
Arkaitz Rodas

X

Understanding exotic mesons

Arkaitz Rodas



Understanding exotic mesons Arkaitz Rodas

!e 2015  
LONG RANGE PLAN  

for NUCLEAR SCIENCE

 REACHING FOR THE HORIZON

The Site of the Wright Brothers’ First Airplane Flight

Arkaitz Rodas 2

“... hadron spectroscopy 
illuminates the QCD interaction 

that binds quarks.”
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<latexit sha1_base64="OeTbwgRZDirBwiOV/TaElW+UftI=">AAACC3icbVDJSgNBEO2JW4xb1KOXNkGIiGFGgnoMeNFbBLNAJgk1nUrSpGehu0cJIXcv/ooXD4p49Qe8+Td2loMmPih4vFdFVT0vElxp2/62EkvLK6tryfXUxubW9k56d6+iwlgyLLNQhLLmgULBAyxrrgXWIongewKrXv9q7FfvUSoeBnd6EGHDh27AO5yBNlIrnXEV7/qQw+YJxeYpdQ9dybs9DVKGD5SCEMetdNbO2xPQReLMSJbMUGqlv9x2yGIfA80EKFV37Eg3hiA1ZwJHKTdWGAHrQxfrhgbgo2oMJ7+M6JFR2rQTSlOBphP198QQfKUGvmc6fdA9Ne+Nxf+8eqw7l40hD6JYY8CmizqxoDqk42Bom0tkWgwMASa5uZWyHkhg2sSXMiE48y8vkspZ3jnPF24L2eLNLI4kOSAZkiMOuSBFck1KpEwYeSTP5JW8WU/Wi/VufUxbE9ZsZp/8gfX5A5QRmYY=</latexit>

�(e+e�! all)

Physics beyond what's known

<latexit sha1_base64="C/dYPRAc/kt2iDkBUzT+b4+bnLw=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUg2W3FPVY8KK3CvYDukvJpmkbmmTXJFsoS3+HFw+KePXHePPfmLZ70NYHA4/3ZpiZF8acaeO6387a+sbm1nZuJ7+7t39wWDg6buooUYQ2SMQj1Q6xppxJ2jDMcNqOFcUi5LQVjm5nfmtMlWaRfDSTmAYCDyTrM4KNlQLfRKg0uKxcdH2RdAtFt+zOgVaJl5EiZKh3C19+LyKJoNIQjrXueG5sghQrwwin07yfaBpjMsID2rFUYkF1kM6PnqJzq/RQP1K2pEFz9fdEioXWExHaToHNUC97M/E/r5OY/k2QMhknhkqyWNRPOLKvzhJAPaYoMXxiCSaK2VsRGWKFibE55W0I3vLLq6RZKXtX5epDtVi7z+LIwSmcQQk8uIYa3EEdGkDgCZ7hFd6csfPivDsfi9Y1J5s5gT9wPn8ANZuRHw==</latexit>

! (g � 2)µMuon manetic moment

Rare  decaysB
Nucleon mass dependance
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Understanding the QCD spectrum

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

t`(s) '
�M�

M2 � s� iM�

Very simple

Jo’s talk yesterday
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Very simple<latexit sha1_base64="ehQfWLQLZbbx9CG0DbROIeruzuY=">AAACGnicbVBNS8NAEN34WetX1aOXxSLUQ0tSinoseFAPgoKtQhPDZjupS3eTuLsRSujv8OJf8eJBEW/ixX/j9kPQ1gcDj/dmmJkXJJwpbdtf1szs3PzCYm4pv7yyurZe2NhsqjiVFBo05rG8DogCziJoaKY5XCcSiAg4XAXdo4F/dQ9SsTi61L0EPEE6EQsZJdpIfsHRvgucl9QedhUTcIfdUBKalc/cYyIE6WdnN9WyKjP8I/iFol2xh8DTxBmTIhrj3C98uO2YpgIiTTlRquXYifYyIjWjHPp5N1WQENolHWgZGhEBysuGr/XxrlHaOIylqUjjofp7IiNCqZ4ITKcg+lZNegPxP6+V6vDQy1iUpBoiOloUphzrGA9ywm0mgWreM4RQycytmN4SE402aeZNCM7ky9OkWa04+5XaRa1YPx3HkUPbaAeVkIMOUB2doHPUQBQ9oCf0gl6tR+vZerPeR60z1nhmC/2B9fkNfSCf8A==</latexit>

t`(s) '
�M�

M2 � s� iM�

Very simple
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Light Scalars Debated for over half a century!!
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Light Scalars Debated for over half a century!!
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PDG

Briceño et al. 2017
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Understanding the QCD spectrum

Determine the spectrum ??
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Amplitude analyses
• Unitarity

• Analiticity

• Crossing

Observables

Jo’s talk yesterday
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First principles
Causality  Analiticity↔

s−plane

• Avoid spurious singularities

𝑚𝑚−
2 − 𝑡𝑡 𝑚𝑚+

2

R→∞

C

<latexit sha1_base64="Sxz+SSDpy04N94fnxkkcks83v2s=">AAACDHicbVDLSgMxFM34rPVVdekmWKTtwjIjRd0IhW50V8E+oC0lk2ba0ExmSO4InaEf4MZfceNCEbd+gDv/xvSx0NYDgcM553JzjxsKrsG2v62V1bX1jc3UVnp7Z3dvP3NwWNdBpCir0UAEqukSzQSXrAYcBGuGihHfFazhDisTv/HAlOaBvIdRyDo+6UvucUrASN1MFvJx4Rq3Ay6hW8FtTxGaGC1XGCdx7iwe9+KcSdlFewq8TJw5yaI5qt3MV7sX0MhnEqggWrccO4ROQhRwKtg43Y40Cwkdkj5rGSqJz3QnmR4zxqdG6WEvUOZJwFP190RCfK1HvmuSPoGBXvQm4n9eKwLvqpNwGUbAJJ0t8iKBIcCTZnCPK0ZBjAwhVHHzV0wHxPQBpr+0KcFZPHmZ1M+LzkWxdFfKlm/ndaTQMTpBeeSgS1RGN6iKaoiiR/SMXtGb9WS9WO/Wxyy6Ys1njtAfWJ8/qtCaKA==</latexit>

t(z) =

I

C

t(z0)

z0 � z
dz0

Crossed Data Data

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

SS† = I

Crossing

<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="OFfXLw8d4XXzwKqFTikruJDAVls=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF721YGuhDWWzmbRrN5uwuxFK6S/w4kERr/4kb/4bt20O2vpg4PHeDDPzglRwbVz32ymsrW9sbhW3Szu7e/sH5cOjtk4yxbDFEpGoTkA1Ci6xZbgR2EkV0jgQ+BCMbmb+wxMqzRN5b8Yp+jEdSB5xRo2VmmG/XHGr7hxklXg5qUCORr/81QsTlsUoDRNU667npsafUGU4Ezgt9TKNKWUjOsCupZLGqP3J/NApObNKSKJE2ZKGzNXfExMaaz2OA9sZUzPUy95M/M/rZia69idcpplByRaLokwQk5DZ1yTkCpkRY0soU9zeStiQKsqMzaZkQ/CWX14l7Yuqd1mtNWuV+l0eRxFO4BTOwYMrqMMtNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AMzyjPg=</latexit>

d

<latexit sha1_base64="19Xw0HeJvWg/6gdYtQZtoX4UwF0=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3qLYB6QLGF2MpuMmZ1Z5iGEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpZxp4/vfXmFtfWNzq7hd2tnd2z8oHx61tLSK0CaRXKpOhDXlTNCmYYbTTqooTiJO29H4Zua3n6jSTIoHM0lpmOChYDEj2Dip1YuwQrZfrvhVfw60SoKcVCBHo1/+6g0ksQkVhnCsdTfwUxNmWBlGOJ2WelbTFJMxHtKuowInVIfZ/NopOnPKAMVSuRIGzdXfExlOtJ4kketMsBnpZW8m/ud1rYmvw4yJ1BoqyGJRbDkyEs1eRwOmKDF84ggmirlbERlhhYlxAZVcCMHyy6ukdVENLqu1+1qlfpfHUYQTOIVzCOAK6nALDWgCgUd4hld486T34r17H4vWgpfPHMMfeJ8/NTmO7A==</latexit>

ū
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<latexit sha1_base64="Sxz+SSDpy04N94fnxkkcks83v2s=">AAACDHicbVDLSgMxFM34rPVVdekmWKTtwjIjRd0IhW50V8E+oC0lk2ba0ExmSO4InaEf4MZfceNCEbd+gDv/xvSx0NYDgcM553JzjxsKrsG2v62V1bX1jc3UVnp7Z3dvP3NwWNdBpCir0UAEqukSzQSXrAYcBGuGihHfFazhDisTv/HAlOaBvIdRyDo+6UvucUrASN1MFvJx4Rq3Ay6hW8FtTxGaGC1XGCdx7iwe9+KcSdlFewq8TJw5yaI5qt3MV7sX0MhnEqggWrccO4ROQhRwKtg43Y40Cwkdkj5rGSqJz3QnmR4zxqdG6WEvUOZJwFP190RCfK1HvmuSPoGBXvQm4n9eKwLvqpNwGUbAJJ0t8iKBIcCTZnCPK0ZBjAwhVHHzV0wHxPQBpr+0KcFZPHmZ1M+LzkWxdFfKlm/ndaTQMTpBeeSgS1RGN6iKaoiiR/SMXtGb9WS9WO/Wxyy6Ys1njtAfWJ8/qtCaKA==</latexit>

t(z) =

I

C

t(z0)

z0 � z
dz0

Dispersion relations

Cauchy

s−plane

• Avoid spurious singularities

𝑚𝑚−
2 − 𝑡𝑡 𝑚𝑚+

2

R→∞

C

NegligibleCrossing

<latexit sha1_base64="kIevrzsMK1B3kBSdIEZYiTqxZlA="></latexit>

F (s, t) =
1

⇡

Z 1

sth

ds
0 ImF (s0, t)

s0 � s
+ LHC

Data

<latexit sha1_base64="aZPsNjmFdnfE8KApK2/hLA37B2c="></latexit>

F (s, t) =
1

⇡

Z 1

sth

ds0
 
ImF (s0, t)

(s0 � s)
+

P
CI0

su ImF I0
(s0, t)

(s0 � u)

!

Crossed Data
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DR → Out

Fit → In

Use all data available

Prune/fit data

Obtain your DRs

DR → OutFit → In compatibleMake

Model-independent

Amplitude analyses
• Unitarity

• Analiticity

• Crossing

<latexit sha1_base64="70aj/Rrnjs9w+Wou/Cf4MS01v1A="></latexit>

F (s, t) = 16K⇡
X

`

(2`+ 1)P`(cos ✓)f`(s)

<latexit sha1_base64="aZPsNjmFdnfE8KApK2/hLA37B2c="></latexit>

F (s, t) =
1

⇡

Z 1

sth

ds0
 
ImF (s0, t)

(s0 � s)
+

P
CI0

su ImF I0
(s0, t)

(s0 � u)

!
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DR → Out

Fit → In

<latexit sha1_base64="LPmTpl832Q3hUcD8uMQu63tCu9M=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL4KXBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvUmiyMPJ3AK5+DBFVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP6TzjNg=</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="ckRaIEx9+kQbCyAjxTFlp9VT7As=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY8FL3qrYD+gXcpsmm1js0lIskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMjLVhDaJ5FJ3IjCUM0GblllOO0pTSCJO29H4Zua3n6g2TIoHO1E0TGAoWMwIWCe1emNQCvrlil/158CrJMhJBeVo9MtfvYEkaUKFJRyM6Qa+smEG2jLC6bTUSw1VQMYwpF1HBSTUhNn82ik+c8oAx1K7EhbP1d8TGSTGTJLIdSZgR2bZm4n/ed3UxtdhxoRKLRVksShOObYSz17HA6YpsXziCBDN3K2YjEADsS6gkgshWH55lbQuqsFltXZfq9Tv8jiK6ASdonMUoCtUR7eogZqIoEf0jF7Rmye9F+/d+1i0Frx85hj9gff5A5s1jy8=</latexit>

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

<latexit sha1_base64="LPmTpl832Q3hUcD8uMQu63tCu9M=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL4KXBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvUmiyMPJ3AK5+DBFVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP6TzjNg=</latexit>

K Data

 scatteringπK
<latexit sha1_base64="aDA9wSXSITHQV9X8oZaBnYPioQ0="></latexit>

F+(s) = F+(sth) +
(s� sth)

⇡

Z 1

sth

ds0


ImF+(s0)

(s0 � s)(s0 � sth)
+

ImF+(s0)

(s0 + s� 2⌃⇡K)(s0 + sth � 2⌃⇡K)

�

Obtain your DRs
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DR → Out

Fit → In

<latexit sha1_base64="LPmTpl832Q3hUcD8uMQu63tCu9M=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL4KXBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvUmiyMPJ3AK5+DBFVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP6TzjNg=</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="ckRaIEx9+kQbCyAjxTFlp9VT7As=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY8FL3qrYD+gXcpsmm1js0lIskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMjLVhDaJ5FJ3IjCUM0GblllOO0pTSCJO29H4Zua3n6g2TIoHO1E0TGAoWMwIWCe1emNQCvrlil/158CrJMhJBeVo9MtfvYEkaUKFJRyM6Qa+smEG2jLC6bTUSw1VQMYwpF1HBSTUhNn82ik+c8oAx1K7EhbP1d8TGSTGTJLIdSZgR2bZm4n/ed3UxtdhxoRKLRVksShOObYSz17HA6YpsXziCBDN3K2YjEADsS6gkgshWH55lbQuqsFltXZfq9Tv8jiK6ASdonMUoCtUR7eogZqIoEf0jF7Rmye9F+/d+1i0Frx85hj9gff5A5s1jy8=</latexit>

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

<latexit sha1_base64="LPmTpl832Q3hUcD8uMQu63tCu9M=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL4KXBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvUmiyMPJ3AK5+DBFVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP6TzjNg=</latexit>

K Data

Remember?

 scatteringπK
<latexit sha1_base64="aDA9wSXSITHQV9X8oZaBnYPioQ0="></latexit>

F+(s) = F+(sth) +
(s� sth)

⇡

Z 1

sth

ds0


ImF+(s0)

(s0 � s)(s0 � sth)
+

ImF+(s0)

(s0 + s� 2⌃⇡K)(s0 + sth � 2⌃⇡K)

�

<latexit sha1_base64="iBQLf6bGL6ob9ofrfHTDyLgrYi4=">AAACKnicbVDLSsNAFJ34tr6qLt0MFkEXlkRE3Qg+NrqrYFVoaplMb9rBSSbM3Agl5Hvc+CtuulCKWz/EaZuFVg8MHM45lzv3BIkUBl134ExNz8zOzS8slpaWV1bXyusbd0almkOdK6n0Q8AMSBFDHQVKeEg0sCiQcB88XQ79+2fQRqj4FnsJNCPWiUUoOEMrtcrn4eN1K/NBynzX7J36oWY88/LM111lBepzhdRvg0T2M7gvaJHIW+WKW3VHoH+JV5AKKVBrlft+W/E0ghi5ZMY0PDfBZsY0Ci4hL/mpgYTxJ9aBhqUxi8A0s9GpOd2xSpuGStsXIx2pPycyFhnTiwKbjBh2zaQ3FP/zGimGJ81MxEmKEPPxojCVFBUd9kbbQgNH2bOEcS3sXynvMtsW2nZLtgRv8uS/5O6g6h1VD28OK2cXRR0LZItsk13ikWNyRq5IjdQJJy/kjbyTD+fV6TsD53McnXKKmU3yC87XNzHUpoA=</latexit>

f I
` (s) =

1

⇢(s) cot �I` (s)� i⇢(s)

<latexit sha1_base64="PdDB0ixQbm9RHwOLmjZJqlaRUGc="></latexit>

cot �I` (s) =

p
s

2q2`+1

X
Bn!(s)

n

<latexit sha1_base64="R7VYzq+UIAPNd35gA24ho8PQK3g="></latexit>

F I(s, t) = 16⇡
X

`

(2`+ 1)P`(cos ✓)f
I
` (s)

Partial waves

Obtain your DRs

Unitarity
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<latexit sha1_base64="DiOBSicoAcydWNQ4vWZZZCGwRgk=">AAACAHicbVC7SgNBFJ31GeMramFhMxgECwm7EtQyYKF2EcwDsiHMTu4mQ2YfztwVw7KNv2JjoYitn2Hn3zh5FJp4LhcO59zLzD1eLIVG2/62FhaXlldWc2v59Y3Nre3Czm5dR4niUOORjFTTYxqkCKGGAiU0YwUs8CQ0vMHlyG88gNIiCu9wGEM7YL1Q+IIzNFKnsO/qe4Wpzqh7YgrhEdMrqGedQtEu2WPQeeJMSZFMUe0UvtxuxJMAQuSSad1y7BjbKVMouIQs7yYaYsYHrActQ0MWgG6n4wMyemSULvUjZTpEOlZ/b6Qs0HoYeGYyYNjXs95I/M9rJehftFMRxglCyCcP+YmkGNFRGrQrFHCUQ0MYV8L8lfI+U4yjySxvQnBmT54n9dOSc1Yq35aLlZtpHDlyQA7JMXHIOamQa1IlNcJJRp7JK3mznqwX6936mIwuWNOdPfIH1ucPrBeWfQ==</latexit>p
s GeV

<latexit sha1_base64="DiOBSicoAcydWNQ4vWZZZCGwRgk=">AAACAHicbVC7SgNBFJ31GeMramFhMxgECwm7EtQyYKF2EcwDsiHMTu4mQ2YfztwVw7KNv2JjoYitn2Hn3zh5FJp4LhcO59zLzD1eLIVG2/62FhaXlldWc2v59Y3Nre3Czm5dR4niUOORjFTTYxqkCKGGAiU0YwUs8CQ0vMHlyG88gNIiCu9wGEM7YL1Q+IIzNFKnsO/qe4Wpzqh7YgrhEdMrqGedQtEu2WPQeeJMSZFMUe0UvtxuxJMAQuSSad1y7BjbKVMouIQs7yYaYsYHrActQ0MWgG6n4wMyemSULvUjZTpEOlZ/b6Qs0HoYeGYyYNjXs95I/M9rJehftFMRxglCyCcP+YmkGNFRGrQrFHCUQ0MYV8L8lfI+U4yjySxvQnBmT54n9dOSc1Yq35aLlZtpHDlyQA7JMXHIOamQa1IlNcJJRp7JK3mznqwX6936mIwuWNOdPfIH1ucPrBeWfQ==</latexit>p
s GeV

DR → OutFit → In compatibleMake scatteringπK
Vary the 
fits a bit

<latexit sha1_base64="dVDwynJpiqI0KlPcEC8bxbudd68=">AAAB8nicbVBNSwMxEM36WetX1aOXYBHqpexKUY9FL3qrYD9gu5ZsOtuGZpMlyQpl6c/w4kERr/4ab/4b03YP2vpg4PHeDDPzwoQzbVz321lZXVvf2CxsFbd3dvf2SweHLS1TRaFJJZeqExINnAloGmY4dBIFJA45tMPRzdRvP4HSTIoHM04giMlAsIhRYqzkR493vS5wXtFnvVLZrboz4GXi5aSMcjR6pa9uX9I0BmEoJ1r7npuYICPKMMphUuymGhJCR2QAvqWCxKCDbHbyBJ9apY8jqWwJg2fq74mMxFqP49B2xsQM9aI3Ff/z/NREV0HGRJIaEHS+KEo5NhJP/8d9poAaPraEUMXsrZgOiSLU2JSKNgRv8eVl0jqvehfV2n2tXL/O4yigY3SCKshDl6iOblEDNRFFEj2jV/TmGOfFeXc+5q0rTj5zhP7A+fwBdZmQug==</latexit>

f I
` (s)

<latexit sha1_base64="0ccIm7yE2nHrQviWcBMrR2PnPxA=">AAAB8nicjVDLSgNBEOyNrxhfUY9eBoMQL2EjQT0GvegtgnnAZg2zk9lkyOzOMtMrhCWf4cWDIl79Gm/+jZPHQUXBgoaiqpvuriCRwqDrfji5peWV1bX8emFjc2t7p7i71zIq1Yw3mZJKdwJquBQxb6JAyTuJ5jQKJG8Ho8up377n2ggV3+I44X5EB7EIBaNoJS+8u+51uZRlc9wrlqoVdwbyNynBAo1e8b3bVyyNeIxMUmO8qpugn1GNgkk+KXRTwxPKRnTAPUtjGnHjZ7OTJ+TIKn0SKm0rRjJTv05kNDJmHAW2M6I4ND+9qfib56UYnvuZiJMUeczmi8JUElRk+j/pC80ZyrEllGlhbyVsSDVlaFMq/C+E1kmlelqp3dRK9YtFHHk4gEMoQxXOoA5X0IAmMFDwAE/w7KDz6Lw4r/PWnLOY2YdvcN4+AXn+kL0=</latexit>

f I
` (s)

Phys. Rep. 2022
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 scatteringπK
 “We are beginning to think that  should


be classified along with flying saucers, the

Loch Ness Monster, and the Abominable 

Snowman”

κ

PDG 1967

<latexit sha1_base64="dVDwynJpiqI0KlPcEC8bxbudd68=">AAAB8nicbVBNSwMxEM36WetX1aOXYBHqpexKUY9FL3qrYD9gu5ZsOtuGZpMlyQpl6c/w4kERr/4ab/4b03YP2vpg4PHeDDPzwoQzbVz321lZXVvf2CxsFbd3dvf2SweHLS1TRaFJJZeqExINnAloGmY4dBIFJA45tMPRzdRvP4HSTIoHM04giMlAsIhRYqzkR493vS5wXtFnvVLZrboz4GXi5aSMcjR6pa9uX9I0BmEoJ1r7npuYICPKMMphUuymGhJCR2QAvqWCxKCDbHbyBJ9apY8jqWwJg2fq74mMxFqP49B2xsQM9aI3Ff/z/NREV0HGRJIaEHS+KEo5NhJP/8d9poAaPraEUMXsrZgOiSLU2JSKNgRv8eVl0jqvehfV2n2tXL/O4yigY3SCKshDl6iOblEDNRFFEj2jV/TmGOfFeXc+5q0rTj5zhP7A+fwBdZmQug==</latexit>

f I
` (s)

Data
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 scatteringπK

“  accepted”κ
PDG 2021

<latexit sha1_base64="dVDwynJpiqI0KlPcEC8bxbudd68=">AAAB8nicbVBNSwMxEM36WetX1aOXYBHqpexKUY9FL3qrYD9gu5ZsOtuGZpMlyQpl6c/w4kERr/4ab/4b03YP2vpg4PHeDDPzwoQzbVz321lZXVvf2CxsFbd3dvf2SweHLS1TRaFJJZeqExINnAloGmY4dBIFJA45tMPRzdRvP4HSTIoHM04giMlAsIhRYqzkR493vS5wXtFnvVLZrboz4GXi5aSMcjR6pa9uX9I0BmEoJ1r7npuYICPKMMphUuymGhJCR2QAvqWCxKCDbHbyBJ9apY8jqWwJg2fq74mMxFqP49B2xsQM9aI3Ff/z/NREV0HGRJIaEHS+KEo5NhJP/8d9poAaPraEUMXsrZgOiSLU2JSKNgRv8eVl0jqvehfV2n2tXL/O4yigY3SCKshDl6iOblEDNRFFEj2jV/TmGOfFeXc+5q0rTj5zhP7A+fwBdZmQug==</latexit>

f I
` (s)

Dispersive

We need “good” data for this

PRL 2020
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 scatteringπK

“  accepted”κ
PDG 2021

Incoming exp. on 
 interactions!!πK

We need “good” data for this

PRL 2020
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 scattering on the latticeππ
First lattice QCD+DR

Short future
<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
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Quantized levels in a box

Lüscher

Jo’s talk

“Data”
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 scattering on the latticeππ
First lattice QCD+DR

Short future
<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
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Quantized levels in a box
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Jo’s talk

“Data”DR

Data
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 scattering on the latticeππ

0
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140
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0.1 0.11 0.12 0.13 0.14 0.15 0.16

�0 0

atECM

First lattice QCD+DR
Short future

2.27 2.32 2.35 2.46 2.62 2.8 2.85 2.88 2.91 3.18 3.28 3.28 3.62 3.64 3.64 3.66 3.71 3.72 3.82 4.05 4.22 4.47 4.62 4.67 4.72 4.77 4.8 4.82 4.89 4.9 5.1 5.35 6.22 6.67

1.32 1.23 1.21 1.16 1.08 1.22 1.18 1.15 0.97 0.95 0.98 0.91 0.8 0.95 0.79 0.78 0.79 0.76 0.76 0.74 0.72 0.47 0.49 0.69 0.69 0.68 0.67 0.67 0.67 1.45 0.66 0.69 0.75 0.88
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0.81
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Not all params. 
are created equal

<latexit sha1_base64="Sxz+SSDpy04N94fnxkkcks83v2s=">AAACDHicbVDLSgMxFM34rPVVdekmWKTtwjIjRd0IhW50V8E+oC0lk2ba0ExmSO4InaEf4MZfceNCEbd+gDv/xvSx0NYDgcM553JzjxsKrsG2v62V1bX1jc3UVnp7Z3dvP3NwWNdBpCir0UAEqukSzQSXrAYcBGuGihHfFazhDisTv/HAlOaBvIdRyDo+6UvucUrASN1MFvJx4Rq3Ay6hW8FtTxGaGC1XGCdx7iwe9+KcSdlFewq8TJw5yaI5qt3MV7sX0MhnEqggWrccO4ROQhRwKtg43Y40Cwkdkj5rGSqJz3QnmR4zxqdG6WEvUOZJwFP190RCfK1HvmuSPoGBXvQm4n9eKwLvqpNwGUbAJJ0t8iKBIcCTZnCPK0ZBjAwhVHHzV0wHxPQBpr+0KcFZPHmZ1M+LzkWxdFfKlm/ndaTQMTpBeeSgS1RGN6iKaoiiR/SMXtGb9WS9WO/Wxyy6Ys1njtAfWJ8/qtCaKA==</latexit>

t(z) =

I

C

t(z0)

z0 � z
dz0

Lots of params. combinations

Path to a full theoretical, 
first-principles result

Good
Bad

Prelim
inary
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Understanding the QCD spectrum

Determine the spectrum Exp./Lattice First principles
Present
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Understanding the QCD spectrum

Determine the spectrum

What are they made of?

First principles
Masses

Lifetimes

Couplings

Exp./Lattice
Present

Future
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Compositeness

2.0 2.1 2.2 2.3 2.4 2.5
0
90

20

40

180

Breit-Wigner
K-matrix

 to shed 
some light

γ

What’s inside?

ρ+
π+

π+

π0

Successful first analyses

Briceño 2016
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Compositeness
More complicated

s
f0/a0

A K

Flavor structure Remember these?
First principles

<latexit sha1_base64="Sxz+SSDpy04N94fnxkkcks83v2s=">AAACDHicbVDLSgMxFM34rPVVdekmWKTtwjIjRd0IhW50V8E+oC0lk2ba0ExmSO4InaEf4MZfceNCEbd+gDv/xvSx0NYDgcM553JzjxsKrsG2v62V1bX1jc3UVnp7Z3dvP3NwWNdBpCir0UAEqukSzQSXrAYcBGuGihHfFazhDisTv/HAlOaBvIdRyDo+6UvucUrASN1MFvJx4Rq3Ay6hW8FtTxGaGC1XGCdx7iwe9+KcSdlFewq8TJw5yaI5qt3MV7sX0MhnEqggWrccO4ROQhRwKtg43Y40Cwkdkj5rGSqJz3QnmR4zxqdG6WEvUOZJwFP190RCfK1HvmuSPoGBXvQm4n9eKwLvqpNwGUbAJJ0t8iKBIcCTZnCPK0ZBjAwhVHHzV0wHxPQBpr+0KcFZPHmZ1M+LzkWxdFfKlm/ndaTQMTpBeeSgS1RGN6iKaoiiR/SMXtGb9WS9WO/Wxyy6Ys1njtAfWJ8/qtCaKA==</latexit>

t(z) =

I

C

t(z0)

z0 � z
dz0

⇒
W(s, s′, q2)

1
1 + V(s′)G(s′)

1
1 + V(s)G(s)

gσ gσFσ(q2)

Resonance structure?

charge radiusγ →
mass radius??h →

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

(uū+ dd̄)p
2

<latexit sha1_base64="dYIDPM8jMLrMFi/CjzsYiagESgM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF71VsB/QhjLZbtqlm03c3Qgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvpn57SemNI/lg5kkzI9wKHnIKRordTTpBaiI7pcrbtWdg6wSLycVyNHol796g5imEZOGCtS667mJ8TNUhlPBpqVeqlmCdIxD1rVUYsS0n83vnZIzqwxIGCtb0pC5+nsiw0jrSRTYzgjNSC97M/E/r5ua8NrPuExSwyRdLApTQUxMZs+TAVeMGjGxBKni9lZCR6iQGhtRyYbgLb+8SloXVe+yWruvVep3eRxFOIFTOAcPrqAOt9CAJlAQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QNez4+R</latexit>

ss̄
<latexit sha1_base64="FJsn5DDcAWT+Kq5wC6ngKSuq5fE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FL3qrYD+gDWWz3TRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmBQln2rjut1Pa2Nza3invVvb2Dw6PqscnXR2nitAOiXms+gHWlDNJO4YZTvuJolgEnPaC6W3u956o0iyWj2aWUF/giWQhI9jk0jCJ2Khac+vuAmideAWpQYH2qPo1HMckFVQawrHWA89NjJ9hZRjhdF4ZppommEzxhA4slVhQ7WeLW+fowipjFMbKljRoof6eyLDQeiYC2ymwifSql4v/eYPUhDd+xmSSGirJclGYcmRilD+OxkxRYvjMEkwUs7ciEmGFibHxVGwI3urL66R7Vfea9cZDo9a6L+IowxmcwyV4cA0tuIM2dIBABM/wCm+OcF6cd+dj2VpyiplT+APn8wcYkY5P</latexit>

�

<latexit sha1_base64="EN/PWGZ0ImdUPPy7rivWZ/lwAv4=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI8BL3qLYB6QLGF20puMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1hSZVXOlORAxwJqFpmeXQSTQQEXFoR+Obmd9+Am2Ykg92kkAoyFCymFFindTqKQFD0i9X/Ko/B14lQU4qKEejX/7qDRRNBUhLOTGmG/iJDTOiLaMcpqVeaiAhdEyG0HVUEgEmzObXTvGZUwY4VtqVtHiu/p7IiDBmIiLXKYgdmWVvJv7ndVMbX4cZk0lqQdLFojjl2Co8ex0PmAZq+cQRQjVzt2I6IppQ6wIquRCC5ZdXSeuiGlxWa/e1Sv0uj6OITtApOkcBukJ1dIsaqIkoekTP6BW9ecp78d69j0VrwctnjtEfeJ8/lTqPKw==</latexit>!
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Summary / Outlook Exciting time for spectroscopy!!

Coupled-channels

Exotics Photo-production

Current insertions

Multi-body

Amplitude analyses

Various productions


