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High luminosity calorimeter NPS

Back view

 30x36 (1080) PbWO4 crystals (2x2x20 cm3)

 Hamamatsu R4125 PMTs

 Custom-made active bases

 Crystals placed in a 0.5 mm-thick carbon 
frame to ensure good positioning

 PMTs accessible from the back side to 
allow maintenance

 Calibration and radiation curing with blue 
LED light though quartz optical fiber
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Calorimeter frame:

Back view

Front view



Irradiation and curing tests
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Strong 60Co source (3000 Cu)

Radiation hardness measurements
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Summary of Jlab program
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Motivation – the EIC science program
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DIS at collider energies enables control of parton/event kinematics

Control of n by selecting kinematics;

Also under control the nuclear size.

Colored quark emerges as color neutral
hadron What is the impact of colored

media on confinement?

Unprecedented n, the virtual photon 
energy range @ EIC : precision &  
control

Nucleus as a Femtometer sized analyzer

Identify light vs. charm hadrons in e-A: 
Understand energy loss of light vs. heavy 

quarks in cold nuclear matter. 
Provides insight into energy loss in the Quark-

Gluon Plasma

Energy loss by light vs. heavy quarks:

Emergence of hadrons from partons
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Gluon saturation at low-x

What tames the low-x rise?

• New evolution equations at low x & moderate Q2

• Saturation Scale QS(x) where gluon emission and 
recombination become comparable

First observation of gluon recombination effects in nuclei:
 leading to a collective gluonic system

First observation of gluon recombination in different nuclei 
 Is this a universal property? 

What is the new effective theory in this regime?

gluon 
emission

gluon recombination

= At QS



How to explore/study this new phase of matter?
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Advantage of nucleus 

Reaching the Saturation Region

8

HERA (ep):

Despite high energy range:

• F2, Gp(x, Q2) outside the 

saturation regime 

• Need also Q2 lever arm! 

• Only way in ep is to 

increase &s

• Would require an ep 

collider at &s ~ 1-2 TeV 

Different approach (eA):
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L ~ (2mN x)-1 > 2 RA ~ A1/3

Probe interacts coherently 
with all nucleons

Enhancement of QS with A:
Saturation regime reached at significantly lower energy 

(read: “cost”) in nuclei 
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Diffraction events & gluon densities

Probing Q2

dependence of 
gluon saturation 
in diffractive 
vector meson 
production

Probing gluon 
saturation 
through 
measuring 
σdiff/σtot

Extracting the 
gluon 
distribution 
ρ(bT) of nuclei 
via Fourier 
transformation 
of dσ/dt in 
diffractive J/ψ 
production

Diffraction cross-
sections have strong 
discovery potential:

High sensitivity to gluon 
density in linear regime:  
σ~[g(x,Q2)]2

Dramatic changes in 
cross-sections with 
onset of non-linear 
strong color fields



Three-dimensional imaging of the nucleon
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EIC Pillars
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EIC machine requirements
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Luminosity and kinematic coverage
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EIC Facility

 Highly polarized electron / Highly polarized proton and lights ions /Unpolarized heavy ions

 CME: ~ 20-100GeV

 Luminosity: ~ 1033-34cm-2s-1

 Polarized electron source and 400 MeV injector linac

 Polarized proton beams and ion beams based on existing RHIC facility 

 2 detector interaction points capability in the design 
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EIC Detector requirements

19



30

Generic Detector R&D for EIC



EIC Development
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The EIC science assessment by the US NAS
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EIC CD0 and site selection
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The EIC Users Group
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EIC timeline

CD0 = DOE “Mission Need” statement; CD1 = design choice and site selection

CD2/CD3 = establish project baseline cost and schedule 25



EIC Yellow Report initiative

The purpose of the Yellow Report Initiative is to advance the state and detail
of the documented physics studies (White Paper, INT program proceedings)
and detector concepts in preparation for the realization of the EIC.

The effort aims to provide the basis for further development of concepts for
experimental equipment best suited for science needs, including
complementarity of two detectors towards future Technical Design Reports
(TDRs).

 Work started in January 2020

 Report expected in November 2020

 Significant participation from IJCLab
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National & international contributions:
Call for Expression of Interest (EoI)

27



Expression of Interest Preamble
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Timeline beyond EoI
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National perspective

 Strong experimental interest from IJCLab and Irfu/CEA

 Large theory interest from many groups: IN2P3+INP (CNRS) & IPhT (CEA)

 Featured in several funded projects:

 STRONG 2020 (EU)

 Gluodynamics (P2IO)

 Discussed within the ‘Exercise de prospective nationale’ (GT03)

 EIC contribution submitted:

 26 permanent staff (9 theory, 13 experiment, 4 IT & Accelerator)

 8 different labs  (3 theory, 5 experiment)

 EIC will  appear among the recommendations of the report (end of the year)

Exciting opportunities for involvement in 
detector and accelerator R&D (and construction) 

in the next few years
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Ongoing activities for EIC at IJCLab

International consortium created in 2012 
(IPNO joined in 2014) IPNO expertise 

in calorimetry: 
CLAS EC, HPS, 

PANDA… 

Strong 60Co source (3000 Cu)

Radiation hardness measurements
(in collaboration with LCP-Orsay)

Optical transmittance
Optical bleaching 

with blue LED

Also: light yield measurements and 
uniformity using a 137Cs source

Activity funded by US DOE: $104k (2015-present)

Simulations
- First measurements of charmonia hadronization

- Indirect access to saturation (interaction with  
nuclear matter is dominated by low energy gluons)

• Challenges:

- High energy reduces the signal
- High luminosity is key for quarkonia measurements

• Results published in 2 White Papers:

(ArXiv:1108.1713 and Eur.Phys.J. A52 (2016) no.9, 268)

Geometrical tagging

- Impact parameter 
measurement

- Motivations beyond 
hadronization

(centrality dependence
of nuclear effects,
shadowing…)

(JLab LDRD working group)

In synergy with developments for JLab CLAS12

In synergy with developments for JLab NPS

PbWO4 caracterization at IPNO: Ongoing R&D on crystal calorimetry
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Summary
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