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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		

~!a
<latexit sha1_base64="/tn21P+9HyyxNiZkgI2wMZ0ZKQg=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGCeUB2CbOTTjJkZnaZmQ2EJb/hxYMiXv0Zb/6Nk2QPmljQUFR1090Vp4Ib6/vf3sbm1vbObmmvvH9weHRcOTltmSTTDJssEYnuxNSg4AqblluBnVQjlbHAdjy+n/vtCWrDE/VkpylGkg4VH3BGrZPCcIIsTCQOaY/2KlW/5i9A1klQkCoUaPQqX2E/YZlEZZmgxnQDP7VRTrXlTOCsHGYGU8rGdIhdRxWVaKJ8cfOMXDqlTwaJdqUsWai/J3IqjZnK2HVKakdm1ZuL/3ndzA7uopyrNLOo2HLRIBPEJmQeAOlzjcyKqSOUae5uJWxENWXWxVR2IQSrL6+T1nUt8GvB40213iniKME5XMAVBHALdXiABjSBQQrP8ApvXua9eO/ex7J1wytmzuAPvM8fGZKRxw==</latexit><latexit sha1_base64="/tn21P+9HyyxNiZkgI2wMZ0ZKQg=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGCeUB2CbOTTjJkZnaZmQ2EJb/hxYMiXv0Zb/6Nk2QPmljQUFR1090Vp4Ib6/vf3sbm1vbObmmvvH9weHRcOTltmSTTDJssEYnuxNSg4AqblluBnVQjlbHAdjy+n/vtCWrDE/VkpylGkg4VH3BGrZPCcIIsTCQOaY/2KlW/5i9A1klQkCoUaPQqX2E/YZlEZZmgxnQDP7VRTrXlTOCsHGYGU8rGdIhdRxWVaKJ8cfOMXDqlTwaJdqUsWai/J3IqjZnK2HVKakdm1ZuL/3ndzA7uopyrNLOo2HLRIBPEJmQeAOlzjcyKqSOUae5uJWxENWXWxVR2IQSrL6+T1nUt8GvB40213iniKME5XMAVBHALdXiABjSBQQrP8ApvXua9eO/ex7J1wytmzuAPvM8fGZKRxw==</latexit><latexit sha1_base64="/tn21P+9HyyxNiZkgI2wMZ0ZKQg=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGCeUB2CbOTTjJkZnaZmQ2EJb/hxYMiXv0Zb/6Nk2QPmljQUFR1090Vp4Ib6/vf3sbm1vbObmmvvH9weHRcOTltmSTTDJssEYnuxNSg4AqblluBnVQjlbHAdjy+n/vtCWrDE/VkpylGkg4VH3BGrZPCcIIsTCQOaY/2KlW/5i9A1klQkCoUaPQqX2E/YZlEZZmgxnQDP7VRTrXlTOCsHGYGU8rGdIhdRxWVaKJ8cfOMXDqlTwaJdqUsWai/J3IqjZnK2HVKakdm1ZuL/3ndzA7uopyrNLOo2HLRIBPEJmQeAOlzjcyKqSOUae5uJWxENWXWxVR2IQSrL6+T1nUt8GvB40213iniKME5XMAVBHALdXiABjSBQQrP8ApvXua9eO/ex7J1wytmzuAPvM8fGZKRxw==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="BWotQHTFq1CCIKiKkyU1CQ9eGKk=">AAAB6HicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6gM5RMeqcNzWNIMoVS+jfcuFDEX+TOf2P6WGjrgcDHOQn35qS54NaF4XdQ2tnd2z8oH1aOqscnp7WzatvqwjBsMS206abUouAKW447gd3cIJWpwE46fljknQkay7V6dtMcE0mHimecUeetOJ4gi7XEIe3Tfq0eNsKlyDZEa6jDWs1+7SseaFZIVI4Jam0vCnOXzKhxnAmcV+LCYk7ZmA6x51FRiTaZLXeekyvvDEimjT/KkaX7+8WMSmunMvU3JXUju5ktzP+yXuGyu2TGVV44VGw1KCsEcZosCiADbpA5MfVAmeF+V8JG1FDmfE0VX0K0+eVtaN80orARPYVQhgu4hGuI4Bbu4RGa0AIGObzAG7wHRfAafKzqKgXr3s7hj4LPH8xykFM=</latexit><latexit sha1_base64="BWotQHTFq1CCIKiKkyU1CQ9eGKk=">AAAB6HicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6gM5RMeqcNzWNIMoVS+jfcuFDEX+TOf2P6WGjrgcDHOQn35qS54NaF4XdQ2tnd2z8oH1aOqscnp7WzatvqwjBsMS206abUouAKW447gd3cIJWpwE46fljknQkay7V6dtMcE0mHimecUeetOJ4gi7XEIe3Tfq0eNsKlyDZEa6jDWs1+7SseaFZIVI4Jam0vCnOXzKhxnAmcV+LCYk7ZmA6x51FRiTaZLXeekyvvDEimjT/KkaX7+8WMSmunMvU3JXUju5ktzP+yXuGyu2TGVV44VGw1KCsEcZosCiADbpA5MfVAmeF+V8JG1FDmfE0VX0K0+eVtaN80orARPYVQhgu4hGuI4Bbu4RGa0AIGObzAG7wHRfAafKzqKgXr3s7hj4LPH8xykFM=</latexit><latexit sha1_base64="WgJj4KphH6xzduLUATwLKCOLWaE=">AAAB83icbVDLSgNBEOyNrxhfUY9eFoPgKex60WPAi8cI5gHZJcxOOsmQeSwzs4Gw5De8eFDEqz/jzb9xkuxBEwsaiqpuuruSlDNjg+DbK21t7+zulfcrB4dHxyfV07O2UZmm2KKKK91NiEHOJLYssxy7qUYiEo6dZHK/8DtT1IYp+WRnKcaCjCQbMkqsk6JoijRSAkekT/rVWlAPlvA3SViQGhRo9qtf0UDRTKC0lBNjemGQ2jgn2jLKcV6JMoMpoRMywp6jkgg0cb68ee5fOWXgD5V2Ja2/VH9P5EQYMxOJ6xTEjs26txD/83qZHd7FOZNpZlHS1aJhxn2r/EUA/oBppJbPHCFUM3erT8dEE2pdTBUXQrj+8iZp39TDoB4+BrVGt4ijDBdwCdcQwi004AGa0AIKKTzDK7x5mffivXsfq9aSV8ycwx94nz8YUpHD</latexit><latexit sha1_base64="/tn21P+9HyyxNiZkgI2wMZ0ZKQg=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGCeUB2CbOTTjJkZnaZmQ2EJb/hxYMiXv0Zb/6Nk2QPmljQUFR1090Vp4Ib6/vf3sbm1vbObmmvvH9weHRcOTltmSTTDJssEYnuxNSg4AqblluBnVQjlbHAdjy+n/vtCWrDE/VkpylGkg4VH3BGrZPCcIIsTCQOaY/2KlW/5i9A1klQkCoUaPQqX2E/YZlEZZmgxnQDP7VRTrXlTOCsHGYGU8rGdIhdRxWVaKJ8cfOMXDqlTwaJdqUsWai/J3IqjZnK2HVKakdm1ZuL/3ndzA7uopyrNLOo2HLRIBPEJmQeAOlzjcyKqSOUae5uJWxENWXWxVR2IQSrL6+T1nUt8GvB40213iniKME5XMAVBHALdXiABjSBQQrP8ApvXua9eO/ex7J1wytmzuAPvM8fGZKRxw==</latexit><latexit sha1_base64="/tn21P+9HyyxNiZkgI2wMZ0ZKQg=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGCeUB2CbOTTjJkZnaZmQ2EJb/hxYMiXv0Zb/6Nk2QPmljQUFR1090Vp4Ib6/vf3sbm1vbObmmvvH9weHRcOTltmSTTDJssEYnuxNSg4AqblluBnVQjlbHAdjy+n/vtCWrDE/VkpylGkg4VH3BGrZPCcIIsTCQOaY/2KlW/5i9A1klQkCoUaPQqX2E/YZlEZZmgxnQDP7VRTrXlTOCsHGYGU8rGdIhdRxWVaKJ8cfOMXDqlTwaJdqUsWai/J3IqjZnK2HVKakdm1ZuL/3ndzA7uopyrNLOo2HLRIBPEJmQeAOlzjcyKqSOUae5uJWxENWXWxVR2IQSrL6+T1nUt8GvB40213iniKME5XMAVBHALdXiABjSBQQrP8ApvXua9eO/ex7J1wytmzuAPvM8fGZKRxw==</latexit><latexit sha1_base64="/tn21P+9HyyxNiZkgI2wMZ0ZKQg=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGCeUB2CbOTTjJkZnaZmQ2EJb/hxYMiXv0Zb/6Nk2QPmljQUFR1090Vp4Ib6/vf3sbm1vbObmmvvH9weHRcOTltmSTTDJssEYnuxNSg4AqblluBnVQjlbHAdjy+n/vtCWrDE/VkpylGkg4VH3BGrZPCcIIsTCQOaY/2KlW/5i9A1klQkCoUaPQqX2E/YZlEZZmgxnQDP7VRTrXlTOCsHGYGU8rGdIhdRxWVaKJ8cfOMXDqlTwaJdqUsWai/J3IqjZnK2HVKakdm1ZuL/3ndzA7uopyrNLOo2HLRIBPEJmQeAOlzjcyKqSOUae5uJWxENWXWxVR2IQSrL6+T1nUt8GvB40213iniKME5XMAVBHALdXiABjSBQQrP8ApvXua9eO/ex7J1wytmzuAPvM8fGZKRxw==</latexit><latexit sha1_base64="/tn21P+9HyyxNiZkgI2wMZ0ZKQg=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGCeUB2CbOTTjJkZnaZmQ2EJb/hxYMiXv0Zb/6Nk2QPmljQUFR1090Vp4Ib6/vf3sbm1vbObmmvvH9weHRcOTltmSTTDJssEYnuxNSg4AqblluBnVQjlbHAdjy+n/vtCWrDE/VkpylGkg4VH3BGrZPCcIIsTCQOaY/2KlW/5i9A1klQkCoUaPQqX2E/YZlEZZmgxnQDP7VRTrXlTOCsHGYGU8rGdIhdRxWVaKJ8cfOMXDqlTwaJdqUsWai/J3IqjZnK2HVKakdm1ZuL/3ndzA7uopyrNLOo2HLRIBPEJmQeAOlzjcyKqSOUae5uJWxENWXWxVR2IQSrL6+T1nUt8GvB40213iniKME5XMAVBHALdXiABjSBQQrP8ApvXua9eO/ex7J1wytmzuAPvM8fGZKRxw==</latexit><latexit sha1_base64="/tn21P+9HyyxNiZkgI2wMZ0ZKQg=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGCeUB2CbOTTjJkZnaZmQ2EJb/hxYMiXv0Zb/6Nk2QPmljQUFR1090Vp4Ib6/vf3sbm1vbObmmvvH9weHRcOTltmSTTDJssEYnuxNSg4AqblluBnVQjlbHAdjy+n/vtCWrDE/VkpylGkg4VH3BGrZPCcIIsTCQOaY/2KlW/5i9A1klQkCoUaPQqX2E/YZlEZZmgxnQDP7VRTrXlTOCsHGYGU8rGdIhdRxWVaKJ8cfOMXDqlTwaJdqUsWai/J3IqjZnK2HVKakdm1ZuL/3ndzA7uopyrNLOo2HLRIBPEJmQeAOlzjcyKqSOUae5uJWxENWXWxVR2IQSrL6+T1nUt8GvB40213iniKME5XMAVBHALdXiABjSBQQrP8ApvXua9eO/ex7J1wytmzuAPvM8fGZKRxw==</latexit><latexit sha1_base64="/tn21P+9HyyxNiZkgI2wMZ0ZKQg=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGCeUB2CbOTTjJkZnaZmQ2EJb/hxYMiXv0Zb/6Nk2QPmljQUFR1090Vp4Ib6/vf3sbm1vbObmmvvH9weHRcOTltmSTTDJssEYnuxNSg4AqblluBnVQjlbHAdjy+n/vtCWrDE/VkpylGkg4VH3BGrZPCcIIsTCQOaY/2KlW/5i9A1klQkCoUaPQqX2E/YZlEZZmgxnQDP7VRTrXlTOCsHGYGU8rGdIhdRxWVaKJ8cfOMXDqlTwaJdqUsWai/J3IqjZnK2HVKakdm1ZuL/3ndzA7uopyrNLOo2HLRIBPEJmQeAOlzjcyKqSOUae5uJWxENWXWxVR2IQSrL6+T1nUt8GvB40213iniKME5XMAVBHALdXiABjSBQQrP8ApvXua9eO/ex7J1wytmzuAPvM8fGZKRxw==</latexit>

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>

1

D. Rubin
June 26, 2018

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 ~!
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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

x

= (�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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Then	the	E-field	correc'on	is	

Add	a	line	to	the	tracking	code	to	sum																								along	the	trajectory	of	the	muon		
				=>	E-field	correc'on	as	a	func'on	of	'me,	Ce(t)	
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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	
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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	
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ax = 0.738 mm-mrad
ax = 39.713 mm-mrad
ax = 64.328 mm-mrad
ax = 97.662 mm-mrad

•  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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Propagate	100k	muons	into	the	ring	
Assume	kicker	pulse	shape	as	measured,	Bkick	=292	G	
~	2%	are	captured	
(Muon	decay	is	turned	off)	
		

x-px	phase	space	aeer	4000	turns	
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Realis'c	distribu'on	



 0

 10

 20

 30

 40

 50

 60

 70

-0.5 -0.4 -0.3 -0.2 -0.1  0  0.1  0.2  0.3  0.4  0.5

<Δp/p>= -0.014%
σp/p= 0.119%

pl
ot

ti
ng

_s
cr

ip
ts

/B
et

aC
ro

ss
E.

gn
u

20180910_142648
Fr

eq
ue

nc
y

Δp/p [%]

W
ed

 S
ep

 1
2 

10
:3

8:
13

 2
01

8

Momentum	distribu'on	aeer	4000	turns	
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E-field	correc'on	as	a	func'on	of	momentum	offset	for	the	distribu'on	
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E-field	correc'on	vs	betatron	amplitude	for	the	distribu'on		
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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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Ver'cal	phase	space	
aeer		500	turns	

Pitch	correc'on	vs	
ver'cal	amplitude	

Realis'c	distribu'on	



Summary	
	
	

•  Effect	of	E-field	and	pitch	is	computed	in	tracking	simula'on	by	
integra'ng	(summing	along	the	trajectory)	

•  Enables	es'mate	of	contribu'ons	from	
•  Betatron	oscilla'on	
•  Details	of	phase	space	distribu'on	
•  Quadrupole	mul'poles,		fringe	field,	…	
•  Quadrupole	alignment	
•  ?	
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