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CKM Unitarity

Ø CKM matrix plays a crucial role as fundamental parameters of the standard model:  

Ø The unitarity test of the CKM matrix serves as one of the most important precision tests in particle physics. 

Ø The first row of the CKM matrix provides the most accurate result:

Ø Vud could be derived from nuclear and neutron beta decay. 

Ø Vus could be derived from Kμ2 and Kl3 decays. 

from Lattice
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Experimental Input for Vud
<latexit sha1_base64="a9O3elELkO0KzE71KdZaxyzKbyY=">AAAB73icbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoaenJ2nS0zP2IoRJfsKLB0W8+jve/Bs7yRw08UHB470qquoFKWdKu+63U1hZXVvfKG6WtrZ3dvfK+wdNlRhJaIMkPJHtACvKmaANzTSn7VRSHAectoLh7dRvPVGpWCIe9Cilfoz7gkWMYG2l9rjZy0w4GffKFbfqzoCWiZeTCuSo98pf3TAhJqZCE46V6nhuqv0MS80Ip5NS1yiaYjLEfdqxVOCYKj+b3TtBJ1YJUZRIW0Kjmfp7IsOxUqM4sJ0x1gO16E3F/7yO0dG1nzGRGk0FmS+KDEc6QdPnUcgkJZqPLMFEMnsrIgMsMdE2opINwVt8eZk0z6reZfXi/rxSu8njKMIRHMMpeHAFNbiDOjSAAIdneIU359F5cd6dj3lrwclnDuEPnM8fjSSQUg==</latexit>

|Vud|

<latexit sha1_base64="C2d7UVJmHPFezIwuPwrHQpcM8Vw=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIr2XRjcsK9gFtCJPJbTt0MgkzE6WkAX/FjQtF3Pod7vwbp2kW2nrgwuGce+fOPX7MqFS2/W2UlpZXVtfK65WNza3tHXN3ryWjRBBokohFouNjCYxyaCqqGHRiATj0GbT90c3Ubz+AkDTi92ocgxviAad9SrDSkmce9PI30schVZBNWl6aBNnEM6t2zc5hLRKnIFVUoOGZX70gIkkIXBGGpew6dqzcFAtFCYOs0kskxJiM8AC6mnIcgnTTfHVmHWslsPqR0MWVlau/J1IcSjkOfd0ZYjWU895U/M/rJqp/5aaUx4kCTmaL+gmzVGRNs7ACKoAoNtYEE0H1Xy0yxAITpROr6BCc+ZMXSeu05lzUzu/OqvXrIo4yOkRH6AQ56BLV0S1qoCYiKEXP6BW9GU/Gi/FufMxaS0Yxs4/+wPj8Aai0lpk=</latexit>

|Vud|
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Experimental Input for Vud
<latexit sha1_base64="a9O3elELkO0KzE71KdZaxyzKbyY=">AAAB73icbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoaenJ2nS0zP2IoRJfsKLB0W8+jve/Bs7yRw08UHB470qquoFKWdKu+63U1hZXVvfKG6WtrZ3dvfK+wdNlRhJaIMkPJHtACvKmaANzTSn7VRSHAectoLh7dRvPVGpWCIe9Cilfoz7gkWMYG2l9rjZy0w4GffKFbfqzoCWiZeTCuSo98pf3TAhJqZCE46V6nhuqv0MS80Ip5NS1yiaYjLEfdqxVOCYKj+b3TtBJ1YJUZRIW0Kjmfp7IsOxUqM4sJ0x1gO16E3F/7yO0dG1nzGRGk0FmS+KDEc6QdPnUcgkJZqPLMFEMnsrIgMsMdE2opINwVt8eZk0z6reZfXi/rxSu8njKMIRHMMpeHAFNbiDOjSAAIdneIU359F5cd6dj3lrwclnDuEPnM8fjSSQUg==</latexit>

|Vud|
Super-

allowed

<latexit sha1_base64="C2d7UVJmHPFezIwuPwrHQpcM8Vw=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIr2XRjcsK9gFtCJPJbTt0MgkzE6WkAX/FjQtF3Pod7vwbp2kW2nrgwuGce+fOPX7MqFS2/W2UlpZXVtfK65WNza3tHXN3ryWjRBBokohFouNjCYxyaCqqGHRiATj0GbT90c3Ubz+AkDTi92ocgxviAad9SrDSkmce9PI30schVZBNWl6aBNnEM6t2zc5hLRKnIFVUoOGZX70gIkkIXBGGpew6dqzcFAtFCYOs0kskxJiM8AC6mnIcgnTTfHVmHWslsPqR0MWVlau/J1IcSjkOfd0ZYjWU895U/M/rJqp/5aaUx4kCTmaL+gmzVGRNs7ACKoAoNtYEE0H1Xy0yxAITpROr6BCc+ZMXSeu05lzUzu/OqvXrIo4yOkRH6AQ56BLV0S1qoCYiKEXP6BW9GU/Gi/FufMxaS0Yxs4/+wPj8Aai0lpk=</latexit>

|Vud|

0+ → 0+
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Experimental Input for Vud

ØThree ways to extract ：
ØSuper-allowed beta decay:

most accurate
limited by nuclear structure(NS)

ØUltra-Cold Neutron: 
universal RC with super-allowed
not limited by NS, but limited by gA

ØPIBETA & PIONEER: 
Theoretically clean
limited by experimental input

<latexit sha1_base64="a9O3elELkO0KzE71KdZaxyzKbyY=">AAAB73icbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoaenJ2nS0zP2IoRJfsKLB0W8+jve/Bs7yRw08UHB470qquoFKWdKu+63U1hZXVvfKG6WtrZ3dvfK+wdNlRhJaIMkPJHtACvKmaANzTSn7VRSHAectoLh7dRvPVGpWCIe9Cilfoz7gkWMYG2l9rjZy0w4GffKFbfqzoCWiZeTCuSo98pf3TAhJqZCE46V6nhuqv0MS80Ip5NS1yiaYjLEfdqxVOCYKj+b3TtBJ1YJUZRIW0Kjmfp7IsOxUqM4sJ0x1gO16E3F/7yO0dG1nzGRGk0FmS+KDEc6QdPnUcgkJZqPLMFEMnsrIgMsMdE2opINwVt8eZk0z6reZfXi/rxSu8njKMIRHMMpeHAFNbiDOjSAAIdneIU359F5cd6dj3lrwclnDuEPnM8fjSSQUg==</latexit>

|Vud|

<latexit sha1_base64="bbuJ7Jv/hbrHjtWeVAsg1sNdyoE="></latexit>

|Vud|2 =
0.97154(22)exp(54)NS

(1 +�V
R)

, superallowed,

Super-
allowed

<latexit sha1_base64="C2d7UVJmHPFezIwuPwrHQpcM8Vw=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIr2XRjcsK9gFtCJPJbTt0MgkzE6WkAX/FjQtF3Pod7vwbp2kW2nrgwuGce+fOPX7MqFS2/W2UlpZXVtfK65WNza3tHXN3ryWjRBBokohFouNjCYxyaCqqGHRiATj0GbT90c3Ubz+AkDTi92ocgxviAad9SrDSkmce9PI30schVZBNWl6aBNnEM6t2zc5hLRKnIFVUoOGZX70gIkkIXBGGpew6dqzcFAtFCYOs0kskxJiM8AC6mnIcgnTTfHVmHWslsPqR0MWVlau/J1IcSjkOfd0ZYjWU895U/M/rJqp/5aaUx4kCTmaL+gmzVGRNs7ACKoAoNtYEE0H1Xy0yxAITpROr6BCc+ZMXSeu05lzUzu/OqvXrIo4yOkRH6AQ56BLV0S1qoCYiKEXP6BW9GU/Gi/FufMxaS0Yxs4/+wPj8Aai0lpk=</latexit>

|Vud|

0+ → 0+

<2/16>



Experimental Input for Vud

ØThree ways to extract ：
ØSuper-allowed beta decay:

most accurate
limited by nuclear structure(NS)

ØUltra-Cold Neutron: 
universal RC with super-allowed
not limited by NS, but limited by gA

ØPIBETA & PIONEER: 
Theoretically clean
limited by experimental input

<latexit sha1_base64="a9O3elELkO0KzE71KdZaxyzKbyY=">AAAB73icbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoaenJ2nS0zP2IoRJfsKLB0W8+jve/Bs7yRw08UHB470qquoFKWdKu+63U1hZXVvfKG6WtrZ3dvfK+wdNlRhJaIMkPJHtACvKmaANzTSn7VRSHAectoLh7dRvPVGpWCIe9Cilfoz7gkWMYG2l9rjZy0w4GffKFbfqzoCWiZeTCuSo98pf3TAhJqZCE46V6nhuqv0MS80Ip5NS1yiaYjLEfdqxVOCYKj+b3TtBJ1YJUZRIW0Kjmfp7IsOxUqM4sJ0x1gO16E3F/7yO0dG1nzGRGk0FmS+KDEc6QdPnUcgkJZqPLMFEMnsrIgMsMdE2opINwVt8eZk0z6reZfXi/rxSu8njKMIRHMMpeHAFNbiDOjSAAIdneIU359F5cd6dj3lrwclnDuEPnM8fjSSQUg==</latexit>

|Vud|

<latexit sha1_base64="bbuJ7Jv/hbrHjtWeVAsg1sNdyoE="></latexit>

|Vud|2 =
0.97154(22)exp(54)NS

(1 +�V
R)

, superallowed,

Super-
allowed

Ultra-Cold 
Neutron

<latexit sha1_base64="C2d7UVJmHPFezIwuPwrHQpcM8Vw=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIr2XRjcsK9gFtCJPJbTt0MgkzE6WkAX/FjQtF3Pod7vwbp2kW2nrgwuGce+fOPX7MqFS2/W2UlpZXVtfK65WNza3tHXN3ryWjRBBokohFouNjCYxyaCqqGHRiATj0GbT90c3Ubz+AkDTi92ocgxviAad9SrDSkmce9PI30schVZBNWl6aBNnEM6t2zc5hLRKnIFVUoOGZX70gIkkIXBGGpew6dqzcFAtFCYOs0kskxJiM8AC6mnIcgnTTfHVmHWslsPqR0MWVlau/J1IcSjkOfd0ZYjWU895U/M/rJqp/5aaUx4kCTmaL+gmzVGRNs7ACKoAoNtYEE0H1Xy0yxAITpROr6BCc+ZMXSeu05lzUzu/OqvXrIo4yOkRH6AQ56BLV0S1qoCYiKEXP6BW9GU/Gi/FufMxaS0Yxs4/+wPj8Aai0lpk=</latexit>

|Vud|

0+ → 0+

<2/16>



Experimental Input for Vud

ØThree ways to extract ：
ØSuper-allowed beta decay:

most accurate
limited by nuclear structure(NS)

ØUltra-Cold Neutron: 
universal RC with super-allowed
not limited by NS, but limited by gA

ØPIBETA & PIONEER: 
Theoretically clean
limited by experimental input

<latexit sha1_base64="a9O3elELkO0KzE71KdZaxyzKbyY=">AAAB73icbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoaenJ2nS0zP2IoRJfsKLB0W8+jve/Bs7yRw08UHB470qquoFKWdKu+63U1hZXVvfKG6WtrZ3dvfK+wdNlRhJaIMkPJHtACvKmaANzTSn7VRSHAectoLh7dRvPVGpWCIe9Cilfoz7gkWMYG2l9rjZy0w4GffKFbfqzoCWiZeTCuSo98pf3TAhJqZCE46V6nhuqv0MS80Ip5NS1yiaYjLEfdqxVOCYKj+b3TtBJ1YJUZRIW0Kjmfp7IsOxUqM4sJ0x1gO16E3F/7yO0dG1nzGRGk0FmS+KDEc6QdPnUcgkJZqPLMFEMnsrIgMsMdE2opINwVt8eZk0z6reZfXi/rxSu8njKMIRHMMpeHAFNbiDOjSAAIdneIU359F5cd6dj3lrwclnDuEPnM8fjSSQUg==</latexit>

|Vud|

<latexit sha1_base64="bbuJ7Jv/hbrHjtWeVAsg1sNdyoE="></latexit>

|Vud|2 =
0.97154(22)exp(54)NS

(1 +�V
R)

, superallowed,

<latexit sha1_base64="h99OsaNLXzvX4gyvw5DAbsgmR30="></latexit>

|Vud|2 =
0.9728(6)⌧n(16)gA�

1 +�V
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PDG CKM Unitarity Discrepancy

2019

2020

2022

PDG 2019～2022

<latexit sha1_base64="aPVjPisRlcXjdwfYWpi449Y6iP8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURqS6LblxWsA9oQ5hMJu3QyYOZG6WkAX/FjQtF3Pod7vwbp2kX2nrgwuGce+fOPV4iuALL+jZKK6tr6xvlzcrW9s7unrl/0FZxKilr0VjEsusRxQSPWAs4CNZNJCOhJ1jHG91M/c4Dk4rH0T2ME+aEZBDxgFMCWnLNo37xRvY45MDySdvNUj+fuGbVqlkF8DKx56SK5mi65lffj2kasgioIEr1bCsBJyMSOBUsr/RTxRJCR2TAeppGJGTKyYrVOT7Vio+DWOqKABfq74mMhEqNQ093hgSGatGbiv95vRSCKyfjUZICi+hsUZAKDDGeZoF9LhkFMdaEUMn1XzEdEkko6MQqOgR78eRl0j6v2fVa/e6i2riex1FGx+gEnSEbXaIGukVN1EIUZegZvaI348l4Md6Nj1lryZjPHKI/MD5/AKkGlpo=</latexit>

|Vud|
<latexit sha1_base64="yUM7SLpF+C+OHPt5fqtp6FhGal0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURqS6LblxWsA9oQ5hMJ+3QyYOZG6WkAX/FjQtF3Pod7vwbp2kW2nrgwuGce+fOPV4suALL+jZKK6tr6xvlzcrW9s7unrl/0FZRIilr0UhEsusRxQQPWQs4CNaNJSOBJ1jHG9/M/M4Dk4pH4T1MYuYEZBhyn1MCWnLNo37+Rvo44sCyadtNE5VNXbNq1awceJnYBamiAk3X/OoPIpoELAQqiFI924rBSYkETgXLKv1EsZjQMRmynqYhCZhy0nx1hk+1MsB+JHWFgHP190RKAqUmgac7AwIjtejNxP+8XgL+lZPyME6AhXS+yE8EhgjPssADLhkFMdGEUMn1XzEdEUko6MQqOgR78eRl0j6v2fVa/e6i2rgu4iijY3SCzpCNLlED3aImaiGKUvSMXtGb8WS8GO/Gx7y1ZBQzh+gPjM8fv+CWqQ==</latexit>

|Vus|
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PDG CKM Unitarity Discrepancy

2019

2020

2022

PDG 2019～2022

<latexit sha1_base64="aPVjPisRlcXjdwfYWpi449Y6iP8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURqS6LblxWsA9oQ5hMJu3QyYOZG6WkAX/FjQtF3Pod7vwbp2kX2nrgwuGce+fOPV4iuALL+jZKK6tr6xvlzcrW9s7unrl/0FZxKilr0VjEsusRxQSPWAs4CNZNJCOhJ1jHG91M/c4Dk4rH0T2ME+aEZBDxgFMCWnLNo37xRvY45MDySdvNUj+fuGbVqlkF8DKx56SK5mi65lffj2kasgioIEr1bCsBJyMSOBUsr/RTxRJCR2TAeppGJGTKyYrVOT7Vio+DWOqKABfq74mMhEqNQ093hgSGatGbiv95vRSCKyfjUZICi+hsUZAKDDGeZoF9LhkFMdaEUMn1XzEdEkko6MQqOgR78eRl0j6v2fVa/e6i2riex1FGx+gEnSEbXaIGukVN1EIUZegZvaI348l4Md6Nj1lryZjPHKI/MD5/AKkGlpo=</latexit>

|Vud|
<latexit sha1_base64="yUM7SLpF+C+OHPt5fqtp6FhGal0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURqS6LblxWsA9oQ5hMJ+3QyYOZG6WkAX/FjQtF3Pod7vwbp2kW2nrgwuGce+fOPV4suALL+jZKK6tr6xvlzcrW9s7unrl/0FZRIilr0UhEsusRxQQPWQs4CNaNJSOBJ1jHG9/M/M4Dk4pH4T1MYuYEZBhyn1MCWnLNo37+Rvo44sCyadtNE5VNXbNq1awceJnYBamiAk3X/OoPIpoELAQqiFI924rBSYkETgXLKv1EsZjQMRmynqYhCZhy0nx1hk+1MsB+JHWFgHP190RKAqUmgac7AwIjtejNxP+8XgL+lZPyME6AhXS+yE8EhgjPssADLhkFMdGEUMn1XzEdEUko6MQqOgR78eRl0j6v2fVa/e6i2rgu4iijY3SCzpCNLlED3aImaiGKUvSMXtGb8WS8GO/Gx7y1ZBQzh+gPjM8fv+CWqQ==</latexit>

|Vus|
<latexit sha1_base64="hrRkiURVzkAFZgp4pL/9Av4YNeg=">AAACFXicbVDLSsNAFJ34rPUVdekmWIQKUpJS2rorduOyin1AG8JkOmmHziRhZiKWkJ9w46+4caGIW8Gdf+OkzaK2HrhwOOde7r3HDSkR0jR/tLX1jc2t7dxOfndv/+BQPzruiCDiCLdRQAPec6HAlPi4LYmkuBdyDJlLcdedNFO/+4C5IIF/L6chthkc+cQjCEolOfqlWbqqVcpm0TIvnHjAoBxzFuPHMEmKVn1BumsmiaMXzJI5g7FKrIwUQIaWo38PhgGKGPYlolCIvmWG0o4hlwRRnOQHkcAhRBM4wn1FfciwsOPZV4lxrpSh4QVclS+Nmbo4EUMmxJS5qjO9USx7qfif14+kV7dj4oeRxD6aL/IiasjASCMyhoRjJOlUEYg4UbcaaAw5RFIFmVchWMsvr5JOuWRVS9XbSqFxncWRA6fgDBSBBWqgAW5AC7QBAk/gBbyBd+1Ze9U+tM9565qWzZyAP9C+fgHu6p2I</latexit>

0.97420(10)exp(18)RC
<latexit sha1_base64="fFawSiJoV0dXx/gkdOb4GwZ2Txk=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRmKCl6ZFRI9ELx4xkQ8DDdkuW9iw2za7WxPS8Cu8eNAYr/4cb/4bF+hBwZdM8vLeTGbm+TFnSjvOt5VbW9/Y3MpvF3Z29/YPiodHLRUlktAmiXgkOz5WlLOQNjXTnHZiSbHwOW3749uZ336iUrEofNCTmHoCD0MWMIK1kR4du1KpXpQvz/vFkmM7c6BV4makBBka/eJXbxCRRNBQE46V6rpOrL0US80Ip9NCL1E0xmSMh7RraIgFVV46P3iKzowyQEEkTYUazdXfEykWSk2EbzoF1iO17M3E/7xuooNrL2VhnGgaksWiIOFIR2j2PRowSYnmE0MwkczcisgIS0y0yahgQnCXX14lrYrt1uzafbVUv8niyMMJnEIZXLiCOtxBA5pAQMAzvMKbJa0X6936WLTmrGzmGP7A+vwB74KOjg==</latexit>

0.2243(5)
<latexit sha1_base64="0MycUtgklBflbPXjlLa0dV+j0Fc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahvYSklGpvRS8eK9gPaEPZbDft0s0m7G6EEvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMPD/mTGnH+bZyW9s7u3v5/cLB4dHxSfH0rKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3q38LtPVCoWiUc9i6kX4rFgASNYG2ng2I1Go1auVcrVyrBYcmxnCbRJ3IyUIENrWPwajCKShFRowrFSfdeJtZdiqRnhdF4YJIrGmEzxmPYNFTikykuXN8/RlVFGKIikKaHRUv09keJQqVnom84Q64la9xbif14/0cGNlzIRJ5oKsloUJBzpCC0CQCMmKdF8ZggmkplbEZlgiYk2MRVMCO76y5ukU7Xdul1/qJWat1kcebiASyiDC9fQhHtoQRsIxPAMr/BmJdaL9W59rFpzVjZzDn9gff4ASAWPQg==</latexit>

0.9994(4)(2)
<latexit sha1_base64="G5t08s59E289M8+Moo6YOXWGfCk=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbB07IrpXosevFYwX5gu5Rsmm1Dk+ySZIWy1F/hxYMiXv033vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8c3Mbz9SpVks780koYHAQ8kiRrCx0oPvVp96mg0F7pcrnuvNgVaJn5MK5Gj0y1+9QUxSQaUhHGvd9b3EBBlWhhFOp6VeqmmCyRgPaddSiQXVQTa/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xjc10VWQMZmkhkqyWBSlHJkYzd5HA6YoMXxiCSaK2VsRGWGFibEhlWwI/vLLq6R14fo1t3ZXrdSv8ziKcAKncA4+XEIdbqEBTSAg4Rle4c3Rzovz7nwsWgtOPnMMf+B8/gDZIJBn</latexit>

1.4 �
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<latexit sha1_base64="aPVjPisRlcXjdwfYWpi449Y6iP8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURqS6LblxWsA9oQ5hMJu3QyYOZG6WkAX/FjQtF3Pod7vwbp2kX2nrgwuGce+fOPV4iuALL+jZKK6tr6xvlzcrW9s7unrl/0FZxKilr0VjEsusRxQSPWAs4CNZNJCOhJ1jHG91M/c4Dk4rH0T2ME+aEZBDxgFMCWnLNo37xRvY45MDySdvNUj+fuGbVqlkF8DKx56SK5mi65lffj2kasgioIEr1bCsBJyMSOBUsr/RTxRJCR2TAeppGJGTKyYrVOT7Vio+DWOqKABfq74mMhEqNQ093hgSGatGbiv95vRSCKyfjUZICi+hsUZAKDDGeZoF9LhkFMdaEUMn1XzEdEkko6MQqOgR78eRl0j6v2fVa/e6i2riex1FGx+gEnSEbXaIGukVN1EIUZegZvaI348l4Md6Nj1lryZjPHKI/MD5/AKkGlpo=</latexit>

|Vud|
<latexit sha1_base64="yUM7SLpF+C+OHPt5fqtp6FhGal0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURqS6LblxWsA9oQ5hMJ+3QyYOZG6WkAX/FjQtF3Pod7vwbp2kW2nrgwuGce+fOPV4suALL+jZKK6tr6xvlzcrW9s7unrl/0FZRIilr0UhEsusRxQQPWQs4CNaNJSOBJ1jHG9/M/M4Dk4pH4T1MYuYEZBhyn1MCWnLNo37+Rvo44sCyadtNE5VNXbNq1awceJnYBamiAk3X/OoPIpoELAQqiFI924rBSYkETgXLKv1EsZjQMRmynqYhCZhy0nx1hk+1MsB+JHWFgHP190RKAqUmgac7AwIjtejNxP+8XgL+lZPyME6AhXS+yE8EhgjPssADLhkFMdGEUMn1XzEdEUko6MQqOgR78eRl0j6v2fVa/e6i2rgu4iijY3SCzpCNLlED3aImaiGKUvSMXtGb8WS8GO/Gx7y1ZBQzh+gPjM8fv+CWqQ==</latexit>

|Vus|
<latexit sha1_base64="hrRkiURVzkAFZgp4pL/9Av4YNeg=">AAACFXicbVDLSsNAFJ34rPUVdekmWIQKUpJS2rorduOyin1AG8JkOmmHziRhZiKWkJ9w46+4caGIW8Gdf+OkzaK2HrhwOOde7r3HDSkR0jR/tLX1jc2t7dxOfndv/+BQPzruiCDiCLdRQAPec6HAlPi4LYmkuBdyDJlLcdedNFO/+4C5IIF/L6chthkc+cQjCEolOfqlWbqqVcpm0TIvnHjAoBxzFuPHMEmKVn1BumsmiaMXzJI5g7FKrIwUQIaWo38PhgGKGPYlolCIvmWG0o4hlwRRnOQHkcAhRBM4wn1FfciwsOPZV4lxrpSh4QVclS+Nmbo4EUMmxJS5qjO9USx7qfif14+kV7dj4oeRxD6aL/IiasjASCMyhoRjJOlUEYg4UbcaaAw5RFIFmVchWMsvr5JOuWRVS9XbSqFxncWRA6fgDBSBBWqgAW5AC7QBAk/gBbyBd+1Ze9U+tM9565qWzZyAP9C+fgHu6p2I</latexit>

0.97420(10)exp(18)RC

<latexit sha1_base64="tzAvMxK7kpPICb3PjIgpkIJ8ebw=">AAACFXicbVDLSsNAFJ34rPUVdekmWIQKEiYqre6K3bisYh/QhjCZTtqhkwczE7GE/IQbf8WNC0XcCu78GydtFrb1wIXDOfdy7z1uxKiQEP5oS8srq2vrhY3i5tb2zq6+t98SYcwxaeKQhbzjIkEYDUhTUslIJ+IE+S4jbXdUz/z2A+GChsG9HEfE9tEgoB7FSCrJ0U+heVU9r8KyBU+cpOcjOeR+Qh6jNJ2V7upp6uglaMIJjEVi5aQEcjQc/bvXD3Hsk0BihoToWjCSdoK4pJiRtNiLBYkQHqEB6SoaIJ8IO5l8lRrHSukbXshVBdKYqH8nEuQLMfZd1ZndKOa9TPzP68bSu7QTGkSxJAGeLvJiZsjQyCIy+pQTLNlYEYQ5VbcaeIg4wlIFWVQhWPMvL5LWmWlVzMrtRal2ncdRAIfgCJSBBaqgBm5AAzQBBk/gBbyBd+1Ze9U+tM9p65KWzxyAGWhfv+j5nYQ=</latexit>

0.97370(10)exp(10)RC

<latexit sha1_base64="fFawSiJoV0dXx/gkdOb4GwZ2Txk=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRmKCl6ZFRI9ELx4xkQ8DDdkuW9iw2za7WxPS8Cu8eNAYr/4cb/4bF+hBwZdM8vLeTGbm+TFnSjvOt5VbW9/Y3MpvF3Z29/YPiodHLRUlktAmiXgkOz5WlLOQNjXTnHZiSbHwOW3749uZ336iUrEofNCTmHoCD0MWMIK1kR4du1KpXpQvz/vFkmM7c6BV4makBBka/eJXbxCRRNBQE46V6rpOrL0US80Ip9NCL1E0xmSMh7RraIgFVV46P3iKzowyQEEkTYUazdXfEykWSk2EbzoF1iO17M3E/7xuooNrL2VhnGgaksWiIOFIR2j2PRowSYnmE0MwkczcisgIS0y0yahgQnCXX14lrYrt1uzafbVUv8niyMMJnEIZXLiCOtxBA5pAQMAzvMKbJa0X6936WLTmrGzmGP7A+vwB74KOjg==</latexit>

0.2243(5)
<latexit sha1_base64="0MycUtgklBflbPXjlLa0dV+j0Fc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahvYSklGpvRS8eK9gPaEPZbDft0s0m7G6EEvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMPD/mTGnH+bZyW9s7u3v5/cLB4dHxSfH0rKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3q38LtPVCoWiUc9i6kX4rFgASNYG2ng2I1Go1auVcrVyrBYcmxnCbRJ3IyUIENrWPwajCKShFRowrFSfdeJtZdiqRnhdF4YJIrGmEzxmPYNFTikykuXN8/RlVFGKIikKaHRUv09keJQqVnom84Q64la9xbif14/0cGNlzIRJ5oKsloUJBzpCC0CQCMmKdF8ZggmkplbEZlgiYk2MRVMCO76y5ukU7Xdul1/qJWat1kcebiASyiDC9fQhHtoQRsIxPAMr/BmJdaL9W59rFpzVjZzDn9gff4ASAWPQg==</latexit>

0.9994(4)(2)

<latexit sha1_base64="rlfKiKQGLGmy7kKhJlx2LvUtXIA=">AAAB83icbVBNT8JAEJ3iF+IX6tHLRmICl6ZVRLgRvXjERD4SaMh2WWDDdtvsbk1Iw9/w4kFjvPpnvPlvXKAHBV8yyct7M5mZ50ecKe0431ZmY3Nreye7m9vbPzg8yh+ftFQYS0KbJOSh7PhYUc4EbWqmOe1EkuLA57TtT+7mfvuJSsVC8ainEfUCPBJsyAjWRuo5dq1WvS5elYrlUj9fcGxnAbRO3JQUIEWjn//qDUISB1RowrFSXdeJtJdgqRnhdJbrxYpGmEzwiHYNFTigyksWN8/QhVEGaBhKU0Kjhfp7IsGBUtPAN50B1mO16s3F/7xurIdVL2EiijUVZLloGHOkQzQPAA2YpETzqSGYSGZuRWSMJSbaxJQzIbirL6+T1qXtVuzKQ7lQv03jyMIZnEMRXLiBOtxDA5pAIIJneIU3K7ZerHfrY9masdKZU/gD6/MHSYaPQw==</latexit>

0.9985(3)(4)
<latexit sha1_base64="1vgcUDKXkaM8HzvSeTsYTcCE9EE=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRmKCl6YliByJXjxiIh8GGrJdtrBht212tyak4Vd48aAxXv053vw3LtCDgi+Z5OW9mczM82POlHacbyu3sbm1vZPfLeztHxweFY9P2ipKJKEtEvFIdn2sKGchbWmmOe3GkmLhc9rxJ7dzv/NEpWJR+KCnMfUEHoUsYARrIz06dqVSvSrXLwfFkmM7C6B14makBBmag+JXfxiRRNBQE46V6rlOrL0US80Ip7NCP1E0xmSCR7RnaIgFVV66OHiGLowyREEkTYUaLdTfEykWSk2FbzoF1mO16s3F/7xeooO6l7IwTjQNyXJRkHCkIzT/Hg2ZpETzqSGYSGZuRWSMJSbaZFQwIbirL6+TdsV2a3btvlpq3GRx5OEMzqEMLlxDA+6gCS0gIOAZXuHNktaL9W59LFtzVjZzCn9gff4A9x+Okw==</latexit>

0.2245(8)

<latexit sha1_base64="G5t08s59E289M8+Moo6YOXWGfCk=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbB07IrpXosevFYwX5gu5Rsmm1Dk+ySZIWy1F/hxYMiXv033vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8c3Mbz9SpVks780koYHAQ8kiRrCx0oPvVp96mg0F7pcrnuvNgVaJn5MK5Gj0y1+9QUxSQaUhHGvd9b3EBBlWhhFOp6VeqmmCyRgPaddSiQXVQTa/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xjc10VWQMZmkhkqyWBSlHJkYzd5HA6YoMXxiCSaK2VsRGWGFibEhlWwI/vLLq6R14fo1t3ZXrdSv8ziKcAKncA4+XEIdbqEBTSAg4Rle4c3Rzovz7nwsWgtOPnMMf+B8/gDZIJBn</latexit>

1.4 �
<latexit sha1_base64="RuRcDZX3GPmFB6o84qYT2ysFLI0=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbB07KrUj0WvXisYD+wXUo2zbahSXZJskJZ6q/w4kERr/4bb/4b03YP2vpg4PHeDDPzwoQzbTzv2ymsrK6tbxQ3S1vbO7t75f2Dpo5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6Gbqtx6p0iyW92ac0EDggWQRI9hY6eHcPX/qajYQuFeueK43A1omfk4qkKPeK391+zFJBZWGcKx1x/cSE2RYGUY4nZS6qaYJJiM8oB1LJRZUB9ns4gk6sUofRbGyJQ2aqb8nMiy0HovQdgpshnrRm4r/eZ3URFdBxmSSGirJfFGUcmRiNH0f9ZmixPCxJZgoZm9FZIgVJsaGVLIh+IsvL5PmmetX3erdRaV2ncdRhCM4hlPw4RJqcAt1aAABCc/wCm+Odl6cd+dj3lpw8plD+APn8wfar5Bo</latexit>

3.3 �
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<latexit sha1_base64="aPVjPisRlcXjdwfYWpi449Y6iP8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURqS6LblxWsA9oQ5hMJu3QyYOZG6WkAX/FjQtF3Pod7vwbp2kX2nrgwuGce+fOPV4iuALL+jZKK6tr6xvlzcrW9s7unrl/0FZxKilr0VjEsusRxQSPWAs4CNZNJCOhJ1jHG91M/c4Dk4rH0T2ME+aEZBDxgFMCWnLNo37xRvY45MDySdvNUj+fuGbVqlkF8DKx56SK5mi65lffj2kasgioIEr1bCsBJyMSOBUsr/RTxRJCR2TAeppGJGTKyYrVOT7Vio+DWOqKABfq74mMhEqNQ093hgSGatGbiv95vRSCKyfjUZICi+hsUZAKDDGeZoF9LhkFMdaEUMn1XzEdEkko6MQqOgR78eRl0j6v2fVa/e6i2riex1FGx+gEnSEbXaIGukVN1EIUZegZvaI348l4Md6Nj1lryZjPHKI/MD5/AKkGlpo=</latexit>

|Vud|
<latexit sha1_base64="yUM7SLpF+C+OHPt5fqtp6FhGal0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURqS6LblxWsA9oQ5hMJ+3QyYOZG6WkAX/FjQtF3Pod7vwbp2kW2nrgwuGce+fOPV4suALL+jZKK6tr6xvlzcrW9s7unrl/0FZRIilr0UhEsusRxQQPWQs4CNaNJSOBJ1jHG9/M/M4Dk4pH4T1MYuYEZBhyn1MCWnLNo37+Rvo44sCyadtNE5VNXbNq1awceJnYBamiAk3X/OoPIpoELAQqiFI924rBSYkETgXLKv1EsZjQMRmynqYhCZhy0nx1hk+1MsB+JHWFgHP190RKAqUmgac7AwIjtejNxP+8XgL+lZPyME6AhXS+yE8EhgjPssADLhkFMdGEUMn1XzEdEUko6MQqOgR78eRl0j6v2fVa/e6i2rgu4iijY3SCzpCNLlED3aImaiGKUvSMXtGb8WS8GO/Gx7y1ZBQzh+gPjM8fv+CWqQ==</latexit>

|Vus|
<latexit sha1_base64="hrRkiURVzkAFZgp4pL/9Av4YNeg=">AAACFXicbVDLSsNAFJ34rPUVdekmWIQKUpJS2rorduOyin1AG8JkOmmHziRhZiKWkJ9w46+4caGIW8Gdf+OkzaK2HrhwOOde7r3HDSkR0jR/tLX1jc2t7dxOfndv/+BQPzruiCDiCLdRQAPec6HAlPi4LYmkuBdyDJlLcdedNFO/+4C5IIF/L6chthkc+cQjCEolOfqlWbqqVcpm0TIvnHjAoBxzFuPHMEmKVn1BumsmiaMXzJI5g7FKrIwUQIaWo38PhgGKGPYlolCIvmWG0o4hlwRRnOQHkcAhRBM4wn1FfciwsOPZV4lxrpSh4QVclS+Nmbo4EUMmxJS5qjO9USx7qfif14+kV7dj4oeRxD6aL/IiasjASCMyhoRjJOlUEYg4UbcaaAw5RFIFmVchWMsvr5JOuWRVS9XbSqFxncWRA6fgDBSBBWqgAW5AC7QBAk/gBbyBd+1Ze9U+tM9565qWzZyAP9C+fgHu6p2I</latexit>

0.97420(10)exp(18)RC

<latexit sha1_base64="tzAvMxK7kpPICb3PjIgpkIJ8ebw=">AAACFXicbVDLSsNAFJ34rPUVdekmWIQKEiYqre6K3bisYh/QhjCZTtqhkwczE7GE/IQbf8WNC0XcCu78GydtFrb1wIXDOfdy7z1uxKiQEP5oS8srq2vrhY3i5tb2zq6+t98SYcwxaeKQhbzjIkEYDUhTUslIJ+IE+S4jbXdUz/z2A+GChsG9HEfE9tEgoB7FSCrJ0U+heVU9r8KyBU+cpOcjOeR+Qh6jNJ2V7upp6uglaMIJjEVi5aQEcjQc/bvXD3Hsk0BihoToWjCSdoK4pJiRtNiLBYkQHqEB6SoaIJ8IO5l8lRrHSukbXshVBdKYqH8nEuQLMfZd1ZndKOa9TPzP68bSu7QTGkSxJAGeLvJiZsjQyCIy+pQTLNlYEYQ5VbcaeIg4wlIFWVQhWPMvL5LWmWlVzMrtRal2ncdRAIfgCJSBBaqgBm5AAzQBBk/gBbyBd+1Ze9U+tM9p65KWzxyAGWhfv+j5nYQ=</latexit>

0.97370(10)exp(10)RC

<latexit sha1_base64="fFawSiJoV0dXx/gkdOb4GwZ2Txk=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRmKCl6ZFRI9ELx4xkQ8DDdkuW9iw2za7WxPS8Cu8eNAYr/4cb/4bF+hBwZdM8vLeTGbm+TFnSjvOt5VbW9/Y3MpvF3Z29/YPiodHLRUlktAmiXgkOz5WlLOQNjXTnHZiSbHwOW3749uZ336iUrEofNCTmHoCD0MWMIK1kR4du1KpXpQvz/vFkmM7c6BV4makBBka/eJXbxCRRNBQE46V6rpOrL0US80Ip9NCL1E0xmSMh7RraIgFVV46P3iKzowyQEEkTYUazdXfEykWSk2EbzoF1iO17M3E/7xuooNrL2VhnGgaksWiIOFIR2j2PRowSYnmE0MwkczcisgIS0y0yahgQnCXX14lrYrt1uzafbVUv8niyMMJnEIZXLiCOtxBA5pAQMAzvMKbJa0X6936WLTmrGzmGP7A+vwB74KOjg==</latexit>

0.2243(5)
<latexit sha1_base64="0MycUtgklBflbPXjlLa0dV+j0Fc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahvYSklGpvRS8eK9gPaEPZbDft0s0m7G6EEvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMPD/mTGnH+bZyW9s7u3v5/cLB4dHxSfH0rKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3q38LtPVCoWiUc9i6kX4rFgASNYG2ng2I1Go1auVcrVyrBYcmxnCbRJ3IyUIENrWPwajCKShFRowrFSfdeJtZdiqRnhdF4YJIrGmEzxmPYNFTikykuXN8/RlVFGKIikKaHRUv09keJQqVnom84Q64la9xbif14/0cGNlzIRJ5oKsloUJBzpCC0CQCMmKdF8ZggmkplbEZlgiYk2MRVMCO76y5ukU7Xdul1/qJWat1kcebiASyiDC9fQhHtoQRsIxPAMr/BmJdaL9W59rFpzVjZzDn9gff4ASAWPQg==</latexit>

0.9994(4)(2)

<latexit sha1_base64="rlfKiKQGLGmy7kKhJlx2LvUtXIA=">AAAB83icbVBNT8JAEJ3iF+IX6tHLRmICl6ZVRLgRvXjERD4SaMh2WWDDdtvsbk1Iw9/w4kFjvPpnvPlvXKAHBV8yyct7M5mZ50ecKe0431ZmY3Nreye7m9vbPzg8yh+ftFQYS0KbJOSh7PhYUc4EbWqmOe1EkuLA57TtT+7mfvuJSsVC8ainEfUCPBJsyAjWRuo5dq1WvS5elYrlUj9fcGxnAbRO3JQUIEWjn//qDUISB1RowrFSXdeJtJdgqRnhdJbrxYpGmEzwiHYNFTigyksWN8/QhVEGaBhKU0Kjhfp7IsGBUtPAN50B1mO16s3F/7xurIdVL2EiijUVZLloGHOkQzQPAA2YpETzqSGYSGZuRWSMJSbaxJQzIbirL6+T1qXtVuzKQ7lQv03jyMIZnEMRXLiBOtxDA5pAIIJneIU3K7ZerHfrY9masdKZU/gD6/MHSYaPQw==</latexit>

0.9985(3)(4)
<latexit sha1_base64="1vgcUDKXkaM8HzvSeTsYTcCE9EE=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRmKCl6YliByJXjxiIh8GGrJdtrBht212tyak4Vd48aAxXv053vw3LtCDgi+Z5OW9mczM82POlHacbyu3sbm1vZPfLeztHxweFY9P2ipKJKEtEvFIdn2sKGchbWmmOe3GkmLhc9rxJ7dzv/NEpWJR+KCnMfUEHoUsYARrIz06dqVSvSrXLwfFkmM7C6B14makBBmag+JXfxiRRNBQE46V6rlOrL0US80Ip7NCP1E0xmSCR7RnaIgFVV66OHiGLowyREEkTYUaLdTfEykWSk2FbzoF1mO16s3F/7xeooO6l7IwTjQNyXJRkHCkIzT/Hg2ZpETzqSGYSGZuRWSMJSbaZFQwIbirL6+TdsV2a3btvlpq3GRx5OEMzqEMLlxDA+6gCS0gIOAZXuHNktaL9W59LFtzVjZzCn9gff4A9x+Okw==</latexit>

0.2245(8)

<latexit sha1_base64="G5t08s59E289M8+Moo6YOXWGfCk=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbB07IrpXosevFYwX5gu5Rsmm1Dk+ySZIWy1F/hxYMiXv033vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8c3Mbz9SpVks780koYHAQ8kiRrCx0oPvVp96mg0F7pcrnuvNgVaJn5MK5Gj0y1+9QUxSQaUhHGvd9b3EBBlWhhFOp6VeqmmCyRgPaddSiQXVQTa/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xjc10VWQMZmkhkqyWBSlHJkYzd5HA6YoMXxiCSaK2VsRGWGFibEhlWwI/vLLq6R14fo1t3ZXrdSv8ziKcAKncA4+XEIdbqEBTSAg4Rle4c3Rzovz7nwsWgtOPnMMf+B8/gDZIJBn</latexit>

1.4 �
<latexit sha1_base64="RuRcDZX3GPmFB6o84qYT2ysFLI0=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbB07KrUj0WvXisYD+wXUo2zbahSXZJskJZ6q/w4kERr/4bb/4b03YP2vpg4PHeDDPzwoQzbTzv2ymsrK6tbxQ3S1vbO7t75f2Dpo5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6Gbqtx6p0iyW92ac0EDggWQRI9hY6eHcPX/qajYQuFeueK43A1omfk4qkKPeK391+zFJBZWGcKx1x/cSE2RYGUY4nZS6qaYJJiM8oB1LJRZUB9ns4gk6sUofRbGyJQ2aqb8nMiy0HovQdgpshnrRm4r/eZ3URFdBxmSSGirJfFGUcmRiNH0f9ZmixPCxJZgoZm9FZIgVJsaGVLIh+IsvL5PmmetX3erdRaV2ncdRhCM4hlPw4RJqcAt1aAABCc/wCm+Odl6cd+dj3lpw8plD+APn8wfar5Bo</latexit>

3.3 �

<3/16>
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<latexit sha1_base64="aPVjPisRlcXjdwfYWpi449Y6iP8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURqS6LblxWsA9oQ5hMJu3QyYOZG6WkAX/FjQtF3Pod7vwbp2kX2nrgwuGce+fOPV4iuALL+jZKK6tr6xvlzcrW9s7unrl/0FZxKilr0VjEsusRxQSPWAs4CNZNJCOhJ1jHG91M/c4Dk4rH0T2ME+aEZBDxgFMCWnLNo37xRvY45MDySdvNUj+fuGbVqlkF8DKx56SK5mi65lffj2kasgioIEr1bCsBJyMSOBUsr/RTxRJCR2TAeppGJGTKyYrVOT7Vio+DWOqKABfq74mMhEqNQ093hgSGatGbiv95vRSCKyfjUZICi+hsUZAKDDGeZoF9LhkFMdaEUMn1XzEdEkko6MQqOgR78eRl0j6v2fVa/e6i2riex1FGx+gEnSEbXaIGukVN1EIUZegZvaI348l4Md6Nj1lryZjPHKI/MD5/AKkGlpo=</latexit>

|Vud|
<latexit sha1_base64="yUM7SLpF+C+OHPt5fqtp6FhGal0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURqS6LblxWsA9oQ5hMJ+3QyYOZG6WkAX/FjQtF3Pod7vwbp2kW2nrgwuGce+fOPV4suALL+jZKK6tr6xvlzcrW9s7unrl/0FZRIilr0UhEsusRxQQPWQs4CNaNJSOBJ1jHG9/M/M4Dk4pH4T1MYuYEZBhyn1MCWnLNo37+Rvo44sCyadtNE5VNXbNq1awceJnYBamiAk3X/OoPIpoELAQqiFI924rBSYkETgXLKv1EsZjQMRmynqYhCZhy0nx1hk+1MsB+JHWFgHP190RKAqUmgac7AwIjtejNxP+8XgL+lZPyME6AhXS+yE8EhgjPssADLhkFMdGEUMn1XzEdEUko6MQqOgR78eRl0j6v2fVa/e6i2rgu4iijY3SCzpCNLlED3aImaiGKUvSMXtGb8WS8GO/Gx7y1ZBQzh+gPjM8fv+CWqQ==</latexit>

|Vus|
<latexit sha1_base64="hrRkiURVzkAFZgp4pL/9Av4YNeg=">AAACFXicbVDLSsNAFJ34rPUVdekmWIQKUpJS2rorduOyin1AG8JkOmmHziRhZiKWkJ9w46+4caGIW8Gdf+OkzaK2HrhwOOde7r3HDSkR0jR/tLX1jc2t7dxOfndv/+BQPzruiCDiCLdRQAPec6HAlPi4LYmkuBdyDJlLcdedNFO/+4C5IIF/L6chthkc+cQjCEolOfqlWbqqVcpm0TIvnHjAoBxzFuPHMEmKVn1BumsmiaMXzJI5g7FKrIwUQIaWo38PhgGKGPYlolCIvmWG0o4hlwRRnOQHkcAhRBM4wn1FfciwsOPZV4lxrpSh4QVclS+Nmbo4EUMmxJS5qjO9USx7qfif14+kV7dj4oeRxD6aL/IiasjASCMyhoRjJOlUEYg4UbcaaAw5RFIFmVchWMsvr5JOuWRVS9XbSqFxncWRA6fgDBSBBWqgAW5AC7QBAk/gBbyBd+1Ze9U+tM9565qWzZyAP9C+fgHu6p2I</latexit>

0.97420(10)exp(18)RC

<latexit sha1_base64="tzAvMxK7kpPICb3PjIgpkIJ8ebw=">AAACFXicbVDLSsNAFJ34rPUVdekmWIQKEiYqre6K3bisYh/QhjCZTtqhkwczE7GE/IQbf8WNC0XcCu78GydtFrb1wIXDOfdy7z1uxKiQEP5oS8srq2vrhY3i5tb2zq6+t98SYcwxaeKQhbzjIkEYDUhTUslIJ+IE+S4jbXdUz/z2A+GChsG9HEfE9tEgoB7FSCrJ0U+heVU9r8KyBU+cpOcjOeR+Qh6jNJ2V7upp6uglaMIJjEVi5aQEcjQc/bvXD3Hsk0BihoToWjCSdoK4pJiRtNiLBYkQHqEB6SoaIJ8IO5l8lRrHSukbXshVBdKYqH8nEuQLMfZd1ZndKOa9TPzP68bSu7QTGkSxJAGeLvJiZsjQyCIy+pQTLNlYEYQ5VbcaeIg4wlIFWVQhWPMvL5LWmWlVzMrtRal2ncdRAIfgCJSBBaqgBm5AAzQBBk/gBbyBd+1Ze9U+tM9p65KWzxyAGWhfv+j5nYQ=</latexit>

0.97370(10)exp(10)RC

<latexit sha1_base64="3mq72Cgu8Jg5wGtrEMfLTexSLXk="></latexit>

0.97373(10)exp(10)RC(27)NS

<latexit sha1_base64="fFawSiJoV0dXx/gkdOb4GwZ2Txk=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRmKCl6ZFRI9ELx4xkQ8DDdkuW9iw2za7WxPS8Cu8eNAYr/4cb/4bF+hBwZdM8vLeTGbm+TFnSjvOt5VbW9/Y3MpvF3Z29/YPiodHLRUlktAmiXgkOz5WlLOQNjXTnHZiSbHwOW3749uZ336iUrEofNCTmHoCD0MWMIK1kR4du1KpXpQvz/vFkmM7c6BV4makBBka/eJXbxCRRNBQE46V6rpOrL0US80Ip9NCL1E0xmSMh7RraIgFVV46P3iKzowyQEEkTYUazdXfEykWSk2EbzoF1iO17M3E/7xuooNrL2VhnGgaksWiIOFIR2j2PRowSYnmE0MwkczcisgIS0y0yahgQnCXX14lrYrt1uzafbVUv8niyMMJnEIZXLiCOtxBA5pAQMAzvMKbJa0X6936WLTmrGzmGP7A+vwB74KOjg==</latexit>

0.2243(5)
<latexit sha1_base64="0MycUtgklBflbPXjlLa0dV+j0Fc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahvYSklGpvRS8eK9gPaEPZbDft0s0m7G6EEvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMPD/mTGnH+bZyW9s7u3v5/cLB4dHxSfH0rKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3q38LtPVCoWiUc9i6kX4rFgASNYG2ng2I1Go1auVcrVyrBYcmxnCbRJ3IyUIENrWPwajCKShFRowrFSfdeJtZdiqRnhdF4YJIrGmEzxmPYNFTikykuXN8/RlVFGKIikKaHRUv09keJQqVnom84Q64la9xbif14/0cGNlzIRJ5oKsloUJBzpCC0CQCMmKdF8ZggmkplbEZlgiYk2MRVMCO76y5ukU7Xdul1/qJWat1kcebiASyiDC9fQhHtoQRsIxPAMr/BmJdaL9W59rFpzVjZzDn9gff4ASAWPQg==</latexit>

0.9994(4)(2)

<latexit sha1_base64="rlfKiKQGLGmy7kKhJlx2LvUtXIA=">AAAB83icbVBNT8JAEJ3iF+IX6tHLRmICl6ZVRLgRvXjERD4SaMh2WWDDdtvsbk1Iw9/w4kFjvPpnvPlvXKAHBV8yyct7M5mZ50ecKe0431ZmY3Nreye7m9vbPzg8yh+ftFQYS0KbJOSh7PhYUc4EbWqmOe1EkuLA57TtT+7mfvuJSsVC8ainEfUCPBJsyAjWRuo5dq1WvS5elYrlUj9fcGxnAbRO3JQUIEWjn//qDUISB1RowrFSXdeJtJdgqRnhdJbrxYpGmEzwiHYNFTigyksWN8/QhVEGaBhKU0Kjhfp7IsGBUtPAN50B1mO16s3F/7xurIdVL2EiijUVZLloGHOkQzQPAA2YpETzqSGYSGZuRWSMJSbaxJQzIbirL6+T1qXtVuzKQ7lQv03jyMIZnEMRXLiBOtxDA5pAIIJneIU3K7ZerHfrY9masdKZU/gD6/MHSYaPQw==</latexit>

0.9985(3)(4)

<latexit sha1_base64="ZE9CLyAYk+d1WetYCNoN+okAb2Q=">AAAB83icbVBNT8JAEJ3iF+IX6tHLRmICl6Y1iHAjevGIiQgJNGS7bGHDdtvsbk1Iw9/w4kFjvPpnvPlvXKAHBV8yyct7M5mZ58ecKe0431ZuY3Nreye/W9jbPzg8Kh6fPKookYS2ScQj2fWxopwJ2tZMc9qNJcWhz2nHn9zO/c4TlYpF4kFPY+qFeCRYwAjWRuo7dqNRvyrXKuVqZVAsObazAFonbkZKkKE1KH71hxFJQio04VipnuvE2kux1IxwOiv0E0VjTCZ4RHuGChxS5aWLm2fowihDFETSlNBoof6eSHGo1DT0TWeI9VitenPxP6+X6KDupUzEiaaCLBcFCUc6QvMA0JBJSjSfGoKJZOZWRMZYYqJNTAUTgrv68jp5vLTdml27r5aaN1kceTiDcyiDC9fQhDtoQRsIxPAMr/BmJdaL9W59LFtzVjZzCn9gff4ATh6PRg==</latexit>

0.9985(6)(4)

<latexit sha1_base64="1vgcUDKXkaM8HzvSeTsYTcCE9EE=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRmKCl6YliByJXjxiIh8GGrJdtrBht212tyak4Vd48aAxXv053vw3LtCDgi+Z5OW9mczM82POlHacbyu3sbm1vZPfLeztHxweFY9P2ipKJKEtEvFIdn2sKGchbWmmOe3GkmLhc9rxJ7dzv/NEpWJR+KCnMfUEHoUsYARrIz06dqVSvSrXLwfFkmM7C6B14makBBmag+JXfxiRRNBQE46V6rlOrL0US80Ip7NCP1E0xmSCR7RnaIgFVV66OHiGLowyREEkTYUaLdTfEykWSk2FbzoF1mO16s3F/7xeooO6l7IwTjQNyXJRkHCkIzT/Hg2ZpETzqSGYSGZuRWSMJSbaZFQwIbirL6+TdsV2a3btvlpq3GRx5OEMzqEMLlxDA+6gCS0gIOAZXuHNktaL9W59LFtzVjZzCn9gff4A9x+Okw==</latexit>

0.2245(8)

<latexit sha1_base64="7oVKqDzCXYzjzJO274Tso3SApE4=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRmKCl6ZFghyJXjxiIh8GGrJdtrBht212tyak4Vd48aAxXv053vw3LtCDgi+Z5OW9mczM82POlHacbyu3sbm1vZPfLeztHxweFY9P2ipKJKEtEvFIdn2sKGchbWmmOe3GkmLhc9rxJ7dzv/NEpWJR+KCnMfUEHoUsYARrIz06dqVSvSrXLwfFkmM7C6B14makBBmag+JXfxiRRNBQE46V6rlOrL0US80Ip7NCP1E0xmSCR7RnaIgFVV66OHiGLowyREEkTYUaLdTfEykWSk2FbzoF1mO16s3F/7xeooO6l7IwTjQNyXJRkHCkIzT/Hg2ZpETzqSGYSGZuRWSMJSbaZFQwIbirL6+TdsV2a3btvlpq3GRx5OEMzqEMLlxDA+6gCS0gIOAZXuHNktaL9W59LFtzVjZzCn9gff4A9BGOkQ==</latexit>

0.2243(8)

<latexit sha1_base64="G5t08s59E289M8+Moo6YOXWGfCk=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbB07IrpXosevFYwX5gu5Rsmm1Dk+ySZIWy1F/hxYMiXv033vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8c3Mbz9SpVks780koYHAQ8kiRrCx0oPvVp96mg0F7pcrnuvNgVaJn5MK5Gj0y1+9QUxSQaUhHGvd9b3EBBlWhhFOp6VeqmmCyRgPaddSiQXVQTa/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xjc10VWQMZmkhkqyWBSlHJkYzd5HA6YoMXxiCSaK2VsRGWGFibEhlWwI/vLLq6R14fo1t3ZXrdSv8ziKcAKncA4+XEIdbqEBTSAg4Rle4c3Rzovz7nwsWgtOPnMMf+B8/gDZIJBn</latexit>

1.4 �
<latexit sha1_base64="RuRcDZX3GPmFB6o84qYT2ysFLI0=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbB07KrUj0WvXisYD+wXUo2zbahSXZJskJZ6q/w4kERr/4bb/4b03YP2vpg4PHeDDPzwoQzbTzv2ymsrK6tbxQ3S1vbO7t75f2Dpo5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6Gbqtx6p0iyW92ac0EDggWQRI9hY6eHcPX/qajYQuFeueK43A1omfk4qkKPeK391+zFJBZWGcKx1x/cSE2RYGUY4nZS6qaYJJiM8oB1LJRZUB9ns4gk6sUofRbGyJQ2aqb8nMiy0HovQdgpshnrRm4r/eZ3URFdBxmSSGirJfFGUcmRiNH0f9ZmixPCxJZgoZm9FZIgVJsaGVLIh+IsvL5PmmetX3erdRaV2ncdRhCM4hlPw4RJqcAt1aAABCc/wCm+Odl6cd+dj3lpw8plD+APn8wfar5Bo</latexit>

3.3 �
<latexit sha1_base64="0VeS5itfNgMhAA3qyXCuKUgHNp4=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbB07JbpHosevFYwX5gu5Rsmm1Dk+ySZIWy1F/hxYMiXv033vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8c3Mbz9SpVks780koYHAQ8kiRrCx0kPVrT71NBsK3C9XPNebA60SPycVyNHol796g5ikgkpDONa663uJCTKsDCOcTku9VNMEkzEe0q6lEguqg2x+8RSdWWWAoljZkgbN1d8TGRZaT0RoOwU2I73szcT/vG5qoqsgYzJJDZVksShKOTIxmr2PBkxRYvjEEkwUs7ciMsIKE2NDKtkQ/OWXV0mr6vo1t3Z3Ualf53EU4QRO4Rx8uIQ63EIDmkBAwjO8wpujnRfn3flYtBacfOYY/sD5/AHXl5Bm</latexit>

2.2 �
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Ø PDG made several updates for CKM unitarity these years:

Ø Vus in this table is from the average of Kμ2 and Kl3 decays. 

<latexit sha1_base64="aPVjPisRlcXjdwfYWpi449Y6iP8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURqS6LblxWsA9oQ5hMJu3QyYOZG6WkAX/FjQtF3Pod7vwbp2kX2nrgwuGce+fOPV4iuALL+jZKK6tr6xvlzcrW9s7unrl/0FZxKilr0VjEsusRxQSPWAs4CNZNJCOhJ1jHG91M/c4Dk4rH0T2ME+aEZBDxgFMCWnLNo37xRvY45MDySdvNUj+fuGbVqlkF8DKx56SK5mi65lffj2kasgioIEr1bCsBJyMSOBUsr/RTxRJCR2TAeppGJGTKyYrVOT7Vio+DWOqKABfq74mMhEqNQ093hgSGatGbiv95vRSCKyfjUZICi+hsUZAKDDGeZoF9LhkFMdaEUMn1XzEdEkko6MQqOgR78eRl0j6v2fVa/e6i2riex1FGx+gEnSEbXaIGukVN1EIUZegZvaI348l4Md6Nj1lryZjPHKI/MD5/AKkGlpo=</latexit>

|Vud|
<latexit sha1_base64="yUM7SLpF+C+OHPt5fqtp6FhGal0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURqS6LblxWsA9oQ5hMJ+3QyYOZG6WkAX/FjQtF3Pod7vwbp2kW2nrgwuGce+fOPV4suALL+jZKK6tr6xvlzcrW9s7unrl/0FZRIilr0UhEsusRxQQPWQs4CNaNJSOBJ1jHG9/M/M4Dk4pH4T1MYuYEZBhyn1MCWnLNo37+Rvo44sCyadtNE5VNXbNq1awceJnYBamiAk3X/OoPIpoELAQqiFI924rBSYkETgXLKv1EsZjQMRmynqYhCZhy0nx1hk+1MsB+JHWFgHP190RKAqUmgac7AwIjtejNxP+8XgL+lZPyME6AhXS+yE8EhgjPssADLhkFMdGEUMn1XzEdEUko6MQqOgR78eRl0j6v2fVa/e6i2rgu4iijY3SCzpCNLlED3aImaiGKUvSMXtGb8WS8GO/Gx7y1ZBQzh+gPjM8fv+CWqQ==</latexit>

|Vus|
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2.2 �

a scale factor of 2.7
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|Vus| = 0.2243(8)

differ by ～ 2 σ 
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EWRC from Dispersion Relation Analysis
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EWRC from Dispersion Relation Analysis

Marciano and Sirlin1, 
vector dominance model(VDM).

C.-Y. Seng, M. Gorchtein and M. J. 
Ramsey-Musolf2. 

dispersion relation & data-driven analysis.

first principle calculation

Phys. Rev. Lett. 121, no.24, 241804 (2018).

Phys. Rev. Lett. 96, 032002 (2006).
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γW-box Diagram

Ø γW-box diagram for neutron beta decays. Non-perturbative hadronic effects happen here. 
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Axial γW-box Correction

Ø The nucleus-independent electroweak term dominates the uncertainty of radiative correction, which is 

universal for both nuclear and free neutron beta decay.

Ø According to Sirlin*, among various contributions, only the axial γW-box contribution is sensitive to 

hadronic scales A. Sirlin, Rev. Mod. Phys. 50, 573 (1978). 
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Review of the Result of Pion Channel

Ø Box term could be expressed as a momentum 

integral for MH(Q2): 

Ø The uncertainty for the non-perturbative part was 

estimated by low energy constants from chiral 

perturbation theory. 

Ø We calculated the box term for pion channel*,  

which reduced the uncertainty for the non-

perturbative part by a factor of 10.
X. Feng, M. Gorchtein, L. C. Jin, P. X. Ma and C. Y. Seng, Phys. Rev. Lett. 124, no.19, 192002 (2020).

Ø This calculation has been confirmed by an independent lattice calculation.

J.-S. Yoo, T. Bhattacharya, R. Gupta, S. Mondal, and B. Yoon, Phys. Rev. D 108, 034508 (2023).
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Review of the Result of Pion Channel

ØPDG 2022 cites our calculation and look forward to improvement for experimental input. 

ØThe PIONEER experiment 

is aimed at improving the Vud
from pion beta decay at the 

0.02% level. 0.27% 0.02%

ØOur calculation leads to a reduction of the total theoretical uncertainty from theory by a factor of 3.

Ø If the funding decisions are positive and proceed expeditiously, Phase I of PIONEER will begin in 2029. <8/16>
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More Contractions

Ø There are 4 types of contractions for meson channel: 

Ø For each type, the contraction for baryon is more complicated 

than meson.

Ø To solve this problem, we take the field-sparsening method*.

Ø While for baryon channel, there are 10 types: 

*: Y. Li, S. C. Xia, X. Feng, L. C. Jin and C. Liu, Phys. Rev. D 103, no.1, 014514 (2021).

ØThe computational cost has been reduced by a factor of 103, while the precision remains nearly unchanged.
<9/16>
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Signal-to-Noise Problem
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h

Ø The variance of a physical quantity is associated with its square’s expectation.

Ø The signal-to-noise of π’s two-point function is under good control: 

Ø In noise of neutron’s two-point function, the simplest structure is three-π: 

Ø For physical ensembles,                         as T becomes larger, the data from neutron will be too noise to be used. 

<latexit sha1_base64="/bpQbE2YQqk0tcDYlnnlwEujNU4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fip0xdUjgQOyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFufOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmv5MhV8iMmFpCmeL2VsLGVFFmbEIlG4K3+vI6aV9VvVq19nBdadzmcRThDM7hEjyoQwPuoQktYDCBZ3iFNydxXpx352PZWnDymVP4A+fzB1u0j5o=</latexit>

h
<latexit sha1_base64="NpLpiGABOxSxN0/8QaXnKnY3d/g=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fip01dUjgQOyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFufOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmv5MhV8iMmFpCmeL2VsLGVFFmbEIlG4K3+vI6aV9VvVq19nBdadzmcRThDM7hEjyoQwPuoQktYDCBZ3iFNydxXpx352PZWnDymVP4A+fzB2Tqj6A=</latexit>

i
E(π)

Var(π)

<latexit sha1_base64="rOWleGlwevAUGIARY3mWEcWK1/k=">AAACE3icbZDLSsNAFIYn9VbjLerSzWBRRLAkRarLohuXFewFmhgm00k7dCYJMxOhhL6DG1/FjQtF3Lpx59s4bYOX1h8Gfr5zDmfOHySMSmXbn0ZhYXFpeaW4aq6tb2xuWds7TRmnApMGjlks2gGShNGINBRVjLQTQRAPGGkFg8txvXVHhKRxdKOGCfE46kU0pBgpjXzr+NCVlENym51A7rsJhWrkuuYPrXxj3yrZZXsiOG+c3JRArrpvfbjdGKecRAozJGXHsRPlZUgoihkZmW4qSYLwAPVIR9sIcSK9bHLTCB5o0oVhLPSLFJzQ3xMZ4lIOeaA7OVJ9OVsbw/9qnVSF515GoyRVJMLTRWHKoIrhOCDYpYJgxYbaICyo/ivEfSQQVjpGU4fgzJ48b5qVslMtV69PS7WLPI4i2AP74Ag44AzUwBWogwbA4B48gmfwYjwYT8ar8TZtLRj5zC74I+P9C/otnF4=</latexit>

⇠ e�m⇡t

⇠ e�2m⇡t

<10/16>



Signal-to-Noise Problem

<latexit sha1_base64="Vrx45GuuqpSg9Vn1+c+U9tTsfuI=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4xkYeBlcwOvTBhdnYzM2tCCF/hxYPGePVzvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaHSPJb3ZpygH9GB5CFn1Fjp4bHSVVQOBPaKJbfszkFWiZeREmSo94pf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzwlZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQmv/AmXSWpQssWiMBXExGT2PelzhcyIsSWUKW5vJWxIFWXGZlSwIXjLL6+SZqXsVcvVu4tS7TqLIw8ncArn4MEl1OAW6tAABhE8wyu8Ocp5cd6dj0VrzslmjuEPnM8fjWmQRA==</latexit>

2i
<latexit sha1_base64="/bpQbE2YQqk0tcDYlnnlwEujNU4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fip0xdUjgQOyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFufOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmv5MhV8iMmFpCmeL2VsLGVFFmbEIlG4K3+vI6aV9VvVq19nBdadzmcRThDM7hEjyoQwPuoQktYDCBZ3iFNydxXpx352PZWnDymVP4A+fzB1u0j5o=</latexit>

h

Ø The variance of a physical quantity is associated with its square’s expectation.

Ø The signal-to-noise of π’s two-point function is under good control: 

Ø In noise of neutron’s two-point function, the simplest structure is three-π: 

Ø For physical ensembles,                         as T becomes larger, the data from neutron will be too noise to be used. 

<latexit sha1_base64="/bpQbE2YQqk0tcDYlnnlwEujNU4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fip0xdUjgQOyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFufOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmv5MhV8iMmFpCmeL2VsLGVFFmbEIlG4K3+vI6aV9VvVq19nBdadzmcRThDM7hEjyoQwPuoQktYDCBZ3iFNydxXpx352PZWnDymVP4A+fzB1u0j5o=</latexit>

h
<latexit sha1_base64="NpLpiGABOxSxN0/8QaXnKnY3d/g=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fip01dUjgQOyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFufOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmv5MhV8iMmFpCmeL2VsLGVFFmbEIlG4K3+vI6aV9VvVq19nBdadzmcRThDM7hEjyoQwPuoQktYDCBZ3iFNydxXpx352PZWnDymVP4A+fzB2Tqj6A=</latexit>

i
E(π)

Var(π)

<latexit sha1_base64="rOWleGlwevAUGIARY3mWEcWK1/k=">AAACE3icbZDLSsNAFIYn9VbjLerSzWBRRLAkRarLohuXFewFmhgm00k7dCYJMxOhhL6DG1/FjQtF3Lpx59s4bYOX1h8Gfr5zDmfOHySMSmXbn0ZhYXFpeaW4aq6tb2xuWds7TRmnApMGjlks2gGShNGINBRVjLQTQRAPGGkFg8txvXVHhKRxdKOGCfE46kU0pBgpjXzr+NCVlENym51A7rsJhWrkuuYPrXxj3yrZZXsiOG+c3JRArrpvfbjdGKecRAozJGXHsRPlZUgoihkZmW4qSYLwAPVIR9sIcSK9bHLTCB5o0oVhLPSLFJzQ3xMZ4lIOeaA7OVJ9OVsbw/9qnVSF515GoyRVJMLTRWHKoIrhOCDYpYJgxYbaICyo/ivEfSQQVjpGU4fgzJ48b5qVslMtV69PS7WLPI4i2AP74Ag44AzUwBWogwbA4B48gmfwYjwYT8ar8TZtLRj5zC74I+P9C/otnF4=</latexit>

⇠ e�m⇡t

⇠ e�2m⇡t

<10/16>



Signal-to-Noise Problem

<latexit sha1_base64="Vrx45GuuqpSg9Vn1+c+U9tTsfuI=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4xkYeBlcwOvTBhdnYzM2tCCF/hxYPGePVzvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaHSPJb3ZpygH9GB5CFn1Fjp4bHSVVQOBPaKJbfszkFWiZeREmSo94pf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzwlZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQmv/AmXSWpQssWiMBXExGT2PelzhcyIsSWUKW5vJWxIFWXGZlSwIXjLL6+SZqXsVcvVu4tS7TqLIw8ncArn4MEl1OAW6tAABhE8wyu8Ocp5cd6dj0VrzslmjuEPnM8fjWmQRA==</latexit>

2i
<latexit sha1_base64="/bpQbE2YQqk0tcDYlnnlwEujNU4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fip0xdUjgQOyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFufOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmv5MhV8iMmFpCmeL2VsLGVFFmbEIlG4K3+vI6aV9VvVq19nBdadzmcRThDM7hEjyoQwPuoQktYDCBZ3iFNydxXpx352PZWnDymVP4A+fzB1u0j5o=</latexit>

h

<latexit sha1_base64="Vrx45GuuqpSg9Vn1+c+U9tTsfuI=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4xkYeBlcwOvTBhdnYzM2tCCF/hxYPGePVzvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaHSPJb3ZpygH9GB5CFn1Fjp4bHSVVQOBPaKJbfszkFWiZeREmSo94pf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzwlZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQmv/AmXSWpQssWiMBXExGT2PelzhcyIsSWUKW5vJWxIFWXGZlSwIXjLL6+SZqXsVcvVu4tS7TqLIw8ncArn4MEl1OAW6tAABhE8wyu8Ocp5cd6dj0VrzslmjuEPnM8fjWmQRA==</latexit>

2i
<latexit sha1_base64="/bpQbE2YQqk0tcDYlnnlwEujNU4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fip0xdUjgQOyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFufOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmv5MhV8iMmFpCmeL2VsLGVFFmbEIlG4K3+vI6aV9VvVq19nBdadzmcRThDM7hEjyoQwPuoQktYDCBZ3iFNydxXpx352PZWnDymVP4A+fzB1u0j5o=</latexit>

h

Ø The variance of a physical quantity is associated with its square’s expectation.

Ø The signal-to-noise of π’s two-point function is under good control: 

Ø In noise of neutron’s two-point function, the simplest structure is three-π: 

Ø For physical ensembles,                         as T becomes larger, the data from neutron will be too noise to be used. 

<latexit sha1_base64="/bpQbE2YQqk0tcDYlnnlwEujNU4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fip0xdUjgQOyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFufOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmv5MhV8iMmFpCmeL2VsLGVFFmbEIlG4K3+vI6aV9VvVq19nBdadzmcRThDM7hEjyoQwPuoQktYDCBZ3iFNydxXpx352PZWnDymVP4A+fzB1u0j5o=</latexit>

h
<latexit sha1_base64="NpLpiGABOxSxN0/8QaXnKnY3d/g=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fip01dUjgQOyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFufOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmv5MhV8iMmFpCmeL2VsLGVFFmbEIlG4K3+vI6aV9VvVq19nBdadzmcRThDM7hEjyoQwPuoQktYDCBZ3iFNydxXpx352PZWnDymVP4A+fzB2Tqj6A=</latexit>

i
E(π)

Var(π)

<latexit sha1_base64="rOWleGlwevAUGIARY3mWEcWK1/k=">AAACE3icbZDLSsNAFIYn9VbjLerSzWBRRLAkRarLohuXFewFmhgm00k7dCYJMxOhhL6DG1/FjQtF3Lpx59s4bYOX1h8Gfr5zDmfOHySMSmXbn0ZhYXFpeaW4aq6tb2xuWds7TRmnApMGjlks2gGShNGINBRVjLQTQRAPGGkFg8txvXVHhKRxdKOGCfE46kU0pBgpjXzr+NCVlENym51A7rsJhWrkuuYPrXxj3yrZZXsiOG+c3JRArrpvfbjdGKecRAozJGXHsRPlZUgoihkZmW4qSYLwAPVIR9sIcSK9bHLTCB5o0oVhLPSLFJzQ3xMZ4lIOeaA7OVJ9OVsbw/9qnVSF515GoyRVJMLTRWHKoIrhOCDYpYJgxYbaICyo/ivEfSQQVjpGU4fgzJ48b5qVslMtV69PS7WLPI4i2AP74Ag44AzUwBWogwbA4B48gmfwYjwYT8ar8TZtLRj5zC74I+P9C/otnF4=</latexit>

⇠ e�m⇡t

⇠ e�2m⇡t

E(n)

Var(n)

<latexit sha1_base64="e9eaEhXU1+J6ZbLMCAAg5mK8ufU=">AAACEXicbZDLSgMxFIYzXmu9jbp0EyxKN5YZleqy6MZlBXuBzjhk0kwbmmSGJCOUoa/gxldx40IRt+7c+Tam7YDa+kPg5zvncHL+MGFUacf5shYWl5ZXVgtrxfWNza1te2e3qeJUYtLAMYtlO0SKMCpIQ1PNSDuRBPGQkVY4uBrXW/dEKhqLWz1MiM9RT9CIYqQNCuzykacoh+QuO4Y8EFCPPK/4w04N9BJqcGCXnIozEZw3bm5KIFc9sD+9boxTToTGDCnVcZ1E+xmSmmJGRkUvVSRBeIB6pGOsQJwoP5tcNIKHhnRhFEvzhIYT+nsiQ1ypIQ9NJ0e6r2ZrY/hfrZPq6MLPqEhSTQSeLopSBnUMx/HALpUEazY0BmFJzV8h7iOJsDYhFk0I7uzJ86Z5UnGrlerNWal2mcdRAPvgAJSBC85BDVyDOmgADB7AE3gBr9aj9Wy9We/T1gUrn9kDf2R9fANliZuE</latexit>

⇠ e�mnt

⇠ e�3m⇡t

<latexit sha1_base64="/bpQbE2YQqk0tcDYlnnlwEujNU4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fip0xdUjgQOyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFufOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmv5MhV8iMmFpCmeL2VsLGVFFmbEIlG4K3+vI6aV9VvVq19nBdadzmcRThDM7hEjyoQwPuoQktYDCBZ3iFNydxXpx352PZWnDymVP4A+fzB1u0j5o=</latexit>

h
<latexit sha1_base64="NpLpiGABOxSxN0/8QaXnKnY3d/g=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fip01dUjgQOyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFufOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmv5MhV8iMmFpCmeL2VsLGVFFmbEIlG4K3+vI6aV9VvVq19nBdadzmcRThDM7hEjyoQwPuoQktYDCBZ3iFNydxXpx352PZWnDymVP4A+fzB2Tqj6A=</latexit>

i

<10/16>



Signal-to-Noise Problem

<latexit sha1_base64="Vrx45GuuqpSg9Vn1+c+U9tTsfuI=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4xkYeBlcwOvTBhdnYzM2tCCF/hxYPGePVzvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaHSPJb3ZpygH9GB5CFn1Fjp4bHSVVQOBPaKJbfszkFWiZeREmSo94pf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzwlZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQmv/AmXSWpQssWiMBXExGT2PelzhcyIsSWUKW5vJWxIFWXGZlSwIXjLL6+SZqXsVcvVu4tS7TqLIw8ncArn4MEl1OAW6tAABhE8wyu8Ocp5cd6dj0VrzslmjuEPnM8fjWmQRA==</latexit>

2i
<latexit sha1_base64="/bpQbE2YQqk0tcDYlnnlwEujNU4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fip0xdUjgQOyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFufOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmv5MhV8iMmFpCmeL2VsLGVFFmbEIlG4K3+vI6aV9VvVq19nBdadzmcRThDM7hEjyoQwPuoQktYDCBZ3iFNydxXpx352PZWnDymVP4A+fzB1u0j5o=</latexit>

h

<latexit sha1_base64="Vrx45GuuqpSg9Vn1+c+U9tTsfuI=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4xkYeBlcwOvTBhdnYzM2tCCF/hxYPGePVzvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaHSPJb3ZpygH9GB5CFn1Fjp4bHSVVQOBPaKJbfszkFWiZeREmSo94pf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzwlZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQmv/AmXSWpQssWiMBXExGT2PelzhcyIsSWUKW5vJWxIFWXGZlSwIXjLL6+SZqXsVcvVu4tS7TqLIw8ncArn4MEl1OAW6tAABhE8wyu8Ocp5cd6dj0VrzslmjuEPnM8fjWmQRA==</latexit>

2i
<latexit sha1_base64="/bpQbE2YQqk0tcDYlnnlwEujNU4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fip0xdUjgQOyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFufOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmv5MhV8iMmFpCmeL2VsLGVFFmbEIlG4K3+vI6aV9VvVq19nBdadzmcRThDM7hEjyoQwPuoQktYDCBZ3iFNydxXpx352PZWnDymVP4A+fzB1u0j5o=</latexit>

h

Ø The variance of a physical quantity is associated with its square’s expectation.

Ø The signal-to-noise of π’s two-point function is under good control: 

Ø In noise of neutron’s two-point function, the simplest structure is three-π: 

Ø For physical ensembles,                         as T becomes larger, the data from neutron will be too noise to be used. 

<latexit sha1_base64="/bpQbE2YQqk0tcDYlnnlwEujNU4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fip0xdUjgQOyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFufOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmv5MhV8iMmFpCmeL2VsLGVFFmbEIlG4K3+vI6aV9VvVq19nBdadzmcRThDM7hEjyoQwPuoQktYDCBZ3iFNydxXpx352PZWnDymVP4A+fzB1u0j5o=</latexit>

h
<latexit sha1_base64="NpLpiGABOxSxN0/8QaXnKnY3d/g=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fip01dUjgQOyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFufOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmv5MhV8iMmFpCmeL2VsLGVFFmbEIlG4K3+vI6aV9VvVq19nBdadzmcRThDM7hEjyoQwPuoQktYDCBZ3iFNydxXpx352PZWnDymVP4A+fzB2Tqj6A=</latexit>

i
E(π)

Var(π)

<latexit sha1_base64="rOWleGlwevAUGIARY3mWEcWK1/k=">AAACE3icbZDLSsNAFIYn9VbjLerSzWBRRLAkRarLohuXFewFmhgm00k7dCYJMxOhhL6DG1/FjQtF3Lpx59s4bYOX1h8Gfr5zDmfOHySMSmXbn0ZhYXFpeaW4aq6tb2xuWds7TRmnApMGjlks2gGShNGINBRVjLQTQRAPGGkFg8txvXVHhKRxdKOGCfE46kU0pBgpjXzr+NCVlENym51A7rsJhWrkuuYPrXxj3yrZZXsiOG+c3JRArrpvfbjdGKecRAozJGXHsRPlZUgoihkZmW4qSYLwAPVIR9sIcSK9bHLTCB5o0oVhLPSLFJzQ3xMZ4lIOeaA7OVJ9OVsbw/9qnVSF515GoyRVJMLTRWHKoIrhOCDYpYJgxYbaICyo/ivEfSQQVjpGU4fgzJ48b5qVslMtV69PS7WLPI4i2AP74Ag44AzUwBWogwbA4B48gmfwYjwYT8ar8TZtLRj5zC74I+P9C/otnF4=</latexit>

⇠ e�m⇡t

⇠ e�2m⇡t

E(n)

Var(n)

<latexit sha1_base64="e9eaEhXU1+J6ZbLMCAAg5mK8ufU=">AAACEXicbZDLSgMxFIYzXmu9jbp0EyxKN5YZleqy6MZlBXuBzjhk0kwbmmSGJCOUoa/gxldx40IRt+7c+Tam7YDa+kPg5zvncHL+MGFUacf5shYWl5ZXVgtrxfWNza1te2e3qeJUYtLAMYtlO0SKMCpIQ1PNSDuRBPGQkVY4uBrXW/dEKhqLWz1MiM9RT9CIYqQNCuzykacoh+QuO4Y8EFCPPK/4w04N9BJqcGCXnIozEZw3bm5KIFc9sD+9boxTToTGDCnVcZ1E+xmSmmJGRkUvVSRBeIB6pGOsQJwoP5tcNIKHhnRhFEvzhIYT+nsiQ1ypIQ9NJ0e6r2ZrY/hfrZPq6MLPqEhSTQSeLopSBnUMx/HALpUEazY0BmFJzV8h7iOJsDYhFk0I7uzJ86Z5UnGrlerNWal2mcdRAPvgAJSBC85BDVyDOmgADB7AE3gBr9aj9Wy9We/T1gUrn9kDf2R9fANliZuE</latexit>

⇠ e�mnt

⇠ e�3m⇡t

<latexit sha1_base64="fjHjzVZNZaykCHd4YjngBMXUlH4=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgQkpSpbqSohuXFewDmhAm00k7dGYSZiZCCQF/xY0LRdz6He78G6dtFtp64MLhnHu5954wYVRpx/m2lpZXVtfWSxvlza3tnV17b7+t4lRi0sIxi2U3RIowKkhLU81IN5EE8ZCRTji6nfidRyIVjcWDHifE52ggaEQx0kYK7EMeiGsvkghn53lWy3ngJfQssCtO1ZkCLhK3IBVQoBnYX14/xiknQmOGlOq5TqL9DElNMSN52UsVSRAeoQHpGSoQJ8rPpufn8MQofRjF0pTQcKr+nsgQV2rMQ9PJkR6qeW8i/uf1Uh1d+RkVSaqJwLNFUcqgjuEkC9inkmDNxoYgLKm5FeIhMllok1jZhODOv7xI2rWqW6/W7y8qjZsijhI4AsfgFLjgEjTAHWiCFsAgA8/gFbxZT9aL9W59zFqXrGLmAPyB9fkD7AuVeg==</latexit>

mn >
3

2
m⇡,

<latexit sha1_base64="/bpQbE2YQqk0tcDYlnnlwEujNU4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fip0xdUjgQOyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFufOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmv5MhV8iMmFpCmeL2VsLGVFFmbEIlG4K3+vI6aV9VvVq19nBdadzmcRThDM7hEjyoQwPuoQktYDCBZ3iFNydxXpx352PZWnDymVP4A+fzB1u0j5o=</latexit>

h
<latexit sha1_base64="NpLpiGABOxSxN0/8QaXnKnY3d/g=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fip01dUjgQOyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFufOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmv5MhV8iMmFpCmeL2VsLGVFFmbEIlG4K3+vI6aV9VvVq19nBdadzmcRThDM7hEjyoQwPuoQktYDCBZ3iFNydxXpx352PZWnDymVP4A+fzB2Tqj6A=</latexit>

i
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Convergence of Temporal Integration

Ø Baryon has different spin structure from meson, so they have different intermediate state: 

Ø The spatial component for axial current has even parity, so: 
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Convergence of Temporal Integration

Ø Baryon has different spin structure from meson, so they have different intermediate state: 

Ø The spatial component for axial current has even parity, so: 
<latexit sha1_base64="vB3fEY4PRwOOhP2r9BblkXeAqhA=">AAACF3icbVDLSsNAFJ34rPUVdelmsAguJCQi1Y1QdSOuKtgHNDFMptN26GQSZiZCifkLN/6KGxeKuNWdf+OkzUJbDwwczjmXO/cEMaNS2fa3MTe/sLi0XFopr66tb2yaW9tNGSUCkwaOWCTaAZKEUU4aiipG2rEgKAwYaQXDy9xv3RMhacRv1SgmXoj6nPYoRkpLvmm5DPE+I9CNKXyA137aOoTn2V3qhkmmhVx2xSRyBm3frNiWPQacJU5BKqBA3Te/3G6Ek5BwhRmSsuPYsfJSJBTFjGRlN5EkRniI+qSjKUchkV46viuD+1rpwl4k9OMKjtXfEykKpRyFgU6GSA3ktJeL/3mdRPVOvZTyOFGE48miXsKgimBeEuxSQbBiI00QFlT/FeIBEggrXWVZl+BMnzxLmkeWU7WqN8eV2kVRRwnsgj1wABxwAmrgCtRBA2DwCJ7BK3gznowX4934mETnjGJmB/yB8fkDLwKeDg==</latexit>

h⇡|Jµ
W,A|⇡i = 0
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Convergence of Temporal Integration

Ø Baryon has different spin structure from meson, so they have different intermediate state: 

Ø The spatial component for axial current has even parity, so: 

<latexit sha1_base64="tl1eke9/viktmlLa//MOGUzIMRQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbyuyl/dHvlilt15yCrxMtJBXI0euWvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMj52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7nPS5QmbE2BLKFLe3EjakijJj8ynZELzll1dJ86Lq1aq1+8tK/SaPowgncArn4MEV1OEOGuADAw7P8ApvjnRenHfnY9FacPKZY/gD5/MHdzCOeg==</latexit>

⇡0

<latexit sha1_base64="vB3fEY4PRwOOhP2r9BblkXeAqhA=">AAACF3icbVDLSsNAFJ34rPUVdelmsAguJCQi1Y1QdSOuKtgHNDFMptN26GQSZiZCifkLN/6KGxeKuNWdf+OkzUJbDwwczjmXO/cEMaNS2fa3MTe/sLi0XFopr66tb2yaW9tNGSUCkwaOWCTaAZKEUU4aiipG2rEgKAwYaQXDy9xv3RMhacRv1SgmXoj6nPYoRkpLvmm5DPE+I9CNKXyA137aOoTn2V3qhkmmhVx2xSRyBm3frNiWPQacJU5BKqBA3Te/3G6Ek5BwhRmSsuPYsfJSJBTFjGRlN5EkRniI+qSjKUchkV46viuD+1rpwl4k9OMKjtXfEykKpRyFgU6GSA3ktJeL/3mdRPVOvZTyOFGE48miXsKgimBeEuxSQbBiI00QFlT/FeIBEggrXWVZl+BMnzxLmkeWU7WqN8eV2kVRRwnsgj1wABxwAmrgCtRBA2DwCJ7BK3gznowX4934mETnjGJmB/yB8fkDLwKeDg==</latexit>

h⇡|Jµ
W,A|⇡i = 0

pion×<latexit sha1_base64="ob3hEjSkphXpDMmoCO7qd5l+sb8=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKRI9BL+IpgnlgsobZSScZMjO7zMwKYclfePGgiFf/xpt/4yTZgyYWNBRV3XR3hTFn2njet5NbWV1b38hvFra2d3b3ivsHDR0limKdRjxSrZBo5Exi3TDDsRUrJCLk2AxH11O/+YRKs0jem3GMgSADyfqMEmOlh9vHjki6KYpJt1jyyt4M7jLxM1KCDLVu8avTi2giUBrKidZt34tNkBJlGOU4KXQSjTGhIzLAtqWSCNRBOrt44p5Ypef2I2VLGnem/p5IidB6LELbKYgZ6kVvKv7ntRPTvwxSJuPEoKTzRf2EuyZyp++7PaaQGj62hFDF7K0uHRJFqLEhFWwI/uLLy6RxVvYr5crdeal6lcWRhyM4hlPw4QKqcAM1qAMFCc/wCm+Odl6cd+dj3ppzsplD+APn8we4ZZD4</latexit>

Jµ
em

<latexit sha1_base64="rvgPfS0GPIeOb/jJFu9YxGuNUlc=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8SNgViR6jXsRTBPOA7BpmJ7PJkNnZZR5CWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dYcqZ0q777Swtr6yurRc2iptb2zu7pb39pkqMJLRBEp7IdogV5UzQhmaa03YqKY5DTlvh8Gbit56oVCwRD3qU0iDGfcEiRrC2kn/36AvTzVqn6GrcLZXdijsFWiReTsqQo94tffm9hJiYCk04VqrjuakOMiw1I5yOi75RNMVkiPu0Y6nAMVVBNr15jI6t0kNRIm0Jjabq74kMx0qN4tB2xlgP1Lw3Ef/zOkZHl0HGRGo0FWS2KDIc6QRNAkA9JinRfGQJJpLZWxEZYImJtjEVbQje/MuLpHlW8aqV6v15uXadx1GAQziCE/DgAmpwC3VoAIEUnuEV3hzjvDjvzsesdcnJZw7gD5zPHyXgkR8=</latexit>

J⌫
W,A

<11/16>



Convergence of Temporal Integration

Ø Baryon has different spin structure from meson, so they have different intermediate state: 

Ø The spatial component for axial current has even parity, so: 

<latexit sha1_base64="tl1eke9/viktmlLa//MOGUzIMRQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbyuyl/dHvlilt15yCrxMtJBXI0euWvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMj52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7nPS5QmbE2BLKFLe3EjakijJj8ynZELzll1dJ86Lq1aq1+8tK/SaPowgncArn4MEV1OEOGuADAw7P8ApvjnRenHfnY9FacPKZY/gD5/MHdzCOeg==</latexit>

⇡0

<latexit sha1_base64="vB3fEY4PRwOOhP2r9BblkXeAqhA=">AAACF3icbVDLSsNAFJ34rPUVdelmsAguJCQi1Y1QdSOuKtgHNDFMptN26GQSZiZCifkLN/6KGxeKuNWdf+OkzUJbDwwczjmXO/cEMaNS2fa3MTe/sLi0XFopr66tb2yaW9tNGSUCkwaOWCTaAZKEUU4aiipG2rEgKAwYaQXDy9xv3RMhacRv1SgmXoj6nPYoRkpLvmm5DPE+I9CNKXyA137aOoTn2V3qhkmmhVx2xSRyBm3frNiWPQacJU5BKqBA3Te/3G6Ek5BwhRmSsuPYsfJSJBTFjGRlN5EkRniI+qSjKUchkV46viuD+1rpwl4k9OMKjtXfEykKpRyFgU6GSA3ktJeL/3mdRPVOvZTyOFGE48miXsKgimBeEuxSQbBiI00QFlT/FeIBEggrXWVZl+BMnzxLmkeWU7WqN8eV2kVRRwnsgj1wABxwAmrgCtRBA2DwCJ7BK3gznowX4934mETnjGJmB/yB8fkDLwKeDg==</latexit>

h⇡|Jµ
W,A|⇡i = 0

<latexit sha1_base64="QTZmsZ2s1vrYtJy2X4lyJe30i5k=">AAACA3icbVDLSgNBEJyNrxhfq970MhiE5JCwKxI9BkXIMYJ5QLKG2clsMmT2wUyvEJaAF3/FiwdFvPoT3vwbJ8keNLGgoajqprvLjQRXYFnfRmZldW19I7uZ29re2d0z9w+aKowlZQ0ailC2XaKY4AFrAAfB2pFkxHcFa7mj66nfemBS8TC4g3HEHJ8MAu5xSkBLPfOoywPAfcC1AhQxu09KhZteu+QXYdIz81bZmgEvEzsleZSi3jO/uv2Qxj4LgAqiVMe2InASIoFTwSa5bqxYROiIDFhH04D4TDnJ7IcJPtVKH3uh1KUvmqm/JxLiKzX2Xd3pExiqRW8q/ud1YvAunYQHUQwsoPNFXiwwhHgaCO5zySiIsSaESq5vxXRIJKGgY8vpEOzFl5dJ86xsV8qV2/N89SqNI4uO0QkqIBtdoCqqoTpqIIoe0TN6RW/Gk/FivBsf89aMkc4coj8wPn8AGLeV6Q==</latexit>Z
dtH(t)e�(EX�m)t

pion×<latexit sha1_base64="ob3hEjSkphXpDMmoCO7qd5l+sb8=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKRI9BL+IpgnlgsobZSScZMjO7zMwKYclfePGgiFf/xpt/4yTZgyYWNBRV3XR3hTFn2njet5NbWV1b38hvFra2d3b3ivsHDR0limKdRjxSrZBo5Exi3TDDsRUrJCLk2AxH11O/+YRKs0jem3GMgSADyfqMEmOlh9vHjki6KYpJt1jyyt4M7jLxM1KCDLVu8avTi2giUBrKidZt34tNkBJlGOU4KXQSjTGhIzLAtqWSCNRBOrt44p5Ypef2I2VLGnem/p5IidB6LELbKYgZ6kVvKv7ntRPTvwxSJuPEoKTzRf2EuyZyp++7PaaQGj62hFDF7K0uHRJFqLEhFWwI/uLLy6RxVvYr5crdeal6lcWRhyM4hlPw4QKqcAM1qAMFCc/wCm+Odl6cd+dj3ppzsplD+APn8we4ZZD4</latexit>

Jµ
em

<latexit sha1_base64="rvgPfS0GPIeOb/jJFu9YxGuNUlc=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8SNgViR6jXsRTBPOA7BpmJ7PJkNnZZR5CWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dYcqZ0q777Swtr6yurRc2iptb2zu7pb39pkqMJLRBEp7IdogV5UzQhmaa03YqKY5DTlvh8Gbit56oVCwRD3qU0iDGfcEiRrC2kn/36AvTzVqn6GrcLZXdijsFWiReTsqQo94tffm9hJiYCk04VqrjuakOMiw1I5yOi75RNMVkiPu0Y6nAMVVBNr15jI6t0kNRIm0Jjabq74kMx0qN4tB2xlgP1Lw3Ef/zOkZHl0HGRGo0FWS2KDIc6QRNAkA9JinRfGQJJpLZWxEZYImJtjEVbQje/MuLpHlW8aqV6v15uXadx1GAQziCE/DgAmpwC3VoAIEUnuEV3hzjvDjvzsesdcnJZw7gD5zPHyXgkR8=</latexit>

J⌫
W,A

<11/16>



Convergence of Temporal Integration

Ø Baryon has different spin structure from meson, so they have different intermediate state: 

Ø The spatial component for axial current has even parity, so: 

<latexit sha1_base64="tl1eke9/viktmlLa//MOGUzIMRQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbyuyl/dHvlilt15yCrxMtJBXI0euWvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMj52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7nPS5QmbE2BLKFLe3EjakijJj8ynZELzll1dJ86Lq1aq1+8tK/SaPowgncArn4MEV1OEOGuADAw7P8ApvjnRenHfnY9FacPKZY/gD5/MHdzCOeg==</latexit>

⇡0

<latexit sha1_base64="vB3fEY4PRwOOhP2r9BblkXeAqhA=">AAACF3icbVDLSsNAFJ34rPUVdelmsAguJCQi1Y1QdSOuKtgHNDFMptN26GQSZiZCifkLN/6KGxeKuNWdf+OkzUJbDwwczjmXO/cEMaNS2fa3MTe/sLi0XFopr66tb2yaW9tNGSUCkwaOWCTaAZKEUU4aiipG2rEgKAwYaQXDy9xv3RMhacRv1SgmXoj6nPYoRkpLvmm5DPE+I9CNKXyA137aOoTn2V3qhkmmhVx2xSRyBm3frNiWPQacJU5BKqBA3Te/3G6Ek5BwhRmSsuPYsfJSJBTFjGRlN5EkRniI+qSjKUchkV46viuD+1rpwl4k9OMKjtXfEykKpRyFgU6GSA3ktJeL/3mdRPVOvZTyOFGE48miXsKgimBeEuxSQbBiI00QFlT/FeIBEggrXWVZl+BMnzxLmkeWU7WqN8eV2kVRRwnsgj1wABxwAmrgCtRBA2DwCJ7BK3gznowX4934mETnjGJmB/yB8fkDLwKeDg==</latexit>

h⇡|Jµ
W,A|⇡i = 0

<latexit sha1_base64="5T57vtDqdx7CxDskxOvHHk1yIPI=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoPgQcOuSPQY9SKeIpgHZOMyO+lNhszOrjOzQljzFV78FS8eFPEq3vwbJ4+DJhY0FFXddHf5MWdK2/a3lZmbX1hcyi7nVlbX1jfym1s1FSWSQpVGPJINnyjgTEBVM82hEUsgoc+h7vcuhn79HqRikbjR/RhaIekIFjBKtJG8/KHLiehwwAI/4CsvrR/gs8Ft6obJwAgxduXYdgXcYdvLF+yiPQKeJc6EFNAEFS//5bYjmoQgNOVEqaZjx7qVEqkZ5TDIuYmCmNAe6UDTUEFCUK109NYA7xmljYNImhIaj9TfEykJleqHvukMie6qaW8o/uc1Ex2ctlIm4kSDoONFQcKxjvAwI9xmEqjmfUMIlczcimmXSEK1STJnQnCmX54ltaOiUyqWro8L5fNJHFm0g3bRPnLQCSqjS1RBVUTRI3pGr+jNerJerHfrY9yasSYz2+gPrM8fuG2d2w==</latexit>

hn|Jµ
W,A|pi 6= 0

<latexit sha1_base64="QTZmsZ2s1vrYtJy2X4lyJe30i5k=">AAACA3icbVDLSgNBEJyNrxhfq970MhiE5JCwKxI9BkXIMYJ5QLKG2clsMmT2wUyvEJaAF3/FiwdFvPoT3vwbJ8keNLGgoajqprvLjQRXYFnfRmZldW19I7uZ29re2d0z9w+aKowlZQ0ailC2XaKY4AFrAAfB2pFkxHcFa7mj66nfemBS8TC4g3HEHJ8MAu5xSkBLPfOoywPAfcC1AhQxu09KhZteu+QXYdIz81bZmgEvEzsleZSi3jO/uv2Qxj4LgAqiVMe2InASIoFTwSa5bqxYROiIDFhH04D4TDnJ7IcJPtVKH3uh1KUvmqm/JxLiKzX2Xd3pExiqRW8q/ud1YvAunYQHUQwsoPNFXiwwhHgaCO5zySiIsSaESq5vxXRIJKGgY8vpEOzFl5dJ86xsV8qV2/N89SqNI4uO0QkqIBtdoCqqoTpqIIoe0TN6RW/Gk/FivBsf89aMkc4coj8wPn8AGLeV6Q==</latexit>Z
dtH(t)e�(EX�m)t

pion×<latexit sha1_base64="ob3hEjSkphXpDMmoCO7qd5l+sb8=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKRI9BL+IpgnlgsobZSScZMjO7zMwKYclfePGgiFf/xpt/4yTZgyYWNBRV3XR3hTFn2njet5NbWV1b38hvFra2d3b3ivsHDR0limKdRjxSrZBo5Exi3TDDsRUrJCLk2AxH11O/+YRKs0jem3GMgSADyfqMEmOlh9vHjki6KYpJt1jyyt4M7jLxM1KCDLVu8avTi2giUBrKidZt34tNkBJlGOU4KXQSjTGhIzLAtqWSCNRBOrt44p5Ypef2I2VLGnem/p5IidB6LELbKYgZ6kVvKv7ntRPTvwxSJuPEoKTzRf2EuyZyp++7PaaQGj62hFDF7K0uHRJFqLEhFWwI/uLLy6RxVvYr5crdeal6lcWRhyM4hlPw4QKqcAM1qAMFCc/wCm+Odl6cd+dj3ppzsplD+APn8we4ZZD4</latexit>

Jµ
em

<latexit sha1_base64="rvgPfS0GPIeOb/jJFu9YxGuNUlc=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8SNgViR6jXsRTBPOA7BpmJ7PJkNnZZR5CWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dYcqZ0q777Swtr6yurRc2iptb2zu7pb39pkqMJLRBEp7IdogV5UzQhmaa03YqKY5DTlvh8Gbit56oVCwRD3qU0iDGfcEiRrC2kn/36AvTzVqn6GrcLZXdijsFWiReTsqQo94tffm9hJiYCk04VqrjuakOMiw1I5yOi75RNMVkiPu0Y6nAMVVBNr15jI6t0kNRIm0Jjabq74kMx0qN4tB2xlgP1Lw3Ef/zOkZHl0HGRGo0FWS2KDIc6QRNAkA9JinRfGQJJpLZWxEZYImJtjEVbQje/MuLpHlW8aqV6v15uXadx1GAQziCE/DgAmpwC3VoAIEUnuEV3hzjvDjvzsesdcnJZw7gD5zPHyXgkR8=</latexit>

J⌫
W,A

<11/16>



Convergence of Temporal Integration

Ø Baryon has different spin structure from meson, so they have different intermediate state: 

Ø The spatial component for axial current has even parity, so: 

<latexit sha1_base64="tl1eke9/viktmlLa//MOGUzIMRQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbyuyl/dHvlilt15yCrxMtJBXI0euWvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMj52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7nPS5QmbE2BLKFLe3EjakijJj8ynZELzll1dJ86Lq1aq1+8tK/SaPowgncArn4MEV1OEOGuADAw7P8ApvjnRenHfnY9FacPKZY/gD5/MHdzCOeg==</latexit>

⇡0

proton√ <latexit sha1_base64="ob3hEjSkphXpDMmoCO7qd5l+sb8=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKRI9BL+IpgnlgsobZSScZMjO7zMwKYclfePGgiFf/xpt/4yTZgyYWNBRV3XR3hTFn2njet5NbWV1b38hvFra2d3b3ivsHDR0limKdRjxSrZBo5Exi3TDDsRUrJCLk2AxH11O/+YRKs0jem3GMgSADyfqMEmOlh9vHjki6KYpJt1jyyt4M7jLxM1KCDLVu8avTi2giUBrKidZt34tNkBJlGOU4KXQSjTGhIzLAtqWSCNRBOrt44p5Ypef2I2VLGnem/p5IidB6LELbKYgZ6kVvKv7ntRPTvwxSJuPEoKTzRf2EuyZyp++7PaaQGj62hFDF7K0uHRJFqLEhFWwI/uLLy6RxVvYr5crdeal6lcWRhyM4hlPw4QKqcAM1qAMFCc/wCm+Odl6cd+dj3ppzsplD+APn8we4ZZD4</latexit>

Jµ
em

<latexit sha1_base64="rvgPfS0GPIeOb/jJFu9YxGuNUlc=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8SNgViR6jXsRTBPOA7BpmJ7PJkNnZZR5CWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dYcqZ0q777Swtr6yurRc2iptb2zu7pb39pkqMJLRBEp7IdogV5UzQhmaa03YqKY5DTlvh8Gbit56oVCwRD3qU0iDGfcEiRrC2kn/36AvTzVqn6GrcLZXdijsFWiReTsqQo94tffm9hJiYCk04VqrjuakOMiw1I5yOi75RNMVkiPu0Y6nAMVVBNr15jI6t0kNRIm0Jjabq74kMx0qN4tB2xlgP1Lw3Ef/zOkZHl0HGRGo0FWS2KDIc6QRNAkA9JinRfGQJJpLZWxEZYImJtjEVbQje/MuLpHlW8aqV6v15uXadx1GAQziCE/DgAmpwC3VoAIEUnuEV3hzjvDjvzsesdcnJZw7gD5zPHyXgkR8=</latexit>

J⌫
W,A

<latexit sha1_base64="ruc0yoJEn1Z5ruVAc/AQXfccAEU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqyH6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A2qOM/Q==</latexit>n <latexit sha1_base64="xNbTxtfgDoC/DyF4+jr7rv/Rki4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqJP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwB3auM/w==</latexit>p

<latexit sha1_base64="vB3fEY4PRwOOhP2r9BblkXeAqhA=">AAACF3icbVDLSsNAFJ34rPUVdelmsAguJCQi1Y1QdSOuKtgHNDFMptN26GQSZiZCifkLN/6KGxeKuNWdf+OkzUJbDwwczjmXO/cEMaNS2fa3MTe/sLi0XFopr66tb2yaW9tNGSUCkwaOWCTaAZKEUU4aiipG2rEgKAwYaQXDy9xv3RMhacRv1SgmXoj6nPYoRkpLvmm5DPE+I9CNKXyA137aOoTn2V3qhkmmhVx2xSRyBm3frNiWPQacJU5BKqBA3Te/3G6Ek5BwhRmSsuPYsfJSJBTFjGRlN5EkRniI+qSjKUchkV46viuD+1rpwl4k9OMKjtXfEykKpRyFgU6GSA3ktJeL/3mdRPVOvZTyOFGE48miXsKgimBeEuxSQbBiI00QFlT/FeIBEggrXWVZl+BMnzxLmkeWU7WqN8eV2kVRRwnsgj1wABxwAmrgCtRBA2DwCJ7BK3gznowX4934mETnjGJmB/yB8fkDLwKeDg==</latexit>

h⇡|Jµ
W,A|⇡i = 0

<latexit sha1_base64="5T57vtDqdx7CxDskxOvHHk1yIPI=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoPgQcOuSPQY9SKeIpgHZOMyO+lNhszOrjOzQljzFV78FS8eFPEq3vwbJ4+DJhY0FFXddHf5MWdK2/a3lZmbX1hcyi7nVlbX1jfym1s1FSWSQpVGPJINnyjgTEBVM82hEUsgoc+h7vcuhn79HqRikbjR/RhaIekIFjBKtJG8/KHLiehwwAI/4CsvrR/gs8Ft6obJwAgxduXYdgXcYdvLF+yiPQKeJc6EFNAEFS//5bYjmoQgNOVEqaZjx7qVEqkZ5TDIuYmCmNAe6UDTUEFCUK109NYA7xmljYNImhIaj9TfEykJleqHvukMie6qaW8o/uc1Ex2ctlIm4kSDoONFQcKxjvAwI9xmEqjmfUMIlczcimmXSEK1STJnQnCmX54ltaOiUyqWro8L5fNJHFm0g3bRPnLQCSqjS1RBVUTRI3pGr+jNerJerHfrY9yasSYz2+gPrM8fuG2d2w==</latexit>

hn|Jµ
W,A|pi 6= 0

<latexit sha1_base64="QTZmsZ2s1vrYtJy2X4lyJe30i5k=">AAACA3icbVDLSgNBEJyNrxhfq970MhiE5JCwKxI9BkXIMYJ5QLKG2clsMmT2wUyvEJaAF3/FiwdFvPoT3vwbJ8keNLGgoajqprvLjQRXYFnfRmZldW19I7uZ29re2d0z9w+aKowlZQ0ailC2XaKY4AFrAAfB2pFkxHcFa7mj66nfemBS8TC4g3HEHJ8MAu5xSkBLPfOoywPAfcC1AhQxu09KhZteu+QXYdIz81bZmgEvEzsleZSi3jO/uv2Qxj4LgAqiVMe2InASIoFTwSa5bqxYROiIDFhH04D4TDnJ7IcJPtVKH3uh1KUvmqm/JxLiKzX2Xd3pExiqRW8q/ud1YvAunYQHUQwsoPNFXiwwhHgaCO5zySiIsSaESq5vxXRIJKGgY8vpEOzFl5dJ86xsV8qV2/N89SqNI4uO0QkqIBtdoCqqoTpqIIoe0TN6RW/Gk/FivBsf89aMkc4coj8wPn8AGLeV6Q==</latexit>Z
dtH(t)e�(EX�m)t

pion×<latexit sha1_base64="ob3hEjSkphXpDMmoCO7qd5l+sb8=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKRI9BL+IpgnlgsobZSScZMjO7zMwKYclfePGgiFf/xpt/4yTZgyYWNBRV3XR3hTFn2njet5NbWV1b38hvFra2d3b3ivsHDR0limKdRjxSrZBo5Exi3TDDsRUrJCLk2AxH11O/+YRKs0jem3GMgSADyfqMEmOlh9vHjki6KYpJt1jyyt4M7jLxM1KCDLVu8avTi2giUBrKidZt34tNkBJlGOU4KXQSjTGhIzLAtqWSCNRBOrt44p5Ypef2I2VLGnem/p5IidB6LELbKYgZ6kVvKv7ntRPTvwxSJuPEoKTzRf2EuyZyp++7PaaQGj62hFDF7K0uHRJFqLEhFWwI/uLLy6RxVvYr5crdeal6lcWRhyM4hlPw4QKqcAM1qAMFCc/wCm+Odl6cd+dj3ppzsplD+APn8we4ZZD4</latexit>

Jµ
em

<latexit sha1_base64="rvgPfS0GPIeOb/jJFu9YxGuNUlc=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8SNgViR6jXsRTBPOA7BpmJ7PJkNnZZR5CWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dYcqZ0q777Swtr6yurRc2iptb2zu7pb39pkqMJLRBEp7IdogV5UzQhmaa03YqKY5DTlvh8Gbit56oVCwRD3qU0iDGfcEiRrC2kn/36AvTzVqn6GrcLZXdijsFWiReTsqQo94tffm9hJiYCk04VqrjuakOMiw1I5yOi75RNMVkiPu0Y6nAMVVBNr15jI6t0kNRIm0Jjabq74kMx0qN4tB2xlgP1Lw3Ef/zOkZHl0HGRGo0FWS2KDIc6QRNAkA9JinRfGQJJpLZWxEZYImJtjEVbQje/MuLpHlW8aqV6v15uXadx1GAQziCE/DgAmpwC3VoAIEUnuEV3hzjvDjvzsesdcnJZw7gD5zPHyXgkR8=</latexit>

J⌫
W,A

<11/16>



Convergence of Temporal Integration

Ø Baryon has different spin structure from meson, so they have different intermediate state: 

Ø The spatial component for axial current has even parity, so: 

<latexit sha1_base64="tl1eke9/viktmlLa//MOGUzIMRQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbyuyl/dHvlilt15yCrxMtJBXI0euWvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMj52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7nPS5QmbE2BLKFLe3EjakijJj8ynZELzll1dJ86Lq1aq1+8tK/SaPowgncArn4MEV1OEOGuADAw7P8ApvjnRenHfnY9FacPKZY/gD5/MHdzCOeg==</latexit>

⇡0

proton√ <latexit sha1_base64="ob3hEjSkphXpDMmoCO7qd5l+sb8=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKRI9BL+IpgnlgsobZSScZMjO7zMwKYclfePGgiFf/xpt/4yTZgyYWNBRV3XR3hTFn2njet5NbWV1b38hvFra2d3b3ivsHDR0limKdRjxSrZBo5Exi3TDDsRUrJCLk2AxH11O/+YRKs0jem3GMgSADyfqMEmOlh9vHjki6KYpJt1jyyt4M7jLxM1KCDLVu8avTi2giUBrKidZt34tNkBJlGOU4KXQSjTGhIzLAtqWSCNRBOrt44p5Ypef2I2VLGnem/p5IidB6LELbKYgZ6kVvKv7ntRPTvwxSJuPEoKTzRf2EuyZyp++7PaaQGj62hFDF7K0uHRJFqLEhFWwI/uLLy6RxVvYr5crdeal6lcWRhyM4hlPw4QKqcAM1qAMFCc/wCm+Odl6cd+dj3ppzsplD+APn8we4ZZD4</latexit>

Jµ
em

<latexit sha1_base64="rvgPfS0GPIeOb/jJFu9YxGuNUlc=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8SNgViR6jXsRTBPOA7BpmJ7PJkNnZZR5CWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dYcqZ0q777Swtr6yurRc2iptb2zu7pb39pkqMJLRBEp7IdogV5UzQhmaa03YqKY5DTlvh8Gbit56oVCwRD3qU0iDGfcEiRrC2kn/36AvTzVqn6GrcLZXdijsFWiReTsqQo94tffm9hJiYCk04VqrjuakOMiw1I5yOi75RNMVkiPu0Y6nAMVVBNr15jI6t0kNRIm0Jjabq74kMx0qN4tB2xlgP1Lw3Ef/zOkZHl0HGRGo0FWS2KDIc6QRNAkA9JinRfGQJJpLZWxEZYImJtjEVbQje/MuLpHlW8aqV6v15uXadx1GAQziCE/DgAmpwC3VoAIEUnuEV3hzjvDjvzsesdcnJZw7gD5zPHyXgkR8=</latexit>

J⌫
W,A

<latexit sha1_base64="ruc0yoJEn1Z5ruVAc/AQXfccAEU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqyH6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A2qOM/Q==</latexit>n <latexit sha1_base64="xNbTxtfgDoC/DyF4+jr7rv/Rki4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqJP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwB3auM/w==</latexit>p

<latexit sha1_base64="vB3fEY4PRwOOhP2r9BblkXeAqhA=">AAACF3icbVDLSsNAFJ34rPUVdelmsAguJCQi1Y1QdSOuKtgHNDFMptN26GQSZiZCifkLN/6KGxeKuNWdf+OkzUJbDwwczjmXO/cEMaNS2fa3MTe/sLi0XFopr66tb2yaW9tNGSUCkwaOWCTaAZKEUU4aiipG2rEgKAwYaQXDy9xv3RMhacRv1SgmXoj6nPYoRkpLvmm5DPE+I9CNKXyA137aOoTn2V3qhkmmhVx2xSRyBm3frNiWPQacJU5BKqBA3Te/3G6Ek5BwhRmSsuPYsfJSJBTFjGRlN5EkRniI+qSjKUchkV46viuD+1rpwl4k9OMKjtXfEykKpRyFgU6GSA3ktJeL/3mdRPVOvZTyOFGE48miXsKgimBeEuxSQbBiI00QFlT/FeIBEggrXWVZl+BMnzxLmkeWU7WqN8eV2kVRRwnsgj1wABxwAmrgCtRBA2DwCJ7BK3gznowX4934mETnjGJmB/yB8fkDLwKeDg==</latexit>

h⇡|Jµ
W,A|⇡i = 0
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Convergence of Temporal Integration

Ø To solve the signal-to-noise problem and improve the convergence of temporal integration., we use the 

infinite volume reconstruction (IVR)* method.
X. Feng and L. Jin, Phys. Rev. D 100, no.9, 094509 (2019).
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Infinite Volume Reconstruction

Plateau after IVR
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Substitution Method

Ø Box term encounters a notably increased noise 

originating from Mn(Q2) at small Q2 region.

Ø we can use the model-independent relation:
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Substitution Method

Ø Box term encounters a notably increased noise 

originating from Mn(Q2) at small Q2 region.

Ø we can use the model-independent relation:

Ø There exists a uniform scale Q0 = 0.2 GeV, when 

Q<Q0 the substitution method exhibits superiority.
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Numerical Result

Ø We use two lattice ensembles generated by RBC and UKQCD Collaborations and both of them have physical pion mass:  

ensemble Mπ/MeV L3×T a/fm L·a/fm Nconf

24D 141.2(4) 243×64 0.1944 4.665 207

32D-fine 143.0(3) 323×64 0.1432 4.582 69
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Summary

ØThe first lattice calculation of γW-box correction was successfully conducted in the pion channel 

and has been confirmed by an independent lattice calculation.

ØWe perform the first realistic lattice QCD calculation of the universal γW-box correction to both 

super-allowed nuclear and neutron beta decays. 

ØWe incorporate long-distance contributions to the hadronic function using the infinite-volume 

reconstruction(IVR) method. 

ØOur calculation tends to decrease CKM discrepancy ( ~ 1.8 σ).

ØBetter error estimation requires configurations with more lattice spacings of different sizes as input. 
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