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Outline

Light exotic mesons: π1(1600) COMPASS: π−p → π−η(′ )p

GlueX: γp → π0ηp

Heavy exotic mesons: X(3872), Zc(3900)+

Heavy exotic baryons: Pc(4312)+

Analyses of resonance region 
and double Regge region

Analysis of LHCb results

LHCb: Λb → K− J/ψ p

EIC: γp → X p, Z p

Model prediction for EIC
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Ordinary and Exotic Hadrons

Ordinary baryons:

Ordinary mesons

proton

neutron

pion

baryon Λ
⌧ ⇠ 103s

stable

⌧ ⇠ 10�10s

⌧ ⇠ 10�8s

kaon ⌧ ⇠ 10�8s

⌧ ⇠ 10�20sJ/ 

Exotic matter

glueballshybrid mesons tetraquarks pentaquarks
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Baryons and Mesons
Ordinary baryons:

Ordinary mesons

proton

neutron

pion

baryon Λ
⌧ ⇠ 103s

stable

⌧ ⇠ 10�10s

⌧ ⇠ 10�8s

kaon ⌧ ⇠ 10�8s

⌧ ⇠ 10�20sJ/ 

uud
udd
uds

baryon Δuuu
<latexit sha1_base64="2YS3fYxWSbDjv+rar3E0CjdsFuY=">AAAB/3icbVBNS8NAEJ34WetXVPDiZbEIXixJKeqx6MVjBfsBTSyb7aZdupuE3Y1QYg/+FS8eFPHq3/Dmv3Hb5qCtDwYe780wMy9IOFPacb6tpeWV1bX1wkZxc2t7Z9fe22+qOJWENkjMY9kOsKKcRbShmea0nUiKRcBpKxheT/zWA5WKxdGdHiXUF7gfsZARrI3UtQ89jVPkKSaQ69xnZ5XqGHlIde2SU3amQIvEzUkJctS79pfXi0kqaKQJx0p1XCfRfoalZoTTcdFLFU0wGeI+7RgaYUGVn03vH6MTo/RQGEtTkUZT9fdEhoVSIxGYToH1QM17E/E/r5Pq8NLPWJSkmkZktihMOdIxmoSBekxSovnIEEwkM7ciMsASE20iK5oQ3PmXF0mzUnbPy+5ttVS7yuMowBEcwym4cAE1uIE6NIDAIzzDK7xZT9aL9W59zFqXrHzmAP7A+vwBcr6UcQ==</latexit>

⌧ ⇠ 10�24 s

π+

p

π+u

u
u p

π+p → Δ++ → π+p

d̄
d

Δ++
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Data

6

What’s a resonance?

π+

p

π+

p

PRC76 (2006) 0450205

Δ++

Re Ecm

Im
 E cm

sheet II

sheet I

Ecm

Resonances are poles of 
the scattering amplitude

Δ(1232)
Re Ecm

Im Ecm
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Ordinary and Exotic Hadrons

Ordinary baryons:

Ordinary mesons

proton

neutron

pion

baryon Λ
⌧ ⇠ 103s

stable

⌧ ⇠ 10�10s

⌧ ⇠ 10�8s

kaon ⌧ ⇠ 10�8s

⌧ ⇠ 10�20sJ/ 

Exotic matter

hybrid mesons
Meson with excited gluon field

Gluon field may carry quantum numbers
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Ordinary mesons ~J = ~L� ~S

P = �(�1)L

C = (�1)L+S

0��

<latexit sha1_base64="dXGMb0sT5RVojzQbnnF2Xnv6mAc=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAhuGiY1mLorunFZwT6gjWUynbRjJ5MwMxFK6D+4caGIW//HnX/jpK2gogcuHM65l3vvCRLOlEbow1paXlldWy9sFDe3tnd2S3v7LRWnktAmiXksOwFWlDNBm5ppTjuJpDgKOG0H48vcb99TqVgsbvQkoX6Eh4KFjGBtpBa6zSqVab9URrZ3iryaC5GNzmpV7zwnroscDzo2mqEMFmj0S++9QUzSiApNOFaq66BE+xmWmhFOp8VeqmiCyRgPaddQgSOq/Gx27RQeG2UAw1iaEhrO1O8TGY6UmkSB6YywHqnfXi7+5XVTHdb8jIkk1VSQ+aIw5VDHMH8dDpikRPOJIZhIZm6FZIQlJtoEVDQhfH0K/yetqu24tnvtlusXizgK4BAcgRPgAA/UwRVogCYg4A48gCfwbMXWo/Vivc5bl6zFzAH4AevtEzcFjuo=</latexit>

1�+

<latexit sha1_base64="6dmDUbw2yrwZmOoFQXSPm5QCF3s=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAiCGCY1mLorunFZwT6gjWUynbRjJ5MwMxFK6D+4caGIW//HnX/jpK2gogcuHM65l3vvCRLOlEbow1pYXFpeWS2sFdc3Nre2Szu7TRWnktAGiXks2wFWlDNBG5ppTtuJpDgKOG0Fo8vcb91TqVgsbvQ4oX6EB4KFjGBtpKZzm50cT3qlMrK9U+RVXYhsdFateOc5cV3keNCx0RRlMEe9V3rv9mOSRlRowrFSHQcl2s+w1IxwOil2U0UTTEZ4QDuGChxR5WfTayfw0Ch9GMbSlNBwqn6fyHCk1DgKTGeE9VD99nLxL6+T6rDqZ0wkqaaCzBaFKYc6hvnrsM8kJZqPDcFEMnMrJEMsMdEmoKIJ4etT+D9pVmzHtd1rt1y7mMdRAPvgABwBB3igBq5AHTQAAXfgATyBZyu2Hq0X63XWumDNZ/bAD1hvnzWEjuk=</latexit>

3�+

<latexit sha1_base64="WjzhhjPsL3aGJ8ZnZ9/KGpRJkI0=">AAAB7XicdVDLSgMxFM3UV62vqks3wSII4pBpB6fuim5cVrAPaMeSSdM2NpMZkoxQhv6DGxeKuPV/3Pk3ZtoKKnrgwuGce7n3niDmTGmEPqzc0vLK6lp+vbCxubW9U9zda6ookYQ2SMQj2Q6wopwJ2tBMc9qOJcVhwGkrGF9mfuueSsUicaMnMfVDPBRswAjWRmpWbtPTk2mvWEK2V0Fe1YXIRmfVsneeEddFjgcdG81QAgvUe8X3bj8iSUiFJhwr1XFQrP0US80Ip9NCN1E0xmSMh7RjqMAhVX46u3YKj4zSh4NImhIaztTvEykOlZqEgekMsR6p314m/uV1Ej2o+ikTcaKpIPNFg4RDHcHsddhnkhLNJ4ZgIpm5FZIRlphoE1DBhPD1KfyfNMu249rutVuqXSziyIMDcAiOgQM8UANXoA4agIA78ACewLMVWY/Wi/U6b81Zi5l98APW2yc4lo7r</latexit>

2+�

<latexit sha1_base64="o0KuEpXJFC+QTUSK2E4XuW390Lw=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAiCGCY1mLorunFZwT6gjWUynbRjJ5kwMxFK6D+4caGIW//HnX/jpK2gogcuHM65l3vvCRLOlEbow1pYXFpeWS2sFdc3Nre2Szu7TSVSSWiDCC5kO8CKchbThmaa03YiKY4CTlvB6DL3W/dUKibiGz1OqB/hQcxCRrA2UrNymx2fTHqlMrK9U+RVXYhsdFateOc5cV3keNCx0RRlMEe9V3rv9gVJIxprwrFSHQcl2s+w1IxwOil2U0UTTEZ4QDuGxjiiys+m107goVH6MBTSVKzhVP0+keFIqXEUmM4I66H67eXiX14n1WHVz1icpJrGZLYoTDnUAuavwz6TlGg+NgQTycytkAyxxESbgIomhK9P4f+kWbEd13av3XLtYh5HAeyDA3AEHOCBGrgCddAABNyBB/AEni1hPVov1uusdcGaz+yBH7DePgE3C47q</latexit>

0+�

<latexit sha1_base64="uXQeSB68JwJsVhEVBOTdgVGwoNQ=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAiCGCY1mLorunFZwT6gjWUynbRjJ5MwMxFK6D+4caGIW//HnX/jpK2gogcuHM65l3vvCRLOlEbow1pYXFpeWS2sFdc3Nre2Szu7TRWnktAGiXks2wFWlDNBG5ppTtuJpDgKOG0Fo8vcb91TqVgsbvQ4oX6EB4KFjGBtpCa6zY5PJr1SGdneKfKqLkQ2OqtWvPOcuC5yPOjYaIoymKPeK713+zFJIyo04VipjoMS7WdYakY4nRS7qaIJJiM8oB1DBY6o8rPptRN4aJQ+DGNpSmg4Vb9PZDhSahwFpjPCeqh+e7n4l9dJdVj1MyaSVFNBZovClEMdw/x12GeSEs3HhmAimbkVkiGWmGgTUNGE8PUp/J80K7bj2u61W65dzOMogH1wAI6AAzxQA1egDhqAgDvwAJ7AsxVbj9aL9TprXbDmM3vgB6y3TzP5jug=</latexit>

0++

<latexit sha1_base64="2xpxzb74rL01W8CZNspQY9O8DnU=">AAAB7XicdVDLSgMxFM34rPVVdekmWAShMGTaoa27ohuXFewD2rFk0rSNzSRDkhHK0H9w40IRt/6PO//G9CGo6IELh3Pu5d57wpgzbRD6cFZW19Y3NjNb2e2d3b393MFhU8tEEdogkkvVDrGmnAnaMMxw2o4VxVHIaSscX8781j1VmklxYyYxDSI8FGzACDZWaqLbtFCY9nJ55KKSd14pQuSWULno+5ZUEKqWytBz0Rx5sES9l3vv9iVJIioM4VjrjodiE6RYGUY4nWa7iaYxJmM8pB1LBY6oDtL5tVN4apU+HEhlSxg4V79PpDjSehKFtjPCZqR/ezPxL6+TmEE1SJmIE0MFWSwaJBwaCWevwz5TlBg+sQQTxeytkIywwsTYgLI2hK9P4f+kWXQ93/Wv/XztYhlHBhyDE3AGPFABNXAF6qABCLgDD+AJPDvSeXRenNdF64qznDkCP+C8fQIfEo7a</latexit>

1��

<latexit sha1_base64="UhxdpHAAqjFwmMM3UT+JCSbXK4M=">AAAB7XicdVDLSgMxFM34rPVVdekmWAQ3HTLt0NZd0Y3LCvYB7VgyadrGZpIhyQhl6D+4caGIW//HnX9j+hBU9MCFwzn3cu89YcyZNgh9OCura+sbm5mt7PbO7t5+7uCwqWWiCG0QyaVqh1hTzgRtGGY4bceK4ijktBWOL2d+654qzaS4MZOYBhEeCjZgBBsrNb3btFCY9nJ55KKSd14pQuSWULno+5ZUEKqWytBz0Rx5sES9l3vv9iVJIioM4VjrjodiE6RYGUY4nWa7iaYxJmM8pB1LBY6oDtL5tVN4apU+HEhlSxg4V79PpDjSehKFtjPCZqR/ezPxL6+TmEE1SJmIE0MFWSwaJBwaCWevwz5TlBg+sQQTxeytkIywwsTYgLI2hK9P4f+kWXQ93/Wv/XztYhlHBhyDE3AGPFABNXAF6qABCLgDD+AJPDvSeXRenNdF64qznDkCP+C8fQImsY7f</latexit>

1+�

<latexit sha1_base64="Rc32w1wwEx7QIClgo/f+qMX7Xv4=">AAAB7XicdVDLSgMxFM34rPVVdekmWARBHDLt0NZd0Y3LCvYB7VgyadrGZpIhyQhl6D+4caGIW//HnX9j+hBU9MCFwzn3cu89YcyZNgh9OEvLK6tr65mN7ObW9s5ubm+/oWWiCK0TyaVqhVhTzgStG2Y4bcWK4ijktBmOLqd+854qzaS4MeOYBhEeCNZnBBsrNbzb9PRs0s3lkYuK3nm5AJFbRKWC71tSRqhSLEHPRTPkwQK1bu6905MkiagwhGOt2x6KTZBiZRjhdJLtJJrGmIzwgLYtFTiiOkhn107gsVV6sC+VLWHgTP0+keJI63EU2s4Im6H+7U3Fv7x2YvqVIGUiTgwVZL6on3BoJJy+DntMUWL42BJMFLO3QjLEChNjA8raEL4+hf+TRsH1fNe/9vPVi0UcGXAIjsAJ8EAZVMEVqIE6IOAOPIAn8OxI59F5cV7nrUvOYuYA/IDz9gkjpY7d</latexit>

2��

<latexit sha1_base64="VkASrpo/JXxHJOgjWl6wTDYscyo=">AAAB7XicdVDLSgMxFM34rPVVdekmWAQ3HTLToa27ohuXFewD2rFk0kwbm8kMSUYoQ//BjQtF3Po/7vwb04egogcuHM65l3vvCRLOlEbow1pZXVvf2Mxt5bd3dvf2CweHLRWnktAmiXksOwFWlDNBm5ppTjuJpDgKOG0H48uZ376nUrFY3OhJQv0IDwULGcHaSC33NiuVpv1CEdmo7JxXXYjsMqq4nmdIFaFauQIdG81RBEs0+oX33iAmaUSFJhwr1XVQov0MS80Ip9N8L1U0wWSMh7RrqMARVX42v3YKT40ygGEsTQkN5+r3iQxHSk2iwHRGWI/Ub28m/uV1Ux3W/IyJJNVUkMWiMOVQx3D2OhwwSYnmE0MwkczcCskIS0y0CShvQvj6FP5PWq7teLZ37RXrF8s4cuAYnIAz4IAqqIMr0ABNQMAdeABP4NmKrUfrxXpdtK5Yy5kj8APW2ycoOo7g</latexit>

2�+

<latexit sha1_base64="6YfezJw6X25BNbkZF93+zb/x+eY=">AAAB7XicdVDLSgMxFM34rPVVdekmWARBHDLToa27ohuXFewD2rFk0kwbm8kMSUYoQ//BjQtF3Po/7vwb04egogcuHM65l3vvCRLOlEbow1paXlldW89t5De3tnd2C3v7TRWnktAGiXks2wFWlDNBG5ppTtuJpDgKOG0Fo8up37qnUrFY3OhxQv0IDwQLGcHaSE33Njs7nfQKRWSjknNecSGyS6jsep4hFYSqpTJ0bDRDESxQ7xXeu/2YpBEVmnCsVMdBifYzLDUjnE7y3VTRBJMRHtCOoQJHVPnZ7NoJPDZKH4axNCU0nKnfJzIcKTWOAtMZYT1Uv72p+JfXSXVY9TMmklRTQeaLwpRDHcPp67DPJCWajw3BRDJzKyRDLDHRJqC8CeHrU/g/abq249netVesXSziyIFDcAROgAMqoAauQB00AAF34AE8gWcrth6tF+t13rpkLWYOwA9Yb58lMI7e</latexit>

2++

<latexit sha1_base64="1+W1p1ONuaj1t4HN/88/g7dCz0A=">AAAB7XicdVDLSgMxFM34rPVVdekmWAShMGSmQ1t3RTcuK9gHtGPJpJk2NpMZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyScKY3Qh7Wyura+sZnbym/v7O7tFw4OWypOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxpczv31PpWKxuNGThPoRHgoWMoK1kVrubVYqTfuFIrJR2TmvuhDZZVRxPc+QKkK1cgU6NpqjCJZo9AvvvUFM0ogKTThWquugRPsZlpoRTqf5XqpogskYD2nXUIEjqvxsfu0UnhplAMNYmhIaztXvExmOlJpEgemMsB6p395M/Mvrpjqs+RkTSaqpIItFYcqhjuHsdThgkhLNJ4ZgIpm5FZIRlphoE1DehPD1KfyftFzb8Wzv2ivWL5Zx5MAxOAFnwAFVUAdXoAGagIA78ACewLMVW4/Wi/W6aF2xljNH4Aest08iJI7c</latexit>

0�+

<latexit sha1_base64="FFrxAWAV+fVMOmfkqz87C3GQXSA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARBHDLt0NZd0Y3LCvYB7VgyadrGZpIhyQhl6D+4caGIW//HnX9j+hBU9MCFwzn3cu89YcyZNgh9OEvLK6tr65mN7ObW9s5ubm+/oWWiCK0TyaVqhVhTzgStG2Y4bcWK4ijktBmOLqd+854qzaS4MeOYBhEeCNZnBBsrNdBtenY66ebyyEVF77xcgMgtolLB9y0pI1QplqDnohnyYIFaN/fe6UmSRFQYwrHWbQ/FJkixMoxwOsl2Ek1jTEZ4QNuWChxRHaSzayfw2Co92JfKljBwpn6fSHGk9TgKbWeEzVD/9qbiX147Mf1KkDIRJ4YKMl/UTzg0Ek5fhz2mKDF8bAkmitlbIRlihYmxAWVtCF+fwv9Jo+B6vutf+/nqxSKODDgER+AEeKAMquAK1EAdEHAHHsATeHak8+i8OK/z1iVnMXMAfsB5+wQiHo7c</latexit>

1++

<latexit sha1_base64="EicFD7O8Y6JpRSJvd4POytSo4sc=">AAAB7XicdVDLSgMxFM34rPVVdekmWAShMGTaoa27ohuXFewD2rFk0rSNzSRDkhHK0H9w40IRt/6PO//G9CGo6IELh3Pu5d57wpgzbRD6cFZW19Y3NjNb2e2d3b393MFhU8tEEdogkkvVDrGmnAnaMMxw2o4VxVHIaSscX8781j1VmklxYyYxDSI8FGzACDZWanq3aaEw7eXyyEUl77xShMgtoXLR9y2pIFQtlaHnojnyYIl6L/fe7UuSRFQYwrHWHQ/FJkixMoxwOs12E01jTMZ4SDuWChxRHaTza6fw1Cp9OJDKljBwrn6fSHGk9SQKbWeEzUj/9mbiX14nMYNqkDIRJ4YKslg0SDg0Es5eh32mKDF8YgkmitlbIRlhhYmxAWVtCF+fwv9Js+h6vutf+/naxTKODDgGJ+AMeKACauAK1EEDEHAHHsATeHak8+i8OK+L1hVnOXMEfsB5+wQgm47b</latexit>

3++

<latexit sha1_base64="zNTr+Qp4mTOh/ZS1UV24RbICm0c=">AAAB7XicdVDLSgMxFM34rPVVdekmWAShMGQ6Q1t3RTcuK9gHtGPJpJk2NpMZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyScKY3Qh7Wyura+sZnbym/v7O7tFw4OWypOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxpczv31PpWKxuNGThPoRHgoWMoK1kVrubVYqTfuFIrKR65xXyxDZLqqUPc+QKkI1twIdG81RBEs0+oX33iAmaUSFJhwr1XVQov0MS80Ip9N8L1U0wWSMh7RrqMARVX42v3YKT40ygGEsTQkN5+r3iQxHSk2iwHRGWI/Ub28m/uV1Ux3W/IyJJNVUkMWiMOVQx3D2OhwwSYnmE0MwkczcCskIS0y0CShvQvj6FP5PWmXb8Wzv2ivWL5Zx5MAxOAFnwAFVUAdXoAGagIA78ACewLMVW4/Wi/W6aF2xljNH4Aest08jrY7d</latexit>

3��

<latexit sha1_base64="lIkbrkffOMOmvEDorM5yZ1PSYs0=">AAAB7XicdVDLSgMxFM34rPVVdekmWAQ3HTKdoa27ohuXFewD2rFk0kwbm8kMSUYoQ//BjQtF3Po/7vwb04egogcuHM65l3vvCRLOlEbow1pZXVvf2Mxt5bd3dvf2CweHLRWnktAmiXksOwFWlDNBm5ppTjuJpDgKOG0H48uZ376nUrFY3OhJQv0IDwULGcHaSC33NiuVpv1CEdnIdc6rZYhsF1XKnmdIFaGaW4GOjeYogiUa/cJ7bxCTNKJCE46V6joo0X6GpWaE02m+lyqaYDLGQ9o1VOCIKj+bXzuFp0YZwDCWpoSGc/X7RIYjpSZRYDojrEfqtzcT//K6qQ5rfsZEkmoqyGJRmHKoYzh7HQ6YpETziSGYSGZuhWSEJSbaBJQ3IXx9Cv8nrbLteLZ37RXrF8s4cuAYnIAz4IAqqIMr0ABNQMAdeABP4NmKrUfrxXpdtK5Yy5kj8APW2ycpw47h</latexit>

3+�

<latexit sha1_base64="cjeT3pyNQVpIxAyXMp+jJ6pwY+8=">AAAB7XicdVDLSgMxFM34rPVVdekmWARBHDKdoa27ohuXFewD2rFk0kwbm8kMSUYoQ//BjQtF3Po/7vwb04egogcuHM65l3vvCRLOlEbow1paXlldW89t5De3tnd2C3v7TRWnktAGiXks2wFWlDNBG5ppTtuJpDgKOG0Fo8up37qnUrFY3OhxQv0IDwQLGcHaSE33Njs9m/QKRWQj1zmvlCCyXVQueZ4hFYSqbhk6NpqhCBao9wrv3X5M0ogKTThWquOgRPsZlpoRTif5bqpogskID2jHUIEjqvxsdu0EHhulD8NYmhIaztTvExmOlBpHgemMsB6q395U/MvrpDqs+hkTSaqpIPNFYcqhjuH0ddhnkhLNx4ZgIpm5FZIhlphoE1DehPD1KfyfNEu249netVesXSziyIFDcAROgAMqoAauQB00AAF34AE8gWcrth6tF+t13rpkLWYOwA9Yb58mt47f</latexit>

JPC = 1�+

<latexit sha1_base64="nAclZ3IDq9UOo27Ty4FE36FphTA=">AAAB+HicbVBNS8NAEJ34WetHox69LBZBEEsiBb0IxV7EUwX7AW1aNtttu3SzCbsboYb8Ei8eFPHqT/Hmv3Hb5qCtDwYe780wM8+POFPacb6tldW19Y3N3FZ+e2d3r2DvHzRUGEtC6yTkoWz5WFHOBK1rpjltRZLiwOe06Y+rU7/5SKVioXjQk4h6AR4KNmAEayP17MJdN6lVU3SN3G5yfpb27KJTcmZAy8TNSBEy1Hr2V6cfkjigQhOOlWq7TqS9BEvNCKdpvhMrGmEyxkPaNlTggCovmR2eohOj9NEglKaERjP190SCA6UmgW86A6xHatGbiv957VgPrryEiSjWVJD5okHMkQ7RNAXUZ5ISzSeGYCKZuRWREZaYaJNV3oTgLr68TBoXJbdcKt+Xi5WbLI4cHMExnIILl1CBW6hBHQjE8Ayv8GY9WS/Wu/Uxb12xsplD+APr8we5nJHX</latexit>

The lightest is π1
1�+ =

�
0�+ ⌦ 0�+

�
P -wave

<latexit sha1_base64="/HjZ5O6JR3ZNTEFLSDrTR06gH2s="></latexit>

Decay mode

Exotic mesons

Quantum Numbers

<latexit sha1_base64="8ulv6YB/PEGBzNUjc+rF4c7wI10=">AAACBHicbVC7TsMwFHV4lvIKMHaxqBAMqEoQAsYKFsYi0YfURJXj3rRWHSeyHaSq6sDCr7AwgBArH8HG3+CkGaDlSJaOz7lX9jlBwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5Lxamk0KQxj2UnIAo4E9DUTHPoJBJIFHBoB6ObzG8/gFQsFvd6nIAfkYFgIaNEG6lnV7yE9Vzs6Rh7oIm5nebkONPtqlNzcuBF4hakigo0evaX149pGoHQlBOluq6TaH9CpGaUw7TspQoSQkdkAF1DBYlA+ZM8xBQfGaWPw1iaIzTO1d8bExIpNY4CMxkRPVTzXib+53VTHV75EyaSVIOgs4fClGMTOWsE95kEqvnYEEIlM3/FdEgkodr0VjYluPORF0nrrOZe1Ny782r9uqijhCroEJ0gF12iOrpFDdREFD2iZ/SK3qwn68V6tz5mo0tWsXOA/sD6/AH/JJcM</latexit>

⇡1 ! ⌘⇡, ⌘0⇡
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⌘

<latexit sha1_base64="oUXrwJzLybfSfdix2r0aZW3cr2A=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Ae0oWy2m3bpbhJ2J0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUkS8jQIl7yWaUxVI3g2md7nffeLaiDh6xFnCfUXHkQgFo5hLA450WK25dXcBsk68gtSgQGtY/RqMYpYqHiGT1Ji+5yboZ1SjYJLPK4PU8ISyKR3zvqURVdz42eLWObmwyoiEsbYVIVmovycyqoyZqcB2KooTs+rl4n9eP8Xwxs9ElKTII7ZcFKaSYEzyx8lIaM5QziyhTAt7K2ETqilDG0/FhuCtvrxOOld1r1FvPDRqzdsijjKcwTlcggfX0IR7aEEbGEzgGV7hzVHOi/PufCxbS04xcwp/4Hz+AAsojj8=</latexit>

p

<latexit sha1_base64="Tbe1MRtsNLR8GudB5aHgeCdQvWI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB3F+M+w==</latexit>

p

<latexit sha1_base64="Tbe1MRtsNLR8GudB5aHgeCdQvWI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB3F+M+w==</latexit>

a2, a4
π1 π−π−

Partial Waves Expansion

black: ⇡⌘0

red:                 (scaled)⇡⌘Resonance in angular mom. L = 1 ?

L = 1 L = 2 L = 4

⇡1(1600)? a2(1320) a4(2040)

COMPASS  PLB740 (2015)

(′ )
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Low Energy Fit of  L = 1,2 Rodas et al (JPAC) PRL122 (2019) 042002

 vs π1(1400) π1(1600)

ηπ

η′ π
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The exotic  pole locationπ1 Rodas et al (JPAC) PRL122 (2019) 042002
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More on the exotic π1

⇡⌘ ⇡⌘0

forward - backward
forward + backward

=

Forward-backward 
asymmetry related to 
the existence of (exotic) 
P-wave

Bibrzycki et al (JPAC), EPJC81 (2021) 647

p

<latexit sha1_base64="Tbe1MRtsNLR8GudB5aHgeCdQvWI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB3F+M+w==</latexit>

p

<latexit sha1_base64="Tbe1MRtsNLR8GudB5aHgeCdQvWI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB3F+M+w==</latexit>

⇡�

<latexit sha1_base64="C0Q/8OaM625E9uaH8/7sJAGiyso=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS0WPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzkdxL+eN4tld2KOwNZJl5OypCj3i19dXoxSyOUhgmqddtzExNkVBnOBE6KnVRjQtmIDrBtqaQR6iCbHTshp1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadoQ/AWX14mjYuKV61c3lfLtZs8jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/caqOdA==</latexit>

⇡�

<latexit sha1_base64="C0Q/8OaM625E9uaH8/7sJAGiyso=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS0WPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzkdxL+eN4tld2KOwNZJl5OypCj3i19dXoxSyOUhgmqddtzExNkVBnOBE6KnVRjQtmIDrBtqaQR6iCbHTshp1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadoQ/AWX14mjYuKV61c3lfLtZs8jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/caqOdA==</latexit>

a2

<latexit sha1_base64="3wuqsIeJz6UHQ2Ly66NUl4lWk1Y=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ08yZLkFvXiMaBZIhtDT6Uma9Cx09whhyCd48aCIV7/Im39jZxFU9EHB470qqur5ieBKY/xhra1vbG5t53byu3v7B4eFo+O2ilNJWYvGIpZdnygmeMRammvBuolkJPQF6/iTq7nfuWdS8Ti609OEeSEZRTzglGgj3ZJBaVAoYhuXnXq1hLBdxpWS6xpSxbhWriDHxgsUYYXmoPDeH8Y0DVmkqSBK9RycaC8jUnMq2CzfTxVLCJ2QEesZGpGQKS9bnDpD50YZoiCWpiKNFur3iYyESk1D33SGRI/Vb28u/uX1Uh3UvIxHSapZRJeLglQgHaP532jIJaNaTA0hVHJzK6JjIgnVJp28CeHrU/Q/aZdsx7XrN26xcbmKIwencAYX4EAVGnANTWgBhRE8wBM8W8J6tF6s12XrmrWaOYEfsN4+AUvvjdc=</latexit>

f2/P

<latexit sha1_base64="++hM9eWROgh1PEemSQsCVom6GaQ=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXY6Yd+tgV3bisYB/QDiWTZtrQTGZMMoUy9DvcuFDErR/jzr8x01ZQ0QOBw7nnck+OH3OmNEIf1tr6xubWdm4nv7u3f3BYODpuqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacefXGfzzpRKxSJxp2cx9UI8EixgBGsjecGgdNkPsR77PmwOCkVko7JTr5YgssuoUnJdQ6oI1coV6NhogSJYwfjf+8OIJCEVmnCsVM9BsfZSLDUjnM7z/UTRGJMJHtGeoQKHVHnpIvQcnhtlCINImic0XKjfN1IcKjULfePMAqrfs0z8a9ZLdFDzUibiRFNBloeChEMdwawBOGSSEs1nhmAimckKyRhLTLTpKW9K+Pop/J+0S7bj2vVbt9i4WtWRA6fgDFwAB1RBA9yAJmgBAu7BA3gCz9bUerRerNeldc1a7ZyAH7DePgEJ4JGp</latexit>

⌘(
0)

<latexit sha1_base64="hS1tYNtUMShqANK4/esM0mdoMyI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BItYLyWRgnorevFYwX5gG8tmu2mXbjZhdyKU0H/hxYMiXv033vw3btsctPXBwOO9GWbm+bHgGh3n28qtrK6tb+Q3C1vbO7t7xf2Dpo4SRVmDRiJSbZ9oJrhkDeQoWDtWjIS+YC1/dDP1W09MaR7JexzHzAvJQPKAU4JGeugyJI9p+fRs0iuWnIozg71M3IyUIEO9V/zq9iOahEwiFUTrjuvE6KVEIaeCTQrdRLOY0BEZsI6hkoRMe+ns4ol9YpS+HUTKlER7pv6eSEmo9Tj0TWdIcKgXvan4n9dJMLj0Ui7jBJmk80VBImyM7On7dp8rRlGMDSFUcXOrTYdEEYompIIJwV18eZk0zytutXJ1Vy3VrrM48nAEx1AGFy6gBrdQhwZQkPAMr/BmaevFerc+5q05K5s5hD+wPn8AtPaQTg==</latexit>

p

<latexit sha1_base64="Tbe1MRtsNLR8GudB5aHgeCdQvWI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB3F+M+w==</latexit>

p

<latexit sha1_base64="Tbe1MRtsNLR8GudB5aHgeCdQvWI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB3F+M+w==</latexit>

⇡�

<latexit sha1_base64="C0Q/8OaM625E9uaH8/7sJAGiyso=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS0WPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzkdxL+eN4tld2KOwNZJl5OypCj3i19dXoxSyOUhgmqddtzExNkVBnOBE6KnVRjQtmIDrBtqaQR6iCbHTshp1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadoQ/AWX14mjYuKV61c3lfLtZs8jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/caqOdA==</latexit>

⇡�

<latexit sha1_base64="C0Q/8OaM625E9uaH8/7sJAGiyso=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS0WPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzkdxL+eN4tld2KOwNZJl5OypCj3i19dXoxSyOUhgmqddtzExNkVBnOBE6KnVRjQtmIDrBtqaQR6iCbHTshp1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadoQ/AWX14mjYuKV61c3lfLtZs8jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/caqOdA==</latexit>

f2/P

<latexit sha1_base64="++hM9eWROgh1PEemSQsCVom6GaQ=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXY6Yd+tgV3bisYB/QDiWTZtrQTGZMMoUy9DvcuFDErR/jzr8x01ZQ0QOBw7nnck+OH3OmNEIf1tr6xubWdm4nv7u3f3BYODpuqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacefXGfzzpRKxSJxp2cx9UI8EixgBGsjecGgdNkPsR77PmwOCkVko7JTr5YgssuoUnJdQ6oI1coV6NhogSJYwfjf+8OIJCEVmnCsVM9BsfZSLDUjnM7z/UTRGJMJHtGeoQKHVHnpIvQcnhtlCINImic0XKjfN1IcKjULfePMAqrfs0z8a9ZLdFDzUibiRFNBloeChEMdwawBOGSSEs1nhmAimckKyRhLTLTpKW9K+Pop/J+0S7bj2vVbt9i4WtWRA6fgDFwAB1RBA9yAJmgBAu7BA3gCz9bUerRerNeldc1a7ZyAH7DePgEJ4JGp</latexit>

⌘(
0)

<latexit sha1_base64="hS1tYNtUMShqANK4/esM0mdoMyI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BItYLyWRgnorevFYwX5gG8tmu2mXbjZhdyKU0H/hxYMiXv033vw3btsctPXBwOO9GWbm+bHgGh3n28qtrK6tb+Q3C1vbO7t7xf2Dpo4SRVmDRiJSbZ9oJrhkDeQoWDtWjIS+YC1/dDP1W09MaR7JexzHzAvJQPKAU4JGeugyJI9p+fRs0iuWnIozg71M3IyUIEO9V/zq9iOahEwiFUTrjuvE6KVEIaeCTQrdRLOY0BEZsI6hkoRMe+ns4ol9YpS+HUTKlER7pv6eSEmo9Tj0TWdIcKgXvan4n9dJMLj0Ui7jBJmk80VBImyM7On7dp8rRlGMDSFUcXOrTYdEEYompIIJwV18eZk0zytutXJ1Vy3VrrM48nAEx1AGFy6gBrdQhwZQkPAMr/BmaevFerc+5q05K5s5hD+wPn8AtPaQTg==</latexit>

Asymmetry originating mainly 

from   

and from  in 

(a2, f2/ℙ) ≠ ( f2, f2/ℙ)
(ℙ, ℙ) η′ π

<latexit sha1_base64="IB4YWmxqSM5+lwhhEdWHeJHRz3g=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GnomIYm3oBePEc0CyRB6Oj1Jk56F7h4hDPkELx4U8eoXefNv7CyCij4oeLxXRVU9PxFcaYw/rNza+sbmVn67sLO7t39QPDxqqziVlLVoLGLZ9YligkespbkWrJtIRkJfsI4/uZr7nXsmFY+jOz1NmBeSUcQDTok20m0wcAfFErZx2bmouQjbZVx1KxVDahjXy1Xk2HiBEqzQHBTf+8OYpiGLNBVEqZ6DE+1lRGpOBZsV+qliCaETMmI9QyMSMuVli1Nn6MwoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDupfxKEk1i+hyUZAKpGM0/xsNuWRUi6khhEpubkV0TCSh2qRTMCF8fYr+J23Xdqq2c1MpNS5XceThBE7hHByoQQOuoQktoDCCB3iCZ0tYj9aL9bpszVmrmWP4AevtE1GljdY=</latexit>

f2

p

<latexit sha1_base64="Tbe1MRtsNLR8GudB5aHgeCdQvWI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB3F+M+w==</latexit>

p

<latexit sha1_base64="Tbe1MRtsNLR8GudB5aHgeCdQvWI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB3F+M+w==</latexit>

⇡�

<latexit sha1_base64="C0Q/8OaM625E9uaH8/7sJAGiyso=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS0WPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzkdxL+eN4tld2KOwNZJl5OypCj3i19dXoxSyOUhgmqddtzExNkVBnOBE6KnVRjQtmIDrBtqaQR6iCbHTshp1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadoQ/AWX14mjYuKV61c3lfLtZs8jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/caqOdA==</latexit>

⇡�

<latexit sha1_base64="C0Q/8OaM625E9uaH8/7sJAGiyso=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS0WPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzkdxL+eN4tld2KOwNZJl5OypCj3i19dXoxSyOUhgmqddtzExNkVBnOBE6KnVRjQtmIDrBtqaQR6iCbHTshp1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadoQ/AWX14mjYuKV61c3lfLtZs8jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/caqOdA==</latexit>

⌘(
0)

<latexit sha1_base64="hS1tYNtUMShqANK4/esM0mdoMyI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BItYLyWRgnorevFYwX5gG8tmu2mXbjZhdyKU0H/hxYMiXv033vw3btsctPXBwOO9GWbm+bHgGh3n28qtrK6tb+Q3C1vbO7t7xf2Dpo4SRVmDRiJSbZ9oJrhkDeQoWDtWjIS+YC1/dDP1W09MaR7JexzHzAvJQPKAU4JGeugyJI9p+fRs0iuWnIozg71M3IyUIEO9V/zq9iOahEwiFUTrjuvE6KVEIaeCTQrdRLOY0BEZsI6hkoRMe+ns4ol9YpS+HUTKlER7pv6eSEmo9Tj0TWdIcKgXvan4n9dJMLj0Ui7jBJmk80VBImyM7On7dp8rRlGMDSFUcXOrTYdEEYompIIJwV18eZk0zytutXJ1Vy3VrrM48nAEx1AGFy6gBrdQhwZQkPAMr/BmaevFerc+5q05K5s5hD+wPn8AtPaQTg==</latexit>

<latexit sha1_base64="F2yS+kBIjtf1L4xU9/ZilcGWRi4=">AAAB8HicdVDLSgMxFL3js9ZX1aWbYBFcDZm2tHVXdOOygn1IO0gmzbShycyQZIRS+hVuXCji1s9x59+YaSuo6IHA4Zxzyb0nSATXBuMPZ2V1bX1jM7eV397Z3dsvHBy2dZwqylo0FrHqBkQzwSPWMtwI1k0UIzIQrBOMLzO/c8+U5nF0YyYJ8yUZRjzklBgr3fYlMaMgQM27QhG7uOyd10oIu2VcLVUqltQwrperyHPxHEVYwubf+4OYppJFhgqidc/DifGnRBlOBZvl+6lmCaFjMmQ9SyMimfan84Vn6NQqAxTGyr7IoLn6fWJKpNYTGdhktqD+7WXiX14vNWHdn/IoSQ2L6OKjMBXIxCi7Hg24YtSIiSWEKm53RXREFKHGdpS3JXxdiv4n7ZLrVV3vulJsXCzryMExnMAZeFCDBlxBE1pAQcIDPMGzo5xH58V5XURXnOXMEfyA8/YJqd+QVQ==</latexit>P
<latexit sha1_base64="F2yS+kBIjtf1L4xU9/ZilcGWRi4=">AAAB8HicdVDLSgMxFL3js9ZX1aWbYBFcDZm2tHVXdOOygn1IO0gmzbShycyQZIRS+hVuXCji1s9x59+YaSuo6IHA4Zxzyb0nSATXBuMPZ2V1bX1jM7eV397Z3dsvHBy2dZwqylo0FrHqBkQzwSPWMtwI1k0UIzIQrBOMLzO/c8+U5nF0YyYJ8yUZRjzklBgr3fYlMaMgQM27QhG7uOyd10oIu2VcLVUqltQwrperyHPxHEVYwubf+4OYppJFhgqidc/DifGnRBlOBZvl+6lmCaFjMmQ9SyMimfan84Vn6NQqAxTGyr7IoLn6fWJKpNYTGdhktqD+7WXiX14vNWHdn/IoSQ2L6OKjMBXIxCi7Hg24YtSIiSWEKm53RXREFKHGdpS3JXxdiv4n7ZLrVV3vulJsXCzryMExnMAZeFCDBlxBE1pAQcIDPMGzo5xH58V5XURXnOXMEfyA8/YJqd+QVQ==</latexit>P



Vincent Mathieu JLUO Meeting Hadron Spectroscopy 13

 Photoproduction@GlueXηπ0

Baryon resonances contaminate the high mass  ηπ
Less baryon contamination when the energy increases

In collaboration with R. Barsotti

N*(1535)Δ(1232)
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 Photoproduction@GlueXηπ0

Eγ = 8.5 GeV

m2
ηπ /GeV2 m2

ηπ /GeV2

N*(1535)Δ(1232)

Simple model (all external particles = scalar) including:
a0(980), a2(1230)

π1(1600)

In collaboration with E. Llanos

PRELIM
IN

ARYEγ = 17 GeV

PRELIM
IN

ARY
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 Photoproduction@GlueXηπ0
In collaboration with R. Barsotti

π−

pp

γ π+

π−

Courtesy of R. Perry

PRELIM
IN

ARY
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 Photoproduction@GlueXηπ0
In collaboration with R. Barsotti

PRELIM
IN

ARY

a2(1320)

Baryons have been ‘cut out’
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γp → a2(1320)p :

CLAS PRL126 (2021)CLAS PRC 102 (2020)

VM et al (JPAC) PRD102 (2020)

γp → f2(1270)p :

Tensor Meson Photoproduction @CLAS

p

<latexit sha1_base64="Tbe1MRtsNLR8GudB5aHgeCdQvWI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB3F+M+w==</latexit>

p

<latexit sha1_base64="Tbe1MRtsNLR8GudB5aHgeCdQvWI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB3F+M+w==</latexit>

�

<latexit sha1_base64="igK7T06NdJFaIIEjBVfqpQCmvH8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0J6DHoxWME84BkCb2TSTJmHsvMrBCW/IMXD4p49X+8+TdOkj1oYkFDUdVNd1eccGZsEHx7a+sbm1vbhZ3i7t7+wWHp6LhpVKoJbRDFlW7HaChnkjYss5y2E01RxJy24vHtzG89UW2Ykg92ktBI4FCyASNondTsDlEI7JXKQSWYw18lYU7KkKPeK311+4qkgkpLOBrTCYPERhlqywin02I3NTRBMsYh7TgqUVATZfNrp/65U/r+QGlX0vpz9fdEhsKYiYhdp0A7MsveTPzP66R2cB1lTCappZIsFg1S7lvlz173+0xTYvnEESSauVt9MkKNxLqAii6EcPnlVdK8rITVSvW+Wq7d5HEU4BTO4AJCuIIa3EEdGkDgEZ7hFd485b14797HonXNy2dO4A+8zx+JMY8c</latexit>

a2/f2

ω + 1
3 ρ ρ + 1

3 ωω/ρ
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 Photoproduction @GlueXa2(1320) In collaboration with L. Ng and M. Albrecht 

PRELIM
IN

ARY
Extraction of   
production amplitudes  
from GlueX data

a2(1320)

VM et al (JPAC) PRD102 (2020)

Reasonable agreement 
with model predictions from

Ongoing extraction of 
 cross-sectiona2(1320)
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Exp. status of XYZ Esposito, Pilloni, Polosa Phys Rep 668 (2017) 1

Black:  predicted and observedcc̄
Blue:  predicted but not observedcc̄
Red: exotic candidates
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X(3872)
Belle  PRL91 (2003) 262001

B → KX(3872) → K(J/ψππ)

LHCb  EPJC72 (2012) 1972

pp → X(3872) + anything
X(3872) → J/ψππ

Quantum numbers  (more likely)1++

X(3872) → J/ψ ω
X(3872) → J/ψ ρ

= 0.8 ± 0.3

Very close to  thresholdDD*

Discovered in B decays by Belle

Strong isospin violation

MX − MDD* = − 3 ± 192 kev

Observations by  
independent collaborations

Challenging interpretation
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Zc(3900)+

BESIII  PRL110 (2013)→ J/ψ π+

Discovered in  interactions by BESIIIe+e−

→ (DD̄*)+ BESIII  PRL112 (2014)

e+e− → π−Zc(3900)+

Quantum numbers  (more likely)1+−

Need at least  
4 quarks

π+

c

u

c̄
d̄

Z+
c<latexit sha1_base64="lwcaICDt+zKjmRBE59NxhLkzaYc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8xV0R9Rj0Ip4imAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqWa0DpRXOlWhA3lTNK6ZZbTVqIpFhGnzWh4M/GbT1QbpuSDHSU0FLgvWcwItk5q3J12EsO6pbJf8adAiyTISRly1Lqlr05PkVRQaQnHxrQDP7FhhrVlhNNxsZMammAyxH3adlRiQU2YTa8do2On9FCstCtp0VT9PZFhYcxIRK5TYDsw895E/M9rpza+CjMmk9RSSWaL4pQjq9DkddRjmhLLR45gopm7FZEB1phYF1DRhRDMv7xIGmeV4KIS3J+Xq9d5HAU4hCM4gQAuoQq3UIM6EHiEZ3iFN095L9679zFrXfLymQP4A+/zBymujt0=</latexit>

J/ 
<latexit sha1_base64="lwcaICDt+zKjmRBE59NxhLkzaYc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8xV0R9Rj0Ip4imAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqWa0DpRXOlWhA3lTNK6ZZbTVqIpFhGnzWh4M/GbT1QbpuSDHSU0FLgvWcwItk5q3J12EsO6pbJf8adAiyTISRly1Lqlr05PkVRQaQnHxrQDP7FhhrVlhNNxsZMammAyxH3adlRiQU2YTa8do2On9FCstCtp0VT9PZFhYcxIRK5TYDsw895E/M9rpza+CjMmk9RSSWaL4pQjq9DkddRjmhLLR45gopm7FZEB1phYF1DRhRDMv7xIGmeV4KIS3J+Xq9d5HAU4hCM4gQAuoQq3UIM6EHiEZ3iFN095L9679zFrXfLymQP4A+/zBymujt0=</latexit>

J/ 

π+
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Pentaquarks candidates from LHCb
<latexit sha1_base64="DPfp1sEwNa5AuoIW3mLN0wHtQyU=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQWsioi6LbkRdVLAPaGKYTCft0MkkzEyEErpz46+4caGIW3/BnX/jtM1CWw8MHM45lzv3+DGjUlnWt5GbmZ2bX8gvFpaWV1bXzPWNuowSgUkNRywSTR9JwignNUUVI81YEBT6jDT83sXQbzwQIWnE71Q/Jm6IOpwGFCOlJc/cdm50uI08Hzoqgtf3B7B0dejEkjr7MN7zzKJVtkaA08TOSBFkqHrml9OOcBISrjBDUrZsK1ZuioSimJFBwUkkiRHuoQ5pacpRSKSbju4YwF2ttGEQCf24giP190SKQin7oa+TIVJdOekNxf+8VqKCMzelPE4U4Xi8KEgY1BcPS4FtKghWrK8JwoLqv0LcRQJhpasr6BLsyZOnSf2obJ+U7dvjYuU8qyMPtsAOKAEbnIIKuARVUAMYPIJn8ArejCfjxXg3PsbRnJHNbII/MD5/AJ6Rlzo=</latexit>

⇤b ! K�(J/ p) unexplained excess of events in
<latexit sha1_base64="9KPOt7/V3wLkELm+5iGlTOq54kg=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBg9RdEfVY9CKeKtgP7C4lm2bb0Gw2JFmhLP0XXjwo4tV/481/Y9ruQVsfDDzem2FmXig508Z1v53C0vLK6lpxvbSxubW9U97da+okVYQ2SMIT1Q6xppwJ2jDMcNqWiuI45LQVDm8mfuuJKs0S8WBGkgYx7gsWMYKNlR7vTn2pmX+CZLdccavuFGiReDmpQI56t/zl9xKSxlQYwrHWHc+VJsiwMoxwOi75qaYSkyHu046lAsdUB9n04jE6skoPRYmyJQyaqr8nMhxrPYpD2xljM9Dz3kT8z+ukJroKMiZkaqggs0VRypFJ0OR91GOKEsNHlmCimL0VkQFWmBgbUsmG4M2/vEiaZ1Xvourdn1dq13kcRTiAQzgGDy6hBrdQhwYQEPAMr/DmaOfFeXc+Zq0FJ5/Zhz9wPn8AcACQHQ==</latexit>

J/ p spectrum

p

c

u
u

p

c̄
d

P+
c<latexit sha1_base64="lwcaICDt+zKjmRBE59NxhLkzaYc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8xV0R9Rj0Ip4imAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqWa0DpRXOlWhA3lTNK6ZZbTVqIpFhGnzWh4M/GbT1QbpuSDHSU0FLgvWcwItk5q3J12EsO6pbJf8adAiyTISRly1Lqlr05PkVRQaQnHxrQDP7FhhrVlhNNxsZMammAyxH3adlRiQU2YTa8do2On9FCstCtp0VT9PZFhYcxIRK5TYDsw895E/M9rpza+CjMmk9RSSWaL4pQjq9DkddRjmhLLR45gopm7FZEB1phYF1DRhRDMv7xIGmeV4KIS3J+Xq9d5HAU4hCM4gQAuoQq3UIM6EHiEZ3iFN095L9679zFrXfLymQP4A+/zBymujt0=</latexit>

J/ 
<latexit sha1_base64="lwcaICDt+zKjmRBE59NxhLkzaYc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8xV0R9Rj0Ip4imAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqWa0DpRXOlWhA3lTNK6ZZbTVqIpFhGnzWh4M/GbT1QbpuSDHSU0FLgvWcwItk5q3J12EsO6pbJf8adAiyTISRly1Lqlr05PkVRQaQnHxrQDP7FhhrVlhNNxsZMammAyxH3adlRiQU2YTa8do2On9FCstCtp0VT9PZFhYcxIRK5TYDsw895E/M9rpza+CjMmk9RSSWaL4pQjq9DkddRjmhLLR45gopm7FZEB1phYF1DRhRDMv7xIGmeV4KIS3J+Xq9d5HAU4hCM4gQAuoQq3UIM6EHiEZ3iFN095L9679zFrXfLymQP4A+/zBymujt0=</latexit>

J/ 

Cannot be  baryonqqq

LHCb, PRL122 (2019) 222001 



Vincent Mathieu JLUO Meeting Hadron Spectroscopy 23

ei2δ(k) |k⟩|k⟩

n

p

σ = 4πa2

Bound state

a = lim
k→0

1
k

tan δ(k)

Bound state vs virtual state

deuteron Re Ecm

Im Ecm sheet I

Scattering length

Cross section

a > 0

V(r)

r

a < 0
Virtual state

sheet II
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Fernández-Ramírez et al (JPAC), PRL123 (2019) 092001

LHCb data

 analysisPc(4312)+

Bootstrap: generate 10k data

When  decouples, pole moves to the real axis on theJ/ψ p
Physical sheet - positive scattering length - bound state

Unphysical sheet - negative scattering length - virtual state
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Fernández-Ramírez et al (JPAC), PRL123 (2019) 092001

LHCb data

 analysisPc(4312)+

Bootstrap: generate 10k data

When  decouples, pole moves to the real axis on theJ/ψ p
Physical sheet - positive scattering length - bound state

Unphysical sheet - negative scattering length - virtual state

Virtual state in the  channel Σ+
c D̄0

99.3 %
0.7 %
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Ng et al (JPAC), PRD105 (2022) L091501 analysisPc(4312)+

Deep neural network trained with 4 types of amplitudes 

97.0 %
1.6 %

< 0.1 %

1.4 %
LHCb data



Vincent Mathieu JLUO meeting Hadron Spectroscopy 27

GlueX, PRL23 (2019) 072001

Hiller-Blin et al (JPAC), PRD94 (2016) 034002

Direct production of ?P+
c

Data

Model

<latexit sha1_base64="DPfp1sEwNa5AuoIW3mLN0wHtQyU=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQWsioi6LbkRdVLAPaGKYTCft0MkkzEyEErpz46+4caGIW3/BnX/jtM1CWw8MHM45lzv3+DGjUlnWt5GbmZ2bX8gvFpaWV1bXzPWNuowSgUkNRywSTR9JwignNUUVI81YEBT6jDT83sXQbzwQIWnE71Q/Jm6IOpwGFCOlJc/cdm50uI08Hzoqgtf3B7B0dejEkjr7MN7zzKJVtkaA08TOSBFkqHrml9OOcBISrjBDUrZsK1ZuioSimJFBwUkkiRHuoQ5pacpRSKSbju4YwF2ttGEQCf24giP190SKQin7oa+TIVJdOekNxf+8VqKCMzelPE4U4Xi8KEgY1BcPS4FtKghWrK8JwoLqv0LcRQJhpasr6BLsyZOnSf2obJ+U7dvjYuU8qyMPtsAOKAEbnIIKuARVUAMYPIJn8ArejCfjxXg3PsbRnJHNbII/MD5/AJ6Rlzo=</latexit>

⇤b ! K�(J/ p)

 in 3-body decayP+
c

Photoproduction of P+
c

<latexit sha1_base64="XV3Rbbu6dl+x9mypggHargnkavY=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4ELqjIi6LLoRVxXsAzpDuZNm2tBkJiQZoQzd+CtuXCji1s9w59+YPhZaPRA4nHMvN+dEkjNtPO/LKSwsLi2vFFdLa+sbm1vu9k5Dp5kitE5SnqpWBJpyltC6YYbTllQURMRpMxpcj/3mA1Wapcm9GUoaCuglLGYEjJU67l7QAyEASxyYFN+eBFKz4BjLjlv2Kt4E+C/xZ6SMZqh13M+gm5JM0MQQDlq3fU+aMAdlGOF0VAoyTSWQAfRo29IEBNVhPgkwwodW6eI4VfYlBk/Unxs5CK2HIrKTAkxfz3tj8T+vnZn4MsxZIjNDEzI9FGcc26zjNnCXKUoMH1oCRDH7V0z6oIAY21nJluDPR/5LGqcV/7zi352Vq1ezOopoHx2gI+SjC1RFN6iG6oigEXpCL+jVeXSenTfnfTpacGY7u+gXnI9vyZiVPg==</latexit>

�p ! J/ p
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Exclusive XYZ Production @EIC JPAC, PRD102 (2020) 114010 

γp → Z+n γp → Z+X MX ≥ mp + mπ

PRELIM
IN

ARY
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Exclusive XYZ Production @EIC JPAC, PRD102 (2020) 114010 
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Summary

Light exotic mesons: π1(1600) COMPASS: π−p → π−η(′ )p

GlueX: γp → π0ηp

Heavy exotic mesons: X(3872), Zc(3600)+

Heavy exotic baryons: Pc(4372)

Analyses of resonance region 
and double Regge region

Analysis of LHCb results

LHCb: Λb → K− J/ψ p

EIC: γp → X p, Z p

Model prediction for EIC


