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The Standard Model

https://en.wikipedia.org/wiki/File:Standard_Model_of_Elementary_Particles.svg
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Describe the world using a few basic building blocks…

This works very well: tested to a level of precision ~0.1%
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β-Decay “Particle Physics”
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<latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit>

<latexit sha1_base64="QPzwRitPzyQGTKibBBLpPUoJock="></latexit>

�0 =

✓
1 0
0 �1

◆
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<latexit sha1_base64="ma4z39+mLKlWJpm6efDcMDVdwyo="></latexit>
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✓
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◆

<latexit sha1_base64="x1TRsFOT22TyVO3jS8+tlpTxmRs=">AAACFXicbVDLSgMxFM34rPU16tJNsAgupMyIVJeiG5cVbBU6bbmT3k6DycyYZIQy9Cfc+CtuXCjiVnDn35hpu/B1IHByzj0k94Sp4Np43qczMzs3v7BYWiovr6yurbsbm02dZIphgyUiUdchaBQ8xobhRuB1qhBkKPAqvDkr/Ks7VJon8aUZptiWEMW8zxkYK3Xd/SCxdpHOg1TzEQ3wNuN3tLh0gh5EESoaRCAldLyuW/Gq3hj0L/GnpEKmqHfdj6CXsExibJgArVu+l5p2DspwJnBUDjKNKbAbiLBlaQwSdTsfbzWiu1bp0X6i7IkNHavfEzlIrYcytJMSzED/9grxP6+Vmf5xO+dxmhmM2eShfiaoSWhREe1xhcyIoSXAFLd/pWwACpixRZZtCf7vlf+S5kHVr1VrF4eVk9NpHSWyTXbIHvHJETkh56ROGoSRe/JInsmL8+A8Oa/O22R0xplmtsgPOO9fJsSfbQ==</latexit>

 ⌘  †�0

<latexit sha1_base64="z+T5I46ngjBDmAyi4ehXfCcdFpI=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSBYhV2RKFZBG8sI5gHZGO5OJpsh81hmZpUQ8gE2/oqNhSK2foCdf+PkUWjigYHDOedy554o4cxY3//2MkvLK6tr2fXcxubW9k5+d69mVKoJrRLFlW5EYChnklYts5w2Ek1BRJzWo/7V2K/fU22Ykrd2kNCWgFiyLiNgndTOFyoXYWIYDrmSsWZxz4LW6gGHMQgBd/7YdCm/6E+AF0kwIwU0Q6Wd/wo7iqSCSks4GNMM/MS2hqAtI5yOcmFqaAKkDzFtOipBUNMaTo4Z4SOndHBXafekxRP198QQhDEDEbmkANsz895Y/M9rprZ73hoymaSWSjJd1E05tgqPm8EdpimxfOAIEM3cXzHpgQZiXX85V0Iwf/IiqZ0Ug1KxdHNaKF/O6siiA3SIjlGAzlAZXaMKqiKCHtEzekVv3pP34r17H9NoxpvN7KM/8D5/ALoDm3A=</latexit>

P :  �! �0 

<latexit sha1_base64="WxJqHRtm/KE5yo9FFLZM7qCe3TU="></latexit>

  scalar
 �5 pseudoscalar
 �µ vector
 �µ�5 pseudovector
 i

2 (�
µ�⌫ � �⌫�µ) antisymmetric tensor

<latexit sha1_base64="IPE5SmPowETn5qpS82ONZVUygHA=">AAACF3icbVC7TsMwFHXKq5RXgJHFokIqQ6ukgsJYwcJYJPqQmlA5rtNatZNgO6Aqyl+w8CssDCDECht/g9tmgJYjXen4nHvle48XMSqVZX0buaXlldW1/HphY3Nre8fc3WvJMBaYNHHIQtHxkCSMBqSpqGKkEwmCuMdI2xtdTvz2PRGShsGNGkfE5WgQUJ9ipLTUMyuOLxBOyhQOeg9pUnXknVBJNU2dAeIc3To8Ltnl7HF63DOLVsWaAi4SOyNFkKHRM7+cfohjTgKFGZKya1uRchMkFMWMpAUnliRCeIQGpKtpgDiRbjK9K4VHWulDPxS6AgWn6u+JBHEpx9zTnRypoZz3JuJ/XjdW/rmb0CCKFQnw7CM/ZlCFcBIS7FNBsGJjTRAWVO8K8RDpoJSOsqBDsOdPXiStasWuVWrXJ8X6RRZHHhyAQ1ACNjgDdXAFGqAJMHgEz+AVvBlPxovxbnzMWnNGNrMP/sD4/AF5Wp97</latexit>�igw
2
p
2
�µ(1� �5)

<latexit sha1_base64="K+jDFOfiKxoOhWUj0Neau8PyvBo=">AAACE3icbVA9SwNBEN2L3/ErammzGAWxiHciKtiIFtoICiYRcjHsbSbJkr29c3dODMf9Bxv/io2FIrY2dv4bNzGFXw8GHu/NMDMviKUw6LofTm5kdGx8YnIqPz0zOzdfWFismCjRHMo8kpG+DJgBKRSUUaCEy1gDCwMJ1aB71PerN6CNiNQF9mKoh6ytREtwhlZqFDZOG6mPQvXSapZR34gQrumeS/196iPcYnoMlc1VfrW1mjUKRbfkDkD/Em9IimSIs0bh3W9GPAlBIZfMmJrnxlhPmUbBJWR5PzEQM95lbahZqlgIpp4OfsromlWatBVpWwrpQP0+kbLQmF4Y2M6QYcf89vrif14twdZePRUqThAU/1rUSiTFiPYDok2hgaPsWcK4FvZWyjtMM442xrwNwfv98l9S2Sp5O6Wd8+3iweEwjkmyTFbIOvHILjkgJ+SMlAknd+SBPJFn5955dF6c16/WnDOcWSI/4Lx9AvFknOw=</latexit>

MW ' 80 GeV/c2

<latexit sha1_base64="5cJRWYMG+loA76Wc9d6Yv01sZMI="></latexit>

�i
⇣
gµ⌫ � qµq⌫
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⌘
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Weak “V-A” Coupling



β-Decay “Particle Physics”

n =

0

@
u
d
d

1

A

<latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit><latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit><latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit><latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit>

p =

0

@
u
u
d

1

A

<latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit><latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit><latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit><latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit>

W
<latexit sha1_base64="Ri0U805wrQe6fGsl00nZsJWavnA=">AAAB/HicbZBLSgNBEIZ74ivGV9Slm8YguAozIphlwI3LBMwDkiH0dGqSJj09Q3eNEIZ4Abd6A3fi1rt4Ac9hJ5mFSfyh4eOvKqr6DxIpDLrut1PY2t7Z3Svulw4Oj45PyqdnbROnmkOLxzLW3YAZkEJBCwVK6CYaWBRI6AST+3m98wTaiFg94jQBP2IjJULBGVqr2RmUK27VXYhugpdDheRqDMo//WHM0wgUcsmM6Xlugn7GNAouYVbqpwYSxidsBD2LikVg/Gxx6IxeWWdIw1jbp5Au3L8TGYuMmUaB7YwYjs16bW7+V+ulGNb8TKgkRVB8uShMJcWYzn9Nh0IDRzm1wLgW9lbKx0wzjjablS2BZhPAWckG463HsAntm6pnuXlbqdfyiIrkglySa+KRO1InD6RBWoQTIC/klbw5z8678+F8LlsLTj5zTlbkfP0CxW6VOQ==</latexit><latexit sha1_base64="Ri0U805wrQe6fGsl00nZsJWavnA=">AAAB/HicbZBLSgNBEIZ74ivGV9Slm8YguAozIphlwI3LBMwDkiH0dGqSJj09Q3eNEIZ4Abd6A3fi1rt4Ac9hJ5mFSfyh4eOvKqr6DxIpDLrut1PY2t7Z3Svulw4Oj45PyqdnbROnmkOLxzLW3YAZkEJBCwVK6CYaWBRI6AST+3m98wTaiFg94jQBP2IjJULBGVqr2RmUK27VXYhugpdDheRqDMo//WHM0wgUcsmM6Xlugn7GNAouYVbqpwYSxidsBD2LikVg/Gxx6IxeWWdIw1jbp5Au3L8TGYuMmUaB7YwYjs16bW7+V+ulGNb8TKgkRVB8uShMJcWYzn9Nh0IDRzm1wLgW9lbKx0wzjjablS2BZhPAWckG463HsAntm6pnuXlbqdfyiIrkglySa+KRO1InD6RBWoQTIC/klbw5z8678+F8LlsLTj5zTlbkfP0CxW6VOQ==</latexit><latexit sha1_base64="Ri0U805wrQe6fGsl00nZsJWavnA=">AAAB/HicbZBLSgNBEIZ74ivGV9Slm8YguAozIphlwI3LBMwDkiH0dGqSJj09Q3eNEIZ4Abd6A3fi1rt4Ac9hJ5mFSfyh4eOvKqr6DxIpDLrut1PY2t7Z3Svulw4Oj45PyqdnbROnmkOLxzLW3YAZkEJBCwVK6CYaWBRI6AST+3m98wTaiFg94jQBP2IjJULBGVqr2RmUK27VXYhugpdDheRqDMo//WHM0wgUcsmM6Xlugn7GNAouYVbqpwYSxidsBD2LikVg/Gxx6IxeWWdIw1jbp5Au3L8TGYuMmUaB7YwYjs16bW7+V+ulGNb8TKgkRVB8uShMJcWYzn9Nh0IDRzm1wLgW9lbKx0wzjjablS2BZhPAWckG463HsAntm6pnuXlbqdfyiIrkglySa+KRO1InD6RBWoQTIC/klbw5z8678+F8LlsLTj5zTlbkfP0CxW6VOQ==</latexit><latexit sha1_base64="Ri0U805wrQe6fGsl00nZsJWavnA=">AAAB/HicbZBLSgNBEIZ74ivGV9Slm8YguAozIphlwI3LBMwDkiH0dGqSJj09Q3eNEIZ4Abd6A3fi1rt4Ac9hJ5mFSfyh4eOvKqr6DxIpDLrut1PY2t7Z3Svulw4Oj45PyqdnbROnmkOLxzLW3YAZkEJBCwVK6CYaWBRI6AST+3m98wTaiFg94jQBP2IjJULBGVqr2RmUK27VXYhugpdDheRqDMo//WHM0wgUcsmM6Xlugn7GNAouYVbqpwYSxidsBD2LikVg/Gxx6IxeWWdIw1jbp5Au3L8TGYuMmUaB7YwYjs16bW7+V+ulGNb8TKgkRVB8uShMJcWYzn9Nh0IDRzm1wLgW9lbKx0wzjjablS2BZhPAWckG463HsAntm6pnuXlbqdfyiIrkglySa+KRO1InD6RBWoQTIC/klbw5z8678+F8LlsLTj5zTlbkfP0CxW6VOQ==</latexit>

⌫e
<latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit><latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit><latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit><latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit>

e�
<latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit>

<latexit sha1_base64="QPzwRitPzyQGTKibBBLpPUoJock="></latexit>

�0 =

✓
1 0
0 �1

◆

<latexit sha1_base64="jJ+7Z+6JPcQKVeR+YNNP5nmCHEM="></latexit>

�i =

✓
0 �i

��i 0

◆

<latexit sha1_base64="ma4z39+mLKlWJpm6efDcMDVdwyo="></latexit>

�5 = i�0�1�2�3 =

✓
0 1
1 0

◆

<latexit sha1_base64="x1TRsFOT22TyVO3jS8+tlpTxmRs=">AAACFXicbVDLSgMxFM34rPU16tJNsAgupMyIVJeiG5cVbBU6bbmT3k6DycyYZIQy9Cfc+CtuXCjiVnDn35hpu/B1IHByzj0k94Sp4Np43qczMzs3v7BYWiovr6yurbsbm02dZIphgyUiUdchaBQ8xobhRuB1qhBkKPAqvDkr/Ks7VJon8aUZptiWEMW8zxkYK3Xd/SCxdpHOg1TzEQ3wNuN3tLh0gh5EESoaRCAldLyuW/Gq3hj0L/GnpEKmqHfdj6CXsExibJgArVu+l5p2DspwJnBUDjKNKbAbiLBlaQwSdTsfbzWiu1bp0X6i7IkNHavfEzlIrYcytJMSzED/9grxP6+Vmf5xO+dxmhmM2eShfiaoSWhREe1xhcyIoSXAFLd/pWwACpixRZZtCf7vlf+S5kHVr1VrF4eVk9NpHSWyTXbIHvHJETkh56ROGoSRe/JInsmL8+A8Oa/O22R0xplmtsgPOO9fJsSfbQ==</latexit>

 ⌘  †�0

<latexit sha1_base64="z+T5I46ngjBDmAyi4ehXfCcdFpI=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSBYhV2RKFZBG8sI5gHZGO5OJpsh81hmZpUQ8gE2/oqNhSK2foCdf+PkUWjigYHDOedy554o4cxY3//2MkvLK6tr2fXcxubW9k5+d69mVKoJrRLFlW5EYChnklYts5w2Ek1BRJzWo/7V2K/fU22Ykrd2kNCWgFiyLiNgndTOFyoXYWIYDrmSsWZxz4LW6gGHMQgBd/7YdCm/6E+AF0kwIwU0Q6Wd/wo7iqSCSks4GNMM/MS2hqAtI5yOcmFqaAKkDzFtOipBUNMaTo4Z4SOndHBXafekxRP198QQhDEDEbmkANsz895Y/M9rprZ73hoymaSWSjJd1E05tgqPm8EdpimxfOAIEM3cXzHpgQZiXX85V0Iwf/IiqZ0Ug1KxdHNaKF/O6siiA3SIjlGAzlAZXaMKqiKCHtEzekVv3pP34r17H9NoxpvN7KM/8D5/ALoDm3A=</latexit>

P :  �! �0 

<latexit sha1_base64="WxJqHRtm/KE5yo9FFLZM7qCe3TU="></latexit>

  scalar
 �5 pseudoscalar
 �µ vector
 �µ�5 pseudovector
 i

2 (�
µ�⌫ � �⌫�µ) antisymmetric tensor

<latexit sha1_base64="IPE5SmPowETn5qpS82ONZVUygHA=">AAACF3icbVC7TsMwFHXKq5RXgJHFokIqQ6ukgsJYwcJYJPqQmlA5rtNatZNgO6Aqyl+w8CssDCDECht/g9tmgJYjXen4nHvle48XMSqVZX0buaXlldW1/HphY3Nre8fc3WvJMBaYNHHIQtHxkCSMBqSpqGKkEwmCuMdI2xtdTvz2PRGShsGNGkfE5WgQUJ9ipLTUMyuOLxBOyhQOeg9pUnXknVBJNU2dAeIc3To8Ltnl7HF63DOLVsWaAi4SOyNFkKHRM7+cfohjTgKFGZKya1uRchMkFMWMpAUnliRCeIQGpKtpgDiRbjK9K4VHWulDPxS6AgWn6u+JBHEpx9zTnRypoZz3JuJ/XjdW/rmb0CCKFQnw7CM/ZlCFcBIS7FNBsGJjTRAWVO8K8RDpoJSOsqBDsOdPXiStasWuVWrXJ8X6RRZHHhyAQ1ACNjgDdXAFGqAJMHgEz+AVvBlPxovxbnzMWnNGNrMP/sD4/AF5Wp97</latexit>�igw
2
p
2
�µ(1� �5)

<latexit sha1_base64="K+jDFOfiKxoOhWUj0Neau8PyvBo=">AAACE3icbVA9SwNBEN2L3/ErammzGAWxiHciKtiIFtoICiYRcjHsbSbJkr29c3dODMf9Bxv/io2FIrY2dv4bNzGFXw8GHu/NMDMviKUw6LofTm5kdGx8YnIqPz0zOzdfWFismCjRHMo8kpG+DJgBKRSUUaCEy1gDCwMJ1aB71PerN6CNiNQF9mKoh6ytREtwhlZqFDZOG6mPQvXSapZR34gQrumeS/196iPcYnoMlc1VfrW1mjUKRbfkDkD/Em9IimSIs0bh3W9GPAlBIZfMmJrnxlhPmUbBJWR5PzEQM95lbahZqlgIpp4OfsromlWatBVpWwrpQP0+kbLQmF4Y2M6QYcf89vrif14twdZePRUqThAU/1rUSiTFiPYDok2hgaPsWcK4FvZWyjtMM442xrwNwfv98l9S2Sp5O6Wd8+3iweEwjkmyTFbIOvHILjkgJ+SMlAknd+SBPJFn5955dF6c16/WnDOcWSI/4Lx9AvFknOw=</latexit>

MW ' 80 GeV/c2

Weak “V-A” Coupling
<latexit sha1_base64="w2sesusLRSJoyjgN1hwygYfC0JQ=">AAACEHicbZDLSgMxFIYz9VbrbdSlm2ARXZWZItVl0Y0boYK9QGdaMmmmDU0yQ5IRyjCP4MZXceNCEbcu3fk2pu0stPWHwMd/zuHk/EHMqNKO820VVlbX1jeKm6Wt7Z3dPXv/oKWiRGLSxBGLZCdAijAqSFNTzUgnlgTxgJF2ML6e1tsPRCoaiXs9iYnP0VDQkGKkjdW3T71QIpzSYT/1eOKJJMvSW8OKI8bSdpb1qhD3qlnfLjsVZya4DG4OZZCr0be/vEGEE06Exgwp1XWdWPspkppiRrKSlygSIzxGQ9I1KBAnyk9nB2XwxDgDGEbSPKHhzP09kSKu1IQHppMjPVKLtan5X62b6PDST6mIE00Eni8KEwZ1BKfpwAGVBGs2MYCwpOavEI+QSUibDEsmBHfx5GVoVSturVK7Oy/Xr/I4iuAIHIMz4IILUAc3oAGaAINH8AxewZv1ZL1Y79bHvLVg5TOH4I+szx8CW53T</latexit>

igµ⌫
M2

W c2

Fermi Coupling Constant

<latexit sha1_base64="8hiLtpA1Ym7rk5+qS59pN0A6Wdo="></latexit>

GF /(~c)3 ⌘
p
2

8

✓
gw

MW c2

◆2

⇡ 1.2⇥ 10�5 1/GeV2



β-Decay “Particle Physics”

n =

0

@
u
d
d

1

A

<latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit><latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit><latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit><latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit>

p =

0

@
u
u
d

1

A

<latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit><latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit><latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit><latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit>

W
<latexit sha1_base64="Ri0U805wrQe6fGsl00nZsJWavnA=">AAAB/HicbZBLSgNBEIZ74ivGV9Slm8YguAozIphlwI3LBMwDkiH0dGqSJj09Q3eNEIZ4Abd6A3fi1rt4Ac9hJ5mFSfyh4eOvKqr6DxIpDLrut1PY2t7Z3Svulw4Oj45PyqdnbROnmkOLxzLW3YAZkEJBCwVK6CYaWBRI6AST+3m98wTaiFg94jQBP2IjJULBGVqr2RmUK27VXYhugpdDheRqDMo//WHM0wgUcsmM6Xlugn7GNAouYVbqpwYSxidsBD2LikVg/Gxx6IxeWWdIw1jbp5Au3L8TGYuMmUaB7YwYjs16bW7+V+ulGNb8TKgkRVB8uShMJcWYzn9Nh0IDRzm1wLgW9lbKx0wzjjablS2BZhPAWckG463HsAntm6pnuXlbqdfyiIrkglySa+KRO1InD6RBWoQTIC/klbw5z8678+F8LlsLTj5zTlbkfP0CxW6VOQ==</latexit><latexit sha1_base64="Ri0U805wrQe6fGsl00nZsJWavnA=">AAAB/HicbZBLSgNBEIZ74ivGV9Slm8YguAozIphlwI3LBMwDkiH0dGqSJj09Q3eNEIZ4Abd6A3fi1rt4Ac9hJ5mFSfyh4eOvKqr6DxIpDLrut1PY2t7Z3Svulw4Oj45PyqdnbROnmkOLxzLW3YAZkEJBCwVK6CYaWBRI6AST+3m98wTaiFg94jQBP2IjJULBGVqr2RmUK27VXYhugpdDheRqDMo//WHM0wgUcsmM6Xlugn7GNAouYVbqpwYSxidsBD2LikVg/Gxx6IxeWWdIw1jbp5Au3L8TGYuMmUaB7YwYjs16bW7+V+ulGNb8TKgkRVB8uShMJcWYzn9Nh0IDRzm1wLgW9lbKx0wzjjablS2BZhPAWckG463HsAntm6pnuXlbqdfyiIrkglySa+KRO1InD6RBWoQTIC/klbw5z8678+F8LlsLTj5zTlbkfP0CxW6VOQ==</latexit><latexit sha1_base64="Ri0U805wrQe6fGsl00nZsJWavnA=">AAAB/HicbZBLSgNBEIZ74ivGV9Slm8YguAozIphlwI3LBMwDkiH0dGqSJj09Q3eNEIZ4Abd6A3fi1rt4Ac9hJ5mFSfyh4eOvKqr6DxIpDLrut1PY2t7Z3Svulw4Oj45PyqdnbROnmkOLxzLW3YAZkEJBCwVK6CYaWBRI6AST+3m98wTaiFg94jQBP2IjJULBGVqr2RmUK27VXYhugpdDheRqDMo//WHM0wgUcsmM6Xlugn7GNAouYVbqpwYSxidsBD2LikVg/Gxx6IxeWWdIw1jbp5Au3L8TGYuMmUaB7YwYjs16bW7+V+ulGNb8TKgkRVB8uShMJcWYzn9Nh0IDRzm1wLgW9lbKx0wzjjablS2BZhPAWckG463HsAntm6pnuXlbqdfyiIrkglySa+KRO1InD6RBWoQTIC/klbw5z8678+F8LlsLTj5zTlbkfP0CxW6VOQ==</latexit><latexit sha1_base64="Ri0U805wrQe6fGsl00nZsJWavnA=">AAAB/HicbZBLSgNBEIZ74ivGV9Slm8YguAozIphlwI3LBMwDkiH0dGqSJj09Q3eNEIZ4Abd6A3fi1rt4Ac9hJ5mFSfyh4eOvKqr6DxIpDLrut1PY2t7Z3Svulw4Oj45PyqdnbROnmkOLxzLW3YAZkEJBCwVK6CYaWBRI6AST+3m98wTaiFg94jQBP2IjJULBGVqr2RmUK27VXYhugpdDheRqDMo//WHM0wgUcsmM6Xlugn7GNAouYVbqpwYSxidsBD2LikVg/Gxx6IxeWWdIw1jbp5Au3L8TGYuMmUaB7YwYjs16bW7+V+ulGNb8TKgkRVB8uShMJcWYzn9Nh0IDRzm1wLgW9lbKx0wzjjablS2BZhPAWckG463HsAntm6pnuXlbqdfyiIrkglySa+KRO1InD6RBWoQTIC/klbw5z8678+F8LlsLTj5zTlbkfP0CxW6VOQ==</latexit>

⌫e
<latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit><latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit><latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit><latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit>

e�
<latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit>

<latexit sha1_base64="QPzwRitPzyQGTKibBBLpPUoJock="></latexit>

�0 =

✓
1 0
0 �1

◆

<latexit sha1_base64="jJ+7Z+6JPcQKVeR+YNNP5nmCHEM="></latexit>

�i =

✓
0 �i

��i 0

◆

<latexit sha1_base64="ma4z39+mLKlWJpm6efDcMDVdwyo="></latexit>

�5 = i�0�1�2�3 =

✓
0 1
1 0

◆

<latexit sha1_base64="x1TRsFOT22TyVO3jS8+tlpTxmRs=">AAACFXicbVDLSgMxFM34rPU16tJNsAgupMyIVJeiG5cVbBU6bbmT3k6DycyYZIQy9Cfc+CtuXCjiVnDn35hpu/B1IHByzj0k94Sp4Np43qczMzs3v7BYWiovr6yurbsbm02dZIphgyUiUdchaBQ8xobhRuB1qhBkKPAqvDkr/Ks7VJon8aUZptiWEMW8zxkYK3Xd/SCxdpHOg1TzEQ3wNuN3tLh0gh5EESoaRCAldLyuW/Gq3hj0L/GnpEKmqHfdj6CXsExibJgArVu+l5p2DspwJnBUDjKNKbAbiLBlaQwSdTsfbzWiu1bp0X6i7IkNHavfEzlIrYcytJMSzED/9grxP6+Vmf5xO+dxmhmM2eShfiaoSWhREe1xhcyIoSXAFLd/pWwACpixRZZtCf7vlf+S5kHVr1VrF4eVk9NpHSWyTXbIHvHJETkh56ROGoSRe/JInsmL8+A8Oa/O22R0xplmtsgPOO9fJsSfbQ==</latexit>

 ⌘  †�0

<latexit sha1_base64="z+T5I46ngjBDmAyi4ehXfCcdFpI=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSBYhV2RKFZBG8sI5gHZGO5OJpsh81hmZpUQ8gE2/oqNhSK2foCdf+PkUWjigYHDOedy554o4cxY3//2MkvLK6tr2fXcxubW9k5+d69mVKoJrRLFlW5EYChnklYts5w2Ek1BRJzWo/7V2K/fU22Ykrd2kNCWgFiyLiNgndTOFyoXYWIYDrmSsWZxz4LW6gGHMQgBd/7YdCm/6E+AF0kwIwU0Q6Wd/wo7iqSCSks4GNMM/MS2hqAtI5yOcmFqaAKkDzFtOipBUNMaTo4Z4SOndHBXafekxRP198QQhDEDEbmkANsz895Y/M9rprZ73hoymaSWSjJd1E05tgqPm8EdpimxfOAIEM3cXzHpgQZiXX85V0Iwf/IiqZ0Ug1KxdHNaKF/O6siiA3SIjlGAzlAZXaMKqiKCHtEzekVv3pP34r17H9NoxpvN7KM/8D5/ALoDm3A=</latexit>

P :  �! �0 

<latexit sha1_base64="WxJqHRtm/KE5yo9FFLZM7qCe3TU="></latexit>

  scalar
 �5 pseudoscalar
 �µ vector
 �µ�5 pseudovector
 i

2 (�
µ�⌫ � �⌫�µ) antisymmetric tensor

Weak “V-A” Coupling

<latexit sha1_base64="IPE5SmPowETn5qpS82ONZVUygHA=">AAACF3icbVC7TsMwFHXKq5RXgJHFokIqQ6ukgsJYwcJYJPqQmlA5rtNatZNgO6Aqyl+w8CssDCDECht/g9tmgJYjXen4nHvle48XMSqVZX0buaXlldW1/HphY3Nre8fc3WvJMBaYNHHIQtHxkCSMBqSpqGKkEwmCuMdI2xtdTvz2PRGShsGNGkfE5WgQUJ9ipLTUMyuOLxBOyhQOeg9pUnXknVBJNU2dAeIc3To8Ltnl7HF63DOLVsWaAi4SOyNFkKHRM7+cfohjTgKFGZKya1uRchMkFMWMpAUnliRCeIQGpKtpgDiRbjK9K4VHWulDPxS6AgWn6u+JBHEpx9zTnRypoZz3JuJ/XjdW/rmb0CCKFQnw7CM/ZlCFcBIS7FNBsGJjTRAWVO8K8RDpoJSOsqBDsOdPXiStasWuVWrXJ8X6RRZHHhyAQ1ACNjgDdXAFGqAJMHgEz+AVvBlPxovxbnzMWnNGNrMP/sD4/AF5Wp97</latexit>�igw
2
p
2
�µ(1� �5)

<latexit sha1_base64="K+jDFOfiKxoOhWUj0Neau8PyvBo=">AAACE3icbVA9SwNBEN2L3/ErammzGAWxiHciKtiIFtoICiYRcjHsbSbJkr29c3dODMf9Bxv/io2FIrY2dv4bNzGFXw8GHu/NMDMviKUw6LofTm5kdGx8YnIqPz0zOzdfWFismCjRHMo8kpG+DJgBKRSUUaCEy1gDCwMJ1aB71PerN6CNiNQF9mKoh6ytREtwhlZqFDZOG6mPQvXSapZR34gQrumeS/196iPcYnoMlc1VfrW1mjUKRbfkDkD/Em9IimSIs0bh3W9GPAlBIZfMmJrnxlhPmUbBJWR5PzEQM95lbahZqlgIpp4OfsromlWatBVpWwrpQP0+kbLQmF4Y2M6QYcf89vrif14twdZePRUqThAU/1rUSiTFiPYDok2hgaPsWcK4FvZWyjtMM442xrwNwfv98l9S2Sp5O6Wd8+3iweEwjkmyTFbIOvHILjkgJ+SMlAknd+SBPJFn5955dF6c16/WnDOcWSI/4Lx9AvFknOw=</latexit>

MW ' 80 GeV/c2 <latexit sha1_base64="zeFjdWuJt+3RbspdVkvwCHDg5VU="></latexit>�igw
2
p
2
�µ(g0V � g0A�

5)
<latexit sha1_base64="QXXWsElIm7JRRmxOf8/J88EuJXM="></latexit>

g0V ⌘ gV (q
2 = 0)

g0A ⌘ gA(q
2 = 0)

<latexit sha1_base64="3/QslMASn8mvX0SZufS1rtvVtvg=">AAACA3icbVBNS8NAEN34WetX1JteFhvBU0mKVC9CoRePFWxaaGPYbLft0t1N2N0IJRS8+Fe8eFDEq3/Cm//GbZuDtj4YeLw3w8y8KGFUadf9tlZW19Y3Ngtbxe2d3b19++DQV3EqMWnimMWyHSFFGBWkqalmpJ1IgnjESCsa1ad+64FIRWNxp8cJCTgaCNqnGGkjhfZx3a9Dp0u5WUaUA51B6N+78Bp6TmiX3LI7A1wmXk5KIEcjtL+6vRinnAiNGVKq47mJDjIkNcWMTIrdVJEE4REakI6hAnGigmz2wwSeGaUH+7E0JTScqb8nMsSVGvPIdHKkh2rRm4r/eZ1U96+CjIok1UTg+aJ+yqCO4TQQ2KOSYM3GhiAsqbkV4iGSCGsTW9GE4C2+vEz8Stmrlqu3lVLtIo+jAE7AKTgHHrgENXADGqAJMHgEz+AVvFlP1ov1bn3MW1esfOYI/IH1+QPCSpT9</latexit>

CVC =) g0V = 1

<latexit sha1_base64="w2sesusLRSJoyjgN1hwygYfC0JQ=">AAACEHicbZDLSgMxFIYz9VbrbdSlm2ARXZWZItVl0Y0boYK9QGdaMmmmDU0yQ5IRyjCP4MZXceNCEbcu3fk2pu0stPWHwMd/zuHk/EHMqNKO820VVlbX1jeKm6Wt7Z3dPXv/oKWiRGLSxBGLZCdAijAqSFNTzUgnlgTxgJF2ML6e1tsPRCoaiXs9iYnP0VDQkGKkjdW3T71QIpzSYT/1eOKJJMvSW8OKI8bSdpb1qhD3qlnfLjsVZya4DG4OZZCr0be/vEGEE06Exgwp1XWdWPspkppiRrKSlygSIzxGQ9I1KBAnyk9nB2XwxDgDGEbSPKHhzP09kSKu1IQHppMjPVKLtan5X62b6PDST6mIE00Eni8KEwZ1BKfpwAGVBGs2MYCwpOavEI+QSUibDEsmBHfx5GVoVSturVK7Oy/Xr/I4iuAIHIMz4IILUAc3oAGaAINH8AxewZv1ZL1Y79bHvLVg5TOH4I+szx8CW53T</latexit>

igµ⌫
M2

W c2

<latexit sha1_base64="tOuU4ZO+nRLyXzD6fSjm4IUnbek=">AAACGnicbVC7TsMwFHXKq5RXgJHFokJiIUoqaBkLLIxFog+pCZHjOK1V54HtVFRRv4OFX2FhACE2xMLf4LYZoOVK1j0651xd3+MljAppmt9aYWl5ZXWtuF7a2Nza3tF391oiTjkmTRyzmHc8JAijEWlKKhnpJJyg0GOk7Q2uJnp7SLigcXQrRwlxQtSLaEAxkopydctmyuwjaJP7lA6hHXCEs557cWeOVWupBm2UJDx+gCeWUamduXrZNMxpwUVg5aAM8mq4+qftxzgNSSQxQ0J0LTORToa4pJiRcclOBUkQHqAe6SoYoZAIJ5ueNoZHivFhEHP1Igmn7O+JDIVCjEJPOUMk+2Jem5D/ad1UBudORqMklSTCs0VByqCM4SQn6FNOsGQjBRDmVP0V4j5S4UiVZkmFYM2fvAhaFcOqGtWb03L9Mo+jCA7AITgGFqiBOrgGDdAEGDyCZ/AK3rQn7UV71z5m1oKWz+yDP6V9/QAq4p+q</latexit>

� ⌘ g0A
g0V

⇡ �1.275

“Partially” Conserved Axial Vector Current

Required by Electroweak Unification



β-Decay “Particle Physics”

n =

0

@
u
d
d

1

A

<latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit><latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit><latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit><latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit>

p =

0

@
u
u
d

1

A

<latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit><latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit><latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit><latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit>

W
<latexit sha1_base64="Ri0U805wrQe6fGsl00nZsJWavnA=">AAAB/HicbZBLSgNBEIZ74ivGV9Slm8YguAozIphlwI3LBMwDkiH0dGqSJj09Q3eNEIZ4Abd6A3fi1rt4Ac9hJ5mFSfyh4eOvKqr6DxIpDLrut1PY2t7Z3Svulw4Oj45PyqdnbROnmkOLxzLW3YAZkEJBCwVK6CYaWBRI6AST+3m98wTaiFg94jQBP2IjJULBGVqr2RmUK27VXYhugpdDheRqDMo//WHM0wgUcsmM6Xlugn7GNAouYVbqpwYSxidsBD2LikVg/Gxx6IxeWWdIw1jbp5Au3L8TGYuMmUaB7YwYjs16bW7+V+ulGNb8TKgkRVB8uShMJcWYzn9Nh0IDRzm1wLgW9lbKx0wzjjablS2BZhPAWckG463HsAntm6pnuXlbqdfyiIrkglySa+KRO1InD6RBWoQTIC/klbw5z8678+F8LlsLTj5zTlbkfP0CxW6VOQ==</latexit><latexit sha1_base64="Ri0U805wrQe6fGsl00nZsJWavnA=">AAAB/HicbZBLSgNBEIZ74ivGV9Slm8YguAozIphlwI3LBMwDkiH0dGqSJj09Q3eNEIZ4Abd6A3fi1rt4Ac9hJ5mFSfyh4eOvKqr6DxIpDLrut1PY2t7Z3Svulw4Oj45PyqdnbROnmkOLxzLW3YAZkEJBCwVK6CYaWBRI6AST+3m98wTaiFg94jQBP2IjJULBGVqr2RmUK27VXYhugpdDheRqDMo//WHM0wgUcsmM6Xlugn7GNAouYVbqpwYSxidsBD2LikVg/Gxx6IxeWWdIw1jbp5Au3L8TGYuMmUaB7YwYjs16bW7+V+ulGNb8TKgkRVB8uShMJcWYzn9Nh0IDRzm1wLgW9lbKx0wzjjablS2BZhPAWckG463HsAntm6pnuXlbqdfyiIrkglySa+KRO1InD6RBWoQTIC/klbw5z8678+F8LlsLTj5zTlbkfP0CxW6VOQ==</latexit><latexit sha1_base64="Ri0U805wrQe6fGsl00nZsJWavnA=">AAAB/HicbZBLSgNBEIZ74ivGV9Slm8YguAozIphlwI3LBMwDkiH0dGqSJj09Q3eNEIZ4Abd6A3fi1rt4Ac9hJ5mFSfyh4eOvKqr6DxIpDLrut1PY2t7Z3Svulw4Oj45PyqdnbROnmkOLxzLW3YAZkEJBCwVK6CYaWBRI6AST+3m98wTaiFg94jQBP2IjJULBGVqr2RmUK27VXYhugpdDheRqDMo//WHM0wgUcsmM6Xlugn7GNAouYVbqpwYSxidsBD2LikVg/Gxx6IxeWWdIw1jbp5Au3L8TGYuMmUaB7YwYjs16bW7+V+ulGNb8TKgkRVB8uShMJcWYzn9Nh0IDRzm1wLgW9lbKx0wzjjablS2BZhPAWckG463HsAntm6pnuXlbqdfyiIrkglySa+KRO1InD6RBWoQTIC/klbw5z8678+F8LlsLTj5zTlbkfP0CxW6VOQ==</latexit><latexit sha1_base64="Ri0U805wrQe6fGsl00nZsJWavnA=">AAAB/HicbZBLSgNBEIZ74ivGV9Slm8YguAozIphlwI3LBMwDkiH0dGqSJj09Q3eNEIZ4Abd6A3fi1rt4Ac9hJ5mFSfyh4eOvKqr6DxIpDLrut1PY2t7Z3Svulw4Oj45PyqdnbROnmkOLxzLW3YAZkEJBCwVK6CYaWBRI6AST+3m98wTaiFg94jQBP2IjJULBGVqr2RmUK27VXYhugpdDheRqDMo//WHM0wgUcsmM6Xlugn7GNAouYVbqpwYSxidsBD2LikVg/Gxx6IxeWWdIw1jbp5Au3L8TGYuMmUaB7YwYjs16bW7+V+ulGNb8TKgkRVB8uShMJcWYzn9Nh0IDRzm1wLgW9lbKx0wzjjablS2BZhPAWckG463HsAntm6pnuXlbqdfyiIrkglySa+KRO1InD6RBWoQTIC/klbw5z8678+F8LlsLTj5zTlbkfP0CxW6VOQ==</latexit>

⌫e
<latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit><latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit><latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit><latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit>

e�
<latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit>

<latexit sha1_base64="QPzwRitPzyQGTKibBBLpPUoJock="></latexit>

�0 =

✓
1 0
0 �1

◆

<latexit sha1_base64="jJ+7Z+6JPcQKVeR+YNNP5nmCHEM="></latexit>

�i =

✓
0 �i

��i 0

◆

<latexit sha1_base64="ma4z39+mLKlWJpm6efDcMDVdwyo="></latexit>

�5 = i�0�1�2�3 =

✓
0 1
1 0

◆

<latexit sha1_base64="x1TRsFOT22TyVO3jS8+tlpTxmRs=">AAACFXicbVDLSgMxFM34rPU16tJNsAgupMyIVJeiG5cVbBU6bbmT3k6DycyYZIQy9Cfc+CtuXCjiVnDn35hpu/B1IHByzj0k94Sp4Np43qczMzs3v7BYWiovr6yurbsbm02dZIphgyUiUdchaBQ8xobhRuB1qhBkKPAqvDkr/Ks7VJon8aUZptiWEMW8zxkYK3Xd/SCxdpHOg1TzEQ3wNuN3tLh0gh5EESoaRCAldLyuW/Gq3hj0L/GnpEKmqHfdj6CXsExibJgArVu+l5p2DspwJnBUDjKNKbAbiLBlaQwSdTsfbzWiu1bp0X6i7IkNHavfEzlIrYcytJMSzED/9grxP6+Vmf5xO+dxmhmM2eShfiaoSWhREe1xhcyIoSXAFLd/pWwACpixRZZtCf7vlf+S5kHVr1VrF4eVk9NpHSWyTXbIHvHJETkh56ROGoSRe/JInsmL8+A8Oa/O22R0xplmtsgPOO9fJsSfbQ==</latexit>

 ⌘  †�0

<latexit sha1_base64="z+T5I46ngjBDmAyi4ehXfCcdFpI=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSBYhV2RKFZBG8sI5gHZGO5OJpsh81hmZpUQ8gE2/oqNhSK2foCdf+PkUWjigYHDOedy554o4cxY3//2MkvLK6tr2fXcxubW9k5+d69mVKoJrRLFlW5EYChnklYts5w2Ek1BRJzWo/7V2K/fU22Ykrd2kNCWgFiyLiNgndTOFyoXYWIYDrmSsWZxz4LW6gGHMQgBd/7YdCm/6E+AF0kwIwU0Q6Wd/wo7iqSCSks4GNMM/MS2hqAtI5yOcmFqaAKkDzFtOipBUNMaTo4Z4SOndHBXafekxRP198QQhDEDEbmkANsz895Y/M9rprZ73hoymaSWSjJd1E05tgqPm8EdpimxfOAIEM3cXzHpgQZiXX85V0Iwf/IiqZ0Ug1KxdHNaKF/O6siiA3SIjlGAzlAZXaMKqiKCHtEzekVv3pP34r17H9NoxpvN7KM/8D5/ALoDm3A=</latexit>

P :  �! �0 

<latexit sha1_base64="WxJqHRtm/KE5yo9FFLZM7qCe3TU="></latexit>

  scalar
 �5 pseudoscalar
 �µ vector
 �µ�5 pseudovector
 i

2 (�
µ�⌫ � �⌫�µ) antisymmetric tensor

Weak “V-A” Coupling

<latexit sha1_base64="IPE5SmPowETn5qpS82ONZVUygHA=">AAACF3icbVC7TsMwFHXKq5RXgJHFokIqQ6ukgsJYwcJYJPqQmlA5rtNatZNgO6Aqyl+w8CssDCDECht/g9tmgJYjXen4nHvle48XMSqVZX0buaXlldW1/HphY3Nre8fc3WvJMBaYNHHIQtHxkCSMBqSpqGKkEwmCuMdI2xtdTvz2PRGShsGNGkfE5WgQUJ9ipLTUMyuOLxBOyhQOeg9pUnXknVBJNU2dAeIc3To8Ltnl7HF63DOLVsWaAi4SOyNFkKHRM7+cfohjTgKFGZKya1uRchMkFMWMpAUnliRCeIQGpKtpgDiRbjK9K4VHWulDPxS6AgWn6u+JBHEpx9zTnRypoZz3JuJ/XjdW/rmb0CCKFQnw7CM/ZlCFcBIS7FNBsGJjTRAWVO8K8RDpoJSOsqBDsOdPXiStasWuVWrXJ8X6RRZHHhyAQ1ACNjgDdXAFGqAJMHgEz+AVvBlPxovxbnzMWnNGNrMP/sD4/AF5Wp97</latexit>�igw
2
p
2
�µ(1� �5)

<latexit sha1_base64="BTmczQuuYbd87J+ZkwuAzGstEh0=">AAACKnicbVDLSsNAFJ3UV62vqEs3g0UQxJJIqS4LblxWsLXQhjCZTNqhk0mYmQgl5Cv8DX/Arf6Bu+JW/A4nTQTbemDgnHPv5d45XsyoVJY1Mypr6xubW9Xt2s7u3v6BeXjUk1EiMOniiEWi7yFJGOWkq6hipB8LgkKPkUdvcpvXH5+IkDTiD2oaEydEI04DipHSlmte9tw08bPhhKjUz+AFzLUstPzVXqG9zDXrVsOaA64SuyR1UKLjmt9DP8JJSLjCDEk5sK1YOSkSimJGstowkSRGeIJGZKApRyGRTjr/VgbPtOPDIBL6cQXn7t+JFIVSTkNPd4ZIjeVyLTf/qw0SFdw4KeVxogjHxaIgYVBFMM8I+lQQrNhUE4QF1bdCPEYCYaWTXNjiCaSTyWo6GHs5hlXSu2rYrUbrvllvN8uIquAEnIJzYINr0AZ3oAO6AINn8ArewLvxYnwYM+OzaK0Y5cwxWIDx9QNwgqhI</latexit>

Vud |di+ Vus |si+ Vub |bi

<latexit sha1_base64="ax8vhJ62pF/Z14lWPZjiM7Id8k4="></latexit>0

@
ed
es
eb

1

A =

0

@
Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb

1

A

0

@
d
s
b

1

A

CKM Matrix

<latexit sha1_base64="zeFjdWuJt+3RbspdVkvwCHDg5VU="></latexit>�igw
2
p
2
�µ(g0V � g0A�

5)

<latexit sha1_base64="w2sesusLRSJoyjgN1hwygYfC0JQ=">AAACEHicbZDLSgMxFIYz9VbrbdSlm2ARXZWZItVl0Y0boYK9QGdaMmmmDU0yQ5IRyjCP4MZXceNCEbcu3fk2pu0stPWHwMd/zuHk/EHMqNKO820VVlbX1jeKm6Wt7Z3dPXv/oKWiRGLSxBGLZCdAijAqSFNTzUgnlgTxgJF2ML6e1tsPRCoaiXs9iYnP0VDQkGKkjdW3T71QIpzSYT/1eOKJJMvSW8OKI8bSdpb1qhD3qlnfLjsVZya4DG4OZZCr0be/vEGEE06Exgwp1XWdWPspkppiRrKSlygSIzxGQ9I1KBAnyk9nB2XwxDgDGEbSPKHhzP09kSKu1IQHppMjPVKLtan5X62b6PDST6mIE00Eni8KEwZ1BKfpwAGVBGs2MYCwpOavEI+QSUibDEsmBHfx5GVoVSturVK7Oy/Xr/I4iuAIHIMz4IILUAc3oAGaAINH8AxewZv1ZL1Y79bHvLVg5TOH4I+szx8CW53T</latexit>

igµ⌫
M2

W c2

weak eigenstates mass eigenstates



β-Decay “Particle Physics”

n =

0

@
u
d
d

1

A

<latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit><latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit><latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit><latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit>

p =

0

@
u
u
d

1

A

<latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit><latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit><latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit><latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit>

W
<latexit sha1_base64="Ri0U805wrQe6fGsl00nZsJWavnA=">AAAB/HicbZBLSgNBEIZ74ivGV9Slm8YguAozIphlwI3LBMwDkiH0dGqSJj09Q3eNEIZ4Abd6A3fi1rt4Ac9hJ5mFSfyh4eOvKqr6DxIpDLrut1PY2t7Z3Svulw4Oj45PyqdnbROnmkOLxzLW3YAZkEJBCwVK6CYaWBRI6AST+3m98wTaiFg94jQBP2IjJULBGVqr2RmUK27VXYhugpdDheRqDMo//WHM0wgUcsmM6Xlugn7GNAouYVbqpwYSxidsBD2LikVg/Gxx6IxeWWdIw1jbp5Au3L8TGYuMmUaB7YwYjs16bW7+V+ulGNb8TKgkRVB8uShMJcWYzn9Nh0IDRzm1wLgW9lbKx0wzjjablS2BZhPAWckG463HsAntm6pnuXlbqdfyiIrkglySa+KRO1InD6RBWoQTIC/klbw5z8678+F8LlsLTj5zTlbkfP0CxW6VOQ==</latexit><latexit sha1_base64="Ri0U805wrQe6fGsl00nZsJWavnA=">AAAB/HicbZBLSgNBEIZ74ivGV9Slm8YguAozIphlwI3LBMwDkiH0dGqSJj09Q3eNEIZ4Abd6A3fi1rt4Ac9hJ5mFSfyh4eOvKqr6DxIpDLrut1PY2t7Z3Svulw4Oj45PyqdnbROnmkOLxzLW3YAZkEJBCwVK6CYaWBRI6AST+3m98wTaiFg94jQBP2IjJULBGVqr2RmUK27VXYhugpdDheRqDMo//WHM0wgUcsmM6Xlugn7GNAouYVbqpwYSxidsBD2LikVg/Gxx6IxeWWdIw1jbp5Au3L8TGYuMmUaB7YwYjs16bW7+V+ulGNb8TKgkRVB8uShMJcWYzn9Nh0IDRzm1wLgW9lbKx0wzjjablS2BZhPAWckG463HsAntm6pnuXlbqdfyiIrkglySa+KRO1InD6RBWoQTIC/klbw5z8678+F8LlsLTj5zTlbkfP0CxW6VOQ==</latexit><latexit sha1_base64="Ri0U805wrQe6fGsl00nZsJWavnA=">AAAB/HicbZBLSgNBEIZ74ivGV9Slm8YguAozIphlwI3LBMwDkiH0dGqSJj09Q3eNEIZ4Abd6A3fi1rt4Ac9hJ5mFSfyh4eOvKqr6DxIpDLrut1PY2t7Z3Svulw4Oj45PyqdnbROnmkOLxzLW3YAZkEJBCwVK6CYaWBRI6AST+3m98wTaiFg94jQBP2IjJULBGVqr2RmUK27VXYhugpdDheRqDMo//WHM0wgUcsmM6Xlugn7GNAouYVbqpwYSxidsBD2LikVg/Gxx6IxeWWdIw1jbp5Au3L8TGYuMmUaB7YwYjs16bW7+V+ulGNb8TKgkRVB8uShMJcWYzn9Nh0IDRzm1wLgW9lbKx0wzjjablS2BZhPAWckG463HsAntm6pnuXlbqdfyiIrkglySa+KRO1InD6RBWoQTIC/klbw5z8678+F8LlsLTj5zTlbkfP0CxW6VOQ==</latexit><latexit sha1_base64="Ri0U805wrQe6fGsl00nZsJWavnA=">AAAB/HicbZBLSgNBEIZ74ivGV9Slm8YguAozIphlwI3LBMwDkiH0dGqSJj09Q3eNEIZ4Abd6A3fi1rt4Ac9hJ5mFSfyh4eOvKqr6DxIpDLrut1PY2t7Z3Svulw4Oj45PyqdnbROnmkOLxzLW3YAZkEJBCwVK6CYaWBRI6AST+3m98wTaiFg94jQBP2IjJULBGVqr2RmUK27VXYhugpdDheRqDMo//WHM0wgUcsmM6Xlugn7GNAouYVbqpwYSxidsBD2LikVg/Gxx6IxeWWdIw1jbp5Au3L8TGYuMmUaB7YwYjs16bW7+V+ulGNb8TKgkRVB8uShMJcWYzn9Nh0IDRzm1wLgW9lbKx0wzjjablS2BZhPAWckG463HsAntm6pnuXlbqdfyiIrkglySa+KRO1InD6RBWoQTIC/klbw5z8678+F8LlsLTj5zTlbkfP0CxW6VOQ==</latexit>

⌫e
<latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit><latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit><latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit><latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit>

e�
<latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit>

<latexit sha1_base64="QPzwRitPzyQGTKibBBLpPUoJock="></latexit>

�0 =

✓
1 0
0 �1

◆

<latexit sha1_base64="jJ+7Z+6JPcQKVeR+YNNP5nmCHEM="></latexit>

�i =

✓
0 �i

��i 0

◆

<latexit sha1_base64="ma4z39+mLKlWJpm6efDcMDVdwyo="></latexit>

�5 = i�0�1�2�3 =

✓
0 1
1 0

◆

<latexit sha1_base64="x1TRsFOT22TyVO3jS8+tlpTxmRs=">AAACFXicbVDLSgMxFM34rPU16tJNsAgupMyIVJeiG5cVbBU6bbmT3k6DycyYZIQy9Cfc+CtuXCjiVnDn35hpu/B1IHByzj0k94Sp4Np43qczMzs3v7BYWiovr6yurbsbm02dZIphgyUiUdchaBQ8xobhRuB1qhBkKPAqvDkr/Ks7VJon8aUZptiWEMW8zxkYK3Xd/SCxdpHOg1TzEQ3wNuN3tLh0gh5EESoaRCAldLyuW/Gq3hj0L/GnpEKmqHfdj6CXsExibJgArVu+l5p2DspwJnBUDjKNKbAbiLBlaQwSdTsfbzWiu1bp0X6i7IkNHavfEzlIrYcytJMSzED/9grxP6+Vmf5xO+dxmhmM2eShfiaoSWhREe1xhcyIoSXAFLd/pWwACpixRZZtCf7vlf+S5kHVr1VrF4eVk9NpHSWyTXbIHvHJETkh56ROGoSRe/JInsmL8+A8Oa/O22R0xplmtsgPOO9fJsSfbQ==</latexit>

 ⌘  †�0

<latexit sha1_base64="z+T5I46ngjBDmAyi4ehXfCcdFpI=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSBYhV2RKFZBG8sI5gHZGO5OJpsh81hmZpUQ8gE2/oqNhSK2foCdf+PkUWjigYHDOedy554o4cxY3//2MkvLK6tr2fXcxubW9k5+d69mVKoJrRLFlW5EYChnklYts5w2Ek1BRJzWo/7V2K/fU22Ykrd2kNCWgFiyLiNgndTOFyoXYWIYDrmSsWZxz4LW6gGHMQgBd/7YdCm/6E+AF0kwIwU0Q6Wd/wo7iqSCSks4GNMM/MS2hqAtI5yOcmFqaAKkDzFtOipBUNMaTo4Z4SOndHBXafekxRP198QQhDEDEbmkANsz895Y/M9rprZ73hoymaSWSjJd1E05tgqPm8EdpimxfOAIEM3cXzHpgQZiXX85V0Iwf/IiqZ0Ug1KxdHNaKF/O6siiA3SIjlGAzlAZXaMKqiKCHtEzekVv3pP34r17H9NoxpvN7KM/8D5/ALoDm3A=</latexit>

P :  �! �0 

<latexit sha1_base64="WxJqHRtm/KE5yo9FFLZM7qCe3TU="></latexit>

  scalar
 �5 pseudoscalar
 �µ vector
 �µ�5 pseudovector
 i

2 (�
µ�⌫ � �⌫�µ) antisymmetric tensor

Weak “V-A” Coupling

<latexit sha1_base64="IPE5SmPowETn5qpS82ONZVUygHA=">AAACF3icbVC7TsMwFHXKq5RXgJHFokIqQ6ukgsJYwcJYJPqQmlA5rtNatZNgO6Aqyl+w8CssDCDECht/g9tmgJYjXen4nHvle48XMSqVZX0buaXlldW1/HphY3Nre8fc3WvJMBaYNHHIQtHxkCSMBqSpqGKkEwmCuMdI2xtdTvz2PRGShsGNGkfE5WgQUJ9ipLTUMyuOLxBOyhQOeg9pUnXknVBJNU2dAeIc3To8Ltnl7HF63DOLVsWaAi4SOyNFkKHRM7+cfohjTgKFGZKya1uRchMkFMWMpAUnliRCeIQGpKtpgDiRbjK9K4VHWulDPxS6AgWn6u+JBHEpx9zTnRypoZz3JuJ/XjdW/rmb0CCKFQnw7CM/ZlCFcBIS7FNBsGJjTRAWVO8K8RDpoJSOsqBDsOdPXiStasWuVWrXJ8X6RRZHHhyAQ1ACNjgDdXAFGqAJMHgEz+AVvBlPxovxbnzMWnNGNrMP/sD4/AF5Wp97</latexit>�igw
2
p
2
�µ(1� �5)

<latexit sha1_base64="BTmczQuuYbd87J+ZkwuAzGstEh0=">AAACKnicbVDLSsNAFJ3UV62vqEs3g0UQxJJIqS4LblxWsLXQhjCZTNqhk0mYmQgl5Cv8DX/Arf6Bu+JW/A4nTQTbemDgnHPv5d45XsyoVJY1Mypr6xubW9Xt2s7u3v6BeXjUk1EiMOniiEWi7yFJGOWkq6hipB8LgkKPkUdvcpvXH5+IkDTiD2oaEydEI04DipHSlmte9tw08bPhhKjUz+AFzLUstPzVXqG9zDXrVsOaA64SuyR1UKLjmt9DP8JJSLjCDEk5sK1YOSkSimJGstowkSRGeIJGZKApRyGRTjr/VgbPtOPDIBL6cQXn7t+JFIVSTkNPd4ZIjeVyLTf/qw0SFdw4KeVxogjHxaIgYVBFMM8I+lQQrNhUE4QF1bdCPEYCYaWTXNjiCaSTyWo6GHs5hlXSu2rYrUbrvllvN8uIquAEnIJzYINr0AZ3oAO6AINn8ArewLvxYnwYM+OzaK0Y5cwxWIDx9QNwgqhI</latexit>

Vud |di+ Vus |si+ Vub |bi

<latexit sha1_base64="C6eyY1FeQRCen5kejszDVPOs9sM="></latexit>

�igwVud

2
p
2

�µ(g0V � g0A�
5)

<latexit sha1_base64="w2sesusLRSJoyjgN1hwygYfC0JQ=">AAACEHicbZDLSgMxFIYz9VbrbdSlm2ARXZWZItVl0Y0boYK9QGdaMmmmDU0yQ5IRyjCP4MZXceNCEbcu3fk2pu0stPWHwMd/zuHk/EHMqNKO820VVlbX1jeKm6Wt7Z3dPXv/oKWiRGLSxBGLZCdAijAqSFNTzUgnlgTxgJF2ML6e1tsPRCoaiXs9iYnP0VDQkGKkjdW3T71QIpzSYT/1eOKJJMvSW8OKI8bSdpb1qhD3qlnfLjsVZya4DG4OZZCr0be/vEGEE06Exgwp1XWdWPspkppiRrKSlygSIzxGQ9I1KBAnyk9nB2XwxDgDGEbSPKHhzP09kSKu1IQHppMjPVKLtan5X62b6PDST6mIE00Eni8KEwZ1BKfpwAGVBGs2MYCwpOavEI+QSUibDEsmBHfx5GVoVSturVK7Oy/Xr/I4iuAIHIMz4IILUAc3oAGaAINH8AxewZv1ZL1Y79bHvLVg5TOH4I+szx8CW53T</latexit>

igµ⌫
M2

W c2

<latexit sha1_base64="ax8vhJ62pF/Z14lWPZjiM7Id8k4="></latexit>0

@
ed
es
eb

1

A =

0

@
Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb

1

A

0

@
d
s
b

1

A

CKM Matrix

weak eigenstates mass eigenstates



β-Decay “Particle Physics”

n =

0

@
u
d
d

1

A

<latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit><latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit><latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit><latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit>

p =

0

@
u
u
d

1

A

<latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit><latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit><latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit><latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit>

⌫e
<latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit><latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit><latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit><latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit>

e�
<latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit>

GFVudp
2

<latexit sha1_base64="/kCn37GkcYJA0Q6PqEcyX2uEmSU=">AAACN3icbVDLSgMxFM3UV62vUZduglVwVWaKoMuioC4r2FrolCGTZtrQzMPkjlDC/IBf47b+iSt34ta9C9PHwrYeCBzOuY/cE6SCK3Ccd6uwsrq2vlHcLG1t7+zu2fsHTZVkkrIGTUQiWwFRTPCYNYCDYK1UMhIFgj0Gg+ux//jMpOJJ/ADDlHUi0ot5yCkBI/n2iRdKQvWt70UE+jLSNzlu+jrr5rn21JMEXc1z3y47FWcCvEzcGSmjGeq+/eN1E5pFLAYqiFJt10mho4kETgXLS16mWErogPRY29CYREx19OSaHJ8apYvDRJoXA56ofzs0iZQaRoGpHP9ZLXpj8V9vcqEK1cJ+CC87msdpBiym0/VhJjAkeBwY7nLJKIihIYRKbi7AtE9MaGBinZsfSDJgkJdMXO5iOMukWa24ht+fl2tXs+CK6AgdozPkogtUQ3eojhqIohf0ikbozRpZH9an9TUtLViznkM0B+v7F9D1roU=</latexit><latexit sha1_base64="/kCn37GkcYJA0Q6PqEcyX2uEmSU=">AAACN3icbVDLSgMxFM3UV62vUZduglVwVWaKoMuioC4r2FrolCGTZtrQzMPkjlDC/IBf47b+iSt34ta9C9PHwrYeCBzOuY/cE6SCK3Ccd6uwsrq2vlHcLG1t7+zu2fsHTZVkkrIGTUQiWwFRTPCYNYCDYK1UMhIFgj0Gg+ux//jMpOJJ/ADDlHUi0ot5yCkBI/n2iRdKQvWt70UE+jLSNzlu+jrr5rn21JMEXc1z3y47FWcCvEzcGSmjGeq+/eN1E5pFLAYqiFJt10mho4kETgXLS16mWErogPRY29CYREx19OSaHJ8apYvDRJoXA56ofzs0iZQaRoGpHP9ZLXpj8V9vcqEK1cJ+CC87msdpBiym0/VhJjAkeBwY7nLJKIihIYRKbi7AtE9MaGBinZsfSDJgkJdMXO5iOMukWa24ht+fl2tXs+CK6AgdozPkogtUQ3eojhqIohf0ikbozRpZH9an9TUtLViznkM0B+v7F9D1roU=</latexit><latexit sha1_base64="/kCn37GkcYJA0Q6PqEcyX2uEmSU=">AAACN3icbVDLSgMxFM3UV62vUZduglVwVWaKoMuioC4r2FrolCGTZtrQzMPkjlDC/IBf47b+iSt34ta9C9PHwrYeCBzOuY/cE6SCK3Ccd6uwsrq2vlHcLG1t7+zu2fsHTZVkkrIGTUQiWwFRTPCYNYCDYK1UMhIFgj0Gg+ux//jMpOJJ/ADDlHUi0ot5yCkBI/n2iRdKQvWt70UE+jLSNzlu+jrr5rn21JMEXc1z3y47FWcCvEzcGSmjGeq+/eN1E5pFLAYqiFJt10mho4kETgXLS16mWErogPRY29CYREx19OSaHJ8apYvDRJoXA56ofzs0iZQaRoGpHP9ZLXpj8V9vcqEK1cJ+CC87msdpBiym0/VhJjAkeBwY7nLJKIihIYRKbi7AtE9MaGBinZsfSDJgkJdMXO5iOMukWa24ht+fl2tXs+CK6AgdozPkogtUQ3eojhqIohf0ikbozRpZH9an9TUtLViznkM0B+v7F9D1roU=</latexit><latexit sha1_base64="/kCn37GkcYJA0Q6PqEcyX2uEmSU=">AAACN3icbVDLSgMxFM3UV62vUZduglVwVWaKoMuioC4r2FrolCGTZtrQzMPkjlDC/IBf47b+iSt34ta9C9PHwrYeCBzOuY/cE6SCK3Ccd6uwsrq2vlHcLG1t7+zu2fsHTZVkkrIGTUQiWwFRTPCYNYCDYK1UMhIFgj0Gg+ux//jMpOJJ/ADDlHUi0ot5yCkBI/n2iRdKQvWt70UE+jLSNzlu+jrr5rn21JMEXc1z3y47FWcCvEzcGSmjGeq+/eN1E5pFLAYqiFJt10mho4kETgXLS16mWErogPRY29CYREx19OSaHJ8apYvDRJoXA56ofzs0iZQaRoGpHP9ZLXpj8V9vcqEK1cJ+CC87msdpBiym0/VhJjAkeBwY7nLJKIihIYRKbi7AtE9MaGBinZsfSDJgkJdMXO5iOMukWa24ht+fl2tXs+CK6AgdozPkogtUQ3eojhqIohf0ikbozRpZH9an9TUtLViznkM0B+v7F9D1roU=</latexit>

<latexit sha1_base64="yqded56auqov6uLrvykwDZ+dZLw="></latexit>
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<latexit sha1_base64="iKFcHSvY1XcLX1mh7h/gRxbpz3A="></latexit>
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<latexit sha1_base64="AhUJzLG58ab5RRe3QUudQGlmkZI="></latexit>
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1% Weak Magnetism q-dependent term (tensor coupling) not included



Mean Lifetime ~880 s 
Endpoint Energy 782 keV
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<latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit><latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit><latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit><latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit>
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u
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<latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit><latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit><latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit><latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit>

⌫e
<latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit><latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit><latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit><latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit>

e�
<latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit>

GFVudp
2

<latexit sha1_base64="/kCn37GkcYJA0Q6PqEcyX2uEmSU=">AAACN3icbVDLSgMxFM3UV62vUZduglVwVWaKoMuioC4r2FrolCGTZtrQzMPkjlDC/IBf47b+iSt34ta9C9PHwrYeCBzOuY/cE6SCK3Ccd6uwsrq2vlHcLG1t7+zu2fsHTZVkkrIGTUQiWwFRTPCYNYCDYK1UMhIFgj0Gg+ux//jMpOJJ/ADDlHUi0ot5yCkBI/n2iRdKQvWt70UE+jLSNzlu+jrr5rn21JMEXc1z3y47FWcCvEzcGSmjGeq+/eN1E5pFLAYqiFJt10mho4kETgXLS16mWErogPRY29CYREx19OSaHJ8apYvDRJoXA56ofzs0iZQaRoGpHP9ZLXpj8V9vcqEK1cJ+CC87msdpBiym0/VhJjAkeBwY7nLJKIihIYRKbi7AtE9MaGBinZsfSDJgkJdMXO5iOMukWa24ht+fl2tXs+CK6AgdozPkogtUQ3eojhqIohf0ikbozRpZH9an9TUtLViznkM0B+v7F9D1roU=</latexit><latexit sha1_base64="/kCn37GkcYJA0Q6PqEcyX2uEmSU=">AAACN3icbVDLSgMxFM3UV62vUZduglVwVWaKoMuioC4r2FrolCGTZtrQzMPkjlDC/IBf47b+iSt34ta9C9PHwrYeCBzOuY/cE6SCK3Ccd6uwsrq2vlHcLG1t7+zu2fsHTZVkkrIGTUQiWwFRTPCYNYCDYK1UMhIFgj0Gg+ux//jMpOJJ/ADDlHUi0ot5yCkBI/n2iRdKQvWt70UE+jLSNzlu+jrr5rn21JMEXc1z3y47FWcCvEzcGSmjGeq+/eN1E5pFLAYqiFJt10mho4kETgXLS16mWErogPRY29CYREx19OSaHJ8apYvDRJoXA56ofzs0iZQaRoGpHP9ZLXpj8V9vcqEK1cJ+CC87msdpBiym0/VhJjAkeBwY7nLJKIihIYRKbi7AtE9MaGBinZsfSDJgkJdMXO5iOMukWa24ht+fl2tXs+CK6AgdozPkogtUQ3eojhqIohf0ikbozRpZH9an9TUtLViznkM0B+v7F9D1roU=</latexit><latexit sha1_base64="/kCn37GkcYJA0Q6PqEcyX2uEmSU=">AAACN3icbVDLSgMxFM3UV62vUZduglVwVWaKoMuioC4r2FrolCGTZtrQzMPkjlDC/IBf47b+iSt34ta9C9PHwrYeCBzOuY/cE6SCK3Ccd6uwsrq2vlHcLG1t7+zu2fsHTZVkkrIGTUQiWwFRTPCYNYCDYK1UMhIFgj0Gg+ux//jMpOJJ/ADDlHUi0ot5yCkBI/n2iRdKQvWt70UE+jLSNzlu+jrr5rn21JMEXc1z3y47FWcCvEzcGSmjGeq+/eN1E5pFLAYqiFJt10mho4kETgXLS16mWErogPRY29CYREx19OSaHJ8apYvDRJoXA56ofzs0iZQaRoGpHP9ZLXpj8V9vcqEK1cJ+CC87msdpBiym0/VhJjAkeBwY7nLJKIihIYRKbi7AtE9MaGBinZsfSDJgkJdMXO5iOMukWa24ht+fl2tXs+CK6AgdozPkogtUQ3eojhqIohf0ikbozRpZH9an9TUtLViznkM0B+v7F9D1roU=</latexit><latexit sha1_base64="/kCn37GkcYJA0Q6PqEcyX2uEmSU=">AAACN3icbVDLSgMxFM3UV62vUZduglVwVWaKoMuioC4r2FrolCGTZtrQzMPkjlDC/IBf47b+iSt34ta9C9PHwrYeCBzOuY/cE6SCK3Ccd6uwsrq2vlHcLG1t7+zu2fsHTZVkkrIGTUQiWwFRTPCYNYCDYK1UMhIFgj0Gg+ux//jMpOJJ/ADDlHUi0ot5yCkBI/n2iRdKQvWt70UE+jLSNzlu+jrr5rn21JMEXc1z3y47FWcCvEzcGSmjGeq+/eN1E5pFLAYqiFJt10mho4kETgXLS16mWErogPRY29CYREx19OSaHJ8apYvDRJoXA56ofzs0iZQaRoGpHP9ZLXpj8V9vcqEK1cJ+CC87msdpBiym0/VhJjAkeBwY7nLJKIihIYRKbi7AtE9MaGBinZsfSDJgkJdMXO5iOMukWa24ht+fl2tXs+CK6AgdozPkogtUQ3eojhqIohf0ikbozRpZH9an9TUtLViznkM0B+v7F9D1roU=</latexit>
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<latexit sha1_base64="UbFypG+qcCIQDJcdbE5dXnX23lk="></latexit><latexit sha1_base64="UbFypG+qcCIQDJcdbE5dXnX23lk="></latexit><latexit sha1_base64="UbFypG+qcCIQDJcdbE5dXnX23lk="></latexit><latexit sha1_base64="UbFypG+qcCIQDJcdbE5dXnX23lk="></latexit>

SM 𝜷-decay parameters 
CKM Matrix Element

Ratio of axial-vector to vector form factors � ⌘
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<latexit sha1_base64="5c2ZiVKpA9J2uB74amkE8BC1+fM="></latexit><latexit sha1_base64="5c2ZiVKpA9J2uB74amkE8BC1+fM="></latexit><latexit sha1_base64="5c2ZiVKpA9J2uB74amkE8BC1+fM="></latexit><latexit sha1_base64="5c2ZiVKpA9J2uB74amkE8BC1+fM="></latexit>

Vud
<latexit sha1_base64="YdssL3XYfkESafnxlFaUW/lCOqE=">AAACF3icbZBPS8MwGMbT+W/Of1OPXoJD8DRaGehx4MXjBNcNtjLSNN3i0rQkb4VR+h28zi/jTbx69Lt4MN16cJsvBH48z/vmTR4/EVyDbX9bla3tnd296n7t4PDo+KR+eubqOFWUdWksYtX3iWaCS9YFDoL1E8VI5AvW86f3hd97YUrzWD7BLGFeRMaSh5wSMJLrjrI0yEf1ht20F4U3wSmhgcrqjOo/wyCmacQkUEG0Hjh2Al5GFHAqWF4bppolhE7JmA0MShIx7WWL1+b4yigBDmNljgS8UP9OZCTSehb5pjMiMNHrXiH+6xWK0qFe2w/hnZdxmaTAJF2uD1OBIcZFIDjgilEQMwOEKm5+gOmEKELBxLZyv6/IlEFeM3E56+FsgnvTdAw/thrtVhlcFV2gS3SNHHSL2ugBdVAXUfSMXtEcvVlz6936sD6XrRWrnDlHK2V9/QKbjaD5</latexit><latexit sha1_base64="YdssL3XYfkESafnxlFaUW/lCOqE=">AAACF3icbZBPS8MwGMbT+W/Of1OPXoJD8DRaGehx4MXjBNcNtjLSNN3i0rQkb4VR+h28zi/jTbx69Lt4MN16cJsvBH48z/vmTR4/EVyDbX9bla3tnd296n7t4PDo+KR+eubqOFWUdWksYtX3iWaCS9YFDoL1E8VI5AvW86f3hd97YUrzWD7BLGFeRMaSh5wSMJLrjrI0yEf1ht20F4U3wSmhgcrqjOo/wyCmacQkUEG0Hjh2Al5GFHAqWF4bppolhE7JmA0MShIx7WWL1+b4yigBDmNljgS8UP9OZCTSehb5pjMiMNHrXiH+6xWK0qFe2w/hnZdxmaTAJF2uD1OBIcZFIDjgilEQMwOEKm5+gOmEKELBxLZyv6/IlEFeM3E56+FsgnvTdAw/thrtVhlcFV2gS3SNHHSL2ugBdVAXUfSMXtEcvVlz6936sD6XrRWrnDlHK2V9/QKbjaD5</latexit><latexit sha1_base64="YdssL3XYfkESafnxlFaUW/lCOqE=">AAACF3icbZBPS8MwGMbT+W/Of1OPXoJD8DRaGehx4MXjBNcNtjLSNN3i0rQkb4VR+h28zi/jTbx69Lt4MN16cJsvBH48z/vmTR4/EVyDbX9bla3tnd296n7t4PDo+KR+eubqOFWUdWksYtX3iWaCS9YFDoL1E8VI5AvW86f3hd97YUrzWD7BLGFeRMaSh5wSMJLrjrI0yEf1ht20F4U3wSmhgcrqjOo/wyCmacQkUEG0Hjh2Al5GFHAqWF4bppolhE7JmA0MShIx7WWL1+b4yigBDmNljgS8UP9OZCTSehb5pjMiMNHrXiH+6xWK0qFe2w/hnZdxmaTAJF2uD1OBIcZFIDjgilEQMwOEKm5+gOmEKELBxLZyv6/IlEFeM3E56+FsgnvTdAw/thrtVhlcFV2gS3SNHHSL2ugBdVAXUfSMXtEcvVlz6936sD6XrRWrnDlHK2V9/QKbjaD5</latexit><latexit sha1_base64="YdssL3XYfkESafnxlFaUW/lCOqE=">AAACF3icbZBPS8MwGMbT+W/Of1OPXoJD8DRaGehx4MXjBNcNtjLSNN3i0rQkb4VR+h28zi/jTbx69Lt4MN16cJsvBH48z/vmTR4/EVyDbX9bla3tnd296n7t4PDo+KR+eubqOFWUdWksYtX3iWaCS9YFDoL1E8VI5AvW86f3hd97YUrzWD7BLGFeRMaSh5wSMJLrjrI0yEf1ht20F4U3wSmhgcrqjOo/wyCmacQkUEG0Hjh2Al5GFHAqWF4bppolhE7JmA0MShIx7WWL1+b4yigBDmNljgS8UP9OZCTSehb5pjMiMNHrXiH+6xWK0qFe2w/hnZdxmaTAJF2uD1OBIcZFIDjgilEQMwOEKm5+gOmEKELBxLZyv6/IlEFeM3E56+FsgnvTdAw/thrtVhlcFV2gS3SNHHSL2ugBdVAXUfSMXtEcvVlz6936sD6XrRWrnDlHK2V9/QKbjaD5</latexit>

β-Decay “Particle Physics”

<latexit sha1_base64="UspyXK2lywrtFrXZ9vVzz2UvBnc="></latexit>
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Endpoint Energy 782 keV
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<latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit><latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit><latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit><latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit>

p =

0
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u
u
d

1

A

<latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit><latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit><latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit><latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit>

⌫e
<latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit><latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit><latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit><latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit>

e�
<latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit>

GFVudp
2

<latexit sha1_base64="/kCn37GkcYJA0Q6PqEcyX2uEmSU=">AAACN3icbVDLSgMxFM3UV62vUZduglVwVWaKoMuioC4r2FrolCGTZtrQzMPkjlDC/IBf47b+iSt34ta9C9PHwrYeCBzOuY/cE6SCK3Ccd6uwsrq2vlHcLG1t7+zu2fsHTZVkkrIGTUQiWwFRTPCYNYCDYK1UMhIFgj0Gg+ux//jMpOJJ/ADDlHUi0ot5yCkBI/n2iRdKQvWt70UE+jLSNzlu+jrr5rn21JMEXc1z3y47FWcCvEzcGSmjGeq+/eN1E5pFLAYqiFJt10mho4kETgXLS16mWErogPRY29CYREx19OSaHJ8apYvDRJoXA56ofzs0iZQaRoGpHP9ZLXpj8V9vcqEK1cJ+CC87msdpBiym0/VhJjAkeBwY7nLJKIihIYRKbi7AtE9MaGBinZsfSDJgkJdMXO5iOMukWa24ht+fl2tXs+CK6AgdozPkogtUQ3eojhqIohf0ikbozRpZH9an9TUtLViznkM0B+v7F9D1roU=</latexit><latexit sha1_base64="/kCn37GkcYJA0Q6PqEcyX2uEmSU=">AAACN3icbVDLSgMxFM3UV62vUZduglVwVWaKoMuioC4r2FrolCGTZtrQzMPkjlDC/IBf47b+iSt34ta9C9PHwrYeCBzOuY/cE6SCK3Ccd6uwsrq2vlHcLG1t7+zu2fsHTZVkkrIGTUQiWwFRTPCYNYCDYK1UMhIFgj0Gg+ux//jMpOJJ/ADDlHUi0ot5yCkBI/n2iRdKQvWt70UE+jLSNzlu+jrr5rn21JMEXc1z3y47FWcCvEzcGSmjGeq+/eN1E5pFLAYqiFJt10mho4kETgXLS16mWErogPRY29CYREx19OSaHJ8apYvDRJoXA56ofzs0iZQaRoGpHP9ZLXpj8V9vcqEK1cJ+CC87msdpBiym0/VhJjAkeBwY7nLJKIihIYRKbi7AtE9MaGBinZsfSDJgkJdMXO5iOMukWa24ht+fl2tXs+CK6AgdozPkogtUQ3eojhqIohf0ikbozRpZH9an9TUtLViznkM0B+v7F9D1roU=</latexit><latexit sha1_base64="/kCn37GkcYJA0Q6PqEcyX2uEmSU=">AAACN3icbVDLSgMxFM3UV62vUZduglVwVWaKoMuioC4r2FrolCGTZtrQzMPkjlDC/IBf47b+iSt34ta9C9PHwrYeCBzOuY/cE6SCK3Ccd6uwsrq2vlHcLG1t7+zu2fsHTZVkkrIGTUQiWwFRTPCYNYCDYK1UMhIFgj0Gg+ux//jMpOJJ/ADDlHUi0ot5yCkBI/n2iRdKQvWt70UE+jLSNzlu+jrr5rn21JMEXc1z3y47FWcCvEzcGSmjGeq+/eN1E5pFLAYqiFJt10mho4kETgXLS16mWErogPRY29CYREx19OSaHJ8apYvDRJoXA56ofzs0iZQaRoGpHP9ZLXpj8V9vcqEK1cJ+CC87msdpBiym0/VhJjAkeBwY7nLJKIihIYRKbi7AtE9MaGBinZsfSDJgkJdMXO5iOMukWa24ht+fl2tXs+CK6AgdozPkogtUQ3eojhqIohf0ikbozRpZH9an9TUtLViznkM0B+v7F9D1roU=</latexit><latexit sha1_base64="/kCn37GkcYJA0Q6PqEcyX2uEmSU=">AAACN3icbVDLSgMxFM3UV62vUZduglVwVWaKoMuioC4r2FrolCGTZtrQzMPkjlDC/IBf47b+iSt34ta9C9PHwrYeCBzOuY/cE6SCK3Ccd6uwsrq2vlHcLG1t7+zu2fsHTZVkkrIGTUQiWwFRTPCYNYCDYK1UMhIFgj0Gg+ux//jMpOJJ/ADDlHUi0ot5yCkBI/n2iRdKQvWt70UE+jLSNzlu+jrr5rn21JMEXc1z3y47FWcCvEzcGSmjGeq+/eN1E5pFLAYqiFJt10mho4kETgXLS16mWErogPRY29CYREx19OSaHJ8apYvDRJoXA56ofzs0iZQaRoGpHP9ZLXpj8V9vcqEK1cJ+CC87msdpBiym0/VhJjAkeBwY7nLJKIihIYRKbi7AtE9MaGBinZsfSDJgkJdMXO5iOMukWa24ht+fl2tXs+CK6AgdozPkogtUQ3eojhqIohf0ikbozRpZH9an9TUtLViznkM0B+v7F9D1roU=</latexit>
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<latexit sha1_base64="UbFypG+qcCIQDJcdbE5dXnX23lk="></latexit><latexit sha1_base64="UbFypG+qcCIQDJcdbE5dXnX23lk="></latexit><latexit sha1_base64="UbFypG+qcCIQDJcdbE5dXnX23lk="></latexit><latexit sha1_base64="UbFypG+qcCIQDJcdbE5dXnX23lk="></latexit>

SM 𝜷-decay parameters 
CKM Matrix Element

Ratio of axial-vector to vector form factors � ⌘
����
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<latexit sha1_base64="5c2ZiVKpA9J2uB74amkE8BC1+fM="></latexit><latexit sha1_base64="5c2ZiVKpA9J2uB74amkE8BC1+fM="></latexit><latexit sha1_base64="5c2ZiVKpA9J2uB74amkE8BC1+fM="></latexit><latexit sha1_base64="5c2ZiVKpA9J2uB74amkE8BC1+fM="></latexit>

Vud
<latexit sha1_base64="YdssL3XYfkESafnxlFaUW/lCOqE=">AAACF3icbZBPS8MwGMbT+W/Of1OPXoJD8DRaGehx4MXjBNcNtjLSNN3i0rQkb4VR+h28zi/jTbx69Lt4MN16cJsvBH48z/vmTR4/EVyDbX9bla3tnd296n7t4PDo+KR+eubqOFWUdWksYtX3iWaCS9YFDoL1E8VI5AvW86f3hd97YUrzWD7BLGFeRMaSh5wSMJLrjrI0yEf1ht20F4U3wSmhgcrqjOo/wyCmacQkUEG0Hjh2Al5GFHAqWF4bppolhE7JmA0MShIx7WWL1+b4yigBDmNljgS8UP9OZCTSehb5pjMiMNHrXiH+6xWK0qFe2w/hnZdxmaTAJF2uD1OBIcZFIDjgilEQMwOEKm5+gOmEKELBxLZyv6/IlEFeM3E56+FsgnvTdAw/thrtVhlcFV2gS3SNHHSL2ugBdVAXUfSMXtEcvVlz6936sD6XrRWrnDlHK2V9/QKbjaD5</latexit><latexit sha1_base64="YdssL3XYfkESafnxlFaUW/lCOqE=">AAACF3icbZBPS8MwGMbT+W/Of1OPXoJD8DRaGehx4MXjBNcNtjLSNN3i0rQkb4VR+h28zi/jTbx69Lt4MN16cJsvBH48z/vmTR4/EVyDbX9bla3tnd296n7t4PDo+KR+eubqOFWUdWksYtX3iWaCS9YFDoL1E8VI5AvW86f3hd97YUrzWD7BLGFeRMaSh5wSMJLrjrI0yEf1ht20F4U3wSmhgcrqjOo/wyCmacQkUEG0Hjh2Al5GFHAqWF4bppolhE7JmA0MShIx7WWL1+b4yigBDmNljgS8UP9OZCTSehb5pjMiMNHrXiH+6xWK0qFe2w/hnZdxmaTAJF2uD1OBIcZFIDjgilEQMwOEKm5+gOmEKELBxLZyv6/IlEFeM3E56+FsgnvTdAw/thrtVhlcFV2gS3SNHHSL2ugBdVAXUfSMXtEcvVlz6936sD6XrRWrnDlHK2V9/QKbjaD5</latexit><latexit sha1_base64="YdssL3XYfkESafnxlFaUW/lCOqE=">AAACF3icbZBPS8MwGMbT+W/Of1OPXoJD8DRaGehx4MXjBNcNtjLSNN3i0rQkb4VR+h28zi/jTbx69Lt4MN16cJsvBH48z/vmTR4/EVyDbX9bla3tnd296n7t4PDo+KR+eubqOFWUdWksYtX3iWaCS9YFDoL1E8VI5AvW86f3hd97YUrzWD7BLGFeRMaSh5wSMJLrjrI0yEf1ht20F4U3wSmhgcrqjOo/wyCmacQkUEG0Hjh2Al5GFHAqWF4bppolhE7JmA0MShIx7WWL1+b4yigBDmNljgS8UP9OZCTSehb5pjMiMNHrXiH+6xWK0qFe2w/hnZdxmaTAJF2uD1OBIcZFIDjgilEQMwOEKm5+gOmEKELBxLZyv6/IlEFeM3E56+FsgnvTdAw/thrtVhlcFV2gS3SNHHSL2ugBdVAXUfSMXtEcvVlz6936sD6XrRWrnDlHK2V9/QKbjaD5</latexit><latexit sha1_base64="YdssL3XYfkESafnxlFaUW/lCOqE=">AAACF3icbZBPS8MwGMbT+W/Of1OPXoJD8DRaGehx4MXjBNcNtjLSNN3i0rQkb4VR+h28zi/jTbx69Lt4MN16cJsvBH48z/vmTR4/EVyDbX9bla3tnd296n7t4PDo+KR+eubqOFWUdWksYtX3iWaCS9YFDoL1E8VI5AvW86f3hd97YUrzWD7BLGFeRMaSh5wSMJLrjrI0yEf1ht20F4U3wSmhgcrqjOo/wyCmacQkUEG0Hjh2Al5GFHAqWF4bppolhE7JmA0MShIx7WWL1+b4yigBDmNljgS8UP9OZCTSehb5pjMiMNHrXiH+6xWK0qFe2w/hnZdxmaTAJF2uD1OBIcZFIDjgilEQMwOEKm5+gOmEKELBxLZyv6/IlEFeM3E56+FsgnvTdAw/thrtVhlcFV2gS3SNHHSL2ugBdVAXUfSMXtEcvVlz6936sD6XrRWrnDlHK2V9/QKbjaD5</latexit>

Electron-Antineutrino Asymmetry
Fierz Interference

𝜷-Asymmetry

Spin-Antineutrino Asymmetry
T-odd Triple Product

⌧n =
(4908.7± 1.9)s
��Vud

��2(1 + 3|�|2)
<latexit sha1_base64="H0KCFDWvxcfglcc0CywFzvFrJr8="></latexit><latexit sha1_base64="H0KCFDWvxcfglcc0CywFzvFrJr8="></latexit><latexit sha1_base64="H0KCFDWvxcfglcc0CywFzvFrJr8="></latexit><latexit sha1_base64="H0KCFDWvxcfglcc0CywFzvFrJr8="></latexit>

b =
2

1 + 3|�|2 [gS"S � 12�gT "T ]
<latexit sha1_base64="AfthQP3hblEHhJvAmC5qs0H4JYA="></latexit><latexit sha1_base64="AfthQP3hblEHhJvAmC5qs0H4JYA="></latexit><latexit sha1_base64="AfthQP3hblEHhJvAmC5qs0H4JYA="></latexit><latexit sha1_base64="AfthQP3hblEHhJvAmC5qs0H4JYA="></latexit>

b⌫ =
2

1 + 3|�|2 [gS"S�� 4gT "T (1 + 2�)]
<latexit sha1_base64="6RqN+F6GXeMHT11CTj1AtuGqiek="></latexit><latexit sha1_base64="6RqN+F6GXeMHT11CTj1AtuGqiek="></latexit><latexit sha1_base64="6RqN+F6GXeMHT11CTj1AtuGqiek="></latexit><latexit sha1_base64="6RqN+F6GXeMHT11CTj1AtuGqiek="></latexit>

A0 = �2
|�|2 + |�| cos�

1 + 3|�|2
<latexit sha1_base64="PwXuhvZ1gU/F1I2xWyQhzr6DY+o="></latexit><latexit sha1_base64="PwXuhvZ1gU/F1I2xWyQhzr6DY+o="></latexit><latexit sha1_base64="PwXuhvZ1gU/F1I2xWyQhzr6DY+o="></latexit><latexit sha1_base64="PwXuhvZ1gU/F1I2xWyQhzr6DY+o="></latexit>

Ameas(Ee) =
A(Ee)

1 + bme
Ee<latexit sha1_base64="a97SF3AbaZ41/MGxIO1yV4fAUyw="></latexit><latexit sha1_base64="a97SF3AbaZ41/MGxIO1yV4fAUyw="></latexit><latexit sha1_base64="a97SF3AbaZ41/MGxIO1yV4fAUyw="></latexit><latexit sha1_base64="a97SF3AbaZ41/MGxIO1yV4fAUyw="></latexit>

��

�
= 0.2%

<latexit sha1_base64="lOoYYp5yK0iyWpejKgTt2jcz73k=">AAACOHicbZA9SwNBEIb3/DZ+nVraLIaAVbgLgjZCQAvLCCYRvBDmNnNmyd4Hu3NCOPIL/DW2+kvs7MTW2sLNh6DRFxYe3pnZYd4wU9KQ5704C4tLyyura+uljc2t7R13d69l0lwLbIpUpfomBINKJtgkSQpvMo0Qhwrb4eB8XG/fozYyTa5pmGEnhrtERlIAWavrVoJIgyiCC1QEgbKDPRgV38DPuFetBZWuW/aq3kT8L/gzKLOZGl33M+ilIo8xIaHAmFvfy6hTgCYpFI5KQW4wAzGAO7y1mECMplNMzhnxinV6PEq1fQnxiftzooDYmGEc2s4YqG/ma2Pz39rY0SYyc/spOu0UMslywkRM10e54pTycWK8JzUKUkMLILS0F3DRB5sa2Vx//R9qGCCNSjYufz6cv9CqVX3LV8fl+tEsuDV2wA7ZEfPZCauzS9ZgTSbYA3tkT+zZeXJenTfnfdq64Mxm9tkvOR9fi0KtBA==</latexit><latexit sha1_base64="lOoYYp5yK0iyWpejKgTt2jcz73k=">AAACOHicbZA9SwNBEIb3/DZ+nVraLIaAVbgLgjZCQAvLCCYRvBDmNnNmyd4Hu3NCOPIL/DW2+kvs7MTW2sLNh6DRFxYe3pnZYd4wU9KQ5704C4tLyyura+uljc2t7R13d69l0lwLbIpUpfomBINKJtgkSQpvMo0Qhwrb4eB8XG/fozYyTa5pmGEnhrtERlIAWavrVoJIgyiCC1QEgbKDPRgV38DPuFetBZWuW/aq3kT8L/gzKLOZGl33M+ilIo8xIaHAmFvfy6hTgCYpFI5KQW4wAzGAO7y1mECMplNMzhnxinV6PEq1fQnxiftzooDYmGEc2s4YqG/ma2Pz39rY0SYyc/spOu0UMslywkRM10e54pTycWK8JzUKUkMLILS0F3DRB5sa2Vx//R9qGCCNSjYufz6cv9CqVX3LV8fl+tEsuDV2wA7ZEfPZCauzS9ZgTSbYA3tkT+zZeXJenTfnfdq64Mxm9tkvOR9fi0KtBA==</latexit><latexit sha1_base64="lOoYYp5yK0iyWpejKgTt2jcz73k=">AAACOHicbZA9SwNBEIb3/DZ+nVraLIaAVbgLgjZCQAvLCCYRvBDmNnNmyd4Hu3NCOPIL/DW2+kvs7MTW2sLNh6DRFxYe3pnZYd4wU9KQ5704C4tLyyura+uljc2t7R13d69l0lwLbIpUpfomBINKJtgkSQpvMo0Qhwrb4eB8XG/fozYyTa5pmGEnhrtERlIAWavrVoJIgyiCC1QEgbKDPRgV38DPuFetBZWuW/aq3kT8L/gzKLOZGl33M+ilIo8xIaHAmFvfy6hTgCYpFI5KQW4wAzGAO7y1mECMplNMzhnxinV6PEq1fQnxiftzooDYmGEc2s4YqG/ma2Pz39rY0SYyc/spOu0UMslywkRM10e54pTycWK8JzUKUkMLILS0F3DRB5sa2Vx//R9qGCCNSjYufz6cv9CqVX3LV8fl+tEsuDV2wA7ZEfPZCauzS9ZgTSbYA3tkT+zZeXJenTfnfdq64Mxm9tkvOR9fi0KtBA==</latexit><latexit sha1_base64="lOoYYp5yK0iyWpejKgTt2jcz73k=">AAACOHicbZA9SwNBEIb3/DZ+nVraLIaAVbgLgjZCQAvLCCYRvBDmNnNmyd4Hu3NCOPIL/DW2+kvs7MTW2sLNh6DRFxYe3pnZYd4wU9KQ5704C4tLyyura+uljc2t7R13d69l0lwLbIpUpfomBINKJtgkSQpvMo0Qhwrb4eB8XG/fozYyTa5pmGEnhrtERlIAWavrVoJIgyiCC1QEgbKDPRgV38DPuFetBZWuW/aq3kT8L/gzKLOZGl33M+ilIo8xIaHAmFvfy6hTgCYpFI5KQW4wAzGAO7y1mECMplNMzhnxinV6PEq1fQnxiftzooDYmGEc2s4YqG/ma2Pz39rY0SYyc/spOu0UMslywkRM10e54pTycWK8JzUKUkMLILS0F3DRB5sa2Vx//R9qGCCNSjYufz6cv9CqVX3LV8fl+tEsuDV2wA7ZEfPZCauzS9ZgTSbYA3tkT+zZeXJenTfnfdq64Mxm9tkvOR9fi0KtBA==</latexit>

�B

B
= 0.8%

<latexit sha1_base64="qw2PyrmjG53ZGfPrPGjUuZSWVyw=">AAACLXicbZDJSgNBEIZ74hbjFvWml8YQ8BRmRDAXIUQPHiOYBTIh9HRqTJOehe4aIQwDPo3X+DIeBPHqS3iwsxw08YeGn7+quqjPi6XQaNvvVm5tfWNzK79d2Nnd2z8oHh61dJQoDk0eyUh1PKZBihCaKFBCJ1bAAk9C2xvdTOvtJ1BaROEDjmPoBewxFL7gDE3UL564vmI8dW9BIqP1LK1n9Jralapb7hdLdsWeia4aZ2FKZKFGv/jtDiKeBBAil0zrrmPH2EuZQsElZAU30RAzPmKP0DU2ZAHoXjq7IaNlkwyoHynzQqSz9PdEygKtx4FnOgOGQ71cm4b/1qaJ0r5e2o9+tZeKME4QQj5f7yeSYkSnmOhAKOAox8YwroS5gPIhM6jQwPzzv6fYCDArGFzOMpxV07qoOMbfX5Zq5wtweXJKzsg5ccgVqZE70iBNwskzeSET8mpNrDfrw/qct+asxcwx+SPr6wdMv6fG</latexit><latexit sha1_base64="qw2PyrmjG53ZGfPrPGjUuZSWVyw=">AAACLXicbZDJSgNBEIZ74hbjFvWml8YQ8BRmRDAXIUQPHiOYBTIh9HRqTJOehe4aIQwDPo3X+DIeBPHqS3iwsxw08YeGn7+quqjPi6XQaNvvVm5tfWNzK79d2Nnd2z8oHh61dJQoDk0eyUh1PKZBihCaKFBCJ1bAAk9C2xvdTOvtJ1BaROEDjmPoBewxFL7gDE3UL564vmI8dW9BIqP1LK1n9Jralapb7hdLdsWeia4aZ2FKZKFGv/jtDiKeBBAil0zrrmPH2EuZQsElZAU30RAzPmKP0DU2ZAHoXjq7IaNlkwyoHynzQqSz9PdEygKtx4FnOgOGQ71cm4b/1qaJ0r5e2o9+tZeKME4QQj5f7yeSYkSnmOhAKOAox8YwroS5gPIhM6jQwPzzv6fYCDArGFzOMpxV07qoOMbfX5Zq5wtweXJKzsg5ccgVqZE70iBNwskzeSET8mpNrDfrw/qct+asxcwx+SPr6wdMv6fG</latexit><latexit sha1_base64="qw2PyrmjG53ZGfPrPGjUuZSWVyw=">AAACLXicbZDJSgNBEIZ74hbjFvWml8YQ8BRmRDAXIUQPHiOYBTIh9HRqTJOehe4aIQwDPo3X+DIeBPHqS3iwsxw08YeGn7+quqjPi6XQaNvvVm5tfWNzK79d2Nnd2z8oHh61dJQoDk0eyUh1PKZBihCaKFBCJ1bAAk9C2xvdTOvtJ1BaROEDjmPoBewxFL7gDE3UL564vmI8dW9BIqP1LK1n9Jralapb7hdLdsWeia4aZ2FKZKFGv/jtDiKeBBAil0zrrmPH2EuZQsElZAU30RAzPmKP0DU2ZAHoXjq7IaNlkwyoHynzQqSz9PdEygKtx4FnOgOGQ71cm4b/1qaJ0r5e2o9+tZeKME4QQj5f7yeSYkSnmOhAKOAox8YwroS5gPIhM6jQwPzzv6fYCDArGFzOMpxV07qoOMbfX5Zq5wtweXJKzsg5ccgVqZE70iBNwskzeSET8mpNrDfrw/qct+asxcwx+SPr6wdMv6fG</latexit><latexit sha1_base64="qw2PyrmjG53ZGfPrPGjUuZSWVyw=">AAACLXicbZDJSgNBEIZ74hbjFvWml8YQ8BRmRDAXIUQPHiOYBTIh9HRqTJOehe4aIQwDPo3X+DIeBPHqS3iwsxw08YeGn7+quqjPi6XQaNvvVm5tfWNzK79d2Nnd2z8oHh61dJQoDk0eyUh1PKZBihCaKFBCJ1bAAk9C2xvdTOvtJ1BaROEDjmPoBewxFL7gDE3UL564vmI8dW9BIqP1LK1n9Jralapb7hdLdsWeia4aZ2FKZKFGv/jtDiKeBBAil0zrrmPH2EuZQsElZAU30RAzPmKP0DU2ZAHoXjq7IaNlkwyoHynzQqSz9PdEygKtx4FnOgOGQ71cm4b/1qaJ0r5e2o9+tZeKME4QQj5f7yeSYkSnmOhAKOAox8YwroS5gPIhM6jQwPzzv6fYCDArGFzOMpxV07qoOMbfX5Zq5wtweXJKzsg5ccgVqZE70iBNwskzeSET8mpNrDfrw/qct+asxcwx+SPr6wdMv6fG</latexit>

D = (�1± 2)⇥ 10�4

� = (180.02± 0.03)�
<latexit sha1_base64="iDRggqUUNAp+TN8E2kLK2BAvwi8="></latexit><latexit sha1_base64="iDRggqUUNAp+TN8E2kLK2BAvwi8="></latexit><latexit sha1_base64="iDRggqUUNAp+TN8E2kLK2BAvwi8="></latexit><latexit sha1_base64="iDRggqUUNAp+TN8E2kLK2BAvwi8="></latexit>

�a

a
= 3.8%

<latexit sha1_base64="m7D+3iEkLUDRoLfC8UBzNp5MWNQ=">AAACLXicbZDLSgNBEEV7fBtfUXe6aQyCqzDjMy6EgC5cRjAqOCHUdGq0Sc+D7hohDAN+jVv9GReCuPUnXNiJQTR6oeFyqqqLukGqpCHXfXHGxicmp6ZnZktz8wuLS+XllQuTZFpgUyQq0VcBGFQyxiZJUniVaoQoUHgZdI/79cs71EYm8Tn1UmxFcBPLUAogi9rlNT/UIHL/BBUBhyKHgh/xnWrN32yXK27VHYi71T3XO9z3+DfxhqbChmq0yx9+JxFZhDEJBcZce25KrRw0SaGwKPmZwRREF27w2toYIjStfHBDwTct6fAw0fbFxAf050QOkTG9KLCdEdCtGa314b+1PtEmNCP7Kay1chmnGWEsvtaHmeKU8H5MvCM1ClI9a0BoaS/g4hZsVGTD/PV/oKGLVJRsXN5oOH/NxXbVs/5st1LfGgY3w9bZBttiHjtgdXbKGqzJBLtnD+yRPTmPzrPz6rx9tY45w5lV9kvO+yff9Kgd</latexit><latexit sha1_base64="m7D+3iEkLUDRoLfC8UBzNp5MWNQ=">AAACLXicbZDLSgNBEEV7fBtfUXe6aQyCqzDjMy6EgC5cRjAqOCHUdGq0Sc+D7hohDAN+jVv9GReCuPUnXNiJQTR6oeFyqqqLukGqpCHXfXHGxicmp6ZnZktz8wuLS+XllQuTZFpgUyQq0VcBGFQyxiZJUniVaoQoUHgZdI/79cs71EYm8Tn1UmxFcBPLUAogi9rlNT/UIHL/BBUBhyKHgh/xnWrN32yXK27VHYi71T3XO9z3+DfxhqbChmq0yx9+JxFZhDEJBcZce25KrRw0SaGwKPmZwRREF27w2toYIjStfHBDwTct6fAw0fbFxAf050QOkTG9KLCdEdCtGa314b+1PtEmNCP7Kay1chmnGWEsvtaHmeKU8H5MvCM1ClI9a0BoaS/g4hZsVGTD/PV/oKGLVJRsXN5oOH/NxXbVs/5st1LfGgY3w9bZBttiHjtgdXbKGqzJBLtnD+yRPTmPzrPz6rx9tY45w5lV9kvO+yff9Kgd</latexit><latexit sha1_base64="m7D+3iEkLUDRoLfC8UBzNp5MWNQ=">AAACLXicbZDLSgNBEEV7fBtfUXe6aQyCqzDjMy6EgC5cRjAqOCHUdGq0Sc+D7hohDAN+jVv9GReCuPUnXNiJQTR6oeFyqqqLukGqpCHXfXHGxicmp6ZnZktz8wuLS+XllQuTZFpgUyQq0VcBGFQyxiZJUniVaoQoUHgZdI/79cs71EYm8Tn1UmxFcBPLUAogi9rlNT/UIHL/BBUBhyKHgh/xnWrN32yXK27VHYi71T3XO9z3+DfxhqbChmq0yx9+JxFZhDEJBcZce25KrRw0SaGwKPmZwRREF27w2toYIjStfHBDwTct6fAw0fbFxAf050QOkTG9KLCdEdCtGa314b+1PtEmNCP7Kay1chmnGWEsvtaHmeKU8H5MvCM1ClI9a0BoaS/g4hZsVGTD/PV/oKGLVJRsXN5oOH/NxXbVs/5st1LfGgY3w9bZBttiHjtgdXbKGqzJBLtnD+yRPTmPzrPz6rx9tY45w5lV9kvO+yff9Kgd</latexit><latexit sha1_base64="m7D+3iEkLUDRoLfC8UBzNp5MWNQ=">AAACLXicbZDLSgNBEEV7fBtfUXe6aQyCqzDjMy6EgC5cRjAqOCHUdGq0Sc+D7hohDAN+jVv9GReCuPUnXNiJQTR6oeFyqqqLukGqpCHXfXHGxicmp6ZnZktz8wuLS+XllQuTZFpgUyQq0VcBGFQyxiZJUniVaoQoUHgZdI/79cs71EYm8Tn1UmxFcBPLUAogi9rlNT/UIHL/BBUBhyKHgh/xnWrN32yXK27VHYi71T3XO9z3+DfxhqbChmq0yx9+JxFZhDEJBcZce25KrRw0SaGwKPmZwRREF27w2toYIjStfHBDwTct6fAw0fbFxAf050QOkTG9KLCdEdCtGa314b+1PtEmNCP7Kay1chmnGWEsvtaHmeKU8H5MvCM1ClI9a0BoaS/g4hZsVGTD/PV/oKGLVJRsXN5oOH/NxXbVs/5st1LfGgY3w9bZBttiHjtgdXbKGqzJBLtnD+yRPTmPzrPz6rx9tY45w5lV9kvO+yff9Kgd</latexit>

�⌧n
⌧n

' 0.5%⇤

<latexit sha1_base64="C6EO/KAVSR8paolcS/xe9lJHfaw="></latexit><latexit sha1_base64="C6EO/KAVSR8paolcS/xe9lJHfaw="></latexit><latexit sha1_base64="C6EO/KAVSR8paolcS/xe9lJHfaw="></latexit><latexit sha1_base64="C6EO/KAVSR8paolcS/xe9lJHfaw="></latexit>

�A

A
= 0.8%⇤

<latexit sha1_base64="AbZGmKWBGXH10Y29pJhxWYzrWZk="></latexit><latexit sha1_base64="AbZGmKWBGXH10Y29pJhxWYzrWZk="></latexit><latexit sha1_base64="AbZGmKWBGXH10Y29pJhxWYzrWZk="></latexit><latexit sha1_base64="AbZGmKWBGXH10Y29pJhxWYzrWZk="></latexit>

B = B0 +
me

Ee
b⌫

<latexit sha1_base64="fvXZUjOzBckLONM3PQPZwWvQRPY=">AAACPHicbVDLSgMxFM34rPU16tJNsAiKUKYi2I1QKoLLCvYBnTJk0jttaCYzJBmhDPMNfo3b+h3u3YlbVy5MH4htPZBwOOc+kuPHnCntOG/Wyura+sZmbiu/vbO7t28fHDZUlEgKdRrxSLZ8ooAzAXXNNIdWLIGEPoemP7gd+80nkIpF4lEPY+iEpCdYwCjRRvLs8yq+wVXPwRfYnUxLJXQzN5CEpqEHWXpnLt9zReLZBafoTIB/SWmRFNAMNc/+drsRTUIQmnKiVLvkxLqTEqkZ5ZDl3URBTOiA9KBtqCAhqE46eUSGT43SxUEkzREaT9S/HSkJlRqGvqkMie6rRW8s/uuNFakCtbBfB+VOykScaBB0uj5IONYRHqeGu0wC1XxoCKGSmR9g2icmJG2ynZvvSzIAneVNXEvhLJPGZbFk+MNVoVKeBZdDx+gEnaESukYVdI9qqI4oekYvaIRerZH1bn1Yn9PSFWvWc4TmYH39ANUVrtI=</latexit><latexit sha1_base64="fvXZUjOzBckLONM3PQPZwWvQRPY=">AAACPHicbVDLSgMxFM34rPU16tJNsAiKUKYi2I1QKoLLCvYBnTJk0jttaCYzJBmhDPMNfo3b+h3u3YlbVy5MH4htPZBwOOc+kuPHnCntOG/Wyura+sZmbiu/vbO7t28fHDZUlEgKdRrxSLZ8ooAzAXXNNIdWLIGEPoemP7gd+80nkIpF4lEPY+iEpCdYwCjRRvLs8yq+wVXPwRfYnUxLJXQzN5CEpqEHWXpnLt9zReLZBafoTIB/SWmRFNAMNc/+drsRTUIQmnKiVLvkxLqTEqkZ5ZDl3URBTOiA9KBtqCAhqE46eUSGT43SxUEkzREaT9S/HSkJlRqGvqkMie6rRW8s/uuNFakCtbBfB+VOykScaBB0uj5IONYRHqeGu0wC1XxoCKGSmR9g2icmJG2ynZvvSzIAneVNXEvhLJPGZbFk+MNVoVKeBZdDx+gEnaESukYVdI9qqI4oekYvaIRerZH1bn1Yn9PSFWvWc4TmYH39ANUVrtI=</latexit><latexit sha1_base64="fvXZUjOzBckLONM3PQPZwWvQRPY=">AAACPHicbVDLSgMxFM34rPU16tJNsAiKUKYi2I1QKoLLCvYBnTJk0jttaCYzJBmhDPMNfo3b+h3u3YlbVy5MH4htPZBwOOc+kuPHnCntOG/Wyura+sZmbiu/vbO7t28fHDZUlEgKdRrxSLZ8ooAzAXXNNIdWLIGEPoemP7gd+80nkIpF4lEPY+iEpCdYwCjRRvLs8yq+wVXPwRfYnUxLJXQzN5CEpqEHWXpnLt9zReLZBafoTIB/SWmRFNAMNc/+drsRTUIQmnKiVLvkxLqTEqkZ5ZDl3URBTOiA9KBtqCAhqE46eUSGT43SxUEkzREaT9S/HSkJlRqGvqkMie6rRW8s/uuNFakCtbBfB+VOykScaBB0uj5IONYRHqeGu0wC1XxoCKGSmR9g2icmJG2ynZvvSzIAneVNXEvhLJPGZbFk+MNVoVKeBZdDx+gEnaESukYVdI9qqI4oekYvaIRerZH1bn1Yn9PSFWvWc4TmYH39ANUVrtI=</latexit><latexit sha1_base64="fvXZUjOzBckLONM3PQPZwWvQRPY=">AAACPHicbVDLSgMxFM34rPU16tJNsAiKUKYi2I1QKoLLCvYBnTJk0jttaCYzJBmhDPMNfo3b+h3u3YlbVy5MH4htPZBwOOc+kuPHnCntOG/Wyura+sZmbiu/vbO7t28fHDZUlEgKdRrxSLZ8ooAzAXXNNIdWLIGEPoemP7gd+80nkIpF4lEPY+iEpCdYwCjRRvLs8yq+wVXPwRfYnUxLJXQzN5CEpqEHWXpnLt9zReLZBafoTIB/SWmRFNAMNc/+drsRTUIQmnKiVLvkxLqTEqkZ5ZDl3URBTOiA9KBtqCAhqE46eUSGT43SxUEkzREaT9S/HSkJlRqGvqkMie6rRW8s/uuNFakCtbBfB+VOykScaBB0uj5IONYRHqeGu0wC1XxoCKGSmR9g2icmJG2ynZvvSzIAneVNXEvhLJPGZbFk+MNVoVKeBZdDx+gEnaESukYVdI9qqI4oekYvaIRerZH1bn1Yn9PSFWvWc4TmYH39ANUVrtI=</latexit>

β-Decay “Particle Physics”



Mean Lifetime ~880 s 
Endpoint Energy 782 keV
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<latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit><latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit><latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit><latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit>
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<latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit><latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit><latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit><latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit>

⌫e
<latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit><latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit><latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit><latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit>

e�
<latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit>
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2

<latexit sha1_base64="/kCn37GkcYJA0Q6PqEcyX2uEmSU=">AAACN3icbVDLSgMxFM3UV62vUZduglVwVWaKoMuioC4r2FrolCGTZtrQzMPkjlDC/IBf47b+iSt34ta9C9PHwrYeCBzOuY/cE6SCK3Ccd6uwsrq2vlHcLG1t7+zu2fsHTZVkkrIGTUQiWwFRTPCYNYCDYK1UMhIFgj0Gg+ux//jMpOJJ/ADDlHUi0ot5yCkBI/n2iRdKQvWt70UE+jLSNzlu+jrr5rn21JMEXc1z3y47FWcCvEzcGSmjGeq+/eN1E5pFLAYqiFJt10mho4kETgXLS16mWErogPRY29CYREx19OSaHJ8apYvDRJoXA56ofzs0iZQaRoGpHP9ZLXpj8V9vcqEK1cJ+CC87msdpBiym0/VhJjAkeBwY7nLJKIihIYRKbi7AtE9MaGBinZsfSDJgkJdMXO5iOMukWa24ht+fl2tXs+CK6AgdozPkogtUQ3eojhqIohf0ikbozRpZH9an9TUtLViznkM0B+v7F9D1roU=</latexit><latexit sha1_base64="/kCn37GkcYJA0Q6PqEcyX2uEmSU=">AAACN3icbVDLSgMxFM3UV62vUZduglVwVWaKoMuioC4r2FrolCGTZtrQzMPkjlDC/IBf47b+iSt34ta9C9PHwrYeCBzOuY/cE6SCK3Ccd6uwsrq2vlHcLG1t7+zu2fsHTZVkkrIGTUQiWwFRTPCYNYCDYK1UMhIFgj0Gg+ux//jMpOJJ/ADDlHUi0ot5yCkBI/n2iRdKQvWt70UE+jLSNzlu+jrr5rn21JMEXc1z3y47FWcCvEzcGSmjGeq+/eN1E5pFLAYqiFJt10mho4kETgXLS16mWErogPRY29CYREx19OSaHJ8apYvDRJoXA56ofzs0iZQaRoGpHP9ZLXpj8V9vcqEK1cJ+CC87msdpBiym0/VhJjAkeBwY7nLJKIihIYRKbi7AtE9MaGBinZsfSDJgkJdMXO5iOMukWa24ht+fl2tXs+CK6AgdozPkogtUQ3eojhqIohf0ikbozRpZH9an9TUtLViznkM0B+v7F9D1roU=</latexit><latexit sha1_base64="/kCn37GkcYJA0Q6PqEcyX2uEmSU=">AAACN3icbVDLSgMxFM3UV62vUZduglVwVWaKoMuioC4r2FrolCGTZtrQzMPkjlDC/IBf47b+iSt34ta9C9PHwrYeCBzOuY/cE6SCK3Ccd6uwsrq2vlHcLG1t7+zu2fsHTZVkkrIGTUQiWwFRTPCYNYCDYK1UMhIFgj0Gg+ux//jMpOJJ/ADDlHUi0ot5yCkBI/n2iRdKQvWt70UE+jLSNzlu+jrr5rn21JMEXc1z3y47FWcCvEzcGSmjGeq+/eN1E5pFLAYqiFJt10mho4kETgXLS16mWErogPRY29CYREx19OSaHJ8apYvDRJoXA56ofzs0iZQaRoGpHP9ZLXpj8V9vcqEK1cJ+CC87msdpBiym0/VhJjAkeBwY7nLJKIihIYRKbi7AtE9MaGBinZsfSDJgkJdMXO5iOMukWa24ht+fl2tXs+CK6AgdozPkogtUQ3eojhqIohf0ikbozRpZH9an9TUtLViznkM0B+v7F9D1roU=</latexit><latexit sha1_base64="/kCn37GkcYJA0Q6PqEcyX2uEmSU=">AAACN3icbVDLSgMxFM3UV62vUZduglVwVWaKoMuioC4r2FrolCGTZtrQzMPkjlDC/IBf47b+iSt34ta9C9PHwrYeCBzOuY/cE6SCK3Ccd6uwsrq2vlHcLG1t7+zu2fsHTZVkkrIGTUQiWwFRTPCYNYCDYK1UMhIFgj0Gg+ux//jMpOJJ/ADDlHUi0ot5yCkBI/n2iRdKQvWt70UE+jLSNzlu+jrr5rn21JMEXc1z3y47FWcCvEzcGSmjGeq+/eN1E5pFLAYqiFJt10mho4kETgXLS16mWErogPRY29CYREx19OSaHJ8apYvDRJoXA56ofzs0iZQaRoGpHP9ZLXpj8V9vcqEK1cJ+CC87msdpBiym0/VhJjAkeBwY7nLJKIihIYRKbi7AtE9MaGBinZsfSDJgkJdMXO5iOMukWa24ht+fl2tXs+CK6AgdozPkogtUQ3eojhqIohf0ikbozRpZH9an9TUtLViznkM0B+v7F9D1roU=</latexit>
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<latexit sha1_base64="UbFypG+qcCIQDJcdbE5dXnX23lk="></latexit><latexit sha1_base64="UbFypG+qcCIQDJcdbE5dXnX23lk="></latexit><latexit sha1_base64="UbFypG+qcCIQDJcdbE5dXnX23lk="></latexit><latexit sha1_base64="UbFypG+qcCIQDJcdbE5dXnX23lk="></latexit>

SM 𝜷-decay parameters 
CKM Matrix Element

Ratio of axial-vector to vector form factors � ⌘
����
gA
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���� e
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<latexit sha1_base64="5c2ZiVKpA9J2uB74amkE8BC1+fM="></latexit><latexit sha1_base64="5c2ZiVKpA9J2uB74amkE8BC1+fM="></latexit><latexit sha1_base64="5c2ZiVKpA9J2uB74amkE8BC1+fM="></latexit><latexit sha1_base64="5c2ZiVKpA9J2uB74amkE8BC1+fM="></latexit>

Vud
<latexit sha1_base64="YdssL3XYfkESafnxlFaUW/lCOqE=">AAACF3icbZBPS8MwGMbT+W/Of1OPXoJD8DRaGehx4MXjBNcNtjLSNN3i0rQkb4VR+h28zi/jTbx69Lt4MN16cJsvBH48z/vmTR4/EVyDbX9bla3tnd296n7t4PDo+KR+eubqOFWUdWksYtX3iWaCS9YFDoL1E8VI5AvW86f3hd97YUrzWD7BLGFeRMaSh5wSMJLrjrI0yEf1ht20F4U3wSmhgcrqjOo/wyCmacQkUEG0Hjh2Al5GFHAqWF4bppolhE7JmA0MShIx7WWL1+b4yigBDmNljgS8UP9OZCTSehb5pjMiMNHrXiH+6xWK0qFe2w/hnZdxmaTAJF2uD1OBIcZFIDjgilEQMwOEKm5+gOmEKELBxLZyv6/IlEFeM3E56+FsgnvTdAw/thrtVhlcFV2gS3SNHHSL2ugBdVAXUfSMXtEcvVlz6936sD6XrRWrnDlHK2V9/QKbjaD5</latexit><latexit sha1_base64="YdssL3XYfkESafnxlFaUW/lCOqE=">AAACF3icbZBPS8MwGMbT+W/Of1OPXoJD8DRaGehx4MXjBNcNtjLSNN3i0rQkb4VR+h28zi/jTbx69Lt4MN16cJsvBH48z/vmTR4/EVyDbX9bla3tnd296n7t4PDo+KR+eubqOFWUdWksYtX3iWaCS9YFDoL1E8VI5AvW86f3hd97YUrzWD7BLGFeRMaSh5wSMJLrjrI0yEf1ht20F4U3wSmhgcrqjOo/wyCmacQkUEG0Hjh2Al5GFHAqWF4bppolhE7JmA0MShIx7WWL1+b4yigBDmNljgS8UP9OZCTSehb5pjMiMNHrXiH+6xWK0qFe2w/hnZdxmaTAJF2uD1OBIcZFIDjgilEQMwOEKm5+gOmEKELBxLZyv6/IlEFeM3E56+FsgnvTdAw/thrtVhlcFV2gS3SNHHSL2ugBdVAXUfSMXtEcvVlz6936sD6XrRWrnDlHK2V9/QKbjaD5</latexit><latexit sha1_base64="YdssL3XYfkESafnxlFaUW/lCOqE=">AAACF3icbZBPS8MwGMbT+W/Of1OPXoJD8DRaGehx4MXjBNcNtjLSNN3i0rQkb4VR+h28zi/jTbx69Lt4MN16cJsvBH48z/vmTR4/EVyDbX9bla3tnd296n7t4PDo+KR+eubqOFWUdWksYtX3iWaCS9YFDoL1E8VI5AvW86f3hd97YUrzWD7BLGFeRMaSh5wSMJLrjrI0yEf1ht20F4U3wSmhgcrqjOo/wyCmacQkUEG0Hjh2Al5GFHAqWF4bppolhE7JmA0MShIx7WWL1+b4yigBDmNljgS8UP9OZCTSehb5pjMiMNHrXiH+6xWK0qFe2w/hnZdxmaTAJF2uD1OBIcZFIDjgilEQMwOEKm5+gOmEKELBxLZyv6/IlEFeM3E56+FsgnvTdAw/thrtVhlcFV2gS3SNHHSL2ugBdVAXUfSMXtEcvVlz6936sD6XrRWrnDlHK2V9/QKbjaD5</latexit><latexit sha1_base64="YdssL3XYfkESafnxlFaUW/lCOqE=">AAACF3icbZBPS8MwGMbT+W/Of1OPXoJD8DRaGehx4MXjBNcNtjLSNN3i0rQkb4VR+h28zi/jTbx69Lt4MN16cJsvBH48z/vmTR4/EVyDbX9bla3tnd296n7t4PDo+KR+eubqOFWUdWksYtX3iWaCS9YFDoL1E8VI5AvW86f3hd97YUrzWD7BLGFeRMaSh5wSMJLrjrI0yEf1ht20F4U3wSmhgcrqjOo/wyCmacQkUEG0Hjh2Al5GFHAqWF4bppolhE7JmA0MShIx7WWL1+b4yigBDmNljgS8UP9OZCTSehb5pjMiMNHrXiH+6xWK0qFe2w/hnZdxmaTAJF2uD1OBIcZFIDjgilEQMwOEKm5+gOmEKELBxLZyv6/IlEFeM3E56+FsgnvTdAw/thrtVhlcFV2gS3SNHHSL2ugBdVAXUfSMXtEcvVlz6936sD6XrRWrnDlHK2V9/QKbjaD5</latexit>

Electron-Antineutrino Asymmetry

𝜷-Asymmetry

Spin-Antineutrino Asymmetry

⌧n =
(4908.7± 1.9)s
��Vud

��2(1 + 3|�|2)
<latexit sha1_base64="H0KCFDWvxcfglcc0CywFzvFrJr8="></latexit><latexit sha1_base64="H0KCFDWvxcfglcc0CywFzvFrJr8="></latexit><latexit sha1_base64="H0KCFDWvxcfglcc0CywFzvFrJr8="></latexit><latexit sha1_base64="H0KCFDWvxcfglcc0CywFzvFrJr8="></latexit>

A0 = �2
|�|2 + |�| cos�

1 + 3|�|2
<latexit sha1_base64="PwXuhvZ1gU/F1I2xWyQhzr6DY+o="></latexit><latexit sha1_base64="PwXuhvZ1gU/F1I2xWyQhzr6DY+o="></latexit><latexit sha1_base64="PwXuhvZ1gU/F1I2xWyQhzr6DY+o="></latexit><latexit sha1_base64="PwXuhvZ1gU/F1I2xWyQhzr6DY+o="></latexit>

In the SM, the CKM matrix is unitary, 
e.g. Vud2 + Vus2 + Vub2 = 1 
This affords a classic SM test!

Testing the Standard Model: CKM Unitarity

<latexit sha1_base64="ax8vhJ62pF/Z14lWPZjiM7Id8k4="></latexit>0
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CKM Matrix

weak eigenstates mass eigenstates

<latexit sha1_base64="AESqSgQLH4qOGo0nkzcSvfDOvZE=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFcFVmaqndCAU3LivYC7TDkEkzbWiSGZKMUKbduPFV3LhQxK3v4M63MW1noa0/BD7+cw4n5w9iRpV2nG8rt7a+sbmV3y7s7O7tH9iHRy0VJRKTJo5YJDsBUoRRQZqaakY6sSSIB4y0g9HNrN5+IFLRSNzrcUw8jgaChhQjbSzfPp20/DRR0wm8hk6pXK5cwl7MDTqOU/Pt4hyM4Cq4GRRBpoZvf/X6EU44ERozpFTXdWLtpUhqihmZFnqJIjHCIzQgXYMCcaK8dH7FFJ4bpw/DSJonNJy7vydSxJUa88B0cqSHark2M/+rdRMd1ryUijjRRODFojBhUEdwFgnsU0mwZmMDCEtq/grxEEmEtQmuYEJwl09ehVa55FZL1btKsV7J4siDE3AGLoALrkAd3IIGaAIMHsEzeAVv1pP1Yr1bH4vWnJXNHIM/sj5/AOTWlZI=</latexit>

|Vus| = 0.2243± 0.0008
<latexit sha1_base64="0SXxuaPDaNMEv3inL+JWHYVC/LE=">AAACEnicbVDLSsNAFJ34rPUVdelmsAjtwpC0pXYjFNy4rGAf0MQwmU7boZMHMxOhpPkGN/6KGxeKuHXlzr9x2mahrQcuHM65l3vv8SJGhTTNb21tfWNzazu3k9/d2z841I+O2yKMOSYtHLKQdz0kCKMBaUkqGelGnCDfY6Tjja9nfueBcEHD4E5OIuL4aBjQAcVIKsnVS9O2m8ReOoVXsFgx6ha0Ix+aRtksQVtSnwhomffJRSV19YJpmHPAVWJlpAAyNF39y+6HOPZJIDFDQvQsM5JOgrikmJE0b8eCRAiP0ZD0FA2QWuYk85dSeK6UPhyEXFUg4Vz9PZEgX4iJ76lOH8mRWPZm4n9eL5aDupPQIIolCfBi0SBmUIZwlg/sU06wZBNFEOZU3QrxCHGEpUoxr0Kwll9eJe2yYdWM2m210KhmceTAKTgDRWCBS9AAN6AJWgCDR/AMXsGb9qS9aO/ax6J1TctmTsAfaJ8/0rCaZA==</latexit>

|Vub| = (3.81± 0.20)⇥ 10�3

<latexit sha1_base64="M4wOMS3ATl/zXGbf5unHy3PCQgU=">AAACB3icbZDLSgMxFIYzXmu9jboUJFgEV2XGllYXQsGNywr2Au0wZDKZNjTJDElGKNPu3Pgqblwo4tZXcOfbmF4W2vpD4OM/53By/iBhVGnH+bZWVtfWNzZzW/ntnd29ffvgsKniVGLSwDGLZTtAijAqSENTzUg7kQTxgJFWMLiZ1FsPRCoai3s9TIjHUU/QiGKkjeXbJ6Omn6XheASvoVO8qpaqJdhNuGHHcUqubxemZASXwZ1DAcxV9+2vbhjjlBOhMUNKdVwn0V6GpKaYkXG+myqSIDxAPdIxKBAnysumd4zhmXFCGMXSPKHh1P09kSGu1JAHppMj3VeLtYn5X62T6ujSy6hIUk0Eni2KUgZ1DCehwJBKgjUbGkBYUvNXiPtIIqxNdHkTgrt48jI0L4pupVi5Kxdq5XkcOXAMTsE5cEEV1MAtqIMGwOARPINX8GY9WS/Wu/Uxa12x5jNH4I+szx/OMpYF</latexit>

|Vud| = 0.97373± 0.00031
<latexit sha1_base64="YDtiY6Elwlx/d5xUJ6uZVARWroI="></latexit>

K0
L �! ⇡e⌫, K0

L �! ⇡µ⌫

K± �! ⇡0e±⌫, K± �! ⇡0µ±⌫

K0
S �! ⇡e⌫

?
<latexit sha1_base64="a1vFDou4by08RfuFl1+QkEKTwcU=">AAACG3icbVDLTgIxFO3gC/GFunTTCCa4ITPEoEuiG5eYyCNhJqRTCjR02kkfGDLhP9z4K25caIwrExf+jR1goeBJmpyccx+9J4wZVdp1v53M2vrG5lZ2O7ezu7d/kD88aiphJCYNLJiQ7RApwignDU01I+1YEhSFjLTC0U3qt8ZEKir4vZ7EJIjQgNM+xUhbqZuvlCjHzCg6JrB4DX0m+EDSwVAjKcUDbHcN84UdkM5PfG6mxfNuvuCW3RngKvEWpAAWqHfzn35PYBMRrjFDSnU8N9ZBgqSmmJFpzjeKxAiP0IB0LOUoIipIZrdN4ZlVerAvpH1cw5n6uyNBkVKTKLSVEdJDteyl4n9ex+j+VZBQHhtNOJ4v6hsGtYBpULBHJcGaTSxBWFL7V4iHSCKsbZw5G4K3fPIqaVbKXrVcvasUaheLOLLgBJyCEvDAJaiBW1AHDYDBI3gGr+DNeXJenHfnY16acRY9x+APnK8fQ/2hiw==</latexit>

(inclusive B �! Xul⌫)



Mean Lifetime ~880 s 
Endpoint Energy 782 keV
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<latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit><latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit><latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit><latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit>

p =

0
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u
u
d

1

A

<latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit><latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit><latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit><latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit>

⌫e
<latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit><latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit><latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit><latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit>

e�
<latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit>

GFVudp
2

<latexit sha1_base64="/kCn37GkcYJA0Q6PqEcyX2uEmSU=">AAACN3icbVDLSgMxFM3UV62vUZduglVwVWaKoMuioC4r2FrolCGTZtrQzMPkjlDC/IBf47b+iSt34ta9C9PHwrYeCBzOuY/cE6SCK3Ccd6uwsrq2vlHcLG1t7+zu2fsHTZVkkrIGTUQiWwFRTPCYNYCDYK1UMhIFgj0Gg+ux//jMpOJJ/ADDlHUi0ot5yCkBI/n2iRdKQvWt70UE+jLSNzlu+jrr5rn21JMEXc1z3y47FWcCvEzcGSmjGeq+/eN1E5pFLAYqiFJt10mho4kETgXLS16mWErogPRY29CYREx19OSaHJ8apYvDRJoXA56ofzs0iZQaRoGpHP9ZLXpj8V9vcqEK1cJ+CC87msdpBiym0/VhJjAkeBwY7nLJKIihIYRKbi7AtE9MaGBinZsfSDJgkJdMXO5iOMukWa24ht+fl2tXs+CK6AgdozPkogtUQ3eojhqIohf0ikbozRpZH9an9TUtLViznkM0B+v7F9D1roU=</latexit><latexit sha1_base64="/kCn37GkcYJA0Q6PqEcyX2uEmSU=">AAACN3icbVDLSgMxFM3UV62vUZduglVwVWaKoMuioC4r2FrolCGTZtrQzMPkjlDC/IBf47b+iSt34ta9C9PHwrYeCBzOuY/cE6SCK3Ccd6uwsrq2vlHcLG1t7+zu2fsHTZVkkrIGTUQiWwFRTPCYNYCDYK1UMhIFgj0Gg+ux//jMpOJJ/ADDlHUi0ot5yCkBI/n2iRdKQvWt70UE+jLSNzlu+jrr5rn21JMEXc1z3y47FWcCvEzcGSmjGeq+/eN1E5pFLAYqiFJt10mho4kETgXLS16mWErogPRY29CYREx19OSaHJ8apYvDRJoXA56ofzs0iZQaRoGpHP9ZLXpj8V9vcqEK1cJ+CC87msdpBiym0/VhJjAkeBwY7nLJKIihIYRKbi7AtE9MaGBinZsfSDJgkJdMXO5iOMukWa24ht+fl2tXs+CK6AgdozPkogtUQ3eojhqIohf0ikbozRpZH9an9TUtLViznkM0B+v7F9D1roU=</latexit><latexit sha1_base64="/kCn37GkcYJA0Q6PqEcyX2uEmSU=">AAACN3icbVDLSgMxFM3UV62vUZduglVwVWaKoMuioC4r2FrolCGTZtrQzMPkjlDC/IBf47b+iSt34ta9C9PHwrYeCBzOuY/cE6SCK3Ccd6uwsrq2vlHcLG1t7+zu2fsHTZVkkrIGTUQiWwFRTPCYNYCDYK1UMhIFgj0Gg+ux//jMpOJJ/ADDlHUi0ot5yCkBI/n2iRdKQvWt70UE+jLSNzlu+jrr5rn21JMEXc1z3y47FWcCvEzcGSmjGeq+/eN1E5pFLAYqiFJt10mho4kETgXLS16mWErogPRY29CYREx19OSaHJ8apYvDRJoXA56ofzs0iZQaRoGpHP9ZLXpj8V9vcqEK1cJ+CC87msdpBiym0/VhJjAkeBwY7nLJKIihIYRKbi7AtE9MaGBinZsfSDJgkJdMXO5iOMukWa24ht+fl2tXs+CK6AgdozPkogtUQ3eojhqIohf0ikbozRpZH9an9TUtLViznkM0B+v7F9D1roU=</latexit><latexit sha1_base64="/kCn37GkcYJA0Q6PqEcyX2uEmSU=">AAACN3icbVDLSgMxFM3UV62vUZduglVwVWaKoMuioC4r2FrolCGTZtrQzMPkjlDC/IBf47b+iSt34ta9C9PHwrYeCBzOuY/cE6SCK3Ccd6uwsrq2vlHcLG1t7+zu2fsHTZVkkrIGTUQiWwFRTPCYNYCDYK1UMhIFgj0Gg+ux//jMpOJJ/ADDlHUi0ot5yCkBI/n2iRdKQvWt70UE+jLSNzlu+jrr5rn21JMEXc1z3y47FWcCvEzcGSmjGeq+/eN1E5pFLAYqiFJt10mho4kETgXLS16mWErogPRY29CYREx19OSaHJ8apYvDRJoXA56ofzs0iZQaRoGpHP9ZLXpj8V9vcqEK1cJ+CC87msdpBiym0/VhJjAkeBwY7nLJKIihIYRKbi7AtE9MaGBinZsfSDJgkJdMXO5iOMukWa24ht+fl2tXs+CK6AgdozPkogtUQ3eojhqIohf0ikbozRpZH9an9TUtLViznkM0B+v7F9D1roU=</latexit>
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<latexit sha1_base64="UbFypG+qcCIQDJcdbE5dXnX23lk="></latexit><latexit sha1_base64="UbFypG+qcCIQDJcdbE5dXnX23lk="></latexit><latexit sha1_base64="UbFypG+qcCIQDJcdbE5dXnX23lk="></latexit><latexit sha1_base64="UbFypG+qcCIQDJcdbE5dXnX23lk="></latexit>

SM 𝜷-decay parameters 
CKM Matrix Element

Ratio of axial-vector to vector form factors � ⌘
����
gA
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<latexit sha1_base64="5c2ZiVKpA9J2uB74amkE8BC1+fM="></latexit><latexit sha1_base64="5c2ZiVKpA9J2uB74amkE8BC1+fM="></latexit><latexit sha1_base64="5c2ZiVKpA9J2uB74amkE8BC1+fM="></latexit><latexit sha1_base64="5c2ZiVKpA9J2uB74amkE8BC1+fM="></latexit>

Vud
<latexit sha1_base64="YdssL3XYfkESafnxlFaUW/lCOqE=">AAACF3icbZBPS8MwGMbT+W/Of1OPXoJD8DRaGehx4MXjBNcNtjLSNN3i0rQkb4VR+h28zi/jTbx69Lt4MN16cJsvBH48z/vmTR4/EVyDbX9bla3tnd296n7t4PDo+KR+eubqOFWUdWksYtX3iWaCS9YFDoL1E8VI5AvW86f3hd97YUrzWD7BLGFeRMaSh5wSMJLrjrI0yEf1ht20F4U3wSmhgcrqjOo/wyCmacQkUEG0Hjh2Al5GFHAqWF4bppolhE7JmA0MShIx7WWL1+b4yigBDmNljgS8UP9OZCTSehb5pjMiMNHrXiH+6xWK0qFe2w/hnZdxmaTAJF2uD1OBIcZFIDjgilEQMwOEKm5+gOmEKELBxLZyv6/IlEFeM3E56+FsgnvTdAw/thrtVhlcFV2gS3SNHHSL2ugBdVAXUfSMXtEcvVlz6936sD6XrRWrnDlHK2V9/QKbjaD5</latexit><latexit sha1_base64="YdssL3XYfkESafnxlFaUW/lCOqE=">AAACF3icbZBPS8MwGMbT+W/Of1OPXoJD8DRaGehx4MXjBNcNtjLSNN3i0rQkb4VR+h28zi/jTbx69Lt4MN16cJsvBH48z/vmTR4/EVyDbX9bla3tnd296n7t4PDo+KR+eubqOFWUdWksYtX3iWaCS9YFDoL1E8VI5AvW86f3hd97YUrzWD7BLGFeRMaSh5wSMJLrjrI0yEf1ht20F4U3wSmhgcrqjOo/wyCmacQkUEG0Hjh2Al5GFHAqWF4bppolhE7JmA0MShIx7WWL1+b4yigBDmNljgS8UP9OZCTSehb5pjMiMNHrXiH+6xWK0qFe2w/hnZdxmaTAJF2uD1OBIcZFIDjgilEQMwOEKm5+gOmEKELBxLZyv6/IlEFeM3E56+FsgnvTdAw/thrtVhlcFV2gS3SNHHSL2ugBdVAXUfSMXtEcvVlz6936sD6XrRWrnDlHK2V9/QKbjaD5</latexit><latexit sha1_base64="YdssL3XYfkESafnxlFaUW/lCOqE=">AAACF3icbZBPS8MwGMbT+W/Of1OPXoJD8DRaGehx4MXjBNcNtjLSNN3i0rQkb4VR+h28zi/jTbx69Lt4MN16cJsvBH48z/vmTR4/EVyDbX9bla3tnd296n7t4PDo+KR+eubqOFWUdWksYtX3iWaCS9YFDoL1E8VI5AvW86f3hd97YUrzWD7BLGFeRMaSh5wSMJLrjrI0yEf1ht20F4U3wSmhgcrqjOo/wyCmacQkUEG0Hjh2Al5GFHAqWF4bppolhE7JmA0MShIx7WWL1+b4yigBDmNljgS8UP9OZCTSehb5pjMiMNHrXiH+6xWK0qFe2w/hnZdxmaTAJF2uD1OBIcZFIDjgilEQMwOEKm5+gOmEKELBxLZyv6/IlEFeM3E56+FsgnvTdAw/thrtVhlcFV2gS3SNHHSL2ugBdVAXUfSMXtEcvVlz6936sD6XrRWrnDlHK2V9/QKbjaD5</latexit><latexit sha1_base64="YdssL3XYfkESafnxlFaUW/lCOqE=">AAACF3icbZBPS8MwGMbT+W/Of1OPXoJD8DRaGehx4MXjBNcNtjLSNN3i0rQkb4VR+h28zi/jTbx69Lt4MN16cJsvBH48z/vmTR4/EVyDbX9bla3tnd296n7t4PDo+KR+eubqOFWUdWksYtX3iWaCS9YFDoL1E8VI5AvW86f3hd97YUrzWD7BLGFeRMaSh5wSMJLrjrI0yEf1ht20F4U3wSmhgcrqjOo/wyCmacQkUEG0Hjh2Al5GFHAqWF4bppolhE7JmA0MShIx7WWL1+b4yigBDmNljgS8UP9OZCTSehb5pjMiMNHrXiH+6xWK0qFe2w/hnZdxmaTAJF2uD1OBIcZFIDjgilEQMwOEKm5+gOmEKELBxLZyv6/IlEFeM3E56+FsgnvTdAw/thrtVhlcFV2gS3SNHHSL2ugBdVAXUfSMXtEcvVlz6936sD6XrRWrnDlHK2V9/QKbjaD5</latexit>

Electron-Antineutrino Asymmetry

𝜷-Asymmetry

Spin-Antineutrino Asymmetry

⌧n =
(4908.7± 1.9)s
��Vud

��2(1 + 3|�|2)
<latexit sha1_base64="H0KCFDWvxcfglcc0CywFzvFrJr8="></latexit><latexit sha1_base64="H0KCFDWvxcfglcc0CywFzvFrJr8="></latexit><latexit sha1_base64="H0KCFDWvxcfglcc0CywFzvFrJr8="></latexit><latexit sha1_base64="H0KCFDWvxcfglcc0CywFzvFrJr8="></latexit>

A0 = �2
|�|2 + |�| cos�

1 + 3|�|2
<latexit sha1_base64="PwXuhvZ1gU/F1I2xWyQhzr6DY+o="></latexit><latexit sha1_base64="PwXuhvZ1gU/F1I2xWyQhzr6DY+o="></latexit><latexit sha1_base64="PwXuhvZ1gU/F1I2xWyQhzr6DY+o="></latexit><latexit sha1_base64="PwXuhvZ1gU/F1I2xWyQhzr6DY+o="></latexit>

In the SM, the CKM matrix is unitary, 
e.g. Vud2 + Vus2 + Vub2 = 1 
This affords a classic SM test!

<latexit sha1_base64="Je6QppaRA6SQ2dIeiwZ9/B5q0QM=">AAACFXicbVDLSgMxFM34rPU16tJNsBUES5kpUt0IBUHdCBX6graWTJppQzPJkGSUMu1PuPFX3LhQxK3gzr8xfSy09awO59zLPfd4IaNKO863tbC4tLyymlhLrm9sbm3bO7sVJSKJSRkLJmTNQ4owyklZU81ILZQEBR4jVa93MfKr90QqKnhJ90PSDFCHU59ipI3UsjOXQsK0c3cMG0zwjqSdrkZSigdotHQGpgc3rfiqNBycQyfdslNO1hkDzhN3SlJgimLL/mq0BY4CwjVmSKm664S6GSOpKWZkmGxEioQI91CH1A3lKCCqGY+/GsJDo7Shb/L5gms4Vn9vxChQqh94ZjJAuqtmvZH4n1ePtH/WjCkPI004nhzyIwa1gKOKYJtKgjXrG4KwpCYrxF0kEdamyKQpwZ19eZ5Uclk3n83f5lKFk2kdCbAPDsARcMEpKIBrUARlgMEjeAav4M16sl6sd+tjMrpgTXf2wB9Ynz81epxM</latexit>

For 0+ �! 0+, |MGT | = 0

<latexit sha1_base64="o0hl1mBmlpt3dVKgCsScmBiEDC0="></latexit>

ft1/2(1 + �0R)(1 + �NS � �C) =
2⇡3~7 ln(2)
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R)experimental 
observable

nuclear structure

isospin breaking

<latexit sha1_base64="HV1CE3yRQCuW23jvKY6jFfy/j9c=">AAACE3icdZDLSgMxFIYzXmu9VV26CRbB1TBTtdaNFNy4rGIv0A4lk2ba0MyF5IxQhr6B2/oy7sStD+C7uDAzHcEWPRD4+f5zcpLfjQRXYFmfxsrq2vrGZmGruL2zu7dfOjhsqTCWlDVpKELZcYliggesCRwE60SSEd8VrO2Ob1O//cSk4mHwCJOIOT4ZBtzjlIBGD71pv1S2zEvLvq6eY8u0sspEza7UsJ2TMsqr0S999QYhjX0WABVEqa5tReAkRAKngk2LvVixiNAxGbKulgHxmXKS7KVTfKrJAHuh1CcAnNHfEwnxlZr4ru70CYzUspfCP72USOWppf3g1ZyEB1EMLKDz9V4sMIQ4DQMPuGQUxEQLQiXXP8B0RCShoCNbuN+VZMxgWtRx/WSC/xetimlXzer9Rbl+kwdXQMfoBJ0hG12hOrpDDdREFHnoGc3QizEzXo03433eumLkM0dooYyPb3zen2Q=</latexit>

}

0.3% — 1.5%

outer radiative corrections (1.5%)
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Testing the Standard Model: CKM Unitarity

universal transition independent or “inner” 
2.4%



Mean Lifetime ~880 s 
Endpoint Energy 782 keV
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<latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit><latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit><latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit><latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit>

p =

0
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A

<latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit><latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit><latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit><latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit>

⌫e
<latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit><latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit><latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit><latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit>

e�
<latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit>

GFVudp
2

<latexit sha1_base64="/kCn37GkcYJA0Q6PqEcyX2uEmSU=">AAACN3icbVDLSgMxFM3UV62vUZduglVwVWaKoMuioC4r2FrolCGTZtrQzMPkjlDC/IBf47b+iSt34ta9C9PHwrYeCBzOuY/cE6SCK3Ccd6uwsrq2vlHcLG1t7+zu2fsHTZVkkrIGTUQiWwFRTPCYNYCDYK1UMhIFgj0Gg+ux//jMpOJJ/ADDlHUi0ot5yCkBI/n2iRdKQvWt70UE+jLSNzlu+jrr5rn21JMEXc1z3y47FWcCvEzcGSmjGeq+/eN1E5pFLAYqiFJt10mho4kETgXLS16mWErogPRY29CYREx19OSaHJ8apYvDRJoXA56ofzs0iZQaRoGpHP9ZLXpj8V9vcqEK1cJ+CC87msdpBiym0/VhJjAkeBwY7nLJKIihIYRKbi7AtE9MaGBinZsfSDJgkJdMXO5iOMukWa24ht+fl2tXs+CK6AgdozPkogtUQ3eojhqIohf0ikbozRpZH9an9TUtLViznkM0B+v7F9D1roU=</latexit><latexit sha1_base64="/kCn37GkcYJA0Q6PqEcyX2uEmSU=">AAACN3icbVDLSgMxFM3UV62vUZduglVwVWaKoMuioC4r2FrolCGTZtrQzMPkjlDC/IBf47b+iSt34ta9C9PHwrYeCBzOuY/cE6SCK3Ccd6uwsrq2vlHcLG1t7+zu2fsHTZVkkrIGTUQiWwFRTPCYNYCDYK1UMhIFgj0Gg+ux//jMpOJJ/ADDlHUi0ot5yCkBI/n2iRdKQvWt70UE+jLSNzlu+jrr5rn21JMEXc1z3y47FWcCvEzcGSmjGeq+/eN1E5pFLAYqiFJt10mho4kETgXLS16mWErogPRY29CYREx19OSaHJ8apYvDRJoXA56ofzs0iZQaRoGpHP9ZLXpj8V9vcqEK1cJ+CC87msdpBiym0/VhJjAkeBwY7nLJKIihIYRKbi7AtE9MaGBinZsfSDJgkJdMXO5iOMukWa24ht+fl2tXs+CK6AgdozPkogtUQ3eojhqIohf0ikbozRpZH9an9TUtLViznkM0B+v7F9D1roU=</latexit><latexit sha1_base64="/kCn37GkcYJA0Q6PqEcyX2uEmSU=">AAACN3icbVDLSgMxFM3UV62vUZduglVwVWaKoMuioC4r2FrolCGTZtrQzMPkjlDC/IBf47b+iSt34ta9C9PHwrYeCBzOuY/cE6SCK3Ccd6uwsrq2vlHcLG1t7+zu2fsHTZVkkrIGTUQiWwFRTPCYNYCDYK1UMhIFgj0Gg+ux//jMpOJJ/ADDlHUi0ot5yCkBI/n2iRdKQvWt70UE+jLSNzlu+jrr5rn21JMEXc1z3y47FWcCvEzcGSmjGeq+/eN1E5pFLAYqiFJt10mho4kETgXLS16mWErogPRY29CYREx19OSaHJ8apYvDRJoXA56ofzs0iZQaRoGpHP9ZLXpj8V9vcqEK1cJ+CC87msdpBiym0/VhJjAkeBwY7nLJKIihIYRKbi7AtE9MaGBinZsfSDJgkJdMXO5iOMukWa24ht+fl2tXs+CK6AgdozPkogtUQ3eojhqIohf0ikbozRpZH9an9TUtLViznkM0B+v7F9D1roU=</latexit><latexit sha1_base64="/kCn37GkcYJA0Q6PqEcyX2uEmSU=">AAACN3icbVDLSgMxFM3UV62vUZduglVwVWaKoMuioC4r2FrolCGTZtrQzMPkjlDC/IBf47b+iSt34ta9C9PHwrYeCBzOuY/cE6SCK3Ccd6uwsrq2vlHcLG1t7+zu2fsHTZVkkrIGTUQiWwFRTPCYNYCDYK1UMhIFgj0Gg+ux//jMpOJJ/ADDlHUi0ot5yCkBI/n2iRdKQvWt70UE+jLSNzlu+jrr5rn21JMEXc1z3y47FWcCvEzcGSmjGeq+/eN1E5pFLAYqiFJt10mho4kETgXLS16mWErogPRY29CYREx19OSaHJ8apYvDRJoXA56ofzs0iZQaRoGpHP9ZLXpj8V9vcqEK1cJ+CC87msdpBiym0/VhJjAkeBwY7nLJKIihIYRKbi7AtE9MaGBinZsfSDJgkJdMXO5iOMukWa24ht+fl2tXs+CK6AgdozPkogtUQ3eojhqIohf0ikbozRpZH9an9TUtLViznkM0B+v7F9D1roU=</latexit>

SM 𝜷-decay parameters 
CKM Matrix Element

Ratio of axial-vector to vector form factors � ⌘
����
gA
gV

���� e
i�

<latexit sha1_base64="5c2ZiVKpA9J2uB74amkE8BC1+fM="></latexit><latexit sha1_base64="5c2ZiVKpA9J2uB74amkE8BC1+fM="></latexit><latexit sha1_base64="5c2ZiVKpA9J2uB74amkE8BC1+fM="></latexit><latexit sha1_base64="5c2ZiVKpA9J2uB74amkE8BC1+fM="></latexit>

Vud
<latexit sha1_base64="YdssL3XYfkESafnxlFaUW/lCOqE=">AAACF3icbZBPS8MwGMbT+W/Of1OPXoJD8DRaGehx4MXjBNcNtjLSNN3i0rQkb4VR+h28zi/jTbx69Lt4MN16cJsvBH48z/vmTR4/EVyDbX9bla3tnd296n7t4PDo+KR+eubqOFWUdWksYtX3iWaCS9YFDoL1E8VI5AvW86f3hd97YUrzWD7BLGFeRMaSh5wSMJLrjrI0yEf1ht20F4U3wSmhgcrqjOo/wyCmacQkUEG0Hjh2Al5GFHAqWF4bppolhE7JmA0MShIx7WWL1+b4yigBDmNljgS8UP9OZCTSehb5pjMiMNHrXiH+6xWK0qFe2w/hnZdxmaTAJF2uD1OBIcZFIDjgilEQMwOEKm5+gOmEKELBxLZyv6/IlEFeM3E56+FsgnvTdAw/thrtVhlcFV2gS3SNHHSL2ugBdVAXUfSMXtEcvVlz6936sD6XrRWrnDlHK2V9/QKbjaD5</latexit><latexit sha1_base64="YdssL3XYfkESafnxlFaUW/lCOqE=">AAACF3icbZBPS8MwGMbT+W/Of1OPXoJD8DRaGehx4MXjBNcNtjLSNN3i0rQkb4VR+h28zi/jTbx69Lt4MN16cJsvBH48z/vmTR4/EVyDbX9bla3tnd296n7t4PDo+KR+eubqOFWUdWksYtX3iWaCS9YFDoL1E8VI5AvW86f3hd97YUrzWD7BLGFeRMaSh5wSMJLrjrI0yEf1ht20F4U3wSmhgcrqjOo/wyCmacQkUEG0Hjh2Al5GFHAqWF4bppolhE7JmA0MShIx7WWL1+b4yigBDmNljgS8UP9OZCTSehb5pjMiMNHrXiH+6xWK0qFe2w/hnZdxmaTAJF2uD1OBIcZFIDjgilEQMwOEKm5+gOmEKELBxLZyv6/IlEFeM3E56+FsgnvTdAw/thrtVhlcFV2gS3SNHHSL2ugBdVAXUfSMXtEcvVlz6936sD6XrRWrnDlHK2V9/QKbjaD5</latexit><latexit sha1_base64="YdssL3XYfkESafnxlFaUW/lCOqE=">AAACF3icbZBPS8MwGMbT+W/Of1OPXoJD8DRaGehx4MXjBNcNtjLSNN3i0rQkb4VR+h28zi/jTbx69Lt4MN16cJsvBH48z/vmTR4/EVyDbX9bla3tnd296n7t4PDo+KR+eubqOFWUdWksYtX3iWaCS9YFDoL1E8VI5AvW86f3hd97YUrzWD7BLGFeRMaSh5wSMJLrjrI0yEf1ht20F4U3wSmhgcrqjOo/wyCmacQkUEG0Hjh2Al5GFHAqWF4bppolhE7JmA0MShIx7WWL1+b4yigBDmNljgS8UP9OZCTSehb5pjMiMNHrXiH+6xWK0qFe2w/hnZdxmaTAJF2uD1OBIcZFIDjgilEQMwOEKm5+gOmEKELBxLZyv6/IlEFeM3E56+FsgnvTdAw/thrtVhlcFV2gS3SNHHSL2ugBdVAXUfSMXtEcvVlz6936sD6XrRWrnDlHK2V9/QKbjaD5</latexit><latexit sha1_base64="YdssL3XYfkESafnxlFaUW/lCOqE=">AAACF3icbZBPS8MwGMbT+W/Of1OPXoJD8DRaGehx4MXjBNcNtjLSNN3i0rQkb4VR+h28zi/jTbx69Lt4MN16cJsvBH48z/vmTR4/EVyDbX9bla3tnd296n7t4PDo+KR+eubqOFWUdWksYtX3iWaCS9YFDoL1E8VI5AvW86f3hd97YUrzWD7BLGFeRMaSh5wSMJLrjrI0yEf1ht20F4U3wSmhgcrqjOo/wyCmacQkUEG0Hjh2Al5GFHAqWF4bppolhE7JmA0MShIx7WWL1+b4yigBDmNljgS8UP9OZCTSehb5pjMiMNHrXiH+6xWK0qFe2w/hnZdxmaTAJF2uD1OBIcZFIDjgilEQMwOEKm5+gOmEKELBxLZyv6/IlEFeM3E56+FsgnvTdAw/thrtVhlcFV2gS3SNHHSL2ugBdVAXUfSMXtEcvVlz6936sD6XrRWrnDlHK2V9/QKbjaD5</latexit>

<latexit sha1_base64="Je6QppaRA6SQ2dIeiwZ9/B5q0QM=">AAACFXicbVDLSgMxFM34rPU16tJNsBUES5kpUt0IBUHdCBX6graWTJppQzPJkGSUMu1PuPFX3LhQxK3gzr8xfSy09awO59zLPfd4IaNKO863tbC4tLyymlhLrm9sbm3bO7sVJSKJSRkLJmTNQ4owyklZU81ILZQEBR4jVa93MfKr90QqKnhJ90PSDFCHU59ipI3UsjOXQsK0c3cMG0zwjqSdrkZSigdotHQGpgc3rfiqNBycQyfdslNO1hkDzhN3SlJgimLL/mq0BY4CwjVmSKm664S6GSOpKWZkmGxEioQI91CH1A3lKCCqGY+/GsJDo7Shb/L5gms4Vn9vxChQqh94ZjJAuqtmvZH4n1ePtH/WjCkPI004nhzyIwa1gKOKYJtKgjXrG4KwpCYrxF0kEdamyKQpwZ19eZ5Uclk3n83f5lKFk2kdCbAPDsARcMEpKIBrUARlgMEjeAav4M16sl6sd+tjMrpgTXf2wB9Ynz81epxM</latexit>

For 0+ �! 0+, |MGT | = 0

<latexit sha1_base64="o0hl1mBmlpt3dVKgCsScmBiEDC0="></latexit>

ft1/2(1 + �0R)(1 + �NS � �C) =
2⇡3~7 ln(2)

m5
ec
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<latexit sha1_base64="hBWTrQ35M/Jbb2oApjlTeEWhtw0="></latexit>

⌧n =


2⇡3~7c6

G2
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f · (1 + �0R) · (1 +�R)
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nuclear structure

isospin breaking

<latexit sha1_base64="HV1CE3yRQCuW23jvKY6jFfy/j9c=">AAACE3icdZDLSgMxFIYzXmu9VV26CRbB1TBTtdaNFNy4rGIv0A4lk2ba0MyF5IxQhr6B2/oy7sStD+C7uDAzHcEWPRD4+f5zcpLfjQRXYFmfxsrq2vrGZmGruL2zu7dfOjhsqTCWlDVpKELZcYliggesCRwE60SSEd8VrO2Ob1O//cSk4mHwCJOIOT4ZBtzjlIBGD71pv1S2zEvLvq6eY8u0sspEza7UsJ2TMsqr0S999QYhjX0WABVEqa5tReAkRAKngk2LvVixiNAxGbKulgHxmXKS7KVTfKrJAHuh1CcAnNHfEwnxlZr4ru70CYzUspfCP72USOWppf3g1ZyEB1EMLKDz9V4sMIQ4DQMPuGQUxEQLQiXXP8B0RCShoCNbuN+VZMxgWtRx/WSC/xetimlXzer9Rbl+kwdXQMfoBJ0hG12hOrpDDdREFHnoGc3QizEzXo03433eumLkM0dooYyPb3zen2Q=</latexit>

}

0.3% — 1.5%

outer radiative corrections (1.5%)

Testing the Standard Model: CKM Unitarity

<latexit sha1_base64="wOpKBpmuvMSuCTFXVMeY71HFlbM="></latexit>

Deviation of Mfi from
p
2

<latexit sha1_base64="8niBhj5EuNBZozCyc1Yr1QCp7Gc="></latexit>

All infrared-seneitive RC not included in Fermi function

universal transition independent or “inner” 
2.4%



Mean Lifetime ~880 s 
Endpoint Energy 782 keV

n =

0
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<latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit><latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit><latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit><latexit sha1_base64="m1rDiq0ouwjAuqNKoxsJ71oqKzY="></latexit>

p =

0
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u
u
d
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A

<latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit><latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit><latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit><latexit sha1_base64="0a+WNT8iXJICYqaYOTIn4Y0Ga70="></latexit>

⌫e
<latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit><latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit><latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit><latexit sha1_base64="0LaJ+Cmt0B95zX6G55Yg1YLebDU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRIR7LLgxmUF+4AmhMn0ph06mYSZSaGEfoM/4Fb/wJ249Rv8Ab/DSZuFbT1w4XDOPdzLCVPOlHacb6uytb2zu1fdrx0cHh2f2KdnXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdO7gu/NwWpWCKe9CwFPyYjwSJGiTZSYNteYuwinXsimwcQ2HWn4SyAN4lbkjoq0Q7sH2+Y0CwGoSknSg1cJ9V+TqRmlMO85mUKUkInZAQDQwWJQfn54vM5vjLKEEeJNCM0Xqh/EzmJlZrFodmMiR6rda8Q//MGmY6afs5EmmkQdHkoyjjWCS5qwEMmgWo+M4RQycyvmI6JJFSbslauhJJMQM9rphh3vYZN0r1puIY/3tZbzbKiKrpAl+gauegOtdADaqMOomiKXtArerOerXfrw/pcrlasMnOOVmB9/QLNe5xk</latexit>

e�
<latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit><latexit sha1_base64="Rjj1FKBML/kGu0KoSiGBIDFvdRU=">AAAB/nicbZBLSgNBEIZ74ivGV9Slm8YguDHMiGCWATcuI5oHJGPo6dQkTXp6hu4aIYSAF3CrN3Anbr2KF/AcdpJZmMQfGj7+qqKq/yCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWm0+gjYjVA44S8CPWVyIUnKG17uHxolssuWV3JroKXgYlkqnWLf50ejFPI1DIJTOm7bkJ+mOmUXAJk0InNZAwPmR9aFtULALjj2enTuiZdXo0jLV9CunM/TsxZpExoyiwnRHDgVmuTc3/au0Uw4o/FipJERSfLwpTSTGm03/TntDAUY4sMK6FvZXyAdOMo01nYUug2RBwUrDBeMsxrELjsuxZvrsqVStZRHlyQk7JOfHINamSW1IjdcJJn7yQV/LmPDvvzofzOW/NOdnMMVmQ8/ULBH6V5g==</latexit>

GFVudp
2

<latexit sha1_base64="/kCn37GkcYJA0Q6PqEcyX2uEmSU=">AAACN3icbVDLSgMxFM3UV62vUZduglVwVWaKoMuioC4r2FrolCGTZtrQzMPkjlDC/IBf47b+iSt34ta9C9PHwrYeCBzOuY/cE6SCK3Ccd6uwsrq2vlHcLG1t7+zu2fsHTZVkkrIGTUQiWwFRTPCYNYCDYK1UMhIFgj0Gg+ux//jMpOJJ/ADDlHUi0ot5yCkBI/n2iRdKQvWt70UE+jLSNzlu+jrr5rn21JMEXc1z3y47FWcCvEzcGSmjGeq+/eN1E5pFLAYqiFJt10mho4kETgXLS16mWErogPRY29CYREx19OSaHJ8apYvDRJoXA56ofzs0iZQaRoGpHP9ZLXpj8V9vcqEK1cJ+CC87msdpBiym0/VhJjAkeBwY7nLJKIihIYRKbi7AtE9MaGBinZsfSDJgkJdMXO5iOMukWa24ht+fl2tXs+CK6AgdozPkogtUQ3eojhqIohf0ikbozRpZH9an9TUtLViznkM0B+v7F9D1roU=</latexit><latexit sha1_base64="/kCn37GkcYJA0Q6PqEcyX2uEmSU=">AAACN3icbVDLSgMxFM3UV62vUZduglVwVWaKoMuioC4r2FrolCGTZtrQzMPkjlDC/IBf47b+iSt34ta9C9PHwrYeCBzOuY/cE6SCK3Ccd6uwsrq2vlHcLG1t7+zu2fsHTZVkkrIGTUQiWwFRTPCYNYCDYK1UMhIFgj0Gg+ux//jMpOJJ/ADDlHUi0ot5yCkBI/n2iRdKQvWt70UE+jLSNzlu+jrr5rn21JMEXc1z3y47FWcCvEzcGSmjGeq+/eN1E5pFLAYqiFJt10mho4kETgXLS16mWErogPRY29CYREx19OSaHJ8apYvDRJoXA56ofzs0iZQaRoGpHP9ZLXpj8V9vcqEK1cJ+CC87msdpBiym0/VhJjAkeBwY7nLJKIihIYRKbi7AtE9MaGBinZsfSDJgkJdMXO5iOMukWa24ht+fl2tXs+CK6AgdozPkogtUQ3eojhqIohf0ikbozRpZH9an9TUtLViznkM0B+v7F9D1roU=</latexit><latexit sha1_base64="/kCn37GkcYJA0Q6PqEcyX2uEmSU=">AAACN3icbVDLSgMxFM3UV62vUZduglVwVWaKoMuioC4r2FrolCGTZtrQzMPkjlDC/IBf47b+iSt34ta9C9PHwrYeCBzOuY/cE6SCK3Ccd6uwsrq2vlHcLG1t7+zu2fsHTZVkkrIGTUQiWwFRTPCYNYCDYK1UMhIFgj0Gg+ux//jMpOJJ/ADDlHUi0ot5yCkBI/n2iRdKQvWt70UE+jLSNzlu+jrr5rn21JMEXc1z3y47FWcCvEzcGSmjGeq+/eN1E5pFLAYqiFJt10mho4kETgXLS16mWErogPRY29CYREx19OSaHJ8apYvDRJoXA56ofzs0iZQaRoGpHP9ZLXpj8V9vcqEK1cJ+CC87msdpBiym0/VhJjAkeBwY7nLJKIihIYRKbi7AtE9MaGBinZsfSDJgkJdMXO5iOMukWa24ht+fl2tXs+CK6AgdozPkogtUQ3eojhqIohf0ikbozRpZH9an9TUtLViznkM0B+v7F9D1roU=</latexit><latexit sha1_base64="/kCn37GkcYJA0Q6PqEcyX2uEmSU=">AAACN3icbVDLSgMxFM3UV62vUZduglVwVWaKoMuioC4r2FrolCGTZtrQzMPkjlDC/IBf47b+iSt34ta9C9PHwrYeCBzOuY/cE6SCK3Ccd6uwsrq2vlHcLG1t7+zu2fsHTZVkkrIGTUQiWwFRTPCYNYCDYK1UMhIFgj0Gg+ux//jMpOJJ/ADDlHUi0ot5yCkBI/n2iRdKQvWt70UE+jLSNzlu+jrr5rn21JMEXc1z3y47FWcCvEzcGSmjGeq+/eN1E5pFLAYqiFJt10mho4kETgXLS16mWErogPRY29CYREx19OSaHJ8apYvDRJoXA56ofzs0iZQaRoGpHP9ZLXpj8V9vcqEK1cJ+CC87msdpBiym0/VhJjAkeBwY7nLJKIihIYRKbi7AtE9MaGBinZsfSDJgkJdMXO5iOMukWa24ht+fl2tXs+CK6AgdozPkogtUQ3eojhqIohf0ikbozRpZH9an9TUtLViznkM0B+v7F9D1roU=</latexit>

SM 𝜷-decay parameters 
CKM Matrix Element

Ratio of axial-vector to vector form factors � ⌘
����
gA
gV

���� e
i�

<latexit sha1_base64="5c2ZiVKpA9J2uB74amkE8BC1+fM="></latexit><latexit sha1_base64="5c2ZiVKpA9J2uB74amkE8BC1+fM="></latexit><latexit sha1_base64="5c2ZiVKpA9J2uB74amkE8BC1+fM="></latexit><latexit sha1_base64="5c2ZiVKpA9J2uB74amkE8BC1+fM="></latexit>

Vud
<latexit sha1_base64="YdssL3XYfkESafnxlFaUW/lCOqE=">AAACF3icbZBPS8MwGMbT+W/Of1OPXoJD8DRaGehx4MXjBNcNtjLSNN3i0rQkb4VR+h28zi/jTbx69Lt4MN16cJsvBH48z/vmTR4/EVyDbX9bla3tnd296n7t4PDo+KR+eubqOFWUdWksYtX3iWaCS9YFDoL1E8VI5AvW86f3hd97YUrzWD7BLGFeRMaSh5wSMJLrjrI0yEf1ht20F4U3wSmhgcrqjOo/wyCmacQkUEG0Hjh2Al5GFHAqWF4bppolhE7JmA0MShIx7WWL1+b4yigBDmNljgS8UP9OZCTSehb5pjMiMNHrXiH+6xWK0qFe2w/hnZdxmaTAJF2uD1OBIcZFIDjgilEQMwOEKm5+gOmEKELBxLZyv6/IlEFeM3E56+FsgnvTdAw/thrtVhlcFV2gS3SNHHSL2ugBdVAXUfSMXtEcvVlz6936sD6XrRWrnDlHK2V9/QKbjaD5</latexit><latexit sha1_base64="YdssL3XYfkESafnxlFaUW/lCOqE=">AAACF3icbZBPS8MwGMbT+W/Of1OPXoJD8DRaGehx4MXjBNcNtjLSNN3i0rQkb4VR+h28zi/jTbx69Lt4MN16cJsvBH48z/vmTR4/EVyDbX9bla3tnd296n7t4PDo+KR+eubqOFWUdWksYtX3iWaCS9YFDoL1E8VI5AvW86f3hd97YUrzWD7BLGFeRMaSh5wSMJLrjrI0yEf1ht20F4U3wSmhgcrqjOo/wyCmacQkUEG0Hjh2Al5GFHAqWF4bppolhE7JmA0MShIx7WWL1+b4yigBDmNljgS8UP9OZCTSehb5pjMiMNHrXiH+6xWK0qFe2w/hnZdxmaTAJF2uD1OBIcZFIDjgilEQMwOEKm5+gOmEKELBxLZyv6/IlEFeM3E56+FsgnvTdAw/thrtVhlcFV2gS3SNHHSL2ugBdVAXUfSMXtEcvVlz6936sD6XrRWrnDlHK2V9/QKbjaD5</latexit><latexit sha1_base64="YdssL3XYfkESafnxlFaUW/lCOqE=">AAACF3icbZBPS8MwGMbT+W/Of1OPXoJD8DRaGehx4MXjBNcNtjLSNN3i0rQkb4VR+h28zi/jTbx69Lt4MN16cJsvBH48z/vmTR4/EVyDbX9bla3tnd296n7t4PDo+KR+eubqOFWUdWksYtX3iWaCS9YFDoL1E8VI5AvW86f3hd97YUrzWD7BLGFeRMaSh5wSMJLrjrI0yEf1ht20F4U3wSmhgcrqjOo/wyCmacQkUEG0Hjh2Al5GFHAqWF4bppolhE7JmA0MShIx7WWL1+b4yigBDmNljgS8UP9OZCTSehb5pjMiMNHrXiH+6xWK0qFe2w/hnZdxmaTAJF2uD1OBIcZFIDjgilEQMwOEKm5+gOmEKELBxLZyv6/IlEFeM3E56+FsgnvTdAw/thrtVhlcFV2gS3SNHHSL2ugBdVAXUfSMXtEcvVlz6936sD6XrRWrnDlHK2V9/QKbjaD5</latexit><latexit sha1_base64="YdssL3XYfkESafnxlFaUW/lCOqE=">AAACF3icbZBPS8MwGMbT+W/Of1OPXoJD8DRaGehx4MXjBNcNtjLSNN3i0rQkb4VR+h28zi/jTbx69Lt4MN16cJsvBH48z/vmTR4/EVyDbX9bla3tnd296n7t4PDo+KR+eubqOFWUdWksYtX3iWaCS9YFDoL1E8VI5AvW86f3hd97YUrzWD7BLGFeRMaSh5wSMJLrjrI0yEf1ht20F4U3wSmhgcrqjOo/wyCmacQkUEG0Hjh2Al5GFHAqWF4bppolhE7JmA0MShIx7WWL1+b4yigBDmNljgS8UP9OZCTSehb5pjMiMNHrXiH+6xWK0qFe2w/hnZdxmaTAJF2uD1OBIcZFIDjgilEQMwOEKm5+gOmEKELBxLZyv6/IlEFeM3E56+FsgnvTdAw/thrtVhlcFV2gS3SNHHSL2ugBdVAXUfSMXtEcvVlz6936sD6XrRWrnDlHK2V9/QKbjaD5</latexit>
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outer radiative corrections (1.5%)
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Testing the Standard Model: CKM Unitarity
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Figure 1
Time and temperature evolution of all standard big bang nucleosynthesis (SBBN)-relevant nuclear
abundances. The vertical arrow indicates the moment at T9 ≃ 0.85, when most of the He nuclei are
synthesized. The gray vertical bands indicate main BBN stages. (Left to right) Neutrino decoupling,
electron-positron annihilation and n/p freeze-out, D bottleneck, and freeze-out of all nuclear reactions.
Protons (H) and neutrons (N) are given relative to nb, whereas Yp denotes the 4He mass fraction. The
freeze-out abundances are given by the horizontal lines on the right-hand side of the graph.

1.1.1. O(0.1) abundances: 4He. The beauty of the SBBN prediction for 4He lies in its sim-
plicity: Only a few factors determine it. The rates for weak scattering processes that interconvert
n ↔ p at high plasma temperatures scale as G2

F T 5, where GF is the Fermi constant. As the
universe cools, these rates drop below the T 2-proportional Hubble rate H(T ) (Equation 6). The
neutron-to-proton transitions slow down, and the ratio of their respective number densities can-
not follow its chemical-equilibrium exponential dependence: n/p |eq ≃ exp(−!mnp/T ). Around
T ≃ 0.7 MeV, this dependence freezes out to n/p ≃ 1/6 but continues to decrease slowly due
to residual scattering and the β decays of neutrons. The formation of D during this intermission
period is delayed by the process of photodissociation, which occurs efficiently because of the over-
whelmingly large number of photons (Equation 4) with energies in excess of the deuteron-binding
energy Ed = 2.22 MeV. Once the temperature drops to T9 ≃ 0.85, the exponential Boltzmann
suppression of such photons is sufficient to build a number density in D that is large enough to
ignite other nuclear reactions. At these temperatures, the neutron-to-proton ratio drops to ap-
proximately 1/7, and very quickly, all neutrons are consumed and are incorporated into 4He nuclei
that have the highest binding energy per nucleon among all isotopes lighter than carbon. Thus,
to a rather good accuracy,

Y p ≃ 2n/p
1 + n/p

∣∣∣∣
T9≃0.85

. 8.

The 4He mass fraction Yp is very weakly dependent on ηb as well as on the precise values for
almost all nuclear reaction rates. Instead, Yp is sensitive to the timing of major BBN events, such
as the neutron-to-proton freeze-out and the end point of the D bottleneck. Consequently, the
prediction for Yp relies on such well-measured quantities as the Newton constant, the neutron-
proton mass difference, the Fermi constant, the neutron lifetime, and the deuteron-binding energy.
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Weak reactions fall out of equilibrium

Yp =
4(Nn/2Np)

1 +Nn/Np

4He mass fraction
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Nn
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eq.

/ e��mnpc
2/kT n-decay

Deuterium bottleneck ends:
Nn > MB tail of g spectrum
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“Ultracold” Neutrons



Neutron Interactions with Matter: Scattering from a Nucleus

En < 1 keV 
neutron/nucleus interaction is well approximated by 
scattering off a hard sphere of radius Re(a) with 
absorption characterized by Im(a).
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For low energy, s-wave (l=0) scattering dominates

So…

Scattering Amplitude
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Neutron Interactions with Matter: Fermi Pseudo Potential

En < 1 keV 
neutron/nucleus interaction is well approximated by 
scattering off a hard sphere of radius Re(a) with 
absorption characterized by Im(a).

<latexit sha1_base64="H/0NY7fryC7O5EjwSOBKzLDCAK0=">AAACCnicbVC7SgNBFL0bXzG+Vi1tRoNgFXaDxDRCwMYyBvOA7BJmJ7PJkNkHM7NCWLa28VdsLBSx9Qvs/BsnyRaaeGDgcM493LnHizmTyrK+jcLa+sbmVnG7tLO7t39gHh51ZJQIQtsk4pHoeVhSzkLaVkxx2osFxYHHadeb3Mz87gMVkkXhvZrG1A3wKGQ+I1hpaWCeTlroGjm+wCStOjFDrSx1uM4PcYYczpE9MMtWxZoDrRI7J2XI0RyYX84wIklAQ0U4lrJvW7FyUywUI5xmJSeRNMZkgke0r2mIAyrddH5Khs61MkR+JPQLFZqrvxMpDqScBp6eDLAay2VvJv7n9RPl192UhXGiaEgWi/yEIxWhWS9oyAQlik81wUQw/VdExljXonR7JV2CvXzyKulUK3atUru7LDfqeR1FOIEzuAAbrqABt9CENhB4hGd4hTfjyXgx3o2PxWjByDPH8AfG5w85lplT</latexit>

kR =
2⇡R

�
⌧ 1

<latexit sha1_base64="qMgUpUA/OPk6dHRy/uoIKgZ2rW0=">AAACEnicbVDJSgNBEO2JW4zbqEcvjUFIEMJMkJiLEBDBYwSzQCaGmk5P0qRnsbtHCMN8gxd/xYsHRbx68ubf2FkOmvig4PFeFVX13IgzqSzr28isrK6tb2Q3c1vbO7t75v5BU4axILRBQh6KtguSchbQhmKK03YkKPgupy13dDnxWw9USBYGt2oc0a4Pg4B5jIDSUs8sOiOIIsAX2JH3QiWOJ4AkZb9wddrsWcU0cYYuiLtymvbMvFWypsDLxJ6TPJqj3jO/nH5IYp8GinCQsmNbkeomIBQjnKY5J5Y0AjKCAe1oGoBPZTeZvpTiE630sRcKXYHCU/X3RAK+lGPf1Z0+qKFc9Cbif14nVl61m7AgihUNyGyRF3OsQjzJB/eZoETxsSZABNO3YjIEHYrSKeZ0CPbiy8ukWS7ZlVLl5ixfq87jyKIjdIwKyEbnqIauUR01EEGP6Bm9ojfjyXgx3o2PWWvGmM8coj8wPn8A7jqdAA==</latexit>

 =

r
2m(E + V0)

~2

<latexit sha1_base64="309hW3E05qnuBcp0/3uIyl1Jabc=">AAACDHicbVDLSgMxFM3UV62vqks3wSLUTZkRqV1W3LisYB/QGUomzbShSSYkGaEM8wFu/BU3LhRx6we4829M21lo64HA4ZxzubknlIxq47rfTmFtfWNzq7hd2tnd2z8oHx51dJwoTNo4ZrHqhUgTRgVpG2oY6UlFEA8Z6YaTm5nffSBK01jcm6kkAUcjQSOKkbHSoFzxpabQ15TDaz9SCKeWi6o/QVIiqM6zVGU25dbcOeAq8XJSATlag/KXP4xxwokwmCGt+54rTZAiZShmJCv5iSYS4Qkakb6lAnGig3R+TAbPrDKEUazsEwbO1d8TKeJaT3lokxyZsV72ZuJ/Xj8xUSNIqZCJIQIvFkUJgyaGs2bgkCqCDZtagrCi9q8Qj5GtxNj+SrYEb/nkVdK5qHn1Wv3ustJs5HUUwQk4BVXggSvQBLegBdoAg0fwDF7Bm/PkvDjvzsciWnDymWPwB87nD005myQ=</latexit>

 ⇠ A
sin(r)

r
<latexit sha1_base64="KqNhM0UaAV58brmChlGi7HNKF6M=">AAACJnicbVBNS0JBFJ1nX2ZfVss2QxIYgbwXYW4EoU1Lg9TAZzJvvE8H530wc18gj/dr2vRX2rQwItr1UxrNRWUHBg7nnMude7xYCo22/WHlVlbX1jfym4Wt7Z3dveL+QVtHieLQ4pGM1J3HNEgRQgsFSriLFbDAk9Dxxlczv/MASosovMVJDL2ADUPhC87QSP1i3Y21oHUK96mg7gPwdJy5fBDhnKsso2fUL7s4AmSnrq8YT2fRsXGM2y+W7Io9B10mzoKUyALNfnHqDiKeBBAil0zrrmPH2EuZQsElZAU30RAzPmZD6BoasgB0L52fmdETowyoHynzQqRz9edEygKtJ4FnkgHDkf7rzcT/vG6Cfq2XijBOEEL+vchPJMWIzjqjA6GAo5wYwrgS5q+Uj5jpAk2zBVOC8/fkZdI+rzjVSvXmotSoLerIkyNyTMrEIZekQa5Jk7QIJ4/kmUzJq/VkvVhv1vt3NGctZg7JL1ifX3Mjpm0=</latexit>

 = ei
~k·~r + f(✓)

eikr

r

For low energy, s-wave (l=0) scattering dominates

So…

Scattering Amplitude
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Overall the wave function changes… so perturbation theory with V won’t work well. 
But the wave function outside the potential only changes a little…

First-Order Born Approximation

The nucleus looks very small to a low energy neutron:
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Fermi Potential: 1st order far-field 
behavior w/o near field complications

Note the attractive interaction generates a repulsive potential for a > 0.
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Neutron Interaction Scale

V ≅ 50MeV

r

R ≅ 1.25 fm( ) A3
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“Ultracold” Neutron Production
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Upscattering (t ~ 150 ms at 5K)

cold neutron

UCN
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Upscattering by para-D2
(t ~ 150 ms/1% para-D2)

UCN

H

Deuteron
Nuclear absorption
by H contamination 
(t ~ 150 ms/0.2% H)

Deuteron
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Triton
Nuclear absorption
by SD2 (t ~ 150 ms)

1

40 ms
⇡ 4⇥ 1

150 ms
<latexit sha1_base64="QtWkzJmtgbS8hdBLP7uiLe0uZB0="></latexit><latexit sha1_base64="QtWkzJmtgbS8hdBLP7uiLe0uZB0="></latexit><latexit sha1_base64="QtWkzJmtgbS8hdBLP7uiLe0uZB0="></latexit><latexit sha1_base64="QtWkzJmtgbS8hdBLP7uiLe0uZB0="></latexit>

800 MeV protons

“Ultracold” Neutron Production in Solid Deuterium



Ultracold Neutron Sources



*Max UCN energy often quoted based on material potential of 58Ni (342 neV)

“Input Guide”

“Input Guide”

“Horiz. Guide”

“Horiz. Guide”

“Trap”

“Trap”

30 cm

30 cm

50 neV

50 neV

Diffuse

Specular

Ultracold Neutrons (UCN) are neutrons with energies on the order of 100 neV*: 

• “Optical” reflection for any angle of incidence for many substances 

•Classical motion is that of a spinning magnetic bouncy ball 

•Can be pushed around by a refrigerator magnet 

•Can be 100% polarized via Stern Gerlach by a 6 T field. 

•They behave much like a non-interacting gas: “Think Density”?



UCN Detection in the old days
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thermal neutron absorption cross-section, σth ¼ 3842 barn for the
(n,α) process, τa ¼ ðn0σthvthÞ

$1 ¼ 9:0 ns. Here n0 is the solid
density of 10B and vth the neutron thermal velocity. For UCNs at
4.4 m/s, λa ¼ 40 nm. The de Broglie wavelength of UCN (λn) is
longer than λa [10]:

λn ¼
904:5ffiffiffiffiffi

En
p ¼

395:6
vn

ð2Þ

where λn is in nm, the kinetic energy of the neutron (En) in neV
and the velocity of the neutron (vn) in m/s. For a UCN with a
kinetic energy of 100 neV or a velocity of 4.4 m/s, λn ¼ 90 nm.

We describe a multilayer surface detector for UCNs based on
10B thin-film capture of neutrons. The top 10B layer is exposed to
vacuum and directly captures UCNs. The ZnS:Ag luminescent layer
is beneath the 10B layer. The effective ZnS layer thickness mea-
sured using a 148Gd α source is a few microns thick, which is
sufficient to stop the charges from the 10B(n,α)7Li neutron-capture

reaction while thin enough that light due to α and 7Li escapes for
detection by photomultiplier tubes. The average 10B film thickness
does not exceed 300 nm.

Below we first present the working principle of the detector and
some relevant material properties, followed by some details of the
detector design and construction. Next, we describe detector opera-
tion and detector performance, and correlate the detector perfor-
mance with 10B-film characterization. The efficiency limitations are
discussed towards the end, leaving room for further efficiency
improvement through better understanding of the surface texture.

2. Detection principle and material properties

The working principle of the detector is illustrated in Fig. 1. The
detector design takes several lengths into account: UCN capture
length (λa), α and 7Li ion ranges (Ri) in solid 10B and ZnS, and light
attenuation in ZnS and the light-guide. Compared with gas-based
detectors, using only solid components in the detector removes
the need for a material window. Compared with bulk 7Li- or 10B-
doped scintillators for thermal neutrons, a 100-nm thin-film
coating is sufficient since λa is only 40 nm for UCNs at 4.4 m/s.
An ideal UCN detection efficiency up to 95% is expected for a film
thickness of 3λa [11] or about 120 nm. When the UCN reflection
from the 10B coated ZnS:Ag surface is taken into account, the
efficiency can be reduced further by more than 20% due to
reflection, as shown below.

The ion ranges (Ri) in 10B and ZnS are calculated using the
Stopping and Range of Ions in Matter (SRIM) code [12] and
summarized in Table 1. Since the ion ranges are many times the
10B film thickness % 3λa, the charged particle energy losses in the
10B are small, except for ions that move at large angles with
respect to the surface normal. For the 0.84 MeV 7Li, the full ion
stopping in 10B only occurs when the angle is greater than
θc ¼ cos $1ð3λa=RiÞ or about 861 for λa ¼ 40 nm. The correspond-
ing loss of detection efficiency is about 3% due to the 0.84 MeV 7Li
loss alone. The total efficiency loss for the two branching ratios
and both α and 7Li in the 10B layer is

ϵlossð10BÞ ¼
X

i
wiT0

Ri ð3Þ

for a flat uniform 10B layer thickness T0. The values of wi are given
in Table 1. For T0 ¼ 120 nm; ϵlossð10BÞ ¼ 5%.

ZnS:Ag coated acrylic acetate sheets (around 120 μm thick)
were obtained commercially [13] and used as the substrates for 10B
thin-film coating. According to the vendor, a transparent thermo-
setting adhesive is applied to the acetate surface for ZnS:Ag
bonding, so the ZnS:Ag facing the 10B is not coated with any
adhesive. The ZnS:Ag powder size is 16 μm on average. Scanning

Fig. 1. The multilayer 10B surface detector for UCNs consists of a thin 10B top layer
supported by a luminescent layer of ZnS:Ag. At least one of the charged particles α
or 7Li generated from the neutron capture slows down or stops in the ZnS:Ag layer
and emits light. A light-guide or a transparent window is used to transmit the light
to a photomultiplier tube (PMT). A 10B thickness of 100 nm and a ZnS:Ag thickness
of a few microns are sufficient.

Table 1
Maximum ion ranges (Ri) of the charged products from the 10B(n, α)7Li neutron
capture process in 10B solid films and ZnS.

Ion (probability,
wi)

Energy (E0i ,
MeV)

Range in 10B (Ri,
μm)

Range in ZnS (Ri,
μm)

α (47%) 1.47 3.5 4.2
α (3%) 1.78 4.4 5.1
7Li (47%) 0.84 1.8 2.3
7Li (3%) 1.02 2.1 2.5

Fig. 2. (Left) The 100-μm resolution image of a 10B-coated ZnS surface using a scanning electron microscope (SEM). (Right) The 10-μm resolution of the same film. The bright
spots in both images are due to electrostatic charging of the surface.
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4. Results and discussion

Since there is ample light due to the α and 7Li ion stopping in
ZnS:Ag, we can digitize the electric pulses from the PMTs with or
without a pre-amplifier. Either way, optimal PMT bias voltages
were used before taking data. Most of the data were taken using
an FADC-based waveform digitizer described in a previous work
[19].

4.1. Pulse height spectra

A typical pulse height spectrum (PHS) of a 10B-coated ZnS:Ag
UCN detector with a lightguide is shown in Fig. 6a. The energy
scale was calibrated using a 148Gd α source (3.182 MeV). The PMT
bias was at !1.7 kV. No ORTEC 113 scintillator preamp was used
and the PMT output was digitized directly. The 7Li (0.84 MeV) peak
stands out because the ion has the shortest range and the width of
the peak is narrow due to the small straggling. A significant
fraction of the signals appears above the 1.78 MeV α (only about
3% is expected). This is attributed to the surface roughness as
discussed in Fig. 2. The average 10B coating (film #3, this number is
based on the order of film deposition) was measured to be 3.40
70.04 nm using an optical profilometer. Since the surface rough-
ness is greater than the 10B coating thickness, as well as the
stopping ranges of α and 7Li in ZnS, both charged particles can be

stopped in ZnS simultaneously if the charged particles leave the
surface at an angle.

For energy calibration, the 148Gd α peak was fit by a skewed
Gaussian function [20]:

f ðxÞ ¼ 2c1ϕðx0ÞΦðαsx0Þþc0 ð4Þ

with

x0 ¼
x!x0
σ

ð5Þ

ϕðxÞ ¼
1ffiffiffiffiffiffi
2π

p e! x2=2 ð6Þ

and

ΦðxÞ ¼
1
2

1þerf
xffiffiffi
2

p
" #$ %

: ð7Þ

The fitting parameters for the 3.182 MeV 148Gd α are x0 ¼ 1867,
σ ¼ 299:0, αs ¼ !3:636, c1 ¼ 110:2, c0 ¼ 1:104. The same skewed
Gaussian function can also be used to fit the 0.84 MeV 7Li peak.
The fitting parameters for 0.84 MeV 7Li are x0 ¼ 430:0, σ ¼ 162:5,
αs ¼ 1:494, c1 ¼ 174:5, c0 ¼ 17:54. The fact that the skewness
parameter αs is positive indicates that the 0.84 MeV 7Li pulse
shape is distorted by the nearby 1.02 MeV 7Li and 1.47 MeV α.

The UCN-induced signals are also separated from most of the
lower-amplitude background to the left (o200 on the horizontal
scale), which is attributed to the light leaks from the UCN guide
side. When the UCNs are stopped, the UCN spectrum disappears
and the low-amplitude background is also reduced significantly, as
shown in Fig. 7.

Another example of pulse height spectrum for a thicker film is
shown in Fig. 8. An ORTEC 113 pre-amp was used for this
spectrum.

4.2. Film thickness and efficiency

We used the second detector configuration, similar to Fig. 5, to
characterize the UCN detection efficiency as a function of 10B film
thickness. A 3He gas detector [4] was used to normalize the film
signals. It should be pointed out that the 3He monitor and 10B
detectors may have different UCN spectral responses and the UCN
energy spectrum may vary with time. So the normalization relying
on 3He is not ideal. Further improvements are possible by for
example, using mono-energetic UCNs.

Since the film areas were irregular, we placed a TPX screen
(Polymethylpentene, Mitsui Chemicals) with a small hole (&6 mm
diameter) in front of each film to limit the UCN flux to the same

Fig. 5. (Left) A 10B-coated ZnS:Ag screen sits on the vacuum side of a 7-cm conflat
flange. (Right) A PMT is attached to the air side of the flange. The full detector
assembly is mounted to a UCN guide for flux monitoring.

Fig. 6. (a) An example pulse height spectrum due to UCN captures for a thin film (#
3). (1) is for 0.84 MeV 7Li. (2) is for 1.02 MeV 7Li. (3) is for 1.47 MeV α. (4) is for
1.78 MeV α. (b) Energy calibration using a 148Gd α (3.182 MeV) source. The
characteristic energies for 7Li and α due to UCN captures are shown in (a). The
calibration line corresponds to 0.9 times the 148Gd α energy, due to a loss of the α
energy. The 148Gd α-peak is fitted with a skewed Gaussian function.

Fig. 7. (Top) Background signals when the gate valve to the detector is closed.
(Bottom) UCN data with background as in Fig. 6a. The pulse shape measurements
confirm very low neutron induced background (o0:1 Hz for the 10B surface area of
39.2 cm2) in the detector.
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electron microscope measurements of a lightly 10B-coated ZnS
sample, Fig. 2, indicates the size dispersion of the ZnS powder,
which also determines the surface roughness of the detector.

Undoped ZnS emits light at 333 nm and 349 nm wavelengths,
corresponding to the near bandgap energies at 3.55 eV and 3.72 eV
respectively [14,15]. The near-bandgap emissions are strongly self-
absorbed. ZnS can be doped in a variety of ways that shift the
emission peaks to longer wavelengths and significantly reduce
self-absorption [16,17]. The Silver-doped ZnS emits blue light that
peaks around 450 nm, with a characteristic decay time around
200 ns. According to Knoll [3], the relative light yield in ZnS:Ag
due to α stopping is about 130% of NaI(Tl) (3.8!104 photons/
MeV), i.e., the α light yield is 4.9!104 photons/MeV. Based on the
data sheets from Eljen Technology as well as Leo [18], the light
yield of α is 300% of anthracene (1.74!104 photons/MeV) or
5.2!104 photons/MeV. Their reports agree within 10%. The abso-
lute light yield for the present work is not quantified; so we use
the previous data to estimate the light yield for the two different
α's to be 7.4!104 photons (1.47 MeV) and 9.0!104 photons
(1.78 MeV) respectively.

3. Detector design and construction

Highly enriched elemental 10B ("99 wt%) in powder form was
obtained from Ceradyne Boron Products. The 10B powder was
placed in a carbon crucible and electron-beam melted- and
evaporated- onto the ZnS screens. The distance between the
crucible and the ZnS screen was about half a meter, sufficient to
maintain the acrylic acetate sheets below 50 1C without any active
cooling. A quartz microbalance (in situ) and a small sapphire
witness plate (offline) were used together to monitor the coating
thickness.

A few examples of the 10B-coated ZnS:Ag screens are shown in
Fig. 3a. The darkest color one (upper right) corresponds to a thick
10B coating exceeding 200 nm. Thinner coatings are shown on the
lower left and lower right. A blank ZnS:Ag screen is shown on the
upper left for comparison. A list of 10B films used in this work is
shown in Table 2.

Two types of detectors have been built. In Fig. 3b, one of the
lightly coated screens is cut to fit within the diameter of an acrylic
lightguide. The screen is glued (Dow Corning Sylgard 184 Silicone
Elastomer) to the lightguide. To remove the trapped air in the glue,
the freshly glued screen is vacuum pumped down at a rate of 0.6 l/
s for 1–2 h, until no visible bubbles exist in the silicone layer.

A 7.6-cm (3 in.) diameter photomultiplier (PMT) is coupled to
the ZnS-screen-covered light-guide to form a detector as shown in
Fig. 4. A rubber O-ring about 2.5 cm from the ZnS screen provides
the vacuum seal. Half of the lightguide is inside the vacuum, the
other half is outside the vacuum. This type of detector has been
used for UCN flux monitoring, as well as flux studies as a function
of height relative to the UCN beamline.

A second type of detector with a smaller 10B area and without
an acrylic lightguide is shown in Fig. 5 (left). The 7-cm (2–3/4 in.)
diameter conflat flange with a transparent window is used to
house a 10B coated ZnS screen. A smaller (2.5 cm in diameter) PMT
is then attached to the window from outside the vacuum. The
whole detector assembly is attached to a port on a UCN guide,
shown in Fig. 5 (right). This type of detector was used to examine
UCN detection efficiency, as well as for UCN transport studies in
UCN guides and flux monitoring.

Fig. 3. (Left) Several 10B-coated ZnS:Ag screens with different coating thicknesses: the upper-right, the lower-left and the lower-right ones are compared with an uncoated
blank screen (upper left). All of the screens are 10 cm! 10 cm in size. (Right) One of the 10B-coated ZnS:Ag screens is trimmed to a circle and glued to a 7.9 cm (3–1/8 in.)
diameter acrylic lightguide (5 cm tall).

Table 2
A list of film thicknesses and labels for this work.

Film label Thickness (nm) Err in thickness (nm)

# 2 16.7 1.1
# 3 3.4 0.04
# 7 97.3 2.0
# 8 70.6 2.0
# 9 169.2 4.8
# 11 269.8 2.9

Fig. 4. A full detector assembly consists of the part shown in Fig. 3b and a PMT. A
coupler connects the detector to a UCN guide with an inner diameter of 7.6 cm.
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