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Magnetic	moment	

Fundament	unit	of	magnet	moment		
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<latexit sha1_base64="Ipg3IF6XwJAP7zCifskt5wjBi74=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgmkLbSib7aZdutmE3YlQQn+DFw+KePUHefPfuGlz0NYXFh7emWFn3jCVwqDrfjuVjc2t7Z3qbm1v/+DwqH580jFJphn3WSIT3Qup4VIo7qNAyXup5jQOJe+G07ui3n3i2ohEPeIs5UFMx0pEglG0lj9IjagN6w236S5E1sEroQGl2sP612CUsCzmCpmkxvQ9N8UgpxoFk3xeG2SGp5RN6Zj3LSoacxPki2Xn5MI6IxIl2j6FZOH+nshpbMwsDm1nTHFiVmuF+V+tn2F0G+RCpRlyxZYfRZkkmJDicjISmjOUMwuUaWF3JWxCNWVo8ylC8FZPXofOVdOz/HDdaLXKOKpwBudwCR7cQAvuoQ0+MBDwDK/w5ijnxXl3PpatFaecOYU/cj5/AFlhjlw=</latexit><latexit sha1_base64="Ipg3IF6XwJAP7zCifskt5wjBi74=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgmkLbSib7aZdutmE3YlQQn+DFw+KePUHefPfuGlz0NYXFh7emWFn3jCVwqDrfjuVjc2t7Z3qbm1v/+DwqH580jFJphn3WSIT3Qup4VIo7qNAyXup5jQOJe+G07ui3n3i2ohEPeIs5UFMx0pEglG0lj9IjagN6w236S5E1sEroQGl2sP612CUsCzmCpmkxvQ9N8UgpxoFk3xeG2SGp5RN6Zj3LSoacxPki2Xn5MI6IxIl2j6FZOH+nshpbMwsDm1nTHFiVmuF+V+tn2F0G+RCpRlyxZYfRZkkmJDicjISmjOUMwuUaWF3JWxCNWVo8ylC8FZPXofOVdOz/HDdaLXKOKpwBudwCR7cQAvuoQ0+MBDwDK/w5ijnxXl3PpatFaecOYU/cj5/AFlhjlw=</latexit><latexit sha1_base64="Ipg3IF6XwJAP7zCifskt5wjBi74=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgmkLbSib7aZdutmE3YlQQn+DFw+KePUHefPfuGlz0NYXFh7emWFn3jCVwqDrfjuVjc2t7Z3qbm1v/+DwqH580jFJphn3WSIT3Qup4VIo7qNAyXup5jQOJe+G07ui3n3i2ohEPeIs5UFMx0pEglG0lj9IjagN6w236S5E1sEroQGl2sP612CUsCzmCpmkxvQ9N8UgpxoFk3xeG2SGp5RN6Zj3LSoacxPki2Xn5MI6IxIl2j6FZOH+nshpbMwsDm1nTHFiVmuF+V+tn2F0G+RCpRlyxZYfRZkkmJDicjISmjOUMwuUaWF3JWxCNWVo8ylC8FZPXofOVdOz/HDdaLXKOKpwBudwCR7cQAvuoQ0+MBDwDK/w5ijnxXl3PpatFaecOYU/cj5/AFlhjlw=</latexit><latexit sha1_base64="Ipg3IF6XwJAP7zCifskt5wjBi74=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgmkLbSib7aZdutmE3YlQQn+DFw+KePUHefPfuGlz0NYXFh7emWFn3jCVwqDrfjuVjc2t7Z3qbm1v/+DwqH580jFJphn3WSIT3Qup4VIo7qNAyXup5jQOJe+G07ui3n3i2ohEPeIs5UFMx0pEglG0lj9IjagN6w236S5E1sEroQGl2sP612CUsCzmCpmkxvQ9N8UgpxoFk3xeG2SGp5RN6Zj3LSoacxPki2Xn5MI6IxIl2j6FZOH+nshpbMwsDm1nTHFiVmuF+V+tn2F0G+RCpRlyxZYfRZkkmJDicjISmjOUMwuUaWF3JWxCNWVo8ylC8FZPXofOVdOz/HDdaLXKOKpwBudwCR7cQAvuoQ0+MBDwDK/w5ijnxXl3PpatFaecOYU/cj5/AFlhjlw=</latexit>

With	minimal	coupling		
(p� e

cA)2

2m
 = (E � e�) 

<latexit sha1_base64="UEs9x3mXKsUUMbz5Eer6fytu2BQ="></latexit><latexit sha1_base64="UEs9x3mXKsUUMbz5Eer6fytu2BQ="></latexit><latexit sha1_base64="UEs9x3mXKsUUMbz5Eer6fytu2BQ="></latexit><latexit sha1_base64="UEs9x3mXKsUUMbz5Eer6fytu2BQ="></latexit>

=>	Magnetic	moment	of	muon		 µ = g
e~/2
2mµc

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

µ =
e~
2mc

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



Pauli	suggested	turning	scalar	wave	function	into	two-component	spinor	with	
the	substitution	

1

2m
[� · (p� e

c
A)]2 = (E � e�) 

<latexit sha1_base64="SguT1BxHVvhACkS83mTUpwEt5d8="></latexit><latexit sha1_base64="SguT1BxHVvhACkS83mTUpwEt5d8="></latexit><latexit sha1_base64="SguT1BxHVvhACkS83mTUpwEt5d8="></latexit><latexit sha1_base64="SguT1BxHVvhACkS83mTUpwEt5d8="></latexit>

1

2m
[p� e

c
A]2 � e~

2mc
� ·B = (E � e�) 

<latexit sha1_base64="HZpYxz1nD+PaOkmydgDcefmv1fs="></latexit><latexit sha1_base64="HZpYxz1nD+PaOkmydgDcefmv1fs="></latexit><latexit sha1_base64="HZpYxz1nD+PaOkmydgDcefmv1fs="></latexit><latexit sha1_base64="HZpYxz1nD+PaOkmydgDcefmv1fs="></latexit>

[�i,�j ] = i✏ijk�k
<latexit sha1_base64="EGRt6HZ5M8Wz93mBYXHJ/QKzeEU=">AAACFHicbZDLSsNAFIYnXmu9RV26GSyCoJREBN0IBTcuK9gLJCFMppN2mplJmJkIJfQh3Pgqblwo4taFO9/GaZuFth4Y+Pj/czhz/ihjVGnH+baWlldW19YrG9XNre2dXXtvv63SXGLSwilLZTdCijAqSEtTzUg3kwTxiJFOlNxM/M4DkYqm4l6PMhJw1Bc0phhpI4X2qecr2ucopGclDINr6pNMUWb8gg6TcWkkoV1z6s604CK4JdRAWc3Q/vJ7Kc45ERozpJTnOpkOCiQ1xYyMq36uSIZwgvrEMygQJyoopkeN4bFRejBOpXlCw6n6e6JAXKkRj0wnR3qg5r2J+J/n5Tq+CgoqslwTgWeL4pxBncJJQrBHJcGajQwgLKn5K8QDJBHWJseqCcGdP3kR2ud11/DdRa3RKOOogENwBE6ACy5BA9yCJmgBDB7BM3gFb9aT9WK9Wx+z1iWrnDkAf8r6/AEHy59u</latexit><latexit sha1_base64="EGRt6HZ5M8Wz93mBYXHJ/QKzeEU=">AAACFHicbZDLSsNAFIYnXmu9RV26GSyCoJREBN0IBTcuK9gLJCFMppN2mplJmJkIJfQh3Pgqblwo4taFO9/GaZuFth4Y+Pj/czhz/ihjVGnH+baWlldW19YrG9XNre2dXXtvv63SXGLSwilLZTdCijAqSEtTzUg3kwTxiJFOlNxM/M4DkYqm4l6PMhJw1Bc0phhpI4X2qecr2ucopGclDINr6pNMUWb8gg6TcWkkoV1z6s604CK4JdRAWc3Q/vJ7Kc45ERozpJTnOpkOCiQ1xYyMq36uSIZwgvrEMygQJyoopkeN4bFRejBOpXlCw6n6e6JAXKkRj0wnR3qg5r2J+J/n5Tq+CgoqslwTgWeL4pxBncJJQrBHJcGajQwgLKn5K8QDJBHWJseqCcGdP3kR2ud11/DdRa3RKOOogENwBE6ACy5BA9yCJmgBDB7BM3gFb9aT9WK9Wx+z1iWrnDkAf8r6/AEHy59u</latexit><latexit sha1_base64="EGRt6HZ5M8Wz93mBYXHJ/QKzeEU=">AAACFHicbZDLSsNAFIYnXmu9RV26GSyCoJREBN0IBTcuK9gLJCFMppN2mplJmJkIJfQh3Pgqblwo4taFO9/GaZuFth4Y+Pj/czhz/ihjVGnH+baWlldW19YrG9XNre2dXXtvv63SXGLSwilLZTdCijAqSEtTzUg3kwTxiJFOlNxM/M4DkYqm4l6PMhJw1Bc0phhpI4X2qecr2ucopGclDINr6pNMUWb8gg6TcWkkoV1z6s604CK4JdRAWc3Q/vJ7Kc45ERozpJTnOpkOCiQ1xYyMq36uSIZwgvrEMygQJyoopkeN4bFRejBOpXlCw6n6e6JAXKkRj0wnR3qg5r2J+J/n5Tq+CgoqslwTgWeL4pxBncJJQrBHJcGajQwgLKn5K8QDJBHWJseqCcGdP3kR2ud11/DdRa3RKOOogENwBE6ACy5BA9yCJmgBDB7BM3gFb9aT9WK9Wx+z1iWrnDkAf8r6/AEHy59u</latexit><latexit sha1_base64="EGRt6HZ5M8Wz93mBYXHJ/QKzeEU=">AAACFHicbZDLSsNAFIYnXmu9RV26GSyCoJREBN0IBTcuK9gLJCFMppN2mplJmJkIJfQh3Pgqblwo4taFO9/GaZuFth4Y+Pj/czhz/ihjVGnH+baWlldW19YrG9XNre2dXXtvv63SXGLSwilLZTdCijAqSEtTzUg3kwTxiJFOlNxM/M4DkYqm4l6PMhJw1Bc0phhpI4X2qecr2ucopGclDINr6pNMUWb8gg6TcWkkoV1z6s604CK4JdRAWc3Q/vJ7Kc45ERozpJTnOpkOCiQ1xYyMq36uSIZwgvrEMygQJyoopkeN4bFRejBOpXlCw6n6e6JAXKkRj0wnR3qg5r2J+J/n5Tq+CgoqslwTgWeL4pxBncJJQrBHJcGajQwgLKn5K8QDJBHWJseqCcGdP3kR2ud11/DdRa3RKOOogENwBE6ACy5BA9yCJmgBDB7BM3gFb9aT9WK9Wx+z1iWrnDkAf8r6/AEHy59u</latexit>

using	

µ =
e~
2mc

2s, where s =
�

2
! g = 2

<latexit sha1_base64="8w7mqk+syWsu0TtfCuzY85JoYFA="></latexit><latexit sha1_base64="8w7mqk+syWsu0TtfCuzY85JoYFA="></latexit><latexit sha1_base64="8w7mqk+syWsu0TtfCuzY85JoYFA="></latexit><latexit sha1_base64="8w7mqk+syWsu0TtfCuzY85JoYFA="></latexit>

(xi, pj) = i~�ij
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Dirac	found	spin	was	essential	for	compatibility	with	relativity		

Dirac	equation(s)	in	momentum	space	
(E � � · p)�+ = m��

(E + � · p)�� = m�+

 =

✓
�+

��

◆

<latexit sha1_base64="SZCG/cWRlqvQ4PDbPTmNM/iJU4E="></latexit><latexit sha1_base64="SZCG/cWRlqvQ4PDbPTmNM/iJU4E="></latexit><latexit sha1_base64="SZCG/cWRlqvQ4PDbPTmNM/iJU4E="></latexit><latexit sha1_base64="SZCG/cWRlqvQ4PDbPTmNM/iJU4E="></latexit>

and	

In	the	Ultra-relativistic	limit		

� · p
E

�± = ±�±
<latexit sha1_base64="8MqwMdj/UI+jsK7Pjm4faUmINkI=">AAACHnicbVDLSgMxFM3UV62vUZdugkVwVWZE0YVCQQSXFewDmrFk0kwbmswMSUYow3yJG3/FjQtFBFf6N2baEbT1QMLJOfdyc48fc6a043xZpYXFpeWV8mplbX1jc8ve3mmpKJGENknEI9nxsaKchbSpmea0E0uKhc9p2x9d5n77nkrFovBWj2PqCTwIWcAI1kbq2ScokJikyA8gUmwgMCL9SMM4S68yRIbsDsUCXsD8/nkiVOnZVafmTADniVuQKijQ6NkfqB+RRNBQE46V6rpOrL0US80Ip1kFJYrGmIzwgHYNDbGgyksn62XwwCh9GETSnFDDifq7I8VCqbHwTaXAeqhmvVz8z+smOjjzUhbGiaYhmQ4KEg51BPOsYJ9JSjQfG4KJZOavkAyxyUubRPMQ3NmV50nrqOYafnNcrZ8XcZTBHtgHh8AFp6AOrkEDNAEBD+AJvIBX69F6tt6s92lpySp6dsEfWJ/fkqeiEQ==</latexit><latexit sha1_base64="8MqwMdj/UI+jsK7Pjm4faUmINkI=">AAACHnicbVDLSgMxFM3UV62vUZdugkVwVWZE0YVCQQSXFewDmrFk0kwbmswMSUYow3yJG3/FjQtFBFf6N2baEbT1QMLJOfdyc48fc6a043xZpYXFpeWV8mplbX1jc8ve3mmpKJGENknEI9nxsaKchbSpmea0E0uKhc9p2x9d5n77nkrFovBWj2PqCTwIWcAI1kbq2ScokJikyA8gUmwgMCL9SMM4S68yRIbsDsUCXsD8/nkiVOnZVafmTADniVuQKijQ6NkfqB+RRNBQE46V6rpOrL0US80Ip1kFJYrGmIzwgHYNDbGgyksn62XwwCh9GETSnFDDifq7I8VCqbHwTaXAeqhmvVz8z+smOjjzUhbGiaYhmQ4KEg51BPOsYJ9JSjQfG4KJZOavkAyxyUubRPMQ3NmV50nrqOYafnNcrZ8XcZTBHtgHh8AFp6AOrkEDNAEBD+AJvIBX69F6tt6s92lpySp6dsEfWJ/fkqeiEQ==</latexit><latexit sha1_base64="8MqwMdj/UI+jsK7Pjm4faUmINkI=">AAACHnicbVDLSgMxFM3UV62vUZdugkVwVWZE0YVCQQSXFewDmrFk0kwbmswMSUYow3yJG3/FjQtFBFf6N2baEbT1QMLJOfdyc48fc6a043xZpYXFpeWV8mplbX1jc8ve3mmpKJGENknEI9nxsaKchbSpmea0E0uKhc9p2x9d5n77nkrFovBWj2PqCTwIWcAI1kbq2ScokJikyA8gUmwgMCL9SMM4S68yRIbsDsUCXsD8/nkiVOnZVafmTADniVuQKijQ6NkfqB+RRNBQE46V6rpOrL0US80Ip1kFJYrGmIzwgHYNDbGgyksn62XwwCh9GETSnFDDifq7I8VCqbHwTaXAeqhmvVz8z+smOjjzUhbGiaYhmQ4KEg51BPOsYJ9JSjQfG4KJZOavkAyxyUubRPMQ3NmV50nrqOYafnNcrZ8XcZTBHtgHh8AFp6AOrkEDNAEBD+AJvIBX69F6tt6s92lpySp6dsEfWJ/fkqeiEQ==</latexit><latexit sha1_base64="8MqwMdj/UI+jsK7Pjm4faUmINkI=">AAACHnicbVDLSgMxFM3UV62vUZdugkVwVWZE0YVCQQSXFewDmrFk0kwbmswMSUYow3yJG3/FjQtFBFf6N2baEbT1QMLJOfdyc48fc6a043xZpYXFpeWV8mplbX1jc8ve3mmpKJGENknEI9nxsaKchbSpmea0E0uKhc9p2x9d5n77nkrFovBWj2PqCTwIWcAI1kbq2ScokJikyA8gUmwgMCL9SMM4S68yRIbsDsUCXsD8/nkiVOnZVafmTADniVuQKijQ6NkfqB+RRNBQE46V6rpOrL0US80Ip1kFJYrGmIzwgHYNDbGgyksn62XwwCh9GETSnFDDifq7I8VCqbHwTaXAeqhmvVz8z+smOjjzUhbGiaYhmQ4KEg51BPOsYJ9JSjQfG4KJZOavkAyxyUubRPMQ3NmV50nrqOYafnNcrZ8XcZTBHtgHh8AFp6AOrkEDNAEBD+AJvIBX69F6tt6s92lpySp6dsEfWJ/fkqeiEQ==</latexit>

�±
<latexit sha1_base64="LkMkbR1VXI3CutYfUiZKPpokpVM=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozItSFi4IblxXsRTpjyaSZNjTJDElGKEOfwo0LRdz6OO58GzPtLLT1h8DHf84h5/xhwpk2rvvtlNbWNza3ytuVnd29/YPq4VFHx6kitE1iHqteiDXlTNK2YYbTXqIoFiGn3XByk9e7T1RpFst7M01oIPBIsogRbKz14JMxe/QTURlUa27dnQutgldADQq1BtUvfxiTVFBpCMda9z03MUGGlWGE01nFTzVNMJngEe1blFhQHWTzhWfozDpDFMXKPmnQ3P09kWGh9VSEtlNgM9bLtdz8r9ZPTXQVZEwmqaGSLD6KUo5MjPLr0ZApSgyfWsBEMbsrImOsMDE2ozwEb/nkVehc1D3Ld5e15nURRxlO4BTOwYMGNOEWWtAGAgKe4RXeHOW8OO/Ox6K15BQzx/BHzucPOm6P/w==</latexit><latexit sha1_base64="LkMkbR1VXI3CutYfUiZKPpokpVM=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozItSFi4IblxXsRTpjyaSZNjTJDElGKEOfwo0LRdz6OO58GzPtLLT1h8DHf84h5/xhwpk2rvvtlNbWNza3ytuVnd29/YPq4VFHx6kitE1iHqteiDXlTNK2YYbTXqIoFiGn3XByk9e7T1RpFst7M01oIPBIsogRbKz14JMxe/QTURlUa27dnQutgldADQq1BtUvfxiTVFBpCMda9z03MUGGlWGE01nFTzVNMJngEe1blFhQHWTzhWfozDpDFMXKPmnQ3P09kWGh9VSEtlNgM9bLtdz8r9ZPTXQVZEwmqaGSLD6KUo5MjPLr0ZApSgyfWsBEMbsrImOsMDE2ozwEb/nkVehc1D3Ld5e15nURRxlO4BTOwYMGNOEWWtAGAgKe4RXeHOW8OO/Ox6K15BQzx/BHzucPOm6P/w==</latexit><latexit sha1_base64="LkMkbR1VXI3CutYfUiZKPpokpVM=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozItSFi4IblxXsRTpjyaSZNjTJDElGKEOfwo0LRdz6OO58GzPtLLT1h8DHf84h5/xhwpk2rvvtlNbWNza3ytuVnd29/YPq4VFHx6kitE1iHqteiDXlTNK2YYbTXqIoFiGn3XByk9e7T1RpFst7M01oIPBIsogRbKz14JMxe/QTURlUa27dnQutgldADQq1BtUvfxiTVFBpCMda9z03MUGGlWGE01nFTzVNMJngEe1blFhQHWTzhWfozDpDFMXKPmnQ3P09kWGh9VSEtlNgM9bLtdz8r9ZPTXQVZEwmqaGSLD6KUo5MjPLr0ZApSgyfWsBEMbsrImOsMDE2ozwEb/nkVehc1D3Ld5e15nURRxlO4BTOwYMGNOEWWtAGAgKe4RXeHOW8OO/Ox6K15BQzx/BHzucPOm6P/w==</latexit><latexit sha1_base64="LkMkbR1VXI3CutYfUiZKPpokpVM=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozItSFi4IblxXsRTpjyaSZNjTJDElGKEOfwo0LRdz6OO58GzPtLLT1h8DHf84h5/xhwpk2rvvtlNbWNza3ytuVnd29/YPq4VFHx6kitE1iHqteiDXlTNK2YYbTXqIoFiGn3XByk9e7T1RpFst7M01oIPBIsogRbKz14JMxe/QTURlUa27dnQutgldADQq1BtUvfxiTVFBpCMda9z03MUGGlWGE01nFTzVNMJngEe1blFhQHWTzhWfozDpDFMXKPmnQ3P09kWGh9VSEtlNgM9bLtdz8r9ZPTXQVZEwmqaGSLD6KUo5MjPLr0ZApSgyfWsBEMbsrImOsMDE2ozwEb/nkVehc1D3Ld5e15nURRxlO4BTOwYMGNOEWWtAGAgKe4RXeHOW8OO/Ox6K15BQzx/BHzucPOm6P/w==</latexit> Are	eigenkets	of	helicity	with	eigenvalues		1

2
<latexit sha1_base64="g3jIzQJg9lyaoX00yki21coFzu8=">AAAB83icbZDLSsNAFIZP6q3WW9Wlm8EiuCpJEXThouDGZQV7gSaUyXTSDp1MwlyEEvIablwo4taXcefbOGmz0NYfBj7+cw7nzB+mnCntut9OZWNza3unulvb2z84PKofn/RUYiShXZLwRA5CrChngnY105wOUklxHHLaD2d3Rb3/RKViiXjU85QGMZ4IFjGCtbV8P5KYZF6etfLaqN5wm+5CaB28EhpQqjOqf/njhJiYCk04VmrouakOMiw1I5zmNd8ommIywxM6tChwTFWQLW7O0YV1xihKpH1Co4X7eyLDsVLzOLSdMdZTtVorzP9qQ6OjmyBjIjWaCrJcFBmOdIKKANCYSUo0n1vARDJ7KyJTbGPQNqYiBG/1y+vQazU9yw9XjfZtGUcVzuAcLsGDa2jDPXSgCwRSeIZXeHOM8+K8Ox/L1opTzpzCHzmfP2/fkUE=</latexit><latexit sha1_base64="g3jIzQJg9lyaoX00yki21coFzu8=">AAAB83icbZDLSsNAFIZP6q3WW9Wlm8EiuCpJEXThouDGZQV7gSaUyXTSDp1MwlyEEvIablwo4taXcefbOGmz0NYfBj7+cw7nzB+mnCntut9OZWNza3unulvb2z84PKofn/RUYiShXZLwRA5CrChngnY105wOUklxHHLaD2d3Rb3/RKViiXjU85QGMZ4IFjGCtbV8P5KYZF6etfLaqN5wm+5CaB28EhpQqjOqf/njhJiYCk04VmrouakOMiw1I5zmNd8ommIywxM6tChwTFWQLW7O0YV1xihKpH1Co4X7eyLDsVLzOLSdMdZTtVorzP9qQ6OjmyBjIjWaCrJcFBmOdIKKANCYSUo0n1vARDJ7KyJTbGPQNqYiBG/1y+vQazU9yw9XjfZtGUcVzuAcLsGDa2jDPXSgCwRSeIZXeHOM8+K8Ox/L1opTzpzCHzmfP2/fkUE=</latexit><latexit sha1_base64="g3jIzQJg9lyaoX00yki21coFzu8=">AAAB83icbZDLSsNAFIZP6q3WW9Wlm8EiuCpJEXThouDGZQV7gSaUyXTSDp1MwlyEEvIablwo4taXcefbOGmz0NYfBj7+cw7nzB+mnCntut9OZWNza3unulvb2z84PKofn/RUYiShXZLwRA5CrChngnY105wOUklxHHLaD2d3Rb3/RKViiXjU85QGMZ4IFjGCtbV8P5KYZF6etfLaqN5wm+5CaB28EhpQqjOqf/njhJiYCk04VmrouakOMiw1I5zmNd8ommIywxM6tChwTFWQLW7O0YV1xihKpH1Co4X7eyLDsVLzOLSdMdZTtVorzP9qQ6OjmyBjIjWaCrJcFBmOdIKKANCYSUo0n1vARDJ7KyJTbGPQNqYiBG/1y+vQazU9yw9XjfZtGUcVzuAcLsGDa2jDPXSgCwRSeIZXeHOM8+K8Ox/L1opTzpzCHzmfP2/fkUE=</latexit><latexit sha1_base64="g3jIzQJg9lyaoX00yki21coFzu8=">AAAB83icbZDLSsNAFIZP6q3WW9Wlm8EiuCpJEXThouDGZQV7gSaUyXTSDp1MwlyEEvIablwo4taXcefbOGmz0NYfBj7+cw7nzB+mnCntut9OZWNza3unulvb2z84PKofn/RUYiShXZLwRA5CrChngnY105wOUklxHHLaD2d3Rb3/RKViiXjU85QGMZ4IFjGCtbV8P5KYZF6etfLaqN5wm+5CaB28EhpQqjOqf/njhJiYCk04VmrouakOMiw1I5zmNd8ommIywxM6tChwTFWQLW7O0YV1xihKpH1Co4X7eyLDsVLzOLSdMdZTtVorzP9qQ6OjmyBjIjWaCrJcFBmOdIKKANCYSUo0n1vARDJ7KyJTbGPQNqYiBG/1y+vQazU9yw9XjfZtGUcVzuAcLsGDa2jDPXSgCwRSeIZXeHOM8+K8Ox/L1opTzpzCHzmfP2/fkUE=</latexit>

pc � m
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

(E2 � p2)�± = m2�±
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Substitute	one	into	the	other	to	get	Klein	Gordon	equation	



In	the	nonrelativistic	limit,																												Consider	an	alternative	basis	for				

E � � · p� = m 

E�� � · p = �m�
<latexit sha1_base64="vLckQW50zHMlhdRQoRmwljYkXWs="></latexit><latexit sha1_base64="vLckQW50zHMlhdRQoRmwljYkXWs="></latexit><latexit sha1_base64="vLckQW50zHMlhdRQoRmwljYkXWs="></latexit><latexit sha1_base64="vLckQW50zHMlhdRQoRmwljYkXWs="></latexit>

 =
1

2
(�+ + ��)

� =
1

2
(�+ � ��)

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

� ⇡ � · p
2m

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

! (� · p)
2m

 = (E �m) 
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

pc ⌧ m
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Just	like	Pauli’s	hypothesis	



Dirac	equation	predicts	g=2	

But	then	what	is	there	to	measure?	
	
Dirac	field													and	E-M	field									are	classical	fields	–	continuous	throughout	space	
	
Interaction																				is	likewise	classical	
	
Quantization	of	fields	by	introducing	creation	and	annihilation	operators	for	muons	
photons	=>		
	
	
	
			

�±
<latexit sha1_base64="FNqetlb2hsprTicetNcEkpcjBV8=">AAAB73icbZDLSgMxFIZP6q3WW1Vw4yZYBFdlxo0uXBTcuKxgL9AZaybNtKFJZkwyShn6Em5cKOLW13Hn25i2LrT1h8DHf84h5/xRKrixnveFCkvLK6trxfXSxubW9k55d69pkkxT1qCJSHQ7IoYJrljDcitYO9WMyEiwVjS8nNRbD0wbnqgbO0pZKElf8ZhTYp3VDuiA3wap7JYrXtWbCi+C/wOV2kHz8Q4A6t3yZ9BLaCaZslQQYzq+l9owJ9pyKti4FGSGpYQOSZ91HCoimQnz6b5jfOycHo4T7Z6yeOr+nsiJNGYkI9cpiR2Y+drE/K/WyWx8HuZcpZllis4+ijOBbYInx+Me14xaMXJAqOZuV0wHRBNqXUQlF4I/f/IiNE+rvuNrl8YFzFSEQziCE/DhDGpwBXVoAAUBT/ACr+gePaM39D5rLaCfmX34I/TxDQx4kWo=</latexit><latexit sha1_base64="p4zklrSoWmOoy9nhs+mEjguvbvY=">AAAB73icbZC7TsMwFIZPyq2UWwGJhcWiQmKqEhYYGCqxMBaJXqQmVI7rtFZtJ9gOKIr6EiwMIGDlddh4AN4D9zJAyy9Z+vSfc+Rz/jDhTBvX/XIKS8srq2vF9dLG5tb2Tnl3r6njVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLwc11v3VGkWyxuTJTQQuC9ZxAg21mr7ZMBu/UR0yxW36k6EFsGbQaV20HxIsu+3erf86fdikgoqDeFY647nJibIsTKMcDoq+ammCSZD3KcdixILqoN8su8IHVunh6JY2ScNmri/J3IstM5EaDsFNgM9Xxub/9U6qYnOg5zJJDVUkulHUcqRidH4eNRjihLDMwuYKGZ3RWSAFSbGRlSyIXjzJy9C87TqWb62aVzAVEU4hCM4AQ/OoAZXUIcGEODwCM/w4tw5T86r8z5tLTizmX34I+fjB8nuk3c=</latexit><latexit sha1_base64="p4zklrSoWmOoy9nhs+mEjguvbvY=">AAAB73icbZC7TsMwFIZPyq2UWwGJhcWiQmKqEhYYGCqxMBaJXqQmVI7rtFZtJ9gOKIr6EiwMIGDlddh4AN4D9zJAyy9Z+vSfc+Rz/jDhTBvX/XIKS8srq2vF9dLG5tb2Tnl3r6njVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLwc11v3VGkWyxuTJTQQuC9ZxAg21mr7ZMBu/UR0yxW36k6EFsGbQaV20HxIsu+3erf86fdikgoqDeFY647nJibIsTKMcDoq+ammCSZD3KcdixILqoN8su8IHVunh6JY2ScNmri/J3IstM5EaDsFNgM9Xxub/9U6qYnOg5zJJDVUkulHUcqRidH4eNRjihLDMwuYKGZ3RWSAFSbGRlSyIXjzJy9C87TqWb62aVzAVEU4hCM4AQ/OoAZXUIcGEODwCM/w4tw5T86r8z5tLTizmX34I+fjB8nuk3c=</latexit><latexit sha1_base64="PzWQAvBRu4hEdFCcTGjtI61Zc88=">AAAB73icbZC7SgNBFIbPxluMt6ilzWAQrMKujRYWARvLCOYC2TXMTmaTIXNZZ2aFsOQlbCwUsfV17HwbJ8kWmvjDwMd/zmHO+eOUM2N9/9srra1vbG6Vtys7u3v7B9XDo7ZRmSa0RRRXuhtjQzmTtGWZ5bSbaopFzGknHt/M6p0nqg1T8t5OUhoJPJQsYQRbZ3VDMmIPYSr61Zpf9+dCqxAUUINCzX71KxwokgkqLeHYmF7gpzbKsbaMcDqthJmhKSZjPKQ9hxILaqJ8vu8UnTlngBKl3ZMWzd3fEzkWxkxE7DoFtiOzXJuZ/9V6mU2uopzJNLNUksVHScaRVWh2PBowTYnlEweYaOZ2RWSENSbWRVRxIQTLJ69C+6IeOL7za43rIo4ynMApnEMAl9CAW2hCCwhweIZXePMevRfv3ftYtJa8YuYY/sj7/AEB7Y/n</latexit>

A
<latexit sha1_base64="X5xzaZdtjvd5IRS3Ha4SQt1XGk4=">AAAB7nicbZC7SgNBFIbPxluMt6ilzWAQrMKujSkEIzaWEcwFkiXMTmaTIbOzy8xZISwpfQAbC0VsfQ1fwc5n8CWcXApN/GHg4//PYc45QSKFQdf9cnIrq2vrG/nNwtb2zu5ecf+gYeJUM15nsYx1K6CGS6F4HQVK3ko0p1EgeTMYXk/y5j3XRsTqDkcJ9yPaVyIUjKK1mlknCMnVuFssuWV3KrIM3hxKlx/fDwQAat3iZ6cXszTiCpmkxrQ9N0E/oxoFk3xc6KSGJ5QNaZ+3LSoaceNn03HH5MQ6PRLG2j6FZOr+7shoZMwoCmxlRHFgFrOJ+V/WTjGs+JlQSYpcsdlHYSoJxmSyO+kJzRnKkQXKtLCzEjagmjK0FyrYI3iLKy9D46zsWb51S9ULmCkPR3AMp+DBOVThBmpQBwZDeIRneHES58l5dd5mpTln3nMIf+S8/wBPspHD</latexit><latexit sha1_base64="+DxRX/67zz9xmzCHWstpHbQ07dg=">AAAB7nicbZC7SgNBFIbPeo3xFrUUZDAIVmHXRgvBiI1lAuYCSQizk7PJkNnZZWZWCEtKH8DGQhFbH8HWV7DzGfQhnFwKTfxh4OP/z2HOOX4suDau++ksLC4tr6xm1rLrG5tb27md3aqOEsWwwiIRqbpPNQousWK4EViPFdLQF1jz+1ejvHaLSvNI3phBjK2QdiUPOKPGWrW06QfkctjO5d2COxaZB28K+Yv3r7uDt/J3qZ37aHYiloQoDRNU64bnxqaVUmU4EzjMNhONMWV92sWGRUlD1K10PO6QHFmnQ4JI2ScNGbu/O1Iaaj0IfVsZUtPTs9nI/C9rJCY4a6VcxolBySYfBYkgJiKj3UmHK2RGDCxQpridlbAeVZQZe6GsPYI3u/I8VE8KnuWymy+ew0QZ2IdDOAYPTqEI11CCCjDowz08wpMTOw/Os/MyKV1wpj178EfO6w/qOpO2</latexit><latexit sha1_base64="+DxRX/67zz9xmzCHWstpHbQ07dg=">AAAB7nicbZC7SgNBFIbPeo3xFrUUZDAIVmHXRgvBiI1lAuYCSQizk7PJkNnZZWZWCEtKH8DGQhFbH8HWV7DzGfQhnFwKTfxh4OP/z2HOOX4suDau++ksLC4tr6xm1rLrG5tb27md3aqOEsWwwiIRqbpPNQousWK4EViPFdLQF1jz+1ejvHaLSvNI3phBjK2QdiUPOKPGWrW06QfkctjO5d2COxaZB28K+Yv3r7uDt/J3qZ37aHYiloQoDRNU64bnxqaVUmU4EzjMNhONMWV92sWGRUlD1K10PO6QHFmnQ4JI2ScNGbu/O1Iaaj0IfVsZUtPTs9nI/C9rJCY4a6VcxolBySYfBYkgJiKj3UmHK2RGDCxQpridlbAeVZQZe6GsPYI3u/I8VE8KnuWymy+ew0QZ2IdDOAYPTqEI11CCCjDowz08wpMTOw/Os/MyKV1wpj178EfO6w/qOpO2</latexit><latexit sha1_base64="/kKnkEBcZf2zRDdONlTqRZ+7zXE=">AAAB7nicbZA9SwNBEIbn/IzxK2ppsxgEq3Bno4VFxMYygvmA5Ah7m7lkyd7usbsnhCM/wsZCEVt/j53/xk1yhSa+sPDwzgw780ap4Mb6/re3tr6xubVd2inv7u0fHFaOjltGZZphkymhdCeiBgWX2LTcCuykGmkSCWxH47tZvf2E2nAlH+0kxTChQ8ljzqh1VjvvRTG5nfYrVb/mz0VWISigCoUa/cpXb6BYlqC0TFBjuoGf2jCn2nImcFruZQZTysZ0iF2HkiZowny+7pScO2dAYqXdk5bM3d8TOU2MmSSR60yoHZnl2sz8r9bNbHwd5lymmUXJFh/FmSBWkdntZMA1MismDijT3O1K2IhqyqxLqOxCCJZPXoXWZS1w/OBX6zdFHCU4hTO4gACuoA730IAmMBjDM7zCm5d6L96797FoXfOKmRP4I+/zB9hcjzM=</latexit>

µ ·B
<latexit sha1_base64="+Hami4YC5nIqqDYLau4kgdYRH98=">AAAB+HicbZC7TsMwFIZPyq2USwNILCwWFRJTlbDAwFDBwlgkepGaqDiu01q1nch2QCXqk7AwgBArj8LG2+BeBmj5JUuf/nOOzvEfpZxp43nfTmFldW19o7hZ2tre2S27e/tNnWSK0AZJeKLaEdaUM0kbhhlO26miWESctqLh9aTeeqBKs0TemVFKQ4H7ksWMYGOtrlvOgygORBaQXmLQ1bjrVryqNxVaBn8Oldph8/EeAOpd9yvoJSQTVBrCsdYd30tNmGNlGOF0XAoyTVNMhrhPOxYlFlSH+fTwMTqxTg/FibJPGjR1f0/kWGg9EpHtFNgM9GJtYv5X62QmvghzJtPMUElmi+KMI5OgSQqoxxQlho8sYKKYvRWRAVaYGJtVyYbgL355GZpnVd/yrU3jEmYqwhEcwyn4cA41uIE6NIBABs/wCm/Ok/PivDsfs9aCM585gD9yPn8AmUGUfA==</latexit><latexit sha1_base64="XPDmGTLHoOaH0g0IQv/ks1CzdaU=">AAAB+HicbZC7TsMwFIYdrqVcGkBiYbGokJiqhAUGhgoWxiLRi9REleM4rVXbiXwBhahPwgADCLHyKGw8AO+Bexmg5ZcsffrPOTrHf5QxqrTnfTlLyyura+uljfLm1vZOxd3da6nUSEyaOGWp7ERIEUYFaWqqGelkkiAeMdKOhlfjevuOSEVTcavzjIQc9QVNKEbaWj23UgRREnAT4DjV8HLUc6tezZsILoI/g2r9oHWf5d9PjZ77GcQpNpwIjRlSqut7mQ4LJDXFjIzKgVEkQ3iI+qRrUSBOVFhMDh/BY+vEMEmlfULDift7okBcqZxHtpMjPVDztbH5X61rdHIeFlRkRhOBp4sSw6BO4TgFGFNJsGa5BYQltbdCPEASYW2zKtsQ/PkvL0LrtOZbvrFpXICpSuAQHIET4IMzUAfXoAGaAAMDHsELeHUenGfnzXmfti45s5l98EfOxw9WxpaJ</latexit><latexit sha1_base64="XPDmGTLHoOaH0g0IQv/ks1CzdaU=">AAAB+HicbZC7TsMwFIYdrqVcGkBiYbGokJiqhAUGhgoWxiLRi9REleM4rVXbiXwBhahPwgADCLHyKGw8AO+Bexmg5ZcsffrPOTrHf5QxqrTnfTlLyyura+uljfLm1vZOxd3da6nUSEyaOGWp7ERIEUYFaWqqGelkkiAeMdKOhlfjevuOSEVTcavzjIQc9QVNKEbaWj23UgRREnAT4DjV8HLUc6tezZsILoI/g2r9oHWf5d9PjZ77GcQpNpwIjRlSqut7mQ4LJDXFjIzKgVEkQ3iI+qRrUSBOVFhMDh/BY+vEMEmlfULDift7okBcqZxHtpMjPVDztbH5X61rdHIeFlRkRhOBp4sSw6BO4TgFGFNJsGa5BYQltbdCPEASYW2zKtsQ/PkvL0LrtOZbvrFpXICpSuAQHIET4IMzUAfXoAGaAAMDHsELeHUenGfnzXmfti45s5l98EfOxw9WxpaJ</latexit><latexit sha1_base64="K+GPz4kikkFk5ieZq4Vpkb5hCmc=">AAAB+HicbZC7SgNBFIZnvcZ4yaqlzWAQrMKujRYWQRvLCOYC2SXMzs4mQ+ayzEWIS57ExkIRWx/FzrdxkmyhiT8MfPznHM6ZP8kZ1SYIvr219Y3Nre3KTnV3b/+g5h8edbS0CpM2lkyqXoI0YVSQtqGGkV6uCOIJI91kfDurdx+J0lSKBzPJSczRUNCMYmScNfBrRZRkEbcRTqWBN9OBXw8awVxwFcIS6qBUa+B/RanElhNhMENa98MgN3GBlKGYkWk1sprkCI/RkPQdCsSJjov54VN45pwUZlK5Jwycu78nCsS1nvDEdXJkRnq5NjP/q/Wtya7igorcGiLwYlFmGTQSzlKAKVUEGzZxgLCi7laIR0ghbFxWVRdCuPzlVehcNELH90G9eV3GUQEn4BScgxBcgia4Ay3QBhhY8AxewZv35L14797HonXNK2eOwR95nz+OtpL5</latexit>

g

2
� 1 ⇠ ↵

2⇡
<latexit sha1_base64="XPLsJ6QNlzDXIzphqKG2sGkBbkU=">AAACDXicbZC7TsMwFIZPuJZyCzCyRBQkFqqkDDAwVGJhLBK9SE1UOa7TWnUcy3aQqigvwMKrsDCAUFd2Nt4Gt+kALb9k6dN/ztHx+UPBqNKu+22trK6tb2yWtsrbO7t7+/bBYUslqcSkiROWyE6IFGGUk6ammpGOkATFISPtcHQ7rbcfiVQ04Q96LEgQowGnEcVIG6tnn/qRRDgb5Fktv/B8RePC8BETQ2RcX9C8Z1fcqjuTswzeHCr1y84EjBo9+8vvJziNCdeYIaW6nit0kCGpKWYkL/upIgLhERqQrkGOYqKCbHZN7pwZp+9EiTSPa2fm/p7IUKzUOA5NZ4z0UC3WpuZ/tW6qo+sgo1ykmnBcLIpS5ujEmUbj9KkkWLOxAYQlNX918BCZNLQJsGxC8BZPXoZWreoZvjdp3EChEhzDCZyDB1dQhztoQBMwPMELvMG79Wy9Wh/WpGhdseYzR/BH1ucPSoGdxw==</latexit><latexit sha1_base64="VxMoArisJQkr6LOuilirjWoghxE=">AAACDXicbZC7TsMwFIadcivlFmBksSggFqqkDDAwVGJhLBK9SE1UOa7TWrWdyHaQqigvwMKrsDCAgJWdjXfgFZBwmw7Q8kuWfn3nHB2fP4gZVdpxPq3CwuLS8kpxtbS2vrG5ZW/vNFWUSEwaOGKRbAdIEUYFaWiqGWnHkiAeMNIKhpfjeuuWSEUjcaNHMfE56gsaUoy0QV37wAslwmk/S6vZiespynPgIRYPkKFeTLOuXXYqzkRw3rhTU66dtl+/j5yvetf+8HoRTjgRGjOkVMd1Yu2nSGqKGclKXqJIjPAQ9UnHWIE4UX46uSaDh4b0YBhJ84SGE/p7IkVcqREPTCdHeqBma2P4X62T6PDcT6mIE00EzheFCYM6guNoYI9KgjUbGYOwpOavEA+QSUObAEsmBHf25HnTrFZc469NGhcgVxHsgX1wDFxwBmrgCtRBA2BwBx7AE3i27q1H68V6y1sL1nRmF/yR9f4DSrOgBQ==</latexit><latexit sha1_base64="VxMoArisJQkr6LOuilirjWoghxE=">AAACDXicbZC7TsMwFIadcivlFmBksSggFqqkDDAwVGJhLBK9SE1UOa7TWrWdyHaQqigvwMKrsDCAgJWdjXfgFZBwmw7Q8kuWfn3nHB2fP4gZVdpxPq3CwuLS8kpxtbS2vrG5ZW/vNFWUSEwaOGKRbAdIEUYFaWiqGWnHkiAeMNIKhpfjeuuWSEUjcaNHMfE56gsaUoy0QV37wAslwmk/S6vZiespynPgIRYPkKFeTLOuXXYqzkRw3rhTU66dtl+/j5yvetf+8HoRTjgRGjOkVMd1Yu2nSGqKGclKXqJIjPAQ9UnHWIE4UX46uSaDh4b0YBhJ84SGE/p7IkVcqREPTCdHeqBma2P4X62T6PDcT6mIE00EzheFCYM6guNoYI9KgjUbGYOwpOavEA+QSUObAEsmBHf25HnTrFZc469NGhcgVxHsgX1wDFxwBmrgCtRBA2BwBx7AE3i27q1H68V6y1sL1nRmF/yR9f4DSrOgBQ==</latexit><latexit sha1_base64="FNBtS0IC/amlmqTnUilaNJOPgb0=">AAACDXicbZC7TsMwFIYdrqXcAowsFgWJhSrpAgNDJRbGItGL1FTVieu0Vu3Esh2kKsoLsPAqLAwgxMrOxtvgthmg5Zcs/frOOTo+fyg508bzvp2V1bX1jc3SVnl7Z3dv3z04bOkkVYQ2ScIT1QlBU85i2jTMcNqRioIIOW2H45tpvf1AlWZJfG8mkvYEDGMWMQLGor57GkQKSDbMs1p+4QeaiTkIgMsRWBpIlvfdilf1ZsLLxi9MBRVq9N2vYJCQVNDYEA5ad31Pml4GyjDCaV4OUk0lkDEMadfaGATVvWx2TY7PLBngKFH2xQbP6O+JDITWExHaTgFmpBdrU/hfrZua6KqXsVimhsZkvihKOTYJnkaDB0xRYvjEGiCK2b9iMgKbhrEBlm0I/uLJy6ZVq/rW33mV+nURRwkdoxN0jnx0ieroFjVQExH0iJ7RK3pznpwX5935mLeuOMXMEfoj5/MHN0ScPg==</latexit>



Differential	equation	for	spin	in	E&M	fields	

In	the	rest	frame	of	the	muon	
ds

dt0
=

ge

2mc
s⇥B0

<latexit sha1_base64="ypNPyDeSgDkoDrqibCgMbmexgtU=">AAACKHicbVDLSsNAFL3xWesr6tLNoAiuJHGjG1F047KCfUATy2QyqYOTBzM3Qgn5DD/Bjb/iRkSRbv0Sp00FtR4YOJxzLnfuCTIpNDrO0JqZnZtfWKwt1ZdXVtfW7Y3Nlk5zxXiTpTJVnYBqLkXCmyhQ8k6mOI0DydvB3cXIb99zpUWaXOMg435M+4mIBKNopJ596kWKsiIsvCAiuiyLEG+8TImYlyeV1edlcRizskp4aCxNzr9DPXvXOXDGINPEnZDdM+fBJQDQ6NmvXpiyPOYJMkm17rpOhn5BFQomeVn3cs0zyu5on3cNTahZ5xfjQ0uyZ5SQRKkyL0EyVn9OFDTWehAHJhlTvNV/vZH4n9fNMTr2C5FkOfKEVYuiXBJMyag1EgrFGcqBIZQpYf5K2C019aDptm5KcP+ePE1ahweu4VemjWOoUINt2IF9cOEIzuASGtAEBo/wDG/wbj1ZL9aHNayiM9ZkZgt+wfr8AnDJqWw=</latexit><latexit sha1_base64="45pXuF3fPbfU1+vi1iv5WBCx+vo="></latexit><latexit sha1_base64="45pXuF3fPbfU1+vi1iv5WBCx+vo="></latexit><latexit sha1_base64="7C4KF1KtHnQWMeBpNCMTitNU7fM=">AAACKHicbVDLSsNAFJ3UV62vqEs3g0VwVZJu7EYsunFZwT6gqWUymbRDJw9mboQS8jlu/BU3Iop065c4bSJo64GBwznncuceNxZcgWXNjNLa+sbmVnm7srO7t39gHh51VJRIyto0EpHsuUQxwUPWBg6C9WLJSOAK1nUnN3O/+8ik4lF4D9OYDQIyCrnPKQEtDc0rx5eEpl7quD5WWZZ68ODEkgcsu8ytEcvSekCzPOGAthS+/gkNzapVsxbAq8QuSBUVaA3NN8eLaBKwEKggSvVtK4ZBSiRwKlhWcRLFYkInZMT6moZErxuki0MzfKYVD/uR1C8EvFB/T6QkUGoauDoZEBirZW8u/uf1E/Abg5SHcQIspPkiPxEYIjxvDXtcMgpiqgmhkuu/Yjomuh7Q3VZ0CfbyyaukU6/Zmt9Z1WajqKOMTtApOkc2ukBNdItaqI0oekIv6B19GM/Gq/FpzPJoyShmjtEfGF/fojCoFg==</latexit>

In	the	lab	frame		 t0 ! �t, B0 ! �(B� � ⇥E)� �2

� + 1
�(� ·B)

<latexit sha1_base64="J3wypTJgH7JGP4AxIghQXxooGNw="></latexit><latexit sha1_base64="TfgzdJp7TQg5HI0xabttWuekfEw="></latexit><latexit sha1_base64="TfgzdJp7TQg5HI0xabttWuekfEw="></latexit><latexit sha1_base64="cXMjLof6/OAnGsTwxXfF2PT/zoI="></latexit>

And	because	the	rest	frame	of	the	muon	is	accelerating,	there	is	a	Thomas	precession	
of	the	rest	frame	with	frequency		 !T

<latexit sha1_base64="AKhG9sG9PeqKLiXu+RfEqpDhDs4=">AAAB73icbZDLSgMxFIbP1FutVqsu3QSL4KrMuLHLghuXFXqDtpRMeqYNTTJjkhHK0Jdw40IRt76Gj+DOtzG9LLT1h8DHf84h5/xhIrixvv/t5ba2d3b38vuFg8Pi0XHp5LRl4lQzbLJYxLoTUoOCK2xabgV2Eo1UhgLb4eR2Xm8/ojY8Vg07TbAv6UjxiDNqndXpxRJHdNAYlMp+xV+IbEKwgnKt+JkSAKgPSl+9YcxSicoyQY3pBn5i+xnVljOBs0IvNZhQNqEj7DpUVKLpZ4t9Z+TSOUMSxdo9ZcnC/T2RUWnMVIauU1I7Nuu1uflfrZvaqNrPuEpSi4otP4pSQWxM5seTIdfIrJg6oExztythY6opsy6iggshWD95E1rXlcDxvUujCkvl4Rwu4AoCuIEa3EEdmsBAwBO8wKv34D17b977sjXnrWbO4I+8jx8iAJF4</latexit><latexit sha1_base64="pd1wuKOctRf+1C776Lwxm1srxxc=">AAAB73icbZDLSgMxFIbPeK3VatWlm2ApuCozbuyyIIjLCr1BO5RMmmlDcxmTjFCGvoQbF4q4EnwNH8Gdb2N6WWjrD4GP/5xDzvmjhDNjff/b29jc2t7Zze3l9w8Kh0fF45OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxpfz+rtB6oNU7JhJwkNBR5KFjOCrbM6PSXoEPcb/WLJr/hzoXUIllCqFT7T8k3+vd4vfvUGiqSCSks4NqYb+IkNM6wtI5xO873U0ASTMR7SrkOJBTVhNt93isrOGaBYafekRXP390SGhTETEblOge3IrNZm5n+1bmrjapgxmaSWSrL4KE45sgrNjkcDpimxfOIAE83croiMsMbEuojyLoRg9eR1aF1WAsd3Lo0qLJSDMziHCwjgCmpwC3VoAgEOj/AML9699+S9em+L1g1vOXMKf+R9/ABxC5Jz</latexit><latexit sha1_base64="pd1wuKOctRf+1C776Lwxm1srxxc=">AAAB73icbZDLSgMxFIbPeK3VatWlm2ApuCozbuyyIIjLCr1BO5RMmmlDcxmTjFCGvoQbF4q4EnwNH8Gdb2N6WWjrD4GP/5xDzvmjhDNjff/b29jc2t7Zze3l9w8Kh0fF45OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxpfz+rtB6oNU7JhJwkNBR5KFjOCrbM6PSXoEPcb/WLJr/hzoXUIllCqFT7T8k3+vd4vfvUGiqSCSks4NqYb+IkNM6wtI5xO873U0ASTMR7SrkOJBTVhNt93isrOGaBYafekRXP390SGhTETEblOge3IrNZm5n+1bmrjapgxmaSWSrL4KE45sgrNjkcDpimxfOIAE83croiMsMbEuojyLoRg9eR1aF1WAsd3Lo0qLJSDMziHCwjgCmpwC3VoAgEOj/AML9699+S9em+L1g1vOXMKf+R9/ABxC5Jz</latexit><latexit sha1_base64="7rcdcK2SVAhKWCJBN6adjKb0jf4=">AAAB73icbZDLSgMxFIbP1Futt6pLN8EiuCozbuyy4MZlhd6gHUomPdOGJpkxyQhl6Eu4caGIW1/HnW9jello6w+Bj/+cQ875o1RwY33/2ytsbe/s7hX3SweHR8cn5dOztkkyzbDFEpHobkQNCq6wZbkV2E01UhkJ7ESTu3m984Ta8EQ17TTFUNKR4jFn1Dqr208kjuigOShX/Kq/ENmEYAUVWKkxKH/1hwnLJCrLBDWmF/ipDXOqLWcCZ6V+ZjClbEJH2HOoqEQT5ot9Z+TKOUMSJ9o9ZcnC/T2RU2nMVEauU1I7Nuu1uflfrZfZuBbmXKWZRcWWH8WZIDYh8+PJkGtkVkwdUKa525WwMdWUWRdRyYUQrJ+8Ce2bauD4wa/Ua6s4inABl3ANAdxCHe6hAS1gIOAZXuHNe/RevHfvY9la8FYz5/BH3ucP6lOP1A==</latexit>

dG

dt

◆

non�rot

=
dG

dt

◆

rot

+ !T ⇥G
<latexit sha1_base64="gS/RSykNWQ6DKLPpljFpqtZ9t5k="></latexit><latexit sha1_base64="MES06appsHWhini3RlseVMEGuhw="></latexit><latexit sha1_base64="MES06appsHWhini3RlseVMEGuhw="></latexit><latexit sha1_base64="UQv6GY0bcbh5Sqi88IZ/TDm7YKA="></latexit>



Thomas	precession	

x0 = Aboost(~�)x
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

x00 = Aboost(~� + �~�)x
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

x00 = Ab(~� + �~�)A�1
b (~�)x0

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

To	first	order	in		�~�
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Ab(~� + �~�)A�1
b (~�) = Ab( ~��)R(~�⌦)

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

��̃ = �2�~�k + ��~�?
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

�~⌦ =
�2

� + 1
� ⇥ ��

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

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

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

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

x00 = Ab(~� + �~�)Ab(�~�)x0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



!T = � lim
�t!0

�⌦

�t
=

�2

� + 1
˙̃� ⇥ �̃

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

x000 = Ab(�~�)x0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

) x000 = R(��⌦)Ab(~� + �~�)x
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

The		nonrotating	rest	frame	rotates	in	the	lab	frame	by		 ��⌦
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

To	the	observer	in	the	rest	frame,	the	frame	is	rotating	by	
In	each	time	interval										during	which			the		

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

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

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

� ! � + ��
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ds

dt0
=

ge

2mc
s⇥B0

<latexit sha1_base64="ypNPyDeSgDkoDrqibCgMbmexgtU=">AAACKHicbVDLSsNAFL3xWesr6tLNoAiuJHGjG1F047KCfUATy2QyqYOTBzM3Qgn5DD/Bjb/iRkSRbv0Sp00FtR4YOJxzLnfuCTIpNDrO0JqZnZtfWKwt1ZdXVtfW7Y3Nlk5zxXiTpTJVnYBqLkXCmyhQ8k6mOI0DydvB3cXIb99zpUWaXOMg435M+4mIBKNopJ596kWKsiIsvCAiuiyLEG+8TImYlyeV1edlcRizskp4aCxNzr9DPXvXOXDGINPEnZDdM+fBJQDQ6NmvXpiyPOYJMkm17rpOhn5BFQomeVn3cs0zyu5on3cNTahZ5xfjQ0uyZ5SQRKkyL0EyVn9OFDTWehAHJhlTvNV/vZH4n9fNMTr2C5FkOfKEVYuiXBJMyag1EgrFGcqBIZQpYf5K2C019aDptm5KcP+ePE1ahweu4VemjWOoUINt2IF9cOEIzuASGtAEBo/wDG/wbj1ZL9aHNayiM9ZkZgt+wfr8AnDJqWw=</latexit><latexit sha1_base64="45pXuF3fPbfU1+vi1iv5WBCx+vo="></latexit><latexit sha1_base64="45pXuF3fPbfU1+vi1iv5WBCx+vo="></latexit><latexit sha1_base64="7C4KF1KtHnQWMeBpNCMTitNU7fM=">AAACKHicbVDLSsNAFJ3UV62vqEs3g0VwVZJu7EYsunFZwT6gqWUymbRDJw9mboQS8jlu/BU3Iop065c4bSJo64GBwznncuceNxZcgWXNjNLa+sbmVnm7srO7t39gHh51VJRIyto0EpHsuUQxwUPWBg6C9WLJSOAK1nUnN3O/+8ik4lF4D9OYDQIyCrnPKQEtDc0rx5eEpl7quD5WWZZ68ODEkgcsu8ytEcvSekCzPOGAthS+/gkNzapVsxbAq8QuSBUVaA3NN8eLaBKwEKggSvVtK4ZBSiRwKlhWcRLFYkInZMT6moZErxuki0MzfKYVD/uR1C8EvFB/T6QkUGoauDoZEBirZW8u/uf1E/Abg5SHcQIspPkiPxEYIjxvDXtcMgpiqgmhkuu/Yjomuh7Q3VZ0CfbyyaukU6/Zmt9Z1WajqKOMTtApOkc2ukBNdItaqI0oekIv6B19GM/Gq/FpzPJoyShmjtEfGF/fojCoFg==</latexit>

This	equation	works	if	there	is	a	boost	but	not	a	rotation.	

We	find	a	non-rotating	rest	frame	by	boosting	but	not	rotation	

�~⌦ =
�2

� + 1
� ⇥ ��

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

Thomas	precession	



!T = � lim
�t!0

�⌦

�t
=

�2

� + 1
˙̃� ⇥ �̃

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

Thomas	precession	for	circular	motion	

!T =
�2

� + 1

✓
v2

rc

◆
v

c

=
�2

� + 1
�2 !

c2

= (� � 1)!
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

a =
v2

r
,! =

v

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



Thomas-BMT	equation	

In	the	rest	frame	of	the	muon	
ds

dt0
=

ge

2mc
s⇥B0

<latexit sha1_base64="ypNPyDeSgDkoDrqibCgMbmexgtU=">AAACKHicbVDLSsNAFL3xWesr6tLNoAiuJHGjG1F047KCfUATy2QyqYOTBzM3Qgn5DD/Bjb/iRkSRbv0Sp00FtR4YOJxzLnfuCTIpNDrO0JqZnZtfWKwt1ZdXVtfW7Y3Nlk5zxXiTpTJVnYBqLkXCmyhQ8k6mOI0DydvB3cXIb99zpUWaXOMg435M+4mIBKNopJ596kWKsiIsvCAiuiyLEG+8TImYlyeV1edlcRizskp4aCxNzr9DPXvXOXDGINPEnZDdM+fBJQDQ6NmvXpiyPOYJMkm17rpOhn5BFQomeVn3cs0zyu5on3cNTahZ5xfjQ0uyZ5SQRKkyL0EyVn9OFDTWehAHJhlTvNV/vZH4n9fNMTr2C5FkOfKEVYuiXBJMyag1EgrFGcqBIZQpYf5K2C019aDptm5KcP+ePE1ahweu4VemjWOoUINt2IF9cOEIzuASGtAEBo/wDG/wbj1ZL9aHNayiM9ZkZgt+wfr8AnDJqWw=</latexit><latexit sha1_base64="45pXuF3fPbfU1+vi1iv5WBCx+vo="></latexit><latexit sha1_base64="45pXuF3fPbfU1+vi1iv5WBCx+vo="></latexit><latexit sha1_base64="7C4KF1KtHnQWMeBpNCMTitNU7fM=">AAACKHicbVDLSsNAFJ3UV62vqEs3g0VwVZJu7EYsunFZwT6gqWUymbRDJw9mboQS8jlu/BU3Iop065c4bSJo64GBwznncuceNxZcgWXNjNLa+sbmVnm7srO7t39gHh51VJRIyto0EpHsuUQxwUPWBg6C9WLJSOAK1nUnN3O/+8ik4lF4D9OYDQIyCrnPKQEtDc0rx5eEpl7quD5WWZZ68ODEkgcsu8ytEcvSekCzPOGAthS+/gkNzapVsxbAq8QuSBUVaA3NN8eLaBKwEKggSvVtK4ZBSiRwKlhWcRLFYkInZMT6moZErxuki0MzfKYVD/uR1C8EvFB/T6QkUGoauDoZEBirZW8u/uf1E/Abg5SHcQIspPkiPxEYIjxvDXtcMgpiqgmhkuu/Yjomuh7Q3VZ0CfbyyaukU6/Zmt9Z1WajqKOMTtApOkc2ukBNdItaqI0oekIv6B19GM/Gq/FpzPJoyShmjtEfGF/fojCoFg==</latexit>

In	the	lab	frame		
ds

dt
=

1

�

ge

2mc
s⇥B0

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

B0 ! �(B� � ⇥E)� �2

� + 1
�(� ·B)

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

The	rest	frame	of	the	muon	is	accelerating.	There	is	a	Thomas	precession	of	the	rest	
frame	with	frequency		!T

<latexit sha1_base64="AKhG9sG9PeqKLiXu+RfEqpDhDs4=">AAAB73icbZDLSgMxFIbP1FutVqsu3QSL4KrMuLHLghuXFXqDtpRMeqYNTTJjkhHK0Jdw40IRt76Gj+DOtzG9LLT1h8DHf84h5/xhIrixvv/t5ba2d3b38vuFg8Pi0XHp5LRl4lQzbLJYxLoTUoOCK2xabgV2Eo1UhgLb4eR2Xm8/ojY8Vg07TbAv6UjxiDNqndXpxRJHdNAYlMp+xV+IbEKwgnKt+JkSAKgPSl+9YcxSicoyQY3pBn5i+xnVljOBs0IvNZhQNqEj7DpUVKLpZ4t9Z+TSOUMSxdo9ZcnC/T2RUWnMVIauU1I7Nuu1uflfrZvaqNrPuEpSi4otP4pSQWxM5seTIdfIrJg6oExztythY6opsy6iggshWD95E1rXlcDxvUujCkvl4Rwu4AoCuIEa3EEdmsBAwBO8wKv34D17b977sjXnrWbO4I+8jx8iAJF4</latexit><latexit sha1_base64="pd1wuKOctRf+1C776Lwxm1srxxc=">AAAB73icbZDLSgMxFIbPeK3VatWlm2ApuCozbuyyIIjLCr1BO5RMmmlDcxmTjFCGvoQbF4q4EnwNH8Gdb2N6WWjrD4GP/5xDzvmjhDNjff/b29jc2t7Zze3l9w8Kh0fF45OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxpfz+rtB6oNU7JhJwkNBR5KFjOCrbM6PSXoEPcb/WLJr/hzoXUIllCqFT7T8k3+vd4vfvUGiqSCSks4NqYb+IkNM6wtI5xO873U0ASTMR7SrkOJBTVhNt93isrOGaBYafekRXP390SGhTETEblOge3IrNZm5n+1bmrjapgxmaSWSrL4KE45sgrNjkcDpimxfOIAE83croiMsMbEuojyLoRg9eR1aF1WAsd3Lo0qLJSDMziHCwjgCmpwC3VoAgEOj/AML9699+S9em+L1g1vOXMKf+R9/ABxC5Jz</latexit><latexit sha1_base64="pd1wuKOctRf+1C776Lwxm1srxxc=">AAAB73icbZDLSgMxFIbPeK3VatWlm2ApuCozbuyyIIjLCr1BO5RMmmlDcxmTjFCGvoQbF4q4EnwNH8Gdb2N6WWjrD4GP/5xDzvmjhDNjff/b29jc2t7Zze3l9w8Kh0fF45OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxpfz+rtB6oNU7JhJwkNBR5KFjOCrbM6PSXoEPcb/WLJr/hzoXUIllCqFT7T8k3+vd4vfvUGiqSCSks4NqYb+IkNM6wtI5xO873U0ASTMR7SrkOJBTVhNt93isrOGaBYafekRXP390SGhTETEblOge3IrNZm5n+1bmrjapgxmaSWSrL4KE45sgrNjkcDpimxfOIAE83croiMsMbEuojyLoRg9eR1aF1WAsd3Lo0qLJSDMziHCwjgCmpwC3VoAgEOj/AML9699+S9em+L1g1vOXMKf+R9/ABxC5Jz</latexit><latexit sha1_base64="7rcdcK2SVAhKWCJBN6adjKb0jf4=">AAAB73icbZDLSgMxFIbP1Futt6pLN8EiuCozbuyy4MZlhd6gHUomPdOGJpkxyQhl6Eu4caGIW1/HnW9jello6w+Bj/+cQ875o1RwY33/2ytsbe/s7hX3SweHR8cn5dOztkkyzbDFEpHobkQNCq6wZbkV2E01UhkJ7ESTu3m984Ta8EQ17TTFUNKR4jFn1Dqr208kjuigOShX/Kq/ENmEYAUVWKkxKH/1hwnLJCrLBDWmF/ipDXOqLWcCZ6V+ZjClbEJH2HOoqEQT5ot9Z+TKOUMSJ9o9ZcnC/T2RU2nMVEauU1I7Nuu1uflfrZfZuBbmXKWZRcWWH8WZIDYh8+PJkGtkVkwdUKa525WwMdWUWRdRyYUQrJ+8Ce2bauD4wa/Ua6s4inABl3ANAdxCHe6hAS1gIOAZXuHNe/RevHfvY9la8FYz5/BH3ucP6lOP1A==</latexit>
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Magic	momentum	

Imagine	an	all	electric	ring		

A	muon,	momentum							moves	in	
circular	orbit		
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As	velocity	increases	…	



No	precession	at	low	velocity	
			(no	B-field	in	rest	frame)	
	
	
Suppose	g=2	
B-field	in	rest	frame	increases	with	velocity		
		As	velocity	->	c,	precession	frequency	catches	up	with	cyclotron	freq.	
	
g>2		
		precession	frequency	catches	up	more	quickly	and	matches	at	
						magic	momentum			


