
Future Directions in 
Experimental Hadronic Physics

• USA
- Jefferson Lab: CLAS12 upgrade, SoLID plans
- Higs at Duke U.
- Towards the EIC…..

• Europe
- Bonn
- Mainz
- FAIR
- AMBER at CERN

• Asia/Japan
- KEK
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A Personal  High-level Perspective on About the Next Decade
No EIC nor JLab 22 GeV

With thanks for slides from:
R. Beck, N. Berger, M. Bondi, H. Gao, 

F. Hauenstein, B. Ketzer, J. Lajoie, N. Saito, 
C. Sfienti, S. Stengel, S. Stepanyan 
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New Polarized 3He Target for CLAS12
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Combining two technologies: double-cell polarized 
3He target (Maxwell, Milner, NIM A, 2021.)

CLAS12’s 5 T solenoid standard configuration

5.4 amg, comparable to SEOP

High Field MEOP

High magnetic field (5 T)

Polarization ~ 60%

Higher pressure (100 times) compared 
to typical  low field MEOP (100 mbar vs 

1 mbar) 

Double-Cell Cryo Target

Polarize 3He using MEOP at room temp 
(300 K)

Diffuse transfer to 5 K target cell

Density increase by 60 times



Proposal PR12-20-002 to PAC48 

A program of spin-dependent electron scattering using a polarized 3He target in CLAS12 

(Co-Spokespeople: H. Avakian, J. Maxwell, R. Milner, D. Nguyen)

  PT -dependence of n longitudinal spin structure

    Nuclear corrections to SIDIS
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• Beam energy = 10.6 GeV
• Beam current = 500 nA
• Target thickness = 2.9 x 1021 3He cm-2

• Target poln. = 50%
• Beam poln. = 80%
• Luminosity = 2.7 x 1034 nucleons/cm2/s
• 30 days of running

0.05 < x < 0.7
                  1 < Q2 < 9 (GeV/c)2

0.2 < z < 0.9
                  0 < pT < 1.3 (GeV/c)
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JLab, MIT, U. Tennessee,
Shandong U.



Double-cell Target Design

• Pumping Cell

• 200 cm3 borosilicate glass

• Annular cylindrical volume

17

• Target Cell

• 100 cm3, 20 cm long aluminum cell

• Cooled by LHe heat exchanger
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Double-cell Target Design
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• Modular design

• Fit into the Hall B cryo-target standard config

• Maximum available cooling power



Structure of visible matter probed at JLab and the future EIC

Discoveries in Physics are often enabled by high-precision measurements and that is where 

Solenoidal Large Intensity Device (SoLID) comes!

19

Interplay of Energy and Intensity

19
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Haiyan Gao (Duke), Zein-Eddine Meziani (ANL)
https://www.innovationnewsnetwork.com/quantum-chromodynamics-at-the-intensity-frontier-with-a-precision-microscope/52920/

Up to 1039 cm-2s-1



SoLID@JLab: QCD at the intensity frontier
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Nucleon Static Electromagnetic Polarizabilities

Ԧ𝐝𝐢𝐧𝐝 = 𝛂𝐄𝟏 𝐄 , 𝐦𝐢𝐧𝐝 = 𝛃𝐌𝟏 𝐇

Electric polarizability (𝛂𝐄𝟏) Magnetic polarizability (𝛃𝐌𝟏)

(Graphs credited to P. Martel)

• Properties probing structure of the nucleon

• Characterizing responses to external EM fields
• Structure responses -- induced dipole moments 

• Benchmark 𝜒EFT and lattice QCD calculations

~ ± 𝟑𝟐%

Margaryan, Arman, et al. The European Physical Journal A 54.7 (2018): 125.

Grießhammer, Harald W., et al. The European Physical Journal A 60.6 (2024): 132.

Wang, Xuan-He, et al. Physical Review Letters 133.14 (2024): 141901.

• Compton scattering is an effective probe of 𝛂𝐄𝟏 and 𝛃𝐌𝟏

       → Photon provides external EM field
C R Howell et al 2022 J. Phys. G: Nucl. 

Part. Phys. 49 010502

~ ± 𝟏𝟔%

neutron 
PDG-2022

proton 
PDG-2022
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HIGS: The Next Three Years

• Reduce uncertainty in neutron  and  by a factor of 2
▪ Liquid 2H target at E = 61 MeV; done spring - summer 2022
▪ Liquid 3He target at E = 60 and 100 MeV; done summer 2024
▪ Liquid 4He target at E = 87 and100 MeV; done summer 2025
▪ Liquid 3He target at E = 87 MeV
▪ Liquid 2H target at E = 87 MeV
▪ Liquid 3He and 4He targets at E = 120 MeV (need 175-nm mirrors) 

• High precision measurement of proton  and 
▪ Liquid H target at E = 87, 100 MeV, = 120 MeV (need 175-nm mirrors) 

With 175 nm mirror

With 155 nm mirror



Towards the EIC…..

• Accelerator: RHIC operations expected to end in 2026 and 
construction of EIC in RHIC tunnel to get underway.

• ePIC detector design proceeding.

• EPIOS scientific consortium formed to realize polarized ion beams at 
EIC.
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EIC Machine
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New electron injector scheme



ePIC Detector
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ePIC – The EIC State-of-the-Art General-Purpose Detector

26 subsystems over ± 40 m 
to measure particle momenta, energy and particle type

▪ 3 electromagnetic calorimeters

▪ 3 hadronic calorimeters

▪ Silicon and Multi-pattern gas detectors

▪ 3 RICH detector + time-of-flight

▪ 7 Auxiliary detectors (Si + HCal + ECals) 

▪ electron and hadron polarimetry

Integration, Installation and Infrastructure

Non-Beam Commissioning

Highest scientific flexibility
→ fully streaming readout electronics and data acquisition
→ integration AI/ML capabilities from the start

Luminosity 

System Low-Q2 Taggers

Zero Degree Calorimeter

B0 Magnet 

Spectrometer
Roman Pots (RPs) and 

Off-Momentum Detectors (OMDs)
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Warsaw, July 2023

The             Collaboration
JLab, Jan. 2023

ePIC is a community of 
scientists dedicated to 
realizing the EIC science 
mission. 

The ePIC Collaboration is 
as unique as the ePIC 
detector. ANL, Jan 2024

EICUG/ePIC Meeting – Lehigh, July 2024

Frascati, January 2025
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Jefferson Lab, July 2025



Institutions: Collaborators:

>1000 collaborators
182 institutions, 26 countries

ePIC Collaboration - July 2025

The ePIC Collaboration is strong, active and growing:
• CERN Recognized Experiment
• Adding new collaborating institutions
• Ongoing subdetector design reviews

Current Collaboration Priorities: 
• Writing ePIC preTDR, v2.2 due Dec. 2025
• Developing the EIC Early Science plan: 

Supporting baselining for the ePIC detector in 2026

28
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The Path to Realizing ePIC
• ePIC is working with the project to baseline the detector in 2026
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Schedule Drivers:
▪ To hold the date for a CD-2 Independent Project
      Review (IPR) expected not before June 2026
▪ To keep the (inter)national user community engaged
      and limit the danger to lose groups 
▪ all subdetectors need to be more or less ready at the same 

time to be assembled to ePIC
▪ Superconducting Solenoid → CD-3A item
▪ Silicon Sensors (MAPS, AC-LGAD & ASTROPIX)
▪ ASIC long time frames only one ASIC designed from scratch 

all others are modifications to existing ASICS
▪ Items with long production times, single vendor and 

complex assembly  → CD-3A & CD-3B
▪ International agreements driving in-kind and MAPS design 

(agreement with CERN)



EIC Polarized IOn Source 
Scientific Consortium
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https://arxiv.org/abs/2510.10794 

https://arxiv.org/abs/2510.10794


Bonn University
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• Awarded this year with colleagues from HEP an Excellence Cluster Grant 
 Color meets Flavor in a German-wide competition.  
• This secures the future at Bonn inc. the electron stretcher facility 
  ELSA (3.5 GeV) for the next seven years.
• It also provides funding for a big upgrade for the existing CBELSA/TAPS 
  experiment.
• This new Excellenz Cluster includes also support for the hadron physics 
   program at the AMBER and LHCb experiments at CERN.
• For some years, they have a new building (FDT) with high-quality lab space for 
 developing and building new detectors.
• The future of hadron physics is bright at Bonn.
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Mainz

Richard Milner                                                                                               
EINN 2025

35

155 MeV
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MAGIX
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Planned FAIR Accelerator
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FAIR
Construction

Status
October 2025
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First beams in ~ 2028



FAIR’s Four Experimental Pillars
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AMBER – A QCD Facility at CERN‘s SPS M2 beam line
• Successor of COMPASS: LOI (2018) arXiv:1808.00848

• Upgraded spectrometer

Phase-1: 2023 → 2031 (conventional beams)

• ҧ𝑝 production cross section for DM searches

• Proton radius: high-energy -p elastic scattering

• Pion/kaon quark PDFs: Drell-Yan process

Phase-2: 2031 → 2041 (high-intensity kaon beam)

• 𝐾 gluon PDFs (DY, prompt photons)

• Strange meson spectroscopy

• Meson charge radii, Primakoff reactions
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http://arxiv.org/abs/arXiv:1808.00848


Proton Charge Radius
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[AMBER Proposal, CERN-SPSC-2019-022]

Why 𝝁𝒑 scattering?

• different leptonic probe

• different systematic uncertainties

• >10 × smaller radiative corrections than 𝑒𝑝

• provide precise data for global fit

• test lepton universality

➢ goal: 70 million elastic scattering events in 
the 10-3 < Q2 < 4∙10-2 GeV2 range

➢ precision on the proton radius ≲ 0.01 fm

Unique measurement: high-energy 𝝁± (100 GeV/c)

https://cds.cern.ch/record/2676885?ln=de
https://cds.cern.ch/record/2676885?ln=de
https://cds.cern.ch/record/2676885?ln=de
https://cds.cern.ch/record/2676885?ln=de
https://cds.cern.ch/record/2676885?ln=de
https://cds.cern.ch/record/2676885?ln=de
https://cds.cern.ch/record/2676885?ln=de


AMBER Gets ready for the Proton Radius 
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➢ High-pressure (20 barg H2) active-target TPC installed in EHN2

➢ Precision vertexing using a combination of MAPS and scintillating fibers

➢ Muon PID using the AMBER spectrometer

➢ New free streaming DAQ

En route to provide the first measurement of the proton electric form factor with high-energy muons in 2026 
44



Tsukuba Campus Tokai Campus
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2

FX beam

Hadron Hall

MLF
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Particle and Nuclear physics at J-PARC

3GeV RCS

Hyper-nuclear physics

Role of strange quark in extreme high 

density matter?

Strangeness in Nuclei

Neutron star

CPV beyond CKM

μ−
μ e

γ, Z’

q q

e−
105MeV

COMET（Hadron Hall）

Flavor&CPV in charged lepton? 
Search for →e conversion

CPV in Charged Lepton?

g-2/EDM
new particle s?
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Hadron Experimental Facility EXtension
Explore the origin of matter with nuclear, hadron, and flavor physics

We started to receive funding for p20, and future planning is ongoing 
with domestic and international partners.
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https://arxiv.org/abs/2110.04462



International Quantum Physics Network (IQPN)
Established in 2025 through inter-university collaboration in Japan

Through inter-university collaboration, we are building a cooperative framework with 
Japan’s world-class accelerator facilities, J-PARC and RIBF, to continuously advance 
research related to the EIC project on an all-Japan basis
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Summary
• Hadronic physics is a major international research effort with fundamental 

open questions being addressed:

 - imaging of quark and gluon structure of proton

 - precision measurement of hadron properties

 - search for new physics

• Currently, facilities are operating in Asia, Europe and N. America.

• There are significant upgrades of existing detectors and new detectors 
planned at these facilities. 

• There are major new facilities (FAIR, EIC) expected to be realized over the 
next 5-10 years. 

• Hadronic physics has a bright future well into the mid-twenty first century.
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Possible Schedule
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2026 2027 2028 2029 2030 2031 2032 2033 2034

MESA/Mainz

FAIR/GSI

CLAS12 Phase 1
Polarized 3He target

CLAS12 Phase 2
DDVCS

AMBER Phase 1AMBER Phase 1 AMBER Phase 2

EINN

ELSA shutdown CBELSA/TAPS, INSIGHT,…
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2026 2027 2028 2029 2030 2031 2032 2033 2034

MESA/Mainz

FAIR/GSI

CLAS12 Phase 1
Polarized 3He target

CLAS12 Phase 2
DDVCS

AMBER Phase 1AMBER Phase 1 AMBER Phase 2

EINN

ELSA shutdown CBELSA/TAPS, INSIGHT,…

Also: AGS fixed target/BNL, SoLID/JLAB, HEFEX/J-PARC, ARIEL/TRIUMF……. 
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