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In	a	curved	geometry,	the	integrated	E-field	along	the	trajectory	depends	on	betatron	
amplitude	in	two	ways	
1.  Sextupole	component	of	the	quads		

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

2.  Path	length	(asymmetric	about	magic	radius)	
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Only Er gives first-order contribution to the precession along the vertical direction:
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Then the relative contribution of the E-field to  is
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E-field	contribu'on	

In	an	ideal	cartesian	geometry	and	quad	field	where	the	radial	field	is	
an'symmetric	about	the	magic	radius,	the	E-field	correc'on	is	
independent	of	betatron	amplitude	

E	

hxei = ⌘�p/p

<latexit sha1_base64="7CT38JVyxZjp40KvTfNjWFJI+cw=">AAACDXicbZC7TsMwFIYdrqXcAowsFgWJqSQICRakSjAwFolepCaKHPekteo4ke0gqqgvwMKrsDCAECs7G2+D22aAliNZ/vT/58g+f5hyprTjfFsLi0vLK6ultfL6xubWtr2z21RJJik0aMIT2Q6JAs4ENDTTHNqpBBKHHFrh4Grst+5BKpaIOz1MwY9JT7CIUaKNFNiHHieixwE/BODJKV5iDzTB3jVwc6UnaWBXnKozKTwPbgEVVFQ9sL+8bkKzGISmnCjVcZ1U+zmRmlEOo7KXKUgJHZAedAwKEoPy88k2I3xklC6OEmmO0Hii/p7ISazUMA5NZ0x0X816Y/E/r5Pp6MLPmUgzDYJOH4oyjnWCx9HgLpNANR8aIFQy81dM+0QSqk2AZROCO7vyPDRPq67h27NKrVbEUUL76AAdIxedoxq6QXXUQBQ9omf0it6sJ+vFerc+pq0LVjGzh/6U9fkDz2qauQ==</latexit><latexit sha1_base64="7CT38JVyxZjp40KvTfNjWFJI+cw=">AAACDXicbZC7TsMwFIYdrqXcAowsFgWJqSQICRakSjAwFolepCaKHPekteo4ke0gqqgvwMKrsDCAECs7G2+D22aAliNZ/vT/58g+f5hyprTjfFsLi0vLK6ultfL6xubWtr2z21RJJik0aMIT2Q6JAs4ENDTTHNqpBBKHHFrh4Grst+5BKpaIOz1MwY9JT7CIUaKNFNiHHieixwE/BODJKV5iDzTB3jVwc6UnaWBXnKozKTwPbgEVVFQ9sL+8bkKzGISmnCjVcZ1U+zmRmlEOo7KXKUgJHZAedAwKEoPy88k2I3xklC6OEmmO0Hii/p7ISazUMA5NZ0x0X816Y/E/r5Pp6MLPmUgzDYJOH4oyjnWCx9HgLpNANR8aIFQy81dM+0QSqk2AZROCO7vyPDRPq67h27NKrVbEUUL76AAdIxedoxq6QXXUQBQ9omf0it6sJ+vFerc+pq0LVjGzh/6U9fkDz2qauQ==</latexit><latexit sha1_base64="7CT38JVyxZjp40KvTfNjWFJI+cw=">AAACDXicbZC7TsMwFIYdrqXcAowsFgWJqSQICRakSjAwFolepCaKHPekteo4ke0gqqgvwMKrsDCAECs7G2+D22aAliNZ/vT/58g+f5hyprTjfFsLi0vLK6ultfL6xubWtr2z21RJJik0aMIT2Q6JAs4ENDTTHNqpBBKHHFrh4Grst+5BKpaIOz1MwY9JT7CIUaKNFNiHHieixwE/BODJKV5iDzTB3jVwc6UnaWBXnKozKTwPbgEVVFQ9sL+8bkKzGISmnCjVcZ1U+zmRmlEOo7KXKUgJHZAedAwKEoPy88k2I3xklC6OEmmO0Hii/p7ISazUMA5NZ0x0X816Y/E/r5Pp6MLPmUgzDYJOH4oyjnWCx9HgLpNANR8aIFQy81dM+0QSqk2AZROCO7vyPDRPq67h27NKrVbEUUL76AAdIxedoxq6QXXUQBQ9omf0it6sJ+vFerc+pq0LVjGzh/6U9fkDz2qauQ==</latexit><latexit sha1_base64="7CT38JVyxZjp40KvTfNjWFJI+cw=">AAACDXicbZC7TsMwFIYdrqXcAowsFgWJqSQICRakSjAwFolepCaKHPekteo4ke0gqqgvwMKrsDCAECs7G2+D22aAliNZ/vT/58g+f5hyprTjfFsLi0vLK6ultfL6xubWtr2z21RJJik0aMIT2Q6JAs4ENDTTHNqpBBKHHFrh4Grst+5BKpaIOz1MwY9JT7CIUaKNFNiHHieixwE/BODJKV5iDzTB3jVwc6UnaWBXnKozKTwPbgEVVFQ9sL+8bkKzGISmnCjVcZ1U+zmRmlEOo7KXKUgJHZAedAwKEoPy88k2I3xklC6OEmmO0Hii/p7ISazUMA5NZ0x0X816Y/E/r5Pp6MLPmUgzDYJOH4oyjnWCx9HgLpNANR8aIFQy81dM+0QSqk2AZROCO7vyPDRPq67h27NKrVbEUUL76AAdIxedoxq6QXXUQBQ9omf0it6sJ+vFerc+pq0LVjGzh/6U9fkDz2qauQ==</latexit>



hEr(s)i = kh
✓
⌘� + x� � 1

2⇢0
(⌘� + x�)

2

◆
i

=
k

L

Z

0

✓
⌘� + x� � 1

2⇢0
(⌘� + x�)

2

◆
dl

=
k

L

Z

0

✓
⌘� + x� � 1

2⇢0
(⌘� + x�)

2

◆
(1 + x�/⇢0)ds

<latexit sha1_base64="XBBMwY5fAd/jMICqCz4diZdTkGU="></latexit><latexit sha1_base64="XBBMwY5fAd/jMICqCz4diZdTkGU="></latexit><latexit sha1_base64="XBBMwY5fAd/jMICqCz4diZdTkGU="></latexit><latexit sha1_base64="XBBMwY5fAd/jMICqCz4diZdTkGU="></latexit>

rV = E ⇠ k

✓
(x� x

2

⇢0
+ . . .)⇢̂� zẑ
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sextupole	 Path	length	
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The	average	E-field	for	a	muon	with	momentum																							and	betatron	amplitude									is	
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For	posi've	momentum	offset	correc'on	increases	with	betatron	amplitude	



E-field	correc'on	

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>

~Ce(T ) ⇠ 2
�p
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Bc
dt

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

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

Correc'on	decreases	with	amplitude	
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force	

Radially	out		

Quad	E-field	

Sextupole	component	shiJs	<x>	radially	inward	by	
	

hF
x

i ⇠ k

x

2
�

2⇢
<latexit sha1_base64="OhhG70Sh7FoK4FxzCj9mJVV3mQw=">AAACGnicbZDLSsNAFIYnXmu9RV26GSyCq5IUQZcFQVxWsBdoaphMT9qhk0mYmUhLyHO48VXcuFDEnbjxbZy2WWjrDwMf/zmHM+cPEs6Udpxva2V1bX1js7RV3t7Z3du3Dw5bKk4lhSaNeSw7AVHAmYCmZppDJ5FAooBDOxhdTevtB5CKxeJOTxLoRWQgWMgo0cbybdfjRAw44Gt/7Mk5eopFeOSFktBs7HsBaHJfy7OaJ4dxjn274lSdmfAyuAVUUKGGb396/ZimEQhNOVGq6zqJ7mVEakY55GUvVZAQOiID6BoUJALVy2an5fjUOH0cxtI8ofHM/T2RkUipSRSYzojooVqsTc3/at1Uh5e9jIkk1SDofFGYcqxjPM0J95kEqvnEAKGSmb9iOiQmEm3SLJsQ3MWTl6FVq7qGb88r9XoRRwkdoxN0hlx0geroBjVQE1H0iJ7RK3qznqwX6936mLeuWMXMEfoj6+sHS8ehAg==</latexit><latexit sha1_base64="OhhG70Sh7FoK4FxzCj9mJVV3mQw=">AAACGnicbZDLSsNAFIYnXmu9RV26GSyCq5IUQZcFQVxWsBdoaphMT9qhk0mYmUhLyHO48VXcuFDEnbjxbZy2WWjrDwMf/zmHM+cPEs6Udpxva2V1bX1js7RV3t7Z3du3Dw5bKk4lhSaNeSw7AVHAmYCmZppDJ5FAooBDOxhdTevtB5CKxeJOTxLoRWQgWMgo0cbybdfjRAw44Gt/7Mk5eopFeOSFktBs7HsBaHJfy7OaJ4dxjn274lSdmfAyuAVUUKGGb396/ZimEQhNOVGq6zqJ7mVEakY55GUvVZAQOiID6BoUJALVy2an5fjUOH0cxtI8ofHM/T2RkUipSRSYzojooVqsTc3/at1Uh5e9jIkk1SDofFGYcqxjPM0J95kEqvnEAKGSmb9iOiQmEm3SLJsQ3MWTl6FVq7qGb88r9XoRRwkdoxN0hlx0geroBjVQE1H0iJ7RK3qznqwX6936mLeuWMXMEfoj6+sHS8ehAg==</latexit><latexit sha1_base64="OhhG70Sh7FoK4FxzCj9mJVV3mQw=">AAACGnicbZDLSsNAFIYnXmu9RV26GSyCq5IUQZcFQVxWsBdoaphMT9qhk0mYmUhLyHO48VXcuFDEnbjxbZy2WWjrDwMf/zmHM+cPEs6Udpxva2V1bX1js7RV3t7Z3du3Dw5bKk4lhSaNeSw7AVHAmYCmZppDJ5FAooBDOxhdTevtB5CKxeJOTxLoRWQgWMgo0cbybdfjRAw44Gt/7Mk5eopFeOSFktBs7HsBaHJfy7OaJ4dxjn274lSdmfAyuAVUUKGGb396/ZimEQhNOVGq6zqJ7mVEakY55GUvVZAQOiID6BoUJALVy2an5fjUOH0cxtI8ofHM/T2RkUipSRSYzojooVqsTc3/at1Uh5e9jIkk1SDofFGYcqxjPM0J95kEqvnEAKGSmb9iOiQmEm3SLJsQ3MWTl6FVq7qGb88r9XoRRwkdoxN0hlx0geroBjVQE1H0iJ7RK3qznqwX6936mLeuWMXMEfoj6+sHS8ehAg==</latexit><latexit sha1_base64="OhhG70Sh7FoK4FxzCj9mJVV3mQw=">AAACGnicbZDLSsNAFIYnXmu9RV26GSyCq5IUQZcFQVxWsBdoaphMT9qhk0mYmUhLyHO48VXcuFDEnbjxbZy2WWjrDwMf/zmHM+cPEs6Udpxva2V1bX1js7RV3t7Z3du3Dw5bKk4lhSaNeSw7AVHAmYCmZppDJ5FAooBDOxhdTevtB5CKxeJOTxLoRWQgWMgo0cbybdfjRAw44Gt/7Mk5eopFeOSFktBs7HsBaHJfy7OaJ4dxjn274lSdmfAyuAVUUKGGb396/ZimEQhNOVGq6zqJ7mVEakY55GUvVZAQOiID6BoUJALVy2an5fjUOH0cxtI8ofHM/T2RkUipSRSYzojooVqsTc3/at1Uh5e9jIkk1SDofFGYcqxjPM0J95kEqvnEAKGSmb9iOiQmEm3SLJsQ3MWTl6FVq7qGb88r9XoRRwkdoxN0hlx0geroBjVQE1H0iJ7RK3qznqwX6936mLeuWMXMEfoj6+sHS8ehAg==</latexit>
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Turn	off	sextupole	component		

Correc'on	increases	with	
amplitude	(path	length	effect)	
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Restore	sextupole	component	
	
	
Correc'on	decreases	with	
amplitude	(average	orbit	
shiJed	radially	inward)	
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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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E-field	correc'on	es'mated	from	Fast	Rota'on	analysis	and	reconstruc'on	
of	momentum	distribu'on	
	
We	plan	to	test	with	simula'on	

1.  Generated	and	track	a	distribu'on	and	compute	
•  Momentum	and	frequency	distribu'on	
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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		
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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		
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Fast	Rota'on	Signal	

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		
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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.	



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

integra'ng	(summing	along	the	trajectory)	

•  Explore	dependence	on	betatron	amplitude	and	quad	nonlinearity	
•  Generate	and	track	‘realis'c’	distribu'ons	–	including	E-field	correc'on	

and	fast	rota'on	signal	
•  Extract	momentum	distribu'on	with	FR-analysis	
•  Compare	E-field	correc'on	based	on	FR-analysis	with	the	real	thing	

																																	END	
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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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<latexit sha1_base64="Pv6GQCXExW3i7YhUN7FBwsOJoIU="></latexit><latexit sha1_base64="Pv6GQCXExW3i7YhUN7FBwsOJoIU="></latexit><latexit sha1_base64="Pv6GQCXExW3i7YhUN7FBwsOJoIU="></latexit><latexit sha1_base64="Pv6GQCXExW3i7YhUN7FBwsOJoIU="></latexit>
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Backup	
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1
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0
(~� · ~B)~�dt

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

Pitch	correc'on	
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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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ay = 0.0 mm-mrad
ay = 5.1 mm-mrad
ay = 20.5 mm-mrad
ay = 46.2 mm-mrad
ay = 82.1 mm-mrad
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E = k(x̂i� ŷj)
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Consider	the	Laplacian	in	2	dimensions	and	cartesian	coordinates	

A	solu'on	that	corresponds	to	the	perfect	quadrupole	is		

Then	the	divergence	gives	the	E-field,	linear	in	x	and	y.		
	and	an'	symmetric	about	x,y=0	

But	the	quad	plates	are	curved.		
We	assumed	in	the	above	that	there	is	no	z-dependence.	
And	that	is	true	only	in	the	limit	of		 ⇢ ! 1

<latexit sha1_base64="R/abZ996nmb6tAvNgsHctTHvfzM=">AAACAHicbVA9SwNBEN2LXzF+nVpY2CwGwSrciaCFRcDGMoL5gNwR9jZ7yZK93WN3TjlCGv+KjYUitv4MO/+Nm+QKTXww8Hhvhpl5USq4Ac/7dkorq2vrG+XNytb2zu6eu3/QMirTlDWpEkp3ImKY4JI1gYNgnVQzkkSCtaPRzdRvPzBtuJL3kKcsTMhA8phTAlbquUeBHiocaD4YAtFaPeKAyxjynlv1at4MeJn4BamiAo2e+xX0Fc0SJoEKYkzX91IIx0QDp4JNKkFmWEroiAxY11JJEmbC8eyBCT61Sh/HStuSgGfq74kxSYzJk8h2JgSGZtGbiv953Qziq3DMZZoBk3S+KM4EBoWnaeA+14yCyC0hVHN7K6ZDogkFm1nFhuAvvrxMWuc136v5dxfV+nURRxkdoxN0hnx0ieroFjVQE1E0Qc/oFb05T86L8+58zFtLTjFziP7A+fwB842Wmw==</latexit><latexit sha1_base64="R/abZ996nmb6tAvNgsHctTHvfzM=">AAACAHicbVA9SwNBEN2LXzF+nVpY2CwGwSrciaCFRcDGMoL5gNwR9jZ7yZK93WN3TjlCGv+KjYUitv4MO/+Nm+QKTXww8Hhvhpl5USq4Ac/7dkorq2vrG+XNytb2zu6eu3/QMirTlDWpEkp3ImKY4JI1gYNgnVQzkkSCtaPRzdRvPzBtuJL3kKcsTMhA8phTAlbquUeBHiocaD4YAtFaPeKAyxjynlv1at4MeJn4BamiAo2e+xX0Fc0SJoEKYkzX91IIx0QDp4JNKkFmWEroiAxY11JJEmbC8eyBCT61Sh/HStuSgGfq74kxSYzJk8h2JgSGZtGbiv953Qziq3DMZZoBk3S+KM4EBoWnaeA+14yCyC0hVHN7K6ZDogkFm1nFhuAvvrxMWuc136v5dxfV+nURRxkdoxN0hnx0ieroFjVQE1E0Qc/oFb05T86L8+58zFtLTjFziP7A+fwB842Wmw==</latexit><latexit sha1_base64="R/abZ996nmb6tAvNgsHctTHvfzM=">AAACAHicbVA9SwNBEN2LXzF+nVpY2CwGwSrciaCFRcDGMoL5gNwR9jZ7yZK93WN3TjlCGv+KjYUitv4MO/+Nm+QKTXww8Hhvhpl5USq4Ac/7dkorq2vrG+XNytb2zu6eu3/QMirTlDWpEkp3ImKY4JI1gYNgnVQzkkSCtaPRzdRvPzBtuJL3kKcsTMhA8phTAlbquUeBHiocaD4YAtFaPeKAyxjynlv1at4MeJn4BamiAo2e+xX0Fc0SJoEKYkzX91IIx0QDp4JNKkFmWEroiAxY11JJEmbC8eyBCT61Sh/HStuSgGfq74kxSYzJk8h2JgSGZtGbiv953Qziq3DMZZoBk3S+KM4EBoWnaeA+14yCyC0hVHN7K6ZDogkFm1nFhuAvvrxMWuc136v5dxfV+nURRxkdoxN0hnx0ieroFjVQE1E0Qc/oFb05T86L8+58zFtLTjFziP7A+fwB842Wmw==</latexit><latexit sha1_base64="R/abZ996nmb6tAvNgsHctTHvfzM=">AAACAHicbVA9SwNBEN2LXzF+nVpY2CwGwSrciaCFRcDGMoL5gNwR9jZ7yZK93WN3TjlCGv+KjYUitv4MO/+Nm+QKTXww8Hhvhpl5USq4Ac/7dkorq2vrG+XNytb2zu6eu3/QMirTlDWpEkp3ImKY4JI1gYNgnVQzkkSCtaPRzdRvPzBtuJL3kKcsTMhA8phTAlbquUeBHiocaD4YAtFaPeKAyxjynlv1at4MeJn4BamiAo2e+xX0Fc0SJoEKYkzX91IIx0QDp4JNKkFmWEroiAxY11JJEmbC8eyBCT61Sh/HStuSgGfq74kxSYzJk8h2JgSGZtGbiv953Qziq3DMZZoBk3S+KM4EBoWnaeA+14yCyC0hVHN7K6ZDogkFm1nFhuAvvrxMWuc136v5dxfV+nURRxkdoxN0hnx0ieroFjVQE1E0Qc/oFb05T86L8+58zFtLTjFziP7A+fwB842Wmw==</latexit>

x	

y	r2
V =

✓
@

2

@x

2
+

@

2

@y

2

◆
V (x, y)

<latexit sha1_base64="aSyqjoRLMtHHJ4BjBkFnVRKBh44="></latexit><latexit sha1_base64="2QW3QiQhH9xUbTmpZdpoDnmWiYc="></latexit><latexit sha1_base64="2QW3QiQhH9xUbTmpZdpoDnmWiYc="></latexit><latexit sha1_base64="12T0kxWnZ+njJkkXliu4ftigzmk="></latexit>
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	ρ	

	ρ  

	θ

r2V =

✓
1

⇢
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@⇢

✓
⇢
@

@⇢

◆
+

1

⇢2
@2

@✓2
+

@2

@z2

◆
V

<latexit sha1_base64="FLarjHNYfhNy79bhwEn/nCg/yas="></latexit><latexit sha1_base64="FLarjHNYfhNy79bhwEn/nCg/yas="></latexit><latexit sha1_base64="FLarjHNYfhNy79bhwEn/nCg/yas="></latexit><latexit sha1_base64="FLarjHNYfhNy79bhwEn/nCg/yas="></latexit>

⇢ = ⇢0 + x

<latexit sha1_base64="voFlK776FZnQ1//RjUQlEbTLtQI=">AAAB+HicbVDLSgMxFL3js9ZHR126CRZBEMqMCLoRCm5cVrAPaIchk2ba0EwyJBmxln6JGxeKuPVT3Pk3ZtpZaOuByz2ccy+5OVHKmTae9+2srK6tb2yWtsrbO7t7FXf/oKVlpghtEsml6kRYU84EbRpmOO2kiuIk4rQdjW5yv/1AlWZS3JtxSoMEDwSLGcHGSqFb6amhRNcob6F39hi6Va/mzYCWiV+QKhRohO5Xry9JllBhCMdad30vNcEEK8MIp9NyL9M0xWSEB7RrqcAJ1cFkdvgUnVilj2KpbAmDZurvjQlOtB4nkZ1MsBnqRS8X//O6mYmvggkTaWaoIPOH4owjI1GeAuozRYnhY0swUczeisgQK0yMzapsQ/AXv7xMWuc136v5dxfVer2IowRHcAyn4MMl1OEWGtAEAhk8wyu8OU/Oi/PufMxHV5xi5xD+wPn8AVoUkjg=</latexit><latexit sha1_base64="voFlK776FZnQ1//RjUQlEbTLtQI=">AAAB+HicbVDLSgMxFL3js9ZHR126CRZBEMqMCLoRCm5cVrAPaIchk2ba0EwyJBmxln6JGxeKuPVT3Pk3ZtpZaOuByz2ccy+5OVHKmTae9+2srK6tb2yWtsrbO7t7FXf/oKVlpghtEsml6kRYU84EbRpmOO2kiuIk4rQdjW5yv/1AlWZS3JtxSoMEDwSLGcHGSqFb6amhRNcob6F39hi6Va/mzYCWiV+QKhRohO5Xry9JllBhCMdad30vNcEEK8MIp9NyL9M0xWSEB7RrqcAJ1cFkdvgUnVilj2KpbAmDZurvjQlOtB4nkZ1MsBnqRS8X//O6mYmvggkTaWaoIPOH4owjI1GeAuozRYnhY0swUczeisgQK0yMzapsQ/AXv7xMWuc136v5dxfVer2IowRHcAyn4MMl1OEWGtAEAhk8wyu8OU/Oi/PufMxHV5xi5xD+wPn8AVoUkjg=</latexit><latexit sha1_base64="voFlK776FZnQ1//RjUQlEbTLtQI=">AAAB+HicbVDLSgMxFL3js9ZHR126CRZBEMqMCLoRCm5cVrAPaIchk2ba0EwyJBmxln6JGxeKuPVT3Pk3ZtpZaOuByz2ccy+5OVHKmTae9+2srK6tb2yWtsrbO7t7FXf/oKVlpghtEsml6kRYU84EbRpmOO2kiuIk4rQdjW5yv/1AlWZS3JtxSoMEDwSLGcHGSqFb6amhRNcob6F39hi6Va/mzYCWiV+QKhRohO5Xry9JllBhCMdad30vNcEEK8MIp9NyL9M0xWSEB7RrqcAJ1cFkdvgUnVilj2KpbAmDZurvjQlOtB4nkZ1MsBnqRS8X//O6mYmvggkTaWaoIPOH4owjI1GeAuozRYnhY0swUczeisgQK0yMzapsQ/AXv7xMWuc136v5dxfVer2IowRHcAyn4MMl1OEWGtAEAhk8wyu8OU/Oi/PufMxHV5xi5xD+wPn8AVoUkjg=</latexit><latexit sha1_base64="voFlK776FZnQ1//RjUQlEbTLtQI=">AAAB+HicbVDLSgMxFL3js9ZHR126CRZBEMqMCLoRCm5cVrAPaIchk2ba0EwyJBmxln6JGxeKuPVT3Pk3ZtpZaOuByz2ccy+5OVHKmTae9+2srK6tb2yWtsrbO7t7FXf/oKVlpghtEsml6kRYU84EbRpmOO2kiuIk4rQdjW5yv/1AlWZS3JtxSoMEDwSLGcHGSqFb6amhRNcob6F39hi6Va/mzYCWiV+QKhRohO5Xry9JllBhCMdad30vNcEEK8MIp9NyL9M0xWSEB7RrqcAJ1cFkdvgUnVilj2KpbAmDZurvjQlOtB4nkZ1MsBnqRS8X//O6mYmvggkTaWaoIPOH4owjI1GeAuozRYnhY0swUczeisgQK0yMzapsQ/AXv7xMWuc136v5dxfVer2IowRHcAyn4MMl1OEWGtAEAhk8wyu8OU/Oi/PufMxHV5xi5xD+wPn8AVoUkjg=</latexit>

V (x, z) 6= 1

2
k(x2 � z

2)
<latexit sha1_base64="EOj7Zth8M6lyeBJ/XTN36Dt9jpc=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VoQUsSBF0W3LisYB/QpmUynbRDJ5MwM5G2IVs3/oobF4q49Q/c+TdO2yy09cCFwzn3cu89XsSoVJb1beTW1jc2t/LbhZ3dvf0D8/CoIcNYYFLHIQtFy0OSMMpJXVHFSCsSBAUeI01vdDPzmw9ESBryezWJiBugAac+xUhpqWfCRml8Pi3DDiew4wuEEztNnHRUGnedi2nXKffMolWx5oCrxM5IEWSo9cyvTj/EcUC4wgxJ2batSLkJEopiRtJCJ5YkQniEBqStKUcBkW4y/ySFZ1rpQz8UuriCc/X3RIICKSeBpzsDpIZy2ZuJ/3ntWPnXbkJ5FCvC8WKRHzOoQjiLBfapIFixiSYIC6pvhXiIdB5Kh1fQIdjLL6+ShlOxrYp9d1msVrM48uAEnIISsMEVqIJbUAN1gMEjeAav4M14Ml6Md+Nj0Zozsplj8AfG5w+pVphj</latexit><latexit sha1_base64="EOj7Zth8M6lyeBJ/XTN36Dt9jpc=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VoQUsSBF0W3LisYB/QpmUynbRDJ5MwM5G2IVs3/oobF4q49Q/c+TdO2yy09cCFwzn3cu89XsSoVJb1beTW1jc2t/LbhZ3dvf0D8/CoIcNYYFLHIQtFy0OSMMpJXVHFSCsSBAUeI01vdDPzmw9ESBryezWJiBugAac+xUhpqWfCRml8Pi3DDiew4wuEEztNnHRUGnedi2nXKffMolWx5oCrxM5IEWSo9cyvTj/EcUC4wgxJ2batSLkJEopiRtJCJ5YkQniEBqStKUcBkW4y/ySFZ1rpQz8UuriCc/X3RIICKSeBpzsDpIZy2ZuJ/3ntWPnXbkJ5FCvC8WKRHzOoQjiLBfapIFixiSYIC6pvhXiIdB5Kh1fQIdjLL6+ShlOxrYp9d1msVrM48uAEnIISsMEVqIJbUAN1gMEjeAav4M14Ml6Md+Nj0Zozsplj8AfG5w+pVphj</latexit><latexit sha1_base64="EOj7Zth8M6lyeBJ/XTN36Dt9jpc=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VoQUsSBF0W3LisYB/QpmUynbRDJ5MwM5G2IVs3/oobF4q49Q/c+TdO2yy09cCFwzn3cu89XsSoVJb1beTW1jc2t/LbhZ3dvf0D8/CoIcNYYFLHIQtFy0OSMMpJXVHFSCsSBAUeI01vdDPzmw9ESBryezWJiBugAac+xUhpqWfCRml8Pi3DDiew4wuEEztNnHRUGnedi2nXKffMolWx5oCrxM5IEWSo9cyvTj/EcUC4wgxJ2batSLkJEopiRtJCJ5YkQniEBqStKUcBkW4y/ySFZ1rpQz8UuriCc/X3RIICKSeBpzsDpIZy2ZuJ/3ntWPnXbkJ5FCvC8WKRHzOoQjiLBfapIFixiSYIC6pvhXiIdB5Kh1fQIdjLL6+ShlOxrYp9d1msVrM48uAEnIISsMEVqIJbUAN1gMEjeAav4M14Ml6Md+Nj0Zozsplj8AfG5w+pVphj</latexit><latexit sha1_base64="EOj7Zth8M6lyeBJ/XTN36Dt9jpc=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VoQUsSBF0W3LisYB/QpmUynbRDJ5MwM5G2IVs3/oobF4q49Q/c+TdO2yy09cCFwzn3cu89XsSoVJb1beTW1jc2t/LbhZ3dvf0D8/CoIcNYYFLHIQtFy0OSMMpJXVHFSCsSBAUeI01vdDPzmw9ESBryezWJiBugAac+xUhpqWfCRml8Pi3DDiew4wuEEztNnHRUGnedi2nXKffMolWx5oCrxM5IEWSo9cyvTj/EcUC4wgxJ2batSLkJEopiRtJCJ5YkQniEBqStKUcBkW4y/ySFZ1rpQz8UuriCc/X3RIICKSeBpzsDpIZy2ZuJ/3ntWPnXbkJ5FCvC8WKRHzOoQjiLBfapIFixiSYIC6pvhXiIdB5Kh1fQIdjLL6+ShlOxrYp9d1msVrM48uAEnIISsMEVqIJbUAN1gMEjeAav4M14Ml6Md+Nj0Zozsplj8AfG5w+pVphj</latexit>

Cylindrical	coordinates	are	a	bejer	match	to	our	geometry	
ρ –	radial,	z	–	ver'cal,		θ -	azimuthal

Laplacian	in	cylindrical	coordinates	

Define	x	

The	simple	symmetric	quadra'c	poten'al	is	not	a	solu'on	to	this	Laplacian			

z	
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Cartesian	coordinates	

Sa'sfies	Maxwell	for	any	n	
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Cartesian	coordinates	

Cylindrical	

�r
n =

�1

1 + n

((n+1)/2)X

p=0

✓
n+ 1
2p

◆
(�1)pFn+1�2p(r̃)ỹ
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The	simplest	(lowest	order)	solu'on	to	the	
2	D	cylindrical	Laplacian	is	

Then	with	the	subs'tu'on		

And	expanding	in	the	limit	where		
x ⌧ ⇢0
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Betatron Oscillations and E-field Systematic

Because of the finite curvature of the quadrupoles, the E-field correction to !

a

can depend on the
betatron amplitude as well as the momentum. The muon that circulates at the magic radius with zero
betatron oscillation amplitude will see zero electric field and no correction is required. But the muon
with that same momentum and finite betatron amplitude will oscillate about the magic radius and its
precession will indeed be effected by the E-field. If the quad field were strictly antisymmetric about the
magic radius and the betatron trajectory strictly symmetric, the net contribution would be zero. But
neither condition is true.

Electrostatic quadrupole nonlinearity

Consider the electric field in the quadrupoles. Laplace’s equation in two dimensions and cartesian
coordinates is

r2
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The potential corresponding to a pure quadrupole field is one (of many) solutions.
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for some constant k. The electric field is
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and of course the divergence is zero. The electric field is linear in both x and y. Higher order terms
may appear (and indeed in the g-2 quads they well appear due to the geometry of the plates), but the
symmetry (in the 2-D cartesion limit permits only those terms that are odd in x, y. In particular there
is no sextupole (⇠ kx

2) dependence that would be symmetric in displacement.

In the limit of finite curvature (as in the g-2 geometry) it is more appropriate to represent the fields in
cylindrical coordinates, where Laplace’s equation is
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We assume the quads are continuous so that there is no dependence on the angular coordinate �. Then
the simplest possible solution is
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and the electric field
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If we write ⇢ = ⇢0 + x where ⇢0 is the magic radius, then
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Linear	term	 Sextupole-like		

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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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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5

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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This	was	our	guess		

General	form	

) b2/r20
b1/r0

= � 1

2⇢0
= �0.0703m�1
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The	fijed	values	give	

) b2/r20
b1/r0

= �0.0593m�1

<latexit sha1_base64="wQEpQ2U6ZZAQreHeXAisriiZgjU="></latexit><latexit sha1_base64="io5RMVRkShO2dFt2UmTfxcnmo/M="></latexit><latexit sha1_base64="io5RMVRkShO2dFt2UmTfxcnmo/M="></latexit><latexit sha1_base64="a4XD/kCFX0yFwI5tEzxZ2ZM0/bk="></latexit>

E

x

=
X

n

b

n

r

n

0

x

n

<latexit sha1_base64="fM6YTXhrTUMGogz8l4VUmUHp39Q=">AAACC3icbVDLSgMxFL1TX7W+qi4FCS2CqzLjxm6UggguK9gHtNMhk2ba0ExmSDLSMnTvxl9x40KRbv0Bd/6N6WOhrQcCh3PO5eYeP+ZMadv+tjJr6xubW9nt3M7u3v5B/vCorqJEElojEY9k08eKciZoTTPNaTOWFIc+pw1/cDP1G49UKhaJBz2KqRvinmABI1gbycsXbr0hukJtlYSeQO1AYpL6nhin0rM7YoyGHRMq2iV7BrRKnAUpVq5PJxUAqHr5r3Y3IklIhSYcK9Vy7Fi7KZaaEU7HuXaiaIzJAPdoy1CBQ6rcdHbLGJ0ZpYuCSJonNJqpvydSHCo1Cn2TDLHuq2VvKv7ntRIdlN2UiTjRVJD5oiDhSEdoWgzqMkmJ5iNDMJHM/BWRPjZ9aFNfzpTgLJ+8SuoXJccuOfemjTLMkYUTKMA5OHAJFbiDKtSAwBO8wBu8W8/Wq/VhTebRjLWYOYY/sD5/AEognAg=</latexit><latexit sha1_base64="zNjRX0AooKY1U3G4o3W+s000/Yk=">AAACC3icbVBLSwMxGMz6rPVV9ShIaBE8lV0v9qIURPBYwT6g2y7ZNNuGJtklyUrLsncv9ad48aBIrx68evPfmD4O2joQGGbm48s3fsSo0rb9ba2srq1vbGa2sts7u3v7uYPDmgpjiUkVhyyUDR8pwqggVU01I41IEsR9Rup+/3ri1x+IVDQU93oYkRZHXUEDipE2kpfL33gDeAldFXNPQDeQCCe+J9JEenZbpHDQNqGCXbSngMvEmZNC+epkXB49fVa83JfbCXHMidCYIaWajh3pVoKkppiRNOvGikQI91GXNA0ViBPVSqa3pPDUKB0YhNI8oeFU/T2RIK7UkPsmyZHuqUVvIv7nNWMdlFoJFVGsicCzRUHMoA7hpBjYoZJgzYaGICyp+SvEPWT60Ka+rCnBWTx5mdTOi45ddO5MGyUwQwYcgzw4Aw64AGVwCyqgCjB4BM/gFbxZI+vFerfGs+iKNZ85An9gffwA0Jqd7A==</latexit><latexit sha1_base64="zNjRX0AooKY1U3G4o3W+s000/Yk=">AAACC3icbVBLSwMxGMz6rPVV9ShIaBE8lV0v9qIURPBYwT6g2y7ZNNuGJtklyUrLsncv9ad48aBIrx68evPfmD4O2joQGGbm48s3fsSo0rb9ba2srq1vbGa2sts7u3v7uYPDmgpjiUkVhyyUDR8pwqggVU01I41IEsR9Rup+/3ri1x+IVDQU93oYkRZHXUEDipE2kpfL33gDeAldFXNPQDeQCCe+J9JEenZbpHDQNqGCXbSngMvEmZNC+epkXB49fVa83JfbCXHMidCYIaWajh3pVoKkppiRNOvGikQI91GXNA0ViBPVSqa3pPDUKB0YhNI8oeFU/T2RIK7UkPsmyZHuqUVvIv7nNWMdlFoJFVGsicCzRUHMoA7hpBjYoZJgzYaGICyp+SvEPWT60Ka+rCnBWTx5mdTOi45ddO5MGyUwQwYcgzw4Aw64AGVwCyqgCjB4BM/gFbxZI+vFerfGs+iKNZ85An9gffwA0Jqd7A==</latexit><latexit sha1_base64="FeL2UVXbOrE92oHH8fcteJ5nnKU=">AAACC3icbVDLSgMxFM34rPVVdekmtAiuSsaN3QgFEVxWsA/otEMmzbShSWZIMtIyzN6Nv+LGhSJu/QF3/o1pOwttPRA4nHMuN/cEMWfaIPTtrK1vbG5tF3aKu3v7B4elo+OWjhJFaJNEPFKdAGvKmaRNwwynnVhRLAJO28H4eua3H6jSLJL3ZhrTnsBDyUJGsLGSXyrf+BN4BT2dCF9CL1SYpIEvs1T5qC8zOOnbUAVV0Rxwlbg5qYAcDb/05Q0ikggqDeFY666LYtNLsTKMcJoVvUTTGJMxHtKupRILqnvp/JYMnlllAMNI2ScNnKu/J1IstJ6KwCYFNiO97M3E/7xuYsJaL2UyTgyVZLEoTDg0EZwVAwdMUWL41BJMFLN/hWSEbR/G1le0JbjLJ6+S1kXVRVX3DlXqtbyOAjgFZXAOXHAJ6uAWNEATEPAInsEreHOenBfn3flYRNecfOYE/IHz+QMjEJpw</latexit>

E

x

=
X

n

b

n

r

n

0

x

n

<latexit sha1_base64="fM6YTXhrTUMGogz8l4VUmUHp39Q=">AAACC3icbVDLSgMxFL1TX7W+qi4FCS2CqzLjxm6UggguK9gHtNMhk2ba0ExmSDLSMnTvxl9x40KRbv0Bd/6N6WOhrQcCh3PO5eYeP+ZMadv+tjJr6xubW9nt3M7u3v5B/vCorqJEElojEY9k08eKciZoTTPNaTOWFIc+pw1/cDP1G49UKhaJBz2KqRvinmABI1gbycsXbr0hukJtlYSeQO1AYpL6nhin0rM7YoyGHRMq2iV7BrRKnAUpVq5PJxUAqHr5r3Y3IklIhSYcK9Vy7Fi7KZaaEU7HuXaiaIzJAPdoy1CBQ6rcdHbLGJ0ZpYuCSJonNJqpvydSHCo1Cn2TDLHuq2VvKv7ntRIdlN2UiTjRVJD5oiDhSEdoWgzqMkmJ5iNDMJHM/BWRPjZ9aFNfzpTgLJ+8SuoXJccuOfemjTLMkYUTKMA5OHAJFbiDKtSAwBO8wBu8W8/Wq/VhTebRjLWYOYY/sD5/AEognAg=</latexit><latexit sha1_base64="zNjRX0AooKY1U3G4o3W+s000/Yk=">AAACC3icbVBLSwMxGMz6rPVV9ShIaBE8lV0v9qIURPBYwT6g2y7ZNNuGJtklyUrLsncv9ad48aBIrx68evPfmD4O2joQGGbm48s3fsSo0rb9ba2srq1vbGa2sts7u3v7uYPDmgpjiUkVhyyUDR8pwqggVU01I41IEsR9Rup+/3ri1x+IVDQU93oYkRZHXUEDipE2kpfL33gDeAldFXNPQDeQCCe+J9JEenZbpHDQNqGCXbSngMvEmZNC+epkXB49fVa83JfbCXHMidCYIaWajh3pVoKkppiRNOvGikQI91GXNA0ViBPVSqa3pPDUKB0YhNI8oeFU/T2RIK7UkPsmyZHuqUVvIv7nNWMdlFoJFVGsicCzRUHMoA7hpBjYoZJgzYaGICyp+SvEPWT60Ka+rCnBWTx5mdTOi45ddO5MGyUwQwYcgzw4Aw64AGVwCyqgCjB4BM/gFbxZI+vFerfGs+iKNZ85An9gffwA0Jqd7A==</latexit><latexit sha1_base64="zNjRX0AooKY1U3G4o3W+s000/Yk=">AAACC3icbVBLSwMxGMz6rPVV9ShIaBE8lV0v9qIURPBYwT6g2y7ZNNuGJtklyUrLsncv9ad48aBIrx68evPfmD4O2joQGGbm48s3fsSo0rb9ba2srq1vbGa2sts7u3v7uYPDmgpjiUkVhyyUDR8pwqggVU01I41IEsR9Rup+/3ri1x+IVDQU93oYkRZHXUEDipE2kpfL33gDeAldFXNPQDeQCCe+J9JEenZbpHDQNqGCXbSngMvEmZNC+epkXB49fVa83JfbCXHMidCYIaWajh3pVoKkppiRNOvGikQI91GXNA0ViBPVSqa3pPDUKB0YhNI8oeFU/T2RIK7UkPsmyZHuqUVvIv7nNWMdlFoJFVGsicCzRUHMoA7hpBjYoZJgzYaGICyp+SvEPWT60Ka+rCnBWTx5mdTOi45ddO5MGyUwQwYcgzw4Aw64AGVwCyqgCjB4BM/gFbxZI+vFerfGs+iKNZ85An9gffwA0Jqd7A==</latexit><latexit sha1_base64="FeL2UVXbOrE92oHH8fcteJ5nnKU=">AAACC3icbVDLSgMxFM34rPVVdekmtAiuSsaN3QgFEVxWsA/otEMmzbShSWZIMtIyzN6Nv+LGhSJu/QF3/o1pOwttPRA4nHMuN/cEMWfaIPTtrK1vbG5tF3aKu3v7B4elo+OWjhJFaJNEPFKdAGvKmaRNwwynnVhRLAJO28H4eua3H6jSLJL3ZhrTnsBDyUJGsLGSXyrf+BN4BT2dCF9CL1SYpIEvs1T5qC8zOOnbUAVV0Rxwlbg5qYAcDb/05Q0ikggqDeFY666LYtNLsTKMcJoVvUTTGJMxHtKupRILqnvp/JYMnlllAMNI2ScNnKu/J1IstJ6KwCYFNiO97M3E/7xuYsJaL2UyTgyVZLEoTDg0EZwVAwdMUWL41BJMFLN/hWSEbR/G1le0JbjLJ6+S1kXVRVX3DlXqtbyOAjgFZXAOXHAJ6uAWNEATEPAInsEreHOenBfn3flYRNecfOYE/IHz+QMjEJpw</latexit>
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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
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Recall	

Simula'on	of	the	effect	of	E-field	or	pitch	on											at	1ppm	would	require	
tracking	for	1	million	periods	or	29	x	106	turns!	
	
Instead,	to	get	E-field	effect	,compute	the	average																									along	the	
trajectory		
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E-field Systematic in a Distribution

Because of the finite curvature of the quadrupoles, the E-field correction to !

a

can depend on the
betatron amplitude as well as the momentum. The muon that circulates at the magic radius with zero
betatron oscillation amplitude will see zero electric field and no correction is required. But the muon
with that same momentum and finite betatron amplitude will oscillate about the magic radius and its
precession will indeed be effected by the E-field. If the quad field were strictly antisymmetric about the
magic radius and the betatron trajectory strictly symmetric, the net contribution would be zero. But
neither condition is true. The contribution from the betatron amplitude was estimated analytically in
doc-db 12575-v2. Here we explore amplitude dependence in simulation.

Integrated Electric Field

The dependence of !
a

on electric field is given by
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A electric field along the trajectory of a muon will vary as it executes betatron oscillations and the
contribution of the field to ~!

a

can be characterized in terms of an average.
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The fractional correction to ~!

a

is
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Of course the component of ~

C

e

in the vertical is the largest.

In simulation we integrated ~

�⇥ ~

E along the trajectory of each muon to estimate C
e

. Results for individual
trajectories are shown in Figure 1 where the average integrated ~

�⇥ ~

E is plotted as a function of time for
a muon with �p/p = 0.2% and betatron amplitude a

x

= 0.74, 39.7, 64.3, and 97.7 mm-mrad respectively.
(The amplitude a
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= (�x2 + 2↵xx0 + �(x0)2)1/2 The effect of the electric field is mitigated (a bit) with
increasing betatron amplitude. The oscillation of the correction at early times reflects the alternating
sign of the contribution with radial displacement with a maximum discrepancy at the level of ⇠ 5%.
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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	

x
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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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m2/p20 = aµ
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If																																																		then	correc'on	is	independent	of			hxei = h�i⌘ = 0
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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>

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>



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	


