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GERHARD K. MALLOT ‘S SCIENCE 

• Gerd’s own view and artistic opinion of 
Gerd’s science
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Gerd’s science timeline, started just after EMC
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NMC 
1986-1990

SMC 
1990-1999

COMPASS 
1995-Present (2020)

COMPASS++/AMBER 
2018-??

Precision nuclear (longitudinal) PDFs beyond EMC

Precision (longitudinal) spin PDFs beyond EMC

Precision flavor PDFs 
and much more

Full exploration of 2+1 D
Flavor structure of hadrons 

35+ years of world’s best experimental studies with muons 



Hardly any pictures of Gerd around…
Wanted to put them with the time line of his experiments earlier.
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Gerd?
Find Gerd! 

Mysterious Gerd!
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Gerd?
Find Gerd! 

Mysterious Gerd!



Seeds of future polarized collider were 
sown at SMC1995-1999
SMC Physics Analysis to study low-x uncertainties
1st NLO pQCD analysis  (home grown) and in collaboration with Altarelli, Ball, 
Forte, Ridolfi
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SMC Final results 1998
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Bjorken Sum

SMC Final results 1998

Also determined  Alpha_S, but sensitivity due to polarized or unpolarized data?
Gerd’s important observation. Altarelli later commented on it in his own paper.
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Seeds for a polarized collider

In these discussions, while many focused on the low-x 
extrapolations (only), Gerd focused on whether the 
low-x asymmetries being measurable. Worry about 
systematics etc. 
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Scale dependencies

All figures from archived 
talks from late 1990’s 
and early 2000’s.



Ideas for a polarized DIS collider were first discussed in this context

Input on possible use of Siberian Snakes from RHIC
Evolved into a letter of interest in polarized HERA

A “competing group” proposed an e-Nucleus Collider at HERA 

The Legacy of EMC @ CERN è Moving on
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Strikman and McLerran organized a
letter signed by Bjorken, Mueller

supporting e-A

Neutralized by Vernon Hughes by an 
identical letter for polarized e-p signed 

by Bjorken and Mueller



DESY had other things on their mind
Bjorn Wiik’s untimely demise did not help either….
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In search of new 
possibilities immigrants 
sailed flew to  India… US

One indigenous effort, and 
two migrants:
• IUCF
• MIT Bates
• eRHIC

Development of polarized 
proton beams at RHIC

10/21/2018 Abhay Deshpande at INT 18-03 Week 4: History of EIC 
Project

12

Late 1990s and early 2000In search of new possibilities the proponents moved to the US
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EPIC 99

At end of the 1990’s some medium energy 

nuclear physics labs in U.S. were coming 

to a close.  They identified a low energy 

Electron Polarized Ion Collider as a 

promising future avenue. 

IUCF – One of them @ Indiana U.
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The Yale group organized a first workshop 

fully focused on polarized eRHIC:

A.D., Vernon Hughes, 

+ George Igo (UCLA)

+ A. De Roeck (DESY/CERN)

Encouraged by G. Garvey, P. Paul and others, 

identify eRHIC as a particularly promising 

avenue

(Roser et al. showed polarization at RHIC 

was possible)
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Larry McLerran, Raju Venugopalan et 
al. at BNL led the workshop on Nuclei 

in eRHIC with some discussion of 

polarized protons by A. D. & Richard  

Milner

While not the highest of energies 

hoped for (in comparison with 

HERA), it was the first time, that 
polarized proton, and nuclear beam 

proponents worked together.
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At MIT-Bates
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Scientific Organizing Committee:

A.Bruell (MIT)

L. Bland (IUCF)

J. Cameron (IUCF, Co-Chair)
A. Deshpande (Yale)

R. Holt (ANL)

N. Isgur (Jefferson Lab)

R. Jaffe (MIT)

K. Jacobs (MIT-Bates)

E. Kinney (Colorado)

S. Y. Lee (IUCF)

T. Londergan (IUCF)

W. Lorenzon (Michigan)

R. McKeown (Caltech)

R. Milner (MIT, Co-Chair)
R. Redwine (MIT)

A. Schaefer (Regensburg)

C. Tschalaer (MIT-Bates)

M. Vetterli (IUCF)

S. Vigdor (IUCF)

W. Vogelsang (Stony Brook)

F. Wilczek (IAS, Princeton)

W. Wissink (IUCF)
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By 2001-2003

BNL & RIKEN-BNL Research 

Center  became the focus of EIC 

activities

AD, R. Venugopalan, W. 

Vogelsang et al. locally

supported by L. McLerran, T.D. 

Lee, P. Paul (Acting D. Director 

for Science & Technology), and 

G. Garvey (on Sabbatical)

18

Symbol is born!
(BNL Arts department)
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Preparation for the 2002 Long Range Plan

White Paper prepared/edited by:  

A. Deshpande, R. Milner & R. Venugopalan

Institutions: 

BNL, Budker Institute, CERN, U. of Colorado (Boulder), FNAL, UIUC, 

Indiana U., LBNL, Los Alamos, MIT, INP Poland, U. of Paris VI, Penn 

State, Regensburg, RIKEN-BNL, Saclay, Triumf, Yale 

Actively Supported by: 

G. Garvey (Los Alamos) & Peter Paul 

(Acting Director BNL Dep. Director) & T. D. Lee (RBRC/Columbia)
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NSAC 2002 Long Range Plan: First Recognition
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The Electron-Ion Collider is a new
accelerator concept that has been 
proposed to extend our understanding 
of the structure of matter in terms of its
quark and gluon constituents. 
Two classes of machine design for the EIC
have been considered: a ring-ring option
where both electron and ion beams 
circulate in storage rings, and a ring-linac
option where a linear electron beam 
incident on a stored ion beam.

There is a strong consensus among nuclear
scientists to pursue R&D over the next three 
years to address a number of EIC design issues.
In parallel, the scientific case for the EIC will be
significantly refined.   
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Novel detector ideas presented for eRHIC based on the experience at HERA 
by 

I. Abt, A. Caldwell, X. Liu and J. Sutiak (MPI)
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Positron Hemisphere
EM calorimeter end-wall at -360cm

EM barrel calorimeter
covering z=±70cm

EM catcher calorimeter
at z=-110cm

EM catcher calorimeter
at z=+110cm

Proton Hemisphere
EM and hadron calorimeter
end-wall at +360cm

Figure 10: Schematic overview over the detector components within ≈ ±5 m of the interaction point. The
silicon planes are visible inside the yellow tracking volume. The calorimeter system consisting of a central
barrel, a catcher ring on each side and end-walls is depicted in blue and green.

40×40 cm2. They have a central cut-out that follows the beam-pipe design. Each plane is composed of a top
and a bottom half and two horizontal plugs that are adjusted to the required cut-out. The positioning of the
planes was optimized for acceptance and momentum resolution. Each hemisphere features 14 silicon planes.
The silicon plane furthest from the interaction point starts at z = 3.5 m. Close to the interaction point the planes
are relatively densely packed; they are used to track low momentum tracks with a large curvature and tracks
with pseudo-rapidities less than ≈1. Further out the planes have larger distances to enhance the lever arm for
tracking particles with higher momenta.

4.5 Calorimetry

Over most of 4π only electromagnetic calorimetry is required. The goal of a compact detector leads to silicon-
tungsten as the choice of technology. It is assumed that the magnet starts at r = 80 cm and in order to leave
sufficient space for support and cabling any barrel structure inside is confined to a tube with a radius of 60 cm.
In order to cover 4π in an elongated design, multiple structures have to be adapted. Figure 10 shows an overview
over the full detector, Fig. 11 depicts the side view of the central region.

The central region in pseudo-rapidity [|η| < 1.3] is covered by a barrel structure with an inner radius of
40 cm. It extends to ±70 cm in z. For a simple, non pointing layer geometry this results in a doubling of the
path-length through a layer for a particle coming from the interaction point and hitting the end of the barrel,
as compared to a particle impacting the calorimeter at 90o. The tungsten layers have a thickness of 1.75 mm,
which is equivalent to half a radiation length [X0] per layer. For particles hitting the end of the barrel the
effective layer thickness is 1 X0. There are 50 layers resulting in an overall thickness of 25-50 X0. The active
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4 A detector designed for forward/backward physics at eRHIC

4.1 Detector concept

The main idea is to build a compact detector with tracking and central em calorimetry inside a magnetic dipole
field and calorimetric end-walls outside. To keep the magnetic volume of reasonable size, the design limits the
detector radius inside the magnet[s] to a radius of 80 cm. The coordinate system has the z-axis parallel to the
proton beam, the x-axis horizontal and the y-axis vertical. The electrons thus point towards negative z.

The tracking focuses on forward and backward tracks. The calorimetry is to show the best performance in
the central region where momentum measurements are intrinsically less precise due to the field configuration
and thus e-π separation is more difficult. Tracking for |η|< 0.5 is currently not foreseen.

The detector presented here is an adaption and optimization of the detector which was proposed for an
extension of the HERA program [3].

4.2 Interaction region

Figure 6: Conceptual layout of the detector with a 7m long dipole field and an interaction region without
machine elements extending from -3.8 m to +5.2 m

The interaction region is characterized by the presence of the detector dipole field which has to become
part of the machine lattice. Other machine elements cannot be incorporated inside the detector, because they
would reduce the acceptance for scattered particles. Fig. 6 shows a block diagram of the interaction zone. The
first machine elements are placed outside the area from -3.8 m to +5.2 m. Longitudinal space for cabling and
support is included in each block. In x and y there are a priori no restrictions, so that the endwalls can have
their complete infrastructure outside.

The dipole magnet causes the electron beam to create a strong synchrotron radiation fan. This is reduced
by a longer magnet with a weaker field. However, the distance between the interaction point and the first
quadrupole cannot be arbitrarily large, as the quadrupole aperture has to contain the synchrotron fan. The
current machine studies for eRHIC envision an electron ring or an electron linear accelerator as the source of
leptons. For the ring option also luminosity considerations limit the distance to the first quadrupoles.

The 7 m long field indicated in Fig. 6 requires a large aperture quadrupole in the electron direction. The
width of the radiation fan could be significantly reduced by a split field. The magnetic field orientation would
be opposite in the electron and proton hemispheres. A small area around the interaction point would be “field
free”. This solution was chosen for the proposed detector at HERA, because the higher electron energy at
HERA required a substantially longer magnetic field of 9 m. For eRHIC the single field option would, however,
be easier to integrate into the machine lattice. A single dipole field is also favorable from the analysis point of
view, because a split field magnet would add significant complications to the reconstruction process.
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Institution List for EIC Working Group Institutes 2007 LRP

ANL, BARC/india, BNL, Buenos Aires, UCLA, CERN, U. Colorado, Columbia, DESY,
Glasgow, Hampton U., UIUC, Iowa State, Jlab, U. Kyoto, LBNL, Los Alamos, U. Mass (A), 
MIT, MPI Munich, U. of Michigan, NMSU, ODU, Penn State, RIKEN, RIKEN-BNL, SINS Poland,
Stony Brook, Tel Aviv, TJNAF 
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NSAC 2007 Long Range Plan
�An Electron-Ion Collider (EIC) with 
polarized beams has been embraced by 
the U.S. nuclear science community as 
embodying the vision for reaching the 
next QCD frontier.  EIC would provide 
unique capabilities for the study of QCD 
well beyond those available at existing 
facilities worldwide and 
complementary to those planned for the 
next generation of accelerators in 
Europe and Asia. In support of this new 
direction:

We recommend the allocation of 
resources to develop accelerator and 
detector technology necessary to lay 
the foundation for a polarized Electron 
Ion Collider.  The EIC would explore 
the new QCD frontier of strong color 
fields in nuclei and precisely image the 
gluons in the proton.�
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INT program 2010

Organizers:

D. Boer, M. Diehl, R. Milner, R. Venugopalan, W. 

Vogelsang

Broad community input and participation. A 

document containing 500+ pages and 160+ writers 

summarized the entire gamut of EIC physics.

Identified the most compelling measurements to make 

the case for the EIC:  Golden, Silver, Bronz. (not 

appreciated by all but) very convincing to the outsiders 

, the broader community of our sincere effort. –

Important understated lesson
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EIC White Paper 
for LRP 2015
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In 2012 R. McKeown and S. Vigdor
appointed a group:
A. Accardi et al. 1212.1701.v3
Ed: AD, Jianwei Qiu & Zein-Eddine Meziani

Pre-LRP QCD Town Meeting 
Temple University:
Hot & Cold QCD Working Groups 
unanimously declared EIC to be the 
most desired future facility for US 
Nuclear Science – September 2014

1212.1701.v3
A. Accardi et al
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NSAC 2015 Long Range Plan

40

science.energy.gov/np/nsac/
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1999/2000

2015

The Electron Ion Collider

20072002



QCD Landscape to be explored by a future facility 
QCD at high resolution (Q2) —weakly correlated quarks and gluons are well-described

Strong QCD dynamics creates many-body correlations 
between quarks and gluons
à hadron structure emerges

Systematically explore correlations in this region.

An exciting opportunity: Observation of a new regime 
in QCD of weakly coupled high-density matterar

Xi
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7
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Need Precision and Control in technique
And spin whenever possible  



A new facility is needed to investigate, with precision, the dynamics of gluons & sea 
quarks and their role in the structure of visible matter

How are the sea quarks and gluons, and their spins, distributed in 
space and momentum inside the nucleon? 
How do the nucleon properties emerge from them and their 
interactions?

How do color-charged quarks and gluons, and colorless jets, interact with a 
nuclear medium?
How do the confined hadronic states emerge from these quarks and gluons? 
How do the quark-gluon interactions create nuclear binding?QS: Matter of Definition and Frame (II)

7

Infinite Momentum Frame:
• BFKL (linear QCD): splitting functions ⇒ gluon density grows
• BK (non-linear): recombination of gluons ⇒ gluon density tamed

BFKL: BK adds:

αs << 1αs ∼ 1 ΛQCD

know how to 
do physics here?
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• At Qs:   gluon emission balanced by recombination

Unintegrated gluon distribution
depends on kT and x:
the majority of gluons have 
transverse momentum kT ~ QS
(common definition)
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• At Qs:   gluon emission balanced by recombination

Unintegrated gluon distribution
depends on kT and x:
the majority of gluons have 
transverse momentum kT ~ QS
(common definition)

gluon 
emission

gluon 
recombination

?

How does a dense nuclear environment affect the quarks and 
gluons, their correlations, and their interactions?
What happens to the gluon density in nuclei? Does it saturate at 
high energy, giving rise to a gluonic matter with universal 
properties in all nuclei, even the proton?

=
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World’s first
Polarized electron-proton/light ion 
and electron-Nucleus collider

Both designs use DOE’s 
significant investments in 
infrastructure

For e-A collisions at the EIC:
ü Wide range in nuclei
ü Luminosity per nucleon same as e-p
ü Variable center of mass energy 

The Electron Ion Collider
2003-2019

For e-N collisions at the EIC:
ü Polarized beams: e, p, d/3He
ü e beam 5-10(20) GeV
ü Luminosity Lep ~ 1033-34 cm-2sec-1

100-1000 times HERA
ü 20-100 (140) GeV Variable CoM

1212.1701.v3
A. Accardi et al 
Eur. Phy. J.  A, 52 9(2016)
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Current polarized DIS data:
CERN DESY JLab SLAC

Current polarized BNL-RHIC pp data:
PHENIX π0 STAR 1-jet
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EIC √s=
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.01 ≤
 y ≤ 0.95  

EIC: Kinematic reach & properties
For e-N collisions at the EIC:
ü Polarized beams: e, p, d/3He
ü Variable center of mass energy
ü Wide Q2 range à evolution
ü Wide x range à spanning valence to low-x physics

For e-A collisions at the EIC:
ü Wide range in nuclei

ü Luminosity per nucleon same as e-p
ü Variable center of mass energy 

ü Wide x range (evolution)
ü Wide x region (reach high gluon densities)
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A Q2 and x evolution of Gerd’s science 



Summary: EIC Physics: 
CM vs. Luminosity vs. Integrated luminosity
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Consensus Study Report on  the US based 
Electron Ion Collider

Summary:
The science questions that an EIC will answer
are central to completing an understanding of
atoms as well as being integral to the agenda of
nuclear physics today. In addition, the
development of an EIC would advance
accelerator science and technology in nuclear
science; it would as well benefit other fields of
accelerator based science and society, from
medicine through materials science to
elementary particle physics
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EIC science:
compelling, fundamental

and timely

The National Academy of Sciences, Engineering and Medicine 2018



The EIC Users Group: EICUG.ORG

Formally established in 2016
~1100+ Ph.D. Members from 31 countries, 210  institutions

Map of institution’s locations

EICUG Structures in place and active.
EIC UG Steering Committee, Institutional Board, Speaker’s 
Committee

Task forces on:
-- Beam polarimetry,  Luminosity measurement
-- Background studies,  IR Design

Year long workshops: Yellow Reports for detector design 

Annual meetings: Stony Brook (2014), Berkeley (2015), ANL 
(2016), Trieste (2017), CAU (2018), Paris (2019), FIU (2020), 
Warsaw (2021)
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New:
Center for Frontiers in Nuclear Science (at Stony Brook/BNL)

EIC2 at Jefferson Laboratory

http://eicug.org/
http://www.stonybrook.edu/cfns/
https://www.eiccenter.org/eic-center-jefferson-lab


Current EIC 
detector 
concepts

But new are 
developing

Defining 
features
Click here
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2 

JLEIC 

Argonne: TOPSiDE 

BNL: EIC-sPHENIX 

BNL: BeAST 

~9m 

Time OPtimized Silicon Detector for EIC

The EIC Users Group has just started a YELLOW 
REPORT writing activity that will help us move toward 

Technical Design Reports 

https://www.jlab.org/indico/event/348/contribution/6/material/slides/0.pdf
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January 9, 2020

In the same also 
announced CD0 on 
December 19, 2019



The US Electron Ion Collider
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v Electron storage ring with frequent injection 
of fresh polarized electron bunches

v Hadron storage ring with strong cooling or 
frequent injection of hadron bunches

Hadrons up to 275 GeV
Ø Existing RHIC complex: Storage (Yellow), injectors 

(source, booster, AGS)
Ø Need few modifications
Ø RHIC beam parameters fairly close to those 

required for EIC@BNL

Electrons up to 18 GeV
Ø Storage ring, provides the range sqrt(s) = 20-140 

GeV. Beam current limited by RF power of 10 MW
Ø Electron beam with variable spin pattern (s) 

accelerated in on-energy, spin transparent injector 
(Rapid-Cycling-Synchrotron) with 1-2 Hz cycle 
frequency

Ø Polarized e-source and a 400 MeV s-band injector 
LINAC in the existing tunnel 

Design optimized to reach 1034 cm-2sec-1

As of Jan 9, 2020



EIC Hadron Polarization
Measured RHIC Results: 
• Proton Source Polarization 83 % 
• Polarization at extraction from AGS  70% 
• Polarization at RHIC collision energy  60%

Planned near term improvements:
AGS: Stronger snake, skew quadrupoles, increased injection energy
èexpect 80% at extraction of AGS
RHIC: Add 2 snakes to 4 existing no/reduce polarization loss  
è expect 80% in Polarization in RHIC and EIC
Expected simulations results benchmarked against RHIC operations
3He in eRHIC  with six snakes
Achieved 85% polarization in 3He ion source
Polarization preserved with 6 snakes  for up to twice the design emittance

Deuterons in eRHIC: 
Requires tune jumps in the AGS, then
benchmarked simulation show 100%  Spin transparency  
No polarization loss expected in the EIC hadron ring
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LUMI Mon.

e-
Tagger

Full Acceptance EIC Interaction Region Layout
Design 
• All superconducting magnets
Ø Only 5 magnets need collared Nb-Ti coils
Ø All other magnets can be built with direct 

wind of Nb-Ti wire

• Full acceptance e.g. Pt =200 MeV/c-1.3 
GeV/c

Ø Neutrons 4 mrad

• Large Aperture Dipole w/ instrumented gap

• Modest IR chromaticity

• Hadrons up to b<200m
è Manageable dynamic aperture optimization

Gerd Fest @ CERNFebruary 19, 2020

Detector Components
Far beyond the central detector



Broad CM energy range without much loss in luminosity
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BNL EIC covers the full science range
Collider capability envelope 
• Based on design choice of 10 MW synchrotron radiation 
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Wide range in CM Energy 



Emergent Physics @ the EIC beyond the EIC White Paper:
New Studies with proton or neutron target:
• Impact of precision measurements of unpolarized PDFs at high x/Q2, for LHC (AD et a. CFNS/LPC-FNAL)

• What role would TMDs in e-p play in W-Production at LHC?
• Gluon TMDs at low-x! 
• Heavy quark and quarkonia (c, b quarks) studies beyond HERA, with 100-1000 times luminosities 

(??) Does polarization of hadron play any role?
Physics with nucleons and nuclear targets:
• Quark Exotica: 4,5,6 quark systems…?
• Study of jets: Internal structure of jets (

Studies with jets: Jet propagation in nuclei… energy loss in cold QCD medium
• Initial state affects QGP formation!….. p-A, d-A, A-A at RHIC and LHC:
• Polarized light nuclei in the EIC
• Entanglement entropy in nuclear medium and its connections to fragmentation, hadronization and 

confinement 
Precision electroweak and BSM physics: 
• Electroweak physics and searches beyond the Standard Model
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Outlook: Past ends and future begins…
• EIC science is about non-linear parton interactions & dynamics in 
nucleons and nuclei: at the heart of which is to study the role of 
gluons in QCD: Low-x and low-to-high Q2

• US NAS Academy:  EIC Science “compelling and timely” 
• As of January 9, 2020: CD0 at hand, Site is BNL. Timeline for 1st
collisions ~2030.

• Gerd’s science has evolved well…and 
will continue for the next three decades 
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Thank you Gerd and hope you have a very 
happy and relaxed retirement with family 
and friends.
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R. Ent, T. Ullrich, R. Venugopalan
Scientific American (2015)
Translated in to multiple languages

E. Aschenauer
R. Ent 

October 2018

A. Deshpande
& R. Yoshida

June 2019
Translated in to 

Chinese (Taiwan), 
Italian 

and other languages


