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Meson Spectroscopy at JLab

Meson

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>

π, η, πη, …
Factorization?

Search for exotic resonances

Study photoproduction of mesons

Photoproduction of mesons at  GeVEγ = 6 − 12

Special interest in mesons: Does the target factorize at JLab energies?
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π0

ρ/ω

Production by Regge exchange implies known energy dependence

VM, Szczepaniak and Fox PRC92 (2015)

Excellent agreement between data and model

Regge-based model

SLAC data
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Single Pion Photoproduction
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π0

ρ/ω

 dependence from baryon resonances 
and duality hypothesis  
(dispersion relations)

t

ω

Dip in the cross-section 
induced by zero 
 in  exchangeω

VM et al (JPAC) PRC98 (2018)

VM et al (JPAC) EPL122 (2018)
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π0

ρ/ω

 dependence from baryon resonances 
and duality hypothesis  
(dispersion relations)

t

ω

Dip in the cross-section 
induced by zero 
 in  exchangeω

ρ

 exchange “fills the gap’’ρ

VM et al (JPAC) PRC98 (2018)

VM et al (JPAC) EPL122 (2018)
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J. Nys et al (JPAC) PRC95 (2017)Single Eta Photoproduction
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π0/η
ρ/ω

π0 : ω +
1
3

ρ

η : ρ +
1
3

ω

 dominates and dipsω

Regge based model for  photoproduction  
with known energy dependence 
and  dependence from duality

η

t
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�

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

π0/η
ρ/ω

π0 : ω +
1
3

ρ

η : ρ +
1
3

ω

 dominates and dipsω

 dominates 
 and doesn’t dip
ρRegge based model for  photoproduction  

with known energy dependence 
and  dependence from duality

η

t
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Isovector vs Isoscalar Photoproduction

γp → π0p : γp → ηp :

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>

π0/η

ω +
1
3

ρ ρ +
1
3

ωω/ρ

Dipping cross-section Non-dipping cross-section
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Isovector vs Isoscalar Photoproduction

γp → a2(1320)p : γp → f2(1270)p :

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

γp → π0p : γp → ηp :

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>

π0/η

ω +
1
3

ρ ρ +
1
3

ωω/ρ

Dipping cross-section Non-dipping cross-section
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γp → a2(1320)p :

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

Eγ = 4 GeV
Eγ = 5 GeV
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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

Eγ = 4 GeV
Eγ = 5 GeV
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⃗γ

pp

π0/η

ω/ρ b1/h1

8

 Beam Asymmetryπ0/η

SLAC data

Axial exchange contributions from  
SLAC beam asymmetry 

Σ =
(ρ + ω) − (b1 + h1)
(ρ + ω) + (b1 + h1)

Prediction for GlueX

VM, Szczepaniak and Fox PRC92 (2015)
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⃗γ

pp

π0/η

ω/ρ b1/h1

8

GlueX, VM and J. Nys PRC95 (2017) Beam Asymmetryπ0/η

SLAC data

Axial exchange contributions from  
SLAC beam asymmetry 

Σ =
(ρ + ω) − (b1 + h1)
(ρ + ω) + (b1 + h1)

Prediction for GlueX

VM, Szczepaniak and Fox PRC92 (2015)
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 Beam Asymmetryη′ 

⃗γ

pp

η/η′ 

ω/ρ b1/h1ϕ/

If factorization

If no  exchangeϕ
Ση′ 

= Ση
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 Beam Asymmetryη′ 

⃗γ

pp

η/η′ 

ω/ρ b1/h1ϕ/

If factorization

If no  exchangeϕ
Ση′ 

= Ση

VM et al (JPAC) PLB774 (2017)

Theoretical estimation 

of  exchangeϕ

Very small  exchangeϕ

 implies violation 
of factorization in 
Ση′ 

≠ Ση
η′ 
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 Beam Asymmetryη′ 

⃗γ

pp

η/η′ 

ω/ρ b1/h1ϕ/

If factorization

If no  exchangeϕ
Ση′ 

= Ση

GlueX PRC100 (2019)

VM et al (JPAC) PLB774 (2017)

Theoretical estimation 

of  exchangeϕ

Very small  exchangeϕ

 implies violation 
of factorization in 
Ση′ 

≠ Ση
η′ 
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J. Nys et al (JPAC) PLB779 (2018)

⃗γ

p

π−

Δ++

π+

 exchange dominates at small π | t |

 Photoproduction @GlueXΔ++

Absorption correction of  exchange 
included via the Poor man absorption corrections 

π

SLAC data

Natural exchanges  and  estimated from SLAC dataρ a2
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J. Nys et al (JPAC) PLB779 (2018)

GlueX PRC103 (2021)
⃗γ

p

π−

Δ++

π+

 exchange dominates at small π | t |

 Photoproduction @GlueXΔ++

Absorption correction of  exchange 
included via the Poor man absorption corrections 

π

SLAC data

Natural exchanges  and  estimated from SLAC dataρ a2
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Light Vector Spin Density Matrix Elements VM et al (JPAC) PRD97 (2018)

⃗γ
ρ/ω/ϕ

ℙ f2/a2
p

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

p
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SDME extracted from angular dependence 
provide information about the production

Probe the helicity structure of  
top couplings βλγ,λV

(t)

Couplings Extracted from SLAC data
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Light Vector Spin Density Matrix Elements VM et al (JPAC) PRD97 (2018)

A. Austregesilo (GlueX) MENU 2019 arXiv:1908.07275Predictions for GlueX (and CLAS)
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Light Vector Spin Density Matrix Elements VM et al (JPAC) PRD97 (2018)

A. Austregesilo (GlueX) MENU 2019 arXiv:1908.07275

CLAS12 and VM submitted to PRL

Predictions for GlueX (and CLAS)
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�
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K+

p p

K−K

Λ(1520)

K*

GlueX and VM PRC105 (2022) Spin Density Matrix ElementsΛ(1520)

Separation between  
natural  and unnatural  exchangesK * K

Good agreement with one Kaon exchange

Model from Yu and Kong PRC96 (2017)
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Two Pseudoscalar Photoproduction VM et al PRD100 (2019) 054017

⃗γ
a0, π1, a2, …
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η

π0
I(Ω, Φ) = I0(Ω) − PγI1(Ω)cos 2Φ − PγI2(Ω)sin 2Φ

Angular decomposition of the intensity leads to moments

H0(LM) =
1

2π ∫ I0(Ω) dL
M,0(θ) cos(Mϕ) dΩ
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Two Pseudoscalar Photoproduction VM et al PRD100 (2019) 054017

⃗γ
a0, π1, a2, …

ℙ f2/a2
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η

π0
I(Ω, Φ) = I0(Ω) − PγI1(Ω)cos 2Φ − PγI2(Ω)sin 2Φ

Angular decomposition of the intensity leads to moments

H0(LM) =
1

2π ∫ I0(Ω) dL
M,0(θ) cos(Mϕ) dΩ

Moments are related to partial waves

Formalisms currently use by Gluex and CLAS  
in the two mesons final states:

π0π0, ηη, π0η, π0η′ , π−η
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JPAC publications on JLab physics (in this talk)

Single Meson Photoproduction: Vector and Tenson Meson Photoproduction:

Double Mesons Photoproduction:

VM et al PRD98 014041 (2018) VM et al PRD97 094003 (2018)

Nys et al PLB779 77 (2018)

VM et al EPL122  41001 (2018)

VM et al PLB774 362 (2017)

Nys et al PRD95 034014 (2017)

VM et al PRD92 074013 (2015)

VM et al PRD100 054017 (2019)

Simulations and codes available: http://www.jpac-physics.org/

⃗γp → (ρ0, ω, ϕ)p

⃗γp → ( f2, a0
2)p VM et al PRD102 014003 (2020)

⃗γp → πN

⃗γp → πΔ

⃗γp → ηp

⃗γp → η′ p

⃗γp → ηπp

2 publications with GlueX and 3 publications with CLAS

http://www.jpac-physics.org/


Ongoing and future projects
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GlueX PRC103 (2021)

Inclusion of full  elastic scatteringπ+p

⃗γ

p

π−

Δ++

π+ π+

p

 Photoproduction @GlueXΔ++

Improved description of the complete reaction

⃗γp → π+π−p

Future plan: ⃗γp → π−ηΔ++, Δ++ → π+p
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⌘
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π0

a2(1320)

Strong  signal in a2(1320) πη

Extraction of the cross-section

Extraction of all D-waves components

 Photoproduction @GlueXa2(1320)

JPAC model for tensor photoproduction
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Double Regge  Photoproduction @GlueXηπ0

PRELIM
IN

ARY

a2(1320)

Baryons have been ‘cut out’

19
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Conclusions

Analyses of pseudoscalar, vector and tensor mesons revealed:

JPAC developed models based on Regge theory for meson(s) photoproduction

Predictions available online: http://www.jpac-physics.org/

Dominance of natural exchange Agreement with factorized models

Except in  exchange reaction ( )π γp → π−Δ++ But  exchange under controlπ

+

JPAC developed the formalisms to extract meaningful observables 
in meson(s) photoproduction

Fruitful interaction between JPAC and JLab exp. collaboration

http://www.jpac-physics.org/


Backup slides
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Two Pseudoscalar Photoproduction VM et al PRD100 (2019) 054017
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η

π0

amplitude: 

production  decay×

Beam asymmetry sensitive to reflection through the reaction plane

⌃D =
1

P�

R
D Ik(⌦)� I?(⌦)d⌦R
D Ik(⌦) + I?(⌦)d⌦

use reflection operator = parity followed by 180° rotation around Y-axis

⇡

⌘
�

p p

`

✏
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η

π0

amplitude: 

production  decay×

Beam asymmetry sensitive to reflection through the reaction plane

⌃y =
1

P�

Ik(⌦y)� I?(⌦y)

Ik(⌦y) + I?(⌦y)

use reflection operator = parity followed by 180° rotation around Y-axis

⇡

⌘
�

p p

`

✏



Vincent Mathieu GlueX and CLAS12 AnalysesJPAC review 22

Two Pseudoscalar Photoproduction VM et al PRD100 (2019) 054017

⃗γ
a0, π1, a2, …

ℙ f2/a2
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>

η

π0

amplitude: 

production  decay×

Beam asymmetry sensitive to reflection through the reaction plane

⌃y =
1

P�

Ik(⌦y)� I?(⌦y)

Ik(⌦y) + I?(⌦y)

use reflection operator = parity followed by 180° rotation around Y-axis

⌃y = ✏(�1)`[`](✏)m

Odd waves change sign!!!

⇡

⌘
�

p p

`

✏
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Two Pseudoscalar Photoproduction VM et al PRD100 (2019) 054017

⃗γ
a0, π1, a2, …

ℙ f2/a2
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>

η

π0

amplitude: 

production  decay×

Beam asymmetry sensitive to reflection through the reaction plane

⌃y =
1

P�

Ik(⌦y)� I?(⌦y)

Ik(⌦y) + I?(⌦y)

use reflection operator = parity followed by 180° rotation around Y-axis

⌃y = ✏(�1)`[`](✏)m

Odd waves change sign!!!

⇡

⌘
�

p p

`

✏

⇡0⇡0, ⌘⌘
<latexit sha1_base64="7yFmTbM9DWq7yM57XvL53XeSn/M=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXEhJqqDLohuXFewDmlgm05t26GQSZiZCiV34K25cKOLW33Dn3zhpu9DWA5c5nHMv984JEs6Udpxvq7C0vLK6VlwvbWxube/Yu3tNFaeSQoPGPJbtgCjgTEBDM82hnUggUcChFQyvc7/1AFKxWNzpUQJ+RPqChYwSbaSufeAl7D5zxvnjnGIPNMmra5edijMBXiTujJTRDPWu/eX1YppGIDTlRKmO6yTaz4jUjHIYl7xUQULokPShY6ggESg/m9w/xsdG6eEwlqaExhP190RGIqVGUWA6I6IHat7Lxf+8TqrDSz9jIkk1CDpdFKYc6xjnYeAek0A1HxlCqGTmVkwHRBKqTWQlE4I7/+VF0qxW3LNK9fa8XLuaxVFEh+gInSAXXaAaukF11EAUPaJn9IrerCfrxXq3PqatBWs2s4/+wPr8ARiclYE=</latexit>

For Only even waves ⌃y = ✏
<latexit sha1_base64="uC1cdZrWNjowIeRD1VjyiOcjZgo=">AAAB/HicbVBNS8NAEJ34WetXtUcvi0XwVJIq6EUoevFY0X5AE8pmu2mXbjZhdyOEUP+KFw+KePWHePPfuGlz0NYHA4/3ZpiZ58ecKW3b39bK6tr6xmZpq7y9s7u3Xzk47KgokYS2ScQj2fOxopwJ2tZMc9qLJcWhz2nXn9zkfveRSsUi8aDTmHohHgkWMIK1kQaVqnvPRiEepOgKuTRWjOdqza7bM6Bl4hSkBgVag8qXO4xIElKhCcdK9R071l6GpWaE02nZTRSNMZngEe0bKnBIlZfNjp+iE6MMURBJU0Kjmfp7IsOhUmnom84Q67Fa9HLxP6+f6ODSy5iIE00FmS8KEo50hPIk0JBJSjRPDcFEMnMrImMsMdEmr7IJwVl8eZl0GnXnrN64O681r4s4SnAEx3AKDlxAE26hBW0gkMIzvMKb9WS9WO/Wx7x1xSpmqvAH1ucPEKeUZQ==</latexit>
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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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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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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+

24
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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)
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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.
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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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A. Hiller-Blin et al PRC104 (2021)A. Hiller-Blin et al PRC100 (2019)

Baryon contribution to structure functions
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Exclusive X(3872) Production @EIC Albaladejo et al (JPAC), PRD102 (2020)

γ

p p

X(3872)

ρ/ω Known vector-nucleon couplings

Use  and VMDΓ(X → γρ, γω)

26

C++ code available online (D. Winney)

Implementation in simulation with El-Spectro (D. Glazier)


