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Example: Exotics in  cc̄

A plethora of unexpected resonances

Different production mechanisms

Not qq̄

No single theoretical interpretation

Most unconfirmed 2112.13436
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Example: Exotics in  cc̄

!e 2015  
LONG RANGE PLAN  

for NUCLEAR SCIENCE

 REACHING FOR THE HORIZON

The Site of the Wright Brothers’ First Airplane Flight

“... hadron spectroscopy illuminates the QCD 
interaction that binds quarks.”

2112.13436

A plethora of unexpected resonances
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Coordinated Theoretical Approach for Exotic Hadron Spectroscopy

Aims at exploring aspects of exotics

Confirm existence

Relevant predictions

Study nature

Guide/support experiments
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Coordinated Theoretical Approach for Exotic Hadron Spectroscopy

Aims at exploring aspects of exotics

Confirm existence

Relevant predictions

Study nature

Guide/support experiments
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Observables

Amplitude analyses

S-matrix

Functional methods

Events

<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

ChPT

HQET
NREFT

Models
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Relevant predictions

Guide/support experiments

Confirm existence

Study nature

Observables

Amplitude analyses

S-matrix

Functional methods

Events

<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

ChPT

HQET
NREFT

Models
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Example: the π1

Hybrid mesons ( ) were predicted long agoqq̄g

Different pictures (constituent gluons, flux-tube, bag models) predict a  state between 1.5-2 GeVJPC = 1−+

Barnes, Close, Viron (1983)

It is expected that these hadrons can offer us valuable information 
about the interactions between gluons and quarks

Isgur, Paton (1985)
Chanowitz, Sharpe (1983) 
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 predictionsπ1

Lattice QCD “models” predict a lightest , isolated hybridJPC = 1−+

<latexit sha1_base64="QkXntD+b/SjiwdC3zNwCLwcRF2U=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxCRSyJFHUjFLsRVxXsA9o0TKYTO3QyCTMToYbgr7hxoYhb/8Odf+O0zUJbD1w4nHMv997jRYxKZVnfRm5hcWl5Jb9aWFvf2Nwyt3eaMowFJg0cslC0PSQJo5w0FFWMtCNBUOAx0vKGtbHfeiBC0pDfqVFEnADdc+pTjJSWXHPvppfUa2mpG1HXPrq0e8nJceqaRatsTQDniZ2RIshQd82vbj/EcUC4wgxJ2bGtSDkJEopiRtJCN5YkQniI7klHU44CIp1kcn0KD7XSh34odHEFJ+rviQQFUo4CT3cGSA3krDcW//M6sfIvnITyKFaE4+kiP2ZQhXAcBexTQbBiI00QFlTfCvEACYSVDqygQ7BnX54nzdOyfVau3FaK1assjjzYBwegBGxwDqrgGtRBA2DwCJ7BK3gznowX4934mLbmjGxmF/yB8fkDWsmT4Q==</latexit>

JPC(⇡1) = 1�+
<latexit sha1_base64="xA24zJksyulV5f7EBYRPZMx0zsM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cKxhbaUDbbTbt0swm7E6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFrJ76ai5/WqNbfuzkCWiVeQGhRo9qpf3X7CspgrZJIa0/HcFIOcahRM8kmlmxmeUjaiA96xVNGYmyCfHTshJ1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+g6yIVKM+SKzRdFmSSYkOnnpC80ZyjHllCmhb2VsCHVlKHNp2JD8BZfXiaPZ3Xvsn5xf15r3BRxlOEIjuEUPLiCBtxBE3xgIOAZXuHNUc6L8+58zFtLTjFzCH/gfP4AeeeOew==</latexit>⇡1

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

<latexit sha1_base64="moy4gS2nBlfw3uVqQ6aJ7ZgbASE=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREfC2LblxWsA9oYplMb9qhk0mYmQg19EvcuFDErZ/izr9x2mahrQcuHM65l3vvCRLOlHacb6uwsrq2vlHcLG1t7+yW7b39lopTSaFJYx7LTkAUcCagqZnm0EkkkCjg0A5GN1O//QhSsVjc63ECfkQGgoWMEm2knl32QJOHrOolkkVwMunZFafmzICXiZuTCsrR6NlfXj+maQRCU06U6rpOov2MSM0oh0nJSxUkhI7IALqGChKB8rPZ4RN8bJQ+DmNpSmg8U39PZCRSahwFpjMieqgWvan4n9dNdXjlZ0wkqQZB54vClGMd42kKuM8kUM3HhhAqmbkV0yGRhGqTVcmE4C6+vExapzX3onZ+d1apX+dxFNEhOkJV5KJLVEe3qIGaiKIUPaNX9GY9WS/Wu/Uxby1Y+cwB+gPr8weBOJMB</latexit>

⌘(0)

It can decay to  two pseudo-scalar mesons (easiest  decay product type)

Recent predictions (constituent gluons) agree 
with LQCD and previous model expectations
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 confirmationπ1

Experiment does not agree with theory

<latexit sha1_base64="DQe/I6rP9i2rKocbfpbiVG37WgE=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9oHtUDJp2oZmMkNyRyhD/8KNC0Xc+jfu/Bsz7Sy09UDgcM695NwTxFIYdN1vp7Cyura+UdwsbW3v7O6V9w+aJko04w0WyUi3A2q4FIo3UKDk7VhzGgaSt4Lxbea3nrg2IlIPOIm5H9KhEgPBKFrpsRtSHAVBWp/2yhW36s5AlomXkwrkqPfKX91+xJKQK2SSGtPx3Bj9lGoUTPJpqZsYHlM2pkPesVTRkBs/nSWekhOr9Mkg0vYpJDP190ZKQ2MmYWAns4Rm0cvE/7xOgoNrPxUqTpArNv9okEiCEcnOJ32hOUM5sYQyLWxWwkZUU4a2pJItwVs8eZk0z6reZfXi/rxSu8nrKMIRHMMpeHAFNbiDOjSAgYJneIU3xzgvzrvzMR8tOPnOIfyB8/kDvZWQ+g==</latexit>P

<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="NwTVhUwpMxoGcj0+kwjDlfTQ8uE=">AAAB63icbVBNS8NAEN3Ur1q/qh69BIvgqSTi17HoxWMFawttKJvtpF26uwm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvTAQ36HnfTmlldW19o7xZ2dre2d2r7h88mjjVDFosFrHuhNSA4ApayFFAJ9FAZSigHY5vc7/9BNrwWD3gJIFA0qHiEWcUc6kHSPvVmlf3ZnCXiV+QGinQ7Fe/eoOYpRIUMkGN6fpegkFGNXImYFrppQYSysZ0CF1LFZVggmx269Q9scrAjWJtS6E7U39PZFQaM5Gh7ZQUR2bRy8X/vG6K0XWQcZWkCIrNF0WpcDF288fdAdfAUEwsoUxze6vLRlRThjaeig3BX3x5mTye1f3L+sX9ea1xU8RRJkfkmJwSn1yRBrkjTdIijIzIM3klb450Xpx352PeWnKKmUPyB87nDwwijkI=</latexit>⌘

<latexit sha1_base64="DQe/I6rP9i2rKocbfpbiVG37WgE=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9oHtUDJp2oZmMkNyRyhD/8KNC0Xc+jfu/Bsz7Sy09UDgcM695NwTxFIYdN1vp7Cyura+UdwsbW3v7O6V9w+aJko04w0WyUi3A2q4FIo3UKDk7VhzGgaSt4Lxbea3nrg2IlIPOIm5H9KhEgPBKFrpsRtSHAVBWp/2yhW36s5AlomXkwrkqPfKX91+xJKQK2SSGtPx3Bj9lGoUTPJpqZsYHlM2pkPesVTRkBs/nSWekhOr9Mkg0vYpJDP190ZKQ2MmYWAns4Rm0cvE/7xOgoNrPxUqTpArNv9okEiCEcnOJ32hOUM5sYQyLWxWwkZUU4a2pJItwVs8eZk0z6reZfXi/rxSu8nrKMIRHMMpeHAFNbiDOjSAgYJneIU3xzgvzrvzMR8tOPnOIfyB8/kDvZWQ+g==</latexit>P

<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="sfNcfakgapNxor77T/ADUA6PUuw=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSTi17HoxWMF+wFJLJvtpF26yYbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpoJrdJxvq7Syura+Ud6sbG3v7O5V9w/aWmaKQYtJIVU3pBoET6CFHAV0UwU0DgV0wtHt1O88gdJcJg84TiGI6SDhEWcUjeT5gPTRTxWPoVetOXVnBnuZuAWpkQLNXvXL70uWxZAgE1Rrz3VSDHKqkDMBk4qfaUgpG9EBeIYmNAYd5LOTJ/aJUfp2JJWpBO2Z+nsip7HW4zg0nTHFoV70puJ/npdhdB3kPEkzhITNF0WZsFHa0//tPlfAUIwNoUxxc6vNhlRRhialignBXXx5mbTP6u5l/eL+vNa4KeIokyNyTE6JS65Ig9yRJmkRRiR5Jq/kzULrxXq3PuatJauYOSR/YH3+AHBIkV8=</latexit>
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Different final states 
produce different hybrids

These simplistic analyses did not 
include both channels at once
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<latexit sha1_base64="DQe/I6rP9i2rKocbfpbiVG37WgE=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9oHtUDJp2oZmMkNyRyhD/8KNC0Xc+jfu/Bsz7Sy09UDgcM695NwTxFIYdN1vp7Cyura+UdwsbW3v7O6V9w+aJko04w0WyUi3A2q4FIo3UKDk7VhzGgaSt4Lxbea3nrg2IlIPOIm5H9KhEgPBKFrpsRtSHAVBWp/2yhW36s5AlomXkwrkqPfKX91+xJKQK2SSGtPx3Bj9lGoUTPJpqZsYHlM2pkPesVTRkBs/nSWekhOr9Mkg0vYpJDP190ZKQ2MmYWAns4Rm0cvE/7xOgoNrPxUqTpArNv9okEiCEcnOJ32hOUM5sYQyLWxWwkZUU4a2pJItwVs8eZk0z6reZfXi/rxSu8nrKMIRHMMpeHAFNbiDOjSAgYJneIU3xzgvzrvzMR8tOPnOIfyB8/kDvZWQ+g==</latexit>P
<latexit sha1_base64="moy4gS2nBlfw3uVqQ6aJ7ZgbASE=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREfC2LblxWsA9oYplMb9qhk0mYmQg19EvcuFDErZ/izr9x2mahrQcuHM65l3vvCRLOlHacb6uwsrq2vlHcLG1t7+yW7b39lopTSaFJYx7LTkAUcCagqZnm0EkkkCjg0A5GN1O//QhSsVjc63ECfkQGgoWMEm2knl32QJOHrOolkkVwMunZFafmzICXiZuTCsrR6NlfXj+maQRCU06U6rpOov2MSM0oh0nJSxUkhI7IALqGChKB8rPZ4RN8bJQ+DmNpSmg8U39PZCRSahwFpjMieqgWvan4n9dNdXjlZ0wkqQZB54vClGMd42kKuM8kUM3HhhAqmbkV0yGRhGqTVcmE4C6+vExapzX3onZ+d1apX+dxFNEhOkJV5KJLVEe3qIGaiKIUPaNX9GY9WS/Wu/Uxby1Y+cwB+gPr8weBOJMB</latexit>

⌘(0)

<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡ <latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="DQe/I6rP9i2rKocbfpbiVG37WgE=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9oHtUDJp2oZmMkNyRyhD/8KNC0Xc+jfu/Bsz7Sy09UDgcM695NwTxFIYdN1vp7Cyura+UdwsbW3v7O6V9w+aJko04w0WyUi3A2q4FIo3UKDk7VhzGgaSt4Lxbea3nrg2IlIPOIm5H9KhEgPBKFrpsRtSHAVBWp/2yhW36s5AlomXkwrkqPfKX91+xJKQK2SSGtPx3Bj9lGoUTPJpqZsYHlM2pkPesVTRkBs/nSWekhOr9Mkg0vYpJDP190ZKQ2MmYWAns4Rm0cvE/7xOgoNrPxUqTpArNv9okEiCEcnOJ32hOUM5sYQyLWxWwkZUU4a2pJItwVs8eZk0z6reZfXi/rxSu8nrKMIRHMMpeHAFNbiDOjSAgYJneIU3xzgvzrvzMR8tOPnOIfyB8/kDvZWQ+g==</latexit>P

<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="moy4gS2nBlfw3uVqQ6aJ7ZgbASE=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREfC2LblxWsA9oYplMb9qhk0mYmQg19EvcuFDErZ/izr9x2mahrQcuHM65l3vvCRLOlHacb6uwsrq2vlHcLG1t7+yW7b39lopTSaFJYx7LTkAUcCagqZnm0EkkkCjg0A5GN1O//QhSsVjc63ECfkQGgoWMEm2knl32QJOHrOolkkVwMunZFafmzICXiZuTCsrR6NlfXj+maQRCU06U6rpOov2MSM0oh0nJSxUkhI7IALqGChKB8rPZ4RN8bJQ+DmNpSmg8U39PZCRSahwFpjMieqgWvan4n9dNdXjlZ0wkqQZB54vClGMd42kKuM8kUM3HhhAqmbkV0yGRhGqTVcmE4C6+vExapzX3onZ+d1apX+dxFNEhOkJV5KJLVEe3qIGaiKIUPaNX9GY9WS/Wu/Uxby1Y+cwB+gPr8weBOJMB</latexit>

⌘(0)

<latexit sha1_base64="moy4gS2nBlfw3uVqQ6aJ7ZgbASE=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREfC2LblxWsA9oYplMb9qhk0mYmQg19EvcuFDErZ/izr9x2mahrQcuHM65l3vvCRLOlHacb6uwsrq2vlHcLG1t7+yW7b39lopTSaFJYx7LTkAUcCagqZnm0EkkkCjg0A5GN1O//QhSsVjc63ECfkQGgoWMEm2knl32QJOHrOolkkVwMunZFafmzICXiZuTCsrR6NlfXj+maQRCU06U6rpOov2MSM0oh0nJSxUkhI7IALqGChKB8rPZ4RN8bJQ+DmNpSmg8U39PZCRSahwFpjMieqgWvan4n9dNdXjlZ0wkqQZB54vClGMd42kKuM8kUM3HhhAqmbkV0yGRhGqTVcmE4C6+vExapzX3onZ+d1apX+dxFNEhOkJV5KJLVEe3qIGaiKIUPaNX9GY9WS/Wu/Uxby1Y+cwB+gPr8weBOJMB</latexit>

⌘(0)

<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡
<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+
<latexit sha1_base64="+o4XxMvdt0TQh9oPLIYV3V8FwQE=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjxGMA9IljA7O0mGzM4uM71CWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dQSKFQdf9dgorq2vrG8XN0tb2zu5eef+gaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U391hPXRsTqEccJ9yM6UKIvGEUrtc66LIzR9MoVt+rOQJaJl5MK5Kj3yl/dMGZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn83OnZATq4SkH2tbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5Ni/8bPhEpS5IrNF/VTSTAm099JKDRnKMeWUKaFvZWwIdWUoU2oZEPwFl9eJs3zqndVvXy4qNRu8ziKcATHcAoeXEMN7qEODWAwgmd4hTcncV6cd+dj3lpw8plD+APn8wcYwo9u</latexit>

+ · · ·

Only one hybrid is actually required to describe this scenario
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<latexit sha1_base64="DQe/I6rP9i2rKocbfpbiVG37WgE=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9oHtUDJp2oZmMkNyRyhD/8KNC0Xc+jfu/Bsz7Sy09UDgcM695NwTxFIYdN1vp7Cyura+UdwsbW3v7O6V9w+aJko04w0WyUi3A2q4FIo3UKDk7VhzGgaSt4Lxbea3nrg2IlIPOIm5H9KhEgPBKFrpsRtSHAVBWp/2yhW36s5AlomXkwrkqPfKX91+xJKQK2SSGtPx3Bj9lGoUTPJpqZsYHlM2pkPesVTRkBs/nSWekhOr9Mkg0vYpJDP190ZKQ2MmYWAns4Rm0cvE/7xOgoNrPxUqTpArNv9okEiCEcnOJ32hOUM5sYQyLWxWwkZUU4a2pJItwVs8eZk0z6reZfXi/rxSu8nrKMIRHMMpeHAFNbiDOjSAgYJneIU3xzgvzrvzMR8tOPnOIfyB8/kDvZWQ+g==</latexit>P
<latexit sha1_base64="moy4gS2nBlfw3uVqQ6aJ7ZgbASE=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREfC2LblxWsA9oYplMb9qhk0mYmQg19EvcuFDErZ/izr9x2mahrQcuHM65l3vvCRLOlHacb6uwsrq2vlHcLG1t7+yW7b39lopTSaFJYx7LTkAUcCagqZnm0EkkkCjg0A5GN1O//QhSsVjc63ECfkQGgoWMEm2knl32QJOHrOolkkVwMunZFafmzICXiZuTCsrR6NlfXj+maQRCU06U6rpOov2MSM0oh0nJSxUkhI7IALqGChKB8rPZ4RN8bJQ+DmNpSmg8U39PZCRSahwFpjMieqgWvan4n9dNdXjlZ0wkqQZB54vClGMd42kKuM8kUM3HhhAqmbkV0yGRhGqTVcmE4C6+vExapzX3onZ+d1apX+dxFNEhOkJV5KJLVEe3qIGaiKIUPaNX9GY9WS/Wu/Uxby1Y+cwB+gPr8weBOJMB</latexit>

⌘(0)

<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡ <latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="DQe/I6rP9i2rKocbfpbiVG37WgE=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9oHtUDJp2oZmMkNyRyhD/8KNC0Xc+jfu/Bsz7Sy09UDgcM695NwTxFIYdN1vp7Cyura+UdwsbW3v7O6V9w+aJko04w0WyUi3A2q4FIo3UKDk7VhzGgaSt4Lxbea3nrg2IlIPOIm5H9KhEgPBKFrpsRtSHAVBWp/2yhW36s5AlomXkwrkqPfKX91+xJKQK2SSGtPx3Bj9lGoUTPJpqZsYHlM2pkPesVTRkBs/nSWekhOr9Mkg0vYpJDP190ZKQ2MmYWAns4Rm0cvE/7xOgoNrPxUqTpArNv9okEiCEcnOJ32hOUM5sYQyLWxWwkZUU4a2pJItwVs8eZk0z6reZfXi/rxSu8nrKMIRHMMpeHAFNbiDOjSAgYJneIU3xzgvzrvzMR8tOPnOIfyB8/kDvZWQ+g==</latexit>P

<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="moy4gS2nBlfw3uVqQ6aJ7ZgbASE=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREfC2LblxWsA9oYplMb9qhk0mYmQg19EvcuFDErZ/izr9x2mahrQcuHM65l3vvCRLOlHacb6uwsrq2vlHcLG1t7+yW7b39lopTSaFJYx7LTkAUcCagqZnm0EkkkCjg0A5GN1O//QhSsVjc63ECfkQGgoWMEm2knl32QJOHrOolkkVwMunZFafmzICXiZuTCsrR6NlfXj+maQRCU06U6rpOov2MSM0oh0nJSxUkhI7IALqGChKB8rPZ4RN8bJQ+DmNpSmg8U39PZCRSahwFpjMieqgWvan4n9dNdXjlZ0wkqQZB54vClGMd42kKuM8kUM3HhhAqmbkV0yGRhGqTVcmE4C6+vExapzX3onZ+d1apX+dxFNEhOkJV5KJLVEe3qIGaiKIUPaNX9GY9WS/Wu/Uxby1Y+cwB+gPr8weBOJMB</latexit>

⌘(0)

<latexit sha1_base64="moy4gS2nBlfw3uVqQ6aJ7ZgbASE=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREfC2LblxWsA9oYplMb9qhk0mYmQg19EvcuFDErZ/izr9x2mahrQcuHM65l3vvCRLOlHacb6uwsrq2vlHcLG1t7+yW7b39lopTSaFJYx7LTkAUcCagqZnm0EkkkCjg0A5GN1O//QhSsVjc63ECfkQGgoWMEm2knl32QJOHrOolkkVwMunZFafmzICXiZuTCsrR6NlfXj+maQRCU06U6rpOov2MSM0oh0nJSxUkhI7IALqGChKB8rPZ4RN8bJQ+DmNpSmg8U39PZCRSahwFpjMieqgWvan4n9dNdXjlZ0wkqQZB54vClGMd42kKuM8kUM3HhhAqmbkV0yGRhGqTVcmE4C6+vExapzX3onZ+d1apX+dxFNEhOkJV5KJLVEe3qIGaiKIUPaNX9GY9WS/Wu/Uxby1Y+cwB+gPr8weBOJMB</latexit>

⌘(0)

<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡
<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+
<latexit sha1_base64="+o4XxMvdt0TQh9oPLIYV3V8FwQE=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjxGMA9IljA7O0mGzM4uM71CWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dQSKFQdf9dgorq2vrG8XN0tb2zu5eef+gaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U391hPXRsTqEccJ9yM6UKIvGEUrtc66LIzR9MoVt+rOQJaJl5MK5Kj3yl/dMGZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn83OnZATq4SkH2tbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5Ni/8bPhEpS5IrNF/VTSTAm099JKDRnKMeWUKaFvZWwIdWUoU2oZEPwFl9eJs3zqndVvXy4qNRu8ziKcATHcAoeXEMN7qEODWAwgmd4hTcncV6cd+dj3lpw8plD+APn8wcYwo9u</latexit>

+ · · ·
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Only one hybrid is actually required to describe this scenario
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<latexit sha1_base64="DQe/I6rP9i2rKocbfpbiVG37WgE=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9oHtUDJp2oZmMkNyRyhD/8KNC0Xc+jfu/Bsz7Sy09UDgcM695NwTxFIYdN1vp7Cyura+UdwsbW3v7O6V9w+aJko04w0WyUi3A2q4FIo3UKDk7VhzGgaSt4Lxbea3nrg2IlIPOIm5H9KhEgPBKFrpsRtSHAVBWp/2yhW36s5AlomXkwrkqPfKX91+xJKQK2SSGtPx3Bj9lGoUTPJpqZsYHlM2pkPesVTRkBs/nSWekhOr9Mkg0vYpJDP190ZKQ2MmYWAns4Rm0cvE/7xOgoNrPxUqTpArNv9okEiCEcnOJ32hOUM5sYQyLWxWwkZUU4a2pJItwVs8eZk0z6reZfXi/rxSu8nrKMIRHMMpeHAFNbiDOjSAgYJneIU3xzgvzrvzMR8tOPnOIfyB8/kDvZWQ+g==</latexit>P
<latexit sha1_base64="moy4gS2nBlfw3uVqQ6aJ7ZgbASE=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREfC2LblxWsA9oYplMb9qhk0mYmQg19EvcuFDErZ/izr9x2mahrQcuHM65l3vvCRLOlHacb6uwsrq2vlHcLG1t7+yW7b39lopTSaFJYx7LTkAUcCagqZnm0EkkkCjg0A5GN1O//QhSsVjc63ECfkQGgoWMEm2knl32QJOHrOolkkVwMunZFafmzICXiZuTCsrR6NlfXj+maQRCU06U6rpOov2MSM0oh0nJSxUkhI7IALqGChKB8rPZ4RN8bJQ+DmNpSmg8U39PZCRSahwFpjMieqgWvan4n9dNdXjlZ0wkqQZB54vClGMd42kKuM8kUM3HhhAqmbkV0yGRhGqTVcmE4C6+vExapzX3onZ+d1apX+dxFNEhOkJV5KJLVEe3qIGaiKIUPaNX9GY9WS/Wu/Uxby1Y+cwB+gPr8weBOJMB</latexit>

⌘(0)

<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡ <latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="DQe/I6rP9i2rKocbfpbiVG37WgE=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9oHtUDJp2oZmMkNyRyhD/8KNC0Xc+jfu/Bsz7Sy09UDgcM695NwTxFIYdN1vp7Cyura+UdwsbW3v7O6V9w+aJko04w0WyUi3A2q4FIo3UKDk7VhzGgaSt4Lxbea3nrg2IlIPOIm5H9KhEgPBKFrpsRtSHAVBWp/2yhW36s5AlomXkwrkqPfKX91+xJKQK2SSGtPx3Bj9lGoUTPJpqZsYHlM2pkPesVTRkBs/nSWekhOr9Mkg0vYpJDP190ZKQ2MmYWAns4Rm0cvE/7xOgoNrPxUqTpArNv9okEiCEcnOJ32hOUM5sYQyLWxWwkZUU4a2pJItwVs8eZk0z6reZfXi/rxSu8nrKMIRHMMpeHAFNbiDOjSAgYJneIU3xzgvzrvzMR8tOPnOIfyB8/kDvZWQ+g==</latexit>P

<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="moy4gS2nBlfw3uVqQ6aJ7ZgbASE=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREfC2LblxWsA9oYplMb9qhk0mYmQg19EvcuFDErZ/izr9x2mahrQcuHM65l3vvCRLOlHacb6uwsrq2vlHcLG1t7+yW7b39lopTSaFJYx7LTkAUcCagqZnm0EkkkCjg0A5GN1O//QhSsVjc63ECfkQGgoWMEm2knl32QJOHrOolkkVwMunZFafmzICXiZuTCsrR6NlfXj+maQRCU06U6rpOov2MSM0oh0nJSxUkhI7IALqGChKB8rPZ4RN8bJQ+DmNpSmg8U39PZCRSahwFpjMieqgWvan4n9dNdXjlZ0wkqQZB54vClGMd42kKuM8kUM3HhhAqmbkV0yGRhGqTVcmE4C6+vExapzX3onZ+d1apX+dxFNEhOkJV5KJLVEe3qIGaiKIUPaNX9GY9WS/Wu/Uxby1Y+cwB+gPr8weBOJMB</latexit>

⌘(0)

<latexit sha1_base64="moy4gS2nBlfw3uVqQ6aJ7ZgbASE=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREfC2LblxWsA9oYplMb9qhk0mYmQg19EvcuFDErZ/izr9x2mahrQcuHM65l3vvCRLOlHacb6uwsrq2vlHcLG1t7+yW7b39lopTSaFJYx7LTkAUcCagqZnm0EkkkCjg0A5GN1O//QhSsVjc63ECfkQGgoWMEm2knl32QJOHrOolkkVwMunZFafmzICXiZuTCsrR6NlfXj+maQRCU06U6rpOov2MSM0oh0nJSxUkhI7IALqGChKB8rPZ4RN8bJQ+DmNpSmg8U39PZCRSahwFpjMieqgWvan4n9dNdXjlZ0wkqQZB54vClGMd42kKuM8kUM3HhhAqmbkV0yGRhGqTVcmE4C6+vExapzX3onZ+d1apX+dxFNEhOkJV5KJLVEe3qIGaiKIUPaNX9GY9WS/Wu/Uxby1Y+cwB+gPr8weBOJMB</latexit>

⌘(0)

<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡
<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+
<latexit sha1_base64="+o4XxMvdt0TQh9oPLIYV3V8FwQE=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjxGMA9IljA7O0mGzM4uM71CWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dQSKFQdf9dgorq2vrG8XN0tb2zu5eef+gaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U391hPXRsTqEccJ9yM6UKIvGEUrtc66LIzR9MoVt+rOQJaJl5MK5Kj3yl/dMGZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn83OnZATq4SkH2tbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5Ni/8bPhEpS5IrNF/VTSTAm099JKDRnKMeWUKaFvZWwIdWUoU2oZEPwFl9eJs3zqndVvXy4qNRu8ziKcATHcAoeXEMN7qEODWAwgmd4hTcncV6cd+dj3lpw8plD+APn8wcYwo9u</latexit>

+ · · ·
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Only one hybrid is actually required to describe this scenario
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<latexit sha1_base64="xA24zJksyulV5f7EBYRPZMx0zsM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cKxhbaUDbbTbt0swm7E6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFrJ76ai5/WqNbfuzkCWiVeQGhRo9qpf3X7CspgrZJIa0/HcFIOcahRM8kmlmxmeUjaiA96xVNGYmyCfHTshJ1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+g6yIVKM+SKzRdFmSSYkOnnpC80ZyjHllCmhb2VsCHVlKHNp2JD8BZfXiaPZ3Xvsn5xf15r3BRxlOEIjuEUPLiCBtxBE3xgIOAZXuHNUc6L8+58zFtLTjFzCH/gfP4AeeeOew==</latexit>⇡1

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

<latexit sha1_base64="kcbgaAWcEjd8uSVGLY0RVeTWR6I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ9DzeuWKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieO1nQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+ZZ1busXtyfV2o3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHtXY2U</latexit>

b1
<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡

<latexit sha1_base64="VHrQ9eClRmAVgOrOT/oHjGRjlwM=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrhJ0gHvlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucPk3GPJQ==</latexit>!Experiment guidance

This state couples mostly to  out of 8 possible decay modesb1π

Searches are “simplified”, however, the main decay mode is now a “3-body” (5-body actually) decay 

Lattice QCD predicted that the previous channels used to extract this 
state play a suppressed role

<latexit sha1_base64="i2nMOTOQIL1v1wiRYylX3eWaV9g=">AAACCnicbVBLSwMxGMzWV62vVY9eokVoL2VXfB2LHvRYxT6guyzZNG1Dk+ySZIWy9OzFv+LFgyJe/QXe/Dem7QraOhCYzHwfyUwYM6q043xZuYXFpeWV/GphbX1jc8ve3mmoKJGY1HHEItkKkSKMClLXVDPSiiVBPGSkGQ4ux37znkhFI3GnhzHxOeoJ2qUYaSMF9r53hThHpduypyj/uXg6gmHgQi+m5cAuOhVnAjhP3IwUQYZaYH96nQgnnAiNGVKq7Tqx9lMkNcWMjApeokiM8AD1SNtQgThRfjqJMoKHRunAbiTNERpO1N8bKeJKDXloJjnSfTXrjcX/vHaiu+d+SkWcaCLw9KFuwqBJOu4FdqgkWLOhIQhLav4KcR9JhLVpr2BKcGcjz5PGUcU9rZzcHBerF1kdebAHDkAJuOAMVME1qIE6wOABPIEX8Go9Ws/Wm/U+Hc1Z2c4u+APr4xvHy5kO</latexit>
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 supportπ1

We know how to describe 2-body decays, but the 3-body 
formalism is under development

Some recent developments and applications 
by members of the ExoHad collaboration

1905.12007 1809.10523

Experiment/LQCD support

Much more cumbersome

I=3, non-resonant
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+ many others
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 supportπ1

Relevant 2-body decays at GlueX contain important backgrounds  theoretical description→

Experiment support
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Other exotics
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Dispersive analyses for exotics

ML/AI for exotics
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Nature/compositeness (LQCD)

a0(980)
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Produce the resonance

“See” the resonance

New observables allow us to access fundamental properties of resonances Form factors

Couplings

Radii

Different production processes  study unknown vertexes 

For example, do scalars couple to glueballs?

→

It all starts from the beginning  determining the resonance fundamental parameters from scattering→

1502.04314

1509.08507

2210.08051

Complementary to experiment
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Ordinary amplitude analyses are not suited for broad 
resonances, like the   LQCD+dispersive analysesσ →

Others, like , appear “locally” 

ML/AI+Experiment analyses can help us discern between 
compact or molecular objects

f0(980)
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Ordinary <latexit sha1_base64="ySSPbiSfO6xTloTer7GyNK4O508=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrmEDgXvlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucPn5+PLQ==</latexit>�

Reduced model spread

2304.03762

<latexit sha1_base64="3K5Y0YiGuDGPEB002bVP5jltwGw=">AAACBHicbVA9SwNBEN2L3/Hr1NJmMQgWEu78tgva2AgKJgZyR9jbTOKS3btjd04MRwob/4qNhSK2/gg7/42bmEKNDwYe780wMy9KpTDoeZ9OYWJyanpmdq44v7C4tOyurNZMkmkOVZ7IRNcjZkCKGKooUEI91cBUJOE66p4O/Otb0EYk8RX2UggV68SiLThDKzXdddUMUhEYoejO7nGwTQOEO8zPodanTbfklb0h6DjxR6RERrhouh9BK+GZghi5ZMY0fC/FMGcaBZfQLwaZgZTxLutAw9KYKTBhPnyiTzet0qLtRNuKkQ7VnxM5U8b0VGQ7FcMb89cbiP95jQzbR2Eu4jRDiPn3onYmKSZ0kAhtCQ0cZc8SxrWwt1J+wzTjaHMr2hD8vy+Pk9pO2T8o71/ulSonozhmyTrZIFvEJ4ekQs7IBakSTu7JI3kmL86D8+S8Om/frQVnNLNGfsF5/wICj5cQ</latexit>

m⇡ ⇠ 239MeV

<latexit sha1_base64="SdXmu5lJv+E1awrZFGeC4hU9TOo=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2FXfMRb0IvHCOYByRJmJ7PJkJnZdWZWCEt+wosHRbz6O978GyfJHjSxoKGo6qa7K4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjG6nfuuJKs0i+WDGMfUFHkgWMoKNldphzy1fV93TXrHkVtwZ0DLxMlKCDPVe8avbj0giqDSEY607nhsbP8XKMMLppNBNNI0xGeEB7VgqsaDaT2f3TtCJVfoojJQtadBM/T2RYqH1WAS2U2Az1IveVPzP6yQmrPopk3FiqCTzRWHCkYnQ9HnUZ4oSw8eWYKKYvRWRIVaYGBtRwYbgLb68TJpnFe+ycnF/XqrdZHHk4QiOoQweXEEN7qAODSDA4Rle4c15dF6cd+dj3ppzsplD+APn8wcgNo67</latexit>

f0(980)

Prelim
inary
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Summary and outlook EXOHAD
EXOTIC HADRONS TOPICAL COLLABORATION

LQCD, DSE, EFTs, and models offer confirmation, predictions, and guidance to experiments

A coordinated theoretical effort is necessary to access all possible information on exotics

Our pheno+reaction theory expertise is devoted to support JLab experiments

How are they produced ?
Where to find them ?

What are they made of ?
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Thank you!!


