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What are some questions we can address with photoproduction?


Nucleon structure (GPDs): Timelike Compton Scattering 

Gluon distributions in nucleons and nuclei: Exclusive VM production 

Hadron spectroscopy: XYZ, pentaquarks, gluonic hybrids, etc. 

Today: some examples from the EIC Yellow Report initiative

Photoproduction
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Quasi-real photons: Q2 < 1 GeV2 
Real photons: Q2 = 0 

No hard scale  
in production

http://www.eicug.org/web/content/yellow-report-initiative
http://www.eicug.org/web/content/yellow-report-initiative
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Photoproduction
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What are some questions we can address with photoproduction?


Nucleon structure (GPDs): Timelike Compton Scattering 

Gluon distributions in nucleons and nuclei: Exclusive VM production 

Hadron spectroscopy: XYZ, pentaquarks, gluonic hybrids, etc. 

This talk: some biased examples (not an exhaustive list)

Quasi-real photons: Q2 < 1 GeV2 
Real photons: Q2 = 0 

No hard scale  
in production

http://www.eicug.org/web/content/yellow-report-initiative
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TCS

ɣ*

Timelike Compton Scattering: perturbative hard scale set by 
outgoing di-lepton pair, rather than scattered electron


Complementary to DVCS: universality of GPDs, different access to 
Compton Form Factors (H, E), systematics, etc.


Ongoing UPC AA or pA at RHIC and LHC: eA is a cleaner probe


Polarized impact on GPD E (already given in white paper)

Nucleon structure (GPDs)

WHAT IS A GPD?

DVCS

ɣ*

Impact studies of 
EIC DVCS data 

JHEP 9, 93 (2013) 



Forward Physics and QCD Justin Stevens,

Vector meson production
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Timelike Compton Scattering: perturbative hard scale set by 
outgoing di-lepton pair, rather than scattered electron


Heavy VM photoproduction: gluon distribution in nucleons and  
nuclei beyond measurements at HERA, LHC, and RHIC


Ongoing UPC AA or pA at RHIC and LHC: eA is a cleaner probe


Similar requirements as TCS for forward proton and di-leptons

TCS

ɣ*

J/ψ, Υ
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Impact Parameter Distributions 
(IPD): f(x, bT) obtained from FT of 
dσ/dt  for J/ψ with 10 fb-1


Recent work on heavier ϒ shows 
complimentary performance with 
higher luminosity of 100 fb-1 


Threshold photoproduction of VMs


Trace Anomaly, origin of proton 
mass (recent workshop)


Exotic hadron production?
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Vector meson production

https://indico.phy.anl.gov/event/2/
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⇤b ! J/ pK�

Threshold VM production and Pc

J/ψ(cc̄)

p(uud)

+

Re-scattering (triangle singularity)?
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⇤b ! J/ pK�J/ψ(cc̄)

p(uud)

Threshold VM production and Pc
+

Proportional to BR(Pc→J/ψp)2


Free of re-scattering effects

Photoproduction

PRL 122, 222001 (2019)
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Accessible with real photon beams at JLab up to EƔ= 12 GeV

Initial limits on BR(Pc→J/ψp) < 2-4%, additional model constraints

Other experiments @ JLab: CLAS12,            and more GlueX statistics
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 BR=2.9%-(4312) 3/2+
cJPAC P

 BR=1.6%-(4440) 3/2+
cJPAC P

 BR=2.7%-(4457) 3/2+
cJPAC P

PRL 123, 072001 (2019)

⇤b ! J/ pK�

Threshold VM production and Pc
+
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What about a bottomonium pentaquark?


Mass (~11 GeV) not accessible at JLab fixed target 


Is this threshold regime accessible in UPC at LHC, 
and if so, what is expected precision?
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⌥

Pb

p p

arXiv:1508.01496

Threshold ϒ and Pb ?

arXiv:1802.02616

+
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Recent discovery of many new “exotic” states whose quark 
content contains both charm-anticharm and light quarks


Where to look for them?


e+e-: CLEO, BESIII, BaBar, Belle II (JPC = 1--)


      : LHCb, etc.


      : PANDA@GSI


Photoproduction: GlueX, CLAS12, ... EIC!

pp

pp̄

Hadron Spectroscopy at EIC
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XYZ states
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S. Olsen [arXiv:1411.7738]

Many new states observed in 
the last few years


Not predicted by the standard 
charmonium models 


Many models for interpretation: 
resonant states, meson 
molecules, re-scattering 
effects, etc.

Y(4260) 



Forward Physics and QCD Justin Stevens,

4-quark content ( (      )
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Charged charmonium states

BESIII

e+e� ! ⇡+⇡�J/ (4260 MeV)

PRL 110, 252001 (2013)
cc̄ud̄

 Zc(3900)+

Physics Viewpoint 6, 69 (2013)

Meson Molecule?
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What does EIC have to offer?
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Alternative production mechanism 
for XYZs: photoproduction 

Polarized beams provide 
additional handle on production


High luminosity, exclusive 
detection, and  “clean" 
environment, relative to HL-LHC


Very active development of detector 
conceptual designs with potential 
for optimization (EIC Yellow Report)

p
s = 20� 141 GeV

<latexit sha1_base64="HKVtRPQ+wikKpG/NCDh4fRM/InI=">AAACCXicbVA9SwNBEN3zM8avqKXNYhBsDHchoI0QtNAygvmA5Ah7m0myZO/D3TkxHLG08a/YWChi6z+w89+4Sa7QxAcDj/dmmJnnRVJotO1va2FxaXllNbOWXd/Y3NrO7ezWdBgrDlUeylA1PKZBigCqKFBCI1LAfE9C3RtcjP36HSgtwuAGhxG4PusFois4QyO1c7SlbxUmekTPaNGmx9QpOQ8thHtUfnIJtVE7l7cL9gR0njgpyZMUlXbuq9UJeexDgFwyrZuOHaGbMIWCSxhlW7GGiPEB60HT0ID5oN1k8smIHhqlQ7uhMhUgnai/JxLmaz30PdPpM+zrWW8s/uc1Y+yeuokIohgh4NNF3VhSDOk4FtoRCjjKoSGMK2FupbzPFONowsuaEJzZl+dJrVhwSoXSdSlfPk/jyJB9ckCOiENOSJlckQqpEk4eyTN5JW/Wk/VivVsf09YFK53ZI39gff4AWdmY3Q==</latexit>

L = 1034 cm�2s�1

<latexit sha1_base64="aXmdYkN92eLK/Bf2buUpJVFMo6E=">AAACHnicbVDLSgMxFM34rPVVdekmWAQ3lpla0Y1QdOPCRQX7gL7IpGkbmswMyR2xDOOPuPFX3LhQRHClf2OmraCtBwLnnnMvN/e4geAabPvLmptfWFxaTq2kV9fWNzYzW9sV7YeKsjL1ha9qLtFMcI+VgYNgtUAxIl3Bqu7gIvGrt0xp7ns3MAxYU5Kex7ucEjBSO3PckAT6lIjoKsZn2LFb0VEhvm8AuwMlIyrjVnSYj39qnZRO3M5k7Zw9Ap4lzoRk0QSlduaj0fFpKJkHVBCt644dQDMiCjgVLE43Qs0CQgekx+qGekQy3YxG58V43ygd3PWVeR7gkfp7IiJS66F0TWdyjJ72EvE/rx5C97QZcS8IgXl0vKgbCgw+TrLCHa4YBTE0hFDFzV8x7RNFKJhE0yYEZ/rkWVLJ55xCrnBdyBbPJ3Gk0C7aQwfIQSeoiC5RCZURRQ/oCb2gV+vRerberPdx65w1mdlBf2B9fgPQK6Lz</latexit>
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pomeron 
exchange

 , Y (4260)

<latexit sha1_base64="vqcahhLHjFejpLkKnw6VN9WHr0A=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahgpSkBPVY9OKxgv2QNpTNdtMu3Wzi7qZQQn+HFw+KePXHePPfuG1z0NYHA4/3ZpiZ58ecKW3b31ZubX1jcyu/XdjZ3ds/KB4eNVWUSEIbJOKRbPtYUc4EbWimOW3HkuLQ57Tlj25nfmtMpWKReNCTmHohHggWMIK1kbxurNgFeiy71Uv7vFcs2RV7DrRKnIyUIEO9V/zq9iOShFRowrFSHceOtZdiqRnhdFroJorGmIzwgHYMFTikykvnR0/RmVH6KIikKaHRXP09keJQqUnom84Q66Fa9mbif14n0cG1lzIRJ5oKslgUJBzpCM0SQH0mKdF8YggmkplbERliiYk2ORVMCM7yy6ukWa04bsW9d0u1myyOPJzAKZTBgSuowR3UoQEEnuAZXuHNGlsv1rv1sWjNWdnMMfyB9fkDM1OQbQ==</latexit>

: PRD 102, 114010 (2020)  

Theory predictions for XYZ states

p p’
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: PRD 102, 114010 (2020)  

ρ/ω 
exchange

X(3872)

<latexit sha1_base64="od37bkdYJ7gfMpAUPj4bXTFzA7o=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXspuLbTHohePFewHtEvJptk2NMkuSVYoS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ua3tndy+/Xzg4PDo+KZ6edXSUKELbJOKR6gVYU84kbRtmOO3FimIRcNoNpncLv/tElWaRfDSzmPoCjyULGcHGSt1e+aZRr14PiyW34i6BNomXkRJkaA2LX4NRRBJBpSEca9333Nj4KVaGEU7nhUGiaYzJFI9p31KJBdV+ujx3jq6sMkJhpGxJg5bq74kUC61nIrCdApuJXvcW4n9ePzFhw0+ZjBNDJVktChOOTIQWv6MRU5QYPrMEE8XsrYhMsMLE2IQKNgRv/eVN0qlWvFql9lArNW+zOPJwAZdQBg/q0IR7aEEbCEzhGV7hzYmdF+fd+Vi15pxs5hz+wPn8AVaijkQ=</latexit>

Theory predictions for XYZ states

p p’
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pion 
exchange

Z+
c

<latexit sha1_base64="cSXaCbrQgP2X5aPeXXoRKEuoWgE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkmkoMeiF48VTFtsY9lsp+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+HoZuo3n1BpHst7M04wiOhA8j5n1FjJf+iyx/NuqexW3BnIMvFyUoYc9W7pq9OLWRqhNExQrduem5ggo8pwJnBS7KQaE8pGdIBtSyWNUAfZ7NgJObVKj/RjZUsaMlN/T2Q00nochbYzomaoF72p+J/XTk3/Ksi4TFKDks0X9VNBTEymn5MeV8iMGFtCmeL2VsKGVFFmbD5FG4K3+PIyaVxUvGqlelct167zOApwDCdwBh5cQg1uoQ4+MODwDK/w5kjnxXl3PuatK04+cwR/4Hz+AEgljlg=</latexit>

: PRD 102, 114010 (2020)  

Theory predictions for XYZ states

p n
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Zc(3900) at an EIC

Assume modest energy electron and proton beams:        
Ep = 41 GeV and Ee = 5 GeV 


Zc and subsequent decays are boosted in proton direction


Low-Q2 electron and forward neutron in ZDC

18

+

ɣp flux ɣp→Zcn

W�p

<latexit sha1_base64="2MceI0VAQX01kAXd45MgNxpLylU=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9mVgh6LXjxWsB/QXUo2zbahSTYkWaEs/RtePCji1T/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vdLG5tb2Tnm3srd/cHhUPT7pmDTThLZJylPdi7GhnEnatsxy2lOaYhFz2o0nd3O/+0S1Yal8tFNFI4FHkiWMYOuksDvIwxEWAiM1G1Rrft1fAK2ToCA1KNAaVL/CYUoyQaUlHBvTD3xloxxrywins0qYGaowmeAR7TsqsaAmyhc3z9CFU4YoSbUradFC/T2RY2HMVMSuU2A7NqveXPzP62c2uYlyJlVmqSTLRUnGkU3RPAA0ZJoSy6eOYKKZuxWRMdaYWBdTxYUQrL68TjpX9aBRbzw0as3bIo4ynME5XEIA19CEe2hBGwgoeIZXePMy78V79z6WrSWvmDmFP/A+fwDgqpGW</latexit>

W�p

<latexit sha1_base64="2MceI0VAQX01kAXd45MgNxpLylU=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9mVgh6LXjxWsB/QXUo2zbahSTYkWaEs/RtePCji1T/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vdLG5tb2Tnm3srd/cHhUPT7pmDTThLZJylPdi7GhnEnatsxy2lOaYhFz2o0nd3O/+0S1Yal8tFNFI4FHkiWMYOuksDvIwxEWAiM1G1Rrft1fAK2ToCA1KNAaVL/CYUoyQaUlHBvTD3xloxxrywins0qYGaowmeAR7TsqsaAmyhc3z9CFU4YoSbUradFC/T2RY2HMVMSuU2A7NqveXPzP62c2uYlyJlVmqSTLRUnGkU3RPAA0ZJoSy6eOYKKZuxWRMdaYWBdTxYUQrL68TjpX9aBRbzw0as3bIo4ynME5XEIA19CEe2hBGwgoeIZXePMy78V79z6WrSWvmDmFP/A+fwDgqpGW</latexit>
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pion 
exchange

Z+
c

<latexit sha1_base64="cSXaCbrQgP2X5aPeXXoRKEuoWgE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkmkoMeiF48VTFtsY9lsp+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+HoZuo3n1BpHst7M04wiOhA8j5n1FjJf+iyx/NuqexW3BnIMvFyUoYc9W7pq9OLWRqhNExQrduem5ggo8pwJnBS7KQaE8pGdIBtSyWNUAfZ7NgJObVKj/RjZUsaMlN/T2Q00nochbYzomaoF72p+J/XTk3/Ksi4TFKDks0X9VNBTEymn5MeV8iMGFtCmeL2VsKGVFFmbD5FG4K3+PIyaVxUvGqlelct167zOApwDCdwBh5cQg1uoQ4+MODwDK/w5kjnxXl3PuatK04+cwR/4Hz+AEgljlg=</latexit>
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p n
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https://indico.bnl.gov/event/8231/contributions/37696/attachments/28300/43650/EIC_Pavia_JHF_Ping_Xuan_Matt_v4.pdf

High energy provides opportunities in XYZ, Pc, etc.


Dependence of breakup of X(3872) in nuclei?


EIC Yellow Report: developing detector requirements 
for spectroscopy (PID, recoil nucleons, etc.)


Matt Durham et. al.

In-medium effects @ EIC
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Hadron Spectroscopy @ EIC
Energy coverage provides opportunities in XYZ, Pc, etc.


EIC Yellow Report: developing detector requirements 
for spectroscopy (PID, recoil nucleons, etc.)


Polarized electron and ion beams

21

EIC Yellow Report: defining detector detector 
requirements for EIC, to be completed in 2020


“Far-backward”:  low-Q2 tagger

See previous talk for more details on forward scattered 
nucleon detection for exclusivity

http://www.eicug.org/web/content/yellow-report-initiative
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Hadron Spectroscopy @ EIC
Energy coverage provides opportunities in XYZ, Pc, etc.


EIC Yellow Report: developing detector requirements 
for spectroscopy (PID, recoil nucleons, etc.)


Polarized electron and ion beams
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EIC Yellow Report: defining detector detector 
requirements for EIC, to be completed in 2020


Asymmetric detector 
concepts due to asymmetric  
beam energies: “complete”  

coverage for |η| < 3.5 

http://www.eicug.org/web/content/yellow-report-initiative
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Hadron Spectroscopy @ EIC
Energy coverage provides opportunities in XYZ, Pc, etc.


EIC Yellow Report: developing detector requirements 
for spectroscopy (PID, recoil nucleons, etc.)


Polarized electron and ion beams
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Many groups participating: JPAC, JLab, Florida State,     
Indiana, W&M, Glasgow, INFN, Regina.  More welcome!

EIC Yellow Report: defining detector detector 
requirements for EIC, to be completed in 2020


e.g. e/π  
separation 

requirements
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Summary
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Supported by DE-SC0018224

Photoproduction provides some new avenues to pursue the EIC 
physics program: 3D nucleon structure, gluon distributions, etc.


Observation of “exotic” states in heavy quarkonium are 
challenging our understanding of the hadron spectrum and QCD


Plenty more data to come from BESIII, Belle II, LHC, PANDA, 
etc. on the timeline of the EIC


EIC provides an alternative production mechanism to probe 
exotic hadrons, with detector requirements being defined now!


Continued theory/experiment collaboration and high statistics 
experiments promise to provide an exciting (exotic) future


