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The EMC effect

Nucleus: a collection of unmodified nucleons, moving non-relativistically,
under the influence of 2- and 3- nucleon forces.

Many-body problem

Mean field, Shell model

Deep Inelastic Scattering (DIS): to probe
the partonic structures
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Nucleon binding energy “MeV

Momentum transfer in DIS ~GeV

The partonic structure functions of bound
and free nucleons should be identical

Deep inelastic scattering should give the
same structure functions for all nuclei

The EMC effect
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The EMC effect

Confirmed by many groups: SLAC, FermiLab, 12—————F—— —— [I
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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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Fig. 3. The average fraction of nucleons in the
various initial-state configurations of *2C.
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EMC and SRC

* EMC: characterized by the slope dRgpc/dx (0.35 < x < 0.7)
2F{\(z,Q?)

AF§(z,Q?)

* SRC scale factor: ratio of cross section in plateau region

ay(4/d) ==[04/04] (15 < x < 2.0).
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 Two seemly unrelated phenomena are related



Linear Relation Between EMC and SRC
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e Other explanation: no connection between SRC and EMC
Wang, Thomas, Melnitchouk, PRL 125, 262002



Linear Relation from EFT
It was demonstrated that the linear relation follows from EFT description
of EMC effect Chen et al, Phys.Rev.Lett. 119 (2017) 26, 262502

The leading twist PDFs are determined by target matrix element of bilocal

light-cone operators A
@4@Q = | a"a(z,Q)ds,

(A; p|OHFOHn | As p) = (™) 4(Q) pHo . . . pHn) OHo " Hn — q’y(“OiD“l . iD“")q
Matching onto EFT operators

Oro-tin —y (™) N M oW - P NTN [1 4+ @, NTN] + (2™) 7000 - ior ) 4.

Relation for quark PDFs and then structure functions

Fi(z,Q%)/A~ F' (¢,Q°) +@(4, B (2, Q. A). 92(A,8) = 5 (Al (NTN)?:]4),

dRemc (A4, x)
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The gluons
A proton is made up of three quarks that are tightly held together by the strong force.

z my, = 2.167542 MeV
- = u 0.26
—
| —

E mg = 4671348 Mev

Mass m = 938.272081 + 0.000006 MeV

 What about gluons in nuclei?
e Does the EFT analysis work for gluon PDF?

* |Important for testing the universality



Gluon EMC and reduced cross section

* Adirect approach to constrain the gluon nPDF is to measure the
production cross section of heavy quark pair in electron ion collision
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FIG. 1: Photoproduction of the heavy quark pair c¢
through photon-gluon fusion at leading order.

* An EIC will offer possibilities to constrain the gluon density in nuclei
via measurements of the charm structure function



Gluon EMC and reduced cross section

The gluon nuclear PDF (nPDF) can be parameterized through the

gluon PDF in a free proton Eskola et al Eur.Phys.J.C 82 (2022)
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SRC and sub-threshold J /¥ production

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 generatea / /Y is

Ey ~ 8.2 GeV.

If the nucleon is bound in nucleus, the production of J /Y can occur at lower

photon energy.
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FIG. 2. Threshold and sub-threshold J/v production in yp

and vA collisions.

J.Xu, F. Yuan, PLB 801 (2020) 135187
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Fig. 3. Sub-threshold J/y production in photon-Carbon collisions as a function of

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

Hatta et al, PLB 803 (2020), 135321
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EFT analysis for gluon nPDF

* We analyze the gluon nPDF with EFT as the analysis in Phys.Rev.Lett. 119 (2017)

* Relevant momentum scales: Q > A > P
e Momentum transfer Q in DIS
* Typical EFT scale A ~ 0.5 GeV

* Typical momentum inside the nucleus P ~ m,

* Two small expansion parameter:[A/QJ [P/A. }

v N\

collinear expansion chiral expansion
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EFT analysis for gluon nPDF

Mellin moments of gluon PDF
(A;p|OfoHn | A; p) = () a(Q)pHo - - - pHn) O =GR WD - FOMA-TG )

Matching QCD operator onto EFT operator (with the same chiral transform
properties )

Okortin —y (g™)g NM™ v . vfn) . NIN[1L + 8, NTN] + (g} w*idlb0 .. . idtn) ™ 4

Matching relation for Mellin moments
(@")g,a = A{T™) g, N + (2") g, N6 (A, Q)(A|(: NTN :)2|A)

Matching relation for gluon PDFs 2
9(2,Q*) /A~ (2, Q%) + g2(AA) fy (2, Q% A),  92(AN) = S (A NTN 2)]4)
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Linear relation between gluon EMC and SRC

e Relation for structure functions
cc 2 ! dZ A L 2
F2,A<xaQ ) = ?ZgA<Zas>f2(;7Q )
B, 07
A
e Relation for the reduced cross-section

= FQCEN(x, Q2) T 92(14; A)FQ (33', Q7 A)

O-Jcﬁlé,red(xa QZ)/A - O-?\?,red(xv QQ) + g2 (A7 A)&(CE? QQa A) :

* Linear relation between |deC_/dx| and g,(A,A)

'f‘edA(:’U Q2) ‘dRilE(va2) —
Acioy v (2, Q%) dx

with C(x, Q%) = [d(6(x, Q% 1) /055 ea (X, Q2 A)) /dx].

RCC(LU Q2)

- C(CE, Q2> g2 (A7 A) )
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Linear relation between gluon EMC and SRC

The subthreshold J /W production is dominated by g2(4,A) ¢2(z, Q, A) term

Ratio of the cross section of the subthreshold J /W production for different nuclei
is determined by the ratio of g, (4, A)

g2(AA) | o3/A

Y

g2(A,A) T oSt/ A

E,~7GeV

A non-trivial prediction from chiral EFT on gluon nPDF

‘ deélé(x7 Q2) O(:C: Q2)92 (da A)

d T (05)2) (o7 4)

E,~7GeV

One can examine the linear relation from the future experimental data.



Linear gluon EMC-SRC relation

Hints from existing data

The sub-threshold cross section is calculated (o3*”/2) = 3.2 pb.
Phys.Lett.B 803 (2020)

Two ways to estimate (a54? /A) for different nuclei.

* |: Making use of the SRC scaling factor a, in Nature 566 (2019) and

Phys.Rev.C 85 (2012).
It is likely that a, is roughly equals to g,(A4)/g,(d) if the gluon nPDF is
affected by the SRCs in about the same way as quarks.

e |l: Making use of the parameterization in EPPS21



Linear gluon EMC-SRC relation

The cross sections (picobarn) per nucleon for sub-threshold J /1 production.

Nucleus

AR /da|
0.152 £ 0.013
0.555 £ 0.046
0.659 £ 0.053
0.699 £ 0.056
0.828 £ 0.065
0.961 £ 0.075
1.241 = 0.097

(o5/A)!
6.82+0.13
11.52 0.32
12.51 + 0.38
1437 <=0.51
15.46 4+ 0.58
15.36 & 0.70
16.51 4+ 0.70

(5 A)"
3.31 £ 0.06
11.895 = (.14
13.49 + 0.07
14.37+ 0.54
1723 .23
20.09 4+ 0.42
26.13 - 0.82
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Linear gluon EMC-SRC relation

) 0 T s o s e e e e e e e e e LA B
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Wang, Xu, Yang, SZ, 2401.16662
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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 suggest a linear relation between the magnitude of the gluon
EMC effect and the sub-threshold J /1 production cross section
based on EFT analysis.

Future measurements should be significant for an independent test

of the nuclear modification of the gluon distribution function and the
universal influence of SRCs on parton distributions in nucleon.

Thank you!



