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1 Executive Summary (300-500 words)7

The Electron-Ion Collider (EIC) will be a new US$2.8B particle collider facility to be built at the8

start of the next decade at Brookhaven National Laboratory (BNL), Long Island, New York, by the9

US Department of Energy (US-DOE). The EIC is the only new collider worldwide to be built in the10

foreseeable future and the first in this century, which naturally makes it the next subatomic physics11

discovery machine. At the EIC, polarized electrons will collide with polarized protons, light ions,12

and heavy nuclei at luminosities far beyond what is presently available (see Fig. 1). The facility will13

answer fundamental questions about the origin of mass and spin, and about gluon dynamics. During14

the construction phase (2027–2034), EIC Canada aims to construct (with support from CFI-IF)15

the end-of-sector readout electronics and the interaction region crab cavities for the proton storage16

ring. During the operations phase (2034-2041), EIC Canada will lead a physics program studying17

the origin of mass through meson form factors, the strong dynamics giving rise to exotic hadrons,18

and the search for new physics in the electroweak sector; all topics enabled by the high luminosity,19

high polarization, and excellent resolution of the EIC and ePIC detector.20

2 Research Description (800-1200 words)21

2.1 Research Goals and Methodology (300-500 words)22

The EIC will uniquely address profound questions about nucleons and how they are assembled23

to form nuclei. In addition, the EIC presents significant opportunities that connect to neutrino,24

high-energy and particle physics, as well as astrophysics.25

How does the mass of the nucleon arise? While gluons have no mass and u, d quarks are26

nearly massless, the total mass of a nucleon (proton or neutron) is 100 times greater than the mass27

of its three valence quarks. The largest contribution to the nucleon mass originates from the gluon28

field energy. The EIC will determine, for the first time, the relative spatial size of the distributions29

of valence quarks, sea quarks, and gluons, and the spatial structure of the different contributions30

to the energy density and pressure forces in the nucleon. Studies of π and K structure over a31

broad Q2 range will probe the contributions of quark and gluon energy to the hadronic mass, and32

exclusive production of J/ψ and Υ will probe contributions of the trace anomaly.33

How does the spin of the nucleon arise? Understanding nucleon spin in terms of quark and34

gluon spin and angular momentum contributions has been an essential goal since the discovery35
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by the EMC Experiment that quark polarization contributions comprise only �30% of nucleon36

spin. The EIC will dramatically improve our understanding by studying the resolution dependence37

of polarized Deep Inelastic Scattering (DIS), and by measuring exclusive reactions, where precise38

knowledge of the spin of gluons combined with Generalized Parton Distribution (GPD) sum rules39

allows isolating the contribution of the orbital angular momentum of gluons.40

What are the emergent properties of dense systems of gluons? The nature of gluons in41

matter, i.e. their arrangements or states, and the details of how they hold matter together, is not42

well known. Experiments at the EIC will be able to explore modifications of the quark distributions43

in nuclei in the limit of low Bjorken-x, xB, where the number of gluons in the target is very large.44

What is the composition of exotic hadrons? The EIC has the potential to produce hadronic45

resonances, which are exotic in nature, in photoproduction reactions in the heavy-quark sector.46

Such studies would confirm observations from previous experiments and provide complementary47

insight into their composition (tetraquarks, pentaquarks, molecules, etc.).48

What lies beyond the Standard Model? The study of electroweak and beyond the Standard49

Model physics program relies on the high luminosities enabled by Canadian crab cavities. It includes50

the precision study of neutral current inclusive scattering to test the Standard Model to extract51

neutral current inference structure functions and the search for physics beyond the Standard Model52

in the form of charged-lepton flavor violation.53

Methodology Answering the above questions relies crucially on the 1000-fold increase of collision54

intensity compared to previous electron-proton collider facilities (enabled in part by the accelerator55

infrastructure in this project) and on the polarization of both the electron and ion beams which has56

not been realized at any previous collider. The EIC is unique in several other aspects as well:57

• The collision center-of-mass energy will be variable by almost a factor 10, from 29 to 14058

GeV. This capability is necessary to study the proton at multiple energy and distance scales59

and has not been available at previous colliders.60

• The collision of an electron (a well-understood point particle) with a proton or ion (the less-61

understood object under study) differs fundamentally from the collision of two protons or62

ions with each other, or of two electrons with uncontrolled creation of secondary particles,63

which are the only modalities available at colliders currently in operation or planned for the64

next decade.65

• The ePIC detector (see Fig. 2) will be the first subatomic physics detector designed in and66

for the era of artificial intelligence (AI). Design parameters were optimized with AI, and67

high-granularity technologies are chosen in the anticipation of data-driven AI algorithms for68

electron/pion identification.69

The development of tomographic images of the structure of nucleons requires the separation of70

reactions along multiple kinematic dimensions. Instead of only the longitudinal momentum of the71

struck quark, or only the transverse impact parameter of the collision, or only the momentum72

transfer from the electron to the nucleon, a full tomography of the proton requires separating along73

all dimensions simultaneously.74
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2.2 Seven-year year outlook (200-300 words)75

The EIC project is moving rapidly and steadily. Over the next seven years, the EIC community76

plans to achieve the next critical decisions (CD): CD-3C (third long lead procurement, mid-2026),77

CD-2 (performance baseline, early 2026), and CD-3 (start of construction, early 2027).78

EIC Canada is concentrating its efforts on several high priority areas:79

Barrel Imaging Calorimeter (BIC) The EIC physics topics lead to unique requirements for80

the electromagnetic calorimeter design, as nearly all channels require detection of the scattered81

electron for momentum or energy reconstruction and particle identification. The Barrel (electro-82

magnetic) Imaging Calorimeter (BIC) is a hybrid imaging calorimeter (see Fig. 3) that is cost-83

effective in relation to its excellent performance in energy and spatial reconstruction and particle84

identification, and its design is driven by Argonne National Lab (ANL), U Regina, and U Mani-85

toba. We have submitted a CFI-IF application to fund the Canadian contributions to the BIC (see86

Fig. 4) and expect to complete this construction by 2029.87

Superconducting RF Crab Cavities The accelerator work is part of a separate submission.88

To summarize, TRIUMF’s accelerator physicists and engineers have the expertise to support the89

construction of the advanced EIC accelerator complex as a Canadian in-kind contribution. The90

main contribution described will be the unique 394 MHz crab cavity cryomodule system for the91

hadron storage ring (HSR) and the electron storage ring (ESR). The submitted CFI-IF application92

also includes the Canadian contributions to this crab cavity cryomodcule system.93

Simulations in support of the EIC physics program The Regina group is leading feasibility94

studies of charged pion and kaon form factor measurements at the EIC, in support of the “mass95

of the nucleon” scientific question. In addition to their obvious physics value, our π+ and K+96

form factor feasibility studies are important for detector design validation, as they provide well-97

defined but challenging final states that test the far-forward event reconstruction, and help the98

Collaboration understand the far-forward detector requirements. This work will be ongoing for the99

next 2-4 years.100

The Manitoba group is performing studies of projected electroweak (EW) and beyond the Stan-101

dard Model (BSM) physics at the EIC. It relies on the high luminosities enabled by the Canadian102

crab cavities described above. We are developing machine learning-based event selection of ex-103

otic processes, and assess the systematic uncertainties in measurements of electroweak structure104

functions. Because of their topology (balanced jets, large missing pT ), Charged Lepton Flavor105

Violating (CLFV) events mimic neutral current DIS, charged current DIS, and photo-production106

backgrounds. We are therefore approaching event selection as a multi-variate event selection prob-107

lem with machine learning solutions.108

2.3 Long-term vision (200-300 words)109

A recent EIC project schedule is shown in Fig. 5. Currently, the EIC physics program is projected110

to begin in FY34, and is expected to continue for �20 years.111

We project that the Canadian detector construction and commissioning efforts will result in an112

increase to 15 HQP by 2029, and the start of physics data taking will result in an increase to 21113

HQP supervised by an integrated 5.6 FTE investigators and funded researchers. The start of the114
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first North American collider of this century will be associated with significant scientific interest. In115

the first years of the 2030s, significant new results will be published by the detector collaboration(s),116

both in the form of instrumentation performance publications and initial physics results with the117

ePIC detector. In the years after 2034, when the EIC will have reached full design parameters118

including hadron cooling and double polarization, numerous other publications will result.119

3 Applications and Noteworthy Impacts (200-300 words)120

The development of state-of-the-art accelerator and detector technologies and computational method-121

ologies for analyzing complex datasets will drive technological innovation.122

Advanced Computing The EIC is the first collider to be designed, built, and operated in the123

era of AI. Detector layouts were informed by AI studies at U. Regina, and event reconstruction124

algorithms using AI on simulated data productions are being developed at U. Manitoba.125

Photodetectors for Medical Imaging The large-scale application of silicon photomultipliers126

(SiPMs) and associated electronics in the ePIC detector may spawn innovations in medical imaging127

technologies, as demonstrated by the previous collaboration between the U. Regina group and SensL128

(now part of the onsemi group) on the GlueX calorimeter readout which led to the development of129

large-area SiPMs now used in commercial and medical applications.130

Enhanced Particle Beam Technologies enabled by Superconducting Cavities As demon-131

strated by the JLab accelerator group with whom we collaborate on the EIC crab cavity design,132

Nb3Sn superconducting radiofrequency cavities have the potential to revolutionize the way acceler-133

ating cavities are used for both medical isotope production and beam therapy. Higher beam currents134

in smaller form factors can make these technologies portable for use in remote communities.135

4 Recommendations (200-300 words)136

1. The research direction “From quarks and gluons to nuclei” should include Canadian partici-137

pation in the construction and exploitation of the Electron-Ion Collider and its primary ePIC138

detector, as a flagship project.139

2. The broad physics outcomes of the Electron-Ion Collider present opportunities for engagement140

from many fields in subatomic physics research.141

3. In large international collaborations, the Canadian subatomic physics community has a unique142

responsibility to ensure that the values of equity, diversity, and inclusion are promoted, in143

particular where other collaborators are unable to do so.144

4. Highly qualified personnel supported by project funding continue to be compensated at in-145

sufficient levels. An increase in the subatomic physics envelope associated with a concerted146

effort at increasing student stipends would ensure that we can compensate students at the147

levels they deserve.148

5. Predictable CFI Innovation Fund timelines are essential to allow planning for submissions in149

the context of large international collaborations.150
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4.1 Impact and Scope151

X i Essential These are experiments with very broad physics impact addressing
multiple core physics questions, in which the Canadian investigators
have core responsibilities.

ii Impactful These are experiments with strategic physics impact, addressing a
single core physics question, with a large Canadian contribution.

iii Potential These are experiments with smaller physics program leading to
highly impactful results in a specific area.

iv Winding
down

These are experiments that are expecting to reach the end of their
lifespan within the timespan of the long range plan.

152

4.2 Duration153

The expected horizon of funding and physics delivery of this experiment from 2025 onwards and154

towards completion of the physics objectives of the project.155

If your project involves sub-projects with different time frames, please make a version of this156

table for each one.157
X α more than 15 years

β 10-15 years

γ 5-10 years

δ 5 years

ϵ Just starting

158

4.3 Investigator Commitment159

Collaboration size alone is not a critical criterion. However, since SAPES has increasingly empha-160

sized project investigator (PI) commitment in their funding decisions, we are asking for a full time161

FTE sum as an element of the classification of projects. Please use the research hours/month cur-162

rently reported by the PIs, as well as the time commitment projection used in your medium-term163

research outlook.164

Now 7yr Outlook

I > 2000 hr/mo

II 1500 � 2000 hr/mo

III 1000 � 1500 hr/mo

X IV 500 � 1000 hr/mo

X V 150 � 500 hr/mo

VI < 150 hr/mo

165

4.4 Lifecycle Status166

X + at the beginning of the life cycle of the experi-
ment, growing

o in steady state, delivering

- at the end of the life cycle of the experiment,
winding down or looking to wind down

167
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Appendices (not included in the page limit)168

A Images, Figures and Captions169

Figure 1: Layout of the EIC, with the ePIC detector and crab cavities in the 6 o’clock position.
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