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The Snowmass Process is organized by the Division of Particles and Fields 
(DPF) of the American Physical Society. 

For details, please see: https://snowmass21.org/start.

We were solicited by conveners of

◦ EF06: Hadronic structure and forward QCD [conveners: Huey-Wen Lin (MSU), Pavel Nadolsky 
(SMU), Christophe Royon (Kansas)]

◦ EF07: Heavy Ions [conveners: Yen-Jie Lee (MIT), Swagato Mukherjee (BNL)]

“We are seeking your help and contributions to identify how EIC can and 
should contribute to the future of HEP. 

The Snowmass process is an opportunity for the entire high energy physics 
(HEP) community to come together to identify and document a vision for the 
future of particle physics in the U.S. and its international partners. The product 
of the Snowmass process is a document that will serve as an important input to 
 Particle Physics Project Prioritization Panel (P5) provides the long-term 
strategy and identifies the priorities for U.S. investments in particle physics that 
will enable discovery and maintain the U.S. position as a global leader. ”

https://nam01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fsnowmass21.org%2Fstart&data=02%7C01%7Cavp5627%40psu.edu%7C1d91b35ffb8a4e3f568c08d7ec6280a4%7C7cf48d453ddb4389a9c1c115526eb52e%7C0%7C0%7C637237780121919544&sdata=kjLM3q8U1CfxQtUkkIaYIYItIe2u5mVCen692Erf0xs%3D&reserved=0
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The future program of the High-Luminosity LHC (HL-LHC) [1] is premised on the realization of next-generation
sensitivity to a wide variety of both standard model (SM) and beyond standard model (BSM) processes. The success
of this program in stringently testing the SM and performing impactful measurements at the TeV-scale is critically
dependent upon improvements to modern knowledge of the internal structure of hadrons. The future Electron-Ion
Collider (EIC) [2] will undertake a dedicated program to measure the multidimensional structure of the nucleon,
lighter mesons, and light to heavy nuclei. This program [2] represents an e↵ort to map the comprehensive tomography

of the proton and other QCD bound states, with the goal of answering fundamental questions at the heart of QCD,
including the origin of hadronic mass and spin. Doing so will entail extensive measurement of observables related to
the transverse-momentum dependent parton distributions (TMDs) and generalized parton distributions (GPDs) and,

ultimately, of the unintegrated Wigner distributions, W (x,~bT ,~kT ), from which TMDs and GPDs may be projected;

for instance, the unpolarized parton distribution function (PDF), f(x), and corresponding TMD distribution, f(x,~kT )
can be schematically obtained as

f(x) =

Z
d
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~

kT f(x,~kT ) =

Z
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2
~

kT d
2
~

bT W (x,~bT ,~kT ) . (1)

The relation in Eq. (1) is the subject of extensive, ongoing theoretical and phenomenological research, and, as such,
will be one of the themes of collaboration between the EIC- and LHC-focused communities expressed in this LoI.
As single-dimensional quantities like parton distribution functions (PDFs) and form factors can be obtained from
such relations, EIC tomography measurements will widely benefit the broad range of high-energy physics topics at
hadron colliders, for which SM predictions depend upon, and are often critically limited by, such information. We
note that determinations of PDFs (and related quantities) in QCD global analyses with SM assumptions can be
extended to combined fits involving BSM higher-dimensional operators in SMEFT; this important subject and its
connection to the EIC are discussed in a companion LoI, Ref. [3].

There are numerous instances in which precision QCD and hadronic structure studies at the EIC will impact
activities at the Energy Frontier. In this LoI, we highlight a representative but inexhaustive list of these issues before
describing some of the future developments needed to capitalize on the EIC science program in this regard.

• High-energy QCD. By measuring a range of interactions up to
p
s=140GeV in comparatively clean ep/eA

DIS processes, the EIC will probe fundamental aspects of QCD that are otherwise challenging to disentangle
via hadronic collisions alone. These include the DIS production and dynamics of heavy quarks and QCD
jets (discussed at length in companion LoIs — Refs. [4, 5], respectively). In turn, such processes in the

1 Contact: T. J. Hobbs: tjhobbs@smu.edu

The document be found here: 

https://www.snowmass21.org/docs/files/summaries/EF/SNOWMASS21-EF6_EF7-TF5_TF7-

CompF2_CompF3_Hobbs-205.pdf

Document/effort enjoys significant community support 

https://www.snowmass21.org/docs/files/summaries/EF/SNOWMASS21-EF6_EF7-TF5_TF7-CompF2_CompF3_Hobbs-205.pdf
https://www.snowmass21.org/docs/files/summaries/EF/SNOWMASS21-EF6_EF7-TF5_TF7-CompF2_CompF3_Hobbs-205.pdf
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EIC will focus on determination of partonic structure (TMDs, 
GPDs, PDFs)
Tomography encompasses a wide range of topics related to 
EIC and HEP community interests  
Precision goals of HL-LHC depend partly on hadron 
structure information
Tomography will be a collaborative effort EIC/LHC



�5

TMD measurements and precision EW physics (TMDs and 
MW extractions)  
Gluonic structure and Higgs (gluon PDFs)  
QED effects (photon PDF, improved EW corrections)
Nuclear structure (nuclear PDFs etc)
TMDs and SM predictions (tensor charge)

Physics topics examples:
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Global analyses and phenomenology 
Continuum QCD approaches 
Lattice QCD studies
AI and Machine Learning methods and MCEGs

Methods examples:


