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Outline

» The relation of EMC and SRC on quark sector
1. Introduction to EMC and SRC



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, FZP (x, QZ)

Fy (2, Q _aijQ ¢" (zp) +q" (zp)) -

« 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

nuclel.



The EMC effect
ut, things are not this simple !
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The EMC effect

« Soon confirmed by other groups. * Recent results from CLAS Collaboration
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Fig. 2: The image shows the ratio of deep-inelastic cross sections of Ca to D from NMC 0.8 L fL ¢ * =
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subsequent rise from xg > 0.7 is a universal characteristic of EMC data and has became 0.2 0.3 0.4 0.5 0.6 0.2 0.3 0.4 0.5 0.6

X,
known as the EMC effect.  The reduction of the ratio at lower values of x;, where valence °
Fig. 1 | DIS and quasi-elastic (e,e’) cross-section ratios. a-d, Ratio
of the per-nucleon electron scattering cross-section of nucleus A
(A = 2C (a), Al (b), *°Fe (c) and >*®*Pb (d)) to that of deuterium for DIS
30th ,qnm'Ver.sary of the EMC Effect kinematics (0.2 < x5 < 0.6 and W > 1.8 GeV). The solid points show
the data obtained in this work, the open squares show SLAC (Stanford
Linear Accelerator Center) data’ and the open triangles show Jefferson

quarks should no longer be playing a significant role, is known as the shadowing region.
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The EMC effect

EMC effect Is very important ! Rev- #od- Phys- 89 (2017)

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



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.
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The Short Range nucleon-nucleon correlations

« The extracted ratio of two-nucleon
knockout to single proton knockout
events.

 The ratio of proton-neutron to proton-
proton two nucleon knockout events.

(] Single nucleons
[] n-p M- p-p

Fig. 3. The average fraction of nucleons in the
various initial-state configurations of **C.

CLAS Collaboration, Science 320 (2008)



The Short Range nucleon-nucleon correlations

Q2
2p.q

* Intheregion Q*~2 — 4 GeV“and x,, > 1.45 - 1.9, x,=

« The structure of these configurations is independent of the surrounding nuclear environment,
resulting in the same shape of the high momentum tail in all nuclel.
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Outline

» The relation of EMC and SRC on quark sector

2. Linear relation between EMC and SRC on quark sector



Linear relation between EMC and SRC

 |f we combine the EMC and SRC when considering the partonic structure of nucleon.
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« 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 dRgy¢/dx (0.35 < x,, < 0.7).

SRC scale factor: ratio of cross sections in the plateau region a, (A4/d) = [GA/ad] (1.5 <x, <2.0). 1



* Here comes the important observation.

FIG. 1.

0.4

The EMC slopes versus the SRC scale factors. The
uncertainties include both statistical and systematic errors added
in quadrature. The fit parameter is the intercept of the line and
also the negative of the slope of the line.

Phys- Rev- Lett- 106 (2071)
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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- 7719 (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 (2027):

“... 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:

1947 - Independent Nucleons 1970 — Independent 3-quark Nucleons

FIG. 29. Evolution of nuclear physics from structureless nucle-
ons in the 1940s to independent three-quark nucleons in the
1970s to the modified nucleons of today, either modified single

nucleons (left) or modified two-nucleon configurations (right).
Rev- Mod- Phys- 89 (2077)
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Outline

» Linear relation of gluons in nuclei

1. EMC and reduced cross section
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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.

How about the gluons?

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

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 (2077): “An EIC will offer possibilities to constrain the gluon density in nuclei
via measurements of the charm structure function.”
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FIG. 1: Photoproduction of the heavy quark pair cc
through photon-gluon fusion at leading order. Y




EMC and reduced cross section

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

gA('I'a QQ) — AR;(Q:a Q2)g(xa QQ) :
e Define the nuclear modification

ce O-zcéla,red ($7 Q2)
R (#.Q7) = Ao o (2,Q%)
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EMC and reduced cross section

» Quantify the strength of the gluon EMC effect for nucleus 4 by the slope of RS, i.e.,|dR5¢ /dx|.

P ~
Nucleus |dR% /dx| (o50/ A)! (o50/ A
*He 0.152 +0.013| 6.82+0.13  3.31 £ 0.06
‘He 0.555+0.046 | 11.524+0.32 11.35+0.14
“Be 0.659 £+ 0.053 | 12.51 £0.38  13.49 + 0.07
12C 0.699 &+ 0.056 | 14.37 +0.54 14.37 £ 0.54
“TAl 0.828 £0.065 | 15.46 +0.58 17.23 4+ 0.23
"CFe 0.961 £ 0.075| 15.36 =0.70  20.09 & 0.42
97 Au 1.241 £0.097 | 16.51 £0.70  26.13 £ 0.82

N 4
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Outline

» Linear relation of gluons in nuclei

2. SRC and sub-threshold J /Y production
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SRC and sub-threshold / /1 production

« One can impose kKinematics constrains to isolate the SRC effects in heavy quark pair generation.

* For afree nucleon target, the threshold photon energy to generate a / /4 Is E,, ~ 8.2 GeV.

 |If the nucleon is bound in nucleus, the production of J /1y can occur at lower photon energy.
Phys-Lett-B 498 (20017)
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FIG. 2. Threshold and sub-threshold J/v production in ~p

Fig. 3. Sub-threshold J/v production in photon-Carbon collisions as a function of
and A collisions.

incoming photon energy E,. We have estimated Pyr = 0.84 for the mean field
normalization in Eq. (12).

Phys-Lett-B 801 (2020) Phys-Lett-B 803 (2020) 21



Outline

» Linear relation of gluons in nuclei

3. Linear gluon EMC-SRC relation
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Linear gluon EMC-SRC relation

We will follow the chiral effective field theory analysis in Phys-Rev-Lett- 779 (2077) and derive a

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

* The Mellin moments of gluon nPDF
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Linear gluon EMC-SRC relation
* The gluon nPDF can be divided

ga(z, Q%) /A ~ g(x,Q%) + ga(A, A) fy(z, Q% A).

 The same relation also holds for the reduced cross section

O-,zcﬁlc_,red(xa Qz)/A — O-JC\(TE,T‘ed(:Ua QQ) + 92(A9A)5-($7 Qza A) .

» Linear relation between |dR5¢/dx| and g,(A4, A)

= C(z, QQ) g2(A, ),

AR (z, Q%)
dx

With C(x, Q) = |d(F(x, Q% A)/0§5eq(x, Q% A)) /dx].
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Linear gluon EMC-SRC relation

« The ratio of g, (A, A) for different nuclei

92(14, A) s'u,b/A
g2 (A, A) JA,b/A’

~~7 GeV

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

‘dRif(w,QQ) O, QYga(d, A)

(034" A)

dx ( sub/2)

E~7GeV

« 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 (o5“?/2) = 3.2 pb. Phys-Lett-B 803 (2020)

« Estimation of (¢S4 /A) for different nuclei.

» Making use of the SRC scaling factor a, In Nature 566 (2079) and Phys-Rev-C 85 (2072).

» ltis likely that a, is roughly equals to g, (4)/g,(d) if the gluon nPDF Is affected by the
SRCs In about the same way as quarks.

Strategy Il

» Making use of the parameterization in EPPS21

A 2y _
g2(4,A) _ Rgl(m,Q )1 . Eur-Phys-J-C 82 (2022)
g2(A,A) R (2,Q7) —1
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Linear gluon EMC-SRC relation

* The cross sections (picobarn) per nucleon for sub-threshold j /3 production.

pa ~ ~
Nucleus |dR% /dx| (o50/ A)! (o50/ A
*He 0.152 +0.013 | 6.82+0.13 || 3.31 £ 0.06
‘He 0.555 £+ 0.046 |11.524+0.32 ||11.35+0.14
“Be 0.659 £+ 0.053 [12.51 £ 0.38 ||13.49 +0.07
12C 0.699 + 0.056 |14.37 +0.54 ||14.37 £ 0.54
2TAl 0.828 £ 0.065 |15.46 +0.58 ||17.23 & 0.23
"CFe 0.961 £ 0.075 |15.36 = 0.70 | |20.09 & 0.42
97 Au 1.241 +0.097 |16.51 4+ 0.70 ||26.13 £ 0.82

A <\ 4
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Linear gluon EMC-SRC relation

|IIII|IIII|IIIIIIIII

|dRS /dx| =(0.0747 £ 0.0045) |dRS /dx| =(0.0578 £ 0.0027)
x [(o5/A) = (03"°/2)] . x [(o5/ A = (a3°/2)] .

e-Print: 2407116662 [hep-ph] 28
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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 /1 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.
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