafGYP/ID29glskpUi</latexit><latexit sha1_base64="OLEuSa69IBPPTGFiIjsXhOXL5VE=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgQkoSQ1sXQtGNywr2AU0Ik8m0nXbyYGYillDwV9y4UMSt3+HOv3HSVlDRAxcO59zLvff4CaNCGsaHtrC4tLyyWlgrrm9sbm3rO7stEacckyaOWcw7PhKE0Yg0JZWMdBJOUOgz0vZHl7nfviVc0Di6keOEuCHqR7RHMZJK8vR9x0c8u5t4Q3gOh9AJCJPoxNNLRvmsVrHsCjTKhlE1LTMnVtU+taGplBwlMEfD09+dIMZpSCKJGRKiaxqJdDPEJcWMTIpOKkiC8Aj1SVfRCIVEuNn0/Ak8UkoAezFXFUk4Vb9PZCgUYhz6qjNEciB+e7n4l9dNZa/mZjRKUkkiPFvUSxmUMcyzgAHlBEs2VgRhTtWtEA8QR1iqxIoqhK9P4f+kZZVNo2xe26X6xTyOAjgAh+AYmKAK6uAKNEATYJCBB/AEnrV77VF70V5nrQvafGYP/ID29glskpUi</latexit><latexit sha1_base64="OLEuSa69IBPPTGFiIjsXhOXL5VE=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgQkoSQ1sXQtGNywr2AU0Ik8m0nXbyYGYillDwV9y4UMSt3+HOv3HSVlDRAxcO59zLvff4CaNCGsaHtrC4tLyyWlgrrm9sbm3rO7stEacckyaOWcw7PhKE0Yg0JZWMdBJOUOgz0vZHl7nfviVc0Di6keOEuCHqR7RHMZJK8vR9x0c8u5t4Q3gOh9AJCJPoxNNLRvmsVrHsCjTKhlE1LTMnVtU+taGplBwlMEfD09+dIMZpSCKJGRKiaxqJdDPEJcWMTIpOKkiC8Aj1SVfRCIVEuNn0/Ak8UkoAezFXFUk4Vb9PZCgUYhz6qjNEciB+e7n4l9dNZa/mZjRKUkkiPFvUSxmUMcyzgAHlBEs2VgRhTtWtEA8QR1iqxIoqhK9P4f+kZZVNo2xe26X6xTyOAjgAh+AYmKAK6uAKNEATYJCBB/AEnrV77VF70V5nrQvafGYP/ID29glskpUi</latexit><latexit sha1_base64="OLEuSa69IBPPTGFiIjsXhOXL5VE=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgQkoSQ1sXQtGNywr2AU0Ik8m0nXbyYGYillDwV9y4UMSt3+HOv3HSVlDRAxcO59zLvff4CaNCGsaHtrC4tLyyWlgrrm9sbm3rO7stEacckyaOWcw7PhKE0Yg0JZWMdBJOUOgz0vZHl7nfviVc0Di6keOEuCHqR7RHMZJK8vR9x0c8u5t4Q3gOh9AJCJPoxNNLRvmsVrHsCjTKhlE1LTMnVtU+taGplBwlMEfD09+dIMZpSCKJGRKiaxqJdDPEJcWMTIpOKkiC8Aj1SVfRCIVEuNn0/Ak8UkoAezFXFUk4Vb9PZCgUYhz6qjNEciB+e7n4l9dNZa/mZjRKUkkiPFvUSxmUMcyzgAHlBEs2VgRhTtWtEA8QR1iqxIoqhK9P4f+kZZVNo2xe26X6xTyOAjgAh+AYmKAK6uAKNEATYJCBB/AEnrV77VF70V5nrQvafGYP/ID29glskpUi</latexit>

�
<latexit sha1_base64="C6J1wxvW8cNk0xI5Xc+34TkKBUg=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAiuQhJDW3dFNy4r2Ae0oUwmk3bsZCbMTIQS+g9uXCji1v9x5984aSuo6IELh3Pu5d57wpRRpR3nw1pZXVvf2Cxtlbd3dvf2KweHHSUyiUkbCyZkL0SKMMpJW1PNSC+VBCUhI91wclX43XsiFRX8Vk9TEiRoxGlMMdJG6gwiwjQaVqqOfdGoeX4NOrbj1F3PLYhX98996BqlQBUs0RpW3geRwFlCuMYMKdV3nVQHOZKaYkZm5UGmSIrwBI1I31COEqKCfH7tDJ4aJYKxkKa4hnP1+0SOEqWmSWg6E6TH6rdXiH95/UzHjSCnPM004XixKM4Y1AIWr8OISoI1mxqCsKTmVojHSCKsTUBlE8LXp/B/0vFs17HdG7/avFzGUQLH4AScARfUQRNcgxZoAwzuwAN4As+WsB6tF+t10bpiLWeOwA9Yb5/xm49e</latexit><latexit sha1_base64="C6J1wxvW8cNk0xI5Xc+34TkKBUg=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAiuQhJDW3dFNy4r2Ae0oUwmk3bsZCbMTIQS+g9uXCji1v9x5984aSuo6IELh3Pu5d57wpRRpR3nw1pZXVvf2Cxtlbd3dvf2KweHHSUyiUkbCyZkL0SKMMpJW1PNSC+VBCUhI91wclX43XsiFRX8Vk9TEiRoxGlMMdJG6gwiwjQaVqqOfdGoeX4NOrbj1F3PLYhX98996BqlQBUs0RpW3geRwFlCuMYMKdV3nVQHOZKaYkZm5UGmSIrwBI1I31COEqKCfH7tDJ4aJYKxkKa4hnP1+0SOEqWmSWg6E6TH6rdXiH95/UzHjSCnPM004XixKM4Y1AIWr8OISoI1mxqCsKTmVojHSCKsTUBlE8LXp/B/0vFs17HdG7/avFzGUQLH4AScARfUQRNcgxZoAwzuwAN4As+WsB6tF+t10bpiLWeOwA9Yb5/xm49e</latexit><latexit sha1_base64="C6J1wxvW8cNk0xI5Xc+34TkKBUg=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAiuQhJDW3dFNy4r2Ae0oUwmk3bsZCbMTIQS+g9uXCji1v9x5984aSuo6IELh3Pu5d57wpRRpR3nw1pZXVvf2Cxtlbd3dvf2KweHHSUyiUkbCyZkL0SKMMpJW1PNSC+VBCUhI91wclX43XsiFRX8Vk9TEiRoxGlMMdJG6gwiwjQaVqqOfdGoeX4NOrbj1F3PLYhX98996BqlQBUs0RpW3geRwFlCuMYMKdV3nVQHOZKaYkZm5UGmSIrwBI1I31COEqKCfH7tDJ4aJYKxkKa4hnP1+0SOEqWmSWg6E6TH6rdXiH95/UzHjSCnPM004XixKM4Y1AIWr8OISoI1mxqCsKTmVojHSCKsTUBlE8LXp/B/0vFs17HdG7/avFzGUQLH4AScARfUQRNcgxZoAwzuwAN4As+WsB6tF+t10bpiLWeOwA9Yb5/xm49e</latexit><latexit sha1_base64="C6J1wxvW8cNk0xI5Xc+34TkKBUg=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAiuQhJDW3dFNy4r2Ae0oUwmk3bsZCbMTIQS+g9uXCji1v9x5984aSuo6IELh3Pu5d57wpRRpR3nw1pZXVvf2Cxtlbd3dvf2KweHHSUyiUkbCyZkL0SKMMpJW1PNSC+VBCUhI91wclX43XsiFRX8Vk9TEiRoxGlMMdJG6gwiwjQaVqqOfdGoeX4NOrbj1F3PLYhX98996BqlQBUs0RpW3geRwFlCuMYMKdV3nVQHOZKaYkZm5UGmSIrwBI1I31COEqKCfH7tDJ4aJYKxkKa4hnP1+0SOEqWmSWg6E6TH6rdXiH95/UzHjSCnPM004XixKM4Y1AIWr8OISoI1mxqCsKTmVojHSCKsTUBlE8LXp/B/0vFs17HdG7/avFzGUQLH4AScARfUQRNcgxZoAwzuwAN4As+WsB6tF+t10bpiLWeOwA9Yb5/xm49e</latexit>

 
<latexit sha1_base64="3E4b9VAWAsG7YoUgcV4/JaDnan8=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOygn1gG8pkOmmHTiZhZqKU0L9w40IRt/6NO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek8vc79xRqVgsbvQ0oX6ER4KFjGBtpNs+p6HGUsb3g3IF2ef1qutVIbIRqjmukxO35p150DFKjgpYojkov/eHMUkjKjThWKmegxLtZ1hqRjidlfqpogkmEzyiPUMFjqjys/nFM3hilCEMY2lKaDhXv09kOFJqGgWmM8J6rH57ufiX10t1WPczJpJUU0EWi8KUQx3D/H04ZJISzaeGYCKZuRWSMZaYaBNSyYTw9Sn8n7Rd20G2c+1VGhfLOIrgCByDU+CAGmiAK9AELUCAAA/gCTxbynq0XqzXRWvBWs4cgh+w3j4BSyiRUg==</latexit><latexit sha1_base64="3E4b9VAWAsG7YoUgcV4/JaDnan8=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOygn1gG8pkOmmHTiZhZqKU0L9w40IRt/6NO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek8vc79xRqVgsbvQ0oX6ER4KFjGBtpNs+p6HGUsb3g3IF2ef1qutVIbIRqjmukxO35p150DFKjgpYojkov/eHMUkjKjThWKmegxLtZ1hqRjidlfqpogkmEzyiPUMFjqjys/nFM3hilCEMY2lKaDhXv09kOFJqGgWmM8J6rH57ufiX10t1WPczJpJUU0EWi8KUQx3D/H04ZJISzaeGYCKZuRWSMZaYaBNSyYTw9Sn8n7Rd20G2c+1VGhfLOIrgCByDU+CAGmiAK9AELUCAAA/gCTxbynq0XqzXRWvBWs4cgh+w3j4BSyiRUg==</latexit><latexit sha1_base64="3E4b9VAWAsG7YoUgcV4/JaDnan8=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOygn1gG8pkOmmHTiZhZqKU0L9w40IRt/6NO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek8vc79xRqVgsbvQ0oX6ER4KFjGBtpNs+p6HGUsb3g3IF2ef1qutVIbIRqjmukxO35p150DFKjgpYojkov/eHMUkjKjThWKmegxLtZ1hqRjidlfqpogkmEzyiPUMFjqjys/nFM3hilCEMY2lKaDhXv09kOFJqGgWmM8J6rH57ufiX10t1WPczJpJUU0EWi8KUQx3D/H04ZJISzaeGYCKZuRWSMZaYaBNSyYTw9Sn8n7Rd20G2c+1VGhfLOIrgCByDU+CAGmiAK9AELUCAAA/gCTxbynq0XqzXRWvBWs4cgh+w3j4BSyiRUg==</latexit><latexit sha1_base64="3E4b9VAWAsG7YoUgcV4/JaDnan8=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOygn1gG8pkOmmHTiZhZqKU0L9w40IRt/6NO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek8vc79xRqVgsbvQ0oX6ER4KFjGBtpNs+p6HGUsb3g3IF2ef1qutVIbIRqjmukxO35p150DFKjgpYojkov/eHMUkjKjThWKmegxLtZ1hqRjidlfqpogkmEzyiPUMFjqjys/nFM3hilCEMY2lKaDhXv09kOFJqGgWmM8J6rH57ufiX10t1WPczJpJUU0EWi8KUQx3D/H04ZJISzaeGYCKZuRWSMZaYaBNSyYTw9Sn8n7Rd20G2c+1VGhfLOIrgCByDU+CAGmiAK9AELUCAAA/gCTxbynq0XqzXRWvBWs4cgh+w3j4BSyiRUg==</latexit>

!
<latexit sha1_base64="NsuyaCWb/eldzmac0z5vs/S/up8=">AAAB8nicdVBNS8NAEN34WetX1aOXxSJ4CkkMbb0VvXisYD8gDWWz3bZLN9mwO1FK6c/w4kERr/4ab/4bN20FFX0w8Hhvhpl5USq4Bsf5sFZW19Y3Ngtbxe2d3b390sFhS8tMUdakUkjViYhmgiesCRwE66SKkTgSrB2Nr3K/fceU5jK5hUnKwpgMEz7glICRgq7iwxEQpeR9r1R27ItaxfMr2LEdp+p6bk68qn/uY9coOcpoiUav9N7tS5rFLAEqiNaB66QQTokCTgWbFbuZZimhYzJkgaEJiZkOp/OTZ/jUKH08kMpUAniufp+YkljrSRyZzpjASP/2cvEvL8hgUAunPEkzYAldLBpkAoPE+f+4zxWjICaGEKq4uRXTEVGEgkmpaEL4+hT/T1qe7Tq2e+OX65fLOAroGJ2gM+SiKqqja9RATUSRRA/oCT1bYD1aL9bronXFWs4coR+w3j4BItmRzw==</latexit><latexit sha1_base64="NsuyaCWb/eldzmac0z5vs/S/up8=">AAAB8nicdVBNS8NAEN34WetX1aOXxSJ4CkkMbb0VvXisYD8gDWWz3bZLN9mwO1FK6c/w4kERr/4ab/4bN20FFX0w8Hhvhpl5USq4Bsf5sFZW19Y3Ngtbxe2d3b390sFhS8tMUdakUkjViYhmgiesCRwE66SKkTgSrB2Nr3K/fceU5jK5hUnKwpgMEz7glICRgq7iwxEQpeR9r1R27ItaxfMr2LEdp+p6bk68qn/uY9coOcpoiUav9N7tS5rFLAEqiNaB66QQTokCTgWbFbuZZimhYzJkgaEJiZkOp/OTZ/jUKH08kMpUAniufp+YkljrSRyZzpjASP/2cvEvL8hgUAunPEkzYAldLBpkAoPE+f+4zxWjICaGEKq4uRXTEVGEgkmpaEL4+hT/T1qe7Tq2e+OX65fLOAroGJ2gM+SiKqqja9RATUSRRA/oCT1bYD1aL9bronXFWs4coR+w3j4BItmRzw==</latexit><latexit sha1_base64="NsuyaCWb/eldzmac0z5vs/S/up8=">AAAB8nicdVBNS8NAEN34WetX1aOXxSJ4CkkMbb0VvXisYD8gDWWz3bZLN9mwO1FK6c/w4kERr/4ab/4bN20FFX0w8Hhvhpl5USq4Bsf5sFZW19Y3Ngtbxe2d3b390sFhS8tMUdakUkjViYhmgiesCRwE66SKkTgSrB2Nr3K/fceU5jK5hUnKwpgMEz7glICRgq7iwxEQpeR9r1R27ItaxfMr2LEdp+p6bk68qn/uY9coOcpoiUav9N7tS5rFLAEqiNaB66QQTokCTgWbFbuZZimhYzJkgaEJiZkOp/OTZ/jUKH08kMpUAniufp+YkljrSRyZzpjASP/2cvEvL8hgUAunPEkzYAldLBpkAoPE+f+4zxWjICaGEKq4uRXTEVGEgkmpaEL4+hT/T1qe7Tq2e+OX65fLOAroGJ2gM+SiKqqja9RATUSRRA/oCT1bYD1aL9bronXFWs4coR+w3j4BItmRzw==</latexit><latexit sha1_base64="NsuyaCWb/eldzmac0z5vs/S/up8=">AAAB8nicdVBNS8NAEN34WetX1aOXxSJ4CkkMbb0VvXisYD8gDWWz3bZLN9mwO1FK6c/w4kERr/4ab/4bN20FFX0w8Hhvhpl5USq4Bsf5sFZW19Y3Ngtbxe2d3b390sFhS8tMUdakUkjViYhmgiesCRwE66SKkTgSrB2Nr3K/fceU5jK5hUnKwpgMEz7glICRgq7iwxEQpeR9r1R27ItaxfMr2LEdp+p6bk68qn/uY9coOcpoiUav9N7tS5rFLAEqiNaB66QQTokCTgWbFbuZZimhYzJkgaEJiZkOp/OTZ/jUKH08kMpUAniufp+YkljrSRyZzpjASP/2cvEvL8hgUAunPEkzYAldLBpkAoPE+f+4zxWjICaGEKq4uRXTEVGEgkmpaEL4+hT/T1qe7Tq2e+OX65fLOAroGJ2gM+SiKqqja9RATUSRRA/oCT1bYD1aL9bronXFWs4coR+w3j4BItmRzw==</latexit>

!
<latexit sha1_base64="r/3ceL56ZKpaw3QoVo8AVSzEvbI=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAiuQlJDW3dFNy4r2Ae0oUymk3bsPMLMRCih/+DGhSJu/R93/o2TtoKKHrhwOOde7r0nShjVxvM+nJXVtfWNzcJWcXtnd2+/dHDY1jJVmLSwZFJ1I6QJo4K0DDWMdBNFEI8Y6USTq9zv3BOlqRS3ZpqQkKORoDHFyFip3ZecjNCgVPbci3q1ElSh53peza/4OanUgvMA+lbJUQZLNAel9/5Q4pQTYTBDWvd8LzFhhpShmJFZsZ9qkiA8QSPSs1QgTnSYza+dwVOrDGEslS1h4Fz9PpEhrvWUR7aTIzPWv71c/MvrpSauhxkVSWqIwItFccqgkTB/HQ6pItiwqSUIK2pvhXiMFMLGBlS0IXx9Cv8n7Yrre65/E5Qbl8s4CuAYnIAz4IMaaIBr0AQtgMEdeABP4NmRzqPz4rwuWlec5cwR+AHn7RPwQI9d</latexit><latexit sha1_base64="r/3ceL56ZKpaw3QoVo8AVSzEvbI=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAiuQlJDW3dFNy4r2Ae0oUymk3bsPMLMRCih/+DGhSJu/R93/o2TtoKKHrhwOOde7r0nShjVxvM+nJXVtfWNzcJWcXtnd2+/dHDY1jJVmLSwZFJ1I6QJo4K0DDWMdBNFEI8Y6USTq9zv3BOlqRS3ZpqQkKORoDHFyFip3ZecjNCgVPbci3q1ElSh53peza/4OanUgvMA+lbJUQZLNAel9/5Q4pQTYTBDWvd8LzFhhpShmJFZsZ9qkiA8QSPSs1QgTnSYza+dwVOrDGEslS1h4Fz9PpEhrvWUR7aTIzPWv71c/MvrpSauhxkVSWqIwItFccqgkTB/HQ6pItiwqSUIK2pvhXiMFMLGBlS0IXx9Cv8n7Yrre65/E5Qbl8s4CuAYnIAz4IMaaIBr0AQtgMEdeABP4NmRzqPz4rwuWlec5cwR+AHn7RPwQI9d</latexit><latexit sha1_base64="r/3ceL56ZKpaw3QoVo8AVSzEvbI=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAiuQlJDW3dFNy4r2Ae0oUymk3bsPMLMRCih/+DGhSJu/R93/o2TtoKKHrhwOOde7r0nShjVxvM+nJXVtfWNzcJWcXtnd2+/dHDY1jJVmLSwZFJ1I6QJo4K0DDWMdBNFEI8Y6USTq9zv3BOlqRS3ZpqQkKORoDHFyFip3ZecjNCgVPbci3q1ElSh53peza/4OanUgvMA+lbJUQZLNAel9/5Q4pQTYTBDWvd8LzFhhpShmJFZsZ9qkiA8QSPSs1QgTnSYza+dwVOrDGEslS1h4Fz9PpEhrvWUR7aTIzPWv71c/MvrpSauhxkVSWqIwItFccqgkTB/HQ6pItiwqSUIK2pvhXiMFMLGBlS0IXx9Cv8n7Yrre65/E5Qbl8s4CuAYnIAz4IMaaIBr0AQtgMEdeABP4NmRzqPz4rwuWlec5cwR+AHn7RPwQI9d</latexit><latexit sha1_base64="r/3ceL56ZKpaw3QoVo8AVSzEvbI=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAiuQlJDW3dFNy4r2Ae0oUymk3bsPMLMRCih/+DGhSJu/R93/o2TtoKKHrhwOOde7r0nShjVxvM+nJXVtfWNzcJWcXtnd2+/dHDY1jJVmLSwZFJ1I6QJo4K0DDWMdBNFEI8Y6USTq9zv3BOlqRS3ZpqQkKORoDHFyFip3ZecjNCgVPbci3q1ElSh53peza/4OanUgvMA+lbJUQZLNAel9/5Q4pQTYTBDWvd8LzFhhpShmJFZsZ9qkiA8QSPSs1QgTnSYza+dwVOrDGEslS1h4Fz9PpEhrvWUR7aTIzPWv71c/MvrpSauhxkVSWqIwItFccqgkTB/HQ6pItiwqSUIK2pvhXiMFMLGBlS0IXx9Cv8n7Yrre65/E5Qbl8s4CuAYnIAz4IMaaIBr0AQtgMEdeABP4NmRzqPz4rwuWlec5cwR+AHn7RPwQI9d</latexit>

Localized	peaks	broaden	and	bosons	begin	to	collide	



  Eigenstates and Yudson states 
•  The	exact	eigenstates	of	the	Lieb-Liniger	model					(Lieb-Liniger	‘63)	

|{kj}i =
Z

dNx
NY

i,j=1
i<j

ki � kj � ic sgn(xi � xj)

ki � kj � ic

NY

l=1

eiklxlb†(xl)|0i

<latexit sha1_base64="BQGM9DhCPtY0dI0hsfhigNu6YsU="></latexit><latexit sha1_base64="BQGM9DhCPtY0dI0hsfhigNu6YsU="></latexit><latexit sha1_base64="BQGM9DhCPtY0dI0hsfhigNu6YsU="></latexit><latexit sha1_base64="BQGM9DhCPtY0dI0hsfhigNu6YsU="></latexit>

For		PBC		the	momenta		satisfy	 kj =
2⇡

L
nj � 1

L

X

l 6=j

'(kj � kl)

<latexit sha1_base64="l3+DjWx2UlEyu4mvN8kWFj4+xHE="></latexit><latexit sha1_base64="l3+DjWx2UlEyu4mvN8kWFj4+xHE="></latexit><latexit sha1_base64="l3+DjWx2UlEyu4mvN8kWFj4+xHE="></latexit><latexit sha1_base64="l3+DjWx2UlEyu4mvN8kWFj4+xHE="></latexit>

'(x) = 2 arctan (x/c)
<latexit sha1_base64="gDerqA4BmOmzJBh5gHaaBA72AIo=">AAACA3icdVBNS8NAEN34WetX1ZteFotQLzWJxdaDUPTisYJVoQllst3apZtN2N1ISyh48a948aCIV/+EN/+Nm1pBRR8MPN6bYWZeEHOmtG2/W1PTM7Nz87mF/OLS8spqYW39QkWJJLRJIh7JqwAU5UzQpmaa06tYUggDTi+D/knmX95QqVgkzvUwpn4I14J1GQFtpHZh07sBGfdYabB75HogiQaRlgZ7ZHfULhTt8mHtwK0cYLts21XHdTLiViv7FewYJUMRTdBoF968TkSSkApNOCjVcuxY+ylIzQino7yXKBoD6cM1bRkqIKTKT8c/jPCOUTq4G0lTQuOx+n0ihVCpYRiYzhB0T/32MvEvr5Xobs1PmYgTTQX5XNRNONYRzgLBHSYp0XxoCBDJzK2Y9EAC0Sa2vAnh61P8P7lwy45dds4qxfrxJI4c2kLbqIQcVEV1dIoaqIkIukX36BE9WXfWg/VsvXy2TlmTmQ30A9brByu0lzc=</latexit><latexit sha1_base64="gDerqA4BmOmzJBh5gHaaBA72AIo=">AAACA3icdVBNS8NAEN34WetX1ZteFotQLzWJxdaDUPTisYJVoQllst3apZtN2N1ISyh48a948aCIV/+EN/+Nm1pBRR8MPN6bYWZeEHOmtG2/W1PTM7Nz87mF/OLS8spqYW39QkWJJLRJIh7JqwAU5UzQpmaa06tYUggDTi+D/knmX95QqVgkzvUwpn4I14J1GQFtpHZh07sBGfdYabB75HogiQaRlgZ7ZHfULhTt8mHtwK0cYLts21XHdTLiViv7FewYJUMRTdBoF968TkSSkApNOCjVcuxY+ylIzQino7yXKBoD6cM1bRkqIKTKT8c/jPCOUTq4G0lTQuOx+n0ihVCpYRiYzhB0T/32MvEvr5Xobs1PmYgTTQX5XNRNONYRzgLBHSYp0XxoCBDJzK2Y9EAC0Sa2vAnh61P8P7lwy45dds4qxfrxJI4c2kLbqIQcVEV1dIoaqIkIukX36BE9WXfWg/VsvXy2TlmTmQ30A9brByu0lzc=</latexit><latexit sha1_base64="gDerqA4BmOmzJBh5gHaaBA72AIo=">AAACA3icdVBNS8NAEN34WetX1ZteFotQLzWJxdaDUPTisYJVoQllst3apZtN2N1ISyh48a948aCIV/+EN/+Nm1pBRR8MPN6bYWZeEHOmtG2/W1PTM7Nz87mF/OLS8spqYW39QkWJJLRJIh7JqwAU5UzQpmaa06tYUggDTi+D/knmX95QqVgkzvUwpn4I14J1GQFtpHZh07sBGfdYabB75HogiQaRlgZ7ZHfULhTt8mHtwK0cYLts21XHdTLiViv7FewYJUMRTdBoF968TkSSkApNOCjVcuxY+ylIzQino7yXKBoD6cM1bRkqIKTKT8c/jPCOUTq4G0lTQuOx+n0ihVCpYRiYzhB0T/32MvEvr5Xobs1PmYgTTQX5XNRNONYRzgLBHSYp0XxoCBDJzK2Y9EAC0Sa2vAnh61P8P7lwy45dds4qxfrxJI4c2kLbqIQcVEV1dIoaqIkIukX36BE9WXfWg/VsvXy2TlmTmQ30A9brByu0lzc=</latexit><latexit sha1_base64="gDerqA4BmOmzJBh5gHaaBA72AIo=">AAACA3icdVBNS8NAEN34WetX1ZteFotQLzWJxdaDUPTisYJVoQllst3apZtN2N1ISyh48a948aCIV/+EN/+Nm1pBRR8MPN6bYWZeEHOmtG2/W1PTM7Nz87mF/OLS8spqYW39QkWJJLRJIh7JqwAU5UzQpmaa06tYUggDTi+D/knmX95QqVgkzvUwpn4I14J1GQFtpHZh07sBGfdYabB75HogiQaRlgZ7ZHfULhTt8mHtwK0cYLts21XHdTLiViv7FewYJUMRTdBoF968TkSSkApNOCjVcuxY+ylIzQino7yXKBoD6cM1bRkqIKTKT8c/jPCOUTq4G0lTQuOx+n0ihVCpYRiYzhB0T/32MvEvr5Xobs1PmYgTTQX5XNRNONYRzgLBHSYp0XxoCBDJzK2Y9EAC0Sa2vAnh61P8P7lwy45dds4qxfrxJI4c2kLbqIQcVEV1dIoaqIkIukX36BE9WXfWg/VsvXy2TlmTmQ30A9brByu0lzc=</latexit>

with	

The	integer	quantum	numbers											determine	the	momenta								,	denote	eigenstates	{nj}
<latexit sha1_base64="yCKsdrgP5YvHcG+GOnjLDLJitJ4=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSY1tHVXdOOygn1gE8pkOmnHTiZhZiKU0L9w40IRt/6NO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0Gk8vc795TqVgsbvQ0oX6ER4KFjGBtpFsvg2JwB70ZHJQryD5v1KpuDSIbobpTdXJSrbtnLnSMkqMClmgNyu/eMCZpRIUmHCvVd1Ci/QxLzQins5KXKppgMsEj2jdU4IgqP5tfPIMnRhnCMJamhIZz9ftEhiOlplFgOiOsx+q3l4t/ef1Uhw0/YyJJNRVksShMOdQxzN+HQyYp0XxqCCaSmVshGWOJiTYhlUwIX5/C/0mnajvIdq7dSvNiGUcRHIFjcAocUAdNcAVaoA0IEOABPIFnS1mP1ov1umgtWMuZQ/AD1tsn5EqQZw==</latexit><latexit sha1_base64="yCKsdrgP5YvHcG+GOnjLDLJitJ4=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSY1tHVXdOOygn1gE8pkOmnHTiZhZiKU0L9w40IRt/6NO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0Gk8vc795TqVgsbvQ0oX6ER4KFjGBtpFsvg2JwB70ZHJQryD5v1KpuDSIbobpTdXJSrbtnLnSMkqMClmgNyu/eMCZpRIUmHCvVd1Ci/QxLzQins5KXKppgMsEj2jdU4IgqP5tfPIMnRhnCMJamhIZz9ftEhiOlplFgOiOsx+q3l4t/ef1Uhw0/YyJJNRVksShMOdQxzN+HQyYp0XxqCCaSmVshGWOJiTYhlUwIX5/C/0mnajvIdq7dSvNiGUcRHIFjcAocUAdNcAVaoA0IEOABPIFnS1mP1ov1umgtWMuZQ/AD1tsn5EqQZw==</latexit><latexit sha1_base64="yCKsdrgP5YvHcG+GOnjLDLJitJ4=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSY1tHVXdOOygn1gE8pkOmnHTiZhZiKU0L9w40IRt/6NO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0Gk8vc795TqVgsbvQ0oX6ER4KFjGBtpFsvg2JwB70ZHJQryD5v1KpuDSIbobpTdXJSrbtnLnSMkqMClmgNyu/eMCZpRIUmHCvVd1Ci/QxLzQins5KXKppgMsEj2jdU4IgqP5tfPIMnRhnCMJamhIZz9ftEhiOlplFgOiOsx+q3l4t/ef1Uhw0/YyJJNRVksShMOdQxzN+HQyYp0XxqCCaSmVshGWOJiTYhlUwIX5/C/0mnajvIdq7dSvNiGUcRHIFjcAocUAdNcAVaoA0IEOABPIFnS1mP1ov1umgtWMuZQ/AD1tsn5EqQZw==</latexit><latexit sha1_base64="yCKsdrgP5YvHcG+GOnjLDLJitJ4=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSY1tHVXdOOygn1gE8pkOmnHTiZhZiKU0L9w40IRt/6NO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0Gk8vc795TqVgsbvQ0oX6ER4KFjGBtpFsvg2JwB70ZHJQryD5v1KpuDSIbobpTdXJSrbtnLnSMkqMClmgNyu/eMCZpRIUmHCvVd1Ci/QxLzQins5KXKppgMsEj2jdU4IgqP5tfPIMnRhnCMJamhIZz9ftEhiOlplFgOiOsx+q3l4t/ef1Uhw0/YyJJNRVksShMOdQxzN+HQyYp0XxqCCaSmVshGWOJiTYhlUwIX5/C/0mnajvIdq7dSvNiGUcRHIFjcAocUAdNcAVaoA0IEOABPIFnS1mP1ov1umgtWMuZQ/AD1tsn5EqQZw==</latexit>

{kj}
<latexit sha1_base64="xzI8kHf1GXSrtWzZrz7IGZfJzWk=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSY1tHVXdOOygn1gE8pkOmnHTiZhZiKU0L9w40IRt/6NO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0Gk8vc795TqVgsbvQ0oX6ER4KFjGBtpFsvg5PBHfRmcFCuIPu8Uau6NYhshOpO1clJte6eudAxSo4KWKI1KL97w5ikERWacKxU30GJ9jMsNSOczkpeqmiCyQSPaN9QgSOq/Gx+8QyeGGUIw1iaEhrO1e8TGY6UmkaB6YywHqvfXi7+5fVTHTb8jIkk1VSQxaIw5VDHMH8fDpmkRPOpIZhIZm6FZIwlJtqEVDIhfH0K/yedqu0g27l2K82LZRxFcASOwSlwQB00wRVogTYgQIAH8ASeLWU9Wi/W66K1YC1nDsEPWG+f36yQZA==</latexit><latexit sha1_base64="xzI8kHf1GXSrtWzZrz7IGZfJzWk=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSY1tHVXdOOygn1gE8pkOmnHTiZhZiKU0L9w40IRt/6NO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0Gk8vc795TqVgsbvQ0oX6ER4KFjGBtpFsvg5PBHfRmcFCuIPu8Uau6NYhshOpO1clJte6eudAxSo4KWKI1KL97w5ikERWacKxU30GJ9jMsNSOczkpeqmiCyQSPaN9QgSOq/Gx+8QyeGGUIw1iaEhrO1e8TGY6UmkaB6YywHqvfXi7+5fVTHTb8jIkk1VSQxaIw5VDHMH8fDpmkRPOpIZhIZm6FZIwlJtqEVDIhfH0K/yedqu0g27l2K82LZRxFcASOwSlwQB00wRVogTYgQIAH8ASeLWU9Wi/W66K1YC1nDsEPWG+f36yQZA==</latexit><latexit sha1_base64="xzI8kHf1GXSrtWzZrz7IGZfJzWk=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSY1tHVXdOOygn1gE8pkOmnHTiZhZiKU0L9w40IRt/6NO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0Gk8vc795TqVgsbvQ0oX6ER4KFjGBtpFsvg5PBHfRmcFCuIPu8Uau6NYhshOpO1clJte6eudAxSo4KWKI1KL97w5ikERWacKxU30GJ9jMsNSOczkpeqmiCyQSPaN9QgSOq/Gx+8QyeGGUIw1iaEhrO1e8TGY6UmkaB6YywHqvfXi7+5fVTHTb8jIkk1VSQxaIw5VDHMH8fDpmkRPOpIZhIZm6FZIwlJtqEVDIhfH0K/yedqu0g27l2K82LZRxFcASOwSlwQB00wRVogTYgQIAH8ASeLWU9Wi/W66K1YC1nDsEPWG+f36yQZA==</latexit><latexit sha1_base64="xzI8kHf1GXSrtWzZrz7IGZfJzWk=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSY1tHVXdOOygn1gE8pkOmnHTiZhZiKU0L9w40IRt/6NO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0Gk8vc795TqVgsbvQ0oX6ER4KFjGBtpFsvg5PBHfRmcFCuIPu8Uau6NYhshOpO1clJte6eudAxSo4KWKI1KL97w5ikERWacKxU30GJ9jMsNSOczkpeqmiCyQSPaN9QgSOq/Gx+8QyeGGUIw1iaEhrO1e8TGY6UmkaB6YywHqvfXi7+5fVTHTb8jIkk1VSQxaIw5VDHMH8fDpmkRPOpIZhIZm6FZIwlJtqEVDIhfH0K/yedqu0g27l2K82LZRxFcASOwSlwQB00wRVogTYgQIAH8ASeLWU9Wi/W66K1YC1nDsEPWG+f36yQZA==</latexit>

|{nj}i
<latexit sha1_base64="5MW4ENgCh8XmKdJDKNEEXKEiI44=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgqiQ1tHVXdOOygn1AE8JkOm3HTiZhZiKEWH/FjQtF3Poh7vwbJ20FFT1w4XDOvdx7TxAzKpVlfRiFldW19Y3iZmlre2d3z9w/6MooEZh0cMQi0Q+QJIxy0lFUMdKPBUFhwEgvmF7kfu+WCEkjfq3SmHghGnM6ohgpLflm+c7NIPdvoDuDrkB8zAj0zYpVPWvWa04dWlXLatg1Oye1hnPqQFsrOSpgibZvvrvDCCch4QozJOXAtmLlZUgoihmZldxEkhjhKRqTgaYchUR62fz4GTzWyhCOIqGLKzhXv09kKJQyDQPdGSI1kb+9XPzLGyRq1PQyyuNEEY4Xi0YJgyqCeRJwSAXBiqWaICyovhXiCRIIK51XSYfw9Sn8n3RrVduq2ldOpXW+jKMIDsEROAE2aIAWuARt0AEYpOABPIFn4954NF6M10VrwVjOlMEPGG+fD1SUYw==</latexit><latexit sha1_base64="5MW4ENgCh8XmKdJDKNEEXKEiI44=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgqiQ1tHVXdOOygn1AE8JkOm3HTiZhZiKEWH/FjQtF3Poh7vwbJ20FFT1w4XDOvdx7TxAzKpVlfRiFldW19Y3iZmlre2d3z9w/6MooEZh0cMQi0Q+QJIxy0lFUMdKPBUFhwEgvmF7kfu+WCEkjfq3SmHghGnM6ohgpLflm+c7NIPdvoDuDrkB8zAj0zYpVPWvWa04dWlXLatg1Oye1hnPqQFsrOSpgibZvvrvDCCch4QozJOXAtmLlZUgoihmZldxEkhjhKRqTgaYchUR62fz4GTzWyhCOIqGLKzhXv09kKJQyDQPdGSI1kb+9XPzLGyRq1PQyyuNEEY4Xi0YJgyqCeRJwSAXBiqWaICyovhXiCRIIK51XSYfw9Sn8n3RrVduq2ldOpXW+jKMIDsEROAE2aIAWuARt0AEYpOABPIFn4954NF6M10VrwVjOlMEPGG+fD1SUYw==</latexit><latexit sha1_base64="5MW4ENgCh8XmKdJDKNEEXKEiI44=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgqiQ1tHVXdOOygn1AE8JkOm3HTiZhZiKEWH/FjQtF3Poh7vwbJ20FFT1w4XDOvdx7TxAzKpVlfRiFldW19Y3iZmlre2d3z9w/6MooEZh0cMQi0Q+QJIxy0lFUMdKPBUFhwEgvmF7kfu+WCEkjfq3SmHghGnM6ohgpLflm+c7NIPdvoDuDrkB8zAj0zYpVPWvWa04dWlXLatg1Oye1hnPqQFsrOSpgibZvvrvDCCch4QozJOXAtmLlZUgoihmZldxEkhjhKRqTgaYchUR62fz4GTzWyhCOIqGLKzhXv09kKJQyDQPdGSI1kb+9XPzLGyRq1PQyyuNEEY4Xi0YJgyqCeRJwSAXBiqWaICyovhXiCRIIK51XSYfw9Sn8n3RrVduq2ldOpXW+jKMIDsEROAE2aIAWuARt0AEYpOABPIFn4954NF6M10VrwVjOlMEPGG+fD1SUYw==</latexit><latexit sha1_base64="5MW4ENgCh8XmKdJDKNEEXKEiI44=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgqiQ1tHVXdOOygn1AE8JkOm3HTiZhZiKEWH/FjQtF3Poh7vwbJ20FFT1w4XDOvdx7TxAzKpVlfRiFldW19Y3iZmlre2d3z9w/6MooEZh0cMQi0Q+QJIxy0lFUMdKPBUFhwEgvmF7kfu+WCEkjfq3SmHghGnM6ohgpLflm+c7NIPdvoDuDrkB8zAj0zYpVPWvWa04dWlXLatg1Oye1hnPqQFsrOSpgibZvvrvDCCch4QozJOXAtmLlZUgoihmZldxEkhjhKRqTgaYchUR62fz4GTzWyhCOIqGLKzhXv09kKJQyDQPdGSI1kb+9XPzLGyRq1PQyyuNEEY4Xi0YJgyqCeRJwSAXBiqWaICyovhXiCRIIK51XSYfw9Sn8n3RrVduq2ldOpXW+jKMIDsEROAE2aIAWuARt0AEYpOABPIFn4954NF6M10VrwVjOlMEPGG+fD1SUYw==</latexit>

•  Claim		(Yudson	’82,	Goldstein,	NA	’12)	:	Can	rewrite	the	standard	partition	of	the	unity		

IN =
X

n1<···<nN

|{nj}ih{nj}|
N ({nj})

<latexit sha1_base64="9xrfMWhdwVxlelYMzdO+CQzNgio="></latexit><latexit sha1_base64="9xrfMWhdwVxlelYMzdO+CQzNgio="></latexit><latexit sha1_base64="9xrfMWhdwVxlelYMzdO+CQzNgio="></latexit><latexit sha1_base64="9xrfMWhdwVxlelYMzdO+CQzNgio="></latexit>

N ({n}) = det
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�jk

 
L+

NX

l=1

'0(kj � kl)

!
� '0(kj � kk)

#

<latexit sha1_base64="rYT/0W/BHPzjbzhf6yPzWIJ4XFs="></latexit><latexit sha1_base64="rYT/0W/BHPzjbzhf6yPzWIJ4XFs="></latexit><latexit sha1_base64="rYT/0W/BHPzjbzhf6yPzWIJ4XFs="></latexit><latexit sha1_base64="rYT/0W/BHPzjbzhf6yPzWIJ4XFs="></latexit>

in	terms	of	Yudson	states	

IN =
X

n1,...,nN

|{nj}i({nj}|
N ({nj})

<latexit sha1_base64="hOuQx873JpnJ5TC4SGV+8Gi8z8s="></latexit><latexit sha1_base64="hOuQx873JpnJ5TC4SGV+8Gi8z8s="></latexit><latexit sha1_base64="hOuQx873JpnJ5TC4SGV+8Gi8z8s="></latexit><latexit sha1_base64="hOuQx873JpnJ5TC4SGV+8Gi8z8s="></latexit>

|{n}) =
Z

dNx ✓(x1 > · · · > xN )
NY

l

eiklxl b†(xl) |0i
<latexit sha1_base64="vnfrzJ4yRmvlYifG69zQVp4iL5c="></latexit><latexit sha1_base64="vnfrzJ4yRmvlYifG69zQVp4iL5c="></latexit><latexit sha1_base64="vnfrzJ4yRmvlYifG69zQVp4iL5c="></latexit><latexit sha1_base64="vnfrzJ4yRmvlYifG69zQVp4iL5c="></latexit>

as	
normalization	

•  This	allows	the	computation	of	overlaps	and	therefore	of	time	evolution	of									:			

| i(t)i =

4⇡~
m!

�N
4 X

n1,...,nN

e�
PN

j=1[ ~
2m! (1+i~!t)k2

j+ikj x̄j]

N ({nj})
|{nj}i

<latexit sha1_base64="P3aSSytsGqPSZSCKBwvO2Gz6c1U="></latexit><latexit sha1_base64="P3aSSytsGqPSZSCKBwvO2Gz6c1U="></latexit><latexit sha1_base64="P3aSSytsGqPSZSCKBwvO2Gz6c1U="></latexit><latexit sha1_base64="P3aSSytsGqPSZSCKBwvO2Gz6c1U="></latexit>

| ii
<latexit sha1_base64="s59moYC+KCuZtrW3nW/aCJeAAVU=">AAAB9XicdVDLSsNAFJ34rPVVdelmsAiuwqSGtu6KblxWsA9oYplMJ+3QySTMTJQS+x9uXCji1n9x5984aSuo6IELh3Pu5d57goQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+W8WpJLRFYh7LboAV5UzQlmaa024iKY4CTjvB+CL3O7dUKhaLaz1JqB/hoWAhI1gb6ebeayrWZ57EYshpv1RG9lm9WnGrENkI1ZyKk5NKzT11oWOUHGWwQLNfevcGMUkjKjThWKmegxLtZ1hqRjidFr1U0QSTMR7SnqECR1T52ezqKTw2ygCGsTQlNJyp3ycyHCk1iQLTGWE9Ur+9XPzL66U6rPsZE0mqqSDzRWHKoY5hHgEcMEmJ5hNDMJHM3ArJCEtMtAmqaEL4+hT+T9oV20G2c+WWG+eLOArgEByBE+CAGmiAS9AELUCABA/gCTxbd9aj9WK9zluXrMXMAfgB6+0THb2S6Q==</latexit><latexit sha1_base64="s59moYC+KCuZtrW3nW/aCJeAAVU=">AAAB9XicdVDLSsNAFJ34rPVVdelmsAiuwqSGtu6KblxWsA9oYplMJ+3QySTMTJQS+x9uXCji1n9x5984aSuo6IELh3Pu5d57goQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+W8WpJLRFYh7LboAV5UzQlmaa024iKY4CTjvB+CL3O7dUKhaLaz1JqB/hoWAhI1gb6ebeayrWZ57EYshpv1RG9lm9WnGrENkI1ZyKk5NKzT11oWOUHGWwQLNfevcGMUkjKjThWKmegxLtZ1hqRjidFr1U0QSTMR7SnqECR1T52ezqKTw2ygCGsTQlNJyp3ycyHCk1iQLTGWE9Ur+9XPzL66U6rPsZE0mqqSDzRWHKoY5hHgEcMEmJ5hNDMJHM3ArJCEtMtAmqaEL4+hT+T9oV20G2c+WWG+eLOArgEByBE+CAGmiAS9AELUCABA/gCTxbd9aj9WK9zluXrMXMAfgB6+0THb2S6Q==</latexit><latexit sha1_base64="s59moYC+KCuZtrW3nW/aCJeAAVU=">AAAB9XicdVDLSsNAFJ34rPVVdelmsAiuwqSGtu6KblxWsA9oYplMJ+3QySTMTJQS+x9uXCji1n9x5984aSuo6IELh3Pu5d57goQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+W8WpJLRFYh7LboAV5UzQlmaa024iKY4CTjvB+CL3O7dUKhaLaz1JqB/hoWAhI1gb6ebeayrWZ57EYshpv1RG9lm9WnGrENkI1ZyKk5NKzT11oWOUHGWwQLNfevcGMUkjKjThWKmegxLtZ1hqRjidFr1U0QSTMR7SnqECR1T52ezqKTw2ygCGsTQlNJyp3ycyHCk1iQLTGWE9Ur+9XPzL66U6rPsZE0mqqSDzRWHKoY5hHgEcMEmJ5hNDMJHM3ArJCEtMtAmqaEL4+hT+T9oV20G2c+WWG+eLOArgEByBE+CAGmiAS9AELUCABA/gCTxbd9aj9WK9zluXrMXMAfgB6+0THb2S6Q==</latexit><latexit sha1_base64="s59moYC+KCuZtrW3nW/aCJeAAVU=">AAAB9XicdVDLSsNAFJ34rPVVdelmsAiuwqSGtu6KblxWsA9oYplMJ+3QySTMTJQS+x9uXCji1n9x5984aSuo6IELh3Pu5d57goQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+W8WpJLRFYh7LboAV5UzQlmaa024iKY4CTjvB+CL3O7dUKhaLaz1JqB/hoWAhI1gb6ebeayrWZ57EYshpv1RG9lm9WnGrENkI1ZyKk5NKzT11oWOUHGWwQLNfevcGMUkjKjThWKmegxLtZ1hqRjidFr1U0QSTMR7SnqECR1T52ezqKTw2ygCGsTQlNJyp3ycyHCk1iQLTGWE9Ur+9XPzL66U6rPsZE0mqqSDzRWHKoY5hHgEcMEmJ5hNDMJHM3ArJCEtMtAmqaEL4+hT+T9oV20G2c+WWG+eLOArgEByBE+CAGmiAS9AELUCABA/gCTxbd9aj9WK9zluXrMXMAfgB6+0THb2S6Q==</latexit>

Other	approach:							
Quench	action	
Perfetto	et	al.		1904.06259		



  The Loschmidt Amplitude 

N ({n}) = det
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�jk
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l=1

'0(kj � kl)

!
� '0(kj � kk)

#

<latexit sha1_base64="rYT/0W/BHPzjbzhf6yPzWIJ4XFs="></latexit><latexit sha1_base64="rYT/0W/BHPzjbzhf6yPzWIJ4XFs="></latexit><latexit sha1_base64="rYT/0W/BHPzjbzhf6yPzWIJ4XFs="></latexit><latexit sha1_base64="rYT/0W/BHPzjbzhf6yPzWIJ4XFs="></latexit>

G({n}) = det
h
e�ikj(x̄j�x̄k)�i✓(j�k)'(kj�kk)

i

<latexit sha1_base64="20lhcaiT15oTcUysdPXPIOzd7sU="></latexit><latexit sha1_base64="20lhcaiT15oTcUysdPXPIOzd7sU="></latexit><latexit sha1_base64="20lhcaiT15oTcUysdPXPIOzd7sU="></latexit><latexit sha1_base64="20lhcaiT15oTcUysdPXPIOzd7sU="></latexit>

•  The	Loschmidt	Amplitude:	

with	

G(t) = h�i| e�iHt |�ii = h�i|�i(t)i =

4⇡

m!

� N
2 X

n1,...,nN

e�
1

m! [1+i
!
2 t]

PN
j=1 k

2
j
G({n})
N ({n})

<latexit sha1_base64="Iu7ahlR1iko4kZqj6Z7njL9AEmY="></latexit><latexit sha1_base64="Iu7ahlR1iko4kZqj6Z7njL9AEmY="></latexit><latexit sha1_base64="Iu7ahlR1iko4kZqj6Z7njL9AEmY="></latexit><latexit sha1_base64="Iu7ahlR1iko4kZqj6Z7njL9AEmY="></latexit>

•  Exact	for	any															.					

•  Displays	recurrences	:		

c,N, L
<latexit sha1_base64="A92pHGmEmC9yxVaqVK9QtNfdsVE=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4KEOmDm3dFd24EKlgH9AOJZNm2tBMZkgyQhn6EW5cKOLW73Hn35hpK6jogQuHc+7l3nv8mDOlEfqwciura+sb+c3C1vbO7l5x/6CtokQS2iIRj2TXx4pyJmhLM81pN5YUhz6nHX9ymfmdeyoVi8SdnsbUC/FIsIARrI3UIWV4U4bXg2IJ2ef1asWtQmQjVHMqTkYqNffMhY5RMpTAEs1B8b0/jEgSUqEJx0r1HBRrL8VSM8LprNBPFI0xmeAR7RkqcEiVl87PncETowxhEElTQsO5+n0ixaFS09A3nSHWY/Xby8S/vF6ig7qXMhEnmgqyWBQkHOoIZr/DIZOUaD41BBPJzK2QjLHERJuECiaEr0/h/6RdsR1kO7duqXGxjCMPjsAxOAUOqIEGuAJN0AIETMADeALPVmw9Wi/W66I1Zy1nDsEPWG+f2O+Olw==</latexit><latexit sha1_base64="A92pHGmEmC9yxVaqVK9QtNfdsVE=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4KEOmDm3dFd24EKlgH9AOJZNm2tBMZkgyQhn6EW5cKOLW73Hn35hpK6jogQuHc+7l3nv8mDOlEfqwciura+sb+c3C1vbO7l5x/6CtokQS2iIRj2TXx4pyJmhLM81pN5YUhz6nHX9ymfmdeyoVi8SdnsbUC/FIsIARrI3UIWV4U4bXg2IJ2ef1asWtQmQjVHMqTkYqNffMhY5RMpTAEs1B8b0/jEgSUqEJx0r1HBRrL8VSM8LprNBPFI0xmeAR7RkqcEiVl87PncETowxhEElTQsO5+n0ixaFS09A3nSHWY/Xby8S/vF6ig7qXMhEnmgqyWBQkHOoIZr/DIZOUaD41BBPJzK2QjLHERJuECiaEr0/h/6RdsR1kO7duqXGxjCMPjsAxOAUOqIEGuAJN0AIETMADeALPVmw9Wi/W66I1Zy1nDsEPWG+f2O+Olw==</latexit><latexit sha1_base64="A92pHGmEmC9yxVaqVK9QtNfdsVE=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4KEOmDm3dFd24EKlgH9AOJZNm2tBMZkgyQhn6EW5cKOLW73Hn35hpK6jogQuHc+7l3nv8mDOlEfqwciura+sb+c3C1vbO7l5x/6CtokQS2iIRj2TXx4pyJmhLM81pN5YUhz6nHX9ymfmdeyoVi8SdnsbUC/FIsIARrI3UIWV4U4bXg2IJ2ef1asWtQmQjVHMqTkYqNffMhY5RMpTAEs1B8b0/jEgSUqEJx0r1HBRrL8VSM8LprNBPFI0xmeAR7RkqcEiVl87PncETowxhEElTQsO5+n0ixaFS09A3nSHWY/Xby8S/vF6ig7qXMhEnmgqyWBQkHOoIZr/DIZOUaD41BBPJzK2QjLHERJuECiaEr0/h/6RdsR1kO7duqXGxjCMPjsAxOAUOqIEGuAJN0AIETMADeALPVmw9Wi/W66I1Zy1nDsEPWG+f2O+Olw==</latexit><latexit sha1_base64="A92pHGmEmC9yxVaqVK9QtNfdsVE=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4KEOmDm3dFd24EKlgH9AOJZNm2tBMZkgyQhn6EW5cKOLW73Hn35hpK6jogQuHc+7l3nv8mDOlEfqwciura+sb+c3C1vbO7l5x/6CtokQS2iIRj2TXx4pyJmhLM81pN5YUhz6nHX9ymfmdeyoVi8SdnsbUC/FIsIARrI3UIWV4U4bXg2IJ2ef1asWtQmQjVHMqTkYqNffMhY5RMpTAEs1B8b0/jEgSUqEJx0r1HBRrL8VSM8LprNBPFI0xmeAR7RkqcEiVl87PncETowxhEElTQsO5+n0ixaFS09A3nSHWY/Xby8S/vF6ig7qXMhEnmgqyWBQkHOoIZr/DIZOUaD41BBPJzK2QjLHERJuECiaEr0/h/6RdsR1kO7duqXGxjCMPjsAxOAUOqIEGuAJN0AIETMADeALPVmw9Wi/W66I1Zy1nDsEPWG+f2O+Olw==</latexit>

⌧ = (1 + 2⇢/c)2 L2/⇡!
<latexit sha1_base64="a+uA/b28wanL87mcH7JJEfzDw58="></latexit><latexit sha1_base64="a+uA/b28wanL87mcH7JJEfzDw58="></latexit><latexit sha1_base64="a+uA/b28wanL87mcH7JJEfzDw58="></latexit><latexit sha1_base64="a+uA/b28wanL87mcH7JJEfzDw58="></latexit>

⇢ = N/L
<latexit sha1_base64="lH4Bupt8TPZmpMZilX8xX4hz4io=">AAAB73icdVDLSgMxFM34rPVVdekmWARX40wd2roQim5ciFSwD2iHkkkzbWgmGZOMUIb+hBsXirj1d9z5N2baCip64MLhnHu5954gZlRpx/mwFhaXlldWc2v59Y3Nre3Czm5TiURi0sCCCdkOkCKMctLQVDPSjiVBUcBIKxhdZH7rnkhFBb/V45j4ERpwGlKMtJHaXTkUZ9fHV71C0bFPq+WSV4aO7TgVt+RmpFTxTjzoGiVDEcxR7xXeu32Bk4hwjRlSquM6sfZTJDXFjEzy3USRGOERGpCOoRxFRPnp9N4JPDRKH4ZCmuIaTtXvEymKlBpHgemMkB6q314m/uV1Eh1W/ZTyONGE49miMGFQC5g9D/tUEqzZ2BCEJTW3QjxEEmFtIsqbEL4+hf+TZsl2Hdu98Yq183kcObAPDsARcEEF1MAlqIMGwICBB/AEnq0769F6sV5nrQvWfGYP/ID19gmou4+3</latexit><latexit sha1_base64="lH4Bupt8TPZmpMZilX8xX4hz4io=">AAAB73icdVDLSgMxFM34rPVVdekmWARX40wd2roQim5ciFSwD2iHkkkzbWgmGZOMUIb+hBsXirj1d9z5N2baCip64MLhnHu5954gZlRpx/mwFhaXlldWc2v59Y3Nre3Czm5TiURi0sCCCdkOkCKMctLQVDPSjiVBUcBIKxhdZH7rnkhFBb/V45j4ERpwGlKMtJHaXTkUZ9fHV71C0bFPq+WSV4aO7TgVt+RmpFTxTjzoGiVDEcxR7xXeu32Bk4hwjRlSquM6sfZTJDXFjEzy3USRGOERGpCOoRxFRPnp9N4JPDRKH4ZCmuIaTtXvEymKlBpHgemMkB6q314m/uV1Eh1W/ZTyONGE49miMGFQC5g9D/tUEqzZ2BCEJTW3QjxEEmFtIsqbEL4+hf+TZsl2Hdu98Yq183kcObAPDsARcEEF1MAlqIMGwICBB/AEnq0769F6sV5nrQvWfGYP/ID19gmou4+3</latexit><latexit sha1_base64="lH4Bupt8TPZmpMZilX8xX4hz4io=">AAAB73icdVDLSgMxFM34rPVVdekmWARX40wd2roQim5ciFSwD2iHkkkzbWgmGZOMUIb+hBsXirj1d9z5N2baCip64MLhnHu5954gZlRpx/mwFhaXlldWc2v59Y3Nre3Czm5TiURi0sCCCdkOkCKMctLQVDPSjiVBUcBIKxhdZH7rnkhFBb/V45j4ERpwGlKMtJHaXTkUZ9fHV71C0bFPq+WSV4aO7TgVt+RmpFTxTjzoGiVDEcxR7xXeu32Bk4hwjRlSquM6sfZTJDXFjEzy3USRGOERGpCOoRxFRPnp9N4JPDRKH4ZCmuIaTtXvEymKlBpHgemMkB6q314m/uV1Eh1W/ZTyONGE49miMGFQC5g9D/tUEqzZ2BCEJTW3QjxEEmFtIsqbEL4+hf+TZsl2Hdu98Yq183kcObAPDsARcEEF1MAlqIMGwICBB/AEnq0769F6sV5nrQvWfGYP/ID19gmou4+3</latexit><latexit sha1_base64="lH4Bupt8TPZmpMZilX8xX4hz4io=">AAAB73icdVDLSgMxFM34rPVVdekmWARX40wd2roQim5ciFSwD2iHkkkzbWgmGZOMUIb+hBsXirj1d9z5N2baCip64MLhnHu5954gZlRpx/mwFhaXlldWc2v59Y3Nre3Czm5TiURi0sCCCdkOkCKMctLQVDPSjiVBUcBIKxhdZH7rnkhFBb/V45j4ERpwGlKMtJHaXTkUZ9fHV71C0bFPq+WSV4aO7TgVt+RmpFTxTjzoGiVDEcxR7xXeu32Bk4hwjRlSquM6sfZTJDXFjEzy3USRGOERGpCOoRxFRPnp9N4JPDRKH4ZCmuIaTtXvEymKlBpHgemMkB6q314m/uV1Eh1W/ZTyONGE49miMGFQC5g9D/tUEqzZ2BCEJTW3QjxEEmFtIsqbEL4+hf+TZsl2Hdu98Yq183kcObAPDsARcEEF1MAlqIMGwICBB/AEnq0769F6sV5nrQvWfGYP/ID19gmou4+3</latexit>

with																												and										characterizing	the	initial	state			!
<latexit sha1_base64="r/3ceL56ZKpaw3QoVo8AVSzEvbI=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAiuQlJDW3dFNy4r2Ae0oUymk3bsPMLMRCih/+DGhSJu/R93/o2TtoKKHrhwOOde7r0nShjVxvM+nJXVtfWNzcJWcXtnd2+/dHDY1jJVmLSwZFJ1I6QJo4K0DDWMdBNFEI8Y6USTq9zv3BOlqRS3ZpqQkKORoDHFyFip3ZecjNCgVPbci3q1ElSh53peza/4OanUgvMA+lbJUQZLNAel9/5Q4pQTYTBDWvd8LzFhhpShmJFZsZ9qkiA8QSPSs1QgTnSYza+dwVOrDGEslS1h4Fz9PpEhrvWUR7aTIzPWv71c/MvrpSauhxkVSWqIwItFccqgkTB/HQ6pItiwqSUIK2pvhXiMFMLGBlS0IXx9Cv8n7Yrre65/E5Qbl8s4CuAYnIAz4IMaaIBr0AQtgMEdeABP4NmRzqPz4rwuWlec5cwR+AHn7RPwQI9d</latexit><latexit sha1_base64="r/3ceL56ZKpaw3QoVo8AVSzEvbI=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAiuQlJDW3dFNy4r2Ae0oUymk3bsPMLMRCih/+DGhSJu/R93/o2TtoKKHrhwOOde7r0nShjVxvM+nJXVtfWNzcJWcXtnd2+/dHDY1jJVmLSwZFJ1I6QJo4K0DDWMdBNFEI8Y6USTq9zv3BOlqRS3ZpqQkKORoDHFyFip3ZecjNCgVPbci3q1ElSh53peza/4OanUgvMA+lbJUQZLNAel9/5Q4pQTYTBDWvd8LzFhhpShmJFZsZ9qkiA8QSPSs1QgTnSYza+dwVOrDGEslS1h4Fz9PpEhrvWUR7aTIzPWv71c/MvrpSauhxkVSWqIwItFccqgkTB/HQ6pItiwqSUIK2pvhXiMFMLGBlS0IXx9Cv8n7Yrre65/E5Qbl8s4CuAYnIAz4IMaaIBr0AQtgMEdeABP4NmRzqPz4rwuWlec5cwR+AHn7RPwQI9d</latexit><latexit sha1_base64="r/3ceL56ZKpaw3QoVo8AVSzEvbI=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAiuQlJDW3dFNy4r2Ae0oUymk3bsPMLMRCih/+DGhSJu/R93/o2TtoKKHrhwOOde7r0nShjVxvM+nJXVtfWNzcJWcXtnd2+/dHDY1jJVmLSwZFJ1I6QJo4K0DDWMdBNFEI8Y6USTq9zv3BOlqRS3ZpqQkKORoDHFyFip3ZecjNCgVPbci3q1ElSh53peza/4OanUgvMA+lbJUQZLNAel9/5Q4pQTYTBDWvd8LzFhhpShmJFZsZ9qkiA8QSPSs1QgTnSYza+dwVOrDGEslS1h4Fz9PpEhrvWUR7aTIzPWv71c/MvrpSauhxkVSWqIwItFccqgkTB/HQ6pItiwqSUIK2pvhXiMFMLGBlS0IXx9Cv8n7Yrre65/E5Qbl8s4CuAYnIAz4IMaaIBr0AQtgMEdeABP4NmRzqPz4rwuWlec5cwR+AHn7RPwQI9d</latexit><latexit sha1_base64="r/3ceL56ZKpaw3QoVo8AVSzEvbI=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAiuQlJDW3dFNy4r2Ae0oUymk3bsPMLMRCih/+DGhSJu/R93/o2TtoKKHrhwOOde7r0nShjVxvM+nJXVtfWNzcJWcXtnd2+/dHDY1jJVmLSwZFJ1I6QJo4K0DDWMdBNFEI8Y6USTq9zv3BOlqRS3ZpqQkKORoDHFyFip3ZecjNCgVPbci3q1ElSh53peza/4OanUgvMA+lbJUQZLNAel9/5Q4pQTYTBDWvd8LzFhhpShmJFZsZ9qkiA8QSPSs1QgTnSYza+dwVOrDGEslS1h4Fz9PpEhrvWUR7aTIzPWv71c/MvrpSauhxkVSWqIwItFccqgkTB/HQ6pItiwqSUIK2pvhXiMFMLGBlS0IXx9Cv8n7Yrre65/E5Qbl8s4CuAYnIAz4IMaaIBr0AQtgMEdeABP4NmRzqPz4rwuWlec5cwR+AHn7RPwQI9d</latexit>



  The Loschmidt Amplitude (infinite volume) 

c � m!
<latexit sha1_base64="eFHHoMubsVoJZyaMqv2W7zwEHzY=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZIa2rorunFZwT6gCWUynaRDZyZhZiKU0N9w40IRt/6MO//GSVtBRQ9cOJxzL/feE6aMKu04H1ZpbX1jc6u8XdnZ3ds/qB4e9VSSSUy6OGGJHIRIEUYF6WqqGRmkkiAeMtIPp9eF378nUtFE3OlZSgKOYkEjipE2ko/9OIbcTziJ0ahac+zLVqPuNaBjO07TrbsFqTe9Cw+6RilQAyt0RtV3f5zgjBOhMUNKDV0n1UGOpKaYkXnFzxRJEZ6imAwNFYgTFeSLm+fwzChjGCXSlNBwoX6fyBFXasZD08mRnqjfXiH+5Q0zHbWCnIo000Tg5aIoY1AnsAgAjqkkWLOZIQhLam6FeIIkwtrEVDEhfH0K/ye9uu06tnvr1dpXqzjK4AScgnPggiZogxvQAV2AQQoewBN4tjLr0XqxXpetJWs1cwx+wHr7BA/DkbM=</latexit><latexit sha1_base64="eFHHoMubsVoJZyaMqv2W7zwEHzY=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZIa2rorunFZwT6gCWUynaRDZyZhZiKU0N9w40IRt/6MO//GSVtBRQ9cOJxzL/feE6aMKu04H1ZpbX1jc6u8XdnZ3ds/qB4e9VSSSUy6OGGJHIRIEUYF6WqqGRmkkiAeMtIPp9eF378nUtFE3OlZSgKOYkEjipE2ko/9OIbcTziJ0ahac+zLVqPuNaBjO07TrbsFqTe9Cw+6RilQAyt0RtV3f5zgjBOhMUNKDV0n1UGOpKaYkXnFzxRJEZ6imAwNFYgTFeSLm+fwzChjGCXSlNBwoX6fyBFXasZD08mRnqjfXiH+5Q0zHbWCnIo000Tg5aIoY1AnsAgAjqkkWLOZIQhLam6FeIIkwtrEVDEhfH0K/ye9uu06tnvr1dpXqzjK4AScgnPggiZogxvQAV2AQQoewBN4tjLr0XqxXpetJWs1cwx+wHr7BA/DkbM=</latexit><latexit sha1_base64="eFHHoMubsVoJZyaMqv2W7zwEHzY=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZIa2rorunFZwT6gCWUynaRDZyZhZiKU0N9w40IRt/6MO//GSVtBRQ9cOJxzL/feE6aMKu04H1ZpbX1jc6u8XdnZ3ds/qB4e9VSSSUy6OGGJHIRIEUYF6WqqGRmkkiAeMtIPp9eF378nUtFE3OlZSgKOYkEjipE2ko/9OIbcTziJ0ahac+zLVqPuNaBjO07TrbsFqTe9Cw+6RilQAyt0RtV3f5zgjBOhMUNKDV0n1UGOpKaYkXnFzxRJEZ6imAwNFYgTFeSLm+fwzChjGCXSlNBwoX6fyBFXasZD08mRnqjfXiH+5Q0zHbWCnIo000Tg5aIoY1AnsAgAjqkkWLOZIQhLam6FeIIkwtrEVDEhfH0K/ye9uu06tnvr1dpXqzjK4AScgnPggiZogxvQAV2AQQoewBN4tjLr0XqxXpetJWs1cwx+wHr7BA/DkbM=</latexit><latexit sha1_base64="eFHHoMubsVoJZyaMqv2W7zwEHzY=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZIa2rorunFZwT6gCWUynaRDZyZhZiKU0N9w40IRt/6MO//GSVtBRQ9cOJxzL/feE6aMKu04H1ZpbX1jc6u8XdnZ3ds/qB4e9VSSSUy6OGGJHIRIEUYF6WqqGRmkkiAeMtIPp9eF378nUtFE3OlZSgKOYkEjipE2ko/9OIbcTziJ0ahac+zLVqPuNaBjO07TrbsFqTe9Cw+6RilQAyt0RtV3f5zgjBOhMUNKDV0n1UGOpKaYkXnFzxRJEZ6imAwNFYgTFeSLm+fwzChjGCXSlNBwoX6fyBFXasZD08mRnqjfXiH+5Q0zHbWCnIo000Tg5aIoY1AnsAgAjqkkWLOZIQhLam6FeIIkwtrEVDEhfH0K/ye9uu06tnvr1dpXqzjK4AScgnPggiZogxvQAV2AQQoewBN4tjLr0XqxXpetJWs1cwx+wHr7BA/DkbM=</latexit>

		Open	system	(partially	filled	lattice)	

-	Repulsive	interactions	

↵2
P = m�2e↵kPk2/2

<latexit sha1_base64="I0oj2FMrW6f2lJnywBT6mJ4fcUw="></latexit><latexit sha1_base64="I0oj2FMrW6f2lJnywBT6mJ4fcUw="></latexit><latexit sha1_base64="I0oj2FMrW6f2lJnywBT6mJ4fcUw="></latexit><latexit sha1_base64="I0oj2FMrW6f2lJnywBT6mJ4fcUw="></latexit>

�e↵ =


1 +

2

c�
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�

<latexit sha1_base64="eRe2dFqJvSDxepRBZRIYzPicU8s="></latexit><latexit sha1_base64="eRe2dFqJvSDxepRBZRIYzPicU8s="></latexit><latexit sha1_base64="eRe2dFqJvSDxepRBZRIYzPicU8s="></latexit><latexit sha1_base64="eRe2dFqJvSDxepRBZRIYzPicU8s="></latexit>

kPk2 =
NX

j

(j � P (j))2

<latexit sha1_base64="dZpJtKcn4NkvE6M0pSZrS+xZvjQ="></latexit><latexit sha1_base64="dZpJtKcn4NkvE6M0pSZrS+xZvjQ="></latexit><latexit sha1_base64="dZpJtKcn4NkvE6M0pSZrS+xZvjQ="></latexit><latexit sha1_base64="dZpJtKcn4NkvE6M0pSZrS+xZvjQ="></latexit>
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⇥
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<latexit sha1_base64="PpVFuv9V8u4bYXK9JqpG9YZ8ndc="></latexit><latexit sha1_base64="PpVFuv9V8u4bYXK9JqpG9YZ8ndc="></latexit><latexit sha1_base64="PpVFuv9V8u4bYXK9JqpG9YZ8ndc="></latexit><latexit sha1_base64="PpVFuv9V8u4bYXK9JqpG9YZ8ndc="></latexit>

Measures	how	many	particles	were	exchanged	

with	

Effective	increased	distance	due	to	repulsion	

⇢ = N/L ⌧ 1/�
<latexit sha1_base64="Jfth4IEH6onlo6TrJVYE4lGG6FU=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1gEV2kSQ1sXQtGNC5EK1haaUCaTaTt08mBmIpRQ8FfcuFDErd/hzr9x0lZQ0QMXDufcy733+AmjQprmh1ZYWFxaXimultbWNza39O2dWxGnHJMWjlnMOz4ShNGItCSVjHQSTlDoM9L2R+e5374jXNA4upHjhHghGkS0TzGSSurpey4fxqdXlUvoMgatihsQJlFPL5vGSb1qO1VoGqZZs2wrJ3bNOXagpZQcZTBHs6e/u0GM05BEEjMkRNcyE+lliEuKGZmU3FSQBOERGpCuohEKifCy6fkTeKiUAPZjriqScKp+n8hQKMQ49FVniORQ/PZy8S+vm8p+3ctolKSSRHi2qJ8yKGOYZwEDygmWbKwIwpyqWyEeIo6wVImVVAhfn8L/ya1tWKZhXTvlxtk8jiLYBwfgCFigBhrgAjRBC2CQgQfwBJ61e+1Re9FeZ60FbT6zC35Ae/sEo+6UpA==</latexit><latexit sha1_base64="Jfth4IEH6onlo6TrJVYE4lGG6FU=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1gEV2kSQ1sXQtGNC5EK1haaUCaTaTt08mBmIpRQ8FfcuFDErd/hzr9x0lZQ0QMXDufcy733+AmjQprmh1ZYWFxaXimultbWNza39O2dWxGnHJMWjlnMOz4ShNGItCSVjHQSTlDoM9L2R+e5374jXNA4upHjhHghGkS0TzGSSurpey4fxqdXlUvoMgatihsQJlFPL5vGSb1qO1VoGqZZs2wrJ3bNOXagpZQcZTBHs6e/u0GM05BEEjMkRNcyE+lliEuKGZmU3FSQBOERGpCuohEKifCy6fkTeKiUAPZjriqScKp+n8hQKMQ49FVniORQ/PZy8S+vm8p+3ctolKSSRHi2qJ8yKGOYZwEDygmWbKwIwpyqWyEeIo6wVImVVAhfn8L/ya1tWKZhXTvlxtk8jiLYBwfgCFigBhrgAjRBC2CQgQfwBJ61e+1Re9FeZ60FbT6zC35Ae/sEo+6UpA==</latexit><latexit sha1_base64="Jfth4IEH6onlo6TrJVYE4lGG6FU=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1gEV2kSQ1sXQtGNC5EK1haaUCaTaTt08mBmIpRQ8FfcuFDErd/hzr9x0lZQ0QMXDufcy733+AmjQprmh1ZYWFxaXimultbWNza39O2dWxGnHJMWjlnMOz4ShNGItCSVjHQSTlDoM9L2R+e5374jXNA4upHjhHghGkS0TzGSSurpey4fxqdXlUvoMgatihsQJlFPL5vGSb1qO1VoGqZZs2wrJ3bNOXagpZQcZTBHs6e/u0GM05BEEjMkRNcyE+lliEuKGZmU3FSQBOERGpCuohEKifCy6fkTeKiUAPZjriqScKp+n8hQKMQ49FVniORQ/PZy8S+vm8p+3ctolKSSRHi2qJ8yKGOYZwEDygmWbKwIwpyqWyEeIo6wVImVVAhfn8L/ya1tWKZhXTvlxtk8jiLYBwfgCFigBhrgAjRBC2CQgQfwBJ61e+1Re9FeZ60FbT6zC35Ae/sEo+6UpA==</latexit><latexit sha1_base64="Jfth4IEH6onlo6TrJVYE4lGG6FU=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1gEV2kSQ1sXQtGNC5EK1haaUCaTaTt08mBmIpRQ8FfcuFDErd/hzr9x0lZQ0QMXDufcy733+AmjQprmh1ZYWFxaXimultbWNza39O2dWxGnHJMWjlnMOz4ShNGItCSVjHQSTlDoM9L2R+e5374jXNA4upHjhHghGkS0TzGSSurpey4fxqdXlUvoMgatihsQJlFPL5vGSb1qO1VoGqZZs2wrJ3bNOXagpZQcZTBHs6e/u0GM05BEEjMkRNcyE+lliEuKGZmU3FSQBOERGpCuohEKifCy6fkTeKiUAPZjriqScKp+n8hQKMQ49FVniORQ/PZy8S+vm8p+3ctolKSSRHi2qJ8yKGOYZwEDygmWbKwIwpyqWyEeIo6wVImVVAhfn8L/ya1tWKZhXTvlxtk8jiLYBwfgCFigBhrgAjRBC2CQgQfwBJ61e+1Re9FeZ60FbT6zC35Ae/sEo+6UpA==</latexit>

Simplifies	for	strong	repulsion	

Sum	over	permutations	corresponds	to	a	sum	over	particles	exchanging	positions:		e.g																									
corresponds	to	a	neighboring	pair	exchanging	positions,																			could	be	4	nearest	neighbor	
exchanges	or	1	next	nearest	neighbor	exchange.					

kP k2 = 2
<latexit sha1_base64="SzAYvEcRzIZCslMPYUGYndqWta4=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiuQhJDWxdC0Y3LCvYhTSyT6aQdOpmEmYlQ0n6FGxeKuPVz3Pk3TtoKKnrgwuGce7n3niBhVCrL+jCWlldW19YLG8XNre2d3dLefkvGqcCkiWMWi06AJGGUk6aiipFOIgiKAkbawegy99v3REga8xs1TogfoQGnIcVIaenWmzS8yZ1z7vRKZcs8q1UctwIt07KqtmPnxKm6py60tZKjDBZo9ErvXj/GaUS4wgxJ2bWtRPkZEopiRqZFL5UkQXiEBqSrKUcRkX42O3gKj7XSh2EsdHEFZ+r3iQxFUo6jQHdGSA3lby8X//K6qQprfkZ5kirC8XxRmDKoYph/D/tUEKzYWBOEBdW3QjxEAmGlMyrqEL4+hf+TlmPalmlfu+X6xSKOAjgER+AE2KAK6uAKNEATYBCBB/AEng1hPBovxuu8dclYzByAHzDePgFQMZAV</latexit><latexit sha1_base64="SzAYvEcRzIZCslMPYUGYndqWta4=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiuQhJDWxdC0Y3LCvYhTSyT6aQdOpmEmYlQ0n6FGxeKuPVz3Pk3TtoKKnrgwuGce7n3niBhVCrL+jCWlldW19YLG8XNre2d3dLefkvGqcCkiWMWi06AJGGUk6aiipFOIgiKAkbawegy99v3REga8xs1TogfoQGnIcVIaenWmzS8yZ1z7vRKZcs8q1UctwIt07KqtmPnxKm6py60tZKjDBZo9ErvXj/GaUS4wgxJ2bWtRPkZEopiRqZFL5UkQXiEBqSrKUcRkX42O3gKj7XSh2EsdHEFZ+r3iQxFUo6jQHdGSA3lby8X//K6qQprfkZ5kirC8XxRmDKoYph/D/tUEKzYWBOEBdW3QjxEAmGlMyrqEL4+hf+TlmPalmlfu+X6xSKOAjgER+AE2KAK6uAKNEATYBCBB/AEng1hPBovxuu8dclYzByAHzDePgFQMZAV</latexit><latexit sha1_base64="SzAYvEcRzIZCslMPYUGYndqWta4=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiuQhJDWxdC0Y3LCvYhTSyT6aQdOpmEmYlQ0n6FGxeKuPVz3Pk3TtoKKnrgwuGce7n3niBhVCrL+jCWlldW19YLG8XNre2d3dLefkvGqcCkiWMWi06AJGGUk6aiipFOIgiKAkbawegy99v3REga8xs1TogfoQGnIcVIaenWmzS8yZ1z7vRKZcs8q1UctwIt07KqtmPnxKm6py60tZKjDBZo9ErvXj/GaUS4wgxJ2bWtRPkZEopiRqZFL5UkQXiEBqSrKUcRkX42O3gKj7XSh2EsdHEFZ+r3iQxFUo6jQHdGSA3lby8X//K6qQprfkZ5kirC8XxRmDKoYph/D/tUEKzYWBOEBdW3QjxEAmGlMyrqEL4+hf+TlmPalmlfu+X6xSKOAjgER+AE2KAK6uAKNEATYBCBB/AEng1hPBovxuu8dclYzByAHzDePgFQMZAV</latexit><latexit sha1_base64="SzAYvEcRzIZCslMPYUGYndqWta4=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiuQhJDWxdC0Y3LCvYhTSyT6aQdOpmEmYlQ0n6FGxeKuPVz3Pk3TtoKKnrgwuGce7n3niBhVCrL+jCWlldW19YLG8XNre2d3dLefkvGqcCkiWMWi06AJGGUk6aiipFOIgiKAkbawegy99v3REga8xs1TogfoQGnIcVIaenWmzS8yZ1z7vRKZcs8q1UctwIt07KqtmPnxKm6py60tZKjDBZo9ErvXj/GaUS4wgxJ2bWtRPkZEopiRqZFL5UkQXiEBqSrKUcRkX42O3gKj7XSh2EsdHEFZ+r3iQxFUo6jQHdGSA3lby8X//K6qQprfkZ5kirC8XxRmDKoYph/D/tUEKzYWBOEBdW3QjxEAmGlMyrqEL4+hf+TlmPalmlfu+X6xSKOAjgER+AE2KAK6uAKNEATYBCBB/AEng1hPBovxuu8dclYzByAHzDePgFQMZAV</latexit>

kP k2 = 8
<latexit sha1_base64="FvglzjK938yrKJTlRv6KqctBTio=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiuQhJDWxdC0Y3LCvYhTSyT6aQdOpmEmYlQ0n6FGxeKuPVz3Pk3TtoKKnrgwuGce7n3niBhVCrL+jCWlldW19YLG8XNre2d3dLefkvGqcCkiWMWi06AJGGUk6aiipFOIgiKAkbawegy99v3REga8xs1TogfoQGnIcVIaenWmzS8yZ1zXuuVypZ5Vqs4bgVapmVVbcfOiVN1T11oayVHGSzQ6JXevX6M04hwhRmSsmtbifIzJBTFjEyLXipJgvAIDUhXU44iIv1sdvAUHmulD8NY6OIKztTvExmKpBxHge6MkBrK314u/uV1UxXW/IzyJFWE4/miMGVQxTD/HvapIFixsSYIC6pvhXiIBMJKZ1TUIXx9Cv8nLce0LdO+dsv1i0UcBXAIjsAJsEEV1MEVaIAmwCACD+AJPBvCeDRejNd565KxmDkAP2C8fQJZSZAb</latexit><latexit sha1_base64="FvglzjK938yrKJTlRv6KqctBTio=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiuQhJDWxdC0Y3LCvYhTSyT6aQdOpmEmYlQ0n6FGxeKuPVz3Pk3TtoKKnrgwuGce7n3niBhVCrL+jCWlldW19YLG8XNre2d3dLefkvGqcCkiWMWi06AJGGUk6aiipFOIgiKAkbawegy99v3REga8xs1TogfoQGnIcVIaenWmzS8yZ1zXuuVypZ5Vqs4bgVapmVVbcfOiVN1T11oayVHGSzQ6JXevX6M04hwhRmSsmtbifIzJBTFjEyLXipJgvAIDUhXU44iIv1sdvAUHmulD8NY6OIKztTvExmKpBxHge6MkBrK314u/uV1UxXW/IzyJFWE4/miMGVQxTD/HvapIFixsSYIC6pvhXiIBMJKZ1TUIXx9Cv8nLce0LdO+dsv1i0UcBXAIjsAJsEEV1MEVaIAmwCACD+AJPBvCeDRejNd565KxmDkAP2C8fQJZSZAb</latexit><latexit sha1_base64="FvglzjK938yrKJTlRv6KqctBTio=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiuQhJDWxdC0Y3LCvYhTSyT6aQdOpmEmYlQ0n6FGxeKuPVz3Pk3TtoKKnrgwuGce7n3niBhVCrL+jCWlldW19YLG8XNre2d3dLefkvGqcCkiWMWi06AJGGUk6aiipFOIgiKAkbawegy99v3REga8xs1TogfoQGnIcVIaenWmzS8yZ1zXuuVypZ5Vqs4bgVapmVVbcfOiVN1T11oayVHGSzQ6JXevX6M04hwhRmSsmtbifIzJBTFjEyLXipJgvAIDUhXU44iIv1sdvAUHmulD8NY6OIKztTvExmKpBxHge6MkBrK314u/uV1UxXW/IzyJFWE4/miMGVQxTD/HvapIFixsSYIC6pvhXiIBMJKZ1TUIXx9Cv8nLce0LdO+dsv1i0UcBXAIjsAJsEEV1MEVaIAmwCACD+AJPBvCeDRejNd565KxmDkAP2C8fQJZSZAb</latexit><latexit sha1_base64="FvglzjK938yrKJTlRv6KqctBTio=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiuQhJDWxdC0Y3LCvYhTSyT6aQdOpmEmYlQ0n6FGxeKuPVz3Pk3TtoKKnrgwuGce7n3niBhVCrL+jCWlldW19YLG8XNre2d3dLefkvGqcCkiWMWi06AJGGUk6aiipFOIgiKAkbawegy99v3REga8xs1TogfoQGnIcVIaenWmzS8yZ1zXuuVypZ5Vqs4bgVapmVVbcfOiVN1T11oayVHGSzQ6JXevX6M04hwhRmSsmtbifIzJBTFjEyLXipJgvAIDUhXU44iIv1sdvAUHmulD8NY6OIKztTvExmKpBxHge6MkBrK314u/uV1UxXW/IzyJFWE4/miMGVQxTD/HvapIFixsSYIC6pvhXiIBMJKZ1TUIXx9Cv8nLce0LdO+dsv1i0UcBXAIjsAJsEEV1MEVaIAmwCACD+AJPBvCeDRejNd565KxmDkAP2C8fQJZSZAb</latexit>



  The Work Distribution  (repulsive interactions, infinite volume) 
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<latexit sha1_base64="x9p7ZCPaW7T2wLCpbI1e3n/IfvU="></latexit><latexit sha1_base64="x9p7ZCPaW7T2wLCpbI1e3n/IfvU="></latexit><latexit sha1_base64="x9p7ZCPaW7T2wLCpbI1e3n/IfvU="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="PoKdnPy4VqGIIVRVosHaXJzG5Rw="></latexit><latexit sha1_base64="IXlg2ZD+qNT7GFdYncl/ANJORhU="></latexit><latexit sha1_base64="ZK5qYFhJ/fXMOIRar9rmOeslC8Y="></latexit><latexit sha1_base64="x9p7ZCPaW7T2wLCpbI1e3n/IfvU="></latexit><latexit sha1_base64="x9p7ZCPaW7T2wLCpbI1e3n/IfvU="></latexit><latexit sha1_base64="x9p7ZCPaW7T2wLCpbI1e3n/IfvU="></latexit><latexit sha1_base64="x9p7ZCPaW7T2wLCpbI1e3n/IfvU="></latexit><latexit sha1_base64="x9p7ZCPaW7T2wLCpbI1e3n/IfvU="></latexit><latexit sha1_base64="x9p7ZCPaW7T2wLCpbI1e3n/IfvU="></latexit>

•  The	work	distribution	is	obtained	from	the	Loschmidt	amplitude		

Work	distribution	for	repulsive	bosons		 Work	distribution	for	free	bosons		

-	For	large	value	of						(short	times)	no	dependence	on	interaction	(no	overlaps	initially)	

hW i =
Z

dW WP(W ) = N!/4 = h i|H| ii
<latexit sha1_base64="fNuWZaz93Gd8/Cn5FiET/7rN6ew="></latexit><latexit sha1_base64="fNuWZaz93Gd8/Cn5FiET/7rN6ew="></latexit><latexit sha1_base64="fNuWZaz93Gd8/Cn5FiET/7rN6ew="></latexit><latexit sha1_base64="fNuWZaz93Gd8/Cn5FiET/7rN6ew="></latexit>

5  N  10
<latexit sha1_base64="eoj0S9bCe0LCKaW+kd6CV2jMudw=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuhkwd20o3RTeupIJ9QGcomTTThmYeJJlCGfonblwo4tY/ceffmGkrqOiBezmccy+5OX7CmVQIfRgrq2vrG5uFreL2zu7evnlw2JZxKghtkZjHoutjSTmLaEsxxWk3ERSHPqcdf3yd+50JFZLF0b2aJtQL8TBiASNYaalvmhcup/A2bzZy6269b5aQdVmrlJ0KRBZCVbts56Rcdc4daGslRwks0eyb7+4gJmlII0U4lrJno0R5GRaKEU5nRTeVNMFkjIe0p2mEQyq9bH75DJ5qZQCDWOiKFJyr3zcyHEo5DX09GWI1kr+9XPzL66UqqHkZi5JU0YgsHgpSDlUM8xjggAlKFJ9qgolg+lZIRlhgonRYRR3C10/h/6Rdtmxk2XdOqXG1jKMAjsEJOAM2qIIGuAFN0AIETMADeALPRmY8Gi/G62J0xVjuHIEfMN4+AWwxkjk=</latexit><latexit sha1_base64="eoj0S9bCe0LCKaW+kd6CV2jMudw=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuhkwd20o3RTeupIJ9QGcomTTThmYeJJlCGfonblwo4tY/ceffmGkrqOiBezmccy+5OX7CmVQIfRgrq2vrG5uFreL2zu7evnlw2JZxKghtkZjHoutjSTmLaEsxxWk3ERSHPqcdf3yd+50JFZLF0b2aJtQL8TBiASNYaalvmhcup/A2bzZy6269b5aQdVmrlJ0KRBZCVbts56Rcdc4daGslRwks0eyb7+4gJmlII0U4lrJno0R5GRaKEU5nRTeVNMFkjIe0p2mEQyq9bH75DJ5qZQCDWOiKFJyr3zcyHEo5DX09GWI1kr+9XPzL66UqqHkZi5JU0YgsHgpSDlUM8xjggAlKFJ9qgolg+lZIRlhgonRYRR3C10/h/6Rdtmxk2XdOqXG1jKMAjsEJOAM2qIIGuAFN0AIETMADeALPRmY8Gi/G62J0xVjuHIEfMN4+AWwxkjk=</latexit><latexit sha1_base64="eoj0S9bCe0LCKaW+kd6CV2jMudw=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuhkwd20o3RTeupIJ9QGcomTTThmYeJJlCGfonblwo4tY/ceffmGkrqOiBezmccy+5OX7CmVQIfRgrq2vrG5uFreL2zu7evnlw2JZxKghtkZjHoutjSTmLaEsxxWk3ERSHPqcdf3yd+50JFZLF0b2aJtQL8TBiASNYaalvmhcup/A2bzZy6269b5aQdVmrlJ0KRBZCVbts56Rcdc4daGslRwks0eyb7+4gJmlII0U4lrJno0R5GRaKEU5nRTeVNMFkjIe0p2mEQyq9bH75DJ5qZQCDWOiKFJyr3zcyHEo5DX09GWI1kr+9XPzL66UqqHkZi5JU0YgsHgpSDlUM8xjggAlKFJ9qgolg+lZIRlhgonRYRR3C10/h/6Rdtmxk2XdOqXG1jKMAjsEJOAM2qIIGuAFN0AIETMADeALPRmY8Gi/G62J0xVjuHIEfMN4+AWwxkjk=</latexit><latexit sha1_base64="eoj0S9bCe0LCKaW+kd6CV2jMudw=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuhkwd20o3RTeupIJ9QGcomTTThmYeJJlCGfonblwo4tY/ceffmGkrqOiBezmccy+5OX7CmVQIfRgrq2vrG5uFreL2zu7evnlw2JZxKghtkZjHoutjSTmLaEsxxWk3ERSHPqcdf3yd+50JFZLF0b2aJtQL8TBiASNYaalvmhcup/A2bzZy6269b5aQdVmrlJ0KRBZCVbts56Rcdc4daGslRwks0eyb7+4gJmlII0U4lrJno0R5GRaKEU5nRTeVNMFkjIe0p2mEQyq9bH75DJ5qZQCDWOiKFJyr3zcyHEo5DX09GWI1kr+9XPzL66UqqHkZi5JU0YgsHgpSDlUM8xjggAlKFJ9qgolg+lZIRlhgonRYRR3C10/h/6Rdtmxk2XdOqXG1jKMAjsEJOAM2qIIGuAFN0AIETMADeALPRmY8Gi/G62J0xVjuHIEfMN4+AWwxkjk=</latexit>

�/m = 2, ! = 10
<latexit sha1_base64="bfI/FAP2R5zo6zSGiZbcBG7Ezh4=">AAACA3icdVBNSwMxEM3W7/q16k0vwSJ4kJpdi61IoejFo4LVQreUbDptg8nukmSFUgpe/CtePCji1T/hzX9jViuo6IOBx3szzMwLE8G1IeTNyU1MTk3PzM7l5xcWl5bdldULHaeKQZ3FIlaNkGoQPIK64UZAI1FAZSjgMrw6zvzLa1Cax9G5GSTQkrQX8S5n1Fip7a7joAPC0F1Z9XeCw+AQB7GEHq16pO0WSPGgsu+X9jEpElL2fC8jfrm0V8KeVTIU0Binbfc16MQslRAZJqjWTY8kpjWkynAmYJQPUg0JZVe0B01LIypBt4YfP4zwllU6uBsrW5HBH+r3iSGVWg9kaDslNX3928vEv7xmarqV1pBHSWogYp+LuqnAJsZZILjDFTAjBpZQpri9FbM+VZQZG1vehvD1Kf6fXPhFjxS9s1KhdjSOYxZtoE20jTxURjV0gk5RHTF0g+7QA3p0bp1758l5/mzNOeOZNfQDzss7QyuV/w==</latexit><latexit sha1_base64="bfI/FAP2R5zo6zSGiZbcBG7Ezh4=">AAACA3icdVBNSwMxEM3W7/q16k0vwSJ4kJpdi61IoejFo4LVQreUbDptg8nukmSFUgpe/CtePCji1T/hzX9jViuo6IOBx3szzMwLE8G1IeTNyU1MTk3PzM7l5xcWl5bdldULHaeKQZ3FIlaNkGoQPIK64UZAI1FAZSjgMrw6zvzLa1Cax9G5GSTQkrQX8S5n1Fip7a7joAPC0F1Z9XeCw+AQB7GEHq16pO0WSPGgsu+X9jEpElL2fC8jfrm0V8KeVTIU0Binbfc16MQslRAZJqjWTY8kpjWkynAmYJQPUg0JZVe0B01LIypBt4YfP4zwllU6uBsrW5HBH+r3iSGVWg9kaDslNX3928vEv7xmarqV1pBHSWogYp+LuqnAJsZZILjDFTAjBpZQpri9FbM+VZQZG1vehvD1Kf6fXPhFjxS9s1KhdjSOYxZtoE20jTxURjV0gk5RHTF0g+7QA3p0bp1758l5/mzNOeOZNfQDzss7QyuV/w==</latexit><latexit sha1_base64="bfI/FAP2R5zo6zSGiZbcBG7Ezh4=">AAACA3icdVBNSwMxEM3W7/q16k0vwSJ4kJpdi61IoejFo4LVQreUbDptg8nukmSFUgpe/CtePCji1T/hzX9jViuo6IOBx3szzMwLE8G1IeTNyU1MTk3PzM7l5xcWl5bdldULHaeKQZ3FIlaNkGoQPIK64UZAI1FAZSjgMrw6zvzLa1Cax9G5GSTQkrQX8S5n1Fip7a7joAPC0F1Z9XeCw+AQB7GEHq16pO0WSPGgsu+X9jEpElL2fC8jfrm0V8KeVTIU0Binbfc16MQslRAZJqjWTY8kpjWkynAmYJQPUg0JZVe0B01LIypBt4YfP4zwllU6uBsrW5HBH+r3iSGVWg9kaDslNX3928vEv7xmarqV1pBHSWogYp+LuqnAJsZZILjDFTAjBpZQpri9FbM+VZQZG1vehvD1Kf6fXPhFjxS9s1KhdjSOYxZtoE20jTxURjV0gk5RHTF0g+7QA3p0bp1758l5/mzNOeOZNfQDzss7QyuV/w==</latexit><latexit sha1_base64="bfI/FAP2R5zo6zSGiZbcBG7Ezh4=">AAACA3icdVBNSwMxEM3W7/q16k0vwSJ4kJpdi61IoejFo4LVQreUbDptg8nukmSFUgpe/CtePCji1T/hzX9jViuo6IOBx3szzMwLE8G1IeTNyU1MTk3PzM7l5xcWl5bdldULHaeKQZ3FIlaNkGoQPIK64UZAI1FAZSjgMrw6zvzLa1Cax9G5GSTQkrQX8S5n1Fip7a7joAPC0F1Z9XeCw+AQB7GEHq16pO0WSPGgsu+X9jEpElL2fC8jfrm0V8KeVTIU0Binbfc16MQslRAZJqjWTY8kpjWkynAmYJQPUg0JZVe0B01LIypBt4YfP4zwllU6uBsrW5HBH+r3iSGVWg9kaDslNX3928vEv7xmarqV1pBHSWogYp+LuqnAJsZZILjDFTAjBpZQpri9FbM+VZQZG1vehvD1Kf6fXPhFjxS9s1KhdjSOYxZtoE20jTxURjV0gk5RHTF0g+7QA3p0bp1758l5/mzNOeOZNfQDzss7QyuV/w==</latexit>

-	Average	work	

-	Exponentiated	work		(yields	all	moments)	
⌦
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<latexit sha1_base64="NXU3bWVvSIqiVIJalxSXQyjhNuo="></latexit><latexit sha1_base64="NXU3bWVvSIqiVIJalxSXQyjhNuo="></latexit><latexit sha1_base64="NXU3bWVvSIqiVIJalxSXQyjhNuo="></latexit><latexit sha1_base64="NXU3bWVvSIqiVIJalxSXQyjhNuo="></latexit>

cf	Jarzynski	equality	

e���F =
⌦
e��W

↵
<latexit sha1_base64="QE0e+dIehmjQ4+oIivNRkEZuIUA="></latexit><latexit sha1_base64="QE0e+dIehmjQ4+oIivNRkEZuIUA="></latexit><latexit sha1_base64="QE0e+dIehmjQ4+oIivNRkEZuIUA="></latexit><latexit sha1_base64="QE0e+dIehmjQ4+oIivNRkEZuIUA="></latexit>

W
<latexit sha1_base64="aOvRWKGZJqi2wGqkFwHBRvzX7oU=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK3usFxB9mW96npViGyEao7r5MSteRcedIySowJWaA7L74NRTNKICk04VqrvoET7GZaaEU7npUGqaILJFI9p31CBI6r8bHHoHJ4ZZQTDWJoSGi7U7xMZjpSaRYHpjLCeqN9eLv7l9VMd1v2MiSTVVJDlojDlUMcw/xqOmKRE85khmEhmboVkgiUm2mRTMiF8fQr/Jx3XdpDttLxK42oVRxGcgFNwDhxQAw1wA5qgDQig4AE8gWfrznq0XqzXZWvBWs0cgx+w3j4BFFONHQ==</latexit><latexit sha1_base64="aOvRWKGZJqi2wGqkFwHBRvzX7oU=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK3usFxB9mW96npViGyEao7r5MSteRcedIySowJWaA7L74NRTNKICk04VqrvoET7GZaaEU7npUGqaILJFI9p31CBI6r8bHHoHJ4ZZQTDWJoSGi7U7xMZjpSaRYHpjLCeqN9eLv7l9VMd1v2MiSTVVJDlojDlUMcw/xqOmKRE85khmEhmboVkgiUm2mRTMiF8fQr/Jx3XdpDttLxK42oVRxGcgFNwDhxQAw1wA5qgDQig4AE8gWfrznq0XqzXZWvBWs0cgx+w3j4BFFONHQ==</latexit><latexit sha1_base64="aOvRWKGZJqi2wGqkFwHBRvzX7oU=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK3usFxB9mW96npViGyEao7r5MSteRcedIySowJWaA7L74NRTNKICk04VqrvoET7GZaaEU7npUGqaILJFI9p31CBI6r8bHHoHJ4ZZQTDWJoSGi7U7xMZjpSaRYHpjLCeqN9eLv7l9VMd1v2MiSTVVJDlojDlUMcw/xqOmKRE85khmEhmboVkgiUm2mRTMiF8fQr/Jx3XdpDttLxK42oVRxGcgFNwDhxQAw1wA5qgDQig4AE8gWfrznq0XqzXZWvBWs0cgx+w3j4BFFONHQ==</latexit><latexit sha1_base64="aOvRWKGZJqi2wGqkFwHBRvzX7oU=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK3usFxB9mW96npViGyEao7r5MSteRcedIySowJWaA7L74NRTNKICk04VqrvoET7GZaaEU7npUGqaILJFI9p31CBI6r8bHHoHJ4ZZQTDWJoSGi7U7xMZjpSaRYHpjLCeqN9eLv7l9VMd1v2MiSTVVJDlojDlUMcw/xqOmKRE85khmEhmboVkgiUm2mRTMiF8fQr/Jx3XdpDttLxK42oVRxGcgFNwDhxQAw1wA5qgDQig4AE8gWfrznq0XqzXZWvBWs0cgx+w3j4BFFONHQ==</latexit>

-	For	small	values	of							strong	effect	of	interactions:																															as	opposed	to:																									
Indeed,																													vs.																														as															.	In	1-d		even	weak	interaction	have	strong	effect.		

W
<latexit sha1_base64="aOvRWKGZJqi2wGqkFwHBRvzX7oU=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK3usFxB9mW96npViGyEao7r5MSteRcedIySowJWaA7L74NRTNKICk04VqrvoET7GZaaEU7npUGqaILJFI9p31CBI6r8bHHoHJ4ZZQTDWJoSGi7U7xMZjpSaRYHpjLCeqN9eLv7l9VMd1v2MiSTVVJDlojDlUMcw/xqOmKRE85khmEhmboVkgiUm2mRTMiF8fQr/Jx3XdpDttLxK42oVRxGcgFNwDhxQAw1wA5qgDQig4AE8gWfrznq0XqzXZWvBWs0cgx+w3j4BFFONHQ==</latexit><latexit sha1_base64="aOvRWKGZJqi2wGqkFwHBRvzX7oU=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK3usFxB9mW96npViGyEao7r5MSteRcedIySowJWaA7L74NRTNKICk04VqrvoET7GZaaEU7npUGqaILJFI9p31CBI6r8bHHoHJ4ZZQTDWJoSGi7U7xMZjpSaRYHpjLCeqN9eLv7l9VMd1v2MiSTVVJDlojDlUMcw/xqOmKRE85khmEhmboVkgiUm2mRTMiF8fQr/Jx3XdpDttLxK42oVRxGcgFNwDhxQAw1wA5qgDQig4AE8gWfrznq0XqzXZWvBWs0cgx+w3j4BFFONHQ==</latexit><latexit sha1_base64="aOvRWKGZJqi2wGqkFwHBRvzX7oU=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK3usFxB9mW96npViGyEao7r5MSteRcedIySowJWaA7L74NRTNKICk04VqrvoET7GZaaEU7npUGqaILJFI9p31CBI6r8bHHoHJ4ZZQTDWJoSGi7U7xMZjpSaRYHpjLCeqN9eLv7l9VMd1v2MiSTVVJDlojDlUMcw/xqOmKRE85khmEhmboVkgiUm2mRTMiF8fQr/Jx3XdpDttLxK42oVRxGcgFNwDhxQAw1wA5qgDQig4AE8gWfrznq0XqzXZWvBWs0cgx+w3j4BFFONHQ==</latexit><latexit sha1_base64="aOvRWKGZJqi2wGqkFwHBRvzX7oU=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK3usFxB9mW96npViGyEao7r5MSteRcedIySowJWaA7L74NRTNKICk04VqrvoET7GZaaEU7npUGqaILJFI9p31CBI6r8bHHoHJ4ZZQTDWJoSGi7U7xMZjpSaRYHpjLCeqN9eLv7l9VMd1v2MiSTVVJDlojDlUMcw/xqOmKRE85khmEhmboVkgiUm2mRTMiF8fQr/Jx3XdpDttLxK42oVRxGcgFNwDhxQAw1wA5qgDQig4AE8gWfrznq0XqzXZWvBWs0cgx+w3j4BFFONHQ==</latexit> P(W ) ⇠ W

N2

2 �1
<latexit sha1_base64="qjWpxhP9Tzy1iqUDGGTzzuQgg8E="></latexit><latexit sha1_base64="qjWpxhP9Tzy1iqUDGGTzzuQgg8E="></latexit><latexit sha1_base64="qjWpxhP9Tzy1iqUDGGTzzuQgg8E="></latexit><latexit sha1_base64="qjWpxhP9Tzy1iqUDGGTzzuQgg8E="></latexit>

P(W ) ⇠ W
N
2 �1

<latexit sha1_base64="CJJyDAIr5u9HOU9/utcWZtIJQJU="></latexit><latexit sha1_base64="CJJyDAIr5u9HOU9/utcWZtIJQJU="></latexit><latexit sha1_base64="CJJyDAIr5u9HOU9/utcWZtIJQJU="></latexit><latexit sha1_base64="CJJyDAIr5u9HOU9/utcWZtIJQJU="></latexit>

|G(t)|2 ! 1/tN
2

<latexit sha1_base64="iqpCeMpzT9N3/P8otFlOwGaFUMY="></latexit><latexit sha1_base64="iqpCeMpzT9N3/P8otFlOwGaFUMY="></latexit><latexit sha1_base64="iqpCeMpzT9N3/P8otFlOwGaFUMY="></latexit><latexit sha1_base64="iqpCeMpzT9N3/P8otFlOwGaFUMY="></latexit>

|G(t)|2 ! 1/tN
<latexit sha1_base64="YnCbsDnQoaEGptR/dFl/RqyLEKo="></latexit><latexit sha1_base64="YnCbsDnQoaEGptR/dFl/RqyLEKo="></latexit><latexit sha1_base64="YnCbsDnQoaEGptR/dFl/RqyLEKo="></latexit><latexit sha1_base64="YnCbsDnQoaEGptR/dFl/RqyLEKo="></latexit>

t ! 1
<latexit sha1_base64="c5Hk7pJkZSmWsotS4BfrH20jsLc=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFZJY2rorunFZwT6gLWUynbRDJ5MwcyOE0M9w40IRt36NO//GSVtBRQ8MHM65l7nn+LHgGhznwyqsrW9sbhW3Szu7e/sH5cOjjo4SRVmbRiJSPZ9oJrhkbeAgWC9WjIS+YF1/dp373XumNI/kHaQxG4ZkInnAKQEj9WEAER5wGUA6Klcc+7JR86o17NiOU3c9NydevXpRxa5RclTQCq1R+X0wjmgSMglUEK37rhPDMCMKOBVsXhokmsWEzsiE9Q2VJGR6mC1OnuMzo4xxECnzJOCF+n0jI6HWaeibyZDAVP/2cvEvr59A0BhmXMYJMEmXHwWJwCZnnh+PuWIURGoIoYqbWzGdEkUomJZKpoSvpPh/0vFs17Hd22qlebWqo4hO0Ck6Ry6qoya6QS3URhRF6AE9oWcLrEfrxXpdjhas1c4x+gHr7ROuLZGD</latexit><latexit sha1_base64="c5Hk7pJkZSmWsotS4BfrH20jsLc=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFZJY2rorunFZwT6gLWUynbRDJ5MwcyOE0M9w40IRt36NO//GSVtBRQ8MHM65l7nn+LHgGhznwyqsrW9sbhW3Szu7e/sH5cOjjo4SRVmbRiJSPZ9oJrhkbeAgWC9WjIS+YF1/dp373XumNI/kHaQxG4ZkInnAKQEj9WEAER5wGUA6Klcc+7JR86o17NiOU3c9NydevXpRxa5RclTQCq1R+X0wjmgSMglUEK37rhPDMCMKOBVsXhokmsWEzsiE9Q2VJGR6mC1OnuMzo4xxECnzJOCF+n0jI6HWaeibyZDAVP/2cvEvr59A0BhmXMYJMEmXHwWJwCZnnh+PuWIURGoIoYqbWzGdEkUomJZKpoSvpPh/0vFs17Hd22qlebWqo4hO0Ck6Ry6qoya6QS3URhRF6AE9oWcLrEfrxXpdjhas1c4x+gHr7ROuLZGD</latexit><latexit sha1_base64="c5Hk7pJkZSmWsotS4BfrH20jsLc=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFZJY2rorunFZwT6gLWUynbRDJ5MwcyOE0M9w40IRt36NO//GSVtBRQ8MHM65l7nn+LHgGhznwyqsrW9sbhW3Szu7e/sH5cOjjo4SRVmbRiJSPZ9oJrhkbeAgWC9WjIS+YF1/dp373XumNI/kHaQxG4ZkInnAKQEj9WEAER5wGUA6Klcc+7JR86o17NiOU3c9NydevXpRxa5RclTQCq1R+X0wjmgSMglUEK37rhPDMCMKOBVsXhokmsWEzsiE9Q2VJGR6mC1OnuMzo4xxECnzJOCF+n0jI6HWaeibyZDAVP/2cvEvr59A0BhmXMYJMEmXHwWJwCZnnh+PuWIURGoIoYqbWzGdEkUomJZKpoSvpPh/0vFs17Hd22qlebWqo4hO0Ck6Ry6qoya6QS3URhRF6AE9oWcLrEfrxXpdjhas1c4x+gHr7ROuLZGD</latexit><latexit sha1_base64="c5Hk7pJkZSmWsotS4BfrH20jsLc=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFZJY2rorunFZwT6gLWUynbRDJ5MwcyOE0M9w40IRt36NO//GSVtBRQ8MHM65l7nn+LHgGhznwyqsrW9sbhW3Szu7e/sH5cOjjo4SRVmbRiJSPZ9oJrhkbeAgWC9WjIS+YF1/dp373XumNI/kHaQxG4ZkInnAKQEj9WEAER5wGUA6Klcc+7JR86o17NiOU3c9NydevXpRxa5RclTQCq1R+X0wjmgSMglUEK37rhPDMCMKOBVsXhokmsWEzsiE9Q2VJGR6mC1OnuMzo4xxECnzJOCF+n0jI6HWaeibyZDAVP/2cvEvr59A0BhmXMYJMEmXHwWJwCZnnh+PuWIURGoIoYqbWzGdEkUomJZKpoSvpPh/0vFs17Hd22qlebWqo4hO0Ck6Ry6qoya6QS3URhRF6AE9oWcLrEfrxXpdjhas1c4x+gHr7ROuLZGD</latexit>

P(W ) ⇠ W
N
2 �1

<latexit sha1_base64="CJJyDAIr5u9HOU9/utcWZtIJQJU="></latexit><latexit sha1_base64="CJJyDAIr5u9HOU9/utcWZtIJQJU="></latexit><latexit sha1_base64="CJJyDAIr5u9HOU9/utcWZtIJQJU="></latexit><latexit sha1_base64="CJJyDAIr5u9HOU9/utcWZtIJQJU="></latexit>P(W ) ⇠ W
N2

2 �1
<latexit sha1_base64="qjWpxhP9Tzy1iqUDGGTzzuQgg8E="></latexit><latexit sha1_base64="qjWpxhP9Tzy1iqUDGGTzzuQgg8E="></latexit><latexit sha1_base64="qjWpxhP9Tzy1iqUDGGTzzuQgg8E="></latexit><latexit sha1_base64="qjWpxhP9Tzy1iqUDGGTzzuQgg8E="></latexit>



   The Work distribution (attractive interactions, infinite volume) 

For												there	are	bound	states		of					-bosons,																														
(momenta				form	complex					-	strings:								

c < 0
<latexit sha1_base64="g2n4FrI/ZAl1+KujFaDfwHHvtjM=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtBVcFN24rGgf0IYymU7aoZNJmJkIJfQT3LhQxK1f5M6/cdJWUNEDFw7n3Mu99wQJZ0oj9GEVVlbX1jeKm6Wt7Z3dvfL+QVvFqSS0RWIey26AFeVM0JZmmtNuIimOAk47weQq9zv3VCoWizs9Tagf4ZFgISNYG+mWXKBBuYLs83rV9aoQ2QjVHNfJiVvzzjzoGCVHBSzRHJTf+8OYpBEVmnCsVM9BifYzLDUjnM5K/VTRBJMJHtGeoQJHVPnZ/NQZPDHKEIaxNCU0nKvfJzIcKTWNAtMZYT1Wv71c/MvrpTqs+xkTSaqpIItFYcqhjmH+NxwySYnmU0MwkczcCskYS0y0SadkQvj6FP5P2q7tINu58SqNy2UcRXAEjsEpcEANNMA1aIIWIGAEHsATeLa49Wi9WK+L1oK1nDkEP2C9fQIVDo2p</latexit><latexit sha1_base64="g2n4FrI/ZAl1+KujFaDfwHHvtjM=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtBVcFN24rGgf0IYymU7aoZNJmJkIJfQT3LhQxK1f5M6/cdJWUNEDFw7n3Mu99wQJZ0oj9GEVVlbX1jeKm6Wt7Z3dvfL+QVvFqSS0RWIey26AFeVM0JZmmtNuIimOAk47weQq9zv3VCoWizs9Tagf4ZFgISNYG+mWXKBBuYLs83rV9aoQ2QjVHNfJiVvzzjzoGCVHBSzRHJTf+8OYpBEVmnCsVM9BifYzLDUjnM5K/VTRBJMJHtGeoQJHVPnZ/NQZPDHKEIaxNCU0nKvfJzIcKTWNAtMZYT1Wv71c/MvrpTqs+xkTSaqpIItFYcqhjmH+NxwySYnmU0MwkczcCskYS0y0SadkQvj6FP5P2q7tINu58SqNy2UcRXAEjsEpcEANNMA1aIIWIGAEHsATeLa49Wi9WK+L1oK1nDkEP2C9fQIVDo2p</latexit><latexit sha1_base64="g2n4FrI/ZAl1+KujFaDfwHHvtjM=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtBVcFN24rGgf0IYymU7aoZNJmJkIJfQT3LhQxK1f5M6/cdJWUNEDFw7n3Mu99wQJZ0oj9GEVVlbX1jeKm6Wt7Z3dvfL+QVvFqSS0RWIey26AFeVM0JZmmtNuIimOAk47weQq9zv3VCoWizs9Tagf4ZFgISNYG+mWXKBBuYLs83rV9aoQ2QjVHNfJiVvzzjzoGCVHBSzRHJTf+8OYpBEVmnCsVM9BifYzLDUjnM5K/VTRBJMJHtGeoQJHVPnZ/NQZPDHKEIaxNCU0nKvfJzIcKTWNAtMZYT1Wv71c/MvrpTqs+xkTSaqpIItFYcqhjmH+NxwySYnmU0MwkczcCskYS0y0SadkQvj6FP5P2q7tINu58SqNy2UcRXAEjsEpcEANNMA1aIIWIGAEHsATeLa49Wi9WK+L1oK1nDkEP2C9fQIVDo2p</latexit><latexit sha1_base64="g2n4FrI/ZAl1+KujFaDfwHHvtjM=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtBVcFN24rGgf0IYymU7aoZNJmJkIJfQT3LhQxK1f5M6/cdJWUNEDFw7n3Mu99wQJZ0oj9GEVVlbX1jeKm6Wt7Z3dvfL+QVvFqSS0RWIey26AFeVM0JZmmtNuIimOAk47weQq9zv3VCoWizs9Tagf4ZFgISNYG+mWXKBBuYLs83rV9aoQ2QjVHNfJiVvzzjzoGCVHBSzRHJTf+8OYpBEVmnCsVM9BifYzLDUjnM5K/VTRBJMJHtGeoQJHVPnZ/NQZPDHKEIaxNCU0nKvfJzIcKTWNAtMZYT1Wv71c/MvrpTqs+xkTSaqpIItFYcqhjmH+NxwySYnmU0MwkczcCskYS0y0SadkQvj6FP5P2q7tINu58SqNy2UcRXAEjsEpcEANNMA1aIIWIGAEHsATeLa49Wi9WK+L1oK1nDkEP2C9fQIVDo2p</latexit>

n
<latexit sha1_base64="VjF2nEJsOaL58uFuQSCJIo6Zmog=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC0xLFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest083L400</latexit><latexit sha1_base64="VjF2nEJsOaL58uFuQSCJIo6Zmog=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC0xLFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest083L400</latexit><latexit sha1_base64="VjF2nEJsOaL58uFuQSCJIo6Zmog=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC0xLFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest083L400</latexit><latexit sha1_base64="VjF2nEJsOaL58uFuQSCJIo6Zmog=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC0xLFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest083L400</latexit> n = 2, · · · , N

<latexit sha1_base64="cKaTjFAXXj7fLOr8W1DV2eNR/T0=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwUUISQ1sXQtGNK6lgH9CGMplM2qGTSZyZFErpd7hxoYhbP8adf+OkraCiBy4czrmXe+/xE0alsqwPI7eyura+kd8sbG3v7O4V9w9aMk4FJk0cs1h0fCQJo5w0FVWMdBJBUOQz0vZHV5nfHhMhaczv1CQhXoQGnIYUI6Ulj1845R4OYiXL8KZfLFnmea3iuBVomZZVtR07I07VPXOhrZUMJbBEo1987wUxTiPCFWZIyq5tJcqbIqEoZmRW6KWSJAiP0IB0NeUoItKbzo+ewROtBDCMhS6u4Fz9PjFFkZSTyNedEVJD+dvLxL+8bqrCmjelPEkV4XixKEwZVDHMEoABFQQrNtEEYUH1rRAPkUBY6ZwKOoSvT+H/pOWYtmXat26pfrmMIw+OwDE4BTaogjq4Bg3QBBjcgwfwBJ6NsfFovBivi9acsZw5BD9gvH0Cn4SRWg==</latexit><latexit sha1_base64="cKaTjFAXXj7fLOr8W1DV2eNR/T0=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwUUISQ1sXQtGNK6lgH9CGMplM2qGTSZyZFErpd7hxoYhbP8adf+OkraCiBy4czrmXe+/xE0alsqwPI7eyura+kd8sbG3v7O4V9w9aMk4FJk0cs1h0fCQJo5w0FVWMdBJBUOQz0vZHV5nfHhMhaczv1CQhXoQGnIYUI6Ulj1845R4OYiXL8KZfLFnmea3iuBVomZZVtR07I07VPXOhrZUMJbBEo1987wUxTiPCFWZIyq5tJcqbIqEoZmRW6KWSJAiP0IB0NeUoItKbzo+ewROtBDCMhS6u4Fz9PjFFkZSTyNedEVJD+dvLxL+8bqrCmjelPEkV4XixKEwZVDHMEoABFQQrNtEEYUH1rRAPkUBY6ZwKOoSvT+H/pOWYtmXat26pfrmMIw+OwDE4BTaogjq4Bg3QBBjcgwfwBJ6NsfFovBivi9acsZw5BD9gvH0Cn4SRWg==</latexit><latexit sha1_base64="cKaTjFAXXj7fLOr8W1DV2eNR/T0=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwUUISQ1sXQtGNK6lgH9CGMplM2qGTSZyZFErpd7hxoYhbP8adf+OkraCiBy4czrmXe+/xE0alsqwPI7eyura+kd8sbG3v7O4V9w9aMk4FJk0cs1h0fCQJo5w0FVWMdBJBUOQz0vZHV5nfHhMhaczv1CQhXoQGnIYUI6Ulj1845R4OYiXL8KZfLFnmea3iuBVomZZVtR07I07VPXOhrZUMJbBEo1987wUxTiPCFWZIyq5tJcqbIqEoZmRW6KWSJAiP0IB0NeUoItKbzo+ewROtBDCMhS6u4Fz9PjFFkZSTyNedEVJD+dvLxL+8bqrCmjelPEkV4XixKEwZVDHMEoABFQQrNtEEYUH1rRAPkUBY6ZwKOoSvT+H/pOWYtmXat26pfrmMIw+OwDE4BTaogjq4Bg3QBBjcgwfwBJ6NsfFovBivi9acsZw5BD9gvH0Cn4SRWg==</latexit><latexit sha1_base64="cKaTjFAXXj7fLOr8W1DV2eNR/T0=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwUUISQ1sXQtGNK6lgH9CGMplM2qGTSZyZFErpd7hxoYhbP8adf+OkraCiBy4czrmXe+/xE0alsqwPI7eyura+kd8sbG3v7O4V9w9aMk4FJk0cs1h0fCQJo5w0FVWMdBJBUOQz0vZHV5nfHhMhaczv1CQhXoQGnIYUI6Ulj1845R4OYiXL8KZfLFnmea3iuBVomZZVtR07I07VPXOhrZUMJbBEo1987wUxTiPCFWZIyq5tJcqbIqEoZmRW6KWSJAiP0IB0NeUoItKbzo+ewROtBDCMhS6u4Fz9PjFFkZSTyNedEVJD+dvLxL+8bqrCmjelPEkV4XixKEwZVDHMEoABFQQrNtEEYUH1rRAPkUBY6ZwKOoSvT+H/pOWYtmXat26pfrmMIw+OwDE4BTaogjq4Bg3QBBjcgwfwBJ6NsfFovBivi9acsZw5BD9gvH0Cn4SRWg==</latexit>

n
<latexit sha1_base64="VjF2nEJsOaL58uFuQSCJIo6Zmog=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC0xLFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest083L400</latexit><latexit sha1_base64="VjF2nEJsOaL58uFuQSCJIo6Zmog=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC0xLFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest083L400</latexit><latexit sha1_base64="VjF2nEJsOaL58uFuQSCJIo6Zmog=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC0xLFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest083L400</latexit><latexit sha1_base64="VjF2nEJsOaL58uFuQSCJIo6Zmog=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC0xLFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest083L400</latexit>k

<latexit sha1_base64="KjREW+p/8rD/xoY3qsnmqAgdgHg=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK3psFxB9mW96npViGyEao7r5MSteRcedIySowJWaA7L74NRTNKICk04VqrvoET7GZaaEU7npUGqaILJFI9p31CBI6r8bHHoHJ4ZZQTDWJoSGi7U7xMZjpSaRYHpjLCeqN9eLv7l9VMd1v2MiSTVVJDlojDlUMcw/xqOmKRE85khmEhmboVkgiUm2mRTMiF8fQr/Jx3XdpDttLxK42oVRxGcgFNwDhxQAw1wA5qgDQig4AE8gWfrznq0XqzXZWvBWs0cgx+w3j4BMqONMQ==</latexit><latexit sha1_base64="KjREW+p/8rD/xoY3qsnmqAgdgHg=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK3psFxB9mW96npViGyEao7r5MSteRcedIySowJWaA7L74NRTNKICk04VqrvoET7GZaaEU7npUGqaILJFI9p31CBI6r8bHHoHJ4ZZQTDWJoSGi7U7xMZjpSaRYHpjLCeqN9eLv7l9VMd1v2MiSTVVJDlojDlUMcw/xqOmKRE85khmEhmboVkgiUm2mRTMiF8fQr/Jx3XdpDttLxK42oVRxGcgFNwDhxQAw1wA5qgDQig4AE8gWfrznq0XqzXZWvBWs0cgx+w3j4BMqONMQ==</latexit><latexit sha1_base64="KjREW+p/8rD/xoY3qsnmqAgdgHg=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK3psFxB9mW96npViGyEao7r5MSteRcedIySowJWaA7L74NRTNKICk04VqrvoET7GZaaEU7npUGqaILJFI9p31CBI6r8bHHoHJ4ZZQTDWJoSGi7U7xMZjpSaRYHpjLCeqN9eLv7l9VMd1v2MiSTVVJDlojDlUMcw/xqOmKRE85khmEhmboVkgiUm2mRTMiF8fQr/Jx3XdpDttLxK42oVRxGcgFNwDhxQAw1wA5qgDQig4AE8gWfrznq0XqzXZWvBWs0cgx+w3j4BMqONMQ==</latexit><latexit sha1_base64="KjREW+p/8rD/xoY3qsnmqAgdgHg=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK3psFxB9mW96npViGyEao7r5MSteRcedIySowJWaA7L74NRTNKICk04VqrvoET7GZaaEU7npUGqaILJFI9p31CBI6r8bHHoHJ4ZZQTDWJoSGi7U7xMZjpSaRYHpjLCeqN9eLv7l9VMd1v2MiSTVVJDlojDlUMcw/xqOmKRE85khmEhmboVkgiUm2mRTMiF8fQr/Jx3XdpDttLxK42oVRxGcgFNwDhxQAw1wA5qgDQig4AE8gWfrznq0XqzXZWvBWs0cgx+w3j4BMqONMQ==</latexit>

kj = k + ijc/2, j = 1 · · ·n
<latexit sha1_base64="uY/06F/EukJVSCEuGozFjcDp9ZM="></latexit><latexit sha1_base64="uY/06F/EukJVSCEuGozFjcDp9ZM="></latexit><latexit sha1_base64="uY/06F/EukJVSCEuGozFjcDp9ZM="></latexit><latexit sha1_base64="uY/06F/EukJVSCEuGozFjcDp9ZM="></latexit>

•  Using	a	generalization	of	Yudson	representation,	we	find	

Pc<0(W ) = Punbound(W ) + Pbound(W )
<latexit sha1_base64="Bs75bf8Go7+ifriGyMagP4PC6fE="></latexit><latexit sha1_base64="Bs75bf8Go7+ifriGyMagP4PC6fE="></latexit><latexit sha1_base64="Bs75bf8Go7+ifriGyMagP4PC6fE="></latexit><latexit sha1_base64="Bs75bf8Go7+ifriGyMagP4PC6fE="></latexit>

Punbound(W )
<latexit sha1_base64="TQ7N/neEXYx7vMg9IGaq9QkFrTY="></latexit><latexit sha1_base64="TQ7N/neEXYx7vMg9IGaq9QkFrTY="></latexit><latexit sha1_base64="TQ7N/neEXYx7vMg9IGaq9QkFrTY="></latexit><latexit sha1_base64="TQ7N/neEXYx7vMg9IGaq9QkFrTY="></latexit>

-																										same	expression	as	before		with																	,	so															due	to	attraction.	�e↵ < �
<latexit sha1_base64="p1g2vMyvv7xGzMld0maM3qTCUjY=">AAACAXicdZBNS8NAEIY3flu/ql4EL4tF8BSSGloFD0UvHitYLbSlbLaTurj5YHcillAv/hUvHhTx6r/w5r9xoxFU9IWFl2dmmJ3XT6TQ6Dhv1sTk1PTM7Nx8aWFxaXmlvLp2puNUcWjxWMaq7TMNUkTQQoES2okCFvoSzv3Lo7x+fgVKizg6xVECvZANIxEIztCgfnmjOwCJrN9FuMYMgmB8UJByxbH392pVr0Yd23HqbtXNTbXu7XrUNSRXhRRq9suv3UHM0xAi5JJp3XGdBHsZUyi4hHGpm2pIGL9kQ+gYG7EQdC/7uGBMtw0Z0CBW5kVIP+j3iYyFWo9C33SGDC/071oO/6p1Ugz2epmIkhQh4p+LglRSjGkeBx0IBRzlyBjGlTB/pfyCKcbRhFYyIXxdSv83Z1XbdWz3xKs0Dos45sgm2SI7xCV10iDHpElahJMbckceyKN1a91bT9bzZ+uEVcyskx+yXt4BfKKXjg==</latexit><latexit sha1_base64="p1g2vMyvv7xGzMld0maM3qTCUjY=">AAACAXicdZBNS8NAEIY3flu/ql4EL4tF8BSSGloFD0UvHitYLbSlbLaTurj5YHcillAv/hUvHhTx6r/w5r9xoxFU9IWFl2dmmJ3XT6TQ6Dhv1sTk1PTM7Nx8aWFxaXmlvLp2puNUcWjxWMaq7TMNUkTQQoES2okCFvoSzv3Lo7x+fgVKizg6xVECvZANIxEIztCgfnmjOwCJrN9FuMYMgmB8UJByxbH392pVr0Yd23HqbtXNTbXu7XrUNSRXhRRq9suv3UHM0xAi5JJp3XGdBHsZUyi4hHGpm2pIGL9kQ+gYG7EQdC/7uGBMtw0Z0CBW5kVIP+j3iYyFWo9C33SGDC/071oO/6p1Ugz2epmIkhQh4p+LglRSjGkeBx0IBRzlyBjGlTB/pfyCKcbRhFYyIXxdSv83Z1XbdWz3xKs0Dos45sgm2SI7xCV10iDHpElahJMbckceyKN1a91bT9bzZ+uEVcyskx+yXt4BfKKXjg==</latexit><latexit sha1_base64="p1g2vMyvv7xGzMld0maM3qTCUjY=">AAACAXicdZBNS8NAEIY3flu/ql4EL4tF8BSSGloFD0UvHitYLbSlbLaTurj5YHcillAv/hUvHhTx6r/w5r9xoxFU9IWFl2dmmJ3XT6TQ6Dhv1sTk1PTM7Nx8aWFxaXmlvLp2puNUcWjxWMaq7TMNUkTQQoES2okCFvoSzv3Lo7x+fgVKizg6xVECvZANIxEIztCgfnmjOwCJrN9FuMYMgmB8UJByxbH392pVr0Yd23HqbtXNTbXu7XrUNSRXhRRq9suv3UHM0xAi5JJp3XGdBHsZUyi4hHGpm2pIGL9kQ+gYG7EQdC/7uGBMtw0Z0CBW5kVIP+j3iYyFWo9C33SGDC/071oO/6p1Ugz2epmIkhQh4p+LglRSjGkeBx0IBRzlyBjGlTB/pfyCKcbRhFYyIXxdSv83Z1XbdWz3xKs0Dos45sgm2SI7xCV10iDHpElahJMbckceyKN1a91bT9bzZ+uEVcyskx+yXt4BfKKXjg==</latexit><latexit sha1_base64="p1g2vMyvv7xGzMld0maM3qTCUjY=">AAACAXicdZBNS8NAEIY3flu/ql4EL4tF8BSSGloFD0UvHitYLbSlbLaTurj5YHcillAv/hUvHhTx6r/w5r9xoxFU9IWFl2dmmJ3XT6TQ6Dhv1sTk1PTM7Nx8aWFxaXmlvLp2puNUcWjxWMaq7TMNUkTQQoES2okCFvoSzv3Lo7x+fgVKizg6xVECvZANIxEIztCgfnmjOwCJrN9FuMYMgmB8UJByxbH392pVr0Yd23HqbtXNTbXu7XrUNSRXhRRq9suv3UHM0xAi5JJp3XGdBHsZUyi4hHGpm2pIGL9kQ+gYG7EQdC/7uGBMtw0Z0CBW5kVIP+j3iYyFWo9C33SGDC/071oO/6p1Ugz2epmIkhQh4p+LglRSjGkeBx0IBRzlyBjGlTB/pfyCKcbRhFYyIXxdSv83Z1XbdWz3xKs0Dos45sgm2SI7xCV10iDHpElahJMbckceyKN1a91bT9bzZ+uEVcyskx+yXt4BfKKXjg==</latexit>

c ! �c
<latexit sha1_base64="yG1ZSOi2bpqTNltgH1oOe7Mu0fU=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4cciMQ1t3RTcuK9gHtEPJpJk2NJMZk4xQhv6EGxeKuPV33Pk3ZtoKKnogcDjnXnLPCRLOlEbowyqsrK6tbxQ3S1vbO7t75f2DtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyVXud+6pVCwWt3qaUD/CI8FCRrA2UpfAvo7hGRmUK8i+qFddrwqRjVDNcZ2cuDXv3IOOUXJUwBLNQfm9P4xJGlGhCcdK9RyUaD/DUjPC6azUTxVNMJngEe0ZKnBElZ/N753BE6MMYRhL84SGc/X7RoYjpaZRYCYjrMfqt5eLf3m9VId1P2MiSTUVZPFRmHJoMubh4ZBJSjSfGoKJZOZWSMZYYqJNRSVTwldS+D9pu7aDbOfGqzQul3UUwRE4BqfAATXQANegCVqAAA4ewBN4tu6sR+vFel2MFqzlziH4AevtE1Csj34=</latexit><latexit sha1_base64="yG1ZSOi2bpqTNltgH1oOe7Mu0fU=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4cciMQ1t3RTcuK9gHtEPJpJk2NJMZk4xQhv6EGxeKuPV33Pk3ZtoKKnogcDjnXnLPCRLOlEbowyqsrK6tbxQ3S1vbO7t75f2DtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyVXud+6pVCwWt3qaUD/CI8FCRrA2UpfAvo7hGRmUK8i+qFddrwqRjVDNcZ2cuDXv3IOOUXJUwBLNQfm9P4xJGlGhCcdK9RyUaD/DUjPC6azUTxVNMJngEe0ZKnBElZ/N753BE6MMYRhL84SGc/X7RoYjpaZRYCYjrMfqt5eLf3m9VId1P2MiSTUVZPFRmHJoMubh4ZBJSjSfGoKJZOZWSMZYYqJNRSVTwldS+D9pu7aDbOfGqzQul3UUwRE4BqfAATXQANegCVqAAA4ewBN4tu6sR+vFel2MFqzlziH4AevtE1Csj34=</latexit><latexit sha1_base64="yG1ZSOi2bpqTNltgH1oOe7Mu0fU=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4cciMQ1t3RTcuK9gHtEPJpJk2NJMZk4xQhv6EGxeKuPV33Pk3ZtoKKnogcDjnXnLPCRLOlEbowyqsrK6tbxQ3S1vbO7t75f2DtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyVXud+6pVCwWt3qaUD/CI8FCRrA2UpfAvo7hGRmUK8i+qFddrwqRjVDNcZ2cuDXv3IOOUXJUwBLNQfm9P4xJGlGhCcdK9RyUaD/DUjPC6azUTxVNMJngEe0ZKnBElZ/N753BE6MMYRhL84SGc/X7RoYjpaZRYCYjrMfqt5eLf3m9VId1P2MiSTUVZPFRmHJoMubh4ZBJSjSfGoKJZOZWSMZYYqJNRSVTwldS+D9pu7aDbOfGqzQul3UUwRE4BqfAATXQANegCVqAAA4ewBN4tu6sR+vFel2MFqzlziH4AevtE1Csj34=</latexit><latexit sha1_base64="yG1ZSOi2bpqTNltgH1oOe7Mu0fU=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4cciMQ1t3RTcuK9gHtEPJpJk2NJMZk4xQhv6EGxeKuPV33Pk3ZtoKKnogcDjnXnLPCRLOlEbowyqsrK6tbxQ3S1vbO7t75f2DtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyVXud+6pVCwWt3qaUD/CI8FCRrA2UpfAvo7hGRmUK8i+qFddrwqRjVDNcZ2cuDXv3IOOUXJUwBLNQfm9P4xJGlGhCcdK9RyUaD/DUjPC6azUTxVNMJngEe0ZKnBElZ/N753BE6MMYRhL84SGc/X7RoYjpaZRYCYjrMfqt5eLf3m9VId1P2MiSTUVZPFRmHJoMubh4ZBJSjSfGoKJZOZWSMZYYqJNRSVTwldS+D9pu7aDbOfGqzQul3UUwRE4BqfAATXQANegCVqAAA4ewBN4tu6sR+vFel2MFqzlziH4AevtE1Csj34=</latexit>

Similar	to	super	Tonks-Girardeau		experiment,	where	one	prepares	system	with	large			
and	then	suddenly	quenches	to	large													.	Note,	our	expression	valid	for	any				.	

c > 0
<latexit sha1_base64="CEiR0bojgbVBrbeeTp8XIxFvkHU=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6YObd1I0Y3LCvYB7VAyaaYNTTJDkhHK0F9w40IRt/6QO//GTFtBRQ9cOJxzL/feEyacaYPQh7Oyura+sVnYKm7v7O7tlw4O2zpOFaEtEvNYdUOsKWeStgwznHYTRbEIOe2Ek+vc79xTpVks78w0oYHAI8kiRrDJJQIv0aBURu5FvVrxqxC5CNW8ipeTSs0/96FnlRxlsERzUHrvD2OSCioN4VjrnocSE2RYGUY4nRX7qaYJJhM8oj1LJRZUB9n81hk8tcoQRrGyJQ2cq98nMiy0norQdgpsxvq3l4t/eb3URPUgYzJJDZVksShKOTQxzB+HQ6YoMXxqCSaK2VshGWOFibHxFG0IX5/C/0m74nrI9W79cuNqGUcBHIMTcAY8UAMNcAOaoAUIGIMH8ASeHeE8Oi/O66J1xVnOHIEfcN4+AW4jjdU=</latexit><latexit sha1_base64="CEiR0bojgbVBrbeeTp8XIxFvkHU=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6YObd1I0Y3LCvYB7VAyaaYNTTJDkhHK0F9w40IRt/6QO//GTFtBRQ9cOJxzL/feEyacaYPQh7Oyura+sVnYKm7v7O7tlw4O2zpOFaEtEvNYdUOsKWeStgwznHYTRbEIOe2Ek+vc79xTpVks78w0oYHAI8kiRrDJJQIv0aBURu5FvVrxqxC5CNW8ipeTSs0/96FnlRxlsERzUHrvD2OSCioN4VjrnocSE2RYGUY4nRX7qaYJJhM8oj1LJRZUB9n81hk8tcoQRrGyJQ2cq98nMiy0norQdgpsxvq3l4t/eb3URPUgYzJJDZVksShKOTQxzB+HQ6YoMXxqCSaK2VshGWOFibHxFG0IX5/C/0m74nrI9W79cuNqGUcBHIMTcAY8UAMNcAOaoAUIGIMH8ASeHeE8Oi/O66J1xVnOHIEfcN4+AW4jjdU=</latexit><latexit sha1_base64="CEiR0bojgbVBrbeeTp8XIxFvkHU=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6YObd1I0Y3LCvYB7VAyaaYNTTJDkhHK0F9w40IRt/6QO//GTFtBRQ9cOJxzL/feEyacaYPQh7Oyura+sVnYKm7v7O7tlw4O2zpOFaEtEvNYdUOsKWeStgwznHYTRbEIOe2Ek+vc79xTpVks78w0oYHAI8kiRrDJJQIv0aBURu5FvVrxqxC5CNW8ipeTSs0/96FnlRxlsERzUHrvD2OSCioN4VjrnocSE2RYGUY4nRX7qaYJJhM8oj1LJRZUB9n81hk8tcoQRrGyJQ2cq98nMiy0norQdgpsxvq3l4t/eb3URPUgYzJJDZVksShKOTQxzB+HQ6YoMXxqCSaK2VshGWOFibHxFG0IX5/C/0m74nrI9W79cuNqGUcBHIMTcAY8UAMNcAOaoAUIGIMH8ASeHeE8Oi/O66J1xVnOHIEfcN4+AW4jjdU=</latexit><latexit sha1_base64="CEiR0bojgbVBrbeeTp8XIxFvkHU=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6YObd1I0Y3LCvYB7VAyaaYNTTJDkhHK0F9w40IRt/6QO//GTFtBRQ9cOJxzL/feEyacaYPQh7Oyura+sVnYKm7v7O7tlw4O2zpOFaEtEvNYdUOsKWeStgwznHYTRbEIOe2Ek+vc79xTpVks78w0oYHAI8kiRrDJJQIv0aBURu5FvVrxqxC5CNW8ipeTSs0/96FnlRxlsERzUHrvD2OSCioN4VjrnocSE2RYGUY4nRX7qaYJJhM8oj1LJRZUB9n81hk8tcoQRrGyJQ2cq98nMiy0norQdgpsxvq3l4t/eb3URPUgYzJJDZVksShKOTQxzB+HQ6YoMXxqCSaK2VshGWOFibHxFG0IX5/C/0m74nrI9W79cuNqGUcBHIMTcAY8UAMNcAOaoAUIGIMH8ASeHeE8Oi/O66J1xVnOHIEfcN4+AW4jjdU=</latexit>

c < 0
<latexit sha1_base64="WMmoIjVStE2YOHxVQYygHuzXaVg=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6YObQUXRTcuK9gHtEPJpJk2NMkMSUYoQ3/BjQtF3PpD7vwbM20FFT1w4XDOvdx7T5hwpg1CH87K6tr6xmZhq7i9s7u3Xzo4bOs4VYS2SMxj1Q2xppxJ2jLMcNpNFMUi5LQTTq5zv3NPlWaxvDPThAYCjySLGMEmlwi8RINSGbkX9WrFr0LkIlTzKl5OKjX/3IeeVXKUwRLNQem9P4xJKqg0hGOtex5KTJBhZRjhdFbsp5ommEzwiPYslVhQHWTzW2fw1CpDGMXKljRwrn6fyLDQeipC2ymwGevfXi7+5fVSE9WDjMkkNVSSxaIo5dDEMH8cDpmixPCpJZgoZm+FZIwVJsbGU7QhfH0K/yftiush17v1y42rZRwFcAxOwBnwQA00wA1oghYgYAwewBN4doTz6Lw4r4vWFWc5cwR+wHn7BGsZjdM=</latexit><latexit sha1_base64="WMmoIjVStE2YOHxVQYygHuzXaVg=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6YObQUXRTcuK9gHtEPJpJk2NMkMSUYoQ3/BjQtF3PpD7vwbM20FFT1w4XDOvdx7T5hwpg1CH87K6tr6xmZhq7i9s7u3Xzo4bOs4VYS2SMxj1Q2xppxJ2jLMcNpNFMUi5LQTTq5zv3NPlWaxvDPThAYCjySLGMEmlwi8RINSGbkX9WrFr0LkIlTzKl5OKjX/3IeeVXKUwRLNQem9P4xJKqg0hGOtex5KTJBhZRjhdFbsp5ommEzwiPYslVhQHWTzW2fw1CpDGMXKljRwrn6fyLDQeipC2ymwGevfXi7+5fVSE9WDjMkkNVSSxaIo5dDEMH8cDpmixPCpJZgoZm+FZIwVJsbGU7QhfH0K/yftiush17v1y42rZRwFcAxOwBnwQA00wA1oghYgYAwewBN4doTz6Lw4r4vWFWc5cwR+wHn7BGsZjdM=</latexit><latexit sha1_base64="WMmoIjVStE2YOHxVQYygHuzXaVg=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6YObQUXRTcuK9gHtEPJpJk2NMkMSUYoQ3/BjQtF3PpD7vwbM20FFT1w4XDOvdx7T5hwpg1CH87K6tr6xmZhq7i9s7u3Xzo4bOs4VYS2SMxj1Q2xppxJ2jLMcNpNFMUi5LQTTq5zv3NPlWaxvDPThAYCjySLGMEmlwi8RINSGbkX9WrFr0LkIlTzKl5OKjX/3IeeVXKUwRLNQem9P4xJKqg0hGOtex5KTJBhZRjhdFbsp5ommEzwiPYslVhQHWTzW2fw1CpDGMXKljRwrn6fyLDQeipC2ymwGevfXi7+5fVSE9WDjMkkNVSSxaIo5dDEMH8cDpmixPCpJZgoZm+FZIwVJsbGU7QhfH0K/yftiush17v1y42rZRwFcAxOwBnwQA00wA1oghYgYAwewBN4doTz6Lw4r4vWFWc5cwR+wHn7BGsZjdM=</latexit><latexit sha1_base64="WMmoIjVStE2YOHxVQYygHuzXaVg=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6YObQUXRTcuK9gHtEPJpJk2NMkMSUYoQ3/BjQtF3PpD7vwbM20FFT1w4XDOvdx7T5hwpg1CH87K6tr6xmZhq7i9s7u3Xzo4bOs4VYS2SMxj1Q2xppxJ2jLMcNpNFMUi5LQTTq5zv3NPlWaxvDPThAYCjySLGMEmlwi8RINSGbkX9WrFr0LkIlTzKl5OKjX/3IeeVXKUwRLNQem9P4xJKqg0hGOtex5KTJBhZRjhdFbsp5ommEzwiPYslVhQHWTzW2fw1CpDGMXKljRwrn6fyLDQeipC2ymwGevfXi7+5fVSE9WDjMkkNVSSxaIo5dDEMH8cDpmixPCpJZgoZm+FZIwVJsbGU7QhfH0K/yftiush17v1y42rZRwFcAxOwBnwQA00wA1oghYgYAwewBN4doTz6Lw4r4vWFWc5cwR+wHn7BGsZjdM=</latexit>

c
<latexit sha1_base64="ffmi0U6NmQfHVLxtt5BiI24y2nA=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb0VvXisYj+gDWWz3bRLN5uwuxFK6D/w4kERr/4jb/4bN20FFX0w8Hhvhpl5QcKZ0o7zYa2srq1vbBa2its7u3v7pYPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyVXud+6pVCwWd3qaUD/CI8FCRrA20i1Bg1LZsS/q1YpXRY7tODW34uakUvPOPeQaJUcZlmgOSu/9YUzSiApNOFaq5zqJ9jMsNSOczor9VNEEkwke0Z6hAkdU+dn80hk6NcoQhbE0JTSaq98nMhwpNY0C0xlhPVa/vVz8y+ulOqz7GRNJqqkgi0VhypGOUf42GjJJieZTQzCRzNyKyBhLTLQJp2hC+PoU/U/aFdt1bPfGKzcul3EU4BhO4AxcqEEDrqEJLSAQwgM8wbM1sR6tF+t10bpiLWeO4Aest098So1T</latexit><latexit sha1_base64="ffmi0U6NmQfHVLxtt5BiI24y2nA=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb0VvXisYj+gDWWz3bRLN5uwuxFK6D/w4kERr/4jb/4bN20FFX0w8Hhvhpl5QcKZ0o7zYa2srq1vbBa2its7u3v7pYPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyVXud+6pVCwWd3qaUD/CI8FCRrA20i1Bg1LZsS/q1YpXRY7tODW34uakUvPOPeQaJUcZlmgOSu/9YUzSiApNOFaq5zqJ9jMsNSOczor9VNEEkwke0Z6hAkdU+dn80hk6NcoQhbE0JTSaq98nMhwpNY0C0xlhPVa/vVz8y+ulOqz7GRNJqqkgi0VhypGOUf42GjJJieZTQzCRzNyKyBhLTLQJp2hC+PoU/U/aFdt1bPfGKzcul3EU4BhO4AxcqEEDrqEJLSAQwgM8wbM1sR6tF+t10bpiLWeO4Aest098So1T</latexit><latexit sha1_base64="ffmi0U6NmQfHVLxtt5BiI24y2nA=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb0VvXisYj+gDWWz3bRLN5uwuxFK6D/w4kERr/4jb/4bN20FFX0w8Hhvhpl5QcKZ0o7zYa2srq1vbBa2its7u3v7pYPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyVXud+6pVCwWd3qaUD/CI8FCRrA20i1Bg1LZsS/q1YpXRY7tODW34uakUvPOPeQaJUcZlmgOSu/9YUzSiApNOFaq5zqJ9jMsNSOczor9VNEEkwke0Z6hAkdU+dn80hk6NcoQhbE0JTSaq98nMhwpNY0C0xlhPVa/vVz8y+ulOqz7GRNJqqkgi0VhypGOUf42GjJJieZTQzCRzNyKyBhLTLQJp2hC+PoU/U/aFdt1bPfGKzcul3EU4BhO4AxcqEEDrqEJLSAQwgM8wbM1sR6tF+t10bpiLWeO4Aest098So1T</latexit><latexit sha1_base64="ffmi0U6NmQfHVLxtt5BiI24y2nA=">AAAB6XicdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb0VvXisYj+gDWWz3bRLN5uwuxFK6D/w4kERr/4jb/4bN20FFX0w8Hhvhpl5QcKZ0o7zYa2srq1vbBa2its7u3v7pYPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyVXud+6pVCwWd3qaUD/CI8FCRrA20i1Bg1LZsS/q1YpXRY7tODW34uakUvPOPeQaJUcZlmgOSu/9YUzSiApNOFaq5zqJ9jMsNSOczor9VNEEkwke0Z6hAkdU+dn80hk6NcoQhbE0JTSaq98nMhwpNY0C0xlhPVa/vVz8y+ulOqz7GRNJqqkgi0VhypGOUf42GjJJieZTQzCRzNyKyBhLTLQJp2hC+PoU/U/aFdt1bPfGKzcul3EU4BhO4AxcqEEDrqEJLSAQwgM8wbM1sR6tF+t10bpiLWeO4Aest098So1T</latexit>

Pbound(W )
<latexit sha1_base64="+qIZk0Cfmx3Zv16sefzzNou25bw=">AAACBHicdVA9SwNBEN2LXzF+RS3TLAYhNuEuHknsgjaWEcwHJCHsbTbJkr29Y3dODEcKG/+KjYUitv4IO/+Ne0kEFX0w8Hhvhpl5Xii4Btv+sFIrq2vrG+nNzNb2zu5edv+gqYNIUdaggQhU2yOaCS5ZAzgI1g4VI74nWMubXCR+64YpzQN5DdOQ9XwyknzIKQEj9bO5rk9gTImI67N+F9gtxF4QycGs0DrpZ/N28axaLrllbBdtu+KUnISUKu6pix2jJMijJer97Ht3ENDIZxKoIFp3HDuEXkwUcCrYLNONNAsJnZAR6xgqic90L54/McPHRhngYaBMScBz9ftETHytp75nOpOT9W8vEf/yOhEMq72YyzACJuli0TASGAKcJIIHXDEKYmoIoYqbWzEdE0UomNwyJoSvT/H/pFkqOnbRuXLztfNlHGmUQ0eogBxUQTV0ieqogSi6Qw/oCT1b99aj9WK9LlpT1nLmEP2A9fYJmCuYsQ==</latexit><latexit sha1_base64="+qIZk0Cfmx3Zv16sefzzNou25bw=">AAACBHicdVA9SwNBEN2LXzF+RS3TLAYhNuEuHknsgjaWEcwHJCHsbTbJkr29Y3dODEcKG/+KjYUitv4IO/+Ne0kEFX0w8Hhvhpl5Xii4Btv+sFIrq2vrG+nNzNb2zu5edv+gqYNIUdaggQhU2yOaCS5ZAzgI1g4VI74nWMubXCR+64YpzQN5DdOQ9XwyknzIKQEj9bO5rk9gTImI67N+F9gtxF4QycGs0DrpZ/N28axaLrllbBdtu+KUnISUKu6pix2jJMijJer97Ht3ENDIZxKoIFp3HDuEXkwUcCrYLNONNAsJnZAR6xgqic90L54/McPHRhngYaBMScBz9ftETHytp75nOpOT9W8vEf/yOhEMq72YyzACJuli0TASGAKcJIIHXDEKYmoIoYqbWzEdE0UomNwyJoSvT/H/pFkqOnbRuXLztfNlHGmUQ0eogBxUQTV0ieqogSi6Qw/oCT1b99aj9WK9LlpT1nLmEP2A9fYJmCuYsQ==</latexit><latexit sha1_base64="+qIZk0Cfmx3Zv16sefzzNou25bw=">AAACBHicdVA9SwNBEN2LXzF+RS3TLAYhNuEuHknsgjaWEcwHJCHsbTbJkr29Y3dODEcKG/+KjYUitv4IO/+Ne0kEFX0w8Hhvhpl5Xii4Btv+sFIrq2vrG+nNzNb2zu5edv+gqYNIUdaggQhU2yOaCS5ZAzgI1g4VI74nWMubXCR+64YpzQN5DdOQ9XwyknzIKQEj9bO5rk9gTImI67N+F9gtxF4QycGs0DrpZ/N28axaLrllbBdtu+KUnISUKu6pix2jJMijJer97Ht3ENDIZxKoIFp3HDuEXkwUcCrYLNONNAsJnZAR6xgqic90L54/McPHRhngYaBMScBz9ftETHytp75nOpOT9W8vEf/yOhEMq72YyzACJuli0TASGAKcJIIHXDEKYmoIoYqbWzEdE0UomNwyJoSvT/H/pFkqOnbRuXLztfNlHGmUQ0eogBxUQTV0ieqogSi6Qw/oCT1b99aj9WK9LlpT1nLmEP2A9fYJmCuYsQ==</latexit><latexit sha1_base64="+qIZk0Cfmx3Zv16sefzzNou25bw=">AAACBHicdVA9SwNBEN2LXzF+RS3TLAYhNuEuHknsgjaWEcwHJCHsbTbJkr29Y3dODEcKG/+KjYUitv4IO/+Ne0kEFX0w8Hhvhpl5Xii4Btv+sFIrq2vrG+nNzNb2zu5edv+gqYNIUdaggQhU2yOaCS5ZAzgI1g4VI74nWMubXCR+64YpzQN5DdOQ9XwyknzIKQEj9bO5rk9gTImI67N+F9gtxF4QycGs0DrpZ/N28axaLrllbBdtu+KUnISUKu6pix2jJMijJer97Ht3ENDIZxKoIFp3HDuEXkwUcCrYLNONNAsJnZAR6xgqic90L54/McPHRhngYaBMScBz9ftETHytp75nOpOT9W8vEf/yOhEMq72YyzACJuli0TASGAKcJIIHXDEKYmoIoYqbWzEdE0UomNwyJoSvT/H/pFkqOnbRuXLztfNlHGmUQ0eogBxUQTV0ieqogSi6Qw/oCT1b99aj9WK9LlpT1nLmEP2A9fYJmCuYsQ==</latexit>

-																								is	due	to	the	strings,				-	string	contributing		 Pn�bound(W ) / |c|n�1e�n|c|�
<latexit sha1_base64="za3q2xACZw8AeNSHAV/HkqKNC4I="></latexit><latexit sha1_base64="za3q2xACZw8AeNSHAV/HkqKNC4I="></latexit><latexit sha1_base64="za3q2xACZw8AeNSHAV/HkqKNC4I="></latexit><latexit sha1_base64="za3q2xACZw8AeNSHAV/HkqKNC4I="></latexit>

n
<latexit sha1_base64="VjF2nEJsOaL58uFuQSCJIo6Zmog=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC0xLFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest083L400</latexit><latexit sha1_base64="VjF2nEJsOaL58uFuQSCJIo6Zmog=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC0xLFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest083L400</latexit><latexit sha1_base64="VjF2nEJsOaL58uFuQSCJIo6Zmog=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC0xLFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest083L400</latexit><latexit sha1_base64="VjF2nEJsOaL58uFuQSCJIo6Zmog=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC0xLFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest083L400</latexit>

Transitions	to		states	containing	bound	states	are	highly	suppressed	and	in	the	true	
super-TG	limit	vanish	entirely.		
	

-	For	finite															new	effects:		bound	states	lower	the	energy		and	work	distribution	becomes	
non	vanishing	at	negative	values	of						.		

c < 0
<latexit sha1_base64="WMmoIjVStE2YOHxVQYygHuzXaVg=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6YObQUXRTcuK9gHtEPJpJk2NMkMSUYoQ3/BjQtF3PpD7vwbM20FFT1w4XDOvdx7T5hwpg1CH87K6tr6xmZhq7i9s7u3Xzo4bOs4VYS2SMxj1Q2xppxJ2jLMcNpNFMUi5LQTTq5zv3NPlWaxvDPThAYCjySLGMEmlwi8RINSGbkX9WrFr0LkIlTzKl5OKjX/3IeeVXKUwRLNQem9P4xJKqg0hGOtex5KTJBhZRjhdFbsp5ommEzwiPYslVhQHWTzW2fw1CpDGMXKljRwrn6fyLDQeipC2ymwGevfXi7+5fVSE9WDjMkkNVSSxaIo5dDEMH8cDpmixPCpJZgoZm+FZIwVJsbGU7QhfH0K/yftiush17v1y42rZRwFcAxOwBnwQA00wA1oghYgYAwewBN4doTz6Lw4r4vWFWc5cwR+wHn7BGsZjdM=</latexit><latexit sha1_base64="WMmoIjVStE2YOHxVQYygHuzXaVg=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6YObQUXRTcuK9gHtEPJpJk2NMkMSUYoQ3/BjQtF3PpD7vwbM20FFT1w4XDOvdx7T5hwpg1CH87K6tr6xmZhq7i9s7u3Xzo4bOs4VYS2SMxj1Q2xppxJ2jLMcNpNFMUi5LQTTq5zv3NPlWaxvDPThAYCjySLGMEmlwi8RINSGbkX9WrFr0LkIlTzKl5OKjX/3IeeVXKUwRLNQem9P4xJKqg0hGOtex5KTJBhZRjhdFbsp5ommEzwiPYslVhQHWTzW2fw1CpDGMXKljRwrn6fyLDQeipC2ymwGevfXi7+5fVSE9WDjMkkNVSSxaIo5dDEMH8cDpmixPCpJZgoZm+FZIwVJsbGU7QhfH0K/yftiush17v1y42rZRwFcAxOwBnwQA00wA1oghYgYAwewBN4doTz6Lw4r4vWFWc5cwR+wHn7BGsZjdM=</latexit><latexit sha1_base64="WMmoIjVStE2YOHxVQYygHuzXaVg=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6YObQUXRTcuK9gHtEPJpJk2NMkMSUYoQ3/BjQtF3PpD7vwbM20FFT1w4XDOvdx7T5hwpg1CH87K6tr6xmZhq7i9s7u3Xzo4bOs4VYS2SMxj1Q2xppxJ2jLMcNpNFMUi5LQTTq5zv3NPlWaxvDPThAYCjySLGMEmlwi8RINSGbkX9WrFr0LkIlTzKl5OKjX/3IeeVXKUwRLNQem9P4xJKqg0hGOtex5KTJBhZRjhdFbsp5ommEzwiPYslVhQHWTzW2fw1CpDGMXKljRwrn6fyLDQeipC2ymwGevfXi7+5fVSE9WDjMkkNVSSxaIo5dDEMH8cDpmixPCpJZgoZm+FZIwVJsbGU7QhfH0K/yftiush17v1y42rZRwFcAxOwBnwQA00wA1oghYgYAwewBN4doTz6Lw4r4vWFWc5cwR+wHn7BGsZjdM=</latexit><latexit sha1_base64="WMmoIjVStE2YOHxVQYygHuzXaVg=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6YObQUXRTcuK9gHtEPJpJk2NMkMSUYoQ3/BjQtF3PpD7vwbM20FFT1w4XDOvdx7T5hwpg1CH87K6tr6xmZhq7i9s7u3Xzo4bOs4VYS2SMxj1Q2xppxJ2jLMcNpNFMUi5LQTTq5zv3NPlWaxvDPThAYCjySLGMEmlwi8RINSGbkX9WrFr0LkIlTzKl5OKjX/3IeeVXKUwRLNQem9P4xJKqg0hGOtex5KTJBhZRjhdFbsp5ommEzwiPYslVhQHWTzW2fw1CpDGMXKljRwrn6fyLDQeipC2ymwGevfXi7+5fVSE9WDjMkkNVSSxaIo5dDEMH8cDpmixPCpJZgoZm+FZIwVJsbGU7QhfH0K/yftiush17v1y42rZRwFcAxOwBnwQA00wA1oghYgYAwewBN4doTz6Lw4r4vWFWc5cwR+wHn7BGsZjdM=</latexit>

hW i > 0
<latexit sha1_base64="CNh7HhtsDrD3EJp6ABR2+cw0AT8=">AAAB+nicdVBNS0JBFJ1nX2ZfWss2QxK0knn2UIMQqU1Lg/wAFZk3ztPBeR/M3FeI+VPatCiibb+kXf+meWpQUQcuHM65l3vvcSMpNBDyYaVWVtfWN9Kbma3tnd29bG6/qcNYMd5goQxV26WaSxHwBgiQvB0pTn1X8pY7vkz81i1XWoTBDUwi3vPpMBCeYBSM1M/mupJ7cN7qKjEcQRVXST+bJ4WzSqnolDApEFK2i3ZCimXn1MG2URLk0RL1fva9OwhZ7PMAmKRad2wSQW9KFQgm+SzTjTWPKBvTIe8YGlCf6950fvoMHxtlgL1QmQoAz9XvE1Pqaz3xXdPpUxjp314i/uV1YvAqvakIohh4wBaLvFhiCHGSAx4IxRnIiSGUKWFuxWxEFWVg0sqYEL4+xf+TZrFgk4J97eRrF8s40ugQHaETZKMyqqErVEcNxNAdekBP6Nm6tx6tF+t10ZqyljMH6Aest09zFpN3</latexit><latexit sha1_base64="CNh7HhtsDrD3EJp6ABR2+cw0AT8=">AAAB+nicdVBNS0JBFJ1nX2ZfWss2QxK0knn2UIMQqU1Lg/wAFZk3ztPBeR/M3FeI+VPatCiibb+kXf+meWpQUQcuHM65l3vvcSMpNBDyYaVWVtfWN9Kbma3tnd29bG6/qcNYMd5goQxV26WaSxHwBgiQvB0pTn1X8pY7vkz81i1XWoTBDUwi3vPpMBCeYBSM1M/mupJ7cN7qKjEcQRVXST+bJ4WzSqnolDApEFK2i3ZCimXn1MG2URLk0RL1fva9OwhZ7PMAmKRad2wSQW9KFQgm+SzTjTWPKBvTIe8YGlCf6950fvoMHxtlgL1QmQoAz9XvE1Pqaz3xXdPpUxjp314i/uV1YvAqvakIohh4wBaLvFhiCHGSAx4IxRnIiSGUKWFuxWxEFWVg0sqYEL4+xf+TZrFgk4J97eRrF8s40ugQHaETZKMyqqErVEcNxNAdekBP6Nm6tx6tF+t10ZqyljMH6Aest09zFpN3</latexit><latexit sha1_base64="CNh7HhtsDrD3EJp6ABR2+cw0AT8=">AAAB+nicdVBNS0JBFJ1nX2ZfWss2QxK0knn2UIMQqU1Lg/wAFZk3ztPBeR/M3FeI+VPatCiibb+kXf+meWpQUQcuHM65l3vvcSMpNBDyYaVWVtfWN9Kbma3tnd29bG6/qcNYMd5goQxV26WaSxHwBgiQvB0pTn1X8pY7vkz81i1XWoTBDUwi3vPpMBCeYBSM1M/mupJ7cN7qKjEcQRVXST+bJ4WzSqnolDApEFK2i3ZCimXn1MG2URLk0RL1fva9OwhZ7PMAmKRad2wSQW9KFQgm+SzTjTWPKBvTIe8YGlCf6950fvoMHxtlgL1QmQoAz9XvE1Pqaz3xXdPpUxjp314i/uV1YvAqvakIohh4wBaLvFhiCHGSAx4IxRnIiSGUKWFuxWxEFWVg0sqYEL4+xf+TZrFgk4J97eRrF8s40ugQHaETZKMyqqErVEcNxNAdekBP6Nm6tx6tF+t10ZqyljMH6Aest09zFpN3</latexit><latexit sha1_base64="CNh7HhtsDrD3EJp6ABR2+cw0AT8=">AAAB+nicdVBNS0JBFJ1nX2ZfWss2QxK0knn2UIMQqU1Lg/wAFZk3ztPBeR/M3FeI+VPatCiibb+kXf+meWpQUQcuHM65l3vvcSMpNBDyYaVWVtfWN9Kbma3tnd29bG6/qcNYMd5goQxV26WaSxHwBgiQvB0pTn1X8pY7vkz81i1XWoTBDUwi3vPpMBCeYBSM1M/mupJ7cN7qKjEcQRVXST+bJ4WzSqnolDApEFK2i3ZCimXn1MG2URLk0RL1fva9OwhZ7PMAmKRad2wSQW9KFQgm+SzTjTWPKBvTIe8YGlCf6950fvoMHxtlgL1QmQoAz9XvE1Pqaz3xXdPpUxjp314i/uV1YvAqvakIohh4wBaLvFhiCHGSAx4IxRnIiSGUKWFuxWxEFWVg0sqYEL4+xf+TZrFgk4J97eRrF8s40ugQHaETZKMyqqErVEcNxNAdekBP6Nm6tx6tF+t10ZqyljMH6Aest09zFpN3</latexit>

W
<latexit sha1_base64="aOvRWKGZJqi2wGqkFwHBRvzX7oU=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK3usFxB9mW96npViGyEao7r5MSteRcedIySowJWaA7L74NRTNKICk04VqrvoET7GZaaEU7npUGqaILJFI9p31CBI6r8bHHoHJ4ZZQTDWJoSGi7U7xMZjpSaRYHpjLCeqN9eLv7l9VMd1v2MiSTVVJDlojDlUMcw/xqOmKRE85khmEhmboVkgiUm2mRTMiF8fQr/Jx3XdpDttLxK42oVRxGcgFNwDhxQAw1wA5qgDQig4AE8gWfrznq0XqzXZWvBWs0cgx+w3j4BFFONHQ==</latexit><latexit sha1_base64="aOvRWKGZJqi2wGqkFwHBRvzX7oU=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK3usFxB9mW96npViGyEao7r5MSteRcedIySowJWaA7L74NRTNKICk04VqrvoET7GZaaEU7npUGqaILJFI9p31CBI6r8bHHoHJ4ZZQTDWJoSGi7U7xMZjpSaRYHpjLCeqN9eLv7l9VMd1v2MiSTVVJDlojDlUMcw/xqOmKRE85khmEhmboVkgiUm2mRTMiF8fQr/Jx3XdpDttLxK42oVRxGcgFNwDhxQAw1wA5qgDQig4AE8gWfrznq0XqzXZWvBWs0cgx+w3j4BFFONHQ==</latexit><latexit sha1_base64="aOvRWKGZJqi2wGqkFwHBRvzX7oU=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK3usFxB9mW96npViGyEao7r5MSteRcedIySowJWaA7L74NRTNKICk04VqrvoET7GZaaEU7npUGqaILJFI9p31CBI6r8bHHoHJ4ZZQTDWJoSGi7U7xMZjpSaRYHpjLCeqN9eLv7l9VMd1v2MiSTVVJDlojDlUMcw/xqOmKRE85khmEhmboVkgiUm2mRTMiF8fQr/Jx3XdpDttLxK42oVRxGcgFNwDhxQAw1wA5qgDQig4AE8gWfrznq0XqzXZWvBWs0cgx+w3j4BFFONHQ==</latexit><latexit sha1_base64="aOvRWKGZJqi2wGqkFwHBRvzX7oU=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK3usFxB9mW96npViGyEao7r5MSteRcedIySowJWaA7L74NRTNKICk04VqrvoET7GZaaEU7npUGqaILJFI9p31CBI6r8bHHoHJ4ZZQTDWJoSGi7U7xMZjpSaRYHpjLCeqN9eLv7l9VMd1v2MiSTVVJDlojDlUMcw/xqOmKRE85khmEhmboVkgiUm2mRTMiF8fQr/Jx3XdpDttLxK42oVRxGcgFNwDhxQAw1wA5qgDQig4AE8gWfrznq0XqzXZWvBWs0cgx+w3j4BFFONHQ==</latexit>

-		There	is	a	non	zero	probability	that	work	can	be	extracted	from	the	
system.	This	does	not	violate	the	2nd	law	of	thermodynamics	since		

-	Indeed,	for	a	2-	string																																																																											,		non	vanishing	for																																																																																	Pbound(W ) ⇡ N
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<latexit sha1_base64="XpBbFhJb/wPknZklCmGmV+ihKik="></latexit><latexit sha1_base64="XpBbFhJb/wPknZklCmGmV+ihKik="></latexit><latexit sha1_base64="XpBbFhJb/wPknZklCmGmV+ihKik="></latexit><latexit sha1_base64="XpBbFhJb/wPknZklCmGmV+ihKik="></latexit>

�|c|2/4m < W
<latexit sha1_base64="WKY8yA4TsaW1fnk3zBGavwAP0jI=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwY0xiaCu4KLpxWcE+II1lMp22Q2eSMDMRStrPcONCEbd+jTv/xklbQUUPXDiccy/33hPEjEplWR9Gbml5ZXUtv17Y2Nza3inu7jVllAhMGjhikWgHSBJGQ9JQVDHSjgVBPGCkFYyuMr91T4SkUXirxjHxORqEtE8xUlryTiZ4cuecuvyi1S2WLPO8WnbcMrRMy6rYjp0Rp+KeudDWSoYSWKDeLb53ehFOOAkVZkhKz7Zi5adIKIoZmRY6iSQxwiM0IJ6mIeJE+uns5Ck80koP9iOhK1Rwpn6fSBGXcswD3cmRGsrfXib+5XmJ6lf9lIZxokiI54v6CYMqgtn/sEcFwYqNNUFYUH0rxEMkEFY6pYIO4etT+D9pOqZtmfaNW6pdLuLIgwNwCI6BDSqgBq5BHTQABhF4AE/g2VDGo/FivM5bc8ZiZh/8gPH2CVq1kKU=</latexit><latexit sha1_base64="WKY8yA4TsaW1fnk3zBGavwAP0jI=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwY0xiaCu4KLpxWcE+II1lMp22Q2eSMDMRStrPcONCEbd+jTv/xklbQUUPXDiccy/33hPEjEplWR9Gbml5ZXUtv17Y2Nza3inu7jVllAhMGjhikWgHSBJGQ9JQVDHSjgVBPGCkFYyuMr91T4SkUXirxjHxORqEtE8xUlryTiZ4cuecuvyi1S2WLPO8WnbcMrRMy6rYjp0Rp+KeudDWSoYSWKDeLb53ehFOOAkVZkhKz7Zi5adIKIoZmRY6iSQxwiM0IJ6mIeJE+uns5Ck80koP9iOhK1Rwpn6fSBGXcswD3cmRGsrfXib+5XmJ6lf9lIZxokiI54v6CYMqgtn/sEcFwYqNNUFYUH0rxEMkEFY6pYIO4etT+D9pOqZtmfaNW6pdLuLIgwNwCI6BDSqgBq5BHTQABhF4AE/g2VDGo/FivM5bc8ZiZh/8gPH2CVq1kKU=</latexit><latexit sha1_base64="WKY8yA4TsaW1fnk3zBGavwAP0jI=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwY0xiaCu4KLpxWcE+II1lMp22Q2eSMDMRStrPcONCEbd+jTv/xklbQUUPXDiccy/33hPEjEplWR9Gbml5ZXUtv17Y2Nza3inu7jVllAhMGjhikWgHSBJGQ9JQVDHSjgVBPGCkFYyuMr91T4SkUXirxjHxORqEtE8xUlryTiZ4cuecuvyi1S2WLPO8WnbcMrRMy6rYjp0Rp+KeudDWSoYSWKDeLb53ehFOOAkVZkhKz7Zi5adIKIoZmRY6iSQxwiM0IJ6mIeJE+uns5Ck80koP9iOhK1Rwpn6fSBGXcswD3cmRGsrfXib+5XmJ6lf9lIZxokiI54v6CYMqgtn/sEcFwYqNNUFYUH0rxEMkEFY6pYIO4etT+D9pOqZtmfaNW6pdLuLIgwNwCI6BDSqgBq5BHTQABhF4AE/g2VDGo/FivM5bc8ZiZh/8gPH2CVq1kKU=</latexit><latexit sha1_base64="WKY8yA4TsaW1fnk3zBGavwAP0jI=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwY0xiaCu4KLpxWcE+II1lMp22Q2eSMDMRStrPcONCEbd+jTv/xklbQUUPXDiccy/33hPEjEplWR9Gbml5ZXUtv17Y2Nza3inu7jVllAhMGjhikWgHSBJGQ9JQVDHSjgVBPGCkFYyuMr91T4SkUXirxjHxORqEtE8xUlryTiZ4cuecuvyi1S2WLPO8WnbcMrRMy6rYjp0Rp+KeudDWSoYSWKDeLb53ehFOOAkVZkhKz7Zi5adIKIoZmRY6iSQxwiM0IJ6mIeJE+uns5Ck80koP9iOhK1Rwpn6fSBGXcswD3cmRGsrfXib+5XmJ6lf9lIZxokiI54v6CYMqgtn/sEcFwYqNNUFYUH0rxEMkEFY6pYIO4etT+D9pOqZtmfaNW6pdLuLIgwNwCI6BDSqgBq5BHTQABhF4AE/g2VDGo/FivM5bc8ZiZh/8gPH2CVq1kKU=</latexit>

Jarzynski	‘11	



The Work distribution (repulsive interactions, finite volume) 

Start	from	a	fully	occupied	lattice	–	boundary	effects	important	

P (W ) =
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<latexit sha1_base64="x9p7ZCPaW7T2wLCpbI1e3n/IfvU="></latexit><latexit sha1_base64="x9p7ZCPaW7T2wLCpbI1e3n/IfvU="></latexit><latexit sha1_base64="x9p7ZCPaW7T2wLCpbI1e3n/IfvU="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="PoKdnPy4VqGIIVRVosHaXJzG5Rw="></latexit><latexit sha1_base64="IXlg2ZD+qNT7GFdYncl/ANJORhU="></latexit><latexit sha1_base64="ZK5qYFhJ/fXMOIRar9rmOeslC8Y="></latexit><latexit sha1_base64="x9p7ZCPaW7T2wLCpbI1e3n/IfvU="></latexit><latexit sha1_base64="x9p7ZCPaW7T2wLCpbI1e3n/IfvU="></latexit><latexit sha1_base64="x9p7ZCPaW7T2wLCpbI1e3n/IfvU="></latexit><latexit sha1_base64="x9p7ZCPaW7T2wLCpbI1e3n/IfvU="></latexit><latexit sha1_base64="x9p7ZCPaW7T2wLCpbI1e3n/IfvU="></latexit><latexit sha1_base64="x9p7ZCPaW7T2wLCpbI1e3n/IfvU="></latexit>

As	before:	

But		boundary	conditions	enter		when	calculating			↵2
P = m�2e↵kPk2/2

<latexit sha1_base64="I0oj2FMrW6f2lJnywBT6mJ4fcUw="></latexit><latexit sha1_base64="I0oj2FMrW6f2lJnywBT6mJ4fcUw="></latexit><latexit sha1_base64="I0oj2FMrW6f2lJnywBT6mJ4fcUw="></latexit><latexit sha1_base64="I0oj2FMrW6f2lJnywBT6mJ4fcUw="></latexit>

For	instance	when																			the	permutation																						gives																																					
however	with	PBC	it	gives																				

⇢ ⌧ ��1
<latexit sha1_base64="yWDbhaHEzKqzAnyHNJzN/q4PBno=">AAAB/XicdVDLSsNAFJ34rPUVHzs3g0VwY0hiaOuu6MZlBfuAJpbJZNIOnTyYmQg1FH/FjQtF3Pof7vwbJ20FFT1w4XDOvdx7j58yKqRpfmgLi0vLK6ultfL6xubWtr6z2xZJxjFp4YQlvOsjQRiNSUtSyUg35QRFPiMdf3RR+J1bwgVN4ms5TokXoUFMQ4qRVFJf33f5MIEuY9ANCJPoJj+xJn29Yhpn9artVKFpmGbNsq2C2DXn1IGWUgpUwBzNvv7uBgnOIhJLzJAQPctMpZcjLilmZFJ2M0FShEdoQHqKxigiwsun10/gkVICGCZcVSzhVP0+kaNIiHHkq84IyaH47RXiX14vk2Hdy2mcZpLEeLYozBiUCSyigAHlBEs2VgRhTtWtEA8RR1iqwMoqhK9P4f+kbRuWaVhXTqVxPo+jBA7AITgGFqiBBrgETdACGNyBB/AEnrV77VF70V5nrQvafGYP/ID29gn15ZTo</latexit><latexit sha1_base64="yWDbhaHEzKqzAnyHNJzN/q4PBno=">AAAB/XicdVDLSsNAFJ34rPUVHzs3g0VwY0hiaOuu6MZlBfuAJpbJZNIOnTyYmQg1FH/FjQtF3Pof7vwbJ20FFT1w4XDOvdx7j58yKqRpfmgLi0vLK6ultfL6xubWtr6z2xZJxjFp4YQlvOsjQRiNSUtSyUg35QRFPiMdf3RR+J1bwgVN4ms5TokXoUFMQ4qRVFJf33f5MIEuY9ANCJPoJj+xJn29Yhpn9artVKFpmGbNsq2C2DXn1IGWUgpUwBzNvv7uBgnOIhJLzJAQPctMpZcjLilmZFJ2M0FShEdoQHqKxigiwsun10/gkVICGCZcVSzhVP0+kaNIiHHkq84IyaH47RXiX14vk2Hdy2mcZpLEeLYozBiUCSyigAHlBEs2VgRhTtWtEA8RR1iqwMoqhK9P4f+kbRuWaVhXTqVxPo+jBA7AITgGFqiBBrgETdACGNyBB/AEnrV77VF70V5nrQvafGYP/ID29gn15ZTo</latexit><latexit sha1_base64="yWDbhaHEzKqzAnyHNJzN/q4PBno=">AAAB/XicdVDLSsNAFJ34rPUVHzs3g0VwY0hiaOuu6MZlBfuAJpbJZNIOnTyYmQg1FH/FjQtF3Pof7vwbJ20FFT1w4XDOvdx7j58yKqRpfmgLi0vLK6ultfL6xubWtr6z2xZJxjFp4YQlvOsjQRiNSUtSyUg35QRFPiMdf3RR+J1bwgVN4ms5TokXoUFMQ4qRVFJf33f5MIEuY9ANCJPoJj+xJn29Yhpn9artVKFpmGbNsq2C2DXn1IGWUgpUwBzNvv7uBgnOIhJLzJAQPctMpZcjLilmZFJ2M0FShEdoQHqKxigiwsun10/gkVICGCZcVSzhVP0+kaNIiHHkq84IyaH47RXiX14vk2Hdy2mcZpLEeLYozBiUCSyigAHlBEs2VgRhTtWtEA8RR1iqwMoqhK9P4f+kbRuWaVhXTqVxPo+jBA7AITgGFqiBBrgETdACGNyBB/AEnrV77VF70V5nrQvafGYP/ID29gn15ZTo</latexit><latexit sha1_base64="yWDbhaHEzKqzAnyHNJzN/q4PBno=">AAAB/XicdVDLSsNAFJ34rPUVHzs3g0VwY0hiaOuu6MZlBfuAJpbJZNIOnTyYmQg1FH/FjQtF3Pof7vwbJ20FFT1w4XDOvdx7j58yKqRpfmgLi0vLK6ultfL6xubWtr6z2xZJxjFp4YQlvOsjQRiNSUtSyUg35QRFPiMdf3RR+J1bwgVN4ms5TokXoUFMQ4qRVFJf33f5MIEuY9ANCJPoJj+xJn29Yhpn9artVKFpmGbNsq2C2DXn1IGWUgpUwBzNvv7uBgnOIhJLzJAQPctMpZcjLilmZFJ2M0FShEdoQHqKxigiwsun10/gkVICGCZcVSzhVP0+kaNIiHHkq84IyaH47RXiX14vk2Hdy2mcZpLEeLYozBiUCSyigAHlBEs2VgRhTtWtEA8RR1iqwMoqhK9P4f+kbRuWaVhXTqVxPo+jBA7AITgGFqiBBrgETdACGNyBB/AEnrV77VF70V5nrQvafGYP/ID29gn15ZTo</latexit>

P = (23...N1)
<latexit sha1_base64="uQhVy1+pHLerl7ZH0L/MusvTONc=">AAAB83icdVDLSgMxFM34rPVVdekmWIS6GSbToa0LoejGlVSwD2iHkknTNjSTGZKMUIb+hhsXirj1Z9z5N2baCip64MLhnHu5954g5kxpx/mwVlbX1jc2c1v57Z3dvf3CwWFLRYkktEkiHslOgBXlTNCmZprTTiwpDgNO28HkKvPb91QqFok7PY2pH+KRYENGsDZSrwEvSm7Ztu0bdNYvFB37vFZxvQp0bMepIhdlxK16ZQ8io2QogiUa/cJ7bxCRJKRCE46V6iIn1n6KpWaE01m+lygaYzLBI9o1VOCQKj+d3zyDp0YZwGEkTQkN5+r3iRSHSk3DwHSGWI/Vby8T//K6iR7W/JSJONFUkMWiYcKhjmAWABwwSYnmU0MwkczcCskYS0y0iSlvQvj6FP5PWq6NHBvdesX65TKOHDgGJ6AEEKiCOrgGDdAEBMTgATyBZyuxHq0X63XRumItZ47AD1hvn+A3j6A=</latexit><latexit sha1_base64="uQhVy1+pHLerl7ZH0L/MusvTONc=">AAAB83icdVDLSgMxFM34rPVVdekmWIS6GSbToa0LoejGlVSwD2iHkknTNjSTGZKMUIb+hhsXirj1Z9z5N2baCip64MLhnHu5954g5kxpx/mwVlbX1jc2c1v57Z3dvf3CwWFLRYkktEkiHslOgBXlTNCmZprTTiwpDgNO28HkKvPb91QqFok7PY2pH+KRYENGsDZSrwEvSm7Ztu0bdNYvFB37vFZxvQp0bMepIhdlxK16ZQ8io2QogiUa/cJ7bxCRJKRCE46V6iIn1n6KpWaE01m+lygaYzLBI9o1VOCQKj+d3zyDp0YZwGEkTQkN5+r3iRSHSk3DwHSGWI/Vby8T//K6iR7W/JSJONFUkMWiYcKhjmAWABwwSYnmU0MwkczcCskYS0y0iSlvQvj6FP5PWq6NHBvdesX65TKOHDgGJ6AEEKiCOrgGDdAEBMTgATyBZyuxHq0X63XRumItZ47AD1hvn+A3j6A=</latexit><latexit sha1_base64="uQhVy1+pHLerl7ZH0L/MusvTONc=">AAAB83icdVDLSgMxFM34rPVVdekmWIS6GSbToa0LoejGlVSwD2iHkknTNjSTGZKMUIb+hhsXirj1Z9z5N2baCip64MLhnHu5954g5kxpx/mwVlbX1jc2c1v57Z3dvf3CwWFLRYkktEkiHslOgBXlTNCmZprTTiwpDgNO28HkKvPb91QqFok7PY2pH+KRYENGsDZSrwEvSm7Ztu0bdNYvFB37vFZxvQp0bMepIhdlxK16ZQ8io2QogiUa/cJ7bxCRJKRCE46V6iIn1n6KpWaE01m+lygaYzLBI9o1VOCQKj+d3zyDp0YZwGEkTQkN5+r3iRSHSk3DwHSGWI/Vby8T//K6iR7W/JSJONFUkMWiYcKhjmAWABwwSYnmU0MwkczcCskYS0y0iSlvQvj6FP5PWq6NHBvdesX65TKOHDgGJ6AEEKiCOrgGDdAEBMTgATyBZyuxHq0X63XRumItZ47AD1hvn+A3j6A=</latexit><latexit sha1_base64="uQhVy1+pHLerl7ZH0L/MusvTONc=">AAAB83icdVDLSgMxFM34rPVVdekmWIS6GSbToa0LoejGlVSwD2iHkknTNjSTGZKMUIb+hhsXirj1Z9z5N2baCip64MLhnHu5954g5kxpx/mwVlbX1jc2c1v57Z3dvf3CwWFLRYkktEkiHslOgBXlTNCmZprTTiwpDgNO28HkKvPb91QqFok7PY2pH+KRYENGsDZSrwEvSm7Ztu0bdNYvFB37vFZxvQp0bMepIhdlxK16ZQ8io2QogiUa/cJ7bxCRJKRCE46V6iIn1n6KpWaE01m+lygaYzLBI9o1VOCQKj+d3zyDp0YZwGEkTQkN5+r3iRSHSk3DwHSGWI/Vby8T//K6iR7W/JSJONFUkMWiYcKhjmAWABwwSYnmU0MwkczcCskYS0y0iSlvQvj6FP5PWq6NHBvdesX65TKOHDgGJ6AEEKiCOrgGDdAEBMTgATyBZyuxHq0X63XRumItZ47AD1hvn+A3j6A=</latexit>

↵2
P = m�2

e↵N(N � 1)/2
<latexit sha1_base64="93ZsVc9yZ/wVHC1k5DBHzXyZWS0="></latexit><latexit sha1_base64="93ZsVc9yZ/wVHC1k5DBHzXyZWS0="></latexit><latexit sha1_base64="93ZsVc9yZ/wVHC1k5DBHzXyZWS0="></latexit><latexit sha1_base64="93ZsVc9yZ/wVHC1k5DBHzXyZWS0="></latexit>

↵2
P = m�2

e↵N/2
<latexit sha1_base64="/x4WmNPHLgKz5NIQy+LDGTc/8JA="></latexit><latexit sha1_base64="/x4WmNPHLgKz5NIQy+LDGTc/8JA="></latexit><latexit sha1_base64="/x4WmNPHLgKz5NIQy+LDGTc/8JA="></latexit><latexit sha1_base64="/x4WmNPHLgKz5NIQy+LDGTc/8JA="></latexit>

W ⇠ hW i
<latexit sha1_base64="BGHcwCGycrEPDmg5Tlt6vf21+W0=">AAACAnicdVDLSsNAFJ34rPUVdSVuBovgKiQxtHVXdOOygn1AE8pkOmmHTiZhZiKUUNz4K25cKOLWr3Dn3zhpK6jogQtnzrmXufeEKaNS2faHsbS8srq2Xtoob25t7+yae/ttmWQCkxZOWCK6IZKEUU5aiipGuqkgKA4Z6YTjy8Lv3BIhacJv1CQlQYyGnEYUI6WlvnnYgb6kMfQZ4kNGoH6KGSv3zYptnderrleFtmXbNcd1CuLWvDMPOlopUAELNPvmuz9IcBYTrjBDUvYcO1VBjoSimJFp2c8kSREeoyHpacpRTGSQz06YwhOtDGCUCF1cwZn6fSJHsZSTONSdMVIj+dsrxL+8XqaiepBTnmaKcDz/KMoYVAks8oADKghWbKIJwoLqXSEeIYGw0qkVIXxdCv8nbddybMu59iqNi0UcJXAEjsEpcEANNMAVaIIWwOAOPIAn8GzcG4/Gi/E6b10yFjMH4AeMt0/MB5Zo</latexit><latexit sha1_base64="BGHcwCGycrEPDmg5Tlt6vf21+W0=">AAACAnicdVDLSsNAFJ34rPUVdSVuBovgKiQxtHVXdOOygn1AE8pkOmmHTiZhZiKUUNz4K25cKOLWr3Dn3zhpK6jogQtnzrmXufeEKaNS2faHsbS8srq2Xtoob25t7+yae/ttmWQCkxZOWCK6IZKEUU5aiipGuqkgKA4Z6YTjy8Lv3BIhacJv1CQlQYyGnEYUI6WlvnnYgb6kMfQZ4kNGoH6KGSv3zYptnderrleFtmXbNcd1CuLWvDMPOlopUAELNPvmuz9IcBYTrjBDUvYcO1VBjoSimJFp2c8kSREeoyHpacpRTGSQz06YwhOtDGCUCF1cwZn6fSJHsZSTONSdMVIj+dsrxL+8XqaiepBTnmaKcDz/KMoYVAks8oADKghWbKIJwoLqXSEeIYGw0qkVIXxdCv8nbddybMu59iqNi0UcJXAEjsEpcEANNMAVaIIWwOAOPIAn8GzcG4/Gi/E6b10yFjMH4AeMt0/MB5Zo</latexit><latexit sha1_base64="BGHcwCGycrEPDmg5Tlt6vf21+W0=">AAACAnicdVDLSsNAFJ34rPUVdSVuBovgKiQxtHVXdOOygn1AE8pkOmmHTiZhZiKUUNz4K25cKOLWr3Dn3zhpK6jogQtnzrmXufeEKaNS2faHsbS8srq2Xtoob25t7+yae/ttmWQCkxZOWCK6IZKEUU5aiipGuqkgKA4Z6YTjy8Lv3BIhacJv1CQlQYyGnEYUI6WlvnnYgb6kMfQZ4kNGoH6KGSv3zYptnderrleFtmXbNcd1CuLWvDMPOlopUAELNPvmuz9IcBYTrjBDUvYcO1VBjoSimJFp2c8kSREeoyHpacpRTGSQz06YwhOtDGCUCF1cwZn6fSJHsZSTONSdMVIj+dsrxL+8XqaiepBTnmaKcDz/KMoYVAks8oADKghWbKIJwoLqXSEeIYGw0qkVIXxdCv8nbddybMu59iqNi0UcJXAEjsEpcEANNMAVaIIWwOAOPIAn8GzcG4/Gi/E6b10yFjMH4AeMt0/MB5Zo</latexit><latexit sha1_base64="BGHcwCGycrEPDmg5Tlt6vf21+W0=">AAACAnicdVDLSsNAFJ34rPUVdSVuBovgKiQxtHVXdOOygn1AE8pkOmmHTiZhZiKUUNz4K25cKOLWr3Dn3zhpK6jogQtnzrmXufeEKaNS2faHsbS8srq2Xtoob25t7+yae/ttmWQCkxZOWCK6IZKEUU5aiipGuqkgKA4Z6YTjy8Lv3BIhacJv1CQlQYyGnEYUI6WlvnnYgb6kMfQZ4kNGoH6KGSv3zYptnderrleFtmXbNcd1CuLWvDMPOlopUAELNPvmuz9IcBYTrjBDUvYcO1VBjoSimJFp2c8kSREeoyHpacpRTGSQz06YwhOtDGCUCF1cwZn6fSJHsZSTONSdMVIj+dsrxL+8XqaiepBTnmaKcDz/KMoYVAks8oADKghWbKIJwoLqXSEeIYGw0qkVIXxdCv8nbddybMu59iqNi0UcJXAEjsEpcEANNMAVaIIWwOAOPIAn8GzcG4/Gi/E6b10yFjMH4AeMt0/MB5Zo</latexit>

-	Region																							not	affected	by	BC,		dominated	by			few	exchanges	of	
particles		average	work	is	as	before.		

W ⌧ hW i
<latexit sha1_base64="ouSdhqZfxtfCpjsHi5cO76Nx2Nw=">AAACAXicdVDLSgMxFM34rPU16kZwEyyCqyFTh7buim5cVrAPaIeSSTNtaCYzJBmhDHXjr7hxoYhb/8Kdf2OmraCiBy6cnHMvN/cECWdKI/RhLS2vrK6tFzaKm1vbO7v23n5LxakktEliHstOgBXlTNCmZprTTiIpjgJO28H4Mvfbt1QqFosbPUmoH+GhYCEjWBupbx+2YY9zU1gMOYXmJWes2LdLyDmvVcpeBSIHoapbdnNSrnpnHnSNkqMEFmj07ffeICZpRIUmHCvVdVGi/QxLzQin02IvVTTBZIyHtGuowBFVfja7YApPjDKAYSxNCQ1n6veJDEdKTaLAdEZYj9RvLxf/8rqpDmt+xkSSairIfFGYcqhjmMcBB0xSovnEEEwkM3+FZIQlJtqElofwdSn8n7TKjosc99or1S8WcRTAETgGp8AFVVAHV6ABmoCAO/AAnsCzdW89Wi/W67x1yVrMHIAfsN4+AfFqle0=</latexit><latexit sha1_base64="ouSdhqZfxtfCpjsHi5cO76Nx2Nw=">AAACAXicdVDLSgMxFM34rPU16kZwEyyCqyFTh7buim5cVrAPaIeSSTNtaCYzJBmhDHXjr7hxoYhb/8Kdf2OmraCiBy6cnHMvN/cECWdKI/RhLS2vrK6tFzaKm1vbO7v23n5LxakktEliHstOgBXlTNCmZprTTiIpjgJO28H4Mvfbt1QqFosbPUmoH+GhYCEjWBupbx+2YY9zU1gMOYXmJWes2LdLyDmvVcpeBSIHoapbdnNSrnpnHnSNkqMEFmj07ffeICZpRIUmHCvVdVGi/QxLzQin02IvVTTBZIyHtGuowBFVfja7YApPjDKAYSxNCQ1n6veJDEdKTaLAdEZYj9RvLxf/8rqpDmt+xkSSairIfFGYcqhjmMcBB0xSovnEEEwkM3+FZIQlJtqElofwdSn8n7TKjosc99or1S8WcRTAETgGp8AFVVAHV6ABmoCAO/AAnsCzdW89Wi/W67x1yVrMHIAfsN4+AfFqle0=</latexit><latexit sha1_base64="ouSdhqZfxtfCpjsHi5cO76Nx2Nw=">AAACAXicdVDLSgMxFM34rPU16kZwEyyCqyFTh7buim5cVrAPaIeSSTNtaCYzJBmhDHXjr7hxoYhb/8Kdf2OmraCiBy6cnHMvN/cECWdKI/RhLS2vrK6tFzaKm1vbO7v23n5LxakktEliHstOgBXlTNCmZprTTiIpjgJO28H4Mvfbt1QqFosbPUmoH+GhYCEjWBupbx+2YY9zU1gMOYXmJWes2LdLyDmvVcpeBSIHoapbdnNSrnpnHnSNkqMEFmj07ffeICZpRIUmHCvVdVGi/QxLzQin02IvVTTBZIyHtGuowBFVfja7YApPjDKAYSxNCQ1n6veJDEdKTaLAdEZYj9RvLxf/8rqpDmt+xkSSairIfFGYcqhjmMcBB0xSovnEEEwkM3+FZIQlJtqElofwdSn8n7TKjosc99or1S8WcRTAETgGp8AFVVAHV6ABmoCAO/AAnsCzdW89Wi/W67x1yVrMHIAfsN4+AfFqle0=</latexit><latexit sha1_base64="ouSdhqZfxtfCpjsHi5cO76Nx2Nw=">AAACAXicdVDLSgMxFM34rPU16kZwEyyCqyFTh7buim5cVrAPaIeSSTNtaCYzJBmhDHXjr7hxoYhb/8Kdf2OmraCiBy6cnHMvN/cECWdKI/RhLS2vrK6tFzaKm1vbO7v23n5LxakktEliHstOgBXlTNCmZprTTiIpjgJO28H4Mvfbt1QqFosbPUmoH+GhYCEjWBupbx+2YY9zU1gMOYXmJWes2LdLyDmvVcpeBSIHoapbdnNSrnpnHnSNkqMEFmj07ffeICZpRIUmHCvVdVGi/QxLzQin02IvVTTBZIyHtGuowBFVfja7YApPjDKAYSxNCQ1n6veJDEdKTaLAdEZYj9RvLxf/8rqpDmt+xkSSairIfFGYcqhjmMcBB0xSovnEEEwkM3+FZIQlJtqElofwdSn8n7TKjosc99or1S8WcRTAETgGp8AFVVAHV6ABmoCAO/AAnsCzdW89Wi/W67x1yVrMHIAfsN4+AfFqle0=</latexit>

|G(t)|2 ! 1/tN+2
<latexit sha1_base64="hAVv2eF6zxCjHQEOySaGF0TI18c="></latexit><latexit sha1_base64="hAVv2eF6zxCjHQEOySaGF0TI18c="></latexit><latexit sha1_base64="hAVv2eF6zxCjHQEOySaGF0TI18c="></latexit><latexit sha1_base64="hAVv2eF6zxCjHQEOySaGF0TI18c="></latexit>

-	Region																							strongly	affected,	all	permutation	contribute													

P(W ) ⇠ W
N
2

<latexit sha1_base64="UfTBB53QhB0MHaqu/u8WYNOnv10="></latexit><latexit sha1_base64="UfTBB53QhB0MHaqu/u8WYNOnv10="></latexit><latexit sha1_base64="UfTBB53QhB0MHaqu/u8WYNOnv10="></latexit><latexit sha1_base64="UfTBB53QhB0MHaqu/u8WYNOnv10="></latexit>

We	have																															corresponding	to	

The	strongly	interacting	particles	have	no	space		to	expand	into	unlike		previously,	resulting	in	slower	decay	of	the	echo.		
As	opposed	to																													and																																			as	before.			P(W ) ⇠ W

N2

2 �1
<latexit sha1_base64="qjWpxhP9Tzy1iqUDGGTzzuQgg8E="></latexit><latexit sha1_base64="qjWpxhP9Tzy1iqUDGGTzzuQgg8E="></latexit><latexit sha1_base64="qjWpxhP9Tzy1iqUDGGTzzuQgg8E="></latexit><latexit sha1_base64="qjWpxhP9Tzy1iqUDGGTzzuQgg8E="></latexit>

|G(t)|2 ! 1/tN
2

<latexit sha1_base64="iqpCeMpzT9N3/P8otFlOwGaFUMY="></latexit><latexit sha1_base64="iqpCeMpzT9N3/P8otFlOwGaFUMY="></latexit><latexit sha1_base64="iqpCeMpzT9N3/P8otFlOwGaFUMY="></latexit><latexit sha1_base64="iqpCeMpzT9N3/P8otFlOwGaFUMY="></latexit>



 Quench of an optical lattice: gapped scenario 
•  Quench	system	from	an	initial	Mott	state,	the	ground	state	of		very	high	barriers	(BH	model)				

Fisher	et	al,	1989	

•  Quench	(e.g.	SG	as	effective	low-E	theory	of	BHub)		
HSG(M2 = ±1,�) ! HSG(M2

,�)
<latexit sha1_base64="fUgqb3XzyZUwSJZcrdfPnxhhlDU="></latexit><latexit sha1_base64="fUgqb3XzyZUwSJZcrdfPnxhhlDU="></latexit><latexit sha1_base64="fUgqb3XzyZUwSJZcrdfPnxhhlDU="></latexit><latexit sha1_base64="fUgqb3XzyZUwSJZcrdfPnxhhlDU="></latexit>

1
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•  Another	realization:	pair	of	coupled	one-dimensional	condensates	of	interacting	atoms		(Gritsev	et	al		‘07)	
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  The Sine-Gordon / Massive Thirring model 
•  The	Sine-Gordon	model:		Quantum	Integrable			(Zamolodchikov^2		‘1978)			

-	Low-energy	effective	action	of	many	classical	and	quantum	systems		(e.g	Giamarchi		book)	

Bose	Hubbard	model	
Spin	chains		
Interacting	bosons	
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-	It	is	equivalent	to	the	massive	Thirring	model				(S.	Coleman	‘78)	

Parameters	are		related	in	a	non-universal	way	(depend	on	reno’	scheme)	
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-	Hamiltonian	is	Quantum	Integrable				(Bergknoff	and	Thacker	1978)	
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4⇡ < �2 < 8⇡
<latexit sha1_base64="ZBAVIgh/E725fPSwJlfLLqfaRn0=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEV0NmHNoKXRTduKxgW6EzlkyatqGZB0lGKEPBX3HjQhG3foc7/8ZMW0FFD1w4Oedecu8JEs6kQujDKCwtr6yuFddLG5tb2zvm7l5bxqkgtEViHoubAEvKWURbiilObxJBcRhw2gnGF7nfuaNCsji6VpOE+iEeRmzACFZa6pkH0PUSButeQBW+dWAd1vS7Z5aRdVarOG4FIguhqu3YOXGq7qkLba3kKIMFmj3z3evHJA1ppAjHUnZtlCg/w0Ixwum05KWSJpiM8ZB2NY1wSKWfzdafwmOt9OEgFroiBWfq94kMh1JOwkB3hliN5G8vF//yuqka1PyMRUmqaETmHw1SDlUM8yxgnwlKFJ9ogolgeldIRlhgonRiJR3C16Xwf9J2LBtZ9pVbbpwv4iiCQ3AEToANqqABLkETtAABGXgAT+DZuDcejRfjdd5aMBYz++AHjLdPxVCUFQ==</latexit><latexit sha1_base64="ZBAVIgh/E725fPSwJlfLLqfaRn0=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEV0NmHNoKXRTduKxgW6EzlkyatqGZB0lGKEPBX3HjQhG3foc7/8ZMW0FFD1w4Oedecu8JEs6kQujDKCwtr6yuFddLG5tb2zvm7l5bxqkgtEViHoubAEvKWURbiilObxJBcRhw2gnGF7nfuaNCsji6VpOE+iEeRmzACFZa6pkH0PUSButeQBW+dWAd1vS7Z5aRdVarOG4FIguhqu3YOXGq7qkLba3kKIMFmj3z3evHJA1ppAjHUnZtlCg/w0Ixwum05KWSJpiM8ZB2NY1wSKWfzdafwmOt9OEgFroiBWfq94kMh1JOwkB3hliN5G8vF//yuqka1PyMRUmqaETmHw1SDlUM8yxgnwlKFJ9ogolgeldIRlhgonRiJR3C16Xwf9J2LBtZ9pVbbpwv4iiCQ3AEToANqqABLkETtAABGXgAT+DZuDcejRfjdd5aMBYz++AHjLdPxVCUFQ==</latexit><latexit sha1_base64="ZBAVIgh/E725fPSwJlfLLqfaRn0=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEV0NmHNoKXRTduKxgW6EzlkyatqGZB0lGKEPBX3HjQhG3foc7/8ZMW0FFD1w4Oedecu8JEs6kQujDKCwtr6yuFddLG5tb2zvm7l5bxqkgtEViHoubAEvKWURbiilObxJBcRhw2gnGF7nfuaNCsji6VpOE+iEeRmzACFZa6pkH0PUSButeQBW+dWAd1vS7Z5aRdVarOG4FIguhqu3YOXGq7qkLba3kKIMFmj3z3evHJA1ppAjHUnZtlCg/w0Ixwum05KWSJpiM8ZB2NY1wSKWfzdafwmOt9OEgFroiBWfq94kMh1JOwkB3hliN5G8vF//yuqka1PyMRUmqaETmHw1SDlUM8yxgnwlKFJ9ogolgeldIRlhgonRiJR3C16Xwf9J2LBtZ9pVbbpwv4iiCQ3AEToANqqABLkETtAABGXgAT+DZuDcejRfjdd5aMBYz++AHjLdPxVCUFQ==</latexit><latexit sha1_base64="ZBAVIgh/E725fPSwJlfLLqfaRn0=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEV0NmHNoKXRTduKxgW6EzlkyatqGZB0lGKEPBX3HjQhG3foc7/8ZMW0FFD1w4Oedecu8JEs6kQujDKCwtr6yuFddLG5tb2zvm7l5bxqkgtEViHoubAEvKWURbiilObxJBcRhw2gnGF7nfuaNCsji6VpOE+iEeRmzACFZa6pkH0PUSButeQBW+dWAd1vS7Z5aRdVarOG4FIguhqu3YOXGq7qkLba3kKIMFmj3z3evHJA1ppAjHUnZtlCg/w0Ixwum05KWSJpiM8ZB2NY1wSKWfzdafwmOt9OEgFroiBWfq94kMh1JOwkB3hliN5G8vF//yuqka1PyMRUmqaETmHw1SDlUM8yxgnwlKFJ9ogolgeldIRlhgonRiJR3C16Xwf9J2LBtZ9pVbbpwv4iiCQ3AEToANqqABLkETtAABGXgAT+DZuDcejRfjdd5aMBYz++AHjLdPxVCUFQ==</latexit>

m
<latexit sha1_base64="36Xchfwcb87JIV1E+AsYCtN94rw=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK1oWK4g+7Jedb0qRDZCNcd1cuLWvAsPOkbJUQErNIfl98EoJmlEhSYcK9V3UKL9DEvNCKfz0iBVNMFkise0b6jAEVV+tjh0Ds+MMoJhLE0JDRfq94kMR0rNosB0RlhP1G8vF//y+qkO637GRJJqKshyUZhyqGOYfw1HTFKi+cwQTCQzt0IywRITbbIpmRC+PoX/k45rO8h2Wl6lcbWKowhOwCk4Bw6ogQa4AU3QBgRQ8ACewLN1Zz1aL9brsrVgrWaOwQ9Yb581q40z</latexit><latexit sha1_base64="36Xchfwcb87JIV1E+AsYCtN94rw=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK1oWK4g+7Jedb0qRDZCNcd1cuLWvAsPOkbJUQErNIfl98EoJmlEhSYcK9V3UKL9DEvNCKfz0iBVNMFkise0b6jAEVV+tjh0Ds+MMoJhLE0JDRfq94kMR0rNosB0RlhP1G8vF//y+qkO637GRJJqKshyUZhyqGOYfw1HTFKi+cwQTCQzt0IywRITbbIpmRC+PoX/k45rO8h2Wl6lcbWKowhOwCk4Bw6ogQa4AU3QBgRQ8ACewLN1Zz1aL9brsrVgrWaOwQ9Yb581q40z</latexit><latexit sha1_base64="36Xchfwcb87JIV1E+AsYCtN94rw=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK1oWK4g+7Jedb0qRDZCNcd1cuLWvAsPOkbJUQErNIfl98EoJmlEhSYcK9V3UKL9DEvNCKfz0iBVNMFkise0b6jAEVV+tjh0Ds+MMoJhLE0JDRfq94kMR0rNosB0RlhP1G8vF//y+qkO637GRJJqKshyUZhyqGOYfw1HTFKi+cwQTCQzt0IywRITbbIpmRC+PoX/k45rO8h2Wl6lcbWKowhOwCk4Bw6ogQa4AU3QBgRQ8ACewLN1Zz1aL9brsrVgrWaOwQ9Yb581q40z</latexit><latexit sha1_base64="36Xchfwcb87JIV1E+AsYCtN94rw=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK1oWK4g+7Jedb0qRDZCNcd1cuLWvAsPOkbJUQErNIfl98EoJmlEhSYcK9V3UKL9DEvNCKfz0iBVNMFkise0b6jAEVV+tjh0Ds+MMoJhLE0JDRfq94kMR0rNosB0RlhP1G8vF//y+qkO637GRJJqKshyUZhyqGOYfw1HTFKi+cwQTCQzt0IywRITbbIpmRC+PoX/k45rO8h2Wl6lcbWKowhOwCk4Bw6ogQa4AU3QBgRQ8ACewLN1Zz1aL9brsrVgrWaOwQ9Yb581q40z</latexit>

Quantum	impurity	models	
KT	phase	transitions	

solitons,	anti-solitons	and	breather	bound	states										for	attractive	interactions	

spectrum:	solitons,	anti-solitons	of	mass																																												for			repulsive	interaction		

-	Non	interacting	limit:																																			Luther-Emery	point	



  The MTM model  in space time lattice 
•  Represent	the	massive	Thirring	model	on	the		light-cone	lattice	in		space-time	in	terms	of	

spins	while	preserving	integrability		(Destri	-	De	Vega	’87):					time	evolution		viewed	as	stat	mech	problem	

•  Left	and	right	moving	bare	fermions	evolve	
in	a	discretized		Minkowski	space	time			

N
<latexit sha1_base64="dc8nxqmAy1LMsrYY5wDHPnldDhQ=">AAAB6XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdONKqtgHtKFMppN26GQSZiZCCf0DNy4UcesfufNvnLQVVPTAhcM593LvPUHCmdIIfViFldW19Y3iZmlre2d3r7x/0FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOMLnM/c49lYrF4k5PE+pHeCRYyAjWRrqF14NyBdnn9arrVSGyEao5rpMTt+adedAxSo4KWKI5KL/3hzFJIyo04VipnoMS7WdYakY4nZX6qaIJJhM8oj1DBY6o8rP5pTN4YpQhDGNpSmg4V79PZDhSahoFpjPCeqx+e7n4l9dLdVj3MyaSVFNBFovClEMdw/xtOGSSEs2nhmAimbkVkjGWmGgTTsmE8PUp/J+0XdtBtnPjVRoXyziK4Agcg1PggBpogCvQBC1AQAgewBN4tibWo/VivS5aC9Zy5hD8gPX2CVwzjT4=</latexit><latexit sha1_base64="dc8nxqmAy1LMsrYY5wDHPnldDhQ=">AAAB6XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdONKqtgHtKFMppN26GQSZiZCCf0DNy4UcesfufNvnLQVVPTAhcM593LvPUHCmdIIfViFldW19Y3iZmlre2d3r7x/0FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOMLnM/c49lYrF4k5PE+pHeCRYyAjWRrqF14NyBdnn9arrVSGyEao5rpMTt+adedAxSo4KWKI5KL/3hzFJIyo04VipnoMS7WdYakY4nZX6qaIJJhM8oj1DBY6o8rP5pTN4YpQhDGNpSmg4V79PZDhSahoFpjPCeqx+e7n4l9dLdVj3MyaSVFNBFovClEMdw/xtOGSSEs2nhmAimbkVkjGWmGgTTsmE8PUp/J+0XdtBtnPjVRoXyziK4Agcg1PggBpogCvQBC1AQAgewBN4tibWo/VivS5aC9Zy5hD8gPX2CVwzjT4=</latexit><latexit sha1_base64="dc8nxqmAy1LMsrYY5wDHPnldDhQ=">AAAB6XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdONKqtgHtKFMppN26GQSZiZCCf0DNy4UcesfufNvnLQVVPTAhcM593LvPUHCmdIIfViFldW19Y3iZmlre2d3r7x/0FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOMLnM/c49lYrF4k5PE+pHeCRYyAjWRrqF14NyBdnn9arrVSGyEao5rpMTt+adedAxSo4KWKI5KL/3hzFJIyo04VipnoMS7WdYakY4nZX6qaIJJhM8oj1DBY6o8rP5pTN4YpQhDGNpSmg4V79PZDhSahoFpjPCeqx+e7n4l9dLdVj3MyaSVFNBFovClEMdw/xtOGSSEs2nhmAimbkVkjGWmGgTTsmE8PUp/J+0XdtBtnPjVRoXyziK4Agcg1PggBpogCvQBC1AQAgewBN4tibWo/VivS5aC9Zy5hD8gPX2CVwzjT4=</latexit><latexit sha1_base64="dc8nxqmAy1LMsrYY5wDHPnldDhQ=">AAAB6XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdONKqtgHtKFMppN26GQSZiZCCf0DNy4UcesfufNvnLQVVPTAhcM593LvPUHCmdIIfViFldW19Y3iZmlre2d3r7x/0FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOMLnM/c49lYrF4k5PE+pHeCRYyAjWRrqF14NyBdnn9arrVSGyEao5rpMTt+adedAxSo4KWKI5KL/3hzFJIyo04VipnoMS7WdYakY4nZX6qaIJJhM8oj1DBY6o8rP5pTN4YpQhDGNpSmg4V79PZDhSahoFpjPCeqx+e7n4l9dLdVj3MyaSVFNBFovClEMdw/xtOGSSEs2nhmAimbkVkjGWmGgTTsmE8PUp/J+0XdtBtnPjVRoXyziK4Agcg1PggBpogCvQBC1AQAgewBN4tibWo/VivS5aC9Zy5hD8gPX2CVwzjT4=</latexit>

M
<latexit sha1_base64="T2rOqF5f5x5KPeM8BexztL25qJ0=">AAAB6XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdONGqGIf0IYymU7aoZNJmJkIJfQP3LhQxK1/5M6/cdJWUNEDFw7n3Mu99wQJZ0oj9GEVVlbX1jeKm6Wt7Z3dvfL+QVvFqSS0RWIey26AFeVM0JZmmtNuIimOAk47weQy9zv3VCoWizs9Tagf4ZFgISNYG+kWXg/KFWSf16uuV4XIRqjmuE5O3Jp35kHHKDkqYInmoPzeH8YkjajQhGOleg5KtJ9hqRnhdFbqp4ommEzwiPYMFTiiys/ml87giVGGMIylKaHhXP0+keFIqWkUmM4I67H67eXiX14v1WHdz5hIUk0FWSwKUw51DPO34ZBJSjSfGoKJZOZWSMZYYqJNOCUTwten8H/Sdm0H2c6NV2lcLOMogiNwDE6BA2qgAa5AE7QAASF4AE/g2ZpYj9aL9bpoLVjLmUPwA9bbJ1qvjT0=</latexit><latexit sha1_base64="T2rOqF5f5x5KPeM8BexztL25qJ0=">AAAB6XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdONGqGIf0IYymU7aoZNJmJkIJfQP3LhQxK1/5M6/cdJWUNEDFw7n3Mu99wQJZ0oj9GEVVlbX1jeKm6Wt7Z3dvfL+QVvFqSS0RWIey26AFeVM0JZmmtNuIimOAk47weQy9zv3VCoWizs9Tagf4ZFgISNYG+kWXg/KFWSf16uuV4XIRqjmuE5O3Jp35kHHKDkqYInmoPzeH8YkjajQhGOleg5KtJ9hqRnhdFbqp4ommEzwiPYMFTiiys/ml87giVGGMIylKaHhXP0+keFIqWkUmM4I67H67eXiX14v1WHdz5hIUk0FWSwKUw51DPO34ZBJSjSfGoKJZOZWSMZYYqJNOCUTwten8H/Sdm0H2c6NV2lcLOMogiNwDE6BA2qgAa5AE7QAASF4AE/g2ZpYj9aL9bpoLVjLmUPwA9bbJ1qvjT0=</latexit><latexit sha1_base64="T2rOqF5f5x5KPeM8BexztL25qJ0=">AAAB6XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdONGqGIf0IYymU7aoZNJmJkIJfQP3LhQxK1/5M6/cdJWUNEDFw7n3Mu99wQJZ0oj9GEVVlbX1jeKm6Wt7Z3dvfL+QVvFqSS0RWIey26AFeVM0JZmmtNuIimOAk47weQy9zv3VCoWizs9Tagf4ZFgISNYG+kWXg/KFWSf16uuV4XIRqjmuE5O3Jp35kHHKDkqYInmoPzeH8YkjajQhGOleg5KtJ9hqRnhdFbqp4ommEzwiPYMFTiiys/ml87giVGGMIylKaHhXP0+keFIqWkUmM4I67H67eXiX14v1WHdz5hIUk0FWSwKUw51DPO34ZBJSjSfGoKJZOZWSMZYYqJNOCUTwten8H/Sdm0H2c6NV2lcLOMogiNwDE6BA2qgAa5AE7QAASF4AE/g2ZpYj9aL9bpoLVjLmUPwA9bbJ1qvjT0=</latexit><latexit sha1_base64="T2rOqF5f5x5KPeM8BexztL25qJ0=">AAAB6XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdONGqGIf0IYymU7aoZNJmJkIJfQP3LhQxK1/5M6/cdJWUNEDFw7n3Mu99wQJZ0oj9GEVVlbX1jeKm6Wt7Z3dvfL+QVvFqSS0RWIey26AFeVM0JZmmtNuIimOAk47weQy9zv3VCoWizs9Tagf4ZFgISNYG+kWXg/KFWSf16uuV4XIRqjmuE5O3Jp35kHHKDkqYInmoPzeH8YkjajQhGOleg5KtJ9hqRnhdFbqp4ommEzwiPYMFTiiys/ml87giVGGMIylKaHhXP0+keFIqWkUmM4I67H67eXiX14v1WHdz5hIUk0FWSwKUw51DPO34ZBJSjSfGoKJZOZWSMZYYqJNOCUTwten8H/Sdm0H2c6NV2lcLOMogiNwDE6BA2qgAa5AE7QAASF4AE/g2ZpYj9aL9bpoLVjLmUPwA9bbJ1qvjT0=</latexit>

•  To	each	link	emanating	a	vector	space																				
with																												V2j

<latexit sha1_base64="fxj7ZT1IZqoCzxfhatgPT+76zfs=">AAAB7XicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaOut6MVjBZsW2lA222277WY37G6EEvofvHhQxKv/x5v/xk1bQUUfDDzem2FmXpQwqrTjfFiFtfWNza3idmlnd2//oHx4FCiRSkxaWDAhOxFShFFOWppqRjqJJCiOGGlH0+vcb98Tqajgd3qWkDBGI06HFCNtpCDoZ95k3i9XHPuyXvX8KnRsx6m5npsTr+Zf+NA1So4KWKHZL7/3BgKnMeEaM6RU13USHWZIaooZmZd6qSIJwlM0Il1DOYqJCrPFtXN4ZpQBHAppimu4UL9PZChWahZHpjNGeqx+e7n4l9dN9bAeZpQnqSYcLxcNUwa1gPnrcEAlwZrNDEFYUnMrxGMkEdYmoJIJ4etT+D8JPNt1bPfWrzSuVnEUwQk4BefABTXQADegCVoAgwl4AE/g2RLWo/VivS5bC9Zq5hj8gPX2CcU5j0E=</latexit><latexit sha1_base64="fxj7ZT1IZqoCzxfhatgPT+76zfs=">AAAB7XicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaOut6MVjBZsW2lA222277WY37G6EEvofvHhQxKv/x5v/xk1bQUUfDDzem2FmXpQwqrTjfFiFtfWNza3idmlnd2//oHx4FCiRSkxaWDAhOxFShFFOWppqRjqJJCiOGGlH0+vcb98Tqajgd3qWkDBGI06HFCNtpCDoZ95k3i9XHPuyXvX8KnRsx6m5npsTr+Zf+NA1So4KWKHZL7/3BgKnMeEaM6RU13USHWZIaooZmZd6qSIJwlM0Il1DOYqJCrPFtXN4ZpQBHAppimu4UL9PZChWahZHpjNGeqx+e7n4l9dN9bAeZpQnqSYcLxcNUwa1gPnrcEAlwZrNDEFYUnMrxGMkEdYmoJIJ4etT+D8JPNt1bPfWrzSuVnEUwQk4BefABTXQADegCVoAgwl4AE/g2RLWo/VivS5bC9Zq5hj8gPX2CcU5j0E=</latexit><latexit sha1_base64="fxj7ZT1IZqoCzxfhatgPT+76zfs=">AAAB7XicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaOut6MVjBZsW2lA222277WY37G6EEvofvHhQxKv/x5v/xk1bQUUfDDzem2FmXpQwqrTjfFiFtfWNza3idmlnd2//oHx4FCiRSkxaWDAhOxFShFFOWppqRjqJJCiOGGlH0+vcb98Tqajgd3qWkDBGI06HFCNtpCDoZ95k3i9XHPuyXvX8KnRsx6m5npsTr+Zf+NA1So4KWKHZL7/3BgKnMeEaM6RU13USHWZIaooZmZd6qSIJwlM0Il1DOYqJCrPFtXN4ZpQBHAppimu4UL9PZChWahZHpjNGeqx+e7n4l9dN9bAeZpQnqSYcLxcNUwa1gPnrcEAlwZrNDEFYUnMrxGMkEdYmoJIJ4etT+D8JPNt1bPfWrzSuVnEUwQk4BefABTXQADegCVoAgwl4AE/g2RLWo/VivS5bC9Zq5hj8gPX2CcU5j0E=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Q1XV+0redE+ja+Yud7Lp1DjTCLM=">AAAB4nicbZDNSgMxFIXv1L9aq1a3boJFcFVmutGl4MZlBTsttEPJpHfatJlkSDJCGfoOblwo4kO5821MfxbaeiDwcU5C7j1xJrixvv/tlXZ29/YPyoeVo+rxyWntrBoalWuGbaaE0t2YGhRcYttyK7CbaaRpLLATT+8XeecZteFKPtlZhlFKR5InnFHrrDAcFM3JfFCr+w1/KbINwRrqsFZrUPvqDxXLU5SWCWpML/AzGxVUW84Eziv93GBG2ZSOsOdQ0hRNVCynnZMr5wxJorQ70pKl+/tFQVNjZmnsbqbUjs1mtjD/y3q5TW6jgssstyjZ6qMkF8QqslidDLlGZsXMAWWau1kJG1NNmXUFVVwJwebK2xA2G4HfCB59KMMFXMI1BHADd/AALWgDgwm8wBu8e8p79T5WdZW8dW/n8Efe5w87SY2n</latexit><latexit sha1_base64="AUiNPdz0D4anVBTJvTtrTZoR7JY=">AAAB4nicdZDNSgMxFIXv+Ftr1erWTbAIrobMWNq6E9y4rGCnhXYomTTTps38kGSEMvQd3LhQxIdy59uYaSuo6IHA4TsJufcEqeBKY/xhbWxube/slvbK+5WDw6PqccVTSSYp69BEJLIXEMUEj1lHcy1YL5WMRIFg3WB2U+TdByYVT+J7PU+ZH5FxzENOiTbI84a5O10MqzVsX7Uabr2BsI1x03GdwrjN+mUdOYYUqsFa7WH1fTBKaBaxWFNBlOo7ONV+TqTmVLBFeZAplhI6I2PWNzYmEVN+vpx2gc4NGaEwkebEGi3p9xc5iZSaR4G5GRE9Ub+zAv6V9TMdtvycx2mmWUxXH4WZQDpBxepoxCWjWsyNIVRyMyuiEyIJ1aagsinha1P0v/Fc28G2c4ehBKdwBhfgQBOu4Rba0AEKU3iEZ3ixEuvJel3VtWGtezuBH7LePgGYgo3p</latexit><latexit sha1_base64="5sdb9IlPLPlnlG6pM8GJwPRoNmo=">AAAB7XicdVBNS8NAEN3Ur1q/qh69LBbBU9jE0tZb0YvHCjYttKFstpt2280m7G6EEvofvHhQxKv/x5v/xk1bQUUfDDzem2FmXpBwpjRCH1ZhbX1jc6u4XdrZ3ds/KB8eeSpOJaFtEvNYdgOsKGeCtjXTnHYTSXEUcNoJpte537mnUrFY3OlZQv0IjwQLGcHaSJ43yNzJfFCuIPuyUXOrNYhshOqO6+TErVcvqtAxSo4KWKE1KL/3hzFJIyo04VipnoMS7WdYakY4nZf6qaIJJlM8oj1DBY6o8rPFtXN4ZpQhDGNpSmi4UL9PZDhSahYFpjPCeqx+e7n4l9dLddjwMyaSVFNBlovClEMdw/x1OGSSEs1nhmAimbkVkjGWmGgTUMmE8PUp/J94ru0g27lFlebVKo4iOAGn4Bw4oA6a4Aa0QBsQMAEP4Ak8W7H1aL1Yr8vWgrWaOQY/YL19AsP5jz0=</latexit><latexit sha1_base64="fxj7ZT1IZqoCzxfhatgPT+76zfs=">AAAB7XicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaOut6MVjBZsW2lA222277WY37G6EEvofvHhQxKv/x5v/xk1bQUUfDDzem2FmXpQwqrTjfFiFtfWNza3idmlnd2//oHx4FCiRSkxaWDAhOxFShFFOWppqRjqJJCiOGGlH0+vcb98Tqajgd3qWkDBGI06HFCNtpCDoZ95k3i9XHPuyXvX8KnRsx6m5npsTr+Zf+NA1So4KWKHZL7/3BgKnMeEaM6RU13USHWZIaooZmZd6qSIJwlM0Il1DOYqJCrPFtXN4ZpQBHAppimu4UL9PZChWahZHpjNGeqx+e7n4l9dN9bAeZpQnqSYcLxcNUwa1gPnrcEAlwZrNDEFYUnMrxGMkEdYmoJIJ4etT+D8JPNt1bPfWrzSuVnEUwQk4BefABTXQADegCVoAgwl4AE/g2RLWo/VivS5bC9Zq5hj8gPX2CcU5j0E=</latexit><latexit sha1_base64="fxj7ZT1IZqoCzxfhatgPT+76zfs=">AAAB7XicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaOut6MVjBZsW2lA222277WY37G6EEvofvHhQxKv/x5v/xk1bQUUfDDzem2FmXpQwqrTjfFiFtfWNza3idmlnd2//oHx4FCiRSkxaWDAhOxFShFFOWppqRjqJJCiOGGlH0+vcb98Tqajgd3qWkDBGI06HFCNtpCDoZ95k3i9XHPuyXvX8KnRsx6m5npsTr+Zf+NA1So4KWKHZL7/3BgKnMeEaM6RU13USHWZIaooZmZd6qSIJwlM0Il1DOYqJCrPFtXN4ZpQBHAppimu4UL9PZChWahZHpjNGeqx+e7n4l9dN9bAeZpQnqSYcLxcNUwa1gPnrcEAlwZrNDEFYUnMrxGMkEdYmoJIJ4etT+D8JPNt1bPfWrzSuVnEUwQk4BefABTXQADegCVoAgwl4AE/g2RLWo/VivS5bC9Zq5hj8gPX2CcU5j0E=</latexit><latexit sha1_base64="fxj7ZT1IZqoCzxfhatgPT+76zfs=">AAAB7XicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaOut6MVjBZsW2lA222277WY37G6EEvofvHhQxKv/x5v/xk1bQUUfDDzem2FmXpQwqrTjfFiFtfWNza3idmlnd2//oHx4FCiRSkxaWDAhOxFShFFOWppqRjqJJCiOGGlH0+vcb98Tqajgd3qWkDBGI06HFCNtpCDoZ95k3i9XHPuyXvX8KnRsx6m5npsTr+Zf+NA1So4KWKHZL7/3BgKnMeEaM6RU13USHWZIaooZmZd6qSIJwlM0Il1DOYqJCrPFtXN4ZpQBHAppimu4UL9PZChWahZHpjNGeqx+e7n4l9dN9bAeZpQnqSYcLxcNUwa1gPnrcEAlwZrNDEFYUnMrxGMkEdYmoJIJ4etT+D8JPNt1bPfWrzSuVnEUwQk4BefABTXQADegCVoAgwl4AE/g2RLWo/VivS5bC9Zq5hj8gPX2CcU5j0E=</latexit><latexit sha1_base64="fxj7ZT1IZqoCzxfhatgPT+76zfs=">AAAB7XicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaOut6MVjBZsW2lA222277WY37G6EEvofvHhQxKv/x5v/xk1bQUUfDDzem2FmXpQwqrTjfFiFtfWNza3idmlnd2//oHx4FCiRSkxaWDAhOxFShFFOWppqRjqJJCiOGGlH0+vcb98Tqajgd3qWkDBGI06HFCNtpCDoZ95k3i9XHPuyXvX8KnRsx6m5npsTr+Zf+NA1So4KWKHZL7/3BgKnMeEaM6RU13USHWZIaooZmZd6qSIJwlM0Il1DOYqJCrPFtXN4ZpQBHAppimu4UL9PZChWahZHpjNGeqx+e7n4l9dN9bAeZpQnqSYcLxcNUwa1gPnrcEAlwZrNDEFYUnMrxGMkEdYmoJIJ4etT+D8JPNt1bPfWrzSuVnEUwQk4BefABTXQADegCVoAgwl4AE/g2RLWo/VivS5bC9Zq5hj8gPX2CcU5j0E=</latexit><latexit sha1_base64="fxj7ZT1IZqoCzxfhatgPT+76zfs=">AAAB7XicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaOut6MVjBZsW2lA222277WY37G6EEvofvHhQxKv/x5v/xk1bQUUfDDzem2FmXpQwqrTjfFiFtfWNza3idmlnd2//oHx4FCiRSkxaWDAhOxFShFFOWppqRjqJJCiOGGlH0+vcb98Tqajgd3qWkDBGI06HFCNtpCDoZ95k3i9XHPuyXvX8KnRsx6m5npsTr+Zf+NA1So4KWKHZL7/3BgKnMeEaM6RU13USHWZIaooZmZd6qSIJwlM0Il1DOYqJCrPFtXN4ZpQBHAppimu4UL9PZChWahZHpjNGeqx+e7n4l9dN9bAeZpQnqSYcLxcNUwa1gPnrcEAlwZrNDEFYUnMrxGMkEdYmoJIJ4etT+D8JPNt1bPfWrzSuVnEUwQk4BefABTXQADegCVoAgwl4AE/g2RLWo/VivS5bC9Zq5hj8gPX2CcU5j0E=</latexit><latexit sha1_base64="fxj7ZT1IZqoCzxfhatgPT+76zfs=">AAAB7XicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaOut6MVjBZsW2lA222277WY37G6EEvofvHhQxKv/x5v/xk1bQUUfDDzem2FmXpQwqrTjfFiFtfWNza3idmlnd2//oHx4FCiRSkxaWDAhOxFShFFOWppqRjqJJCiOGGlH0+vcb98Tqajgd3qWkDBGI06HFCNtpCDoZ95k3i9XHPuyXvX8KnRsx6m5npsTr+Zf+NA1So4KWKHZL7/3BgKnMeEaM6RU13USHWZIaooZmZd6qSIJwlM0Il1DOYqJCrPFtXN4ZpQBHAppimu4UL9PZChWahZHpjNGeqx+e7n4l9dN9bAeZpQnqSYcLxcNUwa1gPnrcEAlwZrNDEFYUnMrxGMkEdYmoJIJ4etT+D8JPNt1bPfWrzSuVnEUwQk4BefABTXQADegCVoAgwl4AE/g2RLWo/VivS5bC9Zq5hj8gPX2CcU5j0E=</latexit>

V2j�1
<latexit sha1_base64="mktIkI0GHi6g1uy1R+HuBBA9Ors=">AAAB73icdVDLSsNAFJ34rPVVdelmsAhuDJMY2rorunFZwT6gDWUynbRjJ5M4MxFK6E+4caGIW3/HnX/jpK2gogcuHM65l3vvCRLOlEbow1paXlldWy9sFDe3tnd2S3v7LRWnktAmiXksOwFWlDNBm5ppTjuJpDgKOG0H48vcb99TqVgsbvQkoX6Eh4KFjGBtpE6rn7m3p860Xyoj+7xWcb0KRDZCVcd1cuJWvTMPOkbJUQYLNPql994gJmlEhSYcK9V1UKL9DEvNCKfTYi9VNMFkjIe0a6jAEVV+Nrt3Co+NMoBhLE0JDWfq94kMR0pNosB0RliP1G8vF//yuqkOa37GRJJqKsh8UZhyqGOYPw8HTFKi+cQQTCQzt0IywhITbSIqmhC+PoX/k5ZrO8h2rr1y/WIRRwEcgiNwAhxQBXVwBRqgCQjg4AE8gWfrznq0XqzXeeuStZg5AD9gvX0CocGPsw==</latexit><latexit sha1_base64="mktIkI0GHi6g1uy1R+HuBBA9Ors=">AAAB73icdVDLSsNAFJ34rPVVdelmsAhuDJMY2rorunFZwT6gDWUynbRjJ5M4MxFK6E+4caGIW3/HnX/jpK2gogcuHM65l3vvCRLOlEbow1paXlldWy9sFDe3tnd2S3v7LRWnktAmiXksOwFWlDNBm5ppTjuJpDgKOG0H48vcb99TqVgsbvQkoX6Eh4KFjGBtpE6rn7m3p860Xyoj+7xWcb0KRDZCVcd1cuJWvTMPOkbJUQYLNPql994gJmlEhSYcK9V1UKL9DEvNCKfTYi9VNMFkjIe0a6jAEVV+Nrt3Co+NMoBhLE0JDWfq94kMR0pNosB0RliP1G8vF//yuqkOa37GRJJqKsh8UZhyqGOYPw8HTFKi+cQQTCQzt0IywhITbSIqmhC+PoX/k5ZrO8h2rr1y/WIRRwEcgiNwAhxQBXVwBRqgCQjg4AE8gWfrznq0XqzXeeuStZg5AD9gvX0CocGPsw==</latexit><latexit sha1_base64="mktIkI0GHi6g1uy1R+HuBBA9Ors=">AAAB73icdVDLSsNAFJ34rPVVdelmsAhuDJMY2rorunFZwT6gDWUynbRjJ5M4MxFK6E+4caGIW3/HnX/jpK2gogcuHM65l3vvCRLOlEbow1paXlldWy9sFDe3tnd2S3v7LRWnktAmiXksOwFWlDNBm5ppTjuJpDgKOG0H48vcb99TqVgsbvQkoX6Eh4KFjGBtpE6rn7m3p860Xyoj+7xWcb0KRDZCVcd1cuJWvTMPOkbJUQYLNPql994gJmlEhSYcK9V1UKL9DEvNCKfTYi9VNMFkjIe0a6jAEVV+Nrt3Co+NMoBhLE0JDWfq94kMR0pNosB0RliP1G8vF//yuqkOa37GRJJqKsh8UZhyqGOYPw8HTFKi+cQQTCQzt0IywhITbSIqmhC+PoX/k5ZrO8h2rr1y/WIRRwEcgiNwAhxQBXVwBRqgCQjg4AE8gWfrznq0XqzXeeuStZg5AD9gvX0CocGPsw==</latexit><latexit sha1_base64="mktIkI0GHi6g1uy1R+HuBBA9Ors=">AAAB73icdVDLSsNAFJ34rPVVdelmsAhuDJMY2rorunFZwT6gDWUynbRjJ5M4MxFK6E+4caGIW3/HnX/jpK2gogcuHM65l3vvCRLOlEbow1paXlldWy9sFDe3tnd2S3v7LRWnktAmiXksOwFWlDNBm5ppTjuJpDgKOG0H48vcb99TqVgsbvQkoX6Eh4KFjGBtpE6rn7m3p860Xyoj+7xWcb0KRDZCVcd1cuJWvTMPOkbJUQYLNPql994gJmlEhSYcK9V1UKL9DEvNCKfTYi9VNMFkjIe0a6jAEVV+Nrt3Co+NMoBhLE0JDWfq94kMR0pNosB0RliP1G8vF//yuqkOa37GRJJqKsh8UZhyqGOYPw8HTFKi+cQQTCQzt0IywhITbSIqmhC+PoX/k5ZrO8h2rr1y/WIRRwEcgiNwAhxQBXVwBRqgCQjg4AE8gWfrznq0XqzXeeuStZg5AD9gvX0CocGPsw==</latexit>

associated	with	left	movers,			
												right	movers		of											intersection.	jth

<latexit sha1_base64="9sWygEW6vcLPxCZZZPyAZ1jAeLs=">AAAB9HicdVDLSgNBEJyNrxhfUY9eBoPgadmNSxJvQS8eI5gHJGuYnUyS0dmHM73BsOx3ePGgiFc/xpt/42wSQUULGoqqbrq7vEhwBZb1YeSWlldW1/LrhY3Nre2d4u5eS4WxpKxJQxHKjkcUEzxgTeAgWCeSjPieYG3v9jzz2xMmFQ+DK5hGzPXJKOBDTgloyb25TnrA7iGBcZr2iyXLPK1Vyk4FW6ZlVe2ynZFy1TlxsK2VDCW0QKNffO8NQhr7LAAqiFJd24rATYgETgVLC71YsYjQWzJiXU0D4jPlJrOjU3yklQEehlJXAHimfp9IiK/U1Pd0p09grH57mfiX141hWHMTHkQxsIDOFw1jgSHEWQJ4wCWjIKaaECq5vhXTMZGEgs6poEP4+hT/T1pl07ZM+9Ip1c8WceTRATpEx8hGVVRHF6iBmoiiO/SAntCzMTEejRfjdd6aMxYz++gHjLdPE62S8w==</latexit><latexit sha1_base64="9sWygEW6vcLPxCZZZPyAZ1jAeLs=">AAAB9HicdVDLSgNBEJyNrxhfUY9eBoPgadmNSxJvQS8eI5gHJGuYnUyS0dmHM73BsOx3ePGgiFc/xpt/42wSQUULGoqqbrq7vEhwBZb1YeSWlldW1/LrhY3Nre2d4u5eS4WxpKxJQxHKjkcUEzxgTeAgWCeSjPieYG3v9jzz2xMmFQ+DK5hGzPXJKOBDTgloyb25TnrA7iGBcZr2iyXLPK1Vyk4FW6ZlVe2ynZFy1TlxsK2VDCW0QKNffO8NQhr7LAAqiFJd24rATYgETgVLC71YsYjQWzJiXU0D4jPlJrOjU3yklQEehlJXAHimfp9IiK/U1Pd0p09grH57mfiX141hWHMTHkQxsIDOFw1jgSHEWQJ4wCWjIKaaECq5vhXTMZGEgs6poEP4+hT/T1pl07ZM+9Ip1c8WceTRATpEx8hGVVRHF6iBmoiiO/SAntCzMTEejRfjdd6aMxYz++gHjLdPE62S8w==</latexit><latexit sha1_base64="9sWygEW6vcLPxCZZZPyAZ1jAeLs=">AAAB9HicdVDLSgNBEJyNrxhfUY9eBoPgadmNSxJvQS8eI5gHJGuYnUyS0dmHM73BsOx3ePGgiFc/xpt/42wSQUULGoqqbrq7vEhwBZb1YeSWlldW1/LrhY3Nre2d4u5eS4WxpKxJQxHKjkcUEzxgTeAgWCeSjPieYG3v9jzz2xMmFQ+DK5hGzPXJKOBDTgloyb25TnrA7iGBcZr2iyXLPK1Vyk4FW6ZlVe2ynZFy1TlxsK2VDCW0QKNffO8NQhr7LAAqiFJd24rATYgETgVLC71YsYjQWzJiXU0D4jPlJrOjU3yklQEehlJXAHimfp9IiK/U1Pd0p09grH57mfiX141hWHMTHkQxsIDOFw1jgSHEWQJ4wCWjIKaaECq5vhXTMZGEgs6poEP4+hT/T1pl07ZM+9Ip1c8WceTRATpEx8hGVVRHF6iBmoiiO/SAntCzMTEejRfjdd6aMxYz++gHjLdPE62S8w==</latexit><latexit sha1_base64="9sWygEW6vcLPxCZZZPyAZ1jAeLs=">AAAB9HicdVDLSgNBEJyNrxhfUY9eBoPgadmNSxJvQS8eI5gHJGuYnUyS0dmHM73BsOx3ePGgiFc/xpt/42wSQUULGoqqbrq7vEhwBZb1YeSWlldW1/LrhY3Nre2d4u5eS4WxpKxJQxHKjkcUEzxgTeAgWCeSjPieYG3v9jzz2xMmFQ+DK5hGzPXJKOBDTgloyb25TnrA7iGBcZr2iyXLPK1Vyk4FW6ZlVe2ynZFy1TlxsK2VDCW0QKNffO8NQhr7LAAqiFJd24rATYgETgVLC71YsYjQWzJiXU0D4jPlJrOjU3yklQEehlJXAHimfp9IiK/U1Pd0p09grH57mfiX141hWHMTHkQxsIDOFw1jgSHEWQJ4wCWjIKaaECq5vhXTMZGEgs6poEP4+hT/T1pl07ZM+9Ip1c8WceTRATpEx8hGVVRHF6iBmoiiO/SAntCzMTEejRfjdd6aMxYz++gHjLdPE62S8w==</latexit>

•  Each	vertex	associate	matrix		

⌘ = i�
<latexit sha1_base64="FhfPDFBLwA3vfpE4eRwltz6reyw=">AAAB83icdVBNS8NAEN34WetX1aOXxSJ4CkksbT0IRS8eK9gPaEKZbDft0t0k7G6EUvo3vHhQxKt/xpv/xk1bQUUfDDzem2FmXphyprTjfFgrq2vrG5uFreL2zu7efungsK2STBLaIglPZDcERTmLaUszzWk3lRREyGknHF/nfueeSsWS+E5PUhoIGMYsYgS0kXyfarhk/hCEgH6p7NgX9apXqWLHdpya67k58WqV8wp2jZKjjJZo9kvv/iAhmaCxJhyU6rlOqoMpSM0Ip7OinymaAhnDkPYMjUFQFUznN8/wqVEGOEqkqVjjufp9YgpCqYkITacAPVK/vVz8y+tlOqoHUxanmaYxWSyKMo51gvMA8IBJSjSfGAJEMnMrJiOQQLSJqWhC+PoU/0/anu06tntbKTeulnEU0DE6QWfIRTXUQDeoiVqIoBQ9oCf0bGXWo/VivS5aV6zlzBH6AevtEzsKkc8=</latexit><latexit sha1_base64="FhfPDFBLwA3vfpE4eRwltz6reyw=">AAAB83icdVBNS8NAEN34WetX1aOXxSJ4CkksbT0IRS8eK9gPaEKZbDft0t0k7G6EUvo3vHhQxKt/xpv/xk1bQUUfDDzem2FmXphyprTjfFgrq2vrG5uFreL2zu7efungsK2STBLaIglPZDcERTmLaUszzWk3lRREyGknHF/nfueeSsWS+E5PUhoIGMYsYgS0kXyfarhk/hCEgH6p7NgX9apXqWLHdpya67k58WqV8wp2jZKjjJZo9kvv/iAhmaCxJhyU6rlOqoMpSM0Ip7OinymaAhnDkPYMjUFQFUznN8/wqVEGOEqkqVjjufp9YgpCqYkITacAPVK/vVz8y+tlOqoHUxanmaYxWSyKMo51gvMA8IBJSjSfGAJEMnMrJiOQQLSJqWhC+PoU/0/anu06tntbKTeulnEU0DE6QWfIRTXUQDeoiVqIoBQ9oCf0bGXWo/VivS5aV6zlzBH6AevtEzsKkc8=</latexit><latexit sha1_base64="FhfPDFBLwA3vfpE4eRwltz6reyw=">AAAB83icdVBNS8NAEN34WetX1aOXxSJ4CkksbT0IRS8eK9gPaEKZbDft0t0k7G6EUvo3vHhQxKt/xpv/xk1bQUUfDDzem2FmXphyprTjfFgrq2vrG5uFreL2zu7efungsK2STBLaIglPZDcERTmLaUszzWk3lRREyGknHF/nfueeSsWS+E5PUhoIGMYsYgS0kXyfarhk/hCEgH6p7NgX9apXqWLHdpya67k58WqV8wp2jZKjjJZo9kvv/iAhmaCxJhyU6rlOqoMpSM0Ip7OinymaAhnDkPYMjUFQFUznN8/wqVEGOEqkqVjjufp9YgpCqYkITacAPVK/vVz8y+tlOqoHUxanmaYxWSyKMo51gvMA8IBJSjSfGAJEMnMrJiOQQLSJqWhC+PoU/0/anu06tntbKTeulnEU0DE6QWfIRTXUQDeoiVqIoBQ9oCf0bGXWo/VivS5aV6zlzBH6AevtEzsKkc8=</latexit><latexit sha1_base64="FhfPDFBLwA3vfpE4eRwltz6reyw=">AAAB83icdVBNS8NAEN34WetX1aOXxSJ4CkksbT0IRS8eK9gPaEKZbDft0t0k7G6EUvo3vHhQxKt/xpv/xk1bQUUfDDzem2FmXphyprTjfFgrq2vrG5uFreL2zu7efungsK2STBLaIglPZDcERTmLaUszzWk3lRREyGknHF/nfueeSsWS+E5PUhoIGMYsYgS0kXyfarhk/hCEgH6p7NgX9apXqWLHdpya67k58WqV8wp2jZKjjJZo9kvv/iAhmaCxJhyU6rlOqoMpSM0Ip7OinymaAhnDkPYMjUFQFUznN8/wqVEGOEqkqVjjufp9YgpCqYkITacAPVK/vVz8y+tlOqoHUxanmaYxWSyKMo51gvMA8IBJSjSfGAJEMnMrJiOQQLSJqWhC+PoU/0/anu06tntbKTeulnEU0DE6QWfIRTXUQDeoiVqIoBQ9oCf0bGXWo/VivS5aV6zlzBH6AevtEzsKkc8=</latexit>

� ⇠ ⇡/2 + g
<latexit sha1_base64="N+/76fotTlGS9r2x353e2/BvFz4=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBEEISYxtHVXdOOygn1AE8pkOmmHziRhZqKU2k9x40IRt36JO//GSVtBRQ9cOJxzL/feE6aMSmXbH8bS8srq2npho7i5tb2za5b2WjLJBCZNnLBEdEIkCaMxaSqqGOmkgiAeMtIOR5e5374lQtIkvlHjlAQcDWIaUYyUlnpmyR8gzpEvKfdTeuqeDHpm2bbOaxXXq0Dbsu2q4zo5cavemQcdreQogwUaPfPd7yc44yRWmCEpu46dqmCChKKYkWnRzyRJER6hAelqGiNOZDCZnT6FR1rpwygRumIFZ+r3iQniUo55qDs5UkP528vFv7xupqJaMKFxmikS4/miKGNQJTDPAfapIFixsSYIC6pvhXiIBMJKp1XUIXx9Cv8nLddybMu59sr1i0UcBXAADsExcEAV1MEVaIAmwOAOPIAn8GzcG4/Gi/E6b10yFjP74AeMt0/n1JPD</latexit><latexit sha1_base64="N+/76fotTlGS9r2x353e2/BvFz4=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBEEISYxtHVXdOOygn1AE8pkOmmHziRhZqKU2k9x40IRt36JO//GSVtBRQ9cOJxzL/feE6aMSmXbH8bS8srq2npho7i5tb2za5b2WjLJBCZNnLBEdEIkCaMxaSqqGOmkgiAeMtIOR5e5374lQtIkvlHjlAQcDWIaUYyUlnpmyR8gzpEvKfdTeuqeDHpm2bbOaxXXq0Dbsu2q4zo5cavemQcdreQogwUaPfPd7yc44yRWmCEpu46dqmCChKKYkWnRzyRJER6hAelqGiNOZDCZnT6FR1rpwygRumIFZ+r3iQniUo55qDs5UkP528vFv7xupqJaMKFxmikS4/miKGNQJTDPAfapIFixsSYIC6pvhXiIBMJKp1XUIXx9Cv8nLddybMu59sr1i0UcBXAADsExcEAV1MEVaIAmwOAOPIAn8GzcG4/Gi/E6b10yFjP74AeMt0/n1JPD</latexit><latexit sha1_base64="N+/76fotTlGS9r2x353e2/BvFz4=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBEEISYxtHVXdOOygn1AE8pkOmmHziRhZqKU2k9x40IRt36JO//GSVtBRQ9cOJxzL/feE6aMSmXbH8bS8srq2npho7i5tb2za5b2WjLJBCZNnLBEdEIkCaMxaSqqGOmkgiAeMtIOR5e5374lQtIkvlHjlAQcDWIaUYyUlnpmyR8gzpEvKfdTeuqeDHpm2bbOaxXXq0Dbsu2q4zo5cavemQcdreQogwUaPfPd7yc44yRWmCEpu46dqmCChKKYkWnRzyRJER6hAelqGiNOZDCZnT6FR1rpwygRumIFZ+r3iQniUo55qDs5UkP528vFv7xupqJaMKFxmikS4/miKGNQJTDPAfapIFixsSYIC6pvhXiIBMJKp1XUIXx9Cv8nLddybMu59sr1i0UcBXAADsExcEAV1MEVaIAmwOAOPIAn8GzcG4/Gi/E6b10yFjP74AeMt0/n1JPD</latexit><latexit sha1_base64="N+/76fotTlGS9r2x353e2/BvFz4=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBEEISYxtHVXdOOygn1AE8pkOmmHziRhZqKU2k9x40IRt36JO//GSVtBRQ9cOJxzL/feE6aMSmXbH8bS8srq2npho7i5tb2za5b2WjLJBCZNnLBEdEIkCaMxaSqqGOmkgiAeMtIOR5e5374lQtIkvlHjlAQcDWIaUYyUlnpmyR8gzpEvKfdTeuqeDHpm2bbOaxXXq0Dbsu2q4zo5cavemQcdreQogwUaPfPd7yc44yRWmCEpu46dqmCChKKYkWnRzyRJER6hAelqGiNOZDCZnT6FR1rpwygRumIFZ+r3iQniUo55qDs5UkP528vFv7xupqJaMKFxmikS4/miKGNQJTDPAfapIFixsSYIC6pvhXiIBMJKp1XUIXx9Cv8nLddybMu59sr1i0UcBXAADsExcEAV1MEVaIAmwOAOPIAn8GzcG4/Gi/E6b10yFjP74AeMt0/n1JPD</latexit>

�

⇡
= 1 � �2

8⇡
<latexit sha1_base64="xs4GpOn2Kg7wBQtEgEA4l8JAdCo="></latexit><latexit sha1_base64="xs4GpOn2Kg7wBQtEgEA4l8JAdCo="></latexit><latexit sha1_base64="xs4GpOn2Kg7wBQtEgEA4l8JAdCo="></latexit><latexit sha1_base64="xs4GpOn2Kg7wBQtEgEA4l8JAdCo="></latexit>

m =
4N

L
e�

⇡
� ⇥

<latexit sha1_base64="GQH32Shc3ZT7nEjE7uGhC3PY+CY="></latexit><latexit sha1_base64="GQH32Shc3ZT7nEjE7uGhC3PY+CY="></latexit><latexit sha1_base64="GQH32Shc3ZT7nEjE7uGhC3PY+CY="></latexit><latexit sha1_base64="GQH32Shc3ZT7nEjE7uGhC3PY+CY="></latexit>

with																													or					

rapidity	cutoff	for	bare	particles,	related	to	bare	mass																															,		mass	⇥
<latexit sha1_base64="ukGslr1/RwbSC99RWGvYExXa5k4=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyQl/QhjKZTtqxk0mYmQgl9B/cuFDErf/jzr9x0lZQ0QMXDufcy733BAlnSiP0YRXW1jc2t4rbpZ3dvf2D8uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Dr3u/dUKhaLlp4l1I/wWLCQEayN1Bm0JlTjYbmC7Mt61fWqENkI1RzXyYlb8y486BglRwWs0ByW3wejmKQRFZpwrFTfQYn2Myw1I5zOS4NU0QSTKR7TvqECR1T52eLaOTwzygiGsTQlNFyo3ycyHCk1iwLTGWE9Ub+9XPzL66c6rPsZE0mqqSDLRWHKoY5h/jocMUmJ5jNDMJHM3ArJBEtMtAmoZEL4+hT+Tzqu7SDbufUqjatVHEVwAk7BOXBADTTADWiCNiDgDjyAJ/Bsxdaj9WK9LlsL1mrmGPyA9fYJ0waPSg==</latexit><latexit sha1_base64="ukGslr1/RwbSC99RWGvYExXa5k4=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyQl/QhjKZTtqxk0mYmQgl9B/cuFDErf/jzr9x0lZQ0QMXDufcy733BAlnSiP0YRXW1jc2t4rbpZ3dvf2D8uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Dr3u/dUKhaLlp4l1I/wWLCQEayN1Bm0JlTjYbmC7Mt61fWqENkI1RzXyYlb8y486BglRwWs0ByW3wejmKQRFZpwrFTfQYn2Myw1I5zOS4NU0QSTKR7TvqECR1T52eLaOTwzygiGsTQlNFyo3ycyHCk1iwLTGWE9Ub+9XPzL66c6rPsZE0mqqSDLRWHKoY5h/jocMUmJ5jNDMJHM3ArJBEtMtAmoZEL4+hT+Tzqu7SDbufUqjatVHEVwAk7BOXBADTTADWiCNiDgDjyAJ/Bsxdaj9WK9LlsL1mrmGPyA9fYJ0waPSg==</latexit><latexit sha1_base64="ukGslr1/RwbSC99RWGvYExXa5k4=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyQl/QhjKZTtqxk0mYmQgl9B/cuFDErf/jzr9x0lZQ0QMXDufcy733BAlnSiP0YRXW1jc2t4rbpZ3dvf2D8uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Dr3u/dUKhaLlp4l1I/wWLCQEayN1Bm0JlTjYbmC7Mt61fWqENkI1RzXyYlb8y486BglRwWs0ByW3wejmKQRFZpwrFTfQYn2Myw1I5zOS4NU0QSTKR7TvqECR1T52eLaOTwzygiGsTQlNFyo3ycyHCk1iwLTGWE9Ub+9XPzL66c6rPsZE0mqqSDLRWHKoY5h/jocMUmJ5jNDMJHM3ArJBEtMtAmoZEL4+hT+Tzqu7SDbufUqjatVHEVwAk7BOXBADTTADWiCNiDgDjyAJ/Bsxdaj9WK9LlsL1mrmGPyA9fYJ0waPSg==</latexit><latexit sha1_base64="ukGslr1/RwbSC99RWGvYExXa5k4=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyQl/QhjKZTtqxk0mYmQgl9B/cuFDErf/jzr9x0lZQ0QMXDufcy733BAlnSiP0YRXW1jc2t4rbpZ3dvf2D8uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Dr3u/dUKhaLlp4l1I/wWLCQEayN1Bm0JlTjYbmC7Mt61fWqENkI1RzXyYlb8y486BglRwWs0ByW3wejmKQRFZpwrFTfQYn2Myw1I5zOS4NU0QSTKR7TvqECR1T52eLaOTwzygiGsTQlNFyo3ycyHCk1iwLTGWE9Ub+9XPzL66c6rPsZE0mqqSDLRWHKoY5h/jocMUmJ5jNDMJHM3ArJBEtMtAmoZEL4+hT+Tzqu7SDbufUqjatVHEVwAk7BOXBADTTADWiCNiDgDjyAJ/Bsxdaj9WK9LlsL1mrmGPyA9fYJ0waPSg==</latexit>

m0 =
4N

L
sin � e�2⇥

<latexit sha1_base64="LVMafWriaQnjocUHueNK9kdIr8c="></latexit><latexit sha1_base64="LVMafWriaQnjocUHueNK9kdIr8c="></latexit><latexit sha1_base64="LVMafWriaQnjocUHueNK9kdIr8c="></latexit><latexit sha1_base64="LVMafWriaQnjocUHueNK9kdIr8c="></latexit>

•  Thermo		limit																				with																	fixed,		continuum	limit																													,		with						fixed	

microscopic	transition	amplitudes	

�+
2j�1 !  †

+(j�)
<latexit sha1_base64="s1DMcZGWBXjaK/SFQ6ADVeAzbVQ="></latexit><latexit sha1_base64="s1DMcZGWBXjaK/SFQ6ADVeAzbVQ="></latexit><latexit sha1_base64="s1DMcZGWBXjaK/SFQ6ADVeAzbVQ="></latexit><latexit sha1_base64="s1DMcZGWBXjaK/SFQ6ADVeAzbVQ="></latexit>

�+
2j !  †

�(j�)
<latexit sha1_base64="DAEWU05SmnZrKvF23yQPNZvq4rQ="></latexit><latexit sha1_base64="DAEWU05SmnZrKvF23yQPNZvq4rQ="></latexit><latexit sha1_base64="DAEWU05SmnZrKvF23yQPNZvq4rQ="></latexit><latexit sha1_base64="DAEWU05SmnZrKvF23yQPNZvq4rQ="></latexit>

•  Jordan-Wigner	

V = C2
<latexit sha1_base64="APis+C3PlDTS1+xb/LC8gMyy3kI=">AAAB9XicdVDLSgMxFM34rPVVdekmWARXQ2Yc2roQit24rGAf0E5LJk3b0ExmSDJKGfofblwo4tZ/ceffmGkrqOiBwOGce7knJ4g5UxqhD2tldW19YzO3ld/e2d3bLxwcNlWUSEIbJOKRbAdYUc4EbWimOW3HkuIw4LQVTGqZ37qjUrFI3OppTP0QjwQbMoK1kXrNy26I9TgI0tqs5/YLRWRfVEquV4LIRqjsuE5G3LJ37kHHKBmKYIl6v/DeHUQkCanQhGOlOg6KtZ9iqRnhdJbvJorGmEzwiHYMFTikyk/nqWfw1CgDOIykeULDufp9I8WhUtMwMJNZRvXby8S/vE6ihxU/ZSJONBVkcWiYcKgjmFUAB0xSovnUEEwkM1khGWOJiTZF5U0JXz+F/5OmazvIdm68YvVqWUcOHIMTcAYcUAZVcA3qoAEIkOABPIFn6956tF6s18XoirXcOQI/YL19AmNiknA=</latexit><latexit sha1_base64="APis+C3PlDTS1+xb/LC8gMyy3kI=">AAAB9XicdVDLSgMxFM34rPVVdekmWARXQ2Yc2roQit24rGAf0E5LJk3b0ExmSDJKGfofblwo4tZ/ceffmGkrqOiBwOGce7knJ4g5UxqhD2tldW19YzO3ld/e2d3bLxwcNlWUSEIbJOKRbAdYUc4EbWimOW3HkuIw4LQVTGqZ37qjUrFI3OppTP0QjwQbMoK1kXrNy26I9TgI0tqs5/YLRWRfVEquV4LIRqjsuE5G3LJ37kHHKBmKYIl6v/DeHUQkCanQhGOlOg6KtZ9iqRnhdJbvJorGmEzwiHYMFTikyk/nqWfw1CgDOIykeULDufp9I8WhUtMwMJNZRvXby8S/vE6ihxU/ZSJONBVkcWiYcKgjmFUAB0xSovnUEEwkM1khGWOJiTZF5U0JXz+F/5OmazvIdm68YvVqWUcOHIMTcAYcUAZVcA3qoAEIkOABPIFn6956tF6s18XoirXcOQI/YL19AmNiknA=</latexit><latexit sha1_base64="APis+C3PlDTS1+xb/LC8gMyy3kI=">AAAB9XicdVDLSgMxFM34rPVVdekmWARXQ2Yc2roQit24rGAf0E5LJk3b0ExmSDJKGfofblwo4tZ/ceffmGkrqOiBwOGce7knJ4g5UxqhD2tldW19YzO3ld/e2d3bLxwcNlWUSEIbJOKRbAdYUc4EbWimOW3HkuIw4LQVTGqZ37qjUrFI3OppTP0QjwQbMoK1kXrNy26I9TgI0tqs5/YLRWRfVEquV4LIRqjsuE5G3LJ37kHHKBmKYIl6v/DeHUQkCanQhGOlOg6KtZ9iqRnhdJbvJorGmEzwiHYMFTikyk/nqWfw1CgDOIykeULDufp9I8WhUtMwMJNZRvXby8S/vE6ihxU/ZSJONBVkcWiYcKgjmFUAB0xSovnUEEwkM1khGWOJiTZF5U0JXz+F/5OmazvIdm68YvVqWUcOHIMTcAYcUAZVcA3qoAEIkOABPIFn6956tF6s18XoirXcOQI/YL19AmNiknA=</latexit><latexit sha1_base64="APis+C3PlDTS1+xb/LC8gMyy3kI=">AAAB9XicdVDLSgMxFM34rPVVdekmWARXQ2Yc2roQit24rGAf0E5LJk3b0ExmSDJKGfofblwo4tZ/ceffmGkrqOiBwOGce7knJ4g5UxqhD2tldW19YzO3ld/e2d3bLxwcNlWUSEIbJOKRbAdYUc4EbWimOW3HkuIw4LQVTGqZ37qjUrFI3OppTP0QjwQbMoK1kXrNy26I9TgI0tqs5/YLRWRfVEquV4LIRqjsuE5G3LJ37kHHKBmKYIl6v/DeHUQkCanQhGOlOg6KtZ9iqRnhdJbvJorGmEzwiHYMFTikyk/nqWfw1CgDOIykeULDufp9I8WhUtMwMJNZRvXby8S/vE6ihxU/ZSJONBVkcWiYcKgjmFUAB0xSovnUEEwkM1khGWOJiTZF5U0JXz+F/5OmazvIdm68YvVqWUcOHIMTcAYcUAZVcA3qoAEIkOABPIFn6956tF6s18XoirXcOQI/YL19AmNiknA=</latexit>

R(u)
<latexit sha1_base64="zcIdlSX6NTkUkvvMxBQdQfMXFd0=">AAAB63icdVBNS8NAEN3Ur1q/qh69LBahXsImhrbeil48VrG10Iay2W7apZtN2N0IJfQvePGgiFf/kDf/jZu2goo+GHi8N8PMvCDhTGmEPqzCyura+kZxs7S1vbO7V94/6Kg4lYS2Scxj2Q2wopwJ2tZMc9pNJMVRwOldMLnM/bt7KhWLxa2eJtSP8EiwkBGsc+mmmp4OyhVknzdqrleDyEao7rhOTty6d+ZBxyg5KmCJ1qD83h/GJI2o0IRjpXoOSrSfYakZ4XRW6qeKJphM8Ij2DBU4osrP5rfO4IlRhjCMpSmh4Vz9PpHhSKlpFJjOCOux+u3l4l9eL9Vhw8+YSFJNBVksClMOdQzzx+GQSUo0nxqCiWTmVkjGWGKiTTwlE8LXp/B/0nFtB9nOtVdpXizjKIIjcAyqwAF10ARXoAXagIAxeABP4NmKrEfrxXpdtBas5cwh+AHr7ROpU438</latexit><latexit sha1_base64="zcIdlSX6NTkUkvvMxBQdQfMXFd0=">AAAB63icdVBNS8NAEN3Ur1q/qh69LBahXsImhrbeil48VrG10Iay2W7apZtN2N0IJfQvePGgiFf/kDf/jZu2goo+GHi8N8PMvCDhTGmEPqzCyura+kZxs7S1vbO7V94/6Kg4lYS2Scxj2Q2wopwJ2tZMc9pNJMVRwOldMLnM/bt7KhWLxa2eJtSP8EiwkBGsc+mmmp4OyhVknzdqrleDyEao7rhOTty6d+ZBxyg5KmCJ1qD83h/GJI2o0IRjpXoOSrSfYakZ4XRW6qeKJphM8Ij2DBU4osrP5rfO4IlRhjCMpSmh4Vz9PpHhSKlpFJjOCOux+u3l4l9eL9Vhw8+YSFJNBVksClMOdQzzx+GQSUo0nxqCiWTmVkjGWGKiTTwlE8LXp/B/0nFtB9nOtVdpXizjKIIjcAyqwAF10ARXoAXagIAxeABP4NmKrEfrxXpdtBas5cwh+AHr7ROpU438</latexit><latexit sha1_base64="zcIdlSX6NTkUkvvMxBQdQfMXFd0=">AAAB63icdVBNS8NAEN3Ur1q/qh69LBahXsImhrbeil48VrG10Iay2W7apZtN2N0IJfQvePGgiFf/kDf/jZu2goo+GHi8N8PMvCDhTGmEPqzCyura+kZxs7S1vbO7V94/6Kg4lYS2Scxj2Q2wopwJ2tZMc9pNJMVRwOldMLnM/bt7KhWLxa2eJtSP8EiwkBGsc+mmmp4OyhVknzdqrleDyEao7rhOTty6d+ZBxyg5KmCJ1qD83h/GJI2o0IRjpXoOSrSfYakZ4XRW6qeKJphM8Ij2DBU4osrP5rfO4IlRhjCMpSmh4Vz9PpHhSKlpFJjOCOux+u3l4l9eL9Vhw8+YSFJNBVksClMOdQzzx+GQSUo0nxqCiWTmVkjGWGKiTTwlE8LXp/B/0nFtB9nOtVdpXizjKIIjcAyqwAF10ARXoAXagIAxeABP4NmKrEfrxXpdtBas5cwh+AHr7ROpU438</latexit><latexit sha1_base64="zcIdlSX6NTkUkvvMxBQdQfMXFd0=">AAAB63icdVBNS8NAEN3Ur1q/qh69LBahXsImhrbeil48VrG10Iay2W7apZtN2N0IJfQvePGgiFf/kDf/jZu2goo+GHi8N8PMvCDhTGmEPqzCyura+kZxs7S1vbO7V94/6Kg4lYS2Scxj2Q2wopwJ2tZMc9pNJMVRwOldMLnM/bt7KhWLxa2eJtSP8EiwkBGsc+mmmp4OyhVknzdqrleDyEao7rhOTty6d+ZBxyg5KmCJ1qD83h/GJI2o0IRjpXoOSrSfYakZ4XRW6qeKJphM8Ij2DBU4osrP5rfO4IlRhjCMpSmh4Vz9PpHhSKlpFJjOCOux+u3l4l9eL9Vhw8+YSFJNBVksClMOdQzzx+GQSUo0nxqCiWTmVkjGWGKiTTwlE8LXp/B/0nFtB9nOtVdpXizjKIIjcAyqwAF10ARXoAXagIAxeABP4NmKrEfrxXpdtBas5cwh+AHr7ROpU438</latexit>

 
<latexit sha1_base64="3E4b9VAWAsG7YoUgcV4/JaDnan8=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOygn1gG8pkOmmHTiZhZqKU0L9w40IRt/6NO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek8vc79xRqVgsbvQ0oX6ER4KFjGBtpNs+p6HGUsb3g3IF2ef1qutVIbIRqjmukxO35p150DFKjgpYojkov/eHMUkjKjThWKmegxLtZ1hqRjidlfqpogkmEzyiPUMFjqjys/nFM3hilCEMY2lKaDhXv09kOFJqGgWmM8J6rH57ufiX10t1WPczJpJUU0EWi8KUQx3D/H04ZJISzaeGYCKZuRWSMZaYaBNSyYTw9Sn8n7Rd20G2c+1VGhfLOIrgCByDU+CAGmiAK9AELUCAAA/gCTxbynq0XqzXRWvBWs4cgh+w3j4BSyiRUg==</latexit><latexit sha1_base64="3E4b9VAWAsG7YoUgcV4/JaDnan8=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOygn1gG8pkOmmHTiZhZqKU0L9w40IRt/6NO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek8vc79xRqVgsbvQ0oX6ER4KFjGBtpNs+p6HGUsb3g3IF2ef1qutVIbIRqjmukxO35p150DFKjgpYojkov/eHMUkjKjThWKmegxLtZ1hqRjidlfqpogkmEzyiPUMFjqjys/nFM3hilCEMY2lKaDhXv09kOFJqGgWmM8J6rH57ufiX10t1WPczJpJUU0EWi8KUQx3D/H04ZJISzaeGYCKZuRWSMZaYaBNSyYTw9Sn8n7Rd20G2c+1VGhfLOIrgCByDU+CAGmiAK9AELUCAAA/gCTxbynq0XqzXRWvBWs4cgh+w3j4BSyiRUg==</latexit><latexit sha1_base64="3E4b9VAWAsG7YoUgcV4/JaDnan8=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOygn1gG8pkOmmHTiZhZqKU0L9w40IRt/6NO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek8vc79xRqVgsbvQ0oX6ER4KFjGBtpNs+p6HGUsb3g3IF2ef1qutVIbIRqjmukxO35p150DFKjgpYojkov/eHMUkjKjThWKmegxLtZ1hqRjidlfqpogkmEzyiPUMFjqjys/nFM3hilCEMY2lKaDhXv09kOFJqGgWmM8J6rH57ufiX10t1WPczJpJUU0EWi8KUQx3D/H04ZJISzaeGYCKZuRWSMZaYaBNSyYTw9Sn8n7Rd20G2c+1VGhfLOIrgCByDU+CAGmiAK9AELUCAAA/gCTxbynq0XqzXRWvBWs4cgh+w3j4BSyiRUg==</latexit><latexit sha1_base64="3E4b9VAWAsG7YoUgcV4/JaDnan8=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOygn1gG8pkOmmHTiZhZqKU0L9w40IRt/6NO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek8vc79xRqVgsbvQ0oX6ER4KFjGBtpNs+p6HGUsb3g3IF2ef1qutVIbIRqjmukxO35p150DFKjgpYojkov/eHMUkjKjThWKmegxLtZ1hqRjidlfqpogkmEzyiPUMFjqjys/nFM3hilCEMY2lKaDhXv09kOFJqGgWmM8J6rH57ufiX10t1WPczJpJUU0EWi8KUQx3D/H04ZJISzaeGYCKZuRWSMZaYaBNSyYTw9Sn8n7Rd20G2c+1VGhfLOIrgCByDU+CAGmiAK9AELUCAAA/gCTxbynq0XqzXRWvBWs4cgh+w3j4BSyiRUg==</latexit>



  Time Evolution on the Lattice 

M
<latexit sha1_base64="T2rOqF5f5x5KPeM8BexztL25qJ0=">AAAB6XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdONGqGIf0IYymU7aoZNJmJkIJfQP3LhQxK1/5M6/cdJWUNEDFw7n3Mu99wQJZ0oj9GEVVlbX1jeKm6Wt7Z3dvfL+QVvFqSS0RWIey26AFeVM0JZmmtNuIimOAk47weQy9zv3VCoWizs9Tagf4ZFgISNYG+kWXg/KFWSf16uuV4XIRqjmuE5O3Jp35kHHKDkqYInmoPzeH8YkjajQhGOleg5KtJ9hqRnhdFbqp4ommEzwiPYMFTiiys/ml87giVGGMIylKaHhXP0+keFIqWkUmM4I67H67eXiX14v1WHdz5hIUk0FWSwKUw51DPO34ZBJSjSfGoKJZOZWSMZYYqJNOCUTwten8H/Sdm0H2c6NV2lcLOMogiNwDE6BA2qgAa5AE7QAASF4AE/g2ZpYj9aL9bpoLVjLmUPwA9bbJ1qvjT0=</latexit><latexit sha1_base64="T2rOqF5f5x5KPeM8BexztL25qJ0=">AAAB6XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdONGqGIf0IYymU7aoZNJmJkIJfQP3LhQxK1/5M6/cdJWUNEDFw7n3Mu99wQJZ0oj9GEVVlbX1jeKm6Wt7Z3dvfL+QVvFqSS0RWIey26AFeVM0JZmmtNuIimOAk47weQy9zv3VCoWizs9Tagf4ZFgISNYG+kWXg/KFWSf16uuV4XIRqjmuE5O3Jp35kHHKDkqYInmoPzeH8YkjajQhGOleg5KtJ9hqRnhdFbqp4ommEzwiPYMFTiiys/ml87giVGGMIylKaHhXP0+keFIqWkUmM4I67H67eXiX14v1WHdz5hIUk0FWSwKUw51DPO34ZBJSjSfGoKJZOZWSMZYYqJNOCUTwten8H/Sdm0H2c6NV2lcLOMogiNwDE6BA2qgAa5AE7QAASF4AE/g2ZpYj9aL9bpoLVjLmUPwA9bbJ1qvjT0=</latexit><latexit sha1_base64="T2rOqF5f5x5KPeM8BexztL25qJ0=">AAAB6XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdONGqGIf0IYymU7aoZNJmJkIJfQP3LhQxK1/5M6/cdJWUNEDFw7n3Mu99wQJZ0oj9GEVVlbX1jeKm6Wt7Z3dvfL+QVvFqSS0RWIey26AFeVM0JZmmtNuIimOAk47weQy9zv3VCoWizs9Tagf4ZFgISNYG+kWXg/KFWSf16uuV4XIRqjmuE5O3Jp35kHHKDkqYInmoPzeH8YkjajQhGOleg5KtJ9hqRnhdFbqp4ommEzwiPYMFTiiys/ml87giVGGMIylKaHhXP0+keFIqWkUmM4I67H67eXiX14v1WHdz5hIUk0FWSwKUw51DPO34ZBJSjSfGoKJZOZWSMZYYqJNOCUTwten8H/Sdm0H2c6NV2lcLOMogiNwDE6BA2qgAa5AE7QAASF4AE/g2ZpYj9aL9bpoLVjLmUPwA9bbJ1qvjT0=</latexit><latexit sha1_base64="T2rOqF5f5x5KPeM8BexztL25qJ0=">AAAB6XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdONGqGIf0IYymU7aoZNJmJkIJfQP3LhQxK1/5M6/cdJWUNEDFw7n3Mu99wQJZ0oj9GEVVlbX1jeKm6Wt7Z3dvfL+QVvFqSS0RWIey26AFeVM0JZmmtNuIimOAk47weQy9zv3VCoWizs9Tagf4ZFgISNYG+kWXg/KFWSf16uuV4XIRqjmuE5O3Jp35kHHKDkqYInmoPzeH8YkjajQhGOleg5KtJ9hqRnhdFbqp4ommEzwiPYMFTiiys/ml87giVGGMIylKaHhXP0+keFIqWkUmM4I67H67eXiX14v1WHdz5hIUk0FWSwKUw51DPO34ZBJSjSfGoKJZOZWSMZYYqJNOCUTwten8H/Sdm0H2c6NV2lcLOMogiNwDE6BA2qgAa5AE7QAASF4AE/g2ZpYj9aL9bpoLVjLmUPwA9bbJ1qvjT0=</latexit>

N
<latexit sha1_base64="dc8nxqmAy1LMsrYY5wDHPnldDhQ=">AAAB6XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdONKqtgHtKFMppN26GQSZiZCCf0DNy4UcesfufNvnLQVVPTAhcM593LvPUHCmdIIfViFldW19Y3iZmlre2d3r7x/0FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOMLnM/c49lYrF4k5PE+pHeCRYyAjWRrqF14NyBdnn9arrVSGyEao5rpMTt+adedAxSo4KWKI5KL/3hzFJIyo04VipnoMS7WdYakY4nZX6qaIJJhM8oj1DBY6o8rP5pTN4YpQhDGNpSmg4V79PZDhSahoFpjPCeqx+e7n4l9dLdVj3MyaSVFNBFovClEMdw/xtOGSSEs2nhmAimbkVkjGWmGgTTsmE8PUp/J+0XdtBtnPjVRoXyziK4Agcg1PggBpogCvQBC1AQAgewBN4tibWo/VivS5aC9Zy5hD8gPX2CVwzjT4=</latexit><latexit sha1_base64="dc8nxqmAy1LMsrYY5wDHPnldDhQ=">AAAB6XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdONKqtgHtKFMppN26GQSZiZCCf0DNy4UcesfufNvnLQVVPTAhcM593LvPUHCmdIIfViFldW19Y3iZmlre2d3r7x/0FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOMLnM/c49lYrF4k5PE+pHeCRYyAjWRrqF14NyBdnn9arrVSGyEao5rpMTt+adedAxSo4KWKI5KL/3hzFJIyo04VipnoMS7WdYakY4nZX6qaIJJhM8oj1DBY6o8rP5pTN4YpQhDGNpSmg4V79PZDhSahoFpjPCeqx+e7n4l9dLdVj3MyaSVFNBFovClEMdw/xtOGSSEs2nhmAimbkVkjGWmGgTTsmE8PUp/J+0XdtBtnPjVRoXyziK4Agcg1PggBpogCvQBC1AQAgewBN4tibWo/VivS5aC9Zy5hD8gPX2CVwzjT4=</latexit><latexit sha1_base64="dc8nxqmAy1LMsrYY5wDHPnldDhQ=">AAAB6XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdONKqtgHtKFMppN26GQSZiZCCf0DNy4UcesfufNvnLQVVPTAhcM593LvPUHCmdIIfViFldW19Y3iZmlre2d3r7x/0FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOMLnM/c49lYrF4k5PE+pHeCRYyAjWRrqF14NyBdnn9arrVSGyEao5rpMTt+adedAxSo4KWKI5KL/3hzFJIyo04VipnoMS7WdYakY4nZX6qaIJJhM8oj1DBY6o8rP5pTN4YpQhDGNpSmg4V79PZDhSahoFpjPCeqx+e7n4l9dLdVj3MyaSVFNBFovClEMdw/xtOGSSEs2nhmAimbkVkjGWmGgTTsmE8PUp/J+0XdtBtnPjVRoXyziK4Agcg1PggBpogCvQBC1AQAgewBN4tibWo/VivS5aC9Zy5hD8gPX2CVwzjT4=</latexit><latexit sha1_base64="dc8nxqmAy1LMsrYY5wDHPnldDhQ=">AAAB6XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdONKqtgHtKFMppN26GQSZiZCCf0DNy4UcesfufNvnLQVVPTAhcM593LvPUHCmdIIfViFldW19Y3iZmlre2d3r7x/0FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOMLnM/c49lYrF4k5PE+pHeCRYyAjWRrqF14NyBdnn9arrVSGyEao5rpMTt+adedAxSo4KWKI5KL/3hzFJIyo04VipnoMS7WdYakY4nZX6qaIJJhM8oj1DBY6o8rP5pTN4YpQhDGNpSmg4V79PZDhSahoFpjPCeqx+e7n4l9dLdVj3MyaSVFNBFovClEMdw/xtOGSSEs2nhmAimbkVkjGWmGgTTsmE8PUp/J+0XdtBtnPjVRoXyziK4Agcg1PggBpogCvQBC1AQAgewBN4tibWo/VivS5aC9Zy5hD8gPX2CVwzjT4=</latexit>

•  Time	evolution	by						consist	of	a	move	to	the	left	
followed	by	a	move	to	the	right		(DDV		’87,	‘89,	‘92	)	

Where												is	the	transfer	matrix	

•  The		time	evolution		over	interval			

e�iHt = lim
N!1


sinh (2⇥+ ⌘)

sinh (2⇥ � ⌘)

�NM ⇥
⌧(�⇥)⌧�1(⇥)

⇤M
<latexit sha1_base64="zbmOgQA+0sPSR9wD8JToRUrj9K0="></latexit><latexit sha1_base64="zbmOgQA+0sPSR9wD8JToRUrj9K0="></latexit><latexit sha1_base64="zbmOgQA+0sPSR9wD8JToRUrj9K0="></latexit><latexit sha1_base64="zbmOgQA+0sPSR9wD8JToRUrj9K0="></latexit>

•  The	states	in	this	regularization	scheme	take	the	form		(Thacker	‘81)		

| i =
X

{j}

a{j}

NY

l=1

�+
jl
| +i

<latexit sha1_base64="cDO2APJ0FQ8j1LL0EMyGBeTQTIE="></latexit><latexit sha1_base64="cDO2APJ0FQ8j1LL0EMyGBeTQTIE="></latexit><latexit sha1_base64="cDO2APJ0FQ8j1LL0EMyGBeTQTIE="></latexit><latexit sha1_base64="cDO2APJ0FQ8j1LL0EMyGBeTQTIE="></latexit>

continuum	
limit	

!
<latexit sha1_base64="CER2qrYNMFxTyUkqr2AGIaZivsI=">AAAB6nicdVDLSgMxFM34rPVVdekmWARXQ6YObd0V3bisaB/QDiWTZtrQTDIkGaEM/QQ3LhRx6xe582/MtBVU9MCFwzn3cu89YcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwrWWqCG0RyaXqhlhTzgRtGWY47SaK4jjktBNOrnK/c0+VZlLcmWlCgxiPBIsYwcZKt30jB6Uyci/q1YpfhchFqOZVvJxUav65Dz2r5CiDJZqD0nt/KEkaU2EIx1r3PJSYIMPKMMLprNhPNU0wmeAR7VkqcEx1kM1PncFTqwxhJJUtYeBc/T6R4VjraRzazhibsf7t5eJfXi81UT3ImEhSQwVZLIpSDo2E+d9wyBQlhk8twUQxeyskY6wwMTadog3h61P4P2lXXA+53o1fblwu4yiAY3ACzoAHaqABrkETtAABI/AAnsCzw51H58V5XbSuOMuZI/ADztsnvviOGQ==</latexit><latexit sha1_base64="CER2qrYNMFxTyUkqr2AGIaZivsI=">AAAB6nicdVDLSgMxFM34rPVVdekmWARXQ6YObd0V3bisaB/QDiWTZtrQTDIkGaEM/QQ3LhRx6xe582/MtBVU9MCFwzn3cu89YcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwrWWqCG0RyaXqhlhTzgRtGWY47SaK4jjktBNOrnK/c0+VZlLcmWlCgxiPBIsYwcZKt30jB6Uyci/q1YpfhchFqOZVvJxUav65Dz2r5CiDJZqD0nt/KEkaU2EIx1r3PJSYIMPKMMLprNhPNU0wmeAR7VkqcEx1kM1PncFTqwxhJJUtYeBc/T6R4VjraRzazhibsf7t5eJfXi81UT3ImEhSQwVZLIpSDo2E+d9wyBQlhk8twUQxeyskY6wwMTadog3h61P4P2lXXA+53o1fblwu4yiAY3ACzoAHaqABrkETtAABI/AAnsCzw51H58V5XbSuOMuZI/ADztsnvviOGQ==</latexit><latexit sha1_base64="CER2qrYNMFxTyUkqr2AGIaZivsI=">AAAB6nicdVDLSgMxFM34rPVVdekmWARXQ6YObd0V3bisaB/QDiWTZtrQTDIkGaEM/QQ3LhRx6xe582/MtBVU9MCFwzn3cu89YcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwrWWqCG0RyaXqhlhTzgRtGWY47SaK4jjktBNOrnK/c0+VZlLcmWlCgxiPBIsYwcZKt30jB6Uyci/q1YpfhchFqOZVvJxUav65Dz2r5CiDJZqD0nt/KEkaU2EIx1r3PJSYIMPKMMLprNhPNU0wmeAR7VkqcEx1kM1PncFTqwxhJJUtYeBc/T6R4VjraRzazhibsf7t5eJfXi81UT3ImEhSQwVZLIpSDo2E+d9wyBQlhk8twUQxeyskY6wwMTadog3h61P4P2lXXA+53o1fblwu4yiAY3ACzoAHaqABrkETtAABI/AAnsCzw51H58V5XbSuOMuZI/ADztsnvviOGQ==</latexit><latexit sha1_base64="CER2qrYNMFxTyUkqr2AGIaZivsI=">AAAB6nicdVDLSgMxFM34rPVVdekmWARXQ6YObd0V3bisaB/QDiWTZtrQTDIkGaEM/QQ3LhRx6xe582/MtBVU9MCFwzn3cu89YcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwrWWqCG0RyaXqhlhTzgRtGWY47SaK4jjktBNOrnK/c0+VZlLcmWlCgxiPBIsYwcZKt30jB6Uyci/q1YpfhchFqOZVvJxUav65Dz2r5CiDJZqD0nt/KEkaU2EIx1r3PJSYIMPKMMLprNhPNU0wmeAR7VkqcEx1kM1PncFTqwxhJJUtYeBc/T6R4VjraRzazhibsf7t5eJfXi81UT3ImEhSQwVZLIpSDo2E+d9wyBQlhk8twUQxeyskY6wwMTadog3h61P4P2lXXA+53o1fblwu4yiAY3ACzoAHaqABrkETtAABI/AAnsCzw51H58V5XbSuOMuZI/ADztsnvviOGQ==</latexit>
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X

{j}

a{j}

NY

l=1
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ajl

(jl�)|0i
<latexit sha1_base64="pUfZCXQNGMd0CW1lnnNxfh9FRxs="></latexit><latexit sha1_base64="pUfZCXQNGMd0CW1lnnNxfh9FRxs="></latexit><latexit sha1_base64="pUfZCXQNGMd0CW1lnnNxfh9FRxs="></latexit><latexit sha1_base64="pUfZCXQNGMd0CW1lnnNxfh9FRxs="></latexit>

⌧(u)
<latexit sha1_base64="u6+up0vVP9cweIBBNH22nw72wZA=">AAAB7nicdVDJSgNBEO2JW4xb1KOXxiDEy9AzDkm8Bb14jGAWSIbQ0+lJmvQs9CKEIR/hxYMiXv0eb/6NPUkEFX1Q8Hiviqp6QcqZVAh9WIW19Y3NreJ2aWd3b/+gfHjUkYkWhLZJwhPRC7CknMW0rZjitJcKiqOA024wvc797j0VkiXxnZql1I/wOGYhI1gZqTtQWFf1+bBcQfZlo+Z6NYhshOqO6+TErXsXHnSMkqMCVmgNy++DUUJ0RGNFOJay76BU+RkWihFO56WBljTFZIrHtG9ojCMq/Wxx7hyeGWUEw0SYihVcqN8nMhxJOYsC0xlhNZG/vVz8y+trFTb8jMWpVjQmy0Wh5lAlMP8djpigRPGZIZgIZm6FZIIFJsokVDIhfH0K/ycd13aQ7dx6lebVKo4iOAGnoAocUAdNcANaoA0ImIIH8ASerdR6tF6s12VrwVrNHIMfsN4+ASHtj24=</latexit><latexit sha1_base64="u6+up0vVP9cweIBBNH22nw72wZA=">AAAB7nicdVDJSgNBEO2JW4xb1KOXxiDEy9AzDkm8Bb14jGAWSIbQ0+lJmvQs9CKEIR/hxYMiXv0eb/6NPUkEFX1Q8Hiviqp6QcqZVAh9WIW19Y3NreJ2aWd3b/+gfHjUkYkWhLZJwhPRC7CknMW0rZjitJcKiqOA024wvc797j0VkiXxnZql1I/wOGYhI1gZqTtQWFf1+bBcQfZlo+Z6NYhshOqO6+TErXsXHnSMkqMCVmgNy++DUUJ0RGNFOJay76BU+RkWihFO56WBljTFZIrHtG9ojCMq/Wxx7hyeGWUEw0SYihVcqN8nMhxJOYsC0xlhNZG/vVz8y+trFTb8jMWpVjQmy0Wh5lAlMP8djpigRPGZIZgIZm6FZIIFJsokVDIhfH0K/ycd13aQ7dx6lebVKo4iOAGnoAocUAdNcANaoA0ImIIH8ASerdR6tF6s12VrwVrNHIMfsN4+ASHtj24=</latexit><latexit sha1_base64="u6+up0vVP9cweIBBNH22nw72wZA=">AAAB7nicdVDJSgNBEO2JW4xb1KOXxiDEy9AzDkm8Bb14jGAWSIbQ0+lJmvQs9CKEIR/hxYMiXv0eb/6NPUkEFX1Q8Hiviqp6QcqZVAh9WIW19Y3NreJ2aWd3b/+gfHjUkYkWhLZJwhPRC7CknMW0rZjitJcKiqOA024wvc797j0VkiXxnZql1I/wOGYhI1gZqTtQWFf1+bBcQfZlo+Z6NYhshOqO6+TErXsXHnSMkqMCVmgNy++DUUJ0RGNFOJay76BU+RkWihFO56WBljTFZIrHtG9ojCMq/Wxx7hyeGWUEw0SYihVcqN8nMhxJOYsC0xlhNZG/vVz8y+trFTb8jMWpVjQmy0Wh5lAlMP8djpigRPGZIZgIZm6FZIIFJsokVDIhfH0K/ycd13aQ7dx6lebVKo4iOAGnoAocUAdNcANaoA0ImIIH8ASerdR6tF6s12VrwVrNHIMfsN4+ASHtj24=</latexit><latexit sha1_base64="u6+up0vVP9cweIBBNH22nw72wZA=">AAAB7nicdVDJSgNBEO2JW4xb1KOXxiDEy9AzDkm8Bb14jGAWSIbQ0+lJmvQs9CKEIR/hxYMiXv0eb/6NPUkEFX1Q8Hiviqp6QcqZVAh9WIW19Y3NreJ2aWd3b/+gfHjUkYkWhLZJwhPRC7CknMW0rZjitJcKiqOA024wvc797j0VkiXxnZql1I/wOGYhI1gZqTtQWFf1+bBcQfZlo+Z6NYhshOqO6+TErXsXHnSMkqMCVmgNy++DUUJ0RGNFOJay76BU+RkWihFO56WBljTFZIrHtG9ojCMq/Wxx7hyeGWUEw0SYihVcqN8nMhxJOYsC0xlhNZG/vVz8y+trFTb8jMWpVjQmy0Wh5lAlMP8djpigRPGZIZgIZm6FZIIFJsokVDIhfH0K/ycd13aQ7dx6lebVKo4iOAGnoAocUAdNcANaoA0ImIIH8ASerdR6tF6s12VrwVrNHIMfsN4+ASHtj24=</latexit>



  The Loschmidt Amplitude on the Lattice 

•  The	survival	amplitude	to	end	up	in	state										having	
propagated	for	time																on	lattice	of	length																											:	

|�ii
<latexit sha1_base64="IQudCfHEKr1I5llMUbBXxsq1Nag=">AAAB9XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oYplMJ+3QySTMTJRS+x9uXCji1n9x5984aSuo6IELh3Pu5d57wpQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+SyWZJLRJEp7ITogV5UzQpmaa004qKY5DTtvh6CL327dUKpaIaz1OaRDjgWARI1gb6ebebwxZj/kSiwGnvVIZ2We1iutVILIRqjqukxO36p160DFKjjJYoNErvfv9hGQxFZpwrFTXQakOJlhqRjidFv1M0RSTER7QrqECx1QFk9nVU3hslD6MEmlKaDhTv09McKzUOA5NZ4z1UP32cvEvr5vpqBZMmEgzTQWZL4oyDnUC8whgn0lKNB8bgolk5lZIhlhiok1QRRPC16fwf9JybQfZzpVXrp8v4iiAQ3AEToADqqAOLkEDNAEBEjyAJ/Bs3VmP1ov1Om9dshYzB+AHrLdPDKOS3g==</latexit><latexit sha1_base64="IQudCfHEKr1I5llMUbBXxsq1Nag=">AAAB9XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oYplMJ+3QySTMTJRS+x9uXCji1n9x5984aSuo6IELh3Pu5d57wpQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+SyWZJLRJEp7ITogV5UzQpmaa004qKY5DTtvh6CL327dUKpaIaz1OaRDjgWARI1gb6ebebwxZj/kSiwGnvVIZ2We1iutVILIRqjqukxO36p160DFKjjJYoNErvfv9hGQxFZpwrFTXQakOJlhqRjidFv1M0RSTER7QrqECx1QFk9nVU3hslD6MEmlKaDhTv09McKzUOA5NZ4z1UP32cvEvr5vpqBZMmEgzTQWZL4oyDnUC8whgn0lKNB8bgolk5lZIhlhiok1QRRPC16fwf9JybQfZzpVXrp8v4iiAQ3AEToADqqAOLkEDNAEBEjyAJ/Bs3VmP1ov1Om9dshYzB+AHrLdPDKOS3g==</latexit><latexit sha1_base64="IQudCfHEKr1I5llMUbBXxsq1Nag=">AAAB9XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oYplMJ+3QySTMTJRS+x9uXCji1n9x5984aSuo6IELh3Pu5d57wpQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+SyWZJLRJEp7ITogV5UzQpmaa004qKY5DTtvh6CL327dUKpaIaz1OaRDjgWARI1gb6ebebwxZj/kSiwGnvVIZ2We1iutVILIRqjqukxO36p160DFKjjJYoNErvfv9hGQxFZpwrFTXQakOJlhqRjidFv1M0RSTER7QrqECx1QFk9nVU3hslD6MEmlKaDhTv09McKzUOA5NZ4z1UP32cvEvr5vpqBZMmEgzTQWZL4oyDnUC8whgn0lKNB8bgolk5lZIhlhiok1QRRPC16fwf9JybQfZzpVXrp8v4iiAQ3AEToADqqAOLkEDNAEBEjyAJ/Bs3VmP1ov1Om9dshYzB+AHrLdPDKOS3g==</latexit><latexit sha1_base64="IQudCfHEKr1I5llMUbBXxsq1Nag=">AAAB9XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oYplMJ+3QySTMTJRS+x9uXCji1n9x5984aSuo6IELh3Pu5d57wpQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+SyWZJLRJEp7ITogV5UzQpmaa004qKY5DTtvh6CL327dUKpaIaz1OaRDjgWARI1gb6ebebwxZj/kSiwGnvVIZ2We1iutVILIRqjqukxO36p160DFKjjJYoNErvfv9hGQxFZpwrFTXQakOJlhqRjidFv1M0RSTER7QrqECx1QFk9nVU3hslD6MEmlKaDhTv09McKzUOA5NZ4z1UP32cvEvr5vpqBZMmEgzTQWZL4oyDnUC8whgn0lKNB8bgolk5lZIhlhiok1QRRPC16fwf9JybQfZzpVXrp8v4iiAQ3AEToADqqAOLkEDNAEBEjyAJ/Bs3VmP1ov1Om9dshYzB+AHrLdPDKOS3g==</latexit>

t = M�
<latexit sha1_base64="nnPXLHfuo8sgOmZXFF6kU+x5XYg=">AAAB8XicdVBNSwMxEM36WetX1aOXYBE8lWxd2noQil68CBXsB7alZNNsG5rNLsmsUEr/hRcPinj133jz35htK6jog4HHezPMzPNjKQwQ8uEsLa+srq1nNrKbW9s7u7m9/YaJEs14nUUy0i2fGi6F4nUQIHkr1pyGvuRNf3SZ+s17ro2I1C2MY94N6UCJQDAKVrqD82vc6XMJtJfLk8JZpVT0SpgUCCm7RTclxbJ36mHXKinyaIFaL/fe6UcsCbkCJqkxbZfE0J1QDYJJPs12EsNjykZ0wNuWKhpy053MLp7iY6v0cRBpWwrwTP0+MaGhMePQt50hhaH57aXiX147gaDSnQgVJ8AVmy8KEokhwun7uC80ZyDHllCmhb0VsyHVlIENKWtD+PoU/08axYJLCu6Nl69eLOLIoEN0hE6Qi8qoiq5QDdURQwo9oCf07Bjn0XlxXuetS85i5gD9gPP2CT/bkKQ=</latexit><latexit sha1_base64="nnPXLHfuo8sgOmZXFF6kU+x5XYg=">AAAB8XicdVBNSwMxEM36WetX1aOXYBE8lWxd2noQil68CBXsB7alZNNsG5rNLsmsUEr/hRcPinj133jz35htK6jog4HHezPMzPNjKQwQ8uEsLa+srq1nNrKbW9s7u7m9/YaJEs14nUUy0i2fGi6F4nUQIHkr1pyGvuRNf3SZ+s17ro2I1C2MY94N6UCJQDAKVrqD82vc6XMJtJfLk8JZpVT0SpgUCCm7RTclxbJ36mHXKinyaIFaL/fe6UcsCbkCJqkxbZfE0J1QDYJJPs12EsNjykZ0wNuWKhpy053MLp7iY6v0cRBpWwrwTP0+MaGhMePQt50hhaH57aXiX147gaDSnQgVJ8AVmy8KEokhwun7uC80ZyDHllCmhb0VsyHVlIENKWtD+PoU/08axYJLCu6Nl69eLOLIoEN0hE6Qi8qoiq5QDdURQwo9oCf07Bjn0XlxXuetS85i5gD9gPP2CT/bkKQ=</latexit><latexit sha1_base64="nnPXLHfuo8sgOmZXFF6kU+x5XYg=">AAAB8XicdVBNSwMxEM36WetX1aOXYBE8lWxd2noQil68CBXsB7alZNNsG5rNLsmsUEr/hRcPinj133jz35htK6jog4HHezPMzPNjKQwQ8uEsLa+srq1nNrKbW9s7u7m9/YaJEs14nUUy0i2fGi6F4nUQIHkr1pyGvuRNf3SZ+s17ro2I1C2MY94N6UCJQDAKVrqD82vc6XMJtJfLk8JZpVT0SpgUCCm7RTclxbJ36mHXKinyaIFaL/fe6UcsCbkCJqkxbZfE0J1QDYJJPs12EsNjykZ0wNuWKhpy053MLp7iY6v0cRBpWwrwTP0+MaGhMePQt50hhaH57aXiX147gaDSnQgVJ8AVmy8KEokhwun7uC80ZyDHllCmhb0VsyHVlIENKWtD+PoU/08axYJLCu6Nl69eLOLIoEN0hE6Qi8qoiq5QDdURQwo9oCf07Bjn0XlxXuetS85i5gD9gPP2CT/bkKQ=</latexit><latexit sha1_base64="nnPXLHfuo8sgOmZXFF6kU+x5XYg=">AAAB8XicdVBNSwMxEM36WetX1aOXYBE8lWxd2noQil68CBXsB7alZNNsG5rNLsmsUEr/hRcPinj133jz35htK6jog4HHezPMzPNjKQwQ8uEsLa+srq1nNrKbW9s7u7m9/YaJEs14nUUy0i2fGi6F4nUQIHkr1pyGvuRNf3SZ+s17ro2I1C2MY94N6UCJQDAKVrqD82vc6XMJtJfLk8JZpVT0SpgUCCm7RTclxbJ36mHXKinyaIFaL/fe6UcsCbkCJqkxbZfE0J1QDYJJPs12EsNjykZ0wNuWKhpy053MLp7iY6v0cRBpWwrwTP0+MaGhMePQt50hhaH57aXiX147gaDSnQgVJ8AVmy8KEokhwun7uC80ZyDHllCmhb0VsyHVlIENKWtD+PoU/08axYJLCu6Nl69eLOLIoEN0hE6Qi8qoiq5QDdURQwo9oCf07Bjn0XlxXuetS85i5gD9gPP2CT/bkKQ=</latexit> L = N� ! 1

<latexit sha1_base64="Cg7ivY7+OgQcUgxs56xJwdZ8mfk=">AAAB/XicdVDLSgNBEJyNrxhf8XHzMhgET2E3hiQehKAXDyIRzAOyIcxOZpMhs7PLTK8QQ/BXvHhQxKv/4c2/cTaJoKIFDUVVN91dXiS4Btv+sFILi0vLK+nVzNr6xuZWdnunocNYUVanoQhVyyOaCS5ZHTgI1ooUI4EnWNMbnid+85YpzUN5A6OIdQLSl9znlICRutm9y9Mrt8cEEOxCiF0ufRh1szk7f1IpFYolbOdtu+wUnIQUysXjInaMkiCH5qh1s+9uL6RxwCRQQbRuO3YEnTFRwKlgk4wbaxYROiR91jZUkoDpznh6/QQfGqWH/VCZkoCn6veJMQm0HgWe6QwIDPRvLxH/8tox+JXOmMsoBibpbJEfC2z+TKLAPa4YBTEyhFDFza2YDogiFExgGRPC16f4f9Io5B0771wXc9WzeRxptI8O0BFyUBlV0QWqoTqi6A49oCf0bN1bj9aL9TprTVnzmV30A9bbJwkXlPc=</latexit><latexit sha1_base64="Cg7ivY7+OgQcUgxs56xJwdZ8mfk=">AAAB/XicdVDLSgNBEJyNrxhf8XHzMhgET2E3hiQehKAXDyIRzAOyIcxOZpMhs7PLTK8QQ/BXvHhQxKv/4c2/cTaJoKIFDUVVN91dXiS4Btv+sFILi0vLK+nVzNr6xuZWdnunocNYUVanoQhVyyOaCS5ZHTgI1ooUI4EnWNMbnid+85YpzUN5A6OIdQLSl9znlICRutm9y9Mrt8cEEOxCiF0ufRh1szk7f1IpFYolbOdtu+wUnIQUysXjInaMkiCH5qh1s+9uL6RxwCRQQbRuO3YEnTFRwKlgk4wbaxYROiR91jZUkoDpznh6/QQfGqWH/VCZkoCn6veJMQm0HgWe6QwIDPRvLxH/8tox+JXOmMsoBibpbJEfC2z+TKLAPa4YBTEyhFDFza2YDogiFExgGRPC16f4f9Io5B0771wXc9WzeRxptI8O0BFyUBlV0QWqoTqi6A49oCf0bN1bj9aL9TprTVnzmV30A9bbJwkXlPc=</latexit><latexit sha1_base64="Cg7ivY7+OgQcUgxs56xJwdZ8mfk=">AAAB/XicdVDLSgNBEJyNrxhf8XHzMhgET2E3hiQehKAXDyIRzAOyIcxOZpMhs7PLTK8QQ/BXvHhQxKv/4c2/cTaJoKIFDUVVN91dXiS4Btv+sFILi0vLK+nVzNr6xuZWdnunocNYUVanoQhVyyOaCS5ZHTgI1ooUI4EnWNMbnid+85YpzUN5A6OIdQLSl9znlICRutm9y9Mrt8cEEOxCiF0ufRh1szk7f1IpFYolbOdtu+wUnIQUysXjInaMkiCH5qh1s+9uL6RxwCRQQbRuO3YEnTFRwKlgk4wbaxYROiR91jZUkoDpznh6/QQfGqWH/VCZkoCn6veJMQm0HgWe6QwIDPRvLxH/8tox+JXOmMsoBibpbJEfC2z+TKLAPa4YBTEyhFDFza2YDogiFExgGRPC16f4f9Io5B0771wXc9WzeRxptI8O0BFyUBlV0QWqoTqi6A49oCf0bN1bj9aL9TprTVnzmV30A9bbJwkXlPc=</latexit><latexit sha1_base64="Cg7ivY7+OgQcUgxs56xJwdZ8mfk=">AAAB/XicdVDLSgNBEJyNrxhf8XHzMhgET2E3hiQehKAXDyIRzAOyIcxOZpMhs7PLTK8QQ/BXvHhQxKv/4c2/cTaJoKIFDUVVN91dXiS4Btv+sFILi0vLK+nVzNr6xuZWdnunocNYUVanoQhVyyOaCS5ZHTgI1ooUI4EnWNMbnid+85YpzUN5A6OIdQLSl9znlICRutm9y9Mrt8cEEOxCiF0ufRh1szk7f1IpFYolbOdtu+wUnIQUysXjInaMkiCH5qh1s+9uL6RxwCRQQbRuO3YEnTFRwKlgk4wbaxYROiR91jZUkoDpznh6/QQfGqWH/VCZkoCn6veJMQm0HgWe6QwIDPRvLxH/8tox+JXOmMsoBibpbJEfC2z+TKLAPa4YBTEyhFDFza2YDogiFExgGRPC16f4f9Io5B0771wXc9WzeRxptI8O0BFyUBlV0QWqoTqi6A49oCf0bN1bj9aL9TprTVnzmV30A9bbJwkXlPc=</latexit>

= lim
L!1

h�i| [⌧(�⇥)⌧(⇥� ⌘)]M |�ii
sinh2NM (2⇥� ⌘) sinh2NM (⌘)

<latexit sha1_base64="DgwuzE7vJ07+3mHGla4QwQsHnwI="></latexit><latexit sha1_base64="DgwuzE7vJ07+3mHGla4QwQsHnwI="></latexit><latexit sha1_base64="DgwuzE7vJ07+3mHGla4QwQsHnwI="></latexit><latexit sha1_base64="DgwuzE7vJ07+3mHGla4QwQsHnwI="></latexit>

G(t = M�) = lim
L=N�!1


sinh (2⇥+ ⌘)

sinh (2⇥� ⌘)

�NM

h�i|
⇥
⌧(�⇥)⌧�1(⇥)

⇤M |�ii
<latexit sha1_base64="7Soj8beF28jeweTXA4lxQPa1szc="></latexit><latexit sha1_base64="7Soj8beF28jeweTXA4lxQPa1szc="></latexit><latexit sha1_base64="7Soj8beF28jeweTXA4lxQPa1szc="></latexit><latexit sha1_base64="7Soj8beF28jeweTXA4lxQPa1szc="></latexit>

⌧�1(⇥) / ⌧(⇥� ⌘)
<latexit sha1_base64="EpHFxZGcbET7w78z8t7WM5Jasfo="></latexit><latexit sha1_base64="EpHFxZGcbET7w78z8t7WM5Jasfo="></latexit><latexit sha1_base64="EpHFxZGcbET7w78z8t7WM5Jasfo="></latexit><latexit sha1_base64="EpHFxZGcbET7w78z8t7WM5Jasfo="></latexit>

used	identity	

•  Calculating	the	Loschmidt	amplitude	became	a	classical	2d	
lattice	problem,	with																													the	vertical	transfer	
matrix	of	an	inhomogeneous	6-vertex	model	on	a																			
lattice,	with	periodic	BC	in	the	horizontal	direction	and									
initial	and	final	boundary	states.	

⌧(�⇥) ⌧(⇥ � ⌘)
<latexit sha1_base64="MetrKhjK2xzYnQlwNpsuOn4ZW3Q=">AAACCXicdVC7SgNBFJ2NrxhfUUubwSDEImF3DUnsgjaWEfIQskuYnUySIbMPZu4KIaS18VdsLBSx9Q/s/BtnsxFU9MDAuefcy517vEhwBab5YWRWVtfWN7Kbua3tnd29/P5BR4WxpKxNQxHKG48oJnjA2sBBsJtIMuJ7gnW9yWXid2+ZVDwMWjCNmOuTUcCHnBLQUj+PHSBxseS0xgzIqZOWaVVyEqmfL5jl83rVrlSxWTbNmmVbCbFrlbMKtrSSoICWaPbz784gpLHPAqCCKNWzzAjcGZHAqWDznBMrFhE6ISPW0zQgPlPubHHJHJ9oZYCHodQvALxQv0/MiK/U1Pd0p09grH57ifiX14thWHdnPIhiYAFNFw1jgSHESSx4wCWjIKaaECq5/iumYyIJBR1eTofwdSn+n3TssmWWretKoXGxjCOLjtAxKiIL1VADXaEmaiOK7tADekLPxr3xaLwYr2lrxljOHKIfMN4+AdqKmSs=</latexit><latexit sha1_base64="MetrKhjK2xzYnQlwNpsuOn4ZW3Q=">AAACCXicdVC7SgNBFJ2NrxhfUUubwSDEImF3DUnsgjaWEfIQskuYnUySIbMPZu4KIaS18VdsLBSx9Q/s/BtnsxFU9MDAuefcy517vEhwBab5YWRWVtfWN7Kbua3tnd29/P5BR4WxpKxNQxHKG48oJnjA2sBBsJtIMuJ7gnW9yWXid2+ZVDwMWjCNmOuTUcCHnBLQUj+PHSBxseS0xgzIqZOWaVVyEqmfL5jl83rVrlSxWTbNmmVbCbFrlbMKtrSSoICWaPbz784gpLHPAqCCKNWzzAjcGZHAqWDznBMrFhE6ISPW0zQgPlPubHHJHJ9oZYCHodQvALxQv0/MiK/U1Pd0p09grH57ifiX14thWHdnPIhiYAFNFw1jgSHESSx4wCWjIKaaECq5/iumYyIJBR1eTofwdSn+n3TssmWWretKoXGxjCOLjtAxKiIL1VADXaEmaiOK7tADekLPxr3xaLwYr2lrxljOHKIfMN4+AdqKmSs=</latexit><latexit sha1_base64="MetrKhjK2xzYnQlwNpsuOn4ZW3Q=">AAACCXicdVC7SgNBFJ2NrxhfUUubwSDEImF3DUnsgjaWEfIQskuYnUySIbMPZu4KIaS18VdsLBSx9Q/s/BtnsxFU9MDAuefcy517vEhwBab5YWRWVtfWN7Kbua3tnd29/P5BR4WxpKxNQxHKG48oJnjA2sBBsJtIMuJ7gnW9yWXid2+ZVDwMWjCNmOuTUcCHnBLQUj+PHSBxseS0xgzIqZOWaVVyEqmfL5jl83rVrlSxWTbNmmVbCbFrlbMKtrSSoICWaPbz784gpLHPAqCCKNWzzAjcGZHAqWDznBMrFhE6ISPW0zQgPlPubHHJHJ9oZYCHodQvALxQv0/MiK/U1Pd0p09grH57ifiX14thWHdnPIhiYAFNFw1jgSHESSx4wCWjIKaaECq5/iumYyIJBR1eTofwdSn+n3TssmWWretKoXGxjCOLjtAxKiIL1VADXaEmaiOK7tADekLPxr3xaLwYr2lrxljOHKIfMN4+AdqKmSs=</latexit><latexit sha1_base64="MetrKhjK2xzYnQlwNpsuOn4ZW3Q=">AAACCXicdVC7SgNBFJ2NrxhfUUubwSDEImF3DUnsgjaWEfIQskuYnUySIbMPZu4KIaS18VdsLBSx9Q/s/BtnsxFU9MDAuefcy517vEhwBab5YWRWVtfWN7Kbua3tnd29/P5BR4WxpKxNQxHKG48oJnjA2sBBsJtIMuJ7gnW9yWXid2+ZVDwMWjCNmOuTUcCHnBLQUj+PHSBxseS0xgzIqZOWaVVyEqmfL5jl83rVrlSxWTbNmmVbCbFrlbMKtrSSoICWaPbz784gpLHPAqCCKNWzzAjcGZHAqWDznBMrFhE6ISPW0zQgPlPubHHJHJ9oZYCHodQvALxQv0/MiK/U1Pd0p09grH57ifiX14thWHdnPIhiYAFNFw1jgSHESSx4wCWjIKaaECq5/iumYyIJBR1eTofwdSn+n3TssmWWretKoXGxjCOLjtAxKiIL1VADXaEmaiOK7tADekLPxr3xaLwYr2lrxljOHKIfMN4+AdqKmSs=</latexit>

2N ⇥ 2M
<latexit sha1_base64="yHZVD+cOwHdGv4c6PQMlwwhDhkg=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GjLj0NZd0Y0bpYJ9QDuUTJppQzOZMckUSul3uHGhiFs/xp1/Y6atoKIHLhzOuZd77wkSzpRG6MPKrayurW/kNwtb2zu7e8X9g6aKU0log8Q8lu0AK8qZoA3NNKftRFIcBZy2gtFl5rfGVCoWizs9Sagf4YFgISNYG8l3b2BXs4gqCN3rXrGE7PNq2fXKENkIVRzXyYhb8c486BglQwksUe8V37v9mKQRFZpwrFTHQYn2p1hqRjidFbqpogkmIzygHUMFNov86fzoGTwxSh+GsTQlNJyr3yemOFJqEgWmM8J6qH57mfiX10l1WPWnTCSppoIsFoUphzqGWQKwzyQlmk8MwUQycyskQywx0Sanggnh61P4P2m6toNs59Yr1S6WceTBETgGp8ABFVADV6AOGoCAe/AAnsCzNbYerRfrddGas5Yzh+AHrLdPPtqRGw==</latexit><latexit sha1_base64="yHZVD+cOwHdGv4c6PQMlwwhDhkg=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GjLj0NZd0Y0bpYJ9QDuUTJppQzOZMckUSul3uHGhiFs/xp1/Y6atoKIHLhzOuZd77wkSzpRG6MPKrayurW/kNwtb2zu7e8X9g6aKU0log8Q8lu0AK8qZoA3NNKftRFIcBZy2gtFl5rfGVCoWizs9Sagf4YFgISNYG8l3b2BXs4gqCN3rXrGE7PNq2fXKENkIVRzXyYhb8c486BglQwksUe8V37v9mKQRFZpwrFTHQYn2p1hqRjidFbqpogkmIzygHUMFNov86fzoGTwxSh+GsTQlNJyr3yemOFJqEgWmM8J6qH57mfiX10l1WPWnTCSppoIsFoUphzqGWQKwzyQlmk8MwUQycyskQywx0Sanggnh61P4P2m6toNs59Yr1S6WceTBETgGp8ABFVADV6AOGoCAe/AAnsCzNbYerRfrddGas5Yzh+AHrLdPPtqRGw==</latexit><latexit sha1_base64="yHZVD+cOwHdGv4c6PQMlwwhDhkg=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GjLj0NZd0Y0bpYJ9QDuUTJppQzOZMckUSul3uHGhiFs/xp1/Y6atoKIHLhzOuZd77wkSzpRG6MPKrayurW/kNwtb2zu7e8X9g6aKU0log8Q8lu0AK8qZoA3NNKftRFIcBZy2gtFl5rfGVCoWizs9Sagf4YFgISNYG8l3b2BXs4gqCN3rXrGE7PNq2fXKENkIVRzXyYhb8c486BglQwksUe8V37v9mKQRFZpwrFTHQYn2p1hqRjidFbqpogkmIzygHUMFNov86fzoGTwxSh+GsTQlNJyr3yemOFJqEgWmM8J6qH57mfiX10l1WPWnTCSppoIsFoUphzqGWQKwzyQlmk8MwUQycyskQywx0Sanggnh61P4P2m6toNs59Yr1S6WceTBETgGp8ABFVADV6AOGoCAe/AAnsCzNbYerRfrddGas5Yzh+AHrLdPPtqRGw==</latexit><latexit sha1_base64="yHZVD+cOwHdGv4c6PQMlwwhDhkg=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GjLj0NZd0Y0bpYJ9QDuUTJppQzOZMckUSul3uHGhiFs/xp1/Y6atoKIHLhzOuZd77wkSzpRG6MPKrayurW/kNwtb2zu7e8X9g6aKU0log8Q8lu0AK8qZoA3NNKftRFIcBZy2gtFl5rfGVCoWizs9Sagf4YFgISNYG8l3b2BXs4gqCN3rXrGE7PNq2fXKENkIVRzXyYhb8c486BglQwksUe8V37v9mKQRFZpwrFTHQYn2p1hqRjidFbqpogkmIzygHUMFNov86fzoGTwxSh+GsTQlNJyr3yemOFJqEgWmM8J6qH57mfiX10l1WPWnTCSppoIsFoUphzqGWQKwzyQlmk8MwUQycyskQywx0Sanggnh61P4P2m6toNs59Yr1S6WceTBETgGp8ABFVADV6AOGoCAe/AAnsCzNbYerRfrddGas5Yzh+AHrLdPPtqRGw==</latexit>

(Wang	et	al.		2017)	

|�ii
<latexit sha1_base64="IQudCfHEKr1I5llMUbBXxsq1Nag=">AAAB9XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oYplMJ+3QySTMTJRS+x9uXCji1n9x5984aSuo6IELh3Pu5d57wpQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+SyWZJLRJEp7ITogV5UzQpmaa004qKY5DTtvh6CL327dUKpaIaz1OaRDjgWARI1gb6ebebwxZj/kSiwGnvVIZ2We1iutVILIRqjqukxO36p160DFKjjJYoNErvfv9hGQxFZpwrFTXQakOJlhqRjidFv1M0RSTER7QrqECx1QFk9nVU3hslD6MEmlKaDhTv09McKzUOA5NZ4z1UP32cvEvr5vpqBZMmEgzTQWZL4oyDnUC8whgn0lKNB8bgolk5lZIhlhiok1QRRPC16fwf9JybQfZzpVXrp8v4iiAQ3AEToADqqAOLkEDNAEBEjyAJ/Bs3VmP1ov1Om9dshYzB+AHrLdPDKOS3g==</latexit><latexit sha1_base64="IQudCfHEKr1I5llMUbBXxsq1Nag=">AAAB9XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oYplMJ+3QySTMTJRS+x9uXCji1n9x5984aSuo6IELh3Pu5d57wpQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+SyWZJLRJEp7ITogV5UzQpmaa004qKY5DTtvh6CL327dUKpaIaz1OaRDjgWARI1gb6ebebwxZj/kSiwGnvVIZ2We1iutVILIRqjqukxO36p160DFKjjJYoNErvfv9hGQxFZpwrFTXQakOJlhqRjidFv1M0RSTER7QrqECx1QFk9nVU3hslD6MEmlKaDhTv09McKzUOA5NZ4z1UP32cvEvr5vpqBZMmEgzTQWZL4oyDnUC8whgn0lKNB8bgolk5lZIhlhiok1QRRPC16fwf9JybQfZzpVXrp8v4iiAQ3AEToADqqAOLkEDNAEBEjyAJ/Bs3VmP1ov1Om9dshYzB+AHrLdPDKOS3g==</latexit><latexit sha1_base64="IQudCfHEKr1I5llMUbBXxsq1Nag=">AAAB9XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oYplMJ+3QySTMTJRS+x9uXCji1n9x5984aSuo6IELh3Pu5d57wpQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+SyWZJLRJEp7ITogV5UzQpmaa004qKY5DTtvh6CL327dUKpaIaz1OaRDjgWARI1gb6ebebwxZj/kSiwGnvVIZ2We1iutVILIRqjqukxO36p160DFKjjJYoNErvfv9hGQxFZpwrFTXQakOJlhqRjidFv1M0RSTER7QrqECx1QFk9nVU3hslD6MEmlKaDhTv09McKzUOA5NZ4z1UP32cvEvr5vpqBZMmEgzTQWZL4oyDnUC8whgn0lKNB8bgolk5lZIhlhiok1QRRPC16fwf9JybQfZzpVXrp8v4iiAQ3AEToADqqAOLkEDNAEBEjyAJ/Bs3VmP1ov1Om9dshYzB+AHrLdPDKOS3g==</latexit><latexit sha1_base64="IQudCfHEKr1I5llMUbBXxsq1Nag=">AAAB9XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oYplMJ+3QySTMTJRS+x9uXCji1n9x5984aSuo6IELh3Pu5d57wpQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+SyWZJLRJEp7ITogV5UzQpmaa004qKY5DTtvh6CL327dUKpaIaz1OaRDjgWARI1gb6ebebwxZj/kSiwGnvVIZ2We1iutVILIRqjqukxO36p160DFKjjJYoNErvfv9hGQxFZpwrFTXQakOJlhqRjidFv1M0RSTER7QrqECx1QFk9nVU3hslD6MEmlKaDhTv09McKzUOA5NZ4z1UP32cvEvr5vpqBZMmEgzTQWZL4oyDnUC8whgn0lKNB8bgolk5lZIhlhiok1QRRPC16fwf9JybQfZzpVXrp8v4iiAQ3AEToADqqAOLkEDNAEBEjyAJ/Bs3VmP1ov1Om9dshYzB+AHrLdPDKOS3g==</latexit>

PBC	



  Rotating space and time 
•  Rotating	to	a	more	convenient	configuration		(modular	transformation)	

	The	initial	state	becomes	boundary	conditions	in	the	horizontal	direction,	the	periodic	
boundary	conditions	becoming	a	trace	in	the	time	direction		and	parameters	associated	
to	vertical	lines	being	exchanged	with	those	associated	to	horizontal	lines.		

G(t) = lim
L=N�!1


1

sinh (2⇥ � ⌘) sinh (⌘)

�2NM

Tr
<latexit sha1_base64="57ro2wIVwVG9AYKTT/fGkiY1HPs="></latexit><latexit sha1_base64="57ro2wIVwVG9AYKTT/fGkiY1HPs="></latexit><latexit sha1_base64="57ro2wIVwVG9AYKTT/fGkiY1HPs="></latexit><latexit sha1_base64="57ro2wIVwVG9AYKTT/fGkiY1HPs="></latexit>

⇥
h�i|⌦N

j=1 [T2j�1(�⇥)⇥ T2j(⇥)] |�ii
⇤

<latexit sha1_base64="c9s1e9wY02JhWHg5yv1yQX97Qek="></latexit><latexit sha1_base64="c9s1e9wY02JhWHg5yv1yQX97Qek="></latexit><latexit sha1_base64="c9s1e9wY02JhWHg5yv1yQX97Qek="></latexit><latexit sha1_base64="c9s1e9wY02JhWHg5yv1yQX97Qek="></latexit>

with	the	transfer	matrix					
Tj(u) = Rj1(u � ⇥)Rj2(u � (�⇥+ ⌘)) . . . Rj2M�1(u � ⇥)Rj2M (u � (�⇥+ ⌘))

<latexit sha1_base64="Y5ltPhQswQyVo+FSEjtmnXSFybo="></latexit><latexit sha1_base64="Y5ltPhQswQyVo+FSEjtmnXSFybo="></latexit><latexit sha1_base64="Y5ltPhQswQyVo+FSEjtmnXSFybo="></latexit><latexit sha1_base64="Y5ltPhQswQyVo+FSEjtmnXSFybo="></latexit>

acting	in	the	horizontal	space.	

The	trace	being	due	to	horizontal	PBC	



  Some interesting initial states 

•  Consider	initial	states	that	can	be	written	as	the	product	of	two	site	states		

|�ii = ⌦N
j=1

1p
hvj |vji

|vji
<latexit sha1_base64="wtxk24Il0ERAf+YBqP2MnHK6auc="></latexit><latexit sha1_base64="wtxk24Il0ERAf+YBqP2MnHK6auc="></latexit><latexit sha1_base64="wtxk24Il0ERAf+YBqP2MnHK6auc="></latexit><latexit sha1_base64="wtxk24Il0ERAf+YBqP2MnHK6auc="></latexit>

|vji = c1| "#i + c2| #"i
<latexit sha1_base64="rejy2WC7tCOoJLRgzTjgh3sfqbA="></latexit><latexit sha1_base64="rejy2WC7tCOoJLRgzTjgh3sfqbA="></latexit><latexit sha1_base64="rejy2WC7tCOoJLRgzTjgh3sfqbA="></latexit><latexit sha1_base64="rejy2WC7tCOoJLRgzTjgh3sfqbA="></latexit>

with	

	The	states																						correspond	to	the		ground	state	and	highest	excited	state	
of		the	Hamiltonian	when	the	initial	mass										is	very	large.	In	bosonic	language	
the	coefficient	of	the																												term	is	very	large	with	the	initial	states	
corresponding	to		those	which	minimize	or	maximize	this	particular	term.	

c1 = ±c2
<latexit sha1_base64="u3E1OHaWZdtBYfOkbda/tHMOhgE=">AAAB83icdVDLSgMxFM34rPVVdekmWARXw8w4tHUhFN24rGAf0BlKJs20oZlMSDJCGfobblwo4tafceffmGkrqOiByz2ccy+5OZFgVGnH+bBWVtfWNzZLW+Xtnd29/crBYUelmcSkjVOWyl6EFGGUk7ammpGekAQlESPdaHJd+N17IhVN+Z2eChImaMRpTDHSRgogHriXgUhM9waVqmNfNGqeX4OO7Th113ML4tX9cx+6RilQBUu0BpX3YJjiLCFcY4aU6ruO0GGOpKaYkVk5yBQRCE/QiPQN5SghKsznN8/gqVGGME6lKa7hXP2+kaNEqWkSmckE6bH67RXiX14/03EjzCkXmSYcLx6KMwZ1CosA4JBKgjWbGoKwpOZWiMdIIqxNTGUTwtdP4f+k49muY7u3frV5tYyjBI7BCTgDLqiDJrgBLdAGGAjwAJ7As5VZj9aL9boYXbGWO0fgB6y3T7RYkNE=</latexit><latexit sha1_base64="u3E1OHaWZdtBYfOkbda/tHMOhgE=">AAAB83icdVDLSgMxFM34rPVVdekmWARXw8w4tHUhFN24rGAf0BlKJs20oZlMSDJCGfobblwo4tafceffmGkrqOiByz2ccy+5OZFgVGnH+bBWVtfWNzZLW+Xtnd29/crBYUelmcSkjVOWyl6EFGGUk7ammpGekAQlESPdaHJd+N17IhVN+Z2eChImaMRpTDHSRgogHriXgUhM9waVqmNfNGqeX4OO7Th113ML4tX9cx+6RilQBUu0BpX3YJjiLCFcY4aU6ruO0GGOpKaYkVk5yBQRCE/QiPQN5SghKsznN8/gqVGGME6lKa7hXP2+kaNEqWkSmckE6bH67RXiX14/03EjzCkXmSYcLx6KMwZ1CosA4JBKgjWbGoKwpOZWiMdIIqxNTGUTwtdP4f+k49muY7u3frV5tYyjBI7BCTgDLqiDJrgBLdAGGAjwAJ7As5VZj9aL9boYXbGWO0fgB6y3T7RYkNE=</latexit><latexit sha1_base64="u3E1OHaWZdtBYfOkbda/tHMOhgE=">AAAB83icdVDLSgMxFM34rPVVdekmWARXw8w4tHUhFN24rGAf0BlKJs20oZlMSDJCGfobblwo4tafceffmGkrqOiByz2ccy+5OZFgVGnH+bBWVtfWNzZLW+Xtnd29/crBYUelmcSkjVOWyl6EFGGUk7ammpGekAQlESPdaHJd+N17IhVN+Z2eChImaMRpTDHSRgogHriXgUhM9waVqmNfNGqeX4OO7Th113ML4tX9cx+6RilQBUu0BpX3YJjiLCFcY4aU6ruO0GGOpKaYkVk5yBQRCE/QiPQN5SghKsznN8/gqVGGME6lKa7hXP2+kaNEqWkSmckE6bH67RXiX14/03EjzCkXmSYcLx6KMwZ1CosA4JBKgjWbGoKwpOZWiMdIIqxNTGUTwtdP4f+k49muY7u3frV5tYyjBI7BCTgDLqiDJrgBLdAGGAjwAJ7As5VZj9aL9boYXbGWO0fgB6y3T7RYkNE=</latexit><latexit sha1_base64="u3E1OHaWZdtBYfOkbda/tHMOhgE=">AAAB83icdVDLSgMxFM34rPVVdekmWARXw8w4tHUhFN24rGAf0BlKJs20oZlMSDJCGfobblwo4tafceffmGkrqOiByz2ccy+5OZFgVGnH+bBWVtfWNzZLW+Xtnd29/crBYUelmcSkjVOWyl6EFGGUk7ammpGekAQlESPdaHJd+N17IhVN+Z2eChImaMRpTDHSRgogHriXgUhM9waVqmNfNGqeX4OO7Th113ML4tX9cx+6RilQBUu0BpX3YJjiLCFcY4aU6ruO0GGOpKaYkVk5yBQRCE/QiPQN5SghKsznN8/gqVGGME6lKa7hXP2+kaNEqWkSmckE6bH67RXiX14/03EjzCkXmSYcLx6KMwZ1CosA4JBKgjWbGoKwpOZWiMdIIqxNTGUTwtdP4f+k49muY7u3frV5tYyjBI7BCTgDLqiDJrgBLdAGGAjwAJ7As5VZj9aL9boYXbGWO0fgB6y3T7RYkNE=</latexit>

mi
<latexit sha1_base64="OVkwLuLYWFa/5MQUiiSHA758aug=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjJ1aOuu6MZlBfuAdiiZNNOGJpkhyQhl6C+4caGIW3/InX9jpq2gogcuHM65l3vvCRPOtEHowymsrW9sbhW3Szu7e/sH5cOjjo5TRWibxDxWvRBrypmkbcMMp71EUSxCTrvh9Dr3u/dUaRbLOzNLaCDwWLKIEWxyCYohG5YryL1s1Kp+DSIXobpX9XJSrfsXPvSskqMCVmgNy++DUUxSQaUhHGvd91Biggwrwwin89Ig1TTBZIrHtG+pxILqIFvcOodnVhnBKFa2pIEL9ftEhoXWMxHaToHNRP/2cvEvr5+aqBFkTCapoZIsF0UphyaG+eNwxBQlhs8swUQxeyskE6wwMTaekg3h61P4P+lUXQ+53q1faV6t4iiCE3AKzoEH6qAJbkALtAEBE/AAnsCzI5xH58V5XbYWnNXMMfgB5+0TBbSOOQ==</latexit><latexit sha1_base64="OVkwLuLYWFa/5MQUiiSHA758aug=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjJ1aOuu6MZlBfuAdiiZNNOGJpkhyQhl6C+4caGIW3/InX9jpq2gogcuHM65l3vvCRPOtEHowymsrW9sbhW3Szu7e/sH5cOjjo5TRWibxDxWvRBrypmkbcMMp71EUSxCTrvh9Dr3u/dUaRbLOzNLaCDwWLKIEWxyCYohG5YryL1s1Kp+DSIXobpX9XJSrfsXPvSskqMCVmgNy++DUUxSQaUhHGvd91Biggwrwwin89Ig1TTBZIrHtG+pxILqIFvcOodnVhnBKFa2pIEL9ftEhoXWMxHaToHNRP/2cvEvr5+aqBFkTCapoZIsF0UphyaG+eNwxBQlhs8swUQxeyskE6wwMTaekg3h61P4P+lUXQ+53q1faV6t4iiCE3AKzoEH6qAJbkALtAEBE/AAnsCzI5xH58V5XbYWnNXMMfgB5+0TBbSOOQ==</latexit><latexit sha1_base64="OVkwLuLYWFa/5MQUiiSHA758aug=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjJ1aOuu6MZlBfuAdiiZNNOGJpkhyQhl6C+4caGIW3/InX9jpq2gogcuHM65l3vvCRPOtEHowymsrW9sbhW3Szu7e/sH5cOjjo5TRWibxDxWvRBrypmkbcMMp71EUSxCTrvh9Dr3u/dUaRbLOzNLaCDwWLKIEWxyCYohG5YryL1s1Kp+DSIXobpX9XJSrfsXPvSskqMCVmgNy++DUUxSQaUhHGvd91Biggwrwwin89Ig1TTBZIrHtG+pxILqIFvcOodnVhnBKFa2pIEL9ftEhoXWMxHaToHNRP/2cvEvr5+aqBFkTCapoZIsF0UphyaG+eNwxBQlhs8swUQxeyskE6wwMTaekg3h61P4P+lUXQ+53q1faV6t4iiCE3AKzoEH6qAJbkALtAEBE/AAnsCzI5xH58V5XbYWnNXMMfgB5+0TBbSOOQ==</latexit><latexit sha1_base64="OVkwLuLYWFa/5MQUiiSHA758aug=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjJ1aOuu6MZlBfuAdiiZNNOGJpkhyQhl6C+4caGIW3/InX9jpq2gogcuHM65l3vvCRPOtEHowymsrW9sbhW3Szu7e/sH5cOjjo5TRWibxDxWvRBrypmkbcMMp71EUSxCTrvh9Dr3u/dUaRbLOzNLaCDwWLKIEWxyCYohG5YryL1s1Kp+DSIXobpX9XJSrfsXPvSskqMCVmgNy++DUUxSQaUhHGvd91Biggwrwwin89Ig1TTBZIrHtG+pxILqIFvcOodnVhnBKFa2pIEL9ftEhoXWMxHaToHNRP/2cvEvr5+aqBFkTCapoZIsF0UphyaG+eNwxBQlhs8swUQxeyskE6wwMTaekg3h61P4P+lUXQ+53q1faV6t4iiCE3AKzoEH6qAJbkALtAEBE/AAnsCzI5xH58V5XbYWnNXMMfgB5+0TBbSOOQ==</latexit>

cos(��(x))
<latexit sha1_base64="Mm3FGcvTf58up8Xczoa8+gReXeI=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1iEdhOSGNq6K7pxWcE+oAllMp20QycPZiZiCQV/xY0LRdz6He78GydtBRU9cOFwzr3ce4+fMCqkaX5ohZXVtfWN4mZpa3tnd0/fP+iIOOWYtHHMYt7zkSCMRqQtqWSkl3CCQp+Rrj+5zP3uLeGCxtGNnCbEC9EoogHFSCppoB9BF8eiAl2fSATdZEwrd9XqQC+bxnmjZjs1aBqmWbdsKyd23TlzoKWUHGWwRGugv7vDGKchiSRmSIi+ZSbSyxCXFDMyK7mpIAnCEzQifUUjFBLhZfPzZ/BUKUMYxFxVJOFc/T6RoVCIaeirzhDJsfjt5eJfXj+VQcPLaJSkkkR4sShIGZQxzLOAQ8oJlmyqCMKcqlshHiOOsFSJlVQIX5/C/0nHNizTsK6dcvNiGUcRHIMTUAEWqIMmuAIt0AYYZOABPIFn7V571F6010VrQVvOHIIf0N4+AVOTlG8=</latexit><latexit sha1_base64="Mm3FGcvTf58up8Xczoa8+gReXeI=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1iEdhOSGNq6K7pxWcE+oAllMp20QycPZiZiCQV/xY0LRdz6He78GydtBRU9cOFwzr3ce4+fMCqkaX5ohZXVtfWN4mZpa3tnd0/fP+iIOOWYtHHMYt7zkSCMRqQtqWSkl3CCQp+Rrj+5zP3uLeGCxtGNnCbEC9EoogHFSCppoB9BF8eiAl2fSATdZEwrd9XqQC+bxnmjZjs1aBqmWbdsKyd23TlzoKWUHGWwRGugv7vDGKchiSRmSIi+ZSbSyxCXFDMyK7mpIAnCEzQifUUjFBLhZfPzZ/BUKUMYxFxVJOFc/T6RoVCIaeirzhDJsfjt5eJfXj+VQcPLaJSkkkR4sShIGZQxzLOAQ8oJlmyqCMKcqlshHiOOsFSJlVQIX5/C/0nHNizTsK6dcvNiGUcRHIMTUAEWqIMmuAIt0AYYZOABPIFn7V571F6010VrQVvOHIIf0N4+AVOTlG8=</latexit><latexit sha1_base64="Mm3FGcvTf58up8Xczoa8+gReXeI=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1iEdhOSGNq6K7pxWcE+oAllMp20QycPZiZiCQV/xY0LRdz6He78GydtBRU9cOFwzr3ce4+fMCqkaX5ohZXVtfWN4mZpa3tnd0/fP+iIOOWYtHHMYt7zkSCMRqQtqWSkl3CCQp+Rrj+5zP3uLeGCxtGNnCbEC9EoogHFSCppoB9BF8eiAl2fSATdZEwrd9XqQC+bxnmjZjs1aBqmWbdsKyd23TlzoKWUHGWwRGugv7vDGKchiSRmSIi+ZSbSyxCXFDMyK7mpIAnCEzQifUUjFBLhZfPzZ/BUKUMYxFxVJOFc/T6RoVCIaeirzhDJsfjt5eJfXj+VQcPLaJSkkkR4sShIGZQxzLOAQ8oJlmyqCMKcqlshHiOOsFSJlVQIX5/C/0nHNizTsK6dcvNiGUcRHIMTUAEWqIMmuAIt0AYYZOABPIFn7V571F6010VrQVvOHIIf0N4+AVOTlG8=</latexit><latexit sha1_base64="Mm3FGcvTf58up8Xczoa8+gReXeI=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1iEdhOSGNq6K7pxWcE+oAllMp20QycPZiZiCQV/xY0LRdz6He78GydtBRU9cOFwzr3ce4+fMCqkaX5ohZXVtfWN4mZpa3tnd0/fP+iIOOWYtHHMYt7zkSCMRqQtqWSkl3CCQp+Rrj+5zP3uLeGCxtGNnCbEC9EoogHFSCppoB9BF8eiAl2fSATdZEwrd9XqQC+bxnmjZjs1aBqmWbdsKyd23TlzoKWUHGWwRGugv7vDGKchiSRmSIi+ZSbSyxCXFDMyK7mpIAnCEzQifUUjFBLhZfPzZ/BUKUMYxFxVJOFc/T6RoVCIaeirzhDJsfjt5eJfXj+VQcPLaJSkkkR4sShIGZQxzLOAQ8oJlmyqCMKcqlshHiOOsFSJlVQIX5/C/0nHNizTsK6dcvNiGUcRHIMTUAEWqIMmuAIt0AYYZOABPIFn7V571F6010VrQVvOHIIf0N4+AVOTlG8=</latexit>

|�ii
<latexit sha1_base64="EXdp/ozfrmsQCcLzjaAYwMaUFGQ=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZIa2rorunFZwT6gCWEynbRDJ5MwMxFq7Je4caGIWz/FnX/jpK2gogcuHM65l3vvCVNGpbLtD2NldW19Y7O0Vd7e2d2rmPsHXZlkApMOTlgi+iGShFFOOooqRvqpICgOGemFk8vC790SIWnCb9Q0JX6MRpxGFCOlpcCswHuvPaYB9QTiI0YCs2pb5816za1D27LthlNzClJruGcudLRSoAqWaAfmuzdMcBYTrjBDUg4cO1V+joSimJFZ2cskSRGeoBEZaMpRTKSfzw+fwROtDGGUCF1cwbn6fSJHsZTTONSdMVJj+dsrxL+8Qaaipp9TnmaKcLxYFGUMqgQWKcAhFQQrNtUEYUH1rRCPkUBY6azKOoSvT+H/pFuzHNtyrt1q62IZRwkcgWNwChzQAC1wBdqgAzDIwAN4As/GnfFovBivi9YVYzlzCH7AePsE25aTOQ==</latexit><latexit sha1_base64="EXdp/ozfrmsQCcLzjaAYwMaUFGQ=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZIa2rorunFZwT6gCWEynbRDJ5MwMxFq7Je4caGIWz/FnX/jpK2gogcuHM65l3vvCVNGpbLtD2NldW19Y7O0Vd7e2d2rmPsHXZlkApMOTlgi+iGShFFOOooqRvqpICgOGemFk8vC790SIWnCb9Q0JX6MRpxGFCOlpcCswHuvPaYB9QTiI0YCs2pb5816za1D27LthlNzClJruGcudLRSoAqWaAfmuzdMcBYTrjBDUg4cO1V+joSimJFZ2cskSRGeoBEZaMpRTKSfzw+fwROtDGGUCF1cwbn6fSJHsZTTONSdMVJj+dsrxL+8Qaaipp9TnmaKcLxYFGUMqgQWKcAhFQQrNtUEYUH1rRCPkUBY6azKOoSvT+H/pFuzHNtyrt1q62IZRwkcgWNwChzQAC1wBdqgAzDIwAN4As/GnfFovBivi9YVYzlzCH7AePsE25aTOQ==</latexit><latexit sha1_base64="EXdp/ozfrmsQCcLzjaAYwMaUFGQ=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZIa2rorunFZwT6gCWEynbRDJ5MwMxFq7Je4caGIWz/FnX/jpK2gogcuHM65l3vvCVNGpbLtD2NldW19Y7O0Vd7e2d2rmPsHXZlkApMOTlgi+iGShFFOOooqRvqpICgOGemFk8vC790SIWnCb9Q0JX6MRpxGFCOlpcCswHuvPaYB9QTiI0YCs2pb5816za1D27LthlNzClJruGcudLRSoAqWaAfmuzdMcBYTrjBDUg4cO1V+joSimJFZ2cskSRGeoBEZaMpRTKSfzw+fwROtDGGUCF1cwbn6fSJHsZTTONSdMVJj+dsrxL+8Qaaipp9TnmaKcLxYFGUMqgQWKcAhFQQrNtUEYUH1rRCPkUBY6azKOoSvT+H/pFuzHNtyrt1q62IZRwkcgWNwChzQAC1wBdqgAzDIwAN4As/GnfFovBivi9YVYzlzCH7AePsE25aTOQ==</latexit><latexit sha1_base64="EXdp/ozfrmsQCcLzjaAYwMaUFGQ=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZIa2rorunFZwT6gCWEynbRDJ5MwMxFq7Je4caGIWz/FnX/jpK2gogcuHM65l3vvCVNGpbLtD2NldW19Y7O0Vd7e2d2rmPsHXZlkApMOTlgi+iGShFFOOooqRvqpICgOGemFk8vC790SIWnCb9Q0JX6MRpxGFCOlpcCswHuvPaYB9QTiI0YCs2pb5816za1D27LthlNzClJruGcudLRSoAqWaAfmuzdMcBYTrjBDUg4cO1V+joSimJFZ2cskSRGeoBEZaMpRTKSfzw+fwROtDGGUCF1cwbn6fSJHsZTTONSdMVJj+dsrxL+8Qaaipp9TnmaKcLxYFGUMqgQWKcAhFQQrNtUEYUH1rRCPkUBY6azKOoSvT+H/pFuzHNtyrt1q62IZRwkcgWNwChzQAC1wBdqgAzDIwAN4As/GnfFovBivi9YVYzlzCH7AePsE25aTOQ==</latexit>

•  -	In	a	low	energy	description	of	the	superfluid-Mott	transition	these	initial	states	
correspond	to	having	a	very	deep	optical	lattice	with	either	positive	of	negative	on	site	
interaction		

•  Note:	Quench	process	involves	all	eigenstates	of	the	post-quench	Hamiltonian	which	may	
result	in	the	Sine-Gordon	description	being		invalid.	

	-	In	a	low	energy	description	of		a	pair	of	coupled	condensates	these	states	correspond	to	an	
initial	phase	difference	of		0	or						.		
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<latexit sha1_base64="etNT4+HKb4rQFhDoKzBiM/l96Os="></latexit><latexit sha1_base64="etNT4+HKb4rQFhDoKzBiM/l96Os="></latexit><latexit sha1_base64="etNT4+HKb4rQFhDoKzBiM/l96Os="></latexit><latexit sha1_base64="etNT4+HKb4rQFhDoKzBiM/l96Os="></latexit>

•  The	Loschmidt	amplitude	takes	the	form	
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<latexit sha1_base64="kntVaBFkBy6P1c8/af509KUemTc="></latexit><latexit sha1_base64="kntVaBFkBy6P1c8/af509KUemTc="></latexit><latexit sha1_base64="kntVaBFkBy6P1c8/af509KUemTc="></latexit><latexit sha1_base64="kntVaBFkBy6P1c8/af509KUemTc="></latexit>
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<latexit sha1_base64="x8Lw+BfgIvG0idW/7hDVRvCPrjU="></latexit><latexit sha1_base64="x8Lw+BfgIvG0idW/7hDVRvCPrjU="></latexit><latexit sha1_base64="x8Lw+BfgIvG0idW/7hDVRvCPrjU="></latexit><latexit sha1_base64="x8Lw+BfgIvG0idW/7hDVRvCPrjU="></latexit>

•  Maximal	eigenvalue	dominates	in	the	infinite	volume	limit	 N ! 1
<latexit sha1_base64="m1zHxZUsOWO6SecimeXkT1xwjj4=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuShJDW3dFN66kgn1AWspkOmmHTiZh5kYooZ/hxoUibv0ad/6Nk7aCih4YOJxzL3PPCRLBNdj2h7Wyura+sVnYKm7v7O7tlw4O2zpOFWUtGotYdQOimeCStYCDYN1EMRIFgnWCyVXud+6Z0jyWdzBNWD8iI8lDTgkYyb/pQYx7XIYwHZTKduWiXnW9KrYrtl1zXCcnbs0797BjlBxltERzUHrvDWOaRkwCFURr37ET6GdEAaeCzYq9VLOE0AkZMd9QSSKm+9n85Bk+NcoQh7EyTwKeq983MhJpPY0CMxkRGOvfXi7+5fkphPV+xmWSApN08VGYCmxy5vnxkCtGQUwNIVRxcyumY6IIBdNS0ZTwlRT/T9puxbErzq1Xblwu6yigY3SCzpCDaqiBrlETtRBFMXpAT+jZAuvRerFeF6Mr1nLnCP2A9fYJcxmRXQ==</latexit><latexit sha1_base64="m1zHxZUsOWO6SecimeXkT1xwjj4=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuShJDW3dFN66kgn1AWspkOmmHTiZh5kYooZ/hxoUibv0ad/6Nk7aCih4YOJxzL3PPCRLBNdj2h7Wyura+sVnYKm7v7O7tlw4O2zpOFWUtGotYdQOimeCStYCDYN1EMRIFgnWCyVXud+6Z0jyWdzBNWD8iI8lDTgkYyb/pQYx7XIYwHZTKduWiXnW9KrYrtl1zXCcnbs0797BjlBxltERzUHrvDWOaRkwCFURr37ET6GdEAaeCzYq9VLOE0AkZMd9QSSKm+9n85Bk+NcoQh7EyTwKeq983MhJpPY0CMxkRGOvfXi7+5fkphPV+xmWSApN08VGYCmxy5vnxkCtGQUwNIVRxcyumY6IIBdNS0ZTwlRT/T9puxbErzq1Xblwu6yigY3SCzpCDaqiBrlETtRBFMXpAT+jZAuvRerFeF6Mr1nLnCP2A9fYJcxmRXQ==</latexit><latexit sha1_base64="m1zHxZUsOWO6SecimeXkT1xwjj4=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuShJDW3dFN66kgn1AWspkOmmHTiZh5kYooZ/hxoUibv0ad/6Nk7aCih4YOJxzL3PPCRLBNdj2h7Wyura+sVnYKm7v7O7tlw4O2zpOFWUtGotYdQOimeCStYCDYN1EMRIFgnWCyVXud+6Z0jyWdzBNWD8iI8lDTgkYyb/pQYx7XIYwHZTKduWiXnW9KrYrtl1zXCcnbs0797BjlBxltERzUHrvDWOaRkwCFURr37ET6GdEAaeCzYq9VLOE0AkZMd9QSSKm+9n85Bk+NcoQh7EyTwKeq983MhJpPY0CMxkRGOvfXi7+5fkphPV+xmWSApN08VGYCmxy5vnxkCtGQUwNIVRxcyumY6IIBdNS0ZTwlRT/T9puxbErzq1Xblwu6yigY3SCzpCDaqiBrlETtRBFMXpAT+jZAuvRerFeF6Mr1nLnCP2A9fYJcxmRXQ==</latexit><latexit sha1_base64="m1zHxZUsOWO6SecimeXkT1xwjj4=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuShJDW3dFN66kgn1AWspkOmmHTiZh5kYooZ/hxoUibv0ad/6Nk7aCih4YOJxzL3PPCRLBNdj2h7Wyura+sVnYKm7v7O7tlw4O2zpOFWUtGotYdQOimeCStYCDYN1EMRIFgnWCyVXud+6Z0jyWdzBNWD8iI8lDTgkYyb/pQYx7XIYwHZTKduWiXnW9KrYrtl1zXCcnbs0797BjlBxltERzUHrvDWOaRkwCFURr37ET6GdEAaeCzYq9VLOE0AkZMd9QSSKm+9n85Bk+NcoQh7EyTwKeq983MhJpPY0CMxkRGOvfXi7+5fkphPV+xmWSApN08VGYCmxy5vnxkCtGQUwNIVRxcyumY6IIBdNS0ZTwlRT/T9puxbErzq1Xblwu6yigY3SCzpCDaqiBrlETtRBFMXpAT+jZAuvRerFeF6Mr1nLnCP2A9fYJcxmRXQ==</latexit>

hv|
<latexit sha1_base64="wuTRrg0lyYMB5LnEdotrexI2hQ8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KkkR2+6KblxWsA9oh5JJM21oJhmSTKGM/Qw3LhRx69e482/MtBVU9MCFwzn3cu89QSy4sQh9eLm19Y3Nrfx2YWd3b/+geHjUNirRlLWoEkp3A2KY4JK1LLeCdWPNSBQI1gkm15nfmTJtuJJ3dhYzPyIjyUNOiXVSry+IHAkGp/B+UCyhMkIIYwwzgquXyJF6vVbBNYgzy6EEVmgOiu/9oaJJxKSlghjTwyi2fkq05VSweaGfGBYTOiEj1nNUkogZP12cPIdnThnCUGlX0sKF+n0iJZExsyhwnRGxY/Pby8S/vF5iw5qfchknlkm6XBQmAloFs//hkGtGrZg5Qqjm7lZIx0QTal1KBRfC16fwf9KulDEq49uLUuNqFUcenIBTcA4wqIIGuAFN0AIUKPAAnsCzZ71H78V7XbbmvNXMMfgB7+0TFYGRHw==</latexit><latexit sha1_base64="wuTRrg0lyYMB5LnEdotrexI2hQ8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KkkR2+6KblxWsA9oh5JJM21oJhmSTKGM/Qw3LhRx69e482/MtBVU9MCFwzn3cu89QSy4sQh9eLm19Y3Nrfx2YWd3b/+geHjUNirRlLWoEkp3A2KY4JK1LLeCdWPNSBQI1gkm15nfmTJtuJJ3dhYzPyIjyUNOiXVSry+IHAkGp/B+UCyhMkIIYwwzgquXyJF6vVbBNYgzy6EEVmgOiu/9oaJJxKSlghjTwyi2fkq05VSweaGfGBYTOiEj1nNUkogZP12cPIdnThnCUGlX0sKF+n0iJZExsyhwnRGxY/Pby8S/vF5iw5qfchknlkm6XBQmAloFs//hkGtGrZg5Qqjm7lZIx0QTal1KBRfC16fwf9KulDEq49uLUuNqFUcenIBTcA4wqIIGuAFN0AIUKPAAnsCzZ71H78V7XbbmvNXMMfgB7+0TFYGRHw==</latexit><latexit sha1_base64="wuTRrg0lyYMB5LnEdotrexI2hQ8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KkkR2+6KblxWsA9oh5JJM21oJhmSTKGM/Qw3LhRx69e482/MtBVU9MCFwzn3cu89QSy4sQh9eLm19Y3Nrfx2YWd3b/+geHjUNirRlLWoEkp3A2KY4JK1LLeCdWPNSBQI1gkm15nfmTJtuJJ3dhYzPyIjyUNOiXVSry+IHAkGp/B+UCyhMkIIYwwzgquXyJF6vVbBNYgzy6EEVmgOiu/9oaJJxKSlghjTwyi2fkq05VSweaGfGBYTOiEj1nNUkogZP12cPIdnThnCUGlX0sKF+n0iJZExsyhwnRGxY/Pby8S/vF5iw5qfchknlkm6XBQmAloFs//hkGtGrZg5Qqjm7lZIx0QTal1KBRfC16fwf9KulDEq49uLUuNqFUcenIBTcA4wqIIGuAFN0AIUKPAAnsCzZ71H78V7XbbmvNXMMfgB7+0TFYGRHw==</latexit><latexit sha1_base64="wuTRrg0lyYMB5LnEdotrexI2hQ8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KkkR2+6KblxWsA9oh5JJM21oJhmSTKGM/Qw3LhRx69e482/MtBVU9MCFwzn3cu89QSy4sQh9eLm19Y3Nrfx2YWd3b/+geHjUNirRlLWoEkp3A2KY4JK1LLeCdWPNSBQI1gkm15nfmTJtuJJ3dhYzPyIjyUNOiXVSry+IHAkGp/B+UCyhMkIIYwwzgquXyJF6vVbBNYgzy6EEVmgOiu/9oaJJxKSlghjTwyi2fkq05VSweaGfGBYTOiEj1nNUkogZP12cPIdnThnCUGlX0sKF+n0iJZExsyhwnRGxY/Pby8S/vF5iw5qfchknlkm6XBQmAloFs//hkGtGrZg5Qqjm7lZIx0QTal1KBRfC16fwf9KulDEq49uLUuNqFUcenIBTcA4wqIIGuAFN0AIUKPAAnsCzZ71H78V7XbbmvNXMMfgB7+0TFYGRHw==</latexit>

hv|
<latexit sha1_base64="wuTRrg0lyYMB5LnEdotrexI2hQ8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KkkR2+6KblxWsA9oh5JJM21oJhmSTKGM/Qw3LhRx69e482/MtBVU9MCFwzn3cu89QSy4sQh9eLm19Y3Nrfx2YWd3b/+geHjUNirRlLWoEkp3A2KY4JK1LLeCdWPNSBQI1gkm15nfmTJtuJJ3dhYzPyIjyUNOiXVSry+IHAkGp/B+UCyhMkIIYwwzgquXyJF6vVbBNYgzy6EEVmgOiu/9oaJJxKSlghjTwyi2fkq05VSweaGfGBYTOiEj1nNUkogZP12cPIdnThnCUGlX0sKF+n0iJZExsyhwnRGxY/Pby8S/vF5iw5qfchknlkm6XBQmAloFs//hkGtGrZg5Qqjm7lZIx0QTal1KBRfC16fwf9KulDEq49uLUuNqFUcenIBTcA4wqIIGuAFN0AIUKPAAnsCzZ71H78V7XbbmvNXMMfgB7+0TFYGRHw==</latexit><latexit sha1_base64="wuTRrg0lyYMB5LnEdotrexI2hQ8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KkkR2+6KblxWsA9oh5JJM21oJhmSTKGM/Qw3LhRx69e482/MtBVU9MCFwzn3cu89QSy4sQh9eLm19Y3Nrfx2YWd3b/+geHjUNirRlLWoEkp3A2KY4JK1LLeCdWPNSBQI1gkm15nfmTJtuJJ3dhYzPyIjyUNOiXVSry+IHAkGp/B+UCyhMkIIYwwzgquXyJF6vVbBNYgzy6EEVmgOiu/9oaJJxKSlghjTwyi2fkq05VSweaGfGBYTOiEj1nNUkogZP12cPIdnThnCUGlX0sKF+n0iJZExsyhwnRGxY/Pby8S/vF5iw5qfchknlkm6XBQmAloFs//hkGtGrZg5Qqjm7lZIx0QTal1KBRfC16fwf9KulDEq49uLUuNqFUcenIBTcA4wqIIGuAFN0AIUKPAAnsCzZ71H78V7XbbmvNXMMfgB7+0TFYGRHw==</latexit><latexit sha1_base64="wuTRrg0lyYMB5LnEdotrexI2hQ8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KkkR2+6KblxWsA9oh5JJM21oJhmSTKGM/Qw3LhRx69e482/MtBVU9MCFwzn3cu89QSy4sQh9eLm19Y3Nrfx2YWd3b/+geHjUNirRlLWoEkp3A2KY4JK1LLeCdWPNSBQI1gkm15nfmTJtuJJ3dhYzPyIjyUNOiXVSry+IHAkGp/B+UCyhMkIIYwwzgquXyJF6vVbBNYgzy6EEVmgOiu/9oaJJxKSlghjTwyi2fkq05VSweaGfGBYTOiEj1nNUkogZP12cPIdnThnCUGlX0sKF+n0iJZExsyhwnRGxY/Pby8S/vF5iw5qfchknlkm6XBQmAloFs//hkGtGrZg5Qqjm7lZIx0QTal1KBRfC16fwf9KulDEq49uLUuNqFUcenIBTcA4wqIIGuAFN0AIUKPAAnsCzZ71H78V7XbbmvNXMMfgB7+0TFYGRHw==</latexit><latexit sha1_base64="wuTRrg0lyYMB5LnEdotrexI2hQ8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KkkR2+6KblxWsA9oh5JJM21oJhmSTKGM/Qw3LhRx69e482/MtBVU9MCFwzn3cu89QSy4sQh9eLm19Y3Nrfx2YWd3b/+geHjUNirRlLWoEkp3A2KY4JK1LLeCdWPNSBQI1gkm15nfmTJtuJJ3dhYzPyIjyUNOiXVSry+IHAkGp/B+UCyhMkIIYwwzgquXyJF6vVbBNYgzy6EEVmgOiu/9oaJJxKSlghjTwyi2fkq05VSweaGfGBYTOiEj1nNUkogZP12cPIdnThnCUGlX0sKF+n0iJZExsyhwnRGxY/Pby8S/vF5iw5qfchknlkm6XBQmAloFs//hkGtGrZg5Qqjm7lZIx0QTal1KBRfC16fwf9KulDEq49uLUuNqFUcenIBTcA4wqIIGuAFN0AIUKPAAnsCzZ71H78V7XbbmvNXMMfgB7+0TFYGRHw==</latexit>

hv|
<latexit sha1_base64="wuTRrg0lyYMB5LnEdotrexI2hQ8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KkkR2+6KblxWsA9oh5JJM21oJhmSTKGM/Qw3LhRx69e482/MtBVU9MCFwzn3cu89QSy4sQh9eLm19Y3Nrfx2YWd3b/+geHjUNirRlLWoEkp3A2KY4JK1LLeCdWPNSBQI1gkm15nfmTJtuJJ3dhYzPyIjyUNOiXVSry+IHAkGp/B+UCyhMkIIYwwzgquXyJF6vVbBNYgzy6EEVmgOiu/9oaJJxKSlghjTwyi2fkq05VSweaGfGBYTOiEj1nNUkogZP12cPIdnThnCUGlX0sKF+n0iJZExsyhwnRGxY/Pby8S/vF5iw5qfchknlkm6XBQmAloFs//hkGtGrZg5Qqjm7lZIx0QTal1KBRfC16fwf9KulDEq49uLUuNqFUcenIBTcA4wqIIGuAFN0AIUKPAAnsCzZ71H78V7XbbmvNXMMfgB7+0TFYGRHw==</latexit><latexit sha1_base64="wuTRrg0lyYMB5LnEdotrexI2hQ8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KkkR2+6KblxWsA9oh5JJM21oJhmSTKGM/Qw3LhRx69e482/MtBVU9MCFwzn3cu89QSy4sQh9eLm19Y3Nrfx2YWd3b/+geHjUNirRlLWoEkp3A2KY4JK1LLeCdWPNSBQI1gkm15nfmTJtuJJ3dhYzPyIjyUNOiXVSry+IHAkGp/B+UCyhMkIIYwwzgquXyJF6vVbBNYgzy6EEVmgOiu/9oaJJxKSlghjTwyi2fkq05VSweaGfGBYTOiEj1nNUkogZP12cPIdnThnCUGlX0sKF+n0iJZExsyhwnRGxY/Pby8S/vF5iw5qfchknlkm6XBQmAloFs//hkGtGrZg5Qqjm7lZIx0QTal1KBRfC16fwf9KulDEq49uLUuNqFUcenIBTcA4wqIIGuAFN0AIUKPAAnsCzZ71H78V7XbbmvNXMMfgB7+0TFYGRHw==</latexit><latexit sha1_base64="wuTRrg0lyYMB5LnEdotrexI2hQ8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KkkR2+6KblxWsA9oh5JJM21oJhmSTKGM/Qw3LhRx69e482/MtBVU9MCFwzn3cu89QSy4sQh9eLm19Y3Nrfx2YWd3b/+geHjUNirRlLWoEkp3A2KY4JK1LLeCdWPNSBQI1gkm15nfmTJtuJJ3dhYzPyIjyUNOiXVSry+IHAkGp/B+UCyhMkIIYwwzgquXyJF6vVbBNYgzy6EEVmgOiu/9oaJJxKSlghjTwyi2fkq05VSweaGfGBYTOiEj1nNUkogZP12cPIdnThnCUGlX0sKF+n0iJZExsyhwnRGxY/Pby8S/vF5iw5qfchknlkm6XBQmAloFs//hkGtGrZg5Qqjm7lZIx0QTal1KBRfC16fwf9KulDEq49uLUuNqFUcenIBTcA4wqIIGuAFN0AIUKPAAnsCzZ71H78V7XbbmvNXMMfgB7+0TFYGRHw==</latexit><latexit sha1_base64="wuTRrg0lyYMB5LnEdotrexI2hQ8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KkkR2+6KblxWsA9oh5JJM21oJhmSTKGM/Qw3LhRx69e482/MtBVU9MCFwzn3cu89QSy4sQh9eLm19Y3Nrfx2YWd3b/+geHjUNirRlLWoEkp3A2KY4JK1LLeCdWPNSBQI1gkm15nfmTJtuJJ3dhYzPyIjyUNOiXVSry+IHAkGp/B+UCyhMkIIYwwzgquXyJF6vVbBNYgzy6EEVmgOiu/9oaJJxKSlghjTwyi2fkq05VSweaGfGBYTOiEj1nNUkogZP12cPIdnThnCUGlX0sKF+n0iJZExsyhwnRGxY/Pby8S/vF5iw5qfchknlkm6XBQmAloFs//hkGtGrZg5Qqjm7lZIx0QTal1KBRfC16fwf9KulDEq49uLUuNqFUcenIBTcA4wqIIGuAFN0AIUKPAAnsCzZ71H78V7XbbmvNXMMfgB7+0TFYGRHw==</latexit>

•  If	a	level	crossing	occurs	at	some	time							then	a	DQPT	takes	place.	

t = M�
<latexit sha1_base64="r2RsLD4TAimP3pm0PxXbmTuDMxM=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiuQhJDWxdC0Y0boYJ9SBvKZDJph04ezNwIpfQr3LhQxK2f486/cdJWUNEDFw7n3Mu99/ip4Aos68NYWl5ZXVsvbBQ3t7Z3dkt7+y2VZJKyJk1EIjs+UUzwmDWBg2CdVDIS+YK1/dFl7rfvmVQ8iW9hnDIvIoOYh5wS0NIdnF/3AiaA9EtlyzyrVRy3gi3Tsqq2Y+fEqbqnLra1kqOMFmj0S++9IKFZxGKggijVta0UvAmRwKlg02IvUywldEQGrKtpTCKmvMns4Ck+1kqAw0TqigHP1O8TExIpNY583RkRGKrfXi7+5XUzCGvehMdpBiym80VhJjAkOP8eB1wyCmKsCaGS61sxHRJJKOiMijqEr0/x/6TlmLZl2jduuX6xiKOADtEROkE2qqI6ukIN1EQURegBPaFnQxqPxovxOm9dMhYzB+gHjLdP6JqQeg==</latexit><latexit sha1_base64="r2RsLD4TAimP3pm0PxXbmTuDMxM=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiuQhJDWxdC0Y0boYJ9SBvKZDJph04ezNwIpfQr3LhQxK2f486/cdJWUNEDFw7n3Mu99/ip4Aos68NYWl5ZXVsvbBQ3t7Z3dkt7+y2VZJKyJk1EIjs+UUzwmDWBg2CdVDIS+YK1/dFl7rfvmVQ8iW9hnDIvIoOYh5wS0NIdnF/3AiaA9EtlyzyrVRy3gi3Tsqq2Y+fEqbqnLra1kqOMFmj0S++9IKFZxGKggijVta0UvAmRwKlg02IvUywldEQGrKtpTCKmvMns4Ck+1kqAw0TqigHP1O8TExIpNY583RkRGKrfXi7+5XUzCGvehMdpBiym80VhJjAkOP8eB1wyCmKsCaGS61sxHRJJKOiMijqEr0/x/6TlmLZl2jduuX6xiKOADtEROkE2qqI6ukIN1EQURegBPaFnQxqPxovxOm9dMhYzB+gHjLdP6JqQeg==</latexit><latexit sha1_base64="r2RsLD4TAimP3pm0PxXbmTuDMxM=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiuQhJDWxdC0Y0boYJ9SBvKZDJph04ezNwIpfQr3LhQxK2f486/cdJWUNEDFw7n3Mu99/ip4Aos68NYWl5ZXVsvbBQ3t7Z3dkt7+y2VZJKyJk1EIjs+UUzwmDWBg2CdVDIS+YK1/dFl7rfvmVQ8iW9hnDIvIoOYh5wS0NIdnF/3AiaA9EtlyzyrVRy3gi3Tsqq2Y+fEqbqnLra1kqOMFmj0S++9IKFZxGKggijVta0UvAmRwKlg02IvUywldEQGrKtpTCKmvMns4Ck+1kqAw0TqigHP1O8TExIpNY583RkRGKrfXi7+5XUzCGvehMdpBiym80VhJjAkOP8eB1wyCmKsCaGS61sxHRJJKOiMijqEr0/x/6TlmLZl2jduuX6xiKOADtEROkE2qqI6ukIN1EQURegBPaFnQxqPxovxOm9dMhYzB+gHjLdP6JqQeg==</latexit><latexit sha1_base64="r2RsLD4TAimP3pm0PxXbmTuDMxM=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiuQhJDWxdC0Y0boYJ9SBvKZDJph04ezNwIpfQr3LhQxK2f486/cdJWUNEDFw7n3Mu99/ip4Aos68NYWl5ZXVsvbBQ3t7Z3dkt7+y2VZJKyJk1EIjs+UUzwmDWBg2CdVDIS+YK1/dFl7rfvmVQ8iW9hnDIvIoOYh5wS0NIdnF/3AiaA9EtlyzyrVRy3gi3Tsqq2Y+fEqbqnLra1kqOMFmj0S++9IKFZxGKggijVta0UvAmRwKlg02IvUywldEQGrKtpTCKmvMns4Ck+1kqAw0TqigHP1O8TExIpNY583RkRGKrfXi7+5XUzCGvehMdpBiym80VhJjAkOP8eB1wyCmKsCaGS61sxHRJJKOiMijqEr0/x/6TlmLZl2jduuX6xiKOADtEROkE2qqI6ukIN1EQURegBPaFnQxqPxovxOm9dMhYzB+gHjLdP6JqQeg==</latexit>

tc
<latexit sha1_base64="km1lFlBCaektL0y61nc57iEiEZs=">AAAB6nicdVBNS8NAEN34WetX1aOXxSJ4CkkNbb0VvXisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bN20FFX0w8Hhvhpl5QSK4Bsf5sFZW19Y3Ngtbxe2d3b390sFhW8epoqxFYxGrbkA0E1yyFnAQrJsoRqJAsE4wucr9zj1TmsfyDqYJ8yMykjzklICRbmFAB6WyY1/UqxWvih3bcWpuxc1Jpeade9g1So4yWqI5KL33hzFNIyaBCqJ1z3US8DOigFPBZsV+qllC6ISMWM9QSSKm/Wx+6gyfGmWIw1iZkoDn6veJjERaT6PAdEYExvq3l4t/eb0UwrqfcZmkwCRdLApTgSHG+d94yBWjIKaGEKq4uRXTMVGEgkmnaEL4+hT/T9oV23Vs98YrNy6XcRTQMTpBZ8hFNdRA16iJWoiiEXpAT+jZEtaj9WK9LlpXrOXMEfoB6+0TsW+OEA==</latexit><latexit sha1_base64="km1lFlBCaektL0y61nc57iEiEZs=">AAAB6nicdVBNS8NAEN34WetX1aOXxSJ4CkkNbb0VvXisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bN20FFX0w8Hhvhpl5QSK4Bsf5sFZW19Y3Ngtbxe2d3b390sFhW8epoqxFYxGrbkA0E1yyFnAQrJsoRqJAsE4wucr9zj1TmsfyDqYJ8yMykjzklICRbmFAB6WyY1/UqxWvih3bcWpuxc1Jpeade9g1So4yWqI5KL33hzFNIyaBCqJ1z3US8DOigFPBZsV+qllC6ISMWM9QSSKm/Wx+6gyfGmWIw1iZkoDn6veJjERaT6PAdEYExvq3l4t/eb0UwrqfcZmkwCRdLApTgSHG+d94yBWjIKaGEKq4uRXTMVGEgkmnaEL4+hT/T9oV23Vs98YrNy6XcRTQMTpBZ8hFNdRA16iJWoiiEXpAT+jZEtaj9WK9LlpXrOXMEfoB6+0TsW+OEA==</latexit><latexit sha1_base64="km1lFlBCaektL0y61nc57iEiEZs=">AAAB6nicdVBNS8NAEN34WetX1aOXxSJ4CkkNbb0VvXisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bN20FFX0w8Hhvhpl5QSK4Bsf5sFZW19Y3Ngtbxe2d3b390sFhW8epoqxFYxGrbkA0E1yyFnAQrJsoRqJAsE4wucr9zj1TmsfyDqYJ8yMykjzklICRbmFAB6WyY1/UqxWvih3bcWpuxc1Jpeade9g1So4yWqI5KL33hzFNIyaBCqJ1z3US8DOigFPBZsV+qllC6ISMWM9QSSKm/Wx+6gyfGmWIw1iZkoDn6veJjERaT6PAdEYExvq3l4t/eb0UwrqfcZmkwCRdLApTgSHG+d94yBWjIKaGEKq4uRXTMVGEgkmnaEL4+hT/T9oV23Vs98YrNy6XcRTQMTpBZ8hFNdRA16iJWoiiEXpAT+jZEtaj9WK9LlpXrOXMEfoB6+0TsW+OEA==</latexit><latexit sha1_base64="km1lFlBCaektL0y61nc57iEiEZs=">AAAB6nicdVBNS8NAEN34WetX1aOXxSJ4CkkNbb0VvXisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bN20FFX0w8Hhvhpl5QSK4Bsf5sFZW19Y3Ngtbxe2d3b390sFhW8epoqxFYxGrbkA0E1yyFnAQrJsoRqJAsE4wucr9zj1TmsfyDqYJ8yMykjzklICRbmFAB6WyY1/UqxWvih3bcWpuxc1Jpeade9g1So4yWqI5KL33hzFNIyaBCqJ1z3US8DOigFPBZsV+qllC6ISMWM9QSSKm/Wx+6gyfGmWIw1iZkoDn6veJjERaT6PAdEYExvq3l4t/eb0UwrqfcZmkwCRdLApTgSHG+d94yBWjIKaGEKq4uRXTMVGEgkmnaEL4+hT/T9oV23Vs98YrNy6XcRTQMTpBZ8hFNdRA16iJWoiiEXpAT+jZEtaj9WK9LlpXrOXMEfoB6+0TsW+OEA==</latexit>



  Maximal Eigenvalue    

hv| T (u) ⌦ T (�u) |vi
<latexit sha1_base64="YuXmK15AaciskLC7xlIXOj3EeEE="></latexit><latexit sha1_base64="YuXmK15AaciskLC7xlIXOj3EeEE="></latexit><latexit sha1_base64="YuXmK15AaciskLC7xlIXOj3EeEE="></latexit><latexit sha1_base64="YuXmK15AaciskLC7xlIXOj3EeEE="></latexit>

•  Need	the	maximal	eigenvalue	of	the	quantum	transfer	matrix		
evaluated	at			u = �⇥

<latexit sha1_base64="WIyPuFyKkrg/GxuPkkX0jB34O2s=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4ccjUoa0LoejGZYW+sB1KJs20oZnMkGSEMvQv3LhQxK1/486/MdNWUNEDFw7n3Mu99/gxZ0oj9GHlVlbX1jfym4Wt7Z3dveL+QVtFiSS0RSIeya6PFeVM0JZmmtNuLCkOfU47/uQ68zv3VCoWiaaextQL8UiwgBGsjXSXXJ71m2OqcWFQLCH7olYpuxWIbISqTtnJSLnqnrvQMUqGEliiMSi+94cRSUIqNOFYqZ6DYu2lWGpGOJ0V+omiMSYTPKI9QwUOqfLS+cUzeGKUIQwiaUpoOFe/T6Q4VGoa+qYzxHqsfnuZ+JfXS3RQ81Im4kRTQRaLgoRDHcHsfThkkhLNp4ZgIpm5FZIxlphoE1IWwten8H/SLtsOsp1bt1S/WsaRB0fgGJwCB1RBHdyABmgBAgR4AE/g2VLWo/VivS5ac9Zy5hD8gPX2CdGekFs=</latexit><latexit sha1_base64="WIyPuFyKkrg/GxuPkkX0jB34O2s=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4ccjUoa0LoejGZYW+sB1KJs20oZnMkGSEMvQv3LhQxK1/486/MdNWUNEDFw7n3Mu99/gxZ0oj9GHlVlbX1jfym4Wt7Z3dveL+QVtFiSS0RSIeya6PFeVM0JZmmtNuLCkOfU47/uQ68zv3VCoWiaaextQL8UiwgBGsjXSXXJ71m2OqcWFQLCH7olYpuxWIbISqTtnJSLnqnrvQMUqGEliiMSi+94cRSUIqNOFYqZ6DYu2lWGpGOJ0V+omiMSYTPKI9QwUOqfLS+cUzeGKUIQwiaUpoOFe/T6Q4VGoa+qYzxHqsfnuZ+JfXS3RQ81Im4kRTQRaLgoRDHcHsfThkkhLNp4ZgIpm5FZIxlphoE1IWwten8H/SLtsOsp1bt1S/WsaRB0fgGJwCB1RBHdyABmgBAgR4AE/g2VLWo/VivS5ac9Zy5hD8gPX2CdGekFs=</latexit><latexit sha1_base64="WIyPuFyKkrg/GxuPkkX0jB34O2s=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4ccjUoa0LoejGZYW+sB1KJs20oZnMkGSEMvQv3LhQxK1/486/MdNWUNEDFw7n3Mu99/gxZ0oj9GHlVlbX1jfym4Wt7Z3dveL+QVtFiSS0RSIeya6PFeVM0JZmmtNuLCkOfU47/uQ68zv3VCoWiaaextQL8UiwgBGsjXSXXJ71m2OqcWFQLCH7olYpuxWIbISqTtnJSLnqnrvQMUqGEliiMSi+94cRSUIqNOFYqZ6DYu2lWGpGOJ0V+omiMSYTPKI9QwUOqfLS+cUzeGKUIQwiaUpoOFe/T6Q4VGoa+qYzxHqsfnuZ+JfXS3RQ81Im4kRTQRaLgoRDHcHsfThkkhLNp4ZgIpm5FZIxlphoE1IWwten8H/SLtsOsp1bt1S/WsaRB0fgGJwCB1RBHdyABmgBAgR4AE/g2VLWo/VivS5ac9Zy5hD8gPX2CdGekFs=</latexit><latexit sha1_base64="WIyPuFyKkrg/GxuPkkX0jB34O2s=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4ccjUoa0LoejGZYW+sB1KJs20oZnMkGSEMvQv3LhQxK1/486/MdNWUNEDFw7n3Mu99/gxZ0oj9GHlVlbX1jfym4Wt7Z3dveL+QVtFiSS0RSIeya6PFeVM0JZmmtNuLCkOfU47/uQ68zv3VCoWiaaextQL8UiwgBGsjXSXXJ71m2OqcWFQLCH7olYpuxWIbISqTtnJSLnqnrvQMUqGEliiMSi+94cRSUIqNOFYqZ6DYu2lWGpGOJ0V+omiMSYTPKI9QwUOqfLS+cUzeGKUIQwiaUpoOFe/T6Q4VGoa+qYzxHqsfnuZ+JfXS3RQ81Im4kRTQRaLgoRDHcHsfThkkhLNp4ZgIpm5FZIxlphoE1IWwten8H/SLtsOsp1bt1S/WsaRB0fgGJwCB1RBHdyABmgBAgR4AE/g2VLWo/VivS5ac9Zy5hD8gPX2CdGekFs=</latexit>

	Equivalent	to	finding	the	ground	state	energy	of	the	XXZ	model	with	open	
boundary	conditions		(B.	Pozsgay	’13,	Piroli,	Pozsgay,	Vernier	‘17):	

MY

k

sinh (u � �k � ⌘)

sinh (u � �k)

sinh (u+ �k � ⌘)

sinh (u+ �k)
<latexit sha1_base64="1qdc+hr6jlIeDXSfBfimxvmgr7w="></latexit><latexit sha1_base64="1qdc+hr6jlIeDXSfBfimxvmgr7w="></latexit><latexit sha1_base64="1qdc+hr6jlIeDXSfBfimxvmgr7w="></latexit><latexit sha1_base64="1qdc+hr6jlIeDXSfBfimxvmgr7w="></latexit>

+
sinh (2u � ⌘)

sinh (2u)
sinh2 (u � (⇠ � ⌘/2)) [sinh (u � ⇥) sinh (u+⇥ � ⌘)]2M

MY

k

sinh (u � �k + ⌘)

sinh (u � �k)

sinh (u+ �k + ⌘)

sinh (u+ �k)
<latexit sha1_base64="VeFJywM7L54pU6+WoZfZsepo8Pg="></latexit><latexit sha1_base64="VeFJywM7L54pU6+WoZfZsepo8Pg="></latexit><latexit sha1_base64="VeFJywM7L54pU6+WoZfZsepo8Pg="></latexit><latexit sha1_base64="VeFJywM7L54pU6+WoZfZsepo8Pg="></latexit>

with	the	Bethe	parameters																																														satisfying		(for	initial	state													)							|v(⇠)i
<latexit sha1_base64="lW+B9O1YfSTCf0zes5g6ydZn7sw=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAh1E5Ia2rorunFZwT6gCWUynbRDJ5MwMymW2D9x40IRt/6JO//GSVtBRQ9cOJxzL/feEySMSmXbH8bK6tr6xmZhq7i9s7u3bx4ctmWcCkxaOGax6AZIEkY5aSmqGOkmgqAoYKQTjK9yvzMhQtKY36ppQvwIDTkNKUZKS33TvJ+UvTt6Bj2B+JCRYt8s2dZFvVpxq9C2bLvmVJycVGruuQsdreQogSWaffPdG8Q4jQhXmCEpe46dKD9DQlHMyKzopZIkCI/RkPQ05Sgi0s/ml8/gqVYGMIyFLq7gXP0+kaFIymkU6M4IqZH87eXiX14vVWHdzyhPUkU4XiwKUwZVDPMY4IAKghWbaoKwoPpWiEdIIKx0WHkIX5/C/0m7Yjm25dy4pcblMo4COAYnoAwcUAMNcA2aoAUwmIAH8ASejcx4NF6M10XrirGcOQI/YLx9ArKNkww=</latexit><latexit sha1_base64="lW+B9O1YfSTCf0zes5g6ydZn7sw=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAh1E5Ia2rorunFZwT6gCWUynbRDJ5MwMymW2D9x40IRt/6JO//GSVtBRQ9cOJxzL/feEySMSmXbH8bK6tr6xmZhq7i9s7u3bx4ctmWcCkxaOGax6AZIEkY5aSmqGOkmgqAoYKQTjK9yvzMhQtKY36ppQvwIDTkNKUZKS33TvJ+UvTt6Bj2B+JCRYt8s2dZFvVpxq9C2bLvmVJycVGruuQsdreQogSWaffPdG8Q4jQhXmCEpe46dKD9DQlHMyKzopZIkCI/RkPQ05Sgi0s/ml8/gqVYGMIyFLq7gXP0+kaFIymkU6M4IqZH87eXiX14vVWHdzyhPUkU4XiwKUwZVDPMY4IAKghWbaoKwoPpWiEdIIKx0WHkIX5/C/0m7Yjm25dy4pcblMo4COAYnoAwcUAMNcA2aoAUwmIAH8ASejcx4NF6M10XrirGcOQI/YLx9ArKNkww=</latexit><latexit sha1_base64="lW+B9O1YfSTCf0zes5g6ydZn7sw=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAh1E5Ia2rorunFZwT6gCWUynbRDJ5MwMymW2D9x40IRt/6JO//GSVtBRQ9cOJxzL/feEySMSmXbH8bK6tr6xmZhq7i9s7u3bx4ctmWcCkxaOGax6AZIEkY5aSmqGOkmgqAoYKQTjK9yvzMhQtKY36ppQvwIDTkNKUZKS33TvJ+UvTt6Bj2B+JCRYt8s2dZFvVpxq9C2bLvmVJycVGruuQsdreQogSWaffPdG8Q4jQhXmCEpe46dKD9DQlHMyKzopZIkCI/RkPQ05Sgi0s/ml8/gqVYGMIyFLq7gXP0+kaFIymkU6M4IqZH87eXiX14vVWHdzyhPUkU4XiwKUwZVDPMY4IAKghWbaoKwoPpWiEdIIKx0WHkIX5/C/0m7Yjm25dy4pcblMo4COAYnoAwcUAMNcA2aoAUwmIAH8ASejcx4NF6M10XrirGcOQI/YLx9ArKNkww=</latexit><latexit sha1_base64="lW+B9O1YfSTCf0zes5g6ydZn7sw=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAh1E5Ia2rorunFZwT6gCWUynbRDJ5MwMymW2D9x40IRt/6JO//GSVtBRQ9cOJxzL/feEySMSmXbH8bK6tr6xmZhq7i9s7u3bx4ctmWcCkxaOGax6AZIEkY5aSmqGOkmgqAoYKQTjK9yvzMhQtKY36ppQvwIDTkNKUZKS33TvJ+UvTt6Bj2B+JCRYt8s2dZFvVpxq9C2bLvmVJycVGruuQsdreQogSWaffPdG8Q4jQhXmCEpe46dKD9DQlHMyKzopZIkCI/RkPQ05Sgi0s/ml8/gqVYGMIyFLq7gXP0+kaFIymkU6M4IqZH87eXiX14vVWHdzyhPUkU4XiwKUwZVDPMY4IAKghWbaoKwoPpWiEdIIKx0WHkIX5/C/0m7Yjm25dy4pcblMo4COAYnoAwcUAMNcA2aoAUwmIAH8ASejcx4NF6M10XrirGcOQI/YLx9ArKNkww=</latexit>

{�j , j = 1 . . .M = t/�}
<latexit sha1_base64="SyG+mmQ0rnb/J0jh+X8bdEJSnhU="></latexit><latexit sha1_base64="SyG+mmQ0rnb/J0jh+X8bdEJSnhU="></latexit><latexit sha1_base64="SyG+mmQ0rnb/J0jh+X8bdEJSnhU="></latexit><latexit sha1_base64="SyG+mmQ0rnb/J0jh+X8bdEJSnhU="></latexit>

sinh (2�j � ⌘)

sinh (2�j + ⌘)

sinh2 (�j � (⇠ � ⌘/2))

sinh2 (�j + (⇠ � ⌘/2))


sinh (�j � ⇥) sinh (�j +⇥ � ⌘)

sinh (�j +⇥) sinh (�j � ⇥+ ⌘)

�2M

<latexit sha1_base64="+EqpW/Oa4/KHFQNVGvTcVDi4A54="></latexit><latexit sha1_base64="+EqpW/Oa4/KHFQNVGvTcVDi4A54="></latexit><latexit sha1_base64="+EqpW/Oa4/KHFQNVGvTcVDi4A54="></latexit><latexit sha1_base64="+EqpW/Oa4/KHFQNVGvTcVDi4A54="></latexit>

= �
MY

k

sinh (�j � �k � ⌘)

sinh (�j � �k + ⌘)

sinh (�j + �k � ⌘)

sinh (�j + �k + ⌘)
<latexit sha1_base64="p9n+mss/m9e09r0XicancjBVdRY="></latexit><latexit sha1_base64="p9n+mss/m9e09r0XicancjBVdRY="></latexit><latexit sha1_base64="p9n+mss/m9e09r0XicancjBVdRY="></latexit><latexit sha1_base64="p9n+mss/m9e09r0XicancjBVdRY="></latexit>

⇤⇠(u) =
sinh (2u+ ⌘)

sinh (2u)
sinh2 (u+ (⇠ � ⌘/2)) [sinh (u+⇥) sinh (u � ⇥+ ⌘)]2M

<latexit sha1_base64="//OtJ+vBmp1D6rwNTQxb3bEJQE4=">AAACcHicdZFdb9MwGIWd8DXKV2E3SIAwVEgp00oSqnVcIE1wwwVIQ1q3SXVWOa7TWHOcyH6DqKxc8/+440dwwy/AaTPxIXilSCfPe46TnKSVFAbC8JvnX7p85eq1reu9Gzdv3b7Tv3vv2JS1ZnzKSlnq05QaLoXiUxAg+WmlOS1SyU/S87ft/uQT10aU6ghWFU8KulQiE4yCQ/P+F/LemRd0bsln0QT18DXJNGWWGKFyG8T1DuFAh03zi7ibtT6LbVDvBC6323pexMNhQyTPYNZZXfYoX6cvwO4GdGcSLZY5JGc2/tDM+4Nw9Gp/Lx7v4XAUhpMojloRT8Yvxzhy pJ0B6uZw3v9KFiWrC66ASWrMLAorSCzVIJjkTY/UhleUndMlnzmpaMFNYteFNfiZIwucldpdCvCa/p6wtDBmVaTOWVDIzd+7Fv5rN6sh20+sUFUNXLHNg7JaYihx2z5eCM0ZyJUTlGnh3hWznLrCwf2jnivh4kvx/8VxPIrCUfRxPDh409WxhR6gpyhAEZqgA/QOHaIpYui7t+099B55P/z7/mP/ycbqe11mG/0x/vOfs+i8rw==</latexit><latexit sha1_base64="//OtJ+vBmp1D6rwNTQxb3bEJQE4=">AAACcHicdZFdb9MwGIWd8DXKV2E3SIAwVEgp00oSqnVcIE1wwwVIQ1q3SXVWOa7TWHOcyH6DqKxc8/+440dwwy/AaTPxIXilSCfPe46TnKSVFAbC8JvnX7p85eq1reu9Gzdv3b7Tv3vv2JS1ZnzKSlnq05QaLoXiUxAg+WmlOS1SyU/S87ft/uQT10aU6ghWFU8KulQiE4yCQ/P+F/LemRd0bsln0QT18DXJNGWWGKFyG8T1DuFAh03zi7ibtT6LbVDvBC6323pexMNhQyTPYNZZXfYoX6cvwO4GdGcSLZY5JGc2/tDM+4Nw9Gp/Lx7v4XAUhpMojloRT8Yvxzhy pJ0B6uZw3v9KFiWrC66ASWrMLAorSCzVIJjkTY/UhleUndMlnzmpaMFNYteFNfiZIwucldpdCvCa/p6wtDBmVaTOWVDIzd+7Fv5rN6sh20+sUFUNXLHNg7JaYihx2z5eCM0ZyJUTlGnh3hWznLrCwf2jnivh4kvx/8VxPIrCUfRxPDh409WxhR6gpyhAEZqgA/QOHaIpYui7t+099B55P/z7/mP/ycbqe11mG/0x/vOfs+i8rw==</latexit><latexit sha1_base64="//OtJ+vBmp1D6rwNTQxb3bEJQE4=">AAACcHicdZFdb9MwGIWd8DXKV2E3SIAwVEgp00oSqnVcIE1wwwVIQ1q3SXVWOa7TWHOcyH6DqKxc8/+440dwwy/AaTPxIXilSCfPe46TnKSVFAbC8JvnX7p85eq1reu9Gzdv3b7Tv3vv2JS1ZnzKSlnq05QaLoXiUxAg+WmlOS1SyU/S87ft/uQT10aU6ghWFU8KulQiE4yCQ/P+F/LemRd0bsln0QT18DXJNGWWGKFyG8T1DuFAh03zi7ibtT6LbVDvBC6323pexMNhQyTPYNZZXfYoX6cvwO4GdGcSLZY5JGc2/tDM+4Nw9Gp/Lx7v4XAUhpMojloRT8Yvxzhy pJ0B6uZw3v9KFiWrC66ASWrMLAorSCzVIJjkTY/UhleUndMlnzmpaMFNYteFNfiZIwucldpdCvCa/p6wtDBmVaTOWVDIzd+7Fv5rN6sh20+sUFUNXLHNg7JaYihx2z5eCM0ZyJUTlGnh3hWznLrCwf2jnivh4kvx/8VxPIrCUfRxPDh409WxhR6gpyhAEZqgA/QOHaIpYui7t+099B55P/z7/mP/ycbqe11mG/0x/vOfs+i8rw==</latexit><latexit sha1_base64="//OtJ+vBmp1D6rwNTQxb3bEJQE4=">AAACcHicdZFdb9MwGIWd8DXKV2E3SIAwVEgp00oSqnVcIE1wwwVIQ1q3SXVWOa7TWHOcyH6DqKxc8/+440dwwy/AaTPxIXilSCfPe46TnKSVFAbC8JvnX7p85eq1reu9Gzdv3b7Tv3vv2JS1ZnzKSlnq05QaLoXiUxAg+WmlOS1SyU/S87ft/uQT10aU6ghWFU8KulQiE4yCQ/P+F/LemRd0bsln0QT18DXJNGWWGKFyG8T1DuFAh03zi7ibtT6LbVDvBC6323pexMNhQyTPYNZZXfYoX6cvwO4GdGcSLZY5JGc2/tDM+4Nw9Gp/Lx7v4XAUhpMojloRT8Yvxzhy pJ0B6uZw3v9KFiWrC66ASWrMLAorSCzVIJjkTY/UhleUndMlnzmpaMFNYteFNfiZIwucldpdCvCa/p6wtDBmVaTOWVDIzd+7Fv5rN6sh20+sUFUNXLHNg7JaYihx2z5eCM0ZyJUTlGnh3hWznLrCwf2jnivh4kvx/8VxPIrCUfRxPDh409WxhR6gpyhAEZqgA/QOHaIpYui7t+099B55P/z7/mP/ycbqe11mG/0x/vOfs+i8rw==</latexit>

•  Claim:		For	an	initial	state														specified		in	the	continuum			limit	by																											
(i.e.																	is	ground	state,	and															highest	excited		state),		the	
unique		maximal		eigenvalue	is	given	by:																																				

|v(⇠)i
<latexit sha1_base64="lW+B9O1YfSTCf0zes5g6ydZn7sw=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAh1E5Ia2rorunFZwT6gCWUynbRDJ5MwMymW2D9x40IRt/6JO//GSVtBRQ9cOJxzL/feEySMSmXbH8bK6tr6xmZhq7i9s7u3bx4ctmWcCkxaOGax6AZIEkY5aSmqGOkmgqAoYKQTjK9yvzMhQtKY36ppQvwIDTkNKUZKS33TvJ+UvTt6Bj2B+JCRYt8s2dZFvVpxq9C2bLvmVJycVGruuQsdreQogSWaffPdG8Q4jQhXmCEpe46dKD9DQlHMyKzopZIkCI/RkPQ05Sgi0s/ml8/gqVYGMIyFLq7gXP0+kaFIymkU6M4IqZH87eXiX14vVWHdzyhPUkU4XiwKUwZVDPMY4IAKghWbaoKwoPpWiEdIIKx0WHkIX5/C/0m7Yjm25dy4pcblMo4COAYnoAwcUAMNcA2aoAUwmIAH8ASejcx4NF6M10XrirGcOQI/YLx9ArKNkww=</latexit><latexit sha1_base64="lW+B9O1YfSTCf0zes5g6ydZn7sw=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAh1E5Ia2rorunFZwT6gCWUynbRDJ5MwMymW2D9x40IRt/6JO//GSVtBRQ9cOJxzL/feEySMSmXbH8bK6tr6xmZhq7i9s7u3bx4ctmWcCkxaOGax6AZIEkY5aSmqGOkmgqAoYKQTjK9yvzMhQtKY36ppQvwIDTkNKUZKS33TvJ+UvTt6Bj2B+JCRYt8s2dZFvVpxq9C2bLvmVJycVGruuQsdreQogSWaffPdG8Q4jQhXmCEpe46dKD9DQlHMyKzopZIkCI/RkPQ05Sgi0s/ml8/gqVYGMIyFLq7gXP0+kaFIymkU6M4IqZH87eXiX14vVWHdzyhPUkU4XiwKUwZVDPMY4IAKghWbaoKwoPpWiEdIIKx0WHkIX5/C/0m7Yjm25dy4pcblMo4COAYnoAwcUAMNcA2aoAUwmIAH8ASejcx4NF6M10XrirGcOQI/YLx9ArKNkww=</latexit><latexit sha1_base64="lW+B9O1YfSTCf0zes5g6ydZn7sw=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAh1E5Ia2rorunFZwT6gCWUynbRDJ5MwMymW2D9x40IRt/6JO//GSVtBRQ9cOJxzL/feEySMSmXbH8bK6tr6xmZhq7i9s7u3bx4ctmWcCkxaOGax6AZIEkY5aSmqGOkmgqAoYKQTjK9yvzMhQtKY36ppQvwIDTkNKUZKS33TvJ+UvTt6Bj2B+JCRYt8s2dZFvVpxq9C2bLvmVJycVGruuQsdreQogSWaffPdG8Q4jQhXmCEpe46dKD9DQlHMyKzopZIkCI/RkPQ05Sgi0s/ml8/gqVYGMIyFLq7gXP0+kaFIymkU6M4IqZH87eXiX14vVWHdzyhPUkU4XiwKUwZVDPMY4IAKghWbaoKwoPpWiEdIIKx0WHkIX5/C/0m7Yjm25dy4pcblMo4COAYnoAwcUAMNcA2aoAUwmIAH8ASejcx4NF6M10XrirGcOQI/YLx9ArKNkww=</latexit><latexit sha1_base64="lW+B9O1YfSTCf0zes5g6ydZn7sw=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAh1E5Ia2rorunFZwT6gCWUynbRDJ5MwMymW2D9x40IRt/6JO//GSVtBRQ9cOJxzL/feEySMSmXbH8bK6tr6xmZhq7i9s7u3bx4ctmWcCkxaOGax6AZIEkY5aSmqGOkmgqAoYKQTjK9yvzMhQtKY36ppQvwIDTkNKUZKS33TvJ+UvTt6Bj2B+JCRYt8s2dZFvVpxq9C2bLvmVJycVGruuQsdreQogSWaffPdG8Q4jQhXmCEpe46dKD9DQlHMyKzopZIkCI/RkPQ05Sgi0s/ml8/gqVYGMIyFLq7gXP0+kaFIymkU6M4IqZH87eXiX14vVWHdzyhPUkU4XiwKUwZVDPMY4IAKghWbaoKwoPpWiEdIIKx0WHkIX5/C/0m7Yjm25dy4pcblMo4COAYnoAwcUAMNcA2aoAUwmIAH8ASejcx4NF6M10XrirGcOQI/YLx9ArKNkww=</latexit>

c1 = e2⇠c2
<latexit sha1_base64="iLL6qo96W+ubExow22mmRZsCkP4=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFSYxtHUhFN24rGAf0MYwmU7boZMHMxOxhn6JGxeKuPVT3Pk3TtoKKnrgwuGce7n3niDhTCqEPoyl5ZXVtfXCRnFza3unZO7utWScCkKbJOax6ARYUs4i2lRMcdpJBMVhwGk7GF/kfvuWCsni6FpNEuqFeBixASNYack3S8S3z+hN5vTu2JT4jm+WkXVaqzhuBSILoart2Dlxqu6JC22t5CiDBRq++d7rxyQNaaQIx1J2bZQoL8NCMcLptNhLJU0wGeMh7Woa4ZBKL5sdPoVHWunDQSx0RQrO1O8TGQ6lnISB7gyxGsnfXi7+5XVTNah5GYuSVNGIzBcNUg5VDPMUYJ8JShSfaIKJYPpWSEZYYKJ0VkUdwten8H/SciwbWfaVW66fL+IogANwCI6BDaqgDi5BAzQBASl4AE/g2bg3Ho0X43XeumQsZvbBDxhvnzyGktE=</latexit><latexit sha1_base64="iLL6qo96W+ubExow22mmRZsCkP4=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFSYxtHUhFN24rGAf0MYwmU7boZMHMxOxhn6JGxeKuPVT3Pk3TtoKKnrgwuGce7n3niDhTCqEPoyl5ZXVtfXCRnFza3unZO7utWScCkKbJOax6ARYUs4i2lRMcdpJBMVhwGk7GF/kfvuWCsni6FpNEuqFeBixASNYack3S8S3z+hN5vTu2JT4jm+WkXVaqzhuBSILoart2Dlxqu6JC22t5CiDBRq++d7rxyQNaaQIx1J2bZQoL8NCMcLptNhLJU0wGeMh7Woa4ZBKL5sdPoVHWunDQSx0RQrO1O8TGQ6lnISB7gyxGsnfXi7+5XVTNah5GYuSVNGIzBcNUg5VDPMUYJ8JShSfaIKJYPpWSEZYYKJ0VkUdwten8H/SciwbWfaVW66fL+IogANwCI6BDaqgDi5BAzQBASl4AE/g2bg3Ho0X43XeumQsZvbBDxhvnzyGktE=</latexit><latexit sha1_base64="iLL6qo96W+ubExow22mmRZsCkP4=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFSYxtHUhFN24rGAf0MYwmU7boZMHMxOxhn6JGxeKuPVT3Pk3TtoKKnrgwuGce7n3niDhTCqEPoyl5ZXVtfXCRnFza3unZO7utWScCkKbJOax6ARYUs4i2lRMcdpJBMVhwGk7GF/kfvuWCsni6FpNEuqFeBixASNYack3S8S3z+hN5vTu2JT4jm+WkXVaqzhuBSILoart2Dlxqu6JC22t5CiDBRq++d7rxyQNaaQIx1J2bZQoL8NCMcLptNhLJU0wGeMh7Woa4ZBKL5sdPoVHWunDQSx0RQrO1O8TGQ6lnISB7gyxGsnfXi7+5XVTNah5GYuSVNGIzBcNUg5VDPMUYJ8JShSfaIKJYPpWSEZYYKJ0VkUdwten8H/SciwbWfaVW66fL+IogANwCI6BDaqgDi5BAzQBASl4AE/g2bg3Ho0X43XeumQsZvbBDxhvnzyGktE=</latexit><latexit sha1_base64="iLL6qo96W+ubExow22mmRZsCkP4=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFSYxtHUhFN24rGAf0MYwmU7boZMHMxOxhn6JGxeKuPVT3Pk3TtoKKnrgwuGce7n3niDhTCqEPoyl5ZXVtfXCRnFza3unZO7utWScCkKbJOax6ARYUs4i2lRMcdpJBMVhwGk7GF/kfvuWCsni6FpNEuqFeBixASNYack3S8S3z+hN5vTu2JT4jm+WkXVaqzhuBSILoart2Dlxqu6JC22t5CiDBRq++d7rxyQNaaQIx1J2bZQoL8NCMcLptNhLJU0wGeMh7Woa4ZBKL5sdPoVHWunDQSx0RQrO1O8TGQ6lnISB7gyxGsnfXi7+5XVTNah5GYuSVNGIzBcNUg5VDPMUYJ8JShSfaIKJYPpWSEZYYKJ0VkUdwten8H/SciwbWfaVW66fL+IogANwCI6BDaqgDi5BAzQBASl4AE/g2bg3Ho0X43XeumQsZvbBDxhvnzyGktE=</latexit>

⇠ = i⇡/2
<latexit sha1_base64="u8xxNJ+o9nbgywKEjEuohu38oT4=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFZMY2roQim5cVrAPbEKZTCft0MkkzEzEEvoXblwo4ta/ceffOGkrqOiBC4dz7uXee4KEUaks68MoLC2vrK4V10sbm1vbO+XdvbaMU4FJC8csFt0AScIoJy1FFSPdRBAUBYx0gvFl7nfuiJA05jdqkhA/QkNOQ4qR0tKtd0/PqZfQE6dfrljmWb3quFVomZZVsx07J07NPXWhrZUcFbBAs19+9wYxTiPCFWZIyp5tJcrPkFAUMzIteakkCcJjNCQ9TTmKiPSz2cVTeKSVAQxjoYsrOFO/T2QoknISBbozQmokf3u5+JfXS1VY9zPKk1QRjueLwpRBFcP8fTiggmDFJpogLKi+FeIREggrHVJJh/D1KfyftB3Ttkz72q00LhZxFMEBOATHwAY10ABXoAlaAAMOHsATeDak8Wi8GK/z1oKxmNkHP2C8fQIxmJCZ</latexit><latexit sha1_base64="u8xxNJ+o9nbgywKEjEuohu38oT4=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFZMY2roQim5cVrAPbEKZTCft0MkkzEzEEvoXblwo4ta/ceffOGkrqOiBC4dz7uXee4KEUaks68MoLC2vrK4V10sbm1vbO+XdvbaMU4FJC8csFt0AScIoJy1FFSPdRBAUBYx0gvFl7nfuiJA05jdqkhA/QkNOQ4qR0tKtd0/PqZfQE6dfrljmWb3quFVomZZVsx07J07NPXWhrZUcFbBAs19+9wYxTiPCFWZIyp5tJcrPkFAUMzIteakkCcJjNCQ9TTmKiPSz2cVTeKSVAQxjoYsrOFO/T2QoknISBbozQmokf3u5+JfXS1VY9zPKk1QRjueLwpRBFcP8fTiggmDFJpogLKi+FeIREggrHVJJh/D1KfyftB3Ttkz72q00LhZxFMEBOATHwAY10ABXoAlaAAMOHsATeDak8Wi8GK/z1oKxmNkHP2C8fQIxmJCZ</latexit><latexit sha1_base64="u8xxNJ+o9nbgywKEjEuohu38oT4=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFZMY2roQim5cVrAPbEKZTCft0MkkzEzEEvoXblwo4ta/ceffOGkrqOiBC4dz7uXee4KEUaks68MoLC2vrK4V10sbm1vbO+XdvbaMU4FJC8csFt0AScIoJy1FFSPdRBAUBYx0gvFl7nfuiJA05jdqkhA/QkNOQ4qR0tKtd0/PqZfQE6dfrljmWb3quFVomZZVsx07J07NPXWhrZUcFbBAs19+9wYxTiPCFWZIyp5tJcrPkFAUMzIteakkCcJjNCQ9TTmKiPSz2cVTeKSVAQxjoYsrOFO/T2QoknISBbozQmokf3u5+JfXS1VY9zPKk1QRjueLwpRBFcP8fTiggmDFJpogLKi+FeIREggrHVJJh/D1KfyftB3Ttkz72q00LhZxFMEBOATHwAY10ABXoAlaAAMOHsATeDak8Wi8GK/z1oKxmNkHP2C8fQIxmJCZ</latexit><latexit sha1_base64="u8xxNJ+o9nbgywKEjEuohu38oT4=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFZMY2roQim5cVrAPbEKZTCft0MkkzEzEEvoXblwo4ta/ceffOGkrqOiBC4dz7uXee4KEUaks68MoLC2vrK4V10sbm1vbO+XdvbaMU4FJC8csFt0AScIoJy1FFSPdRBAUBYx0gvFl7nfuiJA05jdqkhA/QkNOQ4qR0tKtd0/PqZfQE6dfrljmWb3quFVomZZVsx07J07NPXWhrZUcFbBAs19+9wYxTiPCFWZIyp5tJcrPkFAUMzIteakkCcJjNCQ9TTmKiPSz2cVTeKSVAQxjoYsrOFO/T2QoknISBbozQmokf3u5+JfXS1VY9zPKk1QRjueLwpRBFcP8fTiggmDFJpogLKi+FeIREggrHVJJh/D1KfyftB3Ttkz72q00LhZxFMEBOATHwAY10ABXoAlaAAMOHsATeDak8Wi8GK/z1oKxmNkHP2C8fQIxmJCZ</latexit>

⇠ = 0
<latexit sha1_base64="ab4MCedvSBonAyT3/KIinfusZyY=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU9jU0NaDUPTisYJpC20om+2mXbrZhN2NWEJ/gxcPinj1B3nz37hpK6jog4HHezPMzAsSzpRG6MMqrKyurW8UN0tb2zu7e+X9g7aKU0moR2Iey26AFeVMUE8zzWk3kRRHAaedYHKV+507KhWLxa2eJtSP8EiwkBGsjeT179kFGpQryD5v1KpuDSIbobpTdXJSrbtnLnSMkqMClmgNyu/9YUzSiApNOFaq56BE+xmWmhFOZ6V+qmiCyQSPaM9QgSOq/Gx+7AyeGGUIw1iaEhrO1e8TGY6UmkaB6YywHqvfXi7+5fVSHTb8jIkk1VSQxaIw5VDHMP8cDpmkRPOpIZhIZm6FZIwlJtrkUzIhfH0K/yftqu0g27lxK83LZRxFcASOwSlwQB00wTVoAQ8QwMADeALPlrAerRfrddFasJYzh+AHrLdPrcCOmA==</latexit><latexit sha1_base64="ab4MCedvSBonAyT3/KIinfusZyY=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU9jU0NaDUPTisYJpC20om+2mXbrZhN2NWEJ/gxcPinj1B3nz37hpK6jog4HHezPMzAsSzpRG6MMqrKyurW8UN0tb2zu7e+X9g7aKU0moR2Iey26AFeVMUE8zzWk3kRRHAaedYHKV+507KhWLxa2eJtSP8EiwkBGsjeT179kFGpQryD5v1KpuDSIbobpTdXJSrbtnLnSMkqMClmgNyu/9YUzSiApNOFaq56BE+xmWmhFOZ6V+qmiCyQSPaM9QgSOq/Gx+7AyeGGUIw1iaEhrO1e8TGY6UmkaB6YywHqvfXi7+5fVSHTb8jIkk1VSQxaIw5VDHMP8cDpmkRPOpIZhIZm6FZIwlJtrkUzIhfH0K/yftqu0g27lxK83LZRxFcASOwSlwQB00wTVoAQ8QwMADeALPlrAerRfrddFasJYzh+AHrLdPrcCOmA==</latexit><latexit sha1_base64="ab4MCedvSBonAyT3/KIinfusZyY=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU9jU0NaDUPTisYJpC20om+2mXbrZhN2NWEJ/gxcPinj1B3nz37hpK6jog4HHezPMzAsSzpRG6MMqrKyurW8UN0tb2zu7e+X9g7aKU0moR2Iey26AFeVMUE8zzWk3kRRHAaedYHKV+507KhWLxa2eJtSP8EiwkBGsjeT179kFGpQryD5v1KpuDSIbobpTdXJSrbtnLnSMkqMClmgNyu/9YUzSiApNOFaq56BE+xmWmhFOZ6V+qmiCyQSPaM9QgSOq/Gx+7AyeGGUIw1iaEhrO1e8TGY6UmkaB6YywHqvfXi7+5fVSHTb8jIkk1VSQxaIw5VDHMP8cDpmkRPOpIZhIZm6FZIwlJtrkUzIhfH0K/yftqu0g27lxK83LZRxFcASOwSlwQB00wTVoAQ8QwMADeALPlrAerRfrddFasJYzh+AHrLdPrcCOmA==</latexit><latexit sha1_base64="ab4MCedvSBonAyT3/KIinfusZyY=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU9jU0NaDUPTisYJpC20om+2mXbrZhN2NWEJ/gxcPinj1B3nz37hpK6jog4HHezPMzAsSzpRG6MMqrKyurW8UN0tb2zu7e+X9g7aKU0moR2Iey26AFeVMUE8zzWk3kRRHAaedYHKV+507KhWLxa2eJtSP8EiwkBGsjeT179kFGpQryD5v1KpuDSIbobpTdXJSrbtnLnSMkqMClmgNyu/9YUzSiApNOFaq56BE+xmWmhFOZ6V+qmiCyQSPaM9QgSOq/Gx+7AyeGGUIw1iaEhrO1e8TGY6UmkaB6YywHqvfXi7+5fVSHTb8jIkk1VSQxaIw5VDHMP8cDpmkRPOpIZhIZm6FZIwlJtrkUzIhfH0K/yftqu0g27lxK83LZRxFcASOwSlwQB00wTVoAQ8QwMADeALPlrAerRfrddFasJYzh+AHrLdPrcCOmA==</latexit>

⇤max = ⇤⇠(�⇥)
<latexit sha1_base64="Kgj/txHM6/HecIpouxMw0hooXsg="></latexit><latexit sha1_base64="Kgj/txHM6/HecIpouxMw0hooXsg="></latexit><latexit sha1_base64="Kgj/txHM6/HecIpouxMw0hooXsg="></latexit><latexit sha1_base64="Kgj/txHM6/HecIpouxMw0hooXsg="></latexit>

Book:	Off	Diagonal		BA	
Wang,	Yang,	Cao,	Shi		‘17	



  Work distribution at threshold: quench from ground state  

p(w) = 4⇡P (W )/(mLF)
<latexit sha1_base64="a1nVB1OAwkKl0M2xmLa3AGzjzVk="></latexit><latexit sha1_base64="a1nVB1OAwkKl0M2xmLa3AGzjzVk="></latexit><latexit sha1_base64="a1nVB1OAwkKl0M2xmLa3AGzjzVk="></latexit><latexit sha1_base64="a1nVB1OAwkKl0M2xmLa3AGzjzVk="></latexit>

w = (W � �E)/m
<latexit sha1_base64="4eMl5HT1ExwXH7mVwg3R1Qj9eUE=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0WoC2MSQ1sXQlEElxXsA9pQJpNpO3TyYGZSKaF/4saFIm79E3f+jZO2gooeuHA4517uvceLGRXSND+03NLyyupafr2wsbm1vaPv7jVFlHBMGjhiEW97SBBGQ9KQVDLSjjlBgcdIyxtdZX5rTLigUXgnJzFxAzQIaZ9iJJXU0/X7i1LrpOsTJhG8Pj4NenrRNM6rZdspQ9MwzYplWxmxK86ZAy2lZCiCBeo9/b3rRzgJSCgxQ0J0LDOWboq4pJiRaaGbCBIjPEID0lE0RAERbjq7fAqPlOLDfsRVhRLO1O8TKQqEmASe6gyQHIrfXib+5XUS2a+6KQ3jRJIQzxf1EwZlBLMYoE85wZJNFEGYU3UrxEPEEZYqrIIK4etT+D9p2oZlGtatU6xdLuLIgwNwCErAAhVQAzegDhoAgzF4AE/gWUu1R+1Fe5235rTFzD74Ae3tE9S/kn0=</latexit><latexit sha1_base64="4eMl5HT1ExwXH7mVwg3R1Qj9eUE=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0WoC2MSQ1sXQlEElxXsA9pQJpNpO3TyYGZSKaF/4saFIm79E3f+jZO2gooeuHA4517uvceLGRXSND+03NLyyupafr2wsbm1vaPv7jVFlHBMGjhiEW97SBBGQ9KQVDLSjjlBgcdIyxtdZX5rTLigUXgnJzFxAzQIaZ9iJJXU0/X7i1LrpOsTJhG8Pj4NenrRNM6rZdspQ9MwzYplWxmxK86ZAy2lZCiCBeo9/b3rRzgJSCgxQ0J0LDOWboq4pJiRaaGbCBIjPEID0lE0RAERbjq7fAqPlOLDfsRVhRLO1O8TKQqEmASe6gyQHIrfXib+5XUS2a+6KQ3jRJIQzxf1EwZlBLMYoE85wZJNFEGYU3UrxEPEEZYqrIIK4etT+D9p2oZlGtatU6xdLuLIgwNwCErAAhVQAzegDhoAgzF4AE/gWUu1R+1Fe5235rTFzD74Ae3tE9S/kn0=</latexit><latexit sha1_base64="4eMl5HT1ExwXH7mVwg3R1Qj9eUE=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0WoC2MSQ1sXQlEElxXsA9pQJpNpO3TyYGZSKaF/4saFIm79E3f+jZO2gooeuHA4517uvceLGRXSND+03NLyyupafr2wsbm1vaPv7jVFlHBMGjhiEW97SBBGQ9KQVDLSjjlBgcdIyxtdZX5rTLigUXgnJzFxAzQIaZ9iJJXU0/X7i1LrpOsTJhG8Pj4NenrRNM6rZdspQ9MwzYplWxmxK86ZAy2lZCiCBeo9/b3rRzgJSCgxQ0J0LDOWboq4pJiRaaGbCBIjPEID0lE0RAERbjq7fAqPlOLDfsRVhRLO1O8TKQqEmASe6gyQHIrfXib+5XUS2a+6KQ3jRJIQzxf1EwZlBLMYoE85wZJNFEGYU3UrxEPEEZYqrIIK4etT+D9p2oZlGtatU6xdLuLIgwNwCErAAhVQAzegDhoAgzF4AE/gWUu1R+1Fe5235rTFzD74Ae3tE9S/kn0=</latexit><latexit sha1_base64="4eMl5HT1ExwXH7mVwg3R1Qj9eUE=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0WoC2MSQ1sXQlEElxXsA9pQJpNpO3TyYGZSKaF/4saFIm79E3f+jZO2gooeuHA4517uvceLGRXSND+03NLyyupafr2wsbm1vaPv7jVFlHBMGjhiEW97SBBGQ9KQVDLSjjlBgcdIyxtdZX5rTLigUXgnJzFxAzQIaZ9iJJXU0/X7i1LrpOsTJhG8Pj4NenrRNM6rZdspQ9MwzYplWxmxK86ZAy2lZCiCBeo9/b3rRzgJSCgxQ0J0LDOWboq4pJiRaaGbCBIjPEID0lE0RAERbjq7fAqPlOLDfsRVhRLO1O8TKQqEmASe6gyQHIrfXib+5XUS2a+6KQ3jRJIQzxf1EwZlBLMYoE85wZJNFEGYU3UrxEPEEZYqrIIK4etT+D9p2oZlGtatU6xdLuLIgwNwCErAAhVQAzegDhoAgzF4AE/gWUu1R+1Fe5235rTFzD74Ae3tE9S/kn0=</latexit>

Repulsive	regime																																			4⇡ < �2 < 8⇡
<latexit sha1_base64="ZBAVIgh/E725fPSwJlfLLqfaRn0=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEV0NmHNoKXRTduKxgW6EzlkyatqGZB0lGKEPBX3HjQhG3foc7/8ZMW0FFD1w4Oedecu8JEs6kQujDKCwtr6yuFddLG5tb2zvm7l5bxqkgtEViHoubAEvKWURbiilObxJBcRhw2gnGF7nfuaNCsji6VpOE+iEeRmzACFZa6pkH0PUSButeQBW+dWAd1vS7Z5aRdVarOG4FIguhqu3YOXGq7qkLba3kKIMFmj3z3evHJA1ppAjHUnZtlCg/w0Ixwum05KWSJpiM8ZB2NY1wSKWfzdafwmOt9OEgFroiBWfq94kMh1JOwkB3hliN5G8vF//yuqka1PyMRUmqaETmHw1SDlUM8yxgnwlKFJ9ogolgeldIRlhgonRiJR3C16Xwf9J2LBtZ9pVbbpwv4iiCQ3AEToANqqABLkETtAABGXgAT+DZuDcejRfjdd5aMBYz++AHjLdPxVCUFQ==</latexit><latexit sha1_base64="ZBAVIgh/E725fPSwJlfLLqfaRn0=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEV0NmHNoKXRTduKxgW6EzlkyatqGZB0lGKEPBX3HjQhG3foc7/8ZMW0FFD1w4Oedecu8JEs6kQujDKCwtr6yuFddLG5tb2zvm7l5bxqkgtEViHoubAEvKWURbiilObxJBcRhw2gnGF7nfuaNCsji6VpOE+iEeRmzACFZa6pkH0PUSButeQBW+dWAd1vS7Z5aRdVarOG4FIguhqu3YOXGq7qkLba3kKIMFmj3z3evHJA1ppAjHUnZtlCg/w0Ixwum05KWSJpiM8ZB2NY1wSKWfzdafwmOt9OEgFroiBWfq94kMh1JOwkB3hliN5G8vF//yuqka1PyMRUmqaETmHw1SDlUM8yxgnwlKFJ9ogolgeldIRlhgonRiJR3C16Xwf9J2LBtZ9pVbbpwv4iiCQ3AEToANqqABLkETtAABGXgAT+DZuDcejRfjdd5aMBYz++AHjLdPxVCUFQ==</latexit><latexit sha1_base64="ZBAVIgh/E725fPSwJlfLLqfaRn0=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEV0NmHNoKXRTduKxgW6EzlkyatqGZB0lGKEPBX3HjQhG3foc7/8ZMW0FFD1w4Oedecu8JEs6kQujDKCwtr6yuFddLG5tb2zvm7l5bxqkgtEViHoubAEvKWURbiilObxJBcRhw2gnGF7nfuaNCsji6VpOE+iEeRmzACFZa6pkH0PUSButeQBW+dWAd1vS7Z5aRdVarOG4FIguhqu3YOXGq7qkLba3kKIMFmj3z3evHJA1ppAjHUnZtlCg/w0Ixwum05KWSJpiM8ZB2NY1wSKWfzdafwmOt9OEgFroiBWfq94kMh1JOwkB3hliN5G8vF//yuqka1PyMRUmqaETmHw1SDlUM8yxgnwlKFJ9ogolgeldIRlhgonRiJR3C16Xwf9J2LBtZ9pVbbpwv4iiCQ3AEToANqqABLkETtAABGXgAT+DZuDcejRfjdd5aMBYz++AHjLdPxVCUFQ==</latexit><latexit sha1_base64="ZBAVIgh/E725fPSwJlfLLqfaRn0=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEV0NmHNoKXRTduKxgW6EzlkyatqGZB0lGKEPBX3HjQhG3foc7/8ZMW0FFD1w4Oedecu8JEs6kQujDKCwtr6yuFddLG5tb2zvm7l5bxqkgtEViHoubAEvKWURbiilObxJBcRhw2gnGF7nfuaNCsji6VpOE+iEeRmzACFZa6pkH0PUSButeQBW+dWAd1vS7Z5aRdVarOG4FIguhqu3YOXGq7qkLba3kKIMFmj3z3evHJA1ppAjHUnZtlCg/w0Ixwum05KWSJpiM8ZB2NY1wSKWfzdafwmOt9OEgFroiBWfq94kMh1JOwkB3hliN5G8vF//yuqka1PyMRUmqaETmHw1SDlUM8yxgnwlKFJ9ogolgeldIRlhgonRiJR3C16Xwf9J2LBtZ9pVbbpwv4iiCQ3AEToANqqABLkETtAABGXgAT+DZuDcejRfjdd5aMBYz++AHjLdPxVCUFQ==</latexit>

0
<latexit sha1_base64="Mwp7L/2iGayHLWgHDheCXnpxK4s=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC00LFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest0/ZKIz2</latexit><latexit sha1_base64="Mwp7L/2iGayHLWgHDheCXnpxK4s=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC00LFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest0/ZKIz2</latexit><latexit sha1_base64="Mwp7L/2iGayHLWgHDheCXnpxK4s=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC00LFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest0/ZKIz2</latexit><latexit sha1_base64="Mwp7L/2iGayHLWgHDheCXnpxK4s=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC00LFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest0/ZKIz2</latexit>

1/2
<latexit sha1_base64="+/H29Rm3xBm5fYJS80uFSLpfAes=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GpNxaOuu6MZlRfuAdiiZNNOGZh4kGaEM/QQ3LhRx6xe582/MtBVU9MCFwzn3cu89fiK40gh9WIWV1bX1jeJmaWt7Z3evvH/QVnEqKWvRWMSy6xPFBI9YS3MtWDeRjIS+YB1/cpX7nXsmFY+jOz1NmBeSUcQDTok20i0+cwblCrIv6lXHrUJkI1TDDs6JU3PPXYiNkqMClmgOyu/9YUzTkEWaCqJUD6NEexmRmlPBZqV+qlhC6ISMWM/QiIRMedn81Bk8McoQBrE0FWk4V79PZCRUahr6pjMkeqx+e7n4l9dLdVD3Mh4lqWYRXSwKUgF1DPO/4ZBLRrWYGkKo5OZWSMdEEqpNOiUTwten8H/SdmyMbHzjVhqXyziK4Agcg1OAQQ00wDVoghagYAQewBN4toT1aL1Yr4vWgrWcOQQ/YL19ArgajWw=</latexit><latexit sha1_base64="+/H29Rm3xBm5fYJS80uFSLpfAes=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GpNxaOuu6MZlRfuAdiiZNNOGZh4kGaEM/QQ3LhRx6xe582/MtBVU9MCFwzn3cu89fiK40gh9WIWV1bX1jeJmaWt7Z3evvH/QVnEqKWvRWMSy6xPFBI9YS3MtWDeRjIS+YB1/cpX7nXsmFY+jOz1NmBeSUcQDTok20i0+cwblCrIv6lXHrUJkI1TDDs6JU3PPXYiNkqMClmgOyu/9YUzTkEWaCqJUD6NEexmRmlPBZqV+qlhC6ISMWM/QiIRMedn81Bk8McoQBrE0FWk4V79PZCRUahr6pjMkeqx+e7n4l9dLdVD3Mh4lqWYRXSwKUgF1DPO/4ZBLRrWYGkKo5OZWSMdEEqpNOiUTwten8H/SdmyMbHzjVhqXyziK4Agcg1OAQQ00wDVoghagYAQewBN4toT1aL1Yr4vWgrWcOQQ/YL19ArgajWw=</latexit><latexit sha1_base64="+/H29Rm3xBm5fYJS80uFSLpfAes=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GpNxaOuu6MZlRfuAdiiZNNOGZh4kGaEM/QQ3LhRx6xe582/MtBVU9MCFwzn3cu89fiK40gh9WIWV1bX1jeJmaWt7Z3evvH/QVnEqKWvRWMSy6xPFBI9YS3MtWDeRjIS+YB1/cpX7nXsmFY+jOz1NmBeSUcQDTok20i0+cwblCrIv6lXHrUJkI1TDDs6JU3PPXYiNkqMClmgOyu/9YUzTkEWaCqJUD6NEexmRmlPBZqV+qlhC6ISMWM/QiIRMedn81Bk8McoQBrE0FWk4V79PZCRUahr6pjMkeqx+e7n4l9dLdVD3Mh4lqWYRXSwKUgF1DPO/4ZBLRrWYGkKo5OZWSMdEEqpNOiUTwten8H/SdmyMbHzjVhqXyziK4Agcg1OAQQ00wDVoghagYAQewBN4toT1aL1Yr4vWgrWcOQQ/YL19ArgajWw=</latexit><latexit sha1_base64="+/H29Rm3xBm5fYJS80uFSLpfAes=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GpNxaOuu6MZlRfuAdiiZNNOGZh4kGaEM/QQ3LhRx6xe582/MtBVU9MCFwzn3cu89fiK40gh9WIWV1bX1jeJmaWt7Z3evvH/QVnEqKWvRWMSy6xPFBI9YS3MtWDeRjIS+YB1/cpX7nXsmFY+jOz1NmBeSUcQDTok20i0+cwblCrIv6lXHrUJkI1TDDs6JU3PPXYiNkqMClmgOyu/9YUzTkEWaCqJUD6NEexmRmlPBZqV+qlhC6ISMWM/QiIRMedn81Bk8McoQBrE0FWk4V79PZCRUahr6pjMkeqx+e7n4l9dLdVD3Mh4lqWYRXSwKUgF1DPO/4ZBLRrWYGkKo5OZWSMdEEqpNOiUTwten8H/SdmyMbHzjVhqXyziK4Agcg1OAQQ00wDVoghagYAQewBN4toT1aL1Yr4vWgrWcOQQ/YL19ArgajWw=</latexit>

Rep						free							Att	

1
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p(w) = 4⇡P (W )/(mLF)
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-	The	edge	of	the	rescaled	work	distribution																																																	
for	quench	in	the	Sine-Gordon	model,	measured	in	units	of	mass	from		
the	ground	state	energy																																							.	The	dashed	line	shows	
same	quantity	for	non	interacting	bosons	while	solid	lines	are	for	
different	values	of	interaction	strength.	The	solid	black		line	is	for	a	
quench	of	free	fermions.																																																																																																		
-	The	interaction	modifies		the	exponent	from											to								.	�1/2
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  Interactions - the repulsive regime 

-			After	expanding							about	the	edge	singularity																																we	get	that	
the	edge	exponent	is	1/2	as	compared	to	-1/2	for	non	interacting	bosons.	
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-	Starting	from	fermions,	the		effect	of	interactions	on													near	the	threshold		
is	negligible,	since	in	this	region	the	quench	process	is	governed	by	transitions	to	
excited	states	containing	only	two	quasi-particles	moving	away	from	each	other.		
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•  For	the	quench	from	the	ground	state:		
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•  More	results	on	different	initial	state	and		attractive	interactions		(see	paper)	



Conclusions 

•  Calculated		work	statistics	for	some	quenches	of	the	SG	Hamiltonian	–	describes	a	
sudden	lowering	of	periodic	potential	

•  Calculated	for	attractive	and	repulsive	interactions,	determined	
critical	exponents	at	threshold	

•  Quenches	realizable	in	cold	atoms	experiments,	work	distribution	measurable	

•  Calculated	work	distribution	of	a	quench	in	a	strongly	interacting,	gapless	
system.		

•  Studied		bound	state	contributions	to	the	work	distribution.																		
Showed	they	dramatically	change	the	distribution	and	allow	for	negative	
values	of	work		

	
•  	Showed		that	interactions	strongly	affect	the	universal	edge	exponents	of	

the	work	distribution		and	also	the	long	time	decay	of	the	Loschmidt	echo	



 To do 

•  Connect	to	nonequilibrium	thermodynamics:		entropy	production,	fluctuation	
theorems	

•  Small	and	large	systems		-	increase	role	of	fluctuations		(fluctuation	theorems)	

•  	Quench	across	critical	points,	defect	production,	Kibble-Zurek	dynamics,	
scaling	and	universality		

•  Time	dependent	quenches:	slow	drives,	Floquet	



   



All	equilibrium	systems	resemble	each	
other,		each	out-of-equilibrium	system	
is	out-of-equilibrium	in	its	own	way.	

		L.	N.	Tolstoy,	
modernized	
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How	to	characterize	a	system	out	of	
equilibrium?	

No	general	framework	yet	


