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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
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Δ++
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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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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 
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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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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
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GlueX, PRL23 (2019) 072001

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

Direct production of ?P+
c

Data

Model

“direct’’ Photo-production of P+
c

p

<latexit sha1_base64="aWRgqP3B5yRSbZQpa5XnUkfcx8M=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2Vmkm/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+RmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1Wvm7VK/SaPowgncArn4MEl1OEOGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/3fmNAA==</latexit>

�

<latexit sha1_base64="w6h9Bf4+M1acskkgMSQ1DM2KxtA=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXiMYB6QLKF3MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCAzlTNKmZZbTTqIpiIjTdjS+nfntJ6oNU/LBThIaChhKFjMC1kmt3hCEgH654lf9OfAqCXJSQTka/fJXb6BIKqi0hIMx3cBPbJiBtoxwOi31UkMTIGMY0q6jEgQ1YTa/dorPnDLAsdKupMVz9fdEBsKYiYhcpwA7MsveTPzP66Y2vgozJpPUUkkWi+KUY6vw7HU8YJoSyyeOANHM3YrJCDQQ6wIquRCC5ZdXSeuiGtSq1/e1Sv0mj6OITtApOkcBukR1dIcaqIkIekTP6BW9ecp78d69j0VrwctnjtEfeJ8/isuPIQ==</latexit>

p

<latexit sha1_base64="aWRgqP3B5yRSbZQpa5XnUkfcx8M=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2Vmkm/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+RmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1Wvm7VK/SaPowgncArn4MEl1OEOGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/3fmNAA==</latexit>

J/ψ
P+

c

Estimation of the couplings with VMD
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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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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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Zc(3900)+

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+

Compact Extended?Or

 - dependence provide info. about internal structure Q2

Electro-production of XYZ will help understand them

Segovia et al PRL115 (2015) 171801 

N(1535)

N(1440)

Raya et al EPJA57 (2021) 266 
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Exclusive  Production @EICZ+
c,b JPAC, PRD102 (2020) 114010 

γp → Z+
c,bnγ

p n

Z+
c,b

π− Known pion-nucleon couplings

Use  MeV and VMDΓ(Zc(3900)+ → J/ψ π) ≃ 3

γ

π

Z+
c

=
J/ψ

γ

π

Z+
c
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Exclusive  Production @EICZ+
c,b JPAC, PRD102 (2020) 114010 

γp → Z+
c,bn

C++ code available online (D. Winney)

Implementation in simulation with El-Spectro (D. Glazier)
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Semi-inclusive  Production @EICZ+
c,b

2
<latexit sha1_base64="jHhBTfR9bSWY+Q+Be2j8kn+h2Jo=">AAAB6HicbVDLSsNAFJ3UV62vqks3g0VwVZJafOyKbly2YB/QhjKZ3rRjJ5MwMxFK6Be4caGIWz/JnX/jJA2i1gMXDufcy733eBFnStv2p1VYWV1b3yhulra2d3b3yvsHHRXGkkKbhjyUPY8o4ExAWzPNoRdJIIHHoetNb1K/+wBSsVDc6VkEbkDGgvmMEm2kVm1YrthVOwNeJk5OKihHc1j+GIxCGgcgNOVEqb5jR9pNiNSMcpiXBrGCiNApGUPfUEECUG6SHTrHJ0YZYT+UpoTGmfpzIiGBUrPAM50B0RP110vF/7x+rP1LN2EiijUIuljkxxzrEKdf4xGTQDWfGUKoZOZWTCdEEqpNNqUshKsU598vL5NOreqcVeuteqVxncdRREfoGJ0iB12gBrpFTdRGFAF6RM/oxbq3nqxX623RWrDymUP0C9b7F5U7jO4=</latexit>

=<latexit sha1_base64="0M450rhcbyoqjwRFIQqzrDBkTkg=">AAAB6HicbVDLSsNAFJ3UV62vqks3g0VwVRItPhZC0Y3LFuwD2lAm05t27GQSZiZCCf0CNy4UcesnufNvnKRB1HrgwuGce7n3Hi/iTGnb/rQKS8srq2vF9dLG5tb2Tnl3r63CWFJo0ZCHsusRBZwJaGmmOXQjCSTwOHS8yU3qdx5AKhaKOz2NwA3ISDCfUaKN1LwalCt21c6AF4mTkwrK0RiUP/rDkMYBCE05Uarn2JF2EyI1oxxmpX6sICJ0QkbQM1SQAJSbZIfO8JFRhtgPpSmhcab+nEhIoNQ08ExnQPRY/fVS8T+vF2v/wk2YiGINgs4X+THHOsTp13jIJFDNp4YQKpm5FdMxkYRqk00pC+Eyxdn3y4ukfVJ1Tqu1Zq1Sv87jKKIDdIiOkYPOUR3dogZqIYoAPaJn9GLdW0/Wq/U2by1Y+cw++gXr/Qul54z5</latexit>

Im
<latexit sha1_base64="5F71yyoiGwf5zeNsYr8Rub7YffM=">AAAB8HicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFN7qrYB/ShjKZTtqhM5MwcyOW0K9w40IRt36OO//GJA2i1gMXDufcy733eKHgBmz70yosLC4trxRXS2vrG5tb5e2dlgkiTVmTBiLQHY8YJrhiTeAgWCfUjEhPsLY3vkz99j3ThgfqFiYhcyUZKu5zSiCR7nrAHiC+ltN+uWJX7Qx4njg5qaAcjX75ozcIaCSZAiqIMV3HDsGNiQZOBZuWepFhIaFjMmTdhCoimXHj7OApPkiUAfYDnZQCnKk/J2IijZlIL+mUBEbmr5eK/3ndCPwzN+YqjIApOlvkRwJDgNPv8YBrRkFMEkKo5smtmI6IJhSSjEpZCOcpTr5fnieto6pzXK3d1Cr1izyOItpD++gQOegU1dEVaqAmokiiR/SMXixtPVmv1tustWDlM7voF6z3L0XykNs=</latexit>X

<latexit sha1_base64="6k/tcR5DaohB7IKsZZSA02dTgGg=">AAAB6HicbVDJSgNBEK1xjXGLevTSGARPYUaDyy3oxWMCZoFkCD2dStKmZ6G7RwhDvsCLB0W8+kne/Bt7JoOo8UHB470qqup5keBK2/antbS8srq2Xtgobm5t7+yW9vZbKowlwyYLRSg7HlUoeIBNzbXATiSR+p7Atje5Sf32A0rFw+BOTyN0fToK+JAzqo3U6PRLZbtiZyCLxMlJGXLU+6WP3iBksY+BZoIq1XXsSLsJlZozgbNiL1YYUTahI+waGlAflZtkh87IsVEGZBhKU4EmmfpzIqG+UlPfM50+1WP110vF/7xurIeXbsKDKNYYsPmiYSyIDkn6NRlwiUyLqSGUSW5uJWxMJWXaZFPMQrhKcf798iJpnVacs0q1US3XrvM4CnAIR3ACDlxADW6hDk1ggPAIz/Bi3VtP1qv1Nm9dsvKZA/gF6/0LztONFA==</latexit>

k
<latexit sha1_base64="v2e8yh7PWuQN5jrb/mmfSX18aB4=">AAAB6HicbVDLSsNAFJ34rPVVdelmsAiuQlJD2+yKbly2YB/QhjKZTtqxk0mYmQgl9AvcuFDErZ/kzr9xkgbxdeDC4Zx7ufceP2ZUKsv6MNbWNza3tks75d29/YPDytFxT0aJwKSLIxaJgY8kYZSTrqKKkUEsCAp9Rvr+/Drz+/dESBrxW7WIiReiKacBxUhpqTMfV6qWaeWAluk0a3W7qUnDdeuuA+3CqoIC7XHlfTSJcBISrjBDUg5tK1ZeioSimJFleZRIEiM8R1My1JSjkEgvzQ9dwnOtTGAQCV1cwVz9PpGiUMpF6OvOEKmZ/O1l4n/eMFFB00spjxNFOF4tChIGVQSzr+GECoIVW2iCsKD6VohnSCCsdDblPAQ3Q/3r5b+kVzPtS9PpONXWVRFHCZyCM3ABbNAALXAD2qALMCDgATyBZ+POeDRejNdV65pRzJyAHzDePgFT0I1w</latexit>t0 = 0

<latexit sha1_base64="eqGccmmXQmnwoUWHjKVlIac9cXY=">AAAB63icbVDLSsNAFL2pr1pfVZduBovoqiS2+FgIRTcuK9gHtKFMppN26MwkzEyEEvoLblwo4tYfcuffmKRB1HrgwuGce7n3Hi/kTBvb/rQKS8srq2vF9dLG5tb2Tnl3r62DSBHaIgEPVNfDmnImacsww2k3VBQLj9OON7lJ/c4DVZoF8t5MQ+oKPJLMZwSbTDq+sgflil21M6BF4uSkAjmag/JHfxiQSFBpCMda9xw7NG6MlWGE01mpH2kaYjLBI9pLqMSCajfObp2ho0QZIj9QSUmDMvXnRIyF1lPhJZ0Cm7H+66Xif14vMv6FGzMZRoZKMl/kRxyZAKWPoyFTlBg+TQgmiiW3IjLGChOTxFPKQrhMcfb98iJpn1adWrV+V680rvM4inAAh3ACDpxDA26hCS0gMIZHeIYXS1hP1qv1Nm8tWPnMPvyC9f4FSkqN4g==</latexit>

γ

p

Z+

γ γ

p p

π− π− π−

Z+ Z+

∝ σtot(π
−p)

Dashed lines = exclusive prod.

0.3 nb

2 nb
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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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Exclusive X(3872) Production @EIC JPAC, PRD102 (2020) 114010 

γ

p n

X(3872)

ρ/ω Known vector-nucleon couplings

Use  and VMDΓ(X → γρ, γω)
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Primakoff electro-production of X(3872) JPAC, PRD102 (2020) 114010 

Use Belle measurement of   
to determine the normalization

Γ(X → γγ*)

Ion target enhance cross section as Z2
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Exclusive Y(4260) Production @EIC JPAC, PRD102 (2020) 114010 

γ

p n

Y(4260)

ℙ Known Pomeron-nucleon couplings

Use  by HERA 
and  by CLEO

Γ(Y → ψππ)
Γ(Ψ → γgg)
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Summary

Direct photoproduction of :Pc
Exclusive and inclusive  
production of :Z+

c,b

Primakoff produciton 
of :X(3872)

Dashed lines = exclusive prod.


