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Quark model
<latexit sha1_base64="Flw6rCGyp4vAVYplbBvCjS6TzmI=">AAACCXicbVBNS8NAEN3Ur1q/qh69LBZBEEoiRb0IRS8eK9gPaGrZbCbt0s0m7G6Ekvbqxb/ixYMiXv0H3vw3btsctPXBwOO9GWbmeTFnStv2t5VbWl5ZXcuvFzY2t7Z3irt7DRUlkkKdRjySLY8o4ExAXTPNoRVLIKHHoekNrid+8wGkYpG408MYOiHpCRYwSrSRukU8cmN2f4JdSUSPw+Uowa5HZOqPM6VbLNllewq8SJyMlFCGWrf45foRTUIQmnKiVNuxY91JidSMchgX3ERBTOiA9KBtqCAhqE46/WSMj4zi4yCSpoTGU/X3REpCpYahZzpDovtq3puI/3ntRAcXnZSJONEg6GxRkHCsIzyJBftMAtV8aAihkplbMe0TSag24RVMCM78y4ukcVp2zsqV20qpepXFkUcH6BAdIwedoyq6QTVURxQ9omf0it6sJ+vFerc+Zq05K5vZR39gff4AcYSaMw==</latexit>

|⇡+i = |ud̄i

<latexit sha1_base64="7NDQOBMATuQFL4Vv4GVCgqw3reE="></latexit>

|⇡0i = 1p
2
[|uūi � |dd̄i]

<latexit sha1_base64="IJ+3vrdO/ppblGGbYSdG850sRnk=">AAACC3icbVDLSgNBEOyNrxhfUY9ehgTBi2FXgnoRgl48RjAPyK5hdnaSDJmdXWZmhbDJ3Yu/4sWDIl79AW/+jZOHoIkFDUVVN91dfsyZ0rb9ZWWWlldW17LruY3Nre2d/O5eXUWJJLRGIh7Jpo8V5UzQmmaa02YsKQ59Tht+/2rsN+6pVCwSt3oQUy/EXcE6jGBtpHa+MHRjdpcej1yJRZfTiyEKkOtjmSY/UjtftEv2BGiRODNShBmq7fynG0QkCanQhGOlWo4day/FUjPC6SjnJorGmPRxl7YMFTikyksnv4zQoVEC1ImkKaHRRP09keJQqUHom84Q656a98bif14r0Z1zL2UiTjQVZLqok3CkIzQOBgVMUqL5wBBMJDO3ItLDEhNt4suZEJz5lxdJ/aTknJbKN+Vi5XIWRxYOoABH4MAZVOAaqlADAg/wBC/waj1az9ab9T5tzVizmX34A+vjG1eqm0E=</latexit>

|⇡�i = |dūi

<latexit sha1_base64="iI8+EKdJU/MONHPCeth22JJFhX4="></latexit>

|q1q̄2i =
1p
2
[|q1q̄2i+ |q̄2q1i

Wavefunction?
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Quark model <latexit sha1_base64="ZkimxqNBC5DT1Z+vnrpfDtML3j0=">AAACR3icbZBLSwMxFIUz9VXrq+rSTbAIrsqMigpuCm50p2BtoVNLJr3ThmYyY3JHKGP/nRu37vwLblwo4tL0sVDbA4HDd+4lyQkSKQy67quTm5tfWFzKLxdWVtfWN4qbW7cmTjWHKo9lrOsBMyCFgioKlFBPNLAokFALeufDvPYA2ohY3WA/gWbEOkqEgjO0qFW88yWE+GjoGTWt7HDga9Hpoq+Z6kgYZ/4D8EzPSu5nMP6HtYolt+yORKeNNzElMtFVq/jit2OeRqCQS2ZMw3MTbGZMo+ASBgU/NZAw3mMdaFirWASmmY16GNA9S9o0jLU9CumI/t7IWGRMPwrsZMSwa/5nQzgra6QYnjYzoZIUQfHxRWEqKcZ0WCptCw0cZd8axrWwb6W8yzTjaKsv2BK8/1+eNrcHZe+4fHR9VKpcTurIkx2yS/aJR05IhVyQK1IlnDyRN/JBPp1n5935cr7HozlnsrNN/ijn/AC4LrVz</latexit>

|s; s3i |~ri |qi |ci

<latexit sha1_base64="0vkjgH3elkLltgGCV3XxTFNI1ts=">AAACBXicbVA9SwNBEN3z2/h1aqnFYhCswp2IWgo2WggKxgRyR9jbTOLi3t5ld04MRxob/4qNhSK2/gc7/42b5ApNfDDweG+GmXlRKoVBz/t2pqZnZufmFxZLS8srq2vu+saNSTLNocoTmeh6xAxIoaCKAiXUUw0sjiTUorvTgV+7B21Eoq6xl0IYs44SbcEZWqnpbgcID5hfgElUnwbQzcQ97dIgYpp2m27Zq3hD0EniF6RMClw23a+glfAsBoVcMmMavpdimDONgkvol4LMQMr4HetAw1LFYjBhPvyiT3et0qLtRNtSSIfq74mcxcb04sh2xgxvzbg3EP/zGhm2j8NcqDRDUHy0qJ1JigkdREJbQgNH2bOEcS3srZTfMs042uBKNgR//OVJcrNf8Q8rB1cH5ZPzIo4FskV2yB7xyRE5IWfkklQJJ4/kmbySN+fJeXHenY9R65RTzGySP3A+fwA1Lphn</latexit>

Meson ⌘ qq̄ <latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u

<latexit sha1_base64="u5VpqmKHJ0Qv5rZSi1TQaAgWZxg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWw2m3btZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jEeCRYxgo2VOoMAKxQOqzW37uZAq8QrSA0KtIbVr0EoSRpTYQjHWvc9NzF+hpVhhNNZZZBqmmAywSPat1TgmGo/y6+doTOrhCiSypYwKFd/T2Q41noaB7Yzxmasl725+J/XT0107WdMJKmhgiwWRSlHRqL56yhkihLDp5Zgopi9FZExVpgYG1DFhuAtv7xKOhd177LeuG/UmjdFHGU4gVM4Bw+uoAl30II2EHiEZ3iFN0c6L86787FoLTnFzDH8gfP5AxlajtQ=</latexit>

d̄

<latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u

<latexit sha1_base64="6RGyxSpGdjBVjBd8EpowzXy9J10="></latexit>

1p
2

⇣
1� P̂12

⌘
|n`SJJzi |q1q̄2i

<latexit sha1_base64="Abvft+4AN6hvASsCCndD1zQgv7s="></latexit>

=
X

s1zs2z

X

`zSz

C`S
JJz ;`zSz

Cs1s2
SSz ;s1zs2z

|s1s2; s1zs2zi
Z

d3rRn`(r)Y
`z
` (n̂)|~ri

<latexit sha1_base64="qyIRSH4FdqSW+w42KB2bYRu64fc="></latexit>

|n`SJJzi =
X

`S

h`S; `zSz | JJzi
X

s1s2

|s1s2; s1zs2zi hs1s2; s1zs2z | SSzi
Z

d3r|~ri h~r | n``zi

Single q

Basic QN
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Quark model
<latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u

<latexit sha1_base64="u5VpqmKHJ0Qv5rZSi1TQaAgWZxg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWw2m3btZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jEeCRYxgo2VOoMAKxQOqzW37uZAq8QrSA0KtIbVr0EoSRpTYQjHWvc9NzF+hpVhhNNZZZBqmmAywSPat1TgmGo/y6+doTOrhCiSypYwKFd/T2Q41noaB7Yzxmasl725+J/XT0107WdMJKmhgiwWRSlHRqL56yhkihLDp5Zgopi9FZExVpgYG1DFhuAtv7xKOhd177LeuG/UmjdFHGU4gVM4Bw+uoAl30II2EHiEZ3iFN0c6L86787FoLTnFzDH8gfP5AxlajtQ=</latexit>

d̄

<latexit sha1_base64="oSNPxH9DwECjL9OLJhXW6bTE1/M=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSJ4CklptceCF71VMG2hDWWznbRLN5uwuxFK6W/w4kERr/4gb/4bk7aCnw8GHu/NMDMvSATXxnHerZXVtfWNzcJWcXtnd2+/dHDY0nGqGHosFrHqBFSj4BI9w43ATqKQRoHAdjC+zP32HSrNY3lrJgn6ER1KHnJGTSZ5PRSi2C+VHbvmOJVanfwmru3MUYYlmv3SW28QszRCaZigWnddJzH+lCrDmcBZsZdqTCgb0yF2MypphNqfzo+dkdNMGZAwVllJQ+bq14kpjbSeREHWGVEz0j+9XPzL66YmrPtTLpPUoGSLRWEqiIlJ/jkZcIXMiElGKFM8u5WwEVWUmSyfPITPT8n/pFWx3XO7elMtN66XcRTgGE7gDFy4gAZcQRM8YMDhHh7hyZLWg/VsvSxaV6zlzBF8g/X6AZ7Ajps=</latexit>

`

<latexit sha1_base64="6RGyxSpGdjBVjBd8EpowzXy9J10="></latexit>

1p
2

⇣
1� P̂12

⌘
|n`SJJzi |q1q̄2i

<latexit sha1_base64="bNroWFmqNsYBFGoV02mVmxavtjM="></latexit>��n2S+1`J (q1q̄2)
↵
=

<latexit sha1_base64="fqV+200pyP4fBgKa6jxr9CZPokA="></latexit>

=
1p
6

X

s1zs2z

X

`zSz

C`S
JJz ;`zSz

Cs1s2
SSz ;s1zs2z

|s1s2; s1zs2zi

<latexit sha1_base64="rV1/zXrIY/c5I46sYiz7RR2U7x8="></latexit>

⇥
Z

d3rRn`(r)Y
`z
` (n̂)|~ri ⇥

⇥
|q1q̄2i+ (�1)`+S |q̄2q1i

⇤

<latexit sha1_base64="Gdbx+gvxIarqbiSkqlw7ZZHbQZ4="></latexit>

P̂
��n2S+1`J(qq̄)

↵
= (�1)`+1

��n2S+1`J(qq̄)
↵

Ĉ
��n2S+1`J(qq̄)

↵
= (�1)`+S

��n2S+1`J(qq̄)
↵

Spectroscopic notation
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Quark model

<latexit sha1_base64="Gdbx+gvxIarqbiSkqlw7ZZHbQZ4="></latexit>

P̂
��n2S+1`J(qq̄)

↵
= (�1)`+1

��n2S+1`J(qq̄)
↵

Ĉ
��n2S+1`J(qq̄)

↵
= (�1)`+S

��n2S+1`J(qq̄)
↵

<latexit sha1_base64="LPPD8RZdUFGFMqwJ4Ry8+BcDY6g="></latexit>

singlet triplet

` = 0 0�+ 1��

` = 1 1+� (0, 1, 2)++

` = 2 2�+ (1, 2, 3)��

<latexit sha1_base64="P6/oMKm9KApDQyesZI1qKBMa45k="></latexit>

JPC

States classified by JPC

Not all QN allowed for qq̄

Spin
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Quark model

<latexit sha1_base64="dbrnikGf/HBmFz3Kn6/0DZfM0pQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeCF71VsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wj66nfemLacCXv7ThhQUwGkkecEuukZlcP1YPXK1e8qjcDXiZ+TiqQo94rf3X7iqYxk5YKYkzH9xIbZERbTgWblLqpYQmhIzJgHUcliZkJstm1E3zilD6OlHYlLZ6pvycyEhszjkPXGRM7NIveVPzP66Q2ugoyLpPUMknni6JUYKvw9HXc55pRK8aOEKq5uxXTIdGEWhdQyYXgL768TJpnVf+ien53Xqnd5nEU4QiO4RR8uIQa3EAdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfP0l6jvk=</latexit>

⇢0

<latexit sha1_base64="Gdbx+gvxIarqbiSkqlw7ZZHbQZ4="></latexit>

P̂
��n2S+1`J(qq̄)

↵
= (�1)`+1

��n2S+1`J(qq̄)
↵

Ĉ
��n2S+1`J(qq̄)

↵
= (�1)`+S

��n2S+1`J(qq̄)
↵

Crucial for hadron physics
JPC = 1−(−)

<latexit sha1_base64="YKqh2a+oSc4hlj5cb4u6G5hXavE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBPJRdKeqx4EXw0oLbFtq1ZNNsG5tNliQrlKXgT/DiQRGv/h9v/hvTj4O2Phh4vDfDzLww4Uwb1/12ciura+sb+c3C1vbO7l5x/6ChZaoI9YnkUrVCrClngvqGGU5biaI4DjlthsPrid98pEozKe7MKKFBjPuCRYxgY6XG7X125o67xZJbdqdAy8SbkxLMUesWvzo9SdKYCkM41rrtuYkJMqwMI5yOC51U0wSTIe7TtqUCx1QH2fTaMTqxSg9FUtkSBk3V3xMZjrUexaHtjLEZ6EVvIv7ntVMTXQUZE0lqqCCzRVHKkZFo8jrqMUWJ4SNLMFHM3orIACtMjA2oYEPwFl9eJo3zsndRrtQrpWr9aRZHHo7gGE7Bg0uowg3UwAcCD/AMr/DmSOfFeXc+Zq05Zx7hIfyB8/kDG96PSQ==</latexit>

K⇤0

<latexit sha1_base64="x0GpSiQ+wvql6sDn5L86t37Lwis=">AAAB73icbVDJSgNBEO2JW4xb1KOXxiB4CjMS1GPAi8cEzALJGHo6NUmTXsbuHiEMAb/BiwdFvPo73vwbO8tBEx8UPN6roqpelHBmrO9/e7m19Y3Nrfx2YWd3b/+geHjUNCrVFBpUcaXbETHAmYSGZZZDO9FARMShFY1upn7rEbRhSt7ZcQKhIAPJYkaJdVK7qwQMyL3fK5b8sj8DXiXBgpTQArVe8avbVzQVIC3lxJhO4Cc2zIi2jHKYFLqpgYTQERlAx1FJBJgwm907wWdO6eNYaVfS4pn6eyIjwpixiFynIHZolr2p+J/XSW18HWZMJqkFSeeL4pRjq/D0edxnGqjlY0cI1czdiumQaEKti6jgQgiWX14lzYtycFmu1Culav1pHkcenaBTdI4CdIWq6BbVUANRxNEzekVv3oP34r17H/PWnLeI8Bj9gff5A+PvkFU=</latexit>

!0
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Quark model

<latexit sha1_base64="dbrnikGf/HBmFz3Kn6/0DZfM0pQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeCF71VsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wj66nfemLacCXv7ThhQUwGkkecEuukZlcP1YPXK1e8qjcDXiZ+TiqQo94rf3X7iqYxk5YKYkzH9xIbZERbTgWblLqpYQmhIzJgHUcliZkJstm1E3zilD6OlHYlLZ6pvycyEhszjkPXGRM7NIveVPzP66Q2ugoyLpPUMknni6JUYKvw9HXc55pRK8aOEKq5uxXTIdGEWhdQyYXgL768TJpnVf+ien53Xqnd5nEU4QiO4RR8uIQa3EAdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfP0l6jvk=</latexit>

⇢0

<latexit sha1_base64="Gdbx+gvxIarqbiSkqlw7ZZHbQZ4="></latexit>

P̂
��n2S+1`J(qq̄)

↵
= (�1)`+1

��n2S+1`J(qq̄)
↵

Ĉ
��n2S+1`J(qq̄)

↵
= (�1)`+S

��n2S+1`J(qq̄)
↵

Vector mesons
JPC = 1−(−)

<latexit sha1_base64="X6TvcKaB7jBocxqfW1enW3Nty4c=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BLx4TMA9IljA7O5sMmZ1dZnqFsAT8BS8eFPHq93jzb5w8DppY0FBUddPdFaRSGHTdb6ewsbm1vVPcLe3tHxwelY9P2ibJNOMtlshEdwNquBSKt1Cg5N1UcxoHkneC8d3M7zxybUSiHnCScj+mQyUiwShaqRP2A6qJGZQrbtWdg6wTb0kqsERjUP7qhwnLYq6QSWpMz3NT9HOqUTDJp6V+ZnhK2ZgOec9SRWNu/Hx+7pRcWCUkUaJtKSRz9fdETmNjJnFgO2OKI7PqzcT/vF6G0a2fC5VmyBVbLIoySTAhs99JKDRnKCeWUKaFvZWwEdWUoU2oZEPwVl9eJ+2rqnddrTVrlXrzaRFHEc7gHC7Bgxuowz00oAUMxvAMr/DmpM6L8+58LFoLzjLCU/gD5/MHGX6P4A==</latexit>

ds̄
<latexit sha1_base64="YKqh2a+oSc4hlj5cb4u6G5hXavE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBPJRdKeqx4EXw0oLbFtq1ZNNsG5tNliQrlKXgT/DiQRGv/h9v/hvTj4O2Phh4vDfDzLww4Uwb1/12ciura+sb+c3C1vbO7l5x/6ChZaoI9YnkUrVCrClngvqGGU5biaI4DjlthsPrid98pEozKe7MKKFBjPuCRYxgY6XG7X125o67xZJbdqdAy8SbkxLMUesWvzo9SdKYCkM41rrtuYkJMqwMI5yOC51U0wSTIe7TtqUCx1QH2fTaMTqxSg9FUtkSBk3V3xMZjrUexaHtjLEZ6EVvIv7ntVMTXQUZE0lqqCCzRVHKkZFo8jrqMUWJ4SNLMFHM3orIACtMjA2oYEPwFl9eJo3zsndRrtQrpWr9aRZHHo7gGE7Bg0uowg3UwAcCD/AMr/DmSOfFeXc+Zq05Zx7hIfyB8/kDG96PSQ==</latexit>

K⇤0

<latexit sha1_base64="x0GpSiQ+wvql6sDn5L86t37Lwis=">AAAB73icbVDJSgNBEO2JW4xb1KOXxiB4CjMS1GPAi8cEzALJGHo6NUmTXsbuHiEMAb/BiwdFvPo73vwbO8tBEx8UPN6roqpelHBmrO9/e7m19Y3Nrfx2YWd3b/+geHjUNCrVFBpUcaXbETHAmYSGZZZDO9FARMShFY1upn7rEbRhSt7ZcQKhIAPJYkaJdVK7qwQMyL3fK5b8sj8DXiXBgpTQArVe8avbVzQVIC3lxJhO4Cc2zIi2jHKYFLqpgYTQERlAx1FJBJgwm907wWdO6eNYaVfS4pn6eyIjwpixiFynIHZolr2p+J/XSW18HWZMJqkFSeeL4pRjq/D0edxnGqjlY0cI1czdiumQaEKti6jgQgiWX14lzYtycFmu1Culav1pHkcenaBTdI4CdIWq6BbVUANRxNEzekVv3oP34r17H/PWnLeI8Bj9gff5A+PvkFU=</latexit>

!0

<latexit sha1_base64="iuTjlONw7HB3qvYKDJcmJJ7hiDw=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBR6sKSlKIuC25cSQV7gaaUyWTSDp1M4lyEEvIGbnwVNy4UcevWnW/jtM1Cqz8MfPznHM6c308YlcpxvqzC0vLK6lpxvbSxubW9Y+/utWWsBSYtHLNYdH0kCaOctBRVjHQTQVDkM9Lxx5fTeueeCEljfqsmCelHaMhpSDFSxhrYx14oEE4rGno+ElDDUxjMMTjJUk/eCZXWsmxgl52qMxP8C24OZZCrObA/vSDGOiJcYYak7LlOovopEopiRrKSpyVJEB6jIekZ5Cgisp/O7sngkXECGMbCPK7gzP05kaJIyknkm84IqZFcrE3N/2o9rcKLfkp5ohXheL4o1AyqGE7DgQEVBCs2MYCwoOavEI+QCUiZCEsmBHfx5L/QrlXds2r9pl5uXOdxFMEBOAQV4IJz0ABXoAlaAIMH8ARewKv1aD1bb9b7vLVg5TP74Jesj28dq5uG</latexit>

(uū� dd̄)p
2

<latexit sha1_base64="B/QU4r5BMD1KhJlIN61KnJJPZIA=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBRKkJJSlGXBTeupIK9QFPKZDJph04mcS5CCXkDN76KGxeKuHXrzrdx2mah1R8GPv5zDmfO7yeMSuU4X1ZhaXllda24XtrY3NresXf32jLWApMWjlksuj6ShFFOWooqRrqJICjyGen448tpvXNPhKQxv1WThPQjNOQ0pBgpYw3sYy8UCKcVDT0fCajhKQzmGJxkqSfvhEprWTawy07VmQn+BTeHMsjVHNifXhBjHRGuMENS9lwnUf0UCUUxI1nJ05IkCI/RkPQMchQR2U9n92TwyDgBDGNhHldw5v6cSFEk5STyTWeE1Egu1qbmf7WeVuFFP6U80YpwPF8UagZVDKfhwIAKghWbGEBYUPNXiEfIBKRMhCUTgrt48l9o16ruWbV+Uy83rvM4iuAAHIIKcME5aIAr0AQtgMEDeAIv4NV6tJ6tN+t93lqw8pl98EvWxzcaeZuE</latexit>

(uū+ dd̄)p
2
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Quark model

<latexit sha1_base64="dbrnikGf/HBmFz3Kn6/0DZfM0pQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeCF71VsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wj66nfemLacCXv7ThhQUwGkkecEuukZlcP1YPXK1e8qjcDXiZ+TiqQo94rf3X7iqYxk5YKYkzH9xIbZERbTgWblLqpYQmhIzJgHUcliZkJstm1E3zilD6OlHYlLZ6pvycyEhszjkPXGRM7NIveVPzP66Q2ugoyLpPUMknni6JUYKvw9HXc55pRK8aOEKq5uxXTIdGEWhdQyYXgL768TJpnVf+ien53Xqnd5nEU4QiO4RR8uIQa3EAdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfP0l6jvk=</latexit>

⇢0

Coupling to photons

<latexit sha1_base64="ficG6S0CVAbS+5Ck3r2OlsQvrdk=">AAACJnicbZDLSgMxFIYz3q23UZdugkVwVWaKeCkIggt1V8HaQjsOZ9K0DSaTIckIZZinceOruHFREXHno5jWItr6Q+DnO+dwcv4o4Uwbz/twZmbn5hcWl5YLK6tr6xvu5tatlqkitEYkl6oRgaacxbRmmOG0kSgKIuK0Ht2fD+v1B6o0k/GN6Sc0ENCNWYcRMBaF7mnrAoSAMGupnrzLvDyv4B8kBe3CJEx6LD89qWC/gsuhW/RK3kh42vhjU0RjVUN30GpLkgoaG8JB66bvJSbIQBlGOM0LrVTTBMg9dGnT2hgE1UE2OjPHe5a0cUcq+2KDR/T3RAZC676IbKcA09OTtSH8r9ZMTec4yFicpIbG5HtRJ+XYSDzMDLeZosTwvjVAFLN/xaQHCoixyRZsCP7kydPmtlzyD0sH1wfFs6txHEtoB+2ifeSjI3SGLlEV1RBBj+gZDdCr8+S8OG/O+3frjDOe2UZ/5Hx+AQA8pNM=</latexit>

�⇢0 : �!0 : �� = 9 : 1 : 2

<latexit sha1_base64="p4l6eqh0u6fDdhqA6IlCKLxTMks=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZTtqlm03Y3Qil9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSq4Nq777ZTW1jc2t8rblZ3dvf2D6uFRSyeZYuizRCSqE1KNgkv0DTcCO6lCGocC2+H4NvfbT6g0T+SjmaQYxHQoecQZNVbye+mIV/rVmlt35yCrxCtIDQo0+9Wv3iBhWYzSMEG17npuaoIpVYYzgbNKL9OYUjamQ+xaKmmMOpjOj52RM6sMSJQoW9KQufp7YkpjrSdxaDtjakZ62cvF/7xuZqKbYMplmhmUbLEoygQxCck/JwOukBkxsYQyxe2thI2ooszYfPIQvOWXV0nrou5d1S8fLmuN+yKOMpzAKZyDB9fQgDtogg8MODzDK7w50nlx3p2PRWvJKWaO4Q+czx9OQI5j</latexit>

�
<latexit sha1_base64="EL6O0gfrF+cr1XaDarmiuAOLq1E=">AAACDHicbVBPS8MwHE3nvzn/TT16CQ5hg1HaMbbhaeBFbxPcHKxlpFm2hSVtSVJhlH0AL34VLx4U8eoH8Oa3Me160M0HCY/33o/k97yQUaks69vIbWxube/kdwt7+weHR8Xjk54MIoFJFwcsEH0PScKoT7qKKkb6oSCIe4zce7OrxL9/IELSwL9T85C4HE18OqYYKS0Ni6Vyy2w5IYc1s1FxqpdO1U7vsm02E9ky6xWdskwrBVwndkZKIENnWPxyRgGOOPEVZkjKgW2Fyo2RUBQzsig4kSQhwjM0IQNNfcSJdON0mQW80MoIjgOhj69gqv6eiBGXcs49neRITeWql4j/eYNIjVtuTP0wUsTHy4fGEYMqgEkzcEQFwYrNNUFYUP1XiKdIIKx0fwVdgr268jrp1Uy7YdZv66X2TVZHHpyBc1AGNmiCNrgGHdAFGDyCZ/AK3own48V4Nz6W0ZyRzZyCPzA+fwD+BpaO</latexit>

(8.8± 2.6) : 1 : (1.7± 0.4)

Theoretical expectation

Experiment

<latexit sha1_base64="x0GpSiQ+wvql6sDn5L86t37Lwis=">AAAB73icbVDJSgNBEO2JW4xb1KOXxiB4CjMS1GPAi8cEzALJGHo6NUmTXsbuHiEMAb/BiwdFvPo73vwbO8tBEx8UPN6roqpelHBmrO9/e7m19Y3Nrfx2YWd3b/+geHjUNCrVFBpUcaXbETHAmYSGZZZDO9FARMShFY1upn7rEbRhSt7ZcQKhIAPJYkaJdVK7qwQMyL3fK5b8sj8DXiXBgpTQArVe8avbVzQVIC3lxJhO4Cc2zIi2jHKYFLqpgYTQERlAx1FJBJgwm907wWdO6eNYaVfS4pn6eyIjwpixiFynIHZolr2p+J/XSW18HWZMJqkFSeeL4pRjq/D0edxnGqjlY0cI1czdiumQaEKti6jgQgiWX14lzYtycFmu1Culav1pHkcenaBTdI4CdIWq6BbVUANRxNEzekVv3oP34r17H/PWnLeI8Bj9gff5A+PvkFU=</latexit>

!0

<latexit sha1_base64="BucRIzEbJawxWRDBRdW42M2+TDI="></latexit>

�(⇢) / 1

2
(Qu �Qd)

2 =
1

18
9

<latexit sha1_base64="qE8FH3Po20Gwj3jzAwQbvg/o4mg=">AAACHnicbZDLSgMxFIYz9VbrrerSTbAIFaTMlKrdCAUX6q4Fe4FOLZk004YmMyHJCGWYJ3Hjq7hxoYjgSt/G9IJo6w+Bn/+cw8n5PMGo0rb9ZaWWlldW19LrmY3Nre2d7O5eQ4WRxKSOQxbKlocUYTQgdU01Iy0hCeIeI01veDmuN++JVDQMbvVIkA5H/YD6FCNtom721L1CnKO8Kwb0GLpChkKH0PUlwrGTxMWk1lV3xYufwCkn7kmxm83ZBXsiuGicmcmBmard7IfbC3HESaAxQ0q1HVvoToykppiRJONGigiEh6hP2sYGiBPViSfnJfDIJD3oh9K8QMNJ+nsiRlypEfdMJ0d6oOZr4/C/WjvSfrkT00BEmgR4usiPGDQExqxgj0qCNRsZg7Ck5q8QD5AhoQ3RjIHgzJ+8aBrFgnNWKNVKucrNDEcaHIBDkAcOOAcVcA2qoA4weABP4AW8Wo/Ws/VmvU9bU9ZsZh/8kfX5Dc+pobE=</latexit>

�(�) / 1

2
Q2

s =
1

18
2

<latexit sha1_base64="R2/EOF2/uHfWwsPfZ3rUFKsQ6mk="></latexit>

�(!) / 1

2
(Qu +Qd)

2 =
1

18

JPC = 1−(−)

It works!
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IG(JPC)
<latexit sha1_base64="NJG3s9HK18N/Ghc4pnrJNOYsI8s=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkmkqMeCF71VMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz321lZXVvf2CxsFbd3dvf2SweHDR2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIajm6nffEKleSwfzDjBIKIDyfucUWMlv5Pwx/NuqexW3BnIMvFyUoYc9W7pq9OLWRqhNExQrduem5ggo8pwJnBS7KQaE8pGdIBtSyWNUAfZ7NgJObVKj/RjZUsaMlN/T2Q00nochbYzomaoF72p+J/XTk3/Osi4TFKDks0X9VNBTEymn5MeV8iMGFtCmeL2VsKGVFFmbD5FG4K3+PIyaVxUvMtK9b5art3lcRTgGE7gDDy4ghrcQh18YMDhGV7hzZHOi/PufMxbV5x85gj+wPn8AXETjno=</latexit>

⇡+

<latexit sha1_base64="47v8CN7i8zwwu2b4EoNTc9uJyyU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBi94qmLbQxrLZTtulm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777aysrq1vbBa2its7u3v7pYPDho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPRzdRvPqHSPJYPZpxgENGB5H3OqLGS30n443m3VHYr7gxkmXg5KUOOerf01enFLI1QGiao1m3PTUyQUWU4EzgpdlKNCWUjOsC2pZJGqINsduyEnFqlR/qxsiUNmam/JzIaaT2OQtsZUTPUi95U/M9rp6Z/HWRcJqlByeaL+qkgJibTz0mPK2RGjC2hTHF7K2FDqigzNp+iDcFbfHmZNC4 q3mWlel8t1+7yOApwDCdwBh5cQQ1uoQ4+MODwDK/w5kjnxXl3PuatK04+cwR/4Hz+AHQbjnw=</latexit>

⇡�

<latexit sha1_base64="/QpM5W1M8xqIB/ZoC/LJdvJ4CgM=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF71FMA9IljA7mU2GzGOZmRXCko/w4kERr36PN//G2WQPmljQUFR1090VJZwZ6/vfXmltfWNzq7xd2dnd2z+oHh61jUo1oS2iuNLdCBvKmaQtyyyn3URTLCJOO9HkNvc7T1QbpuSjnSY0FHgkWcwItk7q9JWgI1wZVGt+3Z8DrZKgIDUo0BxUv/pDRVJBpSUcG9ML/MSGGdaWEU5nlX5qaILJBI9oz1GJBTVhNj93hs6cMkSx0q6kRXP190SGhTFTEblOge3YLHu5+J/XS218E2ZMJqmlkiwWxSlHVqH8dzRkmhLLp45gopm7FZEx1phYl1AeQrD88ippX9SDq/rlw2WtcV/EUYYTOIVzCOAaGnAHTWgBgQk8wyu8eYn34r17H4vWklfMHMMfeJ8/y7WPPw==</latexit>!

<latexit sha1_base64="crtRGqYWtPyPEwu7cQGjmFB2Hz0=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBZBPJREinoseFG8VDBtoY1ls920SzebsLsRSuhv8OJBEa/+IG/+GzdtDtr6YODx3gwz84KEM6Ud59sqrayurW+UN+2t7Z3dvcr+QUvFqSTUIzGPZSfAinImqKeZ5rSTSIqjgNN2ML7O/fYTlYrF4kFPEupHeChYyAjWRvLuHs9su1+pOjVnBrRM3IJUoUCzX/nqDWKSRlRowrFSXddJtJ9hqRnhdGr3UkUTTMZ4SLuGChxR5WezY6foxCgDFMbSlNBopv6eyHCk1CQKTGeE9Ugtern4n9dNdXjlZ0wkqaaCzBeFKUc6RvnnaMAkJZpPDMFEMnMrIiMsMdEmnzwEd/HlZdI6r7kXtfp9vdq4LeIowxEcwym4cAkNuIEmeECAwTO8wpslrBfr3fqYt5asYuYQ/sD6/AEp3I2j</latexit>

K⇤

<latexit sha1_base64="dbrnikGf/HBmFz3Kn6/0DZfM0pQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeCF71VsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wj66nfemLacCXv7ThhQUwGkkecEuukZlcP1YPXK1e8qjcDXiZ+TiqQo94rf3X7iqYxk5YKYkzH9xIbZERbTgWblLqpYQmhIzJgHUcliZkJstm1E3zilD6OlHYlLZ6pvycyEhszjkPXGRM7NIveVPzP66Q2ugoyLpPUMknni6JUYKvw9HXc55pRK8aOEKq5uxXTIdGEWhdQyYXgL768TJpnVf+ien53Xqnd5nEU4QiO4RR8uIQa3EAdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfP0l6jvk=</latexit>

⇢0

??

??

JPC = 1−(−)

We need more QN
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<latexit sha1_base64="NJG3s9HK18N/Ghc4pnrJNOYsI8s=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkmkqMeCF71VMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz321lZXVvf2CxsFbd3dvf2SweHDR2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIajm6nffEKleSwfzDjBIKIDyfucUWMlv5Pwx/NuqexW3BnIMvFyUoYc9W7pq9OLWRqhNExQrduem5ggo8pwJnBS7KQaE8pGdIBtSyWNUAfZ7NgJObVKj/RjZUsaMlN/T2Q00nochbYzomaoF72p+J/XTk3/Osi4TFKDks0X9VNBTEymn5MeV8iMGFtCmeL2VsKGVFFmbD5FG4K3+PIyaVxUvMtK9b5art3lcRTgGE7gDDy4ghrcQh18YMDhGV7hzZHOi/PufMxbV5x85gj+wPn8AXETjno=</latexit>

⇡+

<latexit sha1_base64="47v8CN7i8zwwu2b4EoNTc9uJyyU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBi94qmLbQxrLZTtulm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777aysrq1vbBa2its7u3v7pYPDho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPRzdRvPqHSPJYPZpxgENGB5H3OqLGS30n443m3VHYr7gxkmXg5KUOOerf01enFLI1QGiao1m3PTUyQUWU4EzgpdlKNCWUjOsC2pZJGqINsduyEnFqlR/qxsiUNmam/JzIaaT2OQtsZUTPUi95U/M9rp6Z/HWRcJqlByeaL+qkgJibTz0mPK2RGjC2hTHF7K2FDqigzNp+iDcFbfHmZNC4 q3mWlel8t1+7yOApwDCdwBh5cQQ1uoQ4+MODwDK/w5kjnxXl3PuatK04+cwR/4Hz+AHQbjnw=</latexit>

⇡�

<latexit sha1_base64="/QpM5W1M8xqIB/ZoC/LJdvJ4CgM=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF71FMA9IljA7mU2GzGOZmRXCko/w4kERr36PN//G2WQPmljQUFR1090VJZwZ6/vfXmltfWNzq7xd2dnd2z+oHh61jUo1oS2iuNLdCBvKmaQtyyyn3URTLCJOO9HkNvc7T1QbpuSjnSY0FHgkWcwItk7q9JWgI1wZVGt+3Z8DrZKgIDUo0BxUv/pDRVJBpSUcG9ML/MSGGdaWEU5nlX5qaILJBI9oz1GJBTVhNj93hs6cMkSx0q6kRXP190SGhTFTEblOge3YLHu5+J/XS218E2ZMJqmlkiwWxSlHVqH8dzRkmhLLp45gopm7FZEx1phYl1AeQrD88ippX9SDq/rlw2WtcV/EUYYTOIVzCOAaGnAHTWgBgQk8wyu8eYn34r17H4vWklfMHMMfeJ8/y7WPPw==</latexit>!

<latexit sha1_base64="crtRGqYWtPyPEwu7cQGjmFB2Hz0=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBZBPJREinoseFG8VDBtoY1ls920SzebsLsRSuhv8OJBEa/+IG/+GzdtDtr6YODx3gwz84KEM6Ud59sqrayurW+UN+2t7Z3dvcr+QUvFqSTUIzGPZSfAinImqKeZ5rSTSIqjgNN2ML7O/fYTlYrF4kFPEupHeChYyAjWRvLuHs9su1+pOjVnBrRM3IJUoUCzX/nqDWKSRlRowrFSXddJtJ9hqRnhdGr3UkUTTMZ4SLuGChxR5WezY6foxCgDFMbSlNBopv6eyHCk1CQKTGeE9Ugtern4n9dNdXjlZ0wkqaaCzBeFKUc6RvnnaMAkJZpPDMFEMnMrIiMsMdEmnzwEd/HlZdI6r7kXtfp9vdq4LeIowxEcwym4cAkNuIEmeECAwTO8wpslrBfr3fqYt5asYuYQ/sD6/AEp3I2j</latexit>

K⇤

<latexit sha1_base64="dbrnikGf/HBmFz3Kn6/0DZfM0pQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeCF71VsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wj66nfemLacCXv7ThhQUwGkkecEuukZlcP1YPXK1e8qjcDXiZ+TiqQo94rf3X7iqYxk5YKYkzH9xIbZERbTgWblLqpYQmhIzJgHUcliZkJstm1E3zilD6OlHYlLZ6pvycyEhszjkPXGRM7NIveVPzP66Q2ugoyLpPUMknni6JUYKvw9HXc55pRK8aOEKq5uxXTIdGEWhdQyYXgL768TJpnVf+ien53Xqnd5nEU4QiO4RR8uIQa3EAdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfP0l6jvk=</latexit>

⇢0

??

??

JPC = 1−(−)

We need more QN

Isospin??

IG(JPC)
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<latexit sha1_base64="qqW4AJCil84/np5EJ9LcPyHph10=">AAACHnicbVDLSgNBEJyN7/iKevQyGITkYNgVXxdB8GJuUYwGsmGZnfQmg7MPZnrFZcmXePFXvHhQRPCkf+Mk5qDGgoaiqpvuLj+RQqNtf1qFqemZ2bn5heLi0vLKamlt/UrHqeLQ5LGMVctnGqSIoIkCJbQSBSz0JVz7N6dD//oWlBZxdIlZAp2Q9SIRCM7QSF5p3+0zpBdeVnETUT124S6hroQAKztuyLCvwlwMqPFo3cuzgatEr49Vr1S2a/YIdJI4Y1ImYzS80rvbjXkaQoRcMq3bjp1gJ2cKBZcwKLqphoTxG9aDtqERC0F38tF7A7ptlC4NYmUqQjpSf07kLNQ6C33TOTxZ//WG4n9eO8XgqJOLKEkRIv69KEglxZgOs6JdoYCjzAxhXAlzK+V9phhHk2jRhOD8fXmSXO3WnIPa3vle+aQ+jmOebJItUiEOOSQn5Iw0SJNwck8eyTN5sR6sJ+vVevtuLVjjmQ3yC9bHF1Suog8=</latexit>

R̂y(⇡) = exp (�i⇡Iy)

<latexit sha1_base64="RQ5D9xQF0OLj+EXLoyFBToE8w2k="></latexit>

R̂y(⇡)Ix = �IxR̂y(⇡)

R̂y(⇡)Iy = +IyR̂y(⇡)

R̂y(⇡)Iz = �IzR̂y(⇡)

<latexit sha1_base64="0P26gNdDARCUxXKwgG7s2lIarQQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBosgCCWRom6EQjd2V8E+oA1hMp20QycPZiaFEPonblwo4tY/ceffOE2z0NYDl3s4517mzvFizqSyrG+jtLG5tb1T3q3s7R8cHpnHJ10ZJYLQDol4JPoelpSzkHYUU5z2Y0Fx4HHa86bNhd+bUSFZFD6pNKZOgMch8xnBSkuuaTZRy83S+f1V3lDTNatWzcqB1oldkCoUaLvm13AUkSSgoSIcSzmwrVg5GRaKEU7nlWEiaYzJFI/pQNMQB1Q6WX75HF1oZYT8SOgKFcrV3xsZDqRMA09PBlhN5Kq3EP/zBony75yMhXGiaEiWD/kJRypCixjQiAlKFE81wUQwfSsiEywwUTqsig7BXv3yOule1+ybWv2xXm20ijjKcAbncAk23EIDHqANHSAwg2d4hTcjM16Md+NjOVoyip1T+APj8wck3pK7</latexit>

CIy = +IyC

Rotation

Commutation

Commutation

Rotation 
generator y axis

90°

IG(JPC)
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<latexit sha1_base64="6d7o2neE+4Og8c4nOhmlHF2Jey4="></latexit>

Ĝ ⌘ ĈR̂y(⇡) = R̂y(⇡)Ĉ = Ĉe�i⇡Îy

<latexit sha1_base64="Gdbx+gvxIarqbiSkqlw7ZZHbQZ4="></latexit>

P̂
��n2S+1`J(qq̄)

↵
= (�1)`+1

��n2S+1`J(qq̄)
↵

Ĉ
��n2S+1`J(qq̄)

↵
= (�1)`+S

��n2S+1`J(qq̄)
↵

We classify particles with IG(JPC)

IG(JPC)
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We classify particles with IG(JPC)
<latexit sha1_base64="6d7o2neE+4Og8c4nOhmlHF2Jey4="></latexit>

Ĝ ⌘ ĈR̂y(⇡) = R̂y(⇡)Ĉ = Ĉe�i⇡Îy

13

<latexit sha1_base64="Gdbx+gvxIarqbiSkqlw7ZZHbQZ4="></latexit>

P̂
��n2S+1`J(qq̄)

↵
= (�1)`+1

��n2S+1`J(qq̄)
↵

Ĉ
��n2S+1`J(qq̄)

↵
= (�1)`+S

��n2S+1`J(qq̄)
↵

IG(JPC)
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We classify particles with IG(JPC)
<latexit sha1_base64="6d7o2neE+4Og8c4nOhmlHF2Jey4="></latexit>

Ĝ ⌘ ĈR̂y(⇡) = R̂y(⇡)Ĉ = Ĉe�i⇡Îy

14

<latexit sha1_base64="F9KUA1/El7MM45L1B9bq0hrXGyg="></latexit>

R̂y(⇡) =

0

@
0 0 +1
0 �1 0
+1 0 0

1

A

<latexit sha1_base64="P3xdPmQslmua29YjzIBhaS4ahSk=">AAAB8nicbVBNS8NAEN34WetX1aOXxSLUgyWRol6EYg/qrYL9gDSWzXbTLt1kw+5EKKE/w4sHRbz6a7z5b9y2OWjrg4HHezPMzPNjwTXY9re1tLyyurae28hvbm3v7Bb29ptaJoqyBpVCqrZPNBM8Yg3gIFg7VoyEvmAtf1ib+K0npjSX0QOMYuaFpB/xgFMCRnJvrmqlU+fkMb0bdwtFu2xPgReJk5EiylDvFr46PUmTkEVABdHadewYvJQo4FSwcb6TaBYTOiR95hoakZBpL52ePMbHRunhQCpTEeCp+nsiJaHWo9A3nSGBgZ73JuJ/nptAcOmlPIoTYBGdLQoSgUHiyf+4xxWjIEaGEKq4uRXTAVGEgkkpb0Jw5l9eJM2zsnNertxXitXrLI4cOkRHqIQcdIGq6BbVUQNRJNEzekVvFlgv1rv1MWtdsrKZA/QH1ucPXdKQBg==</latexit>

G = C(�1)I

Pions

<latexit sha1_base64="USSpLfTBOjJWqNTinSIyI0h3ob8=">AAACMnicbVDLSgMxFM34rPU16tJNsAgVaZmRom6EQhfaXRX7gM5YMmmmDc1khiQjDLXf5MYvEVzoQhG3foTpQ7CtBwLnnnMvN/d4EaNSWdarsbC4tLyymlpLr29sbm2bO7s1GcYCkyoOWSgaHpKEUU6qiipGGpEgKPAYqXu90tCv3xMhachvVRIRN0AdTn2KkdJSyyxfwgcnonfHjkC8w8hFyekiBW9aSVbLRzPeqMz9lrkpt2VmrLw1Apwn9oRkwASVlvnstEMcB4QrzJCUTduKlNtHQlHMyCDtxJJECPdQhzQ15Sgg0u2PTh7AQ620oR8K/biCI/XvRB8FUiaBpzsDpLpy1huK/3nNWPnnbp/yKFaE4/EiP2ZQhXCYH2xTQbBiiSYIC6r/CnEXCYSVTjmtQ7BnT54ntZO8fZovXBcyxfIkjhTYBwcgC2xwBorgClRAFWDwCF7AO/gwnow349P4GrcuGJOZPTAF4/sH8fCqDQ==</latexit>

G|⇡+i = CR̂y(⇡)|⇡+i = C|⇡�i = �|⇡+i

IG(JPC)



The Quest for Exotica Arkaitz Rodas 15

Questions??
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Decays

<latexit sha1_base64="dbrnikGf/HBmFz3Kn6/0DZfM0pQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeCF71VsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wj66nfemLacCXv7ThhQUwGkkecEuukZlcP1YPXK1e8qjcDXiZ+TiqQo94rf3X7iqYxk5YKYkzH9xIbZERbTgWblLqpYQmhIzJgHUcliZkJstm1E3zilD6OlHYlLZ6pvycyEhszjkPXGRM7NIveVPzP66Q2ugoyLpPUMknni6JUYKvw9HXc55pRK8aOEKq5uxXTIdGEWhdQyYXgL768TJpnVf+ien53Xqnd5nEU4QiO4RR8uIQa3EAdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfP0l6jvk=</latexit>

⇢0

<latexit sha1_base64="NJG3s9HK18N/Ghc4pnrJNOYsI8s=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkmkqMeCF71VMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz321lZXVvf2CxsFbd3dvf2SweHDR2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIajm6nffEKleSwfzDjBIKIDyfucUWMlv5Pwx/NuqexW3BnIMvFyUoYc9W7pq9OLWRqhNExQrduem5ggo8pwJnBS7KQaE8pGdIBtSyWNUAfZ7NgJObVKj/RjZUsaMlN/T2Q00nochbYzomaoF72p+J/XTk3/Osi4TFKDks0X9VNBTEymn5MeV8iMGFtCmeL2VsKGVFFmbD5FG4K3+PIyaVxUvMtK9b5art3lcRTgGE7gDDy4ghrcQh18YMDhGV7hzZHOi/PufMxbV5x85gj+wPn8AXETjno=</latexit>

⇡+

<latexit sha1_base64="47v8CN7i8zwwu2b4EoNTc9uJyyU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBi94qmLbQxrLZTtulm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777aysrq1vbBa2its7u3v7pYPDho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPRzdRvPqHSPJYPZpxgENGB5H3OqLGS30n443m3VHYr7gxkmXg5KUOOerf01enFLI1QGiao1m3PTUyQUWU4EzgpdlKNCWUjOsC2pZJGqINsduyEnFqlR/qxsiUNmam/JzIaaT2OQtsZUTPUi95U/M9rp6Z/HWRcJqlByeaL+qkgJibTz0mPK2RGjC2hTHF7K2FDqigzNp+iDcFbfHmZNC4 q3mWlel8t1+7yOApwDCdwBh5cQQ1uoQ4+MODwDK/w5kjnxXl3PuatK04+cwR/4Hz+AHQbjnw=</latexit>

⇡�

<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡

<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡
<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡

<latexit sha1_base64="3POTcCMSnPxxcL+hv5V0APuw6FQ=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBU0lE1GPBi+Klov2ANpTNdtMu3eyG3Y1QQn+CFw+KePUXefPfuGlz0NYHA4/3ZpiZFyacaeN5305pZXVtfaO86W5t7+zuVfYPWlqmitAmkVyqTog15UzQpmGG006iKI5DTtvh+Dr3209UaSbFo5kkNIjxULCIEWys9HDnuv1K1at5M6Bl4hekCgUa/cpXbyBJGlNhCMdad30vMUGGlWGE06nbSzVNMBnjIe1aKnBMdZDNTp2iE6sMUCSVLWHQTP09keFY60kc2s4Ym5Fe9HLxP6+bmugqyJhIUkMFmS+KUo6MRPnfaMAUJYZPLMFEMXsrIiOsMDE2nTwEf/HlZdI6q/kXtfP782r9toijDEdwDKfgwyXU4QYa0AQCQ3iGV3hzuPPivDsf89aSU8wcwh84nz8P140H</latexit>

K

<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡
<latexit sha1_base64="/QpM5W1M8xqIB/ZoC/LJdvJ4CgM=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF71FMA9IljA7mU2GzGOZmRXCko/w4kERr36PN//G2WQPmljQUFR1090VJZwZ6/vfXmltfWNzq7xd2dnd2z+oHh61jUo1oS2iuNLdCBvKmaQtyyyn3URTLCJOO9HkNvc7T1QbpuSjnSY0FHgkWcwItk7q9JWgI1wZVGt+3Z8DrZKgIDUo0BxUv/pDRVJBpSUcG9ML/MSGGdaWEU5nlX5qaILJBI9oz1GJBTVhNj93hs6cMkSx0q6kRXP190SGhTFTEblOge3YLHu5+J/XS218E2ZMJqmlkiwWxSlHVqH8dzRkmhLLp45gopm7FZEx1phYl1AeQrD88ippX9SDq/rlw2WtcV/EUYYTOIVzCOAaGnAHTWgBgQk8wyu8eYn34r17H4vWklfMHMMfeJ8/y7WPPw==</latexit>!

<latexit sha1_base64="crtRGqYWtPyPEwu7cQGjmFB2Hz0=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBZBPJREinoseFG8VDBtoY1ls920SzebsLsRSuhv8OJBEa/+IG/+GzdtDtr6YODx3gwz84KEM6Ud59sqrayurW+UN+2t7Z3dvcr+QUvFqSTUIzGPZSfAinImqKeZ5rSTSIqjgNN2ML7O/fYTlYrF4kFPEupHeChYyAjWRvLuHs9su1+pOjVnBrRM3IJUoUCzX/nqDWKSRlRowrFSXddJtJ9hqRnhdGr3UkUTTMZ4SLuGChxR5WezY6foxCgDFMbSlNBopv6eyHCk1CQKTGeE9Ugtern4n9dNdXjlZ0wkqaaCzBeFKUc6RvnnaMAkJZpPDMFEMnMrIiMsMdEmnzwEd/HlZdI6r7kXtfp9vdq4LeIowxEcwym4cAkNuIEmeECAwTO8wpslrBfr3fqYt5asYuYQ/sD6/AEp3I2j</latexit>

K⇤

IG = 1+

IG = 1−

I = 1/2

<latexit sha1_base64="P3xdPmQslmua29YjzIBhaS4ahSk=">AAAB8nicbVBNS8NAEN34WetX1aOXxSLUgyWRol6EYg/qrYL9gDSWzXbTLt1kw+5EKKE/w4sHRbz6a7z5b9y2OWjrg4HHezPMzPNjwTXY9re1tLyyurae28hvbm3v7Bb29ptaJoqyBpVCqrZPNBM8Yg3gIFg7VoyEvmAtf1ib+K0npjSX0QOMYuaFpB/xgFMCRnJvrmqlU+fkMb0bdwtFu2xPgReJk5EiylDvFr46PUmTkEVABdHadewYvJQo4FSwcb6TaBYTOiR95hoakZBpL52ePMbHRunhQCpTEeCp+nsiJaHWo9A3nSGBgZ73JuJ/nptAcOmlPIoTYBGdLQoSgUHiyf+4xxWjIEaGEKq4uRXTAVGEgkkpb0Jw5l9eJM2zsnNertxXitXrLI4cOkRHqIQcdIGq6BbVUQNRJNEzekVvFlgv1rv1MWtdsrKZA/QH1ucPXdKQBg==</latexit>

G = C(�1)I

Resonances
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Decays

<latexit sha1_base64="dbrnikGf/HBmFz3Kn6/0DZfM0pQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeCF71VsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wj66nfemLacCXv7ThhQUwGkkecEuukZlcP1YPXK1e8qjcDXiZ+TiqQo94rf3X7iqYxk5YKYkzH9xIbZERbTgWblLqpYQmhIzJgHUcliZkJstm1E3zilD6OlHYlLZ6pvycyEhszjkPXGRM7NIveVPzP66Q2ugoyLpPUMknni6JUYKvw9HXc55pRK8aOEKq5uxXTIdGEWhdQyYXgL768TJpnVf+ien53Xqnd5nEU4QiO4RR8uIQa3EAdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfP0l6jvk=</latexit>

⇢0

<latexit sha1_base64="NJG3s9HK18N/Ghc4pnrJNOYsI8s=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkmkqMeCF71VMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz321lZXVvf2CxsFbd3dvf2SweHDR2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIajm6nffEKleSwfzDjBIKIDyfucUWMlv5Pwx/NuqexW3BnIMvFyUoYc9W7pq9OLWRqhNExQrduem5ggo8pwJnBS7KQaE8pGdIBtSyWNUAfZ7NgJObVKj/RjZUsaMlN/T2Q00nochbYzomaoF72p+J/XTk3/Osi4TFKDks0X9VNBTEymn5MeV8iMGFtCmeL2VsKGVFFmbD5FG4K3+PIyaVxUvMtK9b5art3lcRTgGE7gDDy4ghrcQh18YMDhGV7hzZHOi/PufMxbV5x85gj+wPn8AXETjno=</latexit>

⇡+

<latexit sha1_base64="47v8CN7i8zwwu2b4EoNTc9uJyyU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBi94qmLbQxrLZTtulm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777aysrq1vbBa2its7u3v7pYPDho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPRzdRvPqHSPJYPZpxgENGB5H3OqLGS30n443m3VHYr7gxkmXg5KUOOerf01enFLI1QGiao1m3PTUyQUWU4EzgpdlKNCWUjOsC2pZJGqINsduyEnFqlR/qxsiUNmam/JzIaaT2OQtsZUTPUi95U/M9rp6Z/HWRcJqlByeaL+qkgJibTz0mPK2RGjC2hTHF7K2FDqigzNp+iDcFbfHmZNC4 q3mWlel8t1+7yOApwDCdwBh5cQQ1uoQ4+MODwDK/w5kjnxXl3PuatK04+cwR/4Hz+AHQbjnw=</latexit>

⇡�

<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡

<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡
<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡

<latexit sha1_base64="3POTcCMSnPxxcL+hv5V0APuw6FQ=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBU0lE1GPBi+Klov2ANpTNdtMu3eyG3Y1QQn+CFw+KePUXefPfuGlz0NYHA4/3ZpiZFyacaeN5305pZXVtfaO86W5t7+zuVfYPWlqmitAmkVyqTog15UzQpmGG006iKI5DTtvh+Dr3209UaSbFo5kkNIjxULCIEWys9HDnuv1K1at5M6Bl4hekCgUa/cpXbyBJGlNhCMdad30vMUGGlWGE06nbSzVNMBnjIe1aKnBMdZDNTp2iE6sMUCSVLWHQTP09keFY60kc2s4Ym5Fe9HLxP6+bmugqyJhIUkMFmS+KUo6MRPnfaMAUJYZPLMFEMXsrIiOsMDE2nTwEf/HlZdI6q/kXtfP782r9toijDEdwDKfgwyXU4QYa0AQCQ3iGV3hzuPPivDsf89aSU8wcwh84nz8P140H</latexit>

K

<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡
<latexit sha1_base64="/QpM5W1M8xqIB/ZoC/LJdvJ4CgM=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF71FMA9IljA7mU2GzGOZmRXCko/w4kERr36PN//G2WQPmljQUFR1090VJZwZ6/vfXmltfWNzq7xd2dnd2z+oHh61jUo1oS2iuNLdCBvKmaQtyyyn3URTLCJOO9HkNvc7T1QbpuSjnSY0FHgkWcwItk7q9JWgI1wZVGt+3Z8DrZKgIDUo0BxUv/pDRVJBpSUcG9ML/MSGGdaWEU5nlX5qaILJBI9oz1GJBTVhNj93hs6cMkSx0q6kRXP190SGhTFTEblOge3YLHu5+J/XS218E2ZMJqmlkiwWxSlHVqH8dzRkmhLLp45gopm7FZEx1phYl1AeQrD88ippX9SDq/rlw2WtcV/EUYYTOIVzCOAaGnAHTWgBgQk8wyu8eYn34r17H4vWklfMHMMfeJ8/y7WPPw==</latexit>!

<latexit sha1_base64="crtRGqYWtPyPEwu7cQGjmFB2Hz0=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBZBPJREinoseFG8VDBtoY1ls920SzebsLsRSuhv8OJBEa/+IG/+GzdtDtr6YODx3gwz84KEM6Ud59sqrayurW+UN+2t7Z3dvcr+QUvFqSTUIzGPZSfAinImqKeZ5rSTSIqjgNN2ML7O/fYTlYrF4kFPEupHeChYyAjWRvLuHs9su1+pOjVnBrRM3IJUoUCzX/nqDWKSRlRowrFSXddJtJ9hqRnhdGr3UkUTTMZ4SLuGChxR5WezY6foxCgDFMbSlNBopv6eyHCk1CQKTGeE9Ugtern4n9dNdXjlZ0wkqaaCzBeFKUc6RvnnaMAkJZpPDMFEMnMrIiMsMdEmnzwEd/HlZdI6r7kXtfp9vdq4LeIowxEcwym4cAkNuIEmeECAwTO8wpslrBfr3fqYt5asYuYQ/sD6/AEp3I2j</latexit>

K⇤

Very relevant
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Decays

<latexit sha1_base64="dbrnikGf/HBmFz3Kn6/0DZfM0pQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeCF71VsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wj66nfemLacCXv7ThhQUwGkkecEuukZlcP1YPXK1e8qjcDXiZ+TiqQo94rf3X7iqYxk5YKYkzH9xIbZERbTgWblLqpYQmhIzJgHUcliZkJstm1E3zilD6OlHYlLZ6pvycyEhszjkPXGRM7NIveVPzP66Q2ugoyLpPUMknni6JUYKvw9HXc55pRK8aOEKq5uxXTIdGEWhdQyYXgL768TJpnVf+ien53Xqnd5nEU4QiO4RR8uIQa3EAdGkDhEZ7hFd6QQi/oHX3MWwsonzmEP0CfP0l6jvk=</latexit>

⇢0

<latexit sha1_base64="NJG3s9HK18N/Ghc4pnrJNOYsI8s=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkmkqMeCF71VMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz321lZXVvf2CxsFbd3dvf2SweHDR2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIajm6nffEKleSwfzDjBIKIDyfucUWMlv5Pwx/NuqexW3BnIMvFyUoYc9W7pq9OLWRqhNExQrduem5ggo8pwJnBS7KQaE8pGdIBtSyWNUAfZ7NgJObVKj/RjZUsaMlN/T2Q00nochbYzomaoF72p+J/XTk3/Osi4TFKDks0X9VNBTEymn5MeV8iMGFtCmeL2VsKGVFFmbD5FG4K3+PIyaVxUvMtK9b5art3lcRTgGE7gDDy4ghrcQh18YMDhGV7hzZHOi/PufMxbV5x85gj+wPn8AXETjno=</latexit>

⇡+

<latexit sha1_base64="47v8CN7i8zwwu2b4EoNTc9uJyyU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBi94qmLbQxrLZTtulm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777aysrq1vbBa2its7u3v7pYPDho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPRzdRvPqHSPJYPZpxgENGB5H3OqLGS30n443m3VHYr7gxkmXg5KUOOerf01enFLI1QGiao1m3PTUyQUWU4EzgpdlKNCWUjOsC2pZJGqINsduyEnFqlR/qxsiUNmam/JzIaaT2OQtsZUTPUi95U/M9rp6Z/HWRcJqlByeaL+qkgJibTz0mPK2RGjC2hTHF7K2FDqigzNp+iDcFbfHmZNC4 q3mWlel8t1+7yOApwDCdwBh5cQQ1uoQ4+MODwDK/w5kjnxXl3PuatK04+cwR/4Hz+AHQbjnw=</latexit>

⇡�

<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡

<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡
<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡

<latexit sha1_base64="3POTcCMSnPxxcL+hv5V0APuw6FQ=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBU0lE1GPBi+Klov2ANpTNdtMu3eyG3Y1QQn+CFw+KePUXefPfuGlz0NYHA4/3ZpiZFyacaeN5305pZXVtfaO86W5t7+zuVfYPWlqmitAmkVyqTog15UzQpmGG006iKI5DTtvh+Dr3209UaSbFo5kkNIjxULCIEWys9HDnuv1K1at5M6Bl4hekCgUa/cpXbyBJGlNhCMdad30vMUGGlWGE06nbSzVNMBnjIe1aKnBMdZDNTp2iE6sMUCSVLWHQTP09keFY60kc2s4Ym5Fe9HLxP6+bmugqyJhIUkMFmS+KUo6MRPnfaMAUJYZPLMFEMXsrIiOsMDE2nTwEf/HlZdI6q/kXtfP782r9toijDEdwDKfgwyXU4QYa0AQCQ3iGV3hzuPPivDsf89aSU8wcwh84nz8P140H</latexit>

K

<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡
<latexit sha1_base64="/QpM5W1M8xqIB/ZoC/LJdvJ4CgM=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF71FMA9IljA7mU2GzGOZmRXCko/w4kERr36PN//G2WQPmljQUFR1090VJZwZ6/vfXmltfWNzq7xd2dnd2z+oHh61jUo1oS2iuNLdCBvKmaQtyyyn3URTLCJOO9HkNvc7T1QbpuSjnSY0FHgkWcwItk7q9JWgI1wZVGt+3Z8DrZKgIDUo0BxUv/pDRVJBpSUcG9ML/MSGGdaWEU5nlX5qaILJBI9oz1GJBTVhNj93hs6cMkSx0q6kRXP190SGhTFTEblOge3YLHu5+J/XS218E2ZMJqmlkiwWxSlHVqH8dzRkmhLLp45gopm7FZEx1phYl1AeQrD88ippX9SDq/rlw2WtcV/EUYYTOIVzCOAaGnAHTWgBgQk8wyu8eYn34r17H4vWklfMHMMfeJ8/y7WPPw==</latexit>!

<latexit sha1_base64="crtRGqYWtPyPEwu7cQGjmFB2Hz0=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBZBPJREinoseFG8VDBtoY1ls920SzebsLsRSuhv8OJBEa/+IG/+GzdtDtr6YODx3gwz84KEM6Ud59sqrayurW+UN+2t7Z3dvcr+QUvFqSTUIzGPZSfAinImqKeZ5rSTSIqjgNN2ML7O/fYTlYrF4kFPEupHeChYyAjWRvLuHs9su1+pOjVnBrRM3IJUoUCzX/nqDWKSRlRowrFSXddJtJ9hqRnhdGr3UkUTTMZ4SLuGChxR5WezY6foxCgDFMbSlNBopv6eyHCk1CQKTGeE9Ugtern4n9dNdXjlZ0wkqaaCzBeFKUc6RvnnaMAkJZpPDMFEMnMrIiMsMdEmnzwEd/HlZdI6r7kXtfp9vdq4LeIowxEcwym4cAkNuIEmeECAwTO8wpslrBfr3fqYt5asYuYQ/sD6/AEp3I2j</latexit>

K⇤ <latexit sha1_base64="ZI+FErgKo0YCDg1HY7Cyz2llWy4=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0UQkZBo0W6EghvFTQX7gLaGyXTSDp1JwsxEKCFbN/6KGxeKuPUP3Pk3TtostPUMA4dz7uXee7yIUals+9soLCwuLa8UV0tr6xubW+b2TlOGscCkgUMWiraHJGE0IA1FFSPtSBDEPUZa3ugy81sPREgaBndqHJEeR4OA+hQjpSXXhBh2FYrd5Ob+KL04taqwe6wfR2ooeOLz1DXLtmVPAOeJk5MyyFF3za9uP8QxJ4HCDEnZcexI9RIkFMWMpKVuLEmE8AgNSEfTAHEie8nkkhQeaKUP/VDoHyg4UX93JIhLOeaersxWlLNeJv7ndWLlV3sJDaJYkQBPB/kxgyqEWSywTwXBio01QVhQvSvEQyQQVjq8kg7BmT15njRPLOfMqtxWyrXrPI4i2AP74BA44BzUwBWogwbA4BE8g1fwZjwZL8a78TEtLRh5zy74A+PzB4fKmQQ=</latexit>

c⌧K⇤ = 3.8 fm

<latexit sha1_base64="oPVIoeP8fzDytxiA6QGwyMajAuY=">AAACCnicbVDLSsNAFJ34rPUVdelmtAguJCRa1I1QcKO7CvYBTQiT6aQdOpOEmYlQQtZu/BU3LhRx6xe482+ctFlo6xkGDufcy733BAmjUtn2t7GwuLS8slpZq65vbG5tmzu7bRmnApMWjlksugGShNGItBRVjHQTQRAPGOkEo+vC7zwQIWkc3atxQjyOBhENKUZKS755gKGrUOpnrhjG+ZVjnUH3RD+O1FDwLOS5b9Zsy54AzhOnJDVQoumbX24/xiknkcIMSdlz7ER5GRKKYkbyqptKkiA8QgPS0zRCnEgvm5ySwyOt9GEYC/0jBSfq744McSnHPNCVxYpy1ivE/7xeqsJLL6NRkioS4emgMGVQxbDIBfapIFixsSYIC6p3hXiIBMJKp1fVITizJ8+T9qnlnFv1u3qtcVvGUQH74BAcAwdcgAa4AU3QAhg8gmfwCt6MJ+PFeDc+pqULRtmzB/7A+PwB9fuZ2Q==</latexit>

c⌧⇢ = 1.3 fm

<latexit sha1_base64="pYWjYTFoAYMeNEdEQsJw58Wohl0=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwISUp9bERCm50V8E+oAlhMp20Q2eSMDMRSsgPuPFX3LhQxK17d/6NkzYLbT3DwOGce7n3Hj9mVCrL+jZKS8srq2vl9crG5tb2jrm715FRIjBp44hFoucjSRgNSVtRxUgvFgRxn5GuP77O/e4DEZJG4b2axMTlaBjSgGKktOSZRxg6CiVe6kScDFF2Va/XzqBzqh9HaiR4GvDMM6tWzZoCLhK7IFVQoOWZX84gwgknocIMSdm3rVi5KRKKYkayipNIEiM8RkPS1zREnEg3nV6TwWOtDGAQCf1DBafq744UcSkn3NeV+Ypy3svF/7x+ooJLN6VhnCgS4tmgIGFQRTCPBg6oIFixiSYIC6p3hXiEBMJKB1jRIdjzJy+STr1mn9cad41q87aIowwOwCE4ATa4AE1wA1qgDTB4BM/gFbwZT8aL8W58zEpLRtGzD/7A+PwB/Kya7A==</latexit>

c⌧! = 22.5 fm

Too short lived

Resonances
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Decays

Resonances leave tracks

Detecting particles

We use these huge apparatus to detect their decays

A computer counts the # hits
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1. Accelerate particles 

2. Smash them together 

3. Collect their products 

JLab Cern
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Decays

# hits  Probability of the decay→
<latexit sha1_base64="97tOz9sUVw9hIS1wugo6yZEx2lo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKqV6Eghe9RbAf2May2W7apZtN2N0IJe2/8OJBEa/+G2/+G7dtDtr6YODx3gwz8/yYM6Vt+9vKra1vbG7ltws7u3v7B8XDo6aKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NH1zG89UalYJO71OKZeiAeCBYxgbaQH92rSdRWbPFZ6xZJdtudAq8TJSAkyuL3iV7cfkSSkQhOOleo4dqy9FEvNCKfTQjdRNMZkhAe0Y6jAIVVeOr94is6M0kdBJE0Jjebq74kUh0qNQ990hlgP1bI3E//zOokOLr2UiTjRVJDFoiDhSEdo9j7qM0mJ5mNDMJHM3IrIEEtMtAmpYEJwll9eJc1K2amVq3fVUv02iyMPJ3AK5+DABdThBlxoAAEBz/AKb5ayXqx362PRmrOymWP4A+vzBww8kIs=</latexit>

P = | |2

We can link these hits to the amplitude 
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Decays
p1

p2

p3

p4

1 3

2 4<latexit sha1_base64="PD5V5doBzQz0BIusMhW7Z8iwfzs="></latexit>

S↵�(s) = h�, out |S|↵, in i

<latexit sha1_base64="1BdpOIudk9KIQ66sxWmqsWC8/cE=">AAACB3icbZDLSsNAFIYn9VbrLepSkGARKkJJSlE3QtGNywr2Ak0Mk+mkHTq5MHMilJCdG1/FjQtF3PoK7nwbp20W2npgho//P4eZ83sxZxJM81srLC2vrK4V10sbm1vbO/ruXltGiSC0RSIeia6HJeUspC1gwGk3FhQHHqcdb3Q98TsPVEgWhXcwjqkT4EHIfEYwKMnVD+WlzakPldhNrexU3bXMFmwwhJN7ha5eNqvmtIxFsHIoo7yarv5l9yOSBDQEwrGUPcuMwUmxAEY4zUp2ImmMyQgPaE9hiAMqnXS6R2YcK6Vv+JFQJwRjqv6eSHEg5TjwVGeAYSjnvYn4n9dLwL9wUhbGCdCQzB7yE25AZExCMfpMUAJ8rAATwdRfDTLEAhNQ0ZVUCNb8yovQrlWts2r9tl5uXOVxFNEBOkIVZKFz1EA3qIlaiKBH9Ixe0Zv2pL1o79rHrLWg5TP76E9pnz9liJkG</latexit>

s = (p1 + p2)
2

<latexit sha1_base64="iXW448rhy+6KwpfIn/+v1QAl/po=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkWoC0tSi7oRim5cVrAPaGKYTCft0MmDmRuhhOzc+CtuXCji1l9w5984bbPQ6oF7OZxzLzP3eDFnEkzzSyssLC4trxRXS2vrG5tb+vZOW0aJILRFIh6Jrocl5SykLWDAaTcWFAcepx1vdDXxO/dUSBaFtzCOqRPgQch8RjAoydX34cLm1IdK7KZWdqz6SWYLNhjC0V1ay1y9bFbNKYy/xMpJGeVouvqn3Y9IEtAQCMdS9iwzBifFAhjhNCvZiaQxJiM8oD1FQxxQ6aTTOzLjUCl9w4+EqhCMqfpzI8WBlOPAU5MBhqGc9ybif14vAf/cSVkYJ0BDMnvIT7gBkTEJxegzQQnwsSKYCKb+apAhFpiAiq6kQrDmT/5L2rWqdVqt39TLjcs8jiLaQweogix0hhroGjVRCxH0gJ7QC3rVHrVn7U17n40WtHxnF/2C9vENa+GZCg==</latexit>

t = (p1 � p3)
2

<latexit sha1_base64="mou9M4Cc78CrCIxcslntt9ss5L8=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkWoC0tSiroRim5cVrAPaGKYTCft0MmDmRuhhOzc+CtuXCji1l9w5984bbPQ1gP3cjjnXmbu8WLOJJjmt1ZYWl5ZXSuulzY2t7Z39N29towSQWiLRDwSXQ9LyllIW8CA024sKA48Tjve6Hridx6okCwK72AcUyfAg5D5jGBQkqsfJpc2pz5UYje1slPV65kt2GAIJ/dpLXP1slk1pzAWiZWTMsrRdPUvux+RJKAhEI6l7FlmDE6KBTDCaVayE0ljTEZ4QHuKhjig0kmnd2TGsVL6hh8JVSEYU/X3RooDKceBpyYDDEM5703E/7xeAv6Fk7IwToCGZPaQn3ADImMSitFnghLgY0UwEUz91SBDLDABFV1JhWDNn7xI2rWqdVat39bLjas8jiI6QEeogix0jhroBjVRCxH0iJ7RK3rTnrQX7V37mI0WtHxnH/2B9vkDbxKZDA==</latexit>

u = (p1 � p4)
2

<latexit sha1_base64="aFNa1tchT61M3pOS3dZLvODvqqU=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5JIUTdC0Y3uKrUPaGKZTCbp0MkkzEyEErvwV9y4UMStv+HOv3HSZqGtBwYO59zLPXO8hFGpLOvbWFhcWl5ZLa2V1zc2t7bNnd22jFOBSQvHLBZdD0nCKCctRRUj3UQQFHmMdLzhVe53HoiQNOZ3apQQN0IhpwHFSGmpb+43YfPe8VEYEnHhREgNPC+7GffNilW1JoDzxC5IBRRo9M0vx49xGhGuMENS9mwrUW6GhKKYkXHZSSVJEB6ikPQ05Sgi0s0m+cfwSCs+DGKhH1dwov7eyFAk5Sjy9GSeUM56ufif10tVcO5mlCepIhxPDwUpgyqGeRnQp4JgxUaaICyozgrxAAmEla6srEuwZ788T9onVfu0WrutVeqXRR0lcAAOwTGwwRmog2vQAC2AwSN4Bq/gzXgyXox342M6umAUO3vgD4zPH3HdlcI=</latexit>

SS† = I

 transitionα → β

“100% of the times something will happen”

A. Pilloni

Unitarity
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Decays
p1

p2

p3

p4

1 3

2 4<latexit sha1_base64="PD5V5doBzQz0BIusMhW7Z8iwfzs="></latexit>

S↵�(s) = h�, out |S|↵, in i

<latexit sha1_base64="1BdpOIudk9KIQ66sxWmqsWC8/cE=">AAACB3icbZDLSsNAFIYn9VbrLepSkGARKkJJSlE3QtGNywr2Ak0Mk+mkHTq5MHMilJCdG1/FjQtF3PoK7nwbp20W2npgho//P4eZ83sxZxJM81srLC2vrK4V10sbm1vbO/ruXltGiSC0RSIeia6HJeUspC1gwGk3FhQHHqcdb3Q98TsPVEgWhXcwjqkT4EHIfEYwKMnVD+WlzakPldhNrexU3bXMFmwwhJN7ha5eNqvmtIxFsHIoo7yarv5l9yOSBDQEwrGUPcuMwUmxAEY4zUp2ImmMyQgPaE9hiAMqnXS6R2YcK6Vv+JFQJwRjqv6eSHEg5TjwVGeAYSjnvYn4n9dLwL9wUhbGCdCQzB7yE25AZExCMfpMUAJ8rAATwdRfDTLEAhNQ0ZVUCNb8yovQrlWts2r9tl5uXOVxFNEBOkIVZKFz1EA3qIlaiKBH9Ixe0Zv2pL1o79rHrLWg5TP76E9pnz9liJkG</latexit>

s = (p1 + p2)
2

<latexit sha1_base64="iXW448rhy+6KwpfIn/+v1QAl/po=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkWoC0tSi7oRim5cVrAPaGKYTCft0MmDmRuhhOzc+CtuXCji1l9w5984bbPQ6oF7OZxzLzP3eDFnEkzzSyssLC4trxRXS2vrG5tb+vZOW0aJILRFIh6Jrocl5SykLWDAaTcWFAcepx1vdDXxO/dUSBaFtzCOqRPgQch8RjAoydX34cLm1IdK7KZWdqz6SWYLNhjC0V1ay1y9bFbNKYy/xMpJGeVouvqn3Y9IEtAQCMdS9iwzBifFAhjhNCvZiaQxJiM8oD1FQxxQ6aTTOzLjUCl9w4+EqhCMqfpzI8WBlOPAU5MBhqGc9ybif14vAf/cSVkYJ0BDMnvIT7gBkTEJxegzQQnwsSKYCKb+apAhFpiAiq6kQrDmT/5L2rWqdVqt39TLjcs8jiLaQweogix0hhroGjVRCxH0gJ7QC3rVHrVn7U17n40WtHxnF/2C9vENa+GZCg==</latexit>

t = (p1 � p3)
2

<latexit sha1_base64="mou9M4Cc78CrCIxcslntt9ss5L8=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkWoC0tSiroRim5cVrAPaGKYTCft0MmDmRuhhOzc+CtuXCji1l9w5984bbPQ1gP3cjjnXmbu8WLOJJjmt1ZYWl5ZXSuulzY2t7Z39N29towSQWiLRDwSXQ9LyllIW8CA024sKA48Tjve6Hridx6okCwK72AcUyfAg5D5jGBQkqsfJpc2pz5UYje1slPV65kt2GAIJ/dpLXP1slk1pzAWiZWTMsrRdPUvux+RJKAhEI6l7FlmDE6KBTDCaVayE0ljTEZ4QHuKhjig0kmnd2TGsVL6hh8JVSEYU/X3RooDKceBpyYDDEM5703E/7xeAv6Fk7IwToCGZPaQn3ADImMSitFnghLgY0UwEUz91SBDLDABFV1JhWDNn7xI2rWqdVat39bLjas8jiI6QEeogix0jhroBjVRCxH0iJ7RK3rTnrQX7V37mI0WtHxnH/2B9vkDbxKZDA==</latexit>

u = (p1 � p4)
2

<latexit sha1_base64="aFNa1tchT61M3pOS3dZLvODvqqU=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5JIUTdC0Y3uKrUPaGKZTCbp0MkkzEyEErvwV9y4UMStv+HOv3HSZqGtBwYO59zLPXO8hFGpLOvbWFhcWl5ZLa2V1zc2t7bNnd22jFOBSQvHLBZdD0nCKCctRRUj3UQQFHmMdLzhVe53HoiQNOZ3apQQN0IhpwHFSGmpb+43YfPe8VEYEnHhREgNPC+7GffNilW1JoDzxC5IBRRo9M0vx49xGhGuMENS9mwrUW6GhKKYkXHZSSVJEB6ikPQ05Sgi0s0m+cfwSCs+DGKhH1dwov7eyFAk5Sjy9GSeUM56ufif10tVcO5mlCepIhxPDwUpgyqGeRnQp4JgxUaaICyozgrxAAmEla6srEuwZ788T9onVfu0WrutVeqXRR0lcAAOwTGwwRmog2vQAC2AwSN4Bq/gzXgyXox342M6umAUO3vgD4zPH3HdlcI=</latexit>

SS† = I

 transitionα → β

“100% of the times something will happen”

A. PilloniUs

Unitarity
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Decays <latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡

<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡Trivial

<latexit sha1_base64="aFNa1tchT61M3pOS3dZLvODvqqU=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5JIUTdC0Y3uKrUPaGKZTCbp0MkkzEyEErvwV9y4UMStv+HOv3HSZqGtBwYO59zLPXO8hFGpLOvbWFhcWl5ZLa2V1zc2t7bNnd22jFOBSQvHLBZdD0nCKCctRRUj3UQQFHmMdLzhVe53HoiQNOZ3apQQN0IhpwHFSGmpb+43YfPe8VEYEnHhREgNPC+7GffNilW1JoDzxC5IBRRo9M0vx49xGhGuMENS9mwrUW6GhKKYkXHZSSVJEB6ikPQ05Sgi0s0m+cfwSCs+DGKhH1dwov7eyFAk5Sjy9GSeUM56ufif10tVcO5mlCepIhxPDwUpgyqGeRnQp4JgxUaaICyozgrxAAmEla6srEuwZ788T9onVfu0WrutVeqXRR0lcAAOwTGwwRmog2vQAC2AwSN4Bq/gzXgyXox342M6umAUO3vgD4zPH3HdlcI=</latexit>

SS† = I

<latexit sha1_base64="cw+CMSNCc5IX1X2UNWYg/KaAZvw="></latexit>

ImTi i(s, t = 0) /
X

n

Ti nT
†
n i / �i

tot

<latexit sha1_base64="aFNa1tchT61M3pOS3dZLvODvqqU=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5JIUTdC0Y3uKrUPaGKZTCbp0MkkzEyEErvwV9y4UMStv+HOv3HSZqGtBwYO59zLPXO8hFGpLOvbWFhcWl5ZLa2V1zc2t7bNnd22jFOBSQvHLBZdD0nCKCctRRUj3UQQFHmMdLzhVe53HoiQNOZ3apQQN0IhpwHFSGmpb+43YfPe8VEYEnHhREgNPC+7GffNilW1JoDzxC5IBRRo9M0vx49xGhGuMENS9mwrUW6GhKKYkXHZSSVJEB6ikPQ05Sgi0s0m+cfwSCs+DGKhH1dwov7eyFAk5Sjy9GSeUM56ufif10tVcO5mlCepIhxPDwUpgyqGeRnQp4JgxUaaICyozgrxAAmEla6srEuwZ788T9onVfu0WrutVeqXRR0lcAAOwTGwwRmog2vQAC2AwSN4Bq/gzXgyXox342M6umAUO3vgD4zPH3HdlcI=</latexit>

SS† = I
<latexit sha1_base64="TqalvRaMGXDRfIPfGIYCUKv49tw=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK4sSRS1I1QdOOyQvqANpbJZJIOnTyYmQgldOfGX3HjQhG3/oI7/8bpY1FbD1w4nHMv997jpZxJZVk/xtLyyuraemGjuLm1vbNr7u03ZJIJQusk4YloeVhSzmJaV0xx2koFxZHHadPr34785iMVkiWxowYpdSMcxixgBCstdc0j58x5yDs+DkMqhteIIQfNCF2zZJWtMdAisaekBFPUuuZ3x09IFtFYEY6lbNtWqtwcC8UIp8NiJ5M0xaSPQ9rWNMYRlW4+/mOITrTioyARumKFxursRI4jKQeRpzsjrHpy3huJ/3ntTAVXbs7iNFM0JpNFQcaRStAoFOQzQYniA00wEUzfikgPC0yUjq6oQ7DnX14kjfOyfVGu3FdK1ZtpHAU4hGM4BRsuoQp3UIM6EHiCF3iDd+PZeDU+jM9J65IxnTmAPzC+fgG5Kpib</latexit>

T � T † = iTT †

<latexit sha1_base64="KrMWhkss7/aDlrPzg3lTuHEBSGc=">AAAB+nicbVDLSgMxFL3js9bXVJdugkUQhDIjRd0IBTd2V7EvaEvJpJk2NJMZkoxSxn6KGxeKuPVL3Pk3ZtpZaOuBwOGce7knx4s4U9pxvq2V1bX1jc3cVn57Z3dv3y4cNFUYS0IbJOShbHtYUc4EbWimOW1HkuLA47TljW9Sv/VApWKhqOtJRHsBHgrmM4K1kfp24f66G2A98rykOj1DDNX7dtEpOTOgZeJmpAgZan37qzsISRxQoQnHSnVcJ9K9BEvNCKfTfDdWNMJkjIe0Y6jAAVW9ZBZ9ik6MMkB+KM0TGs3U3xsJDpSaBJ6ZTGOqRS8V//M6sfavegkTUaypIPNDfsyRDlHaAxowSYnmE0MwkcxkRWSEJSbatJU3JbiLX14mzfOSe1Eq35WLlWpWRw6O4BhOwYVLqMAt1KABBB7hGV7hzXqyXqx362M+umJlO4fwB9bnD+mmkyg=</latexit>

S = I+ iT

Unitarity from S → T

We will prove
Optical theorem
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<latexit sha1_base64="0SfzFaYSOwuY61odAzPfPaQQXSQ=">AAACA3icbVC7SgNBFJ31GeNr1U6bwSAkhWFXgtoIARsthAjmAckaZiezyZDZBzN3hbAEbPwVGwtFbP0JO//GyWYLTTxwuYdz7mXmHjcSXIFlfRsLi0vLK6u5tfz6xubWtrmz21BhLCmr01CEsuUSxQQPWB04CNaKJCO+K1jTHV5O/OYDk4qHwR2MIub4pB9wj1MCWuqa+52a4kUoXaTdKmF2nxxzfINh3DULVtlKgeeJnZECylDrml+dXkhjnwVABVGqbVsROAmRwKlg43wnViwidEj6rK1pQHymnCS9YYyPtNLDXih1BYBT9fdGQnylRr6rJ30CAzXrTcT/vHYM3rmT8CCKgQV0+pAXCwwhngSCe1wyCmKkCaGS679iOiCSUNCx5XUI9uzJ86RxUrZPy5XbSqF6ncWRQwfoEBWRjc5QFV2hGqojih7RM3pFb8aT8WK8Gx/T0QUj29lDf2B8/gDZApXE</latexit>

 (t) =  (0)e�iMt
<latexit sha1_base64="GOHij8D5daaR/P3V+3gm4E2GQO8=">AAACBHicbVC7SgNBFL3rM8bXqmWawSDEJuyGoDZCwEa7COYByRpmJ7PJkNkHM7NC2KSw8VdsLBSx9SPs/Bsn2S008cDAuefcy5173IgzqSzr21hZXVvf2Mxt5bd3dvf2zYPDpgxjQWiDhDwUbRdLyllAG4opTtuRoNh3OW25o6uZ33qgQrIwuFPjiDo+HgTMYwQrLfXMwqRbl6ykTif3SWV6mVZWWvXMolW25kDLxM5IETLUe+ZXtx+S2KeBIhxL2bGtSDkJFooRTqf5bixphMkID2hH0wD7VDrJ/IgpOtFKH3mh0C9QaK7+nkiwL+XYd3Wnj9VQLnoz8T+vEyvvwklYEMWKBiRd5MUcqRDNEkF9JihRfKwJJoLpvyIyxAITpXPL6xDsxZOXSbNSts/K1dtqsXaTxZGDAhxDCWw4hxpcQx0aQOARnuEV3own48V4Nz7S1hUjmzmCPzA+fwBy6Zdc</latexit>

| (t)|2 = | (0)|2

<latexit sha1_base64="MfsWAz8gPZyESAnw5B+FvN8BDZk=">AAACEXicbVC7SgNBFJ2Nrxhfq5Y2g0FIisTdENRGCFiohRDBPCCJYXYySYbM7C4zd4Ww5Bds/BUbC0Vs7ez8GyePQhMPXO7hnHuZuccLBdfgON9WYml5ZXUtuZ7a2Nza3rF396o6iBRlFRqIQNU9opngPqsAB8HqoWJEeoLVvMHF2K89MKV54N/BMGQtSXo+73JKwEhtO9Msa56B7PmkO1nM7uMcxzcYcoCbl0RKgo9xYYTbdtrJOxPgReLOSBrNUG7bX81OQCPJfKCCaN1wnRBaMVHAqWCjVDPSLCR0QHqsYahPJNOteHLRCB8ZpYO7gTLlA56ovzdiIrUeSs9MSgJ9Pe+Nxf+8RgTds1bM/TAC5tPpQ91IYAjwOB7c4YpREENDCFXc/BXTPlGEggkxZUJw509eJNVC3j3JF2+L6dL1LI4kOkCHKINcdIpK6AqVUQVR9Iie0St6s56sF+vd+piOJqzZzj76A+vzBxxcmhE=</latexit>

 (t) =  (0)e�iMt�t�/2
<latexit sha1_base64="fzkJEthZ89LpoFy2ocaBKONAYDA=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSAkhWE3BLURAhZqF8E8IC9mJ5NkyMzuMnNXCJt8g42/YmOhiK2VnX/jJJtCEw8MnHvOvdy5xw0E12Db31ZiZXVtfSO5mdra3tndS+8fVLUfKsoq1Be+qrtEM8E9VgEOgtUDxYh0Bau5w6upX3tgSnPfu4dRwFqS9D3e45SAkTrp3LhZ1jwLuXE7Kkwu48qOK8za0WnzmkhJMEw66Yydt2fAy8SZkwyao9xJfzW7Pg0l84AKonXDsQNoRUQBp4JNUs1Qs4DQIemzhqEekUy3otlJE3xilC7u+co8D/BM/T0REan1SLqmUxIY6EVvKv7nNULoXbQi7gUhMI/Gi3qhwODjaT64yxWjIEaGEKq4+SumA6IIBZNiyoTgLJ68TKqFvHOWL94VM6XbeRxJdISOURY56ByV0A0qowqi6BE9o1f0Zj1ZL9a79RG3Jqz5zCH6A+vzB3y5nMM=</latexit>

| (t)|2 = | (0)|2e��t

Decays
<latexit sha1_base64="BANNH/Lv3fZSv+dyp8rIVl4q3MU="></latexit>

T (s, t) = 16K⇡
X

`

(2`+ 1)P`(cos ✓)t`(s)

Remember, , is conservedJ (ℓ)

How does an eigenstate evolve
Lives forever  Bound State→

How does a quasi-eigenstate evolve
Lives for   Resonance1/Γ →

“Fourier transform”
<latexit sha1_base64="T+68vLmOJW9GcHsfomeM+litnqw=">AAACF3icbVBNSwMxEM36WetX1aOXYBEUse6Woh4LUtSDUMG2Qncp2XRWg8nummSFsvRfePGvePGgiFe9+W9M20W0+mDg5b0ZMvP8mDOlbfvTmpicmp6Zzc3l5xcWl5YLK6tNFSWSQoNGPJKXPlHAWQgNzTSHy1gCET6Hln9zNPBbdyAVi8IL3YvBE+QqZAGjRBupUyjpjgucb9W2XcUE3GI3kISm7jERguyV++nZbm2HfT87haJdsofAf4mTkSLKUO8UPtxuRBMBoaacKNV27Fh7KZGaUQ79vJsoiAm9IVfQNjQkApSXDu/q402jdHEQSVOhxkP150RKhFI94ZtOQfS1GvcG4n9eO9HBoZeyME40hHT0UZBwrCM8CAl3mQSqec8QQiUzu2J6TUww2kSZNyE44yf/Jc1yydkvVc4rxeppFkcOraMNtIUcdICq6ATVUQNRdI8e0TN6sR6sJ+vVehu1TljZzBr6Bev9CwyInp8=</latexit>

t`(E) ' �/2

M � E + i�/2

Partial waves
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Decays

<latexit sha1_base64="ehQfWLQLZbbx9CG0DbROIeruzuY=">AAACGnicbVBNS8NAEN34WetX1aOXxSLUQ0tSinoseFAPgoKtQhPDZjupS3eTuLsRSujv8OJf8eJBEW/ixX/j9kPQ1gcDj/dmmJkXJJwpbdtf1szs3PzCYm4pv7yyurZe2NhsqjiVFBo05rG8DogCziJoaKY5XCcSiAg4XAXdo4F/dQ9SsTi61L0EPEE6EQsZJdpIfsHRvgucl9QedhUTcIfdUBKalc/cYyIE6WdnN9WyKjP8I/iFol2xh8DTxBmTIhrj3C98uO2YpgIiTTlRquXYifYyIjWjHPp5N1WQENolHWgZGhEBysuGr/XxrlHaOIylqUjjofp7IiNCqZ4ITKcg+lZNegPxP6+V6vDQy1iUpBoiOloUphzrGA9ywm0mgWreM4RQycytmN4SE402aeZNCM7ky9OkWa04+5XaRa1YPx3HkUPbaAeVkIMOUB2doHPUQBQ9oCf0gl6tR+vZerPeR60z1nhmC/2B9fkNfSCf8A==</latexit>

t`(s) '
�M�

M2 � s� iM�

<latexit sha1_base64="pWTGqyuIvhB4RQGWc4sWAbjRs7U=">AAACJ3icbZBNS8NAEIY39bt+VT16WSxChVISEfWiCF70pmBtoYlhs5m2i5sPdidCif03XvwrXgQV0aP/xG3tQVsHFl6ed4bZeYNUCo22/WkVpqZnZufmF4qLS8srq6W19WudZIpDnScyUc2AaZAihjoKlNBMFbAokNAIbk8HfuMOlBZJfIW9FLyIdWLRFpyhQX7pGP3cBSmr1K1SkP2K3qFH9H6S3lO4yQV1Q5DI/IFpYN8vle2aPSw6KZyRKJNRXfilFzdMeBZBjFwyrVuOnaKXM4WCS+gX3UxDyvgt60DLyJhFoL18eGefbhsS0naizIuRDunviZxFWveiwHRGDLt63BvA/7xWhu1DLxdxmiHE/GdRO5MUEzoIjYZCAUfZM4JxJcxfKe8yxTiaaIsmBGf85ElxvVtz9mt7l3vlk/NRHPNkk2yRCnHIATkhZ+SC1AknD+SJvJI369F6tt6tj5/WgjWa2SB/yvr6BpBDo/w=</latexit>

t`, el(s) = |t`, el(s)|ei�`(s)

Light spectrum

What’s this ?

Relativistic Breit-Wigner (BW) formula

Elastic  regiona → a
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Decays

Life is easy… 

   sometimes

The BW has worked  

wonders in  

many cases
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Model curve
Resonances
Nonres. comp.

This is not so easy
Inelastic

Large background

Three particles

Not “simple peaks”
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Decays Lightest scalar mesons
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Questions??
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Lattice QCD

Numerical approach to QCD

1. Discretize space/time 
 

2. Change to imaginary time 
 

3. Compute quarks 
 

4. Build hadrons

1. Non-perturbative 

2. Systematically improvable

Good
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Lattice QCD

<latexit sha1_base64="/CgfZbg3LSMNtwZm7XJWzD0+ToI="></latexit>

h0|'̂(y)'̂(z)|0i = 1

Z

Z
D'(x)'(y)'(z)e�iS['(x)]

Compute correlation functions

<latexit sha1_base64="u3Z6h2rw6H9eDfqO7Djn8gUYl0U=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0Wom5JI0W6Egi50V8E+oAlhMpm0QycPZialJfRX3Pgrblwo0p34M07aCNp6YOBwzr3MPceNGRXSMD61wtr6xuZWcbu0s7u3f6AfHrVFlHBMWjhiEe+6SBBGQ9KSVDLSjTlBgctIxx3eZH5nRLigUfgoJzGxA9QPqU8xkkpy9LpFQwmtAMkBRiy9nUJrhHg8oJXx+bUV88hz0rESsynvx8skRy8bVWMOuErMnJRBjqajzywvwklAQokZEqJnGrG0U8QlxYxMS1YiSIzwEPVJT9EQBUTY6TzhFJ4pxYN+xNVTl8zV3xspCoSYBK6azKKIZS8T//N6ifTrdkrDOJEkxIuP/IRBGcGsLuhRTrBkE0UQ5lTdCvEAcYSlKrWkSjCXI6+S9kXVvKzWHmrlxn1eRxGcgFNQASa4Ag1wB5qgBTB4Ai/gDbxrz9qr9qHNFqMFLd85Bn+gfX0DK0OkMA==</latexit>Z
D'(x) =

Y

x

Z
d'x

Discretized fields

Sum over all paths
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Lattice QCD

<latexit sha1_base64="/CgfZbg3LSMNtwZm7XJWzD0+ToI="></latexit>

h0|'̂(y)'̂(z)|0i = 1

Z

Z
D'(x)'(y)'(z)e�iS['(x)]

<latexit sha1_base64="u3Z6h2rw6H9eDfqO7Djn8gUYl0U=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0Wom5JI0W6Egi50V8E+oAlhMpm0QycPZialJfRX3Pgrblwo0p34M07aCNp6YOBwzr3MPceNGRXSMD61wtr6xuZWcbu0s7u3f6AfHrVFlHBMWjhiEe+6SBBGQ9KSVDLSjTlBgctIxx3eZH5nRLigUfgoJzGxA9QPqU8xkkpy9LpFQwmtAMkBRiy9nUJrhHg8oJXx+bUV88hz0rESsynvx8skRy8bVWMOuErMnJRBjqajzywvwklAQokZEqJnGrG0U8QlxYxMS1YiSIzwEPVJT9EQBUTY6TzhFJ4pxYN+xNVTl8zV3xspCoSYBK6azKKIZS8T//N6ifTrdkrDOJEkxIuP/IRBGcGsLuhRTrBkE0UQ5lTdCvEAcYSlKrWkSjCXI6+S9kXVvKzWHmrlxn1eRxGcgFNQASa4Ag1wB5qgBTB4Ai/gDbxrz9qr9qHNFqMFLd85Bn+gfX0DK0OkMA==</latexit>Z
D'(x) =

Y

x

Z
d'x

<latexit sha1_base64="b20TIJ13K0TzeB/YMD7+KVCC/kE=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAYhHgwzEtRjwIveIpoFJmPo6dQkTXoWunuCcQj+ihcPinj1P7z5N3aSOWj0QcHjvSqq6nkxZ1JZ1peRW1hcWl7JrxbW1jc2t8ztnYaMEkGhTiMeiZZHJHAWQl0xxaEVCyCBx6HpDS4mfnMIQrIovFWjGNyA9ELmM0qUljrmHtylxwzfOO0hEXGfle6P3HHHLFplawr8l9gZKaIMtY752e5GNAkgVJQTKR3bipWbEqEY5TAutBMJMaED0gNH05AEIN10ev0YH2qli/1I6AoVnqo/J1ISSDkKPN0ZENWX895E/M9zEuWfuykL40RBSGeL/IRjFeFJFLjLBFDFR5oQKpi+FdM+EYQqHVhBh2DPv/yXNE7K9mm5cl0pVq+yOPJoHx2gErLRGaqiS1RDdUTRA3pCL+jVeDSejTfjfdaaM7KZXfQLxsc3jTeUrg==</latexit>

e�iS['(x)]

Compute correlation functions

Discretized fields

Sum over all paths

Bad
1. Oscillatory 

 

2. Millions of integrals
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Lattice QCD

<latexit sha1_base64="7LTuzEICx/7uDWwjUFj/ShvkZCw=">AAAB+3icbVBNSwMxEM36WevXWo9egkXwYtmVoh4LXvRWwX5Au5Rsmm1Ds8mSzKpl6V/x4kERr/4Rb/4b03YP2vpg4PHeDDPzwkRwA5737aysrq1vbBa2its7u3v77kGpaVSqKWtQJZRuh8QwwSVrAAfB2olmJA4Fa4Wj66nfemDacCXvYZywICYDySNOCVip55YAdzUfDIForR7POAbcc8texZsBLxM/J2WUo95zv7p9RdOYSaCCGNPxvQSCjGjgVLBJsZsalhA6IgPWsVSSmJkgm90+wSdW6eNIaVsS8Ez9PZGR2JhxHNrOmMDQLHpT8T+vk0J0FWRcJikwSeeLolRgUHgaBO5zzSiIsSWEam5vxXRINKFg4yraEPzFl5dJ87ziX1Sqd9Vy7TaPo4CO0DE6RT66RDV0g+qogSh6Qs/oFb05E+fFeXc+5q0rTj5ziP7A+fwBOxuT8g==</latexit>

t ! �it

<latexit sha1_base64="K2TpKyP43bF3Z4B6BHUg6U8qXxg="></latexit>

�iS = �i

Z
d3xdtL ! �

Z
d3xdtLE = �SE

<latexit sha1_base64="JdlugiOBcA7g7xVCWj6lmwggpYY="></latexit>

Z =

Z
D D ̄DUe�SE[ , ̄,U ] =

Z
DU detD[U ]e�Sg

E[U ]

Euclidean action

0 < < 1

Probability like

Fermion integral
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Lattice QCD

<latexit sha1_base64="zruHo+NkvOhVRjyeD6WcSnGWVcQ="></latexit>

1

b� a

Z b

a
dxf(x) = hfi⇢u = lim

N!1

1

N

NX

n=1

f (xn)
<latexit sha1_base64="2q+fb6dyi1Dmr2G1KMECivdQBog=">AAACDHicbVDLSgMxFM3UV62vqks3wSK0C+uMFHUjFNzoroJ9QKeUTJppQzOZIbkjlqEf4MZfceNCEbd+gDv/xrSdhbYeCBzOOZebe7xIcA22/W1llpZXVtey67mNza3tnfzuXkOHsaKsTkMRqpZHNBNcsjpwEKwVKUYCT7CmN7ya+M17pjQP5R2MItYJSF9yn1MCRurmC64ahN0kHruC+VB86CZy7CreH0Dp0sEnRe+YlEzKLttT4EXipKSAUtS6+S+3F9I4YBKoIFq3HTuCTkIUcCrYOOfGmkWEDkmftQ2VJGC6k0yPGeMjo/SwHyrzJOCp+nsiIYHWo8AzyYDAQM97E/E/rx2Df9FJuIxiYJLOFvmxwBDiSTO4xxWjIEaGEKq4+SumA6IIBdNfzpTgzJ+8SBqnZeesXLmtFKo3aR1ZdIAOURE56BxV0TWqoTqi6BE9o1f0Zj1ZL9a79TGLZqx0Zh/9gfX5A3afmpc=</latexit>

⇢u (xn) = 1/(b� a)

<latexit sha1_base64="T/qNSNiKs3gC7noKHXlwithhvrQ="></latexit>

hOi = lim
N!1

1

N

NX

n=1

O [Un]

dP (U) =
e�S[U ]D[U ]R
D[U ]e�S[U ]

<latexit sha1_base64="E8DUAx2yRegckdeaAF5XK1y3ZKo="></latexit>

Z =

Z
DU detD[U ]e�Sg

E[U ]

Calculating integrals as averages
If we sample points uniformly

We compute our observables as averages

We have to sample like this
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Lattice QCD

<latexit sha1_base64="7w1PzNECprOiVcatcF7RYKRvsUs="></latexit>⌦
0
�� i↵

x  ̄
j�
y

�� 0
↵
=

Z
D D ̄DU i↵

x  ̄
j�
y e�SE[ , ̄,U ]

=

Z
DUe�Sg

E[U ]

Z
D D ̄ i↵

x  ̄
j�
y e� ̄D[U ] 

=

Z
DU

⇥
D�1[U ]

⇤i↵,j�
x,y

detD[U ]e�Sg
E[U ]

=
X

{U}

⇥
D�1[U ]

⇤i↵,j�
x,y

<latexit sha1_base64="7w1PzNECprOiVcatcF7RYKRvsUs="></latexit>⌦
0
�� i↵

x  ̄
j�
y

�� 0
↵
=

Z
D D ̄DU i↵

x  ̄
j�
y e�SE[ , ̄,U ]

=

Z
DUe�Sg

E[U ]

Z
D D ̄ i↵

x  ̄
j�
y e� ̄D[U ] 

=

Z
DU

⇥
D�1[U ]

⇤i↵,j�
x,y

detD[U ]e�Sg
E[U ]

=
X

{U}

⇥
D�1[U ]

⇤i↵,j�
x,y

<latexit sha1_base64="7w1PzNECprOiVcatcF7RYKRvsUs="></latexit>⌦
0
�� i↵

x  ̄
j�
y

�� 0
↵
=

Z
D D ̄DU i↵

x  ̄
j�
y e�SE[ , ̄,U ]

=

Z
DUe�Sg

E[U ]

Z
D D ̄ i↵

x  ̄
j�
y e� ̄D[U ] 

=

Z
DU

⇥
D�1[U ]

⇤i↵,j�
x,y

detD[U ]e�Sg
E[U ]

=
X

{U}

⇥
D�1[U ]

⇤i↵,j�
x,y

<latexit sha1_base64="7w1PzNECprOiVcatcF7RYKRvsUs="></latexit>⌦
0
�� i↵

x  ̄
j�
y

�� 0
↵
=

Z
D D ̄DU i↵

x  ̄
j�
y e�SE[ , ̄,U ]

=

Z
DUe�Sg

E[U ]

Z
D D ̄ i↵

x  ̄
j�
y e� ̄D[U ] 

=

Z
DU

⇥
D�1[U ]

⇤i↵,j�
x,y

detD[U ]e�Sg
E[U ]

=
X

{U}

⇥
D�1[U ]

⇤i↵,j�
x,y

Quark propagator
Definition

Splitting the fermions

Algebraic solution 
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Lattice QCD

<latexit sha1_base64="uNbbMeHR4eGbHT5vSNWXMq+V+dg="></latexit>D
0
���
�
 ̄�5 

�
x,t

�
 ̄�5 

�
0,0

��� 0
E
= � tr

⇣⇥
D�1[U ]

⇤
00,xt

�5
⇥
D�1[U ]

⇤
xt,00

�5
⌘

<latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u

<latexit sha1_base64="u5VpqmKHJ0Qv5rZSi1TQaAgWZxg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWw2m3btZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jEeCRYxgo2VOoMAKxQOqzW37uZAq8QrSA0KtIbVr0EoSRpTYQjHWvc9NzF+hpVhhNNZZZBqmmAywSPat1TgmGo/y6+doTOrhCiSypYwKFd/T2Q41noaB7Yzxmasl725+J/XT0107WdMJKmhgiwWRSlHRqL56yhkihLDp5Zgopi9FZExVpgYG1DFhuAtv7xKOhd177LeuG/UmjdFHGU4gVM4Bw+uoAl30II2EHiEZ3iFN0c6L86787FoLTnFzDH8gfP5AxlajtQ=</latexit>

d̄
<latexit sha1_base64="fumFAeCx8XuCSH98WDVqJoH+A+I=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi94imAckS+idzCZDZnbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUUdagsYhVO0DNBI9Yw3AjWDtRDGUgWCsY3Uz91hNTmsfRgxknzJc4iHjIKRortbsDlBJ7F71yxa26M5Bl4uWkAjnqvfJXtx/TVLLIUIFadzw3MX6GynAq2KTUTTVLkI5wwDqWRiiZ9rPZvRNyYpU+CWNlKzJkpv6eyFBqPZaB7ZRohnrRm4r/eZ3UhNd+xqMkNSyi80VhKoiJyfR50ueKUSPGliBV3N5K6BAVUmMjKtkQvMWXl0nzrOpdVs/vzyu1uzyOIhzBMZyCB1dQg1uoQwMoCHiGV3hzHp0X5935mLcWnHzmEP7A+fwBu06PzQ==</latexit>�5

<latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u

<latexit sha1_base64="u5VpqmKHJ0Qv5rZSi1TQaAgWZxg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWw2m3btZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jEeCRYxgo2VOoMAKxQOqzW37uZAq8QrSA0KtIbVr0EoSRpTYQjHWvc9NzF+hpVhhNNZZZBqmmAywSPat1TgmGo/y6+doTOrhCiSypYwKFd/T2Q41noaB7Yzxmasl725+J/XT0107WdMJKmhgiwWRSlHRqL56yhkihLDp5Zgopi9FZExVpgYG1DFhuAtv7xKOhd177LeuG/UmjdFHGU4gVM4Bw+uoAl30II2EHiEZ3iFN0c6L86787FoLTnFzDH8gfP5AxlajtQ=</latexit>

d̄
<latexit sha1_base64="fumFAeCx8XuCSH98WDVqJoH+A+I=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi94imAckS+idzCZDZnbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUUdagsYhVO0DNBI9Yw3AjWDtRDGUgWCsY3Uz91hNTmsfRgxknzJc4iHjIKRortbsDlBJ7F71yxa26M5Bl4uWkAjnqvfJXtx/TVLLIUIFadzw3MX6GynAq2KTUTTVLkI5wwDqWRiiZ9rPZvRNyYpU+CWNlKzJkpv6eyFBqPZaB7ZRohnrRm4r/eZ3UhNd+xqMkNSyi80VhKoiJyfR50ueKUSPGliBV3N5K6BAVUmMjKtkQvMWXl0nzrOpdVs/vzyu1uzyOIhzBMZyCB1dQg1uoQwMoCHiGV3hzHp0X5935mLcWnHzmEP7A+fwBu06PzQ==</latexit>�5

<latexit sha1_base64="FVxER7vAcD+7RshjM7YbAC/Qt4o=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXSvVY0IPeKtgPaNeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aGqZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo6up33qiSjMp7s04pn6EB4KFjGBjpeb1Q3rmTXrFklt2Z0DLxMtICTLUe8Wvbl+SJKLCEI617nhubPwUK8MIp5NCN9E0xmSEB7RjqcAR1X46u3aCTqzSR6FUtoRBM/X3RIojrcdRYDsjbIZ60ZuK/3mdxISXfspEnBgqyHxRmHBkJJq+jvpMUWL42BJMFLO3IjLEChNjAyrYELzFl5dJ87zsVcuVu0qpdpvFkYcjOIZT8OACanADdWgAgUd4hld4c6Tz4rw7H/PWnJPNHMIfOJ8/7r+Ovg==</latexit>

D�1

<latexit sha1_base64="FVxER7vAcD+7RshjM7YbAC/Qt4o=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXSvVY0IPeKtgPaNeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aGqZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo6up33qiSjMp7s04pn6EB4KFjGBjpeb1Q3rmTXrFklt2Z0DLxMtICTLUe8Wvbl+SJKLCEI617nhubPwUK8MIp5NCN9E0xmSEB7RjqcAR1X46u3aCTqzSR6FUtoRBM/X3RIojrcdRYDsjbIZ60ZuK/3mdxISXfspEnBgqyHxRmHBkJJq+jvpMUWL42BJMFLO3IjLEChNjAyrYELzFl5dJ87zsVcuVu0qpdpvFkYcjOIZT8OACanADdWgAgUd4hld4c6Tz4rw7H/PWnJPNHMIfOJ8/7r+Ovg==</latexit>

D�1

<latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u
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Lattice QCD
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Lattice QCD
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Lattice QCD
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Amplitude analyses
• Unitarity

• Analiticity

• Crossing

Observables
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Questions??
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Questions??


