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Motion of particles

14/1/2019 G. Franchetti 2

I. Newton
J.C. Maxwell

Even for the longitudinal dynamics!



The Lorentz  force
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The Lorentz  force
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The Lorentz  force
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B-field

V

p

q
= ρB
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Bρ = 18 Tm
<latexit sha1_base64="AoBhlE515K686hDuEHf7eHquCQ8=">AAAB/HicbVC7SgNBFL0bXzG+VlNqMRgEixB2bUwjhNhYJpAXZJcwO5lNhsw+mJkVliX+io2FIrbid9jZ+SlOHoUmHrhwOOde7r3HizmTyrK+jNzG5tb2Tn63sLd/cHhkHp90ZJQIQtsk4pHoeVhSzkLaVkxx2osFxYHHadeb3M787j0VkkVhS6UxdQM8CpnPCFZaGpjFOnLEOEI3yK4ip+yUUSsYmCWrYs2B1om9JKXa2UfzGwAaA/PTGUYkCWioCMdS9m0rVm6GhWKE02nBSSSNMZngEe1rGuKASjebHz9FF1oZIj8SukKF5urviQwHUqaBpzsDrMZy1ZuJ/3n9RPlVN2NhnCgaksUiP+FIRWiWBBoyQYniqSaYCKZvRWSMBSZK51XQIdirL6+TzlXFtip2U6dRhwXycArncAk2XEMN7qABbSCQwiM8w4vxYDwZr8bbojVnLGeK8AfG+w8P5JSo</latexit><latexit sha1_base64="VFPmtr12IP16Qi/kfk9q/aJmqsY=">AAAB/HicbVDLSgMxFM34rPU12qUiwSK4KGXGjd0IpW5cttAXdIaSSdM2NMkMSUYYhrrzO9y4UMSt9Dvc+Q3+hOljoa0HLhzOuZd77wkiRpV2nC9rbX1jc2s7s5Pd3ds/OLSPjpsqjCUmDRyyULYDpAijgjQ01Yy0I0kQDxhpBaPbqd+6J1LRUNR1EhGfo4GgfYqRNlLXzlWgJ4chvIFuCXoFrwDrvGvnnaIzA1wl7oLky6eT2vfj2aTatT+9XohjToTGDCnVcZ1I+ymSmmJGxlkvViRCeIQGpGOoQJwoP50dP4YXRunBfihNCQ1n6u+JFHGlEh6YTo70UC17U/E/rxPrfslPqYhiTQSeL+rHDOoQTpOAPSoJ1iwxBGFJza0QD5FEWJu8siYEd/nlVdK8KrpO0a2ZNCpgjgw4AefgErjgGpTBHaiCBsAgAU/gBbxaD9az9Wa9z1vXrMVMDvyB9fED7hqWDg==</latexit><latexit sha1_base64="VFPmtr12IP16Qi/kfk9q/aJmqsY=">AAAB/HicbVDLSgMxFM34rPU12qUiwSK4KGXGjd0IpW5cttAXdIaSSdM2NMkMSUYYhrrzO9y4UMSt9Dvc+Q3+hOljoa0HLhzOuZd77wkiRpV2nC9rbX1jc2s7s5Pd3ds/OLSPjpsqjCUmDRyyULYDpAijgjQ01Yy0I0kQDxhpBaPbqd+6J1LRUNR1EhGfo4GgfYqRNlLXzlWgJ4chvIFuCXoFrwDrvGvnnaIzA1wl7oLky6eT2vfj2aTatT+9XohjToTGDCnVcZ1I+ymSmmJGxlkvViRCeIQGpGOoQJwoP50dP4YXRunBfihNCQ1n6u+JFHGlEh6YTo70UC17U/E/rxPrfslPqYhiTQSeL+rHDOoQTpOAPSoJ1iwxBGFJza0QD5FEWJu8siYEd/nlVdK8KrpO0a2ZNCpgjgw4AefgErjgGpTBHaiCBsAgAU/gBbxaD9az9Wa9z1vXrMVMDvyB9fED7hqWDg==</latexit><latexit sha1_base64="CiirxLUJqX3smlz2VfLfWCOJDBc=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgopTEjd0IpW5cVugLmlAm02k7dB5hZiKEUH/FjQtF3Poh7vwbp20W2nrgwuGce7n3nihmVBvP+3YKW9s7u3vF/dLB4dHxiXt61tUyUZh0sGRS9SOkCaOCdAw1jPRjRRCPGOlFs7uF33skSlMp2iaNScjRRNAxxchYaeiWmzBQUwlvoV+HQTWowjYfuhWv5i0BN4mfkwrI0Rq6X8FI4oQTYTBDWg98LzZhhpShmJF5KUg0iRGeoQkZWCoQJzrMlsfP4aVVRnAslS1h4FL9PZEhrnXKI9vJkZnqdW8h/ucNEjOuhxkVcWKIwKtF44RBI+EiCTiiimDDUksQVtTeCvEUKYSNzatkQ/DXX94k3eua79X8B6/SaOZxFME5uABXwAc3oAHuQQt0AAYpeAav4M15cl6cd+dj1Vpw8pky+APn8wf/25Jj</latexit>

maximum

B = 1.8 Tesla

Bending radius = 10 m

But this for the correct 

particle energy ! 



Energy  ßà Momentum
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E = mc
2
+ Ek

<latexit sha1_base64="IfK7UCsOjcF9+eiAsRKoP3bL80c=">AAAB9XicbVDLSgNBEOyNrxhfUcGLl8EgCELYzUUvQlACHhMwD0g2cXYymwyZmV1mZpUQ8h9ePCji1X/x5sVvcfI4aGJBQ1HVTXdXEHOmjet+OamV1bX1jfRmZmt7Z3cvu39Q01GiCK2SiEeqEWBNOZO0apjhtBErikXAaT0Y3Ez8+gNVmkXyzgxj6gvckyxkBBsrtUvoCgnSLqBzVOoMOtmcm3enQMvEm5Nc8ajyfQ8A5U72s9WNSCKoNIRjrZueGxt/hJVhhNNxppVoGmMywD3atFRiQbU/ml49RqdW6aIwUrakQVP198QIC62HIrCdApu+XvQm4n9eMzHhpT9iMk4MlWS2KEw4MhGaRIC6TFFi+NASTBSztyLSxwoTY4PK2BC8xZeXSa2Q99y8V7FpXMMMaTiGEzgDDy6gCLdQhioQUPAEL/DqPDrPzpvzPmtNOfOZQ/gD5+MHLOmSgw==</latexit><latexit sha1_base64="cG3UrqhZF3tXBMY+/UgwfVR5yQ4=">AAAB9XicbVDLSgNBEOyNrxhfUcGLl8EgCELYzUUvQogEPCZgHpBswuxkNhkyO7vMzCphyX948aCIN/En/AJvXvwWJ4+DJhY0FFXddHd5EWdK2/aXlVpZXVvfSG9mtrZ3dvey+wd1FcaS0BoJeSibHlaUM0FrmmlOm5GkOPA4bXjD64nfuKNSsVDc6lFE3QD3BfMZwdpInTK6QgHpFNA5KneH3WzOzttToGXizEmueFT9Zm+lj0o3+9nuhSQOqNCEY6Vajh1pN8FSM8LpONOOFY0wGeI+bRkqcECVm0yvHqNTo/SQH0pTQqOp+nsiwYFSo8AznQHWA7XoTcT/vFas/Us3YSKKNRVktsiPOdIhmkSAekxSovnIEEwkM7ciMsASE22CypgQnMWXl0m9kHfsvFM1aZRghjQcwwmcgQMXUIQbqEANCEh4gCd4tu6tR+vFep21pqz5zCH8gfX+A34qlD8=</latexit><latexit sha1_base64="cG3UrqhZF3tXBMY+/UgwfVR5yQ4=">AAAB9XicbVDLSgNBEOyNrxhfUcGLl8EgCELYzUUvQogEPCZgHpBswuxkNhkyO7vMzCphyX948aCIN/En/AJvXvwWJ4+DJhY0FFXddHd5EWdK2/aXlVpZXVvfSG9mtrZ3dvey+wd1FcaS0BoJeSibHlaUM0FrmmlOm5GkOPA4bXjD64nfuKNSsVDc6lFE3QD3BfMZwdpInTK6QgHpFNA5KneH3WzOzttToGXizEmueFT9Zm+lj0o3+9nuhSQOqNCEY6Vajh1pN8FSM8LpONOOFY0wGeI+bRkqcECVm0yvHqNTo/SQH0pTQqOp+nsiwYFSo8AznQHWA7XoTcT/vFas/Us3YSKKNRVktsiPOdIhmkSAekxSovnIEEwkM7ciMsASE22CypgQnMWXl0m9kHfsvFM1aZRghjQcwwmcgQMXUIQbqEANCEh4gCd4tu6tR+vFep21pqz5zCH8gfX+A34qlD8=</latexit><latexit sha1_base64="gjbqJOuIlAfu4EmTNSb7YR8C62Y=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRZBEMpuL3oRilLwWMF+QLst2TTbhibZJckqZen/8OJBEa/+F2/+G9N2D9r6YODx3gwz84KYM21c99vJra1vbG7ltws7u3v7B8XDo6aOEkVog0Q8Uu0Aa8qZpA3DDKftWFEsAk5bwfh25rceqdIskg9mElNf4KFkISPYWKlXQ9dIkF4FXaBaf9wvltyyOwdaJV5GSpCh3i9+dQcRSQSVhnCsdcdzY+OnWBlGOJ0WuommMSZjPKQdSyUWVPvp/OopOrPKAIWRsiUNmqu/J1IstJ6IwHYKbEZ62ZuJ/3mdxIRXfspknBgqyWJRmHBkIjSLAA2YosTwiSWYKGZvRWSEFSbGBlWwIXjLL6+SZqXsuWXv3i1Vb7I48nACp3AOHlxCFe6gDg0goOAZXuHNeXJenHfnY9Gac7KZY/gD5/MHnkKQng==</latexit>

E = mc
2

<latexit sha1_base64="6lSOxsOvv0RTuaH6DZ6LmjZvMEo=">AAAB73icbZDLSgMxFIbPeK3jrerSTbAIrspMN7opFkVwWcFeoB1LJs20oUlmTDJCGQo+gxsXirj1Sdy7821MLwtt/SHw8f/nkHNOmHCmjed9O0vLK6tr67kNd3Nre2c3v7df13GqCK2RmMeqGWJNOZO0ZpjhtJkoikXIaSMcXI7zxgNVmsXy1gwTGgjckyxiBBtrNa9QGQlyV+rkC17Rmwgtgj+DwvmnW34EgGon/9XuxiQVVBrCsdYt30tMkGFlGOF05LZTTRNMBrhHWxYlFlQH2WTeETq2ThdFsbJPGjRxf3dkWGg9FKGtFNj09Xw2Nv/LWqmJzoKMySQ1VJLpR1HKkYnReHnUZYoSw4cWMFHMzopIHytMjD2Ra4/gz6+8CPVS0feK/o1XqFzAVDk4hCM4AR9OoQLXUIUaEODwBC/w6tw7z86b8z4tXXJmPQfwR87HD+M6kLU=</latexit><latexit sha1_base64="o6L/kDyq1GWodShrmAusC/5eBlQ=">AAAB73icbZDLSgMxFIbP1Fsdb1WXboJFcFVmutFNsSiCywr2Au1YMmmmDU0yY5IRSulLuHGhiODKJ3HvRnwb08tCW38IfPz/OeScEyacaeN5305maXlldS277m5sbm3v5Hb3ajpOFaFVEvNYNUKsKWeSVg0znDYSRbEIOa2H/YtxXr+nSrNY3phBQgOBu5JFjGBjrcYlKiFBbovtXN4reBOhRfBnkD/7cEvJ25dbaec+W52YpIJKQzjWuul7iQmGWBlGOB25rVTTBJM+7tKmRYkF1cFwMu8IHVmng6JY2ScNmri/O4ZYaD0Qoa0U2PT0fDY2/8uaqYlOgyGTSWqoJNOPopQjE6Px8qjDFCWGDyxgopidFZEeVpgYeyLXHsGfX3kRasWC7xX8ay9fPoepsnAAh3AMPpxAGa6gAlUgwOEBnuDZuXMenRfndVqacWY9+/BHzvsP1MmSKQ==</latexit><latexit sha1_base64="o6L/kDyq1GWodShrmAusC/5eBlQ=">AAAB73icbZDLSgMxFIbP1Fsdb1WXboJFcFVmutFNsSiCywr2Au1YMmmmDU0yY5IRSulLuHGhiODKJ3HvRnwb08tCW38IfPz/OeScEyacaeN5305maXlldS277m5sbm3v5Hb3ajpOFaFVEvNYNUKsKWeSVg0znDYSRbEIOa2H/YtxXr+nSrNY3phBQgOBu5JFjGBjrcYlKiFBbovtXN4reBOhRfBnkD/7cEvJ25dbaec+W52YpIJKQzjWuul7iQmGWBlGOB25rVTTBJM+7tKmRYkF1cFwMu8IHVmng6JY2ScNmri/O4ZYaD0Qoa0U2PT0fDY2/8uaqYlOgyGTSWqoJNOPopQjE6Px8qjDFCWGDyxgopidFZEeVpgYeyLXHsGfX3kRasWC7xX8ay9fPoepsnAAh3AMPpxAGa6gAlUgwOEBnuDZuXMenRfndVqacWY9+/BHzvsP1MmSKQ==</latexit><latexit sha1_base64="9HqGEb6nAkbagQYLRdOfyAEv534=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJ4Ktle9CIURfBYwX5Au5Zsmm1Dk+yaZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5YSK4sRh/eyura+sbm4Wt4vbO7t5+6eCwaeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4up76rSemDY/VvR0nLJBkoHjEKbFOat+gSyTpQ7VXKuMKngEtEz8nZchR75W+uv2YppIpSwUxpuPjxAYZ0ZZTwSbFbmpYQuiIDFjHUUUkM0E2u3eCTp3SR1GsXSmLZurviYxIY8YydJ2S2KFZ9Kbif14ntdFFkHGVpJYpOl8UpQLZGE2fR32uGbVi7AihmrtbER0STah1ERVdCP7iy8ukWa34uOLf4XLtKo+jAMdwAmfgwznU4Bbq0AAKAp7hFd68R+/Fe/c+5q0rXj5zBH/gff4AdAKO6A==</latexit>

Kinetic energy

of the ion

E2 = (mc2)2 + (pc)2
<latexit sha1_base64="lZEZ5J3Vl64SnAzvzapEUSHfbPA=">AAACAXicbZDLSgMxFIbP1Futt1E3gpvQIlQKZaYb3QhFEVxWsBdopyWTpm1oMjMkGaEMdeOLuHDjQhG3voU738b0stDWHwIf/zmHk/P7EWdKO863lVpZXVvfSG9mtrZ3dvfs/YOaCmNJaJWEPJQNHyvKWUCrmmlOG5GkWPic1v3h1aRev6dSsTC406OIegL3A9ZjBGtjdeyj63YJXaC8QKRdOjVcQPmIGOjYOafoTIWWwZ1DrpxtFZ4AoNKxv1rdkMSCBppwrFTTdSLtJVhqRjgdZ1qxohEmQ9ynTYMBFlR5yfSCMToxThf1QmleoNHU/T2RYKHUSPimU2A9UIu1iflfrRnr3rmXsCCKNQ3IbFEv5kiHaBIH6jJJieYjA5hIZv6KyABLTLQJLWNCcBdPXoZaqeg6RffWpHEJM6XhGLKQBxfOoAw3UIEqEHiAZ3iFN+vRerHerY9Za8qazxzCH1mfPyHslPI=</latexit><latexit sha1_base64="aGBV5muJM3xp3RcFWeFfgI2kleI=">AAACAXicbZDLSgMxFIYzXmu9jboR3IQWoVIoM93oRiiK4LKCvUA7LZk004YmmSHJCMNQN76Cj+DGhSJufQt3fRvTy0Jbfwh8/OccTs7vR4wq7Thja2V1bX1jM7OV3d7Z3du3Dw7rKowlJjUcslA2faQIo4LUNNWMNCNJEPcZafjD60m98UCkoqG410lEPI76ggYUI22srn180ynDS1jgEHfKZ4aLsBBhA10775ScqeAyuHPIV3Lt4vO4klS79ne7F+KYE6ExQ0q1XCfSXoqkppiRUbYdKxIhPER90jIoECfKS6cXjOCpcXowCKV5QsOp+3siRVyphPumkyM9UIu1iflfrRXr4MJLqYhiTQSeLQpiBnUIJ3HAHpUEa5YYQFhS81eIB0girE1oWROCu3jyMtTLJdcpuXcmjSswUwacgBwoABecgwq4BVVQAxg8ghfwBt6tJ+vV+rA+Z60r1nzmCPyR9fUDK1aWeA==</latexit><latexit sha1_base64="aGBV5muJM3xp3RcFWeFfgI2kleI=">AAACAXicbZDLSgMxFIYzXmu9jboR3IQWoVIoM93oRiiK4LKCvUA7LZk004YmmSHJCMNQN76Cj+DGhSJufQt3fRvTy0Jbfwh8/OccTs7vR4wq7Thja2V1bX1jM7OV3d7Z3du3Dw7rKowlJjUcslA2faQIo4LUNNWMNCNJEPcZafjD60m98UCkoqG410lEPI76ggYUI22srn180ynDS1jgEHfKZ4aLsBBhA10775ScqeAyuHPIV3Lt4vO4klS79ne7F+KYE6ExQ0q1XCfSXoqkppiRUbYdKxIhPER90jIoECfKS6cXjOCpcXowCKV5QsOp+3siRVyphPumkyM9UIu1iflfrRXr4MJLqYhiTQSeLQpiBnUIJ3HAHpUEa5YYQFhS81eIB0girE1oWROCu3jyMtTLJdcpuXcmjSswUwacgBwoABecgwq4BVVQAxg8ghfwBt6tJ+vV+rA+Z60r1nzmCPyR9fUDK1aWeA==</latexit><latexit sha1_base64="GsUYFxaFVAj8SkRToDvYak+uyr8=">AAACAXicbZDLSsNAFIZP6q3WW9SN4GawCBWhJN3oRiiK4LKCvUCblsl00g6dScLMRCihbnwVNy4UcetbuPNtnLZZaPWHgY//nMOZ8/sxZ0o7zpeVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8pZSOuaaU5bsaRY+Jw2/dHVtN68p1KxKLzT45h6Ag9CFjCCtbF69sF1t4IuUEkg0q2cGD5FpZgY6NlFp+zMhP6Cm0ERMtV69menH5FE0FATjpVqu06svRRLzQink0InUTTGZIQHtG0wxIIqL51dMEHHxumjIJLmhRrN3J8TKRZKjYVvOgXWQ7VYm5r/1dqJDs69lIVxomlI5ouChCMdoWkcqM8kJZqPDWAimfkrIkMsMdEmtIIJwV08+S80KmXXKbu3TrF6mcWRh0M4ghK4cAZVuIEa1IHAAzzBC7xaj9az9Wa9z1tzVjazD79kfXwDD22TaQ==</latexit>

momentumenergy
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Injection energy

Ek =  11.048 MeV/u
Rigidity

B! = 1.13997592 Tm



Notation
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Energy is per nucleon

1 Nucleon 11.048  MeV/u

Silver

107 nucleons
Energy à 11.048 x 107  MeV



Ion property
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Energy 

per nucleon 

Ion 

momentum
p

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Ion 

velocity
v

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Accelerator settings
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p0

q
= ρ0B0

<latexit sha1_base64="simTuQyzh0jGJ9xvZsZwC2Y/a9s=">AAACA3icbVC7SgNBFL0bXzG+onbaDAbBKszaaCOG2FhGMA/ILsvsZDYZMvtwZlYISyCNv2JjoYitH6Gdlb/i5FFo4oELh3Pu5d57/ERwpTH+snJLyyura/n1wsbm1vZOcXevoeJUUlansYhlyyeKCR6xuuZasFYiGQl9wZp+/2rsN++ZVDyObvUgYW5IuhEPOCXaSF7xwAkkoVni4WF2N0QXyJG92MOo6mGvWMJlPAFaJPaMlCqX3x8jAKh5xU+nE9M0ZJGmgijVtnGi3YxIzalgw4KTKpYQ2idd1jY0IiFTbjb5YYiOjdJBQSxNRRpN1N8TGQmVGoS+6QyJ7ql5byz+57VTHZy7GY+SVLOIThcFqUA6RuNAUIdLRrUYGEKo5OZWRHvEhKJNbAUTgj3/8iJpnJZtXLZvTBpVmCIPh3AEJ2DDGVTgGmpQBwojeIRneLEerCfr1Xqbtuas2cw+/IH1/gP6ZplU</latexit><latexit sha1_base64="7HubIleiwlDHF+jEkx9+oofhki8=">AAACA3icbVC7SgNBFJ31GeNr1U6bwSDYGGZtTCOGWGgZwTwguyyzk9lkyOzsOjMrhiVg46/YWChi60doZ+WvOHkUmnjgwuGce7n3niDhTGmEvqy5+YXFpeXcSn51bX1j097arqs4lYTWSMxj2QywopwJWtNMc9pMJMVRwGkj6J0P/cYtlYrF4lr3E+pFuCNYyAjWRvLtXTeUmGSJjwbZzQCeQld2Yx/Bio98u4CKaAQ4S5wJKZTPvj/ujkoXVd/+dNsxSSMqNOFYqZaDEu1lWGpGOB3k3VTRBJMe7tCWoQJHVHnZ6IcBPDBKG4axNCU0HKm/JzIcKdWPAtMZYd1V095Q/M9rpToseRkTSaqpIONFYcqhjuEwENhmkhLN+4ZgIpm5FZIuNqFoE1vehOBMvzxL6sdFBxWdK5NGBYyRA3tgHxwCB5yAMrgEVVADBNyDR/AMXqwH68l6td7GrXPWZGYH/IH1/gPVY5n4</latexit><latexit sha1_base64="7HubIleiwlDHF+jEkx9+oofhki8=">AAACA3icbVC7SgNBFJ31GeNr1U6bwSDYGGZtTCOGWGgZwTwguyyzk9lkyOzsOjMrhiVg46/YWChi60doZ+WvOHkUmnjgwuGce7n3niDhTGmEvqy5+YXFpeXcSn51bX1j097arqs4lYTWSMxj2QywopwJWtNMc9pMJMVRwGkj6J0P/cYtlYrF4lr3E+pFuCNYyAjWRvLtXTeUmGSJjwbZzQCeQld2Yx/Bio98u4CKaAQ4S5wJKZTPvj/ujkoXVd/+dNsxSSMqNOFYqZaDEu1lWGpGOB3k3VTRBJMe7tCWoQJHVHnZ6IcBPDBKG4axNCU0HKm/JzIcKdWPAtMZYd1V095Q/M9rpToseRkTSaqpIONFYcqhjuEwENhmkhLN+4ZgIpm5FZIuNqFoE1vehOBMvzxL6sdFBxWdK5NGBYyRA3tgHxwCB5yAMrgEVVADBNyDR/AMXqwH68l6td7GrXPWZGYH/IH1/gPVY5n4</latexit><latexit sha1_base64="krCWOx/Sf/awxhlfsnC3Yr9HUKc=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVcm40Y1Q6sZlBfuAzjBk0kwbmknGJCOUoeDGX3HjQhG3/oQ7/8a0nYW2HrhwOOde7r0nSjnTBqFvp7Syura+Ud6sbG3v7O65+wdtLTNFaItILlU3wppyJmjLMMNpN1UUJxGnnWh0PfU7D1RpJsWdGac0SPBAsJgRbKwUukd+rDDJ0xBN8vsJvIK+GsoQwUaIQreKamgGuEy8glRBgWbofvl9SbKECkM41rrnodQEOVaGEU4nFT/TNMVkhAe0Z6nACdVBPvthAk+t0oexVLaEgTP190SOE63HSWQ7E2yGetGbiv95vczEl0HORJoZKsh8UZxxaCScBgL7TFFi+NgSTBSzt0IyxDYUY2Or2BC8xZeXSfu85qGad4uq9UYRRxkcgxNwBjxwAergBjRBCxDwCJ7BK3hznpwX5935mLeWnGLmEPyB8/kDWsWWpQ==</latexit>

Ion momentum

Accelerator radius ρ0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

p0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

B0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Ion charge q



Example:  Silver  107,   Charge +45
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Injection energy

Ek =  11.048 MeV/u

=  11.048 x 106 e/u

=  1.77008 x 10-12 J/u

E = 107 mu c2 + Ek 107

= 1.59688 x 10-8 + 1.89399 x 10-10 J

= 1.61582 x 10-8 J

E2 = (mc2)2 + (pc)2
<latexit sha1_base64="lZEZ5J3Vl64SnAzvzapEUSHfbPA=">AAACAXicbZDLSgMxFIbP1Futt1E3gpvQIlQKZaYb3QhFEVxWsBdopyWTpm1oMjMkGaEMdeOLuHDjQhG3voU738b0stDWHwIf/zmHk/P7EWdKO863lVpZXVvfSG9mtrZ3dvfs/YOaCmNJaJWEPJQNHyvKWUCrmmlOG5GkWPic1v3h1aRev6dSsTC406OIegL3A9ZjBGtjdeyj63YJXaC8QKRdOjVcQPmIGOjYOafoTIWWwZ1DrpxtFZ4AoNKxv1rdkMSCBppwrFTTdSLtJVhqRjgdZ1qxohEmQ9ynTYMBFlR5yfSCMToxThf1QmleoNHU/T2RYKHUSPimU2A9UIu1iflfrRnr3rmXsCCKNQ3IbFEv5kiHaBIH6jJJieYjA5hIZv6KyABLTLQJLWNCcBdPXoZaqeg6RffWpHEJM6XhGLKQBxfOoAw3UIEqEHiAZ3iFN+vRerHerY9Za8qazxzCH1mfPyHslPI=</latexit><latexit sha1_base64="aGBV5muJM3xp3RcFWeFfgI2kleI=">AAACAXicbZDLSgMxFIYzXmu9jboR3IQWoVIoM93oRiiK4LKCvUA7LZk004YmmSHJCMNQN76Cj+DGhSJufQt3fRvTy0Jbfwh8/OccTs7vR4wq7Thja2V1bX1jM7OV3d7Z3du3Dw7rKowlJjUcslA2faQIo4LUNNWMNCNJEPcZafjD60m98UCkoqG410lEPI76ggYUI22srn180ynDS1jgEHfKZ4aLsBBhA10775ScqeAyuHPIV3Lt4vO4klS79ne7F+KYE6ExQ0q1XCfSXoqkppiRUbYdKxIhPER90jIoECfKS6cXjOCpcXowCKV5QsOp+3siRVyphPumkyM9UIu1iflfrRXr4MJLqYhiTQSeLQpiBnUIJ3HAHpUEa5YYQFhS81eIB0girE1oWROCu3jyMtTLJdcpuXcmjSswUwacgBwoABecgwq4BVVQAxg8ghfwBt6tJ+vV+rA+Z60r1nzmCPyR9fUDK1aWeA==</latexit><latexit sha1_base64="aGBV5muJM3xp3RcFWeFfgI2kleI=">AAACAXicbZDLSgMxFIYzXmu9jboR3IQWoVIoM93oRiiK4LKCvUA7LZk004YmmSHJCMNQN76Cj+DGhSJufQt3fRvTy0Jbfwh8/OccTs7vR4wq7Thja2V1bX1jM7OV3d7Z3du3Dw7rKowlJjUcslA2faQIo4LUNNWMNCNJEPcZafjD60m98UCkoqG410lEPI76ggYUI22srn180ynDS1jgEHfKZ4aLsBBhA10775ScqeAyuHPIV3Lt4vO4klS79ne7F+KYE6ExQ0q1XCfSXoqkppiRUbYdKxIhPER90jIoECfKS6cXjOCpcXowCKV5QsOp+3siRVyphPumkyM9UIu1iflfrRXr4MJLqYhiTQSeLQpiBnUIJ3HAHpUEa5YYQFhS81eIB0girE1oWROCu3jyMtTLJdcpuXcmjSswUwacgBwoABecgwq4BVVQAxg8ghfwBt6tJ+vV+rA+Z60r1nzmCPyR9fUDK1aWeA==</latexit><latexit sha1_base64="GsUYFxaFVAj8SkRToDvYak+uyr8=">AAACAXicbZDLSsNAFIZP6q3WW9SN4GawCBWhJN3oRiiK4LKCvUCblsl00g6dScLMRCihbnwVNy4UcetbuPNtnLZZaPWHgY//nMOZ8/sxZ0o7zpeVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8pZSOuaaU5bsaRY+Jw2/dHVtN68p1KxKLzT45h6Ag9CFjCCtbF69sF1t4IuUEkg0q2cGD5FpZgY6NlFp+zMhP6Cm0ERMtV69menH5FE0FATjpVqu06svRRLzQink0InUTTGZIQHtG0wxIIqL51dMEHHxumjIJLmhRrN3J8TKRZKjYVvOgXWQ7VYm5r/1dqJDs69lIVxomlI5ouChCMdoWkcqM8kJZqPDWAimfkrIkMsMdEmtIIJwV08+S80KmXXKbu3TrF6mcWRh0M4ghK4cAZVuIEa1IHAAzzBC7xaj9az9Wa9z1tzVjazD79kfXwDD22TaQ==</latexit>

p = 8.22818 x 10-18 Kg m / s

mu = 1.66056 x 10-27 Kg 

Ion momentum

v = 45766823.10  m/s

Ion velocity



Energy matching
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v0

ρ0
<latexit sha1_base64="WB+yj2r8WibTGlG5UGwzo8lPnP0=">AAAB7XicbVDLSgNBEOz1GeMr6lEPg0HwFHa96DHoxWMC5gHJEmYnk2TM7Mwy0yuEJf/gxYMiXv0Fv8ObNz/FyeOgiQUNRVU33V1RIoVF3//yVlbX1jc2c1v57Z3dvf3CwWHd6tQwXmNaatOMqOVSKF5DgZI3E8NpHEneiIY3E7/xwI0VWt3hKOFhTPtK9ASj6KR62wx0x+8Uin7Jn4Isk2BOiuWTj+o3AFQ6hc92V7M05gqZpNa2Aj/BMKMGBZN8nG+nlieUDWmftxxVNOY2zKbXjsmZU7qkp40rhWSq/p7IaGztKI5cZ0xxYBe9ifif10qxdxVmQiUpcsVmi3qpJKjJ5HXSFYYzlCNHKDPC3UrYgBrK0AWUdyEEiy8vk/pFKfBLQdWlcQ0z5OAYTuEcAriEMtxCBWrA4B4e4RlePO09ea/e26x1xZvPHMEfeO8/VLCRKw==</latexit><latexit sha1_base64="yQHXpq8u34xnOZhwHPxeo4bodr0=">AAAB7XicbVC7SgNBFL0bXzG+opaKDAbBKuzaaBm0sUzAPCBZwuxkNhkzO7PMzArLktLexkIRW38h32HnN/gTTh6FJh64cDjnXu69J4g508Z1v5zcyura+kZ+s7C1vbO7V9w/aGiZKELrRHKpWgHWlDNB64YZTluxojgKOG0Gw5uJ33ygSjMp7kwaUz/CfcFCRrCxUqOjBrLrdoslt+xOgZaJNyelyvG49v14Mq52i5+dniRJRIUhHGvd9tzY+BlWhhFOR4VOommMyRD3adtSgSOq/Wx67QidWaWHQqlsCYOm6u+JDEdap1FgOyNsBnrRm4j/ee3EhFd+xkScGCrIbFGYcGQkmryOekxRYnhqCSaK2VsRGWCFibEBFWwI3uLLy6RxUfbcslezaVzDDHk4glM4Bw8uoQK3UIU6ELiHJ3iBV0c6z86b8z5rzTnzmUP4A+fjBzL1kpE=</latexit><latexit sha1_base64="yQHXpq8u34xnOZhwHPxeo4bodr0=">AAAB7XicbVC7SgNBFL0bXzG+opaKDAbBKuzaaBm0sUzAPCBZwuxkNhkzO7PMzArLktLexkIRW38h32HnN/gTTh6FJh64cDjnXu69J4g508Z1v5zcyura+kZ+s7C1vbO7V9w/aGiZKELrRHKpWgHWlDNB64YZTluxojgKOG0Gw5uJ33ygSjMp7kwaUz/CfcFCRrCxUqOjBrLrdoslt+xOgZaJNyelyvG49v14Mq52i5+dniRJRIUhHGvd9tzY+BlWhhFOR4VOommMyRD3adtSgSOq/Wx67QidWaWHQqlsCYOm6u+JDEdap1FgOyNsBnrRm4j/ee3EhFd+xkScGCrIbFGYcGQkmryOekxRYnhqCSaK2VsRGWCFibEBFWwI3uLLy6RxUfbcslezaVzDDHk4glM4Bw8uoQK3UIU6ELiHJ3iBV0c6z86b8z5rzTnzmUP4A+fjBzL1kpE=</latexit><latexit sha1_base64="ehdEdoD2fRMSowtsmsAxkEN+S00=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lawXPRa9eKxgP6BdSjbNtrHZZEmyQln6H7x4UMSr/8eb/8a03YO2Phh4vDfDzLwolcI6Qr7R2vrG5tZ2aae8u7d/cFg5Om5ZnRnGm0xLbToRtVwKxZtOOMk7qeE0iSRvR+Pbmd9+4sYKrR7cJOVhQodKxIJR56VWz4x0n/QrVVIjc+BVEhSkCgUa/cpXb6BZlnDlmKTWdgOSujCnxgkm+bTcyyxPKRvTIe96qmjCbZjPr53ic68McKyNL+XwXP09kdPE2kkS+c6EupFd9mbif143c/F1mAuVZo4rtlgUZxI7jWev44EwnDk58YQyI/ytmI2oocz5gMo+hGD55VXSuqwFpBbck2r9poijBKdwBhcQwBXU4Q4a0AQGj/AMr/CGNHpB7+hj0bqGipkT+AP0+QNEto7m</latexit>

p0

q
= ρ0B0

<latexit sha1_base64="simTuQyzh0jGJ9xvZsZwC2Y/a9s=">AAACA3icbVC7SgNBFL0bXzG+onbaDAbBKszaaCOG2FhGMA/ILsvsZDYZMvtwZlYISyCNv2JjoYitH6Gdlb/i5FFo4oELh3Pu5d57/ERwpTH+snJLyyura/n1wsbm1vZOcXevoeJUUlansYhlyyeKCR6xuuZasFYiGQl9wZp+/2rsN++ZVDyObvUgYW5IuhEPOCXaSF7xwAkkoVni4WF2N0QXyJG92MOo6mGvWMJlPAFaJPaMlCqX3x8jAKh5xU+nE9M0ZJGmgijVtnGi3YxIzalgw4KTKpYQ2idd1jY0IiFTbjb5YYiOjdJBQSxNRRpN1N8TGQmVGoS+6QyJ7ql5byz+57VTHZy7GY+SVLOIThcFqUA6RuNAUIdLRrUYGEKo5OZWRHvEhKJNbAUTgj3/8iJpnJZtXLZvTBpVmCIPh3AEJ2DDGVTgGmpQBwojeIRneLEerCfr1Xqbtuas2cw+/IH1/gP6ZplU</latexit><latexit sha1_base64="7HubIleiwlDHF+jEkx9+oofhki8=">AAACA3icbVC7SgNBFJ31GeNr1U6bwSDYGGZtTCOGWGgZwTwguyyzk9lkyOzsOjMrhiVg46/YWChi60doZ+WvOHkUmnjgwuGce7n3niDhTGmEvqy5+YXFpeXcSn51bX1j097arqs4lYTWSMxj2QywopwJWtNMc9pMJMVRwGkj6J0P/cYtlYrF4lr3E+pFuCNYyAjWRvLtXTeUmGSJjwbZzQCeQld2Yx/Bio98u4CKaAQ4S5wJKZTPvj/ujkoXVd/+dNsxSSMqNOFYqZaDEu1lWGpGOB3k3VTRBJMe7tCWoQJHVHnZ6IcBPDBKG4axNCU0HKm/JzIcKdWPAtMZYd1V095Q/M9rpToseRkTSaqpIONFYcqhjuEwENhmkhLN+4ZgIpm5FZIuNqFoE1vehOBMvzxL6sdFBxWdK5NGBYyRA3tgHxwCB5yAMrgEVVADBNyDR/AMXqwH68l6td7GrXPWZGYH/IH1/gPVY5n4</latexit><latexit sha1_base64="7HubIleiwlDHF+jEkx9+oofhki8=">AAACA3icbVC7SgNBFJ31GeNr1U6bwSDYGGZtTCOGWGgZwTwguyyzk9lkyOzsOjMrhiVg46/YWChi60doZ+WvOHkUmnjgwuGce7n3niDhTGmEvqy5+YXFpeXcSn51bX1j097arqs4lYTWSMxj2QywopwJWtNMc9pMJMVRwGkj6J0P/cYtlYrF4lr3E+pFuCNYyAjWRvLtXTeUmGSJjwbZzQCeQld2Yx/Bio98u4CKaAQ4S5wJKZTPvj/ujkoXVd/+dNsxSSMqNOFYqZaDEu1lWGpGOB3k3VTRBJMe7tCWoQJHVHnZ6IcBPDBKG4axNCU0HKm/JzIcKdWPAtMZYd1V095Q/M9rpToseRkTSaqpIONFYcqhjuEwENhmkhLN+4ZgIpm5FZIuNqFoE1vehOBMvzxL6sdFBxWdK5NGBYyRA3tgHxwCB5yAMrgEVVADBNyDR/AMXqwH68l6td7GrXPWZGYH/IH1/gPVY5n4</latexit><latexit sha1_base64="krCWOx/Sf/awxhlfsnC3Yr9HUKc=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVcm40Y1Q6sZlBfuAzjBk0kwbmknGJCOUoeDGX3HjQhG3/oQ7/8a0nYW2HrhwOOde7r0nSjnTBqFvp7Syura+Ud6sbG3v7O65+wdtLTNFaItILlU3wppyJmjLMMNpN1UUJxGnnWh0PfU7D1RpJsWdGac0SPBAsJgRbKwUukd+rDDJ0xBN8vsJvIK+GsoQwUaIQreKamgGuEy8glRBgWbofvl9SbKECkM41rrnodQEOVaGEU4nFT/TNMVkhAe0Z6nACdVBPvthAk+t0oexVLaEgTP190SOE63HSWQ7E2yGetGbiv95vczEl0HORJoZKsh8UZxxaCScBgL7TFFi+NgSTBSzt0IyxDYUY2Or2BC8xZeXSfu85qGad4uq9UYRRxkcgxNwBjxwAergBjRBCxDwCJ7BK3hznpwX5935mLeWnGLmEPyB8/kDWsWWpQ==</latexit>

Uniform B-field



Revolution time
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v0

ρ0
<latexit sha1_base64="WB+yj2r8WibTGlG5UGwzo8lPnP0=">AAAB7XicbVDLSgNBEOz1GeMr6lEPg0HwFHa96DHoxWMC5gHJEmYnk2TM7Mwy0yuEJf/gxYMiXv0Fv8ObNz/FyeOgiQUNRVU33V1RIoVF3//yVlbX1jc2c1v57Z3dvf3CwWHd6tQwXmNaatOMqOVSKF5DgZI3E8NpHEneiIY3E7/xwI0VWt3hKOFhTPtK9ASj6KR62wx0x+8Uin7Jn4Isk2BOiuWTj+o3AFQ6hc92V7M05gqZpNa2Aj/BMKMGBZN8nG+nlieUDWmftxxVNOY2zKbXjsmZU7qkp40rhWSq/p7IaGztKI5cZ0xxYBe9ifif10qxdxVmQiUpcsVmi3qpJKjJ5HXSFYYzlCNHKDPC3UrYgBrK0AWUdyEEiy8vk/pFKfBLQdWlcQ0z5OAYTuEcAriEMtxCBWrA4B4e4RlePO09ea/e26x1xZvPHMEfeO8/VLCRKw==</latexit><latexit sha1_base64="yQHXpq8u34xnOZhwHPxeo4bodr0=">AAAB7XicbVC7SgNBFL0bXzG+opaKDAbBKuzaaBm0sUzAPCBZwuxkNhkzO7PMzArLktLexkIRW38h32HnN/gTTh6FJh64cDjnXu69J4g508Z1v5zcyura+kZ+s7C1vbO7V9w/aGiZKELrRHKpWgHWlDNB64YZTluxojgKOG0Gw5uJ33ygSjMp7kwaUz/CfcFCRrCxUqOjBrLrdoslt+xOgZaJNyelyvG49v14Mq52i5+dniRJRIUhHGvd9tzY+BlWhhFOR4VOommMyRD3adtSgSOq/Wx67QidWaWHQqlsCYOm6u+JDEdap1FgOyNsBnrRm4j/ee3EhFd+xkScGCrIbFGYcGQkmryOekxRYnhqCSaK2VsRGWCFibEBFWwI3uLLy6RxUfbcslezaVzDDHk4glM4Bw8uoQK3UIU6ELiHJ3iBV0c6z86b8z5rzTnzmUP4A+fjBzL1kpE=</latexit><latexit sha1_base64="yQHXpq8u34xnOZhwHPxeo4bodr0=">AAAB7XicbVC7SgNBFL0bXzG+opaKDAbBKuzaaBm0sUzAPCBZwuxkNhkzO7PMzArLktLexkIRW38h32HnN/gTTh6FJh64cDjnXu69J4g508Z1v5zcyura+kZ+s7C1vbO7V9w/aGiZKELrRHKpWgHWlDNB64YZTluxojgKOG0Gw5uJ33ygSjMp7kwaUz/CfcFCRrCxUqOjBrLrdoslt+xOgZaJNyelyvG49v14Mq52i5+dniRJRIUhHGvd9tzY+BlWhhFOR4VOommMyRD3adtSgSOq/Wx67QidWaWHQqlsCYOm6u+JDEdap1FgOyNsBnrRm4j/ee3EhFd+xkScGCrIbFGYcGQkmryOekxRYnhqCSaK2VsRGWCFibEBFWwI3uLLy6RxUfbcslezaVzDDHk4glM4Bw8uoQK3UIU6ELiHJ3iBV0c6z86b8z5rzTnzmUP4A+fjBzL1kpE=</latexit><latexit sha1_base64="ehdEdoD2fRMSowtsmsAxkEN+S00=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lawXPRa9eKxgP6BdSjbNtrHZZEmyQln6H7x4UMSr/8eb/8a03YO2Phh4vDfDzLwolcI6Qr7R2vrG5tZ2aae8u7d/cFg5Om5ZnRnGm0xLbToRtVwKxZtOOMk7qeE0iSRvR+Pbmd9+4sYKrR7cJOVhQodKxIJR56VWz4x0n/QrVVIjc+BVEhSkCgUa/cpXb6BZlnDlmKTWdgOSujCnxgkm+bTcyyxPKRvTIe96qmjCbZjPr53ic68McKyNL+XwXP09kdPE2kkS+c6EupFd9mbif143c/F1mAuVZo4rtlgUZxI7jWev44EwnDk58YQyI/ytmI2oocz5gMo+hGD55VXSuqwFpBbck2r9poijBKdwBhcQwBXU4Q4a0AQGj/AMr/CGNHpB7+hj0bqGipkT+AP0+QNEto7m</latexit>

Uniform B-field

τ0 =
2πρ0

v0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Silver:  Mass  107,   Charge +45
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Circumference = 216.72 m

microseconds

At injection energy

Revolution frequency  à Hz

v = 45766823.10  m/s

Ion velocity τ = 4.7227
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

211179.87



14/1/2019 G. Franchetti 18

Frequency

f = 211185.6 Hz

Revolution frequency
Hz211179.87
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Radial displacement à -1 mm
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ρ 0
=
10
m

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

L0 = 216.72 m

DL = – 2 ! 10-3 m

Change in circumference

Orbit

f = f0 (1 + DL/L0)

f = 211185.99  Hz

ρ = 10− 0.001m
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Orbit with radial shift



Reference particle
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v0

ρ0
<latexit sha1_base64="WB+yj2r8WibTGlG5UGwzo8lPnP0=">AAAB7XicbVDLSgNBEOz1GeMr6lEPg0HwFHa96DHoxWMC5gHJEmYnk2TM7Mwy0yuEJf/gxYMiXv0Fv8ObNz/FyeOgiQUNRVU33V1RIoVF3//yVlbX1jc2c1v57Z3dvf3CwWHd6tQwXmNaatOMqOVSKF5DgZI3E8NpHEneiIY3E7/xwI0VWt3hKOFhTPtK9ASj6KR62wx0x+8Uin7Jn4Isk2BOiuWTj+o3AFQ6hc92V7M05gqZpNa2Aj/BMKMGBZN8nG+nlieUDWmftxxVNOY2zKbXjsmZU7qkp40rhWSq/p7IaGztKI5cZ0xxYBe9ifif10qxdxVmQiUpcsVmi3qpJKjJ5HXSFYYzlCNHKDPC3UrYgBrK0AWUdyEEiy8vk/pFKfBLQdWlcQ0z5OAYTuEcAriEMtxCBWrA4B4e4RlePO09ea/e26x1xZvPHMEfeO8/VLCRKw==</latexit><latexit sha1_base64="yQHXpq8u34xnOZhwHPxeo4bodr0=">AAAB7XicbVC7SgNBFL0bXzG+opaKDAbBKuzaaBm0sUzAPCBZwuxkNhkzO7PMzArLktLexkIRW38h32HnN/gTTh6FJh64cDjnXu69J4g508Z1v5zcyura+kZ+s7C1vbO7V9w/aGiZKELrRHKpWgHWlDNB64YZTluxojgKOG0Gw5uJ33ygSjMp7kwaUz/CfcFCRrCxUqOjBrLrdoslt+xOgZaJNyelyvG49v14Mq52i5+dniRJRIUhHGvd9tzY+BlWhhFOR4VOommMyRD3adtSgSOq/Wx67QidWaWHQqlsCYOm6u+JDEdap1FgOyNsBnrRm4j/ee3EhFd+xkScGCrIbFGYcGQkmryOekxRYnhqCSaK2VsRGWCFibEBFWwI3uLLy6RxUfbcslezaVzDDHk4glM4Bw8uoQK3UIU6ELiHJ3iBV0c6z86b8z5rzTnzmUP4A+fjBzL1kpE=</latexit><latexit sha1_base64="yQHXpq8u34xnOZhwHPxeo4bodr0=">AAAB7XicbVC7SgNBFL0bXzG+opaKDAbBKuzaaBm0sUzAPCBZwuxkNhkzO7PMzArLktLexkIRW38h32HnN/gTTh6FJh64cDjnXu69J4g508Z1v5zcyura+kZ+s7C1vbO7V9w/aGiZKELrRHKpWgHWlDNB64YZTluxojgKOG0Gw5uJ33ygSjMp7kwaUz/CfcFCRrCxUqOjBrLrdoslt+xOgZaJNyelyvG49v14Mq52i5+dniRJRIUhHGvd9tzY+BlWhhFOR4VOommMyRD3adtSgSOq/Wx67QidWaWHQqlsCYOm6u+JDEdap1FgOyNsBnrRm4j/ee3EhFd+xkScGCrIbFGYcGQkmryOekxRYnhqCSaK2VsRGWCFibEBFWwI3uLLy6RxUfbcslezaVzDDHk4glM4Bw8uoQK3UIU6ELiHJ3iBV0c6z86b8z5rzTnzmUP4A+fjBzL1kpE=</latexit><latexit sha1_base64="ehdEdoD2fRMSowtsmsAxkEN+S00=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lawXPRa9eKxgP6BdSjbNtrHZZEmyQln6H7x4UMSr/8eb/8a03YO2Phh4vDfDzLwolcI6Qr7R2vrG5tZ2aae8u7d/cFg5Om5ZnRnGm0xLbToRtVwKxZtOOMk7qeE0iSRvR+Pbmd9+4sYKrR7cJOVhQodKxIJR56VWz4x0n/QrVVIjc+BVEhSkCgUa/cpXb6BZlnDlmKTWdgOSujCnxgkm+bTcyyxPKRvTIe96qmjCbZjPr53ic68McKyNL+XwXP09kdPE2kkS+c6EupFd9mbif143c/F1mAuVZo4rtlgUZxI7jWev44EwnDk58YQyI/ytmI2oocz5gMo+hGD55VXSuqwFpBbck2r9poijBKdwBhcQwBXU4Q4a0AQGj/AMr/CGNHpB7+hj0bqGipkT+AP0+QNEto7m</latexit>

p0

q
= ρ0B0

<latexit sha1_base64="simTuQyzh0jGJ9xvZsZwC2Y/a9s=">AAACA3icbVC7SgNBFL0bXzG+onbaDAbBKszaaCOG2FhGMA/ILsvsZDYZMvtwZlYISyCNv2JjoYitH6Gdlb/i5FFo4oELh3Pu5d57/ERwpTH+snJLyyura/n1wsbm1vZOcXevoeJUUlansYhlyyeKCR6xuuZasFYiGQl9wZp+/2rsN++ZVDyObvUgYW5IuhEPOCXaSF7xwAkkoVni4WF2N0QXyJG92MOo6mGvWMJlPAFaJPaMlCqX3x8jAKh5xU+nE9M0ZJGmgijVtnGi3YxIzalgw4KTKpYQ2idd1jY0IiFTbjb5YYiOjdJBQSxNRRpN1N8TGQmVGoS+6QyJ7ql5byz+57VTHZy7GY+SVLOIThcFqUA6RuNAUIdLRrUYGEKo5OZWRHvEhKJNbAUTgj3/8iJpnJZtXLZvTBpVmCIPh3AEJ2DDGVTgGmpQBwojeIRneLEerCfr1Xqbtuas2cw+/IH1/gP6ZplU</latexit><latexit sha1_base64="7HubIleiwlDHF+jEkx9+oofhki8=">AAACA3icbVC7SgNBFJ31GeNr1U6bwSDYGGZtTCOGWGgZwTwguyyzk9lkyOzsOjMrhiVg46/YWChi60doZ+WvOHkUmnjgwuGce7n3niDhTGmEvqy5+YXFpeXcSn51bX1j097arqs4lYTWSMxj2QywopwJWtNMc9pMJMVRwGkj6J0P/cYtlYrF4lr3E+pFuCNYyAjWRvLtXTeUmGSJjwbZzQCeQld2Yx/Bio98u4CKaAQ4S5wJKZTPvj/ujkoXVd/+dNsxSSMqNOFYqZaDEu1lWGpGOB3k3VTRBJMe7tCWoQJHVHnZ6IcBPDBKG4axNCU0HKm/JzIcKdWPAtMZYd1V095Q/M9rpToseRkTSaqpIONFYcqhjuEwENhmkhLN+4ZgIpm5FZIuNqFoE1vehOBMvzxL6sdFBxWdK5NGBYyRA3tgHxwCB5yAMrgEVVADBNyDR/AMXqwH68l6td7GrXPWZGYH/IH1/gPVY5n4</latexit><latexit sha1_base64="7HubIleiwlDHF+jEkx9+oofhki8=">AAACA3icbVC7SgNBFJ31GeNr1U6bwSDYGGZtTCOGWGgZwTwguyyzk9lkyOzsOjMrhiVg46/YWChi60doZ+WvOHkUmnjgwuGce7n3niDhTGmEvqy5+YXFpeXcSn51bX1j097arqs4lYTWSMxj2QywopwJWtNMc9pMJMVRwGkj6J0P/cYtlYrF4lr3E+pFuCNYyAjWRvLtXTeUmGSJjwbZzQCeQld2Yx/Bio98u4CKaAQ4S5wJKZTPvj/ujkoXVd/+dNsxSSMqNOFYqZaDEu1lWGpGOB3k3VTRBJMe7tCWoQJHVHnZ6IcBPDBKG4axNCU0HKm/JzIcKdWPAtMZYd1V095Q/M9rpToseRkTSaqpIONFYcqhjuEwENhmkhLN+4ZgIpm5FZIuNqFoE1vehOBMvzxL6sdFBxWdK5NGBYyRA3tgHxwCB5yAMrgEVVADBNyDR/AMXqwH68l6td7GrXPWZGYH/IH1/gPVY5n4</latexit><latexit sha1_base64="krCWOx/Sf/awxhlfsnC3Yr9HUKc=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVcm40Y1Q6sZlBfuAzjBk0kwbmknGJCOUoeDGX3HjQhG3/oQ7/8a0nYW2HrhwOOde7r0nSjnTBqFvp7Syura+Ud6sbG3v7O65+wdtLTNFaItILlU3wppyJmjLMMNpN1UUJxGnnWh0PfU7D1RpJsWdGac0SPBAsJgRbKwUukd+rDDJ0xBN8vsJvIK+GsoQwUaIQreKamgGuEy8glRBgWbofvl9SbKECkM41rrnodQEOVaGEU4nFT/TNMVkhAe0Z6nACdVBPvthAk+t0oexVLaEgTP190SOE63HSWQ7E2yGetGbiv95vczEl0HORJoZKsh8UZxxaCScBgL7TFFi+NgSTBSzt0IyxDYUY2Or2BC8xZeXSfu85qGad4uq9UYRRxkcgxNwBjxwAergBjRBCxDwCJ7BK3hznpwX5935mLeWnGLmEPyB8/kDWsWWpQ==</latexit>

Uniform B-field



Reference frame attached to the 
reference particle
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v0

ρ0
<latexit sha1_base64="WB+yj2r8WibTGlG5UGwzo8lPnP0=">AAAB7XicbVDLSgNBEOz1GeMr6lEPg0HwFHa96DHoxWMC5gHJEmYnk2TM7Mwy0yuEJf/gxYMiXv0Fv8ObNz/FyeOgiQUNRVU33V1RIoVF3//yVlbX1jc2c1v57Z3dvf3CwWHd6tQwXmNaatOMqOVSKF5DgZI3E8NpHEneiIY3E7/xwI0VWt3hKOFhTPtK9ASj6KR62wx0x+8Uin7Jn4Isk2BOiuWTj+o3AFQ6hc92V7M05gqZpNa2Aj/BMKMGBZN8nG+nlieUDWmftxxVNOY2zKbXjsmZU7qkp40rhWSq/p7IaGztKI5cZ0xxYBe9ifif10qxdxVmQiUpcsVmi3qpJKjJ5HXSFYYzlCNHKDPC3UrYgBrK0AWUdyEEiy8vk/pFKfBLQdWlcQ0z5OAYTuEcAriEMtxCBWrA4B4e4RlePO09ea/e26x1xZvPHMEfeO8/VLCRKw==</latexit><latexit sha1_base64="yQHXpq8u34xnOZhwHPxeo4bodr0=">AAAB7XicbVC7SgNBFL0bXzG+opaKDAbBKuzaaBm0sUzAPCBZwuxkNhkzO7PMzArLktLexkIRW38h32HnN/gTTh6FJh64cDjnXu69J4g508Z1v5zcyura+kZ+s7C1vbO7V9w/aGiZKELrRHKpWgHWlDNB64YZTluxojgKOG0Gw5uJ33ygSjMp7kwaUz/CfcFCRrCxUqOjBrLrdoslt+xOgZaJNyelyvG49v14Mq52i5+dniRJRIUhHGvd9tzY+BlWhhFOR4VOommMyRD3adtSgSOq/Wx67QidWaWHQqlsCYOm6u+JDEdap1FgOyNsBnrRm4j/ee3EhFd+xkScGCrIbFGYcGQkmryOekxRYnhqCSaK2VsRGWCFibEBFWwI3uLLy6RxUfbcslezaVzDDHk4glM4Bw8uoQK3UIU6ELiHJ3iBV0c6z86b8z5rzTnzmUP4A+fjBzL1kpE=</latexit><latexit sha1_base64="yQHXpq8u34xnOZhwHPxeo4bodr0=">AAAB7XicbVC7SgNBFL0bXzG+opaKDAbBKuzaaBm0sUzAPCBZwuxkNhkzO7PMzArLktLexkIRW38h32HnN/gTTh6FJh64cDjnXu69J4g508Z1v5zcyura+kZ+s7C1vbO7V9w/aGiZKELrRHKpWgHWlDNB64YZTluxojgKOG0Gw5uJ33ygSjMp7kwaUz/CfcFCRrCxUqOjBrLrdoslt+xOgZaJNyelyvG49v14Mq52i5+dniRJRIUhHGvd9tzY+BlWhhFOR4VOommMyRD3adtSgSOq/Wx67QidWaWHQqlsCYOm6u+JDEdap1FgOyNsBnrRm4j/ee3EhFd+xkScGCrIbFGYcGQkmryOekxRYnhqCSaK2VsRGWCFibEBFWwI3uLLy6RxUfbcslezaVzDDHk4glM4Bw8uoQK3UIU6ELiHJ3iBV0c6z86b8z5rzTnzmUP4A+fjBzL1kpE=</latexit><latexit sha1_base64="ehdEdoD2fRMSowtsmsAxkEN+S00=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lawXPRa9eKxgP6BdSjbNtrHZZEmyQln6H7x4UMSr/8eb/8a03YO2Phh4vDfDzLwolcI6Qr7R2vrG5tZ2aae8u7d/cFg5Om5ZnRnGm0xLbToRtVwKxZtOOMk7qeE0iSRvR+Pbmd9+4sYKrR7cJOVhQodKxIJR56VWz4x0n/QrVVIjc+BVEhSkCgUa/cpXb6BZlnDlmKTWdgOSujCnxgkm+bTcyyxPKRvTIe96qmjCbZjPr53ic68McKyNL+XwXP09kdPE2kkS+c6EupFd9mbif143c/F1mAuVZo4rtlgUZxI7jWev44EwnDk58YQyI/ytmI2oocz5gMo+hGD55VXSuqwFpBbck2r9poijBKdwBhcQwBXU4Q4a0AQGj/AMr/CGNHpB7+hj0bqGipkT+AP0+QNEto7m</latexit>

p0

q
= ρ0B0

<latexit sha1_base64="simTuQyzh0jGJ9xvZsZwC2Y/a9s=">AAACA3icbVC7SgNBFL0bXzG+onbaDAbBKszaaCOG2FhGMA/ILsvsZDYZMvtwZlYISyCNv2JjoYitH6Gdlb/i5FFo4oELh3Pu5d57/ERwpTH+snJLyyura/n1wsbm1vZOcXevoeJUUlansYhlyyeKCR6xuuZasFYiGQl9wZp+/2rsN++ZVDyObvUgYW5IuhEPOCXaSF7xwAkkoVni4WF2N0QXyJG92MOo6mGvWMJlPAFaJPaMlCqX3x8jAKh5xU+nE9M0ZJGmgijVtnGi3YxIzalgw4KTKpYQ2idd1jY0IiFTbjb5YYiOjdJBQSxNRRpN1N8TGQmVGoS+6QyJ7ql5byz+57VTHZy7GY+SVLOIThcFqUA6RuNAUIdLRrUYGEKo5OZWRHvEhKJNbAUTgj3/8iJpnJZtXLZvTBpVmCIPh3AEJ2DDGVTgGmpQBwojeIRneLEerCfr1Xqbtuas2cw+/IH1/gP6ZplU</latexit><latexit sha1_base64="7HubIleiwlDHF+jEkx9+oofhki8=">AAACA3icbVC7SgNBFJ31GeNr1U6bwSDYGGZtTCOGWGgZwTwguyyzk9lkyOzsOjMrhiVg46/YWChi60doZ+WvOHkUmnjgwuGce7n3niDhTGmEvqy5+YXFpeXcSn51bX1j097arqs4lYTWSMxj2QywopwJWtNMc9pMJMVRwGkj6J0P/cYtlYrF4lr3E+pFuCNYyAjWRvLtXTeUmGSJjwbZzQCeQld2Yx/Bio98u4CKaAQ4S5wJKZTPvj/ujkoXVd/+dNsxSSMqNOFYqZaDEu1lWGpGOB3k3VTRBJMe7tCWoQJHVHnZ6IcBPDBKG4axNCU0HKm/JzIcKdWPAtMZYd1V095Q/M9rpToseRkTSaqpIONFYcqhjuEwENhmkhLN+4ZgIpm5FZIuNqFoE1vehOBMvzxL6sdFBxWdK5NGBYyRA3tgHxwCB5yAMrgEVVADBNyDR/AMXqwH68l6td7GrXPWZGYH/IH1/gPVY5n4</latexit><latexit sha1_base64="7HubIleiwlDHF+jEkx9+oofhki8=">AAACA3icbVC7SgNBFJ31GeNr1U6bwSDYGGZtTCOGWGgZwTwguyyzk9lkyOzsOjMrhiVg46/YWChi60doZ+WvOHkUmnjgwuGce7n3niDhTGmEvqy5+YXFpeXcSn51bX1j097arqs4lYTWSMxj2QywopwJWtNMc9pMJMVRwGkj6J0P/cYtlYrF4lr3E+pFuCNYyAjWRvLtXTeUmGSJjwbZzQCeQld2Yx/Bio98u4CKaAQ4S5wJKZTPvj/ujkoXVd/+dNsxSSMqNOFYqZaDEu1lWGpGOB3k3VTRBJMe7tCWoQJHVHnZ6IcBPDBKG4axNCU0HKm/JzIcKdWPAtMZYd1V095Q/M9rpToseRkTSaqpIONFYcqhjuEwENhmkhLN+4ZgIpm5FZIuNqFoE1vehOBMvzxL6sdFBxWdK5NGBYyRA3tgHxwCB5yAMrgEVVADBNyDR/AMXqwH68l6td7GrXPWZGYH/IH1/gPVY5n4</latexit><latexit sha1_base64="krCWOx/Sf/awxhlfsnC3Yr9HUKc=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVcm40Y1Q6sZlBfuAzjBk0kwbmknGJCOUoeDGX3HjQhG3/oQ7/8a0nYW2HrhwOOde7r0nSjnTBqFvp7Syura+Ud6sbG3v7O65+wdtLTNFaItILlU3wppyJmjLMMNpN1UUJxGnnWh0PfU7D1RpJsWdGac0SPBAsJgRbKwUukd+rDDJ0xBN8vsJvIK+GsoQwUaIQreKamgGuEy8glRBgWbofvl9SbKECkM41rrnodQEOVaGEU4nFT/TNMVkhAe0Z6nACdVBPvthAk+t0oexVLaEgTP190SOE63HSWQ7E2yGetGbiv95vczEl0HORJoZKsh8UZxxaCScBgL7TFFi+NgSTBSzt0IyxDYUY2Or2BC8xZeXSfu85qGad4uq9UYRRxkcgxNwBjxwAergBjRBCxDwCJ7BK3hznpwX5935mLeWnGLmEPyB8/kDWsWWpQ==</latexit>

Uniform B-field

x

z



Particles near the reference particle can 
be described in the local reference 
frame

v0

z

x

Vx

Vzx

V

z



Transverse dynamics

x

Vx

x

Fx



Transverse forces  à from magnets
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Bx = αy

By = −αx
<latexit sha1_base64="op23ldso2LYrOV/MtKOKFnx7fbw=">AAACFXicbVDLSsNAFJ34rPEVdelmsCguaklE0I1Q6sZlBfuAJoTJdNoOnUzCzEQaQn/Cjb/ixoUibgV3/o2TNgttPZcLh3PuZeaeIGZUKtv+NpaWV1bX1ksb5ubW9s6utbffklEiMGniiEWiEyBJGOWkqahipBMLgsKAkXYwusn99gMRkkb8XqUx8UI04LRPMVJa8q1K3R/Dk2voVmYFXcTiIYIpdF2z7qe5d1ZoY98q21V7CrhInIKUQYGGb325vQgnIeEKMyRl17Fj5WVIKIoZmZhuIkmM8AgNSFdTjkIivWx61QQea6UH+5HQzRWcqr83MhRKmYaBngyRGsp5Lxf/87qJ6l95GeVxogjHs4f6CYMqgnlEsEcFwYqlmiAsqP4rxEMkEFY6SFOH4MyfvEha51XHrjp3F+VavYijBA7BETgFDrgENXALGqAJMHgEz+AVvBlPxovxbnzMRpeMYucA/IHx+QM8MZsg</latexit><latexit sha1_base64="op23ldso2LYrOV/MtKOKFnx7fbw=">AAACFXicbVDLSsNAFJ34rPEVdelmsCguaklE0I1Q6sZlBfuAJoTJdNoOnUzCzEQaQn/Cjb/ixoUibgV3/o2TNgttPZcLh3PuZeaeIGZUKtv+NpaWV1bX1ksb5ubW9s6utbffklEiMGniiEWiEyBJGOWkqahipBMLgsKAkXYwusn99gMRkkb8XqUx8UI04LRPMVJa8q1K3R/Dk2voVmYFXcTiIYIpdF2z7qe5d1ZoY98q21V7CrhInIKUQYGGb325vQgnIeEKMyRl17Fj5WVIKIoZmZhuIkmM8AgNSFdTjkIivWx61QQea6UH+5HQzRWcqr83MhRKmYaBngyRGsp5Lxf/87qJ6l95GeVxogjHs4f6CYMqgnlEsEcFwYqlmiAsqP4rxEMkEFY6SFOH4MyfvEha51XHrjp3F+VavYijBA7BETgFDrgENXALGqAJMHgEz+AVvBlPxovxbnzMRpeMYucA/IHx+QM8MZsg</latexit><latexit sha1_base64="op23ldso2LYrOV/MtKOKFnx7fbw=">AAACFXicbVDLSsNAFJ34rPEVdelmsCguaklE0I1Q6sZlBfuAJoTJdNoOnUzCzEQaQn/Cjb/ixoUibgV3/o2TNgttPZcLh3PuZeaeIGZUKtv+NpaWV1bX1ksb5ubW9s6utbffklEiMGniiEWiEyBJGOWkqahipBMLgsKAkXYwusn99gMRkkb8XqUx8UI04LRPMVJa8q1K3R/Dk2voVmYFXcTiIYIpdF2z7qe5d1ZoY98q21V7CrhInIKUQYGGb325vQgnIeEKMyRl17Fj5WVIKIoZmZhuIkmM8AgNSFdTjkIivWx61QQea6UH+5HQzRWcqr83MhRKmYaBngyRGsp5Lxf/87qJ6l95GeVxogjHs4f6CYMqgnlEsEcFwYqlmiAsqP4rxEMkEFY6SFOH4MyfvEha51XHrjp3F+VavYijBA7BETgFDrgENXALGqAJMHgEz+AVvBlPxovxbnzMRpeMYucA/IHx+QM8MZsg</latexit><latexit sha1_base64="op23ldso2LYrOV/MtKOKFnx7fbw=">AAACFXicbVDLSsNAFJ34rPEVdelmsCguaklE0I1Q6sZlBfuAJoTJdNoOnUzCzEQaQn/Cjb/ixoUibgV3/o2TNgttPZcLh3PuZeaeIGZUKtv+NpaWV1bX1ksb5ubW9s6utbffklEiMGniiEWiEyBJGOWkqahipBMLgsKAkXYwusn99gMRkkb8XqUx8UI04LRPMVJa8q1K3R/Dk2voVmYFXcTiIYIpdF2z7qe5d1ZoY98q21V7CrhInIKUQYGGb325vQgnIeEKMyRl17Fj5WVIKIoZmZhuIkmM8AgNSFdTjkIivWx61QQea6UH+5HQzRWcqr83MhRKmYaBngyRGsp5Lxf/87qJ6l95GeVxogjHs4f6CYMqgnlEsEcFwYqlmiAsqP4rxEMkEFY6SFOH4MyfvEha51XHrjp3F+VavYijBA7BETgFDrgENXALGqAJMHgEz+AVvBlPxovxbnzMRpeMYucA/IHx+QM8MZsg</latexit>

The bending angle 

depends on the quantity

k =

α

Bρ
<latexit sha1_base64="qC40AyuaWwARab39tiCn6hAENkA=">AAACAXicbVDLSsNAFL3xWesr6kZwM1gEVyVxoxux1I3LCvYBTSmT6aQZOpmEmYlQQkTwV9y4UMStX6E7V/6K08dCWw9cOJxzL/fe4yecKe04X9bC4tLyymphrbi+sbm1be/sNlScSkLrJOaxbPlYUc4ErWumOW0lkuLI57TpDy5HfvOWSsVicaOHCe1EuC9YwAjWRura+wN0jrxAYpJ5mCchzrOqJ8M479olp+yMgeaJOyWlysX3xz0A1Lr2p9eLSRpRoQnHSrVdJ9GdDEvNCKd50UsVTTAZ4D5tGypwRFUnG3+QoyOj9FAQS1NCo7H6eyLDkVLDyDedEdahmvVG4n9eO9XBWSdjIkk1FWSyKEg50jEaxYF6TFKi+dAQTCQztyISYhOHNqEVTQju7MvzpHFSdp2ye23SqMIEBTiAQzgGF06hAldQgzoQuINHeIYX68F6sl6tt0nrgjWd2YM/sN5/AMV9mV8=</latexit><latexit sha1_base64="bsA0smWlFd7doidXQ+Mfu9ik79k=">AAACAXicbVC7SgNBFJ2NrxhfqzaCzWAQbAy7NqYRQyy0jGAekF3C7GQ2GTI7s8zMimFZG3/FxkIRW79COyt/xcmj0MQDFw7n3Mu99wQxo0o7zpeVW1hcWl7JrxbW1jc2t+ztnYYSicSkjgUTshUgRRjlpK6pZqQVS4KigJFmMLgY+c1bIhUV/EYPY+JHqMdpSDHSRurYewN4Br1QIpx6iMV9lKVVT/ZF1rGLTskZA84Td0qKlfPvj7vj8mWtY396XYGTiHCNGVKq7Tqx9lMkNcWMZAUvUSRGeIB6pG0oRxFRfjr+IIOHRunCUEhTXMOx+nsiRZFSwygwnRHSfTXrjcT/vHaiw7KfUh4nmnA8WRQmDGoBR3HALpUEazY0BGFJza0Q95GJQ5vQCiYEd/bledI4KblOyb02aVTBBHmwDw7AEXDBKaiAK1ADdYDBPXgEz+DFerCerFfrbdKas6Yzu+APrPcfoHqaAw==</latexit><latexit sha1_base64="bsA0smWlFd7doidXQ+Mfu9ik79k=">AAACAXicbVC7SgNBFJ2NrxhfqzaCzWAQbAy7NqYRQyy0jGAekF3C7GQ2GTI7s8zMimFZG3/FxkIRW79COyt/xcmj0MQDFw7n3Mu99wQxo0o7zpeVW1hcWl7JrxbW1jc2t+ztnYYSicSkjgUTshUgRRjlpK6pZqQVS4KigJFmMLgY+c1bIhUV/EYPY+JHqMdpSDHSRurYewN4Br1QIpx6iMV9lKVVT/ZF1rGLTskZA84Td0qKlfPvj7vj8mWtY396XYGTiHCNGVKq7Tqx9lMkNcWMZAUvUSRGeIB6pG0oRxFRfjr+IIOHRunCUEhTXMOx+nsiRZFSwygwnRHSfTXrjcT/vHaiw7KfUh4nmnA8WRQmDGoBR3HALpUEazY0BGFJza0Q95GJQ5vQCiYEd/bledI4KblOyb02aVTBBHmwDw7AEXDBKaiAK1ADdYDBPXgEz+DFerCerFfrbdKas6Yzu+APrPcfoHqaAw==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="kgleUn2yZjDBzY+BGMMwa85dxJU=">AAAB9nicbZBLSwMxFIXv1FetVUdXgptgEVyVGTe6EUQ3LivYB3SGkkkzndBMMiQZoQzjxr/ixoUi/hR3/hvTx0JbDwQO5yTc3C/KONPG876dytr6xuZWdbu2U9/d23cP6h0tc0Vom0guVS/CmnImaNsww2kvUxSnEafdaHw77buPVGkmxYOZZDRM8UiwmBFsbDRwj8boCgWxwqQIMM8SXBY3gUpkOXAbXtObCa0af2EasFBr4H4FQ0nylApDONa673uZCQusDCOclrUg1zTDZIxHtG+twCnVYTHboESnNhmiWCp7hEGz9PeLAqdaT9LI3kyxSfRyNw3/6/q5iS/DgoksN1SQ+aA458hINMWBhkxRYvjEGkwUs39FJMEWh7HQahaCv7zyqumcN32v6d97UIVjOIEz8OECruEOWtAGAk/wAm/w7jw7r87HHFfFWXA7hD9yPn8Aq/2VSA==</latexit><latexit sha1_base64="kgleUn2yZjDBzY+BGMMwa85dxJU=">AAAB9nicbZBLSwMxFIXv1FetVUdXgptgEVyVGTe6EUQ3LivYB3SGkkkzndBMMiQZoQzjxr/ixoUi/hR3/hvTx0JbDwQO5yTc3C/KONPG876dytr6xuZWdbu2U9/d23cP6h0tc0Vom0guVS/CmnImaNsww2kvUxSnEafdaHw77buPVGkmxYOZZDRM8UiwmBFsbDRwj8boCgWxwqQIMM8SXBY3gUpkOXAbXtObCa0af2EasFBr4H4FQ0nylApDONa673uZCQusDCOclrUg1zTDZIxHtG+twCnVYTHboESnNhmiWCp7hEGz9PeLAqdaT9LI3kyxSfRyNw3/6/q5iS/DgoksN1SQ+aA458hINMWBhkxRYvjEGkwUs39FJMEWh7HQahaCv7zyqumcN32v6d97UIVjOIEz8OECruEOWtAGAk/wAm/w7jw7r87HHFfFWXA7hD9yPn8Aq/2VSA==</latexit><latexit sha1_base64="+KV8rEigtCm4sDjnW8ciKwBTVPY=">AAACAXicbVBNS8NAEN34WetX1IvgZbEInkriRS9CqRePFewHNKFMtptm6WYTdjdCCfHiX/HiQRGv/gtv/hu3bQ7a+mDg8d4MM/OClDOlHefbWlldW9/YrGxVt3d29/btg8OOSjJJaJskPJG9ABTlTNC2ZprTXiopxAGn3WB8M/W7D1Qqloh7PUmpH8NIsJAR0EYa2MdjfI29UALJPeBpBEXe9GSUFAO75tSdGfAycUtSQyVaA/vLGyYki6nQhINSfddJtZ+D1IxwWlS9TNEUyBhGtG+ogJgqP599UOAzowxxmEhTQuOZ+nsih1ipSRyYzhh0pBa9qfif1890eOXnTKSZpoLMF4UZxzrB0zjwkElKNJ8YAkQycysmEZg4tAmtakJwF19eJp2LuuvU3Tun1miWcVTQCTpF58hFl6iBblELtRFBj+gZvaI368l6sd6tj3nrilXOHKE/sD5/ACXclrA=</latexit><latexit sha1_base64="+KV8rEigtCm4sDjnW8ciKwBTVPY=">AAACAXicbVBNS8NAEN34WetX1IvgZbEInkriRS9CqRePFewHNKFMtptm6WYTdjdCCfHiX/HiQRGv/gtv/hu3bQ7a+mDg8d4MM/OClDOlHefbWlldW9/YrGxVt3d29/btg8OOSjJJaJskPJG9ABTlTNC2ZprTXiopxAGn3WB8M/W7D1Qqloh7PUmpH8NIsJAR0EYa2MdjfI29UALJPeBpBEXe9GSUFAO75tSdGfAycUtSQyVaA/vLGyYki6nQhINSfddJtZ+D1IxwWlS9TNEUyBhGtG+ogJgqP599UOAzowxxmEhTQuOZ+nsih1ipSRyYzhh0pBa9qfif1890eOXnTKSZpoLMF4UZxzrB0zjwkElKNJ8YAkQycysmEZg4tAmtakJwF19eJp2LuuvU3Tun1miWcVTQCTpF58hFl6iBblELtRFBj+gZvaI368l6sd6tj3nrilXOHKE/sD5/ACXclrA=</latexit><latexit sha1_base64="bsA0smWlFd7doidXQ+Mfu9ik79k=">AAACAXicbVC7SgNBFJ2NrxhfqzaCzWAQbAy7NqYRQyy0jGAekF3C7GQ2GTI7s8zMimFZG3/FxkIRW79COyt/xcmj0MQDFw7n3Mu99wQxo0o7zpeVW1hcWl7JrxbW1jc2t+ztnYYSicSkjgUTshUgRRjlpK6pZqQVS4KigJFmMLgY+c1bIhUV/EYPY+JHqMdpSDHSRurYewN4Br1QIpx6iMV9lKVVT/ZF1rGLTskZA84Td0qKlfPvj7vj8mWtY396XYGTiHCNGVKq7Tqx9lMkNcWMZAUvUSRGeIB6pG0oRxFRfjr+IIOHRunCUEhTXMOx+nsiRZFSwygwnRHSfTXrjcT/vHaiw7KfUh4nmnA8WRQmDGoBR3HALpUEazY0BGFJza0Q95GJQ5vQCiYEd/bledI4KblOyb02aVTBBHmwDw7AEXDBKaiAK1ADdYDBPXgEz+DFerCerFfrbdKas6Yzu+APrPcfoHqaAw==</latexit><latexit sha1_base64="bsA0smWlFd7doidXQ+Mfu9ik79k=">AAACAXicbVC7SgNBFJ2NrxhfqzaCzWAQbAy7NqYRQyy0jGAekF3C7GQ2GTI7s8zMimFZG3/FxkIRW79COyt/xcmj0MQDFw7n3Mu99wQxo0o7zpeVW1hcWl7JrxbW1jc2t+ztnYYSicSkjgUTshUgRRjlpK6pZqQVS4KigJFmMLgY+c1bIhUV/EYPY+JHqMdpSDHSRurYewN4Br1QIpx6iMV9lKVVT/ZF1rGLTskZA84Td0qKlfPvj7vj8mWtY396XYGTiHCNGVKq7Tqx9lMkNcWMZAUvUSRGeIB6pG0oRxFRfjr+IIOHRunCUEhTXMOx+nsiRZFSwygwnRHSfTXrjcT/vHaiw7KfUh4nmnA8WRQmDGoBR3HALpUEazY0BGFJza0Q95GJQ5vQCiYEd/bledI4KblOyb02aVTBBHmwDw7AEXDBKaiAK1ADdYDBPXgEz+DFerCerFfrbdKas6Yzu+APrPcfoHqaAw==</latexit><latexit sha1_base64="bsA0smWlFd7doidXQ+Mfu9ik79k=">AAACAXicbVC7SgNBFJ2NrxhfqzaCzWAQbAy7NqYRQyy0jGAekF3C7GQ2GTI7s8zMimFZG3/FxkIRW79COyt/xcmj0MQDFw7n3Mu99wQxo0o7zpeVW1hcWl7JrxbW1jc2t+ztnYYSicSkjgUTshUgRRjlpK6pZqQVS4KigJFmMLgY+c1bIhUV/EYPY+JHqMdpSDHSRurYewN4Br1QIpx6iMV9lKVVT/ZF1rGLTskZA84Td0qKlfPvj7vj8mWtY396XYGTiHCNGVKq7Tqx9lMkNcWMZAUvUSRGeIB6pG0oRxFRfjr+IIOHRunCUEhTXMOx+nsiRZFSwygwnRHSfTXrjcT/vHaiw7KfUh4nmnA8WRQmDGoBR3HALpUEazY0BGFJza0Q95GJQ5vQCiYEd/bledI4KblOyb02aVTBBHmwDw7AEXDBKaiAK1ADdYDBPXgEz+DFerCerFfrbdKas6Yzu+APrPcfoHqaAw==</latexit><latexit sha1_base64="bsA0smWlFd7doidXQ+Mfu9ik79k=">AAACAXicbVC7SgNBFJ2NrxhfqzaCzWAQbAy7NqYRQyy0jGAekF3C7GQ2GTI7s8zMimFZG3/FxkIRW79COyt/xcmj0MQDFw7n3Mu99wQxo0o7zpeVW1hcWl7JrxbW1jc2t+ztnYYSicSkjgUTshUgRRjlpK6pZqQVS4KigJFmMLgY+c1bIhUV/EYPY+JHqMdpSDHSRurYewN4Br1QIpx6iMV9lKVVT/ZF1rGLTskZA84Td0qKlfPvj7vj8mWtY396XYGTiHCNGVKq7Tqx9lMkNcWMZAUvUSRGeIB6pG0oRxFRfjr+IIOHRunCUEhTXMOx+nsiRZFSwygwnRHSfTXrjcT/vHaiw7KfUh4nmnA8WRQmDGoBR3HALpUEazY0BGFJza0Q95GJQ5vQCiYEd/bledI4KblOyb02aVTBBHmwDw7AEXDBKaiAK1ADdYDBPXgEz+DFerCerFfrbdKas6Yzu+APrPcfoHqaAw==</latexit><latexit sha1_base64="+KV8rEigtCm4sDjnW8ciKwBTVPY=">AAACAXicbVBNS8NAEN34WetX1IvgZbEInkriRS9CqRePFewHNKFMtptm6WYTdjdCCfHiX/HiQRGv/gtv/hu3bQ7a+mDg8d4MM/OClDOlHefbWlldW9/YrGxVt3d29/btg8OOSjJJaJskPJG9ABTlTNC2ZprTXiopxAGn3WB8M/W7D1Qqloh7PUmpH8NIsJAR0EYa2MdjfI29UALJPeBpBEXe9GSUFAO75tSdGfAycUtSQyVaA/vLGyYki6nQhINSfddJtZ+D1IxwWlS9TNEUyBhGtG+ogJgqP599UOAzowxxmEhTQuOZ+nsih1ipSRyYzhh0pBa9qfif1890eOXnTKSZpoLMF4UZxzrB0zjwkElKNJ8YAkQycysmEZg4tAmtakJwF19eJp2LuuvU3Tun1miWcVTQCTpF58hFl6iBblELtRFBj+gZvaI368l6sd6tj3nrilXOHKE/sD5/ACXclrA=</latexit>
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Forces depends on the particle “position”

x

Fx



Longitudinal dynamics

z

Vz

z

Fz
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v0

ρ0
<latexit sha1_base64="WB+yj2r8WibTGlG5UGwzo8lPnP0=">AAAB7XicbVDLSgNBEOz1GeMr6lEPg0HwFHa96DHoxWMC5gHJEmYnk2TM7Mwy0yuEJf/gxYMiXv0Fv8ObNz/FyeOgiQUNRVU33V1RIoVF3//yVlbX1jc2c1v57Z3dvf3CwWHd6tQwXmNaatOMqOVSKF5DgZI3E8NpHEneiIY3E7/xwI0VWt3hKOFhTPtK9ASj6KR62wx0x+8Uin7Jn4Isk2BOiuWTj+o3AFQ6hc92V7M05gqZpNa2Aj/BMKMGBZN8nG+nlieUDWmftxxVNOY2zKbXjsmZU7qkp40rhWSq/p7IaGztKI5cZ0xxYBe9ifif10qxdxVmQiUpcsVmi3qpJKjJ5HXSFYYzlCNHKDPC3UrYgBrK0AWUdyEEiy8vk/pFKfBLQdWlcQ0z5OAYTuEcAriEMtxCBWrA4B4e4RlePO09ea/e26x1xZvPHMEfeO8/VLCRKw==</latexit><latexit sha1_base64="yQHXpq8u34xnOZhwHPxeo4bodr0=">AAAB7XicbVC7SgNBFL0bXzG+opaKDAbBKuzaaBm0sUzAPCBZwuxkNhkzO7PMzArLktLexkIRW38h32HnN/gTTh6FJh64cDjnXu69J4g508Z1v5zcyura+kZ+s7C1vbO7V9w/aGiZKELrRHKpWgHWlDNB64YZTluxojgKOG0Gw5uJ33ygSjMp7kwaUz/CfcFCRrCxUqOjBrLrdoslt+xOgZaJNyelyvG49v14Mq52i5+dniRJRIUhHGvd9tzY+BlWhhFOR4VOommMyRD3adtSgSOq/Wx67QidWaWHQqlsCYOm6u+JDEdap1FgOyNsBnrRm4j/ee3EhFd+xkScGCrIbFGYcGQkmryOekxRYnhqCSaK2VsRGWCFibEBFWwI3uLLy6RxUfbcslezaVzDDHk4glM4Bw8uoQK3UIU6ELiHJ3iBV0c6z86b8z5rzTnzmUP4A+fjBzL1kpE=</latexit><latexit sha1_base64="yQHXpq8u34xnOZhwHPxeo4bodr0=">AAAB7XicbVC7SgNBFL0bXzG+opaKDAbBKuzaaBm0sUzAPCBZwuxkNhkzO7PMzArLktLexkIRW38h32HnN/gTTh6FJh64cDjnXu69J4g508Z1v5zcyura+kZ+s7C1vbO7V9w/aGiZKELrRHKpWgHWlDNB64YZTluxojgKOG0Gw5uJ33ygSjMp7kwaUz/CfcFCRrCxUqOjBrLrdoslt+xOgZaJNyelyvG49v14Mq52i5+dniRJRIUhHGvd9tzY+BlWhhFOR4VOommMyRD3adtSgSOq/Wx67QidWaWHQqlsCYOm6u+JDEdap1FgOyNsBnrRm4j/ee3EhFd+xkScGCrIbFGYcGQkmryOekxRYnhqCSaK2VsRGWCFibEBFWwI3uLLy6RxUfbcslezaVzDDHk4glM4Bw8uoQK3UIU6ELiHJ3iBV0c6z86b8z5rzTnzmUP4A+fjBzL1kpE=</latexit><latexit sha1_base64="ehdEdoD2fRMSowtsmsAxkEN+S00=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lawXPRa9eKxgP6BdSjbNtrHZZEmyQln6H7x4UMSr/8eb/8a03YO2Phh4vDfDzLwolcI6Qr7R2vrG5tZ2aae8u7d/cFg5Om5ZnRnGm0xLbToRtVwKxZtOOMk7qeE0iSRvR+Pbmd9+4sYKrR7cJOVhQodKxIJR56VWz4x0n/QrVVIjc+BVEhSkCgUa/cpXb6BZlnDlmKTWdgOSujCnxgkm+bTcyyxPKRvTIe96qmjCbZjPr53ic68McKyNL+XwXP09kdPE2kkS+c6EupFd9mbif143c/F1mAuVZo4rtlgUZxI7jWev44EwnDk58YQyI/ytmI2oocz5gMo+hGD55VXSuqwFpBbck2r9poijBKdwBhcQwBXU4Q4a0AQGj/AMr/CGNHpB7+hj0bqGipkT+AP0+QNEto7m</latexit>

p0

q
= ρ0B0

<latexit sha1_base64="simTuQyzh0jGJ9xvZsZwC2Y/a9s=">AAACA3icbVC7SgNBFL0bXzG+onbaDAbBKszaaCOG2FhGMA/ILsvsZDYZMvtwZlYISyCNv2JjoYitH6Gdlb/i5FFo4oELh3Pu5d57/ERwpTH+snJLyyura/n1wsbm1vZOcXevoeJUUlansYhlyyeKCR6xuuZasFYiGQl9wZp+/2rsN++ZVDyObvUgYW5IuhEPOCXaSF7xwAkkoVni4WF2N0QXyJG92MOo6mGvWMJlPAFaJPaMlCqX3x8jAKh5xU+nE9M0ZJGmgijVtnGi3YxIzalgw4KTKpYQ2idd1jY0IiFTbjb5YYiOjdJBQSxNRRpN1N8TGQmVGoS+6QyJ7ql5byz+57VTHZy7GY+SVLOIThcFqUA6RuNAUIdLRrUYGEKo5OZWRHvEhKJNbAUTgj3/8iJpnJZtXLZvTBpVmCIPh3AEJ2DDGVTgGmpQBwojeIRneLEerCfr1Xqbtuas2cw+/IH1/gP6ZplU</latexit><latexit sha1_base64="7HubIleiwlDHF+jEkx9+oofhki8=">AAACA3icbVC7SgNBFJ31GeNr1U6bwSDYGGZtTCOGWGgZwTwguyyzk9lkyOzsOjMrhiVg46/YWChi60doZ+WvOHkUmnjgwuGce7n3niDhTGmEvqy5+YXFpeXcSn51bX1j097arqs4lYTWSMxj2QywopwJWtNMc9pMJMVRwGkj6J0P/cYtlYrF4lr3E+pFuCNYyAjWRvLtXTeUmGSJjwbZzQCeQld2Yx/Bio98u4CKaAQ4S5wJKZTPvj/ujkoXVd/+dNsxSSMqNOFYqZaDEu1lWGpGOB3k3VTRBJMe7tCWoQJHVHnZ6IcBPDBKG4axNCU0HKm/JzIcKdWPAtMZYd1V095Q/M9rpToseRkTSaqpIONFYcqhjuEwENhmkhLN+4ZgIpm5FZIuNqFoE1vehOBMvzxL6sdFBxWdK5NGBYyRA3tgHxwCB5yAMrgEVVADBNyDR/AMXqwH68l6td7GrXPWZGYH/IH1/gPVY5n4</latexit><latexit sha1_base64="7HubIleiwlDHF+jEkx9+oofhki8=">AAACA3icbVC7SgNBFJ31GeNr1U6bwSDYGGZtTCOGWGgZwTwguyyzk9lkyOzsOjMrhiVg46/YWChi60doZ+WvOHkUmnjgwuGce7n3niDhTGmEvqy5+YXFpeXcSn51bX1j097arqs4lYTWSMxj2QywopwJWtNMc9pMJMVRwGkj6J0P/cYtlYrF4lr3E+pFuCNYyAjWRvLtXTeUmGSJjwbZzQCeQld2Yx/Bio98u4CKaAQ4S5wJKZTPvj/ujkoXVd/+dNsxSSMqNOFYqZaDEu1lWGpGOB3k3VTRBJMe7tCWoQJHVHnZ6IcBPDBKG4axNCU0HKm/JzIcKdWPAtMZYd1V095Q/M9rpToseRkTSaqpIONFYcqhjuEwENhmkhLN+4ZgIpm5FZIuNqFoE1vehOBMvzxL6sdFBxWdK5NGBYyRA3tgHxwCB5yAMrgEVVADBNyDR/AMXqwH68l6td7GrXPWZGYH/IH1/gPVY5n4</latexit><latexit sha1_base64="krCWOx/Sf/awxhlfsnC3Yr9HUKc=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVcm40Y1Q6sZlBfuAzjBk0kwbmknGJCOUoeDGX3HjQhG3/oQ7/8a0nYW2HrhwOOde7r0nSjnTBqFvp7Syura+Ud6sbG3v7O65+wdtLTNFaItILlU3wppyJmjLMMNpN1UUJxGnnWh0PfU7D1RpJsWdGac0SPBAsJgRbKwUukd+rDDJ0xBN8vsJvIK+GsoQwUaIQreKamgGuEy8glRBgWbofvl9SbKECkM41rrnodQEOVaGEU4nFT/TNMVkhAe0Z6nACdVBPvthAk+t0oexVLaEgTP190SOE63HSWQ7E2yGetGbiv95vczEl0HORJoZKsh8UZxxaCScBgL7TFFi+NgSTBSzt0IyxDYUY2Or2BC8xZeXSfu85qGad4uq9UYRRxkcgxNwBjxwAergBjRBCxDwCJ7BK3hznpwX5935mLeWnGLmEPyB8/kDWsWWpQ==</latexit>

Uniform B-field

Longitudinal

Electric

field
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v0

ρ0
<latexit sha1_base64="WB+yj2r8WibTGlG5UGwzo8lPnP0=">AAAB7XicbVDLSgNBEOz1GeMr6lEPg0HwFHa96DHoxWMC5gHJEmYnk2TM7Mwy0yuEJf/gxYMiXv0Fv8ObNz/FyeOgiQUNRVU33V1RIoVF3//yVlbX1jc2c1v57Z3dvf3CwWHd6tQwXmNaatOMqOVSKF5DgZI3E8NpHEneiIY3E7/xwI0VWt3hKOFhTPtK9ASj6KR62wx0x+8Uin7Jn4Isk2BOiuWTj+o3AFQ6hc92V7M05gqZpNa2Aj/BMKMGBZN8nG+nlieUDWmftxxVNOY2zKbXjsmZU7qkp40rhWSq/p7IaGztKI5cZ0xxYBe9ifif10qxdxVmQiUpcsVmi3qpJKjJ5HXSFYYzlCNHKDPC3UrYgBrK0AWUdyEEiy8vk/pFKfBLQdWlcQ0z5OAYTuEcAriEMtxCBWrA4B4e4RlePO09ea/e26x1xZvPHMEfeO8/VLCRKw==</latexit><latexit sha1_base64="yQHXpq8u34xnOZhwHPxeo4bodr0=">AAAB7XicbVC7SgNBFL0bXzG+opaKDAbBKuzaaBm0sUzAPCBZwuxkNhkzO7PMzArLktLexkIRW38h32HnN/gTTh6FJh64cDjnXu69J4g508Z1v5zcyura+kZ+s7C1vbO7V9w/aGiZKELrRHKpWgHWlDNB64YZTluxojgKOG0Gw5uJ33ygSjMp7kwaUz/CfcFCRrCxUqOjBrLrdoslt+xOgZaJNyelyvG49v14Mq52i5+dniRJRIUhHGvd9tzY+BlWhhFOR4VOommMyRD3adtSgSOq/Wx67QidWaWHQqlsCYOm6u+JDEdap1FgOyNsBnrRm4j/ee3EhFd+xkScGCrIbFGYcGQkmryOekxRYnhqCSaK2VsRGWCFibEBFWwI3uLLy6RxUfbcslezaVzDDHk4glM4Bw8uoQK3UIU6ELiHJ3iBV0c6z86b8z5rzTnzmUP4A+fjBzL1kpE=</latexit><latexit sha1_base64="yQHXpq8u34xnOZhwHPxeo4bodr0=">AAAB7XicbVC7SgNBFL0bXzG+opaKDAbBKuzaaBm0sUzAPCBZwuxkNhkzO7PMzArLktLexkIRW38h32HnN/gTTh6FJh64cDjnXu69J4g508Z1v5zcyura+kZ+s7C1vbO7V9w/aGiZKELrRHKpWgHWlDNB64YZTluxojgKOG0Gw5uJ33ygSjMp7kwaUz/CfcFCRrCxUqOjBrLrdoslt+xOgZaJNyelyvG49v14Mq52i5+dniRJRIUhHGvd9tzY+BlWhhFOR4VOommMyRD3adtSgSOq/Wx67QidWaWHQqlsCYOm6u+JDEdap1FgOyNsBnrRm4j/ee3EhFd+xkScGCrIbFGYcGQkmryOekxRYnhqCSaK2VsRGWCFibEBFWwI3uLLy6RxUfbcslezaVzDDHk4glM4Bw8uoQK3UIU6ELiHJ3iBV0c6z86b8z5rzTnzmUP4A+fjBzL1kpE=</latexit><latexit sha1_base64="ehdEdoD2fRMSowtsmsAxkEN+S00=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lawXPRa9eKxgP6BdSjbNtrHZZEmyQln6H7x4UMSr/8eb/8a03YO2Phh4vDfDzLwolcI6Qr7R2vrG5tZ2aae8u7d/cFg5Om5ZnRnGm0xLbToRtVwKxZtOOMk7qeE0iSRvR+Pbmd9+4sYKrR7cJOVhQodKxIJR56VWz4x0n/QrVVIjc+BVEhSkCgUa/cpXb6BZlnDlmKTWdgOSujCnxgkm+bTcyyxPKRvTIe96qmjCbZjPr53ic68McKyNL+XwXP09kdPE2kkS+c6EupFd9mbif143c/F1mAuVZo4rtlgUZxI7jWev44EwnDk58YQyI/ytmI2oocz5gMo+hGD55VXSuqwFpBbck2r9poijBKdwBhcQwBXU4Q4a0AQGj/AMr/CGNHpB7+hj0bqGipkT+AP0+QNEto7m</latexit>

Longitudinal

Electric

field

Forces depends on the “time” when a 

particle goes through the cavity

<latexit sha1_base64="ipCPjmvsbGlZ/zEozR1cRrPfItU="></latexit>

Ez = V sin(2πft)

The field oscillates with frequency f
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For a matched particle the cavity does not make any effect 

<latexit sha1_base64="Bqbo00ofO10RJS+Fq48mPJNmMZM="></latexit>
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Energy matching: second possibility
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For a matched particle the cavity does not make any effect 

<latexit sha1_base64="Bqbo00ofO10RJS+Fq48mPJNmMZM="></latexit>
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Energy mismatch / Momentum 
mismatch
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Velocity à v0

p = p0 + δp
<latexit sha1_base64="FfKVZbT4mW9tIlt5PUgRd3oVmY8=">AAAB+3icbVDLSgMxFL1TX7W+xrrURbAIglBm3OhGKLpx2YJ9QDuUTCZtQzOZkGTEMvRX3LhQxK3gd7hz56eYPhbaeuDCyTn3kntPKDnTxvO+nNzK6tr6Rn6zsLW9s7vn7hcbOkkVoXWS8ES1QqwpZ4LWDTOctqSiOA45bYbDm4nfvKdKs0TcmZGkQYz7gvUYwcZKXbco0RWSXQ+doU5EucH24Za8sjcFWib+nJQqRx+1bwCodt3PTpSQNKbCEI61bvueNEGGlWGE03Ghk2oqMRniPm1bKnBMdZBNdx+jE6tEqJcoW8Kgqfp7IsOx1qM4tJ0xNgO96E3E/7x2anqXQcaETA0VZPZRL+XIJGgSBIqYosTwkSWYKGZ3RWSAFSbGxlWwIfiLJy+TxnnZ98p+zaZxDTPk4RCO4RR8uIAK3EIV6kDgAR7hGV6csfPkvDpvs9acM585gD9w3n8AXi+U7Q==</latexit><latexit sha1_base64="9K45D2YAKR9JTOZlNBgV12Pjm48=">AAAB+3icbVDLSgMxFM34rPU11qUiwSIIQplxoxuh6MZlC/YB7VAymTttaCYzJBmxDF36G25cKOJW6He48xv8CdPHQlsPXDg5515y7/ETzpR2nC9raXlldW09t5Hf3Nre2bX3CnUVp5JCjcY8lk2fKOBMQE0zzaGZSCCRz6Hh92/GfuMepGKxuNODBLyIdAULGSXaSB27kOArnHQcfIbbAXBNzMMuOiVnArxI3Bkplg9H1e/Ho1GlY3+2g5imEQhNOVGq5TqJ9jIiNaMchvl2qiAhtE+60DJUkAiUl012H+ITowQ4jKUpofFE/T2RkUipQeSbzojonpr3xuJ/XivV4aWXMZGkGgSdfhSmHOsYj4PAAZNANR8YQqhkZldMe0QSqk1ceROCO3/yIqmfl1yn5FZNGtdoihw6QMfoFLnoApXRLaqgGqLoAT2hF/RqDa1n6816n7YuWbOZffQH1scPPHSWUw==</latexit><latexit sha1_base64="9K45D2YAKR9JTOZlNBgV12Pjm48=">AAAB+3icbVDLSgMxFM34rPU11qUiwSIIQplxoxuh6MZlC/YB7VAymTttaCYzJBmxDF36G25cKOJW6He48xv8CdPHQlsPXDg5515y7/ETzpR2nC9raXlldW09t5Hf3Nre2bX3CnUVp5JCjcY8lk2fKOBMQE0zzaGZSCCRz6Hh92/GfuMepGKxuNODBLyIdAULGSXaSB27kOArnHQcfIbbAXBNzMMuOiVnArxI3Bkplg9H1e/Ho1GlY3+2g5imEQhNOVGq5TqJ9jIiNaMchvl2qiAhtE+60DJUkAiUl012H+ITowQ4jKUpofFE/T2RkUipQeSbzojonpr3xuJ/XivV4aWXMZGkGgSdfhSmHOsYj4PAAZNANR8YQqhkZldMe0QSqk1ceROCO3/yIqmfl1yn5FZNGtdoihw6QMfoFLnoApXRLaqgGqLoAT2hF/RqDa1n6816n7YuWbOZffQH1scPPHSWUw==</latexit><latexit sha1_base64="2ChKuGx9TA88CHLvatOv/4UkKh4=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIsgCCXjRjdC0Y3LCvYB7VAymTttaGYmJBmxDP0VNy4UceuPuPNvTNtZaOuBCyfn3EvuPYEUXBtCvp3S2vrG5lZ5u7Kzu7d/4B5W2zrNFIMWS0WqugHVIHgCLcONgK5UQONAQCcY3878ziMozdPkwUwk+DEdJjzijBorDdyqxNdYDgg+x/0QhKH24dZIncyBV4lXkBoq0By4X/0wZVkMiWGCat3ziDR+TpXhTMC00s80SMrGdAg9SxMag/bz+e5TfGqVEEepspUYPFd/T+Q01noSB7Yzpmakl72Z+J/Xy0x05ec8kZmBhC0+ijKBTYpnQeCQK2BGTCyhTHG7K2YjqigzNq6KDcFbPnmVtC/qHql796TWuCniKKNjdILOkIcuUQPdoSZqIYae0DN6RW/O1Hlx3p2PRWvJKWaO0B84nz9ONZKo</latexit>

Matched 

particle

Momentum àp0

Energy à E0

Mis-matched 

particle E = E0 + δE
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

v = v0 + δv
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Momentum à

Energy à

Velocity à

Only one “variation” is necessary à the other two automatically follow

We take à !p  “off-momentum”
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V

ρ
<latexit sha1_base64="D/dx6NlPSqfndzfv4iCX+NDXX4U=">AAAB7HicbVA9SwNBEJ2LXzF+nVpqsRgEq3Bno2XQxjIBLwkkR9jb7CVL9naP3T0hHPkNNhaK2Pob/B12dv4U95IUmvhg4PHeDDPzopQzbTzvyymtrW9sbpW3Kzu7e/sH7uFRS8tMERoQyaXqRFhTzgQNDDOcdlJFcRJx2o7Gt4XffqBKMynuzSSlYYKHgsWMYGOloKdGstJ3q17NmwGtEn9BqvXTj+Y3ADT67mdvIEmWUGEIx1p3fS81YY6VYYTTaaWXaZpiMsZD2rVU4ITqMJ8dO0XnVhmgWCpbwqCZ+nsix4nWkySynQk2I73sFeJ/Xjcz8XWYM5FmhgoyXxRnHBmJis/RgClKDJ9Ygoli9lZERlhhYmw+RQj+8surpHVZ872a37Rp3MAcZTiBM7gAH66gDnfQgAAIMHiEZ3hxhPPkvDpv89aSs5g5hj9w3n8AZB2QnA==</latexit><latexit sha1_base64="55JcZXRTCDbzm7aZ/DsnFq25Jjw=">AAAB7HicbVA9SwNBEJ3zM8avqKUii0GwCnc2WgZtLBPwkkByhL3NXrJkb/fY3RPCkdLaxkIRW39Dfoedv8E/4V6SQhMfDDzem2FmXphwpo3rfjkrq2vrG5uFreL2zu7efungsKFlqgj1ieRStUKsKWeC+oYZTluJojgOOW2Gw9vcbz5QpZkU92aU0CDGfcEiRrCxkt9RA1nslspuxZ0CLRNvTsrVk0n9+/F0UuuWPjs9SdKYCkM41rrtuYkJMqwMI5yOi51U0wSTIe7TtqUCx1QH2fTYMTq3Sg9FUtkSBk3V3xMZjrUexaHtjLEZ6EUvF//z2qmJroOMiSQ1VJDZoijlyEiUf456TFFi+MgSTBSztyIywAoTY/PJQ/AWX14mjcuK51a8uk3jBmYowDGcwQV4cAVVuIMa+ECAwRO8wKsjnGfnzXmfta4485kj+APn4wdCYpIC</latexit><latexit sha1_base64="55JcZXRTCDbzm7aZ/DsnFq25Jjw=">AAAB7HicbVA9SwNBEJ3zM8avqKUii0GwCnc2WgZtLBPwkkByhL3NXrJkb/fY3RPCkdLaxkIRW39Dfoedv8E/4V6SQhMfDDzem2FmXphwpo3rfjkrq2vrG5uFreL2zu7efungsKFlqgj1ieRStUKsKWeC+oYZTluJojgOOW2Gw9vcbz5QpZkU92aU0CDGfcEiRrCxkt9RA1nslspuxZ0CLRNvTsrVk0n9+/F0UuuWPjs9SdKYCkM41rrtuYkJMqwMI5yOi51U0wSTIe7TtqUCx1QH2fTYMTq3Sg9FUtkSBk3V3xMZjrUexaHtjLEZ6EUvF//z2qmJroOMiSQ1VJDZoijlyEiUf456TFFi+MgSTBSztyIywAoTY/PJQ/AWX14mjcuK51a8uk3jBmYowDGcwQV4cAVVuIMa+ECAwRO8wKsjnGfnzXmfta4485kj+APn4wdCYpIC</latexit><latexit sha1_base64="4rAa5FyBsL0c8/K9lWnzF2WjfJs=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqex60WPRi8cKbltol5JNs21oNlmSrFCW/gYvHhTx6g/y5r8x2+5BWx8MPN6bYWZelApurOd9o8rG5tb2TnW3trd/cHhUPz7pGJVpygKqhNK9iBgmuGSB5VawXqoZSSLButH0rvC7T0wbruSjnaUsTMhY8phTYp0UDPRE1Yb1htf0FsDrxC9JA0q0h/WvwUjRLGHSUkGM6fteasOcaMupYPPaIDMsJXRKxqzvqCQJM2G+OHaOL5wywrHSrqTFC/X3RE4SY2ZJ5DoTYidm1SvE/7x+ZuObMOcyzSyTdLkozgS2Chef4xHXjFoxc4RQzd2tmE6IJtS6fIoQ/NWX10nnqul7Tf/Ba7RuyziqcAbncAk+XEML7qENAVDg8Ayv8IYkekHv6GPZWkHlzCn8Afr8AVQjjlc=</latexit>

p

q
= ρB0

<latexit sha1_base64="WAQbQVjPCkUdl8aAiRZCp13Pq+w=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJG92IpW5cVrAPaEKYTCft0MnDmYlQYkB/xY0LRdz6Gbpz5a84fSy09cCFwzn3cu89fsKZVJb1ZRQWFpeWV4qrpbX1jc0tc3unKeNUENogMY9F28eSchbRhmKK03YiKA59Tlv+4GLkt26pkCyOrtUwoW6IexELGMFKS5655wQCkyzJs5scnSFH9GNU8yzPLFsVaww0T+wpKVfPvz/uAaDumZ9ONyZpSCNFOJayY1uJcjMsFCOc5iUnlTTBZIB7tKNphEMq3Wx8f44OtdJFQSx0RQqN1d8TGQ6lHIa+7gyx6stZbyT+53VSFZy6GYuSVNGITBYFKUcqRqMwUJcJShQfaoKJYPpWRPpYB6J0ZCUdgj378jxpHldsq2Jf6TRqMEER9uEAjsCGE6jCJdShAQTu4BGe4cV4MJ6MV+Nt0lowpjO78AfG+w+T+5gO</latexit><latexit sha1_base64="XxcMLPI/XNPnS2mGvIl49RHD3so=">AAAB/3icbVC7TsMwFHV4lvIKILGwWFRILFQJC10QVRlgLBJ9SE0UOa7TWnXsYDuIKnTgV1gYQIiVz4CNiV/BfQzQcqQrHZ1zr+69J0wYVdpxvqy5+YXFpeXcSn51bX1j097ariuRSkxqWDAhmyFShFFOappqRpqJJCgOGWmEvfOh37glUlHBr3U/IX6MOpxGFCNtpMDe9SKJcJYMspsBPIWe7ApYCZzALjhFZwQ4S9wJKZTPvj/ujkoX1cD+9NoCpzHhGjOkVMt1Eu1nSGqKGRnkvVSRBOEe6pCWoRzFRPnZ6P4BPDBKG0ZCmuIajtTfExmKlerHoemMke6qaW8o/ue1Uh2V/IzyJNWE4/GiKGVQCzgMA7apJFizviEIS2puhbiLTCDaRJY3IbjTL8+S+nHRdYrulUmjAsbIgT2wDw6BC05AGVyCKqgBDO7BI3gGL9aD9WS9Wm/j1jlrMrMD/sB6/wFu+Jiy</latexit><latexit sha1_base64="XxcMLPI/XNPnS2mGvIl49RHD3so=">AAAB/3icbVC7TsMwFHV4lvIKILGwWFRILFQJC10QVRlgLBJ9SE0UOa7TWnXsYDuIKnTgV1gYQIiVz4CNiV/BfQzQcqQrHZ1zr+69J0wYVdpxvqy5+YXFpeXcSn51bX1j097ariuRSkxqWDAhmyFShFFOappqRpqJJCgOGWmEvfOh37glUlHBr3U/IX6MOpxGFCNtpMDe9SKJcJYMspsBPIWe7ApYCZzALjhFZwQ4S9wJKZTPvj/ujkoX1cD+9NoCpzHhGjOkVMt1Eu1nSGqKGRnkvVSRBOEe6pCWoRzFRPnZ6P4BPDBKG0ZCmuIajtTfExmKlerHoemMke6qaW8o/ue1Uh2V/IzyJNWE4/GiKGVQCzgMA7apJFizviEIS2puhbiLTCDaRJY3IbjTL8+S+nHRdYrulUmjAsbIgT2wDw6BC05AGVyCKqgBDO7BI3gGL9aD9WS9Wm/j1jlrMrMD/sB6/wFu+Jiy</latexit><latexit sha1_base64="lUxsfJWvCsoAcSVOttesL1IP/2g=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJWMG90IpW5cVrAP6Awlk2ba0EwyJhmhjLPwV9y4UMStv+HOvzFtZ6GtBy4czrmXe+8JE860QejbKa2srq1vlDcrW9s7u3vu/kFby1QR2iKSS9UNsaacCdoyzHDaTRTFcchpJxxfT/3OA1WaSXFnJgkNYjwULGIEGyv13SM/UphkSZ7d5/AK+mokYaOP+m4V1dAMcJl4BamCAs2+++UPJEljKgzhWOuehxITZFgZRjjNK36qaYLJGA9pz1KBY6qDbHZ/Dk+tMoCRVLaEgTP190SGY60ncWg7Y2xGetGbiv95vdREl0HGRJIaKsh8UZRyaCSchgEHTFFi+MQSTBSzt0IywjYQYyOr2BC8xZeXSfu85qGad4uq9UYRRxkcgxNwBjxwAergBjRBCxDwCJ7BK3hznpwX5935mLeWnGLmEPyB8/kD9EuVXw==</latexit>

Transverse displacement

p = p0 + δp
<latexit sha1_base64="FfKVZbT4mW9tIlt5PUgRd3oVmY8=">AAAB+3icbVDLSgMxFL1TX7W+xrrURbAIglBm3OhGKLpx2YJ9QDuUTCZtQzOZkGTEMvRX3LhQxK3gd7hz56eYPhbaeuDCyTn3kntPKDnTxvO+nNzK6tr6Rn6zsLW9s7vn7hcbOkkVoXWS8ES1QqwpZ4LWDTOctqSiOA45bYbDm4nfvKdKs0TcmZGkQYz7gvUYwcZKXbco0RWSXQ+doU5EucH24Za8sjcFWib+nJQqRx+1bwCodt3PTpSQNKbCEI61bvueNEGGlWGE03Ghk2oqMRniPm1bKnBMdZBNdx+jE6tEqJcoW8Kgqfp7IsOx1qM4tJ0xNgO96E3E/7x2anqXQcaETA0VZPZRL+XIJGgSBIqYosTwkSWYKGZ3RWSAFSbGxlWwIfiLJy+TxnnZ98p+zaZxDTPk4RCO4RR8uIAK3EIV6kDgAR7hGV6csfPkvDpvs9acM585gD9w3n8AXi+U7Q==</latexit><latexit sha1_base64="9K45D2YAKR9JTOZlNBgV12Pjm48=">AAAB+3icbVDLSgMxFM34rPU11qUiwSIIQplxoxuh6MZlC/YB7VAymTttaCYzJBmxDF36G25cKOJW6He48xv8CdPHQlsPXDg5515y7/ETzpR2nC9raXlldW09t5Hf3Nre2bX3CnUVp5JCjcY8lk2fKOBMQE0zzaGZSCCRz6Hh92/GfuMepGKxuNODBLyIdAULGSXaSB27kOArnHQcfIbbAXBNzMMuOiVnArxI3Bkplg9H1e/Ho1GlY3+2g5imEQhNOVGq5TqJ9jIiNaMchvl2qiAhtE+60DJUkAiUl012H+ITowQ4jKUpofFE/T2RkUipQeSbzojonpr3xuJ/XivV4aWXMZGkGgSdfhSmHOsYj4PAAZNANR8YQqhkZldMe0QSqk1ceROCO3/yIqmfl1yn5FZNGtdoihw6QMfoFLnoApXRLaqgGqLoAT2hF/RqDa1n6816n7YuWbOZffQH1scPPHSWUw==</latexit><latexit sha1_base64="9K45D2YAKR9JTOZlNBgV12Pjm48=">AAAB+3icbVDLSgMxFM34rPU11qUiwSIIQplxoxuh6MZlC/YB7VAymTttaCYzJBmxDF36G25cKOJW6He48xv8CdPHQlsPXDg5515y7/ETzpR2nC9raXlldW09t5Hf3Nre2bX3CnUVp5JCjcY8lk2fKOBMQE0zzaGZSCCRz6Hh92/GfuMepGKxuNODBLyIdAULGSXaSB27kOArnHQcfIbbAXBNzMMuOiVnArxI3Bkplg9H1e/Ho1GlY3+2g5imEQhNOVGq5TqJ9jIiNaMchvl2qiAhtE+60DJUkAiUl012H+ITowQ4jKUpofFE/T2RkUipQeSbzojonpr3xuJ/XivV4aWXMZGkGgSdfhSmHOsYj4PAAZNANR8YQqhkZldMe0QSqk1ceROCO3/yIqmfl1yn5FZNGtdoihw6QMfoFLnoApXRLaqgGqLoAT2hF/RqDa1n6816n7YuWbOZffQH1scPPHSWUw==</latexit><latexit sha1_base64="2ChKuGx9TA88CHLvatOv/4UkKh4=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIsgCCXjRjdC0Y3LCvYB7VAymTttaGYmJBmxDP0VNy4UceuPuPNvTNtZaOuBCyfn3EvuPYEUXBtCvp3S2vrG5lZ5u7Kzu7d/4B5W2zrNFIMWS0WqugHVIHgCLcONgK5UQONAQCcY3878ziMozdPkwUwk+DEdJjzijBorDdyqxNdYDgg+x/0QhKH24dZIncyBV4lXkBoq0By4X/0wZVkMiWGCat3ziDR+TpXhTMC00s80SMrGdAg9SxMag/bz+e5TfGqVEEepspUYPFd/T+Q01noSB7Yzpmakl72Z+J/Xy0x05ec8kZmBhC0+ijKBTYpnQeCQK2BGTCyhTHG7K2YjqigzNq6KDcFbPnmVtC/qHql796TWuCniKKNjdILOkIcuUQPdoSZqIYae0DN6RW/O1Hlx3p2PRWvJKWaO0B84nz9ONZKo</latexit>

Uniform B-field

∆x
<latexit sha1_base64="GxZaTsw1++dmGaotXVberYP3BeM=">AAAB73icbZC7SgNBFIbPeo3rLWppMxgEq7Bro40Y1MIygrlAsoTZySQZMju7zpwVwxLwGWwsFLH1SeztfBsnl0ITfxj4+P9zmHNOmEhh0PO+nYXFpeWV1dyau76xubWd39mtmjjVjFdYLGNdD6nhUiheQYGS1xPNaRRKXgv7l6O8ds+1EbG6xUHCg4h2legIRtFa9eYVl0jJQytf8IreWGQe/CkUzj/ds0cAKLfyX812zNKIK2SSGtPwvQSDjGoUTPKh20wNTyjr0y5vWFQ04ibIxvMOyaF12qQTa/sUkrH7uyOjkTGDKLSVEcWemc1G5n9ZI8XOaZAJlaTIFZt81EklwZiMlidtoTlDObBAmRZ2VsJ6VFOG9kSuPYI/u/I8VI+Lvlf0b7xC6QImysE+HMAR+HACJbiGMlSAgYQneIFX5855dt6c90npgjPt2YM/cj5+AAOMkXE=</latexit><latexit sha1_base64="7JY/EGAZfzlNzhEDRCRfuLkeJdo=">AAAB73icbZC7SgNBFIZn4y2ut6ilzWAQrMKujTZiUAvLCOYCyRJmJ2eTIbMXZ86KYclL2FgoIlj5JPY24ts4uRSa+MPAx/+fw5xz/EQKjY7zbeUWFpeWV/Kr9tr6xuZWYXunpuNUcajyWMaq4TMNUkRQRYESGokCFvoS6n7/YpTX70BpEUc3OEjAC1k3EoHgDI3VaF2CREbv24WiU3LGovPgTqF49mGfJm9fdqVd+Gx1Yp6GECGXTOum6yToZUyh4BKGdivVkDDeZ11oGoxYCNrLxvMO6YFxOjSIlXkR0rH7uyNjodaD0DeVIcOens1G5n9ZM8XgxMtElKQIEZ98FKSSYkxHy9OOUMBRDgwwroSZlfIeU4yjOZFtjuDOrjwPtaOS65Tca6dYPicT5cke2SeHxCXHpEyuSIVUCSeSPJAn8mzdWo/Wi/U6Kc1Z055d8kfW+w/1DJLl</latexit><latexit sha1_base64="7JY/EGAZfzlNzhEDRCRfuLkeJdo=">AAAB73icbZC7SgNBFIZn4y2ut6ilzWAQrMKujTZiUAvLCOYCyRJmJ2eTIbMXZ86KYclL2FgoIlj5JPY24ts4uRSa+MPAx/+fw5xz/EQKjY7zbeUWFpeWV/Kr9tr6xuZWYXunpuNUcajyWMaq4TMNUkRQRYESGokCFvoS6n7/YpTX70BpEUc3OEjAC1k3EoHgDI3VaF2CREbv24WiU3LGovPgTqF49mGfJm9fdqVd+Gx1Yp6GECGXTOum6yToZUyh4BKGdivVkDDeZ11oGoxYCNrLxvMO6YFxOjSIlXkR0rH7uyNjodaD0DeVIcOens1G5n9ZM8XgxMtElKQIEZ98FKSSYkxHy9OOUMBRDgwwroSZlfIeU4yjOZFtjuDOrjwPtaOS65Tca6dYPicT5cke2SeHxCXHpEyuSIVUCSeSPJAn8mzdWo/Wi/U6Kc1Z055d8kfW+w/1DJLl</latexit><latexit sha1_base64="Hwx3HPZILxGvKQ4jOoA83x1WuBw=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0vegzqwWME84BkCbOT3mTI7MOZXjGE/IQXD4p49Xe8+TdOkj1oYkFDUdVNd1eQKmnIdb+dldW19Y3NwlZxe2d3b790cNgwSaYF1kWiEt0KuEElY6yTJIWtVCOPAoXNYHg99ZuPqI1M4nsapehHvB/LUApOVmp1blARZ0/dUtmtuDOwZeLlpAw5at3SV6eXiCzCmITixrQ9NyV/zDVJoXBS7GQGUy6GvI9tS2MeofHHs3sn7NQqPRYm2lZMbKb+nhjzyJhRFNjOiNPALHpT8T+vnVF46Y9lnGaEsZgvCjPFKGHT51lPahSkRpZwoaW9lYkB11yQjahoQ/AWX14mjfOK51a8O7dcvcrjKMAxnMAZeHABVbiFGtRBgIJneIU358F5cd6dj3nripPPHMEfOJ8/lEWPpA==</latexit>

∆x
<latexit sha1_base64="GxZaTsw1++dmGaotXVberYP3BeM=">AAAB73icbZC7SgNBFIbPeo3rLWppMxgEq7Bro40Y1MIygrlAsoTZySQZMju7zpwVwxLwGWwsFLH1SeztfBsnl0ITfxj4+P9zmHNOmEhh0PO+nYXFpeWV1dyau76xubWd39mtmjjVjFdYLGNdD6nhUiheQYGS1xPNaRRKXgv7l6O8ds+1EbG6xUHCg4h2legIRtFa9eYVl0jJQytf8IreWGQe/CkUzj/ds0cAKLfyX812zNKIK2SSGtPwvQSDjGoUTPKh20wNTyjr0y5vWFQ04ibIxvMOyaF12qQTa/sUkrH7uyOjkTGDKLSVEcWemc1G5n9ZI8XOaZAJlaTIFZt81EklwZiMlidtoTlDObBAmRZ2VsJ6VFOG9kSuPYI/u/I8VI+Lvlf0b7xC6QImysE+HMAR+HACJbiGMlSAgYQneIFX5855dt6c90npgjPt2YM/cj5+AAOMkXE=</latexit><latexit sha1_base64="7JY/EGAZfzlNzhEDRCRfuLkeJdo=">AAAB73icbZC7SgNBFIZn4y2ut6ilzWAQrMKujTZiUAvLCOYCyRJmJ2eTIbMXZ86KYclL2FgoIlj5JPY24ts4uRSa+MPAx/+fw5xz/EQKjY7zbeUWFpeWV/Kr9tr6xuZWYXunpuNUcajyWMaq4TMNUkRQRYESGokCFvoS6n7/YpTX70BpEUc3OEjAC1k3EoHgDI3VaF2CREbv24WiU3LGovPgTqF49mGfJm9fdqVd+Gx1Yp6GECGXTOum6yToZUyh4BKGdivVkDDeZ11oGoxYCNrLxvMO6YFxOjSIlXkR0rH7uyNjodaD0DeVIcOens1G5n9ZM8XgxMtElKQIEZ98FKSSYkxHy9OOUMBRDgwwroSZlfIeU4yjOZFtjuDOrjwPtaOS65Tca6dYPicT5cke2SeHxCXHpEyuSIVUCSeSPJAn8mzdWo/Wi/U6Kc1Z055d8kfW+w/1DJLl</latexit><latexit sha1_base64="7JY/EGAZfzlNzhEDRCRfuLkeJdo=">AAAB73icbZC7SgNBFIZn4y2ut6ilzWAQrMKujTZiUAvLCOYCyRJmJ2eTIbMXZ86KYclL2FgoIlj5JPY24ts4uRSa+MPAx/+fw5xz/EQKjY7zbeUWFpeWV/Kr9tr6xuZWYXunpuNUcajyWMaq4TMNUkRQRYESGokCFvoS6n7/YpTX70BpEUc3OEjAC1k3EoHgDI3VaF2CREbv24WiU3LGovPgTqF49mGfJm9fdqVd+Gx1Yp6GECGXTOum6yToZUyh4BKGdivVkDDeZ11oGoxYCNrLxvMO6YFxOjSIlXkR0rH7uyNjodaD0DeVIcOens1G5n9ZM8XgxMtElKQIEZ98FKSSYkxHy9OOUMBRDgwwroSZlfIeU4yjOZFtjuDOrjwPtaOS65Tca6dYPicT5cke2SeHxCXHpEyuSIVUCSeSPJAn8mzdWo/Wi/U6Kc1Z055d8kfW+w/1DJLl</latexit><latexit sha1_base64="Hwx3HPZILxGvKQ4jOoA83x1WuBw=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0vegzqwWME84BkCbOT3mTI7MOZXjGE/IQXD4p49Xe8+TdOkj1oYkFDUdVNd1eQKmnIdb+dldW19Y3NwlZxe2d3b790cNgwSaYF1kWiEt0KuEElY6yTJIWtVCOPAoXNYHg99ZuPqI1M4nsapehHvB/LUApOVmp1blARZ0/dUtmtuDOwZeLlpAw5at3SV6eXiCzCmITixrQ9NyV/zDVJoXBS7GQGUy6GvI9tS2MeofHHs3sn7NQqPRYm2lZMbKb+nhjzyJhRFNjOiNPALHpT8T+vnVF46Y9lnGaEsZgvCjPFKGHT51lPahSkRpZwoaW9lYkB11yQjahoQ/AWX14mjfOK51a8O7dcvcrjKMAxnMAZeHABVbiFGtRBgIJneIU358F5cd6dj3nripPPHMEfOJ8/lEWPpA==</latexit>
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p

q
= ρB0

<latexit sha1_base64="WAQbQVjPCkUdl8aAiRZCp13Pq+w=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJG92IpW5cVrAPaEKYTCft0MnDmYlQYkB/xY0LRdz6Gbpz5a84fSy09cCFwzn3cu89fsKZVJb1ZRQWFpeWV4qrpbX1jc0tc3unKeNUENogMY9F28eSchbRhmKK03YiKA59Tlv+4GLkt26pkCyOrtUwoW6IexELGMFKS5655wQCkyzJs5scnSFH9GNU8yzPLFsVaww0T+wpKVfPvz/uAaDumZ9ONyZpSCNFOJayY1uJcjMsFCOc5iUnlTTBZIB7tKNphEMq3Wx8f44OtdJFQSx0RQqN1d8TGQ6lHIa+7gyx6stZbyT+53VSFZy6GYuSVNGITBYFKUcqRqMwUJcJShQfaoKJYPpWRPpYB6J0ZCUdgj378jxpHldsq2Jf6TRqMEER9uEAjsCGE6jCJdShAQTu4BGe4cV4MJ6MV+Nt0lowpjO78AfG+w+T+5gO</latexit><latexit sha1_base64="XxcMLPI/XNPnS2mGvIl49RHD3so=">AAAB/3icbVC7TsMwFHV4lvIKILGwWFRILFQJC10QVRlgLBJ9SE0UOa7TWnXsYDuIKnTgV1gYQIiVz4CNiV/BfQzQcqQrHZ1zr+69J0wYVdpxvqy5+YXFpeXcSn51bX1j097ariuRSkxqWDAhmyFShFFOappqRpqJJCgOGWmEvfOh37glUlHBr3U/IX6MOpxGFCNtpMDe9SKJcJYMspsBPIWe7ApYCZzALjhFZwQ4S9wJKZTPvj/ujkoX1cD+9NoCpzHhGjOkVMt1Eu1nSGqKGRnkvVSRBOEe6pCWoRzFRPnZ6P4BPDBKG0ZCmuIajtTfExmKlerHoemMke6qaW8o/ue1Uh2V/IzyJNWE4/GiKGVQCzgMA7apJFizviEIS2puhbiLTCDaRJY3IbjTL8+S+nHRdYrulUmjAsbIgT2wDw6BC05AGVyCKqgBDO7BI3gGL9aD9WS9Wm/j1jlrMrMD/sB6/wFu+Jiy</latexit><latexit sha1_base64="XxcMLPI/XNPnS2mGvIl49RHD3so=">AAAB/3icbVC7TsMwFHV4lvIKILGwWFRILFQJC10QVRlgLBJ9SE0UOa7TWnXsYDuIKnTgV1gYQIiVz4CNiV/BfQzQcqQrHZ1zr+69J0wYVdpxvqy5+YXFpeXcSn51bX1j097ariuRSkxqWDAhmyFShFFOappqRpqJJCgOGWmEvfOh37glUlHBr3U/IX6MOpxGFCNtpMDe9SKJcJYMspsBPIWe7ApYCZzALjhFZwQ4S9wJKZTPvj/ujkoX1cD+9NoCpzHhGjOkVMt1Eu1nSGqKGRnkvVSRBOEe6pCWoRzFRPnZ6P4BPDBKG0ZCmuIajtTfExmKlerHoemMke6qaW8o/ue1Uh2V/IzyJNWE4/GiKGVQCzgMA7apJFizviEIS2puhbiLTCDaRJY3IbjTL8+S+nHRdYrulUmjAsbIgT2wDw6BC05AGVyCKqgBDO7BI3gGL9aD9WS9Wm/j1jlrMrMD/sB6/wFu+Jiy</latexit><latexit sha1_base64="lUxsfJWvCsoAcSVOttesL1IP/2g=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJWMG90IpW5cVrAP6Awlk2ba0EwyJhmhjLPwV9y4UMStv+HOvzFtZ6GtBy4czrmXe+8JE860QejbKa2srq1vlDcrW9s7u3vu/kFby1QR2iKSS9UNsaacCdoyzHDaTRTFcchpJxxfT/3OA1WaSXFnJgkNYjwULGIEGyv13SM/UphkSZ7d5/AK+mokYaOP+m4V1dAMcJl4BamCAs2+++UPJEljKgzhWOuehxITZFgZRjjNK36qaYLJGA9pz1KBY6qDbHZ/Dk+tMoCRVLaEgTP190SGY60ncWg7Y2xGetGbiv95vdREl0HGRJIaKsh8UZRyaCSchgEHTFFi+MQSTBSzt0IywjYQYyOr2BC8xZeXSfu85qGad4uq9UYRRxkcgxNwBjxwAergBjRBCxDwCJ7BK3hznpwX5935mLeWnGLmEPyB8/kD9EuVXw==</latexit>

δρ

ρ
=

δp

p
<latexit sha1_base64="gFZ7ACAxSM+3omBmpqoVvo5f5mk=">AAACFXicbVDLSsNAFL3xWesr6tLNYBFcSEnc6EYsunFZwT6gCWUymbRDJw9mJkIJAb/Bjb/ixoUibkV3rvwVp2kXtfXAvRzOuZeZe7yEM6ks69tYWFxaXlktrZXXNza3ts2d3aaMU0Fog8Q8Fm0PS8pZRBuKKU7biaA49DhteYOrkd+6o0KyOLpVw4S6Ie5FLGAEKy11zWMnEJhkjk+5wo7ox3lWdHSOph2U5FmSd82KVbUKoHliT0ildvHzeQ8A9a755fgxSUMaKcKxlB3bSpSbYaEY4TQvO6mkCSYD3KMdTSMcUulmxVU5OtSKj4JY6IoUKtTpjQyHUg5DT0+GWPXlrDcS//M6qQrO3IxFSapoRMYPBSlHKkajiJDPBCWKDzXBRDD9V0T6WIehdJBlHYI9e/I8aZ5Ubatq3+g0LmGMEuzDARyBDadQg2uoQwMIPMATvMCr8Wg8G2/G+3h0wZjs7MEfGB+/VdeicQ==</latexit><latexit sha1_base64="sCk7DyONLJerla1OODmfud8CDao=">AAACFXicbVC7TsMwFHXKq5RXgJHFokJigCphoQuiggHGItGH1ESV4zitVSeObAdRRfkJFn6FhQGEWBFsTPwKbtqhtBzpXh2dc6/se7yYUaks69soLCwuLa8UV0tr6xubW+b2TlPyRGDSwJxx0faQJIxGpKGoYqQdC4JCj5GWN7gc+a07IiTl0a0axsQNUS+iAcVIaalrHjmBQDh1fMIUckSfZ2ne4RmcdmCcpXHWNctWxcoB54k9IeXa+c/n/XH1qt41vxyf4yQkkcIMSdmxrVi5KRKKYkaykpNIEiM8QD3S0TRCIZFuml+VwQOt+DDgQlekYK5Ob6QolHIYenoyRKovZ72R+J/XSVRQdVMaxYkiER4/FCQMKg5HEUGfCoIVG2qCsKD6rxD3kQ5D6SBLOgR79uR50jyp2FbFvtFpXIAximAP7INDYINTUAPXoA4aAIMH8ARewKvxaDwbb8b7eLRgTHZ2wR8YH78w1KMV</latexit><latexit sha1_base64="sCk7DyONLJerla1OODmfud8CDao=">AAACFXicbVC7TsMwFHXKq5RXgJHFokJigCphoQuiggHGItGH1ESV4zitVSeObAdRRfkJFn6FhQGEWBFsTPwKbtqhtBzpXh2dc6/se7yYUaks69soLCwuLa8UV0tr6xubW+b2TlPyRGDSwJxx0faQJIxGpKGoYqQdC4JCj5GWN7gc+a07IiTl0a0axsQNUS+iAcVIaalrHjmBQDh1fMIUckSfZ2ne4RmcdmCcpXHWNctWxcoB54k9IeXa+c/n/XH1qt41vxyf4yQkkcIMSdmxrVi5KRKKYkaykpNIEiM8QD3S0TRCIZFuml+VwQOt+DDgQlekYK5Ob6QolHIYenoyRKovZ72R+J/XSVRQdVMaxYkiER4/FCQMKg5HEUGfCoIVG2qCsKD6rxD3kQ5D6SBLOgR79uR50jyp2FbFvtFpXIAximAP7INDYINTUAPXoA4aAIMH8ARewKvxaDwbb8b7eLRgTHZ2wR8YH78w1KMV</latexit><latexit sha1_base64="UWQi56td+ZL8FvyB5lJ/XuWt6LU=">AAACFXicbVDLSgMxFM3UV62vUZdugkVwIWXGjW6EohuXFewDOkPJpJk2NJOEJCOUYX7Cjb/ixoUibgV3/o3pdBbaeuBeDufcS3JPJBnVxvO+ncrK6tr6RnWztrW9s7vn7h90tEgVJm0smFC9CGnCKCdtQw0jPakISiJGutHkZuZ3H4jSVPB7M5UkTNCI05hiZKw0cM+CWCGcBUPCDArUWORZ0eEV/O1AmWcyH7h1r+EVgMvEL0kdlGgN3K9gKHCaEG4wQ1r3fU+aMEPKUMxIXgtSTSTCEzQifUs5SogOs+KqHJ5YZQhjoWxxAwv190aGEq2nSWQnE2TGetGbif95/dTEl2FGuUwN4Xj+UJwyaAScRQSHVBFs2NQShBW1f4V4jGwYxgZZsyH4iycvk855w/ca/p1Xb16XcVTBETgGp8AHF6AJbkELtAEGj+AZvII358l5cd6dj/loxSl3DsEfOJ8/tiefwg==</latexit>

Mismatch

For SIS18 type of machine

(big!)
δp

p
= 10

−3

<latexit sha1_base64="lGFS9VeaxM2vzCUjEPIdPML/S9A=">AAACBXicbVC7SgNBFL3rM8bXqqUWg0GwMexqoY0YtLGMYB6QXcPs7GwyZPbBzKwQlgWx8VdsLBSx9Ru0s/JXnDwKTTxw4XDOvdx7j5dwJpVlfRkzs3PzC4uFpeLyyuraurmxWZdxKgitkZjHoulhSTmLaE0xxWkzERSHHqcNr3cx8Bu3VEgWR9eqn1A3xJ2IBYxgpaW2ueMEApPM8SlXGCV5luToFNnWTXZwlLfNklW2hkDTxB6TUuXs++MOAKpt89PxY5KGNFKEYylbtpUoN8NCMcJpXnRSSRNMerhDW5pGOKTSzYZf5GhPKz4KYqErUmio/p7IcChlP/R0Z4hVV056A/E/r5Wq4MTNWJSkikZktChIOVIxGkSCfCYoUbyvCSaC6VsR6WIdi9LBFXUI9uTL06R+WLatsn2l0ziHEQqwDbuwDzYcQwUuoQo1IHAPj/AML8aD8WS8Gm+j1hljPLMFf2C8/wC5u5pQ</latexit><latexit sha1_base64="ulr0T1W57y39djTQmqO/Sct6q8s=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJpVUCA10QFQwwFok+pCZUjuO0Vp3Esh1EFWVh4VdYGECIlW+AjYlfwX0M0HKkKx2dc6/uvcfjjEplWV9Gbm5+YXEpv1xYWV1b3zA3txoyTgQmdRyzWLQ8JAmjEakrqhhpcUFQ6DHS9PrnQ795S4SkcXStBpy4IepGNKAYKS11zF0nEAinjk+YQpBnKc/gCbStm7R0lHXMolW2RoCzxJ6QYvX0++OuVLmodcxPx49xEpJIYYakbNsWV26KhKKYkazgJJJwhPuoS9qaRigk0k1HX2RwXys+DGKhK1JwpP6eSFEo5SD0dGeIVE9Oe0PxP6+dqKDipjTiiSIRHi8KEgZVDIeRQJ8KghUbaIKwoPpWiHtIx6J0cAUdgj398ixpHJZtq2xf6TTOwBh5sAP2wAGwwTGogktQA3WAwT14BM/gxXgwnoxX423cmjMmM9vgD4z3H5S4mvQ=</latexit><latexit sha1_base64="ulr0T1W57y39djTQmqO/Sct6q8s=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJpVUCA10QFQwwFok+pCZUjuO0Vp3Esh1EFWVh4VdYGECIlW+AjYlfwX0M0HKkKx2dc6/uvcfjjEplWV9Gbm5+YXEpv1xYWV1b3zA3txoyTgQmdRyzWLQ8JAmjEakrqhhpcUFQ6DHS9PrnQ795S4SkcXStBpy4IepGNKAYKS11zF0nEAinjk+YQpBnKc/gCbStm7R0lHXMolW2RoCzxJ6QYvX0++OuVLmodcxPx49xEpJIYYakbNsWV26KhKKYkazgJJJwhPuoS9qaRigk0k1HX2RwXys+DGKhK1JwpP6eSFEo5SD0dGeIVE9Oe0PxP6+dqKDipjTiiSIRHi8KEgZVDIeRQJ8KghUbaIKwoPpWiHtIx6J0cAUdgj398ixpHJZtq2xf6TTOwBh5sAP2wAGwwTGogktQA3WAwT14BM/gxXgwnoxX423cmjMmM9vgD4z3H5S4mvQ=</latexit><latexit sha1_base64="cNinxAMxfuKxuS3mK7s9MMss7FI=">AAACBXicbVC7TsMwFHV4lvIKMMJgUSGxUDkwwIJUwcJYJPqQmlA5jtNadRzLdpCqKAsLv8LCAEKs/AMbf4P7GKDlSFc6Oude3XtPKDnTBqFvZ2FxaXlltbRWXt/Y3Np2d3abOs0UoQ2S8lS1Q6wpZ4I2DDOctqWiOAk5bYWD65HfeqBKs1TcmaGkQYJ7gsWMYGOlrnvgxwqT3I8oNxjKIpcFvIQeus9PzoquW0FVNAacJ96UVMAU9a775UcpyRIqDOFY646HpAlyrAwjnBZlP9NUYjLAPdqxVOCE6iAff1HAI6tEME6VLWHgWP09keNE62ES2s4Em76e9Ubif14nM/FFkDMhM0MFmSyKMw5NCkeRwIgpSgwfWoKJYvZWSPrYxmJscGUbgjf78jxpnlY9VPVuUaV2NY2jBPbBITgGHjgHNXAD6qABCHgEz+AVvDlPzovz7nxMWhec6cwe+APn8wcaGpeh</latexit>

∆x = 2ρ
δp

p
<latexit sha1_base64="zKvApKm4qNVzi5oAPuupPv0T+SU=">AAACDXicbVA9SwNBEJ3zM8avU0ubxShYhbs02ohBLSwjmA/IHWFvby9ZsvfB7p4YjoC1jX/FxkIRW2vtrPwrbi4pNPHBwOO9GWbmeQlnUlnWlzE3v7C4tFxYKa6urW9smlvbDRmngtA6iXksWh6WlLOI1hVTnLYSQXHocdr0+ucjv3lDhWRxdK0GCXVD3I1YwAhWWuqY+84F5QqjW3SCKsgRvRg5gcAkc/xcT4ZZMuyYJats5UCzxJ6QUvX0++MOAGod89PxY5KGNFKEYynbtpUoN8NCMcLpsOikkiaY9HGXtjWNcEilm+XfDNGBVnwUxEJXpFCu/p7IcCjlIPR0Z4hVT057I/E/r52q4NjNWJSkikZkvChIOVIxGkWDfCYoUXygCSaC6VsR6WEdhtIBFnUI9vTLs6RRKdtW2b7SaZzBGAXYhT04BBuOoAqXUIM6ELiHR3iGF+PBeDJejbdx65wxmdmBPzDefwB8eZ1+</latexit><latexit sha1_base64="LbXUg7B7exuyES9DIui/iu5SJHc=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwY0m6sRuxqKDLCvYBTSiTyaQdOsmEmYm0hP6AG3/FjQtF3LrWnSt/xWnahbYeuHA4517uvceLGZXKsr6M3MLi0vJKfrWwtr6xuWVu7zQkTwQmdcwZFy0PScJoROqKKkZasSAo9Bhpev2Lsd+8I0JSHt2qYUzcEHUjGlCMlJY65oFzSZhCcABPYRk6osehEwiEU8fP9HiUxqOOWbRKVgY4T+wpKVbPvj8Gx5WrWsf8dHyOk5BECjMkZdu2YuWmSCiKGRkVnESSGOE+6pK2phEKiXTT7JsRPNSKDwMudEUKZurviRSFUg5DT3eGSPXkrDcW//PaiQoqbkqjOFEkwpNFQcKg4nAcDfSpIFixoSYIC6pvhbiHdBhKB1jQIdizL8+TRrlkWyX7RqdxDibIgz2wD46ADU5AFVyDGqgDDO7BI3gGL8aD8WS8Gm+T1pwxndkFf2C8/wBXdp4i</latexit><latexit sha1_base64="LbXUg7B7exuyES9DIui/iu5SJHc=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwY0m6sRuxqKDLCvYBTSiTyaQdOsmEmYm0hP6AG3/FjQtF3LrWnSt/xWnahbYeuHA4517uvceLGZXKsr6M3MLi0vJKfrWwtr6xuWVu7zQkTwQmdcwZFy0PScJoROqKKkZasSAo9Bhpev2Lsd+8I0JSHt2qYUzcEHUjGlCMlJY65oFzSZhCcABPYRk6osehEwiEU8fP9HiUxqOOWbRKVgY4T+wpKVbPvj8Gx5WrWsf8dHyOk5BECjMkZdu2YuWmSCiKGRkVnESSGOE+6pK2phEKiXTT7JsRPNSKDwMudEUKZurviRSFUg5DT3eGSPXkrDcW//PaiQoqbkqjOFEkwpNFQcKg4nAcDfSpIFixoSYIC6pvhbiHdBhKB1jQIdizL8+TRrlkWyX7RqdxDibIgz2wD46ADU5AFVyDGqgDDO7BI3gGL8aD8WS8Gm+T1pwxndkFf2C8/wBXdp4i</latexit><latexit sha1_base64="WNx65FmsAqKWP8xO2Pnv9zhdkSA=">AAACDXicbVC7TsMwFHV4lvIKMLJYFCSmKukCC1IFDIxFog+piSrHcVqrjmPZDqKK8gMs/AoLAwixsrPxN7hpBmg50pWOzrlX994TCEaVdpxva2l5ZXVtvbJR3dza3tm19/Y7KkklJm2csET2AqQIo5y0NdWM9IQkKA4Y6Qbjq6nfvSdS0YTf6YkgfoyGnEYUI22kgX3sXROmEXyAF7ABPTlKoBdJhDMvLHSRZyIf2DWn7hSAi8QtSQ2UaA3sLy9McBoTrjFDSvVdR2g/Q1JTzEhe9VJFBMJjNCR9QzmKifKz4pscnhglhFEiTXENC/X3RIZipSZxYDpjpEdq3puK/3n9VEfnfka5SDXheLYoShnUCZxGA0MqCdZsYgjCkppbIR4hE4Y2AVZNCO78y4uk06i7Tt29dWrNyzKOCjgER+AUuOAMNMENaIE2wOARPINX8GY9WS/Wu/Uxa12yypkD8AfW5w/cyZrP</latexit>

∆x = 2 cm
<latexit sha1_base64="FsnWfuHZ7BU1KkfgIoWpUhLtZuM=">AAAB/HicbVC7SgNBFL0bX3F9raa0GQyCRQi7abQJBrWwjGAekF3C7GQ2GTL7YGZWDEvEP7GxUMTWX7C382+cPApNPHDhcM693HuPn3AmlW1/G7mV1bX1jfymubW9s7tn7R80ZZwKQhsk5rFo+1hSziLaUExx2k4ExaHPacsfXk781h0VksXRrRol1AtxP2IBI1hpqWsV3CvKFUb3qIoqbsktIRJ2raJdtqdAy8SZk+L5p1l9BIB61/pyezFJQxopwrGUHcdOlJdhoRjhdGy6qaQJJkPcpx1NIxxS6WXT48foWCs9FMRCV6TQVP09keFQylHo684Qq4Fc9Cbif14nVcGZl7EoSRWNyGxRkHKkYjRJAvWYoETxkSaYCKZvRWSABSZK52XqEJzFl5dJs1J27LJzYxdrFzBDHg7hCE7AgVOowTXUoQEERvAEL/BqPBjPxpvxPmvNGfOZAvyB8fEDTw+Uvw==</latexit><latexit sha1_base64="t8id/sjoyi1jzW0CpiifAnlvOZk=">AAAB/HicbVC7SgNBFJ31GdfXakqbwSBYhLCbRptgUAvLCOYB2SXMTibJkJnZZWZWXJb4KxZaKGLrL9jbiH/j5FFo4oELh3Pu5d57wphRpV3321paXlldW89t2Jtb2zu7zt5+Q0WJxKSOIxbJVogUYVSQuqaakVYsCeIhI81weDH2m7dEKhqJG53GJOCoL2iPYqSN1HHy/iVhGsE7WIFlv+gXIeYdp+CW3AngIvFmpHD2YVfixy+71nE+/W6EE06Exgwp1fbcWAcZkppiRka2nygSIzxEfdI2VCBOVJBNjh/BI6N0YS+SpoSGE/X3RIa4UikPTSdHeqDmvbH4n9dOdO80yKiIE00Eni7qJQzqCI6TgF0qCdYsNQRhSc2tEA+QRFibvGwTgjf/8iJplEueW/Ku3UL1HEyRAwfgEBwDD5yAKrgCNVAHGKTgATyDF+veerJerbdp65I1m8mDP7DefwBAnpYz</latexit><latexit sha1_base64="t8id/sjoyi1jzW0CpiifAnlvOZk=">AAAB/HicbVC7SgNBFJ31GdfXakqbwSBYhLCbRptgUAvLCOYB2SXMTibJkJnZZWZWXJb4KxZaKGLrL9jbiH/j5FFo4oELh3Pu5d57wphRpV3321paXlldW89t2Jtb2zu7zt5+Q0WJxKSOIxbJVogUYVSQuqaakVYsCeIhI81weDH2m7dEKhqJG53GJOCoL2iPYqSN1HHy/iVhGsE7WIFlv+gXIeYdp+CW3AngIvFmpHD2YVfixy+71nE+/W6EE06Exgwp1fbcWAcZkppiRka2nygSIzxEfdI2VCBOVJBNjh/BI6N0YS+SpoSGE/X3RIa4UikPTSdHeqDmvbH4n9dOdO80yKiIE00Eni7qJQzqCI6TgF0qCdYsNQRhSc2tEA+QRFibvGwTgjf/8iJplEueW/Ku3UL1HEyRAwfgEBwDD5yAKrgCNVAHGKTgATyDF+veerJerbdp65I1m8mDP7DefwBAnpYz</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="F+YGj0XkPRhJNy8fQaYlTB2tbbU=">AAAB8XicbZBLSwMxFIXv+Ky16qhLN8EiuChlphvdCIIuXFawD+gMJZNm2tAkMyQZcRjqX3HjQhH/jDv/jeljoa0HAh/nJNybE6WcaeN5387a+sbm1nZpp7xb2ds/cA8rbZ1kitAWSXiiuhHWlDNJW4YZTrupolhEnHai8c007zxSpVkiH0ye0lDgoWQxI9hYq+8eB7eUG4ye0BVqBLWghojou1Wv7s2EVsFfQBUWavbdr2CQkExQaQjHWvd8LzVhgZVhhNNJOcg0TTEZ4yHtWZRYUB0Ws+Un6Mw6AxQnyh5p0Mz9/aLAQutcRPamwGakl7Op+V/Wy0x8GRZMppmhkswHxRlHJkHTJtCAKUoMzy1gopjdFZERVpgY21fZluAvf3kV2o2679X9ew9KcAKncA4+XMA13EETWkAghxd4g3fn2Xl1PuZ1rTmL3o7gj5zPH448kY8=</latexit><latexit sha1_base64="F+YGj0XkPRhJNy8fQaYlTB2tbbU=">AAAB8XicbZBLSwMxFIXv+Ky16qhLN8EiuChlphvdCIIuXFawD+gMJZNm2tAkMyQZcRjqX3HjQhH/jDv/jeljoa0HAh/nJNybE6WcaeN5387a+sbm1nZpp7xb2ds/cA8rbZ1kitAWSXiiuhHWlDNJW4YZTrupolhEnHai8c007zxSpVkiH0ye0lDgoWQxI9hYq+8eB7eUG4ye0BVqBLWghojou1Wv7s2EVsFfQBUWavbdr2CQkExQaQjHWvd8LzVhgZVhhNNJOcg0TTEZ4yHtWZRYUB0Ws+Un6Mw6AxQnyh5p0Mz9/aLAQutcRPamwGakl7Op+V/Wy0x8GRZMppmhkswHxRlHJkHTJtCAKUoMzy1gopjdFZERVpgY21fZluAvf3kV2o2679X9ew9KcAKncA4+XMA13EETWkAghxd4g3fn2Xl1PuZ1rTmL3o7gj5zPH448kY8=</latexit><latexit sha1_base64="L174LwoIl4W34UNGMvxaX66lbsQ=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCh1KSXvQiFPXgsYL9gCaUzXbTLt1Nwu5GDKX+FS8eFPHqD/Hmv3Hb5qCtDwYe780wMy9IOFPacb6twtr6xuZWcbu0s7u3f2AfHrVVnEpCWyTmsewGWFHOItrSTHPaTSTFIuC0E4yvZ37ngUrF4uheZwn1BR5GLGQEayP17bJ3Q7nG6BFdorpX9aqIiL5dcWrOHGiVuDmpQI5m3/7yBjFJBY004Vipnusk2p9gqRnhdFryUkUTTMZ4SHuGRlhQ5U/mx0/RqVEGKIylqUijufp7YoKFUpkITKfAeqSWvZn4n9dLdXjhT1iUpJpGZLEoTDnSMZolgQZMUqJ5ZggmkplbERlhiYk2eZVMCO7yy6ukXa+5Ts29cyqNqzyOIhzDCZyBC+fQgFtoQgsIZPAMr/BmPVkv1rv1sWgtWPlMGf7A+vwB38iS8g==</latexit><latexit sha1_base64="L174LwoIl4W34UNGMvxaX66lbsQ=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCh1KSXvQiFPXgsYL9gCaUzXbTLt1Nwu5GDKX+FS8eFPHqD/Hmv3Hb5qCtDwYe780wMy9IOFPacb6twtr6xuZWcbu0s7u3f2AfHrVVnEpCWyTmsewGWFHOItrSTHPaTSTFIuC0E4yvZ37ngUrF4uheZwn1BR5GLGQEayP17bJ3Q7nG6BFdorpX9aqIiL5dcWrOHGiVuDmpQI5m3/7yBjFJBY004Vipnusk2p9gqRnhdFryUkUTTMZ4SHuGRlhQ5U/mx0/RqVEGKIylqUijufp7YoKFUpkITKfAeqSWvZn4n9dLdXjhT1iUpJpGZLEoTDnSMZolgQZMUqJ5ZggmkplbERlhiYk2eZVMCO7yy6ukXa+5Ts29cyqNqzyOIhzDCZyBC+fQgFtoQgsIZPAMr/BmPVkv1rv1sWgtWPlMGf7A+vwB38iS8g==</latexit><latexit sha1_base64="t8id/sjoyi1jzW0CpiifAnlvOZk=">AAAB/HicbVC7SgNBFJ31GdfXakqbwSBYhLCbRptgUAvLCOYB2SXMTibJkJnZZWZWXJb4KxZaKGLrL9jbiH/j5FFo4oELh3Pu5d57wphRpV3321paXlldW89t2Jtb2zu7zt5+Q0WJxKSOIxbJVogUYVSQuqaakVYsCeIhI81weDH2m7dEKhqJG53GJOCoL2iPYqSN1HHy/iVhGsE7WIFlv+gXIeYdp+CW3AngIvFmpHD2YVfixy+71nE+/W6EE06Exgwp1fbcWAcZkppiRka2nygSIzxEfdI2VCBOVJBNjh/BI6N0YS+SpoSGE/X3RIa4UikPTSdHeqDmvbH4n9dOdO80yKiIE00Eni7qJQzqCI6TgF0qCdYsNQRhSc2tEA+QRFibvGwTgjf/8iJplEueW/Ku3UL1HEyRAwfgEBwDD5yAKrgCNVAHGKTgATyDF+veerJerbdp65I1m8mDP7DefwBAnpYz</latexit><latexit sha1_base64="t8id/sjoyi1jzW0CpiifAnlvOZk=">AAAB/HicbVC7SgNBFJ31GdfXakqbwSBYhLCbRptgUAvLCOYB2SXMTibJkJnZZWZWXJb4KxZaKGLrL9jbiH/j5FFo4oELh3Pu5d57wphRpV3321paXlldW89t2Jtb2zu7zt5+Q0WJxKSOIxbJVogUYVSQuqaakVYsCeIhI81weDH2m7dEKhqJG53GJOCoL2iPYqSN1HHy/iVhGsE7WIFlv+gXIeYdp+CW3AngIvFmpHD2YVfixy+71nE+/W6EE06Exgwp1fbcWAcZkppiRka2nygSIzxEfdI2VCBOVJBNjh/BI6N0YS+SpoSGE/X3RIa4UikPTSdHeqDmvbH4n9dOdO80yKiIE00Eni7qJQzqCI6TgF0qCdYsNQRhSc2tEA+QRFibvGwTgjf/8iJplEueW/Ku3UL1HEyRAwfgEBwDD5yAKrgCNVAHGKTgATyDF+veerJerbdp65I1m8mDP7DefwBAnpYz</latexit><latexit sha1_base64="t8id/sjoyi1jzW0CpiifAnlvOZk=">AAAB/HicbVC7SgNBFJ31GdfXakqbwSBYhLCbRptgUAvLCOYB2SXMTibJkJnZZWZWXJb4KxZaKGLrL9jbiH/j5FFo4oELh3Pu5d57wphRpV3321paXlldW89t2Jtb2zu7zt5+Q0WJxKSOIxbJVogUYVSQuqaakVYsCeIhI81weDH2m7dEKhqJG53GJOCoL2iPYqSN1HHy/iVhGsE7WIFlv+gXIeYdp+CW3AngIvFmpHD2YVfixy+71nE+/W6EE06Exgwp1fbcWAcZkppiRka2nygSIzxEfdI2VCBOVJBNjh/BI6N0YS+SpoSGE/X3RIa4UikPTSdHeqDmvbH4n9dOdO80yKiIE00Eni7qJQzqCI6TgF0qCdYsNQRhSc2tEA+QRFibvGwTgjf/8iJplEueW/Ku3UL1HEyRAwfgEBwDD5yAKrgCNVAHGKTgATyDF+veerJerbdp65I1m8mDP7DefwBAnpYz</latexit><latexit sha1_base64="t8id/sjoyi1jzW0CpiifAnlvOZk=">AAAB/HicbVC7SgNBFJ31GdfXakqbwSBYhLCbRptgUAvLCOYB2SXMTibJkJnZZWZWXJb4KxZaKGLrL9jbiH/j5FFo4oELh3Pu5d57wphRpV3321paXlldW89t2Jtb2zu7zt5+Q0WJxKSOIxbJVogUYVSQuqaakVYsCeIhI81weDH2m7dEKhqJG53GJOCoL2iPYqSN1HHy/iVhGsE7WIFlv+gXIeYdp+CW3AngIvFmpHD2YVfixy+71nE+/W6EE06Exgwp1fbcWAcZkppiRka2nygSIzxEfdI2VCBOVJBNjh/BI6N0YS+SpoSGE/X3RIa4UikPTSdHeqDmvbH4n9dOdO80yKiIE00Eni7qJQzqCI6TgF0qCdYsNQRhSc2tEA+QRFibvGwTgjf/8iJplEueW/Ku3UL1HEyRAwfgEBwDD5yAKrgCNVAHGKTgATyDF+veerJerbdp65I1m8mDP7DefwBAnpYz</latexit><latexit sha1_base64="L174LwoIl4W34UNGMvxaX66lbsQ=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCh1KSXvQiFPXgsYL9gCaUzXbTLt1Nwu5GDKX+FS8eFPHqD/Hmv3Hb5qCtDwYe780wMy9IOFPacb6twtr6xuZWcbu0s7u3f2AfHrVVnEpCWyTmsewGWFHOItrSTHPaTSTFIuC0E4yvZ37ngUrF4uheZwn1BR5GLGQEayP17bJ3Q7nG6BFdorpX9aqIiL5dcWrOHGiVuDmpQI5m3/7yBjFJBY004Vipnusk2p9gqRnhdFryUkUTTMZ4SHuGRlhQ5U/mx0/RqVEGKIylqUijufp7YoKFUpkITKfAeqSWvZn4n9dLdXjhT1iUpJpGZLEoTDnSMZolgQZMUqJ5ZggmkplbERlhiYk2eZVMCO7yy6ukXa+5Ts29cyqNqzyOIhzDCZyBC+fQgFtoQgsIZPAMr/BmPVkv1rv1sWgtWPlMGf7A+vwB38iS8g==</latexit>
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V

ρ
<latexit sha1_base64="D/dx6NlPSqfndzfv4iCX+NDXX4U=">AAAB7HicbVA9SwNBEJ2LXzF+nVpqsRgEq3Bno2XQxjIBLwkkR9jb7CVL9naP3T0hHPkNNhaK2Pob/B12dv4U95IUmvhg4PHeDDPzopQzbTzvyymtrW9sbpW3Kzu7e/sH7uFRS8tMERoQyaXqRFhTzgQNDDOcdlJFcRJx2o7Gt4XffqBKMynuzSSlYYKHgsWMYGOloKdGstJ3q17NmwGtEn9BqvXTj+Y3ADT67mdvIEmWUGEIx1p3fS81YY6VYYTTaaWXaZpiMsZD2rVU4ITqMJ8dO0XnVhmgWCpbwqCZ+nsix4nWkySynQk2I73sFeJ/Xjcz8XWYM5FmhgoyXxRnHBmJis/RgClKDJ9Ygoli9lZERlhhYmw+RQj+8surpHVZ872a37Rp3MAcZTiBM7gAH66gDnfQgAAIMHiEZ3hxhPPkvDpv89aSs5g5hj9w3n8AZB2QnA==</latexit><latexit sha1_base64="55JcZXRTCDbzm7aZ/DsnFq25Jjw=">AAAB7HicbVA9SwNBEJ3zM8avqKUii0GwCnc2WgZtLBPwkkByhL3NXrJkb/fY3RPCkdLaxkIRW39Dfoedv8E/4V6SQhMfDDzem2FmXphwpo3rfjkrq2vrG5uFreL2zu7efungsKFlqgj1ieRStUKsKWeC+oYZTluJojgOOW2Gw9vcbz5QpZkU92aU0CDGfcEiRrCxkt9RA1nslspuxZ0CLRNvTsrVk0n9+/F0UuuWPjs9SdKYCkM41rrtuYkJMqwMI5yOi51U0wSTIe7TtqUCx1QH2fTYMTq3Sg9FUtkSBk3V3xMZjrUexaHtjLEZ6EUvF//z2qmJroOMiSQ1VJDZoijlyEiUf456TFFi+MgSTBSztyIywAoTY/PJQ/AWX14mjcuK51a8uk3jBmYowDGcwQV4cAVVuIMa+ECAwRO8wKsjnGfnzXmfta4485kj+APn4wdCYpIC</latexit><latexit sha1_base64="55JcZXRTCDbzm7aZ/DsnFq25Jjw=">AAAB7HicbVA9SwNBEJ3zM8avqKUii0GwCnc2WgZtLBPwkkByhL3NXrJkb/fY3RPCkdLaxkIRW39Dfoedv8E/4V6SQhMfDDzem2FmXphwpo3rfjkrq2vrG5uFreL2zu7efungsKFlqgj1ieRStUKsKWeC+oYZTluJojgOOW2Gw9vcbz5QpZkU92aU0CDGfcEiRrCxkt9RA1nslspuxZ0CLRNvTsrVk0n9+/F0UuuWPjs9SdKYCkM41rrtuYkJMqwMI5yOi51U0wSTIe7TtqUCx1QH2fTYMTq3Sg9FUtkSBk3V3xMZjrUexaHtjLEZ6EUvF//z2qmJroOMiSQ1VJDZoijlyEiUf456TFFi+MgSTBSztyIywAoTY/PJQ/AWX14mjcuK51a8uk3jBmYowDGcwQV4cAVVuIMa+ECAwRO8wKsjnGfnzXmfta4485kj+APn4wdCYpIC</latexit><latexit sha1_base64="4rAa5FyBsL0c8/K9lWnzF2WjfJs=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqex60WPRi8cKbltol5JNs21oNlmSrFCW/gYvHhTx6g/y5r8x2+5BWx8MPN6bYWZelApurOd9o8rG5tb2TnW3trd/cHhUPz7pGJVpygKqhNK9iBgmuGSB5VawXqoZSSLButH0rvC7T0wbruSjnaUsTMhY8phTYp0UDPRE1Yb1htf0FsDrxC9JA0q0h/WvwUjRLGHSUkGM6fteasOcaMupYPPaIDMsJXRKxqzvqCQJM2G+OHaOL5wywrHSrqTFC/X3RE4SY2ZJ5DoTYidm1SvE/7x+ZuObMOcyzSyTdLkozgS2Chef4xHXjFoxc4RQzd2tmE6IJtS6fIoQ/NWX10nnqul7Tf/Ba7RuyziqcAbncAk+XEML7qENAVDg8Ayv8IYkekHv6GPZWkHlzCn8Afr8AVQjjlc=</latexit>

p = p0 + δp
<latexit sha1_base64="FfKVZbT4mW9tIlt5PUgRd3oVmY8=">AAAB+3icbVDLSgMxFL1TX7W+xrrURbAIglBm3OhGKLpx2YJ9QDuUTCZtQzOZkGTEMvRX3LhQxK3gd7hz56eYPhbaeuDCyTn3kntPKDnTxvO+nNzK6tr6Rn6zsLW9s7vn7hcbOkkVoXWS8ES1QqwpZ4LWDTOctqSiOA45bYbDm4nfvKdKs0TcmZGkQYz7gvUYwcZKXbco0RWSXQ+doU5EucH24Za8sjcFWib+nJQqRx+1bwCodt3PTpSQNKbCEI61bvueNEGGlWGE03Ghk2oqMRniPm1bKnBMdZBNdx+jE6tEqJcoW8Kgqfp7IsOx1qM4tJ0xNgO96E3E/7x2anqXQcaETA0VZPZRL+XIJGgSBIqYosTwkSWYKGZ3RWSAFSbGxlWwIfiLJy+TxnnZ98p+zaZxDTPk4RCO4RR8uIAK3EIV6kDgAR7hGV6csfPkvDpvs9acM585gD9w3n8AXi+U7Q==</latexit><latexit sha1_base64="9K45D2YAKR9JTOZlNBgV12Pjm48=">AAAB+3icbVDLSgMxFM34rPU11qUiwSIIQplxoxuh6MZlC/YB7VAymTttaCYzJBmxDF36G25cKOJW6He48xv8CdPHQlsPXDg5515y7/ETzpR2nC9raXlldW09t5Hf3Nre2bX3CnUVp5JCjcY8lk2fKOBMQE0zzaGZSCCRz6Hh92/GfuMepGKxuNODBLyIdAULGSXaSB27kOArnHQcfIbbAXBNzMMuOiVnArxI3Bkplg9H1e/Ho1GlY3+2g5imEQhNOVGq5TqJ9jIiNaMchvl2qiAhtE+60DJUkAiUl012H+ITowQ4jKUpofFE/T2RkUipQeSbzojonpr3xuJ/XivV4aWXMZGkGgSdfhSmHOsYj4PAAZNANR8YQqhkZldMe0QSqk1ceROCO3/yIqmfl1yn5FZNGtdoihw6QMfoFLnoApXRLaqgGqLoAT2hF/RqDa1n6816n7YuWbOZffQH1scPPHSWUw==</latexit><latexit sha1_base64="9K45D2YAKR9JTOZlNBgV12Pjm48=">AAAB+3icbVDLSgMxFM34rPU11qUiwSIIQplxoxuh6MZlC/YB7VAymTttaCYzJBmxDF36G25cKOJW6He48xv8CdPHQlsPXDg5515y7/ETzpR2nC9raXlldW09t5Hf3Nre2bX3CnUVp5JCjcY8lk2fKOBMQE0zzaGZSCCRz6Hh92/GfuMepGKxuNODBLyIdAULGSXaSB27kOArnHQcfIbbAXBNzMMuOiVnArxI3Bkplg9H1e/Ho1GlY3+2g5imEQhNOVGq5TqJ9jIiNaMchvl2qiAhtE+60DJUkAiUl012H+ITowQ4jKUpofFE/T2RkUipQeSbzojonpr3xuJ/XivV4aWXMZGkGgSdfhSmHOsYj4PAAZNANR8YQqhkZldMe0QSqk1ceROCO3/yIqmfl1yn5FZNGtdoihw6QMfoFLnoApXRLaqgGqLoAT2hF/RqDa1n6816n7YuWbOZffQH1scPPHSWUw==</latexit><latexit sha1_base64="2ChKuGx9TA88CHLvatOv/4UkKh4=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIsgCCXjRjdC0Y3LCvYB7VAymTttaGYmJBmxDP0VNy4UceuPuPNvTNtZaOuBCyfn3EvuPYEUXBtCvp3S2vrG5lZ5u7Kzu7d/4B5W2zrNFIMWS0WqugHVIHgCLcONgK5UQONAQCcY3878ziMozdPkwUwk+DEdJjzijBorDdyqxNdYDgg+x/0QhKH24dZIncyBV4lXkBoq0By4X/0wZVkMiWGCat3ziDR+TpXhTMC00s80SMrGdAg9SxMag/bz+e5TfGqVEEepspUYPFd/T+Q01noSB7Yzpmakl72Z+J/Xy0x05ec8kZmBhC0+ijKBTYpnQeCQK2BGTCyhTHG7K2YjqigzNq6KDcFbPnmVtC/qHql796TWuCniKKNjdILOkIcuUQPdoSZqIYae0DN6RW/O1Hlx3p2PRWvJKWaO0B84nz9ONZKo</latexit>

Uniform B-field

∆x
<latexit sha1_base64="GxZaTsw1++dmGaotXVberYP3BeM=">AAAB73icbZC7SgNBFIbPeo3rLWppMxgEq7Bro40Y1MIygrlAsoTZySQZMju7zpwVwxLwGWwsFLH1SeztfBsnl0ITfxj4+P9zmHNOmEhh0PO+nYXFpeWV1dyau76xubWd39mtmjjVjFdYLGNdD6nhUiheQYGS1xPNaRRKXgv7l6O8ds+1EbG6xUHCg4h2legIRtFa9eYVl0jJQytf8IreWGQe/CkUzj/ds0cAKLfyX812zNKIK2SSGtPwvQSDjGoUTPKh20wNTyjr0y5vWFQ04ibIxvMOyaF12qQTa/sUkrH7uyOjkTGDKLSVEcWemc1G5n9ZI8XOaZAJlaTIFZt81EklwZiMlidtoTlDObBAmRZ2VsJ6VFOG9kSuPYI/u/I8VI+Lvlf0b7xC6QImysE+HMAR+HACJbiGMlSAgYQneIFX5855dt6c90npgjPt2YM/cj5+AAOMkXE=</latexit><latexit sha1_base64="7JY/EGAZfzlNzhEDRCRfuLkeJdo=">AAAB73icbZC7SgNBFIZn4y2ut6ilzWAQrMKujTZiUAvLCOYCyRJmJ2eTIbMXZ86KYclL2FgoIlj5JPY24ts4uRSa+MPAx/+fw5xz/EQKjY7zbeUWFpeWV/Kr9tr6xuZWYXunpuNUcajyWMaq4TMNUkRQRYESGokCFvoS6n7/YpTX70BpEUc3OEjAC1k3EoHgDI3VaF2CREbv24WiU3LGovPgTqF49mGfJm9fdqVd+Gx1Yp6GECGXTOum6yToZUyh4BKGdivVkDDeZ11oGoxYCNrLxvMO6YFxOjSIlXkR0rH7uyNjodaD0DeVIcOens1G5n9ZM8XgxMtElKQIEZ98FKSSYkxHy9OOUMBRDgwwroSZlfIeU4yjOZFtjuDOrjwPtaOS65Tca6dYPicT5cke2SeHxCXHpEyuSIVUCSeSPJAn8mzdWo/Wi/U6Kc1Z055d8kfW+w/1DJLl</latexit><latexit sha1_base64="7JY/EGAZfzlNzhEDRCRfuLkeJdo=">AAAB73icbZC7SgNBFIZn4y2ut6ilzWAQrMKujTZiUAvLCOYCyRJmJ2eTIbMXZ86KYclL2FgoIlj5JPY24ts4uRSa+MPAx/+fw5xz/EQKjY7zbeUWFpeWV/Kr9tr6xuZWYXunpuNUcajyWMaq4TMNUkRQRYESGokCFvoS6n7/YpTX70BpEUc3OEjAC1k3EoHgDI3VaF2CREbv24WiU3LGovPgTqF49mGfJm9fdqVd+Gx1Yp6GECGXTOum6yToZUyh4BKGdivVkDDeZ11oGoxYCNrLxvMO6YFxOjSIlXkR0rH7uyNjodaD0DeVIcOens1G5n9ZM8XgxMtElKQIEZ98FKSSYkxHy9OOUMBRDgwwroSZlfIeU4yjOZFtjuDOrjwPtaOS65Tca6dYPicT5cke2SeHxCXHpEyuSIVUCSeSPJAn8mzdWo/Wi/U6Kc1Z055d8kfW+w/1DJLl</latexit><latexit sha1_base64="Hwx3HPZILxGvKQ4jOoA83x1WuBw=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0vegzqwWME84BkCbOT3mTI7MOZXjGE/IQXD4p49Xe8+TdOkj1oYkFDUdVNd1eQKmnIdb+dldW19Y3NwlZxe2d3b790cNgwSaYF1kWiEt0KuEElY6yTJIWtVCOPAoXNYHg99ZuPqI1M4nsapehHvB/LUApOVmp1blARZ0/dUtmtuDOwZeLlpAw5at3SV6eXiCzCmITixrQ9NyV/zDVJoXBS7GQGUy6GvI9tS2MeofHHs3sn7NQqPRYm2lZMbKb+nhjzyJhRFNjOiNPALHpT8T+vnVF46Y9lnGaEsZgvCjPFKGHT51lPahSkRpZwoaW9lYkB11yQjahoQ/AWX14mjfOK51a8O7dcvcrjKMAxnMAZeHABVbiFGtRBgIJneIU358F5cd6dj3nripPPHMEfOJ8/lEWPpA==</latexit>

Particle goes faster

Circumference is 

Larger !



Revolution time ?
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V

ρ
<latexit sha1_base64="D/dx6NlPSqfndzfv4iCX+NDXX4U=">AAAB7HicbVA9SwNBEJ2LXzF+nVpqsRgEq3Bno2XQxjIBLwkkR9jb7CVL9naP3T0hHPkNNhaK2Pob/B12dv4U95IUmvhg4PHeDDPzopQzbTzvyymtrW9sbpW3Kzu7e/sH7uFRS8tMERoQyaXqRFhTzgQNDDOcdlJFcRJx2o7Gt4XffqBKMynuzSSlYYKHgsWMYGOloKdGstJ3q17NmwGtEn9BqvXTj+Y3ADT67mdvIEmWUGEIx1p3fS81YY6VYYTTaaWXaZpiMsZD2rVU4ITqMJ8dO0XnVhmgWCpbwqCZ+nsix4nWkySynQk2I73sFeJ/Xjcz8XWYM5FmhgoyXxRnHBmJis/RgClKDJ9Ygoli9lZERlhhYmw+RQj+8surpHVZ872a37Rp3MAcZTiBM7gAH66gDnfQgAAIMHiEZ3hxhPPkvDpv89aSs5g5hj9w3n8AZB2QnA==</latexit><latexit sha1_base64="55JcZXRTCDbzm7aZ/DsnFq25Jjw=">AAAB7HicbVA9SwNBEJ3zM8avqKUii0GwCnc2WgZtLBPwkkByhL3NXrJkb/fY3RPCkdLaxkIRW39Dfoedv8E/4V6SQhMfDDzem2FmXphwpo3rfjkrq2vrG5uFreL2zu7efungsKFlqgj1ieRStUKsKWeC+oYZTluJojgOOW2Gw9vcbz5QpZkU92aU0CDGfcEiRrCxkt9RA1nslspuxZ0CLRNvTsrVk0n9+/F0UuuWPjs9SdKYCkM41rrtuYkJMqwMI5yOi51U0wSTIe7TtqUCx1QH2fTYMTq3Sg9FUtkSBk3V3xMZjrUexaHtjLEZ6EUvF//z2qmJroOMiSQ1VJDZoijlyEiUf456TFFi+MgSTBSztyIywAoTY/PJQ/AWX14mjcuK51a8uk3jBmYowDGcwQV4cAVVuIMa+ECAwRO8wKsjnGfnzXmfta4485kj+APn4wdCYpIC</latexit><latexit sha1_base64="55JcZXRTCDbzm7aZ/DsnFq25Jjw=">AAAB7HicbVA9SwNBEJ3zM8avqKUii0GwCnc2WgZtLBPwkkByhL3NXrJkb/fY3RPCkdLaxkIRW39Dfoedv8E/4V6SQhMfDDzem2FmXphwpo3rfjkrq2vrG5uFreL2zu7efungsKFlqgj1ieRStUKsKWeC+oYZTluJojgOOW2Gw9vcbz5QpZkU92aU0CDGfcEiRrCxkt9RA1nslspuxZ0CLRNvTsrVk0n9+/F0UuuWPjs9SdKYCkM41rrtuYkJMqwMI5yOi51U0wSTIe7TtqUCx1QH2fTYMTq3Sg9FUtkSBk3V3xMZjrUexaHtjLEZ6EUvF//z2qmJroOMiSQ1VJDZoijlyEiUf456TFFi+MgSTBSztyIywAoTY/PJQ/AWX14mjcuK51a8uk3jBmYowDGcwQV4cAVVuIMa+ECAwRO8wKsjnGfnzXmfta4485kj+APn4wdCYpIC</latexit><latexit sha1_base64="4rAa5FyBsL0c8/K9lWnzF2WjfJs=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqex60WPRi8cKbltol5JNs21oNlmSrFCW/gYvHhTx6g/y5r8x2+5BWx8MPN6bYWZelApurOd9o8rG5tb2TnW3trd/cHhUPz7pGJVpygKqhNK9iBgmuGSB5VawXqoZSSLButH0rvC7T0wbruSjnaUsTMhY8phTYp0UDPRE1Yb1htf0FsDrxC9JA0q0h/WvwUjRLGHSUkGM6fteasOcaMupYPPaIDMsJXRKxqzvqCQJM2G+OHaOL5wywrHSrqTFC/X3RE4SY2ZJ5DoTYidm1SvE/7x+ZuObMOcyzSyTdLkozgS2Chef4xHXjFoxc4RQzd2tmE6IJtS6fIoQ/NWX10nnqul7Tf/Ba7RuyziqcAbncAk+XEML7qENAVDg8Ayv8IYkekHv6GPZWkHlzCn8Afr8AVQjjlc=</latexit>

p = p0 + δp
<latexit sha1_base64="FfKVZbT4mW9tIlt5PUgRd3oVmY8=">AAAB+3icbVDLSgMxFL1TX7W+xrrURbAIglBm3OhGKLpx2YJ9QDuUTCZtQzOZkGTEMvRX3LhQxK3gd7hz56eYPhbaeuDCyTn3kntPKDnTxvO+nNzK6tr6Rn6zsLW9s7vn7hcbOkkVoXWS8ES1QqwpZ4LWDTOctqSiOA45bYbDm4nfvKdKs0TcmZGkQYz7gvUYwcZKXbco0RWSXQ+doU5EucH24Za8sjcFWib+nJQqRx+1bwCodt3PTpSQNKbCEI61bvueNEGGlWGE03Ghk2oqMRniPm1bKnBMdZBNdx+jE6tEqJcoW8Kgqfp7IsOx1qM4tJ0xNgO96E3E/7x2anqXQcaETA0VZPZRL+XIJGgSBIqYosTwkSWYKGZ3RWSAFSbGxlWwIfiLJy+TxnnZ98p+zaZxDTPk4RCO4RR8uIAK3EIV6kDgAR7hGV6csfPkvDpvs9acM585gD9w3n8AXi+U7Q==</latexit><latexit sha1_base64="9K45D2YAKR9JTOZlNBgV12Pjm48=">AAAB+3icbVDLSgMxFM34rPU11qUiwSIIQplxoxuh6MZlC/YB7VAymTttaCYzJBmxDF36G25cKOJW6He48xv8CdPHQlsPXDg5515y7/ETzpR2nC9raXlldW09t5Hf3Nre2bX3CnUVp5JCjcY8lk2fKOBMQE0zzaGZSCCRz6Hh92/GfuMepGKxuNODBLyIdAULGSXaSB27kOArnHQcfIbbAXBNzMMuOiVnArxI3Bkplg9H1e/Ho1GlY3+2g5imEQhNOVGq5TqJ9jIiNaMchvl2qiAhtE+60DJUkAiUl012H+ITowQ4jKUpofFE/T2RkUipQeSbzojonpr3xuJ/XivV4aWXMZGkGgSdfhSmHOsYj4PAAZNANR8YQqhkZldMe0QSqk1ceROCO3/yIqmfl1yn5FZNGtdoihw6QMfoFLnoApXRLaqgGqLoAT2hF/RqDa1n6816n7YuWbOZffQH1scPPHSWUw==</latexit><latexit sha1_base64="9K45D2YAKR9JTOZlNBgV12Pjm48=">AAAB+3icbVDLSgMxFM34rPU11qUiwSIIQplxoxuh6MZlC/YB7VAymTttaCYzJBmxDF36G25cKOJW6He48xv8CdPHQlsPXDg5515y7/ETzpR2nC9raXlldW09t5Hf3Nre2bX3CnUVp5JCjcY8lk2fKOBMQE0zzaGZSCCRz6Hh92/GfuMepGKxuNODBLyIdAULGSXaSB27kOArnHQcfIbbAXBNzMMuOiVnArxI3Bkplg9H1e/Ho1GlY3+2g5imEQhNOVGq5TqJ9jIiNaMchvl2qiAhtE+60DJUkAiUl012H+ITowQ4jKUpofFE/T2RkUipQeSbzojonpr3xuJ/XivV4aWXMZGkGgSdfhSmHOsYj4PAAZNANR8YQqhkZldMe0QSqk1ceROCO3/yIqmfl1yn5FZNGtdoihw6QMfoFLnoApXRLaqgGqLoAT2hF/RqDa1n6816n7YuWbOZffQH1scPPHSWUw==</latexit><latexit sha1_base64="2ChKuGx9TA88CHLvatOv/4UkKh4=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIsgCCXjRjdC0Y3LCvYB7VAymTttaGYmJBmxDP0VNy4UceuPuPNvTNtZaOuBCyfn3EvuPYEUXBtCvp3S2vrG5lZ5u7Kzu7d/4B5W2zrNFIMWS0WqugHVIHgCLcONgK5UQONAQCcY3878ziMozdPkwUwk+DEdJjzijBorDdyqxNdYDgg+x/0QhKH24dZIncyBV4lXkBoq0By4X/0wZVkMiWGCat3ziDR+TpXhTMC00s80SMrGdAg9SxMag/bz+e5TfGqVEEepspUYPFd/T+Q01noSB7Yzpmakl72Z+J/Xy0x05ec8kZmBhC0+ijKBTYpnQeCQK2BGTCyhTHG7K2YjqigzNq6KDcFbPnmVtC/qHql796TWuCniKKNjdILOkIcuUQPdoSZqIYae0DN6RW/O1Hlx3p2PRWvJKWaO0B84nz9ONZKo</latexit>

Uniform B-field

∆x
<latexit sha1_base64="GxZaTsw1++dmGaotXVberYP3BeM=">AAAB73icbZC7SgNBFIbPeo3rLWppMxgEq7Bro40Y1MIygrlAsoTZySQZMju7zpwVwxLwGWwsFLH1SeztfBsnl0ITfxj4+P9zmHNOmEhh0PO+nYXFpeWV1dyau76xubWd39mtmjjVjFdYLGNdD6nhUiheQYGS1xPNaRRKXgv7l6O8ds+1EbG6xUHCg4h2legIRtFa9eYVl0jJQytf8IreWGQe/CkUzj/ds0cAKLfyX812zNKIK2SSGtPwvQSDjGoUTPKh20wNTyjr0y5vWFQ04ibIxvMOyaF12qQTa/sUkrH7uyOjkTGDKLSVEcWemc1G5n9ZI8XOaZAJlaTIFZt81EklwZiMlidtoTlDObBAmRZ2VsJ6VFOG9kSuPYI/u/I8VI+Lvlf0b7xC6QImysE+HMAR+HACJbiGMlSAgYQneIFX5855dt6c90npgjPt2YM/cj5+AAOMkXE=</latexit><latexit sha1_base64="7JY/EGAZfzlNzhEDRCRfuLkeJdo=">AAAB73icbZC7SgNBFIZn4y2ut6ilzWAQrMKujTZiUAvLCOYCyRJmJ2eTIbMXZ86KYclL2FgoIlj5JPY24ts4uRSa+MPAx/+fw5xz/EQKjY7zbeUWFpeWV/Kr9tr6xuZWYXunpuNUcajyWMaq4TMNUkRQRYESGokCFvoS6n7/YpTX70BpEUc3OEjAC1k3EoHgDI3VaF2CREbv24WiU3LGovPgTqF49mGfJm9fdqVd+Gx1Yp6GECGXTOum6yToZUyh4BKGdivVkDDeZ11oGoxYCNrLxvMO6YFxOjSIlXkR0rH7uyNjodaD0DeVIcOens1G5n9ZM8XgxMtElKQIEZ98FKSSYkxHy9OOUMBRDgwwroSZlfIeU4yjOZFtjuDOrjwPtaOS65Tca6dYPicT5cke2SeHxCXHpEyuSIVUCSeSPJAn8mzdWo/Wi/U6Kc1Z055d8kfW+w/1DJLl</latexit><latexit sha1_base64="7JY/EGAZfzlNzhEDRCRfuLkeJdo=">AAAB73icbZC7SgNBFIZn4y2ut6ilzWAQrMKujTZiUAvLCOYCyRJmJ2eTIbMXZ86KYclL2FgoIlj5JPY24ts4uRSa+MPAx/+fw5xz/EQKjY7zbeUWFpeWV/Kr9tr6xuZWYXunpuNUcajyWMaq4TMNUkRQRYESGokCFvoS6n7/YpTX70BpEUc3OEjAC1k3EoHgDI3VaF2CREbv24WiU3LGovPgTqF49mGfJm9fdqVd+Gx1Yp6GECGXTOum6yToZUyh4BKGdivVkDDeZ11oGoxYCNrLxvMO6YFxOjSIlXkR0rH7uyNjodaD0DeVIcOens1G5n9ZM8XgxMtElKQIEZ98FKSSYkxHy9OOUMBRDgwwroSZlfIeU4yjOZFtjuDOrjwPtaOS65Tca6dYPicT5cke2SeHxCXHpEyuSIVUCSeSPJAn8mzdWo/Wi/U6Kc1Z055d8kfW+w/1DJLl</latexit><latexit sha1_base64="Hwx3HPZILxGvKQ4jOoA83x1WuBw=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0vegzqwWME84BkCbOT3mTI7MOZXjGE/IQXD4p49Xe8+TdOkj1oYkFDUdVNd1eQKmnIdb+dldW19Y3NwlZxe2d3b790cNgwSaYF1kWiEt0KuEElY6yTJIWtVCOPAoXNYHg99ZuPqI1M4nsapehHvB/LUApOVmp1blARZ0/dUtmtuDOwZeLlpAw5at3SV6eXiCzCmITixrQ9NyV/zDVJoXBS7GQGUy6GvI9tS2MeofHHs3sn7NQqPRYm2lZMbKb+nhjzyJhRFNjOiNPALHpT8T+vnVF46Y9lnGaEsZgvCjPFKGHT51lPahSkRpZwoaW9lYkB11yQjahoQ/AWX14mjfOK51a8O7dcvcrjKMAxnMAZeHABVbiFGtRBgIJneIU358F5cd6dj3nripPPHMEfOJ8/lEWPpA==</latexit>

Particle goes faster

Circumference is 

Larger !

Smaller ?

Larger ?

τ =
2πρ

v
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



At energy E0

change particle momentum à !p/p0

14/1/2019 G. Franchetti 37

E0

δv

v0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

δC

C0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

E0

Always grow

C = circumference

δτ

τ0
=

δC

C0

−

δv

v0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Change of revolution

time

Always decrease



Transition energy
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E0

δτ

τ0
=

δC

C0

−

δv

v0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Change of revolution time

δτ

τ0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Transition

energy

Change of  !p/p0 à

Below 

transition

Above 

transition



What happen at the cavity
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ρ0
<latexit sha1_base64="WB+yj2r8WibTGlG5UGwzo8lPnP0=">AAAB7XicbVDLSgNBEOz1GeMr6lEPg0HwFHa96DHoxWMC5gHJEmYnk2TM7Mwy0yuEJf/gxYMiXv0Fv8ObNz/FyeOgiQUNRVU33V1RIoVF3//yVlbX1jc2c1v57Z3dvf3CwWHd6tQwXmNaatOMqOVSKF5DgZI3E8NpHEneiIY3E7/xwI0VWt3hKOFhTPtK9ASj6KR62wx0x+8Uin7Jn4Isk2BOiuWTj+o3AFQ6hc92V7M05gqZpNa2Aj/BMKMGBZN8nG+nlieUDWmftxxVNOY2zKbXjsmZU7qkp40rhWSq/p7IaGztKI5cZ0xxYBe9ifif10qxdxVmQiUpcsVmi3qpJKjJ5HXSFYYzlCNHKDPC3UrYgBrK0AWUdyEEiy8vk/pFKfBLQdWlcQ0z5OAYTuEcAriEMtxCBWrA4B4e4RlePO09ea/e26x1xZvPHMEfeO8/VLCRKw==</latexit><latexit sha1_base64="yQHXpq8u34xnOZhwHPxeo4bodr0=">AAAB7XicbVC7SgNBFL0bXzG+opaKDAbBKuzaaBm0sUzAPCBZwuxkNhkzO7PMzArLktLexkIRW38h32HnN/gTTh6FJh64cDjnXu69J4g508Z1v5zcyura+kZ+s7C1vbO7V9w/aGiZKELrRHKpWgHWlDNB64YZTluxojgKOG0Gw5uJ33ygSjMp7kwaUz/CfcFCRrCxUqOjBrLrdoslt+xOgZaJNyelyvG49v14Mq52i5+dniRJRIUhHGvd9tzY+BlWhhFOR4VOommMyRD3adtSgSOq/Wx67QidWaWHQqlsCYOm6u+JDEdap1FgOyNsBnrRm4j/ee3EhFd+xkScGCrIbFGYcGQkmryOekxRYnhqCSaK2VsRGWCFibEBFWwI3uLLy6RxUfbcslezaVzDDHk4glM4Bw8uoQK3UIU6ELiHJ3iBV0c6z86b8z5rzTnzmUP4A+fjBzL1kpE=</latexit><latexit sha1_base64="yQHXpq8u34xnOZhwHPxeo4bodr0=">AAAB7XicbVC7SgNBFL0bXzG+opaKDAbBKuzaaBm0sUzAPCBZwuxkNhkzO7PMzArLktLexkIRW38h32HnN/gTTh6FJh64cDjnXu69J4g508Z1v5zcyura+kZ+s7C1vbO7V9w/aGiZKELrRHKpWgHWlDNB64YZTluxojgKOG0Gw5uJ33ygSjMp7kwaUz/CfcFCRrCxUqOjBrLrdoslt+xOgZaJNyelyvG49v14Mq52i5+dniRJRIUhHGvd9tzY+BlWhhFOR4VOommMyRD3adtSgSOq/Wx67QidWaWHQqlsCYOm6u+JDEdap1FgOyNsBnrRm4j/ee3EhFd+xkScGCrIbFGYcGQkmryOekxRYnhqCSaK2VsRGWCFibEBFWwI3uLLy6RxUfbcslezaVzDDHk4glM4Bw8uoQK3UIU6ELiHJ3iBV0c6z86b8z5rzTnzmUP4A+fjBzL1kpE=</latexit><latexit sha1_base64="ehdEdoD2fRMSowtsmsAxkEN+S00=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lawXPRa9eKxgP6BdSjbNtrHZZEmyQln6H7x4UMSr/8eb/8a03YO2Phh4vDfDzLwolcI6Qr7R2vrG5tZ2aae8u7d/cFg5Om5ZnRnGm0xLbToRtVwKxZtOOMk7qeE0iSRvR+Pbmd9+4sYKrR7cJOVhQodKxIJR56VWz4x0n/QrVVIjc+BVEhSkCgUa/cpXb6BZlnDlmKTWdgOSujCnxgkm+bTcyyxPKRvTIe96qmjCbZjPr53ic68McKyNL+XwXP09kdPE2kkS+c6EupFd9mbif143c/F1mAuVZo4rtlgUZxI7jWev44EwnDk58YQyI/ytmI2oocz5gMo+hGD55VXSuqwFpBbck2r9poijBKdwBhcQwBXU4Q4a0AQGj/AMr/CGNHpB7+hj0bqGipkT+AP0+QNEto7m</latexit>

Longitudinal

Electric

field

<latexit sha1_base64="ipCPjmvsbGlZ/zEozR1cRrPfItU="></latexit>

Ez = V sin(2πft)

v

Mismatched particle



Below transition: energy mismatch
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Take a particle “faster” than the reference particle

Energy loss

Energy loss



Particle position measured with 
time
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t
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<latexit sha1_base64="QKtpoRYVmWSJEDCNK4+6/iKPkFw="></latexit>

δt = tpart. − tref.part.



Evolution
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<latexit sha1_base64="QKtpoRYVmWSJEDCNK4+6/iKPkFw="></latexit>

δt = tpart. − tref.part.

turn

1

2

3

4

5

6



Instead of !t, one can use the 
cavity phase
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turn

1

2

3

4

5

6

<latexit sha1_base64="hOFjxqoZ1GgEZmOxKwadAQqxjXI="></latexit>

φ = 2πh
δt

τ0
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RF-Bucket
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Bunch length

Bucket acceptance  à V

!p/p

z



Bunching
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z / L
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Dp/p
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Adiabatic bunching



Acceleration
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v0

ρ0
<latexit sha1_base64="WB+yj2r8WibTGlG5UGwzo8lPnP0=">AAAB7XicbVDLSgNBEOz1GeMr6lEPg0HwFHa96DHoxWMC5gHJEmYnk2TM7Mwy0yuEJf/gxYMiXv0Fv8ObNz/FyeOgiQUNRVU33V1RIoVF3//yVlbX1jc2c1v57Z3dvf3CwWHd6tQwXmNaatOMqOVSKF5DgZI3E8NpHEneiIY3E7/xwI0VWt3hKOFhTPtK9ASj6KR62wx0x+8Uin7Jn4Isk2BOiuWTj+o3AFQ6hc92V7M05gqZpNa2Aj/BMKMGBZN8nG+nlieUDWmftxxVNOY2zKbXjsmZU7qkp40rhWSq/p7IaGztKI5cZ0xxYBe9ifif10qxdxVmQiUpcsVmi3qpJKjJ5HXSFYYzlCNHKDPC3UrYgBrK0AWUdyEEiy8vk/pFKfBLQdWlcQ0z5OAYTuEcAriEMtxCBWrA4B4e4RlePO09ea/e26x1xZvPHMEfeO8/VLCRKw==</latexit><latexit sha1_base64="yQHXpq8u34xnOZhwHPxeo4bodr0=">AAAB7XicbVC7SgNBFL0bXzG+opaKDAbBKuzaaBm0sUzAPCBZwuxkNhkzO7PMzArLktLexkIRW38h32HnN/gTTh6FJh64cDjnXu69J4g508Z1v5zcyura+kZ+s7C1vbO7V9w/aGiZKELrRHKpWgHWlDNB64YZTluxojgKOG0Gw5uJ33ygSjMp7kwaUz/CfcFCRrCxUqOjBrLrdoslt+xOgZaJNyelyvG49v14Mq52i5+dniRJRIUhHGvd9tzY+BlWhhFOR4VOommMyRD3adtSgSOq/Wx67QidWaWHQqlsCYOm6u+JDEdap1FgOyNsBnrRm4j/ee3EhFd+xkScGCrIbFGYcGQkmryOekxRYnhqCSaK2VsRGWCFibEBFWwI3uLLy6RxUfbcslezaVzDDHk4glM4Bw8uoQK3UIU6ELiHJ3iBV0c6z86b8z5rzTnzmUP4A+fjBzL1kpE=</latexit><latexit sha1_base64="yQHXpq8u34xnOZhwHPxeo4bodr0=">AAAB7XicbVC7SgNBFL0bXzG+opaKDAbBKuzaaBm0sUzAPCBZwuxkNhkzO7PMzArLktLexkIRW38h32HnN/gTTh6FJh64cDjnXu69J4g508Z1v5zcyura+kZ+s7C1vbO7V9w/aGiZKELrRHKpWgHWlDNB64YZTluxojgKOG0Gw5uJ33ygSjMp7kwaUz/CfcFCRrCxUqOjBrLrdoslt+xOgZaJNyelyvG49v14Mq52i5+dniRJRIUhHGvd9tzY+BlWhhFOR4VOommMyRD3adtSgSOq/Wx67QidWaWHQqlsCYOm6u+JDEdap1FgOyNsBnrRm4j/ee3EhFd+xkScGCrIbFGYcGQkmryOekxRYnhqCSaK2VsRGWCFibEBFWwI3uLLy6RxUfbcslezaVzDDHk4glM4Bw8uoQK3UIU6ELiHJ3iBV0c6z86b8z5rzTnzmUP4A+fjBzL1kpE=</latexit><latexit sha1_base64="ehdEdoD2fRMSowtsmsAxkEN+S00=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lawXPRa9eKxgP6BdSjbNtrHZZEmyQln6H7x4UMSr/8eb/8a03YO2Phh4vDfDzLwolcI6Qr7R2vrG5tZ2aae8u7d/cFg5Om5ZnRnGm0xLbToRtVwKxZtOOMk7qeE0iSRvR+Pbmd9+4sYKrR7cJOVhQodKxIJR56VWz4x0n/QrVVIjc+BVEhSkCgUa/cpXb6BZlnDlmKTWdgOSujCnxgkm+bTcyyxPKRvTIe96qmjCbZjPr53ic68McKyNL+XwXP09kdPE2kkS+c6EupFd9mbif143c/F1mAuVZo4rtlgUZxI7jWev44EwnDk58YQyI/ytmI2oocz5gMo+hGD55VXSuqwFpBbck2r9poijBKdwBhcQwBXU4Q4a0AQGj/AMr/CGNHpB7+hj0bqGipkT+AP0+QNEto7m</latexit>

Longitudinal

Electric

field

Every time the reference particle goes 

Through the cavity, it sees the same accelerating 

electric field

<latexit sha1_base64="ipCPjmvsbGlZ/zEozR1cRrPfItU="></latexit>

Ez = V sin(2πft)

The field oscillates with frequency f



RF-Bucket

4/11/2020 G. Franchetti 54

Bunch length

Bucket acceptance  à V

!p/p

z

Only this area is accelerated: particle out of the bucket are lost during acceleration



Effect of RF-capture / acceleration
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t

current

Number of particles

Acc
ele

ra
tio

n ra
m

p

Particle out of the 

bucket are lost during 

acceleration

Particle loss duringAcc. Because of other causes



More topics…
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Bunch compression

Effect of high intensity

Negative mass region

Isochronous modes

RF-gymnastic

Dual RF systems

For questions or discussion: Giuliano Franchetti  tel. 1535,  g.franchetti@gsi.de


