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The EMC effect

• Basic models of nuclear physics describe the nucleus as a collection of free nucleons under the 

influence of the sum of two-nucleon forces, which can be treated approximately as a mean field. 

• Proton’s inelastic structure function, 𝐹2
𝑃(𝑥, 𝑄2)

• At that time, people believed that Deep Inelastic Scattering (DIS) experiments which are 

sensitive to the partonic structure function of the nucleon would give the same result for all 

nuclei.
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The EMC effect

EIC Yellow Report, Nucl.Phys.A 1026 (2022)

The Present and Future of QCD, arXiv:2303.02579  European Muon Collaboration (EMC) 
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The EMC effect

• Soon confirmed by other groups. • Recent results from CLAS Collaboration 

30th Anniversary of the EMC Effect

CLAS Collaboration, Nature 566 (2019)
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The EMC effect

EMC effect is very important !

There are a number of fundamental unanswered questions about nuclear physics. 

• Is the nucleus really made of nucleons and mesons only? 

• How does the nucleus emerge from QCD, a theory of quarks and gluons? 

• How does the partonic content of the nucleus differ from that of N free neutrons plus Z free 

protons? 

No one asked such questions before the discovery of the EMC effect. 

Rev. Mod. Phys. 89 (2017)
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The Short Range nucleon-nucleon correlations

• The two-nucleon short-range correlations (2N-SRC) are defined operationally in experiments 

as having small center-of-mass (c.m.) momentum and large relative momentum. 

Illustration of the CLAS detector with a reconstructed two-proton knockout event. 

Science 346 (2014)

Illustration of a 2N-SRC Pair. 
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The Short Range nucleon-nucleon correlations

CLAS Collaboration, Science 320 (2008)

• The extracted ratio of two-nucleon 

knockout to single proton knockout 

events.

• The ratio of proton-neutron to proton-

proton two nucleon knockout events. 
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The Short Range nucleon-nucleon correlations

• In the region 𝑄2~2 − 4 GeV2and 𝑥𝑝 ≥ 1.45 − 1.9，𝑥𝑝=
𝑄2

2p.𝑞
.

• The structure of these configurations is independent of the surrounding nuclear environment, 

resulting in the same shape of the high momentum tail in all nuclei.

CLAS Collaboration, Nature 566 (2019)
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Linear relation between EMC and SRC 
• If we combine the EMC and SRC when considering the partonic structure of nucleon.

• The per-nucleon electron inelastic scattering cross section is smaller or larger than those of 

deuterium.

EMC effect: slope of the ratio of the per-nucleon deep inelastic electron scattering cross sections of 

nucleus A relative to deuterium 𝑑𝑅𝐸𝑀𝐶/𝑑𝑥 (0.35 ≤ 𝑥𝑝 ≤ 0.7).

SRC scale factor: ratio of cross sections in the plateau region 𝑎2(𝐴/𝑑) =
2

𝐴
Τ[𝜎𝐴 𝜎𝑑] (1.5 ≤ 𝑥𝑝 ≤ 2.0).
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Linear relation between EMC and SRC 
• Here comes the important observation.

Phys. Rev. Lett. 106 (2011)
CLAS Collaboration, Nature 566 (2019)

J. Phys. G 47 (2020)Phys. Rev. C 86 (2012)
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Linear relation between EMC and SRC 

• This phenomenological relationship has led to renewed interest in understanding how 

strongly correlated nucleons in the nucleus may be affecting the deep-inelastic results.

• Support:

➢ Short Range Correlations and the EMC Effect in Effective Field Theory, Phys.Rev.Lett. 119 (2017):

“The empirical linear relation … is a natural consequence of scale separation and it can be derived using effective 

field theory.”

• Suspicion:

➢ Do short-range correlations cause the nuclear EMC effect in the deuteron? Phys.Rev.Lett. 125 (2021):

“… this analysis does not support the hypothesis that there is a causal connection between nucleons residing in 

SRCs and the EMC effect.”
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Linear relation between EMC and SRC 

• Progress in Quark Nuclear Physics:

Rev. Mod. Phys. 89 (2017)
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The gluons in nuclei

• The existing studies on the relation between EMC and SRC are mainly limited to the quark 

sector. 

A proton is made up of three quarks that are tightly held together by the strong force.

How about the gluons?

https://www.inverse.com/innovation/nuclear-emc-effect-explained
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EMC and reduced cross section

• A direct approach to constrain the gluon nPDF is to measure the production cross section of 

heavy quark pair in electron ion collision.

• Phys.Rev.D 96 (2017): “An EIC will offer possibilities to constrain the gluon density in nuclei 

via measurements of the charm structure function.”
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EMC and reduced cross section

• The gluon nPDF can be parameterized through the gluon PDF in a free proton

• Define the nuclear modification

Eur.Phys.J.C 82 (2022)

e-Print: 2401.16662 [hep-ph]
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EMC and reduced cross section

• Quantify the strength of the gluon EMC effect for nucleus 𝐴 by the slope of 𝑅𝐴
𝑐 ҧ𝑐, i.e., 𝑑𝑅𝐴

𝑐 ҧ𝑐/𝑑𝑥 .
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• One can impose kinematics constrains to isolate the SRC effects in heavy quark pair generation.

• For a free nucleon target, the threshold photon energy to generate a 𝐽/𝜓 is 𝐸𝛾 ∼ 8.2 GeV.

• If the nucleon is bound in nucleus, the production of 𝐽/𝜓 can occur at lower photon energy.

SRC and sub-threshold 𝐽/𝜓 production

Phys.Lett.B 498 (2001)

Phys.Lett.B 803 (2020)Phys.Lett.B 801 (2020)
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Linear gluon EMC-SRC relation
• We will follow the chiral effective field theory analysis in Phys.Rev.Lett. 119 (2017) and derive a 

linear relation between the magnitude of the gluon EMC effect and the sub-threshold 𝑱/𝝍
production cross section.

• The Mellin moments of gluon nPDF
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Linear gluon EMC-SRC relation

• The gluon nPDF can be divided

• The same relation also holds for the reduced cross section

• Linear relation between 𝑑𝑅𝐴
𝑐 ҧ𝑐/𝑑𝑥 and 𝑔2(𝐴, Λ)

with 𝐶 𝑥, 𝑄2 = |𝑑( ෤𝜎(𝑥, 𝑄2, Λ)/𝜎𝑁,𝑟𝑒𝑑
𝑐 ҧ𝑐 (𝑥, 𝑄2, Λ))/𝑑𝑥|.
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Linear gluon EMC-SRC relation

• The ratio of 𝑔2(𝐴, Λ) for different nuclei

• A non-trivial prediction from chiral EFT on gluon nPDF

• One can examine the linear relation from the future experimental data.
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Linear gluon EMC-SRC relation

• The sub-threshold cross section is calculated 𝜎𝑑
𝑠𝑢𝑏/2 = 3.2 pb. Phys.Lett.B 803 (2020)

• Estimation of (𝜎𝐴
𝑠𝑢𝑏/𝐴) for different nuclei.

➢ Making use of the SRC scaling factor 𝑎2 in Nature 566 (2019) and Phys.Rev.C 85 (2012).

➢ It is likely that 𝑎2 is roughly equals to 𝑔2(𝐴)/𝑔2(𝑑) if the gluon nPDF is affected by the 

SRCs in about the same way as quarks.

➢ Making use of the parameterization in EPPS21

Eur.Phys.J.C 82 (2022)
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Linear gluon EMC-SRC relation

• The cross sections (picobarn) per nucleon for sub-threshold 𝐽/𝜓 production.
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Linear gluon EMC-SRC relation

e-Print: 2401.16662 [hep-ph]
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Summary

• The investigation of nuclear modification in gluon nPDFs can be carried out 

through the study of heavy flavor production.

• We derive a linear correlation between the magnitude of the gluon EMC effect 

and the sub-threshold 𝐽/𝜓 production cross section.

• This presents an independent test of the nuclear modification of gluon distribution 

function and the universal influence of SRCs on parton distributions in nucleon.



Happy new year！
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Welcome to Zhengzhou!


