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Gluon TMDs
Relatively new field: first paper Mulders, Rodrigues (2001)

Used since a long time in the low-x community under the name  
unintegrated PDF
Connection first established in Dominguez, Marquet, Xiao, Yuan 
(2011)

Even more elusive than their quark counterparts…

Phenomenology ten years later: 
Sun, Xiao, Yuan (2011) 
Boer, Brodsky, Mulders, Pisano (2011) 
Boer, den Dunnen, Pisano, Schlegel, Vogelsang (2012)
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e+ p ! J/ + jet +X
<latexit sha1_base64="+BZksvQjpCeOGhnIYOW75M5E6Dg=">AAACBXicbVDLSsNAFJ3UV62vqEtdBIsgFGpSBV0W3YirCvYBTSiT6U07dpIMMxOhhG7c+CtuXCji1n9w5984abPQ6oGBwzn3MvccnzMqlW1/GYWFxaXlleJqaW19Y3PL3N5pyTgRBJokZrHo+FgCoxE0FVUMOlwADn0GbX90mfntexCSxtGtGnPwQjyIaEAJVlrqmftQ4a6Kretjl0tacUOshiJM70BNKp2eWbar9hTWX+LkpIxyNHrmp9uPSRJCpAjDUnYdmysvxUJRwmBSchMJHJMRHkBX0wiHIL10mmJiHWqlbwWx0C9S1lT9uZHiUMpx6OvJ7Eo572Xif143UcG5l9KIJwoiMvsoSJilY2eVWH0qgCg21gQTQfWtFhligYnSxZV0Cc585L+kVas6J9XazWm5fpHXUUR76AAdIQedoTq6Qg3URAQ9oCf0gl6NR+PZeDPeZ6MFI9/ZRb9gfHwDtt2YFQ==</latexit>
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K? =
K ? �Kj?

2
<latexit sha1_base64="x3iEXppvkAUKLYSRojCTfq3989c=">AAACLnicbZDLSsNAFIYnXmu9RV26CRbBjSWpgm6EogiCmwr2Ak0Ik+mkHTtJhpmJUIY8kRtfRReCirj1MZykXdTWAwM/338Oc84fMEqEtO13Y2FxaXlltbRWXt/Y3No2d3ZbIkk5wk2U0IR3AigwJTFuSiIp7jCOYRRQ3A6GV7nffsRckCS+lyOGvQj2YxISBKVGvnntRlAOglDdZr7LMGcXbsghUlNYuUyQwsuOp/HDmGWqlvlmxa7aRVnzwpmICphUwzdf3V6C0gjHElEoRNexmfQU5JIgirOymwrMIBrCPu5qGcMIC08V52bWoSY9K0y4frG0Cjo9oWAkxCgKdGe+rpj1cvif101leO4pErNU4hiNPwpTasnEyrOzeoRjJOlIC4g40btaaAB1XFInXNYhOLMnz4tWreqcVGt3p5X65SSOEtgHB+AIOOAM1MENaIAmQOAJvIAP8Gk8G2/Gl/E9bl0wJjN74E8ZP7/Jtatw</latexit>

qT = K ? +Kj?
<latexit sha1_base64="GppelxJuGptbjapXxUUy36ybZ50=">AAACIHicbVDLSsNAFJ3UV62vqEs3wSIIQkmqUDdC0Y3gpkJf0IQwmU7asZNknJkIJeRT3Pgrblwoojv9GidthNp6YODMOfdy7z0eo0RI0/zSCkvLK6trxfXSxubW9o6+u9cWUcwRbqGIRrzrQYEpCXFLEklxl3EMA4/ijje6yvzOA+aCRGFTjhl2AjgIiU8QlEpy9ZodQDn0/OQ+dZsXv5+b1E1sJojNMGfpyax8N9VcvWxWzAmMRWLlpAxyNFz90+5HKA5wKBGFQvQsk0kngVwSRHFasmOBGUQjOMA9RUMYYOEkkwNT40gpfcOPuHqhNCbqbEcCAyHGgacqs1XFvJeJ/3m9WPrnTkJCFkscoukgP6aGjIwsLaNPOEaSjhWBiBO1q4GGkEMkVaYlFYI1f/IiaVcr1mmlentWrl/mcRTBATgEx8ACNVAH16ABWgCBR/AMXsGb9qS9aO/ax7S0oOU9++APtO8fukalLw==</latexit>

e+ p ! J/ + jet +X
<latexit sha1_base64="+BZksvQjpCeOGhnIYOW75M5E6Dg=">AAACBXicbVDLSsNAFJ3UV62vqEtdBIsgFGpSBV0W3YirCvYBTSiT6U07dpIMMxOhhG7c+CtuXCji1n9w5984abPQ6oGBwzn3MvccnzMqlW1/GYWFxaXlleJqaW19Y3PL3N5pyTgRBJokZrHo+FgCoxE0FVUMOlwADn0GbX90mfntexCSxtGtGnPwQjyIaEAJVlrqmftQ4a6Kretjl0tacUOshiJM70BNKp2eWbar9hTWX+LkpIxyNHrmp9uPSRJCpAjDUnYdmysvxUJRwmBSchMJHJMRHkBX0wiHIL10mmJiHWqlbwWx0C9S1lT9uZHiUMpx6OvJ7Eo572Xif143UcG5l9KIJwoiMvsoSJilY2eVWH0qgCg21gQTQfWtFhligYnSxZV0Cc585L+kVas6J9XazWm5fpHXUUR76AAdIQedoTq6Qg3URAQ9oCf0gl6NR+PZeDPeZ6MFI9/ZRb9gfHwDtt2YFQ==</latexit>

|qT | ⌧ |K?| ⇠ Q ⇠ M
<latexit sha1_base64="835qNK2TA6ELhkyJphycSPIUtN0=">AAACGnicbVDLSsNAFJ34rPUVdelmsAiuSlIFXRbdCCK00Bc0IUymk3bo5OHMRChpvsONv+LGhSLuxI1/4yQNoq0Hhjmccy/33uNGjAppGF/a0vLK6tp6aaO8ubW9s6vv7XdEGHNM2jhkIe+5SBBGA9KWVDLSizhBvstI1x1fZX73nnBBw6AlJxGxfTQMqEcxkkpydHNq+UiOXC+5S53W1GIM/ig3qWNFhEdTS1AfNmH+3Tp6xagaOeAiMQtSAQUajv5hDUIc+ySQmCEh+qYRSTtBXFLMSFq2YkEihMdoSPqKBsgnwk7y01J4rJQB9EKuXiBhrv7uSJAvxMR3VWW2tZj3MvE/rx9L78JOaBDFkgR4NsiLGZQhzHKCA8oJlmyiCMKcql0hHiGOsFRpllUI5vzJi6RTq5qn1VrzrFK/LOIogUNwBE6ACc5BHVyDBmgDDB7AE3gBr9qj9qy9ae+z0iWt6DkAf6B9fgM/dqGS</latexit>
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y =
P · q
P · l

<latexit sha1_base64="lyBU0t52aN20iZTsMq/oW6gp2oI="></latexit><latexit sha1_base64="lyBU0t52aN20iZTsMq/oW6gp2oI="></latexit><latexit sha1_base64="lyBU0t52aN20iZTsMq/oW6gp2oI="></latexit><latexit sha1_base64="lyBU0t52aN20iZTsMq/oW6gp2oI="></latexit>

Q2 = xBys
<latexit sha1_base64="FVJZHj1KiA/+IfT3LdQDPARFrTY="></latexit><latexit sha1_base64="FVJZHj1KiA/+IfT3LdQDPARFrTY="></latexit><latexit sha1_base64="FVJZHj1KiA/+IfT3LdQDPARFrTY="></latexit><latexit sha1_base64="FVJZHj1KiA/+IfT3LdQDPARFrTY="></latexit>

x = xB
ŝ+Q2

Q2
<latexit sha1_base64="x4vdhB0aUWrvfyQdopTCLXpCreo=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEpSBN0IpW5ctmAf0MQwmU7aoZNJmJlIS8jGjb/ixoUibv0Hd/6Nk7YLbT1wL4dz7mXmHj9mVCrL+jYKK6tr6xvFzdLW9s7unrl/0JZRIjBp4YhFousjSRjlpKWoYqQbC4JCn5GOP7rJ/c4DEZJG/E5NYuKGaMBpQDFSWvLM4/H12Ks7gUA4dYZIpTI7b95XszRvnlm2KtYUcJnYc1IGczQ888vpRzgJCVeYISl7thUrN0VCUcxIVnISSWKER2hAeppyFBLpptMrMniqlT4MIqGLKzhVf2+kKJRyEvp6MkRqKBe9XPzP6yUquHJTyuNEEY5nDwUJgyqCeSSwTwXBik00QVhQ/VeIh0gnonRwJR2CvXjyMmlXK7ZVsZsX5Vp9HkcRHIETcAZscAlq4BY0QAtg8AiewSt4M56MF+Pd+JiNFoz5ziH4A+PzB0hUmGo=</latexit><latexit sha1_base64="x4vdhB0aUWrvfyQdopTCLXpCreo=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEpSBN0IpW5ctmAf0MQwmU7aoZNJmJlIS8jGjb/ixoUibv0Hd/6Nk7YLbT1wL4dz7mXmHj9mVCrL+jYKK6tr6xvFzdLW9s7unrl/0JZRIjBp4YhFousjSRjlpKWoYqQbC4JCn5GOP7rJ/c4DEZJG/E5NYuKGaMBpQDFSWvLM4/H12Ks7gUA4dYZIpTI7b95XszRvnlm2KtYUcJnYc1IGczQ888vpRzgJCVeYISl7thUrN0VCUcxIVnISSWKER2hAeppyFBLpptMrMniqlT4MIqGLKzhVf2+kKJRyEvp6MkRqKBe9XPzP6yUquHJTyuNEEY5nDwUJgyqCeSSwTwXBik00QVhQ/VeIh0gnonRwJR2CvXjyMmlXK7ZVsZsX5Vp9HkcRHIETcAZscAlq4BY0QAtg8AiewSt4M56MF+Pd+JiNFoz5ziH4A+PzB0hUmGo=</latexit><latexit sha1_base64="x4vdhB0aUWrvfyQdopTCLXpCreo=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEpSBN0IpW5ctmAf0MQwmU7aoZNJmJlIS8jGjb/ixoUibv0Hd/6Nk7YLbT1wL4dz7mXmHj9mVCrL+jYKK6tr6xvFzdLW9s7unrl/0JZRIjBp4YhFousjSRjlpKWoYqQbC4JCn5GOP7rJ/c4DEZJG/E5NYuKGaMBpQDFSWvLM4/H12Ks7gUA4dYZIpTI7b95XszRvnlm2KtYUcJnYc1IGczQ888vpRzgJCVeYISl7thUrN0VCUcxIVnISSWKER2hAeppyFBLpptMrMniqlT4MIqGLKzhVf2+kKJRyEvp6MkRqKBe9XPzP6yUquHJTyuNEEY5nDwUJgyqCeSSwTwXBik00QVhQ/VeIh0gnonRwJR2CvXjyMmlXK7ZVsZsX5Vp9HkcRHIETcAZscAlq4BY0QAtg8AiewSt4M56MF+Pd+JiNFoz5ziH4A+PzB0hUmGo=</latexit><latexit sha1_base64="x4vdhB0aUWrvfyQdopTCLXpCreo=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEpSBN0IpW5ctmAf0MQwmU7aoZNJmJlIS8jGjb/ixoUibv0Hd/6Nk7YLbT1wL4dz7mXmHj9mVCrL+jYKK6tr6xvFzdLW9s7unrl/0JZRIjBp4YhFousjSRjlpKWoYqQbC4JCn5GOP7rJ/c4DEZJG/E5NYuKGaMBpQDFSWvLM4/H12Ks7gUA4dYZIpTI7b95XszRvnlm2KtYUcJnYc1IGczQ888vpRzgJCVeYISl7thUrN0VCUcxIVnISSWKER2hAeppyFBLpptMrMniqlT4MIqGLKzhVf2+kKJRyEvp6MkRqKBe9XPzP6yUquHJTyuNEEY5nDwUJgyqCeSSwTwXBik00QVhQ/VeIh0gnonRwJR2CvXjyMmlXK7ZVsZsX5Vp9HkcRHIETcAZscAlq4BY0QAtg8AiewSt4M56MF+Pd+JiNFoz5ziH4A+PzB0hUmGo=</latexit>

e+ p ! J/ + jet +X
<latexit sha1_base64="+BZksvQjpCeOGhnIYOW75M5E6Dg=">AAACBXicbVDLSsNAFJ3UV62vqEtdBIsgFGpSBV0W3YirCvYBTSiT6U07dpIMMxOhhG7c+CtuXCji1n9w5984abPQ6oGBwzn3MvccnzMqlW1/GYWFxaXlleJqaW19Y3PL3N5pyTgRBJokZrHo+FgCoxE0FVUMOlwADn0GbX90mfntexCSxtGtGnPwQjyIaEAJVlrqmftQ4a6Kretjl0tacUOshiJM70BNKp2eWbar9hTWX+LkpIxyNHrmp9uPSRJCpAjDUnYdmysvxUJRwmBSchMJHJMRHkBX0wiHIL10mmJiHWqlbwWx0C9S1lT9uZHiUMpx6OvJ7Eo572Xif143UcG5l9KIJwoiMvsoSJilY2eVWH0qgCg21gQTQfWtFhligYnSxZV0Cc585L+kVas6J9XazWm5fpHXUUR76AAdIQedoTq6Qg3URAQ9oCf0gl6NR+PZeDPeZ6MFI9/ZRb9gfHwDtt2YFQ==</latexit>

z =
K · P
q · P

<latexit sha1_base64="2FWKllzy/DmbXQKeQ9B+qQLNkJU=">AAACCnicbZDLSgMxFIYzXmu9jbp0Ey2CqzJTBd0IRTeCmwr2Ap1hyKSZNjSTjElGqEPXbnwVNy4UcesTuPNtTNsRtPWHwMd/zuHk/GHCqNKO82XNzS8sLi0XVoqra+sbm/bWdkOJVGJSx4IJ2QqRIoxyUtdUM9JKJEFxyEgz7F+M6s07IhUV/EYPEuLHqMtpRDHSxgrsvfszL5IIZ1eBlygKPdwRGtaG2e0PBXbJKTtjwVlwcyiBXLXA/vQ6Aqcx4RozpFTbdRLtZ0hqihkZFr1UkQThPuqStkGOYqL8bHzKEB4YpwMjIc3jGo7d3xMZipUaxKHpjJHuqenayPyv1k51dOpnlCepJhxPFkUpg1rAUS6wQyXBmg0MICyp+SvEPWSS0Sa9ognBnT55FhqVsntUrlwfl6rneRwFsAv2wSFwwQmogktQA3WAwQN4Ai/g1Xq0nq03633SOmflMzvgj6yPb+u0mmc=</latexit>
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2

Ingredients of the cross section
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gluon correlator

lepton tensor hard part

Ingredients of the cross section

2
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Gluon correlator
field strength

gauge link / Wilson lineproton state
Unpolarized target:

unpolarized TMD linearly polarized TMD

fig. from den Dunnen, Lansberg, Pisano, Schlegel (2014)

Mulders, Rodrigues (2001) 
Meissner, Metz & Goeke (2007)

�µ⌫
g (x,qT ) =

Z
d⇠�d2⇠T
(2⇡)3

eiq·⇠hP, S|TrFµ+(0)U[0,⇠]F
⌫+(⇠)U[⇠,0]|P, Si|⇠+=0

<latexit sha1_base64="eiMqpcFwzsxU60jXW5sRLIXC5UQ="></latexit>
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Gluon correlator

Transversely polarized target:
Sivers function circularly polarized TMD

linearly polarized TMDs

field strength

gauge link / Wilson lineproton state

�µ⌫
g (x,qT ) =

Z
d⇠�d2⇠T
(2⇡)3

eiq·⇠hP, S|TrFµ+(0)U[0,⇠]F
⌫+(⇠)U[⇠,0]|P, Si|⇠+=0

<latexit sha1_base64="eiMqpcFwzsxU60jXW5sRLIXC5UQ="></latexit>
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Definition of the angles

work in lepton plane 

K? =
K ? �Kj?

2
<latexit sha1_base64="x3iEXppvkAUKLYSRojCTfq3989c=">AAACLnicbZDLSsNAFIYnXmu9RV26CRbBjSWpgm6EogiCmwr2Ak0Ik+mkHTtJhpmJUIY8kRtfRReCirj1MZykXdTWAwM/338Oc84fMEqEtO13Y2FxaXlltbRWXt/Y3No2d3ZbIkk5wk2U0IR3AigwJTFuSiIp7jCOYRRQ3A6GV7nffsRckCS+lyOGvQj2YxISBKVGvnntRlAOglDdZr7LMGcXbsghUlNYuUyQwsuOp/HDmGWqlvlmxa7aRVnzwpmICphUwzdf3V6C0gjHElEoRNexmfQU5JIgirOymwrMIBrCPu5qGcMIC08V52bWoSY9K0y4frG0Cjo9oWAkxCgKdGe+rpj1cvif101leO4pErNU4hiNPwpTasnEyrOzeoRjJOlIC4g40btaaAB1XFInXNYhOLMnz4tWreqcVGt3p5X65SSOEtgHB+AIOOAM1MENaIAmQOAJvIAP8Gk8G2/Gl/E9bl0wJjN74E8ZP7/Jtatw</latexit>

qT = K ? +Kj?
<latexit sha1_base64="GppelxJuGptbjapXxUUy36ybZ50=">AAACIHicbVDLSsNAFJ3UV62vqEs3wSIIQkmqUDdC0Y3gpkJf0IQwmU7asZNknJkIJeRT3Pgrblwoojv9GidthNp6YODMOfdy7z0eo0RI0/zSCkvLK6trxfXSxubW9o6+u9cWUcwRbqGIRrzrQYEpCXFLEklxl3EMA4/ijje6yvzOA+aCRGFTjhl2AjgIiU8QlEpy9ZodQDn0/OQ+dZsXv5+b1E1sJojNMGfpyax8N9VcvWxWzAmMRWLlpAxyNFz90+5HKA5wKBGFQvQsk0kngVwSRHFasmOBGUQjOMA9RUMYYOEkkwNT40gpfcOPuHqhNCbqbEcCAyHGgacqs1XFvJeJ/3m9WPrnTkJCFkscoukgP6aGjIwsLaNPOEaSjhWBiBO1q4GGkEMkVaYlFYI1f/IiaVcr1mmlentWrl/mcRTBATgEx8ACNVAH16ABWgCBR/AMXsGb9qS9aO/ax7S0oOU9++APtO8fukalLw==</latexit>

|qT | ⌧ |K?|
<latexit sha1_base64="KiSQsh1ILbW9BqlEQpXb2tnYH4Q=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwVZIq6LLoRnBToS9oQphMJ+3QSTLOTISS9gfc+CtuXCji1r07/8ZJG0RbD1w4nHMv997jc0alsqwvo7C0vLK6VlwvbWxube+Yu3stGScCkyaOWSw6PpKE0Yg0FVWMdLggKPQZafvDq8xv3xMhaRw11IgTN0T9iAYUI6UlzzwaOyFSAz9I7yZeY+wwBn+Um4nncCL42DPLVsWaAi4SOydlkKPumZ9OL8ZJSCKFGZKya1tcuSkSimJGJiUnkYQjPER90tU0QiGRbjr9ZgKPtdKDQSx0RQpO1d8TKQqlHIW+7swOlfNeJv7ndRMVXLgpjXiiSIRni4KEQRXDLBrYo4JgxUaaICyovhXiARIIKx1gSYdgz7+8SFrVin1aqd6elWuXeRxFcAAOwQmwwTmogWtQB02AwQN4Ai/g1Xg0no03433WWjDymX3wB8bHNwKNnMg=</latexit>
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Cross section

Similar structure as in the case of heavy-quark pair production
Pisano, Boer, Brodsky, Buffing & Mulders (2013); 
Boer, Mulders, Pisano, Zhou (2016)
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Cross section



 13

Quarkonium production mechanism
In Color Singlet Model (CSM), heavy-quark pair is produced 
directly with the quantum numbers of the quarkonium:

Chang (1980); Baier and Rückl (1983)

nonperturbative Long Distance Matrix Element (LDME)

In nonrelativistic QCD (NRQCD), the pair is produced in 
every allowed quantum number, and hadronizes only later

LDMEs for Color Octet states

Bodwin, Braaten, and Lepage (1995)
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Azimuthal asymmetries

are sensitive to ratios of TMDs
e.g.:
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Positivity bound
polarized gluon TMDs satisfy the following positivity bounds:

Mulders, Rodrigues (2001)
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Model calculation
McLerran-Venugopalan (MV) model for a large nucleus:

Valence quarks are static sources of color for the classical gluon 
fields, generated by Yang-Mills equation:

Correlators: Sources follow Gaussian distribution: 

McLerran-Venugopalan (1994)

Gelis (2013)
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Model calculation
Possible to calculate the gluon TMDs in an unpolarized nucleus / 
proton within this model. In our case, the relevant ones are the 
Weizsäcker-Williams: Dominguez, Marquet, Xiao, Yuan (2011) 

Metz, Zhou (2011)

Boer, Mulders, Pisano, 
Zhou (2016)



Results
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<latexit sha1_base64="WXkWVUmlGb9hO6AvQxvC8AySKL8=">AAACDXicbVC7TsMwFHV4lvIqMLJYFCSGKkpSpLJUqmCAsZXoQ2rSynHd1qrjRLaDFKL+AAu/wsIAQqzsbPwN7mOAliNZPjrnXt17jx8xKpVlfRsrq2vrG5uZrez2zu7efu7gsCHDWGBSxyELRctHkjDKSV1RxUgrEgQFPiNNf3Q98Zv3REga8juVRMQL0IDTPsVIaambO611nLJtuQU3QGoogvSGNMYdpwAfypZZKsBEf8VuLm+Z1hRwmdhzkgdzVLu5L7cX4jggXGGGpGzbVqS8FAlFMSPjrBtLEiE8QgPS1pSjgEgvnV4zhmda6cF+KPTjCk7V3x0pCqRMAl9XTnaWi95E/M9rx6p/6aWUR7EiHM8G9WMGVQgn0cAeFQQrlmiCsKB6V4iHSCCsdIBZHYK9ePIyaTimXTSd2kW+cjWPIwOOwQk4BzYogQq4BVVQBxg8gmfwCt6MJ+PFeDc+ZqUrxrznCPyB8fkDnzSYuA==</latexit>

Acos 2�T
max in e+ p ! J/ + jet +X

<latexit sha1_base64="nOB7YM+tVVeMGanuH9j5Z7mc3M8="></latexit>
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MV model

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
qT

cos2�TA

[GeV]

SV

CMSWZ

NRQCD

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
qT

cos2�TA

[GeV]

SV

CMSWZ

NRQCD

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
qT

cos2�TA

[GeV]

SV

CMSWZ

CSM



 25

MV model

0

0.05

0.1

0.15

0.2

0.25

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
qT

cos2(�T-�⇥)A

[GeV]

SVCMSWZ

NRQCD

0

0.05

0.1

0.15

0.2

0.25

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
qT

cos2(�T-�⇥)A

[GeV]

SVCMSWZ

NRQCD

0

0.05

0.1

0.15

0.2

0.25

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
qT

cos2(�T-�⇥)A

[GeV]

SVCMSWZ

CSM



 26

NRQCD decomposition
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Conclusions
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Asymmetries are potentially sizeable over a rather large part of 
phase space

Thanks to the organizers, 
thanks for your attention!

Extension of similar study of single inclusive quarkonium 
production Bacchetta, Boer, Pisano, PT (2018)

Even at the low COM energies of an EIC, the quark contribution 
would be sufficiently suppressed

As expected, there is a strong dependence on the choice of 
LDMEs

Asmita will tell us soon about the situation in photoproduction, 
within the GPM model


