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E-field	contribu'on	for	each	

Averaging	over	the	distribu'on,	assuming	E-field	is	linear	in	displacement,	
con'nuous	quad	approxima'on,	independent	of	betatron	amplitude	.	.	.	

where									is	the	equilibrium	radial	displacement	for	par'cle	with	momentum			xe
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Let’s	check	those	assump/ons	
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In	a	curved	geometry,	the	integrated	E-field	along	the	trajectory	depends	on	betatron	
amplitude	in	two	ways	
1.  Sextupole	(quadra'c)	component	of	the	quads		

•  Sextupole	component	is	symmetric	about	magic	radius	
•  ShiPs	the	‘closed	orbit’	

2.  Path	length	(asymmetric	about	magic	radius)	
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E-field	contribu'on	
Quad	linearity	

In	an	ideal	cartesian	geometry	and	quadrupole	where	the	horizontal	
field	is	an'symmetric	about	the	closed	orbit,	the	E-field	correc'on	is	
independent	of	betatron	amplitude	

E	

xe = ⌘�p/p
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<latexit sha1_base64="QZcvUn+WEsO9juadlLABkUBq3+s="></latexit><latexit sha1_base64="QZcvUn+WEsO9juadlLABkUBq3+s="></latexit><latexit sha1_base64="QZcvUn+WEsO9juadlLABkUBq3+s="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="9JEmJ4Rdh/hxpG0dTuyEX2XmeJo="></latexit><latexit sha1_base64="9JEmJ4Rdh/hxpG0dTuyEX2XmeJo="></latexit><latexit sha1_base64="3n3pIKaA+JdTtqderhn0mfIL5II="></latexit><latexit sha1_base64="QZcvUn+WEsO9juadlLABkUBq3+s="></latexit><latexit sha1_base64="QZcvUn+WEsO9juadlLABkUBq3+s="></latexit><latexit sha1_base64="QZcvUn+WEsO9juadlLABkUBq3+s="></latexit><latexit sha1_base64="QZcvUn+WEsO9juadlLABkUBq3+s="></latexit><latexit sha1_base64="QZcvUn+WEsO9juadlLABkUBq3+s="></latexit><latexit sha1_base64="QZcvUn+WEsO9juadlLABkUBq3+s="></latexit>

sextupole	 Path	length	
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<latexit sha1_base64="1sDGvSi33Jv9Yn0lUVEO6uVUjss="></latexit><latexit sha1_base64="1sDGvSi33Jv9Yn0lUVEO6uVUjss="></latexit><latexit sha1_base64="1sDGvSi33Jv9Yn0lUVEO6uVUjss="></latexit><latexit sha1_base64="1sDGvSi33Jv9Yn0lUVEO6uVUjss="></latexit>

The	average	E-field	for	a	muon	with	momentum																							and	betatron	amplitude									is	
		

p0 +�p
<latexit sha1_base64="Zido9KaCpS/vRekx0QRrCJ/pu0A=">AAAB83icbVDLSgNBEOz1GeMrKnjxMhgEQQi7XvTgIaAHjxHMA7JLnJ3MJkNmd4eZXiUs+Q0vHhTx6s9482+cPA6aWNBQVHXT3RUqKQy67reztLyyurZe2Chubm3v7Jb29hsmzTTjdZbKVLdCargUCa+jQMlbSnMah5I3w8H12G8+cm1EmtzjUPEgpr1ERIJRtJKvOu6Zf8MlUqI6pbJbcScgi8SbkXL1sPH0AAC1TunL76Ysi3mCTFJj2p6rMMipRsEkHxX9zHBF2YD2eNvShMbcBPnk5hE5sUqXRKm2lSCZqL8nchobM4xD2xlT7Jt5byz+57UzjC6DXCQqQ56w6aIokwRTMg6AdIXmDOXQEsq0sLcS1qeaMrQxFW0I3vzLi6RxXvHcindn07iCKQpwBMdwCh5cQBVuoQZ1YKDgGV7hzcmcF+fd+Zi2LjmzmQP4A+fzB/QKkms=</latexit><latexit sha1_base64="SvOfA+nK/maDhp+Y4FGb3xJm84w=">AAAB83icbVDLSgNBEJyNrxhfUcGLl8EgCELY9aIHDwE9eIxgHpBdwuxkNhkyOzvM9CrLkt/w4iEiXv0Zb36A/+HkcdDEgoaiqpvurlAJbsB1v5zCyura+kZxs7S1vbO7V94/aJok1ZQ1aCIS3Q6JYYJL1gAOgrWVZiQOBWuFw5uJ33pk2vBEPkCmWBCTvuQRpwSs5Kuue+7fMgEEq2654lbdKfAy8eakUjtqPqnse1zvlj/9XkLTmEmgghjT8VwFQU40cCrYqOSnhilCh6TPOpZKEjMT5NObR/jUKj0cJdqWBDxVf0/kJDYmi0PbGRMYmEVvIv7ndVKIroKcS5UCk3S2KEoFhgRPAsA9rhkFkVlCqOb2VkwHRBMKNqaSDcFbfHmZNC+qnlv17m0a12iGIjpGJ+gMeegS1dAdqqMGokihZzRGr07qvDhvzvusteDMZw7RHzgfP7GPlHg=</latexit><latexit sha1_base64="SvOfA+nK/maDhp+Y4FGb3xJm84w=">AAAB83icbVDLSgNBEJyNrxhfUcGLl8EgCELY9aIHDwE9eIxgHpBdwuxkNhkyOzvM9CrLkt/w4iEiXv0Zb36A/+HkcdDEgoaiqpvurlAJbsB1v5zCyura+kZxs7S1vbO7V94/aJok1ZQ1aCIS3Q6JYYJL1gAOgrWVZiQOBWuFw5uJ33pk2vBEPkCmWBCTvuQRpwSs5Kuue+7fMgEEq2654lbdKfAy8eakUjtqPqnse1zvlj/9XkLTmEmgghjT8VwFQU40cCrYqOSnhilCh6TPOpZKEjMT5NObR/jUKj0cJdqWBDxVf0/kJDYmi0PbGRMYmEVvIv7ndVKIroKcS5UCk3S2KEoFhgRPAsA9rhkFkVlCqOb2VkwHRBMKNqaSDcFbfHmZNC+qnlv17m0a12iGIjpGJ+gMeegS1dAdqqMGokihZzRGr07qvDhvzvusteDMZw7RHzgfP7GPlHg=</latexit><latexit sha1_base64="pEEUoVFJ5hAFE6dX7QXWPonfsBE=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIsgCCXrRQ8eCnrwWMF+QHcp2XS2Dc1mQ5IVytK/4cWDIl79M978N6btHrT1wcDjvRlm5kVKcGMJ+fZKa+sbm1vl7crO7t7+QfXwqG3STDNosVSkuhtRA4JLaFluBXSVBppEAjrR+Hbmd55AG57KRztRECZ0KHnMGbVOClSfXAR3ICzFql+tkTqZA68SvyA1VKDZr34Fg5RlCUjLBDWm5xNlw5xqy5mAaSXIDCjKxnQIPUclTcCE+fzmKT5zygDHqXYlLZ6rvydymhgzSSLXmVA7MsveTPzP62U2vg5zLlVmQbLFojgT2KZ4FgAecA3MiokjlGnubsVsRDVl1sVUcSH4yy+vkvZl3Sd1/4HUGjdFHGV0gk7ROfLRFWqge9RELcSQQs/oFb15mffivXsfi9aSV8wcoz/wPn8A6X+Q6A==</latexit>

x�
<latexit sha1_base64="ESOvXyEeyUoJ20Jnf0RN21oaxXI=">AAAB7nicbVC7SkNBEJ0bXzG+opY2i0GwCvfaaGERsLERIpoHJJewdzM3WbL3we5cMYR8hI2FIrZ+j52dn+LmUWjigYHDOTPMzAlSJQ257peTW1ldW9/Ibxa2tnd294r7B3WTZFpgTSQq0c2AG1QyxhpJUthMNfIoUNgIBlcTv/GA2sgkvqdhin7Ee7EMpeBkpcZjpx0g8U6x5JbdKdgy8eakVGE3d98AUO0UP9vdRGQRxiQUN6bluSn5I65JCoXjQjszmHIx4D1sWRrzCI0/mp47ZidW6bIw0bZiYlP198SIR8YMo8B2Rpz6ZtGbiP95rYzCC38k4zQjjMVsUZgpRgmb/M66UqMgNbSECy3trUz0ueaCbEIFG4K3+PIyqZ+VPbfs3do0LmGGPBzBMZyCB+dQgWuoQg0EDOAJXuDVSZ1n5815n7XmnPnMIfyB8/ED3LKRZQ==</latexit><latexit sha1_base64="8zoqWDXuQzBxdwxgd11LkE6/xcA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0vevAQEMSLENE8IFnC7GQ2GXZ2dpnpFcOSj/DiQRGvfo83v8JfcPI4aGJBQ1HVTXdXkEph0HW/nKXlldW19cJGcXNre2e3tLffMEmmGa+zRCa6FVDDpVC8jgIlb6Wa0ziQvBlEl2O/+cC1EYm6x2HK/Zj2lQgFo2il5mO3E3Ck3VLZrbgTkEXizUi5Sm7uviP/qtYtfXZ6CctirpBJakzbc1P0c6pRMMlHxU5meEpZRPu8bamiMTd+Pjl3RI6t0iNhom0pJBP190ROY2OGcWA7Y4oDM++Nxf+8dobhuZ8LlWbIFZsuCjNJMCHj30lPaM5QDi2hTAt7K2EDqilDm1DRhuDNv7xIGqcVz614tzaNC5iiAIdwBCfgwRlU4RpqUAcGETzBC7w6qfPsvDnv09YlZzZzAH/gfPwAWdGSgg==</latexit><latexit sha1_base64="8zoqWDXuQzBxdwxgd11LkE6/xcA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0vevAQEMSLENE8IFnC7GQ2GXZ2dpnpFcOSj/DiQRGvfo83v8JfcPI4aGJBQ1HVTXdXkEph0HW/nKXlldW19cJGcXNre2e3tLffMEmmGa+zRCa6FVDDpVC8jgIlb6Wa0ziQvBlEl2O/+cC1EYm6x2HK/Zj2lQgFo2il5mO3E3Ck3VLZrbgTkEXizUi5Sm7uviP/qtYtfXZ6CctirpBJakzbc1P0c6pRMMlHxU5meEpZRPu8bamiMTd+Pjl3RI6t0iNhom0pJBP190ROY2OGcWA7Y4oDM++Nxf+8dobhuZ8LlWbIFZsuCjNJMCHj30lPaM5QDi2hTAt7K2EDqilDm1DRhuDNv7xIGqcVz614tzaNC5iiAIdwBCfgwRlU4RpqUAcGETzBC7w6qfPsvDnv09YlZzZzAH/gfPwAWdGSgg==</latexit><latexit sha1_base64="CGeR+oYD+J4xum6+1I/SZHW09Eo=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tDoNgFe5stLAI2FhGMImQHGFvM5cs2ds7dufEcORH2FgoYuvvsfPfuEmu0MQHA4/3ZpiZF6ZSGPK8b6e0tr6xuVXeruzs7u0fVA+P2ibJNMcWT2SiH0JmUAqFLRIk8SHVyOJQYicc38z8ziNqIxJ1T5MUg5gNlYgEZ2SlzlO/FyKxfrXm1b053FXiF6QGBZr96ldvkPAsRkVcMmO6vpdSkDNNgkucVnqZwZTxMRti11LFYjRBPj936p5ZZeBGibalyJ2rvydyFhsziUPbGTMamWVvJv7ndTOKroJcqDQjVHyxKMqkS4k7+90dCI2c5MQSxrWwt7p8xDTjZBOq2BD85ZdXSfui7nt1/86rNa6LOMpwAqdwDj5cQgNuoQkt4DCGZ3iFNyd1Xpx352PRWnKKmWP4A+fzB1VHj4U=</latexit>

(xe = ⌘�)
<latexit sha1_base64="PbjgRGXsOLpCC8FclQwg0JRB1uY=">AAAB+3icbVDLSgNBEOz1GeNrjUc9DAYhXsKuFz0oBLx4jGA0kF2W2UlHB2cfzPRKQsg3+AdePCji1R/x5t84STyosaChqOqmuyvOlTTkeZ/O3PzC4tJyaaW8ura+seluVa5MVmiBLZGpTLdjblDJFFskSWE718iTWOF1fHc29q/vURuZpZc0yDFM+E0qe1JwslLkVmr9CNkpC5B40EVF/CByq17dm4DNEv+bVBu7DwEDgGbkfgTdTBQJpiQUN6bjezmFQ65JCoWjclAYzLm44zfYsTTlCZpwOLl9xPat0mW9TNtKiU3UnxNDnhgzSGLbmXC6NX+9sfif1ymodxwOZZoXhKmYLuoVilHGxkGwrtQoSA0s4UJLeysTt1xzQTausg3B//vyLLk6rPte3b+waZzAFCXYgT2ogQ9H0IBzaEILBPThEZ7hxRk5T86r8zZtnXO+Z7bhF5z3L1F1lMI=</latexit><latexit sha1_base64="2EPGBxFweRZomTIFNOh6X7bfrRM=">AAAB+3icbVDJSgNBEO1xjXGL8aiHxiDES5jxogeFgBePEcwCmWHo6VSSJj0L3TWSEPIN+QMvHhTx6g/4Cd78EO92loMmPih4vFdFVb0gkUKjbX9ZK6tr6xubma3s9s7u3n7uIF/Tcao4VHksY9UImAYpIqiiQAmNRAELAwn1oHcz8esPoLSIo3scJOCFrBOJtuAMjeTn8sW+D/SauoDMbYFEdubnCnbJnoIuE2dOCuXjsVv8/hhX/Nyn24p5GkKEXDKtm46doDdkCgWXMMq6qYaE8R7rQNPQiIWgveH09hE9NUqLtmNlKkI6VX9PDFmo9SAMTGfIsKsXvYn4n9dMsX3pDUWUpAgRny1qp5JiTCdB0JZQwFEODGFcCXMr5V2mGEcTV9aE4Cy+vExq5yXHLjl3Jo0rMkOGHJETUiQOuSBlcksqpEo46ZNH8kxerJH1ZL1ab7PWFWs+c0j+wHr/AWZMlxA=</latexit><latexit sha1_base64="2EPGBxFweRZomTIFNOh6X7bfrRM=">AAAB+3icbVDJSgNBEO1xjXGL8aiHxiDES5jxogeFgBePEcwCmWHo6VSSJj0L3TWSEPIN+QMvHhTx6g/4Cd78EO92loMmPih4vFdFVb0gkUKjbX9ZK6tr6xubma3s9s7u3n7uIF/Tcao4VHksY9UImAYpIqiiQAmNRAELAwn1oHcz8esPoLSIo3scJOCFrBOJtuAMjeTn8sW+D/SauoDMbYFEdubnCnbJnoIuE2dOCuXjsVv8/hhX/Nyn24p5GkKEXDKtm46doDdkCgWXMMq6qYaE8R7rQNPQiIWgveH09hE9NUqLtmNlKkI6VX9PDFmo9SAMTGfIsKsXvYn4n9dMsX3pDUWUpAgRny1qp5JiTCdB0JZQwFEODGFcCXMr5V2mGEcTV9aE4Cy+vExq5yXHLjl3Jo0rMkOGHJETUiQOuSBlcksqpEo46ZNH8kxerJH1ZL1ab7PWFWs+c0j+wHr/AWZMlxA=</latexit><latexit sha1_base64="w6ZysbnQEgw+zfn40TjfroF4Ca0=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQxCvIRdL3pQCHjxGME8IAlhdraTDJmdXWZ6JWHJr3jxoIhXf8Sbf+PkcdDEgoaiqpvuriCRwqDnfTu5jc2t7Z38bmFv/+DwyD0uNkycag51HstYtwJmQAoFdRQooZVoYFEgoRmM7mZ+8wm0EbF6xEkC3YgNlOgLztBKPbdYHveA3tIOIOuEIJFd9NySV/HmoOvEX5ISWaLWc786YczTCBRyyYxp+16C3YxpFFzCtNBJDSSMj9gA2pYqFoHpZvPbp/TcKiHtx9qWQjpXf09kLDJmEgW2M2I4NKveTPzPa6fYv+5mQiUpguKLRf1UUozpLAgaCg0c5cQSxrWwt1I+ZJpxtHEVbAj+6svrpHFZ8b2K/+CVqjfLOPLklJyRMvHJFamSe1IjdcLJmDyTV/LmTJ0X5935WLTmnOXMCfkD5/MHbCGTWw==</latexit>

For	posi've	momentum	offset	correc'on	increases	with	betatron	amplitude	



E-field	contribu'on	along	any	trajectory:	

To	compute	correc'on	in	simula'on,	integrate															
along	the	trajectory	of	the	muon	
		
				=>	E-field	correc'on	as	a	func'on	of	'me,	Ce(t)	

h~� ⇥ ~Ei
<latexit sha1_base64="6ibl+rWIlbh5I6ozrFQdqVK8JTE=">AAACD3icbVA9SwNBEN3zM8avU0ubxaBYhTsRtAyIYBnBfEAuhL3NJFmyt3fszgVCyD+w8a/YWChia2vnv3FzuUITHww83pthZl6YSGHQ876dldW19Y3NwlZxe2d3b989OKybONUcajyWsW6GzIAUCmooUEIz0cCiUEIjHN7M/MYItBGxesBxAu2I9ZXoCc7QSh33LJBM9SXQYAScBiEgC1BEYObCbaAzu+OWvLKXgS4TPyclkqPacb+CbszTCBRyyYxp+V6C7QnTKLiEaTFIDSSMD1kfWpYqZle2J9k/U3pqlS7txdqWQpqpvycmLDJmHIW2M2I4MIveTPzPa6XYu25PhEpSBMXni3qppBjTWTi0KzRwlGNLGNfC3kr5gGnG0UZYtCH4iy8vk/pF2ffK/v1lqVLJ4yiQY3JCzolPrkiF3JEqqRFOHskzeSVvzpPz4rw7H/PWFSefOSJ/4Hz+AF8FnDg=</latexit><latexit sha1_base64="6ibl+rWIlbh5I6ozrFQdqVK8JTE=">AAACD3icbVA9SwNBEN3zM8avU0ubxaBYhTsRtAyIYBnBfEAuhL3NJFmyt3fszgVCyD+w8a/YWChia2vnv3FzuUITHww83pthZl6YSGHQ876dldW19Y3NwlZxe2d3b989OKybONUcajyWsW6GzIAUCmooUEIz0cCiUEIjHN7M/MYItBGxesBxAu2I9ZXoCc7QSh33LJBM9SXQYAScBiEgC1BEYObCbaAzu+OWvLKXgS4TPyclkqPacb+CbszTCBRyyYxp+V6C7QnTKLiEaTFIDSSMD1kfWpYqZle2J9k/U3pqlS7txdqWQpqpvycmLDJmHIW2M2I4MIveTPzPa6XYu25PhEpSBMXni3qppBjTWTi0KzRwlGNLGNfC3kr5gGnG0UZYtCH4iy8vk/pF2ffK/v1lqVLJ4yiQY3JCzolPrkiF3JEqqRFOHskzeSVvzpPz4rw7H/PWFSefOSJ/4Hz+AF8FnDg=</latexit><latexit sha1_base64="6ibl+rWIlbh5I6ozrFQdqVK8JTE=">AAACD3icbVA9SwNBEN3zM8avU0ubxaBYhTsRtAyIYBnBfEAuhL3NJFmyt3fszgVCyD+w8a/YWChia2vnv3FzuUITHww83pthZl6YSGHQ876dldW19Y3NwlZxe2d3b989OKybONUcajyWsW6GzIAUCmooUEIz0cCiUEIjHN7M/MYItBGxesBxAu2I9ZXoCc7QSh33LJBM9SXQYAScBiEgC1BEYObCbaAzu+OWvLKXgS4TPyclkqPacb+CbszTCBRyyYxp+V6C7QnTKLiEaTFIDSSMD1kfWpYqZle2J9k/U3pqlS7txdqWQpqpvycmLDJmHIW2M2I4MIveTPzPa6XYu25PhEpSBMXni3qppBjTWTi0KzRwlGNLGNfC3kr5gGnG0UZYtCH4iy8vk/pF2ffK/v1lqVLJ4yiQY3JCzolPrkiF3JEqqRFOHskzeSVvzpPz4rw7H/PWFSefOSJ/4Hz+AF8FnDg=</latexit><latexit sha1_base64="6ibl+rWIlbh5I6ozrFQdqVK8JTE=">AAACD3icbVA9SwNBEN3zM8avU0ubxaBYhTsRtAyIYBnBfEAuhL3NJFmyt3fszgVCyD+w8a/YWChia2vnv3FzuUITHww83pthZl6YSGHQ876dldW19Y3NwlZxe2d3b989OKybONUcajyWsW6GzIAUCmooUEIz0cCiUEIjHN7M/MYItBGxesBxAu2I9ZXoCc7QSh33LJBM9SXQYAScBiEgC1BEYObCbaAzu+OWvLKXgS4TPyclkqPacb+CbszTCBRyyYxp+V6C7QnTKLiEaTFIDSSMD1kfWpYqZle2J9k/U3pqlS7txdqWQpqpvycmLDJmHIW2M2I4MIveTPzPa6XYu25PhEpSBMXni3qppBjTWTi0KzRwlGNLGNfC3kr5gGnG0UZYtCH4iy8vk/pF2ffK/v1lqVLJ4yiQY3JCzolPrkiF3JEqqRFOHskzeSVvzpPz4rw7H/PWFSefOSJ/4Hz+AF8FnDg=</latexit>
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<latexit sha1_base64="ioNJo8gkcokx4OSKZecuD0p30zI="></latexit><latexit sha1_base64="ioNJo8gkcokx4OSKZecuD0p30zI="></latexit><latexit sha1_base64="ioNJo8gkcokx4OSKZecuD0p30zI="></latexit><latexit sha1_base64="ioNJo8gkcokx4OSKZecuD0p30zI="></latexit>
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force	

Radially	out		

Quad	E-field	

Sextupole	component	shiPs	<x>	radially	inward	by	
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Closed	orbit	depends	on	betatron	amplitude	
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Figure 2: Electric field along the x-axis in the midplane (y=0). The green points

Figure 3: are computed from the multipole expansion using Equation 9 and the coefficients in Table
1. The ’purple’ curve (hidden by the green points) are the values from the field map.

Table 1:

Multipole Normal (b
n

) Skew (a

n

)

1 1.01609E+06 -1.19899E+00
2 -2.71281E+03 7.71402E+00
3 -1.45524E+04 -1.50954E+01
4 -6.90244E+02 1.46521E+00
5 -5.23865E+03 4.35213E+01
6 1.00671E+02 -4.83666E+01
7 1.21107E+03 7.75800E+01
8 -1.43120E+02 4.99963E+00
9 -9.02621E+04 5.20048E+00
10 2.87638E+02 -3.47144E+01
11 5.36519E+03 3.43053E+01
12 1.05747E+02 2.39598E+00
13 8.00742E+02 -9.14390E+00

and linear terms is r

hyp

� 1
2⇢0

= �0.0703m

�1. But that ’hypothetical’ solution is not unique. After all,
while we insisted on a form that satisfies Maxwell’s equations, we made no attempt to also satisfy the
boundary conditions. The ratio based on the fit to the Opera field map, that satisfies both Maxwell and
the boundary conditions, taking the values from the table is r

fit

=

b2
b1r0

= �2.71281⇥10

3
/1.01609⇥10

6
=

�0.0593m

�1, within 16% of our guess.

Fit	to	Wanwei’s	3-D	Opera	field	map	

In	the	midplane	
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Sextupole	component	
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•  Ce(t)		oscillates	with	betatron	frequency	at	early	'me	
•  Ce(t)	decreases	with	increasing	betatron	amplitude	
•  Contribu'on	from	betatron	amplitude	<	40	ppb		
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~Ce(T ) ⇠ 2
�p

p

1

T

Z T

0

~� ⇥ ~E

Bc
dt
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Correc'on	decreases	with	amplitude	
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Dependence	of	E-field	
correc'on	on	Betatron	
amplitude	with	and	
without	sextupole-like		

�p/p = 0.2%
<latexit sha1_base64="+X0jXD7kBUa+DIuJ/+Ttb5Gf0yQ=">AAAB+3icbZDNSgMxFIXv1L9a/8a6dBMsBVd1pgi6EQq6cFnB1kJnKJk004ZmMiHJiKX0Vdy4UMStL+LOtzFtZ6GtBwIf597LvTmR5Ewbz/t2CmvrG5tbxe3Szu7e/oF7WG7rNFOEtkjKU9WJsKacCdoyzHDakYriJOL0IRpdz+oPj1Rplop7M5Y0TPBAsJgRbKzVc8vBDeUGI3km0RXyavWg2nMrXs2bC62Cn0MFcjV77lfQT0mWUGEIx1p3fU+acIKVYYTTaSnINJWYjPCAdi0KnFAdTua3T1HVOn0Up8o+YdDc/T0xwYnW4ySynQk2Q71cm5n/1bqZiS/DCRMyM1SQxaI448ikaBYE6jNFieFjC5goZm9FZIgVJsbGVbIh+MtfXoV2veZbvjuvNBp5HEU4hhM4BR8uoAG30IQWEHiCZ3iFN2fqvDjvzseiteDkM0fwR87nD+WnkmA=</latexit><latexit sha1_base64="+X0jXD7kBUa+DIuJ/+Ttb5Gf0yQ=">AAAB+3icbZDNSgMxFIXv1L9a/8a6dBMsBVd1pgi6EQq6cFnB1kJnKJk004ZmMiHJiKX0Vdy4UMStL+LOtzFtZ6GtBwIf597LvTmR5Ewbz/t2CmvrG5tbxe3Szu7e/oF7WG7rNFOEtkjKU9WJsKacCdoyzHDakYriJOL0IRpdz+oPj1Rplop7M5Y0TPBAsJgRbKzVc8vBDeUGI3km0RXyavWg2nMrXs2bC62Cn0MFcjV77lfQT0mWUGEIx1p3fU+acIKVYYTTaSnINJWYjPCAdi0KnFAdTua3T1HVOn0Up8o+YdDc/T0xwYnW4ySynQk2Q71cm5n/1bqZiS/DCRMyM1SQxaI448ikaBYE6jNFieFjC5goZm9FZIgVJsbGVbIh+MtfXoV2veZbvjuvNBp5HEU4hhM4BR8uoAG30IQWEHiCZ3iFN2fqvDjvzseiteDkM0fwR87nD+WnkmA=</latexit><latexit sha1_base64="+X0jXD7kBUa+DIuJ/+Ttb5Gf0yQ=">AAAB+3icbZDNSgMxFIXv1L9a/8a6dBMsBVd1pgi6EQq6cFnB1kJnKJk004ZmMiHJiKX0Vdy4UMStL+LOtzFtZ6GtBwIf597LvTmR5Ewbz/t2CmvrG5tbxe3Szu7e/oF7WG7rNFOEtkjKU9WJsKacCdoyzHDakYriJOL0IRpdz+oPj1Rplop7M5Y0TPBAsJgRbKzVc8vBDeUGI3km0RXyavWg2nMrXs2bC62Cn0MFcjV77lfQT0mWUGEIx1p3fU+acIKVYYTTaSnINJWYjPCAdi0KnFAdTua3T1HVOn0Up8o+YdDc/T0xwYnW4ySynQk2Q71cm5n/1bqZiS/DCRMyM1SQxaI448ikaBYE6jNFieFjC5goZm9FZIgVJsbGVbIh+MtfXoV2veZbvjuvNBp5HEU4hhM4BR8uoAG30IQWEHiCZ3iFN2fqvDjvzseiteDkM0fwR87nD+WnkmA=</latexit><latexit sha1_base64="+X0jXD7kBUa+DIuJ/+Ttb5Gf0yQ=">AAAB+3icbZDNSgMxFIXv1L9a/8a6dBMsBVd1pgi6EQq6cFnB1kJnKJk004ZmMiHJiKX0Vdy4UMStL+LOtzFtZ6GtBwIf597LvTmR5Ewbz/t2CmvrG5tbxe3Szu7e/oF7WG7rNFOEtkjKU9WJsKacCdoyzHDakYriJOL0IRpdz+oPj1Rplop7M5Y0TPBAsJgRbKzVc8vBDeUGI3km0RXyavWg2nMrXs2bC62Cn0MFcjV77lfQT0mWUGEIx1p3fU+acIKVYYTTaSnINJWYjPCAdi0KnFAdTua3T1HVOn0Up8o+YdDc/T0xwYnW4ySynQk2Q71cm5n/1bqZiS/DCRMyM1SQxaI448ikaBYE6jNFieFjC5goZm9FZIgVJsbGVbIh+MtfXoV2veZbvjuvNBp5HEU4hhM4BR8uoAG30IQWEHiCZ3iFN2fqvDjvzseiteDkM0fwR87nD+WnkmA=</latexit>

Efield	correc'on	decreases	
with	betatron	amplitude	
for	Δp/p	>	0	
	
And	increases	for	Δp/p	<	0	
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What	do	we	know	so	far?	

If	Δp/p	=	0.2%,	then	due	to	the	quadra'c	dependence	of	E-field	on	displacement	
•  E-Field	contribu'on	decreases	by	~	3.5%	as	betatron	amplitude	increases	

from	0	to	2.5	cm	
	
		(The	quadra'c	dependence	is	evident	in	3-D	Opera	quadrupole	field	map)		

Does	it	really	maher?	
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E-field	contribu'on	for	each	muon	

Averaging	over	the	distribu'on	assuming	E-field	is	linear	in	displacement	

where									is	the	equilibrium	radial	displacement	for	par'cle	with	momentum			xe
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�p/p
<latexit sha1_base64="Lc/9M6a3yAqNKGbQwdete1QEINw=">AAAB8XicbZBNSwMxEIaz9avWr6pHL8EieKq7IuixoAePFWwttkvJprNtaDYbklmhlP4LLx4U8eq/8ea/MW33oK0vBB7emSEzb6SlsOj7315hZXVtfaO4Wdra3tndK+8fNG2aGQ4NnsrUtCJmQQoFDRQooaUNsCSS8BANr6f1hycwVqTqHkcawoT1lYgFZ+isx84NSGRUn+luueJX/ZnoMgQ5VEiuerf81emlPEtAIZfM2nbgawzHzKDgEialTmZBMz5kfWg7VCwBG45nG0/oiXN6NE6NewrpzP09MWaJtaMkcp0Jw4FdrE3N/2rtDOOrcCyUzhAUn38UZ5JiSqfn054wwFGOHDBuhNuV8gEzjKMLqeRCCBZPXobmeTVwfHdRqdXyOIrkiByTUxKQS1Ijt6ROGoQTRZ7JK3nzrPfivXsf89aCl88ckj/yPn8AyZmQUQ==</latexit><latexit sha1_base64="Lc/9M6a3yAqNKGbQwdete1QEINw=">AAAB8XicbZBNSwMxEIaz9avWr6pHL8EieKq7IuixoAePFWwttkvJprNtaDYbklmhlP4LLx4U8eq/8ea/MW33oK0vBB7emSEzb6SlsOj7315hZXVtfaO4Wdra3tndK+8fNG2aGQ4NnsrUtCJmQQoFDRQooaUNsCSS8BANr6f1hycwVqTqHkcawoT1lYgFZ+isx84NSGRUn+luueJX/ZnoMgQ5VEiuerf81emlPEtAIZfM2nbgawzHzKDgEialTmZBMz5kfWg7VCwBG45nG0/oiXN6NE6NewrpzP09MWaJtaMkcp0Jw4FdrE3N/2rtDOOrcCyUzhAUn38UZ5JiSqfn054wwFGOHDBuhNuV8gEzjKMLqeRCCBZPXobmeTVwfHdRqdXyOIrkiByTUxKQS1Ijt6ROGoQTRZ7JK3nzrPfivXsf89aCl88ckj/yPn8AyZmQUQ==</latexit><latexit sha1_base64="Lc/9M6a3yAqNKGbQwdete1QEINw=">AAAB8XicbZBNSwMxEIaz9avWr6pHL8EieKq7IuixoAePFWwttkvJprNtaDYbklmhlP4LLx4U8eq/8ea/MW33oK0vBB7emSEzb6SlsOj7315hZXVtfaO4Wdra3tndK+8fNG2aGQ4NnsrUtCJmQQoFDRQooaUNsCSS8BANr6f1hycwVqTqHkcawoT1lYgFZ+isx84NSGRUn+luueJX/ZnoMgQ5VEiuerf81emlPEtAIZfM2nbgawzHzKDgEialTmZBMz5kfWg7VCwBG45nG0/oiXN6NE6NewrpzP09MWaJtaMkcp0Jw4FdrE3N/2rtDOOrcCyUzhAUn38UZ5JiSqfn054wwFGOHDBuhNuV8gEzjKMLqeRCCBZPXobmeTVwfHdRqdXyOIrkiByTUxKQS1Ijt6ROGoQTRZ7JK3nzrPfivXsf89aCl88ckj/yPn8AyZmQUQ==</latexit><latexit sha1_base64="Lc/9M6a3yAqNKGbQwdete1QEINw=">AAAB8XicbZBNSwMxEIaz9avWr6pHL8EieKq7IuixoAePFWwttkvJprNtaDYbklmhlP4LLx4U8eq/8ea/MW33oK0vBB7emSEzb6SlsOj7315hZXVtfaO4Wdra3tndK+8fNG2aGQ4NnsrUtCJmQQoFDRQooaUNsCSS8BANr6f1hycwVqTqHkcawoT1lYgFZ+isx84NSGRUn+luueJX/ZnoMgQ5VEiuerf81emlPEtAIZfM2nbgawzHzKDgEialTmZBMz5kfWg7VCwBG45nG0/oiXN6NE6NewrpzP09MWaJtaMkcp0Jw4FdrE3N/2rtDOOrcCyUzhAUn38UZ5JiSqfn054wwFGOHDBuhNuV8gEzjKMLqeRCCBZPXobmeTVwfHdRqdXyOIrkiByTUxKQS1Ijt6ROGoQTRZ7JK3nzrPfivXsf89aCl88ckj/yPn8AyZmQUQ==</latexit>

xe = ⌘�p/p

<latexit sha1_base64="WnC1y3KquFM1rxpPCiMfDpORutc=">AAAB/XicbZDLSgMxFIYzXmu91cvOTbAIruqMCLoRCrpwWcFeoB2GTHrahmZmQnJGrKX4Km5cKOLW93Dn25i2s9DWHwIf/zmHc/KHSgqDrvvtLCwuLa+s5tby6xubW9uFnd2aSVLNocoTmehGyAxIEUMVBUpoKA0sCiXUw/7VuF6/B21EEt/hQIEfsW4sOoIztFZQ2H8IgF7SFiBrXYNERtWJCgpFt+ROROfBy6BIMlWCwlernfA0ghi5ZMY0PVehP2QaBZcwyrdSA4rxPutC02LMIjD+cHL9iB5Zp007ibYvRjpxf08MWWTMIAptZ8SwZ2ZrY/O/WjPFzoU/FLFKEWI+XdRJJcWEjqOgbaGBoxxYYFwLeyvlPaYZRxtY3obgzX55HmqnJc/y7VmxXM7iyJEDckiOiUfOSZnckAqpEk4eyTN5JW/Ok/PivDsf09YFJ5vZI3/kfP4A59CUNQ==</latexit><latexit sha1_base64="WnC1y3KquFM1rxpPCiMfDpORutc=">AAAB/XicbZDLSgMxFIYzXmu91cvOTbAIruqMCLoRCrpwWcFeoB2GTHrahmZmQnJGrKX4Km5cKOLW93Dn25i2s9DWHwIf/zmHc/KHSgqDrvvtLCwuLa+s5tby6xubW9uFnd2aSVLNocoTmehGyAxIEUMVBUpoKA0sCiXUw/7VuF6/B21EEt/hQIEfsW4sOoIztFZQ2H8IgF7SFiBrXYNERtWJCgpFt+ROROfBy6BIMlWCwlernfA0ghi5ZMY0PVehP2QaBZcwyrdSA4rxPutC02LMIjD+cHL9iB5Zp007ibYvRjpxf08MWWTMIAptZ8SwZ2ZrY/O/WjPFzoU/FLFKEWI+XdRJJcWEjqOgbaGBoxxYYFwLeyvlPaYZRxtY3obgzX55HmqnJc/y7VmxXM7iyJEDckiOiUfOSZnckAqpEk4eyTN5JW/Ok/PivDsf09YFJ5vZI3/kfP4A59CUNQ==</latexit><latexit sha1_base64="WnC1y3KquFM1rxpPCiMfDpORutc=">AAAB/XicbZDLSgMxFIYzXmu91cvOTbAIruqMCLoRCrpwWcFeoB2GTHrahmZmQnJGrKX4Km5cKOLW93Dn25i2s9DWHwIf/zmHc/KHSgqDrvvtLCwuLa+s5tby6xubW9uFnd2aSVLNocoTmehGyAxIEUMVBUpoKA0sCiXUw/7VuF6/B21EEt/hQIEfsW4sOoIztFZQ2H8IgF7SFiBrXYNERtWJCgpFt+ROROfBy6BIMlWCwlernfA0ghi5ZMY0PVehP2QaBZcwyrdSA4rxPutC02LMIjD+cHL9iB5Zp007ibYvRjpxf08MWWTMIAptZ8SwZ2ZrY/O/WjPFzoU/FLFKEWI+XdRJJcWEjqOgbaGBoxxYYFwLeyvlPaYZRxtY3obgzX55HmqnJc/y7VmxXM7iyJEDckiOiUfOSZnckAqpEk4eyTN5JW/Ok/PivDsf09YFJ5vZI3/kfP4A59CUNQ==</latexit><latexit sha1_base64="WnC1y3KquFM1rxpPCiMfDpORutc=">AAAB/XicbZDLSgMxFIYzXmu91cvOTbAIruqMCLoRCrpwWcFeoB2GTHrahmZmQnJGrKX4Km5cKOLW93Dn25i2s9DWHwIf/zmHc/KHSgqDrvvtLCwuLa+s5tby6xubW9uFnd2aSVLNocoTmehGyAxIEUMVBUpoKA0sCiXUw/7VuF6/B21EEt/hQIEfsW4sOoIztFZQ2H8IgF7SFiBrXYNERtWJCgpFt+ROROfBy6BIMlWCwlernfA0ghi5ZMY0PVehP2QaBZcwyrdSA4rxPutC02LMIjD+cHL9iB5Zp007ibYvRjpxf08MWWTMIAptZ8SwZ2ZrY/O/WjPFzoU/FLFKEWI+XdRJJcWEjqOgbaGBoxxYYFwLeyvlPaYZRxtY3obgzX55HmqnJc/y7VmxXM7iyJEDckiOiUfOSZnckAqpEk4eyTN5JW/Ok/PivDsf09YFJ5vZI3/kfP4A59CUNQ==</latexit>

Let’s	check	to	see	if	the	linear	formula	gives	the	correct	answer	for	a	
realis/c	distribu/on	
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•  Propagate	a	‘realis'c’	distribu'on	through	the	injec'on	channel	
(through	backleg	iron	and	inflector	and	into	storage	ring)	
o  Assume	longitudinal	distribu'on	is	as	measured	in	Spring	18	
o  Kicker	pulse	shape	–	as	measured	

•  Track	around	the	ring	–	(quadrupole	field	as	per	Opera	3D	map)	
un'l	muon	decays	

•  For	each	muon	that	decays	at	t	>	35µs	record:	
o  Momentum	
o  End	phase	space	coordinates,	decay	'me,		

o  closed	orbit	

o  Fast	rota'on	frequency	

o  Efield	contribu'on	
								

~Ce(T ) ⇠ 2
�p

p

1

T

Z T

0

~� ⇥ ~E

Bc
dt

<latexit sha1_base64="ioNJo8gkcokx4OSKZecuD0p30zI="></latexit><latexit sha1_base64="ioNJo8gkcokx4OSKZecuD0p30zI="></latexit><latexit sha1_base64="ioNJo8gkcokx4OSKZecuD0p30zI="></latexit><latexit sha1_base64="ioNJo8gkcokx4OSKZecuD0p30zI="></latexit>

xe =
1

N

NX

i=1

xi

<latexit sha1_base64="QcBIXmLp8522F+uBO9P58CLvRCQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRXJUZEXRTKLhxVSrYC3TGIZNm2tAkMyQZaRlm7cZXceNCEbc+gTvfxvSy0NYfAh//OYeT84cJo0o7zrdVWFldW98obpa2tnd29+z9g5aKU4lJE8cslp0QKcKoIE1NNSOdRBLEQ0ba4fB6Um8/EKloLO70OCE+R31BI4qRNlZgH48CAqvQiyTCmZtn9dxTKQ8yWnXz+zocBTSwy07FmQougzuHMpirEdhfXi/GKSdCY4aU6rpOov0MSU0xI3nJSxVJEB6iPukaFIgT5WfTU3J4apwejGJpntBw6v6eyBBXasxD08mRHqjF2sT8r9ZNdXTlZ1QkqSYCzxZFKYM6hpNcYI9KgjUbG0BYUvNXiAfIpKJNeiUTgrt48jK0ziuu4duLcq02j6MIjsAJOAMuuAQ1cAMaoAkweATP4BW8WU/Wi/VufcxaC9Z85hD8kfX5A0phmf4=</latexit><latexit sha1_base64="QcBIXmLp8522F+uBO9P58CLvRCQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRXJUZEXRTKLhxVSrYC3TGIZNm2tAkMyQZaRlm7cZXceNCEbc+gTvfxvSy0NYfAh//OYeT84cJo0o7zrdVWFldW98obpa2tnd29+z9g5aKU4lJE8cslp0QKcKoIE1NNSOdRBLEQ0ba4fB6Um8/EKloLO70OCE+R31BI4qRNlZgH48CAqvQiyTCmZtn9dxTKQ8yWnXz+zocBTSwy07FmQougzuHMpirEdhfXi/GKSdCY4aU6rpOov0MSU0xI3nJSxVJEB6iPukaFIgT5WfTU3J4apwejGJpntBw6v6eyBBXasxD08mRHqjF2sT8r9ZNdXTlZ1QkqSYCzxZFKYM6hpNcYI9KgjUbG0BYUvNXiAfIpKJNeiUTgrt48jK0ziuu4duLcq02j6MIjsAJOAMuuAQ1cAMaoAkweATP4BW8WU/Wi/VufcxaC9Z85hD8kfX5A0phmf4=</latexit><latexit sha1_base64="QcBIXmLp8522F+uBO9P58CLvRCQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRXJUZEXRTKLhxVSrYC3TGIZNm2tAkMyQZaRlm7cZXceNCEbc+gTvfxvSy0NYfAh//OYeT84cJo0o7zrdVWFldW98obpa2tnd29+z9g5aKU4lJE8cslp0QKcKoIE1NNSOdRBLEQ0ba4fB6Um8/EKloLO70OCE+R31BI4qRNlZgH48CAqvQiyTCmZtn9dxTKQ8yWnXz+zocBTSwy07FmQougzuHMpirEdhfXi/GKSdCY4aU6rpOov0MSU0xI3nJSxVJEB6iPukaFIgT5WfTU3J4apwejGJpntBw6v6eyBBXasxD08mRHqjF2sT8r9ZNdXTlZ1QkqSYCzxZFKYM6hpNcYI9KgjUbG0BYUvNXiAfIpKJNeiUTgrt48jK0ziuu4duLcq02j6MIjsAJOAMuuAQ1cAMaoAkweATP4BW8WU/Wi/VufcxaC9Z85hD8kfX5A0phmf4=</latexit><latexit sha1_base64="QcBIXmLp8522F+uBO9P58CLvRCQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRXJUZEXRTKLhxVSrYC3TGIZNm2tAkMyQZaRlm7cZXceNCEbc+gTvfxvSy0NYfAh//OYeT84cJo0o7zrdVWFldW98obpa2tnd29+z9g5aKU4lJE8cslp0QKcKoIE1NNSOdRBLEQ0ba4fB6Um8/EKloLO70OCE+R31BI4qRNlZgH48CAqvQiyTCmZtn9dxTKQ8yWnXz+zocBTSwy07FmQougzuHMpirEdhfXi/GKSdCY4aU6rpOov0MSU0xI3nJSxVJEB6iPukaFIgT5WfTU3J4apwejGJpntBw6v6eyBBXasxD08mRHqjF2sT8r9ZNdXTlZ1QkqSYCzxZFKYM6hpNcYI9KgjUbG0BYUvNXiAfIpKJNeiUTgrt48jK0ziuu4duLcq02j6MIjsAJOAMuuAQ1cAMaoAkweATP4BW8WU/Wi/VufcxaC9Z85hD8kfX5A0phmf4=</latexit>

fFR =
N

T
<latexit sha1_base64="TOD+FDMyfk7LaDPjcyoY5mKZhlE=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWwVVJRNCNUBDElVTpDdpQJtNJO3QyCTMToYbgq7hxoYhb38Odb+O0zUJbfxj4+M85nDO/H3OmtON8W4Wl5ZXVteJ6aWNza3vH3t1rqiiRhDZIxCPZ9rGinAna0Exz2o4lxaHPacsfXU3qrQcqFYtEXY9j6oV4IFjACNbG6tkHQS+9vs/QJeoGEpP0NkvrWc8uOxVnKrQIbg5lyFXr2V/dfkSSkApNOFaq4zqx9lIsNSOcZqVuomiMyQgPaMegwCFVXjq9PkPHxumjIJLmCY2m7u+JFIdKjUPfdIZYD9V8bWL+V+skOrjwUibiRFNBZouChCMdoUkUqM8kJZqPDWAimbkVkSE2KWgTWMmE4M5/eRGapxXX8N1ZuVrN4yjCIRzBCbhwDlW4gRo0gMAjPMMrvFlP1ov1bn3MWgtWPrMPf2R9/gDQ95TN</latexit><latexit sha1_base64="TOD+FDMyfk7LaDPjcyoY5mKZhlE=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWwVVJRNCNUBDElVTpDdpQJtNJO3QyCTMToYbgq7hxoYhb38Odb+O0zUJbfxj4+M85nDO/H3OmtON8W4Wl5ZXVteJ6aWNza3vH3t1rqiiRhDZIxCPZ9rGinAna0Exz2o4lxaHPacsfXU3qrQcqFYtEXY9j6oV4IFjACNbG6tkHQS+9vs/QJeoGEpP0NkvrWc8uOxVnKrQIbg5lyFXr2V/dfkSSkApNOFaq4zqx9lIsNSOcZqVuomiMyQgPaMegwCFVXjq9PkPHxumjIJLmCY2m7u+JFIdKjUPfdIZYD9V8bWL+V+skOrjwUibiRFNBZouChCMdoUkUqM8kJZqPDWAimbkVkSE2KWgTWMmE4M5/eRGapxXX8N1ZuVrN4yjCIRzBCbhwDlW4gRo0gMAjPMMrvFlP1ov1bn3MWgtWPrMPf2R9/gDQ95TN</latexit><latexit sha1_base64="TOD+FDMyfk7LaDPjcyoY5mKZhlE=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWwVVJRNCNUBDElVTpDdpQJtNJO3QyCTMToYbgq7hxoYhb38Odb+O0zUJbfxj4+M85nDO/H3OmtON8W4Wl5ZXVteJ6aWNza3vH3t1rqiiRhDZIxCPZ9rGinAna0Exz2o4lxaHPacsfXU3qrQcqFYtEXY9j6oV4IFjACNbG6tkHQS+9vs/QJeoGEpP0NkvrWc8uOxVnKrQIbg5lyFXr2V/dfkSSkApNOFaq4zqx9lIsNSOcZqVuomiMyQgPaMegwCFVXjq9PkPHxumjIJLmCY2m7u+JFIdKjUPfdIZYD9V8bWL+V+skOrjwUibiRFNBZouChCMdoUkUqM8kJZqPDWAimbkVkSE2KWgTWMmE4M5/eRGapxXX8N1ZuVrN4yjCIRzBCbhwDlW4gRo0gMAjPMMrvFlP1ov1bn3MWgtWPrMPf2R9/gDQ95TN</latexit><latexit sha1_base64="TOD+FDMyfk7LaDPjcyoY5mKZhlE=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWwVVJRNCNUBDElVTpDdpQJtNJO3QyCTMToYbgq7hxoYhb38Odb+O0zUJbfxj4+M85nDO/H3OmtON8W4Wl5ZXVteJ6aWNza3vH3t1rqiiRhDZIxCPZ9rGinAna0Exz2o4lxaHPacsfXU3qrQcqFYtEXY9j6oV4IFjACNbG6tkHQS+9vs/QJeoGEpP0NkvrWc8uOxVnKrQIbg5lyFXr2V/dfkSSkApNOFaq4zqx9lIsNSOcZqVuomiMyQgPaMegwCFVXjq9PkPHxumjIJLmCY2m7u+JFIdKjUPfdIZYD9V8bWL+V+skOrjwUibiRFNBZouChCMdoUkUqM8kJZqPDWAimbkVkSE2KWgTWMmE4M5/eRGapxXX8N1ZuVrN4yjCIRzBCbhwDlW4gRo0gMAjPMMrvFlP1ov1bn3MWgtWPrMPf2R9/gDQ95TN</latexit>

Characteriza'on	of	a	simulated	distribu'on	
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../compare_efield_correction_60hr-2/all_EndOfTracking_phase_space.dat

start = 35µs
<xe2> = 86.46 mm2

<xe>[mm]

Quad	18.3/13.1	kV	
Kicker		204	G	(~70%)	

Distribu'on	of	equilibrium	radii	

X	at	decay	point	
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Fast	rota'on	
frequency	distribu'on	
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2n(n� 1)�2hx2
ei/R2

0
<latexit sha1_base64="C2ydn9CZukWV3rTPJtc9+17hqtQ=">AAACEXicbVC7TsMwFHXKq5RXgZHFokIqAyWpkGCsxMJYEH1IfUSOe9NaOE5kO4gq6i+w8CssDCDEysbG3+CmGaDlSJbOPedeXd/jRZwpbdvfVm5peWV1Lb9e2Njc2t4p7u41VRhLCg0a8lC2PaKAMwENzTSHdiSBBB6Hlnd3OfVb9yAVC8WtHkfQC8hQMJ9Roo3kFstVURYnznHXA0361S4nYsgBP7hgCpkWpzeu3a+6xZJdsVPgReJkpIQy1N3iV3cQ0jgAoSknSnUcO9K9hEjNKIdJoRsriAi9I0PoGCpIAKqXpBdN8JFRBtgPpXlC41T9PZGQQKlx4JnOgOiRmvem4n9eJ9b+RS9hIoo1CDpb5Mcc6xBP48EDJoFqPjaEUMnMXzEdEUmoNiEWTAjO/MmLpFmtOIZfn5VqtSyOPDpAh6iMHHSOaugK1VEDUfSIntErerOerBfr3fqYteasbGYf/YH1+QO34puu</latexit><latexit sha1_base64="C2ydn9CZukWV3rTPJtc9+17hqtQ=">AAACEXicbVC7TsMwFHXKq5RXgZHFokIqAyWpkGCsxMJYEH1IfUSOe9NaOE5kO4gq6i+w8CssDCDEysbG3+CmGaDlSJbOPedeXd/jRZwpbdvfVm5peWV1Lb9e2Njc2t4p7u41VRhLCg0a8lC2PaKAMwENzTSHdiSBBB6Hlnd3OfVb9yAVC8WtHkfQC8hQMJ9Roo3kFstVURYnznHXA0361S4nYsgBP7hgCpkWpzeu3a+6xZJdsVPgReJkpIQy1N3iV3cQ0jgAoSknSnUcO9K9hEjNKIdJoRsriAi9I0PoGCpIAKqXpBdN8JFRBtgPpXlC41T9PZGQQKlx4JnOgOiRmvem4n9eJ9b+RS9hIoo1CDpb5Mcc6xBP48EDJoFqPjaEUMnMXzEdEUmoNiEWTAjO/MmLpFmtOIZfn5VqtSyOPDpAh6iMHHSOaugK1VEDUfSIntErerOerBfr3fqYteasbGYf/YH1+QO34puu</latexit><latexit sha1_base64="C2ydn9CZukWV3rTPJtc9+17hqtQ=">AAACEXicbVC7TsMwFHXKq5RXgZHFokIqAyWpkGCsxMJYEH1IfUSOe9NaOE5kO4gq6i+w8CssDCDEysbG3+CmGaDlSJbOPedeXd/jRZwpbdvfVm5peWV1Lb9e2Njc2t4p7u41VRhLCg0a8lC2PaKAMwENzTSHdiSBBB6Hlnd3OfVb9yAVC8WtHkfQC8hQMJ9Roo3kFstVURYnznHXA0361S4nYsgBP7hgCpkWpzeu3a+6xZJdsVPgReJkpIQy1N3iV3cQ0jgAoSknSnUcO9K9hEjNKIdJoRsriAi9I0PoGCpIAKqXpBdN8JFRBtgPpXlC41T9PZGQQKlx4JnOgOiRmvem4n9eJ9b+RS9hIoo1CDpb5Mcc6xBP48EDJoFqPjaEUMnMXzEdEUmoNiEWTAjO/MmLpFmtOIZfn5VqtSyOPDpAh6iMHHSOaugK1VEDUfSIntErerOerBfr3fqYteasbGYf/YH1+QO34puu</latexit><latexit sha1_base64="C2ydn9CZukWV3rTPJtc9+17hqtQ=">AAACEXicbVC7TsMwFHXKq5RXgZHFokIqAyWpkGCsxMJYEH1IfUSOe9NaOE5kO4gq6i+w8CssDCDEysbG3+CmGaDlSJbOPedeXd/jRZwpbdvfVm5peWV1Lb9e2Njc2t4p7u41VRhLCg0a8lC2PaKAMwENzTSHdiSBBB6Hlnd3OfVb9yAVC8WtHkfQC8hQMJ9Roo3kFstVURYnznHXA0361S4nYsgBP7hgCpkWpzeu3a+6xZJdsVPgReJkpIQy1N3iV3cQ0jgAoSknSnUcO9K9hEjNKIdJoRsriAi9I0PoGCpIAKqXpBdN8JFRBtgPpXlC41T9PZGQQKlx4JnOgOiRmvem4n9eJ9b+RS9hIoo1CDpb5Mcc6xBP48EDJoFqPjaEUMnMXzEdEUmoNiEWTAjO/MmLpFmtOIZfn5VqtSyOPDpAh6iMHHSOaugK1VEDUfSIntErerOerBfr3fqYteasbGYf/YH1+QO34puu</latexit>

Next	step.	Since	we	have	Ce	and	xe		for	every	muon	we	can	compare	

to		

hCei = 2h�p

p

1

T

Z T

0

~� ⇥ ~E

Bc
dti

<latexit sha1_base64="NjFWoQ+M/G+Rpq0vR2mxXak8+OA="></latexit><latexit sha1_base64="NjFWoQ+M/G+Rpq0vR2mxXak8+OA="></latexit><latexit sha1_base64="NjFWoQ+M/G+Rpq0vR2mxXak8+OA="></latexit><latexit sha1_base64="NjFWoQ+M/G+Rpq0vR2mxXak8+OA="></latexit>

Exact		

Linear	approxima/on	

=	0.298	ppm	

=	0.323	ppm		

If	we	reconstruct	the	distribu'on	of	equilbrium	radii	perfectly,	
there	is	an	8%	discrepancy	(25	ppb)	
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How	does	correla'on	depend	on	kicker,	quads,	scraping	?	

Config	 Quad	[kV]	 	kicker	[G]	 scraping	 Inject	

1	 20.5	 -	 no	 On	axis	

2	 20.5	 -	 no	 On	axis	–	dx	=	1cm	

3	 20.5	 -	 no	 On	axis	– dp/p=0.1%	
4	 18.3/13.1	 -	 yes	 On	axis	– dp/p=0.1%	
5	 18.3/13.1	 204	 yes	 Through	inflector	

6	 18.3/13.1	 175	 yes	 Through	inflector	

7	 18.3/13.1	 172/267/183	 yes	 Through	inflector	

8	 18.3/13.1	 292	 yes	 Through	inflector	

9	 25./17.9	 292	 yes	 Through	inflector	

10	 32./22.7	 292	 yes	 Through	inflector	

11	 20.5	 -	 yes	 On	axis	–	linear	quad	field	
12	 20.5	 -	 yes	 On	axis	–	linear	quad	– dp/p=0.1%	
13	 20.5/14.5	 -	 Yes	 On	axis	
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If	we	measure	equilibrium	radial	distribu/on	perfectly	
	then	we	know	E	field	contribu/on	to	be@er	than	10%	



Pitch	

~!a ⇠ ~!diff = �qe

m

"
aµ ~B � aµ

✓
�

� + 1

◆
(~� · ~B)~� �

✓
aµ � 1

�2 � 1

◆ ~� ⇥ ~E

c

#

<latexit sha1_base64="TbO/Z76KhmlNSlpUn3N1DiKMVsY="></latexit><latexit sha1_base64="TbO/Z76KhmlNSlpUn3N1DiKMVsY="></latexit><latexit sha1_base64="TbO/Z76KhmlNSlpUn3N1DiKMVsY="></latexit><latexit sha1_base64="TbO/Z76KhmlNSlpUn3N1DiKMVsY="></latexit>
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~Cp(T ) =
1

B

1

T

Z T

0
(~� · ~B)~�dt

<latexit sha1_base64="Pv6GQCXExW3i7YhUN7FBwsOJoIU="></latexit><latexit sha1_base64="Pv6GQCXExW3i7YhUN7FBwsOJoIU="></latexit><latexit sha1_base64="Pv6GQCXExW3i7YhUN7FBwsOJoIU="></latexit><latexit sha1_base64="Pv6GQCXExW3i7YhUN7FBwsOJoIU="></latexit>

hCpi ⇠
nhy2i
R2

0
<latexit sha1_base64="m4v/3ZSDxeZmqVAvEisq+m4jL0Y=">AAACInicbZDLSsNAFIYnXmu9RV26GSyCq5IUQd0VunFZxV6gScNkOmmHTiZhZiKEkGdx46u4caGoK8GHcZpG0NYDAx//fw5nzu/HjEplWZ/Gyura+sZmZau6vbO7t28eHHZllAhMOjhikej7SBJGOekoqhjpx4Kg0Gek509bM793T4SkEb9TaUzcEI05DShGSkueeeUwxMeMwJYXO6JAR9LQCQTCGf8x02EDli7Ms1vPGjZyz6xZdasouAx2CTVQVtsz351RhJOQcIUZknJgW7FyMyQUxYzkVSeRJEZ4isZkoJGjkEg3K07M4alWRjCIhH5cwUL9PZGhUMo09HVniNRELnoz8T9vkKjg0s0ojxNFOJ4vChIGVQRnecERFQQrlmpAWFD9V4gnSKejdKpVHYK9ePIydBt1W/PNea3ZLOOogGNwAs6ADS5AE1yDNugADB7AE3gBr8aj8Wy8GR/z1hWjnDkCf8r4+gZ55aQy</latexit><latexit sha1_base64="m4v/3ZSDxeZmqVAvEisq+m4jL0Y=">AAACInicbZDLSsNAFIYnXmu9RV26GSyCq5IUQd0VunFZxV6gScNkOmmHTiZhZiKEkGdx46u4caGoK8GHcZpG0NYDAx//fw5nzu/HjEplWZ/Gyura+sZmZau6vbO7t28eHHZllAhMOjhikej7SBJGOekoqhjpx4Kg0Gek509bM793T4SkEb9TaUzcEI05DShGSkueeeUwxMeMwJYXO6JAR9LQCQTCGf8x02EDli7Ms1vPGjZyz6xZdasouAx2CTVQVtsz351RhJOQcIUZknJgW7FyMyQUxYzkVSeRJEZ4isZkoJGjkEg3K07M4alWRjCIhH5cwUL9PZGhUMo09HVniNRELnoz8T9vkKjg0s0ojxNFOJ4vChIGVQRnecERFQQrlmpAWFD9V4gnSKejdKpVHYK9ePIydBt1W/PNea3ZLOOogGNwAs6ADS5AE1yDNugADB7AE3gBr8aj8Wy8GR/z1hWjnDkCf8r4+gZ55aQy</latexit><latexit sha1_base64="m4v/3ZSDxeZmqVAvEisq+m4jL0Y=">AAACInicbZDLSsNAFIYnXmu9RV26GSyCq5IUQd0VunFZxV6gScNkOmmHTiZhZiKEkGdx46u4caGoK8GHcZpG0NYDAx//fw5nzu/HjEplWZ/Gyura+sZmZau6vbO7t28eHHZllAhMOjhikej7SBJGOekoqhjpx4Kg0Gek509bM793T4SkEb9TaUzcEI05DShGSkueeeUwxMeMwJYXO6JAR9LQCQTCGf8x02EDli7Ms1vPGjZyz6xZdasouAx2CTVQVtsz351RhJOQcIUZknJgW7FyMyQUxYzkVSeRJEZ4isZkoJGjkEg3K07M4alWRjCIhH5cwUL9PZGhUMo09HVniNRELnoz8T9vkKjg0s0ojxNFOJ4vChIGVQRnecERFQQrlmpAWFD9V4gnSKejdKpVHYK9ePIydBt1W/PNea3ZLOOogGNwAs6ADS5AE1yDNugADB7AE3gBr8aj8Wy8GR/z1hWjnDkCf8r4+gZ55aQy</latexit><latexit sha1_base64="m4v/3ZSDxeZmqVAvEisq+m4jL0Y=">AAACInicbZDLSsNAFIYnXmu9RV26GSyCq5IUQd0VunFZxV6gScNkOmmHTiZhZiKEkGdx46u4caGoK8GHcZpG0NYDAx//fw5nzu/HjEplWZ/Gyura+sZmZau6vbO7t28eHHZllAhMOjhikej7SBJGOekoqhjpx4Kg0Gek509bM793T4SkEb9TaUzcEI05DShGSkueeeUwxMeMwJYXO6JAR9LQCQTCGf8x02EDli7Ms1vPGjZyz6xZdasouAx2CTVQVtsz351RhJOQcIUZknJgW7FyMyQUxYzkVSeRJEZ4isZkoJGjkEg3K07M4alWRjCIhH5cwUL9PZGhUMo09HVniNRELnoz8T9vkKjg0s0ojxNFOJ4vChIGVQRnecERFQQrlmpAWFD9V4gnSKejdKpVHYK9ePIydBt1W/PNea3ZLOOogGNwAs6ADS5AE1yDNugADB7AE3gBr8aj8Wy8GR/z1hWjnDkCf8r4+gZ55aQy</latexit>

Exact	

First	order	

Check	pitch	correc'on	
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If	we	measure	ver/cal	distribu/on	perfectly	
	then	we	know	pitch	contribu/on	to	5%	
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Fast	Rota'on	Signal	

Simula'on	also		generates	a	fast	rota'on	signal,	namely	the	distribu'on	
of	muon	decay	'mes	
		

Next.	Check	how	well	the	fast	rota'on	analysis	reproduces										?		
xe

<latexit sha1_base64="xQfpvuLgibYfAxAIjyovMeuyyhQ=">AAAB6nicbZC7SgNBFIbPxluMt2hKm8EgWIVdG1MGbCwjmgskS5idnE2GzM4uM7NiWAK+gI2FIrY+kYXgq1g5uRSa+MPAx3/OYc75g0RwbVz3y8mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGl9N66w6V5rG8NeME/YgOJA85o8ZaN/c97BXLbsWdiayCt4ByrfT5/QAA9V7xo9uPWRqhNExQrTuemxg/o8pwJnBS6KYaE8pGdIAdi5JGqP1stuqEnFqnT8JY2ScNmbm/JzIaaT2OAtsZUTPUy7Wp+V+tk5qw6mdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07BhuAtn7wKzfOKZ/naplGDufJwDCdwBh5cQA2uoA4NYDCAR3iGF0c4T86r8zZvzTmLmRL8kfP+A+e8kHE=</latexit><latexit sha1_base64="7Fk55SGkJz4IXD9RB9ppam+BG/I=">AAAB6nicbZC7SgNBFIbPeo3xFk1pMxgECwm7NloGbCwjmgskS5idnE2GzM4uM7NiWNLY21goYusTWQi+gc9g5eRSaOIPAx//OYc55w8SwbVx3U9naXlldW09t5Hf3Nre2S3s7dd1nCqGNRaLWDUDqlFwiTXDjcBmopBGgcBGMLgY1xu3qDSP5Y0ZJuhHtCd5yBk11rq+62CnUHLL7kRkEbwZlCrFj+/7r9FJtVN4b3djlkYoDRNU65bnJsbPqDKcCRzl26nGhLIB7WHLoqQRaj+brDoiR9bpkjBW9klDJu7viYxGWg+jwHZG1PT1fG1s/ldrpSY89zMuk9SgZNOPwlQQE5Px3aTLFTIjhhYoU9zuSlifKsqMTSdvQ/DmT16E+mnZs3xl06jAVDk4gEM4Bg/OoAKXUIUaMOjBAzzBsyOcR+fFeZ22LjmzmSL8kfP2AwMLkgQ=</latexit><latexit sha1_base64="7Fk55SGkJz4IXD9RB9ppam+BG/I=">AAAB6nicbZC7SgNBFIbPeo3xFk1pMxgECwm7NloGbCwjmgskS5idnE2GzM4uM7NiWNLY21goYusTWQi+gc9g5eRSaOIPAx//OYc55w8SwbVx3U9naXlldW09t5Hf3Nre2S3s7dd1nCqGNRaLWDUDqlFwiTXDjcBmopBGgcBGMLgY1xu3qDSP5Y0ZJuhHtCd5yBk11rq+62CnUHLL7kRkEbwZlCrFj+/7r9FJtVN4b3djlkYoDRNU65bnJsbPqDKcCRzl26nGhLIB7WHLoqQRaj+brDoiR9bpkjBW9klDJu7viYxGWg+jwHZG1PT1fG1s/ldrpSY89zMuk9SgZNOPwlQQE5Px3aTLFTIjhhYoU9zuSlifKsqMTSdvQ/DmT16E+mnZs3xl06jAVDk4gEM4Bg/OoAKXUIUaMOjBAzzBsyOcR+fFeZ22LjmzmSL8kfP2AwMLkgQ=</latexit><latexit sha1_base64="GHNbCAv/yIwnYXfIgqDfe3PxDZw=">AAAB6nicbZBNTwIxEIZn8QvxC/XopZGYeCK7XvRI4sUjRgET2JBumYWGtrtpu0ay4Sd48aAxXv1F3vw3FtiDgm/S5Mk7M+nMG6WCG+v7315pbX1jc6u8XdnZ3ds/qB4etU2SaYYtlohEP0TUoOAKW5ZbgQ+pRiojgZ1ofD2rdx5RG56oeztJMZR0qHjMGbXOunvqY79a8+v+XGQVggJqUKjZr371BgnLJCrLBDWmG/ipDXOqLWcCp5VeZjClbEyH2HWoqEQT5vNVp+TMOQMSJ9o9Zcnc/T2RU2nMREauU1I7Msu1mflfrZvZ+CrMuUozi4otPoozQWxCZneTAdfIrJg4oExztythI6opsy6digshWD55FdoX9cDxrV9rNIo4ynACp3AOAVxCA26gCS1gMIRneIU3T3gv3rv3sWgtecXMMfyR9/kDWKiNzg==</latexit>



Summary	
	
	•  Effect	of	E-field	and	pitch	is	computed	in	tracking	simula'on	by	

integra'ng	(summing	along	the	trajectory)	

•  Efield	contribu'on	within	10%	of	calcula'on	based	on	equilibrium	
radial	distribu'on		

•  Pitch	contribu'on	within	5%	of	calcula'on	based	on	ver'cal	
distribu'on	

•  Next	step	
Extract	equilibrium	radial	distribu'on	with	FR-analysis	and	compare	
with	simula'on	

																																	END	
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1.  Generated	and	track	a	distribu'on	and	compute	
•  Momentum	and	frequency	distribu'on	
•  E-field	correc'on	for	each	par'cle		
•  Ver'cal	phase	space	distribu'on	and	pitch	correc'on	
•  Fast	rota'on	signal		

2.  Perform	fast	rota'on	analysis	and	see	if	we	get	the	right	answer.	
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Backup	



The	ini'al	displacements	and	amplitudes	are	

How	does	pitch	correc'on	depend	on	betatron		amplitude?	
	
	
1.  y	=	0	,								ay	=	0.0	mm-mrad	
2.  y	=	1	cm,			ay	=	5.12			mm-mrad	
3.  y	=	2	cm,			ay	=	64.3			mm-mrad	
4.  y	=		3	cm,		ay	=	46.2	mm-mrad	
5.  y	=		4	cm,		ay	=	82.1	mm-mrad		
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Cartesian	coordinates	–	no	z-	dependence	
	

Sa'sfies	Maxwell	for	any	n	

Not	so	in	cylindrical	coordinates.	But	we	can	expand	as	
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In	the	midplane		(y=0)	
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This	was	our	guess		

General	form	
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Linear	term	 Sextupole		

The	solu'on	is	not	unique.	
It	is	possible	to	find	a	solu'on	that	is	linear	in	x,		
							but	then	it	is	necessarily	nonlinear	in	z	(ver'cal)	

There	is	inevitably	a	sextupole	component	with	curved	plates	
			independent	of	the	plate	shape	details	and	alignment.	
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dl	

ds	

dθ
ρ0

x	

Path	length	

A	par'cle	oscilla'ng	about	the	magic	radius	(ρ0) spends	more	'me	
at	x>0	than	x<0		

dl = (⇢0 + x)d✓
<latexit sha1_base64="VDUjvJ6kRpoTgwRNMvHNwn/ifM8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkJJRNCFQsGNywr2AU0Ik8mkGTp5MHMjltqFv+LGhSJu/Q13/o3TNgutHrhwOOde7r3HzwRXYFlfRmlhcWl5pbxaWVvf2Nwyt3faKs0lZS2ailR2faKY4AlrAQfBuplkJPYF6/iDq4nfuWNS8TS5hWHG3Jj0Ex5ySkBLnrkXCHyJa46MUs86vj8KHIgYEM+sWnVrCvyX2AWpogJNz/x0gpTmMUuACqJUz7YycEdEAqeCjStOrlhG6ID0WU/ThMRMuaPp/WN8qJUAh6nUlQCeqj8nRiRWahj7ujMmEKl5byL+5/VyCM/dEU+yHFhCZ4vCXGBI8SQMHHDJKIihJoRKrm/FNCKSUNCRVXQI9vzLf0n7pG5bdfvmtNq4KOIoo310gGrIRmeoga5RE7UQRQ/oCb2gV+PReDbejPdZa8koZnbRLxgf3wTJlMw=</latexit><latexit sha1_base64="VDUjvJ6kRpoTgwRNMvHNwn/ifM8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkJJRNCFQsGNywr2AU0Ik8mkGTp5MHMjltqFv+LGhSJu/Q13/o3TNgutHrhwOOde7r3HzwRXYFlfRmlhcWl5pbxaWVvf2Nwyt3faKs0lZS2ailR2faKY4AlrAQfBuplkJPYF6/iDq4nfuWNS8TS5hWHG3Jj0Ex5ySkBLnrkXCHyJa46MUs86vj8KHIgYEM+sWnVrCvyX2AWpogJNz/x0gpTmMUuACqJUz7YycEdEAqeCjStOrlhG6ID0WU/ThMRMuaPp/WN8qJUAh6nUlQCeqj8nRiRWahj7ujMmEKl5byL+5/VyCM/dEU+yHFhCZ4vCXGBI8SQMHHDJKIihJoRKrm/FNCKSUNCRVXQI9vzLf0n7pG5bdfvmtNq4KOIoo310gGrIRmeoga5RE7UQRQ/oCb2gV+PReDbejPdZa8koZnbRLxgf3wTJlMw=</latexit><latexit sha1_base64="VDUjvJ6kRpoTgwRNMvHNwn/ifM8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkJJRNCFQsGNywr2AU0Ik8mkGTp5MHMjltqFv+LGhSJu/Q13/o3TNgutHrhwOOde7r3HzwRXYFlfRmlhcWl5pbxaWVvf2Nwyt3faKs0lZS2ailR2faKY4AlrAQfBuplkJPYF6/iDq4nfuWNS8TS5hWHG3Jj0Ex5ySkBLnrkXCHyJa46MUs86vj8KHIgYEM+sWnVrCvyX2AWpogJNz/x0gpTmMUuACqJUz7YycEdEAqeCjStOrlhG6ID0WU/ThMRMuaPp/WN8qJUAh6nUlQCeqj8nRiRWahj7ujMmEKl5byL+5/VyCM/dEU+yHFhCZ4vCXGBI8SQMHHDJKIihJoRKrm/FNCKSUNCRVXQI9vzLf0n7pG5bdfvmtNq4KOIoo310gGrIRmeoga5RE7UQRQ/oCb2gV+PReDbejPdZa8koZnbRLxgf3wTJlMw=</latexit><latexit sha1_base64="VDUjvJ6kRpoTgwRNMvHNwn/ifM8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkJJRNCFQsGNywr2AU0Ik8mkGTp5MHMjltqFv+LGhSJu/Q13/o3TNgutHrhwOOde7r3HzwRXYFlfRmlhcWl5pbxaWVvf2Nwyt3faKs0lZS2ailR2faKY4AlrAQfBuplkJPYF6/iDq4nfuWNS8TS5hWHG3Jj0Ex5ySkBLnrkXCHyJa46MUs86vj8KHIgYEM+sWnVrCvyX2AWpogJNz/x0gpTmMUuACqJUz7YycEdEAqeCjStOrlhG6ID0WU/ThMRMuaPp/WN8qJUAh6nUlQCeqj8nRiRWahj7ujMmEKl5byL+5/VyCM/dEU+yHFhCZ4vCXGBI8SQMHHDJKIihJoRKrm/FNCKSUNCRVXQI9vzLf0n7pG5bdfvmtNq4KOIoo310gGrIRmeoga5RE7UQRQ/oCb2gV+PReDbejPdZa8koZnbRLxgf3wTJlMw=</latexit>
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The	E-field	along	the	trajectory	at	the	magic	radius	(momentum	=	p0)	is	zero.	
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But	what	about	the	muon	with	momentum	p0	that	oscillates	about	the	magic	
radius	with	some	betatron	amplitude											?

Or	the	muon	with	momentum																							and	betatron	amplitude									?	p0 +�p
<latexit sha1_base64="Zido9KaCpS/vRekx0QRrCJ/pu0A=">AAAB83icbVDLSgNBEOz1GeMrKnjxMhgEQQi7XvTgIaAHjxHMA7JLnJ3MJkNmd4eZXiUs+Q0vHhTx6s9482+cPA6aWNBQVHXT3RUqKQy67reztLyyurZe2Chubm3v7Jb29hsmzTTjdZbKVLdCargUCa+jQMlbSnMah5I3w8H12G8+cm1EmtzjUPEgpr1ERIJRtJKvOu6Zf8MlUqI6pbJbcScgi8SbkXL1sPH0AAC1TunL76Ysi3mCTFJj2p6rMMipRsEkHxX9zHBF2YD2eNvShMbcBPnk5hE5sUqXRKm2lSCZqL8nchobM4xD2xlT7Jt5byz+57UzjC6DXCQqQ56w6aIokwRTMg6AdIXmDOXQEsq0sLcS1qeaMrQxFW0I3vzLi6RxXvHcindn07iCKQpwBMdwCh5cQBVuoQZ1YKDgGV7hzcmcF+fd+Zi2LjmzmQP4A+fzB/QKkms=</latexit><latexit sha1_base64="SvOfA+nK/maDhp+Y4FGb3xJm84w=">AAAB83icbVDLSgNBEJyNrxhfUcGLl8EgCELY9aIHDwE9eIxgHpBdwuxkNhkyOzvM9CrLkt/w4iEiXv0Zb36A/+HkcdDEgoaiqpvurlAJbsB1v5zCyura+kZxs7S1vbO7V94/aJok1ZQ1aCIS3Q6JYYJL1gAOgrWVZiQOBWuFw5uJ33pk2vBEPkCmWBCTvuQRpwSs5Kuue+7fMgEEq2654lbdKfAy8eakUjtqPqnse1zvlj/9XkLTmEmgghjT8VwFQU40cCrYqOSnhilCh6TPOpZKEjMT5NObR/jUKj0cJdqWBDxVf0/kJDYmi0PbGRMYmEVvIv7ndVKIroKcS5UCk3S2KEoFhgRPAsA9rhkFkVlCqOb2VkwHRBMKNqaSDcFbfHmZNC+qnlv17m0a12iGIjpGJ+gMeegS1dAdqqMGokihZzRGr07qvDhvzvusteDMZw7RHzgfP7GPlHg=</latexit><latexit sha1_base64="SvOfA+nK/maDhp+Y4FGb3xJm84w=">AAAB83icbVDLSgNBEJyNrxhfUcGLl8EgCELY9aIHDwE9eIxgHpBdwuxkNhkyOzvM9CrLkt/w4iEiXv0Zb36A/+HkcdDEgoaiqpvurlAJbsB1v5zCyura+kZxs7S1vbO7V94/aJok1ZQ1aCIS3Q6JYYJL1gAOgrWVZiQOBWuFw5uJ33pk2vBEPkCmWBCTvuQRpwSs5Kuue+7fMgEEq2654lbdKfAy8eakUjtqPqnse1zvlj/9XkLTmEmgghjT8VwFQU40cCrYqOSnhilCh6TPOpZKEjMT5NObR/jUKj0cJdqWBDxVf0/kJDYmi0PbGRMYmEVvIv7ndVKIroKcS5UCk3S2KEoFhgRPAsA9rhkFkVlCqOb2VkwHRBMKNqaSDcFbfHmZNC+qnlv17m0a12iGIjpGJ+gMeegS1dAdqqMGokihZzRGr07qvDhvzvusteDMZw7RHzgfP7GPlHg=</latexit><latexit sha1_base64="pEEUoVFJ5hAFE6dX7QXWPonfsBE=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIsgCCXrRQ8eCnrwWMF+QHcp2XS2Dc1mQ5IVytK/4cWDIl79M978N6btHrT1wcDjvRlm5kVKcGMJ+fZKa+sbm1vl7crO7t7+QfXwqG3STDNosVSkuhtRA4JLaFluBXSVBppEAjrR+Hbmd55AG57KRztRECZ0KHnMGbVOClSfXAR3ICzFql+tkTqZA68SvyA1VKDZr34Fg5RlCUjLBDWm5xNlw5xqy5mAaSXIDCjKxnQIPUclTcCE+fzmKT5zygDHqXYlLZ6rvydymhgzSSLXmVA7MsveTPzP62U2vg5zLlVmQbLFojgT2KZ4FgAecA3MiokjlGnubsVsRDVl1sVUcSH4yy+vkvZl3Sd1/4HUGjdFHGV0gk7ROfLRFWqge9RELcSQQs/oFb15mffivXsfi9aSV8wcoz/wPn8A6X+Q6A==</latexit>

x�
<latexit sha1_base64="ESOvXyEeyUoJ20Jnf0RN21oaxXI=">AAAB7nicbVC7SkNBEJ0bXzG+opY2i0GwCvfaaGERsLERIpoHJJewdzM3WbL3we5cMYR8hI2FIrZ+j52dn+LmUWjigYHDOTPMzAlSJQ257peTW1ldW9/Ibxa2tnd294r7B3WTZFpgTSQq0c2AG1QyxhpJUthMNfIoUNgIBlcTv/GA2sgkvqdhin7Ee7EMpeBkpcZjpx0g8U6x5JbdKdgy8eakVGE3d98AUO0UP9vdRGQRxiQUN6bluSn5I65JCoXjQjszmHIx4D1sWRrzCI0/mp47ZidW6bIw0bZiYlP198SIR8YMo8B2Rpz6ZtGbiP95rYzCC38k4zQjjMVsUZgpRgmb/M66UqMgNbSECy3trUz0ueaCbEIFG4K3+PIyqZ+VPbfs3do0LmGGPBzBMZyCB+dQgWuoQg0EDOAJXuDVSZ1n5815n7XmnPnMIfyB8/ED3LKRZQ==</latexit><latexit sha1_base64="8zoqWDXuQzBxdwxgd11LkE6/xcA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0vevAQEMSLENE8IFnC7GQ2GXZ2dpnpFcOSj/DiQRGvfo83v8JfcPI4aGJBQ1HVTXdXkEph0HW/nKXlldW19cJGcXNre2e3tLffMEmmGa+zRCa6FVDDpVC8jgIlb6Wa0ziQvBlEl2O/+cC1EYm6x2HK/Zj2lQgFo2il5mO3E3Ck3VLZrbgTkEXizUi5Sm7uviP/qtYtfXZ6CctirpBJakzbc1P0c6pRMMlHxU5meEpZRPu8bamiMTd+Pjl3RI6t0iNhom0pJBP190ROY2OGcWA7Y4oDM++Nxf+8dobhuZ8LlWbIFZsuCjNJMCHj30lPaM5QDi2hTAt7K2EDqilDm1DRhuDNv7xIGqcVz614tzaNC5iiAIdwBCfgwRlU4RpqUAcGETzBC7w6qfPsvDnv09YlZzZzAH/gfPwAWdGSgg==</latexit><latexit sha1_base64="8zoqWDXuQzBxdwxgd11LkE6/xcA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0vevAQEMSLENE8IFnC7GQ2GXZ2dpnpFcOSj/DiQRGvfo83v8JfcPI4aGJBQ1HVTXdXkEph0HW/nKXlldW19cJGcXNre2e3tLffMEmmGa+zRCa6FVDDpVC8jgIlb6Wa0ziQvBlEl2O/+cC1EYm6x2HK/Zj2lQgFo2il5mO3E3Ck3VLZrbgTkEXizUi5Sm7uviP/qtYtfXZ6CctirpBJakzbc1P0c6pRMMlHxU5meEpZRPu8bamiMTd+Pjl3RI6t0iNhom0pJBP190ROY2OGcWA7Y4oDM++Nxf+8dobhuZ8LlWbIFZsuCjNJMCHj30lPaM5QDi2hTAt7K2EDqilDm1DRhuDNv7xIGqcVz614tzaNC5iiAIdwBCfgwRlU4RpqUAcGETzBC7w6qfPsvDnv09YlZzZzAH/gfPwAWdGSgg==</latexit><latexit sha1_base64="CGeR+oYD+J4xum6+1I/SZHW09Eo=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tDoNgFe5stLAI2FhGMImQHGFvM5cs2ds7dufEcORH2FgoYuvvsfPfuEmu0MQHA4/3ZpiZF6ZSGPK8b6e0tr6xuVXeruzs7u0fVA+P2ibJNMcWT2SiH0JmUAqFLRIk8SHVyOJQYicc38z8ziNqIxJ1T5MUg5gNlYgEZ2SlzlO/FyKxfrXm1b053FXiF6QGBZr96ldvkPAsRkVcMmO6vpdSkDNNgkucVnqZwZTxMRti11LFYjRBPj936p5ZZeBGibalyJ2rvydyFhsziUPbGTMamWVvJv7ndTOKroJcqDQjVHyxKMqkS4k7+90dCI2c5MQSxrWwt7p8xDTjZBOq2BD85ZdXSfui7nt1/86rNa6LOMpwAqdwDj5cQgNuoQkt4DCGZ3iFNyd1Xpx352PRWnKKmWP4A+fzB1VHj4U=</latexit>

x�
<latexit sha1_base64="ESOvXyEeyUoJ20Jnf0RN21oaxXI=">AAAB7nicbVC7SkNBEJ0bXzG+opY2i0GwCvfaaGERsLERIpoHJJewdzM3WbL3we5cMYR8hI2FIrZ+j52dn+LmUWjigYHDOTPMzAlSJQ257peTW1ldW9/Ibxa2tnd294r7B3WTZFpgTSQq0c2AG1QyxhpJUthMNfIoUNgIBlcTv/GA2sgkvqdhin7Ee7EMpeBkpcZjpx0g8U6x5JbdKdgy8eakVGE3d98AUO0UP9vdRGQRxiQUN6bluSn5I65JCoXjQjszmHIx4D1sWRrzCI0/mp47ZidW6bIw0bZiYlP198SIR8YMo8B2Rpz6ZtGbiP95rYzCC38k4zQjjMVsUZgpRgmb/M66UqMgNbSECy3trUz0ueaCbEIFG4K3+PIyqZ+VPbfs3do0LmGGPBzBMZyCB+dQgWuoQg0EDOAJXuDVSZ1n5815n7XmnPnMIfyB8/ED3LKRZQ==</latexit><latexit sha1_base64="8zoqWDXuQzBxdwxgd11LkE6/xcA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0vevAQEMSLENE8IFnC7GQ2GXZ2dpnpFcOSj/DiQRGvfo83v8JfcPI4aGJBQ1HVTXdXkEph0HW/nKXlldW19cJGcXNre2e3tLffMEmmGa+zRCa6FVDDpVC8jgIlb6Wa0ziQvBlEl2O/+cC1EYm6x2HK/Zj2lQgFo2il5mO3E3Ck3VLZrbgTkEXizUi5Sm7uviP/qtYtfXZ6CctirpBJakzbc1P0c6pRMMlHxU5meEpZRPu8bamiMTd+Pjl3RI6t0iNhom0pJBP190ROY2OGcWA7Y4oDM++Nxf+8dobhuZ8LlWbIFZsuCjNJMCHj30lPaM5QDi2hTAt7K2EDqilDm1DRhuDNv7xIGqcVz614tzaNC5iiAIdwBCfgwRlU4RpqUAcGETzBC7w6qfPsvDnv09YlZzZzAH/gfPwAWdGSgg==</latexit><latexit sha1_base64="8zoqWDXuQzBxdwxgd11LkE6/xcA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0vevAQEMSLENE8IFnC7GQ2GXZ2dpnpFcOSj/DiQRGvfo83v8JfcPI4aGJBQ1HVTXdXkEph0HW/nKXlldW19cJGcXNre2e3tLffMEmmGa+zRCa6FVDDpVC8jgIlb6Wa0ziQvBlEl2O/+cC1EYm6x2HK/Zj2lQgFo2il5mO3E3Ck3VLZrbgTkEXizUi5Sm7uviP/qtYtfXZ6CctirpBJakzbc1P0c6pRMMlHxU5meEpZRPu8bamiMTd+Pjl3RI6t0iNhom0pJBP190ROY2OGcWA7Y4oDM++Nxf+8dobhuZ8LlWbIFZsuCjNJMCHj30lPaM5QDi2hTAt7K2EDqilDm1DRhuDNv7xIGqcVz614tzaNC5iiAIdwBCfgwRlU4RpqUAcGETzBC7w6qfPsvDnv09YlZzZzAH/gfPwAWdGSgg==</latexit><latexit sha1_base64="CGeR+oYD+J4xum6+1I/SZHW09Eo=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tDoNgFe5stLAI2FhGMImQHGFvM5cs2ds7dufEcORH2FgoYuvvsfPfuEmu0MQHA4/3ZpiZF6ZSGPK8b6e0tr6xuVXeruzs7u0fVA+P2ibJNMcWT2SiH0JmUAqFLRIk8SHVyOJQYicc38z8ziNqIxJ1T5MUg5gNlYgEZ2SlzlO/FyKxfrXm1b053FXiF6QGBZr96ldvkPAsRkVcMmO6vpdSkDNNgkucVnqZwZTxMRti11LFYjRBPj936p5ZZeBGibalyJ2rvydyFhsziUPbGTMamWVvJv7ndTOKroJcqDQjVHyxKMqkS4k7+90dCI2c5MQSxrWwt7p8xDTjZBOq2BD85ZdXSfui7nt1/86rNa6LOMpwAqdwDj5cQgNuoQkt4DCGZ3iFNyd1Xpx352PRWnKKmWP4A+fzB1VHj4U=</latexit>

x = ⌘� + x�
<latexit sha1_base64="7WIM8sjAcKdLfZ5Kx6s1r9ee0xk=">AAACAXicbVC7SkNBEJ3rM8ZX1EawWQyCIIR7bbRQEGxshIjmAbkh7N1MksW9D3bniiHExl+xsVDE1r+ws/NT3DwKTTwwcPacGXbmBImShlz3y5mZnZtfWMwsZZdXVtfWcxubZROnWmBJxCrW1YAbVDLCEklSWE008jBQWAluzwd+5Q61kXF0Q90E6yFvR7IlBScrNXLb9+yU+Ujcb6Iizg7YfcMP7LuRy7sFdwg2TbwxyZ+xy+tvACg2cp9+MxZpiBEJxY2peW5C9R7XJIXCftZPDSZc3PI21iyNeIim3hte0Gd7VmmyVqxtRcSG6u+JHg+N6YaB7Qw5dcykNxD/82optY7rPRklKWEkRh+1UsUoZoM4WFNqFKS6lnChpd2ViQ7XXJANLWtD8CZPniblw4LnFrwrm8YJjJCBHdiFffDgCM7gAopQAgEP8AQv8Oo8Os/Om/M+ap1xxjNb8AfOxw88iJec</latexit><latexit sha1_base64="oQURJ4TLa87wsWo3T19DNoNX9vM=">AAACAXicbVDJSgNBEO1xjXEb9SJ4aQyCIIQZL3pQCAjiRYhoFsgMoadTSZr0LHTXSEKIF3/FiwdFvPoX3vwKf8HOctDEBwWv36uiq16QSKHRcb6sufmFxaXlzEp2dW19Y9Pe2i7rOFUcSjyWsaoGTIMUEZRQoIRqooCFgYRK0LkY+pV7UFrE0R32EvBD1opEU3CGRqrbu116Tj1A5jVAIqNHtFv3AvOu2zkn74xAZ4k7IbkCvb797viXxbr96TVinoYQIZdM65rrJOj3mULBJQyyXqohYbzDWlAzNGIhaL8/umBAD4zSoM1YmYqQjtTfE30Wat0LA9MZMmzraW8o/ufVUmye+n0RJSlCxMcfNVNJMabDOGhDKOAoe4YwroTZlfI2U4yjCS1rQnCnT54l5eO86+TdG5PGGRkjQ/bIPjkkLjkhBXJFiqREOHkgT+SFvFqP1rP1Zr2PW+esycwO+QPr4we5mJi5</latexit><latexit sha1_base64="oQURJ4TLa87wsWo3T19DNoNX9vM=">AAACAXicbVDJSgNBEO1xjXEb9SJ4aQyCIIQZL3pQCAjiRYhoFsgMoadTSZr0LHTXSEKIF3/FiwdFvPoX3vwKf8HOctDEBwWv36uiq16QSKHRcb6sufmFxaXlzEp2dW19Y9Pe2i7rOFUcSjyWsaoGTIMUEZRQoIRqooCFgYRK0LkY+pV7UFrE0R32EvBD1opEU3CGRqrbu116Tj1A5jVAIqNHtFv3AvOu2zkn74xAZ4k7IbkCvb797viXxbr96TVinoYQIZdM65rrJOj3mULBJQyyXqohYbzDWlAzNGIhaL8/umBAD4zSoM1YmYqQjtTfE30Wat0LA9MZMmzraW8o/ufVUmye+n0RJSlCxMcfNVNJMabDOGhDKOAoe4YwroTZlfI2U4yjCS1rQnCnT54l5eO86+TdG5PGGRkjQ/bIPjkkLjkhBXJFiqREOHkgT+SFvFqP1rP1Zr2PW+esycwO+QPr4we5mJi5</latexit><latexit sha1_base64="f247vUlznS5G7Sgd1w4u/+1hhTc=">AAACAXicbVA9SwNBEN3zM8avUxvBZjEIghDubLRQCNhYRjAfkAthbzNJluztHbtzkhBi41+xsVDE1n9h579xk1yhiQ8G3r43w868MJHCoOd9O0vLK6tr67mN/ObW9s6uu7dfNXGqOVR4LGNdD5kBKRRUUKCEeqKBRaGEWti/mfi1B9BGxOoehwk0I9ZVoiM4Qyu13MMBvaYBIAvaIJHRMzpoBaF9t9yCV/SmoIvEz0iBZCi33K+gHfM0AoVcMmMavpdgc8Q0Ci5hnA9SAwnjfdaFhqWKRWCao+kFY3pilTbtxNqWQjpVf0+MWGTMMAptZ8SwZ+a9ifif10ixc9kcCZWkCIrPPuqkkmJMJ3HQttDAUQ4tYVwLuyvlPaYZRxta3obgz5+8SKrnRd8r+ndeoXSVxZEjR+SYnBKfXJASuSVlUiGcPJJn8krenCfnxXl3PmatS042c0D+wPn8AbUOlbw=</latexit> � = �p/p0

<latexit sha1_base64="aGQdKEOvPEJp6Ip0luVz4ibNrWM=">AAAB/nicbZDLSsNAFIZP6q3WW1Rc6WKwCK5q4kYXCgVduKxgL9CEMJlM26GTSZiZCCUUfAOfwY0LRdz6HO58G6dpF1r9YeDjP+dwzvxhypnSjvNllRYWl5ZXyquVtfWNzS17e6elkkwS2iQJT2QnxIpyJmhTM81pJ5UUxyGn7XB4Nam376lULBF3epRSP8Z9wXqMYG2swN7zIso1RpfIuy4gPUkDJ7CrTs0phP6CO4Nq/eDRQwDQCOxPL0pIFlOhCcdKdV0n1X6OpWaE03HFyxRNMRniPu0aFDimys+L88foyDgR6iXSPKFR4f6cyHGs1CgOTWeM9UDN1ybmf7Vupnvnfs5EmmkqyHRRL+NIJ2iSBYqYpETzkQFMJDO3IjLAEhNtEquYENz5L/+F1mnNdWrurUnjAqYqwz4cwjG4cAZ1uIEGNIFADk/wAq/Wg/VsvVnv09aSNZvZhV+yPr4BLJmVwQ==</latexit><latexit sha1_base64="VbBMX+oznQZZUTfJZEBKB0uxDME=">AAAB/nicbZDLSgMxFIYz9VbrbVRc6SJYhK7qjBtdKBR04bKCvUBnGDJppg1mMiHJCGUo+AZ9BjcuFHHr2kdw54O4N512oa0/BD7+cw7n5A8Fo0o7zpdVWFhcWl4prpbW1jc2t+ztnaZKUolJAycske0QKcIoJw1NNSNtIQmKQ0Za4d3luN66J1LRhN/qgSB+jHqcRhQjbazA3vO6hGkEL6B3lYM4FoET2GWn6uSC8+BOoVw7GHmV749RPbA/vW6C05hwjRlSquM6QvsZkppiRoYlL1VEIHyHeqRjkKOYKD/Lzx/CI+N0YZRI87iGuft7IkOxUoM4NJ0x0n01Wxub/9U6qY7O/IxykWrC8WRRlDKoEzjOAnapJFizgQGEJTW3QtxHEmFtEiuZENzZL89D86TqOlX3xqRxDiYqgn1wCCrABaegBq5BHTQABhl4BM/gxXqwnqxX623SWrCmM7vgj6z3H0FwmA8=</latexit><latexit sha1_base64="VbBMX+oznQZZUTfJZEBKB0uxDME=">AAAB/nicbZDLSgMxFIYz9VbrbVRc6SJYhK7qjBtdKBR04bKCvUBnGDJppg1mMiHJCGUo+AZ9BjcuFHHr2kdw54O4N512oa0/BD7+cw7n5A8Fo0o7zpdVWFhcWl4prpbW1jc2t+ztnaZKUolJAycske0QKcIoJw1NNSNtIQmKQ0Za4d3luN66J1LRhN/qgSB+jHqcRhQjbazA3vO6hGkEL6B3lYM4FoET2GWn6uSC8+BOoVw7GHmV749RPbA/vW6C05hwjRlSquM6QvsZkppiRoYlL1VEIHyHeqRjkKOYKD/Lzx/CI+N0YZRI87iGuft7IkOxUoM4NJ0x0n01Wxub/9U6qY7O/IxykWrC8WRRlDKoEzjOAnapJFizgQGEJTW3QtxHEmFtEiuZENzZL89D86TqOlX3xqRxDiYqgn1wCCrABaegBq5BHTQABhl4BM/gxXqwnqxX623SWrCmM7vgj6z3H0FwmA8=</latexit><latexit sha1_base64="J/4DFXZoTwk8Q5gXFFTwhf/RcUU=">AAAB/nicbZDNSgMxFIUz9a/Wv1Fx5SZYBFc140YXCgVduKxgbaEzDJlMpg3NZEKSEcpQ8FXcuFDErc/hzrcxbWehrQcCH+fey705keRMG4S+ncrS8srqWnW9trG5tb3j7u496CxXhLZJxjPVjbCmnAnaNsxw2pWK4jTitBMNryf1ziNVmmXi3owkDVLcFyxhBBtrhe6BH1NuMLyC/s0U5KkMUejWUQNNBRfBK6EOSrVC98uPM5KnVBjCsdY9D0kTFFgZRjgd1/xcU4nJEPdpz6LAKdVBMT1/DI+tE8MkU/YJA6fu74kCp1qP0sh2ptgM9HxtYv5X6+UmuQgKJmRuqCCzRUnOocngJAsYM0WJ4SMLmChmb4VkgBUmxiZWsyF4819ehIezhoca3h2qNy/LOKrgEByBE+CBc9AEt6AF2oCAAjyDV/DmPDkvzrvzMWutOOXMPvgj5/MHR0WUWg==</latexit>



How	does	E-field	correc'on	depend	on	betatron		amplitude?	
	Consider	4	dis'nct	trajectories,		
								ini'alized	at	t=0	with	
	

1.  x		=	0.02	m,			ax	=	0.738	mm-mrad	
2.  x	=	0.0	m,						ax	=	39.7			mm-mrad	
3.  x	=	-0.01	m,		ax	=	64.3			mm-mrad	
4.  x=		-0.02	m,		ax	=	97.66	mm-mrad	
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<latexit sha1_base64="xWvUlv1ZMDwbkFCD4yaWzAoDlok="></latexit><latexit sha1_base64="xWvUlv1ZMDwbkFCD4yaWzAoDlok="></latexit><latexit sha1_base64="xWvUlv1ZMDwbkFCD4yaWzAoDlok="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="7mCxDE8xll37Lvja2c/QjoQN2+A="></latexit><latexit sha1_base64="7mCxDE8xll37Lvja2c/QjoQN2+A="></latexit><latexit sha1_base64="/+jQGn7V3xNzaixKneFyWj4kCU0="></latexit><latexit sha1_base64="xWvUlv1ZMDwbkFCD4yaWzAoDlok="></latexit><latexit sha1_base64="xWvUlv1ZMDwbkFCD4yaWzAoDlok="></latexit><latexit sha1_base64="xWvUlv1ZMDwbkFCD4yaWzAoDlok="></latexit><latexit sha1_base64="xWvUlv1ZMDwbkFCD4yaWzAoDlok="></latexit><latexit sha1_base64="xWvUlv1ZMDwbkFCD4yaWzAoDlok="></latexit><latexit sha1_base64="xWvUlv1ZMDwbkFCD4yaWzAoDlok="></latexit>

x

0 = 0,�p/p = 0.2%
<latexit sha1_base64="o8oDcID/Ch1nP8pQYxkQDk2+m/A=">AAACCHicbVA9SwNBEJ3zM8avqKWFi0GwkHhno40Q0MIyAfMBuTPsbSa6uHe37O6J4Uhp41+xsVDE1p9gZ2fpz3DzUajxwcDjvRlm5oVScG1c98OZmp6ZnZvPLeQXl5ZXVgtr63WdpIphjSUiUc2QahQ8xprhRmBTKqRRKLARXp8M/MYNKs2T+Nz0JAYRvYx5lzNqrNQubN1e+FLxCMkxcfeIf4rCUCL3JTl2Swf+TrtQdEvuEGSSeGNSLJPq1ycAVNqFd7+TsDTC2DBBtW55rjRBRpXhTGA/76caJWXX9BJblsY0Qh1kw0f6ZMcqHdJNlK3YkKH6cyKjkda9KLSdETVX+q83EP/zWqnpHgUZj2VqMGajRd1UEJOQQSqkwxUyI3qWUKa4vZWwK6ooMza7vA3B+/vyJKkflDy35FVtGmUYIQebsA274MEhlOEMKlADBnfwAE/w7Nw7j86L8zpqnXLGMxvwC87bN9EFmX8=</latexit><latexit sha1_base64="o/0Yvx8uE6JkknTjvuCjhMqdVkM=">AAACCHicbVC7SgNBFJ2Nj8T4WrW0cDAELCTuBkSbQEALywTMA7IxzE5ukiGzu8PMrBhCSht/xcZCEVs/wc4fED/DyaPQxAMXDufcy733+IIzpR3n00osLa+sJlNr6fWNza1te2e3qqJYUqjQiEey7hMFnIVQ0UxzqAsJJPA51Pz+xdiv3YJULAqv9UBAMyDdkHUYJdpILfvg7sYTkgWAC9g5xt4lcE2wOBG44OTyXrZlZ5ycMwFeJO6MZIq4/P2VSp6WWvaH145oHECoKSdKNVxH6OaQSM0oh1HaixUIQvukCw1DQxKAag4nj4xw1iht3ImkqVDjifp7YkgCpQaBbzoDontq3huL/3mNWHfOm0MWilhDSKeLOjHHOsLjVHCbSaCaDwwhVDJzK6Y9IgnVJru0CcGdf3mRVPM518m5ZZNGEU2RQvvoEB0hF52hIrpCJVRBFN2jR/SMXqwH68l6td6mrQlrNrOH/sB6/wEzz5nJ</latexit><latexit sha1_base64="o/0Yvx8uE6JkknTjvuCjhMqdVkM=">AAACCHicbVC7SgNBFJ2Nj8T4WrW0cDAELCTuBkSbQEALywTMA7IxzE5ukiGzu8PMrBhCSht/xcZCEVs/wc4fED/DyaPQxAMXDufcy733+IIzpR3n00osLa+sJlNr6fWNza1te2e3qqJYUqjQiEey7hMFnIVQ0UxzqAsJJPA51Pz+xdiv3YJULAqv9UBAMyDdkHUYJdpILfvg7sYTkgWAC9g5xt4lcE2wOBG44OTyXrZlZ5ycMwFeJO6MZIq4/P2VSp6WWvaH145oHECoKSdKNVxH6OaQSM0oh1HaixUIQvukCw1DQxKAag4nj4xw1iht3ImkqVDjifp7YkgCpQaBbzoDontq3huL/3mNWHfOm0MWilhDSKeLOjHHOsLjVHCbSaCaDwwhVDJzK6Y9IgnVJru0CcGdf3mRVPM518m5ZZNGEU2RQvvoEB0hF52hIrpCJVRBFN2jR/SMXqwH68l6td6mrQlrNrOH/sB6/wEzz5nJ</latexit><latexit sha1_base64="vXuZu6vlvTjXnQ93npgtlUvyKUA=">AAACCHicbVC7SgNBFJ2NrxhfUUsLB0PAQuJsGm0CAS0sI5gHZNcwO7mbDM7uDjOzYggpbfwVGwtFbP0EO//GyaPQxAMXDufcy733BFJwbQj5djJLyyura9n13Mbm1vZOfnevoZNUMaizRCSqFVANgsdQN9wIaEkFNAoENIO7i7HfvAeleRLfmIEEP6K9mIecUWOlTv7w4daTikeAK5icYO8ShKFYnkpcIaWyV+zkC6REJsCLxJ2RApqh1sl/ed2EpRHEhgmqddsl0vhDqgxnAkY5L9UgKbujPWhbGtMItD+cPDLCRat0cZgoW7HBE/X3xJBGWg+iwHZG1PT1vDcW//PaqQnP/SGPZWogZtNFYSqwSfA4FdzlCpgRA0soU9zeilmfKsqMzS5nQ3DnX14kjXLJJSX3mhSq1VkcWXSAjtAxctEZqqIrVEN1xNAjekav6M15cl6cd+dj2ppxZjP76A+czx97VpcG</latexit>

And																																																																																					is	the	betatron	amplitude	

The	ini'al	displacements	and	betatron	amplitudes	are	
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Note	that	the	betatron	coordinates	are	related	to	x	and	x’	according	to	
	



E-field	correc'on	
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<latexit sha1_base64="Goc30d6a1RKUqYjGRHKH+AFa1kI="></latexit><latexit sha1_base64="Goc30d6a1RKUqYjGRHKH+AFa1kI="></latexit><latexit sha1_base64="Goc30d6a1RKUqYjGRHKH+AFa1kI="></latexit><latexit sha1_base64="Goc30d6a1RKUqYjGRHKH+AFa1kI="></latexit>

m2/p20 = aµ
<latexit sha1_base64="z54+/bHxaZFAgbHW7E2bwV1Hy2o=">AAAB+3icbVA9SwNBEJ2LXzF+nbG0WQyCVbxLo4VCwMZGiGg+ILkce5u9ZMnu3bG7J4aQv2JjoYitf8TOzp/iXpJCEx8MPN6bYWZekHCmtON8WbmV1bX1jfxmYWt7Z3fP3i82VJxKQusk5rFsBVhRziJa10xz2kokxSLgtBkMrzK/+UClYnF0r0cJ9QTuRyxkBGsj+XZRdCunie90K+gSYb8j0oJvl5yyMwVaJu6clKro5u4bAGq+/dnpxSQVNNKEY6XarpNob4ylZoTTSaGTKppgMsR92jY0woIqbzy9fYKOjdJDYSxNRRpN1d8TYyyUGonAdAqsB2rRy8T/vHaqw3NvzKIk1TQis0VhypGOURYE6jFJieYjQzCRzNyKyABLTLSJKwvBXXx5mTQqZdcpu7cmjQuYIQ+HcAQn4MIZVOEaalAHAo/wBC/wak2sZ+vNep+15qz5zAH8gfXxA8QPlHU=</latexit><latexit sha1_base64="EUY1blc5A3HjDybFCV6p8W04AwA=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4qkk3ulAoCOJGqGgf0KZhMp20Q2eSMDMRS+mvuHGhiFt/xJ1f4S84abvQ1gMXDufcy733BAlnSjvOl7W0vLK6tp7byG9ube/s2nuFuopTSWiNxDyWzQAryllEa5ppTpuJpFgEnDaCwWXmNx6oVCyO7vUwoZ7AvYiFjGBtJN8uiE75JPGdThldIOy3RZr37aJTciZAi8SdkWIF3dx9D7yrqm9/trsxSQWNNOFYqZbrJNobYakZ4XScb6eKJpgMcI+2DI2woMobTW4foyOjdFEYS1ORRhP198QIC6WGIjCdAuu+mvcy8T+vlerwzBuxKEk1jch0UZhypGOUBYG6TFKi+dAQTCQztyLSxxITbeLKQnDnX14k9XLJdUrurUnjHKbIwQEcwjG4cAoVuIYq1IDAIzzBC7xaY+vZerPep61L1mxmH/7A+vgBQS6Vkg==</latexit><latexit sha1_base64="EUY1blc5A3HjDybFCV6p8W04AwA=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4qkk3ulAoCOJGqGgf0KZhMp20Q2eSMDMRS+mvuHGhiFt/xJ1f4S84abvQ1gMXDufcy733BAlnSjvOl7W0vLK6tp7byG9ube/s2nuFuopTSWiNxDyWzQAryllEa5ppTpuJpFgEnDaCwWXmNx6oVCyO7vUwoZ7AvYiFjGBtJN8uiE75JPGdThldIOy3RZr37aJTciZAi8SdkWIF3dx9D7yrqm9/trsxSQWNNOFYqZbrJNobYakZ4XScb6eKJpgMcI+2DI2woMobTW4foyOjdFEYS1ORRhP198QIC6WGIjCdAuu+mvcy8T+vlerwzBuxKEk1jch0UZhypGOUBYG6TFKi+dAQTCQztyLSxxITbeLKQnDnX14k9XLJdUrurUnjHKbIwQEcwjG4cAoVuIYq1IDAIzzBC7xaY+vZerPep61L1mxmH/7A+vgBQS6Vkg==</latexit><latexit sha1_base64="KO0KUGEJYWZzI09iexzzGSp6QdI=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFc1Uw3ulAouHFZwT6gnQ6ZNNOGJpkhyYhl6K+4caGIW3/EnX9jpp2Fth64cDjnXu69J0w40wahb2dtfWNza7u0U97d2z84dI8qbR2nitAWiXmsuiHWlDNJW4YZTruJoliEnHbCyW3udx6p0iyWD2aaUF/gkWQRI9hYKXArYlC/SAI0qMMbiIO+SMuBW0U1NAdcJV5BqqBAM3C/+sOYpIJKQzjWuuehxPgZVoYRTmflfqppgskEj2jPUokF1X42v30Gz6wyhFGsbEkD5+rviQwLracitJ0Cm7Fe9nLxP6+XmujKz5hMUkMlWSyKUg5NDPMg4JApSgyfWoKJYvZWSMZYYWJsXHkI3vLLq6Rdr3mo5t2jauO6iKMETsApOAceuAQNcAeaoAUIeALP4BW8OTPnxXl3Phata04xcwz+wPn8ATykkpU=</latexit>

Magic	momentum	
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<latexit sha1_base64="z+qsQu0nqil/jmaT6Tt5MQQzifo="></latexit><latexit sha1_base64="z+qsQu0nqil/jmaT6Tt5MQQzifo="></latexit><latexit sha1_base64="z+qsQu0nqil/jmaT6Tt5MQQzifo="></latexit><latexit sha1_base64="z+qsQu0nqil/jmaT6Tt5MQQzifo="></latexit>

xe = ⌘�

<latexit sha1_base64="julzYXg7TwKULdWP64X2eYg6Yfg=">AAAB9XicbVDJSgNBEK1xjXGLCl68DAbBU5jxogeFgBePEcwCyRh7eipJk56F7hpjGPIfXjwo4tV/8ebf2FkOmvig4PFeFVX1/EQKTY7zbS0tr6yurec28ptb2zu7hb39mo5TxbHKYxmrhs80ShFhlQRJbCQKWehLrPv967Fff0SlRRzd0TBBL2TdSHQEZ2Sk+6c2XrWQWCtASaxdKDolZwJ7kbgzUiwf1gYPAFBpF75aQczTECPikmnddJ2EvIwpElziKN9KNSaM91kXm4ZGLETtZZOrR/aJUQK7EytTEdkT9fdExkKth6FvOkNGPT3vjcX/vGZKnQsvE1GSEkZ8uqiTSptiexyBHQiFnOTQEMaVMLfavMcU42SCypsQ3PmXF0ntrOQ6JffWpHEJU+TgCI7hFFw4hzLcQAWqwEHBM7zCmzWwXqx362PaumTNZg7gD6zPH4Dik/Q=</latexit><latexit sha1_base64="BpeaAtApZ4ywMfW8xfLFMCtbeWo=">AAAB9XicbVDJSgNBEO2JW4xbVPDiZTAInsKMFz0oBLx4jGAWyIyhp6cmadKz0F1jHIb8hxcRRbz6L978AP/DznLQxAcFj/eqqKrnJYIrtKwvo7C0vLK6VlwvbWxube+Ud/eaKk4lgwaLRSzbHlUgeAQN5CignUigoSeg5Q2uxn7rHqTicXSLWQJuSHsRDzijqKW7hy5cOoDU8UEg7ZYrVtWawFwk9oxUagfNYZJ9P9e75U/Hj1kaQoRMUKU6tpWgm1OJnAkYlZxUQULZgPago2lEQ1BuPrl6ZB5rxTeDWOqK0JyovydyGiqVhZ7uDCn21bw3Fv/zOikG527OoyRFiNh0UZAKE2NzHIHpcwkMRaYJZZLrW03Wp5Iy1EGVdAj2/MuLpHlata2qfaPTuCBTFMkhOSInxCZnpEauSZ00CCOSPJIX8moMjSfjzXifthaM2cw++QPj4wc+Z5YB</latexit><latexit sha1_base64="BpeaAtApZ4ywMfW8xfLFMCtbeWo=">AAAB9XicbVDJSgNBEO2JW4xbVPDiZTAInsKMFz0oBLx4jGAWyIyhp6cmadKz0F1jHIb8hxcRRbz6L978AP/DznLQxAcFj/eqqKrnJYIrtKwvo7C0vLK6VlwvbWxube+Ud/eaKk4lgwaLRSzbHlUgeAQN5CignUigoSeg5Q2uxn7rHqTicXSLWQJuSHsRDzijqKW7hy5cOoDU8UEg7ZYrVtWawFwk9oxUagfNYZJ9P9e75U/Hj1kaQoRMUKU6tpWgm1OJnAkYlZxUQULZgPago2lEQ1BuPrl6ZB5rxTeDWOqK0JyovydyGiqVhZ7uDCn21bw3Fv/zOikG527OoyRFiNh0UZAKE2NzHIHpcwkMRaYJZZLrW03Wp5Iy1EGVdAj2/MuLpHlata2qfaPTuCBTFMkhOSInxCZnpEauSZ00CCOSPJIX8moMjSfjzXifthaM2cw++QPj4wc+Z5YB</latexit><latexit sha1_base64="dX0Cyt3pPKsc2hiiz/2TdtzAYEI=">AAAB9XicbVBNS8NAEN3Ur1q/qh69BIvgqSRe9KBQ8OKxgv2AJpbNZtIu3WzC7kQtof/DiwdFvPpfvPlv3LY5aOuDgcd7M8zMC1LBNTrOt1VaWV1b3yhvVra2d3b3qvsHbZ1kikGLJSJR3YBqEFxCCzkK6KYKaBwI6ASj66nfeQCleSLvcJyCH9OB5BFnFI10/9SHKw+QeiEIpP1qzak7M9jLxC1IjRRo9qtfXpiwLAaJTFCte66Top9ThZwJmFS8TENK2YgOoGeopDFoP59dPbFPjBLaUaJMSbRn6u+JnMZaj+PAdMYUh3rRm4r/eb0Mows/5zLNECSbL4oyYWNiTyOwQ66AoRgbQpni5labDamiDE1QFROCu/jyMmmf1V2n7t46tcZlEUeZHJFjckpcck4a5IY0SYswosgzeSVv1qP1Yr1bH/PWklXMHJI/sD5/AHZXknE=</latexit>

If																																																		then	correc'on	is	independent	of			hxei = h�i⌘ = 0
<latexit sha1_base64="P+GFocvN4w9rYuOR1BEt28KUNFQ=">AAACHXicbZA9SwNBEIb34leMX1FLm8UgWIU7CWihINhYRjCJkAthbjOJi3t7x+6cGIJ/xMa/YmOhiIWN+G/cJCf4NbDw8L4zzM4bpUpa8v0PrzAzOze/UFwsLS2vrK6V1zeaNsmMwIZIVGIuIrCopMYGSVJ4kRqEOFLYiq5Oxn7rGo2ViT6nYYqdGAZa9qUAclK3XAsV6IFCftNFHpopH/EvNeyhIvjSQyRwpt8tV/yqPyn+F4IcKiyverf8FvYSkcWoSSiwth34KXVGYEgKhbelMLOYgriCAbYdaojRdkaT6275jlN6vJ8Y9zTxifp9YgSxtcM4cp0x0KX97Y3F/7x2Rv2DzkjqNCPUYrqonylOCR9HxXvSoCA1dADCSPdXLi7BgCAXaMmFEPw++S8096qBXw3OapXjwzyOItti22yXBWyfHbNTVmcNJtgde2BP7Nm79x69F+912lrw8plN9qO89092c6DX</latexit><latexit sha1_base64="P+GFocvN4w9rYuOR1BEt28KUNFQ=">AAACHXicbZA9SwNBEIb34leMX1FLm8UgWIU7CWihINhYRjCJkAthbjOJi3t7x+6cGIJ/xMa/YmOhiIWN+G/cJCf4NbDw8L4zzM4bpUpa8v0PrzAzOze/UFwsLS2vrK6V1zeaNsmMwIZIVGIuIrCopMYGSVJ4kRqEOFLYiq5Oxn7rGo2ViT6nYYqdGAZa9qUAclK3XAsV6IFCftNFHpopH/EvNeyhIvjSQyRwpt8tV/yqPyn+F4IcKiyverf8FvYSkcWoSSiwth34KXVGYEgKhbelMLOYgriCAbYdaojRdkaT6275jlN6vJ8Y9zTxifp9YgSxtcM4cp0x0KX97Y3F/7x2Rv2DzkjqNCPUYrqonylOCR9HxXvSoCA1dADCSPdXLi7BgCAXaMmFEPw++S8096qBXw3OapXjwzyOItti22yXBWyfHbNTVmcNJtgde2BP7Nm79x69F+912lrw8plN9qO89092c6DX</latexit><latexit sha1_base64="P+GFocvN4w9rYuOR1BEt28KUNFQ=">AAACHXicbZA9SwNBEIb34leMX1FLm8UgWIU7CWihINhYRjCJkAthbjOJi3t7x+6cGIJ/xMa/YmOhiIWN+G/cJCf4NbDw8L4zzM4bpUpa8v0PrzAzOze/UFwsLS2vrK6V1zeaNsmMwIZIVGIuIrCopMYGSVJ4kRqEOFLYiq5Oxn7rGo2ViT6nYYqdGAZa9qUAclK3XAsV6IFCftNFHpopH/EvNeyhIvjSQyRwpt8tV/yqPyn+F4IcKiyverf8FvYSkcWoSSiwth34KXVGYEgKhbelMLOYgriCAbYdaojRdkaT6275jlN6vJ8Y9zTxifp9YgSxtcM4cp0x0KX97Y3F/7x2Rv2DzkjqNCPUYrqonylOCR9HxXvSoCA1dADCSPdXLi7BgCAXaMmFEPw++S8096qBXw3OapXjwzyOItti22yXBWyfHbNTVmcNJtgde2BP7Nm79x69F+912lrw8plN9qO89092c6DX</latexit><latexit sha1_base64="P+GFocvN4w9rYuOR1BEt28KUNFQ=">AAACHXicbZA9SwNBEIb34leMX1FLm8UgWIU7CWihINhYRjCJkAthbjOJi3t7x+6cGIJ/xMa/YmOhiIWN+G/cJCf4NbDw8L4zzM4bpUpa8v0PrzAzOze/UFwsLS2vrK6V1zeaNsmMwIZIVGIuIrCopMYGSVJ4kRqEOFLYiq5Oxn7rGo2ViT6nYYqdGAZa9qUAclK3XAsV6IFCftNFHpopH/EvNeyhIvjSQyRwpt8tV/yqPyn+F4IcKiyverf8FvYSkcWoSSiwth34KXVGYEgKhbelMLOYgriCAbYdaojRdkaT6275jlN6vJ8Y9zTxifp9YgSxtcM4cp0x0KX97Y3F/7x2Rv2DzkjqNCPUYrqonylOCR9HxXvSoCA1dADCSPdXLi7BgCAXaMmFEPw++S8096qBXw3OapXjwzyOItti22yXBWyfHbNTVmcNJtgde2BP7Nm79x69F+912lrw8plN9qO89092c6DX</latexit>

hCe(�, x�0)i = 2
�k

cB

⌘h�2i
<latexit sha1_base64="JuJoAQXR0kZDM1mYDb2GngUIyCA="></latexit><latexit sha1_base64="JuJoAQXR0kZDM1mYDb2GngUIyCA="></latexit><latexit sha1_base64="JuJoAQXR0kZDM1mYDb2GngUIyCA="></latexit><latexit sha1_base64="JuJoAQXR0kZDM1mYDb2GngUIyCA="></latexit>

x�
<latexit sha1_base64="VMT/Jkbe7ke5u7Fe9NK8qVyAO6I=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswp2NFhYBGxshovmQ5Ah7m7lkye7dsbsnhiO/wsZCEVt/jp2dP8W9JIUmPhh4vDfDzLwgEVwb1/1ylpZXVtfWCxvFza3tnd3S3n5Dx6liWGexiFUroBoFj7BuuBHYShRSGQhsBsPL3G8+oNI8ju7MKEFf0n7EQ86osdL9Y7cToKHFYrdUdivuBGSReDNSrpLr228AqHVLn51ezFKJkWGCat323MT4GVWGM4HjYifVmFA2pH1sWxpRidrPJgePybFVeiSMla3IkIn6eyKjUuuRDGynpGag571c/M9rpyY89zMeJanBiE0XhakgJib596THFTIjRpZQpri9lbABVZQZm1Eegjf/8iJpnFY8t+Ld2DQuYIoCHMIRnIAHZ1CFK6hBHRhIeIIXeHWU8+y8Oe/T1iVnNnMAf+B8/ABKm5GN</latexit><latexit sha1_base64="eYSMVgV5dNG4dCEtWk1VS0IeI5M=">AAAB8HicbVDLSgNBEOyNr7i+oh69DAbBU9j1ogcPAUG8CBHNQ5IlzE5mkyEzs8vMrBiWfIUXD4p49XO8+RX+grNJDppY0FBUddPdFSacaeN5X05haXllda247m5sbm3vlHb3GjpOFaF1EvNYtUKsKWeS1g0znLYSRbEIOW2Gw4vcbz5QpVks78wooYHAfckiRrCx0v1jtxNSg123Wyp7FW8CtEj8GSlX0fXt9zC4rHVLn51eTFJBpSEca932vcQEGVaGEU7HbifVNMFkiPu0banEguogmxw8RkdW6aEoVrakQRP190SGhdYjEdpOgc1Az3u5+J/XTk10FmRMJqmhkkwXRSlHJkb596jHFCWGjyzBRDF7KyIDrDAxNqM8BH/+5UXSOKn4XsW/sWmcwxRFOIBDOAYfTqEKV1CDOhAQ8AQv8Ooo59l5c96nrQVnNrMPf+B8/ADHq5Kq</latexit><latexit sha1_base64="eYSMVgV5dNG4dCEtWk1VS0IeI5M=">AAAB8HicbVDLSgNBEOyNr7i+oh69DAbBU9j1ogcPAUG8CBHNQ5IlzE5mkyEzs8vMrBiWfIUXD4p49XO8+RX+grNJDppY0FBUddPdFSacaeN5X05haXllda247m5sbm3vlHb3GjpOFaF1EvNYtUKsKWeS1g0znLYSRbEIOW2Gw4vcbz5QpVks78wooYHAfckiRrCx0v1jtxNSg123Wyp7FW8CtEj8GSlX0fXt9zC4rHVLn51eTFJBpSEca932vcQEGVaGEU7HbifVNMFkiPu0banEguogmxw8RkdW6aEoVrakQRP190SGhdYjEdpOgc1Az3u5+J/XTk10FmRMJqmhkkwXRSlHJkb596jHFCWGjyzBRDF7KyIDrDAxNqM8BH/+5UXSOKn4XsW/sWmcwxRFOIBDOAYfTqEKV1CDOhAQ8AQv8Ooo59l5c96nrQVnNrMPf+B8/ADHq5Kq</latexit><latexit sha1_base64="mTf4REFoRvnz/cqlUh1sHBN9OMk=">AAAB8HicbVA9SwNBEJ2LX/H8ilraLAbBKtzZaGERsLGMYD4kOcLeZi9Zsnt37M6JIeRX2FgoYuvPsfPfuJdcoYkPBh7vzTAzL0ylMOh5305pbX1jc6u87e7s7u0fVA6PWibJNONNlshEd0JquBQxb6JAyTup5lSFkrfD8U3utx+5NiKJ73GS8kDRYSwiwSha6eGp3ws5UtftV6pezZuDrBK/IFUo0OhXvnqDhGWKx8gkNabreykGU6pRMMlnbi8zPKVsTIe8a2lMFTfBdH7wjJxZZUCiRNuKkczV3xNTqoyZqNB2Koojs+zl4n9eN8PoKpiKOM2Qx2yxKMokwYTk35OB0JyhnFhCmRb2VsJGVFOGNqM8BH/55VXSuqj5Xs2/86r16yKOMpzAKZyDD5dQh1toQBMYKHiGV3hztPPivDsfi9aSU8wcwx84nz/DIY+t</latexit>
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hCe(�, x�0)i = 2
�k

cB

⌘h�2i
<latexit sha1_base64="JuJoAQXR0kZDM1mYDb2GngUIyCA="></latexit><latexit sha1_base64="JuJoAQXR0kZDM1mYDb2GngUIyCA="></latexit><latexit sha1_base64="JuJoAQXR0kZDM1mYDb2GngUIyCA="></latexit><latexit sha1_base64="JuJoAQXR0kZDM1mYDb2GngUIyCA="></latexit>

k = (22.409
V

27.2
⇥ 106V/m2

⌘ = 8.3m

2
(0.999)(22.409⇥ 106) V

V0

(3⇥ 108)(1.45)
8.3(0.001)2 = 85.429⇥ 10�8

<latexit sha1_base64="lFvf5Fo5kxzMb+eBb4cpsHvdNZ0="></latexit><latexit sha1_base64="lFvf5Fo5kxzMb+eBb4cpsHvdNZ0="></latexit><latexit sha1_base64="lFvf5Fo5kxzMb+eBb4cpsHvdNZ0="></latexit><latexit sha1_base64="lFvf5Fo5kxzMb+eBb4cpsHvdNZ0="></latexit>

keff = k
Lquad

2⇡R0
= k

156

360
= (0.43333)k

⌘eff = h⌘i

k(MV/m2) =
22.409

27.2
V (kV)

<latexit sha1_base64="N7RclnJbI3uV8MqnyqpwqJ6Gn3I="></latexit><latexit sha1_base64="N7RclnJbI3uV8MqnyqpwqJ6Gn3I="></latexit><latexit sha1_base64="N7RclnJbI3uV8MqnyqpwqJ6Gn3I="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="pS4GFG9kqOwOVfI++GnmsG04Xx8="></latexit><latexit sha1_base64="pS4GFG9kqOwOVfI++GnmsG04Xx8="></latexit><latexit sha1_base64="XAdFoaJ/1giwBr+hsk8SOuGqFt8="></latexit><latexit sha1_base64="N7RclnJbI3uV8MqnyqpwqJ6Gn3I="></latexit><latexit sha1_base64="N7RclnJbI3uV8MqnyqpwqJ6Gn3I="></latexit><latexit sha1_base64="N7RclnJbI3uV8MqnyqpwqJ6Gn3I="></latexit><latexit sha1_base64="N7RclnJbI3uV8MqnyqpwqJ6Gn3I="></latexit><latexit sha1_base64="N7RclnJbI3uV8MqnyqpwqJ6Gn3I="></latexit><latexit sha1_base64="N7RclnJbI3uV8MqnyqpwqJ6Gn3I="></latexit>



To	minimize	the	E-field	correc'on	choose									so	that	
	
	
	
	
	
	
Then		

If																																																					then	according	to	the	Miller/Nguyen	rule	hxei = h�i⌘ 6= 0
<latexit sha1_base64="MEiumKvlZZYMDiSStctC5OJ4aXg=">AAACH3icbZDLSgNBEEVrfBtfUZe6aBTBVZhxoS4UBDcuFYwKmRBqOpXY2NMzdNeIIeQb/AE3/oobF4qIO//GTqLg60LD5VQV1XWTXCvHYfgejIyOjU9MTk2XZmbn5hfKi0tnLiuspKrMdGYvEnSklaEqK9Z0kVvCNNF0nlwd9uvn12Sdyswpd3Kqp9g2qqUkskeN8nas0bQ1iZsGidgO/b74onGTNOMXj4lRxIZE2Civh5VwIPHXRJ9m/WD1NhYAcNwov8XNTBYpGZYanatFYc71LlpWUlOvFBeOcpRX2KaatwZTcvXu4L6e2PCkKVqZ9c+wGNDvE11Mneukie9MkS/d71of/lerFdzarXeVyQsmI4eLWoUWnIl+WKKpLEnWHW9QWuX/KuQlWpTsIy35EKLfJ/81Z1uVKKxEJz6NPRhqClZgDTYhgh04gCM4hipIuIMHeILn4D54DF6C12HrSPA5sww/FLx/ADqFo0A=</latexit><latexit sha1_base64="g9tplcZEhdZlqk2kKVz3d6jQ2/8=">AAACH3icbZC/SgNBEMb3/Bvjv1NLLRZFsAp3FmqhINhYRjAq5EKY20zi4t7esTsnhpBn8AVsfJU0FoqIXR7E3k2ioNEPFj5+M8PsfHGmpKUg6HsTk1PTM7OFueL8wuLSsr+yemHT3AisiFSl5ioGi0pqrJAkhVeZQUhihZfxzcmgfnmLxspUn1M7w1oCLS2bUgA5VPf3IgW6pZDf1ZFHZuSP+DeNGqgIvnmEBDzSyIO6vxWUgqH4XxN+ma3jjfto56N3X67771EjFXmCmoQCa6thkFGtA4akUNgtRrnFDMQNtLDqrIYEba0zvK/Ltx1p8GZq3NPEh/TnRAcSa9tJ7DoToGs7XhvA/2rVnJoHtY7UWU6oxWhRM1ecUj4IizekQUGq7QwII91fubgGA4JcpEUXQjh+8l9zsVsKg1J45tI4ZCMV2DrbZDssZPvsmJ2yMqswwR5Yjz2zF+/Re/JevbdR64T3NbPGfsnrfwJPXKWO</latexit><latexit sha1_base64="g9tplcZEhdZlqk2kKVz3d6jQ2/8=">AAACH3icbZC/SgNBEMb3/Bvjv1NLLRZFsAp3FmqhINhYRjAq5EKY20zi4t7esTsnhpBn8AVsfJU0FoqIXR7E3k2ioNEPFj5+M8PsfHGmpKUg6HsTk1PTM7OFueL8wuLSsr+yemHT3AisiFSl5ioGi0pqrJAkhVeZQUhihZfxzcmgfnmLxspUn1M7w1oCLS2bUgA5VPf3IgW6pZDf1ZFHZuSP+DeNGqgIvnmEBDzSyIO6vxWUgqH4XxN+ma3jjfto56N3X67771EjFXmCmoQCa6thkFGtA4akUNgtRrnFDMQNtLDqrIYEba0zvK/Ltx1p8GZq3NPEh/TnRAcSa9tJ7DoToGs7XhvA/2rVnJoHtY7UWU6oxWhRM1ecUj4IizekQUGq7QwII91fubgGA4JcpEUXQjh+8l9zsVsKg1J45tI4ZCMV2DrbZDssZPvsmJ2yMqswwR5Yjz2zF+/Re/JevbdR64T3NbPGfsnrfwJPXKWO</latexit><latexit sha1_base64="f2VjLmX0sfzcUz+6F7NoiLMXEeQ=">AAACH3icbZDLSgNBEEV7fBtfoy7dNAbBVZhxoS4UBDcuI5hEyAyhplOJjT09Q3eNGEL+xI2/4saFIuIuf2PnIfi60HA5VUV13SRX0lIQDL2Z2bn5hcWl5dLK6tr6hr+5VbdZYQTWRKYyc52ARSU11kiSwuvcIKSJwkZyez6qN+7QWJnpK+rlGKfQ1bIjBZBDLf8wUqC7Cvl9C3lkJv6Uf9GojYrgi0dIwCONPGj55aASjMX/mnBqymyqasv/iNqZKFLUJBRY2wyDnOI+GJJC4aAUFRZzELfQxaazGlK0cX9834DvOdLmncy4p4mP6feJPqTW9tLEdaZAN/Z3bQT/qzUL6hzHfanzglCLyaJOoThlfBQWb0uDglTPGRBGur9ycQMGBLlISy6E8PfJf039oBIGlfAyKJ+dTONYYjtsl+2zkB2xM3bBqqzGBHtgT+yFvXqP3rP35r1PWme86cw2+yFv+AlVMaHZ</latexit>

p0
<latexit sha1_base64="inGSnESr2nnLh1km/u+wcM8dihw=">AAAB6nicbVA9SwNBEJ2LXzF+RQUbm8UgWIU7Gy0sAjaWEc0HJEfc2+wlS/b2jt05JRz5CTYWitj6i+z8N+4lKTTxwcDjvRlm5gWJFAZd99sprKyurW8UN0tb2zu7e+X9g6aJU814g8Uy1u2AGi6F4g0UKHk70ZxGgeStYHSd+61Hro2I1T2OE+5HdKBEKBhFK90lPbdXrrhVdwqyTLw5qdSOmk8PAFDvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY9dUJOrdInYaxtKSRT9fdERiNjxlFgOyOKQ7Po5eJ/XifF8NLPhEpS5IrNFoWpJBiT/G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+Z51XOr3q1N4wpmKMIxnMAZeHABNbiBOjSAwQCe4RXeHOm8OO/Ox6y14MxnDuEPnM8fBXmPEA==</latexit><latexit sha1_base64="sth4WAyyvUwLjiXO86oeLYGWDzo=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKujRYWARvLiCYRkiXMTmaTITOzw8yssiz5BBsLRSxs/CI7P8D/cPIoNPHAhcM593LvPZHizFjf//IKS8srq2vF9dLG5tb2Tnl3r2mSVBPaIAlP9F2EDeVM0oZlltM7pSkWEaetaHg59lv3VBuWyFubKRoK3JcsZgRbJ92ort8tV/yqPwFaJMGMVGoHzQeVfb/Xu+XPTi8hqaDSEo6NaQe+smGOtWWE01GpkxqqMBniPm07KrGgJswnp47QsVN6KE60K2nRRP09kWNhTCYi1ymwHZh5byz+57VTG5+HOZMqtVSS6aI45cgmaPw36jFNieWZI5ho5m5FZIA1JtalU3IhBPMvL5LmaTXwq8G1S+MCpijCIRzBCQRwBjW4gjo0gEAfHuEZXjzuPXmv3tu0teDNZvbhD7yPH8LvkR0=</latexit><latexit sha1_base64="sth4WAyyvUwLjiXO86oeLYGWDzo=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKujRYWARvLiCYRkiXMTmaTITOzw8yssiz5BBsLRSxs/CI7P8D/cPIoNPHAhcM593LvPZHizFjf//IKS8srq2vF9dLG5tb2Tnl3r2mSVBPaIAlP9F2EDeVM0oZlltM7pSkWEaetaHg59lv3VBuWyFubKRoK3JcsZgRbJ92ort8tV/yqPwFaJMGMVGoHzQeVfb/Xu+XPTi8hqaDSEo6NaQe+smGOtWWE01GpkxqqMBniPm07KrGgJswnp47QsVN6KE60K2nRRP09kWNhTCYi1ymwHZh5byz+57VTG5+HOZMqtVSS6aI45cgmaPw36jFNieWZI5ho5m5FZIA1JtalU3IhBPMvL5LmaTXwq8G1S+MCpijCIRzBCQRwBjW4gjo0gEAfHuEZXjzuPXmv3tu0teDNZvbhD7yPH8LvkR0=</latexit><latexit sha1_base64="0eDLhyJo3YbVJkj38qaQdKQDVKs=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFfZstLAI2FhGNDGQHGFvs5cs2ds7dueEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZF6ZKWqT02yutrW9sbpW3Kzu7e/sH1cOjtk0yw0WLJyoxnZBZoaQWLZSoRCc1gsWhEo/h+GbmPz4JY2WiH3CSiiBmQy0jyRk66T7t0361Rut0DrJK/ILUoECzX/3qDRKexUIjV8zark9TDHJmUHIlppVeZkXK+JgNRddRzWJhg3x+6pScOWVAosS40kjm6u+JnMXWTuLQdcYMR3bZm4n/ed0Mo6sglzrNUGi+WBRlimBCZn+TgTSCo5o4wriR7lbCR8wwji6digvBX355lbQv6j6t+3e01rgu4ijDCZzCOfhwCQ24hSa0gMMQnuEV3jzlvXjv3seiteQVM8fwB97nD/rfjY0=</latexit>

hCei ⇠ 2


�⌘(h�i2 � h�2i) + 1

4⇢0
(h�i2hx2

�0i
�
�k

cB

<latexit sha1_base64="/4vzrUzKs3e3Ml9ER773V2oesG8="></latexit><latexit sha1_base64="/4vzrUzKs3e3Ml9ER773V2oesG8="></latexit><latexit sha1_base64="/4vzrUzKs3e3Ml9ER773V2oesG8="></latexit><latexit sha1_base64="/4vzrUzKs3e3Ml9ER773V2oesG8="></latexit>

Contribu'on	from	betatron	amplitude	

2aµh
p� p0
p0

i = m2

p20
� aµ

<latexit sha1_base64="vgnhMSL7wDe14v8LM9PC7Nao7+w=">AAACJ3icbVDLSgMxFL3js9ZX1aWboAi6aJnpRhGVghuXFewDOnXIpJkaTDJDkhHK0L9x46+4UVREl/6J6bQLrV5I7uGce0juCRPOtHHdT2dmdm5+YbGwVFxeWV1bL21sNnWcKkIbJOaxaodYU84kbRhmOG0nimIRctoKb89HeuuOKs1ieWUGCe0K3JcsYgQbSwWlsyoOfJH6HMs+p8iPFCZZUk4Cd5iNLl/lwulYENfVnLatnPuC0q5bcfNCf4E3Abu14+eDGgDUg9KL34tJKqg0hGOtO56bmG6GlWGE02HRTzVNMLnFfdqxUGJBdTfL9xyiPcv0UBQre6RBOfvTkWGh9UCEdlJgc6OntRH5n9ZJTXTUzZhMUkMlGT8UpRyZGI1CQz2mKDF8YAEmitm/InKDbSLGRlu0IXjTK/8FzWrFcyvepU3jBMZVgG3YgX3w4BBqcAF1aACBe3iEV3hzHpwn5935GI/OOBPPFvwq5+sb9D+oEw==</latexit><latexit sha1_base64="uDP021UGqSjIX3WWsyUz0lPkUso="></latexit><latexit sha1_base64="uDP021UGqSjIX3WWsyUz0lPkUso="></latexit><latexit sha1_base64="5CY5eT4nScA9yO3nu9YT4rqUhac=">AAACJ3icbVDLSgMxFM3UV62vUZdugkVw0zLTjS5UCm5cVrAP6NQhk2ba0CQzJBmhDP0bN/6KG0FFdOmfmJnOQlsvJPdwzj0k9wQxo0o7zpdVWlldW98ob1a2tnd29+z9g46KEolJG0cskr0AKcKoIG1NNSO9WBLEA0a6weQ607sPRCoaiTs9jcmAo5GgIcVIG8q3rxrI93jiMSRGjEAvlAincS32nVmaXZ7Mhcu5wO8bOW1aLff5dtWpO3nBZeAWoAqKavn2qzeMcMKJ0JghpfquE+tBiqSmmJFZxUsUiRGeoBHpGygQJ2qQ5nvO4IlhhjCMpDlCw5z97UgRV2rKAzPJkR6rRS0j/9P6iQ7PBykVcaKJwPOHwoRBHcEsNDikkmDNpgYgLKn5K8RjZBLRJtqKCcFdXHkZdBp116m7t061eVHEUQZH4BicAhecgSa4AS3QBhg8gmfwBt6tJ+vF+rA+56Mlq/Acgj9lff8AqCKmYA==</latexit>

Correc'on	increases	with	betatron	amplitude	
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Correc'on	increases	with	
amplitude	(path	length	effect)	
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Correc'on	decreases	with	
amplitude	(average	orbit	
shiPed	radially	inward)	


