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Electron Ion Collider (EIC)
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Versatile high-luminosity, polarized e+p and 
e+A collider, recently launched DOE project


Nucleon spin and 3D structure


High gluon density and saturation


Today: what can we learn about the 
spectrum of hadrons with the EIC?

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>



Justin Stevens,Strong 2020

EIC 1 year ago
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US senator explaining hadronic physics: https://www.youtube.com/watch?v=TO-3e0Ws8qo

DOE project officially launched on September 18, 2020 
Joint BNL+JLab project: with CD0 approval (Mission Need)

https://www.youtube.com/watch?v=TO-3e0Ws8qo
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EIC today

4

CD1 approved (Alternative Selection and Cost Range): 

Jim Yeck at EIC UG Meeting: https://indico.bnl.gov/event/11463/contributions/51782/
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BESIII

e+e� ! ⇡+⇡�J/ (4260 MeV)

PRL 110, 252001 (2013)

XYZ states
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S. Olsen [arXiv:1411.7738]

Many new states observed in 
the last ~decade


Not predicted by the standard 
charmonium models 


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

 Zc(3900)+
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pion/vector 
exchange

Both cross section and modeled 
virtual photon flux dominated near 
threshold for Zc(3900) and X(3872)

Theory predictions for XYZ states

X, Z

Zc(3900)

X(3872)

: PRD 102, 114010 (2020)  

Alessandro  
Pilloni’s talk  

yesterday
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Pomeron 
exchange

Theory predictions for XYZ states

Y(4260) production increases with 
energy like other vectors

Y(4260)
: PRD 102, 114010 (2020)  

Alessandro  
Pilloni’s talk  

yesterday
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Event generator: elSpectro
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Generator available on GitHub: https://github.com/dglazier/elSpectro

Derek Glazier
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pion 
exchange

Z+
c
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qq Z+
c

π+(ud̄)
Z+

c

J/ψ(cc̄)

Exclusive: Zc(3900) at an EIC+

: PRD 102, 114010 (2020)  

p n

Yellow Report: arXiv:2103.05419             
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Recent LHCb results in pp 
show prompt  
decreases with multiplicity


First observation of prompt 
 in PbPb at CMS not 

suppressed relative to 

χc1(3872)

χc1(3872)
ψ(2S)
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In-medium: unconventional mesons χc1(3872)

χc1(3872)

ψ(2S)

LHCb: PRL 126 (2021) 9, 092001

arXiv:2102.13048 Multiplicity →
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Dependence on breakup of 
X(3872) in nuclei?


Little suppression expected 
for compact tetraquark 
configuration


Expect suppression of 
molecular (large size) 
configuration

In-medium effects for spectroscopy

e−

Nucleus: A
e−

Nucleus: A
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EIC Yellow Report
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Defined detector requirements (including spectroscopy)

Asymmetric central detector concepts due to asymmetric  
beam energies: “complete” coverage for |η| < 3.5 

arXiv:2103.05419             

p/A e
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EIC Yellow Report
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“Far-backward”:  low-Q2 tagger

arXiv:2103.05419             

Defined detector requirements (including spectroscopy)

“Far-forward”

Complete detectors 
are ~100 m with 
far-forward and 

backward regions
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Detector proposals
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https://sites.temple.edu/eicatip6/

https://www.ecce-eic.org

https://eic.jlab.org/core/

New 3T solenoid magnet


Plan installation at IP6

Re-use BaBar/sPHENIX      
1.5 T solenoid


Installation at IP6 or IP8

Compact concept


Installation at IP8

Proposals will be submitted  
to DOE this December 2021 
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Detector requirements for spectroscopy
Mass resolution critical for both: 


Background reduction (  or  selection)


Identifying narrow states and determining widths

J/ψ ψ′ 

16

Derek Glazier
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Detector requirements for spectroscopy
Other background reduction requirements


exclusivity: tagging low-  electron and recoil 
proton/neutron


 separation appears to be critical


Q2

e/π
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Summary
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Supported by DE-SC0018224

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!


Exclusive event generator (elSpectro) provides realistic cross 
sections and rate estimates for evaluating detector concepts


Detector proposals are being developed now and requirements 
for the spectroscopy program are being considered

Upcoming CFNS workshop in Early 2022: 
“Exotic heavy meson spectroscopy and structure with EIC”

https://www.stonybrook.edu/cfns/activities/conferences.php
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Backup
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Decays boosted to forward η (lower acceptance, degraded mass resolution) 
 lower energy proton beam energies beneficial

elSpectro generator: Zc, π exchange

Beam  
energies 

5 x 41 

18 x 275

J/ ! e+e�Z+
c ! J/ ⇡+ Parallel: Derek Glazier
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US Snowmass Process
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LOI: https://www.snowmass21.org/docs/files/summaries/RF/SNOWMASS21-RF7_RF0-090.pdf

https://www.snowmass21.org/docs/files/summaries/RF/SNOWMASS21-RF7_RF0-090.pdf

