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1st order phase transitions

'�
<latexit sha1_base64="qQD5mJ9QwLvXUfKs7r5jpxWkHMc=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBbBiyURQb0VvXisYGylDWWz3bRLdzdhd1Moob/CiwcVr/4db/4bt20O2vpg4PHeDDPzopQzbTzv2ymtrK6tb5Q3K1vbO7t77v7Bo04yRWhAEp6oVoQ15UzSwDDDaStVFIuI02Y0vJ36zRFVmiXywYxTGgrclyxmBBsrPXVGWKUD1j3rulWv5s2AlolfkCoUaHTdr04vIZmg0hCOtW77XmrCHCvDCKeTSifTNMVkiPu0banEguownx08QSdW6aE4UbakQTP190SOhdZjEdlOgc1AL3pT8T+vnZn4KsyZTDNDJZkvijOOTIKm36MeU5QYPrYEE8XsrYgMsMLE2IwqNgR/8eVlEpzXrmv+/UW1flOkUYYjOIZT8OES6nAHDQiAgIBneIU3RzkvzrvzMW8tOcXMIfyB8/kDCvqQGg==</latexit><latexit sha1_base64="qQD5mJ9QwLvXUfKs7r5jpxWkHMc=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBbBiyURQb0VvXisYGylDWWz3bRLdzdhd1Moob/CiwcVr/4db/4bt20O2vpg4PHeDDPzopQzbTzv2ymtrK6tb5Q3K1vbO7t77v7Bo04yRWhAEp6oVoQ15UzSwDDDaStVFIuI02Y0vJ36zRFVmiXywYxTGgrclyxmBBsrPXVGWKUD1j3rulWv5s2AlolfkCoUaHTdr04vIZmg0hCOtW77XmrCHCvDCKeTSifTNMVkiPu0banEguownx08QSdW6aE4UbakQTP190SOhdZjEdlOgc1AL3pT8T+vnZn4KsyZTDNDJZkvijOOTIKm36MeU5QYPrYEE8XsrYgMsMLE2IwqNgR/8eVlEpzXrmv+/UW1flOkUYYjOIZT8OES6nAHDQiAgIBneIU3RzkvzrvzMW8tOcXMIfyB8/kDCvqQGg==</latexit><latexit sha1_base64="qQD5mJ9QwLvXUfKs7r5jpxWkHMc=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBbBiyURQb0VvXisYGylDWWz3bRLdzdhd1Moob/CiwcVr/4db/4bt20O2vpg4PHeDDPzopQzbTzv2ymtrK6tb5Q3K1vbO7t77v7Bo04yRWhAEp6oVoQ15UzSwDDDaStVFIuI02Y0vJ36zRFVmiXywYxTGgrclyxmBBsrPXVGWKUD1j3rulWv5s2AlolfkCoUaHTdr04vIZmg0hCOtW77XmrCHCvDCKeTSifTNMVkiPu0banEguownx08QSdW6aE4UbakQTP190SOhdZjEdlOgc1AL3pT8T+vnZn4KsyZTDNDJZkvijOOTIKm36MeU5QYPrYEE8XsrYgMsMLE2IwqNgR/8eVlEpzXrmv+/UW1flOkUYYjOIZT8OES6nAHDQiAgIBneIU3RzkvzrvzMW8tOcXMIfyB8/kDCvqQGg==</latexit><latexit sha1_base64="qQD5mJ9QwLvXUfKs7r5jpxWkHMc=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBbBiyURQb0VvXisYGylDWWz3bRLdzdhd1Moob/CiwcVr/4db/4bt20O2vpg4PHeDDPzopQzbTzv2ymtrK6tb5Q3K1vbO7t77v7Bo04yRWhAEp6oVoQ15UzSwDDDaStVFIuI02Y0vJ36zRFVmiXywYxTGgrclyxmBBsrPXVGWKUD1j3rulWv5s2AlolfkCoUaHTdr04vIZmg0hCOtW77XmrCHCvDCKeTSifTNMVkiPu0banEguownx08QSdW6aE4UbakQTP190SOhdZjEdlOgc1AL3pT8T+vnZn4KsyZTDNDJZkvijOOTIKm36MeU5QYPrYEE8XsrYgMsMLE2IwqNgR/8eVlEpzXrmv+/UW1flOkUYYjOIZT8OES6nAHDQiAgIBneIU3RzkvzrvzMW8tOcXMIfyB8/kDCvqQGg==</latexit>

true
vacuum

false
vacuum

true
vacuum

'+
<latexit sha1_base64="GrsHwAhkCfz3EjE8jAU6qyUsjGg=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBZBEEoignorevFYwdhKG8pmu2mX7m7C7qZQQn+FFw8qXv073vw3btsctPXBwOO9GWbmRSln2njet1NaWV1b3yhvVra2d3b33P2DR51kitCAJDxRrQhrypmkgWGG01aqKBYRp81oeDv1myOqNEvkgxmnNBS4L1nMCDZWeuqMsEoHrHvWdatezZsBLRO/IFUo0Oi6X51eQjJBpSEca932vdSEOVaGEU4nlU6maYrJEPdp21KJBdVhPjt4gk6s0kNxomxJg2bq74kcC63HIrKdApuBXvSm4n9eOzPxVZgzmWaGSjJfFGccmQRNv0c9pigxfGwJJorZWxEZYIWJsRlVbAj+4svLJDivXdf8+4tq/aZIowxHcAyn4MMl1OEOGhAAAQHP8ApvjnJenHfnY95acoqZQ/gD5/MHB/SQGA==</latexit><latexit sha1_base64="GrsHwAhkCfz3EjE8jAU6qyUsjGg=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBZBEEoignorevFYwdhKG8pmu2mX7m7C7qZQQn+FFw8qXv073vw3btsctPXBwOO9GWbmRSln2njet1NaWV1b3yhvVra2d3b33P2DR51kitCAJDxRrQhrypmkgWGG01aqKBYRp81oeDv1myOqNEvkgxmnNBS4L1nMCDZWeuqMsEoHrHvWdatezZsBLRO/IFUo0Oi6X51eQjJBpSEca932vdSEOVaGEU4nlU6maYrJEPdp21KJBdVhPjt4gk6s0kNxomxJg2bq74kcC63HIrKdApuBXvSm4n9eOzPxVZgzmWaGSjJfFGccmQRNv0c9pigxfGwJJorZWxEZYIWJsRlVbAj+4svLJDivXdf8+4tq/aZIowxHcAyn4MMl1OEOGhAAAQHP8ApvjnJenHfnY95acoqZQ/gD5/MHB/SQGA==</latexit><latexit sha1_base64="GrsHwAhkCfz3EjE8jAU6qyUsjGg=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBZBEEoignorevFYwdhKG8pmu2mX7m7C7qZQQn+FFw8qXv073vw3btsctPXBwOO9GWbmRSln2njet1NaWV1b3yhvVra2d3b33P2DR51kitCAJDxRrQhrypmkgWGG01aqKBYRp81oeDv1myOqNEvkgxmnNBS4L1nMCDZWeuqMsEoHrHvWdatezZsBLRO/IFUo0Oi6X51eQjJBpSEca932vdSEOVaGEU4nlU6maYrJEPdp21KJBdVhPjt4gk6s0kNxomxJg2bq74kcC63HIrKdApuBXvSm4n9eOzPxVZgzmWaGSjJfFGccmQRNv0c9pigxfGwJJorZWxEZYIWJsRlVbAj+4svLJDivXdf8+4tq/aZIowxHcAyn4MMl1OEOGhAAAQHP8ApvjnJenHfnY95acoqZQ/gD5/MHB/SQGA==</latexit><latexit sha1_base64="GrsHwAhkCfz3EjE8jAU6qyUsjGg=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBZBEEoignorevFYwdhKG8pmu2mX7m7C7qZQQn+FFw8qXv073vw3btsctPXBwOO9GWbmRSln2njet1NaWV1b3yhvVra2d3b33P2DR51kitCAJDxRrQhrypmkgWGG01aqKBYRp81oeDv1myOqNEvkgxmnNBS4L1nMCDZWeuqMsEoHrHvWdatezZsBLRO/IFUo0Oi6X51eQjJBpSEca932vdSEOVaGEU4nlU6maYrJEPdp21KJBdVhPjt4gk6s0kNxomxJg2bq74kcC63HIrKdApuBXvSm4n9eOzPxVZgzmWaGSjJfFGccmQRNv0c9pigxfGwJJorZWxEZYIWJsRlVbAj+4svLJDivXdf8+4tq/aZIowxHcAyn4MMl1OEOGhAAAQHP8ApvjnJenHfnY95acoqZQ/gD5/MHB/SQGA==</latexit>

- cosmology, EWPhTr, GWs,

- baryogenesis, B-fields,

- model parameter space,

- solid state, chemistry, ...



Phase Transitions
Local minima may be meta-stable and long lived Kobzarev, Okun, Voloshin ’74
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Theory of false vacuum decay Coleman ’77

local ground states
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Callan, Coleman ’77

Theory of B

Theory of A

Quantum tunneling, semi-classical approximation

WKB ’26 

multi-D Banks, Bender, Wu ’73
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<latexit sha1_base64="61O2+9IAFobHci9nP7M+VM2+heE=">AAAB73icbVBNTwIxEJ31E/EL9eilkZjghewaE+VG4sUjJi5gYEO6pQsNbXdtuyRkw6/w4kGNV/+ON/+NBfag4EsmeXlvJjPzwoQzbVz321lb39jc2i7sFHf39g8OS0fHTR2nilCfxDxW7RBrypmkvmGG03aiKBYhp61wdDvzW2OqNIvlg5kkNBB4IFnECDZWemxWumNK0NNFr1R2q+4caJV4OSlDjkav9NXtxyQVVBrCsdYdz0 1MkGFlGOF0WuymmiaYjPCAdiyVWFAdZPODp+jcKn0UxcqWNGiu/p7IsNB6IkLbKbAZ6mVvJv7ndVIT3QQZk0lqqCSLRVHKkYnR7HvUZ4oSwyeWYKKYvRWRIVaYGJtR0YbgLb+8SvzLaq3q3V+V67U8jQKcwhlUwINrqMMdNMAHAgKe4RXeHOW8OO/Ox6J1zclnTuAPnM8fEz+PcQ==</latexit><latexit sha1_base64="61O2+9IAFobHci9nP7M+VM2+heE=">AAAB73icbVBNTwIxEJ31E/EL9eilkZjghewaE+VG4sUjJi5gYEO6pQsNbXdtuyRkw6/w4kGNV/+ON/+NBfag4EsmeXlvJjPzwoQzbVz321lb39jc2i7sFHf39g8OS0fHTR2nilCfxDxW7RBrypmkvmGG03aiKBYhp61wdDvzW2OqNIvlg5kkNBB4IFnECDZWemxWumNK0NNFr1R2q+4caJV4OSlDjkav9NXtxyQVVBrCsdYdz0 1MkGFlGOF0WuymmiaYjPCAdiyVWFAdZPODp+jcKn0UxcqWNGiu/p7IsNB6IkLbKbAZ6mVvJv7ndVIT3QQZk0lqqCSLRVHKkYnR7HvUZ4oSwyeWYKKYvRWRIVaYGJtR0YbgLb+8SvzLaq3q3V+V67U8jQKcwhlUwINrqMMdNMAHAgKe4RXeHOW8OO/Ox6J1zclnTuAPnM8fEz+PcQ==</latexit><latexit sha1_base64="61O2+9IAFobHci9nP7M+VM2+heE=">AAAB73icbVBNTwIxEJ31E/EL9eilkZjghewaE+VG4sUjJi5gYEO6pQsNbXdtuyRkw6/w4kGNV/+ON/+NBfag4EsmeXlvJjPzwoQzbVz321lb39jc2i7sFHf39g8OS0fHTR2nilCfxDxW7RBrypmkvmGG03aiKBYhp61wdDvzW2OqNIvlg5kkNBB4IFnECDZWemxWumNK0NNFr1R2q+4caJV4OSlDjkav9NXtxyQVVBrCsdYdz0 1MkGFlGOF0WuymmiaYjPCAdiyVWFAdZPODp+jcKn0UxcqWNGiu/p7IsNB6IkLbKbAZ6mVvJv7ndVIT3QQZk0lqqCSLRVHKkYnR7HvUZ4oSwyeWYKKYvRWRIVaYGJtR0YbgLb+8SvzLaq3q3V+V67U8jQKcwhlUwINrqMMdNMAHAgKe4RXeHOW8OO/Ox6J1zclnTuAPnM8fEz+PcQ==</latexit><latexit sha1_base64="61O2+9IAFobHci9nP7M+VM2+heE=">AAAB73icbVBNTwIxEJ31E/EL9eilkZjghewaE+VG4sUjJi5gYEO6pQsNbXdtuyRkw6/w4kGNV/+ON/+NBfag4EsmeXlvJjPzwoQzbVz321lb39jc2i7sFHf39g8OS0fHTR2nilCfxDxW7RBrypmkvmGG03aiKBYhp61wdDvzW2OqNIvlg5kkNBB4IFnECDZWemxWumNK0NNFr1R2q+4caJV4OSlDjkav9NXtxyQVVBrCsdYdz0 1MkGFlGOF0WuymmiaYjPCAdiyVWFAdZPODp+jcKn0UxcqWNGiu/p7IsNB6IkLbKbAZ6mVvJv7ndVIT3QQZk0lqqCSLRVHKkYnR7HvUZ4oSwyeWYKKYvRWRIVaYGJtR0YbgLb+8SvzLaq3q3V+V67U8jQKcwhlUwINrqMMdNMAHAgKe4RXeHOW8OO/Ox6J1zclnTuAPnM8fEz+PcQ==</latexit>

~q
<latexit sha1_base64="XVJNcxnBPE9S5Ou3+xmoDeNUIFw=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI2lvBi8cKpi20oWy2k3btJht3N4VS+h+8eFDx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nbX1jc2t7cJOcXdv/+CwdHTc0DJTDH0mhVStkGoUPEHfcCOwlSqkcSiwGQ5vZ35zhEpzmTyYcYpBTPsJjzijxkqNzggZeeqWym7FnYOsEi8nZchR75a+Oj3JshgTwwTVuu25qQkmVBnOBE6LnUxjStmQ9rFtaUJj1MFkfu2UnFulRyKpbCWGzNXfExMaaz2OQ9sZUzPQy95M/M9rZya6CSY8STODCVssijJBjCSz10mPK2RGjC2hTHF7K2EDqigzNqCiDcFbfnmV+JeVasW7vyrXqnkaBTiFM7gAD66hBndQBx8YPMIzvMKbI50X5935WLSuOfnMCfyB8/kDoeyOrA==</latexit><latexit sha1_base64="XVJNcxnBPE9S5Ou3+xmoDeNUIFw=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI2lvBi8cKpi20oWy2k3btJht3N4VS+h+8eFDx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nbX1jc2t7cJOcXdv/+CwdHTc0DJTDH0mhVStkGoUPEHfcCOwlSqkcSiwGQ5vZ35zhEpzmTyYcYpBTPsJjzijxkqNzggZeeqWym7FnYOsEi8nZchR75a+Oj3JshgTwwTVuu25qQkmVBnOBE6LnUxjStmQ9rFtaUJj1MFkfu2UnFulRyKpbCWGzNXfExMaaz2OQ9sZUzPQy95M/M9rZya6CSY8STODCVssijJBjCSz10mPK2RGjC2hTHF7K2EDqigzNqCiDcFbfnmV+JeVasW7vyrXqnkaBTiFM7gAD66hBndQBx8YPMIzvMKbI50X5935WLSuOfnMCfyB8/kDoeyOrA==</latexit><latexit sha1_base64="XVJNcxnBPE9S5Ou3+xmoDeNUIFw=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI2lvBi8cKpi20oWy2k3btJht3N4VS+h+8eFDx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nbX1jc2t7cJOcXdv/+CwdHTc0DJTDH0mhVStkGoUPEHfcCOwlSqkcSiwGQ5vZ35zhEpzmTyYcYpBTPsJjzijxkqNzggZeeqWym7FnYOsEi8nZchR75a+Oj3JshgTwwTVuu25qQkmVBnOBE6LnUxjStmQ9rFtaUJj1MFkfu2UnFulRyKpbCWGzNXfExMaaz2OQ9sZUzPQy95M/M9rZya6CSY8STODCVssijJBjCSz10mPK2RGjC2hTHF7K2EDqigzNqCiDcFbfnmV+JeVasW7vyrXqnkaBTiFM7gAD66hBndQBx8YPMIzvMKbI50X5935WLSuOfnMCfyB8/kDoeyOrA==</latexit><latexit sha1_base64="XVJNcxnBPE9S5Ou3+xmoDeNUIFw=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI2lvBi8cKpi20oWy2k3btJht3N4VS+h+8eFDx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nbX1jc2t7cJOcXdv/+CwdHTc0DJTDH0mhVStkGoUPEHfcCOwlSqkcSiwGQ5vZ35zhEpzmTyYcYpBTPsJjzijxkqNzggZeeqWym7FnYOsEi8nZchR75a+Oj3JshgTwwTVuu25qQkmVBnOBE6LnUxjStmQ9rFtaUJj1MFkfu2UnFulRyKpbCWGzNXfExMaaz2OQ9sZUzPQy95M/M9rZya6CSY8STODCVssijJBjCSz10mPK2RGjC2hTHF7K2EDqigzNqCiDcFbfnmV+JeVasW7vyrXqnkaBTiFM7gAD66hBndQBx8YPMIzvMKbI50X5935WLSuOfnMCfyB8/kDoeyOrA==</latexit>

~q0
<latexit sha1_base64="AceeWhegb3QmIwxkssaKA2GxXH8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0N4KXjxWMLbQhrLZTtulm026uymU0D/hxYOKV3+PN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vHJk45TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR3dxvTlBpHstHM00wiOhA8j5n1Fip1ZkgI+Ou2y1X3Kq7AFknXk4qkKPRLX91ejFLI5SGCap123MTE2RUGc4EzkqdVGNC2YgOsG2ppBHqIFvcOyMXVumRfqxsSUMW6u+JjEZaT6PQdkbUDPWqNxf/89qp6d8GGZdJalCy5aJ+KoiJyfx50uMKmRFTSyhT3N5K2JAqyoyNqGRD8FZfXif+VbVW9R6uK/VankYRzuAcLsGDG6jDPTTABwYCnuEV3pyx8+K8Ox/L1oKTz5zCHzifP8i5j08=</latexit><latexit sha1_base64="AceeWhegb3QmIwxkssaKA2GxXH8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0N4KXjxWMLbQhrLZTtulm026uymU0D/hxYOKV3+PN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vHJk45TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR3dxvTlBpHstHM00wiOhA8j5n1Fip1ZkgI+Ou2y1X3Kq7AFknXk4qkKPRLX91ejFLI5SGCap123MTE2RUGc4EzkqdVGNC2YgOsG2ppBHqIFvcOyMXVumRfqxsSUMW6u+JjEZaT6PQdkbUDPWqNxf/89qp6d8GGZdJalCy5aJ+KoiJyfx50uMKmRFTSyhT3N5K2JAqyoyNqGRD8FZfXif+VbVW9R6uK/VankYRzuAcLsGDG6jDPTTABwYCnuEV3pyx8+K8Ox/L1oKTz5zCHzifP8i5j08=</latexit><latexit sha1_base64="AceeWhegb3QmIwxkssaKA2GxXH8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0N4KXjxWMLbQhrLZTtulm026uymU0D/hxYOKV3+PN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vHJk45TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR3dxvTlBpHstHM00wiOhA8j5n1Fip1ZkgI+Ou2y1X3Kq7AFknXk4qkKPRLX91ejFLI5SGCap123MTE2RUGc4EzkqdVGNC2YgOsG2ppBHqIFvcOyMXVumRfqxsSUMW6u+JjEZaT6PQdkbUDPWqNxf/89qp6d8GGZdJalCy5aJ+KoiJyfx50uMKmRFTSyhT3N5K2JAqyoyNqGRD8FZfXif+VbVW9R6uK/VankYRzuAcLsGDG6jDPTTABwYCnuEV3pyx8+K8Ox/L1oKTz5zCHzifP8i5j08=</latexit><latexit sha1_base64="AceeWhegb3QmIwxkssaKA2GxXH8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0N4KXjxWMLbQhrLZTtulm026uymU0D/hxYOKV3+PN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vHJk45TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR3dxvTlBpHstHM00wiOhA8j5n1Fip1ZkgI+Ou2y1X3Kq7AFknXk4qkKPRLX91ejFLI5SGCap123MTE2RUGc4EzkqdVGNC2YgOsG2ppBHqIFvcOyMXVumRfqxsSUMW6u+JjEZaT6PQdkbUDPWqNxf/89qp6d8GGZdJalCy5aJ+KoiJyfx50uMKmRFTSyhT3N5K2JAqyoyNqGRD8FZfXif+VbVW9R6uK/VankYRzuAcLsGDG6jDPTTABwYCnuEV3pyx8+K8Ox/L1oKTz5zCHzifP8i5j08=</latexit>

~�
<latexit sha1_base64="jFbbc6KxqvccXB5OtYrbuFenohI=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0N4KXjxWMLaQhLLZbtqlu5uwOymU0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5cSa4Adf9diobm1vbO9Xd2t7+weFR/fjkyaS5psynqUh1LyaGCa6YDxwE62WaERkL1o3Hd3O/O2Ha8FQ9wjRjkSRDxRNOCVgpCCeM4tDwoST9esNtugvgdeKVpIFKdPr1r3CQ0lwyBVQQYwLPzSAqiAZOBZvVwtywjNAxGbLAUkUkM1GxOHmGL6wywEmqbSnAC/X3REGkMVMZ205JYGRWvbn4nxfkkNxGBVdZDkzR5aIkFxhSPP8fD7hmFMTUEkI1t7diOiKaULAp1WwI3urL68S/araa3sN1o90q06iiM3SOLpGHblAb3aMO8hFFKXpGr+jNAefFeXc+lq0Vp5w5RX/gfP4AaYGQ2g==</latexit><latexit sha1_base64="jFbbc6KxqvccXB5OtYrbuFenohI=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0N4KXjxWMLaQhLLZbtqlu5uwOymU0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5cSa4Adf9diobm1vbO9Xd2t7+weFR/fjkyaS5psynqUh1LyaGCa6YDxwE62WaERkL1o3Hd3O/O2Ha8FQ9wjRjkSRDxRNOCVgpCCeM4tDwoST9esNtugvgdeKVpIFKdPr1r3CQ0lwyBVQQYwLPzSAqiAZOBZvVwtywjNAxGbLAUkUkM1GxOHmGL6wywEmqbSnAC/X3REGkMVMZ205JYGRWvbn4nxfkkNxGBVdZDkzR5aIkFxhSPP8fD7hmFMTUEkI1t7diOiKaULAp1WwI3urL68S/araa3sN1o90q06iiM3SOLpGHblAb3aMO8hFFKXpGr+jNAefFeXc+lq0Vp5w5RX/gfP4AaYGQ2g==</latexit><latexit sha1_base64="jFbbc6KxqvccXB5OtYrbuFenohI=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0N4KXjxWMLaQhLLZbtqlu5uwOymU0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5cSa4Adf9diobm1vbO9Xd2t7+weFR/fjkyaS5psynqUh1LyaGCa6YDxwE62WaERkL1o3Hd3O/O2Ha8FQ9wjRjkSRDxRNOCVgpCCeM4tDwoST9esNtugvgdeKVpIFKdPr1r3CQ0lwyBVQQYwLPzSAqiAZOBZvVwtywjNAxGbLAUkUkM1GxOHmGL6wywEmqbSnAC/X3REGkMVMZ205JYGRWvbn4nxfkkNxGBVdZDkzR5aIkFxhSPP8fD7hmFMTUEkI1t7diOiKaULAp1WwI3urL68S/araa3sN1o90q06iiM3SOLpGHblAb3aMO8hFFKXpGr+jNAefFeXc+lq0Vp5w5RX/gfP4AaYGQ2g==</latexit><latexit sha1_base64="jFbbc6KxqvccXB5OtYrbuFenohI=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0N4KXjxWMLaQhLLZbtqlu5uwOymU0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5cSa4Adf9diobm1vbO9Xd2t7+weFR/fjkyaS5psynqUh1LyaGCa6YDxwE62WaERkL1o3Hd3O/O2Ha8FQ9wjRjkSRDxRNOCVgpCCeM4tDwoST9esNtugvgdeKVpIFKdPr1r3CQ0lwyBVQQYwLPzSAqiAZOBZvVwtywjNAxGbLAUkUkM1GxOHmGL6wywEmqbSnAC/X3REGkMVMZ205JYGRWvbn4nxfkkNxGBVdZDkzR5aIkFxhSPP8fD7hmFMTUEkI1t7diOiKaULAp1WwI3urL68S/araa3sN1o90q06iiM3SOLpGHblAb3aMO8hFFKXpGr+jNAefFeXc+lq0Vp5w5RX/gfP4AaYGQ2g==</latexit>

barrier 
penetration

Recast to variational principle

�

Z ~�

~q0

ds
p

2(E � V ) = 0
<latexit sha1_base64="iKmCXL1H+hUUvWcyME+7lmnxZ+Y="></latexit><latexit sha1_base64="iKmCXL1H+hUUvWcyME+7lmnxZ+Y="></latexit><latexit sha1_base64="iKmCXL1H+hUUvWcyME+7lmnxZ+Y="></latexit><latexit sha1_base64="iKmCXL1H+hUUvWcyME+7lmnxZ+Y="></latexit>

�

Z ~�

~q0

ds
p
2V = 0

<latexit sha1_base64="j5o3hDYSOwKHVBWdOwXfam+xCHo=">AAACJXicbZBNSwMxEIazflu/qh69BIvgqeyKoB6EghePFawK3bpks9M2mGTXZFYoy/4aL/4VLx5UBE/+FdOPg1pfCDy8M8Nk3jiTwqLvf3ozs3PzC4tLy5WV1bX1jerm1pVNc8OhxVOZmpuYWZBCQwsFSrjJDDAVS7iO786G9esHMFak+hIHGXQU62nRFZyhs6LqaZiAREZDoTEqwgfg9D7yy9sxhlb0FCtpERpFk5Ja59wbLA7oVUlPqR9Va37dH4lOQzCBGpmoGVVfwyTluQKNXDJr24GfYadgBgWXUFbC3ELG+B3rQduhZgpspxidWdI95yS0mxr3NNKR+3OiYMragYpdp2LYt39rQ/O/WjvH7nGnEDrLETQfL+rmkmJKh5nRRBjgKAcOGDfC/ZXyPjOMo0u24kII/p48Da2D+kk9uDisNU4maSyRHbJL9klAjkiDnJMmaRFOHskzeSVv3pP34r17H+PWGW8ys01+yfv6BlACpJA=</latexit><latexit sha1_base64="j5o3hDYSOwKHVBWdOwXfam+xCHo=">AAACJXicbZBNSwMxEIazflu/qh69BIvgqeyKoB6EghePFawK3bpks9M2mGTXZFYoy/4aL/4VLx5UBE/+FdOPg1pfCDy8M8Nk3jiTwqLvf3ozs3PzC4tLy5WV1bX1jerm1pVNc8OhxVOZmpuYWZBCQwsFSrjJDDAVS7iO786G9esHMFak+hIHGXQU62nRFZyhs6LqaZiAREZDoTEqwgfg9D7yy9sxhlb0FCtpERpFk5Ja59wbLA7oVUlPqR9Va37dH4lOQzCBGpmoGVVfwyTluQKNXDJr24GfYadgBgWXUFbC3ELG+B3rQduhZgpspxidWdI95yS0mxr3NNKR+3OiYMragYpdp2LYt39rQ/O/WjvH7nGnEDrLETQfL+rmkmJKh5nRRBjgKAcOGDfC/ZXyPjOMo0u24kII/p48Da2D+kk9uDisNU4maSyRHbJL9klAjkiDnJMmaRFOHskzeSVv3pP34r17H+PWGW8ys01+yfv6BlACpJA=</latexit><latexit sha1_base64="j5o3hDYSOwKHVBWdOwXfam+xCHo=">AAACJXicbZBNSwMxEIazflu/qh69BIvgqeyKoB6EghePFawK3bpks9M2mGTXZFYoy/4aL/4VLx5UBE/+FdOPg1pfCDy8M8Nk3jiTwqLvf3ozs3PzC4tLy5WV1bX1jerm1pVNc8OhxVOZmpuYWZBCQwsFSrjJDDAVS7iO786G9esHMFak+hIHGXQU62nRFZyhs6LqaZiAREZDoTEqwgfg9D7yy9sxhlb0FCtpERpFk5Ja59wbLA7oVUlPqR9Va37dH4lOQzCBGpmoGVVfwyTluQKNXDJr24GfYadgBgWXUFbC3ELG+B3rQduhZgpspxidWdI95yS0mxr3NNKR+3OiYMragYpdp2LYt39rQ/O/WjvH7nGnEDrLETQfL+rmkmJKh5nRRBjgKAcOGDfC/ZXyPjOMo0u24kII/p48Da2D+kk9uDisNU4maSyRHbJL9klAjkiDnJMmaRFOHskzeSVv3pP34r17H+PWGW8ys01+yfv6BlACpJA=</latexit><latexit sha1_base64="j5o3hDYSOwKHVBWdOwXfam+xCHo=">AAACJXicbZBNSwMxEIazflu/qh69BIvgqeyKoB6EghePFawK3bpks9M2mGTXZFYoy/4aL/4VLx5UBE/+FdOPg1pfCDy8M8Nk3jiTwqLvf3ozs3PzC4tLy5WV1bX1jerm1pVNc8OhxVOZmpuYWZBCQwsFSrjJDDAVS7iO786G9esHMFak+hIHGXQU62nRFZyhs6LqaZiAREZDoTEqwgfg9D7yy9sxhlb0FCtpERpFk5Ja59wbLA7oVUlPqR9Va37dH4lOQzCBGpmoGVVfwyTluQKNXDJr24GfYadgBgWXUFbC3ELG+B3rQduhZgpspxidWdI95yS0mxr3NNKR+3OiYMragYpdp2LYt39rQ/O/WjvH7nGnEDrLETQfL+rmkmJKh5nRRBjgKAcOGDfC/ZXyPjOMo0u24kII/p48Da2D+kk9uDisNU4maSyRHbJL9klAjkiDnJMmaRFOHskzeSVv3pP34r17H+PWGW8ys01+yfv6BlACpJA=</latexit>

equivalent when

E = 0

V ! �V
<latexit sha1_base64="e7A4NpPRv7r9GrebEUOw/+PFxsA=">AAAB+3icbVBNS8NAEJ34WetXtEcvi8XixZKIoD0IBRE8VjBtoQlls920Szcf7G6EEOpf8eJBxat/xJv/xm2bg7Y+GHi8N8PMPD/hTCrL+jZWVtfWNzZLW+Xtnd29ffPgsC3jVBDqkJjHoutjSTmLqKOY4rSbCIpDn9OOP76Z+p1HKiSLoweVJdQL8TBiASNYaalvVm5R7RpZyHVRG9VcFaOzdt+sWnVrBrRM7IJUoUCrb365g5ikIY0U4VjKnm0lysuxUIxwOim7qaQJJmM8pD1NIxxS6eWz4yfoRCsDFMRCV6TQTP09keNQyiz0dWeI1UguelPxP6+XquDKy1mUpIpGZL4oSDnSP06TQAMmKFE80wQTwfStiIywwETpvMo6BHvx5WXinNcbdfv+otpsFGmU4AiO4RRsuIQm3EELHCCQwTO8wpvxZLwY78bHvHXFKGYq8AfG5w+2AJHC</latexit><latexit sha1_base64="e7A4NpPRv7r9GrebEUOw/+PFxsA=">AAAB+3icbVBNS8NAEJ34WetXtEcvi8XixZKIoD0IBRE8VjBtoQlls920Szcf7G6EEOpf8eJBxat/xJv/xm2bg7Y+GHi8N8PMPD/hTCrL+jZWVtfWNzZLW+Xtnd29ffPgsC3jVBDqkJjHoutjSTmLqKOY4rSbCIpDn9OOP76Z+p1HKiSLoweVJdQL8TBiASNYaalvVm5R7RpZyHVRG9VcFaOzdt+sWnVrBrRM7IJUoUCrb365g5ikIY0U4VjKnm0lysuxUIxwOim7qaQJJmM8pD1NIxxS6eWz4yfoRCsDFMRCV6TQTP09keNQyiz0dWeI1UguelPxP6+XquDKy1mUpIpGZL4oSDnSP06TQAMmKFE80wQTwfStiIywwETpvMo6BHvx5WXinNcbdfv+otpsFGmU4AiO4RRsuIQm3EELHCCQwTO8wpvxZLwY78bHvHXFKGYq8AfG5w+2AJHC</latexit><latexit sha1_base64="e7A4NpPRv7r9GrebEUOw/+PFxsA=">AAAB+3icbVBNS8NAEJ34WetXtEcvi8XixZKIoD0IBRE8VjBtoQlls920Szcf7G6EEOpf8eJBxat/xJv/xm2bg7Y+GHi8N8PMPD/hTCrL+jZWVtfWNzZLW+Xtnd29ffPgsC3jVBDqkJjHoutjSTmLqKOY4rSbCIpDn9OOP76Z+p1HKiSLoweVJdQL8TBiASNYaalvVm5R7RpZyHVRG9VcFaOzdt+sWnVrBrRM7IJUoUCrb365g5ikIY0U4VjKnm0lysuxUIxwOim7qaQJJmM8pD1NIxxS6eWz4yfoRCsDFMRCV6TQTP09keNQyiz0dWeI1UguelPxP6+XquDKy1mUpIpGZL4oSDnSP06TQAMmKFE80wQTwfStiIywwETpvMo6BHvx5WXinNcbdfv+otpsFGmU4AiO4RRsuIQm3EELHCCQwTO8wpvxZLwY78bHvHXFKGYq8AfG5w+2AJHC</latexit><latexit sha1_base64="e7A4NpPRv7r9GrebEUOw/+PFxsA=">AAAB+3icbVBNS8NAEJ34WetXtEcvi8XixZKIoD0IBRE8VjBtoQlls920Szcf7G6EEOpf8eJBxat/xJv/xm2bg7Y+GHi8N8PMPD/hTCrL+jZWVtfWNzZLW+Xtnd29ffPgsC3jVBDqkJjHoutjSTmLqKOY4rSbCIpDn9OOP76Z+p1HKiSLoweVJdQL8TBiASNYaalvVm5R7RpZyHVRG9VcFaOzdt+sWnVrBrRM7IJUoUCrb365g5ikIY0U4VjKnm0lysuxUIxwOim7qaQJJmM8pD1NIxxS6eWz4yfoRCsDFMRCV6TQTP09keNQyiz0dWeI1UguelPxP6+XquDKy1mUpIpGZL4oSDnSP06TQAMmKFE80wQTwfStiIywwETpvMo6BHvx5WXinNcbdfv+otpsFGmU4AiO4RRsuIQm3EELHCCQwTO8wpvxZLwY78bHvHXFKGYq8AfG5w+2AJHC</latexit>

The bounce

L =
1

2
q̇2 � V (q)

<latexit sha1_base64="2CrunhLgwIc3kN1XdE8gIenikqI=">AAACB3icbVC7TsMwFHXKq5RXgJEBiwqpDFRJhQQdkCqxMDAUibSV2lA5rtNadZzUdpCqKCMLv8LCAIiVX2Djb3DbDNBypCsdnXOvfe/xIkalsqxvI7e0vLK6ll8vbGxube+Yu3sNGcYCEweHLBQtD0nCKCeOooqRViQICjxGmt7wauI3H4iQNOR3ahwRN0B9Tn2KkdJS1zy8gZew4wuEEztNKins9EIFR/cVeAobpdFJ1yxaZWsKuEjsjBRBhnrX/NIv4DggXGGGpGzbVqTcBAlFMSNpoRNLEiE8RH3S1pSjgEg3mR6SwmOt9KAfCl1cwan6eyJBgZTjwNOdAVIDOe9NxP+8dqz8CzehPIoV4Xj2kR8zqEI4SQX2qCBYsbEmCAuqd4V4gHQqSmdX0CHY8ycvEqdSrpbt27NirZqlkQcH4AiUgA3OQQ1cgzpwAAaP4Bm8gjfjyXgx3o2PWWvOyGb2wR8Ynz9ZeJcp</latexit><latexit sha1_base64="2CrunhLgwIc3kN1XdE8gIenikqI=">AAACB3icbVC7TsMwFHXKq5RXgJEBiwqpDFRJhQQdkCqxMDAUibSV2lA5rtNadZzUdpCqKCMLv8LCAIiVX2Djb3DbDNBypCsdnXOvfe/xIkalsqxvI7e0vLK6ll8vbGxube+Yu3sNGcYCEweHLBQtD0nCKCeOooqRViQICjxGmt7wauI3H4iQNOR3ahwRN0B9Tn2KkdJS1zy8gZew4wuEEztNKins9EIFR/cVeAobpdFJ1yxaZWsKuEjsjBRBhnrX/NIv4DggXGGGpGzbVqTcBAlFMSNpoRNLEiE8RH3S1pSjgEg3mR6SwmOt9KAfCl1cwan6eyJBgZTjwNOdAVIDOe9NxP+8dqz8CzehPIoV4Xj2kR8zqEI4SQX2qCBYsbEmCAuqd4V4gHQqSmdX0CHY8ycvEqdSrpbt27NirZqlkQcH4AiUgA3OQQ1cgzpwAAaP4Bm8gjfjyXgx3o2PWWvOyGb2wR8Ynz9ZeJcp</latexit><latexit sha1_base64="2CrunhLgwIc3kN1XdE8gIenikqI=">AAACB3icbVC7TsMwFHXKq5RXgJEBiwqpDFRJhQQdkCqxMDAUibSV2lA5rtNadZzUdpCqKCMLv8LCAIiVX2Djb3DbDNBypCsdnXOvfe/xIkalsqxvI7e0vLK6ll8vbGxube+Yu3sNGcYCEweHLBQtD0nCKCeOooqRViQICjxGmt7wauI3H4iQNOR3ahwRN0B9Tn2KkdJS1zy8gZew4wuEEztNKins9EIFR/cVeAobpdFJ1yxaZWsKuEjsjBRBhnrX/NIv4DggXGGGpGzbVqTcBAlFMSNpoRNLEiE8RH3S1pSjgEg3mR6SwmOt9KAfCl1cwan6eyJBgZTjwNOdAVIDOe9NxP+8dqz8CzehPIoV4Xj2kR8zqEI4SQX2qCBYsbEmCAuqd4V4gHQqSmdX0CHY8ycvEqdSrpbt27NirZqlkQcH4AiUgA3OQQ1cgzpwAAaP4Bm8gjfjyXgx3o2PWWvOyGb2wR8Ynz9ZeJcp</latexit><latexit sha1_base64="2CrunhLgwIc3kN1XdE8gIenikqI=">AAACB3icbVC7TsMwFHXKq5RXgJEBiwqpDFRJhQQdkCqxMDAUibSV2lA5rtNadZzUdpCqKCMLv8LCAIiVX2Djb3DbDNBypCsdnXOvfe/xIkalsqxvI7e0vLK6ll8vbGxube+Yu3sNGcYCEweHLBQtD0nCKCeOooqRViQICjxGmt7wauI3H4iQNOR3ahwRN0B9Tn2KkdJS1zy8gZew4wuEEztNKins9EIFR/cVeAobpdFJ1yxaZWsKuEjsjBRBhnrX/NIv4DggXGGGpGzbVqTcBAlFMSNpoRNLEiE8RH3S1pSjgEg3mR6SwmOt9KAfCl1cwan6eyJBgZTjwNOdAVIDOe9NxP+8dqz8CzehPIoV4Xj2kR8zqEI4SQX2qCBYsbEmCAuqd4V4gHQqSmdX0CHY8ycvEqdSrpbt27NirZqlkQcH4AiUgA3OQQ1cgzpwAAaP4Bm8gjfjyXgx3o2PWWvOyGb2wR8Ynz9ZeJcp</latexit>

B = 2

Z �

q0

dq
p

2V (q)
<latexit sha1_base64="0UoXKf4Vau/OcmzXYfG4RdqVQoY=">AAACGXicbVBNS8NAEN34WetX1aOXxSLUS0mKoD0IRS8eKxgVmhg22227uLtJdydCCfkdXvwrXjyoeNST/8Zt7cGvBwOP92aYmRenghtw3Q9nZnZufmGxtFReXlldW69sbF6YJNOU+TQRib6KiWGCK+YDB8GuUs2IjAW7jG9Oxv7lLdOGJ+ocRikLJekr3uOUgJWiineMj3ADB1xBlA8jt7jOA8P7khQ4D7TE3QIPcWCGGvIGvqgN94qoUnXr7gT4L/GmpIqmaEeVt6Cb0EwyBVQQYzqem0KYEw2cClaUg8ywlNAb0mcdSxWRzIT55LUC71qli3uJtqUAT9TvEzmRxoxkbDslgYH57Y3F/7xOBr3DMOcqzYAp+rWolwkMCR7nhLtcMwpiZAmhmttbMR0QTSjYNMs2BO/3y3+J36g3697ZfrXVnKZRQttoB9WQhw5QC52iNvIRRXfoAT2hZ+feeXRenNev1hlnOrOFfsB5/wQgzJ9C</latexit><latexit sha1_base64="0UoXKf4Vau/OcmzXYfG4RdqVQoY=">AAACGXicbVBNS8NAEN34WetX1aOXxSLUS0mKoD0IRS8eKxgVmhg22227uLtJdydCCfkdXvwrXjyoeNST/8Zt7cGvBwOP92aYmRenghtw3Q9nZnZufmGxtFReXlldW69sbF6YJNOU+TQRib6KiWGCK+YDB8GuUs2IjAW7jG9Oxv7lLdOGJ+ocRikLJekr3uOUgJWiineMj3ADB1xBlA8jt7jOA8P7khQ4D7TE3QIPcWCGGvIGvqgN94qoUnXr7gT4L/GmpIqmaEeVt6Cb0EwyBVQQYzqem0KYEw2cClaUg8ywlNAb0mcdSxWRzIT55LUC71qli3uJtqUAT9TvEzmRxoxkbDslgYH57Y3F/7xOBr3DMOcqzYAp+rWolwkMCR7nhLtcMwpiZAmhmttbMR0QTSjYNMs2BO/3y3+J36g3697ZfrXVnKZRQttoB9WQhw5QC52iNvIRRXfoAT2hZ+feeXRenNev1hlnOrOFfsB5/wQgzJ9C</latexit><latexit sha1_base64="0UoXKf4Vau/OcmzXYfG4RdqVQoY=">AAACGXicbVBNS8NAEN34WetX1aOXxSLUS0mKoD0IRS8eKxgVmhg22227uLtJdydCCfkdXvwrXjyoeNST/8Zt7cGvBwOP92aYmRenghtw3Q9nZnZufmGxtFReXlldW69sbF6YJNOU+TQRib6KiWGCK+YDB8GuUs2IjAW7jG9Oxv7lLdOGJ+ocRikLJekr3uOUgJWiineMj3ADB1xBlA8jt7jOA8P7khQ4D7TE3QIPcWCGGvIGvqgN94qoUnXr7gT4L/GmpIqmaEeVt6Cb0EwyBVQQYzqem0KYEw2cClaUg8ywlNAb0mcdSxWRzIT55LUC71qli3uJtqUAT9TvEzmRxoxkbDslgYH57Y3F/7xOBr3DMOcqzYAp+rWolwkMCR7nhLtcMwpiZAmhmttbMR0QTSjYNMs2BO/3y3+J36g3697ZfrXVnKZRQttoB9WQhw5QC52iNvIRRXfoAT2hZ+feeXRenNev1hlnOrOFfsB5/wQgzJ9C</latexit><latexit sha1_base64="0UoXKf4Vau/OcmzXYfG4RdqVQoY=">AAACGXicbVBNS8NAEN34WetX1aOXxSLUS0mKoD0IRS8eKxgVmhg22227uLtJdydCCfkdXvwrXjyoeNST/8Zt7cGvBwOP92aYmRenghtw3Q9nZnZufmGxtFReXlldW69sbF6YJNOU+TQRib6KiWGCK+YDB8GuUs2IjAW7jG9Oxv7lLdOGJ+ocRikLJekr3uOUgJWiineMj3ADB1xBlA8jt7jOA8P7khQ4D7TE3QIPcWCGGvIGvqgN94qoUnXr7gT4L/GmpIqmaEeVt6Cb0EwyBVQQYzqem0KYEw2cClaUg8ywlNAb0mcdSxWRzIT55LUC71qli3uJtqUAT9TvEzmRxoxkbDslgYH57Y3F/7xOBr3DMOcqzYAp+rWolwkMCR7nhLtcMwpiZAmhmttbMR0QTSjYNMs2BO/3y3+J36g3697ZfrXVnKZRQttoB9WQhw5QC52iNvIRRXfoAT2hZ+feeXRenNev1hlnOrOFfsB5/wQgzJ9C</latexit>

L =
1

2
~̇q · ~̇q � V (~q)

<latexit sha1_base64="mYkWNGnritDUYH8xrNTp/4bd09c=">AAACJXicbVDLSgMxFM3UV62vUZdugkWoC8tMEbSLQsGNCxcVnLbQGUomzbShmYdJplCG+Ro3/oobF1UEV/6KmXYWtvVA4Nxz7k1yjxsxKqRhfGuFjc2t7Z3ibmlv/+DwSD8+aYsw5phYOGQh77pIEEYDYkkqGelGnCDfZaTjju8yvzMhXNAweJLTiDg+GgbUoxhJJfX1xgNsQNvjCCdmmtRSaA9CCRN7QjB8VhXOymXtCrYrC37Z18tG1ZgDrhMzJ2WQo9XXZ+ouHPskkJghIXqmEUknQVxSzEhasmNBIoTHaEh6igbIJ8JJ5mum8EIpA+iFXJ1Awrn6dyJBvhBT31WdPpIjsepl4n9eL5berZPQIIolCfDiIS9mUIYwywwOKCdYsqkiCHOq/grxCKnMpEq2pEIwV1deJ1atWq+aj9flZj1PowjOwDmoABPcgCa4By1gAQxewBuYgQ/tVXvXPrWvRWtBy2dOwRK0n19EZKNd</latexit><latexit sha1_base64="mYkWNGnritDUYH8xrNTp/4bd09c=">AAACJXicbVDLSgMxFM3UV62vUZdugkWoC8tMEbSLQsGNCxcVnLbQGUomzbShmYdJplCG+Ro3/oobF1UEV/6KmXYWtvVA4Nxz7k1yjxsxKqRhfGuFjc2t7Z3ibmlv/+DwSD8+aYsw5phYOGQh77pIEEYDYkkqGelGnCDfZaTjju8yvzMhXNAweJLTiDg+GgbUoxhJJfX1xgNsQNvjCCdmmtRSaA9CCRN7QjB8VhXOymXtCrYrC37Z18tG1ZgDrhMzJ2WQo9XXZ+ouHPskkJghIXqmEUknQVxSzEhasmNBIoTHaEh6igbIJ8JJ5mum8EIpA+iFXJ1Awrn6dyJBvhBT31WdPpIjsepl4n9eL5berZPQIIolCfDiIS9mUIYwywwOKCdYsqkiCHOq/grxCKnMpEq2pEIwV1deJ1atWq+aj9flZj1PowjOwDmoABPcgCa4By1gAQxewBuYgQ/tVXvXPrWvRWtBy2dOwRK0n19EZKNd</latexit><latexit sha1_base64="mYkWNGnritDUYH8xrNTp/4bd09c=">AAACJXicbVDLSgMxFM3UV62vUZdugkWoC8tMEbSLQsGNCxcVnLbQGUomzbShmYdJplCG+Ro3/oobF1UEV/6KmXYWtvVA4Nxz7k1yjxsxKqRhfGuFjc2t7Z3ibmlv/+DwSD8+aYsw5phYOGQh77pIEEYDYkkqGelGnCDfZaTjju8yvzMhXNAweJLTiDg+GgbUoxhJJfX1xgNsQNvjCCdmmtRSaA9CCRN7QjB8VhXOymXtCrYrC37Z18tG1ZgDrhMzJ2WQo9XXZ+ouHPskkJghIXqmEUknQVxSzEhasmNBIoTHaEh6igbIJ8JJ5mum8EIpA+iFXJ1Awrn6dyJBvhBT31WdPpIjsepl4n9eL5berZPQIIolCfDiIS9mUIYwywwOKCdYsqkiCHOq/grxCKnMpEq2pEIwV1deJ1atWq+aj9flZj1PowjOwDmoABPcgCa4By1gAQxewBuYgQ/tVXvXPrWvRWtBy2dOwRK0n19EZKNd</latexit><latexit sha1_base64="mYkWNGnritDUYH8xrNTp/4bd09c=">AAACJXicbVDLSgMxFM3UV62vUZdugkWoC8tMEbSLQsGNCxcVnLbQGUomzbShmYdJplCG+Ro3/oobF1UEV/6KmXYWtvVA4Nxz7k1yjxsxKqRhfGuFjc2t7Z3ibmlv/+DwSD8+aYsw5phYOGQh77pIEEYDYkkqGelGnCDfZaTjju8yvzMhXNAweJLTiDg+GgbUoxhJJfX1xgNsQNvjCCdmmtRSaA9CCRN7QjB8VhXOymXtCrYrC37Z18tG1ZgDrhMzJ2WQo9XXZ+ouHPskkJghIXqmEUknQVxSzEhasmNBIoTHaEh6igbIJ8JJ5mum8EIpA+iFXJ1Awrn6dyJBvhBT31WdPpIjsepl4n9eL5berZPQIIolCfDiIS9mUIYwywwOKCdYsqkiCHOq/grxCKnMpEq2pEIwV1deJ1atWq+aj9flZj1PowjOwDmoABPcgCa4By1gAQxewBuYgQ/tVXvXPrWvRWtBy2dOwRK0n19EZKNd</latexit>

B = 2

Z ~�

~q0

ds
p
2V (~q)

<latexit sha1_base64="vXEofArOHSupT9JfWU6olN/LU1Y=">AAACKHicbVBNSwMxFMz6WetX1aOXYBH0UnaLoB6EohePFVwVunXJpmkNJtk1eVsoy/4dL/4VLwoqvfpLTNs9aOtAYJiZx8ubKBHcgOsOnbn5hcWl5dJKeXVtfWOzsrV9Y+JUU+bTWMT6LiKGCa6YDxwEu0s0IzIS7DZ6vBj5t32mDY/VNQwS1pakp3iXUwJWCiuNc3yG6zjgCsIs6DOKn0I3v5/QwPCeJDnOAi1xJ8fGKk8asjq+OZhkD/OwUnVr7hh4lngFqaICzbDyHnRimkqmgApiTMtzE2hnRAOnguXlIDUsIfSR9FjLUkUkM+1sfGmO963Swd1Y26cAj9XfExmRxgxkZJOSwIOZ9kbif14rhe5JO+MqSYEpOlnUTQWGGI9qwx2uGQUxsIRQze1fMX0gmlCw5ZZtCd70ybPEr9dOa97VUbVxWrRRQrtoDx0gDx2jBrpETeQjip7RK/pAn86L8+Z8OcNJdM4pZnbQHzjfP0mJpQg=</latexit><latexit sha1_base64="vXEofArOHSupT9JfWU6olN/LU1Y=">AAACKHicbVBNSwMxFMz6WetX1aOXYBH0UnaLoB6EohePFVwVunXJpmkNJtk1eVsoy/4dL/4VLwoqvfpLTNs9aOtAYJiZx8ubKBHcgOsOnbn5hcWl5dJKeXVtfWOzsrV9Y+JUU+bTWMT6LiKGCa6YDxwEu0s0IzIS7DZ6vBj5t32mDY/VNQwS1pakp3iXUwJWCiuNc3yG6zjgCsIs6DOKn0I3v5/QwPCeJDnOAi1xJ8fGKk8asjq+OZhkD/OwUnVr7hh4lngFqaICzbDyHnRimkqmgApiTMtzE2hnRAOnguXlIDUsIfSR9FjLUkUkM+1sfGmO963Swd1Y26cAj9XfExmRxgxkZJOSwIOZ9kbif14rhe5JO+MqSYEpOlnUTQWGGI9qwx2uGQUxsIRQze1fMX0gmlCw5ZZtCd70ybPEr9dOa97VUbVxWrRRQrtoDx0gDx2jBrpETeQjip7RK/pAn86L8+Z8OcNJdM4pZnbQHzjfP0mJpQg=</latexit><latexit sha1_base64="vXEofArOHSupT9JfWU6olN/LU1Y=">AAACKHicbVBNSwMxFMz6WetX1aOXYBH0UnaLoB6EohePFVwVunXJpmkNJtk1eVsoy/4dL/4VLwoqvfpLTNs9aOtAYJiZx8ubKBHcgOsOnbn5hcWl5dJKeXVtfWOzsrV9Y+JUU+bTWMT6LiKGCa6YDxwEu0s0IzIS7DZ6vBj5t32mDY/VNQwS1pakp3iXUwJWCiuNc3yG6zjgCsIs6DOKn0I3v5/QwPCeJDnOAi1xJ8fGKk8asjq+OZhkD/OwUnVr7hh4lngFqaICzbDyHnRimkqmgApiTMtzE2hnRAOnguXlIDUsIfSR9FjLUkUkM+1sfGmO963Swd1Y26cAj9XfExmRxgxkZJOSwIOZ9kbif14rhe5JO+MqSYEpOlnUTQWGGI9qwx2uGQUxsIRQze1fMX0gmlCw5ZZtCd70ybPEr9dOa97VUbVxWrRRQrtoDx0gDx2jBrpETeQjip7RK/pAn86L8+Z8OcNJdM4pZnbQHzjfP0mJpQg=</latexit><latexit sha1_base64="vXEofArOHSupT9JfWU6olN/LU1Y=">AAACKHicbVBNSwMxFMz6WetX1aOXYBH0UnaLoB6EohePFVwVunXJpmkNJtk1eVsoy/4dL/4VLwoqvfpLTNs9aOtAYJiZx8ubKBHcgOsOnbn5hcWl5dJKeXVtfWOzsrV9Y+JUU+bTWMT6LiKGCa6YDxwEu0s0IzIS7DZ6vBj5t32mDY/VNQwS1pakp3iXUwJWCiuNc3yG6zjgCsIs6DOKn0I3v5/QwPCeJDnOAi1xJ8fGKk8asjq+OZhkD/OwUnVr7hh4lngFqaICzbDyHnRimkqmgApiTMtzE2hnRAOnguXlIDUsIfSR9FjLUkUkM+1sfGmO963Swd1Y26cAj9XfExmRxgxkZJOSwIOZ9kbif14rhe5JO+MqSYEpOlnUTQWGGI9qwx2uGQUxsIRQze1fMX0gmlCw5ZZtCd70ybPEr9dOa97VUbVxWrRRQrtoDx0gDx2jBrpETeQjip7RK/pAn86L8+Z8OcNJdM4pZnbQHzjfP0mJpQg=</latexit>

1D QM



The bounce
Generalize to single real scalar field theory

L =
1

2
'̇2 � V (')

<latexit sha1_base64="7d2DZ93EJ/3jo6yMvF7dCNBPVEo=">AAACHHicbVDNS8MwHE39nPOr6tFLcAjz4GjHQHcQBl48eJhgt8FaR5qlW1ialiQdjLJ/xIv/ihcPKl48CP43plsPuvkg8PJ+H8l7fsyoVJb1baysrq1vbBa2its7u3v75sFhS0aJwMTBEYtEx0eSMMqJo6hipBMLgkKfkbY/us7q7TERkkb8Xk1i4oVowGlAMVJa6pk1N0RqiBGDt/AKuoFAOLWnaXUK3X6koDtGIh7Shyo8h61yfjvrmSWrYs0Al4mdkxLI0eyZn3obTkLCFWZIyq5txcpLkVAUMzItuokkMcIjNCBdTTkKifTSmbspPNVKHwaR0IcrOFN/T6QolHIS+roz8yIXa5n4X62bqODSSymPE0U4nj8UJAyqCGZRwT4VBCs20QRhQfVfIR4inZDSgRZ1CPai5WXiVCv1in1XKzXqeRoFcAxOQBnY4AI0wA1oAgdg8AiewSt4M56MF+Pd+Ji3rhj5zBH4A+PrBxhboDs=</latexit><latexit sha1_base64="7d2DZ93EJ/3jo6yMvF7dCNBPVEo=">AAACHHicbVDNS8MwHE39nPOr6tFLcAjz4GjHQHcQBl48eJhgt8FaR5qlW1ialiQdjLJ/xIv/ihcPKl48CP43plsPuvkg8PJ+H8l7fsyoVJb1baysrq1vbBa2its7u3v75sFhS0aJwMTBEYtEx0eSMMqJo6hipBMLgkKfkbY/us7q7TERkkb8Xk1i4oVowGlAMVJa6pk1N0RqiBGDt/AKuoFAOLWnaXUK3X6koDtGIh7Shyo8h61yfjvrmSWrYs0Al4mdkxLI0eyZn3obTkLCFWZIyq5txcpLkVAUMzItuokkMcIjNCBdTTkKifTSmbspPNVKHwaR0IcrOFN/T6QolHIS+roz8yIXa5n4X62bqODSSymPE0U4nj8UJAyqCGZRwT4VBCs20QRhQfVfIR4inZDSgRZ1CPai5WXiVCv1in1XKzXqeRoFcAxOQBnY4AI0wA1oAgdg8AiewSt4M56MF+Pd+Ji3rhj5zBH4A+PrBxhboDs=</latexit><latexit sha1_base64="7d2DZ93EJ/3jo6yMvF7dCNBPVEo=">AAACHHicbVDNS8MwHE39nPOr6tFLcAjz4GjHQHcQBl48eJhgt8FaR5qlW1ialiQdjLJ/xIv/ihcPKl48CP43plsPuvkg8PJ+H8l7fsyoVJb1baysrq1vbBa2its7u3v75sFhS0aJwMTBEYtEx0eSMMqJo6hipBMLgkKfkbY/us7q7TERkkb8Xk1i4oVowGlAMVJa6pk1N0RqiBGDt/AKuoFAOLWnaXUK3X6koDtGIh7Shyo8h61yfjvrmSWrYs0Al4mdkxLI0eyZn3obTkLCFWZIyq5txcpLkVAUMzItuokkMcIjNCBdTTkKifTSmbspPNVKHwaR0IcrOFN/T6QolHIS+roz8yIXa5n4X62bqODSSymPE0U4nj8UJAyqCGZRwT4VBCs20QRhQfVfIR4inZDSgRZ1CPai5WXiVCv1in1XKzXqeRoFcAxOQBnY4AI0wA1oAgdg8AiewSt4M56MF+Pd+Ji3rhj5zBH4A+PrBxhboDs=</latexit><latexit sha1_base64="7d2DZ93EJ/3jo6yMvF7dCNBPVEo=">AAACHHicbVDNS8MwHE39nPOr6tFLcAjz4GjHQHcQBl48eJhgt8FaR5qlW1ialiQdjLJ/xIv/ihcPKl48CP43plsPuvkg8PJ+H8l7fsyoVJb1baysrq1vbBa2its7u3v75sFhS0aJwMTBEYtEx0eSMMqJo6hipBMLgkKfkbY/us7q7TERkkb8Xk1i4oVowGlAMVJa6pk1N0RqiBGDt/AKuoFAOLWnaXUK3X6koDtGIh7Shyo8h61yfjvrmSWrYs0Al4mdkxLI0eyZn3obTkLCFWZIyq5txcpLkVAUMzItuokkMcIjNCBdTTkKifTSmbspPNVKHwaR0IcrOFN/T6QolHIS+roz8yIXa5n4X62bqODSSymPE0U4nj8UJAyqCGZRwT4VBCs20QRhQfVfIR4inZDSgRZ1CPai5WXiVCv1in1XKzXqeRoFcAxOQBnY4AI0wA1oAgdg8AiewSt4M56MF+Pd+Ji3rhj5zBH4A+PrBxhboDs=</latexit>

Bounce solution Euclidean        symmetric Coleman, Glaser, Martin ’78O(4)
<latexit sha1_base64="r2bMF1FFyknUT2vo18bDDM0f0ZQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0mkoL0VvHizgrGFNpTNdtMu3d2E3Y1QQv+CFw8qXv1F3vw3btoctPXBwOO9GWbmhQln2rjut7O2vrG5tV3aKe/u7R8cVo6OH3WcKkJ9EvNYdUOsKWeS+oYZTruJoliEnHbCyU3ud56o0iyWD2aa0EDgkWQRI9jk0l2tcTGoVN26OwdaJV5BqlCgPah89YcxSQWVhnCsdc9zExNkWBlGOJ2V+6mmCSYTPKI9SyUWVAfZ/NYZOrfKEEWxsiUNmqu/JzIstJ6K0HYKbMZ62cvF/7xeaqLrIGMySQ2VZLEoSjkyMcofR0OmKDF8agkmitlbERljhYmx8ZRtCN7yy6vEv6w36959o9pqFmmU4BTOoAYeXEELbqENPhAYwzO8wpsjnBfn3flYtK45xcwJ/IHz+QNNLY1B</latexit><latexit sha1_base64="r2bMF1FFyknUT2vo18bDDM0f0ZQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0mkoL0VvHizgrGFNpTNdtMu3d2E3Y1QQv+CFw8qXv1F3vw3btoctPXBwOO9GWbmhQln2rjut7O2vrG5tV3aKe/u7R8cVo6OH3WcKkJ9EvNYdUOsKWeS+oYZTruJoliEnHbCyU3ud56o0iyWD2aa0EDgkWQRI9jk0l2tcTGoVN26OwdaJV5BqlCgPah89YcxSQWVhnCsdc9zExNkWBlGOJ2V+6mmCSYTPKI9SyUWVAfZ/NYZOrfKEEWxsiUNmqu/JzIstJ6K0HYKbMZ62cvF/7xeaqLrIGMySQ2VZLEoSjkyMcofR0OmKDF8agkmitlbERljhYmx8ZRtCN7yy6vEv6w36959o9pqFmmU4BTOoAYeXEELbqENPhAYwzO8wpsjnBfn3flYtK45xcwJ/IHz+QNNLY1B</latexit><latexit sha1_base64="r2bMF1FFyknUT2vo18bDDM0f0ZQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0mkoL0VvHizgrGFNpTNdtMu3d2E3Y1QQv+CFw8qXv1F3vw3btoctPXBwOO9GWbmhQln2rjut7O2vrG5tV3aKe/u7R8cVo6OH3WcKkJ9EvNYdUOsKWeS+oYZTruJoliEnHbCyU3ud56o0iyWD2aa0EDgkWQRI9jk0l2tcTGoVN26OwdaJV5BqlCgPah89YcxSQWVhnCsdc9zExNkWBlGOJ2V+6mmCSYTPKI9SyUWVAfZ/NYZOrfKEEWxsiUNmqu/JzIstJ6K0HYKbMZ62cvF/7xeaqLrIGMySQ2VZLEoSjkyMcofR0OmKDF8agkmitlbERljhYmx8ZRtCN7yy6vEv6w36959o9pqFmmU4BTOoAYeXEELbqENPhAYwzO8wpsjnBfn3flYtK45xcwJ/IHz+QNNLY1B</latexit><latexit sha1_base64="r2bMF1FFyknUT2vo18bDDM0f0ZQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0mkoL0VvHizgrGFNpTNdtMu3d2E3Y1QQv+CFw8qXv1F3vw3btoctPXBwOO9GWbmhQln2rjut7O2vrG5tV3aKe/u7R8cVo6OH3WcKkJ9EvNYdUOsKWeS+oYZTruJoliEnHbCyU3ud56o0iyWD2aa0EDgkWQRI9jk0l2tcTGoVN26OwdaJV5BqlCgPah89YcxSQWVhnCsdc9zExNkWBlGOJ2V+6mmCSYTPKI9SyUWVAfZ/NYZOrfKEEWxsiUNmqu/JzIstJ6K0HYKbMZ62cvF/7xeaqLrIGMySQ2VZLEoSjkyMcofR0OmKDF8agkmitlbERljhYmx8ZRtCN7yy6vEv6w36959o9pqFmmU4BTOoAYeXEELbqENPhAYwzO8wpsjnBfn3flYtK45xcwJ/IHz+QNNLY1B</latexit>
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X
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i

<latexit sha1_base64="r3xoLz3NUP46yJxUt8idPZZ8osY=">AAACAXicbVDLSgMxFM3UV62vUVfiJlgEQSgzRdAuhIIblxUcW+hMh0yaaUOTzJBkxFKKG3/FjQsVt/6FO//GtJ2Fth64l8M595LcE6WMKu0431ZhaXllda24XtrY3NresXf37lSSSUw8nLBEtiKkCKOCeJpqRlqpJIhHjDSjwdXEb94TqWgibvUwJQFHPUFjipE2Umgf+LKfdKrwEmrTT6GvMg4fQtqphnbZqThTwEXi5qQMcjRC+8vvJjjjRGjMkFJt10l1MEJSU8zIuORniqQID1CPtA0ViBMVjKYnjOGxUbowTqQpoeFU/b0xQlypIY/MJEe6r+a9ifif1850fBGMqEgzTQSePRRnDOoETvKAXSoJ1mxoCMKSmr9C3EcSYW1SK5kQ3PmTF4lXrdQq7s1ZuV7L0yiCQ3AEToALzkEdXIMG8AAGj+AZvII368l6sd6tj9lowcp39sEfWJ8/pJ6VMg==</latexit><latexit sha1_base64="r3xoLz3NUP46yJxUt8idPZZ8osY=">AAACAXicbVDLSgMxFM3UV62vUVfiJlgEQSgzRdAuhIIblxUcW+hMh0yaaUOTzJBkxFKKG3/FjQsVt/6FO//GtJ2Fth64l8M595LcE6WMKu0431ZhaXllda24XtrY3NresXf37lSSSUw8nLBEtiKkCKOCeJpqRlqpJIhHjDSjwdXEb94TqWgibvUwJQFHPUFjipE2Umgf+LKfdKrwEmrTT6GvMg4fQtqphnbZqThTwEXi5qQMcjRC+8vvJjjjRGjMkFJt10l1MEJSU8zIuORniqQID1CPtA0ViBMVjKYnjOGxUbowTqQpoeFU/b0xQlypIY/MJEe6r+a9ifif1850fBGMqEgzTQSePRRnDOoETvKAXSoJ1mxoCMKSmr9C3EcSYW1SK5kQ3PmTF4lXrdQq7s1ZuV7L0yiCQ3AEToALzkEdXIMG8AAGj+AZvII368l6sd6tj9lowcp39sEfWJ8/pJ6VMg==</latexit><latexit sha1_base64="r3xoLz3NUP46yJxUt8idPZZ8osY=">AAACAXicbVDLSgMxFM3UV62vUVfiJlgEQSgzRdAuhIIblxUcW+hMh0yaaUOTzJBkxFKKG3/FjQsVt/6FO//GtJ2Fth64l8M595LcE6WMKu0431ZhaXllda24XtrY3NresXf37lSSSUw8nLBEtiKkCKOCeJpqRlqpJIhHjDSjwdXEb94TqWgibvUwJQFHPUFjipE2Umgf+LKfdKrwEmrTT6GvMg4fQtqphnbZqThTwEXi5qQMcjRC+8vvJjjjRGjMkFJt10l1MEJSU8zIuORniqQID1CPtA0ViBMVjKYnjOGxUbowTqQpoeFU/b0xQlypIY/MJEe6r+a9ifif1850fBGMqEgzTQSePRRnDOoETvKAXSoJ1mxoCMKSmr9C3EcSYW1SK5kQ3PmTF4lXrdQq7s1ZuV7L0yiCQ3AEToALzkEdXIMG8AAGj+AZvII368l6sd6tj9lowcp39sEfWJ8/pJ6VMg==</latexit><latexit sha1_base64="r3xoLz3NUP46yJxUt8idPZZ8osY=">AAACAXicbVDLSgMxFM3UV62vUVfiJlgEQSgzRdAuhIIblxUcW+hMh0yaaUOTzJBkxFKKG3/FjQsVt/6FO//GtJ2Fth64l8M595LcE6WMKu0431ZhaXllda24XtrY3NresXf37lSSSUw8nLBEtiKkCKOCeJpqRlqpJIhHjDSjwdXEb94TqWgibvUwJQFHPUFjipE2Umgf+LKfdKrwEmrTT6GvMg4fQtqphnbZqThTwEXi5qQMcjRC+8vvJjjjRGjMkFJt10l1MEJSU8zIuORniqQID1CPtA0ViBMVjKYnjOGxUbowTqQpoeFU/b0xQlypIY/MJEe6r+a9ifif1850fBGMqEgzTQSePRRnDOoETvKAXSoJ1mxoCMKSmr9C3EcSYW1SK5kQ3PmTF4lXrdQq7s1ZuV7L0yiCQ3AEToALzkEdXIMG8AAGj+AZvII368l6sd6tj9lowcp39sEfWJ8/pJ6VMg==</latexit>

Euclidean time = 
radius of the bubble

B = SE =
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<latexit sha1_base64="Sro33xf4LENwJnGFlQXpCz2q1Zw="></latexit><latexit sha1_base64="Sro33xf4LENwJnGFlQXpCz2q1Zw="></latexit><latexit sha1_base64="Sro33xf4LENwJnGFlQXpCz2q1Zw="></latexit><latexit sha1_base64="Sro33xf4LENwJnGFlQXpCz2q1Zw="></latexit>



The bounce
Generalize to single real scalar field theory

L =
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2
'̇2 � V (')

<latexit sha1_base64="7d2DZ93EJ/3jo6yMvF7dCNBPVEo=">AAACHHicbVDNS8MwHE39nPOr6tFLcAjz4GjHQHcQBl48eJhgt8FaR5qlW1ialiQdjLJ/xIv/ihcPKl48CP43plsPuvkg8PJ+H8l7fsyoVJb1baysrq1vbBa2its7u3v75sFhS0aJwMTBEYtEx0eSMMqJo6hipBMLgkKfkbY/us7q7TERkkb8Xk1i4oVowGlAMVJa6pk1N0RqiBGDt/AKuoFAOLWnaXUK3X6koDtGIh7Shyo8h61yfjvrmSWrYs0Al4mdkxLI0eyZn3obTkLCFWZIyq5txcpLkVAUMzItuokkMcIjNCBdTTkKifTSmbspPNVKHwaR0IcrOFN/T6QolHIS+roz8yIXa5n4X62bqODSSymPE0U4nj8UJAyqCGZRwT4VBCs20QRhQfVfIR4inZDSgRZ1CPai5WXiVCv1in1XKzXqeRoFcAxOQBnY4AI0wA1oAgdg8AiewSt4M56MF+Pd+Ji3rhj5zBH4A+PrBxhboDs=</latexit><latexit sha1_base64="7d2DZ93EJ/3jo6yMvF7dCNBPVEo=">AAACHHicbVDNS8MwHE39nPOr6tFLcAjz4GjHQHcQBl48eJhgt8FaR5qlW1ialiQdjLJ/xIv/ihcPKl48CP43plsPuvkg8PJ+H8l7fsyoVJb1baysrq1vbBa2its7u3v75sFhS0aJwMTBEYtEx0eSMMqJo6hipBMLgkKfkbY/us7q7TERkkb8Xk1i4oVowGlAMVJa6pk1N0RqiBGDt/AKuoFAOLWnaXUK3X6koDtGIh7Shyo8h61yfjvrmSWrYs0Al4mdkxLI0eyZn3obTkLCFWZIyq5txcpLkVAUMzItuokkMcIjNCBdTTkKifTSmbspPNVKHwaR0IcrOFN/T6QolHIS+roz8yIXa5n4X62bqODSSymPE0U4nj8UJAyqCGZRwT4VBCs20QRhQfVfIR4inZDSgRZ1CPai5WXiVCv1in1XKzXqeRoFcAxOQBnY4AI0wA1oAgdg8AiewSt4M56MF+Pd+Ji3rhj5zBH4A+PrBxhboDs=</latexit><latexit sha1_base64="7d2DZ93EJ/3jo6yMvF7dCNBPVEo=">AAACHHicbVDNS8MwHE39nPOr6tFLcAjz4GjHQHcQBl48eJhgt8FaR5qlW1ialiQdjLJ/xIv/ihcPKl48CP43plsPuvkg8PJ+H8l7fsyoVJb1baysrq1vbBa2its7u3v75sFhS0aJwMTBEYtEx0eSMMqJo6hipBMLgkKfkbY/us7q7TERkkb8Xk1i4oVowGlAMVJa6pk1N0RqiBGDt/AKuoFAOLWnaXUK3X6koDtGIh7Shyo8h61yfjvrmSWrYs0Al4mdkxLI0eyZn3obTkLCFWZIyq5txcpLkVAUMzItuokkMcIjNCBdTTkKifTSmbspPNVKHwaR0IcrOFN/T6QolHIS+roz8yIXa5n4X62bqODSSymPE0U4nj8UJAyqCGZRwT4VBCs20QRhQfVfIR4inZDSgRZ1CPai5WXiVCv1in1XKzXqeRoFcAxOQBnY4AI0wA1oAgdg8AiewSt4M56MF+Pd+Ji3rhj5zBH4A+PrBxhboDs=</latexit><latexit sha1_base64="7d2DZ93EJ/3jo6yMvF7dCNBPVEo=">AAACHHicbVDNS8MwHE39nPOr6tFLcAjz4GjHQHcQBl48eJhgt8FaR5qlW1ialiQdjLJ/xIv/ihcPKl48CP43plsPuvkg8PJ+H8l7fsyoVJb1baysrq1vbBa2its7u3v75sFhS0aJwMTBEYtEx0eSMMqJo6hipBMLgkKfkbY/us7q7TERkkb8Xk1i4oVowGlAMVJa6pk1N0RqiBGDt/AKuoFAOLWnaXUK3X6koDtGIh7Shyo8h61yfjvrmSWrYs0Al4mdkxLI0eyZn3obTkLCFWZIyq5txcpLkVAUMzItuokkMcIjNCBdTTkKifTSmbspPNVKHwaR0IcrOFN/T6QolHIS+roz8yIXa5n4X62bqODSSymPE0U4nj8UJAyqCGZRwT4VBCs20QRhQfVfIR4inZDSgRZ1CPai5WXiVCv1in1XKzXqeRoFcAxOQBnY4AI0wA1oAgdg8AiewSt4M56MF+Pd+Ji3rhj5zBH4A+PrBxhboDs=</latexit>

Bounce solution Euclidean        symmetric Coleman, Glaser, Martin ’78O(4)
<latexit sha1_base64="r2bMF1FFyknUT2vo18bDDM0f0ZQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0mkoL0VvHizgrGFNpTNdtMu3d2E3Y1QQv+CFw8qXv1F3vw3btoctPXBwOO9GWbmhQln2rjut7O2vrG5tV3aKe/u7R8cVo6OH3WcKkJ9EvNYdUOsKWeS+oYZTruJoliEnHbCyU3ud56o0iyWD2aa0EDgkWQRI9jk0l2tcTGoVN26OwdaJV5BqlCgPah89YcxSQWVhnCsdc9zExNkWBlGOJ2V+6mmCSYTPKI9SyUWVAfZ/NYZOrfKEEWxsiUNmqu/JzIstJ6K0HYKbMZ62cvF/7xeaqLrIGMySQ2VZLEoSjkyMcofR0OmKDF8agkmitlbERljhYmx8ZRtCN7yy6vEv6w36959o9pqFmmU4BTOoAYeXEELbqENPhAYwzO8wpsjnBfn3flYtK45xcwJ/IHz+QNNLY1B</latexit><latexit sha1_base64="r2bMF1FFyknUT2vo18bDDM0f0ZQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0mkoL0VvHizgrGFNpTNdtMu3d2E3Y1QQv+CFw8qXv1F3vw3btoctPXBwOO9GWbmhQln2rjut7O2vrG5tV3aKe/u7R8cVo6OH3WcKkJ9EvNYdUOsKWeS+oYZTruJoliEnHbCyU3ud56o0iyWD2aa0EDgkWQRI9jk0l2tcTGoVN26OwdaJV5BqlCgPah89YcxSQWVhnCsdc9zExNkWBlGOJ2V+6mmCSYTPKI9SyUWVAfZ/NYZOrfKEEWxsiUNmqu/JzIstJ6K0HYKbMZ62cvF/7xeaqLrIGMySQ2VZLEoSjkyMcofR0OmKDF8agkmitlbERljhYmx8ZRtCN7yy6vEv6w36959o9pqFmmU4BTOoAYeXEELbqENPhAYwzO8wpsjnBfn3flYtK45xcwJ/IHz+QNNLY1B</latexit><latexit sha1_base64="r2bMF1FFyknUT2vo18bDDM0f0ZQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0mkoL0VvHizgrGFNpTNdtMu3d2E3Y1QQv+CFw8qXv1F3vw3btoctPXBwOO9GWbmhQln2rjut7O2vrG5tV3aKe/u7R8cVo6OH3WcKkJ9EvNYdUOsKWeS+oYZTruJoliEnHbCyU3ud56o0iyWD2aa0EDgkWQRI9jk0l2tcTGoVN26OwdaJV5BqlCgPah89YcxSQWVhnCsdc9zExNkWBlGOJ2V+6mmCSYTPKI9SyUWVAfZ/NYZOrfKEEWxsiUNmqu/JzIstJ6K0HYKbMZ62cvF/7xeaqLrIGMySQ2VZLEoSjkyMcofR0OmKDF8agkmitlbERljhYmx8ZRtCN7yy6vEv6w36959o9pqFmmU4BTOoAYeXEELbqENPhAYwzO8wpsjnBfn3flYtK45xcwJ/IHz+QNNLY1B</latexit><latexit sha1_base64="r2bMF1FFyknUT2vo18bDDM0f0ZQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0mkoL0VvHizgrGFNpTNdtMu3d2E3Y1QQv+CFw8qXv1F3vw3btoctPXBwOO9GWbmhQln2rjut7O2vrG5tV3aKe/u7R8cVo6OH3WcKkJ9EvNYdUOsKWeS+oYZTruJoliEnHbCyU3ud56o0iyWD2aa0EDgkWQRI9jk0l2tcTGoVN26OwdaJV5BqlCgPah89YcxSQWVhnCsdc9zExNkWBlGOJ2V+6mmCSYTPKI9SyUWVAfZ/NYZOrfKEEWxsiUNmqu/JzIstJ6K0HYKbMZ62cvF/7xeaqLrIGMySQ2VZLEoSjkyMcofR0OmKDF8agkmitlbERljhYmx8ZRtCN7yy6vEv6w36959o9pqFmmU4BTOoAYeXEELbqENPhAYwzO8wpsjnBfn3flYtK45xcwJ/IHz+QNNLY1B</latexit>
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i

<latexit sha1_base64="r3xoLz3NUP46yJxUt8idPZZ8osY=">AAACAXicbVDLSgMxFM3UV62vUVfiJlgEQSgzRdAuhIIblxUcW+hMh0yaaUOTzJBkxFKKG3/FjQsVt/6FO//GtJ2Fth64l8M595LcE6WMKu0431ZhaXllda24XtrY3NresXf37lSSSUw8nLBEtiKkCKOCeJpqRlqpJIhHjDSjwdXEb94TqWgibvUwJQFHPUFjipE2Umgf+LKfdKrwEmrTT6GvMg4fQtqphnbZqThTwEXi5qQMcjRC+8vvJjjjRGjMkFJt10l1MEJSU8zIuORniqQID1CPtA0ViBMVjKYnjOGxUbowTqQpoeFU/b0xQlypIY/MJEe6r+a9ifif1850fBGMqEgzTQSePRRnDOoETvKAXSoJ1mxoCMKSmr9C3EcSYW1SK5kQ3PmTF4lXrdQq7s1ZuV7L0yiCQ3AEToALzkEdXIMG8AAGj+AZvII368l6sd6tj9lowcp39sEfWJ8/pJ6VMg==</latexit><latexit sha1_base64="r3xoLz3NUP46yJxUt8idPZZ8osY=">AAACAXicbVDLSgMxFM3UV62vUVfiJlgEQSgzRdAuhIIblxUcW+hMh0yaaUOTzJBkxFKKG3/FjQsVt/6FO//GtJ2Fth64l8M595LcE6WMKu0431ZhaXllda24XtrY3NresXf37lSSSUw8nLBEtiKkCKOCeJpqRlqpJIhHjDSjwdXEb94TqWgibvUwJQFHPUFjipE2Umgf+LKfdKrwEmrTT6GvMg4fQtqphnbZqThTwEXi5qQMcjRC+8vvJjjjRGjMkFJt10l1MEJSU8zIuORniqQID1CPtA0ViBMVjKYnjOGxUbowTqQpoeFU/b0xQlypIY/MJEe6r+a9ifif1850fBGMqEgzTQSePRRnDOoETvKAXSoJ1mxoCMKSmr9C3EcSYW1SK5kQ3PmTF4lXrdQq7s1ZuV7L0yiCQ3AEToALzkEdXIMG8AAGj+AZvII368l6sd6tj9lowcp39sEfWJ8/pJ6VMg==</latexit><latexit sha1_base64="r3xoLz3NUP46yJxUt8idPZZ8osY=">AAACAXicbVDLSgMxFM3UV62vUVfiJlgEQSgzRdAuhIIblxUcW+hMh0yaaUOTzJBkxFKKG3/FjQsVt/6FO//GtJ2Fth64l8M595LcE6WMKu0431ZhaXllda24XtrY3NresXf37lSSSUw8nLBEtiKkCKOCeJpqRlqpJIhHjDSjwdXEb94TqWgibvUwJQFHPUFjipE2Umgf+LKfdKrwEmrTT6GvMg4fQtqphnbZqThTwEXi5qQMcjRC+8vvJjjjRGjMkFJt10l1MEJSU8zIuORniqQID1CPtA0ViBMVjKYnjOGxUbowTqQpoeFU/b0xQlypIY/MJEe6r+a9ifif1850fBGMqEgzTQSePRRnDOoETvKAXSoJ1mxoCMKSmr9C3EcSYW1SK5kQ3PmTF4lXrdQq7s1ZuV7L0yiCQ3AEToALzkEdXIMG8AAGj+AZvII368l6sd6tj9lowcp39sEfWJ8/pJ6VMg==</latexit><latexit sha1_base64="r3xoLz3NUP46yJxUt8idPZZ8osY=">AAACAXicbVDLSgMxFM3UV62vUVfiJlgEQSgzRdAuhIIblxUcW+hMh0yaaUOTzJBkxFKKG3/FjQsVt/6FO//GtJ2Fth64l8M595LcE6WMKu0431ZhaXllda24XtrY3NresXf37lSSSUw8nLBEtiKkCKOCeJpqRlqpJIhHjDSjwdXEb94TqWgibvUwJQFHPUFjipE2Umgf+LKfdKrwEmrTT6GvMg4fQtqphnbZqThTwEXi5qQMcjRC+8vvJjjjRGjMkFJt10l1MEJSU8zIuORniqQID1CPtA0ViBMVjKYnjOGxUbowTqQpoeFU/b0xQlypIY/MJEe6r+a9ifif1850fBGMqEgzTQSePRRnDOoETvKAXSoJ1mxoCMKSmr9C3EcSYW1SK5kQ3PmTF4lXrdQq7s1ZuV7L0yiCQ3AEToALzkEdXIMG8AAGj+AZvII368l6sd6tj9lowcp39sEfWJ8/pJ6VMg==</latexit>

Euclidean time = 
radius of the bubble

“...there always exists an O(4)-invariant bounce and it 
always has strictly lower action than any non-O(4) invariant 

bounce. The rigor of our proof is matched only by its 
tedium; I wouldn’t lecture on it to my worst enemy.” 

Coleman, Erice lectures ’77

Recently extended to multi-fields Blum, Honda, Sato, Takimoto, Tobioka ’16
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<latexit sha1_base64="Sro33xf4LENwJnGFlQXpCz2q1Zw="></latexit><latexit sha1_base64="Sro33xf4LENwJnGFlQXpCz2q1Zw="></latexit><latexit sha1_base64="Sro33xf4LENwJnGFlQXpCz2q1Zw="></latexit><latexit sha1_base64="Sro33xf4LENwJnGFlQXpCz2q1Zw="></latexit>
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The bounce
D dimensional          spherically symmetric Euclidean action
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<latexit sha1_base64="vTPK+euIc4oHLj1PlZUDTCgo4tg="></latexit><latexit sha1_base64="vTPK+euIc4oHLj1PlZUDTCgo4tg="></latexit><latexit sha1_base64="vTPK+euIc4oHLj1PlZUDTCgo4tg="></latexit><latexit sha1_base64="vTPK+euIc4oHLj1PlZUDTCgo4tg="></latexit>

Boundary 
conditions

D = 4 : FV decay at T = 0

D = 3 : FV nucleation at finite T

O(D)
<latexit sha1_base64="fX8hNgngu9YQ5XEKlywh94OwuE0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0N4KevBmBWMLbSib7aZdursJuxuhhP4FLx5UvPqLvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb2dldW19Y7O0Vd7e2d3brxwcPuo4VYT6JOax6oRYU84k9Q0znHYSRbEIOW2H4+vcbz9RpVksH8wkoYHAQ8kiRrDJpbvazVm/UnXr7gxomXgFqUKBVr/y1RvEJBVUGsKx1l3PTUyQYWUY4XRa7qWaJpiM8ZB2LZVYUB1ks1un6NQqAxTFypY0aKb+nsiw0HoiQtspsBnpRS8X//O6qYmugozJJDVUkvmiKOXIxCh/HA2YosTwiSWYKGZvRWSEFSbGxlO2IXiLLy8T/7zeqHv3F9Vmo0ijBMdwAjXw4BKacAst8IHACJ7hFd4c4bw4787HvHXFKWaO4A+czx9lbY1R</latexit><latexit sha1_base64="fX8hNgngu9YQ5XEKlywh94OwuE0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0N4KevBmBWMLbSib7aZdursJuxuhhP4FLx5UvPqLvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb2dldW19Y7O0Vd7e2d3brxwcPuo4VYT6JOax6oRYU84k9Q0znHYSRbEIOW2H4+vcbz9RpVksH8wkoYHAQ8kiRrDJpbvazVm/UnXr7gxomXgFqUKBVr/y1RvEJBVUGsKx1l3PTUyQYWUY4XRa7qWaJpiM8ZB2LZVYUB1ks1un6NQqAxTFypY0aKb+nsiw0HoiQtspsBnpRS8X//O6qYmugozJJDVUkvmiKOXIxCh/HA2YosTwiSWYKGZvRWSEFSbGxlO2IXiLLy8T/7zeqHv3F9Vmo0ijBMdwAjXw4BKacAst8IHACJ7hFd4c4bw4787HvHXFKWaO4A+czx9lbY1R</latexit><latexit sha1_base64="fX8hNgngu9YQ5XEKlywh94OwuE0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0N4KevBmBWMLbSib7aZdursJuxuhhP4FLx5UvPqLvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb2dldW19Y7O0Vd7e2d3brxwcPuo4VYT6JOax6oRYU84k9Q0znHYSRbEIOW2H4+vcbz9RpVksH8wkoYHAQ8kiRrDJpbvazVm/UnXr7gxomXgFqUKBVr/y1RvEJBVUGsKx1l3PTUyQYWUY4XRa7qWaJpiM8ZB2LZVYUB1ks1un6NQqAxTFypY0aKb+nsiw0HoiQtspsBnpRS8X//O6qYmugozJJDVUkvmiKOXIxCh/HA2YosTwiSWYKGZvRWSEFSbGxlO2IXiLLy8T/7zeqHv3F9Vmo0ijBMdwAjXw4BKacAst8IHACJ7hFd4c4bw4787HvHXFKWaO4A+czx9lbY1R</latexit><latexit sha1_base64="fX8hNgngu9YQ5XEKlywh94OwuE0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0N4KevBmBWMLbSib7aZdursJuxuhhP4FLx5UvPqLvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb2dldW19Y7O0Vd7e2d3brxwcPuo4VYT6JOax6oRYU84k9Q0znHYSRbEIOW2H4+vcbz9RpVksH8wkoYHAQ8kiRrDJpbvazVm/UnXr7gxomXgFqUKBVr/y1RvEJBVUGsKx1l3PTUyQYWUY4XRa7qWaJpiM8ZB2LZVYUB1ks1un6NQqAxTFypY0aKb+nsiw0HoiQtspsBnpRS8X//O6qYmugozJJDVUkvmiKOXIxCh/HA2YosTwiSWYKGZvRWSEFSbGxlO2IXiLLy8T/7zeqHv3F9Vmo0ijBMdwAjXw4BKacAst8IHACJ7hFd4c4bw4787HvHXFKWaO4A+czx9lbY1R</latexit>
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<latexit sha1_base64="MpXUqPIEGCQwk6iKtCHbFefTsww=">AAACH3icbVDNS8MwHE39nPOr6tFLcCiCOloR5g7CQA8eJ9htsJaRpukaln6QpINR+qd48V/x4kFFvO2/Mdt6mJsPAo/33i/J77kJo0IaxlhbWV1b39gsbZW3d3b39vWDw5aIU46JhWMW846LBGE0IpakkpFOwgkKXUba7uB+4reHhAsaR89ylBAnRP2I+hQjqaSeXrM9L5bQHiKeBBReQNvnCGcPV2ae2TyIc2hfQns+cnYHPdjq6RWjakwBl4lZkAoo0OzpP+oWnIYkkpghIbqmkUgnQ1xSzEhetlNBEoQHqE+6ikYoJMLJpgvm8FQpHvRjrk4k4VSdn8hQKMQodFUyRDIQi95E/M/rptK/dTIaJakkEZ495KcMyhhO2oIe5QRLNlIEYU7VXyEOkGpIqk7LqgRzceVlYl1X61Xz6abSqBdtlMAxOAHnwAQ10ACPoAksgMELeAMf4FN71d61L+17Fl3Ripkj8Afa+BcQOaEx</latexit><latexit sha1_base64="MpXUqPIEGCQwk6iKtCHbFefTsww=">AAACH3icbVDNS8MwHE39nPOr6tFLcCiCOloR5g7CQA8eJ9htsJaRpukaln6QpINR+qd48V/x4kFFvO2/Mdt6mJsPAo/33i/J77kJo0IaxlhbWV1b39gsbZW3d3b39vWDw5aIU46JhWMW846LBGE0IpakkpFOwgkKXUba7uB+4reHhAsaR89ylBAnRP2I+hQjqaSeXrM9L5bQHiKeBBReQNvnCGcPV2ae2TyIc2hfQns+cnYHPdjq6RWjakwBl4lZkAoo0OzpP+oWnIYkkpghIbqmkUgnQ1xSzEhetlNBEoQHqE+6ikYoJMLJpgvm8FQpHvRjrk4k4VSdn8hQKMQodFUyRDIQi95E/M/rptK/dTIaJakkEZ495KcMyhhO2oIe5QRLNlIEYU7VXyEOkGpIqk7LqgRzceVlYl1X61Xz6abSqBdtlMAxOAHnwAQ10ACPoAksgMELeAMf4FN71d61L+17Fl3Ripkj8Afa+BcQOaEx</latexit><latexit sha1_base64="MpXUqPIEGCQwk6iKtCHbFefTsww=">AAACH3icbVDNS8MwHE39nPOr6tFLcCiCOloR5g7CQA8eJ9htsJaRpukaln6QpINR+qd48V/x4kFFvO2/Mdt6mJsPAo/33i/J77kJo0IaxlhbWV1b39gsbZW3d3b39vWDw5aIU46JhWMW846LBGE0IpakkpFOwgkKXUba7uB+4reHhAsaR89ylBAnRP2I+hQjqaSeXrM9L5bQHiKeBBReQNvnCGcPV2ae2TyIc2hfQns+cnYHPdjq6RWjakwBl4lZkAoo0OzpP+oWnIYkkpghIbqmkUgnQ1xSzEhetlNBEoQHqE+6ikYoJMLJpgvm8FQpHvRjrk4k4VSdn8hQKMQodFUyRDIQi95E/M/rptK/dTIaJakkEZ495KcMyhhO2oIe5QRLNlIEYU7VXyEOkGpIqk7LqgRzceVlYl1X61Xz6abSqBdtlMAxOAHnwAQ10ACPoAksgMELeAMf4FN71d61L+17Fl3Ripkj8Afa+BcQOaEx</latexit><latexit sha1_base64="MpXUqPIEGCQwk6iKtCHbFefTsww=">AAACH3icbVDNS8MwHE39nPOr6tFLcCiCOloR5g7CQA8eJ9htsJaRpukaln6QpINR+qd48V/x4kFFvO2/Mdt6mJsPAo/33i/J77kJo0IaxlhbWV1b39gsbZW3d3b39vWDw5aIU46JhWMW846LBGE0IpakkpFOwgkKXUba7uB+4reHhAsaR89ylBAnRP2I+hQjqaSeXrM9L5bQHiKeBBReQNvnCGcPV2ae2TyIc2hfQns+cnYHPdjq6RWjakwBl4lZkAoo0OzpP+oWnIYkkpghIbqmkUgnQ1xSzEhetlNBEoQHqE+6ikYoJMLJpgvm8FQpHvRjrk4k4VSdn8hQKMQodFUyRDIQi95E/M/rptK/dTIaJakkEZ495KcMyhhO2oIe5QRLNlIEYU7VXyEOkGpIqk7LqgRzceVlYl1X61Xz6abSqBdtlMAxOAHnwAQ10ACPoAksgMELeAMf4FN71d61L+17Fl3Ripkj8Afa+BcQOaEx</latexit>

Bounce equation

friction

particle
analogy

inverted
potential

solution existence

'0
<latexit sha1_base64="hqXCSvih0oLvSAJCZQzGNXI7Wlc=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KokI2lvBi8cKxhbbUCbbbbt0swm7m0IJ/RdePKh49ed489+4aXPQ1gcDj/dmmJkXJoJr47rfztr6xubWdmmnvLu3f3BYOTp+1HGqKPNpLGLVDlEzwSXzDTeCtRPFMAoFa4Xj29xvTZjSPJYPZpqwIMKh5ANO0VjpqTtBlYx4zy33KlW35s5BVolXkCoUaPYqX91+TNOISUMFat3x3MQEGSrDqWCzcjfVLEE6xiHrWCoxYjrI5hfPyLlV+mQQK1vSkLn6eyLDSOtpFNrOCM1IL3u5+J/XSc3gJsi4TFLDJF0sGqSCmJjk75M+V4waMbUEqeL2VkJHqJAaG1Iegrf88irxL2v1mnd/VW3UizRKcApncAEeXEMD7qAJPlCQ8Ayv8OZo58V5dz4WrWtOMXMCf+B8/gBEVJAo</latexit><latexit sha1_base64="hqXCSvih0oLvSAJCZQzGNXI7Wlc=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KokI2lvBi8cKxhbbUCbbbbt0swm7m0IJ/RdePKh49ed489+4aXPQ1gcDj/dmmJkXJoJr47rfztr6xubWdmmnvLu3f3BYOTp+1HGqKPNpLGLVDlEzwSXzDTeCtRPFMAoFa4Xj29xvTZjSPJYPZpqwIMKh5ANO0VjpqTtBlYx4zy33KlW35s5BVolXkCoUaPYqX91+TNOISUMFat3x3MQEGSrDqWCzcjfVLEE6xiHrWCoxYjrI5hfPyLlV+mQQK1vSkLn6eyLDSOtpFNrOCM1IL3u5+J/XSc3gJsi4TFLDJF0sGqSCmJjk75M+V4waMbUEqeL2VkJHqJAaG1Iegrf88irxL2v1mnd/VW3UizRKcApncAEeXEMD7qAJPlCQ8Ayv8OZo58V5dz4WrWtOMXMCf+B8/gBEVJAo</latexit><latexit sha1_base64="hqXCSvih0oLvSAJCZQzGNXI7Wlc=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KokI2lvBi8cKxhbbUCbbbbt0swm7m0IJ/RdePKh49ed489+4aXPQ1gcDj/dmmJkXJoJr47rfztr6xubWdmmnvLu3f3BYOTp+1HGqKPNpLGLVDlEzwSXzDTeCtRPFMAoFa4Xj29xvTZjSPJYPZpqwIMKh5ANO0VjpqTtBlYx4zy33KlW35s5BVolXkCoUaPYqX91+TNOISUMFat3x3MQEGSrDqWCzcjfVLEE6xiHrWCoxYjrI5hfPyLlV+mQQK1vSkLn6eyLDSOtpFNrOCM1IL3u5+J/XSc3gJsi4TFLDJF0sGqSCmJjk75M+V4waMbUEqeL2VkJHqJAaG1Iegrf88irxL2v1mnd/VW3UizRKcApncAEeXEMD7qAJPlCQ8Ayv8OZo58V5dz4WrWtOMXMCf+B8/gBEVJAo</latexit><latexit sha1_base64="hqXCSvih0oLvSAJCZQzGNXI7Wlc=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KokI2lvBi8cKxhbbUCbbbbt0swm7m0IJ/RdePKh49ed489+4aXPQ1gcDj/dmmJkXJoJr47rfztr6xubWdmmnvLu3f3BYOTp+1HGqKPNpLGLVDlEzwSXzDTeCtRPFMAoFa4Xj29xvTZjSPJYPZpqwIMKh5ANO0VjpqTtBlYx4zy33KlW35s5BVolXkCoUaPYqX91+TNOISUMFat3x3MQEGSrDqWCzcjfVLEE6xiHrWCoxYjrI5hfPyLlV+mQQK1vSkLn6eyLDSOtpFNrOCM1IL3u5+J/XSc3gJsi4TFLDJF0sGqSCmJjk75M+V4waMbUEqeL2VkJHqJAaG1Iegrf88irxL2v1mnd/VW3UizRKcApncAEeXEMD7qAJPlCQ8Ayv8OZo58V5dz4WrWtOMXMCf+B8/gBEVJAo</latexit>

friction
Coleman ’77 

Affleck ’81, Linde ’83

'(0) = '0, '(1) = '+,

'̇(0,1) = 0
<latexit sha1_base64="gfOIUFjhGbE7ZbbUxzL4KETQhmk="></latexit>



APPROXIMATING
BOUNCES

'<latexit sha1_base64="v+h3JeIvcl+3BbCApVTfq7RM8BE=">AAACSnicbZDLSsNAGIUntWqtt1aXboJFcFFColJdFtzoroK9QBPKZPKnHTu5ODMRSsg7uNVn8gV8DXfixmkaRFt/GDic7wzzz3FjRoU0zXettFZe39isbFW3d3b39mv1g56IEk6gSyIW8YGLBTAaQldSyWAQc8CBy6DvTq/nvP8EXNAovJezGJwAj0PqU4Klsnq2oAE8jmoN0zDz0VeFVYgGKqYzqmuG7UUkCSCUhGEhhpYZSyfFXFLCIKvaiYAYkykew1DJEAcgnDRfN9NPlOPpfsTVCaWeu79vpDgQYha4KhlgORHLbG7+x4aJ9K+clIZxIiEki4f8hOky0ud/1z3KgUg2UwITTtWuOplgjolUDVVtD3zVYr5O6vEs5WM3S41Wq2k2zWwJjwtsNvPAMnZ/cB7IVMPWcp+rondmWOfG2d1Fo31bdF1BR+gYnSILXaI2ukEd1EUEPaBn9IJetTftQ/vUvhbRklbcOUR/plT+BhxisPg=</latexit>
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Thin wall approximation Coleman ’77

V (') =
�

8

�
'2 � v2

�2
+ "

✓
'� v

2v

◆
,

<latexit sha1_base64="yZJWIbnCPAVfoFWqPQVc9f3htwQ="></latexit><latexit sha1_base64="yZJWIbnCPAVfoFWqPQVc9f3htwQ="></latexit><latexit sha1_base64="yZJWIbnCPAVfoFWqPQVc9f3htwQ="></latexit><latexit sha1_base64="yZJWIbnCPAVfoFWqPQVc9f3htwQ="></latexit>

"
<latexit sha1_base64="zIbBibrzjL/5YYuH//+qkrw+b7Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiaG8FLx4rGFtoQ9lsJ+3SzW7Y3RRK6M/w4kHFq//Gm//GbZuDtj4YeLw3w8y8KOVMG8/7dkobm1vbO+Xdyt7+weFR9fjkSctMUQyo5FJ1IqKRM4GBYYZjJ1VIkohjOxrfzf32BJVmUjyaaYphQoaCxYwSY6Vub0IUpppxKfrVmlf3FnDXiV+QGhRo9atfvYGkWYLCUE607vpeasKcKMMox1mll2lMCR2TIXYtFSRBHeaLk2fuhVUGbiyVLWHchfp7IieJ1tMksp0JMSO96s3F/7xuZuLbMGcizQwKulwUZ9w10p3/7w6YQmr41BJCFbO3unREFKHGplSxIfirL6+T4KreqPsP17Vmo0ijDGdwDpfgww004R5aEAAFCc/wCm+OcV6cd+dj2VpyiplT+APn8wchT5FS</latexit><latexit sha1_base64="zIbBibrzjL/5YYuH//+qkrw+b7Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiaG8FLx4rGFtoQ9lsJ+3SzW7Y3RRK6M/w4kHFq//Gm//GbZuDtj4YeLw3w8y8KOVMG8/7dkobm1vbO+Xdyt7+weFR9fjkSctMUQyo5FJ1IqKRM4GBYYZjJ1VIkohjOxrfzf32BJVmUjyaaYphQoaCxYwSY6Vub0IUpppxKfrVmlf3FnDXiV+QGhRo9atfvYGkWYLCUE607vpeasKcKMMox1mll2lMCR2TIXYtFSRBHeaLk2fuhVUGbiyVLWHchfp7IieJ1tMksp0JMSO96s3F/7xuZuLbMGcizQwKulwUZ9w10p3/7w6YQmr41BJCFbO3unREFKHGplSxIfirL6+T4KreqPsP17Vmo0ijDGdwDpfgww004R5aEAAFCc/wCm+OcV6cd+dj2VpyiplT+APn8wchT5FS</latexit><latexit sha1_base64="zIbBibrzjL/5YYuH//+qkrw+b7Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiaG8FLx4rGFtoQ9lsJ+3SzW7Y3RRK6M/w4kHFq//Gm//GbZuDtj4YeLw3w8y8KOVMG8/7dkobm1vbO+Xdyt7+weFR9fjkSctMUQyo5FJ1IqKRM4GBYYZjJ1VIkohjOxrfzf32BJVmUjyaaYphQoaCxYwSY6Vub0IUpppxKfrVmlf3FnDXiV+QGhRo9atfvYGkWYLCUE607vpeasKcKMMox1mll2lMCR2TIXYtFSRBHeaLk2fuhVUGbiyVLWHchfp7IieJ1tMksp0JMSO96s3F/7xuZuLbMGcizQwKulwUZ9w10p3/7w6YQmr41BJCFbO3unREFKHGplSxIfirL6+T4KreqPsP17Vmo0ijDGdwDpfgww004R5aEAAFCc/wCm+OcV6cd+dj2VpyiplT+APn8wchT5FS</latexit><latexit sha1_base64="zIbBibrzjL/5YYuH//+qkrw+b7Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiaG8FLx4rGFtoQ9lsJ+3SzW7Y3RRK6M/w4kHFq//Gm//GbZuDtj4YeLw3w8y8KOVMG8/7dkobm1vbO+Xdyt7+weFR9fjkSctMUQyo5FJ1IqKRM4GBYYZjJ1VIkohjOxrfzf32BJVmUjyaaYphQoaCxYwSY6Vub0IUpppxKfrVmlf3FnDXiV+QGhRo9atfvYGkWYLCUE607vpeasKcKMMox1mll2lMCR2TIXYtFSRBHeaLk2fuhVUGbiyVLWHchfp7IieJ1tMksp0JMSO96s3F/7xuZuLbMGcizQwKulwUZ9w10p3/7w6YQmr41BJCFbO3unREFKHGplSxIfirL6+T4KreqPsP17Vmo0ijDGdwDpfgww004R5aEAAFCc/wCm+OcV6cd+dj2VpyiplT+APn8wchT5FS</latexit>small    limit

'0
<latexit sha1_base64="hqXCSvih0oLvSAJCZQzGNXI7Wlc=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KokI2lvBi8cKxhbbUCbbbbt0swm7m0IJ/RdePKh49ed489+4aXPQ1gcDj/dmmJkXJoJr47rfztr6xubWdmmnvLu3f3BYOTp+1HGqKPNpLGLVDlEzwSXzDTeCtRPFMAoFa4Xj29xvTZjSPJYPZpqwIMKh5ANO0VjpqTtBlYx4zy33KlW35s5BVolXkCoUaPYqX91+TNOISUMFat3x3MQEGSrDqWCzcjfVLEE6xiHrWCoxYjrI5hfPyLlV+mQQK1vSkLn6eyLDSOtpFNrOCM1IL3u5+J/XSc3gJsi4TFLDJF0sGqSCmJjk75M+V4waMbUEqeL2VkJHqJAaG1Iegrf88irxL2v1mnd/VW3UizRKcApncAEeXEMD7qAJPlCQ8Ayv8OZo58V5dz4WrWtOMXMCf+B8/gBEVJAo</latexit><latexit sha1_base64="hqXCSvih0oLvSAJCZQzGNXI7Wlc=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KokI2lvBi8cKxhbbUCbbbbt0swm7m0IJ/RdePKh49ed489+4aXPQ1gcDj/dmmJkXJoJr47rfztr6xubWdmmnvLu3f3BYOTp+1HGqKPNpLGLVDlEzwSXzDTeCtRPFMAoFa4Xj29xvTZjSPJYPZpqwIMKh5ANO0VjpqTtBlYx4zy33KlW35s5BVolXkCoUaPYqX91+TNOISUMFat3x3MQEGSrDqWCzcjfVLEE6xiHrWCoxYjrI5hfPyLlV+mQQK1vSkLn6eyLDSOtpFNrOCM1IL3u5+J/XSc3gJsi4TFLDJF0sGqSCmJjk75M+V4waMbUEqeL2VkJHqJAaG1Iegrf88irxL2v1mnd/VW3UizRKcApncAEeXEMD7qAJPlCQ8Ayv8OZo58V5dz4WrWtOMXMCf+B8/gBEVJAo</latexit><latexit sha1_base64="hqXCSvih0oLvSAJCZQzGNXI7Wlc=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KokI2lvBi8cKxhbbUCbbbbt0swm7m0IJ/RdePKh49ed489+4aXPQ1gcDj/dmmJkXJoJr47rfztr6xubWdmmnvLu3f3BYOTp+1HGqKPNpLGLVDlEzwSXzDTeCtRPFMAoFa4Xj29xvTZjSPJYPZpqwIMKh5ANO0VjpqTtBlYx4zy33KlW35s5BVolXkCoUaPYqX91+TNOISUMFat3x3MQEGSrDqWCzcjfVLEE6xiHrWCoxYjrI5hfPyLlV+mQQK1vSkLn6eyLDSOtpFNrOCM1IL3u5+J/XSc3gJsi4TFLDJF0sGqSCmJjk75M+V4waMbUEqeL2VkJHqJAaG1Iegrf88irxL2v1mnd/VW3UizRKcApncAEeXEMD7qAJPlCQ8Ayv8OZo58V5dz4WrWtOMXMCf+B8/gBEVJAo</latexit><latexit sha1_base64="hqXCSvih0oLvSAJCZQzGNXI7Wlc=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KokI2lvBi8cKxhbbUCbbbbt0swm7m0IJ/RdePKh49ed489+4aXPQ1gcDj/dmmJkXJoJr47rfztr6xubWdmmnvLu3f3BYOTp+1HGqKPNpLGLVDlEzwSXzDTeCtRPFMAoFa4Xj29xvTZjSPJYPZpqwIMKh5ANO0VjpqTtBlYx4zy33KlW35s5BVolXkCoUaPYqX91+TNOISUMFat3x3MQEGSrDqWCzcjfVLEE6xiHrWCoxYjrI5hfPyLlV+mQQK1vSkLn6eyLDSOtpFNrOCM1IL3u5+J/XSc3gJsi4TFLDJF0sGqSCmJjk75M+V4waMbUEqeL2VkJHqJAaG1Iegrf88irxL2v1mnd/VW3UizRKcApncAEeXEMD7qAJPlCQ8Ayv8OZo58V5dz4WrWtOMXMCf+B8/gBEVJAo</latexit> '0 ' '�

<latexit sha1_base64="gZ8tlT0Ff4pC5EIV+gOw41llI5Y=">AAACA3icbVBNS8NAEN3Ur1q/oh57WSyCF0sigvZW8OKxgrGFpoTNdtMu3d3E3U2hhB68+Fe8eFDx6p/w5r9x00bQ1gcDj/dmmJkXJowq7ThfVmlldW19o7xZ2dre2d2z9w/uVJxKTDwcs1h2QqQIo4J4mmpGOokkiIeMtMPRVe63x0QqGotbPUlIj6OBoBHFSBspsKv+GMlkSAMH+opycg9/hNNKYNecujMDXCZuQWqgQCuwP/1+jFNOhMYMKdV1nUT3MiQ1xYxMK36qSILwCA1I11CBOFG9bPbEFB4bpQ+jWJoSGs7U3xMZ4kpNeGg6OdJDtejl4n9eN9XRZS+jIkk1EXi+KEoZ1DHME4F9KgnWbGIIwpKaWyEeIomwNrnlIbiLLy8T76zeqLs357Vmo0ijDKrgCJwAF1yAJrgGLeABDB7AE3gBr9aj9Wy9We/z1pJVzByCP7A+vgH7I5cw</latexit><latexit sha1_base64="gZ8tlT0Ff4pC5EIV+gOw41llI5Y=">AAACA3icbVBNS8NAEN3Ur1q/oh57WSyCF0sigvZW8OKxgrGFpoTNdtMu3d3E3U2hhB68+Fe8eFDx6p/w5r9x00bQ1gcDj/dmmJkXJowq7ThfVmlldW19o7xZ2dre2d2z9w/uVJxKTDwcs1h2QqQIo4J4mmpGOokkiIeMtMPRVe63x0QqGotbPUlIj6OBoBHFSBspsKv+GMlkSAMH+opycg9/hNNKYNecujMDXCZuQWqgQCuwP/1+jFNOhMYMKdV1nUT3MiQ1xYxMK36qSILwCA1I11CBOFG9bPbEFB4bpQ+jWJoSGs7U3xMZ4kpNeGg6OdJDtejl4n9eN9XRZS+jIkk1EXi+KEoZ1DHME4F9KgnWbGIIwpKaWyEeIomwNrnlIbiLLy8T76zeqLs357Vmo0ijDKrgCJwAF1yAJrgGLeABDB7AE3gBr9aj9Wy9We/z1pJVzByCP7A+vgH7I5cw</latexit><latexit sha1_base64="gZ8tlT0Ff4pC5EIV+gOw41llI5Y=">AAACA3icbVBNS8NAEN3Ur1q/oh57WSyCF0sigvZW8OKxgrGFpoTNdtMu3d3E3U2hhB68+Fe8eFDx6p/w5r9x00bQ1gcDj/dmmJkXJowq7ThfVmlldW19o7xZ2dre2d2z9w/uVJxKTDwcs1h2QqQIo4J4mmpGOokkiIeMtMPRVe63x0QqGotbPUlIj6OBoBHFSBspsKv+GMlkSAMH+opycg9/hNNKYNecujMDXCZuQWqgQCuwP/1+jFNOhMYMKdV1nUT3MiQ1xYxMK36qSILwCA1I11CBOFG9bPbEFB4bpQ+jWJoSGs7U3xMZ4kpNeGg6OdJDtejl4n9eN9XRZS+jIkk1EXi+KEoZ1DHME4F9KgnWbGIIwpKaWyEeIomwNrnlIbiLLy8T76zeqLs357Vmo0ijDKrgCJwAF1yAJrgGLeABDB7AE3gBr9aj9Wy9We/z1pJVzByCP7A+vgH7I5cw</latexit><latexit sha1_base64="gZ8tlT0Ff4pC5EIV+gOw41llI5Y=">AAACA3icbVBNS8NAEN3Ur1q/oh57WSyCF0sigvZW8OKxgrGFpoTNdtMu3d3E3U2hhB68+Fe8eFDx6p/w5r9x00bQ1gcDj/dmmJkXJowq7ThfVmlldW19o7xZ2dre2d2z9w/uVJxKTDwcs1h2QqQIo4J4mmpGOokkiIeMtMPRVe63x0QqGotbPUlIj6OBoBHFSBspsKv+GMlkSAMH+opycg9/hNNKYNecujMDXCZuQWqgQCuwP/1+jFNOhMYMKdV1nUT3MiQ1xYxMK36qSILwCA1I11CBOFG9bPbEFB4bpQ+jWJoSGs7U3xMZ4kpNeGg6OdJDtejl4n9eN9XRZS+jIkk1EXi+KEoZ1DHME4F9KgnWbGIIwpKaWyEeIomwNrnlIbiLLy8T76zeqLs357Vmo0ijDKrgCJwAF1yAJrgGLeABDB7AE3gBr9aj9Wy9We/z1pJVzByCP7A+vgH7I5cw</latexit>

⇢ = R
<latexit sha1_base64="H00sIVNVABPGpWZOHC7VcXsALes=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0B6EghePVYwttKFstpt26WY37m6EEvonvHhQ8erv8ea/cdvmoK0PBh7vzTAzL0o508bzvp3Syura+kZ5s7K1vbO75+4fPGiZKUIDIrlU7QhrypmggWGG03aqKE4iTlvR6Hrqt56o0kyKezNOaZjggWAxI9hYqd1VQ4mu0F3PrXo1bwa0TPyCVKFAs+d+dfuSZAkVhnCsdcf3UhPmWBlGOJ1UupmmKSYjPKAdSwVOqA7z2b0TdGKVPoqlsiUMmqm/J3KcaD1OItuZYDPUi95U/M/rZCa+DHMm0sxQQeaL4owjI9H0edRnihLDx5Zgopi9FZEhVpgYG1HFhuAvvrxMgrNavebfnlcb9SKNMhzBMZyCDxfQgBtoQgAEODzDK7w5j86L8+58zFtLTjFzCH/gfP4AXmePCQ==</latexit><latexit sha1_base64="H00sIVNVABPGpWZOHC7VcXsALes=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0B6EghePVYwttKFstpt26WY37m6EEvonvHhQ8erv8ea/cdvmoK0PBh7vzTAzL0o508bzvp3Syura+kZ5s7K1vbO75+4fPGiZKUIDIrlU7QhrypmggWGG03aqKE4iTlvR6Hrqt56o0kyKezNOaZjggWAxI9hYqd1VQ4mu0F3PrXo1bwa0TPyCVKFAs+d+dfuSZAkVhnCsdcf3UhPmWBlGOJ1UupmmKSYjPKAdSwVOqA7z2b0TdGKVPoqlsiUMmqm/J3KcaD1OItuZYDPUi95U/M/rZCa+DHMm0sxQQeaL4owjI9H0edRnihLDx5Zgopi9FZEhVpgYG1HFhuAvvrxMgrNavebfnlcb9SKNMhzBMZyCDxfQgBtoQgAEODzDK7w5j86L8+58zFtLTjFzCH/gfP4AXmePCQ==</latexit><latexit sha1_base64="H00sIVNVABPGpWZOHC7VcXsALes=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0B6EghePVYwttKFstpt26WY37m6EEvonvHhQ8erv8ea/cdvmoK0PBh7vzTAzL0o508bzvp3Syura+kZ5s7K1vbO75+4fPGiZKUIDIrlU7QhrypmggWGG03aqKE4iTlvR6Hrqt56o0kyKezNOaZjggWAxI9hYqd1VQ4mu0F3PrXo1bwa0TPyCVKFAs+d+dfuSZAkVhnCsdcf3UhPmWBlGOJ1UupmmKSYjPKAdSwVOqA7z2b0TdGKVPoqlsiUMmqm/J3KcaD1OItuZYDPUi95U/M/rZCa+DHMm0sxQQeaL4owjI9H0edRnihLDx5Zgopi9FZEhVpgYG1HFhuAvvrxMgrNavebfnlcb9SKNMhzBMZyCDxfQgBtoQgAEODzDK7w5j86L8+58zFtLTjFzCH/gfP4AXmePCQ==</latexit><latexit sha1_base64="H00sIVNVABPGpWZOHC7VcXsALes=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0B6EghePVYwttKFstpt26WY37m6EEvonvHhQ8erv8ea/cdvmoK0PBh7vzTAzL0o508bzvp3Syura+kZ5s7K1vbO75+4fPGiZKUIDIrlU7QhrypmggWGG03aqKE4iTlvR6Hrqt56o0kyKezNOaZjggWAxI9hYqd1VQ4mu0F3PrXo1bwa0TPyCVKFAs+d+dfuSZAkVhnCsdcf3UhPmWBlGOJ1UupmmKSYjPKAdSwVOqA7z2b0TdGKVPoqlsiUMmqm/J3KcaD1OItuZYDPUi95U/M/rZCa+DHMm0sxQQeaL4owjI9H0edRnihLDx5Zgopi9FZEhVpgYG1HFhuAvvrxMgrNavebfnlcb9SKNMhzBMZyCDxfQgBtoQgAEODzDK7w5j86L8+58zFtLTjFzCH/gfP4AXmePCQ==</latexit>

until
' �v

<latexit sha1_base64="Vl9XsLC7Tt9VaP8hVs3SwH31Lo4=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQiaG8FLx4rGFtpQ9lsJ+3S3STubgql9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZemAqujet+Oyura+sbm4Wt4vbO7t5+6eDwQSeZYuizRCSqGVKNgsfoG24ENlOFVIYCG+HgZuo3hqg0T+J7M0oxkLQX84gzaqz02NZc4hM5H3ZKZbfizkCWiZeTMuSod0pf7W7CMomxYYJq3fLc1ARjqgxnAifFdqYxpWxAe9iyNKYSdTCeHTwhp1bpkihRtmJDZurviTGVWo9kaDslNX296E3F/7xWZqLrYMzjNDMYs/miKBPEJGT6PelyhcyIkSWUKW5vJaxPFWXGZlS0IXiLLy8T/6JSrXh3l+VaNU+jAMdwAmfgwRXU4Bbq4AMDCc/wCm+Ocl6cd+dj3rri5DNH8AfO5w+4x4/d</latexit><latexit sha1_base64="Vl9XsLC7Tt9VaP8hVs3SwH31Lo4=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQiaG8FLx4rGFtpQ9lsJ+3S3STubgql9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZemAqujet+Oyura+sbm4Wt4vbO7t5+6eDwQSeZYuizRCSqGVKNgsfoG24ENlOFVIYCG+HgZuo3hqg0T+J7M0oxkLQX84gzaqz02NZc4hM5H3ZKZbfizkCWiZeTMuSod0pf7W7CMomxYYJq3fLc1ARjqgxnAifFdqYxpWxAe9iyNKYSdTCeHTwhp1bpkihRtmJDZurviTGVWo9kaDslNX296E3F/7xWZqLrYMzjNDMYs/miKBPEJGT6PelyhcyIkSWUKW5vJaxPFWXGZlS0IXiLLy8T/6JSrXh3l+VaNU+jAMdwAmfgwRXU4Bbq4AMDCc/wCm+Ocl6cd+dj3rri5DNH8AfO5w+4x4/d</latexit><latexit sha1_base64="Vl9XsLC7Tt9VaP8hVs3SwH31Lo4=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQiaG8FLx4rGFtpQ9lsJ+3S3STubgql9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZemAqujet+Oyura+sbm4Wt4vbO7t5+6eDwQSeZYuizRCSqGVKNgsfoG24ENlOFVIYCG+HgZuo3hqg0T+J7M0oxkLQX84gzaqz02NZc4hM5H3ZKZbfizkCWiZeTMuSod0pf7W7CMomxYYJq3fLc1ARjqgxnAifFdqYxpWxAe9iyNKYSdTCeHTwhp1bpkihRtmJDZurviTGVWo9kaDslNX296E3F/7xWZqLrYMzjNDMYs/miKBPEJGT6PelyhcyIkSWUKW5vJaxPFWXGZlS0IXiLLy8T/6JSrXh3l+VaNU+jAMdwAmfgwRXU4Bbq4AMDCc/wCm+Ocl6cd+dj3rri5DNH8AfO5w+4x4/d</latexit><latexit sha1_base64="Vl9XsLC7Tt9VaP8hVs3SwH31Lo4=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQiaG8FLx4rGFtpQ9lsJ+3S3STubgql9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZemAqujet+Oyura+sbm4Wt4vbO7t5+6eDwQSeZYuizRCSqGVKNgsfoG24ENlOFVIYCG+HgZuo3hqg0T+J7M0oxkLQX84gzaqz02NZc4hM5H3ZKZbfizkCWiZeTMuSod0pf7W7CMomxYYJq3fLc1ARjqgxnAifFdqYxpWxAe9iyNKYSdTCeHTwhp1bpkihRtmJDZurviTGVWo9kaDslNX296E3F/7xWZqLrYMzjNDMYs/miKBPEJGT6PelyhcyIkSWUKW5vJaxPFWXGZlS0IXiLLy8T/6JSrXh3l+VaNU+jAMdwAmfgwRXU4Bbq4AMDCc/wCm+Ocl6cd+dj3rri5DNH8AfO5w+4x4/d</latexit>

' v
<latexit sha1_base64="NYpkSkMABja1qJ0py2GuKu548D0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0N4KXjxWMLbQhrLZTtulu0m6uymU0D/hxYOKV3+PN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vHJk45TxdBnsYhVK6QaBY/QN9wIbCUKqQwFNsPR3dxvTlBpHkePZppgIOkg4n3OqLFSq6O5xDGZdMsVt+ouQNaJl5MK5Gh0y1+dXsxSiZFhgmrd9tzEBBlVhjOBs1In1ZhQNqIDbFsaUYk6yBb3zsiFVXqkHytbkSEL9fdERqXWUxnaTknNUK96c/E/r52a/m2Q8ShJDUZsuaifCmJiMn+e9LhCZsTUEsoUt7cSNqSKMmMjKtkQvNWX14l/Va1VvYfrSr2Wp1GEMziHS/DgBupwDw3wgYGAZ3iFN2fsvDjvzseyteDkM6fwB87nD00Hj6Y=</latexit><latexit sha1_base64="NYpkSkMABja1qJ0py2GuKu548D0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0N4KXjxWMLbQhrLZTtulu0m6uymU0D/hxYOKV3+PN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vHJk45TxdBnsYhVK6QaBY/QN9wIbCUKqQwFNsPR3dxvTlBpHkePZppgIOkg4n3OqLFSq6O5xDGZdMsVt+ouQNaJl5MK5Gh0y1+dXsxSiZFhgmrd9tzEBBlVhjOBs1In1ZhQNqIDbFsaUYk6yBb3zsiFVXqkHytbkSEL9fdERqXWUxnaTknNUK96c/E/r52a/m2Q8ShJDUZsuaifCmJiMn+e9LhCZsTUEsoUt7cSNqSKMmMjKtkQvNWX14l/Va1VvYfrSr2Wp1GEMziHS/DgBupwDw3wgYGAZ3iFN2fsvDjvzseyteDkM6fwB87nD00Hj6Y=</latexit><latexit sha1_base64="NYpkSkMABja1qJ0py2GuKu548D0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0N4KXjxWMLbQhrLZTtulu0m6uymU0D/hxYOKV3+PN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vHJk45TxdBnsYhVK6QaBY/QN9wIbCUKqQwFNsPR3dxvTlBpHkePZppgIOkg4n3OqLFSq6O5xDGZdMsVt+ouQNaJl5MK5Gh0y1+dXsxSiZFhgmrd9tzEBBlVhjOBs1In1ZhQNqIDbFsaUYk6yBb3zsiFVXqkHytbkSEL9fdERqXWUxnaTknNUK96c/E/r52a/m2Q8ShJDUZsuaifCmJiMn+e9LhCZsTUEsoUt7cSNqSKMmMjKtkQvNWX14l/Va1VvYfrSr2Wp1GEMziHS/DgBupwDw3wgYGAZ3iFN2fsvDjvzseyteDkM6fwB87nD00Hj6Y=</latexit><latexit sha1_base64="NYpkSkMABja1qJ0py2GuKu548D0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0N4KXjxWMLbQhrLZTtulu0m6uymU0D/hxYOKV3+PN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vHJk45TxdBnsYhVK6QaBY/QN9wIbCUKqQwFNsPR3dxvTlBpHkePZppgIOkg4n3OqLFSq6O5xDGZdMsVt+ouQNaJl5MK5Gh0y1+dXsxSiZFhgmrd9tzEBBlVhjOBs1In1ZhQNqIDbFsaUYk6yBb3zsiFVXqkHytbkSEL9fdERqXWUxnaTknNUK96c/E/r52a/m2Q8ShJDUZsuaifCmJiMn+e9LhCZsTUEsoUt7cSNqSKMmMjKtkQvNWX14l/Va1VvYfrSr2Wp1GEMziHS/DgBupwDw3wgYGAZ3iFN2fsvDjvzseyteDkM6fwB87nD00Hj6Y=</latexit>

S1 =
v3
p
�

3
<latexit sha1_base64="XvF4drSzy2eKl3ioUpFR+JIb2TA=">AAACCnicbVC7TsMwFHXKq5RXgJHFaoXEVCWAeAxIlVgYiyC0UhMix3Faq44TbKdSFWVn4VdYGACx8gVs/A3uY4CWI13p6Jx77XtPkDIqlWV9G6WFxaXllfJqZW19Y3PL3N65k0kmMHFwwhLRDpAkjHLiKKoYaaeCoDhgpBX0L0d+a0CEpAm/VcOUeDHqchpRjJSWfLN649vwArqRQDgf3B9BVz4IlbtMPxGiosiPCt+sWXVrDDhP7CmpgSmavvnlhgnOYsIVZkjKjm2lysuRUBQzUlTcTJIU4T7qko6mHMVEevn4lgLuayWEUSJ0cQXH6u+JHMVSDuNAd8ZI9eSsNxL/8zqZis68nPI0U4TjyUdRxqBK4CgYGFJBsGJDTRAWVO8KcQ/pWJSOr6JDsGdPnifOYf28bl8f1xon0zTKYA9UwQGwwSlogCvQBA7A4BE8g1fwZjwZL8a78TFpLRnTmV3wB8bnD3sGmkQ=</latexit><latexit sha1_base64="XvF4drSzy2eKl3ioUpFR+JIb2TA=">AAACCnicbVC7TsMwFHXKq5RXgJHFaoXEVCWAeAxIlVgYiyC0UhMix3Faq44TbKdSFWVn4VdYGACx8gVs/A3uY4CWI13p6Jx77XtPkDIqlWV9G6WFxaXllfJqZW19Y3PL3N65k0kmMHFwwhLRDpAkjHLiKKoYaaeCoDhgpBX0L0d+a0CEpAm/VcOUeDHqchpRjJSWfLN649vwArqRQDgf3B9BVz4IlbtMPxGiosiPCt+sWXVrDDhP7CmpgSmavvnlhgnOYsIVZkjKjm2lysuRUBQzUlTcTJIU4T7qko6mHMVEevn4lgLuayWEUSJ0cQXH6u+JHMVSDuNAd8ZI9eSsNxL/8zqZis68nPI0U4TjyUdRxqBK4CgYGFJBsGJDTRAWVO8KcQ/pWJSOr6JDsGdPnifOYf28bl8f1xon0zTKYA9UwQGwwSlogCvQBA7A4BE8g1fwZjwZL8a78TFpLRnTmV3wB8bnD3sGmkQ=</latexit><latexit sha1_base64="XvF4drSzy2eKl3ioUpFR+JIb2TA=">AAACCnicbVC7TsMwFHXKq5RXgJHFaoXEVCWAeAxIlVgYiyC0UhMix3Faq44TbKdSFWVn4VdYGACx8gVs/A3uY4CWI13p6Jx77XtPkDIqlWV9G6WFxaXllfJqZW19Y3PL3N65k0kmMHFwwhLRDpAkjHLiKKoYaaeCoDhgpBX0L0d+a0CEpAm/VcOUeDHqchpRjJSWfLN649vwArqRQDgf3B9BVz4IlbtMPxGiosiPCt+sWXVrDDhP7CmpgSmavvnlhgnOYsIVZkjKjm2lysuRUBQzUlTcTJIU4T7qko6mHMVEevn4lgLuayWEUSJ0cQXH6u+JHMVSDuNAd8ZI9eSsNxL/8zqZis68nPI0U4TjyUdRxqBK4CgYGFJBsGJDTRAWVO8KcQ/pWJSOr6JDsGdPnifOYf28bl8f1xon0zTKYA9UwQGwwSlogCvQBA7A4BE8g1fwZjwZL8a78TFpLRnTmV3wB8bnD3sGmkQ=</latexit><latexit sha1_base64="XvF4drSzy2eKl3ioUpFR+JIb2TA=">AAACCnicbVC7TsMwFHXKq5RXgJHFaoXEVCWAeAxIlVgYiyC0UhMix3Faq44TbKdSFWVn4VdYGACx8gVs/A3uY4CWI13p6Jx77XtPkDIqlWV9G6WFxaXllfJqZW19Y3PL3N65k0kmMHFwwhLRDpAkjHLiKKoYaaeCoDhgpBX0L0d+a0CEpAm/VcOUeDHqchpRjJSWfLN649vwArqRQDgf3B9BVz4IlbtMPxGiosiPCt+sWXVrDDhP7CmpgSmavvnlhgnOYsIVZkjKjm2lysuRUBQzUlTcTJIU4T7qko6mHMVEevn4lgLuayWEUSJ0cQXH6u+JHMVSDuNAd8ZI9eSsNxL/8zqZis68nPI0U4TjyUdRxqBK4CgYGFJBsGJDTRAWVO8KcQ/pWJSOr6JDsGdPnifOYf28bl8f1xon0zTKYA9UwQGwwSlogCvQBA7A4BE8g1fwZjwZL8a78TFpLRnTmV3wB8bnD3sGmkQ=</latexit>
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<latexit sha1_base64="yZJWIbnCPAVfoFWqPQVc9f3htwQ="></latexit><latexit sha1_base64="yZJWIbnCPAVfoFWqPQVc9f3htwQ="></latexit><latexit sha1_base64="yZJWIbnCPAVfoFWqPQVc9f3htwQ="></latexit><latexit sha1_base64="yZJWIbnCPAVfoFWqPQVc9f3htwQ="></latexit>

"
<latexit sha1_base64="zIbBibrzjL/5YYuH//+qkrw+b7Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiaG8FLx4rGFtoQ9lsJ+3SzW7Y3RRK6M/w4kHFq//Gm//GbZuDtj4YeLw3w8y8KOVMG8/7dkobm1vbO+Xdyt7+weFR9fjkSctMUQyo5FJ1IqKRM4GBYYZjJ1VIkohjOxrfzf32BJVmUjyaaYphQoaCxYwSY6Vub0IUpppxKfrVmlf3FnDXiV+QGhRo9atfvYGkWYLCUE607vpeasKcKMMox1mll2lMCR2TIXYtFSRBHeaLk2fuhVUGbiyVLWHchfp7IieJ1tMksp0JMSO96s3F/7xuZuLbMGcizQwKulwUZ9w10p3/7w6YQmr41BJCFbO3unREFKHGplSxIfirL6+T4KreqPsP17Vmo0ijDGdwDpfgww004R5aEAAFCc/wCm+OcV6cd+dj2VpyiplT+APn8wchT5FS</latexit><latexit sha1_base64="zIbBibrzjL/5YYuH//+qkrw+b7Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiaG8FLx4rGFtoQ9lsJ+3SzW7Y3RRK6M/w4kHFq//Gm//GbZuDtj4YeLw3w8y8KOVMG8/7dkobm1vbO+Xdyt7+weFR9fjkSctMUQyo5FJ1IqKRM4GBYYZjJ1VIkohjOxrfzf32BJVmUjyaaYphQoaCxYwSY6Vub0IUpppxKfrVmlf3FnDXiV+QGhRo9atfvYGkWYLCUE607vpeasKcKMMox1mll2lMCR2TIXYtFSRBHeaLk2fuhVUGbiyVLWHchfp7IieJ1tMksp0JMSO96s3F/7xuZuLbMGcizQwKulwUZ9w10p3/7w6YQmr41BJCFbO3unREFKHGplSxIfirL6+T4KreqPsP17Vmo0ijDGdwDpfgww004R5aEAAFCc/wCm+OcV6cd+dj2VpyiplT+APn8wchT5FS</latexit><latexit sha1_base64="zIbBibrzjL/5YYuH//+qkrw+b7Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiaG8FLx4rGFtoQ9lsJ+3SzW7Y3RRK6M/w4kHFq//Gm//GbZuDtj4YeLw3w8y8KOVMG8/7dkobm1vbO+Xdyt7+weFR9fjkSctMUQyo5FJ1IqKRM4GBYYZjJ1VIkohjOxrfzf32BJVmUjyaaYphQoaCxYwSY6Vub0IUpppxKfrVmlf3FnDXiV+QGhRo9atfvYGkWYLCUE607vpeasKcKMMox1mll2lMCR2TIXYtFSRBHeaLk2fuhVUGbiyVLWHchfp7IieJ1tMksp0JMSO96s3F/7xuZuLbMGcizQwKulwUZ9w10p3/7w6YQmr41BJCFbO3unREFKHGplSxIfirL6+T4KreqPsP17Vmo0ijDGdwDpfgww004R5aEAAFCc/wCm+OcV6cd+dj2VpyiplT+APn8wchT5FS</latexit><latexit sha1_base64="zIbBibrzjL/5YYuH//+qkrw+b7Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiaG8FLx4rGFtoQ9lsJ+3SzW7Y3RRK6M/w4kHFq//Gm//GbZuDtj4YeLw3w8y8KOVMG8/7dkobm1vbO+Xdyt7+weFR9fjkSctMUQyo5FJ1IqKRM4GBYYZjJ1VIkohjOxrfzf32BJVmUjyaaYphQoaCxYwSY6Vub0IUpppxKfrVmlf3FnDXiV+QGhRo9atfvYGkWYLCUE607vpeasKcKMMox1mll2lMCR2TIXYtFSRBHeaLk2fuhVUGbiyVLWHchfp7IieJ1tMksp0JMSO96s3F/7xuZuLbMGcizQwKulwUZ9w10p3/7w6YQmr41BJCFbO3unREFKHGplSxIfirL6+T4KreqPsP17Vmo0ijDGdwDpfgww004R5aEAAFCc/wCm+OcV6cd+dj2VpyiplT+APn8wchT5FS</latexit>small    limit

'0
<latexit sha1_base64="hqXCSvih0oLvSAJCZQzGNXI7Wlc=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KokI2lvBi8cKxhbbUCbbbbt0swm7m0IJ/RdePKh49ed489+4aXPQ1gcDj/dmmJkXJoJr47rfztr6xubWdmmnvLu3f3BYOTp+1HGqKPNpLGLVDlEzwSXzDTeCtRPFMAoFa4Xj29xvTZjSPJYPZpqwIMKh5ANO0VjpqTtBlYx4zy33KlW35s5BVolXkCoUaPYqX91+TNOISUMFat3x3MQEGSrDqWCzcjfVLEE6xiHrWCoxYjrI5hfPyLlV+mQQK1vSkLn6eyLDSOtpFNrOCM1IL3u5+J/XSc3gJsi4TFLDJF0sGqSCmJjk75M+V4waMbUEqeL2VkJHqJAaG1Iegrf88irxL2v1mnd/VW3UizRKcApncAEeXEMD7qAJPlCQ8Ayv8OZo58V5dz4WrWtOMXMCf+B8/gBEVJAo</latexit><latexit sha1_base64="hqXCSvih0oLvSAJCZQzGNXI7Wlc=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KokI2lvBi8cKxhbbUCbbbbt0swm7m0IJ/RdePKh49ed489+4aXPQ1gcDj/dmmJkXJoJr47rfztr6xubWdmmnvLu3f3BYOTp+1HGqKPNpLGLVDlEzwSXzDTeCtRPFMAoFa4Xj29xvTZjSPJYPZpqwIMKh5ANO0VjpqTtBlYx4zy33KlW35s5BVolXkCoUaPYqX91+TNOISUMFat3x3MQEGSrDqWCzcjfVLEE6xiHrWCoxYjrI5hfPyLlV+mQQK1vSkLn6eyLDSOtpFNrOCM1IL3u5+J/XSc3gJsi4TFLDJF0sGqSCmJjk75M+V4waMbUEqeL2VkJHqJAaG1Iegrf88irxL2v1mnd/VW3UizRKcApncAEeXEMD7qAJPlCQ8Ayv8OZo58V5dz4WrWtOMXMCf+B8/gBEVJAo</latexit><latexit sha1_base64="hqXCSvih0oLvSAJCZQzGNXI7Wlc=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KokI2lvBi8cKxhbbUCbbbbt0swm7m0IJ/RdePKh49ed489+4aXPQ1gcDj/dmmJkXJoJr47rfztr6xubWdmmnvLu3f3BYOTp+1HGqKPNpLGLVDlEzwSXzDTeCtRPFMAoFa4Xj29xvTZjSPJYPZpqwIMKh5ANO0VjpqTtBlYx4zy33KlW35s5BVolXkCoUaPYqX91+TNOISUMFat3x3MQEGSrDqWCzcjfVLEE6xiHrWCoxYjrI5hfPyLlV+mQQK1vSkLn6eyLDSOtpFNrOCM1IL3u5+J/XSc3gJsi4TFLDJF0sGqSCmJjk75M+V4waMbUEqeL2VkJHqJAaG1Iegrf88irxL2v1mnd/VW3UizRKcApncAEeXEMD7qAJPlCQ8Ayv8OZo58V5dz4WrWtOMXMCf+B8/gBEVJAo</latexit><latexit sha1_base64="hqXCSvih0oLvSAJCZQzGNXI7Wlc=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KokI2lvBi8cKxhbbUCbbbbt0swm7m0IJ/RdePKh49ed489+4aXPQ1gcDj/dmmJkXJoJr47rfztr6xubWdmmnvLu3f3BYOTp+1HGqKPNpLGLVDlEzwSXzDTeCtRPFMAoFa4Xj29xvTZjSPJYPZpqwIMKh5ANO0VjpqTtBlYx4zy33KlW35s5BVolXkCoUaPYqX91+TNOISUMFat3x3MQEGSrDqWCzcjfVLEE6xiHrWCoxYjrI5hfPyLlV+mQQK1vSkLn6eyLDSOtpFNrOCM1IL3u5+J/XSc3gJsi4TFLDJF0sGqSCmJjk75M+V4waMbUEqeL2VkJHqJAaG1Iegrf88irxL2v1mnd/VW3UizRKcApncAEeXEMD7qAJPlCQ8Ayv8OZo58V5dz4WrWtOMXMCf+B8/gBEVJAo</latexit> '0 ' '�

<latexit sha1_base64="gZ8tlT0Ff4pC5EIV+gOw41llI5Y=">AAACA3icbVBNS8NAEN3Ur1q/oh57WSyCF0sigvZW8OKxgrGFpoTNdtMu3d3E3U2hhB68+Fe8eFDx6p/w5r9x00bQ1gcDj/dmmJkXJowq7ThfVmlldW19o7xZ2dre2d2z9w/uVJxKTDwcs1h2QqQIo4J4mmpGOokkiIeMtMPRVe63x0QqGotbPUlIj6OBoBHFSBspsKv+GMlkSAMH+opycg9/hNNKYNecujMDXCZuQWqgQCuwP/1+jFNOhMYMKdV1nUT3MiQ1xYxMK36qSILwCA1I11CBOFG9bPbEFB4bpQ+jWJoSGs7U3xMZ4kpNeGg6OdJDtejl4n9eN9XRZS+jIkk1EXi+KEoZ1DHME4F9KgnWbGIIwpKaWyEeIomwNrnlIbiLLy8T76zeqLs357Vmo0ijDKrgCJwAF1yAJrgGLeABDB7AE3gBr9aj9Wy9We/z1pJVzByCP7A+vgH7I5cw</latexit><latexit sha1_base64="gZ8tlT0Ff4pC5EIV+gOw41llI5Y=">AAACA3icbVBNS8NAEN3Ur1q/oh57WSyCF0sigvZW8OKxgrGFpoTNdtMu3d3E3U2hhB68+Fe8eFDx6p/w5r9x00bQ1gcDj/dmmJkXJowq7ThfVmlldW19o7xZ2dre2d2z9w/uVJxKTDwcs1h2QqQIo4J4mmpGOokkiIeMtMPRVe63x0QqGotbPUlIj6OBoBHFSBspsKv+GMlkSAMH+opycg9/hNNKYNecujMDXCZuQWqgQCuwP/1+jFNOhMYMKdV1nUT3MiQ1xYxMK36qSILwCA1I11CBOFG9bPbEFB4bpQ+jWJoSGs7U3xMZ4kpNeGg6OdJDtejl4n9eN9XRZS+jIkk1EXi+KEoZ1DHME4F9KgnWbGIIwpKaWyEeIomwNrnlIbiLLy8T76zeqLs357Vmo0ijDKrgCJwAF1yAJrgGLeABDB7AE3gBr9aj9Wy9We/z1pJVzByCP7A+vgH7I5cw</latexit><latexit sha1_base64="gZ8tlT0Ff4pC5EIV+gOw41llI5Y=">AAACA3icbVBNS8NAEN3Ur1q/oh57WSyCF0sigvZW8OKxgrGFpoTNdtMu3d3E3U2hhB68+Fe8eFDx6p/w5r9x00bQ1gcDj/dmmJkXJowq7ThfVmlldW19o7xZ2dre2d2z9w/uVJxKTDwcs1h2QqQIo4J4mmpGOokkiIeMtMPRVe63x0QqGotbPUlIj6OBoBHFSBspsKv+GMlkSAMH+opycg9/hNNKYNecujMDXCZuQWqgQCuwP/1+jFNOhMYMKdV1nUT3MiQ1xYxMK36qSILwCA1I11CBOFG9bPbEFB4bpQ+jWJoSGs7U3xMZ4kpNeGg6OdJDtejl4n9eN9XRZS+jIkk1EXi+KEoZ1DHME4F9KgnWbGIIwpKaWyEeIomwNrnlIbiLLy8T76zeqLs357Vmo0ijDKrgCJwAF1yAJrgGLeABDB7AE3gBr9aj9Wy9We/z1pJVzByCP7A+vgH7I5cw</latexit><latexit sha1_base64="gZ8tlT0Ff4pC5EIV+gOw41llI5Y=">AAACA3icbVBNS8NAEN3Ur1q/oh57WSyCF0sigvZW8OKxgrGFpoTNdtMu3d3E3U2hhB68+Fe8eFDx6p/w5r9x00bQ1gcDj/dmmJkXJowq7ThfVmlldW19o7xZ2dre2d2z9w/uVJxKTDwcs1h2QqQIo4J4mmpGOokkiIeMtMPRVe63x0QqGotbPUlIj6OBoBHFSBspsKv+GMlkSAMH+opycg9/hNNKYNecujMDXCZuQWqgQCuwP/1+jFNOhMYMKdV1nUT3MiQ1xYxMK36qSILwCA1I11CBOFG9bPbEFB4bpQ+jWJoSGs7U3xMZ4kpNeGg6OdJDtejl4n9eN9XRZS+jIkk1EXi+KEoZ1DHME4F9KgnWbGIIwpKaWyEeIomwNrnlIbiLLy8T76zeqLs357Vmo0ijDKrgCJwAF1yAJrgGLeABDB7AE3gBr9aj9Wy9We/z1pJVzByCP7A+vgH7I5cw</latexit>

⇢ = R
<latexit sha1_base64="H00sIVNVABPGpWZOHC7VcXsALes=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0B6EghePVYwttKFstpt26WY37m6EEvonvHhQ8erv8ea/cdvmoK0PBh7vzTAzL0o508bzvp3Syura+kZ5s7K1vbO75+4fPGiZKUIDIrlU7QhrypmggWGG03aqKE4iTlvR6Hrqt56o0kyKezNOaZjggWAxI9hYqd1VQ4mu0F3PrXo1bwa0TPyCVKFAs+d+dfuSZAkVhnCsdcf3UhPmWBlGOJ1UupmmKSYjPKAdSwVOqA7z2b0TdGKVPoqlsiUMmqm/J3KcaD1OItuZYDPUi95U/M/rZCa+DHMm0sxQQeaL4owjI9H0edRnihLDx5Zgopi9FZEhVpgYG1HFhuAvvrxMgrNavebfnlcb9SKNMhzBMZyCDxfQgBtoQgAEODzDK7w5j86L8+58zFtLTjFzCH/gfP4AXmePCQ==</latexit><latexit sha1_base64="H00sIVNVABPGpWZOHC7VcXsALes=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0B6EghePVYwttKFstpt26WY37m6EEvonvHhQ8erv8ea/cdvmoK0PBh7vzTAzL0o508bzvp3Syura+kZ5s7K1vbO75+4fPGiZKUIDIrlU7QhrypmggWGG03aqKE4iTlvR6Hrqt56o0kyKezNOaZjggWAxI9hYqd1VQ4mu0F3PrXo1bwa0TPyCVKFAs+d+dfuSZAkVhnCsdcf3UhPmWBlGOJ1UupmmKSYjPKAdSwVOqA7z2b0TdGKVPoqlsiUMmqm/J3KcaD1OItuZYDPUi95U/M/rZCa+DHMm0sxQQeaL4owjI9H0edRnihLDx5Zgopi9FZEhVpgYG1HFhuAvvrxMgrNavebfnlcb9SKNMhzBMZyCDxfQgBtoQgAEODzDK7w5j86L8+58zFtLTjFzCH/gfP4AXmePCQ==</latexit><latexit sha1_base64="H00sIVNVABPGpWZOHC7VcXsALes=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0B6EghePVYwttKFstpt26WY37m6EEvonvHhQ8erv8ea/cdvmoK0PBh7vzTAzL0o508bzvp3Syura+kZ5s7K1vbO75+4fPGiZKUIDIrlU7QhrypmggWGG03aqKE4iTlvR6Hrqt56o0kyKezNOaZjggWAxI9hYqd1VQ4mu0F3PrXo1bwa0TPyCVKFAs+d+dfuSZAkVhnCsdcf3UhPmWBlGOJ1UupmmKSYjPKAdSwVOqA7z2b0TdGKVPoqlsiUMmqm/J3KcaD1OItuZYDPUi95U/M/rZCa+DHMm0sxQQeaL4owjI9H0edRnihLDx5Zgopi9FZEhVpgYG1HFhuAvvrxMgrNavebfnlcb9SKNMhzBMZyCDxfQgBtoQgAEODzDK7w5j86L8+58zFtLTjFzCH/gfP4AXmePCQ==</latexit><latexit sha1_base64="H00sIVNVABPGpWZOHC7VcXsALes=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0B6EghePVYwttKFstpt26WY37m6EEvonvHhQ8erv8ea/cdvmoK0PBh7vzTAzL0o508bzvp3Syura+kZ5s7K1vbO75+4fPGiZKUIDIrlU7QhrypmggWGG03aqKE4iTlvR6Hrqt56o0kyKezNOaZjggWAxI9hYqd1VQ4mu0F3PrXo1bwa0TPyCVKFAs+d+dfuSZAkVhnCsdcf3UhPmWBlGOJ1UupmmKSYjPKAdSwVOqA7z2b0TdGKVPoqlsiUMmqm/J3KcaD1OItuZYDPUi95U/M/rZCa+DHMm0sxQQeaL4owjI9H0edRnihLDx5Zgopi9FZEhVpgYG1HFhuAvvrxMgrNavebfnlcb9SKNMhzBMZyCDxfQgBtoQgAEODzDK7w5j86L8+58zFtLTjFzCH/gfP4AXmePCQ==</latexit>

until

'(⇢) =

8
><

>:

�v, ⇢ ⌧ R

'1(⇢�R), ⇢ ⇡ R

v, ⇢ � R
<latexit sha1_base64="CJErWeMxV7fhqeqSIqHeqSCv+wI="></latexit><latexit sha1_base64="CJErWeMxV7fhqeqSIqHeqSCv+wI="></latexit><latexit sha1_base64="CJErWeMxV7fhqeqSIqHeqSCv+wI="></latexit><latexit sha1_base64="CJErWeMxV7fhqeqSIqHeqSCv+wI="></latexit>

Field 
solution

' �v
<latexit sha1_base64="Vl9XsLC7Tt9VaP8hVs3SwH31Lo4=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQiaG8FLx4rGFtpQ9lsJ+3S3STubgql9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZemAqujet+Oyura+sbm4Wt4vbO7t5+6eDwQSeZYuizRCSqGVKNgsfoG24ENlOFVIYCG+HgZuo3hqg0T+J7M0oxkLQX84gzaqz02NZc4hM5H3ZKZbfizkCWiZeTMuSod0pf7W7CMomxYYJq3fLc1ARjqgxnAifFdqYxpWxAe9iyNKYSdTCeHTwhp1bpkihRtmJDZurviTGVWo9kaDslNX296E3F/7xWZqLrYMzjNDMYs/miKBPEJGT6PelyhcyIkSWUKW5vJaxPFWXGZlS0IXiLLy8T/6JSrXh3l+VaNU+jAMdwAmfgwRXU4Bbq4AMDCc/wCm+Ocl6cd+dj3rri5DNH8AfO5w+4x4/d</latexit><latexit sha1_base64="Vl9XsLC7Tt9VaP8hVs3SwH31Lo4=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQiaG8FLx4rGFtpQ9lsJ+3S3STubgql9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZemAqujet+Oyura+sbm4Wt4vbO7t5+6eDwQSeZYuizRCSqGVKNgsfoG24ENlOFVIYCG+HgZuo3hqg0T+J7M0oxkLQX84gzaqz02NZc4hM5H3ZKZbfizkCWiZeTMuSod0pf7W7CMomxYYJq3fLc1ARjqgxnAifFdqYxpWxAe9iyNKYSdTCeHTwhp1bpkihRtmJDZurviTGVWo9kaDslNX296E3F/7xWZqLrYMzjNDMYs/miKBPEJGT6PelyhcyIkSWUKW5vJaxPFWXGZlS0IXiLLy8T/6JSrXh3l+VaNU+jAMdwAmfgwRXU4Bbq4AMDCc/wCm+Ocl6cd+dj3rri5DNH8AfO5w+4x4/d</latexit><latexit sha1_base64="Vl9XsLC7Tt9VaP8hVs3SwH31Lo4=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQiaG8FLx4rGFtpQ9lsJ+3S3STubgql9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZemAqujet+Oyura+sbm4Wt4vbO7t5+6eDwQSeZYuizRCSqGVKNgsfoG24ENlOFVIYCG+HgZuo3hqg0T+J7M0oxkLQX84gzaqz02NZc4hM5H3ZKZbfizkCWiZeTMuSod0pf7W7CMomxYYJq3fLc1ARjqgxnAifFdqYxpWxAe9iyNKYSdTCeHTwhp1bpkihRtmJDZurviTGVWo9kaDslNX296E3F/7xWZqLrYMzjNDMYs/miKBPEJGT6PelyhcyIkSWUKW5vJaxPFWXGZlS0IXiLLy8T/6JSrXh3l+VaNU+jAMdwAmfgwRXU4Bbq4AMDCc/wCm+Ocl6cd+dj3rri5DNH8AfO5w+4x4/d</latexit><latexit sha1_base64="Vl9XsLC7Tt9VaP8hVs3SwH31Lo4=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQiaG8FLx4rGFtpQ9lsJ+3S3STubgql9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZemAqujet+Oyura+sbm4Wt4vbO7t5+6eDwQSeZYuizRCSqGVKNgsfoG24ENlOFVIYCG+HgZuo3hqg0T+J7M0oxkLQX84gzaqz02NZc4hM5H3ZKZbfizkCWiZeTMuSod0pf7W7CMomxYYJq3fLc1ARjqgxnAifFdqYxpWxAe9iyNKYSdTCeHTwhp1bpkihRtmJDZurviTGVWo9kaDslNX296E3F/7xWZqLrYMzjNDMYs/miKBPEJGT6PelyhcyIkSWUKW5vJaxPFWXGZlS0IXiLLy8T/6JSrXh3l+VaNU+jAMdwAmfgwRXU4Bbq4AMDCc/wCm+Ocl6cd+dj3rri5DNH8AfO5w+4x4/d</latexit>

' v
<latexit sha1_base64="NYpkSkMABja1qJ0py2GuKu548D0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0N4KXjxWMLbQhrLZTtulu0m6uymU0D/hxYOKV3+PN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vHJk45TxdBnsYhVK6QaBY/QN9wIbCUKqQwFNsPR3dxvTlBpHkePZppgIOkg4n3OqLFSq6O5xDGZdMsVt+ouQNaJl5MK5Gh0y1+dXsxSiZFhgmrd9tzEBBlVhjOBs1In1ZhQNqIDbFsaUYk6yBb3zsiFVXqkHytbkSEL9fdERqXWUxnaTknNUK96c/E/r52a/m2Q8ShJDUZsuaifCmJiMn+e9LhCZsTUEsoUt7cSNqSKMmMjKtkQvNWX14l/Va1VvYfrSr2Wp1GEMziHS/DgBupwDw3wgYGAZ3iFN2fsvDjvzseyteDkM6fwB87nD00Hj6Y=</latexit><latexit sha1_base64="NYpkSkMABja1qJ0py2GuKu548D0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0N4KXjxWMLbQhrLZTtulu0m6uymU0D/hxYOKV3+PN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vHJk45TxdBnsYhVK6QaBY/QN9wIbCUKqQwFNsPR3dxvTlBpHkePZppgIOkg4n3OqLFSq6O5xDGZdMsVt+ouQNaJl5MK5Gh0y1+dXsxSiZFhgmrd9tzEBBlVhjOBs1In1ZhQNqIDbFsaUYk6yBb3zsiFVXqkHytbkSEL9fdERqXWUxnaTknNUK96c/E/r52a/m2Q8ShJDUZsuaifCmJiMn+e9LhCZsTUEsoUt7cSNqSKMmMjKtkQvNWX14l/Va1VvYfrSr2Wp1GEMziHS/DgBupwDw3wgYGAZ3iFN2fsvDjvzseyteDkM6fwB87nD00Hj6Y=</latexit><latexit sha1_base64="NYpkSkMABja1qJ0py2GuKu548D0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0N4KXjxWMLbQhrLZTtulu0m6uymU0D/hxYOKV3+PN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vHJk45TxdBnsYhVK6QaBY/QN9wIbCUKqQwFNsPR3dxvTlBpHkePZppgIOkg4n3OqLFSq6O5xDGZdMsVt+ouQNaJl5MK5Gh0y1+dXsxSiZFhgmrd9tzEBBlVhjOBs1In1ZhQNqIDbFsaUYk6yBb3zsiFVXqkHytbkSEL9fdERqXWUxnaTknNUK96c/E/r52a/m2Q8ShJDUZsuaifCmJiMn+e9LhCZsTUEsoUt7cSNqSKMmMjKtkQvNWX14l/Va1VvYfrSr2Wp1GEMziHS/DgBupwDw3wgYGAZ3iFN2fsvDjvzseyteDkM6fwB87nD00Hj6Y=</latexit><latexit sha1_base64="NYpkSkMABja1qJ0py2GuKu548D0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0N4KXjxWMLbQhrLZTtulu0m6uymU0D/hxYOKV3+PN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vHJk45TxdBnsYhVK6QaBY/QN9wIbCUKqQwFNsPR3dxvTlBpHkePZppgIOkg4n3OqLFSq6O5xDGZdMsVt+ouQNaJl5MK5Gh0y1+dXsxSiZFhgmrd9tzEBBlVhjOBs1In1ZhQNqIDbFsaUYk6yBb3zsiFVXqkHytbkSEL9fdERqXWUxnaTknNUK96c/E/r52a/m2Q8ShJDUZsuaifCmJiMn+e9LhCZsTUEsoUt7cSNqSKMmMjKtkQvNWX14l/Va1VvYfrSr2Wp1GEMziHS/DgBupwDw3wgYGAZ3iFN2fsvDjvzseyteDkM6fwB87nD00Hj6Y=</latexit>

Extremize the action

S1 =
v3
p
�

3
<latexit sha1_base64="XvF4drSzy2eKl3ioUpFR+JIb2TA=">AAACCnicbVC7TsMwFHXKq5RXgJHFaoXEVCWAeAxIlVgYiyC0UhMix3Faq44TbKdSFWVn4VdYGACx8gVs/A3uY4CWI13p6Jx77XtPkDIqlWV9G6WFxaXllfJqZW19Y3PL3N65k0kmMHFwwhLRDpAkjHLiKKoYaaeCoDhgpBX0L0d+a0CEpAm/VcOUeDHqchpRjJSWfLN649vwArqRQDgf3B9BVz4IlbtMPxGiosiPCt+sWXVrDDhP7CmpgSmavvnlhgnOYsIVZkjKjm2lysuRUBQzUlTcTJIU4T7qko6mHMVEevn4lgLuayWEUSJ0cQXH6u+JHMVSDuNAd8ZI9eSsNxL/8zqZis68nPI0U4TjyUdRxqBK4CgYGFJBsGJDTRAWVO8KcQ/pWJSOr6JDsGdPnifOYf28bl8f1xon0zTKYA9UwQGwwSlogCvQBA7A4BE8g1fwZjwZL8a78TFpLRnTmV3wB8bnD3sGmkQ=</latexit><latexit sha1_base64="XvF4drSzy2eKl3ioUpFR+JIb2TA=">AAACCnicbVC7TsMwFHXKq5RXgJHFaoXEVCWAeAxIlVgYiyC0UhMix3Faq44TbKdSFWVn4VdYGACx8gVs/A3uY4CWI13p6Jx77XtPkDIqlWV9G6WFxaXllfJqZW19Y3PL3N65k0kmMHFwwhLRDpAkjHLiKKoYaaeCoDhgpBX0L0d+a0CEpAm/VcOUeDHqchpRjJSWfLN649vwArqRQDgf3B9BVz4IlbtMPxGiosiPCt+sWXVrDDhP7CmpgSmavvnlhgnOYsIVZkjKjm2lysuRUBQzUlTcTJIU4T7qko6mHMVEevn4lgLuayWEUSJ0cQXH6u+JHMVSDuNAd8ZI9eSsNxL/8zqZis68nPI0U4TjyUdRxqBK4CgYGFJBsGJDTRAWVO8KcQ/pWJSOr6JDsGdPnifOYf28bl8f1xon0zTKYA9UwQGwwSlogCvQBA7A4BE8g1fwZjwZL8a78TFpLRnTmV3wB8bnD3sGmkQ=</latexit><latexit sha1_base64="XvF4drSzy2eKl3ioUpFR+JIb2TA=">AAACCnicbVC7TsMwFHXKq5RXgJHFaoXEVCWAeAxIlVgYiyC0UhMix3Faq44TbKdSFWVn4VdYGACx8gVs/A3uY4CWI13p6Jx77XtPkDIqlWV9G6WFxaXllfJqZW19Y3PL3N65k0kmMHFwwhLRDpAkjHLiKKoYaaeCoDhgpBX0L0d+a0CEpAm/VcOUeDHqchpRjJSWfLN649vwArqRQDgf3B9BVz4IlbtMPxGiosiPCt+sWXVrDDhP7CmpgSmavvnlhgnOYsIVZkjKjm2lysuRUBQzUlTcTJIU4T7qko6mHMVEevn4lgLuayWEUSJ0cQXH6u+JHMVSDuNAd8ZI9eSsNxL/8zqZis68nPI0U4TjyUdRxqBK4CgYGFJBsGJDTRAWVO8KcQ/pWJSOr6JDsGdPnifOYf28bl8f1xon0zTKYA9UwQGwwSlogCvQBA7A4BE8g1fwZjwZL8a78TFpLRnTmV3wB8bnD3sGmkQ=</latexit><latexit sha1_base64="XvF4drSzy2eKl3ioUpFR+JIb2TA=">AAACCnicbVC7TsMwFHXKq5RXgJHFaoXEVCWAeAxIlVgYiyC0UhMix3Faq44TbKdSFWVn4VdYGACx8gVs/A3uY4CWI13p6Jx77XtPkDIqlWV9G6WFxaXllfJqZW19Y3PL3N65k0kmMHFwwhLRDpAkjHLiKKoYaaeCoDhgpBX0L0d+a0CEpAm/VcOUeDHqchpRjJSWfLN649vwArqRQDgf3B9BVz4IlbtMPxGiosiPCt+sWXVrDDhP7CmpgSmavvnlhgnOYsIVZkjKjm2lysuRUBQzUlTcTJIU4T7qko6mHMVEevn4lgLuayWEUSJ0cQXH6u+JHMVSDuNAd8ZI9eSsNxL/8zqZis68nPI0U4TjyUdRxqBK4CgYGFJBsGJDTRAWVO8KcQ/pWJSOr6JDsGdPnifOYf28bl8f1xon0zTKYA9UwQGwwSlogCvQBA7A4BE8g1fwZjwZL8a78TFpLRnTmV3wB8bnD3sGmkQ=</latexit>

'1(⇢) = v tanh

 p
�v

2
⇢

!

<latexit sha1_base64="KCHulhCnrF1yHmtkukXUemDV5i4="></latexit><latexit sha1_base64="KCHulhCnrF1yHmtkukXUemDV5i4="></latexit><latexit sha1_base64="KCHulhCnrF1yHmtkukXUemDV5i4="></latexit><latexit sha1_base64="KCHulhCnrF1yHmtkukXUemDV5i4="></latexit>
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Thin wall approximation Coleman ’77
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<latexit sha1_base64="yZJWIbnCPAVfoFWqPQVc9f3htwQ="></latexit><latexit sha1_base64="yZJWIbnCPAVfoFWqPQVc9f3htwQ="></latexit><latexit sha1_base64="yZJWIbnCPAVfoFWqPQVc9f3htwQ="></latexit><latexit sha1_base64="yZJWIbnCPAVfoFWqPQVc9f3htwQ="></latexit>

"
<latexit sha1_base64="zIbBibrzjL/5YYuH//+qkrw+b7Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiaG8FLx4rGFtoQ9lsJ+3SzW7Y3RRK6M/w4kHFq//Gm//GbZuDtj4YeLw3w8y8KOVMG8/7dkobm1vbO+Xdyt7+weFR9fjkSctMUQyo5FJ1IqKRM4GBYYZjJ1VIkohjOxrfzf32BJVmUjyaaYphQoaCxYwSY6Vub0IUpppxKfrVmlf3FnDXiV+QGhRo9atfvYGkWYLCUE607vpeasKcKMMox1mll2lMCR2TIXYtFSRBHeaLk2fuhVUGbiyVLWHchfp7IieJ1tMksp0JMSO96s3F/7xuZuLbMGcizQwKulwUZ9w10p3/7w6YQmr41BJCFbO3unREFKHGplSxIfirL6+T4KreqPsP17Vmo0ijDGdwDpfgww004R5aEAAFCc/wCm+OcV6cd+dj2VpyiplT+APn8wchT5FS</latexit><latexit sha1_base64="zIbBibrzjL/5YYuH//+qkrw+b7Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiaG8FLx4rGFtoQ9lsJ+3SzW7Y3RRK6M/w4kHFq//Gm//GbZuDtj4YeLw3w8y8KOVMG8/7dkobm1vbO+Xdyt7+weFR9fjkSctMUQyo5FJ1IqKRM4GBYYZjJ1VIkohjOxrfzf32BJVmUjyaaYphQoaCxYwSY6Vub0IUpppxKfrVmlf3FnDXiV+QGhRo9atfvYGkWYLCUE607vpeasKcKMMox1mll2lMCR2TIXYtFSRBHeaLk2fuhVUGbiyVLWHchfp7IieJ1tMksp0JMSO96s3F/7xuZuLbMGcizQwKulwUZ9w10p3/7w6YQmr41BJCFbO3unREFKHGplSxIfirL6+T4KreqPsP17Vmo0ijDGdwDpfgww004R5aEAAFCc/wCm+OcV6cd+dj2VpyiplT+APn8wchT5FS</latexit><latexit sha1_base64="zIbBibrzjL/5YYuH//+qkrw+b7Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiaG8FLx4rGFtoQ9lsJ+3SzW7Y3RRK6M/w4kHFq//Gm//GbZuDtj4YeLw3w8y8KOVMG8/7dkobm1vbO+Xdyt7+weFR9fjkSctMUQyo5FJ1IqKRM4GBYYZjJ1VIkohjOxrfzf32BJVmUjyaaYphQoaCxYwSY6Vub0IUpppxKfrVmlf3FnDXiV+QGhRo9atfvYGkWYLCUE607vpeasKcKMMox1mll2lMCR2TIXYtFSRBHeaLk2fuhVUGbiyVLWHchfp7IieJ1tMksp0JMSO96s3F/7xuZuLbMGcizQwKulwUZ9w10p3/7w6YQmr41BJCFbO3unREFKHGplSxIfirL6+T4KreqPsP17Vmo0ijDGdwDpfgww004R5aEAAFCc/wCm+OcV6cd+dj2VpyiplT+APn8wchT5FS</latexit><latexit sha1_base64="zIbBibrzjL/5YYuH//+qkrw+b7Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiaG8FLx4rGFtoQ9lsJ+3SzW7Y3RRK6M/w4kHFq//Gm//GbZuDtj4YeLw3w8y8KOVMG8/7dkobm1vbO+Xdyt7+weFR9fjkSctMUQyo5FJ1IqKRM4GBYYZjJ1VIkohjOxrfzf32BJVmUjyaaYphQoaCxYwSY6Vub0IUpppxKfrVmlf3FnDXiV+QGhRo9atfvYGkWYLCUE607vpeasKcKMMox1mll2lMCR2TIXYtFSRBHeaLk2fuhVUGbiyVLWHchfp7IieJ1tMksp0JMSO96s3F/7xuZuLbMGcizQwKulwUZ9w10p3/7w6YQmr41BJCFbO3unREFKHGplSxIfirL6+T4KreqPsP17Vmo0ijDGdwDpfgww004R5aEAAFCc/wCm+OcV6cd+dj2VpyiplT+APn8wchT5FS</latexit>small    limit

'0
<latexit sha1_base64="hqXCSvih0oLvSAJCZQzGNXI7Wlc=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KokI2lvBi8cKxhbbUCbbbbt0swm7m0IJ/RdePKh49ed489+4aXPQ1gcDj/dmmJkXJoJr47rfztr6xubWdmmnvLu3f3BYOTp+1HGqKPNpLGLVDlEzwSXzDTeCtRPFMAoFa4Xj29xvTZjSPJYPZpqwIMKh5ANO0VjpqTtBlYx4zy33KlW35s5BVolXkCoUaPYqX91+TNOISUMFat3x3MQEGSrDqWCzcjfVLEE6xiHrWCoxYjrI5hfPyLlV+mQQK1vSkLn6eyLDSOtpFNrOCM1IL3u5+J/XSc3gJsi4TFLDJF0sGqSCmJjk75M+V4waMbUEqeL2VkJHqJAaG1Iegrf88irxL2v1mnd/VW3UizRKcApncAEeXEMD7qAJPlCQ8Ayv8OZo58V5dz4WrWtOMXMCf+B8/gBEVJAo</latexit><latexit sha1_base64="hqXCSvih0oLvSAJCZQzGNXI7Wlc=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KokI2lvBi8cKxhbbUCbbbbt0swm7m0IJ/RdePKh49ed489+4aXPQ1gcDj/dmmJkXJoJr47rfztr6xubWdmmnvLu3f3BYOTp+1HGqKPNpLGLVDlEzwSXzDTeCtRPFMAoFa4Xj29xvTZjSPJYPZpqwIMKh5ANO0VjpqTtBlYx4zy33KlW35s5BVolXkCoUaPYqX91+TNOISUMFat3x3MQEGSrDqWCzcjfVLEE6xiHrWCoxYjrI5hfPyLlV+mQQK1vSkLn6eyLDSOtpFNrOCM1IL3u5+J/XSc3gJsi4TFLDJF0sGqSCmJjk75M+V4waMbUEqeL2VkJHqJAaG1Iegrf88irxL2v1mnd/VW3UizRKcApncAEeXEMD7qAJPlCQ8Ayv8OZo58V5dz4WrWtOMXMCf+B8/gBEVJAo</latexit><latexit sha1_base64="hqXCSvih0oLvSAJCZQzGNXI7Wlc=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KokI2lvBi8cKxhbbUCbbbbt0swm7m0IJ/RdePKh49ed489+4aXPQ1gcDj/dmmJkXJoJr47rfztr6xubWdmmnvLu3f3BYOTp+1HGqKPNpLGLVDlEzwSXzDTeCtRPFMAoFa4Xj29xvTZjSPJYPZpqwIMKh5ANO0VjpqTtBlYx4zy33KlW35s5BVolXkCoUaPYqX91+TNOISUMFat3x3MQEGSrDqWCzcjfVLEE6xiHrWCoxYjrI5hfPyLlV+mQQK1vSkLn6eyLDSOtpFNrOCM1IL3u5+J/XSc3gJsi4TFLDJF0sGqSCmJjk75M+V4waMbUEqeL2VkJHqJAaG1Iegrf88irxL2v1mnd/VW3UizRKcApncAEeXEMD7qAJPlCQ8Ayv8OZo58V5dz4WrWtOMXMCf+B8/gBEVJAo</latexit><latexit sha1_base64="hqXCSvih0oLvSAJCZQzGNXI7Wlc=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KokI2lvBi8cKxhbbUCbbbbt0swm7m0IJ/RdePKh49ed489+4aXPQ1gcDj/dmmJkXJoJr47rfztr6xubWdmmnvLu3f3BYOTp+1HGqKPNpLGLVDlEzwSXzDTeCtRPFMAoFa4Xj29xvTZjSPJYPZpqwIMKh5ANO0VjpqTtBlYx4zy33KlW35s5BVolXkCoUaPYqX91+TNOISUMFat3x3MQEGSrDqWCzcjfVLEE6xiHrWCoxYjrI5hfPyLlV+mQQK1vSkLn6eyLDSOtpFNrOCM1IL3u5+J/XSc3gJsi4TFLDJF0sGqSCmJjk75M+V4waMbUEqeL2VkJHqJAaG1Iegrf88irxL2v1mnd/VW3UizRKcApncAEeXEMD7qAJPlCQ8Ayv8OZo58V5dz4WrWtOMXMCf+B8/gBEVJAo</latexit> '0 ' '�

<latexit sha1_base64="gZ8tlT0Ff4pC5EIV+gOw41llI5Y=">AAACA3icbVBNS8NAEN3Ur1q/oh57WSyCF0sigvZW8OKxgrGFpoTNdtMu3d3E3U2hhB68+Fe8eFDx6p/w5r9x00bQ1gcDj/dmmJkXJowq7ThfVmlldW19o7xZ2dre2d2z9w/uVJxKTDwcs1h2QqQIo4J4mmpGOokkiIeMtMPRVe63x0QqGotbPUlIj6OBoBHFSBspsKv+GMlkSAMH+opycg9/hNNKYNecujMDXCZuQWqgQCuwP/1+jFNOhMYMKdV1nUT3MiQ1xYxMK36qSILwCA1I11CBOFG9bPbEFB4bpQ+jWJoSGs7U3xMZ4kpNeGg6OdJDtejl4n9eN9XRZS+jIkk1EXi+KEoZ1DHME4F9KgnWbGIIwpKaWyEeIomwNrnlIbiLLy8T76zeqLs357Vmo0ijDKrgCJwAF1yAJrgGLeABDB7AE3gBr9aj9Wy9We/z1pJVzByCP7A+vgH7I5cw</latexit><latexit sha1_base64="gZ8tlT0Ff4pC5EIV+gOw41llI5Y=">AAACA3icbVBNS8NAEN3Ur1q/oh57WSyCF0sigvZW8OKxgrGFpoTNdtMu3d3E3U2hhB68+Fe8eFDx6p/w5r9x00bQ1gcDj/dmmJkXJowq7ThfVmlldW19o7xZ2dre2d2z9w/uVJxKTDwcs1h2QqQIo4J4mmpGOokkiIeMtMPRVe63x0QqGotbPUlIj6OBoBHFSBspsKv+GMlkSAMH+opycg9/hNNKYNecujMDXCZuQWqgQCuwP/1+jFNOhMYMKdV1nUT3MiQ1xYxMK36qSILwCA1I11CBOFG9bPbEFB4bpQ+jWJoSGs7U3xMZ4kpNeGg6OdJDtejl4n9eN9XRZS+jIkk1EXi+KEoZ1DHME4F9KgnWbGIIwpKaWyEeIomwNrnlIbiLLy8T76zeqLs357Vmo0ijDKrgCJwAF1yAJrgGLeABDB7AE3gBr9aj9Wy9We/z1pJVzByCP7A+vgH7I5cw</latexit><latexit sha1_base64="gZ8tlT0Ff4pC5EIV+gOw41llI5Y=">AAACA3icbVBNS8NAEN3Ur1q/oh57WSyCF0sigvZW8OKxgrGFpoTNdtMu3d3E3U2hhB68+Fe8eFDx6p/w5r9x00bQ1gcDj/dmmJkXJowq7ThfVmlldW19o7xZ2dre2d2z9w/uVJxKTDwcs1h2QqQIo4J4mmpGOokkiIeMtMPRVe63x0QqGotbPUlIj6OBoBHFSBspsKv+GMlkSAMH+opycg9/hNNKYNecujMDXCZuQWqgQCuwP/1+jFNOhMYMKdV1nUT3MiQ1xYxMK36qSILwCA1I11CBOFG9bPbEFB4bpQ+jWJoSGs7U3xMZ4kpNeGg6OdJDtejl4n9eN9XRZS+jIkk1EXi+KEoZ1DHME4F9KgnWbGIIwpKaWyEeIomwNrnlIbiLLy8T76zeqLs357Vmo0ijDKrgCJwAF1yAJrgGLeABDB7AE3gBr9aj9Wy9We/z1pJVzByCP7A+vgH7I5cw</latexit><latexit sha1_base64="gZ8tlT0Ff4pC5EIV+gOw41llI5Y=">AAACA3icbVBNS8NAEN3Ur1q/oh57WSyCF0sigvZW8OKxgrGFpoTNdtMu3d3E3U2hhB68+Fe8eFDx6p/w5r9x00bQ1gcDj/dmmJkXJowq7ThfVmlldW19o7xZ2dre2d2z9w/uVJxKTDwcs1h2QqQIo4J4mmpGOokkiIeMtMPRVe63x0QqGotbPUlIj6OBoBHFSBspsKv+GMlkSAMH+opycg9/hNNKYNecujMDXCZuQWqgQCuwP/1+jFNOhMYMKdV1nUT3MiQ1xYxMK36qSILwCA1I11CBOFG9bPbEFB4bpQ+jWJoSGs7U3xMZ4kpNeGg6OdJDtejl4n9eN9XRZS+jIkk1EXi+KEoZ1DHME4F9KgnWbGIIwpKaWyEeIomwNrnlIbiLLy8T76zeqLs357Vmo0ijDKrgCJwAF1yAJrgGLeABDB7AE3gBr9aj9Wy9We/z1pJVzByCP7A+vgH7I5cw</latexit>

⇢ = R
<latexit sha1_base64="H00sIVNVABPGpWZOHC7VcXsALes=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0B6EghePVYwttKFstpt26WY37m6EEvonvHhQ8erv8ea/cdvmoK0PBh7vzTAzL0o508bzvp3Syura+kZ5s7K1vbO75+4fPGiZKUIDIrlU7QhrypmggWGG03aqKE4iTlvR6Hrqt56o0kyKezNOaZjggWAxI9hYqd1VQ4mu0F3PrXo1bwa0TPyCVKFAs+d+dfuSZAkVhnCsdcf3UhPmWBlGOJ1UupmmKSYjPKAdSwVOqA7z2b0TdGKVPoqlsiUMmqm/J3KcaD1OItuZYDPUi95U/M/rZCa+DHMm0sxQQeaL4owjI9H0edRnihLDx5Zgopi9FZEhVpgYG1HFhuAvvrxMgrNavebfnlcb9SKNMhzBMZyCDxfQgBtoQgAEODzDK7w5j86L8+58zFtLTjFzCH/gfP4AXmePCQ==</latexit><latexit sha1_base64="H00sIVNVABPGpWZOHC7VcXsALes=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0B6EghePVYwttKFstpt26WY37m6EEvonvHhQ8erv8ea/cdvmoK0PBh7vzTAzL0o508bzvp3Syura+kZ5s7K1vbO75+4fPGiZKUIDIrlU7QhrypmggWGG03aqKE4iTlvR6Hrqt56o0kyKezNOaZjggWAxI9hYqd1VQ4mu0F3PrXo1bwa0TPyCVKFAs+d+dfuSZAkVhnCsdcf3UhPmWBlGOJ1UupmmKSYjPKAdSwVOqA7z2b0TdGKVPoqlsiUMmqm/J3KcaD1OItuZYDPUi95U/M/rZCa+DHMm0sxQQeaL4owjI9H0edRnihLDx5Zgopi9FZEhVpgYG1HFhuAvvrxMgrNavebfnlcb9SKNMhzBMZyCDxfQgBtoQgAEODzDK7w5j86L8+58zFtLTjFzCH/gfP4AXmePCQ==</latexit><latexit sha1_base64="H00sIVNVABPGpWZOHC7VcXsALes=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0B6EghePVYwttKFstpt26WY37m6EEvonvHhQ8erv8ea/cdvmoK0PBh7vzTAzL0o508bzvp3Syura+kZ5s7K1vbO75+4fPGiZKUIDIrlU7QhrypmggWGG03aqKE4iTlvR6Hrqt56o0kyKezNOaZjggWAxI9hYqd1VQ4mu0F3PrXo1bwa0TPyCVKFAs+d+dfuSZAkVhnCsdcf3UhPmWBlGOJ1UupmmKSYjPKAdSwVOqA7z2b0TdGKVPoqlsiUMmqm/J3KcaD1OItuZYDPUi95U/M/rZCa+DHMm0sxQQeaL4owjI9H0edRnihLDx5Zgopi9FZEhVpgYG1HFhuAvvrxMgrNavebfnlcb9SKNMhzBMZyCDxfQgBtoQgAEODzDK7w5j86L8+58zFtLTjFzCH/gfP4AXmePCQ==</latexit><latexit sha1_base64="H00sIVNVABPGpWZOHC7VcXsALes=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0B6EghePVYwttKFstpt26WY37m6EEvonvHhQ8erv8ea/cdvmoK0PBh7vzTAzL0o508bzvp3Syura+kZ5s7K1vbO75+4fPGiZKUIDIrlU7QhrypmggWGG03aqKE4iTlvR6Hrqt56o0kyKezNOaZjggWAxI9hYqd1VQ4mu0F3PrXo1bwa0TPyCVKFAs+d+dfuSZAkVhnCsdcf3UhPmWBlGOJ1UupmmKSYjPKAdSwVOqA7z2b0TdGKVPoqlsiUMmqm/J3KcaD1OItuZYDPUi95U/M/rZCa+DHMm0sxQQeaL4owjI9H0edRnihLDx5Zgopi9FZEhVpgYG1HFhuAvvrxMgrNavebfnlcb9SKNMhzBMZyCDxfQgBtoQgAEODzDK7w5j86L8+58zFtLTjFzCH/gfP4AXmePCQ==</latexit>

until

'(⇢) =

8
><

>:

�v, ⇢ ⌧ R

'1(⇢�R), ⇢ ⇡ R

v, ⇢ � R
<latexit sha1_base64="CJErWeMxV7fhqeqSIqHeqSCv+wI="></latexit><latexit sha1_base64="CJErWeMxV7fhqeqSIqHeqSCv+wI="></latexit><latexit sha1_base64="CJErWeMxV7fhqeqSIqHeqSCv+wI="></latexit><latexit sha1_base64="CJErWeMxV7fhqeqSIqHeqSCv+wI="></latexit>

Field 
solution

' �v
<latexit sha1_base64="Vl9XsLC7Tt9VaP8hVs3SwH31Lo4=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQiaG8FLx4rGFtpQ9lsJ+3S3STubgql9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZemAqujet+Oyura+sbm4Wt4vbO7t5+6eDwQSeZYuizRCSqGVKNgsfoG24ENlOFVIYCG+HgZuo3hqg0T+J7M0oxkLQX84gzaqz02NZc4hM5H3ZKZbfizkCWiZeTMuSod0pf7W7CMomxYYJq3fLc1ARjqgxnAifFdqYxpWxAe9iyNKYSdTCeHTwhp1bpkihRtmJDZurviTGVWo9kaDslNX296E3F/7xWZqLrYMzjNDMYs/miKBPEJGT6PelyhcyIkSWUKW5vJaxPFWXGZlS0IXiLLy8T/6JSrXh3l+VaNU+jAMdwAmfgwRXU4Bbq4AMDCc/wCm+Ocl6cd+dj3rri5DNH8AfO5w+4x4/d</latexit><latexit sha1_base64="Vl9XsLC7Tt9VaP8hVs3SwH31Lo4=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQiaG8FLx4rGFtpQ9lsJ+3S3STubgql9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZemAqujet+Oyura+sbm4Wt4vbO7t5+6eDwQSeZYuizRCSqGVKNgsfoG24ENlOFVIYCG+HgZuo3hqg0T+J7M0oxkLQX84gzaqz02NZc4hM5H3ZKZbfizkCWiZeTMuSod0pf7W7CMomxYYJq3fLc1ARjqgxnAifFdqYxpWxAe9iyNKYSdTCeHTwhp1bpkihRtmJDZurviTGVWo9kaDslNX296E3F/7xWZqLrYMzjNDMYs/miKBPEJGT6PelyhcyIkSWUKW5vJaxPFWXGZlS0IXiLLy8T/6JSrXh3l+VaNU+jAMdwAmfgwRXU4Bbq4AMDCc/wCm+Ocl6cd+dj3rri5DNH8AfO5w+4x4/d</latexit><latexit sha1_base64="Vl9XsLC7Tt9VaP8hVs3SwH31Lo4=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQiaG8FLx4rGFtpQ9lsJ+3S3STubgql9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZemAqujet+Oyura+sbm4Wt4vbO7t5+6eDwQSeZYuizRCSqGVKNgsfoG24ENlOFVIYCG+HgZuo3hqg0T+J7M0oxkLQX84gzaqz02NZc4hM5H3ZKZbfizkCWiZeTMuSod0pf7W7CMomxYYJq3fLc1ARjqgxnAifFdqYxpWxAe9iyNKYSdTCeHTwhp1bpkihRtmJDZurviTGVWo9kaDslNX296E3F/7xWZqLrYMzjNDMYs/miKBPEJGT6PelyhcyIkSWUKW5vJaxPFWXGZlS0IXiLLy8T/6JSrXh3l+VaNU+jAMdwAmfgwRXU4Bbq4AMDCc/wCm+Ocl6cd+dj3rri5DNH8AfO5w+4x4/d</latexit><latexit sha1_base64="Vl9XsLC7Tt9VaP8hVs3SwH31Lo4=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQiaG8FLx4rGFtpQ9lsJ+3S3STubgql9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZemAqujet+Oyura+sbm4Wt4vbO7t5+6eDwQSeZYuizRCSqGVKNgsfoG24ENlOFVIYCG+HgZuo3hqg0T+J7M0oxkLQX84gzaqz02NZc4hM5H3ZKZbfizkCWiZeTMuSod0pf7W7CMomxYYJq3fLc1ARjqgxnAifFdqYxpWxAe9iyNKYSdTCeHTwhp1bpkihRtmJDZurviTGVWo9kaDslNX296E3F/7xWZqLrYMzjNDMYs/miKBPEJGT6PelyhcyIkSWUKW5vJaxPFWXGZlS0IXiLLy8T/6JSrXh3l+VaNU+jAMdwAmfgwRXU4Bbq4AMDCc/wCm+Ocl6cd+dj3rri5DNH8AfO5w+4x4/d</latexit>

' v
<latexit sha1_base64="NYpkSkMABja1qJ0py2GuKu548D0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0N4KXjxWMLbQhrLZTtulu0m6uymU0D/hxYOKV3+PN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vHJk45TxdBnsYhVK6QaBY/QN9wIbCUKqQwFNsPR3dxvTlBpHkePZppgIOkg4n3OqLFSq6O5xDGZdMsVt+ouQNaJl5MK5Gh0y1+dXsxSiZFhgmrd9tzEBBlVhjOBs1In1ZhQNqIDbFsaUYk6yBb3zsiFVXqkHytbkSEL9fdERqXWUxnaTknNUK96c/E/r52a/m2Q8ShJDUZsuaifCmJiMn+e9LhCZsTUEsoUt7cSNqSKMmMjKtkQvNWX14l/Va1VvYfrSr2Wp1GEMziHS/DgBupwDw3wgYGAZ3iFN2fsvDjvzseyteDkM6fwB87nD00Hj6Y=</latexit><latexit sha1_base64="NYpkSkMABja1qJ0py2GuKu548D0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0N4KXjxWMLbQhrLZTtulu0m6uymU0D/hxYOKV3+PN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vHJk45TxdBnsYhVK6QaBY/QN9wIbCUKqQwFNsPR3dxvTlBpHkePZppgIOkg4n3OqLFSq6O5xDGZdMsVt+ouQNaJl5MK5Gh0y1+dXsxSiZFhgmrd9tzEBBlVhjOBs1In1ZhQNqIDbFsaUYk6yBb3zsiFVXqkHytbkSEL9fdERqXWUxnaTknNUK96c/E/r52a/m2Q8ShJDUZsuaifCmJiMn+e9LhCZsTUEsoUt7cSNqSKMmMjKtkQvNWX14l/Va1VvYfrSr2Wp1GEMziHS/DgBupwDw3wgYGAZ3iFN2fsvDjvzseyteDkM6fwB87nD00Hj6Y=</latexit><latexit sha1_base64="NYpkSkMABja1qJ0py2GuKu548D0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0N4KXjxWMLbQhrLZTtulu0m6uymU0D/hxYOKV3+PN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vHJk45TxdBnsYhVK6QaBY/QN9wIbCUKqQwFNsPR3dxvTlBpHkePZppgIOkg4n3OqLFSq6O5xDGZdMsVt+ouQNaJl5MK5Gh0y1+dXsxSiZFhgmrd9tzEBBlVhjOBs1In1ZhQNqIDbFsaUYk6yBb3zsiFVXqkHytbkSEL9fdERqXWUxnaTknNUK96c/E/r52a/m2Q8ShJDUZsuaifCmJiMn+e9LhCZsTUEsoUt7cSNqSKMmMjKtkQvNWX14l/Va1VvYfrSr2Wp1GEMziHS/DgBupwDw3wgYGAZ3iFN2fsvDjvzseyteDkM6fwB87nD00Hj6Y=</latexit><latexit sha1_base64="NYpkSkMABja1qJ0py2GuKu548D0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0N4KXjxWMLbQhrLZTtulu0m6uymU0D/hxYOKV3+PN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vHJk45TxdBnsYhVK6QaBY/QN9wIbCUKqQwFNsPR3dxvTlBpHkePZppgIOkg4n3OqLFSq6O5xDGZdMsVt+ouQNaJl5MK5Gh0y1+dXsxSiZFhgmrd9tzEBBlVhjOBs1In1ZhQNqIDbFsaUYk6yBb3zsiFVXqkHytbkSEL9fdERqXWUxnaTknNUK96c/E/r52a/m2Q8ShJDUZsuaifCmJiMn+e9LhCZsTUEsoUt7cSNqSKMmMjKtkQvNWX14l/Va1VvYfrSr2Wp1GEMziHS/DgBupwDw3wgYGAZ3iFN2fsvDjvzseyteDkM6fwB87nD00Hj6Y=</latexit>

Bounce 
action

volume surface

SE = 2⇡2

Z 1

0
⇢3d⇢

✓
1

2
'̇2 + V

◆

= �1

2
⇡2R4"+ ⇡2R3S1

<latexit sha1_base64="uQooKN55/7cjhhgLug+WqJzBCa4="></latexit><latexit sha1_base64="uQooKN55/7cjhhgLug+WqJzBCa4="></latexit><latexit sha1_base64="uQooKN55/7cjhhgLug+WqJzBCa4="></latexit><latexit sha1_base64="uQooKN55/7cjhhgLug+WqJzBCa4="></latexit>

Extremize the action

dSE

dR
= 0 ) R =

3S1

"
<latexit sha1_base64="7TnHyyhbcquQYv20B4v5FaPkjCU="></latexit><latexit sha1_base64="7TnHyyhbcquQYv20B4v5FaPkjCU="></latexit><latexit sha1_base64="7TnHyyhbcquQYv20B4v5FaPkjCU="></latexit><latexit sha1_base64="7TnHyyhbcquQYv20B4v5FaPkjCU="></latexit>

SE =
27⇡2

2

S4
1

"3
<latexit sha1_base64="oIR0jk3yhAWqNki9XzAiLuJ5Blo=">AAACHHicbVBNS8NAEN3Ur1q/oh69LBbBU0lqofYgFETwWKm1haYNm+2mXbrZhN1NoYT8ES/+FS8eVLx4EPw3btsctPXBwOO9GWbmeRGjUlnWt5FbW9/Y3MpvF3Z29/YPzMOjBxnGApMWDlkoOh6ShFFOWooqRjqRICjwGGl74+uZ354QIWnI79U0Ir0ADTn1KUZKS65Zabo38Ao6vkA4KVehE9F+OU3KaSY1XbtfSRNnggSJJGUh71+krlm0StYccJXYGSmCDA3X/HQGIY4DwhVmSMqubUWqlyChKGYkLTixJBHCYzQkXU05CojsJfPvUnimlQH0Q6GLKzhXf08kKJByGni6M0BqJJe9mfif142Vf9lLKI9iRTheLPJjBlUIZ1HBARUEKzbVBGFB9a0Qj5BORelACzoEe/nlVdIql2ol+65SrNeyNPLgBJyCc2CDKqiDW9AALYDBI3gGr+DNeDJejHfjY9GaM7KZY/AHxtcPPrmhBw==</latexit><latexit sha1_base64="oIR0jk3yhAWqNki9XzAiLuJ5Blo=">AAACHHicbVBNS8NAEN3Ur1q/oh69LBbBU0lqofYgFETwWKm1haYNm+2mXbrZhN1NoYT8ES/+FS8eVLx4EPw3btsctPXBwOO9GWbmeRGjUlnWt5FbW9/Y3MpvF3Z29/YPzMOjBxnGApMWDlkoOh6ShFFOWooqRjqRICjwGGl74+uZ354QIWnI79U0Ir0ADTn1KUZKS65Zabo38Ao6vkA4KVehE9F+OU3KaSY1XbtfSRNnggSJJGUh71+krlm0StYccJXYGSmCDA3X/HQGIY4DwhVmSMqubUWqlyChKGYkLTixJBHCYzQkXU05CojsJfPvUnimlQH0Q6GLKzhXf08kKJByGni6M0BqJJe9mfif142Vf9lLKI9iRTheLPJjBlUIZ1HBARUEKzbVBGFB9a0Qj5BORelACzoEe/nlVdIql2ol+65SrNeyNPLgBJyCc2CDKqiDW9AALYDBI3gGr+DNeDJejHfjY9GaM7KZY/AHxtcPPrmhBw==</latexit><latexit sha1_base64="oIR0jk3yhAWqNki9XzAiLuJ5Blo=">AAACHHicbVBNS8NAEN3Ur1q/oh69LBbBU0lqofYgFETwWKm1haYNm+2mXbrZhN1NoYT8ES/+FS8eVLx4EPw3btsctPXBwOO9GWbmeRGjUlnWt5FbW9/Y3MpvF3Z29/YPzMOjBxnGApMWDlkoOh6ShFFOWooqRjqRICjwGGl74+uZ354QIWnI79U0Ir0ADTn1KUZKS65Zabo38Ao6vkA4KVehE9F+OU3KaSY1XbtfSRNnggSJJGUh71+krlm0StYccJXYGSmCDA3X/HQGIY4DwhVmSMqubUWqlyChKGYkLTixJBHCYzQkXU05CojsJfPvUnimlQH0Q6GLKzhXf08kKJByGni6M0BqJJe9mfif142Vf9lLKI9iRTheLPJjBlUIZ1HBARUEKzbVBGFB9a0Qj5BORelACzoEe/nlVdIql2ol+65SrNeyNPLgBJyCc2CDKqiDW9AALYDBI3gGr+DNeDJejHfjY9GaM7KZY/AHxtcPPrmhBw==</latexit><latexit sha1_base64="oIR0jk3yhAWqNki9XzAiLuJ5Blo=">AAACHHicbVBNS8NAEN3Ur1q/oh69LBbBU0lqofYgFETwWKm1haYNm+2mXbrZhN1NoYT8ES/+FS8eVLx4EPw3btsctPXBwOO9GWbmeRGjUlnWt5FbW9/Y3MpvF3Z29/YPzMOjBxnGApMWDlkoOh6ShFFOWooqRjqRICjwGGl74+uZ354QIWnI79U0Ir0ADTn1KUZKS65Zabo38Ao6vkA4KVehE9F+OU3KaSY1XbtfSRNnggSJJGUh71+krlm0StYccJXYGSmCDA3X/HQGIY4DwhVmSMqubUWqlyChKGYkLTixJBHCYzQkXU05CojsJfPvUnimlQH0Q6GLKzhXf08kKJByGni6M0BqJJe9mfif142Vf9lLKI9iRTheLPJjBlUIZ1HBARUEKzbVBGFB9a0Qj5BORelACzoEe/nlVdIql2ol+65SrNeyNPLgBJyCc2CDKqiDW9AALYDBI3gGr+DNeDJejHfjY9GaM7KZY/AHxtcPPrmhBw==</latexit>

S1 =
v3
p
�

3
<latexit sha1_base64="XvF4drSzy2eKl3ioUpFR+JIb2TA=">AAACCnicbVC7TsMwFHXKq5RXgJHFaoXEVCWAeAxIlVgYiyC0UhMix3Faq44TbKdSFWVn4VdYGACx8gVs/A3uY4CWI13p6Jx77XtPkDIqlWV9G6WFxaXllfJqZW19Y3PL3N65k0kmMHFwwhLRDpAkjHLiKKoYaaeCoDhgpBX0L0d+a0CEpAm/VcOUeDHqchpRjJSWfLN649vwArqRQDgf3B9BVz4IlbtMPxGiosiPCt+sWXVrDDhP7CmpgSmavvnlhgnOYsIVZkjKjm2lysuRUBQzUlTcTJIU4T7qko6mHMVEevn4lgLuayWEUSJ0cQXH6u+JHMVSDuNAd8ZI9eSsNxL/8zqZis68nPI0U4TjyUdRxqBK4CgYGFJBsGJDTRAWVO8KcQ/pWJSOr6JDsGdPnifOYf28bl8f1xon0zTKYA9UwQGwwSlogCvQBA7A4BE8g1fwZjwZL8a78TFpLRnTmV3wB8bnD3sGmkQ=</latexit><latexit sha1_base64="XvF4drSzy2eKl3ioUpFR+JIb2TA=">AAACCnicbVC7TsMwFHXKq5RXgJHFaoXEVCWAeAxIlVgYiyC0UhMix3Faq44TbKdSFWVn4VdYGACx8gVs/A3uY4CWI13p6Jx77XtPkDIqlWV9G6WFxaXllfJqZW19Y3PL3N65k0kmMHFwwhLRDpAkjHLiKKoYaaeCoDhgpBX0L0d+a0CEpAm/VcOUeDHqchpRjJSWfLN649vwArqRQDgf3B9BVz4IlbtMPxGiosiPCt+sWXVrDDhP7CmpgSmavvnlhgnOYsIVZkjKjm2lysuRUBQzUlTcTJIU4T7qko6mHMVEevn4lgLuayWEUSJ0cQXH6u+JHMVSDuNAd8ZI9eSsNxL/8zqZis68nPI0U4TjyUdRxqBK4CgYGFJBsGJDTRAWVO8KcQ/pWJSOr6JDsGdPnifOYf28bl8f1xon0zTKYA9UwQGwwSlogCvQBA7A4BE8g1fwZjwZL8a78TFpLRnTmV3wB8bnD3sGmkQ=</latexit><latexit sha1_base64="XvF4drSzy2eKl3ioUpFR+JIb2TA=">AAACCnicbVC7TsMwFHXKq5RXgJHFaoXEVCWAeAxIlVgYiyC0UhMix3Faq44TbKdSFWVn4VdYGACx8gVs/A3uY4CWI13p6Jx77XtPkDIqlWV9G6WFxaXllfJqZW19Y3PL3N65k0kmMHFwwhLRDpAkjHLiKKoYaaeCoDhgpBX0L0d+a0CEpAm/VcOUeDHqchpRjJSWfLN649vwArqRQDgf3B9BVz4IlbtMPxGiosiPCt+sWXVrDDhP7CmpgSmavvnlhgnOYsIVZkjKjm2lysuRUBQzUlTcTJIU4T7qko6mHMVEevn4lgLuayWEUSJ0cQXH6u+JHMVSDuNAd8ZI9eSsNxL/8zqZis68nPI0U4TjyUdRxqBK4CgYGFJBsGJDTRAWVO8KcQ/pWJSOr6JDsGdPnifOYf28bl8f1xon0zTKYA9UwQGwwSlogCvQBA7A4BE8g1fwZjwZL8a78TFpLRnTmV3wB8bnD3sGmkQ=</latexit><latexit sha1_base64="XvF4drSzy2eKl3ioUpFR+JIb2TA=">AAACCnicbVC7TsMwFHXKq5RXgJHFaoXEVCWAeAxIlVgYiyC0UhMix3Faq44TbKdSFWVn4VdYGACx8gVs/A3uY4CWI13p6Jx77XtPkDIqlWV9G6WFxaXllfJqZW19Y3PL3N65k0kmMHFwwhLRDpAkjHLiKKoYaaeCoDhgpBX0L0d+a0CEpAm/VcOUeDHqchpRjJSWfLN649vwArqRQDgf3B9BVz4IlbtMPxGiosiPCt+sWXVrDDhP7CmpgSmavvnlhgnOYsIVZkjKjm2lysuRUBQzUlTcTJIU4T7qko6mHMVEevn4lgLuayWEUSJ0cQXH6u+JHMVSDuNAd8ZI9eSsNxL/8zqZis68nPI0U4TjyUdRxqBK4CgYGFJBsGJDTRAWVO8KcQ/pWJSOr6JDsGdPnifOYf28bl8f1xon0zTKYA9UwQGwwSlogCvQBA7A4BE8g1fwZjwZL8a78TFpLRnTmV3wB8bnD3sGmkQ=</latexit>

'1(⇢) = v tanh

 p
�v

2
⇢

!

<latexit sha1_base64="KCHulhCnrF1yHmtkukXUemDV5i4="></latexit><latexit sha1_base64="KCHulhCnrF1yHmtkukXUemDV5i4="></latexit><latexit sha1_base64="KCHulhCnrF1yHmtkukXUemDV5i4="></latexit><latexit sha1_base64="KCHulhCnrF1yHmtkukXUemDV5i4="></latexit>

d2SE

dR2
< 0

<latexit sha1_base64="ZedDN+JoKy7Qy8C6G30NVDOSLM4=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpggouCiK4rI8+oE3DZDJph04mYWYilBDc+CtuXCji1q9w5984bbPQ1gMXDufcy733eDGjUlnWt1FYWFxaXimultbWNza3zO2dpowSgUkDRywSbQ9JwignDUUVI+1YEBR6jLS84eXYbz0QIWnE79UoJk6I+pwGFCOlJdfc6wYC4dTvVeGde5WlPrztVTN4AS3XLFsVawI4T+yclEGOumt+df0IJyHhCjMkZce2YuWkSCiKGclK3USSGOEh6pOOphyFRDrp5IUMHmrFh0EkdHEFJ+rviRSFUo5CT3eGSA3krDcW//M6iQrOnJTyOFGE4+miIGFQRXCcB/SpIFixkSYIC6pvhXiAdCZKp1bSIdizL8+TZrViH1eqNyfl2nkeRxHsgwNwBGxwCmrgGtRBA2DwCJ7BK3gznowX4934mLYWjHxmF/yB8fkDsjmVpQ==</latexit>

runaway

Coleman ’77
Bödeker, Moore ’09, ’17



Triangle
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Duncan, Jensen ’92Linear potentials

 triangle and box

Exact solution

' = v + a ⇢2 +
b

⇢2
<latexit sha1_base64="ytkKxtKcdzwB60WR+9FM9kAK/G4="></latexit><latexit sha1_base64="ytkKxtKcdzwB60WR+9FM9kAK/G4="></latexit><latexit sha1_base64="ytkKxtKcdzwB60WR+9FM9kAK/G4="></latexit><latexit sha1_base64="ytkKxtKcdzwB60WR+9FM9kAK/G4="></latexit>

'̈+
3

⇢
'̇ = dV = 8 a

<latexit sha1_base64="zSh7hBBh7L2+veVbr3ZZU8Z68xQ="></latexit><latexit sha1_base64="zSh7hBBh7L2+veVbr3ZZU8Z68xQ="></latexit><latexit sha1_base64="zSh7hBBh7L2+veVbr3ZZU8Z68xQ="></latexit><latexit sha1_base64="zSh7hBBh7L2+veVbr3ZZU8Z68xQ="></latexit>

a1
<latexit sha1_base64="aE+rzI+JVZSdrJlK0533y0sr4/g=">AAACVHicbZBdS8MwGIXTzumcH9v00pviELwYpRWZejfwxssJ1g3WUtI07cLSD5JUGKW/xFv9TeKPEUy7Itr5QuBwzkne8HgpJVwYxqeitnbau3ud/e7B4dFxrz84eeZJxhC2UEITNvcgx5TE2BJEUDxPGYaRR/HMW92X+ewFM06S+EmsU+xEMIxJQBAU0nL7vdyuHsl9r4CuWbj9oaEb1WjbwqzFENQzdQeKbvsJyiIcC0Qh5wvTSIWTQyYIorjo2hnHKUQrGOKFlDGMMHfyammhXUjH14KEyRMLrXJ/38hhxPk68mQzgmLJm1lp/pctMhHcOjmJ00zgGG0WBRnVRKKVGDSfMIwEXUsBESPyrxpaQgaRkLC6to8DCbQmw4qchV6R6+PxyBgZRSMO69gYVYVm7P3EVaEkbDZ5bgvrSr/Tzcfr4WRco+6AM3AOLoEJbsAEPIApsAACGXgFb+Bd+VC+1Jba3lRVpb5zCv6MevwN72yy6Q==</latexit><latexit sha1_base64="aE+rzI+JVZSdrJlK0533y0sr4/g=">AAACVHicbZBdS8MwGIXTzumcH9v00pviELwYpRWZejfwxssJ1g3WUtI07cLSD5JUGKW/xFv9TeKPEUy7Itr5QuBwzkne8HgpJVwYxqeitnbau3ud/e7B4dFxrz84eeZJxhC2UEITNvcgx5TE2BJEUDxPGYaRR/HMW92X+ewFM06S+EmsU+xEMIxJQBAU0nL7vdyuHsl9r4CuWbj9oaEb1WjbwqzFENQzdQeKbvsJyiIcC0Qh5wvTSIWTQyYIorjo2hnHKUQrGOKFlDGMMHfyammhXUjH14KEyRMLrXJ/38hhxPk68mQzgmLJm1lp/pctMhHcOjmJ00zgGG0WBRnVRKKVGDSfMIwEXUsBESPyrxpaQgaRkLC6to8DCbQmw4qchV6R6+PxyBgZRSMO69gYVYVm7P3EVaEkbDZ5bgvrSr/Tzcfr4WRco+6AM3AOLoEJbsAEPIApsAACGXgFb+Bd+VC+1Jba3lRVpb5zCv6MevwN72yy6Q==</latexit><latexit sha1_base64="aE+rzI+JVZSdrJlK0533y0sr4/g=">AAACVHicbZBdS8MwGIXTzumcH9v00pviELwYpRWZejfwxssJ1g3WUtI07cLSD5JUGKW/xFv9TeKPEUy7Itr5QuBwzkne8HgpJVwYxqeitnbau3ud/e7B4dFxrz84eeZJxhC2UEITNvcgx5TE2BJEUDxPGYaRR/HMW92X+ewFM06S+EmsU+xEMIxJQBAU0nL7vdyuHsl9r4CuWbj9oaEb1WjbwqzFENQzdQeKbvsJyiIcC0Qh5wvTSIWTQyYIorjo2hnHKUQrGOKFlDGMMHfyammhXUjH14KEyRMLrXJ/38hhxPk68mQzgmLJm1lp/pctMhHcOjmJ00zgGG0WBRnVRKKVGDSfMIwEXUsBESPyrxpaQgaRkLC6to8DCbQmw4qchV6R6+PxyBgZRSMO69gYVYVm7P3EVaEkbDZ5bgvrSr/Tzcfr4WRco+6AM3AOLoEJbsAEPIApsAACGXgFb+Bd+VC+1Jba3lRVpb5zCv6MevwN72yy6Q==</latexit><latexit sha1_base64="aE+rzI+JVZSdrJlK0533y0sr4/g=">AAACVHicbZBdS8MwGIXTzumcH9v00pviELwYpRWZejfwxssJ1g3WUtI07cLSD5JUGKW/xFv9TeKPEUy7Itr5QuBwzkne8HgpJVwYxqeitnbau3ud/e7B4dFxrz84eeZJxhC2UEITNvcgx5TE2BJEUDxPGYaRR/HMW92X+ewFM06S+EmsU+xEMIxJQBAU0nL7vdyuHsl9r4CuWbj9oaEb1WjbwqzFENQzdQeKbvsJyiIcC0Qh5wvTSIWTQyYIorjo2hnHKUQrGOKFlDGMMHfyammhXUjH14KEyRMLrXJ/38hhxPk68mQzgmLJm1lp/pctMhHcOjmJ00zgGG0WBRnVRKKVGDSfMIwEXUsBESPyrxpaQgaRkLC6to8DCbQmw4qchV6R6+PxyBgZRSMO69gYVYVm7P3EVaEkbDZ5bgvrSr/Tzcfr4WRco+6AM3AOLoEJbsAEPIApsAACGXgFb+Bd+VC+1Jba3lRVpb5zCv6MevwN72yy6Q==</latexit>

a2 =
1

8

Ṽ3 � Ṽ2

'̃3 � '̃2
<latexit sha1_base64="XWWw9IIi6qQDroLtdywxeisX0Tk="></latexit><latexit sha1_base64="XWWw9IIi6qQDroLtdywxeisX0Tk="></latexit><latexit sha1_base64="XWWw9IIi6qQDroLtdywxeisX0Tk="></latexit><latexit sha1_base64="XWWw9IIi6qQDroLtdywxeisX0Tk="></latexit>

r

jHrL

jé1

jé2

j1 HrL

j2 HrL
jé3

R0 R1 R2

Initial conditions @ R0

 a)

 b)

'1(0) = '0, '̇1(0) = 0
<latexit sha1_base64="1DpsP9zcN2U4OuNfeTMVupGYzHw="></latexit><latexit sha1_base64="1DpsP9zcN2U4OuNfeTMVupGYzHw="></latexit><latexit sha1_base64="1DpsP9zcN2U4OuNfeTMVupGYzHw="></latexit><latexit sha1_base64="1DpsP9zcN2U4OuNfeTMVupGYzHw="></latexit>

v1 = '0, b1 = 0
<latexit sha1_base64="BVrOyBkRVlYCij6LlZU0luABCag="></latexit><latexit sha1_base64="BVrOyBkRVlYCij6LlZU0luABCag="></latexit><latexit sha1_base64="BVrOyBkRVlYCij6LlZU0luABCag="></latexit><latexit sha1_base64="BVrOyBkRVlYCij6LlZU0luABCag="></latexit>

'1(R0) = '̃1, '̇1(R0) = 0
<latexit sha1_base64="+6i5ELtqT3vG6yJSPqnR/+9ytK8="></latexit><latexit sha1_base64="+6i5ELtqT3vG6yJSPqnR/+9ytK8="></latexit><latexit sha1_base64="+6i5ELtqT3vG6yJSPqnR/+9ytK8="></latexit><latexit sha1_base64="+6i5ELtqT3vG6yJSPqnR/+9ytK8="></latexit>

shoot in      or '0
<latexit sha1_base64="+gQSoflzZWriN3QJ6WFsH9yqpAM="></latexit><latexit sha1_base64="+gQSoflzZWriN3QJ6WFsH9yqpAM="></latexit><latexit sha1_base64="+gQSoflzZWriN3QJ6WFsH9yqpAM="></latexit><latexit sha1_base64="+gQSoflzZWriN3QJ6WFsH9yqpAM="></latexit>

R0
<latexit sha1_base64="42zcld5iLcX9mnHaj9hIJr0foZo="></latexit><latexit sha1_base64="42zcld5iLcX9mnHaj9hIJr0foZo="></latexit><latexit sha1_base64="42zcld5iLcX9mnHaj9hIJr0foZo="></latexit><latexit sha1_base64="42zcld5iLcX9mnHaj9hIJr0foZo="></latexit>

v1 = '̃1 � 2 a1 R
2
0, b1 = a1 R

4
0

<latexit sha1_base64="vuqSlwG2JL67DD8BwlwQ5w45aw8="></latexit><latexit sha1_base64="vuqSlwG2JL67DD8BwlwQ5w45aw8="></latexit><latexit sha1_base64="vuqSlwG2JL67DD8BwlwQ5w45aw8="></latexit><latexit sha1_base64="vuqSlwG2JL67DD8BwlwQ5w45aw8="></latexit>
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Matching conditions @ R1

Final conditions @ R2

'2(R2) = '̃3, '̇2(R2) = 0
<latexit sha1_base64="ntukB++5++FclWFETvgtvkFJ0jU="></latexit><latexit sha1_base64="ntukB++5++FclWFETvgtvkFJ0jU="></latexit><latexit sha1_base64="ntukB++5++FclWFETvgtvkFJ0jU="></latexit><latexit sha1_base64="ntukB++5++FclWFETvgtvkFJ0jU="></latexit>

v2 = '̃3 � 2 a2 R
2
2, b2 = a2 R

4
2

<latexit sha1_base64="53l/imMjpLwjJ2toRluta6SED0o="></latexit><latexit sha1_base64="53l/imMjpLwjJ2toRluta6SED0o="></latexit><latexit sha1_base64="53l/imMjpLwjJ2toRluta6SED0o="></latexit><latexit sha1_base64="53l/imMjpLwjJ2toRluta6SED0o="></latexit>

'1(R1) = '2(R1) = '̃2, '̇1(R1) = '̇2(R1)
<latexit sha1_base64="RK4hJucC+lUetWsYU4FmuRmTfhQ="></latexit><latexit sha1_base64="RK4hJucC+lUetWsYU4FmuRmTfhQ="></latexit><latexit sha1_base64="RK4hJucC+lUetWsYU4FmuRmTfhQ="></latexit><latexit sha1_base64="RK4hJucC+lUetWsYU4FmuRmTfhQ="></latexit>

Complete solution

'0 =
'̃3 + c '̃2

1 + c
, c = 2

a2 � a1
a1

✓
1�

r
a2

a2 � a1

◆

<latexit sha1_base64="6P8MQK0zBdgGJTcADrK6mSZlUNY="></latexit><latexit sha1_base64="6P8MQK0zBdgGJTcADrK6mSZlUNY="></latexit><latexit sha1_base64="6P8MQK0zBdgGJTcADrK6mSZlUNY="></latexit><latexit sha1_base64="6P8MQK0zBdgGJTcADrK6mSZlUNY="></latexit>

R1 =
1

2

'̃3 � '̃1p
a1 ('̃2 � '̃1)�

p
�a2 ('̃3 � '̃2)

<latexit sha1_base64="DJXLvP2/Wo+wPWMdAGSHJA9ia4k="></latexit><latexit sha1_base64="DJXLvP2/Wo+wPWMdAGSHJA9ia4k="></latexit><latexit sha1_base64="DJXLvP2/Wo+wPWMdAGSHJA9ia4k="></latexit><latexit sha1_base64="DJXLvP2/Wo+wPWMdAGSHJA9ia4k="></latexit>

R2
0 = R1

 
R1 �

r
'̃2 � '̃1

a1

!

R2
2 = R1

 
R1 +

r
'̃3 � '̃2

�a2

!

<latexit sha1_base64="Gv/4c37LQ0WtjtdV53/vF4vioIc="></latexit><latexit sha1_base64="Gv/4c37LQ0WtjtdV53/vF4vioIc="></latexit><latexit sha1_base64="Gv/4c37LQ0WtjtdV53/vF4vioIc="></latexit><latexit sha1_base64="Gv/4c37LQ0WtjtdV53/vF4vioIc="></latexit>

R1 =

s
D

4

✓
'̃2 � '0

a1

◆

<latexit sha1_base64="d2NyLQvYCgdmbaDMSFsrfYA4TK0="></latexit><latexit sha1_base64="d2NyLQvYCgdmbaDMSFsrfYA4TK0="></latexit><latexit sha1_base64="d2NyLQvYCgdmbaDMSFsrfYA4TK0="></latexit><latexit sha1_base64="d2NyLQvYCgdmbaDMSFsrfYA4TK0="></latexit>

 a)

 b)



Summary

Complete exact analytic solution
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Solved in terms of Euclidean radius

Stable in thin wall, goes over to TWA

Limited validity outside the TW



APPROXIMATING
BOUNCES

'<latexit sha1_base64="v+h3JeIvcl+3BbCApVTfq7RM8BE=">AAACSnicbZDLSsNAGIUntWqtt1aXboJFcFFColJdFtzoroK9QBPKZPKnHTu5ODMRSsg7uNVn8gV8DXfixmkaRFt/GDic7wzzz3FjRoU0zXettFZe39isbFW3d3b39mv1g56IEk6gSyIW8YGLBTAaQldSyWAQc8CBy6DvTq/nvP8EXNAovJezGJwAj0PqU4Klsnq2oAE8jmoN0zDz0VeFVYgGKqYzqmuG7UUkCSCUhGEhhpYZSyfFXFLCIKvaiYAYkykew1DJEAcgnDRfN9NPlOPpfsTVCaWeu79vpDgQYha4KhlgORHLbG7+x4aJ9K+clIZxIiEki4f8hOky0ud/1z3KgUg2UwITTtWuOplgjolUDVVtD3zVYr5O6vEs5WM3S41Wq2k2zWwJjwtsNvPAMnZ/cB7IVMPWcp+rondmWOfG2d1Fo31bdF1BR+gYnSILXaI2ukEd1EUEPaBn9IJetTftQ/vUvhbRklbcOUR/plT+BhxisPg=</latexit>



Polygonal bounces
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Extend to more segments and D dimensions

Approximates any V when              , controlled precisionN ! 1
<latexit sha1_base64="/vzHSRCCBEFddeX+HfPqyHbIzbQ=">AAACT3icbZBNS8MwHMbT+bbNt02PXoJD8DBKKzL1IgMvnmSCc4O1jDRNt7A0LUkqlNKv4VU/kze/iScxq0W08w+Bh+f3hPzzeDGjUlnWu1FbW9/Y3Ko3mts7u3v7rfbBo4wSgckQRywSYw9JwignQ0UVI+NYEBR6jIy8xc2Sj56IkDTiDyqNiRuiGacBxUhpy7mDjoqgQ3mg0mmrY5lWMXBV2KXogHIG07ZhOn6Ek5BwhRmScmJbsXIzJBTFjORNJ5EkRniBZmSiJUchkW5WLJ3DE+34MIiEPlzBwv19I0OhlGno6WSI1FxW2dL8j00SFVy6GeVxogjH3w8FCYP6o8sGoE8FwYqlWiAsqN4V4jkSCCvdU9PxSaC7LNbJfJFnYublmdnrda2ulVfwrMRWtwhUsfeDi0CuG7arfa6K4Zl5Zdr3553+dVl1HRyBY3AKbHAB+uAWDMAQYBCDZ/ACXo0348P4rJXRmlGKQ/Bnao0vpomx0g==</latexit><latexit sha1_base64="/vzHSRCCBEFddeX+HfPqyHbIzbQ=">AAACT3icbZBNS8MwHMbT+bbNt02PXoJD8DBKKzL1IgMvnmSCc4O1jDRNt7A0LUkqlNKv4VU/kze/iScxq0W08w+Bh+f3hPzzeDGjUlnWu1FbW9/Y3Ko3mts7u3v7rfbBo4wSgckQRywSYw9JwignQ0UVI+NYEBR6jIy8xc2Sj56IkDTiDyqNiRuiGacBxUhpy7mDjoqgQ3mg0mmrY5lWMXBV2KXogHIG07ZhOn6Ek5BwhRmScmJbsXIzJBTFjORNJ5EkRniBZmSiJUchkW5WLJ3DE+34MIiEPlzBwv19I0OhlGno6WSI1FxW2dL8j00SFVy6GeVxogjH3w8FCYP6o8sGoE8FwYqlWiAsqN4V4jkSCCvdU9PxSaC7LNbJfJFnYublmdnrda2ulVfwrMRWtwhUsfeDi0CuG7arfa6K4Zl5Zdr3553+dVl1HRyBY3AKbHAB+uAWDMAQYBCDZ/ACXo0348P4rJXRmlGKQ/Bnao0vpomx0g==</latexit><latexit sha1_base64="/vzHSRCCBEFddeX+HfPqyHbIzbQ=">AAACT3icbZBNS8MwHMbT+bbNt02PXoJD8DBKKzL1IgMvnmSCc4O1jDRNt7A0LUkqlNKv4VU/kze/iScxq0W08w+Bh+f3hPzzeDGjUlnWu1FbW9/Y3Ko3mts7u3v7rfbBo4wSgckQRywSYw9JwignQ0UVI+NYEBR6jIy8xc2Sj56IkDTiDyqNiRuiGacBxUhpy7mDjoqgQ3mg0mmrY5lWMXBV2KXogHIG07ZhOn6Ek5BwhRmScmJbsXIzJBTFjORNJ5EkRniBZmSiJUchkW5WLJ3DE+34MIiEPlzBwv19I0OhlGno6WSI1FxW2dL8j00SFVy6GeVxogjH3w8FCYP6o8sGoE8FwYqlWiAsqN4V4jkSCCvdU9PxSaC7LNbJfJFnYublmdnrda2ulVfwrMRWtwhUsfeDi0CuG7arfa6K4Zl5Zdr3553+dVl1HRyBY3AKbHAB+uAWDMAQYBCDZ/ACXo0348P4rJXRmlGKQ/Bnao0vpomx0g==</latexit><latexit sha1_base64="/vzHSRCCBEFddeX+HfPqyHbIzbQ=">AAACT3icbZBNS8MwHMbT+bbNt02PXoJD8DBKKzL1IgMvnmSCc4O1jDRNt7A0LUkqlNKv4VU/kze/iScxq0W08w+Bh+f3hPzzeDGjUlnWu1FbW9/Y3Ko3mts7u3v7rfbBo4wSgckQRywSYw9JwignQ0UVI+NYEBR6jIy8xc2Sj56IkDTiDyqNiRuiGacBxUhpy7mDjoqgQ3mg0mmrY5lWMXBV2KXogHIG07ZhOn6Ek5BwhRmScmJbsXIzJBTFjORNJ5EkRniBZmSiJUchkW5WLJ3DE+34MIiEPlzBwv19I0OhlGno6WSI1FxW2dL8j00SFVy6GeVxogjH3w8FCYP6o8sGoE8FwYqlWiAsqN4V4jkSCCvdU9PxSaC7LNbJfJFnYublmdnrda2ulVfwrMRWtwhUsfeDi0CuG7arfa6K4Zl5Zdr3553+dVl1HRyBY3AKbHAB+uAWDMAQYBCDZ/ACXo0348P4rJXRmlGKQ/Bnao0vpomx0g==</latexit>

Semi-analytic solution for algebraic manipulation/deformation

Geometric insight of segmentation, cover non-trivial features/unstable Vs



Polygonal bounces
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Generalize case b), solve      or      a), retrieve'0
<latexit sha1_base64="09L4RFspCVvNnDvX79Lct5Ow4fU=">AAACTHicbZBNS8MwHMbT+Tbn26ZHL8UheBglFZl6kYEXjxOsm6xlpGnahaUvJOlglH4Kr/qZPPtBPIlg1hXRzj8EHp7fE/LP4yaMCgnhu1ZbW9/Y3KpvN3Z29/YPmq3DRxGnHBMLxyzmQxcJwmhELEklI8OEExS6jAzc6e2CD2aECxpHD3KeECdEQUR9ipFU1pM9QzyZ0DEcN9vQgMXoq8IsRRuU0x+3NMP2YpyGJJKYISFGJkykkyEuKWYkb9ipIAnCUxSQkZIRColwsmLjXD9Vjqf7MVcnknrh/r6RoVCIeeiqZIjkRFTZwvyPjVLpXzkZjZJUkggvH/JTpstYX3xf9ygnWLK5EghzqnbV8QRxhKUqqWF7xFdFFutkHs8zHrh5ZnS7HdiBeQUHJYadIlDF7g8uArlq2Kz2uSqsc+PaMO8v2r2bsuo6OAYn4AyY4BL0wB3oAwtgEIJn8AJetTftQ/vUvpbRmlbeOQJ/prb5DbCdsdU=</latexit><latexit sha1_base64="09L4RFspCVvNnDvX79Lct5Ow4fU=">AAACTHicbZBNS8MwHMbT+Tbn26ZHL8UheBglFZl6kYEXjxOsm6xlpGnahaUvJOlglH4Kr/qZPPtBPIlg1hXRzj8EHp7fE/LP4yaMCgnhu1ZbW9/Y3KpvN3Z29/YPmq3DRxGnHBMLxyzmQxcJwmhELEklI8OEExS6jAzc6e2CD2aECxpHD3KeECdEQUR9ipFU1pM9QzyZ0DEcN9vQgMXoq8IsRRuU0x+3NMP2YpyGJJKYISFGJkykkyEuKWYkb9ipIAnCUxSQkZIRColwsmLjXD9Vjqf7MVcnknrh/r6RoVCIeeiqZIjkRFTZwvyPjVLpXzkZjZJUkggvH/JTpstYX3xf9ygnWLK5EghzqnbV8QRxhKUqqWF7xFdFFutkHs8zHrh5ZnS7HdiBeQUHJYadIlDF7g8uArlq2Kz2uSqsc+PaMO8v2r2bsuo6OAYn4AyY4BL0wB3oAwtgEIJn8AJetTftQ/vUvpbRmlbeOQJ/prb5DbCdsdU=</latexit><latexit sha1_base64="09L4RFspCVvNnDvX79Lct5Ow4fU=">AAACTHicbZBNS8MwHMbT+Tbn26ZHL8UheBglFZl6kYEXjxOsm6xlpGnahaUvJOlglH4Kr/qZPPtBPIlg1hXRzj8EHp7fE/LP4yaMCgnhu1ZbW9/Y3KpvN3Z29/YPmq3DRxGnHBMLxyzmQxcJwmhELEklI8OEExS6jAzc6e2CD2aECxpHD3KeECdEQUR9ipFU1pM9QzyZ0DEcN9vQgMXoq8IsRRuU0x+3NMP2YpyGJJKYISFGJkykkyEuKWYkb9ipIAnCUxSQkZIRColwsmLjXD9Vjqf7MVcnknrh/r6RoVCIeeiqZIjkRFTZwvyPjVLpXzkZjZJUkggvH/JTpstYX3xf9ygnWLK5EghzqnbV8QRxhKUqqWF7xFdFFutkHs8zHrh5ZnS7HdiBeQUHJYadIlDF7g8uArlq2Kz2uSqsc+PaMO8v2r2bsuo6OAYn4AyY4BL0wB3oAwtgEIJn8AJetTftQ/vUvpbRmlbeOQJ/prb5DbCdsdU=</latexit><latexit sha1_base64="09L4RFspCVvNnDvX79Lct5Ow4fU=">AAACTHicbZBNS8MwHMbT+Tbn26ZHL8UheBglFZl6kYEXjxOsm6xlpGnahaUvJOlglH4Kr/qZPPtBPIlg1hXRzj8EHp7fE/LP4yaMCgnhu1ZbW9/Y3KpvN3Z29/YPmq3DRxGnHBMLxyzmQxcJwmhELEklI8OEExS6jAzc6e2CD2aECxpHD3KeECdEQUR9ipFU1pM9QzyZ0DEcN9vQgMXoq8IsRRuU0x+3NMP2YpyGJJKYISFGJkykkyEuKWYkb9ipIAnCUxSQkZIRColwsmLjXD9Vjqf7MVcnknrh/r6RoVCIeeiqZIjkRFTZwvyPjVLpXzkZjZJUkggvH/JTpstYX3xf9ygnWLK5EghzqnbV8QRxhKUqqWF7xFdFFutkHs8zHrh5ZnS7HdiBeQUHJYadIlDF7g8uArlq2Kz2uSqsc+PaMO8v2r2bsuo6OAYn4AyY4BL0wB3oAwtgEIJn8AJetTftQ/vUvpbRmlbeOQJ/prb5DbCdsdU=</latexit>

R0
<latexit sha1_base64="rCPa5lFcoo4v1dzS7SPHkYZrXg4=">AAACRnicbZDLSgMxGIX/qbdab60u3QwWwUUZMiJVN1Jw47JeagttKZlMZhqauZBkhDLMI7jVZ/IRfApX4tZ0Ooi2/hA4nO+E/DlOzJlUCL0bpZXVtfWN8mZla3tnd69a23+UUSII7ZCIR6LnYEk5C2lHMcVpLxYUBw6nXWdyPePdJyoki8IHNY3pMMB+yDxGsNLW/d0Ijap1ZKF8zGVhF6IOxbRHNcMauBFJAhoqwrGUfRvFaphioRjhNKsMEkljTCbYp30tQxxQOUzzXTPzWDuu6UVCn1CZufv7RooDKaeBo5MBVmO5yGbmf6yfKO9imLIwThQNyfwhL+GmiszZx02XCUoUn2qBiWB6V5OMscBE6XoqA5d6usJ8ndQVWSp8J0utZrOBGihbwH6BUSMPLGLnB+eBTDdsL/a5LDqn1qVl357VW1dF1WU4hCM4ARvOoQU30IYOEPDhGV7g1XgzPoxP42seLRnFnQP4MyX4Bu1NrwU=</latexit><latexit sha1_base64="rCPa5lFcoo4v1dzS7SPHkYZrXg4=">AAACRnicbZDLSgMxGIX/qbdab60u3QwWwUUZMiJVN1Jw47JeagttKZlMZhqauZBkhDLMI7jVZ/IRfApX4tZ0Ooi2/hA4nO+E/DlOzJlUCL0bpZXVtfWN8mZla3tnd69a23+UUSII7ZCIR6LnYEk5C2lHMcVpLxYUBw6nXWdyPePdJyoki8IHNY3pMMB+yDxGsNLW/d0Ijap1ZKF8zGVhF6IOxbRHNcMauBFJAhoqwrGUfRvFaphioRjhNKsMEkljTCbYp30tQxxQOUzzXTPzWDuu6UVCn1CZufv7RooDKaeBo5MBVmO5yGbmf6yfKO9imLIwThQNyfwhL+GmiszZx02XCUoUn2qBiWB6V5OMscBE6XoqA5d6usJ8ndQVWSp8J0utZrOBGihbwH6BUSMPLGLnB+eBTDdsL/a5LDqn1qVl357VW1dF1WU4hCM4ARvOoQU30IYOEPDhGV7g1XgzPoxP42seLRnFnQP4MyX4Bu1NrwU=</latexit><latexit sha1_base64="rCPa5lFcoo4v1dzS7SPHkYZrXg4=">AAACRnicbZDLSgMxGIX/qbdab60u3QwWwUUZMiJVN1Jw47JeagttKZlMZhqauZBkhDLMI7jVZ/IRfApX4tZ0Ooi2/hA4nO+E/DlOzJlUCL0bpZXVtfWN8mZla3tnd69a23+UUSII7ZCIR6LnYEk5C2lHMcVpLxYUBw6nXWdyPePdJyoki8IHNY3pMMB+yDxGsNLW/d0Ijap1ZKF8zGVhF6IOxbRHNcMauBFJAhoqwrGUfRvFaphioRjhNKsMEkljTCbYp30tQxxQOUzzXTPzWDuu6UVCn1CZufv7RooDKaeBo5MBVmO5yGbmf6yfKO9imLIwThQNyfwhL+GmiszZx02XCUoUn2qBiWB6V5OMscBE6XoqA5d6usJ8ndQVWSp8J0utZrOBGihbwH6BUSMPLGLnB+eBTDdsL/a5LDqn1qVl357VW1dF1WU4hCM4ARvOoQU30IYOEPDhGV7g1XgzPoxP42seLRnFnQP4MyX4Bu1NrwU=</latexit><latexit sha1_base64="rCPa5lFcoo4v1dzS7SPHkYZrXg4=">AAACRnicbZDLSgMxGIX/qbdab60u3QwWwUUZMiJVN1Jw47JeagttKZlMZhqauZBkhDLMI7jVZ/IRfApX4tZ0Ooi2/hA4nO+E/DlOzJlUCL0bpZXVtfWN8mZla3tnd69a23+UUSII7ZCIR6LnYEk5C2lHMcVpLxYUBw6nXWdyPePdJyoki8IHNY3pMMB+yDxGsNLW/d0Ijap1ZKF8zGVhF6IOxbRHNcMauBFJAhoqwrGUfRvFaphioRjhNKsMEkljTCbYp30tQxxQOUzzXTPzWDuu6UVCn1CZufv7RooDKaeBo5MBVmO5yGbmf6yfKO9imLIwThQNyfwhL+GmiszZx02XCUoUn2qBiWB6V5OMscBE6XoqA5d6usJ8ndQVWSp8J0utZrOBGihbwH6BUSMPLGLnB+eBTDdsL/a5LDqn1qVl357VW1dF1WU4hCM4ARvOoQU30IYOEPDhGV7g1XgzPoxP42seLRnFnQP4MyX4Bu1NrwU=</latexit>

No free parameters, one segment three unknowns vi, bi, Ri
<latexit sha1_base64="D/LHz5NM9RsTCMicJQB1Yk/anAk="></latexit><latexit sha1_base64="D/LHz5NM9RsTCMicJQB1Yk/anAk="></latexit><latexit sha1_base64="D/LHz5NM9RsTCMicJQB1Yk/anAk="></latexit><latexit sha1_base64="D/LHz5NM9RsTCMicJQB1Yk/anAk="></latexit>

Vi(') =

 
Ṽi+1 � Ṽi

'̃i+1 � '̃i

!

| {z }
8 ai

('� '̃i) + Ṽi � ṼN , dVi = 8 ai.

<latexit sha1_base64="BGsxHN7v/EweMO47GCADCZ3YxSw="></latexit><latexit sha1_base64="BGsxHN7v/EweMO47GCADCZ3YxSw="></latexit><latexit sha1_base64="BGsxHN7v/EweMO47GCADCZ3YxSw="></latexit><latexit sha1_base64="BGsxHN7v/EweMO47GCADCZ3YxSw="></latexit>

Ri
<latexit sha1_base64="meX2l7+w39Z8wDN8+rsQp1KYyYc=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlJ1IwU3LuslttCWMplM0qGTCzMToYQ8glt9Jh/Bp3Albp2mQTT1h4HD+c4w/xwnZlRI03zXKiura+sb1c3a1vbO7l69sf8oooRjYuOIRbzvIEEYDYktqWSkH3OCAoeRnjO9nvPeE+GCRuGDnMVkFCA/pB7FSCrr/m5Mx/WmaZj56MvCKkQTiumOG5oxdCOcBCSUmCEhBpYZy1GKuKSYkaw2TASJEZ4inwyUDFFAxCjNd830Y+W4uhdxdUKp5+7vGykKhJgFjkoGSE5Emc3N/9ggkd7FKKVhnEgS4sVDXsJ0Genzj+su5QRLNlMCYU7VrjqeII6wVPXUhi7xVIX5OqnLs5T7TpYa7XbLbJlZCfsFNlt5oIydH5wHMtWwVe5zWdinxqVh3Z41O1dF1VU4hCM4AQvOoQM30AUbMPjwDC/wqr1pH9qn9rWIVrTizgH8mQp8A1g8rz4=</latexit><latexit sha1_base64="meX2l7+w39Z8wDN8+rsQp1KYyYc=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlJ1IwU3LuslttCWMplM0qGTCzMToYQ8glt9Jh/Bp3Albp2mQTT1h4HD+c4w/xwnZlRI03zXKiura+sb1c3a1vbO7l69sf8oooRjYuOIRbzvIEEYDYktqWSkH3OCAoeRnjO9nvPeE+GCRuGDnMVkFCA/pB7FSCrr/m5Mx/WmaZj56MvCKkQTiumOG5oxdCOcBCSUmCEhBpYZy1GKuKSYkaw2TASJEZ4inwyUDFFAxCjNd830Y+W4uhdxdUKp5+7vGykKhJgFjkoGSE5Emc3N/9ggkd7FKKVhnEgS4sVDXsJ0Genzj+su5QRLNlMCYU7VrjqeII6wVPXUhi7xVIX5OqnLs5T7TpYa7XbLbJlZCfsFNlt5oIydH5wHMtWwVe5zWdinxqVh3Z41O1dF1VU4hCM4AQvOoQM30AUbMPjwDC/wqr1pH9qn9rWIVrTizgH8mQp8A1g8rz4=</latexit><latexit sha1_base64="meX2l7+w39Z8wDN8+rsQp1KYyYc=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlJ1IwU3LuslttCWMplM0qGTCzMToYQ8glt9Jh/Bp3Albp2mQTT1h4HD+c4w/xwnZlRI03zXKiura+sb1c3a1vbO7l69sf8oooRjYuOIRbzvIEEYDYktqWSkH3OCAoeRnjO9nvPeE+GCRuGDnMVkFCA/pB7FSCrr/m5Mx/WmaZj56MvCKkQTiumOG5oxdCOcBCSUmCEhBpYZy1GKuKSYkaw2TASJEZ4inwyUDFFAxCjNd830Y+W4uhdxdUKp5+7vGykKhJgFjkoGSE5Emc3N/9ggkd7FKKVhnEgS4sVDXsJ0Genzj+su5QRLNlMCYU7VrjqeII6wVPXUhi7xVIX5OqnLs5T7TpYa7XbLbJlZCfsFNlt5oIydH5wHMtWwVe5zWdinxqVh3Z41O1dF1VU4hCM4AQvOoQM30AUbMPjwDC/wqr1pH9qn9rWIVrTizgH8mQp8A1g8rz4=</latexit><latexit sha1_base64="meX2l7+w39Z8wDN8+rsQp1KYyYc=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlJ1IwU3LuslttCWMplM0qGTCzMToYQ8glt9Jh/Bp3Albp2mQTT1h4HD+c4w/xwnZlRI03zXKiura+sb1c3a1vbO7l69sf8oooRjYuOIRbzvIEEYDYktqWSkH3OCAoeRnjO9nvPeE+GCRuGDnMVkFCA/pB7FSCrr/m5Mx/WmaZj56MvCKkQTiumOG5oxdCOcBCSUmCEhBpYZy1GKuKSYkaw2TASJEZ4inwyUDFFAxCjNd830Y+W4uhdxdUKp5+7vGykKhJgFjkoGSE5Emc3N/9ggkd7FKKVhnEgS4sVDXsJ0Genzj+su5QRLNlMCYU7VrjqeII6wVPXUhi7xVIX5OqnLs5T7TpYa7XbLbJlZCfsFNlt5oIydH5wHMtWwVe5zWdinxqVh3Z41O1dF1VU4hCM4AQvOoQM30AUbMPjwDC/wqr1pH9qn9rWIVrTizgH8mQp8A1g8rz4=</latexit>
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Constructing polygonal bounces

r
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Matching conditions @ Ri

Initial/final conditions remain the same

3 parameters and 3 unknowns/segment

'i(R1) = 'i+1(Ri) = '̃i+1, '̇i(Ri) = '̇i+1(Ri)
<latexit sha1_base64="C0dyHicq420Gitt72zQCIAtzs4s="></latexit><latexit sha1_base64="C0dyHicq420Gitt72zQCIAtzs4s="></latexit><latexit sha1_base64="C0dyHicq420Gitt72zQCIAtzs4s="></latexit><latexit sha1_base64="C0dyHicq420Gitt72zQCIAtzs4s="></latexit>

'̈i +
D � 1

⇢
'̇i = dVi = 8 ai

<latexit sha1_base64="ZElEFOcGkpntFPd4HaMFxwthcqI="></latexit><latexit sha1_base64="ZElEFOcGkpntFPd4HaMFxwthcqI="></latexit><latexit sha1_base64="ZElEFOcGkpntFPd4HaMFxwthcqI="></latexit><latexit sha1_base64="ZElEFOcGkpntFPd4HaMFxwthcqI="></latexit>

'i = vi +
4

D
ai ⇢

2 +
2

D � 2

bi
⇢D�2

<latexit sha1_base64="0RhkccWkmvOVYlVdFI5Omjlsedc="></latexit><latexit sha1_base64="0RhkccWkmvOVYlVdFI5Omjlsedc="></latexit><latexit sha1_base64="0RhkccWkmvOVYlVdFI5Omjlsedc="></latexit><latexit sha1_base64="0RhkccWkmvOVYlVdFI5Omjlsedc="></latexit>

bn =
4

D

 
a1R

D
0 +

n�1X

i=1

(ai+1 � ai)R
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i

!

<latexit sha1_base64="XI8y/EJwua5IUcrL3+pjsY7qo2Y="></latexit><latexit sha1_base64="XI8y/EJwua5IUcrL3+pjsY7qo2Y="></latexit><latexit sha1_base64="XI8y/EJwua5IUcrL3+pjsY7qo2Y="></latexit><latexit sha1_base64="XI8y/EJwua5IUcrL3+pjsY7qo2Y="></latexit>

vn = '0 �
4

D � 2

 
a1R

2
0 +

n�1X

i=1

(ai+1 � ai)R
2
i

!

<latexit sha1_base64="S+NiY2fd3mx8aLhANWQT3P6YzdU="></latexit><latexit sha1_base64="S+NiY2fd3mx8aLhANWQT3P6YzdU="></latexit><latexit sha1_base64="S+NiY2fd3mx8aLhANWQT3P6YzdU="></latexit><latexit sha1_base64="S+NiY2fd3mx8aLhANWQT3P6YzdU="></latexit>

 a)

 b)

The bounce defined recursively

R0 = 0
<latexit sha1_base64="FDGsIVPPwpiCRvY/4LoYgx8fF/s=">AAACSnicbZBNS8MwHMbTOXXOt02PXoJD8DBKKjLdQRh48TjFusFWRpqmMyx9IUmFUfohvOpn8gP4OTyJF7OuiHb+IfDw/J6Qfx435kwqhN6Nylp1fWOztlXf3tnd2280Dx5klAhCbRLxSAxdLClnIbUVU5wOY0Fx4HI6cGfXCz54okKyKLxX85g6AZ6GzGcEK20N7iYIXkE0abSQifKBq8IqRAsU0580DXPsRSQJaKgIx1KOLBQrJ8VCMcJpVh8nksaYzPCUjrQMcUClk+b7ZvBEOx70I6FPqGDu/r6R4kDKeeDqZIDVoyyzhfkfGyXKv3RSFsaJoiFZPuQnHKoILj4PPSYoUXyuBSaC6V0hecQCE6Urqo896usa83VST2SpmLpZanY6bdRGWQlPC4zaeaCM3R+cBzLdsFXuc1XYZ2bXtG7PW71uUXUNHIFjcAoscAF64Ab0gQ0ImIFn8AJejTfjw/g0vpbRilHcOQR/plL9Bsnkr9U=</latexit><latexit sha1_base64="FDGsIVPPwpiCRvY/4LoYgx8fF/s=">AAACSnicbZBNS8MwHMbTOXXOt02PXoJD8DBKKjLdQRh48TjFusFWRpqmMyx9IUmFUfohvOpn8gP4OTyJF7OuiHb+IfDw/J6Qfx435kwqhN6Nylp1fWOztlXf3tnd2280Dx5klAhCbRLxSAxdLClnIbUVU5wOY0Fx4HI6cGfXCz54okKyKLxX85g6AZ6GzGcEK20N7iYIXkE0abSQifKBq8IqRAsU0580DXPsRSQJaKgIx1KOLBQrJ8VCMcJpVh8nksaYzPCUjrQMcUClk+b7ZvBEOx70I6FPqGDu/r6R4kDKeeDqZIDVoyyzhfkfGyXKv3RSFsaJoiFZPuQnHKoILj4PPSYoUXyuBSaC6V0hecQCE6Urqo896usa83VST2SpmLpZanY6bdRGWQlPC4zaeaCM3R+cBzLdsFXuc1XYZ2bXtG7PW71uUXUNHIFjcAoscAF64Ab0gQ0ImIFn8AJejTfjw/g0vpbRilHcOQR/plL9Bsnkr9U=</latexit><latexit sha1_base64="FDGsIVPPwpiCRvY/4LoYgx8fF/s=">AAACSnicbZBNS8MwHMbTOXXOt02PXoJD8DBKKjLdQRh48TjFusFWRpqmMyx9IUmFUfohvOpn8gP4OTyJF7OuiHb+IfDw/J6Qfx435kwqhN6Nylp1fWOztlXf3tnd2280Dx5klAhCbRLxSAxdLClnIbUVU5wOY0Fx4HI6cGfXCz54okKyKLxX85g6AZ6GzGcEK20N7iYIXkE0abSQifKBq8IqRAsU0580DXPsRSQJaKgIx1KOLBQrJ8VCMcJpVh8nksaYzPCUjrQMcUClk+b7ZvBEOx70I6FPqGDu/r6R4kDKeeDqZIDVoyyzhfkfGyXKv3RSFsaJoiFZPuQnHKoILj4PPSYoUXyuBSaC6V0hecQCE6Urqo896usa83VST2SpmLpZanY6bdRGWQlPC4zaeaCM3R+cBzLdsFXuc1XYZ2bXtG7PW71uUXUNHIFjcAoscAF64Ab0gQ0ImIFn8AJejTfjw/g0vpbRilHcOQR/plL9Bsnkr9U=</latexit><latexit sha1_base64="FDGsIVPPwpiCRvY/4LoYgx8fF/s=">AAACSnicbZBNS8MwHMbTOXXOt02PXoJD8DBKKjLdQRh48TjFusFWRpqmMyx9IUmFUfohvOpn8gP4OTyJF7OuiHb+IfDw/J6Qfx435kwqhN6Nylp1fWOztlXf3tnd2280Dx5klAhCbRLxSAxdLClnIbUVU5wOY0Fx4HI6cGfXCz54okKyKLxX85g6AZ6GzGcEK20N7iYIXkE0abSQifKBq8IqRAsU0580DXPsRSQJaKgIx1KOLBQrJ8VCMcJpVh8nksaYzPCUjrQMcUClk+b7ZvBEOx70I6FPqGDu/r6R4kDKeeDqZIDVoyyzhfkfGyXKv3RSFsaJoiFZPuQnHKoILj4PPSYoUXyuBSaC6V0hecQCE6Urqo896usa83VST2SpmLpZanY6bdRGWQlPC4zaeaCM3R+cBzLdsFXuc1XYZ2bXtG7PW71uUXUNHIFjcAoscAF64Ab0gQ0ImIFn8AJejTfjw/g0vpbRilHcOQR/plL9Bsnkr9U=</latexit>

'0 = '̃1
<latexit sha1_base64="e1qEx8IpevEgfglgwZl+zpyIHbs="></latexit><latexit sha1_base64="e1qEx8IpevEgfglgwZl+zpyIHbs="></latexit><latexit sha1_base64="e1qEx8IpevEgfglgwZl+zpyIHbs="></latexit><latexit sha1_base64="e1qEx8IpevEgfglgwZl+zpyIHbs="></latexit>



Radii computed at each segment from matching the fields

fewnomial RD
n � D

4

�n
an

RD�2
n +

D

2(D � 2)

bn
an

= 0
<latexit sha1_base64="f584Ejj/aAJT2CmCEZNceIPvj5g="></latexit><latexit sha1_base64="f584Ejj/aAJT2CmCEZNceIPvj5g="></latexit><latexit sha1_base64="f584Ejj/aAJT2CmCEZNceIPvj5g="></latexit><latexit sha1_base64="f584Ejj/aAJT2CmCEZNceIPvj5g="></latexit>

�n = '̃n+1 � vn
<latexit sha1_base64="6JIEMyb3dJ4OpXptUJK5sdm4So0="></latexit><latexit sha1_base64="6JIEMyb3dJ4OpXptUJK5sdm4So0="></latexit><latexit sha1_base64="6JIEMyb3dJ4OpXptUJK5sdm4So0="></latexit><latexit sha1_base64="6JIEMyb3dJ4OpXptUJK5sdm4So0="></latexit>

require real positive roots

'n(Rn) = '̃n+1
<latexit sha1_base64="eVW+gQ3VUOoEozQvzI11DS0vJFk="></latexit><latexit sha1_base64="eVW+gQ3VUOoEozQvzI11DS0vJFk="></latexit><latexit sha1_base64="eVW+gQ3VUOoEozQvzI11DS0vJFk="></latexit><latexit sha1_base64="eVW+gQ3VUOoEozQvzI11DS0vJFk="></latexit>

Constructing PB



Radii computed at each segment from matching the fields

fewnomial RD
n � D

4

�n
an

RD�2
n +

D

2(D � 2)

bn
an

= 0
<latexit sha1_base64="f584Ejj/aAJT2CmCEZNceIPvj5g="></latexit><latexit sha1_base64="f584Ejj/aAJT2CmCEZNceIPvj5g="></latexit><latexit sha1_base64="f584Ejj/aAJT2CmCEZNceIPvj5g="></latexit><latexit sha1_base64="f584Ejj/aAJT2CmCEZNceIPvj5g="></latexit>

radii solutions D = 3 : 2Rn =
1

p
an

✓
�n
⇠

+ ⇠

◆
, ⇠3 =

p
36anb2n � �3n � 6

p
anbn,

<latexit sha1_base64="dc8pibqiQxVyIChZxabEc+e4tFc="></latexit><latexit sha1_base64="dc8pibqiQxVyIChZxabEc+e4tFc="></latexit><latexit sha1_base64="dc8pibqiQxVyIChZxabEc+e4tFc="></latexit><latexit sha1_base64="dc8pibqiQxVyIChZxabEc+e4tFc="></latexit>

D = 4 : 2R2
n =

1

an

⇣
�n +

p
�2n � 4anbn

⌘

<latexit sha1_base64="LPenCqOMlgW2ZcyNxgxMj1EtF5s="></latexit><latexit sha1_base64="LPenCqOMlgW2ZcyNxgxMj1EtF5s="></latexit><latexit sha1_base64="LPenCqOMlgW2ZcyNxgxMj1EtF5s="></latexit><latexit sha1_base64="LPenCqOMlgW2ZcyNxgxMj1EtF5s="></latexit>

simple cubic

quadratic

require real positive roots

D = 2, 6, 8
<latexit sha1_base64="LeMlRAtqjyXp3Q0uB8hpXKCR66Y="></latexit><latexit sha1_base64="LeMlRAtqjyXp3Q0uB8hpXKCR66Y="></latexit><latexit sha1_base64="LeMlRAtqjyXp3Q0uB8hpXKCR66Y="></latexit><latexit sha1_base64="LeMlRAtqjyXp3Q0uB8hpXKCR66Y="></latexit>

in the paper, other Ds possible numerically

'n(Rn) = '̃n+1
<latexit sha1_base64="eVW+gQ3VUOoEozQvzI11DS0vJFk="></latexit><latexit sha1_base64="eVW+gQ3VUOoEozQvzI11DS0vJFk="></latexit><latexit sha1_base64="eVW+gQ3VUOoEozQvzI11DS0vJFk="></latexit><latexit sha1_base64="eVW+gQ3VUOoEozQvzI11DS0vJFk="></latexit>

Constructing PB

�n = '̃n+1 � vn
<latexit sha1_base64="6JIEMyb3dJ4OpXptUJK5sdm4So0="></latexit><latexit sha1_base64="6JIEMyb3dJ4OpXptUJK5sdm4So0="></latexit><latexit sha1_base64="6JIEMyb3dJ4OpXptUJK5sdm4So0="></latexit><latexit sha1_base64="6JIEMyb3dJ4OpXptUJK5sdm4So0="></latexit>



 b)

v1, b1, a1
<latexit sha1_base64="XZCbT6+eE/cqx7iXzeGsUX7SCew="></latexit><latexit sha1_base64="XZCbT6+eE/cqx7iXzeGsUX7SCew="></latexit><latexit sha1_base64="XZCbT6+eE/cqx7iXzeGsUX7SCew="></latexit><latexit sha1_base64="XZCbT6+eE/cqx7iXzeGsUX7SCew="></latexit>

v2, b2, a2
<latexit sha1_base64="3DkVwIGbbR7D3BqjBuXYe5OduWk="></latexit><latexit sha1_base64="3DkVwIGbbR7D3BqjBuXYe5OduWk="></latexit><latexit sha1_base64="3DkVwIGbbR7D3BqjBuXYe5OduWk="></latexit><latexit sha1_base64="3DkVwIGbbR7D3BqjBuXYe5OduWk="></latexit>

vN�1, bN�1, aN�1
<latexit sha1_base64="jkpAW6X/aH3jr9wcc2aNAhHo8RI="></latexit><latexit sha1_base64="jkpAW6X/aH3jr9wcc2aNAhHo8RI="></latexit><latexit sha1_base64="jkpAW6X/aH3jr9wcc2aNAhHo8RI="></latexit><latexit sha1_base64="jkpAW6X/aH3jr9wcc2aNAhHo8RI="></latexit>

highly non-linear

Constructing PB
'0 = '̃1

<latexit sha1_base64="e1qEx8IpevEgfglgwZl+zpyIHbs="></latexit><latexit sha1_base64="e1qEx8IpevEgfglgwZl+zpyIHbs="></latexit><latexit sha1_base64="e1qEx8IpevEgfglgwZl+zpyIHbs="></latexit><latexit sha1_base64="e1qEx8IpevEgfglgwZl+zpyIHbs="></latexit>

R0
<latexit sha1_base64="XZHpN0BTPJw6Gkyud4OnvzWku/k=">AAACRnicbZDLSgMxGIX/qbdab60u3QwWwUUZMiLV7gpuXNZLbaEtJZPJTEMzF5KMUIZ5BLf6TD6CT+FK3JpOB9HWHwKH852QP8eJOZMKoXejtLa+sblV3q7s7O7tH1Rrh48ySgShXRLxSPQdLClnIe0qpjjtx4LiwOG050yv57z3RIVkUfigZjEdBdgPmccIVtq6vxujcbWOLJSPuSrsQtShmM64ZlhDNyJJQENFOJZyYKNYjVIsFCOcZpVhImmMyRT7dKBliAMqR2m+a2aeasc1vUjoEyozd3/fSHEg5SxwdDLAaiKX2dz8jw0S5V2NUhbGiaIhWTzkJdxUkTn/uOkyQYniMy0wEUzvapIJFpgoXU9l6FJPV5ivk7oiS4XvZKnVbDZQA2VL2C8wauSBZez84DyQ6Ybt5T5XRffcaln27UW93SqqLsMxnMAZ2HAJbbiBDnSBgA/P8AKvxpvxYXwaX4toySjuHMGfKcE368yvAA==</latexit><latexit sha1_base64="XZHpN0BTPJw6Gkyud4OnvzWku/k=">AAACRnicbZDLSgMxGIX/qbdab60u3QwWwUUZMiLV7gpuXNZLbaEtJZPJTEMzF5KMUIZ5BLf6TD6CT+FK3JpOB9HWHwKH852QP8eJOZMKoXejtLa+sblV3q7s7O7tH1Rrh48ySgShXRLxSPQdLClnIe0qpjjtx4LiwOG050yv57z3RIVkUfigZjEdBdgPmccIVtq6vxujcbWOLJSPuSrsQtShmM64ZlhDNyJJQENFOJZyYKNYjVIsFCOcZpVhImmMyRT7dKBliAMqR2m+a2aeasc1vUjoEyozd3/fSHEg5SxwdDLAaiKX2dz8jw0S5V2NUhbGiaIhWTzkJdxUkTn/uOkyQYniMy0wEUzvapIJFpgoXU9l6FJPV5ivk7oiS4XvZKnVbDZQA2VL2C8wauSBZez84DyQ6Ybt5T5XRffcaln27UW93SqqLsMxnMAZ2HAJbbiBDnSBgA/P8AKvxpvxYXwaX4toySjuHMGfKcE368yvAA==</latexit><latexit sha1_base64="XZHpN0BTPJw6Gkyud4OnvzWku/k=">AAACRnicbZDLSgMxGIX/qbdab60u3QwWwUUZMiLV7gpuXNZLbaEtJZPJTEMzF5KMUIZ5BLf6TD6CT+FK3JpOB9HWHwKH852QP8eJOZMKoXejtLa+sblV3q7s7O7tH1Rrh48ySgShXRLxSPQdLClnIe0qpjjtx4LiwOG050yv57z3RIVkUfigZjEdBdgPmccIVtq6vxujcbWOLJSPuSrsQtShmM64ZlhDNyJJQENFOJZyYKNYjVIsFCOcZpVhImmMyRT7dKBliAMqR2m+a2aeasc1vUjoEyozd3/fSHEg5SxwdDLAaiKX2dz8jw0S5V2NUhbGiaIhWTzkJdxUkTn/uOkyQYniMy0wEUzvapIJFpgoXU9l6FJPV5ivk7oiS4XvZKnVbDZQA2VL2C8wauSBZez84DyQ6Ybt5T5XRffcaln27UW93SqqLsMxnMAZ2HAJbbiBDnSBgA/P8AKvxpvxYXwaX4toySjuHMGfKcE368yvAA==</latexit><latexit sha1_base64="XZHpN0BTPJw6Gkyud4OnvzWku/k=">AAACRnicbZDLSgMxGIX/qbdab60u3QwWwUUZMiLV7gpuXNZLbaEtJZPJTEMzF5KMUIZ5BLf6TD6CT+FK3JpOB9HWHwKH852QP8eJOZMKoXejtLa+sblV3q7s7O7tH1Rrh48ySgShXRLxSPQdLClnIe0qpjjtx4LiwOG050yv57z3RIVkUfigZjEdBdgPmccIVtq6vxujcbWOLJSPuSrsQtShmM64ZlhDNyJJQENFOJZyYKNYjVIsFCOcZpVhImmMyRT7dKBliAMqR2m+a2aeasc1vUjoEyozd3/fSHEg5SxwdDLAaiKX2dz8jw0S5V2NUhbGiaIhWTzkJdxUkTn/uOkyQYniMy0wEUzvapIJFpgoXU9l6FJPV5ivk7oiS4XvZKnVbDZQA2VL2C8wauSBZez84DyQ6Ybt5T5XRffcaln27UW93SqqLsMxnMAZ2HAJbbiBDnSBgA/P8AKvxpvxYXwaX4toySjuHMGfKcE368yvAA==</latexit>

R1<latexit sha1_base64="aoXexCFGCCQr2c0VFSwYOCOHzPE=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlLtruDGZb3EFtpSJpNJOnRyYWYilJBHcKvP5CP4FK7ErdM0iKb+MHA43xnmn+PEjAppmu9aZW19Y3Orul3b2d3bP6g3Dh9FlHBMbByxiA8cJAijIbEllYwMYk5Q4DDSd2bXC95/IlzQKHyQ85iMA+SH1KMYSWXd302sSb1pGmY++qqwCtGEYnqThmaM3AgnAQklZkiIoWXGcpwiLilmJKuNEkFihGfIJ0MlQxQQMU7zXTP9VDmu7kVcnVDqufv7RooCIeaBo5IBklNRZgvzPzZMpHc1TmkYJ5KEePmQlzBdRvri47pLOcGSzZVAmFO1q46niCMsVT21kUs8VWG+TuryLOW+k6VGu90yW2ZWwn6BzVYeKGPnB+eBTDVslftcFfa50TGs24tmt1NUXYVjOIEzsOASunADPbABgw/P8AKv2pv2oX1qX8toRSvuHMGfqcA37ayvAQ==</latexit><latexit sha1_base64="aoXexCFGCCQr2c0VFSwYOCOHzPE=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlLtruDGZb3EFtpSJpNJOnRyYWYilJBHcKvP5CP4FK7ErdM0iKb+MHA43xnmn+PEjAppmu9aZW19Y3Orul3b2d3bP6g3Dh9FlHBMbByxiA8cJAijIbEllYwMYk5Q4DDSd2bXC95/IlzQKHyQ85iMA+SH1KMYSWXd302sSb1pGmY++qqwCtGEYnqThmaM3AgnAQklZkiIoWXGcpwiLilmJKuNEkFihGfIJ0MlQxQQMU7zXTP9VDmu7kVcnVDqufv7RooCIeaBo5IBklNRZgvzPzZMpHc1TmkYJ5KEePmQlzBdRvri47pLOcGSzZVAmFO1q46niCMsVT21kUs8VWG+TuryLOW+k6VGu90yW2ZWwn6BzVYeKGPnB+eBTDVslftcFfa50TGs24tmt1NUXYVjOIEzsOASunADPbABgw/P8AKv2pv2oX1qX8toRSvuHMGfqcA37ayvAQ==</latexit><latexit sha1_base64="aoXexCFGCCQr2c0VFSwYOCOHzPE=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlLtruDGZb3EFtpSJpNJOnRyYWYilJBHcKvP5CP4FK7ErdM0iKb+MHA43xnmn+PEjAppmu9aZW19Y3Orul3b2d3bP6g3Dh9FlHBMbByxiA8cJAijIbEllYwMYk5Q4DDSd2bXC95/IlzQKHyQ85iMA+SH1KMYSWXd302sSb1pGmY++qqwCtGEYnqThmaM3AgnAQklZkiIoWXGcpwiLilmJKuNEkFihGfIJ0MlQxQQMU7zXTP9VDmu7kVcnVDqufv7RooCIeaBo5IBklNRZgvzPzZMpHc1TmkYJ5KEePmQlzBdRvri47pLOcGSzZVAmFO1q46niCMsVT21kUs8VWG+TuryLOW+k6VGu90yW2ZWwn6BzVYeKGPnB+eBTDVslftcFfa50TGs24tmt1NUXYVjOIEzsOASunADPbABgw/P8AKv2pv2oX1qX8toRSvuHMGfqcA37ayvAQ==</latexit><latexit sha1_base64="aoXexCFGCCQr2c0VFSwYOCOHzPE=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlLtruDGZb3EFtpSJpNJOnRyYWYilJBHcKvP5CP4FK7ErdM0iKb+MHA43xnmn+PEjAppmu9aZW19Y3Orul3b2d3bP6g3Dh9FlHBMbByxiA8cJAijIbEllYwMYk5Q4DDSd2bXC95/IlzQKHyQ85iMA+SH1KMYSWXd302sSb1pGmY++qqwCtGEYnqThmaM3AgnAQklZkiIoWXGcpwiLilmJKuNEkFihGfIJ0MlQxQQMU7zXTP9VDmu7kVcnVDqufv7RooCIeaBo5IBklNRZgvzPzZMpHc1TmkYJ5KEePmQlzBdRvri47pLOcGSzZVAmFO1q46niCMsVT21kUs8VWG+TuryLOW+k6VGu90yW2ZWwn6BzVYeKGPnB+eBTDVslftcFfa50TGs24tmt1NUXYVjOIEzsOASunADPbABgw/P8AKv2pv2oX1qX8toRSvuHMGfqcA37ayvAQ==</latexit>

R2<latexit sha1_base64="5qNSuYxwbpare5RL8FcaiG7sfGY=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlLtruDGZb3EFtpSJpNJOnRyYWYilJBHcKvP5CP4FK7ErdM0iKb+MHA43xnmn+PEjAppmu9aZW19Y3Orul3b2d3bP6g3Dh9FlHBMbByxiA8cJAijIbEllYwMYk5Q4DDSd2bXC95/IlzQKHyQ85iMA+SH1KMYSWXd303OJ/WmaZj56KvCKkQTiulNGpoxciOcBCSUmCEhhpYZy3GKuKSYkaw2SgSJEZ4hnwyVDFFAxDjNd830U+W4uhdxdUKp5+7vGykKhJgHjkoGSE5FmS3M/9gwkd7VOKVhnEgS4uVDXsJ0GemLj+su5QRLNlcCYU7VrjqeIo6wVPXURi7xVIX5OqnLs5T7TpYa7XbLbJlZCfsFNlt5oIydH5wHMtWwVe5zVdjnRsewbi+a3U5RdRWO4QTOwIJL6MIN9MAGDD48wwu8am/ah/apfS2jFa24cwR/pgLf74yvAg==</latexit><latexit sha1_base64="5qNSuYxwbpare5RL8FcaiG7sfGY=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlLtruDGZb3EFtpSJpNJOnRyYWYilJBHcKvP5CP4FK7ErdM0iKb+MHA43xnmn+PEjAppmu9aZW19Y3Orul3b2d3bP6g3Dh9FlHBMbByxiA8cJAijIbEllYwMYk5Q4DDSd2bXC95/IlzQKHyQ85iMA+SH1KMYSWXd303OJ/WmaZj56KvCKkQTiulNGpoxciOcBCSUmCEhhpYZy3GKuKSYkaw2SgSJEZ4hnwyVDFFAxDjNd830U+W4uhdxdUKp5+7vGykKhJgHjkoGSE5FmS3M/9gwkd7VOKVhnEgS4uVDXsJ0GemLj+su5QRLNlcCYU7VrjqeIo6wVPXURi7xVIX5OqnLs5T7TpYa7XbLbJlZCfsFNlt5oIydH5wHMtWwVe5zVdjnRsewbi+a3U5RdRWO4QTOwIJL6MIN9MAGDD48wwu8am/ah/apfS2jFa24cwR/pgLf74yvAg==</latexit><latexit sha1_base64="5qNSuYxwbpare5RL8FcaiG7sfGY=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlLtruDGZb3EFtpSJpNJOnRyYWYilJBHcKvP5CP4FK7ErdM0iKb+MHA43xnmn+PEjAppmu9aZW19Y3Orul3b2d3bP6g3Dh9FlHBMbByxiA8cJAijIbEllYwMYk5Q4DDSd2bXC95/IlzQKHyQ85iMA+SH1KMYSWXd303OJ/WmaZj56KvCKkQTiulNGpoxciOcBCSUmCEhhpYZy3GKuKSYkaw2SgSJEZ4hnwyVDFFAxDjNd830U+W4uhdxdUKp5+7vGykKhJgHjkoGSE5FmS3M/9gwkd7VOKVhnEgS4uVDXsJ0GemLj+su5QRLNlcCYU7VrjqeIo6wVPXURi7xVIX5OqnLs5T7TpYa7XbLbJlZCfsFNlt5oIydH5wHMtWwVe5zVdjnRsewbi+a3U5RdRWO4QTOwIJL6MIN9MAGDD48wwu8am/ah/apfS2jFa24cwR/pgLf74yvAg==</latexit><latexit sha1_base64="5qNSuYxwbpare5RL8FcaiG7sfGY=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlLtruDGZb3EFtpSJpNJOnRyYWYilJBHcKvP5CP4FK7ErdM0iKb+MHA43xnmn+PEjAppmu9aZW19Y3Orul3b2d3bP6g3Dh9FlHBMbByxiA8cJAijIbEllYwMYk5Q4DDSd2bXC95/IlzQKHyQ85iMA+SH1KMYSWXd303OJ/WmaZj56KvCKkQTiulNGpoxciOcBCSUmCEhhpYZy3GKuKSYkaw2SgSJEZ4hnwyVDFFAxDjNd830U+W4uhdxdUKp5+7vGykKhJgHjkoGSE5FmS3M/9gwkd7VOKVhnEgS4uVDXsJ0GemLj+su5QRLNlcCYU7VrjqeIo6wVPXURi7xVIX5OqnLs5T7TpYa7XbLbJlZCfsFNlt5oIydH5wHMtWwVe5zVdjnRsewbi+a3U5RdRWO4QTOwIJL6MIN9MAGDD48wwu8am/ah/apfS2jFa24cwR/pgLf74yvAg==</latexit>

RN�1<latexit sha1_base64="xMecB9hdI3Hj35piA074NU8DG14=">AAACSnicbZBNS8MwHMbTOXXOt02PXopD8DBLKjLdbeDFk0yxbrCVkabpFpa+kKTCKP0QXvUz+QH8HJ7Ei2lXRDv/EHh4fk/IP48TMSokhO9aZa26vrFZ26pv7+zu7TeaB48ijDkmFg5ZyIcOEoTRgFiSSkaGESfIdxgZOPPrjA+eCBc0DB7kIiK2j6YB9ShGUlmD+0lye2amk0YLGjAffVWYhWiBYvqTpmaM3RDHPgkkZkiIkQkjaSeIS4oZSevjWJAI4TmakpGSAfKJsJN831Q/UY6reyFXJ5B67v6+kSBfiIXvqKSP5EyUWWb+x0ax9K7shAZRLEmAlw95MdNlqGef113KCZZsoQTCnKpddTxDHGGpKqqPXeKpGvN1EpenCZ86aWJ0Om3YhmkJTwsM23mgjJ0fnAeyhs1yn6vCOje6hnl30ep1i6pr4Agcg1NggkvQAzegDyyAwRw8gxfwqr1pH9qn9rWMVrTiziH4M5XqN0DJsJw=</latexit><latexit sha1_base64="xMecB9hdI3Hj35piA074NU8DG14=">AAACSnicbZBNS8MwHMbTOXXOt02PXopD8DBLKjLdbeDFk0yxbrCVkabpFpa+kKTCKP0QXvUz+QH8HJ7Ei2lXRDv/EHh4fk/IP48TMSokhO9aZa26vrFZ26pv7+zu7TeaB48ijDkmFg5ZyIcOEoTRgFiSSkaGESfIdxgZOPPrjA+eCBc0DB7kIiK2j6YB9ShGUlmD+0lye2amk0YLGjAffVWYhWiBYvqTpmaM3RDHPgkkZkiIkQkjaSeIS4oZSevjWJAI4TmakpGSAfKJsJN831Q/UY6reyFXJ5B67v6+kSBfiIXvqKSP5EyUWWb+x0ax9K7shAZRLEmAlw95MdNlqGef113KCZZsoQTCnKpddTxDHGGpKqqPXeKpGvN1EpenCZ86aWJ0Om3YhmkJTwsM23mgjJ0fnAeyhs1yn6vCOje6hnl30ep1i6pr4Agcg1NggkvQAzegDyyAwRw8gxfwqr1pH9qn9rWMVrTiziH4M5XqN0DJsJw=</latexit><latexit sha1_base64="xMecB9hdI3Hj35piA074NU8DG14=">AAACSnicbZBNS8MwHMbTOXXOt02PXopD8DBLKjLdbeDFk0yxbrCVkabpFpa+kKTCKP0QXvUz+QH8HJ7Ei2lXRDv/EHh4fk/IP48TMSokhO9aZa26vrFZ26pv7+zu7TeaB48ijDkmFg5ZyIcOEoTRgFiSSkaGESfIdxgZOPPrjA+eCBc0DB7kIiK2j6YB9ShGUlmD+0lye2amk0YLGjAffVWYhWiBYvqTpmaM3RDHPgkkZkiIkQkjaSeIS4oZSevjWJAI4TmakpGSAfKJsJN831Q/UY6reyFXJ5B67v6+kSBfiIXvqKSP5EyUWWb+x0ax9K7shAZRLEmAlw95MdNlqGef113KCZZsoQTCnKpddTxDHGGpKqqPXeKpGvN1EpenCZ86aWJ0Om3YhmkJTwsM23mgjJ0fnAeyhs1yn6vCOje6hnl30ep1i6pr4Agcg1NggkvQAzegDyyAwRw8gxfwqr1pH9qn9rWMVrTiziH4M5XqN0DJsJw=</latexit><latexit sha1_base64="xMecB9hdI3Hj35piA074NU8DG14=">AAACSnicbZBNS8MwHMbTOXXOt02PXopD8DBLKjLdbeDFk0yxbrCVkabpFpa+kKTCKP0QXvUz+QH8HJ7Ei2lXRDv/EHh4fk/IP48TMSokhO9aZa26vrFZ26pv7+zu7TeaB48ijDkmFg5ZyIcOEoTRgFiSSkaGESfIdxgZOPPrjA+eCBc0DB7kIiK2j6YB9ShGUlmD+0lye2amk0YLGjAffVWYhWiBYvqTpmaM3RDHPgkkZkiIkQkjaSeIS4oZSevjWJAI4TmakpGSAfKJsJN831Q/UY6reyFXJ5B67v6+kSBfiIXvqKSP5EyUWWb+x0ax9K7shAZRLEmAlw95MdNlqGef113KCZZsoQTCnKpddTxDHGGpKqqPXeKpGvN1EpenCZ86aWJ0Om3YhmkJTwsM23mgjJ0fnAeyhs1yn6vCOje6hnl30ep1i6pr4Agcg1NggkvQAzegDyyAwRw8gxfwqr1pH9qn9rWMVrTiziH4M5XqN0DJsJw=</latexit>

. . .
<latexit sha1_base64="IS4nriWk9hTt3C5Fw+NwfNlzm64=">AAACSXicbZBNS8MwHMbTzZc53zY9eikOwcMorch0t4EXjxPsNljLSNO0i6ZNSVJhlH4Hr/qZ/AJ+DU/iyawrop1/CDw8vyfkn8dLKBHSNN+1Wn1jc2u7sdPc3ds/OGy1j0aCpRxhGzHK+MSDAlMSY1sSSfEk4RhGHsVj7/FmycdPmAvC4nu5SLAbwTAmAUFQKmvkUJ9JMWt1TMMsRl8XVik6oJzhrK0Zjs9QGuFYIgqFmFpmIt0MckkQxXnTSQVOIHqEIZ4qGcMICzcr1s31M+X4esC4OrHUC/f3jQxGQiwiTyUjKOeiypbmf2yayuDazUicpBLHaPVQkFJdMn35d90nHCNJF0pAxInaVUdzyCGSqqGm4+NAtVisk/k8z3jo5ZnR63XNrplXcFhis1sEqtj7wUUgVw1b1T7XhX1h9A3r7rIz6JdVN8AJOAXnwAJXYABuwRDYAIEH8AxewKv2pn1on9rXKlrTyjvH4M/U6t9usbC/</latexit><latexit sha1_base64="IS4nriWk9hTt3C5Fw+NwfNlzm64=">AAACSXicbZBNS8MwHMbTzZc53zY9eikOwcMorch0t4EXjxPsNljLSNO0i6ZNSVJhlH4Hr/qZ/AJ+DU/iyawrop1/CDw8vyfkn8dLKBHSNN+1Wn1jc2u7sdPc3ds/OGy1j0aCpRxhGzHK+MSDAlMSY1sSSfEk4RhGHsVj7/FmycdPmAvC4nu5SLAbwTAmAUFQKmvkUJ9JMWt1TMMsRl8XVik6oJzhrK0Zjs9QGuFYIgqFmFpmIt0MckkQxXnTSQVOIHqEIZ4qGcMICzcr1s31M+X4esC4OrHUC/f3jQxGQiwiTyUjKOeiypbmf2yayuDazUicpBLHaPVQkFJdMn35d90nHCNJF0pAxInaVUdzyCGSqqGm4+NAtVisk/k8z3jo5ZnR63XNrplXcFhis1sEqtj7wUUgVw1b1T7XhX1h9A3r7rIz6JdVN8AJOAXnwAJXYABuwRDYAIEH8AxewKv2pn1on9rXKlrTyjvH4M/U6t9usbC/</latexit><latexit sha1_base64="IS4nriWk9hTt3C5Fw+NwfNlzm64=">AAACSXicbZBNS8MwHMbTzZc53zY9eikOwcMorch0t4EXjxPsNljLSNO0i6ZNSVJhlH4Hr/qZ/AJ+DU/iyawrop1/CDw8vyfkn8dLKBHSNN+1Wn1jc2u7sdPc3ds/OGy1j0aCpRxhGzHK+MSDAlMSY1sSSfEk4RhGHsVj7/FmycdPmAvC4nu5SLAbwTAmAUFQKmvkUJ9JMWt1TMMsRl8XVik6oJzhrK0Zjs9QGuFYIgqFmFpmIt0MckkQxXnTSQVOIHqEIZ4qGcMICzcr1s31M+X4esC4OrHUC/f3jQxGQiwiTyUjKOeiypbmf2yayuDazUicpBLHaPVQkFJdMn35d90nHCNJF0pAxInaVUdzyCGSqqGm4+NAtVisk/k8z3jo5ZnR63XNrplXcFhis1sEqtj7wUUgVw1b1T7XhX1h9A3r7rIz6JdVN8AJOAXnwAJXYABuwRDYAIEH8AxewKv2pn1on9rXKlrTyjvH4M/U6t9usbC/</latexit><latexit sha1_base64="IS4nriWk9hTt3C5Fw+NwfNlzm64=">AAACSXicbZBNS8MwHMbTzZc53zY9eikOwcMorch0t4EXjxPsNljLSNO0i6ZNSVJhlH4Hr/qZ/AJ+DU/iyawrop1/CDw8vyfkn8dLKBHSNN+1Wn1jc2u7sdPc3ds/OGy1j0aCpRxhGzHK+MSDAlMSY1sSSfEk4RhGHsVj7/FmycdPmAvC4nu5SLAbwTAmAUFQKmvkUJ9JMWt1TMMsRl8XVik6oJzhrK0Zjs9QGuFYIgqFmFpmIt0MckkQxXnTSQVOIHqEIZ4qGcMICzcr1s31M+X4esC4OrHUC/f3jQxGQiwiTyUjKOeiypbmf2yayuDazUicpBLHaPVQkFJdMn35d90nHCNJF0pAxInaVUdzyCGSqqGm4+NAtVisk/k8z3jo5ZnR63XNrplXcFhis1sEqtj7wUUgVw1b1T7XhX1h9A3r7rIz6JdVN8AJOAXnwAJXYABuwRDYAIEH8AxewKv2pn1on9rXKlrTyjvH4M/U6t9usbC/</latexit>

Matching a1R
D
0 +

N�2X

i=1

(ai+1 � ai)R
D
i � aN�1R

D
N�1 = 0

<latexit sha1_base64="2X0J0UQk8yK4lWCN5vFEzr3TSuw="></latexit><latexit sha1_base64="2X0J0UQk8yK4lWCN5vFEzr3TSuw="></latexit><latexit sha1_base64="2X0J0UQk8yK4lWCN5vFEzr3TSuw="></latexit><latexit sha1_base64="2X0J0UQk8yK4lWCN5vFEzr3TSuw="></latexit>
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<latexit sha1_base64="CQdanQZxrwtRu83+f1ReT4lLf+Q=">AAACTHicbZBNS8MwHMbTqXPOt02PXopD8DBKKjLdbeDF4wSrk7WMNE27sPSFJB2M0k/hVT+TZz+IJxHMuiLa+YfAw/N7Qv553IRRISF812obm1v17cZOc3dv/+Cw1T56EHHKMbFwzGI+cpEgjEbEklQyMko4QaHLyKM7u1nyxznhgsbRvVwkxAlREFGfYiSV9WTPEU+mdAInrQ40YDH6ujBL0QHlDCdtzbC9GKchiSRmSIixCRPpZIhLihnJm3YqSILwDAVkrGSEQiKcrNg418+U4+l+zNWJpF64v29kKBRiEboqGSI5FVW2NP9j41T6105GoySVJMKrh/yU6TLWl9/XPcoJlmyhBMKcql11PEUcYalKatoe8VWRxTqZx/OMB26eGb1eF3ZhXsFBiWG3CFSx+4OLQK4aNqt9rgvrwugb5t1lZ9Avq26AE3AKzoEJrsAA3IIhsAAGIXgGL+BVe9M+tE/taxWtaeWdY/BnavVvrxyx0A==</latexit><latexit sha1_base64="CQdanQZxrwtRu83+f1ReT4lLf+Q=">AAACTHicbZBNS8MwHMbTqXPOt02PXopD8DBKKjLdbeDF4wSrk7WMNE27sPSFJB2M0k/hVT+TZz+IJxHMuiLa+YfAw/N7Qv553IRRISF812obm1v17cZOc3dv/+Cw1T56EHHKMbFwzGI+cpEgjEbEklQyMko4QaHLyKM7u1nyxznhgsbRvVwkxAlREFGfYiSV9WTPEU+mdAInrQ40YDH6ujBL0QHlDCdtzbC9GKchiSRmSIixCRPpZIhLihnJm3YqSILwDAVkrGSEQiKcrNg418+U4+l+zNWJpF64v29kKBRiEboqGSI5FVW2NP9j41T6105GoySVJMKrh/yU6TLWl9/XPcoJlmyhBMKcql11PEUcYalKatoe8VWRxTqZx/OMB26eGb1eF3ZhXsFBiWG3CFSx+4OLQK4aNqt9rgvrwugb5t1lZ9Avq26AE3AKzoEJrsAA3IIhsAAGIXgGL+BVe9M+tE/taxWtaeWdY/BnavVvrxyx0A==</latexit><latexit sha1_base64="CQdanQZxrwtRu83+f1ReT4lLf+Q=">AAACTHicbZBNS8MwHMbTqXPOt02PXopD8DBKKjLdbeDF4wSrk7WMNE27sPSFJB2M0k/hVT+TZz+IJxHMuiLa+YfAw/N7Qv553IRRISF812obm1v17cZOc3dv/+Cw1T56EHHKMbFwzGI+cpEgjEbEklQyMko4QaHLyKM7u1nyxznhgsbRvVwkxAlREFGfYiSV9WTPEU+mdAInrQ40YDH6ujBL0QHlDCdtzbC9GKchiSRmSIixCRPpZIhLihnJm3YqSILwDAVkrGSEQiKcrNg418+U4+l+zNWJpF64v29kKBRiEboqGSI5FVW2NP9j41T6105GoySVJMKrh/yU6TLWl9/XPcoJlmyhBMKcql11PEUcYalKatoe8VWRxTqZx/OMB26eGb1eF3ZhXsFBiWG3CFSx+4OLQK4aNqt9rgvrwugb5t1lZ9Avq26AE3AKzoEJrsAA3IIhsAAGIXgGL+BVe9M+tE/taxWtaeWdY/BnavVvrxyx0A==</latexit><latexit sha1_base64="CQdanQZxrwtRu83+f1ReT4lLf+Q=">AAACTHicbZBNS8MwHMbTqXPOt02PXopD8DBKKjLdbeDF4wSrk7WMNE27sPSFJB2M0k/hVT+TZz+IJxHMuiLa+YfAw/N7Qv553IRRISF812obm1v17cZOc3dv/+Cw1T56EHHKMbFwzGI+cpEgjEbEklQyMko4QaHLyKM7u1nyxznhgsbRvVwkxAlREFGfYiSV9WTPEU+mdAInrQ40YDH6ujBL0QHlDCdtzbC9GKchiSRmSIixCRPpZIhLihnJm3YqSILwDAVkrGSEQiKcrNg418+U4+l+zNWJpF64v29kKBRiEboqGSI5FVW2NP9j41T6105GoySVJMKrh/yU6TLWl9/XPcoJlmyhBMKcql11PEUcYalKatoe8VWRxTqZx/OMB26eGb1eF3ZhXsFBiWG3CFSx+4OLQK4aNqt9rgvrwugb5t1lZ9Avq26AE3AKzoEJrsAA3IIhsAAGIXgGL+BVe9M+tE/taxWtaeWdY/BnavVvrxyx0A==</latexit>

 b)

 a)

a1R
D
0 +

N�2X

i=1

(ai+1 � ai)R
D
i � aN�1R

D
N�1 = 0

<latexit sha1_base64="2X0J0UQk8yK4lWCN5vFEzr3TSuw="></latexit><latexit sha1_base64="2X0J0UQk8yK4lWCN5vFEzr3TSuw="></latexit><latexit sha1_base64="2X0J0UQk8yK4lWCN5vFEzr3TSuw="></latexit><latexit sha1_base64="2X0J0UQk8yK4lWCN5vFEzr3TSuw="></latexit>

R0
<latexit sha1_base64="XZHpN0BTPJw6Gkyud4OnvzWku/k=">AAACRnicbZDLSgMxGIX/qbdab60u3QwWwUUZMiLV7gpuXNZLbaEtJZPJTEMzF5KMUIZ5BLf6TD6CT+FK3JpOB9HWHwKH852QP8eJOZMKoXejtLa+sblV3q7s7O7tH1Rrh48ySgShXRLxSPQdLClnIe0qpjjtx4LiwOG050yv57z3RIVkUfigZjEdBdgPmccIVtq6vxujcbWOLJSPuSrsQtShmM64ZlhDNyJJQENFOJZyYKNYjVIsFCOcZpVhImmMyRT7dKBliAMqR2m+a2aeasc1vUjoEyozd3/fSHEg5SxwdDLAaiKX2dz8jw0S5V2NUhbGiaIhWTzkJdxUkTn/uOkyQYniMy0wEUzvapIJFpgoXU9l6FJPV5ivk7oiS4XvZKnVbDZQA2VL2C8wauSBZez84DyQ6Ybt5T5XRffcaln27UW93SqqLsMxnMAZ2HAJbbiBDnSBgA/P8AKvxpvxYXwaX4toySjuHMGfKcE368yvAA==</latexit><latexit sha1_base64="XZHpN0BTPJw6Gkyud4OnvzWku/k=">AAACRnicbZDLSgMxGIX/qbdab60u3QwWwUUZMiLV7gpuXNZLbaEtJZPJTEMzF5KMUIZ5BLf6TD6CT+FK3JpOB9HWHwKH852QP8eJOZMKoXejtLa+sblV3q7s7O7tH1Rrh48ySgShXRLxSPQdLClnIe0qpjjtx4LiwOG050yv57z3RIVkUfigZjEdBdgPmccIVtq6vxujcbWOLJSPuSrsQtShmM64ZlhDNyJJQENFOJZyYKNYjVIsFCOcZpVhImmMyRT7dKBliAMqR2m+a2aeasc1vUjoEyozd3/fSHEg5SxwdDLAaiKX2dz8jw0S5V2NUhbGiaIhWTzkJdxUkTn/uOkyQYniMy0wEUzvapIJFpgoXU9l6FJPV5ivk7oiS4XvZKnVbDZQA2VL2C8wauSBZez84DyQ6Ybt5T5XRffcaln27UW93SqqLsMxnMAZ2HAJbbiBDnSBgA/P8AKvxpvxYXwaX4toySjuHMGfKcE368yvAA==</latexit><latexit sha1_base64="XZHpN0BTPJw6Gkyud4OnvzWku/k=">AAACRnicbZDLSgMxGIX/qbdab60u3QwWwUUZMiLV7gpuXNZLbaEtJZPJTEMzF5KMUIZ5BLf6TD6CT+FK3JpOB9HWHwKH852QP8eJOZMKoXejtLa+sblV3q7s7O7tH1Rrh48ySgShXRLxSPQdLClnIe0qpjjtx4LiwOG050yv57z3RIVkUfigZjEdBdgPmccIVtq6vxujcbWOLJSPuSrsQtShmM64ZlhDNyJJQENFOJZyYKNYjVIsFCOcZpVhImmMyRT7dKBliAMqR2m+a2aeasc1vUjoEyozd3/fSHEg5SxwdDLAaiKX2dz8jw0S5V2NUhbGiaIhWTzkJdxUkTn/uOkyQYniMy0wEUzvapIJFpgoXU9l6FJPV5ivk7oiS4XvZKnVbDZQA2VL2C8wauSBZez84DyQ6Ybt5T5XRffcaln27UW93SqqLsMxnMAZ2HAJbbiBDnSBgA/P8AKvxpvxYXwaX4toySjuHMGfKcE368yvAA==</latexit><latexit sha1_base64="XZHpN0BTPJw6Gkyud4OnvzWku/k=">AAACRnicbZDLSgMxGIX/qbdab60u3QwWwUUZMiLV7gpuXNZLbaEtJZPJTEMzF5KMUIZ5BLf6TD6CT+FK3JpOB9HWHwKH852QP8eJOZMKoXejtLa+sblV3q7s7O7tH1Rrh48ySgShXRLxSPQdLClnIe0qpjjtx4LiwOG050yv57z3RIVkUfigZjEdBdgPmccIVtq6vxujcbWOLJSPuSrsQtShmM64ZlhDNyJJQENFOJZyYKNYjVIsFCOcZpVhImmMyRT7dKBliAMqR2m+a2aeasc1vUjoEyozd3/fSHEg5SxwdDLAaiKX2dz8jw0S5V2NUhbGiaIhWTzkJdxUkTn/uOkyQYniMy0wEUzvapIJFpgoXU9l6FJPV5ivk7oiS4XvZKnVbDZQA2VL2C8wauSBZez84DyQ6Ybt5T5XRffcaln27UW93SqqLsMxnMAZ2HAJbbiBDnSBgA/P8AKvxpvxYXwaX4toySjuHMGfKcE368yvAA==</latexit>

R1<latexit sha1_base64="aoXexCFGCCQr2c0VFSwYOCOHzPE=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlLtruDGZb3EFtpSJpNJOnRyYWYilJBHcKvP5CP4FK7ErdM0iKb+MHA43xnmn+PEjAppmu9aZW19Y3Orul3b2d3bP6g3Dh9FlHBMbByxiA8cJAijIbEllYwMYk5Q4DDSd2bXC95/IlzQKHyQ85iMA+SH1KMYSWXd302sSb1pGmY++qqwCtGEYnqThmaM3AgnAQklZkiIoWXGcpwiLilmJKuNEkFihGfIJ0MlQxQQMU7zXTP9VDmu7kVcnVDqufv7RooCIeaBo5IBklNRZgvzPzZMpHc1TmkYJ5KEePmQlzBdRvri47pLOcGSzZVAmFO1q46niCMsVT21kUs8VWG+TuryLOW+k6VGu90yW2ZWwn6BzVYeKGPnB+eBTDVslftcFfa50TGs24tmt1NUXYVjOIEzsOASunADPbABgw/P8AKv2pv2oX1qX8toRSvuHMGfqcA37ayvAQ==</latexit><latexit sha1_base64="aoXexCFGCCQr2c0VFSwYOCOHzPE=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlLtruDGZb3EFtpSJpNJOnRyYWYilJBHcKvP5CP4FK7ErdM0iKb+MHA43xnmn+PEjAppmu9aZW19Y3Orul3b2d3bP6g3Dh9FlHBMbByxiA8cJAijIbEllYwMYk5Q4DDSd2bXC95/IlzQKHyQ85iMA+SH1KMYSWXd302sSb1pGmY++qqwCtGEYnqThmaM3AgnAQklZkiIoWXGcpwiLilmJKuNEkFihGfIJ0MlQxQQMU7zXTP9VDmu7kVcnVDqufv7RooCIeaBo5IBklNRZgvzPzZMpHc1TmkYJ5KEePmQlzBdRvri47pLOcGSzZVAmFO1q46niCMsVT21kUs8VWG+TuryLOW+k6VGu90yW2ZWwn6BzVYeKGPnB+eBTDVslftcFfa50TGs24tmt1NUXYVjOIEzsOASunADPbABgw/P8AKv2pv2oX1qX8toRSvuHMGfqcA37ayvAQ==</latexit><latexit sha1_base64="aoXexCFGCCQr2c0VFSwYOCOHzPE=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlLtruDGZb3EFtpSJpNJOnRyYWYilJBHcKvP5CP4FK7ErdM0iKb+MHA43xnmn+PEjAppmu9aZW19Y3Orul3b2d3bP6g3Dh9FlHBMbByxiA8cJAijIbEllYwMYk5Q4DDSd2bXC95/IlzQKHyQ85iMA+SH1KMYSWXd302sSb1pGmY++qqwCtGEYnqThmaM3AgnAQklZkiIoWXGcpwiLilmJKuNEkFihGfIJ0MlQxQQMU7zXTP9VDmu7kVcnVDqufv7RooCIeaBo5IBklNRZgvzPzZMpHc1TmkYJ5KEePmQlzBdRvri47pLOcGSzZVAmFO1q46niCMsVT21kUs8VWG+TuryLOW+k6VGu90yW2ZWwn6BzVYeKGPnB+eBTDVslftcFfa50TGs24tmt1NUXYVjOIEzsOASunADPbABgw/P8AKv2pv2oX1qX8toRSvuHMGfqcA37ayvAQ==</latexit><latexit sha1_base64="aoXexCFGCCQr2c0VFSwYOCOHzPE=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlLtruDGZb3EFtpSJpNJOnRyYWYilJBHcKvP5CP4FK7ErdM0iKb+MHA43xnmn+PEjAppmu9aZW19Y3Orul3b2d3bP6g3Dh9FlHBMbByxiA8cJAijIbEllYwMYk5Q4DDSd2bXC95/IlzQKHyQ85iMA+SH1KMYSWXd302sSb1pGmY++qqwCtGEYnqThmaM3AgnAQklZkiIoWXGcpwiLilmJKuNEkFihGfIJ0MlQxQQMU7zXTP9VDmu7kVcnVDqufv7RooCIeaBo5IBklNRZgvzPzZMpHc1TmkYJ5KEePmQlzBdRvri47pLOcGSzZVAmFO1q46niCMsVT21kUs8VWG+TuryLOW+k6VGu90yW2ZWwn6BzVYeKGPnB+eBTDVslftcFfa50TGs24tmt1NUXYVjOIEzsOASunADPbABgw/P8AKv2pv2oX1qX8toRSvuHMGfqcA37ayvAQ==</latexit>

R2<latexit sha1_base64="5qNSuYxwbpare5RL8FcaiG7sfGY=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlLtruDGZb3EFtpSJpNJOnRyYWYilJBHcKvP5CP4FK7ErdM0iKb+MHA43xnmn+PEjAppmu9aZW19Y3Orul3b2d3bP6g3Dh9FlHBMbByxiA8cJAijIbEllYwMYk5Q4DDSd2bXC95/IlzQKHyQ85iMA+SH1KMYSWXd303OJ/WmaZj56KvCKkQTiulNGpoxciOcBCSUmCEhhpYZy3GKuKSYkaw2SgSJEZ4hnwyVDFFAxDjNd830U+W4uhdxdUKp5+7vGykKhJgHjkoGSE5FmS3M/9gwkd7VOKVhnEgS4uVDXsJ0GemLj+su5QRLNlcCYU7VrjqeIo6wVPXURi7xVIX5OqnLs5T7TpYa7XbLbJlZCfsFNlt5oIydH5wHMtWwVe5zVdjnRsewbi+a3U5RdRWO4QTOwIJL6MIN9MAGDD48wwu8am/ah/apfS2jFa24cwR/pgLf74yvAg==</latexit><latexit sha1_base64="5qNSuYxwbpare5RL8FcaiG7sfGY=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlLtruDGZb3EFtpSJpNJOnRyYWYilJBHcKvP5CP4FK7ErdM0iKb+MHA43xnmn+PEjAppmu9aZW19Y3Orul3b2d3bP6g3Dh9FlHBMbByxiA8cJAijIbEllYwMYk5Q4DDSd2bXC95/IlzQKHyQ85iMA+SH1KMYSWXd303OJ/WmaZj56KvCKkQTiulNGpoxciOcBCSUmCEhhpYZy3GKuKSYkaw2SgSJEZ4hnwyVDFFAxDjNd830U+W4uhdxdUKp5+7vGykKhJgHjkoGSE5FmS3M/9gwkd7VOKVhnEgS4uVDXsJ0GemLj+su5QRLNlcCYU7VrjqeIo6wVPXURi7xVIX5OqnLs5T7TpYa7XbLbJlZCfsFNlt5oIydH5wHMtWwVe5zVdjnRsewbi+a3U5RdRWO4QTOwIJL6MIN9MAGDD48wwu8am/ah/apfS2jFa24cwR/pgLf74yvAg==</latexit><latexit sha1_base64="5qNSuYxwbpare5RL8FcaiG7sfGY=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlLtruDGZb3EFtpSJpNJOnRyYWYilJBHcKvP5CP4FK7ErdM0iKb+MHA43xnmn+PEjAppmu9aZW19Y3Orul3b2d3bP6g3Dh9FlHBMbByxiA8cJAijIbEllYwMYk5Q4DDSd2bXC95/IlzQKHyQ85iMA+SH1KMYSWXd303OJ/WmaZj56KvCKkQTiulNGpoxciOcBCSUmCEhhpYZy3GKuKSYkaw2SgSJEZ4hnwyVDFFAxDjNd830U+W4uhdxdUKp5+7vGykKhJgHjkoGSE5FmS3M/9gwkd7VOKVhnEgS4uVDXsJ0GemLj+su5QRLNlcCYU7VrjqeIo6wVPXURi7xVIX5OqnLs5T7TpYa7XbLbJlZCfsFNlt5oIydH5wHMtWwVe5zVdjnRsewbi+a3U5RdRWO4QTOwIJL6MIN9MAGDD48wwu8am/ah/apfS2jFa24cwR/pgLf74yvAg==</latexit><latexit sha1_base64="5qNSuYxwbpare5RL8FcaiG7sfGY=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlLtruDGZb3EFtpSJpNJOnRyYWYilJBHcKvP5CP4FK7ErdM0iKb+MHA43xnmn+PEjAppmu9aZW19Y3Orul3b2d3bP6g3Dh9FlHBMbByxiA8cJAijIbEllYwMYk5Q4DDSd2bXC95/IlzQKHyQ85iMA+SH1KMYSWXd303OJ/WmaZj56KvCKkQTiulNGpoxciOcBCSUmCEhhpYZy3GKuKSYkaw2SgSJEZ4hnwyVDFFAxDjNd830U+W4uhdxdUKp5+7vGykKhJgHjkoGSE5FmS3M/9gwkd7VOKVhnEgS4uVDXsJ0GemLj+su5QRLNlcCYU7VrjqeIo6wVPXURi7xVIX5OqnLs5T7TpYa7XbLbJlZCfsFNlt5oIydH5wHMtWwVe5zVdjnRsewbi+a3U5RdRWO4QTOwIJL6MIN9MAGDD48wwu8am/ah/apfS2jFa24cwR/pgLf74yvAg==</latexit>

RN�1<latexit sha1_base64="xMecB9hdI3Hj35piA074NU8DG14=">AAACSnicbZBNS8MwHMbTOXXOt02PXopD8DBLKjLdbeDFk0yxbrCVkabpFpa+kKTCKP0QXvUz+QH8HJ7Ei2lXRDv/EHh4fk/IP48TMSokhO9aZa26vrFZ26pv7+zu7TeaB48ijDkmFg5ZyIcOEoTRgFiSSkaGESfIdxgZOPPrjA+eCBc0DB7kIiK2j6YB9ShGUlmD+0lye2amk0YLGjAffVWYhWiBYvqTpmaM3RDHPgkkZkiIkQkjaSeIS4oZSevjWJAI4TmakpGSAfKJsJN831Q/UY6reyFXJ5B67v6+kSBfiIXvqKSP5EyUWWb+x0ax9K7shAZRLEmAlw95MdNlqGef113KCZZsoQTCnKpddTxDHGGpKqqPXeKpGvN1EpenCZ86aWJ0Om3YhmkJTwsM23mgjJ0fnAeyhs1yn6vCOje6hnl30ep1i6pr4Agcg1NggkvQAzegDyyAwRw8gxfwqr1pH9qn9rWMVrTiziH4M5XqN0DJsJw=</latexit><latexit sha1_base64="xMecB9hdI3Hj35piA074NU8DG14=">AAACSnicbZBNS8MwHMbTOXXOt02PXopD8DBLKjLdbeDFk0yxbrCVkabpFpa+kKTCKP0QXvUz+QH8HJ7Ei2lXRDv/EHh4fk/IP48TMSokhO9aZa26vrFZ26pv7+zu7TeaB48ijDkmFg5ZyIcOEoTRgFiSSkaGESfIdxgZOPPrjA+eCBc0DB7kIiK2j6YB9ShGUlmD+0lye2amk0YLGjAffVWYhWiBYvqTpmaM3RDHPgkkZkiIkQkjaSeIS4oZSevjWJAI4TmakpGSAfKJsJN831Q/UY6reyFXJ5B67v6+kSBfiIXvqKSP5EyUWWb+x0ax9K7shAZRLEmAlw95MdNlqGef113KCZZsoQTCnKpddTxDHGGpKqqPXeKpGvN1EpenCZ86aWJ0Om3YhmkJTwsM23mgjJ0fnAeyhs1yn6vCOje6hnl30ep1i6pr4Agcg1NggkvQAzegDyyAwRw8gxfwqr1pH9qn9rWMVrTiziH4M5XqN0DJsJw=</latexit><latexit sha1_base64="xMecB9hdI3Hj35piA074NU8DG14=">AAACSnicbZBNS8MwHMbTOXXOt02PXopD8DBLKjLdbeDFk0yxbrCVkabpFpa+kKTCKP0QXvUz+QH8HJ7Ei2lXRDv/EHh4fk/IP48TMSokhO9aZa26vrFZ26pv7+zu7TeaB48ijDkmFg5ZyIcOEoTRgFiSSkaGESfIdxgZOPPrjA+eCBc0DB7kIiK2j6YB9ShGUlmD+0lye2amk0YLGjAffVWYhWiBYvqTpmaM3RDHPgkkZkiIkQkjaSeIS4oZSevjWJAI4TmakpGSAfKJsJN831Q/UY6reyFXJ5B67v6+kSBfiIXvqKSP5EyUWWb+x0ax9K7shAZRLEmAlw95MdNlqGef113KCZZsoQTCnKpddTxDHGGpKqqPXeKpGvN1EpenCZ86aWJ0Om3YhmkJTwsM23mgjJ0fnAeyhs1yn6vCOje6hnl30ep1i6pr4Agcg1NggkvQAzegDyyAwRw8gxfwqr1pH9qn9rWMVrTiziH4M5XqN0DJsJw=</latexit><latexit sha1_base64="xMecB9hdI3Hj35piA074NU8DG14=">AAACSnicbZBNS8MwHMbTOXXOt02PXopD8DBLKjLdbeDFk0yxbrCVkabpFpa+kKTCKP0QXvUz+QH8HJ7Ei2lXRDv/EHh4fk/IP48TMSokhO9aZa26vrFZ26pv7+zu7TeaB48ijDkmFg5ZyIcOEoTRgFiSSkaGESfIdxgZOPPrjA+eCBc0DB7kIiK2j6YB9ShGUlmD+0lye2amk0YLGjAffVWYhWiBYvqTpmaM3RDHPgkkZkiIkQkjaSeIS4oZSevjWJAI4TmakpGSAfKJsJN831Q/UY6reyFXJ5B67v6+kSBfiIXvqKSP5EyUWWb+x0ax9K7shAZRLEmAlw95MdNlqGef113KCZZsoQTCnKpddTxDHGGpKqqPXeKpGvN1EpenCZ86aWJ0Om3YhmkJTwsM23mgjJ0fnAeyhs1yn6vCOje6hnl30ep1i6pr4Agcg1NggkvQAzegDyyAwRw8gxfwqr1pH9qn9rWMVrTiziH4M5XqN0DJsJw=</latexit>

. . .
<latexit sha1_base64="IS4nriWk9hTt3C5Fw+NwfNlzm64=">AAACSXicbZBNS8MwHMbTzZc53zY9eikOwcMorch0t4EXjxPsNljLSNO0i6ZNSVJhlH4Hr/qZ/AJ+DU/iyawrop1/CDw8vyfkn8dLKBHSNN+1Wn1jc2u7sdPc3ds/OGy1j0aCpRxhGzHK+MSDAlMSY1sSSfEk4RhGHsVj7/FmycdPmAvC4nu5SLAbwTAmAUFQKmvkUJ9JMWt1TMMsRl8XVik6oJzhrK0Zjs9QGuFYIgqFmFpmIt0MckkQxXnTSQVOIHqEIZ4qGcMICzcr1s31M+X4esC4OrHUC/f3jQxGQiwiTyUjKOeiypbmf2yayuDazUicpBLHaPVQkFJdMn35d90nHCNJF0pAxInaVUdzyCGSqqGm4+NAtVisk/k8z3jo5ZnR63XNrplXcFhis1sEqtj7wUUgVw1b1T7XhX1h9A3r7rIz6JdVN8AJOAXnwAJXYABuwRDYAIEH8AxewKv2pn1on9rXKlrTyjvH4M/U6t9usbC/</latexit><latexit sha1_base64="IS4nriWk9hTt3C5Fw+NwfNlzm64=">AAACSXicbZBNS8MwHMbTzZc53zY9eikOwcMorch0t4EXjxPsNljLSNO0i6ZNSVJhlH4Hr/qZ/AJ+DU/iyawrop1/CDw8vyfkn8dLKBHSNN+1Wn1jc2u7sdPc3ds/OGy1j0aCpRxhGzHK+MSDAlMSY1sSSfEk4RhGHsVj7/FmycdPmAvC4nu5SLAbwTAmAUFQKmvkUJ9JMWt1TMMsRl8XVik6oJzhrK0Zjs9QGuFYIgqFmFpmIt0MckkQxXnTSQVOIHqEIZ4qGcMICzcr1s31M+X4esC4OrHUC/f3jQxGQiwiTyUjKOeiypbmf2yayuDazUicpBLHaPVQkFJdMn35d90nHCNJF0pAxInaVUdzyCGSqqGm4+NAtVisk/k8z3jo5ZnR63XNrplXcFhis1sEqtj7wUUgVw1b1T7XhX1h9A3r7rIz6JdVN8AJOAXnwAJXYABuwRDYAIEH8AxewKv2pn1on9rXKlrTyjvH4M/U6t9usbC/</latexit><latexit sha1_base64="IS4nriWk9hTt3C5Fw+NwfNlzm64=">AAACSXicbZBNS8MwHMbTzZc53zY9eikOwcMorch0t4EXjxPsNljLSNO0i6ZNSVJhlH4Hr/qZ/AJ+DU/iyawrop1/CDw8vyfkn8dLKBHSNN+1Wn1jc2u7sdPc3ds/OGy1j0aCpRxhGzHK+MSDAlMSY1sSSfEk4RhGHsVj7/FmycdPmAvC4nu5SLAbwTAmAUFQKmvkUJ9JMWt1TMMsRl8XVik6oJzhrK0Zjs9QGuFYIgqFmFpmIt0MckkQxXnTSQVOIHqEIZ4qGcMICzcr1s31M+X4esC4OrHUC/f3jQxGQiwiTyUjKOeiypbmf2yayuDazUicpBLHaPVQkFJdMn35d90nHCNJF0pAxInaVUdzyCGSqqGm4+NAtVisk/k8z3jo5ZnR63XNrplXcFhis1sEqtj7wUUgVw1b1T7XhX1h9A3r7rIz6JdVN8AJOAXnwAJXYABuwRDYAIEH8AxewKv2pn1on9rXKlrTyjvH4M/U6t9usbC/</latexit><latexit sha1_base64="IS4nriWk9hTt3C5Fw+NwfNlzm64=">AAACSXicbZBNS8MwHMbTzZc53zY9eikOwcMorch0t4EXjxPsNljLSNO0i6ZNSVJhlH4Hr/qZ/AJ+DU/iyawrop1/CDw8vyfkn8dLKBHSNN+1Wn1jc2u7sdPc3ds/OGy1j0aCpRxhGzHK+MSDAlMSY1sSSfEk4RhGHsVj7/FmycdPmAvC4nu5SLAbwTAmAUFQKmvkUJ9JMWt1TMMsRl8XVik6oJzhrK0Zjs9QGuFYIgqFmFpmIt0MckkQxXnTSQVOIHqEIZ4qGcMICzcr1s31M+X4esC4OrHUC/f3jQxGQiwiTyUjKOeiypbmf2yayuDazUicpBLHaPVQkFJdMn35d90nHCNJF0pAxInaVUdzyCGSqqGm4+NAtVisk/k8z3jo5ZnR63XNrplXcFhis1sEqtj7wUUgVw1b1T7XhX1h9A3r7rIz6JdVN8AJOAXnwAJXYABuwRDYAIEH8AxewKv2pn1on9rXKlrTyjvH4M/U6t9usbC/</latexit>
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⌘
+

N�1X

i=1

"
⇢2
✓
32a2i (D + 1)⇢D

D2(D + 2)
+

16aibi
D(D � 2)

� 2b2i
⇢D(D � 2)

◆
+

⇢D

D

⇣
8ai (vi � '̃i) + Ṽi � ṼN
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<latexit sha1_base64="NAUcecDEiR0uuAMRy5yYeHNhHrI="></latexit><latexit sha1_base64="NAUcecDEiR0uuAMRy5yYeHNhHrI="></latexit><latexit sha1_base64="NAUcecDEiR0uuAMRy5yYeHNhHrI="></latexit><latexit sha1_base64="NAUcecDEiR0uuAMRy5yYeHNhHrI="></latexit>

PB action

Total S = T + V
<latexit sha1_base64="uXFaE/TufUib2+C/y1FItyNXa9U="></latexit><latexit sha1_base64="uXFaE/TufUib2+C/y1FItyNXa9U="></latexit><latexit sha1_base64="uXFaE/TufUib2+C/y1FItyNXa9U="></latexit><latexit sha1_base64="uXFaE/TufUib2+C/y1FItyNXa9U="></latexit>

kinetic potential
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<latexit sha1_base64="wOK0bCoxZ1UhU7CytFHFAcPvqds="></latexit><latexit sha1_base64="wOK0bCoxZ1UhU7CytFHFAcPvqds="></latexit><latexit sha1_base64="wOK0bCoxZ1UhU7CytFHFAcPvqds="></latexit><latexit sha1_base64="wOK0bCoxZ1UhU7CytFHFAcPvqds="></latexit>
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<latexit sha1_base64="6eoQ5jAnnW+ZBn/3lrBPjc7EoS8="></latexit><latexit sha1_base64="6eoQ5jAnnW+ZBn/3lrBPjc7EoS8="></latexit><latexit sha1_base64="6eoQ5jAnnW+ZBn/3lrBPjc7EoS8="></latexit><latexit sha1_base64="6eoQ5jAnnW+ZBn/3lrBPjc7EoS8="></latexit>



Non-existence of non-trivial static solutions of 

KG equation, no solitonic scalar ‘particles’

Derrick’s theorem

Unstable under re-scaling '(⇢) ! '(⇢/�)
<latexit sha1_base64="FEeurnuibYYVBLaYWFVvzzrXGBM="></latexit><latexit sha1_base64="FEeurnuibYYVBLaYWFVvzzrXGBM="></latexit><latexit sha1_base64="FEeurnuibYYVBLaYWFVvzzrXGBM="></latexit><latexit sha1_base64="FEeurnuibYYVBLaYWFVvzzrXGBM="></latexit>

S(�)
D = �D�2T + �DV

<latexit sha1_base64="WcmoGGnRQXni+1pj6BDU2XZi/dQ="></latexit><latexit sha1_base64="WcmoGGnRQXni+1pj6BDU2XZi/dQ="></latexit><latexit sha1_base64="WcmoGGnRQXni+1pj6BDU2XZi/dQ="></latexit><latexit sha1_base64="WcmoGGnRQXni+1pj6BDU2XZi/dQ="></latexit>

�⇥ 0 = 0,

�⇥1 = 1
<latexit sha1_base64="OBlJWmG90WzNGl1K6RbUtS55ChE="></latexit><latexit sha1_base64="OBlJWmG90WzNGl1K6RbUtS55ChE="></latexit><latexit sha1_base64="OBlJWmG90WzNGl1K6RbUtS55ChE="></latexit><latexit sha1_base64="OBlJWmG90WzNGl1K6RbUtS55ChE="></latexit>

dS(�)
D

d�

����
�=1

= 0
<latexit sha1_base64="BxUVRW73zIEMR9pyVmBmlTBHfRE="></latexit><latexit sha1_base64="BxUVRW73zIEMR9pyVmBmlTBHfRE="></latexit><latexit sha1_base64="BxUVRW73zIEMR9pyVmBmlTBHfRE="></latexit><latexit sha1_base64="BxUVRW73zIEMR9pyVmBmlTBHfRE="></latexit>

(D � 2)T +DV = 0
<latexit sha1_base64="ciMd2jxR2fKpqX5cGiPY2FJgOck="></latexit><latexit sha1_base64="ciMd2jxR2fKpqX5cGiPY2FJgOck="></latexit><latexit sha1_base64="ciMd2jxR2fKpqX5cGiPY2FJgOck="></latexit><latexit sha1_base64="ciMd2jxR2fKpqX5cGiPY2FJgOck="></latexit>

Derrick ’64

change of 
variables...remain 

the same
action is extremized at 
non-scaled values for 

true solutions

relation between 
kinetic and potential

Caveat for PB N � 1
<latexit sha1_base64="tUL1GOR29xcSd+WGTOF/o4mRJSM=">AAACSnicbZBPS8MwGMbTOXXOf5sevQSH4GGUVmTqbeDFk0ywbrCWkaZpDUvTkqTCKP0QXvUz+QH8HJ7Ei1lXRDdfCDw8vyfkzeOnjEplWe9Gba2+vrHZ2Gpu7+zu7bfaBw8yyQQmDk5YIkY+koRRThxFFSOjVBAU+4wM/en1nA+fiJA04fdqlhIvRhGnIcVIaWt4C90ogvak1bFMqxy4KuxKdEA1g0nbMN0gwVlMuMIMSTm2rVR5ORKKYkaKpptJkiI8RREZa8lRTKSXl/sW8EQ7AQwToQ9XsHR/38hRLOUs9nUyRupRLrO5+R8bZyq89HLK00wRjhcPhRmDKoHzz8OACoIVm2mBsKB6V4gfkUBY6YqabkBCXWO5Th6IIheRX+Rmr9e1ulaxhKMKW90ysIz9H1wGCt2wvdznqnDOzCvTvjvv9HtV1Q1wBI7BKbDBBeiDGzAADsBgCp7BC3g13owP49P4WkRrRnXnEPyZWv0bdDKwLQ==</latexit><latexit sha1_base64="tUL1GOR29xcSd+WGTOF/o4mRJSM=">AAACSnicbZBPS8MwGMbTOXXOf5sevQSH4GGUVmTqbeDFk0ywbrCWkaZpDUvTkqTCKP0QXvUz+QH8HJ7Ei1lXRDdfCDw8vyfkzeOnjEplWe9Gba2+vrHZ2Gpu7+zu7bfaBw8yyQQmDk5YIkY+koRRThxFFSOjVBAU+4wM/en1nA+fiJA04fdqlhIvRhGnIcVIaWt4C90ogvak1bFMqxy4KuxKdEA1g0nbMN0gwVlMuMIMSTm2rVR5ORKKYkaKpptJkiI8RREZa8lRTKSXl/sW8EQ7AQwToQ9XsHR/38hRLOUs9nUyRupRLrO5+R8bZyq89HLK00wRjhcPhRmDKoHzz8OACoIVm2mBsKB6V4gfkUBY6YqabkBCXWO5Th6IIheRX+Rmr9e1ulaxhKMKW90ysIz9H1wGCt2wvdznqnDOzCvTvjvv9HtV1Q1wBI7BKbDBBeiDGzAADsBgCp7BC3g13owP49P4WkRrRnXnEPyZWv0bdDKwLQ==</latexit><latexit sha1_base64="tUL1GOR29xcSd+WGTOF/o4mRJSM=">AAACSnicbZBPS8MwGMbTOXXOf5sevQSH4GGUVmTqbeDFk0ywbrCWkaZpDUvTkqTCKP0QXvUz+QH8HJ7Ei1lXRDdfCDw8vyfkzeOnjEplWe9Gba2+vrHZ2Gpu7+zu7bfaBw8yyQQmDk5YIkY+koRRThxFFSOjVBAU+4wM/en1nA+fiJA04fdqlhIvRhGnIcVIaWt4C90ogvak1bFMqxy4KuxKdEA1g0nbMN0gwVlMuMIMSTm2rVR5ORKKYkaKpptJkiI8RREZa8lRTKSXl/sW8EQ7AQwToQ9XsHR/38hRLOUs9nUyRupRLrO5+R8bZyq89HLK00wRjhcPhRmDKoHzz8OACoIVm2mBsKB6V4gfkUBY6YqabkBCXWO5Th6IIheRX+Rmr9e1ulaxhKMKW90ysIz9H1wGCt2wvdznqnDOzCvTvjvv9HtV1Q1wBI7BKbDBBeiDGzAADsBgCp7BC3g13owP49P4WkRrRnXnEPyZWv0bdDKwLQ==</latexit><latexit sha1_base64="tUL1GOR29xcSd+WGTOF/o4mRJSM=">AAACSnicbZBPS8MwGMbTOXXOf5sevQSH4GGUVmTqbeDFk0ywbrCWkaZpDUvTkqTCKP0QXvUz+QH8HJ7Ei1lXRDdfCDw8vyfkzeOnjEplWe9Gba2+vrHZ2Gpu7+zu7bfaBw8yyQQmDk5YIkY+koRRThxFFSOjVBAU+4wM/en1nA+fiJA04fdqlhIvRhGnIcVIaWt4C90ogvak1bFMqxy4KuxKdEA1g0nbMN0gwVlMuMIMSTm2rVR5ORKKYkaKpptJkiI8RREZa8lRTKSXl/sW8EQ7AQwToQ9XsHR/38hRLOUs9nUyRupRLrO5+R8bZyq89HLK00wRjhcPhRmDKoHzz8OACoIVm2mBsKB6V4gfkUBY6YqabkBCXWO5Th6IIheRX+Rmr9e1ulaxhKMKW90ysIz9H1wGCt2wvdznqnDOzCvTvjvv9HtV1Q1wBI7BKbDBBeiDGzAADsBgCp7BC3g13owP49P4WkRrRnXnEPyZWv0bdDKwLQ==</latexit>

Works forR ! �R
<latexit sha1_base64="HS2fV3cNnQVSDxhoukQNDc5RRuY="></latexit><latexit sha1_base64="HS2fV3cNnQVSDxhoukQNDc5RRuY="></latexit><latexit sha1_base64="HS2fV3cNnQVSDxhoukQNDc5RRuY="></latexit><latexit sha1_base64="HS2fV3cNnQVSDxhoukQNDc5RRuY="></latexit>

d2S(�)
D

d�2

����
�=1

< 0
<latexit sha1_base64="J3k7qbbA+U/lB3KrO4Mjoqv4yTc="></latexit>



Benchmarks

Linearly off-set quartic potential Coleman ’77

Benchmark for testing

" ! 0
<latexit sha1_base64="hh2u6Nr+iAG8gyHkK28St0SlYf8="></latexit><latexit sha1_base64="hh2u6Nr+iAG8gyHkK28St0SlYf8="></latexit><latexit sha1_base64="hh2u6Nr+iAG8gyHkK28St0SlYf8="></latexit><latexit sha1_base64="W8IFWBTXqH6Tk8vda49yBczLDbA=">AAACNXicbZHfSsMwFMbT+W/Wqdu1N8EheDFK6sXUO8EbLydYJ2xlpGnahaVpSVJhlL6Atz6TD+EzeCW+gFlXRDsPBD6+3wk5+U6QcaY0Qu9Wa2t7Z3evvW8fdOzDo+Nu51GluSTUIylP5VOAFeVMUE8zzelTJilOAk7HweJ2xcfPVCqWige9zKif4FiwiBGsjTWadfvIQVXBTeHWog/qmvUsZxqmJE+o0IRjpSYuyrRfYKkZ4bS0p7miGSYLHNOJkQInVPlFNWcJz4wTwiiV5ggNK/f3jQInSi2TwHQmWM9Vk63M/9gk19GVXzCR5ZoKsn4oyjnUKVx9GoZMUqL50ghMJDOzQjLHEhNtorGnIY1MfNU4RSjLQsZBWTjD4QANUNnAcY3RoGpo4uAHVw2lCdhtxrkpvAvn2nHvEWiDE3AKzoELLsENuAMj4AECQvACXq0368P6XO+hZdUL6YE/ZX19Ayy7rGs=</latexit><latexit sha1_base64="Kt6Bchw2l2WFhuGHxnVuOkuVoTQ=">AAACS3icbZHLSgMxFIbP1Hu9tW7dBIvgogwZF152ghuXCtYWOqVkMmdqMJMZkoxShnkUt/pMPo2mYxFtPRD4+b8TcvKfKJfCWEo/vMbK6tr6xuZWc3tnd2+/1d55MFmhOfZ4JjM9iJhBKRT2rLASB7lGlkYS+9HT9Yz3n1Ebkal7O81xlLKJEongzDpr3GqHz0xjboTMFAltRui41aE+rYssi2AuOjCv23Hb88M440WKynLJjBkGNLejkmkruMSqGRYGc8af2ASHTiqWohmV9ewVOXZOTJJMu6Msqd3fN0qWGjNNI9eZMvtoFtnM/I8NC5tcjEqh8sKi4t8PJYUk7o+zIEgsNHIrp04wroWblfBHphm3Lq5mGGPiIq3HKWNdlXoSVaV/dtalXVot4Mkc027dsIijH1w3VC7hYDHPZdE79S/94I7CJhzCEZxAAOdwBTdwCz3g8AKv8Abv3of32Vj7XkXDm+/kAP5UY+ML6vyycw==</latexit><latexit sha1_base64="Kt6Bchw2l2WFhuGHxnVuOkuVoTQ=">AAACS3icbZHLSgMxFIbP1Hu9tW7dBIvgogwZF152ghuXCtYWOqVkMmdqMJMZkoxShnkUt/pMPo2mYxFtPRD4+b8TcvKfKJfCWEo/vMbK6tr6xuZWc3tnd2+/1d55MFmhOfZ4JjM9iJhBKRT2rLASB7lGlkYS+9HT9Yz3n1Ebkal7O81xlLKJEongzDpr3GqHz0xjboTMFAltRui41aE+rYssi2AuOjCv23Hb88M440WKynLJjBkGNLejkmkruMSqGRYGc8af2ASHTiqWohmV9ewVOXZOTJJMu6Msqd3fN0qWGjNNI9eZMvtoFtnM/I8NC5tcjEqh8sKi4t8PJYUk7o+zIEgsNHIrp04wroWblfBHphm3Lq5mGGPiIq3HKWNdlXoSVaV/dtalXVot4Mkc027dsIijH1w3VC7hYDHPZdE79S/94I7CJhzCEZxAAOdwBTdwCz3g8AKv8Abv3of32Vj7XkXDm+/kAP5UY+ML6vyycw==</latexit><latexit sha1_base64="hZ+nT+YVCCZFOwQrX101byecP5Q="></latexit><latexit sha1_base64="hh2u6Nr+iAG8gyHkK28St0SlYf8="></latexit><latexit sha1_base64="hh2u6Nr+iAG8gyHkK28St0SlYf8="></latexit><latexit sha1_base64="hh2u6Nr+iAG8gyHkK28St0SlYf8="></latexit><latexit sha1_base64="hh2u6Nr+iAG8gyHkK28St0SlYf8="></latexit><latexit sha1_base64="hh2u6Nr+iAG8gyHkK28St0SlYf8="></latexit><latexit sha1_base64="hh2u6Nr+iAG8gyHkK28St0SlYf8="></latexit>

" > 0.8
<latexit sha1_base64="MFIK7keWbap7PcNntrqAudbS1wM="></latexit><latexit sha1_base64="MFIK7keWbap7PcNntrqAudbS1wM="></latexit><latexit sha1_base64="MFIK7keWbap7PcNntrqAudbS1wM="></latexit><latexit sha1_base64="MFIK7keWbap7PcNntrqAudbS1wM="></latexit>

thin wall 2nd minimum 
disappears

� = 0.25, v = 1
<latexit sha1_base64="DkrjAv3NuaoWjjIZyuPTAog3Ofo="></latexit><latexit sha1_base64="DkrjAv3NuaoWjjIZyuPTAog3Ofo="></latexit><latexit sha1_base64="DkrjAv3NuaoWjjIZyuPTAog3Ofo="></latexit><latexit sha1_base64="DkrjAv3NuaoWjjIZyuPTAog3Ofo="></latexit>

Sarid ’98rescaling

V (') =
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<latexit sha1_base64="e+Z+de0mB5BtYTcu3r9sOTzpVYg="></latexit><latexit sha1_base64="e+Z+de0mB5BtYTcu3r9sOTzpVYg="></latexit><latexit sha1_base64="e+Z+de0mB5BtYTcu3r9sOTzpVYg="></latexit><latexit sha1_base64="e+Z+de0mB5BtYTcu3r9sOTzpVYg="></latexit>
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" = 0.01
<latexit sha1_base64="mg7F8wu3xpKxFDbvXpLSj0tYSxc="></latexit><latexit sha1_base64="mg7F8wu3xpKxFDbvXpLSj0tYSxc="></latexit><latexit sha1_base64="mg7F8wu3xpKxFDbvXpLSj0tYSxc="></latexit><latexit sha1_base64="mg7F8wu3xpKxFDbvXpLSj0tYSxc="></latexit>

" = 0.08
<latexit sha1_base64="4c6/R5Qx9+N3cHaH3dgiScZ+4Uo="></latexit><latexit sha1_base64="4c6/R5Qx9+N3cHaH3dgiScZ+4Uo="></latexit><latexit sha1_base64="4c6/R5Qx9+N3cHaH3dgiScZ+4Uo="></latexit><latexit sha1_base64="4c6/R5Qx9+N3cHaH3dgiScZ+4Uo="></latexit>

thick wall

the good, the bad and the ugly



Euclidean action, comparisons
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Wainwright ’11

Masoumi, Olum, Shlaer ’16

discontinued

Runge-Kutta PDE solver, initial value approximations

multiple shooting, damping approximations

 Shooting Mathematica, precise setting of initial values, issues with 0, infinity

PB within permille 
after 100 iterations

stable for thin/thick

faster convergence 
for thin wall



Derrick’s theorem

finite part corrections up to 
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<latexit sha1_base64="nDJorhC1qspxNc4Qc6lh/FLyKIQ=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoLkFvHiSCK4GkiXMTmaTIfNYZ3qFsOQzvHhQ8erfePNvnCR70MSChqKqm+6uOBXcgu9/e6WV1bX1jfJmZWt7Z3evun9wb3VmKAupFtq0Y2KZ4IqFwEGwdmoYkbFgD/Hoauo/PDFjuVZ3ME5ZJMlA8YRTAk7q3OCu5ZI94sDvVWt+3Z8BL5OgIDVUoNWrfnX7mmaSKaCCWNsJ/BSinBjgVLBJpZtZlhI6IgPWcVQRyWyUz06e4BOn9HGijSsFeKb+nsiJtHYsY9cpCQztojcV//M6GSSXUc5VmgFTdL4oyQQGjaf/4z43jIIYO0Ko4e5WTIfEEAoupYoLIVh8eZmEZ/VGPbg9rzUbRRpldISO0SkK0AVqomvUQiGiSKNn9IrePPBevHfvY95a8oqZQ/QH3ucPSXKQHQ==</latexit><latexit sha1_base64="nDJorhC1qspxNc4Qc6lh/FLyKIQ=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoLkFvHiSCK4GkiXMTmaTIfNYZ3qFsOQzvHhQ8erfePNvnCR70MSChqKqm+6uOBXcgu9/e6WV1bX1jfJmZWt7Z3evun9wb3VmKAupFtq0Y2KZ4IqFwEGwdmoYkbFgD/Hoauo/PDFjuVZ3ME5ZJMlA8YRTAk7q3OCu5ZI94sDvVWt+3Z8BL5OgIDVUoNWrfnX7mmaSKaCCWNsJ/BSinBjgVLBJpZtZlhI6IgPWcVQRyWyUz06e4BOn9HGijSsFeKb+nsiJtHYsY9cpCQztojcV//M6GSSXUc5VmgFTdL4oyQQGjaf/4z43jIIYO0Ko4e5WTIfEEAoupYoLIVh8eZmEZ/VGPbg9rzUbRRpldISO0SkK0AVqomvUQiGiSKNn9IrePPBevHfvY95a8oqZQ/QH3ucPSXKQHQ==</latexit><latexit sha1_base64="nDJorhC1qspxNc4Qc6lh/FLyKIQ=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoLkFvHiSCK4GkiXMTmaTIfNYZ3qFsOQzvHhQ8erfePNvnCR70MSChqKqm+6uOBXcgu9/e6WV1bX1jfJmZWt7Z3evun9wb3VmKAupFtq0Y2KZ4IqFwEGwdmoYkbFgD/Hoauo/PDFjuVZ3ME5ZJMlA8YRTAk7q3OCu5ZI94sDvVWt+3Z8BL5OgIDVUoNWrfnX7mmaSKaCCWNsJ/BSinBjgVLBJpZtZlhI6IgPWcVQRyWyUz06e4BOn9HGijSsFeKb+nsiJtHYsY9cpCQztojcV//M6GSSXUc5VmgFTdL4oyQQGjaf/4z43jIIYO0Ko4e5WTIfEEAoupYoLIVh8eZmEZ/VGPbg9rzUbRRpldISO0SkK0AVqomvUQiGiSKNn9IrePPBevHfvY95a8oqZQ/QH3ucPSXKQHQ==</latexit><latexit sha1_base64="nDJorhC1qspxNc4Qc6lh/FLyKIQ=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoLkFvHiSCK4GkiXMTmaTIfNYZ3qFsOQzvHhQ8erfePNvnCR70MSChqKqm+6uOBXcgu9/e6WV1bX1jfJmZWt7Z3evun9wb3VmKAupFtq0Y2KZ4IqFwEGwdmoYkbFgD/Hoauo/PDFjuVZ3ME5ZJMlA8YRTAk7q3OCu5ZI94sDvVWt+3Z8BL5OgIDVUoNWrfnX7mmaSKaCCWNsJ/BSinBjgVLBJpZtZlhI6IgPWcVQRyWyUz06e4BOn9HGijSsFeKb+nsiJtHYsY9cpCQztojcV//M6GSSXUc5VmgFTdL4oyQQGjaf/4z43jIIYO0Ko4e5WTIfEEAoupYoLIVh8eZmEZ/VGPbg9rzUbRRpldISO0SkK0AVqomvUQiGiSKNn9IrePPBevHfvY95a8oqZQ/QH3ucPSXKQHQ==</latexit>

independent measure of goodness of approximation

above relation ‘exact’ for the PB potential

(D � 2)T +DV ! 0
<latexit sha1_base64="DZ7S7IwqLb57gmukwdKMMmGSe4Y="></latexit><latexit sha1_base64="DZ7S7IwqLb57gmukwdKMMmGSe4Y="></latexit><latexit sha1_base64="DZ7S7IwqLb57gmukwdKMMmGSe4Y="></latexit><latexit sha1_base64="DZ7S7IwqLb57gmukwdKMMmGSe4Y="></latexit>



Rescaling

Use Derrick’s theorem to find the solution

estimate the initial value of 

compute the kinetic             and potential pieces

rescale the radius       by

iterate until |�� 1| . 1

N
<latexit sha1_base64="jBemDhol1Xix3vjF7jsGe7CGSMY=">AAACF3icbVDLSsNAFJ34rPUVdelmsAhurIkI2l3BjSupYG2hCWUyuWmHTh7MTIQS8xlu/BU3LlTc6s6/cZpmoa0HBg7n3MOde7yEM6ks69tYWFxaXlmtrFXXNza3ts2d3TsZp4JCm8Y8Fl2PSOAsgrZiikM3EUBCj0PHG11O/M49CMni6FaNE3BDMohYwChRWuqbJw6HQD1gh+uMT/AxtrEj2GBYaCClZCF2AkFoZufZdd43a1bdKoDniV2SGirR6ptfjh/TNIRIUU6k7NlWotyMCMUoh7zqpBISQkdkAD1NIxKCdLPisBwfasXHQSz0ixQu1N+JjIRSjkNPT4ZEDeWsNxH/83qpCi7cjEVJqiCi00VByrGK8aQl7DMBVPGxJoQKpv+K6ZDoFpTusqpLsGdPnift03qjbt+c1ZqNso0K2kcH6AjZ6Bw10RVqoTai6BE9o1f0ZjwZL8a78TEdXTDKzB76A+PzBxdIn2M=</latexit><latexit sha1_base64="jBemDhol1Xix3vjF7jsGe7CGSMY=">AAACF3icbVDLSsNAFJ34rPUVdelmsAhurIkI2l3BjSupYG2hCWUyuWmHTh7MTIQS8xlu/BU3LlTc6s6/cZpmoa0HBg7n3MOde7yEM6ks69tYWFxaXlmtrFXXNza3ts2d3TsZp4JCm8Y8Fl2PSOAsgrZiikM3EUBCj0PHG11O/M49CMni6FaNE3BDMohYwChRWuqbJw6HQD1gh+uMT/AxtrEj2GBYaCClZCF2AkFoZufZdd43a1bdKoDniV2SGirR6ptfjh/TNIRIUU6k7NlWotyMCMUoh7zqpBISQkdkAD1NIxKCdLPisBwfasXHQSz0ixQu1N+JjIRSjkNPT4ZEDeWsNxH/83qpCi7cjEVJqiCi00VByrGK8aQl7DMBVPGxJoQKpv+K6ZDoFpTusqpLsGdPnift03qjbt+c1ZqNso0K2kcH6AjZ6Bw10RVqoTai6BE9o1f0ZjwZL8a78TEdXTDKzB76A+PzBxdIn2M=</latexit><latexit sha1_base64="jBemDhol1Xix3vjF7jsGe7CGSMY=">AAACF3icbVDLSsNAFJ34rPUVdelmsAhurIkI2l3BjSupYG2hCWUyuWmHTh7MTIQS8xlu/BU3LlTc6s6/cZpmoa0HBg7n3MOde7yEM6ks69tYWFxaXlmtrFXXNza3ts2d3TsZp4JCm8Y8Fl2PSOAsgrZiikM3EUBCj0PHG11O/M49CMni6FaNE3BDMohYwChRWuqbJw6HQD1gh+uMT/AxtrEj2GBYaCClZCF2AkFoZufZdd43a1bdKoDniV2SGirR6ptfjh/TNIRIUU6k7NlWotyMCMUoh7zqpBISQkdkAD1NIxKCdLPisBwfasXHQSz0ixQu1N+JjIRSjkNPT4ZEDeWsNxH/83qpCi7cjEVJqiCi00VByrGK8aQl7DMBVPGxJoQKpv+K6ZDoFpTusqpLsGdPnift03qjbt+c1ZqNso0K2kcH6AjZ6Bw10RVqoTai6BE9o1f0ZjwZL8a78TEdXTDKzB76A+PzBxdIn2M=</latexit><latexit sha1_base64="jBemDhol1Xix3vjF7jsGe7CGSMY=">AAACF3icbVDLSsNAFJ34rPUVdelmsAhurIkI2l3BjSupYG2hCWUyuWmHTh7MTIQS8xlu/BU3LlTc6s6/cZpmoa0HBg7n3MOde7yEM6ks69tYWFxaXlmtrFXXNza3ts2d3TsZp4JCm8Y8Fl2PSOAsgrZiikM3EUBCj0PHG11O/M49CMni6FaNE3BDMohYwChRWuqbJw6HQD1gh+uMT/AxtrEj2GBYaCClZCF2AkFoZufZdd43a1bdKoDniV2SGirR6ptfjh/TNIRIUU6k7NlWotyMCMUoh7zqpBISQkdkAD1NIxKCdLPisBwfasXHQSz0ixQu1N+JjIRSjkNPT4ZEDeWsNxH/83qpCi7cjEVJqiCi00VByrGK8aQl7DMBVPGxJoQKpv+K6ZDoFpTusqpLsGdPnift03qjbt+c1ZqNso0K2kcH6AjZ6Bw10RVqoTai6BE9o1f0ZjwZL8a78TEdXTDKzB76A+PzBxdIn2M=</latexit>

R0
<latexit sha1_base64="XZHpN0BTPJw6Gkyud4OnvzWku/k=">AAACRnicbZDLSgMxGIX/qbdab60u3QwWwUUZMiLV7gpuXNZLbaEtJZPJTEMzF5KMUIZ5BLf6TD6CT+FK3JpOB9HWHwKH852QP8eJOZMKoXejtLa+sblV3q7s7O7tH1Rrh48ySgShXRLxSPQdLClnIe0qpjjtx4LiwOG050yv57z3RIVkUfigZjEdBdgPmccIVtq6vxujcbWOLJSPuSrsQtShmM64ZlhDNyJJQENFOJZyYKNYjVIsFCOcZpVhImmMyRT7dKBliAMqR2m+a2aeasc1vUjoEyozd3/fSHEg5SxwdDLAaiKX2dz8jw0S5V2NUhbGiaIhWTzkJdxUkTn/uOkyQYniMy0wEUzvapIJFpgoXU9l6FJPV5ivk7oiS4XvZKnVbDZQA2VL2C8wauSBZez84DyQ6Ybt5T5XRffcaln27UW93SqqLsMxnMAZ2HAJbbiBDnSBgA/P8AKvxpvxYXwaX4toySjuHMGfKcE368yvAA==</latexit><latexit sha1_base64="XZHpN0BTPJw6Gkyud4OnvzWku/k=">AAACRnicbZDLSgMxGIX/qbdab60u3QwWwUUZMiLV7gpuXNZLbaEtJZPJTEMzF5KMUIZ5BLf6TD6CT+FK3JpOB9HWHwKH852QP8eJOZMKoXejtLa+sblV3q7s7O7tH1Rrh48ySgShXRLxSPQdLClnIe0qpjjtx4LiwOG050yv57z3RIVkUfigZjEdBdgPmccIVtq6vxujcbWOLJSPuSrsQtShmM64ZlhDNyJJQENFOJZyYKNYjVIsFCOcZpVhImmMyRT7dKBliAMqR2m+a2aeasc1vUjoEyozd3/fSHEg5SxwdDLAaiKX2dz8jw0S5V2NUhbGiaIhWTzkJdxUkTn/uOkyQYniMy0wEUzvapIJFpgoXU9l6FJPV5ivk7oiS4XvZKnVbDZQA2VL2C8wauSBZez84DyQ6Ybt5T5XRffcaln27UW93SqqLsMxnMAZ2HAJbbiBDnSBgA/P8AKvxpvxYXwaX4toySjuHMGfKcE368yvAA==</latexit><latexit sha1_base64="XZHpN0BTPJw6Gkyud4OnvzWku/k=">AAACRnicbZDLSgMxGIX/qbdab60u3QwWwUUZMiLV7gpuXNZLbaEtJZPJTEMzF5KMUIZ5BLf6TD6CT+FK3JpOB9HWHwKH852QP8eJOZMKoXejtLa+sblV3q7s7O7tH1Rrh48ySgShXRLxSPQdLClnIe0qpjjtx4LiwOG050yv57z3RIVkUfigZjEdBdgPmccIVtq6vxujcbWOLJSPuSrsQtShmM64ZlhDNyJJQENFOJZyYKNYjVIsFCOcZpVhImmMyRT7dKBliAMqR2m+a2aeasc1vUjoEyozd3/fSHEg5SxwdDLAaiKX2dz8jw0S5V2NUhbGiaIhWTzkJdxUkTn/uOkyQYniMy0wEUzvapIJFpgoXU9l6FJPV5ivk7oiS4XvZKnVbDZQA2VL2C8wauSBZez84DyQ6Ybt5T5XRffcaln27UW93SqqLsMxnMAZ2HAJbbiBDnSBgA/P8AKvxpvxYXwaX4toySjuHMGfKcE368yvAA==</latexit><latexit sha1_base64="XZHpN0BTPJw6Gkyud4OnvzWku/k=">AAACRnicbZDLSgMxGIX/qbdab60u3QwWwUUZMiLV7gpuXNZLbaEtJZPJTEMzF5KMUIZ5BLf6TD6CT+FK3JpOB9HWHwKH852QP8eJOZMKoXejtLa+sblV3q7s7O7tH1Rrh48ySgShXRLxSPQdLClnIe0qpjjtx4LiwOG050yv57z3RIVkUfigZjEdBdgPmccIVtq6vxujcbWOLJSPuSrsQtShmM64ZlhDNyJJQENFOJZyYKNYjVIsFCOcZpVhImmMyRT7dKBliAMqR2m+a2aeasc1vUjoEyozd3/fSHEg5SxwdDLAaiKX2dz8jw0S5V2NUhbGiaIhWTzkJdxUkTn/uOkyQYniMy0wEUzvapIJFpgoXU9l6FJPV5ivk7oiS4XvZKnVbDZQA2VL2C8wauSBZez84DyQ6Ybt5T5XRffcaln27UW93SqqLsMxnMAZ2HAJbbiBDnSBgA/P8AKvxpvxYXwaX4toySjuHMGfKcE368yvAA==</latexit>

R1<latexit sha1_base64="aoXexCFGCCQr2c0VFSwYOCOHzPE=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlLtruDGZb3EFtpSJpNJOnRyYWYilJBHcKvP5CP4FK7ErdM0iKb+MHA43xnmn+PEjAppmu9aZW19Y3Orul3b2d3bP6g3Dh9FlHBMbByxiA8cJAijIbEllYwMYk5Q4DDSd2bXC95/IlzQKHyQ85iMA+SH1KMYSWXd302sSb1pGmY++qqwCtGEYnqThmaM3AgnAQklZkiIoWXGcpwiLilmJKuNEkFihGfIJ0MlQxQQMU7zXTP9VDmu7kVcnVDqufv7RooCIeaBo5IBklNRZgvzPzZMpHc1TmkYJ5KEePmQlzBdRvri47pLOcGSzZVAmFO1q46niCMsVT21kUs8VWG+TuryLOW+k6VGu90yW2ZWwn6BzVYeKGPnB+eBTDVslftcFfa50TGs24tmt1NUXYVjOIEzsOASunADPbABgw/P8AKv2pv2oX1qX8toRSvuHMGfqcA37ayvAQ==</latexit><latexit sha1_base64="aoXexCFGCCQr2c0VFSwYOCOHzPE=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlLtruDGZb3EFtpSJpNJOnRyYWYilJBHcKvP5CP4FK7ErdM0iKb+MHA43xnmn+PEjAppmu9aZW19Y3Orul3b2d3bP6g3Dh9FlHBMbByxiA8cJAijIbEllYwMYk5Q4DDSd2bXC95/IlzQKHyQ85iMA+SH1KMYSWXd302sSb1pGmY++qqwCtGEYnqThmaM3AgnAQklZkiIoWXGcpwiLilmJKuNEkFihGfIJ0MlQxQQMU7zXTP9VDmu7kVcnVDqufv7RooCIeaBo5IBklNRZgvzPzZMpHc1TmkYJ5KEePmQlzBdRvri47pLOcGSzZVAmFO1q46niCMsVT21kUs8VWG+TuryLOW+k6VGu90yW2ZWwn6BzVYeKGPnB+eBTDVslftcFfa50TGs24tmt1NUXYVjOIEzsOASunADPbABgw/P8AKv2pv2oX1qX8toRSvuHMGfqcA37ayvAQ==</latexit><latexit sha1_base64="aoXexCFGCCQr2c0VFSwYOCOHzPE=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlLtruDGZb3EFtpSJpNJOnRyYWYilJBHcKvP5CP4FK7ErdM0iKb+MHA43xnmn+PEjAppmu9aZW19Y3Orul3b2d3bP6g3Dh9FlHBMbByxiA8cJAijIbEllYwMYk5Q4DDSd2bXC95/IlzQKHyQ85iMA+SH1KMYSWXd302sSb1pGmY++qqwCtGEYnqThmaM3AgnAQklZkiIoWXGcpwiLilmJKuNEkFihGfIJ0MlQxQQMU7zXTP9VDmu7kVcnVDqufv7RooCIeaBo5IBklNRZgvzPzZMpHc1TmkYJ5KEePmQlzBdRvri47pLOcGSzZVAmFO1q46niCMsVT21kUs8VWG+TuryLOW+k6VGu90yW2ZWwn6BzVYeKGPnB+eBTDVslftcFfa50TGs24tmt1NUXYVjOIEzsOASunADPbABgw/P8AKv2pv2oX1qX8toRSvuHMGfqcA37ayvAQ==</latexit><latexit sha1_base64="aoXexCFGCCQr2c0VFSwYOCOHzPE=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlLtruDGZb3EFtpSJpNJOnRyYWYilJBHcKvP5CP4FK7ErdM0iKb+MHA43xnmn+PEjAppmu9aZW19Y3Orul3b2d3bP6g3Dh9FlHBMbByxiA8cJAijIbEllYwMYk5Q4DDSd2bXC95/IlzQKHyQ85iMA+SH1KMYSWXd302sSb1pGmY++qqwCtGEYnqThmaM3AgnAQklZkiIoWXGcpwiLilmJKuNEkFihGfIJ0MlQxQQMU7zXTP9VDmu7kVcnVDqufv7RooCIeaBo5IBklNRZgvzPzZMpHc1TmkYJ5KEePmQlzBdRvri47pLOcGSzZVAmFO1q46niCMsVT21kUs8VWG+TuryLOW+k6VGu90yW2ZWwn6BzVYeKGPnB+eBTDVslftcFfa50TGs24tmt1NUXYVjOIEzsOASunADPbABgw/P8AKv2pv2oX1qX8toRSvuHMGfqcA37ayvAQ==</latexit>

R2<latexit sha1_base64="5qNSuYxwbpare5RL8FcaiG7sfGY=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlLtruDGZb3EFtpSJpNJOnRyYWYilJBHcKvP5CP4FK7ErdM0iKb+MHA43xnmn+PEjAppmu9aZW19Y3Orul3b2d3bP6g3Dh9FlHBMbByxiA8cJAijIbEllYwMYk5Q4DDSd2bXC95/IlzQKHyQ85iMA+SH1KMYSWXd303OJ/WmaZj56KvCKkQTiulNGpoxciOcBCSUmCEhhpYZy3GKuKSYkaw2SgSJEZ4hnwyVDFFAxDjNd830U+W4uhdxdUKp5+7vGykKhJgHjkoGSE5FmS3M/9gwkd7VOKVhnEgS4uVDXsJ0GemLj+su5QRLNlcCYU7VrjqeIo6wVPXURi7xVIX5OqnLs5T7TpYa7XbLbJlZCfsFNlt5oIydH5wHMtWwVe5zVdjnRsewbi+a3U5RdRWO4QTOwIJL6MIN9MAGDD48wwu8am/ah/apfS2jFa24cwR/pgLf74yvAg==</latexit><latexit sha1_base64="5qNSuYxwbpare5RL8FcaiG7sfGY=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlLtruDGZb3EFtpSJpNJOnRyYWYilJBHcKvP5CP4FK7ErdM0iKb+MHA43xnmn+PEjAppmu9aZW19Y3Orul3b2d3bP6g3Dh9FlHBMbByxiA8cJAijIbEllYwMYk5Q4DDSd2bXC95/IlzQKHyQ85iMA+SH1KMYSWXd303OJ/WmaZj56KvCKkQTiulNGpoxciOcBCSUmCEhhpYZy3GKuKSYkaw2SgSJEZ4hnwyVDFFAxDjNd830U+W4uhdxdUKp5+7vGykKhJgHjkoGSE5FmS3M/9gwkd7VOKVhnEgS4uVDXsJ0GemLj+su5QRLNlcCYU7VrjqeIo6wVPXURi7xVIX5OqnLs5T7TpYa7XbLbJlZCfsFNlt5oIydH5wHMtWwVe5zVdjnRsewbi+a3U5RdRWO4QTOwIJL6MIN9MAGDD48wwu8am/ah/apfS2jFa24cwR/pgLf74yvAg==</latexit><latexit sha1_base64="5qNSuYxwbpare5RL8FcaiG7sfGY=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlLtruDGZb3EFtpSJpNJOnRyYWYilJBHcKvP5CP4FK7ErdM0iKb+MHA43xnmn+PEjAppmu9aZW19Y3Orul3b2d3bP6g3Dh9FlHBMbByxiA8cJAijIbEllYwMYk5Q4DDSd2bXC95/IlzQKHyQ85iMA+SH1KMYSWXd303OJ/WmaZj56KvCKkQTiulNGpoxciOcBCSUmCEhhpYZy3GKuKSYkaw2SgSJEZ4hnwyVDFFAxDjNd830U+W4uhdxdUKp5+7vGykKhJgHjkoGSE5FmS3M/9gwkd7VOKVhnEgS4uVDXsJ0GemLj+su5QRLNlcCYU7VrjqeIo6wVPXURi7xVIX5OqnLs5T7TpYa7XbLbJlZCfsFNlt5oIydH5wHMtWwVe5zVdjnRsewbi+a3U5RdRWO4QTOwIJL6MIN9MAGDD48wwu8am/ah/apfS2jFa24cwR/pgLf74yvAg==</latexit><latexit sha1_base64="5qNSuYxwbpare5RL8FcaiG7sfGY=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlLtruDGZb3EFtpSJpNJOnRyYWYilJBHcKvP5CP4FK7ErdM0iKb+MHA43xnmn+PEjAppmu9aZW19Y3Orul3b2d3bP6g3Dh9FlHBMbByxiA8cJAijIbEllYwMYk5Q4DDSd2bXC95/IlzQKHyQ85iMA+SH1KMYSWXd303OJ/WmaZj56KvCKkQTiulNGpoxciOcBCSUmCEhhpYZy3GKuKSYkaw2SgSJEZ4hnwyVDFFAxDjNd830U+W4uhdxdUKp5+7vGykKhJgHjkoGSE5FmS3M/9gwkd7VOKVhnEgS4uVDXsJ0GemLj+su5QRLNlcCYU7VrjqeIo6wVPXURi7xVIX5OqnLs5T7TpYa7XbLbJlZCfsFNlt5oIydH5wHMtWwVe5zVdjnRsewbi+a3U5RdRWO4QTOwIJL6MIN9MAGDD48wwu8am/ah/apfS2jFa24cwR/pgLf74yvAg==</latexit>

. . .
<latexit sha1_base64="IS4nriWk9hTt3C5Fw+NwfNlzm64=">AAACSXicbZBNS8MwHMbTzZc53zY9eikOwcMorch0t4EXjxPsNljLSNO0i6ZNSVJhlH4Hr/qZ/AJ+DU/iyawrop1/CDw8vyfkn8dLKBHSNN+1Wn1jc2u7sdPc3ds/OGy1j0aCpRxhGzHK+MSDAlMSY1sSSfEk4RhGHsVj7/FmycdPmAvC4nu5SLAbwTAmAUFQKmvkUJ9JMWt1TMMsRl8XVik6oJzhrK0Zjs9QGuFYIgqFmFpmIt0MckkQxXnTSQVOIHqEIZ4qGcMICzcr1s31M+X4esC4OrHUC/f3jQxGQiwiTyUjKOeiypbmf2yayuDazUicpBLHaPVQkFJdMn35d90nHCNJF0pAxInaVUdzyCGSqqGm4+NAtVisk/k8z3jo5ZnR63XNrplXcFhis1sEqtj7wUUgVw1b1T7XhX1h9A3r7rIz6JdVN8AJOAXnwAJXYABuwRDYAIEH8AxewKv2pn1on9rXKlrTyjvH4M/U6t9usbC/</latexit><latexit sha1_base64="IS4nriWk9hTt3C5Fw+NwfNlzm64=">AAACSXicbZBNS8MwHMbTzZc53zY9eikOwcMorch0t4EXjxPsNljLSNO0i6ZNSVJhlH4Hr/qZ/AJ+DU/iyawrop1/CDw8vyfkn8dLKBHSNN+1Wn1jc2u7sdPc3ds/OGy1j0aCpRxhGzHK+MSDAlMSY1sSSfEk4RhGHsVj7/FmycdPmAvC4nu5SLAbwTAmAUFQKmvkUJ9JMWt1TMMsRl8XVik6oJzhrK0Zjs9QGuFYIgqFmFpmIt0MckkQxXnTSQVOIHqEIZ4qGcMICzcr1s31M+X4esC4OrHUC/f3jQxGQiwiTyUjKOeiypbmf2yayuDazUicpBLHaPVQkFJdMn35d90nHCNJF0pAxInaVUdzyCGSqqGm4+NAtVisk/k8z3jo5ZnR63XNrplXcFhis1sEqtj7wUUgVw1b1T7XhX1h9A3r7rIz6JdVN8AJOAXnwAJXYABuwRDYAIEH8AxewKv2pn1on9rXKlrTyjvH4M/U6t9usbC/</latexit><latexit sha1_base64="IS4nriWk9hTt3C5Fw+NwfNlzm64=">AAACSXicbZBNS8MwHMbTzZc53zY9eikOwcMorch0t4EXjxPsNljLSNO0i6ZNSVJhlH4Hr/qZ/AJ+DU/iyawrop1/CDw8vyfkn8dLKBHSNN+1Wn1jc2u7sdPc3ds/OGy1j0aCpRxhGzHK+MSDAlMSY1sSSfEk4RhGHsVj7/FmycdPmAvC4nu5SLAbwTAmAUFQKmvkUJ9JMWt1TMMsRl8XVik6oJzhrK0Zjs9QGuFYIgqFmFpmIt0MckkQxXnTSQVOIHqEIZ4qGcMICzcr1s31M+X4esC4OrHUC/f3jQxGQiwiTyUjKOeiypbmf2yayuDazUicpBLHaPVQkFJdMn35d90nHCNJF0pAxInaVUdzyCGSqqGm4+NAtVisk/k8z3jo5ZnR63XNrplXcFhis1sEqtj7wUUgVw1b1T7XhX1h9A3r7rIz6JdVN8AJOAXnwAJXYABuwRDYAIEH8AxewKv2pn1on9rXKlrTyjvH4M/U6t9usbC/</latexit><latexit sha1_base64="IS4nriWk9hTt3C5Fw+NwfNlzm64=">AAACSXicbZBNS8MwHMbTzZc53zY9eikOwcMorch0t4EXjxPsNljLSNO0i6ZNSVJhlH4Hr/qZ/AJ+DU/iyawrop1/CDw8vyfkn8dLKBHSNN+1Wn1jc2u7sdPc3ds/OGy1j0aCpRxhGzHK+MSDAlMSY1sSSfEk4RhGHsVj7/FmycdPmAvC4nu5SLAbwTAmAUFQKmvkUJ9JMWt1TMMsRl8XVik6oJzhrK0Zjs9QGuFYIgqFmFpmIt0MckkQxXnTSQVOIHqEIZ4qGcMICzcr1s31M+X4esC4OrHUC/f3jQxGQiwiTyUjKOeiypbmf2yayuDazUicpBLHaPVQkFJdMn35d90nHCNJF0pAxInaVUdzyCGSqqGm4+NAtVisk/k8z3jo5ZnR63XNrplXcFhis1sEqtj7wUUgVw1b1T7XhX1h9A3r7rIz6JdVN8AJOAXnwAJXYABuwRDYAIEH8AxewKv2pn1on9rXKlrTyjvH4M/U6t9usbC/</latexit>R3

<latexit sha1_base64="TZfbYhC9uorhYUEx75Iux7qc2KQ=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFColLtruDGZb3EFtpSJpNJOji5MDMRSsgjuNVn8hF8Clfi1mkaRFN/GDic7wzzz3FiRoU0zXetsrK6tr5R3axtbe/s7tUb+w8iSjgmNo5YxAcOEoTRkNiSSkYGMScocBjpO49Xc95/IlzQKLyXs5iMA+SH1KMYSWXd3U7OJvWmaZj56MvCKkQTiulNGpoxciOcBCSUmCEhhpYZy3GKuKSYkaw2SgSJEX5EPhkqGaKAiHGa75rpx8pxdS/i6oRSz93fN1IUCDELHJUMkJyKMpub/7FhIr3LcUrDOJEkxIuHvITpMtLnH9ddygmWbKYEwpyqXXU8RRxhqeqpjVziqQrzdVKXZyn3nSw12u2W2TKzEvYLbLbyQBk7PzgPZKphq9znsrBPjY5h3Zw3u52i6iocwhGcgAUX0IVr6IENGHx4hhd41d60D+1T+1pEK1px5wD+TAW+AfFsrwM=</latexit><latexit sha1_base64="TZfbYhC9uorhYUEx75Iux7qc2KQ=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFColLtruDGZb3EFtpSJpNJOji5MDMRSsgjuNVn8hF8Clfi1mkaRFN/GDic7wzzz3FiRoU0zXetsrK6tr5R3axtbe/s7tUb+w8iSjgmNo5YxAcOEoTRkNiSSkYGMScocBjpO49Xc95/IlzQKLyXs5iMA+SH1KMYSWXd3U7OJvWmaZj56MvCKkQTiulNGpoxciOcBCSUmCEhhpYZy3GKuKSYkaw2SgSJEX5EPhkqGaKAiHGa75rpx8pxdS/i6oRSz93fN1IUCDELHJUMkJyKMpub/7FhIr3LcUrDOJEkxIuHvITpMtLnH9ddygmWbKYEwpyqXXU8RRxhqeqpjVziqQrzdVKXZyn3nSw12u2W2TKzEvYLbLbyQBk7PzgPZKphq9znsrBPjY5h3Zw3u52i6iocwhGcgAUX0IVr6IENGHx4hhd41d60D+1T+1pEK1px5wD+TAW+AfFsrwM=</latexit><latexit sha1_base64="TZfbYhC9uorhYUEx75Iux7qc2KQ=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFColLtruDGZb3EFtpSJpNJOji5MDMRSsgjuNVn8hF8Clfi1mkaRFN/GDic7wzzz3FiRoU0zXetsrK6tr5R3axtbe/s7tUb+w8iSjgmNo5YxAcOEoTRkNiSSkYGMScocBjpO49Xc95/IlzQKLyXs5iMA+SH1KMYSWXd3U7OJvWmaZj56MvCKkQTiulNGpoxciOcBCSUmCEhhpYZy3GKuKSYkaw2SgSJEX5EPhkqGaKAiHGa75rpx8pxdS/i6oRSz93fN1IUCDELHJUMkJyKMpub/7FhIr3LcUrDOJEkxIuHvITpMtLnH9ddygmWbKYEwpyqXXU8RRxhqeqpjVziqQrzdVKXZyn3nSw12u2W2TKzEvYLbLbyQBk7PzgPZKphq9znsrBPjY5h3Zw3u52i6iocwhGcgAUX0IVr6IENGHx4hhd41d60D+1T+1pEK1px5wD+TAW+AfFsrwM=</latexit><latexit sha1_base64="TZfbYhC9uorhYUEx75Iux7qc2KQ=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFColLtruDGZb3EFtpSJpNJOji5MDMRSsgjuNVn8hF8Clfi1mkaRFN/GDic7wzzz3FiRoU0zXetsrK6tr5R3axtbe/s7tUb+w8iSjgmNo5YxAcOEoTRkNiSSkYGMScocBjpO49Xc95/IlzQKLyXs5iMA+SH1KMYSWXd3U7OJvWmaZj56MvCKkQTiulNGpoxciOcBCSUmCEhhpYZy3GKuKSYkaw2SgSJEX5EPhkqGaKAiHGa75rpx8pxdS/i6oRSz93fN1IUCDELHJUMkJyKMpub/7FhIr3LcUrDOJEkxIuHvITpMtLnH9ddygmWbKYEwpyqXXU8RRxhqeqpjVziqQrzdVKXZyn3nSw12u2W2TKzEvYLbLbyQBk7PzgPZKphq9znsrBPjY5h3Zw3u52i6iocwhGcgAUX0IVr6IENGHx4hhd41d60D+1T+1pEK1px5wD+TAW+AfFsrwM=</latexit>

R0 = 0
<latexit sha1_base64="FDGsIVPPwpiCRvY/4LoYgx8fF/s=">AAACSnicbZBNS8MwHMbTOXXOt02PXoJD8DBKKjLdQRh48TjFusFWRpqmMyx9IUmFUfohvOpn8gP4OTyJF7OuiHb+IfDw/J6Qfx435kwqhN6Nylp1fWOztlXf3tnd2280Dx5klAhCbRLxSAxdLClnIbUVU5wOY0Fx4HI6cGfXCz54okKyKLxX85g6AZ6GzGcEK20N7iYIXkE0abSQifKBq8IqRAsU0580DXPsRSQJaKgIx1KOLBQrJ8VCMcJpVh8nksaYzPCUjrQMcUClk+b7ZvBEOx70I6FPqGDu/r6R4kDKeeDqZIDVoyyzhfkfGyXKv3RSFsaJoiFZPuQnHKoILj4PPSYoUXyuBSaC6V0hecQCE6Urqo896usa83VST2SpmLpZanY6bdRGWQlPC4zaeaCM3R+cBzLdsFXuc1XYZ2bXtG7PW71uUXUNHIFjcAoscAF64Ab0gQ0ImIFn8AJejTfjw/g0vpbRilHcOQR/plL9Bsnkr9U=</latexit><latexit sha1_base64="FDGsIVPPwpiCRvY/4LoYgx8fF/s=">AAACSnicbZBNS8MwHMbTOXXOt02PXoJD8DBKKjLdQRh48TjFusFWRpqmMyx9IUmFUfohvOpn8gP4OTyJF7OuiHb+IfDw/J6Qfx435kwqhN6Nylp1fWOztlXf3tnd2280Dx5klAhCbRLxSAxdLClnIbUVU5wOY0Fx4HI6cGfXCz54okKyKLxX85g6AZ6GzGcEK20N7iYIXkE0abSQifKBq8IqRAsU0580DXPsRSQJaKgIx1KOLBQrJ8VCMcJpVh8nksaYzPCUjrQMcUClk+b7ZvBEOx70I6FPqGDu/r6R4kDKeeDqZIDVoyyzhfkfGyXKv3RSFsaJoiFZPuQnHKoILj4PPSYoUXyuBSaC6V0hecQCE6Urqo896usa83VST2SpmLpZanY6bdRGWQlPC4zaeaCM3R+cBzLdsFXuc1XYZ2bXtG7PW71uUXUNHIFjcAoscAF64Ab0gQ0ImIFn8AJejTfjw/g0vpbRilHcOQR/plL9Bsnkr9U=</latexit><latexit sha1_base64="FDGsIVPPwpiCRvY/4LoYgx8fF/s=">AAACSnicbZBNS8MwHMbTOXXOt02PXoJD8DBKKjLdQRh48TjFusFWRpqmMyx9IUmFUfohvOpn8gP4OTyJF7OuiHb+IfDw/J6Qfx435kwqhN6Nylp1fWOztlXf3tnd2280Dx5klAhCbRLxSAxdLClnIbUVU5wOY0Fx4HI6cGfXCz54okKyKLxX85g6AZ6GzGcEK20N7iYIXkE0abSQifKBq8IqRAsU0580DXPsRSQJaKgIx1KOLBQrJ8VCMcJpVh8nksaYzPCUjrQMcUClk+b7ZvBEOx70I6FPqGDu/r6R4kDKeeDqZIDVoyyzhfkfGyXKv3RSFsaJoiFZPuQnHKoILj4PPSYoUXyuBSaC6V0hecQCE6Urqo896usa83VST2SpmLpZanY6bdRGWQlPC4zaeaCM3R+cBzLdsFXuc1XYZ2bXtG7PW71uUXUNHIFjcAoscAF64Ab0gQ0ImIFn8AJejTfjw/g0vpbRilHcOQR/plL9Bsnkr9U=</latexit><latexit sha1_base64="FDGsIVPPwpiCRvY/4LoYgx8fF/s=">AAACSnicbZBNS8MwHMbTOXXOt02PXoJD8DBKKjLdQRh48TjFusFWRpqmMyx9IUmFUfohvOpn8gP4OTyJF7OuiHb+IfDw/J6Qfx435kwqhN6Nylp1fWOztlXf3tnd2280Dx5klAhCbRLxSAxdLClnIbUVU5wOY0Fx4HI6cGfXCz54okKyKLxX85g6AZ6GzGcEK20N7iYIXkE0abSQifKBq8IqRAsU0580DXPsRSQJaKgIx1KOLBQrJ8VCMcJpVh8nksaYzPCUjrQMcUClk+b7ZvBEOx70I6FPqGDu/r6R4kDKeeDqZIDVoyyzhfkfGyXKv3RSFsaJoiFZPuQnHKoILj4PPSYoUXyuBSaC6V0hecQCE6Urqo896usa83VST2SpmLpZanY6bdRGWQlPC4zaeaCM3R+cBzLdsFXuc1XYZ2bXtG7PW71uUXUNHIFjcAoscAF64Ab0gQ0ImIFn8AJejTfjw/g0vpbRilHcOQR/plL9Bsnkr9U=</latexit>

R1 = 0
<latexit sha1_base64="VxZ3Wduq4oZjb9LPqG46/tY3Lww=">AAACSnicbZBNS8MwHMbTOXXOt02PXoJD8DBKKjLdQRh48TjFusFWRpqmMyx9IUmFUfohvOpn8gP4OTyJF7OuiHb+IfDw/J6Qfx435kwqhN6Nylp1fWOztlXf3tnd2280Dx5klAhCbRLxSAxdLClnIbUVU5wOY0Fx4HI6cGfXCz54okKyKLxX85g6AZ6GzGcEK20N7iYWvIJo0mghE+UDV4VViBYopj9pGubYi0gS0FARjqUcWShWToqFYoTTrD5OJI0xmeEpHWkZ4oBKJ833zeCJdjzoR0KfUMHc/X0jxYGU88DVyQCrR1lmC/M/NkqUf+mkLIwTRUOyfMhPOFQRXHweekxQovhcC0wE07tC8ogFJkpXVB971Nc15uuknshSMXWz1Ox02qiNshKeFhi180AZuz84D2S6Yavc56qwz8yuad2et3rdouoaOALH4BRY4AL0wA3oAxsQMAPP4AW8Gm/Gh/FpfC2jFaO4cwj+TKX6DcvIr9Y=</latexit><latexit sha1_base64="VxZ3Wduq4oZjb9LPqG46/tY3Lww=">AAACSnicbZBNS8MwHMbTOXXOt02PXoJD8DBKKjLdQRh48TjFusFWRpqmMyx9IUmFUfohvOpn8gP4OTyJF7OuiHb+IfDw/J6Qfx435kwqhN6Nylp1fWOztlXf3tnd2280Dx5klAhCbRLxSAxdLClnIbUVU5wOY0Fx4HI6cGfXCz54okKyKLxX85g6AZ6GzGcEK20N7iYWvIJo0mghE+UDV4VViBYopj9pGubYi0gS0FARjqUcWShWToqFYoTTrD5OJI0xmeEpHWkZ4oBKJ833zeCJdjzoR0KfUMHc/X0jxYGU88DVyQCrR1lmC/M/NkqUf+mkLIwTRUOyfMhPOFQRXHweekxQovhcC0wE07tC8ogFJkpXVB971Nc15uuknshSMXWz1Ox02qiNshKeFhi180AZuz84D2S6Yavc56qwz8yuad2et3rdouoaOALH4BRY4AL0wA3oAxsQMAPP4AW8Gm/Gh/FpfC2jFaO4cwj+TKX6DcvIr9Y=</latexit><latexit sha1_base64="VxZ3Wduq4oZjb9LPqG46/tY3Lww=">AAACSnicbZBNS8MwHMbTOXXOt02PXoJD8DBKKjLdQRh48TjFusFWRpqmMyx9IUmFUfohvOpn8gP4OTyJF7OuiHb+IfDw/J6Qfx435kwqhN6Nylp1fWOztlXf3tnd2280Dx5klAhCbRLxSAxdLClnIbUVU5wOY0Fx4HI6cGfXCz54okKyKLxX85g6AZ6GzGcEK20N7iYWvIJo0mghE+UDV4VViBYopj9pGubYi0gS0FARjqUcWShWToqFYoTTrD5OJI0xmeEpHWkZ4oBKJ833zeCJdjzoR0KfUMHc/X0jxYGU88DVyQCrR1lmC/M/NkqUf+mkLIwTRUOyfMhPOFQRXHweekxQovhcC0wE07tC8ogFJkpXVB971Nc15uuknshSMXWz1Ox02qiNshKeFhi180AZuz84D2S6Yavc56qwz8yuad2et3rdouoaOALH4BRY4AL0wA3oAxsQMAPP4AW8Gm/Gh/FpfC2jFaO4cwj+TKX6DcvIr9Y=</latexit><latexit sha1_base64="VxZ3Wduq4oZjb9LPqG46/tY3Lww=">AAACSnicbZBNS8MwHMbTOXXOt02PXoJD8DBKKjLdQRh48TjFusFWRpqmMyx9IUmFUfohvOpn8gP4OTyJF7OuiHb+IfDw/J6Qfx435kwqhN6Nylp1fWOztlXf3tnd2280Dx5klAhCbRLxSAxdLClnIbUVU5wOY0Fx4HI6cGfXCz54okKyKLxX85g6AZ6GzGcEK20N7iYWvIJo0mghE+UDV4VViBYopj9pGubYi0gS0FARjqUcWShWToqFYoTTrD5OJI0xmeEpHWkZ4oBKJ833zeCJdjzoR0KfUMHc/X0jxYGU88DVyQCrR1lmC/M/NkqUf+mkLIwTRUOyfMhPOFQRXHweekxQovhcC0wE07tC8ogFJkpXVB971Nc15uuknshSMXWz1Ox02qiNshKeFhi180AZuz84D2S6Yavc56qwz8yuad2et3rdouoaOALH4BRY4AL0wA3oAxsQMAPP4AW8Gm/Gh/FpfC2jFaO4cwj+TKX6DcvIr9Y=</latexit>

Ri('0) =

r
'̃i+1 � '0

ai
<latexit sha1_base64="FN31UEd0QShJ/ySfwWA9MqKAHJE="></latexit><latexit sha1_base64="FN31UEd0QShJ/ySfwWA9MqKAHJE="></latexit><latexit sha1_base64="FN31UEd0QShJ/ySfwWA9MqKAHJE="></latexit><latexit sha1_base64="FN31UEd0QShJ/ySfwWA9MqKAHJE="></latexit>

RN�1<latexit sha1_base64="xMecB9hdI3Hj35piA074NU8DG14=">AAACSnicbZBNS8MwHMbTOXXOt02PXopD8DBLKjLdbeDFk0yxbrCVkabpFpa+kKTCKP0QXvUz+QH8HJ7Ei2lXRDv/EHh4fk/IP48TMSokhO9aZa26vrFZ26pv7+zu7TeaB48ijDkmFg5ZyIcOEoTRgFiSSkaGESfIdxgZOPPrjA+eCBc0DB7kIiK2j6YB9ShGUlmD+0lye2amk0YLGjAffVWYhWiBYvqTpmaM3RDHPgkkZkiIkQkjaSeIS4oZSevjWJAI4TmakpGSAfKJsJN831Q/UY6reyFXJ5B67v6+kSBfiIXvqKSP5EyUWWb+x0ax9K7shAZRLEmAlw95MdNlqGef113KCZZsoQTCnKpddTxDHGGpKqqPXeKpGvN1EpenCZ86aWJ0Om3YhmkJTwsM23mgjJ0fnAeyhs1yn6vCOje6hnl30ep1i6pr4Agcg1NggkvQAzegDyyAwRw8gxfwqr1pH9qn9rWMVrTiziH4M5XqN0DJsJw=</latexit><latexit sha1_base64="xMecB9hdI3Hj35piA074NU8DG14=">AAACSnicbZBNS8MwHMbTOXXOt02PXopD8DBLKjLdbeDFk0yxbrCVkabpFpa+kKTCKP0QXvUz+QH8HJ7Ei2lXRDv/EHh4fk/IP48TMSokhO9aZa26vrFZ26pv7+zu7TeaB48ijDkmFg5ZyIcOEoTRgFiSSkaGESfIdxgZOPPrjA+eCBc0DB7kIiK2j6YB9ShGUlmD+0lye2amk0YLGjAffVWYhWiBYvqTpmaM3RDHPgkkZkiIkQkjaSeIS4oZSevjWJAI4TmakpGSAfKJsJN831Q/UY6reyFXJ5B67v6+kSBfiIXvqKSP5EyUWWb+x0ax9K7shAZRLEmAlw95MdNlqGef113KCZZsoQTCnKpddTxDHGGpKqqPXeKpGvN1EpenCZ86aWJ0Om3YhmkJTwsM23mgjJ0fnAeyhs1yn6vCOje6hnl30ep1i6pr4Agcg1NggkvQAzegDyyAwRw8gxfwqr1pH9qn9rWMVrTiziH4M5XqN0DJsJw=</latexit><latexit sha1_base64="xMecB9hdI3Hj35piA074NU8DG14=">AAACSnicbZBNS8MwHMbTOXXOt02PXopD8DBLKjLdbeDFk0yxbrCVkabpFpa+kKTCKP0QXvUz+QH8HJ7Ei2lXRDv/EHh4fk/IP48TMSokhO9aZa26vrFZ26pv7+zu7TeaB48ijDkmFg5ZyIcOEoTRgFiSSkaGESfIdxgZOPPrjA+eCBc0DB7kIiK2j6YB9ShGUlmD+0lye2amk0YLGjAffVWYhWiBYvqTpmaM3RDHPgkkZkiIkQkjaSeIS4oZSevjWJAI4TmakpGSAfKJsJN831Q/UY6reyFXJ5B67v6+kSBfiIXvqKSP5EyUWWb+x0ax9K7shAZRLEmAlw95MdNlqGef113KCZZsoQTCnKpddTxDHGGpKqqPXeKpGvN1EpenCZ86aWJ0Om3YhmkJTwsM23mgjJ0fnAeyhs1yn6vCOje6hnl30ep1i6pr4Agcg1NggkvQAzegDyyAwRw8gxfwqr1pH9qn9rWMVrTiziH4M5XqN0DJsJw=</latexit><latexit sha1_base64="xMecB9hdI3Hj35piA074NU8DG14=">AAACSnicbZBNS8MwHMbTOXXOt02PXopD8DBLKjLdbeDFk0yxbrCVkabpFpa+kKTCKP0QXvUz+QH8HJ7Ei2lXRDv/EHh4fk/IP48TMSokhO9aZa26vrFZ26pv7+zu7TeaB48ijDkmFg5ZyIcOEoTRgFiSSkaGESfIdxgZOPPrjA+eCBc0DB7kIiK2j6YB9ShGUlmD+0lye2amk0YLGjAffVWYhWiBYvqTpmaM3RDHPgkkZkiIkQkjaSeIS4oZSevjWJAI4TmakpGSAfKJsJN831Q/UY6reyFXJ5B67v6+kSBfiIXvqKSP5EyUWWb+x0ax9K7shAZRLEmAlw95MdNlqGef113KCZZsoQTCnKpddTxDHGGpKqqPXeKpGvN1EpenCZ86aWJ0Om3YhmkJTwsM23mgjJ0fnAeyhs1yn6vCOje6hnl30ep1i6pr4Agcg1NggkvQAzegDyyAwRw8gxfwqr1pH9qn9rWMVrTiziH4M5XqN0DJsJw=</latexit>

Ri
<latexit sha1_base64="S0YVOcyvKWloepJ+lYxm/a8POog=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI2lvBi8f6EVtoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj66nfeuLaiEQ94DjlQUwHSkSCUbTS/V1P9CpVt+bOQJaJV5AqFGj2Kl/dfsKymCtkkhrT8dwUg5xqFEzySbmbGZ5SNqID3rFU0ZibIJ+dOiGnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6CrIhUoz5IrNF0WZJJiQ6d+kLzRnKMeWUKaFvZWwIdWUoU2nbEPwFl9eJv55rV7zbi+qjXqRRgmO4QTOwINLaMANNMEHBgN4hld4c6Tz4rw7H/PWFaeYOYI/cD5/AJGqjX0=</latexit><latexit sha1_base64="S0YVOcyvKWloepJ+lYxm/a8POog=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI2lvBi8f6EVtoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj66nfeuLaiEQ94DjlQUwHSkSCUbTS/V1P9CpVt+bOQJaJV5AqFGj2Kl/dfsKymCtkkhrT8dwUg5xqFEzySbmbGZ5SNqID3rFU0ZibIJ+dOiGnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6CrIhUoz5IrNF0WZJJiQ6d+kLzRnKMeWUKaFvZWwIdWUoU2nbEPwFl9eJv55rV7zbi+qjXqRRgmO4QTOwINLaMANNMEHBgN4hld4c6Tz4rw7H/PWFaeYOYI/cD5/AJGqjX0=</latexit><latexit sha1_base64="S0YVOcyvKWloepJ+lYxm/a8POog=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI2lvBi8f6EVtoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj66nfeuLaiEQ94DjlQUwHSkSCUbTS/V1P9CpVt+bOQJaJV5AqFGj2Kl/dfsKymCtkkhrT8dwUg5xqFEzySbmbGZ5SNqID3rFU0ZibIJ+dOiGnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6CrIhUoz5IrNF0WZJJiQ6d+kLzRnKMeWUKaFvZWwIdWUoU2nbEPwFl9eJv55rV7zbi+qjXqRRgmO4QTOwINLaMANNMEHBgN4hld4c6Tz4rw7H/PWFaeYOYI/cD5/AJGqjX0=</latexit><latexit sha1_base64="S0YVOcyvKWloepJ+lYxm/a8POog=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI2lvBi8f6EVtoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj66nfeuLaiEQ94DjlQUwHSkSCUbTS/V1P9CpVt+bOQJaJV5AqFGj2Kl/dfsKymCtkkhrT8dwUg5xqFEzySbmbGZ5SNqID3rFU0ZibIJ+dOiGnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6CrIhUoz5IrNF0WZJJiQ6d+kLzRnKMeWUKaFvZWwIdWUoU2nbEPwFl9eJv55rV7zbi+qjXqRRgmO4QTOwINLaMANNMEHBgN4hld4c6Tz4rw7H/PWFaeYOYI/cD5/AJGqjX0=</latexit>

T (Ri)
<latexit sha1_base64="lfBLlHTX4XC75BiQ5XQNka0r8A4=">AAAB93icbVBNS8NAFHzxs9aPRj16WSxCvZREBO2t4MVjlcYW2hA22027dLMJuxuhhv4SLx5UvPpXvPlv3LY5aOvAwjDzHm92wpQzpR3n21pb39jc2i7tlHf39g8q9uHRg0oySahHEp7IbogV5UxQTzPNaTeVFMchp51wfDPzO49UKpaItp6k1I/xULCIEayNFNiVfoz1iGCO2rX7gJ0HdtWpO3OgVeIWpAoFWoH91R8kJIup0IRjpXquk2o/x1Izwum03M8UTTEZ4yHtGSpwTJWfz4NP0ZlRBihKpHlCo7n6eyPHsVKTODSTs5hq2ZuJ/3m9TEfXfs5EmmkqyOJQlHGkEzRrAQ2YpETziSGYSGayIjLCEhNtuiqbEtzlL68S76LeqLt3l9Vmo2ijBCdwCjVw4QqacAst8IBABs/wCm/Wk/VivVsfi9E1q9g5hj+wPn8A7z+SIQ==</latexit><latexit sha1_base64="lfBLlHTX4XC75BiQ5XQNka0r8A4=">AAAB93icbVBNS8NAFHzxs9aPRj16WSxCvZREBO2t4MVjlcYW2hA22027dLMJuxuhhv4SLx5UvPpXvPlv3LY5aOvAwjDzHm92wpQzpR3n21pb39jc2i7tlHf39g8q9uHRg0oySahHEp7IbogV5UxQTzPNaTeVFMchp51wfDPzO49UKpaItp6k1I/xULCIEayNFNiVfoz1iGCO2rX7gJ0HdtWpO3OgVeIWpAoFWoH91R8kJIup0IRjpXquk2o/x1Izwum03M8UTTEZ4yHtGSpwTJWfz4NP0ZlRBihKpHlCo7n6eyPHsVKTODSTs5hq2ZuJ/3m9TEfXfs5EmmkqyOJQlHGkEzRrAQ2YpETziSGYSGayIjLCEhNtuiqbEtzlL68S76LeqLt3l9Vmo2ijBCdwCjVw4QqacAst8IBABs/wCm/Wk/VivVsfi9E1q9g5hj+wPn8A7z+SIQ==</latexit><latexit sha1_base64="lfBLlHTX4XC75BiQ5XQNka0r8A4=">AAAB93icbVBNS8NAFHzxs9aPRj16WSxCvZREBO2t4MVjlcYW2hA22027dLMJuxuhhv4SLx5UvPpXvPlv3LY5aOvAwjDzHm92wpQzpR3n21pb39jc2i7tlHf39g8q9uHRg0oySahHEp7IbogV5UxQTzPNaTeVFMchp51wfDPzO49UKpaItp6k1I/xULCIEayNFNiVfoz1iGCO2rX7gJ0HdtWpO3OgVeIWpAoFWoH91R8kJIup0IRjpXquk2o/x1Izwum03M8UTTEZ4yHtGSpwTJWfz4NP0ZlRBihKpHlCo7n6eyPHsVKTODSTs5hq2ZuJ/3m9TEfXfs5EmmkqyOJQlHGkEzRrAQ2YpETziSGYSGayIjLCEhNtuiqbEtzlL68S76LeqLt3l9Vmo2ijBCdwCjVw4QqacAst8IBABs/wCm/Wk/VivVsfi9E1q9g5hj+wPn8A7z+SIQ==</latexit><latexit sha1_base64="lfBLlHTX4XC75BiQ5XQNka0r8A4=">AAAB93icbVBNS8NAFHzxs9aPRj16WSxCvZREBO2t4MVjlcYW2hA22027dLMJuxuhhv4SLx5UvPpXvPlv3LY5aOvAwjDzHm92wpQzpR3n21pb39jc2i7tlHf39g8q9uHRg0oySahHEp7IbogV5UxQTzPNaTeVFMchp51wfDPzO49UKpaItp6k1I/xULCIEayNFNiVfoz1iGCO2rX7gJ0HdtWpO3OgVeIWpAoFWoH91R8kJIup0IRjpXquk2o/x1Izwum03M8UTTEZ4yHtGSpwTJWfz4NP0ZlRBihKpHlCo7n6eyPHsVKTODSTs5hq2ZuJ/3m9TEfXfs5EmmkqyOJQlHGkEzRrAQ2YpETziSGYSGayIjLCEhNtuiqbEtzlL68S76LeqLt3l9Vmo2ijBCdwCjVw4QqacAst8IBABs/wCm/Wk/VivVsfi9E1q9g5hj+wPn8A7z+SIQ==</latexit>

V(Ri)
<latexit sha1_base64="xm+0e2NLFdVdErFF6InSa5UFIRk=">AAAB93icbVBNS8NAFHzxs9aPRj16WSxCvZREBO2t4MVjFdMW2hA22027dLMJuxuhhv4SLx5UvPpXvPlv3LY5aOvAwjDzHm92wpQzpR3n21pb39jc2i7tlHf39g8q9uFRWyWZJNQjCU9kN8SKciaop5nmtJtKiuOQ0044vpn5nUcqFUvEg56k1I/xULCIEayNFNiVfoz1iGCO2rX7gJ0HdtWpO3OgVeIWpAoFWoH91R8kJIup0IRjpXquk2o/x1Izwum03M8UTTEZ4yHtGSpwTJWfz4NP0ZlRBihKpHlCo7n6eyPHsVKTODSTs5hq2ZuJ/3m9TEfXfs5EmmkqyOJQlHGkEzRrAQ2YpETziSGYSGayIjLCEhNtuiqbEtzlL68S76LeqLt3l9Vmo2ijBCdwCjVw4QqacAst8IBABs/wCm/Wk/VivVsfi9E1q9g5hj+wPn8A8k+SIw==</latexit><latexit sha1_base64="xm+0e2NLFdVdErFF6InSa5UFIRk=">AAAB93icbVBNS8NAFHzxs9aPRj16WSxCvZREBO2t4MVjFdMW2hA22027dLMJuxuhhv4SLx5UvPpXvPlv3LY5aOvAwjDzHm92wpQzpR3n21pb39jc2i7tlHf39g8q9uFRWyWZJNQjCU9kN8SKciaop5nmtJtKiuOQ0044vpn5nUcqFUvEg56k1I/xULCIEayNFNiVfoz1iGCO2rX7gJ0HdtWpO3OgVeIWpAoFWoH91R8kJIup0IRjpXquk2o/x1Izwum03M8UTTEZ4yHtGSpwTJWfz4NP0ZlRBihKpHlCo7n6eyPHsVKTODSTs5hq2ZuJ/3m9TEfXfs5EmmkqyOJQlHGkEzRrAQ2YpETziSGYSGayIjLCEhNtuiqbEtzlL68S76LeqLt3l9Vmo2ijBCdwCjVw4QqacAst8IBABs/wCm/Wk/VivVsfi9E1q9g5hj+wPn8A8k+SIw==</latexit><latexit sha1_base64="xm+0e2NLFdVdErFF6InSa5UFIRk=">AAAB93icbVBNS8NAFHzxs9aPRj16WSxCvZREBO2t4MVjFdMW2hA22027dLMJuxuhhv4SLx5UvPpXvPlv3LY5aOvAwjDzHm92wpQzpR3n21pb39jc2i7tlHf39g8q9uFRWyWZJNQjCU9kN8SKciaop5nmtJtKiuOQ0044vpn5nUcqFUvEg56k1I/xULCIEayNFNiVfoz1iGCO2rX7gJ0HdtWpO3OgVeIWpAoFWoH91R8kJIup0IRjpXquk2o/x1Izwum03M8UTTEZ4yHtGSpwTJWfz4NP0ZlRBihKpHlCo7n6eyPHsVKTODSTs5hq2ZuJ/3m9TEfXfs5EmmkqyOJQlHGkEzRrAQ2YpETziSGYSGayIjLCEhNtuiqbEtzlL68S76LeqLt3l9Vmo2ijBCdwCjVw4QqacAst8IBABs/wCm/Wk/VivVsfi9E1q9g5hj+wPn8A8k+SIw==</latexit><latexit sha1_base64="xm+0e2NLFdVdErFF6InSa5UFIRk=">AAAB93icbVBNS8NAFHzxs9aPRj16WSxCvZREBO2t4MVjFdMW2hA22027dLMJuxuhhv4SLx5UvPpXvPlv3LY5aOvAwjDzHm92wpQzpR3n21pb39jc2i7tlHf39g8q9uFRWyWZJNQjCU9kN8SKciaop5nmtJtKiuOQ0044vpn5nUcqFUvEg56k1I/xULCIEayNFNiVfoz1iGCO2rX7gJ0HdtWpO3OgVeIWpAoFWoH91R8kJIup0IRjpXquk2o/x1Izwum03M8UTTEZ4yHtGSpwTJWfz4NP0ZlRBihKpHlCo7n6eyPHsVKTODSTs5hq2ZuJ/3m9TEfXfs5EmmkqyOJQlHGkEzRrAQ2YpETziSGYSGayIjLCEhNtuiqbEtzlL68S76LeqLt3l9Vmo2ijBCdwCjVw4QqacAst8IBABs/wCm/Wk/VivVsfi9E1q9g5hj+wPn8A8k+SIw==</latexit>

Ri
<latexit sha1_base64="S0YVOcyvKWloepJ+lYxm/a8POog=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI2lvBi8f6EVtoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj66nfeuLaiEQ94DjlQUwHSkSCUbTS/V1P9CpVt+bOQJaJV5AqFGj2Kl/dfsKymCtkkhrT8dwUg5xqFEzySbmbGZ5SNqID3rFU0ZibIJ+dOiGnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6CrIhUoz5IrNF0WZJJiQ6d+kLzRnKMeWUKaFvZWwIdWUoU2nbEPwFl9eJv55rV7zbi+qjXqRRgmO4QTOwINLaMANNMEHBgN4hld4c6Tz4rw7H/PWFaeYOYI/cD5/AJGqjX0=</latexit><latexit sha1_base64="S0YVOcyvKWloepJ+lYxm/a8POog=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI2lvBi8f6EVtoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj66nfeuLaiEQ94DjlQUwHSkSCUbTS/V1P9CpVt+bOQJaJV5AqFGj2Kl/dfsKymCtkkhrT8dwUg5xqFEzySbmbGZ5SNqID3rFU0ZibIJ+dOiGnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6CrIhUoz5IrNF0WZJJiQ6d+kLzRnKMeWUKaFvZWwIdWUoU2nbEPwFl9eJv55rV7zbi+qjXqRRgmO4QTOwINLaMANNMEHBgN4hld4c6Tz4rw7H/PWFaeYOYI/cD5/AJGqjX0=</latexit><latexit sha1_base64="S0YVOcyvKWloepJ+lYxm/a8POog=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI2lvBi8f6EVtoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj66nfeuLaiEQ94DjlQUwHSkSCUbTS/V1P9CpVt+bOQJaJV5AqFGj2Kl/dfsKymCtkkhrT8dwUg5xqFEzySbmbGZ5SNqID3rFU0ZibIJ+dOiGnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6CrIhUoz5IrNF0WZJJiQ6d+kLzRnKMeWUKaFvZWwIdWUoU2nbEPwFl9eJv55rV7zbi+qjXqRRgmO4QTOwINLaMANNMEHBgN4hld4c6Tz4rw7H/PWFaeYOYI/cD5/AJGqjX0=</latexit><latexit sha1_base64="S0YVOcyvKWloepJ+lYxm/a8POog=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI2lvBi8f6EVtoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj66nfeuLaiEQ94DjlQUwHSkSCUbTS/V1P9CpVt+bOQJaJV5AqFGj2Kl/dfsKymCtkkhrT8dwUg5xqFEzySbmbGZ5SNqID3rFU0ZibIJ+dOiGnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6CrIhUoz5IrNF0WZJJiQ6d+kLzRnKMeWUKaFvZWwIdWUoU2nbEPwFl9eJv55rV7zbi+qjXqRRgmO4QTOwINLaMANNMEHBgN4hld4c6Tz4rw7H/PWFaeYOYI/cD5/AJGqjX0=</latexit>

� =

s
(2�D)V(Ri)

DV(Ri)
<latexit sha1_base64="FFYyFiHl/UzQMrqQazBIXG+gx0s=">AAACJ3icbVDLSsNAFJ34rPUVdelmsAjtwpIUQbsQC3bhsoppC00pk8mkHTqZxJmJUEI+x42/4kZERZf+idPHQlsPDBzOOZe593gxo1JZ1pextLyyurae28hvbm3v7Jp7+00ZJQITB0csEm0PScIoJ46iipF2LAgKPUZa3vBq7LceiJA04ndqFJNuiPqcBhQjpaWeeekyHfYRvICuvBcqdQOBcFqsnNRLbojUACMGm8XbHi1laR3OS1nPLFhlawK4SOwZKYAZGj3z1fUjnISEK8yQlB3bilU3RUJRzEiWdxNJYoSHqE86mnIUEtlNJ4dm8FgrPgwioR9XcKL+nkhRKOUo9HRyvKic98bif14nUcF5N6U8ThThePpRkDCoIjhuDfpUEKzYSBOEBdW7QjxAuimlu83rEuz5kxeJUylXy/bNaaFWnbWRA4fgCBSBDc5ADVyDBnAABo/gGbyBd+PJeDE+jM9pdMmYzRyAPzC+fwCtrKSy</latexit><latexit sha1_base64="FFYyFiHl/UzQMrqQazBIXG+gx0s=">AAACJ3icbVDLSsNAFJ34rPUVdelmsAjtwpIUQbsQC3bhsoppC00pk8mkHTqZxJmJUEI+x42/4kZERZf+idPHQlsPDBzOOZe593gxo1JZ1pextLyyurae28hvbm3v7Jp7+00ZJQITB0csEm0PScIoJ46iipF2LAgKPUZa3vBq7LceiJA04ndqFJNuiPqcBhQjpaWeeekyHfYRvICuvBcqdQOBcFqsnNRLbojUACMGm8XbHi1laR3OS1nPLFhlawK4SOwZKYAZGj3z1fUjnISEK8yQlB3bilU3RUJRzEiWdxNJYoSHqE86mnIUEtlNJ4dm8FgrPgwioR9XcKL+nkhRKOUo9HRyvKic98bif14nUcF5N6U8ThThePpRkDCoIjhuDfpUEKzYSBOEBdW7QjxAuimlu83rEuz5kxeJUylXy/bNaaFWnbWRA4fgCBSBDc5ADVyDBnAABo/gGbyBd+PJeDE+jM9pdMmYzRyAPzC+fwCtrKSy</latexit><latexit sha1_base64="FFYyFiHl/UzQMrqQazBIXG+gx0s=">AAACJ3icbVDLSsNAFJ34rPUVdelmsAjtwpIUQbsQC3bhsoppC00pk8mkHTqZxJmJUEI+x42/4kZERZf+idPHQlsPDBzOOZe593gxo1JZ1pextLyyurae28hvbm3v7Jp7+00ZJQITB0csEm0PScIoJ46iipF2LAgKPUZa3vBq7LceiJA04ndqFJNuiPqcBhQjpaWeeekyHfYRvICuvBcqdQOBcFqsnNRLbojUACMGm8XbHi1laR3OS1nPLFhlawK4SOwZKYAZGj3z1fUjnISEK8yQlB3bilU3RUJRzEiWdxNJYoSHqE86mnIUEtlNJ4dm8FgrPgwioR9XcKL+nkhRKOUo9HRyvKic98bif14nUcF5N6U8ThThePpRkDCoIjhuDfpUEKzYSBOEBdW7QjxAuimlu83rEuz5kxeJUylXy/bNaaFWnbWRA4fgCBSBDc5ADVyDBnAABo/gGbyBd+PJeDE+jM9pdMmYzRyAPzC+fwCtrKSy</latexit><latexit sha1_base64="FFYyFiHl/UzQMrqQazBIXG+gx0s=">AAACJ3icbVDLSsNAFJ34rPUVdelmsAjtwpIUQbsQC3bhsoppC00pk8mkHTqZxJmJUEI+x42/4kZERZf+idPHQlsPDBzOOZe593gxo1JZ1pextLyyurae28hvbm3v7Jp7+00ZJQITB0csEm0PScIoJ46iipF2LAgKPUZa3vBq7LceiJA04ndqFJNuiPqcBhQjpaWeeekyHfYRvICuvBcqdQOBcFqsnNRLbojUACMGm8XbHi1laR3OS1nPLFhlawK4SOwZKYAZGj3z1fUjnISEK8yQlB3bilU3RUJRzEiWdxNJYoSHqE86mnIUEtlNJ4dm8FgrPgwioR9XcKL+nkhRKOUo9HRyvKic98bif14nUcF5N6U8ThThePpRkDCoIjhuDfpUEKzYSBOEBdW7QjxAuimlu83rEuz5kxeJUylXy/bNaaFWnbWRA4fgCBSBDc5ADVyDBnAABo/gGbyBd+PJeDE+jM9pdMmYzRyAPzC+fwCtrKSy</latexit>

retrieve         from'0
<latexit sha1_base64="CQdanQZxrwtRu83+f1ReT4lLf+Q=">AAACTHicbZBNS8MwHMbTqXPOt02PXopD8DBKKjLdbeDF4wSrk7WMNE27sPSFJB2M0k/hVT+TZz+IJxHMuiLa+YfAw/N7Qv553IRRISF812obm1v17cZOc3dv/+Cw1T56EHHKMbFwzGI+cpEgjEbEklQyMko4QaHLyKM7u1nyxznhgsbRvVwkxAlREFGfYiSV9WTPEU+mdAInrQ40YDH6ujBL0QHlDCdtzbC9GKchiSRmSIixCRPpZIhLihnJm3YqSILwDAVkrGSEQiKcrNg418+U4+l+zNWJpF64v29kKBRiEboqGSI5FVW2NP9j41T6105GoySVJMKrh/yU6TLWl9/XPcoJlmyhBMKcql11PEUcYalKatoe8VWRxTqZx/OMB26eGb1eF3ZhXsFBiWG3CFSx+4OLQK4aNqt9rgvrwugb5t1lZ9Avq26AE3AKzoEJrsAA3IIhsAAGIXgGL+BVe9M+tE/taxWtaeWdY/BnavVvrxyx0A==</latexit><latexit sha1_base64="CQdanQZxrwtRu83+f1ReT4lLf+Q=">AAACTHicbZBNS8MwHMbTqXPOt02PXopD8DBKKjLdbeDF4wSrk7WMNE27sPSFJB2M0k/hVT+TZz+IJxHMuiLa+YfAw/N7Qv553IRRISF812obm1v17cZOc3dv/+Cw1T56EHHKMbFwzGI+cpEgjEbEklQyMko4QaHLyKM7u1nyxznhgsbRvVwkxAlREFGfYiSV9WTPEU+mdAInrQ40YDH6ujBL0QHlDCdtzbC9GKchiSRmSIixCRPpZIhLihnJm3YqSILwDAVkrGSEQiKcrNg418+U4+l+zNWJpF64v29kKBRiEboqGSI5FVW2NP9j41T6105GoySVJMKrh/yU6TLWl9/XPcoJlmyhBMKcql11PEUcYalKatoe8VWRxTqZx/OMB26eGb1eF3ZhXsFBiWG3CFSx+4OLQK4aNqt9rgvrwugb5t1lZ9Avq26AE3AKzoEJrsAA3IIhsAAGIXgGL+BVe9M+tE/taxWtaeWdY/BnavVvrxyx0A==</latexit><latexit sha1_base64="CQdanQZxrwtRu83+f1ReT4lLf+Q=">AAACTHicbZBNS8MwHMbTqXPOt02PXopD8DBKKjLdbeDF4wSrk7WMNE27sPSFJB2M0k/hVT+TZz+IJxHMuiLa+YfAw/N7Qv553IRRISF812obm1v17cZOc3dv/+Cw1T56EHHKMbFwzGI+cpEgjEbEklQyMko4QaHLyKM7u1nyxznhgsbRvVwkxAlREFGfYiSV9WTPEU+mdAInrQ40YDH6ujBL0QHlDCdtzbC9GKchiSRmSIixCRPpZIhLihnJm3YqSILwDAVkrGSEQiKcrNg418+U4+l+zNWJpF64v29kKBRiEboqGSI5FVW2NP9j41T6105GoySVJMKrh/yU6TLWl9/XPcoJlmyhBMKcql11PEUcYalKatoe8VWRxTqZx/OMB26eGb1eF3ZhXsFBiWG3CFSx+4OLQK4aNqt9rgvrwugb5t1lZ9Avq26AE3AKzoEJrsAA3IIhsAAGIXgGL+BVe9M+tE/taxWtaeWdY/BnavVvrxyx0A==</latexit><latexit sha1_base64="CQdanQZxrwtRu83+f1ReT4lLf+Q=">AAACTHicbZBNS8MwHMbTqXPOt02PXopD8DBKKjLdbeDF4wSrk7WMNE27sPSFJB2M0k/hVT+TZz+IJxHMuiLa+YfAw/N7Qv553IRRISF812obm1v17cZOc3dv/+Cw1T56EHHKMbFwzGI+cpEgjEbEklQyMko4QaHLyKM7u1nyxznhgsbRvVwkxAlREFGfYiSV9WTPEU+mdAInrQ40YDH6ujBL0QHlDCdtzbC9GKchiSRmSIixCRPpZIhLihnJm3YqSILwDAVkrGSEQiKcrNg418+U4+l+zNWJpF64v29kKBRiEboqGSI5FVW2NP9j41T6105GoySVJMKrh/yU6TLWl9/XPcoJlmyhBMKcql11PEUcYalKatoe8VWRxTqZx/OMB26eGb1eF3ZhXsFBiWG3CFSx+4OLQK4aNqt9rgvrwugb5t1lZ9Avq26AE3AKzoEJrsAA3IIhsAAGIXgGL+BVe9M+tE/taxWtaeWdY/BnavVvrxyx0A==</latexit>
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Rescaling converged to permille level

~200 bounces 
in 2 secs

failing for small
radii, expansion

thin wall = fast

Rescaling

R0
<latexit sha1_base64="XZHpN0BTPJw6Gkyud4OnvzWku/k=">AAACRnicbZDLSgMxGIX/qbdab60u3QwWwUUZMiLV7gpuXNZLbaEtJZPJTEMzF5KMUIZ5BLf6TD6CT+FK3JpOB9HWHwKH852QP8eJOZMKoXejtLa+sblV3q7s7O7tH1Rrh48ySgShXRLxSPQdLClnIe0qpjjtx4LiwOG050yv57z3RIVkUfigZjEdBdgPmccIVtq6vxujcbWOLJSPuSrsQtShmM64ZlhDNyJJQENFOJZyYKNYjVIsFCOcZpVhImmMyRT7dKBliAMqR2m+a2aeasc1vUjoEyozd3/fSHEg5SxwdDLAaiKX2dz8jw0S5V2NUhbGiaIhWTzkJdxUkTn/uOkyQYniMy0wEUzvapIJFpgoXU9l6FJPV5ivk7oiS4XvZKnVbDZQA2VL2C8wauSBZez84DyQ6Ybt5T5XRffcaln27UW93SqqLsMxnMAZ2HAJbbiBDnSBgA/P8AKvxpvxYXwaX4toySjuHMGfKcE368yvAA==</latexit><latexit sha1_base64="XZHpN0BTPJw6Gkyud4OnvzWku/k=">AAACRnicbZDLSgMxGIX/qbdab60u3QwWwUUZMiLV7gpuXNZLbaEtJZPJTEMzF5KMUIZ5BLf6TD6CT+FK3JpOB9HWHwKH852QP8eJOZMKoXejtLa+sblV3q7s7O7tH1Rrh48ySgShXRLxSPQdLClnIe0qpjjtx4LiwOG050yv57z3RIVkUfigZjEdBdgPmccIVtq6vxujcbWOLJSPuSrsQtShmM64ZlhDNyJJQENFOJZyYKNYjVIsFCOcZpVhImmMyRT7dKBliAMqR2m+a2aeasc1vUjoEyozd3/fSHEg5SxwdDLAaiKX2dz8jw0S5V2NUhbGiaIhWTzkJdxUkTn/uOkyQYniMy0wEUzvapIJFpgoXU9l6FJPV5ivk7oiS4XvZKnVbDZQA2VL2C8wauSBZez84DyQ6Ybt5T5XRffcaln27UW93SqqLsMxnMAZ2HAJbbiBDnSBgA/P8AKvxpvxYXwaX4toySjuHMGfKcE368yvAA==</latexit><latexit sha1_base64="XZHpN0BTPJw6Gkyud4OnvzWku/k=">AAACRnicbZDLSgMxGIX/qbdab60u3QwWwUUZMiLV7gpuXNZLbaEtJZPJTEMzF5KMUIZ5BLf6TD6CT+FK3JpOB9HWHwKH852QP8eJOZMKoXejtLa+sblV3q7s7O7tH1Rrh48ySgShXRLxSPQdLClnIe0qpjjtx4LiwOG050yv57z3RIVkUfigZjEdBdgPmccIVtq6vxujcbWOLJSPuSrsQtShmM64ZlhDNyJJQENFOJZyYKNYjVIsFCOcZpVhImmMyRT7dKBliAMqR2m+a2aeasc1vUjoEyozd3/fSHEg5SxwdDLAaiKX2dz8jw0S5V2NUhbGiaIhWTzkJdxUkTn/uOkyQYniMy0wEUzvapIJFpgoXU9l6FJPV5ivk7oiS4XvZKnVbDZQA2VL2C8wauSBZez84DyQ6Ybt5T5XRffcaln27UW93SqqLsMxnMAZ2HAJbbiBDnSBgA/P8AKvxpvxYXwaX4toySjuHMGfKcE368yvAA==</latexit><latexit sha1_base64="XZHpN0BTPJw6Gkyud4OnvzWku/k=">AAACRnicbZDLSgMxGIX/qbdab60u3QwWwUUZMiLV7gpuXNZLbaEtJZPJTEMzF5KMUIZ5BLf6TD6CT+FK3JpOB9HWHwKH852QP8eJOZMKoXejtLa+sblV3q7s7O7tH1Rrh48ySgShXRLxSPQdLClnIe0qpjjtx4LiwOG050yv57z3RIVkUfigZjEdBdgPmccIVtq6vxujcbWOLJSPuSrsQtShmM64ZlhDNyJJQENFOJZyYKNYjVIsFCOcZpVhImmMyRT7dKBliAMqR2m+a2aeasc1vUjoEyozd3/fSHEg5SxwdDLAaiKX2dz8jw0S5V2NUhbGiaIhWTzkJdxUkTn/uOkyQYniMy0wEUzvapIJFpgoXU9l6FJPV5ivk7oiS4XvZKnVbDZQA2VL2C8wauSBZez84DyQ6Ybt5T5XRffcaln27UW93SqqLsMxnMAZ2HAJbbiBDnSBgA/P8AKvxpvxYXwaX4toySjuHMGfKcE368yvAA==</latexit>

R1<latexit sha1_base64="aoXexCFGCCQr2c0VFSwYOCOHzPE=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlLtruDGZb3EFtpSJpNJOnRyYWYilJBHcKvP5CP4FK7ErdM0iKb+MHA43xnmn+PEjAppmu9aZW19Y3Orul3b2d3bP6g3Dh9FlHBMbByxiA8cJAijIbEllYwMYk5Q4DDSd2bXC95/IlzQKHyQ85iMA+SH1KMYSWXd302sSb1pGmY++qqwCtGEYnqThmaM3AgnAQklZkiIoWXGcpwiLilmJKuNEkFihGfIJ0MlQxQQMU7zXTP9VDmu7kVcnVDqufv7RooCIeaBo5IBklNRZgvzPzZMpHc1TmkYJ5KEePmQlzBdRvri47pLOcGSzZVAmFO1q46niCMsVT21kUs8VWG+TuryLOW+k6VGu90yW2ZWwn6BzVYeKGPnB+eBTDVslftcFfa50TGs24tmt1NUXYVjOIEzsOASunADPbABgw/P8AKv2pv2oX1qX8toRSvuHMGfqcA37ayvAQ==</latexit><latexit sha1_base64="aoXexCFGCCQr2c0VFSwYOCOHzPE=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlLtruDGZb3EFtpSJpNJOnRyYWYilJBHcKvP5CP4FK7ErdM0iKb+MHA43xnmn+PEjAppmu9aZW19Y3Orul3b2d3bP6g3Dh9FlHBMbByxiA8cJAijIbEllYwMYk5Q4DDSd2bXC95/IlzQKHyQ85iMA+SH1KMYSWXd302sSb1pGmY++qqwCtGEYnqThmaM3AgnAQklZkiIoWXGcpwiLilmJKuNEkFihGfIJ0MlQxQQMU7zXTP9VDmu7kVcnVDqufv7RooCIeaBo5IBklNRZgvzPzZMpHc1TmkYJ5KEePmQlzBdRvri47pLOcGSzZVAmFO1q46niCMsVT21kUs8VWG+TuryLOW+k6VGu90yW2ZWwn6BzVYeKGPnB+eBTDVslftcFfa50TGs24tmt1NUXYVjOIEzsOASunADPbABgw/P8AKv2pv2oX1qX8toRSvuHMGfqcA37ayvAQ==</latexit><latexit sha1_base64="aoXexCFGCCQr2c0VFSwYOCOHzPE=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlLtruDGZb3EFtpSJpNJOnRyYWYilJBHcKvP5CP4FK7ErdM0iKb+MHA43xnmn+PEjAppmu9aZW19Y3Orul3b2d3bP6g3Dh9FlHBMbByxiA8cJAijIbEllYwMYk5Q4DDSd2bXC95/IlzQKHyQ85iMA+SH1KMYSWXd302sSb1pGmY++qqwCtGEYnqThmaM3AgnAQklZkiIoWXGcpwiLilmJKuNEkFihGfIJ0MlQxQQMU7zXTP9VDmu7kVcnVDqufv7RooCIeaBo5IBklNRZgvzPzZMpHc1TmkYJ5KEePmQlzBdRvri47pLOcGSzZVAmFO1q46niCMsVT21kUs8VWG+TuryLOW+k6VGu90yW2ZWwn6BzVYeKGPnB+eBTDVslftcFfa50TGs24tmt1NUXYVjOIEzsOASunADPbABgw/P8AKv2pv2oX1qX8toRSvuHMGfqcA37ayvAQ==</latexit><latexit sha1_base64="aoXexCFGCCQr2c0VFSwYOCOHzPE=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlLtruDGZb3EFtpSJpNJOnRyYWYilJBHcKvP5CP4FK7ErdM0iKb+MHA43xnmn+PEjAppmu9aZW19Y3Orul3b2d3bP6g3Dh9FlHBMbByxiA8cJAijIbEllYwMYk5Q4DDSd2bXC95/IlzQKHyQ85iMA+SH1KMYSWXd302sSb1pGmY++qqwCtGEYnqThmaM3AgnAQklZkiIoWXGcpwiLilmJKuNEkFihGfIJ0MlQxQQMU7zXTP9VDmu7kVcnVDqufv7RooCIeaBo5IBklNRZgvzPzZMpHc1TmkYJ5KEePmQlzBdRvri47pLOcGSzZVAmFO1q46niCMsVT21kUs8VWG+TuryLOW+k6VGu90yW2ZWwn6BzVYeKGPnB+eBTDVslftcFfa50TGs24tmt1NUXYVjOIEzsOASunADPbABgw/P8AKv2pv2oX1qX8toRSvuHMGfqcA37ayvAQ==</latexit>

R2<latexit sha1_base64="5qNSuYxwbpare5RL8FcaiG7sfGY=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlLtruDGZb3EFtpSJpNJOnRyYWYilJBHcKvP5CP4FK7ErdM0iKb+MHA43xnmn+PEjAppmu9aZW19Y3Orul3b2d3bP6g3Dh9FlHBMbByxiA8cJAijIbEllYwMYk5Q4DDSd2bXC95/IlzQKHyQ85iMA+SH1KMYSWXd303OJ/WmaZj56KvCKkQTiulNGpoxciOcBCSUmCEhhpYZy3GKuKSYkaw2SgSJEZ4hnwyVDFFAxDjNd830U+W4uhdxdUKp5+7vGykKhJgHjkoGSE5FmS3M/9gwkd7VOKVhnEgS4uVDXsJ0GemLj+su5QRLNlcCYU7VrjqeIo6wVPXURi7xVIX5OqnLs5T7TpYa7XbLbJlZCfsFNlt5oIydH5wHMtWwVe5zVdjnRsewbi+a3U5RdRWO4QTOwIJL6MIN9MAGDD48wwu8am/ah/apfS2jFa24cwR/pgLf74yvAg==</latexit><latexit sha1_base64="5qNSuYxwbpare5RL8FcaiG7sfGY=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlLtruDGZb3EFtpSJpNJOnRyYWYilJBHcKvP5CP4FK7ErdM0iKb+MHA43xnmn+PEjAppmu9aZW19Y3Orul3b2d3bP6g3Dh9FlHBMbByxiA8cJAijIbEllYwMYk5Q4DDSd2bXC95/IlzQKHyQ85iMA+SH1KMYSWXd303OJ/WmaZj56KvCKkQTiulNGpoxciOcBCSUmCEhhpYZy3GKuKSYkaw2SgSJEZ4hnwyVDFFAxDjNd830U+W4uhdxdUKp5+7vGykKhJgHjkoGSE5FmS3M/9gwkd7VOKVhnEgS4uVDXsJ0GemLj+su5QRLNlcCYU7VrjqeIo6wVPXURi7xVIX5OqnLs5T7TpYa7XbLbJlZCfsFNlt5oIydH5wHMtWwVe5zVdjnRsewbi+a3U5RdRWO4QTOwIJL6MIN9MAGDD48wwu8am/ah/apfS2jFa24cwR/pgLf74yvAg==</latexit><latexit sha1_base64="5qNSuYxwbpare5RL8FcaiG7sfGY=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlLtruDGZb3EFtpSJpNJOnRyYWYilJBHcKvP5CP4FK7ErdM0iKb+MHA43xnmn+PEjAppmu9aZW19Y3Orul3b2d3bP6g3Dh9FlHBMbByxiA8cJAijIbEllYwMYk5Q4DDSd2bXC95/IlzQKHyQ85iMA+SH1KMYSWXd303OJ/WmaZj56KvCKkQTiulNGpoxciOcBCSUmCEhhpYZy3GKuKSYkaw2SgSJEZ4hnwyVDFFAxDjNd830U+W4uhdxdUKp5+7vGykKhJgHjkoGSE5FmS3M/9gwkd7VOKVhnEgS4uVDXsJ0GemLj+su5QRLNlcCYU7VrjqeIo6wVPXURi7xVIX5OqnLs5T7TpYa7XbLbJlZCfsFNlt5oIydH5wHMtWwVe5zVdjnRsewbi+a3U5RdRWO4QTOwIJL6MIN9MAGDD48wwu8am/ah/apfS2jFa24cwR/pgLf74yvAg==</latexit><latexit sha1_base64="5qNSuYxwbpare5RL8FcaiG7sfGY=">AAACRnicbZDLSsNAGIX/1Futt1aXboJFcFFCIlLtruDGZb3EFtpSJpNJOnRyYWYilJBHcKvP5CP4FK7ErdM0iKb+MHA43xnmn+PEjAppmu9aZW19Y3Orul3b2d3bP6g3Dh9FlHBMbByxiA8cJAijIbEllYwMYk5Q4DDSd2bXC95/IlzQKHyQ85iMA+SH1KMYSWXd303OJ/WmaZj56KvCKkQTiulNGpoxciOcBCSUmCEhhpYZy3GKuKSYkaw2SgSJEZ4hnwyVDFFAxDjNd830U+W4uhdxdUKp5+7vGykKhJgHjkoGSE5FmS3M/9gwkd7VOKVhnEgS4uVDXsJ0GemLj+su5QRLNlcCYU7VrjqeIo6wVPXURi7xVIX5OqnLs5T7TpYa7XbLbJlZCfsFNlt5oIydH5wHMtWwVe5zVdjnRsewbi+a3U5RdRWO4QTOwIJL6MIN9MAGDD48wwu8am/ah/apfS2jFa24cwR/pgLf74yvAg==</latexit>

RN�1<latexit sha1_base64="xMecB9hdI3Hj35piA074NU8DG14=">AAACSnicbZBNS8MwHMbTOXXOt02PXopD8DBLKjLdbeDFk0yxbrCVkabpFpa+kKTCKP0QXvUz+QH8HJ7Ei2lXRDv/EHh4fk/IP48TMSokhO9aZa26vrFZ26pv7+zu7TeaB48ijDkmFg5ZyIcOEoTRgFiSSkaGESfIdxgZOPPrjA+eCBc0DB7kIiK2j6YB9ShGUlmD+0lye2amk0YLGjAffVWYhWiBYvqTpmaM3RDHPgkkZkiIkQkjaSeIS4oZSevjWJAI4TmakpGSAfKJsJN831Q/UY6reyFXJ5B67v6+kSBfiIXvqKSP5EyUWWb+x0ax9K7shAZRLEmAlw95MdNlqGef113KCZZsoQTCnKpddTxDHGGpKqqPXeKpGvN1EpenCZ86aWJ0Om3YhmkJTwsM23mgjJ0fnAeyhs1yn6vCOje6hnl30ep1i6pr4Agcg1NggkvQAzegDyyAwRw8gxfwqr1pH9qn9rWMVrTiziH4M5XqN0DJsJw=</latexit><latexit sha1_base64="xMecB9hdI3Hj35piA074NU8DG14=">AAACSnicbZBNS8MwHMbTOXXOt02PXopD8DBLKjLdbeDFk0yxbrCVkabpFpa+kKTCKP0QXvUz+QH8HJ7Ei2lXRDv/EHh4fk/IP48TMSokhO9aZa26vrFZ26pv7+zu7TeaB48ijDkmFg5ZyIcOEoTRgFiSSkaGESfIdxgZOPPrjA+eCBc0DB7kIiK2j6YB9ShGUlmD+0lye2amk0YLGjAffVWYhWiBYvqTpmaM3RDHPgkkZkiIkQkjaSeIS4oZSevjWJAI4TmakpGSAfKJsJN831Q/UY6reyFXJ5B67v6+kSBfiIXvqKSP5EyUWWb+x0ax9K7shAZRLEmAlw95MdNlqGef113KCZZsoQTCnKpddTxDHGGpKqqPXeKpGvN1EpenCZ86aWJ0Om3YhmkJTwsM23mgjJ0fnAeyhs1yn6vCOje6hnl30ep1i6pr4Agcg1NggkvQAzegDyyAwRw8gxfwqr1pH9qn9rWMVrTiziH4M5XqN0DJsJw=</latexit><latexit sha1_base64="xMecB9hdI3Hj35piA074NU8DG14=">AAACSnicbZBNS8MwHMbTOXXOt02PXopD8DBLKjLdbeDFk0yxbrCVkabpFpa+kKTCKP0QXvUz+QH8HJ7Ei2lXRDv/EHh4fk/IP48TMSokhO9aZa26vrFZ26pv7+zu7TeaB48ijDkmFg5ZyIcOEoTRgFiSSkaGESfIdxgZOPPrjA+eCBc0DB7kIiK2j6YB9ShGUlmD+0lye2amk0YLGjAffVWYhWiBYvqTpmaM3RDHPgkkZkiIkQkjaSeIS4oZSevjWJAI4TmakpGSAfKJsJN831Q/UY6reyFXJ5B67v6+kSBfiIXvqKSP5EyUWWb+x0ax9K7shAZRLEmAlw95MdNlqGef113KCZZsoQTCnKpddTxDHGGpKqqPXeKpGvN1EpenCZ86aWJ0Om3YhmkJTwsM23mgjJ0fnAeyhs1yn6vCOje6hnl30ep1i6pr4Agcg1NggkvQAzegDyyAwRw8gxfwqr1pH9qn9rWMVrTiziH4M5XqN0DJsJw=</latexit><latexit sha1_base64="xMecB9hdI3Hj35piA074NU8DG14=">AAACSnicbZBNS8MwHMbTOXXOt02PXopD8DBLKjLdbeDFk0yxbrCVkabpFpa+kKTCKP0QXvUz+QH8HJ7Ei2lXRDv/EHh4fk/IP48TMSokhO9aZa26vrFZ26pv7+zu7TeaB48ijDkmFg5ZyIcOEoTRgFiSSkaGESfIdxgZOPPrjA+eCBc0DB7kIiK2j6YB9ShGUlmD+0lye2amk0YLGjAffVWYhWiBYvqTpmaM3RDHPgkkZkiIkQkjaSeIS4oZSevjWJAI4TmakpGSAfKJsJN831Q/UY6reyFXJ5B67v6+kSBfiIXvqKSP5EyUWWb+x0ax9K7shAZRLEmAlw95MdNlqGef113KCZZsoQTCnKpddTxDHGGpKqqPXeKpGvN1EpenCZ86aWJ0Om3YhmkJTwsM23mgjJ0fnAeyhs1yn6vCOje6hnl30ep1i6pr4Agcg1NggkvQAzegDyyAwRw8gxfwqr1pH9qn9rWMVrTiziH4M5XqN0DJsJw=</latexit>

. . .
<latexit sha1_base64="IS4nriWk9hTt3C5Fw+NwfNlzm64=">AAACSXicbZBNS8MwHMbTzZc53zY9eikOwcMorch0t4EXjxPsNljLSNO0i6ZNSVJhlH4Hr/qZ/AJ+DU/iyawrop1/CDw8vyfkn8dLKBHSNN+1Wn1jc2u7sdPc3ds/OGy1j0aCpRxhGzHK+MSDAlMSY1sSSfEk4RhGHsVj7/FmycdPmAvC4nu5SLAbwTAmAUFQKmvkUJ9JMWt1TMMsRl8XVik6oJzhrK0Zjs9QGuFYIgqFmFpmIt0MckkQxXnTSQVOIHqEIZ4qGcMICzcr1s31M+X4esC4OrHUC/f3jQxGQiwiTyUjKOeiypbmf2yayuDazUicpBLHaPVQkFJdMn35d90nHCNJF0pAxInaVUdzyCGSqqGm4+NAtVisk/k8z3jo5ZnR63XNrplXcFhis1sEqtj7wUUgVw1b1T7XhX1h9A3r7rIz6JdVN8AJOAXnwAJXYABuwRDYAIEH8AxewKv2pn1on9rXKlrTyjvH4M/U6t9usbC/</latexit><latexit sha1_base64="IS4nriWk9hTt3C5Fw+NwfNlzm64=">AAACSXicbZBNS8MwHMbTzZc53zY9eikOwcMorch0t4EXjxPsNljLSNO0i6ZNSVJhlH4Hr/qZ/AJ+DU/iyawrop1/CDw8vyfkn8dLKBHSNN+1Wn1jc2u7sdPc3ds/OGy1j0aCpRxhGzHK+MSDAlMSY1sSSfEk4RhGHsVj7/FmycdPmAvC4nu5SLAbwTAmAUFQKmvkUJ9JMWt1TMMsRl8XVik6oJzhrK0Zjs9QGuFYIgqFmFpmIt0MckkQxXnTSQVOIHqEIZ4qGcMICzcr1s31M+X4esC4OrHUC/f3jQxGQiwiTyUjKOeiypbmf2yayuDazUicpBLHaPVQkFJdMn35d90nHCNJF0pAxInaVUdzyCGSqqGm4+NAtVisk/k8z3jo5ZnR63XNrplXcFhis1sEqtj7wUUgVw1b1T7XhX1h9A3r7rIz6JdVN8AJOAXnwAJXYABuwRDYAIEH8AxewKv2pn1on9rXKlrTyjvH4M/U6t9usbC/</latexit><latexit sha1_base64="IS4nriWk9hTt3C5Fw+NwfNlzm64=">AAACSXicbZBNS8MwHMbTzZc53zY9eikOwcMorch0t4EXjxPsNljLSNO0i6ZNSVJhlH4Hr/qZ/AJ+DU/iyawrop1/CDw8vyfkn8dLKBHSNN+1Wn1jc2u7sdPc3ds/OGy1j0aCpRxhGzHK+MSDAlMSY1sSSfEk4RhGHsVj7/FmycdPmAvC4nu5SLAbwTAmAUFQKmvkUJ9JMWt1TMMsRl8XVik6oJzhrK0Zjs9QGuFYIgqFmFpmIt0MckkQxXnTSQVOIHqEIZ4qGcMICzcr1s31M+X4esC4OrHUC/f3jQxGQiwiTyUjKOeiypbmf2yayuDazUicpBLHaPVQkFJdMn35d90nHCNJF0pAxInaVUdzyCGSqqGm4+NAtVisk/k8z3jo5ZnR63XNrplXcFhis1sEqtj7wUUgVw1b1T7XhX1h9A3r7rIz6JdVN8AJOAXnwAJXYABuwRDYAIEH8AxewKv2pn1on9rXKlrTyjvH4M/U6t9usbC/</latexit><latexit sha1_base64="IS4nriWk9hTt3C5Fw+NwfNlzm64=">AAACSXicbZBNS8MwHMbTzZc53zY9eikOwcMorch0t4EXjxPsNljLSNO0i6ZNSVJhlH4Hr/qZ/AJ+DU/iyawrop1/CDw8vyfkn8dLKBHSNN+1Wn1jc2u7sdPc3ds/OGy1j0aCpRxhGzHK+MSDAlMSY1sSSfEk4RhGHsVj7/FmycdPmAvC4nu5SLAbwTAmAUFQKmvkUJ9JMWt1TMMsRl8XVik6oJzhrK0Zjs9QGuFYIgqFmFpmIt0MckkQxXnTSQVOIHqEIZ4qGcMICzcr1s31M+X4esC4OrHUC/f3jQxGQiwiTyUjKOeiypbmf2yayuDazUicpBLHaPVQkFJdMn35d90nHCNJF0pAxInaVUdzyCGSqqGm4+NAtVisk/k8z3jo5ZnR63XNrplXcFhis1sEqtj7wUUgVw1b1T7XhX1h9A3r7rIz6JdVN8AJOAXnwAJXYABuwRDYAIEH8AxewKv2pn1on9rXKlrTyjvH4M/U6t9usbC/</latexit>

 b)



Bi-quartic
Other exact N=3 potentials, 
quartic-linear, quartic-quartic
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Dutta, Hector, 
Vaudrevange, Westphal ’11

cuspy = nasty

flat

thin wall
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known exact solution, ‘fair’ comparison and test for the PB method



Bi-quartic
 CosmoTransitions

 AnyBubble

fails with the action, possible to repair by hand, 
precise from 20% to 0.5%

fails to compute

 Polygonal bounce works smoothly with a bi-homogeneous segmentation 
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Disappearing instanton
Intermediate minima, multi-step transitions

N=5 
minimal 
case
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appear in theories with many fields, relaxion-type potentials

Q: which transition wins, direct tunneling or two subsequent transitions?

Direct tunneling impossible when 
intermediate minimum too lowbubble with two walls

Dahlen, Brown ’11



QUANTUM
FLUCTUATIONS



Quantum fluctuations

 Total decay rate in D=4 Callan, Coleman ’77
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<latexit sha1_base64="A5TuC70AP2qusSfZUDBbqLz2gI8="></latexit>

 So far we focused on     - the semiclassical bounceS4<latexit sha1_base64="bNhz+M7bOVRenKuWOrlrk0S1LgM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKezGgHoLePEYiXlAsoTZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5Pb2Nza3snvFvb2Dw6PiscnLR0limGTRSJSnYBqFFxi03AjsBMrpGEgsB1M7uZ++wmV5pF8NNMY/ZCOJB9yRo2VGo1+tV8suWV3AbJOvIyUIEO9X/zqDSKWhCgNE1TrrufGxk+pMpwJnBV6icaYsgkdYddSSUPUfro4dUYurDIgw0jZkoYs1N8TKQ21noaB7QypGetVby7+53UTM7zxUy7jxKBky0XDRBATkfnfZMAVMiOmllCmuL2VsDFVlBmbTsGG4K2+vE5albJ3Va48VEu12yyOPJzBOVyCB9dQg3uoQxMYjOAZXuHNEc6L8+58LFtzTjZzCn/gfP4A1miNeQ==</latexit>



Quantum fluctuations

Callan, Coleman ’77
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<latexit sha1_base64="A5TuC70AP2qusSfZUDBbqLz2gI8="></latexit>

 So far we focused on     - the semiclassical bounceS4<latexit sha1_base64="bNhz+M7bOVRenKuWOrlrk0S1LgM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKezGgHoLePEYiXlAsoTZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5Pb2Nza3snvFvb2Dw6PiscnLR0limGTRSJSnYBqFFxi03AjsBMrpGEgsB1M7uZ++wmV5pF8NNMY/ZCOJB9yRo2VGo1+tV8suWV3AbJOvIyUIEO9X/zqDSKWhCgNE1TrrufGxk+pMpwJnBV6icaYsgkdYddSSUPUfro4dUYurDIgw0jZkoYs1N8TKQ21noaB7QypGetVby7+53UTM7zxUy7jxKBky0XDRBATkfnfZMAVMiOmllCmuL2VsDFVlBmbTsGG4K2+vE5albJ3Va48VEu12yyOPJzBOVyCB9dQg3uoQxMYjOAZXuHNEc6L8+58LFtzTjZzCn/gfP4A1miNeQ==</latexit>

 Prefactor typically quite involved, few analytics (TW) Konoplich ’86

 Precise numerical calculation Dunne, Min ’05

spherical symmetry
= angular separation Ol = �
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<latexit sha1_base64="XoPaxabrWHmv9A1tWbW5rUQCPh0="></latexit>

large l infinites cancel

 Total decay rate in D=4



Quantum fluctuations
detOl

detOfree
l

= Rl(⇢ = 1)(l+1)2

<latexit sha1_base64="sTlWABoOv9kmtphMpDmiYtn92NI="></latexit>

Rl(⇢) =
 l(⇢)

 free
l (⇢)

<latexit sha1_base64="n8aT7WUa3mNC1kKL4RuZUVt8/Y4=">AAACLnicbVDLSgMxFM34tr6qLt0Ei1I3ZUYFdSEIIrisYq3QqSWT3rHBzIPkjliG+SI3/oouBBVx62eYtiNo64HAyTn3kpzjxVJotO1Xa2x8YnJqema2MDe/sLhUXF651FGiONR4JCN15TENUoRQQ4ESrmIFLPAk1L3b455fvwOlRRReYDeGZsBuQuELztBIreKJGzDscCbpeUuWXdWJtujmIXV9xXjqxlr8qFl+u05dhHtMfQWQZbnXKpbsit0HHSVOTkokR7VVfHbbEU8CCJFLpnXDsWNspkyh4BKygptoiBm/ZTfQMDRkAehm2o+b0Q2jtKkfKXNCpH3190bKAq27gWcme+H0sNcT//MaCfr7zVSEcYIQ8sFDfiIpRrTXHW0LBRxl1xDGlTB/pbzDTFNoGi6YEpzhyKPkcrvi7FS2z3ZLRwd5HTNkjayTMnHIHjkip6RKaoSTB/JE3si79Wi9WB/W52B0zMp3VskfWF/fBuqpLw==</latexit>

Gel’fand, Yaglom ’59

ratio of       eigenfunctionsOl
<latexit sha1_base64="ODhmtPhqYLeQ8A/4CbGweDFHWe4=">AAAB83icdVDLSsNAFL2pr1pfVZduBovgKiRtoXVXcOPOCvYBTSiT6aQdOpmEmYlQQn/DjQtF3Poz7vwbJ32Aih4YOJxzL/fMCRLOlHacT6uwsbm1vVPcLe3tHxwelY9PuipOJaEdEvNY9gOsKGeCdjTTnPYTSXEUcNoLpte533ugUrFY3OtZQv0IjwULGcHaSJ4XYT0hmKPbIR+WK45dd6pNt4aWxHHXpIlc21mgAiu0h+UPbxSTNKJCE46VGrhOov0MS80Ip/OSlyqaYDLFYzowVOCIKj9bZJ6jC6OMUBhL84RGC/X7RoYjpWZRYCbzjOq3l4t/eYNUh00/YyJJNRVkeShMOdIxygtAIyYp0XxmCCaSmayITLDERJuaSqaE9U/R/6Rbtd2aXb2rV1pXqzqKcAbncAkuNKAFN9CGDhBI4BGe4cVKrSfr1Xpbjhas1c4p/ID1/gXoKpGU</latexit>

 angular momentum threshold 

l < L
<latexit sha1_base64="KbiM5dvpC4+h3/LUhQ++wv1UuXs=">AAAB7HicbVA9SwNBEJ3zM8avqKXNYhCswl0UVLAI2FhYRPCSQHKEvc1csmRv79jdE0LIb7CxUMTWH2Tnv3GTXKGJDwYe780wMy9MBdfGdb+dldW19Y3NwlZxe2d3b790cNjQSaYY+iwRiWqFVKPgEn3DjcBWqpDGocBmOLyd+s0nVJon8tGMUgxi2pc84owaK/mC3JD7bqnsVtwZyDLxclKGHPVu6avTS1gWozRMUK3bnpuaYEyV4UzgpNjJNKaUDWkf25ZKGqMOxrNjJ+TUKj0SJcqWNGSm/p4Y01jrURzazpiagV70puJ/Xjsz0VUw5jLNDEo2XxRlgpiETD8nPa6QGTGyhDLF7a2EDaiizNh8ijYEb/HlZdKoVrzzSvXholy7zuMowDGcwBl4cAk1uIM6+MCAwzO8wpsjnRfn3fmYt644+cwR/IHz+QOYJI3b</latexit>

� ln�lo =
1

2

LX

l=0

(l + 1)2 ln |Rl(1)|
<latexit sha1_base64="O6tgfUEX2kwXvuZS/Nl9K48QVUI="></latexit>

� ln�hi = � (L+ 1)(L+ 2)

8
I1 +

lnL

16
I2 �

I2 + I3
16

<latexit sha1_base64="wFPlTda/yIhSDttsR4rpmdCJMPI="></latexit>

l > L
<latexit sha1_base64="paLZEhPiN0xBbkUU3F4/LkMtlHY=">AAAB7HicbVA9SwNBEJ3zM8avqKXNYhCswl0U1EYCNhYWEbwkkBxhbzOXLNnbO3b3hBDyG2wsFLH1B9n5b9wkV2jig4HHezPMzAtTwbVx3W9nZXVtfWOzsFXc3tnd2y8dHDZ0kimGPktEoloh1Si4RN9wI7CVKqRxKLAZDm+nfvMJleaJfDSjFIOY9iWPOKPGSr4gN+S+Wyq7FXcGsky8nJQhR71b+ur0EpbFKA0TVOu256YmGFNlOBM4KXYyjSllQ9rHtqWSxqiD8ezYCTm1So9EibIlDZmpvyfGNNZ6FIe2M6ZmoBe9qfif185MdBWMuUwzg5LNF0WZICYh089JjytkRowsoUxxeythA6ooMzafog3BW3x5mTSqFe+8Un24KNeu8zgKcAwncAYeXEIN7qAOPjDg8Ayv8OZI58V5dz7mrStOPnMEf+B8/gCbMI3d</latexit>

WKB approximation

cancels the       counterterm

computed analytically with the PB approach

�4<latexit sha1_base64="XtkP71RolrvpRCOSo2exmCRoyF0=">AAAB73icdVDJSgNBEK1xjXGLevTSGARPw0wSMN4CXjxGMAskQ+jp6Uma9Cx21whhyE948aCIV3/Hm39jZwMVfVDweK+Kqnp+KoVGx/m01tY3Nre2CzvF3b39g8PS0XFbJ5livMUSmaiuTzWXIuYtFCh5N1WcRr7kHX98PfM7D1xpkcR3OEm5F9FhLELBKBqp2w+4RDqoDUplx645lbpbJQviuCtSJ67tzFGGJZqD0kc/SFgW8RiZpFr3XCdFL6cKBZN8WuxnmqeUjemQ9wyNacS1l8/vnZJzowQkTJSpGMlc/T6R00jrSeSbzojiSP/2ZuJfXi/DsO7lIk4z5DFbLAozSTAhs+dJIBRnKCeGUKaEuZWwEVWUoYmoaEJYfUr+J+2K7Vbtym2t3LhaxlGAUziDC3DhEhpwA01oAQMJj/AML9a99WS9Wm+L1jVrOXMCP2C9fwENg4/1</latexit>

direct calculation, straightforward integration, possibly analytical with PB? (open issue)



Quantum fluctuations
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V 00(⇢) = �3'(⇢) +
3↵

2
'2(⇢)

<latexit sha1_base64="yqdVg9SkplF4Ixn9N5MenOLfH+A="></latexit>

 approaches thin wall, PB works well↵ ! 1
<latexit sha1_base64="eMGfd0b8PT/LNlguBujWYhKcDAY=">AAAB83icdVDLSgNBEOyNrxhfUY9eBoPgadlNAsZbwIvHCOYB2SXMTmaTIbOzw8ysEJb8hhcPinj1Z7z5N05eoKIFDUVVN91dkeRMG8/7dAobm1vbO8Xd0t7+weFR+fiko9NMEdomKU9VL8KaciZo2zDDaU8qipOI0240uZn73QeqNEvFvZlKGiZ4JFjMCDZWCgLM5RijwKTIH5Qrnlv3qg2/hpbE89ekgXzXW6ACK7QG5Y9gmJIsocIQjrXu+540YY6VYYTTWSnINJWYTPCI9i0VOKE6zBc3z9CFVYYoTpUtYdBC/T6R40TraRLZzgSbsf7tzcW/vH5m4kaYMyEzQwVZLoozjuyL8wDQkClKDJ9agoli9lZExlhhYmxMJRvC+lP0P+lUXb/mVu/qleb1Ko4inME5XIIPV9CEW2hBGwhIeIRneHEy58l5dd6WrQVnNXMKP+C8fwFY6ZE2</latexit>

shooting
N=50
N=3

several negative eigenvalues - imprecise bounce

nevertheless, a fairly good approximation

↵ shooting N = 3 N = 10 N = 50 N = 100
0.8 0.36 0.30 0.31 0.31 0.30
0.9 0.30 0.24 0.27 0.27 0.28

0.95 0.24 0.20 0.22 0.23 0.23
0.97 0.22 0.18 0.20 0.21 0.21

<latexit sha1_base64="zaGAQ9D6oqSXNBm8+Ph9towFr7c="></latexit>

9

32

✓
1� 2⇡

9
p
3

◆
⇠ 0.17

<latexit sha1_base64="rNazZzWk+GS16lj9/HY+fghgPRk="></latexit>

Konoplich ’86thin wall:
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Higher orders

φ

V(φ)

φ�1

V
�
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φ�2

V
�
2

φ�3

V
�
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. . . φ�N

V
�
N

Expand to higher orders

- improves convergence

- important @ extrema

Perturbative expansion ' = 'PB + ⇠
<latexit sha1_base64="POihStWwop/1ojB+wFxYbEdkWxM=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARBKEkVVAXQtGNywr2Ak0Ik+mkHTq5MDMpltCNG1/FjQtF3PoO7nwbp20W2vrDwMd/zuHM+f2EM6ks69tYWFxaXlktrBXXNza3ts2d3YaMU0FoncQ8Fi0fS8pZROuKKU5biaA49Dlt+v2bcb05oEKyOLpXw4S6Ie5GLGAEK2155oEzwCLpMXSFcvKy2vUInSDngXlmySpbE6F5sHMoQa6aZ345nZikIY0U4VjKtm0lys2wUIxwOio6qaQJJn3cpW2NEQ6pdLPJFSN0pJ0OCmKhX6TQxP09keFQymHo684Qq56crY3N/2rtVAUXbsaiJFU0ItNFQcqRitE4EtRhghLFhxowEUz/FZEeFpgoHVxRh2DPnjwPjUrZPi1X7s5K1cs8jgLswyEcgw3nUIVbqEEdCDzCM7zCm/FkvBjvxse0dcHIZ/bgj4zPHwfwl5g=</latexit>

Vi ' Ṽi � ṼN + @Ṽi ('i � '̃i)

+
@2Ṽi

2
('i � '̃i)

2

<latexit sha1_base64="4BAuAsyW0javNQPohF8I7qKyscs="></latexit>

⇠ = ⌫ +
2

D � 2

�

⇢D�2
+

4

D
↵⇢2 + I(⇢)

<latexit sha1_base64="UxUar9eAAeBiv2dFEG25+Rbexxg="></latexit>

⇠̈ +
D � 1

⇢
⇠̇ = 8↵+ �dV (⇢)

<latexit sha1_base64="IPe3NQAguRsb1bAxnJQhcf+iJGo="></latexit>

'̈+
D � 1

⇢
'̇ = 8 (a+ ↵) + �dV ('PB(⇢))

<latexit sha1_base64="rtCcslFpmfKSf4ycfKNf3s9JxRY="></latexit>

ID=4
s = @2Ṽs

✓
vs � '̃s

8
⇢2 +

bs
2
ln ⇢+

as
24

⇢4
◆

<latexit sha1_base64="163Sv1f058gK2HbLWh0L/0SyTkA="></latexit>



Higher orders

ρ

φ(ρ)

φ�1

φ�2
φ1(ρ)

φ�N

R'0 R'1

R'N-1...

Match at perturbed radii

Rs ! Rs (1 + rs) , rs ⌧ 1
<latexit sha1_base64="rCXRFFiAdRgr57F+JfJ42RLpTpc=">AAACF3icbZDLSgMxFIYz9VbrrerSTbBYKkqZqYK6K7hxWcVeoFOGTJppQzOZITkjlKFv4cZXceNCEbe6821MLwtt/SHw5T/nkJzfjwXXYNvfVmZpeWV1Lbue29jc2t7J7+41dJQoyuo0EpFq+UQzwSWrAwfBWrFiJPQFa/qD63G9+cCU5pG8h2HMOiHpSR5wSsBYXr5852lcdCHCBlzBAig5+AQr47qK9/pwfIqL06sQ2PHyBbtsT4QXwZlBAc1U8/JfbjeiScgkUEG0bjt2DJ2UKOBUsFHOTTSLCR2QHmsblCRkupNO9hrhI+N0cRApcyTgift7IiWh1sPQN50hgb6er43N/2rtBILLTsplnACTdPpQkAhsYhiHhLtcMQpiaIBQxc1fMe0TRSiYKHMmBGd+5UVoVMrOWblye16oXs3iyKIDdIhKyEEXqIpuUA3VEUWP6Bm9ojfryXqx3q2PaWvGms3soz+yPn8ACTWcrA==</latexit>

Rederive the matching conditions

A single linear equation = very fast

rs =
�s +

D�2
2

�
⌫s + Is + 4

D↵sR2
s

�
RD�2

s

(D � 2)
�
bs � 4

DasRD
s

�
<latexit sha1_base64="azbmVD+9yCHmwCEWRB8bio1HoEc="></latexit>



!
<latexit sha1_base64="HBq7CRPDd4EBVHYUWSLNm6Ma9Ck=">AAACR3icbZBNS8MwHMbT+Tbn26ZHL8UheBglVZkeB170NtG9wDpGmqZdWJqWJBVG6Ufwqp/Jj+Cn8CYezboi2vmHwMPze0L+edyYUakgfDcqa+sbm1vV7drO7t7+Qb1x2JdRIjDp4YhFYugiSRjlpKeoYmQYC4JCl5GBO7tZ8METEZJG/FHNYzIOUcCpTzFS2npwVDSpN6EF8zFXhV2IJiimO2kYluNFOAkJV5ghKUc2jNU4RUJRzEhWcxJJYoRnKCAjLTkKiRyn+a6Zeaodz/QjoQ9XZu7+vpGiUMp56OpkiNRUltnC/I+NEuVfj1PK40QRjpcP+QkzVWQuPm56VBCs2FwLhAXVu5p4igTCStdTczzi6wrzdVJPZKkI3Cy12u0WbMGshIMCw1YeKGP3B+eBTDdsl/tcFf1zy76wzu8vm527ousqOAYn4AzY4Ap0wC3ogh7AIADP4AW8Gm/Gh/FpfC2jFaO4cwT+TMX4BlW+r54=</latexit>
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Multi-fields
'̈i +

D � 1

⇢
'̇i =

dV

d'i
<latexit sha1_base64="h5IZn94ltj+Rcrt7RCFxm3FoKNg="></latexit>

Shooting method impractical

- highly non-linear

- multi-dimensional field space

'i(0) = '0i
<latexit sha1_base64="5/lpCSmqw+px6I3HPnaqiLpdsMo=">AAACBXicbVDLSgMxFL3js9bXqEtdBItQN2WmCupCKLhxWcE+oB1KJs20oZnMkGQKZejGjb/ixoUibv0Hd/6NaTuCth64cHLOveTe48ecKe04X9bS8srq2npuI7+5tb2za+/t11WUSEJrJOKRbPpYUc4ErWmmOW3GkuLQ57ThD24mfmNIpWKRuNejmHoh7gkWMIK1kTr2UXuIZdxnHVZ0TtE1+nmmDmLjjl1wSs4UaJG4GSlAhmrH/mx3I5KEVGjCsVIt14m1l2KpGeF0nG8nisaYDHCPtgwVOKTKS6dXjNGJUbooiKQpodFU/T2R4lCpUeibzhDrvpr3JuJ/XivRwaWXMhEnmgoy+yhIONIRmkSCukxSovnIEEwkM7si0scSE22Cy5sQ3PmTF0m9XHLPSuW780LlKosjB4dwDEVw4QIqcAtVqAGBB3iCF3i1Hq1n6816n7UuWdnMAfyB9fENrLiXYA==</latexit>

φ1

φ2

φ�1,1φ�1,2φ�1,N ...

φ(ρ)

φ(ρ)

Path in field space



Multi-fields
'̈i +

D � 1

⇢
'̇i =

dV

d'i
<latexit sha1_base64="h5IZn94ltj+Rcrt7RCFxm3FoKNg="></latexit>

Shooting method impractical

- highly non-linear

- multi-dimensional field space

'i(0) = '0i
<latexit sha1_base64="5/lpCSmqw+px6I3HPnaqiLpdsMo=">AAACBXicbVDLSgMxFL3js9bXqEtdBItQN2WmCupCKLhxWcE+oB1KJs20oZnMkGQKZejGjb/ixoUibv0Hd/6NaTuCth64cHLOveTe48ecKe04X9bS8srq2npuI7+5tb2za+/t11WUSEJrJOKRbPpYUc4ErWmmOW3GkuLQ57ThD24mfmNIpWKRuNejmHoh7gkWMIK1kTr2UXuIZdxnHVZ0TtE1+nmmDmLjjl1wSs4UaJG4GSlAhmrH/mx3I5KEVGjCsVIt14m1l2KpGeF0nG8nisaYDHCPtgwVOKTKS6dXjNGJUbooiKQpodFU/T2R4lCpUeibzhDrvpr3JuJ/XivRwaWXMhEnmgoy+yhIONIRmkSCukxSovnIEEwkM7si0scSE22Cy5sQ3PmTF0m9XHLPSuW780LlKosjB4dwDEVw4QIqcAtVqAGBB3iCF3i1Hq1n6816n7UuWdnMAfyB9fENrLiXYA==</latexit>

φ1

φ2

φ�1,1φ�1,2φ�1,N ...

φ(ρ)

φ(ρ)

Path in field space

 CosmoTransitions

 AnyBubble

Wainwright ’11

Masoumi, Olum, Shlaer ’16

bounce and path deformation separate, 
oscillations, Runge-Kutta PDE solver

multiple shooting, damping approximations

 Other recent approaches

tunneling potential machine learning

Espinosa, Konstandin ’18 Piscopo, Spannowsky,  Waite ’19



Multi-fields

φ1

φ2

φ�1,1φ�1,2φ�1,N ...

φ(ρ)

φ(ρ)

'̃is
<latexit sha1_base64="AX6FquL3ugGhRF++FWI5cWfcW3Q=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5JUQd0V3LisYB/QhDCZ3LRDJw9mJoUSs/BX3LhQxK2/4c6/cdpmoa0HLhzOuZd77/FTzqSyrG9jZXVtfWOzslXd3tnd2zcPDjsyyQSFNk14Ino+kcBZDG3FFIdeKoBEPoeuP7qd+t0xCMmS+EFNUnAjMohZyChRWvLM49xRjAeAnTER6ZAVXs6wLDyzZtWtGfAysUtSQyVanvnlBAnNIogV5UTKvm2lys2JUIxyKKpOJiEldEQG0Nc0JhFIN5/dX+AzrQQ4TISuWOGZ+nsiJ5GUk8jXnRFRQ7noTcX/vH6mwms3Z3GaKYjpfFGYcawSPA0DB0wAVXyiCaGC6VsxHRJBqNKRVXUI9uLLy6TTqNsX9cb9Za15U8ZRQSfoFJ0jG12hJrpDLdRGFD2iZ/SK3own48V4Nz7mrStGOXOE/sD4/AFONJZB</latexit>

'̄is(⇢)
<latexit sha1_base64="SJ+whqkaP9PJStNY3GDUjJ+cKnA=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUmqoO4KblxWsA9oQphMJ+3QyUyYmRRKCLjxV9y4UMStP+HOv3HaZqGtBy4czrmXe+8JE0aVdpxva2V1bX1js7RV3t7Z3du3Dw7bSqQSkxYWTMhuiBRhlJOWppqRbiIJikNGOuHodup3xkQqKviDniTEj9GA04hipI0U2MeZFyIJvTGSyZDmQUahyqueHIrzwK44NWcGuEzcglRAgWZgf3l9gdOYcI0ZUqrnOon2MyQ1xYzkZS9VJEF4hAakZyhHMVF+Nvshh2dG6cNISFNcw5n6eyJDsVKTODSdMdJDtehNxf+8Xqqjaz+jPEk14Xi+KEoZ1AJOA4F9KgnWbGIIwpKaWyEeIomwNrGVTQju4svLpF2vuRe1+v1lpXFTxFECJ+AUVIELrkAD3IEmaAEMHsEzeAVv1pP1Yr1bH/PWFauYOQJ/YH3+AK9Ml4I=</latexit>

Polygonal approach with many fields

 Initial ansatz straight line, via saddle, custom 
segmentation

 Initial solution longitudinal single field PB



Multi-fields
Polygonal approach with many fields

 Initial ansatz straight line, via saddle, custom 
segmentation

φ1

φ2

φ�1,1φ�1,2φ�1,N ...

φ(ρ)

φ(ρ)

 Initial solution longitudinal single field PB

'̃is
<latexit sha1_base64="AX6FquL3ugGhRF++FWI5cWfcW3Q=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5JUQd0V3LisYB/QhDCZ3LRDJw9mJoUSs/BX3LhQxK2/4c6/cdpmoa0HLhzOuZd77/FTzqSyrG9jZXVtfWOzslXd3tnd2zcPDjsyyQSFNk14Ino+kcBZDG3FFIdeKoBEPoeuP7qd+t0xCMmS+EFNUnAjMohZyChRWvLM49xRjAeAnTER6ZAVXs6wLDyzZtWtGfAysUtSQyVanvnlBAnNIogV5UTKvm2lys2JUIxyKKpOJiEldEQG0Nc0JhFIN5/dX+AzrQQ4TISuWOGZ+nsiJ5GUk8jXnRFRQ7noTcX/vH6mwms3Z3GaKYjpfFGYcawSPA0DB0wAVXyiCaGC6VsxHRJBqNKRVXUI9uLLy6TTqNsX9cb9Za15U8ZRQSfoFJ0jG12hJrpDLdRGFD2iZ/SK3own48V4Nz7mrStGOXOE/sD4/AFONJZB</latexit>

'̄is(⇢)
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Crucial idea #1

 perturbation up to linear term in V,  keeps the PB
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Crucial idea #2

 simultaneous solution for the 

bounce and path deformation
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 linear system for      (as in the 

single field expansion) and 

 iterate until
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Case A

Action

Number of Iterations: 3

Multi-Field PBN=15 : 101.726
Multi-Field PBN=100: 100.996
Shooting: 100.939
CosmoTransition: 101.267
AnyBubble: 100.375

 converges in a few iterations

 works for thin wall

 no oscillations

 works for D=3 and 4

 tested for up to 20 fields



FindBounce
~ Mathematica package for fast multifield bounce evaluation ~

wip



wip

Coming	soon…



Closing remarks
Conclusions

Outlook

Polygonal bounces give a quick, reliable and robust result for FV decay

Algebraical manipulation of Euclidean radius, analytical control

Solved by different methods, easy to deform & extend

Package to appear, applications to thermal field theory and gravitational waves

Additional insight into quantum corrections (theory of A), gravity?

Useful for multiple scalar fields
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