
Bogdan Wojtsekhowski, Jefferson Lab

Polarized internal target 
experiments using the EIC beams 

• Physics motivation

• Known proposals and experiments

• Parameters of the setup with EIC beams
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Kinematical reach  
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Kinematical reach of the experiments

Heracles at EIC
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The HERMES book
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The HERMES spectrometer
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The HERMES physics results 
g1(x) w/world data 

(at measured Q2)

9/27/23 Spin2023, B. Wojtsekhowski



9

The HERMES physics results 
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35 years later the cost could be of $60M



Polarized internal target experiments at BINP

T20 team in 1986 

Modern developments in nuclear physics
at Novosibirsk, 1987

T20 results in 2003 
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Beam induced target depolarization 

NIM A327 (1993) 277-286

 
NIM A350 (1994) 423-429 

Discovered on 1/15/1988

Open magnet for a long cell target
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The Electron-Ion Collider –
Accelerator Design Overview

2021 EIC UG Meeting Early Career 
Workshop

29 July 2021

Office of
Science

Andrei Seryi 
Associate Director for Accelerator Systems and 

International Partnership 
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High average polarization at electron          
storage ring of 80% by

• Frequent  injection of bunches on energy  with high initial polarization of 85%
• Initial polarization decays towards P∞  < ~50%                                                                

(equilibrium of self-polarization and stochastic excitation)
• At 18 GeV, every bunch is refreshed within minutes with RCS cycling rate of 2Hz
• Need both polarization directions present at the same time 

39

B P Refilled every 
1.2 minutes

B P Refilled every  
3.2 minutes

Pav=80%

Pav=80%

Re-injections

P∞= 30%
(conservative)

Re-injection
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The HERMES at EIC (Heracules)

Physics: polarized TDIS, SIDIS, and DVCS

Detector like HERMES with GEM-based trackers +

Luminosity up to a few 1035 /cm2/s

Highly polarized proton and deuteron/He-3
            atoms, including transverse pol.
            unique case for d (tensor polarization)
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Heracles parameters vs. HERMES

EIC beam energy: E:  18 GeV vs. 27.5 GeV
EIC beam intensity, Ib:  2500 mA (at 10 GeV) vs. 50 mA
    227 mA (at 18 GeV) 
EIC beam polarization, Pb:  80% vs. 40%
Target thickness, tt :  25 larger than at HERA (thanks to pol. e- injection)
Target polarization, Pt:  the same high as at HERMES

Internal target will have luminosity  Lat EIC ~ 1035 /cm2/s

The experiment FOM gain: (Ib x tt x Pb 2 x Pt
2): ~ (5-50) x 25 x 4 x 1

A factor of 500+ larger FOM opens a field for many advances in hadron physics
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Heracles parameters vs. HERMES

Internal target will have luminosity  Lat EIC ~ 1035 e-n/cm2/s

The experiment FOM gain: (Ib x tt x Pb 2 x Pt
2): ~ (5-50) x 25 x 4 x 1

A factor of 500+ larger FOM opens a field for many advances in hadron physics

Compare, the polarized NH3 target capable to operate at L  ~ 1036 e-n/cm2/s
However, the dilution factor is of 6, so the FOM is lower than for Heracles by a 
factor of 3.
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The HERMES at EIC (Heracules)

Physics: polarized T(aged)DIS,  
Plots: JLab experiment C12-15-006 
and C. Roberts’ papers
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The high energy photon beam
for the external polarized target

• Laser back-scattering (like LEGS, GRALL, LEPS) 
tagged, polarized photons up to ~ 8 GeV

• Radiation from a thin internal target
 tagged, circular polarized photons, up to 18 GeV
 

• Apollon proposal
     at DESY 
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Compass/AMBER  

AMBERAMBER physics program

27.9.2021 Jan Friedrich 7

Phase-1
with conventional 
hadron and muon 

beams
2022 → 2028

Phase-2
with conventional 
and rf-separated 

beams
2029 and beyond

107 muons on 100 cm long target ~ L ~ 1033 
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The double polarized proton-proton interaction

EIC project requirements
The EIC is a Nuclear Physics Collider Designed to 

meet NSAC and NAS requirements

• Collide polarized electrons and wide range of hadrons
• Polarized protons and deuterons, otherwise unpolarized
• In long term, possibly polarized positrons, 3He

• Center of Mass Energies    20 GeV – 140 GeV
• Maximum Luminosity 1034 cm-2 s-1

• Hadron Beam Polarization >70%
• Electron Beam Polarization >70%
• Ion Species Range p to Uranium
• Number of interaction regions up to two

10

NSAC – U.S. Department of Energy Nuclear Science Advisory Committee
NAS – U.S. National Academies of Sciences, Engineering, and Medicine

Beam current 0.69 Ampere,  
Luminosity is on the level of a few 1035
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Summary

The beams of EIC provide excellent opportunities for
double polarized hadron physics experiments, e.g. 
with high intensity 18 GeV polarized electron beam.

They could be used for the fixed target experiments
similar to HERMES with much higher productivity,
also for the tagged photon beam and more.
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